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PREFACE 

T his microprocessor data hand book is the third revised edition ofour 
earlier book. Since the first edition was published quite a bit of 
change has occurred in the industry. Many new chips and devices 

have also been added. 

This new edition has been compiled after looking carefully in to various 
applications including personal computers, sophisticated instruments and 
communication systems. 

It will also serve as a good reference book for computer hardware Hobbyists, 
Engineers and Educationists. It will help them identify all support chips 
applicable to specific microprocessor circuitry. 

The publishers are thankful to various manufacturers ofthese devices whose 
datas have been used in this work. 

The publishers are also grateful to Mr. A.K. Jain who have been very helpful 
in the compilation of this book. 

Publishers 
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7400, LSOO, 500 
Gates 
Quad Two-Input NAND Gate 
Product Specification 

Logic Products 

TYPE 

7400 

TYPICAL PROPAGATION 
DELAY 

9ns 

TYPICAL SUPPLY CURRENT 
(TOTAL) 

BmA 

741500 9.5n5 1.6mA 

74500 3ns 15mA 

ORDERING CODE 

FUNCTION TABLE 

INPUTS OUTPUT 

PACKAGES 
COMMERCIAL RANGE 

Vcc=SV±S%; T.=O·C to +70'C 

Plastic DIP N7400N, N74LSOON, N74SOON 

Plastic 50 N74lS00D, N74SOOD 

NOTE: 
For information regarding devices processed to Military SpecifICations, see the Signetics Military Products 
Data Manual. 

A 

l 
l 
H 
H 

H .. HIGH voltage level 
L - LOW voltage level 

B 

l 
H 
l 
H 

Y 

H 
H 
·H 
l 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 745 74LS 

A, B Inputs 1ul 15ul 1lSuI 

y Output 1001 105ul 10lSuI 

NOTE: 
Where a 74 unit load (ul) is understood to be 40#A JIH and -1.6mA IlL. a 745 unit)cad (Sui) is 50pA IIH and 
-2.0mA I,l, and 74LS unit load (lSuI) is 20,..A IIH and -OARlA Ill-

PIN CONFIGURATION LOGIC SYMBOL 

I~V2~3 

.~
5~' 
10~y
!t~a 

v" 
13"=:v-r-' 

LOGIC SYMBOL (IEEE/IEC) 



74LS01 
Gate 
Quad Two-Input NAND Gate (Open Collector) 
Product Specification 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

16ns 	 I.SmA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee;:; 5V ±5%j TA =O°C to + 70°C 

Plastic DIP 	 N74LSOIN 

Plastic SO 	 N74LSOtDFUNCTION TABLE 
NOTE, 

INPUTS OUTPUT 	 For information regarding devices processed to MIlitary Specifications, see the Signetics Military Products 
Data ManuaL 

A B Y 

l l H INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
l H H 
H l H PINS DESCRIPTION 74LS 
H H l 

A, B Inputs IlSul 
H - HIGH voltage level I 
L - LOW voltage level Y Output 10lSui 

NOTE, 

Where a 74LS unit load (LSul) is 201lA I!H and -O.4mA IlL-


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

2~Y3~1 

':j[y-AY• • 4 

A
a~Y'0 
.~ 

11~Y
12~13 

& 

11 

12 

2 



7402, L502, 502 
Gates 
Quad Two-Input NOR Gate 
Product Specification 

Logic Products 

TYPE 

7402 

TYPICAL PROPAGATION 
DELAY 

IOns 

TYPICAL SUPPLY CURRENT 
(TOTAL) 

limA 

74LS02 IOns 2.2mA 

74S02 3.5ns 22mA 

ORDERING CODE 

PACKAGES 
COMMERCIAL RANGE 

Vcc=5V±5%; TA=O·C to +70·C 

Plastic DIP N7402N, N74LS02N, N74S02N 

FUNCTION TABLE 

INPUTS OUTPUT 

Plastic SO N74LS02D, N74S02D 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

A 

L 
L 
H 
H 

H ,. HIGH voltage level 
L '"' LOW voltage level 

B 

L 
H 
L 
H 

Y 

H 
L 
L 
L 

INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

PINS DESCRIPTION 74 745 74L5 

A, B Inputs lui ISul 1 LSul 

Y Output 10ul 10Sul 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 40JJA, IIH and -1.6mA IlL. a 74S unit load (SuI) is 501JA IIH and 
-2.0mA IlL. and 74LS unit load (LSul) is 2OJ,IA 11M and -O.4mA Ill-

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

3~
2~1 

5~6~4 

8~y
9~10 

11~_y
12~13 

11 

" 

3 



• • 

7403, 503 
Gates 
Quad Two-Input NAND Gate (Open Collector) 
Product Specification 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

35ns (tpLH)
7403 8mA

8ns (tpHU 

5ns (tpLH)
74S03 13mA

4.5ns (tpHU 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee = 5V ±5%; TA =O·C 1o +70·C 

Plastic DIP N7403N, N74S03N 

Plastic SO N74S03D 
FUNCTION TABLE NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products INPUTS OUTPUT 
Data Manual. 


A B Y 


L L H INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

L H H 


PINS DESCRIPTION 74 74SH L H 
H H L A, B Inputs lui lSul 

H - HIGH voltage level Y Output 10ul 10Sul 
L - LOW voltage level 

NOTE: 
Where a 74 unit load (ul) is understood to be 40J,tA IIH and -1.6mA Ill. a 74S unit load (Sui) is SOJ,tA IIH and 
-2.0mA IlL. 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

• ~ 1=::![)--! 3 " 2 • 

4::Q-t ~5· · 
 I. 
10~8 

12
12~1' 1313 ~ 

4 



7404, l504, 504 
Inverters 
Hex Inverter 
Product Specification 

Logic Products 

I TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

7404 Wns 12mA 

74LS04 9.5ns 2.4mA 

74S04 3ns 22mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=SV±S%; TA=O"C to +70"C 

Plastic DIP N7404N, N74LS04N, N74S04N 

Plastic SO N74LS04D. N74S04D 

FUNCTION TABLE NOTE: 
For information regarding devices processed to Military Specifications, see the Sjgnetics Military Products 

INPtlT OUTPUT Data Manual. 

A Y 
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

L H 
H L PINS DESCRIPTION 74 748 74L8 

H - HIGH voltage level A Input lui 1Sui 1LSul 
L - LOW voltage level 

y Output 10ul 10Sul 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 40JJA 11H and -1.6mA Ill. a 745 unit load (Sui) is 50J,lA IIH and 
-2.0mA Ill, and 74LS unit load (LSul) is 2OpA. IIH and -O.4mA Ill

1""!£>--!2 
3""!£>--!4 
5~8 

9~a 

11~10 

13~12 

11 

13 

" 
12 

5 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 



7405, L505, 505 
Inverters 
Hex Inverter (Open Collector) 
Product Specification 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

40ns (IpLHI7405 12mA
8ns (~U 

17ns (tpLH)74LS05 2.4mA
15ns (IpHU 

5ns (tpLH)74505 20mA
4.5ns (~U 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

vee =5V is"'; TA =O'C to +7O"C 

FUNCTION TABLE Plastic DIP N7405N, N74LS05N, N74S05N 

INPUT OUTPUT Plastic SO N74LS05D, N74S050 

A Y Ceramic DIP 

L H NOTE: 
For information regarding devices processed to Military Spedtications, see the Signetica Military Products 
0018_. 

H - HIGH voltage level 
L- LOW vcltage level 

H L 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 745 74LS 

A Input lui ISul 1 LSul 

y Output lOuI 10Sul 10LSui 

NOTE: 

Where a 74 unit load (ul) is understood to be 40pA IIH and -1.6mA IlL. 8745 unit load (Sui) is 50pA IIH and 

-2.0mA IlL. and 74LS unit load (LSuI) is 2O"aA IIH and -O.4mA Ill. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

1~2 
~ 

3~4 
Q 

5~' Q 

.~. ~ 

11~10 
11 

~ 

~ 13~12 " 

6 

1 



7406, 07 

Inverter/Buffer/Drivers 
'06 Hex Inverter Buffer/Driver (Open Collector) 
'07 Hex Buffer/Driver (Open Collector) 
Product SpecIfication 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

10n8 (tpLH)7406 31mA
15n8 (tpHU 

6ns (\PCH)7407 25mA
20n8 (tpHU 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

vee = 5V ±5%.; TA =O·C to +70·C 

Plastic DIP N7406N, N7407N 

Plastic SO N7406D, N7407D 
FUNCTION TABLE NOTE: 

For information regardklg devices processed to Military Specifications, see the S6gnetics Military Products 
Data Manual. 

INPUT OUTPUT INPUT OUTPUT 
INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

'06 '07 

A Y A Y 

PINS DESCRIPTION 74
H L H H 

L H L L A Input lui 

H - HIGH voltage level Y Output 10ul 
L - LOW voltage level 

NOTE: 

Where a 74 unit load (ul) is understood to be 4OpA. IIH and -1,6mA IlL. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'06 '07 '06 '07 

'06 

1~2 '-1>--L2 
I> I> 0 

3~4 S-1>--L4 0 

0 0 
S....;:>--tB S-1>--L' 0 0 
•....;:>--t8 '-1>--L' 0 ~ ,.

1111....;:>--tl0 1'-1>--L'O 0 
11 

~ ..'07 ~13~12 132f:>--!-12 " ~ 

7 

13 



7408, L508, 508 
Gates 
Quad Two-input AND Gate 
Product Specification 

Logic Products 

TYPE 

7408 

TYPICAL PROPAGATION 
DELAY 

15ns 

TYPICAL SUPPLY CURRENT 
(TOTAL) 

16mA 

74LS08 9ns 3.4mA 

74S08 5ns 25mA 

ORDERING CODE 

PACKAGES 
COMMERCIAL RANGE 

Vee =SV ±S%; T .. =O°C 10 +70°C 

Plastic DIP N7408N, N74LS08N, N74S08N 

FUNCTION TABLE 

INPUTS OUTPUT 

Plastic SO N74LS08N, N74S08N 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Oata Manual. 

A 

L 
L 
H 
H 

H  HIGH voltage level 
L ,.. LOW voltage level 

B 

L 
H 
L 
H 

Y 

L 
L 
L 
H 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 745 74LS 

A, B Inputs 1ul 1Sul 1 LSul 

y Output 10ul 10Sul 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 40J1A IIH and -1.6mA Ill. a 745 unit load (Sui) is 5OJolA IIH and 
-2.0mA 'IL. and 74LS unit load (lSui) is 20,.,A IfH and -O.4mA IlL-

PIN CONFIGURATION LOGIC SYMBOL 

.~5~6 

10~_y
9~8 

12~.Y• 11 
13 

LOGIC SYMBOL (IEEE/IEC) 

& 

I. 
12 

11 
13 

8 



74LS09 
Gates 
Quad Two-Input AND Gate (Open Collector) 
Product SpfIcificatlon 

Logic Pre ducts 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 

DELAY (TOTAL) 


23ns 4.3 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=5V±5%; T .. =O·C to +70'C 

Plastic DIP N74LS09N 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetlcs Military Products 

Data Manual. 


FUNCTION TABLE INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
INPUTS OUTPUT PINS DESCRIPTION 74LS 

A B Y A, B Inputs 1LSul 

L L L V Output 10lSui 
L H L 

NOTE:
H L L 

Where 74LS unit load (LSul) ts 201JA, IIH and -O.4rnA IlL.
H H H 

H '"" HIGH voltage level 
L - lOW voltage level 

.. & Jl 3!:j()-t3 
4:j[y
5 B • 

10=D--r-., . I. 
12~11 " 

1313 " 

9 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 



7410, 7411, L51 0, L511, 
510, 511 
Gates 
Triple Three-Input NAND (' 10), AND (' 11) Gatea 

Logic Products Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLV CURRENT 
TYPE 

DELAV (TOTAL) 

7410 9ns 6mA 

74LSIO IOns 1.2mA 

74SI0 3ris 12mA 

7411 IOns lImA 

74LSII 9ns 2.6mA 

74511 5ns 19mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee '" SV ±S%; T .. '" O·C to +70·C 
FUNCTION TABLE Plastic DIP '10 N7410N, N74LSION, N74SION 


INPUTS OUTPUTS 
 'II N7411N, N74LSIIN, N74S11N 


A B C V('10) V('ll) Plastic SO '10 N74LSIOD, N74SIOD 


L L L H L Plastic SO 'II N74LSllD, N74SIID 

L L H H L 

NOTE:
L H L H L For information regarding devices processed to Military Specifications, see the Signetics Military Products 
L H H H L Data Manual. 

H L L H L 

H L H H L INPUT AND OUTPUT LOADING AND FAN"()UT TABLE 

H H L H L 


PINS DESCRIPTION 74 74S 74LSH H H L H 
A-C Inpuls lui ISul I LSul

H - HIGH voltage lovel 
L - LOW vohage lovel y Output 10ui 10Sui 10LSui 

NOTE: 
Where a 74 unit load (uO is understood to be 4O"aA IIH and -1.6mA IlL, a 74S unit load (Sui) is SO,uA IIH and 
-2.omA IlL. and 74LS unit load (LSul) is 2OJ,JA IIH and -O.4mA Ill-

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'10, '11 '10 '11 '10 '11 

2 I Y 12 I & " & "2 Y 12'ty 'ty
" C " c " 

4· Y I 4· Y 6 .t:>-r .~ 
• C • c 

I. I. 
10 I Ya 10· y. 11 11 
11 C 11 C'=P--r '~ 

10' 



CONNECTION DIAGRAM 
PINOUT A 

54/7412 
TRIPLE 3-INPUT NAND GATE 

(With Open-Collector Output) 

~

0: 	 ~vcc 

~ 
IT 	 1m 
II-t=
II 	 "".--- i!!l 

ORDERING CODE: See Section 9 [I 
COMMERCIAL GRADE MILITARY GRADE PIN 	 PKG II ~ ~ ~ ~ PKGS 	 Vcc = +5.0 V ±5'l11, Vcc = +5.0 V ±10'lll, GNOIIOUT 	 TYPE 

~ 

~ TA = O"C to +70"C TA = -55"C to +1l!5"C 

Plastic 
A 7412PC 	 9ADIP(P) 

Ceramic 
A 7412DC 5412DM 6ADIP (D) 

Flatpak 
A 7412FC 5412FM 31

(F) 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 

54n4 (U.L.)
PINS 

HIGH/LOW 

Inputs 1.0/1.0 
Outputs OC""/10 

DC AND AC CHARACTERISTICS: See Section 3" 

54n4
SYMBOL PARAMETER UNITS CONDITIONS 


Min Max 


ICCH 	 6.0 VIN =Gnd IPower Supply Current mA Vcc =Max 
icCl 16.5 VIN =Open I 
tplH 	 45

Propagation Delay 	 ns Figs. 3-2, 3-4 
tpHl 	 15 

-DC limite apply over operating temperature range; AC Iimitl.pp4y at TA +2$-C and Vee - +5.0 V.E 

"oc - Open CoIleelOr 

11 



Logic Products 

DESCRIPTION 
The '13 contains two 4-input NAND 
gates which accept standard TIL input 
signals and provide standard TIL output 
levels. They are capable of transforming 
slowly changing input signals into sharp
ly defined, jitter-free output signals. In 
addition, they have greater noise margin 
than conventional NAND gates. 

Each circuit contains a 4-input Schmitt 
trigger followed by a Darlington level 
shifter and a phase splitter driving a TIL 
totem-pole output. The Schmitt trigger 
uses positive feedback to effectively 
speed·up slow input transitions, and pro
vide different input threshold voltages 
for positive and negative-going transi
tions. This hysteresis between the posi
tive-going and negative-going input 
threshold (typically 800mV) is deter
mined by resistor ratios and is essential
ly insensitive to temperature and supply 
voltage variations. As long as three in· 
puts remain at a more positive voltage 
than Vt+MAX, the gate will respond in the 
transitions of the other input as shown in 
Waveform 1. 

PIN CONFIGURATION 

7413, LS13 
Gates 
Dual 4-lnput NAND Schmitt Trigger 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

7413 17n8 17mA 

74LS13 17ns 3.5mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; TA =O·C to +70'C 

Plastic DIP N7413N, N74LS13N 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetlcs Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

All Inpuls 1ul 1LSul 

y Output 10ul 10LSui 

NOTE: 
Where a 74 unit load (ul) ls understood to be 401iA IIH and -1,6mA IlL, and 74LS unit load (lSuJ) is 
20pA IIH and '-O.4mA IlL. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

&.IT 

!'~A~ Ir V. 
• D 

10 • rT" Y a
12.~C..&.I " 

12 
13 

13 

12 



Logic Products 

DESCRIPTION 
The '14 contains six logic inverters 
which accept standard TTL input signals 
and provide standard TTL output levels. 
They are capable of transforming slowly 
changing input signals into sharply de· 
fined, jitter·free output signals. In addi
tion, they have greater noise margin 
than conventional inverters. 

Each circuit contains a Schmitt trigger 
followed by a Darlington level shifter and 
a phase splitter driving a TTL totem-pole 
output. The Schmitt trigger uses positive 
feedback to effectively speed-up slow 
input transition, and provide different 
input threshold voltages for positive and 
negative-going transitions. This hystere
sis between the posHive-going and ne
gative-going input thresholds (typically 
800mV) is determined internally by resis
tor ratios and is essentially insensitive to 
temperature and supply voltage varia
tions. 

PIN CONFIGURATION 

7414, LS14 
Schmitt Triggers 
Hex Inverter Schmitt Trigger 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

7414 15ns 31mA 

74LS14 15ns 10mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc =5V ±5%; T.. =O'C to +70'C 

Plastic DIP N7414N, N74LS14N 

Plastic SO N74LS14D 

HOrE: 

For information regardmg devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

A Inputs lui 1 LSul 

y Output IOu! 10LSui 

NOrE: 
Where a 14 unit load (uI) is understood to be 4010lA 11M and -1.6mA lilt and 74LS unit load (LSuI) is 
20~ IIH and -O.4mA IlL-

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

1~Z 1
'.0"" 

3~4 II" 

'.0"" 

".0"" 

5~' 

I~' 
" II"11~10 
13.0"" 

13~11 

13 



CONNECTION DIAGRAM 
PINOUT A 

54S/74S15 

54LS/74LS15 


TRIPLE 3-INPUT AND GATE 

(With Open-Collector Outputs) 

~

IT :E1 Vee
ORDERING CODE: See Section 9 

II mCOMMERCIAL GRADE MILITARY GRADE 
PIN PKG IT ~ IT!

PKGS Vcc = +5.0 V ±5'Mo. Vcc = +5.0 V ±10'Mo,
OUT TYPE . [ITA =o·e to +70·e TA = -55·e to +125·e ,--- :IT! 

Plastic II !!l 
A 74S15PC. 74LS15PC 9ADIP (P) }]11 

CeramiC' G~DII ~ ~ A 74S150C. 74LS15DC ~S15DM. 54LS15DM 6A II 
DIP (D) 

Flatpak 
A 74S15FC. 74LS15FC ~4S15FM. 54LS15FM 31(F) 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 

54n4S (U.L.) 54/74LS (U.L.) 
PINS HIGH/LOW HIGH/LOW 

Inputs 1.25/1.25 0.510.25 
Outputs OC"/12.5 OC··/5.0 

(2.5) 

DC AND AC CHARACTERISTICS: See Section 3' 

54n4S 54/74LS
SYMBOL PARAMETER UNITS CONDITIONS 


Min Max Min Max 


ICCH Power Supply 19.5 3.6 VIN = Open
mA I Vec = Max 

ICCL Current 42 6.6 VIN = Gnd I 
IPLH 8.5 20Propagation Delay ns Figs. 3-2. 3-5 
tpHL 9.0 15 

-DC limits apply OY. operating temp.etur. range; AC limit. apply at TA • +25·C and Vee :< +5.0 V. 

"OC-Opon CoIleclo< 

14 
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7416, 17 

Inverter jBuffer jDrivers 
'16 Hex Inverter Buffer/Driver (Open Collector) 
'17 Hex Buffer/Driver (Open Collector) 
Product Specification 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

IOns (IpLHl 
7416 31mA

15n8 (tPHJ 

6ns (IpLH)7417 25mA
20ns (tpHJ 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=SV±S%: TA=O·C to +70·C 

Plastic DIP N7416N, N7417N 

Plastic SO N7417D 
FUNCTION TABLE NOTE: 


For information regarding devices processed to Military Specifications, see the Signetics Military Products 
'16 '17 
Data Manual. 


INPUT OUTPUT INPUT OUTPUT 

INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 


A Y A Y 

PINS DESCRIPTION 74
L H L L 


H L H H A Input lui 


H - HIGH vol1age level y Output lOuI 
L - LOW voltage level 

NOTE: 

A 74 unit toad (ul) is understood to be 401iA IIH and -1.6mA Ill. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'16 '17 '16 '17 

'18 1~2 1.....!f>--!-2 
t> ~ t> ~ 

a~4 3.....!f>--!-.. 

5~' S.....!f>--!-I 

~ ~ 


i~8 •.....!f>--!-a 
~ ~ 


~~ ,.
'17 11 Q11~10 11~10 Q 

13 1213 Q ~'3~12 13~12 

.15 

11 



7420, 7421, L520, L521, 
520 
Gates 
Dual Four-Input NAND ('20) AND ('21) Gate 

Logic Products Product Specification 

TYPICAL PROPAGATION T-YPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

7420 IOns SmA 

74LS20 10n5 O.SmA 

74S20 3ns SmA 

7421 12ns SmA 

74LS21 9ns I.7mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; TA =O°C to +70'C 
FUNCTION TABLE Plastic DIP 

N7420N, N74LS20N, N74S20N 

INPUTS OUTPUTS 
 '20 


A B C 0 Y(,20) Y('21) '21 N7421N, N74LS21N 


L x X X H L Plastic SO N74LS20D, N74S20D, N74LS21 D 

X L X X H L NOTE: 
X X L X H L For information regarding devices processed to Military SpecFfications. see the Signetics Military Products 
X X X L H L Data Manual. 
H H H H L H 

INPUT AND OUTPUT LOADING AND FAN·OUT TABLE H - HIGH voltage level 
L "" LOW voltage level PINS DESCRIPTION 74 745 74LS 
X = Don't care 

A-D Inputs lui ISul 1LSul 

Y Output lOul lOSul lOLSul 

NOTE: 
Where a 74 unit load (ul) is understood to be 40,iA 11H and -1.6mA Ill, a 745 unit load (Sui) is 50p.A IIH and 
-2.0mA 'IL. and 74LS unit load (LSul) is 20jJA IIH and -O.4mA 'IL

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'20, '21 '20, '21 '20, '21 

......! 

......!,trA 	 ::...!,8 Y 	 & 
C • 	 .....!

•
5 0 ~ 

.....! 
10 B Y 8 ...!."..~12 C 	 ::...! 
13 0 	 ..2. 

....!.! 

Lsoo.lIOS 
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7425 
Gate 
Dual Four-Input NOR Gate With Strobe 
Product Specification 

Logic Products 

FUNCTION TABLE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

INPUTS OUTPUT 
9ns 9mA 

A B C D G Y 

X X X X L H ORDERiNG CODE 
H X X X H L 

X H X X H L 
 COMMERCIAL RANGE 

PACKAGES 
X X H L Vee = 5V ±5%; TA =O'C to +70'C 


X xX I HX H H L 
 Plastic DIP N7425N 
L L L L H H 

NOTE: 
H = HIGH voltage level For information regarding devices processed to Military Specifications, see the Signetics Military Products 
L = LOW voltage level Data Manual. 
X - Don't care 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
LOGIC DIAGRAM 

PINS DESCRIPTION 74 

A-D Inputs luiA 

G Input 4ul 

OUTPUT Y Output 10ul 

NOTE: 

Where a 74 unit load (ul) is understood to be 40~ IIH and -1.6mA IlL. 


o 

G 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

3 G1 
5

~~I 
~1 

11 01

1:"~y. ,.• 
12" 
13" 
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7426, LS26 

Gates 
Quad Two-Input NAND Gate (Open COllector) 
Product Specification 

Logic Products 

TYPE 

7426 

74LS26 

TYPICAL PROPAGATION 
DELAY 

14n5 

16n5 

TYPICAL SUPPLY CURRENT 
(TOTAL) 

SmA 

1.6mA 

FUNCTION TABLE 

INPUTS 

A 

L 
L 
H 
H 

H .. HIGH voltage level 
L - LOW voltage level 

B 

L 
H 
L 
H 

OUTPUT 

Y 

H 
H 
H 
L 

ORDERING CODE 

PACKAGES 
COMMERCIAL RANGE 

Vee =5V ±5%; TA =O·C 10 +70·C 

Plastic DIP N7426N. N74LS26N 

Plastic SO N74LS26D 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

A.B Inputs 1ul 1 LSul 

y Output 10ul 10LSuI 

NOTE: 
Where a 74 unit load (ul) is understood to be 40", IIH and -1.6mA III and a 74LS unit load (lSuI) 
is 20~ IIH and -OAmA Ill' 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

2 8 'f 3'=1CY- " 

5.~BY' 

,.
10~9 8 y 8 ,.12=1CY13 8 Y 11 13 
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7427, LS27 

Gates 
Triple Three-Input NOR Gate 
Product Specification 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

7427 9ns 13mA 

74LS27 10M 2.7mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; TA =O'C to +70'C 

Plastic DIP N7427N. N74LS27N 

Plastic SO N74LS27D 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 

FUNCTION TABLE Data Manual. 

INPUTS OUTPUT INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

A B C Y 


PINS DESCRIPTION 74 74LS 
L L L H 

A-C Inputs 1ul 1 LSul X X H L 
X H X L Y Output 10ul 10LSuI 
H X X L 

NOTE: 
H - HIGH voltage level Where a 74 unit load (ul) is understood to be 40pA 11H and -1.6mA IlL. a 74LS unit load (LSul) is 
L - LOW voltage level 201lA IIH and -O.4mA IlL-
X - Don't care 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

~1~~12 ,.
,. C 

•.~•• c 

,.
10.~• y.
11 C 11 
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7428 
Buffer 
Quad Two-Input NOR Buffer 
Product Specification 

Logic Products 

TYPICAL PROPAGATION 
DELAY 

TYPICAL SUPPLY CURRENT 
(TOTAL) 

7ns 23mA 

ORDERING CODE 

PACKAGES 
COMMERCIAL RANGE 

Vcc=5V±5%; TA=O·C to +70·C 

Plastic DIP N7428N 

NOTE: 
For information regarding devices processed to Military Specifications, see the 8ignetics Military Products 
Data Manual. 

FUNCTION TABLE 

INPUTS 

A 

L 
L 
H 
H 

B 

L 
H 
L 
H 

OUTPUT 

Y 

H 
L 
L 
L 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 

A, B Inputs 

Y Output 

NOTE: 
Where a 74 unit load (ul) is understood to be 40t-tA 11H and -1.6mA IlL

74 

tul 

30ul 

H = HIGH voltage level 
L ... LOW voltage level 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

3~y
2~1 

5~6~4 

.~9~lO 

'l~l 
12~13 

11 

'2 
13 
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7430, LS30 

Gates 
Eight-Input NAND Gate 
Product Specification 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

7430 11ns 2mA 

74LS30 11ns O.SmA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=5V±5%; TA=O'C 10 +70'C 

Plastic DIP N7430N, N74LS30N 

Plastic SO N74LS30D 

NOTE:FUNCTION TABLE 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. INPUTS OUTPUT 

A B C D E F G H Y INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

L X X X X X X X H 
 PINS DESCRIPTION 74 74LS 
X L X X X X X X H 

X X L X X X X X H A-H Inputs 1ul 1 LSul 


X X X L X X X X H y Output 10ul 10LSui 
X X X X L X X X H 

X X X X X L X X H 
 NOTE: 


Where a 74 unit load (ul) is understood to be 40pA 'IH and -1.SmA Ill. and a 74LS unit load (LSul) 
X X X X X X L X H 
is 20pA IIH and -O.4mA IlL.

X X X X X X X L H 

H H H H H H H H L 


H.,. HIGH voltage level 
L - LOW voltage level 
X = Don't care 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

---.! 
-2 

2 B -2 
3 C 
• D -..! 
5 E Y 8 p...!

-'! 
• F 

-'!11 G'? 
& 

'2 H -1.! 
....!.! 

co...... 

\ 
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7432, L532, 532 
Gates 

Logic Products 

FUNCTION TABLE 

INPUTS OUTPUT 

A B Y 

L L L 
L H H 
H L H 
H H H 

H - HIGH voltage level 
L - LOW voltage level 

Quad Two-Input OR Gate 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPL V CURRENT 
TYPE 

DELAV (TOTAL) 

7432 12ns 19mA 

74LS32 14n5 4.0mA 

74S32 4ns 28mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee = 5V ±5%; TA = O'C to +70'CI 
Plastic DIP N7432N, N74LS32N, N74S32N 

Plastic SO - 14 N74LS32D, N74S32D I 
NOTE: 

For information regarding devices processed to MilitaI'y Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

PINS DESCRIPTION 74 748 74LS 

A. B Inputs lui I Sui I LSul 

V Output 10ui 10Sui 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 4O,.cA IIH and -1.6mA Ill. and 8 745 unit load (Sui) is 
50~ IIH and -2.0mA IlL, and a 74lS unit load (LSuI) is 2011A IIH and -OAmA IlL 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

1~ ~1
2~a 

4~ 
5~' 

.~ ,.1D~1 

12~ '2 
1113~1' IS 
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7433, LS33 
Buffers 
Quad Two-Input NOR Buffer (Open Collector) 
Product Specification 

Logic Products 

TYPE 
TYPICAL PROPAGATION 

DELAY 
TYPICAL SUPPLY CURRENT 

(TOTAL) 

7433 11ns 23mA 

74LS33 19ns 4mA 

ORDERING CODE 

PACKAGES 
COMMERCIAL RANGE 

Vee =5V ±S%; T" =O'C to + 70'C 

Plastic DIP N7433N. N74LS33N 

FUNCTION TABLE 

INPUTS 

A 

L 
L 
H 
H 

H = HIGH voltage Jevel 
L "" LOW voltage level 

B 

L 
H 
L 
H 

OUTPUT 

Y 

H 
L 
L 
L 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

A. B Inputs 1ul 1LSui 

y Output 30ul 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 40J.iA IIH and -1.6mA IlL. a 74LS unit load (LSul) is 20pA IIH and 
-OAmA IlL-

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

2~Y3~1 

s=:1(yv
• • 4 

11 

12 
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7437, L537, 537 
Buffers 
Quad Two-Input NAND Buffer 
Product Specification 

Logic Products 

TYPE 
TYPICAL PROPAGATION 

DELAY 
TYPICAL SUPPLY CURRENT 

(TOTAL) 

7437 11ns 22mA 

74LS37 12ns 3.SmA 

74S37 4ns 33mA 

ORDERING CODE 

PACKAGES 
COMMERCIAL RANGE 

Vcc=5V±5%; TA=O·C to +70·C 

Plastic DIP N7437N, N74LS37N, N74S37N 

Plastic SO N74S37D 

FUNCTION TABLE 

INPUTS OUTPUT 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

A 

L 
L 
H 
H 

H "" HIGH voltage level 
L = lOW voltage level 

B 

L 
H 
L 
H 

Y 

H 
H 
H 
L 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74S 74LS 

A, B Inputs 1ul 2Sul 1 LSul 

y Output 30ul 30Sul 30LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 40,uA IIH and -1.6mA Ill, a 74S unit load (Sui) is 50pA IIH and 
-2.0mA Ill. and 74LS unit load (LSul) is 20,uA IIH and -O.4mA III 

PIN CONFIGURATION LOGIC SYMBOL 

A 
1~3 
2~ 

4~l6 
s~ 

10~8 
9~ 

12~'1 
13~ 

LOGIC SYMBOL (IEEEIIEC) 

&1> 

12 
11 

13 
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7 438, L538, 538 
Buffers 
Quad Two-Input NAND Buffers (Open Collectors) 
Product Specification 

Logic Products 

TYPE 

7438 

74L538 

74538 

TYPICAL PROPAGATION 
DELAY 

13ns 

19ns 

6.5ns 

TYPICAL SUPPLY CURRENT 
(TOTAL) 

28mA 

3.5mA 

33mA 

-, 

I 
i 

FUNCTION TABLE 

INPUTS 

A I 
L 
L 

I 
H 
H 

H "" HIGH voltage level 
L '" LOW voltage level 

B 

L 
H 
L 
H 

OUTPUT 

Y 

H 
H 
H 
L i 

ORDERING CODE 

PACKAGES 
COMMERCIAL RANGE 

Vcc=5V±5%; T.=O·C to +70'C 

Plastic DIP N7438N, N74L538N, N74S38N 

Plastic 50 N74538D, N74LS38D 

NOTE: 
For Information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 745 74LS 

A, B Inputs lui 25ul lL5ul 

y Output 30ul 305ul 30LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 40j.IA I'H and -1.6mA I,L. a 74S unit load (SuI) is 50pA I'H and 
-2.0mA I,L. and 74LS unit load (LSul) is 201lA I'H and -O.4mA I,l-

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

A

;=![}--1-J 

:=b--r6 
10=b--r 

9 8 • 

12=b--r8 Y 11 
13 

,. 
'2 

'3 

&C>~ 

Q 

Q 

Q 11 
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• • 

Logic Products 

FUNCTION TABLE 

INPUTS 

A B 

L L 
L H 
H L 
H H 

H - HIGH voltage level 
L ... LOW vonage level 

PIN CONFIGURATION 

7439 

Buffer 

Quad Two-Input NAND Buffer (Open Collector) 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

4.SmA (ICCH)
7439 11n$ 

30mA (Iced 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±S%; TA:: O°C to +70°C 

Plastic DIP N7439N 

NOTE, 
For information regarding devices processed 10 Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
OUTPUT PINS DESCRIPTION 74 

Y A.8 Inputs 1ul 

H y Output 30ul 

H 


NOTE'H 
A 74 unit load {uli is understood to be 401lA IIH and -1.6mA Ill. 

L 

LOGIC SYMBOL LOGIC SYMBOL (lEEEIIEC) 

. ••
•• &1> 

3~B Y 1 

A5=::Q-!-4 

a~10 
9 • 

;;~13 ,." 

26 
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7440, L540, 540 
Buffers 
Dual Four-Input NAND Buffer 
Product Specification 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

7440 1105 11mA 

74L540 12ns 1.SmA 

74540 6ns 1SmA 

ORDERING CODE 

COMMERCIAL RANGE
PACKAGES 

Vee =5V ±5%; TA =O°C to +70°C 

Plastic DIP N7440N, N74L540N, N74540N 

NOTE, 
For Information regarding devices processed to Military SpeCifications, see the Signetics Mihtary Products 

FUNCTION TABLE Data Manual. 

INPUTS OUTPUT INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
A B C D Y 

PINS DESCRIPTION 74 74S 74LS 
L X X X H 

A-O Inputs 1ul 25ul 1L5ulX L X X H 
X X L X H Y Output 30ul 305ul 30LSuI 
X X X L H 

NOTE,
H H H H L 

Where a 74 unit load (ul) is understood to be 40p.A IIH and -1.SmA IlL, a 74$ unit load (Sui) is 501-tA IIH and 
H ,., HIGH voltage level -2,OmA 'lL. and a 74LS unit load (lSul) is 20iJA IIH and -OAmA IlL. 
L "" LOW voltage level 
X = Don'l care 

'p 
....! ad> 

..2 


2· Y --! 
 ::,.!. 
e • 


4 
5 0 .....! 


...! 
10 8 Y 8 ....!.!!
12 e ~ 
13 0 ..E.'p 

.E. 

LSln5705 
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Logic Products 

FEATURES 
• Mutually exclusive outputs 
• 1-01-8 demultlplexlng ability 
• Outputs disabled 	lor Input codes 

above nine 

DESCRIPTION 
The '42 decoder accepts four active 
HIGH BCD inputs and provides 10 mutu
ally exclusive active LOW outputs, as 
shown by logic symbol or diagram. The 
active LOW outputs facilitate addressing 
other MSI units with active LOW input 
enables. 

The logic design of the'42 ensures that 
all outputs are HIGH when binary codes 
greater than nine are applied to the 
inputs. 

The most significant input, A3, produces 
a useful inhibit function when the '42 is 
used as a 1-of-8 decoder. The A3 input 
can also be used as the Data input in an 
8-output demultiplexer application. 

PIN CONFIGURATION 

7442, LS42 
Decoders 
BCD-To-Declmal Decoder (1-01-10) 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY 	 (TOTAL) 

7442 15ns 	 28mA 

74lS42 t8ns 	 7mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; TA =O'C to +70'C 

Plastic DIP 	 N7442N, N74lS42N 

Plastic SO 	 N74LS54D 

NOTE: 

For information regarding devices processed to Military Specifications, see the 5ignetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS .1 
Ao- A3 Inputs lui lLSuI 

0-9 Outputs 10ul 10lSuI I 
NOTE: 
Where a 74 unit load (ul) is understood to be 401iA IIH and -1.6mA III and a 74LS unit load (LSul) is 20pA IIH 
and -O.4mA IlL-

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

15 

... 
t. 
I 

At 

t3 

A • 

" 
A, 

BCDIDEC 
15 1 

,.. 
• 1 • 3 • 5 • 7 •
YYYyyyyyy 
1 • , • , • 7 • I • 

• 
Y 
11 

" 
,.. 11 

Vee -Pin 16 
GND-Pine 
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Logic Products 

FEATURES 
• BOmA output sink capability 
• 30V output breakdown voltage 
• 	 Ideally suited as lamp or 

solenoid driver 

• See '42 	for standard TTL output 
version 

• See '145 for "LS" version 

DESCRIPTION 
The'45 decoder accepts BCD inputs on 
the Ao to A3 address lines and generates 
10 mutually exclusive active LOW out
puts. When an input code greater than 
"9" is applied, all outputs are off. This 
device can therefore be used as a 1-of-8 
decoder with A3 used as an active LOW 
enable. 
The '45 can sink 20mA while maintain
ing the standardized guaranteed output 
LOW voltage (VOL) of OAV, but it can 
sink up to BOmA with a guaranteed VOL 
of less than O.9V. 

The '45 features an output breakdown 
voltage of 30V and is ideally suited as a 
lamp or solenoid driver. 

PIN CONFIGURATION 

7445 
DecoderjDriver 
BCD-To-Decimal Decoder/Driver (Open Collector) 
Product Specification 

TYPICAL SUPPLY CURRENT 
MAX 10L (TOTAL) 

SOmA 	 43mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee = 5V ±5%; TA = O'C to +70'C 

Plastic DIP 	 N7445N 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Prod

ucts Data Manual. 


INPUT AND OUTPUT LOADING AND FAN·OUT TABLE 

I PINS DESCRIPTION 74 

Ao-A. Inputs 1ul 
5-9 Outputs 12.5ul 

NOTE: 

A 74 unit load (ul) is understood to be 40JAA IIH and -1.6mA Ill-


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

" I. " " 
15 

"0 AI A. 

,. 
• 

" . 
5 7 • I. 11 " 8 

Vee '" Pin 16 
GND .. Pin 8 
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54/7446A • 54/7447A 

54LS/74LS47 


BCD TO 7-SEGMENT DECODER/DRIVER 


DESCRIPTION - The '46A, '47 A and 'LS47 accept four lines of BCD (8421) 
input data, generate their complements internally and decode the data with 
seven ANDIOR gates having open-collector outputs to drive indicator seg
ments directly. Each segment output is guaranteed to sink 40 rnA 124 mA for 
the 'LS47) in the ON IL.OW) state and withstand 15 V 130 V for the '46A) in the 
OFF IHIGH) state with a maximum leakage current of 250 I-'A. Auxiliary inputs 
provide blanking, lamp test and cascadable zero-suppression fuctions. Also 
see the 'LS247 data sheet. 

• OPEN·COLLECTOR OUTPUTS 
• DRIVE INDICATOR SEGMENTS DIRECTLY 
• CASCADABLE ZERO-SUPPRESSION CAPABILITY 
• LAMP TEST INPUT 

ORDERING CODE: See Section 9 

COMMERCIAL GRADE MILITARY GRADE 
PIN PKG 


PKGS Vee = +5.0 V ±5%, Vee = +5.0 V ±10%, 

OUT TYPE

TA = O°C to +70°C TA = -55°C to +125°C 

Plastic 7446APC, 7447APC 
A 9B

DIPIP) 74LS47PC 

Ceramic 7446ADC, 7447ADC 5446ADM,5447ADM
A 7BDIP)O) 74LS470C 54LS47DM 

Flatpak 7446AFC, 7447AFC 5446AFM, 5447AFM . 
A 4LIF) 74LS47FC 54LS47FM 

INPUT LOADING/FAPt-OUT: See Section 3 for U.L. definitions 

54n4 (U.L.)
PIN NAMES DESCRIPTION 

HIGH/LOW 

/I(J-A3 BCD Inputs 1.0/1.0 
RBI Ripple Blanking Input IActive LOW) 1.0/1.0 
IT Lamp Test Input IActive LOW) 1.0/1.0 
BIIRBO Blanking Input IActive LOW) or -/2.5 

Ripple Blanking Output IActive LOW) 5.0/5.0 

8-g Segment Outputs IActive LOW) OC"/25 

·oc- Open Collector 

30 

CONNECTION DIAGRAM 
PINOUT A 

-""II 
A,[i 

iT!! 

I!!Jvcc

Iill;
till, 

BI/RBOI! J2]i 
RBi I! TIlb 
A2[! }TIc 

AlII ]']d" 
GND[! :!Ji 

LOGIC SYMBOL 

7 

I I 
1 i ill 

Ao A, A, IT RBI"3 

• • 
BII 

b c d f g RBO 

!!X!1!XI 

vee =Pin 16 
GND =Pin 8 

54/74LS (U,L.) 
HIGH/LOW 

0.5/0.25 
0.5/0.25 
0.5/0.25 

-/0.75 
1.25/2.0 

11.0) 
OC"/15 

17.5) 

http:0.5/0.25
http:0.5/0.25
http:0.5/0.25


FUNCTIONAL DESCRIPTION - The '46A, '47A and 'LS47 decode the input data in the pattern indicated in the 
Truth Table and the segment identification illustration. If the input data isdecimal zero, a LOW signal applied to 
the RBI blanks the display and cau~ult~t display. For example, by grounding the RBI of the highest 
order decoder and connecting its BIIRBO to RBI of the next lowest order decoder, etc.,. leading ze~will be 
suppressed. Similarly, by grounding RBI of the lowest order decoder and connecting its BIIRBO toRBI of the 
next highest order decoder, etc., trailing zeros will be suppressed. Leading and trailing zeros can be suppressed 
simultaneously by using external gates, ie: by driving RBI of an intermediate decoder from an OR gate whose 
inputs are BIIRBO of the next highest and lowest order decoders. BIIRBO also serves as an unconditional 
blanking input. The internal NAND gate that generates the RBO signal has a resistive pull-up, as opposed to a 
totem pole, and thus BIIRBO can be forced LOW by enternal means, using wired-collector logic. A LOW signal 
thus applied to BIIRBO turns off all segment outputs. ThiS blanking feature can be used to control display 
intensity by varying the duty cycle of the blanking signal A LOW signal applied to L T turns on all segment 
outputs. provided that BIIRBO is not forced LOW. 

LOGIC DIAGRAM 

RIPPlE-aLA~KINQ 

INPUT INPUT
IL.ANKING INPUT OA 
RIPPLE·BL.ANKING 
OUTPUT 

OUTPUT 

NUMERICAL DESIGNATIONS - RESULTANT DISPLAYS 

,-I , , -' , , ,- ,- -, I-I I-I , ,- I-, , , , , -I ,- ,
'_I I I I 1-' - -' 

- I 

- -


10 11 12 13 15 
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TRUTH TABLE 

BiiRBO ia wire-AND logic servino .1 blanking input iBiI Indlor ripple-blinking output (RIal. The bfankino out fBi, mUlt be open or held 

INPUTS I OUTPUTS 

DECIMAL 
OR 

FUNCTION LT RBI A3 A2 A, Ao Bi'7'RBO -
8 b -C d -e T -

9 NOTE 

0 H H L L L L H L L L L L L H 1 
1 H X L L L H H H L L H H H H 1 
2 H X L L H L H L L H L L H L 
3 H X L L H H H L L L L H H L 

4 H X L H L L H H L L H H L L 
5 H X L H L H H L H L L H L L 
6 H X L H H L H H H L L L L L 
7 H X L H H H H L L L H H H H 
8 H X H L L L H L L L L 1 L L 

9 H X H L L H H L L L H H L L 
10 H X H L H L H H H H L L H L 
11 H X H L H H H H H L L H H L 
12 H X H H L L H H L H H H L L 
13 H X H H L H H L H H L H L L 

14 H X H H H L H H H H L L L L 
15 H X H H H H H H H H H H H H 
Bi X X X X X X L H H H H H H H 2 

RBi H L L L L L L H H H H H H H 3 
IT L X X X X X H L L L L L L L 4 

NOTES: 
f 11 

at I HIGH leye' when output functions 0 through 15 ar. desired, .nd rippl.btl"king Input (RBU mUlt be open or at • HIGH level if 
blankinG or I decima' 0 i, not desired. X a Input may be HIGH or LOW. 

(2) 	 When. LOW level ia applied to the blankinG Input (forced condition) an HQ,,",nl outputs go to • HIGH leve' regardle .. of the atate 
of an~ other input condition. 

(31 	 When ripple-blInking inpuui'iIm and inputa 114. A,. A2 and A3.re L.OWI8YeI. with the lamp t••t Input at HIGH level. aUseoma"t outputl 
go to • HIGH lavel and the ripp&e-bllnking output (lilm goea to • LOW levet (,..Po".. condttlon). 

(41 	 When the blinking input/ripple-blinking output (BIIRBO) is open or held at I HIGH level. and I LOW level I, applied to lamp te.t 
Input. III ..gment output. go 10 • LOW level. . 
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Logie Products 

FUNCTION TABLE 
'51, 'S51, h 'LS51 

INPUTS OUTPUT 

A [ B [ C [ 0 y 

H H x x L
X X H H LI I I 
All other combinations H 

'LS51 

INPUTS OUTPUT 

A[B[C[O[E[F Y 

HIHIHlxlxlx L
XXXHHH L 

All other combinations HI 
H = HIGH voltage level 
l ,.. LOW vOltage level 
X =Don't care 

PIN CONFIGURATION 

"lMAKE NOEXTERNAL'51, 11 CONNECT1ON 

'SS1 

'LSs1 

7451, L551, 551 

Gates 

'51, 'S51 Dual 2-Wlde 2-lnput AND-OR-Invert Gate 
'LS51 Dual 2-Wlde 3-lnput, 2-Wide 2-lnput AND-oR-lnvert 
Gate 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
TYPE DELAY (TOTAL) 


7451 Ilns 5.7mA 


74L551 12ns 1.1mA 


74551 3.5ns lImA 


ORDERING CODE 

COMMERCIAL RANGE
PACKAGES Vee =5V ±5%; TA =O·C to +70·C 

Plastic DIP N7451N, N74LS51N, N74S51N 

Plastic SO N74LS51 D, N74S51D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

DESCRIPTION 

Inputs 

Output 

Where a 74 unit load (ul) is understood to be 40JLA, IIH and -1.6mA IlL. a 745 unit load (Sui) is 50J1A IIH and 
-2.0mA IlL, and 74lS unit load (LSul) is 20IJ,A IIH and -O.4mA IlL-

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'~'.~ 
IS l' " , ""'" , ,C 

101D '51, 'S51 'LS51 

'51, 'SSl 


, .....~ I.!.. >1 ,~ • >.", 1'.9,.. • ;'t 
,0'",. I-- i::--!~!~ I'!.. • .~ •IL L 

I!.. >. !.. >. 
:!.. 3 

~"- ::..! 
I.!.. '& .!..r- 'LSsl •I.L .L 

.~, .." 
o Ie... n, 
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CONNECTION DIAGRAMS 

PINOUT A 


54/7453 
54H/74H53 

EXPANDABLE 4-WIDE, 2-INPUT AOI GATE.(,53) 

EXPANDABLE 2-2-2-3-INPUT AOI GATE (,H53) 


ORDERING CODE: See Section 9 

PIN 
COMMERCIAL GRADE MILITARY GRADE 

PKG 
PKGS 

OUT 
Vee =+5.0 V ±5CM.. 
TA =O·C to +70·C 

Vee =+5.0 V ±10CM.. 
TA =-55·C to +125·C 

TYPE 
PINOUT B 

Plastic 
OIP(P) 

A 

B 

7453PC 

74H53PC 
9A 

Ceramic 
OIPIO) 

A 

B 

74530C 

74H530C 

54530M 

54H530M 
6A 

Flatpak 
(F) 

C 

0 

7453FC 

74H53FC 

5453FM 

54H53FM 
31 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 

54/74 (U.L.) 54/74H (U.L.,
PINS HIGH/LOW HIGH/LOW 

Inputs 1.0/1.0 1.25/1.25 
Outputs 20/10 12.5/12.5 

PINOUT C PINOUT 0 

34 

http:1.25/1.25


Logic Products 

INPUT AND OUTPUT LOADING 
AND FAN-OUT TABLE 
,--

PINS DESCRIPTION 74LS 

A-K Inputs 1lSuiI 
y Output I 10lSui 

Where a 74LS unit load (LSul) is 20p.A IIH and 
-O.4mA III 

PIN CONFIGURATION 

74LS54 
Gate 
Four-Wide Two- & Three-Input AND-OR-Invert Gate 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

12ns D.9mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; TA =O·C to +70·C I 

Plastic DIP N74lS54N I 
Plastic SO N74lS54D 

NOTE: 
For information regarding devices processed to Military Specifications, see the SlgnettCs Military Products 
Data Manual. 

FUNCTION TABLE 

INPUTS OUTPUT 

A B C D E F G H J K Y 

H H X X X X X X X X L 
X X H H H X X X X X L 
X X X X X H H X X X L 
X X X X X X X H H H l 

All other combinations H 

H = HIGH voltage level 
L = LOW voltage level 
X = Don't care 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

& ;;1 

• & 

" 
13 & 

13 

12 

,.
,. 
 & 

11 

11 

~ 
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74564 
Gate 
Four-Two-Three-Two-Input AND-OR-Invert Gate 
Product Specification 

Logic Products 

TYP!CAl PROPAiiATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

3.5ns 8mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee=SV±S%; TA=O"C to +70"C 

Plastic DIP N74S64N 

Plastic SO N74S64D 

NOTE: 
For information regarding devices processed to Military SpecificatIOns, see the Signetics Military ProductsINPUT AND OUTPUT LOADING 
Data Manual. 

AND FAN-OUT TABLE 
FUNCTION TABLE PINS DESCRIPTION 745 

A-L Inputs lSul INPUTS OUTPUT 

Y Output 10Sul A B C D E F G H J K L Y 

NOTE: H H X X X X X X X X X L 
A 745 unit load (Sui) is 5O~ IIH and -2.0mA IlL- X X H H H H X X X X X L 

X X X X X X H H H X X L 
X X X X X X X X X H H LI 

All other combinations H 

H = HIGH lIoltage level 
l ... LOW lIoltage level 
X - Don't care 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

• ;.13 

Vee 

13 13 
12 
11 " 11 

10 • 
10 
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7473, LS73 
Flip-Flops 
Dual J-K Flip-Flop 
Product Specification 

Logic Products 

DESCRIPTION TYPICAL SUPPLY CURRENT 
The '73 is a dual flip-flop with individual (TOTAL)TYPE TYPICAL fllAx 

J, K, Clock and direct Reset inputs. The 
7473 20MHz lOrnA

7473 is positive pulse-triggered. JK infor
mation is loaded into the master while 74LS73 45MHz 4mA 
the Clock is HIGH and transferred to the 
slave on the HIGH-to-LOW transition. ORDERING CODE 
For the 7473, the J and K inputs should .-----------.------C-O-M-M-E-R-C-IA-L-R-A-N-G-E------, 
be stable while the Clock is HIGH for PACKAGES 
conventional operation. vee =5V +5%; TA =O·C to + 70·C 

Plastic DIP N7473N, N74LS73N 
The 74LS73 is a negative edge-triggered 
flip-flop. The J and K inputs must be NOTE: 

For information regarding devices processed to Military Specifications, see the S~gnetics Military Products stable one set-up time prior to the HIGH
Data Manual. 

to-LOW Clock transition for predictable 
operation. INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
The Reset (AD) is an asynchronous PINS DESCRIPTION 74 74LS 
active LOW input. When LOW, it over ! Cf5 Clock input 2ul 4LSuirides the Clock and Data inputs, forcing 
the Q output LOW and the Ci output RD Reset input 2ul 3LSui 
HIGH, J, K Data inputs lui 1LSul 

a,o Outputs 10ul 10LSui 

NorE: 

Where a 74 unit load (ul) is understood to be 40p.A IIH and -1.6mA IlL. and a 74LS unit load (LSul) is 20tJA IIH 

and -O.4mA IlL. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEIIEC) 

'LS73 '73 'LS73 

14 1J 
12 

Cl 

'Kl"o,Ql t3 10 KzR~ot • 
:--l.l 


. 
'73 

" 

,. 
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Flip-Flops 	 7473, LS73 

LOGIC DIAGRAM 	 FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

ep(') J K Q ~AD 
Q 	 Asynchronous reset 

L X X X L H
(Clear) 

Toggle H n h h Ii q


~----4r----~ •• 
Load "0" (Reset) H n I h L H 
Load "I" (Set) H n h I H L 
Hold "no change" H n I I q Ii 

H ,.. HIGH 'Voltage level steady state. 

h - HIGH voltage kwel one set-up time prior 10 the HIGH·to-LOW Clock 


transition.(1) 

- LOW YOftBge level steady state. 
I - LOW voltage level one set-up time prior to the HIGH-te-LOW Clock 

transition. t11 

q - Lower case ~ indicate the state of the referenced output prior 
to the HIGH-ta-LOW Clock transition. 

X - Oon't care 
n - Positivo Clod< pulse. 
NOTES: 
1. 	 The J and K inputs of the 7473 must be stabkt white the Clock is 

HIGH lor convontional 0I>8'llti0n. 
2. 	 The 74LS73 is edge triggered. Data must be stable one set...., timo 

prior to the negative edge of the Ciock for predictable operation. 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 	 74 74LS UNIT 

Vee Supply voltage 	 7.0 7.0 V 

VIN Input voltage 	 -0.5 to +5.5 -0.5 to +7.0 V 

liN Input current 	 -30 to +5 -30 to +1 rnA 

VOIIT Voltage applied to output in HIGH output state -0.5 to +Vee -0.5 to +Vee V 

TA Operating free-air temperature range 	 o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74 74LS 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 V 

VIH HIGH-level input voltage 2.0 2.0 V 

VIL LOW-level input voltage +0.8 +0.8 V 

11K Input clamp current -12 -18 rnA 

IOH HIGH-level output current -400 -400 p.A 

IOL LOW_ output current 16 8 rnA 

TA Operating _air temperature 0 70 0 70 ·C 
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Logic Products 

DESCRIPTION 

The '74 is a dual positive edge-triggered 

D-type flip-flop featuring individual Data, 

Clock, Set and Reset inputs; also com

plementary Q and 0 outputs. 


Set (SD) and Reset (RD) are asynchro

nous active-LOW inputs and operate 

independently of the Clock input. Infor

mation on the Data (D) input is trans

ferred to the Q output on the LOW-to

HIGH transition of the clock pulse. The 

D inputs must be stable one set-up time 

prior to the LOW-to-HIGH clock transi

tion for predictable operation. Although 

the Clock input is level-sensitive, the 

positive transition of the clock pulse 

between the O.BV and 2.0V levels should 

be equal to or less than the clock-to

output delay time for reliable operation. 


PIN CONFIGURATION 

7474, l574A, 574 
Flip-Flops 
Dual D-Type Flip-Flop 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL fMAX (TOTAL) 

7474 25MHz 17mA 


74LS74A 33MHz 4mA 


74S74 100MHz 30mA 

NOTE, 
For information regarding devices processed to Military Specifications, see the Signeties Military Products 
Data Manual. 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =SV ±S%; TA =Q'C to +70'C 

Plastic DIP N7474N, N74LS74AN, N74S74N 

Plastic SO N741S74A, N74S74D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74S 74LS 

D Input lui 1 Sui lLSul 

RD Input 2ul 35ul 2LSui 

SD Input lui 25ul 2L5ul 

CP Input 2ul 2Sul 1 LSul 

Q,a Outputs 10ul 10Sul 10LSuI 

NOTE: 
Where a 74 unit load (ul) is understood to be 40/.lA IIH and -1.6mA IlL, a 74$ unit load (Sui) is 50pA IIH and 
-2.0mA IlL. and 74LS unit load (LSul) is 20j.1A IIH and -O.4mA III 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

. ,. 

! ! 

2- D, SD1 0, r-5 12 D2 SD2 02-9 
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Product Specification 

7474, L574A, 574 

LOGIC DIAGRAM MODE SELECT - FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

SD AD CP D a Q 
-

Asynchronous Set L H X X H L 
Asynchronous Reset H L X X L H 

(Clear) 

a Undetermined(1) 
Load "I" (Set) 

L 
H 

L 
H 

X 
t 

X 
h 

H 
H 

H 
L 

Load "0" (Aeset) H H t I L H 

H - HIGH voltage level steady state . 
... HIGH voltage level one set-up tIme prior 10 the LOW-Io-HIGH clock 

transition. 
L .., LOW voltage level steady state. 
I = LOW. ~oltage level one set-up time prior to the LOW-to-HIGH clock 

tranSItion. 
X "" Don't care. 
t = LOW-to·HIGH clock transition. 

o_____-L--' NOTE: 
(1) 80th outputs will be HIGH while both "S:O and 'R'o are LOW, but the 

output states are unpredictable jf 'So and AD go HIGH simuHaneously. 

ABSOLUTE MAXIMUM RATINGS (Over operating Iree-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS 74S UNIT 

Vee Supply voltage 7.0 7.0 7.0 V 

Input voltage -0.510 +5.5 -0.5 to +7.0 -0.5 to +5.5 VV'N 

Input current -30 to +5 -30 to +1 -30 to +5 mA 

Voitage applied to output in HIGH 

I'N 

VOUT -0.5 to +Vee -0.5 to +Vee -0.5 to +Vcc V 
output state 

TA Operating free-air temperature range o to 70 °C 

RECOMMENDED OPERATING CONDITIONS 

I 74 74LS 74S 
PARAMETER UNIT 

Min Nom Max Min Nom Max Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 4.75 5.0 5.25 V 

VIH HIGH-level input voltage 2.0 2.0 2.0 V 

V'l LOW-level input voltage +0.8 +0.8 +0.8 V 

Input clamp current -12 -18 -18 mA 

IOH HIGH-level output current -400 -400 -1000 iJA 

IOl LOW-level output current 16 8 20 mA 

TA Operating free-air temperature 0 70 0 70 0 70 °C 

I'K 

40 



Logic Products 

FEATURES 
• 4-bit bistable latch 

• 	Refer to 74LS375 for Vee and 
GND on corner pins 

DESCRIPTION 
The '75 has lour bistable latches. Each 
2-bit latch is controlled by an active 
HIGH Enable input (E). When E is HIGH. 
the data enters the latch and appears at 
the Q output. The Q outputs follow the 
Data Inputs as long as E is HIGH. The 
data on the D inputs one set-up time 
before the HIGH-to-LOW transition of 
the enable will be stored in the latch. 
The latched outputs remain stable as 
long as the enable IS LOW. 

PIN CONFIGURATION 

7475, LS75 
latches 
Quad Bistable Latch 
Product Specification 

I 
TYPE 

TYPICAL PROPAGATION 
DELAY 

TYPICAL SUPPLY CURRENT 
(TOTAL) 

l 

~ 7475 
18ns (tplH) 
9ns (tpHd 

32mA ~ 
I 

74LS75 
15ns (tpLH) 

9ns (tpHl) 
6.3mA I 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; TA = O°C to +70~CI 
Plastic DIP 	 N7475N, N74LS75NI 

Plastic SO N74LS25DI 
NOTE: 
For mformation regarding devices processed to Military Specifications. see the Signetlcs Military Produc:s 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 74PINS DESCRIPTION 74H

D Input 2ul 1 LSUI 

E Input 4ul 4LSlJI 

All Outputs 10ul 10LSui 

NOTE: 
Where a 74 unit load (ul),s understood to be 40JJA I'H and -1.6mA IlL' and a 74LS umt load (LSuI) IS 20/JA I'H 
and -O.4mA. 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

1'--1 
• 7 I 

18 1 15 14 10 11 

Vee" Pin 5 
GND .. Pin 12 
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-------

7476. LS76 
Flip-Flops 
Dual J-K Flip-Flop 
Product Specification 

Logic Products 

DESCRIPTION 
The '76 is a dual J-K flip-flop with 
individual J, K, Clock, Set and Reset 
inputs. The 7476 is positive pulse-trig
gered. JK information is loaded into the 
master while the Clock is HIGH and 
transferred to the slave on the HIGH-to
LOW Clock transition. The J and K 
inputs must be stable while the Clock is 
HIGH for conventional operation. 

The 74LS76 is a negative edge-triggered 
flip-flop. The J and K inputs must be 
stable only one set-up time prior to the 
HIGH-to-LOW Clock transition. 

The Set (So) and Reset (Ro) are asyn
chronous active LOW inputs. When 
LOW, they override the Clock and Data 
inputs, forcing the outputs to the steady 
state levels as shown in the Function 
Table. 

PIN CONFIGURATION 

TYPICAL SUPPLY CURRENTTYPE TYPICAL 'MAX (TOTAL) 

7476 20MHz lOrnA 

74LS76 45MHz 4mA 

ORDERING CODE 

COMMERCIAL RANGE
PACKAGES Vee =SV ±S%; TA =O·C to +70·C 

Plastic DIP N7476N. N74lS76N 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetie& Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

PINS DESCRIPTION 74 74LS 

CP Clock input 2ul 2lSui 

Ro, So Rese' and Set inputs 2ul 2lSui 

J, K Data inputs lui IlSul 

Q, l:i Outputs 10ul 10lSui 

NOTE; 
Where a 74 unH: load (1.11) is understood to be 40pA JIH and -1.6mA Ill> and a 74LS unit load (LSuI) is 20pA JIH 
and -O.4mA IlL-

LOGIC SYMBOL LOGIC SYMBOL (IEE/IEC) 

'LS76 76 'LS76 

1J -, ,.Cl1 CP, • CPt'!I~""·o~"" 

1 .hRD.Ot '412 'bReI,: 10 . . 


'76 

1 cp, • ClOt·o~""·o~""

" K, Ch U'2 K2 ,,~a. 107 
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Product Specification 

7476, lS76 

LOGIC DIAGRAM 

Q 

'---~---t- RD 

FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

So Ro cp(2) J K Q II 
Asynchronous set L H X X X H L 
Asynchronous reset (Clear) H L X X X L H 
Undetermined(1 ) L L X X X H H 
Toggle H H n h h q q 
Load "0" (Reset) H H n I h L H 
Load "1" (Set) H H n h I H L 
Hold "no change" H H n I I q q 

H =HIGH voltage level steady state. 
h oa HIGH voltage (evel one set-up time prior to the HIGH-la-LOW Clock transition.(3) 
L - LOW voltage level steady state. 
I = LOW voltage level one set-up time prior to the HIGH-la-LOW Clock transition.(3) 
q "" Lower case letters indicate the state of the referenced output prior to the HIGH-la-LOW Clock transition. 
X "" Don't care. 
Jl - Positive Clock pulse. 
NOTES: 
1. Both outputs will be HIGH while both So and ~o are LOW, but the output states are unpredictable if S:O and ]!!fo go HIGH simuttaneously. 
2. The 74LS76 is edge triggered. Data must be stable one set-up time prior to the negative edge of the Clock for predictable operation. 
3. The J and K inputs of the 7476 must be stable whUe the Clock is HIGH for conventional operation. 
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Logic Products 

FEATURES 
• High speed 4-blt binary addition 
• Cascadeable in 4-blt Increments 
• 	LS83A has fast Internal carry 

lookahead 

• See '283 	for corner power pin 
version 

DESCRIPTION 
The '83 adds two 4-bit binary words (An 
plus Bn) plus the incoming carry. The 
binary sum appears on the Sum outputs 
(~ 1 - ~ ,) and the outgoing carry (GOUT) 
according to the equation: 

C'N + (A, + 8,) + 2(A2 + 82) + 4(A3 + 8 3) 
+ 8(A, + 8,) - l, + 22: 2 + 4!: 3 + 8!:, 
+ 16CoUT 

Where (+) - plus. 
Due to the symmetry of the binary add 
function, the '83 can be used with either 
all active-HIGH operands (positive logic) 
or with all active-LOW operands (negative 
logic). See Function Table. With active
HIGH inputs, G,N cannot be left open; it 
must be held LOW when no "carry in" is 
intended. Interchanging inputs of equal 
weight does not affect the operation, thus 
G,N, A 8 can arbitrarily be assigned 10

" " pins 10, II, 13, etc. . 

PIN CONFIGURATION 

7483, LS83A 

Adders 

4-Bit Full Adder 
Product Specification 

TYPICAL AOD TIMES ITYPICAL SUPPLY CURRENT 
TYPE 

(TWO 8 - BIT WORDS) (TOTA_L.:.)-------1 
7483 23n5 66mA 

74LS83A 25n5 19mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =SV +5%; TA =O"C to +70"C 

Plastic DIP N7483N, N74LS83AN ~ Plastic SO n_. N74LS83AD 

NOTE, 
For Information regardmg devices processed to Military Specifications, see the Signetics Military Products 
Data Manual 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

A1, 81. A3, 8a, G'N Inputs 2ul 

A2, 82, A" B, Inputs lui 

A, 8 Inputs 2LSui 

C,N Input ILSul 

Sum Oulpuls 10ui 10LSui 

Carry Oulput 5ul 10LSui 

NOTe, 
Where a 74 unit load (ul) is understood to be 40p.A I'H and -1.6mA Ill, and a 74LS unitload (LSul) is 20p.A 'IH 
and -O.4mA Ill. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'i','ilii~ti •• 
A1 81 A2 12 A3 83 "'4 I. 

t1 

• 
, }'{

u- C'H COUT 1--14 

IS 


11 1:2 1:3 I .. 7 D} 3 
I I I I 3 Q CO 

• • 2 15 	 "13 C, 
-~, 

Vee - Pin 5 

GND-Pln 12 
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Logic Products 

FEATURES 
• 	 Magnitude comparison of any 

binary words 

• 	 Serial or parallel expansion 
without extra gating 

• 	 Use 74585 for very high speed 
comparisons 

DESCRIPTION 
The '85 is a 4-bit magnitude comparator 
that can be expanded to almost any 
length, It compares two 4-bit binary, 
BCD, or other monotonic codes and 
presents the three possible magnitude 
results at the outputs, The 4-bit inputs 
are weighted (Ao - A3) and (Bo - B3), 
where A3 and B3 are the most significant 
bits. 

The operation of the '85 is described in 
the Function Table, showing a/l possible 
logic conditions. The upper part of the 
table describes the normal operation 
under all conditions that will occur in a 
single device or in a series expansion 
scheme. 

PIN CONFIGURATION 

7485, L585, 585 

Comparators 

4·Bit Magnitude Comparator 
Product Specification 

----- --, 
TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 

TYPE 
DELAY 	 (TOTAL) 

7485 23n5 	 55mA 

74LS85 23n5 	 lamA 

74585 12ns 	 73mA 
~-

ORDERING CODE 

PACKAGES COMMERCIAL RANGE -[ 
_______________t-____vc~c~=_5_V_±_5_%_;~T~A~=_O_·C_t_o_+_70_0_C_~_j 

Plastic DIP N7485N, N74LS85N, N74S85N 

Plastic SO 	 N74LSB5D, N74SB5D 

NOTE: 

For information regarding deVIces processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 
~---. 

PINS DESCRIPTION 74 74S 74LS 

Ao - A3, Bo - B3, IA - B Inpuls 3ul 3Sul 3LSui 

IA < S. IA> B Inputs lui ISul I LSul 

A ~ B, A < B, A > B Outputs 10ui 10Sui IOLSul 

NOTE: 

Where a 74 unit load (u!) is understood to be 40J.IA IIH and -1.6mA IlL, a 74S unIt toad (Sut) is 50J,1A IIH and 

-2.0mA Ill, and 74LS unit load (LSut) is 20fJA IIH and -OAmA IlL. 


LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

I 
1() 12 13 15 	 ,. COlI' 

12 ,. 
• 
}Ao A1 A2 A3 15 


IA <I 


} 
.<0

I•• a 	 11 
P-Q 

IA > I " .>. A-a 	
P>Q 

.<1 
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Comparators 

LOGIC DIAGRAM 

(15) 

:;::(;,}t~=:[) 

" .;.(':.:3}:.j-<H-+l-;""""'\ 

92 (14) 

A, -(:""'::')H+I+-1'"~ 
., .."..,+t-+++-l.-.J

(11) 

A 

('0} 
"-+--~-f""",,", 
So (0) 

FUNCTION TABLE 

COMPARtNG INPUTS 

A3• B3 A.. B. A,. 8, 

A3> B3 X X 
A3 <B3 X X 
A3- B3 A, > B, X 
A3 -B3 A, <B, X 
As- B3 A, = B, A, > B, 
A3- B3 A,= B, A, < B, 
As- B3 A,= B, A, = B, 
As-B3 A,= B, A, = B, 
A3 = B3 A2 - B2 A, -B, 
A3 - Bs A,-B2 A, - B, 
As - B3 A2- B2 A, =B, 

As- B3 A2- B2 A, - B, 
A3- B3 A,= B, A1 ==B1 
As=B3 A,- B2 A, -B, 

H - HIGH voltage level 
L - LOW vottage level 
X .. Don't care 

Ao.Ba 
X 
X 
X 
X 
X 
X 

Ao> Bo 
Ao < Bo 
Ao- Bo 
Ao-Bo 
Ao - Bo 

Ao - Bo 
Ao= Bo 
Ao=60 

7485, LS85, S85 


In the upper part of the table the three 
outputs are mutually exclusive. In the lower 
part of the table, the outputs reflect the feed
forward conditions that exist in the parallel 
expansion scheme. 

The expansion inputs fA> 8. fA" B. and JA < B 
are the least significant bit positions. When 
used for series expansion, the A > e, A = B 
and A < 8 outputs of the least significant 
word are connected to the corresponding 
fA > s, fA .. s, and fA < B inputs of the next 
higher stage. Stages can be added in this 
manner to any length, but a propagation 
delay penalty of about 15ns is added wrth 
each additional stage. For proper operation 
the expansion inputs of the least signijicant 
word should be tied as follows: IA> B ~ LOW, 
I, _ B - HIGH, and IA < B - LOW. 

The parallel expansion scheme shown in 
Figure 1 demonstrates the most efficient 
general use of these comparators. In the 
parallel expansion scheme, the expansion 
inputs can be used as a fifth input bit poSition 
except on the least significant device which 
must be connected as in the serial scheme. 
The expansion inputs are used by labeling 
fA> B as an "A" input, IA < B as a "8" input 
and setting I, _ B LOW. The '85 can be used 
as a 5-bit comparator only when the outputs 
are used to drive the (Ao - A3) and (Bo - B3) 
inputs of another '85 device. The parallel 
technique can be expanded to any number of 
bits as shown in Table 1. 

CASCADING INPUTS OUTPUTS 

IA>B IA<9 IA=B A>B A<B A=B 

X X X H L L 
X X X L H L 
X X X H L L 
X X X L H L 
X X X H L L 
X X X L H L 
X X X H L L 
X X X L H L 
H L L H L L 
L H L L H L 
L L H L L H 

X X H L L H 
H H L L L L 
L L L H H L 
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7486, L586, 586 
Gates 
Quad Two-Input Excluslve-OR Gate 
Product Specification 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

7486 14n5 30mA 

74LS86 IOns B.lmA 

74S66 7ns SOmA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee = 5V ±5%; TA = O·C to + 70·C 

Plastic DIP N7486N, N74LS86N, N74S86N 

Plastic SO N74LS66D, N74S86D 
FUNCTION TABLE NOTE: 


For information regarding devices processed to Military Specifications, see the Signetics Military Products 
INPUTS OUTPUT 
Data Manual. 


A B Y 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
L L L 

L H H PINS DESCRIPTION 74 74S 74LS 
H L H 

A, B Inputs lui ISul lLSulH H L 

H ... HIGH voltage kwel 
y Output 10ul 10Sul 10LSui 

L .. lOW voltage level NOTE: 
Where a 74 unit load (ul) is understood to be 4OJ,lA IIH and -1.SmA I,L. a 745 unit load (SuI) is 50JJA IIH and 
-2.0mA 'n.., and a 74lS unit load (LSul) is 20pA IIH and -O.4mA I,L

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (lEEEIIEC) 

..,
~:ij[Y-3 

~:ijcr-6 

1~:1)[Y-8 ,. 
n~~:ij[Y-11 

12 

" 
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7490, LS90 
Counters 
Decade Counter 
Product Specification 

Logic Products 

DESCRIPTION 
The '90 is a 4-bit, ripple-type Decade 
Counter. The device consists of four 
master-slave flip-flops internally connect
ed to provide a divide-by-two section and 
a divide-by-five secaon. Each section 
has a separate Clock input to initiate 
state changes of the counter on the 
HIGH-to-LOW clock transition. State 
changes of the Q outputs do not occur 
simultaneously because of internal ripple 
delays. Therefore, decoded output sig
nals are subject to decoding spikes and 
should not be used for clocks or strobes. 

A gated AND asynchronous Master Re
set (MRt'MR2) is provided which over
rides beth clocks and resets (clears) all 
the flip-flops. Also provided is a gated 
AND asynchronous Master Set 
(MSt-MS2) which overrides the clocks 
and the MR inputs, setting the outputs to 
nine (HLLH). 

Since the output from the divide-by-two 
section is not internally connected to the 
succeeding stages, the device may be 
operated in various counting modes. In a 
BCD (8421) counter the CPt input must 
be externally connecled to the Q o output. 
The C"Po input receives the incoming 
count producing a BCD count sequence. 
In a symmetrical Bi-quinary divide-by-ten 

PIN CONFIGURATION 

TYPICAL fUAX TYPICAL SUPPLY CURRENT 

30MHz 30mA 

42MHz 9mA 

ORDERING CODE 

COMMERCIAL RANGE PACKAGES 
Vee =5V ±S%; TA = O°C to + 70°C 

Plastic DIP N7490N, N74lS90N 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

Cl'o Input 2ul 6lSuI 

CI', Input 4ul 8lSui 

MR, MS Inputs lui 

Q O -Q3 Outputs 10ui IOlSul 

NOTE: 
Where a 74 unit load (ul) is understood to be 40pA IIH and -1.6mA IlL. and a 74LS unit load (LSul) is 20v.A IIH 
and -O.4mA Ill' 

counter the Q3 output must be connect er no external interconnections are re
ed externally to the CPo input. The input quired. The first flip-flop is used as a 
count is then applied to the CPt input binary element for the divide-by-two 
and a divide-by-ten square wave is ob function (CPo as the input and Qo as the 
tained at output Qo. To operate as a output). The CP, input is used to obtain a 
divide-by-two and a divide-by-five count- divide-by-five operation at the Q3 output. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

• 7 

us 

14 CPo 

2 3 12 11 

Vex; -Pin 5 
GND-Pin 10 
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Counters 	 7490, LS90 

LOGIC DIAGRAM 	 MODE SELECTION
FUNCTION TABLE 

RESETISET INPUTS OUTPUTS 

MR, MR2 MS, MS2 00 I 0, I 02 I 0 3 

H H L X L L L L 
H H X L L L L L 
X X H H H L L H 
L X L X Count 
X L X L Count 
L X X L Count 
H L L X Count 

H = HIGH voltage lever 
l = LOW voltage level 
X ., Don't care 

BCD COUNT SEQUENCE
Vcc ." Pm 5 FUNCTION TABLE 
GNO - Pin 10 

OUTPUTS 
COUNTABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range 0 0 0, 02 03

unless otherwise noted.) 
0 L L L L 

PARAMETER 74 74LS UNIT 1 H L L L 

Vee Supply voltage 7.0 7.0 V 2 L H L L 
3 H H L L 

V'N Input voltage -0.5 to +5.5 -0.5 to + 7.0 V 4 L L H L 

I'N Input current -30 to +5 -30 to + 1 rnA 5 
6 

H 
L 

L 
H 

H 
H 

L 
L 

VOUT 

Voltage applied to 
output in HIGH 
output state 

-0.5 to 
+ Vex; 

-0.5 to 
+Vee 

V 
7 
B 
9 

H 
L 
H 

H 
L 
L 

H 
L 
L 

L 
H 
H 

TA 
Operating free-air temperature 
range 

o to 70 ·C NOTE: 
Output 0 0 connected to input CP 1 

NOTE: 
V1N is limited to + S.SV on CJ50 and CJ51 inputs on the 74LS90 only. 

RECOMMENDED OPERATING CONDITIONS 

74 74LS 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vex; Supply voltage 	 4.75 5.0 5.25 4.75 5.0 5.25 V 

HIGH-level input voltage 	 2.0 2.0 VV'H 

LOW·level input voltage 	 +0.8 +0.8 VV'L 

Input clamp current -12 -18 rnA 

IOH HIGH-level output current -800 -400 !lA 

loe LOW-level output current 16 8 rnA 

TA Operating free-air temperature 0 70 0 70 ·C 

I'K 
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Logic Products 

FEATURES 
• 8-bit serial-in-serial-out 	shift 

register 
• Common buffered clock 
• 2-lnput gate for serial data entry 
• True and Complement outputs 

DESCRIPTION 
The '91A is an S-bit seriai-in-serial-out 
shift register. The serial data is entered 
through a 2-input AND gate (DSa and 
DSb). HIGH data is entered when both 
DSa and DSb are HIGH. LOW data is 
entered when either Serial Data input is 
LOW. The Data inputs are edge-trig
gered and must be stable just one set-up 
time prior to the LOW-to-HIGH transition 
of the Clock input (CP) for predictable 
operation. The data is shifted one bit to 
the right (00 ..... 02" ..... 07) synchro
nous with each LOW-to-HIGH clock 
transition. The '9tA has no reset capaci
ty, so initialization requires the shifting in 
of at least S bits of known data. 

Once the register is fully loaded, the a 
output follows the Serial inputs delayed 
by eight clock pulses. The Complement 
(0) output from the last stage is also 
available for simpler decoding applica
tions. 

PIN CONFIGURATION 

7491A 
Register 
a-Bit Shift Register 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPICAL 'Mol. (TOTAL) 

1SMHz 	 3.SmA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vec =5V ±S%; TA = O·C to +70'C 

Plastic DIP 	 N7491AN 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

PINS DESCRIPTION 74 

All Inputs 	 lui 

All Outputs 	 10ul 

NOTE: 

A 74 unit load (ul) is understood to be 4O,uA IIH and -1.6mA IlL. 


LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

SRGO12- Ds. 
...L. I>C11- ~11- "sb 

0-I>cp a, a, ~ ~ 
,~ ~ 	 ..!!... t&l'D 

lSO!i7!iOS ~-

Vcc, -PIn 5 

GNO - Pin 10 

PIn numbers for DIP package 
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Product Specification 

7491A 

LOGIC DIAGRAM 

DIP Flat Pack 

Vee .. Pin 5 Vee ... Pin .( 

GND - PIn 10 GND" Pin 11 


H - HIGH voltage level. 
h - HIGH voltage 1$'1&1 one set-up time prior 

10 lhe LOW-la-HIGH clock transition. 

MODE SELECT - FUNCTION TABLE 

INPUTS FIRST STAGE OUTPUTS 

OPERATING MODE 
 L - LOW voltage level. 


I - LOW voltage level one seI-up time prior to
CP Os. Dab 00 l:i. Q7 l:i7 
the LOW-Io·HIGH clock transition. 

t I X L H q6 qn - Lower case letters indicate the state of
Shift, reset first stage 'l6t X I the referenced register output one set--upL H q6 q6 


time prior to the LOW-to-HIGH dock 

ShiH, set first stage t h h H L q6 q6 transition. 


X - Oon't care. 

t - LOW-la-HIGH clock lran_n. 


ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 UNIT 


Vee Supply voltage 7.0 V 


Y,N Input voltage -0.5 to +5.5 V 


liN Input current -30 to +5 mA 


VOUT Voltage applied to output in HIGH output state -0.5 to +Vee V 


TA Operating free-air temperature range o to 70 °c 


RECOMMENDED OPERATING CONDITIONS 

74 
PARAMETER UNIT 

Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 V 

V,H HIGH-level input voltage 2.0 V 

V,L LOW-level input voltage +0.8 V 

',K Input clamp current -12 mA 

IOH HIGH-level output current -400 p.A 

10L LOW-level output current 16 mA 

TA Operating free--air temperature 0 70 °c 
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7492, LS92 
Counters 
Divide-By-Twelve Counter 
Product Specification 

Logic Products 

DESCRIPTION 
The '92 is a 4-bit, ripple-type Divide-by
12 Counter. The device consists of four 
master-slave flip-flops internally con
nected to provide a divide-by-two sec
tion and a divide-by-six section. Each 
section has a separate Clock input to 
initiate state changes of the counter on 
the HIGH-to-LOW clock transition. State 
changes of the Q outputs do not occur 
simultaneously because of internal ripple 
delays. Therefore, decoded output sig
nals are subject to decoding spikes and 
should not be used for clocks or strobes. 

A gated AND asynchronous Master Re
set (MRI-MR2) is provided which over
rides both clocks and resets (clears) all 
the flip-flops. 

PIN CONFIGURATION 

~-

~ TYPICAL f ..... TYPICAL SUPPLY CURRENT 

7492 28MHz 28mA 

74LS92 42MHz 9mA
I 

ORDERING CODE 
~ACKAGES-----'-----------C-O-M-M-E-R-C-IA-L--R-A-N-G-E------------' 

vee = 5V ±5%; TA = O°C to +70°C 

Plastic DIP N7492N, N74LS92N 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIP"nON 74 74LS 

MR Master reset inputs lui I LSul 

CPo Input 2ul 6LSui 

CP, Input 4ul 8LS~ 
0 0 -03 Outputs 10ul 10LSui 

NOTE: 
Where a "4 unit load (ul) IS understood to be 40#lA IIH and -1.6mA IlL. and a 74LS unit load (LSul) is 20pA IIH 

and -OAmA Ill-

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

14 CPo 

IS 7 12 11 

Vee .. Pin 5 
GND-Pin 10 
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Product Specification 

7492, lS92 

LOGIC DIAGRAM 	 Since the output from the divide-by-two sec
tion is not intemally connected to the suc
ceeding stages. the device may be operated 
in various counting modes. In a Modulo-12, 
Divide-by-12 Counter the CP 1 input must be 
externally connected to the 0 0 output. The 
CfSo input receives the incoming count and 0 3 
produces a symmetrical divide-by-12 square 
wave output. In a divide-by-six counter no 
external connections are required. The first 
flip-flop is used as a binary element for the 
divide-by-two function. The CP, input is used 
to obtain divide-by-three operation at the Q, 

and 02 outputs and divida-by-six operation at 
() .. Pm numbers 

Vee - Pin 5 
 the 03 output. 

GND ... Pin 10 


FUNCTION TABLE MODE SELECTION 

OUTPUTS RESET INPUTS OUTPUTS 

COUNT 


Q, Q. Q3 MR, IIIR. Qo Q, Q. Q300 
0 L L L L H H L L L L 

1 H L L L L H Count 

2 L H L L 
 H L Count 

3 H H L L 
 L L Count 
4 L L H L 
5 H L H L H ... HIGH voltage level 


6 L L L H L = LOW voltage level 


7 H L L H X "'" Don't care 

8 L H L H 

9 H H L H 

10 L L H H 

11 H L H H 


NOTE: 

Output 00 connected to input 'CP1. 


ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS 	 UNIT 

Vee Supply voltage 	 7.0 7.0 V 

Input voltage 	 -0.5 to +5.5 -0.5 to +7.0 VV'N 

Input current 	 -30 to +5 -30 to +1 mAI'N 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vcc 	 -0.5 to +Vcc V 

TA Operating free-air temperature range 	 o to 70 °c 

NOTE: 

VIN fS limited to S.SV on CPo and ~1 inputs only on the 74LS92. 


RECOMMENDED OPERATING CONDITIONS 

74 74LS 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vce Supply voltage 	 4.75 5.0 5.25 ~.75 5.0 5.25 V 

HIGH-level input voltage 2.0 2.0 	 VV'H 
LOW-level input voltage 	 +0.8 +0.8 VV'L 

Input clamp current 	 -12 -18 rnAI'K 

100 H~GH·level output current 	 -800 -400 JJA 
IOL LOW-level output current 	 l6 8 mA 

TA Operating free-air temperature 0 70 0 70 °C 
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7493, LS93 
Counters 
4-Blt Binary Ripple Counter 
Product Specification 

Logic Products 

DESCRIPTION 
The '93 is a 4-bit, ripple-type Binary 
Counter. The device consists of four 
master-slave flip-flops internally con
nected to provide a divide-by-two sec
tion and a divide-by-eight section. Each 
section has a separate Clock input to 
initiate state changes of the counter on 
the HIGH-to-LOW clock transition. State 
changes of the 0 outputs do not occur 
simultaneously because of internal ripple 
delays. Therefore, decoded output sig
nals are subject to decoding spikes and 
should not be used for clocks or strobes. 

A gated AND asynchronous Master Re
set (MR, -MR2) is provided which over
rides both clocks and resets (clears) all 
the flip-flops. 

Since the output from the divide-by-two 
section is not internally connected to the 
succeeding stages, the device may be 
operated in various counting modes. In a 
4-bit ripple counter the output 0 0 must 
be connected externally to input cr>1. 

PIN CONFIGURATION 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL fMAX (TOTAL) 

7493 40MHz 28mA 

74LS93 42MHz 9mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=5V±5%; TA=O'C to +70'C 

Plastic DIP N7493N. N74LS93N 

Plastic SO N74LS93D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

MR Master reset inputs lui 1 LSul 

CPo Input 2ul 6LSui 

CP, Input 2ul 4LSui 

00- 0 3 Outputs 10ui IOLSul 

NOTE: 
Where a 74 unit load (ul) is understood to be 40JJA IIH and -1.6mA Ill. and a -74LS unit load (LSul) is 20pA IIH 
and -O.4mA IlL_ 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

,. CPo 

2 • '2 11 

Vc;;c .. Pin 5 
GND .. Pin 10 
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Counters 7493, LS93 

The jnput count pulses are applied to input 
CPo. Simultaneous divisions of 2, 4, 8 and 16 
are performed at the 00. OJ, O2 and 03 
outputs as shown in the Function Table 

LOGIC DIAGRAM 

As a 3-bit ripple counter the input count 
pulses are applied to input CP1. Simultaneous 
frequency divisions of 2, 4 and 6 are available 
at the Q" O2 and 0 3 outputs. Independent 
use of the first flip~flop is available if the reset 
function coincides with reset of the 3-bit 
ripple-through counter. 

() ." Pin number 
Vee .. Pin 5 
GNO ~ Pin 10 

FUNCTION TABLE MODE SELECTION 
- ,------

OUTPUTS RESET INPUTS OUTPUTS 
COUNT 

00 a, a, a, MR, MR, 0 0 a, a, a, 
0 L L L L H H L L L L 
1 H L L L L H Count 
2 L H L L H L Count 
3 
4 

H 
L 

H 
L 

L 
H 

L 
L 

L L Count 

5 H L H L H = HIGH voltage level 

6 L H H L L = lOW voltage level 

7 H H H L X = Don't care 

8 L L L H 
9 H L L H 
10 L H L H 
11 H H L H 
12 L L H H 
13 H L H H 
14 L H H H 
15 H H H H 

NOTE: 
Output 00 connected to input Cfi1 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS UNIT 

Vee Supply voltage 7.0 7.0 V 

Input voltage -0.5 to +5.5 -0.5 to + 7.0 VV'N 

Input current -30 to +5 -30 to +1 rnA 

Your Voltage applied to output in HIGH output state -0.5 to +Vcc -0.5 to +Vee V 
I'N 

T. Operating free-air temperature range o to 70 'C 

RECOMMENDED OPERATING CONDITIONS 

74 74LS 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 V 

HIGH-level input voftage 2.0 2.0 VV'H 

LOW-level input voltage +0.8 +0.8 VV'L 
Input clamp current -12 -18 rnA 

100 HIGH-level output current -BOO -400 
I'K 

,..... 
101. LOW·level output current 16 8 rnA 

TA Operating free-air temperature 0 70 0 70 'C 
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Logic Products 

FEATURES 
• 4-bit parallel-to-serlal converter 
• 	Two asynchronous ones transfer 

parallel data porta 

• Buffered active HIGH Master 
Reset 

• Buffered positive edge-triggered 
clock 

DESCRIPTION 
The' 94 is a 4-bit shift register with serial 
and parallel (ones transfer) data entry. 
To facilitate parallel ones transfer from 
two sources, two Parallel Load inputs 
(PLo and PL,) with associated Parallel 
Data inputs (000 - DOd and 0,. - D,d! 
are provided. To accommodate these 
extra inputs only the output of the last 
stage is available. The asynchronous 
Master Reset (MR) is active HIGH. 
When MR is HIGH, it overrides the clock 
and clears the register, forcing Q d LOW. 

PIN CONFIGURATION 

7494 
Shift Register 
4-Blt Shift Register 
Product Specification 

TYPICAL PROPAGATION 
TYPICAL SUPPLY CURRENT 

DELAY 

25ns 35mA 

ORDERING CODE 

COMMERCtAL RANGE 
PACKAGES 

Vcc =5V ±S%; TA =O°C to +70°C 

Plastic DIP 	 N7494N 

NOTE: 

For information regarding deVices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 


PLo, PL, Parallel load inputs 4ul 


DS, On, CP, MR All other inputs lui 


Q a Serial Data output 10ul 


NOTE: 

Where a 74 unit load (ul) IS understood 10 be 40/-tA I'H and -1.6mA IlL 


LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

•
15,. 


1 l' 2 '4 I 13 4 11 


,.
'5 	 2S 

11 
3S 

DS 
2S

CP 
3S " 

10 MA'--______...1 

2S 
13 

3S 

2S 
11 

3S 

Vee -Pin 5 
GNO .. Ptn 12 
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Shift Register 	 7494 

Four flip-flops are connected SO that shifting 
is synchronous; they change state when the 
clock goes from LOW-to-HIGH. Data is ac
cepted at the serial Os input prior to this clock 

LOGIC DIAGRAM 

transition. Two Parallel Load inputs and Paral
lel Data inputs allow an asynchronous ones 
transfer from two sources. The flip-flops can 
be set independently to the HIGH state when 
the appropriate Parallel input is activated. 
Parallel inputs Do. through DOd are activated 
during the time the PLo is HIGH and Parallel 
inputs 01a through D1d are activated when 
PL, is HIGH. If both sets of inputs are 
activated, a HIGH on either input will set the 
flip-flops to a HIGM. The register should not 
be clocked while the Parallel Load inputs are 
activated. The Parallel Load and Parallel Data 
inputs will override the MR nboth are activat
ed simultaneously. However, for predictable 
operation, both signals should not be deacti
vated simultaneously. 

~'----------+---~+---r---~r--t----~---+---, 

() .. Pin IlI.Iffib&f 

Vee .. Pin 5 

GND -Pin 12 


FUNCTION TABLE 

INPUTS OUTPUTS 

OPERATING MODE 


Plg PL, Don 0," MR CP Os Q. Q. Q. Qd 


Parallel load 	 H L L X X X X Q. Qb I Q c Qd 

H L H X X X X H H H H 

L H X L X X X Q. Q. Qd 

L H X H X X X H H H H 


a. 

Reset (clear) 	 L L X X H X X L L L L 

Shift right 	 L L X X L i I L q. q. q. 

L L X X L t h H q. qb qc 


H - HIGH voltage level. 
h ., HIGH voltage level one set-up tima prior to the LOW·to-HIGH clock transition. 
L = LOW voltage level. 
I - LOW voltage level one set-up time prior to the LOW-to-HIGH clock transition. 
qn ,., Lowet' case letters indicate the state of the referenced output one set-up time prtof to the 

LOW-Io-HIGH clock transition. 
X - Don't care. 
t - LOW-to-.HIGH clock transition. 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 	 74 UNIT 

Vee Supply voltage 	 7.0 V 

Y,N Input voltage 	 -0.5 to +5.5 V 

liN Input current 	 -30 to +5 rnA 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vee V 

TA Operating free-air temperature range 	 o to 70 ·C 
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Logic Products 

FEATURES 
• Separate negatlve-edge-trlggered 

shift and parallel load clocks 
• Common mode control input 
• Shift right serial input 
• Synchronous 	shift or load 

capabilities 

DESCRIPTION 
The '95 is a 4-Bit Shift Register with 
serial and parallel synchronous operat
ing modes. It has serial Data (Ds) and 
four parallel Data (Do - D3) inputs and 
four Parallel outputs (00 - 03). The seri
al or parallel mode of operation is con
trolled by a Mode Select input (S) and 
two Clock inputs (CPI and CP2)' The 
serial (shift right) or parallel data trans
fers occur synchronously with the HIGH
to-LOW transition of the selected Clock 
input. 

When the Mode Select input (S) is 
HIGH. Cl52 is enabled. A HIGH-to-LOW 
transition on enabled CP2 loads parallel 
data from the Do - D3 inputs into the 
register. When S is LOW. CPI is en
abled. A HIGH-to-LOW transition on en
abled CPt shifts the data from Serial 
input Ds to 00 and transfers the data in 
00 to 0 1, 0 1 to O2• and 02 to 03 

PIN CONFIGURATION 

7495, lS95B 

Shift Registers 

4-Bit Shift Register 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL 'MAX (TOTAL) 

7495 36MHz 	 39mA 

74LS958 36MHz 	 13mA 

ORDERING CODE 

COMMERCIAL RANGE PACKAGES 
Vee =SV ±S%; TA =O°C to +70°C 

Plastic DIP 	 N7495N, N74LS95BN 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

S Input 2ul lLSul 

Other Inputs lui 1 LSul 

Q Output 10ul IOLSul 

NOTE: 
Where a 74 unit load (ul) is understood to be 401lA IIH and -1.6mA IlL. and a 74lS unit load (LSuI) is 20p.A IIH 
and -O,4mA IlL

respectively (shift right). Shift left is ac Clock inputs are LOW. However, chang
complished by externally connecting 03 ing S from HIGH-to-LOW while CP2 is 
to D2, O2 to DI. 01 to Do, and operating LOW. or changing S from LOW-to-HIGH 
Ihe '95 in the parallel mode (S ~ HIGH). while CPI is LOW will not cause any 

changes on the register outputs. In normal operations the Mode Select 
(S) should change states only when both 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

Os 

CP, 

10 13CPo 
20 

.0 " 
13 12 11 10 

11 

10 

Vee ... Pin 14 

GNO .. Pin 7 
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Product Specification 

Shift Registers 7495, lS95B 

LOGIC DIAGRAM 

t')
S~{)~~>----------rr---------~1-----------rT----------, 

CP, ,--(I)+---LJ 

t.)L-__r-.... 
CP,---~_.) 

o 

(13) (12) (11) (10) 

0, 0, 0, 

() "" Pin numbers 
Vee'" Pin 14 
GND "'" Pin 7 

FUNCTION TABLE 

OPERATING MODE 

Parallel load 
~-

Shift right 

Mode change 

S 

H 
H 

L 
L 

i 
i 
! 
! 

CP, 

X 
X 

! 
! 

L 
H 
X 
X 

INPUTS 

CP, 

! 
! 

X 
X 

X 
X 
L 
H 

Os 

X 
X 

I 
h 

X 
X 
X 
X 

ON 

I 
h 

X 
X 

X 
X 
X 
X 

Q. 

L 
H 

L 
H 

OUTPUTS 

Q, I Q, 

L 
I 

L 
H H 

I 
qo q, 
qo q, 

no change 
undetermined 

no change 
undetermined 

--- 

Q, 

L 
H 

q, 
q, 

--~---

H = HIGH voltage level steady state. 

h "'" HIGH voltage level one set-up time prior to the HIGH-la-lOW clock transition 

l "'" LOW voltage level steady state, 

I = lOW voltage level one set-up time prior to the HIGH-la-LOW clock transition. 

q = lower case letters indicate the state of the referenced output one set-up time prior to the HIGH-Io-LOW clock tranSition. 

X"'" Don'l care. 

t = HIGH-la-LOW tranSition of clock or mode selecl. 
f .. lOW-la-HIGH tranSition of mode select. 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS UNIT 

Vee Supply voltage 7.0 7.0 V 

V,N Input voltage -0.5 to +5.5 -0.5 to + 7.0 V 

liN Input current -30 to +5 -30 to +1 mA 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vcc +0.5 to +Vcc V 

TA Operating free·air temperature range o to 70 ·C 
-------- ._--
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Logic Products 

FEATURES 
• S-bit parallel-Io-serial 	or serial-to

parallel converter 

• 	Asynchronous ones transfer 
presel enlry 

• Buffered positive-triggered clock 

• 	Buffered active LOW Clear 
(Master Reset) 

DESCRIPTION 
The '96 is a S-bil shift register with both 
serial and parallel (ones transfer) data 
entry. Since the '96 has the output of 
each stage available as well as aD-type 
serial input and ones transfer inputs on 
each slage, II can be used in S-bit serial
Io-parallel, serial-to-serial and some par
allel-to-serial data operations. 

The '96 is five master/slave flip-flops 
connected to perform right shift. The flip
flops change state on the LOW-Io-HIGH 
transition of the clock. The Serial (S) 
inpul is edge-triggered and must be 
stable only one set-up time before the 
LOW-Io-HIGH clock transition. 

PIN CONFIGURATION 

PE 

7496, LS96 
Shift Registers 
5-Blt Shift Register 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 	 IDELAY (TOTAL) 


7496 25n5 48mA 
 I 
74LS96 25n5 	 12mA I 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc= 5V±5%; TA=O'C to +70'C 

Plastic DIP 	 N7496N, N74LS96N 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Mamual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

Preset enable Inputs Sui 5LSui 

Ali other Inputs lui 1 LSul 

Q Outputs 10ul 10LSui 

NOTE: 
A 74 unit load (ul) is understood to be 40,uA IIH and -1 .6mA IlL. and a 74LS unit load (LSul) is 20l1A IIH and 
-O.4mA IlL. 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

• • S 

lD 15 

2S 

14
16 2S 

13 

,. 	 ,. 11 

" 11,. •• 

'VCC - PIn 5 
GNO=Pin 12 
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Shift Registers 7496, LS96 

Each flip· flop has asynchronous set inputs, 
allowing them to be independently set HIGH. 
The set inputs are controlled by a common 
active HIGH Preset Enable (PE) input. The PE 
input is not buffered, and care must be taken 
not to overload the driving element. When the 
PE is HIGH, a HIGH on the Preset (A - E) 
inputs will set the associated flip-flops HIGH. 
A LOW on the A - E inputs will cause "no 
change" in the appropriate flip-flops. 

LOGIC DIAGRAM 

The asynchronous active LOW Clear (MR) is 
buffered. When LOW, the iiiil'! overrides the 
clock and clears the register if the PE is not 
active. The Preset inputs override the 'M'R', 
forcing the flip-flops HIGH if both arB activat

() - Pin numbel' ed simultaneously. However, for predictable 
Vee - Pin 5 operation, both signals should not be deacti
GND - Pin 12 

vated simultaneously. 

FUNCTION TABLE 

INPUTS OUTPUTS 

Preset 
Master Reset Preset Enable 

A B C D E 
Clock Serial 0 .. Os Oc OD OE 

L L X X X X X X X L L L L L 
L X L L L L L X X L L L L L 
H H H H H H H X X H H H H H 
H H L L L L L L X aAO aBO aeo aDO a EO 
H H H L H L H L X H aBO H aDO H 
H 
H 
H 

L 
L 
L 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
x 
x 

L 
t 
1 

X 
H 
L 

a AO 
H 
L 

aBO 
a An 
aAn 

aeo 
aBn 
aBn 

aDO 
acn 
aen 

aEO 
a On 
a on 

H HIGH voltage level, (steady state) :00 

L = LOW voltage level (steady state) 

1 : ~~:~e~~~~ \~~~ i~~~~~~~I~~f 1~;sitionS) 


g:~: g:~: ::~ : J~: I:~I ~f3:,' ~~' e~~~' r~~~~~:~!Yb~~~~et::;e~~~~:!~~n~tefct;;:~!~n~Ut~~~~i~ns were established. 


,-t---r!'~---------------------------+!__~:____________~"L-_______ 
.......{~:.--+----+------'~'----

~____+-________________-J~ 

AJ-----.r-. 
: , 

00--+,-----' 
0UT"'-tT1 --;

Oc--!-.------'t

--"OD--~.__________-J 

'--ii----;:;I.====:;!~==:::t'~ 

Figure 1. Typical Muter Reset, Shill, Preset, And Shift Sequence. 
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74107, LS107 
Flip-Flops 
Dual J-K Flip-Flop 
Product Specification 

Logic Products 

DESCRIPTION TYPICAL SUPPLY CURRENT 
The' 107 is a dual flip-flop with individual TYPE TYPICAL 'MAX (TOTAL) 
J, K, Clock and direct Reset inputs. The 

74107 20MHz 20mA74107 is a positive pulse-triggered flip
flop. JK information is loaded into the 74LS107 45MHz 4mA 

master while the Clock is HIGH and 
transferred to the slave on the HIGH-to- ORDERING CODE 
LOW Clock transition. For these devices 

COMMERCIAL RANGE the J and K inputs should be stable while PACKAGES 
Vee =5V ±5%; TA =O°C to +70°Cthe Clock is HIGH for conventional oper· 


ation. Plastic DIP N74107N, N74LSt07N 


The 74LS107 is a negative edge-trig Plastic SO N74LSI07D 


gered flip-flop. The J and K inputs must NOTE: 

be stable one set-up time prior to the For information regarding devices processed to Military Specifications, see the Signetics Military Products 


HIGH-to-LOW Clock transition for pre
 Manual. 

dictable operation. 
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

The Reset (Ro) is an asynchronous 
active LOW input. When LOW, it over PINS DESCRIPTION 74 74LS ! 
rides the Clock and Data inputs, forcing CP Clock input 2ul 4LSui 
the Q 

HIGH. 
output LOW and the Q output RD Reset input 2ul 3LSui 

J, K Data inputs lui ILSul 

Q, Q Outputs 10ui IOLSul 

NOTE: 
Where a 74 unit load (ul) is understood to be 40~ IIH and -1.6mA IlL, and a 74LS unit load (LSul) is 20pA IIH 
and -O.4mA Ill-

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 
'107 '107 'LS107 

Jl 01 J 8- J2 O. 

12{ CPl H CP. 1.t 1J 
12 Cl -, 

R01 

RD1 01 p. 11 K2 R02Q2 pa 
V "'fT " 
" 

I. 
'LS107 

1 J1 Ql f-3 • J2 O. 

12< CPl H CP. 

AD1 01 p. 11 K2 R02Q2 p.o 
V " 
" I. 
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Product Specification 

74107, LS107 

LOGIC DIAGRAM 	 FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

ep(2)RD J K Q Q 

Asynchronous Reset (Clear) l X X X l H 
Toggle H n h h q q 
load "0" (Reset) IL I h l H 
load "1" (Set) IL h I H L 

Hold "no change" I ~ IL I I q q 

= HIGH \loltage level steady state. 

"" HIGH yoltage level one set-up time prior to the HIGH-la-LOW Clock 


transition.(2) 
... LOW voltage level steady state. 
- LOW voltage level one setup time prior to the HIGH-ta-LOW clock 

transmon.(2) 
- Lower case letters indicate the stale of the referenced output prior to the 

HIGH-to-LOW Clock transition_ 
X = Don't care. 
n = Positive Clock pulse. 
NOTES; 

The J and K inputs of the 74107 must be stable while the Clock is HIGH for 
conventional operation. 

2. 	 The 74LS 107 is edge-triggered. Data must be stable one set-up time prior 
to the negative edgo of the Clock for predictable operation. 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 	 74 74LS UNIT 

Vee Supply voltage 	 7.0 7.0 V 

V,N Input voltage 	 -0.5 to +5.5 -0.5 to + 7.0 V 

liN I nput current 	 -30 to +5 -30 to +1 mA 

VOUT Voltage applied to output in HIGH output state -0.5 to + Vc.c -0.5 to +Vee V 

TA Operating free-air temperature range 	 o to 70 'C 

RECOMMENDED OPERATING CONDITIONS 

74 74LS 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 V 

V,H HIGH-level input voltage 2.0 2.0 V 

V,L lOW-level input voltage +0.8 +0.8 V 

1,K Input clamp current -12 -18 mA 

IOH HIGH-level output current -400 -400 !AA 
IOL lOW-level output current 16 8 mA 

TA Operating free-air temperature 0 70 0 70 'C 
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Logic Products 

DE~CRIPTION 
The '109 is dual positive edge-triggered 
JK-type flip-flop featuring individual J, R, 
Clock, Set and Reset inputs; also com
plementary Q and Q OlJtputs. 

Set (SD) and Reset (RD) are asynchro
nous active LOW inputs and operate 
independently of the Clock input. 

The J and R are edge-triggered inputs 
which control the state changes of the 
flip-flops as described in the Mode Se
lect-Truth Table. 

The J and K inputs must be stable just 
one set-up time prior to the LOW-to
HIGH transition of the Clock for predict
able operation. The JK design allows 
operation as a D flip-flop by tying the J 
and R inputs together. 

Although the Clock input is level sensi
tive, the positive transition of the Clock 
pulse between the 0.8V and 2.0V levels 
should be equal to or less than the Clock 
to output delay time for reliable opera
tion. 

PIN CONFIGURATION 

74109, LS109A 
Flip-Flops 
Dual J-K Positive Edge-Triggered Flip-Flop 
Product Specification 

TYPICAL SUPPLY CURRENT ]TYPE TYPICAL fMAX (TOTAL) 


74109 33MHz 9mA 

-----. ]74LS109A 33MHz 	 4mA 

ORDERING CODE 

COMMERCIAL RANGE
PACKAGES 

Vcc=5V±5%; TA=O°C to +70°C 

Plastic DIP N74109N, N74LS109AN 
-	 -' 

Plastic SO 	 N74LS109D . 
NOTE: 
For informatIon regarding deVices processed to Military Specifications, see the Signetlcs Military Produc1s 
Oata Manual 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
. __. 

DESCRIPTION 74 74LS~S 
CP 	 Clock input 2ul tLSul 

-
RD f---- Reset input 4ul 2LSui

f-._- .-. -- --- 
So Set input 2ul 2LSui 

J, K Data inputs lui ILSul 

,--Q, O____L-- Outputs 10ul 10LSui 


NOTE: 

Where a 74 unit load (ul) is underS100d to be 40pA 'If.! and -1.SmA IlL. and a 74LS unit load (LSul) 

IS 20pA IIH and -O.4mA III 


LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

• 	 I " 
t, ~ 	 c,

So,2- J1 Q1 t-e SOl

14- J% 021--10 


4-~C" >2-~C'2 

3-0., 01 -7 	
C2 

IIIID1 13-0 K Z """ 0. i-o 
T 	 'f 


"
1 

,-"" 
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Flip-Flops 74109, LS109A 

LOGIC DIAGRAM FUNCTION TABLE 
-

INPUTS OUTPUTS 
OPERATING MODE 

SD liD CP J K Q Q 

Q Asynchronous set L H X X X H L 

RD--r-I----; 

cp--+--H 

Asynchronous reset (clear) 
Undetermined (note) 

Toggle 

H 
L 

H 

I
L 

H 

X 
X 

t 

X 
X 

h 

X 
X 

I 

L 
H 

q 

H 
H 

q 
Load "0" (reset) H H t I I L H 
Load" 1" (set) H H t h h H L 
Hold "no change" H H t I h q q 

H "" HIGH voltage level steady state. 

l ,. LOW voltage level steady state. 

h ... HIGH voltage level one set*up tkne prior to the LOW-la-HIGH Clock 


transition. 
I .. LOW voltage level one setup time prior to the LOW-la-HIGH Clock 

transition. 
X '" Don't care. 
q = Lower case letters indicate the state of the referenced output prior to the 

LOW-la-HIGH ctock transition. 
t = LOW-Io-HIGH C10ck transition. 

NOTE: 
Both outputs will be HIGH while both So and ~D are LOW, but the output 
states are unpredictable if So and AD go HIGH simultaneously. 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS UNIT 

Vee Supply voltage 7.0 7.0 M V 

Input voltage -0.5 to +5.5 -0.5 to +7.0 VV'N 

Input current -30 to +5 -30 to +1 mAI'N 

VOUT Voltage applied to output in HIGH output state -0.5 to +Voc -0.5 to +Voc V 

TA Operating free-air temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74 74LS 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 V 

HIGH-level input voltage 2.0 2.0 VV'H 

LOW-level input voltage +0.8 +0.8 VV'L 

11K Input clamp current -12 -18 mA 

IOH HIGH-level output currenl -800 -400 pA 

IOl LOW-level output current 16 8 mA 

TA Operating free-air temperature 0 70 0 70 ·C 
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Logic Products 

DESCRIPTION 

The '112 is a dual J-K negative edge

triggered flip-flop featuring individual J, 

K, Clock, Set and Reset inputs. The Set 

(So) and Reset (rio) inputs, when LOW, 

set or reset the outputs as shown in the 

Function Table regardless of the levels 

at the other inputs. 


A HIGH level on the Clock (CP) input 

enables the J and K inputs and data will 

be accepted. The logic levels at ti'ie J 

and K inputs may be allowed to change 

while the CP is HIGH and the flip-flop will 

perform according to the Function Table 

as long as minimum setup and hold 

times are observed. Output state chang

es are initiated by the HIGH-to-LOW 

transition of CP. 


PIN CONFIGURATION 

74L5112, 5112 
Flip-Flops 
Dual J-K Edge-Triggered Flip-Flop 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL IliA. (TOTAL) 

74LS112 45MHz 4mA 

74S112 125MHz 15mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; TA =O·C to +70·C 

Plastic DIP N74S112N, N74L5112N 

Plastic SO N74LS112D. N74S112D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manuai. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74S 74LS 

CP Clock input 25ul 4L5ul 

~D' SD Reset and set inputs 3.5Su1 3LSuI 

J, K Data inputs 15ul 1 LSul 

Q, 1:) Outputs 10Sul 10LSui 

NOTE' 
A 74 unit load (ul) is 50pA IIH and -2.0mA IlL. and a 74LS unit load (LSul) is 20pA IIH and -OAmA IlL-

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

,. 1J ..,• t> 

• 1f .." .".... • 

,<>-CP, 

• .,..." ... OJ' 11_ K. Rill ... OJ' 

Y y 

15 14 
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Product Spec~leation 

74L5112. 5112 

LOGIC DIAGRAM 	 FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

SO Ao CP J K Q a 
Asynchronous set L H X X X H L 

Q 	 Asynchronous reset (clear) H L X X X L H 
Undetermined L L X X X H H 
Toggle H H ! h h q q 
Load "0" (reset) H H ! I h L H...-+----,----' 
Load "1" (set) H H ! h I H L 
Hold "no change" H H ! I I q q 

H 	 = HIGH voltage level steady state . 
.. HIGH voltage level one set-up time prior to the HIGH-to-LOW Clock 

transition. 
= LOW voltage level steady state. 
= LOW voltage level one set-up time prior to the HIGH-to-LOW Clock 

transition. 
= Lower case letters indicate the state of the referenced output one 

set-up time prior to the HIGH-to-LOW Clock transition. 
X == Don't care. 
! = HtGH4o-LOW Clock transition. 


NOTE: 

Both outputs will be HIGH while both So and Ro are LOW, but the output 

states are unpredictable it "So and i1D go HIGH simultaneously. 


ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 	 74LS 74S UNIT 

Vee Supply voltage 	 7.0 7.0 V 

V,N Input voltage 	 -0.5 to -7.0 -0.5 to +5.5 V 

liN Input current 	 -30 to +1 -30 to +5 mA 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vee -0.5 to +Vee V 

TA Operating free-air temperature range 	 o to 70 °c 

RECOMMENDED OPERATING CONDITIONS 

74LS 74S 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vee Supply voltage 	 4.75 5.0 5.25 4.75 5.0 5.25 V 

V,H HIGH-level input voltage 	 2.0 2.0 V 

V,L LOW-level input voltage 	 +0.8 +0.8 V 

1,K Input clamp current 	 -18 -18 rnA 

10H HIGH-level output current 	 -400 -1000 !!A 

10L LOW-level output current 	 8 20 rnA 

TA Operating free-air temperature 0 70 0 70 °c 

67 



Logic Products 

DESCRIPTION 

The '113 is a dual J-K negative edge

triggered flip-flop featuring individual J, 

K, Set and Clock inputs. The asynchro

nous Set (So) Input, when LOW, forces 

the outputs to the steady state levels as 

shown in the Function Table regardless 

of the levels at the other inputs. 


A HIGH level on the Clock (C15) input 

enables the J and K inputs and data will 

be accepted. The logic levels at the J 

and K inputs may be allowed to change 

while the CI5 is HIGH and the flip-flop will 

perform according to the Function Table 

as long as minimum set-up and hold 

times are observed. Output state chang

es are initiated by the HIGH-to-LOW 

transition of C15. 


PIN CONFIGURATION 

74L5113, 5113 
Flip-Flops 
Dual J-K Edge-Triggered Flip-Flop 
Product Speclflcstlon 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL IMAX (TOTAL) 


74LS113 45MHz 4mA 


745113 125MHz 15mA 


ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5Y ±5"'; TA =O'C to +7O'C 

Plastic DIP N74S113N, N74L5113N 

NOTE: 

For information regarding _s processed to Military SpecifICations, _ the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

PINS DESCRIPTION 745 74LS 

eJ5 Clock input 25ul 4L5ul 

So Sat inputs 3.5Su1 3LSu1 

J, K Data Inputs 1Sui lLSui 

Q,O Outputa lOSul 10LSuI 

NOTE: 
A 745 unit load (Sui) is SOIlA I'H and -2.0mA I,L. and a 74LS unit load (LSu~ Is 2011A I'H and -O.4mA I,L. 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

1J• 10 

,cp,K, .. ~'0""5 "8'"0, 0, • 

.K 0,1,.1<.0,1 



Flip-Flops 	 74L5113, 5113 

LOGIC DIAGRAM 	 FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

SO CJi J K a Q 

Asynchronous set L X X X H L 

Q 	 Toggle H ! h h q q 
Load "0" (reset) H ! I h L H 
Load "t" (set) H ! h I H L 
Hold "no change" H ! I I q q 

io+-----~r-----~ H - HIGH voltage level steady state. 

h - HIGH voltage level one set-up time prior to the HIGH·to-lOW Clock 


transition. 
- LOW voltage level steady state. 
- lOW voltage level one set-up time prior to the HIGH-Io-LOW Clock 

transition. 
q - Lower case letters indk:ate the state of the referenced output one set-up 

time prior to the HIGH-to-LOW Clock transition. 
X - Don'l care. 
~, - HIGH-to-LOW Clock transition. 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 	 74LS 74S UNIT 

Vee Supply voltage 	 7.0 7.0 V 

VIN Input voltage 	 -0.5 to -7.0 -0.5 to +5.5 V 

I'N Input current 	 -30 to +1 -30 to +5 mA 

Your Voltage applied to output in HIGH output state -0.5 to +Vee -0.5 to +Vee V 

T, Operating free-air temperature range 	 o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74LS 74S 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vee Supply voltage 	 4.75 5.0 5.25 4.75 5.0 5.25 V 

HIGH-level input voltage 	 2.0 2.0 VV'H 

LOW-level input voltage 	 +0.8 +0.8 VV'L 

Input clamp current 	 -18 -18 mAI'K 

10H HIGH-level output current 	 -400 -1000 pA 

10L LOW-level output current 	 8 20 mA 

T, Operating free-air temperature 0 70 0 70 ·C 
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Logic Products 

DESCRIPTION 
The '116 has two independent 4-bit 
transparent latches. Each 4-bit latch is 
controlled by a two-input active LOW 
Enable gate (Eo and E,). When both Eo 
and E, are LOW, the data enters the 
latch and appears at the output. The 
outputs follow the Data inputs as long as 
Eo and E, are LOW. The data on the D 
inputs one set-up time before the LOW
to-HIGH transition of Eo or 1:, will be 
stored in the latch. The Latched outputs 
remain stable as long as either Eo or 1:, 
is HIGH. 

Each 4-bit latch has an active LOW 
asynchronous Master Reset (MR) input. 
When LOW, the MR input overrides the 
Data and Enable inputs and sets the four 
Latch outputs LOW. 

PIN CONFIGURATION 

74116 
latch 
Dual 4-BIt Transparent Latch 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY-40ATA TO OUTPUT (TOTAL) 

l,ns SOmA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc= 5V±S%; TA=O'C 10 +70·C 

Plastic DIP N74116N 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data ManUal. 

INPUT AND OUTPUT LOADING AND FAN·OUT TABLE 

PINS DESCRIPTION 74 

1:0, 1:, Enable inputs lui 

00- 0 3 Data inputs I.SUI 

Ml'l Master reset input lui 

00-03 latch outputs lOuI 

NOTE: 

Where a 74 unit load (ul) is understood to be 401tA 'IH and -1.6mA IlL. 


LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

234"10 ,. 11 " ,. 20 22 

, 5 7 • 11 13 17 " 2123 
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Logic Products 

FEATURES 
• Very good pulse width stability 
• Virtually Immune 	to temperature 

and voltage variations 
• Schmitt trigger input 	for slow 

input transitions 
• Internal tIming resistor provided 

DESCRIPTION 
These multivibrators feature dual active 
LOW going edge inputs and a single 
active HIGH going edge input which can 
be used as an active HIGH enable input. 
Complementary output pulses are pro
vided. 

Pulse triggering occurs at a particular 
voltage level and is not directly related 
to the transition time of the input pulse. 
Schmitt-trigger input circuitry (TIL hys
teresis) for the B input allows jitter-free 
triggering from inputs with transition 
rates as slow as 1 volt/second, provid
ing the circuit with an excellent noise 
immunity of typically 1.2 volts. A high 
immunity to Vee noise of typically 1.5 
volts is also provided by internal latching 
circuitry. Once fired, the outputs are 
independent of further transitions of the 
inputs and are a function only of the 

PIN CONFIGURATION 

74121 
Multivibrator 
Monostable Multivibrator 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

43n5 	 18mA 

ORDERING CODE 
COMMERCIAL RANGEPACKAGES Vce =SV ±S%; TA =O·C to +70·C 

Plastic DIP N74121 N 

Plastic SO 	 N74121 D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signe1ics Military Products 

Data Manual. 


timing components. Input pulses may be independent of Vee and temperature. In 
of any duration relative to the output most applications, pulse stability will only 
pulse. Output pulse length may be varied be limited by the accuracy of external 
from 20 nanoseconds to 28 seconds by timing components. 
choosing appropriate timing compo

Jitter-free operation is maintained overnents. With no external timing compo
the full temperature and Vee ranges for nents (i.e., Rint connected to Va:;, Coxt 
more than six decades of timing capaciand Ro",/C.", open), an output pulse of 
tance (1 OpF to 1 O!lF) and more than onetypically 30 or 35 nanoseconds is 
decade of timing resistance (2kn toachieved which may be used as a dc 
30kn for the 54121 and 2Kn to 40kntriggered reset signal. Output rise and 
for the 74121). Throughout thesefall times are TIL compatible and inde
ranges, pulse width is defined by thependent of pulse length. 
relationship: (see Figure 1) 

Pulse width stability is achieved through tw(out) = Co'" Rext In2 
internal compensation and is virtually 

tw(out) "" 0.7 Cext Re", 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

!.X Ri 
'!!X ex 
11x RlUCX 

I lS059&06 
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Multivibrator 74121 

FUNCTION TABLE INPUT AND OUTPUT LOADING In circuits where pulse cutoff is not Cfiticel, 

INPUTS OUTPUTS AND FAN-OUT TABLE timing capacltence up to l000"F and timing 
resistance as low as 1.4kn may be used. 

l, A2 B Q l:i PINS DESCRIPTION 74 

L X H L H A" A2 Inputs lui 

X 
X 
H 

L 
X 
H 

H 
L 
X 

L 
L 
L 

H 
H 
H 

B 

Q, l:! 

Input 

Outputs 

2ul 

lOuI 

H ! H Jl 1J NOTE: 
! H H Jl 1J A 74 unit toad (ul) is understood 10 be 40pA IIH and 
~ ~ H Jl 1J -1.6mA Ill. 
L X t Jl 1J 
X L t Jl 1J 

H - HIGH YOItage level 
L - LOW voltage level 
X - Doo't care 
t 
! 

- LQW·to-HIGH transition 
- HIGH·to-LOW transition 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 UNIT 

Vee Supply voltege 7.0 V 

V,N Input voltege -0.5 to +5.5 V 

l,N Input current -30 to +5 rnA 

Vour Voitege applied to oulpUI in HIGH output state -0.5 to + Vee' V 

TA Operating free-air temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74 
PARAMETER UNIT 

Min Nom lID 

Vee Supply voltege 4.75 5.0 5.25 V 

1,K Input clamp current -12 rnA 

IOH HIGH·_ output current -400 IIA 

lei. LOW·level output current 16 rnA 

dv/dl Rata 01 rise or fall of input putsa I 
I 

B input 

A" A2 inputs 

1 

1 

VIs 

VI,," 

TA Operating free-air tempera\ll'e 0 70 ·C 



Logic Products 

FEATURES 
• 	DC triggered from active HIGH 

or active LOW inputs 

• 	Retriggerable for very long 
pulses - up to 100% duty cycle 

• 	Direct reset terminates output 
pulse 

• 	Compensated for Vcc and 
temperature variations 

DESCRIPTION 
The' 123 is a dual retriggerable monost
able multivibrator with output pulse width 
control by three methods. The basic 
pulse time is programmed by selection 
of external resistance (Rext) and capaci
tance (C.xt) values. Once triggered, the 
basic pulse width may be extended by 
retriggering the gated active LOW going 
edge input (A) or the active HIGH going 
edge input (9), or be reduced by use of 
the overriding active LOW reset. 

The basic output pulse width is essen
tially determined by the values of exter
nal capacitance and timing resistance. 

PIN CONFIGURATION 

74123 
Multivibrator 
Dual Retriggerable Monostable Multivibrator 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAV (TOTAL) 

24n5 46mA 

NOTE; 
For Information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=5V±5%; TA=O°C to +70°C 

Plastic DIP 

Plastic SO 

For pulse widths when C.xt ';; 1OOOpF, 
see Figure A. 

When C.xt > 1000pF, the output pulse 
width is defined as: 

tw I: 0.28 Rext • Caxt (1 +~) 

The external resistance and capacitance 
are normally connected as shown in 
Figure 9. If an electrolytic capacitor is to 
be used with an inverse voltage rating of 

LOGIC SYMBOL 

.. ,. 
Ai., 
RD' 

• Ai.,

" 
11 .... 

N74123N 

N74123D 

less than 1 V then Figure C should be 
used. (Inverse voltage rating of an elec
trolytiC is normally specified at 5% of the 
forward voltage rating.) If the inverse 
voltage rating is 1V or more (this in
cludes a 100% safety margin) then Fig
ure 9 can be used. Note that if Figure C 
is used the timing equations change as 
follows: 

tw '" 0.25 R.... C.xt (1 + ilf.tJ 

LOGIC SYMBOL (IEEEIIEC) 

!..X N JL 
!.x Rx/Cx 
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Product Spec~icatlon 

Mulfivibrator 	 74123 

FUNCTION TABLE 	 INPUT AND OUTPUT LOADING 
AND FAN-oUT TABLE INPUTS OUTPUTS 


A B Q Q PINS DESCRIPTION 74
RD 


L X X L H 
 ]i., B Inputs lui 


X H X L H 
 Ao Inpul 2ul 

X X L L H 

H L i n 11" 
 Q, 0 Outputs lOUI 

H ~ H .n 11" NOTE: 

i L H .n 11" A 74 unit k>ad (ul) is understood to be 40pA IIH and 


-1.6mA Ill-

H - HIGH voltage lev&! 

L - LOW voltage level 

X .. Oon't care 

i - LOW·to-HIGH transition 

1 - HIGH·to·LOW transition 


.n - On. HIGH·1eve1 pulse 
11" - One LOW·1eve1 pul.. 

ABSOLUTE MAXIMUM RATINGS (OVer operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 UNIT 

Vee Supply voltage 7.0 V 

Y,N Input voltage -0.5 to +5.5 V 

liN Input current -30 to +5 mA 

VOUT Voltage applied to output in HIGH output state -0,5 to +Vee V 

TA Operating tree-air temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74 
PARAMETER UNIT 

Min Nom Max 

Vee Supply vojtage 4.75 5.0 5.25 V 

1,K Input clamp current -12 rnA 

IOH HIGH·leval output current -800 iJA 
IOL LOW~evaI output currant 16 rnA 

TA Operating tree-air temperature 0 70 ·C 

V,H HIGH·level input voltage 2.0 V 

V,L LOW·1eve1 input voltage +0.8 V 

74 




Multivibrotor 74123 

TYPICAL PERFORMANCE C._H_A_R_A_C_T_E_R_IS_T_IC_S_________________-r-----, 

10,000 

VC¢" 5V 
7.COO TA-U-C 

'.'" 
17 V,.... 

I l.- V V
1.... 

% ii"'" 

•iii ..~" 
~ '00 ",," ?;.~ 

",' &~ V 
!i 
~ V\~~ 

100 

0 

:> '" I 
~ 

Cext - EXTERNAL TIMING CAPACITANeE (pF) 

Figure A 

Vee 

. l:~_"..~. 
c••, n SUCH AS 1N.'•• 1N......'e 

TO Cext TO R••tlC... 
TERMINAL TERMINAL 

Flgur. B Figure C 
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Logic Products 

FUNCTION TABLE '125 .'LS 125A 

INPUTS OUTPUT 

C A Y 

L L L 
L H H 
H x (Z) 

FUNCTION TABLE '126 .'LS126A 

INPUTS OUTPUT 

C A Y 

H L L 
H H H 
L X (Z) 

H - HIGH voltage level 

L '"" LOW voltage level 

X - Don't care 

(Z) - HIGH impedance (off) 

PIN CONFIGURATION 

'125 
'LS125A 

74125, 74126, LS125A, 
LS126A 
Buffers 
Quad 3-State Buffer 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

74125 10n5 32mA 

74LS125A 8ns lImA 

74126 IOns 36mA 

74LS126A 9ns 12mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

VCC=5V±5%; TA=O·C to +70·C 

N74125N, N74LS125N 
Plastic DIP 

N74126N, N74LS126N 

Plastic SO N74LS125AD 

NOTE: 
For information regarding devices processed to Military Specificaticns. see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
PINS DESCRIPTION 74 I 74LS 

All Inputs lui lLSul 

All Outputs 10ul I 30LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 40,uA IIH and -1.6mA Ill. and a 74LS unit load (lSul) is 20J,JA IIH 
and -O.4mA IlL. 

LOGIC SYMBOL LOGIC SYMBOL (lEEE/IEC) 

'125 '125 
'LS125A 'LS125A 

1>' V
,Il: 

2~3 
• Ie V
5~' 
,. jI; 

V.~... ~ 
12~1' ..

V 
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Product Spec~leatlon 

74125, 74126, LS125A, LS126A 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'126 '126 '126 
'LS126A 'LS126A 'LSl26A 

1>1 
1 Ie " 2~3 

IN 

• 2C 

5~' " 
10 3C 

.~. 10 

13 4C " 
12 

1112~1' 
13 V 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS UNIT 

Vee Supply voltage 7.0 7.0 V 

VrN Input voltage -0.5 to +5.5 -0.5 to +7.0 V 

liN Input current -30 to +5 -30 to +1 mA 

VOUT Voltage applied to output In HIGH output state -0.5 to +Vcc -0.5 to +Vec V 

TA Operating free·air temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74 74LS 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 V 

~ HIGH·level Input voltage 2.0 2.0 V 

V,L LOW·level input voltage +0.8 +0.8 V 

I 1,K Input clamp current -12 -18 mA 

IOH HIGH·level output current -5.2 -2.6 mA 

10l LOW-level output current 16 24 mA 

TA Operating free-air temperature 0 70 0 70 ·C 
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74128 

Buffer 

Quad Two-Input NOR Buffer 
Product Specification 

Logic Products 

TYPICAL PROPAGATION 
DELAY 

7ns 

HPICAL SlIPPLY CURRENT 
(TOTAL) 

23mA 

FUNCTION TABLE 

INPUTS 

A 

L 
L 
H 
H 

H = HIGH voltage level 
L "" LOW voltage level 

B 

L 
H 
L 
H 

OUTPUT 

Y 

H 
L 
L 
L 

ORDERING CODE 

PACKAGES 
COMMERCIAL RANGE 

Vee =5V ±S%; TA =O°C to + 70°C 

Plastic DIP N74128N 

NOTES: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 

A, B Inputs 1ul 

y Output 30ul 

NOTE: 
Where a 74 unit load is understood to be 40,uA IIH and -1.6mA Ill. 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

.~3~1 
A
5~4 
.~ 

11 

12 
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Logic Products 

The '132 contains four 2-input NAND 
gates which accept standard TIL input 
signals and provide standard TIL output 
levels. They are capable of transforming 
slowly changing input Signals into sharp
ly defined, jitter-free output signals. In 
addition, they have greater noise margin 
than conventional NAND gates. 

Each circuit contains a 2-input Schmitt 
trigger followed by a Darlington level 
shifter and a phase splitter driving a TIL 
totem-pole output. The Schmitt trigger 
uses positive feedback to effectively 
speed-up slow input transition, and pro
vide different input threshold voltages 
for positive and negative-going transi
tions. This hysteresis between Ihe posi
tive-going and negative-going input 
threshold (typically 800mW) is deter
mined internally by resistor ratios and is 
essentially insensitive to temperature 
and supply voltage variations. As long as 
one input remains at a more positive 
voltage than VT + MAX, the gate will re
spond to the transitions of the other 
input as shown in Waveform 1. 

PIN CONFIGURA1-ION 

74132, LS132 
Schmitt Triggers 
Quad 2-lnput NAND Schmitt Trigger 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT TYPE 
DELAY (TOTAL) 

74132 15n5 21mA 

74LS132 15n5 7mA 

ORDERING CODE 

COMMERCIAL RANGE PACKAGES 
Vcc" 5V ±5%; TA" O·C to +70·C 

Plastic DIP N74132N, N74LS132N 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

A, B Inputs lui 1 LSul 

y Output 10ul 10LSuI 

NOTE: 
Where a 74 unit load (ul) is understood to be40,.,A IIH and -1.6mA IlL, and a 74lS unitfoad (LSuI) is 201lA I,. 
and -O.4mA IlL. 

FUNCTION TABLE 

INPUTS OUTPUT 

A B Y 

L L H 
L H H 
H L H 
H H L 

H - HIGH voltage level 
L = LOW vottage level 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC 

12---9- '" ,,~ 
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745133 
Gate 
13-lnput NAND Gate 
Product Specification 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

4ns 4mA 

FUNCTION TABLE ORDERING CODE 

INPUTS OUTPUT COMMERCIAL RANGE 
PACKAGES 

VCC=5V±5%; TA=O°C to +70"C
A ... M Y 


Plastic DIP N74S133N 

H ... H L 


one input:= L H Plastic SO N74S133D 


H"" HIGH voltage level NOTE: 
L "" LOW voltage level For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 748I 
I All Inputs lSul 

I 
y Output 10Sul 

NOTE: 

A 74$ unit load (Sui) is understood to be SOIlA 11H and -2.0mA IlL. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

}'o 
A " 
C 

G ,. 7 V • ,. 
11 11 

12 12 

13 ,. ,." ,.15M 
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745134 
Gate 
12-lnput NAND Gate (3-State) 
Product Specification 

Logic Products 

TYPICAL PROPAGATION 
TYPICAL SUPPLY CURRENT 

DELAY 

5ns 'OrnA 

FUNCTION TABLE ORDERING CODE 

COMMERCIAL RANGE INPUTS OUTPUT PACKAGESr--- Vee =5V ±5%; TA =O'C to +70'C 
Do··· 0 11 OE 'Y 

Plastic DIP N74S'34N 

H ... H L L 

one input = L L H Plastic SO N74S'34D 

X ••• X H (Z) 
 NOTE, 

For information regarding devices processed to Military Specifications. see the Signetics Military Products H = HIGH voltage lavel 
Data Manual. l = LOW voltage level 

X "" Don't care 
(Z) - HIGH impedance "off' state INPUT AND OUTPUT LOADING AND FAN-DUT TABLE 

PINS DESCRIPTION 74S I 
All Inputs ,Sui I 

lY Output 'OSul 

NOTE, 
Where a 745 unit load (Sui) is understood to be 501lA JIH and -2.0mA IlL-

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEe) 

I. 
,.Do. ~ , & 

D2 

0, .O • 

, 

10 'V
Oo 

0, 11 
10 12

Oa
11 13Oo
12 

D1G 
13 " 

15011 EN

" 
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745135 
Gate 
Quad Exclusive ORINOR Gate 
Product Spec/fiest/on 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

9ns 65mA 

FUNCTION TABLE ORDERING CODE 

A 

INPUTS 

B C 

OUTPUT 

Y 

PACKAGES 
COMMERCIAL RANGE 

Vee =SV ±S%; TA =O°C 10 + 70°C 

L L L L 
Plastic DIP N745135N 

L H L H NOTE: 

H 
H 

L 
H 

L 
L 

H 
L 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

L 
L 

L 
H 

H 
H 

H 
L 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
H L H L PINS DESCRIPTION 74S 
H H 

H ,. HIGH voltage level 
L "" LOW Yoltage levet 

H H 
All 

All 

Inputs 

Outputs 

ISul 

105ul 

NOTE: 
A 74$ unit load (Sui) is understood to be 50J.LA, llH and -2.0mA 'll. 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

2K+1 

2K+1 

2K+1 

21<+1 ,.,. 13 
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74LS136 
Gate 
Quad Two-Input Exclusive-OR Gate (Open Collector) 
Product Specification 

Logic Products 

TYPICAL PROPAGATION 
DELAY 

18ns 

TYPICAL SUPPLY CURRENT 
(TOTAL) 

6.1mA 

FUNCTION TABLE ORDERING CODE 

A 

L 
L 
H 
H 

INPUTS 

B 

L 
H 
L 
H 

OUTPUT 

Y 

L 
H 
H 
L 

PACKAGES 

Plastic DIP 

NOTE: 

COMMERCIAL RANGE 
Vcc=5V±5%: T.. = O'C to +70'C 

N74LS136N 

For information regardmg devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

H'" HIGH vol!age level 
L = LOW voltage level 

INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

PINS DESCRIPTION 74LS 

A, B Inputs 

y Output 

NOTE: 
Where a 14LS unit load (LSuI) is 20JtA IIH snd--O.4mA Ill. 

2LSul 

10LSui 

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

~j)C>La ... 
=1 ~.2. 

!j)C>L' ~. 

1::1)or-a ,. ~ 
A12:!)C>L11

13 B 12 .. ~" 

Va; -P*'I1. 
GND- Pin 7 
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CONNECTION DIAGRAM 
PINOUT A 

54S/74S137 
'I-OF-8 DECODER/DEMULTIPLEXER 

AoIT - l!lvcc
(With Input Latches) 

A, II lIDO. 
A2 [I !!JOt 

DESCRIPTION - The 'S137 is a very high speed 1-of-8 decoder/demulti
plexer with latches on the three address inputs. This device essentially com- eel! @lei? 
bines the function and speed of the 'S1381-01-8 decoder with a 3-bit storage E, [! !mo, 
latch. When the latch is enabled (CE = LOW!. the 'S137 acts as a 1-of-8 active 
LOW decoder. When the Latch Enable (LEi goes from LOW to HIGH. the last Ell! ~o. 
data present at the inputs before this transition is stored in the latches. Fur- o·[! ~O5 
ther address changes are ignored as long as CE remains HIGH. The output 

GND[! ~O6enable gate (E1 • E2) controls the state of the outputs independent of the 
Address inputs or latch operation. All outputs are HIGH unless Ei is LOW and 
E2 is .HIGH. The 'S137 is ideally suited for implementing non-overlapping de
coders in 3-state systems and strobed (stored address) applications in bus 
oriented systems. The 'S137 is fabricated with the Schottky barrier diode pro
cess for high speed. 

LOGiC SYMBOL 

• SCHOTTKY PROCESS FOR HIGH SPEED 
• COMBINES 1-0F-I DECODER WITH 3-BIT LATCH 

4 t 2 3• MULTIPLE INPUT ENABLE FOR EASY EXPANSION OR 
INDEPENDENT CONTROLS 

• ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 1 I ~ 
LE A. A, A, £, £2 

ORDERING CODE: See Section 9 

COMME8CIAL GRADE MILITARY GRADE 
PIN PKG 

00 01 01 03 04 Os 06 07 PKGS Vee'" +5.0 V ±5%. Vee = +5.0 V ±10%. 
OUT TYPE

TA=0'Cto+70'C TA = -5S'C to +125'C XXXIX!!!
PlastiC 

A 74S137PC 98DIP(P) 

Ceramic 
A ,4S1370C 54S137DM 68DIP (0) Vee = Pin 16 

GND = Pin 8 
Flatpak 

A 74S137FC 54S137FM 4L(F) 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 

54/74S (U.L.) 
PIN NAMES DESCRIPTION HIGH/LOW 

/io-A2 Address Inputs 1.25/1.25 
[E Latch Enable Input (Active LOW! 1.25/1.25 
~1 Enable Input (Active LOW> 1.2511.25 
E2 Enable Input (Active HIGH) 1.2511.25 
ao-~ Outputl (Active LOW! 25112.5 

84 

http:1.2511.25
http:1.2511.25
http:1.25/1.25
http:1.25/1.25


TRUTH TABLE 

INPUTS OUTPUTS 

LE E1 E2 AiJ A1 A2 00 01 ~ 03 04 05 06 07 

H L H X X X STABLE 
X H X X X X H H H H H H H H 
X X L X X X H H H H H H H H 

L L H L L L L H H H H H H H 
L L H H L L H L H H H H H H 
L L H L H L H H L H H H H H 
L L H H H L H H H L H H H H 

L L H L L H H H H H L H H H 
L L H H L H H H H H H L H H 
L L H L H H H H H H H H L H 
L L H H H H H H H H H H H L 

H =:: HIGH Voltage Level 
L "" lOW Voltage Level 
X = Immatenal 

LOGIC DIAGRAM 
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FUNCTIONAL DESCRIPTION - Tile 'S137 IS a very high speed l-of-8 decoder/demultiplexer fabricated with 
the Schottky barner diode process. The decoder accepts three binary weighted inputs lAo, Al, A21 and when 
enabled provides eight mutually exclusive active LOW outputs lao - 071. The 'S137 also features a 3-bit latch on 
the Address inputs. The device functions as a l-of-8 decoder Isame as 'S1381 when the Latch Enable (LEI is 
LOW. When LE is HIGH, the address present one setup time prior to the LOW-to-HIGH transition 01 LE will be 
stored in the address latches and the outputs will not be affected by further address changes. The output enable 
control is an AND gate comprised 01 one active LOW Input I El) and one active HIGH input! El). All outputs are 
HIGH unless the enable inputs IE1 • E21 are in their true lactive) state. 

A non-overlapping decoder with edge-tnggered address inputs can be easily implemented by tying the Latch 
Enable input IT to the active HIGH Enable input IElI When this input ILE. E21 is LOW, all outputs are forced 
HIGH and a new address enters the latches. When the LE. E2 Input goes HIGH, the address IS stored in the 
latches and the corresponding output gate IS enabled Igoes LOW). In this configuration, the address must be 
stable only one setup time prior to the LOW-to-HIGH transition of the LE • E2 input. The addressed output 
remains active LOW as long as the ILE. E21 Input remains HIGH, even if the address changes. Data or control 
information can thus be strobed into the 'S137 from very noisy or bus oriented systems using a LOW pulse width 
equal to the minimum latch enable pulse width twill. 

The multiple enable inputs along with the address latches allows easy expansion to a l-of-64 decoder with 
nonoverlap ping outputs (see Figure al. 

STROBE 
DECODER ENABLE 

Xo 

X, 

x, 

I 

I ) 
LE Ao Al A2 E. E2 

935137 

INPUT 
ADDRESS 

000\ 0., OJ 040506 0, 

I 
y y y y y 

I 

TO OTHER FIVE 
DECODERS 

, 
L 

XJ 

X, 

X, 

1 
LE Ao Al A2 

(j 
El E? lE Ao Al A2 

(1 
El E2 LE Ao A, A? 

d 
El E,' 

935137 935137 93S137 

00 01 02 03 04 05 06 Q, 00 01 0" 03 04 05 06 0; 00 o· 0, 0,'\ o~ 0" Ob 0; 

! r! r r r r ! r!!XL~!X lXl~JJ!J3 

Fig. a High Speed 1-01-64 Pecoder with Input Data Storage 
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Logic Products 

FEATURES 
• Demultlplexlng capability 
• Multiple Input enable 	for easy 

expansion 

• Ideal 	for memory chip select 
decoding 

• Direct replacement for Intel 3205 

DESCRIPTION 
The '138 decoder accepts three binary 
weighted inputs (Ao, A" A2) and when 
enabled, provides eight mutually exclu
sive, active LOW outputs (0 - 7). The 
device features three Enable Inputs: two 
active LOW (E" E2) and one active 
HIGH (E3). Every output will be HIGH 
unless E, and E2 are LOW and E3 is 
HIGH. This multiple enable function al
lows easy parallel expansion of the de
vice to a 1-of-32 (5 lines to 32 lines) 
decoder with just four '138s and one 
inverter. 

The device can be used as an eight 
output demultiplexer by using one of the 
active LOW Enable inputs as the Data 
input and the remaining Enable inputs as 
strobes. Enable inputs not used must be 
permanently tied to their appropriate 
active HIGH or active LOW state. 

PIN CONFIGURATION 

74L5138, 5138 
Decoders/Demultiplexers 
1-0f-8 DecoderIDemultiplexer 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

74LS138 20n. 	 6.3mA 

745138 7ns 	 49mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES IVcc=5V±5%; TA=O·C to +70·C 

Plastic DIP 	 N745138N, N74L5138N I 
Plastic SO 	 N74L5138D, N745138D I 

NOTE: 

For information regarding devices processed to Military Specifications see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74S 74LS 

All Inputs 15ul lL5ul 

All Outputs 105ul 10L5ul 

NOTE: 
Where a 745 unit load (Sui) is 50tJA IIH and -2.0mA Illl and a 74LS unit load (LSul) is 20}J.A, IIH and -OAmA 

1,,

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

... 


15 ,. 13 12 
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Product Speclflcotton 

74L5138. 5138 

LOGIC DIAGRAM 

". 
(3I (2) (" (" (II (II 

U V ~7 

";7 ';7 u 

T ill i 
II 

f 
I 

i i i i 
C1) (I) 110} (11' ('" (.., (14' 1151 

0, 0, 

() .. Pin number 
Vee .. Pin 18 

GND .. Pin 8 


FUNCTION TABLE 

INPUTS OUTPUTS 

(. (2 q Ao A. At ii 1 2 :I 4 5 i 7 

H X X X X X H H H H H H H H 
X H X X X X H H H H H H H H 
X X L X X X H H H H H H H H 
L L H L L L L H H H H H H H 
L L H H L L H L H H H H H H 
L L H L H L H H L H H H H H 
L L H H H L H H H L H H H H 
L L H L L H H H H H L H H H 
L L H H L H H H H H H L H H 
L L H L H H H H H H H H L H 
L L H H H H H H H H H H H L 

H - HIGH YOI1age level 
L - LOW YOI1age level 
X - Don't care 
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Logic Products 

FEATURES 
• Demultlplexlng capability 
• Two independent 1-01-4 decoders 

• Multifunction capability 
• Replaces 	9321 and 93L21 for 

higher performance 

DESCRIPTION 
The '139 is a high-speed, dual 1-of-4 
decoder f demultiplexer. This device has 
two independent decoders, each ac
cepting two binary weighted inputs (AD, 
A1) and providing four mutually exclusive 
active LOW outputs (0 - 3). Each decod
er has an active LOW Enable (E). When 
E is HIGH, every output is forced HIGH. 
The Enable can be used as the Data 
input for a 1-01-4 demultiplexer applica
tion. 

PIN CONFIGURATION 

74L5139, 5139 
Decoders/Demultiplexers 
Dual 1-of-4 Decoder/Demultiplexer 
Product Specification 

TYPICAL PROPAGATION DELAY TYPICAL SUPPLY CURRENT 
TYPE 

(ENABLE AT 2 LOGIC LEVELS) (TOTAL) 


74L5139 19ns S.8mA 


745139 Sns SOmA 


ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=5V±5%; TA=O·C to +70·C 

Plastic DIP N745139N, N74L5139N 

Plaslic 50 N74L5139D, N745139D 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data ManUal. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 745 74LS 

All Inputs 15ul 1 LSul 

All Outputs 10Sui 10LSui 

NOTE: 
A 745 unit load (Sui) is 50/.1A IIH and -2.OmA IlL. and a 74LS unit load (LSul) is 20J,4A ItH and -O.4mA IlL-

LOGIC SYMBOL LOGIC SYMBOL (EEEIIEC) 

.:.1 J t '~ '1' 
E. Ao. .1. Eo Aao,A•• 

DECODER. DECOOERb 

°0.°•• °2,,°3. O... 01.a ..0st. 

~ ~ i r [.[,~! 
~103IlIS """" 

Vee - Pin 16 
GNO- Pin 8 

89 



Product Specification 

74LS139, 5139 

LOGIC DIAGRAM 

0. '. 2. 3. 

() ... Pin number 
Vee ... Pin 16 
GND "'Pin 8 

FUNCTION TABLE 

INPUTS OUTPUTS 

£ Ao A, 0 1 2 3 

H X X H H H H 
L L L L H H H 
L H L H L H H 
L L H H H L H 
L H H H H H L 

H  HIGH voltage level 
L - LOW vol1aQe level 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74LS 74S UNIT 

Vee Supply voltage 7.0 7.0 V 

VIN Input voltage -0.5 to +7.0 -0.5 to +5.5 V 

liN Input current -30 to +1 -30 to +5 mA 

Vour Voltage applied to output in HIGH output state -0.5 to +Vee -0.5 to +Vee V 

TA Operating free-air temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74LS 74S 
I 

PARAMETER UNIT 
Min Nom Max Min Nom Max , 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 V 

V'H HIGH-level input voltage 2.0 2.0 V 

V'L lOW-level input voltage +0.8 +0.8 V 

I'K tnput clamp current -18 -18 rnA 

IOH HIGH-level output current -400 -1000 "A 

IOL LOW-level output current 8 20 mA 

TA Operating free-air temperature 0 70 0 70 ·c 
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Logic Products 

FEATURES 
• BOmA output drive capability 
• 15V output breakdown voltage 

• See '45 for 30V output voltage 
• See '42 for standard TrL outputs 

DESCRIPTION 
The' 145 is a l-of-l 0 decoder with Open 
Collector outputs. This decoder accepts 
BCD inputs on the Ao to A3 address lines 
and generates 10 mutually exclusive 
active LOW outputs. When an input 
code greater than "9" is applied, all 
outputs are HIGH. This device can 
therefore be used as a 1-of-8 decoder 
with A3 used as an active LOW enable. 

The '145 features an output breakdown 
voltage of 15V. This device is ideal as a 
lamp or solenoid driver. 

PIN CONFIGURATION 

74145 
Decoder jDriver 
BCD-To-Decimal Decoder/Driver (Open Collector) 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

24n5 43mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES lVcc = 5V ±5%; TA =O°C to + 70"C 

Plastic DIP N74145N jPlastic SO N74145D 

NOTE: 
For information regarding devices processed to Military SpeCifications, see the Signetlcs Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 

All Inputs luiI 
All Outputs 12.5ulI 

NOTE: 

Where a 74 unit load (ul) IS understood to be 40JlA IIH and -1.6rnA IlL. 


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'13'r '~ Y '5 


Ao " " '3 


0 , 2 3 4 5 7 

;~;;~~;;7o,; 
lSOllI40S 

Vex:, ... Pin 16 

GND - Pin 6 
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DecoderjDriver 74145 

LOGIC DIAGRAM FUNCTION TABLE 

A3 A2 AI Ao 0 1 2 3 4 5 6 7 il 9 

L L L L L H H H H H H H H H 
L L L H H L H H H H H H H H 
L L H L H H L H H H H H H H 
L L H H H H H L H H H H H H 
L H L L H H H H L H H H H H 
L H L H H H H H H L H H H H 
L H H L H H H H H H L H H H 
L H H H H H H H H H H L H H 
H L L L H H H H H H H H L H 
H L L H H H H H H H H H H L 
H L H L H H H H H H H H H H 
H L H H H H H H H H H H H H 
H H L L H H H H H H H H H H 
H H L H H H H H H H H H H H 

(11, C101 III C7I If) CII (4) CII C2I Cl, 
H 
H 

H 
H 

H 
H 

L 
H 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H 

i 1 1 i' 1 I 1i H - HIGH voltage _ 

(I -Pln""-
Vcc .. Pin 11 

L - LOW voltage levels 

GND  Pin 8 

ABSOLUTE MAXIMUM RATINGS (Ov... operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 UNIT 

Va; Supply voltage 7.0 V 

VIN Input voltage -0.5 to +5.5 V 

liN Input current -30 to +5 rnA 

VOUT Voltage applied to output in HIGH output 3lete -0.5 to +15 V 

T" Operating free-air temperature ranga o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74 
PARAMETER UNIT 

Min Nom Max 

Va; Supply voltage 4.75 5.0 5.25 V 

VIH HIGH-level Input voltage 2.0 V 

VOL LOW-level input voltage +0.8 V 

I'K Input clamp current -12 rnA 

VOH HIGH-level output voltage 15 V 

lex. LOW~eveI output current 80 rnA 

T" Operating free-air temperature 0 70 ·C 
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Logic Products 

FEATURES 
• Encodes 	100Une decimal to 4-llne 

BCD 
• Useful fOf 100position switch 

encoding 

• Used In 	code converters and 
generatofs 

DESCRIPTION 
The '147 9-input priority encoder ac
cepts data from nine active-LOW inputs 
(i1 - is) and provides a binary represen
tation on the four active-LOW outputs 
(Ao - A3)' A priority is assigned to each 
input so that when two or more inputs 
are simultaneously active, the input with 
the highest priority is represented on the 
output, with input line is having the 
highest priority. 

The device provides the 10-line-to-4-line 
priority encoding function by use of the 
implied decimal "zero." The "zero" is 
encoded when all nine data inputs are 
HIGH, forcing all four outputs HIGH. 

PIN CONFIGURATION 

74147 
Encoder 
10-Llne-To-4-Llne Priority Encoder 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

10ns 	 46mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES Vcc=5V±5%; TA=O'C to +70'C 

Plastic DIP 	 N74147N 

NOTE: 
For information regarding devices processed to Military Specifications see the 5ignetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 

All Inputs 	 lui 

All Outputs 10ul 

NOTE: 

A 74 unit load (uI) is understood to be 40~ 'IH and -1.6mA Ill. 


LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

11 12 13 1 I " I 10 

14 

Vcc '"' Pin 16 

GNO .. Pin8 
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Encoder 74147 

LOGIC DIAGRAM 

() - Pin number 
Va; - Pin 18 
GNO -Pin 8 

FUNCTION TABLE 

INPUTS OUTPUTS 

11 12 I, 1. Is 1. 17 I. 1. A, A2 AI Ao 
H H H H H H H H H H H H H 
X X X X X X X X L L H H L 
X X X X X X X L H L H H H 
X X X X X X L H H H L L L 
X X X X X l H H H H L L H 
X X X X l H H H H H L H L 
X X X L H H H H H H L H H 
X X L H H H H H H H H l L 
X L H H H H H H H H H L H 
L H H H H H H H H H H H L 

H  HIGH voltage level 
L  LOW voltage Ioval 
X  Don't care 
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Logic Products 

FEATURES 
• Code conversions 
• Multi-channel 01A converter 
• Decimal-to-BCD converter 
• Cascading 	for priority encoding 

of "N" bits 

• Input Enable capability 
• Priority encoding -	 automatic 

selection of highest priority Input 
line 

• Output Enable -	 active LOW 
when all inputs HIGH 

• Group Signal 	output - active 
when any input is LOW 

DESCRIPTION 
The '148 8-input priority encoder ac
cepts data from eight active-LOW inputs 
and provides a binary representation on 
the three active-LOW outputs. A priority 
is assigned to each input so that when 
two or more inputs are simultaneously 
active, the input with the highest priority 
is represented on the output, with input 
line 17 having the highest priority. 

PIN CONFIGURATION 

74148 
Encoder 
8-lnput Priority Encoder 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 

DELAY (TOTAL) 


lOns 	 38mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee = 5V ±5%; TA =O·C to +70·C 

Plastic DIP 	 N74t48N 

Plastic SO 

NOTES: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 

10 Input 1 lui 

i1 - 17 Inputs 2ul 

EI Input 2ul 

All Outputs 10ul 
NOTE: 

A 74 unit load (ul) is understood to be 40pA IIH and -1.6mA Ill-

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

10 11 12 13 1 2 3 4 

10 
11 

12 
13 

15 	 ,." " 	 ,. 
17 

Vee= Pin 16 
GND= Pin 8 
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Encoder 

A HIGH on the Enable Input (El) will force all 
outputs to the inactive (HIGH) state and allow 
new data to settle without producing errone
ous information at the outputs. 

LOGIC DIAGRAM 

i 

'" 

A Group Signal (ml) output and an Enable 
Output (EO) are provided with the three data 
outputs. The GS is active-LOW when any 
input is LOW; this indicates when any input is 
active. The EO is active-LOW when all inputs 

4 i,,," ,..,(1, 

" 
Vee -Pin 16 
GNO - Pin 8 

FUNCTION TABLE 

INPUTS 

!i 10 it i. i3 I. Is I. " H 
L 
L 
L 
L 
L 
L 
L 
L 
L 

X 
H 
X 
X 
X 
X 
X 
X 
X 
L 

X 
H 
X 
X 
X 
X 
X 
X 
L 
H 

X 
H 
X 
X 
X 
X 
X 
L 
H 
H 

X 
H 
X 
X 
X 
X 
L 
H 
H 
H 

X 
H 
X 
X 
X 
L 
H 
H 
H 
H 

X 
H 
X 
X 
L 
H 
H 
H 
H 
H 

X 
H 
X 
L 
H 
H 
H 
H 
H 
H 

X 
H 
L 
H 
H 
H 
H 
H 
H 
H 

H - HIGH voI1ago level 
L - LOW voltage lavel 
X - Oon't care 

74148 


are HIGH. Using the Enable Output along with 
the Enable Input allows priOrity encoding Of N 
input signals. Both to and ml are active
HIGH when the Enable input is HIGH. 

i, 
(11) 

""is iO 

OUTPUTS 

CiS An At A. m 
H H H H H 
H H H H L 
L L L L H 
L H L L H 
L L H L H 
L H H L H 
L L L H H 
L H L H H 
L L H H H 
L H H H H 
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Logic Products 

FEATURES 
• Select data from 16 sources 
• Demultlplexlng capability 
• Active-LOW enable or strobe 
• Inverting data output 

DESCRIPTION 
The' 150 is a logical implementation of a 
single-pole, 16-position switch with the 
switch position controlled by the state of 
four Select inputs. So, 51, 52, Sa. The 
Multiplexer output (V) inverts the select
ed data. The Enable input (E') is active
LOW. When i:: is HIGH the V output is 
HIGH regardless of all other inputs. In 
one package the '150 provides the abili
ty to select from 16 sources of data or 
control information. 

PIN CONFIGURATION 

D•• 

D•• 

74150 

Multiplexer 

16-lnput Multiplexer 
Product SpecIfication 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

17ns 40mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =SV ±S%; TA =O·C to + 70·C 

Plastic DIP N74150N 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 

All Inputs lui 

Y Output 10ul 

NOTE: 

A 74 unit load (ul) is understood to be 40~ IIH and -1.6mA Ill-


LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

" " }~
iiiiiiiiiii'ii'j'{i 

'-<l ,.01 Da Dt DtOs .. Dr 0. "DlOO110,,onPMD1$ 

,- So 

4_ 5, 


'-So,- .. .. 
~ .. 

" " 

Vcc - Pin 24 
L--GNO-Pin 12___________________~ 
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Product Specification 

74150 

LOGIC DIAGRAM 

() - Pin numbers 

Vex; -Pin 24 

GND - Pin 12 

FUNCTION TABLE 

INPUTS OUTPUT 

5. 5. 5, So E D. 0, 0, D. D. D. D. 07 D. D. 0,. 0" 0,. 0,. 0,. 0,. y 

X X X X H X X X X X X X X X X X X X X X X H 

L L L L L L X X X X X X X X X X X X X X X H 

L L L L L H X X X X X X X X X X X X X X X L 

L L L H L X L X X X X X X X X X X X X X X H 

L L L H L X H X X X X X X X X X X X X X X L 

L L H L L X X L X X X X X X X X X X X X X H 

L L H L L X X H X X X X X X X X X X X X X L 

L L H H L X X X L X X X X X X X X X X X X H 

L L H H L X X X H X X X X X X X X X X X X L 

L H L L L X X X X L X X X X X X X X X X X H 

L H L L L X X X X H X X X X X X X X X X X L 

L H L H L X X X X X L X X X X X X X X X X H 

L H L H L X X X )( X H X X X X X X X X X X L 

L H H L L X X X X X X L X X X X X X X X X H 

L H H L L X X X X X X H X X X X X X X X X L 

L H H H L X X X X X X X L X X X X X X X X H 

L H H H L X X X X X X X H X X X X X X X X L 

H L L L L X X X X X X X X L X X X X X X X H 

H L L L L X X X X X X X X H X X X X X X X L 

H L L H L X X X X X X X X X L X X X X X X H 

H L L H L X X X X X X X X X H X X X X X X L 

H L H L L X X X X X X X X X X L X X X X X H 

H L H L L X X X X X X X X X X H X X X X X L 

H L H H L X X X X X X X X X X X L X X X X H 

H L H H L X X X X X X X X X X X H X X X X L 

H H L L L X X X X X X X X X X X X L X X X H 

H H L L L X X X X X X X X X X X X H X X X L 

H H L H L X X X X X X X X X X X X X L X X H 

H H L H L X X X X X X X X X X X X X H X X L 

H H H L L X X X X X X X X X X X X X X L X H 

H H H L L X X X X X X X X X X X X X X H X L 

H H H H L X X X X X X X X X X X X X X X L H 

H H H H L X X X X X X X X X X X X X X X H L 


H - HIGH v~ level
L - LOW IIOI1oge _ 
X - Don't care 

98 



Logic Products 

FEATURES 
• Multifunction capability 
• Complementary outputs 
• See '251 for 3·state version 

DESCRIPTION 
The '151 is a logical implementation of a 
single·pole, a-position switch with the 
switch position controlled by the state of 
three 5elect inputs, So, 5" 52. True (V) 
and Complement M outputs are both 
provided. The Enable input (E) is active 
LOW. When E is HIGH, the V output is 
HIGH and the V output is LOW, regard
less of all other inputs. The logic func
tion provided at the output is: 

V = £.(10.50.5,.52 + 1, .So.5, .52+ 
12."50.5, .52 + 13.50.5 ,."52 + 
14 ."50 ."5, .52 + 15 .50."5, .52+ 
16.50.5, .52 + 17·So·5, .52 

In one package the '151 provides the 
ability to select from eight sources of 
data or control information. The device 
can provide any logic function of four 
variables and its negation with correct 
manipulation. 

PIN CONFIGURATION 

74151, L5151, 5151 

Multiplexers 

a·lnput Multiplexer 
Product Specification 

TYPICAL PROPAGATION DELAY TYPICAL SUPPLY CURRENT 
TYPE 

(ENABLE TO y) (TOTAL) 


74151 18ns 29mA 


7415151 12ns 6mA 


745151 9ns 45mA 


ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; TA =O·C to +70·C 

Plastic DIP N74151N, N74l5151N, N745151N 

Plastic so N74l5151D, N745151D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics MUItary Products 

Data Manual. 


INPUT AND OUTPUT I.OADING AND FANoOUT TABLE 

PINS DESCRIPTION 74 745 74LS 

All Inputs lui I Sui ll5ul 

All Outputs 10ui 10Sul 10lSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 401'-' I'H and -1.6mA I'L. a 745 uon load (Sui) is SOl'-' I'H and 
-2.0mA Ill. and 74LS unit toad (LSuI) is 2Of'A, IIH and -O.4mA Ill. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'0 0) Q.!Iiii;'t't't't 
11 !lUX 

.. 2 7 

to .. I. 
11 

E '0 " ts " .. 

10- a, 

0- .. ••,.y y 

'2r 1 _... 
'3 

EN 

Va; -Pin 16 
OND-Pine 

99 

http:17�So�5,.52
http:12."50.5,.52
http:1,.So.5,.52
http:10.50.5,.52


Product Specification 

74151, L5151, 5151 

LOGIC DIAGRAM 

'2 '5 Ie"" '.(4) 131 (2) (') (15) ('4) ('I) ('2)(I) .... ~.... 
..... .....I 

(101 .... ......5, 
I... ..... 

(11) .... ~....So ... .....I 
(7) ...... II 

~ .... 
~ + I.L~ 

r I' ? T 

~ I (5) (I) 

Vee - Pin 16 
GND - Pin 8 
() - Pin numOenI 

FUNCTION TABLE 

INPUTS OUTPUTS 

E 50 S, So I. I, 12 13 I, 15 I. 17 Y Y 

H X X X X X X X X X X X H L 

L L L L L X X X X X X X H L 

L L L L H X X X X X X X L H 

L L L H X L X X X X X X H L 

L L L H X H X X X X X X L H 

L L H L X X L X X X X X H L 

L L H L X X H X X X X X L H 

L L H H X X X L X X X X H L 

L L H H X X X H X X X X L H 

L H L L X X X X L X X X H L 

L H L L X X X X H X X X L H 

L H L H X X X X X L X X H L 

L H L H X X X X X H X X L H 

L H H L X X X X X X L X H L 

L H H L X X X X X X H X L H 

L H H H X X X X X X X L H L 

L H H H X X X X X X X H L H 


H - HIGH voltage level 
L - LOW voltage level 
X - Don't care 
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logic Products 

FEATURES 
• Non-inverting outputs 
• Separate enable for each section 
• Common select Inputs 
• See '253 for 3-state version 

DESCRIPTION 
The '153 is a dual 4-input multiplexer 
that can select 2 bits of data from up to 
eight (6) sources under control of the 
common Select inputs (So, SI)' The two 
4-input multiplexer circuits have individu
al active LOW Enables (Ea, Eb) which 
can be used to strobe the outputs inde
pendently. Outputs (Ya, Y b) are forced 
LOW when the corresponding Enables 
(Ea, Eb) are HIGH. 

Ya =	Ea·(loa·Sl ·So + 11a.Sl ·So + 12a 
,SI'SO + 13a·Sl ·S2) 

Yb =	Eb.(lob,SI'SO + 11b,SI'SO + 12b 
,SI'SO + 13b,SI,S2) 

PIN CONFIGURATION 

74153, L5153, 5153 

Multiplexers 

Dual 4-llne To l-line Multiplexer 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 


74153 18ns 36mA 


74LS153 18ns 6.2mA 


74S153 9ns 45mA 


ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±S%; TA =DOC to + ''i ., 

Plastic DIP N74153N, N74LS153N, N74S153N 

Plastic SO N74LS153D, N74S153D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT lOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74S 74LS 

All Inputs lui lSul lLSul 

All Outputs 10ul l.oSul 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 401iA IIH and -1.6mA IlL. a 74$ unit load (Sui) is 50J..tA IIH and 
-2.0mA Ill. and 74LS unit load (LSul) is 20f.,IA IIH and -O.4mA IlL. 

lOGIC SYMBOL lOGIC SYMBOL (IEEE/IEC) 

1iii i 'i 'I' 'i 'i 1 
E. 10. I,. '2. '3. 'Ob Ilb '2b 13b Eb 


14- So 


2  " 
Y, Vb 

! ~ 
".,.... 

Vee - PIn 16 
GND-PW'I8 
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Multiplexers 74153, LS153, S153 

The '153 can be used to move data to a 
common output bus from a group 01 registers. 
The state of the Select inputs would deter
mine the particular register from which the 
data came. An alternative application is as a 
function generator. The device can generate 
two functions or three variables. This is useful 
for implementing highly irregular ra~dom log
ic. 

LOGIC DIAGRAM FUNCTION TABLE 

SELECT INPUTS INPUTS (8 or b) OUTPUT 

ySo S, E 10 I, I. la 

X X H X X X X L 
L L L L X X X L 
L L L H X X X H 
H L L X L X X L 
H L L X H X X H 
L H L X X L X L 
L H L X X H X H 
H H L X X X L L 
H H L X X X H H 

H = HIGH voltage level 
L = LOW voltage level 
X = Oon't care 

v, v. 

Va;; -Pin 16 
GND-Pm8 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS 74S UNIT 

Vee Supply voltage 7.0 7.0 7.0 V 

VIN Input voltage -0.5 to +5.5 -0.5 to +7.0 -0.5 to +5.5 V 

liN Input current -30 to +5 -30 to +1 -30 to +5 mA 

Voltage applied to output in HIGH 
VOUT -0.5 to +Vee -0.5 to +Vcc -0.5 to +Vee V 

output state 

TA Operating free-air temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74 74LS 74S 
PARAMETER UNIT 

Min Nom Max Min Nom Mu Min Nom Mu 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 4.75 5.0 5.25 V 

V,H HIGH-level input voltage 2.0 2.0 2.0 V 

V,l LOW-level input voltage +0.8 +0.8 +0.8 V 

11K Input clamp current -12 -18 -18 rnA 

IOH HIGH·level output current -BOO -400 -1000 IlA 

IOl LOW·level output current 16 8 20 mA 

TA Operating free-air temperature 0 70 0 70 0 70 ·C 
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Logic Products 

FEATURES 
• 16-line demultiplexlng capability 

• Mutually exclusive outputs 
• 2-input enable gate 	for strobing 

or expansion 

DESCRIPTION 
The '154 decoder accepts four active 
HIGH binary address inputs and pro
vides 16 mutually exclusive active LOW 
outputs. The 2-input enable gate can be 
used to strobe the decoder to eliminate 
the normal decoding "glitches" on the 
outputs, or it can be used for expansion 
of the decoder. The enable gate has two 
AND'ed inputs which must be LOW to 
enable the outputs. 

The '154 can be used as a 1-of-16 
demultiplexer by using one of the enable 
inputs as the multiplexed data input. 
When the other enable is LOW, the 
addressed output will follow the state of 
the applied data. 

PIN CONFIGURATION 

74154, LS154 

Decoder/Demulfiplexers 

1-of-16 Decoder/Demultiplexer 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

74154 21n5 	 34mA I 

74LS154 15n5 	 9mA I 

ORDERING CODE 

COMMERCIAL RANGE
PACKAGES 

Vee =5V +5%; TA = O°C to +70°C 

Plastic DIP 	 N74154N, N74LS154N 

NOTE: 
For mformatlon regardmg deVices processed to MIlitary SpeCifications. see the Signetics MIlitary Products 
Data Manual 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

Ali Inputs lui 1 LSul I 
Ali Outputs 10ul 10LSuiI 

NOTE: 
Where a 74 unit load (1,.11) is understood to be 40jJA IIH and -1.SmA Ill. and a 74LS unit load (LSul) IS 20pA IIH 

and -O.4mA IlL-

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

23 O} OX 0 
22 

o~ 
21 ,. 
20 3 

o 1 2 3 4 5 II 7 •• 10 1112 131415 

1 23 .. 5.7 •• 10111314151117 

Vcx:; -Pin 24 

GND-Pin12 
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Decoder /Demulfiplexers 74154, LSl54 

LOGIC DIAGRAM 

Vee -Pin 24 
GNO - Pin 12 
() - Pin numbers 

FUNCTION TABLE 

INPUTS OUTPUT 

Eo E, A, A2 A, Ao 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

L H X X X X H H H H H H H H H H H H H H H H 

H L X X X X H H H H H H H H H H H H H H H H 

H H X X X X H H H H H H H H H H H H H H H H 

L L L L L L L H H H H H H H H H H H H H H H 

L L L L L H H L H H H H H H H H H H H H H H 

L L L L H L H H L H H H H H H H H H H H H H 

L L L L H H H H H L H H H H H H H H H H H H 

L L L H L L H H H H L H H H H H H H H H H H 

L L L H L H H H H H H L H H H H H H H H H H 

L L L H H L H H H H H H L H H H H H H H H H 

L L L H H H H H H H H H H L H H H H H H H H 

L L H L L L H H H H H H H H L H H H H H H H 

L L H L L H H H H H H H H H H L H H H H H H 

L L H L H L H H H H H H H H H H L H H H H H 

L L H L H H H H H H H H H H H H H L H H H H 

L L H H L L H H H H H H H H H H H H L H H H 

L L H H L H H H H H H H H H H H H H H L H H 

L L H H H L H H H H H H H H H H H H H H L H 

L L H H H H H H H H H H H H H H H H H H H L 


H - HIGH voltage level 
l "" LOW voltage level 
X - Oon't care 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS UNIT 

Vee Supply voltage 7.0 7.0 V 

V'N Input voltage -0.5 to +5.5 -0.5 to +7.0 V I 

Input current -30 to +5 -30 to +1 mAI'N 

Your Voltage applied to output in HIGH output state -0.5 to +Vee -0.5 to +Vee V 

TA Operating free~air temperature range o to 70 ·C 
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Logic Products 

FEATURES 
• Common Address Inputs 
• True 	or complement data 

de multiplexing 

• Dual l-of-4 or l-of-8 decoding 
• Function generator applications 

DESCRIPTION 
The '155 is a Dual 1-01-4 Decoderl 
Demultiplexer with common Address in
puts and separate gated Enable inputs. 
Each decoder section, when enabled, 
will accept the binary weighted Address 
input (AD, Ad and provide four mutually 
exclusive active-LOW outputs (0 - 3). 
When the enable requirements 01 each 
decoder are not met, all outputs 01 that 
decoder are HIGH. 

PIN CONFIGURATION 

74155, LS155 
Decoders/Demultiplexers 
Dual 2-Line To 4-Line Decoder/Demultiplexer 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 

I TYPE 
DELAY (TOTAL) 

! 74155 18ns 	 25mA 

74LS155 17ns 	 6.1mAI 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=5V±5%; TA=O·C to +70·C 

Plastic DIP 	 N74155N, N74LS155N 

Plastic SO 	 N74LS155D 

NOTE, 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

All Inputs 1ul 1LSul 

All Outputs 10ul 10LSui 

NOTE, 
Where a 74 unit load (ul) is understood to be 40pA hH and -1.6mA IlL, and a 74LS unit load (LSul) is 20JJ.A, IIH 
and -O.4mA Ill. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

1 2 133 1415 

7 6 5 4 • 1011 12 

Vee ... Pin 16 

G"ID-Pi... 8 
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Decoders/Demultiplexers 	 74155, LS155 

LOGIC DIAGRAM 	 Both decoder sections have a 2-input enable 
c------~- ---~-- ----- gate. For decoder "a" the enable gate re

qUires one active-HIGH input and one active
LOW input (Ea· Ea). Decoder "a" can accept 

(13) 	 (3) either true or complemented data in demulti
plexing applications, by uSing the Ea or Ea 
inputs respectively. The decoder "b" enable 
gate requires two active-LOW inputs (Eb' Eb)' 
The device can be used as a 1-of-8 decoder/ 
demultiplexer by tying Ea to Eb and relabeling 
the common connection address as (A2); 

forming the common enable by connecting 
the remaining Eb and Ea. 

~, 	 3," " 
Vee -Pin 16 

GND -pI(! B 


FUNCTION TABLE 
----~-.- -

ENABLE OUTPUT ENABLE OUTPUT
ADDRESS "a" "a" "b" "b" 

--. - -=--
Ao A, E. E. 0 1 2 3 E. E. 0 1 2 3 

X X L X H H H H H X H H H 
r- 

H 
X X X H H H H H X H H H H H 
L L H L L H H H L L L H H H 
H l H L H L H H L L H L H H 
L H H L H H L H L L H H L H 
H H H L H H H L L L H H H L 

H = HIGH voltage level 
L = lOW voltage level 
X ;: Don't care 

ABSOLUTE MAXIMUM RATINGS (Over operating free·air temperature range unless otherwIse noted.) 

r---- -- PARAMET~_ 74 74lS UNIT 
!V~ Supply voltage --------+---7-.0---+----7-.0---- ----V---

.--=-----~---''--------.---~.--- ~- -~----+----~-~ 
VIN Input voltage 	 -0.5 to +5.5 -0.5 to + 7.0 V 

liN Input current 	 -30 to + 5 -30 to + 1 rnA 
f--'-'------'--.-~---- ----------+--~ ~ -----f-----

Vour Voltage applied to output In HIGH output state -0.5 to +Vee -0.5 to +Vee V 

T A Operating free-air temperature range 	 0 to 70 DC 
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Logic Products 

FEATURES 
• Common Address Inputs 
• True or complement data 

demultlplexlng 
• Dual l-of-4 or l-of-8 decoding 
• Function generator applications 
• Outputs can be tied together 

DESCRIPTION 
The '156 is a Dual 1-01-4 DecoderI 
Demultiplexer with common Address in
puts and gated Enable inputs. Each 
decoder section, when enabled, will ac
cept the binary weighted Address inputs 
(Ao. At) and provide lour mutually exclu
sive active-LOW outputs (0 - 3). When 
the enable requirements 01 each decod
er are not met. all outputs 01 that decod
er are HIGH. 

PIN CONFIGURATION 

74156, LS156 
Decoders/Demultiplexers 
Dual 2-Line To 4-Line Decoder/Demultiplexer (Open Collector) 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE !

DELAY (TOTAL) 

74156 20"s 25mA 
! 

74LSI56 31 ns 6.1mA I 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=5V±5%; TA=O'C to +70'C 

Plastic DIP N74156N, N74LS156N . 

Plastic SO N74LS156D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

All Inputs lui tLSul 

All Outputs 10ul 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 401lA IIH and -1.6mA I,l, and a 74LS unit load (LSuI) 
is 20/iA ItH and -OAmA Ill. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

1 2 ,.. 1415 

7 • 5 • "01112 

Vee -PW'I 16 
GND-Pin8 
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Decoders/Demultiplexers 	 74156, LS156 

., 
Both decoder sections have a 2-input enable 
gate. For decoder "a" the enable gate re
quires one active-HIGH input and one active

LOGIC DIAGRAM 

fa E. .. 	 LOW input (Ea· Ea). Decoder "a" can accept 
(1) 	 (a 1'1) (14) (11) either true or complemented data in demulti

plaxing applications, by using the Ea or Ea 
inputs respectively. The decoder "b" enable 
gate requires two active-LOW inputs (lob' Eb)' 
The device can be used as a 1-of-8 decoder/ 
demultiplexer by tying Ea to Eb and relabeling 
the common connection address as {A2): 

forming the common enable by connecting 
the remaining Eb and Ea· 
The '156 can be used to generate all four 
minterms of two variables. The four minterms 
are useful to replace multiple gate functions 
in some applications. A further advantage of 
the '156 is being able to AND the minterm 
functions by tying outputs together. Any num
ber of terms can be wired-AND as shown in 
the formula below: 

f = (E + Ao + A,) '(E + 7io + A,) 
• (E + Ao + A,)' (E + Ao + A,) 

where E = E. + E.; E =Eb + Eb· 

lice -Pin 16 
GND - Pin 8 

FUNCTION TABLE 

ADDRESS ENABLE 
"a" 

OUTPUT 
"a" 

ENABLE 
"b" 

QJjTPUT 
"b" 

Ao A, E. l!. Ii 1 2 3 Eb E. 0 1 2 3 

X X L X H H H H H X H H H H 
X X X H H H H H X H H H H H 
L L H L L H H H L L L H H H 
H L H L H L H H L L H L H H 
L H H L H H L H L L H H L H 
H H H L H H H L L L H H H L 

H - HIGH voltage level 
L - LOW voltage lovel 
X - Don't care 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS UNIT 

Vee Supply voltage 7.0 7.0 V 

VIN Input voltage -0.5 to +5.5 -0.5 to +7.0 V 

l,N Input CIIrrent -30 to +5 -30 to +1 mA 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vee -0.5 to +Vee V 

TA Operating free-air temperature range 	 o to 70 °C 
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Logic Products 

DESCRIPTION 
The '157 is a quad 2-inpu1 multiplexer 
which selects four bits of data from two 
sources under the control of a common 
Select input (S), The Enable input (1:) is 
active LOW. When E is HIGH, all of the 
outputs (Y) are forced LOW regardless 
of all other input conditions. 

Moving data from two groups of regis
ters to four common output busses is a 
common use of the '157. The state of 
the Select input determines the particu
lar register from which the data comes, It 
can also be used as a function genera
tor. The device is useful for implement
ing highly irregular logic by generating 
any four of the 16 different functions of 
two variables with one variable common, 

PIN CONFIGURATION 

'157 

'158 

74157, 74158, L5157, 
L5158, 5157, 5158 
Data Selectors/Multiplexers 
'157 Quad 2-lnput Data Selector/Multiplexer (Non-Inverted) 
'158 Quad 2-lnput Data Selector/Multiplexer (Inverted) 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

74157 13ns 30mA 

74LS157 13ns g,7mA 

74S157 7.4ns SOmA 

74158 13ns 30mA 

74LS158 13ns 4,8mA 

74S158 6ns 40mA 

ORDERING CODE 
COMMERCIAL RANGES 

PACKAGES 
Vee = 5V ±5%; TA = O·C to +70·C 

N74157N, N74LS158N, N74S157N 
Plastic DIP N74LS157N, N74S158N, N74LS158N 

Plastic SO N74LS157D, N74S158D 

NOTE: 

For information regarding devices processed 10 Military Specifications, see the Signetics Military Products 

Oata Manual. 


INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 
PINS DESCRIPTION 74 745 74LS 

S, 1': Inputs lui 2Sul 2LSui 

Data Inputs lui 1Sul 1LSul 

All Outputs 10ul 10Sul 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 401lA 11H and -1.6mA IlL. a 745 unit load (Sui) is 5OJ,LA IIH and 
-2.0mA Ill. and a74LS unit load (LSUI) is 20~ IIH and -O.4mA IlL' 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'157 '157 '158 

'158 

Vee .. Pin 16 

GND- Pin 8 
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Data Selectors/Multiplexers 74157,74158, LS157, LS158, S157,S158 

LOGIC DIAGRAM, '157 

10. I,. lOb 

(2) (3) (S) 

',. 
(8' 

'oc 
(11) 

l,c 
(10) 

loci 
(14, 

11d E S 

(13) 115, (1) 

Vee ""' Pin 16 
GND ~ Pin 8 

LOGIC DIAGRAM, '158 

loa 
(2) 

'11 
(3) 

'Ob 
(S) 

". 
(I) 

'oc 
(11) 

',. 
(10, 

... 
(14) 

l'd ES 
(13) (15) (1) 

The device is the logic implementation of a 4· 
pole, 2-position switch where the position of 
the switch is determined by the logic levels 
supplied to the Select input. Logic equations 
for the outputs are shown below: 

Ya ~E'(I'a'5 + IDa'S) 

Yb ~ E '(I'b '5 + lOb'S) 

Y e ~ E ' (I'e ' 5 tiDe'S) 

Yd ~ E '(I'd'5 + 10d'S) 


The' 158 is similar but has inverting outputs: 
Ya ~ E '(I'a '5 + IDa'S) 
Yb ~ E ' (I'b ' 5 + lOb'S) 
Ye ~ E ' (I'e '5 + IDe'S) 
'I'd ~ E' (I'd' 5 + 10d' 5) 

FUNCTION TABLE, '157 

SELECT DATA
ENABLE OUTPUT 

INPUT INPUTS 

E S I. I, Y 

H X X X L 
L H X L L 
L H X H H 
L L L X L 
L L H X H 

H = HIGH voltage level 
L = LOW voltage level 
X = Don't care 

FUNCTION TABLE, '158 

SELECT DATA
ENABLE OUTPUT

INPUT INPUTS 

E S 10 I, Y 

H X X X H 
L L L X H 
L L H X L 
L H X L H 
L H X H L 

H =HIGH voltage level 
L = LOW voltage level 
X = Don't care 

Vee ... Pm 16 
GND - Pin 8 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS 74S UNIT 

Vee 5upply voltage 7.0 7.0 7.0 V 

V'N Input voltage -0.5 to +5.5 -0.5 to + 7.0 -0.5 to +5.5 V 

I'N Input current -30 to +5 -30 to +1 -30 to +5 rnA 

Your Voltage applied to output in HIGH output state -0.5 to +Vee -0.5 to +Vee -0.5 to +Vee V 

T. Operating free-air temperature range o to 70 °C 
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Logic Products 

FEATURES 
• Synchronous counting and 

loading 
• 	Two Count Enable inputs for n-

bit cascading 
• Positive edge-triggered clock 
• Asynchronous reset (' 160, '161) 
• Synchronous reset (,162, '163) 
• Hysteresis 	on Clock input (LS 

only) 

DESCRIPTION 
Synchronous presettable decade 
(74160, 74LS160A, 74LS162A) and 4-bit 
(74161, 74LS161A, 74163, 74LS163A) 
counters feature an internal carry look
ahead and can be used for high-speed 
counting. Synchronous operation is pro
vided by having all flip-flops clocked 
simultaneously on the positive-going 
edge of the clock. The Clock input is 
buffered. 

The outputs of tpe counters may be 
preset to HIGH or LOW level. A LOW 
level at the Parallel Enable (PE) input 
disables the counting action and causes 
the data at the Do - D3 inputs to be 
loaded into the counter on the positive
going edge of the clock (providing that 
the set-up and hold requirements for PE 
are met). Preset takes place regardless 
of the levels at Count Enable (CEP, 
CET) inputs. 

PIN CONFIGURATION 

74160, 74161, 74163, lS160A, 
lS161A, lS162A, lS163A 
Counters 
'160, '162 BCD Decade Counter 
'161, '163 4-Bit Binary Counter 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

74160-74163 32MHz 61mA 

74LS160A-74LS163A 32MHz 19mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%j TA=O°C to +70°C 

Plastic DIP N74160N, N74LSI60AN, N74161N, N74LS161AN 
N74LSI62AN, N74163N, N74LS163AN 

Plastic SO N74LSI61AD, N74S163AD 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signebcs Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

CP, CET Inputs 2ul 2LSui 

D, CEP Inputs lui lLSul 

PE Input lui 2LSui 

All Outputs 10ul 10LSui 

MR Input (,160, '161) lui lLSul 

MR Input (,162, '163) lui 2LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 40~ IIH and -1.6mA Ill. and a 74LS unit load (LSul) 
is 20tJA IIH and -O.4mA Ill. 

LOGIC SYMBOL 

•• 	
CE' 

cn TC 	 15 

c. 

14 13 12 11 

Vee - PIn 16 
GND-Pin 8 
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Product Specification 

Counters 74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A 

A LOW level at the Master Reset (MR) input 
sets all four outputs of the flip-flops (00 - 0,) 
in '160, 'LSI60A, '161, and 'LSI61A to LOW 
levels regardless of the levels at CP, PE, CET 
and CEP inputs (thus providing an asynchro
nous clear function), 

For the 'LS162A, '163, and LS163A. the clear 
function IS synchronous. A LOW lellel at the 
Master Reset (MR) input sets all four outputs 
of the flip-flops (00 - Q3) to LOW levels after 
the next positive-going transition on the Clock 
(CP) Input (providing that the set-up and hold 
requirements for M"R are met). This action 
occurs regardless of the levels at PE, CET, 
and CEP Inputs. This synchronous reset fea-

LOGIC SYMBOL (IEEE/IEC) 

ture enables the designer to modify the maxI
mum count with only one external NAND gate 
(see FIll"r. A) 

The carry look-ahead simplifies senal cascad
ing of the counters. Both Count Enable Inputs 
(CEP and CET) must be HIGH to count. The 
CET input is fed forward to enable the TC 
output. The TC output thus enabled will 
produce a HIGH output pulse of a duration 
approximately equal to the HIGH lellel output 
of Q o. This pulse can be used to enable the 
next cascaded stage (see Figure 8). 

For conventional operation of 74160, 74161 
and 74163, the fo~low!ng tranSitions should 
be avoided. 

-----

'160 'LSI60A 

j4CT_g 

,. 
" 
12 

11 

15 

1,20 

4CT.,S 

13 

12 

11 

15 

'LSI61A 'LS162A , 163 

1,20 

4CT= 15 

,. 
" 
12 

15 4CT_t 

,. 
12 

11 

15 

1.20 

14CT_15 
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HIGH-to-LOW transition on the CEP or 
CET Input if clock is LOW. 

2, 	 LOW-la-HIGH transitions on the Parallel 
Enable input when CP is LOW, If the 
count enables and MR" are HIGH at or 
before the transition. 

For 74163 there is an additional transition to 
be avoided. 
3 LOW-la-HIGH transition on the MA Input 

when clock is lOW, if the Enable and f5'E 
Inputs are HIGH at or before the transi
tion. 

These restrictions are not applicable to 
74LS160A, 74LS161A, i4LS,62A and 
74LS163A 

'161 

,. 
13 

12 

11 

15 
I4CT.,5 

'LSI63A 

,. 
13 

1,20 
,. 
13 

12 12 

11 

15 4CT.15 
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Counters 

H • ENABLE COUNT 
L. DISABLE COUNT 

H .. ENABLE COUNT 

l a DISABLE COUN'!' 


LOGIC DIAGRAM, 74160 

74160, 74161, 74163, LS160A, LS161A, LS162A, LSl63A 

+ Vee 

S4f74lS182A 
OR 

54174183 TC 
OR 

54174lS183A 

TERMINAL COUNT. 6 

Figure 1 

Figure 2. Synchronous Multistage Counting Scheme 
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Product SpeClficatlon 

Counters 74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A 


LOGIC DIAGRAMS 

'LS160A 

'161 

Vee - Pin 16 

GND"PIn 8 

() .. PWt IU'Yi)ers 
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Signetics Logic Products 

Counters 74160. 74161. 74163. LS160A,S161A, LS162A. LSl63A 

LOGIC DIAGRAMS 

'LS161A 

D, .. .. Do ..."'. '" '" 

'LS162A 

.. .. D, Do 

'" '" ... '" 

Vee - Pin 16 
GND - Pin 8 
() - Pin numbers 
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Product Specification 

Counters 74160, 74161, 74163, lS160A, lS161A, lS162A, LS163A 

LOGIC DIAGRAMS 

'183 

., .. 
(4) (3) 

'LS163A 

D, D, D, ...., (3'(4)(5' 

Vee - Pin 16 
GND - PIn B 
() - Pin numbers 
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--

--

Counters 74160,74161, 74l63, LS160A, LS161A, LS162A, LSl63A 

MODE SELECT - FUNCTION TABLE, '160, '161 

I INPUTS OUTPUTS 
OPERATING MODE 

MR CP CEP CET i'E Do an TC 

Reset (clear) L X X X X X L L 
.- 

H t X X I I L L
Parallel load 

H t X X I h H (a) 

h(C)Count H t h h X count (a) 

lIb) hIe)H X X X qo (a)
Hold (do nothing) ICb) h(e)H X X X qo L 

MODE SELECT - FUNCTION TABLE, '162, '163 

INPUTS OUTPUTS 

OPERATING MODE 
 -

MR CP CEP CET i'E Do 0 0 TC 

Reset (clear) I t X X X X L L 
-

hen t X X I I L L
Parallel load hen i X X I h H (d) 

Count heQ i h h heft X count (d) 

hen X I{e) X hcn X qo (d)

Hold (do nothing) 
 I(e) IhCD X X heQ X qo L 

H "" HIGH VOltage level steady state 

L = LOW voltage level steady slate. 

h "" HIGH voltage level one sel-up time prior to the LOW·to-HIGH clock tranSItion. 

I = LOW voltage level one set-up time prior to the LOW·lo-HIGH clock tranSItion 

X = Don't cars. 

q = Lower case letters indicate the state of the referenced output pnor to the lOW-lo-HIGH clock transitIOn 


1 .. LOW-Io-HIGH clock transition. 
NOTES: 
(a) The Te output is HIGH when GET is HIGH and the counter IS at Terminal Count (HHHH lor '161 and 

HllH for '160) 
(b) The HIGH-to--LOW transition of CEP or GET on the 74161 and 74160 should only occur while CP IS HIGH 

for conventional operation. 
(c) The LOW-la-HIGH transition of f5"I:: on the 74161 and 74160 should only occur while GP is HIGH for 

conventional operation. 
(d) The 	TC output is HIGH when GET IS HIGH and the counter is at Terminal Count {HlLH for '162 and 

HHHH for '163). 
(e) The HIGH-Io-LOW transition of CEP or CET on the 74163 should only occur while CP IS HIGH for 

conventional operation. 
(f) The lOW-to--HIGH transition of ~ or MA on the 74163 should only occur while GP IS HIGH for 

conventional operation. 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 	 74 74LS UNIT 

Vee Supply voltage 	 7.0 7.0 V 

V,N Input voltage 	 -0.5 to + 5.5 -0.5 to +7.0 V 

liN Input current 	 -30 to +5 -30 to + 1 rnA 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vcc -0.5 to +Vcc V 

TA Operating free-air temperature range 	 o to 70 ·C 
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Logic Products 

FEATURES 
• Gated serial Data inputs 
• Typical shift frequency of 36MHz 
• Asynchronous Master Reset 
• Fully 	buffered Clock and Data 

inputs 

DESCRIPTION 
The '164 is an 8-bit edge-triggered shift 
register with serial data entry and an 
output from each of the eight stages. 
Data is entered serially through one of 
two inputs (Dsa or Dsb); either input can 
be used as an active HIGH enable for 
data entry through the other input. Both 
inputs must be connected together or an 
unused input must be tied HIGH. 

Data shifts one place to the right on 
each LOW-to-HIGH transition of the 
Clock (CP) input, and enters into 0 0 the 
logical AND of the two Data inputs 
(Dss . Dsb) that existed one set-up time 
before the rising clock edge. A LOW 
level on the Master Reset (MR) input 
overrides all other inputs and clears the 
register asynchronously, forcing all out
puts LOW. 

PIN CONFIGURATION 

74164, lS164 
Shift Registers 
8-Bit Serial-In Parallel-out Shift Register 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL 'MAX (TOTAL) 

74164 36MHz 37mA 

74LS164 36MHz 16mA 

ORDERING CODE 

COMMERCtAL RANGE 
PACKAGES 

Vcc=SV±S%; T,. = O'C to +70'C 

Plastic DIP N74164N, N74LS164N 

Plastic SO N74LS164D 

NOTE: 

For information regardmg devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

PINS DESCRIPTION 74 74LS I 
All Inputs lui 1 LSul I 
All Outputs 5ul 10LSui I 

NOTE: 
Where a 74 unit load (ul) is understood to be 40pA IIH and -1.6mA Ill. and a 14LS unit load (LSul) 
IS 201lA IIH and -OAmA Ill. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

0,. 
0.. 

CP 

• :J 4 5 • 10 11 12 13 " 11 
12 

13 

Vee -P;n ,. 
GHO-~ 7 
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Shift Registers 	 74164, LSl64 

LOGIC DIAGRAM 

Vee "'Pin 14 

GND-Pln 7 


I 
MODE SELECT - TRUTH TABLE 


INPUTS OUTPUTS 


F 
OPERATING MODE 


MR CP 0.. Dsb 00 0, - 0 7 


Reset (clear) L X X X L L - L 

H t I I L qo - Q. 
H t I h L qo - q6Shift 
H t h I L - q6'lo 
H t h h H 'lo - q6 

H 	 ::. HIGH voltage lovel. 
h 	 "" HIGH voltage level one set-up time prior to the LOW-to-HIGH Clocl<" transition. 


z LOW vOltage level 

... LOW voltage level one sat-up time prior to the LOW-to-HIGH Clock transition. 

"" Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the 


Q LOW-la-HIGH Clock transitIon 

X - Don'l care. 

t - LOW-Io-HIGH Clock transition. 


ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS UNIT 

Vee Supply voltage 7.0 7.0 V 

Y,N Input voltage -0.5 to +5.5 -0.5 to + 7.0 V 

liN Input current -30 to +5 -30 to + 1 rnA 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vee -0.5 to + Vee V 

TA Operating free-afr temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74 74LS 
PARAMETER UNIT 

IIln Nom lID IIln Nom 110 

Vee Supply vo~age 4.75 5.0 5.25 4.75 5.0 5.25 V 

V,H HIGH-level input voltage 2.0 2.0 V 

V'c LOW-level input voltage +0.8 +0.8 V 

1,K Input clamp current -12 -18 rnA 

IOH HIGH-level output current -400 -400 JJA 

loc LOW-level output current 8 8 rnA 

TA Operating free-air temperature 0 70 0 70 ·C 
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LogiC Products 

• Asynchronous 8-bit parallel load 
• Synchronous Sarlal input 
• Clock Enable 	for "do nothing" 

mode 

• 	See '166 for fully synchronous 
operation 

DESCRIPTION 
The '165 is an 8-bit parallel load or 
serial-in shift register w~h complementa
ry Serial outputs (07 and chI available 
from the last stage_ When the Parallel 
Load (pc) input is LOW, parallel data 
from the Do - D7 inputs are loaded into 
the register asynchronously. When the 
PC input is HIGH, data enters the regis
ter serially at the Ds input and shifts one 
place to the right (00 -> 0, -> O2, etc.) 
with each po~iveilOing clock transition. 
This feature allows parallel-to-serial con
verter expansion by tying the ~ output 
to the Ds input of the succeeding stage. 

The Clock input is a gated-OR structure 
which allows one input to be used as an 
active LOW Clock Enable (CE,) input. 
The pin assignment for the CP and CE 

PIN CONFIGURATION 

74165 
Shift Register 
8-Blt Serial/Parallel-In, Serial-Out Shift Register 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPICAL 'MAX (TOTAL) 

26MHz 	 42mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; TA =D'C to +70'C 

N74165N 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

PINS DESCRIPTION 74 

PL Input 2ul 

Other Inputs 	 lui 

All 	 Outputs lOUI 

NOTE: 

A 74 unit load (uI) Is understood to be 401lA JIH and -1.6mA Ill 

inpuls is arbitrary and can be reversed CE inputs should be LOW before the 
for layout convenience. The LOW-to LOW-to-HIGH transition of PC to prevent 
HIGH transition of C'E input should only shifting the data when PC is released. 
take place while the CP is HIGH for 
predictable operation. Also, the CP and 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

111213141411 

" CE 

• 7 

Vex; - Pin 18 
GNO ... Pin 8 
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Product Specification 

74165 

LOGIC DIAGRAM 

~~-1I>"""'H>>-' 
CP 	 0, 
(2) 	 (I) 

eI 0,
('5) 

(1) 

~""'C>-----i 

Vee - Pin 16 

GND "'Pin 8 

() ~ Pin number 

MODE SELECT - FUNCTION TABLE 

INPUTS Qn REGISTER OUTPUTS 
OPERATING MODES 

II[ CE CP Ds Do-D7 Qo Q,-Oo Q7 07 

L X X X L L L-L L H
Parallel load 

L X X X H H H-H H L 

H L r I X L qo -q5 q6 q6Serial shift 
H L r h X H qo -q5 q6 q. 

Hold "do nothing" H H X X X qo q,-<16 q7 q7 

H 	 = HIGH voltage level. 
= HIGH vottage level one set-up time prior to the LOW-ta-HIGH clock transition. 
"" LOW voltage level. 
"'" LOW voltage level one set-up time prior to the LOW-to-H1GH clock transition, 

qn = Lower case letters indicate the state of the referenced output one set-up time prior to the LOW-to-HIGH clock transition. 
X = Don't care. 
t lOW-ta-HIGH clock transition. <:II 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 	 74 UNIT 

Vee Supply voltage 	 7.0 V 

V,N Input voltage 	 -0.5 to +5.5 V 

Input current 	 -30 to +5 mA ~ 
VOUT Voltage applied to output in HIGH output state -0.5 to +Vee V 

TA Operating free-air temperature range 	 o to 70 ·C 
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Logic Products 

FEATURES 
• 	Synchronous parallel to serial 

applications 

• 	Synchronous serial data input for 
easy expansion 

• Clock enable 	for "do nothing" 
mode 

• Asynchronous Master Reset 

• See '165 	for asynchronous 
parallel data load 

DESCRIPTION 
The' 166 is an S-bit shift register that has 
fully synchronous serial or parallel data 
entry selected by an active LOW Parallel 
Enable (PE) input. When the "PI: is LOW 
one set-up time before the LOW-to
HIGH clock transition, parallel data is 
entered into the register. When PI: is 
HIGH, data is entered into internal bit 
position 00 from Serial Data Input (Ds), 
and the remaining bits are shifted one 
place to the right (00 ~ 0 , ~ 02, etc.) 
with each positive-going clock transition. 
For expansion of the register in parallel 
to serial converters, the 07 output is 
connected to the Ds input of the suc
ceeding stage. 

PIN CONFIGURATION 

74166 
Shift Register 
8-Blt Serial/Parallel-In, Serial-Out Shift Register 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPICAL 'MAX (TOTAL) 

35MHz 	 90mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee = 5V ±5%; TA =O°C to + 70°C 

Plastic DIP N74166N 

Plastic SO N74166DI 
NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 

All Inputs lui 

Q7 Output 10ul 

NOTE: 
Where a 74 unit load (ul) is understood to be 401lA IIH and -1.6mA Ill. 

The clock input is a gated OR structure take place while the CP is HIGH for 
which allows one input to be used as an predictable operation. A LOW on the 
active LOW Clock Enable (CE) input. Master Reset (MR) input overrides all 
The pin assignment for the CP and ~ other inputs and clears the register asyn
inputs is arbitrary and can be reversed Chronously, forcing all bit positions to a 
for layout convenience. The LOW-to LOW state. 
HIGH transition of ~ input should only 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

'l iii i " " 'i 'i 
PE DO D1 D2 D3 Dc Os D. 0,,- Os 

,- CP 

6"" eE 

MR 0, 

; 	 ~3 
LS06380S " 

12" 
14 13 

Vee .. Pin 16 
GND-Pin 8 
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______________ __ 

Shift Register 74166 

LOGIC DIAGRAM 

COl (') (15) (2) (3) (4) (5) (10) (11) ('2) 

MA Os PE DO D, D. 03 0, 05 D. 

() - Pin numb&r 

Vee -Pin 16 

GNO '"' Pin e 


MODE SELECT - FUNCTION TABLE 
H "" HIGH voltage level 

INPUTS Q n REGISTER OUTPUT h .., HIGH voltage fevet one set-up time prior to the 
OPERATING MODES LOW·to~HIGH .Glock transition. 

PE CE CP Os 00-0, Co Q1- Q 6 Q, L ... LOW voltage level 

t - LOW voltage level one set·up time prior 10 theI I X I-l L L-L LParallel load LOW-la-HIGH Clock transition. 
Qn .. Lower case letters indicate the state of the 

h I t I X-X L q~5 q6 referenced input (or output) one set-up time 

I I t X h-h H H-H H 

Serial shift 
h I t h X-X H q~5 q6 prior 10 the LOW-la-HIGH Clock transition. 

X ... Don" care.Hold (do nothing) X h X X X-X qo Q,-<l6 q, T ~ LOW"lo-HIGH Clock transition. 

TYPICAL CLEAR, SHIFT, LOAD, INHIBIT, AND SHIFT SEQUENCES 

c. JlJ 

CE ~~Ic:::::::::::::::::~:::::L__-1~::::::::::::::::::: 
iiR ""lJ; 
os :~:I:LI~::::::::::::::::::i:~-t:::~t:::::::::::::::::::::: 

SHlfT/LOAD L.!J 
,~~______________~~~L__~~_______________

0. 
, I 

0, 
~~______________~~~L__~~_______________ 

0, 
li 

PARALLEL 0, , 
~~__________________~~L__~~

INPUTS 
O. 

O. " 

123 



Logic Products 

FEATURES 
• Synchronous counting 	and 

loading 
• Up/down counting 
• Modulo 	16 binary counter

'169A 
• BCD decade counter - '168A 
• Two Count 	Enable inputs for 

n-blt cascading 
• Positive edge-triggered clock 

DESCRIPTION 
The '16BA is a synchronous, presettable 
BCD decade up/down counter featuring 
an internal carry look-ahead for applica
tions in high-speed counting designs. 
Synchronous operation is provided by 
having all flip-flops clocked simulta
neously so that the outputs change coin
cident with each other when so instruct
ed by the Count Enable inputs and 
internal gating. This mode of operation 
eliminates the output spikes which are 
normally associated with asynchronous 
(ripple clock) counters. A buffered Clock 
input triggers the flip-flops on the LOW
to-HIGH transition of the clock. 

PIN CONFIGURATION 

74L5168A, 74L5169A, 
5168A, 5169A 
4-Bit Bidirectional Counters 
4-Bit Up/Down Synchronous Counter 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL 'MAX (TOTAL) 


74LSI68A 32MHz 20mA 


74S168A 70MHz 100mA 


74LS169A 32MHz 20mA 


74S169A 70MHz 100mA 


ORDERING CODE 

COMMERCIAL RANGE PACKAGES 
Vcc=5V±5%; TA=O·C to +70·C 

N74LSI68AN. N74S168AN Plastic DIP 
N74LS169AN, N74S169AN 

Plastic SO N74LS169AD, N74LS169AD, N74S169AD 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN·OUT TABLE 

PINS DESCRIPTION 745 74LS 

PE Input ISul 2LSui 

crT Input 2Sul 1 LSul 

Other Inpu1s 1 Sui 1 LSul 

All Outputs 10Sul 10LSui 

NOTE: 
Where a 745 unit load (Sui) is understood to be 501lA IIH and -2.0mA IlL and a 74LS unit load (LSul) is 2(lJ.(A 
IIH and -OAmA IlL. 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

'telA 'le9A 

1 L j j i 
PE,- WD Do '" ·2 D. 

2- CP 
Te F-15 

7-< CEO 

'0-< CEl 
"0 a, Do 0, 

,. 13 '2 11 
LSGe010S 

Vee = Pin 16 
GND = Pin 8 
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Product Specification 

4-Bit Bidirectional Counters 74lS168A. 74lS169A. S168A. S169A 

The counter is fully programmable; that is, the count to increase. a LOW will cause the count output pulse with a duration approximately 
outputs may be preset to either level. Preset to decrease. equal to the HIGH level portion of the 00 
ting is synchronous with the clock and takes output. This LOW level 'fC pulse is used to

The carry look-ahead circuitry provides for
place regardless of the levels of the Count enable successive cascaded stages. See Fig

cascading counters for n-bit synchronous apEnable inputs. A LOW level on the Parallel ure A for the fast synchronous multistage
plications without additional gating. Instru

Enable (PE) input disables the counter and counting connections.
mental in accomplishing this function are two

causes the data at the On input to be loaded 
Count Enable inputs (CET' ID) and a Ter The '169A is identical except that it is ainto the counter on the next LOW~to-HIGH 
minaf Count (TC) output. Both Count Enable Modulo 16 counter.transition of the clock. 
inputs must be LOW to count. The eer input 

The direction of counting is controlled by the is fed forward to enable the TC output. The 
Up/Down (U/15) input; a HIGH will cause the TC output thus enabled will produce a LOW 

LOGIC DIAGRAM. '168A 

Voc - Pin 16 
GNO -Pin 8 
() ... Pin numbers 
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4-Bit Bidirectional Counters 74LS168A, 74LS169A, Sl68A, S169A 

LOGIC DIAGRAM, '169A 

UI6!:(1'4- ____________---l1 

Vee - Pin 16 
GNO"'Pin8 
() - Pin numbefs 

LEAST S1GNtFICANT MOST SIGNIFICANT 
....rr COUNTER 4-8IT COUNTER 

Figure 1. Synchronous Multistage Counting SCheme 

126 



Product Specfflcatlon 

4-Bit Bidirectional Counters 74LS168A, 74LS169A, S168A. S169A 

MODE SELECT - FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

CP U/O CEJ5 CET Ji! On an Te 
t X X X I I L (1)

Parallel Load t X X X I h H (1) 

Count Up t h I I h X Count Up (1) 

Count Down t I I , h X Count Down (1) 

i X h X h X qn (1)
Hold (do nothing) t X X h h X qn H 

H = HIGH voltage level steady state 
h ... HIGH voltage level one setup time prior to the LOW-ta-HIGH clock transition 
L = LOW voltage level steady state 
I"" LOW voltage level one setup time prior to the LOW-ta-HIGH clock transition 
X - Oon't care 
q = lower case letters indicate the state 01 the referenced output prior to the LOW-Io-HIGH ctock transition 
f -= LOW-la-HIGH clock transition 

NOTE: 
1. The TC is LOW when CE'i is LOW and the counter is at Terminal Count. Terminal Count Up is (HHHH) and Terminal Count Down is (LlLL) for '169A. 

The fC is LOW when 'OtT is lOW and the counter is at Terminal Count. Terminal Count Up is (HLLH) and Terminal Count Down is (LLLL) for 'l68A. 

WAVEFORM (Typical Load, Count, and Inhibit Sequences) 

Illustrated below is the following sequence for 1. Load (preset) to BCD seven. 3. Inhlbtt. 

the '168A. The operation of the '169A Is 2. Count up to eight, nine (maximum), zero, 4. Count down to one, zero (minimum), 

similar. one, and two. nine. eight, and seven. 


LOAD L..J 

O'TA{:~ i~ 
INPUTS 02 ~I- - 

1-

D3----lr= = , 
c. I 

ill AND crr 'L.-;---1.-!-------_-! 
, 
I 

II 


Q,~:~~--------~rd----~iL--------~r--
o,::riI I r 
0, ::' I 

'Ii---1.___-i-___i---t-__....J 

rc--': I' 
,I U I 

I I r----- 
--, ,I I I 

, 7 I 1 • , 'I I' I ' 
_1_1 J.--COUNTUP~INHI8IT-+-I J..-COUNTOOWN---+

LOAD 
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Logic Products 

FEATURES 
• 	Simultaneous and Independent 

Read and Write operations 
• 	Expandable to 1024 words by 

n-blts 
• Open 	Collector outputs lor wired

AND expansion 
• See '670 	lor 3-State output 

version 

DESCRIPTION 
The '170 is a 16-bit register file organized 
as 4 words of 4 bits each, permitting 
simultaneous writing into one word loca
ticn and reading from another location. 
The 4-bit word to be stored is presented 
to four Data inputs. The Write Address 
inputs (WA and We) determine the loca
tion of the stored word. When the Write 
Enable (WE) input is LOW, the data is 
entered into the addressed location. The 
addressed location remains transparent 
to the data while the WE is LOW. Data 
supplied at the inputs will be read out in 
true (non-inverting) form. Data and Write 
Address inputs are inhibited when WE is 
HIGH. 

Direct acquisition of data stored in any of 
the four registers is made possible by 
individual Read Address inputs (RA and 
Ra). The addressed word appears at the 
four outputs when the Read Enable (RE) 

PIN CONFIGURATION 

74170, LS170 
Register Files 
4 x 4 Register File (Open Collector) 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT TYPE 
DELAY (RE to 0)' (TOTAL) 

10ns (tplH) 74170 	 127mA
20ns (tpHd 

20ns (tplH) 74LS170 	 25mA
20ns (tpHd 

ORDERING CODE 

COMMERCIAL RANGE PACKAGES 
Yee = 5Y ±S%; TA =O·C to +70·C 

Plastic DIP 	 N74170N, N74LS170N 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

D, WA, WB, RA, RB Inputs 1ul 1 LSul 

WE, RE Inputs 1ul 2LSui 

All Outputs 10ul 10LSui 

NOTE: 
Where a 74 unit load (ul) is u"derstood to be 40,uA ItH and -1.6mA IlL and a 74LS unit load (LSul) is 20J)A IIH 

and -O.4mA til_ 

is LOW. Data outputs are inhibited and Up to 256 devices can be stacked to 
remain HIGH when the Read Enable increase the word size to 1 024 locations 
input is HIGH. This permits simultaneous by tying the Open Collector outputs to
reading and writing, eliminates recovery gether. Parallel expansion to generate n
times, and is limited in speed only by the bit words is accomplished by driving the 
read time and the write time. Enable and Address inputs of each de

vice in parallel. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

15" 

'1,. W. WE "0 

13 Wa 

'. 
'a 	 10 

11 

10 

Vee .. Pin 16 

GNO"Pin 8 
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Logic Products 

FEATURES 
• Edge-triggered Ootype register 
• Gated Input enable 	for hold "do 

nothing" mode 
• 3-State output buffers 
• Gated output enable control 
• Pin compatible with the 8T10 and 

OM8551 

DESCRIPTION 
The '173 is a 4-bit paraliel load register 
with clock enable control, 3-State buff
ered outputs and master reset. When 
the two Clock Enable (I:, and 102) inputs 
are LOW, the data on the D inputs is 
loaded into the register synchronously 
with the LOW-to-HIGH Clock (CP) transi
tion. When one or both 10 inputs are 
HIGH one set-up time before the LOW
to-HIGH clock transition, the register will 
retain the previous data. Data inputs and 
Clock Enable inputs are fully edge trig
gered and must be stable only one set
up time before the LOW-to-HIGH clock 
transition. 

The Master Reset (MR) is an active 
HIGH asynchronous input. When the MR 
is HIGH, all four flip-flops are reset 
(cleared) independently of any other in
put condition. 

PIN CONFIGURATION 

74173, LS173 
Flip-Flops 
Quad D-Type Flip-Flop With 3-State Outputs 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL fliAX (TOTAL) 

74173 35MHz 50mA 

74LS173 50MHz 20mA 

ORDERING CODE 

COMMERCIAL RANGE PACKAGES Vce = 5V ±5%; TA = O·C to +70·C 

Plastic DIP N74173N, N74LS173N 
f------- 

Plastic so-16 N74LS173D 

Plastic SOL-1S 	 CD71S6D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

All Inputs 1ul 1 LSul 

All Outputs 10u1 30LSuI 

NOTE: 
Where a 74 unit load (ul) is understOOd to be 401lA I'H and -1.6mA I,l and a 74LS unit load (LSul) is 201JA I'H 
and -O.4mA IB..: 

The 3-State output buffers are controlled forced to a HIGH impedance "off" state. 
by a 2-input NOR gate. When both The 3-State output buffers are complete
Output Enable (m:1 and 01:2) inputs are ly independent of the register operation; 
LOW, the data in the register is present the 01: transition does not affect the 
ed at the Q outputs. When one or both clock and reset operations. 
m: inputs is HIGH, the outputs are 

LOGIC SYMBOL LOGIC SYMBOL (lEEEIIEC) 

1. 13 12 11 

'0 

15145, 

12 

11 

Vee .. Pin 16 
GND~pjne 
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Product Specification 

74173, LS173 

LOGIC DIAGRAM 

i. 
r" 

C'~-{)o--------~~------4---~4--------4----~--------+---~ 

MR~~»-------------+----~-------+----~------~----~------~ 

o. 02 o. 

Vee - Pin 16 
GNO - Pin a 

MODE SELECT  FUNCTION TABLE 

INPUTS OUTPUTS 
REGISTER OPERATING MODES 

MR CP E, E. On an (Register) 

Reset (clear) H X X X X l 

Parallel load l 
l 

t 
i 

I 
I 

I 
I 

I 
h 

l 
H 

Hold (no change) l 
l 

X 
X 

h 
X 

X 
h 

X 
X 

qn 
qn 

INPUTS OUTPUTS 
3-STATE BUFFER OPERATING MODES 

an (Register) eE, OE. Qo, Q1. Q2. 0 3 

l L L l
Read 

H l L H 

X H X (Z)
Disabled 

X X H (Z) 

H = HIGH voltage level. 

h - HIGH voltage level one set-up time prior to the LOW-Ie-HIGH clock transition. 

L - LOW voltage level. 

I - LOW voltage level one set-up time prior to the LOW-la-HIGH clock transition. 

qn" Lower case letters indicate the state of the referenced input (or output) on set-up time pnor to the LOW-te-HIGH clock transition. 

X - Oon't care. 

(Z) - HIGH impedance "off' state. 
t - LOW-ta-HIGH clock transition. 
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Logic Products 

FEATURES 
• Six edge-trlggereel 	Ootype flip

flops 

• Three speed-power ranges 
available 

• Buffered common clock 
• Buffered, asynchronous Maater 

Reset 

DESCRIPTION 
The '174 has six edge-triggered D-type 
flip-flops with individual D inputs and Q 

outputs. The common buffered Clock 
(CP) and Master Reset (MR) inputs load 
and reset (clear) all flip-Hops simulta
neously. 

The register is fully edge triggered. The 
state of each D input, one set-up time 
before the LOW-to-HIGH clock transi
tion, is transferred to the corresponding 
flip-flop's Q output. 

All outputs will be forced LOW indepen
dently of Clock or Data inputs by a LOW 
voltage level on the MR' input. The 
device is useful for applications where 
the true output only is required and the 
Clock and Master Reset are common to 
all storage elements. 

PIN CONFIGURATION 

74174, L5174, 5174 

Flip-Flops 

Hex D Flip-Flops 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL 'MAX (TOTAL) 


74174 35MHz 45mA 


74LS174 40MHz 16mA 


74S174 110MHz 90mA 


ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=5V±5%; TA=O'C to +70'C 

Plastic DIP N74174N, N74LS174N, N74S174N 

Plastic SO-16 N74l.S174D, N74S174D 

NOTE: 

For information regarding devices processed to Mititary Specifications, see the Stgnetics Military Products 

Data· Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74S 74LS 

All Inputs lui lSul 1LSul 

00- 0 • Outputs lOuI 10Sul 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 40pA IIH and -1.6mA IlL. a 745 unit load (SuI) is 50pA IIH and 
-2.OmA IlL. and 74LS unit load (LSul) is 20~ IIH and -O.4mA IlL. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

i 4 

I 
• 11 

I I 'i 14 

I 
Do 0, ... ... D4 De 

1- ep 

1-<: MR 

Do 0, 

! l 
... ... 
~ ,~ 

~ 

,~ 
De 

,I. 
~ 

11 

13 

,. 
,. 
12 

15 

Va:; .. Pin 18 
GND .. PIn 8 
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Product Specification 

74174. L5174, 5174 

LOGIC DIAGRAM 

Do 0, D2 D3 Dc 05 
(3) (4) (8) (11) (13) H4J 

(2) (5) (7) (10) (12) (15) 

~ ~ ~ ~ ~ ~ 

Vcc - Pin 16 
GND - Pin 8 
() - Pin Numbers 

FUNCTION TABLE 

INPUTS OUTPUTSOPERATING 
MODE MR CP On On 

Reset (clear) L X X L 
Load "1" H i h H 
Load "0" H i I L 

H - HIGH voltage level steady state 

h ... HIGH voltage level one set-up time prior to the lOW-to-HIGH clock transition. 

L ... LOW voltage level steady state. 

I = LOW voltage level one set-up time prior to the LOW-to-HIGH clock transition. 

X = Don't care. 

1 .. LOW-ta-HIGH ck>ck transition. 

ABSOLUTE MAXIMUM RATINGS (Over operaling free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS 74S UNIT 

Vee Supply voltage 7.0 7.0 7.0 V 

V'N Input voltage -0.5 to +5.5 -0.5 to + 7.0 -0.5 to +5.5 V 

Input current -30 to +5 -30 to +1 -30 to +5 rnAI'N 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vec -0.5 to +Vee -0.5 to +Vee V 

TA Operating free-air temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74 74LS 74S 
PARAMETER UNIT 

Min Nom Max Min Nom Max Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 4.75 5.0 5.25 V 

V'H HIGH-level input voltage 2.0 2.0 2.0 V 

V'L LOW-level input voltage +0.8 +0.8 +0.8 V 

I'K Input clamp current -12 -18 -18 mA 

IOH HIGH-level output current -800 -400 -1000 IlA 

IOL LOW-level output current 16 8 20 mA 

TA Operating free-air temperature 0 70 0 70 0 70 ·C 
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Lagle Products 

FEATURES 
• Four edge-triggered 0 flip-flops 

• Three speed-power ranges 
available 

• Buffered common clock 
• 	Buffered, asynchronous Master 

Reset 

DESCRIPTION 
The '175 is a quad, edge-triggered D
type flip-flop with individual D inputs and 
both Q and Q outputs. The common 
buffered Clock (CP) and Master Reset 
(MR) inputs load and reset (clear) all flip
flops simultaneously. 

The register is fully edge triggered. The 
state of each D input, one set-up time 
before the LOW-to-HIGH clock transi
tion, is transferred to the corresponding 
flip-flop's Q output. 

All Q outputs will be forced LOW inde
pendently of Clock or Data inputs by a 
LOW voltage level on the MR input. The 
device is useful for applications where 
both true and complement outputs are 
required, and the Clock and Master Re
set are common to all storage elements. 

PIN CONFIGURATION 

74175, L5175, 5175 

Flip-Flops 

Quad D Flip-Flop 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL IMAX (TOTAL) 

74175 35MHz 30mA 


74LS175 40MHz lImA 


74S175 110MHz 60mA 


ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES Vee = SV ±S%; TA =O·C to +70·C 

Plastic DIP N74175N, N74LS175N, N74S175N 

Plastic SO-16 N74LS175D, N74S175D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 745 74LS I 

All Inputs lui 1 Sui lLSul I 

All Outputs 10ul 10Sul 10LSui I 
NOTE: 


Where a 74 unit load (ul) is understood to be 40pA IIH and -1.6mA Ill. a 745 unit load (Sui) is 50jJA IIH and 


-2.0mA 'IL, and a 74LS unit 'oad (LSuI) is 20"A "H and -O.4mA 'IL· 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

.. 
J I I I., .. .. " co "" 

00 0, 0, 0, 0,Oo .. ... 
T I T I T I T I, , ,. ..11 " 

" 

Vee - Pin 16 

GND-Pin8 
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Flip-Flops 74175, LS175, S175 

LOGIC DIAGRAM 

Vee ... Pin 16 

GND-Pln 8 

() - Pin number 


MODE SELECT - FUNCTION TABLE 

INPUTS OUTPUTS 


MODE 

OPERATING 

MR CP On Q n <:in 

Reset (clear) L X X L H 

Load "I" H f h H L 

Load "0" H f I L H 


H - HIGH voltage level steady state. 

h = HIGH voltage level one set·up time prior to the LOW·le-HIGH clock transition. 

L - LOW voltage level steady state. 

I = LOW voltage level one set-up time prior to the LOW-to-HIGH clock transition. 

X ... Don't cara. 

t - LOW-to-HIGH clock transition. 

ABSOLUTE MAXIMUM RATINGS (Over operating free·air temperature range unless otherwise noted.) 

PARAMETER 74 74LS 74S UNIT 


Vee Supply voltage 7.0 7.0 7.0 V 


Y,N Input voltage -0.5 to +5.5 -0.5 to +7.0 -0.5 to +5.5 V 


liN Input current -30 to +5 -30 to +1 -30 to +5 mA 


VOUT Voltage applied to output in HIGH output state -0.5 to +Vcc -0.5 to +Vee -0.5 to +Vcc V 


TA Operating free-air temperature range o to 70 ·C 


RECOMMENDED OPERATING CONDITIONS 

74 74LS 74S 
PARAMETER UNIT 

Min Nom Max Min Nom Max Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 4.75 5.0 5.25 V 

V,H HIGH·level input voltage 2.0 2.0 2.0 V 

V,L LOW-level input voltage +0.8 +0.8 +0.8 V 

1,K Input clamp current -12 -18 -18 mA 

10H HIGH·level output current -800 -400 -1000 iJA 

10L LOW·level output current 16 8 20 mA 

TA Operating free-air temperature 0 70 0 70 0 70 ·C 
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Logic Products 

FEATURES 
• Word length easily expanded by 

cascading 
• Generate even or odd parity 
• Checks for parity errors 
• 	See '280 for faster parity 

checker 

DESCRIPTION 
The '180 is a 9-bit parity generator or 
checker commonly used to detect errors 
in high speed data transmission or data 
retrieval systems. Both Even and Odd 
parity enable inputs and parity outputs 
are available for generating or checking 
parity on 8-bits. 

True active-HIGH or true active-LOW 
parity can be generated at both the Even 
and Odd outputs. True active-HIGH pari· 
ty is established with Even Parity enable 
input (Pe) set HIGH and the Odd Parity 
enable input (Po) set LOW. True active
LOW parity is established when Pe is 
LOW and Po is HIGH. When both enable 
inputs are at the same logic level, both 
outputs will be forced to the opposite 
logic level. 

Parity checking of a 9-bi! word (8 bits 
plus parity) is possible by using the two 

PIN CONFIGURATION 

74180 
Parity Generator/Checker 
9-Blt Odd/Even Parity Generator/Checker 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENTDELAY, Po'" OV 

36n5 	 34mA 

ORDERING CODE 

COMMERCIAL RANGEPACKAGES 
Vcc =SV ±S%; TA =O°C to +70°C 

Plastic DIP N74180N 

NOTE: 
For information regarding deviCeS processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 

10- 17 Data inputs lui 

PE, Po Parity inputs 2ul 

~E' ~o Parity outputs 10ul 

NOTE: 

A 74 unit load (ul) is understood to be 40"aA IIH and -1.6mA IlL. 


enable inputs plus an inverter as the Expansion to larger word sizes is accom

ninth data input. To check for true ac plished by serially cascading the '180 in 

tive-HIGH parity, the ninth data input is 8-bit increments. The Even and Odd 

tied to the Po input and an inverter is parity outputs of the first stage are 

connected between the Po and PE in connected to the corresponding Pe and 

puts. To check for true active-LOW pari Po inputs, respectively, of the succeed· 

ty, the ninth data input is tied to the Pe ing stage. 

input and an inverter is connected be

tween the PE and Po inputs. 


LOGIC SYMBOL LOGIC SYMBOL (lEEEIIEC) 

i i r 'i 'j 'i i i .. .. " '... '. .. " 
3- PE 5 EVEN 

,- '0 
IE 10 

13 3I I 10DD! • ODD 

~ 

Vrx -Pin 1" 
GNO .. Pin 7 
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Product Specification 

74180 

LOGIC DIAGRAM FUNCTION TABLE 

INPUTS OUTPUTS 

Number of 
HIGH Data 

p. Po r. ro
Inputs 
(10- 17) 

Even H L H L 
Odd H L L H 

Even L H L H 
Odd L H H L 

X H H L L 
X L L H H 

H .. HIGH Yoltage level 
l = LOW voltage level 
X'" Don't care 

Po~~~--------------------------~ 
p.~(3~I________________________________~ 

() - Pin Numbers 
Vee - Pin 14 
GNO - Pin 7 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 UNIT 

Vee Supply voltage 7.0 V 

VIN Input voltage -0.5 to +5.5 V 

liN Input current -30 to +5 mA 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vcc V 

TA Operating free-air temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74 
PARAMETER UNIT 

Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 V 

V,H HIGH-level input voltage 2.0 V 

V,L lOW-level in;iut voltage +0.8 V 

1,K Input clamp current -12 mA 

IOH HIGH-level output current -800 JJA 

IOL LOW~leyel output current 16 mA 

TA Operating free-air temperature 0 70 ·C 
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Logic Products 

FEATURES 
• Provides 	16 arithmetic 

operations: ADD, SUBTRACT, 
COMPARE, DOUBLE, plua 12 
other arithmetic operations 

• Provides all 	16 logic operations 
of two variables: Excluslve-OR, 
Compare, AND, NAND, NOR, OR, 
plus 10 other logic operations 

• Full lookahead carry 	for high
speed arithmetic operation on 
long words 

DESCRIPTION 
The '181 is a 4-bit high-speed parallel 
Arithmetic Logic Unit (ALU). Controlled 
by the four Function Select inputs 
(So - 53) and the Mode Control Input 
(M), it can perform all the 16 possible 
logiC operations or 16 different arithme
tic operations on active HIGH or active 
LOW operands. The Function Table lists 
these operations. 

PIN CONFIGURATION 

74181, L5181, 5181 
Arithmetic Logic Units 
4-Bit Arithmetic Logic Unit 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

74181 22ns 91mA 

74LSI81 22ns 21mA 

74S181 11n8 120mA 

ORDERING CODE 

COMMERCIAL RANGE PACKAGES 
Vee = SV ±S%; TA =O°C to +70°C 

Plastic DIP N74181N, N74lS181N, N74S181N 

NOTE, 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74S 74LS 

Mode Input lui ISul IlSul 

, A or B Inputs 3ul 3Sul 3lSui 

S Inputs 4ul 4Sul 4lSui 

Carry Input Sui 5Sul 5lSui 

Fo-F3. = B. en +4 Outputs 10ui 10Sel 10lSui 

G Output 10ui 10Sul 40lSui 

" Output 10ul 10Sul 20lSui 

NOTE' 
Where a 74 unit road (ul) is understood to be 40M llH and -1.6mA IlL, a 745 unit load (Sui) is 50~ IIH and 
-2.0mA IlL, and 74LS unit load (LSul) is 201JA IIH and -O.4mA Ill-

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

15 

, , 2322 " 

PO
So 
s, CIO 

" P1 " 	 "22 

"., 
0' 

P3 13 " 
03" 

Vee" Pin 24 
GND-Pin 12 
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'182 carry lookahead circuit. One carry looka
head package is required for each group of 
four '181 devices. Carry lookahead can be 
provided at various levels and offers high
speed capability over extremely long word 
lengths. 

The A = B output from the device goes HIGH 
when all four Foutputs are HIGH and can be 
used to indicate logic equivalence over 4 bits 
when the unit is in the subtract mode. The 
A = B output is open collector and can be 
wired-AND with other A = B outputs to give a 
comparison for more than 4 bits. The A = B 
signal can also be used with the en + 4 signal 
to indicate A >B and A < B. 

The Function Table lists the arithmetiC opera
tions that are performed without a carry in. An 

.,'2 
(23) (2', (20) 

¢.,... " 
(15) (11) ('" 

" 
 P Cn +4 


Product Specification 

74181, l5181, 5181 

incoming carry adds a one to each operation. 
Thus, select code LHHL generates A minus B 
minus 1 (2s complement notation) without a 
carry in and generates A minus B when a 
carry is appl ied 

Because subtraction is actually performed by 
complementary addition (1 s complement), a 
carl)' out means borrow; thus, a carry is 
generated when there is no underflow and no 
carry is generated when there is underflow 

As indicated, thiS device can be used with 
either active LOW inputs producing active 
LOW outputs or with active HIGH Inputs 
prodUCing active HIGH outputs. For either 
case the table lists the operations that are 
performed to the operands labeled inside the 
logic symbol. 

"(11) 

Arithmetic Logic Units 

When the Mode Control input (M) is HIGH, ali 
internal carries are inhibited and the device 
performs logic operations on the indrvidual 
bits as listed. When the Mode Control Input is 
LOW, the carries are enabled and the device 
performs arithmetic operations on the two 4· 
bit words. The device incorporates full inter
nal carry lookahead and provides for either 
ripple carry between devices using the en + 4 

output, or for carry lookahead between pack
ages using the signals IS (Carry Propagate) 
and G (Carry Generate). j5 and G are not 
affected by carry in. When speed reqUire
ments are not stringent, it can be used in a 
simple ripple carry mode by connecting the 
Carl)' output (Cn + 4) Signal to the Carry input 
(en) of the next unit. For high-speed opera
tion the device is used in conjunction with the 

LOGIC DIAGRAM 

Ao .. i, 

r" 

FO F. 

c. M 

l 


Vee -Pin 24 
GNO-Pin1-2 
() - Pin Numbers 
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Arithmetic Logic Units 74181, lS181, S181 

MODE SELECT - FUNCTION TABLE 

ACTIVE HIGH INPUTSMODE SELECT INPUTS 
& OUTPUTS 

Logic Arithmetic"
Sa 52 5, So (M=H) (M=L) (Cn=H) 

l l l l A A 

L L L H A+B A+B 

L l H L AB A+S 

L L H H Logical 0 minus 1 

L H L L AS A plus AS 

l H l H S (A + B) plus AS 

L H H L A.B A minus B minus 1 

L H H H AS AB minus 1 

H L L L A+B A plus AB 

H L L H A.B A plus B 

H l H L B (A + S) plus AB 

H L H H AB AB minus 1 

H H l L logical 1 A plus A" 

H H l H A+S (A + B) plus A 

H H H L A+B (A + S) plus A 

H H H H A A minus 1 


ACTIVE LOW INPUTSI MODE SELECT INPUTS 
& OUTPUTS 

Logic Arithmetic"
Sa 52 5, So (M=H) (M=L) (Cn=l) 

L L L L A A minus 1 

L L L H AS AS minus 1 

L L H l A+B As minus 1 

L L H H logical 1 minus 1 

l H l l A+1i A plus (A + B) 

l H l H B AB plus (A + S) 

L H H L A.l'i A minus 8 minus 1 

L H H H A+S A+S 

H L L l AB A plus (A + B) 

H l L H A.B A plus B 

H l H l B AS (A+B) 

H l H H A+B A+B 

H H l l logical 0 A plus A" 

H H L H Ali AS plus A 

H H H l AB AS plus A 

H H H H A A 


L ~ LOW voltage 
H .. HIGH voltage level 
~ Each bit is shifted to the next more significant position . 

• * Arithmetic operations expressed '" 28 complement notation. 

2 1 23 22 21 20 ,. ,. .". 
"000 A,., A212 "3113 Aolto ... ,., A2.2 1tJ83 

eft en +4 c.. en...... " 
So So 

P _15 
So" " So 

Active High Operands Active Low Operand. 
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Logic Products 

FEATURES 
• Provides carry lookahead 	across 

a group of four ALU's 
• Multi-level lookahead 	for high

speed arithmetic operation over 
long word lengths 

DESCRIPTION 
The' 182 carry lookahead genera10r ac
cepts up to lour pairs of active LOW 
Carry Propagate (Po. 1',. 1'2. pa) and 
Carry Generate (Go. G, . G2• Ga) signals 
and an active HIGH Carry input (Cn) and 
provides anticipated active HIGH carries 
(Cn + x. Cn+ y. Cn + z) across four groups 
of binary adders. The • 1 82 also has 
active LOW Carry Propagate (1') and 
Carry Generate (G) outputs which may 
be used for further levels of lookahead. 

PIN CONFIGURATION 

745182 

Carry Generator 

Lookahead Carry Generator 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

5.8ns 	 69mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc =SV ±S%; TA =O·C to + 70·C 

Plastic DIP N74St82N 

Plastic 50-16 N74S182D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signeties Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74S 

Cn Input 1Sul 

P3 Input 2Sul 

p. Input 3Sul 

po. 1',. G3 Inputs 4Sul 

Go. G. Inputs 7Sul 

G, Input 8Sul 

All Outputs 10Sul 

NOTE: 

A 745 unit load (Sui) is 501LA IIH and -2.0mA IlL. 


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

CPG 

,,3 2 1 15'4 6 5 

6666666),' 
PoGo .. , G, P2 G2 P3 G3 

:>- 10• 
13- en 


P :>-'

Cn +)! Cn +), Cn + z 

,~ ,I, l 	 ,.
coo 

lSOfi5:JOS 13 11
CI 	 C01 

CO2 • 

Vee - Pin 16 
GND-Pin 8 
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LOGIC DIAGRAM 

Vee - Pin 16 
GND - Pin 8 
() - Pin Numbers 

FUNCTION TABLE 

INPUTS 

C. Go Po G, 1', G2 P2 

X H H 

L H X 

X L X 

H X L 


X X X H H 

X H H H X 

L H X H X 

X X X L X 

X L X X L 

H X L X L 


X X X X X H H 
X X X H H H X 
X H H H X H X 
L H X H X H X 
X X X X X L X 
X X X L X X L 
X L X X L X L 
H X L X L X L 

X X X X X 
X X X H H 
X H H H X 
H H X H X 
X X X X X 
X X X L X 
X L X X L 
L X L X L 

H X X 
X H X 
X X H 
X X X 
L L L 

G. 

H 
H 
H 
H 
L 
X 
X 
X 

p. 

H 
X 
X 
X 
X 
L 
L 
L 

X 
X 
X 
H 
L 

'0, P, 
(5) (I' 

OUTPUTS 

Cn + x Cn +y Cn+ z 

L 
L 
H 
H 

L 
L 
L 
H 
H 
H 

L 
L 
L 
L 
H 
H 
H 
H 

Product Specification 

745182 

The logic equations provided at the outputs 
are: 

Cn + x = Go + PoCn 

Cn+ y - G, + P,Go - P,PoCn 

Cn + z =G2 + P2G1 + P2P1GO 

G =G3 + P3G2 + P3P2G, + P3P2P,GO 

P=~ 

The '182 can also be used with binary ALU's 
in an active LOW or active HIGH input oper· 
and mode. The connections to and from the 
ALU to the carry lookahead generator are 
Identical in both cases. 

(7), 

G P 

H 
H 
H 
H 
L 
L 
L 
L 

H 

H 

H 

H 

L 


H - HIGH voltage level 
l - LOW voltage level 
X'" Don't care 
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Logic Products 

FEATURES 
• Synchronous, reversible counting 
• 	BCD/decad_'190 

4-blt blnary-'191 
• Synchronous, reversible counting 
• Asynchronous parallel load 

capability 
• Count enable control 	for 

synchronous expansion 
• Single Up/Down control Input 

DESCRIPTION 

The' 190 is an asynchronously presetta

ble up/down BCD decade counter, It 

contains four master/slave flip-flops with 

internal gating a,nd steering logic to pro

vide asynchronous preset and synchro

nous count-up and count-down opera

tion, The '191 is similar, but is a 4-bit 

binary counter. 


PIN CONFIGURATION 

74190, 191, LS191 

Counters 

'190 Presettable BCD/Decade Up/Down Counter 
'191 Presettable 4-Blt Binary Up/Down Counter 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL 'MAX (TOTAL) 


74190 25M Hz 65mA 


74191 25M Hz 65mA 


74LS191 25M Hz 20mA 


ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc'=5V±5%j TA=O°C to +70°C 

Plastic DIP N74190N, N74191N, N74LS191N 

Plastic SOL-16 N74LS191D 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74S 

cr Input 3ul 3LSui 

Other Inputs 1ul 1 LSul 

All Outputs 10ul 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 401JA IIH and -1.6mA I,L, and a 74LS unit load (LSul) is 20JJA,. I'H 
and -O.4mA I,L. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

~ 'r 1 'r ~ 
'L DO D, D2 DO 

5- WD Fie 0-13 


4-< CE 


'4- C. TC _'2 

QO Q, Q, Qa 

~ 1 ! i 
,~-

Vee .. Pin 16 
GND-Pin 8 
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Counters 

Asynchronous parallel load capability permits 
the counter to be preset to any desired 
number. Information present on the parallel 
Data inputs (Do - 03) is loaded into the count
er and appears on the outputs when the 
Parallel Load (PL) input is LOW. As indicated 
in the Mode Select Table, this operation 
overrides the counting function. 

Counting is inhibited by a HIGH level on the 
Count Enable (eE) input. When CE is LOW, 
internal state changes are initiated synchro
nously by the LOW·to·HIGH transition of the 
Clock input. The UplDown (010) input signal 
determines the direction of counting as indi
cated in the Mode Select Table. The eE input 
may go LOW when the clock is in either state, 
however, the LOW·to-HIGH eE transition 
must occur only when the clock is HIGH. 
Also, the DID input should be changed only 
when either CE or CP is HIGH. 

Overflow/underflow indications are provided 
by two types of outputs, the Terminal Count 
(TC) and Ripple Clock (RC). The TC output is 
normally LOW and goes HIGH when a circuit 
reaches zero in the count--down mode or 
reaches "9" in the count~up mode for 74190, 

and reaches" 15" in the count~up mode for 
74191/74LS19t. The TC output will remain 
HIGH until a state change occurs, either by 
counting or presetting. or until '0/0 is 
changed. Do not use the TC output as a clock 
signal because it is subject to decoding 
spikes. 

The TC signal is used internally to enable the 
RC output. When TC is HIGH and eE is LOW, 
the RC follows the Clock Pulse (CP) delayed 
by two gale delays. The RC output essentially 
duplicates the LOW clock pulse width, aI· 
though delayed in time by two gate delays. 
This feature simplifies the design of multi
stage counters, as indicated in Figures A and 
B. In Figure A, each RC output is used as the 
Clock input for the next higher stage. When 
the clock source has a limited drive capability 
this configuration is particu larly advanta~ 

geous, since the clock source drives only the 
first stage. It is only necessary to inhibit the 
first stage to prevent counting in all stages, 
since a HIGH signal on CE inhibits the RC 
output pulse as indicated in the Mode Select 
Table. The timing skew between state chang
es in the first and last stages is represented 
by the cumulative delay of the clock as it 

Product Spec~ication 

74190, 191, LS191 

ripples through the preceding stages. This is 
a disadvantage of the configuration in some 
applications. 

Figure B shows a method of causing state 
changes to occur simultaneously in all stages. 
The RC outputs propagate the carry/borrow 
signals in ripple fashion and all Clock inputs 
are driven in parallel. The LOW state duration 
of the clock in this configuration must be long 
enough to allow the negative-going edge of 
the carry/borrow signal to ripple through to 
the last stage before the clock goes HIGH. 
Since the RC output of any package goes 
HIGH shortly after its CP input goes HIGH, 
there is no such restriction on the HIGH state 
duration of the clock. 

In Figure C, the configuration shown avoids 
ripple delays and their associated restrictions. 
Combining the TC signals from all the preced· 
ing stages forms the eE input signal for a 
given stage. An enable Signal must be includ
ed in each carry gate in order to inhibit 
counting. The TC output of a given stage is 
not affected by its own CE, therefore, the 
simple inhibit scheme of Figure A and B does 
not apply. 

Figure 1, N-Stage Counter Using Ripple Clock 

~~;~~--~-----------1------------~---------

CLOCI( --.....-----------"'-------------+--------

Figure 2. Synchronous N·Stage Counter Using Ripple Carry Borrow 
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Counters 74190, 191, LS191 

~~;~~~-----r--------------~~--------------~-------

ENABLE -r---+------~t-----___i--------_r------t_-------

Figure 3. Synchronous N-5tage Counter With Parallel Gated Carry Borrow 

LOGIC DIAGRAM '190 

DO D, ~ D, 
(15) III (11ll COl 

Vee .. Pin 16 

GND-Pin8 

() - Pin numbers 
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Product Specification 

74190, 191, LS191Counters 

LOGIC DIAGRAM '191 

.. 0,... 0, ..". ..'" 

Vee -Pin 16 
GND -Pin 8 
() - PIn numbers 

MODE SELECT-FUNCTION TABLE, '190, '191 

INPUTS OUTPUTS 
OPERATING MODE 

p[ U/D CE CP On Q n 

Parallel load 
L 
L 

X 
X 

X 
X 

X 
X 

L 
H 

L 
H 

Count up H L I t X count up 

Count down H H I t X count down 

Hold "do nothing" H X H X X no change 

TC AND RC FUNCTION TABLE, '190 

INPUTS TERMINAL COUNT STATE OUTPUTS 

UfO CE CP Q. Q, Q. Q3 TC Fie 

H H X H X X H L H 
L H X H X X H H H 
L L V H X X H I V 
L H X L L L L L H 
H H X L L L L H H 
H L V L L L L I V 
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Counters 74190, 191, LS191 

TC AND RC FUNCTION TABLE, '191 

INPUTS TERMINAL COUNT STATE OUTPUTS 

UfD CE CP Q o Q, Q. Q, TC ~ 

H H X H H H H L H 

L H X H H H H H H 

L L l..f H H H H ...r l..f 

L H X L L L L L H 

H H X L L L L H H 

H L l..f L L L L ...r l..f 


H - HIGH voltage level steady state. 

l - LOW voltage level steady state. 

I - LOW voltage level one set-up time prior to the LOW-to-HIGH clock transition. 

X - Oon't care. 

1 .., LOW-to-HIGH clock transition. 

l.J- LOW pulse . 

...r -TC goes LOW on a lOW·to-HIGH clock transition. 


ABSOLUTE MAXIMUM RATINGS (Over operating fr...... air temperature range unless otherwise noted.) 

PARAMETER 74 74LS UNIT 

Vee Supply voltage 7.0 7.0 V 


Y,N Input voltage -0.5 to +5.5 -0.5 to +7.0 V 


liN Input current -30 to +5 -30 to + 1 rnA 


VOUT Voltage applied to output in HIGH output state -0.5 to +Vee -0.5 to +Vcc V 


TA Operating free-air temperature range o to 70 °C 


RECOMMENDED OPERATING CONDITIONS 

74 74LS 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 V 

V,H HIGH·level input voltage 2.0 2.0 V 

V,l LOW·level input voltage +0.8 +0.8 V 

',K Input clamp current -12 -18 rnA 

IOH HIGH·level output current -800 -400 JJA 

IOl LOW·level output current 16 8 rnA 

TA Operating free-air temperature 0 70 0 70 °C 
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Logic Products 

FEATURES 
• Synchronous reversible 4-blt 

blnsry counting 
• Asynchronous paraHel load 
• Asynchronous reset (clear) 
• Expandable without external logic 

DESCRIPTION 
The' 192 and '193 are 4-bit synchronous 
up/down counters - the' 192 counts in 
BCD mode and the '193 counts in the 
binary mode. Separate up/down clocks, 
CPu and CPo respectively, simplify oper
ation. The outputs change state syn
chronously with the LOW-to-HIGH tran
sition of either Clock input. If the CPu 
clock is pulsed while CPo is held HIGH, 
the device will count up . . . if CPo is 
pulsed while the CPu is held HIGH, the 
device will count down. Only one Clock 
input can be held HIGH at any time, or 
erroneous operation will result. The de
vice can be cleared at any time by the 
asynchronous reset pin - it may also be 
loaded in parallel by activating the asyn
chronous parallel load pin. 

PIN CONFIGURATION 

74192, 74193, LS192, 
LS193 
Counters 
'192 Presettable BCD Decade Up/Down Counter 
'193 PreseHable 4-Bit Binary Up/Down Counter 
Product Specification 

TYPE TYPICAL 'MAX TYPICAL SUPPLY CURRENT 

74192 32MHz 65mA 

74LS192 32MHz 19mA 

74193 32MHz 65mA 

74LS193 32MHz 19mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc = SV ±S%; TA =O·C to +70·C 

Plastic DIP N74192N, N74LS192N, N74193N, N74LS193N 

Plastic SO N74LS193D 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS 

All Inputs lui 1 LSul 

All Outputs 10ul 10LSui 

NOTE: 
Where a 74 unit load (ul) is understood to be 401JA 'IH and -1.6mA IlL. and a 74LS unit load (LSul) 
is 201lA IIH and -O.4mA IlL-

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

.,PL 00 D, D2 

leu P-125- CPu 

,I, ! ! ! l 

Vee - Pin 16 
GNO-Pin 8 
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Counters 74192,74193, LS192, LS193 

Inside the device are four master-slave JK 
flip-flops with the necessary steering logic to 
provide the asynchronous reset, load, and 
synchronous count up and count down func
tions. 

Each flip-flop contains J K feedback from 
slave to master, such that a LOW-to-HIGH 
transition on the CPD input will decrease the 
count by one, while a similar transition on the 
CPUu input will advance the count by one. 

One clock should be held HIGH while count
ing with the other, because the circuit will 
either count by two's or not at all, depending 
on the state of the first flip-flop, which cannot 
toggle as long as either Clock input is LOW. 
Applications requiring reversible operation 
must make the reversing decision while the 

LOGIC DIAGRAM, '192 

00 

activating clock is HIGH to avoid erroneous 
counts. 

The Terminal Count Up (iCu) and Terminal 
Count down ('!'CD) outputs are normally 
HIGH. When the circuit has reached the 
maximum count state of 9 (for the '192 and 
15 lor the '193), the next HIGH-to-LOW 
transition of CPu will cause TCu to go LOW. 
iCu will stay LOW until CPu goes HIGH 
again, duplicating the count up clock, al
though delayed by two gate delays. Likewise, 
the TeD output will go LOW when the circuit 
is in the zero state and the CPD goes LOW. 
The iC outputs can be used as the Clock 
input signals to the next higher order circuit in 
a multistage counter, since they duplicate the 
clock waveforms. Multistage counters will not 
be fully synchronous, since there is a two

0, 02 

gate delay time difference added for each 
stage that is added. 

The counter may be preset by the asynchro
nous parallel load capability of the circu~. 

Information present on the parallel Data in
puts (Do - 03) is loaded into the counter and 
appears on the outputs regardless of the 
conditions of the Clock inputs when the 
Parallel Load (PL) input is LOW. A HIGH level 
on the Master Reset (MR) input will disable 
the parallel load gates, override both Clock 
inputs, and set all Q outputs LOW. If one of 
the Clock input is LOW during and after a 
reset or load operation, the next LOW-to
HIGH transition of that clock will be inter
preted as a legitimate signal and will be 
counted. 

03 

Pc~"~"(>--~"~~+---~------~"'+----r--------\"r'r---r--------\r"r---' 

\31 
0, 0, 0, 

Vce - Pin 16 

GNO - Pin 8 


STATE DIAGRAM, '192 MODE SELECT - FUNCTION TABLE, '192 

INPUTSOPERATING 
MODE MR PL CPu CPo Do 0, D. 

H X X L X X XReset (clear) 
H X X H X X X 

L L X L L L L 
L L X H L L LParallel load L L L X H X X 
L L H X H X X 

Count up L H t H X X X 

Count down L H H t X X X 

H = HIGH voltage level 

COUNT UP L = LOW voltage level 

COUNT DOWN X = Don't care 


i = LOW·to-HIGH clock transition 
NOTES: 


TCD-00·Ol·02·0"a·~D a. T'Ou = CPu at terminal count up (HLLH). 

'rnu-a".a,.o~u 

b. ~O - CPo at terminal count down (LLLL).
Logic Equations For Terminal Count 
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0, 

OUTPUTS 

03 00 0, O. 03 feu TCo 

X L L L L H L 
X L L L L H H 

L L L L L H L 
L L L L L H H 
H Q n = Dn L H 
H Q n = On H H 

X Count up H(a) H 

X Count down H Hlb) 



Counters 

LOGIC DIAGRAM, '193 

Vee ... Pm 16 

GND=Pm 8 


STATE DIAGRAM, '193 

COUNT UP 

COUNT DOWN 

TCU-QO,.Ql002003°CJ5U 

iCo-~ .01 .02 .03 0 C"J5o 


Logic Equations For Terminal Count 

Product Specification 

74192, 74193, LS192, LS193 

MODE SELECT-FUNCTION TABLE, '193 

OPERATING INPUTS OUTPUTS 

MODE MR p[ CPu CPD D. 0, D. 0 3 Q. Q, Q. Q 3 Teu Teo 

Reset (clear) H 
H 

X 
X 

X 
X 

L 
H 

X 
X 

X 
X 

X 
X 

X 
X 

L 
L 

L 
L 

L 
L 

L 
L 

H 
H 

L 
H 

L L X L L L L L L L L L H L 

Parallel load 
L 
L 

L 
L 

X 
L 

H 
X 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

H 
L 

H 
H 

L L H X H H H H H H H H H H 

Count up L H i H X X X X Count up H(c) H 

Count down L H H i X X X X Count down H Hid) 

H ~ HIGH voltage level 
L ... LOW voltage level 
X ... Don't care 
t - LOW·to-HIGH clock transition 

NOTES: 
c. TCu - CPu at terminal count up (HHHH). 
d. TCo - CPo at terminal count down (LLLL). 
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Counters 74192, 74193, LS192, LS193 

FUNCTIONAL WAVEFORMS (Typical clear, load, and count sequences) 

CI.EAR 1-11t::~;::================
(::~~~~~~~~~~~~~~~~~~~~~ D,<fA D,.JTTIl...=::::::::::: :::::::: 
~~-------------------

COUNT 2 I I I II LI'l.I1Jl.1'U 
UP I I I 

COUNT 2 

i.-r~i; L-___-:--!----......I 
I I I 

CARRY I I 
BORROW-t-I-il-+I-+I-I-------I--II--...,U I 

$EQUENCE )01 171 ~~OUN~UP 1 ~I L 1 C~NT:OWN' :1 
ILLUSTRATED 

CLEAR PRESET I I I I 
NOTE'" 
1. Claar overrides load, data, and count inputs. 
2. When counting up, count-down input must be high; when counting down, cooot-l4) input must be high. 

'192 Decade Counter 

FUNCTIONAL WAVEFORMS (Typical clear, load, and count sequences) 

c~'--11t:~;::===============::
DAT:~!:~~~~E~~~~ ~~~ ~~ ~~~~I I I __________________ _ 

~~--------------------
..J iii :-------------------

COUNT 2 
UP I I I I LrlI1J1.11.j 

~~.,--4-~~~4-------I-, 

~~!~~~':~:E;f=~~~~~~
o,:~1 

CARRV:: I: u 
IORROW' 1 I I I I U I 

SEQUENCE 101 "" L" " 1 ~I 1_' 015",,10 
ILLUSTMTaO CLW PREiir I COUNT UP , rCOONT DOWN-, 

...".... 
1. CkMr 0V8Irides toad, data, and COIri input&. 
2. w..n counting UP. coun1-down input must be high; when counting down, count-up input Muat be high. 

'193 Binary Counter 
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••• 

Logic Products 

• Buffered clock and control inputs 
• Shift 	left and shift right 

capability 
• Synchronous parallel and serial 

data translers 
• Easily expanded 	lor both serial 

and parallel operation 
• Asynchronous Master Reset 

• Hold (do nothing) mode 

DESCRIPTION 
The functional characteristics of the 
'194 4-Bit Bidirectional Shift Register are 
indicated in the Logic Diagram and 
Function Table. The register is fully syn
chronous, with all operations taking 
place in less than 20ns (typical) for the 
54174 and 54LS/74LS, and 12ns (typi
cal) for 548/74S, making the device 
especially useful for implementing very 
high speed CPUs, or for memory buffer 
registers. 

PIN CONFIGURATION 

74194, LS194A, S194 
Shift Registers 
4·Blt Bidirectional Universal Shift Register 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPE TYPICAL fMAX (TOTAL) 

74194 36MHz 39mA 

74L5194A 36MHz 15mA 

745194 105MHz 85mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=5V±5%; TA=O·C to +70·C 

PlasUc DIP N74194N, N74L5194AN, N74S194N 

Plastic 50-16 N74L5194AD, N745194D 

NOTE: 

For information regarding dEMces processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN·OUT TABLE 

PINS DESCRIPTION 74 74S 74LS 

All Inputs 1ul 15ul lL5ul 

00- 0 3 Outputs 10ul 10Sul 10L5ul 

NOTE: 
Where a 74 unit load (ul) is understood to be 40pA IIH and -1.6mA IlL, a 745 Unit load (Sui) is 50/-lA IIH and 
-2.0mA IlL, and 74LS unit load (LSul) is 20pA IIH and -OAmA IlL' 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

j i i i i ;.,00 ., D, DSL 

.- So 

10- 51 

',40 1S
11- ep .. 	 ,,40 

MA a, Q, Q, ,,4.; ,I, ,I, 	 " 
13,~ !2 	 3,40 

-.~ 
3,4. '2 
2,40 

Vee -Pin 16 
GNO-Pin 8 
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Shift Registers 

MODE SELECT  FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

CP MR S, S DSR DSL On Q. Q, Q2 Q3 

Reset (clear) X L X X X X X L L L L 

Hold (do nothing) X H 1(0) 1(0) X X X qo q, q2 q3 

Shift left 
i 
i 

H 
H 

h 
h 

1(0) 

1(0) 

X 
X 

I 
h 

X 
X 

q, 
q, 

q2 
q2 

q3 
q3 

L 
H 

Shift right 
i 
i 

H 
H 

1(0) 

1(0) 

h 
h 

I 
h 

X 
X 

X 
X 

L 
H 

qo 
qo 

q, 
q, 

q2 
q2 

Parallel load t H h h X X dn do d, d2 d3 

H - HIGH voltage level. 
h = HIGH voltage level one set-up time prior to the LOW·la-HIGH clock transition. 

L - LOW voltage level. 

I -lOW voltage level one set-up time prior to the LOW·lo-HIGH clock transition. 

dn(qn) - Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the 


LOW-to-HIGH clock transition. 
X ... Don't care. 
t - LOW-Io-HIGH clock transition. 

NOTE: 
a. The HIGH-la-LOW transition of the So and 81 inputs on the 74194 should only take place while CP is HIGH 

for conventional operation. 

TYPICAL CLEAR, LOAD, RIGHT-SHIFT, LEFT-SHIFT, INHIBIT AND 
CLEAR SEQUENCES 

c:.={"::'~:~:rt=~~IHNR .1::r-h 
c....~i LJ" 

.....'.RIAL{'" 
""'"'{~:--+-+--r-r--+----+--;-J 
MM~ D1~,r'~:--7-----------~~----------7---------~-
~~. ~~~------------7-7---------~----------+-

L{:~~~'------:---;--------l 
0UTPUT8 ::~~:; r--:-----------; 

I i i----SHlfT RtGHT--j 
CUM ..... 

74194, L5194A, 5194 


The ' 194 design has special logic features 
which increase the range of application. The 
synchronous operation of the device is deter
mined by two Mode Select inputs, So and S,. 
As shown in the Mode Select Table, data can 
be entered and shifted from left to right (shift 
right,Oo -+ 0" etc.) or, right to left (shift left, 
03 -+ Q2. etc.) or, parallel data can be 
entered. loading all 4 bits of the register 
simultaneously. When both So and 51 are 
LOW, existing data is retained in a hold (do 
nothing) mode. The first and last stages 
provide D-Iype Serial Data inputs (DSR, DsLl 
to allow multistage shift right or shift left data 
transfers without interfering with parallel load 
operation. 

Mode Select and Data inputs on the 74S194 
and 74LS194A are edge-triggered, respond
ing only to the LOW-to-HIGH transition of the 
Clock (CP). Therefore, the only timing restric
tion is that the Mode Control and selected 
Data inputs must be stable one set-up time 
prior to the positive transition of the clock 
pulse. The Mode Select inputs of the 74194 
are gated with the clock and should be 
changed from HIGH-to-LOW only while the 
Clock input is HIGH. 

The four parallel data inputs (Do - 0 3) are 0
Iype inputs. Data appearing on Do - 0 3 inputs 
when So and 51 are HIGH is transferred to 
the 00 - 03 outputs respectively, following 
the next LOW-to-HIGH transition of the clock. 
When LOW, the asynchronous Master Reset 
(MA) overrides all other input conditions and 
forces the 0 outputs LOW . 
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Product Specification 

Shift Registers 	 74194, L5194A, 5194 

LOGIC DIAGRAM 

D3 DSL-... Do -, D, 
(I, 

C2I (3, (4, 15, (t) (7) 

~~~r------4---+~~-----44r-------4~--------+' 

(15) 	 (14) (13) (12) 

00 0, 0, 0, 

Vee .. Pin 16 

GNO-P\n 8 


74194 

LOGIC DIAGRAM 

D,Do D,(.,(3) 	 (5' 

(2) 	 M+I-_-+(:;,:.7) OsLDSR-----, 

c.~('21)t>~-----~-_+-+_---~-_+-4_---~-_+-4_---~ 

UR~('~'r>~-------~-+_------~-+_------+-+_-----~ 
(1S) (1of) (13) (12) 

00 0, 0, 0, 

Vee .. Pin 16 

GND- Pin 8 


748194, 74L5194A 
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Logic Products 

FEATURES 
• 	Buffered Clock and Control 

inputs 

• 	Shift right and parallel load 
capability 

• J-K (D) inputs to first stage 

• 	Complement output from last 
stage . 

• Asynchronous Master Reset 

DESCRIPTION 
The functional characteristics of the 
'195 4-8it Parallel Access Shift register 
are indicated in the Logic Diagram and 
Function Table. The device is useful in a 
wide variety of shifting, counting and 
storage applications. It performs serial, 
parallel, serial-to-parallel, or parallel-to
serial data transfers at very high speeds, 

The '195 operates on two primary 
modes: shift right (00 ~ 0 , ) and paral
lel load, which are controlled by the 
state of the Parallel Enable (PEl input 
Serial data enters the first flip-flop (00) 
via the J and K inputs when the PE input 
is HIGH, and is shifted 1 bit in the 
direction 00 ~ a, ~ O2 ~ 03 follow
ing each LOW-to-HIGH clock transition. 

PIN CONFIGURATION 

74195, L5195A, 5195 

Shift Registers 

4-Bit Parallel Access Shift Register 
Product Specification 

TYPE TYPICAL f .. AX TYPICAL SUPPLV CURRENT 

74195 39MHz 39mA 

74LS195A 39MHz 14mA 

745195 105MHz 70mA 

ORDERING CODE 

COMMERCIAL RANGEPACKAGES 
Vee = 5V ±5%.; TA =aoe to + 70 0 e 

Plastic DIP N74195N, N74LS195N, N74S195N 

Plastic 50-' 6 N74LS195AD 

NOTE: 

For infOl'matk>n regarding devices processed to Military Specifications, see the Slgnetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

I PINS DESCRIPTION 74 74S 74LS 

I All Inputs lui lSul 1LSul 

I All Outputs 10ul 10Sul tOLSul 

NOTE: 

Where a 74 unit load (ul) is understood to be 4011A IIH and -1 6mA Ill. a 745 unit load (Sui) IS 


501-lA IIH and -2.0mA IlL. and 74LS unit load (lSul) is 201lA IIH and -OAmA Ill. 


The J and K inputs provide the flexibility common clocked 0 flip-flops when the 
of the J K type input for special applica PE input is LOW. After the LOW-to-HIGH 
tions and, by tying the two pins together, clock transition, data on the parallel 
the simple D type input for general inputs (Do - 03) is transferred to the 
applications. The device appears as four respective 0 0 - 03 outputs. 

lOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

'5, 'L5195 '195 

,. cp 0, " 
K 

15 13 12 

Vee - Pin 16 

GNO-Pin 8 
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Shift Registers 

Shift left operation (03 - 02) can be 
achieved by tying the an outputs to the On _,) 
inputs and holding the l'E input low. 

All parallel and serial data transfers are syn
chronous, occuring atter each LOW-to-HIGH 
clock transition. The '195 utilizes edge-trig-

LOGIC DIAGRAM 

(2) (3) (4) 

gering, therefore, there is no restriction on the 
activity of the J, R, On, and l'E inputs for logic 
operation, other than the set-up and release 
time requirements. 

A LOW on the asynchronous Master Reset 
(Mi'I) input sets all a outputs LOW, indepen

0, 

(5) 

74195, LS195A, S195 

dent of any other input condition. The MR on 
the 54174195 is gated with the clock. There
fore, the LOW-to-HIGH Mi'I transition should 
only occur while the clock is LOW to avoid 
false clocking on the 54174 t 95. 

Pe--~{)~~~~~-r+---------~-----------r+----------' 

cP~--~~+----+~r------+~~------~+-4r------~-' 

MR~~--~~------+---~--~--~~--+---~--~-+--+---~--~-+--~---, 

Q, 

Vee - Pin 16 
GND - Pin 8 
°74195 only 

MODE SELECT - FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODES 

Mil CP PI! J R D. Qo Qt Q2 Q3 <:i3 

Asynchronous reset L X X X X X L L L L H 

Shift, set first stage 
Shift, reset first stage 
Shift, loggle first stage 
Shift, retain first stage 

H 
H 
H 
H 

t 
t 
t 
t 

h 
h 
h 
h 

h 
I 
h 
I 

h 
I 
I 
h 

X 
X 
X 
X 

H 
L 

iio 
<10 

qo 
qo 
qo 
<10 

q, 
q, 
q, 
q, 

q2 
q2 
q2 
q2 

q2 
q2 
92 
q2 

Parallel load H t I X X dn do d, d2 d3 d3 

H  HIGH voltage level. 
L  LOW vottage level. 
X  Oon't care. 
I  LOW voltage level one eat-up time prior to the lOW-to-HIGH. clock transition. 
h  HIGH voltage level one set-up time prior to the LOW-to-HIGH clock transition. 
dn(q,.)  Lower case letters indicate the state of the referenced input (or output) one set-up time prior 10 the LOW·to-HIGH clock transition. 

t - LOW·to-HIGH clock transition. 
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Logic Products 

FEATURES 
• High speed 4-bit binary counting 
• Asynchronous parallel load 	for 

presetting counter 

• Overriding Master Reset 

• Buffered 00 output drives 	CPl 
Input plus standard fan-out 

DESCRIPTION 
The' 197 is an asynchronously presetta
ble binary ripple counter partitioned into 
divide-by-2 and divide-by-8 sections with 
each section having a separate Clock 
input. Stage changes are initiated in the 
counting modes by the HIGH-to-LOW 
transition of the Clock inputs, however, 
state changes of the a outputs do not 
occur simultaneously because of the 
internal ripple delays. Designers should 
keep in mind when using external logic 
to decode the a outputs, that the un
equal delays can lead to decoding 
spikes, and thus a decoded signal 
should not be used as a strobe or clock. 
The 00 flip-flop is triggered by the CPa 
input while the CP1 input triggers the 
divide-by-8 section. 

PIN CONFIGURATION 

74LS197 
Counter 
Presettable 4-Bit Binary Ripple Counter 
Product Specification 

TYPICAL 'MAX TYPICAL SUPPLY CURRENT 

40MHz 16mA 

ORDERING CODE 

COMMERCIAL RANGEPACKAGES 
Vee = 5V ±S%j TA = aoe to +70°C 

Plastic DIP N74LS197N 

Plastic SO·14 N74LS197D 

NOTE, 
For information regardmg devices processed to MIlitary Specifications. see the Signetlcs Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74LS 

CPo Clock input 6LSui 

CP, Clock input 3.5LSul 

All Other inputs 1LSul 

00- 0 3 Outputs 10LSui 

NOTE: 
Where a 74LS unit load (LSul) is 20J1,A IIH and -OAmA Ill. 

The device has an asynchronous active Clock inputs and loads the data from 
LOW Master Reset (MR) input which parallel Data (Do - D3) inputs into the 
overrides all other inputs and forces all flip-flops. The counter acts as a trans
outputs LOW. The counter is also asyn parent latch while the PC is LOW and 
chronously presettable. A LOW on the any change in the Dn inputs will be 
Parallel Load (PC) input overrides the reflected in the outputs. 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

,. 11 

., ., 

,. Diva 
13 	 + 

3 
11 

12 
2 
· },CT CTr2 

12 

Vee - Pin 14 
GND"Pin 7 
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Product Specification 

74LS197Counters 

LOGIC DIAGRAM 	 COUNT SEQUENCE 

.. 
 4-BIT BINARy1 

COUNTiHI (13) 

Q3 Q, Q, Qo 

;;. 	 0 L L L L 
11' 	 1 L L L H 

2 L L H L 
3 L L H H 
4 L H L L 
5 L H L H 
6 L H H L 
7c;o----+~ 	 L L L H 

(01 
8 H L L L 
9 H L L H 

- III 10 H L H L 
C.,--------~(Il:+--' 

IU, 11 H L H H.. ., I"., ., 12 H H L L 
13 H H L H 
14 H H H L 

Vex - Pin 14 15 H H H H 
GND -Pin 7 

NOTE: 

() - Pin numbers 

1. 00 connected to input as,; input applied to 
CPo.ABSOLUTE MAXIMUM RATINGS (Over operaling fre ....air lemperalure range 
MODE SELECTunleas otherwise noted.) 
FUNCTION TABLE 

PARAMETER 74LS UNIT 
INPUTS OUTPUT

Vee Supply voltage 	 7.0 V OPERATING 

VIN Input voltage 	 -0.5 to +5.5 V 
MODE MR PI: CP On Q n 

Reset (ciear) L X X X LliN Input current 	 -30 to +1 rnA 

Voltage applied to output 	 H L X L L
Parallel load 

in HIGH output state H L X H HVOUT 	 -0.5 to +Vee V 

Count H H t X count 
TA o to 70 ·COperating free·air 

temperature range H - HIGH voltage level 
L - LOW voltage level 
X .. Don't care 
t - HIGH·la-LOW clock transition 

RECOMMENDED OPERATING CONDITIONS 

74LS 
PARAMETER UNIT 

Min Nom Max 

Vee Supply voltage 	 4.75 5.0 5.25 V 

VIH HIGH·level input voltage 	 2.0 V 

Vil LOW·level input voltage 	 +0.8 V 

11K Input clamp current 	 -18 mA 

10H HIGH·level output current 	 -400 p.A 

IOl LOW·level output current 	 B mA 

TA Operating freswair temperature 	 0 70 ·C 

157 



Logic Products 

FEATURES 
• Buffered clock and control Inputs 
• Shift right and parallel load 

capability 

• Fully synchronous data transfers 
• J-K (D) Inputa to first stage 
• Clock enable 	for hold (do 

nothing) mode 

• Asynchronous Master Reset 
DESCRIPTION 

The functional characteristics of the 
'199 8-Bit Parallel-Access Shift Register 
are indicated in the Logic Diagram and 
Function Table. The device is useful in a 
wide variety of shifting, counting and 
storage applications. It performs serial, 
parallel, serial to parallel, or parallel to 
serial data transfers at very high speeds. 

PIN CONFIGURATION 

74199 
Shift Register 
8-Blt Parallel-Access Shift Register 
Product Specification 

TYPICAL SUPPLY CURRENT TYPICAL ' ..AX 

35MHz 	 90mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee = SV ±S%; TA =O'C to +70'C 

Plastic DIP 	 N74199N 

NOTE: 

For information regarding devices processed to Military Specifications. see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 

All Inputs lui 

00- 0 7 Parallel outputs 10ul 

NOTE: 
A 74 unit load (ul) is understood to be 401JA IIH AND -1.6mA IlL. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

..... 

23 35" ,'1'1022 

1 

13 
11 

2,30 

14 4 • • 10 15 " " Z1 	 1 • .. 
.. " .. 17 

" 
22 21 

Vee -Pin 24 
GND-Pin12 
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Shift Register 

LOGIC DIAGRAM 

D,Do 

0, 

Vee - Pin 24 
GND - PIn 12 
() '" Pin number 

MODE SELECT  FUNCTION TABLE 

OPERATING INPUTS OUTPUTS 

MODE MR CP CE PE J K On a. a, ...... 0 6 a, 
Reset (clear) L X X X X X X L L ..... L L 

Shift, set 
first stage 

H i I h h h X H qo q, q6 

Shift. reset 
first stage 

H 1 I h I I X L qo q, qs 

Shift. toggle 
first stage 

H 1 I h h I X qo qo q, ~ 

Shift, retain 
first stage 

H 1 I h I h X q. qo q, 0 6 

ParaUel load H t I I X X dn do d, d6 d7 

Hold 
(do nothIng) 

H 1 h(a) X X X X qo Q, q6 q7 

H .. HIGH voltage level steady state. 
h - HIGH voltage level one set-up time prior to the LOW-ta-HIGH dock transitIOn 
L - LOW voltage level steady state. 
J - LOW voltage level one set-up time poor to tI'le LOW-lo-HIGH clock trans/bon. 
X .. Oon't care 
dn(q..J - lower case letters indicate the state of the referenced input (or output) one set-up time pnor to the 

LOW-to-HIGH clock transition. 
f .. LOW-ta-HIGH clock transttion. 

NOTE: 
a. The LOW-to-HIGH transition of "CE should only occur while CP is HIGH for conventional operation. 

74199 

The' 199 operates in two primary modes: shift 
right (00 --+ Od and parallet load, which are 
controlled by the state of the Parallel Enable 
(f5E) input Serial data enters the first flip· flop 
(00) via the J and K inputs when the PE input 
is HIGH, and is shifted one bit in the direction 
00 --+ Q, --+ 03 following each LOW-to
HIGH clock transition. The J and K inputs 
provide the flexibility of the J·K type input for 
special applications and, by tying the two pins 
together, the simple D·type input for general 
applications. The device appears as eight 
common clocked 0 flip-flops when the PE 
Input is LOW. After the LOW-ta-HIGH clock 
transition, data on the parallel inputs (Do - 07) 
IS transferred to the respective 0 0 - 0 7 out
puts. 

All parallel and serial data transfers are syn
chronous, occuring atter each LOW·to-HIGH 
clock transition. The '199 utilizes edge-tog
gering, therefore, there is no restriction on the 
activity of the J, K On, and PE inputs for logic 
operation, other than the set-up and release 
time requirements. 

The dock input IS a gated OR structure which 
allows one input to be used as an active-LOW 
Clock Enable (CE) input. The pin assignment 
for the CP and CE inputs is arbitrary and can 
be reversed for layout conventence. The 
LOW-ta-HIGH transition of CE input should 
only take place while the CP is HIGH for 
conventional operation. 

A LOW on the Master Reset (MR) input 
overrides all other inputs and clears the 
register asynchronously, forcing all bit posi
tions to a LOW state. 
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Product Specification 

Shift Registers 

TYPICAL CLEAR, LOAD, RIGHT-5HIFT, LEFT-SHIFT, INHIBIT AND CLEAR SEQUENCES 

l: : r----,'":-+---------- 
iiiii~:j :: 

...... J~-----------~:~'I: : ~~-------------.----.-+-; 
INPUtS ii -+---' : ' , I 
SMlFTn.OAD I ! tWJ.----'--'-----------

~~r_---r:-----------------J~~--~-r------------
D·~+-___+i-------------------~L;~:~-_+_+-----------------
~~+_--+:-------------------~~~--~-r----------------
~ l.: : 

PARALLEL 
DATA 

INPUTS D.~+----+--------------------~~~--~~----------------
L' ,Os 
: : 

Do~~---,~-------------------J~L---r-~------------------

~. iao::LJI_-=:=LLLLLLLLLLLLLLLL~r.rl}:ti::::~t=LLLLLLLLLLLLLLLLLL~!, :, 

QC1 n::=;;:======ff==4ot:1 ra I: 

~ Of:1 r-1~~~::======~:1:====1==QC n 
Of:1 r-1~=I__~==~ 
at:' ,....
ar:~'----+---------------~ 

I 
CLEAR 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted_) 

PARAMETER 74 

Vee Supply voltage 7.0 

VIN Input voltage -0.5 to +5.5 

liN Input current -30 to +5 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vee 

TA Operating free-air temperature range o to 70 

RECOMMENDED OPERATING CONDITIONS 

74 
PARAMETER 

Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 

VIH HIGH-level input voltage 2.0 

VIL LOW-level input voltage +0.8 

11K Input clamp current -12 

IOH HIGH-level output current -800 

IOL LOW-level output current 16 

TA Operating _air temperature 0 70 

74199 


UNIT 


V 


V 


mA 


V 


·C 

UNIT 

V 

V 

V 

mA 

V 

mA 

·C 



74LS245 
Transceiver 
Octal Transceiver (3-State) 
Product Specification 

Logic Products 

FEATURES TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
• Octal bidirectional bus interface DELAY (TOTAL) 

• 3-State buffer outputs Sns SSrnA 
• PNP inputs for reduced loading 
• Hysteresis on all Data inputs ORDERING CODE 

COMMERCIAL RANGE 
DESCRIPTION PACKAGES 

Vcc=5V±5%; TA=O·C to +70·C 
The 'LS245 is an octal transceiver fea

Plastic DIP N74LS245Nturing non-inverting 3-State bus compati
ble outputs in both send and receive Plastic SOL-20 N74LS245D 

directions. The outputs are ali capable of NOTE: 

sinking 24mA and sourcing up to 15mA, For Information regarding devices processed to Military SpecIfications, see the Signetics Military Products 

producing very good capacitive drive Data Manual. 

characteristics. The device features a 
Chip Enable (CE) input for easy cascad- INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
ing and a Send/Receive (S/R) input for 

PINS DESCRIPTION 74LS
direction control. All data inputs have 
hysteresis built in to minimize AC noise All Inputs 1LSui 

effects. All Outputs 30LSui 

NOTE: 

Where a 74LS uM load (LSul) IS 20pA IIH and -O.4mA IlL. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 
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Logic Products 

FEATURES 
• High speed 8-to-l multiplexing 
• True and complement outputs 

• 	Both outputs are 3-State for 
further multiplexer expansion 

• 3-State outputs 	are buffer type 
with 12mAl24mA outputs for 
Military/Commercial applications 

DESCRIPTION 
The '251 is a logical implementation of a 
single-pole, a-position switch with the 
state of three Select inputs (So, S" S2) 
controlling the switch position. Assertion 
(V) and Negation (,iI) outputs are both 
provided. The Output Enable input (OE) 
is active LOW. The logic function provid
ed at the output, when activated, is: 

Y= 'OE' (10' So'5, ' 82+ I, , So' 5, ' 52 
+12' So' 8, ' 52 + 13 ' 50' S, ' 82 
+14' So' 5, ' 82 + Is' So' 8, '82 
+ 16 'So'S, 'S2 +17 '80'S, '82)' 

Both outputs are in the HIGH impedance 
(HIGH Z) state when the output enable 
is HIGH, allowing multiplexer expansion 
by tying the outputs of up to 12a devices 
together. All but one device must be in 

PIN CONFIGURATION 

74L5251, 5251 
Multiplexers 
a-Input Multiplexer (3-State) 
Product Specification 

TYPICAL PROPAGATION 
TYPICAL SUPPLY CURRENT 

TYPE DELAY (TOTAL)
(DATA TO Y) 

74lS251 18ns 	 9mA 

74S251 8ns 	 55mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=SV±S%; TA=O·C to +70·C 

Plastic DIP 	 N74S251 N, N74lS251AN 

NOTE, 
For information regarding devices processed to Military Specifications, see the $ignetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74S 74LS 

All Inputs 1Sui 1lSui 

All Outputs 10Sul 10lSui 

NOTE, 

A 74$ unit load (SuI) is SOIlA IIH and -2.0mA IlL and a 74LS unit load (LSul) is 201lA IIH and -O.4mA Ill· 


the HI G H impedance state to avoid high of the output enable signals must ensure 
currents that would exceed the maxi tliere is no overlap in the active LOW 
mum ratings, when the outputs of the 3- portion of the enable voltages. 
State devices are tied together. Design 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

ENIii i i't'i'ti" IIUX 

DE .. I, I • I • .. to to If ",. °l~11-	 t 2So 	 7 

0lO- S, " 
t- sa 

, , 	 ,. " 
IS! 1 -= 
,. 
12 

Vee - Pin 16 
GNO ... Pin8 
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Product Specification 

74L5251, 5251 

LOGIC DIAGRAM 

" 
(II 

I 
-" 

'.('1 (3) " 
('I 

" (1) 
'. 

(lS) " (14) (13) " (12) 


... .... 

(10) ..... _... 
... ... " 

So -(11) ... ... .... 
In -" II 

- ... 

Y 1 9 i
II 

L 'I 

~~"I 

Vee ... Pin 16 
GND - Pin 8 
() .. Pin number 

FUNCTION TABLE 

INPUTS OUTPUTS 

OE S, S, So 10 1, I, 13 I, Is I. I, Y Y 

H X X X X X X X X X X X (Z) (Z) 
L L L L L X X X X X X X H L 
L L L L H X X X X X X X L H 
L L L H X L X X X X X X H L 
L L L H X H X X X X X X L H 
L L H L X X L X X X X X H L 
L L H L X X H X X X X X L H 
L L H H X X X L X X X X H L 
L L H H X X X H X X X X L H 
L H L L X X X X L X X X H L 
L H L L X X X X H X X X L H 
L H L H X X X X X L X X H L 
L H L H X X X X X H X X L H 
L H H L X X X X X X L X H L 
L H H L X X X X X X H X L H 
L H H H X X X X X X X L H L 
L H H H X X X X X X X H L H! 

H = HIGH voltage level 
L .. LOW voltage level 
X = Don't care 
(Z) = HIGH impedance (off) state 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAME"rER 74LS 745 UNIT 

Vee Supply voltage 7.0 7.0 V 

VIN Input voltage -0.5 to + 7.0 -0.5 to +5.5 V 

liN Input current -30 to +1 -30 to +5 mA 

VOUT Vottage applied to output for HIGH output state -0.5 to +5.5 -0.5 to +5.5 V 

TA Operating free*aw- temperature range o to 70 °c 
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Logic Products 

FEATURES 
• 3-State outputs 	for bus Interface 

and multiplex expansion 

• Common Select Inputs 
• Separate Output Enable Inputs 

DESCRIPTION 
The '253 has two identical 4-input multi
plexers with 3-State outputs which se
lect two bits from four sources selected 
by common Select inputs (So, SI)' When 
the individual Output Enable (EQa. EOb) 
inputs of the 4-input multiplexers are 
HIGH, the outputs are forced to a HIGH 
impedance (HIGH Z) state. 

PIN CONFIGURATION 

74L5253, 5253 

Multiplexers 

Dual 4-lnput Multiplexer (3-State) 
Product Specification 

TYPICAL PROPAGATION DELAY TYPICAL SUPPLY CURRENT 
TYPE 

(From Data) (TOTAL) 


74LS253 15ns SmA 


74S253 8ns 4SmA 


ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc=5V±S%; TA=O·C to +70·C 

Plastic DIP N74S253N, N74LS253N 

Plastic SO·16 N74LS253D, N74S253D 

NOTE: 

For information regardtng devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 745 74LS 

All Inputs ISul lLSul 

All Outputs 10Sul 10LSui 

NOTE: 
A 74S unit load (Sui) is 50pA IIH and -2.0mA IlL. and a 74LS unit load (LSul) is 20pA IIH and -O.4mA IlL-

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

~ r ~ ~ f '10 'I' '~ 'r ~ 
OE.IO.I1a 12. 1311 lob '1b 12b I3bOEb 


,,- So 


2- 5, 

Y, 

I 
'. 

7 ~ 	 '0 
~ n 

12 
13 

Voo-Pin 16 
GND-Pin 8 
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Logic Products 

FEATURES 
• Combines dual demultiplexer and 

S-bit latch 

• Serial-to-parallel capability 
• Output 	from each storage bit 

available 

• Random (addressable) data entry 

• Easily expandable 
• Common Clear Input 
• Useful as dual 	l-of-4 active HIGH 

decoder 

DESCRIPTION 
The '256 dual addressable latch has 
four distinct modes of operation and are 
selectable by controlling the Clear and 
Enable inputs (see Function Table). In 
the addressable latch mode, data at the 
Data (D) inputs is written into the ad
dressed latches. The addressed latches 
will follow the Data input with all unad
dressed latches remaining in their previ
ous states. 

In the memory mode, all latches remain 
in their previous states and are unaffect
ed by the Data or Address inputs. To 
eliminate the possibility of entering erro
neous data in the latches, the enable 

PIN CONFIGURATION 

74lS256 
Latch 
Dual 4-Bit Addressable Latch 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

19ns 	 22mA 

ORDERING CODE 

COMMERCIAL RANGE
PACKAGES 

VCC =SV ±S%; TA =O·C to +70·C 

Plastic DIP 	 N74lS256N 

Plaslle SO-16 	 N74lS256D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetlcs Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74LS 
1J;' 	 Input 2lSui 

Other Inputs 1lSui i 

All Outputs 10lSui I 

NOTE, 

A 74LS unit load (LSul) is 20/JA 11H and -O.4mA IlL

should be held HIGH (inactive) while the all other outputs LOW. In the clear 
address lines are changing. I n the dual mode, all outputs are LOW and unaffect
1-01-4 decoding or demultiplexing mode ed by the Address and Data inputs. 
(CU! - E = LOW), addressed outputs 
will follow the level of the 0 inputs, with 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

; 't 
D. D. 

t4--c E 

1_ AO 

2- A, 
,,~ 	CL" 

0 01 0,. Qz. 03. QOb 0, b Q2b a3b 

! ! ! ( ! .', ,I, ,l 
L5O'«1$ 

Vee = Pin 16 
GND = Pin 8 

_.__._---- -
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Logic Products 

FEATURES 
• Multifunction capability 

• Inverting data path 
• 3-State outputa 
• See '257 	for non-Inverting 

veralon 

DESCRIPTION 
The' 258 has four identical 2-input multi
plexers wHh 3-State outputs which se
lect 4 bits of data from two sources 
under control of a common Data Select 
input (8). The 10 inputs are selected 
when the Select input is lOW and the 11 
inputs are selected when the Select 
input is HIGH. Data appears at the 
outputs in inverted (complementary) 
form. 

PIN CONFIGURATION 

74l5258A, 5258 
Data Selectors/Multiplexers 
Quad 2-Llne To 1-Llne Data Selector/Multiplexer (3-State) 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 

74LS258A 13ns 9mA 

74S258 6ns 48mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

vee =5V ±5""; T A =O·C to +70·C 

Plastic DIP N74S258N, N74LS25BAN 

Plastic SOL-16 N74LS25BAD 

NOTE: 

For information regarclng devices processed to Military Specifications. see the Signatics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 

PINS DESCRIPTION 745 74LS 

S Input 2Sul 2LSui 

Other Inputs ISul I LSul 

All Outputs 10Sul 30LSuI 

NOTE: 
Where. 745 un" load (Sui) is to be SOpA I'H and -2.OmA I,Co and a 74LS un" load (LSuI) is 20pA I'H and 
-O.4mA IlL-

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

'1 1 i 1 i Y 'r 'i " 
01 lOa I,. lOb '1b ~e '1c Iocr 11d 

1- S 

v. Vb Yo Y. 

r T 
.0 

11 
• ! 1.7 

~- ,. 

Vee - PIn 18 

GND-PWl8 
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Product Specification 

74L5258A, 5258 

The • 258 is the logic implementation of a 4LOGIC DIAGRAM 
pols, 2-position switch where the position of 
the switch is determined by the logic levels 
supplied to the Select input. 

Outputs are forced to a HIGH impedance 
"off" state when the Output Enable input 
(01:) is HIGH. All but one device must be in 
the HIGH impedance state to avoid currents 
exceeding the maximum ratings if outputs of 
the 3-state devices are tied together. Design 
of the Output Enable signals must ensure that 
there is no overlap when outputs of 3-5tate 
devices are tied together. 

Vee" Pin 16 
GND"Pin 8 

FUNCTION TABLE 

OUTPUT SELECT DATA 
OUTPUTS

ENABLE INPUT INPUTS 

OE S 10 I, Y 

H X X X (Z) 
L H X L H 
L H X H L 
L L L X H 
L L H X L 

H - HIGH voltage level 
L - LOW voltage level 
X - Don't care 

(Z) - HIGH impedance (off) stat. 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless othelWise noted.) 

PARAMETER 745 745 UNIT 

Vee Supply voltage 7.0 7.0 V 

Y,N Input voltage -0.5 to +7.0 -0.5 to +5.5 V 

liN Input current -30 to +1 -30 to +5 mA 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vcc -0.5 to +Vcc V 

TA Operating free-air temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

74LS 745 
PARAMETER UNIT 

Min Nom Max Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 4.75 5.0 5.25 V 

V'H HIGH-level input voltage 2.0 2.0 V 

VIL LOW-level input voltage +0.8 +0.8 V 

I'K Input clamp current -18 -18 mA 

IOH HIGH-level output current -2.6 -6.5 mA 

IOL LOW-level output current 24 20 mA 

TA Operating free-air temperature 0 70 0 70 ·C 
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Logic Products 

FEATURES 
• Combines demultiplexer and 	I-bit 

latch 

• Serial-to-parallel capability 

• Output from each storage 	bit 
available 

• Random (addressable) data entry 

• Easily expandable 
• Common Clear input 
• Useful as a 	1-of-8 active HIGH 

decoder 

DESCRIPTION 
The '259 addressable latch has four 
distinct modes 01 operation that are 
selectable by controlling the Clear and 
Enable inputs (see Function Table). In 
the addressable latch mode, data at the 
Data (D) inputs is written into the ad
dressed latches. The addressed latches 
will follow the Data input with all unad
dressed latches remaining in their previ
ous states. In the memory mode, all 
latches remain in their previous states 
and are unaffected by the Data or Ad
dress inputs. To eliminate the possibility 
of entering erroneous data in the 

PIN CONFIGURATION 

74LS259 
Latch 
8-Bit Addressable Latch 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

19ns 	 22mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Yec =5V ±5%; TA =O°C to +70°C 

Plastic DIP 	 N74L5259N 

Plastic 50-16 	 N74LS259D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74LS 

All Inputs 1LSul I 

All Outputs 10LSui I 
NOTE: 
A 74LS unit load (LSul) is 20pA IIH and -OAmA IlL. 

latches, the enable should be held HIGH the 0 inputs, with all other outputs LOW. 
(inactive) while the address lines are In the clear mode, all outputs are LOW 
changing. In the 1-01-8 decoding 0' dem and unaffected by the Address and Data 
ultiplexing mode (CLR =E = LOW), ad inputs. 
dressed outputs will follow the level of 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

'13 i i I 
D '.,,-< • " " 

15-< CLA 
Q, Q, Q, Q, Q, Q, Q,0, }
! ; ~ ~ ~ ,I, ,I, 

12 

2 

LS<Xl25'~ 

Vee .. Pin 16 
GNO"'Pin8 
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Product Specification 

74LS259 

LOGIC DIAGRAM 

Vee ~ Pin 16 
GND -Pin 8 
() - Pin number 

MODE SELECT-FUNCTION TABLE 

INPUTS OUTPUTSOPERATINGI 
MODE !CLR E D Ao A, A, QO Q, Q, Q3 Q, Q, Q. Q, 

Clear L H X X X X L L L L L L L L 

L L d L L L Q-d L L L L L L L 
L L d H L L L Q-d L L L L L L 

Demultiplex L L d L H L L L Q-d L L L L L 
(active HIGH decoder ·· · · · · · · · · when D - H) ·· · · · · · · · · · · · · · · · · · · · · L L d H H H L L L L L · L L Q=d 

Store (do nothing) H H X X X X Qo Q, Q2 q3 q, q, Q. Q, 

H L d L L L Q-d Q, Q2 Q3 Q, Q, <16 Q, 
H L d H L L qo Q-d q2 Q3 Q, Q, Q. q, 
H L d L H L Qo Q, Q-d Q, Q. Q, Q. Q, 

Addressable latch · · · · · · · · · · · · ·· · · · · · · · · · · ·H · · L d H · H H · i Qo 
· 

Q, · i Q2 
· 

Q, · Q, · q, · Q. Q:d Ii 
H - HIGH vottage level steady state. 
L = LOW voltage level steady state. 
X = Don't care. 
d - HIGH or LOW data one set-up time prior to the LOW-to-HIGH Enable transition. 
q .,. Lower case laHers indicate the state of the referenced output established during the last cycle in which it was addressed or cleared. 
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74LS266 
Gate 
Quad 2-lnput Exclusive-NOR Gate (Open Collector) 
Product Specification 

Logic Products 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

18ns 8mA 

FUNCTION TABLE ORDERING CODE 
INPUTS OUTPUT COMMERCIAL RANGE 

PACKAGES 

A B Y 
 Vee =5V ±5%; TA =O·C to +70·C 

Plastic DIP N74lS266Nl L H 
l H l NOTE, 
H l L For information regarding devices processed to Military Specifications, see the Signetics Military Products 

H Data Manual. H H 

H - HIGH voltage level INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
L - LOW voltage level 

PINS DESCRIPTION 74LS 

A. B Inputs 2lSui 

y Output 10lSui 

NOTE: 
A 74LS unit load (LSul) is 20tJA IIH and -O.4mA Ill-

PIN CONFIGURATION LOGIC SYMBOL LOGICSytJIBOL (IEEE/IEC) 

_1 

~ i::)[>--L 3 

:i::)L)-! 4 

:b~10 
A 13
13~~11 
124~ 12 
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Logic Products 

FEATURES 
• Ideal 	buffer for MOS 

microprocessor or memory 
• Eight edge-triggered D flip-flops 
• High speed Schottky version 

available 

• Buffered common clock 
• Buffered, asynchronous Master 

Reset 
• Slim 20-pln plastic and ceramic 

DIP packages 
• See '377 	for Clock Enable 

version 
• See 	'373 for transparent latch 

version 
• See '374 for 3-state version 

DESCRIPTION 
The '273 has eight edge-triggered D
type flip-flops with individual 0 inputs 
and Q outputs. The common buffered 
Clock (CP) and Master Reset (MR) in
puts load and reset (clear) all flip-flops 
simultaneously. 

The register is fully edge triggered. The 
state of each 0 input, one set-up time 
before the LOW-to-HIGH clock transi· 

PIN CONFIGURATION 
-----, 

74L5273, 5273 

Flip-Flops 

Octal D Flip-Flops 
Product Specification 

TYPICAL SUPPLY CURRENTTYPE TYPICAL 'MAX (TOTAL) 


74LS273 40MHz 17mA 


74S273 95MHz 109mA 


ORDERING CODE 

COMMERCIAL RANGE
PACKAGES 

Vcc=5V±5%; TA=O·C to +70·C 

Plastic DIP N74S273N, N74LS273N 

Plastic SOL·20 N74LS273D. N74S273D 

NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74S 74LS 

All Inpuls 1Sul 1LSul 

All Outputs 10Sul 10lSui 

NOTE: 
A 745 unit load (Sui) is 50~ ItH and -2.0mA III and a 74LS unit load (LSul) is 20pA IIH and -O.4mA Ill 

tion, is transferred to the corresponding voltage level on the MR input. The 
flip-flop's Q output. device is useful for applications where 

the true output only is required and theAll outputs will be forced LOW indepen
Clock and Master Reset are common to dently of Clock or Data inputs by a LOW 
all storage elements. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

iiii'll 'i 'i 'i 
Do 0, ...... 0. Do Do 0, 

11- co 

,-< ... 
0, 	

• 
Do 0, ...... 0. DoDo • •'I '2 
~ 1 1 1 ,121~ J,,~ 

,.,,,.. 11 

,. 11,. 
11 11 

Vee -Pin 20 
GND-Pin 10 
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Logic Products 

FEATURES 
• High-speed 4-blt binary addition 
• Cascadable In 4-blt increments 
• Fast internal carry lookahead 

DESCRIPTION 
The' 283 adds two 4-bit binary words (An 
plus Bn) plus the incoming carry. The 
binary sum appears on the Sum outputs 
(~ 1 - ~ 4) and the outgoing carry (COUT) 
according to the equation: 

CIN + (AI + B1) + 2(A2 + B2) 
+ 4(As + B3) + 8(~ + B4 ) 

= ~ 1 + 2~ 2 + 4I: 3 + 8I: 4 + 16CoUT 
Where ( + ) = plus. 

Due to the symmetry of the binary add 
function, the '283 can be used with 
either all active HIGH operands (positive 
logic) or all active LOW operands (nega
tive logic) - see Function Table. In case 
of all active LOW operands the results 
I: 1 - I: 4 and COUT should be interpreted 
also as active LOW. With active HIGH 
inputs, CIN cannot be left open; it must 
be held LOW when no "carry in" is 

PIN CONFIGURATION 

74LS283 

Adder 

4-Blt Full Adder With Fast Carry 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 

13ns 20mA 

ORDERING CODE 

COMMERCIAL RANGEPACKAGES 
Vee =5V is""; TA = O°C to +70·C 

Plastic DIP N74LS283N 

Plastic 50-16 N74LS283D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-QUT TABLE 

PINS DESCRIPTION 74LS 

A, B Inputs 2LSui 

Input 1LSul 

All Outputs 10LSui 

NOTE: 
A 74LS unit load (LSul) is 20~ IIH and -O.4mA IlL. 

C'N 

intended. Interchanging inputs of equal thus CIN, AI, Bl can arbitrarily be as
weight does not affect the operation, Signed to pins 5, 6, 7, etc. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

5 • a 2 14 11 12 11 

,. }t1. 

elN CaUT .[ .. ,. 
11 

]Q" 
411310 

CI co 

Vee -PIn 16 
GND-Pin 8 

172 



Adder 74LS283 

LOGIC DIAGRAM ., 
A,3 B3 A" a.." 

(3) (') (14) (15) (12) (11) 

7.) 7,o) 
19) 

COUl 

Vee .. Pin 16 
GNO" Pin 8 
() - Pin Numbers 

FUNCTION TABLE 

Example:PINS A, A, A, A. 8, 8, 8, 8. L, L, L, L. COUTe'N 
1001 

Logic levels L L H L H H L L H H H L L H 1010 


Active HIGH 0 0 1 0 1 1 0 0 1 1 1 0 0 1 10011 

(10+9-19)


Active LOW 1 1 a 1 0 0 1 1 0 0 0 1 1 0 
(carry + 5 + 6 ~ 12) 

H - HIGH voltage level 
l - LOW voltage level 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74LS UNIT 

Vee Supply voltiage 7.0 V 

V,N Input voltage -0.5 to +7.0 V 

lIN Input current -30 to + 1 mA 

VOUT Voltage applied to output in HIGH output state -0.5 to +VCC 

T. Operating free-an- temperature r~nge o to 70 "C 
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Logic Products 

DESCRIPTION 
The '290 is a 4-bit, ripple type decade 
counter. The device consists of four 
master-slave flip-flops internally con
nected to provide a divide-by-two sec
tion and a divide-by-five section. Each 
section has a separate Clock input to 
initiate state changes of the counter on 
the HIGH-ta-LOW clock transition. State 
changes of the Q outputs do not occur 
simultaneously because of internal ripple 
delays. Therefore, decoded output sig
nals are subject to decoding spikes and 
should not be used for clocks or strobes. 

A gated AN D asynchronous Master Re
set (MR, • MR2) is provided which over
rides both clocks and resets (clears) all 
the flip-flops. Also provided is a gated 
AND asynchronous Master Set (MS, ' 
MS2) which overrides the Clock and MR 
inputs, setting the outputs to nine 
(HLLH). 

PIN CONFIGURATION 

74LS290 
Counter 
Decade Counter 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPICAL IMA. (TOTAL) 

42MHz 9mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee" 5V ±5%; TA" O·C 10 +70·C 

Plastic DIP N74LS290N 

Plastic SO-14 N74LS290D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics MHltary Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74LS 

MR. MS Inputs tlSul 

Cl50 Input 4lSui 

a;, Input BlSul 

All Outputs tOlSul 

NOTE: 
A 74LS unit load (LSuI) is 20}JA 11H and -O.4mA IlL-

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

I • 

CTA 
II I. .. ,. a CT-• 

10 CPo 

11 CP1 

1213 

Vee - Pin 14 
GNO- Pin 7 
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Counter 

Since the output from the divide-by-two sec BCD count sequence. In a symmetrical bi
tion is not internally connected to the suc quinary divide-by-ten counter the 0 3 output 
ceeding stages, the device may be operated must be connected externally to the rnso 
in various counting modes. In a BCD (8421) input The input count is then applied to the 
counter the 'CJ51 input must be externally CJS1 input and a divide-by-ten square wave is 
connected to the Qo output. The CPo input obtained at output Q o- To operate as a divide
receives the incoming count, producing a by-two and a divide-by-five counter, no exter-

LOGIC DIAGRAM 

Vcc- PII'I'4 
GNO" Pin 7 
( ) Pin numbers 

BCD COUNT SEQUENCE-FUNCTION TABLE 

OUTPUTS 
COUNT 

00 Q, Q 2 Q3 

0 L L L L 
1 H L L L 
2 L H L L 
3 H H L L 
4 L L H L 
5 H L H L 
6 L H H L 
7 H H H L 
8 L L L H 
9 H L L H 

NOTE, 
Output 00 connected to input 'OP,. 

MODE SELECTION  FUNCTION TABLE 

RESET INPUTS OUTPUTS 

MR, MR. MS, MIlo 00 Q, Q. Q3 

H H L X L L L L 
H H X L L L L L 
X X H H H L L H 
L X L X Count 
X L X L Count 
L X X L Count 
X L L X Count 

H - HIGH ~ kwel 
L -LOWvo,- level 
X - Don't care 

74LS290 

nal interconnections are required. The first 
flip-flop is used as a binary element for the 
divide-by-two function (CPo as the input and 
Qo as the output). The CP, input is used to 
obtain divide-by-five operation at the 03 out
put. 
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74LS293 
Counter 
4-Bit Binary Ripple Counter 
Product Specification 

Logic Products 

DESCRIPTION TYPICAL SUPPLY CURRENT 
The '293 is a 4-bit ripple type binary TYPICAL fMAX (TOTAL) 
counter. The device consists of four 

42MHz 9mAmaster·slave flip-flops internally con

nected to provide a divide-by-two sec

tion and a divide-by·eight section. Each ORDERING CODE 

section has a separate Clock input to I
COMMERCIAL RANGE 
initiate state changes of the counter on PACKAGES Vee = 5V ±S%; TA::: O°C to +70°C 
the HIGH-to-LOW clock transition. State 

Plastic DIP N74LS293Nchanges of the Q outputs do not occur I 
simultaneously because of internal ripple Plastic 50·14 N74l5293D I 
delays. Therefore, decoded output sig· NOTE: 

nals are subject to decoding spikes and For information regarding devices processed to Military Specifications, see the Signetics Military Products 

should not be used for clocks or strobes. Data Manual. 

A gated AND asynchronous Master Re- INPUT AND OUTPUT LOADING AND FAN-oUT TABLE 
set (MRt MR2) is provided which over

PINS DESCRIPTION 74LSrides both clocks and resets (clears) all 
the flip-flops. MR Inputs Il5ul 

CPo Input 6L5ul 

CPt Input 4LSui 

All Outputs tOlSul 

NOTE: 

A 74LS unit load (LSul) is 20p. IIH and -O.4mA IlL. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

10 CPo 

1213 

Vee - Pin 14 

GND-Pin 7 
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Counter 

LOGIC DIAGRAM 

( ) - Pin numbers 
Vee· Pin 14 
GND-Pin 7 

FUNCTION TABLE 

COUNT 
00 

0 L 
1 H 
2 L 
3 H 
4 L 
5 H 
6 L 
7 H 
8 L 
9 H 

10 L 
11 H 
12 L 
13 H 
14 L 
15 H 

NOTE: 
Output 00 connected to input 015,. 

MODE SELECTION 

RESET INPUTS 

MR, MR. 00 
H H L 
L H 
H L 
L L 

H - HIGH voltage level 
L - LOW voltage level 
X - Don't care 

Product Specification 

74LS293 

Since the output from the divide-by-two sec
tion is not internally connected to the suc
ceeding stages, the device may be operated 
in various counting modes. In a 4-bit ripple 
counter the output 00 must be connected 
externally to input "CI5,. The input count pul
ses are applied to input CPo. Simultaneous 
divisions of 2, 4, 8 and 16 are preformed at 
the 0o. 0" 02 and 03 outputs as shown in 
the function table. As a 3-bit ripple counter 
the input count pulses are applied to input 
CJ51- Simultaneous frequency divisions of 2, 4 
and 8 are available at the Q" Q2 and Q3 
outputs. Independent use of the first flip-flop 
is available if the reset function coincides with 
reset of the 3-bit ripple-through counter. 

OUTPUTS 

0, O. 0, 

L L L 

L L L 

H L L 

H L L 

L H L 

L H L 

H H L 

H H L 

L L H 

L L H 

H L H 

H L H 

L H H 

L H H 

H H H 

H H H 
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OUTPUTS 

0, O. 0, 

L L L 
Count 
Count 
Count 
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Logic Products 

FEATURES 
• a-bit positive edge-triggered 

register 

• 30State 	MOS compatible output 
buffers 

• Common Clock Input 	with 
hysteresis 

• Common 3-State 	Output Enable 
control 

• Independent 	register and 30State 
buffer operation 

DESCRIPTION 
The '364 is an S-bit edge-triggered regis
ter coupled to eight 3-State output buf
fers. The two sections of the device are 
controlled independently by the Clock 
(CP) and Output Enable (Ol:) control 
gates. 

The register is fully edge triggered. The 
state of each 0 input, one set-up time 
before the LOW-to-HIGH clock transi-

PIN CONFIGURATION 

Vee 

74LS364 
Flip-Flop 
Octal D Flip-Flop With 3-State Outputs 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPICAL 'MAX (TOTAL) 

50MHz 	 42mA 

ORDERING CODE 

COMMERCIAL RANGE
PACKAGES Vcc=5V±5%; T,,=O'C to +70'C 

Plastic DIP 	 N74LS364N 

NOTE: 

For information regarding devices processed to Military Specifications. see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
PINS DESCRIPTION 74LS 

All Inputs lLSuI 

All Outputs 30LSui 

NOTE: 

A 74LS unit load (LSul) is 20J,JA IIH and -O.4mA IlL

tion, is transferred to the corresponding help minimize problems that signal and 
flip-flop's Q output. The clock buffer has ground noise can cause on the clocking 
about 400mV of hysteresis built in to operation. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

• II " II 	
~10 V" 

co 

12, 	 13
II IS II II 

I. 15 

" " 
II tt 

Vee - PIn 20 

GND-Pin 10 
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Logic Products 

FUNCTION TABLE, '36SA, '366A 

INPUTS OUTPUTS 

OE, 0E2 I Y Y 

L L L L H 

L L H H L 

X H x (Z) (Z) 

H x x (Z) (Z) 


FUNCTION TABLE, '367A, '368A 

INPUTS OUTPUTS 

OE I Y Y 

L L L H 
L H H L 
H x (Z) (Z) 

L = LOW voltage level 
H .. HIGH voltage level 

X - Don't care 
(Z) - HIGH impedance (off) state 

PIN CONFIGURATION 

'365A 

74365A, 366A, 367A, 368A, 
LS365A, LS366A, LS367A, LS368A 
BuffersjDrivers 
'36SA, '367A Hex Buffer/Driver (3-State) 
'366A, '368A Hex Inverter Buffer (3-State) 
Product Speclflclltlon 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
TYPE 

DELAY (TOTAL) 


74365A, 367 A 10ns 65mA 


74LS365A, 367 A 10ns 14mA 


74366A, 368A 9ns 59mA 


74LS366A, 368A 10ns 12mA 


ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; T.. =O·C to +70·C 

N74365AN, N74LS365AN, N74366AN, NI4LS366AN
Plastic DIP 

N74367AN, N74LS367AN, N74368AN, N74LS368AN 


Plastic 50-16 N74LS365AD, N74LS367AD, N74LS368AD 


NOTE: 
For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT 	AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74 74LS I 
All Inputs lui 1 LSul I 
All Outputs 20ul 30LSuI I 

NOTE: 
Where. 74 unit load (ul) is understood to be 4010lA IIH and -1.6mA IlL. and a 74LS unit load (LSul) is 201JA, IIH 
and -O.4mA Ill. 

'366A '367A 	 '368A 

179 



Product Specification 

74365A, 366A, 367A, 368A. 
LS365A, LS366A, LS367A, LS368A 

LOGIC SYMBOL 

'365A '366A '367A 

"~2
V. 

12" 11 

1411 Y5 13 

LOGIC SYMBOL (IEEE/IEC) 

'365A '367A 

10 

12 .. 11 

10 

12 

14 

I> 2'17 
11 

" 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74 74LS 

Vee Supply voltage 7.0 7.0 

Y,N Input voltage r -0.5 to +5.5 -0.5 to +7.0 

liN Input current -30 to +5 -30 to +1 

Your Voltage applied to output in HIGH output state -0.5 to +Vcc -0.5 to +Vcc 

TA Operating free-air temperature range o to 70 

UNIT 

V 

V 

mA 

V 

°c 
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Logic Products 

FEATURES 
• B-blt transparent latch - '373 

• 	B-blt positive, edge-triggered 
register - '374 

• 3-State output buffers 

• Common 3-State Output Enable 

• 	 Independent register and 3-State 
buffer operation 

DESCRiPTION 
The '373 is an octal transparent latch 
coupled to eight 3·State output buffers. 
The two sections of the device are 
controlled independently by Latch En
able (El and Output Enable ( GEl control 
gates. 

PIN CONFIGURATION 

'373 

'374 

74L5373, 74L5374, 5373, 
5374 
Latches/Flip-Flops 
'373 Octal Transparent Latch With 3-State Outputs 
'374 Octal D Flip-Flop With 3-State Outputs 
Product Specification 

TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
TYPE 

74LS373 


74S373 


74LS374 


74S374 


ORDERING CODE 

PACKAGES 
f---. 

Plastic DIP 

Plastic SOL·20 

NOTE: 

DELAY (TOTAL) 


19n8 24mA 


10n5 10SmA 


19ns 27mA 


8ns 116mA 


-~ 

COMMERCIAL RANGE 

Vcc = 5V±5%; TA=O°C to +70°C 


N74LS373N, N74S373N, N74LS374N, N74S374N 


N74LS373D, N74S373D, N74LS374D, N74S374D 


For information regarding devices processed to Military Specifications, see the Signetics Military Products 
Data Manual. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74S 74LS 

All Inputs ISul 1LSul 

All Outputs 10Sul 30LSui 

~OTE: 
Where a 745 unit load (Sui) is SOpA IIH and -2.0mA IlL, and a 74LS unit load (LSul) is 20tJA IIH and -O.4mA 

IlL· 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/EC) 

'373 	 '373 '374 

"I i r i l' I Y 'I' 
00 0, D. O. 0, 0, o. 0, 

11 E 

HOE 
Go 0, 0. 0. 0. 0, Co 0, 

l 1 ~ l ,I. ,I, ,~ ,~,-

Vee'" Pin 20 
GND - Pin ,0 

'374 

i i r i y 'i 't' 'i 
Go 0, D. 0, D. 0, 0, " 11 

11 	 Co 
C9 

" ,-<> OE 
" 

Go 0, 0. 0, 0. 0. De 0, 
" .. " 

; I I I~ , ,~ ,I, ,I,• 
lSOlOOOS " 

Vee" Pin 20 
GNO .... Pin 10 
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Latches/Flip-Flops 

The data on the 0 inputs are transferred to 
the latch outputs when the Latch Enable (E) 
input is HIGH. The latch remains transparent 
to the data inputs while E is HIGH, and stores 
the data present one set-up time before the 
HIGH·to·LOW enable transition. The enable 
gate has hysteresis built in to help minimize 
problems that signal and ground noise can 
cause on the latching operation. 

The 3-5tate output buffers are designed to 
drive heavily loaded 3·State buses, MOS 
memories, or MOS microprocessors. The ac
tive LOW Output Enable (OE) controls all 
eight 3·State buffers independent of the latch 

LOGIC DIAGRAM, '373 

Do 

74LS373, 74L5374, 5373. 5374 


operation. When OE is LOW, the latched or 
transparent data appears at the outputs. 
When OE is HIGH, the outputs are in the 
HIGH impedance "off" state, which means 
they will neither drive nor load the bus. 

The '374 is an a-bit, edge-triggered register 
coupled to eight 3·State output buffers. The 
two sections of the device are controlled 
independently by the Clock (CP)oand Output 
Enable (OE) control gates. 

The register is fully edge triggered. The state 
of each 0 input, one set-up time before the 
LOW-ta-HIGH clock transition, is transferred 

to the corresponding flip-flop'. Q output. The 
clock buffer has hysteresis built in to help 
minimize problems that Signal and ground 
noise can cause on the clocking operation. 

The 3-State output buffers are designed to 
drive heavily loaded 3·State buses, MOS 
memories, or MOS microprocessors. The ac
tive LOW Output Enable (OE) controls all 
eight 3·State buffers independent of the reg· 
ister operation. When DE is LOW, the data in 
the register appears at the outputs. When OE 
is HIGH, the outputs are ,n the HIGH imped· 
ance "off" state, which means they will 
neither drive nor load the bus. 

.--~~~~r-----~~----~+-----~~----~~----~-+----~~-----' 
ell) 

~-q>-~-r----~+-----~t----~-+----~-r----~+-----~r---~
11, 

00 0, 0, 0, 0, 0, 

Vee - Pin 20 

GND - Pin 10 


LOGIC DIAGRAM, '374 

CP~(1~"{)~--~~------~~------~-+------~-+------~-+------~-+------~-+------' 

Oi~(1~,t)--~-+I~------~-+~------~-+~------~-+I~------~1-ll-~----~~-(l-5)----~~-ll.-,----~ 

00 01 a, 

Va;. Pin 20 

GNO-Pin 10 


MODE SELECT-FUNCTION TABLE '373 

OPERATING MODES 

Enable and read register 

Latch and read register 

Latch register and disable outputs 

11~ 

03 04 aS a, 0., 

INPUTS OUTPUTS 
INTERNAL REGISTER 

OE E On Q O -Q, 

L H L L L 
L H H H H 

L L I L L 
L L h H H 

H L I L (Z) 
H L h H (Z) 
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Logic Products 

FEATURES 
• 	Two BCD decade or bl-quinary 

counters 
• One package can 	be configured 

to dlvlde-by-2, 4, 5, 10, 20, 25, 50 
or 100 

• 	Two Master Resets to clear each 
decade counter Individually 

DESCRIPTION 
The '390 is a dual 4-bit decade ripple 
counter divided into four separately 
clocked sections. The counter has two 
divide-by-two sections and two divide
by-five sections. These sections are nor
mally used in a BCD decade or a bi
quinary configuration, since they share a 
common Master Reset inpu\. If Ihe two 
Master Resets can be used to simulta
neously clear all 8 bits of the counter, a 
number of counting configurations are 
possible within one package. The sepa
rate clocks of each section allow ripple 
counter or frequency division applica
lions of divide-by-2, 4, 5, 10, 20, 25, 50 
or 100. 

PIN CONFIGURATION 

74LS390 
Counter 
Dual Decade Ripple Counter 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPICAL 'MAX (TOTAL) 

55MHz ISmA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vee =5V ±5%; TA =O'C 10 + 70'C 

Plastic DIP N74lS390N 

Plastic SO-16 N74lS390D 

NOTE: 

For information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74LS 

MR Inputs IlSul 

CPo Inputs 4lSui 

CP, Inputs 6lSui 

All Outputs 10lSui 

NOTE: 
A 74LS unit load (LSul) is 20pA IIH and -O.4mA IlL. 

LOGIC SYMBOL LOGIC SYMBOL (IEEEIIEC) 

1,15-< CPo 
112 '310 

4,12--< CP, 
MR 00 0, 0. Oz 

2,1,. 3,'" 5,111 ..I•• 7~ • 
LSO?06OS 

11I. 
" 

Vee -Pin 16 
GND-PinB 
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Counter 74LS390 

Each section is triggered by the HIGH-to
LOW transition of the Clock (CI5) inputs. For 
BCD decade operation, the 00 output is 
connected to the CP, input of the divide-by
five section. For bj~quinary decade operation 
(50% duty cycle outputl. the Q 3 output is 
connected to the CPo input, and 0 0 becomes 
the decade output. 

LOGIC DIAGRAM 

The Master Resets (MRa and MRb) are active 
HIGH synchronous inputs to each decade 
counter which operate on the portion of the 
counter identified by the "a" and "b" suffixes 
in the Pin Configuration. A HIGH level on the 
MR input overrides the clocks and sets the 

Vee .. Pin 16 four outputs LOW. 
GND - Pin a 
() - Pin numbers 

BCD COUNT SEQUENCE 
FOR h THE '390 

BI-QUINARY COUNT 
SEQUENCE FOR h THE '390 

OUTPUTS OUTPUTS 
COUNT COUNT 

Qo Q, Q. Q- Qo Q, Q. Q

0 L L L L 0 L L L L 
1 H L L L 1 L H L L 
2 L H L L 2 L L H L 
3 H H L L 3 L H H L 
4 L L H L 4 L L L H 
5 H L H L 5 H L L L 
6 L H H L 6 H H L L 
7 H H H L 7 H L H L 
8 L L L H 8 H H H L 
9 H L L H 9 H L L H 

H - HIGH voltage level NOTE: 

L - LOW voltage level Output 03 is connected to input CPo with 

NOTE: Counter input on CP,. 

Output 00 is connected to input CP, with 

Counter input on 0'J50_ 


ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74LS UNIT 

Vee Supply voltage 7.0 V 

Input voltage -0.5 to +7.0 VV'N 

Input current -30 to +1 mA 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vcc V 

TA Operating free-air temperature range o to 70 'C 

NOTE: 

VIH limited to 5.5V on 0150 and ClS1 inputs. 


I'N 
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Logic Products 

FEATURES 
• Two 4-blt binary counters 
• Divide-by any binary module up 

to 28 In one package 

• 	Two Master Resets to clear each 
4-blt counter Individually 

DESCRIPTION 
The '393 is a Dual 4-bit Binary Ripple 
Counter with separate Clock and Master 
Reset inputs to each counter. The oper· 
ation of each half of the' 393 is the same 
as the '93 except no external clock 
connections are required. The counters 
are triggered by a HIGH·to-LOW transi· 
tion of the Clock (CPa and O'b) inputs. 
The counter outputs are internally con
nected to provide Clock inputs to suc· 
ceeding stages. The outputs of the ripple 
counter do not change synchronously 
and should not be used for high speed 
address decoding. 

PIN CONFIGURATION 

74LS393 
Counter 
Dual 4-Bit Binary Ripple Counter 
Product Specification 

TYPICAL SUPPLY CURRENT 
TYPICAL f"AX (TOTAL) 

35MHz 15mA 

ORDERING CODE 

COMMERCIAL RANGE 
PACKAGES 

Vcc =5V ±5%; TA =O'C to +70'C 

Plastic DIP N74LS393N 

Plastic 50-14 N74LS393D 

NOTE: 

Fat' information regarding devices processed to Military Specifications, see the Signetics Military Products 

Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 74LS 

MR Master Reset input 1LSul 

CP Clock input 4LSui 

- Q Output 10LSui 

NOTE: 
Where a 74LS unit load (LSul) is 20pA IIH and -O.4mA Ill. 

LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 

eTR4 

CT-O cr {O
,.,,-0 CP 

3112 '383 	 + 

crR. 11 ..R Do Q, 0. 0. 

0c{12.t2 4.10 51..3t .~ 	
10 

• 
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Product Specification 

74LS393 

The Master Resets (MR. and MRb) are ac· 
tive-HIGH asynchronous inputs to each 4-bit 
counter identified by the "a" and "b" suffixes 

o o o o 

LOGIC DIAGRAM 

in the Pin Configuration. A HIGH level on the 
MR input overrides the clock and sets the 
outputs LOW. 

COUNT SEQUENCE 
FOR Y2 THE '393 

OUTPUTS 
COUNT 

(3.11) (4,10) (5,., (UI Q. Q, Qo Q. 
"0 0, 00 O. 0 L L L L 

1 H L L L 
Vee .. Pin 14 2 L H L L 
GND-Pin1 
() .. Pin number 

3 
4 

H 
L 

H 
L 

L 
H 

L 
L 

5 H L H L 
6 L H H L 
7 H H H L 
8 L L L H 
9 H L L H 
10 L H L H 
11 H H L H 
12 L L H H 
13 H L H H 
14 L H H H 
15 H H H H 

H - HIGH voltage level 
L - LOW voltage level 

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.) 

PARAMETER 74LS UNIT 

Vee Supply voltage 7.0 V 

V'N Input voltage -0.5 to +7.0 V 

I'N Input current -30 to +1 rnA 

VOUT Voltage applied to output in HIGH output state -0.5 to +Vee V 

TA Operating free-air temperature range o to 70 ·C 

RECOMMENDED OPERATING CONDITIONS 

I 
74LS 

PARAMETER UNIT 
Min Nom Max 

Vee Supply voltage 4.75 5.0 5.25 V 

HIGH·level input voltage 2.0 V 

V,l LOW·level input voltage +0.8 V 

V'H 

Input clamp current -18 mA 

IOH HIGH-level output current -400 jJA 

10l LOW-level output current 8 rnA 

TA Operating free-air temperature 0 70 ·C 

I'K 

186 



CD 4000 


PIN our DIL:-r PRODUCT DESCRIPTION CERAMC+MOLDED 

00 GATE 

Ie" • C •• .. 

01 GATE 

02 GATE 

03 

... -.,................ -.." -......'_.'
. 
06 REGISTER 

. 
"'.,.. • ......, ...u ..,.. .. 
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CD 4000 

PIN OUT OILPRODUCT PRODUCT DESCRIPTION
NUfIBER CERAMC+MOI..DED 

07 INVERTER 

IJ! " .. 

• ,' "[I'U....... 

lot • " ..08 ADDER 
.. , I ",I 

II ~ " ""0"'".. ' ",. 
'"' 'e,IC.......• 


09 BUFFER 

10 BUFFER 

11 GATE 
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CD 4000 

PRODUCT
NUMBER 

PRODUCT DESCRIPTION PIN OUT DlL 
CERAMIC+MOLDED 

12 GATE 

13 FLIP-FLOP 

0 .. ~::: "': ,,,E:. 

14 REGISTER 

15 REGISTER 

16 SWITCH 
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CD 4000 


PIN OUT OIL PRODUCT PRODUCT DESCRIPTION
Nt.NBER CERAMIC+MOlDED 

'n 
MtHI••",JP\Il' '\ ''''" 
I"'.' ,.mll , 

OIC08IOOIl''''' II I 

, ",", .... ,17 COUNTER 

'. 

., DHODH ~~' •• ' • 


18 COUNTER 

19 GATE 

20 COUNTER 

21 REGISTER ~.'~ 
~ 

I • • • ~ I I ..': ;; = -. 
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CD 4000 

PIN OUT DlLPRODUCT PRODUCT DESCRIPTION
NLUBER CERAWC+MOLDED 

' .. 
'.."'.' 

{,IK • 

• , tiM' I"'"22 COUNTER 
" MtDIIUOI/"w" 

.. N"D"n',wI , 

23 GATE 

24 COUNTER 

25 GATE 

26 
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CD 4000 


PRODUCT
NUMBER 

PRODUCT DESCRIPTION 

27 FLIP-FLOP 

28 DECODER 

29 COUNTER 

30 GATE 

31 REGISTER 

PIN OUT OIL 
CERAMC+MOLDED 

v III (,.col _Ut!1 II 

", 

", 

'. 
" .. . 

IIR.,.. . . -.. . .. 
~~.. 
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I 
CD 4000 

PRODUCT 
NUMBER 

PRODUCT DESCRIPTION PIN OUT DlL 
CERAr.tC+MOI..DED 

34 REGISTER I~' :':' :' :' :' :' :' ':'::: :l 
...... N... II" 

.... _"----------;;;... ", j ",
'M" i. "':. -Y.. I.. I.. " , 

T I I I 11 J 
35 REGISTER Irtn~ I, I, IJ,

J' l' !' !' .L...!:. .~ ,~
.''''.''~' _......=:-.. .

38 

~OD a" Ql~ i i ~115:: j,.l'.I:,~.. " .. " 
r~11 I 1l}J

COUNTER40 r~l I I 11, 
t ~ 1:, t· L' l' !:0, vu01 a. GJ .~ 

w.. .. ..'" lor 'r r'rl' '.." L I.. -I, " " , , 

I 11 I 1 
41 ~BUFFER 

T I I I - J 
.."'Jl.!·&~!'J: ... ..., Ii" .. v.Ihf 
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CD 4000 


PIN OUT OIL PRODUCT PRODUCT DESCRIPTION 
NtMBER CERAMlC+MOLDED 

42 LATCH 

43 LATCH 

44 LATCH 

PLL46 

1I • .c:.U1 

47 MUL TIVIBRATOR H,
"''''' ", 

• ",,,,,f.-,~,..'" 
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CD 4000 


PIN OUT OILPRODUCT DESCRIPTIONNUMBER CERAMC+MOLDED 

48 GATE 

49 BUFFER 

..........·t c .. 


50 BUFFER 

_.. I.' ••,' • I.e c .. 

51 [#±±±ij
DEMUL TIPLEXER 

~ • 'H'''' , .... II..... 
~ Iii"iiiT 

' I" I' 

52 DEMUL TIPLEXER ~ ~~~ ..~.~-~ ~~I 
.. " , .. 10 .. v.... 
"'"'iii'iW1"'''~ 
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PRODUCT 

NUMBER 


53 

60 

66 

69 

70 

CD 4000 

PIN our OILPRODUCT DESCRIPTION CERAMIC+MOLDED 

DEMULTIPLEXER 

.......... - ... 'It....
.....-..,......., 
= 
COUNTER 

SWITCH 

INVERTER 

GATE 
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CD 4000 


PRODUCT
NlNBER 

PRODUCT DESCRIPTION 

71 GATE 

7'2 GATE 

73 GATE 

75 GATE 

76 FLIP-FLOP 

'197 

PIN OUT DIL 
CERAMC+MOl..DED 

.. 



CD 4000 

PIN OUT DlLPRODUCT PRODUCT DESCRIPTION
NUMBER CERAMIC+MOLDED 

81 GATE 

82 GATE 

84 

II VII 

"0 
M. 


IJ fU••
89 MULTIPLIER .'''·11" 
RO' " ....... 

'. 
o 

93 SCHMITT TRIGGER 
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CD 4000 


PRODUCT DESCRIPTION 

99 LATCHES 

106 HEX SCHMID 
TRIGGERS 

160 COUNTER 

161 COUNTER 

162 COUNTER 

PIN our OIL 
CEIWetC+MOl.DED 

" . M •• 

.. .
.. " .. 
"u 

'. 
"" ... 

-, 
... .. 
.. 

'. 

... .. 
..
.. 


.. 


.....
..
.. 


.. 


11,,

": 
" .. 
" .. .. .. .. 
.. ....... , 


K __ .. '._. 
.. 


" .. 
" .. .. 

.. ..... 1 

.. .. 
"-" ..-.. 

g .. .. 
.. ..... , 
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CD 4000 

PIN our DlL
PRODUCT DESCRIPTIONNUMBER 	 CERAMIC+MOLDED 

.. '.cteta I "~I...., 
.. ... , 

" " ..163 COUNTER 
"""" .. .. 

'. 
"''''''''(1 

174 FLIP-FLOP 

en.... .. " • • .. ., ... 

175 FLIP-FLOP 

el'" .' t\ .' ., • II .. 

192 COUNTER 

193 COUNTER 	 ~ 
~ ........ -- .. "" ...
. --- 
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SCL451DB 

FEATURES 

• ,1 nternally Synchronous for High Speed 
• Asynchronous Preset Enable 
• Asynchronous Reset 
• Logic Edge-Clocked Design 
• 6MHz Counting Rate @ 10Vdc 
• Carry Output for Cascading Stages 

DESCRIPTION 

The SCL4510B consists of a four-stage Up/ 
Down Counter with provisions for "look-ahead" 
carry in both counting modes. The inputs consist 
of a single Clock, Carry-in (Clock Enable}, Reset, 
Up/Down, Preset Enable, and four individual Jam 
signals. Four separate buffered Q signals and a 
Carry out signal are provided as outputs. 

A high Preset Enable signal allows information 
on the Jam inputs to preset the counter to any 
state asynchronously with the Clock. A high on the 
Rnet line resets all stages to the "zero" state. The 
counter is advanced one count at the positive 
transition of the Clock when the Carry-in and 
Preset Enable signals are low. Advancement is 
inhibited when the Carry-in or Preset Enable 
signals are high. The Carry-out signal is normally 
high and goes low when the counter reaches its 
maximum count in the Up mode or the minimum 
count in the Down mode, provided the Carry-in 
lignal is low, The Carry-in signal in the low state 
can thus be considered a "Clock Enable." The 
Carry-in terminal must be connected to V55 when 
not in use. 

The counter counts Up when the Up/Down 
Input is high, and Down when the Up/Down input 
is low, Multiple packages can be connected in 
either a paralleklocking or a ripple-clocking ar
rangement. Parallel clocking provides synchronous 
control and hence faster response from all cou nting 
cutputs. Ripple-clocking allows for longer clock 
input rise and fall times. 

This counter finds, primary use in up/down and 
differentia' cou nting and frequency synthesizer 
applications. It is also useful in A/D and D/A 
conversion and for magnitude and sign generation. 

TRUTH TABLE 
PRESET 

CARRY IN UP/DOWN ENABLE RESET ACTION , X 0 0 No Co~nt ,0 0 0 Cour'lt Up 

0 0 

•, R_, 
Co",nt Down 

X X 
•, • p,

X X X 

X· Don't C.,. 
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CMOS 
BCD UP/DOWN COUNTER 

CONNECTION DIAGRAM 
(all packages) 

Voo CL 03 P3 P2 02 UfO R 

PE Q4 P4 Pl Vss 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16·pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDO - VSS 3t015 Vdc 

Operating Temperature 
C. D. F. H Device -5$ to +125 0C 
E Device -40 to +85 0C 

BLOCK DI,AGRAM 

G 

,. 11 

,. ,. 

" 13 

"DO· ~," 1IS 

VSS" 'in' 



LOGIC DIAGRAM 

TIMING DIAGRAM 
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---------------

in 
CMOS BCD·TO-SEVEN SEGMENTSCL4511B 

LATCH/!lECODER/DRIVER 
FEATURES 
• High-Curnm Sourcinll Bipolar Outputs (Up to CONNECTION DIAGRAM 

25 mAl (all packages) 
• UItched Stor.. of Input Code 

Segment Outputs• Blanki", Input for Display Inta..ity Modu· 
lation 

• Lamp Test ProviIlon • !-:o:.:' for 111...1 InputBlankinll Comb;' 

DESCRIPTION 

The SCL45118 provides the f"nctions of a 

~t storage latch, an 8421 BCD-to-seven segment 
 B C L.T BI LE 0 A VSS 
decoder, and an output drive capability to source 

up to 25 mA of current. Lamp Test, Blanking, and 


Add suffix for package:Letch Enable inputs are used to test the display, 
turn off the display, and store a BCD code, C 16-pin Cerdip 
respectively. I t can be used with LED, incande5- D 16-pin Ceramic 
cent, fluorescent, gas discharge, or liquid crystal E 16-pin Epoxy 
readouts either directly or indirectly. F 16-pin Flat 

Applications include counter display drivers,. H Chip 
_n-segment decimal display, and various clock, 
Witch, and timer u.., 

TRUTH TABLE RECOMMENDED OPERATING CONDITIONS 

LE 81 LT D C B A • b c d • f g DISPLAY For maximum reliability: 
X X 0 X X X X 1 1 1 1 1 1 1 8 DC Supply Voltage VDD . VSS 3t015 Vdc 
X 0 1 X X X X 0 0 o 0 o 0 0 Blank 


0 1 , 0 0 0 0 , , , 1 1 1 0 0 Operating Temperature 

0 0 0 0 0 0 0 1
, , , 0 , , 0, , , C, 0, F, H Device ·55 to "'125 DC
0 0 0 , 0 , 1 0 1 , 0 2, , , , , , , 10 0 0 0 0 1 3 E Device 40 to "'85 0C , , , 0 , 10 0 0 0 0 0 1 1 4, , , , 00 0 1 0 , 1 0 , 1 5, , , 10 1 0 1 1 0 0 0 , 1 6 
0 1 1 0 1 1 1 1 1 , 0 0 0 0 7 

0 I 0 0 0 1 1 1 1 8, 1 , 1 , 
.0 1 , 1 0 0 1 1 1 , 0 0 , 1 ,,0 1 1 0 1 0 0 0 0 0 II 0 0 81enk, , , 00 1 1 0 0 0 0 0 0 0 Blank 


0 1 1 0 0 0 0 0 0 0 0 0 81enk
, , 
0 1 , , , 0 1 0 0 0 0 0 0 0 Blank 

0 0 0 0 0 0 o 0 0 Blank
, , , , 1 
0 1 1 1 , 1 1 0 0 0 0 00 0 81ehk 


1 1 X II X X
, * * 
x - Don't c....
*Depends upon the leo code 8PPlied d,,'in, the 0 to 1 


tr.....hion of L.E. 


BLOCK DIAGRAM 

-, 
12 

You OCSUl'l.'YOlT,I,CO(IVIICI-
VON OUTPut O.'VlVOl tAGlIV_I--

1l 

" :8· 
'0 

3 
• 

Typical P-Channel .. r,n 16"DO Source Current Cherecteristics,. Vas· P,.. ,5 

The maximum continuous (worst casel derated 
output drive currant applies to a single output 
with· all other outputs sourcing an equal amount of 

DI_AV 

lol/i2i31'ylslbl71alqi 
current Operation above the derating CUNe at ao 3...1 
given tempereture is not recommended. 
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APPLICATIONS INFORMATION 

32-II'IiPUT MULTIPLEXER 

Output terminals Of several SCL4512B devices a high-impedance state. A 32-input multiplexer 
can be connected to a single data bus. One utilizing four SCL4512B data selectPrs and a single 
SCL4512B is selectad by the 3-state Disable SCL4011 B is shown. 
control, and the remaining devices are disabled into 

IiII'UT IWUT.. 

~~~-----4------~~----+-----~+-----4-----~ 
"--~~----~~------~~------~------~~~--~~------~ 
~--~-----4------~~----+-------~----4-------~ 

LOGIC FUNCTION GENERATORS 

In addition to the standard application of 
/1IUltiplexers in data conversion techniques. th_ 
j:ircults can ellO be' used in generating logic 
,functions. whic" in many c_ can reduce system 
package count.
! A multiplexer is a multipl.position singl.pole 
switch. One set of inputs selects the position of the 
switch. The IICOnd ..t~of inputs collects the input 
data, which is transferred through the circuit to 
one ou~put. By using the binary select inputs and 
the data inputs. the SCL4512B can generate any of 
the 65,536 different functions of four variables. 

AllUme the four binary inputs are A, B, C, ."d 
0, and that Z is the dIIinId function, Using the 

1'f'.PUT VARIA...es 
A 8 C 0 

H 

H l 
H H 

H l l, 
H H 

H H l 
H H 

H l 

REQUtfilED "UNCTION 

H 

H 

L 
H 

l 

-

select inputs • the first threa variables. any 
combination of A, B. and C will select a data input 
laaumlng the output II enabledl. For Neh combi
nation of A, B, and C, the required output, as a 
function of the fourth variable D. can be HIGH or 
LOW or the same es 0 or the inverse of D. 
Therefore, the truth table may be examined and 
each data input of the SCL45128 il connected to 
VDD, VSS, 0, or i5 81 required. In such fashion, 
the,function Is generated. 

I n the example shown, the first two out~ts ere 
the inverse of 0, so XO is connected to D. The 
next two are HIGH, so Xl is connected to VDD, 
etc. 

l5 
0 

voo 
·51 

A 

• 8 
A C 
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SCL45148 

SCL45158 


FEATURES 

• 	 Strobed Input Latch 
• 	 Inhibit Control 
• 	 Selected Output Active High (SCL4514B) or 

Active Low (SCL4515B) 

DESCRIPTION 

The SCL4514B and SCL4515B are two out
put options of a 4-t0-16 Line Decoder with 
Latched Inputs. The SCL4514B presents a logic 
"1" at the selected output, and the SCL4515B 
presents a logic "0" at the selected output, The 
latches hold the last .input data presented prior to 
the Strobe transition from "1" to "0", Inhibit 
allows all outputs to be placed at "0" 
ISCL4514B), or "1" (SCL4515B), regardless of 
the state of the Data or Strobe inputs. 

Applications include code conversion, address 
decoding, memory selection control, demultiplex
ing, and readout decoding. 

TRUTH TABLE (Strobe = 1) 

o.ta Inputs Selected Output 
SCL4514B = Logic "1" 

Inhibit D C B A SCL4515B = Logic "0" 

0 0 0 0 0 50 

0 0 0 0 1 51 

0 0 0 1 0 82 

0 0 0 1 1 53 

0 0 1 0 0 84 

0 0 1 0 1 55 

0 0 1 1 0 56 

0 0 1 1 1 57 

0 1 0 0 0 58 

0 1 0 0 1 89 

0 1 0 1 0 510 

0 1 0 1 1 511 

0 1 1 0 0 512 

0 1 1 0 1 513 

0 1 1 1 0 514 

0 1 1 1 1 515 

1 X X X X All Outputs 


= "0", 5CL45148 

All Outputs 


= "1", 5CL4515B 


X - Don't Car. 

CMOS 4-TO-16 LINE 
DECODERS WITH LATCH 

CONNECTION DIAGRAM 
(all packages) 

Data 
Inputs Outputs 

50 

01 57 55 53 52 Vss 

'-v-'~ 
Data Outputs 


1nputs 


Add suffix for package: 

D 24-pin Ceramic 
E 24-pin Epoxy 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage 	 VDD ' VSS 3 to 15 Vdc 

Operating Temperature 
D, H Device ·55 to +125 oC 
E Device 	 -40 to +85 oC 

BLOCK DIAGRAM 

50 ABeD 
51 A e c 5 


voo" p," 24 

52 ABC 0 

VSS Pin 12
E 	

53 ABeD 
5' iiieD 
55 A.BeDO.t.l 
5. ABeD 

0.t.2 	 .,.. to 16 ABC 0 
C o..:od.r 5. ABeDO.u 3 


5' 
 A ii ED 

o.t... 	 510 ABC 0 
5n ABC 0 

512 ABeD 
Strobe 

513 ABC 0 

A 8 C 0 

ABC 0 

23 

Inh;tut 
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SCL4516B 


FEATURES 

• Internally Synchronous for High Speed 
• Asynchronous I'raet Enable 
• Asynchronous Rasat 
• Logic Edge-Clocked Design 
• 6MHz Counting Rate @ 10Vdc 
• Carry Output for Cascading Stages 

DESCRIPTION 

The SCL4516B consists of a four-stage Up/ 
Down Counter with provisions for -'look-ahead" 
carry in both pounting modes. The inputs consist 
of a Single ClOCk, Carry-in (Clock Enable), Reset, 
Up/Down, Preset Enable, and four individual Jam 
signals. Fou r separate buffered Q signals and a 
Carry-out signal are provided as outputs. 

A high Preset Enable signal allows information 
0" the Jam inputs to preset the counter to any 
state asynchronously with the Clock_ A high on the 
Reset line resets all stages to the "zero" state_ The 
counter is advanced one count at the positive 
transition of the Clock when the Carry-in and 
Preset Enable signals are low. Advancement is 
inhibited when the Carry-in or Preset Enable 
signals are high. The Carry-out signal is normally 
high and goes low when the counter reaches its 
maximum count in the Up mode or the minimum 
count in the Down mode, provided the Carry-in 
signal is low. The Carry-in signal in the low state 
can thus be considered a "Clock Enable_" The 
Carry-in terminal must be connected to VSS when 
not in use. 

The counter counts Up when the Up/Down 
input is high, and Down when the Up/Down input 
is low. Multiple packages can be connected in 
either a paralle~clocking or a ripple-clocking ar
rangement. Parallel clocking provides synchronous 
control and hence. faster response from all counting 
outputs. Ripple-clocking allows for longer clock 
input risa and fall times. 

This ('oonter finds primary usa in up/down and 
differential coo nting and frequency synthesizer 
applications. It is also usaful in AID and DfA 
convelllion and for magnitude and sign generation. 

TRUTH TABLE 
PAESE T 

UP/DOWN ENABLE RESE T AcnON 

COunt UO 

CounT Do ..... n 

Pr••, 

x ~ Don't C.,. 

CMOS 
BINARY UP/DOWN COU~TER 

CONNECTION DIAGRAM 
(all packages) 

VOD CL 03 P3 P2 Q2 UID R 

PE 04 P4 Pl Ci 01 CO VSS 

Add suffix for package: 

C 16-pin Cerdlp 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - VSS 3 to 15 Vdc 

Operating Temperature 
C, D. F. H Device -55 to +125 0C 
E Device -40 to +85 DC 

BLOCK DIAGRAM 

:;:~:~'" " 

90- -l~ -<_,11 
I 

10 0------l Up-Do,"",,, 

150-- iCIO~ -() 14 

4 (").--. 1 P1 

12 o---'j p, 04 1- ----{.. 2 

13.0--- 1PJ 

J 0- ~ P4 ~~-
L __ 0"t 

~ J 

Voo p,,., 16 

\'55 '""" 8 
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· t.OGlCDlAGRAM 

TIMING DIAGRAM 

fl.- L.. L.. L.. L L fl.- L.. L..FL'LILn-It. 'L'Lrt-n-FL 'Lrt- L..[L 
,rL 

- r.," h 

.. " 

N 

Q. - I-- I-- - I-- r--- - I-- - - - I-
'-- I-- I-- r--- I-- I-- I-- I--I-- - - I--h I--I-- - I-- I--- I--r- r--- r--- - - --.I-

I-
'--

I-

r- L-I-.....J 
c.uM: • • ., • • ,ft '" 12 13 ,. ,. • • , • • • ;I 2 , 0·0 ,. 0 
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SCL4518B 
SCL4520B 

FEATURES 

• 	 Two Independent 4·Bit Counters 
• 	 I nternally Synchronous for High Speed 
• 	 Dual BCD (SCL451BBI and Dual Binary 

(SCL4520BI Configurations 

• 	 Direct R_ 
• 	 Logic Edge-Clocked Design 
• 	 Trigger from either Edge of Clock Signal 
• 	 Static Oparetion- DC to 5MHz 0 10Vdc 

DESCRIPTION 
The SCL4518B Dual BCD Counter and the 

SCL4520B Dual Binary Counter are constructed 
with MOS P-channel and N-channel enhancement
mode devices in a single rronolithic structure. Each 
consists of two identical, independent, internally 
synchronous 4-stage counters. The counter stages 
are type-D flip-flops, with interchangeable Clock 
and E.nab/e lines for incrementing on either the 
positive·going or negative-going transition as reo 
quired when cascading multiple stages. Each 
counter cen be cleared by applying a high level on 
the Reset line. In addition, the SCL4518B will 
"ount out of all undefined states within two clock 
pariodl. These complementary MOS up counters 
find primary use in multi..tage synchronous or 
rippie counting applications requiring low po_r 
diaiPltion andlor high noise immunity. 

TRUTH TABLE 
CLOCK ENABLE RESET ACHON 

I 0 Increment Counter 
0 0 Increment Counter 

--
""' 

~ X 0 No Ch-a'!it' 

X 0 No Change --0 0 No Cha.... 
I ~ 0 No Change 
X X I OOthr" Q3' 0 

X-DonI Care 

TIMING DIAGRAM 
I 2 ri. 4; Sri. 1~~"c)1I 12 I] , .. lis 16"7 IS 

uou
."".. ~ WlI ~!-..." r 

I 2 1 .. S • , ! , 0 I .,.,. 

r 
" rL 

0,-	 ........ 	 
1 1 f .. , ., •• to 11 1:11114 " ., .L

~ 
0,"'.,.. 
0,

OJr 	 ~t 

CMOS DUAL UP COUNTERS 


CONNECTION DIAGRAM 
(all packagesl 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD· VSS 3 to 15 Vdc 

Operating Temperature 
C, 0, F, H Device ·55 to +125 0C 
E Device -40 to +85 0C 

BLOCK DIAGRAM 

(HAIU 

IUSET 

CtOo---------l---I 

...U 
tSo-----~~----------~ 

SCL4518 - Due' BCD Up Counter 
SCL4520 - Due' 8inery . 
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SCL4528B 

FEATURES 

• 	 Two Inct.penct.nt MultiYibraton on On. Chip 
• 	 Tri!l(llH'abi. fro... Leading- or Trailing-Edge 

Pulse 

• 	 Retriggerable 
• 	 Resettable 
• 	 a Ind"trBuffered Outputs Ayailable 
• 	 Wide Range of Output Pu'-t Widths 

DESCRIPTION 

The SCL45288 Dual Multivibrator provides 
stable retriggerable/resettable one-shot operation 
for any fixed-voltage timing application. Timing 
for the circuit is controlled by an external resistor
capacitor combination (Ax-Cx ). Adjustment of 
these components permits generation of output 
pulse widths from nanoseconds to minutes. 
Leading-<!dge and trailing-<!dge Trigger inputs are 
provided, and both positive-~oing and negative
going pulses are available from complementary 
outputs. 

Timing pulses may be terminated at any time 
by applying a low logic level to the Reset input 
CD

FUNCTI ON TABLE 

INPUTS OUTPUTS 

Co A B Q 0 

L X X L H 
X H X L H 
X X L L H 
H t H n U 
H L ~ JL U 

H = High Level (Steady State) 

L = Low Level (Steady State) 
t = Transition, Low-to-High 

~ = Transition, High-to-Low 

X = Irrelevant (Inc. Transitions) 

JL= One High-Level Pulse 

U= One Low-Level Pulse 

CMOS DUAL MONOSTABLE 
MULTIVIBRATOR 

CONNECTION DIAGRAM 
(all packages) 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pin Ceramic 
E 16-pin Epoxy 
F 16-pin Flat 
H Olip 

RECOMMENDED OPERATING CONDITIONS 

For mexlmum reliability: 

DC Supply Voltage VDD - Vss 3 to 15 Vdc: 

()perating Temperature 
e, D, F, H Device -66 to +125 oe 
E Device -40 to +85 oe 

BLOCK DIAGRAM 
(one of two d.Jyic.) 

1---00 

1---00 

A X .net ex .r.•.tet'neI components.. 
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SCL45438 
Preliminary 

FEATURES 

• 	 ....... Input Signal RaproduClld on Outputs tor 
Liquid Crystal Display 

• 	 Latc:McI Storage of Input Code 
• 	 Bla"king Input for Display Intensity 

Modulation 
• 	 Readout Blanking for Illegal Input 

Combinations 
• 	 Pin Compatible with CD4056A (with Pin 7 

Tied to Vss) 
• 	 Balanced Output Drive Current Specifications 

DESCRIPTION 

The SCL4543B BCD-to-7 Segment Latchl 
Decoder/Driver is designed for use with liquid 
crystal readouts and is constructed with comple
mentary MOS (CMOS) enhancement-mode devices_ 
The circuit provides the functions of a 4·bit storage 
latch and a 8421 BCD-to-seven segment decoder 
and driver.' The device has the capability to invert 
the logic levels of the output combinations. The 
Phase (Ph), Blanking (BI), and Latch Disable (LD) 
inputs are used to reverse the truth-table phase, 
blank the display, and store a BCD code, respec
tively. For liquid crystal readouts, a square wave is 
applied to the Ph input of the circuit and the 
electrically common backplane of the display. The 
outputs of the circuit are connected directly to the 
segments of the readout. For other types of 
raadouts, such as light-emitting diode (LED), in
candescent, gas discharge, and fluorescent read
outs, connection diagrams are given on this data 
sheet. 

Applications include instrument (e.g., counter, 

TRUTH TABLE 

xxxxooooooo 
1 1 1 1 1 0 0 , .. 

• 0 • 
o 1 1 I , 1 1 0 0 
, 0 0 0 1 1 0 1 

o , 0 I 1 1 

o 1 1 0 1 1 I 1 

o 1 I t 1 I I 0 0 0 7 
o 	0 0 1 I 1 

1 1 0 I 1 

010000000"'tl 

0110000000 
11000000000 

101(;,000000 
1100000000 

" 	 t 10000000 

, ~ "bow: c___ 

•• 1'0< "quod C,.,..UoI 'HidOUH, IIPPI .. t ~..... _ '0 ~ 

1'0< c_ utflooM LEO ,"""""to. _. "" - 0 
Fo< c_ ..... LEO __10.....u "' . , 

BCD-TO-SEVEN SEGMENT 

LATCH /DECODER /DRIVER 


CONNECTION DIAGRAM 
(all packages) 

dVoo e b 

LO C 0 A Ph 61 VSS 

Add suffix for package: 

C 16-pin Cerdip 
D 16-pi n Ceramic 
E 1 6-pin Epoxy 
F 16-pin Flat 
H ChiD 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - VSS 3 to 16 Vdc 

Operating Temperature 
C, 0, F, H Device -55 to +125 OC 
E Device -40 to +85 0C 

DVM, etc.) display driver, computer/calculator 
display driver, cockpit display driver, and various 
clock, \/IIIItch, and timer uses. 

BLOCK DIAGRAM 

. 
t I';).., 

., '0· 
13 

VOD * Pi,., 16.. d 

.. Vss - Pi,.,' 

OISPlAY 

101/12131'-115151718191 

···~_t'-'CDo;__ p<ltYlOUIIyappl...:l""""'LO·', 
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SCL4581B 


FEATURES 

• 	 Function and Pinout Equivalent to 74181 
• 	 Provides 16 Logic Functions and 16 Arithmetic 

Functions 
• 	 Comparator Function 
• 	 Positive or Negative Logic 
• 	 Full Look-Ahead for High-Speed Operations on 

Long Words 

DESCRIPTION 

The SCL4581 B is a CMOS 4-Bit Arithmetic 
Logic Unit (ALU) capable of providing 16 func
tions of two Boolean variables and 16 binary 
arithmetic operations on two 4-bit words_ The level 
of the Mode Control input determines whether the 
output function is logic or arithmetic_ The desired 
logic function is selected by applying the appro
priate binary word to the Select inputs (SO thru 
S3) with the Mode Control input high, while the 
desired arithmetic operation is selected by applying 
a low voltage to the Mode Control input, the 
required level to Carry in, and the appropriate 
word to the Select inputs_ The Word inputs and 
Function outpull can be operated with either 
active-high or active.Jow deta_ 

Carry propagate (PI and Carry generate (GI 
outputs ... provided to' allow a full look-ahead 
carry scheme. for fast simultaneous carry genera
tion for the four bits in the package. Fast 
arithmetic operations on lonll words are obtainable 
by usinll the SCL4582B as 8 second-order look
ahead block. An invertad Ripple-Carry input (Cn ) 
and 8 Ripple-Carry output (Cn+4) are included for 
ripple-through oparation. 

ALU SIGNAL DESIGNATIONS 

"'gnation Pin Nos. Function 

A3, A2, Al, AO 19,21,23,2 .Word A Inputs 
83, B2, 81, 80 111. 20, 22, 1 Word B Inputs 

Function-Select
S3,52,51,SO 3,4 1S,6 Inputs 

Cn 7 Inv. Carry Inpu't 

MOde Control
MC 8. Input 

F3, F2, Fl, FO 13,11,10,9 Function Outputs 

A-B 14 Comparator Output 

C...ry Propegate
P 16 Output 

Cn+4 16 Inv. Carry Output 

Carry Generate
G 17 Output 

CMOS 4-81T 
ARITHMETIC LOGIC UNIT 

CONNECTION DIAGRAM 
(all packages) 

INPUTS OUTPUTS 

VDD A,~~'~ ~ AJ 8J G Cn+4 P A=B F3 B, 

BO AO S3 S2 S1 SO CnMC FO Fl F2VsS ----------- -~ INPUTS OUTPUTS 

Add suffix for package: 

D 24-pin Ceramic 
E 24-pin Epoxy 
H Chip 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability: 

DC Supply Voltage VDD - VSS 3 to 15 Vdc 

Operating Temperature 
D,H Device -55 to +125 DC 
E Device -40 to +85 oc 

BLOCK DIAGRAM 

,"",'"0" I~ S.'.<:I 

'"pUn 5 


• 

~'d 23 10 O"tput'12A 21 11 F ",mCltOn"1 
,. ~:~::Iton 

19 13 

1. 

Ripple
~'·12~• 20 16 C."y 
O"IP\ojt 

eM'y In 7 

Mod•• 
Conn-ol 

Voo. P.n 24 

VSS· Pan 12 
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ALU FUNCTION GENERATION 
The SCL4581 B can be used with the signal ~signations of either Figure 1 or Figure 2. 

The logic functions end arithmetic operatiq,ns optained with~i9"al designations as in Fio~ 
1 are given in Table 1; those obtaiMd witll the'signal,des!grlati0/J5 of Figure 2 are given in 
Table 2. 

'u""~" !S.'.<:I 

Inputl 
 •

•VDD~ F' ...~ 

VSS· Pin 12 

,.9 fD 
23 ~3F, 	 .. '0W",d A I fOU""' 2'

F un(:I'on " " 	 11F~
'9 II 

1'3 '3 f3 13 
" 

n 	 n ,.,. Comp.'llOn Outpyt 
WO'd. !2. 

~ ,ppl. Carry 0 utput 	 ,.•• 	 ,.20 

•• G 17 	 G} 	 Look AhMd 
c.trv OutpuU " ,.Cerr.., In 

p15lIIIIod. ContrOl 

FIGURE 1 FIGURE 2 

(Use with T~ble 1 for POIiti"elogic, (Use with Table 2 for positive logic, 


with Table 2 for negative logic' with Table 1 for negative logic) 


TABLE 1 	 TABLE 2 
ACTiVI-LOW DATA 	 ACTIVE.tftGH DATAftLI!£nON SELECTIONMe-" Me .. L, ARITHMETIC OPIRATtONS ~'M Me .. l: Aftl1Mlll1'C OPIRATIONI 

LOGIC C. - L C.~H LootlC 'tft-H Il,,'L
&110 

,.. ,-. 	 E-" 
13 52 $Iiu- u -.:t_ !no~1 .....,...} so """"_ ""'-.. _-I 

~L L ~ l .."AIlilINO$l L L L F .... f· APLU$l 


L L L H ".;q '''A8MlHUSI ,.... L l L M F .. ;r+J , .. At a ,·I" ....}PLUSI 

L l H l F .. ,I·8 F .. ",IMINUS 1 F-Af l l H L F -ltl F·'(".IIPLUSI
'-A.' 
L 	 L H H F' • F '" MINUS 1 .2'. COM'I F .. l£RQ L L M H F -MINUS "r.COIIPI.I F· ZlftOF -. 
L H L L F·A+I F·APLUS,A+I', F : A PLUS IA'" it PLUS t L if ~ L ,-XI F· .. _4 F - .. PLUS AI I'UIS • 
l M L H F·8 F" ..IPLUSIA ... I, F ., AB PLUS (A ... I, PLUS 1 L M L H F -1 F - ,A' II PLUS AI F - ,•• II 'LUI AI'LUS , 
L H H L f • ...-wa F " A MINUS. MINUS 1" F .. AMINUSB L if H l F'A ED. f .'.-MINUS • MlNUl1 F-AMINUSS 

L 	 H H H F" A + I F- ... +I F .. IA +I) PLUS 1 L H H H Flit"" F·AlMI_. F - AI 


l L L F" :':8 F"APLUSIA+BI F" A PLUS fA + 81 PLUS 1 
H 	 H L L l ,.:.:+. ,-APLUSAI F - A PlUSA. PlU! 1 

H l L H pc A (i) It FOIAPlUSB F" A PLUS BPlUS 1 H L l H F - ;;;;-§:i . F..-APlU$8 F-APLUSln.US 1 


H l H L F· • F -AlpLUSIA+8) F ~ AI PLUS IA + 81 PLUS 1 H L H L F=B 
 F .. tA + lIptLUS A8 F -IA +:.) PLUSA8 PLUS 1 

H l H H '''A+8 F = fA:+ 8) F "IA+ 8' PLUS 1 H l H H ..... '.. - F .. ABMINUS 1 ..... 
H H l L F-. F .. A PLUS A· F" A PlUS A PlUS 1 LH H l F -,'. ,-APlUSA· F-APLUSAPlUS1 

H H L H F .. AI' ~ H l H FaA+l F-IAtl)PlU$A F -IA." PLUS API,..US 1F"A'PlUSA f ~ A8PLUSAPlUS 1 
M H H l F" A8 F" ..'IP\.USA F" AI PLUS A PLUS 1 H H H L F.~A_+. F-IA+IIPLUSA F.,· (~ ...., PLUSAIJLUS 1 

H' -,.;M 	 H F· A F" A F·A-PlUSl .. H ~;"A F '" "MINUS 1 F - .." H 

• EKh bit il shifted to the n.xt mOt. lignific.nt POlition. 

0 ...When the device is in the subtract' mode 	 ~n'tude;~n en". ~ . 
(LHHL), comparison of two 4-bit words present lit l ...' 

"".the A and: B inputs is provided using the A=B 'Ac""., • l, A<B 
.....h .- H 	 L A>B 

,L A'"
output. It ~mes a high-Ievef state when mdi
cating~itv. Also, when the ALU 'is:m the 

,l L, ,A OS. 
subtract mode the Cn+4 output can be used to Aul". H L A" • ,l<>w A" •indicate relative meritude as shown in this table: A:O B 
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8·BIT N·CHANNEL MICROPROCESSOR 


• TTL Drive Capability 

• 2 /AS ( - 1 :1.3 /AS, - 2:1.5 /As) Instruction 
Cycle 

• Powerful Problem Solving Instruction 
Set 

• 6 General Purpose Registers and an 
Accumulator 

• 16·Bit Program Counter for Directly
Addressing up to 64K Bytes of 
Memory 

• 16·Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

• Decimal, Binary, and Double Precision 
Arithmetic 

• Ability to Provide Priority Vectored 
Interrupts 

• 	512 Directly Addressed 1/0 Pons 

• 	 Available in EXPRESS 
- Standard Temperature Range 

The Inlel"; 'SOSOA is a complete 6·bit parallel central processing unit (CPU), It is fabricated on a single LSI chip using 
Intel's n·channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. 

The 6060A contains 6 6-bit general purpose working registers and an accumulator. The 6 general purpose registers may be 
addressed individually or in pairs providing both single and double preCision operators. Arithmetic and logical instructions 
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store/retrieve the contents of the accumulator, flags. program counter, and all of the 6 general purpose registers. The 16-bit 
stack pointer controls the addressing of this external stack. This stack gives the BOBOA the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine 
nesting. 

This microprocessor has been designed to simplify systems design. Separate 16·line address and 8·line bidirectional data 
busses are used to facilitate easy interface to memory and I/O. Signals 10 control the interface to memory and I/O are 
provided ilirectly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides 
the ability to suspend processor operation and force the address and data busses into a high impedance state. This permits 
OR-tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation, 

NOTE: 
The 8080A is functionally and etectrically compatible with the Intel- 8080. 

~oo;~c~~...t.l 
PAtA.US 

An 

GNO Au 

0, A" 

0, 

A .. 

A, ..A, 

.. 
A,

A,RESET 

HOLD 	 "ZV 
A, ..A, 

FIgure 1. Block Diagram 	 FIgure 2. Pin Configuration 

213 



8080Al8080A·118080A·2 

Table 1. Pin Description 

Symbol Type 	 Name and Function 

0 	 Addres.Bus: The address bus provides the address to memory (up to 64K 8-bit words) or denotes the I/O 
device number for up to 256 input and 256 output devices. An is the least significant address btt. 

DrDo 110 	 Data Bus: The data bus provides bl-directional communication betweeen the CPU. memory, and ItO 
de-vices for instructions and data transfers. Also. during the first clock cycle of each machine cycle. the 
8080A outputs a status word on the data bus that describes the current machine cycle. Do is the least 
significant bit. 

A'5-Ao 

SYNC 0 	 Synchronizing Signal: The SYNC pin provides a signal to indicate the beginning of each machine cycle. 

DBIN 0 	 Data Bu. In: The DBIN signal indicates to external circuits that the data bus is in the input mode. This 
signal should be used to enable the gating of data onto the 8080A data bus from memory or I/O. 

I 
READY I 	 Reidy: The READY signal indicates to the 8080A that valid memory or input data is available on the 8080A 'I 

data bus. This sIgnal is used to synchronize the CPU with slower memory or IJO devices.·1f after sending I 

an address out the aOSOA does not receive a READY input. the8080Awill enter a WAITstate for as long as 
the READY line is low. READY can also be used to single step the CPU. 

WAIT 0 	 walt: The WAIT signal acknowledges that the CPU is in a WAIT state. 

WR 0 	 Write: The WR signal is used for memory WRITE or IJO output control. The data 00 the data bus is stable 
while ttlt! WR signal is active low (WR = 0). 

HOLD I 	 Hold: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state allows an external 
device to gain control of the aOeOA address and data bus as soon as the 8080A has completed its use of 
these busses for the current machine cycle. It is recognized undel' the following conditions: 
• the CPU is in the HALT state. 
• 	 the CPU is in the T2 or TW state and the READY signal is active. As a result of entering the HOLD state 

the CPU ADDRESS BUS (A'5-Aol and DATA BUS (DrDol will be in their high impedance state. The CPU 
acknowledges its state with the HOLD ACKNOWLEDGE (HLDAl pin. 

HLDA 	 0 Hold ACk"nowledge: The HlDA signal appears in response to the HOLD signal and indicates that the data 
and address bus WIll go to the high impedance state. The HLOA signal begins at: 
• T3 for READ memory Of input. 
• The Clock Period following T3 for WRITE memory or OUTPUT operation. 
In either case, the HLOA signal appears after the rising edge of rb2. 

INTE 0 	 Interrupt Enable: Indicates the content of the internal interrupt enable flip/flop. This flip/f1op may be set 
or reset by the Enable and Disable Interrupt instructions and inhibits interrupts from being accepted by 
the CPU when it is reset. It [sautomatically reset (disabling·furtherinterrupts) at time T1 of the instruction 
fetch cycle (M1) when an interrupt is accepted and is also reset by the RESET signal 

INT I 	 Interrupt Request: The CPU recognizes an interrupt request on this line at the end of the current 
instruction or while halted. If the CPU is in the HOLD state or if the Interrupt Enable flipJflop is reset it WIll 
not honor the request. 

RESer' I 	 R...t: While the RESETsignal is activated. the content of the program counter is cleared. After RESET. 
the program will start at location 0 in memory. The INTE and HlDA flip/flops are also reset. Note that the 
flags. accumulator. stack pOinter. and registers are not cleared. 

Vss Ground: Reference. 


Voo _.r: +12 ~5% Volt._ 


Vee Power: +5 ~ 5% Volt•. 


Vee Power: - 5 :t 5% Volts. 


4>,. <1>. Clock Ph ....: 2 externally supplied clock phases. (non TTL compatible) 


I 
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INSTRUCTION SET 

The accumulator group instructions include arithmetic and increment <.lilt! d~CloJmt;ni nwmol v, the SIX generdl regtster~ 
logical operators with direct, indirect, and immediate ad and the aCCUmulJt0f is provided .15 well dS extended mere 
dressing modes. ment and decrement instrlJ(.tjon~ to opera!£' on th~ register 

pairs and stack pointer Further capability is provided by 

to move either 8 or 16 bits of data between memory, the 
Move, load, and store instruction groups provide the ability 

the ability to rotate the accumulator I~ft or nght thrt)ugh 
or around the carry bit 

direct. and immediate addressing modes. Jnput and output may be accomplished using memory ad· 

dresses as 1/0 ports or the directlv addresspd 1/0 prOVided 

six working registers and the accumulator using direct, in

The ability to branch to different portions of the program 
for in the S080A Instrllctlon seL is provided with jump. jump conditional, and computed 

jumps. Also the ability to call to and return from sub The following special instrllctlOr"1 group completes the 8080A 
routines is provided both conditionally and unc!Jnditionally. instruction set: the NOP Instruction, HALT to stop pto· 

The RESTART (or single byte call instruction) is useful for ces~c: execution and the OAA instructions provide decimal 

interrupt vector operation. arithmetic capability. STC allows the carry flag to be di 
reetly set, and the CMC instruction allows it to be comple·Double precision operators such as stack manipulation and 
mented. CMA complements the contents of the accumulatordouble add instructions extend both the arithmetic and 
and XCHG exchanges the contents of two 16·bit registerinterrupt handling capability of the 8080A. The ability to 
pai ... directly. 

Data and Instruction Formats 
Data in the B080A is stored in the form of B·bit binary integers. All data transfers to the system data bus will be in the 

same format. 


ID7 Os D5 D4 0 3 D.2 D, Do I 
DATA WORD 

The program Instructions may be one, two, or three bytes in length. Multiple byte instructions must he stored 
in succe$sive words in program memory. The instruction formats then depend on the particu'lar operation 
executed. 

One Byte Instructions TYPICAL INSTRUCTIONS 

ID7 0 6 D5 D4 D3 D2 D, OP CODE Register to register, memory reter·Dol 
ence, arithmetic or logIcal, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 

Two Byte I,nstructions 

ID7 Ds D5 °4 D3 D2 D, Do I OPCODE 

ID7 D6 D5 D4 D3 D2 D, Do I OPERAND Immediate mode or 110 instructions 

Three Byte Instructions 

ID7 Ds D5 D4 D3 D2 D, Do I OPCODE Jump. call or direct load and store 
instructions 

1 0 7 06 05 °4 0 3 02 0, Do I LOWAOORESSOR OPERAND 1 

ID7 Ds D5 D4 D3 D2 D, DO I HIGH ADDRESS OR OPERAND 2 

For the 8080A a logic •• ," is defined as a high level and a logic '·0·· is defined as a low level. 
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Table 2.. Instruction Set Summary 
" - -- T ,- ----~~---. 

Clock ~ 

.1 1",....lIon Code II J Opentlonl eye... In._CoMI') Opafallon. Cycle. 

M_1e D7 Os D5 04 0" 0, D, Do DelCrlpUon 12) M_1e D7 Os 05 0. 0" D2 0, Do o.-tpIton [2) 
.. 

MOVE. LOAD. AND STORE JPO 1 1 1 0 0 0 1 0 Jump on parity odd .0 

MOVr1,r2 0 1 0 0 0 S S S Move register to register 5 PCHL 1 1 1 0 1 0 0 1 H& l to program 5 

MCNM.r 0 1 1 1 0 S S S Move register to counter 
memory 7 CALL 

MCNr.M 0 1 0 0 D 1 1 0 Move memory tu reglS~ CALL 1 1 0 0 1 1 0 1 Call unconditlonat 17 

te' 7 CC 1 1 0 1 1 1 0 0 Calion carry 11/17 

MVlr 0 0 D 0 0 1 1 0 Move immediate regis-- CNC 1 1 0 1 0 1 0 0 caD on no carry 11117 
ter 7 CZ 1 1 0 0 1 1 0 0 Calion zero 11/17 

MVIM 0 0 1 1 0 1 1 0 Move imml;tc;liate CNZ 1 1 0 0 0 1 0 0 Can on no zero 11/17 

memory 10 CP 1 1 1 1 0 1 0 0 calion positive 11117 
LXI B 0 0 0 0 0 0 0 1 load immediate n~glster I 10 CM 1 1 1 1 1 1 0 0 Calion minus 11117 

Pair e & c CPE 1 1 1 0 1 1 0 O. Can on parity even 11117 
LXI 0 0 0 0 1 0 0 0 1 l.oad immediate register 10 CPO 1 1 1 0 0 1 0 0 Call on Darit odd 11/17 

PairO& E RETURN 
LXI H 0 0 1 0 0 0 0 1 Load immediate register 10 RET 1 1 0 0 1 0 0 1 Return 10 

PairH&L RC 1 1 0 1 1 0 0 0 Return on carry 5/11 
STAXB 0 0 0 0 0 0 1 0 Store A indirect 7 RNC 1 1 0 1 0 0 0 0 Retum on no carry iill1 
STAXO 0 0 0 1 0 0 1 0 Store A indirect 7 AI 1 1 0 0 1 0 0 0 Return on zero 5/11 

LOAXB 0 0 0 0 1 0 1 0 Load A indirect 7 ANZ 1 1 0 0 0 0 0 0 Return on no zero 5/11 
LOAXO 0 0 0 1 1 0 1 0 Load A indirect 7 AP 1 1 1 1 0 0 0 0 Return on positive 5/11 

STA 0 0 1 1 0 0 1 0 Store A direct 13 AM 1 1 1 1 1 0 0 0 Retum on minus 5/11 
LOA 0 0 1 1 1 0 1 0 Load A direct 13 RPE 1 1 1 0 1 0 0 0 Return on parity even 5/11 
SHLO 0 0 1 0 0 0 1 0 Store H & L direct 16 RPO 1 1 1 0 0 0 0 0 Return on Darlly odd 5/11 
LHLO 0 0 1 0 1 0 1 0 Load H & L direct 16 RESTART 
XCHG 1 1 1 0 1 0 1 1 Exchange 0 & E, H & L 4 RST 1 1 A A A 1 1 1 Restart 11 

Registers INCREIiIEMT AND DECREMEN1 
STACKOPS INR, 0 0 DOD 1 0 0 Increment register 5 
PUSHB 1 1 0 0 0 1 0 1 Push register Pair B & 11 DCR, 0 0 0 D 0 1 0 1 Decrement register 5 

C on stack INRM 0 0 1 1 0 1 0' 0 Increment memory 10 

PUSH 0 1 1 0 1 0 1 0 1 Push register Pair 0 & 11 DCRM 0 0 1 1 0 1 0 1 Decrement memory 10 
E on stack INXB 0 0 0 0 0 0 1 1 Increment B & C 5 

PUSHH 1 1 1 0 0 1 0 1 Push register Pair H & 11 registers 
L on stack INXO 0 0 0 1 0 0 1 1 Increment 0 & E 5 

PUSH 1 1 1 1 0 1 0 1 Push A and Flags 11 registers 
PSW on stack INXH 0 0 1 0 0 0 1 1 Increment H & L 5 
POPB 1 1 0 0 0 0 0 1 Pop register Pair B & 10 registers 

C off stack DCXB 0 0 0 0 1 0 1 1 Decrement B & C 5 
POPO 1 1 0 1 0 0 0 1 Pop register Pair 0 & 10 DCXO 0 0 0 1 1 0 1 1 Decrement 0 & E 5 

E off stack DCXH 0 0 1 0 1 0 1 1 Decrement H & L 5 
POPH 1 1 1 0 0 0 0 1 Pop register Pair H & 10 ADD 

L off stack ADO, 1 0 0 0 0 S S S Add register to A 4 
POPPSW 1 1 1 1 0 0 0 1 Pop A and Flags 10 ADC, 1 0 0 0 1 S S S Add register to A 4 

oft stack with carry 

XTHL 1 1 1 0 0 0 1 1 Exchange top of 18 ADOM 1 0 0 0 0 1 1 0 Add memory toA 7 

stack. H & L ADCM 1 0 0 0 1 1 1 0 Add memory to A 7 

SPHL 1 1 1 1 1 0 0 1 H. L to stack pointer 5 with carry 
LXI SP 0 0 1 1 0 0 0 1 Load immediate stack 10 AD! 1 1 0 0 0 1 1 0 Add Immediate to A 7 

pointer ACI 1 1 0 0 1 1 1 0 Add immedlete to A 7 
INXSP 0 0 1 1 0 0 1 1 Increment stack pointer 5 with carry 
DCXSP 0 0 1 1 1 0 1 1 Decrement stack 5 OADB 0 0 0 0 1 0 0 1 Add8&CtoH&L 10 

pointer DADO 0 0 0 1 1 0 0 1 AddD&EtoH&L 10 

JUMP OADH 0 0 1 0 1 0 0 1 AddH&LtoH&L 10 

JMP 1 1 0 0 0 0 1 1 Jump unconditional 10 OADSP . 0 0 1 1 1 0 0 1 Add stack pointer to 10 

JC 1 1 0 1 1 0 1 0 Jump on carry 10 H&L 
JNC 1 1 0 1 O· 0 1 0 Jump on no carry 10 
JZ 1 1 0 0 1 0 1 0 Jump on zero ~ 10 
JNZ 1 1 0 0 0 0 1 0 Jump on no zero 10 
JP 1 1 1 1 0 0 1 0 Jump on positive 10 
JM 1 1 1 1 1 0 1 0 Jump on minus 10 
JPE 1 1 1 0 1 0 1 0 Jump on parity even 10 
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SuntmIIry of Proceuor In8lrvctlonl (ConI.) 

Clod! Clock 
I_Code['J Opera'loM Cycle. Instruction Code 111 Operations Cycl••-- o,Dj;DsO.II:!D:!D,Do DelCtlplJon [2J Mnemonic 0, D6 DS D. D3 D2 D, DC Description 121 

sutrmACT ROTATE 

SUBr 1 0 0 , 0 5 5 S Subtract register RLC 0 0 0 0 0 1 1 1 Rotate A !eft 
 4 

IromA • 
AAC 1 0 0 O· 0 1 1 1 1 Rotate A right 4 

SSBr 1 0 0 , , S S S Subtract register from 4 RAL 0 0 0 1 0 1 1 1 Rotate A !eft through 4 

Awith borrow carry 

SUBM 1 0 0 , 0 , , 0 Subtract memory 7 RAA 0 0 0 1 1 1 1 1 Rotate A right through 4 

from A carry 

SBBM 1 0 0 , 1 1 1 0 Subtract memory from 7 f--speclALst-
Awithborrow CM,A, 10 0 1 0 1 1 1 1 Complement A 4 

SUI 1 , 0 , 0 , , 0 Subtract immediate 7 1 1 0 1 1 1 Set carry 4 

IromA CMC 0 0 1 1 1 1 1 1 Complement carry 4SLJ1j 
SBI 1 1 0 1 1 1 1 0 	 Subtract immediate 7 1 0 0 1 1 1 Decimal adjust A 


from Awilh borrOW' 
 e-f.:rrIOUTP~ 0 	
4 

LOGICAL IN 1 1 0 1 1 0 1 1 Input 10 

ANAr 1 0 1 0 0 S S S And register with A 4 OUT 1 1 0 1 0 0 1 1 Output 10 


-
XRA, 1 0 1 0 1 S S S 	 Exclusive Or register 4 CONTROL 


with A EI 1 1 1 1 1 0 1 1 Enable Interrupts 
 • 
ORA, 1 0 1 1 0 S S S Or register with A 4 01 1 1 1 1 0 0 1 1 Olsable Interrupt 4 

CMPr 1 0 1 1 1 S 5 5 Compare register with A 4 NOP 0 0 0 0 0 0 0 0 No-operation 4 

ANAM 1 0 1 0 0 1 1 0 And memory with A 7 HLT 0 1 1 1 0 1 1 0 Halt 7 

XRAM 1 0 1 0 1 1 1 0 Exclusive Or memory 7 
with A 


ORAM 1 0 1 1 0 1 1 0 Or memory with A 7 

CMPM 1 0 1 1 1 1 1 0 Compare memory with 


A 7 

ANI 1 1 1 0 0 1 1 0 And immediate with A 7 

XAI 1 1 1 0 1 1 1 0 Exclusive Or immediate 7 


with A 

OAI 1 1 1 1 0 1 1 0 Or immediate with A 7 

CPI 1 1 1 1 1 1 1 0 Compare immediate 7 


with A 

NOTES: 
1. 000 Of" SSS. 6-000, C=OO1, 0=<010, E=011, H= 100, L=101. Memory=110, A-11 1. 

2. 'fNo poasibte cycle times (6,112) indicate in~truction cycles dependent on conditton flags. 
·AII mnemonics copyright Clntet Corporation 19n 
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8-BIT HMOS MICROPROCESSORS 


• 	Single +SV Power Supply with 10% 
Voltage Margins 

• 3 MHz, S MHz and 6 MHz Selections 
Available 

• 20% Lower Power Consumption than 
SOSSA for 3 MHz and S MHz 

• 1.3 /Ls Instruction Cycle (SOSSAH); O.S 
/1-s (SOSSAH-2); 0.67 /Ls (SOSSAH-1) 

• 100% Compatible with SOSSA 

• 100% Software Compatible with SOSOA 

• On-Chip Clock Generator (with 
External Crystal, LC or RC Network) 

• 	 On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 

• 	Four Vectored Interrupt Inputs (One Is 
Non-Maskable) Plus an 
SOSOA-Compatible Interrupt 

• 	Serialln/Serial Out Port 
• 	Decimal, Binary and Double Precision 

Arithmetic 
• 	 Direct Addressing Capability to 64K 

Bytes of Memory 
• 	 Available in EXPRESS 

- Standard Temperature. Range 
- Extended Temperature Range 

The Intel" 8085AH is a complete 8 bit parallel Central Processing Unit (CPU) implemented in N-channel. 
depletion load, silicon gate technology (HMOS), Its instruction set is 1 00"10 software compatible with the8080A 
microprocessor, and it is designed to improve the present 8080A's performance by higher system speed. Its 
high level of system integration allows a minimum system of three IC's [8085AH (CPU), 8l56H (RAM/IO) and 
8355/B755A (ROM/PROM/IO)] while maintaining total system expandability. The BOB5AH·2 and B085AH-l are 
faster versions of the 8085AH. 

The BOB5AH incorporates all of the features that the B224 (clock generator) and B22B (system controller) 
provided for the B080A, thereby offering a high level of system integration. 

The BOB5AH uses a multiplexed data bus. The address is split between the 8 bit address bus and the B bit data 
bus. The on-chip address latches of B155H/8156H/8355/8755A memory products allow a direct interface with 
the 8085AH. 

. 
'" o ••' 
'UG "E~ 

I--'",,,'--L.-...;,"':,...,,,,.... 

'~OG""'''' COUfflill ".. 

"x, Vee 
HOLD 

REsn OUT 
SOD eLK toun 

"0 RiSfTiN 
READV 

RST 1!'t )4 101M 

RST 6.5 
FlSTS.S 

INTR 

~AlG'Snll INTA 

I 
1~ .. t"'::::~~~~:E'"TE~.) J 

j'~===;lll
...---'••loI.,._,_~"L__.""'::I••... .... 

" 
" 

So 
Alb 
A" 
A13 

A" 
A"A,. 
Ao 

-=_-'-r As 

Figura 2. 8085AH PIn 
Figura 1. 8085AH CPU Functional Block Diagram Configuration 

218 



8085AH/8085AH-2/8085AH-1 

r--=~~__",-~,-__~~~~~~~_T~.~b~le~1~PlnrD~e_._c~rl~p_tlTO_n~__.-__~______~________--. 
Symbol Type Name and Function Symbol Type Name and Function 

o 	 Addr'-,. Bu.: The most significant READY I Ready: If READY is higt'l during a 
8 bits of the memory address or the read or write cycle, it indicates thai 
8 bits of the 1/0 address. 3-stated the memory or peripheral is ready to 
during Hold and Halt modes and send O( receive data. If READY is 
during RESET low. the cpu will wait an integral 

number of clock cycles for READY
ADo_1 110 Muillpl,..d Add,.../Olt. auo: 

to go high before completing theLower ebits of the memory address 
read or write cycle. READY must

(or 110 address) appear on the bus 
conform to specified setup and hold

during the first clock cycle (T state) 
tImes 	 Iof a machine cycle, It then becomes 

the data bus dUring the second and I Hold: IndIcates that another mastel 
third clock cycles IS requestmg the use of the address I 

and data buses The cpu. upon I
ALE o Address Latch Enable: It occurs 

receiVing the hold request. willI"""dtJring the flrst clock state of a ma
relinquIsh the use of the bus aschine cycle and enabl€s the address 
soon as the completIon of the cur

to get latt~ed mto the on-chIp latch I rent bus transfer Internal processof penpk.:.,'als The falling edge of 
mg can contInue. The processor ALE is set to gu~rantee setup and 
can regam the bus only aller the

hold times for the address informa-
HOLD IS removed. When the HOLDtIon. The falling edge of ALE can 
IS acknowledged. the Address.also be used to strobe the status 
Data RD, WR, and 101M lines are

information. ALE IS ne'ler 3-'!f .~-ad . 
. - 3-stated 

So. 5,. and 10/fj 0 Machine Cycle Status: 
HLDA 0 HOld Acknowledge: Indicates that 

101M S, So Status the cpu has received the HOLD re
0 0 , Memory write quest and that It will relinqUish the ,0 0 Memory read bus In the next clock cycle HLDA 
1 0 , 110 write goes low after the Hold request IS 

1 0 IiO read removed. The cpu takes the bus one 
0 

, 
I 1 Opcode fetch I half clock cycle after HLDA goes I

1 1 1 Opcode fetch Ir-______+-____-+__I~O_W_________ J, 1 1 Interrupt I 
INTR I Interrupt Request: Is used as a IAcknowledge 

general purpose Interrupt It IS0 0 Hart 
sampled only dUring the next to the IX X Hold 
last clock cycle of an instructionX X 	 Reset 
and during Hold and Halt states 11 II

• = 3-state (high Impedance) 
is active. the Program Counter (PC)X == unspecified 
will be Inhibited from incrementing 
and an INTA will be Issued. During 5, can be used as an advanced R/IN 
thiS cycle a RESTART or CALL in

status. 10{~" So and S 1 become 
struction can be inserted to jump 10valid at the begmning of a machme 
the mterrupt service routine. The

cycle and remain stable throughout 
INTR is enabled and disabled bythe cycle The falling edge of ALE 
software. It IS disabled by Aeset and may be used to latch the state of 
Immediately after an interrupt is acthese lines. 
cepted 

AD o Read Control: A low level on RD 
INTA 0 Interrupt Acknowledge: Is used inindicates the selected memory or 

stead of (and has the same timing1/0 device is to be read and that the I as) AD during the Instruction cycleData Bus is available for the data 
after an INTR is accepted. It can betransfer, 3-stated during Hold and 
used to activate an 8259A InterruptHalt modes and during RESET 
chip or some other interrupt port. 

WR o Write Control: A low level on WR 
RST 5.5 I Rel'art Interrupti: These three inindicates the data on the Data Bus is 
AST 6.5 puts have the same timing as INTR to be written into the selected 
AST 7.5 except they cause an Internal memory or 1/0 location. Data is set 

RESTART to be automaticallyup at the trailing edge of WA. 3
Inserted.stated during Hold and Halt modes 

and during RESET 	 The priority of these interrupts IS 

ordered as shown in Table 2. These 
interrupts have a higher priority 
than INTR. In addition, they may be 
individually' masked out using the 
SIM instruction. 
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• 

Table 1. Pin Description (Continued) 

SVmbol type Name and Function Svmbol type Name and Function 

TRAP I Trap: Trap interrupt is a non- RESET OUT 0 Reset Out: Reset Out indicates cpu 
maskable RESTART interrupt. It is 
recognized at the same time as " 

being reset. Can be used 
as a system reset. The signal i~ 

INTR or RST 5.5-7.5. It is unaffected synchronized to the processor 
by any mask or Interrupt Enable. It clock and lasts an integral number 
has the highest priority of any inter· l)f clock periods. 

~ I 

rupt. (See Table 2.) 

R•••t In: Sets the Program 
I X,. X2 I X1 and X2: Are connected to a 

crystal, Le, or RC network to drive 
Counter to zero and resets the Inter- the internal.cl"'ck generator. X1 can 
rupt Enable and HLDA flip-flops. 
Tho data and address buses and the 

[ also be ant._._rnal clock input from 
a logic gate. The input frequency is 

control lines are 3-stated during 
RESET and because of the asyn
chronous nature of RESET, the pro
cessor's internal registers and flags 
may be altered by RESET with un
predictable results. RESlTlN is a 
Schm.tt-triggered input, allowing 
connection to an R-e network for 

I 
ClK 

SID 

.-

I 

divided by 2 to give the processot"s 
internal operating frequency. 

Clock: Clock output foruse as a sys· 
tern clock. The period of elK is 
twice the X1, X2 input period. 

Serial Input Data Une: The data on 
this line is loaded into accumulator 

power-on RESET delay (see Figure 
3). Upon power-up. RESEfTN must 

bit 7 whenever a RIM instruction is 
executed. 

remai", tow for at leut 10 ms after SOD 0 Serial Output Oa'" Une: The out-
minimum Vee has been reached. 
For proper reset operation after the 
power-up duration •. FiESE'fIliI 
Should be kept Iowa minimum of Vee 

put SOD is set or reset as specified 
by t"e SIM instruction, 

Power: +5 volt supply. 

I 
three clock periods. The CPU is held 
in the reset condition as long as 
RES'ETlN is applied. 

VSS Ground: Reference. 

Table 2. Interrupt Priority, Restart Address, and Sensitivity 

Addres. Branched To (1) 
Name Priority When Interrupt Qccurs Type Trigger 

TRAP 1 24H Rising edge AND high level until sampled. 

RST 7.5 2 3CH Rising edge ilatched '. 

RST6.5 3 34H High level until sampled. 

RST 5_5 4 2CH High level until sampled. 

INTR 5 See Note·,2., High level until sampled. 

NOTES: 
1. The processor pushes the PC on the stack before branching to the indicated address. \ 
2. The address branched to depends on tne instructi?fl provided to the cpu when the interrupt is acknowledged. 

TYPICAl PONER-ON FtESET RC V"WES' 
Vee 0 	 Rl~75KIl 

C 1 '" 1 pFI~ 
'VAWES MAY HAVE roVAItY CUEro 
APPLIED PONER SUPPLY AAMPUPnMEL~ 

c, 
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FUNCTIONAL DESCRIPTION 

The 8085AH is a complete 8-bit parallel central pro
cessor. It is designed with N-channel, depletion 
load, silicon gate technology (HMOS), and requires 
a single +5 volt supply. Its basic clock speed is 
3 MHz (8085AH), 5 MHz (8085AH-2), or 6 MHz 
(8085AH-1), thus improving on the present 8080A's 
performance with higher system speed. Also it is 
designed to tit into a minimUm system of three IC's: 
The CPU (8085AH), a RAM/IO (8156H), and a ROM or 
EPROM/IO chip (8355 or 8755A). 

The 8085AH has twelve addressable 8-bit registers. 
Four ofthem can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
8-bit registers or as 16-bit register pairs. The 8085AH 
register set is as follows: 

Mnemonic Reglater Content. 

ACCor A Accumulator 8 bits 
PC Program Counter l6-bit address 
BC,DE,HL General·Purpose 8bitsx6or 

Registers; data l6bitsx3 
pointer (HL) 

SP Stack Pointer l6-bit address 
Flags or F Flag Register 5 flags (B-bit space) 

The 8085AH uses a multiplexed Data Bus. The 
address is split between the higher 8-bit Address 
Bus and the lower 8-bit Address/Data Bus. During 
the first T state (clock cycle) of a machine cycle the 
low order address is sent out on the Address/Data 
bus. These lower 8 bits may be latched externally by 
the Address Latch Enable signal (ALE). During the 
rest of the machine cycle the data bus is used for 
memory or I/O data. 

The 8085AH provides m>, VVR, So, 51, and 10/M 
signals for bus control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter
rupts are synchronized with the processor's internal 
clock. The 8085AH also provides Serial Input Data 
(SID) and Serial Output Data (SOD) lines for simple 
serial interface. 

In addition to these features, the 8085AH has three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 

INTERRUPT AND SERIAL I/O 

The 8085AH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the 8080A INT. Each of the three RE
START inputs, 5.5, 6.5, and 7.5, has a programmable 
mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. . 
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The three maskable interrupts cause the internal 
execution of RESTART (saving the program counter 
in the stack and branching to the RESTART address) 
if the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter
nal execution of a RESTART vector independent 
of the state of the interrupt enable or masks. (See 
Table 2.) 

There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level
sensitive like INTR (and INT on the 8080) and are 
recognized with the same timing as INTR. RST 7.5 is 
rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an inter
nal flip-flop which generates the ihternal interrupt 
request (a normally high level signal with a low 
going pulse is recommended for highest system 
noise immunity). The RST 7.5 request flip-flop 
remains set until the request is serviced. Then 
it is reset automatically. This flip-flop may also be 
reset by using the SIM instruction or by issuing a 
~ to the 8085AH. The RST 7.5 internal flip
flop will be set by a pulse on the RST 7.5 pin even 
when the RST 7.5 interrupt is masked out. 

The status of the three RST interrupt masks can only 
be aHected by the SIM instruction and RESET IN. 
(See SIM, Chapter 5 of the MCS-80/85 User's 
Manual.) 

The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP
highest priority, RST 7.5, RST 6.5, RST 5.5, INTR
lowest priority. This priority scheme does not take 
into account the priority of a routine that was started 
by a higher priority interrupt. RST 5.5 can interrupt 
an RST 7.5 routine if the interrupts are re-enabled 
before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic events 
such as power failure or bus error. The TRAP input is 
recognized just as any other interrupt but l1as the 
highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. The 
TRAP input must go high and remain high until it is 
acknowledged. It will not be recognized again until it 
goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 4 
illustrates the TRAP interrupt request circuitry 
within the 8085AH. Note that the servicing of any 
interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) 
disables all fljture interrupts (except TRAPs) until an 
EI instruction is executed. 
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-INSIDE THE 
EXTERNAL 

TRAP 

INTERAUPT 
REQUEST 

SCHMITT 
TRIGGER 

+5V D eLK 

o 
F.'F 

L INTERNAL 

TRAP 


ACKNOWLEDGE 


Figure 4. TRAP and RESET IN Circuit 

The TRAP interrupt is special in that it disables inter
rupts, but preserves the previous interrupt enabie 
status. Performing the first RIM instruction follow
ing a TRAP interrupt allows yo.u to determine 
whether interrupts were enabled or disabled prior to 
the TRAP. All subsequllnt RIM instructions provide 
current interrupt enable status. Performing a RIM 
instru.ction following INTR, or RST 5.5-7.5 will 
provide current Interrupt Enable status, reveaiing 
that Interrupts are disabled. See the description of 
the RIM instruction in the MCS-SO/S5 Family User's 
Manual. 

The serial I/O system is also controlled by the RIM 
and SIM instructions. SiD is read by RIM, and SIM 
sets the SOD data. 

DRIVING THE Xl AND X2 INPUTS 

You may drive the clock inputs of the SOS5AH, 
S085AH-2, or S085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must beat least l·MHz; and 
must be twice the desired internal clock frequency; 
hence, the SOS5AH is operated with a 6 MHz crystal 
(for 3 MHz ciock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz ciock), and the 80S5AH-1 can 
ba operated with a 12 MHz crystal (for 6 MHz clock). 
If a crystal is used, it must have the following 
characteristics : 

Parallel resonance at twice the clock frequency 
desired 
CL (load capacitance) ,;;; 30 pF 
Cs (shunt capacitance) ,;;; 7 pF 
As (equivalent shunt resistance) ,;;; 75 Ohms 
Drive ievel: 10 mW 

Frequency tolerance: ±.OO5% (suggested) 


Note the use of the 20 pF capacitor between X2 and 
ground. This capacitor is reqllired with crystal fre
quencies below 4 MHz to assure oscillator startup at 
the correct frequency, A parallel-resonant LC circuit 
may be used as the frequency-determining network 
for the SOS5AH, pr.oviding that its frequency 
tolerance of approximately ± 1 ()Ok is acceptable. The 
components are chosen from the formula: 

To minimize variations in frequency, it is recom
mended that you choose a value for Cext that is at 
least twice that of Cint, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 

An AC circuit may be used as the frequency
determining network forthe SOS5AH if maintaining a 
precise clock frequency is of no importance. Var
iations in the on-Chip timing generation can cause a 
wide variation in frequency when using the RC 
mode. Its advantage is its low component cost. The 
driving frequency generated by the circuit shown is 
approximately 3 MHz. It is not recommended that 
frequencies greatly higher or lower than this be 
attempted. 

Figure 5 shows the recommended clock driver cir· 
cuits. Note in 0 and E that pullup resistors are re
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level vo'tage 
of O.SV. 

For driving frequencies up to and including 6 MHz 
you may supply the driving signal to Xl and leave X2 
open-circuited (Figure 50). If the driving frequency 
is from 6 MHz to 12 MHz, stability of the clock 
generator will be improved by driving both X, and X2 
with a push-pull source (Figure 5E). To prevent 
self-oscillation of the S085AH,lle sure that X2 is not 
coupied back to Xl through the driving circuit. 

222 



8085AHl8085AH-2/8085AH-1 

x, _ 
----, 

I 
I 
I "'NT 

..1..-11"".,.. 
I2.. I 

L.:;;.~""'----l ___ ..J 

~ rtF CAPAaTORS REOI.MED FOR 
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b. lC Tuned Circuit Clock Driver 

~ x, 
i·· L-_"'~---I~ , 

"c. RC Clrcult Clock Driver 

+IV 

LOW TIME > 10 rae 

/ x, 

x, 

·X:z LEFT FlOATING 

d. 1-6 MHz Input Frequency External Clock 
Driver Circuit 

+f¥ 

LOWn.> ..... 

»+-410/1--,--/-1 x, 

'--.....--ix. 

e. 	1-12 MHz Input Frequency External Clock 
Driver Circuit 

figure 5, Clock Driver Circuit. 

GENERATING AN 8085AH WAIT STATE 

If your system requirements are such that slow 
memories or peripheral devices are being used,the 
circuit shown in Figure 6 may be used to insert one 
WAIT state in each 8085AH machine cycle. 

The 0 flip-flops should be chosen so that 
• ClK is rising edge-triggered
• CLEAR is low-level active. 

I 
CLEAR 

elK.....  -ClJ(.0UlYVT. - -jleLK .. .. = c"0" 
FIF Q F/F \) NIUT 

+5v ---+ 0 	 0 

-ALE MD ax PJT) SHOULD BE BUFFEReD F Q.K N'VT OF LATOi 

EXCEEDS ~ lOt.. OR IOH. 


figure •• 	Gener.tIon of a Walt State for 8085AH 
CPU 
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Figure I. MC8-IS" Minimum System (Memory Mapped 1/0) 
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figure 9. MCNS" System (Using Standard Memories) 
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As in the 8080, the READY line Is used to extend the 
read and write pulse lengths so that the 8085AH can 
b9 used with slow memory. HOLD causes the CPU to 
relinquish the b\Js when it is through with it by float
ing the Address and Data Buses. 

SYSTEM INTERFACE 

The 8085AH family includes memory components, 
which are directly compatible to the 8085AH CPU. 
For eXlilmple, a system consisting of the three chips, 
8085AH, 8l56H, and 8355 will have the following 
features: 

• 2K Bytes ROM 
• 256 Bytes RAM 
• 1 TimeriCounter 
• 4 8-bit 1/0 Ports 
• 1 6-bit 110 Port 
• 4 Interrupt Levels 
• Serial InlSerial Out Ports 

This minimum system, using the standard I/O tech
nique is as shown in Figure 7. 

In addition to standard 110, the memory mapped 1/0 
offers an efficient 1/0 addressing technique. With 
this tllChnique, an area of memory address space is 
asaigned for I/O addniss, thereby; using the memory 
address for I/O manipulation. Figure 8 shows the 
system configuration of Memory Mapped 1/0 using 
8085AH. 

The 8085AH CPU can also interface with the stan
dard memory ihat does not have the multiplexed 
address/data bus. It will require a Simple 8212 18-bit 
latch) as shown in Figure 9. 

r1D~ '(II 
_ TAAI' x, x, "tSfT INHOLD 

_R.ST7.S HWA ~ 

_ AtTl.!> 
 ""'I _ ASTS.S 

_ ""f-INTA ',1-
IU:SET .. I -- AOOR/ OUT..... DATA ALE 1m R ,o!fil ROY eLK 

Vu V« 

1111 
 0' 

f-- a ~!~ 
:11::~_.AL£ POftT~ 
DATAl C 

'N 
10'" TtMHI_ 

r- "UfT DUTf-

~ 
"" 
"" AC' 

e-- ""'1~'" ;:: .... 
83551

.1 1 1 1 .765A 
DAT'" 
000' 

JOIM P'OAT PC>ItE$U • 

~ '0' V« 

r- cue ~~J 

V. Vce.\IooI'ftOG 
v« 

v" 

'v 
°HOTE. OPTIONAL CONNECTION 

Figure 7: 808SAH Minimum SYstem (Standard I/O 
Technique) 
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BASIC SYSTEM TIMING 

The 8085AH has a multiplexed Data Bus. ALE is used 
as a strobe to sample the lower 8-bits of address on 
the Data Bus. Figure 10 shows an instruction fetch, 
memory read and 1/0 write cycle (as would occur 
during processing ofthe OUT instruction). Note that 
during the 1/0 write and read cycle that the I/O port 
address is copied on both the upper and lower half 
of the address. 

There are seven possible ty~es of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (101M, S" So) and the 
three control signals (J!ii5, WIt and iNfA). (See Table 
3.) The status lines can be used as advanced con
trols (for device selection, for example), since they 
become active at the T, state, at the outset of each 
machine cycle. Control lines R1) and WR" become 
active later, at the time when the transfer of data isto 
take place, so are used as command lines. 

A machine cycle normally consists of three T states, 
with the exception of OPCODE FETCH, which nor
mally has either four or six T states (unless WAIT or 
HOLD states are forced by the receipt of movor 
HOLD inputs). Any T state must be one of ten 
possible states, shown in Table 4. 

M, 

~ {HIGH ORDER AOD~ ESSf 

DATA fROM 
MEMORY 

(INSTRUCTION) 

Teble 3. 8085AH Machine Cycle Chart 

STATUS CONTROL 
MACHINE CYCLE ,OIIX S, so "0 Wl\ INTA 

-- --- , , , ,OPCODe FETCH (OFf 0 0 
MEMORY READ (MAl 0 0 0 1, , , , ,MEMORY WA ITE (Mwl 0 0 0 , , , ,I/O READ (lOR) 0 0 , , , ,1/0 WRITE (tow) 0 0 
ACKNOWLEDGE 
OF INTR (Ir>lAJ , , , , , 0 , , ,
BUS IDLE (BI). DAD 0 , 0 

ACK. OF , , , , , ,RST,TRAP ,HALT TS 0 0 TS TS 

Table 4. 8085AH Machine State Chart 

Statu. &. Bu••• Control I 

M.ehine 
S1,$0 IOiM]A,-A1SIADo-AD7 RO,WR IN;r:.:lStllte 

T, 

T, 

TWAIT 

X 

X 

X 

X 

X 

X 

I 

I 
I 

X 1 X 

X I X 

X X 

, 
X 

X 

, 
X 

X 

"1o ! 
0 

T, X X I X X X X 0 ! 
T. 

T. 

T. 

I , , 
, 

I O· 
O· 

I 
0' 

X 

X 

X 

TS 

TS 

TS 

, 
, 
, 

, 
, , 

0 

0 

0 

TRESfT X TS TS TS TS , 0 

THALT 

i THOLD 

0 

I X 

TS 
I 

TS 

TS 

T5 

TS TS , 0 

o I 
o· LOIIc: "0" TS· High Im,.ct.nc:. 
1 • Loth: .".. X· Un.tcifilld 

• ALE 1'101 "",,.tId dUflnll2nd .nd 3rd m.,h'n' cvcles of DAD ;nu'uct'on 

t 101M. 1 during T .. ·T6of INA mllCh,n.cvcl. 

M, 

11S,So {FETCHf 

FIou.. 10. IOISAH 8aaIc By...... nllling 
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Table 6. Instruction Set Summary 

IMtrvction Cod.In_Ian CodeI Opera'~-Mnemonk: 0, 0. 0. O. 03 0, D, Do Dncrlpllan I - 0, O. 0. 0, 0, 02 0, Do DeKtlpltan 

MOVE, LOAD, AND STORE CZ 1 1 0 0 1 1 0 0 Call on zero 

MOVr1 r2 
MOVM.r 
MOVr.M 
MVI r 

MVIM 
LJ(I B 

0 
0 
0 
0 
0 
0 

, D D 
1 1 1 
1 D D 
0 D D 
0 , 1 

0 0 0 

D 
0 
D 
D 
0 
0 

S 
S 
1 
1 
1 
0 

S S 
S S 
1 0 , 0 
1 0 
0 1 

Move register to regIster 
Move register t() memory 
Move memory 10 register 
Move immediate register 
Move immediate memory 
Load Immediate register 
PauB&C 

CNZ 
CP 
CM 
CPE 
CPO 
RETURN 

RET 

1 
1 
1 
1 
1 

1 

1 
1 
1 
1 
1 

1 

0 0 
1 1 
1 1 

: ~ 
0 0 

0 
0 
1 

~ 
1 

1 
1 
1 

: 
0 

0 
0 
0 

~ 
0 

0 
0 
0 

~ 
1 

calion no zero 
Call on positive 
Call on minus 
Call on parity even 
Ic,,,~ ,rtvnrlri 

Retum 

LXI 0 

LJ(I H 

STAX B 
STAXD 
LDAXB 
LDAX 0 
STA 
LDA 

0 

0 

0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 1 0 

, 0 0 

0 0 0 
0 1 0 
0 0 1 
0 , 1 , 1 0 
1 1 1 

0 

0 

0 
0 
0 
0 
0 
0 

0 1 load immediate register 
Pair 0 & E 

0 , Load Immediate register 
PatrH& L , 0 Store A mdlrect , 0 Store A indirect 

1 0 Load A InQlrect 
1 0 Load A indirect 
1 0 Store A direct 
1 0 Load A direct 

I 

I 

AC 
RNC 
RZ 
RNI 
RP 
AM 
RPE 
APO 
RESTART 
AST 

1 
1 
1 
1 
1 
1 
1 
1 

1 

1 
1 
1 
1 
1 
1 
1 
1 

1 

0 
0 
0 
0 
1 
1 
1 
1 

A 

1 
1 
0 
0 
1 
1 
0 
0 

A 

1 

0 
1 
0 
0 
1 
1 
0 

A 

0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 
0 
0 
0 
0 
0 
0 

1 

Return on carry 
Return on no carry 
Return on zero 
Return on no zero 
Return on positive 
Return on minus 
Return on parity even 
Retum "', pari';' odd 

Res1art 

SHLD 
LHLO 
XCHG 

0 
0 
1 

0 
0 
1 

1 
1 
1 

0 
0 
0 

0 
1 
1 

0 
0 
0 

1 
1 
1 

0 Store H & l direct 
O· Load H & L direct 
1 Exchange 0 & E. H & L 

INPUT/OUTPUT 
IN I:OUT 

1 
1 

0 
0 

1 
1 

1 
0 

0 
0 

r 
1 

1 
1 

l"Pm 
Output 

STACKOPS 
PUSH B 

PUSHD 

PUSHH 

1 

1 

1 

1 

1 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

Registers 

Push register Pair B & 
C on stack 
Push register Pair 0 & 
E on stack 
PuSh register Pair H & 
L on stack 

INCREMENT ANO DECREMENT 
INRr 0 0 D 0 D 
DCR, 0 0 0 D D 
INRM 0 0 1 1 0 
OCRM 0 0 1 1 0 
lNX B 0 0 0 0 0 

INXO 0 0 0 1 0 

1 
1 
1 
1 
0 

0 

0 
0 
0 
0 
1 

1 

0 
I 
0 
1 
1 

1 

Increment reg....r 
Decrement Ngister 
Increment memory 
Docrement memo<y 
Increment 8 & C 
registftt'S 
Increment 0 & E 

rUSH PSW I 1 I 1 0 1 0 1 Push A and Flags 
on stack INXH 0 0 1 0 0 0 1 1 

registers 
-'ncrement H & L 

PQP'8 1 1 0 0 0 0 0 1 Pop registEM' Pair B & 
C 011 stack DCXB 0 0 0 0 1 0 1 1 

registers 
Decrement B &. C 

POPD I 1 0 1 

-
0 0 0 1 Pop register Pair 0 & 

E olf stack 

DCXD 
DCX H 

0 
C 

0 
0 

0 
1 

1 
0 

1 
1 

0 
0 

1 
1 

1 
1 

Decrement 0 & E 
Decrement H & l 

POPH 1 1 1 0 0 0 0 1 Pop register Pair H & 
L off stack 

ADO 
ADOr 1 0 0 0 0 S S S Add register to A 

PDP PSW 1 1 1 1 0 0 0 1 Pop A and Flags 
off stack 

ADe, 1 0 0 0 1 S S S Add register to A 
with carry 

XTHL 1 I 1 0 0 0 1 1 Exchange top of 
stack. H & l 

ADOM 
ADeM 

1 
1 

0 
0 

C 
0 

0 
0 

0 
1 

1 
1 

1 

1 
0 
0 

Add memory to A 
Add memory to A 

SPHL 
LJ(I SP 

INX SP 
fleX SP 

JUMP 
Jt,Ap 
JC 
JNC 
JZ 
JNZ 
JP 
JM 
JPE 
JPO 

PCHl 

1 
0 

0 
0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
0 

0 
0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 
1 

0 
0 
0 
0 
0 
1 
1 
1 
1 
1 

1 1 
1 0 

1 0 
1 1 

0 0 

• 1 
1 0 
0 1 
0 0 
1 0 
1 1 

0 1 
0 0 
0 1 

0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 1 
0 1 

1 1 
1 1 

1 1 
1 0

• 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
0 1 

H &. L to stack pointer 
Load Immediate stack 
peNnler 
Increment stack pointer 
Decrement stack 
pointer 

Jump unconditional 
Jump on carry 
Jump on no carry 
Jump on zero 
Jump on no zero 
Jump on positive 
Jump on minus 
Jump on parity even 
Jump .on paflty odd 
H & l to program 
counter 

AD! 
ACI 

DADB 
DADO 
DADH 
DADSP 

SUBTRACT 
SUS r 

SSSr 

SU'8M 

SB'8M 

1 
1 

0 
0 
0 
0 

1 

1 

1 

1 

1 
1 

0 
0 
0 
0 

0 

0 

0 

0 

0 0 
0 0 

0 0 
0 1 
1 0 
1· 1 

0 1 

0 1 

0 1 

0 I 

0 
1 

1 
1 
1 
1 

0 

1 

0 

1 

1 
1 

0 
0 
0 
0 

S 

S 

1 

1 

1 
1 

0 
0 
0 
0 

5 

S 

1 

1 

0 
0 

1 
1 
1 
1 

S 

5 

0 

0 

with c:arry 
Add i"",*,- to A 
Add immediate to A. 
with cany 
AddB&CtoH&L 
AddD&EIoH&L 
AddH&LtoH&L 
Add _ pointer to 

HAL 

--~lromA 
_~from 
A with borrow 
Subtract metnOfY 
from A 
SubtrKt memory from 
A with borrow 

CALL SUI 1 1 0 1 0 1 1 0 Subtract immediate 

CALi. 1 1 0 0 1 1 0 1 Call unconditional lrom A 

CC 1 1 0 1 1 1 0 0 Cau on carry SBI 1 1 0 1 1 1 1 0 Subtract immediate 
CNC 1 1 0 1 9 1 0 0 Call on no carry from A with borrow 

227 



8085AH!8085AH-218085AH-1 

Table 6. Instruction Set Summary (Continued) 

Instruction Code " ! Operations Intltructlon Code Operations 
Mnemonic [ry DE Ds 04 OJ D2 0, DOL Description Mnemonic 0,. 06 Os 0 4 0) 02 0, Do DescriptionI 

LOGICAL I SPECIALS 

ANAr 1 0 1 0 0 S S s IAnd register with A i CMA 0 0 1 0 1 1 1 1 Complement 

XAAr 1 0 1 0 1 S S S Exclusive OR register A 


with A STC 0 0 1 1 0 1 1 1 Set carry 

DRAT 1 0 1 1 0 S S S OR register with A CMC 0 0 1 1 1 1 1 1 1Complement
I 

IeM?, 1 0 1 1 1 S S S Compare register with A carryII 
I 

I 
ANAM 1 0 1 0 0 1 1 0 And memory with A DAA ~ 0 1 0 0 1 1 1 : DeCimal adjust A I 
XRAM 1 0 1 0 I 1 1 0 Exclusive OR memory CONTROL 

with A EI 1 1 1 1 1 0 1 1 IEnable Inleceup', 
ORAM 1 0 1 1 0 1 1 0 OR memory with A 01 1 1 1 1 0 0 1 1 Disable Interrupt 

CMPM 1 0 1 1 1 1 1 0 Compare NOP '0 0 0 0 0 0 0 a No-operation 
memory Wit!"! A HlT '6 1 1 1 0 1 1 o Halt 


ANI 1 I 1 0 0 1 1 0 And Immediate with A NEW B08SA INSTRUCTIONS 

XAI 1 1 1 0 1 1 1 0 Exclusive OR immediate RIM 0 0 1 0 0 0 0 o IRead Interrupt Mask 


with A 

OAI 1 1 1 I 0 1 1 .0 OR immediate with A 

CPI 1 1 I 1 1 1 1 0 Compare ~mmedlate 


with A 

I l 
ROTATE 

AlC 0 0 0 0 0 1 1 I Rotate A left 


AAC 0 0 0 0 1 1 I 1 Rotate A fight 

AAl ~ 0 0 1 0 1 1 1 Rotate A left through 


carry 

AAR 0 0 0 1 1 1 1 1 Rotate A right through 


carry 


NOTES: 

1. DDSorSSS BOOQ,C001,D010. E011,H.l0Q,L101. Memory 110.A'" 
2~ Two possible cycle times (6/12) Indicate instruction cycles dependent on condition flags 

·AII mnemonics copyrighted @Intel Corporation 1976 
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Unspec;fied BOB[,A Op Codes 

Nl\'V B0ij~ 1N'TnUl:lION~ 

i\[W CONDIT:ON CODES \) ~ bIll 
X5 -' bit 5 

X5 AC 

DSUB Idouble subtraction) 

(H) IL) = (HIILI . IB) -'.1 
The contents at register pair Band C are subtracted 'rom the 
contents 01 regIster PiM Hand L. The result IS placed '" 
register pair Hand L All condition flags are affected. 

1000010001 (081 

cycles 3 

states 10 

addreSSing reglS1er 


flags. Z. S, p. CV, AC. X5, V 


ARHL (arithmetiC shift of Hand L to the right) 

(H7=H7L (Hn--l1" (Hnj 
117"'Hol, (Ln-- n:: (Ln). (CV)" (Lo) 

The contents ot r~glster pim Hand L ar~ shifted right one bit. 
The uppermost bit IS dup(lcat""d and the lowest btt IS shifted 
Into the carry bit The result IS placed In register pair Hand l. 
Note only the CY flag IS aflected. 

1000100001 1101 

cycles 
states: 

addreSSing register 

flags cy 


RDEL (rOlate 0 and E :eft tr.rough carry~ 

(On+1) '" {On): (Do)"' fE7) 

(CY) = 1071, (En:'lI" (En), (Eo) = (CY) 


The contents of register pair D.nd E are rotated left ane 
poSition through the carry 'lag. The low·order bit IS set eQual 
to the CY flag and the CV flag IS set to the value shifted Out 
of the high-order bit Only ttot. CY and the V flags are affected. 

10 0 0 1 1 000 I (lBI 

cycles 3 

states 10 

addressmg register 

flags CV, V 


LDHI lload 0 and E With Hand l plus Immed'ate byte) 

WI IE) ='HIll) + Ibyte 2) 

The contents of register pair Hand L are added to the 
Immediate byte The result IS placed In register pan 0 and E 
Note. no condition flags are affected. 

1281 

cycles 3 

states 10 

addrmtng m,medliite register 

fla~' 

LOSI (load 0 and E With SP plus Immediate bytel 

(0) IEf .. fSPH)(SPU + (byte 2) 


The contents of register pair SP are added to the Immediate 

byte. The result IS placed In register pair D and E Note_ no 

conditIon flags are affected. 


1381 

cycles 3 
states 10 
addreSSing Immediate register 
II... 

2 s complement overflow 
Underflow IDCXi or Ov~rflow HNX) 

X5 ~ 01·02+ 01'R" 02·R, where 

01 '""" SIgn at operand 1, 02 :: Sign of operand 2. 

A "- sign 01 result For $uotractlon and compaflsons, 

replace 02 With ~, 


RSTV Irestart on overflow) 

If (V) 

1($P)-1)" (PCH) 

1(5P)-2)" (pel) 

(SPI' ISPI-2 

(PC) '" 40 hex 

If the overflow flag V IS set, the actionS specified .bove lire 
~formed; otherwise control contlnue1 sequentially. 

(C81 

cycles lor 3 
states 60t 12 
addressing" register IOdtrect 
flags none 

SH L X (storf' Hand llOdLrect through 0 and E! 
((OIIEI) "" III 

(IDHH+ll '" (HI 


The contents of regIster l are moved to the tnemOl"Y 1000tion 
~se address IS In register pal' 0 and E The contents of 
register H are mOl/eo to the succeeding memOt'y location. 

1"011001 1091 

Cycles 3 
states 10 
addressmg register indirect 
fiags 

JNX5 (jump on not X5) 

If Inot X51 

(PC) '" (byte 3) (byte 2) 


It the X5 flag lS reset, control :5 transferred to the ,nstrUCtlon 
whose addren IS specified ,n byte 3 and byte 2 of the current 
Instruchon, otherWise control COfltlOUe5 sequentially 

(001 

cycleS' 2 or 3 
7 or 10 


addreSSing 

flags 


LHLX \load H and l ,ndlrect through D and E) 

(L1' 1(0llEil 

(HI = (fDI(E)+l) 

The content of the memory location whose addr.. :1 in 0 

and E, are moved to register l. The contents Of tMe succeed,", 

memory locatton are moved to retiSter H. 


111101101 (EOI 

cycles 3 

states 10 

addresSing register Indirect 

flags' 


JX5 (Jump on X5) 

If fXSj' 
(PC) ". lbyte 3) jbyte 2) 

If the X5 flag IS reset. control IS transferred to the Instruction 
whose.address IS speclhed In byte\3 and byte 2 of the current 
Instruction, otherWIse control continues sequent"lIy. 

(f01 

cycles 
states 

addreSSIng; 

fl.: 
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WAVEFORMS 

CLOCK 

X,1NPUT 

elK 

OUTPUT 
 , 

! 
I----~___ - teve --------.. -------- --I 

- __ IXKFj_ 

READ 

A8-A1S'_~__-l._A.:O::.DR.::'.:SS~____________.,..-;-_--'Illo...__ 

'04 tel _,,..-- 
ALE 

11(0- --_I 
_'Cl: ______________ i.it-'------

RD/1NTA 

T, T, T,
WRITE 

elK 

A,A" ~ 

HOLD T,T, T, T HOLD 

\'----+1-
~----------.-'H-.-"_.~ 
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8155H/8156H/8155H-218156H-2 
2048-BIT STATIC HMOS RAM 
WITH I/O PORTS AND TIMER 

• Single +5V Power Supply with 10% • 1 Programmable 6-Bit 1/0 Port 
Voltage Margins • Programmable 14-Blt Binary Counterl 

• 300/0 Lower Power Consumption than Timer 
the 8155 and 8156 • Compatible with 8085AH, 8085A and 
100% Compatible with 8155 and 8156 8088 CPU• 
256 Word x 8 Bits • Multiplexed Address and Data Bus • 
Completely Static Operation• • Available in EXPRESS 

• - Standard Temperature Range Internal Address Latch 

• 2 Programmable 8-Blt 1/0 Ports - Extended Temperature Range 

The Intel' 8155H and 8156H are RAM and tlO chips implemented," N·Channel, depletion load, silicon gate technology 
(HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is designed with 2048 static cells 
organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states in 8085AH CPU.The 
8155H·2 and 8156H·2 have maximum access times of 330 ns for use with the 8085AH·2 and the 5 MHz 8088 CPU.' 

The 110 portion consists of three general purpose 110 ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 

A 14·bit programmable counterltimer is also included on chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 

PC, vee 
pc. P£~ 

TIMER IN PC, 

G 
10M 


RESET PC. 

PAo 1 


PC, PB, 

ADo 2S6 x 8 
 TIMER OUT PB, 

STATIC 
101M PB, 

t-E" OR CE" 
RAM 

"".
•s, I RD PB, 

AL,E W" PB,G 
RD AL' PB, 

ADo PBo 
WR 

G 

AD, PA,
pea 'j 

R£SET TIMER AD, PA, 

AD, PA, 

TlMfR ClK--.1 

fiMERouf 
~Vcc"5V1 

VSSWV) 

AD, 

AD, 

AD, 

AD, 

V" 

PA. 

PA, 

PA, 

PA, 

PAo 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 

s;;;;;'~-I-';:;;;;T . Name and Function .


f 
RESET 1·1 R••et: Pulse provided by the 8085AH to initialize the system (connect to 8085AH RESEr CUT}. Input!.' 

i ; high on this line resets the chip and initializes the three 1/0 ports to input mode. The wcdth of RESEr 
j ,i pulse should typically be two BOSSAI1 clock cycle times. 
I------+--- I 	 ~---_,___--_:_:~-~,__-c---c:::-=------1

I ADo_r I 110 Addr••alD.'.: 3-state Address/Data lines that interface with the CPU lower a-bit Address/Data Bus. 
I The 8-bit address is latched into the address latch inside the 8155H/56H on thefalling..!dge ofALE. The , J' address can be either .forthe memory section or the 110 section depending on~IO/~nput. The 8-blt 

I I data is either written cnto the chip or read from the chip depending on the WR or AD inpUi: signalt"."T'~ ~;;::::;; =..,~ '"~.';"'M" ,=" CO. , ••"'M'.'~•. ""'M" 
- --+---r--::----:-_
RD I I Read Control: Input low on this hne With the ChIp Enable active enables andADo_7 buffers If 101M pm 

IS low the RAM content Will be read out to the AD bus OtherWise the content of the selected 110 port or 
___ ~ command/status registers Will be read to the AD bus 

WR I 	 Write Control: Input low on thIS hnewlth the Chip Enable active causes the data on the Address/Data 

bus to be written to 'he RAM or 110 ports and command/status register. depending on 10iM. 


~ALE I Address ~atch Enable: Th~ control signal latches both the address on the ADo_7 lines and the state 
of the ChIp Enable and 101M Into the chip at the falling edge of ALE 

101M I 1/0 Memory: Selects memory if low and \10 and command/status registers if high. -~-- 

PAo_7(8} 110 	 Port A; These 8 pins are general purpose 110 pinS. The tn/out direction IS selected by programming 

the command register, 


PBo 7(8} 110 Port B: These 8 pins are general purpose 110 pins. The in/out direction IS selected by programming 
- the command register. 

~ PCo_s(6) liO Port C: These 6 pms can function as either input port, output port, or as control signals for PA and PB. 
Programming is done through the command register. When PCO_5 are used as control signals, they 
will provide the following: 

PCa- A INTR (Port A Interrupt) 

PC, - ABF (Port A Buffer Full) 

PC2 - A STB (Port A Strobe) 

PC3 - a INTR (Port B Interrupt) 

PC. - B BF (Port B Buller. Full) 

PC, - B STB (Port B Strobe) 


TImer Input: Input to the counter-timer. 

o Timer Output: This output can be either a square wave or a pulse, depending on the timer mode. 

~V~C:C:~____+-____+-V=O_I_t.~g~e_:~-~5_V_U_lt~S_U~PP~I~Y____________________________________________________~ 
Vss 	 around: Ground reference. 

FUNCTIONAL DESCRIPTION 
I 

The 8155H/8156H contains the lollowing: 	 I 
I 

• 2k Bit Static RAM organized as 256 x 8 I 
• Two B-bit I/O ports I PA & PB ·andone6-bll 110port ,pc, 	 I 
• 	 14-blt tim... Goun' I 

I 
The 101M, 10lMemory Select· pin selects ~Ither the live I 
registers, Command. Status. PAO-7. PBo-7. PCa-s or TIMER 

I 
MODE Ithe memory RAM. portion. 

_________ .JI 
The 8·bIt address on the AddresslData lines. Chip Enable 
input CE or CEo and 10iM are all latched on-chip at the 
falling edge of ALE. 

Figure 3. 8155H/8156H Internal Registers 
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I 

I '\ V 	 '\ 
oR 

CE'1151H) / 1\ 	 / 

!O/M \ V 	 \ 
1\ 

1 X ADDRE.SS 	 X DATA VAll? 

AL E 

ROORWR 

NOTE: FOR DETAILED TIMING INFORMATION, seE FIGURE 12 AND A.C. CHARACTERISTICS. 

Figure 4. 8155H/8156H On-Board Memory Read/Write Cycle 

PROGRAMMING OF THE 
COMMAND REGISTER 
The command register consists of eight latches. Four 
bits ,0-3, define the mode of the ports. two bits 14-51 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits 16-7· areforthe timer 

The command register contents can be altered at any 
time by using the 1/0 address XXXXXOOO during a WRITE 
operation with the Chip Enable active and 10/t1 ; 1. The 
meaning of each bit of the command byte is defined in 
Figure 5. The contents of the command register may 
never be read. 

READING THE STATUS REGISTER 

The status register consists of seven latches, one for each 
bit; six, 0·5, for the status of the ports and one; 6, for the 
status of the timer 

The status of the timer and the 110 section can be polled 
by reading the Status Register (Address XXXXXOOO). 
Status word format is shown in Figure 6. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued 

76543210 

[TM-;fTM-;fIE;rIEAT pc;] pc,] P.] PAl 

'---.~-~ 1T I l_ Of fiNES PA~1 lL f-0·INPUT 

I I DEFINES PBo-7 J 1" OUTPUT 

L r' OOmALTl 

- .. -- DEFINES PCO-s ~ ~:: :t~ ~ 
L 10~AlT4 

L_____~	 ENABLE PORT A l ' 
INTERRUPT ~ 1 : ENABLE 

~~___~ ~~t:RL:U~RT B ~ DISABLEJ 0 

IOQ ~ NOP - 00 NOT AFFECT COUNTER 
OPERATION 

01 ~ STOP - NOP IF TIMER HAS NOT STARTEO; 
, STOP COUNTING IF THE TIMER ISI RUNNING 
I 10 ~ STOP AFTER TC - STOP IMMEDIATELY 

L-TIMF.R COMMAND"'i ~:~~:E~R~!~N.Jo~C:A~~~~ED (NOP 

L 

" " START - LOAD MODE AND CNT LENGTH 
ANO START IMMEDIATEL Y AFTER 
LOADING (If TIMER IS NOT PRESENTLY 
RUNNING•• IF TIMER IS RUNNING. STAR.T 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REACHED. 

Figure 5. Command Register Bit Assignment 
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-- PORT A INTERRUPT REQUEST 

L_,_ PORT A BUFFER FULL/EMPTY 
IINPUT 10UTPUT) 

---. PORT At. INTERRUPT ENABLE 

-- PORT 8 INTfRRUPT REQUEST 

._ PORT B BUFHR FULL/EMPTY 
!INPUT/QUTPUT) 

-- PORT B INTERRUPT ENABLED 

L___ ---~______ 	TIMER INTERRUPT I1HIS BIT 

IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED. AND IS RESET TO 
lOW VPON READING OF THE 
CIS REGISTER AND BY 
HARDWARE RESET) 

Figure 6. Status Register Bit Assignment 

INPUT/OUTPUT SECTION 
The 1/0 section of the 8155H/8156H consists of five regis-' 
ters: (See Figure 7.) 

• 	 CommandlStatus Register (CIS) - Both registers are 
assigned the address XXXXXOOO. The CIS address 
serves the dual purpose. 

When the CIS registers are selected during WRITE 
operation. a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 

When the CIS I XXXXXOOO, is selected during a READ 
operation. the status information of the 1/0 ports and 
the timer becomes available on the ADo-7 lines. 

• 	 PA Register - This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the CIS Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram I. The 
1/0 pins assigned in relation to this register are PAO-7. 
The address of this register is XXXXXOOI. 

• 	 PB Reglster- This register functions the same as PA 
Register. The I/O pins assigned are PElO-7. The address 
of this register is XXXXX010. 

• 	 PC Reglster- This register has the address XXXXXOll 
and contains only 6 bits. The 6 bits can be program
med to be either input ports. output ports or as control 
signals for PA and PB by properly programming the 
AD2 and AD3 bits of the CIS reg ister. 

When peo-s is used as a control port. 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 

interrupt that the 8155H sends out. The second is an 
output signal indicating whether the buffer is full or 
empty. and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 2.) 

When the 'C' port is programmed to either ALT3 or AL T4. 
the control signals for PA and PSare initialized as foltows: 

CONTROL INPUT MODE OUTPUT MODE 

BF Low Low 

INTR Low High 

STS Input Control Input Control 

110 ADDAESSt 
SELECTION:rl

A5 A4 A3 42 A' A.~71·· 
x x x 0 0 0 Interval Command-Status Register 

XX IxX X X X 0 0 , General Purpose I 0 POrl A 
X, )( X X X 0 , 0 General Purpose I 0 Pori 8 

T 
xix X X X 0 1 1 Port C - General Purpose I 0 01 ConH 01 

X X X , 0 0 Low-Order 8 bits 01 Timer Count 
X X X X X , 0 , High 6 bits 01 TImer Count and 2 bits 

01 Timer Mode 

x Don', Care 

t: IIOAddteM must be qu..wied by CE ,. 1 (8158H"ot c2 IE 0 (l156M) .nd 10ItJi = 11n 
order to M'eet the approprl ... ntgtmlr. 

Figure 7. 1/0 Port and Timer Addressing Scheme 

Figure 8 shows how IlO PORTS A and B are structured 
within the 8155H and 8156H: 

.,S1H11111H 
ONE alT OF PORT A OR POfItT • 

NOTES: 

:1: OUTPUT MODE } I4j ·1 FOR OUTPUT MODE 

'21 SIMPLE IfWUT MULTIPLEXER 0 FOR INPUT MODE ;0 

(3) STROBED INPUT CONTROL 

READ PORT -1K>JM-1,_ (Im--o)e Ice ACTIVEI- (poRT 400RfSSIELlCTEOI 
WRITE PORT· flO.11 • tWA~1 • ICE ACTIVE'_ (PORT ADORESSSELECTEDI 

figure 8. 8155H18158H Port Functions 
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Table 2. Port Control Assignment 

Pin ALT 1 ALT2 ALT 3 ALT4 

PCO Input Port Output Port A INTR I Port A Interrupti A INTR I Port A Interrupt I 
PCl Input Port Output Port A BF I Port A Buffer Full) A BF I Port A Buffer Full, 
PC2 Input Port Output Port A STB ,Port A Strobe I A STB I Port A Strobe, 
PC3 Input Port Output Port 
PC4 Input Port Output Port 
PCS Input Port Output Port 

Note in the diagram that when the 1/0 ports are pro
grammed to be output ports, the contents of the output 
ports can still be read by a· READ operation when appro
priatelyaddressed. 

The outputs of the 8155H/8156H are "glitch-free" meaning 
that you can write a "1" to a bit position that was previ
ously "1" and the level at the output pin will not change, 

Note also that the output latch is cleared when the pori 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the 8155H/56H 
is RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 

When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. 

Reading from an input port with nothing connected tothe 
pins will provide unpredictable results, 

Figure 9 shows how the 815SH18156H I/O ports inight be 
configured in a typical MCS.aS system. 

TO IOB5AH AST INPUT 

PORT A ~,,~ORT A 
A INTR !SIGNALS DA TA RECEIVED).--{ ..""-,,.." "",", }A STB !ACKNQWl DATA RECEIVED) 

.. 	 TO/fROM 
PORT C 	 B STB (LOADS PORT B LATCH) PERIPHERAL 

B BF (SIGNALS BUFFER IS FULL) INTERFACE 

B INTR ISIGNAlS BUFFER 

READY FOR READINGI ,l I 
PORT II ~ TO INPUT PORT (OPTIONAL) 

TO 8085AH RST INPUT 

Figure 9. Example: Command Ragllter = 00111001 

Output Port B INTR I Port B Interrupt 
Output Port B BF I Port B Buffer Full 
Output Port B STB I Port B Strobe I 

TIMER SECTION 
The timer is a 14-bit down-counter that counts the TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count I TC, is reached. 

The timer has the 1/0 address XXXXX100forthe low order 
byte of the register and the //0 address XXXXX101 for 
the high order byte of the register. (See Figure 7.) 

To program the timer. the COUNT LENGTH REG is 
loaded first, one byte at a time. by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 10). The value loaded into the count length 
register can have any value from 2H through 3FFH in 
Bits 0-13. 

I T, I T61 T51 T41 T31 T21 T, 
-'--' 


LSB OF CNT LENGTH 


Figure 10. Timer Format 

There are four modes to choose from: M2 and Ml define 
the timer mode. as shown in Figure 11. 

TIMER OUT WAVEFORMS: 

1. 	 SINGLE 

SQUARE WAVE 


2 CONTlr<'UOuS 
SQUARE WAVE 

3. 	 StNGlE 

PULSE ON 
 ~---------. 
TERMINAL COUNT 

4. CONTINUOUS 
PULSES 

Figure 11. Timer Model 
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Bits 6-7 ITM2 and TM,! Of command register corltents 
are used to start and stop the cour.ter, There are four 
commands to choose from: 

TM2 TM, 

o 0 	 NOP - Do not affect counter operation, 

o 	 STOP - NOP if timer has not started; 
stop counting if the timer is running, 

o 	 STOP AFTER TC - Stop immediately 
after present TC is reached I NOP ,f timer 
has not started, 

START - Load mode and CNT length 
and start immediately after loading lif 
timer is not presently running), If timer 
is running. start the new mode and CNT 
length immediately alter present TC is 
reached, 

Note that ,while the counter is counting. you may load a 
new count and mode into the count length registers, 
Before the new count and mode will be used by the 
counier. you must issue a START command to the 
,counter. This applies even though you may only want to 
change the count and use the previous mode, 

In case of an' odd-numbered count. the first half-cycle 
of the squarewave output, which is high. is one count 
longer than the second Ilow) half-cycle. as shown in 
Figure 12, 

NOTE S ANO. REFER TO THE NUMBER 01' ClOCI(S IN THAT TIME PERIOD 

FIgure 12. AsymmetrIcal Square-Wave Output 

ResultIng from Count of 9 


The counter in the 8155H is not initialized to any particular 
mode or count when hardware RESET occurs. but RESET 
does stop the counting, Therefore. counting cannot begin 
following RESET until a ,START command is issued via the 
CIS register, 

Please note that the timer circuit on the 8155Hi8156H chip 
IS designed to be a square-wave timer, not an event 
counter. To achieve this. it counts down by twos twice 
in completing one cycle, Thus. its registers do not con
tain values directly representing the number of TIMER IN 
pulses received, You cannot load an initial value of 1 into 
the count register and cause the timer to operate. as its 
terminal count value is 10 !binary; or 2 rdecimal!. IFor 
the detection of single pulses. it is suggested that one 
of the hardware interrupt pins on the 8085AH be used.) 
After the timer has started counting down. the values 
residing in the count registers can be used to calculate 
the actual number of TIMER IN pulses required to com
plete the timer cycle if desired. To obtain the remaining 
count. perform the following operations in order: 

1. Stop the count 

2. Read in the 16-bit value from the count length registers 

3. Reset the upper two mode bits 

4. 	Reset the carry and rotate right one position all 16 bits 
through carry 

5, 	 If carry is set. add 1/2 of the full original count I 1/2 full 
count - , if full count is odd). 

Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this. the 8155H/56H always 
counts out the right number 01 pulses in generating the 
TIMER OUT waveforms. 
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8155H/81 S6H/8155H-218156H-2 

808SA MINIMUM SYSTEM CONFIGURATION 

Figure 138 shows a minimum system using three chips, 
containing: 

• 256 Bytes RAM 
• 2K Bytes ROM 
• 38110 PinS 

• 1 I nterval Timer 
• 4 Interrupt Levels 

8085 MINIMUM SYSTEM CONFIGURA.TlON 
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AIO 0.7 CE MALE Iill~ 

AS- 10/ 

~"~S~RDV 
Vco 

8355 jROM .. 110: 

OR 


8755A fPROM. 1'01 


S B 
Figure 13a. 8085AH Mlnlmum"Syatem Configuration (Memory Mapped UO) 
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8155H/8156H/8155H-218156H-2 

8088 FIVE CHIP SYSTEM • 381/0 Pins 

Figure 13b shows a five chip system containing: • 1 Interval Timer 

• 1.25K Bytes RAM • 2 Interrupt Levels 

• 2K Byles ROM 
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Figure 13b. 8018 "'" Chip S,atem Configuration 
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8185/8185-2 

1024 x 8-BIT STATIC RAM FOR MCS-85'" 


• Multiplexed Address and Data Bus • Low Standby Power Dissipation 

• Directly Compatible with BOBSA 
• Single +SV Supplyand iAPX 88 Microprocessors 

• Low Operating Power Dissipation • High Density 18-Pln Package 

The Intel" 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085Aand 
iAPX 88 microprocessors to provide a maximum level of system integration, 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

The 8185-2 is a high-speed selected version of the8185 that is compatible with the 5 MHz 8085A-2 and theS MHz 'iAPX88, 

ADo Vee 

AD, 110
OS 

CE, 

CE, 
 ..... WR 

R/WRO LOGIC AD, AU! 
WA 

ALE AD, es 

40, eE, 

Alto CE, 

AI>, ... 
1K x'DATA 

·ss ........... 
MEMORYIlUl'fEA AlUlA-'" 

Ae·49 ====:1ALE 

Figure 1, Block Diagram Figure 2_ Pin Configuration 
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8185/8185-2 

FUNCTIONAL DESCRIPTION 
The 8165 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
B085A microprocessor. 

At .the beginning of an 6185 memory access cycle, the 8
bit address on ADo-7, A3 a~d Ag, and the statusofCE, and 
eE2 are all latched internally in the 8185 by the failing edge 
of ALE. If the latched status of both cEi and CE2 are 
active, the 6165 powers itself up, but no action occurs until 
the CS line goes low and the appropriate R D or WR control 
signal input 15 activated. 

The CS input IS not latched by the 8185 in order to allow 
the maximum amount of time for add""s decoding in 
selecting the 8185 chip. Maximum power consumption 
savings will occur, however, only when CE, and CE2 are 
activated selectively to power down the 8165 when it is not 
in use. A possible connection would beta wire the 6085A's 
10iM line to the B185's GE, input, thereby keeping the 
8185 powered down during 1/0 and interrupt cycles. 

Tabla 1. 

Truth Table for 


Power Down and Function Enable 


CI, CE2 CS (CS·)121 8185 Statu. 
1 X X 0 Power Down and 

Function Dlsablel'l 

X 0 X 0 Power Down and 
Function Disable!'1 

0 1 1 0 Powered Up and 
Functlo~ Disablel'l 

0 1 0 1 Powered Up and 
Enabled 
-

NOTES: 
X: Oon't Care, 
1: 	Function Disable imnlies Data Bus in high impedance state 

and not writing. 
2: es' ~ ICE, ~ 01. ICE2 ~ , I· 'CS ~ O! 

cs· = 1 signifies all chip enables and chip select active 

Table 2. 

Trutn Table for 


Control and Data BUI PIn StatuI 


ADo-7 During O.ts-(CS·) RO WR Portion 01 Cycle 8185 Function 

0 X X HI-Impedance No Function 

1 0 1 Data from Memory Read 

1 1 0 Data to Memory 	 Write 

1 1 1 Hi-Impedance 	 Reading, but not· 
Driving Data Bus 

NOTE: 
X: Don't Care. 
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Figure 3. 8185 In an MCS-85 System 

4 Chips: 
2K Bytes ROM 
, .25K Bytes RAM 
38110 lines 
1 CounterfTimer 
2 Serial 1/0 Li nes 
5 Interrupt Inputs 
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8202A 

DYNAMIC RAM CONTROLLER 


• Provides All Signals Necessary to Con	 • Provides Transparent Refresh Capability 
tro12117, or 2118 Dynamic Memories 

• 	 Fully Compatible with Intel® 8080A, 
• Directly Addresses and Drives Up to 64K SOSSA, iAPX88, and iAPX 86 Family MIcro

Bytes Without External Drivers processors 

• 	 Provides Address Multiplexing and • Decodes CPU Status for Advanced Read 
Strobes Capability with the 8202A-1 or 8202A-3 

• Provides a Refresh Timer and a Refresh 	 • Provides System Acknowledge and Trans
Counter fer Acknowledge Signals 

• Refresh Cycles May be Internally or Exter • Internal Clock Capability with the 8202A·1 
nally Requested or 8202A-3 

The Intel('( 8202A is a Dynamic Ram System Controller designed to provide all signals necessary to use 2117 or 
2118 Dynamic RAMs in microcomputer systems. The 8202A provides multiplexed addresses and address 
strobes, as well as refresh/access arbitration. The 8202A·1 or 8202A-3 support an internal crystal oscillator. 

"''-......$ 

'"'w .....ss 

.. 

............ 

.. -------l 
~ 	 ill 

01=10'1 wE. 

-- .... 

Figure 1. 8202A Block Diagram 	 Figure 2. Pin Configuration 
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8203 
64K DYNAMIC RAM CONTROLLER 

• Provides All Signals Necessary to • Fully Compatible with Intel® 8080A, 
Control 64K and 16K Dynamic 8085A, iAPX88, and iAPX 86 Family 
Memories Microprocessors 

• Directly Addresses and Drives Up to 64 	 • Decodes CPU Status for Advanced 
Devices Without External Drivers 	 Read Capability In 16K Mode with the 

8203-1 and the 8293-3. • Provides Address Multiplexing and 
Strobes • Provides System Acknowledge and 

• Provides a Refresh Timer and a Transfer Acknowledge Signals 

Refresh Counter 	 • Refresh Cycles May be Internally or 
Externally Requested (For Transparent • Provides Refreshl Access Arbitration 
Refresh)

Internal Clock Capability with the • 	 Internal Series Damping Resistors on 8203-1 and the 8203-3 • All RAM Outputs 

The Intel. 8203 is a Dynamic RAM System Controller designed to provide all signals necessary to use 64K or 
16K Dynamic RAMs in microcomputer systems. The 8203 provides multiplexed addresses and address 
strobes, refresh logie, refresh/access arbitration. Refresh cycles can be started internally or externally. The 
8203·1 and the 8203·3 support an internal crystal oscillator and Advanced Read Capability. The 8203-3 is a 
± 5% Vee part. 

-
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-- .. 1----.... 
1----- .... 

-:=====:[.. 
...:-,... 

1----... 
1----.... 

1----'" 
'II 

1----
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Figure 2. 

Pin Configuration 


2104«-1 

Figure 1. 8203 Block Diagram 
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8203 

Table 1. PIn o..crlptlona 

Symbol Pin 
No. Type Name and Function 

ALa 
AL1 

6 
e 

ADDRESS LOW: CPU address inputs used to generate memory row 
address. 

AL2 10 
Al3 12 
A'-4 14 
ALs 16 
A4 18 

AHO 5 ADDRESS HIGH: CPU address inputa used to generate memory 
AH1 4 column address. 
AH2 .3 
AH3 2 
AH4 1 
AH5 39 
AHs 38 

Bo/AL7 24 BANK SELECT INPUTS: Used to gate the appropriate m output for 
B1 / OP11 
AH7 

25 a memory cycle. B1/0P1 option used to select the Advanced Read 
Mode. (Not available in 84K mode.) See Figure 5. 
When in 84K RAM Mode. pins 24 and 25 operate as the AL7 and AH7 
acldreas inputs. 

~ 33 I PROTECTED CHIP SELECT: Used to enable the memory read and 
write inputs. Once a cycle is started. it will not abort even if ~ goes 
inactive before cycle completion. 

WR 31 I MEMORY WRITE REQUEsT. 

'AD/S1 32 I MEMORY READ REQUEST: 81 function used in Advanced Read 
mode selected by OPI (pin 25). 

REFRQ/ 34 I EXTERNAL REFRESH REQUEST: ALE function used in Advanced 
ALE Read mode. selected by OPI (pin 25). ! 
NlTo 
NlTl 

7 
9 

0 
0 

OUTPUT OF THE MULTIPLEXER: These outputs are designed to 
drive the acldr_s of the Dynamic RAM array. (Note that the our0-7 

NlT2 11 0 pins do not require inverters or drivers for proper operation.) 
'NlT3 13 0 
NlT4 15 0 
NlT5 17 0 
0lJT8 19 0 

WE 28 0 WRITE ENABLE: Drives the Write Enable inputs of the Dynamic RAM 
array. 

CAS 27 0 COLUMN ADDRESS STROBE: This output is used to latch the 
Column Address into the Dynamic RAM array. 

mo 21 0 ROW ADDRESS STROBE: Used to latch the Row Address into the 
FlAS1 
'RAS2/ 
001'7 

22 
23 

0 
0 

benk of dynamic RA:.~s. selected by the 8203 Bank Select pins (Bo. 
. B1/OP1). In 84K mode. only mo and FlAS1are available; pin 23 
operates as our7 and pin 26 operates as the Bo bank select input. 

FlAS:J/Bo 26 1/0 

~ 29 0 TRANSFER ACKNOWLEDGE: This output is a strobe indici&'S valid 
data during a read cycle or data wrir.en during a write cycle. K can 
be used to latch valid data from the RAM array. 
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8203 

Table 1. Pin Descriptions (Continued) 

S·. "bol 
>-

Pin 
No. 

Type Name and Function I 
SAC 30 0 SYSTEM ACKNOWLEDGE: This output indicates the beginning of a 

memory access cycle. It can be used as an advanced transfer 
acknowledge to eliminate wait states. (~otEt If a memory acc~ 
request is made during a refresh cycle, ACK is delayed until XACK in 
the memory access cycle). 

Xo/OP2 36 1/0 OSCILLATOR INPUTS: These inputs are designed for a quartz crystal 
X1/ClK 37 110 to control the frequency of the oscillator. If XoiOP2 is shorted to pin 40 

(Vcc) or if Xo/OP2 is connected to + 12V through a 1 KI1 resistor then 
X1/ClK becomes a TTL input for an external clock. (Note: Crystal 
mode for the 8203-1 and the 8203·3 only). 

16K/64K 35 I MODE SELECT: This input selects 16K mode or 64K mode. Pins 
23-26 change function based on the mode of operation. 

Vee 40 POWER SUPPLY: + 5V. 

GND 20 GROUND. 

transitions are synchronous with respect 	 to thisFUNCTIONAL DESCRIPTION 
clock reference, except for the trailing rges of the 

The 8203 provides a complete dynamic RAM con CPU handshake Signals SACK and XA K. 
troller for microprocessor systems as well as expan· 
sion memory boards. 	 CPU memory requests normally use the RD and WR 

inputs. The Advanced-Read mode aliows ALE and 
The 8203 has two modes, one for 16K dynamic S1 to be used in place of the RD input. 
RAMs and one for 64Ks, controlled by pin 35. 

Failsafe refresh is provided via an internal timer 
which generates refresh reque<;ts. Refresh requests 
can also be generated via the REFRQ input. 

WI 
I 
I 	 m An on-chip synchronizer/arbiter prevents memory 

= 	 and refresh requests from aHecting a cycle in prog·cs* 
'0 

1KU
I .., IiA§o ress. The READ, WRITE, and external REFRESH 
I c'!L " ......, 

iiAI, 
requests may be asynchronous to the 8203 clock; 

T '" on-chip logic will synchronize the requests, and the.203~3 

I -,. .... 
J 

I iiAI • 	 arbiter will decide if the requests should be delayed, 
pending completion of a cycle in progress. -. 


XAO( 

Cs < 10 pF 	 16K/64 Option Selection 
Fundamental XTAL 	 Ii<>< 

Pin 35 is a strap input that controls the two 8203 
210#1-4 modes. Figure 4 shows the four pins that are multi· 

plexed. In 16K mode (pin 35 tied to Vee or left 
Figure 3. Crystal Operation for open), the 8203 has two Bank Select inputs to se· 

the 8203-1 and 8203-3 lect one of four ~ outputs. In this mode, the 8203 
is exactly compatible with the Intel 8202A Dynamic 

All 8203 timing is generated from a single reference RAM Controller. In 64K mode (pin 35 tied to GND), 
dock. This clock is provided via an external oscilla there is ~one Bank Select input (pin 26) to select 
tor or an on-chip crystal oscillator. All output signal the two RAS outputs. More than two banks of 64K 

dynamic RAMs can be used with external logic. 
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Other Option Selections 

The 8203 has two strapping options. When OP1 is 
selected (16K mode only), pin 32 changes from a 
AD input to an 51 input, and pin 34 changes from a 
I'IEFRQ input to an ALE input. See "Refresh Cycles" 
and "Read Cycles" for more detail. OP1 is selected 
by tying pin 25 to + 12V thl'ough a 5.1 KO resistor 
on the 8203-1 or 8203-3 only. 

When OP2 is selected, the internal oscillator is dis
abled and pin 37 changes ·from a crystal input (X1) to 
a ClK input for an external TTL clock. OP2 is select
ed by shorting pin 36 (Xo/OP2) directly to pin 40 
(Veel. No current limiting resistor should be used. 
OP2 may also be selected by tying pin 36 to + 12V 
through a 1 KO resistor. 

Refresh Timer 

The refresh timer is used to monitor the time since 
the last refresh cycle occurred. When the appropri
ate amount of time has elapsed, the refresh timer 
will request a refresh cycle. External refresh re
quests will reset the refresh timer. 

Refresh Counter 

The refresh counter is used to sequentially refresh 
all of the memory's rows. The 8-bit counter is incre
mented after every refresh cycle. 

Pin # 18K Function 84K Function 

23 J!lI\S2 Address Output (OOT7) 
24 Bank Select (80) Address Input (Al7) 
25 Bank Select (B1) Address Input (AH7) 
26 J!lI\S3 Bank Select (80) 

Figure 4_ 16K/64K Mode Selection 

Inpub Outputs 


JQS1
B1 ISo lIA!o ~ RAl3 
16K 0 0 0 1 1 1 
Mode 0 1 1 0 1 1 

1 0 1 1 0 1 
1 1 1 1 1 0 

64K - 0 0 1 - 
Mode - t 1 0 - 

Figure 5. BlInk Selection 

Address Multiplexer 

The address multiplexer takes the address inputs 
and the refresh counter outputs, and gates them 
onto the address outputs at the appropriate time. 
The address outputs, in conjunction with the m 
and CAS outputs, determine the address used by 
the dynamic RAMs for read, write, and refresh cy
cles. During the first part of a read or write cycle, 
ALo-Al7 are gated to OUTo-OOT7, then AHo-AH7 
are gated to the address outputs. 

During a refresh cycle, the refresh counter is gated 
onto the address ~uts. All refresh cycles are 
J!lI\S-only refresh (CAS inactive, J!lI\S active). 

To minimize buffer delay, the information on the ad
dress outputs is inverted from that on the address 
inputs. 

rnJTo-OOT7 do not need inverters or buffers unless 
additional drive is required. 

SynchronizerI Arbiter 

The 8203 has three inputs, REFRQ/AlE (pin 34), 
RC> (pin 32) and WI'! (pin 31). The RC> and vm inputs 
allow an external CPU to request a memory read or 
write cycle, respectively. The REFRQI ALE input al
lows refresh requests to be requested external to 
the 8203. 

All three of these inputs may be asynchronous with 
respect to the 8203's clock. The arbiter will resolve 
conflicts between refresh and memory requests. for 
both pending cycles and cycles· in progress. Read 
and write requests will be given priority over refreSh 
requests. 

System Operation 

The 8203 is always in one of the follOWing states: 

a) IDLE 
b) TEST Cycle 
c) REFRESH Cycle 
d) READ Cycle 
e) WRITE Cycle 

The 8203 is normally in the IDLE state. Whenever 
one of the other cycles is requested, the 8203 will 

Deac:rlptlon Pin # Normal Function Option Function 

B1/OP, (16Konly)/AH7 25 Bank (~) Select Advanced-Read Mode (8203-1. -3) 

Xo/OP2 36 Crystal Oscillator (8203-1 and 8203-3) External OSCillator 

Figure 6. 8203 option Selection 
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'- the IDLE state to perform the desired cycle. If 
no other cycIe&-are pending. the 8203 will return to 
the IDLE state. 

T.stCycle 

The TEST Cycle is used to check operation of sever
al 8203 internal functions. TEST cycles are request
ed by activating the ~, AD and ~ inputs. The 
TEST Cycle will reset the refresh address counter 
and perform a WRITE Cycle. The TEST Cycle 
should not be used in normal system operation, 
since it would affecl the dynamic RAM refresh. 

R.f....h Cycl.s 
The 8203 has two ways of providing dynamic RAM 
refresh: 

1) Internal (failsafe) refresh 
2) External (hidden) refresh 

Both types of 8203 refresh -.9'cles activate all of the 
RAS outputs, while ~, WE, ~, and ~ re
main inactive. 

Internal refresh is generated by the on-chip refresh 
timer. The timer uses the 8203 Clock. to ensure that 
refresh of all rows of the dynamic RAM occurs every 
2 milliseconds (128 cycles) or every 4 milliseconds 
(256 cycles). If REFRO is· inactive, the refresh timer 
will request a refresh cycle every 10-16 microsec
onds. 

External refresh is requested via the REFRO input 
(pin 34). External refresh control is not available 
when the Advanced-Read mode is selecled. exter
nal refresh requests are latched, then synchronized 
to the 8203 clock. 

The arbiter will allow the refresh request to start a 
refresh cycle only if the 6203 is not in the middle of a 
cycle. . 

When the 8203 is in the idle state a simultaneous 
memory request and external refresh request will re
sult in the memory request being honored first. This 
8203 characteristic can be used to "hide" refresh 
cycles during system operation. A circuit similar to 
FlQure 7 can be used to decode the CPU's instruc
tion fetch status to generate an external refresh re
quest The refresh request is latched while the 8203 
performs the instruction fetch; the refresh cycle will 
start immediately after the memory cycle is complet
ed, even if the R15 input has not gone inactive. If the 
CPU's instruction decode time is long enough, the 
8203 can complete the refresh cycle before the next 
memory request is generated. 

If the 8203 is not in the idle state then a simulta
neous memory request and an external refresh re
quest may result in the refresh request being h0n
ored first 

-:~~: 
--f~ ~w 

CAS 

2104«-5 

Rgure 7. Hidden Refrwh 

Certain system configurations require complete ex
ternaTrefresh requests. If external refresh is request
ed faster than the minimum internal refresh timer 
(!REF), then, in efiecl, all refresh cycles will be 
caused by the external refresh request, and the in
ternal refresh timer will never genarate a refresh re
quest. 

Read Cycles 

The 8203 can accept two different types of memory 
Read requests: 

1) Normal Read, via the R15 input 

2) Advanced Read, using the S1 and ALE Inputs 
<16K mode only) 

The user can ieIect the desired Read request c0n
figuration via the Bl/OPl harcIwft strapping option 
on pin 2~. 

NormIII Read Advanced Read 

Ptn25 B,lnput OP, (+12V)
Pin 32 RDlnput S1 Input 
Pirt 34 REFRQlnput ALE Input 
# AAMBanks 4~_3) 2 <RAS:!-3) 
Ext. Refresh Yes No 

.......... 8203 RMd 0ptI0na 


NOI'rnai Reeds are requested by activating the R15 
input,· and ~ it active until the 8203 responds 
with an ~ pulS4J. The R15 iOput can go inactive 
as soon as the command hold time (fcHs) is met 

Advanced Read cycles are requested by pulsing 
ALE while Sl is active; if S1 is inactive (low) ALE is 
ignored. Advanced Reed timing is similar to Normal 
Read timing, except the falling edge of ALE is used 
as the cycle start reference. 
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If a Read cycle is requested while a refresh cycle is 
in progress, then the 8203 will set the internal 
delayed-SACK latch. When the Read cycle is even
tually started, the 8203 will delay the active SACK 
transition until XACK goes active, as shown in the 
A.C. timing diagrams. This delay was designed to 
compensate for the CPU's READY setup and hold 
times. The delayed-SACK latch is cleared after ev
ery READ cycle. 

Based on system requirements, either SACK or 
XACK can be used to generate the CPU READY 
signal. XACK will normally be used; if the CPU can 
tolerate an advanced READY, then SACK can be 
used, but orily if the CPU can tolerate the amount of 
'advance provided by SACK. If ~ arrives too ear, 
Iy to provide the appropriate number of WAIT s~tes, 
then either XACK or a delayed form of SACi<should 
be used. 

Write Cycles 
Write cycles are similar to Normal Read cycles, ex
cept for the WE output. WE is held inactive for Read 
cycles, but goes active for Write cycles. All 8203 
Write cycles are "early-write" cycles; WE goes ac
tive before CAS goes active by an amount of time 
sufficient to keep the dynamic RAM output buffers 
turned off. 

General System Considerations 
All memory requests (Normal Reads, Advanced 
Reads, Writes) are qualified by the J5CS inpul J5CS 
should be stable, either active or inactive, prior to 
the leading edge of RD, WJ:i, or ALE~tems which 
use battery backup should pullup pes to prevent 
erroneous memory requests. 

In order to minimize propagation delay, the 8203 
uses an inverting address muftiple'Xer'without latch
es. The system must provide ad~ate address set
up and hold times to guarantee RJiS and CAS setup 
and hold times for the RAM. The tAD A.C. parameter 
should be used for this system calculation. 

The Bo-91 inputs are similar to the address inputs in 
that they are not latched. Bo and B1 should not be 
changed durin.ll..!....memory cycle, since they directly 
control which ~ output is activated. 

The 8203 uses a two-~~chronlzer for the 
memory request inputs (RD, WR, ALE), and a sepa
rate two stage synchronizer for the external refresh 
Input (REFRQ). As with any synchronizer, there is 
always a finite probability of metastable states in
ducing system errors. The 8203 synchroniZer was 
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designed to have:- .. ,Jystem error rate less than 1 
memory cycle eve 'I three years based on the full 
operating range of the 8203. 

A microprocessor ~tem is concerned when the 
data is valid after AD goes low. See Figure 9. In 
order to calculate memory read access times, the 
dynamic RAM's A.~ecifications must be exam
ined, especially the ~ccess time (tRAc) and the 
CAS-access time (!cAc). Most configurations will be 
~access limited; i.e., the data from the RAM will 
be stable Icc.max (8203) + !cAe (RAM) after a mem
ory read cycle Is started. Be sure to add any delays 
(due to buffers. data latches. etc.) to calculate the 
overall read access time. 

Since the 8203 normally performs "early-write" cy
cles, the data must be stable at the RAM data inputs 
by the time CAS goes active, including the RAM's 
data setup time. If the system does not normally 
guarantee sufficient write data setup, you must ei
ther delay the WR input signal or delay the 8203 WE 
output. 

Delaying the WR input will delay all 8203 timing, in
cluding the READY handshake signals, SACK and 
XACK, which may increase the number of WAIT 
states generated by the CPU. 

,~__________~,____--JM~ ;

('DYX3-
I I 

~'IIiAC-----": 
I IliiI------\ ! I 

I 
I teAe I 

: 
eit ~I 

I 

Figure 9. Read Acce.. Time 

If the WE output is extemally delayed beyond the 
CAS active transition, then the RAM will use the fail
ing edge of WE to strobe the write data into the 
RAM. This WE transition should not.occur too late 
during the CAS active transition, or else the WE to 
CAS requirements of the RAM will not be met. 

The RASa-3, CAS, (5O'fO-7. and WE outputs con
tain on-chip series damping resistors (typically 200) 
to minimize overshoot. 
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8203 

Some dynamic RAMs require more than 2.4V VIH. adding pull-up resistors to the 8203's outputs. Intel 
Noise immunity may be improved for these RAMs by RAMs do not require pull-up resistors. 
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8205 

HIGH SPEED 1 OUT OF 8 BINARY DECODER 


• 	 1/0 Port or Memory Setector • Low Input Loa~ Current - .25 mA 
max., 1/6 Sta,ridard TTL Input Load 

• Simple Expansion - Enable Inputs 
• Minimum Line Reflection - Low

• High Speed Sc:hottky Bipolar Voltage Diode Input CI,mp
Technology -18ns Max. Delay 

• Outputs Sink 10 mA min. 
• Directly Compatible with TTL Logic 

• 16·Pin Dual-tn-Line Ceramic orCircuits 
Plastic Package 

The Intel" 8205 decoder can be used for expansion of systems which utilize input ports. output ports, and memory 
components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes "low," thus a srngle row 
of a memory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large systems. 
8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory expansions. 

The 8205 is packaged In a standard tS-pin dual in-line package. and its performance is specified over the temperature 
range of O"C to +75°C. ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds 
results in higher performance than equivalent devices made with a gold diffussion process. . 
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8205 

Applications of the 8205 

The 8205 can be used in a wide variety of applications in 

microcomputer systems. I/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 

state lines (SO, 51,521 of the 8008 CPU. 

1/0 PORT DECODER 

Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, AD is as· 

signed a value of 1 and is the L5B; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 

Thi~ cifcuit can be used to generate enable signals for 110 
pons or any other decoder related application. 

Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 

or two will allow expansion to even larger decoder net· 
works. 

CHIP SELECT DECODER 


.Using a very similar circuit to the lID port decoder, an ar· 
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ray of 82055 can be used to create a simple interface to a 
24K memory system. 

The memory devices used can be either ROM or RAM and 
are 1 K in storage capacity. 2708s and 2114As are devices 
typically used for this application. This type of memory 
device has ten (10) address inputs and an active "low" 
chip select (CS). The lower order address bits AO-A9 
which come from tne microprocessor are "bussed" to all 
memory elements and the chip select to enable a speCific 
device or group of devices comes from the array of 8205s. 
The output of the8205 is active low so it is directly compat
ible with the memory components. 

Basic operation is that the CPU issues an address to identi fV 
a specific memory location in which it wishes to "write" or 
"read" dat •. The most significant address bits A 1 O-A 14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a speCifiC memory de
vice. The least significant address bits AO-A9 identify a 

specific location within the selected device. Thus, all ad· 

dresses throughout the entire memory array are exclusive 

in nature and are non·redundant. 

This technique can be expanded almost indefinitely to sup

port even larger systems with the addition of a few inverters 

and an extra decoder (82051. 
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Figure 4. 1/0 Port Decoder Figure 5. 24K Memory Interface 
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8206 
ERROR DETECTION AND CORRECTION UNIT 

• Detects All Single Bit, and Double Bit • Separate Input and Output Bu ..ea-No 
and Most Multiple Bit Errora Timing Strobes Required 

• Supports Read With and Without 
Correction, Writes, Partial (Byte) • 

3 Selections 8206• 	 Writes, and Read-Modlfy-Wrltes 
Detection 42n. • HMOS III Technology for Low PowerCorrection 67ns 

• 68 Pin Leadle.. JEDEC Package• Syndrome Outputs for Error Logging 

• Automatic Error Scrubbing with 8207 • 68 Pin Grid Array Package 

• Expandable to Handle 80 Bit Memories 

The HMOS 8206 Error Detection arid Correction Unit is a high-speed device that provides error detection and 
correction for memOlY systems (static and dynamic) requiring high reliability and performance. Each 8206 
handles 8 or 16 data bits and up to 8 check bits. 8206's can be cascaded to provide correction and detection 
for up to 80 bits of data. Other 8206 features include the ability to handle byte writes, memory initialization, and 
error logging. 

.-------II-----~-
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r-------i f----... 
Cel ISY,,_, 

II 
""TA 

SYOICItO/PPO ... , ¢:=~==1 CO....EC11ON 

11 
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FIgure 1. 8206 Block Diagram 
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8206 

Table 1 8206 Pin Description 

Symbol Pin No. Type Name and FuncUon 

010-15 1,68-61, I DATA IN: These inputs accept a 16 bit data word from RAM for 
59·53 error detection and/or correction. 

CBI/SYlo 5 I CHECK BITS IN/SYNDROME IN: In a single 82.06 system,or in the 
CBI/SYll 6 I master in a multi-8206 system, these inputs accept the check bits (5 

~1(SYI2 
I/SYI3 

CBI/SYI4 

7 
8 
9 

I 
I 
I 

to B) from the RAM. In a single 8206 16 bit system, CB10_5 are 
used. In slave B206's these inputs accept the syndrome from the 
master. 

CBI/SYls 10 I 
CBI/SYls 11 I 
CBI/SYI7 12 I 

DO/WOlo 51 I/O OAT A OUT/WRITE DATA IN: In a read cycle, data accepted by 
DO/WOl1 
DO/WOI2 
DO/WOI3 
DO/WOI4 
DO/WOls 
DO/WOls 
DO/WOI7 
DO/WOls 

50 
49 
48 
47 
46 
45 
44 
42 

I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
1/0 
I/O 

Olo_IS appears at these outputs corrected if ~ is low, or 
uncorrected if CRCT is high. The BM inputs must be high to enable 
the output buffers during the read cycle. In a write cycle, data to be 
written into the RAM is accepted by these inputs for computing the 
write check bits. In a partial·write cycle, the byte not to be modified 
appears at either 000-7 ifBMo is high, or DOS-15 if mAl is high, for 
writing to the RAM. When W'i. is active, it causes the 8206 to output 
all zeros at 000-15, with the proper write check bits on CBO. 

DO/WOlg 41 I/O 
DO/WOll0 40 I/O 
OO/WOlll 39 110 
DO/WOI12 38 110 
00/WOl13 37 110 
DO/WDI 14 36 1/0 
DO/WOllS 35 I/O 

SYO/CBO/PPOo 23 0 SYNDROME OUT/CHECK BITS OUT/PARTIAL PARITY OUT: In 
SYO/CBO/PPOI 24 0 a· single 8206 system, or in the master in a multi-8206 system, the 

SYO/CBO/PP02 
SYO/CBO/PP03 
SYO/CBO/PP04 
SYO/CBO/PPOs 

25 
27 
28 
29 

0 
0 
0 
0 

syndrome appears at these outputs during a read. Ouring a write, 
the write check bits appear. In slave 8206's the partial parity bits 
used by the master appear at these outp~. The syndrome is 
latched (during read-modify·writes) by R/W going low. 

SYO/CBO/PPOs 30 0 
SYO/CBO/PPD? 31 0 

PPlo/POSo 13 I PARTIAL PARITY IN/POSITION: In the master in a multi-8206 
PPI1/POSl 14 I system, these inputs accept partial parity bits 0 a.nd 1 from the 

slaves. In a slave 8206 these inputs inform it 01 its position within 
the system (1 to 4). Not used in a single 8206 system. 

PPlz/NSLo 15 I PARTIAL PARITY IN/NUMBER OF SLAVES: In the master in a 
PPI3/NSLI 16 I multi-8206 system, these inputs accept partial parity bits 2 and 3 

from the slaves. In a multi·B206 system these inputs are used in 
slave number 1 to lell it the total number of slaves in the system (1 
to 4). Not used in other slaves or in a single 8206 system. 

PPI4CE 17 110 PARTIAL PARITY IN/CORRECTABLE ERROR: In the master in a 
multl-8206 system this pin accepts partial parity bit 4. In slave 
number 1 only, or in a single 8206 system, this pin outputs the 
correctable error Ilag. CE is latched by .A/IN going low. Not used in 
other slaves. 
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8207 
DUAL-PORT DYNAMIC RAM CONTROLLER 

• Provides All Signals Nec ....ry to • Fast Cycle Support for 8 MHz 80286 
Control 16K, 64K and 256K Dynamic with 8207-16 
RAMs • Slow Cycle Support for 8 MHz, 10 MHz

• Directly Addresses and Drives up to 2 8086/88,80186/188 with 8207-8, 
Megabytes without External Drivers 8207-10 

• Supports Single and Dual-Port 	 • Provides Signals to Directly Control the 
Configurations 	 8206 Error Detection and Correction 

Unit• Automatic RAM Initialization In All 
Modes 	 • Supports Synchronous or 

Asynchronous Operation on Either Port • Four Programmable Refresh Modes 

• 68 Lead JEDEC Type A Leadless Chip • Transparent M.mory Scrubbing In ECC 
Carrier (LCC) and Pin Grid Array (PGA), Mode 
Both In Ceramic. 

The Intel 8207 Dual-Port Dynamic RAM Controller is a high-performance, systems-oriented, Dynamic RAM 
controller that is designed to easily interface 16K, 64K and 256K Dynamic RAMs to Intel and other microproc
essor systems. A dual-port interface allows two different busses to independently access memory. When 
configured with an 8206 Error Detection and Correction Unit the 8207 supplies the necessary logic for design
ing large error-corrected memory arrays. This combination provides automatic memory initialization and trans
parent memory error scrubbing. • 
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Figure 1.8207 Block Diagram 
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82C08 

CHMOS DYNAMIC RAM CONTROLLER 


• 	 0 Walt State with INTEL J.LProcessors 

• 	 iAPX 286 } 82C08-20 20 MHz 
(10, 8 MHz) 82C08-16 16 MHz 
iAPX 	186/88 } 82C08-10 10 MHz 


86/88 82C08-8 8 MHz 


• 	 Supports 64K and 256K DRAMs 
(256K x 1 and 256K x 4 Organizations) 

• 	 Power Down Mode with Programmable 
Memory Refresh using Battery Backup 

• 	 Directly Addresses and Drives up to 
1 Megabyte without External Drivers 

• 	 Microprocessor Data Transfer and 
Advance Acknowledge Signals 

• 	 Five Programmable Refresh Modes 

• 	 Automatic RAM Warm-up 

• 	 Pin-Compatible with 8208 

• 	 48 Lead Plastic DIP; 68 Lead PLCC 
(See Int.1 Pacl<aging; Order Numb.." 23'369·00') 

• 	 Compatible with Normal Modes of 
Static Column andRlpplemode DRAMs 

The Intel 82C08 Dynamic RAM Controller is a CMOS, high performance. systems oriented, Dynamic RAM 
controller that is designed to easily interface 64K and 256K Dynamic RAMs to Intel and other microproces
sors. The 82C08 also has a power down mode where only the refresh logic is activated using battery backup. 
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8212 

8-BIT INPUT/OUTPUT PORT 


• Fully Parallel 8-Bit Data Register and Buffer • Asynchronous Register Clear 

• Service Request Flip-Flop for • Replaces Buffers, Latches and 
Interrupt Generation Multiplexers In Microcomputer 

• Low Input Load Current - .2SmA Max. Systems 

• Three State Outputs • Reduces System Package Count 

• Outputs Sink 1SmA • Available in EXPRESS 

• 3.6SV Output High Voltage for - Standard Temperature Range 
Direct Interface to 8008, 8080A, or - Extended 7emperature Range 
80SSA CPU 

The 8212 input/output port consists of an a-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 

The device is multimode in nature. It .can be used to Implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 
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8212 

FUNCTIONAL DESCRIPTION Service Request Fltp-Flop 

Data Latch 
The 6 flip-flops that make up the data latch are of a "0" 
type design. The output (0) of the flip-flop will follow the 
data input 10) while the clock input (e) is high. Latching 
will occur when the clock rC) returns low. 

The latched data is cleared by an asynch.,onous reset 
input (ClR). (Note: Clock (CI Overrides Reset IClR).1 

Output Buffer 
The outputs of the data latch (0) are connected to 3-state. 
non-inverting output buffers. These bullers have a 
common control line (EN); this control line either enables 
the buller to transmit the data from lhe outputs of the data 
latch (Or or disables the buller. forcing the output into 8 
high imped~nce state. (3-state) 

The high-impedance state allows the designer to connect 
the 8212 directly onto the microprocessor bl-directional 
riata bus. 

Control Logic 
The 8212 has control inputs OS1. OS2. MO and STB. 
These inputs are used to control device selection. data 
latching. output buffer state and service request flip-liop. 

DS1, DS2 (Device Select) 
These 2 inputs are used for device selection. When OS1 is 
low and OS2 is high (OS1 • OS2) the device is selected. In 
the selected state the output buller is enabled and the 
service request flip-flop ISR) is asynchronously set. 

MD (Mode) 
This input is used to control the state of the output buller 

and to determine the source of the clock input (C) to the 

data latch. 


When MO is high (output model the output bullers are 

enabled and the source of clock (C I to the data latch is 

from the device selection logic (DSt • 0521. 


When MO Is low (input mode) the output buller stale is 

determined by the device selection logic (051' 052) and 

the source of clock (CI to the data latch is the STa 

(Strobe) input. 


STB (Strobe) 

ThiS input is used as the clock (C) to the data latch for the 

input mode MO = 0) and to synchronously reset the 

service request flip-flop (SRI. 


Note that the SR flip-flop is negative edge triggered. 


The (SR) flip-flop is used to generate and control 
interrupts in microcomputer systems. It is asynchron
ously set by the CLR input (active low). When the (SR) flip
flop is set it is in the non-interrupting state. 

The output of the (SRI flip-flop (0) is connected to an 
inverting Input of a "NOR" gate. The other input to the 
"NOR" gate is non-i'1verting and Is connected to the 
device selection logic IOS1 • 052). The output of the 
"NOR" gate (INT) is active law (interrupting state) lor 
connection to active low input priority generating circuits. 
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821618226 

4·BIT PARALLEL BIDIRECTIONAL BUS DRIV.ER 


• Data Bus Buffer Driver for 8080 CPU • 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 

• Low Input Load Current -- 0.25 mA • 3·State Outputs 
Maximum 

• Reduces System Package Count 

• High Output Drive Capability for • Available in EXPRESS 
Driving System Bus - Standard Temperature Range 

The 821618226 i. a 4·bil ~idirectional bus driver/receiver. All inputs are low power TIL compatible. For driving MOS. the 
DO outputs provide a high 3.65V VOH. and lor high capaCitance terminated bus structures, the DB outputs provide a 
high 50 mA IOl capability. A non·lnverting (8216) and an Inverting (8226) are available to meet a wide variety 01 appllca· 
tions for buffering in microcomP'!ter systems. 

°Not,: The specifications for the »1113221.,. identical with those lor the 821618226 
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Figure 1. B.lock Diagrams Figure 2. Pin Conflguretlon 
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8218/8219 

BIPOLAR MICROCOMPUTER BUS 


CONTROLLERS FOR MC8-80® AND MC8-85® FAMILIES 


• 	8218 for Use In MCS-80® Systems • Reduces Component Count in 

Multlmaster Bus Arbitration Logic 
• 8219 for Use InMCS-85® Systems 

• Single +5 Volt Power Supply 

Bus Between Several CPU's • 28 Pin Package 


• 	Coordinates the Sharing of a Common 

The8218 and 8219 Microcomputer Bus Controllers consist of control logic which allows a bus master device such as a CPU 
o~ DMA channel to interface with other masters on a common bus, shanng memory aM 110 devices. The 8218 and 8219 
consist of: 

1. 	Bus Arbitration Logic which operates from the Bus Clock IBCLK) and resolves bus contention between devices sharing 
a common bus. 

2. 	Timing Logic which when initiated by the bus arbitration logic generates timing signals for the memory and 110 
command lines to guarantee set-up and hold times of the addressldata lines onto the bus. The timing logic also signals 
to the bus arbitration logic when the current data transfer is completed and the bus is no longer needed. 

3. Output Drive Logic which contains the logic and output drivers for the memory and 110 command lines. 

An external RC time constant is used with the timing logic to generate the guaranteed address set-up and hold times on the 
bus. The 8219 can interface directly to the 8085A CPU and the 8218 interfaces to the 8080A CPU chip and the 8257 DMA 
controller. 

BVSV 

seR' 8Ft'eO 

iNTI 
 V"IE)-_ 	 sPANBUS ARBITRA TION N.C OVRD 
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8224 
CLOCK GENERATOR AND DRIVER 


FOR 8080A CPU 


• 
Single Chip Clock 'Generator/Driver for • Oscillator Output for External System 

8080A CPU Timing 

• Crystal Controlled for stable System• Power-Up Reset for CPU 
Operation 


Ready Synchronizing Flip-Flop • Re_duces System Package Count 
• 
Advanced Status Strobe • Available in EXPRESS • 

- Standard Temperature Range 

The Intel' 8224 is a single chip clock generatorldriver for the 8080A CPU, " is controlled by a crystal, selected by the 

designer to meet a variety of system speed requirements. 


Also included are circuits t,o provide power-up reset, advance status strobe, and synchronization of ready, 


The 8224 prOVides the designer with a significant reduction of packages used to generate clocks and timing for 808OA, 
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8228/8238 
SYSTEM CONTROLLER AND BUS DRIVER 


FOR 8080A CPU 


• 	 Single Chip System Control for • User Selected Single Level Interrupt 
MC5-80® Systems Vector (RST 7) 

• 28·Pin Dual In· Line Package 
• Bullt·ln Bidirectional Bus Driver for 

Data Bus Isolation • Reduces System Package Count 
• 	 8238 Had Advanced IOW/MEMW for 

• Allows the Use of Multiple Byte Large System Timing Control 
Instructions (e.g. CALL) for Interrupt • 	 Available in EXPRESSAcknowledge - Standard Temperature Range 

The Intel- 8228 Is a single chip system controller and bus driver for MCS-80. It generates ali signals required to 
directly interface MCS-80 family RAM, ROM, and 110 components. 

A bidirectional bus driver Is included to provide high system TTL fan·out. It also provides isolation of the 8080 data bus 
from memory and 110. This allows for the optimization of control signals, tlnabling the systems designer to use slower 
memory and 110. The laolation of the bus driver also provides for enhanced system noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system 
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte Instructions (e.g., 
CALL) In response to an interrupt acknowledge by the 808OA. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 

The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable design of the MCS·80 systems. 

Not.: The apeclfk:.Mona tor the 322113231 .... Idenlle.1 with tho•• lor the 122818231 

_ct, V" 

-087 "LOA ,7Oii
-oo,l 

MUM:: E: J" ""'. 0"..us 
iiOA-00, - .., 

0.. MiMii 

iNTA 

iUifN 

0 ••1I"OW 

0' 

00 

0100 DATA IUS 1I0I0 SIOEI INTI"lIIuPT ACI(NOWLroaE 

DATA IUS !SYSTEM SIDE I "LOA 

~ IfOJlUO 
00'''' 	 "LDAC""*_I...- W"'I'~"" 

I/OVUUTE .um 8UI 'NAai.l INPUT 
ITATUIISTJloat: 1~ItOMa2HIM£lIIIII Mt:MOIIIV READ 

MEMOIIIV WRITE ~ ..V 

O\lOLTS081N IFIllOM I0I0100"""'" ON. 

Figure 1. Block DIagram 	 Figure 2. Pin Configuration 

260 



8231A 

ARITHMETIC PROCESSING UNIT 


• Fixed Point Single and Double 
Precision (16/32 Bit) 

• Floating Point Single Precision (32 Bit) 

• Binary Data Formats 

• Add, Subtract, Multiply and Divide 

• Trlgnometrlc and Inver .. Trigonometric 
Functions 


• Square Roots, Logarithms, 

Exponentiation 


• Float to Fixed and Fixed. to Float 

Conversions 


• Stack Oriented Operand Storage 


• Compatible with all Intel and most 
other Microprocessor Families 

• Direct Memory Acce .. or Programmed 
1/0 Data Transfers 

• End of Execution Signal 

• General Purp ..e 8-Blt Data Bus 
Interface 

• Standard 24 Pin Package 

• + 12V and +SV Power Supplies 

• Advanced N-Channel Silicon Gate 
HMOS Technology 

The Intell!> 8231A Arithmetic Processing Unit (APU) is a monolithic HMOS LSI device that provides high 
performance fixed and floating point arithmetic and floating point trigonometric operations. It may be used to 
enhance the mathematical capability of a wide variety of processor-oriented systems. Chebyshev polynomialS 
are used in the implementation of the APU algorithms. 

All transfers, including operand, result, status and command information, take place over an 8-bit bidirectional 
data bus. Operands are pushed onto an internal stack and commands are issued to perform operations on the 
data and the stack. Results are then available to be retrieved from the stack. 

Transfers to and from the APU may be handled by the associated processor using conventional programmed 
1/0, or may be handled by a direct memory accesa controller for improved performance. Upon completion of 
each command, the APU issues an end of execution signal that may be used as an interrupt by the CPU to 
help coordinate program execution. 

sVRla 

-dI'~1 

231305-2 

Figure 2. Pin Configuration 

231305-1 

Figure 1. Block DIIIg.-.m 
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8232 
FLOATING POINT PROCESSING UNIT 

• Compatible with Proposed IEEE For
mat and Existing Intel Floating Point 
Standard 

• Single (32-Bit) and Double (54-Bit) 
Precision Capability 

• Add, Subtract, Multiply and Divide 
Functions 

• Stack Oriented Operand Storage 

• General Purpose 8-Bit Data Bus Inter
face 

• Standard 24-Pin Package 

• 12V and SV Power Supplies 

• Compatible with MCS-aO™, MCS-8S'" 
and MCS-85'" Microprocessor Families 

• Error Interrupt 

• Direct Memory Access or Programmed 
110 Data Transfers 

• End of Execution Signal 

• Advanced N-Channel Silicon Gate 
HMOS Technology 

The Intel' 8232 is a high performance floatong·point processor unit (FPU). It provides single precision (32·bit) and 
double precIsion (64-bit) add, subtract, multiply and divide operations. The 8232's floating point arithmetic IS a subset 
of the proposed IEEE standard. It can be easily interfaced to enhance the computational capabilities 0' the h;)st 
microprocessor. 

The operand, result. status and command information transfers take place over an 8·bit bidirectional data bus. Oper· 
ands are pushed onto an internal stack by the host processor and a command is issued to perform an operation on the 
data stack. The results of the operation are available to the host processor from the stack. 

Information transfers between the 8232 and the host processor can be handled by using programmed 1/0 or direct 
memory access techniques. After completing an operation, the 8232 activates an "end of execution" ilignal that can 
be used to interrupt the host processor. 
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Flgllre 1. BlOCk Diagram Figure 2. Pin Configuration 
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HIGH PERFORMANCE 


PROGRAMMABLE DMA CONTROLLER 


• 	Enable/Disable Control of Individual • High performance: Transfers up to 1.6M 
DMA Requests Bytes/Second with 5 MHz 8237A·5 

• 	 Directly Expandable to any Number of • 	 Four Independent DMA Channels 
Channels 

• 	 Independent Autoinitialization of all • End of Process Input for Terminating 
Channels Transfers 

• Software DMA Requests 
• 	 Memory-ta-Memory Transfers 

• 	 Independent Polarity Control for DREQ 
• 	Memory Block Initialization and DACK Signals 

• 	 Available in EXPRESS
• Address Increment or Decrement -	 Standard Temperature Range 

The 8237A Multimode Direct Memory Access (DMA) Controller rs a peripheral interface circuit for microprocessor sys· 
tems. It is designed to improve system performance by allowing external devices to directly transfer information from 
the system memory. Memory·to-memory transfer capability is also provided. The 8237A offers a wide variety of pro· 
grammable control features to enhance data throughput and system optimization and to allow dynamic reconfigura· 
tion under program control. 

The 8237A is designed to be used in conjunction with an external ~·bit address register such as the 8282. It contains 
four independent channels and may be expanded to any number of channels by cascading additional controller chips. 

The three basic transfer modes allow programmability of the types of DMA service by the user. .!=.ach channel can be 
Individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 

Each channel has a lull 64K address and word count capability. 

The 8237A-4 and 8237A-5 are 4 MHz and 5 MHz selected verSions of the standard 3 MHz 8237A respectively. 

Figure 2. 

Figure 1. Block Dlegram Pin Configuration 
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Tabla 1. Pin De.crlptlon 
r-------~-.--------------~

Symbol Type N..... and Function Symbol Type Nama and Functlon __ 

Vee Power: + 5 volt supply. ory·to-memory operations, data 

Vss Ground: Ground. 
from the memory comes into the 
8237A on the data bus during the 

ClK I Clock Input: Clock Input controls read-fram-memory transfer. In the 
the internal operations 01 the writ.to-memory transfer, the data 
8237A and its rate of data tran ... bua outputs pl~ce the data Into the 
fers. The input may be driven at up new memory location. 
to 3 MHz lor the standard 8237A 
and up to 5 MHz lor the 8237A·5. 

lOR 110 UO Read: 110 Read Is a bidirec
tional active low three-atate line. In 

CS I Chip 5alact: Chip Select Is an ac· the Idle cycle, It Is an input contrlll 
tive low Input used to select the algnal uSad by the CPU to read the 
8237A as an 1/0 device during the control registers. In the Active cy
Idle cycle. This aliows CPU com· cle, It Is an output control 8ignal 
munication on ttie data bus. u.ed by the 8237A to access data 

RESET I R_ Reset Is an active high in· 
put which clears the Command, 
Statu., Request and Temporary 
regi8ters. It also clears the 

lOW 

Irom a peripheral during a DMA 
Write transfer. 

110 UO Writ.: 110 Write Is a bidirec
tional active low three-state line. In 

firstllast flip/flop and sets the 
Mask register. Following a Reset 
the device is In the Idle cycle. 

the Idle cycle, It is an Input control 
signal used by the CPU to load in
formation Into the 8237A.ln the Ac

READY 

HlDA 

I 

I 

Reedy: Ready is an Input used to 
extend the memory read and write 
pulses from the 8237A to accom
modate slow memories or 110 per· 
ipheral devices. Ready must not 
make transitions during its speci
fied setup/hold time. 

Hold Acknowlaclge: The active 
high Hold Acknowledlle Irom the 
CPU Indicates that It hae relin-
Quished control 01 the system 
busses. 

EOP 

tive cycle, It Is an output control 
signal used by the 8237A to load 
data to the peripheral during a 
DMA Read tranaler. 

110 End 01 Proce..: End 01 Process Is 
an active low bidirectional signal. 
Information concerning the com
pletion 01 DMA services Is a.al~ 
able at the bidirectional EOP pin. 
The 8237A allows an external sig
nal to terminate an active DMA 
service. This Is accomplished by 
pulling the EOP Input low with an 

DREQO-DREQ3 I DMA Requaet: The DMA Request axternal EOP signal. The·8237A ai
linea are Individual asynchronoul ao generate. a pulse when the ter
channel request Inputs Uaact by p. 
rlpheral circuits to obtain DMA 

minal count (TC) lor any channel II 
reached. Thll generatea an EOii 

aervlce. In fixed Priority, DREQO !!Qnal which II output through the 
has the highest priority and EOP line. The reception 01 EOP, 
DREQ3 has the lowest priority. A either Internal or externa" will 
request Is generated by activating cause the 8237A to terminate the 
the DREQ line 01 a channel. DACK service, reset the request, and, if 
will acknowledge the recognition Autoinitialize is enabled, to write 
01 DREQ signal. Polarity 01 DREQ the base registers to the current 
la programmable. Reset Intlallzes register. 01 that channel. The mask 
these lines to active high. DREQ 'bit and TC bit In the status word 
must be maintained until the corr. will be set for the currently active 
spondlng DACK goes active. chennel by EOP unles. the channel 

DBO-DB7 UO Data Bue: The Data Bus lines are 
bidirectional thr_state signals 
connected to the system data bus. 
The outputs are enabled In the Pro
gram condition during the 110 Read 
to' output the contents of an Ad
dress register, a Status register, 
the Temporary register or a Word 

Is programmed for AutOinitialize. In 
that case, the mask bit remalna 
clear. Du~ memory-to-memory 
translers, EOP will be output w..!!!!! 
the TC lor channell occurs. EOP 
should be tied high with a pull-up 
reslator If It 18 not used to prevent 
erroneoul end of procel. Inputs. 

Count register to the CPU. The out AD-A3 I/O Add_" The lour least significant 
putl are disabled and the Inputa 
are read during an 110 Write cycle 

addre.. lines are bidirectional 
three-Itate signals. In the Idle cy

","en the CPU I. programming the cle they are Inputl and are used by 
8237A control registers. During 
DMA cycles the most significant 8 
bits of the address are output onto Itha data bus to b. Itrobed Into an 

the 8237A to addresa the control 
register to be loaded or read. In the 
Active cycle they are outputs and 
provide the lower 4 bits of the out

external latch by ADSTB. In mem put address. 
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Table 1. Pin Description (Continued) 

- -;;';'~I- IType i ---N~me and Function 
f--- 

A4·A7 0 	 I Address'. The four most significant
i address lines are three-state out
I puts and provide 4 bits of address.I 
I These lines are enabled only dUring 

HRO o 	 II ~~:~~~:::c;hiS is the Hold-~ 

quest to tha CPU and is used to ra· 

quest control of the system bus. If 


! the corresponcling mask bit is 

clear, the presence of any valid 

DREO causes 8237A to issue the 

HRO. Alter HRO goes active at 

least one clock cycle (TCY) must 

occur befor~ HLOA goes active. 


DACKG-OACK3 o 	 DMA Acknowledge: DMA AC·I 
knowledge is used to notify the in
dividual peripherals when one has 
been granted a .DMA cycle. The)

I sense of these Imes IS program- I 

mabie. Reset initializes them to ae-I 
________L-_~~tiv~e~l~o~w~·____________1 

FUNCTIONAL DESCRIPTION 

The 8237A block diagram includes the major logic 
blocks and all of the internal registers. The data inter· 
connection paths are also shown. Not shown are the 
various control signals between the blocks. The 8237A 
contains 344 bits of internal memory in the form of 
registers. Figure 3 lists these registers by name and 
shows the size of each. A detailed description of the 
registers and their functions can be found under 
Register Description. 

Name 	 StH Number 

Sase Address Registers 1Gblts 4 
Base Word Count Registers 1Gbits 4 
Current Address Registers 16bits 4 
Current Word Count Registers 1Gbits 4 

Temporary Address Register 1Gbits 1 

Temporary Word Count Register 1Gbits 1 
Status Register abits 1 
Command Register abits 1 

Temporary Register abits 1 

Mode Rellisters 6bits 4 
Mask Register 4bits 1 
Request Register 4 bitS 1 

Figure 3. 8237 A Internal Regi,t.rs 

The 8237A contains three basic blocks of control logic. 
The Timing Control block generates internal timing and 
external control signals for the 8237A. The Program 
Command Control block decodes the various com· 
mands given to the 8237A by the microprocessor prior 
to servicing a DMA Request. It also decodes the Mode 
Control word used to select the type 0.1 DMA during the 
servicing: The Priority Encoder block resolves priority 
contention between DMA channels requesting service 
simultaneously. 

The Timing Control block derives internal iiming from 
the clock input. In 8237A systems this input will usually 

'I---;mbol I Typel--;.ma .nd;~~tio~~ 
~---r~+-IAd~::-;:'~I.: Addre~~-"~:,~-

I enables the 8·bit latch containing 
the upper 8 address bits onto the 

I system address bus. AEN can also 
; be used to dis3ble other system bus 
I drivers durir.g DMA transfers, AEN 

~1____4-,~·s~a~ct~iv~e~H~I~G~H~.____________ ___ 1----
I ADSTR 

! 0 I :::;::: s~~:~~ u:~~ t~C~~~~b:i~:~ 
I 	 upper address byte into an external 

latch.--+ 
1'1 MEMR I 0 	 M-e-m-o-ry-Re.d~-T-h-e-M-e-m-o-;Y-R-aa-d-

signal \s an active low three-state 
output used to access data from the 
selected memory location durmg a 
DMA Read or a memory-te-memory 
transfer. 

I--:==---+----~--- - ~-- -- ----------I 
MEMW o Memory Write: The Memory Wnte 

IS an acti'Ye low three·state output 
used to write data to the selected 
memory location during a DMA 
Write or a memory-te-memory 
transfer 

be the .. 2 TIL clock from an 8224 or CLK from an 
80B5AH or 8284A. For 8085AH·2 systems above 3.9 MHz, 
the 8085 CLK(OUT) does not satisfy 8237A·5 clock LOW 
and HIGH time requirements. In this case, an externa) 
clock should be used to drive the 8237A·5. 

DMA Operation 

The 8237A is designed to operate in two major cycles. 
These are called Idle and Active cycles. Each device cy· 
cle is made up of a number of states. The 8237A can 
assume seven separate states, each composed of one 
full clock period. State I (Si) is the inactive state. It is 
entered when the 8237A has no valid DMA requests 
pending. While in 51, the DMA controller is inactive but 
may be in the Program Condition, being programmed by 
the processor. State SO (SO) is the first state of a DMA 
service. The 8237A has requested a hold but the pro· 
cessor has not yet returned an acknowledge. The 8237A 
may still be programmed until it receives HLDA from the 
CPU. An acknowledge from the CPU will signal that 
DMA transfers may begin. 51, 52, 53 and 54 are the 
working states of the DMA service. If more time is 
needed to complete a transfer than is available with nor· 
mal timing. wait states (SW) can be inserted between 52 
or S3 and 54 by the use of the Ready I'ne on the 8237A. 
Note that the data is transferred directly from the 110 
device 10 memory (or vice versa) with lOR and MEMW (or 
MEMR and lOW) being active at the same time. The data 
is not read into or· driven out of the 8237A in 1I0·to· 
memory or memory·ta-1I0 DMA transfers. 

Memory·to·memory transfers require a read· from and a 
write·to·memory to complete each transfer. The states, 
which resemble the normal working states, use two 
digit numbers for identification. Eight states are reo 
quired for a single transfer. The first four states (511. 
S12. 513, S14) are used for the read·from·memory half 

AFN-001890265 

http:Typel--;.ma
http:Regi,t.rs


8237A18237A-4/8237A-5 

and the last four states (S21, S22, S23, S24) for the write
to-memory half of the transfer. 

IDLE CYCLE 

When no channel is requesting service, the 8237A will 
ente( the Idle cycle and perform "SI" states. In this 
cycle the 8237A will sample the DREQ lines every clock 
cycle to determine if any channel Is requesting a DMA 
service. The device will also sample CS, looking for an 
attempt by the microprocessor to write or read the inter
nal registers of the 8237A. When CS is low and HLDA is 
low, the 8237A enters the Program Condition. The CPU 
can now establish, change or inspect the internal defini· 
tion of the part by reading from or writing to the internal 
registers. Address lines AO-A3 are inputs to the device 
and select which registers will be read or written. The 
lOR and lOW lines are used to select and time reads or 
writes. Due to the number and size ot the internal regis· 
ters, an internal flip-flop is used to generate an addl· 
tional bit of address. This bit Is used to determine the 
upper or lower byte of the lEI-bit Address and Word 
Count registers. The flip· flop Is reset by Master Clear or 
Reset. A separate software command can also reset this 
fllp·f1op. 

Special software commands can be executed by the 
8237A in the Program Condition. These commands are 
decoded as sets of addresses with the CS and lOW. The 
commands do not make use of the data bus. Instruc
tions include Clear First/Last Flip-FLop and Master 
Clear. 

ACTIVE CYCLE 

When the 8237A is in the Idle cycle and a non-masked 
channel requests a DMA service, the device will output 
an HRQ to the microprocessor and enter the Active cy
cle. It is in this cycle that the DMA service will take 
place, in one of four modes: 

Singi. Tl'llnsf.r Mode - In Single Transfer mode the 
device is programmed to make one transfer only. The 
word count will be decremented and the address dec· 
remented or incremented following each transfer. When 
the word count "rolls over" from zero to FFFFH, a Ter
minal Count (TC) will cause an Autoinitialize if the chan
nel has been programmed )0 do so. 

OREQ must be held active until DACK becomes active in 
order to be recognized. If DREQ is held active through· 
out the singie transfer, HRQ will go inactive and release 
the bus to the system. It will again go active and, upon 
receipt of a new HLOA, another single transfer will be 
perfcrmed, in 808OA, B085AH, 8088, or 8086 system this 
will ensure one full machine cycle execution between 
DMA transfers. Details of liming between the 8237A and 
other bus control protocols will depend upon the char· 
acterlstlcs of the microprocessor involved. 

Block Tl'lln.f.r Mode - In Block Transfer mode the 
device is activated by DREQ to continue making trans· 
fers during the service until a Te, caused by word count 
going to FFFFH, or an external End of Process (~ is 
encountered. OREQ need only be held active until DACK 
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becomes active. Again, an Autoinitialization will occur 
at the end of the service if the channel has been pro
grammed for it. 

Demand Trlns'.r Mode - In Demand Transfer mode the 
device Is programmed to conti hue making transfers 
until a TC or external EOP Is encountered or until DREQ 
goes Inacllve. Thus transfera may continue until the I/O 
device has exhausted its data capacity. After the I/O 
device has had a chance to catch up, the DMA service is 
re·establlshed by means of a DREQ. During the lime 
between services when the microprocessor is allowed 
to operate, the intermediate values of address and word 
count are stored in the 8237A Current Address and Cur
rent Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP is generated 
either by TC or by an external signal. 

C••eade Mode - This mode Is used to cascade more 
than one 8237A together for simple system expansion. 
The HRQ and HLDA signals from the additional 8237A 
are connected to the DREQ and DACK Signals of a chan
nel of the initial 8237A. This allows the DMA requests of 
the additional device to propagate through the priority 
network Circuitry of the preceding device. The priority 
chain is preserved and the new device must walt for its 
turn to acknowledge requests. Since the cascade chan· 
nel of the initial 8237A is used only for prioritizing the 
additional device, it does not output any address or con· 
trol signals of its own. These could conflict with the 
outputs of the active channel In the added device. The 
8237A will respond to DREQ and OACK but all other out· 
puts except HRQ will be disabled. 

Figure 4 shows two additional devices cascaded into an 
initial device using two of the previous channels. This 
forms a two level DMA system. More 8237As could be 
added at the second level by USing the remaining chan
nels of the first level. Additional devices can also be 
added by cascading into the channels of the second 
level devices, forming a third :evel. 
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MICROPROCESSOR 

f.- HOQ 0"£0 - HOQ 
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TRANSFER TYPES 

Each of the three active transfer modes can perform 
three different types of transfers. These are Read, Write 
and Verify. Write transfers move data from an flO device 
to the memory by activating MEMW and lOR. Read 
transfers move data from memory te an 110 device by 
activating MEMR and lOW. Verify transfers are pseudo 
transfers. The 8237A operates as in Read or Write 
transfers generating addresses, ana responding to EOP. 
etc. However. the memory and 110 control lines all remam 
inactive. Verify mode is not permitted during memory to 
memory operation. 

Memory-to-Memory - To perform block moves of data 
from one memory address space to another with a mini· 
mum of program effort and time, the 8237A includes a 
memory·to·memory transfer feature. Programming a bit 
in the Command register selects channels 0 and 1 to 
operate as memory·to-memory transfer channels. The 
transfer is initiated by setting the software DREQ for 
channel O. The 8237A requests a DMA service in the nor
mal manner. After HlDA is true, the device, using eight· 
state transfers in Block Transfer mode, reads data from 
the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read 
from the memory is stored in the 8237A internal Tem· 
porary register. Channell then writes the data from the 
Temporary register to memory using the address in its 
Current Address register and incrementing or deere· 
menting it in the normal manner. The channell Current 
Word Count Is decremented. When the word count of 
channell goes to FFFFH, a TC is generated causing an 
EOP output terminating the service. 

Channel 0 may be programmed to retain the same ad· 
dress for all transfers. This allows a single word to be 
wr:tlen to a block of memory. 

The 8237A will respond to external EOP signals during 
memory·to-memory transfers. Data comparators in 
block search schemes may use this input to terminate 
the service when a match is found. The timing of 
memory-to-memory transfers Is found in Figure 12. 
Memory·to-memory operations can be detected as an 
active AEN with no DACK outputs. 

Autoinitialize - By programming a bit in the Mode reg· 
ister, a channel may be set up as an Autoinitialize chan· 
'leI. During Autoinitialize initialization, the original 
values of the Current Address and Current Word Count 
registers are automatically restored from the Base 
Address and 6ase Wore! count registers of that channel 
following EOP. The base registers are loadee! simultane· 
ously with the current registers by the microprocessor 
and remain unchanged throughout the DMA service. The 
mask bit is not set when the channel is in Autoinitialize. 
Following Autoinitialize the channel is ready to perform 
another DMA service, without CPU intervention, as soon 
as a valid DREQ Is detected. 
Priority - The 8237 A has two types of priority encoding 
available as software selectable options. The first Is 
Fixed Priority which fixes the channels In priority order 

based upon the descending value of their number. The 
channel with the lowest priority is 3 followed by 2, 1 and 
the highest priority channel, O. After the recognition of 
anyone channel for service, the other channels are pre· 
vented from inter/erring with that service until it is 
completed. 

The second scheme is Rotating Priority .The last chan
nel to get service becomes the lowest priority channel 
with the others rotating accordingly. 

"t 2nd 3nI 

highest 

servtce 

o 2.......- service \3~ service 
1 ..-- service \ 3 -4- request 0 

2 \0 1 
lowest 3 1 2 

With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recog
nized after no more than three higher 'prlorlty services 
have occurred. This prevents anyone channel from 
monopolizing the system. 

Com.,....ed Timing - In order to achieve even greater 
throughput where system characteristics permit, the 
8237A can compress the transfer time to two clock 
cycles. From Figure 11 It can be seen that state 53 is 
used to extend the access time of the read pulse. By 
removing state 53, the read pulse widih is made equal to 
the write pulse width and a transfer consists only of 
state 52 to change the address and state 54 to perform 
the read/write. 51 states will stili occur wh.en A8-A15 
need updating (see Address Generation). Timing for 
compressed transfers is found In Figure 14. 

Addr••• Ganeratlon - In order to reduce pin count, the 
8237A multiplexes the eight higher order address bits 
on the data lines. State 51 is used to output the higher 
order address bits to an external latch from which they 
may be placed on the address bus. The falling edge of 
Address Strobe (AD5TB) is used to load these bits from 
the data lines to the latch. Address Enable (AEN) is used 
to enable the bits onto the address bus through a thr_ 
state enable. The lower order address bits are output by 
the 8237A directly. Lines AO-A7 should be connected to 
the address bus. Figure 11 shows the time relationships 
between ClK, AEN, AD5TB, DBO-DB7 and AO-A7. 

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gener· 
ated will be sequential. For many transfers the data held 
in the external address latch will remain the same. This 
data need only change when a carry or bOrrow from A7 
to A8 takes place In the normal sequence of eddresses. 
To save time and speed transfers, the 8237A executes 
SI states only when updating of A8-A15 in the latch is 
necessary. This means for long services, 51 states and 
Address Strobes may occur only once every 256 trans
fers, a savings of 255 clock cycles for each 256 
transfers. 
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REGISTER DESCRIPTION 

Current Address Reglst.r - Each channel has a 16-bit 
Current Address register. This register holds the value 
of the address used during DMA transfers. The address 
is automatically incremented or decremented after each 
transfer and the intermediate values of the address are 
stored in the Current Address register during the trans· 
fer. This register is written or read by the micro
processor in succes&ive B·bit bytes. " may also be reini· 
tialized by an Autoinitialize back to its original value. 
Autoinitialize takes place only after an EOP. 

Current Word Register - Each channel has a 16·bit Cur· 
rent Word Count register. This register determines the 
number of transfers to be performed. The actual number 
of transfers will be one more than the number pro
grammed in the Current Word Count register (i.e., pro· 
gramming a count ot100will result in 101 transfers). The 
word count is decTemented after each transfer. The 
intermediate value of the word count is stored in the reg· 
Ister during the transfer. When the value in the register 
goes from zero to FFFFH, a TC will be generated. This 
register is loaded or read in successive a·bit bytes by 
the microprocessor in the Program Condition. Follow· 
ing the end of a DMA service it may also be reinitialized 
by an Autoinitialization back to its original value. Auto· 
initialize can occur only when an EOP occurs. If it is not 
Autoinitialized, this register will have acount of FFFFH 
alter TC. 

Base Addre.1 and Ba•• Word Count Raglster. - Each 
channel has a pair of Base Address and Base Word 
Count registers. These 16-bit registers store the original 
value of their associated current registers. During Auto· 
initialize these values are used to restore the current 
registers to their original values. The base registers are 
written simultaneously with their corresponding current 
register in a·bit bytes in the Program Condition by the 
microprocessor. These registers cannot be read by the 
microprocessor. 

Command Raglster - This 8·bit register controls the 
operation of the 8237 A. " is programmed by the micro
processor in the Program Condition and is cleared by 
Reset or a Master Clear instruction. The following table 
lists the lunction of the command bits. See Figure 6 lor 
address coding. 

Mode Regls'er - Each channel has a 6-bit Mode regis· 
ter associated with it. When the register is being written 
to by the m~roprocessor in the Program Condition, bits 
o and 1 determine which channel Mode register is to be 
written. 

Reque.t Register - The 8237 A can respond to requests 
for DMA service which are initiated by software as well 
as by a DREQ. Each channel has a request bit associ· 
ated with It in the 4·bit Request register. These are non· 
maskable and subject to prioritization by the Priority 
Encoder network. Each register bit is sel· Of retei sepa· 
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Command Raglster 

Memory-tOomemar; disable 
Memory-to-memory enable 

Channel 0 address hold disabte 
Channel 0 address hold enabte 
If bit 0=0 

Controller enabte 
Controller disable 

Normal timing 
Compressed timing 

X If bit 0= 1 

Fixed priority 
1 Rotating prior!ty 

Utle write selection 
Extended write selection 
If bit 3= 1 

OREO sense active high 
1 OREO sense actiye low 

Mode Raglster 
7 8 5 4 3 2 1 0 _1ft Number 

I I I I I I I J-,- q00 Channol 0 .oloot 
01 Channel 1 seloct 
10 Channel 2 select 
11 Chlln"el 3 select 

00 Verify t"'nsfer 
01 Writ. transfer 
10 Read transf.r 
11 Illegal 
XX If bits 6 and 1= 11 

Address increment segect 
1 Addreu-decrement select 

Demand mode select ~______________~f~ Single mode select 
Block mode select 

11 Cascade mode selectl 'O 

Request Ragister 

select channel 0 

Don't Car. 
 S.lect channel 1 

Select channel 2 
Select channel 3 

Reset request bit 
1 Set request bit 

rat ely under software control or is cleared upon genera
tion of a TC or external EOP. The entire register is 
'cleared by a Reset. To set or reset a bit, the software 
loads the proper form of the data word. See Figure 5 for 
register address coding. In order to make a software re
quest, the channel must be in Block Mode. 
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Mask Register - Each channel has associated with it a 
mask bit which can be set to disable the incoming 
DREQ. Each mask bit is set when its associated channel 
produces an EOP if the channel is not programmed for 
Autoinitialize. Each bit of the 4·bit Mask register may 
also be set or cleared separately under software control. 
The entire register is also set by a Reset. This disables 
all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set 
orclear the mask bits is similar in form to that used with 
the Request register. See Figure 5 for instruction ad. 
dressing. 

Select channel 0 mask bit 
Oon'l Care Select channel 1 mask bit 

Select channel 2 mask bit 
Select channel 3 mask bit 

o Clear mask bit 
1 Set mask bit 

All four bits of the Mask register may also be written 
with a single command. 

Clear channel 0 mask bit 
Set channel 0 mask bit 

Clear channel 1 mask bit 
Set channell mask bit 

Clear channel 2 mask bit 
Set channel 2 mask bit 

Clear channel 3 mask bit 
Set channel 3 mask bit 

Signaia
Regilt., Operation 

CS lOR lOW A3 A2 Al M 

Command Write 0 1 0 1 0 0 0 
Mode Write 0 1 0 1 0 1 1 
Request Write 0 1 0 1 0 0 1 
Malik SetlReset 0 1 0 1 0 1 0 
Mask Write 0 1 0 1 1 1 1 
Temporary Read 0 0 1 1 1 0 1 
Status Reid 0 0 1 1 0 0 0 

Figure 5. Definition of Register Codes 

Status Register - The Status register is available to be 
read out of the 8237A by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached 
a terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by 
that channel or an external EOP is applied. These bits 
are cleared upon Reset and on each Status Read. Bits 
4-7 are set whenever their corresponding channel is 
requesting service. 

1 	 Channel 0 has reached Te 
Channel 1 has reached TC 
Channel 2 has hlached TC 
Channel 3 has reached TC 

Channel 0 request 
Channel 1 request

L-':======== 1 Channel 2 request
1 	 Channel 3 request 

Temporary Register - The Temporary register is used 
to hold data during memory·to·memory transfers. Fol· 
lowing the completion of the transfers, the last word 
moved can be read by the microprocessor in the Pro· 
gram Condition. The Temporary register always con· 
tains the last byte transferred in the previous memory· 
to·memory operation, ur.less cleared by a Reset. 
Software Commands - These are additional special 
software commands which can be executed in the Pro· 
gram Condition. They de not depend on any specific bit 
pattern on the data bus. The two software commands 
are: 

Clear FirstlLast Fllp·Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 8237A. This initializes the trip·flop 
to a known state so that subsequent accesses to reg· 
ister contents by the microprocessor will address 
upper and lower bytes in the correct sequence. 

Master Clear: This software instruction has the same 
effect as the hardware Reset. The Command, Status, 
Request, Temporary, and Internal FirstlLast Flip·Flop 
registers are clearell and the Mask register is set. The 
8237 A will enter the Idle cycle. 

Clear Mask Register: This command clears the mask 
bits of all four channels, enabling them to accept 
DMA requests. 

Figure 6 lists the address codes for the software com· 
mands: 

.2 AO lOR lOW Oper.tlOft 

Read StatuI Reguller 

Wrlle C0IfIIn8nd Regialer 

Wrlle Single thak ReDiller B,I 

Wrlle ~ode Reglltler 

IlIegll 

Clear Byte Poonler Flip.' Flop 

Read TemporAry Regulter 

Illegal 

Clear Mask Aegtster 

Figure 6. Softwere Command Codes 
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c;;;:.. i--;;:';:"T-:'~: :~"";:. ~-~, .. j;;:;';;"~..1;,.;;~ ;";·~l 
-0 Base and Current Address Write ~ ~ ~ -r-1--~---~-1-	 -f----r--:=::s --··--1 

Current Address Read I 0 0 1 0 0 I) a 1 a 1 AO-A7 

I
i 0 0 , 0 0 0 0 1 I[ 08-A' 5 

8aseand Current Word Count 	 Write I ~ ~ ~ g ~ g ~ ~ ~~=~~5 

I Current Wora Count I Read I 0 0 1 0 0 0 1 0 I W)O-W7I 0 0 1 0 0 0 1 1__ ~ nW8~W15 
I 

AO-A7 
0 1 0 0 0 1 0 1 A8-A15 

Current Address I Read 0 0 1 0 0 1 0 0 AD-A7I 
I 0 0 1 0 0 1 0 1 A8-A!5 

I BaseanaCurrentWordCount 	I INnte 0 , 0 0 0 1 1 0 j WO-W7 
I 0 1 0 :) a " 1 I W8-W15 

Current Word COl'nt Read 0 0 1 0 a 1 1 0 Wo.Wl 
o 0 1 t) a 1 1 1 we- W15 

f--2=-+-Ba=-s.-.n-d-'C=--u-,,-an-'""'A-dd-'-••-.-+-W-ri,-.-I--o--,- 0 0 1 0 0 0 AQ-A7 
o 1 0 0 1 0 0 1 A8-A15 1Current Address Read o 0 1 0 1 0 0 0 AO-Al 
o 0 , 0 , 	 Q 0 , AB-A'5 

Base and Current Word Count Write o , 0 0 1 0' 0 WO-W7 
o 1 a 0 1 	 0 1 1! W8-W15 I

Current Word Count R.ad o 0 , 0 , 0 1 0 I -.W7 io 0 1 0 1 0 1 1 W8-Wl~ 

f--3=-+""'B=----.n-d""'C=--u-rr-.n-tAdd-,.-s';- Write o , 0 0 1 , 0 0 AO-A7 ----~--------~-------------~--------~----~--~ ... 
o 1 0 0 1 1 0 1 A8-A1S 

Current Address Read o 0 , a 1 1 0 0 AD-A7 

o 0 1 0 1 1 0 1 AS-A1SI 
Base and Current Word Count I Write o 1 0 0 1 1 1 G WG-W7 

o 1 0 0 1 1 1 1 W8-W15i 
o 0 , 0 1 " 0 W'IJ-W7

L-__-"--_c_u_rra_n_.Word Count I R.ad o 0 , 0 1 " 1 I W8-W15 J 

Figure 7. Word Count and Addre•• Regl.ter Command Code. 

PROGRAMMING 

The 8237A will accept programming from the .host proc· 
essor any time that HLDA is Inactive; this is true even if 
HRQ is active. The responsibility of the host is to assure 
that programming and HLDA are mutually exclusive. 
Note that a problem can occur If a DMA requ .. st occurs, 
on an unmasked channel while thl! 8237A is being pro
grammed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 
whsn channel 1 receives a DMA request. If the 8237A is 
enabled (bit 2 In the command register is 0) and channel 
1 is unmasked, a DMA service will occur after only one 
byte of the Address register has been reprogrammed. 
This can be avoided by disabling the controller (setting 
bit 2 In the command register) or masking the channel 
before prC'gfammin~ any other registers. Once the pro
gramming is complete, the controiler can be enabledlun
maskea. 

After power-up it is suggested that all internal locations. 

especially the Mode registers, be loaded with some 

valid value. This should be done even if some channels 

are unused. 
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APPLICATION ''''FORMATION operatior comes out in two bytes - the lea~t ~iqnifi· 
cant 8 bits on the eipht address outputs and the rnost 

Figure 8 shows a conveOient method for configuring a significant 8 bits on the data bus. The contents of the 
DMA system with the 8237 A controller and an 8080AI data bus are then latched into the 8282 S-bit latch to 
B085AH microprocessor system. The cnultlmode DMA complete the full 16 bits of the address bus The 8282 is 
controller 15sues a HRQ to the processor whenever a high speed, 8-bit, three-state latch in a 20-pin package. 
there is at least one valid DMA request from a peripheral After the initial transfer takes place, the latch is upuated 
devIce. When the processor replies with a HLDA signal, only after a carry or borrow is generated in the least sig
the 8237A takes control of the address bus, the data bus nificant address byte_ Four DMA channels are provided 
and the control bus. The address for the first transfer when one 8237A is used. 

------)
ADDRESS BUS AO~Ai5 . ,.. 

Aa~A15 ... 
~ Ol!... ..., 

I 
~T8 

..PIT LATC" 

.0.0-.0.15 'EN .0.0-.0.3 .0.4·.0.7 ~ A[)STB ,... irI: I 
eUSEN I-- 

I, • 
HLOA HLOA 123" DBO

; ~ " 
.B7 

~ ~ 
HOLD HAQ 

~ < u 
~ ~ ~ ~ ~ 0 0 


CPU 


CLOCK 
1 

1 +'1' 
RESET 

MEMR 

MEMW 1CONTROL 

lOR JBUS 


lOW 


DBO-DB7 . 

SYSTEM DAl'A BUS ) 
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__UM8250A/B Asynchronous Communication E!ement (ACE) 

FEATURES: 	 PIN CONFIGURATION 

• 	 Adds or Deletes Standard Asynchronous Communication Bits (Start. 00 ~ 
RIStoP. and Parity) to or from Serial Data Stream 	 0, 
iiilli 

• 	 Full Double Buffering Eliminates Need for Precise Synchronization °2 0sA
°3

• 	 Independently Controlled Transmit. Receive. Line Status. and Data 0 4 ffl 
Set Interrupts 0 5 MR 

De 	 our;
• 	 Programmable Baud Rate Generator Allows Division of Any Input 

0 7 i5'fii 
Clock by 1 to (2 16 -1) and Generates the Internal 16 X Clock RCLk iii'S 

• 	 Independent Receiver Clock Input SIN 00Ti 
SOUT INTAI'T• 	 Modem Control Functions (CTS. RTS. DSR. DTR. RI. and Carrier 

CSO He 
Detect) CS' Ao 

• 	 Internal Diagnostic Capabilities CS2 ",
IlAUOOUT-	 Loopback Controls for Communications link Fault Isolation 

XTAI,. 1 	 ~ 
-	 Break; Parity. Overrun. Framing Error Simulation XTAL 2 	 CSOUT 

• 	 Single +5 Volt Power Supply 00STii DOtS 

OOSTR DlSTR• 	 Fully Programmable Serial Interface Characteristics 
Vss 	 DiSrii

5. 6. 7. or 8-bit Characters 

Even, Odd. or No-parity Bit Generation and Detection 

1. 1Y... or 2 Stops Bit Generation 

Baud Rate Generation (DC to 56K Baud) 


• 	 INS 8250A Spec. Compatible DO ~o 
AI• 	 False Start Bit Detection 0, 
AlSO• 	 Complete Status Reporting Capabilities °2 
Osii

• 	 Easily Interfaces with Most Popular Microprocessors °3 
ffi°4• 	 line-Break Generation and Detection °5 MR 

• 	 Fully Prioritized Interrupt System Controls. De 00Ti 

0 7 0Tii 


RCLK iiTs 

SIN Oiffi 

sour INTAPT 

CSO He 

CS' AD 

Cs2 ",
BAtiOoUT 

XTAL1 ~ 
XTAL2 CSOUT 

DOSTR 	 OolS 

OOST" OISTR 

VSS iiiSrR 
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8251 A 
PROGRAMMABLE COMMUNICATION INTERFACE 

• Synchronous and Asynchronous • Asynchronous Baud Rate-DC to 
Operation 19.2K Baud 

• Synchronous 5-8 Bit Characters; • Full-Duplex, Double-Buffered 
Internal or External Character Transmitter and Receiver 
Synchronization; Automatic Sync • Error Detection-Parity, Overrun and 
Insertion Framing

• Asynchronous 5-8 Bit Characters; • Compatible with an Extended Range 
Clock Rate-1, 16 or 64 Times Baud of Intel Microprocessors 
Rate; Break Character Generation; • 28-Pin DIP Package 

1,1 Y2, or 2 Stop Bits; False Start Bit 
 • All Inputs and Outputs are TTL
Detection; Automatic Break Detect Compatible
and Handling • Available in EXPRESS 

• Synchronous Baud Rate-DC to -Standard Temperature Range 
64K Baud -Extended Temperature Range 

The Intel" 8251A is the enhanced version of the industry standard, Intel 8251 Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART), designed for data communications with Intel's microprocessor 
families such as MCS·68, 80, 85, and iAPX-86, 88, The 8251A is used as a peripheral device and is programmed 
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM 
"bi-sync"). The USARTaccepts data characters from the CPU in parallel format and then converts them into a 
continuous serial data stream for transmission. Simultaneously. it can receive serial data streams and convert 
them into parallel data characters for the CPU. The USARTwili signal the CPU whenever it can accept a new 
character for transmission or whenever it has received a character for the CPU. The CPU can read the 
complete status of the USARTat any time, These include data transmission errors and control signals such as 
SYNDET, TxEMPTY. The chip is fabricated using N-channel silicon gate technology. 

RESET _____.-.....J.-, 

RD ____.. 

WR.~"L........_.J 

OSR_r---' 
OTR_ 

INTERNAL 
DATA BUS 

hD 

". 
II" 

_TxC 

c {5 

T,(",1PTV 

CrS 
SVNDEll8D 

_SYNDET 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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FEATURES AND ENHANCEMENTS 

The 8251 A is an advanced design of the industry 
standard USART, the Intel® 8251. The 8251 A 
operates with an extended range of Intel 
microprocessors and maintains compatibility with 
the 8251. Familiarization time is minimal because of 
compatibility and involves only knowing the addi
tional features and e'nhancements, and reviewing 
the AC and DC specifications of the 8251 A. 

The 8251A incorporates all the key faatures of the 
8251 and "has the following additional features and 
enhancemenis: 

• 	B251A has double-buffered data paths with sepa
rate I/O registers for control, status, Data In, and 
Data Out, which considerably simplifies control 
programming and minimizes CPU overhead. 

• 	 In asynchronous operations, the Receiver detects 
and handles "break" automatically, relieving the 
CPU of this task. 

• A refined Rx initialization prevents the Receiver 
from starting when in "break" state, preventing 
unwanted interrupts from a disconnected USART. 

• At the conclusion of a transmission, TxD line will 
always return to the marking state unless SBRK is 
programmed. 

• Tx Enable logic enhancement prevents a Tx Dis
able command from halting transmission until all 
data previously written has been transmitted. The 
logic also prevents the transmitter from turning 
off in the middle of a word. 

• 	When External Sync Detect Is programmed, Inter
nal Sync Detect is disabled, and an Eixternal Sync 
Detect status is provided via a fIi~-flop which 
clears itself upon a status read. 

• 	 Possibility of false sync detect is minimized by 
ensuring that if double character sync is prograin
med, the characters be contiguously detected and 
also by clearing the Rx register to all ones 
whenever Enter Hunt command is' issued in Sync 
mode. 

• 	As long as the 8251A is not selected, the RD and 
WR do not affect the internal operation of the 
device. 

• The B251A Status can be read at any time but the 
status update will be inhibited during status read. 

• The 8251A is free from extraneous glitches and 
has enhanced AC and DC characteristics, provid
ing higher speed and better operating margins. 

• Synch ronous Baud rate from DC to 64K. 
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FUNCTIONAL DESCRIPTION 

General 

The 8251A is a Universal Synchronous/Asynchro
nous Receiver/Transmitter designed for a wide 
range of Intel microcomputers such-as B04B, B080, 
BOB5, 8086 and 8088. Like other I/O devices in a 
microcomputer system, its functional configuration 
is programmed by the system's software for maxi
mum flexibility. The 8251A can support most serial 
data techniques in use, including IBM "bi-sync." 

In a communication environment an interface 
device must convert parallel format system data into 
serial format for transmission and convert incoming 
serial format data into parallel system data for recep
tion. The interface device must also delete or insert 
bits or characters that are functionally unique to the 
communication technique. In essence, the interface 
should appear "transparent" to the CPU, a simple 
input or output of byte-oriented system data. 

Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to in
terface the 8251 A to the system Data Bus. Data is 
transmitted or received by the buffer upon execution 
of INput or OUTput instructions of the CPU. Control 
words, Command words and Status information are 
also transferred through the Data Bus Buffer. The 
Command Status, Data-In and Data-Out registers 
are separate, 8-bit registers communicating with the 
system bus through the Data Bus Buffer. 

This functional block IlCcepts inputs from the system 
Control·bus and generates control signals for overall 
device operation. It contai ns the Control Word Reg
ister and Command Word Register that store the 
various control formats for the device function",1 
definition. 

RESET (Reset) 

A "high" on this inputforces the 8251 A into an' Idle" 
mode. The device will remain at "Idle" until a new set 
of control words is written into the 8251 A to program 
its functional definition. Minimum RESET pulse 
width is 6 tCY (clock must be running). 

A command reset operation also puts the device into 
the "Idle" state. 



8251A 

ClK (Clock) 

The CLK input is used to generate internal device 
timing and is normally connected to the Phase 2 
(TTL) output of the Clock Generator. No external 
inputs or outputs are referenced to CLK but the 
frequency of ClK must be greater than 30 times the 
Receiver or Transmitter data bit rates. 

WR (Write) 

A "low" on this input informs the 8251A that the CPU 
is writing data or control words to the 8251A. 

lID (Read) 

A "low" on this input informs the 8251A that the CPU 
is reading data or status information from the 8251A. 

figure 3. 	8251A Block Diagram Showing Data 
aus Butter and Read/Wrlte LogIc 
Functions 

C/O RD WR Ci 
0 1 0 S251A DATA  OATA sus 
0 1 0 0 DATA BUS  8251A DATA 

0 0 STATUS-DATABUS 
1 0 0 DATA BUS  CONTROL 
X 1 0 OATA BUS  3·STATE 
X X X DATA BUS- 3·STATE 
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c/o (Control/Data) 

This input. in conjunction with the WR and Fm in
puts. informs the 825 t A that the word on the Data 
Bus is either a data character, control word or status 
informatIon. 

CONTROUSTATUS; 0 = DATA. 

CS (Chip Select) 

A "Iow" on this input selects the82S1A. No reading or 
writing will occur unless the device is selected. 
When CS is high, the Data Bus is in the float state and 
AD and WFi have no effect on the chip. 

Modem Control 

The 8251 A has a set of control inputs and outputs 
that can be used to simplify the interface to almost 
any modem, The modem control signals are general 
purpose in nature and can be used for functions 
other than modem control, if necessary. 

DSR (Data Set Ready) 

The DSR input signal is a general-purpose, l-bi! in
verting input port. Its condition can be tested by the 
CPU using a Status Read operation. The OSR input 
is normally used to test modem conditions such as 
Data Set Ready. 

DTR (Data Terminal Ready) 

The 0iFi output signal is a general-purpose, I·bit 
inverting output port. It can be set "low" by pro
gramming the appropriate bit in the Command In· 
struction word. The riiR output signal is normally 
used for modem control such as Data Terminal 
Ready. 

RTS (Request to Send) 

The RTS output signal is a general-purpose, l·bit 
inverting output port. It can be set "low" by pro
gramming the appropriate bit in the Command In
struction word, The fiTS output signal is normally 
used for modem oontrol such as Request to Send, 

C'fS (Clear to Send) 

A "lOW" on this input enables the 8251A to transmit 
serial data if the Tx Enable bit in the Com mand byte 
is set to a "one." If either a Tx Enable off or CTS off 
condition occurs while the Tx is in operation, the Tx 
will transmit all the data in the USART, written prior 
to Tx Disable command before '&hutting down. 
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Transmitter Buffer 

The Transmitter Buffer accepts parallel data from the 
Data Bus Buffer, converts it to a serial bit stream, 
inserts the appropriate characters or bits (based on 
the communication technique) and outputs a com
posite serial stream of data on the TxD output pin on 
the falling edge of TxC. The transmitter will begin 
transmission upon being enabled if CTS = O. The 
TxD line will be held in the marking state immedi
ately upon a master Reset or when Tx Enable or CTS 
is off or the transmitter is empty. 

Transmitter Control 

The Transmitter Control manages all activities asso
ciated with the transmission of serial data. It accepts 
and issues signals both externally and internally to 
accomplish this function. 

TxRDY (Transmitter Ready) 

This output signals the CPU that the transmitter is 
ready to accept a data character. The TxRDY output 
pin can be used as an interruptlo the system, since it 
is masked by TxEnable; or, for Polled operation, the 
CPU can check TxRDY using a Status Read opera
tion. TxRDY is automatically reset by the leading 
edge of WR when a data character is loaded from 
the CPU. 

Note that when using the Polled operation, the 
TxRDY status bit is not masked by TxEnable, but will 
only indicate the Empty/Full Status of the Tx Data 
Input Register. 

TxE (Transmitter Empty) 

When the 8251 A has no characters to send, the 
TxEMPTYoutput will go "high." It resets upon receiv
ing a character from CPU if the transmitter is en
abled. TxEMPTY remains high when the transmitter 
is disabled. TxEMPTY can be used to indicate the 
end of a transmission "!lode, so that the CPU "knows" 
when to "turn the line around" in the half-duplex 
operational mode. 

In the Synchronous mode, a "high" on this output 
indicates that a character has not been loaded and 
the SYNC character or characters are about to be or 
are being transmitted automatically as "fillers." 
TxEMPTY does not go low when the SYNC charac
ters are being shifted out. 
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otFt____ -O'R-8lOOOflf 

CTS _ COfrfTAOl ----1-, 


RTS_ ~'l-' 

R_ROY 

INTERNAL 
DATA BUS _SYNDET! 

BRKOET 

Figure 4. 	8251A Block Diagram Showing Modem 
and Transmitter Buffer and Control 
Functions 

TiC (Transmitter Clock) 

The Transmitter Clock controls the rate at which the 
character is to be transmitted. In the Synchronous 
transmission mode, the Baud Rate (1 x) is equal to 
the TxC frequency. In Asynchronous transmission 
mode, the baud rate is a fraction of the actual TxC 
frequency. A portion of the mode instruction selects 
this factor; it can be 1, 1/16 or 1/64 the TxC. 

For Example: 

If Baud Rate equals 110 Baud, 
TxC equals 110 Hz in the 1x mode. 
TxC equals 1.72 kHz in the 16x mode. 
TxC equals 7.04 kHz in the 64x mode. 

The falling edge of TxC shifts the serial data out of 
the 8251A. 

Receiver Buffer 

The Receiver accepts serial data, converts this serial 
input tq parallel format, checks for bits or characters 
that arll unique to the communicatl.on technIque 
and sends an "assembled" character to the CPU. 
Serial data is input to RxD pin, and is clocked in on 
the rising edge of AxC. 
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Receiver Control 

This functional block manages all receiver-related 
activities which consists of the following features. 

The RxD initialization circuit prevents the 8251A 
from mistaking an unused input line for an active 
low data line in the "break condition." Before 
starting to receive serial characters on the RxD 
line, a valid "I·' must first be detected after a chip 
master Reset. Once this has been determined, a 
search for a valid low (Start bit) is enabled. This 
feature is only active in the asynchronous mode, 
and is only done once for each master Reset. 

The False Start bit detection circuit prevents false 
starts due to a transient noise spike by first detect
ing the falling edge and then strobing the nominal 
center of the Start bit (RxD = low). 

Parity error detection sets the corresponding 
status bit. 

The Framing Error status bit is set if the Stop bit is 
absent at the end of the data byte (asynchronous 
mode). 

RxRDY (Receiver Ready) 

This output indicates that the 8251A contains a char
acter that is ready to be input to the CPU. RxRDY can 
be c9nnected to the interrupt structure of the CPU 
or, for polled operation, the CPU can check the con
dition of RxRDY using a Status Read operation. 

RxEnable, when off, holds RxRDY in the Reset Con
dition. For Asynchronous mode, to set RxRDY, the 
Receiver must be enabled to sense a Start Bit and a 
complete· character must be assembled and trans
ferred to the Data Output Register. For Synchronous 
mode, to set RxRDY, the Receiver must be enabled 
and a character must finish assembly and be trans
ferred to the Data Output Register. 

Failure to read the received character from the Rx 
Data Output Ragister prior to the assembly of the 
next Rx Data character will set overrun condition 
error and the previous character will be written over 
and lost. If the Rx Data is being read by the CPU 
when the internal transfer is occurring, overrun e.r
ror will be set and the old charac:ter will be lost. 

Ai<: (Receiver Clock) 

The Receiver Clock controls the rate at which the 
character is to be received. In Synchronous Mode, 
the Baud Rate (Ix) isequal to the actual frequencyof 
RxC. In Asynchronous Mode, the Baud Rate is a 
fraction of the actual l1xC frequency. A portion of 
the mode instruction selects this factor: I, 1/16 or 
1/64 the RxC. 

For example: 

Baud Rate equals 300 Baud, if 
Axe equals 300 Hz in the 1 x mode; 
RxC equals 4800 Hz in the 16x mode; 
Axe equals 19.2 kHz in the 64x mode. 

Baud Rate equals 2400 Baud, if 
I1xC equals 2400 Hz in the 1 x mode; 
RxC equals 38.4 kHz in the 16x mode; 
RxC equals 153.6 kHz in the 64x mode. 

Data is sampled into the 8251A on the rising edge of 
RxC. 

NOTE: In most communications systems, the 8251 A 
will be handling both the transmission and reception 
operations of a single link. Consequently, the 
Receive and Transmit Baud Rates will be the same. 
Both TxC and RxC will require identical frequencies 
for this operation and can be tied together and con
nected to a single frequency source (Baud Rate 
Generator) to simplify the interface. 

figure 5. 1251 A IIIocIc DIiIg,am Showing 
"_Ive, Buffer and Control FunctIoIMt 
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SYNDET (SYNC Detect! 
BRKDET Break Detect) 

This pin is used in Synchronous Mode for SYN
DET and may be used as either input or output, 
programmable through the Control Word, It is reset 
to output mode low upon RESET. When used as an 
output (internal Sync mode), the SYNDET pin will go 
"high" to indicate that the 8251A has located the 
SYNC character in the Receive mode, If the 8251 A is 
programmed to use double Sync characters (bi
sync), then SYNDETwill go "high" in the middle of 
the last bit of the second Sync character, SYNDET is 
automatically reset upon a Status Read operation. 

When used as an input (external SYNC detect mode), 
a positive going signal will cause the 8251A to starl 
assembling data characters on the rising edge of Ihe 
next RxC. Once in SYNC, the "high" input signal can 
be removed. When External SYNC Detect is pro
grammed, Internal SYNC Detect is disabled. 

BREAK (Async Mode Only) 

This output will go high whenever the receiver 
remains low through Iwo consecutive stop bil se
quences (including Ihe start bits, data bits, and 
parity bitS). Break Detect may also be read as a 
Status bit. It is reset only upon a master chip Reset or 
Rx Data returning to a "one" state, 

ADDRESS BUS 

" 
CONTROL BUS 

10" 110 W R£SET <",
(TTI.I 

DATA BUS \ 

:J 
CID i:f D1 Do 111; iiili RESET C~K 

8251A 

FIgure 6. 8251A Interface 108080 Standard 
SystemBua 

DETAILED OPERATION DESCRIPTION 

General 

The complete functional definition of the 8251A is 
programmed by the system's software. A set of con
Irol words must be sent out by the CPU 10 i nilialize 
the 8251A 10 supporl the desired communications 
format. These control words will program the: BAUD 
RATE, CHARACTER LENGTH, NUMBER OF STOP 
BITS, SYNCHRONOUS or ASYNCHRONOUS OPER
ATION, EVEN/ODD/OFF PARITY, etc. In the 
Synchronous Mode, options are also provided to 
select either internal or external character 
synchronization. 

Once programmed, the 8251A is ready to perform its 
communication functions. The TxRDY output is 
raised "high" to signal the CPU that the 8251A is 
ready to receive a data character from the CPU. This 
output (TxRDY) is reset automatically when the CPU 
writes a character into the 8251 A. On the other hand, 
the 8251A receives serial data from the MODEM or 
I/O device. Upon receiving an entire character, the 
RxRDYoutput is raised "high" to signal the CPU that 
the 8251A has a complete character ready for the 
CPU to fetch, RxRDY is reset automatically upon the 
CPU data read operation. 

The 8251A cannot begin transmission until the Tx 
Enable (Transmitter Enable) bit is set in the Com
mand Instruction and it has received a ClearTo Send 
(CiS) input. The TxD output will be held in the mark
ing state upon Reset. 

eiD ~ 1 MODE INSTAUCTION 

ciO.l SYNC CHARACTER 1 
} SYNC MOD' 

ONLY·ciD'l SYNC CHARACTER 2 

ciD· 1 COMMAND INSTRUCTION 

eiD,o T DATA 

cic • 1 I COMMANO INSTRUCTION 

C'D' f 
f------i 

ciS - 1 COMMAND INSTRUCTION I 

.,... SECOIfD SYNC CllAMCTEIII •••HlD If MODI INSTMICtIOII MAl""" 
GRAM.D THE NI1A TO ..,.OLE CHAllt;ACTIR SYNC IIODE. IIDTM IYNC 
CHMACTEIIII, .uti ........ IF MODI IN81'IMICnoN HAS PIIOCIIIAIIIIED THE 

1111" TO AlYNC IIODI. 

Figure 7. ~al Data Block 
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Programming the 8251A 

Prior to starting data transmission or reception, the 
8251A must be loaded with a set of control wor.ds 
generated by the CPU. These control signals define 
the complete functional definition of the 8251A and 
must immediately follow a Reset operation (internal 
or external). 

The control words are split into two formats: 

1. Mode Instruction 
2. Command Instruction 

Mode Instruction 

This instruction defines the general operational 
characteristics of the 8251 A. It must follow a Reset 
operation (internal or external). Once the Mode In
struction has been written into the 8251 A by the 
CPU, SYNC characters or Command Instructions 
may be written. 

Command Instruction 

This instruction defines a word that is used to control 
the actual operation of the 8251A. 

Both the Mode and Command Instructions must 
conform to a specified sequence for proper device 
operation (see Figure 7). The Mode Instruction.must 
be written immediately following a Reset 
operation, prior to using the 8251A for data 
communication. 

All control words written into the 8251A after the 
Mode Instruction will load the Command Instruc
tion. Command Instructions can be written into the 
8251 A at any time in the data block during the opera
tion of the 8251 A. To return to the Mode Instruction 
format, the master Reset bit in the Command In
struction word can be set to initiate an internal Reset 
operation which automatically places the 8251A 
back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or 
Sync characters. 

Mode Instruction Definition 

The 8251 A can be used for either Asynchronous or 
Synchronous data communication. To understand 
how the Mode Instruction defines the functional 
operation of the 8251A, the designer can best view 
the device as tw~ separate components, one 
Asynchronous and the other Synchronous, sharing 

the same package. The format definition can be 
changed only after a master chip Reset. For explana
tion purposes the two formats will be isolated. 

NOTE: When parity is enabled it is not considered 
as one of the data bits for the purpose of program
ming the word length. The actual parity bit received 
on the Rx Data line cannot be read on the Data Bus. 
In the case of a programmed character length of less 
than 8 bits, the least significant Data Bus bits will 
hold the data; unused bits are "don't care" when 
writing data to the 8251A, and will be "zeros" when 
reading the data from the 8251A. 

Asynchronous Mode (Transmission) 

Whenever a data character is sent by the CPU the 
8251A automatically adds a Start bit (lOW level) fol
lowed by the data bits (least significant bit first), and 
the programmed number of Stop bits to each char
acter. Also, an even or odd Parity bit is inserted prior 
to the Stop bit(s), as defined by the Mode Instruc
tion. The character is then transmitted as a sari 11 
data stream on the TxD output. The serial data II 
shifted out on the falling edge olTxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the 
Mode Instruction. BREAK characters can be contin
uously sent to the TxD if commanded to .do so. 

When no data characters have been loaded into the 
8251A the TxD output reamins "high" (marking) un
less a Break (continuously low) has been 
programmed. 

.OOPDDODD, , , ,, , 

I s, I s, I '+N I c, I c, I 8, I 8, I 


~f 
BAUD RATE fACTOR 

0 l'lol~ 
0 I 0 I • I' 

I ~b~CE lox! I06Xl j 1601.) I 
CHARACTER LENGTH 

O. 0I • I I • I I o I I • I • I 0 

rBI~sl B,6Tsl 	8';$ ra,~~l 
PARITY ENABLE 
,- ENABLE 0< OISABLf 

EVEN PAAITV CENEAATION/CHf 
1- EVEN 0·000 

NUMBER OF STOP BITS 

o I • I 0 I • I 
o I 0 I • I • I . lY, 2 

BOT BITS BITSINVALID 

{ONlYAFFECTSTx; Rx 
NEVER AEQUtRES MORE 
THAN ONE STOP ern 

Figure 8. 	Mode Instruction Format, 
Asynchronous Mode 
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Asynchronous Mode (Receive) 

The RxD line is normally high. A falling edge on this 
line triggers the beginning of a START bit. The 
validity of this START bit is checked by again strob
ing this bit at its nominal center (16X or 64X mode 
onty). If a low is detected again, it is a valid START bit, 
and the bit counter will start counting. The bit coun
ter thus locates the center of the data bits, the parity 
bit (if it exists) and the stop bits. II parity error oc
curs, the parity error flag is set. Data and parity bits 
are sampled on the RxD pin with the rising edge of 
RxC. If a low level is detected as the STOP bit, the 
Framing Error flag will be set. The STOP bit signals 
the end of a character. Note that the r!3ceiver re
quires onlyone stop bit, regardless of the number of 
stop bits programmed. This character is then loaded 
into the parallel I/O buller of the 8251 A. The RxROY 
pin is raised to signal the CPU that a character is 
ready to be fetched. If a previous character has not 
been fetched by the CPU, the present character 
replaces it in the I/O buffer, and the OVERRUN Error 
flag is raised (thus the previous character is lost). All 
of the error flags can be reset by an Error Reset 
Instruction. The occurrence of any of these errors 
will not affect the operation of the 8251 A. 

"t;;-]Brrs 	 L 
OOESNot APPEAR 

000, ----D~ ON THE DATA BUSRECEIVER INPUT 

t f t f 
ST~ 

R.O ......._D_AT-;AB)-'T_'--'--'::::""'...J RITS L
I,-_'-=T:;,:,,~_T..JG 
PROGRAMMED 
CHARACTER 

LENGTH 

TRANSMISSION FORMAT 

CPU BYTE 15 8 BITS/CHAR) 

DATAC~A~ 
ASSEMBLED SERIAL DATA OUlf'Ul IhDl 

START [lATA CHARACHR PAC\ITY STO~ 
'-B;..'T'-'__---o o--__-'-....::B'c:.T--,--.:B:jIT,!...j 

RECEIVE FORMAT 

SERIAL DATA INPUT IfI,OI 

START DATA CHARACTfP PARITY sroO
L-'---'-____n ___"-_B_IT---'_B'-1'" 

CPU BYTE IS 8 BITS'CHAH)" 

DAT~CH~~ 
"NOTE 	 IF CHARACTER lfNGTH IS [)HINfD A~~, 60R 1 

BITS THE UNUSEoa'TS AMf ~ET TO lERO 

Figure 9_ Asynchronous Mode 

Synchronous Mode (Transmission) 

The TxD output is continuously high until the CPU 
sends its first character to the 8251Awhich usually is 
a SYNC character. vilhen the CTS line goes low, the 
first character is serially transmitted out. All charac
ters are shifted out on the falling edge ofTxC. Data is 
shifted out at the same rate as the TxC. 

Once transmission has started, the data stream at 
the TxD output must continue a't the TxC rate. If the 
CPU does not provide the 8251Awith a data charac
ter before the 8251A Transmitter Buffers become 
empty, the SYNC characters (or character il in single 
SYNC character mode) will be automatically in

serted In the TxD data stream. In this case, the 
TxEMPTY pin is raised high to signal that the 8251A 
is empty and SYNC characters are being sent out. 
TxEMPTY does not go tow when the SYNC is being 
shifted out (see figure below). The TxEMPTY pin is 
internally reset by a data character being written 
into the 8251 A. 

TxO IOATA 1DATA ISYNC 1 ISYNC 21 DATA! - - - - 

/ "\\\ \\ FALlS UPON CPU WfUTI~G A 
hEMPTV ---.I . L \ ~ , CHARACTER TO THE USART 

NOMINAL CENTER OF LAST SIT 

Synchronous Mode (Receive) 

In this mode, character synchronization can be inter
nally or externally achieved. If the SYNC mode has 
been programmed, ENTER HUNT command should 
be included in the first command instruction word 
written. Data on the RxD pin is then sampled on 
the riSing edge of RxC. The content of the Rx buffer 
is compared at every bit boundary with the first 
SYNC character until a match occurs. If the 8251 A 
has been programmed for two SYNC characters, the 
subsequent received character is also compared; 
when both SYNC characters have been detected, 
the USARTends the HUNT mode and is in character 
synchronization. The SYNDET pin is then set high, 
and is reset automatically by a STATUS READ. If 
parity is programmed. SYNDETwili not be set until 
the middle of the parity bit instead of the middle of 
the last data bit. 

In th~ external SYNC mode,' synchronization is 
achieved by applying a high level on the SYNDET 
pin, thus forcing the 825tA out of the HUNT mode. 
The high level can be removed after one RxC cycle. 
An ENTER HUNT command has no effect in the 
asynchronous mode of operation. 
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Parny error and overrun error are both checked in 
the same way as in the Asynchronous Rx mode. 
Parity is checked when not in Hunt, regardless of 
whether the Receiver is enabled or not. 

'-------_ 	PARITY ENABLE 
11 ENABLE I 
10 - Ol5ABlfi 

'-------_ EVEN PAR:TY GENERATION/CHECK 
1 ~ FV[N 
I) - ODD 

'--------- EXTERNAL SYNC DETECT 
1 - SYNDET IS AN INPUT 
o SV"ji)ET IS AN OUTPUT 

'------------- SINGj...f CHARACTER.SYNC 

1 • SINGLE SYNC CHARACTER 

o DOUBLE SVII/C CHARACTER 

NOH. 	 1:.1 EXTERNAL SYNC MODE. PROGRAMMING DOUBLE CHARACTER 

SYNC WILL AFFECT ONl Y THE h 


Figure 10. Mode Instruction Format, 
Synchronous Mode 

The CPU Ciln command the receiver to enter the 
HUNT mode if synchronization is lost. This will also 
set all the used character bits in the buffer to a 
"one," thus preventing a possible false SYNDET 
caused by data that happens to be in the Rx Buffer at 
ENTER HUNT time. Note that the SYNDET F/F is 
reset at each Status Read, regardless of whether 
internal or external SYNC has been programmed. 
This does not cause the 8251 A to return to the HUNT 
mode. When in SYNC mode, but not in HUNT, Sync 
Detection is still functional, Qut only occurs at the 
"known" word boundaries. Thus, if one Status Read 
indicates SYNDET and a second Status Read also 
indicates SYNDET, then the programmed SYNDET 
characters have been received since the previous 
Status Read. (If double character sync has been 
programmed, then both sync characters have been 
contiguously received to gate a SYNDET indication.) 
When external SYNDET mode is selected, internal 
Sync Detect is disabled, and the SYNDET F/F may be 
set at any bit boundary. 
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Figure 11. Data Format, Synchronous Mode 

COMMAND INSTRUCTION DEFINITION 

Once the functional definition of the 8251 A has been 
programmed by the Mode Instruction and the sync 
characters are loaded (if in Sync Mode) then the 
device is ready to be used for data communication. 
The Command Instruction controls the actual opera
tion of the selected format. Functions such as: 
Enable Transmit/Receive, Error Reset and Modem 
Controls are provided by the Command Instruction. 

Once the Mode Instruction has been written into the 
8251A and Sync characters inserted. if necessary, 
then all further "control writes" (CID = I) will load a 
Command Instruction. A Reset Operation (internal 
or external) will return the 8251A to the Mode In
struction format. 

Note: Internal Reset on Power·up 

When power is first applied, the 8251A may come up 
in the Mode, Sync character or Command format. To 
guarantee that the device is in the Command In· 
struction format before the Reset command is is
sued, it is safest to execute the worst·case 
initialization sequence (sync mode with two sync 
characters). Loading three OOHs consecutively into 
the device with C/O = 1 configures sync operation 
and writes two dummy OOH sync characters. An In· 
ternal Reset command (40H) may then be issued to 
return the device to the "Idle" state. 
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Figure 12. Command Instruction Format 

STATUS READ DEFINITION 

In data communication systems it is often necessary 
to examine the "status" of the active device to ascer
tain if errors have occurred or other conditions that 
require the processor's attention. The 8251A has 
facilities that allow the programmer to "read" the 
status of the device at any time during the func
tional operation. (Status update is inhibited during 
status read.) 

A normal "read" command is issued by the CPU with 
C/O = 1 to accomplish this function. 

Some of the bits in the Status Read Format haVE< 
identical meanings to external output pins so that 
the 8251A can be used in a completely polled or 
interrupt-driven environment. TxRDY is an 
exception. 

Note that status update can have a maximum delay 
of 28 clock periods from the actual event affecting 
the status. 
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APPLICATIONS OF THE 8251 A 

"0 

Figure 14. Asynchronous Serial Interface to CRT 
Terminal, DC-9600 Baud 
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Figure 17. 	Synchronous Interface to Telephone 
Lines . 
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Figure 16. 	Asynchronous Interface to Telephone 
Lines 
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8253/8253-5 
PROGRAMMABLE INTERVAL TIMER 

• MCS-85™ Compatible 8253-5 • Count Binary or BCD 

• 3 Independent 16-81t Counters • Single + 5V Supply 

• DC to 2.6 MHz • Available In EXPRESS 
- Standard Temperature Range Programmable Counter Modes • - Extended Temperature Range 

The Intel® 8253 is a programmable counter/timer device designed for use as an Intel microcomputer peripher. 
al. It uses NMOS technology with a single + 5V supply and is packaged in a 24·pin plastic DIP. 

It is organized as 3 independent 16·bit counters. each with a count rate of up to 2.6 MHz. Ali modes of 
operation are software programmable. 

elK 0 
OAT A

D700~ BUS GATE 0 

BUFFER 


OUlO 
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RO - WlIO. 

READI Iff> 
elK 1 

O. 
WP.tTE GATE 1 eslOGIC D.

A. 
OUT 1 0, 4,

A, 
0, Ao 

ClK2 

OUT 2 CS 
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OUT 0 ClK 1 
eLK 2 

GATE 0 GATEl 
WORO 

CONTROL 
COUNTER 

GATE 2 GNO OUT 1 =2REGISTER 

OUT 2 231306-2 

Flgur. 2. Pin Configuration 

INTEANAL BUS / 

231306-1 

Figure 1. Block Diagram 
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8254 
PROGRAMMABLE INTERVAL TIMER 

• 	 Compatible with All Intel and Most • Six Programmable Counter Modes 
Other Microprocessors • 	 Three Independent 16-Blt Counters 

• 	 Handles Inputs from DC to 10 MHz • 	 Binary or BCD Counting- 5 MHz 8254-5 

- 8 MHz 8254 • Single + 5V Supply 

- 10 MHz 8254-2 
 • 	 Available in EXPRESS 

-	 Standard Temperature Range • 	 Status Read-Back Command 

The Intel® 8254 is a counterltimer device designed to solve the common timing control problems in micro
computer system design. It provides three independent l6-bit counters, each capable of handling clock inputs 
up to 10 MHz. All modes are software programmable. The 8254 is a superset of the 8253. 

The 8254 uses HMOS technology and comes in a 24-pin plastic or CERDIP package. 

elK a Dr Vee 
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01"00 
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Figure 2. Pin Configuration 
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Figure 1.8254 Block Diagram 
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8255A/8255A-5 

PROGRAMMABLE PERIPHERAL INTERFACE 


MCS-S5™ Compatible 8255A-5 • Direct Bit Set/Reset Capability Easing • Control Application Interface 24 Programmable 1/0 Pins• • Reduces System Package Count Completely TTL Compatible • • Improved DC Driving Capability Fully Compatible with Intel • Microprocessor Families • Available in EXPRESS 

- Standard Temperature Range 
Improved Timing Characteristics • - Extended Temperature Range 

• 40 Pin DIP Package or 44 Lead PLCC 
{See Intel Packaging Order Number: 231369) 

The Intel 8255A is a general purpose programmable 1/0 device designed for use with Intel microprocessors. It 
has 24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of 
operation. In the first mode (MODE 0), each group of 12 1/0 pins may be programmed in sets of 4 to be input 
or output. In MODE 1, the second mode, each group may be programmed to have 8 lines of input or output. Of 
the remaining 4 pins, 3 are used for handshaking and interrupt control signals. The third mode of operation 
(MODE 2) is a bidirectional bus mode which uses 8 lines for a bidirectional bus, and 5 lines, borrowing one 
from the other group, for handshaking . 
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.. III 

231308-2 

Figure 2. Pin 
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231308-1 

Figure 1. 8255A Block Diagram 
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8255A/8255A·5 

8255A FUNCTIONAL DESCRIPTION 

General 

The 8255A is a programmable peripheral interface 
(PPI) device designed for use in Intel microcomputer 
systems. Its function is that of a general purpose 1/0 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configu
ration of the 8255A is programmed by the system 
software so that normally no external logic is neces
sary to interface peripheral devices or structures. 

Data Bus Buffer 

This 3-state bidirectional 8-bit buffer is used to inter
face the 8255A to the system data bus. Data is 
transmitted or received by the buffer upon execution 
of input or output instructions by the CPU. Control 
words and status information are also transferred 
through the data bus buffer. 

Read/Write and Control Logic 

The function of this block is to manage all of the 
internal and external transfers of bot/l Data and 
Control or Status words: It accepts inputs from the 

0,0. 

II(A,()I 

_IT(., ___ C~o::.gl 

.. 

CPU Address and Control busses and in turn, issues 
commands to both of the Control Groups. 

Chip Select. A "low" on this input pin enables the 
communication between the 8255A and the CPU. 

(RD) 

Read. A "low" on this input pin enables the 8255A 
to send the data or status information to the CPU on 
the data bus. In essence, it allows the CPU to "read 
from" the 8255A. 

Write. A "low" on this input pin enables the CPU to 
write data or control words into the 8255A. 

(AoandAd 

Port Select 0 and Port Select 1. These input sig
nals, in conjunction with the RD and WR inputs, con
trol the selection of one of the three ports or the 
control word registers. They are normally connected 
to the least significant bits of the address bus (Ao 
and A1). 

'A,'","". 

,.• 
I'(;,I'C, 

231308-3 

FIgure 3. 8255A Block DIagram Showing Data Bua Buffer and Read/Write Control Logic Functtona 
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8255A BASIC OPERATION 

Al Ao RD WR cs Input Operation (READ) 

0 0 0 1 0 PortA -+ Data Bus 

0 1 0 1 0 PortB -+ Data Bus 

1 0 0 1 0 PortC -+ Data Bus 

Output Operation 

(WRITE) 


0 0 1 0 0 Data Bus -+ PortA 


0 1 1 0 0 DataB\Js -+ Port B 


1 0 1 0 0 Data Bus -+ PortC 


1 1 1 0 ·0 Data Bus -+ Control 


Disable FunCtion 


X X X X 1 Data Bus -+ 3-State 


1 1 0 1 0 Illegal Condition 


X X 1 1 0 Data Bus -+ 3-State 


(RESEn 

Reset. A "high" on this input clears the control reg
ister and all ports (A. B. C) are set to the input mode. 

Group A and Group B Controls 

The functional configuration of each port is pro
grammed by the systems software. In essence, the 
CPU "outputs" a control word to the 8255A. The 
control word contains information such as "mode", 
"bit set". "bit reset", etc., that initializes the func
tional configuration of the 8255A. 

Each of the Control blocks (Group A and Group B) 
accepts "commands" from the Read/Write'Control 
Logic. receives "control words" from the internal 
data bus and issues the proper commands to its as
sociated ports. 

Control Group A-Port A and Port C upper (C7 -C4) 

Control Group B-Port B and Port Clower (C3-CO) 

The Control Word Register can Only be written into. 
No Read operation of the Control Word Register is 
allowed. 

Ports A, B, and C 

The 8255A contains three 8-bit ports (A, B, and C). 
All can be configured in a wide variety of functional 
characteristics by the system software but each has 
its own special features or "personality" to' further 
enhance the power and flexibility of the 8255A. 

Port A. One 8-bit data output latch/buffer and one 
8-bit data input latch. 

Port B. One 8-bit data input! output latch/buffer and 
one 8-bit data inpu: buffer. 

Port C. One 8-bit data output latch/buffer and one 
8-bit data input buffer (no latch for input). This port 
can be divided into two 4-bit ports under the mode 
control. Each 4-bit port contains a 4-bit latch and it 
can be used for the control signal outputs and status 
signal inputs in conjunction with ports A and B. 
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~.(~ {--- ... ......., --_ .... 
 ....... 

om 
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231308-4 

Figure 4. BIISA Block Diagram Showing Group A and Group B Control Functlona 

Pin Name. 
Pin Configuration 

07-00 Data Bus (Bi-Directional) ... 
'.1 	 RESET ,Reset InpUt 

~ Chip Select 

AD Read Input 

WR Write Input 

AO,A1 Port Address 
0, 


0, PA7-PAO PortA (BIT) 

D. 

D, 	 PB7-PBO Port B (BIT) -
D, PC7-PCO PortC (BIT) 

17.J0, 

Vee +5 Volts 

GND oVolts 

8255A OPERATIONAL DESCRIPTION 
231308-5 

Mode Selection 

There are three basic modes of operation that can 
be selected by the system software: 
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Mode 0-8asic Input/Output 

Mode 1-Strobed Input/Output 

Mode 2-Bi-Directional Bus 

When the reset input goes "high" all ports will be set 
to the input mode (i.e., all 24 lines will be in the high 
impedance state). After the reset is removed the 
8255A can remain in the input mode with no addi
tional initialization required. During the execution of 
the system program any of the other modes may be 
selected using a single output instruction. This al
lows a single 8255A to service a variety of peripheral 
devices with a simple software maintenance routine. 

The modes for Port A and Port B can be separately 
defined, while Port C is divided into two portions as 
required by the Port A and Port B definitions. All of 
the output registers, including the status flip-flops, 
will be reset whenever the mode is changed. Modes 
may be combined so that their functional defin!tion 
can be "tailored" to almost any 110 structure. For 
instance; Group B can be programmed in Mode 0 to 
monitor simple switch closings or display computa
tional results, Group A could be programmed in 
Mode 1 to monitor a keyboard or tape reader on an 
interrupt-driven basis. 

ADORUlaus 

231308-6 

FIgure 5. BaeIc Mode Definitions and Bus 

Interface 


CONTftOLWOIIO 

10,10. 0.1 D.I D.I D, ID,I 0.[ 
L~ 

GR0I..P8/ \ 
PORT C iLOWER,- 1 ~ tNI'UT 
D'"OUTI'VT 

I'OflTB 
~ 	1'" INPUT 

O'"OUll'UT 

MOO( SlLECTtON 
O-MOOED 
'''MODEl 

GROUf'A/ \ 
PORT C IlI'HRJ 
'-INII'\IT 
O,.OUTP1JT 

"",rA,.....,. 
o·oumrr 

MOOt SELECTION 
00" MODE 0 
01·MOOEl 
lX-MODEl 

MODI SET fLAG 
'-ACTIVE I 

231308-7 

Figure 6. Mode Definition Format 

The mode definitions and possible mode combina
tions may seem confusing at first but after a cursory 
review of the complete device operation a simple, 
logical 110 approach will surface. The· design of the 
8255A has taken into account things such as effi
cient PC board layout, control signal definition vs PC 
layout and complete functional flexibility to support 
almost any peripheral device with no external logic. 
Such design represents the maximum use of the 
available pins. 

Single Bit Set/Reset Feature 

Any of the eight bits of Port C can be Set or Reset 
using a single OUTput instruction. This feature re
duces software requirements in Control-based appli
cations. 

290 



8255A/8255A-S 

CONTROL WOAD 

.1 0, I0, I0, I o. I0, I0, I0,1 0,1 
I I I. . , Lr .IT ..T'....' ,-sn 

0" RESET 
DON'T 
CAREI 

" 
, 

.ITSELECT 
0123.511 
o 1 0 1 0 1 0 1""TiJ 
O'O~l,l 0,0 11'1 

0000"118 

"r BIT SET/RUET FLAGI O-ACTIVE, 

231308-8 

Figure 7. Bit Set/Reset Format 

When Port C is being used as statusl control for Port 
A or B, these bits can be set or reset by using the Bit 
Set!Reset operation just as if they were data output 
ports. 

Interrupt Control Functions 

When the 8255Ais programmed to operate in mode 
1 or mode 2, control signals are provided that can be 
used as interrupt request inputs to the CPU. The in
terrupt request signals, generated from port C, can 
be inhibited or enabled by setting or resetting the 
associated I NTE flip-flop, using the bit set/reset 
function of port C, 

MODE 0 (BASIC INPUT) 

,0 

r--'''' 
'NOVT 

~.,"--
fl.A1." 

0)"°0---------"_ <I----t"D 

This function alloWs the Programmer to disallow or 
allow a specific 1/0 device to interrupt the CPU with
out aHecting any other device in the interrupt struc
ture, 

INTE flip-flop definition: 

(BIT-SET}-INTE is set-Interrupt enable 

(BIT-RESET)-INTE is RESET-Interrupt disable 

NOTE: 
All Mask flip-flops are automatically reset during 
mode selection and device Reset. 

Operating Modes 

MODE 0 (BasiC Input/Output). This functional con
figuration provides simple input and output opera
tions for each of the three ports. No "handshaking" 
is required, data is simply written to or read from a 
specified port. 

Mode 0 Basic Functional Definitions: 

• 	 Two 8-bit ports and two 4-bit ports. 

• Any port can be input or output. 


.' Outputs are latched. 


• 	 Inputs are not latched. 

• 	 16 different Input/Output configurations are pos
sible in this Mode. 

"'. 
-"'-1 

-','---1 

r--~ I ..,. 
231308-9 
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MODE 0 (BASIC OUTPUT) 

--------------------~~--~. ~r_------------------.... 
~ \~------------~1 
------------------41--~~r:==--~'D~·----i--~·~~011 

0,0, I 1'\_ I 1\ 
a",M =f-".-~ t-~--~·-:-~k= 

OUT>UT--------------------------,L-_-__-_~~r--------

23.308-10 

MODE 0 PORT DEFINITION 

A B Group A Group B 

D4 03 01 00 PortA 
Port C 

(Upper) 
;; PortB 

Port C 
(Lower) 

0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT 

0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT 

0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT 

0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT 

0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT 

0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT 

0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT 

0 1 1 1 OUTPUT INPUT 7 INPUT INPUT 

1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT 

1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT 

1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT 

1 0 1 1 INPUT OUTPUT 11 INPUT INPUT 

1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT 

1 1 0 1 INPUT INPUT 13 OUTPUT INPUT 

1 1 1 0 INPUT INPUT 14 INPUT OUTPUT 

1 1 1 1 INPUT INPUT 15 INPUT INPUT 
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MODE CONFIGURATIONS 

CONTRO\. WORD" 

0,0.... 0.0,0,0, ... 

1,1·1·1·1·1·1·1·1 

A 

-... 
0.,-0, c{ 

CON'11IMX. WORD" 

0.,0.... 0.0,0,0.,0. 

I I 1·1 I I I 1, I 

A 

I25SA 

0.,.0. c{ 

CONTROL WORD ... 

0, O. 0. 04 DJ OJ D, D. 

I I. I I I I I· I·1 

A 

USIA 

c{ 
• 

'...,-PA, 

oc,-PC. 

I'C,""" 
..,.... 

231308-" 

'...,-PA, 

oc,-PC. 

I'C,""" 
..,.... 

231308-13 

• '",,-'A, 

4 

4 

• ..,.... 
231308-15 

CONTROl. WOlID 12 

O"0.... O.O"0,D,"O 

1,1·1·1·1·1·1,1·1 


- A 

o,-D, c{ 

• 

CONTROL WORD ., 

Dr o. 0. D. 0, 02 01 DO 

1 I 1 I I I I, 1,1 

A 

I255A 

0.,-0. c{ 

CONTROL WORD" 

07 D. Da O. DJ P, 01 00 

1,1·1·1,1·1·1·1·1 


- A 

c{ 
• 

• 'A,-PA, 

4 

• 
• 
231308-12 

'A,-PA, 

oc,-PC, 

I'C,""" 
..,.... 

231308-14 

• ,...,.,A, 

, 

• 

• ..,.... 
231308-16 
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CONTROL WORD .. 

Dy 0, 0. DC 0, OJ 0, DO 

I I I I I I I· I, I 

II2S5A 

0,.0. c{ 

CONTROL WORD .. 

0, 0, 0, 0, 0, D, D.'" 

-
I I I0 I I I I I 

A 

0,-°0 c{ 

CONTROL WORD 117 

0, D. lis D, lis D. D, lis 

-
I I I I I I I, 1'1 

A 

0,-0. c{ 

."'.... 
"".f'C, 

'S.""" 

""'.... 
231308-17 

I 
''''7''Ao 

PC,-PC. 

'S.""" 

231308-'9 

."'.... 
"".f'C, 

'S-rc. 

........ 

231308-21 

CONTROL WORD ft 

0, D. Os D. OJ D1 Of De 

1,1·1·1,1·1·1·1,1 
."'.... 

II2S5A 

c{ 
 ",,-PC, 


D,-O. 


Pc"PCO 

• f----F-- ""'.... 

CONTROL WORD +>"10 

D, D, D, D, D, 0, 0, 0,

I, I0 I0 I, I0 Io I ' I0 I 
A 

'255A 

°,,00 c{ 

• 

CONTROL WORD .., 1 

0, D, Ds D. OJ Dt 0, D. 

-
I, I· I • I I I I, I, I 

A 

0,.0. c{ 
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8 

• 


• 


) " 

23'308-20 

,"'.... 
'S.f'C. 

'S-rc. 

........ 

231308-22 
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CONTROL WORD #12 

07 D. Os 0. DJ 02 0, DO 

1.10101.1.1010101 

•- A 

c{ I-~ • 

• • ...,.... 
231308-23 

CONTROL WORD #13 

o.,O.Ds°.O,D2 D,Do 

I. I0 I I I· I0 I 0 I· I 

- A 

• 

• 

c{ • 

•• 
23'308-25 

Operating Modes 

MODE 1 (Strobed Input/Output). This functional 
configuration provides a means for transferring 110 
data to or from a specified port in conjunction with 
strobes or "handshaking" signals. In mode 1, port A 
and port B use the lines on port C to generate or 
accept these "handshaking" signals. 

Mode 1 Basic Functional Definitions: 

• 	 Two Groups (Group A and Group B) 

" 	 Each group conteins one a-bit data port and one 
4-bit controll date port. 

• 	 The 8-bit data port can be either input or output. 
Both inputs and outputs are latched. 

• 	 The 4-bit port is used for cOntrol and status of the 
a-bit data port. 

CONTROL WORD .,. 

°,0.0. 0,0,0,°,°. 

1.1 0 10 1.1.1 0 1.1 01 

•A 

I255A 

c{ • 
• 

•• 
231308-24 

CONTROL WORD '11 

07 0, 0$ D. OJ 0, 0, Do 

I. I0 I0 I I I 0 I. I· I 
A • 'A,'pAo- •c{ • 

•• 
23'308-26 

Input Control Signal Definition 

m (Strobe Input). A "low" on this input loads 
data into the input latch. 

IBF (Input Buffer Fu" F/F) 

A "high" on this output indicates that the data has , 
been loaded into the input latch; in essence, an ac
knowledgement IBF is set by STB input being low 
and is reset by the rising edge of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the 
CPU when an input device is requesting service. 
INTR is set by the m is a "one", IBF is a "one" 
and INTE is a "one". It is rE!set by the falling edge of 
RD. This procedure allows an input davice to re
quest service from the CPU by simply strobing its 
data into the port. 

295 



8255A/8255A-5 

INTEA INTE B 


Control/ed by bit set/reset of PC4 . Controlled by bit set/reset of PC2. 


MODE 1 (PORT A) 	 MODE ll1'ORT B) 

CONTHOl WORD 


01 0, Os O. 0, 02 0, Do 


CONTROL WORD 

0, D~ 05 04 OJ 02 0, 00 

1,lol,I,I"oCXJXCXJ 	 I, [XIXIXl'><H ;D<I 

L~';~PUT
O· OUTPUT 

231308-27 	 231308-2\1 

Figure 8. MODE 1 Input 

______.., !~---tn - - -I,--'t--------------~-----

ST· __1_~""1,9--1	14--.;---____~-
'm' -' ,\~ 

'NT' 	 \. 1-- '.,,-_. 

--------------~--~~-'·"~~~--~1----/+-----
~ 	 // A 

INPVT FROM __ _ 


1tt""'HERAL 


I---~ ...--- 
231308-29 

Figure 9. MODE 1 (Strobed Input) 
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Output Control Signal Definition 

OBF (Output Buffer Full F/F). The OOF output will 
go "low" to indicate that the CPU has written data 
out to the specified port. The OOF F/F will be s~ 
the rising edge of the WR input and reset by ACK 
input being low. 

ACK (Acknowledge Input). A "low" on this input 
informs the 8255A that the data from port A or port 
B has been accepted. In essence, a response from 
the peripheral device indicating that it has received 
the data output by the CPU. 

INTR (Interrupt Request). A "high" on this output 
can be used to interrupt the CPU when an output 

MODE 1 (PORT A) 

CONTROL WORD 

0, D. 0, 0.. 03 02 a, Do 


I, 10 I, 10 11I°D<JXr><J

LPC" 


'''INPUT 
0- OUTPUT 

231308-30 

device has accepted data transmitted by the CPU. 
INTR is set when ACK is a "one", OBF is a "one", 
and INTE is a "one". It is reset by the falling edge of 
WR. 

INTE A 


Controlled by bit sellreset of PCs. 


INTE B 


Controlled by bit sellreset of PC2. 


MODE 1 (PORT B) 

CONTROL WORD ""'..... 8 


0.,0,0,0.. °3 °2 °,°0 


l' t><tXMXJ .[0 t><l 


INTRa 

231308-31 

Figure 10. MODE 1 Output 

, 

cliIl' 

WJI 

\ 'lJ 
tNT" 

r-- twlT ---, ~ 
AOi 

0<mUT 

H-.... 

-
1----•..,.- 

~/J

// 
_'A~-tAlT-

231308-32 

Figure 11. MODE 1 (Strobed Output) 
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Wii-- PC, 

CONTROL WORD CONTROL WORD 

D1 0, Os D. D, 02 0, 00 pc) INTR... 

211101111ltioN 
pc._ s --+- 110 

PC.,7 


l-INfOUT 

0- OUTPUT 

"', --ACi:. 

231308-33 	 231308-34 
PORT A---jSTROBEO INPUT) PORT A---jSTROBEO OUTPUT) 
PORT 8---jSTROBEO OUTPUT) PORT 8---jSTROBEO INPUT) 

Figure 12. Combinations of MODE 1 

Combinations of MODE 1 

Port A and Port B can be individually defined as in
put or output in MODE 1 to support a wide variety of 
strobed I/O applications. 

Operating Modes 

MODE 2 (Strobed Bidirectional Bus 1/0). This 
functional configuration provides a means for com
municating with a peripheral device or structure on a 
single 8-bit bus for both transmitting and receiving 
data (bidirectional tXls I/O). "Handshaking" signals 
are provided to maintain proper bus flow discipline in 
a similar manner to MODE 1. Interrupt generation 
and enablel disable functions are also available. 

MODE 2 Basic Functional Definitions: 

• 	 Used in Group A only. 
• 	 One 8-bit, bi-directional bus Port (Port A) and a S

bit control Port (Port C). 

• 	 Both inputs and outputs are latched. 

• 	The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port 
(Port A). 

Bidirectional Bus 1/0 Control Signal 
Definition 

INTR (Interrupt Request). A high on this output can 
be used to interrupt the CPU for both input or output 
operations. 

Output Operations 

OBF (Output Buffer Full). The ()8F output will go 
"low" to indicate that the CPU has written data out 
to port A. 

ACK (Acknowledge). A "low" on this input enables 
the tn-state output buffer of port A to send out the 
data. Otherwise, the output buffer will be in the high 
impedance state. 

INTE 1 (The INTE Flip-Flop Associated with 
OBF). Controlled by bit set!reset of Pce. 

Input Operations 

STB (Strobe Input). A "low" on this input loads 
data into the input latch. 
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IBF (Input Buffer Full F/F). A "high" on this output INTE 2 (The INTE Flip-Flop Associated with IBF). 

indicates that data has been loaded into the input Controlled by bit set! reset of PC4. 

latch. 


CONTROL WORD 

PC,. 
, ~ INPUT 
O· OUTPUT 

PORT 8 

I 	 ~:~~'"uT 
Wl\--_ ~	GROUP B MOOE 


OsMOOEO 

, "MODE 1 
 • 

PC2-o -I-- 1/0231308-35 

Figure 13. MODE Control Word 231308-36 

Figure 14. MODE 2 

DATAFAOM 

... ~CPUTO_ 

/ , -

__ 'A.08--i I 

OBF ! \~:_______--t-__.......Jr~i--I/-t>'----
\ 1-'.o.J 

INTR \~~____\~\______~/' f 

~ \0 
m 5-: '; { . 
1·,--~~----,!,..4--_~:""-"';';-I---i,.o_-+-1-}-

PERI.PHUSEFlAl__________ , ~--- i 
'/ --I''"~ ---~.=:,: 

OATAFAOM 
PEIUPHERAL TO .2HA 

DATA FROM 
UllATOIOIO 

231308-37 

NOTE: 

Any sequence where WR occurs before AQ( and m occurs before AD is permissible, 

(INTR ~ IBF. MASK· STB • RD + OBI' • MASK' ACR • WA) 


Figure 15. MODE 2 (Bidirectional) 
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MOOE 2 AND MODE 0 (INPUT) 

INTR,., 

CONTROL WORO , ",,---AtKA 

0, O. 0, 04 0, 0, 0, o. 

I ' I, t><C><txJol ']1 
PC,. IBF... 
'-IHI'UT 

, .. OUTPUT 


"" 

~ODE 2 AND MODE 1 (OUTPUT) 

CONTROL WORO 

..,.... 

231308-38 

231306-40 

MODE 2 AND MODE 0 (OUTPUT) 

CONTROL WORD 

01 0, C\ O. 0, DI 0, O. 

I ' I, MX1XJ 0 I'3'01 
PC,. 
1-INPUT 
O"OUTl"ur 

Iffi--_ 

WiI--_ 

PC, 

"" ___ ACK. 

pc.---m... 

231306-39 

MODE 2 AND MODE 1 (INPUT) 

1"C1 INT...... 

CONTROL WORD 

0., O. Dt; o,OJD:r O. 00 

I, I, [><3XI)<H ' t><l 

00--_ 

231306-41 

Figure 16. MODE Yo Combinations 
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Mode Definition Summary 
MODE 0 MODE 1 MODE 2 

IN OUT IN OUT GROUP A ONLY 

PAO IN OUT IN OUT +-+ 

PAl IN OUT IN OUT +-+ 

PA2 IN OUT IN OUT +-+ 

PA3 IN OUT IN OUT +-+ 

PA4 IN OUT IN OUT +-+ 

PA5 IN OUT IN OUT +-+ 

PA6 IN OUT IN OUT +-+ 

PAl IN OUT IN OUT +-+ 


PBo IN OUT IN OUT -
PBI IN OUT IN OUT -

PB2 IN OUT IN OUT 
 -
PB3 IN OUT IN OUT MODE 0-
PB4 IN OUT IN OUT OR MODE 1-
PBs IN OUT IN OUT ONLY-
PB6 IN OUT IN OUT -
PB? IN OUT IN OUT -
PCo IN OUT INTRa INTRa 1/0 

PC1 IN OUT IBFa OBFa 1/0 

PC2 IN OUT ma Aa<a 1/0 

PC3 IN OUT INTRA INTRA INTRA 

PC4 IN OUT STEiA 1/0 mA 

PCs IN OUT 'IBFA 1/0 IBFA 

PCs IN OUT 1/0 ACKA Aa<A 

PC? IN OUT 1/0 ~A OEWA 


This feature allows the 8255 to directly drive DarlingSpecial Mode Combination 
ton type drivers and high-voltage displays that reConsiderations 
quire such source current. 

There are several combinations of modes when not 
all of the bits in Port C are used for control or status. 
The remaining bits can be used as follows: Reading Port C Status 

In Mode O. Port C transfers data to or from the peIf Programmed as Inputs
ripheral device. When the 8255 is programmed to 
function in Modes 1 or 2. Port C generates or acAll input lines can be accessed during a normal Port 

C read. cepts "hand-shaking" signals with the peripheral de
vice. Reading the contents of Port C allows the pro
grammer to test or verify the "status" of each peIf Programmed as Outputs
ripheral device and change the program flow ac
cordingly.Bits in C upper (PCrPC4) must be individually ac

cessed using the bit setlreset function. 
There is no special instruction to read the status in
formation from Port C. A normal read operation ofBits in Clower (PC3-PCo) can be accessed using 
Port C is executed to perform this function. the bit set!reset function or. accessed as a three

some by writing into Port C. 

Source Current Capability on Port B 
and PortC 

Any set of eight output buffers. selected randomly 
from Ports Band C can source 1 mA at 1.5 volts. 
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INPUT CONFIGURATION 

OUTPUT CONFIGURATION 

GROUPe 

231308-59 

Figure 17. MODE 1 Status Word Format 

01 0, Dr; 0.. Os Dz 0, 00

I0iF" \ INTE, \ IBF" JINTEZ\INTRAC><IXtXJ 
~ ~__ ---,I ---.- -----.l 

GROUP A ____- GROUP 8 

---~ 
(DEFINED BY MODE 0 OR MODE 1 SELECTION I 

231308-42 

Figure 18. MODE 2 Status Word Format 

APPLICATIONS OF THE 8255A 

The B255A is a very powerful tool for interfacing pe
ripheral equipment to the microcomputer system. It 
represents the optimum use of available pins and is 
flexible enough to interface almost any I/O device 
without thE! need for additional external logic. 

Each peripheral device in a microcomputer system 
usually has a "service routine" associated with it. 
The routine manages the software interface be
tween the device and the CPU. The functional defini
tion of the 8255A is progra'Tlmed by the 1/0 service 
routine and becomes an extension of the system 
software. By examining the I/O devices interface 
characteristics for both data transfer and timing, and 
matching this information to the examples and ta
bles in the detailed operational description, a control 
word can easily be developed to initialize the 8255A 
to exactly "fit" the application. Figures 19 through 
25 represent a few examples of typical applications 
of the B255A. 
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8256AH 

MULTIFUNCTION MICROPROCESSOR 


SUPPORT CONTROLLER 
• 	 Programmable Serial Asynchronous 

Communications Interface for 5-, 6-, 7-, 
or 8-Bit Characters, 1, 1%, or 2 Stop 
Bits, and Parity Generation 

• 	 On-Board Baud Rate Generator 
Programmable for 13 Common Baud 
Rates up to 19.2 KBits/Second, or an 
External Baud Clock Maximum of 1 M 
Bit/Second 

• 	 Five 8-Bit Programmable Timer/ 
Counters; Four Can Be Cascaded to 
Two 16-Bit Timer/Counters 

• 	 Two 8-Bit Programmable Parallel I/O 
Ports; Port 1 Can Be Programmed for 
Port 2 Handshake Controls and Event 
Counter Inputs 

• 	 Eight-Level Priority Interrupt Controller 
Programmable for 8085 or iAPX 86, 
IAPX 88 Systems and for Fully Nested 
Interrupt Capability 

• 	 Programmable System Clock to 1 x, 
2 x, 3 x, or 5 :~ 1.024 MHz 

The Intel® 8256AH Multifunction Universal Asynchronous Receiver·Transmitter (MUART) combines five com· 
monly used functions into a single 40-pin device. It is designed to interface to the 8086/88, iAPX 1861188, and 
8051 to perform serial communications, parallel 1/0, timing, event counting-;-arid priority interrupt functions. All 
of these functions are fully programmable through nine internal registers. In addition, the five timerlcounters 
and two parallel 1/0 ports can be accessed directly by the microprocessor. 
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PROGRAMMABLE DMA CONTROLLER 

• MCS-85® Compatible 8257-5 • Single TTL Clock 

• 4-ChannelDMA Controller • Single + 5V Supply 

• Priority DMA Request Logic 
• Auto·Load Mode 

• Channel Inhibit Logic 
• Available In EXPRESS 

• Terminal Count and Modulo 128 - Standard Temperature Range Outputs 

The Intel' 8257 is a 4·channel direct memory access (OMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel'" microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data direclly to or 
from memory. Acquisition of the system bus in accomplished via the CPU's hold function. The 8257 has priority logic 
that resolves the peripherals requests and issues a compOSite hold request to the CPU. It maintains the OMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of OM" 
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant 
savings in component count for OMA·based microcomputer systems and greatly simplifies the transfer of data at 
high s~eed between peripherals and memories. 
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FUNCTIONAL DESCRIPTION 

General 
The 8257 IS a programmable. DIrect Memory Access 
(DMA) deVice which. when coupled with a single Intel' 
8212 1/0 port deVice. provides a complete four-channel 
DMA controller for use in Intel:Wl microcomputer systems. 
After being ,nltlallzed by software. the 8257 can transfer a 
block of data. containing up to 16.384 bytes. between 
memory and a peripheral deVice directly. without further 
interventIon reqUired of the CPU Upon receiving a OMA 
transfer request from an enabled peripheral, the 8257 

1. AcqUires control of the system bus. 

2. 	Acknowledges that requeshng peripheral which is 
connected to the highest priority channel 

3. 	Outputs the least sIgnificant eight bits of the memory 
address onto system address lines An-A7. outputs 
the most signifIcant eight bIts of the memory address 
to the 8212 110 port via th~ data bus (the 8212 
places these address bits on lines As-A,,), and 

',A. 	Generates the appropriate memory and 1/0 read/ 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed locatIOn In memory 

The 8257 will retain control of the system bus and repeat 
the transfer sequence. as long as a peripheral maintains its 
DMA request. Thus. the 8257 can transfer a block of data 
tolfrom a high s~eed peripheral (e.g .. a sector of data on a 
floppy disk) in a single "burst" When the speCified 
number of data bytes have been transferred. the 8257 
activates its Terminal Count (TC) output. informing the 
CPU that the operation IS complete. 

The 8257 offers three different modes of operation: 
(1) DMA read. which causes data to be transferred from 
Memory to a peripheral; (2) DMA write, which causes 
data to be transferred from a peripheral to memory, 
and (3) DMA verify. which does not actually Involve the 
transfer of data When an 8257 channel IS In the DMA verify 
mode. It will respond the same as deSCribed for transfer 
operations. except that no memory or I/Q read/write 
control signals will be generated. thus preventmg the 
transfer of data The 8257. however. Will gain control of the 
system bus and will acknowledge the peripheral's DMA 
request for each DMA cycle The peripheral can use these 
acknowledge Signals to enable an internal access of each 
byte of a data block In order to execute some verification 
procedure. such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword For example, a block of 
DMA verify cycles might follow a block 01 DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data 

Block Diagram Description 

1. DMA Channels 

The 8257 p'ovldes four separate DMA channels (labeled 
CH-O to CH-3) Each channel Includes two sIXteen-bit 
registers (1) a DMA address register. and (2) a termi
nal count register Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed The value loaded into the low-order 14-blts of 
the terminal count register speCifies the numher of DMA 
cycles minus one before the Terminal Count (TC) output 
IS activated For Instance, a terminal count of 0 would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, If N :::::. the number of deSired DMA 
cycles, load the value N-1 Into the low-order 14-bits Of the 
terminal count register The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel 

Figure 3_ 	 8257 Block Diagram Showing DMA 
Channals 
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These two bits are not modified during a DMA cycle. but 
can be changed between DMA blocks. 

Each channel accepts a DMA Request (DROn) input and 
provides a DMA Acknowledge (DACKn) output. 

(DRO O-DRQ 3) 

DMA Request: These are individual asynchronous chan
nel request inputs used by the peripherals to obtain a DMA 
cycle. If not in the rotating priority mode then DRO 0 has 
the highest priority and DRO 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until DMA acknowledge. For multiple DMA cycles 
(Burst Mode) the request line IS held high until the DMA 
acknowledge of the last cycle arrives. 

(DACK 0 - DACK 3) 

OMA Acknowledge: An active low level on the acknowl· 
edge output informs the peripheral connected to that 
channel that it has been selected for a OMA cycle. The 
rJACK output acts as a "chip select" for the peripheral 
device requesting service. This line goes active (low) 
and inactive (high) once for each byte transferred even if 
a burst of data is being transferred. 

2. Data Bua Buller 

This three-state. br-directional. eight bit buffer interfaces 
the 8257 to the system data bus. 

(00-0,) 

Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the CPU. eight
bits of data for a OMA address register, a terminal count 
register or the Mode Set register are received on the data 
bus. When the CPU reads a OMA address regISter, a 
terminal count register or the Status regisler, the data is 
sent 10 Ihe CPU over Ihe data bus. During DMA cycles 
Iwhen the 8257 is the bus masterl, the 8257 will output the 
most significant eight-bits of the memory address (from 
one of the OMA address reglsters~ to the 82121atch via the 
data bus. These address bits will be "ansferred at the 
beginning of the OMA cycle; the bus w,lIthen be released 

,to handle the memory data transfer during the balance of 
the DMA cycle. 

BIT 15 BIT 14 TYPE OF OMA OPERATION 

It 0 Verify OMA Cycle 
0 I Write OMA Cyete 
I 0 Re8CI OMA Cycle 
I I (lHeg.) 

Flgure 4. 	8257 Block Diagram Showing Data Bus 
Buffer 
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3. R••dlWrita logic 

When the CPU is programming or reading ona of the 
8257's registers (i.e., when the 8257 is a "slave" device on 
the system bus), the ReadlWrite logic accepts the 110 
Read (mm) or 1/0 Write (17OW) signal, decodes the least 
significant four address bits, lAo·A3), and either writes 
the contents 01 the data bus into the addressed register 
(il IIOW is true) or places the contents 01 the addressed 
reJister onto the data bus (if mm is true). 

During OM'" cycles (ie. when the 8257 IS the bus, 
·'master"). the Read/Write Logic generates the 110 read 
and memory write (DMA write cycle) or 1/0 Write and 
memory read (DMA read cycle) signals which control the 

data link with the peripheral that has been granted the 
OMA cycle. 

Note that dUring OMA translers Non-OMA 1/0 devices 
should be de-selected (disabled) using "AEN" signal to 
inhibit I/O device decoding of the memory address as an 
erroneous device address. 

(1I0R) 

1/0 Read An active-low, bi-directional three-state line. In 
the "slave" mode. it is an input which allows the 8-bit 
status register or the upperiiower byte 01 a 16-bit OMA 
address register or terminal count reg.ster to be read. In 
the "master" mode, 1I0R IS a control output whIch is used 
to access data from a peripheral during the DMA write 

cycle. 

(I/OW) 

110 Write: An active-low, b.·dlrectlOnal three-state line. In 
the "slave" mode. it is an input which allows the contents 
01 the data bus to be loaded '"to the 8-bit mode set register 
or the upperllower byte 01 a 16-b.t OMA address register 
or term,"al count regISter. In the "maste," moeje,II0W is a 
contrOl output which allows data to be output to a 
peripheral dUring a DMA read cycle. 

(ClK) 

Clock Input: Generally Irom an Intel'" 8224 Clock Gen· 
erato, device. (~2 TIL) or Intel'" 8085A ClK output. 

(RESET) 

Reset: An asynchronous input (generally Irom an 8224 
or 8085 device) which disables all OMA channels by 
clearing the mode register and 3·states all control lines. 

(Ao-A 31 
Address Lines: These least significant four addreSs lines 
are bi-directionaL In the "slave" mode they are Inputs 
which select one of the registers to be read or 
programmed. In the "master" mode. they are outputs 

which constitute the least Significant four bits of the 16-blt 
memory address generated by the 8257 

(CS) 

Chip Select An active-low Input whIch enables the 1/0 

Read or 1/0 Wnte Input when the 8257 IS being read or 
programmed In the "slave" mode In the "master" mode 
CS IS automattcally disabled to prevent the chip from 
selecting Itself while performing the DMA function 

4. Control Logic 

ThiS block controls the sequence of operations durmg all 
DMA cycles by generatIng the appropriate control Signals 
and the 16-blt address that speCIfIes the memory location 
to be accessed 

Figure 5. 	8257 Block Diagram Showing 
ReadIWrlte Logic Function 
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Address Unes: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit , memory address generated by the 8257 dUring all DMA 

cycles. 


(READy) 


Ready: This asynchronous input is used to elongate Ihe 

memory read and write cycles in the 8257 with wait 

states if the selected memory requires longer cycles. 

READY must conform to specified setup and hold 

times. 


(HRQ) 


Hold Request: This output requests control of the 

system bus In systems with only one 8257, HAQ will 

normally be applied to the HOLD input on the CPU. HAQ 

must conform to specified setup and hold times. 


(HlDA) 


Hold Acknowledge This input from the CPU inalcates 

that the 8257 has acquired control of the system bus. 


(MEMR) 


Memory Read: ThiS active-low Ihree~state output IS used 


to read data 'rom the addressed memory location during 

DMA Read cycles. 


(MEMW) 


Memory Write This acttve·low three·state output is used 
to write data Into the addressed memory location during 

DMA Write cycles 

(ADSTB) 


Address Strobe: This output strobes the most significant 

byte of the memory address into the 8212 device from the 

data bus. 


(AEN) 


Address Enable This output is used to disable Ifloall the 

System Data Bus and the System Control Bus It may also 

be used to disable (fIoa" the System Address 8us by use 

01 an enable on the Address Bus drivers in systems to 

inhibit non-DMA devices from responding during DMA 

cycles. It may be funher used to Isolate the 8257 data bus 

from the System Data Bus to facilitate the transfer of the It 

most significant DMA address bits over the 8257 data 1/0 

pins without subjecting the System Data Bus to any 

timing constraints for the transfer. When the 8257 is used 

in an I/O device structure {as opposed to memory 

mapped'. this AEN output should be used to dISable the 

selection 01 an 1/0 device when the DMA address is on the 

address bus. The 110 device selection should be 

determined by the DMA acknowledge output. for the 4 

channels. 


(Tel 
Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. II the TC STOP bit in the 
Mode Set regISter is set. the selected channel .will be 
automatically disabled at the end 01 that DMA cycle. TC is 
activated when the 14-bIt value in the selected channel's 
terminal count register equals zero. Recall that the low
order 14-bits of the terminal count register should be 
loaded with the values (n-1). where n =the desired number 
of the DMA cycles 

(MARK) 

Modulo 128 Mark: ThiS output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output MARK always occurs at 
128 (and all muilipies of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divlsable by 128 (and the terminal count register 
was loaded With n-l). will MARK occur at 128 (and each 
succeeding multiple of 128) cycles {rom the beginning of 
the data block 

figure" 8257 Block DI.g,.m Showing Control 
LogIc .nd Mode Set RegI"', 
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5. Mode Set RegI ..... 


When set. the various bits in the Mode Set register enabte 

each 01 the lour OMA channels. and allow lour dillerent 
options for the 8257: 

The· Mode Set register is normally programmed. by the 
CPU after the OMA address registerlsl and terminal 
count register(s) are initialized. The Mode Set Register IS 
cleared by the RESET input. thus disabling all options. 
inhibiting all channels. and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
OMA ad.dress and terminal count registers contain valid 
values; otherwise. an inadvertent OMA request (OROn) 
Irom a peripheral could initiate a OMA cycle that would 
destroy memory data 

The various options which can be enabled by bits in the 
Mode Set register are explained below: 

Rotall"ll Priority BII 4 

In the Rotating Priority Mode. the Priority 01 the channels 
has a circular sequence. After each DMA cycle. the 
priority 01 each channel changes. The channel which had 
juat been· serviced will have the lowest priority 

If the ROTATING PRIORITY bit is nol set (set to a zero). 
each OMA chennel has a fixed priority In the lixed Priority 
mode. Channel 0 has tNe highest Priority and Channel 3 
has the lowest IIriority. If the ROTATING PRIORITY bit IS 
set to • one, the priority 01 eaCh channel changes alter 
each OMA cy.cle (not each OMAJequest) Each channel 
moves up to the next highest priority assignment. while 
the channel which has just been serViced moves to the 
lowest priority assignmenr 

CHANNEL__ CH-O CH-' CH-2 CH-3 
JUST SEIIVICED 

~ 
CH.' CH-2 CH-3 CH-O 

~ CH-2 CH-3 CH-O CH-' 
CH-3 CH-O CH-' CH-2 

'--t CH-O CH-' CH-2 CH-3 

,",,*",- HI.....' 

Note that rotating priority will prevent anyone channel 
from monopolizing the OMA mode; consecutive OMA 
cycles will service different channels if more than one 
channel is enabled and requesting servi!;e. There is no 
overhead penally associated with this mode of opera
tion. All DMA operations b8gan with Channel 0 initially 
assigned to the highest priority for the lirst OMA cycle. 

Extended Write BII5 

II the EXTENDED WRITE bit is set. the duraloon 01 both the 
MEMWand IIOW signals is exteMed by actlvatong them 
earlier in the DMA cycle. Data transfers Within micro
computer systems proceed asynchronousty to allow 
use of various types of memory and 1/0 deVices with 

access times. If a deVice cannot be accessed 
specific amount of time it re,turns a "not ready" 

to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use 01 wait 
states. but ,I they generate the" READY response with the 
leading edge of the i70W or MEMW Signal (whiCh 
generally occurs late in the transfer sequence). they 
would normally cause the 8257 to enter a wait state 
be&.use It does not receive READY In time. For systems 
With these types of deVices. the Extended Wrote optoon 
provides alternative timing tor the 110 and memory write 
Signals which allo'ws the dev1ces to return an early READY 
and prevents the unnecessary occurrence Of walt states in 
the 8257. thus Increasong system throughput 

TC Slop Bit 6 

If the TC STOP bit is set. a channel is disabled (i.e .. its 
enable bit is reset) after the Terminal Count (TC) output 
goes true. thus automalocally preventong further DMA 
operation on that channel. The enable bit for that channet 
must be fe-programmed to continue or begin another 
OMA operation. If the TC STOP bit rs not set. the 
occurrence of the TC output has no effect on the channel 
enable bits. In thiS case. It IS generally the responsibilityol 
the peripheral to cease DMA requests In order to terminate 
a DMA operaloon 

Auto Load Bit 7 

The Auto Load· mode permits Channel 2 to be used for 
repeat block or block chaining operations. without 
Immediate software Interventoon between blocks. Chan
nel 2 regtsters are initialized as usual for the first data 
block, Channel 3 regIsters, however, are used to store the 
block re-Initializatlon parameters (DMA starting alldress. 
terminal count and DMA transfer mode). After the lirst 
block of DMA cycles IS executed by Channel 2 (i.e .. after 
the TC output goes truel. the parameters stored in the 
Channel 3 registers are transferred to Channel 2 dUring an 
"update" cycle. Note that the TC STOP leature. described 
above. has no effect on Channel Z when the Auto Load bit 
is set. 
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If the Auto Load bit is set. the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 

'registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in application. such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3 Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set. but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining 'operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 

Each tim.. that the 82~7 enters an update cycle: the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle allerthe 
TC cycle This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations. 
the update flag in the status register can be monitored by 
the CPU to determine when the re-initialization process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 

6. St.tus Register 

The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 

-j'ARAMETERSl- _l'A.flA.METf.RSI_IfOR aLOCK 1 I FOR .LOCK 2 

TC STATUS FOR C....,..,H 0 
TC STATUS FOR CHANNEL 1 
TC STATUS FOR CHANNEL 1 

'-----'TC STATUS FOR CHANNH J 

The TC status bits are set when the Term,"al Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (i.e" by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be lell to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG IS to prevent the CPU from inadvertently 
skipping a data block by overwriting a starting address or 
termmal count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 

The user is cautioned against reading the TC status 
register and using this information to r..nable chan
nels that have not completed operation. Unless the 
OMA channels are inhibited a channel could reach ter· 
minal count (TC) between the status read and the mode 
write. DMA can be Inhibited by a hardware gate on the 
HRQ line or by disabling channels with a mode word 
before reading the TC status. 

-1'ARAMHEfiSic ETC---1fOA aLOCK:I 
C:HAHN('.:I\III'OATE CHANNEl. 1 UI"OA T£ 

OCCU"'H(flE OCCUlI!;S HERE ~ 

DtOO' 

Figure 7. Autoload Timing 
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OPERATIONAL SUMMARY -

Programming and Reading the 8257 Registers 
There are four pairs of "channel registers" each pair 
consisting of a 16-btt DMA address regIster and a 16-blt 
terminal count register (one patr lor each channell The 
8257 also Includes two "general registers" one 8-blt 
Mode Set register and one a-bit Status register. The 
registers Bre loaded or read when the CPU executes a 
wnte or read instruction that addresses the 8257 device 
and the appropriate register within the 8257 The 8228 
generates the appropnate read or write contrOl signal 
fgenerally IIOR or IIOW while the CPU places a 16-bit 
address on the syslem address bus. and either outputs the 
data to be wntten onto the system data bus or accepts the 
data being read from the data bus All or some of the most 
significant 12 address bits A4-A I ~ (dependmg on the 
systems memory, I/O configuration) are usually decoded 
to produce the chip select rCS) mput to the 8257 An 1/0 
Wrtte Input (Or Memory Wrtte In memory mapped 1/0 
configurations, deSCrtbed below) specifies that the 
addressed register is to be programmed. while an 1/0 
Read mput (or Memory Read) specifies that the addressed 
register IS to be read Address bit 3 specifies whether a 
"channel regISter" (A, ~ 0) or the Mode Set (pro£"am 
only)/Status (read only) register (A, = 1) IS to be accessed 

The least signtficant three address bits. All-A:. mdlcate the 
specific register to be accessed. When accessing the 
Mode Set or Status register. An-A~ are all zero When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao :::;: 0) and the terminal count 
register (All = 1), while bits Al and A~ specify one of the 

8257 Register Selection 

CONTROL INPUT CS 

Program Half of a 
Channel Regl.ter , 0 

Read Half of. 0 
Channel Register-------_.. .. f--

Program Mode sel~4 0 
Regls'er 

~t:R.gl:t~r 0 

IIOW 1/0A A3 

0 1 0 

1 0 0I 
.... _

0 1 + 
J_l 

1 0 1 

four channels Because the "channel registers" are 16
bits. two program Instruction cycles are required to load 
or read an entire register The 8257 contams a firstllast 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation .... The F/L flip flop 
determines whether the upper or lower byteofthe register 
IS to be accessed The F/L flip flop IS reset by the RESET 
Input and whenever the Mode Set register IS loaded To 
maIntain proper synchronization when accessing the 
"channel registers" all channel command InstructIOn 
operations should occur In pairs, With the lower byte of a 
register always beIng accessed fIrst Do not allow CS to 
clock whde either fiOR or I/OW IS actIve. as thiS Will cause 
an erroneous F/L flip flop state In systems utiliZing an 
Interrupt structure. Interrupts should be dIsabled prior to 
any paned programming operations to prevent an 
Interrupt from splttttng them The result of such a spilt 

would leave the FIL F/F In the wrong state. ThiS problem is 
particularly obVIOUS when other OMA channels are 
programmed by an mterrupt structure 

AODRESSINPUTS ·BI·DIRECTIONAL DATA BUS 

REGISTER BYTE 
A3 A, A, Ao 

F/L 
0, Ds Ds 

CH-O OMA Addr... 

CH-O T.rmin.1 Count 

LSB 
MSB 

LSB 
MSa 

0 
0 

0 
0 

O. 
0 

0 
0 

0 
0 

0 
0 

0 
0 

1 
1 

0 , 
0 
1 

A, " As 
A15 A,. A'3 
C7 Co Cs 
Ad wr C'3 

CH-1 OMA Add,... 

CH-1 Termlna' Count 

CH-2 DMA Addr••• 

CH-2 TermiNi' Count 

CH·3 OMA Addr", 

CH-3 Termine_ Count 

MODE SET (Progrem only) 

STATUS (A.ad only) 

LSB 
Msa 

LSB 
MSB 

LSB 
MSB 

LSa 
MSa 

LSa 
MSa 

LSB 
MSB 

-

-

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 , 
1 

0 
0 

0 
0 , 
1 
, , 
I 

1 , 
1 

0 

0 

1 
1 

1 , 
0 
0 

0 
0 , , 
, , 
0 

0 

0 
0 ,, 
0 
0 

1 
1 

0 
0 , 
1 

0 

0 

0 
1 

0, 
0 
1 

0 , 
0 , 
0, 
0 

0 

Same .. Channel 0 

I I I 
Same I. Ch.nnel 0 

I I 

I 

I 
S.me as Channel 0 

TCS I EWAL 

0 o i 0 

D. D3 D, D, Do 

'" A3 A, A, Ao 
A12 An AlO As .... 
e. C3 c. C, Co 
C12 Cl1 C,o C, C, 

RP EN3 EN2 ENl ENO 


UP TC3 TC2 TCl TCO 


•Ao-A,S: DMA Starting Address. CO-C'3: Terminal Counl value (N-l). Rd and Wr: DMAVerify (00). Write (01) or Read (10) cycle selection. 
AL: Auto Load, TCS: TC STOP. EW: EXTENDED WRITE. RP: ROTATING PRIOAITY. EN3-ENO: CHANNEL ENABLE MASK. UP: UPDATE 
FLAG. TC3-TCO: TERMINAL COUNT STATUS BfTS .. 
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~ 

SAMf'U ORa.. I.INES 
SETHROH 01'10..,1 

",oev, 0"'.'''0'''''',--_SAM<--,"_"C_OA-r---,JCOA 

_tlDA 

PR[SENT " AND LATCH 

uPPER ADDRESS 
'RESENT LOW{R ADDAESS 

I 
ACTIVAH REAoO (0_,1,,,,,0 

AOVANCED WAllE COMMAND 

-
53 READY SW 

a.CTIVIl-TE WRITE COMMANO 
Jl.(.IIV-"H;MARf(4"'OTC ~ A£AeVSAMIJPH- -- REAOV 

If """"OPRIATf LINE 

'------~----~ -
!AEAOY. VERify 

r--------~L--------, 
REnT ENA8LE FOR CHANII4H N If 

tc STOI' AND TC ARE ACTIVE 
OEACTIVATf f;OMMANOS 

l.-- OEACTlVAT( OAeltn MARl( AND TO I-_---.J 

ORo.. HlOA SAW'L( ORa.. AND HLOA 


RESOlVE ORo.. PRIORITIES 

RUEf HAO Ir HlO"'· OOA ORO· 0 

L •IoRDA • ORo.. 
__---J 

, DROn REfERS TO A.NY ORQ UNE ON AN ENABLED OMA CHANNEL, 

Figure 8. DMA Operation State Diagram 

DMA OPERATION 

Single Byte Trenafer. 

A single byte transfer is initIated by the I/O device rais
ing the ORO line 01 one channel 01 the 8257. II the chan· 
nel is enabled, the 8257 will output a HRQ to the CPU. 
The 8257 now waits until a HLOA is received insuring 
that the system bus is Iree lor its use. Once HLOA is 
receiVed the OACK hne lor the requesting channel is ac
tivated (LOW). The ~ line acts as a chip select for 
the requesting 110 <levice. The 8257 then generates the 

rea<l an<l write commands and byte transler occurs be· 
tween Ihe selected '110 device and memory. After the 
transler is complete, the DACK line is set HIGH and the 
HAO line is set LOW to indicate to the CPU that the bus 
is now free lor use. ORO must remain HIGH unlil OACK 
is issued to be recognized and must go LOW belore S4 
of the transfer sequence to prevent another transfer 
Irom occuring. (See timing diagram.) 

Con.ecutlye Trans'.r. 

If more than one channel requests service simultaneous
ly, the transler will occur in the same way a burst does. 
No overhead is incurred by switching from one channel 
to another. In each S4 the ORO lines are sampled and 
the highest priority request IS recognized during the 
next transler. A burst mode transler in a lower prioflty 
channel will be overridden by a higher priority request 
Once the high priority Iransler has completed control 
will return to the lower priority chanl'lel if its D.RQ is still 
active. No extra cycles ate needed to execute this se· 
Quence and the HRO line remains active until all OAQ 
lines go LOW. 

Control Oyerrlde 

The continuous OMA transler mode described above 
can be interrupted by an external device by lowering the 
HLOA line. Alter each OMA transler Ihe 8257 samples 
the HLOA line to insure Ihat it is still active. II il is not 
active, the 8257 completes the current transfer. releases 
the HAO line (LOW) and returns to the idle state. If ORO 
lines are still active .the 8257 will raise the HAQ line In 
the third cycle and proceed normally. (See timing 
diagram.) 

Not R••dy 

The 8257 has a Ready input similar 10 the 8080A and the 
8085A. The Ready line is sampled in State 3. If Ready is 
LOW the 8257 enters a wail slate. Ready is sampled duro 
Ing every wait state. When Ready returns HIGH the 8257 
proceeds to State 4 to complete the transler. Ready is 
used to interface memory or I/O devices thai cannol 
meet the bus set up limes required by the 8257 

Speed 

The 8257 uses lour clock cycles to transler a byte 01 
data. No cycles are lost in the master to master transfer 
maximizing bus effiCiency. A 2M Hz clock inpul will 
allow the 8257 to transler at a rate 01 SOOK bytesfsecond. 

Memory Mapped tlO ConllQurations 

The 8257 can be connected to the system bus as a memory 
deVice Instead of as an 1/0 device for memory mapped 1/0 

configuratIOns by connecting the system memory control 
hnes to the 8257's 1/0 control hnes and the system 1/0 

control hnes to the 825Ts memory control Imes 

This configuration permits use of the 8080's conSiderably 
larger repertoire 01 memory Instruchons when reading or 
loading the 8257's registers Note that wI1h thiS 
connection, the programmtng of the Read (bit 15) and 
Write (btt 14) bits In the termU'lal count register Will have a 
different meaning 
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-, 
BIT 15 BIT 14 I 
READ i WRITE ! 

0 I 0 I OMA Verily Cycle 

0 OMA Read Cycle, 
0 OMA Write Cycle, I , I , I lIIeQal

I -
Figure 9. System Interface for Memory Figure 10. TC Register for Memory Mapped 

Mapped 110 110 Only , 

SYSTEM APPLICATION EXAMPLES 

DISK]8251 
OACK 1 


8212 ORO ;> 


OACK? 


AND 

O~O] --
OISI( 4DACI( 3 

DMA CONTA(JllER 

Figure 11. Floppy Disk Controller (4 Drives) 

~---.-- ~._---- ._-_ ..._----
ADDAr-~_____'{LL1______"_1..L1---=c J [----- ----' \'" """,--S- 

CONT>lOlI::IIJS ~ 

lI_____...J C-]T--l I 
OATA BUS

Jj Jt t(----l 
r-:..::.....-...::..::...-~~ 

8251 S.... SHM 
",0 RAM8251 

8212 M[MORYUSAFlT 

MOOE'" 

Figure 12. High-Speed Communication Controller 
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82S9A/82S9A-2/82S9A-8 

PROGRAMMABLE INTERRUPT CONTROLLER 


• iAPX 86, iAPX 88 Compatible • Individual Request Mask Capability 

• MCS-80®, MCS-85® Compatible • Single + 5V Supply (No Clocks) 

• Eight-Level Priority Controller • 28-Pln Dual-In-Line Package 

• Expandable to 64 Levels • Available In EXPRESS 
- Standard Temperature Range 

• Programmable Interrupt Modes -"Extended Temperature Range 

The Intel" 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses 
NMOS technology and reQuires a single + 5V supply. Circuitry is static, reQuiring no clock input. 

The 8259A is designed to minimize the software and real time overhead in handllOg multi-level priority interrupts It has 
se\'eral modes, permitting optimization for a variety of system requirements. 

The 8259A IS fully upward compatible with the Intel'" 8259. Software originally wntten for the 8259 Will operate the 
11259A in all 8259 eQuivalent modes (MeS-BO/85, Non·Buffered. EdQe Triggered). 

OATA 

8US 


Os 
iiR .. 
RD INTA 

0, I.' 
'R. 0, I.' 

I.' 
P. I.',.3 

'.2 
0, 

i'S _____t 
0, I.' 

1.00" 
CASO INT 
CAS 1 "/EN 

CASCAOf GHD CAS2 
CAS 1 BUFFERI 

CO#o4PAAATOA 

~ INTfRNAl 8US 

Figure 1. Block Olagl'llm Figure 2. Pin Configuration 

315 



8271/8271·6 
PROGRAMMABLE FLOPPY DISK CONTROLLER 

• 	 IBM 3740 Soft Stlc:tored Format Compatible 

• 	Programmable Record Lengths 

• 	Multl·Sector Capability 

• 	 Maintain Dual Drives with Minimum Software 
Overhead EXpandable to 4 Drives 

• Automatic ReadIWrlte Head Positioning and 
Verification 

• 	 Internal CRC Generation and Checking 

• 	 Programmable Step Rate, Settle·Tlme, Head 
Load Time, Head Unload Index Count 

• 	 Fully MCS-80TM and MCS-8S™. Compatible 

• Single + SV Supply 

• 4()'Pln Package 

The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LSI component designed to interface one to 4 floppy 
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software 
overhead normally associated with floppy disk controllers. 

N$YNC 
SERIAL 


IHT1.IUACf 

CONTRall!A 


1>------ ROOATA 
---- iiATAWINOOW 

--- PLO'SS 

REAOYO 
Af"ADY 1 
fifAti(o 
COUNTlOP. 

i"NOE"X 
WIi'PAOTECT 

L-_..r- FAun 
, (IRIYE 
. IlITlRfACE 
CDNUOUER 

RESET SElECT 0 
SELECT 1 
'IVA ENABLE 
LOAD HEAD 
SEEklSlE' 
DIRECTION 

INTEANAL 	 lOW CURRENT 

os -----' 

~AUlT RESETIOPOOA1"'801 

CPU INTERfACE 	 DISK INTERFACE 

FAUL T RESET/OPO 

SEtECT 0 

4 MHlCLk. 

RESET 

READV 1 

SELECT 1 

OACK 

ORO 

AD 

tNT 

OBO 

"." 
DB • 

08' 

0 •• 

081 

GNO 

lOWCURREIII1 

LOAD HEAD 

DIRECTION 

SEEK/STEP 

WR ENBLE 

INDE)( 


WR PROTECT 


TAKO 

CDUNTI()Pi 

WR DATA 

FAULT 

UNSEPDATA 

PLQISS 

CS 

IN$YNC 

A, 

A, 

Figure 1. Block Diagram 	 Figure 2. Pin Conllguratlon 

316 



____ 

8272A 

SINGLE/DOUBLE DENSITY 


FLOPPY DISK CONTROLLER 


" 
IBM Compatible in Both Single and • Data Transfers in DMA or Non-DMA• 
Double Density Recording Formats Mode 

Programmable Data Record Lengths: • Parallel Seek Operations on Up to • 
128, 256, 512, or 1024 Bytes/Sector Four Drives 

Multi-Sector and Multi-Track Transfer • Compatible with all Intel and Most • 
Capability Other Microprocessors 

Drives Up to 4 Floppy or Mini-Floppy • Single-Phase 8 MHz Clock• 
Disks • Single + 5 Volt Power Supply (:!: 10%) 

The 8272A is an LSI Floppy Disk Controlier (FDG) Chip, which contains the circuitry and control functions for inter
facing a processor to 4 Floppy Disk Drives_ It is capable of supporting either IBM 3740 single density format (FM), or 
I BM System 34 Double Density format (MFM) including double sided recording. The 8272A provides control signals 
which simplify the design of an external phase locked loop and write precompensation circuitry. The FDC simplifies 
and handles most of the burdens associated with implementing a Floppy Disk Drive Interface. The 8272A is a pin
compatible upgrade to the 8272. 

READY 
WRITE PROTECTITWO $IOE 
INDEX 
FAULTITRACK 0 

DAIVE SELECT 0 
ORivE S£lECT 1 
MFM MOOE 

RWISEEK 
HEAD LOAO 
HEAD SELECT 
lOW CURRENT/OIFlECTION 
FAUl T RESETISTEP 

RESET 'ee 
RWISEEK 

leTIOIA 

HOl 

RO' 

FlTlTRKO ... 
PS, 

WR DATA 

os., 
DB, OS, 

ORO 

OACK 

HOSH.,. 
TC WE 

'OX 

elK OW 

' rWA elK 

Figure 1. 8272A Internal Block Diagram Figure 2. Pin Configuration 
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8273,827~4,827~ 
PROGRAMMABLE HOLe/SOLC PROTOCOL 


CONTROLLER 

• CCITT X.25 Compatible 	 • Programmable NRZI Encode/Decode 

• 
• ':tDLC/SDLe Compatible • Two User Programmable Modem 

Full Duplex, Half Duplex, or Loop Control Ports 
SDLC Operation • Digital Phase Locked Loop Clock 

• Up to 64K Baud Synchronous Recovery 
Transfers 

• Minimum CPU Overhead 
• Automatic FCS (CRC) Generation and 

Checking 	 • Fully Compatible with 8048/8080/80851 
8088/8086 CPUs• Up to 9.6K Baud with On-Board Phase 

Locked Loop • Single +5V Supply 

The Intel" 8273 Programmable HOLC/SOLC Protocol Controller is a dedicated device designed to support the ISOI 
CCID's HOLC and IBM's SOLC communication line protocols. It is fully compatible with Intel's new high performance 
microcomputer systems such as the MCS-88/B6TM. A frame level command set is achieved by a unique microprogrammed 
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of thillow 
level real·time tasks normally associated with controllers. 

j:l"G on v" 
01;..,.., 

T_OACK .., 
on 
JiA. 
PA~..,RD 

WA "" 
R",.tfr(f m 

000 hO 

rae 
08, Aic 

JhKK 
D8$ cs 

""" 
eND .. " 

Figure 1. Block Diagram 	 Figure 2. Pin Configuration 
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8275H 

PROGRAMMABLE CRT CONTROLLER 


II 	Programmable Screen and Character 
Format 

• 6 Independent Visual Field Attributes 

• 	11 Visual Character Attributes 
(Graphic Capability) 

• Cursor Con trot (4 Types) 

• 	Light Pen Detection and Registers 

• 	MC5-S1@, MC5-8S@, iAPX 86, and 
IAPX 88 Compatible 

• Dual Row Buffers 

• Programmable DMA Burst Mode 

• Single + SV Supply 

• High Performance HMOS-II 

The Intel'" 8275H Programmable CRT Controller is a single chip device to interface CRT raster scan displays 
with Intel'" microcomputer systems. It is manufactured on Intel's advanced HMOS-II process. Its primary 
function is to refresh the display by buffering the information from main memory and keeping track of the 
display position of the screen. The flexibility designed in the 8275H will allow simple interface to almost any 
rester scan CRT display with a minimum of external hardware and software overhead. 

LC3 vcc 
LC2 LAO 

LCI LAI 

080-, 	 LCo LTEIIICCo-. 
OAO AVV 

~ vsp 
HATC GPAI 


VRTC GPAQ 


iffi HLGT 


ORa iiA IRO 

lCo_3 

DACI( 	 lPEN CCLK 

OBo CC6 

OBI CCs 

OB2 CC. 
Ail 


OB3 CC3 

L.... ,

WI! 

HRTt 
 DB. CC2 
VRTe 085 CCIHlGT 
RW 	 086 CCoLTEN 
VSf 	 087 cs 
GPAO_1 

GIllO 

Figure 1. Block Diagram 	 Figure 2. Pin Configuration 
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8276H 

SMALL SYSTEM CRT CONTROLLER 


• 	 Programmable Screen and Character 
Format 

• 6 Independent Visual Field Attributes 

• 	 Cursor Control (4 Types) 

• 	 MC5-S1®, MCS-8S"", iAPX 86, and 
iAPX 88 Compatible 

• 	 Dual Row Buffers 

• 	Single +5V Supply 

• 	4~Pin Package 

• 	 3 MHz Clock with 8276-2 

• 	 High Performance HMOS-III 

The Intel 8276H Small System CRT Controller is a single chip device intended to interface CRT raster scan 
displays with Intel microcomputers in minimum device-count systems, Its primary function is to refresh the 
display by buffering character information from main memory and keeping track of the display position of the 
screen. The flexibility designed into the 8276H will allow simple interface to almost any raster scan CRT display. 
It can be used with the 8051 Single Chip Microcomputer for a minimum IC count design. It is manufactured on 
Intel's advanced HMOS-II processor. 

CClK 
LC, Yee 
LC, Ne 

LC, Ne 

LCo LTEN ....,., RYV 
CCo_. iii VSP 

NRTC GPA1 

YllTe 0."0 
liD HLOT 

LeO__ J 
WI( .NT 
Ne CCLK 

liiio CCo.,... ce, 
ce. 

HRYe OIl, ce,
VRTe 
HLOT 011. 
RVV 
LTe. OIl, 
vso 
GPA(H ......., 

OND 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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8279/8279·5 
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

• Simultaneous Keyboard Display • Single 16-Character Display ... 
Operations 

• Right or Left Entry 16-Byte Display 
• Scanned Keyboard Mode RAM 

• Scanned Sensor Mode • Mode Programmable from CPU 

• Strobed Input Entry Mode • Programmable Scan Timing 

• a-Character Keyboard FIFO • Interrupt Output on Key Entry 
• 2-Key Lockout or N-Key Rollover with 

• Available in EXPRESSContact Debounce 
-Standard Temperature Range 

• Dual {s- or 16-Numerical Display -Extended Temperature Range 

The Intel' 8279 is a general purpose programmable keyboard and display 1/0 interface device designed for use with 
Intel~ microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matnx. The 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is se\. Key entries set the interrupt output 
line to the CPU. 

The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM 
can be done with auto-increment of the display RAM address. 

~---RO 

SHIFT---' 
i 

CNTL'SlB ___ ; 

CPU 
INTERFACE 

[-

I
i---'" 

OUT An] 

-- eLK OUT Rln 

00 

I)I"PtAV 
DATA 

V"~___....r 

Figure 1_ Logic Symbol Figure 2. Pin Configuration 
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HARDWARE DESCRIPTION 
The 8279 is packaged in a 40 pin DIP, The following is 
a functional description of each pin. 

Table 1. Pin Descriptions 

Pin 
Symbol No. Name and Function 

DBo-DS, 8 	 BI~lrection.1 deta bus; All data 
and commands between the CPU 
and the 8279 are transmitted on 

-these lines. 

CLK 1 	 Clock: Clock from system used to 
generate internal timing. 

RESET 1 	 Reset: A high signal on this pin re
sets the 8279. After being reset the 
8279 is placed in the following 
mode: 
1) 16 S-bit character display 

-left entry. 
2) Encoded scan keyboard-2 

key lockout. 
Along with this the program clock 
prescaler is set to 31. 

CS 1 	 Chip Select: A low on this pin ;,n
abies the interface functions to 
receive or transmit. 

Ao 1 	 Buffer Addre•• : A high on this 
line indicates the Signals in or out 
are interpreted as a command or 
status. A low indicates that they 
are data. 

RD,WR 2 	 Input/Output R.ad and Write: 
These Signals enable the data 
buffers to either send data to the 
external bus or receive it from the 
external bus. 

IRO 1 	 Interrupt R.que.l: In a key
board mode. the interrupt line is 
high when there is data in the 
FIFO/Sensor RAM. The interrupt 
line goes low with each FIFOI 
Sensor RAM read and returns 
high if there is still info.mation in 
the RAM. In a sensor mode, the 
interrupt line goes high whenever 
a change in a sensor is detected. 

Vss. Vcc 2 	 Ground and pow.r .upply pin•. 

SLc,-SL. 4 	 Scan Unas: Scan lines which are 
used to scan the key switch or 
sensor matrix and the display 
digits. These lines can be either 
encoeed (1 of 16) or decoded (1 
014). 

RLc,-RL, 6 	 Return Una; Return line inputs 
which are· connected to the scan 
lines through the keys or sensor 
switches. They have active internal 
pullup. to keep them high until a 
switch closure pulls one low. They 
also serve as an &-bit input in the 
Strobed Input mode. 

Pin 
Symbol No. Name and Function 

SHIFT 1 	 Shift: The shift input status is 
stored along with the key position 
on key closure in the Scanned Key
board modes. It has an active in
ternal puUup to keep it high until a 
switch closure pulls it low. 

CNTUSTB 1 	 ControliStro_ Input .--: For 
keyboard modes this line is used 
as a control input and stored like 
status on a key .closure. The line 
is also the strobe line that enters 
the data into the FIFO in the 

I Strobed Input moee. 

(Rising Edge). It has an active in
ternal pullup to keep it high until 
a switch closure pulls it low. 

OUT Ao-OUT A, 4 	 Outpu": These two ports are the 
OUT Bo-OUT a, 4 	 outputs for the 16 x 4 d ispl8y re

fresh registers. The data from 
these outputs is synchronized to 
the scan lines (SLc,-SL,) lor multi
plexed digit displays. The two 4 
bit ports may be blanked inde
pendently. These two ports may 
also be considere(i as one S-bit 
port. 

BD 1 	 Blank Display: This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 

FUNCTIONAL DESCRIPTION 

Since data IOpul and display are an inlegral part of many 
microprocessor designs. the system deSigner needs an 
interface that can control these functions without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit microprocessqrs. 

The 8279 has two sections: keyboard and display The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display 

The 8279 i. designed to directly connect to the 
microprocessor bus. The CPU can program ali operating 
modes for the 8279. These modes include: 
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Input Mod •• 
• 	 Scanned Keyboard - with encoded (8 x 8 key 

keyboard) or decoded (4 x 8 key keyboard) scan lines. 
A key depression generates a 6-bit encoding of key 
position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key lockout 6r N-key rollover. 

• Scanned Sensor Matrix 	- with encoded (8 x 8 matrix 
sWitches) or decoded (4 x 8 matrix switches) scan lines. 
Ke status (open or closed) stored in RAM addressable 
by CPU. 

• Strobed Input -- Data on return lines during control 
line strobe is transferred to FIFO. 

Output Mode. 
• 	 8 or 16 character multiplexed displays that can be or

ganized as dual 4-blt or single.8-blt (\30= Do, A3= Dr). 
• Right entry or left entry display formats. 

Other features of the 8279 include: 

• Mode programming from the C~U. 

• Clock Prescaler 

• Interrupt output to signal CPU when there is keyboard 
or sensor data available. 

• An 8 byte FIFO to store keyboard information. 

• 	 16 byte internal Display RAM for display refresh This 
RAM can also be read by the CPU. 

elK RESET 

PRINCIPLES OF OPERATION 

The following .is a description ofthe major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 3. 

1/0 Control end De .. Buff.... 

The 1/0 control section uses the C$, An, AD and WR lines 
to control data flow tt' 'l'¥l from the various internal 
registers and buffers. A,i data flow to and from the 8279 is 
enabled by CS. The character of the information, giver. or 
desired by the CPU, is identified by An. A 10llie one 
means the information is a command or status. A logic 
zero means the information is data. RE> and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that C0nnect the 
internal bus to the external bus. When t:,e chip is not 
selected (CS =1), the devices are in a high impedance 
state. The drivers input during WR.CS and output during
R5·cs. 

Control end Timing Regl.t.... end Tlmlr>g Control 

These registers store the keyboard and display modes and 
other operating conditions programmed by tha CPU. The 
modes are programmed by presenting the proper 
command on the data lines with An = 1 and then sending 
a WR. The command is latChed on the rising edge of wF!. 

KEYBOARD 
DEBOUNCE 

AND 
CONTROL 

Figure 3. Internal Block Dlegram 
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The command is then decoded and the appropriate 
,function is set The timing control contains th!l basic 
timing counter chain. The first counter is a + N.prescaler 
that can be programmed to yield an internal frequency 
of 100 kHz which gives a 5.1 ms keyboard scan time and 
a 10.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the proper 
key scan, row scan, keyboard matrix scan, and display 
scan times. 

Scan Counter 

The scan counter has two modes. In the encoded mode, 
the ~ounter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoded mode. the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan. so is the display. This means that only the 
first 4 characters ir ·hft.pisplay RAM are dIsplayed. 

In the encoded mode. the scan lines. are active high 
outputs. In the decoded mode, the scan lines are active 
low outputs. 

Return Buffers and Keyboard Debounce 
and Control 
The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode. these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it walts about 10 msec to 
check if the switch remarns closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTlISTB line pulse. 

FIFO/Sensor RAM and Status 

This block is a dual function 8 x 8 RAM. In Keyboard or 
·Strobed Input modes, it is a FIFO_ Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty, Too many reads or· writes will be recognized as an 
error The status can be read by an RD with CS low and 
At;, high. The status togic also provides an IRQ Signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode. the memory is a Sensor RAM. Each row 01 the 
Sensor RAM is toaded with the status of the correspond
ing row of sensor in the sensor matrix. In thismode,lRQ is 
high if a change in a sensor is detected. 

Display Address Registers and Display RAM 

The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed The read/write 
addresses are programmed by CPU command They also 
can be set to auto increment after each read or write. The 
Display flAM Cdn be directly read by the CPU after the 
correct mode and a::1cress is set The addresses for the A 
and B nibbles are "utomatlcally updated by the 8279 to 
matCh data entry by the.CPU. The A and B nibbtes can De 
entered independently or as one word,. according to the 
mode that is set by the CPU Data entry 10 the display can 
be set to either left or TIght entry. See Interface 
ConSideration,s for details. 

SOFTWARE OPERATION 

8279 commands 

The following commands program the 8279 operati!!.!! 
modes. The commands are sent on the Data Bus with CS 
low and At;, high and are loaded to the 8279 on the rising 
edge of WR. 

Keyboard/Display Mode Set 

MSB LSB 

Code: 10[O[0/D[D[K [K[KI 

Where DD is the Display Mode and KKK .Is the Keyboard 
Mode. 'i' 

~ 
o 0 8 8-bit character display - Left entry 

o 16 8-bit character display - Left enrry· 

o 	 8 8-bit character display - Right entry 


16 8-bit cha'acter dIsplay - Right entry 


For description of right and left entry,' see interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of disp.lay mode set. 

KKK 

0 0 0 Encoded Scan Keyboard - 2 Key Lockout· 

0 0 Decoded Scan Keyboard - 2-Key Lockout 

0 0 Encoded Sc~n Keyboard - N-Key Rollover 

0 Decoded Scan Keyboard - N-Key Rollover 

0 0 Encoded Scan Sensor Matrix 

0 Decoded Scan Sensor Matrix 

0 Strobed Input, Encoded Display Scan 

Strobed Input. Decoded Display Scan 

Program Clock 

Code: [0 [ 0 [ 1 [ P [ P [ P [ pip I 
All timing and mulliplexing signals for the 8279 are 
generated by an internal prescaler. This prescaler 
divides the external clock (pin 3) by a programmable 
integer. Bits PPPPP determine the value of this integer 
which ranges from 2 to 31. ChOOSing a divisor thafyields 
100 kHz will give Ihe specified scan and debounce 
times. For instance, if Pin 3 of the 8279 is being clocked 
by a 2 MHz Signal, PPPPP should be set. to 10100 to 
divide the clock by 20 to yield the proper 100 kHz operat
ing frequency. 

R.ad FIFO/Sensor RAM 

Code: 	 X= Don't Care I 011 I0 IAll X IA IA IA I 
The CPU sets up the 8279 for a read of the FIFO/Sensor 
RAM by first writing this command. In the Scan Key

·Default alter reset. 
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board Mode, the Auto-Increment flag (AI) and the RAM 
address bits (AAA) are irrelevant. The 8279 will automati
cally drive the data bus for each subsequent read (AD = 0) 
in the same sequence in which the data first entered the 
FIFO. All subsequent reads will be from the FIFO until 
another command is issued. 

In the Sensor Matrix Mode, the RAM address bits AAA 
select one of the 8 rows of the Sensor RAM. If the AI fiag 
is set (AI = 1), each successive read will be from the sub
sequent row of the sensor RAM. 

Read Display RAM 

Code: lol1111AIIAIAIAIAI 

The CPU sets up the 8279 for a read of the Display RAM 
by first writing this command. The address bits AAAA 
select one of the 16 rows of the Display RAM. If the AI 
fiag is set (AI = I), this row address will be Incremented 
after each following read or write to the Display RAM. 
Since the same counter is used for both reading and 
writing, this command sets the next read or write 
address and the sense of the Auto-Increment mode for 
both operations. 

Write Display RAM 

Code: 111oloiAIIAIAIAIAI 

The CPU sets up the 8279 for a write to the Display RAM 
by first writing this command. After writing the com· 
mand with Ao= 1, all subsequent writes with Ao=O will 
be to the Display RAM. The addressing and Auto· 
Increment functions are identical to those for the Read 
Display RAM. However, this command does not affect 
the source of aubsequent Data Reads; the CPU will read 
from whichever RAM (Display or FIFO/Sensor) which 
was last specified. II, Indeed, the Display RAM was last 
specified, the Write Display RAM will, nevertheless, 
change the next Read location. 

Display Write Inhibit/Blanking 

A B A B 
Code: 

The IW Bits can be used to mask nibble A and nibble B 
In applications requiring separate 4'1>lt display ports. By 
setting the IW flag (lW = 1) for one of the ports, the port 
becomes marked so that entries to the Display RAM 
from the CPU do not affect that port. Thus, if each nibble 
is Input to a BCD decoder, the CPU may write a digit to 
the Display RAM without affecting the other digit being 
displayed. It is important to note that bit Bo corresponds 
to bit Do on the CPU bus, and that bit A3 corresponds to 
bit 0 7, 

II the user wishes to blank the display, the BL flags are 
available for each nibble. The last Clear command issued 
determines the code to be used as a "blank." This code 
defaults to all zeros after a reset. Note that both BL 
flags must be set to blank a display formatted with a 
Single 8-bit port. 
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Clear 


Code: 
 11 11 I 0 I CD I CD I CD I CF I C" I 

The Co bits are available in this command to clear all 
rows of the Display RAM to a selectable blanking code 
as follows: 

CUD'~ I 
C 
: I Ail Zeros (X " Don't Carel 

1 0 AB = Hex 20 10010 00001 

1 1 All Ones 

Enable clear dISplay when = 1 (or by eA " I) 
During the time the Display RAM is being cleared (~160 ~s). 
it may not be written to. The most Significant bit of the 
FIFO status word is set during this time. When the Dis· 
play RAM becomes available again, it automatically 
resets. 

II the CF bit is asserted (c,,= 1). the FIFO status is 
cleared and the interrupt output line is reset. Also, the 
Sensor RAM pointer is set to row O. 

CA, the Clear All bit, has the combined effect of Co and 
CF; It uses the Co clearing code on the Display RAM and 
also clears FIFO status. Furthermore, it resynchronlzes 
the internal timing chain. 

End InterruptiError Mode Set 

Code' 

For the sensor matrix modes this command lowers the 
IRO line and enables further writing into RAM. (The IRO 
line would have been raised upon the detection of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until resetl. 

For the N~key rollover mode - If the E bit is programmed 
to "1" the chip will operate In the special Error mode. (For 
further details. see Interface Considerations Section.) 

Status Word 

The status word contams the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when AD is high and CS and Ri5 are low. See Intertac.e 
Consideratiorls for more detail on status word. 

Dele Read 

Data is read when AD. CS and Ri5'are ali low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of Ri5 will cause the address 
of the RAM being read to be incremented if the Auto
Increment flag is set. FIFO reads always increment (if no 
error occurs) independent of At 

Data Wrile 
Data that is written with AD. CS and WR low is always 
written to the Display RAM. The address is specified by the 
late$t Read Display or Write Display command. Auto
Incrementing on the rising edge of WR occurs if AI set by 
the latest display command. 
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INTERFACE CONSIDERATIONS 
Scanned Keyboard Mode, 2·Key Lockout 

There are three possible combinations of conditions 
that can occur during debounce s~ann'ng. When a key is 
depressed, the debounce toglc IS set. Other depressed 
keys are looked lor during the next two scans. If none 
are encountered, it is a sing'te key depression and the 
key position is entered into the FtFO along with the 
status of CNTL and SHIFT lines. If the FtFO was empty, 
tRQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the key will not be entered 
and Ihe error flag will be set. If another closed switch is 
encountered, no entry to the FIFO can occur. If all other 
keys are released before this one, then It will be entered 
10 the FIFO. If this key is released before any other, It 
will be entirely ignored. A key is entered to the FIFO 
only once per depreSSion, no mailer how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce ' 
cycle, it is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The last key will be treated as a single key depression. 

Scanned Keyboard Mode, N·Key Rollover 
With N·key Rollover each key depress'on IS treated 
mdependently from all others. When a key IS depressed. 
the debounce CirCUIt walts 2 keyboard scans and then 
.checks to see If the key IS stili down If It IS. the key,s 
entered Into the FIFO Any number of keys can be 
depressed and another Can be recognized and entered 
Into the FIFO. If a Simultaneous depreSSIOn occurs, the 
keys are recognized and entered accordtng to the order 
the keyboard scan found them 

Scanned Keyboard - Special Error Mode. 
For N·key rollover mode the user can program a special 
error mode. ThiS IS done by the "End Interrupt/Error Mode 
Set" command. The debounce cycle and key~\laltdjty 

check are as In normal N-key mode If dUring a slngJe 
debounce ~. Iwo keys are found depressed. thiS is 
considered a Simultaneous multiple depreSSion, and sets 
an error flag. ThiS flag will prevent any further wn:lng lnto 
the FIFO and will set Interrupt (If not yet set) The error flag 
could be read In thiS mode by reading the FIFO STATUS 
word (See "FIFO STATUS" for fllliher details.) The error 
flag IS reset by sending the normal CLEAR command with 
Cf 1 

Sen.or Matrix Mode 
In Sensor Matn). mode, the deb':)IJnce logiC IS inhibited 
The status of the sensor sWItch IS inputted directly to the 
Sensor RAM. In thiS way the Sensor RAM keeps an unage 
of the stale of the sWitches In the s,ensor matnx. Although 
debounc'mg IS not provided, thiS mode has the advantage 
thClt the CPU knows how long the sensor was closed and 
when It was released. A keyboard mode can only indicate 
a validated closure To make the software easier the 
deSigner should functionally group the sensors by row 
since thiS IS the format In which the CPU Will read them. 

The IRQ line goes high if any sensor value change IS 
detected at the end of a sensor matnx scan. The IRQ line is 
cleared by the first data read operation if the Auto-

Increment flag IS set tv zero. or by the End Interrupt 
command If the Auto-Increment flag is set to one. 

,Note Multiple changes In the matrIX Addressed by ISLo-3 
= 01 may cause multiple Interrupts. ISLa = 0 in the Decoded 
Mode). Reset may cause the 8279 to see multiple changes. 

Dati Format 
In the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch 
In the keyboard plus the status of the CNTL and SHIFT 
lines (non·inverted). CNTL is the MSB of the character 
and SHIFT is the next most Significant bit. The next 
three bits are from the scan counter and indicate the 
row the key was found in. The lasl three bits are from the 
column counter and indicate to which return line the key 
was connected. 

MSB lSB

I ~ETUR~CNTllSHIFTI 

SCANNED KEYBOARD DATA FORMAT 

In Sensor MatriX mode, the data on the return lines is 
entered directly tn the row of the Sensor RAM that 
corresponds to the row in the matnx bemg scanned. 
Therefore, each switch post Ian maps directly to a Sensor 
RAM position The SHIFT and CNTL inputs are Ignored In 

thiS mode. Note that SWitches are not necessarily the only 
thmg that can be connected to the return lines in thiS 
mode. Any logiC that can be tnggered by the scan lines 
can enter data to the return Ime mputs. Eight multiplexed 
Input ports could belied to the return tmes and scanned by 
the 8279. 

MSB lSB 

In Strobed Input mode. the data IS also entered to the FIFO 
from the return lines. The data is entered by the riSing 
edge of a CNTLlSTB Ime pulse. Data can come from 
another encoded keyboard or Simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 

MSB lSB 

Display 
LeI! Entry 

Left Entry mode IS the simplest dIsplay format In that each 
display pOSition directly corresponds to a byte (or nibble) 
In the Display RAM Address 0 In the RAM IS the left·most 
display character and address 15 (or address 7 in 8 
character display) IS the right most display character. 
Entenng characters from position zero causes the display 
to fill from the left The 17th (9th) character isenlered back 
In the left most POSItion and filling again proceeds from 
there 
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o 1 14 lS,...--Display 

r;IT _- - - _-ill RAM1st entry 
~ Address 

o 1 1514 

2nd entry ~ =- - -r=o 
o 1 14 15 


16th entry E= ~ ==~ 

o 1 14 15 

17thentry ~= ==~~ 
o 1 '514 

18thentry QE= ===EEJ 
LEFT FNTRV MODE 
(AUTO INCREMENT) 

RighI Entry 

Right entry 1$ the method used by most electronic 
calculators The first entry is placed In the fIght mo~t 
display character The next entry is also placed in the rrght 
most character atter the display IS shifted left one 
character The left most character IS shifted off the end 
and IS lost 

1 2 14 15 O. Display 

1st entry IT]== ~ =I 11 I::d~ess 

o 1 13 '4 15 

'6th enVy GEI= - = -114H'6 1 


1 2 14 15 0 

17then"y ~= = = = I '5i'6iv1 

2 3 15 1
0 

18'hen;,y ~= __ =1,61171,81 
A IGHT ENTRY MODE 
IAUTO INCREMENT) 

Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position In the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
o wIth sequential entry is recommended. 

Auto Increment 

in the Left Entry mode, Auto Incrementing causes the 
address where the CPU will n~xt write to be lO~remented 
by one and the cnaracter appears in the next location. 
With non-Auto Incrementing the entry IS both to t~e same 
RAM address and display position. Entry to an arbitrary 
address in the Auto tncrement mode has no undesirable 
side effects and the result is predictable: 

1st entry 

2nd entry 

3<d 'Wy 

4th ,n',y 

o 1 2 3 4 5 6 7~ Display 

1'1 I I I I I I I ~~..s 

01234567 
l' 12 I I I I I I I 

Enter next at Location 5 Auto Increment 

01234567 
l' I 2 [ [ I [3 [ I I 
01234567 

l' 12 I I I [3 [ 4 [ 
LEFT ENTRV MODE 

IAUTO INCREMENT! 


In the Right- Entry mode, Auto Incrementmg and. non 
Incrementing have the same eflect as in the Left' Entry 
except If the address sequence IS interrupted: 

RAM
Address 

1st entry 

2nd.nrry 

Command1()()10101 

Jrd entry 

4th en',y 

I 2 3 4 5 6 7 0 ...... Oispl.y 

I I I I I I It I
L.-J..-J.L-L.-1..-1._'-L.-lr 

23456701 
II I : [i 1'121 
23456701 

l' 121 
Entet" next ilt Loahon 5 Auto 1000ement 

34567012 

I ! I31 l' 12 I I 

45670123 

I3 14 I : I 12 I [ I 
RIGHT ENTRY MODE 
(AUTO INCREMENT) 

Starting at an arbitrary locatIOn operates as shown below: 

Command1()()10101 

1st entry 

2nd entry 

8th entry 

9th entry 

o 1 2 3 4 5 6 7~ Displ.y 

II [ [ [ [ \11 ::... 
Enter next at Location 5 Auto Increment 

12345610 

\1 I 
23456701 
I I l' 121 I I I 
J.!516[7Isl'12131 

15[617Is\912[3141 
RIGHT ENTRV MODE 

IAUTO INCREMENT! 
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Entry appears to be Irom the initial entry point. 

1116 Character Display Forma's 

I! the display mode is set to an 8 character display. the on 
duty-cycle is double what it would be lor a 16 character 
display (e.g., 5.1 ms scan time lor 8 characters vs. 10.3 ms 
lor 16 characters with 100 kHz internal frequency). 

G. FIFO Slatus 

F.IFO status is used in the Keyboard and Strobed Input 
modes to indicate the number 01 characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun. and underrun. 
Overrun occurs when the entry of another character into a 
lull FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 

The FIFO status word also has a bit to indicate that tne 
Display RAM was unavailable because a Clear Display or 
Clear All command had nol completed its clearing 
operation. 

~IFT CNTlINT 
INT 

OATA BUS 
MICRO DATA 

PROCESSOR 

...n 

1IUS '<' "- -y °0 _1 

SYSTEM 
AD 

iOiI 
WA '271

CONTROLS { iOii 
RESET 

RESET 

Cl..ADDRESS { ..a 
eus 

eLK
CLOCK eLK 

8 0 _3 

In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate thaI at least one sensor closure indica· 
tion is contained in the Sensor RAM. 

In Special Error Mode the S/E bit Is showing the error 
flag and serves as an indication to whether a simultane· 
ous multiple closure error has occurred. 

FIFO STATUS WORD 

Multiple Closures 
L ____ Display unavailable 

KEYBOARDSHIFT MATRIX 

CONTROL 

8 COLUMNS ~,-RETURN 
LINES 

RO_J 3 I 3"no 

"sol. 
"., ./ 

SCAN LINES 

I ROWS 

fl 

8 DECOOER 

£-1 3lU' 

t· 
" -160ECOOER 

H"
80r~~~~~vl 
.. ADDRESSES 

IDECOOED) 

DISf'l.AV. CHARACTERS 
DATA 

DISPLAY 

-00 oot drive the keyboard decoder with the MSB of the scan linea_ 

Figure 4. System Block Diagram 
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8355/8355-2 
16,384-8IT ROM WITH 1/0 

• 	2048 Words )( 8 Bits • Each 1/0 Port Line Individually 

Programmable as Input or Output 


• Single + 5V Power Supply 
• Multiplexed Address and Data Bus 

• Directly Compatible with 808SA 

and IAPX 88 Microprocessors • Internal Address Latch 


• 2 General Purpose 8·Blt 1/0 Ports • 40·Pin DIP 

The Intel® 8355 is a ROM and I/O chip to be used in the 808SA and iAPX 88 microprocessor systems. The ROM portion is 
organized as 2048 words by 8 bits. It has a maximum access time of 450 ns to permit use with no wait states in the 8085A 
CPU. 

The 1/0 portion consists of 2 general purpose 1/0 ports. Each 1/0 port has 8 lines and eacn 1/0 port line is individually pro
grammable as input or output. 

The 8355-2 has a 300 ns access time for compatibility with the 8085A-2 and 5 MHz iAPX 88 microprocessors. 

eE, vee 

elK 

.B,

'B, 

RESET 'B, 
N.C. (NOT CONNECTED)· .B, 

ADo_1 

B 	
PO, 

PO, ....., 	 PO,Ae-- 1o 
OD0 .... 

eE, iOW PA, 

CEI ROM 
 .A, 

101M 
AO. P",

ALE 	 ..... , 
AO, PA,RO 
AO,lOW 	 ~ 
AD,

RESET 
AD, PA,iOR 
AD, PA, 

A"~V"('5V( 	 AD, 
CD AD7 A, 

Vss (OVI 
V" 

'For 875M compatibility, pin 5 should be directly tIed 10 VCr. 

Figure 1. Block Diagram Figure 2. Pin Conftguratlon 
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FUNCTIONAL DESCRIPTION 
ROM Section 
The 8355 contains an 8·bit address latch which allows it 
to Interface directly to MCS·48. MCS-85. and IAPX 88110 
Microcomputers without additional hardware 

The ROM section of the chip is addressed by an 11-bot 
address and the Chip Enablos. The address and levels on 
th~ Chip Enable pins are latched Into the address latches 
on !he failing edge of ALE. " the latched C'HP Enables 
are active and 101M IS low when AD goes low, the contents 
01 the ROM tocation addressed by the latched address 
are put out through ADo-7 output butlers 

1/0 Section 
The 110 section of the chip IS addressed by the latched 
value of ADo-1. Two 8-blt Data Direction Registers DDR 
in 8355 determine the input/output status of -;ach pin In 
the corresponding ports. A "0" in a particular bit pOSItion 
of a DDR signifies that the corresponding I/O port bit IS 

in the input mode A "1" In a partIcular bit position sIgnI
fies that the corresponding I/O port bit IS In the output 
mode. In this manner the 110 ports of the 8355 are blt-by
bit programmable as Inputs or outputs. The table sum
manzes port and DDR designatIon DDR's cannot be 
read 

AD, ADo Seleclion 

0 0 Port A 
0 1 Port B 
1 0 Port A Data Direction Register DORA 
1 1 Port B Data Direction Register ,DDRB 

When lOW goes low and the Chip Enables are active, the 
data on the ADo-7 is written into 1/0 port selected by the 
latched value of ADo-,. During this operation al/ 1/0 bits 
01 the selected port are affected, regardless of their 1/0 
mode and the state of 101M The actual output level does 
not change until lOW returns high' glitch free output 

A port can be read out when the latched Chip Enables are 
active and either AD goes low WIth 101M hIgh, or lOR 
goes low Both input and output mode bits of a selecied 
port WIll appear on /ines ADD- 7 

To ctarily the function of the tlO ports and Data DlreCllon 
Registers, the following diagram shows the conflgura.lIOn 
of one bit 01 PORT A and DDR A. The same logic applies 
to PORT Band DDR B. 

Note that hardware RESET or writing a zero to the DDR 
tatch WIll cause the output latch's output buffer to be 
disabled, preventing the data '" the output latch from 
being passed through to the pin. ThiS is eqUIvalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Out
put Buffer has been disabled. This enables a port to be 
initialized with a value prior to enabling the output. 

The diagram also shows that the contents 01 PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 

1115t> 

0,.,£ BIT OF !>(lIH A ANLJ DOR A 


--i;>---l 
O\I'PI.'1 I ' 
Ei'<AlJLf 

I i 

LL0::\ 
I I \::Y 
! I 
I I

WRITfLJDRA 

I : ----o===; , 
R£AO PA 

WF1ITf PA IIOW 0'. (CHIP ENABlESACTIV[1 • :1>01'11 A AOOIHSS S!:l ECTEDI 
WlllTf DOl" A _lOW OI.lcmp r"lAItt.ESACTIV£1 _IDOR A ADDRESS SHECf£OI 
IHAD PA litO M 11.·Ro 01 . <:OR 0'· .I(MIP (IIIAILlS ~CTIVf'. ,PO"'l A AODHfS~SHECTEOI 

NOTE WRITE PA IS NOT OUAlIflED BV 10 1M 

Figure 3. 8355 One Bit of Port A and DDR A 

SYSTEM APPLICATIONS 

System Interface with 808SA and IAPX 88 
A system uSing the 8355 can use either one 01 the two 
1'0 Interface techniques 

• Standard 1/0 
• Memory Mapped 1.'0 

If a standard I/O technique is used, the system can use 
the leat~re 01 both CE2 and GE,. By using a combina· 
tion 01 unused address lines A,,_'5 and the Chip 
Enable inputs, the system can use up to 5 each 8355's 
without requiring a CE decoder. See Figure 5a and 5b, 

If a memory mapped I/O approach is used the 8355 will 
be selected by the combination of both the Chop En· 
abies and 101M using ADa_,5 address lines. See Figure 
4, 

BOSS 

Figure 4. 8355 In 8085A System 

_..J~_e:"ory-Mapped 1/0) 
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8755A18755A·2 

16,384·BIT EPROM WITH 1/0 


• 2048 Words x 8 Bits 	 • 2 General Purpose 8·Bit 110 Ports 

• Each 110 Port Line Individually • Single + 5V Power Supply (Vce> 
Programmable as Input or Output' 

• Directly Compatible with 8085A • Multiplexed Address and Data Bus 
and 8088 Microprocessors 

• 40·Pin DIP• U.V. Erasable and Electrically 
Reprogrammable 	 • Available in EXPRESS 


- Standard Temperature Range 

• Internal Address Latch 	 - Extended Temperature Range 

The Intel" 8755A is an erasable and electrically reprogrammable ROM (EPROM) and 110 chip to be used in the8085A and 
iAPX 88 microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access 
time of 450 ns to permit use with no wait states in an 8085A CPU. 

The 1/0 portion consists of 2 general purpose 1/0 ports. Each 1/0 port has 8 port lines, and each 1/0 port I ine is individually 
programmable as input or output. 

The 8755A·2 is a high speed selected version of the 8755A compatible with the 5 MHz 8085A·2 and the 5 MHz iAPX 88 
microprocessor. 

ClK-----, 

READV_-_-j 

Ae-10 '--__ ,'I 

e.,----I o o 
10"'----1 
ALE----1 
Rli----t o GiOii----1 

RESET----i 

iOR---..J 

PAOGfCE I 

V.D 

Figure 1. Block Diagram 	 Figure 2. Pin Configuration 
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828218283 
OCTAL LATCH 

• Address Latch for iAPX 86, 88,186, • 3·State Outputs 
188, MCS.80®, MCS·8S®, MCS·48® 
Famlies • 	 2O·Pln Package with 0.3" Center 

• 	 High Output Drive Capability for 
Driving System Date Bus • 	 No Output Low Noise when Entering 

or Leaving High Impedance State 
• 	 Fully Parallel 8-Blt Date Register and • 	 Available in EXPRESSBuffer - Standard Temperature Range 
• 	 Transparent during Active Strobe . Extended Temperature Range 

The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to Implement latch .., buffers, 
or multiplexers. The 8283 inverts the input data at Its outputs while the 8282 does not. Thus, all of the principal parlph
eral and inpuUoutput functions of a microcomputer system can be implemented with these devices. 

""r-------, 
I I 

o Q --+-8 
I 

I 

I 


L~~-----iL_El 
--------H -a 

8 -6 
8 8 
-a ~-------~ .~ 

-a 
~-t--l ... -0-a ~t~=======l--~ 
fBI ,fl--------0 

Figure 1. logic: Diagram. 	 Figure 2. Pin Configuration. 
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8284A/8284A-1 

CLOCK GENERATOR AND DRIVER FOR 


iAPX 86, 88 PROCESSORS 


• 	 Generates the System Clock for the • Single +5V Power Supply 
iAPX 86, 88 Processors: 

• 	 Generates System Reset Output from 5 MHz, 8 MHz with 8284A 
Schmitt Trigger Input 10 MHz with 8284A·1 

• 	 Uses a Crystal or ~ TTL Signal for • 	 Capable of Clock Synchronization withFrequency Source Other 8284As 
• 	 Provides Local READY and Mu/tibus™ 

• 	 Available in EXPRESS READY Synchronization 
- Standard Temperature Range 

• 	 18·Pln Pack!lge - Extended Temperature Range 

iles ....-:" D 


RESET 


X1 


X2 osc 


Fie 

+3 PClK 

SYNC RDY1 ~ 

:SYNC READY 

RDY1 


ClK 

AEN1 


RDY2 

AEN2 	 READY 

EFI 

ASVNC 

8284A/8284A-1 Pin 
8284A18284A-1 Block Diagram Configuration 
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828618287 

OCTAL BUS TRANSCEIVER 


• 	 Data Bus Buffer Driver for IAPX • 20·Pin Package with 0.3" Center 
88,88, 188, 188, MCS-SOTM, MCS-8STM, 
and MC8-48™ Famill .. 

• 	 No Output Low Noise when Entering 
• 	 High Output Drive C,apability for or Leaving High Impedance State 

Driving System Data Bus 

• 	 Fully Parallel 8·Blt Transceivers • Available in EXPRESS 
- Standard Temperature Range 

• 	 3·State Outputs - Extended Temperature Range 

The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs, The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 
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Vee 
Bo 
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Figure 1. logic Dlegreml Flgur. 2. Pin Conflguretlonl 
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8288 

BUS CONTROLLER 


FOR iAPX 86, 88 PROCESSORS 


• Bipolar Drive Capability • Conflgurable for Use with an UO Bus 

• Provides Advanced Commands • Facilitate. Interface to One or Two 
Multl·Ma.ter Bu ....Provides Wide Flexibility In System • 

Configurations • Available In EXPRESS 
- Stand£rd Temperature Range • :JoState Command Output Drivers 
- Extended Temperature Range 

The Intel- 8288 Bus Controller is a 2o-pin bipolar component lor use with medium-to-Iarge IAPX 86, 88 processing 
systems. The bus controller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing system pertormance. 

A strapping option on the bus controiler configures it for use with a multi-master system bus and separate VO bus. 
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CK 
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CONTROL 
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MWTC 
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IORC 
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+5' GNO 

FIgure 2. 
FIgure 1. Block Diagram Pin Conflgurallon 
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8289 
BUS ARBITER 

• 	 Provides Multl·Master System Bus • Compatible with Intel Bus Standard 
Protocol MULTIBUSTII 

• 	 Synchronizes IAPX 88, 88 Processors • 	 Provides System BlIS Arbitration for 
with Multl·Master Bus 8089 lOP In Remote Mode 

• 	 Provides Simple l!"Iterface with 8288 • 	 Available in EXPRESS 
Bus Controller - Standard Temperature Range 

- Extended Temperature Range • 	 Four Operating Modes for Flexible 
System Configuration 

The Intel 8289 Bus Arbiter;;, a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86, 88 multi 
master/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus masters, such as 
an 8086 CPU with 8089 lOP in its REMOTE mode, while providing bipolar buffering and drive capability. 

IClK 1INIT 
iiiEQ MUlnaus™ 
iiiiii COMIIAND 
.PRO SIGNALS 

IUSY 
CIAQ 

+5V 

Figura 1, BloCk Diagram 

Yee OND Yee 

so 	 jjjjf 

~ elK 
ilIlO

[l!a 	 MULTI'USIIPIIIl INTERFACE 
~ 	 t:lIal mm....

eLK IUSY 
CONTIIOIJ ~ CBlRI"""""'NQ - ..,..CIt'TIONO - ANYOOST SYs84IDB } SYSTEM 

R)I XER _HALS 

figure 2. Pin Diagram 	 figure 3. Functional Pinout 
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8291A 

GPIB TALKER/LISTENER 


• 	 Designed to Interface • 1-8 MHz Clock Range 
Microprocessors (e.g., 8048/49, 8051, • 	 16 Registers (8 Read, 8 Write), 2 for 
8080/85, 8086/88) to an IEEE Standard Data Transfer, the Rest for Interfa'ce 
488 Digital Interface Bus Function Control, Status, etc. 

• 	 Programmable Data Transfer Rate • 	 Directly Interfaces to External 
• 	 Complete Source and Acceptor Non-Inverting Transceivers for 

Handshake Connection to the GPIB 

• 	 Complete Talker and Listener • Provides Three Addressing Modes, 
Functions with Extended Addressing 	 Allowing the Chip to be Addressed 

Either as a Major or a Minor Talker/• 	 Service Request, Parallel Poll, Device 
Listener with Primary or SecondaryClear, Device Trigger, Remote/Local 
AddressingFunctions 

• DMA Handshake Provision Allows for• Selectable Interrupts 
Bus Transfers without CPU 

• 	 On-Chip Primary and Secondary Intervention
Address Recognition 

• Trigger Output Pin 
• 	Automatic Handling of Addressing and 

• On-Chip EOS (End of Sequence)Handshake Protocol 
Message Recognition Facilitates 

• 	 Provision for Software Implementation Handling of Multi-Byte Transfers 
of Additional Features 

The 8291 A is an enhanced version of the 8291 GPIB Ta!ker/Listener designed to interface microprocessors to 
an IEEE Standard 488 Instrumentation Interface Bus. It implements all of the Standard's interface functions 
except for the controller. The controller function can be added with the 8292 GPIB Controller, and the 8293 
GPIB Transceiver performs the electrical interface for Talker/Listener and Talker/Listener/Controller 
configurations. 

1·291. 	 I829" 

I 	 GPIB DATA 

I 
I 	 INTERFACE 

FUN~:IONS ~GPC::"-=:CO"'N""TR-=:Ol" 
TO NQN·INVE RTING 

AH BUS TRANSCEIVERS 
TE
l" 
SA 
Rl I 
pp fIR CONTRQL. 

Figure 1. Block Diagram 	 Figure 2. Pin Configuration 
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8292 

GPIB CONTROLLER 


• 	 Complete IEEE Standard 488 Controller 
Function 

• 	 Interface Clear (IFe) Sending Capability 
Allows Seizure of Bus Control andlor 
Initialization of the Bus 

.. 	 Responds to Service Requests (SRQ) 

• 	 Sends Remote Enable (REN), Allowing 
Instruments to Switch to Remote 
Control 

• Complete Implementation of Transfer 
Control Protocol 

• Synchronous Control Seizure Prevents 
the Destruction of Any Data 
Transmission In Progress 

• Connects with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Talkerl Listener/Controller 

The 8292 GPIB Controller is a microprocessor-controlled chip designed to function with the 8291 GPIB Talker/Listener 
to implement the full IEEE Standard 488 controller function, including transfer control protocol. The 6292 is a pre
programmed Intei"' 8041A. 
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Flgure1. 82111,82112 Block Diagram 	 Figure 2. Pin Configuration 

338 



8293 
GPIB TRANSCEIVER 

• Nine Open-collector or Three-state 
Line Drivers 

• 	48 mA Sink Current Capability on 
Each Line Driver 

• Nine Schml.tt-type Line Receivers 

• High Capacitance Load Drive 
Capability 

• Single 5V Power Supply 

• 28-Pln Package 

• Low Power HMOS Design 

• On-chip Decoder for Mode 
Configuration 

• Power Up/Power Down Protection to 
Prevent Disrupting the IEEE Bus 

• Connects with the 8291A and 8292 to 
Form an IEEE Standard 488 Interface· 
Talker/Listener/Controller with no 
Additional Components 

• Only Two 8293's Required per GPIB 
Interface 

• 	On~Chlp IEEE-488 Bus Terminations 

The Intel'" 8293 GPIB Transceiver is a high-current, non-inverting buffer chip deSigned to interface the 8291A GPIB 
Talker/Listener, or the 8291 N8292 GPIBTalker/Listener/Controlier combination, to the IEEE Standard 488-1978Instrumen
tation Interface Bus. Each GPIB interface would contain two 8293 Bus Transceivers. In addition, the 8293 can also be used 
as a general-purpose bus driver. 

T/A1 

GENERAL PURPOSE INTERFACE 8US 

Figure 1_ 8291A. 8292, 8293 Block Diagram 
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8294A 

DATA ENCRYPTION UNIT 


• Certified by National Bureau of • 7·Bit User Output Port 
Standards 

• Single 5V :t 10% Power Supply 

• 400 Byte/Sec Data Conversion Rate 
• Fully Compatible with iAPX-86,aa, 

• 64·Bit Data Encryption Using 56·Bit MCS-85™, MCS-80Tl., MCS-51™, and 
Key MCS-48T1• Processors 

• DMA Interface • Implements Federal Information 
Processing Data Encryption Standard 

• 3 Interrupt Outputs to Aid in Loading 
and Unloading Data • Encrypt and Decrypt Mod~s Available 

The Intel" 8294A Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and decrypt 54-bit 
blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard. The DEU 
operates on 64·bit text words using a 56-bit user·specified key to produce 64-bit cipher words. The operation is reversible: 
if the cipher word is operated upon, the original text word is produced. The algorithm itself is permanently contained in the 
8294A; however, the 56-bit key is user-defined.and may be changed at any time. 

The 56·bit key and 54·bit message data are transferred to and from the 8294A in 8-bit bytes by way of the system data bus. A 
DMA interface and three interrupt outputs are available to minimize software overhead associated with data transfer. Also, 
by using the DMA interface two or more DEUs may be operated in parallel to achieve effective system conversion rates 
which are virtually any multiple of 400 bytes/second. The 8294A also has a 7·bit TTL Compatible output port for 
user·specified functions. 

Because the 8294A implements the NBS encryption algorithm il can be used. in a variety of Electronic Funds Transfer 
applications as well as other electronic banking and data handling applications where data must be encrypted. 
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8295 
DOT MATRIX PRINTER CONTROLLER 

• Interfaces Dot Matrix Printers to • Programmable Print Intensity 
MCS·48"", MCS·80/85™, MCS·86T11 

Systems 
• Single or Double Width Printing 

• 	40 Character Buffer On Chip 
• 	Programmable Multiple Line Feeds • Serial or Parallel Communication with 

Host 

• 	DMA Transfer Capability • 3 Tabulations 

• 	Programmable Character Density (10 or 
12 ChararcterS/lnch) • 2 General Purpose Outputs 

The Intel~ 8295 Dot Matrix Printer Controller provides an Interface for microprocessors to the LRC 7040 Series dot 
matrix impact printers. It may also be used as an Interface to other similar printers. 

The chip may be used-in a serial or parallel communication mode with the host processor. In parallel mode, data 
transfers are based on polling, interrupts, or DMA. Furthermore, It provides Internal buffering of up to 40 characters 
and contains a 7 x 7 matnx character generator accommodating 64 ASCII characters. 
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8041~8641~8741A 
UNIVERSAL PERIPHERAL INTERFACE 

8-BIT MICROCOMPUTER 
• 8-Blt CPU plus ROM, RAM, 1/0, Timer 

and Clock in a Single Package 

• One 8·Bit Status and Two Data Regis· 
ters for Asynchronous Slave· to-Master 
Interface 

• DMA, Interrupt, or Polled Operation 
Supported 

• 1024)( 8 ROMIEPROM, 84 )( 8 RAM, 
8·Blt TimerlCounter, 18 Programmable 
110 Pins 

• 	 Fully Compatible with All 
Microprocessor Families 

• 	 Interchangeable ROM and EPROM 
Versions 

.3.6 MHz 8741A·8 Available 

• 	Expandable 110 

• 	 RAM Power· Down Capability 

•. Over 90 Instructions: 70% Single Byte 

• 	 Available In EXPRESS 
-Standard Temperature Range 
-Extended Temperature Range 

The Intel" 8041A18741A is a general purpose. programmable interlace device designed for use with a variety 01 8-blt 
microprocessor systems. It contains a low cost microcomputer witn program memory. data memory. 8·blt CPU. 110 
ports. timer/counter. and clock in a single 40,pin package. Interface registers are included to enable the UPI device to 
lunction as a peripheral controller in MCS·48T.... MCS.ao'M, MCS·8S™. MCS·86'.... and other 8-bit systems, 

The UPI·41A'''' has lK words of program memory and 64 words 01 data memory on,chip. To allow full user flexibility the 
program memory is available as ROM in the 8041 Aversion or as UV·erasable EPROM in the 8741A version, The 8741A 
and the 8041 A are fully pin Compatible for easy transition Irom prototype to production level deSigns. The 8641 A is a 
one-time programmable (at the factory) 8741A which can be ordered as the first 25 pieces 01 a new 8041A order. The 
~ubstitutlon of 8641A's for 8041A'a allows for very fast turnaround lor initial code veriflcatiop and evaluation results. 

The device has two 8·bit, TTL compatible I/O ports and two test inputs. I~dividual port lines can function as either in· 
puts or outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has 
16 110 lines. An 8-bit programmable timer/counter is included In the UPI device for generating timing sequences or 
counting external inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041A), 
single·step mode lor debug (in the 8741A), and dual working register banks. 

Becallse it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI inter· 
lace devices. It Is designed to be an efficient controller as well as an arithmetic processor. Applications include key· 
board scanning. printer control. display multiplexing and similar functions which involye Interlacing peripheral 
devices to microprocessor systems. 

PIN CONFIGURATION 	 BLOCK DIAGRAM 

-..
• 


....
.. '" 
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S04SAH/S035AHUS049AH 

8039AHU8050AH/S040AHL 


HMOS SINGLE-COMPONENT 8-BIT MICROCOMPUTER 


• High PerfonMnce HMOS II 

• Internl Timer/Event Counter 

• Two Single Level Interrupts 

• Single 5-Volt Supply

• Over 96 Instructions; 90% Single Byte 

• Reduced Power Consumpllon 

• Compatible with 8080/8085 Peripherals 

• Easily Expandable Memory and I/O

• Up to 1.36 j.lSec In.tructlon Cycle 
All Instructions 1 or 2 cycles 

The Intel MCS.·48 family are totally self·sufficient, 8·bit parallel computers fabricated on single silicon chips 
using Intel's advanced N-channel silicon gate HMOS process. 

The family contains 27110 lines, an 8-bit timer/counter, and on·board oscillator/clock circuits. For systems that 
require eldra capability, the family can be expanded using MCS··80/MCS··85 peripherals. 

To minimize development problems and prOVide maximum flexibility, a logically and functionally pin·compatible 
version of the ROM devices with UV·erasable user-programmable EPROM program memory is available with 
minor differences. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program 
memory resuns lrom an instruction set conSisting mostly of single byte instructions and no instructions over 
2 bytes in length. 

Device Internal Memory 

8OSOAH 4K. 8 ROM 

8049AH 2K' 8 ROM 

8048AH 1K x 8 ROM 

8040AHL none 

8039AHL none 
8035AHL none 

256' 8 RAM 

l 128 x 8RAM 
I 64 x 8 RAM 

I 256 x 8 RAM 
I 128 x 8 RAM 

I 64 x 8 RAM 
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Pin 
Symbol No. 

VSS 20 

VDD 26 

VCC 40 

PROG 25 

Pl0·PH 27-34 
Port 1 

P2O·P23 21-24 
P24-P27 35-38 
Port 2 

DBO·DB7 12-19 
BUS 

TO 1 

T1 39 

m 6 

8048AH/8035AHU8049AH 
8039AHU~50AH/8;J4()AHL 

Table 1. Pin Description 

Pin 
Function Symbol No. 

Circuit GND potential "1m 8 

+5V during normal operation. 

Low power standby pin. 

Main power supply; + 5V 
during operation. 

Output strobe for 8243 I/O 
expander. 

REm 4 
8-bit quasi-bidirectional port. 

8-bit quasi-bidirectional port. 
P20-P23 contain the four high 
order program counter bits 
during an external program WA 10 
memory fetch and serve as a 
4·bit I/O expander bus for 
8243. 

True bidirectional port which 
can be written or read ALE 11 
~chrOnOUSIY using the "1m, 

strobes. The port can also 
be statically latched. 

Contains the 8 low order 
program counter bits during an 
external program memory 
fetch. and receives the 
addressed instruction under the ~ 9 
control of ~. Also contains 
the addrass and data during an 
external RAM data store 
instruction. under control of 
ALE. RD. and WA. "SS 5 

Input pin testable using the 
conditional transfer instructions 
JTO and JNTO. TO can be 
designated as a clock output 
using ENTO CLK instruction 

Input pin testable using the EA 7 

JTl, and JNTI instructions. 
Can be designated the timerl 
counter input using the STRT 
CNT instruction. 

Interrupt input. Initiates an 
interrupt if interrupt is enabled. 
Interrupt is disabled after a XTALI 2 
reset. Also testable with 
conditional jump instruction. 
(Active low) interrupt must 
remain low for at least 3 

XTAL2 3 

machine cycles for proper 
operation. 
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Function 

Output strobe activated during 
a BUS read. Can be used to 
enable data onto the bus from 
an external device. 

Used as a read strobe to 
external data memory. 
(Active low) 

Input which is used to initialize 
the processor. (Active low) 
(Non TTL VIH) 

Used during power down. 

Used during ROM verification. 

Output strobe during a bus 
write. (Active low) 

Used as write strobe to 
external data memory. 

Address latch enable. This 
signal occurs once during each 
cycle and is useful as a clock 
output. 

The negative edge of ALE 
strobes address into external 
data and program memory. 

Program store enable. This 
output occurs only during a 
fetch to external program 
memory. (Active low) 

Single step input can be used 
in conjunction with ALE to 
"single step" the processor 
through each instruction. 
(Active Low) 

Used in sync mode 

External access Input which 
forces all program memory 
fetches to reference extemal 
memory. Useful for emulation 
and debug. (Active high) 

Used during ROM verification 
(12V) 

One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL VIH) 

Other side 01 crystal input. 



I048AH18035AHL!8048AH 
8039AHU805OAH/8040AHL 

~ IIegIaIIara 

Il1o-* DeecIipIIoII 8ytoo c, ..........,.. o-1pIIon 8ytoo c,
ADDA. R Add reg;,.... 10 A 1 1 INCR Increment register 1 1 
ADDA.@R Add data memory 10 A 1 1 INC@R Incremenl date memory 1 1 

ADD A," da.. 
ADOCA, R 
ADOCA,@R 

ADOCA,tdata 

ANLA,R 
ANLA,@R 
ANLA, II data . 
ORLA,R 
ORLA@R 
ORLA,tdata 
XRLA. R 

Add immedialelo A 
Add register w~h carry 

Add da" memory
with carry 
Add imrNdiate 
with carry 
And regi..... 10 A 
And data memory 10 A 
And immedia" 10 A 
Or register to A 
Or data memory 10 A 
Or immediate to A 
Exclusive or register 
toA 

2 , , 
2 

1 
1 
2 
1 

1 

2 , 

2 
1 
1 

2 

1 
1 
2 , , 
2 , 

DECR 

8-JMp.ddr 
JMPP@A 
DJNZ R. addr 

JC addr 
JNCaddr 
JZaddr 
JNZaddr 

Decrement regl ..... 

o-1pIIon 
Jump unconditional 
Jump indirect 
Deer_I register 
and pip 
Jump on carry = 1 
Jump on carry = 0 
Jump on A_o 
Jump on A not_o 

1 1 

Bytes c,
2 2 
1 2 
2 2 

2 2 
2 2 
2 2 
2 2 

XRLA.@R Excluliye or data 
memory to A 

1 1 JTOaddr 
JNTOaddr 

Jump on TO = 1 
Jump 01\ TO =0 

2 
2 

2 
2 

XRL, A, /I data 

INCA 

Exclusive or 
immediate to A 
Increment A 

2 

1 

2 

1 

JT' addr 
JNTl addr 
JFO addr 

Jump on T1-1 
Jump on Tll1: 0 
Jump on fI) =1 

2 
2 
2 

2 
2 
2 

DEC A 
CLRA 
CPLA 
DAA 
SWAP A 

Decrement A 
Clear A 
Complement A 
Decimal adjul1 A 
Swap n,bbles of A 

1 
1 
1 
1 
1 

1 , 
1 
1 

1 

Jfl addr 
JTF add, 
JNladdr 
J8b add, 

Jump 01\ Fl =1 
Jump on timer flag 
Jump 01\ INT· 0 
Jump on accumulator 
bit 

2 
2 
2 
2 

2 
2 
2 
2 

RLA ROlale A lell 1 1 
RLCA 

RRA 
RRCA 

Rotate A left 
through carry 
Rotat. A righl 
Rotate A righl 
thl'OUl/h carry 

1 

1 
1 

, 
, 
1 

............-CALL addr 
o-1pIIon 
Jump to IUbroutlna 

.,... c,
2 2 

RET Return 2 
RETR Ratumand_ 2 

........,.~ I1atua 

Il1o-* DescIIpIIoft 
INA. P Input pottlo A 
OUTLP, A Output A 10 port 
ANLP,'data And imrnadiate to port 
ORL P,.data Or immediate to port 
INSA,8US Input BUS to A 
OUTL BUS, A Oulpul A 108US 
ANL ~S, • data And immediate to 8US 
ORL BUS, , data Or immediate 10 BUS 
MOVDA.P Input expander pott 

.ytoo Cydoe 
1 2 
1 2 
2 2 
2 2 
t 2 , 2 
2 2 
2 2 
1 2 

.....-CLRC 
CPlC 
CLR fI) 
CPLFO 
CLR Fl 
CPLFI 

~ 
Clear carry 
Com,*,"-, carry 
C"'rftegO 
~ftegO 
Ctearfteg 1 
Complement fteg 1 

.,.. Cydes 

toA 
MOVDP. A Output A to expander 1 2 

ANLDP, A 
pott 
And A 10 expender pott , 2 

ORLDP.A Or A to expander pott 1 2 
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8048AH/8035AHU8049AH 
8039AHU80SOAH/8040AHL 

TetQ 2. Instruction Set (Conllnued) 

Description Byteo Cye... 
Move register to A I 

Move data memory 
loA 
Move Immediate to J 2 
Move A to register 
Move A to data 
memory 
Move Immediate 
to register 

MOV @R, , data Move Immediate to 

TI...../C-ter 

Mnemonle 
MOVA. T 
MOVT. A 
STRTT 
STAT CNT 
STOP TeNT 
EN TCNTI 

DIS TCNTI 

Control 

Mnemonic 
ENI 

DISI 

SEl RBO 
SEl RBl 
SEl MOO 
SEl MBl 
ENTO ClK 

M_ 
NOP 
IDL 

MM_1e 
MOVA.R 
MOVA.@R 

MOV A.• dala 
MOVR.A 
MOV@R.A 

MOV A, If data 

DeocrtpIIon 
Read timer/counter 
Load timer/counter 
Start timer 
Start timer 
SlOp timer/counter 
Enable timer/counter 
interrupt 
Disable timer/counter 
interrupt 

Dftcrtpllon 
Enable external 
interrupt 
Disable external 
interrupt 
Selecl register bank 0 
Select register bank 1 
Select memory bank 0 
Select memory bank , 
Enable clock output 
on TO 

Dftcrtpllon 
No operation 
Select Idle Operation 

ByIM CycIM, , , 1 
1 1 ,1 

1 
 , ,1 

, , 

ByIH CycIft 
1 1 

, , 
, , , , , , , , 
1 1 

MOV A. PSW 
MOV PSW.A 
XCH A. A 

XCHA.@R 

XCHOA.@R 

MOVXA.@R 

MOVX@R.A 

MOVPA.@A 

MOVP3A.@ 

data memory 
Move PSW 10 A 
MoveAta PSW 
Exchange A and 
register 
Exchange A and 
data memory 
Exchange nibble at A 
and register 
Move external data 2 
memory to A. 
Move A to external 
data memory 
Move to A from 
current page 
Move to A from page 3 2 
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MCS®-S1 
8-BIT CONTROL-ORIENTED MICROCOMPUTERS 

8031/8051 
8031AH/8051AH 
8032AH/8052AH 
8751 H/8751 H-12 

• Higfi Performance HMOS Process • Boolean Processor 
• Internal TImerslEvent. Counters • Bit-Addressable RAM 
• 2-Lev.1 Inte"upt Priority Structure • ProgramlTlllble Full Duplex Serial Channel 
• 32 1/0 Lines (Four 8-BIt Ports) • 111 Instructions (64 Single-Cycle) 
• 14K Program Memory Space • 14K Data Memory Space 

• Security Feature Protects EPROM Parts Against Software Piracy 

The MeS'-51 products are optimized for control applications. Byte-processing and numerical operations on 
small data structures are facilitated by a variety of fast addressing modes for accessing the internal RAM. The 
instruction set provides a convenient menu of 8-bit arithmetic instructions, including multiply and divide in 
structions. Extensive on-chip support is provided for one-bit variables. as a separate data type, allowing direct 
bit manipulation and testing in control and logic systems 'that require BoOlean processing. 

Internal Memory 

Tlmersl 
Device Program Data Event Counters Interrupts 

8052AH SK'>( 8 ROM 256 x 8 RAM 3 x 16-Bit 6 
8051AH 4Kx8ROM 128 x 8 RAM 2 x 16-Bit 5 

8051 4K x 8 ROM 128 x 8 RAM 2 x 16-Bit 5 
8032AH none 256 x 8 RAM 3 x 16-Bit 6 
8031AH none 128 x 8 RAM 2 x 16-Bit 5 

8031 none 128 x 8 RAM 2 x 16-Bit 5 
8751H 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit 5 

8751H-12 4K x 8 EPROM 128x8RAM 2 x 16-Bit 5 

The 8751H is an EPROM version of the 8051AH; that is, the on-chip Program Memory can be electrically 
programmed, and can be erased by exposure to ultraviolet light. It is fully compatible with its predecessor, the 
8751-8, but incorporates two new features: a Program Memory Security bit·that can be used to protect the 
EPROM against unauthorized read~out, and a programmable baud rate modification bit (SMOO). SMOD is not 
present in the 8751H-12. 
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8031/8051 • 8031AHl8051AH 
8032AHI8052AH • 8751H18751H-12 

-------------, 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I- I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.~~7Ci'ii"l:l~ ________) 

Figure 1. MeS··51 Block Diagram 

PIN DESCRIPTIONS 

VCC Port 0 also receives the code bytes during program· 
mlng of the EPROM parts, and outputs the code bytes 

Supply voltage. during program verification of the ROM and EPROM 
parts. External pul/ups are required during program 

VSS verification. 

Circu~ ground. Port 1 

PortO Port 1 Is an 8-bit bidirectional VO port with internal 
pullups. The Port 1 output buffers can sink/source 4 

Port 0 is an 8·bit open drain bidirectional VO port As LS TTL inpu1s. Port 1 pins thaI have 1s written to 
in output port each pin can sink 8 LS TTL inputs. them ant pulled high by the internal pullups, and in 
Port 0 pins that have 1s written to them Goat, and in that state can be used as inputs, As inputs. Port 1 
that state can be used as high-impedance inputs. pins that are externally being pulled low will source 

current (ilL. on the data sheet) because of the internal 
PortO is also the multiplexed Iow-order address and pullups. 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter' Port 1 also receives the Iow-order adc:Iress bytes duro 
naI puHupswhen emitting 1 s, and can source and ing programming of the EPROM parts and during 
sink 8 LS TTL Inputs. program lIerification of the ROM and EPROM parts. 
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1OS1J8051 • 1031AHII051AH 
8032AHIfouAH • 8751H18751H·12 

r-------·
L{~::~ =_


PI.! ,.,tAltt
pt.l .... _ 

P1A ,..1",
"'.1 NAADI 
..,.. N.lADI 
....7 N.I_- ...r_

_"" .......
JIll.... -- -l1l8I 
11ft.... ...U1l"".. ......,'

T1 PU ,...A1. 
• ",. PlAA,1 
.....r ".UlI 

JITAI.I _A. 
ITAL' ..... 

- -.:;:...-__....;.,r._AI 

In the 8032AH and 8052AH, Port 1 pins P1.0 and 
P1.1 also serve the 12 and 12EX functlon8, 11IIIp8C
lively. 

Port2 

Port 2 Is an a.;bit bidirectional 1/0 pOrt with intemal 
pullups. The Port 2 output buffers can slnklsource :4 
LS TTl inputs. Port 2 pins that have 1 s written to 
them are pulled high by the intemal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low wiH source 
current (ilL. on \he data sheet) because of the Internal 
pullups. 

Port 2 emits the high-order address byte during 
fetches from extemal Program Memory and during 
8CC8SMS to extemal Data Memory that .... lEi-bit 
addl8lll8l. (MOVX@OPTR). In this appilcation It 
UMSIIrong Intemal,pullups when emitting 1s. During 
IiCceeaes to extarnaI Data Memory that .... 8-bit ad
dl8lll8l (MOVX @RI), Port 2 emits the eontents of 
the P2 Special Function Register. 

Port 2 aIIo raceivea \he high-order address bits dur
Ing programmtng of \he EPROM parts and during 
JIIOQI'IIII'I verification of \he ROM and EPROM parla. 

... :€] ~:!-: .... 

.... ):~ ~~: .... .. :ti! r:!-: .., 
n • :t!! tE 11 

He :!!: ~ [}t: "" .., !!~ ~~: ... 
... ... ~1~ ~ ~ }a: .... 

:'!J ~~~ .. ' ... :~J ~ J.-: .... 

ii'iil¥riiiii-

Port 3 

Port 3 is an 8-bit 6idirectional 110 port with intemal 
pullups. The Port 3 output buffers can sink/source 4 
LS TTl Inputs, Port 3 pins that have 1s written to 
\hem are pulled high by the intamal pullups. and in 
that state can be used as inputs. As inputs. Port 3 
pins that are externally being pulled low will source 
current (ilL. on the data sheet) beca.... of the pullups. 

Port 3 also serves the functions of various special 
features of the MCS-Sl Family. as fisted below: 

Port PIn Alternative Function 

P3.0 RXD (serial input port) 
P3.l TXO (a.ial output port) 
P3.2 fRTO (external interrupt 0) 
P3.3 IRT1 (extemal interrupt 1) 
P3.4 TO (Timer 0 extemal input) 
P3.S Tl (Timer 1 extemal input) 
P3.6 WR (extemal data memory write 

strobe) 
P3.7 '1m (.xtemal data memory read 

strobe) 
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803118051 • 8031AHI8051AH 
8032AHI8052AH • 8751H18751H-12 

RST 

Reset input. A high on this pin for two machine cycles 
wt1IIa the oscillator is running resels the device. 

ALEIPROG 

Address Latch Enable output pulse for latching the 
low byte of the address during accesses to external 
memory. ALE can drive 8 LS TT~Is. This pin is 
also the program Dulse input (I>ROO) during pro
gramming of the EPROM parts. 

In normal operation ALE is emitted at a constant rate 
of V. the oscillator frequency, and may be used for 
external timing or clocking purposes. Note. however. 
that one ALE pulse is skipped during each access to 
external Data Memory. 

Program Store Enable is the read strobe to external 
Program Memory. PSEN can drive 8 LS TTL inpuis. 

When the device is executing code from external Pro
gram Memory. PSEN is activated twice each machine 
cycle, except that two PSEN activations are skipped 
during each access to external Data Memory. 

EAlVPP 

External Access enable EA must be externally held 
low in order to enable any MeS-51 device to fetch 
code from external Program Memory locations 0 to 
OFFFH (0 to 1 FFFH. in the 8032AH and 8052AH). 

C2 

,.....---tl~-.....---I XTAL2 

o 
t---1II--......--1 XTALl 

Cl 

t--------ivss 

= 
C,. C2 = 30 pF .'0 pF FOR CRYSTALS 

= 40 pF • '0 pF FOR CERAMIC RESONATORS 

Note, however, that if the Security Bit in the EPROM 
devices is programmed, the device will not fetch code 
from any location in external Program Memory. 

This pin also receives the 21V programming supply 
vollage (VPP) during programming of the EPROM 
parts. 

XTAL1 

Input to the inverting oscillator amplifier. 

XTAL2 

OU.tput from the inverting oscillator amplifier. 

OSCILLATOR CHARACTERISTICS 

XTAL1 and XTAl2 are the input and output, respec
tively, of an inverting amplifier which can be confi
gured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
thE! use of the on-chip oscillator is available in 
Application Note AP-155. "Oscillators for Micro
controllers... 

To drive the device from an external clock source, 
XTAL1 should be grounded. while XTAL2 is driven. 
as shown in Figure 4. There are no requirements on 
the duty cycle of the external clock signal. since the 
input to the internal clocking circuitry is through a 
divide-by-two flip-flop, but minimum and maximum 
high and low times specified on the Data Sheet must 
be observed. 

EXTERNAL 
OSCILLATOR ----I XTAL2 

SIGNAL 

.--- XTAL1 

~ vss 

.2::

Figure 3. Oscillator Connections Figure 4_ External Drive Configuration 

350 



8052AH-BASIC 


• 	 Full BASIC Interpreter In ROM on a • Interrupts Can Be Handled By BASIC or 
Single Chip Assembly Language 

• 	 BCD Floating PoInt Math • 	 Built-In Accurate REAL TIME CLOCK 
• 	 Generates All Tlm!ng Necesaary to 

• 	 Multiple U ..r Programs Program EPROMS and E2PROMS 
• 	 Programs May Reside In RAM, EPROM 

or E2PROM 
• 	 Fast Tokenlzed Interpreter 
• 	 "Stand Alone" Software Development 
• 	 All Arithmetic and Utility Routines Can • Built In Radix Conversion - Hex to 

Be Called From Assembly Language Decimal and Decimal to Hex 

8052AH-BASIC is an 8052AH microcontroller with a complete full-featured BASIC interpreter, MCS" BASIC
52, resident in the 8K of available ROM. This Software-On-Silicon product is specifically designed to address 
the needs of process control, measllrement, and instrumentation applications. MCS BASIC-52 allows 8052AH 
users to write programs in the popular BASIC language, which is much simpler to write and easier to understand 
than assembly language. 

In addition to the standard BASIC commands and functions. such as floating point arithmetic and transcendental 
operations, MCS BASIC-52 contains many unique features that allow the user to perform tasks that usually 
require assembly language. BIt-wise 1ogK:,1 operators, such as AND, OR. and EXCLUSIVE-OR are supported 
as well as hexadecimal arithmetic. 

A minimum amount of hardware is required to support MCS BASIC-52. Small systems can be constructed with 
only a latch, 1 K bytes of extemal memory, and the appropriate serial port drivers. With the addition of a 
transistor. a gate. and a couple of passive components. MCS BASIC-52 can program EPROM or e2pROM 
devices with the users application program. Both the standard and the inleligent Programming'· algorithms 
are supported. 

MCS BASIC-52 is an interpreted language. This allows the user to develop a program interactively without the 
cumbersome and repetitive process 01 editing, assembling. loading. and running which is required by assemblers 
and compilers. MCS BASIC-52 was designed to permit the programmer to develop resident high level language 
software using the high performance 8052AH device. 

+ 'Y'OU'1 ....,. JIIJlW:t----------------, 
naat--------------, 

- ------,""r---------, ~~,=I_______.J 
.r-----------~,-r----------, 

_ou,"" 
BASIC -

t 
UVt:L-

System Block Diagram 
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8052AH-BASIC 

FEATURES AUTOSTART 

COMMAND SET 

MCS BASIC-52 con tams all standard BASIC 
commands. statements. and operators. Figure 1 list 
the software feature set of MCS BASIC-52. 

DATA FORMAT 

The range of numbers that can be represented in 
MCS BASIC·52 is 

c': 1 E .. 127 to c': .99999999E + 127 

CONTROL ORIENTED FEATURES 

MCS BASIC-52 contaIns many unique fe..:tures to 
perform task that usually require assembly language 
programming. The XBY and' DBY operators can read 
andlor write external and internal memory 
respectively. The CBY operator IS' used to read 
program memory. Additionally. virtually all of the 
special function registers on the 8052AH can be 
accessed with MCS BASIC·52. This allows the user 
to set the timer or interrupt modes within the 
constructs of a BASIC program. An accurate interrupt 
driven REAL TIME CLOCK that has a 5 millisecond 
resolution is also implemented in MCS BASIC-52. 
This clock can be enabled. disabled. and used .to 
generate interrupts. FInally. a CALL statement that 
allows the programmer to CALL assembly language 
routines is available in MCS BASIC-52. Parameters 
can be passed in a number of different ways. 

EPROM/E2PROM FILE 

Most Basic interpreters allow only one progra.m to be 
resident in memory. and many require that the 
program reside in RAM. MCS BASIC-52 allows 
programs to reside in both RAM and EPROMI 
E2PROM. Additionally. up to 255 programs may 
reside in EPROM/E2PROM. Programs may also be 
transfered (XFER) from EPROM/E2PROM to RAM 
for editing purposes. 

EPROM/E2PROM PROGRAMMING 

A powerful feature of MCS BASIC-52 is that it 

generates all of the timing necessary to program any 

standard EPROM or E2PROM device with the users' 

program (PROG/FPROG). Additionally. very lillie 

external hardware is required to implement this 

feature. Saving programs in EPROMlE2PROM is 

much more attractive and reliable than oiher 

alternatives. such as casselle tape. especially in 

control andlor other noisy environments. 
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After the user programs an EPROM or E2PROM with 
the desired BASIC program. The PROG2 or FPROG2 
commands may be used to enable the unique· 
AUTOSTART feature of MCS BASIC-52 When 
AUTOSTART is enabled. MCS BASIC·52 will execute 
the user program after RESET or a power-up 
condition. This permits the user to RUN a program 
without connecting the MCS BASIC-52 device to a 
console - a powerful feature for control 
environments. 

USER ACCESSABLE FUNCTION LIBRARY 

Another unIque feature of MCS BASIC-52 is that it 
contains a complete library of functions that can be 
accessed with assembly language. All floating point. 
radix conversion. and 110 routines contained In MCS 
BASIC-52 can be accessed with assembly language 
CALL instructions. These complex arithmetic routines 
can be used by the programmer in applications 
requiring the speed of assembly language. but also 
the complex arithmetics offered by BASIC. 

8052AH-BASIC PIN DESCRIPTION 
(FIGURE 2) 

8052AH-BASIC is an 8052AH device. however. MCS 
BASIC-52 assumes a particular hardware 
configuration. The following pin description outlines 
the pin functions defined by MCS BASIC-52. 

vss 

Circuit ground potential. 

vee 

Circuit supply voltage. 5 volts c': 10% relative to VSS. 

ADO-AD7 

The mUltiplexed low-order address and data bus used 
during accesses to external memory. External pullup 
devices (- 10K 0) are required on these pins if the 
MCS BASIC-52 EPROM/E2PROM programming 
feature is used. 

AS-A1S 

The high order address bus used during accesses to 
external memory. 



8052AH-BASIC 

Command_ 

RUN 
LIST 
LlSTlI' 
NEW 
NULL 
RAM 
ROM 
XFER 
PROG 
PROGI 
PROG2 
FPROG 
FPROGI 
FPROG2 

Statements 
BAUD 
CALL 
CLEAR 
CLEARS 
CLEARI 
CLOCKO 
CLOCKI 
DATA 
READ 
RESTORE 
DIM 
DO-WHILE 
DO-UNTIL 
END 

FOR-TO-STEP 
NEXT 
GOSUB 
RETURN 
GOTO 
ON-GOTO 
ON-GOSUB 

IF-THEN-ELSE 
INPUT 
LET 
ONERR 
ONEXTI 
ONTIME 
PRINT 
PRINT.. 
PHO. 
PHu." 
PHI 
PHI." 

PUSH 

POP 

PWM 
REM 
RETI 
STOP 
STRING 
Uli> 
Ull 
UOO 
UOI 

Operator. 
ADD(+) 

DIVIDE (/) 

EXPONENTIATION ( •• ) 

MULTIPLY (.) 

SUBTRACT(-) 

LOGICAL AND (.AND.) 

LOGICAL OR (.OR) 

LOGICAL X'()R (XOA.) 

LOGICAL NOT 

ABS( ) 

INT( ) 

SGN( ) 

SOR( ) 

RND 

LOG ( ) 

EXP ( ) 

SIN ( ) 

COS ( ) 

TAN ( ) 

ATN ( ) 

=, >, >=, 
<. <=, <> 
ASC( ) 
CHR ( ) 
CBY( ) 
Dey ( ) 
XBY ( ) 
GET 
IE 
IP 
PORTI 
PCON 
RCAP2 
T2CON 
TCON 
TMOD 
TIME 
TlMERO 
TIMER 1 
TIMER2 
TIME 
XTAL 
MTOP 
LEN 
FREE 
PI 

Figure 1. MCS" BASIC-52 Software Feature Set 

PORT 1 

A general purpose quasi-bidirectional 8-bit input! 
output port. The individual pins on PORT 1 all have 
alternate functions which mayor may not be 
implemented by the user. The alternate functions are 
as follows: 

PORT 1.0 (T2) 

Can be used as the trigger input to TIMER/COUNTER 
2. A one (1) must be written to this port pin output 
latch in order for this function to operate. Details of 

121 Pl.0 vcc 
12EX I Pl.l ADO 

PWM OUTPUT I Pl.2 ADl 
ALE DISABLE I Pl.3 A02 

iiilOGRAMPiiLsE I P1.4 AD3 
PROGRAM ENABLE I Pl.S AD<! 

DNA ACKNOWLEOGE I Pl.6 ADS 
UNE PRINTeR OUTPUT I Pl.7 A06. 

RESET AD7 
CONSOLE SERIAL INPUT +5 VOLTS 

CONSOLE seRIAL OUTPUT ALE 
INTO I DNA REQUEST PSEN 

INn AIS 
TO Ale 
T1 AI3 

Wii A12 
AD All 

XTAl2 AIO 
XTAll At 

VSS A8 

Figure 2. Configuration 

Itle T2 trigger function are covered in the 
Microcontrollers Handbook. Order Number 210918-. 
002. 

PORT 1.1 (T2EX) 

Can be used as the external input to TIMER! 
COUNTER 2. A one (1) must be written to this port 
pin output latch in order for this functio~ to operate. 
Details of the T2 trigger function are covered in the 
Microcontroller Users Manual. 

PORT 1.2 (PWM OUTPUn 

This pin is used as the PWM output port when the 
PWM statement is executed. PWM stands for Pulse 
Width Modulation and is used to generate pulses 01 
varying duty cycle and frequency. 

PORT 1.3 (ALE DiSABLE) 

This pin is used to disable the ALE signal to the 
external address latch when the EPROM!E2PROM 
programming feature is used. In a system, this pin is 
logically anqed with ALE. 

PORT (,4 (PROGRAMMING PUlSE) 

When the EPROM/E2pROM programming feature is 
used, this pin provides the proper programming pulse 
width to program EPROM and INTElligent EPROM'lB 
devices. MCS BASIC-52 actually calculates. 
proper programming pulse width from the systflrn 
crystal value (XTAL) to assure the proper timing of 
this pulse. When used to program E2PROM devices, 
the length of this pulse is not critical. This pin is ective 
in the logical zero (0) state 
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PORT 1.5 (pIWGRAMMING ENABLE) 

When the EPROM/E2pROM programming feature 
is implemented, this pin is used to enable the 
EPROM programming voltage. This pin remains 
active (logically low (0)) during the entire EPROM 
programming process. On E2PROM devices that do 
not require any special programming voltage, this pin 
is not used. 

PORT 1.6 (i>MA ACKNowTEfiGE) 

When the OfiliA featUre is implem&nled as described 
in the MCS" BASIC·52 users manual, this pin tunc· 
tions as an aClive low DflilA ACKNOWLEDGE output. 

PORT 1.7 (LINE PRINTER OUTPUT) 

This pin tunctions as a s6rial output port When the 
LIST", or PRINT" command and/or statement is 
USed. ThiS enames tne user to maKe a "hard copy" 
of a program or to print out results ot a calculation. 

RESET 

A hign (£.5 vOlts) on tnis pi" tor two macntne cycles 
while tne oscillalor is running resets tne device. An 
external pulldown reS'Slor (-S.2K) Trom RESET to 
VSS permits pewer·on reset Wilen a capacitor (-10 
uf) is connected from thiS pin to vec. 

ALE 

ALE (aCldress laten EmBOIO) is an uutpUt pin tnat is 

used to latch the low oroer acfClress byte during Read, 

Write, or program fetch operations to extemal 

memory. 


This pm (Program Store EN8tlie) is a control signal 
lt1at is used to enable external program memory. In 
MCS" BASIC-52, this pin will always remain inactive 
(Iogicaliy high (1» unless the user is running an as· 
sembly language program in external memory. 

XTAL1 

Input to the inverting amplifier that torms the 

oscillator. 


XTAL2 

Output of the inverting amplifier that forms the oscil

lator, and input to the internal clock generator. Re· 

ceIves the external oscillator signal when an external 

oscillator is used. 
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A control signal that is used to enable READ opera
tions to external data memory. This pin is active low 
(0). 

\vR 

A control signal that is used to enaole WRITE oper· 
ations to extemal oata memory, This pin is active low 
(0). 

T1 

This pin can be programmed to be an external input 
to TIMER/COUNTER 1. 

TO 

This pin can be programmed to be an eXlernal input 
to TIMER/COUNTER O. 

iNfi 

This pin is Ill.. external interru"t 1 pin. It is active lOW 
ano interrups 011 this pin may be handled in either 
BASIC or in assemblY language. 

This is tn" e~1ema!imenup!Opin.ltis aClivlI low and 
may De optionally programmed to function as a DMA 
request ir,put pin. The DMA REQUEST pin is used 
by E2PROM d.."ices dUring programming. 

CONSOLE SERIAL OUTPUT 

ThiS is III" serial output pin 10 the console device. 
Stanoard ASCII codes are used as well as a sl.. ndard 
asynchronous Irame. 

COHSOLE SERIAL INPUT 

This is the serial input pin that receives data from the 
console device. Standard ASCII codes are assumed 
to be the input and the data is a(;sumed to be trans
milled using a siandare asynchronou(; trame. 

NOTES 

If pin 31 is grounded the 8052AH-BASIC will operate 
as a standard 8032AH. The tolerances on this pin 
are described under DC characteristics. 

For detailed information concerning this product 
please refer to the MCS BASIC-52 Users Manual 
(Order Number 210918·002). 



8094/8095/8096/8097 
8394183951839618397 

16-BIT MICROCONTROLL.ERS 
- 839X: an 809X with 8K Bytes of On-chlp ROM 

- High Speed Pulse I/O _ 232 Byte Register Ale 
_ 1G-bH AID Converter _ Memory-to-Memory Architecture 
_ 8 Interrupt Sources _ Full Duplex SerIal Port 
_ Pulse-Wldth Modulated Output _ Ave 8-blt I/O Ports 
_ Four 16-bH Software Timers _ Watchdog Timer 

The MCS:96 family of 16-bit microcontrollers consists of 8 members, all of which are designed for high-speed 
control functions, 

The CPU supports bit, byte, and word operations. 32-bit double-words are supported for a subset of the instruction 
sel. With a 12 MHz input frequency the 8096 can do a 16-bit addition in 1.0 j.LSec and a 16 x 16-bit multiply or 321 
16-bit divide in 6.5 J.LS9C. Instruction execution times average 1 to 2 !,-sec in typical applications. 

Four high-speed trigger inputs are provided to record the times at which external events occur. Six l'iigh-speed 
pulse generator outputs are provided to trigger extemal events at preset times. The high-speed output unit can 
simultaneously perform timer functions. Up to four such 16-bit Software Timers can be in operation at once. 

An on-chip AID Converter converts up to 4 (in the 48-pin version) or 8 (in the 68-pin version) analog input channels 
to 100bit digital values. This feature is only available on the 8095, 8395, 8097 and 8397 

Also provided on-Chip are a serial port, a watchdog timer, and a pUlse-width modulated output signal. 

_T.PORT 0 PORT 1 ... HIO 
AlT FUHCTlONI 

figure 1_ Block 'Dillgram (For simplicity, lines connecting port registers to port buff8f1l are not shown.) 
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•• 

8096 

Figure 1 shows a block diagram of the MCS-96 parts, 
Rxe P2.1 RESET.. ., generally referred to as the 8096. The 8096 is available 
nco P2.0 EXTINT P2.2 


HSIO vpo 
 in 48-pin and 68-pin packages, with and without AID, 
HSI1 45 YAEF and with and without on-chip ROM. The MCS-96 num

HSl2HS04 ANGNO•• bering system is shown belOW: 
H$13 H505 AeH4 PO.4 

I. 
••
'3 

HSOO ACH5 PO.S 
HSOl ., AeH7 PO.7 OPTIONS 68 PIN 48 PIN 
HS02 ACH6 PO 6.. 

IHS03 3S tA 
VSS 11 vee ROMLESS 8096 K094 
vee 12 '" 37 VSS DIGITAL 

PWM P2.5 13 36 XTAll 

I. 
I/OWR 3S XTAL2I. ~394 IROM 8396BHE 15 3' ALE 

READV 33 RO 
"015 P4.7 17 32 ADO P3.0 
A014 P4., 18 31 ADt P3 1 
AD13 P4.5 19 3. 402 P3.2 ANALOG ROMLESS 80'/7 8095 
...012 P4 4 20 2. AD3 P3 3 AND 
AD11 P4.3 21 28 AD4 P3.4 DIGITAL 
A010 P4.2 22 27 ADS P3.S ROM 8397 8395110A09 P4.1 23 2. AD6 P3.6 

AD8 P4.0 2. 2S AD7 P3.7 

Figures 2, 3 & 4 show the pinouts for the 48- and 
68-pin packages. The 48-pin version is offered in

Figure 2_ 48-Pln Package Dual-In-Line package while the 68-pin version 
comes in a Flat-pack and a Pin Grid Array . 

., 
ANGND -66 


YREF 65 

yPO 601 

EXTIHT P2.2 63 
AESE-' 62 

1====:';_=-=-=:=:=1 ADS P3.5 
A06 P3.6 

AXDPZ.1 ~--==-=: 61 - -- -----==:J AD7 P3.7 -

TID P2.0 L ___~_ 60 ADe P4.0 

Pl.0 c:=.==--- 59 - ___-=_~-==.:J A09P4.1 
51 -':.--=':r-::==::J AD10 P4.2 -


--==:I A011 P4.3 -

H512 H~ c=:=:==l 

FIgu.. 3 .. flB-Pln Pllck8ge (FiliI PIICk.Top View. 
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8-BIT MICROPROCESSING UNIT (MPUI 

The MC6800 is a monolithic 8-bit microprocessor formmg the central 
control function for Motorola's M6€(X)family, Compatible with TTL, the 
MC6800, as with all M6800 system parts, requires only one + 5.0-volt 
power supply, and no external TTL devices for bus Interface. 

The MC68C() is capable of addressing 64K bytes of memory with its 
1t)..bit address lines. The 8-bit data bus IS bidirectional as well as three-
state, making direct memory addressing and multiprocessing applica
tions realizable. 

• 	 8-Bit Parallel Processing 

• 	 Bidirectional Data Bus 

• 	 16-8it Address Bus - 64K Bytes of Addressing 

• 	 72 Instructions - Variable Length 

• 	 Seven Addressing Modes - Direct, Relative, Immediate, Indexed, 
Extended, Implied and Accumulator 

• 	 Variable Length Stack 

• 	 Vectored Restart 

• 	 Maskable Interrupt Vector 

• 	 Separate Non-Maskable Interrupt - Internal Registers Saved in 
Stack 

• 	 Six Internal Registers - Two Accumulators, Index Register, 
Program Counter, Stack Pointer and Condition Code Register 

• 	 Direct Memory Addressing (DMA) and Multiple Processor 
Capability 

• 	 Simplified Clocking Characteristics 

• 	 Clock Rates as High as 2.0 MHz 

• 	 Simple Bus Interface Without TTL 

• 	 Halt and Single Instruction Execution CapabIlity 

OROERING INFORMATION 

Package Type Frequency (MHz) Temperature Order Number 


CeramiC 10 aoc to 70 0 e MC6800L 

L SuffiX 10 - 40°C to 85°C MC6800CL 


1 5 DOC to 70 0 e MC68AOOL 

1 5 _40 oe to 85°e MC68AOOCL 

20 O°C to 70°C MC68BOOL 


Cerdlp 10 O°C to 70°C MC6800S 

S Suffix 1.0 - 40°C to 85°C MC6800CS 


1.5 DOC to 7Doe MC68AOOS 
15 -40oe to 85°C MC68AOOCS 
20 DOC to 70°C MC68BOOS 

PlastiC 	 10 ooe to 70 0 e MC6800P 

P Suffl)( 10 - 40°C to 85°C MC6800CP 


1.5 GOC to 70°C MC68AOOP 
1 5 - 40 0 e to 85°C MC68AOOCP 
20 DoC to 70°C MC68BOOP 

MC6800 

MOS 
IN-CHANNEL. SILICON-GATE. 


DEPLETION LOAD) 


MICROPROCESSOR 

L SUFFIX 

CERAMIC PACKAGE 


CASE 715 


PIN ASSIGNMENT 

VSS RESET 

39 TSC 

38 N.C 

37 ..2 

36 OBE 

35 N C 

34 R/W 

33 DOVCC 

32 01 


Al 02 


03 


D4 

D5 

Dtl 

A6 D7 


A7 16 A15 


AS 
 17 A14 


A9 18 A13 


Al0 19 

All 20 VSS 
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The 
6800 
Instruction 
Set 

Table B-1 
Accumulator and Memory Instructions 

r::;~W::::!i!i!ii'5"="'~"~"~''5'="~'~+~~ BOOU"N/A'llfIiMUIC OPEAATION co 0 COOl "Eli 
~ tUND ."'h,,,,.,,, I""', , • 3 Z 1 • 

N I iii 1 V C 

.1.00.1. , .. , , .. ; , .. 

.1.008 , " , · .. , , ,ADCA 

ADeB co , " . '_M.e.. , .. "os , A'" ' ... 
'II 

, os ,
" , , " 

8111 " , , , , .- ; " .. , " " .. 
m " .. , " " .," 4F Z 1 00·" ·. 

Sf l 1 00" 
eM'• ." ,, A' Z &. A M ·,, , ., eMP' (I I FI 8 'A 


C~.,,,",, "',onl", CI' " 

COM U I 1 '13 6 3 • -M 
·. 

n 2 1 J;'A ·,53 Z'I 
C~"""_'.l·1 , , • s
1,....,,1 H((;A " · , 

00 .. -" 
NEG8 2: 

2 , 00 ".01<' .......111""." Co<twrnB.,..,.AH .IBCDC~ir.<l." 


, , ,I" 
" 4.1. l 1 4 1-4 

DEC' SA' , 8-1" 
fOliA .. , .. , .. , 4@M .j\ •• I , ., 80'-' -8 •• I" 

, 
" " , " · ,

" .<! ".
8.\ 8 , .. , .. l~ ::. ·.,,..CO" " , , " , " · ·. 

OAAB , " , 'EO , ".. · · · ·.B ~M -8 ..., " " ~ 136 A -MSf' SP.... r " . 8 -MSp,SP I -SP 

"''' Spq·sp...sp·. 

PUll , , " $P- 1 ·SP.Mp - 8


."

ROLA " 

, .. , , ~lL{J-~

ROLli , B C 111 - btl
" 

, 
~0I.r.1I"", , , , 

RORA 
AORB 
'" " .. ~) CO iIIIllID=l,

" , .s.~,!t l~h.I""n".. ,,, OS, , ,
" · .. ,, , , ~l :- ~-a.. C bO •• !8 bl 

St"I,A,,,,,A,,'h_,.. , 
" · ,.'I [~-O ..•• 1I 

B hi bO C 


~,IIR..,., l09( , ,

" · .. , , .l a-CIIIIIJ.::D - a 

so , , sf hi btl C , .. , , " · .. , .." , , ".. eo " · , ., 
SUII , ,8 M" · 
so. 4 8'A ,. ,SICA 
SIca " " 07 " " • C" " " , , , . , , , .,, , " ·. 
TSl ... " · · ·. 
T$TB '"f ·, .. .... " 

CONOITlOtl COOl S""OLS 

O""'~I"'" Col... II"'......."...U 8uo"'''' ..'',,,,,.OR 

N~_ 01 M~U tv"'" Il' Bo<)'"'' ,,,,,,,,,,011 1+ ""It"'v I,o,ob,' l 

....mlWrol",.."'Sytfl • [0""''''''''''01111 l"lt""", "",5. 


.....'",.I"I"b,O) 
ZtfOlbv,.J 

T"".~d""!""•. 'I ••'.dol_ 
/j0l .II.<!~O 
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Table 8-2 
Index Register and Stack Manipulation 

I'OINTfR OPERATIONS M~£MO~IC 

c.""~.,.I,,•• Rrq 
O.<,~....'" I"•• ""I 
O,,,.,,,,,,,,S'dtkP,,u 

Xfi M, ~ L 

X I-X 

SP 1 SP 
X·loJ( 

:':'~!~~!I: 
' ••• 1•• i.... ' 

5P'1 -SP 
M XM IM.1) 'Xt 

•• -I  e,e 
•• ' 9" ~ .• 

M -SPH 1M' I) '~Fl •• '5 

S'O"S'dckPnl' 
'''d>A'''I"S'.".P''lI 
S'.,i p .. " ,,,~, A.., 

)(H 'M, Xl ·IM 011 
SP ... M SP l 
Xl SP 

... ,'I ~'.

I:::' !'.,:':
i·,·:··· • 

eDffD CODE REG 

'3 2 1 • 

B'anchA~y~ ""' ., .. 
B,,.,,.hllC."VCIQ' Bce 

• '. • i - 
N@\I 0I) ll:! i I II -I- :1:B''''Chll Ze,o l'!N@III-O 

:::~:::HI:: :~~ :;:: ~ I i ldN@VI-1 ..''-- I -_ 
8,.",,1111 lower Or 51..... ll, 4 2 C. z· 1 
8••"",,, !I.' lifo 20 i 4 2 NGl \I ~ I - - - I • ' - ! -,
8'lfI(hU Mtnu\ BMI 2B 14 '1'1 

B •• ,,<hllta)lhuIIZlfo BNE 261' z·O •• ' •• ~. 
8..~th!lOverft_CltiO' 28 4: V'D •••• 

:::~~~ :: ~~):nIQw ~1 BPt:: : I ~ :~ • -II. . . . 
I ...~". ,,,••,,',"' "'"." •I' I I :.,:. :. :. ·.·1·.·Jump 6E 4 2 IE 3 1 $ee$clH,aIO""lInon, 


Jump To SubrOllPn. JSR AD 8 lBD 9 -I - - - • • 

No OJ>tuuon NOP : 0 I Advance. Pr"'l COtr On!y _ I _ I _ • • • 1 ",,"'" ,,,.. '"'"...' '" 1 I"" 101' @-

I R.t~rn from S<.brout,n. RTS 39 ~ I' - .. .... , .. ' .~T1E'.. 
Soh..... Int.nuII' I JF 12 1 SnSlHtIlIOplf&trDn, ,I 

;"wVliA~'';;;:':';;'::;;;;~:,,::~;;;~~i;:~:,:;-,,'-;w.-:::.,,,,;;\,CC,".;"'''''''''";;;;''''''''!;'H;-;,,,!;:.,,;-;m!.::",;;:,,:';',,,,••,b..d.;;-",d..,;o;,,,;:w-L---"-,,"-CCC'~''-'-_______....l.:.JO;I(~ • - 

Table 8-3 
Jump and 8ranch Instructions 

CONO COOE REG 

IMPLIED 5 4 3 2 1 0 

OPERATIONS MNEMONIC OP I -I = BOOLEAN OPERATION H I N Z v C 

Clear Carry CLC 0- C 0 0 0 0 R 
OC I 21" •Cleaf Interrupt. Mask Cli 0-1 0 R 0 0 0 0 

Clear Overflow CLV O-V 0 0 0 0 R 0 

Set Carry SEC OD 2 t 1 1 --> C 0 0 0 0 0 S 
Set Interrupt Mask SEI 1 -I 0 S 0 0 0 . 
Set Over/low SEV I ·V o 0 0 S 0 

:! I ; , : 
OF 12'2'I" •OB 1Acmltr A --+ CCR TAP 06 2 1 A "CCR I--@-

CCR -. Acmltr A TPA 01 2 1 CCR -·A ,01010101010 

CONDITION. CODE REGISTER NOTES: fB11 set .t test IS true and cleared otherwIse) 

tBlt VI Test Result ~ 10000000' (BI' NI Test SIgn bit of most Significant IMS) byte'" l' 
IBlt C) Test Resull -= OOOOOQO()'7 (SIt vi Test· 2's complement overflow from subtraction of MS bytes? 
IBI1 CI Tesl DeClmal--Wlue of most SIQmhcanl BCD ChafJttl'r Qreater than nme? (B,I N) Test· Result less than zero? (Bir 15"' 11 

INot cleared If prevlouslv sel) 10 (All) load Cond.tIOn Code Register from Stack. (See Sp~cial Opera lIOns) 

(Bit VI . Test' Operand'" 10000000 puor 10 e~ecutlOn? 11 {..BIt I) Set when mterrupt occurs. If previously set, a Non·Maskable 

(Btl VI Test: Operand'" 01111111 pnor to executIon' 1nterrupt IS required to eXit the Wilt state. 


!Bll VI Tf!sl Sel f!qual to re.5ult of NeC alter shift ha~ nrruHPri 12 (Alii Si>, accordmq 10 the contents of Accumulator A 
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-Table of Cycle 
by Cycle Operation 
for Each 6800 
Instruction 

Table 8' provides a detailed description of the informa
tion present on the Address Bus, Data Bus, Valid Memory 
Address line (VMA), and the ReadJWrite line (RJWI duro 
ing each cycle for each instruction. 

This information is useful in comparing actual with ex
pected results during debug of both software and hard-

AddreuMode 
.net I nstructton. 

IMMEDIATE 

ADC EOR 
ADO LOA 
ANO ORA 
BIT SBe 
CMP sua 
CPX 
LOS 
LOX 

DIRECT 

ADe EOR 
ADO LOA 
ANO ORA 
BIT SBC 
CMP SUB 

CPX 
LOS 
LOX 

STA 

STS 
STX 

INDEXED 

JMP 

ADC EOR 
ADO LOA 
AND ORA 
BIT see 
eMP SUB 

CPX 
LOS 
LOX 

2 

3 

3 

• 

4 

5 

.,. 

• 

5 

6 

, 
2 

1 

2 

3 

1 

2 

3 

1 

2 

3 

4 

1 

2 

3 

• 
1 

2 

3 

• 
5 

1 

2 

3 

• 
1 

2 
3 

• 
5 
1 

2 

• 
3 

5 

6 .. 

, 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 , 
0 

1 

1 

1 

0 

1 

1 

, 
1 

0 

0 

1 

1 

0 

0 

1 

, 1 

0 

0 

1 

1 

ware as .the control program is executed. The information 
is categorized in groups according to Addressing Mode and 
Number of Cycles per instruction. (In general, instructions 
with the same Addressing Mode and Number of Cycles 
execute in the same manner; exceptions are indicated in 
the table.) 

TABLE 8 - OPERATION SUMMARY 

Addr.. Bus 

Op Code Address 

Op Cod. Address + 1 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Op Code Address 

Qp Code Address + 1 

Addr," of Operand 

Op Code Address 

Op Cod, Address + 1 

Address of Operand 

Operand Address + 1 

Op Code Address 

Op Cod, Address + 1 

Destination Address 

Destination Address 

Op Code Address 

Op Code Address + 1 

Address of Operand 

Address of Operand 

Address of Operand + , 

Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Qp Code Address 

Qp Code Address + 1 

Index Register 

Index Register Plus OffRt (w/o Carry) 

Index Register Plu:.: Offset 

Op Code Address 

Op Code Address + 1 

Index Reginer 

Index Reg;ster Plus Off..t (w/o Carry) 

Index Register Plus Offset 

IndeX' Rtgi.t,r Plus Offset + 1 
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RIW 

Line 


1 

1 

, 
1 , 

, 1 

1 

, 1 

1 

1 

1 , , 
0 

, 1 

, 
0 

0 

, 
, 1 

, 
1 

, 1 

1 , 
, , , 
1 

, 1 

Op Code 


Operand Data 


Op Code 


Operand Data (High Order Byte) 


Operand Data (Low Order Byte) 


Op Code 


Address of Operand 


Operand Data 


-
OpCode 

Address of Operand 

Operand Data (High Order Bvtel 

Operand Data fLow Order Byte) 

OpCode 

Destination Addreu 

Irrelevant Data (Note 1) 

Data from Accumulator 

Op Code 

Address of Operand 

Irrelevant Data (Note 1) 

Register Data (High Orqer Byte) 

Register Data (Low Order Byte) 

OpCode 


Offset 


Irrelevant Data (Note') 


Irrea..,.nt Data (Note 1) 


OpCode 


Offset 


Irrelevant Data (Note 1) 


Irret.vant Data (Note 1) 


Operand Data 


OpCode 


Offset 


Irrele"arn O .. ta (Note 1) 


_ Irrelevent Data (Note 1. 
Operand Data (High Order Byte) 

Operand Oa.. (Low Order Byte) 



TABLE OF CYCLE BY CYCLE OPERATION FOR EACH 6800 INSTRUCTION 

Add,.. Mod. 
and I nstructionl 

INDEXED Ieontlnuedl 
STA 

ASL LSR 
ASR NEG 

CLR ROL 

COM ROR 

DEC TST 

INC 


STS 

STX 


JSR 

=.EXTENDED 

.IMP 

ADe EOR 

AOD LOA 

AND ORA 

BIT SBC 

CMP SUB 


CPX 

LDS 

LOX 


STA A 

STA B 


ASL LSR 
ASR NEG 

CLR ROL 

COM ROR 

DEC TST 

INC 


6 

7 

7 

8 

3 

4 

5 

5 

6 

1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 
4 

5 

6 
7 

1 

2 

3 

4 

5 

6 
7 

8 

1 

2 

3 

1 

2 

3 

4 

1 

2 

3 

4 

5 
1 

2 

3 
4 

5 

1 

2 

3 
4 

5 

6 

1 

1 

0 

0 

0 

1 

1 

1 

0 


0 


1 


0 


I/O 

(Note 

3) 

1 

1 

0 

0 

0 

1 

1 

1 

1 

0 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1/0 
INote 

31 

RIVV 
Address Bus Line 

Op Code Address 1 


Op Code Address + 1 1 


Index Register 1 


Index Register Plus Offset (w/o Carry) 1 


Index Register Plus Offset 1 


Index Register Plus Offset 0 


Op Code Address 1 


Op Code Address + 1 1 


Index Register 1 

Index Register Plus Offset (w/o Carry) 1 


Index Register Plus Offset 1 


Index Register Plus Offset 1 


Index Register Plus Offset 0 


Op Code Address 1 


Op Code Address + 1 1 


Index Register 1 


Index Register Plus Offset (w/o Carry) 1 


Index Register Plus Offset 1 


Index Register Plus Offset 0 


Index Register Plus Offset + 1 0 


Op Code Address 1 


Op Code Address + 1 1 


Index Register 1 


Stack Pointer 0 


Stack Pointer - 1 0 


Stack Pointer - 2 1 


Index Register 1 


Index Register Plus Offset (w/o Carry) 1 


Op Code Address 1 


Op Code Address + 1 1 


Op Code Address + 2 1 


Op Code Address 1 


Qp Code Address + 1 1 


Op Code Addreu + 2 1 


Address of Operand 1 


0." Code Address 1 


Qp Code Address + 1 1 


Op Code Address + 2 1 


Address of Operand 1 


Address of Operand + 1 1 


Op Code Address 1 


Op Code Address + 1 1 


0;> Code Addre.s + 2 1 


Operand Destination Address 1 


Operand Destination Address 0 


0., Code Address 1 


Op Code Address + 1 1 


Op Code Addre" + 2 1 


Address of Operand 1 


Address of Operand 1 


Address of Operand 0 


Data Bus 

OpCode 

Offset 

Irrelevant Data (Note 1J 

Irrelevant Data (Note 1) 

Irrelevant Data (Note' I 

Operand Data 

QpCode 

Offset 

Irrelevant Data (Note 1 ) 

Irrelevant Data (Note 11 

Current Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 3) 

OpCode 

Offset 


Irrelevant Data (Note 1) 


Irrelevant Data (Note 1) 


Irrelevant Data (Note 1) 


Operand Data (High Order Bvte' 


Operand Data (Low Order Byte) 


Op Code 


Off~t 

Irrelevant Data (Note 1) 


Return Address (Low Order dytel 


Return Address (High Order Bvte) 


Irrelevant Data (Note 11 


Irrelevant Deta (Note 1) 


Irrelevant Data (Note 1) 


Op Code 

Jump Address (High Order Byte) 

Jump Address (Low Order Bvte) 

Op Code 

Address of Operand (High Order Byte' 

Address of Operand (Low Order Byte) 

Operand Data 

Op Code 

Address of Operand (High Order Byte) 

Address of Operand (Low Order Byte' 

Operand Data (High Order Byte) 

Operand Data I Low Order Byte) 

Op Code 

Destination Address (High Order Bytel 

Destination Address (Low Order Bvte) 

Irrelevant Data (Note') 

Data from Accumulator 

Op Code 

Address of Operand {High Order·Byte' 

Address of Operand (Low Order Byte) 

Current Operand Data 

Irrele~nt Data (Note 11 

New Operand Data (Note 3) 
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4PPE..OIX TABLE OF CYCLE BY CYCLE OPERATION FOR EACH 6800 INSTRUCTION 

Address Mode RfW 
and I n5truCltonS Addr•• Bu. 

STS I I Qp Cod. Addr,u I OpCodft 
STX 

2 I Op Cod. Address + 1 I Add,.,. of Operand (High Order Byte) 

6 3 

• 
I 

0 

Qp Code AddreSl + 2 

Addreu of Operand 

I 

I 

Addr... of O~rlJnd flow Order Byte' 

Irrelevant Data (Note 1) 

5 I Addr... of Opef'and 0 Operand Data (High Order Byte) 

6 I Add,... of Operand + 1 0 Operand Data (Low Order Byte' 

JSA I I Op Code Address I Op Code 

2 I Op Code Address + 1 I Add,", of Subroutine (High Order Bvte' 

3 I Op Code Address + 2 I AddrltS$ of Subroutine (Low Order By!", 

• I Subroutine Starting Address I Op Code of Next Instruction 

9 5 I Stack Pointer 0 Return Addresl (low Order Byte) 

6 I Stack Pointer  1 0 Return Address tHigh Order Byte) 

7 0 Stack Pointer - 2 I Irrelevant Data (Note 1) 

S 0 Op Code Address + 2 I Irrelevant Data (Note 1) 

9 I Op Code Address + 2 I Address of Subroutine (Low Order Byte' 

INHERENT 

ABA 
ASl 
ASR 

OAA 
DEC 
INC 

SEC 
SEI 
SEV 

2 
1 

2 

I 

I 

Op Code Address 

Op Code Address + 1 

I 

1 

Op Code 

Op Code of Next Instruction 

CBA LSR TAB 
ClC NEG TAP 
CLI NOP TSA 
ClA ROl TPA 
ClV RDR TST 
COM SSA 

DES I 1 Op Code Addres, I Op Code 
OEX 
INS 4 

2 I Op Code Add,", + 1 1 Op Code of Ne)(t Instruction 

INX 

PSH 

3 

• 
I 

0 

0 

I 

Previous Register Contents 

New Register Contents 

Op Code Address 

1 

I 

1 

Irrelevant Oat8 (Nou 1) 

Irrelevant Data INote 1) 

Op Code 

4 2 I Op Code Address + 1 1 Op Code of Next Instruction 

3 I Stack Pointer 0 Accumulator Data 

4 0 Stack Pointer - 1 I Accumulator Data 

PUl I I Op Code Address I OpCocIe 

• 2 

3 

I 

0 

Op Code Address + 1 

Stack Pointer 

I 

I 

Op Code of Next Instruction 

Irrelevant Data (Note 1J 

TSX 
• 
I 

1 

I 

Stack Pointer + , 

Op Code Address 

I 

I 

Operand Data from Stack 

Op Code 

4 2 I Op Code Address + 1 I Op Code of Next Instruction 

3 0 Stack Pointer I Irrelevant Data INote 1) 

4 0 New Inde)( Register I Irrelevant Date (Note 1) 

TXS I I Op Code Address I Op Code 

• 2 

3 

I 

0 

Op Code Address + 1 

Index Register 

I 

I 

Op Code of Ne)(t Instruction 

IrrelaVim! Oeta 

4 0 New Suck Pointer I Irrelewnt Date 

ATS I I Dp Code AddrltS1i I OpCocIe 

2 I Dp Code Address + 1 I Irrelevant Data (Note 2) 

5 3 

• 
0 
I 

Stack Pointer 

stack Pointer + 1 

I 

I 

Irrelev8nt Date INote 1) 

Address of Next Instruction (High 
Order Bvte) 

5 I Stack Pain., + 2 I AddrltSl of Nut Instruction (Low 
Order Byte' 
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Address Mode 	 ~IR/wl
~'N~H~;R~n:~N~'~~r.2~~:~~:~'~~:-'d~I-l~~-L~-L~~------~A~d~d~"=U~B~U~>________L~~'~ne~__________D_._"_B_U_>___~ 

WAI 	 Op Code Address Op Code 

Op Code Address + 1 1 Op Code of Next Instruction 

Stack POinter o Return Address (Low Order Byte) 

Stack POinter Return Address (High Order Byte) 

1 	 Stack. POinter Index Register (Low Order Byte) 

Stack POlOter - 3 o 	 Index RegISter (High Order Byte) 

Stack POinter - 4 	 COMents of Accumulator A 

, 	 Stack POinter - 5 Contents of Accumulator B 

Stack POinter 6 (Note 4) Contents of Condo Code Register 

ATI 	 Op Code Address 1 Op Code 

Irreleliant Data (Note 2)1 lOP Code Address + 1 
Stack POlnler 	 Irrelevant Data (Note 1) 

Slack POinter + 1 Corne!1ls of Cond Code Register from 
Stack 

10 
Slac~ POinter'" 2 Contents of Accumulator B from Stack 

Slack POinter + 3 Contents of Accumulator A from Stack 

1 I Stdck POlnt!,r t 4 Inde)\ Register from Stack (High Order 
Byte) 

Index Register trom Stack ILow Order 
Byte) 

Stack POl'l!er + 6 Next Instruction Address from Stack 
(High Order Byte) 

10 Slack POinter + 7 Next Instruction Address tram Stack 
(Low Order Byte) 

SWI Op Code Address Op Code 

Op Code Address + 1 Irrelevant Data (Note 11 

Stack Pomter o Return Address (Low Order By tel 

StM" POinter Return Address (High Order Byte) 

Stack POinter Index Register (Low Order Byte) 

Stack POinter '3 o Index Register (High Order Byte) 

Stack POinter - 4 o 	 C('ments of Accumulator A 

Stack POinter 5 o 	 Contents of Accumulator B 

1 Stack Po,nter 6 o Contents of Cond Code Register 

10 o Stack POinter Irrelevant Data (Note 1) 

11 Vector Address FFFA (Hex) Address of Subroutine (High Order 
Byte) 

" 

Vector Address FFF8 (Hex. I 	 Address of Subroutine (Low Order 
Byte) 

RELATIVE 

Bee BHI BNE 	 Qp Code Address Op Code 
Bes BlE BPl 
BEQ BlS BRA Qp Code Address + 1 	 Branch Oifset 

BGE BL T Bve o Qp Code Address + 2 Irrelevant Data (Note 1) 
BGT BMI BVS o 	 Branch Address Irrelevant Data (Note 1) 

BSR 	 Qp Code Address Op Code 

Op Code Address + 1 Branch Offset 

o 	 Return Address of Main Program Irrelel/ant Data (Note 1) 

StaCk POinter (l Return Address (Low Order Byte) 

Stack POinter - 1 Return Addreu (High Order Byte) 

o 	 Stack Pointer Irrelevant Data (Note 1) 

o 	 Return Addreu of Main Program Irrelevant Data (Note 1) 

o 	 Subroutine Address Irrelel/ant Data (Note 1) 

Note 1 II deVIce whIch IS addressed dUring thIS cycle u~s VMA, then the Data Bus will go to the hIgh Impedance three-state condition 
Depending on bus capacitance. data from the prevlOus cycle may be retained on the Data Bus 

Note 2 Data IS Ignored by the MPU 
Note 3. For TST, VMA '" 0 and Operand data does not change 
Note 4 While the MPU lS waIting for the Interrupt, Bus AWJllable will go high Indlcallng the following states of the control 1m.,: VMA IS 

low, Address Bus, RM. and Data Bus are all in the hIgh impt'dance Uate 
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Advance InforInation 

MICROCOMPUTER UNIT (MCU) 
The MC6801 MCU i, In a-bit microcomputer system which i, compatible 

with the M6800 family of porta. Tho MCII801 MCU is object cod. 
compatible with the MC6800 with improved '''Kulio" times of key 
Instruction, plu...verll new 16--bit and 8-bit instruction, including an 8 X 8 
unsigned multiply with 1&-bit ,nutt The MC8801 MCU can operate .1 • 
singll Chip microcomputer or be expended to a5K worda. The MC6801 
MCU is "L compatible and requirn one +5.0 volt power supply. The 
MCII801 MCU hi. 2K by," of ROM and 128 byt.. of RAM on ch'e.Serill 
Communications Interface (S.C.I.). and pa,allel 1/0 I' well ,"thr.. 
function ,a-bit timer, Bloc. diagram illhown in Figur. 1. F••tu"'~01 the 
MCI801 include the following: 

• Expanded M6800 Inltruction Set 
• a x 8 Multiply 
• On-Chip Serial Communieations Interface (S.C.lJ. 
• Object Coda Compatibi9 With The MC8800 MPU 
• 1e-Bit Timer 
• Single Chip Or eKpandable To 65K Words 
• 2K Bytoo Of ROM 
• 128 Byt.. Of RAM (84 BytM Retlin.ble On Power Down) 
• 31 P.r.11e4 1/0 Lina 
• Internal ClocklOivtded·ay·Four 
• TTL Compatlbi9lnput. And Outpull 

·• ..Interrupt Capllbility _ ~_,.u.._ 0pII0n (IICNOII, And _011 
V_lIctI701 AncI_I_ ........ 

'IGUIIE I • SlNOLI-CHIP IIICIIOCOIlPUTIlI .LOCK DIAGIIAII 

-Vee 
4- Yss 

.30 1-.....----P2O 
P3' 

~+_r_---. 1'7'.3. 
P33 

p"" I--+-h--" P2.• I--++-+-or--" p.3.]4 Port 
3 

.3<1 
P31 

.3. 1--++++-.. P" 

SC' 
SC2 -~ , 

.40.., 
N2 ....., 

P'O 
P•• Pl1 

P•• I------~.. P12 

P.. I------~.. P'3 
.41 I------~.. PI' 

.'3 

1------.. P15 

-P1' 
I-----~.. P17 

Me6801 

MOS 
(N·CHANNEL, SILlCON·GATE 

DEPLETION LOAD) 

MICROCOMPUTER 

CERAMIC PACKAGE 
CAse 115 

PSUFFIX 

PLASTIC PACKAGE 


CASE 111 


FIGURE 2 - PIN ASSIGNIlENT 

vss 
KTAll Sc' 

EKTAl2 SC. 
WI P30 

iRa P31._, 
P32 

Vec P33 

P20 P34 

.21 P35 

P" 

.23 -P37 

P2' P40 

P'O .., 
Pl1 P'2 

P<3P" 

P'3 .... 
P" ... 

pOI..,PII 
VeeP17 -. 

1I1iI. ____...-........... lOchange _ nola. 

ADI-803AI ---- ..... 1171 
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Advance InforD1atlon 

MICROPROCESSOR WITH CLOCK AND RAM 

The MC6802 is a monolithic 8-bit microprocessor that contains 
all the registers and Kcumulators of the present MC6800 plus an 
intern..' clock osci.llator and dri... er on the same chip. In addition, 
the MC6802 has 128 bytes of RAM on board located at he,,
addresses 0000 to 007F. The first 32 bytes of RAM, at hex addresses 
0000 to 001 F, may be reuined in a low power mode by utilizing 
Vee standby. thus facilitating memory retention during i power
down situation. 

The MC6802 is compllttely softw... compatible with the 
MC6800 as well IS the entire M8800 family of parts. Hence, the 
MC6802 is e.pandable to 65K WOI'ds. 

• 	 On-Chip Clock Circuit 
• 	 126. 8 Bit On-Chip RAM 
• 	 32 Bytes of RAM Are Reteinable 
• 	 Software-Compatible with the MC6800 
• 	 Expandable to 65K words 
• 	 Standard TTL-ComPitible Inputs and Outputs 
• 	 8 Bit Word Size 
• 	 16 Bit Memory Addressing 
• 	 Interrupt Capability 

FIGURE 1 - TYPICAL MICROCOMPUTER 

eo",nt.,' I 
TI~'I/O 

~..., 
..,	..... \ 


"ot 

ContrOl I 

F..". 1 ... block dl...,-"' of. Iy,ueel COtt eff_tiv. mic'OCOf"p",ter_ The .....U it 
.... Ceftt., of the microcomputer .y.t*'n lind it 1ihOw" in _ minimum tY.Mm in"· 
fecin.....Ith • fIIO ... cotnbin.tion chip, It It not intencMd thet this .ystem !Mlimited to 
'his ''''ACtion but th•• it be ._"",debl.....,th other peru in the MHOO M,crocomputer 
family. 

MC6802 

MOS 
IN-CHANNEL, SlLlCON-OAU, 


DEPLETION LOAOI 


MICROPROCESSOR 
WITH CLOCK AND RAM 

, SUF-FIX 
"LA.$TlC "A.Ck~GE 

CASE 111-03 

PI'- ASSIGNMENT 

0
• 	Vss ~..., •• 
• H;ii ..... J • 

3 	 M~ .... 31 

· lAO E 3J 

v.... 3 • • ".• iiM. .~~ ,. ... ~iW 3 • 

• Vee 00 J3 

• _. 
O. 	 ~1 

'0 	 ... D' 3' 
11 ..... 0> 30 

A3 1M ., 	 ... o. ... 1M•• '7.. ... ,... ..7 .... D7 .. 
•• 

2 • ... ...." ... ..., 2J 

,,'0 >2•• .... .... V.. 21 
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8-BIT MICROPROCESSING UNIT 

The MC6809 is a revolutionary high-performance 8-bit microprocessor 
which supports modern programming techniques such as position indepen
dence, reentrancy, and modular programming. 

This third-generation addition to the M68(X) Family has major architectural 
improvements which include additional registers, instructions, and addressing 
modes. 

The basic instructions of any computer are greatly enhanced by the 
presence of powerful addressing modes. The MCfB)9 has the most complete 
set of addressing modes available on any 8-bit microprocessor today. 

The MC6809 has hardware and software features which make it an ideal 
processor for higher level language execution or standard controller applica
tions. 

MC6800 COMPATIBLE 
• 	 Hardware - I nterfaces with All Mfl9JO Peripherals 
• 	 Software - Upward Source Code Compatible Instruction Set and 

Addressing Modes 

ARCHITECTURAL FEATURES 
• 	 Two 16-Bit Index Registers 
• 	 Two 16-Bit Indexable Stack Pointers 
• 	 Two 8-Bit Accumulators can be Concatenated to Form One 

16-Bit Accumulator 
• 	 Direct Page Register Allows Direct Addressing Throughout Memory 

HARDWARE FEATURES 
• 	 On-Chip Oscillator (Crystal Frequency=4x El 
• 	~ Allows DMA Operation on Memory Refresh 
• 	 Fast Interrupt Request Input Stacks Only Condition Code Register 

and Program Counter 
• 	 MRDY Input Extends Data Access Times for Use with Slow 

Memory 
• 	 Interrupt Acknowledge Output Allows Vectoring by Devices 
• 	 Sync Acknowledge Output Allows for Synchronization to External 

Event 
• 	 Single Bus-Cycle RESET 
• 	 ~Ie 5-Volt Supply Operation 
• 	 NMllnhibited After REm Until After First Load of Stack Pointer 
• 	 Early Address Valid Allows Use with Slower Memories 
• 	 Early Write Data for Dynamic Memories 

SOFnNAREFEATURES 
• 	 10 Addressing Modes 

• 	 68<X) Upward Compatible Addressing Modes 
• 	 Direct Addressing Anywhere in Memory Map 
• 	 Long Relative Branches 
• 	 Program Counter Relative 
• 	 True Indirect Addressing 
• 	 Expanded Indexed Addressing: 


0-,5-, B-, or 16-Bit Constant Offsets 

S- or 16-Bit Accumulator Offsets 

Auto I ncrement/ Decrement by 1 or 2 


• 	 Improved Stack Manipulation 
• 	 1464 Instructions with Unique Addressing Modes 
• 	 8 x 8 Unsigned Multiply 
• 	 16-Bit Arithmetic 
• 	 Transfer/Exchange All Registers 
• 	 Pushl Pull Any Registers or Any Set of Registers 
• 	 Load Effective Address 

MC6809 

HMOS 
fHIGH DENSITY N·CHANNEL, SILlCON·GATEI 

8-BIT 
MICROPROCESSING 

UNIT 

L SUFFIX 
CERAMIC PACKAGE 

."",. 

,,,«,MIt: 

CASE 715 

P SUFFIX 

PLASTIC PACKAGE 


CASE 711 


S SUFFIX 

CEROIP PACKAGE 


CASE 734 


PIN ASSIGNMENT 

XTAL 

EXTAI,.. 

E 

DMA/BREQ 

Al R/W 

A2 10 

A3 It 

A4 12 

A5 13 

A6 14 

A7 15 

M 16 

A9 t7 

AtO 18 23 A15 

Al1 19 22 A14 

A12 20 21 A13 
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MC6809 

FIGURE 2 - MC6809 EXPANDED BLOCK DIAGRAM 

• Internal Three-State Contro! 

FIGURE 3 - BUS TIMING TEST LOAD 

5.0 V 

Test Point o-.---+-....f--.. 

c 
MMD7000 
or £quiv. 

c = 	 30 pF lor BA. BS R -11.7kOlor[)()'D7 
130 of lor [)()'D7. E. a 16.5 kO lor ArrA16. E. a. R/W 
90 of lor ArrA15. A/W 24 kO IN BA. BS 

Instruction 

Register 


DMA!BAEO 
R/W 

HALT 

BA 

BS 
XTAL 

EXTAL 

MADY 

E 
L--__.O 

PROGRAMMING MODEL 

As shown in Figure 4, the MC6809 adds three registers to 
the set available in the MC6800. The added registers Include 
a direct page register, the user stack pointer. and a second 
index register. 

ACCUMULATORS IA. B. D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the 0 
register, and is formed with the A register as the most signifi
cant byte. 

DIRECT PAGE REGISTER (DP) 

The direct page register of the MC6809 serves to enhance 
the direct addressing mode. The content of this register ap
pears at the higher address outputs (A8-A 15) during direct 
addressing instruction execution. This allows the direct 
mode to be used at any place in memory, under program 
control. To ensure M6800 compatibility, aU bits of this 
register are cleared during processor reset 
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MC6809 

FIGURE 4 - PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 

15 

x - Index Register } 
Y Index Register 

r---------------------i Pointer Registers 
U - User Stack POinter 

S - Hardware Stack POinter 

PC Program Counter 

A I Accumulators 

D 

DP Direct Page Register 

7 0 

IElF I H II IN Iz IV Ic I cc  Condition Code Reg ..ter 

INDEX REGISTERS IX, YI 
The index registers are used in indexed mode of address

ing. The 16-bit address in this register takes part in the 
calculation of effective addresses. This address may be used 
to point to data directly or may be modified by an optional 
constant or register offset. During some indexed modes, the 
contents of the index register are incremented or decrement
ed to point to the next item of tabular type data. All four 
pointer registers IX, Y, U, S) may be used as index registers 

STACK POINTER IU,SI 
The hardware stack pointer (SI IS used automatically by 

the processor during subroutine calls and interrupts. The 
stack pointers of the MC6809 point to the top of the stack, in 
contrast to the MC6800 stack pointer, which pointed to the 
next free location on the stack. The user stack pointer lUI is 
controlled exclusively by the programmer. This allows 
arguments to be passed to and from subroutines with ease. 
Both stack pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push 
and Pull Instructions. This allows the MC6809 to be used effi
ciently as a stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 

PROGRAM COUNTER 
The program counter is used by the processor to pomt to 

the address of the next instruction to be executed by the pro
cessor. Relative addressing is provided allowing the program 
counter to be used like an index register in some sItuations. 

CONDITION CODE REGISTER 
The condition code register defines the state of the pro

cessor at any given time. See Figure 5 

FIGURE 5 - CONDITION CODE REGISTER FORMAT 

Carry 
Overflow 
Zero 

'------ Negative 
'-------- IRG Mask 

'------- Half Carry 
'---------FIRG Mask 

'------------ Entire Flag 

CONDITION CODE REGISTER 
DESCRIPTION 

BITO (CI 
Bit 0 is the carry flag, and is usually the carry from the 

binary ALU. C is also used to represent a 'borrow' from 
subtract-like instructions (CMP, NEG, SUB, SBCI and is the 
complement of the carry from the binary ALU. 

BIT 1 IV) 
Bit 1 is the overflow flag, and is set to a one by an opera

tion which causes a Signed twos complement arithmetic 
overflow. This overflow is detected in an operation in which 
the carry from the MSB in theALU does not match the carry 
from the MSB-1 

BIT2 (ZI 
Bit 2 is the zero flag, and is set to a one if the result of the 

previous operation was identically zero. 
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Me6S09 

BIT3(N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative twos-complement result will leave N set to a one 

BIT4 (I) 

Bit 4 is the IRQ mask bit. The processor will not recognize 
interrupts from the IRO line if this bit IS set to a one. NMl, 
FIRQ, IRQ, RESET, and SWI all set I to a one SWI2 and 
SWI3 do not affect L 

BIT 5 (H) 

Bit 5 is the half-carry bit, and is used to Indicate a carry 
from bit 3 In the ALU as a result of an 8-bit addition only 
(ADC or ADO). This bit IS used by the DAA Instruction to 
perform a BCD deCimal add adjust operation. The state of 
this flag is undefined in all subtract-like Instructions. 

BIT6 (F) 

Bit 6 is the FIRO mask bit The processor will not 
recognize interrupts from the FIRQ line if this bit is a one. 
NMI, FIRQ, SWI, and RESET all set F to a one 'iRQ, SWI2, 
and SWI3 do not affect F 

BIT7 (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, 
as opposed to the subset state (PC and eel. The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter
mine the extent of the unstacking. Therefore, the current E 
left in the condition code register represents past action 

PIN DESCR)PTIONS 

POWER (VSS. Vee) 

Two pins are used to supply power to the part: VSS is 
ground or 0 volts, while Vee IS + 5.0 V ±5%. 

ADDRESS BUS (A0-A15) 

Sixteen pins are used to output address information from 
the M PU onto the address bus, When the processor does 
not require the bus for a data transfer, it will output address 
FFFF16, R/Vii ~ 1, and BS ~ 0; this is a "dummy access" or 
VMA cycle. Addresses are valid on the rising edge of Q . .6.:i 
address bus drivers are made high impedance when output 
bus available (BA) is high, Each pin will drive one Schottky 
TTL load or four LSTTL loads, and 90 pF. 

DATA BUS (DO-D7) 

These eight pins provide communication with the system 
bidirectional data bus. Each pm will drive one Schottky TTL 
load or four LSTTL loads, and 130 pF. 

READ/WRITE IR/W) 

ThiS signal Indicates the direction of data transfer on the 
data bus A low Indicates th.at the MPU IS wntmg daw o"to 
the data bus. R/W IS made high Impedance when 8A IS 
high. R/W IS valid on the rising edge of Q 

RESET 

A low level on thiS Schmitt-trigger InP~.Jt tor greater than 
one bus cycle Will reset the MPU; as s'lown In !=-i~~ure 6 The 
reset vectors are fetched froJT' locations FFFE16 and FFF-F16 
(Table n when interrupt acknowledge IS trU8, d3A.BS = 11 

DUring Initial power on, the RESET line should be held low 
until the clocl<', oscillator IS tully operational See Figure 7 

Because the MC68G9 RESET pin has a Schmltt-tnqqr;' In
put With a threshold volti:lge higher than that of standard 
peripherals, a simple RIC network may be used to reset the 
entire system ThiS higher threshold voltage ensures that all 
penpherals are out of the reset state beforE:- the processor 

HALT 
A low level on thiS Input pin Will cause the MPU 10 stop 

running at the end of the present Instruction ana remain 
halted Indefinitely Without loss of data When halted, the BA 
output IS drrven high Indlcattng the buses are high Im
pedance. 8S IS also high which Indicates the processor IS In 
the halt or bus grant state While halted, Hle MPU will flot 
respond to external real-tIme requests (FIRQ, IRQ! although 
DMA/B"R"EO Will always be accepted, and NMI or RrS"Ei Wi! 

be latched for later response. During the halt state, Q and E 
continue to run normally. If the MPU IS not running (RESET, 
!5MA/BREQ), a halted state iBA-BS= 1) can be achieved by 
pullmg HALT low whrle RESET IS stili low If DMA/BREQ 
and HALT are both pulled low, the processor Will reach the 
last cycle of the Instruction (by reverse cycle stealing) where 
the machine will the become halted. See Figure 8 

BllS AVAILABLE. BUS STATUS IBA, BS) 

The bus available output IS an Indication 01 an Internal 
control signal which makes the MOS buses of the MPU high 
Impedance ThiS signal does not Imply that the bus Will be 
available for more than one cycle When SA goes low. a 
dead cycle Will elapse before the M PU aCQuires the bus 

The bus status output signal, when decoded With SA 
represents the MPU state (valid With leading edge of Qi 

MPU State 
MPU State Definition 

SA SS 

0 0 Normal ,Running) 

0 1 Interrupt or Reset Acknowledge 

1 0 Sync Acknowledge 

1 1 Halt or Bus Grant Acknowledge 
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128)(8-BIT STAnc RANDOM ACCESS MEMORY 

The MCMII810 is a byte-organized memory designed lor usa in bus
organized SYSlems. It is fabricaled wilh N-channel silicon-gale 
technology. For ..... 01 usa, the device """,ales Irom • single _ 
supply, has COmpalibility with TTL and DTl, end needs no clocks or 
relreshing becaUS8 01 Slatic operation. 

The memory is compatible with the Me8JO Microcompuler Family, 
providing random storage in byte increments. Memory expansion is 
provided through multiple Chip Select inputs. 

• Organized .. 128 Bytes 018 Bits 

• Sialic Operation 
• Bidirectional Three-Slale Data Input/Output 
• Six Chip Select Inputs (Four Active Low, Two Active Highl 

• Single .&oVolt p~ Supply 

• TTL Compatible 
• 	 Maximum Access Time-45O no -- MCMII810 


360 ns -- MCMll8A10 

250 ns -- MCMII8Bl0. 


Me_tO RANDOM ACCtSS MEMORY 

BLOCK DIAGRAM 
Memorv 
M.trix 

(128 x 8) 

i 
Se4ection 

and Control 

i 
~cwyAdd.... 

.,... Control 

I _ MtCROCOMPUT£R FAMILYMC8800 I 
Mie,op,.oeelllOf 

BLOCK DIAGRAM 

MCMIa'O I 
Ace.. 

Memoryf--+ Ron_ 

------i' I.;......"'-- I 

A~D.. - .... 

MCMAlIO 
(1.0 IIITzf 

MellAlllO
(i:i1llzJ 

MCMUBIO 
. (2.01iii1 

MOS 
IN-CHANNEL, SIUCON-GATEl 

12Bx8-BIT STATIC 
RANDOM ACCESS 

MEMORY 

l~
'" P SUFFIX 
~ .; PLASTIC PACKAGE 
• CASE JaI 

.. 

~ 
", LSUFFIX 

CERAMIC PACKAGE 
CASE 716 

~J 
. S SUFFIX 

. CEROIP PACKAGE 

CASE 623 

PIN ASSIGNMENT 

Gndl~ Vce 
DOl 2 23 NJ 

Ot 3 22 AI 

02 4 21 A2 

OJ 5 20 A3 

D4 6 19 A4 

06 ? 18 AS 

06 8 17 AS 

D? 9 16 R/W 

eso 10 15 ~5 

CSI 1. ~ 
'" ~2 12 13 eS3 
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PERIPHERAL INTERFACE ADAPTER (PIA) 

The MC8821 Peripheral Inte"KI Adapter provides the universal 
me .... ' of ioterfK"" peripheral equipment to the MC8800 Micro
",ac...in. Unit (MPU). Thi. device i ...pablo of interlocingthe MPU 
to peripherals through two &bit bidirectional peripher.1 ct.t. buses 
and four control lines. No Ixtern,l logic is required tor inter'.cing to 
most pe,ipher.1 dlvices. 

The functional configuration Of the PIA is pr••mmed by the 
MPU cktring system ioitialiution. Each Of the peripheral <Rta tines 
CIn be prOW.mmed to Kt as In input or output. .nd 11th of lhe 
tour control';,nerrupt linn Ny bI.progr.mrned for one of sever.. 
control modes. This ..Jows I high ct..." of flexibility in the OY... ·III 
operltion of the jnter'KW. 

• 8·Bit BidirectiONI Dltl Bus for Communic.tion with the MPU 

• Two BidirectiOMI &Bit BUMS for Interface to Peripherals 

• T_ Pr.._ ....bltControl Rogister. 

• Two Pr.,..rnmebll! D.t. Direction ReglSt'" 
• 	 Four Indi"ickaally·ControUed Interrupt Input Linn; Two Uubl. 

os Poriphor.1 Control Outputs 

• 	 Hendshoko Control Logic lor Input end Output Poriphorll 

(lper.tion 


• 	 High·lmpedenCl 3·5.... end Direct Tr..,sistor Ori .. Periphorll 
Lines 

• Pr,,"m Controlled IntorN", ond IntorN", Oisoblo Copability 

• CMOS Qrive Copability on Side A ....iphor.1 Li_ 

• T_ TTL Drive c;,ipability on All A Ind a Side auffer. 

• TTL·Compatibie 

• Stltic Operllion 

ORDERING INFORMATION 

....... 	 T_rotu...... 


1.0MH. MC8821P.L - oto +7O"C 

MC8821CP.CL -40 to +86OC 

MIL·STO-883B MC88'll aacs - 65 to + 1250C 
MIL·STO-8B3C MC8821COCS 

1.6MH. MC88A21P.L oto +7OOC 

MC88A21CP.CL - 41ltci +86OC 

2.0MH. MC88821P.L Oto +7O"C 

MC6821 

(l.OMHzl 

MC68A21 

11.6 MHz) 

MC68121 

(2.0 MHz) 
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!.
~LIUf"X, 
CIi"AUIC '''CII.AGI 

CA'I1f' 

• 0 c .. , ... 
v..

• .... c .. ' .. ..., ..3 .1IWI,. .... iii5 37 

• ...3 ..... H 

• .... ~.. .. 
IIiiii7 .... .. 

DD• .... 33 

• ...7 0' 3. 

'0 •• O. 
03 30..' 31 

" 
12 •eo o • .. 
•• ... 
t. 1M... o. 

..'7 

to 07 

II I 21... 
t7 ••7 CSt 

t. e.t SJ 23,. eN cso 22 

.0 Vee ~iW .t 
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••• 

1C6843 


Advance Inror~atlon 
MOS 

FLOPPY DISK CONTROLLER {FOCI 	 (N~."-"I 

The 	 MC6843 Floppy DISk Controll.r performs the compl•• FLOPPY DISK CONTROLLER 
MPU/F loppy interflCe function. The F DC WIS designed to optimize 

the balance between the "Hardware/Software" in order to achieve 
Integration of all key functions and maint.in fle.ibility. 

The F DC can Interface • wide range of drives with I minimum 
of ,xt,rn.' hardwlfe. Multiple dr.vlS Cln be controlled with the 
addition of external multiplexing ,.ther th., Miditional FOC·s. 

• Form.t compatible with IBM3740 
• User Programmable re.d/write form.t 

IJLASTtC f''''CKAGE• Ten powerful macro commands CAIE 711 
• Macro End Interrupt .lIows plr.llel proefssing of MPU and FOe 
• Controls multiple Floppies with ext.rnal multipluing 
• Direct interface with MC6800 
• Progrimm.bI. step .nd settling times enable operation with 

a wide range of Floppy drives 
• 	 Offers both Programmed Controlled 110 (PCIOt and DMA dat. 


transfer mode 

• Free-Format reed or write 	 CE ..AMIC 'ACKAGE 

• Single 5·volt power supply 	 CASE "1 

• All registl" directly ..:cessible 

fiGURE 1 - SYSTEM BLOCK DIAGRAM 

FJQURE 2 - PIN AaiIONMENT 

",•.a O.'a a•• TO. 

a •• WOT 

OOT 

mIW,,",Oet. 
w.. ,....0

Wrot. Gate 
waT NC 

H-.cI O"kr,on 
NClins_ 
DO"DO 

OCo 
Low C......., T••II 


l.eTClOCk, 	 F,lalrtOM'•• " .... 
O. 

iiH 	 03.w 12 
". 

.Mi F,'a 10....,.... 
CCO 1>4• " • W.. w,.,. Pr••_

VMA 'ROV DO 
.SO 'OKAD 11 

AI la vFOC DO 

A' T., 40 T,-=IIZ.... .TO 0> 
A3 .oy 13 ........ "CO ao 


., 	 • 51... 
Ci 

A' 
AO 	 VOO.,0 h

H 
<0 ·Ornoonel Tin ... $t.,. a .. tt... 


A12 Mea.. 'f.f I'",.'ted O.'a 

013 Mee... ,..._rt'" 0.,.
fo. No... 

AI' 
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CRT CONTROLLER (CRTC) 
The MC6845 CRT controller performs the Interface between an MPU 

and a raster-scan CRT display. It IS Intended for use In MPU-based con
trollers for CRT terminals In stand-alone or cluster configurations 

The CRTC IS optimized tor the hardware/software balance required 
for maximum fleXibilitY. All keyboard functions, reads, writes, cursor 
movements, and editing are under procesSor control The CRTC pro
vides video tlmmg and refresh memory addressing 

• 	 Useful In Monochrome or Color CRT Applications 

• 	 Appitcatlons InClude "Glass-Teletype," Smart, Programmable, Intel
ligent CRT Terminals; Video Games; Information Displays 

• 	 Alphanumeric, Semi-Graphic, and Full-Graphic Capability 

• 	 Fully Programmable Via Processor Data Bus, Timing May Be Gen
erated for Almost Any Alphanumeric Screen Format, e,g .. BOx 24, 
72x64,132x20 

• 	 Single + 5 V Supply 

• 	 M6800 Compatible Bus Interface 

• 	 TTL-Compatible Inputs and Outputs 

• 	 Start Address Register Provides Hardware Scroll (by Page or 
Character) 

• 	 Programmable Cursor Register Allows Control of Cursor Format 
and Blink Rate 

• 	 Light Pen Register 

• 	 Refresh (Screen) Memory May be Multiplexed Between the CRTC 
and the M PU Thus Removing the Requirements for Line Buffers or 
External DMA Devices 

• 	 Programmable Interlace or Non-Interlace Scan Modes 

• 	 14-BI1 Refresh Address Allows Up to 16K of Refresh Memory for 
Use In Character or Semi-Graphic Displays 

• 	 5-BIt Row Address Allows Up to 32 Scan-Line Character Blocks 

• 	 By UtiliZing Both the Refresh Addresses and the Row Addresses, 
a 512K Address Space IS Available for Use In Graphics Systems 

• 	 Refresh Addresses are Provided During Retrace, Allowing the CRTe 
to Provide Row Addresses to Refresh Dynamic RAMs 

• 	 Pin Compatible With the MC6835 

ORDERING INFORMATION 

Package Type Frequency (MHz) Temperature Order Number 

Ceramic 10 O°C to 70°C MC6845L 

L Suffix 10 -40°C to 85°C MC6845CL 


I 5 O°C to 70°C MC68A45L 

1.5 -40°C to 85°C MC68A45CL 
2.0 O°C to 70°C MC68B45L 

Cerdlp 10 O°C to 70°C MC6845S 
S SuffiX 	 1.0 -40°C to 85°C MC6845CS 

15 DOC to 70°C MC68A45S 
1 5 -40°C to 85°C MC68A45CS 
20 O°C to 70°C MC68B45S 

PlastiC 1 0 O°C to 70°C MC6845P 

P Suffix 1.0 -40°C to 85°C MC6845CP 


1.5 DOC to 70°C MC68A45P 
I 5 _40°C to 85°C MC68A45CP 
20 O°C to 70°C MC68B45P 

MC6845 

MOS 
IN·CHANNEL, SILlCON·GATEI 

CRT CONTROLLER 
(CRTC) 

,.' L SUFFIX 

""r-~ CERAMIC PACKAGEiGiArrn II CASEl15 

'i%%%\;%m~ER~I~~~~I;AGE 


' ,::~~
~ -;;:::, PLASTIC PACKAGE 

CASE 711 

PIN ASSIGNMENT 

GND~VS 
RESET 2 39 HS 


LPSTB[ 3 38 RAO 


MAO! 4 31 RAI 


MAI[ 5 36 RA2 


MA2[ 6 35 RA3 


MA3 7 J4 RA4 


MA4 8 33pDO 


MA5 9 32pDI 


MA6 10 31 pD2 


MA7 11 3OpD3 


MAS 12 29PD4 


MA9 13 28~D5 

MAIO 14 
 ;a pD6 

MAll 15 26 PD7 


MAI2 16 25pCS 


MAI3 17 24 PRS 


DE 18 23PE 


CURSOR 19 22 PR/IN 


VCC 20 21 PCLK 
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MC6845 

FIGURE 1 TYPICAL CRT CONTROLLER APPUCATION 

r---.-----------~-----------------------------------+AB 

L ______.J---I------1~11----------------------------_r_----.. DB PrImary Bus 

Cursor, 
Display 
Enable 

HS VS 

MAXIMUM RATINGS The df'vlcP con tams CirCUitry to protect t~.'" 

Inputs dQdln,,\ damage due to high statiC~--~~-------R-a-n~ng~-----~-S~Y-m-bO-'~~-V-alu-'~~Unl1 ! 
voltagc~ 01 elf'clrlc frelds, however, 1\ I') ad 

vl~el1 thdt normal precautions be taken to 
I Supplv Voltage \Ice - Ii 1 '(I - • __ ~ 

Input Voltage V" \ -- C?:e . ,: ( 
a~Old application oi any voltage higher than 

operall~g Temperature Raf"\ge T t • 
m2~lmum rated voltages 10 this highl MC68A45. MC68B45 . ~ ;);0 71~ Impedance elrel!!\ For proper opera lion It I::' 

MC6845C \1C68A45C 40 I() - 8::' recommended lhClt \1 m and YOU! be con
I Storage Temperature Range c;tralned to the range VSS S IVln 01 

Vou!i:S Vee
THERMAL CHARACTERISTICS 


Characteristic Symbol Value I Ra"ng I 

T -.ermai ReSistance 


Plastic Package 1((. 


Cerdlp Pacl<:age fiJA 
be 


I, \\1
I 

CeramlC Pack.age 5G i 

RECOMMENDED OPERATING CONOITIONS 
CharacteristICS Symbol Min Typ Max Unit 

SUDPly Voltage Vee 475 50 525 
Input Low Voltage -03 08v" 
Input High VOltage V,H 20 Vee V 
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MC6847/MC6847Y VIDEO DISPLAY GENERATOR (VDG) 

The video display generator iVDGl provides a means of Interfacing 
the M6800 microprocessor family (or Similar products) to a standard col
or or black and white NTSC teleVISIon receiver. Applications of the VDG 
Include video games, process control displays, home computers, 
education, communications, and graphics applications. 

The VDG reads data from memory and produces a video signal whIch 
will allow the generation of alphanumeric or graphic displays. The 
generated vIdeo signal may be modulated to either channel 3 or 4 by 
uSing the compatible MC1372 (TV chroma and video modulator). This 
modulatea signa! is suitable for reception by a standard unmodified 
television receiver. A tYPIcal TV game IS shown in Figure 1 

• 	 Compatible With the M6800 Family, the M68000 Family, and Other 
Microprocessor Families 

• 	 Generates Four Different Alphanumeric Display Modes, Two Seml
graphrc Modes, and Eight Graphic Drsplay Modes 

• 	 The Alphanumeric Modes Display 32 Characters Per Line by 16 Lmes 
US1I1g Eitner the Internal ROM or an External Character Generator 

• 	 Alphanumenc and Semlgraphic Modes May Be Mixed on a Char
acter-by-Character BaSis 

• 	 Alphanumenc Modes Support Selectable Inverse on a Character
by-Character Basis 

• 	 Internal ROM May Be Mask Programmed With a Custom Pattern 

• 	 Full Graphic Modes Offer 64x64, 128x64, 128x96, 128x 192, or 
256 x 192 Densities 

• 	 Full Graphic Modes Use One of Two 4-Color Sets or One of Two 
2-Color Sets 

• 	 Compatible with the MC1372 and MC1373 Modulators Via V, R-V 
I<I>AI, and 8-Y 1<1>81 Interface 

• Compatible with the MC6883174LS7B31 Synchronous-Address Multi 
plexer 

• 	 Available in Either an Interlace (NTSC Standard) or Non-interlace 
Version 

MC6847 
Non-Interlace 
MC6847Y 

Int,rtaee 

MOS 
IN-CHANNEL. SILICON-GATE) 

VIDEO DISPLAY 

GENERATOR 


- --M 
LSUFFIXi:1_er;Ii """" .~_
CASE 715 

. 
,~ PSUFFfX 

.' PLASTIC PACKAGE 

CASE 711 

PIN ASSfGNMENT 

VSS ~ 007 

DD6 2 39 CSS 

DDO 3 38 RS 

001 4 37 FS 
DD2 5 36 iiP 

DD3 6 35 A/G 

DD4 7 34 AIS 

DD6 8 33 ,'LK 

CHB 9 32 INV 

~B 10 3t iN't/EXT 

~A 11 30 GMO 

MS 12 29 GM1 

DA5 t3 2B Y 

DA6 t4 27 GM2 

DA7 f5 26 DA4 

DAB 16 25 DA3 

VCC 17 24 DA2 


DA9 18 23 DA1 


DA10 19 22 DAO 


DAll 20 21 DA12 
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MC6847. MC6847Y 

FIGURE 1 - BLOCK DIAGRAM OF A TV GAME USING THE VDG AND THE MC6809E MPU 

E_r- E 
MC6809E 

MPU 
O-r--- 0 

DO~D7 
8 

AO"A15 

AO-A15 

Game - 00-07 
Paddles 

MC6845 

ROM 


1/0 Timer 


CS 
2 

ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Characteristics 

Supply Voltage 

Input Voltage Any Pm 

Operating Temperature 

Storage Temperature 

THERMAL CHARACTERISTICS 
Characteristics 

Thermal Resistance 
Ceramic 
PlastiC 
Cerdip 

'3
SO~S2 

MC6883 

AO~A 15 

16 

4X Color 
Burst FreQ 
1438 MHz 

rlDh 
Synchronous 


Address 

Multiplexer 


ZOD WE CAS RAS 

8 1 I 
t t 

Dynamic 

RAM 

Array 


IMCM4027. 

MCM4116, MCM6633 


or MCM66651 


B 
U 
F 
F 
E 
R 

'-

r-

l 

A 

T
CS 

,- C 
H 

'--

SVmbol Value 

VCC -0.3 to + 7.0 

-0310+7.0 

TA a to +70 
V," 

-6510 +150T519 

Symbol Value 

50 
8JA 100 

60 

377 

ClK 

DAO 

flS 

--< ~ 

Unit 


V 


V 


·C 


·C 


Unit 

°C/W 

RF Signa 
to TV 

ClK L M 
C 

DAO 31 0RS ~B_ 

oA - 2 
MC6847 Y 
Video 

7 

JJJ... -RF 

Display ~ 


l 
 Generator 

A 

DO"07
~~ 

H 

-

Mode 

5 

ThiS device contains Circuitry 10 proteclthe m· 
puts against damage due to high statiC voltages 
or electriC fields. however, 11 IS adVised that nor-
mat precautions be taken to aVOId appllcahon of 
any voltage higher than maximum rated voltages 
to thiS high Impedance CirCUit Reliability of 
operation IS enhanced ,f unused mputs are tied to 
an appropriate logiC voltage (e g . either VSS or 
Vee) 



ASYNCHRONOUS COMMUNICATIONS INTERFACE 

ADAPTER (ACIA) 


The MC6850 Asynchronous Communications Interface Adapter pro
vides the data formatting and control to interface serial asynchronous 
data communications information to bus organized systems such as the 
MC68CX> Microprocessing Unit. 

The bus interface of the MC6850 includes select, enable, read/write. 
interrupt and bus interface logic to allow data transfer over an 8-bit 
bidirectional data bus. The parallel data of the bus system is serially 
transmitted and received by the asynchronous data interface, with pro
per formatting and error checking. The functional configuration of the 
ACIA is programmed via the data bus during system initialization. A 
programmable Control Register provides variable word lengths, clock 
division ratios, transmit control. receive control, and interrupt control 
For peripheral or modem operation, three control lines are provided. 
These lines allow the ACIA to interface directly with the MC6860L 
0-600 bps digital modem. 

• S- and 9--8it Transmission 

• Optional Even and Odd Parity 
• Parity, Overrun and Framing Error Checking 

• Programmable Control Register 

• Optional + 1, + 16, and + 64 Clock Modes 

• Up to 1.0 Mbps Transmission 

• False Start Bit Deletion 

• Peripheral/Modem Control Functions 

• Double Buffered 
• One- or Two-Stop Bit Operation 

MC6860 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 
BLOCK DIAGRAM 

Oata 

Data Bus eu. 
 Transmit 

DataBuffers 

Receive 
Data 

Address 

Control 
 Selection 


.nd

.nd 

Control
Interrupt Per Iphersll 


Modem 

Control 


MC68S0 

MOS 
IN-CHANNEL, SILICON·GATE) 

ASYNCHRONOUS 

COMMUNICATIONS INTERFACE 


ADAPTER 


S SUFFIX 

CERD!P PACKAGE
~ CASE 623~Vltil" 

P SUFFIX 

PLASTIC PACKAGE 


CASE 700
~ 

"i 
 L SUFAX 


CERAMIC PACKAGE 

CASE 716 
", ,',' '1,,;1'" ~I,' 

-- 'PIN ASSIGNMENT 

VSS CTS 

Ax Data 5C5 
Ax elK DO 

01 

ffi 02 

03 

IRQ 7 D4 

CSO 05 

CS2 9 06 

CS1 D7 

R/iN 
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Specifications and Applications 

Information 


M680D CLOCK GENERATOR 

Intended to supply the non-overlapping ¢1 and 4>2 clock signals 

required by the microprocessor, this clock generator is compatible 
with 1.0, 1.5, and 2.0 MHz versions of the MC6800. Both the 

oscillator and high capacitance driver elements are included along 

with numerous other logic accessory functions for easy system 
expansion. 

Schottky technology is employed for high speed and PNP-buffered 
inputs are employed for NMOS compatibility. A single +5 V power 
supply, and a crystal or RC network for frequency determination 
are required. 

Typical MPU System with Bus Extenders 

ADDRESS 

AND 


CONTROL 

BUS 


MC6875 

MC6875A 


M6SDD TWO·PHASE 

CLOCK GENERATOR/DRIVER 


SCHOTTKY MONOLITHIC 

INTEGRATED CIRCUIT 

L SUFFIX 

CERAMIC PACKAGE 


CASE 620-02 


PIN CONNECTIONS 

Xl Vee 
X2 MPUtP1 

Ext In Reset Ol,ltput 

4)( fo MPUq,2 

2)( 10 Pow.r·On Aeset 
Memory 

DMA/A.f Gr.nt
Ready 

Bus $2 DMA/Aef A.q 

Ground Memory Clock 

ORDERING INFORMATION 

MC6875L 0 to +70o C C.,.mic Dip 
MC6875AL -55 to +1250 C Ceramic DIp 
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l 

MC6875, MC6875A 

TANK C'RCUIT \ 
PARAMETERS I 

!~T 
.H pF 

10 '50 

4 I 82 

TABLE 1 - OSCILLATOR COMPONENTS 

--

CTS KNIGHTS McCOY ELECT. CO. 
APPROXIMATE 400 REIMANN AVE. WATTS&: CHESTNUTS STS. 

CRYSTAL PARAMETERS SANDWICH,ll MT. HOLLY SPRING, PA 

60548 17065 
RS Co C, 10 18151 786·8411 (717) 486·3411 

Ohm. pF mpF MH, 

15-75 3·6 12 4.0 MP-04A 
·390pF 

'-45 4-7 23 80 MP.Q80 
* 47 pF 

Indu<;tO'$ ....,ay be obllmed from 

FIGURE 13 

RC OPE RATION 

(1)1 
--~X, 

(2) 

..-------' X 2 

~c 
Me6S75 

131 
- fx{ In 

I~ 
External Pulse '-J 
Generator 

To precisely time a crystal 
variable trimmer capacitor in 

EXTERNAL INPUT 

")"------, 
~,--- X, 

Open 

121 

.---------j X2 


r MeSS7S 

i31 

~_'n___1 

~ 51 

to desired frequency, a 
the range of 7 to 40 pF 

would typically be used. Note it is not a recommended 
practice to tune the crystal with a parallel load capac!· 
tance. 

The table above shows typical values for CT and L T, 
typical crystal characteristics, and manufacturers' part 

numbers for 4.0 and 8.0 megahertz operation. 
The MC6875 will function as an R-C oscillator when 

connected as shown in Figure 13. The desired output 
frequency (MQ1) is approximately: 

Formula 
320 C in picofarads 


4 x fo '" C (R+ .27) + 23 R in K ohms 

4 x fo in Megahertz 

It would be desirable to select a capacitor greater than 
15 pF to minimize the effects of stray capacitance. It is 
also desirable to keep the resistor in the 1 to 5 k n 
range. There is a nominal 270 n resistor internally at 
Xl which is in series with the external R. By keeping 

the external R as large as possible, the effects due to 
process variations of the internal resistor on the frequency 
will be reduced. There will, however, still be some 
variation in frequency in a production lot both from 

the resistance variations, external and Internal, and 
process variations of the Input SWitching thresholds. 
Therefore, in a production system, it is recommended 
a potentiometer be placed in series with a fixed A 
between X 1 and X2. 

(s•• Figur. 11) 

POWER-ON RESET 
As the power to the MC6875 comes up, the Reset 

Output will be in a high impedance state and will not give 

113-31 

113-32 

Co.h;raft, Cary, IL 60013 1312) 639 2361 

TyeQ CRYSTAL PRODUCTS 

3940 W. MONTECITO 
PHOENIX, AZ 

85019 
(602) 272·7945 

150·3260 

' 50·3270 

a solid VOL output level until Vce has reached 3.5 to 
4,0 V. During this time transients may appear on the 
clock outputs as the oscillator begins to start. This 

happens at approximately Vee ~ 3 V. At some Vce level 
above that, where Reset Output goes low, all the clock 

outputs will begin functioning normally. This phenom
enon of the start-up sequence should not cause any 
problems except possibly in systems with battery back-up 

memory. The transients on the clock lines during the 
time the Reset Output is high impedance could initiate 
the system in some unknown mode and possibly write 
into the backup memory system. Therefore in battery 
backup systems, more elaborate reset circuitry will 

be requ ired. 
Please note that the Power-On Reset input pm of the 

MC6875 is not suitable for use with a manual MPU reset 
switch If the DMA/Ref Req or Memory Ready inputs are 
going to be used. The power on reset Circuitry IS used to 
Initialize the Internal control logic and whenever the 
Input is switched low, the MC6875 is irresponsive to 
the DMA/Ref Req or Memory Ready inputs. This may 

result In the loss of dynamic memory and/or possibly 
a byte of slow static memory. The circuit of Figure 14 
is recommended for applications which do not utilize the 

DMA/Ref Req or Memory Ready inputs. The cirCUit of 
Figure 15 is recommended for those applications that do. 

FIGURE 14 - MANUAL RESET FOR APPLICATIONS NOT USING 
OMAiREFRESH REQUEST OR MEMORY READY INPUTS 

VCC 

10 

Reset 

12 : 14 40 i 

4\.~u" ~
Rm' Sw 'oh 

FIGURE 15 - MANUAL RESET FOR SYSTEMS USING 

DYNAMIC RAM OR SLOW STATIC RAM IN CONJUNCTION 


WITH MEMORY READY OR DMA/REFRESH REQUEST INPUTS 


Vec 
1/474LS08 

c' J: 
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MC8T26A 
MC6880A 

QUAD THREE-STATE BUS TRANSCEIVER 
QUAD THREE-STATE 

This quad three state bus transceiver features both excellent MOS BUS TRANSCEIVER 
or MPU compatibility, due to Its high Impedance PNP transistor 

'nput and high speed operation made possible by the use of Schottky 
MONOLITHIC SCHOTTKY

diode clamping Both the -48 mA dnver and -20 mA receiver out 
INTEGRATEO CIRCUITSputs are short-circuit protected and employ three"5tate enabling Inputs 

The cJevlce IS useful as a bus extender In systems emplOYing the 
M6800 family or other comparable MPU deVices The maximum 
Input current of 200 pA at any 0f the deVice Input pins assures 

proper operdt1on desp,te the limited drive capability of the MPU 

chip The Inputs alP also protected With Schottky-barrier dIOde 
---Iclamps to suppress excessive undershoot VOltages 	 _

~I - The MC8T26A IS Identical to the NE8T26A dnd 11 opelates from 0< , ,. L 
<I Single +5 V supply 

• 	 rl'l.jh Impedance Inputs L SUFFIX 
CERAMIC PACKAGE • S'''gle Pow~r Supply 

CASE 620-02 
• HI(Jh Speed Schottky Technoloyy 

• Thret: Stdte 01 !',.'f'( S and Receivers 

• ComlJatlble With M6800 Family rv1tcroprocessor P SUFFIX 

PLASTIC PACKAGE 


CASE 648-05 

-

MICROPROCESSOR BUS EXTENDER APPLICATION 	 PIN CONNECTIONS - MC8T26A 

le.o, 1<, 	 MC6880A 

Drove. 
Enable 

14 Rece,ver 
OutpUI 

4 

G"d 

Package 

C •• amlc DIP 

PIUIIC DIP 
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OCTAL THREE-STATE BUFFER/LATCH 

This series of devices combines four features usually found 

desirable in bus-oriented systems: 1) High impedance logic inputs 
insure that these devices do not seriously load the 

bus; 2) Three-state logic configuration allows buffers not being 

utilized to be effectively removed from the bus; 3) Schottky 
technology allows for high-speed operation; 4) 48 mA drive 

capability_ 

• Inverting and Non Inverting Options of Data 

• SN74S373 Function Pinouts 

• Eight Transparent Ldtches/Buffels In a SlI1qle P,xkdqe 

• Full Parallel-Access for Loading and Reloading 

• Buffered Control Inputs 

• All Inputs Have HysteresIs to Improve NOise Rejection 

• High Speed - 8.0 ns (Typ) 

• Three-State LogiC Configuration 

• Single +5 V Power Supply Requlrpmp.nt 

• Compatible with 74S LogiC 01 M6800 Mlcroprocessol Systems 

• High Impedance PNP Inputs Assure Minimal Loadmq of the Bus 

MICROPROCESSOR BUS EXTENDER APPLICATION 

(Clock) 
Gnd + 5 V <1>1 <1>2 

MC3482A1MC6882A 

MC3482BIMC6882B 


OCTAL THREE-STATE 

BUFFER/LATCH 


L SUFFIX 
CASE 732-03 

INPUT EQUIVALENT 
CI RCUIT 

OUTPUT EaUIVALENT 

CIRCUIT 


ORDERING INFORMATION 

(l emperature Range for the followmg 

deVices ~ 0 to 175°C.! 
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MC6882A, MC6882B, MC3482A, MC3482B 

PIN CONNECTIONS AND TRUTH TABLES 

MC3482A/MC6882A MC3482B/MC68828 

OutputOutput Veevee E":;ableEnab-ie 

Out 8Out 8 

In 8In 8 

In 7 

Out 7Out 7 

Out 6 Den6 

In 6In 6 

In 5In 5 

Out 5 Out 5 

Latch Gnd Latch 

Output Output 
Enable Latch Input Output Enabie latch Input Output 

0 1 Q 1 0 1 0 0 

0 1 1 0 0 1 1 1 

0 0 x a 0 0 X 0 0 

1 x X Z 1 X X Z 
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L===A=d=v=a=D=c=e=I=D=f'=o=r=Ill==a=t=l=o=D==== r SYNCHRONOUS ADDRESS MULTIPLEXER 
The SN74LS783/MC6883 brings together the MC6809E 

(MPUl, the MC6847 (Color Video Display Generator) and dy
namic RAM to form a highly effective, compact and cost ef
fective computer and display system. 

• 	 MC6809E, MC6800, MC6801E, MC68000 and MC6847 (VDG) 
Compatible 

• Transparent MPUIVDG/Refresh 

• 	 RAM size - 4K, 8K, 16K, 32K or 64K Bytes (Dynamic or 
Static) 

• Addressing Range - 96K Bytes 

• Single Crystal Provides All Timing 

• 	 Register Programmable: 

VDG Addressing Modes 

VDG Offset (0 to 64K) 

RAM Size 

Page Switch 

MPU Rate (Crystal -;- 16 or -;- 8) 

MPU Rate (Address Dependent or Independent) 


• System "Device Selects" Decoded 'On Chip' 

• Timing is Optimized for Standard Dynamic RAMs 

• + 5.0 V Only Operation 

• Easy Synchronization of Multiple SAM Systems 

• DMA Mode 

SYSTEM BLOCK DIAGRAM 

TV DIsplay SectIOn 
15 Optional 

Address .4.0·A15 

To 

ROMs 

and Me6809E 

10 MPU 


Data 

SN74LS783 

MC6883 


SYNCHRONOUS 

ADDRESS 


MULTIPLEXER 


lOW POWER SCHOTTKY 

~,~,:",'::,~."
~~I" PlA'CASE7'1 

,1.'-',",,,.

1 CERAMIC PACKAGE 


CASE 734 


PIN ASSIGNMENT 

40 


39 


38 


37 


36 


351RASli 

34 


33 


32 


10 31 


II 30 


12 29 


13 28 


14 27 

, 5 
 26 


16 25 


17 24 


18 23 


19 22 


20 21 


This document contams mformatlon on a new product SpeCIfIcatIOns and mformatlon herem 
are subject to change without notice 
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HEX THREE-STATE BUFFER INVERTERS 

This series of devices combines three features usually found 
desirable In bus-oriented systems: 1) High impedance logic inputs 
Insure that these devices do not seriously load the bus; 2) Three·state 
logic configuration allows buffers not being utilized to be effectIvely 
removed from the bus; 3) Schottky technology allows high-speed 
operation. 

The devices differ in that the non-inverting MC8T95/MC6885 
and inverting MC8T96/MC6886 provide a two-input Enable which 
controls all six buffers, while the non-inverting MC8T97/MC6887 
and inverting MC8T98/MC6888 provide two Enable inputs - one 
controlling four buffers and the other controlling the remaining 
two buffers 

The units are well-suited for Address buffers on the M6S0a or 
similar microprocessor application. 

• High Speed - 8.0 ns (Typ) 
• Three·State Logic Configuration 
• Smgle +5 V Power Supply Requirement 
• Compatible with 74LS Logic or M6800 Microprocessor Systems 
• High Impedance PNP Inputs Assure Minimal Loading of the Bus 

MICROPROCESSOR BUS EXTENDER APPLICATION 

(Clock) 

GND +5 V ,:q Q2 

MC8T95IMC6885 
MC8T96IMC6886 
MCST97IMC6887 
MCST98IMC6888 

HEX THREE-STATE 

BUFFER/INVERTERS 


CASE 620 CASE 648 

INPUT EQUIVALENT 

CIRCUIT 


vee 

OUTPUT EQUIVALENT 

CIRCUIT 


ORDERING INFORMATION 


_~~~~:;~~~)re Range for the following device. 

.DE\i'CE ACTERNATI PAC <AGE 
MCS".,ami lIP 
MeS" 

Plaul, 
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MC8T95-98/MC6885-88 

PIN CONNECTIONS AND TRUTH TABLES 
MC8T95IMC6885 MCBT96/MC6886 

Vee 

E.nable 2 

Input F Input F 

Output F Output F 

Input E Input E 

Output E Output E 

Input 0 Input 0 

E"iiiiiii 2 rniiiIi 1 Input Output Eiiiiil8 2 E"'iia61i1 Input Output 

L L L L L L L H 
L L H H L L H L 
L H X Z L H X Z 
H L X Z H L X Z 
H H X Z H H X Z 

MC8T97IMC8887 MC8T981MC6888 

Eniiiii Input Output L = Low Logic Stat. Enable Input Output 

L 
L 
H 

L 
H 
X 

L 
H 
Z 

H "' High Logic State 
Z .. Third (High Impedance) St.t. 
X,. Irrelevant 

L 

L 
H 

L 
H 

X 

H 
L 
Z 

MAXIMUM RATINGS (TA ~ 2S0C unless otherwise noted 1 
Rating Symbol Value Unit 

Power Supply Voltage v(",(", 8.0 Vdc 

Input Voltage V, 5.5 Vdc 

Operating Ambient Temperature Range TA o to +75 °c 
Storage Temperature Range Tsto -65 to +150 °c 
Operating Junction Temperature TJ °c 

Plastic Package 150 
Ceramic Package 175 

386 



NONINVERTING 

QUAD THREE-STATE BUS TRANSCEIVER 


This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to Its high impedance PNP transistor 
Input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the -48 mA driver and -20rnA receiver outputs 
are short-circuit protected and employ three-state enabling inputs. 

The device IS useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices, The maximum 
Input current of 200 pA at an.., of the deVice input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The mputs are also protected with Schottky-barrier diode 
clamps to suppress exceSSive undershoot voltages. 

Propagation delay times for the driver portion are 17 ns maximum 
while the receiver portion runs 17 ns. The MC8T28 is identical to 
the NE8T28 and it operates from a single +5 V supply. 

• High Impedance Inputs 

• Single Power Supply 

• High Speed Schottky Technology 

• Three- State Drivers and Receivers 

• Compatible with M6800 Family Microprocessor 

• l\lon·lnvertlOg 

MICROPROCESSOR BUS EXTENDER APPLICATION 

(Clock) 

GNO +5 V <:'" ("12 

MC8T28 

MC6889 


NONINVERTING 

BUS TRANSCEIVER 


MONOLITHIC SCHOTTKY 

INTEGRATED CIRCUITS 


LSUFFIX 

CERAMIC PACKAGE 


CASE 620.(12 


P SUFRX 

PLASTIC PACKAGE 


CASE 648-05 


PIN CONNECTIONS - MC8T28 
MC6889 

ReceIver 
Enable Vee 

Input 

ReceIver 	 DrIver 
Enable 
Input 

,. Rec.,ver 
Output.

DrIver 
BU!l4 

DrIverReCeIVer 
Output 5 	 Input 

2 • 
ReceIver 
Output 

3 
Dflver 

Bus 3 

OROERING INFORMATlON 
, 

T..........tur. 

Devl.. -. Rang. Pack.,. 

MC8T28l Me6889L Oto +75°C Ceramic DIP I 
MC8T28P MC6II89P Oto +7S"C Plastic DIP I 
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Advance InforID.atlon 

MPU-BUS-COMPATIBLE 
8-BIT O-TO-A CONVERTER 

The MC6890 is a self-contained, bus-compatible, 8 bit (±O.19% 
accuracy) O-to-A converter system capable of Interfacing directly 
with S-bit microprocessors 
Available in both commercial and military temperature ranges. th!s 

monolithic converter contains masterIslave registers to prevent 
transparency to data tranSItions during active enable; a laser
trimmed, low-Te, 2.5 V precision bandgap reference; and high 
stability, laser-trimmed, thm-film resIstors for both reference input 
and output span and bipolar offset control 

A reset pin provides for overriding stored data and forcing lout 
to zero 

• Direct Data Bus Lmk with All Popular TTL Level MPU's 

• ±1 12 LSB Nonlmeanty Over Temperature 

• Fast Settling Time· 200 ns Typ 

• 	 Internal 2.5-V PrecIsion Laser-Tnmmed Voltage Reference (May 
Also Be Used Externally) 

• Minimum Enable Pulse Width 70 ns 

• Fast Enable: 10 ns Maximum Data Hold Time 

• Reset Pin to Override Data 

• Output Voltage Ranges: +5, +10, +20, or ±2.5, ±5, ·.1:10 Volts 

• Low Power: 90 mW Typ 

• +5 Vand -5 V to -15 V Supplies 

OPERATION WITH AN MPU 

00-07 
REFOUT 

Span "'----------, 

REF,. MC6890 

~-__-I Enable 

MC6890 

a-BIT 
MPU-BUS-COMPATIBLE 

DAC 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 

CASE 732-03 


PIN CONNECTIONS 

ThiS document contams mformatlon on a new product Specifications and mformah(ln herein 
are subject to change wllhout notice 
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FEATURES 

• 	 The instruction set contains 158 instructions. The 78 
instructions of the 8080A are included as a subset; 
8080A software compatibility is maintained. 

• 	 Eight MHz, 6 MHz, 4 MHz, and 2.5 MHz clocks for the 
Z80H, Z80B, Z80A, and Z80 CPU result in rapid 
instruction execution with consequent high data 
throughput. 

• 	 The extensive instruction set includes string, bit, byte, 
and word operations. Block searches and block 
transfers, together with indexed and relative addressing, 
resu~ in the most powerful data handling capabil~ies in 
the microcomputer industry. 

• 	 The Z80 microprocessors and associated family of 
peripheral controliers are linked by a vectored interrupt 

iii .. .. 
NRIO At 
IORQ 

CONTIIOL RD..-{ 	 .. 
A_
Wii .... "-

RFlH .. 
.. IIV... 

HALT 

_CPUON{ CONTROL 

CPU { au. 
CONTROL 

IIV.)M" 
Figure 1. Pin Functlonll 

2001·0()1.002 
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system. This system may be daisy-chained to allow 
implementation of a priority interrupt scheme. Liltle, if 
any, additional logic is required for daisy-chaining. 

• 	 Duplicate sets of both general-purpose and flag registers 
are provided, easing the design and operation of 
system software through single·context sw~ching, 
background-foreground programming, and single-level 
interrupt processing. In addition, two 16-bit index 
registers facilitate program processing of tables and 
arrays. 

• 	 There are three modes of high speed interrupt 
processing: 8080 similar, non-ZOO peripheral device, 
and Z80 Family peripheral w~h or without daisy chain. 

• 	 o.n-chip dynamic memory refresh counter. 

Au Ato..Au ... .. 

A.. A, 

A" .. .. 
eLK 

D. "
Do As 
Do At 
Do 

,IV .. " 
0. aND .. 
Do III -
D, 

iiii BUSREQ -
iiiii WAIT 

HiLl' BUSACK 

iiIiIii w;; 
IOiili iili 

figure 2•. 4O-P1n Duel-ln·LIne Peck8ge (DIP) 
Pin AMlgnmenta 
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0.......
Address bus 

IAddress multiplexer! driver I Data multiplexer/driver l, ~ 
INTERNAL ADDRESS BUS 

I 1 i 'I 
INTERNAL DATA BUS 

)( H '1 T lr 
Flags"Register Stack pOInter I ~ccumulal0r ,Program RefreshInstructionB C B' C'F SP A eounter counterregister

PC R 

F' D ·E D' E' A' 

Instruction 
H L H' decoder

,. ~ut2
Index regIster ArithmetIc logIC

IX unit 
Interrupt J~Pt_, 

IY 
Ihdex register 

~~ oddr... t 

~. 

TimIng and control 
logic 

• 
RESETt t I + t + ~ Illterr.al architecture Z80 BUSRa - INTNMI 

[II llr~~}'" 
:e~. F~)18._'~~~ Moinregi"erset 

{0 Selects AF or A'F' 

Blnk switch.. 
o SeloctlBCOEHL 0< 8'C'O'E'WL 

IxLI____~1~16:'!.1_____--,__l } 
Indo. regi".... 

IY~I_____~(~18~1________~1 

~LI_____~1~18:'!.1________~ 

~LI__________~ll~8~1_________~ Suck pointer 

R LI____1!!.7!...'__--1 Memory ,efrnh 

181 Interrupt vectOf' 

IFF 0 Interrupt enable flipflop 

ZilOII zeo CPU ,..;.181'1. 
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Z80 Microprocessor Instruction Set 
I

CLOCK ! CLOCK 
INSTRUCTION OBJECT CODE BYTES- PERIODS INSTRUCTION OBJECT CODE BYTES PERIODS 

-
ADC data CE yy 2 7 EX (SP),IY FD E3 2 23 

ADC (HL) 8E 1 7 EXX D9 1 4 

ADC HL,rp ED 01xxl0l0 2 15 HALT 76 1 4 

ADC (IX I disp) DD 8E yy 3 19 1M 0 ED 46 2 8
IADC (lY'dlsp) FD BE VV J 19 1M 1 ED 56 2 8


I
ADC reg 10001••• 1 4 1M 2 ED 5E 2 8 

ADD data C6 yy 2 7 IN A,port DB vv 2 10 

ADD (HI.) 86 1 7 IN rell,(C) ED 2 11 

ADD Ht,rp 00xxl00l 1 11 01dddOOO 

ADD (IX -disp) DO 86 yV 3 19 INC (HL) 34 1 11 

ADO IX,pp DO OOxxl00l 2 15 INC IX DO 23 2 10 

ADD (lY+disp) FD 88 vv 3 I 19 I INC (IX. dlsp) DO 34 vv 3 23 

ADD IV,rr FD OOxxl00l 2 15 I INC IV FD 23 2 10 

ADD reg 10000xxx I 1 ! 4 I INC (lY • disp) FD 34 vv 3 23 

AND data E6 vv I 2 7 I INC rp OOxxOOll 1 6 

AND (HL) A6 I 1 7 I INC reg OOxxxl00 1 4
IAND (IX I disp) DO A6 VY 3 19 IND EDM 2 lS 
AND (lY I disp) FD A6 yy J 19 INDR 

I 
ED BA 2 20/15 

AND rey 10100xxx 1 4 INI ED A2 2 

I 

15 
BIT b,(Hl). CB 2 12 INIR ED B2 2 20/15 

01bbbll0 JP Label C3 PPQQ 3 10 
BIT b,(lX+disp) DD CB yy 4 20 JP C,label DA PPQQ 3 10 

01bbbll0 JP (HL) E9 1 4 
BIT b,(IY +disp) FD CB vv 4 20 JP (IX: DO E9 2 8 

01bbbll0 JP. (lY) FD E9 2 8 
BIT b,reg CB 2 9 JP M,label FA ppqq 3 10I 01bbbxxx JP NC,label 02 ppqQ 3 10 

<'1111 Inhnl \.0 ppqq ~ 17 JP NZ,label C2 ppqq 3 10 

C.1\l L C,labul DC Pp11Q :1 10/1/ .Jp P,lnt)." F11)IUlf l J 10 

CALL M,label FC IJDQQ 3 10117 JP PE,labol EA ppqq 3 10 

CAll NC,la!>el D4 DPQQ 3 10117 JP PO,label E2 ppqq 3 10 

CAll NZ.Llllml C4 ppqq J 10117 JP l.label CA ppqq 3 10 
CALL P,lobol F4 ppqq 3 10117 JR C,disp 38yy 2 7/12 

I CALL PE,label EC PPQQ 3 10/17 JR disp 18 yy 2 12 
: CALL PO,label E4 PDQQ 3 10/17 JR NC,disp lOvv 2 7/12


CALL l,label CC PPQq 3 10/17 JR Nl,disp 20 yy 2 7/12

CCF 3F 1 4 JR Z,disp 28 yy 2 7/12

CP data FE vv 2 7 LO A,(addr) 3A ppqq 3 13 

CP (HL) BE 1 7 LC A,(BC) OA 1 7 

CP (IX +disp) DD BE vy 3 19 LD A,(DE) 1A 1 7 


LD ED 57 2 9CP (IV I elisp) FD BE yv 3 19 A,I 

CP reg 10111xxx 1 4 LD A,R ED SF 2 9 

CPD ED A9 2 16 LD (addr),A 32 ppqq 3 13 

CPDR ED B9 2 21/16' LD (addr),BC ED 43 ppqq 4 20 

CPI ED Al 2 16 LD (addr),DE ED 53 ppqq 4 20 

CPIR ED B1 2 21/16' LD (addr),HL 22 ppqq 3 1& 

CPL 2F I 1 4 U) (addrl.lX DD 22 ppqq 4 20 

DM n i 1 4 LD (.ddrl.lV FD 22 ppqq 4 20 

DEC (HL) Jb I 11 III (lId,II),Sr I [) 7:11'111111 4 20 

DEC IX DO 2B 2 10 LD (BC),A 02 1 1 

DEC (IX, disp) DO 35 vv 3 23 LD (DE)'A 12 1 7 

DEC IV FD 2B 2 10 LD HUaddr) 2A PPQQ 3 '6

DEC (lY I disp) FD 35 vv 3 23 LD (HL),data e36yy 2 10 

DEC rp 00xxl0l1 1 6 LD (HL),re\l 01110sss 1 7 

DEC roll OOxxxl01 1 4 LD I,A ED 47 
I 2 9

01 Fl 1 4 LD IX,(adod DD 2A PPQQ 4 20 

DJNZ disp 10 yy 2 8/13 LD IX,data 16 DD 21 yyyy 4 14 

EI FB 1 4 LD (IX + disp),data DO 36 yy yy 4 19 

EX AF,AF 08 1 4 LD (IX +disp),reg DO 01110sss 3 

EX DE,HL EB 1 4 
 yy 

EX (SP),HL E3 1 19 LD IV,(addr) FD 2A PPQq 4 20 

EX (SPl.IX 
 LD IV,data 16 FD 21 yyyy 4 141__DD E~ 2_--,-_23_-, ~ 
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------

.- "f 

._._.----- ---- --	 - - - 
CLOCK CLOCK I 

INSTRUCTION PERIODS 

"-

·'·OUCH'" f~' . ~~~~T~lJ~ION OBJECT CODE _Bv:r:S PERI~S I 
~-----

LD (lY t- displ.data FD 36 vvyy 4 19 RETN 	 2 14--r-ED 45 
LD (lY.,. disp).reg FO 011105S5 3 19 	 RL (HLI CB 16 2 15 

yy 	 RL (IX, disp) DDCByy16 4 23 
UD R.A ED 4F 2 9 RL (IV I disp) FD CB yy 16 4 23 

lD reg,data OIJd<1dtlO 2 7 RL CB 8
'eg 	 2 

yy 

I 	 I
0001Cb:xx 


LD reg,(HL) 01dddll0 1 7 RLA 17 

LD reg,{lX + disp) 
 1 4DD 3 19 RLC (HL) CB 06 2 15 

01dddll0 RLe (lX+disp) DO CB yy 06 4 23 
yy RLC (lY+disp) FD CB yy 06 4 23 

LD reg.(lY I d;c;p) FD 3 19 RLC reg CB 2 8 
01000dll0 I OOOOOxxx 

yy I RLCA 07 1 4 

LD reg.reg Oloadsss 1 
 4 RLD EDtiF 2 18 

LD rp.(addr) ED 01xxl011 4 20 RR (HLI CB lE 2 15 


ppqQ RR (IX! aisp) DO CB yy lE 4 23 

LD rp.data16 OOXXUOOl 3 10 RR OY 'disp) FD CB yy le 4 23 


vvyy RR CB 8
'eg 2 

LD SP.Hl F9 1 6 000lhxx 

LD SP.lX DO F9 2 10 AHA 1F 
 4 

LD SP,IY FD F9 2 10 RRC (HL) CB OE 15 

LDD ED AS 2 16 RHC (IX I (iU'H) DO CB yv Of- 4 23 

LDDR ED I>ll 2 21116" ARC (IV'dlspl Fo CB yy OE 4 23 

LDI ED AO 2 16 I ARC reg C8 2 8
ILOlA ED BO 2 21/16 i QOOO1xxx

NEG ED 44 2 8 AReA OF 
 •NUP 00. 1 4 RRD ED 67 18 

OR data F6 yy 2 7 RS1 11xxxl,1 

OR (HL) BS 1 7 sse Oata DE yy " 7 

OR (lX+disp) DO 86 Vi 3 19 SBC (HL) 9E 1 7 

OR (lY+disp) FD 136 vy 3 19 SBC Hl,rp ED 01XXOOlil 2 15

.:IA reg 101'Oxxx 1 4 SBe IIX+di,p) DD BE yy 3 1S 

OTOR ED Bll 2 2OI1S' Sac (lY'd;sp) FD 9E vv 3 19 

OTIA EO 113 2 20115' SBC 'en l00"x)(x 4 

OUT '{C),ro~l EO 01&ssUOl 2 12 SCF 37 4 

OUT port.A D3 Vy 2 SET b.CHL) CB 15 

OUTO ED Ail 2 15" l1bbbll0 

OUTI EO A3 2 15 SET b.(lX ,di.p) DO CB yy 4 23 

pop IX DO El 2 14 
 llbbbl10 

pop IY FO El 2 14 SET. b.OY I disp) FO CB yy 4 23 

POF pr 1,xxOOOl 1 10 l1bbbll0 

PUSH IX DO ES 2 1S b,rag
ISET CB 2 8 
PUSli IY fo E5 2 1S 	 l1bbbxxx 
'PUSH pr I '''xOl01 1 	 (HL) CB 26 2 15 
RES b.(HL) I CB 2 15 " IS~ (IX ~ disp) DO CB yy 26 4' 23 

10bobll0 '~~ (IV 4-- disp~ FD CB yy 26 4 23 

RES b.(lX+ disp} DU CB yy 4 23 SLA CB 00l00xxx 2 B
"'0 

1Obbbl10 	 (HL) CB 2E 15 

RES b.(lY+disp) FO CB yy 4 23 SRA (IX t-disp) DO CB yy 2E 4 23
ISRA10bbbl10 SRA UY+disp) FD CB yy 2E 4 23 

RES b,reg CB 2 B SRA reg CB 00101xxx 2 B 


10bbbxxx SRl (HL) CB 3E 2 1S 

flET CS 1 10 ISRL (lX+o;sp) 4
DO CB VV 3E 23,RET C D<l 5111 SRL (lY +diap) FD CB vv 3E 4 23 

RET M Fa 1 Sill SRL rag CB 00",,,,,,, 2 8 

RET NC DO 1 5/11 SUB data D6yy 2 7 

m,T NZ co 1 5/" SUB (HL) 96 , 7 

RET P FO 1 5/11 SUB (IX + disp) 0096yy 3 19 

RET PE E8 1 Sill SUB (lY+disp) FD96yy 3 19 

RET po EO 1 5111 SUB rag l00lOxxx 1 4 

RET Z C8 1 5111 XOR data EE yy 2 7 

RETI E04D 2 14 	 XOR (HL) AE 1 7 


XOR (lX+disPI DOAEyy 3 19 

• Execution time shown is for one iteration. XOR (lY+d;.p) FD AE vv 3 19 

XOR ,eo 10101xx. 1 4 

x represents an optional binary digit. 
bbb represents optional bin8ry digits identifying a bit location in a register or memory byte. (000 LSB. 111 MSB) 
ddd represents optional binary digits identifying 3 destination ragister. 

111,A 000 B 001 C 010~D 011 E 100 H 101 Lc 

.. represents optional binflry digits idttntifvi~ 8 SOuroA' r8Qi8tftr-Samf' r.or1ino 8ft dod. 

PPQ<t reprolSunt4 8 lour hexodoci.nal diuit ,"omorv IlddwS5. 


vv represents two hexadecimal data digits. 

yyvy represents four hexadecimal data digits. 


When two possible execution times are shown (i.e .. 5l1, I. it indicates that the nurnht?'Clock periods 

depends on condition flags. 
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FEATURES 

• 	 TranSfers. searches. ana searchltransfers in BYte-at-a
Time. Burst. or ContinUOUS modes. Cycle length and 
edge timing can be programmed to malch tne speed of 
any port. 

• 	 Dual port addresses (source and aestination) generated 
for memory-to-IIO. memory-te-memory. or IIO-te-IIO 
operations. Aaaresses may ~ fixed or automatically 
incrementedlaecremented. 

• 	 Next-operation loaaing witnout aisturbing current 
operations via bufferea startlng-aodress reglslers. An 
entire previous sequence can De repeated automatically. 

GENERAL DESCRIPTION 

The zao DMA (Direct Memory Access) is a powertul and 
versatile cevice for contrOlling ana processing transfers of 
data. Its basic funciion of managing CPU-indepenaent 

-I .... ....
DATA.... 	 ..............COIIT={ _to ..,

_lIMA 	 A" 

'" 
'" .. A.. 

, 
CilwAii 

iIItIOilLiI-==1 	 },..... 
COIITMI. 

teD 

18410 zao® DNA 
DIrect MeDlory Access 
CoDIroOer 
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SpecificatioD 
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• 	 Extensive programmability of functions. CPU can fead 
complete channel status. 

• 	 Standard zao Family bus· request and prioritized 
interrupHequest daisy chains implemented without 
external logic. Sopnisticated. internally modifiable 
interrupt vectoring. 

• 	 Direct intertacing to system buses without external logic. 

trallS1ers belwetln two ports is augmentea by an array of 
features li1al optimize transfer speed and control with little or 
no externai logic in systems usmg an 8- or 16-bit data bus 
and a 16-oit aacress bus. 

.. .. ..
.. .. ..
.. .. l1if_.. '"~ 

A, .." ..0 .. .. 

eLK ... 
WI Do 
IIIi Do 

RIIII ..... 
IIIi!II .... .. 

AI IT Do - II III.. ... -... .. .. ... II .. ... .. ....,A.. " 
eNO eLK 

FIguce 1. Pin Func:a-
Flllu", 2. 4G-pln Dua ....n·Une Package (DIp). 

Pin Aalgnmenta 

2032.00'.002 
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FEATURES 

• 	 Provides a direct interface between Z80 microcomputer 
systems and peripheral devices. 

• 	 Two ports with interrupt-driven handshake for fast 
response. 

• 	 Four programmable operating modes: Output, Input, 
Bidirectional (Port A only), and Bit Control 

• 	 Programmable interrupts on peripheral status 
conditions. 

GENERAL DESCRIPTION 

The Z80 Pia Parallel 110 Circuit is a programmable, 
dual-port device that provides a TIL-compatible interface 
between peripheral devices and the Z80 CPU (Figures 1 
and 2). The CPU configures the Z80 Pia to interface with a 

DATAOUI { 

~{ 

'-={ 

18420 Z8C)® PIO 
ParaDel lapallOulpat 
CoDtroUer 

Product 
SpecUlcaHOD 

April 1985 

• 	 Standard Z80 Family bus-request and prioritizec 
interrupt-request daisy chains implemented withou 
external logic. 

• 	 The eight Port Boutputs can drive Darlington transistors 
(1.5 rnA at 1.5V). 

wide range of peripheral devices with no other extern! 
logic. Typical peripheral devices that are compatible wilh th 
Z80 Pia include most keyboards. paper tape readers an 
punches. printers, and PROM programmers. 

..Do , , '-" .. .. ..Do 

· • 
II.. • .. 

9 or 111 
CI6 .. ii5IiIi 

I .. iii.."', ..7 PO, ... .. ... ... I .. ... ... I 

II ..." --- .. ...-... " • ... ... " .. N, ~ " ... ... .." .,V 
Ai'i'i .. C1.K 

All " .. ... ..... " .. III .. .. r:~ : .. .. 
IIOY" 

FIgu.. 1. Pin Functlona FIgure 2•• 4O-pIn DuaI-In-Une PacIcIIge (DIP), 
PIn Melgnmenta 
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FEATURES 

• 	 Four Independently programmable counter/timer 
channels, each with a readable downcounter and a 
selectable 16 or 256 prescaler Downcou nters are 
reloaded automatically at zero count 

• 	 Selectable positive or negative trigger Initiates timer 
operaliOn 

• 	 Three channels have lero Count/Timeout outputs 
capable of driving Darlington transistors, 

GENERAL DESCRIPTION 

The Z80 CTC four-channel counter/timer can' be 
programmed by system software for a broad range of 
counting and timing applications, The four independently 
programmable channels of the Z80 CTC satisfy_common 
microcomputer system requirements for event counting, 
interrupt and interval timing, and general clock rate 
generation, 

t t t 
eLK +SV QND 

Figure 1:Pin Function. 

2041·001. 002 
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• 	 Interfaces directly to the Z80 CPU or-for baud rate 
generation-to the Z80 SIO, 

• 	 Standard l80 Family daisy-chain Interrupt structure 
prOVides fully vectored, prioritized interrupts without 
external logic, The CTC may also be used as an interrupt 
controller, 

System design is simplified because the CTC connects 
directly to both the Z80 CPU and the l80 SIO with no 
additional logic, In larger systems, address decoders and 
buffers may be required, 

Programming the CTC IS straightforward: each channel is 
programmed with two bytes; a third is necessary when 

D. D, 

D, D, 

D, D, 

D, Do 
GND 	 +sv 

iili ClKITRGo 

lCITOa elK/TRG, 

ZClTO, CLKITRG2 


ZCIT02 ClKITRG3 


10RO CS, 

"0 cs" 

INT RESET 

'" 
 CE 

iii CLK 

Figure 2•. 4G-pln Dual-In-LIne Package (DIP), 

Pin Asalgnmenta 




FEATURES 

• 	 Two independent full-duplex channels, with separate 
control and status hnes for modems or other devices. 

• 	 Data rates of 0 to 500K bits/second in the xl clock mode 
with a 2.5 MHz clock (Z80 SIO), or 0 to 800K bits/second 
with a 4.0 MHz clock (Z80A SIO). 

• 	 Asynchronous protocols: everything necessary for 
complete messages in 5, 6, 7, or 8 bits/character. 
Includes variable stop bits and several clock-rate 
multipliers; break generation and detection; parity; 
overrun and framing error detection. 

GENERAL DESCRIPTION 

The Z80 SIO SeriallnputiOutput Controller IS a dual-channel 
data communication Interface with extraordinary versatility 
and capability. Its baSIC functions as a serial-to-parallel, 
parallel-ta-serial converter/controller can be programmed 
by a CPU for a broad range of serial communication 
applications. 

The deVice supports all common asyncr.ronous and 
synchronous protocols, byte- or bit-oriented, and performs 
all of the functions traditionally done by UARTs, USARTs, 
and synchronous communication controllers combined, 
plus additional functions traditionally performed by the CPU. 
Moreover, it does this on two fully-independent channels, 

PIN DESCRIPTION 

Figures 1 througn 6 Illustrate the three 40-pin configurations 
(bonding options) available in the SIO. The constraints of a 
4D-pin package make it Impossible to bring out the Receive 
Clock (RxC), Transmit Clock (TxC), Data Terminal Ready 
(orR) and Sync (SYNC) signals for both channels. 
Therefore, ,eithEll' Channel B lacks a signal or two Signals are 
bonded together: 

• 	 ZOO S10/2 lacks SYNCS 

• 	 ZOO SIO/l lacks DTRB 

• -ZOO SIO/O has all four signals, but ~ and RxCB are 
bonded together 
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• 	 Synchronous protocols: everything necessary for 
complete bit- or byte-oriented messages in 5, 6, 7, 0; 8 
bits/character, including IBM Bisync, SDLC, HOLC, 
CCITT-X.25 and others. Automatic CRC generation/ 
checking, sync character and zero insertion/deletion, 
abort generation/detection, and flag insertion. 

• 	 Receiver data registers quadruply buffered, transmitter 
registers doubly buffered. 

• 	 Highly sophisticated and flexible daisy-chain interrupt 
vectoring for interrupts without external logic. 

With an exceptionally sophisticated interrupt structure that 
allows very fast transfers. 

Full interfacing is provided for CPU or DMA control. In 
addition to data communication, the cirCUit can handle 
virtually all types of serial I/O wltr, fast, or slow, peripheral 
devices. While designed primarily as a member of the Z80 
family, ItS versatility makes it well suited to many other CPUs, 

The Z80 SIO is an n-channel silicon-gate depletion-load 
deVice packaged i:1 a 40-pln plastic or ceramic DIP. It uses a 
Single + 5V power supply and the standard ZOO family 
single-phase clock. The Z8444 is packaged in a 44-pin 
ceramic LCC. 

The 44-pin package. the Z80 S10/4, has all options (Figure 
7). 

The first bonding option above (SI0/2) is the preferred 
version for most applications. The pin deSCriptions are as 
follows: 

B/A_ Channel A or B Select (input, High selects Channel B). 
This input defines which channel is accessed during a data 
transfer between the CPU and the SIO. Address bit Ao from 
t~e CPU is often used for the selection function'

em, Control or Data Select (input, High selects Control). 
This input defines the type of information transfer performed 

http:CCITT-X.25


--

FEATURES 

• 	 Two independent full-duplex channels with separate 
modem controls. Modem status can be monitored. 

• 	 In x1 clock mode, data rates are 0 to 500K bits/second 
with a 2.5 MHz clock, orOto800K bits/second wrth a4.0 
MHz clock. 

• 	 Receiver data registers are quadruply buffered; the 
transmitter is doubly buffered. 

• 	 Programmable options include 1, 1 '/2, or 2 stop brts; 
even, odd, or no parity; and xl, x16, x32, and x64 clock 
modes. 

GENERAL DESCRIPTION 

The Z80 DART (Dual-Channel Asynchronous Receiver/ 
Transmitter) is a dual-channel multifunction peripheral 
component that satisfies a wide variety of asynchronous 
serial data communications requirements in microcomputer 
systems. The Z80 DART is used as a serlal-ta-parallel, 

Do 	 .... 
0, Iiia 
0, T... 

0, iiCl 
0,~{ 
Do 	

-... 
0, 	 lTD 

0TIi.... .... j=
mE 

{-= : 
.~{ 

.. 

... 

i 	

:: j=-DT~'... 	 .... 

Z8470 Z80®DART 
Dual Asynchronous 

Recelver/TransmlUer 


Product 

SpecUlcadon 


April 1985 

• 	 Break generation and detection as well as parity-, 
overrun-, and framing-error detection are available. 

• 	 Interrupt features Include a programmable interrupt 
vector, a "status affects vector" mode for fast interrupt 
processing, and the standard Z80 peripheral daisy
chain interrupt structure that provides automatic interrupt 
vectoring with no external logic. 

• 	 On-Chip logic for ring indication and carrier-detect status. 

parallel-to-serial converter/controller In asynchronous 
applications. In addition, the device also provides modem 
controls for both channels. In applications where modem 
controls are not needed, these lines can be used for 
general-purpose 110. 

0, . .. 
0, " Do 
0, .. 0,Cit-A 
0, n D. 

" H5iIii 
" III.. ... 

.,v " "'" 
" n 

OND 

+511' OND CUI. 
Flgu.. 2. 4o-Pln Dual-Ir.-Llne l'ajllalge (DIP). 

Flgurw1. PIn FuncIIona Pin AIaIgnmenls 

204<!.OO1. 002 
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6502 Microprocessor Instruction Set 


1 ALPHABETICAL ORDER 

ADC 
AND 
ASL 
BCC 
BCS 
BEQ 
BIT 
BMI 
BNE 
BPL 
BRK 
BVC 
BVS 
CLC 
CLD 
CLI 
CLV 
CMP 
CPX 
CPY 
DEC 
DEX 
DEY 
EOR 
INC 
INX 
INY 
JMP 

Add with carry 
Logical AND 
Arithmetic shift left 
Branch if carry clear 
Branch if carry set 
Branch if result = 0 
Test bit 
Branch if minus 
Branch if not equal to 0 
B ranch if pius 
Break 
Branch if overflow clear 
Branch if overflow set 
Clear carry 
Clear decimal flag 
Clear interrupt disable 
Clear overflow 
Compare to accumulator 
Compare to X 
Compare to Y 
Decrement memory 
Decrement X 
Decrement Y 
Exclusive OR 
Increment memory 
Increment X 
Increment Y 
Jump 

JSR 
LDA 
LDX 
LDY 
LSR 
NOP 
ORA 
PHA 
PHP 
PLA 
PLP 
ROL 
ROR 
RTI 
RTS 
SBC 
SEC 
SED 
SEI 
STA 
STX 
STY 
TAX 
TAY 
TSX 
TXA 
TXS 
TYA 

Jump 10 subroutine 
Load accumulator 
Load X 
Load Y 
Logical shift righ t 
No operation 
Logical OR 
Push A 
Push. P status 
Pull A 
Pull P statu~ 
Rotate left 
Rotate right 
Return from interrupt 
Return from subroutine 
Subtract with carry 
Set carry 
Set decimal 
Set interrupt disable 
Store accumulator 
Store X 
Store Y 
Transfer A to X 
Transfer A to Y 
Transfer SP to X 
Transfer X to A 
Transfer X to SP 
Transfer Y to A 
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Address bus Data bus 

in 
¢, ·2 RIW 
Ci;k 
out 

. Internal 
architecture 6502 

Pin-out 
connections 6502 

GND 
ROY 

¢1 (OUT) 
IRQ 
N.C. 
NMI 

SYNC 
+5V 
ABO 
ABl 
AB2 
AB3 
AB4 

Address ABS 
bus AB6 

AB7 
AB8 
AB9 

AB10 
ABll 

1 40 RES 
2 39 iP2(OUT) 

3 38 S.O. 
4 37 iPO (IN) 
5 36 N.C. 

6 35 N.C. 
7 34 Rf{i 
8 33 080 

9~32 DBl 
10 6502 31 DB2 
11 30 DB3 

Data bus
12 29 DB4 
13 28 DBS 
14 27 086 
15 26 DB7 
le 25 "")17 24 AB14 
18 23 AB 13 Address bus 

19 22 AB12 
20 21 GND 

N.C. =NOT CONNECTED 
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R6500 Microcomputer System 

DATA SHEET 

VERSATILE INTERFACE ADAPTER (VIA) 
SYSTEM ABSTRACT 
The 8 b'f R6500 microcomputer system .s produced WI'" N· 
channel, \11'tOn-9al~. depletlon·load technology lIS perform· 

ance weeds are enhanced by advanced system "rchtlK,..N. 
Its Illnovatl\lp archilecture results In smaller chips the sem.

conductor threshold to cosl·effecll\lIty. System cosI·effectlvity 
IS turlher enhanced by prOViding a 'amlly of 10 sohware-com· 
pallhlf' mICroprocessor (CPU) devices, memOl"y and 1/0 devICes . 
as well as low-cost design aids and document•• tOn. 

DESCRIPTION 
The R6S22 VIA adch two powerful, fle-Ioble Interval Timers, 

a serlal·fo·parallel/paraHel-to-setial shih register and Input latch· 

Ing on the peopheral POrts 10 the capablhlM!S of the R6520 

Perlphe,al Interface AcfaJ,Jter (PIA. device. Hlndshlklng capa· 

bility 1\ expanded to allow control of badlrRuan" dilta trans· 
lers between VIAs 10 multiple prOcenor systems Ind between 
peripherals 

ContrOl 01 peripherals 15 pllm-artly through two 8-blt bidirectional 

ports. Each of these ports can be pr09remmed to Kt as an input 

Or an output Peripheral 110 hnes cen bt> selecttvely controlled 
by the Intervc.1 Timers to generate programmable-frlQuencv SQUire 

waVI!$ and/or 10 count ex.'ternally generated DulYs. Positive con· 
trot of VIA functions IS gained through its internal register organt

zatlon Interrupt Flag Reqluer. Interrupt Enable Register. and 
two Function Control Registers 

Ordering Information 

o.d.. P.ck. TemperatUN 
Number Typo Frequ.ncv R_ 

R6S22P Plastic 1 MHz oOe.o +70oC 
R6S22AP Plaulc 2 MHz OOC lo+70oC 
R6522C Ceramic 1 MHz oOe to +70oC 
R6522AC Ceramic 2·MHz oOe to+700C 
R6522PE Plastac 1 MHz ~OC.o+85OC 
R6522APE PlasttC 2MHz ~Oelo+850C 
R6522CE Ceramic 1 MHI ~oClo+8!1°C 
R6S22ACE eefamlt 2 MHz -40°C '0 +8Solj 
R6S22CMT Ce,am:c 1 MHz -5SoC.o+12S C 

O:f!'~U' tl CONIIOl) 
I". 


TO 02 (lOCI~ a lit TO

{~~ Rtc.mu AND .6521 OAT'" POll PI.IPHI .... U 

(HIP StUCTS 

iiO CONlltOl 

401 

FEATURES 
• 	 Organized for Slmphfied software t'onlrol of maoy f~nctions 

• 	 Compaftble With the R650X and R651X family Of micro· 
processors (CPUs) 

• 	 81-directional. 8·bi! data bus for communication With mtero
proc.,sor 

• 	 Two BI-directional, S-bit tnput/output pons for interface with 
peripheral devices 

• 	 CMOS and TTL compatible input/output penphl!ral ports 

• 	 Data Duectlon Regl!.ters allow ~ach ppopheral pm to act as 

either an Input or an output 

• 	 Interrupt Flag Register allows the microprocessor to readdy 
determine the source of an Interrupt and prOVides convenient 
control of the interrupts Within the chip 

• 	 Handshake control logic for input/output peripheral d'tl 
tran,fer operations 

• 	 Dati latching on peripheral input/ou Ipu I po~ts 

• 	 Two fullv·programmable Interval timers/tounters 

• 	 Eight-bit Shift Register for senal Interface 

• 	 Forty-pin plastiC or ceramic OIP pack"gf!. 

VSS CA. 
PAD CA2 

PAl RSO 

PA2 RS' 
PAJ RS2 

PA. RSJ 

PAS REs 
PA6 qo 
PA7 O' 
PBO 02 

PR. 03 

PB2 DO 

PBJ 05 

PBO 06 

PBS 07 

PB6 ~2 

PB7 CS' 

CBI ffi 
CB2 R/W 

VCC iliQ 

Pin Configuretion 



OPERATION SUMMARY 

R"at.. SeI...~ l ..... IRSO. AS1. RS2. RS31 

The four Reglsler select lInes are nc.rmally connected 10 the processor address bus lines to allow the prOCt!'Ssor to select the internal R6522 
regluer which IS to be accessed The Slllteen possible combinations access the ,egis ten as follows: 

RS3 RS2 RS! RSD R......r R.......... RS3 RS2 RS1 RSO R...... R_ 

L L L L ORB H L L L HL·L Write latCh 

L l L H ORA ControlS Handshake T2C·L Read Counter 

l L H L OORB H l L H T2C·H Triggen T2L·LfT2C·L 
T,ansfer 

l L H H DORA 
H L H SR 

L H l L TlL·L Wtlte Latch H L H H ACR 
TICl Bead Counter 

H H l L peR 

l H L H TlC·H Trigger T1L-LlTtC'L 
Transler 

H H l H IFR 

l H H l Tll·l 
H H H L IER 

L H H I H TlL·H 
H 

I 
H H H ORA No Effec. on 

Handshake 

Note l '" 04V DC, H '" 2.4V DC 

Tim.f 2 Control 

RSJ RS2 RS1 RSO Rtw'l RIW-H 
r----I-

H l L L Write T2L-L 	 R..d T2C·L 
Clea, Interrupt fleg 

H L l H 	 Write T2C·H Read T2C·H 
Transfer T2l·l to T2C·L 
Clear Interrupt flag 

Writing the Tim... 1 Regist.r 


The Operat'or'\S which take place when writing to eKh of the four Tl addre"e, are as follow.: 


RS3 RS2 RS! RSO ap.e.ioft IRM • Ll 

l H l L Write into low order 'etch 

l H 
I 

L H 

Write into high order letch 
Write into htgh order counter 
Transfer low order Iltch intO low order counter 
Reset Tl interrupt fl-e 

l H H L Write low order 'mch 

X H H H 
Write high Qrder '.u;h 
Reset Tl in,.rrupt fleg 

Ruding the Time, 1 Regts,ers 

For readlnq the T ,mer 1 registers, the four addresses relate dlrectlv to t-he four regis.,ers as follows: 

RS3 RS2 RS1 AIO O_otien IRM· HI 

R.~ Tl low order coun..,
L H l l 

Rese, Tl interrupt fI-e 

L H L H Reid Tl htgh order counter 

l H H L Rood TI 1_ onIer I..ch 

L H H H Reod T1 high order letch 
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R8500 Microcomputer System 
DATA SHEET 

CRT CONTROLLER (CRTC) 

DESCRIPTION 
n. A6545-1 CRT ConIIOIIer (CATC) Ie dIeIgned to ....... 
M IHIIt ~ to CRT ,....,. _ ¥Ideo dIIPaYa. 
MIl adds lin ldYanced CAT oonIIoIIer to the ntIIbIIshed and 
...,.nding line 01 R8500 pmducfa. 

The R8545-1 proyides refresh rnemoty ~ and char-
IICIIr generIIIor lOW ___ which IIIow up to 1111< dIIr
..... willi 32 _ .... per charIICIer to be adchIeed. A 
fIIIIjor 1dY~ 01 the R8545-1 is that the refNeh rnemoty 
may be ~ In either IIIWgh1 blrwy or by lOW/column. 

OIlIer funcIIonI in the Fl6545-1 Include en inlemal CUIIOr reg
Iller which generales a C\nOf output when lis oonIenIa ... 
equal to the current reIntaII eddrMa. Programmable CUI'IOf 
It8rt and end registera dow a curaor 01 up to the fill char
acter _ in height to be pl8CI!d on MY ecan lines 01 the 
chanIcter. Variable C\nOf display blink ra.. era 1IIIMded. 
A light pen llrobe Input allows CIIjIIIn 01 the cumtnt ""I111II'I 
eddrMa In an intemallight pan raglater. n. ""-" acIdIWs 
.,.....~to p!OVidadNCIdynamlclll8mDfy......". 

All timing for the video ""I111II'I memacy I9IaIa Ie deIIved 
110m the character clock input. ShIft regiller. latch, IIId muI
... contJQIlignaIa (when needIId) era pravIded by external 
IigIHpMd timing. The mode oontlOl ragIaIIr &Iowa non
InIMteced video dIpIay II'ICIdM at 50 or eo Hz NfreIh rail. 
T1II ~ ItaIIII ragIaIIr may lie lINd to monIIDr the 
All545-1 operation. The m InpIA ..... the CA'I'C-oM
..... n.Id rata to be dynamIcaIy-aynchlalliad willi Ine ... 
quInCy jIIter. 

ORDERING INFORMATION 
PM ........ T..........
........ Type F...-, ....... 


Ae545-1P Plastic: 1 MHz O"C to +7O'C 
RlM5-1AP ' Plastic: 2 MHz O"C to +7O'C 
RlM5-1C Ceramic 1 MHz O"C to +7O"C 

FEATURES 

• 	 CornpeIIbIe willi 8-biI micropl'OCMlOl'l 

• 	 Up to 2.5 MHz character clock ope!ation 

• 	 RefI1llll'l RAM may be oonIIgunId In IOOIII/column or IIrIIght 
binary IIddrMSlng 

• 	~ and lImIIed graphics capabilily 

• 	 Up and dawn .::roIlIng by PIIQe, line, Of cherIicter 

• 	 PrograrM\IIbIe VeI1aI Sync: WIdth 
• 	 Filly p!OQfIImmebIe display (rows, columna, charecter 

matrix) 

• 	 Non-intIIrIaced scan 
• 	 50160 Hz operation 

• 	 Filly IJIO!IfIIIIII'I C\nOf 

• 	 l/ghI pen register 
• 	~ reII1IIII't RAM 10 1111< c:hIncIets 

• 	 No IIlI1em8I OMA reql.ired 

• 	 ImemallIUIIus regiller 

• 	 4O-Pin ceramic or plastic DIP 

• 	~ willi MC6845 
• 	 Single +5 ",5% Volt '"- Supply 

VIS \/SYNC 
lID ..YNC 
lieN "All 
CCOiMAO !!AI 
CC./MAI IIAa 
Cca/MAlt IIAl1 
CClt/MA3 IIA. 
CCoIIMM 00 
_AI Dl 
_AI D2 
CC7/MAl D3 
CIIQ/MAI ~ 

CllliMA. DI 
Clla/MA10 DI 
CII3IMAII Dl 
CIWIMA12 eI 
CIIIIMA13 lIS 

DISPLAY .NAaLi U 
CUIIIDII 

CCLIeVCC "'" 
RlSS45-1AC Ceramic 2 MHz O"C to +7O'C ......1 PIn ConIIgIntIon 
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INTERFACE SIGNAL DESCRIPTION 

CPU INTERFACE 

• (Phue 2 Clock) 

The input clock is the system Phase 2 (~) clock and is used 
10 trigger all data transfers between the system processor (CPU) 
and the R6545-1. SInce there is no maximum limit to the allow· 
able ;2 clock time, rt is not necessary for K to be a continuous 
clock, This capatHlity permits the R654S-1 to be easily interfaced 
to non-6500 compatible microprocessors. 

A/W (ANd/Wrtte) 

The R/'ll Input signal generated by Iha procesaor is ~ to 
control the d'rection of data transfers. A high on Iha RI'll pin 
allows the processor to read Iha data supplied by the R6545-1 , 
a low on the R/'ll pin allows data on data liMs [)()'D7 to be 
written into the R654S·1. 

a (Chip Select) 

The Chip Select input is normally connectad to Iha processor 
address bus either directly or through a decoder. The R6545-1 
is selected when ~ is low. 

AS (Reglat., Select) 

The Register Select input is used to access internal registers. 
A low on this pin permKs writes (RI'll = low) into Ihe Address 
Register and reads (RI'll z high) from Iha Stalus Register. The 
contents of the Address Register is the identity of Iha register 
_sed when RS is high. 

00-07 (Data Bua) 

00-07 are the eight data lines used to transfer data ~ 
the processor and the R6545-1. These lines are bidirectional 
and are normally high-impedance except during reed cycles 
wtien the chip is selected (~ low).E 

VIDEO INTERFACE 

HSYNC (Hortzonl8l Sync) 

The HSYNC signal is an active-high output used to determine 
Iha horizontal PQSition of displayed tex!. It may drive a CRT 
monItor directly or may be used for COfTIP(1IiIe WIeo generation. 
HSYNC time poSItion and width are fulV programmable. 

VSYNC (Vertical Sync) 

The VSYNC signal is an ective high output used to delermine 
Iha vertIcal position 01 displayed text. Like HSYNC. VSYNC may 
be used 10 drIVe a CRT monitor or composite video generation 
CIrcuits. VSYNC lime position and width are both programmable. 

DISPLAY ENABLE (DIapl8y Enable) 

The DISPLAY ENABLE signal is an actiYe-tigh output used 10 
indicale when lhe R6545-1 is generating active display infor
mation. The number of horizontal display characters per row 
and Iha number 01 vertical display rows are both luly program
mable and together are US4d to generate Iha DfSPlAY ENABLE 
1igMI. DISPlAY ENABLE can be delayed one character time 
by aetling bit 4 of RS equal to 1. 

CURSOR Ceur- CoInclcierlc.) 

The CURSOR signal is an acIive-hIgh output used 10 indicate 
when the scan coincides with Iha pIOgrammaod anor poeiIIon. 
The cursor PQS"ion may be programmed 10 be any character 
in the address field. Furtharmora. within Iha characler, Iha cur
sor may be programmed. to be any block of scan lines. since 
the start scan line and the end scan line are both programmable. 
The cursor position may be delayed by one charecter lime by 
SlSlting Bit 5 of RS 10 A "1". 

LPEN (light Pan Strobe) 

The LPEN signal is an edge-sensKive inpul usad 10 Ioa!IIha 
Internal Ughl Pen Register with Iha conlents of the ReIrash 
Scan Counter at Ihe time the active edge occurs. The active 
edge 01 LPEN is Iha Iow-Io-high transition. 

CCLK (Clock) 

The CCLI( signal is lhe charecter timing clock input and Is usad 
as the lime base for all internal count/control functions. 

REI 
The AIm signal is an active-low input used 10 initIaIIza .... in
ternal scan counter circuits. When RES is low, all internal 
counters are stopped and cleared. all scan and \/Ideo outputs 
are lOw, and control registers are unaffected. AES must stay 
lOw for at teast one CCLK period. All scan timing is initiated 
when AES goes high. In this way. AES can be used 10 syn
chronize display frame liming with line frequency. AES may also 
be used 10 synchronize multiple CRTC's in horizontal andlor 
vertical splH screen operativn. 

REFRESH RAM AND CHARACTER ROM INTERFACE 

MAO-MA13 (Aafraah AAM AddNn U_) 

These 14 signals are active-high outputs used 10 adcII.a Iha 
Refresh RAM for character a.torage and display operations, The 
starting scan address is fully pIOgI'ammabIe and the andIng 
scan address is determined by t:1e total number 01 charadIIIs 
displayed. which is also prograrMMIbIe, in terma 01 charadarsl 
~ne and liMs/frame. 

There are two selectable address modes for MAo-MA13: 

In the straight binary mode (AS. Mode Conlrot, bit 2 ~ "0"). 
charecters are storad in successive' memory locations. Thus, 
lhe software must be designed such thaI row and column char
acter coordinates are Iranslated into sequentiaUy-numbered lid
dresses. In lhe row/column mode (AS, Mode Control, bit 2 
"1"), MAO-MA7 become column addresses CCO-CC7 and MA&
MA13 become raw addresses CRO-CRS. In this case, lhe soft
ware can manipulate charecters in lerms of raw and column l0
cations, but additional adcII.acornprassion ciR:uits are needed 
to convert lhe CCO-CC7 and CAO-CRS addresses into .. mem
ory-efficienl binary addrea scheme. 

AA0-AA4 (R...... Addr.a LIMa) 

lhasa S signals ara active-high outputs used to select e8ch ras
ter scan within an individual character row. The number 01 raster 
scan ines is programmable and determineS the character hei!IIt 
including spaCes ~ character rows. 
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---

INTERNAL ORGANIZATION 

... 
iilO ... ... 
eli ... 

•n 

... 

Tr.nsmitter/Receiver 

81ts 0-3 of the Control Register select the divisor used to generete the 
baud rate tor the Transmitter. If the Receiver clock 1$ to use the 5IfTIe 

baud rate as the TransmItter, then Rxe beComes In output pin and 
can be used to slave other circuIts to the A6551. 

14---------- lI.e 

Transmitter/Receiv... Clock Circuits 

Transmit and Receive Dati Regis..rs 

These registers ate u~d as temporary dati stO,. for the 6551 TranI' 
"Iii and Receive cifeu"s. The Transmit D... Regitte, is ch_ecterized 
• 'ollows 

• SIlO is lhe leading bit to be transmitted. 

• Unused data bus are the hlgh-order bits end are "don't car." 
for IranR1US'IQn. 

The Recel\le Data Reg,,,., is characterized in I similar fashion: 

• Bit 0 IS the leading bll received. 

• Unused data bits are the hlgh-order bits and are "0" for the 
receIVer. 

• Parity bits are not contained in the Recei..,e Data Rl9lltet. but 

Control Register 

The Control Revi".r selects the desired baud rate. frequency 
source. word length, and the number of Itop bits. 

I, 1 •J, 

_.~ocsl •• I
I .~ ..J_, ..., .... 

L- IlUCllD "MID ....." ...., 
P !! 
o ••• ' •• I_.,.:C..... 
00 • I .. .... 
00 '0 

00 , , IOU' .... 
" .... 
• , o. ,,......... 

• I 0 I ,w ... 
• , 1 It 
0' 1 , -- .........'10' 
10 • , 

,-,
'I'll 
,. , 1 --- ... ..........1 I O. 
, I I' 
, 1 I' -- ........II It 'UOO .... 

•• l __"__a... 
1·.....,-.

L-_________ WOIIDU""'ML.' 

.......II , ,....
" 1"_.
II .... 

'-------------lToPIIT_.11UH 

0·' .... ..I.' ........ 

.,~,·.·&.·...... ........... . 

.,1
., ...... 
I... "L ......,..,..., 

R8&61 Control Register 

Command Regist... 

The CornmMCI Register controlltPeCific modes and function•• 

""'TI_L_.'" 

~:=;=::..~.....~~"""'CNUM.ID'.....~ 
•• 1.......... 


~ ............~IIOL,.. 


II m·......T..-It'-'-......
.'m·&..-.1'_ .......... 
II .... ..-.,...... .......... 
" nt·'--.1'~....................,. ...... 


L-_______ Ma.1VI.KMO....'_ .......... -.......
.................

L--________ Mllt.,..,. ... """UO.... 

... ......,...0....................... 


..................
L--__________.....,..,..,.,.COIfrM&.--- ... 
z •
•• 0.. ..... '" __I' __..... ' :1Fls::::IIsA 
,. I11III ...., ... .-.-.... 

....a.... .......
" ...........,.-.... 

.Ire stripped-off after being used for ext.rnal p ...ity checking. 
Parity and aU unused htgh-order bits are "0" 
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R6500 Microcomputer System 
DATA SHEET 

Asynchronous Communication Interface Adapter (ACIA) 
Thl "6651 Asynchronous Commu"lcatlOf'l Int.rhIC' Adap.... 
CAeIA) proy,des II progtatn-conuotled Intertacl between 80bet 
mlcroproceuor·baHd sys'lml and .,.. commul"lIution da•• 
setllNi modems 

W:~h Its onoCh'l) baud r.te gen,r.tor, the R6SS1 II c~..,. of 
\TlftSmlttu"l at 15 dlffe,ent program·selecteble rllt" between 
50 bavd and 19.200 baud, and receiving' at 1,lh,r the tr..,smlt 

'". or It 16 limes ,n 1.1""111 clock ,.t•. The R65S1 has pro
II'lN'NftIbie wOrd lengths of 5, 6. " or 8 bits; I'll", odd or no 

parity; 1. '·1/2 or 2 stop bits. 

With the R65S1. II crvs.aI II the only required u"r",1 support 
Component - fllmln.ttng 1M mul!.p&e<ompon,", wppon thl' 
'1 tYPically ftftded. 

In IIddI1lOft. the R65S1 IS deSigned for rn••imu~ protr.....mec:t 
cot'*~ from the CPU, to Simplify h.,ctw...-e unpJementltion. A 
control regllter end a separate comrnencl regiS'" permit the CPU 
to ...ily Hleet the A6551', opereting modes end check ct.... 
per."....,. and IUtuS. 

Orderi", Infor""'tion 

0... 
Nuftlber 

'ock... 
Type F_oncy 

T_...... 
R665IP PI.UIC 1 MH. oOe to'lOoe 
R666IA' PI_tic 2MH. oOe to .,oOe 
R65lile Cer.mic 1 MH. oOe to+70oC 

R651ilAe Ceramic 2MH. oOe to .100e 

vas 
CSO 
m 

07 
lI.e De "" 
)(TLI 05 
)(TLO D4 
!ITS 03 

l!fI 02 
hO D. 
imI DO 
R.O 6IlI 
llSO DetI 
II•• vee 

FEATURES 

• 	 Full duple. or half duplex opefl(lon With buffered receiver 
and transmlner 

• 	 15 progr.-nmable B.ud Rates 150 10 19.200) 
• 	 Receiver det. rate mev be IdentIcal to baud rl" or "'ay be 

16 times the external clock Input 

• 	 0 ..1 t.et/mQdem control functlOfts 
• 	 Programmeble word lengths. number of stop bIts••nd partly 

bit generatIon .nd detection 
• 	 Programmable Interrupt control 
• 	 Software reset 
• 	 Program-selectable senal echo mode 
• 	 Two chap selects 
• 	 2 MHz or 1 MHz clock r.te 
• 	 SinQle .5V .t.5" power supply 
• 	 28..pln plastiC or ceramic DIP 
• 	 Full TTL compatibility 

mr 

ItIi1i 
CIa 

ell 

IISD 


lUI. 

tn 


iii 


vee 

vas 

R8IiI1 Pin Configuration 	 R6551 Interface Di-.,rlm 

C ~""IftWftM.... c....,... ,., 
AIIo f;;"",I .. ~ • .."".. 

" __.J, •• IUS. .. 
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CDP1802A, CDP1802AC 


CMOS 8-Blt Microprocessor 
\m F.._ 
!mil. 

'" • Minimum inslruclion fercft-exflCUIfI I1me of 5 /18 

or 7.5 /IS at VOO=5 V: 2.5 JI& or 3.75 /18 .1 VOO=10 V
::!_. • Any combinalion of srandard RAM and ROM up 10 65,536 bytIN...._._. 

~ 

... • OlM'al.. wilh slow memorlea, up 10 1/18 accass time .t fCL~ MHz 
• 8-bIt parallel organization wilh bidirectional-,.... -~, data DuS and mu/rip/axed add_ bus 
-
m 


""\, ..o. '" m • 16 lr Itl malrix 01 regi.'ar. for .... a.
... ... 
 muntpl. program counlfltl, data poIntar., or dala reglat.,. 

• On-chip OMA, interrupr, ana flag inputa 
• Programmabla aingla-bir outpul port 
• 91 easy-Io-u•• instructIOns 

The RCA-COPI802A LSI CMOS 8-bll regl.ler-oriented 
cenlral-proca••ing unit (CPU) i. designed for use as a 
general-purpoae computing or control element in a wide 
range of Iloreo-program systems or prOCluc!a. 

The COP1802A inciuoes all of tne circuits required lor 
fetcning. interpreting. and executing instructions whie,", 
have been storeo in stanOaro types 01 memories. Extensive 
inpuVoutput (1/0) control features are also provided to 
facilitate sy.tem design. 

The 1800 serias architecture IS dealgn$O witn empnasis on 
the total microcomputer system asan Integralenlity so that' 
systems having maximum flexibility and minimum C08t can 
be reaUzed. The 1800 .enes CPU alao prOVides a .yn-

NO 

lID 
COPI802 

I·IMT C", 

IIWli., 
T.. -

chronous Intertace to memor... and exlernal controliars 
for 1/0 devices, ana mlnimiz.. the Cae! of intartace con
IroUers. Furtner, Ina 1/0 intartac. i. capable of supporting 
devices operating in polled. inl.rrupt-drlyen. or direct 
memory-ace... moaes. 

Tha COP1802A and COPl8G2AC are functionally Identical. 
They differ in Inat Ihe COPl802A has a recommended 
operating voltage range of • to 10.5 volta. and the 
CDP1802AC a recommended operating voltage range of4 
to 6.5 volts. 

These typea are supplied in 4O-Iead oual-in-line ala. 
brazed ceramiC pacKag•• (0 auffix). and 4O-188d dual-in
Une plasliC paCKages (E cufflx). The CDP1802AC i...eo 
aYallabie In chip lorm (H suffix!. 

MAO·' 

iI1Ib ~--..,-
CDP.Il3 CDP.I'. 
f K·RQM atltn'l':,.. 

1----0;

CEO t----ojCi 

"" "..TA ""'A 

NW-MNI". 

Fill. I - Typlca' CDPIII02A .ma" microproceHOr .y....... 
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1800-Serles Mlcroproceslol'1l and Mlcrocom ......... 

CDP1802A, CDP1802AC 

.. 
l<iOTU' 0.01 01 I 

=J,c~o:':~~:i~l.!OtI CLOCN I,,"PU1' ~IiIEQUEHCY jlc"-~:CI_r..u 

C .. o$O " 

Fig. 6 - Typical pawsr dl3sipation as a function of clock Fig. 7 - Typlca' chan". In propagation delay ... 
frequency for BRANCH instr/')crio .. and IDLE instruction, function of a change In IOld c."acltlnoe. 

Fig. 8· CDP11102A blOCk d~. 

.IC.,...

TM~~________________~r-1L_________________ 
- ______________~r_1~_________________~ 

WD----r~______________~ 

Fig. 9 - Se"e de timing ",,,"'orm.. on. in.tructlon cycle. -
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CDP1802A, CDP1802AC 
SIGNAL DESCRIPTIONS 

BUS 0 to BUS 7 (DII. BIi.): 

8-bit bidirectional DATA BUS lines. These linea are ,",sed for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

NO to N2 (1/0) Lin••): 

Activated by an 110 instruction 10 signal the I/O control logic 
of a data transfer between memory and 1/0 interface. These 
lines can be used to issue command cOdes or device 
selection codes to the 110 devices (independently or 
combined with the memory byte on the data bus when an liD 
instruction is being executed). The N bits are low at all times 
except when an 1/0 instruction is being executed. During 
this time their state is the same as the corresponding 
bits in the N register. 

The direction of data flow is defined in the I/O instruction by 
bit N3 (internally) and is indicated by the level of the MRO 
~al. 
&4'RD=VCC: Data trom 1/0 to CPU &no Memory 
~=V5S: Data from Memory to 110 

EFI to EF4 (4 Flage): 

These inputs enable the 1/0 controllers to transf.r status 
information to the processor. The levels can be tested by the 
conditional branch instructions. They can be used In con· 
junction with the INTERRUPT request line to ••tablish 
interrupt· priorities. T~lese flags can al80 be used by 1/0 
devices to "call the attention" of the processor, in which case 
thd program must routinely rest the status of these flaO(I). 
The lIag(o) are sampled at the beginning of every SI cycle. 

INTERRUPT, DMA-IN, DMA-OUT (31/0 Requ••t.) 

The.e input. are sampled by the CDPI802A during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 

Interrupt Action: X and P are stored in T after extJCuting 
current instruction; designator X is set to 2; designator P is 
set to 1; interruptenabie is reset to 0 (inhibit); and instruction 
execution i!\ resumed. The interrupt action requires one 
machine cycle (53). 

DMA Action: Finish exocuting current instruction; R(O) 
points to memory araa for data transfer; data is loaded into or 
read out ot memory; arid increment R(O). 

Note: In the event of concurrent DMA and I nterrupt requests, 
DMA-I N has priority followed by DMA-OUT and then 
Interrupt. 

SCO, SCI, (2 St.te Cod. LI....): 

These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an in.nuction, or 3) proc...lng a 
DMA request. or 4) acknowledging an Interrupt request. Yhe 
levels o:f state code are tabulated below, All states arevalkl at 
TPA. H~VCC. L~VSS· 

S.... Code U_
Slate Type 

SC1 SCO 
SO (Fetch) L L 
SI (Ex,""ute) L H 
52 (DMA) H L 
S3 (Interrupt) H H 

TPA, TPB (2 Timing Pul_): 

Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by 1/0 controllers to Interpret 
codes and to time interaction with the data bus. Tile trailing 
edge of TPA is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA II 
suppressed in IDLE when the CPU is in theloed mode. 

MAO to MAl (I Memory Add_ Un..)' 

I n each cycle, the higher-order byte of a 16-bit CPU memory 
address appears on the memory address lines MAQ-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low~ 
order byte of the 16-bit addr... Ippeer. on the add,e..lln.. 
atter the t.rminalion of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of 64K bytes. 

MWR (Writ. Pul..): 

A negative pulse appearing in a memory-write cycle, aftertha 
address lines have stabilized. 

'iiRD (R.'" L....): 
A low level on MRO indicates. memory read cycle.ltcan.be 
used to contrOl three-state outputl from the addr...... 
memory which may have a common data input and output 
bus. If a memory do.. not have a three-state high-Impedance 
output. JJm5' is useful for driving memorylbul separator 
gates. It is also used 10 indicate the direction of data tran"'" 
during an 1/0 instruction. For additional information _ 
Table!. 

Q: 
Single bit output from the CPU whic~ Cln be set or ..... 
under program control. During SEa or REa instruction 
execution, a I. set or r..et betw..n the trailing edge of TPA 
and the leading edge of TPB. 

CLOCK: 

Input lor externally generated single-phase c:ock. A typical 
clock frequency i. 6.4 MHz at VCC= VDD~10 volt •. The 
clock I. counted down Internany to 8 clock pul... per 
machine cycle. 

Xlii:: 
Connection to be used with clock Input terminal, for an 

exlernal crystal, II the on-chip oecillator II utilized. The 

crys!!L!!..connected between terminal, 1 and 39 (CLOCK 

and XTAL) in parallel with a resl.tance (10 megohma typ.,.

Frequency trimming capacitors may be required at terminal. 

1 and 39. For additional Information, ... ICAN-8585. 


WAIT, Ci:iAR (2 Control Linea): 


Provide four control modes la lilt'" in the following truth 

table' 

CLEAR WAIT MODI! 
L L L AD 
L H RESEl 
H L PAUSE 
H H "UN 

VDD, VSS, VCC (P_ L.....): 

The internal voltage supply VDD I. i.olated from the 
Input/Output voltage supply VCC so that the procealOr may 
operate at mlximum speed while interfacing with peripheral 
devices operltlng at lower voltage. VCC mUlt be leal than or 
equal to VDD. All output. swing from V5S to VCC. The 
recommended input voltage swing I. ":S5 to VCC. 
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Terminal Assignment Diagrams 


CDP1802 CDP1822 CDP1831 
COSMAC 256 x 4 RAM 512x8ROM 
Microprocessor 

CLOCK Voo 
iiAiT lffiIT M., .. VDD 

CITAR 1»iiiIN ." 22 Voo .A. 23 CeOCA 
Q 0.... OUT .'" 21 .A' .., ,. Ne 

SCO ,. I~ MA. 20 R/ii CStZI 
sco CS2MAO .. CST M"

iiRli 34"§NDTP.l ... 
Mlt6 . •• CS, 

00 •A' .•
-BUS 7 :n TPS CEO 

MA7 "16 004 


8US 5 '0 11 f-- MAt. Vss 15 014 8US o~ 9 

8US 6 MAl M~A~---i~ .• -BusT~2 r7 

14 
"'56 

8US 4 3Of--- MAS 01' 9 003 BUSI ro BUSS 
8US 3 " 29r MA'I .•" aus• 
8US 2 " z. .., ~?~~~ Vss rz 8US3 
BUS I TOP VI£W.. TOP VIEW " 
sus 0 15 " ,. 
Vee .. He' NO CONNE.CilOh.'oIIAO 

h2 "l4 m 
N' .." m 
NO .. "22 m 

vss 20 21 fF4 

TOP VIEW 


CDP1823 CDP1832 
128 x 8 RAM 512 x 8 ROM 

CDP1804 
COSMAC 
Microcomputer 8US 0 Z4 Voo A7 Z4 VOO 

BUS Z3 .AO Z3 ASAS• 
BUS 2 22 .. .2 
BUS , zr A' zr NC 
aus · zo .Al ., 

A' 

cs 
Nt8US 5 19 ... '0 

BUS .a A. ".• NC 
eus ? 

••• 
17 L- SUSS · ... 

8USO esr .." MiiR eusl - 16'--- eUS1 m •0 .. 8u52 .0 ., - BUS6 
C53 """ .. au.. 
V55 

.. "'" CS' eus' 
13 8U$4Vss " rz" TOP VIEW TOP VIEW 

Ne. NO CONNECTION 

CDP1824 CDP1833 
32 x 8 RAM 1024 x 8 ROM 

CDP1821 

1024 x 1 RAM .A7 24 '00 


MAS Z3 
 .u, 
re M" 2' eEX.A' MA' ZI CStMA:!'. 11 ~ ZD CS,....A' .. n .. Voo ... MA2. 19 om;
15 n.. '"'" lAO 01 MAl 7 ro CEO.'0 .. DOMol. .. MAO 8 r7 auS707- 13 Dr 

BUSO 16 BUSS.•.,A' . ".. -.A• OS rz • ro ISeos. 805.

.A' Ir VSS .0 O. BUS' II 14 80S' 

00 10 V.s 13 80S> 


• ......, o. II 
D2.. 

TOP VIEW 
V•• • 

...... Ni:~~. "TOP VIEW 
TOP YIEW 

Ne ~ NO CONNECTION 
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CDP1834 CDP1852 CDP1855 
1024 x 8 ROM Byte I/O 8·Bit Programmable 

Multiply/Divide Unit 

• AT .. VDD 
CSlA!Ii VDO CE 21 VDD•A, .. ..• AO ELEA'R... 22 MA. .. !II"" cn ,." CN'010 22 011 

DOO 007 
.A. Nt """" 

CN' 

~/a7 <I 
M" " cso "24 V..., '" NC 011 '0" ,. 016 ,.2> 

CS, 00' DOC 
ZL 


MAO BUS? 

.AI " !lITn .,22 BUS 1012 010 ClK BUS 6 

BUS 0 " ,. BUSS 00' '" 00. ST. .0 eus ~ 
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-~------- ---. -Fa MICROCOMPUTER DEVICES 

Fa Central Processing Unit MK 3850 

FEATURES 

IJ 	 N-channel Isoplanar MOS technology 

o 	 2 IlS cycle time 

o 	 64 byte RAM on the CPU chip 

Ll 	 Two bi-directional, 8-bit 1/0 ports 

o 	 8-bit anthmetic and logic unit, supporting both 
binary and decimal arithmetic 

u 	 Interrupt control logic 

o 	 Both external and crystal clock generating modes 

n 	 Over 70 instructions 

o 	 Low power dissipation-typically less than 
330mW 

GENERAL DESCRIPTION 

The MK3850 is the Central Processing Unit (CPU) 
for the F8 Microprocessor family. It is used in 
conjunction with other Fa family devices to con
figure the optimal microprocessor system for the 
amount of RAM, ROMIPROM, and 1/0 required in 
the users application. A mini'mum system may be 
configured with as few as two devices (CPU & PSU), 
while larger systems may have up to 64.K bytes of 
memory, 128 1/0 ports, direct memory acccess, 
and even multiple processors. Single chip micro
computer systems are also possible using· the 
MK3870 

TYPEPiNNAME--i DESCRIPTION 

DBO DBl Om Bus Lme. BI-dlrectlonaI13-Statel 
cP, WRITE Clock LInes Output 

110 00 1/007 110 Port Zero Input/Output 
11010·1/017 1,0 POri One Input/Output 
RC RC Network Pin Input 
ROMeo ROMC4 Control Lines Output 
E'X'TR"ES External Reset Input 
INT REQ Interrupt Request Input 
ICB Interrupt ContrOl B.t Output 

XTLX Crystal Clock Lme Output 

XTLY I ~)(ternal Clock Line Input 

InputVSS, VOO, VGG ~wer _ Lines ----1_____ 

SINGLE CHIP MK3870 

"'1< 3(110 • 
1/0 c-:> (:) 1/0"°°8°"° 


F8 FAMILY 

P I/O~ 

IIOW 

IIO~"\ 

1I0~ 

PIN CONNECTIONS 

~ 40 RC 

WRITE 2 ,. XTLX 

VDD 
, ,. XTLY 

VGG 0 37 mArS 
f7013 , '6 Ii!i04 

DB3 6 " DB4 

mm , 54 ~ 

f7OT2 8 " IJOT5 
DBl , 32 De5 

IIO 02 10 31 110 05 

f'7C50j 30 !7006 

DB I I' 29, De6 

i70Tr " 20 110 16 

i70it 10 '7 110 17 

DB0 I' 2£ De7 

f7000 IS 25 110 07 

ROMce 17 ,. Vss 

ROMe I iO " 11lTlID.l 

ROMe 2 19 22 ICB 

ROMe 3 '0 21 ROMe 4 
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8086 

16-BIT HMOS MICROPROCESSOR 


8086/8086-2/8086-1* 


• 	 Direct Addreaslng Capability 1 MByte 
of M.mory 

• 	 Architecture Deslgn.d for Pow.rful 
Aaaembly Languag. and Efficient High 
Lev.ILanguag.s 

• 	 14 Word, by 18-Blt Register Set with 
Symm.trlcal Operations 

• 	 24 Operand Addr.aslng Modes 

• 	 BIt, Byt., Word, and Block Ope ... tlons 

• 	 8 and 18-Blt Slgn.d and Unsigned 
Arlthm.tlc In Binary or Decimal 
Including Multiply and Dlvld. 

• 	 Rang. of Clock Rates: 
5 MHz for 8086, 
8 MHz for 8088-2, 

10 MHz for 8086-1 

• 	 MULTIBUS. Syst.m Compatlbl. 
Int.rfac. 

• 	 Avallabl.ln EXPRESS 
- Standard T.mperature Rang. 

- Extended T.mp....ture Rang. 


• 	 Avallabl. In 4G-L.ad C.rdlp and Plastic 
Package 
(See Packag4ng Spec. Order "231389) 

The Intel 8086 high performance 16·bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is 
implemented in N·Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40·pin CERDIP 
or plastic package. The 8086 operates in both single processor and multiple processor configurations to 
achieve high performance levels. 
'Changes from 1he 1985 ha_~ have been made lor 1he 1lQ86.1. See A.C. Olaracteristics TGVCH and TCLGL 

EXECUTION UNIT IUS INTERFACE U"IT 

I I 
GND 1 

AD14 2 

"013 J 

It,ln "LU :n 	 AtIroT'O (HOLD) 

JO 	 ~Gfi (HLOA, 

(Wi) 

(MJiOl 

(DTlii) 

lOiN) 

flAGS 

(ALE) 

liNT", 

231455-2 

40 Lead 
fm_r------"...:::....-----,,.T-_ Figure 2. &086 PI" 

Configuration 

l 	 ii.s',S; 

I 
eLK Run READY GMO"HIM. 

v" 
2314M-1Figure 1. 8088 CPU Block DIagram 
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8086 

Table 1. Pin Description 

The following pin function descriptions are for 8086 systems in either minimum or maximum mode. The "Local 
Bus" in these descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to 
additional bus buffers). 

Symbol Pin No. Type Name and Function 

AD15-ADo 2-16.39 I/O ADDRESS DATA BUS: These lines constitute the time multiplexed 
memory/IO address (Tl). and data (T2. T3. Tw. T-4) bus. Ao is 
analogous to BHE for the lower byte of the data bus. pins 07-00. It is 
LOW during T 1 when a byte is to be transferred on the lower portion 
of the bus in memory or I/O operations. Eight-bit oriented devices tied 
to the lower half would normally use Ao to condition chip select 
functions. (See BHE.) These lines are active HIGH and float to 3-state 
OFF during interrupt acknowledge and local bus "hold acknowledge". 

A19/Sa. 35-38 0 ADDRESS/STATUS: During T 1 these are the foufinost significant 
A18/S5. 
A17/S4. 
A1S/S3 

address lines for memory operations. During I/O operations these 
lines are LOW. During memory and I/O operations. status information 
is available on these lines during T2. T3. Tw. T4. The status of the 
interrupt enable FLAG bit (55) is updated at the beginning of each 
ClK cycle. A17/S4 and A1S/S3 are encoded as shown. 
This information indicates which relocation register is presently being 
used for data accessing. 
These lines float to 3-state OFF during local bus "hold acknowledge." 

A17/S4 

o (lOW) 
0 
1 (HIGH) 
1 
Sa isO 
(LOW) 

A1S/S3 Characteristics 

0 Alternate Data 
1 Stack 
0 Code or None 
1 Data 

BRE/S7 34 0 	 BUS HIGH ENABLE/STATUS: During T 1 the bus high enable signal 
(BHE) should be used to enable data onto the most significant half of 
the data bus, pins 015-08. Eight-bit oriented devices tied to the upper 
half of the bus would normally use BHE to condition chip select 
functions. SHE is lOW during T 1 for read. write. and interrupt 
acknowledge cycles when a byte is to be transferred on the high 
portion of the bus. The S7 status information is available during T2. 
T3, and T4. The signal is active LOW. and floats to 3-state OFF in 
"hold". It is lOW during T 1 for the first interrupt acknowledge cycle. 

BHr 
0 
0 
1 
1 

Ao Characteristics 

0 Whole word 
1 Upper byte from/to odd address 
0 Lower byte from/to even address 
1 None 

J:iJ'j 32 0 	 READ: Read strobe indicates that the processor is performing a 
memory of 110 read cycle. depending on the state of the S2 pin. This 
signal is used to read devices which reside on the 8086 local bus. RD 
is active LOW during T2. T 3 and T w of any read cycle. and is 
guaranteed to remain HIGH in T 2 until the 8086 local bus has floated. 
This signal floats to 3-state OFF in "hold acknowledge". 
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8088 

Table 1. Pin DeacrIptIon (Continued) 

Symbol Pin No. Type Nama and Function 

READY 22 I READY: is the acknowledgement from the addressed memory or 1/0 
device that it will complete the data transfer. The READY signal from 
memoryllO is synchronized by the 8284A Clock Generator to form 
READY. This signal is active HIGH. The 8086 READY input is not 
synchronized. Correct operation is not guaranteed if the setup and hold 
times are not met. 

INTR 18 I INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table located in 
system memory. It can be internally masked by software resetting the 
interrupt enable bit. INTR is internally synchronized. This signal is 
active HIGH. 

TEST 23 I TEAT: input is examined by the "Wait" instruction. If the TEST input is 
lOW execution continues, otherwise the processor walts In an "Idle" 
state. This input is synchronized internally during esch clock cycle on 
the leading edge of CLK. 

NMI 17 I NON-MASKABLE INTERRUPT: an edge triggered input which causes 
a type 2 intarrupt. A subroutine is vectored to via an interrupt vector 
lookup table located in system memory. NMlls not maskable internally 
by software. A transition from lOW to HIGH Initiates the interrupt at the 
end of the current instruction. This input is intemally synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock cycles. It 
restarts execution, as described in the Instruction Set description, when 
RESET retums lOW. RESET is intemally synchronized. 

ClK 19 I CLOCK: provides the basic timing for the processor and bus controller. 
It is asymmetric with a 33% duty cycle to provide optimized Intemal 
timing. 

Vee 40 Vee: +5V power supply pin. 

GND 1,20 GROUND 

MN/~ 33 I MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 

Th8 foHowing pin function d8scriptions /Jf9 for the 8088/8288 systflm In msximum mods (i.e., MN/l..1X = Vss). 
Only the pin functions which /Jf9 unique to msximum mods /Jf9 described; 811 other pin functions 8re ss 
desCfib9d sbovs. 

~,s"SO 26-28 0 	 STATUS: active during T4, T1, and T 2 and Is retumed to the passive state 
(1, 1, 1) during T3 or during Tw when READY Is HIGH. This status is used 
by the 8288 Bus Controller to generate all memory and I/O access control 
signals. Any change by ~, 5" or SO during T4 is used to Indicate the 
beginning of a bus cycle, and the retum to the passive state in T 3 or T w is 
used to indicate the end of a bus cycle. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

"S2. S1. SO 26-28 0 These signals float to 3·state OFF in "hold acknowledge". These status 
(Continued) lines are encoded as shown. 

12 11 SO Characterlatlca 

o(lOW) 0 0 Interrupt Acknowledge 
0 0 1 Read I/0Por.! 
0 1 0 Write 1/0 Port 
0 1 1 Halt 
1 (HIGH) 0 0 Code Access 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive 

RO/GTo• 30.31 1/0 REQUESTIGRANT: pins are used by other local bus masters to force 
RO/GT1 the proceasor to release the local bus at the end of the processor's 

current bus ~e. Eac~n is bidirectional with Fm/<:rf0 having higher 
priority than IGT1. ICIT pins have internal pull·up resistors and 
may be left unconnected. The request! grant sequence is as follows 
(see Figllre 9): 
1. A pulse of 1 elK wide from another local bus master indicates a local 
bus request ("hold") to the 8086 (pulse 1). 
2. During aT4 or T 1 clock cycle. a pulse 1 ClK wide from the 8086 to 
the requesting master (pulse 2). indicates that the 8086 has allowed the 
local bus to float and that it will enter the "hold acknowledge" state at 
the next ClK. The CPU's bus interface unit is disconnected logically 
from the local bus during "hold acknowledge". 
3. A pulse 1 ClK wide from the requesting master indicates to the 8086 
(pulse 3) that the "hold" request is about to end and that the 8086 can 
reclaim the locel bus at the next ClK. 
Each master-master exchange of the local bus is a sequence of 3 
pulses. There must be one dead ClK cycle aiter each bus exchange. 
Pulses are active lOW. 
If the request is made while the CPU is performing a memory cycle. it 
will release the local bus during T4 of the cycle when all the following 
conditions are met 
1. Request occurs on or before T 2. 
2. Current cycle is not the low byte of a word (on an odd address). 
3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 
4. A locked instruction is not currently executing. 
If the local bus is idle when the request is made the two possible events 
will follOW: 
1. local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently a~memory cycle apply with condition number 1 already 
satisfied. 

~ 29 0 LOCK: output Indicates that otheQtjstem bus masters are not to gain 
control of the system bus while l K is active lOW. The ~ signal 
is activated by the "lOCK" prefix instruction and remains active until the 
completion of the next instruction. This signal is active lOW. and floats 
to 3-state OFF In "hold acknowledge". . 
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Table 1. Pin Deacrlptlon (Continued) 

Symbol Pin No. Type Name and Function 

QS1. QSo 24.25 0 QUEUE STATUS: The queue status is valid during the CLK cycle after 
which the queue operation is performed. 
QS1 and QSo provide status to allow external tracking of the internal 
8086 instruction queue. 

081 0S0 Characterlatlcs 

o(LOW) 0 No Operation 
0 1 First Byte of Op Code from Queue 
1 (HIGH) 0 Empty the Queue 
1 1 Subsequent Byte from Queue 

The following pin function descriptions are for the 8086 in minimum mode (i.e.• MN/IlJt = Veel. Only the pin 
functions which are unique to minimum mode sre described; all other pin functions are as described above. 

M/R:i 28 O' 	 STATUS UNE: logically equivalent to S2 ih the maximum mode. It is used to 
distinguish a memory access from an I/O access. M/iO becomes valid In 
the T 4 preceding a bus cycle and remains valid until the final T4 of the cycle 
(M = HIGH. 10 = LOW). M/R:i floats to 3-state OFF in local bus "hold 
acknowledge". 

WF!' 29 0 	 WRITE: indicates that the processor is performing a write memory or write 
I/O cycle. depending on the state of the M/R:i signal. WF!' is active for T 2. T 3 
and Twof any write cycle. It is active LOW. and floats to 3-state OFF in 
local bus "hold acknowledge". 

lJiITA 24 0 	 l1iITA: is used as a read strobe for Interrupt acknowledge cycles. It is active 
LOW during T2. T 3 and T w of each interrupt acknowledge cycle. 

ALE 25 0 	 ADDRESS LATCH ENABLE: provided by the processor to latch the 
address into the 8282/8283 address latch. It is a HIGH pulae active during 
T1 of any bus cycle. Note that ALE is never floated. 

DTIR 27 0 	 DATA TRANSMIT/RECEIVE: needed In minimum system that desires to 
uae an 8286/8287 data bus transceiver. It is used to control the direction of 
data flow through tha transceiVer. Logically DTIFi is 18uivalent to S1 in the 
maximum mode. and its timing is the same as for MI . (T = HIGH. R = 
LOW.) This signal floats to 3-state OFF in local bus "hold acknowledge". 

nm 26 0 	 DATA ENABLE: provided as an output enable for the 8286/8287 in a 
minimum system which uaes the transceiver. DEN is active LOW during 
each memory and 110 access and for INTA cycles. For a read or im'A cycle 
it is active from the middle of T 2 until the middle of T 4. while for a write cycle 
it is active from the beginning of T 2 until the middle of T 4. DEN floats to 3
state OFF in local bus "hold acknowledge". 

HOLD. 31.30 i/O 	 HOLD: indicates that another mastar is requeating a local bus "hold." To be 
HLDA 	 acknowledged. HOLD must be active HIGH. The processor receiving the 

"hold" request will issue HLDA (HIGH) as an acknowledgement in the 
middle of a T 1 clock cycle. Simultaneous With the issuance of HLDA the 
processor will float the local bus and control lines. After HOLD is detected 
as being LOW. the processor will LOWer the HLDA. and when the 
processor needs to run another cycle. it will again drive the local bus and 
control lines. 
The same rules as for m:i/~ apply regarding when the local bus will be 
released. 
HOLD is not asynchronous input. External synchronization should be 
provided if the system cannot otherwiae guarantee the aetup time. 
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FUNCTIONAL DESCRIPTION 

General Operation 

The internal functions of the 8086 processor are 
partitioned logically into two processing units. The 
first is the Bus Interface Unit (BIU) and the second is 
the Execution Unit (EU) as shown in the block dia
gram of Figure 1. 

These units can interact directly but for the most 
part perform as separate asynchronous operational 
processors. The bus interface unit provides the func
tions raJated to instruction fetching and queuing, op
erand fetch and store, and address relocation. This 
unit alao provides the basic bus control. The overlap 
of Instruction pre-fatching provided by this unit 
serves to increase processor performance through 
improved bus bandwidth utilization. Up to 8 bytes of 
the instruction stream can be queued while waiting 
for decoding and execution. 

The Instruction stream queuing mechanism allows 
the BIU to keep the memory utilized very efficiently. 
Whenever there is space for at least 2 bytes in the 
queue, the BIU will attempt a word fetch memory 
cycle. This greatly reduces "dead time" on the 
memory bus. The queue acts as a First-In-First-Out 
(FIFO) buffer, from which the EU extracts instruction 
bytes as required. If the queue is empty (following a 
branch Instruction, for example), the first byte into 
the queue Immedlataly becomes available to the EU. 

The execution unit receives pre-fetched instructions 
from the BIU queue and provides un-relocated oper
and addresses to the BIU. Memory operands are 
passed through the BIU for processing by the EU, 
which passes results to the BIU for storage. See the 
Instruction Set description for further register set 
and architectural descriptions. 

MEMORY ORGANIZATION 

The processor provides a 2O-bit address to memory 
which locates the byte being referanced. The mem0
ry is orgenized as a Unear array of up to 1 million 

Memory 

Reference Need 


Instructions 

Stack 

Local Data 

External (Global) Data 

Segment Register 

Ueed 


bytes, addressed as OOOOO(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 84K bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 

All memory references are made relative to base ad
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the follOWing table. All information in one 
segment type share the same logical attributes (e.g. 
eode or data). By structuring memory into relocat· 
able areas of similar characteristics and by automati
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored In the 
lower valued address location and the most signifi
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word operand Is on an 
even byte boundary and two if it Is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 

Physically, the memory is organized as a high bank 
(015-0a) and a low bank (1)7-00) of 512K 8-bit 
bytes addressed in parallel by the processor's ad· 
dress lines Ale-Al. Byte data with even addresses 
is transferred on the 1>7-00 bus lines while odd ad
dressed byte data (Ao HIGH) is transferred on the 
015-08 bus lines. The processor provides two en
able signals, '!mE and Ao, to selectively allow read
ing from or writing into either an odd byte location, 
even byte location, or both. The instruction stream is 
fetched from memory as words and is addressed 
internally by the processor to the byte level as nec
essary. 

Segment 
Selection Rule 

COOE(CS) Automatic with all instruction prefetch. 

STACK (SS) All stack pushes and pops. Memory references relative to BP 
base register except'data references. 

OATA(DS) Data references when: ralative to stack, destination of string 
operation, or explicitly overridden. 

EXTRA (ES) Destination of string operations: explicitly selected using a 
segment override. 
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Figure 38. Memory Organization 

In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the 
starting byte of the word is on an even or odd ad
dress. respectively. Consequently. in referencing 
word operands performance can be optimized by lo
cating data on even address boundaries. This is an 
especially useful technique for using the stack. since 
odd address references to the stack may adversely 
affect the context SWitching time for interrupt pro
cessing or task multiplexing. 

fFFFFH 
RElET lOOTITRAP 

PROGRAM JU ..P 
FFFFOH 

1 
INTERRUPT POINTER 

FO" TYPE HI 

INTlRRUP' POINTER '" 
'OR TYPE 1 .H 

3H
lNTEARUPl POINTER 

FDA TYPE 0 

231455-4 

Figure 3b. R_rved Memory locations 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b). locations from 

address FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial program 
loading routine. Following RESET, the CPU will al
ways begin execution at location FFFFOH where the 
jump must be. locations OOOOOH through 003FFH 
are reserved for interrupt operations. Each of the 
256 possible interrupt types has its service routine 
pointed to by a 4-byte pointer element consisting of 
a 16-bit segment address and a 16-bit offset ad
dress. The pointer elements are assumed to have 
been stored at the respective places in reserved 
memory prior to occurrence of interrupts. 

MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi
mum 6066 systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de
fined pins. Cons~ently, the 6066 is equipped with 
a strap pin (MN/MX) which defines the system con
figuration. The definition of a certain subset of the 
pins changes dependent on the condition of the 
strap pin. When MN/MX pin is strapped to GND, the 
6086 treats pins 24 through 31 in maximum mode. 
An 8288 bus controller interprets status information 
coded into So, 52, 52 to generate bus timing and 
control signals compatible with the MUlTIBUS® ar
chitecture. When the MN/MX pin is strapped to Vee. 
the 8086 generates bus control signals itself on pins 
24 through 31, as shown in parentheses in Figure 2. 
Examples of minimum mode and maximum mode 
systems are shown in Figure 4. 

BUS OPERATION 

The 8086 has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor while permitting the use of a 
standard 40-lead package. This "local bus" can be 
buffered directly and used throughout the system 
with address latching provided on memory and 1/0 
modules. In addition, the bus can also be de multi
plexed at the processor with a single set of address 
latches if a standard non-multiplexed bus is desired 
for the system. 

Each processor bus cycle consists of at least four 
ClK cycles. These are referred to as T1. T2. T 3 and 
T4 (see Figure 5). The address is emitted from the 
processor during T 1 and data transfer occurs on the 
bus during T 3 and T 4. T2 is used primarily for chang
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "Walt" states (T w) are in
serted between T 3 and T 4. Each inserted "Wait" 
state is of the same duration as a ClK cycle. Periods 
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Figure 4a. Minimum Mode 8086 Typical Configuration 
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Figure 4b. Maximum Mode 8086 ~Ical Configuration 
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can occur between 8086 bus cycles. These are re
ferred to as "Idle" states (T,) or inactive elK cycles. 
The processor uses these cycles for internal house
keeping. 

During T 1 of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or 
the 8288 bus controller. depending on the MN/MX 
-strap). At the trailing edge of this pulse. a valid ad
dress and certain status information for the cycle 
may be latched. 

Status bits SO. 51. and S2 are used. in maximum 
mode. by the bus controller to identify the type of 
bus transaction according to the following table: 

52 

o(lOW) 

0 

0 

0 

1 (HIGH) 

1 

1 

1 

51 

0 

0 

1 

1 

0 

0 

1 

1 

So Characteristics 

0 Interrupt Acknowledge 

1 Read 1/0 

0 Write 1/0 

1 Halt 

0 Instruction Fetch 

1 Read Data from Memory 

0 Write Data to Memory 

1 Passive (no bus cycle) 

, '----- !4+NwAltI=TCY ----~t~---_(4 t NwA,ll) 0= ley -------1" 
T, T2 TJ Tw....T I T4 Tl T:r T3 TWN'\" I T. 

cue 

\'-

-----~____ __ ____J).-~~_._._om 'D_"._~ 

IlIAD • 

...... 
.AI. 

-
\\.....__.....J! 
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Figure 5. Ba,le System TIming 
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Status bits S3 through S7 are multiplexed with high
order address bits and the SHE signal, and are 
therefore valid during T 2 through T 4· S3 and S4 indi
cate which segment register (see Instruction Set de
scription) was used for this bus cycle in forming the 
address, according to the following table: 

S4 S3 Characteristics 

O(lOW) 0 Alternate Data (extra segment) 

0 1 Stack 

1 (HIGH) 0 Code or None 

1 1 Data 

S5 is a reflection of the PSW interrupt enable bit. 
S6 = 0 and S7 is a spare status bit. 

1/0 ADDRESSING 

I n the 8086, 110 operations can address up to a 
maximum of 64K 1/0 byte registers or 32K 1/0 word 
registers. The 1/0 address appears in the same for
mat as the memory address on bus lines A15-Ao. 
The address lines A19-A16 are zero in 1/0 opera
tions. The variable 1/0 instructions which use regis
ter DX as a pointer have full address capability while 
the direct 1/0 instructions directly address one or 
two of the 256 1/0 byte locations in page 0 of the 
1/0 address space. 

1/0 ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans
ferred on the DrDo bus lines and odd addressed 
bytes on D15-D8. Care must be taken to assure that 
each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 

External Interface 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 8086 
RESET is required to be HIGH for greater than 4 
ClK cycles. The 8086 will terminate operations on 
the high-going edge of RESET and will remain dor
mant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset se
quence for approximately 10 ClK cycles. After this 
interval the 8086 operates normally beginning with 
the instruction in absolute location FFFFOH (see Fig
ure 3b). The details of this operation are specified in 
the Instruction Set description of the MCS-86 Family 
User's Manual. The RESET input is internally syn
chronized to the processor clock. At initialization the 
HIGH-to-lOW transition of RESET must ~cur no 
sooner than 50 P.s after power-up, to allow complete 
initialization of the 8086. 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-state OFF during 
RESET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF. ALE and HlDA are driven low. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard
ware interrupts can be classified as non-maskable or 
maskable. 

Interrupts result in a transfer of control to a new pro
gram location. A 256-element table containing ad
dress pointers to the interrupt service program loca
tions resides in absolute locations 0 through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and 
corresponds to an interrupt "type". An interrupting 
device supplies an 8-bit type number, during the in
terrupt acknowledge sequence, which is used to 
"vector" through the appropriate element to the new 
interrupt service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter
rupt pin (NMI) which has higher priority than the 
maskable interrupt request pin (lNTR). A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a lOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) 

NMI is required to have a duration in the HIGH state 
of greater than two ClK cycles, but is not required to 
be synchronized to the clock. Any high-going tran
sition of NMI is latched on-chip and will be serviced 
at the end of the current instruction or between 
whole moves of a block-type instruction. Worst case 
response to NMI would be for multiply, divide, and 
variable shift instructions. There is no specification 
on the occurrenca of the low-going edge; it may oc
cur before, during, or after the servicing of NMI. An
other high-going edge triggers another response if it 
occurs after the start of the NMI procedure. The sig
nal must be free of logical spikes in general and be 

... free of bounces on the low-going edge to avoid trig
geling extraneous responses. 
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MASKABLE NTERRUPT (INTR) 

The 8086 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig
gered. It Is internally synchronized during each clock 
cycle on the high-going edge of eLK. To be re
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block
type instruction. During the interrupt response se
quence further interrupts are disabled. The ·enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc
essor prior to the interrupt. Until the old FLAGS reg
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 

During the response sequence (Figure 6) the proc
essor executes two successive (beck-to-back) inter
rupt acknowledge cycles. The 8066 emits the LOCK 
signal from T 2 of the first bus cycle until T 2 of the 
second. A local bus "hold" request will not be hon
ored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched from the external 
interrupt system (e.g., 8259A PIC) which identifies 
the source (type) of the interrupt. This byte is multi
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE
TURN Instruction includes a FLAGS pop which re
tums the status of the original interrupt enable bit 
when it restores the FLAGS. 

I I T~T2 T1 

HALT 

When a software "HALT" instruction Is executed the 
processor indicates that it is entering the "HALT" 
state in one of two ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig
nals. In maximum mode, the processor issues ap
propriate HALT status on S2, Sl, and So; and the 
8288 bus controller issues one ALE. The 8088 will 
not leave the "HALT" state when a local bus "hold" 
is entered while in "HALT". In this case, the proces
sor reissues the HALT indicator. An Interrupt request 
or RESET will force the 8086 out of the "HALT" 
state. 

READ/MODIFY/WRITE (SEMAPHORE) 

OPERATIONS VIA LOCK 


The LOCK status information is provided by the 
processor when directly consecutive bus cycles are 
required during the execution of an instruc
tion. This provides the processor with the capability 
of performing read/modify/write operations on 
memory (via the Exchange Register With Memory 
instruction. for example) without the possibility of an
other system bus master receiving intervening mem
ory cycles. This is useful in multi-processor system 
configurations to accomplish "test and set lock" op
erations. The [OCj( Signal is activated (forced LOW) 
in the clock cycle following the one in which the soft
ware "LOCK" prefix instruction is decoded by the 
EU. It is deactivated at the end of the last bus cycle 
of the instruction following the "LOCK" prefix in
struction. While [OCj( is active a request on a RQ/ 
GT pin will be recorded and then honored at the end 
of the LOCK. 

ITI IT, T, T, T, T. 

ALE J\------Itn'------
LOtI( \ /
I I 

t t 

INTA i\ r ~ \ 
\ FLO" ItADO-AO!~ ---.l~==::"----------(

' i 
TYPE VECTOR \ >
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FigureS. Interrupt Acknowledge Seq.... 
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EXTERNAL SYNCHRONIZATION VIA TEST 

As an altemative to the interrupts and general I/O 
capabilities, the 8086 provides a single software
testable input known as the TEST signal. At any time 
the program "Tirlxecute a WAIT instruction. If at 
that time the T signal is inactive (HIGH), pro
gram execution becomes suspended while the proc
essor waits for TEST to become active. It must 
remain active for at least 5 elK cycles. The WAIT 
instruction is re-executed repeatedly until that time. 
This activity does not consume bus cycles. The 
processor remains in an idle state while waiting. All 
8086 drivers go to 30state OFF if bus "Hold" is en
tered. If interrupts are enabled, they may occur while 
the processor is waiting. When this occurs the proc
essor fetches the WAIT instruction one extra time, 
processes the interrupt, and then re-fetches and re
executes the WAIT instruction upon returning from 
the interrupt. 

Basic System Timing 

Typical system configurations for the processor op
erating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In mini
mum mode, the MN/~ pin is strapped to Vee and 
the processor emits bus control signals in a manner 
similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to Vss and the processor emits cod
ed status information which the 8288 bus controller 
uses to generate MUlTIBUS compatible bus control 
signals. Figure 5 illustrates the signal timing relation
ships. 

AX AH AL ACCUMULATOR 

BX aH aL aASE 

cx CH CL COUNT 

Ox OH oL DATA 

~m 
STACK POINTER 

ap IASEPOINTEA 

SI SOURCE INDEX 

01 DESTINATION INDEX 

IP INSTRUCTION POINTERI FLAGSH I FLAGSL I STATUS FLAGS 

CS CODESEGMENT 

OS DATA SEOMENT 

SS STACK SEGMENT-

ES EXTRA SEGMENT 

SYSTEM TIMIN~INIMUM SYSTEM 

The read cycle begins in T 1 with the assertion of the 
Address Latch Enable (ALE) Signal. The trailing (low
going) edge of this signal is used to latch the ad
dress information, which is valid on the local bus at 
this time, into the address latch. The BFiI: and Ao 
signals address the low, high, or both bytes. From T 1 
to T 4 the M/iO signal indicates a memory or 110 
operation. At T2 the address is removed from the 
local bus and the bus goes to a high impedance 
state. The read control signal is also asserted at T 2. 
The read (AD) signal causes the addressed device 
to enable its data bus drivers to the local bus. Some 
time later valid data will be available on the bus and 
the addressed device will drive the READY line 
HIGH. When the processor retums the read signal to 
a HIGH level, the addressed device will again 3
state its bus drivers. If a transceiver is required to 
buffer the 8086 local bus, signals DT/R and DEN 
are provided by the 8086. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The M/iO signal is 
again assarted to indicate a memory or 110 write 
operation. In the T 2 immediately following the ad
dress emission the processor emits the data to be 
written into the addrassed location. This data re
mains valid until the middle of T 4. During T 2, T3, and 
Tw the processor asserts the write control Signal. 
The write (WA) signal becomes active at the begin
ning of T 2 as opposed to the read which is delayed 
somewhat into T 2 to provide time for the bus to float. 

The em: and Ao signals are used to select the prop
er byte(s) of the memoryllO word to be read or writ
ten according to the foliowing table: 

BHE AO Characteristics 

0 
0 

0 
1 

Whole word 
Upper byte from/to 
odd address 

1 0 lower byte from/to 
even address 

1 1 None 

110 ports are addressed in the same manner as 
memory location. Even addressed bytes are trans
ferred on the D7-Do bus lines and odd addressed 
bytes on 015 - Os. 

The basic difference between the interrupt acknowl
edge cycle and a read gycle is that the interrupt ac
knowl~ signal (iNiAl is asserted In place of the 
read (tID) signal and the address bus is floated. 
(See Figure 6.) In the second of two successive 

Figure 7_ 8086 Register Model INTA cycles, a byte of information is read from bus 

231455-10 
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lines DrDo as supplied by the inerrupt system logic 
~i.e., .~259A Priority Interrupt Controller). This byte 
Identifies the source (type) of the interrupt. It is multi
plied by four and used as a pointer into an interrupt 
vector lookup table, as described earlier. 

BUS TIMI~EDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is con
nected to Vss and the 8288 Bus Controller is added 
to the system as well as a latch for latching the sys
tem address, and a transceiver to allow for bus load
ing greater than the 8086 is capable of handling. 
Signals ALE, DEN, and DT If{ are generated by the 
8288 instead of the processor in this configuration 
although their timing remains relatively the same. 
The 8086 status outputs (S2, ~, and ~) provide 
type-of-cycle information and become 8288 inputs. 
This bus cycle information specifies read (code, 
data, or 1/0), write (data or 1/0), interrupt 

acknowledge, or software halt. The 8288 thus issues 
control signals specifying memory read or write, 1/0 
read or write, or interrupt acknowledge. The 8288 
provides two types of write strobes, normal and ad
vanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. 
The advanced write strobes have the same timing 
as read strobes, and hence data isn't valid at the 
leading edge of write. The transceiver receives the 
usual DIA and ~ inputs from the 8288'5 DT I~ and 
DEN. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 8259A located on either the local bus or the 
system bus. If the master 8259A Priority Interrupt 
Controller is positioned on the local bus, a TIL gate 
is required to disable the transceiver when reading 
from the master 8259A during the interrupt acknowl
edge sequence and software "poll". 
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II_lind 
DucrIptIon 

DATA TRANSFER 

MOV = Move: 

Register/Memory to/from Register 

Immediate to Register/Memory 

Immediate to Register 

Memory to Accumulat,J( 

Accumulator to Memory 

RegisterIMemory to Segment Register 

Segment Register to RegisterIMemory 

PUSH - Puah: 


Register/Memory 


Register 

Segment Reg~ter 

pop - Pop: 

Register/Memory 

Register 

Segment Register 

XCHG - Exclulnge: 


Register/Memory with Register 


Register with Accumulator 


IN - Input from: 


Foxed Port 


Variable Port 


OUT - OutpullO! 

Fixed Port 

Variable Port 

XLAT - Translate Byte to AL 

LEA - Load EA to Register 

LOS - Loed Pointer to OS 

LES - Load Pointer to ES 

LAHF - Load AH with Flags 

BAHF - Sto<e AH into Flags 

PUSHF = Push Flags 

POPF = Pop Flags 

Mnemonics @ Intel, 1978 

8086 

Table 2. Instruction Set Summary 

I Instruction Code 

76543210 76543210 78543210 

100010dw mod reg rIm 

1100011 w modOOOr/m data dataifw= 1 

1011 wreg data datalfw=1 


1010000w addr-Iow addr-high 


1010001w addr-Iow addr-high 


10001110 mod oreg rIm 


10001100 mod oreg rIm 


11111111 mod 11 Or/m 


01010nag 


OOOregl1 0 


10001111 modOOOr/m 


01011 reg 


OOOreg 111 


1000011w mod reg rIm 


10010reg 


1110010w port 


1110110w 


1110011w port 


1110111w 


11010111 


10001101 mod reg rIm 


11000101 mod reg rIm 


11000100 mod reg rIm 


10011111 


10011110 


10011100 


10011101 


428 



8086 

1_Table 2. Instruction Set Summary (Continued) 

Mnemonic and 
Dftc~pllon I 

Code 

ARITHMETIC 76543210 76543210 76543210 76543210 

ADD ~ Add: 

Reg.lMemOl)' wrth Register to Either OOOOOOdw modregr/rn 

Immediate to Register/Memory 100000sw modOOOr/m data dataHs:w - 01 

Immediate to Accumulator 0000010w data dataHw~l 

ADC ~ Add with CIIrry: 

Reg.lMemory wi1h Register to Either 000100dw mod reg rIm 

Immediate to Register/Memory 100000sw modO 1 Or/m data dataHs:w - 01 

Immediate to Accumulator 0001010w data data ilw - 1 

INC~I_...t 

Register/MemO!)' 1111111w moclOOOr/m 

ReQister 01000r~ 

AAA - ASCII Adiust lor Add 00110111 

BAA ~ Decimal Adiust lor Add 00100111 

SUB - Subt..ct: 

Reg.lMemO!)' and Register to E~her 001010dw mod reg rIm 

Immediate from Register/Memory 100000sw mod 1 0 1 rIm data data Haw - 01 

Immediate from Accumulator 0010110w data dataHw~ 1 

SSB ~ Subtnoct with Borrow 

Reg./M8mOI)' and Register to Either 000110dw mod reg rim 

Immediate from Register/Memory 1000008w modO 11 rim data data Haw  01 

Immediate from Accumulator 000111 w data dataHw~1 

DEC - Decrement 
Regi8ter/rnemot)' l111111w modOO1r/m 

Register 01001 ~ 

NEG - Change sign 1111011 w modO 11 rIm 

CMP - Compare: 

Register/MemO!)' and Register 001110dw mod reg rIm 

Immediate wi1h Reglster/MemO!)' 100000sw mod111r/m data _Haw-Ol 

Immediate with Accumulator 0011110w data dataHw-l 

AAB ~ ASCII Adjust lor Subtract 00111111 

DAB - Decimal Adjust to< Subtract 00101111 

MUL - Multiply (Unsigned) 1111011 w mod 1 OOr/m 

IMUL - Integer Multiply (SIgned) 1111011 w mod 1 01 rim 

AAII - ASCII Adjust for Muttiply 11010100 00001010 

DIY - IJMde (Unsigned) 1111011 w mod 11 Or/m 

IDlY - IntegorlJMde (SIgned) 1111011 w modlll rim 

AAD - ASCII Adjust lor IJMde 11010101 00001010 

caw  Convert Byte to Word 10011000 

CWO - Convert Word to Double Word 10011001 

Mnemonics ® Intel, 1978 
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Table 2. Instruction Set Summary (Continued) _and 
_I Irmructlon CodeDncrIptton 

76543210 

dataifw = 1 

dataifw - 1 

dataifw - 1 

dataHw-1 

LOGIC 

NOT - Invert 

SHUBAL - Shift Logicall Arithmetic Left 


SHR - Shill Logical Right 


BAR - Shift Arithmetic Right 


ROL - Rotate Left 


ROR - Rotate Right 


RCL - Rotate Through Carry Flag Left 


RCR - Rotate Through Carry Right 


AND - And: 

Reg.lMemory and Register to Either 

Immediate to Register/Memory 

Immediate to Aocumulator 

TEST - And Fu_ to Ftago, No R_II: 
Register/Memory and Register 

Immediate Data and Reglster/Memory 


Immediata Data and Aocumulator 


OR - Or: 


Reg.lMemory and Register to Either 


Immediate to RegisterIMernoty 


tmmediate to Aocumulator 


XOR-Ex_or: 

Reg.lMemory and Register to Either 


Immediate to Reglster/Memory 


Immed'.te to Accumulator 

STRING MANIPULATION 


REP-Repeat 


MOYS - _ BytalWord 


CUPS - Compare Byte/Word 


SCAS - Scan Byte/Word 


LOOS - Load Byte/Wd to ALlI\X 


STOS - Stor BytalWd from ALIA 


CONTROL TRANSFER 


CALL - catt 


DIracI within Segment 


Indirect within Segment 


Direct interoegmant 


Indirect Interoegment 

Mnemonics ® Intel, 1978 

78543210 

1111011 w 

110100vw 

1I0100vw 

1I0100vw 

1I0100vw 

1I0100vw 

1I0100vw 

IIOIOOvw 

78543210 

modO I Or/m 

mod 1 OOr/m 

modI 01 rIm 

mod III rIm 

modOOOr/m 

modOOlr/m 

modO I Or/m 

modOll rIm 

78543210 

OOIOOOdw 

IOOOOOOw 

OOIOOIOw 

mod reg rim 

modlOOr/m 

data 

data 

dataWw - I 

IOOOOIOw mod reg rImr------,------, 

1111011 w 

I010100w 

OOOOIOdw 

1000000w 

OOOOl10w 

001100dw 

1000000w 

OOllOIOw 

1111001 z 

1010010w 

1010011 w 

1010111 w 

1010110w 

101010lW 

11101000 

11111111 

10011010 

11111111 

modOOOr/m data 

data dataifw-l 

mod reg rIm 

modOO 1 rIm data 

data dataWw-1 

mod reg rIm 

mod II orIm data 

data dataWw-1 

dsp-Iow <lisp-high 

modO 1 orIm 

_-high 

ssg-low seg-high 

modO II rIm 
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Table 2. Instruction Set SUmmary (Continued) 

Mnemonlc_ 
I_~

Deecrtpllon I 
JMP ~ Unconditional Jump: 78543210 78543210 78543210 

Direct within Segment 11101001 disp-high 

Direct within Segment·Short 11101011 ~ 
Indirect within Segment 11111111 mod I OOrfm I 
Direct Intaraegment 11101010 _·Iow I _·high 

sag·low I sag·high 

Indirect Intersegment 11111111 mod 1 0 1 rIm ] 
RET = RetUrn from CAll: 

Wothin Segment 11000011 

WIthin Seg Adding Immed to SP 11000010 d_ deta-high 

ln1ersegmen1 11001011 

ln1ersegmen1 Adding Immediate to SP 11001010 deta·high 

JEfJZ ~ Jump on EqualfZero 01110100 --disp 
JLfJNGE ~ Jump on L....fNoI Greeter 01111100 disp

or Equal 
.ILEfJNG ~ Jump on Leas or Equal/ 01111110 disp

Not Greater 
JB/JNAE - Jump on BelowfNot AboVe 01110010 dIap 

or Equal 
JBElJNA - Jump on Below or Equelf 01110110 disp

Not AboVe 
JPlJPE = Jump on ParityfParity Evan 01111010 dlsp 

JO = Jump on Overflow 01110000 disp 

JS ~ Jump on Sign 01111000 disp 

JNEf JNZ ~ Jump on Not EqualfNot Zero 01110101 disp 

JNUJGE = Jump on Not Less/Greater 01111101 dIap I or Equal 
JNWJG = Jump on Not Less or Equalf 01111111

Greater !!!!I! 
JNB/JAE = Jump on Not Below/AboVe 01110011 di!l!or Equal 
JNBEfJA = Jump on Not Below or 01110111 dlsp

Equal/Above 
JNPfJPO ~ Jump on Not ParfPar Odd 01111011 dlsp 

JNO = Jump on Not Overflow 01110001 disp 

JNS ~ Jump on Not Sign 01 1 I 1001 disp 

LOOP = Loop ex Times 11100010 !!!I! 
LOOPZILOOPE = Loop While Zero/Equal 11100001 ~ 
LOOPNZILOOPNE = Loop While Not 11100000 clop

ZerofEqual 
JCXZ = Jump on CX Zero 11100011 dlsp 

INT = Inlerrupt 

Type Specified 11001101 type 

Type 3 11001100 

INTO = Interrupt on Overflow (II. 11001110 

IRET - Interrupt Retum 11001111 
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PROCESSOR CONTROL 

CLC - Claar Cony 

CIIC - Complement Cony 

STC - Set Cony 

CLD - Clear DIrectIon 

STD = Set DIrectIon 

CLI - Claar Interrupt 

STI - Set Interrupt 

HLT - Halt 

WAIT-Walt 

ESC - Escape (to External Device) 

LOCK - Bus Lock PrefIx 

NOTES: 
Al = 8-bIt accumulator 
AX = 18-bIt accumulator 
CX = Count reglster 
OS = Data segment 
ES - Extra segment 
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Table 2. Inatructlon Set Summary (Continued) 


I 
71543210 

11111000 

11110101 

11111001 

11111100 

11111101 

11111010 

11111011 

11110100 

10011011 

11011xxx 

11110000 

Abovelbelow refers to unsigned value 
Greater = more positive; 
leas = leas positive (more negative) signed val. 
H d = 1 then '"to" reg; H d = 0 then "from" reg 
H	w = 1 then word Instruction; Hw = 0 then byte instruc· 

tion 
Hmod = 11 then rIm is treated 88 • REG field 
H mod = 00 then OISP - 0', disp-Iow and disp..high are 

absent 
If mod = 01 then OISP = disp-Iow sign-extended to 

16 bits, dlsp-high is abeant 
Hmod = 10 then OISP = disp-hlgh; disp..1ow 
HrIm - 000 then EA = (BX) + (SI) + OISP 
if rIm = 001 then EA = (BX) + (01) + OISP 
HrIm = 010 then EA = (BP) + (SI) + DlSP 
H rIm = 011 then EA = (BP) + (01) + DlSP 
II rIm = 100 then EA = (SI) + OISP 
H rIm = 101 then EA = (01) + OISP 
HrIm = 110 then EA = (BP) + OISP' 
HrIm = 111 then EA = (BX) + OISP 
OISP follows 2nd byte of instruction (before data H re

quired) 
'except Hmod = 00 and rIm = 110 then EA = disp..high; 

diap..Iow, 

Mnemonics ® Intel, 1976 

I_Code 

71543210 

modxxxr/m 

H s w - 01 then 16 bits of immediate data form the oper. 
and 

If s w = 11 then an immediate data byte is sign extended 
to form the 18-bIt operand 

If v = 0 then "count" = 1; II v = 1 then "count" in (Cl) 
x = don't care 
z Is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 

001regll0 
REG Is assigned according to the following table" 

18-81t (w = 1) 

000 AX 
001 CX 
010 OX 
011 BX 
100 SP 
101 BP 
110 SI 
111 01 

8-Blt(w = 0) Segment 

000 AL OOES 
001 CL 01 CS 
010 OL 10 SS 
011 BL 11 OS 
100 AH 
101 CH 
110 OH 
111 BH 

Instructions which relerenos the flag ragistar fila 88 a 18-bit 
object use the symbol FLAGS to rapresent the file: 
FLAGS - X:X:X:X:(DF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):x:(CF) 
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8-BIT HMOS MICROPROCESSOR 


8088/8088-2 


• 
8-Blt Data Bus Interface • Byte, Word, and Block Operations 


• 
16-81t Internal Architecture • 8-Blt and 16-Blt Signed and Unsigned 

Arithmetic In Binary or Decimal,Direct Addressing Capability to 1 Mbyte • Including Multiply and. Divide of Memory 


Direct Software Compatibility with 8086 • Two Clock Rates: 
• - 5 MHz for 8088CPU 
- 8 MHz for 8088-2• 14-Word by 16-Blt Register Set with 
Available In EXPRESSSymmetrical Operations • -Standard Temperature Range 

24 Operand Addressing Modes Extended Temperature Range • 

The Intel- 8088 is a high performance microprocessor implemented in N-channel, depletion load, silicon gate 
technology (HMOS), and packaged in a 40·pin CEI3DIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It is directly compatible with 8086 software and 8080/8085 hardware and peripherals. 

MEMORY INTERFACE 

MOOE 
MIN 1:~El 

OND Vee 
A14 A15 

A13 All/S3 

A12 A171&4 

Al1 AII185 

Al0 All/S41 

AO SSG (HIOH) 

IUS AS MNIIIl! 

INTERFACE 55 


UNIT 
 AD7 Iill 
DS ADe HOLD (lI1l/lff!!. 
IP ADS HlDA (1m/IITl) 

AD4 WIi ~) 
A·IUS AD3 IOIIi ($2i 

AD2 DTIR (SI) 

ADI DElI (SO) 
AH AL ADO ALE (OSll) 
IH Il 

MMI TRTA (051)CH Cl 
INTA TRfDH Dl 

UNIT SP elK READY 
EXECUTION 

IP OND RESET 
81 

FLAOS 231456-2DI 
Figure 2. 8088 Pin Configuration 

231456-1 

Figure 1.8088 CPU Functional Block Diagram 

~1"7
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Table 1. Pin Description 

The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The "local 
bus" in these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to 
additional bus buffers) 

Symbol Pin No. Type 	 Name and Function 

AD7-ADO 9-16 110 	 ADDRESS DATA BUS: These lines constitute the time multiplexed 
memoryllO address (T1) and data (T2, T3, Tw, T 4) bus. These lines are 
active HIGH and float to 3-state OFF during interrupt acknowledge and 
local bus "hold acknowledge". 

A15-A8 2-8,39 0 	 ADDRESS BUS: These lines provide address bits 8 through 15 for the 

entire bus cycle (T1-T4). These lines do not have to be latched by ALE 

to remain valid. A 15-A8 are active HIGH and float to 3-state OFF 

during interrupt acknowledge and local bus "hold acknowledge". 


A19/56, A18/55, 35-38 0 	 ADDRESS/STATUS: During T1, these are the four most significant 
A17/54. A16/S3 	 address lines for memory operations. During I/O operations, these lines 

are lOW. During memory and I/O operations, status information is 
available on these lines during T2, T3, Tw, and T4. 56 is always low. 
The status of the interrupt enable flag bit (55) is updated at the 
beginning of each clock cycle. 54 and 53 are encoded as shown. 
This information indicates which segment register is presently being 
used for data accessing. 
These lines float to 3-state OFF during local bus "hold acknowledge". 

S4 53 Characteristics 

o (lOW) 0 Altemate Data 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 
S6isO (lOW) 

RD 32 0 	 READ: Read strobe indicates that the processor is performin.s. a 

memory or 110 read cycle, depending on the state of the 101M pin or 

S2. This signal is used to read devices which reside on the 8088 local 

bus. AD is active lOW during T2, T3 and Tw of any read cycle, and is 

guaranteed to remain HIGH in T2 until the 8088 local bus has floated. 

This signal floats to 3-state OFF in "hold acknowledge". 

READY 22 I 	 READY: is the acknowledgement from the addressed memory or I/O 
device that it will complete the data transfer. The ROY signal from 
memory or I/O is synchronized by the 8284 clock generator to form 
READY. This signal is active HIGH. The 8088 READY input is not 
synchronized. Correct operation is not guaranteed if the set up and hold 
times are not met. 

INTR 18 I 	 INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table located in 
system memory. It·can be internally masked by software resetting the 
interrupt enable bit. INTR is internally synchronized. This signal is active 
HIGH. 

TEST 23 I 	 TEST: input is examined by the "wait for test" instruction. If the TE"T 

input is lOW, execution continues, otherwise the processor waits in an 

"idle" state. This input is synchronized internally during each clock 

cycle on the leading edge of ClK. 
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Table 1 Pin Description (Continued) 
Symbol Pin No. T~pe Name and Function 
NMI 17 I NON-MASKABLE INTERRUPT: is an edge triggered input which causes a 

type 2 interrupt. A subroutine is vectored to via an interrupt vector lookup 
table located in system memory. NMI is not maskable internally by 
software. A transition from a LOW to HIGH initiates the interrupt at the end 
of the current instruction. This input is internally synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present activity. 
The signal must be active HIGH for at least four clock cycles. It restarts 
execution, as described in the instruction set description, when RESET 
returns LOW. RESET is internally synchronized. 

eLK 19 I CLOCK: provides the basic timing for the prQClil880r and bus controller. It Is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 

Vee 40 v cc: is the +5V ± 10% power supply pin. 
GND 1,20 GND: are the ground pins. 
MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the procassor is to operate in. 

The two modes are discussed in the following sections. 

The following pin function descriptions SffI/or the 8088 minimum mode (i.e., MN!i.1X = Vcd. Only the pin 
functions which are unique to minimum mode are described: a/l other pin functions are as described above 

Symbol Pin No. Type Name and Function 
10/g 28 0 STATUS LINE: Is an inverted maximum mode~. It Is used to distinguish a 

memory access from an 110 access. 101M becomes valid in the T 4 preceding a 
bus cycle and remains valid until the final T 4 of the cycle (110 = HIGH, M = 
LOW). 101M floats to 3-state OFF in local bus "hold acknowledge". 

W"Fi 29 0 	 WRITE: strobe indicates' that the processor is performing a write memory or write 
110 cycle, depending on the state of the 10/M signal. WR is active for T2, T3, and 
Tw of any write cycle. It is active LOW, and floats to 3·state OFF in local bus 
"hold acknowledge". 

ff.JTA 24 0 	 INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW 
during T2, T3, and Tw of each interrupt acknowled~cycle. 

ALE 25 0 	 ADDRESS LATCH ENABLE: is provided by the procassor to latch the address 
into an address latch. it is a HIGH pulse active during clock low of T1 of any bus 
cycle. Note that ALE is never floated. 

DT/R 27 0 	 DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use 
a data bus transceiver. It is used to control the direction of data flow through the 
transceiver. Logically, DTIR is equivalent to Sf in the maximum mode, and its 
timing is the same as for 101M (T = HIGH, R = LOW). This signal floats to 
3-stete OFF in local "hold acknowledge". 

i5ER 26 0 	 DATA ENABLE: is provided as an output enable for the data bus transceiver In a 
minimum system which uses the transcaiver. i5ER is active LOW during each 
memory and 110 access, and for INTA cycles. For a read or INTA cycle, it is 
active from the middle of T2 until the middle of T4, while for a write cycle, it is 
active from the beginning of T2 until the middle of T 4. N:/il floats to 3-state OFF 
during local bus "hold acknowledge". 
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Table 1 Pin Description (Continued) 


Symbol Pin No. Type Name and Function 

HOLD, 31,30 1,0 	 HOLD: indicates that another master is requesting a local bus "hold". To be 
HLDA 	 acknowledged, HOLD must be active HIGH. The processor receiving the "hold" 


request will issue HlDA (HIGH) as an acknowledgement, in the middle of a T 4 or 

T1 clock cycle. Simultaneous with the issuance of HlDA the processor will float 

the local bus and control lines. After HOLD is detected as being lOW, the 

processor lowers HlDA, and when the processor needs to run another cycle, it 

will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be provided if 
the system cannot otherwise guarantee the set up time. 

SSO 34 0 ~TUS LINE:~icallz:.equivale~ to SO in the maximum mode. The 
combination of ,101M and DT IR allows the system to completely decode the 
current bus cycle status. 

101M DT/R DO Characteristics 

1(HIGH) 0 0 Interrupt Acknowledge 
1 0 1 Read 1/0 Port 
1 1 0 Write 110 Port 
1 1 1 Halt 
O(lOW) 0 0 Code Access 
0 0 1 Read Memory 
0 1 0 Write Memory 
0 1 1 Passive 

The following pin function descriptions are for the 8088/8288 system in maximum mode (ie., MN/MX = 
GND). Only the pin functions which are unique to maximum mode are described; all otherpin functions are as 
described above 

Symbol Pin No. Type 	 Name and Function 

S2,~,SO 26-28 0 	 STATUS: is active during clock high of T4, T1, and T2, and is returned to the 
passive state (1,1,1) during T3 or during Tw when READY is HIGH. This status is 
used by the 8288 bus controller toJI!lnerate all memory and I/O access control 
Signals. Any change by 52, Sf, or SO during T 4 is used to indicate the beginning 
of a bus cycle, and the return to the passive state in T3 and Tw is used to 
indicate the end of a bus cycle. 
These Signals float to 3-state OFF during "hold acknowledge". During the first 
clock cycle after RESET becomes active, these signals are active HIGH. After 
this first clock, they float to 3-state OFF. 

S2 S1 SO Characteristics 

O(lOW) 0 0 Interrupt Acknowledge 
0 0 1 Read I/O Port 
0 1 0 Write I/O Port 
0 1 1 Halt 
1 (HIGH) 0 0 Code Access 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive 
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Table 1 Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

OO/GTO, 30,31 I/O REQUEST/GRANT: pins are used by other local bus masters to force the 
RQ/GT1 processor to release the local bus at the end of the processor's current bus 

f?fte. Eac.!!..ein is bidirectional with OO/GTO having higher priority than 00/ 
T1. OO/GT has an internal pull·up resistor, so may be left unconnected. 

The request! grant sequence is as follows (See Figure 8): 
1. A pulse of one CLK wide from another local bus master indicates a local 
bus request ("hold") to the 8088 (pulse 1). 
2. During a T 4 or TI clock cycle, a pulse one clock wide from the 8088 to the 
requesting master (pulse 2), indicates tt-lit the 8088 has allowed the local 
bus to float and that it will enter the "h..~. 4cknowledge" state at the next 
CLK. The CPU's bus interface unit is disconnected logically from the local 
bus during "hold acknowledge". The same rules as for HOLD/HOLDA apply 
as for when the bus is released. 

3. A pulse one CLK wide from the requesting master indicates to the 8088 
(pulse 3) that the "hold" request is about to end and that the 8088 can 
reclaim the local bus at the next CLK. The CPU then enters T 4. 
Each master-master exchange of the local bus is a sequence of three 
pulses. There must be one idle CLK cycle after each bus exchange. Pulses 
are active LOW. 
If the request is made while the CPU is performing a memory cycle. it will 
release the local bus during T 4 of the cycle when all the following conditions 
are met: 
1. Request occurs on or before T2. 
2. Current cycle is not the low bit of a word. 
3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 
4. A locked instruction is not currently executing. 
If the local bus is idle when the request is made the two possible events will 
follow: 

1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a currently 
active memory cycle apply with condition number 1 already satisfied. 

LOCK 29 0 LOCK: indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active (LOW). The IT5Ci( signal is activated by 
the "LOCK" prefix instruction and remains active until the completion of the 
next instruction. This signal is active LOW, and floats to 3·state off in "hold 
acknowledge". 

QS1,QSO 24,25 0 QUEUE STATUS: provide status to allow external tracking of the internal 
8088 instruction queue. 
The queue status is valid during the ClK cycle after which the queue 
operation is performed. 

QS1 QSO Characteristics 

O(lOW) 0 No Operation 
0 1 First Byte of Opcode from Queue 
1(HIGH) 0 Empty the Queue 
1 1 Subsequent Byte from Queue 

- 34 0 Pin 34 is always high in the maximum mode. 
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} EXTRA DATA SEGMENT 

L..--f---I 
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Figure 3. Memory Organization 

FUNCTIONAL DESCRIPTION 

Memory Organization 

The processor provides a 2O-bit address to memory 
which locetes the byte being referenced. The memo
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes each, 
with each segment falling on 16-byte boundaries 
(See Figure 3). 

All memory references are made relative to base ad
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad-

Memory Segment 

Refarence Used Register Used 


Instructions CODE (CS) 

Stack STACK(SS) 

Local Data DATA (OS) 

External (Global) Data EXTRA (ES) 

dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the seme logical attributes (e.g. 
code or data). By structuring memory into relocat
able areas of similar characteristics and by automati
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper
ands, the least signiftcant byte of the word is stored 
in the lower valued addrass location and the most 
signiflC8lrt byte In the next higher address location. 
The BIU will automatically execute two fetch or write 
cycles for 16-bit operands. 

Segment Selection Rule 

Automatic with aU instruction prefetch. 

All stack pushes and pops. Memory references 
relative to BP base register except data references. 

Data references when: relative to stack, destination 
of string operation, or explicity overridden. 

Destination of string operations: Explicitly selected 
using a segment override. 
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Certain locations in memory are reserved for specific 
CPU operations (See Figure 4). Locations from ad
dresses FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial system ini
tialization routine. Following RESET, the CPU will al
ways begin execution at location FFFFOH where the 
jump must be located. Locations OOOOOH through 
003FFH are reserved for interrupt operations. Four
byte pointers consisting of a 16-bil segment address 
and a 16-biI offset address direct program flow to 
one of the 256 possible interrupt service routines. 
The pointer elements are assumed to have been 
stored at their respective places in reserved memory 
prior to the occurrence of interrupts. 

Minimum and Maximum Mode. 
The requirements for supporting minimum and maxi
mum 8088 systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de
fined pins. Cons~ently, the 8066 is equipped with 
a strap pin (MN/MX) which defines the system con-

FFFFFH 
RESET BOOTSTRAP 

PROGRAM JUMP 
FFFFOH 

·• • 
3FFH 

INTERRUPT POINTER 
FOR TYPE 255 

3FOH 

• · • 
7H 

INTERRUPT POINTER 
FOR TYPE 1 4H 

INTERRUPT POINTER 3H 
FOR TYPE 0 

OH 

231456-4 

Figure 4. R_rved Memory Locations 

figuration. The definition of a certain subset of the 
pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, 
the 6066 defines pins 24 thro!:!9!1 31 and 34 in maxi
mum mode. When the MN/MX pin is strapped to 
Vee, the 8068 generates bus control signals itself on 
pins 24 through 31 and 34. 

The minimum mode 6066 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed 
bus configuration is compatible with the MCS-65TM 
multiplexed bus peripherals. This configuration (See 
Figure 5) provides the user with a minimum chip 
count system. This architecture provides the 6066 
processing power in a highly integrated form. 

The demultiplexed mode requires one latch (for 64K 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if 
the address bus loading requires it. A transceiver 
can also be used if data bus buffering is required 
(See Figure 6). The 6066 provides DEN and DTIR' to 
control the transceiver, and ALE to latch the ad
dresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure 
with heavy bus buffering and relaxed bus timing re
quirements. 

The maximum mode employs the 6288 bus control
ler ~e Figure 7). The 6288 decodes status lines 
SO, 51, and"S2, and provides the system with all bus 
control signals. Moving the bus control to the 8266 
provides better source and sink current capability to 
the control lines, and frees the 6066 pins for extend
ed large system features. Hardware lock. queue 
status, and two request! grant interfaces are provid
ed by the 8088 in maximum mode. These features 
allow co-processors in local bus and remote bus 
configurations. 
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FIgure 5. Multiplexed Bus COnfiguration 

440 

http:1--CS.CE


8088 

231456-6 


Figure 6. Demultlplexed Bua Conflguretlon 
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Figure 7. Fully Buffered System U8Ing Bua Controller 
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Bus Operation 

The 8088 address/ data bus is broken into three 
parts----the lower eight address/data bits (AOO
AD7), the middle eight address bits (AS-A15), aild 
the upper four address bits (A16-A19). The ad
dress/ data bits and the highest four address bits are 
time multiplexed. This technique provides the most 
efficient use of pins on the processor, permitting the 
use of a standard 40 lead package. The middle eight 
address bits are not multiplexed, i.e. they remain val

id throughout each bus cycle. In addition, the bus 
can be demultiplexed at the processor with a single 
address latch if a standard, non-multiplexed bus is 
desired for the system. 

Each processor bus cycle consists of at least four 
elK cycles. These are referred to as Tl, T2, T3, and 
T4 (See Figure 8). The address is emitted from the 
processor during Tl and data transfer occurs on the 
bus during T3 and T4. T21s used primarily for chang

!-----... NWAlT). TC,----_+_____.... NwAflI· TCy------l 

" " " " " " " 
eLK 

\ 
ADDlYSTATUS 

AODfVDATA -----GX____ ..OU_'to_,""-J)---OC=OA_ 

flEAOV 

OTlii 

iiiii 

IIEIIORY ACCISS TItlE 

''--__--1 
231456-8 

Figure 8. Basic System Timing 
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ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, ''wait'' states (Tw) are in
serted between T3 and T4. Each inserted "wait" 
state is of the same duration as a CLK cycle. Periods 
can occur between 8088 driven bus cycles. These 
are referred to as "Idle" states (Ti), or Inactive ClK 
cycles. The processor uses these cycles for internal 
housekeeping. 

During Tl of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
the 8288 bus controller, depending on the MN/J"U( 
strap). At the trailing edge of this pulse, a valid ad
dress and certain status information for the cycle 
may be latched. 

Status bits 00, ~, and ~ are used by the bus con
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 

52 fi Iii Chal'llcterlatlcs 

O(lOW) 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 WrftellO 
0 1 1 Halt 
1 (HIGH) 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (No Bus Cycle) 

Status bits S3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T4. S3 and 54 indicate which segment reg· 
Ister was used for this bus cycle In forming the ad
dress according to the. following table: 

8. Ss Chel'llcterlatlcs 

O(lOW) 0 Alternate Data (Extra Segment) 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 

S5 is a reflection of the PSW interrupt enable bit. S6 
is always equal to O. 

1/0 Addressing 
In the 8088, 1/0 operations can address up to a 
maximum of 64K 1/0 registers. The 1/0 address ap
pears in the same format as the memory address on 
bus lines A15-AO. The address lines A19-A16 are 
zero In 1/0 operations. The variable 1/0 instructions, 

which use register OX as a pOinter, have full address 
capability, while the direct 1/0 instructions directly 
address one or two of the 256 1/0 byte locations in 
pege 0 of the 1/0 address space. 1/0 ports are ad
dressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
1/0 with an 8-bit address on both halves of the 16· 
bit address bus. The 8088 uses a full 16-bit address 
on its lower 16 address lines. 

EXTERNAL INTERFACE 

Processor Reset and Initialization 
Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 8088 
RESET is required to be HIGH for greater than four 
clock cycles. The 8088 will terminate operations on 
the high-going edge of RESET and will remain dor
mant as long as RESET is HIGH. The low·going 
transition of RESET triggers an internal reset se· 
quence for apprOximately 7 clock cycles. After this 
interval the 8068 operates normally, beginning with 
the instruction in absolute locations FFFFOH (See 
FlQure 4). The RESET input is internally synchroniz· 
ed to the processor clock. At initialization, the HIGH 
to lOW transition of RESET must occur no sooner 
than 50 j.LS after power up, to allow complete initiali
zation of the 8088. 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the intamal reset sequence. 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3·state outputs float to 3·state OFF during 
RESET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF. ALE and HlDA are driven low. 

Interrupt Operations 
Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in ihe 
iAPX 88 bock or the iAPX 86,88 User's Manual. 
Hardware Interrupts can be classified as nonmeska
ble or maskable. 
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Interrupts result in a transfer of control to a new pro
gram location. A 256 element table containing ad
dress pointers to the interrupt service program loca
tions resides in absolute locations 0 through 3FFH 
(See Figure 4), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor
responds to an interrupt "type." An interrupting de
vice supplies an 8-bit type number, during the inter
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrupt 
service program location. 

Non-Maskable Interrupt (NMI) 

The processor provides a single non-maskable inter
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-chip and will be serv
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high
gOing edge triggers another response if it occurs af
ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 

Maskable Interrupt (INTR) 

The 8088 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable (IF) flag bit. 
The interrupt request signal is level triggered. It is 
internally synchronized during each clock cycle on 
the high-going edge of CLK. To be responded to, 
INTR must be present (HIGH) during the clock peri
od preceding the end of the current instruction or the 
end of a whole move for a block type instruction. 
During interrupt response sequence, further inter
rupts are disabled. The enable bit Is reset as part of 
the response to any interrupt (INTR, NMI, software 
interrupt, or Single step), although the FLAGS regis
ter which is automatically pushed onto the stack re
flects the state of the processor prior to the inter
rupt. Until the old FLAGS register Is restored, the 

enable bit will be zero unless specifically set by an 
instruction. 

During the response sequence (See Figure 9), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 8088 emits the 
LOCK signal (maximum mode only) from T2 of the 
first bus cycle until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 
byte is fetched from the external interrupt system 
(e.g., 8259A PIC) which identifies the source (type) 
of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 
flags. 

HALT 

When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to allow the sys
tem to latch the halt status. Halt status is available 
on 101M, DTIR, and SSO. In maximum mode, the 
j:lI"Ocessor issues appropriate HALT status on 52, 
ST, and go, and the 8288 bus controlier issues one 
ALE. The 8088 will not leave the HALT state when a 
local bus hold is entered while in HALT. In this case, 
the processor reissues the HALT indicator at the 
end of the local bus hold. An interrupt request or 
RESET will force the 8088 out of the HALT state. 

Read/Modify/Write (Semaphore) 
Operations via LOCK 

The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform readlmodifylwrite opera
tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac
complish "test and set lock" operations. The LOCK . 
signal is activated (LOW) in the clock cycle foliowing 
decoding of thl'fOCK prefix instruction. It is deacti
vated at the end of the last bus cycle of the instruc
tion follOWing the LOCK prefix. While IOQ( is active, 
a request on a R?j/(IT pin will be recorded, and then 
honored at the end of the LOCK. 
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T1 J T2 Ta T4 T, I T2 T. 

ALEJ\__---'n~__ 
\1...--__--..-.11 
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ADo-A'" 

231456-9 

Figure 9. Interrupt Acknowledge Sequence 

External Synchronization via TEST 

As an alternative to interrupts. the 8088 provides a 
single software-testable input pin (fES'f). This input 
is utilized by executing a WAIT instruction. The sin· 
~~SWAIT instruction is repeatedly executed until the 

T input goes active (LOW). The execution of 
WAIT does not consume bus cycles once the queue 
is full. 

If a local bus request occurs during WAIT execution, 
the 8088 3-states all output drivers. If interrupts are 
enabled. the 8088 will recognize interrupts and pro· 
cess them. The WAIT instruction is then refetched, 
and reexecuted. 

BasiC System Timing 

In minimum mode. the MN/MX pin is strapped to 
Vee and the processor emits bus control signals 
compatible with the 8085 bus strucbJre. In maximum 
mode. the MN/MX pin is strapped to GND and the 
processor emits coded starus information which the 
8288 bus controller uses to generate MULTIBUS 
compatible bus control Signals. 

System Timing-Minimum System 

(See Figure 8) 

going) edge of this signal is used to latch the ad
dress information, which is valid on the addressl 
data bus (ADO-AD7) at this time, into the 
8282/8283 latch. Address lines AS through A 15 do 
not need to be latched because they remain valid 
throughout the bus cycle. From T1 to T4 the 101M 
signal indicates a memory or I/O operation. At T2 
the address is removed from the addressl data bus 
and the bus goes to a high impedance state. The 
read control signal is also asserted at T2. The read 
(lID) signal causes the addressed device to enable 
its data bus drivers to the local bus. Some time later. 
valid data will be available on the bus and the ad
dressed device will drive the READY line HIGH. 
When the processor rerums the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver is required to buffer 
the 8088 local bus, signals DT IR" and l5EIii are pro
vided by the 8088. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The 101M signal is 
again asserted to indicate a memory or I/O write 
operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T 4. During T2, T3, and 
Tw, the processor asserts the write control Signal. 
The write (WR") signal becomes active at the begin
ning of T2. as opposed to the read, which is delayed 
somewhat into T2 to provide time for the bus to 
float. 

The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 
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The basic difference between the interrupt acknowl
edge cycle and a read cycle is that the interrupt ac
knowl~e (lNTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 9) In the second of two successive INTA 
cycles, a byte of information is read from the data 
bus, as supplied by the interrupt system logic (Le. 
8259A priority interrupt controller). This byte identi
fies the source (type) of the interrupt. It is multiplied 
by four and used as a pointer into the interrupt vec
tor lookup table, as described earlier. 

Bus Timing-Medium Complexity 
Systems 

(See Figure 10) 

For medium complexity systems, the MN/MX pin is 
connected to GND and the 8288 bus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater than the 8088 is capable of han
dling. Signals ALE, DEN, and DT /R are generated 
by the 8288 instead of the processor in this configu
ration, although their timing remains relati~ the 
same. The 8088 status outputs (S2, Sf, and SO) pro
vide type of cycle information and become 8288 in
puts. This bus cycle information specifies read 
(code, data, or I/O), write (data or 110), interrupt ac
knowledge, or software halt. The 8288 thus issues 
control Signals specifying memory read or write, I/O 
read or write, or interrupt acknowledge. The 8288 
provides two types of write strobes, normal and ad
vanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. 
The advanced write strobes have the same timing 
as read strobes, and hence, data is not valid at the 
leading edge of write. The transceiver receives the 
usual T and OE inputs from the 8288's DT /R and 
J:iEN outputs. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 8259A located on either the local bus or the 
system bus, If· the master 8289A priority interrupt 
controller is' positioned on the local bus, a TTL gate 
Is required to disable the transceiver when reading 
from the master 8259A during the interrupt acknowl
edge sequence and software "poll". 

The 8088 Compared to the 8086 

The 8088 CPU is an 8-bit processor designed 
around the 8088 internal structure. Most internal 
functions of the 8088 are identical to the equivalent 
8086 functions. The 8088 handles the external bus 
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the same way the 8086 does with the distinction of 
handling only 8 bits at a time. Sixteen-bit operands 
are fetched or written in two consecutive bus cycles. 
Both processors will appear identical to the software 
engineer, with the exception of execution time. The 
internal register structure is identica.l 'and all instruc
tions have the same end result. The differences be
tween the 8088 and 8086 are outlined below. The 
engineer who is unfamiliar with the 8088 is referred 
to the iAPX 86, 88 User's Manual, Chapters 2 and 4, 
for function description and instruction set informa
tion. Internally, there are three differences between 
the 8088 and the 8086. All changes are related to 
the 8-bit bus interface. 

• 	 The queue length is 4 bytes in the 8088, whereas 
the 8086 queue contains 6 bytes, or three words. 
The queue was shortened to prevent overuse of 
the bus by the BIU when prefetchlng instructions. 
This was required because of the additional time 
necessary to fetch instructions 8 bits at a time. 

• 	 To further optimize the queue, the prefetching al
gorithm was changed. The 8088 BIU will fetch a 
new instruction to load into the queue each time 
there is a 1 byte hole (space available) in the 
queue. The 8086 waits until a 2-byte space is 
available. 

• 	 The internal execution time of the instruction set 
is affected by the 8-bit interface. All 16-bit fetches 
and writes from/to memory take an additional 
four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the 8088 are being used, the queue has time to 
fill and the execution proceeds as fast as the exe
cution unit will allow. 

The 8088 and 8086 are completely software com
patible by virtue of their identical execution units. 
Software that is system dependent may not be com
pletely transferable, but software that is not system 
dependent will operate equally as well on an 8088 
and an 8086. 

The hardware interface of the 8088 contains the ma
jor differences between the two CPUs. The pin as
signments are nearly identical, however, with the fol
lowing functional changes: 

• 	 AB-A15-These pins are only address outputs 
on the 8088. These address lines are latched in
ternally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines. 

• 	'!3RE has no meaning on the 8088 and has been 
eliminated. 
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• 	SS"O provides the SO status information in the • 101M has been inverted to be compatible with the 
minimum mode.· This outJ:Illt occurs on ~34 in MCS-85 bus structure. 
minimum mode only. DT I~, 101M, and SS"O pro • 	 ALE is delayed by one clock cycle in the mini
vide the complete bus status in minimum mode. mum mode when entering HALT, to allow the 

status to be latched with ALE. 

T, T, T. T. 

eLK ~ r f'" 1M 

aSt,aso 	 Y 'XX 	 X .... 
n. !Il. A 	 11111 -----

'--- -- 
".ttSe -116153 X A1'-A1 ')( sa-53 

, 
ALE "

.2.. ADY .... 	 X 

READY .... 
.lOT-ADO A7-AO 	 DATA IN 

I0Il A15-AI 	 A1S-Ai XX 

RD 	 '\. 

OTI" 

"\. 	 / 

DEN 

231458-10 

Figure 10. MedIum Complexity System TImIIMI 
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HIGH INTEGRATION 16-BIT MICROPROCESSOR 


• Integrated Feature Set 
-Enhanced 8086-2 CPU 
-Clock Generator 
-2 Independent, Hlgh·Speed DMA 

Channel. 
-Programmable Interrupt Controller 
-3 Programmable la·blt Timer. 
-Programmable Memory and 

Peripheral Chip-Select logic 
-Programmable Walt State Generator 
-'local Bu. Cuntroller 

• Available In 8 MHz (80188) and co.t 
effective 8 MHz (80188-8) veralon •. 

• High-Performance Proce ••or 
-2 Time. the Performance of the 

Standard IAPX 88 
-4 MByte/Sec Bu. Bandwidth 


Interface 


SIlO'.,.". 
TOT 
HOLD .......
... 

RUET 

• 	Direct Addre ••lng Capability to 
1 MByte of Memory 

• Completely Object Code Compatible 
with All Existing IAPX 86, 86 Softwar. 
-10 New Instruction Type. 

• Complete Sy.tem Development 
Support 
-Development Software: A ••e",bler, 

PL/M, Pascal, Fortran, and S~em 
Utilltle. 

-In-Circuit-Emulator (12ICE"'-188) 
-IRMX"" 86, 86 Compatible (80130 

OSF) 

• 	High Performance Numerical 
Coproceulng Capability Through 

80871ntarface 


,------/-'= 

Figur. 1. IAPX 186 Block Dlqr.m 

"'.. Corporation 48aumM No AMpoM6tHuty '04' the u.. of An)' Cltcultry OIher TMn CH"cuttry EmbOdWd In an Int•• Product No OttMIt Ctrcutt 'atent LICMMa.,. Imp.tH 

trtfOnneUon Contained Heretn Super<*SM PreorioueJy PublIahed 8peciUcaHona on ThMe DericeII From Inte" 


CINT£lCORPOAATtON,'. 
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The Intel fAPX 186 (80186 part number) is a highly integrated 16-bit microprocessor. The iAPX 186 effectively 
combines '15-20 of the most common iAPX 86 system components onto one, The 80186 provides two times 
greater throughput than the standard 5 MHz iAPX 86. The iAPX 186 is upward compatible with iAPX 86 and 88 
software and adds 10 new instruction types to the existing set. 

TOP 	 BOTTOM 

UUUUULJULJULJU1Jg~~ 

La 
PCaIIA2 
PCS5IA' 
PCi4 
PCS3 
PCS2 
PCS' v.. 
iICii 
RES 
TMflOUTl 
TMROUTO 

NR IN \ 
TMRINO 
ORO' 
DIIQO 

; 

iL ____________________________________________________________________~ 

Figure 2. 80188 Pinout Diagram 

Table 1. 80188 PIn Deecripllon 

Symbol Pin No. ~ 	 Heme end Function 

vcc. Vee 9,43 I 	 System Power: + 5 volt power supply, 

Vss, Vss 26,60 I 	 System Ground, 

RESET 57 0 	 Reset Output Indlcales that \he 80186 CPU", being reset. and can be used as a system 

reset, ft is active HIGH. synchronized with the processor clock, and lasta an integer 

number 01 clock periods corresponding to the length 01 the RES signal. 


Xl, X2 59,58 I 	 CtystaI Inputs, Xl and X2, provida an external connection lor a fundamental mode 

parallel resonant crystal for \he internal crystal 'oscillator. Xl can interface to an 

external clock instead 01 a crystal. In this case, minimize \he capacllance on X2 or 

driva X2 with complemented X 1. The input or oscillator frequency is internally divided 

by two to generate the clock signal (ClKoun, 


CLKOUT 56 0 	 Clock Output provides the system with a 5O'Ib duty cycle waveform, All device pin 

timings are specified relative to ClKOUT, ClKOUT has sufficient MOS drive capabilities 

lor the 8087 Numeric PTocalSOr Extension. 


RES 24 I 	 System Reset cause. the 80186 to Immediately terminate its present acIMty, clear the 

inIemal'logic, and enter a dormant stale, This signal may be asynchronous to the 

80186 clock. The 80186 begins IIIching instructions approxtmalely 7 clock cycles 

aller a is returned HIGH. RES is required to be LCNV lor greater than 4 clock 

cycles and Ie internally syrichronized. For proper initialization, tha LCNV-to-HIGH transi
tion of a'must occur no sooner than 50 microseconds after power up. This input 

Ie provided with a Schmitt-trigger to faci___-on RES generation via an RC 

network. When RES occurs, the 80186 will drive the status lines to an inactive level 
lor one clock, and then tri-state them. 
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Table 1. 801M Pin Oe8Crlption (Continued) 

Type 	 Name and Function 

I 	 rrST is examined by the WAIT instruction. If the TEST input is HIGH when 
"WAIT" execution begins, instruction execution will suspend. TEST will be 
resampled until it goes LOW, at which time execution will resume. If interrupts 
are enabled while the 80186 is waiting for ~ interrupts will be serviced. This 

. input is synchronized internally. 

t Timer Inputs are used either as clock or control signals, depending upon the 
I programmed timer mode. These inputs are active HIGH (or LOW·to·HIGH 

transitions are counted) and internally synchronized. 

0 Timer outputs are used to provide single pulse or continuous waveform gener
0 ation. depending upon the timer mode selected. 

I DMA Request is driven HIGH by an external device when it desires that a 
I DMA channel (Channel 0 or 1) perform a transfer. These signals are active 

HIGH, level·triggered, and internally synchronized. 

I 	 Non·Maskable Interrupt is an edge·triggered input which causes a type 2 
interrupt. NMI is not maskable internally. A transition from a LOW to HIGH 
initiates the interrupt at the next instruction boundary. NMI is latched inter
nally. An NMI duration of one clock or more will guarantee service. This input is 
internally synchronized. 

I Maskable Interrupt Requests can be requested by strobing one of these pins. 
I/O When configured as inputs, these pins are active HIGH. Interrupt Requests are 
I/O synchronized internally. INT2 and INT3 may be configured via software to 

provide active· LOW interrupt·acknowledge output signals. All interrupt inputs 
may be configured via software to be either edge- or level·triggered. To ensure 
recognition. all interrupt requests must remain activ'3 until the interrupt is 
acknowleged. When iRMX mode is selected. the function of lhese pins 
changes (see Interrupt Controller section of this data sheet). 

0 Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most 
0 significant address bits during T,. These signals are active HIGH. During T2. 
0 T3. Two and T4. status information is available on these lines as encoded 
0 below: 

Low High 

56 Processor Cycle DMA Cycle I I 	 I I 
53.54. and SS are defined as LOW during T2-T4' 

I/O 	 Address/Data Bus (0-15) signals constitute the time mutiplexed memory or I/O 
address (T,) and data (T2. T3. TW. and T4) bus, The bus is active HIGH. AO is 
analogous to SHE for the lower byte of the data bus. pins 07 through 00.11 is 
LOW during T 1 when a byte is to be transferred onto the lower portion of the 
bus in memory or I/O operations. 

0 	 During T, the Sus High Enable signal should be used to determine if data is to 
be enabled onto the most significant half of the data bus. pins 0, 5-08, SHE is 
LOW during T 1 for read. write. and interrupt ~cknowledge cycles when a byte is 
to be transferred on the higher half of the bus, The S7 status informalion is 
available during T2. T3. and T4. S7 is logically equivalent to BHE. The signal is 
aclive LOW. and is tristated OFF during bus HOLD, 

Symbol 

TEST 

TMR IN 0, 
TMR IN 1 

TMR OUT 0, 
TMROUT 1 

DROO 
ORal 

NMI 

INTO, INTI. 
INT2I1NTAli 
INT3I1Nm 

AI9/$6. 
AI8/S5. 
A17/54. 
AI6153 

ADI5-ADO 

BHEiS7 

'Pin 
No. 

47 

20 
21 

22 
23 

18 
19 

46 

45.44 

42 

41 


85 
66 
67 
66 

10-17 
1-8 

64 

!mE Value AO Value 

0 0 
0 1 
1 0, 1 

SHE ard AO Encodings 

Function 

Word Transfer 

Byte Transfer on upper hall of data bus (015-08) 

Byte Transfer on lower hall of data bus (1)7-00) 

Reserved 
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Table 1. 101. PIn Deacrlptlon (Continued) 

Pin 

Symbol No. TyiM Name and Function 


ALE/QSO 61 ·0 	 Address Latch Enable/Queue Status 0 is provided by the 60186 to latch the 
address into the 8282/8283 address latches. ALE is active HIGH. Addresses are 
guaranteed to be valid on the trailing edge of ALE. The ALE rising edg" is 
generated off the rising edge of the CLKOUT immediately preceding T, of the 
associated bus cycle, effectively one-half clock cycle earlier than in the stan
dard 8086. The trailing edge is generated off the CLKOUT rising edge in T, as 
in the 6086. Note that ALE is never floated. ---- --.-~,.-- .--.---~--. 	 - ._-- _._---

WR/QSl 63 0 	 Write StrobelQueue Status 1 indicates that toe data on the bus IS to be written 
into a memory or an I/O device. WR is active for T2, T3. and Tw 0' any wlite 
cycle. I! is active LOW, and floats during "HOLO."1t is driven HIGH for one clock 
during Reset, and then floated. When the 60186 is in queue status mode, the 
ALE/QSO and WRiQS1 pins provide information about processor/instruction 
queue Interaction. 

QSl QSO Queue Operation 

0 0 No queue operation 
0 1 First opcode byte fetched from the queue 
1 1 Subsequent byte fetched trom the queue 
1 0 Empty the queue 

AD/OSMD 82 0 Read Strobe indicates that the 80186 is performing a memory 01 1/0 reaa cycle.
AD is active LOW forT., T" ana Tw of any lead cycle. 1\ is gualanteed not to go 
LOW tn T. until after the Address Bus is floated. AD is active LOW, and floats' 
during "HOLD." AD is driven HIGH for one clocI< durrng Reset....!'nd then the output 
driver is floated. A weak internal pull-up mecharoism on the RO line Mlds it t~,GH 
when the lIne is not driven. During RESET the pin is sampleo to deterrT,me 
Whether the 80186 should prOVIde ALE, WR and RO, or if the Queue-StAtus should 
be provided. RO ShOUld be connected 10 uNO to pro~'de Queue-S:atJ, data 

--~---------.---.---. ----- -- .... 
"ROY 55 I Asynchronous Ready informs Ihe 80186lhal the addressed memory space or 110 

deVice will comple!e a data transfer. The AAD'V input pin 'hili accept an 
asynchronous input, and is 8cti'ie HIGH. Only. the IIsing edge IS internally 
synchronozed by Ihe 80186. This means that the 'ailing edge of ARDY /Oust be 
synchronIZed to tne 80186 ClOCk. "connected to Vee, no WAI1 stale, ale inserted. 
Asynchronous ready (AROY) or synchronous ready (SRDY) must De active to 
terminale a bus cycle. If unused, this line should be tied LOW. 

. __.-.------------------ 
SROY 49 I 	 Synchronous Ready must be·synchrorized externally 10 the 80186. Tr,e use of 

SROY provides 8 relaxed system-Ilrning specification on the Ready input. This is 
accomplished by eliminating the. one-half clock cycle which is required for 
internally resolving the signalleve, when using the AROY input. 1his lin" is active 
HIGH. lithia line IS connected to Vee. no WAIT states are inserted. Asynch.-onous 
ready (AROY) or synchronous leady (SROY) must be active before a Dus cycle ia 
terminated. II unused. this line should be tied LOW. 

~ 48 0 	 ~ output indicates that other sYstem bus masters are not to gain control of 
the system bus while IOCK is active ~OW. The ~ signal is requested by the 
LOCK prefix instruction and is activated at the beginning of the first data cycle 
associated with the instruction following the LOCK prefix. I! remaina active 
until the completion of the instruction following the LOCK prefix. No pre-
fetches will occur while meR is asserted. ~ is active LOW, is driven HIGH 
for one clock during RESET. and then fl08ted. 
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Pin 
Symbol No. 

SO.51.52 52-54 

HOLD (input) 50 

HLDA (output) 51 


OCS 34 

lCS 33 

~-3 38.37.36,35 

PCSO 25 

~-4 27.28.29,30 

J5CS5JAI 31 

~A2 32 

DT/R 40 

DEN 39 

IAPX 186 

Table 1. 80188 Pin DetICrlptlon (Continued) 

Type Name and Function 
----" 

0 Bus cycle status SO-52 are encoded to provide bus·transaction information" 

80186 Bus Cycle Status Information 

S2 SI SO Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read I/O 
0 1 0 Write I/O 
0 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

The status pins float during "HOLD"" 

52 may be used as a logical MilO indicator. and 51 as a DT/R indicator. 

The status lines are driven HIGH for one clock during Reset. and then floated 


ntil a bus cycle begins" 

I 	 HOLD indicates that another bus master is requesting the loca! bus. The 
0 	 HOLD Input Is active HIGH. HOLD may be asynchronous with respect to the 

80186 clock. The 80186 will Issue a HLDA (HIGH) In response to a HOLD 
request at the end of T4 orTl. Simultaneous with the issuance of HLDA. the 
80186 will float the local bus and control lines" After HOLD Is detected as 
being LOW, the 80186 will lower HLDA. When the 80186 needs to run 
another bus cycle, it will again drive the local bus and control lines" 

0 	 Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (1 K-256K block) of memory. 
This line is not floated during bus HOLD" The address range activating ~ is 
software programmable" 

"~ 

0 	 Lower Memory Chip Select is active LOW whenever a memory reference is 
made to the defined lower portion (1 K-256K) of memory" This line is not 
floated during bus HOLD. The address range activating LCS is software 
programmable" 

0 	 Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the definec:lmld·range portion of memory (8K-512K)" 
These lines are not floated during bus HOLD" The address ranges activating 
M'C:Sli-3 are software programmable" 

0 Peri!lheral Chip Select signals 0-4 are active LOW when a reference is made to 
the defined peripheral area (64K byte I/O space)" These lines are not floated 

0 during bus HOLD. The addreSS ranges activating PCSO-4 arq software 
programmable" 

0 	 Peripheral Chip Select 5 or Latched AI may be programmed to provide a sixth 
peripheral chip select. or to provide an internally latched AI signaL The 
address range activating ~ is software programmable" When programmed 
to provide latched AI, rather than lICSS, this pin will retain the previously 
latched value of AI during a bus HOLD" AI is active HIGH. 

0 	 Peripheral Chip Select 6 or latched A2 may be programmed to provide a 
seventh peripheral chip select. or to provide an internally latched A2 signaL 
The address range activating PCS6 is softwa~ogrammable. When pro· 
grammed to provide latched A2. rather than CS6. this pin wil! retain the 
previously latched value of A2 during a bus HOLD. A2 is active HIGH" 

0 	 Data Transmit/Receive controls the direction of data flow through the external 
8286/8287 data bus transceiver" When LOW. data is transferred to the 80188. 
When HIGH the 80186 places write data on the data bus" 

0 	 Data Enable is provided as an 8286/8287 data bus transceiver output enable" 
D§j is active LOW during each memory and 1/0 access" DEN is HIGH whenever 
DT!1[ changes state. 
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IAPX 186 

FUNCTIONAL DESCRIPTION Segment Regletere 

IntroductIon 

The following Functional Description describes the 
base architecture of the iAPX 186. This architecture 
is common to the iAPX 86, 88, and 286 microproces
sor families as well. The iAPX 186 is a very high 
integration 16-bit microprocessor. It combines 15-20 
of the most common microprocessor system compo
nents onto one chip while providing twice the perfor
mance of the standard iAPX 86. The 80186 is object 
code compatible. with the iAPX 86, 88 microproces
sors and adds 10 new instruction types to the exist
ing iAPX 86, 88 instruction set. 

IAPX 186 BASE ARCHITECTURE 

The iAPX 86, 88, 186, and 286 family all contain the 
same basic set of registers, instructions, and 
addressing modes. The 80186 processor is upward 
compatible with the 8086, 8088, and 80286 CPUs. 

RegIster Set 

The 80186 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 

General Regletera 
Eight 16-bit general purpose registers may be used to 
contain arithmetic and logical operands. Four of these 
(AX, ex, CX, and DX) can be used as 16-bit registers or 
split into pairs of separate 8-bit registers. 

16-811 SPECIAl. 
REGISTERREGISTER 

FUNCTJONSNAME , . 
1 

" 
X AH At IIUI.11PLYIDMOE 

o\DDRESSAeLE } 1'10 rNlTMJCTtOHS 
(I-BIT X OM Dl
OYTE A:•.AEGISTER 

Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are immedi
ately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

Baas and Index Regleter. 
Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base ad
dresses or indexes to particular locations within a 
segment. The addressing mode selects the specific 
registers for operand and address calculations. 

Statue and Control Reglll1e,. 
Two 16-bit special purpose registers record or aiter 
certain aspects of the 80186 processor state. Th_ 
are the InstnJction Pointer Register, which contaims 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3s 
and 3b). 

Status Word DescrIptIon 

The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2,4,6,7, and 11) and controls the operation of the 
80186 within a given operating mode (bits 8, 9, and 
10). The Status Word Register is 16-bits wide. The 
function of the Status Word bits is shown in Table 2. 

.. . 
cs § COO! MOMENT SELECTOfI 

De DATA SEGMENT SELECTOR 

NAMES X eM Cl ) LOO",IHtFTIREPEATICOUNT ss . ITACK SEGMENT SELECTOR 
5"OWN) 

X Itt ... Et. UT..... IEGllfNT IELECTOfI 
} .......QlSTE... 


SEGMENT MQIST!:U"' 
} .-xM ....... 


III 

SI 

;j') STACK POINTER s. 
STATUI AND cotn'IIOl 

GENERAL 
MGlSUM 

Figure 3a. 80186 General Purpo.. Regleter Set 
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iAPX 286/10 

HIGH PERFORMANCE MICROPROCESSOR 


WITH MEMORY MANAGEMENT AND PROTECTION 

(80286-8, 80286-6, 80286-4) 

• 	 High Performance • 	 Optional Processor Extension: 
Processor (Up to six times iAPX 86) -IAPX 286120 High Performance .blt 

• 	 Large Address Space: Numeric Data Processor 
-16 Megabytes Physical 

-1 Gigabyte Virtual per Task 


• 	 Complete System Development 
• 	 Integrated Memory Management, Four Support:

Level Memory Protection and Support -Development Software: Assembler, 
for Virtual Memory and Operating PUM, Pascal, FORTRAN, and Syatern 
Systems Utilities . 

• 	 'TWo iAPX 86 Upward Compatible -In-Clrcult-Emulator (ICE,. -286) 
Operating Modes: 
-IAPX 86 Real Address Mode .• High Bandwidth Bus Interface 

-Protected Virtual Address Mode 
 (8 Megabyte/Sec) 

• 	 Range of clock rates 
-8 MHz for 80286-8 • Available In EXPRESS:
-6 MHz for 80286-6 -Standard Temperatura Range 
-4 MHz for 80286-4 

The IAPX 286110 (80286 part number) IS an 3.dvanced, high-performance microprocessor with specially optimized 
capabilities for multiple us'er and multi-tasking systems. The 80286 has bUilt-In memory protection that supports 
operating system and task isolation as well as program and data privacy Within tasks. An 8 MHz iAPX 286/1 0 provides 
up to SIX times greater throughout than the standard 5 MHz IAPX 86·'10 The 80286 includes memory management 
capabilities that map up to 230 (one gigabyte) of virtual address space per task into 224 bytes (16 megabytes) 
of phYSical memory 

The IAPX 286 is upward compalible with iAPX 86 and 88 software. Using iAPX 86 real address mode, the 80286 is 
oblect code compatible with eXlsling iAPX 86, 88 software In protected wtual address mode, the·80286 is source 
code compatible with iAPX 86, 88 software and may require upgrading to use virtual addresses supported by the 
80286's integrated memory management and protection mechanism. Both modes operate at full 80286 performance 
and execute a superset of the iAPX 86 and 88's instructions. 

The 80286 provides special operations to support the efficient implementation and execution of operating systems, 
For example, one instruction can end execution of one task, save its state, switch to a new task, load its state, and 
start execution of the new task. The 80286 also supports virtual memory systems by providing a segment·not~present 
exception and restartable instructions. 

~ ~m..NT(AUt- - - - - - - - - - - - - - - - - ~ - -, 
I 

I 

I 
 JEAcK 

P£IIIEO 

fllADY. HOLD 

S1. so.. coo 1Irrtf" 
I..OC:I'.HLDA 

JI£$ET 

CL< 

V" 
L....:... 	 CAP'~~~~~~~~====-=-=-=-=-dJ::'" 

Figure 1, 80286 Internal Block Diagram 
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IAPX 286/10 

Component Pad View-As viewed from P.C. Board View-As viewed from the 
underside of component when mounted on component side of the PC. board 
the board. 
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NOTE: N.C. pads m"st not be connected. 

Figure 2. 80286 Pin Configuration 

Table 1. Pin Description 
The following pin'function descriptions are for the 80286 microprocessor· 

Symbol "fYpe Name and Function 
elK I System Clock provides the fundamental liming for iAPX 286 systems. It is divided by two inside 

the 80286 to generate the processor clock. The internal divide-by-two circuitry can 
be synchronized to an external clock generator by a lOW to HiGH transition on the RESET 
input. 

110 	 Data Bu. inputs data during memory, 1/0, and interrupt acknowledge read cycles; outputs data 
during memory and 110 write cycles. The data bus is active HIGH and floats to 3·state OFF during 
bus hold acknowledge. 

0'5-0 0 

A23-Ao O' 	 Add..... Bu. OUtpull physical memory and 110 port addresses. AO is lOW when data is to be 
transf.rred on pins D7~. A23·A16 are lOW during 110 tranSlers. The address bus is active HIGH 
and floats to 3-state OFF during bus hold aCknowledge. 

BHE 0 	 au. High EMIlIe Indicates transfer of data on the upper byte of the data bus. 01~Eighl-bil 
oriented devices assigned 10 the upper byte of the data bus would normally use H 10 con· 
dition chip select funclions. BHE is acIiIIe lOW and fI6ats to 3-state OFF during bus hold acknowiedge. 

BHE end AD EncodingsNJ_

iHil Vol... Function 

0 0 Woldtr_ter 
0 1 Byte ItIlllS~r on upper hall of data bus (D15-8l 
1 0 Byte Itlnller on _ hall of data bus (0-,-0)-
1 1 

455 



IAPX 286/10 

Table 1 Pin Description (Cont ) 

Symbol Type 	 Name and Function 

SI,50 0 	 Bu. Cycl. Statu. indicates initiation of a bus cycle and, aiong with MffO and COD/lNTA, defines 
the type of bus cycle. The bus is in a T 5 state whenever one or both are LOW. !IT and SII are 
active LOW and float to 3-state OFF during bus hold acknowledge. 

80286 Bus Cycle Status Definition 
COO~NTA MilO Si SO Bus cycle initiated 

OllOW) 0 0 0 Inlerrupt acknowledge 
0 0 0 Reserved,,0 0 0 Reserved,0 0 1 None. not a status cycle ,0 0 0 IF A 1 ".- 1 then hall: else shutdown 
0 1 0 1 Memory data read ,0 .1 0 Memory data wnte ,0 1 1 None. not a status cycle 
'(HIGH) 0 0 0 Reserved, 	 ,0 0 I·Dread 
1 0 1 0 IOwnle, , ,0 None, not a status cycl~, 1 0 0 Reserved, 	 ,1 0 Memory Instruction read , 1 1 0 Reserved 
1 1 1 None: not a staluscycle ~, 

MliO 0 	 MemoryllO Select distinguishes memory access from 110 access. If HIGH during T s. a memory 
cycle or a hall/shutdown cycle is in progress. If LOW, an 110 cycle or an interrupt acknowledge cycle 
is in progress. MliO floats to 3-state OFF during bus hold acknowledge. 

CODIINTA 0 	 CodeJlnterrupt Acknowledge distinguishes instruction !etch cycles from memory data read cycles. 
Also distinguishes interrupt acknowledge cycles from 110 cycles. COD/Il'mi floats to 3-state OFF 
during bus hold acknowledge. Its timing is the same as MIlO. 

LOCK 0 	 Bus Lock indicates that other system bus masters are not to gain comrol of the system bus following 
the current bus cycle. The LOCK signal may be activated explicitly by the "LOCK" instruction prefix 
or automatically by 80286 hardware during memory XCHG instructions, interrupt acknowledge, or 
descriptor table access. LOCK is active LOW and floats to 3-state OFF during.bus hold acknowledge. 

READY I 	 Bus Reedy terminates a bus cycle. Bus cycles are extended without limit until terminated by READY 
LOW. READY is an active LOW synchronous input requiring setup and held times relative to the 
system clock be met fer correct eperation. READY is ignored during bus hold acknowledge. 

HOLD I 	 Bus Hold Request and Hold Acknowledge control ownership of the 80286 local bus. The HOLD 
HLDA 0 	 input allows another local bus master to request control of the local bus. When control is granted, the 

80286 will float ~s bus drivers to 3-state OFF and then activate HLDA. thus entering the bus hold 
acknowledge condition. The local bus will remain granted to the requesting master until HOLD 
becomes inactive which results in the 80286 deactivating HLDA and regaining control of the local 
bus. This terminates the bus hold acknowledge condition. HOLD may be asynchronous to the system 
clock. These Signals are active HIGH. 

INTR I 	 Interrupt Request requests the 80286 to suspend its current program execution and service a 
pending external request. Interrupt requests are masked whenever the interrupt enable bit in the 
flag word is cleared. When the 80286 responds to an interrupt request, it performs two interrupt 
acknowledge bus cycles to read an 8-bit Interrupt vector that identifies the source olthe interrupt. To 
assure program interruption, INTR must remain active until the first interrupt acknowledge cycle is 
completed. INTR is sampled at the beginning of each processor cycle and must be active HIGH at 
least two processor cycles before the current instruction ends in Qrder to interrupt before tha next 
instruction. INTR is level sensitive, active HIGH, and may be asynchronous to the system clock. 

NMt I 	 Non-maskable Interrupt Request interrupts the 80286 with an intemally supplied vector value of 
2. No interrupt acknowledge cycles are performed. The interrupt enable bit in the 80286 flag word 
does not affect this input. The NMI input is active HIGH, may be asynchronous to' the system clock, 
and IS edge triggered after internal synchronization. For proper recognHion, the input must have 
been previously LOW lor at least lour system clock cycles and remain HIGH for at least lour system 
clock cycles. 
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IAPX 286/10 

Table 1 Pin Description (Cont ) 

Symbol 'TYpe Name and Function 
Proe_ Exlenlion Operand ReqUHtand Acknowledge extend the memory management and pro,.ctionl 

PEACK 0 
PER EO I 

capabilities of the 80286 to processor extensions. The PEREQ Input requests the 80286 to perform a data, 
operand transfer fOO' a proces5()( extensiOn. The meR output signals the processor extension when the, 
requested operand is being transferred. PEREa is active HIGH and floats to 3-state OFF during bus hold I 
acknowledge. meR may be asynchronous to the system clock. meR is active LOW. 

BUSY I 	 Pl'oe••aor Extenalon Buay and Error indicate the operating condition of a processor exten~ion 
ERROR I 	 to the 80286. An active BlJSY input stops 80286 program execution on WAIT and some ESC 

instructions until BUSY beC'.omes inactive (HIGH). The 80286 may be interrupted while waiting 
for BlJSY to become inactive. An active E"F1I'mT'! input causes the 80286 to perform a processor 
extension interrupt when executing WAIT or some ESC instructions. These Inputs are active 
LOW and may be asynchronous to the system clock. 

RESET I 	 System Reset clears the internal logic of the 80286 and is active HIGH. The 80286 may be re-
initialized at any time with a LOW to HIGH transition on RESET which remains active for more than 
16 system clock cycles During RESET active, the output pins 01 the 80286 enter the state shown 
below: 

~~ 

80286 Pin Slale During Resel 
Pin Value Pin NameaI 

1 (HIGH) SO, 51. PEACK. A23·AO. BHE. LOCK 
o(LOW) MfiO. CODIINTA. HLOA 
3-state OFF 015-DOI 

Operation of the 80286 begins after a HIGH to LOW transllion on RESET. The HIGH to LOW IranSI
ticn of RESET must be synchronous to the system clock. Approximately 50 system clock cycles are 
required by the 80286 for internal initializations before the first bus cycle to fetch code Irom the 
power-on execution address IS performed. 

A LOW to HIGH Iransillon of RESET synchronous to the system clock will end a processor 
cycle at the second HIGH to LOW transition of the system clock. The LOW to HIGH transition 

. of RESET may be asynchronous to the system clock; however, in Ihis case it cannot be prede
termined which phase of the processor clock will occur during the next system clock period. 
Synchronous LOW to HIGH transitions 01 RESET are required only for systems where the 
processor clock must be phase synchronous to another clock. 

Vss I '. System Ground: 0 Vo~s. 

Vee I 	 System Power: + 5 \!olt Power Supply 

CAP I 	 Substrate Filter Capacitor: a 0.047[1.1 " 20% 12V capacitor must be connected belween this pin 
and ground. This capacitor liiters the output 01 the inte~nal substrate bias generator. A maximum DC 
leakage current of 1 jJ.a is allowed through the capacitor. 

For correct operation of the 80286. the substrate bias generator must charge thiS capacitor to its 
operating voltage. The capaCitor chargeup time is 5 milliseconds (max.) alter Vee and CLK reach 
their specified AC and DC parameters. RESET may be applied to prevent spurious activity by the 
CPU during this time. Altel thiS time, the 80286 processor clock can be phase synchronized to 
another cfock by pulsin9 RESET LOW <ynchronous to the system clock 
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80386 

HIGH PERFORMANCE 32·BIT CHMOS MICROPROCESSOR 


WITH INTEGRATED MEMORY MANAGEMENT 

• 	 Flexible 32-Blt Mlcroproceaaor 

-8,16, 32-Blt Data Types 
- 8 General Purpose 32-Blt Registers 

• 	 Very Large Address Space 
- 4 Gigabyte Physical 
- 64 Tersbyte Virtual 
- 4 Gigabyte Maximum Segment Size 

• 	 Integrated Memory Management Unit 
- Virtual Memory SUpport 
- Optional On-Chlp Paging 
- 4 Levels of Protection 
- Fully Compatible with 80286 

• 	 Object Code Compatible wlt~ All 8086 
Family Microprocessors 

• 	 Vlrtua' 8086 Mode Allows Running of 
8086 Software In a Protected and 
Paged System 

• 	 Hardware Debugging SUpport 

• 	 Optimized for System Performance 
- Plpellned Instruction Execution 
- On-Chlp Address Translation Ceches 
-16 and 20 MHz Clock 
- 32 and 40 Megabytes/Sec Bus 

Bandwidth 

• 	 High Speed Numerics SUpport via 
80387 Coprocessor 

• 	 Complete System Development 
Support 
- Software: C, PLlM, Assembler 

System Generation Tools 
- Debuggers: PSCOPE, ICETM-386 

• 	 High Speed CHMOS III Technology 

• 	 132 Pin Grid Array Package 
(See Packaging SpecIflcation. Order # 231389) 

The 80386 Is an advanced 32-bit microprocessor designed for applications needing very high performance 
and optimized for multitasking operating systems. The 32-bit registers and data paths support 32-bit addresses 
and data types. The processor addresses up to four gigabytes of physical memory and 64 terabytes (2" 46) of 
virtual memory. The integrated memory management and protection architecture includes address translation 
registers. advanced multitasking hardware and a protection mechanism to support operating systems. In 
addition, the 80386 allows the simultaneous running of multiple operating systems. Instruction pipelining, on
chip address translation. and high bus bandwidth ensure short average instruction execution times and high 
system throughput. 
The 80386 offers new testability and debugging features. Testability features include a self-tast and direct 
access to the page translation cache. Four new breakpoint registers provide breakpoint traps on code execu
tion or data accesses, for powerful debugging of even ROM-based systems. 
Object-code compatibility with all 8086 family members (8086, 8088, 80186, 80188, 80286) means the 80386 
offers immediate access to the wortd's largest microprocessor software base. 

KOLD,ItTR,NM1 
lBi5i,1Dfi 
REW..... 

tI/tOI.D/Cf.
W/II,I.OCKI.
""',NAI,"'If,ItUoO'Y, 
00-011 

231eao-48 
Figure 1-1_10386 Plpellned 32-M Mlcroarchltecture 

UNIXTM ill a Trademark of AT&T Bell Labs. 
MS-DOS is a Trademark of MICROSOFT Corporation. 
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80386 

2. BASE ARCHITECTURE 

2.1 INTRODUCTION 

The 80386 consists of a central processing unit, a 
memory management unit end a bus interface. 

The central processing unit consists of the execu
tion unit and instruction unit. The execution unit con
tains the eight 32-bit general purpose registers 
wtlich are used for both address calculation, data 
operations and a 54-bit barrel shifter used to speed 
shift, rotate, multiply, and divide operations. The 
multiply and divide logic uses a 1-bit per cycle algo
rithm. The multiply algorithm stops the iteration 
when the most significant bits of the multiplier are all 
fero. This allows typical 32-bit multiplies to be exe
cuted in under one microsecond. The instruction unit 
decodes the instmction opcodes and stores them in 
the decoded instruction queue for immediate use by 
the execution unil. 

The memory management unit (MMU)' consists of a 
eegmentation unit and a paging unit. Segmentation 
"lows the manaqing of the logical address space by 
providing an extra addressing component, one that 
Illows easy code and data relocatability, and effi
eient sharing. The paging mechanism operates be
neath and is transparent to the segmentation pro
cess, to allow management of the physical address 
space. Each segment ;s divided into One or more 4K 
byte pages. To implement a virtual memory system, 
the 80386 supports full restartabiHty for all page and 
segment faults. 

Memory is organized into one or more variable 
length segments, each up to four gigabytes in size. A 
given region of tihe linear address space. a segment, 
can have attributes associated with it. These attri
butes include its location, size, type (i.e. stack, code 
or data), and protection characteristics. Each task 
on an 80386 can have a maximum of 16,381 seg
ments of up to four gigabytes each, thus providing 
64 terabytes (trillion bytes) of virtual memory to each 
task. 

The segmentation unit provides four-levels of pro
tection for isolating and protecting applications and 
the operating system from each otiher. The hardware 
enforced protection allows the design of systems 
witih a high degree of integrity. 

The 80386 has two modes of operation: Real Ad
dress Mode (Reel Mode), and Protected Virtual Ad
dress Mode (Protected Mode). In Real Mode the 
80386 operates as a very last 8086, but with 32-bit 
extensions if desired. Real Mode is required primari
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Iy to setup the processor for Protected Mode opera
tion. Protected Mode provides access to the sophis
ticated memory mami.gement, palling and privilege 
capabilities of the processor. 

Within Protected Mode, software can perform a task 
switch to enter into tasks desianated as Virtual 80B6 
Mode tasks. Each such task behaves with 80B6 so
mantics. thus allowing 8086 software (an application 
program, or an entire operating system) to execute. 
The Virtual 8086 tasks can be isolated and protect
ed from one another and the host 80386 operating 
system. by the use of pa~in9, and the 1/0 P'3rmis
sion Bitmap. 

Finally, to faCilitate high performance system hard
ware designs, the 80386 bus interface oHers ad
dress pipelining, dynamic data bus sizing, and direct 
Byte Enable signals for each byte of the data bus. 
Tl1esa hardware features are described fully begin
ning in Section 5. 

2.2 REGISTER OVERVIEW 

The B0386 has 32 register resources in the following 
categories: 

• General Purpose Registers 

• Segment Registers 

• Instruction POinter and Flags 

• Control Registers 

• System Address Registers 

• Oeb....g Registers 

• Test Registers, 

The registers are a superset of the 8086, 80186 and 
80286 registers, so all l6-bit 8086, 80186 and 
80286 registers are contained witihin the 32-bit 
80386. 

Figure 2-1 shows all of 80386 base architecture reg
isters, which include the general address and data 
registers, the instruction pointer, and the flags regis
ter. The contents of these registers are task-specific, 
so these registers are automatically loaded with a 
new context upon a task switch operation. 

The base architecture also includes six directly ac
cessible segments, each up to 4 Gbytes in size. The 
segments ere indicated by the selector values 
placed in 80386 segment registers of Figure 2-1. 
Various selector values can be loaded as a program 
executes, if desired. 
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80316 

GENERAL DATA AND ADDRESS REGISTERS 
31 16 15 0 

AX EAX 

BX EBX 

CX ECX 

OX EDX 

81 ESI 

ffiEDI 
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L ___I _ S-;- .J E::w 
SEGMENT SELECTOR REGISTERS 
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INSTHUGTll,N f-uINTER 
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II ! ~EFLAGS J 
f.gUl'6 :t-1. 80386 Sa.. ArChitecture Reglatera 

Till> selectOrs are a.so taSK-specific, 80 tt.s segment 
ragisters "ro auto"IClticltliy loaoao witn new context 
upon a tasl( SWilGf1 operation. 

Thl; OIlier types 01 regls,ers, Control, ~ystem Ad
on~~s, ueol,;g, and T 6S., are primarily used by sy.s· 
tern soitware. 

2.3 REGISTER DESCRIPTIONS 

2.3.1 General Purpose Registers 

General Purpose Regiaters: The eight general pur· 
pose registers of 32 bits hold data or addrQss quanti· 
ties. Tne general registers, Figure 2·2, support data 
operands of 1, 8, 16, 32 and 64 bits, and bit fields of 
1 to 32 bits. They support address operands 0'1 16 
and 32 bits. The 32·bit registers are named EAX, 
EBX, ECX, EDX, ESI, EDI, EBP, and ESP. 

The least significant 16 bits of the registers can be 
accessed separately. This is done by using the 16
bit names of the registers AX, BX, CX, OX, SI, DI, 
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BP, and SP. When accessed as a 16·bit operand, 
the upper 16 bits of the register are neither used nor 
changed. 

Finally 8·bit operations can individually access the 
lowest byte (bits 0-7) and the higher byte (bits 8
15) of general purpose registers AX, BX, CX and OX. 
The lowest bytes are named AL, BL, CL and DL, 
respectively. The higoer bytes are named AH, BH, 
CH and DH, respectively. The individual byte acces· 
sibility otters additional flexibiiity lor data operations, 
but is not used for effective address calculation. 

31 16 15 8 7 0 

AH AX AL I EAX 

BH BX BL EBX 

CH CX CL ECX 

DH DX DL EDX 

SI ESI 

DI I;DI 

BP EBP 

I SP I ESP 

31 Hi 16 0 

L 
I I I EIP 

L '---v----1 
II" 

Figure 2-2. uOheral heglstera 
snd instruction POinter 

2.a.2 inatruction ~ointer 

Tnt. ir,struc!lvn pOinter, Fi\,w6 2·2, is a 32·l:;li regis
ter named EIP. Ell' holds the offset of the next in· 
struclion to bl> executed. The offset is always rela
tive to the base of the code segment (CS). The low· 
er 16 bits (bits 0 -15) of E I P contain the 16·bit in· 
struction pointer named IP, which is uS!ld by 16-bit 
adaressing. 

2.3.3 Flags Register 

The Flags Register is a 32·bit register named 
EFLAGS. The defined bits and bit fields within 
EFLAGS, shown in Figure 2·3, control certain opera· 
tions and indicate status of the 80386. The lower 16 
bits (bit 0-15) of EFLAGS contain the 16·bit flag 
register named FLAGS, which is mosi useful when 
executing 8086 and 80286 code. 
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FLAGS 

3 2 222 222 1 1 1 1 1 1 1 
I 098 6 5 .32 1 0 6 5 .32 1 0 9 8 7 6 5 4 3 2 1 0 

[FLAGS 

VIRTUAL 

NESTED 
I/O 
OVERFLOWRESUWE!~~~~~~~~~~~~~~:!JlJ
DIRECTION FLAG 
INTERRUPT ENABLE 

231630-50 

NOTE: 

*,,!ndicates Inlel reserved: do not define; see secbon 2,3,10, 


Figure 2-3. Flags Register 

VM (Virtual 8086 Mode, bit 1 7) 

The VM bit provides Virtual 8086 Mode within 
Protected Mode. If set while the 80386 is in 
Protected Mode, the 80386 will switch to Vir
tual 8086 operation, handling segment loads 
as the 8086 does, but generating exception 
1 3 faults on privileged opcodes. The VM bit 
can be set only in Protected Mode, by the 
IRET instruction (if clJrrent privilege level ~ 
0) and by task switches at any privilege level. 
The VM bit is unaffected by POPF, PUSHF 
always pushes a 0 in this bit, even if execut
ing in virtual 8080 Mode. The EFLAGS image 
pushed during interrupt processing or saved 
during task switches will contain a 1 in this bit 
if the interrupted code was executing as a Vir
tual 8086 Task. 

RF (Resume Flag, bit 16) 

The RF flag is used in conjunction with the 
debug register breakpoints. It is checked at 
instruction boundaries before breakpoint pro
cessing. When RF is set, it causes any debug 
fault to be ignored on the next instruction. RF 
is then automatically reset at the successful 
completion of every instruction (no faults are 
signalled) except the IRET instruction, the 
POPF instruction, (and JMP, CALL. and INT 
instructions causing a task switch)"These in
structions set R F to the value specified by the 
memory image. For example, at the end of 
the breakpoint service routine, the IRET 

instruction can pop an EFLAG image having 
the RF bit set and resume the program's exe
cution at the breakpoint address without gen
erating another breakpoint fault on the same 
location. 

NT (Nested Task, bit 14) 

This flag applies to Pro:ected Mode. NT is set 
to indicate that the execution of this task is 
nested within another task. If set, it indicates 
that the current nested task's Task State 
Segment (TSS) has a valid back link to the 
previous task's TSS. This bit is set or reset by 
control transfers to other tasks. The value of 
NT in EFLAGS is tested by the IRET instruc
tion to determine whether to do an inter-task 
return or an intra-task return. A POPF or an 
IRET instruction will affect the selting of this 
bit according to the image popped, at any 
privilege level. 

10PL (Input/Output Privilege Level, bits 12-13) 

This two-bit field applies to Protected Mode. 
10PL indicates the numerically maximum CPL 
(current privilege level) value permilted to ex
ecute 1/0 instructions without generating an 
exception 13 fault or consulting the 1/0 Per
mission Bitmap. It also indicates the maxi
mum CPL value allowing alteration of the IF 
(INTR Enable Flag) bit when new values are 
popped into the EFLAG register. POPF and 
IRET instruction can alter the 10PL field when 
executed at CPL ~ O. Task switches can al
ways alter the 10PL field, when the new flag 
image is loaded from the incoming task's 
TSS. 
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OF (Overflow Flag, bit 11) 	 ZF (Zero Flag, bit 6) 

OF is set if the operation resulted in a signed 
overflow. Signed overflow occurs when the 
operation resulted in carry/borrow Into the 
sign bit (high-order bit) of the result but did 
not result in a carry/borrow out of the high
order bit, or vice-versa. For 8/16/32 bit oper
ations, OF is set according to overflow at bit 
7/15/31, respectively. 

DF 	 (Direction Flag, bit 10) 

DF defines whether ESI and/or EDI registers 
postdecrement or postincrement during the 
string instructions. Postincrement occurs if 
DF is reset. Postdecrement occurs if DF is 
set. 

IF 	 (lNTR Enable Flag, bit 9) 

The IF flag, when set, allows recognition of 
external interrupts signalled on the INTR pin. 
When IF is reset, external interrupts signalled 
on the INTR are not recognized. IOPL indi
cates the maximum CPL value allowing alter
ation of the IF bit when new values are 
popped into EFLAGS or FLAGS. 

TF 	 (Trap Enable Flag, bit 8) 

TF controls the generation of exception 
trap when single-stepping through code. 
When TF is set, the 80386 generates an ex
ception 1 trap after the next instruction is exe
cuted. When TF is reset, exception 1 traps 
occur only as a function of the breakpoint ad
dresses loaded into debug registers DRO
DR3. 

SF 	 (Sign Flag, bit 7) 

SF is set if the high-order bit of the result is 
set, it is reset otherwise. For 8-, 16-, 32-bit 
operations, SF reflects the state of bit 7,15, 
31 respectively. 

SEGMENT 

ZF is set if all bits of the result are O. Other
wise it is reset. 

AF 	 (Auxiliary Carry Flag, bit 4) 

The Auxiliary Flag is used to simplify the addi
tion and subtraction of packed BCD quanti
ties. AF is set if the operation resulted in a 
carry out of bit 3 (addition) or a borrow into bit 
3 (subtraction). Otherwise AF is reset. AF is 
affected by carry out of, or borrow into bit 3 
only, regardless of overall operand length: 8, 
16 or 32 bits. 

PF 	 (Parity Flags, bit 2) 

PF is set if the low-order eight bits of the op
eration contains an even number of "1's" 
(even parity). PF is reset if the low-order eight 
bits have odd parity. PF is a function of only 
the low-order eight bits, regardless of oper
and size. 

CF 	 (Carry Flag, bit 0) 

CF is set if the operation resulted in a carry 
out of (addition), or a borrow into (subtraction) 
the high-order bit. Otherwise CF is reset. For 
8-, 16- or 32-bit operations, CF is set accord
ing to carry/borrow at bit 7, 15 or 31, respec
tively. 

Note in these descriptions, "set" means "set to 1," 
and "reset" means "reset to 0." 

2.3.4 Segment Registers 

Six 16-bit segment registers hold segment selector 
values identifying the currently addressable memory 
segments. Segment registers are shown in Figure 2
4. In Protected Mode, each segment may range in 
size from one byte up to the entire linear and physi-

REGISTERS DESCRIPTOR REGISTERS (LOADED AUTOMATICALLY) . 	 . 
( \ ( 	 \Other 

Segment 
0 Physical Base Address Segment limit Attributes from Descriptor 

Selector CS- 

Selector SS- - 

Selector DS- - - 

Selector ES- - - 

Selector FS- - - 
Selector GS- - - 

Figure 2-4. 80386 Segment Registers, and Associated Descriptor Reg/sters 
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cal space of the machine, 4 Gbytes (232 bytes). In 
Real Address Mode, the maximum segment size is 
fixed at 64 Kbytes (216 bytes). 

The six segments addressable at any given moment 
are defined by the segment registers CS, SS, OS, 
ES, FS and GS. The selector in CS indicates the 
current code segment; the selector in SS indicates 
the current stack segment; the selectors in OS, ES, 
FS and GS indicate the current data segments. 

2.3.5 Segment Descriptor Aeglster. 

The segment descriptor registers are not program
mer visible, yet it is very useful to unClerstand their 
content. Inside the 80386, a descriptor register (pro
grammer Invisible) is associated with each program
mer-visible segment register, as shown by Figure 2
4. Each descriptor register holds a 32-bit segment 
base address, a 32-bit segment limit, and the other 
necessary segm",nt attributes. 

When a selector value is loaded into a segment reg
ister, the associated descriptor register is automati
cally updated with the correct information. In Real 
Address Mode, only the base address is updated 
directly (by shifting the selector value four bits to the 
left), since the segment maximum limit and attributes 
are fixed in Real Mode. In Protected Mode, the base 
address, the limit, and the attributes are all updated 
per the contents of the segment descriptor inoexed 
by the selector. 

Whenever a memory re~nce occurs, the segment 
descriptor register associated with the segment be
ing used is automatically involved ~ith thtI memory 
reference. The 32-bit segment base aClClress be
comes a component of the line&r adClress C&Icula
tion, the 32-bit limit is used for the Iimit-chEock opera
tion, and the attributes are checked against the type 
of memory reference requested. 

2.3.6 Control Registers 

The 80386 has three control registers of 32 bits, 
CRO, CR2 and CA3, to hold machine state of a glob
al nature (not specific to an individual task). Th::~~ 
registers, along with System Address Registers de
scribed in the next section, hold machine state that 
affects all tasks in the system. To access the Con
trol Registers, load and store instructions are de
fined. 

CRO: Machine Control Reolster (Includ.s 80286 
Machine Slaw Word) 

CRO, shown In Figure 2-5, contains I) Cleflned bits for 
control anCl status purposes. The low-order I 6 bits 
of CRO are also known as the Machine Status Word, 
MSW, for compatibility with 80286 Protected Mode. 
LMSW and SMSW instructions are taken as special 
aliases of the load and store CRO operations, where 
only the low-order 16 bits of CRO are involved. For 
compatibility with 80286 operating systems the 
80386's LMSW Instructions work in an identical 
fashion to the LMSW instruction on the 80286. (i.e. It 
only operates on the low-order 16-bits of CRO and it 
ignores the new bits in CRO.) New 80386 operating 
systems shoulCl use the MOV CRO. Reg Instruction. 

The defined CRO bits are described below. 

PG (Paging Enable. bit 31) 

tne PG bit is set to enable the on-chip paging 
unit. It is reset to disable the ort-chip paging 
unit. 

ET (Processor Extension Type, bit 4) 

ET indicates the processor extension type (ei
ther 80287 or 80387) as detected by the level 
of the ERROR# input following 80386 reset. 
The ET bit may also be set or reset by loading 
CRO under program control if desired. If ET is 
set, the 80387 -compatible 32-bit protocol is 
used. If ET is reset. 80287-compatible 16-bit 
protocol is used. 
Note thet for strict 80286 compatibility. ET is 
not affected by the LMSW instruction. When 
the MSW or CAO is stored, bit 4 accurately re
flects the current state of the ET bit. 

\, J 

MSW 

NOTE: _indicates Intel reserved: Do not define; SEE SECTION 2.3.10 

Figure 2..s.. Control Regiatel' 0 
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TS (Task Switched, bit 3) 

TS is automatically set whenever a task switch 
operation is performed. If TS is set, a coproces
sor ESCape opcode will cause a Coprocessor 
Not Available trap (exception 7). The trap han
dier typically saves the 80287/80387 context 
belonging to a previous task. loads the 
80287/80387 state belonging to the current 
task, and clears the TS bit before returning to 
the faulting coprocessor opcode. 

EM (Emulate Coprocessor. bit 2) 

The EMulate coprocessor bit is set to cause all 
coprocessor opcodes to generate a Coproces
sor Not Available fault (exception 7). It is reset 
to allow coprocessor opcodes to be executed 
on an actual 80287 or 80387 coprocessor (this 
the default case after reset). Note that the 
WAIT opcode is not affected by the EM bit set
ting. 

MP (Monitor Coprocessor, bit 1) 

The MP bit is used in conjunction with the TS 
bit to determine if the WAIT opcode wHi gener
ate a Coprocessor Not Available fault (excep
tion 7) when TS = 1. When both M.P = 1 and 
TS = 1. the WAIT opcode generates a trap. 
Otherwise, the WAIT opcode does not gener
ate a trap. Note that TS is automatically set 
whenever a task switch operation is performed. 

PE (Protection Enable, bit 0) 

The PE bit is set to enable the Protected Mode. 
I! PE is reset, the processor operates again in 
Real Mode. PE may be set by loading MSW or 
CRO. PE can be reset only by a load into CRO. 
Resetting the PE bit is typically part of a longer 
instruction sequence needed for proper .tran
sition from Protected Mode to Real Mode. Note 
that for strict 80286 compatibility, PE cannot be 
reset by the LMSW instruction. 

CR1: reserved 

CRI is reserved for use in future Intel processors. 

CR2: Page Fault Unear Addresa 

CR2, shown in Figure 2-6. holds the 32-bit linear ad
dreas that caused the last page fault detected. The 

31 24 23 16 

error code pushed onto the page fault handler's 
stack when it is invoked provides additional status 
information on this page fault. 

CR3: Page Directory Base Addresa 

CR3, shown in Figure 2-6, contains the physical 
base address of the page directory table. The 80386 
page directory table is always page·aligned 
(4 Kbyte-aligned). Therefore the lowest twelve bits 
of CR3 are ignored when written and they store as 
undefined. 

A task switch through a TSS which changes the 
value in CR3, or an explicit load into CR3 with any 
value, will invalidate all cached page table entries in 
the paging unit cache. Note that if the value in CR3 
does not change during the task switch, the cached 
page table Elntries are not flushed. 

2.3.7 System Address Registers 

Four special registers are defined to reference the 
tables or segments supported by the 80286/80386 
protection model. These tables or segments are: 

GOT (Global Descriptor Table). 

lOT (Interrupt Descriptor Table). 

LOT (Local Descriptor Table). 

TSS (Task State Segment). 

The addresses of these tables and segments are 
stored in special registers, the System Address and 
System Segment Registers illustrated in Figure 2-7. 
These registers are named GOTR, 10TR, LOTR and 
TR, respectively. Section 4 Protected Mode Archl· 
tecture describes the use of these registers. 

GDTR and IDTR 

These registers hold the 32-bit linear base addresli 
and 16-bit limit of the GOT and lOT, respectively. '

The GOT and lOT segments, since they are global to 
all tasks in the system. are defined by 32·bit linear 
addresses (subject to page translation if paging is 
enabled) and 16·bit limit values. 

15 

r-____________~~~~~~~~~~~~~~~~~~T_~~CR2 
L-______~P~A~G~E~O~I~R~E~C~T~O~R~Y~B~A~S~E~R~E~G~I~ST~E=R~______-L~~~~1Z~~~~~~CR3 

NOTE: ii!i" indicates Intel reserved: 00 not define; SEE SECTION 2.3.10 

Figure 2-6. Control Registers 2 and 3 
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SYSTEM ADDRESS REGISTERS 

47 32-BIT LINEAR BASE ADDRESS 16 15 LIMIT 0 


~~~:I 	 I I 
SYSTEM SEGMENT 


REGISTERS DESCRIPTOR REGISTERS (AUTOMATICALLY LOADED) 


r 	 32-BIT LINEAR BASE ADDRESS 32-BIT SEGMENT LIMIT ATTRIBUTES'"5 0' 
TR SELECTOR 

LDTR SELECTOR I II II 
Figure 2-7. System Address and System Segment Registers 

LDTR and TR 

These registers hold the 16-bit selector for the LOT 
descriptor and the TSS descriptor, respectively. 

The LOT and TSS segments, since they are task
specific segments, are defined by selector values 
stored in the system segment registers. Note that a 
segment descriptor register (programmer-invisible) 
is associated with each system segment register. 

2.3.8 Debug and Test Registers 

Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug
ging. Debug Registers DRO-3 specify the four linear 
breakpoints. The Debug Control Register DR7 is 
used to set the breakpoints and the Debug Status 
Register DR6, displays the current state of the 
breakpoints. The use of the debug registers is de
scribed in section 2.12 Debugging support. 

DEBUG REGISTERS 

31 0 


LINEAR BREAKPOINT ADDRESS 0 ORO 

LINEAR BREAKPOINT ADDRESS 1 DR1 

LINEAR BREAKPOINT ADDRESS 2 DR2 

LINEAR BREAKPOINT ADDRESS 3 DR3 

Inlel reserved. Do not define. DR4 

Inlel reserved. Do not define. DR5 
BREAKPOINT STATUS DR6 

BREAKPOINT CONTROL DR7 

TEST REGISTERS (FOR PAGE CACHE) 

31 0


ITEST CONTROL 	 TR6 

TEST STATUS 	 TR7I 

Test Registers: Two registers are used to control 
the testing of the RAM/CAM (Content Addressable 
Memories) in the Translation Lookaside Buffer por
tion of the 80386. TR6 is the command test register, 
and TR7 is the data register which contains the data 
of the Translation Lookaside buffer test. Their use is 
discussed in section 2.11 Testablllty_ 

Figure 2-8 shows the Debug and Test registers. 

2.3.9 Register Accessibility 

There are a few differences regarding the accessibil
ity of the registers in Real and Protected Mode. Ta
ble 2-1 summarizes these differences. See Section 
4 Protected Mode Architecture for further details. 

2.3.10 Compatibility 

VERY IMPORTANT NOTE: 

COMPATIBILITY WITH FUTURE PROCESSORS 


In the preceding register descrlptlona, note cer
tain 80386 register bits are Intel reaerved_ When 
reserved bits are called out, treat them aa fully 
undefined. This Is essent'al for your aoftware 
compatibility with future prc>!:e880reI Follow the 
guldelln.s below: 

1) 	Do not depend on the states of any unde
fined bits when t..tlng the values of defined 
regllter bits. Mask them out when testing. 

2) 	Do not depend on the stat.s of any unde
fIned bits when atorlng them to memory or 
another register. 

3) 	Do not depend on the ability to r.taln Infor
mation written Into any undefined blta. 

4) When loading reglatere alway. load the unde
fined blta as zeros_ 

Figure 2-8_ Debug and T..t Reglltere 
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Table 2·1. Regl.ter Uaage 

Ueeln U.eln Ueeln 

Regl.ter 
RftlMode Protected Mode V1r1u11l8086 Mode 

Load Store Load Store Load Store 

General Registers Yes Yes Yes Yes Yes Yes 

Segment Registers Yes Yes Yes Yes Yes Yes 

Flag Register Yes Yes Yes Yes IOPL IOPL' 

Control Registers Yes Yes PL = 0 PL = 0 No Yes 

GDTR Yes Yes PL = 0 Yes No Yes 

IDTR Yes Yes PL = 0 Yes No Yes 

LDTR No No PL = 0 Yes No No 

TR No No PL = 0 Yes No No 

Debug Control Yas Yes PL = 0 PL = 0 No No 

Test Registers Yes Yes PL = 0 PL = 0 No No 

NOTES: 
PL = 0: The registers can be acca888d only when the current privilege level is zero. 

'IOPL: The PUSHF and POPF inllruclions are made 1/0 PrivIlege, Level sensitive in Virtual 8086 Mode. 


5) 	However. regl.t.... whIch have been prevl· 
ou.ty .tored may be reloaded wHhout ma.k· 
Ing. 

DependIng upon the v.lue. of undeflnad regl.. 
ter bite will make your software dependent upon 
the unepecIfIed 80386 handling of theM bite. De
pendIng on undefined valun rIak. making your 
aoftware Incompatible with future proceaaore 
that defIne uaagea for the 80388-undeflned bIte. 
AVOID ANY SOFTWARE DEPENDENCE UPON 
THE STATE OF UNDEFINED 80386 REGISTER 
BITS. 

2.4 INSTRUCTION SET 

2.4.1 Instruction Set Overview 

The instruction set is divided Into nine categories of 
operations: 

Data Transfer 

Arithmetic 

Shift/Rotate 

SUing Manipulation 

Bit Manipulation 

Control Transfer 

High Level Language Supt)Ort 

Operating System Supt)Ort 
Processor Control 

These 80386 instructions are listed in Tabla 2·2. 

All 80386 instructions operate on either 0.1.2. or 3 
operands; where an operand resides in a register, In 
the instruction itseH, or in memory. Most zero oper
and Instructions (e.g. CLI. STI) take only one byte. 
One operand instructions generally are two bytes 
long. The average instruction is 3.2 bytes long. 
Since the 80386 has a 16-byte instruction queue. an 
average of 5 instructions will be prefetched. The use 
of two operands permits the following types of com
mon instructions: 

Register to Register 

Memory to Register 

Immediate to Register 

Register to Memory 

Immediate to Memory. 

The operands can be either 8, 18, or 32 bits iong. 14 
a general rule. when executing code written for the 
80386 (32-bit code). operands are 8 or 32 bits; when 
executing existing 80288 or 8088 code (16-b1t code). 
operands are 8 or 18 bits. Prefixes can be aOded to 
all instructions which ovenide the default length of 
the operands, (i.e. use 32-bit operands for 16-b1t 
code. or 16-bit operands for 32-bit code). 
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Table 2-2b Arithmetic Instructions 2.4.2 80386 Instructions 
ADDITION 

GENERAL PURPOSE 

Table 2-2a Data Transfer 
ADD Add operands 

Add with carry MOV Move operand 	 ADC 

INC Increment operand by 1 PUSH Push operand onto stack 
AAA ASCII adjust for addition 

PUSHA Push all registers on stack DAA Decimal adjust for addition 

POPA Pop all registers off stack 

POP Pop operand off stack 

SUBTRACTION 

XCHG Exchange Operand. Register SUB Subtract operands 

XLAT Translate SBB Subtract with borrow 

DEC Decrement operand by 1 CONVERSION 

MOVZX Move byte or Word, Dword. with zero NEG Negate operand 
extension CMP Compare operands 

MOVSX Move byte or Word. Dword. sign DAS Decimal adjust for subtraction 
extended 

AAS ASCII Adjust for subtraction 
CBW Convert byte to Word. or Word to Dword MULTIPLICATION 
CWD Convert Word to DWORD 

MUL Multiply Double/Single Precision 

CWDE Convert Word to DWORD extended 
 IMUL Integer multiply 

CDa Convert DWORD to aWORD 
 AAM ASCII adjust after multiply 

INPUT/OUTPUT DIVISION 
IN Input operand from 1/0 space DIV Divide unsigned 

OUT Output operand to 1/0 space 
 IDIV Integer Divide 

ADDRESS OBJECT AAD ASCII adjust before division 

LEA Load effective address 


Table 2-2c String Instructions LDS Load pointer into D segment register 

MOVS Move byte or Word. Dword string 
LES Load pointer into E segment register 

INS Input string from 1/0 space
LFS Load pointer into F segment register 

OUTS Output str!ng to 1/0 space
LGS Load pointer into G segment register 
CMPS Compare byte or Word. Dword string LSS Load pointer into S (Stack) segment 


register SCAS Scan Byte or Word. Dword string 


FLAG MANIPULATION LODS Load byte or Word. Dword string 


LAHF Load A register from Flags Store byte or Word. Dword string 
~S 
SAHF Store A register in Flags 	 REP Repeat 

PUSHF Push flags onto stack 	 REPEl 

REPZ Repeat while equal/zero 
POPF Pop flags off stack 

RENE/
PUSHFD Push EFlags onto stack 
REPNZ Repeat while not equal/not zero 

POPFD Pop EFlags off stack 

Table 2-2d Logical Instructions 


CLC Clear Carry Flag 
LOGICALS

CLD Clear Direction Flag 

NOT "NOT" operands


CMC Complement Carry Flag 

AND "AND" operands


STC Set Carry Flag 

OR "Inclusive OR" operands


STD Set Direction Flag 

XOR "Exclusive OR" operands 


TEST "Test" operands 
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Table 2-2d Logical Instructions (Continued) Table 2-2f. Program Control Instructions 

SHIFTS (Continued) 

SHLISHR Shift logical left or right UNCONDITIONAL TRANSFERS 

SAL/SAR Shift arithmetic left or right CALL Call procedureltask 

SHLD/ RET Return from procedure 

SHRD Double shift left or right JMP Jump 
ROTATES ITERATION CONTROLS 

ROLIROR Rotate left/right LOOP Loop 
RCLIRCR Rotate through carry left/right LOOPE/ 

Table 2-2e Bit Manipulation Instructions LooPZ Loop if equal!zero 

LooPNE/ 

LooPNZ Loop if not equal! not zero 


SINGLE BIT INSTRUCTIONS 

BT Bit Test 
JCXZ JUMP if register CX ~ 0 

BTS Bit Test and Set 
INTERRUPTS 

BTR Bit Test and Reset 
INT Interrupt

BTC Bit Test and Complement 
INTO Interrupt if overflow 

BSF Bit Scan Forward 
IRET Return from Interrupt/Task

BSR Bit Scan Reverse 
CLI Clear interrupt Enable 

Table 2-2f Program Control Instructions 
STI Set Interrupt Enable 

CONDITIONAL TRANSFERS 
Table 2-2g High Level Language Instructions

SETCC Set byte equal to condition code 
BOUND Check Array Bounds 

JAlJNBE Jump if above/not below nor equal 
ENTER Setup Parameter Block for Entering 

JAE/JNB Jump if above or equal/not below Procedure 
JB/JNAE Jump if below/not above nor equal LEAVE Leave Procedure 
JBE/,INA Jump if below or equal!not above 

Table 2-2h Protection Model 
JC Jump if carry 

SGDT Store Global Descriptor Table 
JE/JZ Jump if equal/zero 

SIDT Store Interrupt Descriptor Table 
JG/JNLE Jump if greater/not less nor equal 

STR Store Task Register 
JGE/JNL Jump if greater or equal/not less 

'SLDT Store Local Descriptor Table 
JL/,INGE Jump if less/not greater nor equal 

LGDT Load Global Descriptor Table 
JLE/,ING Jump if less or equal/not greater 

LlDT Load Interrupt Descriptor Table 
JNC Jump if not carry 

LTR Load Task Register 
JNE/JNZ Jump if not equal/not zero 

LLDT Load Local Descriptor Table 
JNO Jump if not overflow ARPL Adjust Requested Privilege Level 
JNP/JPO Jump if not parity/parity odd 

LAR Load Access Rights 
JNS Jump if not sign 

LSL Load Segment Limit 
JO Jump if overflow 

VERR/ 
JP/JPE Jump if parity/parity even VERW Verify Segment for Reading or Writing 

JS Jump if Sign LMSW Load Machine Status Word (lower 
16 bits Of CAO) 

SMSW Store Machine Status Word 

Table 2-21 Processor Control Instructions 

HLT Halt 

WAIT Wait until BUSY # negated 

ESC Escape 

LOCK Lock Bus 
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2.5 ADDRESSING MODES 

2.5.1 	 Addressing Modes Overview 

The 80386 provides a total of 11 addressing modes 
for instructions to specify operands. The addressing 
modes are optimized to allow the efficient execution 
of high level languages such as C and FORTRAN, 
and they cover the vast majority of data references 
needed by high-level languages. 

2.5.2 	 Register and Immediate Modes 

Two of the addressing modes provide for instruc
tions that operate on register or immediate oper
ands: 

Regllter Operand Mode: The operand is located 
in one of the 8-, 16- or 32-bit general registers. 

Immediate Operand Mode: The operand is in
cluded in the instruction as part of the opcode. 

2.5.3 	 32·Bit Memory Addressing 
Modes 

The remaining 9 modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg
ment base address and an effective address. The 
effective address is calculated by using combina
tions of the following four address elements: 

DISPLACEMENT: An 8-, or 32-bit immediate value, 
following the instruction. 

BASE: The contents of any general purpose regis
ter. The base registers are generally used by compil
ers to point to the start of the local variable area. 

INDEX: The contents of any general purpose regis
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char
acters. 

SCALE: The index register's value can be multiplied 
by a scale factor, either 1, 2, 4 or 8. Scaled index 
mode is especially useful for accessing arrays or 
structures. 

Combinations of these 4 components make up the 9 
additional addressing modes. There is no perform
ance penalty for using any of these addressing com
binations, since the effective address calculation is 
pipelined with the execution of other instructions. 

The one exception is the simultaneous use of Base 
and Index components which requires one addition
al clock. 

As shown in Figure 2-9, the effective address (EA) of 
an operand is calculated according to the following 
formula. 

EA ~ Base Reg +(Index Reg • Scaling) + Displacement 

Direct Mode: The operand's offset is contained as 

part of the instruction as an 8·, 16- or 32-bit dis· 

placement. 

EXAMPLE: INC Word PTR [500] 


Register Indirect Mode: A BASE register contains 

the address of the operand. 

EXAMPLE: MOV [ECX], EDX 


Based Mode: A BASE register's contents is added 

to a DISPLACEMENT to form the operands offset. 

EXAMPLE: MOV ECX, [EAX +24] 


Index Mode: An INDEX register's contents is added 

to a DISPLACEMENT to form the operands offset. 

EXAMPLE: ADD EAX, TABLE[ESI! 


Scaled Index Mode: An INDEX register's contents is 

multiplied by a scaling factor which is added to a 

DISPLACEMENT to form the operands offset. 

EXAMPLE: IMUL EBX, TABLE[ESI'4],7 


Based Index Mode: The contents of a BASE register 

is added to the contents of an INDEX register to 

form the effective address of an operand. 

EXAMPLE: MOV EAX, [ESI! [EBX] 


Based Scaled Index Mode: The contents of an IN

DEX register is multiplied by a SCALING factor and 

the result is added to the contents of a BASE regis

ter to' obtain the operands offset. 

EXAMPLE: MOV ECX, [EDX'S] [EAX] 


Based Index Mode with Displacement: The contents 

of an INDEX Register and a BASE register's con

tents and a DISPLACEMENT are all summed to

gether to form the operand offset. 

EXAMPLE: ADD EDX, [ESI! [EBP + OOFFFFFOH] 


Based Scaled Index Mode with Displacement: The 

contents of an INDEX register are multiplied by a 

SCALING factor, the result is added to the contents 

of a BASE register and a DISPLACEMENT to form 

the operand's offset. 

EXAMPLE: MOV EAX, LOCALTABLE[EDI'4) 

[EBP+SO] 
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Vee and GND connections must be made to multi· 6. MECHANICAL DATA 
pie Vee and Vss (GND) pins. Each Vee and Vss 
must be connected to the appropriate voltage level. 
The circuit board should include Vee and GND 
planes for power distribution and ali Vee and Vss 

In this section, the physical packaging and its con· pins must be connected to the appropriate plane. 
nections are described in detail. 

NOTE: 
Pins identified as "N.C." should remain completely 

6.1 INTRODUCTION 

6.2 PIN ASSIGNMENT unconnected. 

The 80386 pinout as viewed from the top side of the 
component is shown by Figure 6· t. Its pinout as 
viewed from the Pin side of the component is Figure 
6·2. 

p N .. K H G 0 C B " 
.... .... .... .... ........ '"' .... .... .... .... .... .... .... .... '"' '"' 

A30 U7 U. U3 Ul A20 A17 A1& A15 A14 All All vss vee ...
2 .... .... .... .... .... .... .... .... .... .... .... .... 

vee All ue A24 A22 VSS A18 vee vss A13 AID A7 A5 vss 

.... .... '"' .... '"' .... ....3 '"' .... '"' .... '"'.... .... .... .... .... 
030 vss vee US U5 VSS Alt vee vss AI2 AS A4 AlA'

• '"' .... '"' .... .... .... •
D2e vCC vss A2 Ne He 

5 '"' '"'.... .... .... .... .... 5.... ~ 

02' 027 031 vee vss vee ... ...6 .... .... .... .... 6 
vss 025 D2S Ne Ne vss 

7 '"' .... .... .... .... .... ....'"' 
024 vee vee Me INTR vee 


8 .... .... .... .... 8 

vee D23 vss PEREQ NIII ERROR, 

~9 .... .... .... .... ........ 9
'"' 
022 021 020 RESET BUSY, VSS ... ...

10 .... .... .... .... ........ 10 

DI9 017 VSS LOCK, W /R# vee 

~ 
11 .... .... .... .... .... 11'"' 

DIS 01. 015 VSS vss D/c'... ,...
12 .... .... .... .... .... .... .... .... .... 12 

014 012 010 vee 07 vss DO vee CLK2 BEO, vee vec Ne II/1O, ,......13 .... .... .... .... .... .... .... .... .... .... 13 
013 011 vee DB os VSS 01 READY, Me He NAI BEl, 10, IE3, ... ,... ,... ,.~14 .... .... .... .... .... ............ .... 

VSS Dt HLDA DB D4 03 02 vee VSS ADS, HOLD IS16# vss vee 

N .. H G 0 C B " 231630-33 

Figure 6-1. 80386 PGA Pinout-View from Top Side 
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Table 6-1. 80386 PGA Pinout-Functional Grouping 

Pin/Signal Pin/Signal Pin /Slgnal Pin I Signal 

N2 A31 M5 031 Al Vee A2 Vss 
PI A30 P3 030 A5 Vee A6 Vss 
M2 A29 P4 029 A7 Vee A9 Vss 
L3 A28 M6 028 Al0 Vee 61 Vss 
Nl A27 N5 027 A14 Vee 85 Vss 
Ml A26 P5 026 C5 Vee 611 Vss 
K3 A25 N6 025 C12 Vee 814 Vss 
L2 A24 P7 024 012 Vee Cl1 Vss 
L1 A23 N8 023 G2 Vee F2 Vss 
K2 A22 P9 022 G3 Vee F3 Vss 
Kl A21 N9 021 G12 Vee F14 Vss 
Jl A20 M9 020 G14 Vee J2 Vss 
H3 A19 Pl0 019 L12 Vee J3 Vss 
H2 A18 Pl1 018 M3 Vee J12 Vss 
HI A17 Nl0 017 M7 Vee J13 Vss 
Gl A16 NIl 016 M13 Vee M4 Vss 
Fl A15 MIl 015 N4 Vee M8 Vss 
El A14 P12 014 N7 Vee Ml0 Vss 
E2 A13 P13 013 P2 Vee N3 Vss 
E3 A12 N12 012 P8 Vee P6 Vss 
01 All N13 011 P14 Vss 
02 A10 M12 010 
03 A9 N14 09 F12 CLK2 A4 N.C. 
Cl A8 L13 08 64 N.C. 
C2 A7 K12 07 E14 ADS# 66 N.C. 
C3 A6 L14 06 812 N.C. 
62 A5 K13 05 S10 W/R# C6 N.C. 
83 A4 K14 04 All OIC# C7 N.C. 
A3 A3 J14 03 A12 MIIO# E13 N.C. 
C4 A2 H14 02 Cl0 LOCK # F13 N.C. 
A13 SE3# H13 01 
813 6E2# H12 00 013 NA# C8 PEREQ 
C13 8E1# C14 8516# 89 6USY# 
E12 6EO# G13 REAOY# A8 ERROR # 

014 HOLO 
C9 RESET M14 HLDA B7 INTR B8 NMJ 
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Table 8-1. 803861natructlon Set Clock Count SummarY 

CLOCK COUNT NOTES 

RNI Rul_orINSTRUCTION FORIIAT A_ Protected Add.... Protoct'" 
M_ ... Vlrtuat 
VlrIuoI Add.... VlrtUliI 

M_.... -
GENERAL DATA TRANSFER 
MaY = 1Io..,e: 

Register to Regi8tar/Memory I 1000100w I mod reg rIm I 2/2 2/2 b h 

Register/Memory to Register lQOQ101w I mod reg rim I 2/. 2/. b hI 

Immediate to Rogister/Memory 1100011 w I modOOO rIm I Immediate data 2/2 2/2 b hI 

Immediate to Regrater (short form) 1,011 w reg I immediate data 2 2 

Memory to Accumulator (short form) 101QOaOw I full dlsplocemenl 4 b hI • 
Accumulator to Memory (short form) 101QOO1w 2 b hI full displacement 2 

Register Memory to Segment Register 1000 111 0 I mod sreg3 r/ml 2/5 18/19 b h,,1 

I 

I 

Segment Rog;oter to Regtot./Momory 10001100 I modsreg3 rim I 2/2 2/2 b hI 

MOVSX s Mo.. WHhSlgnE_ 

Register From Register/Memory 00001111 I 1011111w I mod reg rIm I 3/8 3/6 b hI 

MOVZX - YD'" With Zero bteMIon 

Register From Register/Memory I 000-01111 I 1011011w 1mod reg rim I 3/6 3/6 b h 

PUSH = Puah: 

Rog;oter/Momorv 11111111 I mod 11 0 rim I 5 5 b hI 

Rog;..... (short form) 101010 reg I 2 2 b h 

Segment Reg_ (ES, CS, 55 or OS) I0000reg211 0 I 2 2 b h 

SegmentRegl..... (FS or GS) 
100001111 I 1 Osreg3000 J 2 2 b h 

Immediate 01101050 I immediate data 2 2 b h1 

PUSHA = PuIh All I 01100000 18 18 b hI 
POP ~ POI' 

Rearater/Memory i 10001111 ImodOOO rIm I 5 5 b h 

Register (short foml) 101011 reg I 4 4 b h 

Segment Rog;oter (ES, 55 or OS) 
1000_2' 111 7 21 b MI 

Segment Register (FS or GS) I 00001111 1,0_300, I 7 21 b h, i,1 

POPA z Pop All I 01100001 2. b h2'I 
XCHQ - Exchonoo 

Register/Memory WIth Register I 1000011w I mod reg rim: 3/5 3/5 b,f f.h 

RegiItor WIth Accumulator (shott foml) 1,00,0 reg I 3 3ClkCount 
VIrIuoI

IN -Input"""': 

Fixed Port I 1110010w I pon.number --t26 12 m6·'21·
V_Port I 1110110w I t27 13 7·/27" m 

OUT - output to: 

Fixed Port I 1110011w I port number t2' 10 .-'24'- m 

V_Port I 1110111w I t25 11 5-'25-' m 

LEA - LoecI EA to Roglotar I 10001101 I mod reg r/ml 2 2---.... ".,. 

• II CPL ,; IOPL .. IICPL > IOPL 
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Table 8-,. 80388 Inatructlon Set Clock Count Summary (Continued 

CLOCK COUNT NOTES --. _..._or _or

INBnIUCTlON FORIIAT --.. -VI""" 
VIrtual Add.... VlrtUliI -lION "ode 8088 Mod. -

SEGMENT CONTROL - ..
LOS "" LCHId PoInt. to OS I 11000101 Imod reg rim I 7 22 b h.i.1 

LEa ,. Load Point. to IS I 11000100 Imod reg rim' 7 22 b h.I.'j ,
LFS "" Load Pointer to FS I 0000,111 10110100 Imod reg r/ml 7 25 b h, i,j 

LOS = Load Pointer to GS I 0000 1111 I 10110101 Imod reg rim I 7 25 b h, i,i ,
LSS = loed PoInt..- to SS I 0000 1111 10110010 Imod reg rim I 7 22 b h,i,i 

FlAG CONTROL 

CLC - C_ Corry filii I 11111000 I 2 2 ,
CLO - c-.OI_ Flog I 11111100 2 2 ,eLi = C..... Intwrupt Enable Fleg I 11111010 8 8 m 

CLTS - CIeo'T.... _fIIII I 0000 1111 I 00000110 I 5 5 c I 

CIIC - Complement Corry filii j,'110101 1 2 2 

LAHf = Load AH Into Flag 1001111,J 2 2 

POPF = Pop Alga 10011101 5 5 b h. nI 
Pll8HF - ...... FI.op 10011100 b hI • • 
UHF ,,-' Sto... AH Into FIaOa 10011110 I 3 3 

STC - Sot Carry FI.og 11111001 2 2I 
STD = Set DIrection Flag 11111001 2 2I ,m - SOt Interrupt Enoble Flog 11111011 8 8 m 

-
ARITHMETIC 

ADD - Add 

Register to Register I aOQOOOdw Imod reg rim I 2 2 

Register to Uemory I OOOOOOOw Imod reg r/ml 7 7 b h 

Memory to Regtst8f I 000000lw Imodreg rim I e 6 b h 

Immediate to Register/Memory I 100000sw ImodOOO rim I immediate data 217 217 b ~ 

Immediate to AccumulatOl' (short form) I 0OOOO1Qw I immediate data 2 2 

ADC = Add WHh C.rry 

RegiItef to Register I 0OO100dw Imod reg rim I 2 2 

Reg_lO Memoc; I 0001000w Imod reg rim I 7 7 b h 

Memory 10 Regis'" I 0001001w Imod reg rim I 6 6 b h 

Immediate to Register/M8ffIOfY I 10,OOQOsw Imodo1o rIm I immediate data 217 217 b h 

Immediate to Accumulator (short fomt) 0OO1010w immediate data 2 2II 

INCcl_ 

RegisterlMemory I 1111111. ImodOOO rim I 2/6 2/~ b h 

Register (short form) 101000 2 2reg I 
SUB- Subtroct 

RegIo1er ~om Register I 001010dw Imodrog rim I 2 2 
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Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real RnI 
INSTRUCTION FORMAT Addr... Prot_ Add..... Protected 

Mode or 
Vi...... 

Virtual 
Addr... 

Mode or 
Vlrtua' 

Vlrtuol
A_ 

11086 M_ 11086 M_ 
M_ Mode 

ARITHMETIC (Continued) 

Register from Memory 1 0010100w Imodreg r/~ 7 7 b h 

Memory from RegIster I 0010101w Imodreg rim) 6 6 b h 

Immediate from RegIster/Memory !1 OOOOOsw lmod 1 0 1 rlml immechate data 2/7 2/7 b h 

Immediate from Accumulator (short form) IOOI0110wi immediate data 2 2 

SBS = Subtract with Borrow 

i-legister from Registar 100011 Odw lmodreg rim I 2 2 

Register from Memory I00011QOw ImOdreg rlml 7 7 b h 

Memory from Register I 0001101w Imod reg r/ml 6 6 b h 

Immadiate from Register/Memory 1100000SW Imod 0 I 1 r/mllmmedl8tedata 217 217 b h 

Immedlilte from Accumulator (short form) I 0001110w I immediate data 2 2 

Me "" De;rement 

Register/Memory !1 1 1 1111 w Ireg 0 01 rImI 2/6 2/0 b h 

Register (short form) 101001 reg I 2 2 

CMP "" Compare 

Register with Register 100111 Odw Imodreg r/ml 2 2 

Memory with Register 100111 OOw imodreg rim I 5 5 b h 

Register with Memory I 0011101w lmodreg r/ml 6 6 b h 

ImmedIate with Register/Memory !,00000Sw jmod111 r/ml immeoiate data 2/5 2/5 b h 

Immediate with Accumulator (short form) 10011110wi immediate data 2 2 

NEG = Change SIgn 11111011W Imodo11 r/ml 2/6 2/6 b h 

AAA = ASCII Adl.*' for Add 100110111 I 4 4 

.lAS "" ASCII AdJuat for Subtract [001111111 4• 
DM = Declmllil AdJust for Add 10010011 d 	 4 • 
DAS "" DecImal Adlu.' for Subtract: 1001011111 	 4 • 
MUL = Ml",pty (IIfIOIgned) 

Accumulator wrth Register/Memory I1111011w Imodl00 r/ml 
Multiptier·Byte 12-17/15-20 12...17/15-20 b,d d, h 

-Word 12-25/15-28 12-25/15-28 b,d d,. 
-Doubleword 12-41/1544 12-41/15-44 b,d d.h 

IMUL = Int__ply (oIgMd) 

Accumulator Vlrith Register /Metnofy 1 1111011w Imod101 rim1 
M.ltipl .... -Byte 12-17115-20 12-17/15-20 b,d d,h 

-Word 12-25/15-26 12-25/15-28 b,d d,h 
·OoubleWOfd 12-41/1~4 12-41/15-44 b,d d,h 

Regtater with Register/Memory I 00001111 1 ,01 01111 lmod~ r/ml 
M..tipI .... 	-Byte 12-17/15--20 12-17115-20 b,d d,h 

-Word 12-25115-28 12-25/15-28 b, d d,h 
-Doubleword 12-41/1~ 12-41/15-44 b,d d,h 

Register/Memory with Immediate to Regiatar I 0 1 1 0 lOs 1 lmod reg rImIimmediate datil 	 . 
-Word 13-261, ....27 13-26/14-27 b,d ct.. 
-Doubleword 13-42/14-43 13-42/14-43 b,d d,h 
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Table 8-1. 80386 Instruction Set Clock Count Summan (Continued) 
CLOCKCOUHT NOTES 
R.., R.a' 

'NSTRUCT'ON FOR....T Addre.. Protected Add,... Protected 
Mode or VlrtUilI Mod. or Virtual 
VIt1uo1 Addr... VIt1..., ..dd........ - .... ..odo 

Modo..
~R'THMET'C (Continued) 
Io'V - DIvIde (Unolg_) 

!Accumulator by Register/Memory 1, 1 11 0 11 w Imod 1 1 0 rlml 

Oivioor--8yto 14/11 14/17 b,. e,h 

-Word 22125 22/25 b,. .,h 

-Ooubleword 38/41 381041 b,. e,h 

DlV - 'n,_. DIvIde (Signed) 

~mul.tOf By Register/Memory 1",10 11 w lmod 111 r/ml 

Oivioor--8yte 19/22 19/22 b,. .,h 

-Word 27/30 27/30 b,. .,h 

-Doubleword 43/46 43/46 b,. e,h 

~D - ASCII AdfUat for Divide 111010101 100001010 I ,. ,. 
iAAll - ASCII AdJuet 'or MUltiply 111010100 I 00001010 I 17 17 

~BW & C_BytOlo Word 1,00110001 3 3 

~WD = eo...... Word 10 Double Wo.d I10011001 I 2 2 

LOGIC 

~hift Rotate Instructions 


~ Through Cony (ROL, ROR. 8A1, BAR, SHL, and SHR) 


Regist8f'/Memory by 1 111 0 1 OOOw ImodTTT r/ml 3/7 317 b h 

Register/Memory by CL I1101001WlmodTTT '/ml 317 317 b h 

Regl8t8f/MemorybylmmediateCount 1'100000W IrnodTn r/mlimmed8-bitdata 3/7 317 b h 

~ Cony (RCLand RCR) 

Regilter/Memory by 1 1'1101 OOOw ImodTTT 'Iml 9/10 9/10 b h 

RegisI..., ...."""Y by CL 1, 101 001 w 1mod TTT '/ml 9/10 9/10 b h 

Register/MemorybylmrnediMeCOunt 111 OOOOOw ImodTTT r/mlimmed 8-bit data 9/10 9/10 b h 

T T T 'noIruCIIon 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHLISAL 
101 SHR 
111 SAR 

~-8II/IILef\_ 

317RogIoter/Momory by 'm_ 1000011111 10100100Imod.!!! t/mhmmed a·bIt data 317 

3/7RogIoter/Momory by CL I0000 11 i 1 1'0'0010,lmodreg 'Iml 317 

",",D - 8l1/li RI9ht_ 

R"",,*/Momory by'~ 100001111 1,010'100Imod'!!! r/mhmmed 8-bltdata 3/7 3/7 

R"",,*/Momory by CL 100001111 1,0101101 imodreg r/ml 317 317 

\AND - And 

jRea-1o FIogIoIet 1001 OOOdw lmod.eg r/ml 2 2 
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T bl a e 81- 803861ns ruet on SetCIoekCount summar (Conlnued)t' 
CLOCK COUNT I NOTES 

Real Real 
INSTRUCTION FORMAT A.ddr... Protected Addr... Protected 

Mode or Virtual Mode or VIftuoI 
Virtual Addre.s Vlrtua' Addr••• 
8088 Mode 8086 Mode 
Mode Mode 

LOGIC (Contmuea) 

RegIster to Memory I 001 OODOw ImOdreg '/ml 7 7 b h 

Memory to Heglster i 00100Dlw Imodre9 oml 6 6 b h 

lmmearate to Register/Memory 1'000000w Imodl00 rIm] Immedla1e data 217 217 b h 

Imrnec.ilate to Accumulator (Short FOfm) I OOt0010w Iimmediate data 2 2 

TEST = And Function to Flags, No ResuH 

A89lster/Memory and RegISter 11000010W Imodreg '/ml 2/5 2/5 b h 

Immediate Data and Register/Memory I 1111011wlmodOOO r/ml immedialedata 215 2/5 b h 

Immadla-te Data and Accumulator 
(Snon Forrfl) I 1 0 1 0 1 DOw Iimmediate data 2 2 

I 
OM.= Or I 
Register to f-Iogister 1 00001 Odw ImOdreQ r/ml 2 2 

RegIster to Mt:1mory I OODO 1 OOw Imodreg r/ml 7 7 b h 

Memory to Ht;;IQlstdr I 0000101w Imodreg '/ml 6 6 b h 

Immealate to ReglslerlMemory 11 OOOOOOw ImodOO 1 rIm I immediAte data 217 217 b h 

lmmecllate to Ac~w.lulatOf (Shon f"orm) I 0000110w I,mmediatedata 2 ~ 

XOH "" Excl"srv. Or 

Register to hegli>ter I 0011 OOdw Imod,eg '/ml 2 2 

RegIster to Memory I 0011000w Imod,eg '/ml 7 7 b h 

Merr:ory to F.%, ...ter I 0011001w lmod,eg 6 6 b h'/mi 
Immediate to Reyfs.l~r/Memory 11 OOOOOOw I mod 11 0 r/ml immediate data 217 217 b h 

Immediate to Accumulator (ShOf1 Form) I 001101 Ow Iimmediate data 2 2 

NOT = Invert keglillW/Memory I 1111011w ImodOl0 2/S 216 b h'/ml 
Clk 

Count 
Vlflulll 

STRING MANIPULATION 

1016
CM~ - Compar9; Syte Wyrd I 1010011 w I 10 10 b h 

INS = Input Byte/Word from OX Port - 15 9-/29·- b h.mI 0110110w 1 ~ 
LODS = Load Byte/Word to AUAX/EAX I 1 0 1 0 1 lOw] 5 5 b h 

IMOYS = Move Byte Word 1'0100'0W 1 7 7 b h 

OUTS = OUtput Byte/WotCI to OX Port I. 8-/28-- b h.m~~ ~ 
SCAS = Scan Byte Word 1,010111W I 7 7 b h 

STOS = Store Byte/Word from 

AUAX/EX 1,0,0,0, wi b h..• 
XLAT = Tran...te String 111010111 5 5 hI 

REPEATED STRING MANIPULATION 

Repeated by Count in ex or ECX 

REPE CMPS ~ Compo.. String 

(Find Non-Match) I 11110011 1,0,00" wi 5+9n 5+9n b h 

• If CPL ,;; IOPL .. If CPL > IOPL 
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Table 8-1. 80386 Instruction Set Clock Count Summary (Conlmued) 
CLOCK COUNT NOTES 

R.., R.., _... 
INSTRUCTION FORMAT Protected Addre.. -..Mocaor Virtual Mode or VlrtUliI 

Virtual Add.... Virtual Addreu 
8086 Mod. 8086 Mod. 
Mode Mode 

REPEATED STRING MANIPULATION (Continued) 

MPHE CMPS = Compare String CIkCount 
Virtual 

(Find Match) 1""00'01'0 1 OO11WI 8086 Mode 5+9n 5-t-9n b h 

REP INS = Input Strtng 11111001010110110wl 1 t27 +6n 13+6n 7+6n·/27+6n·· b h,m I 
REP lOOS = Load String 1'11100101-10'0110wl 5+6n 5+6n b h 

REP MOYS = Move String 111'10010i'010010wl 7+4n 7+4" b h 

REP OUTS ~ Oulput String 1 1111001010110111WI t26+5n 12+5n 6+5n-'26+5n" b h,m1 

REPE SCAS = Scan Stnnu 

(Find Non-AL/AX/EAX) 1 ll,00,,1,0,011'WI 5+8n 5+8n b h
" 

REPNE SCAS ~ Scon String 

(FlndAL/AX/EAX) 1'1"00'01'010111WI 5+8n 5.,...8n b h 

REP STOS = Store String 1"'100101'010101WI 5+5" 5+5n b h 

BIT MANIPULATION 

B8F = SelIn Bit Forward I 00001 1 11 11 0 1 1 1 1 00 Imod reg r/ml 10+3n 10+3" b h 

.... "" Scan 8h Reve,... 100001111 1,0111101 lmodreg r/ml 10+3n 10+3" b h 

aT ~ Toot'" 

Register/Memory, Immediate 100001111 1 101110101mod100 rlmlimmed 8·bIt data 3/6 3/6 b h 

Register/Memory, Aegistat' I0000 1 1 1 1 1, 010001 1 I mod reg r/ml 3/12 3/12 h h 

8TC = rnt BIt and COmplement 

Regista/Memory, Immediate 1 00001111 1,0",010 lmod 11 1 r/mlimmed IJ.biI datal 6/8 6/8 b h 

Register/Memory, Register 1000011111'011'011lmodreg r/ml 6/13 6113 b h 

IITfI = T..t Bn.nd Reset 

Regilter/Memory, Immediate 1000011111'0111010Imod110 r/m!immed 8-bit datal 6/8 6/8 b h 

Register/Memory Register 100001111 1,0110011 lmodreg r/ml 6/13 6/13 b h 

BTS = Tnt Blt.net Set 

Register/Memory, Immediate 100001111110111010lmodl01 r/m!immed a·bit data 6/8 6/8 b h 

Register/Memory, Register 10000111,1,01010'1Imodreg r/ml 6/)3 6/13 b h 

CONTROL TRANSfER 

CALI.. = Colt 

Direct Within Segment 1",0,0001.... _·_1 7+m 7+m b r 

Register/Memory 

Indirect Within Segment b h.r7+ml 7+ml
1"11"11 Imod010 r/ml 10+m ,O+m 

Oirect Intersegment 11 00 1 1 0 1 0 lunSigned fuH offset, selector 17+m 34+m b I J.k.r 

NOtM: 
t ClOCk count shown applies if 1/0 permission allows 110 to the port in virtual B086 mode, If 1/0 bH map denies permission 
exception 13 fault occurs; refer 10 clock CO\.WIta for INT 3 instruction . 
• If CPL ,; IOPL •• If CPL > 10PL 
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Table 8-1. 80386 Instruction Set Clock Count SUmmar (Continued) 

CLOCK COUNT NOTES 

R••I Ru' 
'NSTRUCTION FORMAT 1._ PTolected 1._.. 

CONTROL TRANSFER (Conlinued) 

Protected Mode Omy (Oirecllntersegment) 

Via call Gate to Same Privilege level 

Via Call Gate 10 Different Privilege Level, 
(HoP..........) 


Via ean Gate to Different Privilege Level. 

(xParametenlI 


From 286 Task to 286 TSS 

From 2tI6 T.... to 386 TSS 


From 286 Talk to Virtual 8086 Task (386 TSS) 


From 386 Task to 286 TSS 


From 386 Task to 386 TSS 

From 386 Task to Virtual 8086 Talk (386 TSS) 


Indirect tntersegment 111111111 Imad011 r/ml 

Protected Mode Onty (Indirect Intersegment) 
Via Call Gate to Same Privilege Level 
Via Call Gate to Different Pnvilege LeveC, 

(No Parameters) 

V.. Call Gate to Different PrivIlege Level, 


(x Parameters) 


From 286 Talk to 286 TSS 


From 286 Task to 386 TSS 
From 286 Task to Virtual 8086 Task (386 TSS) 

From 386 Task to 286 TSS 


From 388 Task to 386 TSS 


From 386 Task to Virtual 8086 Tas« (386 T55) 


JMP ... tJnconcIItIoMI Jump 

Short I 11101001 18-b1t cilpl8cementI 
Direct within Segment I 1110100 t I lui cilpl8cement 

Regis1er/Memory Indiractwithln Segment 1,1 1 1 1111 Imod 1 00 r/ml 

DIrect 'ntersegment I 1 1 1 0 1 0 1 0 Iunsigned full offset, selector 

Ptotocted Mode Only (DIrect 'nterMpent) 
Vie Cell aate to Same Privilege L8Y8I 

From 286 Task to 286 TSS 

From 286 Task to 386 T5$ 

From 286 TaSk to Virtual 8086 Task (386 TSS) 

From 386 Task to 286 TSS 

From 386 Task to 386 TSS 

From 386 Task to Virtual 8086 Task (386 TSS) 

Indirect Intersegment 11t111111 Imadl0l rlml 
_ Mode Only ('_oct 'ntersegmentl 

Via Call Gate to Same PrMIege Level 

From 288 Talk to 288 TSS 

From 286 -r.1k to 386 TSS 

From 286 Task to VlnuaII086 Taak (386 TSS) 

From 386 Task to 288 TSS 


From 386 TUIe to 388 TSS 


From 388 T.... to Virtuo! 11086 Took (388 TSS) 


_or 
Vlrtuo, 
IOH-


22+m 

7+m 

7+m 

7+ml 
10+m 

12+m 

17+m 

VlrtUilI 

Addrea. 


Mod. 


52+m 

86+m 

{M+4x+m 

273 

298 

2t7 

273 

300 
217 

38+m 

56+m 

9O+m 

96+4x+m 
278 

303 

221 
278 

lOS 

221 

7+m 

7+m 

7+011 
10+m 

27+m 

45+m 

27. 

lOt 

218 

270 

303 

220 

31+m 

49+m 

279 
306 

222 
275 

306 
2Z4 

II_or 

VlrtUilI 

IOH
-


b 

b 

b 

YIr\uOI 

11-

h,i,k,r 

h,i,k,r 

h,j,k,r 

h,j,k,r 

h,i,k.r 
h,j,k.r 
h,j,k.r 

h,l,k,r 
h,J,k,r 

h,j,k,r 

h,l.k.r 

hJ.k,r 

h,i,k,r 

h.i.k,r 
h,l,k,r 
h,j,k,r 

h,i,k,f 

h,i,k,f 

h,i,k,r 

r 

r 

h,r 

I,k" 

h,l,k,r 
hoj,k,r 
hj.k.r 

h.I,k,r 

h,l,k,r 
h,j,k,r 
h,I,k,r 

h,j,k,r 

h.i,k.r 

h,l,k.r 

h,j,k.r 

hJ,k.r 

h.l.k.r 

hJ.k,r 

h,j,k,r 
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Table 8-1. 803861natructlon Set Clock Count Summary (Continued 
CLOCK COUNT NOTES 

R••I R••I 
INSTRUCTION FORMAT A_ Protected "CkJr... Protected 

_0' Virtual Mode or Vlrtuol 
Vlrtuol Addrep Vi...... AddreH.... Modo ...6 Modo 
Modo Mode 

CONTROL TR_R (Continued) 

RET = Retum from CALL.: 

Within Segmenl 1 11000011 	 10+ m 10 + m b g,h,r1 

Within Segment Adding 1m_I. to 51' 1 11000010 I l_dlspl I 10 + m 10 + m b g,h,r 

Intersegment I 11001011 I 16 + m 32+m b g. h,j,k,r 

Int~1 Adding 1m_to51' 1 11001010 I 18-bitdispl I 18+ m 32·~ m b g. h.l. k, r 

"'otectad Modo Only (RET), 

10 Oittor"'" PrMloge Level 
Intersegment 68 h,l. k, r 

InterHgment Adding Immediate to SP 68 h,l. k, r 

CONDITIONAL JUMPS 
NOTf, Timoo Are Jump "T_or Not Token" 
JO~Jumpon_ 

8-Bit~ I 01110000 I _displ I 7+mor3 7+mor3 · 
Full Displacemenl 1 00001111 I 10000000 Ifull displacement 7+mor3 7+mor3 · JIIO - J....p on Not_ 
8-Bit Displacement 1 01110001 I 8-bitdispl I 1+mor3 7+mor3 , 
Full OiIpIocement 1 00001111 I 10000001 1full dieplecement 7+mor3 7 + mor3 • 

J8/JIIAE - J_on_./NotAllove .. EquoI 

8-8It DiIpIecement 101110010 I 8-bltdispl I 7+mor3 7 + mor3 , 
Full DIspIacomonI 100001111 I 10000010 lfulldieplacornenl 7 + m or3 7 + mor3 , 

~JIIE.-"",onNot_/AIIove·orE_ 

8-8It DiopIocomonI I 01110Qll I .8-bit dlspl I 7 + m or3 7 + mor3 , 
Full 0I0pI0c0m0nt 1 00001111 I 10000011 Ifull dieplac8ment 7 + mor3 7+mor3 , 

NIZ - .....onEquoIlZoro 

8-Bit DiIpIecement 1 01110100 I 8-bltdispl I 7 + rn()(3 7 + mor3 r 

FuN Displacement I 00D01111 I 10"000100 Ifull displacemenl 7+mor3 7 + mar 3 , 
JNElJNZ - J_on Not E-'~Zoro 

8-BitDi_t [ 01110101 8-bit dispI 7+mor3 7+mor3 ,I I 
Full 0I0pI0c0m0nt 100001111 I 10000101 lfull_. 1 + mor3 7+mor3 , 

IN/.IN.l - Jumpon_worEquoI~"""" 

8-Bit IlIepIocement I 01110110 I 8-bltdispl I 7 + mor3 1+mor3 • 
Full OispIecamenl I 00001111 I 10QOOll0 lfulldisplac:emenl 7+mor3 7 + mor3 , 

JNlE/JA - .....on Not_orEquoI/_ 

8-Bit DispIocemenI I 01110111 I 8-bitdispl J 7 + mor3 7+mor3 · 
Full 0I0pI0c0m0nt I 00001111 I 10000111 Ifull_' 1 + mor3 7 + m or3 

J8- ..... onSlgn · 
8-Bit 0I0pI0c0m0nt I 01111000 I 8-bltdispl 	 I 7+mor3 7 + mor3 • 

1 .... _
FuIIllIepIocement I 00001111 I 10001000 1 7 + mor3 7 + mor3 , 
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Table 8-1. 803881natructlon Set Clock Count Summary (Continued 

CLOCK COUNT NOTES 

R... Root 
INSTRUCTION FORMAT Addr... 1'1'010<10<1 Protected 

Mod_or .Irtual Mode or VIrtUliI -Vlrtua' Add.... Virtual Add.... -. M_ .... M_ 
Mode Mod. 

CONDmONAL JUMPS (Continued) 

JNS = Jump on Not Slg" 

a·Bit Displacement 1 0'111001 8-bit dlspl 7+mor3 7+mor3 ,1 1 
Full Displacement 0000 1111 I 1 0 0 0 m!] full displacement 7+mor3 7+mor3 , 

JPlJPE = Jump on Parfty/P.-Ity Even 

S·Bit OiIplacement 1 01111010 8·bitdlSPl 7+mor3 7+mor3 

I 

1 I , 
Full Otsptacement 1 0000 1111 1 10001010 Itull dilP'acement 7+mor3 7+mor3 , 

JNP/JPO = Jump on Not ParIty/Parity Odd 

a·BIt Displacement I 01111011 8-bitdispl 7 + mor3 7 + mor3 ,I I 
Full Displacement 100001111 1 1000101,1 Ifull displac.Mnent 7 + m or3 7 + mor:3 , 

JUJNGE - Jump on Le../Not GrHt. or Equ.' 

8-Bit Disptacement 1 01111100 8·bildlspl 7 + m 01'3 7+mor3 ,I I 
Full Displacement I 00001111 I 10001100 Ifull displacement 7+mor3 7+mor3 , 

JNL/JGE = Jump on Not L.../G....t.r or EqUilI 

B·Bit Displacement 1 01111101 8-bitdispl 7+m0l3 7+mor3 ,1 I 
Full Displecement 1 0000 1111 1 10001101 Ifull displacement 7 + mor3 7+mor3 , 

JLE/JNG = Jump on Le.. or EqUIII/Not Gr••ler 

8-81t Displacement I 01111110 a-bit displ 7+mor3 7+mor3 ,I I 
Full Displacement I 0000 1111 1 10001110 !full displacement 7+mor3 7 + mor3 , 

JNLE/JG = Jump on Not L... or EquIII/O........ 

a-Bit Displacement I 01111111 8-bit displ 7+mor3 7+mor3 ,1 I 
Full Displacement 1 0000 1111 I 10001111 Ifull dtsplacement 7+mor3 7+m0l3 , 

JCXZ = Jump on ex Zero I 11100011 8-bit displ 9+mor5 9+mor5 ,I IJ_ Oft ECX Z..., ,JECXZ - 1 11100011 B·bitdispl 9 + mOl'S 9+morS1 I 
(Address SIze Prefix Differentiates JCXZ from JECXZ) 


LOOP - Loop cx n",.. 1 1 1100010 1 8-bitdispl I 11 + m 11 +m , 


LOOPZ/LOOPE ~ Loop_ 
ZIfO/Equal 1 11100'001 1 8-bitdispl I 11.+ m 11 + m , 

LOOPNVLOOPNE ~ Loop While 
Notbro 1 11100000 8-bildlspl 11 + m 11 + m ,1 I 

CONDITIONAL BYTE SET 
NOTE: Times Are Register/Memory 

SETO = Set Byt. on Overflow 

To Register/Memory 1 00001111 1 10010000 1modOOO '1m I 4/5 4/5 h 

SETHO - Set Byte on Not Overflow 

To RegIster/Memory 1 00001111 I 10010001 1modOOO '1m I 4/5 4/5 h 

SET8/SETNAE = Set Byte on Below/Not Above or Equal 

To Register/Memory I 0000 1111 1 10010010 1modOOO ,/ml 4/5 4/5 h 
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Table 11-1. 803861natructlon Set Clock Count Summary (Continued 


INSTRUCTION FOAIIAT 

CLOCK COUNT 
Reol

A_ Protected_0or 
_I 

vtrtual A_ 

NOTES 
R..I 

Addr... Protected 
M_or VIrtual 
VIrtual -8088 Modo 8088 M_ 

M_ M_ 

CONDITIONAL BYTE SET (Continued) 

SETNB = Set Byte on Not BeIowlAbove or Equal 

To Register/Memory 100001111 I 10010011 ImodOOO rIm I 4/5 4/5 h 

SETEtSETZ = Set Byte on EquallZero 

To Register/Memory I 00001111 I 10010100 ImodODD rIm I .,5 415 h 

SETHE/SETHZ = ... Byte on Not EquallNot Zero 

ToRegister/Memory I 0000 1111 I 10010101 ImodODD r/ml 4/5 4/5 h 

SETBE/SETNA = $ott Byte on Below or Equal/Not Above 

To Register/Memory I 0000 1 1 1 1 I 10010110 ImodDDD rim I 4/5 4/5 h 

SETNSE/SET A = Set Byte on Not Below or EqlHtl/Above 

To Register/Memory I 0000 1111 I 10010111 I modOOO rim I 4/5 4/5 h 

SETS = Set Byt. on Sign 

To Register/Memory I 00001111 I 10011000 I modOOO rim I 4/5 4/5 h 

SETNS = Set Byte on Not Sign 

To Register/Memory I 00001111 1 10011001 1modOOO r/ml 4/5 4/5 h 

SETPISETPE = Set Byte on hrtty/Parity Even 

To Register/Memory I 00001111 I 10011010 I modOOO rIm I 4/5 4/5 h 

SETNP/SETPO ~ SOl Byte on Not Parlty/Porlly Odd 

To Register/Memory I 00001 1 1 1 I 10011011 Imod 0'00 rIm I 4/5 ./5 h 

SETLISETNGE - Sot Byte on Looo/Not _ at Equol 

ToAegister/Memory t 00001111 I 10011100 ImodOOO rIm I 4/5 4/5 h 

SETNLlSETGE - So' Byte on Not Looo/_., or Equal 

To Register/Memory I 00-0'01 1 1 1 I 01111101 ImodOOO rIm I 4/5 4/5 h 

SETLE/SETNG - Sot Byte on Looo or Equal/Not __ 

To Register/Memory I 00001 1 1 1 1 10011110 I modOOO rIm I 4/5 4/5 h 

SETNLE/SETG - Sot Byte on Not L_ or Equoll_ 

To Register/Memory I 00001111 I 10011111 ImodODO rIm I 4/5 4/5 h 

ENTER ~ Entor_ I 11001000 11!>bit dlsptacoment. 8-b1t loYal I 

L-O 10 10 b h 

L  1 12 12 b h 
L> 1 15 + 15 + b h 

4(n - 1) 4(n - lJ 

LEAVE '" LHYe Procedure I 11001001 I • 4 b h 
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Table 8-1. 80386 Instruction set Clock Count Summary (Continued 
CLOCK COUNT 

R..,_orINSTRUCTION FORMAT -.. Protocted 
YIrtuII! 

VI....., ,,
10M M_-INTERRUPT INSTRUCTIONS 

INT "" Intlrrupt: 

Type Specified I 11001101 I type I 37 

Type 3 I 11001100 I 33 

INTO = ~t. II Ovorllow Flog Sot I 11001110 I 
If OF = 1 35 
IIOF = 0 3 3 

Bound "" Interrupt 5 If Detect Value I 01100010 Imod reg r/ml 
autol""_ 

If Out of Range •• 
If In Range 10 10 

P,o'_ M_ Only (INT) 
INT: TYJNI SpocIfted 

Via Interrupt or Trap Gate 
to Same Privilege Level 59 

Via Interrupt Of Trap Gate 
to Different Privilege L.eYe1 99 

From 286 Task to 286 TSS via Task Gate 282 
From 286 Task to 386 TSS via Task Gate 309 
From 296 Task to virt 8098 md via Task Gate 226 
From 386 Task to 286 TSS via Task Gate 284 
From 386 Task to 386 TSS via Task Gate 311 
From 386 Task to virt 8086 md via Task Gate 228 
From virt 8086 met to 286 TSS via Task Gate 289 
From vift 8086 md to a8S TSS via Task Gate 318 
From Yin 8086 md to pm level 0 via Trap Gate or Interrupt Gate 119 

INT:TYPE3 
Via Interrupt or Trap Gate 

to Same Privit9ge level 59 
VIII Interrupt or Trap Gate 

to Different PriYHege Level 99 
From 286 Task to 286 TSS via Task Gate 278 
From 266 TUI; to 386 TSS via Task Gate 305 
From 286 Task to Virt 8086 md via Talk Gate 222 
From 386 Task to 286 TSS via Task Gate 280 
From 386 Task to 386 .TSS via Task Gate 307 
From 386 Task to Virt aoee rnd via Tak Gate 22' 
From virt 80136 md to 286 TSS via Tak Gate 295 
From virt 8086 md to 386 T55 ..Talk Gate 312 
From virt B086 md 10 prill level 0 via Trap Gate or Interrupt Gate 119 

INTO: 

Via Interrupt or Trap Grate 
to Same Privilege Level 59 

Via Interrupt or nap Gate 
to Different Privilege level 99 

From 288 Task to 286 TSS via Task Gate 2BO 
From 288 Task to 386 T85 via Task Gate 307 
From 286 Task to virt 8086 md via Task Gate 22' 
From 386 Task to 286 TSS via Task Gate 282 
From 386 Task to 386 TSS via Task Gate 309 
From 386 Task to virt 8086 md via Task Gate 225 
From Yirt8086 md to 286 TSS via Task Gate 287 
From virt8086mdto 386 TSS via Task Gate 31' 
From virt 8086 mel to priv level 0 via Trap Gate or Interrupt Gate 119 

NOTES 

--
AMI 

-VIrtual ---... 
b 

b 

b•• 
b.e 

b•• 
b•• 

e,g,h,j.St.r 
e,g,h.I,ft.r 

9.I.k. , 

g.~k, r ; 

9.I.k.r 
g.~k.' 
g,j, k, r 
g,j, k, r 

g,j,k,r 
g,j,k, r 

g,i,k, r 
g,i, k, r 

g,j,k,r 

g.i.k.r 
g,1.k.' 
9.1.11" 
9.I.k., 
9.i.k.r 
9.I.k.r 
9.~k.' 
9.I.k.' 
Q,i,k,r 

g, j, k, r 

g, i.k, r 
g.i. k,r 
g. i. k, r 
g, j, k, r 
g,j, k, r 
g, J, k, r 
g, j, k, r 
g.j, k, r 
g,j, k,r 
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Table 8·1. 80386 InstructIon Set Clock Count Summary (Gontinued) 
CLOCK COUNT NOTES 

R..I Rul 
INSTlIUCTION FORIIAT ~ Protected Addr... .........od 

lIodeor VlrtUil lIodeor VlrtUilI 
VIrtual Addr... Virtual Add..... 
I0Il lIode I0Il lIode 

lIode -INTERRUPT INSTRUCTIONS (Continuod) 

BOUND: 

Via InlemJpl or TrIP~" 

10 Same PriviIego ~ 59 g,l,k,< 
Via Interrupt or Trap Gate 

10 DiH"",," PriviIego ~ 99 g,i, k,f 

From 288 Talk to 286 TSS via Task Gate 254 g,1, k, r 
From 288 TuI< 10 386 T55 via TuI<~" 284 g,j,k,r 
From 288 Talk to Yirt 8086 Mode via Tok Gate 231 Q,i.k,r 
From 388 Talk 10 286 TSS via Taak Gate 2&4 g,j,k, ' 
From 388 Task to 386 TSS via Task Gate 294 g.j, It,r 
From 368 Tuk 10 wt 8088 Mode via Talk Gate 243 g.j. k. r, 
From virt 8086 Mode to 286 TSS via Talk Gate 264 g.1 k,r 
From vtrt 8086 Mode to 386 TSS via rask Gate 294 g,i,k,r 
From wt8086 mdtopriv level 0 via TtapGate or IntarruptGate 119 

INTERRUPT RETURN 

IRET - 1__R_ I 11001111 I 22 g,h,j,k, r 

ProIeclod Mode Only (IRET) 

To the same Privilege level (within task) 38 g. h,l,k,r 
To Different Privilege Lev~ (within task) 82 g, h, i, k. r 
From 286 Task to 286 TSS 232 h,j,k,r 
From 286 Task to 386 TSS 285 h, j,k,r 
From 288 Task to Virtual 8086 Teak 214 h,j,k,r 
From 286 Task to Vwtual8086 Mode (within talk) 80 
From 388 Task 10 288 T55 271 h,i, k, r 
From 388 TuI< 10 388 T55 275 h,i,k, r 
From 388 Task to Virtual B086 Task 22' h,i.k,f 
From 388 Task to Virtual 8088 Mode (witNn task) 80 

PROCESSOR CONTROL 

HLT = HALT 111110'100 5 5 II 
IIOV • _to_F_Con1roI/-.rroet~ 

CRO/CR21CR3 ~om regia'" I 00001111 I 00100010 11 ... reg I 10/.. /5 1011./5 I 

RegIoIor Fnorn CRO-3 I 000011; , I 00100000 " ... reg I 8 8 I 

0R0-3 From RegIII8r I 00001111 I 00100011 11888 reg I 22 22 I 

0Re-7 From R~ I 00001111 I 00100011 ', ... reg I 18 18 I 

Regioter!rom 0Re-7 [ 00001111 00100001 1l ... ,!:§! 14 II I' 
RogiIIer!rom ORO-3 I 0000 1111 00100001 " ... reg I 22 22 I 

TRe-7 !rom RegOoter I 00001111 00100110 11 ... reg I 12 12. I 

RegIIIor !rom TR8-7 00001111 00100100 12 12 I" ... reg- -110_ I 
I 

10010000 

I 
3 3 

WAIT-WoIt __U plnlo-,"«! I 1 00 11 0 11 8 8 
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Table 8-1. 80386 Instruction Set Clock Count Summary (Continued 
CLOCK COUNT NOTES 

ANI Real 
INSTRUCTION FORIIAT A_ Protected ~ 

_or Y1rIuoI _or VIrIuoJ 
VIrtuoI A_ -~ 
eoaa 101_ eoaa - -

PAOCESSOR EXTENSION INSTRUCTIONS 

PrOC8llOf Extension Eacepe I ,'011 T TT ImodLLL rim I See h 

ITT and LLL bits are opcode 80287/80387 

data IheetI for 

clock counts 
information for coproceSSOl'. 

PREFIX BYTES 

A.......SIze~ftx I 01 100111 I a
a 
LOCK - _ '--_. I 11110000 a a m 

I 
I 

01100110 a aI 
Sogmont 0vwrkIe _. 
0p0r0IICI- 

c;s, 00101110 a aI 


DS: 00111110 a a
I 


E8: 00100110 a a
I 


F80 01100100 a a
I 


OS: 01100101 a a
I 


sa: 00110110 a a
I 

PROTECTION CONTROL 

ARPL - AdjuatA~~Lo" 

From Register/Memory I 01100011 I mod reg r/ml N/A 20/21 a h 

LAR -~A..... AIgh1o 

From Register/Memory I 00001111 00000010 I mod reg rim I N/A 15/16 a g, h,i,pI 

LQDT -~--pt.. 
Table Register I 00001111 00000001 I modOl0 rim I 11 11 b,c h,lI 

UDT -~,-o._ 

Table Register 0000111'1 00000001 ImodOll rim I 11 11 b,c h,lI I 

UDT - ~ Loa! DoocrtpIDr 

T_R_1O 


I I
Register/Memory 00001111 00000000 ImodOl0 rim I N/" 20/24 8 g,h,l,l 

LM8W - __Word~ 

From Register/Memory I 00001111 I 00000001 Imodll0 rim I 10/13 10/13 ~,C h,l 

LSL - L_ Sogmont LImIt 

From Register/Memory I 00001111 00000011 I mod reg rim I 
8y1e-Granular Limit N/" 20/21 g, h,~p 

I 

• 
Page-Granular Unlit N/" 25/26 g,·,I,p• 

LTR - ~THkRogIo1or 

From Register/Memory I 00001111 I 00000000 I modOO 1 rim I N/" 23/27 • g, h.i.1 

- _ Global DoocrIptor8QDT 

T_A"II_ I 0000 1111 00000001 I modOOO rim I 9 9 b,c hI 
- _ '-DoocrIptorSlDT 

T_1IogIotw 100001111 I 00000001 I modOOI rim I 9 9 b,c h 

SLOT - _LoaI_T_1IogIotw 

To R ...../Memory 00001111 00000000 I modOOO rim I N/" 2/2 a hI I 
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Table 8-1. 80386lnatructfon Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Root R••I _.... 
INSTRUCTION _T Protected Add,.... Prot_ 

II_Of Virtual II_Of YlrtUliI 
Virtu.' Addr... VlrtUilI --8086 _e 8086 
lIode 11

~8t..,._SIISW 
_Word I 0000 1111 I 00000001 Imod100 rlml 212 212 b,t h, I 

STR = Stor. Tulc Reglet ... 

To Register/Memory I 0000 1111 I 00000000 Imod001 rim I NI. 212 a h 

VEAR ~ Verily Rood ,,"_ 

AegisterIMemory I 0000 t 1 1 1 I 00000000 Imodl00 rim I NI' 10/11 a g. h,]. P 

VERW - VorIIyWrllo_ I 00001111 I 00000000 Imod 1 0 1 rim I NI. 15/16 a g, h,i. P 

INSTRUCTION NOTES FOR TABLE 8·1 

Not•• a through c apply to 80388 Real Addr... Mode only: 
a. This is a Protected Mode instruction, Attempted execution in Real Mode will result in exception 6 (invalid opcode). 
b. Exception 13 fault (general protection) will occur in Real Mode ~ an operand reference is made that partially or fully 
extends beyond the maximum CS, OS, ES, FS or GS limit, FFFFH. Exception 12 fault (stack segmenl limit violation or not 
present) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the maximum SS limit. 
c. This instruclion may be executed in Real Mode. In Real Mode, its purpose is primarily to initialize the CPU for Protected 
Mode. 

Note. d through g apply to 80386 Real Add ..... Mode and 80388 Protected Virtual Add,... Mode: 
d. The 80386 uses an early·out muRiply algorithm. The actual number of clocks depends on the position of lhe most signifi· 
cant bit in the operand (multiplier). 

Clock counts given are minimum to maximum. To calculate actual clocks use the following formula: 
Actual Clock = if m < > 0 then max ([Iog2 Imll. 3) + b clocks: 

if m = 0 then 3+b clocks 

In this formula, m is the multiplier, and 

b = 9 for register to register, 

b = 12 for memory to register, 

b = 10 for register with immediate to register, 

b = 11 for memory with immediate to register. 


e. An exception may occur, depending on the value of the operand. 
f. LOCK# is automatically asserted, regardless of the presence or absence of the LOCK# prefix. 
g. LOCK # is asserted during descriptor table accesses. 

Not.. h through r apply to 80386 Protected Virtual Acid,... Mod. only: 
h. Exception 13 fault (general protection violation) will occur if the memory operand in CS, OS, ES. FS or GS cannot be used 
due to either a segment limit violation or access rights violation. If a stack limit is violated, an exception 12 (stack segment 
limit violation or not present) occurs. 
i. For segment load operations, the CPL, RPL, and OPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segment's descriptor must indicate "present" or exception 11 (CS, OS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present) occurs. 
j. All segment descriptor accesses in the GOT or LOT made by this inslruction will automatically assert LOCK # to maintain 
descriptor integrity in multiprocessor systems. 
k. JMP, CALL. INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is violated. 
I. An exception 13 fault occurs if CPL is greater than 0 (0 is the most privileged level). 
m. An exception 13 fault occurs if CPL IS greater than IOPL. ' 
n. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL and VM fields of thellag register are 
updated only ~ CPL - O. 
o. The PE bit of the MSW (CRO) cannot be reset by this instruction. Use MOV into CRO Wdesiring to reset the PE bit. 
p. Any violation of privilege rules as applied to the selector operand does not cause a protection exception; rather. the zero 
flag is cleared. 
q. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception 13 fault (general 
protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment limit violation 
or not present) will occur Wthe stack limit is violated by the operand's starting address. 
r. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fa"~ 
(IIBneral protection violation) will occur. 
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80-BIT CHMOS III 


NUMERIC PROCESSOR EXTENSION 


• 	 High Performance 80-Blt Internal 
Architecture 

• 	 Implements ANSIIIEEE Standard 754
1985 for Binary Floating-Point 
Arithmetic 

• 	 Five to Seven Times 8087/80287 
Performance 

• 	 Upward ObJect-Code Compatible from 
8087 and 80287 

• 	 Expands 80386 Data Types to Include 
32-, 64-, 80-Blt Floating Point, 32-, 64
Bit Integers and 18-Dlglt BCD Operands 

• 	 Directly Extends 80386 Instruction Set 
to Include Trigonometric, Logarithmic, 
Exponential and Arithmetic Instructions 
for All Data Types 

• 	 Full-Range Transcendental Operations 
for SINE, COSINE, TANGENT, 
ARCTANGENT and LOGARITHM 

• 	 Built-In Exception Handling 

• 	 Operates Independently of Real, 
Protected and Vlrtual-8086 Modes of 
the 80386 

• 	 Eight 80-Blt Numeric Registers, Usable 
as Individually Addre ..able General 
Registers or as a Register Stack 

• 	 Available In 68-Pln PGA Package 
(See Packaging Spec: Order #231369) 

The Intel 80387 is a high-performance numerics processor extension that extends the 80386 architecture with 
floating point. extended integer and BCD data types. The 80386/80387 computing system fully conforms to 
the ANSI/IEEE floating-point standard. USing a numerics oriented architecture. the 80387 adds over seventy 
mnemonics to the 80386/80387 instruction set. making the 80386/80387 a complete solution for high-per· 
formance numerics processing. Thl;l80387 is implemented with 1.5 micron, high-speed CHMOS III technology 
and packaged in a 68-pin ceramic pin grid array (PGA) package. The 80386/80387 is upward object-code 
compatible from the 80386/80287. 80286/80287 and 8086/8087 computing systems. 

BUS eotmIOI. LOGIC I DATA INlERf'ACE AND CONlROLr..;.UN_IT~I____..r_=:n.:O:An~N~G~POlN~T:U:NIT=::-l 
32 OIUS INTrRFAC[ 

~TA AUGNWENT ANO OP[RAHO a.ECklMG 

........ 


231920-1 

Figure 0.1. 80387 Block Diagram 
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80386 Regllters 

GENERAL REGISTERS SEGMENT REGISTERS 
31 15 0 15 0 

EAX 

EBX 

ECX 
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I AH I AL 

BX 

I BH I BL 
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SS 
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I BP 

ESP 
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Exponent 

0 

Control Reglater 
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Status Ragi8terI 
I Tag Word 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Signlflcand 

47 
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field 
1 0 

.-- 
I- 

I-- 
I- 

I-- 

I-- 
I- 

I- 
'- 

0 

I Instruction Pointer fm 80388) I 

I Oata PQinier (in 80388) I 


Figure 1.1.80386180387 Regllter Set 

1.0 FUNCTIONAL DESCRIPTION 

The 80387 Numeric Processor Extension (NPX) pro
vides arithmetic instructions for a variety of numeric 
data types in 80386/80387 systems. It also exe
cutes numerous built-in transcendental functions 
(e.g. tangent, sine, cosine, and log functions). The 
80387 effectively extends the register and instruc
tion set of an 80386 system for existing data types 
and adds several new data types es well. Figure 1.1 
shows the model of registers visible to 80386/80387 
programs. Essentially, the 80387 can be treated as 
an additional resource or an extension to the 80386. 
The 80366 together with an 80387 can be used as a 
single unified system, the 80386/80387. 

The 80387 works the same whether the 60386 is 
executing in real-address mode, protected mode, or 
virtual-8086 mode. All memory access Is handled by 
the 80386; the 60387 merely operates on instruc
tions and values passed to it by the 80386. There
fore, the 80387 is not sensitive to the processing 
mode of the 80386. 

In real-address mode and virtual-8088 mode, the 
80386/80387 is completely upward compatible with 
software for 8086/8087, 80286/60287 real-address 
mode, and 80386/80287 real-address mude sys
tems. 

In protected mode, the 80386/80387 is completely 
upward compatible with software for 80286/60287 
protected mode, and 60386/60287 protected mode 
systems. 

The only differences of operation that may appear 
when 8086/8087 programs are ported to a protect
ed-mode 80386/60387 system (not using vlrtuaI
8088 mode), is in the format of operands for the 
administrative instructions FLDENV, FSTENV, 
FRSTOR and FSAVE. These instructions are nor
mally used only by exception handlers and operating 
systems, not by applications programs. 

The 80387 contains three functional units that can 
operate in parallel to increase system performance. 
The 80386 can be transferring commands and cl&ta 
to the 60387 bus control logic for the next instruction 
while the 60387 floating-POint unit is performing the 
current numeric instruction. 
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82380 

HIGH PERFORMANCE 32-BIT DMA CONTROLLER WITH 


INTEGRATED SYSTEM SUPPORT PERIPHERALS 


• 	 High Performance 32-Blt DMA 
Controller 
- 40 MByte.l.ee Maximum Data 

Tran.fer Rate at 20 MHz 
- 8 Independently Programmable 

Channel. 

• 	 20-Souree Interrupt Controller 
- Individually Programmable Interrupt 

Vector. 
-15 External, 5 Internal Interrupts 
- 82C59A Superset 

• 	 Four 16-Blt Programmable Interval 
Timers 
- 82C54 Compatible 

• 	 Programmable Walt State Generator 
-0 to 15 Walt State. 

• 	 DRAM Refresh Controller 

• 	 80386 Shutdown Detect and R.set 
Control 
- SoftwarelHardware R.set 

• 	 IBM PC Compatible
• 	 High Speed CHMOS III Technology 

• 	 132·Pln PGA Packago 
• 	 Optimized for use with the 80388 

Mleroproceaaor 
- Realde. on Local Bu. for Maximum 

eua Bandwidth 

The 82380 is a multi-function support peripheral that integrates system functions necessary In an 80386 
environment. It has eight channels of high periormance 32-bit DMA with the most efficient ~ansfer rates 
possible on the 80386 bus. System support peripherals integrated into the 82380 provide Interrupt Control. 
TImers. Wait State generation. DRAM Refresh Control. and System Reset logic. 

The 82380's DMA Controller can transfer data between devices 01 different data path widths using a single 
channel. Each DMA channel operates independently in any of several modes. Each chann$1 has a temporary 
data storage register lor handling non-aligned data without the need for extemal alignment logic. 

"IBM and PC-OOS ate registered tradtomarks of International Business Machines. Inc. 

290128-1 

82380 Intemal Block DIagram 

http:MByte.l.ee


82380 

Vee and GND connections must be made to multi12.2 Pin Assignment 
ple Vee and Vss (GND) pins. Each Vee and Vss 

The 82380 pinout as viewed from the top side of the MUST be connected to the appropriate vOltage lev
component is shown in Figure 12.1. Its pinout as el. The circuit board should include Vee and GND 
viewed from the pin side of the component is shown planes for power distribution and all Vee pins must 
in Figure 12.2. be connected to the appropriate plane. 

N 

o o o o o o o o o o o o 0' 

Vee vss A12' .1.9 All A5 A3 BE', 8EO, EDACK' Vss Vee 

02 o o o o o o o o o o o o o 02 

Vee ... 19 A1T ""5 AU A10 A7 Bnl ADS, [DACK2 INT vss Vee 

03 o o o o o o o o o o o o o o Ol 

Vss A2' A'8 A16 AU A11 AS A2 8E21 EOP, EDACKO HLDA OREa7 DREa5 

o. o o o o o o o. 
Vee A22 A20 OREQ6 HAl OREal 

~ETAL LID 
05 o OSo o o o o 

1.25 .4.2' ,423 OREa</ DREa2 OREa. 
IRQ9, 

os 0 0 0 o 0 0 os 
A28 A27 "26 OREao IRQ221 IRa2l1 

07 07 
A31 A29 A30 IR02', IRQ201 IRQ'!I 
o o o o o o 

08 o o oao o o o 
03' 023 0'5 IRa"I IRQ.S, IRo,a, 

09 o o o o o o 09 

07 030 022 IR0131 IRQ,., IRO.5, 

'0 0 o o o o o '0
0,. 06 D.3 wsc. .RO.21 IRQ 11 , 

11 o o o o o o 
'-__________________-' READYI CLKIN WSCO " 029 02. 028 

12 0 o o o o o o o o o o o o o '2 
VC(; 05 D'2 D27 03 0'0 0.7 REAOYO, HOLD W/RI D/CI Cl'URST RESET Vee 

13 0 o o o o o o o o o o o o o 
Vss 020 D< 0'9 02& 02 09 0'& 02< 1OUT'/R£FI ~/'O, TDun, T0UT21~ V'S 

o o o o o o o o o o o o o .. 
Vee 011 0'8 025 ClK2 0' 00 DB Vss Vee Vss Vee 

C o c H N 

290.28-95 

Figure 12.2. 82380 PGA Pinout-View from PIN .Ide 
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Table 12-1.82380 PGA Plnout-f'unctional Grouping 

Pin/Signal PliI/Signal Pin/Signal Pin/Signal 

A7 A31 A8 031 P12 Vee l14 Vss 
C7 A30 89 030 M14 Vee Al Vss 
87 A29 All 029 Pl Vee P13 Vss 
A6 A28 Cll 028 P2 Vee Nl Vss 
86 A27 012 027 P14 Vee N2 Vss 
C6 A26 E13 026 01 Vee Cl Vss 
A5 A25 F14 025 C14 Vee A3 Vss 
85 A24 J13 024 81 Vee 814 Vss 
C5 A23 86 023 A2 Vee A13 Vss 
84 A22 C9 022 A4 Vee N14 Vss 
83 A21 811 021 A12 Vee 
C4 A20 813 020 A14 Vee P6 IRQ23# 
82 A19 013 019 N6 IRQ22 # 
C3 A18 E14 018 G14 CLK2 M7 IRQ21 # 
C2 A17 G12 017 l12 O/C# N7 IRQ20# 
D3 A16 H13 016 K12 W/R# P7 IR019# 
02 A15 C8 015 L13 MIIO# P8 IRQ18# 
E3 A14 Al0 014 K2 AOS# M8 IRQ17# 
E2 A13 Cl0 013 N4 NA# N8 IR016# 
El A12 C12 012 J12 HOlO P9 IRQ15# 
F3 All 014 011 M3 HLOA N9· IRQ14# 
F2 Al0 F12 010 M6 OREQO M9 IRQ13# 
Fl A9 G13 09 P5 OREQl Nl0 IROl2# 
Gl A8 K14 08 N5 OREQ2 Pl0 IRQ11 # 
G2 A7 A9 07 P4 OREQ3 M2 INT 
G3 A6 810 D6 M5 OREQ4/IRQ9# 
H1 A5 812 05 P3 OREQ5 N11 ClKIN 
H2 A4 C13 D4 M4 DREQ6 K13 TOUT1/REF# 
Jl A3 E12 03 N3 OREQ7 N13 TOUT2#/IRQ3# 
H3 A2 F13 02 M13 TOUT3# 
J2 8E3# H14 01 K3 EOP# Mll REAOY# 
J3 8E2# J14 DO l3 EDACKO H12 REAOYO# 
Kl 8EH Ml EOACKl Pl1 WSCO 
L1 8EO# N12 RESET l2 EOACK2 Ml0 WSCl 

M12 CPURST 
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82385 

HIGH PERFORMANCE 


32-BIT CACHE CONTROLLER 


• 
Improves 80386 System Performance • Synchronous Dual Bus Architecture 

- Reduces Average CPU Walt States to - Bus Watching Maintains Cache 


Nearly Zero Coherency 

- Zero Walt State Read Hit 
 • Maps Full 80386 Address Space 
- Zero Walt State Posted Writes (4 Gigabytes)
- Allows Other Masters to Access the 

System Bus More Readily • Flexible Cache Mapping Policies 
- Direct Mapped or 2-Way Set 

• Hit Rates up to 99% Associative Cache Organization 

• Optimized as 80386 Companion - Supports Non-Cacheable Memory 
- Simple 80386 Interface Space 
- Part of 386-Based Compute Engine - Unified Cache for Code and Data 

Including 80387 NumeriCS • Integrates Cao:he Directory and Cache 
Coprocessor and 82380 Integrated Management Logic 
System Peripheral 

-16 MHz and 20 MHz Operation • High Speed CHMOS III Technology 

• Software Transparent • 132-Pln PGA Package 

The 82385 Cache Controller is a high performance 32-bit peripheral for Intel's 80386 Microprocessor. It stores 
a copy of frequently accessed code and data from main memory in a zero walt state local cache memory. The 
82385 enables the 80386 to run at its full potential by reducing the average number of CPU wait states to 
nearly zero. The dual bus architecture of the 82385 allows other masters to access system resources while the 
80386 operates locally out of its cache. In this situation, the 82385's "bus watching" mechanism preserves 
cache coherency by monitoring the system bus address lines at no cost to system or local throughpul 

The 82385 is completely software transparent, protecting the integrity of system software. High performance 
and board savings are achieved because the 82385 integrates a cache directory and ali cache management 
logic on one chip. 

82385 LOCAL 80386 
BUS CONTROL ADDRESS BUS 

BUS 
SNOOP BUSARBITRATION 

80386 LOCAL 
BUS CONTROL CACHE 
80386 LOCAL CONTROL BUS 
BUS DECODES 

t 
82385 CONfiGURATION 

290143-1 

82385 Internal Block Diagram 
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82385 

1.0 	82385 FUNCTIONAL OVERVIEW 

The 82385 Cache Controller is a high periormance 
32-bit peripheral for Intel's 80386 microprocessor. 
This chapter provides an overview of the 82385, and 
of the basic architecture and operation of an 80388/ 
82385 system. 

1.1 	 82385 OVERVIEW 

The main function of a cache memory system is to 
provide fast local storage for frequently accessed 
code and data. The cache system intercepts 80386 
memory references to see if the required data re
sides in the cache. If the data reSides in the cache (a 
hit), it is returned to the 80386 without incurring wait 
states. If the data is not cached (a miss), the refer
ence is forwarded to the system and the data re
trieved from main memory. An efficient cache will 
yield a high "hit rate" (the ratio of cache hits to total 
80386 accesses), such that the majority of accesses 
are serviced with ze.o wait states. The net effect is 
that the wait states incurred in a relatively infrequent 
miss are averaged over a large number of accesses, 
resulting in an average of nearly zero wait states per 
access. Since cache hits are serviced locally, a 
processor operating out of its local cache has a 
much lower "bus utilization" which reduces system 
bus bandwidth requirements, making more band
width available to other bus masters. 

The 82385 Cache Controller integrates a cache di
rectory and all cache management logic required to 
support an external 32 Kbyte cache. The cache di

80311 

0 

Ii 
~ 

~ 8 

rectory structure is su(;h that the entire physical ad
dress range of the 80386 (4 Gigabytes) is mapped 
into the cache. Provision is made to allow areas of 
memory to be set aside a non-cacheable. The user 
has two cache organization options: direct mapped 
and 2-way set associative. Both provide the high hit 
rates necessary to make a large, relatively slow 
main memory array look like a fast, zero wait state 
memory to the 80388. 

A good hit rate is an essential ingredient of a suc
cessful cache implementation. Hit rate is the mea
sure of how efficient a cache is in maintaining a copy 
of the most frequently requested code and data. 
However, efficiency is not the only factor for per
formance consideration. Just as essential are sound 
cache management policies. These policies refer to 
the handling of 80386 writes, preservation of cache 
coherency, and ease of system design. The 82385's 
"posted write" capability allows the majority of 
80386 writes, including non-cacheable and I/O 
writes, to run with zero wait states, and the 82385's 
"bus watching" mechanism preserves cache coher
ency with no impact on system performance. Physi
cally, the 82385 ties directly to the 80386 with virtu
ally no external logic., 

1.2 	SYSTEM OVERVIEW I: BUS 
STRUCTURE 

A good grasp of the bus structure of an 803861 
82385 system is essential in understanding both the 
82385 and its role in an 80386 system. The following 
is a description of this structure. 

I'" ~ 80386
! 	 LOC.... L BUS co.. 

-.-l 

SYSl"EW BUS 

h 
SYSn:w 

SYSTEII I/O..[WORY 

290143-2 

Figure 1-1,80386 System Bus Structure 
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1.2.1 80386 Local Bus/82385 Local 1.2.2 Bus Arbitration 
Bus/System .Bus 

Figure 1-1 depicts the bus structure of a typical 
80386 system. The "80386 Local Bus" consists of 
the physical 80386 address, data, and control bus
ses. The local address and data busses are buffered 
and/or latched to become the "system" address 
and data busses. The local control bus is decoded 
by bus control logic to generate the various system 
bus read and write commands. 

The addition of an 82385 Cache Controller causes a 
separation of the 80386 bus into two distinct busses: 
the actual 80386 local bus and the "82385 Local 
Bus" (Figure 1-2). The 82385 local bus is designed 
to look like the front end of an 80386 by providing 
82385 local bus equivalen~ to all appropriate 80386 
signals. The system ties to this "80386-like" front 
end just as it would to an actual 80386. The 80386 
simply sees a fast system bus, and the system sees 
an 80386 front end with low bus bandwidth require
ments. The cache subsystem is transparent to bOth. 
Note that the 82385 local bus is not simply a buff
ered version of the 80386 bus, but rather is distinct 
from, and able to operate in parallel with the 80386 
bus. Other masters residing on either the 82385 lo
cal bus or system bus are free to manage system 
resources while the 80386 operates out of its cache. 

The 82385 presents the "80386-like" interface 
which is called the 82385 local bus. Whereas the 
60386 provides a Hold Request/Hold Acknowledge 
bus arbitration mechanism via its HOLD and HLDA 
pins, the 82385 provides an equivalent mechanism 
via its BHOLD and BHLDA pins. (These signals are 
described in section 3.7.) When another master re
quests the 82385 local bus, it issues the request to 
the 82385 via BHOLD. Typically, at the end of the 
current 82385 local bus cycle, the 82385 will release 
the 82385 local bus and acknowledge the request 
via BHlDA. The 80386 is of course free to continue 
operating on the 80386 local bus while another mas
ter owns the 82385 local bus. 

1.2.3 Master/Slave Operation 

The above 82385 local" bus arbitration discussion is 
strictly true only when the 82385 is programmed for 
"Master" mode operation. The user can, however, 
configure the 82385 for "Slave" mode operation. 
(Programming is done via a hardware strap option.) 
The roles of BHOlD and BHlDA are reversed for an 
82385 in slave mode; BHOlD is now an output indi
cating a request to control the bus, and BHlDA is an 
input indicating that a request has been granted. An 
82385 programmed in slave mode drives the 82385 
local bus only when it has requested and subse
quently been granted bus control. This allows multi
ple 80386/82385 subsystems to reside on the same 
82385 local bus (FIgUre 1-3). 

110386 

...-....._ ......-+~....i1 
1103118 

LOCAl BUs 

4
823115 

lOCAL IUS 

~ 

290143-3 

FIgure 1-2. 80386/82385 Syatem Bua Structure 
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----~------...------------------------

,,, 
....." ,........ _-_ ..... _--

SYSTEM BUS 

290143-4 

Figure 1·3. Multl-Maater/Multl·Cache Environment 

1.2.4 Cache Coherency 

Ideally, a cache contains a copy of the most heavily 
used portions of main memory. To maintain cache 
"coherency" is to make sure that this local copy is 
identical to main memory. In a system where multi
ple masters can access the same memory, there is 
always a risk that one master will alter the contents 
of a memory location that is duplicated in the local 
cache of another master. (The cache is said to con
tain "stale" data.) One rather restrictive solution is to 
not allow cache subsystems to cache shared memo
ry. Another simple solution is to flush the cache any· 
time another master writes to system memory. How
ever, this can seriously degrede system perform
ance as excessive cache flushing will reduce the hit 

SNOOP BUS 
-SYSTDI ADDRESS 8US 
-WRn'£ CYClE tNDlCATOR 

rate of what may otherwise be a highly efficient 
cache. 

The 82385 preserves cache coherency via "bus 
watching" (also called snooping), a technique that 
neither impacts performance nor restricts mamory 
mapping. An 82385 that is not currently bus master 
monitors system bus cycles, and when a write cycle 
by another master is detected (a snoop), the system 
address is sampled and used to see if the refer
enced location is duplicated in the cache. If so (a 
snoop hit), the corresponding cache entry is invali
dated, which will force the 80386 to fetch the up-ta
date data from main memory the next time it access
es this modified location. Figure 1-4 depicts the gen· 
eral form of bus watching. 

..-+--.}~~ BUS 

290143-5 

Figure 1-4. 8238J Bue Watchlng-Monltor Syetem B.ue Write Cycl.. 
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.. H G D e A 
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o 0 0 0 000 000 o o 0 o 
vee HAl READYOI A30 A28 A26 A20 A16 A13 Al0 AS A4 A2 SA3 

000 000 
VSS CALEH LDSTB SA4 SAS SA7. 

000 000 
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IIREAOY, 

o 
SSTBf 

o 
9El, 

o 0 
X16, LOCK, 
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FIGure "1. 8238& PGA Pinout-VIew from TOP Side 
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82062 

WINCHESTER DISK CONTROLLER 


• 	Controls SA1000{ST5061nterface 
Winchester Drives 

• 	 5 MBit/Sec Transfer Rate 

• 	 128,256,512, and 1024 ~yte Sector 
Lengths 

• 	Six High-Level Commands: Restore, 
Seek, Read Sector, Write Sector, Scan 
10, and Write Format 

• 	Multiple Sector Transfer Capability 

• 	 Implied Seek With Read/Write 
Commands 

• 	7 Byte Sector Length Extension For 
External Error Correction Code 

• 	Single +5 Volt Power Supply 

The 82062 Winchester Disk Controller chip interfaces microprocessor systems to Winchester disks that use tile 
Shugart Associates SA1000 or Seagate Technology ST506 interface. Examples include Seagate ST506 and 
ST512, Shugart SA1000, SA1100, and SA600, Tandon 600, Texas Instruments 506, RMS 500, and Quantum 
Q2000, The device translates parallel data from the microprocessor to a 5 mbit/sec, MFM-encoded serial bit 
stream, It provides all the drive control logic and, in addition, control signals which Sll)'lplify the design of an exter
nal phase locked loop and write precompensation circuitry. The 82062 is designed to interface to thE! host control
ler through an external sector buffer. 

TASK, STATUS, DATA 
REGISTERS iCiDATA 

aus 
OUF1'ER 

0EiEf-----, 

INTIIO ..., 
Ro 
Wii 
co 

BROV 

Bel BUFFER 
cONTROL 

BORQ 

OCR 

VCC-----' 

Vss-

Figure 1. 82062 Internal Block Diagl'1lm 

OCR 
INTRa 

WA DATA 
>K: 

EARLY RESET 
LATE Ro 
Rwe Wii 
WRClOCK co .. 
RD DATA '1 
RD GATE " 
DR... DII7 

ROCLOCK DOt 
oes 
DO, 

WR GATE 
DB, 

STEP 
DO,

0" DB, 

DRDV .... 
V.. 

WRFAULT 

TRACK 000 

tHD£. 

sc 

Figure 2. 

Vee 
RD CLOCK 

AO GATE 

RD OATA 

IIOfIQ 

BRDV 

DR... 

Rwe 
sc 
TRACK 000 

WA FAULT 

INDEX 

DRDV 

STEP 

DIA 

WR CLOCK 

W. GATE 

EARlY 

LATE 

WRDATA 

Pin Configul'1Ition 

.... Inlel Corpor1l11Qn assumes no responslDillty 'Of U~ of an,. c ~CUItry oe.r ttI.n cKeuiIry emt.:':t~ in an IMeI proouct No 0Ihef ClrCUtt palenillcenses .... implied. 

OINTELCOAPOAATION 1982 OIIDfA NUMBER: flD ......' 
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82062 

FUNCTIONAL DESCRIPTION 

The 82062 Winchester Disk Controller integrates 
much of the logic needed to implement Winchester 
disk controller subsystems. It provides MFM-en
coded data and all the control lines required by hard 
disks using the Seagate Technology ST506 or Shu
gart Associates SA 1000 interface standard. Current
Iy, most 5-1/4 inch and many 8 inch Winchester drives 
use this interface. 

Due to the higher data rates required by these 
drives-1 byte every 1.6 usee-the 82062 is designed 
to interface with the host CPU or I/O controller 
through an external buffer RAM. The 82062 WDC has 
four pins that minimize the logic required to design a 
buffer interface. 

Figure 3 shows a block diagram of an 82062 subsys
tem. The WDC is controlled by the host CPU through 
six commands: 

Restore 
Seek 
Read Sector 
Write Sector 
Scan ID 
Write Format 

These commands use information stored by six task 
registers. Command execution starts immediately 

~----------------------~~Q 
~----------------------~I~Q 

after the command register is loaded-therefore 
commands require only one byte from the CPU after 
the WDC has been initialized. 

The 82062 adds all the required track formatting to the 
data field, including two bytes of CRC. OptiQnally, 
these two bytes can be replaced by seven bytes of 
ECC information for external error correction 

PROCESSOR INTERFACE 
Figure 4 shows one possible hardware interface be
tween the WDC and the host CPU or I/O controller. 
For initializing the 82062, the host uses the standard 
peripheral interface lines: RO, WR, CS, and Ao.2' For 
read and write cycles, the host and the WDC ex
change data through an external RAM buffer. The 
WDC has four pins, BCR, BCS, BRDY, and BDRQ, 
that facilitate the design of the buffer interface. 

The processor starts disk operations by initializing 
the WDC. It first writes the appropriate parameters 
into the task register file. The task information in
cludes the drive number, cylinder, head, and sector 
numbers, sector size, number of sectors to be trans
ferred, and the track number for write precompensa
tion to start. After the task information, the command 
is written to the command register. See the 82062 
Register-CPU Interface section for more details. 

i'ARLi. LATEAwe ""=======:::;-l.... 

82062 
woe 

10 MHZ
1--------+1 os 

DRIVE CONTROL1C===:::J~~l!i!L===~ ...., 

Figure 3. System Block Diagram 
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82064 

CHMOS WINCHESTER DISK CONTROLLER 


WITH ON-CHIP ERROR DETECTION AND CORRECTION 


• Controls ST506/ST412 Interface • Low Power CHMOS III 
Winchester Disk Drives • On-Chlp ECC Unit Automatically 

• 5 Mbltlsec Data Transfer.Rate Corrects Errors 

• Compatible with All Intel and Most • 5 or 11-Blt Correctlon-Span Software 
Other Microprocessors Selectable 

• High Speed Operation 	 • Implied Seeks with Reed/Write 
-	 "Zero Walt State" Operation with Commands 

8 MHz 80286 and 10 MHz 80186/188 • Multiple Sector Trensfer Capability 
-	 "One Walt State" Operation with • 128, 256, 512 and 1024 Byte Sector 

10 MHz 80286 Lengths• Eight High-Level Commands: Restore, • Available In 4G-Lead Ceramic Dual In-
Seek, Read Sector, Write Sector, Scan Line, 4G-Lead Plastic Dual In-Line, and 
10, Write Format, Compute Correction, 44-Lead Plastic Chip Carrier Package. 
Set Parameter 

(See Pact<agIng Spec., Order "231389) 

The 82064 Winchester Disk Controller (WDC) with on-chip error detection and correction circuitry interfaces 
microprocessor systems to sy. Winchester disk drives, The 82064 is a CHMOS version of the Western 
Digital WD2010. It is an upgrade to the Western Digital WD1010A-OS Winchester Disk Controller, and includes 
on-chip ECC, support for driVes with up to 2k trscks, and has an additional control signal which eliminates an 
external decoder. 

The 82064 is fabricated on Intel's advanced CHMOS III technology and is available in 40-lead CERDIP, pl~ 
DIP, and 44-lead plastic leaded chip carrier packages. . 
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82064 

Table 1. Pin Description 

Symbol 
Pin No. 

Type Name and Function 
DIP PLCC 

tiCS 1 1 0 BUFFER CHIP SELECT: Output used to enable reading or 
writing of the external sector buffer by the 82064. When low. 
the host should not be able to drive the 82064 data bus, R!5, 
orWR lines. 

BCR 2 2 0 BUFFER COUNTER RESET: Outpu1 that is asserted by the 
82064 prior to read/write operation. This pin is asserted 
whenever BCS changes state. Used to reset the address 
counter of the buffer memory. 

INTRQ 3 3 0 INTERRUPT REQUEST: Interrupt generated by the 82064 
upon command termination. It is reset w.hen the STATUS 
register is read, or a new command is written to the 
COMMAND register. Optionally signifies when a data transfer 
is required on Read Sector commands. 

~ 4 4 0 Si5RIE is asserted when the SOH register is written by the 
host. 

~ 5 7 I RESET; Initializes the controller and clears all status flags. 
Does not clear the Task Register File. 

1m 6 8 I/O READ: Tri-state, bi-directional signal. As an input. R!5 controls 
the transfer of information from the 82064 registers to the 
host. RD is an ~ut when the 82064 is reading data from the 
sector buffer (BGS low). 

WR 7 9 I/O WRITE; Tri-state. bi-directional signal. As an input. WR 
controls the transfer of command or task information into the 
82064 registers. WR is a~ut when the 82064 is writing 
data to the sector buffer (BCS low). 

~ 8 10 I CHIP SELECT; Enables RO and WR as inputs for access to 
the Task Registers. It has no effect once a disk command 
starts. 

Ao-2 9-11 11-13 I ADDRESS: Used to select a register. from the task register 
file. 

OBO_7 12-19 14-16 I/O DATA BUS: Tri-state, bi-directional 8-bit Data Bus with control 
18-22 determined by BGS. When BCS is high the microprocessor 

has full control of the data bus for reading and writing the Task 
Register File. When BCS is low the 82064 controls the data 
bus to transfer to or from the buffer. ' 

Vss 20 23 Ground 

WR DATA 21 24 0 WRITE DATA: Output that shifts out MFM data at a rate 
determined by Write Clock. Requires an external 0 flip-flop 
clocked at 10 MHz. The outpu1 has an active pullup and 
pulldown that can sink 4.8 mAo 

~ 22 25 0 LATE; Output used to derive a delay value for write 
precompensalion. Valid when WR GATE is high. Active on all 
cylinders. 

'EARLY 23 26 0 EARLY: Output used to derive a delay value for write 
precompensation. Valid when WR GATE is high. Active on all 
cylinders_ 
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82716/VSDD 

VIDEO STORAGE AND DISPLAY DEVICE 


• Low Coat Graphics and Text Capability • Objects Allow Windowing or Animation 

• Minimum Chip Count Display Controller • Resolution Up to 640 x 512 Pixels 

• Dlaplays Up to 16 BIt Map and • Up to 512K Bytes of Display Memory 
Character Objects of Any SIze • Compatible with 6 and 16 Bit

• On-Chlp 16/4096 Color Palette Processors/Micro Controllers 

• On-Chlp DRAM Controller • Twin Mode Operation for Hlghe, 
Throughput• On-Chlp 0/A Converters 

• Arbitration of Processor RAM Requests • Powerful External Sync and Overlay 
Capabilities

• NAPLPS and CEPT Compatible 

82716IVSDD is a low cost, highly integrated video controller. It displays graphics and textual information using 
a minimum of chips. It allows the management of up to 16 display objects on the screen at anyone time. 
These objects may be formatted as bit map or character arrays and can be used for windowing or animation. 

An on-Chip color palette allows the selection of up to 16 colors, from a range of 4096. The palette can be 
programmed to drive a set of on-chip DIA converters. The VSDD also provides DRAM controller functions. 

DH,DL ADDR 
CASH, 

XTALIN 

XTALOUT 

R 

G PIXEL 
B UNIT 

OVR 

TASK 
SCHEDULER 

CTO 

VREf 

RST 

AD 
231880-1 

Figure .1. VSOD Block DIagram 
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82716/VSDD 

GENERAL DESCRIPTION FUNCTIONAL DESCRIPT!l)N 

The 82716IVSDD is a low cost, highly integrated Bus Interface Unit (BIU): BIU is the interface be

VLSI CRT controller offering advanced display capa tween the CPU and the VSDD. CPU accesses the 

bilities for Videotex and color graphics displays. Its DRAM through the BIU. 

internal architecture allows it to be connected to any 

Intel compatible processor. The screen image is Memory Interface Unit (MIU): It is the interface be

constructed from various user-specified objects re tween the VSDD and the DRAM. MIU generates the 

siding in the VSDD memory (mapped into the proc control signals and the row and column addresses 

essor's address space). Pixels are taken directly for DRAM. 

from the memory for display on the screen. Charac

ters are constructed employing user-defined RAM TIming Unit: It consists of oscillator and clock gen

based character generators. The VSDD takes the erators. The Video and internal clocks are generated 

object data from its memory, buffers it, and runs it by timing unit. 

through a color palette and 0 I A converters to pro

duce a video signal. The VSDD also supports over Sync Generator: The sync generator controls the 

lapped objects and transparent pixels. horizontal and vertica.1 timings for raster generation 


(HSYNC and VSYNC). 
In conjunction with appropriate software, the VSDD 
can be compatible with such video standards as Pixel Unit: The pixel unit contains pixel formatting 
NAPLPS, CEPT or custom configurations. Its multi unit as well as scan line buffers in which display in
window features and resolution make the VSDD formation is placed for each scan line. It also con
ideal for: tains the color lookup table (color palette) and 0/A 

converters (DACs). DACs convert the digital color • 	 Home Information Systems, TV's, VCR"s, Games 

and Home Computers 
 specifications to analog RGB signals for the monitor. 

• 	 Alphanumeric Color/Monochrome Terminals Tssk Scheduler: This unit is the control circuit of the 
• 	 Real-TIme Process Control Monitoring Equip VSDD. It provides the control signals for internal log

ment ic. 

• Videotex Terminals 	of the Alphageometric, Al

phanumeric and Alphaphotographic Type 
 Addr... Computing Unit: It computes the DRAM 

addresses. 
• 	 Automotive Displays 

• 	 Medical Electronics 

Figure 1 shows the block diagram of the VSDD. 

AllOR/DATA R, G, B, SYNC 0SlSTEIot 82716 
CRTCPU vsoo 

CONTROl: ii, DATA 
8051 

80.. 

8088 RD, ALE. BHE AOOR 

80188 
80288 ROY 

RAS, CAS, WE 

231680-2 

figure 2. Simple System COnfiguration 
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82720 
GRAPHICS DISPLAY CONTROLLER 

• 	 High-Performance Graphics for • Extremely Flexible Programmable 
Siggraph Core-, N.A.P.L.P.S.- and ANSI Screen Display, Blanking and Sync 
VOl-Compatible or Custom Systems Formats 

• 	 Displays Low-ta-High Resolution • Compatible with Intel's MCS®·S1 and 
Images iAPX 88/86/186 Microprocessor Families 

• 	 Draws Characters, Points, Lines, Arcs • High-Level Commands Off Load the 
and Rectangles 	 Master Processor from Bit MilP 


Loading and Screen Refresh Tasks 
• 	Supports Monochrome, Greyscale or 
Color Displays • Supports Graphics, Character, and 

Mixed Display Modes 

1/2-Mbyte Display Memory 


• Zooms, Pans and Windows Through a 

FUNCTIONAL DESCRIPTION 

The 82720 Graphics Oisplay Controller (GOG) is an intelligent microprocessor peripheral designed to drive 
high-performance raster-scan computer graphics and character CRT displays. Positioned between the video 
display memory and an Intel microprocessor bus, the GOC performs the tasks needed to generate the raster 
display and manage the display memory. Processor software overhead is minimized by the GOC's sophisticated 
instruction set, graphics figure drawing, and OMA transfer capabilities. The display memory supported by the 
GOC can be configured in any number of formats and sizes up to 256K 16-bit words. The display can be zoomed 
while partitioned screen areas can be independently scrolled and panned. With its light pen input and multiple 
controller capability, the GOC is ideal for most computer graphics applications. Systems implemented with the 
GOC can be designed to be compatible with standards such as Siggraph Core, N.A.P.L.P.S.. and ANSI VOl or 
custom implementations. 

ii_StAUj, , 35 ,,0-1) 

H "0-12 
DACK : , 

JiiO ' 9 12 . A0-10 

WR 10 12720 31 . AD-9 

AD" 30: 

'00 ' 

08-(1 '2 
OB·l 13 21 . A0-6 

08-2' .. U j AD-5 

" 
DIU 11 

D8-6. Ie 13 .110.1 

08·1 '9 22 J Ao-O 

aND 20 

Figure 1. Block Diagram Figure 2. Pin Configuration 

Intel Corporation Assumed No Rnponstbllily for the Use Of Any CirCUitry Other Than C,ra.lltry Embodied In an Intel Product No Other CirCUli Patent LICenses are Implied. 

@INTELCORPORATION 1982 NOVEMBER 1882 
ORDER NUMBER: 2101M-01)1
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82786 CHMOS GRAPHICS COPROCESSOR 


• High Performance Graphics • Hardware Windows 

• Fast Polygon and Line Drawing • Fast Bit-Block Copies Between System 
and Bitmap Memories • High Speed Character Drawing 

• Third-Party Software Support • Advanced DRAM/VRAM Controller for 
Graphics Memory up to 4 Mbytes • Multi-tasking Support 

• Supports up to 200 MHz CRTs • Provides Support for Rapid Filling with 
-	 up to 640 by 480 by 8 Bits (DRAMs) Patterns 


or 1400 by 1400 by 1 Bit (DRAMs) • Programmable Video Timing 

or 2048 by 2048 by 8 Bits (VRAMs) 


• Advanced CHMOS Technology 
Up to 256 Simultaneous Colors • 	 • Supports Dual Port Video DRAMs &• Integral DRAM/VRAM Controller, Shift Sequential Access DRAMs 
Registers and DMA Channel 

• 	88 Pin Grid Array and Leadless Chip • International Character Support Carrier

• Interface Designed for Device- (See Intel Packaging; Order Number: 231369) 

Independent Standards 

The 82786 is a powertul, yet simple component designed for microcomputer graphics applications including 
personal computers, engineering workstations, terminals, and laser printers. Its advanced software intertace 
makes applications and systems level programming efficient and straight-forward. Its pertormance and high-in
tegration make it a cost-effective compoRent while improving the pertormance of nearly any design. Hardware 
windows provide instantaneous changes of display contents and support multiple graphics applications from 
multiple graphics bitmaps. Applications programs written for the IBM Personal Computer can be run within one 
or more windows of the display when used with Intel CPUs. 

The 82786 works with all Intel microprocessors, and is a high-pertormance replacement for sub-systems and 
boards which have traditionally used discrete components and/or software for graphics functions. The 82786 
requires minimal support circuitry for most system configurations, and thus reduces the cost and board space 
requirements of many applications. The 82786 is based on Intel's advanced CHMOS III process. 
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i486TM MICROPROCESSOR 

• Binary Compatible with Large • High Performance Design 
Software Base 

- MS-DOS·, OS/2··, Windows 

-UNIX··· System V/386 

-IRMX®, IRMKTM Kernels 


• 	 High Integration Enables On-Chip 
- 8 Kbyte Code and Data Cache 
- Floating Point Unit 
- Paged, Virtual Memory Management 

• 	 Easy To Use 
- Built-In Self Test 
- Hardware Debugging Support 
-Intel Software Support 
-	 Extensive Third Party Software 

Support 

- Frequent Instructions Execute In One 
Clock 

- 25 MHz and 33 MHz Clock 
Frequencies 

-106 Mbyte/Sec Burst Bus 
-	 CHMOS IV Process Technology 

• 	 Complete 32-Blt Architecture 
- Address and Data BU88es 
-Registers 

• 	 Multiprocessor Support 
- Multlproce88or Instructions 
- Cache Consistency Protocols 
- Support for Second Level Cache 

The i486™ CPU offers the highest performance for DOS, OS/2, Windows and UNIX System V/386 applica
tions. It is 100% binary compatible with the 386TM CPU. One million transistors integrate cache memory, 
floating point hardware and memory management on-chip while retaining binary compatibility with previous 
members of the 86 architectural family. Frequently used instructions execute in one cycle resulting in RISC 
performance levels. An 8 Kbyte unified code and data cache combined with a 106 MbytelSec burst bus at 
33.3 MHz ensure high system throughput even with inexpensive DRAMs. 

New features enhanca multiprocessing systems. New instructions speed manipulation of memory based sem
aphores. On-chip hardware ensures cache consistency and provides hooks for multilevel caches. 

The built in self test extensively tests on-chip logic, cache memory and the on-chip paging translation cache. 
Debug features include breakpoint traps on code execution and data accesses. 

1486T11 Microprocessor Plpellned 32-81t Mlcroarchltecture 
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'"UNIX''' is a Irademar!< of AT&T. 
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1486™ MICROPROCESSOR 
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1486TM MICROPROCESSOR 

QUICK PIN REFERENCE 

What follows is a brief pin description For detailed signal descriptions refer to Section 6 

Symbol Type 	 Name and Function 

ClK I 	 Clock provides the fundamental timing and the internal operating frequency for the 486 
microprocessor. All external timing parameters are specified with respect to the rising 
edge of ClK. 

ADDRESS BUS 

A31-A4 I/O 	 A31-A2 are the address lines of the microprocessor. A31-A2 together with the byte 
A2-A3 0 	 enables, BEO II - BE3 II, define the physical area of memory or input!output space 

accessed. Address lines A31-A4 are used to drive addresses into the microprocessor to 
perform cache line invalidations. Input signals must meet setup and hold times t22 and 
t23· A31-A2 are active HIGH and are not driven during bus or address hold. 

BE311 0 The byte enable Signals indicate active bytes during read and write cycles. During the 

BE211 0 first cycle of a cache fill, the external system should assume that all byte enables are 

BElli 0 active. BE3# applies to 024-031, BE211 applies to 016-023, BEl # applies to 08
BEOII 0 015 and BEOil' applies to 00-07. BEO;!' -BE311 are active lOW and are not driven 


during bus hold. 

DATA BUS 

031-00 I/O 	 These are the data lines for the 486 microprocessor. lines 00-07 define the least 
significant byte of the data bus while lines 024-031 define the most significant byte of 
the data bus. These signals must meet setup and hold times t22 and t23 for proper 
operation on reads. These pins are active HIGH and are driven during the second and 
subsequent clocks of write cycles. 

DATA PARITY 

oPO-oP3 I/O 	 There is one data parity pin for each byte of the data bus. Data parity is generated on all 
write data cycles with the same timing as the data driven by the 486 microprocessor. 
Even parity information must be driven back into the microprocessor on the data parity 
pins with the same timing as read information to insure that the correct parity check 
status is indicated by the 486 microprocessor. The signals read on these pins do not 
affect program execution. 
Input signals must meet setup and hold times t22 and t23' OPO-OP3 should be 
connected to Vee through a pullup resistor in systems which do not use parity. OPO-OP3 
are active HIGH and are driven during the second and subsequent Clocks of write cycles. 

PCHK# 0 	 Parity Status is driven on the PCHK # pin the clock after ready for read operations. The 
parity status is for data sampled at the end of the previous clock. A parity error is 
indicated by PCHK# being lOW. Parity status is only checked for enabled bytes as 
indicated by the byte enable and bus size signals. PCHK # is valid only in the clock 
immediately after read data is returned to the microprocessor. At all other times PCHK # 
is inactive (HIGH). PCHK # is never floated. 

BUS CYCLE DEFINITION 

MIIO# 0 The memory/input-output, data/control and write/read lines are the primary bus 

o/C# 0 ~~on Signals. These signals are driven valid as the ADS # signal is asserted. 

W/R# 0 
 MilO # D/C# W/R# Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Halt/Special Cycle 
0 1 0 I/O Read 
0 1 1 I/O Write 
1 0 0 Code Read 
1 0 1 ReS9t'led 
1 1 0 Memo<y Read 
1 1 1 Merro-y Write 

The bus definition signals are no: (Jriven during bus hold and follow the timing of the 
address bus. Refer to Section 72 '1 for a description of the speciaf bus cycles. 
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1486TM MICROPROCESSOR 

QUICK PIN REFERENCE (Continued) 

Symbol Type 	 Name and Function I 
BUS CYCLE DEFINITION (Continued) 

LOCK'" a 	 The bus lock pin indicates that the current bus cycle is locked. The 486 microprocessor 
will not allow a bus hold when LOCK # is asserted (but address holds are allowed). 
LOCK'" goes active in the first clock of the first locked bus cycle and goes inactive after 
the last ctock of the last locked bus cycle. The last locked cycle ends when ready is 
returned. LOCK'" is active LOW and is not driven during bus hold. Locked read cycles 
will not be transformed into cache fill cycles if KEN is returned active. 

PLOCK'" a 	 The pseudo-lock pin indicates that the current bus transaction requires more than one 

bus cycle to complete. Examples of such operations are floating point long reads and 

writes (64 bits), segment table descriptor reads (64 bits), in addition to cache line fills 

(128 bits). The 486 microprocessor will drive PLOCK'" active until the addressas for the 

last bus cycle of the transaction have been driven regardless of whether ROY'" or 

BROY'" have been returned. 

Normally PLOCK I' and BLAST # are inverse of each other. However during the first bus 
cycle of a 64·bit floating point write, both PLOCK # and BLAST # will be asserted. 
PLOCK /I IS a function of the BS8#. BS16# and KEN'" inputs. PLOCK # should be

I I 
I sampled only in the clock ready is returned. PLOCK'" is active LOW and is not driven 

during bus hold. i 
BUS CONTROL 

ADS'" a 	 The address status output indicates that a valid bus cycle definition and address are 
available on the cycle definition lines and address bus. ADS'" is driven active in the same 
clock as the addresses are driven. ADS # is active LOW and is not driven during bus hold. 

RDYJIf I 	 The non·burst ready input indicates that the current bus cycle is complete. RDY", 
indicates that the external system has presented valid data on the data pins in response 
to a read or that the external system has accepted data from the 486 microprocessor in 
response to a write. ROY'" is ignored when the bus is idle and at the end of the first clock 
of the bus cycle. 
ROY 1/ IS active during address hOld. Data can be returned to the processor while AHOLD 

is active. 

RDY 1/ is active LOW, and is not provided with an internal pullup resistor. RDY '" must 

satisfy setup and hold times t'6 and t'7 for proper chip operation. 


BURST CONTROL 

BRDY/I I 	 The burst ready input performs the same function during a burst cycle that RDY '" 

performs during a non-burst cycle. BRDY '" indicates that the external system has 

presented valid data in response to a read or that the external system has accepted data 

in response to a write. BROY /I is ignored when the bus is idle and at the end of the first 

clock in a bus cycle. 

BRDY /I is sampled in the second and subsequent clocks of a burst cycle. The data 
presented on the data bus will be strobed into the microprocessor when BROY'" is 

II I 	 sampled active. If RDY '" is returned simultaneously with BRDY #, BRDY'" is ignored and 
the burst cycle is prematurely aborted. 
BRDY /I is active LOW and is provided with a small pullup resistor. BRDY /I must satisfy 
the setup and hold times t'6 and t'7. 

IBLAST ;- "Of-The burst las/ Signal Indicates that the next time BRDY '" is returned the burst bus cycle isl complete. BLAST 1/ is active for both burst and non·burst bus cycles. BLAST'" is active 
LOW and is not drivon during bus hold . 

.... _---'------- 
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1486™ MICAOPROCESSOR 

QUICK PIN REFERENCE (Continued) 

Symbol Type 	 Name and Function 

INTERRUPTS 

RESET I 	 The reset input forces the 486 microprocessor to begin execution at a known state. The 
microprocessor cannot begin execution of instructions until at least 1 ms aiter Vee and 
CLK have reached their proper DC and AC specifications. The RESET pin should remain 
active during this time to insure proper microprocessor operation. RESET IS active HIGH. 
RESET is asynchronous but must meet setup and hold times t20 and t21 for recognition in 
any specific clock. 

INTR I 	 The maskabie interrupt indicates that an external Interrupt has been generated. If the 

internal interrupt flag is set in EFLAGS. active interrupt processing will be Initiated. The 

486 microprocessor will generate two locked interrupt acknowledge bus cycles in 

response to the INTR pin going active. INTR must remain active until the Interrupt 

acknowledges have been pertormed to assure that the interrupt is recognized. 

INTR is active HIGH and is not provided with an internal pulldown resistor. INTR is 

asynchronous. but must meet setup and hold times t20 and t21 for recognition in any 

specific clock. 


NMI I 	 The non-maskable interrupt request signal indicates that an external non-maskable 

interrupt has been generated. NMI is rising edge sensitive. NMI must be held LOW for at 

least four CLK periods before this rising edge. NMI is not provided with an internal 

pulldown resistor. NMI is asynchronous. but must meet setup and hold times t20 and t21 

for recognition in any specific clock. 


BUS ARBITRATION 

BREG 0 	 The internal cycle pending signal indicates that the 486 microprocessor has internally 

generated a bus request. BREG is generated whether or not the 486 microprocessor is 

driving the bus. BREG is active HIGH and is never floated. 


HOLD I 	 The bus hold request allows another bus master complete control of the 486 
microprocessor bus. In response to HOLD going active the 486 microprocessor will float 
most of its output and input/output pins. HLDA will be asserted aiter completing the 
current bus cycle. burst cycle or sequence of locked cycles. The 486 microprocessor will 
remain in this state until HOLD is deasserted. HOLD is active high and is not provided with 
an internal pulldown resistor. HOLD must satisfy setup and hold times t18 and t19 for 
proper operation. 

HLDA 0 	 Hold acknowledge goes active in response to a hold request presented on the HOLD pin. 
HLDA indicates that the 486 microprocessor has given the bus to another local bus 
master. HLDA is driven active in the same clock that the 486 microprocessor floats its 
bus. HLDA is driven inactive when leaving bus hold. HLDA is active HIGH and remains 
driven during bus hold. 

BOFF# I 	 The backoff input forces the 486 microprocessor to float its bus in the next clock. The 
microprocessor will float all pins normally floated during bus hold but H LDA will not be 
asserted in response to BOFF #. BOFF # has higher priority than RDY # or BRDY #; if 
both are returned in the same clock. BOFF # takes effect. The microprocessor remains in 
bus hold until BOFF # is negated. If a bus cycle was In progress when BOFF # was 
asserted the cycte wifl be restarted. BOFF # is active LOW and must meet setup and hold 
times t18 and t19 for proper operation. 

CACHE INVALIDATION 

AHOLD I 	 The address hold request allows another bus master access to the 486 microprocessor's 
address bus for a cache invalidation cycle. The 486 microprocessor will stop driving its 
address bus in the clock following AHOLD going active. Only the address bus will be 
floated during address hold. the remainder of the bus will remain active. AHOLD is active 
HIGH and is provided with a small internal pulldown resistor. For proper operation AHOLD 
must meet setup and hold times t18 and t19. 

---- - _." _.. -------" 
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QUICK PIN RE~ERENCE (Continued) 

Symbol Type 	 Name and Function 

CACHE INVALIDATION (ContInued) 

EADS I 	 ThIs signal indicates that a valid external address has been driven onto the 486 
microprocessor address pins. This address will be used to perform an internal cache 
invalidation cycle. EADS# is active LOW and is provided with an internal pullup resistor. 
EADS II must satIsfy setup and hold times t12 and t13 for proper operation. 

CACHE CONTROL 

KEN# I 	 The cache enable pin is used to determine whether the current cycle is cacheable. When 
the 486 microprocessor generates a cycle that can be cached and KEN # is active, the 
cycle will become a cache line fill cycle. Returning KEN # active one clock before ready 
during the last read in the cache line fill will cause the line to be placed in the on-chip 
cache. KEN # is active LOW and is provided with a small internal pullup resistor. KEN II 
must satisfy setup and hold times t14 and t15 for proper operation. 

FLUSH# I 	 The cache flush input forces the 486 microprocessor to flush its entire internal cache. 

FLUSH# is active low and need only be asserted for one clock. FLUSH II is 

asynchronous but setup and hold times t20 and t21 must be met for recognition in any 

specific clock. 


PAGE CACHEABILITY 

PWT a 	 The page write-through and page cache disable pins reflect the slate of the page 
PCD a 	 attnbute bits, PWT and PCD, in the page table entry or page directory entry. If paging is 

disabled or for cycles that are not paged, PWT and PCD reflect the state of the PWT and 
PCD bits in control register 3. PWT and PCD have the same timing as the cycle definition 
pins (MilO II. D/e# and W IR #). PWT and PCD are active HIGH and are not driven 
during bus hold. !'CD is masked by the cache enable bit (CE) in Control Register O. 

NUMERIC ERROR REPORTING 

FERR# a 	 The floating pOint error pin is driven active when a floating point error occurs. FERR # is 
similar to the ERROR # pin on the 387™ math coprocessor. FERR II is included for 
compatibility with systems using DOS type floating poInt error reporting. FERR II is active 
LOW, and is not floated during bus hold. 

IGNNE# I 	 When the ignore numeric error pin is asserted the 486 microprocessor will ignore a 
numeric error and continue executing non-control floating point instructions. When 
IGNNE # is deasserted the 486 microprocessor will freeze on a non-control floating point 
instruction, if a prevIOUS floating point instruction caused an error. IGNNE # has no effect 
when the NE bit in control register 0 is set. IGNNE II is active LOW and is provided with a 
small Internal puMup resistor. IGNNE II is asynchronous but setup and hold times t20 and 
t21 must be met 10 insure recognition on any specific clock. 

BUS SIZE CONTROL 

8S1611 I I The bus size 16and bus size 8 pins (bus sizing pins) cause the 486 microprocessor to run 
8S8# I multiple bus cycles to complete a request from devices that cannot provide or accept 32 

I bits of dala in a single cycle. The bus sizing pins are sampled every clock. The state of 
these pins in the clock before ready is used by the 486 microprocessor to determine the 
bus sIze. These signals are active LOW and are provided with internal pullup resistors. 

LThese inputs must satisfy setup and hold times t14 and t15 for proper operation. 

ADDRESS MASK 

A20M# I 	 When the addr8SS bit 20 mask pin is asserted, the 486 microprocessor masks physical 
address bit 20 (A2O) before performing a lookup to the internal cache or driving a memory 
cycle on the bus. A20M II emulates the address wraparound at one Mbyte which occurs 
on the 8086. A20M # is active LOW and should be asserted only when the processor is in 
real mode. This pin is asynchronous but should meet setup and hold times t20 and t21 for 
recognition in ~ specific clock. 
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Table 1.1. Output Pins Table 1.2. Input Pins 

Name 
Active 
Level 

When 
Floated 

Name 
Active 
Level 

Synchronousl 
Asynchronous 

BREQ HIGH eLK 
HLDA HIGH RESET HIGH Asynchronous 

BEO# -BE311 LOW Bus Hold HOLD HIGH Synchronous 
PWT, PGD HIGH Bus Hold AHOLD HIGH Synchronous 

W/R#, D/G#, MIIO# HIGH Bus Hold EAOSlI' LOW Synchronous 
LOGKII LOW Bus Hold BOFF" LOW Synchronous 

PLOGKII LOW Bus Hold FLUSH # LOW Asynchronous 
AOS# LOW Bus Hold A2OM# LOW Asynchronous 

BLAST# LOW Bus Hold BS16#, BS8" LOW Synchronous 
PGHKII LOW KEN# LOW Synchronous 
FERRII LOW ROY" LOW Synchronous 
A2-A3 HIGH Bus, Address Hold BROY# LOW Synchronous 

INTR HIGH Asynchronous 
NMI HIGH Asynchronous 

IGNNE" LOW Asynchronous 

Table 1.3. Input/Output Pins 

Name 
Active 
Level 

When 
Floated 

00-031 HIGH Bus Hold 
OPO-OP3 HIGH Bus Hold 
A4-A31 HIGH Bus, Address Hold 
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2.0 ARCHITECTURAL OVERVIEW 

The 486 microprocessor is a 32-bit architecture with 
on-chip memory management. floating point and 
cache memory units_ 

The 486 microprocessor contains all the features of 
the 386T'" microprocessor with enhancements to in
crease performance_ The instruction set includes the 
complete 386 microprocessor instruction set along 
with extensions to serve new applications. The on
chip memory management unit (MMU) is completely 
compatible with the 386 microprocessor MMU. The 
486 microprocessor brings the 387T'" math coproc
essor on-chip. All software written for the 386 micro
processor, 387 math coprocessor and previous 
members of the 86/87 architectural family will run on 
the 486 microprocessor without any modifications. 

Several enhancements have been added to the 486 
microprocessor to increase performance. On-chip 
cache memory allows frequently used data and 
code to be stored on-chip reducing accesses to the 
external bus_ RiSe design techniques have been 
used to reduce instruction cycle times. A burst bus 
feature enables fast cache fills_ All of these features 
combined. lead to performance greater than twice 
that of a 386 microprocessor. 

The meRWllY management unit (MMU) consists of a 
segmen1ation unit and a paging unit. Segmentation 
allows management of the logical address space by 
providing easy data and code relocatibility and effi
cient sharing of global resources. The paging mech
anism operates beneath segmentation and is trans
parent 10 the segmentation process. Paging is op
tional and can be disabled by system software. Each 
segment can be divided into one or more 4 Kbyte 
segments. To implement a virtual memory system, 
the 486 microprocessOf supports full restartability 
for all page and segment faults. 

Memory is organized ..to one or more variable 
length segments, each up to four gigabytes (232 
bytes) itt size. A segment can have attributes associ
ated willh it which include its location, size, type (Le, 
stack, code or data), and protection characteristics. 
Each task on a 486 microprocessor can have a max
imum of 16,381 segments each up to four gigabytes 
in size. Thus each task has a maximum of 64 tera
bytes I'riIion bytes) of virtual memory. 

The seglll8ntation unit provides four-levels of pro
tection tor isolating and protecting applications and 
the o~g system from each other. The hardware 
enforced protection allows the design 01 systems 
with a IIigh degree of integrity. 

The 4'116 microprocessor has two modes of opera
tion: AIIIII Address Mode (Real Mode) and Protected 

Mode Virtual Address Mode (Protected Mode). In 
Real Mode the 486 microprocessor operates as a 
very fast 8086. Real Mode is required primarily to 
setup the processor for Protected Mode operation. 
Protected Mode provides access to the sophisticat
ed memory management paging and privilege capa
bilities of the processor. 

Within Protected Mode, software can perform a task 
switch to enter into tasks designated as Virtual 8086 
Mode tasks. Each virtual 8086 task behaves with 
8086 semantics, allowing 8086 software (an applica
tion program or an entire operating system) to exe
cute. 

The on-chip floating point unit operates in parallel 
with the arithmetic and logic unit and provides arith
metic instructions for a variety of numeric data types. 
It executes numerous built-in transcendental func
tions (e.g., tangent, sine, cosine, and log functions). 
The floating point unit fully conforms to the ANSII 
IEEE standard 754-1985 for floating point arithmetic. 

The on-chip cache is 8 Kbytes in size. It is 4-way set 
associative and follows a write-through policy. The 
on-chip cache includes features to provide flexibility 
in external memory system design. Individual pages 
can be designated as cacheable or non-cacheable 
by software or hardware. The cache can also be en
abled and disabled by software or hardware. 

Finally the 486 microprocessor has features to facili
tate high performance hardware designs. The 1 X 
clock eases high frequency board level designs. The 
burst bus feature enables fast cache fills. These fea
tures are described beginning in Section 6. 

2.1 Register Set 

The 486 microprocessor register set includes all the 
registers contained in the 386 microprocessor and 
the 387 math coprocessor. The register set can be 
split into the following categories: 

Base Architecture Registers 

General Purpose Registers 

Instruction Pointer 

Flags Register 

Segment Registers 

Systems Level Registers 

Control Registers 

System Address Registers 
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Floating Point Registers 

Data Registers 

Tag Word 

Status Word 

Instruction and Data Pointers 

Control Word 

Debug and Test Registers 

The base architecture and floating point registers 
are accessible by the applications program. The sys
tem level registers are only accessible at privilege 
level 0 and are used by the systems level program. 
rhe debug and test registers are also only accessi
ble at privilege level O. 

2.1.1 BASE ARCHITECTURE REGISTERS 

Figure 2.1 shows the 4B6 microprocessor base ar
chitecture registers. The contents of these registers 
are task-specific and are automatically loaded with a 
new context upon a task switch operation. 

General Purpose Registers 
31 24 I 23 16 15 8 I 7 0 

AH AX Al EAX 

BH BX Bl EBX 

CH ex CL ECX 

DH ox oL eox 

SI ESI 
01 eOI 
BP ESP 
SP ESP 

Segment Registers 
15 0 

Code segmenl 

Stack Segmenl 

Data Segments~~l 

Instruction Pointer 

31 16 15 0 

I I IP IEIP 

Flags Register 

I I FLAGS IEFLAGS 

Figure 2.1. Base Architecture Registers 

The base architecture includes "X directly accessi
ble descriptors. eath specifying 8 segment up to 4 
Gbyles in size. The descriptors Bro indicalod by the 
selector values placed in the 4fl6 microprocessor 
segment registers.. Various selector values can be 
loaded as a progtlllll executes. 

The solectors are also task-speclftc, so the segment 
regislers are automatically loadud with new context 
upon 8 task switch operation: 

2.1.1.1 General Purpose Register. 

The olght 32-bit general purpose registers are 
shown in Figure 2.1. These registers hold data or 
address quantities. The general purpose registers 
can support data CJIl9rands of " B, 16 and 32 bits, 
and bll fields of 1 10 32 bits. Addross operands of 16 
and 32 bits are !qIported. The 32-bit registers are 
named EAX, EBX. ECX. EDX. ESI, EDI. EBP and 
ESP 

The loast significant 16 bits of the general purpose 
registers can be alXessed separately by using the 
'6-bll names of the registers AX. BX. CX. OX, SI. 01, 
BP and SP. The upper 16 bits of the register are not 
changed when the lower 16 bils are accessed sepa
rately 

Finally B-bit opera1iDns can individually access the 
lowest byle (bits 0-7) and the higher byte (bits B
15) of the general purpose registers AX, BX, CX and 
OX. The lowest bylaS are named AL, BL. CL and DL 
respectively. The .-gher bytes are named AH, BH, 
CH and DH respec:tiYely. The individual byte acces
sibihty offers additional flexibility for data operations 
but IS not used for effeclive address calculation. 

2.1.1.2 Instruction Pointer 

The Instruction poinIer. shown in Figure 2.1. is a 32
bit rOOlster named EIP. EIP holds the offset of the 
next Instruction to be executed. The offset is always 
relatlv" 10 the base of the code segment (CS). The 
lower 16 bits (bits 0-15) of the EIP contain the 16-bit 
Instruction pointer rwned IP. which is used for 16-bit 
addressing. 

2.1.1.3 Flags RegIIIler 

The flags register is a 32-bit register named 
EFLAGS. The defined bits and bit fields wilhin 
EFLAGS control certain. operations and indicate 
status of the 486 microprocessor. The lower 16 bits 
(bit (1- t 5) of EFlAGS contain the 16-bit register 
nam~1 FLAGS. whidI is most useful when executing 
8086 ~nd B0286 oode. EFLAGS is shown in Figure 
2.2. 
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rLAGS 

l l 2 222 2 2 1 1 1 1 1 1 
1 0 8 654 210 8 7 4 3 109 8 7 6 5 4 3 2 1 0 

ErLAGS RESERVED rOR INTEL 

CARRY rLAGALlGNWENT CHECK-------' 
PARITY rLAG 

L...____ AUXILlARY CARRYVIRTUAL WODE ----------' 
RESUWE FLAG---------~ 

NESTED TASK fLAG-::========:::"'J -=======ZERO rLAGL SIGN rLAGI/O PRIVILEGE LEVEL L...________ TRAP fLAG 

OVERfLOW ~:;;:============~JDIRECTION fLAG 
INTERRUPT ENABLE --------------..... 

240440-6 

NOTE: 
o indicates Intel Reserved: do not define; see Section 2.1.6. 

Figure 2.2. Flags Register 

EFLAGS bits I, 3, 5, 15 and 19-31 are "undefined". to an odd address, a dword access to an ad
When these bits are stored during interrupt process dress that is not on a dword boundary, or an 
ing or with a PUSHF instruction (push flags onto 8-byte reference to an address that is not on a 
stack), a one is stored in bit 1 and zeros in bits 3, 5, 64-bit word boundary. See Section 7.1.6 for 
15 and 19-31. more information on operand alignment. 

Alignment faults are only generated by pro
The EFLAGS register in the 486 microprocessor grams running at privilege level 3. The AC bit
contains a new bit not available in the 386 micro setting is ignored at privilege levels 0, 1 and 2.
processor. The new bit, AC, is defined in the upper Note that references to the descriptor tables 
16 bits of the register and it enables faults on ac· (for selector loads), or the task state segment 
cesses to misaligned data. (TSS), are implicitly level 0 references even if 
AC (Alignment Check, bit 18) the instructions causing the references are 

The AC bit enables the generation of faults if a executed at level 3. Alignment faults are re
ported through interrupt 17, with an error code memory reference is to a misaligned address. 
of O. Table 2.1 gives the alignment required Alignment faults are enabled when AC is set 
for the 486 microprocessor data types. to 1. A mis-aligned address is a word access 

Table 2.1. Data Type Alignment Requirements 

Memory Access Alignment (Byte Bounda~ 

Word 2 
Dword 4 
Single Precision Real 4 
Double PreCision Real 8 
Extended PreCision Real 8 
Selector 2 
48-8it Segmented Pointer 4 
32-8it Flat Pointer 4 

32-8it Segmented Pointer 2 

48-Sit "'Pseudo-Descriptor"' 4 

FSTENV IFLDENV Save Area 4/2 (On Operand Size) 

FSAVE/FRSTOR Save Area 4/2 (On Operand Size) 

Sit String 4 
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Advances in semiconductor techflology have provided the capab,hty 
to place on a single SIlicon chip a microprocessor at least an order of 
magnitude higher in performance and circuit com'pleXtly than has been 
previously available. The MCW:X:X> IS the first of a family of such VLSI 
microprocessors from Motorola. It combines state-of-the-art 
technology and advanced circuit design techniques With computer 
sciences to achieve an architecturally advanced 16-blt microprocess-of 

The resourceS available to the MCfJEOX) user conSist of the follOWing 

• 32-811 Data and Address Registers 

• 16 Megabyte Direct Addressing Range 

• 56 Powerful Instruction Types 

• Operations on Five Main Data Types 

• Memory Mapped \I 0 
• 14 AddreSSing Modes 

As shown In the programming model, the MC68COJ offers seventeen 
32-blt registers in addition to the 32-bn program counter and a 16-blt 
status register. The first eight registers (00-0]) are used as data 
registers for byte 18-bitl. word (16-bn), and long word (32-bltl data 
operations The second set of seven registers (AQ.-A6) and lhe system 
stack pointer may be used as software stack pOinters and base address 
registers. In addition, thesE: registers may be used for word and long 
word address operations. All 17 registers may be used as Index 
registers 

PROGRAMMING MODEL 

31 1615 87 


DO
Il- I 
01I Il 
02

l- I I  Eight 

l- Data 
03I I 
D4I I Registersl-  05I I l 

~ - D6I I 
07 

31 1515 0 

S...n 
Address 
Reglstefs 

: ~ ~~ 
r - --- -u-;"S*k POl~er- - - - -1 Two Stack 
L- ____s~S~c~P~n~ ____ J A7 POfnters 

31 0 
ProgramI I Counter 

15 87 0 
Status 

ISvstem Byte: User Byte I RegISter 
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(4 MHz) 

MC68000L6 
(6 MHz) 

MC68000L 
('MHz) 

HMOS 
(High Density N-Channel, Silicon-Gat. 

Depletion load) 

16-81T 
MICROPROCESSOR 

l SUFFIX 
CERAMIC PACKA.GE 

CASE. 74&1 

PIN ASSIGNMENT 

D4 

01 

DO 

AS 
UOS 

lOS 

DTACK 

BG 
BGACi( 

BA 
Vee 

elK 


GNO 

HALT 

RESET 

VMA 

E 

http:PACKA.GE
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A 23-btt address bus provides a memory addressing range 
of greater than 16 megabytes. This large range of addressing 
capability. coupled With a memory management Unit, allows 
large. moduiar programs to be developed and operated 
without resorting to cumbersorre and time consuming soft
ware bookkeeping and paging techniques. 

The status register contarns the interrupt mask ~elght 
levels available) as well as the condition codes; extend (X), 
negative (N), zero (Z), overflow (V), and carry te), Addi
tional status bits Indicate that the processor IS In a trace (T) 
mode and/or In a supervisor (S) state 

STATUS REGISTER 

Syste~ Byte user.!yte 

15 13~ ~~ 
rTNs~121111Iol'\."""~x INI z Ivlcl 

T,aceTModeT 
SupervIsor 

~ 
I Extend I 1..1 

Negatlv~J 
State Interrupt Zero 

Mask Overflow 

Carry 

Five basic data types are supported. These data types are' 

• Bits 
• BCD Digits 14·bits) 

• Bytes IS-bits) 

• Wmd 116-bi1S) 
• Long Words 132-bits) 

In addition. operations on other data types such as memory 
addresses. status word data. etc .• are provided for in the in
struction set, 

The 14 addressing modes. shown in Table 1. include six 
bastc types: 

• Register Direct 

• Register Indirect 

• Absolute 

• Immediate 

• Program Counter Relative 

• Implied 
Included In the register Indirect addressing modes is the 
capability to do postincrementing, predecrementing. offset
ting and indexing. Program counter relative mode can also 
be modified via indexing and offsetting 

TABLE 1 - DATA ADDRESSING MODES 

Mode 
Register Direct Addressing 
Data RegIster Direct 
Address Register Direct 

Absolute Data Addressing 
Absolute Shorl 
Absolute Long 

Program Counter Relative Addressing 
Relative wtth Offset 
Relative With Index and Offset 

Register Indirect Addressing 
Register Indirect 
Postlncrement Register Indirect 
Predecrement Register Indirect 
Register IndIrect wtth Offset 
Indexed Register Indirect WIth Offset 

ImmedNtte Date Addressing 
Immediate 
QUick Immediate 

Implied Addressing 
Implied Register 

NOTES: 
EA= Effective Address 
An:::: Address Register 
On = Data Register 
Xn = Address or. Data RegIster used 

as Index Register 
SR = Status Register 
PC = Program Counter 
( ) = Contents of 

Generation 

EA=On 
EA=An 

EA"" (Next Word) 

EA = (Next Two Words) 


EA", (PC) + d16 
EA:::: (PCI + IXn) + de 

EA= IAnl 
EA::::tAnl, An-An+N 
An-An-N, EA=(An) 
EA:::: (An) + d16 
EA '"' (AnI + lXn):+ de 

DA T A = Next Word(s) 
Inherent Data 

EA- SR, USP, SP, PC 

de= Eight-bit Offset 
(displacement) 

d16= Sixteen-bit Offset 
Idlsp1acementl 

N = 1 for Byte, 2 for 
Words and 4 for Long 
Words 

-:: Replaces 
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The MC6IDlO instruction !lei is shown in Table 2. Some long words and most instructions can use any of the 14 ad-
additional instructions are variations, or subsets, of these dressing modes. Combining instruction types, data types, 
and they appear in Table 3. Special emphaSIS has been given and-addressing modes, over lCXX> useful instructions are pro-
to the instruction set's support of structured high-level vided. These instructions include Signed and unsigned 
languages to facilitate ease of programming. Each instruc- multiply and divide, "quick" arithmetic operations, BCD 
tion, with few exceptions, operates on bytes, words, and arithmetic and expanded operations (through traps), 

TABLE 2 - INSTRUCTION SET 

M_ o.crtptIon Mnomonic o.crtptIon M_ Oeocrtption 

ABCD Add Oa:lmel with Extend EOR ExcluSive Or PEA Push Effective Address 
EXG Exchange Registers 

AND Logical And EXT Stgn Extend 
ADD Add RESET Reset External Devices 

ROL Rotate left without Extend 
ASL Arithmetic Shift Left JMP Jump ROR Rotate Right without Extend 
ASR Arithmetic-Shift Right JSR Jump to Subroutine ROXL Rotate Left with Extend 

Rotate Right with ExtendBte Branch ConditionaUy LEA load Effective Address ROXR 
. BCHG Brt T..t and Change LINK Link Stack RTE Retum from Exception 

BCLR Bit Test and Clear LSL Logtcal Shift Left RTR Retum and Restore 

BRA Branch Always LSR Logical Shift Right RTS Return from Subroutine 

BSET Bit Telt and S-et SBCD Subtract Decimal with ExtendMOVE Move 
BSR Branch to Subroutine Set Conditional MOVEM Move Mukipie Registers SCC 
BTST Bit Test MOVEP , Move Peripheral Data STOP Stop 
CHK Check Register Against Bounds MULS Signed Multiply SUB Subtract 

eLR Clear Operand MULU Unsigned Multiply SWAP Swap Data Register Hatves 

CMP Compere NBCD Negate Decimal with Extend TAS Test and Set Operand 

DSce Toot Condition, Decrement and NEG Negate TRAP Trap 

Branch NOP No Operation TRAPV Trap on Overflow 

DIVS Signed Divide NOT One'. Complement TST Toot 
DIVU Unsigned Dfvide OR Logical Or UNLK Unlink 

TABLE 3 - VARIATIONS OF INSTRUCTION TYPES -Type 
V_ o.crtptIon 

InoIruc:Iion 
Type 

V_ o.crtptIon 

ADO ADO Add MOllE MOVE Move 
AODA Add_ MOVEA Move Address 
ADDO AddQuicl< MOVEQ MoveQuicIc 
ADDI Add I_to MOVE from SR Move from Status Register 

ADDX Add with Extend MOVE to SR MOI/IIIO Status Register 

ANO AND 
AND! 

Logical And 
Andlm..-u. 

MOVE to eeR 
MOVE USP 

Move to Condition Codas 
Move User Stack Pointer 

CMP CMP 
CMPA 

Compo", 
Comporo-

NEG NEG 
NEGX 

Negate 
Negate with Extend 

CMPM ComPO"' Momorv OR - 011 Logical Or 
eMPI Comporo I_to ORI Or Immediate 

I0Il EOII 
EORI 

_Or 
__ Or Immediate 

,SUB SUB 
SUBA 

SubtrlCt 
Sub1rICt Add_ 

SUBI Sub1rICt ImlMCliot. 
SUBO SubtrICt Quick 
SU8X Sub1rICt with Extend 
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DATA ORGANIZATION AND ADDRESSING CAPABILITIES 

The following paragraphs descnbe the data organization 
and addressmg capabilities of the MC68X:() 

OPERAND SIZE 
Operand SIZes are defined as follows: a byte equals 8 bits, 

a word equals 16 bits. and a long word equals 32 bits The 
operand size for each Instruction is either explicitly encoded 
In the instruction or ImpliCitly defined by the Instruction 
operation. All 8xpitCIt Instructions support byte, word or long 
word operands. Implicit instructions support some subset of 

\ .,all three sizes 

DATA ORGANIZATION IN REGISTERS 

The sight data registers support data operands of 1.8, 16, 
or 32 bits. The seven address registers together With the ac
tive stack pOinter suppon address operands of 32 bits. 

DATA REGISTERS. Each data reg.ster IS 32 bits wide 
Byte operands occupy the low oroer 8 bits. word operands 
the low order 16 bIts, and long word operands the entire 32 
bits. The least SIgnifIcant bit is addressed as bit zew; the 
most slgnlflcam bit is addressed a$ bit 31 

When a data register is used as either a source or destina· 
tlon operand. only the appropnate low-order portion is 
changed. the remaining high-order portion is neither used 
nor changed 

ADDRESS REGISTERS. Each address register and the 
stack pointer IS 32 bits Wide and holds a full 32 btt address 
Address regIsters do not support byte SiZed operands 
Therefore, when an address register is used as a source 
operand, either the low order word or the entirE+ long word 
operand is used depending upon the operation size. When 
8n address register IS used as the destination operand, the 

entire register is affected regafdless of the operation size. If 
the operation size is word, any other operands are stgn ex
tended to 32 bit!. before the operatIon IS performed 

DATA ORGANIZATION IN MEMORY 

Bytes are indiVidually addressable with the high order byte 
haV1ng an even address the same as the word. as shown In 
Figure 1. The low order byte has an odd address that IS one 
count higher than the word address Instruct!ons and 
multibyte data are accessed only on word (8\len byte) boun
danes. If a long word datum IS located at address n (n even). 
then the second word of that datum IS located a1 address 
n+2 

The data types supported by the MC6OCO.) are_ bit data, 10

teger data of 8, 16, or 32 bitS, 32-blt addresses and bInary 
coded decimal data Each of these data types IS put '" 
memory, as shown In Figure 2 

AODRESSING 

Instructions for the MC68XX) contain two kInds of Infor
mation: the type of function to be peftormed, and the loca
tion of the operand(s) on which to perform that function. 
The methods used to locate laddress) the operandls) are ex· 
plained in the following paragraphs 

Instructions specify an operand loc.atlon In one of three 
ways: 

Register Spectflcatlon - the number of the register IS 

given In the register field 01 the Instruction. 

Effecttve Address - use of the different effective 
address modes 

ImpliCIt Reference - the definition of certain Instruc
tions Implies the use of specific registers 

FIGURe' - WORD ORGANIZATION IN MEMORV 

t5 ,. 13 12 11 10 

Wa'd1cmx:ll 
Byte OCOXX) Byte 00(0)1 

Word 100(0)2 
Byte COXJJ2 ByteCXXXXl3 

4 
Word IFFFFFE 

Byte FFFFF€ Byte FFFFFF 
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RGURE2 - O...r... ·ORGANlZATlON IN MEMORY 

Bit Data 
1 Byte-a Bits 

6 

Integer Dati 
1 Byte -SBits 

15 13 12 11 10 8 

I " 
Byte 0 Byte 1 


MSB lS81 

Byte 2 B.... 3 


1 Word - 16 Bits 

15 14 13 12 11 10 B 0 

Word 0 

Word 1I·" "'I
Word 2 

1 Long Word = 32 Bth 

15 13 12 11 10 8 7 6 0 
MSB' " 

High Orda< 

- -long Word 0..- - - - - - 

Low Orda< lSB 

- -Long Word 1- - - - - - - - - - - - - - - - - - - - 

- -long Word 2- - - - - - - - - - - - - - - - - - - - 

Addresses 
1 Address ... 32 Bits 

15 " 13 12 11 10 9 6 

MSB 


High Order 

- - AddressO - - - - - 

low Order 

lSB 

- - ..._1- - - -- -- - - - --- --- - 

-- Addt... 2------------~--------

MSB - Most Sog..focant B. 
lSB-l.... Significant B;t 

Decimal Data 
2 B;noty Coded DodmoI !);git. - 1 Byte 

t5 14 13 12 11 W 9 8 7 S 5 4 o 
MSO' 

BCOO BCD 1 BC02 BC03lSO 

BCD' BC05 BGOS BCD 7 

MSO- Most SigniI_t D;g;t 

LSO. Least Significont Digit 
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INSTRUCTION FORMAT 

Instructions are from one to five words In length, as 
shown in Figure 3. The length of the InstrUCtion and the 
operation to be performed IS specified by the first word of 
the instruction which IS called the operation word The re
maining words further specify the operands, These words 
Bfe either immediate operands or extenSions to the effective 
address mode specified In the operation word 

PROGRAM/DATA REFERENCES 

The MC68(XX) separates memory references Into two 
classes: program references, and data references. Program 
references. as the name implies, are references to that sec
tion of memory that contains the program being executed 
Data references refer to that section of memory that contains 
data. Generally, operand reads afe from the data space All 
operand writes are to the data space. 

REGISTER SPECIFICATION 

The register field within an instruction specifies the 
register to be used. Other fields within the instruction specify 
whether the register selected is an address or data register 
and how the register IS to be used. 

EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by us
ing the effective address field in the operation word. For ex
ample, Figure 4 shows the general format of the single effec
tive address instruction operation word. The effective ad
dress is composed of two 3-bit fields: the mode field, and the 
register field. The value ~n the mode field selects the different 
address. modes. The register field oontalns the number of a 
register. 

The effective address field may reQuire additional informa
tion to fully specify the operand. This add~tional information, 
called the effective address extension, is contained in the 
following word or words and is considered part of the in
struction, as shown in Figure 3. The effective address modes 
are grouped Into three categories: register direct, memory 
addressing, and "Special. 

REGISTER DIRECT MODES. These effective addressing 
modes specify that the operand is in one of the 16 multifunc
tion registers. 

FIGURE 3 

15 14 13 12 11 10 9 

Data Regaster Direct. The operand is in the data register 
specified by the effective address register field. 

Address Register Direct. The operand is in the address 
register specified by the effective address register field. 

MEMORY ADDRESS MODES. These effective address· 
109 modes specify that the operand is.in memory and provide 
the specific address of the operand. 

Address Register Indirect. The address of the operand is in 
the address register specified by the r~ister field. The 
reference is classified as a data reference with the exception 
of the jump and jump to subroutine instructions. 

Add...... Register Indirect Wrth P08Iincrement. The ad· 
dress of the operand is in the address register specified by 
the register field. After the operand address is used, it is in
cremented by one, two, or four depending upon whether the 
size of the operand is byte. word. or long word. If the ad· 
dress register is the stack pointer and the operand size is 
byte. the address is incremented by two rather than one to 
keep the stack pOinter on a word boundary. The reference is 
classified as a data reference. 

Addr_ Register Indirect With Predecrement. The ad
dress of the operand i$ in the address register specified by 
the register field. Before the operand address is used. it is. 
decremented by one, two, or four depending upon whether 
the operand size is byte, word, or long word. If the address 
register is the stack pointer and the operand size is byte. the 
address is decremented by two rather than one to keep the 
stack pointer on a word boundary. The reference is classified 
as a data reference. 

Addr... Register Indirect With Diop\8cement. This ad
dress mode requires one word of extension. The address of 
the operand is the sum of the address in the address register 
and the sign-extended 16-bit displacement integer in the ex
tension word. The reference is classified as a data reference 
with the exception of the jump and jump to subroutine in
structions. 

Add...... Register Indirect WIth Index. This address mode 
requires one word of extension. The address of the operand 

INSTRUCTION FORMAT 

Opersttan Word 
tFirst Word Specifies Operation and Modes) 

Immediate Operand 
(If Any. One or Two Words) 

Source Effective Address Extension 
tit Any. One or Two Wordsl 

Destination Effective Address Extension 
lit Any. One or Two Words) 

FIGURE 4 - SINGLE-EFFECTIVE-ADDRESS 
INSTRUCTION OPERATION WORD GENERAL FORMAT 

15 14 13 12 11 10 9 6 4 3 0 

Effective A_ 
X Modo RegisterX X X X X X X X XI I II 
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is the sum of the address in the address register. the sign
extended displacement integer in the low order eight bits of 
the extension word, and the contents of the index register, 
The reference is classifted as a data reference with the excep
tion of the jump and jump to subroutine instructions. 

SPECIAL ADDRESS MODES. The special address nIodes 
use the effective address register field to specify the Special 
addressing mode instead of 8 register number. 

AbeoIute Short~. This address mode requires one 
word of extension. The address of the operand is the exten
sion word. The 16-bit address is sign extended before it is 
used. The reference is classified as a data reference with the 
exception of the jump and jump to subroutine instructions. 

Abeoiula Long -.... This address mode requires two 
words of extension. The address of the operand is 
de\teioped by the concatenation of the extension words .. T", 
high-order part of the address is the first extension word; the 
low-order part of the address is the second extension word. 
The reference is classified as a data reference with the ex
ception of the jump and jump to subroutine instructions. 

Program Counter WIth DiIpIec:ament. This address mode 
requir.. one word of extension. The address of the operand 
is the sum of the address in th~ program counter and the 
sign-extended 16-bit displacement integer in the extension 
word. The value In the program counter is' the address of the 
extension word. The referen08 is classified as a program 
reference. 

Program Counter WIth Index. This address mode requires 
one word of extension. The address is the sum of the ed
dress in the program counter. the slgn-extended displace
ment integer in the lower eight bits 01 the extension word. 
and the contents of the index register. The value in the pro· 
gram counter is the address of the extension word. This 
reference is cJassihed as a program reference. 

hnmediete Data. This address mode requires either one or 
two words of extension depending on the size of the opera· 
ticn. 

Byte operation - operand is low order byte of exten· 
sion word 

Word operation - operand is extension word 

Long word operation - operand is in the two extension 
words. high-order 16 bits are in the first extension 
word. low-order 16 bh:s are in the second extension 
.word: 

Condition Codea or S1atu. Regiltw. A selected set of in
structions may reference the status register by means of the 
effective address field. These ara: 

ANDI to CCR 

AND I to SR 

EORI to CCR 

EORI to SR 
ORI to CCR 

ORI to SR 

EFFECTIVE ADDRESS ENCODING SUMMARY 

Table 4 is a summary of the effective addressing modes 
discussed in the prevjous paragraphs. 

IMPLICIT REFERENCE 
SQme instructions make implicit reference to the program 

counter (PC). the system stack po~nter ISP), the supervisor 

stack pointer (SSP). the user staele pointer (USP). or the 
status register ISRI. Table 5 provides a list of these instruc
tions and the registers implied. 

SYSTEM STACK. The system steele is used implicitly by 
many instructions; user. stacks and Queues may be created 
and maintained through the addressing modes. Address 
register seven (A7) is the system stack pointer ISPI. The 
system stack pointer is either the supervisor stack pointer 
(SSPI or the user stack pointer IUSPI. depending on the 
state of the S·bit in the status register. If the S·bit indk:ates 
supervisor state. SSP is the active syStem stack pointer. and 
the USP cannot be referenced as an address register. If the 
S-bit indicates user state. the USP is the active system stack 
pointer. and the SSP cannot be referenced. Each system 
stack fills from high memory to low memory. 

TABLE 4 - EFFECTIVE ADDRESS ENCODING SUMMARY 

--.gMode Modo Rogiolof 

Data Register Direct oo:J register number 

Address Register Direct 001 register number 

Address Register Indirect 010 18\1."" number 
Address Register . Indirect with 

011 register nu",,*"
Postincrement 


Address Register Indirect with 

100 register number 

Predecrement 


Address Register Indirect with 
 101 nogister number
Displacement 

Address Register ~ndirect with 1101_. 18\1."" number. 

Absolute Short 111 000 

Absolute Long 111 001 


Program Counter with 
 111 010
Disptacement 


Program Counter with Index III 011 


Immediate or Status Register 111 100 


TABLE 6 - IMPLICIT INSTRUCTION REFERENCE SUMMARY 

ImpIod
I.-..CIIon RogINrIa) 

Branch CondhionaIIBcc). Branch Always IBRA) PC 

Branch to Subroutine IBSR) PC. SP 

Check Register against Bounds (CHK) SSP. SR 

Test Conditton, Decrement and Branch (DBce' PC 

Signed Divide IDIVS) SSP. SR 

Un.igl..:l Divide IDIVUI SSP. S~ 

Jump IJMP) PC 

Jump 10 Subroutine IJSR) PC. SP 

Link and Allocate (LINK) SP 

Move Condhion Codes IMOVE eCR) SR 

Move" Status Register (MOVE SRI SR 

Move User Stack Pointer (MOVE USPI USP 

Push EHective Address WEAl SP 

Return from Exception (RTE' PC. SP. SR 

RetlM'n and Restore Conditton Codes tRTRt PC. SP. SR 

Return from Subf'outine IRTS) PC • .sp 

Trap (TRAP) SSP. SR 

Trap on Owrflow (TRAPV) SSP. SR 

Unlink IUNLK) SP 
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INSTRUCTION SET SUMMARY 

The following paragraphs contain an overview of the form INTEGER ARITHMETIC OPERATIONS 

and structure of the MC6OCXX) instructton set The instruc-
 The arithmetic operations include the four baste opera
tions form a set of tools that include all the machine func tIOns of add IADDI, subtract ISUBI, multiply IMULI, and 
tions to perform the following operations: divide (DIY) as wen as arithmetic compare ICMPl. clear 

Data Movement (CLR1, and negate (NEG). The add and subtract instructions 

Integer Arithmetic are available for both address and data operations, with data 
operations accepting all operand sizes. Address operations 
are limited to legal address size operands 116 or 32 bits) 

Logical 

Shift and Rotate 
Data, address, and memory compare operations are also 

Bn Manipulation available. The clear and negate instructions may be used on 
Binary Coded Decimal aU sl;;:es of data operands. 
Program Control The multiply and divide operations are available for signed 

System Control and unsigned operands using word multiply to produce a 
long word product, and a long word dividend with wordThe complete range of instruction capabilities combined 
divisor to produce a word Quotient with a word remainderWith the flexible addressing modes described previously pro-

Multlprecision and mixed size arithmetic can be aevide a very flexible base for program development. 
comphshed uSing a set of extended instructions. These in
structlons are: add extended (ADDX), subtract extendedDATA MOVEMENT OPERATIONS 
(SUBX), Sign extend (EXTl, and negate binary with extend 

The basic method of data aCQuISition (-transfer and INEGXI 
storage) IS provided by the move (MOVE) instructIOn. The A test operand (TST) Instruction that will set the condition 
move Instruction and the effective addreSSing modes allow codes as a resul\ of a compare of the operand with zero is 
both address and data manipulation. Data move Instructions also available. Test and set (TAS) is a synchronization in-
allow byte, word, and long word operands to be transferred struCtlon useful in multiprocessor systems Table 7 is a sum-
from memory to memory, memory to register, register to mary of the Integer arithmetic operations 
memory, and register to register. Address move Instructions 
allow word and long word operand transfers and ensure that 
only legal address manipulations are executed In additIon to TABLE 7 INTEGER ARITHMETIC OPERATIONS 

the general move InstruCllon there are several speCial data 

movement Instructions: move multiple registers IMOVEM), Instruction ()po<ond Sil. Opondon 

move peripheral data (MOYEP), exchange registers (EXG), 
 S, '8, 32 Dn+tEA!-Dn 

load effective address (LEA), push effective address (PEA), (EAI+Dn-EA 

link stack. (LINK), ~nlink. stack {UNLKI, and move QUick tEAl + Ixxx- EA
ADD 

IMOVEQI Table 6 IS a summary of the data movement '6,32 /4.n+(EA)-An 

operations 
 8, '8, 32 Ox+Oy+X-Ox

ADDX 
'8,32 Ax@-Ay.-+X-AxfPTA6LE 6 - OAT" MOVEMENT OPER"TIONS 

CLR 8, '6,32 O-EA
' Inotruc1ion Oper.nd Size Operation 8, t6, 32 On-lEAl 

EXG 32 Rx-Ry (EAI- Ixx.x
eMP 

Ax@+ -A"I.+LEA 32 EA-An 
'6,32 "n-IEAI

An- SP@,
DIVS 32+ '6 On/lEAl-OnLINK - SP-AA 

SP+d-SP DIVU 32- '8 OnIlEAI-Dn 

MOVE 8, 16,32 IEAls EAd 8-'6 IDnI8-0n'6EXT 
lEAl-An, On '6-32 IOnl'6- On32 

MOVEM '6,32 An. Dn-EA MULS '6'16-32 On·(EAI-On 

MULU Dn·(EAI-DnlEAl-On '6"6-32
MOVEP 16,32 

Dn-EA NEG 8, 16,32 O-IEAI-EA 
MOVED 8 lxxx-On NEGX 8, '8,32 O-IEAI-X EA 

PEA 32 EA-SPjjI- 8, '6,32 Dn-IEA1-On 
SWAP 32 Dn[3' 161- Dn['501 SUB 

IEAI-On-EA 
lEAI-Ix.xx- EA 

UNLK spA@;~An '6,32 An-lEAl-An-

NOTES: Ox-Dy-X OxSUBX 8,16.32 

s= source 
 Ax.- -Ay,,- -X-A)(@ 

d = destination TAS 8 fEAI-O, , - EA[71 
[ J= b4t numbers TST 8, '6,32 IEAI-O 
@- % indirect With predecrement 
@+ == indIrect With postdecrement NOTE' [ l-bit number 
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LOGICAL OPERATIONS 

Logical operation instructions AND, OR, EOR, and NOT 
are available for all sizes of integer data operands. A similar 
set of immediate instructions {ANDI, ORI, and EORII provide 
these logical-operations with aU sizes of immediate data. 
Table B is a summary of the logical operotions. 

TABLE 8 - LOGICAL OPERATIONS 

InoIruClion (lporond Size (lporotion 

DnA1EAI-Dn 
ANO 8,16,32 IEAIAon-EA 

fEAIAlxKX- EA 

On v tEAl-On 
OR S, 16, 32 lEA) v Dn- EA 

(EAI v Ixxx-EA 

EOR S, 16, 32 IEAI.Dy-EA 
1EA) .lxu- EA 

NOT 8,16,32 -IEAI-EA 

NOTE: - = Invert 

SHIFT AND ROTATE OPERA noNS 

Shift operations in both directions are provided by the 
.tthmetic instructions ASR and ASL and logical shift in
structions LSR and LSL. The rotate instructions Iwith and 
without extendl available are ROXR, ROXL, ROR, and ROL. 
A~ shift and rotate operations can be performed 10 either 
registers or memory. Register shifts and rotates support all 
operand sizes and allow a shift count specified in the instnJc
tion of one to eight bits. or 0 to 63 specified in a data register. 

Memorv shifts and rotates are for word operands only and 
allow only single-bit shiit!UlUotates. 

Tabte 9 is a-summary afthe shift and rotate operations. 

TABLE. - SHIFT AND ROTATE OPERATIONS 

"'::" ()penond ()porotion
SIze 

ASL ,16,32 ... 1+0~ 
ASR 8,16,31 • ~L1 

LSL ,16,32 ... 1+0~ 
LSR 8,16,32 O.j .. 
ROL 8,16,32 c¥i • IJ 

~ 

ROR B, 16, 32 L.{ .~ 

RDXL 8,16,32 ~"" i+fuJ 
ROXR ~, 16,32 ~ .J-4ITJ 

BIT MANIPULATION OPERATIONS 

Bit manipulation operations are accomplished using the 
following instructions: bit test lSTST), bit test and set 
{BSETI, bit test and clear {BCLRI, and bit test and change 
IBCHGI. Table 10 is"a summary of the bit manipulation 
operations. (Bit 2 of the status register IS Z.l 

TABLE 10 - BIT MANIPULATION OPERATIONS 

Instruction Operand Size 0-"," 

BTST S,32 -bit of (EAj-Z 

BSET 8,32 
-bit of (EA)-Z 
1-blt of EA 

BCLA 8,32 
-bit of (EA)-Z 
O-bit of EA 

BCHG S,32 -bit of (EA1-Z 
-bl' of (EAI-blt of EA 

BINARY CODED DECIMAL OPERATIONS 

Multiprecision arithmetic operations on binary coded 
decimal numbers are accomplished USing the following in
structions: add decimal with extend IABCo), subtract 
decImal with extend (SeeDl. and negate decimal with ex
tend INBCDI. Table 11 is a summary of the binary coded 
decImal operations. 

TABLE 11 - BINARY CODED DECIMAL OPERATIONS 

Operand
1- Opol'lltion

Size 

OxlO+ DY10+ X - OxABCo 8 
AX@-10+AY@-10+X-Ax@ 

DX10-DylO-X-Ox
SBCO S- AxfP - 10- Ay@- 10- X-AxfP 

NBCo 8 O-IEAllO-X-EA 

PROGRAM CONTROL OPERATIONS 

Program control operations are accomplished using a 
S8rles of conditional and unconditionat branch instructions 
and return instructions. These instructions are summarized 
in Table 12. 

The conditional instructions provide setting and branching 
for the following conditions: 

CC - carry clear LS -low or same 

CS - carry set LT - less tf:1an 
EQ - equal MI - minus 

F - never true NE - not equal 

GE - greater or equal PL - plus 

GT - greater than T - alwavs true 
HI - high VC - no overflow 

LE - less or equal VS - overflow 
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TABLE 12 - PROGRAM CONTROL OPERATIONS 

INttuC1lon Opere-


CondItIonoI 


Bce Branch conditionally 114 conditlonsl 
's- and 16-bst displacement 

OBce Test conditIon. decrement. and branch 

l&btt dtsplacement 


U SCC Sat bvte conditionally \16 condlt;onsl 


BRA ; Branch always 

3- and 16-bit displacement 


BSR Branch to subroutIne 

a.. and l~bit displacement 


JMP J',",p 


JSR Jump to subroutine 


fIebIma 


RTR Return and restore condition code$ 


RTS Return from subroutine 


SYSTEM CONTROL OPERATIONS 

System control operabons Bre accomplished by using 
privileged instructior"s. trap geMf8ting instructions, and in~ 
structions that use or modify the status register. These in
structions are summarized in Table 13. 

TABLE 13 - SYSTEM CONTROL OPERATIONS 

0p0mI0n 


PrivIIogod 
-
RESH Reset extern" devtces 


RTE Retum from exception 


STOP Stop program execution 


ORI to SR Logical OR to sunus register 

MOVE USP Move uaer .,r.clt pointer 


ANDI to SR Logicaf ANO to status register 
EORI to SR legal EOR to status register 

MOVE fA to SR Load new status register 

TropGene.oting 

TRAP Trap 
TRAPV !rap on overflow 

CHK Check register against bounds 

StatuoAeg-. 


ANDI to eCR logical AND to condiHon codes 


EORI to eCR logical EOR to condition codes 


MOVE EA to eeA load new conditiOn codei 

ORI to CeR Logical OR to condition codes 

MOVE SR to EA Store slatus register 

SIGNAL·AND BUS OPERATION DESCRIPTION 

The following paragraphs contain a brief description of the 
inptJt and output signals: A discussion of bus operation dur
ing the various machine cvcles and operations is also given. 

SIGNAL DESCR1PTION 
The input and output signals can be functionally organized 

into the grOtJPS shown in Figure 5. The follow.ng paragraphs 
provide a brief description of the signals and also a reference 
lit applicable' to 011ler paragraphs that contain more detail 
about the function being performed. 

ADD/iESS BUS CAl THROUGH A23) .. This 23-bit, 
unidirectional, three-state bus is capable of addressing 8 
megawords of data. It provides the address for bus operation 
during all eye. except interrupt cvaes. During interrupt 
cycles, address tines A 1, A2., and A3 provide information 
aboul what level interrupt is being serviced while addreSs 
lines A4 through A23 are all set to a logic high. 

DATA BUS (DO THROUGH· 015): This 16-bit, bidtrec
tional. three-state bus is the'general purpose data path. It 
can transfer and accept data ~n either word or byte length. 
During an interrupl acknowledge cycle, lhe externa' device 
supplies the """tor number on data lines [)()'D7. 

ASYNCHRONOUS BUS CONTROL. Asynchronous data 
transfers are handled'using the follo~ing control signals: ad
dress strobe, n~ad/write. upper and lower data strobes. and 
data transfer acknow*ige. These signals are explained in 
the following paragraphs. 

FIGURE 5 - INPUT AND OUTPUT SIGNALS 

A1-A23 

...oc.....{
StaluS 

M6800 { \sus At1)ilrationPeripheral J ControlControl 

svstem./" }lnt.....UPt 
Contro\ Control 
--~--~--

~ StrobelAS"). This signal indicates thatthare is. 
valid address on the address bus. 

Reed/Write IR/W). This signal defineS the data bus 
transfer as a read or write cycle. The Riw signal also works 
in conjunction with the upper and lower data strobes as ex
plained in the following paregreph. 
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Upper And' Lower Data Strobes IODS, LDSI. These 
signals control th.!..data on the data bus, as shown In Table 
14. When the AIW line 15 high, the processor will read from 
the data bus as Indicated. When the R/W line IS low. the 
processor wIll write to the data bus as shown. 

TABLE,4 - DATA STROBE CONTROL OF DATA BUS 

ODS illS R/W [)8.D,S I)().07 

High High - No valid data No vahd data 

Vahd data b1ts Valid data bits Low Low High 
8-1& 1).7 

Valid data bits Hogh Low Hogh No valid data 
0·' 

Valid data bits Low High HIgh No valid data 8-15 

Valid data bits Valid data bits Low Low Low 8-15 1).7 

Valid data bits Vahd data bits High Low Low [).,0·" 
Valid data bits Valid data bIts Low High Low 

8·'5 8-15' 

-TtMJS8 condltK>ns are 8 result of current ImplementatIon and may 

not appear on. future devices 

Data Transfer Acknowledge IDTACKI. This input .n
dicates that the data transfer is completed, When the pro
cessor recognizes DTACK during a read cycle, data IS 

lalched and the DUS cvcle terminated. When DTACK .s 
recogmzed during a write cycle. the bus cycle is terminated. 

BUS ARBITRATION CONTROL These three signals form 
a bus arbitration circuit to determine which device will be the 
bus' master device. 

Bus Requelt (BR), This input is wire ORed with a/l other 
devices that could be bus masters. This input indicates to the 
processor that some other device desires to become the bus 
master 

Bus Grant tBG}. This output indicates to all other potential 
bus master devices that the procesSOr will release bus con· 
trol at the end of the current bus cycle. 

Bus Grant Acimowledge (BGACKI. This input indicates 
that some other device has become the bus master. This 
Signal cannot be asserted until the following four conditions 
are met: 

1. 8 bus grant has been recetved 

2. 	 address strobe is inactive which indicates that the 
microprocessor is not using the bus 

• . 

data transfer acknowledge IS Inactive which Indicates 
that either memory or the peripherals are not uSing 
the bus 

bus grant acknowledge IS Inactive which mdlcates 
that no other deVice IS soli claiming bus mastership. 

INTERRUPT CONTROL IIPLO. IPL1, IPL21. These .nput 
pins mdicate the encoded priority level of the device re~ 
Questmg an Interrupt. Level seven IS the highest priOrity 
while level zero Indicates that no mterrupts are requested. 
The least Significant bit ~en In ru and the most signifi· 
cant bit IS contained In IPL2. 

SYSTEM CONTROL. The system control Inputs are used 
to either reset or halt the processor and to indicate to the 
processor that bus errors have occurred. The three system 
control mputs are explamed in the follOWing paragraphs 

Bus Error iBERR)' ThiS Input Informs the processor that 
there IS a problem with the cycle currently being 'executed 
Problems may be a result of: 

1 	 nonrespondmg devices 

2. 	 Interrupt vector number acquiSItion failure 

3. 	 illegal access request as determined by a memory 
management unit 

4. other application dependent errors 

The bus error signal interacts with the halt signal to deter
mine It exception processing should be performed or the cur
rent bus cycle should be retried 

Reier to BUS ERROR AND HALT OPERATION paragraph 
for additional Information about the Interaction of the bus er· 
ror and halt Signals. 

Reset (RESET). This bidirectional signal line acts to reset 
(initiate a system initialization sequencel the processor ,in 
response to an external reset signal. An internally generated 
reset (result of a RESET instruction) causes all external 
devices to be reset and the tnternal state of the processor is 
not affected. A total system reset (processor and external 
devicesl is the result of external halt and reset signals applied 
at the same time. Refer to RESET OPERATION paragraph 
for additional information about reset operation. 

Han (HA[l). When thiS bidirectional line is driven by an 
external device, it will cause the processor to stop at the 
completion of the current bus cycle. When the processor has 
been halted using this input, all control"signals are inactive 
and all three-state lines are put in their high·jmpedance state. 
Refer to BUS ERROR AND HALT OPERATION paragraph 
for additkmal information about the interaction between the 
halt and bus error signals. 

When the processor has stopped executing instructions. 
such as in a double bus fault condition, the halt line is driven 
bV the processor to indicate to external devices that the pro· 
cessar has stopped. 
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M6800 PERIPHERAL CONTROL. These control SIgnals are 
used to allow the Interfacmg of synchronous M680J 
peripheral devices wIth the asynchronous MC68OX) These 
signals are explained. in the foho¥'lo'ing paragraphs 

Enable tEL This Signal IS the standard enable SIgnal com
mon to all M680J type penpheral devices. The penod for thIs 
output is ten MC68CXX) clock periods (SIX clocks low, four 
clocks high) 

Valid Peripheral Address (VPA). ThIS input mdicates that 
the device or region addressed is a M68(X) family device and 
that data transfer should be synchronized with the enable (E) 
signal. This Input also Indicates that the processor should 
use automatic vectonng for an interrupt Refer to INTER
FACE WITH M6800 PERIPHERALS 

Valid Memory Address t'V'W). ThIS output IS used 10 In' 

dlcate to MtXnJ penpheral deVICes that there IS a valid ad
dress on the address bus and the processor IS synchronized 
to enable. This signal only responds to a valid peripheral ad
dress (VPA) input which Indicates that the penpheral IS a 
M60CXJ famllv device 

PROCESSOR STATUS (FCO, FC!, FC2t. These function 
code outputs mdlcate the state (user or supervisor) and the 

cycle type currently being executed, as shown In Table 15. 
The Information indicated by the function code outputs IS 
valid whenever address strobe tAS) (s active. 

TABLE '5 - FUNCTION CODE OUTPUTS 

FC2 FC' FCO Cyde Type 

Low Low Low (Undefined, Reserved) 

Low Low Hogh User Data 

LOW Hogh Low User Program 

Low Hogh Hogh (Undefined, Reserved) 

High Low Low (Undefined, Reserved) 

High Low Hogh Supervisor Data 

High Hogh Low Supervisor Program 

H'9r. High High Interrupt Acknowledge 

CLOCK (elK), The clock input IS a TTL compatible signal 
that is internally buffered for development of the internal 
clocks needed by the processor The ciock input shall be a 
constant frequency, 

SIGNAL SUMMARY. Table 16 IS a summary of all the 
SIgnals discussed in the previous paragraphs. 

TABLE 16 - SIGNAL SUMMARY 

Signal Name Mnemontc InputlOutput Activ.State Three 
State 

Address Bus A l-A23 output hogh Ves 
Data Bus 00-015 Inputloutput high ves 
Address Strobe ~ output low yes 

Read/Write R/W output 
read~hlgh 

write-low 
ves 

Upper and lower Data S1tobes DUS. IriS output low Ves 
Data Transfer Acknowledge ~ Input low no 

Bus Request 1m input low no 

8us Grant ~ output low no 

Bus Grant Ack.nowledge ~ Input low no 

Interrupt Prionty Level 1l'TII, IPL . IPL Input low no 
Bus Error BERR input low no 

Reset RESET inputloutput low no' 
Halt HALT Input/output low no' 
Enab&e E output hogh no 
Valtd Memory Address VMA output low yes 

Vahd Peflpheral Address m Input low no 

Function Code Output FCO. FCI. FC2 output hogh yes 

Clock elK Input h<:ih no 

Power Input Vee Input - -
Ground GND Input 

·open dram 
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BUS OPERA TlON 

The following paragraphs explain control signal and bus 
operation during data transfer operations, bus arbitration, 
bus error and halt conditions, and rae! operation. 

DATA TRANSFER OPERATIONS. Transfer of .... ta be
_ devices involves the following leads: 

• Address Bus Al through A23 

• Data Bus DO through 015 
• Control'Signals 

The address and data buses are separate parallel buses used 
·to transfer data using an asynchronous bus structure. In all 
cycles, the bus master assumes responsibility for deskewing 
all Signals it issues at both the start and end of a cycle. In ad
dition, the bus mioster is responsible for desk,ewing the 
acknowledge and data signals from the """'" device. 

The following paragraphs explain the reed, write, and 
reed-modify-write cycles. The indivisible reed-modify-write 
cycle is the method used by the Mceaaoo for interlocked 
multiprocessor communications. 

FIGURE. - WORD READ CYCLE FLOW CHART 

BUSMASTEII Il.AVE 

Addrm DIvice 
11 Sot R/Vii to R""" 

21 PIoco A_ on Al-A23 

31 PIoco Function Code on Fc()'FC2 

41 _ A_ Strobe lAs) 

151 _ Upper Dlta Strobe IlIDS) and Low


.... 01 .. Strobe 1m) 


I 

II ~Add.... 
2) Place Data on 00-015 
31 _ Dota Tr.nsf.r Acknowlodgo 

IDTACK) 

I 

11 Lau:h D... 

21 Negate lIDS andrn 

31 Nega.. AS" 


t 
Terminete Cycle 

11 Ramow Data from 00-015 
2) Nogata 01 ACK 

+Start Naxt Cycle 

NOTE 

The tllrms ..-!ion and negetioD will be used e><tensively. 
This is done to avoid confusion when deeling with a mi><ture 
of "active-low" and"active-high" signals. The term assert Or 
assertion is used to indicate that 8 signet is active or true in" 
dependent of whether that voltage is low or high.. The term 
negate or negation is used to indicate that a signal is inactive 
or false. 

Reed Cyde. During 8 read cycle, the processor receives 
data from memory or a .peripheral device. The processor 
reads bytes of data in all cases. If the instruction specifies a 
word (or double word) operation, the processor reads both 
bytes. When the instruction specifies byte operation, the 
processor uses an internal AO bit to determine which byte to 
read and then issues the dsta strobe required for that byte. 
For byte operations, when the AO bit equals zero, the upper 
data strobe is issued. When the AO bit equals one, the lower 
data strobe is issued. When the data is received, the pro
cessor correctly positions it internally. 

A worq read cycle flow chart is given in Figure 6. A byte 
read cycle flow chart is given in Figure 7. Read cycle timing is 
given in Figure 8 and Figur. 9 details word and byte reed cy
cle operation. 

fiGURE 7 - BYTE READ CYCLE FlOW CHART 

BUS MASTER SLAVE 

11 Set R/Vi to Read
2; PIoco Address on A I-A23 

·3) PIoce Function Code on Fc()'FC2 
4) Assert Address Strobe IAsI 
5) Assart Upper Dota Strobe IUliS) or Lower 

D... Strobe lilml lbased on AO) 
I 

t 
Input Data 

1) ~Add.... 
2) P_ Dota on 00-01 or 03-015 lbasod on 

GDs or LoS) . 
31 Assert Data Transfer Acknowledge 

IiSi'ii:CK) 

11 Latch Data 
2) Negat. UDS or ilm 
3) Nogat. ~ 

Terminale Cycle 
1) Remove Data from DO-D7 or 08-016 

?
Start Next Cycle 
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FIGURE 8 - READ AND WRITE CYCLE TIMING DIAGRAM 

-LrLJL...JClK 

;======~}-}
\L____~r---\L__________~r-

____~====~/~~_-~-~\ r---\ r-
R/Vi \ I 

DTACK ~~~~~\~~~~~I \ I~-------'\ r 
08-DI5 ( >--<~=====~>----<;:=======~>-

00-D7 >-----< >-----< >
FC~2~__________--J}-{~______________~>-< >

~Read- - 4 -Wnte- - - ~ -Slow Read- - -~~--

FIGUR~ 9 - WORD AND BYTE READ CYCLE TIMING DIAGRAM 

ClK 

"Internal SIgnal Only 

h- - -Word Read- - ~ - Odd Byte. Read- ..f... -Even Byl8 Read - ...1 

Write Cycle. During a write cycle. the processor sends lions. when the AO bit equals zero, the upper data strobe is 
data to memory or a penpheral device. The processor writes issued. When the AO bit equals one, the lowe" data strobe is 
bytes of data in all cases. If the instruction specifies a word issued. A word write cycle flow chart is given in Figure 10. A 
operation. the processor wntes both bytes When the in byte write cycle now chart is given in Figure 11. Write cycle 
struction specifies a byte operation, the processor uses an timing is given in Figure 8 and Figure 12 details word and 
internal AO bit to determine which byte to wnte and then byte write cycle operation. 
issues the data strobe required for that byte For byte opera
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FIGURE 10 - WORD WRITE CYCLE FLOW CHART 

BUS MASTER SLAVE 

Address Device 

1) Place Address on At-A23 
2) Place Function Code on FC()..FC2 
3) Assert Address StrObe (~) 
41 Set R IW to Wnte 
5) Place Data on DO-D 15 
61 Assert Upper Data Strobe (ODS) and 

Lower Dala Strobe (LOS) , 
Input Data 

') Decode Address 
2) Store Data on ()O.D15 
3) Assert Data T ranster Acknowledge 

IDTACKI 

t 
Terminate Output Transfer 

11 Negate iJ5S and i1iS 
21 Negale AS 
3) Remove Data from DQ..O 15 
4) Set Rlw to Read 

Terminate Cycle 

11 Negate DT ACK 

f 
Start Next Cycle 

FIGURE 11 - BYTE WRITE CYCLE FLOW CHART 

BUS MASTER SLAVE 

Address Device 

1l Place Address on Al-A23 
21 Place Function Code on FCO-FC2 
3) Assert Address Strobe lAs) 
4) Set Riw to Write 
5) Place Data on 00-07 or 08-015 (according 

to AO) 
6) Assert Upper Data Strobe IUDS} or Lower 

Data Strobe tffil (based on AOI 

~ 

Input Data 

1) Decode Address 
21 Store Data on OQ.-07 .f LOS IS asserted 

Store Data on 08-015 If ~ IS asserted 
3) Assert Data Transfer Acknowledge 

ID~ 
T ermmate Output Transfer 

11 Negate UDS and LOS 
21 Negate AS 
3) Remove Data from DO-D7 or 08-015 
4) Set R/W to Read 

~ 

Terminate Cycle 

11 Negate DT ACK 

t 
s tart Next Cycle 

FIGURE 12 - WORD AND BYTE WRITE CYCLE TIMING OIAGRAM 

CLK 

AO' I 

~~ ~r-~========~~____ ~~----~r-
iJ5S \\"___.-Jf \ r 

~ \ f \....___-..Jf 


RiwJ\ r\ r-\ r 
DTACK \ I~-====~\------..Jlr~~==~\~----r-~ 
OII-D15::::::r-< >---< >---< ) 
00-07 ::::::r-< >---< >---< ) 
FCO-2:}-< H ~ 

-Internal Signal Only 

f4- - -Word Write- +- - .Odd BYte Write - .. - EvOfl BY'e Write- - ~ 
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Aead-Modify-Write Cycle. The read-modify-wnte cycle munication between processors In a multiple processor en
performs a read, modifies the data In the arithmetic-logic vironment This Instructron IS the only instruction that uses 
unit, and writes the data back to the same address In the the read-modify-write cycles and Since thp test and set In
MC6EOX) this cycle IS IndivISible In that the address strobe IS struction only operates on bytes, all read-modify-wnte cycles 
asserted throughout the entire cycle. The test and set ITAS) are byte operations. A read-modify-wnte cycle flow chart IS 

Instruction uses this cycle to provide meaningful com- given In Figure 13 and a timing diagram IS given In Figure' 4 

FIGURE 13 - READ-MODIFY-WRITE CYCLE FLOW CHART 

BUS MASTER SLAVE 

Address DeVIce 

11 Place Address on Al-A23 
2) Set R/W to Read 
31 Assert Address Strobe (ASI 
41 Assen Upper Data Strobe IUDS) or Lower 

Data Strobe (LOS) , 
input Data 

1) Decode Address 
21 Place Dala on 00-07 or 08-015 
31 Assert Data T ransler AcknO\Nledge 

IOTACK) 

11 latch Data 

2) Negate UOS or lOS 

3) Start Data Modlflcallon 


I 
t 

TermInate Cycle 

11 Remove Data from DO-07 or 08-015 
2) Negate O'T"ACK 

y--
SIan Output Transfer 

11 Set A/W to Write 
2) Place Data on DO-D7 or 00-015 
3) Assert Upper Data Strobe IUDS) or Lower 

D:Ha Strobe (LDSI
L'____________________________________~, 

Input Data 

11 Store Data on 00-07 or 08-015 
2) Assert Data T ranster AcknowkKige 

IDTACKI 

f 
T ermlna'e Output T ransler 

1) Negate ~ or lOS 

2) Negate AS 

31 Remove Data I(om 00-07 or 08-015 

41 Set Riw to Read 


~------------------------~t 
Temuna'e Cyde 

1) Negate DTACK 

t 
Stan Next Cycte 
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FIGURf t4 - READ-MOOIFY-WRITE CYCLE TIMING DIAGRAM 

ClK 

=================~ 
~--------------------~ 
~____~====~____~r---

UOS or DiS ~ I \ r-- 
R/W \ t:

DTACK---......\ 	 ---~r--
08-015 	 )----( }- 

DO-D7 	 r---< }-
F~2~__________~____________~~ 

~-- - IndivISible Cvcle -- -+I 

BUS ARBITRATION. Bus arbitratIon is a technique used FIGURf t5 - BUS ARBITRATION CYCLE FLOW-CHART 

by master-type devices to request, be granted, and 
acknowledge bus mastership. In Its simplest form, it consists PROCfSSOR RfQUfSTING DfVlCf 

of: Request the Bus 
1. 	 Asserting a bus mastership request. 11 Assert Bus Request IA'III 
2. 	 Receiving a grant that the bus is available at the end I 


of the current cycle. 
 f .3. 	 Acknowledging that mastership has been assumed. Grant Bus ArbltrabOn 

Figure 15 is a flow chart showing the detail involved in a 
request from a single device. Figure 16 is a timing diagram 
for the same operations. This technique allows processing of 
bus requests durjng (ieta transfer cycles. 

The timing diagram shows that the bus request is negated 
8t the time that an ackno,,!,ledge is asserted. This type of 
operation would be true for 8 system consisting of the pro
cessor and one device capable of bus mastership. In systems 
having 8 number of devices capable 01 bus mastership. the 
bus request line Irom each devioa is wire ORed to the pro
cessor. In this system. it is easy to see .thet there could be 
more than one bus request being made. The timing diagram 
shows that the bus grant Signal is negated a lew clock cycles 
alt... the transition 01 the acknowledge IBGACKI signal. 

However. if the bus requests are still pending, the pro
cessor will aseert another bus grant within a lew clock cycles 
alt... it was negated. This eddition~,_ion 01 bus grant 
allows .xternal arbitration circuitry \0 select the next bus 
master before the current bus master has completed its re
quirements. Thelollowing paragraphs prOllide additional in
formation about the three stapI in the arbitretion process. 

11 Assert Bus Grant IBG) 
I 

t 
Acknowledge Bus Mastership 

1) External arbitration- determines next bus 
mast ... 

21 	 Next bus master waits for currant ,Cycle to 
complete 

3) 	 Next bus meater assarts Bus Grant 
Acknowledge I~I to become new 
master 

41 Bus mast... negates iiR 

f 
I 

Temlln'te Arbitration 

11 Negate iG tand wait for B'GA"C"K to be 
negatedl 

t 
Operate •• Bus Mister 

"11 Perform ON Tr.".ters (Read and Write 
·cyclel) KCOrding to the same rules the. pro

~U.." t 
A_sa Bus Mastership 

11 NlgltIl BGACK 
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FIGURE 18 - BUS ARBITRATION CYCLE TIMING DIAGRAM 

ClK 

AS 

UDS 

lDS 

R!iiV --===~ 
DTACK ,----~ 

D8-DI5 

---~~--~ \ 
~----~\====__~I r-----------~\====~~/~------

B'GACi( \1...___-'/ \...______ 

Processor- ~ -DMA Devtce- .......... - ~Processor- - ~ -QMA OevJce-

Requeating the Bus. External devices capable of becoming 
bus masters request the bus by asserting the bus request 
(IrR) Signal. This is a wire ORad signal (although it need 110t 
be constructed from open collector devices) that indicates to 
the processor that some external device requires control of 
the external bus. The processor is effectivety at a lower bus 
priority level than the external device and will retinquish the 
bus after it has completed the last bus cycle it has started. 

When no acknowJedge is received before the bus request 
Signal goes inactive, the processor will continue processing 
when It detects that the bus request is inactive. This allows 
ordinary processing to continue if the arbitration circuitry 
responded to noise inadvertently. 

Receiving the Bus Grant. The processor asserts bus grant 
IBG) a~ soon as possible. Normally this is immediately after 
internal synchronization. The only exception to this occurs 
when the processor has made an internal decision to execute 
the next bus cycle but has ('ot progressed far enough into 
the cycle to have asserted the address strobe (AS) signal. In 
thIS case, bus grant WIll not be asserted until one clock after 
address strobe IS assened to 1ndlcate to external dEwiees that 
a bus cyde is being executed. 

The bus grant Signal may be routed through a daisy
chained network or through a specific priOrity-encoded net
work. The processor IS not affected by the external method 
of arbItration as long as the protocol is obeyed. 

Acknowtedgement of Meaterahip_ Upon rece;ving a bus 
grant, the requesting device waits until address strobe. data 
transfer acknowledge, and bus grant acknowledge are 
negated before issuing its own BGACK. The negation of the 
address strobe indicates that the previous master has com

plated its cycle, the negation of bus grant acknowledge in· 
dicates that the prevIous master has released the bus. (While 
address strobe is asserted no device IS allowed to "break in
to" a cycle.! The negation of data transfer acknowledge in
dicates the previous slave has terminated Its connection to 
the previous master. Note that in some applications data 
transfer acknowledge might not enter into this function. 
General purpose devtces would then be connected such that 
they were only dependent on address strobe. When bus 
grant acknowtedge is issued the device IS bus master until it 
negates bus grant acknowledge. Bus grant acknowledge 
should not be negated until after the bus cycle!s) is (are) 
completed. Bus mastership is tet'min8ted at the negation of 
bus grant acknowledge. 

The bus request from the granted device should be drop
ped when bus grant acknowkJdge is asserted. If bus request 
is still assened after bus grant acknowledge is negated, the 
processor performs another arbitration sequence and issues 
another bus grant. Note that the processor does not perform 
any external bus cycles before it re-asserts bus grant. 

BUS ERROR AND HALT OPERATION. In a bus architec· 
ture that requires a handshake from an external device, the 
possibility exists that the handshake mIght not occur. Since 
different systems will reQuire a different maximum response 
time, a bus error Input is provided. External CIrCUItry must be 
used to determine the duration between address strobe and 
data transfer acknowledge before Issuing a bus error Signal. 
When a bus error signal is received. the processor has two 
options: initiate a bus error exceptIon sequence or try runn
ing the bus cycle again. 
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ExceptKln Sequence. The bus error exception sequence IS 

entered when the processor receIves a bus error Signal and 
the halt Pin IS Inactive. FIgure 17 IS a timing dIagram for the 
exception sequence. The sequence IS composed of the 
following elements 

1 StackIng the program counter and status register 

2 Stac\(\ng the error Information 

3 Readmg the bus error vector table entry 

Executing the bus error handler routme 

The stacking of the program counter and the status 
register IS the same as ,f an Interrupt had occurred, Several 
additional Items are stacked when a bus error occurs These 
Items are used to determine the nature of the error and car
ree! It. If pOSSible. The bus error vector IS vector number twO 
located at address $COlXlB The processor loads the new 
program counter from thiS location A software bus efror 

handler routme IS Ihen executed by the processor Reter to 
EXCEPTION PROCESSING for additional Inlormatlon 

Ae-Running the Bus Cycle, When the processor receives a 
bus error Signal and the halt pm IS being driven by an external 
deVice, the processor enters the fe-run sequence Figure 18 
IS a tlmmg diagram for fe-runnmg the bus cycle 

The processor completes the bus cycle, Ihen putS the ad 
dress. data and function code output lines In the high 
Impedance state The processor remains "halted," and will 
not run another bus cycle until the halt signal IS removed by 
external logiC Then the processor will fe-run the prevIous 
bus cycle uSing the same address, the same funCllon codes. 
the same data I.!or a write ope!a~lonl, and the ~ame conirolS 
The bus error 519'131 Should be removed belare \he halt Signal 
IS removed 

FIGURE 17 - BUS ERROR TIMING DIAGRAM 

R/W 

~----------------------------------------------~ '------
D8~D15~~~~~~~~~~~~~~>====OO~D7= ~ 

FC0-2:::::::r-< ~;::==== 
BER"A \ I.~ 
HAlT------------------------~============~--~~.-------------

k InR~at~ - -Response Fadure- ¥Sus Error Oetectto~yCle Term!naleS~ ~l~t~~ 
aad Error Slacking 

FtGURE 18 - RE~RUN BUS CYCLE TlMtNG INFORMATION 

ClK 

A4-A23At.AJ~~~~~~~~;~;;;;;;;;;;;;;;;~~~~~~~~~ 
~ ~'----~/ \------' 
~~ /,------------------.....,\--------' 
iJE~ 1 \ 

RiW 
~----------------------------------------------~\ ;--

DO-D7) >--D8-D15~~§~~~~~(~>---~

FC0-2 J-<) >-C 
~ \~_________JI 
HACi' --------,\\..______________________-'1 

~ - - Read- -- .jc-- -- - -- "H.II- -- - -- -+- -- Re,un- -- .....j 
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NOTE 

The processor will not re-run a read-modify-wnte cycle 
This restriction IS made to guarantee that the entire cycle 
runs correctly and that the wr1te uperatlon of a 1 est-and· Set 
operation IS performed without ever releasing AS 

Halt Operation with No Bus Error. The halt Input signal to 
the MC68000 performs a Halt/Run/Smgle-Step function In a 
similar fashion to the M68(X) hal! function The halt and run 

-modes are somewhat self explanatory In that when the hait 
signal IS constantly active the processor "halts" (does 
nothing) and when the halt signal IS canstan'tly Inactive the 
processor "runs" (does something) 

The single-step mode IS denved from correctly tImed tran 
51tlon5 on the halt signallflput It torces the processor to ex
ecute a slOgle bus cycle by entering the "run" mode until the 
processor starts a bus cycle then changing to the "halt" 
mode, Thus, the slngle-slep mode allows the user to pro
ceed through (and therefore debugl processor operations 
one bus cycle at a ume 

Figure 19 details the tlmrng reqUIred for correct single-step 
operations Some care must be exerCised to avoid harmful 
interactions between the bus error signal and the halt pin 
when uSing the single cycle mode as a debugging tool. ThiS 
IS also true of InteraCtions between the halt and reset hnes 
Since these can reset the machme 

When the processor completes a bus cycle after recognrz
109 trat the halt signal IS active, most three-state signals are 
put In the high-Impedance state These Include' 

1 address Imes 

2 data Imes 

3, function code hnes 

ThiS IS required for correct performance 01 the re-fun bus cy
cle operation 

Note that when the processor honors a request to halt. the 
function codes are' put In the high-Impedance state Itheir 
buffer characterrstl':S are the same as the address buffers) 
W~de the processor IS honoflng the halt request. bus arbitra
tion performs as usual. That IS. halting has no effect on bus 
arbitration It IS the bus arbjtratlon functIon that removes the 
control signals from the bus 

The halt function and the hardware trace capability allow 
the hardware debugger to trace smgle bus cycles or single In
structions at a ume. These processor capabllitles, along with 
a software debugging package, give total debugging flexibili
ty 

Double Bus Fautls. When a bus error exception occurs, 
the processor will attempt to stack several words conta1f1lng 
Information about the state of the machine. If a bus error ex
ception occurs during the stacking operation, there have 
been two bus errors In a row. ThiS is commonly referred to as 
a double bus fault. When a dOllble bus fault occurs. the pro
cessor writ halt. Once a bus error exception has occurred, 
any bus error exception occurring before the execution of 
the next Instruction constitutes a double bus fault. 

Note that a bus cycle which is re-fun does not constitute a 
bus error exception, and does not contribute to a double bus 
fault. Note also that thIS means that as long as the external 
hardware requests It. the processor will continue to re-run 
the same bus cycle. 

The bus error pin also has an effect on processor operation 
after the processor receives an external reset input. The pro
cessor reads the vector table after a reset to determine the 
address to start program execution. If a bus error occurs 
while reading the vector table (or at any time before the first 
instruction IS executed), the processor· reacts as if a double 
bus fault has occurred and It halts. Only an external reset will 
start a halted processor 

FIGURE 19 - HALT SIGNAL TIMING CHARACTERISTICS 

CLK 

'--__---J/ \....___....1/ 
Ir----------------~\ r---
/ \ r

R/W---~~======~-----------~======~----
OTACK \ / \ r
DO-07) }-D8-015~~(~;):==~;;;~~§}--~

FCO-2 ::J-< >-c 
~ \~------------------~I 

f.- - - - +- Halt ----to -Read- -Read-- ~ 
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RESET OPERATION. The reset sIgnal IS a bidirectional the status regIster 10 an Interrupt level of seven No other 
sIgnal that allows either the processor or an external signal to registers are affected by the reset sequence 
reset the syStem Figure 20 IS a timing diagram for resel When a RESE.T sequence IS executed, the processor 
operatIons. Both the halt and the reset hnes must be applied drlves the reset pin lor 124 clock pulses In thIS case. the pro· 
to ensure t01al reset of the processor cessor IS trYing to reset the rest of the systern Therefore, 

When the reset and halt lines are dnven by an external there IS no e!!ect on the lnterna! Slate of the processo~ All of 
deVice, 11 IS recognized as an entire system resel. Includmg the processor's Internal reglstl;!:rs and the status register are 
the processor The processor responds by reading the reset unaffected by the exeCu!I00 of a RESET instruction All ex
vector lable entry (vector number zero. address SCXXX)()()1 ternal deVices connected to the reset line should be reset at 
and loads It Into the supen/lsor stack pOinter (SSP) Vector the completion of the RESE T Instruction 
table entry number one at 3ddress $cx:xxx:>4 IS read next and When Vee IS Initially applied to the processor, an external 
loaded mto the program counter The processor InitIalizes reset must be applied to the reset pm tOf 100 milliseconds 

FIGURE 20 - RESET OPERATION TIMING OIAGRAM 

elK lflMIlJUlJ11lf1flfU1JlJlJ1JlJ1flJL 

t- > 100 Milliseconds ~r--------------
I 

HALT lL________________________~ 

NOTES 


11 Internal start-up time 41 PC High read In here Bus State Unknown ~ 

21 SSP High read In here 51 PC Low read In here 


All Control Signals InaCllve
3) SSP Low read In here 6) First instruction fetched here 

Data Bus In Read Mode >----< 
EXCEPTION PROCESSING 

The followmg paragraphs describe the actions of the The halted proceSSing Slate IS an Indication of catastrophic 
MC68XXJ whIch are outside the normal processmg hardware failure For example. If dunng the exception pro 
assocIated With the execution of Instructions. The functions cessing of a bus error another bus error occurs, the pro
of the bIts In the supervisor portIon of the status regIster are cessor assumes that the system IS unusable and hailS Only 
covered the supervisor/user bit, the trace enable bIt, and an external reset can restart a halted processor Note that a 
the processor Interrupt PriOrity mask. Finally, the sequence processor In the stopped state IS not 10 the halted state, nor 
of memory references and actions taken by the processor on vtce versa 
exception conditIons is detailed 

PRIVILEGE STATES 

The MCfaXX) IS always one ot three processmg states The processor operates In one 01 two s'lates of priVilege 

normal, exception, or halted The normal processing state IS the "user" state or the "supervISor" state The priVilege state 

that associated WIth Instruction execution; the memory determtnes which operations are legal. IS used by the exter 

references are to fetch Instructions and operands, and 10 naf memory management deVice to conlrol and translate ac

store results A special case of the normal state IS the cesses. and IS used to choose betw43en the superVisor stack 

stopped state which the processor enters when a STOP in pOinter and the user stack pomter In Instruction references 

strUCtion IS executed. In thiS state, no further memory The privilege Slate IS a mechanism for prOViding security 1(1 

references are made. a computer system Programs should access only thelf own 

The exception processing state IS associated With Inter· code and data areas, Z':1d ought to be restricted from access

rupts, trap instructions, tracmg and other exceptional condi Ing Information which they do not need and must not 

tIons. The exception may be internally generated by an In modIfy. 

struction or by an unusual condItion arising dunng the ex The povllege mechanism prOVIdes security by allOWing 

ecution of an Instruction. Externally. exception processing most programs to execute!n user state In thiS state, the ac

can be forced by an interrupt, by a bus error, or by a reset. cesses are controlled, and the effects on other partS of the 

Exception processing is designed ,0 provide an effiCient con system are limIted _ Tlie operating system executes In the 

text switch SO that the processor may handle unusual condi supervisor state, has access to all resources, and performs 

tions. the overhead tasks for the user state programs. 

PROCESSING STATES 
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SUPERVISOR-STATE, The supervisor Slale IS Ihe higher 
state of privilege For Instruction execution, the supervisor 
st,ate IS determined by the $-blt of the status register; If the 
$-blt IS i'lsserted (t"1lgh), the processor IS In the supervisor 
state All InstructionS can be executed In the supervisor 
state The bus cycles generated by Instructions executed in 
the supervisor state are classIfied as supervisor references 
While the processor IS In the supervisor privilege state, those 
instructions which use either the system stack pOinter Im
pilcltly or address register seven explicitly access the super
visor stack pOinter 

All exception processing IS done In the superVisor state. 
regardless of the setting of the S~blt The bus cycles 
generated dUring exception processmg are classified as 
supervisor references All stacking operations dUfing excep
tion processing use the supervisor stack pOinter 

USER STATE. The user state IS ttl'e lower state of 
privilege For instruction execution, the user state IS deter
mined by the S-blt of the status register. It the S-blt IS 
negated (low). the processor IS executing Instructions in the 
user state. 

Most instructions execute the same In user state as In the 
supervisor state However. some InstrUCtions which have 
Important system effects are made privileged, User programs 
are not permitted to execute the STOP instruction, or the 
RESET Instruction To ensure that a user program cannot 
enter the supervisor state except In a controlled manner, the. 
instructions which modify the whole status register are 
pnvlleged. To aid In debugging programs which are to be 
used as operating systems. the move to user stack pointer 
(MOVE USP) and move from user stack pOinter tMOVE from 
USP) Instructions are also priVileged 

The bus cycles generated by an Instruction executed in 
user state are classified as user state references_ ThiS allows 
an external memory management device to translate the ad
dress and to control access to protected portions of the ad
dress space. While the processor is In the user privilege 
state.' those instructions which use either the system stack 
pOinter implicitly. or address register seven exphcitly. access 
the user stack pointer 

PRIVILEGE STATE CHANGES, Once Ihe processor 15 In 

the user state and executing Instructions. only exception 
procesSing can change the privilege state. DUring exception 

processing, the current setting of the S-blt of the status 
regIster IS saved and the S-blt IS asserted, putting the pro
cessing In the supervisor State. Therefore, when instruction 
execution resumes at the address speCIfied to process the 
exception, the processor IS In the supervisor privilege state, 

REFERENCE CLASSIFICATION, When Ihe processor 
makes a reference, It classifies the kind of reference being 
made. uSing the encoding on the three function code output 
IInes_ ThiS allows external translation of addresses. control of 
access. and differentiation of special processor states. such 
as Interrupt acknowledge. Table 17 lists the classification of 
references 

TABLE t7 - REFERENCE CLASSIFICATION 

Function Code Output 

FC2 Fe, FCO 
Reference Cia.. 

0 0 0 (Unassigned) 

0 0 1 User Data 

0 

0 

, , 0 

1 

User Program 

(UnassIgned) , 0 0 (Unassigned) 

I 0 , Supervisor Data 

I 1 0 Supervisor Program 

I 1 1 Interrupt Adnowledge 

EXCEPTION PROCESSING 

Before discussing the detaIls of mterrupts. traps, and trac
ing. a general description of exceptIon processing is in order. 
The processing of an exception occurs in four steps, with 
variations for different exception causes. Dunng the first 
step. a temporary copy of the status register is made, and 
the status register IS set for exception processing, In the sec
ond step the exception vector is determined. and the third 
step is the saving of the current processor context. In the 
fourth step a new context is obtained, and the processor 
switches to instruction processing. 

EXCEPTION VECTORS, Exceplion vectors are memory 
locations from which the processor fetches the addrt!Ss of a 
routine which will handle that exception. All exception vec
tors are two words in length (Figure 21). except for the reset 

FIGURE 21 - EXCEP1'ION VECTOR FORMAT 

Word 0 New Program Counter tHigh) 

Word 1 New Program Counter t Low) AO=O, A, =, 

FIGURE 22 - PERIPHERAL VECTOR NUMBER FORMAT 

~nored T:71 v61-s 1V41 V31 v2 !v, 1~i 
Where: 


v7 is the MSB of the Vector Number 

vO is the LSB of the Vector Number 
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vector, which is four words. All exception vectors he in the 
supervisor data space, except for the reset vector which IS In 

the .supervisor program space. A vector number IS an eight
bit number which. when multiplied by four, gives the ad
dress of an exception vector Vector numbers are generated 
internally or externally, depending on the cause of the excep 
tion. In the case of mterrupts, dunng the Interrupt 
ack.nowledge bus cycle. a peripheral provides an 8-blt vector 
number (Figure 22) to the processor on data bus lines DO 
through 07. The processor translates the vector number Into 
a full 24-bit address. as shown In Figure 23. The memory 
layout for Elxcepuon vectors IS given In Table 18 

As shown in Table 18, the memory layout IS 512 words 
long (1024 bytesl. It starts at address a and proceeds 

through address 1023 ThIs provides 255 unique vectors; 
some of the')e are reser .... ed for TRAPS and Olher system 
functions Of the 255, ther8 are 192 reserved for user Inter 
rupt vectors Hr,wevm, there IS no protection on Ihe first 64 
entries. so use! Intf-:!'upl vec!Or~ rnay overlap at the discre
tiOn of the sy5terns deslgnel 

KINDS OF EXCEPTIONS. Exceptions call be ger,erated by 
either Iflternal Of exterflal causes The externaliy generated 
except,or·s are the Interrupts and the bus error and reset re
Quests The mterrupts are reQllesls frof"fl penpheral d~vlces 
for processor action w>;:!e the bus error dnd reset Inputs are 
u5cd for access cantr:'). a,ld processor restart The Internallv 
generated el(ceptlons cornf' H,lm Instructions, or tram ad-

FI ;URE 23 - ADDRESS TRANSLATED FROM II-BIT 

VECTOR NUMBER 


All Zeroes 

TABLE 18 - EXCEPTION VECTOR ASSIGNMENT 

Vector 

Number(s) Dec 

Add,.. 

He. Space 
Assignment 

0 0 000 SP Reset Inttlal SSP 

- 4 004 SP Reset· Initial PC 

2 8 008 SO Bus Error 

3 12 OOC SO Address Error 

4 16 010 SO Illegal Instruction 

5 20 014 SO Zero DIVide 

6 24 018 SD CHK Instruction 

7 28 01C SO TRAPV Instruction 

8 32 020 SO Pnvllege Violation 

9 36 024 SO Trace 

10 40 028 SO Line 1010 Emulator 

11 44 02C SO Lme1111 EmUlator 

12' 48 030 SO (Unassigned. reserved I 

13' 52 034 SO {Unassigned, reserved I 

14' 56 038 SO (Unasstgned. reserved) 

15 60 03C SO UOitlailzed Interrupt Vector 

16-23· 64 04C SO (Unassigned. reserved) 

95 05F 

24 96 060 SO SPUriOUS Interrupt 

25 100 064 SD Levell Interrupt Autovector 

26 104 068 SO Level 2 Int&r'rupt Autovector 

27 108 06C SO Level 3 Interrupt Autovector 

2B 112 070 SO Level 4 Interrupt AutoveclOr 

29 116 074 SD Level 5 Interrupt Autovector 

30 120 078 SO Level 6 Interrupt Autovector 

31 124 07e SO Level 7 Interrupt Autovector 

32-017 128 060 SO TRAP InstructIOn Vectors 

191 OaF -
48-&. 192 oeo SO (Unassigned. reserved) 

255 OFF -
64-255 255 100 SO User Interrupt Vectors 

1023 3FF 

·Vector numbers 12, 13, 14, 16 through 23 and 48 through 63 are reserv
ed for future .enhancements by Motorola No user peripheral devIces 
Should be assigned these numbers. 
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dress errors or tracing The trap nRAPJ, trap on overtlow 
(TRAPV1, check register against bounds (CHKJ and divide 
(DIVI Instructions all can generate exceotionsas part of thelf 
instruction execution In addltl::m, illegal instructions. word 
fetches from odd addresses and prIVIlege Violations cause ex
ceptions TraCing behaves like a very high pnonty, Internally 
generated Interrupt after each Instruction execution. 

EXCEPTION PROCESSING SEQUENCE. Exception pro
cessing occurs In four Identifiable steps. In the first step, an 
Internal CODy IS made of the status register. After the copy IS 
made the S-bl\ IS asserted, putting the processor into the 
super~,sor pnvilege state ~\Iso, the T -bit IS negated which 
will allow the exceO\Lon handler to execute unhindered by 
!raclng For the reset and Interrupt exceptions, the Interrupt 
priority mask IS (\Iso updated 

In the second step, the vector number of the exception IS 
determined For inTerrupts. the vector number is obtained by 
a processor fetch, classified as an Interrupt acknowledge 
For all other exceptions, In1ernal logiC prOVides the vector 
number ThiS vector number IS then used to generate the ad
dress of the exception vector 

The third step IS to save the current processor status, ex· 
cept for the reset exception The current program counter 
value and the saved copy of the status register are stacked 
usmg the supervisor stack pOinter The program Counter 
value stacked usually pOints to 1he next unexecuted instruc
tion, however for bus error and address error, the value 
stacked fOI the program counter IS unpredictable, and may 
be mUtrnented from the address ot the Instruction which 
caused the error AddlTionsllnformallon deflnmg the current 
context IS stacl(ed for the hus error and address error excep 
\lons 

The last SleD is tne S3me for all e~,ceptlons The new pro
gram counter value IS fetched from the exception vector 
The processor then resum8S InstruCTion execution The in
struction at the address given In the exception vector IS 
fetChed, and normal Instruction decodmg and execution IS 
started 

MULTIPLE EXCEPTIONS. These paragraphs describe the 
processing which OCCurs when multtple exceptions arise 
Simultaneously. Exceptions can be grouped according to 
their occurrence and pflomy The Group O'"8xceptlons are 
reset, bus error, and address error These exceptions cause 
the Instruction currently being executed to be aborted, and 
the exceotlon processing to commence at the next minor cy
cle of the proceSSor The Group 1 exceptions are trace and 
Interrupt, as well as the prrvllege Violations and illegal in
structIons. These exceptions allow the current instruction to 
execute to completion, but preempt the execution of the 
next inStruction by forcmg exceptIon processing to occur 
(privilege Violations and Illegal Instructions are detected 
when they are the next Instruction to be executed I. The 
Group 2 exceptions OCCur as part of the normal processing of 
instructions. The TRAP, TRAPV, CHK, and zero divide ex
ceptions are In 'hiS group For these exceptions, the normal 
execution of an Instruction may lead to exception process
oog 

Group 0 exceptions have highest pnoflty, while Group 2 
exceptions have lowes1 PriOrity Within "Group 0, reset has 
highest priority, followed by bus error and ·then address er
ror Within Group 1, trace has priority over external inter
rupts, which In turn takes pflonty over Illegal instruction and 

priVilege violation Since only One Inst~uction ~n be ex
ecuted at a time, there IS no prionty relation within Group 2 

The pnonty relation between two exceptions determines 
which IS taken, or taken first, If the condittons for both anse 
simultaneously Therefore, If a bus error occurs during a 
TRAP instruction, the bus error takes precedence, and the 
TRAP instruCtion processing is aborted. In another example, 
If an Interrupt request occurs dUring the execution of an 10

structlon while the T "bit IS asserted, the trace exception has 
priOrity, and IS processed first Before instruction proceSSing 
resumes, however, the interrupt exception IS also processed, 
and mstruction processing commences finally m the inter
rupt handler routine. A summary of exception grouping and 
Priority IS given In Table 19. 

TABLE 19 - EXCEPTION GROUPING AND PRIORITY 

Group Exception Processing 


Reset 

ExceptIon proceSSing begins at 

0 Bus Eno! 
the next minor cycle 

Address Error 

Trace 
Interrupl Exception procesSing begins before

1 Illegal 1he next Instruction 
PrIVIlege 

TRAP, TRAPV, 
Exception processmg IS stal1ed by

2 CHK, 
normal lnstructlon execution Zero Olvlde 

EXCEPTION PROCESSING DETAILED DISCUSSION 

Exceptions have a number of sources, and each exception 
has processmg which IS peculiar to It The following 
paragraphs detail the Sources of eXCeptions, how each 
anses, and how each IS processed 

RESET. The reset Input prOVides the highest exception 
level. The processing of the reset Signal is desIgned tor 
system Initiation, and recovery from catastrophiC failure. 
Any processing In progress at the time of the reset IS aborted 
and cannot be recovered. The processor IS forced Into the 
supervIsOr state, and the trace state IS forced off. The pro
cessor Interrupt pnoflty mask IS set at level seven. The lI6C1or 
number IS Internallv generated to reference the reset excep
tion vector at location 0 In the supervisor program space, 
Because no assumptions can be made about ·the validity of 
register contents, In particular the supervisor stack pointer, 
neither the program count9f nor the statuS register IS saved 
The address contained in the first two words of the reset ex
ception vector is fetChed as the Initial supervISOr stack: 
pointer, and the address in the last two words of the reset 
exception vector IS· fetched as the milial program counter 
Finally, instruction execution is started at the address in the 
program counter. The power-up/restart code should be 
POinted to by the Initial program counter 

The RESET instruction does nol cause loading of the reset 
vector, but does assert the reset line to reset external 
devices. This allows the software to reset the system to a 
known state and then continue processing With the next in
struction. 

INTERRUPTS. Seven levels of interrupt prionties are pro
vided. Devices may be chained externally within interrupt 
priority levels, allowing an unlimited number of peripheral 
devices to interrupt the prGCessor Interrupt priority levets 
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are numbered from one to seven, 'evel seven being the 
highest priority. The status register contains a three-bit mask 
which indicates the current processor priority. and interrupts 
are inhibited for all priority levels less than or equal to the 
current processor priority. 

An interrupt request is made to the processor by encoding 
the interrupt request level on the interrupt request hnes; a 
zero indates no interrupt request. Interrupt requests arriv
ing at the processor do not force immediate exception pro
cessing. but are made pending. Pending Interrupts are 
detected between instruction executions. 1f the priority of 
the pending interrupt is lower than or equal to the current 
processor priority. execution continues with the next instruc
tion and the Interrupt exception processing is postponed. 
(The recognition of level seven IS shghtlv different, as ex
plained in a following paragraph.) 

If the priority of the pending interrupt is greater than the 
current processor priority. the exception processing se
quence is started, First a copy of the status register is saved, 
and the privilege state is set to supervisor. treeing is sup
pressed, and the processor priority level is set to the level of 
the interrupt being acknowledged. The processor fetches 
the vector number from the interrupting device, classifYing 
the reference as an interrupt acknowledge and displaying the 
level number of the interrupt being acknowledged on the ad
dress bus. If external logtc requests an automatic vectoring. 
the processor internally generates a vector number which IS 

determined bV the interrupt level number. If externaJlogic in
dicales a bus error. the interrupt IS taken to be spurious, and 
the generated vector number references the spurious inter
rupt vector. The processor then proceeds with the usual ex
ception processing, saving the program counter and status 
register on the supervisor stack. The saved value of the pro· 
gram counter IS the address of the mstructlon which would 
have been executed had the Interrupt not been present. The 
content of the interrupt vector whose vector number was 
pre>viously obtained IS fetched and loaded Into the program 
counter. and normal instruction execution commences in the 
interrupt handling routine. A flow chart for the interrupt 
ack.nowledge sequence is given in Figure 24; a timing 
diagram is given in Figure 25. 

FIGURE 24 - INTERRUPT ACKNOWLEDGE SEQUENCE 
FlOW CHART 

PROCESSOR INTERRUPTING DEVICE 

Request Interrupt 

I 

~ 
Grant Interrupt 

11 Compare interrupt level in status regtster 
and walt tor current InStructton to comp!8\,J 

21 Place interrupt level on A1. A2, A3 
3) Set R/iN 10 read 
41 Set function code to Interrupt acknowledge 
51 Assert address strobe (AS) 
61 Assert lower data strobe (LOS) 

I 

Provide Vector Number 

11 Place \I&Ctor number of ro07 

21 Assert data transfer acknowledge IDTACK)
, I 

ACQUire Vector Number 
1) Latch vector number 
~I Negate LOS 
31 Negate AS" 

11 Negate OT ACK 

Start Interrupt ProceSSIng 

FIGURE 25 - INTERRUPT ACKNOWLEDGE SEQUENCE TIMING DIAGRAM 


CLK 


AS 
UoS------,~-------J 


LOS ______~~========~______~==================~______~==========~_

Riw 

08-015 )OTACK-~~~~~~~~\~~~~~/~~~~~~~~\~~~~~~~~~/~==~~\~~~~~
roM ) ) 

FCQ.2:::>-<}-J y 
IPLG-2 \I....____________________________________-..Jf 

~ - Read CYcte - -+:- -Vector Numbef Acaursttton- --1 
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Priority level seven is a special case. level seven Interrupts TRACING. To aid In program development, the MC68)J() 
cannot be inhibited by the interrupt Pflortty mask., thus pro Includes a facility to allow instruction by instruction tracing. 
viding a "non-maskable interrupt" capability. An m!errupt IS In the trace state, after each instruction IS executed an ex~ 
generated each time the Interrupt request level changes trom ception is forced, allowing a debugging program to mOnitor 
some lower level to level seven Note that a Jevel seven 100er the execution of the program under test. 
rupt may still he caused by the level companson if the re The trace facility uses the T~blt in the supervisor portion of 
quest level is a seven and the processor Priority IS set to a the status register. If the T·bit IS negated (off), tracing is 
lower level by an Instruction disabled, and instruction execution proceeds from Instruc· 

tlon to Instruction as normal. If the T·bit is asserted {on) at 
INSTRUCTION TRAPS. Traps are except,ans caused by the beglnnmg of the execution of an instructIon, a trace ex· 

instructions. They anse either from processor recognition of ception Will be generated after the execution of that Instruc· 
abnormal conditions during instruction execution, 0r from tlon IS completed. If the instruction IS not executed. either 
use of InstruCtions whose normal behavior IS trapping because an interrupt IS taken. or the instruction IS Illegal or 

Some Instructions are used specifically to generate traps. pnvileged, the trace exception does not occlJr. The trace ex
The TRAP instructIon always forces an exceptton, and IS ceptIon also does not occur 1f the InstructIon IS aborted by a 
useful for implementIng system calls for user programs. The reset, bus error, or address error exception. If the instruction 
TRAPVand CHK instructIons force an exception if the user IS mdeed executed and an Interrupt IS pending on comple
program detects a runtime error, whIch may be an arithmetic tIon, the trace exception IS processed before the mterrupt ex· 
overflow or a subSCript out of boundS ception If, dunng the execution of the inslruction, an excep· 

The signed dIvide IDIVS) and unsIgned dIVIde IDIVU) In tion IS forced by that Instruction, the forced exception is pro
structIons will force an exceptIon If a division operation is at cessed before the trace exceptIon. 
tempted with a dlVlsor of zero. As ~n extreme illustration of the above rules, conSIder the 

arrival of an interrupt during the execution of a TRAP in
ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS. II· structIon while tracing IS enabled. First the trap exception is 

legal InstructIon IS the term used to refer to any of the word processed. then the trace exception, and finally the Interrupt 
bit patterns which are not the bit pattern of the first word of exception. Instruction execution resumes in the interrupt 
a legal instruction. Durmg instruction execution, If Such an handler routine. 
instructIon IS fetched, an Illegal Instruction exception occurs. BUS ERROR. Bus ermr exceptions occur when the exter· 

Word patterns wIth bIts 15 through 12 equaling 1010 or nal logic reQuests that a bus error be processed by an excep
1111 are distinguished as Unimplemented instructions and tion. The current bus cycle which the processor is making is 
separate exception vectors are given to these patterns to per· then aborted. Whether the processor was doing InstructIon 
mit effiCient emulation ThiS facility allows the oper.atmg or exception proceSSing, that processing IS terminated, and 
system to detect program errors, or to emulate the procesSor immediately begins exception processing. 
unImplemented instructions In software. Exception processing for bus error follows the usual se

quence of steps. The status register IS copied, the supervisor 
PRIVILEGE VIOLATIONS. In o,de, to p,ovlde system state is entered, and the trace state is turned off. The vector 

securny, various instructions 'Ire privileged An attempt to number is generated to refer to the bus error vector. Since 
execute one of the pmllieged instructions while In the user the processor was not between instructions when the bus er· 
state Will cause an exception. The prtvileged instructions are· ror exception request was made. the context of the pro· 

STOP ANO IwmdJ Immed,.te to SA cessor is more detailed. To save more of this context, addi· 
RESET EOR (wmdJ Immed,ate to Sf! tional information is saved on the supervisor stack. The pro

RTE OR (word) Immediate to SA gram counter and the copy of the status register are of 
course saved. The value saved for the program counter is ad~

MOVE to SA MOVE USP 
vanced by some amount. two to ten bytes beyond the ad-

FIGURE 26 - SUPERVISOR STACK ORDER 

15 t4 13 to 1t 10 6 o 
lower Address IR/wli/N I Function cOde 

Hlgh 
r - Access Address - - - - - _. - - - - - - - - - - - - - - - - - 

Low 

Instruction Register 

Status RegIster 

f-- - Program Counter - 

Low 


R/W tread/wrltel wnte- 0, read 2< 1. lIN (Instructlon/not): tnstructlon=O, not =0 1 
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dress of the first word of the instruction which made the 
reference causing the bus error. If tt}e bus error occurred 
during the fetch of the next instruction, the saved program 
counter has a value in the vtcinity of the current instruction, 
even if the current instruction is a branch, a Jump, or a return 
instruction. Besides the usual information, the processor 
saves its internal copy of the first word of the instruction be
ing processed, and the address which was being accessed 
by the aborted bus cycle. Specific Information about the ac
cess is also saved: whether it was a read or a write, whether 
the processor was processing an instruction or not. and the 
classification displayed on the function code outputs when 
the bus error occurred. The processor is processing an in
struction if it IS in the normal state or processing a Group 2 
exception; the processor IS not processing an instruction if it 
is processing a Group 0 or a Group 1 exceptton. Figure 26 il
lustrates how this ,"formation is organized on the supervisor 
stack. Although this information is not suffiCient in general 
to effect full recovery from the bus error. it does allow soft
ware diagnosis. Finally, the processor commences instruc
tion procesSing at the address contained in tre vector. It is 

the responsibility of the error handler routine to clean up the 
stack and determme where to continue execution 

If a bus error occurs during the exception procesSing for a 
bus error, address error, or reset. the processor is halted, 
and all processing ceases. This simplifies the detection of 
catastrophic system failure, Since the processor removes 
itself from the system rather than destroy all memory con· 
tents. Only the RESET pin can restart a halted processor 

ADDRESS ERROR. Address error exceptions occur when 
the processor attempts to access 8 word or a long word 
operand or an instruction at an odd address. The effect is 
much like an internally generated bus error, so that the bus 
cycle IS aborted, and the processor ceases whatever process
ing it is currently doing and begins exception proceSSing. 
After exception processing commences, the seQuence is the 
same as that for bus error including the information that is 
stacked, except that the vector number refers to the address 
error vector instead. Likewise, if an address error occurs dur
ing the exception processing for a bus error. address error, 
or reset, the processor is halted. 

INTERFACE WITH M6800 PERIPHERALS 

Motorola's extensive line of M68(X) peripherals are directly 
compatible with the MC68XlO. Some of these devices 
that are particularly useful are: 

MC6821 Peripheral Interface Adapter 

MC6840 Programmable Timer Module 

MC6843 Floppy Disk Controller 
MC6846 CRT Controller 
MC6860 Asynchronous Communication Interface Adapter 

MC6862 Synchronous Serial Data Adapter 

MC6854 Advanced Data Link Controller 
MC66488 General Purpose Interface Adapter 
To interface the synchronous MtXn) peripherals with the 

asynchronous MC68(XX), the processor modifies its bus cycle 
to meet the M68X) cyc'-' requirements whenever an M6800 
device address is detected. This is possible since both pro
casso,,! use memory mapped 1/0. Figure 27 is a flow chan of 
the .interface """,ation be_ the processor and M6800 
deviCes. 

DATA TRANSFER OPERATION 
Three signals on the processor provide the MfBXl inter

face. They are: enable (El, valid memory address (VMAI, 
and valid peripheral address (VPAI. Enable cOHesponds to 
the E or .2 Signal in existing M6800 systems. It is the bl..is 
clock. used by the frequency clock. that is one tenth of the in
coming M C68000 clock lrequency. The timing 01 E allows 
t MHz peripherals to be used with an 8 MHz MC68000. 
Enable has a 60/40 duty cycle; that is. it is low for six input 
clocks and high lor lour input clocks. This duty cycle allows 
the processor to do successive m accesses on successive 
Epulses. 

M6800 cycle timing is given in Figure 28. At state zero 1501 
in the cycle, the address bus .nd function codes are in the 
high-impedance slate. One half clock later, in state t, the ad
dress bus and function code outputs are reieased from the 
high-impedance state. 

During state 2, the address· strobe (~) is asse"ed to in
dicate that lhere is a valid address on the addr8S$ bus. If the 
bus cycle is a read cycle, the upper andlor lower data 
strobes are also asserted in state 2. If the bus cyde is 8 write 
cycle, the read/write (A/WI signal is switched to low (write) 

fIGURE XI - M8fIIIO INTERfACING flOW CHART 

PROCESSOR SLAVE 
InlHate Cycte 

1) The processor starts a nOlmal Read or 
Wnte cycle 

? 
t 

Defme M6800 Cycle 
1) External hardware asserts Valid Peripheral 

SynchrOnize With Enat»te 

1) The processor monitors Enabte lEI until it is 


low (Phase t I 

21 The processor asserts Valid Memory Ad


dress IVMAI 

T ransler Data 

1) The peflpheral walts until E IS active and r
Terminats Cycle 


1) The processor waits until E goes tow. (On a 

Rood cycle the dota is latched .. E goes 

low intemally) 


2) Th8 processor negates VMA 

31 and mThe proceooor nl"~'~' 

Stan Next Cycle 
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during state 2. One half clock later, In state 3, the write data 
is placed on the data bus, and in state 4 the data strobes are 
issued to Indicate valid data on the data bus 

The processor now Inserts walt states until It recogniZes 
the assertion of VPA. The VPA Input slgndls the processor 
that the address on the bus IS the address of an M6800 
device (or an area reserved for M68X) devices) and that the 
bus should conform to the q,2 transfer characteristics of the 
M68(X) bus. Valid penpheral address IS denved by decodmg 
the address bus, conditioned by address strobe 

AhEM" the recognition of VPA, the proceSSor assures that 
the Enable lEI IS low. by waiting If necessary, and subse 
Quently asserts VMA Valid memory address IS then used as 
part of the chip select equation of the peripheral This en· 
sures that the M68(XJ penpherals are selected and deselected 
at tt)e correct time. The perlphera1 now runs Its cycle during 
the high portion of the E sHJnal 

During a read cycle, the processor latches the penpheral 
data in state 6. For all cycles, the processor negates the ad· 
dress and data strobes one half clock cycle later In state 7, 
and the Enable Signal goes low at this time. Another half 
clock later, the address bus is put in the high-Impedance 
state. DUfing a write cycle, the data bus is put In the hlgh
Impedance state and the read/write signm is sWitched high 
at thiS time. The peripheral logic must remove VPA within 
one clock after address strobe IS negated 

Figure 29 showS the timing required by M6OC() peripherals, 
the timing specified for the M6BC(), and the corresponding 
timing for the MC€&:XX>. For further details on peripheral 
timing, consult the current data sheet for the peripheral of 
Interest. Notice that the MC68CXX> VMA IS active 1ow, con
trasted with the actlve high M68(X) VMA.Thls allows the pro
cessor to put itS buses in the high-impedance state on DMA 
requests without inadvertently selecting peripherals. 

FIGURE 2B - M6800 CYCLE OPERATION 

RIW \ 
5TACK~ 
00-015 -c=> >-----< r

00-07 --c::J r>--< 
FC0-2~ >-< >-< 

I I L 
VPA \ 1\ I 

VMA \ I \ r 
~ ~r~ ~ _ -MfHX> Peripheral Read Cycle- - --+--M68Ol Penpheral Write CYCIe~ 

Cycle 
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INTERRUPT INTERFACE OPERATION This operates in the same fashion (but is not restricted to) 
the M6EOl interrupt sequence. The basic difference is that During an Interrupt acknowledge~cle while the pro
there are six normal interrupt vectors and one NMI type veccessor is fetching t!:!!....:!ector. if VPA is asserted. the 
tor, As with both the M6800 and the M C6BQOO' s normal vecMCIlInX) will assert VMA and complete a normal M6800 
tored interrupt, the interrupt service routine can be located read cycle as shown in Figure~, The processor will then use 
anvwhere in the address spece, This is due to the fact that an internany generated vector that is a function of the inter
while the vector numbers are fixed, the contents of the vecrupt being serviced. This process is known as autovectoring. 
tOf table entries are assigned by the user. 

(decIma\), Since VMA is asserted during autovectoring, the M68(X) 
peripheral address decoding should prevent unintended ac

The seven autovectors are vector numbers 25 through 31 

cesses. 

FIGURE 30 - AUTOVECTOR OPERATION TIMING DIAGRAM 

A4-A23 

AS 

·UDS 

LDS 

Riw 

15"fAci( ~ 

08-015 --c=>---------------
00-07 -.c::J--------------
FCG-2 >< }..Ir-------------'C 

~~r===~----_r==~~
L.. 

V1'A \ '"'

VQA \ I 
~~Z-+- - - -Autovector OP8f8tion- - - - -~ 
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INSTRUCTION SET 

The following paragraphs provide information about the Control If an effective address mode may be 
addressing categories and instruction set of the MC68:XXJ. used to refer to. memory operands 

without an associated size, it is con
ADQRESSING CATEGORIES sidered a control addressing effective 

Effective address modes may be calege<ized by the ways address mode. 

in which they may be used. The following classifications will , 
be used in the instruction definitions. 	 Table 20 shows the various categories to which eaCh of the 

effective address modes belong. Ta~le 21 is the instruction Data 	 If an effective address mode may be 
set summary. used to refer to data· operands. it is 


consldered a data addressing effective 
 The status register addressing mode is not permitted
address mode. unless it is explicitly mentioned as a legal addressing mode. 

Memory 	 If an effective address mode may be 
used to refer to memory operands, it is These categories may be combined. so that additional, 
considered a memory addressing ef more restrictive, classifications may be defined. For exam
fective address mode. ple, the instruction descriptions use such classifications 8S 

Alterable 	 H an effective address mode may be alterable memory Of data alterable. The former refers to 
used to refer to alterable (writeable) those addressing modes which are both alterable and 
operands. it as considered an alterable memory addresses. and the latter refers to addressing modes 
addressing effective address mode. which are both data and alterabte. 

TABLE 20 - EFFECTIVE ADDRESSING MODE CATEGORIES 

Effective 
~ Cotogorieo 

Mode Regiote< 0... Memory Control Alt....bIo -
On (XX) register numble" X - X 
An 001 register number - - - X 

AnfP 010 register number X X X X 

""@+ 011 registet number X X - X 
""@- 100 register number X X - X 
An@ldl 101 register number X X X X 

An@(d. be) 110 register number X X X X 

-
xxx.w 111 000 X X X X 
xxx.L lIt 001 X X X X 

Pq;tldl tIl OtO X X X 
Pq;tld. ixl 111 01t X X X 

111 100 X X - 'xxx 
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TABLE 21 - INSTRUCTION SET 

Condition 

Mnemonic OeIcription Opotation Codeo 
X N Z V C 

ABCD Add Decimal with Extend IDestinationll0+ tSource'10- Destination U U 

ADD Add Binary IDestination) + ISource)- Destination . 
AODA Add Address \Destinationl +(Source)  Destination 

ADDI Add Immedaate (Destination' + Immediate Data - Destination 

AOOQ Add Quick (Destination) + Immediate Data- Destination 

ADD X Add Extended {Destination) + (Source) + X - Destination 

AND AND logical (Destination) A I Soufcel  Destination 0 0 
ANDI AND Immediate (Destination) It Immediate 0818- Destination - 0 0 
ASL, ASR Anthmetic Shift (DestinatIOn) Shifted by <count>  Destination 

BCC Branch Conditionally If CC then PC+d- PC - - -
-«bit number:> I OF Oestination-Z 

BCHG Test a Bit and Change -«bit number» OF Destination - - - -
<bit number> OF Destination 

BCLR Test a Bit and Clea~ - « bit number» OF Destination-- Z 
0- < bit number>  OF Destination 

- - - -
BRA Brartch Always PC+d-PC - - - - -
BSET Test a Bit and Set -«bit number> I OF Destination-Z 

1- < bit number> OF Destination - - - -
BSR Sranch to Subroutirn:! PC-SP@-; PC+d-PC - - - -
BTST Test a 81t -(<bit number» OF Destinatlon-Z -
CHK Check. RegISter against Bounds If On <0 or On> 1<88» then TRAP U ·U U 

CLR Clear an Operand a  Destination - 0 1 0 0 
CMP Compare (Destinatlonl- tSource' -
CMPA Compare Address tOestinstionl- tSource' -
CMPI Compare Immediate (Destination) - Immediate Data -
CMPM Compa,e Memory tDestinationl- (Sourcel -
DBCC Test ConditIOn. Decrement and Branch If- CC then On -, - On; if On. -1 then PC+ d- PC - - - - 
OIVS Signed Divide {Destination)! (Sourcel- Destination 0 
DIVU Unsigned Divide (Destination'! (Source)  Destination - 0 
EOR ExcluSive OR Logical (Destination). (Source) - Destination - 0 0 
EORI Exclusive OR Immediate (Destination). Immediate Data - Destination - 0 0 
EXG Exchange Register Rx-Ry -
EXT Sign Extend 'Destination) Sign-extended - Destination - 0 0 

JMP Jump Destinalion - PC 
JSR Jump to Subroutine PC-SPO-; Destination-PC 

LEA Load Effective Address Destinetlen - An -
LINK Unk and Altoeate An-SP.-: SP-An; SP+d-SP - 
LSL, LSR Logical Shilt (Destination) Shifted by <count> -Destination 0 
MOVE Move Data from Source to Destination (Source) - Destination , - 0 0 
MOVE.o CCR Mow to Condition Code (Source) - eCR 

MOVE to SR Move to the Statu. R~ister tSourceJ- SR 

• affected ocleared U defined 
- unaffected Isot 

545 



M C68000L4. MC68000L60MC68000L 

TABLE 21 - INSTRUCTION SET (CONTINUEDI 

Condition 
Mnemonic Description Operation Cod.. 

X N Z V C 
MOVE from SR Move trom the Status Register S R - Destination - - - - 
MOVE USP Move User Stack POtnter USP-An; An-USP - - - - 
MOVEA Move Address (Source) - Destination - - - - 

Aeglsters- Oestinatior.MOVEM Move Multiple RegISters - - - - 
(Source)- Registers 

MOVEP Move Peripheral Data (Source) - Destination - - - - -
MOVEa MoveOutck Immediate Data - Destlnatfon - 0 0 
MULS Signed Multiply lDest,nabon)· (Source! - Destination - 0 0 
MULU Unsigned Multiply (Oestlnatlon)"(Source) - Destination - 0 0 
NBCD Negate Decimal with Extend 0 (DestinatIOn) 10 X - Destination U lJ 

NEG Negate 0- (Destination) - Destination 

NEGX Negate with Extend 0- (OestinatlOni- x- Destination 

NOP No O~ratlon - - - - - 
NOT logical Complement - (DestlnatlOn) - Destination - 0 0 

OR Inclusive OR Logical (Destination) v (Sourcel- Destination - 0 0 

ORI Inclusive OR Immediate (Destination) v Immediate Data - DestinatIOn - 0 0 
PEA Push Effective Address Destination - SP@- - - - - 
RESET Reset External DevICes - - - - _. 

-

ROL. ROR Aotate (Without Extend) (DestJnatlOn~ Rotated by <count> - Destination - 0 
ROXL. ROXR Rotate with Extend IDestlnatlon) Rotated by <count> -Destination 0 

RTE Return from Exception SP@--SR;SP@+-PC 

RTR Return and Restore Condition Codes SP@+-CC;SP@+-PC 

RTS Return from Subroutine SP@+-PC 

SpCO Subtract Decimal with Extend (Destination) 10 - ISourcellO - X- Destination U U 

SCC Set According to ConditK>n If CC then ,'s- Destination else O's-DestinatlOn - - - 
STOP Load Status Register and Stop Immedl8te Data- SR; STOP 

SUB Subtract Binary IOestlnationl- (Sourcel- Destination 

SUBA Subtract Address (Oestinatlonl- (Sourcel- Destination - - -' - 
SUBI Subtract Immediate (Destinationl immediate Data - Destination 

SUBa Subtract Quick (Destination' -lmmedl8te Data - Destination 

SU8X Subtract with Extend (Destinationl- (Source) - X - Destination 

SWAP Swap Register Halves Register (31: 161 - Register (15:0) - 0 0 

T_l and Set an Operand (Destination) Tested - CC; 1- (71 OF Destination 0 0 

TRAP Trap PC-SSPC;>-; SR-SSPdi>-; (Vectorl-PC - - - - 
TRAPV Trap on Overflow If V then TRAP - - - - 
TST Test an Operand (Destination) Tested-CC - 0 0 

'JNLK Unlink An-SP; SP.,+-An 

I I=blt number 
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INSTRUCTION EXECUTION TIMES 

The following paragraphs CQnl81n hstmgs of the Instruc
\Ion exeCUllon limes In terms of ex'\ernal clock (eLK) 
penods In this IIITdng data. 1\ 15 assurned that the memory 
cycie time IS no greater than four periods of the external pro
cessor clock input. which preventS the Insertion of walt 
states In the bus cycle The number of bus.read and w:l\e 
cycles for each Instruction IS also Included with the liming 
data This data IS enclosed In parenthesIs follOWing the ex 
eeutlon penods and IS shown as If/W) where r IS the number 
at read cycles ana W IS the nu"nber of write cycles 

NOTE 

The number of periods Includes Instruction fetch and all 
!3Pplicable oper and fetches and stores 

EFFECTIVE ADDRESS OPERAND CALCULATION TIMING 

Table 22 listS the number of clock periods reqUired to com
pute an Instruction's effective address. It Includes fetching 
of any extenSIon words, the address computation, and 
letchlng of the memory operand The number of bus read 
and write cycles IS shown In parenthesIs as (r/wl. Note there 
are no wnte cycles Involved In processing the effective ad
dress 

MOVE INSTRUCTION CLOCK PERIODS 

Tables 23 and 24 Indicate the number of clock penods for 
the move Instruction. ThIS data includes Instruction fetch, 
operand reads, and operand writes The number of bus read 
and write cycles IS shown In parenthesIs as: (r/wl 

STANDARD INSTRUCTION CLOCK PERIODS 

The numbel of clock peflods shown In Table 25 Indlcetes 
the time required \0 perform ttle operations, store the 
results, and read the next Instruction 1 he number of bus 
read and wnte cycles IS shown In parenthesis as If/wi The 
number of clock. penods plus the number of read and wnte 
cycles must be added to those of the effective address 
calculation where IndIcated 

In Table 25, the headings have the follOWIng meanmg~, 
An =address regIster operand, On =data register operand, 
ea = an operand speCIfied by an effectlve address, and 
M = memory effective address operand 

IMMEDIATE INSTRUCTION CLOCK PERIODS 

The number of clock. periods shown In Table 26 Includes 
the time to fetCh Immediate operands, perform the oper a
llons, store the results, and read the next operation. The 
number of bus read and write cycles IS shown In parenthesIs 
as (r/wl. The number of clock penods plus the number of 
read and write cycles must be added to those of the effectIve 
address calculatIon where tndlcated 

In Table 26, the headings have the lollowlng meaOlngs 
I:::: Immediate operand, On = data reg,ster operand, 
M = memory operand, and SA =;0 status register 

SINGLE OPERAND INSTRUCTION CLOCK PERIODS 

Table 27 indicates the number of clock penods for the 
Single operand Instructions The number of bus read and 
wnte cvcles IS shown In parentheSIS as Ir/wl The number 
of clock periods plus the number 01 read ana write cycleS 
must be added to those of the effective address calculation 
where Indicated 

TABLE 22 - EFFECTIVE ADDRESS CALCULATION TIMING 

Addr-.ing Mode Byte, Word Long 

Reg.teI 
On ON Regioto< 0 .... 0<0/01 010/01 
An Addrea Regioto< DIrect 0(0/0) 010101 

Memo<y 
An@ Addreu RegiIW Indirect 4(110) 112/01 
An@+ Add,.. Regilter Indirect with POItincrement 411/01 11<2/01 
An@ Addreu Regilt., Indirect with Predecrement 6(1IQ) 10<2/01 
An@tdl ~ Ragie;ter Ind...ect with Dilplacement 812iOI 1213/01 
An@(d, jll.)- AddreM R~imtr Indirect with Index 1012 ' 01 1413/01 
o.x,W Ablolute Short 8f2}OI 1213/01 

=L Abeolute Long 12(310) 1f{4/01 
PC@ldl Progrem Counter with Oilplacement 8(2/01 1213/01 

PC(fItd. ix',...,. Pr0gt8m Counter with Index 
immediate 

1012.'01 

"'11m 
1413/01 
8(2101 

~The Size 01 the Index regIster hxl does not afteet eKecutlon lime. 
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TABLE 23 - MOVE BYTE AND WORD INSTRUCTION CLOCK PERIODS 

8!2tm 812/01 


1012'01 10t2:CI 

1213101 12t3;C) 


14(3/0) 14/3,01 

1213/01 12t:t 0) 

16\4/01 16(410) 


1213/01 12(3/01 

14(3;01 1413/CI 


BI2/OJ 8(2/01 


"The $il € 01 me ,n..de~ reglStef 100.1 does no' affect t:)l.eCl..!,tlfl tlfOt' 

TABLE 24 - MOVE LONG INSTRUCTION CLOCK PERIODS 

- --- --,.--------~-- --"'_."- ---- ---~--~-~ 
Destination

SourceI I On An An@ An@ ... J. Anew- An@(dl i.i..n@(d"x)-I X)"'l.Vv' lO.lO:,L 

On 4(1/01 ..ii/O) 14!i '21 I I ~:;~,'~~ I 20(2.'2) 

I 
181~1.2/ I 2213/2!14,'1)1 16!"21 

An 4(1/0) 4(1,01 14(1,2 1 14:1 2, 16!1 21 2012!;'') 1S(2,:?1 22-3.'21 

An@ 12(3/01 1213/0) 1213/2) 22(3/2) I 2213/2) i 26(4/21 i 28(4 1 2) 26(4<') i 301')1}1 


An@+ 1213/0} 1213/01 2213/21 2213/21 22;3,:21 2614/61 2B14121 2614·21 I Xl,5f21 

An@- 1413/01 14{3/Q) 24(3/21 24C3121 24(3/2) 28\4,21 3014,21 28'4/21 32(5/2) 

An@(dl 1614/01 16(4lQI 26(4/21 2614/21 26(4,21 XH5/21 3215 121 3015/21 I 3416/21 

An@ld, ix)· 18(4/01 18(4lm 2814i21 2814/21 28(4/2) 3215/21 3415/21 3211)/21 36i6/21 
"",W 16(4/01 16(4/0) 2614121 2614,121 2614.'21 JO'512, 3215121 3015/21 34(6/2) 

lOlx.l 20(5/01 2015/m 3015/21 306121 3015r2J 34m12) 36(6,2\ 3416/21 38(]/21 

pe@(dl 1614/01 16(4/01 26(4121 2614'21 26(4/21 ~6!21 3215/21 3015/21 34106/21 
PC@ld, ix)- 18(4/0) 18(4/01 28(412) .2814121 2814,2) 32.15/21 341!)/21 3215/2i 361-6(2) 

Ix"" 12(3/01 12{3/01 2213121 22(3.121 2213/21 2614121 28(4/21 26(4;21 Xll5/21 

·The Size of the Index register IlxJ does not alleet execut.on lime 

TABLE 25 - STANDARD INSTRUCTION CLOCK PERIODS 

klstI"uction Size op <88>, An op<ea>.Dn opOn. <M> 

Byte, Word 811.'01+ 4!1fO! + 911; 11 + 
ADD 

LOn<;l 6(1,,01+ •• 6\ 1,0; + ... 1411/21 + 

Byte, Word . 4!I!QI1~ 911:11. 
AND 

l.o<>II . - f::--':·~'~-14~
r-----+i-~~~~~-~~~~-;~B~yt~.~,~wto;rd~_::._::._::.~__::._::.t-::.--o6CC!1C-'O;:;,~+- 41! :(H + I 

~C_M~P__-+____~l.o<>II~~_____-+_~ ~~_____+-_______~ 
DIVS 158\1 0: ... 


DlVU ,.wi) ,01-· 


Byte, Word "11/01"· 911/11+ 
EOR 

Long 811/0J .... 1411121 + 

MULS 7011/01 +" 

MULU 100 101+ .. 

Byte, Word 4111Dl + 9111 ,) .... 
OR 

Long 611/0/+ •• 14(1"2) + 

Byte, Wo«l 8(1/01 + 4,'/01 + 9(1/1) + 
SUB 60/01+" 611/01+" 1411/21+ 

+ add effectiVe address calculatlOO time •• 10tal of 8 clod: perIods fa' InstrUC:lon If the effectl\le addres'S IS reylsler dlrecl 

• IndtCates rna Xlmum value .... only available effective address mode IS data regl!>ler dlrecl 
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TABLE 26 - IMMEDIATE INSTRUCTION CLOCK PERIODS 

Instruction Size op I, On op I. M op', SR 
Byte, Word Bt2/Of 13(2/.11+ 

ADDI 
Long 16t3/GI 2213121 T 

Byte, Word 4(1/0~ 911111+ 
ADDO 

long 811/01 14(1/21+ 
Byte, Word BI2101 1312/11-+ 201310)

ANOI 
LoeB 1613/01 ;c.e:(3/21 + 

Byte, Word 812/01 812,'0) + 
CMPI 

Long 14(3/0) 1213/0) + 

Byte, Word BI210) 1312/11 -+ 201310)
EORI 

loeB 161310) 22(3121 + 

MOVeO Long 4tlJOl 
Byte, Word 812101 1312/11 + 2013101 

ORI 
Long 161310) 2213121 + 

Byte, Word BI210) 13\211.1 + 
SUBI 

Long 161310) 22(3/2) + 

Byte, Word 41110) 90/11+
SUBO 

long 811101 1411/21+ 

+ add etfechve address calculation time 

TABLE 27 - SINGLE OPERAND INSTRUCTION CLOCK PERIODS 

Instruction Size Regilter Memo<y 

Byte, Word 411/01 90/11+
CLR 

Long 611/0) 14n121+ 

NBCD Byto 611/0) 1111 11 + 


Byte, Word 411101 911111+ 

NEG 

loeg 611/01 1411/21+ 

Byto, Word 4(1101 9(1111+
NEGX 

long '"/01 14(1/21 + 

Byte, Word 4010) 911/11+
NOT 

long 811/01 1411/21+ 

Byto, F_ 411/01 .,/1) + 
SCC Byto, True 611101 9(1111+ 

TAS Bvto 4(1/01 1111/11+ 

Byto, Word 4(1/01 411/01
TST 

Long 411/01 4<1/01+ 

+ add effective address ca6cutatlon lime 

SHIFT/ROTATE INSTRUCTION CLOCK PERIODS CONDITIONAL INSTRUCTION CLOCK PERIODS 

Table 28 Indicates the number of clock periods for the shift Table 30 indicates the number of clock periods reqUired for 
and rotate instluctions. The number of bus read and write the conditIonal instructions. The number of bus read and 
cycles IS shown In parenthesis as; (r/wL The number of write cycles IS indicated in parenthesis as: ir/wl. The number 
ClOCk penods plus the number of read and write cydes must of clock periods plus the number of read and write cycles 
be added to those of the effective address calculation where must be added to those of the effective address calculation 
indicated. where indicated. 

BIT MANIPULATION INSTRUCTION CLOCK PERIODS JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK 

Table 29 indicates the number of clock periods required for PERIODS 

the bit manipulation instructions. The number of bus read Table 31 indicates the number of clock periods required for 
and write cycles is shown in parenthesis as: IrIwl. The the jump, jump to subroutine, load effective address. push 
number of clock periods plus the number of read and write effective address, and move multiple registers instructions. 
cycles must be added to those of the effective address The number of bus read and write cycles is shown in paren
calculauon where indicated. thesiS as: Ir/wl. 
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TABLE 28 - SHIFT/ROTATE INSTRUCTION CLOCK PERIOOS 

InoIrucdon Size Regioter Momo<y 

Byte. Word 6 + lnf1/Oi 9(1/11+
ASR. ASL 

Long 8 + 21111101 
Byte. Word 6 + 2n(1I0' 9f1/11+

LSR. LSL 
Long 8 + 21111/01 

Byte. Word 1+ lnnlOI 90/1)+
ROA. ROL 

Long 8 + 21111/01 
Byte. Word 6 + 20(1/01 9Cl/,,+

ROXR. ROXl 
Long 8 + 2n11l01 

TABLE:z9 - BIT MANIPULATION INSTRUCTION CLOCK PERIODS 

Oynamtc Stili<:
1_ Size 

Register Memo", Register Memory 

Byte - 9(1/1) T - 13(2/1)+ 
BCHG 

Long 811101' - '212/01' 
Byte - 9{1111+ - 1312/11+ 

BClR 
Long 10(1/0'- 14(2/0,

BVI. 9n/l)+ 1312/11+ 
BSET Long 811/01' 1212/0)

Byte - 4(1/0)+ - Bi2/01 + 
BTST 

Long 6mOI - '012/01 

+ add effective address calculatIon time 

• indICates maximum value 

TABLE 30 - CONDITIONAL INSTRUCTION CLOCK PERIODS 

Trap or Branch Trap or Branch 
It1SInH:IIon 0i0pIecement T_ Not Taken 

BCC 	 Byte '011101 811/01 

Word 10(1/01 '212/01 

Byte 1Ot1/01 
BRA 

Word '011/01 
Byte 2012121 

8SA 
Word 2012121 
CC ..... - '212/01 

DBeC 
CC- 1012/01 J4t3/0I 

CHit - 4315/31 +. 8tl/01+ 

TRAP - 3714/31 

TRAN - 3715131 4(1/01 

+ add eHecwe address cH:ulatlOn tme 
• ,ndicates maximum value 
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MC68000L4·MC68000l6·MC68000l 

MULTI-PRECISION INSTRUCTION CLOCK PERIODS 

Table 32 indicates the number of clock periods for the 
multi-precision instructions. The number of clock periods in
cludes the time to fetch both operands, perform the opera
tions. store the results, and read the next instructions. The 
number of read and write cycles is shown in parenthesis as: 
Ir/wl. 

In Table 32, the headings have the following meanings: 
Dn =data registar operand and M = memory operand 

MISCELLANEOUS INSTRIJCTION CLOCK PERIODS 

Table 33 indicates the number of clock periods for the 
following miscellaneous instructions. The number of bus 

read and wnte cycles is shown In parenthesis as: Ir/wl. The 
number of clock periods plus the number of read and write 
cycles must be added to those of the effective address 
calculation where indicated 

EXCEPTION PROCESSING CLOCK PERIODS 

Table 34 indicates the number of clock periods for excep~ 
tion processing. The number of clock periods includes the 
time for all stacking. the vector fetCh, and the fetch of the 
first instruction of the handler routine. The number of bus 
read and write cycles is shown in parenthesis as: (r/w). 

TABLE 33 - MISCELLANEOUS INSTRUCTION CLOCK PERIOOS 

InIIructIon Size Rogiste< -..,.. Regtster _ Memory 

MOVE '"'"' SR - 611101 911111+ -
MOVEtoCCR - 1212/01 1212/01 + -
MOVEtoSR - 1212101 12(2101 + 

Word - - 1812121 
MOVEP Long - - 2812141 

EXG '- 641101 - 
411101 - EXT 

Long 411101 - -
LINK - 1812/21 - 
MOVE'"'"' USP - 411/01 - 
MOVE to USP - 411/01 

NOP 411/01 
RESET 13211101 

RTE 2015/01 
RTR - 2015/01 - 
RTS - 1614/01 - 
STOP - 410/01 - 
SWAP 411/01 
I,INLK - 1213/01 - 

-I add effectMi address calculation 'Ime 

TABU 34 - EXCEPTION PROCESSING CLOCK PERIODS 

Excopdon .. 
57(4/11auo_ 	 5714/11 

-..po 	 4715/31" 
37(4/31...  3714/31 

PrivIIogod T.... 	 3714/31 

-The Interrupt acknowledge bus cycle IS assumed 
to take four external ck>ck penods 

Memory - Rogiste< 

1814101 
2416101 

-
-

-
-
-

-
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MC68000L4.MC68000L6eMC68000L 

FIGURE 31 - AC ELECTRICAL WAVEFORMS 

Theee wavefonns should only be referenced in regard 10 the ectge..to-edge mMIUfement of the timing apecificationl, They Ire not inlend.t •• 
functional description of the input and output ~. Refer to other functionel delcriptiona and their r ••ted diegre".. fof' device operation, 
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elK / F-:::---	 f----! ,~ fJ L~~ -f-0
A23 Al ~-----..., r-- 
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I@-
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r-----,I 
ago lJl)S Read (ycl· 	 -- 

5 I ,I I 

i 	 kD-- ....,.I I 	 '0 ...-----,I 
[~.iJi5SWroleCycl· 	 - - 

~~ 
I , 

R/W Read (yel· 	 - - ! ---0
"::I'II """ 	 f%~ 

A/W Wflle Cvcle I ~ 	 r---

ez>--J 
~~ 

Data 01' r-------------------~ 	 ~ 
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@---j I---
Asvnchronous IrpulS 


(See NOle 1 i X 


HAn. ~ 	 ~Inpvl~--------------------	 ------- 

-~~ ~ 
-& """ ------------------------, 

~ 	

""" 
.no. .n 
~ '0' I 

DiI''11 In ------------ -------------------- --
NOTE 1. 	Setup time for the asynchronous Inputs BERR. BGACK. NOTE 2: Waveform measurements for ,II Inputs and outputs ar. 

1m. ~. IPlD-IPL2. and WA guarantees their recog specified at: logic htgh - 2.0 volts. logic kJW-O.8 volts. 
nition at the next falling edge of the ckK:k. 
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MC68020 
-Technical 
Summary 

32-8IT VIRTUAL MEMORY MICROPROCESSOR 
ThiS document conlatns both a summary of the MCtB:>20 as -well as a detailed seT of 

parametrtcs The purpose.s twofold - to prOVIne an ,ntrodUClion to the MC6OC)20 i\nd o;uPrlOri 
lor the sophisticated uSer For detailed .nformitll0n on the MC68020 refcr 10 the MC68020 
User's Manual 

The MC68020 IS the firsT full 32·b.1 Implememallon of the M6BCXX> Famllv 01 

microprocessors from Motorola USing VLSI teChnOlogv, the MC6OCl20 1$ Implemented wtlh 

32~blt registers and data paths. 32·b., addresses. a rich basIC InStruction set, and vers.1ftle ad

dreSSing modes The resources available to the MC68020 user cons,SI of the follOWing 


• Vutual Memory/MachtneSuppon 

• SI"IOt!n ~2·AII Gpooffll p(ul'OSf' 0,11;, .lIul Allthl~.·. h"'I,-,I,<", 

• tWIl J2 Un SUpefYlsor Stack POllltefS 

• FIve SpecIal Purpose Conuol' R~lsle,S 
• 4 Gigabyte Direct Addressmg Range 

• 18 AddresSing Modes 

• Memory Mapped 1/0 

• Coprocessor Interlace 
• HIgh Performance On-Chip InstruCtion Cache 

• Qperallons on Seven O .. ta TyfM'!:S 

• Com"hHl: Hoatlng POltlt Support Via MC68881 CoprOCCSSOf 

FIGURE I - FUNCTIONAL SIGNAL GROUPS 

A 
~ 

FCO FCI <;unCI'"" Cados Ciche Conl,OI 

AC A3 I Address Bus 

A 

~'.">lP"U"'\ 
Inlt""/fll '" 

il'tNl) r:ont,ol 
00 OJ ,~ M<.69::'170 Avrr 

M.("'ol',O(.·..~1 '-


SilO !!l!


{ Sll' I!l: 
 au' 
} "''''''...."" 

9i..i.\L' COfdfl-,1 

m 
15R IifW 
AM( } BusHrtT 

AS imiII 
Asy"ch,ooov:. 

f.1: 

Conll(\! .vt .. , 


Bus 

DaE". ~ 

\\.', ,1'4' 

OSAl'~ 1 ~'®-' 
MA~ 

L--._____ 
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Advance. Information 

INTELLIGENT PERIPHERAL CONTROLLER 

The MC68120/MC68121 Intelligent Perlpr,eral Controller ope; IS a 
general purpose, mask. programmable peripheral controller The IPC 
provloes the Interface between an M6€((X) or M68CX) Family 
microprocessor and the final peripheral devices through a system bus 
and conlrol hnes System bus data 15 :ransferred to and from It"1e IPC Via 

dual-port RAM while the software utlllles the semaphore registers 10 • 
r:ontrol RAM tasking or any other shared resource. Multiple operating 
modes fange from a Single Chip mode With 21 1/0 hnes and 2 control 
hnes to an e:.:panded mode supportIng an address space of 64K bytes 
The MC68120 haS 2K bytes of on-chip ROM \0 make full use of all 
operating modes The MC68121 utilizes only the expanded address 
modes, due to the absence of on-c"'p ROM 

A serial communications Interf...·-e. l&-b,t t,mf:-f, dual-ported RAM 
and semaphore ~eglsters are available for use bv H,e IPC In all operating 
'roces 

• 	 System 8~JS CU..... 'pdllble ¥\lIlt> the ASynchrorous M68000 Falnll y 

• 	 System Bus C~G"';:·3!lnle With me ~.1C6B09 and Other M68C() Fam·ly 
Processors P.~~.pne·o)IS 

• 	 Local Sus AllOwS In;edace With clli M68C(} Perlphe(als 

• 	 MC6001 Source and Ob}ec: Code Compatible 

• 	 Upward Compatible ymh Me6€(() Source and Oblect Code 

• 	 lQl.8 Bytes Of ROM IMC68120 Only' 

• 	 1:::3 BYTeS of Dual-Ported RAM 
• 	 MUI;lo!e OperatIon Modes Ran~~lng from Single Chip 10 tJ(Pdnded, 

'hlt r, 641( B'ite Address Space 

• 	 S.w. S'lared SOlO8phore Registers 

• 	 2' Pitfallel 1,0 Lines and 2 Hands~ake L,nes (5 1,0 Lines on 
MC/i8121J 

• 	 Serta: CommuniCations Interface {Sell 
• 	 16-811 Three-Function Timer 

• 	 8-SIt CPU and Interna! Bus 

• 	 Halt-' Bus Available Capability ContrOl 

• 8)( 8 Mul1lplV InslruCUOn 

• 	 TTL CompatIble InpulS and Outputs 

• 	 El(tsrnal and In,ernallnterrupts 

GENERIC INFORMATION 

IT A",D·'C to 70'>0 


F:requencv tMHzl Generic Number 
10 MC681/f)ll 'l)",("("" ROM I 
\ 0 MC6812'l 
12"") MC581lOll I , In,C(Wl nOM) 
125 MC68121l 1· 

MC68120 

MC68121 


HMOS 
tHIGH· DENSITY N-CHANNEL 

SILlCON·GATEI 

INTELLIGENT PERIPHERAL 

CONTROLLER 


iI_innl',: 

~ .. l l l . 
• L SUFfiX 

CERAMIC PAC~A::;' 
CASE '40 

r-----..----------, 

PIN ASSIGNMENT 

~~Q""I 	 41P .';' 

I 
~~! J 

t , 
''''P'_'<
'"pc.',
-l4p 
.l3P",: 
4;'PS. 

o11P ~,~' 
.to ~'~r 

~~]Pj 

.38 ., _I~ 

Jl)",' 

iii ),."' 

35)"." 

.... )e" 

13J" . 
:-;0,) \' lL]"" 
501 .~ )1)1-'.1· 

,.1 J"J. 
2'3 Jp". 
.'8 J ~ ...l.: 

" J"J' 
16 P4t. 

,5 )r4 

rl'll, ,1oCUmHlI COmalfl$ ,nlOHTWllIon ,," .. new pi'()(JIIC' S~I'ICIttOnS ~ InfounlttlOfl hef." 
.lIe SUtllflC1 10 cl'la~f,lt! wlll\ou! 'IOIIO! 
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MC68120, MC68121 

MceBl201MceBl 21 INTELLIGENT PERIPHERAL CONTROLLER 

.7t:Tl £fA ~V;1 .. ~ 

'R~'r 
HI ':JU CPU 

f"" 

Vss 

Vcr 


1 
i.dl 

S!"~leCt,tn ~g~~~g~~I~I~ 

E~pa"ded ....on·Multlp".tId 08 8~88c 81~IQ 

bpanded Mul1rpielted §~e~e e § §I~ V) 
""CO-n.,('O).N_ 0--- cI 
c( -« « 'II( <C( ct c( ct c.. 

~~f~~~~~~~ 

MAXIMUM RATINGS 

~ Rating Symbol I "~-"_ I Uni1
l SUPPI~' V~I,age Vee f - 03\0 ... 7 0 V 

I Ir.p..Jt 'Jol1age V!\'\ ! -·0 3:0.7 0 ~~ 
G~\f!'a~'ng Tf'!mperature Range T A 010 70 "e-+

,----"---""----"-"""" ->--"- "--"I--:::- 
L:':'t:~_~ T~mpefature Range "_-,:--,'S"IQ,,--,-"_!i6_w_'_'50_L-_o_C---! 

BLOCK DIAGRAM 

',A 

ThiS devICe contSlnS CirCUitry to protect the 

Inputs agatnSt damagt:' due 10 high static 

voltages 0' electric !,elds, ho\Nt'ver. It .5 ad· 
.....sed that normal precautions ~ taken 10 
81,/0,d applicatIOn of any vOltage higher than 

mal(!mUm 'ated vOltages 10 !hlS hIgh 

Impedance CIfCurl For proDe' operation 11 I'> 

recommended that VIr', and "'out bfo CW' 
slt8!11ed to '''e lange VSS S IV", or 
vou,~VCC 

Unused Inputs ",",uSt .alwavs be lle(j to tiP 

dPPfopnate iog.( 'IIoitage le~! It' y e,lhf't 

VSS or Veo 
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Advance Information 

MC68701 MICROCOMPUTER UNIT IMCUI 

The MC68701IS an S-bit Single chip mIcrocomputer unit tMCU) which 
Slgnl' -4r"1,.'1 enhances the capabilities of the M69.'X) family of parts. It 
can b., used In produCtion systems to allow for easy f,rmware changes 
with :.1II1Imum delay or It can "be used to emulate the MC6BOlI03 for 
sohwarb oevelopment. It Includes an upgraded M6IIX) mIcroprocessor 
unit rMPU) with upward source and object code compa!lblhtv Execu
tl0r, limes of k.ev Instructions have been Improved and S60.dral new In
structions nave been added Including an unSigned multiply The MCU 
can functIon as a monolithic microcomputer or can be expanded to a 
64K byte address space It IS TTL compatible and requires one + 5 volt 
Dower supply lor nonprogrammlng operation. An addltlon,,1 Vpp power 
Sl;pply 15 needed for EPROM programming. On-chIp resources !nclude 
2048 bytes of EPROM. 128 bytes of RAM. Senal CommuniCatIons Inter· 
face {SC!I. oarallel 1{0. and a three functlo('l Programmable Timer A 
summary of MCU features includes: 

• Enhanced MC68CX) InStfuctK)n Sel 
• 8 x 8 Multiply InstrIJCtlOl" 

• Serial CommunIcations Interface (SCII 

• Upward Sourc~ and Oblect Code Compa1ibllity With the MC68C() 

• 16-BI]" TtHee·Funcllon Programmable Timer 

• SIngle-ChIp or Expanded Operation to 64K Byte Address Space 

• Bus CompatIbIlity With the M69:Xl Family 

• 2048 BYies 01 UV Erasable. User Programmable ROM t!:PROMI 

• 128 gvtes of RAM (54 Bytes Ratalnable on Powerdownl 

• 29 Parall8' I/O and Two Handshake Controlltnes 

• Inlernal Clock Generil10r with OIVlde-by-Four Output 

• 40 to 85°( Temperature Range 

GENERIC INFORMA-TION 

Peck-o-Type F,...,..-.cyIMHz) T_..... Gonoric:_ 

. , 0 

"
C,~r·t·.,'( 0"( 10 10"( MC68701l 

L S'III·, 4O'C to H5 'to MCb870ICl 
'25 O°C to 70"<": MC6ft701l ~ 

'25 40"( to &)~C MCIi870'CL I ., O.,C 10 1O"'C YC68A1'OIL 
20 OIlC to 100 e MC688701l 

MC68701 

MOS 
IN-CHANNEL. SILlCON·GATE 


DEPLETION LOAD) 


MICROCOMPUTER WITH EPROM 

:-=' ,;: 
.' J . ~
, ,.r L SUFFIX 

,,' CE.RAMIC PA.CI(A(..E 
• CASE :q~ 

PIN ASSIGNMENT 

VSS~E 
XTALl ,.. SCI 

EXTAll ;0 SC2 

,NMI ,: P30 

,IRQ1 .10 P31 
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MC68701 

Me.rol MICROCOMPUTER BLOCK DIAGRAM 
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MAXIMUM RATINGS 
Rlting 

Supply VOltage 


Input VOltage 


OQef8t1ng Temperature- Range 

MC68701 
MC6870IC 


Storage Temperature Range 


THERMAL CHARACTERISTICS 

Themlal ~e56Slance 
"Ceramic Package 

The ayerage Chlp·lunCtlon temperature 

TJ=TA+\PD'6JAI 
Where 

Svmbol 

vee 
V,n 

lA 

Tstg 

Value Uni1 

-0310 .... 70 , 
- 0 3 10 • 70 ,. 

Tl to TH 
010 70 " 

-40 to 85 

a to 8~ C 

POWER CONSIDERATIONS 

TJ. If' O( can be ubtalned from 

P> 
PI: 

",
pn 
",4 

it":,~ ~evtCe (;onlaln~ ClfC',"I~\· 1'~' protee! the" ,'; 

pUI~ ;:'9","-;1 damaye due III high SUit'!' voi:agf!~ 

tV e!f1c!"<' fields, hcwe...er. It 1'3 advised that /lor 
mal p'er..aullons ~ Idker. 10 avoid applicatIOn 01 
any ",oltage higher than mal:,mum rated vo!ta~ 
to ,ntS ,""gh"mpedance CirCULI For proper opera· 
\Ior' iT '5 recommended "ntH V '1 and Vout be con 
Slrd,r,M to the r8r)ge Vsss 'Y,r: 0' \lout! s Vee 
Reh;:!t,. 'y :)1 opt:'ratl{J1'1 ,s eMla"'ced,' unused In· 
put.. a~(: "ed to an appropttal~ IOQIC voltage le'~ 
Ie i.I ~,:tler VSS r.)( VCC1 

111 

TA. Ambient Tempe(atur~, ,'c 
'JA-Package Therma' Resistance. Junctron-to Arrrtrlf>nl. °CiW 

PD-P,NT+PPORT 
PINTalcc.x Vce. Watls -- Chip Interna! Pow~r 

PPORT- Port Power Dlsslpa:r()". Wails U~f>( Di!\~:!'T\lf·,ed 

For most apphcaHons PPORT" P,NT and Cdr'; be negleCted PPOAl may !:>eGon'!': s~"lfrcant If lhe dell'ce 1$ conftgured 1.:: 
aq....e Darlington base5 or SlOk LED roads 

A0 appr(J)(;mate relationship between Po 3f'd TJ ~" PPORT IS Ill-lglened) IS 

PD: K - iT J+273'CI 12> 
SolYlll9 equatIons 1 and 2 10' K ~Ive,:> 

K: PO·n A + 273°C 1 + ~JA'P02 131 

Where r. IS a conStant ~rtalnlng 10 the particular part. K can be Oelemuned 1mm E:'Q ..atlon 3 by measuflng Po (at equl!ltJnUIT.) 
for a known T A USing thiS ",alue of K 1he values of Po and TJ Carl bf' (Jola,ned by SOl .. ""g eQuatlon~ 11) and (2I,le.all'Jely for an" 
yalue of 1A 
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MC68881 


THE MC68881 FlOATING-POINT CO-PROCESSOR 

'The MC68881 is a high-performance HMOS flOatlng-pornt processor desIgned 10 Interface with the advanced MC60020 
microprocessor It can also be used as a penpheral In sysTems with other processors The MC68881 1$ a comprehensIve 
floatlng-pomt co-processor !hal proVides a wide range of Hoatlng point capabilitIes sei'dom found even In a large mam 
frame computer. System performance wlIh the MC68020 ,s the overrtdmg des'gn goal ot.the MC68881 

ARCHITECTURE 
The architecture of the MC68881 was defined as an extenSion to the architecture of the M68XXl Family It IS a register· 

oriented processor The programmer's model tor the MC68881 IS shown In Figure 1 

FIGURE I - PROGRAMMER"S MODEL 
79 

Float,~-P()tnt Data Register 0 -
Floahng-POint Data Register 1 -
Floahng-Polnl DaTa Register 2 

FJoatlng-.P()4nl Dati RegIster 3 

Floal1no,PC)tnl Data Register 4 

Floating-POInt Data Register 5 

Floaf'nq-Pornt Oala Reglstet 6 

Floahng'Poml Data RegIster 7 

15 
Control 

Exception 
-

Accrued hceptlOn 

Condition COCSes-LL 

3t t 0 
InStructIOn Address I 

Ttlefe are eight ~tMr ftoatlng*POInt data registers TheSe registers a~ayS hold full extended preciSion numbers 
The contrOl word contains the _ selectable modes. The accrued excepl,on word contaons the Iogical,nclu"ve OR of 

the exceptions foe' ... operattons Since thf last Cleai of the accrued exceptton regtStef. The exception word contains the
excepttOnlsl of the list operation only The condittOn code 'eg.ste< hOlds lhe result of the last compare ,nstructlOn 

The instructtOn address .regestef contains the address In maIO processor memory of the &ast Instructron executed by the 
co-processor. This.cldress can be used during an effor trap to determine the address of the faulty Instruction. 

ARCHITECTURAL ::J2TAILS 

OeatT_ 
The MC681!81 tneorporates four""", data t...- They are 

S'ngle p,lCIStOfl Reel (51 
Double PrOCtsoon RNI fol 
Double- Extended Preo$,ori Real IXI 
Packed RNI BCD St",lg IPI 

In the ISsembfv t.nguage syntax these new data Iypes are handled ,n lhe same "lanne, as the eX'SlIng byte. word and 
long word data types The suff;x .. ~. o. X. and Par. appended to the QpcocIe 
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Operation Types 
The operations on the MC68881 can be broken Into five major types They are 

Dyadic Operations 12 operands) 
Monadic Operations (1 operand) 
Moves and Conversions 
Conditional Tests 
Control Operations 

Dyadic Operations - All dyadic operations have as their SOurce argument a MC68020 memor.,. iocation. a MC68020 
data register, or a floating-pOint data register The Source IS converted to double-extended precISion. If 1"101 already such 
The destination argument IS always a floating-point data register The result IS returned to the floating-pOint data register 

defined as the destination argument 
Mon.dic Operations - The monadic Instructions only have one argumenl It IS either In MC68020 memory, an 

MC68l2Q data register, or In a floating-point register It IS always converted 10 :jouble-extended preciSion format. if It IS 
not already The destination IS always a floating-point register 

Moves and Conversions - Conversion to double-extended preciSion format IS Implicit In the move-In portion of the 
dyadic or monadic operation Similarly, data contained In floating-point registers may be converted 1O olher formalS as 
operands are moved out of the MC68881 

Conditional Test - The condltlonallnstruC\lons are the FBcc and FScc which are Identical to the M68(XX) Fa.mlly tn

structlons Bcc and Sec except they use the MC68881's condition codes for determining the truth of the condition 
Cont~ Operations - The contral,nStructlons are used to set modes In the control register and to read the exception. 

accrued exception, and mstrUClion address registers 

Co-Proceuor Interface 

The co-processor Interface deSigned by Motorola IS an Integral part of the deSign of both the MC68020 and the 
MC68881 deSign The Interface IS clean and slmp!e With the MC68020 and MC68881 sharing the taSKS of the Interface The 
MC68J20 prOVides services tor me MC68881 at the co-processors request The serVices prOVided by the MC68020 are the 
ones done more effiCiently by the main processor 

On the other hand, the MC68881 does not depend on the MC68020 for all services as do some co-processor schemes 
Once the MC68020 has provided the services requested by the MC68881 (which may be none) It IS free to continue pro· 
cesslng. Thus the chOice of concurrency or non-currency IS determined on an Instructlon- bY-Instruction baSIS and IS aeter 
mined by the co-processor The great majority of MC68881 Instructions are In fact overlapped In execution With MC68020 
Instructions 

Since the co-processor Interface IS Simple and fleXible, It opens up the pOSSibility of user· created co-processors For thiS 
and other reasons the co-processor Interlace aHows multiple co-processors In a system Furthermore. Ihe Same handshak 
In9 that occurs between the main CPU and the co-processor can be Simulated In software on (PUs that do not have the 
co-processor Interface, by treating the MC68881 as a penpheral 

Lastly. the co-processor Interlace was deSigned with the ever grow,"". M68CXXl Family In mind The MC68881 is full\
compatible With all future and eXisting M6OCXX> parts including the M68450 DMA Controller, the M68451 Memory Manage
ment Unit, and the MC68020's cache memory It also supports true Virtual memory 

Implemenultion 
The MC68881 IS a microcoded processor whose compleXity IS on the order of the MC68020 Itself It wl!1 be budt uSing 

Motorola's advanced HMOS III process 
The hardware consists of a high-speed 67·bIt ALU for manipulating mantiSsa bits The hardware also Includes a barrel 

shifter that can shift from 1 bit to 67 bits In one machine cycle The barrel Shifter not only speedS up stanoard anthmetlc 
functions, but IS also a fundamental part of transcendental function Implementation Since argument reduction for 
transcendental functions Will be performed by the microcode. the number of functions prOVided will be dependent on the 
available microcode space 

THE IEEE FLOATING POINT STANDARD 

The MC68881 IS a conforming Implementallon of the proposed standard In fact It nOI only supports afl the requlfed 
features and functions of the proposed standard, but also Implements most of the suggesred features as well. Furlher. the 
MC68881 conforms without the need for any software externaf to the processor All opera1tOns take pface In high· speed 
hardware 
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Data Format Conformance 

The MC68881 supports three data SOles def,ned by the proposed standard. They are single. double. and double
extended. (The slngle~extended type IS redundant when these three are Included; all references In thiS document w.hlch 
refer to "extended" ,mply "double-extended" I The format 'for all three data types has the basic organization of 

mI s 

where 
5= ,.gn 
e= exponent 
m= mantissa 

Size in Bit. 

Stoole Double Ex1ended 

5'9n , , 1 
EXDonen1 8 

" 
15 

MantiSsa 23 52 64 
Total 32 64 00 

The three formats described above afe the formats which are assumed by lIoa''"9·polnt numbers In user's memory 
Each trme one of these numbers IS transferred to the MC68881 It IS converted Into an extended real number. Thereafter. all 

r operations In the co-processor take place With full extended preciSion Even Integers and BCD stnngs are converted Into 
OO-blt numbers when they are loaded Into an MC68881 data register ThiS means that the MC68881 supports ·mlxed mode 
arIthmetIc 

Data Type Conformance 

TtJe proposed standard requires that not only must normahled numbers be recognIzed, but that special data types must 
also be recognIzed The largest and smallest exponents are reserved for these specIal data types 

POSItIve True Zero 
NegatIve True Zero 
Plus InfinIty 
MInus InflOity 
Denormahzed Numbers 
Not-a-Number (NaN's) 

Operation Conformance 

All operations speCIfied by the proposed standard are supphed In full preciSion by the MC68881 The arithmetiC opera-
lions prOVided are 

Add 
Subtract 
Multiply 
DIVIde 
Remainder 
Compare 
Square Root 
Integer Part 

MODE CONFORMANCE 
Rounding Modes - The MC68881 supports all four round,ng modes spec,f'ed ,n the standard: 

Round to Nearest 
Round Towards Plus Infinity 
Round T awards Minus Infinity 
Round Towards Zero 

Rounding Precisions - Even though the MC68881 does all anthmetlc to full OO-b,t precISion. somet'mes ,t 's desirable to 
found the SO-bit result to the preciSion of a SIngle or doubte result The three chOIces are: 

Round to Extended (Default) 

Round to Ooubte 
Round to Single 



Infinity Closur.. Two types of Infinity Closures are also defined by the standaro and supported In the MC68881 
Aff,ne closure defines a number system where both plus and minUS Infinity eXist and are at opposite endS of the number 
line • 

In pi-ojectlV6 closure, Infinity IS unSigned ana the number system can be thought 01 as a Circle which Includes all 
numbers 

Erra< Handling Conformance 

The proposed stanoard provides lor the hardware to trap It an error occurs O'n the MC68J20/MC68881 If an error oc
curs on an enabled trap. the MC68881 will signal the MC68020 10 t~ke .:3 !rap and will SUpply a vector number In other 
words, floating pain! exception traps are handled IUSl like any Olher MC6&J20 Haps No external glue pans are reQuired 
and there IS no possibility of dead· lock 

BEYOND THE IEEE PROPOSAL 

The MC68881 offers many features and functions beyond those reQUired or suggested by the IEEE 

Addittonal Instructions 

Some at the additional If'!Structlons provided In the MC68881 are 

Absolute Value 
Negate 
Scale bponent 
Set Byte determined by Floallng,Polnt Condition 
Branch on Floating-Point Condition 
Get Index Based on Floating-Point Tvpe 
Move Constant to Floating-Point Register 
Get I=ractlon of Floatlng'POlnt Number 
Get Exponent of Floating-POint Number 
Moduto 

Transcendentals 

The MC68881 Includes on-chip hardware for evaluation of transcendental functions The functions planned are 

Sine x 
Cosine x 
Arc Tangont x 
Log Sase 2 
eX 
Log Sase e 

The follOWing functions will also be prOVided If there IS adequate space In the microcode after the above functions are 
Included 

Tangent x 
Hyperbolic Arc Tangent 
Hyperbolic S,ne 
HyperboliC C osone 
Hyperbolic Tangent 
Log Sase 10 
Log ease 2 
lOX 
yX 

Each of these functions IS calculated to double- extended preCISion 

SUMMARY 
The MC68881 IS the most comprehenSIve lIoalor,g-pOlnt processor II prOVIdes all the requored functIons and features of 

the proposed IEEE standard In hardware In addItion many other functIons are prOVIded to round out the support 
necessary In most numenc programs The architecture IS a logical extension to the M68:XX) Family architecture and IS 
ctean and easy to use_ Furthermore. It lends Itself to being moved on.to the main processor In the future. The co-processor 
Interface was desIgned WIth a great deal of thought; not only to allow It to work well WIth the MC68881 , but also to allow 
for future co-processors, multiple co-processors. and user defined co-processors Lastly. the MC68881 IS bemg designed 
With state-of-the-art hardware and all-out performance as the primary deSign goal 
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Me68851 

Product Preview 

THE MC68861 HCMOS PAGED MEMORY MANAGEMENT UNIT (PMMUI 

The MC6B851 IS a high-performance HCMOS paged 
memory management 'unlt (PMMUl desIgned to efficiently 
support a demand paged vIrtual memory enVironment as a 
coprocessor With the MC68.)20 advanced mIcroprocessor 
The MC68851 can also be used as a peripheral with other 
processors, especIally the MC60010 The MC688S1 proll1des 
an effiCient means of paging and access control The im
plementation of a comprehenSive paged memor"'y manage
ment system IS faCilitated by utiliZIng the follOWing MC688S1 
features" 

• 	 Very Fast Logical-la-PhYSical Address Translation 

• 	 Logical Address Consists of a 4·8.. Function Code and 
a 32·Blt Address 

• 	 Full 32·811 PhYSical Address 

• 	 Eight Available Page Sizes from 256 to 32K Bytes 

• 	 Fully ASSOCiative 54 Entry On-Chip Translation Cache 

• 	 TranslatIon Cache Can Hold Descriptors for MultIple 
Processes 

• 	 Internal Hardware Maintains Translation Tables and 
On-Board Cache 

• 	 MC69l20 Instruction Set ExtenSion and Instruction 
Ortented Interface USLng M6OCro Famllv Coprocessor 
Interface 

• 	 Supports LInear Address Space of 4 Glgabvtes or a 
HierarChical Protection Mechanism With Eight Levels of 
Prlvllegel Protection 

• 	 Supports MultIple logical and} or Phljslcal Bus Masters 

• 	 SupportS Logical and!or PhYSical Data Cache 
• 	 Supports Instruction Breakpoints for Software Oebug

gmg and Program ContrOl 

The primary system funCtions of the MC68851 are to pro· 
VIde logical-to-phYSlcal address translation, to monitor and 
enforce the protection/privilege mechanism, and to support 
the breakpo,nt op8fations, The MC68851 also suppOrts the 
M68lX) Family coprocessor interface In order to Slmpkfv pro
cessorI coprocessor communication 

ADDRESS TRANSLATION 

Logical-to-phystcal addr-ess translation is the most fre
quently executed operation of the MC~' and, as such, 
thiS task has been OPtimized and requires mInimal processor 
intervention The loglCll address operated on bv the 
MC68851 conSists of the 32-blt incoming logical address and 
a 4-bn functten code 

The MCee851Inltiate5 an address translation by searching 
for the page descnptor corresponding to the loglcal-to

phvslcal maPPing In the on-chiD translatlon-loo'Kaslde 
module iTLM) The TLM .S a very fast 54-entry fully· 
aSSOCIative cache memory which stores recently used page 
deSCriptors 1t the descnptor does not reside In the TLM. 
then the bus cycle of the logical bus master IS aborted and 
the MC68851 executes bus cycles to search the translatton 
table In phYSical memory The translation table IS a hlerar. 
chlcal struCture In main memory that. at Its lowest level, con
tams the page deSCriptors controlltng the logical-la-physical 
address translations The 54-bIt prImary root pomter 
reg.sters In the MC68851 (see Figure 11 pOint 10 the head of 

these translation tables The page descriptor IS loaded IOta 
the TLM and the logical bus master IS allowed to retry Its bus 
cycle, which should now be correctlv translated 

PROTECTION MECHANISM 

The MC68851 hierarchical protection mechanism prOVides 
cycle-blj-cycle examination and enforcement of the access 
nghts of the currently executing process There afe eight 
distinct levels In the pnvdege hierarchy and these levels are 
encoded In the upper three bits of the Incoming logical ad 
dress LA 131·291. The MC68851 compares these bIts against 
the value In the current access level register ~CAL In Figure 
1) If the pnonty level of the Incoming address IS less than the 
current access level. then the bus cvcle IS requestmg a 
higher pnvllege than allowed and the MC68851 Will termInate 
-thiS access as a fault. The MC68851 Will not assert a phYSical 
address strobe dunng a bus CYCle resultlO9 10 a pnvllege 
VIolation 

The MC68851 completely supports the MC68020 module 
cal! and return functions 1CALLM!RTMI, which InClude a 
mechanism to change prtvilege levelS dUfing module opera
t:on 

BREAKPOINTS 

The MC68851 provides a breakpoint acknowledge faCIlity 
to support the MC6IJ)2() and other processors With on-Chip 
cache memory_ When the MCfBl20 encountefS a breakpOInt 
Instructton It executes a breakpoint aCknowledge cyCle by 
reading a particular address In CPU address space The 
PMMU decodes thiS address and r.esponds by etther prJ)
vldlng a replacement opcode for the breakpoint opcode and 
assenlng the data SIze and acknowledge outputs or bv 
asserttng bus error to InltlSte Illegal Instruction processmg 
The PMMU _can be programmed to Signal the illegal Instruc 
tlon exception or to prOVide the replacement opcode n limes 
(1 '$ n~ 2551 before slgnahng the exception 

TtI.s docUf'T'4l'\I COI"ItHlS InlOtlnlllOn ~ ., ptoduc;t ~~ MotOlOla,....". the f·t..40TOROlA .NC . 19s,& NP 317"1 
nght 10 ct\aI'oge or dtsconlon.... 1M CtOChlCI Without notee:e 
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OMA Roo. 

Supervisor Root 

Translation Conuol 

,5

I Cache Status 


StatuI 


CAL VAL see 

Access Control 

BAOO 1::""--------":::1-
BAD' 

BA02 

BAD3 

BAD4 

BAD5 

BAD6 

-
-

BACO 

BAC' 

BAC2 

BAC4 

BACS 

BAC6 

BAD7~-~_______~ BAC7 

COPROCESSOR INTERFACE 

The M68CXXl Family coprocessor Interface IS an Integral 
part of the deSign of the MC6IlO20 advanced microprocessor, 
the MC68881 floattng-pOlnt processor, and ,he MC68851 
P~'led memory management urllt. The coprocessor Interface 
allows the execution of special purpose instructions which 
are not executable by the processor. Each coprocessor Ie g_, 
MC68851 or MC68881 I has an Instruction set that reflects ItS 
",peelal function, These InStruCtions may be executed merely 
by placing the Instruction opcode and parameters In the 
MC6IlO20 Instruction stream The MC6IlO20 decodes the 
coprocessor instruction and performs bus communication 
with the coprocessor registers specifYing the nature of the 
aCllon to be taken Both the MC6IlO20 and the coprocessor 
Will execute pans of the Instruction depending on which IS 
best SUited to handle a particular task 

The Interchange of Information and the divIsion of respon
Sibility between the processor and the coprocessor are con
trolled by the coprocessor Interface and thiS process IS 
transparent to the user The addition of 'a coprocesslng unit 
to an MC68020 system Simply complements the Instruction 
set executable by the processor 

The coprocessor Interface was deSigned to be fleXible. 
functional. and expandable, The Interface IS intended to sup
port the M6EKXX> Family of deVices and future extenSions to 
the Motorola coprocessor family. as well as user defined 
coprocessors In Single or multiple coprocessor systems 

Tr.n.a.,ion ContreX 

Regtttm 


Protection Control 


ROIl"'" 


BtNkpoint Acknowledge 

Data and Control 


Registers 


M6EKXXl Family Instruction set uSing the M68CXX> Family 
coprocessor tnterface These Instructions provide control 
functions for 

loading and stonng of MMU registers 

test109 access rtghts and conditionals based on the 
resl"llt of these tests. and 

MMU control functions 

The Instruction set extenSion IS as follows 

PMOVE - Moves da,a ,oltrom MC68851 regls,er 

PVALID - Compares access lights requested by laglca' 
address and traps If It IS le~ than the current access level, 

PTEST - Searches the translation tables to determine the 
access lights to an effective address Sets the MC68851 
status regIster according to the results. 

PFLUSH - Flush translation cache entries by rool 
pOInter. by root pOinter and effective address. or by root 
pOinter. effective address, and function code 

PSAVE - Saves the Internal state of the MC68851 
coprocessor tnterface In order to support the MC68J20 IIlr
tual memory capabihlies. 

PRESTORE - Restores the state of the coprocessor Inter· 

tace stored by the PSAVE Instruction 

PBcc - Branches condItionally on M C68851 condition 

POBcc - Tests MC68851 condition, decrements. and 
branches 

M68000 FAMILY INSTRUCTION SET EXTENSION PScc - Tests operand according to MC68851 condition 

The MC68851 Implements an extenSion of the current PTRAPcc - Traps on MC68851 conditIOn 
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Number of bits in each field for three types of floating-point MC68881 

data size connected in a MC68020 
system 

Single Double Double Extended , ,Sign 
Exponent 8 '1 15 
Mantissa 23 52 64 

Total 32 64 80 
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Floating·polnt Data Register 0 the MC68881 
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2 
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6 
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15 0 

I ContrOl 
I Exception 

I Accrued Exception 

Condition Codes LL 
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FEATURES 

• 	 Regular, easy·to·use architecture 

• 	 Instruction set more powerful than many mir!Jcomputers 

• 	 Directly addresses aM bytes 

• 	 Eight user· selectable addressing modes 

• 	 Seven data types that range from bits to 32·blt long words 
and byte and word 5t"ngs 

• 	 System and Normal operating modes 

• 	 Separate code, data, and stack spaces 

• 	 Sophisticated Interrupt structure 

GENERAL DESCRIPTION 

The zaooo IS an advanced high·end 16·bit microprocessor 
that spans a wide variety of applications ranging from simple 
stand·alone computers to complex parallel· processing 
systems. Essentially a monolithic minicomputer central 
processing unit, the zaooo CPU is characte"zed by an 
instruction set more powerful than many minicomputers: 
abundant resources In registers, data types, addressing 
modes and addresSing range, and a regular architecture 
that enhances throughput by avoiding critical bottlenecks 
such as Implied cr dedicated registers 

CPU resources include sixteen 16·bit general·purpose 
registers, seven data types that range from bits to 32·blt long 
words and byte and word st"ngs, and eight user· selectable 
addreSSing modes. The 11 0 distinct Instruction types can 
be combined with the various data types and addressing 
modes to form a powerful set of 414 instructions. Moreover. 
the instruction set IS regular: most instructions can use any 
of the fi~" main addressing modes and can operate on byte, 
word. and long·word data types. 

The CPU can operate in either the system or normal mode. 
The distinction between these two modes permits p"vileged 
operations, thereby improving operating system 
organization and implementation. Multiprogramming is 
supported by the "atomic" Test and Set instruction: 
multiprocessing by a combination of instruction and 

18001/2 Z8000® CPU 
CeDlral Processing Vall 

Product 
SpecUicatioD 

April 1985 

• 	 Resource·shaplng capabilities for multiprocessing 
systems 

• 	 Multl'programmlng support 

• 	 Compiler support 

• 	 Memory management and protection provided by 
ZB010 Memory Management Unit 

• 	 32·bIt operations, Including signed multiply and diVide 

• 	 Z·BUS compatible 

• 	 4.6, and 10 MHz clock rate 
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hardware features; and compilers by multiple stacks 
specl8llnstructlons, and addressing modes 

The Z8000 CPU IS'offered in two versions: the Z8001 48-pin 
segmented CPU and the Z8002 4D-pin nonsegmented 
CPU (Figure 1). The main difference between the two IS in 
addressing range. The Z8DD1 can directly address 8 
megab)ites of memory; the Z8002 directly addresses 64 
kilobytes. The two operating modes-system and normal
and the distinction between code, data, and stack sPiiCes 
Within each mode allows memory extenSion up to 48 
megabytes for the Z8001 and 384 kilobytes for the Z80D2 

To meet the requirements of complex. memorY-intensive 
applications, a companion memory-management device IS 

REGISTER ORGANIZATION 

The Z8000 CPU IS a register· oriented machine that offers 
sixteen I 6-blt general-purpose registers and a set of special 
syslem registers All general-purpose registers can be used 
as accumulators and all but one as Index 'registers or 
memory pOinters 

Register flexibility is created by grouping and overlapping 
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offered for the Z8001 The Z8010 Memory Management 
U nit manages the large address space by providing 
features such as segment relocation and memory 
protection. The Z8001 can be used with or without the 
Z801 D. If used bY itself, the Z8001 still provides an 8 
megabyte direct addressing range, extendable to 48 
megabytes 

The Z8001, Z8002, and Z8010 are fabricated With 
high-density, high-performance scaled n-channel silicon
gate depletion-load technology, and are housed in 
dual-In-line packages (DIPs) and leadless chip camers 
(LCC) 

multiple registers (Figures 2 and 3). For byte operations, the 
first eight 16-blt registers (RO... Rl) are treated as sixteen 
8-blt registers (RLO, RHO, RLl,RH7). The sixteen 16·blt 
registers are grouped In pairs (RRO... RRI 4) to form 32-mt 
long-word registers. Similarly, the register set is grouped In 

quadruples (RCO... Roi 2) to form 64-bit registers. 
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STACKS 

The Z8001 and Z8002 can use stacks located anywhere In 
memory. Call and Return Instructions as well as Interrupts 
and traps use Implied stacks. The distinction between 
normal and system stacks separates system Information 
from the application program Informalion. Two stack 
pOinters are available' the system stack pOinter and the 
normal stack pOinter Because they are part of the 
general-purpose register group, the user can manipulate 

REFRESH 

The Z8000 CPU contains a counter that can be used to 
automatically refresh dynamiC memory The refresh counter 
register conSists of a 9-blt row counter, a 6-blt rate counter, 
and an enable bit (Figure 4) The 9-blt row counter can 
address up to 256 rows and IS Incremented by two each 
time the rate counter reaches end-of-count. The rate counter 
determines the time between successive refreshes. It 
consists of a programmable6-blt modulo-n Prescaler (n = 1 
to 64), driven at one-fourth the CPU clock rate. The refresh 

PROGRAM STATUS INFORMATION 

ThiS group of status registers contains the program counter, 
nags, and control bits. When an interrupt or trap occu,s, the 
entire group is saved and a new program status group IS 
loaded. 

Figure 5 illustrates how the program status groups of the 
Z8001 and Z8OO2 differ. In the nonsegmented Z8002, the 
program status group consists of two words: the program 
counter (PC), and the flag and control word (FCW). In the 
segmented Z8001, the program status group consists of 
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the stack pOinters with any instruction available for register 
operations. 

In theZ8001, register parr RR141s the Implied stack pOinter. 
Register R14 contains the 7-blt segment number and R15 
contains the 16-blt offset In the Z8002, register R15 IS the 
Implied 16-blt stack pOinter. . 

penod can be programmed by 1 to 64 I'S with a 4 MHz 
clock Refresh can be disabled by programming the refresh 
enable/disable bit. 

Figure 4_ lIefresh Counter 

four words. a two-word program counter, 'the flag and 
control word, and an unused word reserved for future use. 
Seven bits of the lirst PC word designate one of the 128 
memory segments. The second word supplies the 16-bit 
offset that deSignates a memory location Within the 
segment. 

With the exception of the segment enable bit in the Z8OO1 
program status group, the flags and control bits are the 
same for both CPUs. 
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INTERRUPT AND TRAP STRUCTURE 

The Z8000 provides a very flexible and powerful Interrupt 
and trap structure Interrupts are external asynchronous 
events requinng CPU attention. and are generally triggered 
by penpherals needing service. Traps are synchronous 
events resulting from the execution of certain Instructions 
Both are processed in a Similar manner by the CPU. 

The CPU supports three types of Interrupts (non-maskable. 
vectored. and non-vectored) and four traps [system call. 
Extended Process Architecture (EPA) instruction. privileged 
instructions. and segmentation trap] The vectored and 
non-vectored Interrupts are maskable Of the four traps. the 
only external one IS the segmentation trap. which IS 
generated by the Z8010. 

The remaining traps occur when instructions limited to the 
system mode are used In the normal mode. 9r as a result of 
Ihe System Call instruction. or for an EPA Instruction. The 

DATA TYPES 

Z8000 Instructions can operate on bits. BCD digits (4 bits). 
bytes (8 bits). words (16 bits). long words (32 bitS), and byte 
strrngs and word stnngs (up to 64 kilobytes long) Bits can be 
set. reset. and tested; digits are used In BCD anthmetic 
operations; bytes are used for characters or small Integer 
values; words are used for Integer values. instructions 'and 
non segmented addresses; long words are used for long 
Integer values and segmented addresses. All data elements 

SEGMENTATION AND MEMORY 
MANAGEMENT 

High-level languages. sophisticated operating systems. 
large programs and data bases. and decreaSing memory 
prices are all accelerating the trend toward larger memory 
requirements in microcomputer systems. The Z8OO1 meets 
thiS requirement with an eight megabyte addreSSIng space 
This large address space IS directly accessed by the CPU 
using a segmented addressing scheme and can be 
managed by the Z8010 Memory Management Unit 

Segmented Add ....lng 

A segmented addreSSing space-:compared with linear 
addressing-is closer to the way a programmer uses 
'11emory because each procedure and data space resides 
.n ItS own segment The 8 megabytes of Z8001 addreSSing 
.'pace is divided Into 128 relocatable segments up to 64 
kilobytes each. A 23-bit segmented address uses a l-bit 
segment address to point to the segment. and a 16-bit offset 
to address any location relative 10 the beginning of. the 
segment The two parts of Ihe segmented address may be 
manipulated separately. The segmented Z800 1 can run any 
code written for the nonsegmented Z8002 in any one of its 
128 . segments. prOVided it IS set to the nonsegmen1ed 
mode, 

descending order of priorrty for traps and Interrupts IS' 
Internal traps. nonmaskable interrupt. segmentation trap. 
vectored Interrupt. and non-vectored Interrupt 

When an Interrupt or trap occurs. the current program status 
IS automatICally pushed on the system stack. The program 
status conSists of the processor status (PC and FCW) plus a 
16-blt Identifier. The identifier contains the reason or source 
of the trap or interrupt. For internal traps. the identifier is the 
first word of the trapped instruction. For external traps or 
Interrupts, the Identifier is the vector on the data bus read by 
the CPU dunng the Interrupt-acknowledge or trap
acknowledge cycte. 

After saving the current program status. the new program 
status IS automatically loaded from the program status area 
In system memory. ThiS area IS deSignated by the program 
status area pointer (PSAP). 

except stnngs can reSide either In registers or memory. 
Strrngs are stored In memory only. 

The baSIC data etement is the byte The number of bytes 
used when manipulating a data element is etther implied by 
the operation or-for stnngs and multlpte register 
operations-expliCitly specified In the Instruction. 

LOOtCAL ADDRESS L..._.....,.._--' 

r.-..------- -----, 
IIANAAIIINT I
UNIT I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. 
L________ _ 

569 



In .hardware, segmented addresses are contained in a 
regiSler pair or long-word memory location. The segment 
number and offset cart be manipulated separately or 
together by all the available word and long-word operations. 

When contained in an instruction, a segmented addresS has 
two different representations: long offset and short offset 
The long offset occupies two words. whereas the short offset 
requires only one and combines in one word the 7·b~ 
segment number with an B·blt offset (range 0-256). The 
short offset mode allows very dense encoding of addresses 
and minimizes the need for long addresses required by 
direct accessing of thiS large address space. 

Memory M8n8gement 

The addresses manipulated by the programmer. used by 
instructions and output by the Z8001, are called loglC8l 
addresses. The Memory Management Unit takes the logical 
addresses and transforms them into the physical addresses 
required for accessing the memory (Figure 6). This address 
transformation process is called relocalton. Segment 
reiocation makes user software addresses Independent of 
the physical memory so the user IS freed from specifying 

EXTENDED PROCESSING ARCHITECTURE 

The Zilog Extended Processing Architecture (EPA) prOVides 
an extremely flexible and modular approach to expanding 
both the hardware and software capabil~ies of the zaooo 
CPU Features of the EPA include: 

• 	 Specialized instructions for external processors or 
software traps may be added to CPU Instruction set 

• 	 Increases throughput of the system by using up to four 
specialized external processors in parallel with the CPU. 

• 	 Perm~modular design of Z8000-based systems. 

• 	 . Provides easy management of multiple microprocessor 
configurations via "single instruction stream" 
communication. 

• 	 Simple interconnection between extended processing 
un~s and Z8000 CPU requires no additional external 
supporting logic. 

• 	 Supports debugging of suspect hardware against 
proven software. 

• 	 Standard features on all Zilog ZaDOO CPUs. 

Specific benef~ include: 

• 	 EPUs can be added as the system grows and as EPUs 
With specialized functions are developed. 

• 	 Control of EPUs is accomplished via a "single instruction 
Slream" In the Z8000 CPU. eliminating many significant 
system software and bus contention management 
obstacles that occur in other. muttiprocessor (e.g .. 
maSler-siave) organization schemes. 

where information ,r actually located In the physical 
memory. 

The relocation process IS transparent to user software. A 
translation table In the Memory Management Unit 
associates the 7·bllsegment number with the baseaddress 
of the physical memory segment The 16-bit offset is added 
to the phySICal base address to obtain the actual physical 
address. The system may dynamically reload translation 
tables as tasks are created. suspended. or changed 

In additIOn to supporting dynamIC segment relocation. the 
Memory Management Unit also provides segment 
protection and other segment management features. The 
protection features prevent illegal uses of segments, such as 
writing Into a write-protected zone. 

Each Memory Management Unit stores 64 segment entries 
that consist of the segment base address. its attributes. size. I 
and status. Segments are variable in size from 256 bytes to 
64 kilobytes in increments of 256 bytes. Pairs of 
Management Units support the 128 segment numbers ... 
available for each of the SIX CPU addrllss spaces. Within an iii 
address space. several Management Units can be used to ft 
create multiple translation tables. :I 

The processing power of the Zilog ZSOOO 16-bit 
microprocessor can btl beosted beyond ItS Intrinsic 
capability by Extended Processing Architecture Simply 
stated, EPA allows the Z8000 CPU to accommodate up to 
four Extended Processing Un~s (EPUs), which perform 
specialized functions in parallel with the CPU's main 
instrucbon execution stream (Figure 7). 

The use of extended processors to beost the malro CPU's 
performance capability has been proven with large 
mainframe computers and minicomputers. In these 
systems, specialized functions such as array processing, 
special input/output processing, and data communications 
processing are typically aSSigned to extended processor 
hardware These extended processors are complex 
computers In their own right. 

The Zilog Extended Processing Architecture combines the 
best concepts of these proven performance boosters w~h 
the latest in high-density MOS integrated-circurt design. The 
result is an elegant expansion of design capabilrty-a 
powerful microprocessor architecture capable of 
connecling single-chip EPVs that permits very effective 
parallel processing and makes for a smoothly integrated 
instruoction stream from the Z8000 programmer's point of 
view. A typicai addition to the current Z8000 inSlruction set is 
a set of Floating Point Instructions. 

The Extended Processing Units connect directly to the 
Z8000 Bus (Z-BUS) and continuously monitor the CPU 
instruction stream. When an extended instruction is 
detected, the appropriate EPU responds, obtainina or 
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placIng data or status Information on the Z-BUS uSIng the 
Z8000-g-enerated control sIgnals and performIng Its 
function as directed 

The Z8000 CPU IS responsible for Instructing the EPU and 
dellvenng operands and data to It The EPU recognozes 
Instructions Intended for It and executes them, uSing data 
supplied with the instruction andlor data within its internal 
registers There are four classes of EPU instructions' 

• 	 Data transfers between main memory and EPU registers 

• 	 Data transfers between CPU registers and EPU registers 

• 	 EPU Internal operations 

• 	 Status transfers between the EPUs and the Z8000 CPU 
Flag and Control Word register (FCW) 

Four Z8000 addreSSing modes may be utilized With 
transfers between EPU registers and the CPU and main 
memory 

• 	 Register 

• 	 Indirect Register 

• 	 Direct Address 

• Index 

In addition to the hardware-Implemented capabilities at the 
Exiended Processing Architecture, there IS an extended 
instruction trap mechanism to permit software simulation 01 
EPU functions A control bit ,n the Z8000 FCW register 
IndICates whether actual EPUs are present or not If not. 
when an extended Instruction IS detected. the Z8000 traps 
on the Instruction. so that a software "trap handler" can 
emulate the deSired EPU functlon-a very useful 

development too. The EPA software trap routine supports 
the debugging of suspect hardware against proven 
software. ThiS fe.ature Will Increase In Significance as 
deSigners become familiar With the EPA capability of the 
Z8000CPU 

ThiS software trap mechanism lacilitates the oeslgn 01 
systems for later addition of EPUs lnotlally, the extended 
function IS executed as a trap subroutine. when the EPU IS 
finally a"ached, the trap subroutine IS eliminated and the 
EPA control bit IS set Application software IS unaware 01 the 
change 

Extendeo ProceSSing Architecture also offers protection 
against extended Instruction overlappmg Each EPU 
connects to the Z8000 CPU via the STOP line so that If an 
EPU IS requested to perform a second extended Instrucllon 
function belore It has completed the prevIous one, It can put 
the CPU Into the Stop/Refresh state until execution 01 the 
prevIous extended Instruction IS complete 

EPA and CPU Instruction execution are shown In Figure 8 
The CPU begins operation by letchlng an Instruction and 
determining whether It IS a CPU or an EPU command The 
EPU meanwhile monolors the Z-BUS for ItS own Instructions 
If the CPU encounters an EPU command, It checks to see 
whether an EPU IS present. If nol, the EPU may be Simulated 
by an EPU Instruction trap software routone. of an EPU IS 
present. the necessary data and/or address IS placed on the 
Z-BUS. If the EPU IS free when the Instruction and data lor It 
appear, the extended Instruction IS executed II the EPU IS 
stili processing a prevIous Instruction. It activates the CPU's 
STOP line to lock the CPU oH al the Z-BUS until execution IS 
complete After the Instruction IS finished. the EPU 
deactivates the STOP hne and CPU transactions continue 

FIgu.. 7. ~plcelexw_ P_Conllgunrtlon 
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L- ___________ _ 

.& D4T4 Oft ADDf'ESlEI AilE ..LACED ON THE IUS AND USED IV THE l.-u IN THE 
EXECUTION OF AN INST"uenON. 

FlgUM e_ EPA and zaooo CPU Inatrucllon Encutlon 

INPUT/OUTPUT 

A set of 110 instructions performs a-bit or 16-bit transfers 
between the CPU and 110 devices. 110 devices are 
addressed with a 16-bit 110 port address. The 110 port 
address is similar to a memory address; however, 110 
address space need not be part of the memory address 
space. 110 port and memory addresses coexist on the same 
bus fines and they are distinguished by the statusloutputs. 

MULTI-MICROPROCESSOR SUPPORT 

Mutti-microprocessor systems are supported in hardware 
and software. A pair of CPU pins is used in conjunction w~h 
cenain instrucltons to coordinate muttiple microprocessors. 
The Multi-Micro Out pin issues a request for the resource, 
while the Multi-Micro In pin is used to recognize the stale of 
the resource. Thus, any CPU in a muttiple mICroprocessor 
system can llXctude all other asynchronous CPUs from a 
cr~ical shared resource. 

Two types of 110 Instructions are available standard and 
special. Each has its own address space. The I/O 
instructions include a comprehensive set of In, Out, and 
Block 110 instructions for both bytes and words. Special 110 
instrucltons are used for loading and unloading the Memory 
Management Unit. The status information distinguishes 
between standard and special 110 references. 

Mutti-microprocessor systems are supported in software by 
the instructions Multi-Micro Request, Test Multi-Micro In, Set 
Mutti-Micro Out, and Reset Multi-Micro Out. In addition, the 
eight megabyte CPU address space is beneficial in muttiple 
microprocessor systems that have large memory 
requirements. 
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ADDRESSING MODES 

The information included ,n Z8000 instructions consists of 
the .function to be performed. the type and· size of data 
elements to be manipulated. and the location of the data 
elements. Locations are designated by register addresses. 
memory addresses. or 1/0 addresses The addreSSing 
mode oJ a given 'nstruction defines the address space it 
references and the method used to compute the address 
Itself. AddreSSing modes are explicitly specified or Implied 
by the Instruction. 

Figure 9 illustrates the eight addreSSing modes: Register 
(R). Immediate (1M). Indirect Register (lR). Direct Address 
(DA). Index (X). Relative Address (RA). Base Address (BA). 
and Base Index (BX). I~ general. an addressing mQ!:le 
explicitly specifies either register address space or memory 
address space. Program memory address ..pace and 1/0 
address space are usually Implied by the instruction. 
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PIN DESCRIPTION 

AOO-A015' Address/Data (Inputs/outputs, active High, 
3-state). These multiplexed address and data lines are used 
for 1/0 and to address memory. 

AS. Address Strobe (output, active Low. 3-state). The rising 
edge of AS ,nd,oates addresses are valid. 

BUSACK. Bus kknowledge (output active Low). A Low on 
this line Indicates the CPU has relinquished control of the 
bus. 

BUSAEQ. Bus Request (Input, active Low). ThiS line must 
be driven Low to request the bus from the CPU 

Bfii. ByteIWord (output, Low ~ Word, 3-state) ThiS signal 
defines the type of memory reference on the 16-blt 
address/data bus 

elK. System Clock (Input). CLK IS a 5V Single-phase 
time-base input. 

OS. Data Strobe (output. active Low, 3-state). ThiS line times 
the data In and out of the CPU. 

MAEQ. Memory Request (output, active Low, 3-state). A 
Low on thiS line Indicates that the address/data bus holds a 
memory address. 

iii, MO. Multi-Micro In, Multi-Micro Out (input and output, 
active Low). These two lines form a resource-request daisy 
chain that allows one CPU in a multi-microprocessor system 
to access a shared resource. 

NMI. Non-Maskab/e Interrupt (edge triggered, input, active 
Low). A high·to-Iow tranSition on NMI requests a 
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non-maskable Interrupt. The NMI Interrupt has the highest 
Priority of the three types of Interrupts. 

N/S_ Normal/System Mode (output, Low = System Mode, 
3-state). NIS Indicates the CPU IS in the normal or system 
mode. 

NMI. Non-Vectored Interrupt (Input. active Low). A Low on 
thiS line requests a non-vectored Interrupt 

AESET. Reset (Input. active Low). A Low on thiS line resets 
the CPU. 

A/W. ReadlWrite (output. Low ~ Write. 3-state). RIW 
indicates that the CPU IS reading from or writing to memory 
or 1/0. 

SEGT. Segment Trap (Input, active Low). The Memory 
Management Unit Interrupts the CPU With a Low on thiS ilne 
when the MMU detects a segmentation trap Input on i..Z80010nly ii 
SNo-SNe. Segment Number (outputs, active High, 3-stale). 
These lines prOVide the 7-blt segment number used to 
address one of 128 segments by the Z8010 memory 9 
Management Unit. Output by the Z8OO1 only. 

STo-ST3. Status (outputs, active High, 3-state). These lines 
specify the CPU status (see Status Code Lines). 

STOP. Stop (Input, active Low). ThiS Input can be used to 
single-step instruction execution. 

Vi. Vectored Interrupt (input, active Low). A Low on thiS line 
requests a vectored Interrupt. 

WAif. Wait (inpul, active Low). ThiS line indicates to the CPU 
that the memory or 1/0 deVice is not ready for data transfer. 
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Z8000 CPU TIMING 

The ZBOOO CPU executes instructions by stepping through Request Instruction (MREQ), 
sequences of basic machine cycles. such as memory read 

The following timing diagrams show the relatille timing 
or write 1/0 device read or write. interrupt acknowledge. 

relationships of all CPU signals during each of the basIC
and int~rnal execution. Each Of theSe basic.cycles requires 

operations, When a machine cycle requires additional clock 
three to ten clock cycles to execute. Instructions that require 

cycles for CPU internal operation. one to five clock cycles 
more clock cycles to execute are broken up into several 

are added. Memory and 110 read and write, as well as
machine cycles. Thus no machine cycle is longer than ten 

interrupt acknowledge cycles. can be extended by
clock cycles and fast response to a Bus Request IS 

activating the WAi'f input. For exact timing information, refer guaranteed. 
to the composite timing diagram, 

The instruction opcode is fetched by a normal memory read 
Note that the WAIT input is not synchronized in the Z8000 

operation. A memory refresh cycle can be inserted JUst after 
and that the setup and hold times for WAIT, relatille to the the comptetion'of any first instruction fetch (IF,) cycle and 
clock, must be met. If asynchronous WAIT signals are can also be inserted white the following instructions are 
generated. they must be synchronized with the CPU clock being executed: MULT, MULTL. DIV. DIVL. HALT, all Shift 
before entering the Z8000. 

instructions. alt Btock MOlle instructions, and the Multl·Mlcro 
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FEATURES 
• 	 Full 32-bit architecture and Implementation 

• 	 4G (billion) bytes of directly addressable memory 

• 	 linear or segmented address space 

• 	 Virtual memory management integrated with CPU 

• 	 On-chip cache memory 

• 	 General-purpose register file with sixteen 32-bit 
registers 

• 	 Nine general addreSSing modes 

• 	 Numerous data types Include bit, bit field, logical 
value, signed integer, and string 

• 	 Extended Processing Architecture supports floating' 
point operations 

GENERAL DESCRIPTION 

The Z80,000 CPU is an advanced, hlgh·end 32·blt 
microprocessor that integrates the architecture of a 
mainframe computer into a single chip. While maintain· 
Ing full compatibility with Z8000 family software and 
hardware, the Z80,000 CPU offers greater power and 
fleXibility in both its architecture and interface capability. 
Operating systems and compilers are easily developed 
In the Z80,000 CPU's high-quality environment, and the 
hardware interface provides for connection to a wide 
vaflety of system configurations. 

Addresses in the Z80,000 CPU are 32 bits. This allows 
direct addressing of 4G bytes In each of four address 
spaces: system-mQ(ie data, system· mode instruction, 
normal·mode data. and normal· mode instruction. The 
CPU supports three modes of address representation. 
The 16·bit compact addresses are compatible With 
Z8000 nonsegmented mode. The 32·blt segmented ad· 
aresses Include both 16·bIt offset, which IS compatible 
w,th Z8000 segmented mode, and 24·blt offset. In addi· 
lion a full 32·bit linear address space is provided 

Z80,0000 CPU 

Preliminary 
Product 
SpecUlcatlon 

April 1985 

• 	 Regular use of operations, addreSSing modes. and 
data types in instruction set 

• 	 System and normal modes of operation With 
separate stacks 

• 	 SOphisticated Interrupt and trap handling 

• 	 Software IS a binary·compatible extension of 
Z8000n.< software 

• 	 Hardware IS compatible With other Z·BUSTM com· 
ponents 

• 	 Mainframe performance 

The CPU features a general·purpose register file with 
sixteen 32·bit registers and nine operand addressing 
modes. The vanous addreSSing modes allow encoding 
chOices for compact representaliOn or for full 32-bIt ad
dressing. The instruction set can operate on bit, bit field, 
logical value, signed integer, unsigned integer, address, 
string, stack, and packed decimal byte data types. 
Logical and arithmetic instructions operate on bytes (8 
bits), words (16 bits) and longwords (32 bits). The Extend· 
ed Processing Architecture (EPA) supports floating·point 
opera tions. I n addition, the instruction set is highly 
regular in combining operations, data types, and ad· 
dressing modes. High-level language compilation is sup· 
ported with instructions for procedure linkage, array in· 
dex calculation, and bounds checking. Other Instruc· 
tIons provide operating system functions such as system 
call and control of memory management 

There are two main operating modes, system and nor· 
mal, supported by separate stacKS. User programs 
operate in normal mode, while sensitive operating 
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system functions are performed in system mode. This 
protects critical parts of the operating system from user 
access. In addition. some instructions are priVileged. 
and execute only in system mode. Memory management 
functions protect both system memory from user pro
grams. and user memory from other users Vectored. 
nonvectored. and nonmaskable Interrupts support real
time operating systems. 

MerTlory management IS lully Integrated With the CPU; 
no external support cirCUitry IS necessary. A paging ad
dress translation mechanism is implemented Registers 
in the CPU POint to address translation tables located in 
memory: the most recently used tabte entries are kept in 
a Translation Lookaslde Buffer (TLB) in the CPU. The 
CPU performs logical to physical address translation and 
access protection for each memory reference. When a 
logical memory reference causes a translation or pro
tection violation. the state of the CPlJ is 'automatlcally 
restored to restart the instruction. 110 ports can be 
referenced either by dedicated instructions or by the 
memory management mechanism mapping logical 
memory addresses to 110 port addresses. 

Extensive trapping facilities, such as integer overflow, 
subrange out of bounds, and subSCript out of bounds, 
catch common run-time errors_ Software debuggers can 
use trace and breakpoint traps. Privileged instruction 
traps and memory protection viOlation traps secure the 

REGISTERS 

The Z80,000 CPU IS a reglster-of/ented processor offenng 
sixteen 32-blt general·purpose registers, a 32-blt Program 
Counter (PC). a 16-bit Flag and Control Word (FCW), and 
nine other special· purpose registers. 

The general-purpose register file (Figure 1) contains 64 
bytes of storage. The first 16 bytes (RLO,RHO. ,RL7,RH7) 
can be used as accumulators for byte data. The first 16 
words (RO,R1,,,.,R15) can be u~as accumulators for 
word data, as index registers (except RO), or for memory ad· 
dresses in compact mode (except RO). Any longword regis, 
ter (RRO,RR2,,,.,RR30) can be used as an accumulator for 
longword data, an index register in linear or segmented 
mode (except RRO), or for memory addresses in linear or 
segmented mode (except RRO). Quadword registers 
(RQO,RQ4,. "RQ28) can be used as accumulators for Multi
ply, DiVide, and Extend Signinstructions. This unique regis· 
ter organization allows bytes and words of data to. be 
manipulated co.nveniently while leaving most 01 the register 
file free to. hold addresses, counters, and any other data. 

Two registers are dedtcated to the Stack Pointer (SP) and 
Frame Pointer (FP) used by Gan, Enter, Exit, and Return 

operating system from user programming errors or 
mischief The overtlow stack allows recovery Irom other
wise fatal errors. 

The CPU has lull 32·bit internal address and data patrs. 
Extemally, 32 pins time-multiplex the address and d~ta. 
The Interface IS compatible With the complete line of 
Z-BUS peflpherals The hardware interface features 
16-blt or 32-M memory data path and programmable 
walt stales. Burst transfers and an on-Chip cache for in
structions and data help develop high-performance 
systems. The Interface supports multiproceSSing con· 
figurallOns With Interlocked memory references and two 
types of bus request protocols. The system deSigner can 
tailor the Z80,000·based system to cost and perlor· 
mance needs. 

In summary, the Z80,000 CPU meets and surpasses the 
requirements of medium and high· end microprocessor 
systems for the 1980s. Softwa re program development 
is easily accomplished with the CPU's sophisticated ar
chitecture. The highly plpelined deSign, on-chip cache. 
and external Interface support systems ranging from 
dedicated controliers 10 mainframe computers. While 
Zilog continues to develop support for the Z80,000 CPU. 
Z8000 peripherals and devetopment software are fully 
compatible With thiS latest in Zilog's line of high· 
performance microprocessors. 

instructions. In compact mode, R15 is the Stack POinter 
and R14 the Frame Pointer. In linear or segmented 
mode, RR14 is the Stack Pointer and RR12 is the Frame 
Pointer 
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31 

The PC and FCW lorm the Program Status (Figure 2), of instructions. The remaining special registers are used 
wnich Is automatically saved for traps and Interrupts. for memory management. system configuration. and 
The bits in FCW Indicate operating modes, masks for other CPU control (Figure 3) 
traps and interrupts, and flags set according to the result 

tI • J 0 

1r.eI...jV.I...~ull ..1Tic Iz 1.1".1 DIH IIV 1.1 
INYIGER OV£ll!iFLOW IENAILE (IV) 

l~

HALF CARRY eM) 


O'CIIlA~ -ADJUST lOt 

'AIlUTYIOYERFL.OW IPM 

""Ntl/ 
Z1!OOCZ) 

CAIUIYfQ 

L-. _co ...DOIIO (TPIUN.......Q __IIAI 


NONYI!CTottED INTIR...," INAIII (Nvtl) 

VICTORID INTERRU" P ....LI. evtll 
DTlNDED PltiOCUlOR ARCHIT! CTURE,EPA) 

IYITSMINOIIMAlllODI caiN) 

IXTENDEDfCOM'ACT IIOOE (IICi 

PLACI AUlD _TJIDt, WOIID IPCWI 

_RAIl COUII.TaIIIPCI 

Figure 2. Progr.m S18tu. Regl ...... 

ADDRESS SPACES 

As shown in Figure 4, the CPU has three modes 01 ad· cy is due to shorter instructions in compact mode. and 
dress representation: compact, segmented. and linear the lact that addresses in the register file use word 
The mode is selected by two control bits in the Flag and rather than longword registers. Applications requiring 
Control Word register (Table 1). The Extended/Compact more than 64K bytes of either program or data should 
(OC) bit selects whether compact addresses (16 bits) or use segmented or linear modes. 
extended addresses (32 bits) are used. For extended ad· 
dresses the Linear/Segmented (uSi bit selects whether 
linear or segmented addresses are used. 

The load Address instruction can be used to manipulate 
addresses in any mode 01 representation. 

Conlrol Bl
EIC 

la In FCW 
US 

R..".....,I.llpn 

In compact mode, addresses are 16 bits. Adoress Q o Compact 
calculations using eompact aodresses involve all 16 bits. o Reserved 
Compact mode is more efficient ana less program· o Segmente<l 
consuming lor applications requiring less than 64K bytes Linear 
01 program and less than 64K bytes 01 data. This ellieien· 
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In segmented mode, addresses are 32 bits. Segmented 
addresses are composed of either a 15·bit segment 
number and a 16-blt segment offset or a 7 -bit segment 
number and a 24-bit segment offset. Bit 31 of the ad
dress selects either 01 the two types 01 segmented ad
dresses. Address calculations using segmented ad
dresses Involve only the segment offset; the segment 
number is unaffected. In segmented mode, the address 
space allows up to 32,768 segments 01 64K-byte max· 
Imum size and up to 128 segments of 16M-byte max· 
imum size. Many applications benelit Irom the logical 
structure 01 segmentatIon by allocating individual ob, 
lects. such as a program module, stack, or large data 
structure, to separate segments. 

In linear mode, addresses are 32 bits. Address calcula-

NORMAL AND SYSTEM MODES 

The CPU has two modes 01 operation, normal and 
system, selected by the SIN bit in the Flag and Control 
Word register_ These modes Il11I8ct on CPU operation in 
three areas: privileged instruClions. stack pointers. and 
memory management. 

Since the most sensitive portions 01 the operating 
system usually execute in system mode, separate stack 
pOinters are used to isolate tlie two operating modes. 

tions using linear addresses involve all 32 bits. In linear 
mode, the address space 01 4G bytes is uniform and 
unstructured. Many applications benefit from the flex· 
ibility of linear addressing by allocating objects at ar
bitrary positions In the address space. 

Memory is byte addressable by the CPU. The address 
used for multiple-byte data is the address of the most
significant byte. Multiple-byte data can be located at any 
byte address with no alignment restrictions. 

110 ports can be addressed by either dedicated instruc
tions or by the memory management mechanism map
ping logical memory addresses to 110 ports. 110 ports 
can be·byte, word, or longword in size. 

Some instructions. such as those performing 110 opera
tions or accessing control registers. can only be ex
ecuted in system mode; in addition, the memory 
management mechanism allows access to some 
memory locations in system mode only. Programs ex
ecuting in normal mode can request services from the 
operating system using the System Call instruction and 
trap. 
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THEORY OF OPERATION 

Figure 5 shows a block diagram of the ZBO , 000 CPU's Inter· 
nal organization, including the following malor functional 
units and data paths: 

• 	 The external interface logic controls transactions on the 
bus. Addresses and data from the internal memory bus 
are transmitted through the Interface to the Z -BUS. The 
Z·BIIS is a time-mu~iplexed, address/data bus that con
nects the components of a microprocessor system. 

• 	 The cache stores cop!es of instruction and data memory 
locations. Instructions are read from the cache on the In
struction bus, Data is read from or written to the cache on 
the memory bus. The cache .also includes a copy of the 
physical Program Counter, so that the logical addresses 
of Instructions are translated only for branches and when 
Incrementing the Program Counter across a page 
boundary. 

• 	 The Translation Lookaside Buffer (TLB) translates logical 
addresses calculated by the address anthmetic unit to 
phYSical addresses used to access the caGhe. 

• 	 The address arithmetic unit performs all address calcula
tions. This Unit has a path to the register file for reading 
base and Index registers and another path to the instruc
tion bus for reading displacements and direct addresses. 
The result of the address calculation IS tranSrTlltted to the 
TLB. 

• 	 The register file contains the sixteen general-purpose 
longword registers, Program Status registers, special
purpose control registers, and several registers used to 
store values temporarily during instruction execution. 
The register file has one path to the address arithmetic 
uOit and two paths to the execution arithmetic and logic 
unit. 

• 	 The execution arithmetiC and logiC unit calcufates the 
results of Instructton execution, such as add, exclUSive
OR, and Simple load. This umt has two paths to the regiS
ter file on which two operands can be read 
simultaneously or one can be written. One of the paths to 
the register file IS mun'plexed With a path from the mem
ory bus 

• 	 The Instruction decoding and control unit decodes In
structions and controls the operation of the other func
lional units, ThiS unit has a path Irom the Instruction bus 
and two programmable logiC arrays for separate mlCre
coded control of the two arithmetiC Units. ThiS unit also 
controls exceptton handling and TLB loading. 

All of the functional units and data paths listed above are 32 
bits wide. 

The operallon of the CPU IS ~"ghly plpelined so that several 
Instructions are simultaneously In different stages of execu· 
lion. Thus, the functional units effectively operate In parallel 
With one Instruction being letched wrlle an address IS calce· 
lated for another Instruction and results are stored for a th"O 
Instruction 

Figure 6 shows the six-stage, synchronous pipeline. Instruc 
tIons flow through each stage 01 the pipeline In sequence 
The various pipeline stages can be working Slmu~aneousl)' 
on separate instructions or on separate portions of a Single 
complex Instruction. Each pipeline stage operates In one 
processor cycle, which is composed of two clock cycles 
called +1 and +2. Thus, a processor cycle IS 200 ns With a 10 
MHz clock or 80 ns with a 25 MHz clock. 

The nl~truction-fetch stage increments the Program Counte, 
and Initiates instructions fetched from the cache. Tne 
Instruction-decoding stage receives and decodes instruc
tions to set up control of the address-calculation stage 

The address-calculation stage can generally calculate a 
memory address in one processor cycle, except for Base In· 
dex,Relatlve, and Relative Index addressmg modes, which 
reqUIre multiple cycles. After the logical effective address 
has been calculated, the corresponding phySICal address's 
prOVided by the TLB. The operand-fetch stage fetches the 
data from the cache and latches It Into a holding register. 

The execution stage performs data manlpulabons. Byte. 
word, and longword results are generally calculated In one 
processor cycle, but certain instructions, such as multiply 
and block-move operations, reqUire multiple cycles. Dunng 
the execution stage, resu~ are stored to registers. Resu~s 
are stored to the cache and external memory dunng the 
operand-store stage The flags are also set during thR 

operand-store stage 

The cache can handle two references dUring a proce%'" 
cycle. Instruction fetches use the +2 clock cycle for tag GOO" 
;:lanson and +, for data access. Either an operand fetch or 
store can use +1 for tag comparison and +2 for data access 

The pipeline allows Single Instructions, like reglster'lo 
register load and memory·te-reglster add, to execule al a 
rate of one per prQCessor cycle. Thus, the peak perform· 
ance of the CPU is 12.5 million instructions per second 
(MIPS) With a 25 MHz clock. In practice. the aclual perform 
ance IS reduced to approximately one-thlfd of the peaK be· 
cause _of delays due to the execution of multlple·cyc)C 
Instructions. Interference between instructions In the pipe" 
line, and main memory accesses for cache and TLB misses 
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2114 
1024 X 4 BIT STATIC RAM 

2114-2 2114-3 2114 211AL2 2114L3 2114L 

I Max. Access Time (ns) 200 300 450 200 300 450 

I Max. Power Dissipation (mw) 525 525 525 370 370 370 

• High Density 18 Pin Package • Directly TTL Compatible: All Inputs 

• Identical Cycle and Access Times and Outputs 

• Single +5V Supply • Common Data Input and Output Using 
Three-State Oufputs• No Clock or Timing Strobe Required • Pin-Out Compatible with 3605 and 3625 • Completely Static Memory Bipolar PROMs 

The Intel@> 2114 is a 4096·bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon..Gate 
MOS technology. It uses fully DC stBble (static) circuitry throughout - in both the array and the decoding - and therefore 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 

The 2114 is designed for memory applications where high performance, low cost. large bit storage. and simple interlacing are 
important design objectives. The 2114 is placed in an 18-pin package for the highest possible density. 

It is directly TTL compatible in all respects: inputs. outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or·tied. 

The 2114 is fabricated with Inte!"s N-channel Silicon-Gate techn-ology - a technology providing excellent protection against 
contamination permitting the use of low cost plastic packaging. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
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_____________ HM61111-2.HM811 6-3.H.M81111-4.HM8118P-2.HM811 6P-3.HM811 6P-4. 

2048-word x 8-blt High Speed Static CMOS RAM 

_FEATURES 
• 	 Single 5V Supply and High Density 24 Pin Package 
• 	 High speed: Fast Access Time 120ns/150nsl200ns (max.' 
• 	 Low Power Standby and Standby: 100pW (typ.' 

Low Power Operation Operation: 180mW (typ.' 
• 	 Completely Static RAM: No clock or Timing Strobe Required 
• 	 Directly TTL Compatible: All Input and Output 
• 	 Pin Out Compatible with Standard 16K EPROM/MASK ROM 
• 	 Equal Access and Cycle Time 

_FUNCTIONAL BLOCK DIAGRAM 

A, 	 --ov("{ 

Ro. w...,n lob., •• --<>CND 

Dee_er . 

12!)(128\ \ 

A, 

.ABSOLUTE MAXIt.«.JM RATINGS 

Item Symbol Racine: Unit 


Volt.,t' on Any Pin Rrlahn to GND V, -0.5· to +7.0 V 


()peralina Temper.tun T•• o to ..... 70 ·c 

Storqe T t'tnperature ( Plnhe) T~ -SS to +125 ·C 


StGnl" Tempe-nturt (Cer....icj T•• -65 to + ISO ·C 


Te~rlture Under Bin T... -\0 to +8. ·C 


Power Dissipation p, 1.0 W 

• P.I~ Widdl SOIUl. -1.$ \ 

_TRUTH TABLE 

CS ~ WE Mode Vcr Current 

H x x !'oiot Selrcted 1$., lUI 
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IHM6ll6P-2. HM6116P-3. 
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_PIN ARRANGEMENT 

I/O Pin Ref. Cycle 

H..~ Z 

Dout ReM C,de tJH31 

0.. Write e,e" tl) 

0;. Write Cyde 12J 
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Advance Information 

16K BIT STATIC RANDOM ACCESS MEMORY 

The MCM65116 IS a 16,384-blt Static Random Access Memory 
organized as 2048 words by 8-bltS, fabncated uSing Motorola's High
perrormance silicon-gate CMOS (HCMOS) technologv If uses a deSign 
approach whIch provides the Simple timing features associated with tul
ly static memories, and the reduced power assocIated With CMOS 
memOries. This means low standby power without the need for clocks, 
nor reduced data rates due to cycle ttmt:lis that exceed access time 

Chip Enable ttl controls the powel-down feature It IS not a clock but 
rather a chip contfol that affects power consumption In less than a 
cycle time after chip enable (E) goes high, the part automatically 
reduces Its power requirements and remains In this low-power standby 
as long as the chip enable (t) remains hIgh·. The automa~IC powe(~down 
feature causes no performance degradation 

The MCM65116 IS In a 24-pm dual·tn-line package With the Industry 
standard JEDEC approved pinout and IS Pinout compatible With the 
Industry standard 16K EPROMIROM 

• Single + 5 V Supply 

• 2048 Words by 8- Bit Organization 

• HCMOS Technology 
• FullV Static. No Clock or Tlrrllng Strobe· ReqUired 

• 	 Maximum Access Time MCM66116-12 - 120 ns 
MCM1I5116-15 - 150 ns 
MCMII5116-20 - 200 ns 

• 	 Power Dissipation: 55 rnA Maximum (Activel 
10 rnA Maximum (S tandbv-TTL Levels) 
2 mA MaXimum (Standbv) 

100 f4A Maximum IStandby-MCMII5L1161 

• Low Voltage Data Retention IMCM651116 onlyl 1()) "W MaXimum 

BLOCK DIAGRAM 
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Thil document conl.na mtormalJQn on a new product Speo.hClltlOns " Information herl!lln 
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MCM65116 

HCMOS 
ICOMPLeMe"lT ARY MOSI 

2,048 X 8 BIT 
STATIC RANDOM 
ACCESS MEMORY 

P SUffiX 

PlAS T C PACKA(iE 


CASE 709 

1ItfII! 
~"SEALCC~~:::~ PACKAGE~nll:; CASE,623 

PIN ASSIGNMeNTS 
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HM6264P-10, HM6284P-12, 
HM6264P-16 

8192-word x8-bit HiIh $peed Static CMOS RAM 

• FEATURES 

• 	 Fa$t acceu Time l00nsll2t)n,i15on, (_x,) 

• 	 Low Po_r Standby Standby: O.lmW (tyP.' 
Low Po-r Operation Operating: 200mW (tyP.' 

• 	 Singl. +5V Supply 
• 	 Completely Static Memory ..... No clock or Timing Strobe Required 
• 	 Equal Access and Cycle Time 
• 	 Common Data lnpllt and Output, Three State OutpUt 
• 	 Directly TTL Compatible: All Input and OutpUt 
• 	 Standard 28pin Package Configuration 
• 	 Pin Out Compatible with 64K EPROM HN482164 

• BLOCK DIAGRAM 

..---t:c=:r-, 
-o~. 

..... • .....~, ....". 	 ~CID . DIuIH: 	 HeJS"'tw 

All 

A, 

I "<>-T-+Hlr+-I 

A, 

~-----'------.-______-l A. 
jii..<>-____--' 

• ABSOLUTE MAXIMUM RATINUS 
Item Symbol Rotin, Unit 


TenniriaJ Voitaae • VT -0.5·· to +7.0 V 

Power Diuipotion I'T 1.0 W 

Operatin, Temperature Top< oto +10 C· 

Storage Temperat\:ire Tna -5S to +125 C 

Storaae Temperature (Under Bias) Thiu -10 to +85 C 

• With respect to GND. •• Pulse width sOn" -3,OV 	 (fopV-...., 

• TRUTH TABLE 
WE c:s. CS. OE Mode l/OPia YccCUnenl NetI 
X 	 H X 'X Not Selected RiPZ 11.. 1..1 


(Power Down)
X X L X Hi&h Z 1... /01 

H L H H Ou tpu t Disabled HiPZ Icc,/oo~ 

.~ 


H L H L Read Dout 1cc,/CCl 


L L H H Din 100,ICCl Wrill Cycle (l-)

Write 

L L H L 	 Din 100,/001 IWrill C,.,(2l' 
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Product Preview 

256K BIT READ ONLY MEMORY 

The MCM83256 is a"MOS mask program"",bIe byte-organized-Read 
Only Memory (ROM'" The MCM83256 Is organized as 32,768 bytes 018 
bits and is 18bricated using Motorola's high performance N-channei 
silicon gate technology (HMOS)" This device is designed to provide 
maximum circuit density and reliability with highest possibl"e perfor
mance while maintaining low power dissipation and wide operating 
margins and remaining luliV compatible with TTL inputs and outputs. 

The active level 01 the Chip Enab!e and tho Output Enable, along wilh 
Iho memory conlenls, are defined by lhe user. The Chip Enable ,npul 
_ects the OUIPUI and PUIS Ihe chip in a power-down mode" 

• Single:!: 10,. +6 Voll Power Supply 
• Fully Static Periphery - No Cloci<ing Required on Chip Enable 

• Automatic Power Down 
• Power Diasipalion 

100 mA Active "I Maximuml (Unloadedl 

15 mA Standby (Maximuml 


• Currenl Surge Suppression When P~ng Up Device 
• Program Layer Lale in Process lor Quick T umaround Time 

• 160 ns Maximum Access Irom Address and Chip Enable 

• 28-Pin JEDEC Standard Package and Pinoul 

ADDITIONAL FENl'URE 

• Address fA141 is User Sele<:tabla lor Ei_ Pin 27 or Pin , 

BLOCK DIAGRAM 

r-----~~J-----~~_Il GONJ 10
12 01 

A2 8 13 Q2 
A3 7 15 OJ 
M 8 18 Q4 

"'1 9 

AS _ 
A5 .6 	 1"7 Q6 

18 Q6 

...7 3 L-____~--~____~--~19 01 
A926 
A92A 
"'102' 

A" 23 

,0.'22 

""32B 

A14 27-- ~ 


E ~----~--~--,
"li 	 JO.--_.....J 

VCC.Pin 2B 
VSS. Pin ,4 

MCM63256 


HMOS 
IN-CHANNEL, SILICON GATiI 

32.768 X 8 BIT 
READ ONLY MEMORY 

,, 
1 PlASTIC PACKAGE 

CASE 710 

N/C 

,0.12 

... 7 

A9 

A5 

M 

A3 

A2 

..., 
NJ 

00 

0' 
02 

VSS 

Aj). ... '4" 
f 
II 
Ql).07 

VCC 
VSS 

PIN AIIICIIIMINT 

VCC 

27 ,0.'4 

28 ""3 
4 26 A9 

~ AI 

23 

PIN HAMIl 

:ChipE.-
OuIpuIE_ """
. o... OUIPUI 

+ 5 V p_Supply 
Ground 

Tbit,doCumlnt conl8lnS inlormetlon on. product undel"dlwekJpment. Motocdl ~ the 
figtI1 to chInge or diIcontinue 1M product Without notICe. 
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256K·BIT (32,768 x 8) CMOS STATIC RANOOM ACCESS 
MEMORY WITH DATA RETENTION AND LOW POWER 

The Fujitsu MB 84256 is a 32,768-word by 8-bit static random access memo 
ory fabricated with a CMOS silicon gate process. The memory utilizes asynchro
nouse circuitry and may be maintained in any state for an indefinite period of 
time. All pins are TTL compatible, and a single +5 volts power supply is reo 
quired. 

The MB 84256 is ideally suited for use in microprocesser systems and other 
applications where fast access time and ease of use are required. All devices 
offer the advantages of low power dissipation, low cost and hilt! performance. 

• Organ i zation: 	 32,768 x 8 bits 
• 	 Fastaccess time: l00nsmax. (MB84256·10/10Lll0LL) 

120 ns max. (MB 84256·12/12L112LL) 
150 ns max. (MB 84256-15/15L/15LL) 

• Completely static operation: No clock required 
• TTL compatible inputs/outputs 
• Three·state outputs 
• Single +5V power supply, ±1()% tolerance 
• 	 Low power standby: 

CMOS level: 5.5 mWmax. (MB84256-10/12/15) 
0.55 mW max. (MB 84256-10L/l0LL/12L/12LL/ 

15L/15LL) 
TTL level: 	 16.5 mW max. (MB 84256-10/10Lll0LLlI2/12L/12LLI 

15/15L115LL) 
• Data retention: 2.0V 
• Standard 28'pin DIP (600 mil) (Suffix: ·P) 
• Standard 28-pin Bend·type Plastic Flat Package (450 mil) (Suffix: ·PF) 
• Standard 32-pad LCe (Suffix: ·CV) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value Unit 

Supply Voltage 	 Vee -0.5 to +7.0 V 

Input Voltage 	 V,N -0.5 to Vee+0.5 V 

Output Voltage 	 VOUT -0.5 to Vee+0.5 V 

Temperature Under Bias TBIAS -10 to +85 °c 

CERAMIC -65 to +150Storage ·CTSTGTemperatu re Range 
PLASTIC -40 to +125 

PLASTIC PACKAGE PLASTIC PACKAGE 

DIP-28P-M02 FPT-28P-M02 


CERAMIC PACKAGE 
LCC·32C·A02 

PIN ASSIGNMENT 
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lOshiba is the world leader in CMOS and NMOS Static RAMs and was ODe of the first suppliers of the 256K CMOS SRAM. 

32,768 WORDS x 8 BIT CMOS STATIC RAM 

SILIC:O~ GATE CMOS 


The TC)5~':;IAPL IS a 262,144 bit static random access "memory 
urganlZed a, 12,768 ""lrd, oy 8 h,ts using CMOS technology, and oper
ated from a single ;V supply. Advanced circuit techniques provide 
tx)th high ::'PI..~eJ anJ low IX-)wer teatures wIth an operating currem of 
5mNMHz (li'p.) anJ mimmum cycle time of 85ns. 

When CE is a k>glCal h,gh, the device is placed in lowpowerstandby 
mode In whICh SfJndbycurrent IS typical 2~A The TC552S7APL has 

• Low fbwer DIssipation 
27. 5 mW/MH,(Max.) Operating 

• Stand~y Current 
lOO~A(Max.); TC55257APL-85/AFL-85 


APL-!OlAFL-IO 

APL- !2IAFL-12 


2~A\Ma,.); TCS5257APL-85UAFL-85L 

rr., = 25°C) APL·!OUAFL-JOl 


APL-!2UAFL-12l 

• 5V Smgle I'uwcr Supply 
• P(}\I,'ef Down Fedture: a 
PIN CONNECTION (TOP VlEW) 

A14 VOD 
Al2 R/W 

A7 Al3 
Ati 4 At< 
Afo ~ A>!J 
A4 6 All 
A3 7 OE 
A2 8 2-1 AllJ 
Ai 9 20 C'E 
A(I 10 19 1/08 

1/01 11 18 1/07 
I/O 2 12 17 1/00 
V03 13 VO~16 

GNt) 14 15 1/04 

PlNNA,\ffS 

Ao-A.. Address Inputs 

AIW ReadfNrite Control Input 

m Output Enable Input 

'CE Chip Enable Input 

110 1 -110. Data InpuVOutput 

Voo Power(+5V) 

GNO Ground 

TC55257APL-85/AfL.85/APL-85UAFL-85L 
TC55257APL-IO/AfL.IOlAPL-10UAfL.IOL 
TC55257APL-12/AFL-12/APL-12UAFL-12L 

two concrol inputs; Chip enable (CE) allows tOr device selection and 
data retention concrol. and an output enable input (0£) provides fast 
memory access. Thus tl1eTC5S257 APL is suitable tOr use in various 
microprocessor application systems where high speed, low power, and 
battery bad up are required. 

TIle TC55257APl is offered in both a standard dual-in-Iine 28 pin 
plastic package (0.6 inch width) and small-out-Iine plastic flat package. 

• Data Rettntion Supply \bltage; 2.0-S.SV 
• Access 'l-ime 

Ilh~~~ Il~~~~~;~ I~WA~;1t
IAFL-ISL IAFt-l0L IAFL-12L 

AcceSSnme (MAX.) 85ns lOOns 120n8 

C'E' Access Time 

(MAX.) 
 85"s lOOns 120"& 

Outpul Enable Time 45ns 50ns 8On.(MAX.) 

• Directly Tn.. Compatible; All Inputs and Outputs 
• Plastic DIP and Plastic FP Package 

BLOCK DIAGRAM 

A~ ---OVDD 
I.e ----<>OWD 
1.7 libORY CELL 
1.8 ARRJ. Y 
1.9 

512<~2·16 
All 

(2621")1.12 

Al3 
AH 

1/01 

1/08 

JV1I 

http:2.0-S.SV


MN4164, NMOS 65K Bit Dynamic Ram 
Description 
System oriented features include: operation from a 
single +5V ±10% tolerance power supply, direct 
TTL interfacing capability, on-chip addresses and 
data registers which eliminate the need for inter
face registers, and two chip select methods to al
low the user to determine the appropriate speed/ 
power characteristics of his memory system. 

The RAM module also incorporates several flexi
ble operating modes: "Read," "Write," "Read
Modify-Write" cycles, "Page-Mode" operation and 
"RAS-Only" refresh. Proper control of the clock in
puts (RAS, CAS and WRITE). allows common I/O 
capability, two dimensional chip selection, and 
extended page boundaries (for operating in page 
mode). 

Feature. 
• 65,536 x 1 RAM, 16-pin package 
• 	Row access time: 

150 ns Max. (MN4164-15/MN4164P-15) 
200 ns Max. (MN4164-20/MN4164P-20) 
250 ns Max. (MN4164-25/MN4164P-25) 

• Cycle time: 
270 ns Max. (MN4164-15/MN4164P-15) 
330 ns Max. (MN4164-20/MN4164P-20) 
410 ns Max. (MN4164-25/MN4164P-25) 

• 	Low power dissipation: 
275 mW Max. (active) 
27.5 mW Max. (standby) 

• Single 5V supply, ±10% tolerance 
• 128 refresh cycles/2ms 

PIn Astlgnment (Top View) 

N.C. v. 
o,N 2 15 CAS 

Wiiii'E 3 14 DouT 

RA$ 4 AS 

AO 5 1.2 A3 

A2 8 11 A4 

A1 7 AS 

Vee 8 A7 

41~O 590 

MN4164 Block Diagram 

Unit: mm (inch~MN4164·15 

MN4164·20 

MN4164·25 


R
;'Do.""ol) 
J. ....,......) (16 PIN CERAMIC OIL) 

MN4164P.15 Unit: mm 
MN4164P·20 
MN4164P·25 

T 
l 
; 

u. 

' .... , ... _.;r' ." (16 PIN PLASTIC OIL) n·,·· 
I'In~ FunoIIon 

Ao-A7 Add..... lnpulS 

RAS Row Address Strobe 

CAS Column Add .... Strobe 

WAITE Write Enable 

0.. Dete Input 

0... OataOutput 

Va:; PoWer (+5V) 

v. Ground lOY) 

(lIC~'" 

http:MN4164P.15


MN4164, NMOS 6SK Bit Dynamic Ram 

CAS ----------' 

1+-----WRITE 

AO OOUT 

A7 

\4------DtN 

V.. --__...;..~ 

vcc-o---_ 

On Chip 
V•• 

Gen«ltor 


Absolute Maximum Ratings 
RaIl... Symbol Value UnIt 

Voltage on any Pin relatlYe tb Vss VIN, Vovr -1.0 to +7.0 V 

Voltage on Vee Supply relative to V .. Vee -1.0 to +7.0 V 

Operating Temperature T", o to +70 ·C 

Storage Temperature T ... -55 to +1SO ·C 

Power Diaaipation P. 1 W 
Short Ci,cuit Current los SO rnA 

Note: Exceeding Abaolut. Mu:lmulft Ratmg. may eau .. ptlrman.nt deVice d.~.~ 'Functional operating of the devIce 'I not Implied out.lei. 1M o~r.(,ng 
condition.. Expoeu,. to ablOlu" maximum rating. for extended Ptlrlod. or time m.,. Impact deYtc. NUabllity. 

Recommended Operating CondHlons (Referenced to Vss) ...,...., s,mbol MIn ,.,.. Max Unit T.....,.mure 

Supply Voltage Vee 4.5 ' 5.0 5.5 V 

Vss 0 0 0 V O·Cto 

Input High Voltage, all inputs V.. 2.2 - Vee +1.OV V +70·C 

Input Low Voltage, allinputa V~ -1.0 - 0.8 V 

CapacHance (Ta = 25·C. f = 1 MHz) 

1 ..-.. ....... 1 MIn 1 ,.,.. 1 Max 1 Unit l 
1 1 1 1 1 1Inpui Capacitance elM 10 pF 

1 Output capacitance Coon .1 1 04· ~L. 12 I pF' I 
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Description 

The M41256xxM15B integrated circuit is a high-speed. low
power 262.144 words by 1-bit dyramic random access 
memory (DRAM) device. The device is manufactured ac
cording to the general requirements of MIL-STD-883. is 
screened according to Method 5004 for a class B device. 
and meets the qualification and quality conformance 
requirements of Method 5005. 

Features 

• Military temperature range. Tc -55"C to +110ac 

• Complies with MIL-ST0-883 

• 262.144 words x 1-bit organization 

·150 ns access time from FiE 

Figure 1. Page Mode Block Diagram 

• 75 ns access time from CE 

• 360/330 rrlN actille power. Page Mode at minimum cycle 
time 

,. 55 rrlN standby power 

• Multiplexed address inputs 

• ±10% power supply tolerance 

• Read-Modify-Write capabilities 

• FiE Only refresh/Hidden Refresh 

• Latched or high-impedance output during refresh 

• 256 refresh cycles 

• Page Mode operation 

• Available in a hermetic ceramic DIP 

256 Sense Amp 56 Sense Amp 
256 Ref Cells 256 Ref Cens 

:girl
NUl 

o~ 
-II: 


Upper 2.01 512 Column Selector 


Lower 2 of 512 Column Selector 
.. ""' "'w
NUl 

15 ~ 
-0:: 

256 Ref Cells 
256 Sense Amp 

Timing 
Generator 

41/0 
Buse. 

Pin Descriptions Pin Description Key 

Figure 2. Pin Function Diagram Symbol 

Vee 
AI 1 16 Vss D 
D 2 15 CE Q 
Vi 3 14 a 
RE 4 13 AS 

A(0-8) 

M 5 12 A3 w 
A2 6 11 A4 RE 
A1 7 10 AS 

Vee • 9 A7 Vss 

Hllme 

+5 V Supply 

Data In 

Data Out 

Address Input(0-8) 

. Write Enable 

Row Enable 

Column Enabie 

Ground 

.NC No Connect 
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Product PrevIe"" 

256K-BIT DYNAMIC RAM 

The MCM6256 is a 262,144 bit, high-speed, dynamic Random Access 
Memory. Organized as 262,144 one-bit words and fabricated using 
Motorola's high-performance silicon-gate MOS IHMOSI technology, 
this new single + 5 volt supply dynamic RAM combines high perfor
mance with low cost and Improved reliability. The MCM6256 has the 
capability of using laser fuse'redundancy and is manufactured using ad
vanced direct-step on wafer photolithographic equipment. 

By multiplexing row and column address inputs, the MCM6256 re
quires only nine address lines and permits packaging in standard 16-pin 
300 mil wide dual-in-line packages. Complete address decoding is done 
on-chip with address latches incorporated, Data out (Q) is controlled by 
CAS allowing greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6256 incorporates a one transistor cell dasign and dynamic 
storage techniques. In addition to the !tlI:S-only refresh mode, a CAS 
before !tlI:S automatic refresh is available. Another special feature of 
the MCM6256 is nibble mode, allowing the user to serjally access 4 bits 
of data at a high data rate. Nibble mode address is controlled by the ad
dresses on pin 1 lAB row and A8 columnl. 

• 	 Organized as 262,144 Words of 1 Bit 

• 	 Single + 5 Volt Operation I ± 10%) 

• 	 Maximum Access Time: 

MCM6256-10= 100 ns 

MCM6256-12= 120 ns 

MCM6256-15= 150 ns 

• 	 Low Power Dissipation: 
70 	mA maximum (Active! MCM6256-10 


4 mA maximum IStandbyl 


• 	 Three-State Data Output 
• 	 Early-Write Common 110 Capability 

• 	 256 Cycle, 4 ms Refrash 

• 	 !tlI:S-Only Refresh Mode 
• 	 Automatic lCAS before ~I Refresh Mode 

• 	 Fast Nibble Mode on Read and Write Cyclas 

20 ns Access Time 

40 ns Cycle Time 


Spare Bits 

I \ 
-AS 

~AO_ Memory Decoder Memory ;i'" ~ -RAS$ 
e Array Array u 

Al_ g 
u -/:AS

Al-' 	 "'-- §" ~ 	


A3-' 	 -Write,W2! Decoder Oecoder 
A4_ ! 	 Decoder 

:0 

A5_ CD I-- - -O.t.ln, 0 

IAS-' :s 	 u_joMemorv Oecoder Memory -D... Out, 0 
A7_ « Array Array ", 

« u 

Thit ~-.11,...,'11 contains information 01") a product unctAr rleve60pm 
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MCM6256 


MOl 
IN-CHANNEL, SILICON-GATE) 

262,144 BIT 
DYNAMIC RANDOM ACCESS 


MEMORY 


,~

1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 6SO 

PIN ASSIGNMENT 

ASIr;i\Ji6 VSS 

01 2 16 CAs 
Vi 3 14 0 

RAs 4 13 AS 

AO 12 A3 

A2 S 11 A4 

A1 10 AS 
Vee 8 9 A7 

PIN NAMES 

~AS. . .... Address Input 
O. 	 Data In 

o _Data Out 
W. . Read/Write Input 
RAS. . .. Row Add ...... Strobe 
CAS .. Column Address Strobe 

Vce· ... 1>0_ 1+5 VI 
VSS· ...... Ground 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric ftelds; however. 
it is advised tha.t normal precautions be 
taken to avoid app/iCIJtion of any voltage 
higher than maximum rated voII8goI to 
tIIiI higIHmpodanoa circuit. 
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N.C 

Thshiba was the first to introduce the 1MB DRAM and is now the world's leading supplier. We offer fast page, 
nibble or static column operating modes in CMOS. Production quantities of these devices are available in DIP, 
SOJ and ZIP packages. 

1.048,576 WORDS x 1 BIT DYNAMIC RAM TC511000PIJ/Z-85 
SIUCON GATE CMOS TC511000PIJIZ-IO 
'"1his is advanced inrormation ar.d ]pecifications are subject 10 change without notice. TC511000PIJIZ-1Z 

The TC5llOOOP/jlZ is the new generation dynamic RAM organized 
1,048,576 words by I bit. The TC511000P/j1Z utilizes TOSHIBASCMOS 
silicon gat. process technology as well as advanced cirCUIt techniques 10 

provide wide operating margins, both internally and to the system wer. 
Multiplexed ~ inputs permit the TCSI1000PIjIZ 10 be packaged in 

• 1,048,576 words by I bit organization 
• Fast access time and cycle time 

TC511000P/JIZ-II TCl11000PJJJZ~10 TC511000P/JIZ-12 

RASA<co.. 
'RAC 	 Time 

COlumn 
t.... 	 Address 

Access Time 

CAliAocoss'CAe 	 Time 

tAC 	 Cycle Time 

FutP9 
tpc 	 ModeCyele

T.... 

PIN CONNECTION 
• Plastic DIP 

WR~;~ 18 
17 

~ 16 
15 

A[) 14 
AI 13 
A2 12 
A3 11 

Vee 10 

PjNNAMES 
rAe_AlI 

m 
IItN 

Dour 
m 
WIIiTE 


vee 

Vss 
N.C. 

VSS 

Dour 

CAS 

A9 

A8 
A7 
A6 
A5 
A4 

850. toon5 

450. SOns 

250. 25n. 

165n8 190n5 

SOns 55n. 

(TOP VIEW) 
., Plastic SO] 

~ 
WRiTE 

RAS 
N.C 
N.e 

AO 

A1 

A2 

A3 


Vee 

__Strobe 

Datotn 

OotoOut 

CoIumnAddrwuStrobe 

_.Input 

_(.5V1 

<lIound 

NoConnKtiOn 

1200. 

60ns 

30ns 

220ns 

10na 

• Plastic ZIP 

VSS 

~T 
eAS 
N.C 
A9 

A8 
A7 
A6 
AS 
A4 

astandard 18 pin plastic DIP, 20 pin plastic SO) and 20 pin ZIP. The pack
age size provides high s¥'tem bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented fea· 
tures include single power supply of SY :!: 10% tolerance, d,rect interfacing 
capability with high performance logic families such as Schottky TIL. 

• Single power supply of SV:!: 10% with a built-in YBB generator 

• LowFbwer 
33OmWMAX. Operating(TC5llOOOP/jIZ.\o) 

27SmW MAX. Operating (TC5llOOOP/jIZ-l2) 

5.SmWMAX. Standby 


• Output un\atched at cycle end allows two-dimensional chip selection 
• Commoo 110 capability using "EARjX WRITE" operation 
• 	Read-Modify-Write, CAS before RAS refresh, RAS.ohly refresh, 

Hidden refresh and Fast Page Mode capability 
• All inputs and output TfL compatible 
• 512 refresh cyclesl8rns 
• Package PlastiC DIP: TC511000P 

Plastic SO): TC5llOOO) 
Plastic ZIP: TC5llOOOZ 

AO 

AI 

A2 

A3 

A4 

AS 

M 

A7 

A8 

A9 
 MEMORY 

"At1RAY 
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2316 STATIC READ ONLY MEMORY (2048x8) 

DESCRIPTION 

The 2316 high perlormance read only memory is organized 2048 words by 8 bits with access 
times of less than 350 ns.This ROM is designed to be compatible With all microprocessor and similar 
applications where high perlormance, large bit storage and simple interlacing are important design 
considerations. 

The 2316 operates totally asynchronously. No clock input is required. The three programmable 
chip select inputs allow eight 16K ROMS to be OR-tied without extemal decoding. 

Designed to replace two 2708 8K EPROMS, the 2316 can eliminate the need to redesign 
printed circuit boards for volume mask programmed ROMS aKer prototyping with EPROMS . 

• 400mV Noise Immunity on Inputs • Three-State Outputs for Wire-OR Expansion 
.2048 x 8 Bit Organization • Three Programmable Chip Selects 
• Single +5 Volt Supply 	 • Pin Compatible with 2716 EPROM 
• Access Time - 450 ns, 350 ns • Replacement for two 2708s 
• Totally Static Operation 	 .270812716 EPROMS Accepted as Program 
• TIL Compatible 	 Data Inputs 

ORDERING INFORMATION 	 PIN CONFIGURATION 

2316 

A7 Vee 
A6 A8 

A5 A9 ... cS3ics3 
FREQUENCY RANGE 43' CS1/CS 1 
NO SUFFIX = 450ns 

A2 .0.,0
A = 350ns 

AI CSZ/CSz 

Ao 08 

0, 07'-------- PACKAGE DESIGNATOR 

C=CERAMIC 
 02 06 
p= PLASTIC 	 °3 ~ 

GNO 04 
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2332 STAl1C READ ONLY MEMORY (4096x8) 

DESCRIPTlON 

The 2332 high performance read only memory is organized 4096 words by 8 bits with access 
times 01 less than 350 ns. This ROM is designed to be compatible with all microprocessor and 
similar applications where high performance, large bit storage and simple interlacing are important 
design considerations. This device offers TIL input and output levels, 

The 2332 operates totally asynchronously. No clock input is required. The two programmable 
chip select inputs allow lour 32K ROMS to be OR-tied without external decoding. 

Designed 10 replace two 2716 16K EPROMS. the 2332 can eliminate the need 10 redesign 
prinled circuit boards lor volume mask programmed ROMS after prototYPlOg wilh EPROMS. 

• 4096 x 8 Bit Organization • Three-State Outputs for Wire-OR Expansion 
• Single +5 Volt Supply • Two Programmable Chip Selects 
• 	 Access Time - 2332 450 ns • Pin Compatible with 2716 & 2732 EPROM 


2332A 350ns • Replacementfor Two 27165 

• Completely TrL Compatible • 2708/2716 EPROMS Accepted as Program Data Inputs 

• Tolally Static Operation • 400mV Noise Immunity on Inputs 

ORDERING INFORMATION 	 PI. C ••fIlUUnll 

2332 

A7 vee 
A6 A8 

A5 A9 

A. e52/<:52 

FREQUENCY RANGE A3 CS,/CS, 
NO SUFFIX = 450n5 A2 A,O

A = 350n5 
AI All 

Ao 08 
PACKAGE DESIGNATOR 0, 07 

C=CERAMIC 
02 06

P= PLASTIC 
03 Os 
GND o. 
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23&4 SlAne READ ONLY MEMORY (8192x8) 

DESCRIPTION 

The 2364 high performance read only memory is organized 8192 words by 8 bits with access 
times of less than 350 ns. This ROM is designed to be compatible with all microprocessor and 
similar applications where high performance, large bit storage and simple interfacing are important 
design considerations. This device offers TTL input and output levels. 

The 2364 operates totally asynchronously. No clock input is required. The programmable chip 
select input allows two 64K ROMS to be'OR-tied without external decoding. 

Designed to replace two 2732 32K EPROMS. the 2364 can eliminate the need to redesign 
printed circuit boards for volume mask programmed ROMS after prototyping with EPROMS. 

• 8192 x 8 Bit Organization • One Programmable Chip Select 
• Single +5 Voll Supply • Pin Compatible with 2716 & 2732 EPROM 
• Access Time- 450 ns, 350 ns • Replacement for Two 27325 
• Completely TTL Com~atible • 2716/2732 EPROMS Accepted as 
• Totally Static Operation Program Data Inputs 
• Thre&-State Outputs for Wire-OR Expansion • 400mV Noise Immunity on Inputs 

ORDERING INFORMATION PI. C..F1.'UlI•• 

MXS 2384 

L A7 Vee 
1.6 As 
1.5 Ag 
1.4 "12FREQUENCY RANGE 

NO SUFFIX = 450ns 1.3 ts,/Cs, 
A = 350n5 A2 1.'0 

A, All 
PACKAGE DESIGNATOR Ao De 

C=CERAMIC 0, 07
P= PLASTIC 

02 Oil 

03 05 
ONO 04 
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Product Preview 

256K BIT READ ONLY MEMORY 

The MCM66256 is a complementary MOS mask programmable byte
organized Read Only Memory (ROMI. The MCM65256 IS org.nlzed as 
32,768 bytes of·8 bits and is fabricated uSing Motorola's high pedor
manee sIlicon gate CMOS technology IHCMOSl. This device IS de 
signed to provide maximum circuit density and reliability with highest 
possible performance while maintaining low power diSSipation and wide 
operating margins. The MCM66256 offers low-power operauon from a 
single + 5 Volt supply and" fuliy TTL compatible on all Inputs and out
puts. 

The active level of the Chip Enable and the Output Enable. along with 
the memory contents, are defined by the user The Chip Enable input 
deselects the output and puts the chip In a power-down mode 

• 	 Single ± 10% + 5 Volt Power Supply 

• 	 Fully Static Periphery - No Clocking Requtred 011 Chip Enable 

• 	 250 ns Maximum Access from Address and Chip Enable 

• 	 Automatic Power Down 
• 	 Active Current 50 rnA Maximum (Unloaded at a 250 ns Cycle 

Time) - Decreases with Increasing Cycle Time 

• 	 D.C. Active Current 10 rnA Maximum 

• 	 Standby Current 50 ~A Maximum (Full Rail Inputs) 

• 	 Standby Current 3.0 rnA Maximum (TTL Inputs) 

• 	 Mask Programmable Chip Enable and Output Enable 
• 	 Program Layer Late in Process for QUIck Turnaround T line 

• 	 28-Pin JEDEC Standard Package and Pinout 

• 	 Address (A14) is User Selectable for Either Pin 27 or Pin 1 

BLOCK DIAGRAM 

AI) 10 11 00 
Al 9 12 01 
A2 8 13 02 
A3 7 15 03Address 

A4 6 Decode 16 04 
AS 5 - 17 05 
A6 4 18 00 
A7 3 19 07 
AS 25. 
A9 24 
AIO 2t 
All 23 

Al22 

A1326 

At427 


Vee. Pin 28 
Vss.Ptn 14 

• Active level defined by the u.. 

MCM65256 

HCMOS 
(COMPLEMENTARY MOSI 

32,788 X 8 BIT 
READ ONLY MEMORY 

PSUFFIX 
PLASTIC PACKAGE 

n C~E7W ~
1 

PIN ASSIGNMENT 

N/C Vec 
A14 

A13 

AS 

A5 A9 

All 

G 
AIO 

E 
07 

06 

01 05 

02 04 

VSS 03 

PIN NAMES 

AO·AI4 Address 
~ ChIp Enable 
G Output Enable 
00·07 Data Output 
Vec +- 5 V Power Supply 

VSS Ground 

ThtS document contaIns Information on • product under development. Motorola reserves the 
rtGtll 10 change or diSContinue thiS product 'Mthoul notice. 

NP-361 Al 1!>82 
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PRELIMINARY VT23512 
65,536x8 STATIC READ ONLY MEMORY 

FEATURES 
• 65,536 x B bit· organization 

• Access time - 150 ns max 

• Current -	 Operating: 100 mA max 
Standby: 20 mA max 

• Total static operation 

• Static 5 V supply 

• Automatic powerdown (CE) 

• Complete TIL compatibility 

• 3-state outputs for wired-OR 
expansion 

• 28-pin .IEDEC approved pinout 

• EPROMs accepted as program 
data input 

PIN DIAGRAM 
VT23512 

Vee 
A,. 

.. 
A 

.. 
.. .. 

An 

A, Of 
A.. 

l:E 
0, 

0, 0, 

0, O. 

GNO 0, 

'" 

DESCRIPTION 
The VT23512 high performance 
Read Only Memory is organized 
65,536 words by eight bits with an 
access time of 150 ns. It is designed 
to be compatible with all micro
processors and similar applications 
where high-performance large-bit 
storage and simple ·interfacing are 
important design considerations. 

The VT235 I 2 offers automatic power
down with powerdown controlled by 
the Chip Enable (CE) input. When 

BLOCK DIAGRAM 

CE goes HIGH, the deVice will auto
matically powerdown and remain in 
a low-power standby mode as long 
as CE remains HIGH. This unique 
feature provides system level power 
savings of as much as 80%. The 
VT235 I 2 also has an Output Enable 
(OE) function to eliminate bus 
contention in multiple-bus micro
processor systems. 

524.2" 
MOM AREA 

(1024 II: 512) 


COLUMN SELECT 
CIRCUfTRY 
(1-Of·512) 

~I>-+--'" 
'+-1>---;--0, 

L-j--C>-i--o, 
'--,;...c>--i---o, 

~--~-C>-~---o, 

'----+--i~~'" 
'------'--0--:--0, 

POWER"""'" 
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Toshiba leads the world in high-speed. high-density mask ROMs: 1MB and 2MB in CMOS ... 256K in NMOS and CMOSl 

1MB (l28K WORD x 8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 

The TC531000APi, a 1.048,576 hit read only memory organi,ed as 
131,072 words by 8 bits with a low bit cost, thus bemg suitable for use 
in micropmcessoT program memory and especially character genera; 
tion. The TC531000AP. using CMOS te<:hnology, is most suitable for 
low power applications where battery operdtions are required. 

PIN CONNECTION - 28 PIN (TOP VIEW) PIN NAMES 

28 :J ~"" 

" 
A.-A,. 

~ 

~ 

'. 

a 
" " n 

4" 

~ 
~ .... 

0 0 -0, 

n 
21 

.... 

.... 
CEICE 

20 CE'Cf 
" 

'" 
O. 
0

" 
VDD 

i 
" 0, 

GJlO u 
16 
IS 

0, 
0, 

GND 

2MB (256K WORD x 8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 

The TC53Z000P is a 2,097,152 bit read only memo!), organized as 
262.144 words by 8 bits with a low b,t cost. thus bemg suitable fnr use 
m microprocessor program memory. data memory, and espeCially 
character generation. The TC532000P. using CMOS technology, is mos< 
suitable for low power applications where battery operations are required.. 

• Single 5V Power Supply 
• Access Time: 200 ns (Max.) 
• 	Power Dissipatton 

Operating Current: 30mA (Max.) 
Standby Current: ZOf.\A (Max.) 

PIN CONNECTION - 32 PIN (TOP VIEW) PIN NAMES 

N.C. v= A.-A"
AI. N.C 0 0 -0,
A,. A17 

A'2 A,. OE 
A7 A13 CE/CE.. 
 AS 

A' .. VDD 

A' A" GND
A3 Of 
A2 AIO ~ 
AI celCE 
AO 0' 
00 06 
01 05 
D2 04 

GNO 03 

TC531000AP 

The TC531000APhasonechipenable inpurCElCE, programmablo 
for device selection 

The TC53IQ,()AP IS molded 10 a 28 pin srandard plastic pachif' 
and is 0.6 irKh in width. 

Address Inputs 

Data Outputs 

Chip Enable Input 

Power Supply 

Ground 

• Single 5V Power Supply 
• Acces:; Time: 15005 (Max.) 
• Power Dissipation 

Operating Current: 40mA (Max.) 

Standby Current: 20f.\A (Max. ) • 


• All Inputs and Outputs: lTLCompatlble 
• Three State OutrutS 

• 28 pin 600mil width DIP Plastic Package t 
• Fully Sraric Operation 
• Programmable Ch,p Enable 

TC532000P I~ 
The TC53Z000P has one pmgrammable chip enable input CEiCE' 

for dC\'lce ~leCtion. I 
The TC532000r lS molded 10 a 32 pin standard plastic package and: 

is 0.6 inch 10 width. 

• All Inputs and Ourputs: lTL Compatible 
• Three Stare OutputS 

, 
•, 

• 32 pm 600 mt! WIdth Plastic DIP 
• Fully StatIc Operation 
• Programmable Chip Enable 

BLOCK DIAGRAM (2MB) 

Address Inputs 

Data Outputs 

Output Enable Input 

Chip Enable Input 

Power Supply 

Ground 

No connection 
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2708 
8K (1 K x 8) UV ERASABLE PROM 

Max. Power Max. Access 

2708 800mW 45On5 

2708L 425mW 450n5 

2708-1 800mW 35On5 

2708-8 800mW 55On5 

• Low Power Dissipation - 425 mW 	 • Data Inputs and Outputs TTL 
Max. (2708L) 	 Compatible during both Read and 

Program Modes • 	 Fast Access Time - 3.50 ns Max. 
(2708-1) • Three-State Outputs - OR-Tie 

• 	 Static - No Clocks Required Capability 

The Intel® 2708 is an 8192·bit ultraviolet light erasable and electrically reprogrammable EPROM, Ideally suited where 
fast turnaround and pattarn experimentation are important requirements. All nata inputs and outputs are TTL com· 
patlble during both the read and program modes. The outputs are three·state, allowing direct interface with common 
system bus structures. 

The 2708L at 425mW is available for systems requiring lower power dissipation than from the 2708. A power dissipation 
savings of over 50% without any sar-rlflce in speed is obtained with the 2708L The 2708L has high input noise Immunity 
and Is specified at 10% power supply tolerance. A hlgh·speed 270~1 Is also available at 350ns for microprocessors 
requiring fast access times. 

I'ha 2708 family Is fabricated with the N-channal silicon gate FAMOS technology and Is availatle in a 24·pln dual in·line 
~ckage. 

PIN CONFIGURATION 	 BLOCK DIAGRAM 
DAlADUTIJUT 

00-01 .. A, 'tc 

A, .. 
CHlPSEUCTA. 

A, 	 cs.w._\ 
t t 

lOGIC OUTPUT 8UFFERS "'" 
A, CSiwE 	 ~ 
A, ~ A, __ 

A, __ v 

A, PROGRAM MeODER 
 Y G,I,TING 

A, 

ILSa' "0 OJ (M$81 

AODRESS 

ILSBIOO Os lNI"UTS 
 A. 

A,-
Os 	 Ai- 

... II: ," 
0, 

00 	
",-- •OECOOER AOM"""AV

'" 	 ~--... OJ 

PIN CONNECTION DURING READ OR PROGRAM 
PIN NAMES 

'INNUMlt:R 

I ADDRESS........ ADDRESS INPUTS 

OA'A'IO INPUTS0,·0- DATAOU''VTSlIM"UTS 

1-", . 
MOD. 13·17 22,23 12 18 20 21• CHI' IELECT/WRITf ENQLE INPUT 	 I u Va PROGRAM 110. a-I~ vee 

." 
READ OoU1 ... GNO ONO ."" ., ..V" 
DESELECT HIGH IMPEDANCE DON'T CARE aND GND ." .. ..V'" 
'ROGRAM 0,. A,. GND PUL.SED ." V,... .. .. 

:11\/ 
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2716 
16K (2K )( 8) UV ERASABLE PROM 

• Fast Access Time • Pin Compatible to Intel® 2732 EPROM 
350 ns Max. 2716·1 
390 ns Max. 2716-2 • Simple Programming Requirements 
450 ns Max. 2715 Single Location Programming 
490 ns Max. 2716·5 Programs with One 50 ms Pulse 
650 ns Max. 2716·6 

• Single + 5V Power Supply • Inputs and Outputs TTL Compatible 
during Read and Program 

• Low Power Dissipation 
525 mW Max. Active Power 

- 132 mW Max. Standby Power • Completely Static 
The Intel® 2716 is a 16.384·blt ultraviolet erasable and electrically programmable read-onlv memory (EPROM) The 2716 
ope~ate5 from a single 5-volt po..ver supply. has a static standby mode, and featurE:s f'$1- single address location program· 

mingo It makes designing WIth EPROMs faster, easier and more economical. 

The 2716, with its single 5-volt supply and wit.h an access time up to 350 ns. is ideal for use with the newer high performance 

+5V microprocessors such as Intel's 8085 and 8086. A selected 2716-5 and 2716-6 IS available for slower speed applications. 
The 2716 is 'also the first EPROM with a static standby mode which reduces the power dissipation without increasing acces~ 
time. The maximum active power dissipation is 525 mW while the maximum standby power dissipation is only 132 mW, a 
75% savings. 

Th~ 2716 hiS the simplest and fastest method yet deVised for programming EPROMs - slOgle pUlse TTL level programming 
No need for high voltage pu!sing because all programming controls are handled by TTL signals. Program any location at ''1 
time-either individually, sequentIally or at random, with the 2716's single address location programming. Total programmil 
time for all 16,384 ~its is only 100 seconds. 

PIN CONFIGURATION MODE SELECTION 

271. 2732t 

~ 
CEIPOM O.

",.. v.. 
1211 

vee ,,., OUTNT> , 
C"".I)'111 

1'0 Of 
It 1.10I, Ci 
17 I), 

1& 0& 

" 00; 

.a.o' 
00 t 

Sltv... ,
"'-,. ...... _v..,.., 

'"........ ',."'t!ol 

v" 
v," 

,....... VIL IOV,H 

Vlt. 

v" 

v" 

v," 
v" 
v," 

OOUT 

.....'0,. 
_T

".., , 
IJ 0) BLOCK DIAGRAM 

tR.I., to 2732 
data sheet for 
specifications 

PIN NAME$ 

"0- A, 
/POfII CH"INAat.I~"NiIII 

01 OUT"." (HAkE 

o -0 OUTl"Ult 

602 



~716 

ERASURE CHARACTERISTICS OUTPUT OR-TIEING 

The erasure characteristics of the 2716 are such that erasure 
begins to occur when exposed to light with wavelengths 
sho:ter than approximately 4000 Angstroms (A). It should 
be noted that sunlight ana certain types' of fluorescent 
lamps have wavelengths in the 3000--4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase .the typical 2716 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the 2716 is to 
be exposed to these types of lighting conditions for ex
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2716 window to 
prevent unintentional erasure. 

The recommended erasure pf'locedure (see Data Catalog 
PROM/ROM Programming Instruction Section) for the 
2716 is exposure to shortwave ultraviolet light which has 
a wavelength of 2537 Angstroms (A). The integrated dose 
(Le., UV intensity X exposure time) for erasure should be 
a minimlHl1 of 15 W-sec/cm 2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra
violet lamp with a 12000 "WIcm 2 power rating. The 2716 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 

DEVICE OPERATION 

The five modes of operation of the 2716 are listed in Table 
I. It should be noted that all inputs for the five modes are at 
TTL levels. The power supplies required are a +5V Vcc and 
a Vpp. The Vpp power supply must be at 25V during the 
three programming modes, and must be at 5V in the other 
two modes. 

MOO. ~ 

Rnd 

5_.... 

po,• .". 

p..... v."ty 
Proer... tnhil»o1 

READ MODE 

TAILE I. MODE SelECTION 

CIJPGM D. Vpo Vcc. OUTI"UTI I 
1111 1"1 124) 1"'11. t3-11) 

Y" V" .. ., DOuT 

VO" ., Ii,p.l 

""IMdVILIOVIH 

Y" 

VOL 

YO" 

VOL 

YO" 

.,. 

.".,. ., 
00' 

DOUT 

l-j'gI'Il 

The 2716 has two control functions. both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. OUtput Enable (eE) is the output 
control and sh\lUld be used to gate data to the output 
pins, independent of device selection. Assuming that 
addresses are stable, address access time (lACC) is equal to 
the delay from CE to output ItCE). Data is available at 
the outputs 120 ns (tOE) after the falling edge of CE. 
assuming that CE has been low and addresses have been 
stable for at least tAce - tOE, 

STANDBY MODE 

The 2716 has a standby mode which reduces the active 
pOlMlr dissipation by 75%. from 525 mW to 132 mW. The 
2716 is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the outputs 
are in a hist- impedence state, independent o~ the OE input. 

Because 2716'. are usually used in larger memory arrays, 
Intel has provided a 2 line control function that accomo
dates this use of multiple memory connections. The two 

line control function allows for: 

a) the lowest possible memory power dissipation, and 
b) complete assurance that output bus contention will 

not occur. 

To most efficiently use these two control lin ••, it is recom
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, while ~ (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby mode and that the output pins are only 
active when data is desired from a particular memory 
device. 
PROGRAMMING 

Initially, and after each erasure, all bits of the 2716 are in 
the "1" state. Data is introduced by selectively program· 
ming "D's" into the desired bit locations. Although only 
"O's" will be programmed, both "1 's" and "O's" can be 
presented in the data word. The only way to change a "0·· 
to a "1" is by ultraviolet light erasure. 

The 2716 is in the programming mode when the Vpp pcMer 

supply is at 25V and eE is at V IH. The data to be pro
grammed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 

When the address and data are stable. a 50 msec, active 
high. TTL program pulse is applied to the CE/PGM input. 
A program pulse must be appl ied at each address location 
to be programmed. You can program any _location at any 
time - either individually. sequentially. or at random. 
The program pulse has a maximum width of 55 msec. The 
2716 must not be programmed with a DC signal applied to 
the CE"fPGM input. 

Programming of multiple 2716s in parallel with the same 
data can be easily accomplished due to the ,i';'plicity of 
the programming requirements. Like inputs of the paral
leled 2716s may be connected together when they are pro· 
grammed with the same data. A high level TTL pulse 
applied to the ITIPGM input programs the paralleled 
2716s. 

PROGRAM INHIBIT 

Programming of multiple 2716s in parallel WIth different 
data is also easily accomplished. Except for CEIPGM. all 
like inputs (including eE) of the parallel 2716s may be 
common. A TTL level program pulse applied to a 2716's 
CE/PGM input with Vpp at 25V will program that 2716. 
A low level CE/PGM input inhibits the other 2716 from 
being programmed. 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed wth Vpp at 25V. Except during pro· 
gramming and program verify, Vpp must be at 5V. 
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2732 

32K (4K x 8) UV ERASABLE PROM 


• 	 Fast Access Time: 
- 450 ns Max. 2732 
- 550 ns Max. 2732-6 

• 	 Single +SV ± 5% Power Supply 

• 	 Output Enable for MCS-85'· and 
MCS-86'· Compatibility 

• 	 low Power Dlsslp'atlon: 
150mA Max. Active Current 
30mA Max. Standby Current 

• 	 Pin Compatible to Intel® 2716 EPROM 

• 	 Completely Static 

• 	 Simple Programming Requirements 
Single Location Programming 

- Programs with One SOms Pulse 

• 	 Three-State Output for Direct Bus 
Interface 

The Inlel" 2732 is a 32.768-bil ultraviolel erasable and electrically programmable read-only memory I EPROM I The 2732 
operates from a single 5-volt power supply, has a standby mode, and features an output enable control. The total program· 
ming time for all bits is three and a half minutes. All these features make designing with the 2732 in microcomputer systems 
faster, easier, and more economical. 

An important 2732 feature is the separate output control, Output Enable (~from the Chip Enable control (cr). The 
OE control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note Ap·72 
describes the microD'<''>''sSOr system implementation of the OE' and ~ controls on Intel's 2716 and 2732 EPROMs. 
Ap·72 is available froln Intel's Uterature Department. 

The 2732 has a standby mode which reduces the power dissipation without increasing access time. Tile maximum active 
current is 1S0mA, while the maximum standby current is only 30mA. an 80% savings. The standby mode is achieved by 
applying a TTL-high signal to the CE input. 

PIN CONFIGURATION 	 MODE SELECTION 

A, 

A. 

Vec ... ... ~ MODE 

Read 

A, 

0" 

GND 

OE/Vpp
A,. 
El 
0, 

0" 
0, 
0, 

0, 

Standby 

Program 

PrGgfIlTl Verify 

Program Inhibit 

Vee 0

GNOo---

PIN NAMES 

/ 

et OlON.. Vee OUTPUTS 

1181 1201 (241 19-11.'3-171 

V,l V,l +5 DouT 
V,H Don't Care +5 High Z 

VOL Vpp +5 D,N 

VOL VOL +5 DOUT 

V,H Vpp +5 Hi!fl Z 

BLOCK DIAGRAM 

Y-GATING
ADDRESSES 

ADOAESS"_Alii = CH'PENAaLE 
IHfIOUTS 

OUTPUT ENA8l.E • )2.'...81T 
DEcODER CELL ....,"'x 
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2764 
(8K x 8) UV ERASABLE PROM 

• 	200 ns (2764·2) Maximum Access • Pin Compatible to 2732A EPROM 
Time ••• HMOS*·E Technology 

• Industry Standard Pinout, , , JEDEC 
• Compatible to high speed BmHz 

Approved8086-2 MPU .. , Zero WAIT State 

• Two Line Control 	 • Low Standby Current, , • 3SmA Max, 

The Intel" 2764 is a 5V only 65,536 bit ultraviolet erasable and electrically programmable read-only memory (EPROM). 
The standard 2764 access time is 250ns with speed selection available at 200ns. The access time is compatible to 
high performance microprocessors, such as Intel's 8mHz 8086-2. In these systems, the 2764 allows the 
microprocessor to operate without the addition of WAIT states. 

An important 2764 feature Is the separate output control, Output Enable (OE) from the Chip Enable control (a). The 
OE control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note Ap·72 
describes the microprocessor system Implementation of the OE and CE controls on Intel's EPROMs. Ap·72 la 
available from Intel's literature Department. 

The 2764 has a standby mode wh.lch reduces the power dissipation without increasing access time. The active current 
Is 150mA, while the standby current is only 35mA, a 75% savings. The standby mode is achieved by applying a TTL· 
high Signal to the CE input. 

The 2764 Is fabricated with HMOS··E technology, Intel's hlgh·speed N-channel MOS Silicon Gate :hnology. 

2764 
PIN CONFIGURATION BLOCK DIAGRAM

2732A 

PIN CONFIGURATION Vee
V~ 

'" 
 IOiiIi 


.. " 
AI 
AI

." i 
" .~~!--r-~~--c:~----~ 

.. " " ill '" """'1= 
Do 
0, 

Oa.N. 
t11Fcw tot.1 compalibUity from MODE SELECTION 

2732A provkte • t,.ce to pin 2e 

PIN NAMES 	 a OE Pmi Vpp Vee Outputs 
MODE (20) (22) (27) (1) (28) (11·13,15-19)~ 

Ao·A12 ADDRESSES 

O!! CHIP ENABLE Read V'l V'l V'H Vee Vee Dour 
or OUTPUT ENABLE Standby V'H x x Vee vee High Z 
00-07 OUTPUTS Program x Vpp
PaM PROGRAM 

V'l V'l Vee D'N 
Program Verify V'l V'l V'H Vpp Vee DourN.CJ1) NO CONNECT 
Program Inhibit V'H x x Vpp Vee High Z 

x can be either VIL or VIH 

•HMOS is • patented proc ... 01 Intel Corporation. 
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2816 

16K (2K x 8) ELECTRICALLY ERASABLE PROM 


• 	 HMOS-E "FLOTOX Cell Design • Conforms to JEDEC Byte-Wide Family 
Standard 

• 	 Reliable Floating Gate Technology 
• 	 Microprocessor Compatible 

• 	 Very Fast Access Tlme Architecture 
- 250 ns Max. - 2816 
-	 350 ns Max. - 2818-3 • Low Power Dissipation 


-495 mW Max. Active Power 

• Single Byte EraselWrlte Capability 	 -132 mW Max. Standby Power 

• 	 10 m. Byte Era.e/Wrlte Tlme • Erase/Write Speclflcatlons 
Guaranteed D-70'C 

• 	 Chip Erase Tlme of1 0 m. 

The Intel- 2816 is a 16.364 bit electrically erasable programmaole reaa-only memory (E2 PROM). The 2816 can 
be easily erasea and reprogram mea on a byte basiS. A chip .rase function is al50 provided. The device 
operates from a >Volt power 3upply In the reaa mode; wntlng and erasmg are accomplished by providing a 
single 21·yolt pulse. 

The 2816. With its very fast read access speed. is compatlble With high penormanca microprocessors such as 
the 8086-2. Using the fast access speed allows zero wait operation in large system configurations. 

The electncal eraselwrite capability of the 2816 makes it ideal for a wide variety of applications requiring in
system. non-volatile erase and write. Never before has in-system alterability been possible With this combi
nation of daAsity. performance and fleXibility. Any byte can be erased or written in 10 mswithout affecting the 
data in any othar byte. Altematlvely. the entire memory can be erasea in 10 ms allowing the total time to rewrite 
all2K bytes to be cut by 5O'Y•• The 2816 prOVides a significant incresse in fleXibility allOWing new applications 
(dynamiC reconflguration. continuous calibration) never bafore pOSSible. 

The 2816 E2 PROM possesses Intel's 2·lIne control architecture to eliminate bus contention in a system 
environment. A power down mode Is also featurea; In the standby mode power consumption is reauced by 
over 73% without increasing access time. The standby mode i.achieved by applying a TIL-high signal to the 
a!inpul 

Byta erase and write are controllea entlraly by TIL signallavals. yet requira no control Signals beyond CE and 
OE. For byta write a gelactea chip (CE - TIL low) sanses the 21V Vpp pulse and automatically goes into write 
moda. Byte arasa mode is identical to byte write except that data';n must be all logiC ones (TTL·high). Never 
before has an in-system alteration of non-Yol8til8 information been implementea with such simple control. 

- ..
fI I c........... I 

Cl I OUTJi'UT tN••La 

o.or -r OAT... ou""Vn I 

f ...., OATA '!liNn I 

V,.. I ''''''UM YOUAQt : 

FIgure 1. 211. Functlonel Bloc. Dlegr.m 
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27128A 

ADVANCED 128K (16K x 8) PRODUCTION AND UV 


ERASABLE PROMs 


• Fast 200 nsec Access TIme • New Quick-Pulse Programmlng™ 
- HMOS' II-E Technology Algorithm 

-Used on Plastic DIPLow Power • -Intellgent ProgrammlngTM Algorithm -100 mA Maximum Active 
Compatible- 40 mA Maximum Standby 

• ± 10% Vee Tolerance Available • Inte"gent Identlfler™ Mode 

• 
- Automated Programming Operations • Available In 28-Pln Cerdlp and Plastic 

PackagesCompatible with 2764A, 27128, 27256 (See Packaging Spec, Order #231369) 

The Intel 27t 28A is a 5Vonly, 131,072-bit ultraviolet erasable and electrically programmable read-only memo
ry (EPROM). The 27128A is an advanced high speed version of the 27128 and is fabricated with Intel's 
HMOSIi-E technology which significantly reducf;ls die size and greatly improves the device's performance, 
reliability and manufacturability. 

The 27128A is currently available in two different package types. CERDIP packages provide flexibility in 
prototyping and R&D environments where reprogrammability is required. Plastic DIP EPROMs provide opti
mum cost effectiveness in production environments. 

Intel's new Quick-Pulse Programming Algorithm enables these Plastic EPROMs to be programmed wiihin twO 
seconds. Programming equipment that takes advantage of this innovation will electronically identify the 
EPROM with the help of the inteligent Identifier and rapidly program it using a superior programming method. 
The inteligent Programming Algorithm may be utilized in the absence of such equipment and is used to 
program CERDIP devices. 

The 27128A is available in fast access times including 200 ns (27128A-2). This ensures compatibility with high
performance microprocessors, such as Intel's 8 MHz 80186 allowing full speed operation without the addition 
Of WAIT states. The 27128A is also directly compatible with the 12 MHz 8051 family. For access times down to 
liOns, refer to the 271288 data sheet. 

"HMOS is a patented process of Intel Corporation. 

DATA OUTPUTS
Vee 0-----. 

Do-Dr 
GNDo-----. 

V'P~ 

OUTPUT BUFFERS 

Y-GATING 

Ao-AujADDRESS 
INPUTS 131,072·BIT 

CELL MATRIX 

230849-1 

figure 1. Block Dlagrem 
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27256 
256K (32K x 8) PRODUCTION AND UV ERASABLE PROMS 

• 	 N.w Qulck-Pul.. ProgrammlngTII • Plastic Production P27256 I. 
Algorithm for Pla.tlc P27256 Compatlbl. with Auto-In ..rtlon 
- 4 Second Programming Equlpm.nt 
-Intellg.nt ProgrammlngTII Algorithm 

• 	 Moisture R ....tantCompatible 
• 	 Industry Standard Pinout ••• JEDEC

• 	 Fa.t Ace... Tim. Approved ... 28 Lead Cerdlp and
-170 n. D27256-1 Plastic Packag. . 
-	 200 n. P27256-2 

(See PackagIng Spec, Order #2313118) 

• 	 Intellg.nt Identlfl.rTII Mod. 

The Intel 27256 Is a 5V only, 262,l44-bit Ultraviolet Erasable (Cerdlp)/plaatic production (P27258) ~ 
programmable read-only memory (EPROM). Organized as 32K words by 8 bits, individual bytes can be ac
cessed in less than 170 ns (27258-1). This is compatible with high performance microprocessors, such as the 
Intel iAPX 186, allowing full speed operation without the addition of performance-deglng WArT states. The 
27256 is also directly compatible with Intel's 8051 family of microcontrollers. 

The Plastic P27258 is Ideal for high volume production environments where code flexlbiHty Is crucial. Plastic 
packaging Is also well·suited to aut~nsertion equipment in cost-effective automated aseembIy nn.. Intel's 
new Qulck·Pulse Programming Algorithm enables the P27256 to be programmed within feu seconds (plus 
programmer overhead). Programming equipment which takes advantag, of this Innovation wlH eIecIronIcaIIy 
identify the EPROM with the help of the Intellgent Identifier and rapidly program It using a superior pr0gram
ming method. The Intellgent Programming Algorithm may be utilized in the absence of such equipment. 

The 27256 anables Implementation of new, advanced systems with flrmware-intenllv architectures. The 
combination of the 27258's hlgh-denslty, cost-effective EPROM storage, and new advanced mIcropIOC8IISOI'I 
having megabit addrasalng capability provides designers with opportunities to engineer user·frlendly, high 
reliability, high-performance systems. 

The 27258's large storage capability of 32 K·bytes enables It to function as a high-denslty software carrier. 
Entire operating systems, diagnostics, hlgh·level language programs and specialized application software can 
reside in a 27256 EPROM c1lrectly on a system's memory bus. This permltllmmedlate microprocessor access 
and execution of software and elmlnates the need for time-consumlng disk accesses and downloads. 

Two-line control and JEDEC-approved, 28-pln packaging are standard features of all Intel hlgh-denslty 
EPROMs. This assures easy microprocessor Interfacing and minimum design efforts when upgrading, adding, 
or choosing between nonvolatile memory alternatives. 

The 27256 Is manufactured using Intel's advanced HMOSolI·E technology. 

'HMOS Is a patented process of Intel CorporatIon. 

v	 ___cc 

~-1~~-'LJ-U~~~ 

Ii 
"';::~~-----l 

2Il0087-1 

figure 1. Block DIaorem 
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27256 

Pin Names 

Ao-A14 Addresses 

CE Chip Enable 

~ Output Enable 

Do-Or Outputs 

D.U. Don't Use 

WE Write Enable 

27256 
:m.u.2711. 27513 2151. 2712IA .732A p1' P27256 211 2132A ~~712U 2151. 27513 2111'.7CC4 

Vpp . O.U. A,S Vpp' VPf' Vee Vee Vee Vee 
A'2 A,. A,. A12 A12 l'GM l'GM WE ~'7weA" 
A7 A7 A7 A7 A7 A7 A7 Vee Vee N.C. A,. A" A" A" 
Ae Ae Ae Ae Ae Ae Ae Ae Ae Ae Ae Ae Ae Ae 
Ae Ae As Ae Ae As As Ao Ao Ae Ao Ao Ao Ao 
No No No No No No No Vpp ~11 A" A" A" 
As A3 As As As As As ~ IV., ~ ~ ~" ~"IV,. IV,. ~ 


As A. As A. As As As A,. A,o A,. A,o A,o A,. A,.

A, A, A, A, A, A, A, C£ C£ C£ C£ C£ C£ C£ 


Or Or Or Or Or Or Or 

00 00/00"" 00 00 00 00 00 
0, 01/0, <>t 0, 0, Os Os Os Os Os Os Os "" "" "" "" "" "" Os Os Os Os Os Os Os 

0, 0, 
Or Or Or Or Or Os Or 0, 0, 0, 0, 0, 0, 0, 

God God Gnd Gnd Gnd Gnd- Gnd 0, 0, 0, 0, 0, 0, Os 
290097-2 

NOTE: 
Intel "Universal Site"-Compatible EPROM pin configurations are shoWn in the blocks adjacent 10 the P27256 pins. 

Figure 2. Cerdlp/Plaetic DIP Pin Configuration 

609 



27512 

512K (64K x 8) PRODUCTION AND 


UV ERASABLE PROM 


Software Carrier capabiiit{ • Low Power 

- 125 mA max. AcHYe
170 ns Maximum Access TIme • - 40 mA max. Standby 

Two-Une Control 
Intellgent ProgrammlngTII Algorithm

Intellgent IdentlflerTII Mode • 
Available In 28-Pln Cerdlp - Automated Programming Operations '.• 

• 

• 
• 


(sea I*'Uging spec order .231369)

TTL Compatible 

The Intel 27512 Is a 5V-only, 524,288-bit ultraviolet Erasable and Electrically Programmable Read Only Me . ,,)

ry (EPROM) organized as 64K words by 8 bits. This ensures compatibility with high-performance microproces

sorS, such as the Intel. 8 MHz IAPX 286. allowing full speed operation without the addition of performance-de

grading WAIT states. The 27512 is also directly compatible with Intel's 8051 family of microcontrollers. 


1lle 27512 enables implementation of new, advanced systema with firmware intensive architectures. The 

combination of the 27512'8 hlglH:ienslty, cost-effective EPROM storage, and new advanced microprocessors 

having megabyte addressing capability provides designers with opportunities to engineer usar-friendly, high-ns

liability, high-performance systems. 


The 27512's large storage capability of 64 K-bytes enables it to function as a high-density software carrier. 

Entire operating systems, diagnostics; high-level language programs and specialized application software can 

reside in a 27512 EPROM directly on.. system's memory bus. This permits immediate microprocessor access 

and execution of sOftware and afiminates the need for time-consuming disk accesses and downloads. 

Two-line control and JEDEC-approved, 28-pin packaging are standard features of all Intel high-density 

EPROMs. This assures easy microprocessor interfacing and minimum design efforts when upgrading, adding, 

or choosing between nonvolatile m811101j alternatives. 

The 27512 is manutactured using Intel's advanced HMOS "!I-E technology. 

"HMOS is • patented process of Intel Corporation. 


231088-1 
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27512 

Pin Name. 
Addr.....;\0-"" 

CE ChipE.. 

!lEN.. Outputs EnobION.. 

00-0, 0Utput0 

D.U. Dan'IU.. 

.... 2714 

2..... 2714.\ 27I4A 17211 

I7CIII 27C04 27C04 1712117'. 27512 17._21113 ,7CIM .7C04 .7C04 2712IA .1C2II 27111 

O.U. V,. Vpp Vpp Vee Vee Vee Vo: Vee 
A" A" A" A" A,. I'lm I'lm WE 
A, A, A, A, A,. N.C. '" A" A" ... ... ... .""" ..."" ""... ..."" ... .. .."" .. .."" ".. .. .. .. A" AuAu 'u 
A, .... A, A, 1if./V,. OE OE OE'" ~/VppA,. A,. ',. A""." " " "A, e:l CEAl£/CE CE CEAl£/CE CE 

Ao 0, 
" " Ao " Ao Ao 0., 0, 0, 0, 

o.00100 00 00 00 0" 0" 0" 0" 

0,/0, 0, 0, 0, 
 0" 0" 0" Os 

0, 0, 0, 0, o. o. o. o. 

Gnd Gnd Gnd Gnd 0, 0, 0, 0, 


231088-2 

Figure 2. Pin Conflguretlona 

EXTENDED TEMPERATURE EXPRESS EPROM PRODUCT FAMILY 
(EXPRESS) EPROM. PRODUCT DEFINITIONS 
The Intel EXPRESS EPROM family is a aeries of Ty.,. OpenIUna Temperature Bum-ln 125"C (hr) 
electrically programmable read only memories which 0 O"C to +70"C 168 ±8
have received additional .processing to enhance 
product ctiaracteristics, EXPRESS processing is T - 40"C to +8S"C None 
available for several densities of EPROM, allowing L - 40·C to + 8S·C 168 ±8 
the choice of appropriate memory size to match sys· 
tern applications. EXPRESS EPROM products are 
available with 168 ± 8 hours, 125·C dynamic burn-in EXPRESS OPTIONSusing Intel's standard bias configuration. This pr0
cess exceeds or meets most industry specifications 27512 VERSIONS 
of burn-in. The standard EXPRESS EPROM operat· 

Paclulglng Options ing temperature range is O"C to 70"C. Extended 0p
erating temperature range (-40"C to + es"C) EX· Speed Vereiona Cerdlp 
PRESS products are available. Uke all Intel •170V05 0 
EPROMs, the EXPRESS EPROM family is inspected 

-200V05, -200V10 O.Lto 0.1 % electrical AOL. This may allow the user to 
reduce or eliminate incoming inspection testing. -STD. -25. -250V10 O.T.L 

-3. -30 O.T.L 

611 



27F64 

64K (8K x 8) CHMOS FLASH MEMORY 


• Qulck-EraseTII Algorithm 	 • On-Board Program/Erase 
- Two Second Typical Array Electrical 

Erasure 

• 	 High Performance Speeds 
-150 ns Maximum Access Time 

• 	 Low Power Consumption 
-100 p.A Maximum Standby Current 

for Power-Down Savings . 

• 	 Quick-Pulse ProgrammlngTII Algorithm 
- One Second Typical Chip Program 

- New Modes Simplify In-Module 
Firmware Upgrades 

• 	 2764A and 27C64 JEDEC Pinout 
- 28 Pin Cerdlp Package 
(See Packaging Spec.. Order # 231369) 

• 	 EPROM Based ETOXTII Process 
- 3 Year CHMOS* EPROM 

Manufacturing Base 
- ± 10% Vee Tolerance 
-Improved Latch-Up Immunity 

through EPI Processing 

The Intel 27F64 (EPROM tunnel oxide) ETOXTM flash memory is a64K bit non-volatile memory organized as 
8192 bytes of 8 bits. The 27F64 electrically erases all bits in parallel, making it ideal for EPROM applications 
where U.v. erasure is impractical or time consuming. Electrical erasure allows manufacturers to efficiently 
implement code changes for testing and end-of-line final configuration. 

To decrease the cost of servicing and updating program code, the 27F64 offers new programming and erase 
modes called On-Board modes. These modes simplify in-circuit programming and erasure by maintaining Vee 
at 5V, and"Ce' and DE at standard logic levels. Devices socketed or soldered to circuit boards can be erased 
and programmed via an edge connector to a PROM programmer, or via the board tester already available. The 
Quick-EraseTM algorithm and On-Board features give system designers innovative capabilities. Compared to 
byte-alterable E2PROM, these features address industry's need for a cost-effective code update solution. 

Intel's new ETOX" flash memory process combines the programming mechanism of EPROM with the erase 
mechanism of E2PROM to produce dense electrically erasable memories with the reliability and manufactura
bility of today's EPROM technology. 

Intel's unique Epitaxial (EPI) processing provides excellent latch-up immunity. Prevention of latch-up is speci
fied for stress up to 100 mA from ~ 1 V to Vcc + 1 V on address and data pins. All high voltage pins are 
protected from overshoot up to 14V. 

QUA INPUT/OUTPUT 
1/00-1/0, 

114PUT/OUTPUT 
BUfFERS 

Y Y-GAllNG
DECOOI:R 

~ 
INPUTS 

X 65,536 en 
DECOOER Cfi.l WAlRIX 

290153-1 
Figure 1. 27F64 Internal Block Diagram 

'CHMOS is a patented process of Intel Corporation. 
"Intel's ETOXTM flash process has petents pending. 
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PlnNam..
21F84 

AddressesAo-A'2 
v,. vee I/0o-l/D? Data Input/Output 
A12 !'GIl 

~ Chip EnableN.C. 

A. As OJ: Output Enable 
As Ae ~ Program

A" 
Of 	 Vpp ProgramlErase Power
A,. 

Vee Device Powera .. I/O., GNO Ground 
1/00 I/O. N.C. No Internal Connection 
I/O, I/O. 

1/02 I/O. 

ONO 1/03 


280153-2 

figure 2. Cerdlp (D) Pin ContIgurlltlon 

Table 1. Pin Deecrlptlon 

Symbol Type 	 Name and Function 

Ao-A'2 I 	 ADDR!i!SS BUS Inputs the memory addresses, and selects the 8 bits in the 
258 raw by 256 column array. 

IlCo-I/D? I/O 	 DATA BUS inputs data during memory program cycles; outputs data during 
memory read cycles. The data bus is active high and floats to tri-state OFF 
when the chip is deselected or the outputs disabled. 

~ I 	 CHIP ENABLE activates the device's control logic, input buffers, decoders, 
and 58,.. amplifiers. CE is active low; ~ high desele.cts the memory 
device and reduces power consumption to standby levels. 

O!: I 	 OUTPUT ENABLE when active low gates the device's output through the 
data buffers during a read cycle. OE driven to a third logic level VH 11.SV
13.0V, selects the conventional chip erase mode. 

J5GQ I 	 PROGRAM controls the pr~ and erase pulse-width in tl)e conventional 
modes by being driven low. driven toa third logic level VH (ll.SV
13.0V) gates entry into the On-Board pr~ram verify, erase, and erase verify 
modes·. In the On-Board erase mode, controls the erase pulse width. 

Vpp 	 PROGRAM/ERASE POWER SUPPLY (12.7SV ± O.2SV) for programming 
and erasing the device. Vpp also supplies the Flash memory cell margin 
voltage during the On-Board program verify and erase verify modes. In these 
nlodes, Vpp must switch to 6.2SV ± O.2SV and 3.2SV ± O.2SV, respectively. 

Vee 	 DEVICE POWER for most operations (SV ±S% or ± 10%). Vee also 
supplies the memory cell's margin voltage during the conventional program 
verify and erase verify modes. In these modes, Vee must switch to 
8.2SV ±O.2SVand 3.2SV ±O.2SV, respectively. 

GNO 	 GROUND: Reference for the device's circuitry. 

N.C. 	 NO INTERNAL CONNECTION to this device. Pin may be driven or left 

floating. 


NOTE: 

'For complete dIscusaIon and IIlCpIanation 01 the On-Board modes. refer to the On-Board device operation section. 
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28F256 

256K (32K x 8) CMOS FLASH MEMORY 


• Flash Electrical Chip-Erase 
-1 Second Typical Chip-Erase 

• Quick-Pulse ProgrammlngTil 

-100 /-Ls Typical Byte-Program 
- 4 Second Chip-Program 

• 12.0Vor 12.7SV Vpp Versions 
-12.0V Vpp 
-12.7SV Vpp for Faster Typical 

Erase/Program Performance 

• 100 Erase/Program Cycles 

• High-Performance Speeds 
- 170 ns Maximum Access Time 

• Low Power ConSUmption 
- 100 /-LA Maximum Standby Current 

• Command Register Architecture for 
Microprocessor /Microcontroller 
Compatible Write Interface 

• Noise Immunity Features 
- ±10% Vee Tolerance 
- Maximum Latch-Up Immunity 

through EPI Precessing 

• ETOXTII Flash-Memory Technology 
- EPROM-Compatlble Process ease 
- High-Volume Manufacturing 

Experience 

Compatible with JEDEC-Standard Byte-• Wide EPROM Pinouts 
- 32-Pln Cerdlp 
- 32-Lead PLCC 
(See Packaging Spec., Orde< ~231369) 

Intel's 28F256 CMOS flash·memory offers the most cost-effective and reliable alternative for updlttable n0n
volatile memory. The 28F256 adds electrical chip-erasure and reprogramming to familiar EPROM technology. 
Memory contents can be erased and reprogrammed: in a test socket; in a PROM-programmer socket; on
board during subassembly test; in-system during final test; and in-system after-!i8le. The 28F256 increases 
memory flexibility, while contributing to time- and cost-savings. The 28F256 is targeted for alterable code
or data-storage applications where traditional E2PROM. functionality (byte-erasure) is either not required 
or not cost-effective. The 28F256 can also be applied where EPROM ultraviolet erasure is impractical or 
time-consuming. 

The 28F256 is a 256-Kilobit non-volatile memory organized as .32768 bytes of 8 bits. Intel's 28F256 is offered 
in 32-pin Cardip or 32-lead PLCC packages. Pin assignments conform to JEDEC standards for byte-wide 
EPROMs. 

The 28F256 is also available in 12.0V Vpp or 12.75V Vpp versions. The 12.0V version accommodatas stan
dard 12V power supplies, while the 12.75V version yields typical erase I program performance two times taster 
than the 12.0V version. 

Intel's 28F256 employs advanced CMOS circuitry for systems requiring high-performance access speeds, low 
power ccnsumption, and immunity to noise. Its 170 nanosecond access time provides no-WAIT -state perf0rm
ance for a .wide range of microprocessors and microcontrollers. Maximum standby current of 100 rnA trans
lates into power savings when the device is deselected. Finally, the highest degree of latch-up protection is 
achieved through Intel's unique EPI processing. Prevention of latch-up is Provided for stresses up to 100 rnA 
on address and data pins, from -1V to Vex; + 1V. 

With Intel's ETOXTM (EPROM tunnel oxide) process base, .the 28F256 levers years of EPROM experi8nce to 
yield the highest level~ of quality, reliability, and cost-effectiveness. 
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28F256 

28F256 

vpp vr..;c 

HC WE 
HC NC 

AI2 AI4 A7 AI4 

A7 AI3 AS AI3 

A6 A8 A5 AS 

AS A9 A4 
28r256 

32  LEAD PLCC A9 

A4 

A3 

All 

5E 
A3 

A2 

0.450" x 0.550" 
TOP VIEW 

All 

5E 
A2 AID AI AID 

AI CE AD CE 
AD D07 DOD D07 

DOD DOS 

DOl DOS 

D02 D04 

VSS D03 290158-3 

Figure 2. 28F256 Pin Configurations 

Table 1. Pin Description 

Symbol Type 	 Name and Function 

Ao-AI4 INPUT 	 ADDRESS INPUTS for memory addresses. Addresses are internally 
latched during a write cycle. 

DOa-D07 INPUT/OUTPUT 	 DATA INPUT/OUTPUT: Inputs data during memory write cycles; 
outputs data during memory read cycles. The data pins are active high 
and float to tri-state OFF when the chip is deselected or the outputs 
are disabled. Data is internally latched during a write cycle. 

CE INPUT 	 CHIP ENABLE: Activates the device's controllogis input buffers, 
decoders and sense amplifiers. CE is active low; CE high deselects the 
memory device and reduces power consumption to standby levels. 

N ,INPUT 	 OUTPUT ENABLE: Gates the devices output through the data buffers 
during a read cycle. N is active low .. 

WE INPUT 	 WRITE ENABLE: Controls writes to the control register and the array. 
Write enable is active low. Addresses are latched on the falling edge 
and data is latched on the rising edge of the WE pulse. 
Note: With Vpp = VPPL, memory contents cannot be altered. 

Vpp 	 ERASE/PROGRAM POWER SUPPLY for writing the command 
register, erasing the entire array, or programming bytes in the array. 

Vee 	 DEVICE POWER SUPPLY (5V ± 10%) 

Vss 	 GROUND 

NC 	 NO INTERNAL CONNECTION to device. Pin may be driven or left -
floating. 
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1Mb CMOS Flash EEPROM PRELIMINARY 

131,072 WORD x 8 BIT FLASH ELECTRICALLY TC58F1000P/F/J-15
ERASABLE AND PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 

The TC58F1000P/F/J is a 1,048,576 bits, Flash Elec
trically Erasable and Programmable Read Only Mem
ory (FEEPROM) organized as 131,072 words by 8 bits. 
The TC58F1000P/F/J is fabricated using Toshiba·s 
advanced CMOS technology which provides the high 
speed and low power features, with access times of 
150nsl200ns, an operating current of 30mA at 6.7 MHz 
and a standby current of 100.,.A. 

The TC58F1000P/F/J features a command control 
mode and an EPROM compatible mode for program
ming and erasing. The command control mode is used 
for in-system programming controlled by the MPU tim

• Access Time: 150ns/200ns 
• Power dissipation 


Operating: 30m A 

Standby: 100.,.A 


• EraselWrite endurance 
100 cycles 
10,000 cycles (Option) 

• High-speed programming 
14 second/chip 
0.5 second/block 

PIN CONNECTION (TOP VIEW) 

TC58F1 OOOP/FIJ-20 

ing. A specific software sequence must be executed to 
enable the program, program-verify, chip-erase, block
erase, erase-verify, signature read and mode reset 
operations. The EPROM compatible mode is used f('(. 
programming and erasing with a conventional EPROM 
programmer. The programming time is 14-seconds and 
the erasing time is only 1-second. The TC58F1000P/F/~ 
is also provided with a block-erase feature. The pro 
gramming time of 1 block (4K byte) is only 0.5-second. 

The TC58F1000P/F/J has a JEDEC standard pinout 
configuration and is packaged in either a 32-pin plastic 
DIP, 32-pin flat package (SOP) or 32-pin SOJ. 

Electrical erasing mode: 

Chip erase 1 second 

Block erase 1 second 

(Block size: 4K Byte x 32 blocks) 


• 	Package options 
Suffix .p": 32-pin Plastic DIP 
Suffix "F":.32-pin Plastic flat package (SOP) 
Suffix "J": 32-pin Plastic SOJ 

• Program Erase mode 
Command control mode 
EPROM Compatible mode 

PIN NAME~ 

AO - 16 Address Inpul 

DO - 7 Data input/output 

CE Chip enable 

OE Output enable 

WE Wnte enable/EPROM mode SWitch 

NC No connection 

Vpp Program and erase power Supply 

vce Power Supply 

GND Ground 
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ADC0800 8-Bit AID Converter 

General Description 
The ADC0800 is an 8-bit monolithic AID converter using P
channel ion-implanted MOS technology. It contains a high 
input impedance comparator. 256 series resistors and ana
log sw~ches, control logic and output latches. Conversion is 
performed using a successive approximation technique 
where the unknown analog voltage is compared to the re
sistor tie points using analog ~ches. When the appropri
ate tie point voltage matches the unknown voltage, conver
sion is complete and the digital outputs contain an 8-bR 
complementary binary word corresponding to the unknown. 
The binary output is TRI-STATE'" to permit bussing on com
mon data lines. 

The ADC0800PD is specified over - 55'C to + 12S'C and 
the ADC0800PCD is specified over O"C to 70'C. 

Block Diagram 

R·NETWORK 

I
TOP 

15 

I 
P·RESISTOR 

N·BODY 
450 ,...--, 

Features 
• Low cost 
• ±SV, 10V input ranges 

• No missing codes 
• Ratiometric conversion 
• TRI-STA TE outputs 

• Fast 
• Contains output latches 

• TTL compatible 
• Supply voltages 

• Resolution 

• Lineerity 
• Conversion speed 
• Clock range 

Vss 
(PMOS 
BOOYI 

1. 

TC=SO fLs 

S Voc and -12 Voc 
8 bits 

±1 LSB 
40 clock periods 

50 to 800 kHz 

,...___~l1-oCLOCK 

I START 
CONVERSION

I SELECnQN 

I 

380 ...-f------I:--;JJ= 
AND 

CONTROL

I lOGIC 

I END OF
300 CONVERSION 

(EOC) 

I 150 

I 
I 
I '·BIT 

LATCH 

I 
DIGITAL GROUNDL ..J 

4321171114U 

R·NETWORK VIN MSB LSB 

BonoM 
 ANALOG COMPLEMENTARY 

INPUT DIGITAL OUTPUT 
TLIH/5670-1 

(OOOOOOOO~ +full·sc:aJe) 
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ADC0808, ADC0809 8-Bit JJ.P Compatible AID Converters 
with 8-Channel Multiplexer 

General Description 
The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con
verter, 8~channel multiplexer and microprocessor compati
ble control logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a sucees
swe approximation register. The 8-cha~nel multiplexer can 
directly access any of 8-single-ended analog signals. 

The device eliminates the need for external zero and full
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATEe outputs. 

The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several A/D 
conversion techniques. The ADC0808, ADC0809 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con
sumes minimal power. These features make this device 
ideally su~ed to applications from process and machine 
control to consumer and automotive applications. For 16
channel multiplexer with common output (sample/hold port) 
see ADC0816 data sheet. (See AN-247 for more informa
tion.) 

Block Diagram 

I UALOSlflf'UTI 

"OHUS 
LATCHENQU 

Features 
• 	 Easy interface to all microprocessors 
• 	 Operates ratiometrically or with 5 V DC or analog span 

adjusted voltage reference 

• 	 No zero or full-scale adjust required 
• 	 8-channel multiplexer with address logic 
• 	 OV to 5V input range w~h single 5V power supply 
• 	 Outputs meet TTL voltage level specifications 
• 	 Standard hermetic or molded 28-pin DIP package 
• 	 2B-pin molded chip carrier package 

Key Specifications 
• 	 Resolution 
• 	 Total Unadjusted Error 

• 	 Single Supply 
• 	 Low Power 
• 	 Conversion Time 

STAFIT CLOCK 

BBits 
±y. LSB and ±1 LSB 

5Voc 
15mW 
100 ,.. 

r,;;;;.; - - -,-_......__"-_, 
I 	 ":~==;----o END OF CONVERSIONI 	 I- (INTEFlRum 

I 

I 

IIctlMNEU 

.U~:t~~I.1i 1-__"'''' 
SWITCHES 

1-
ADDRESS 


LATCH

AI. 

DECODER See Ordering 
Infonnatlon1 1 

Vce Gill. 

TUH/5I72-1 
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ADC1210, ADC1211 12-Bit CMOS AID Converters 

» o o.... 
N.... 
o ..... » o o.... 

General Description 
The AOC1210, ADC1211 are low power, medium speed, 12
bit succesSIve approximation, analogato-digital converters. 
The devices are complete converters requiring only the ap
plication of a reference voltage and a clock for operation. 
Included within the device are the successive approximation 
logic, CMOS analog switches, precision laser trimmed thin 
film R-2R ladder network and FET input comparator. 

The ADC1210 offers 12-bit resolution and 12-bit accuracy, 
and the ADC1211 offers 12-bit resolution with 10-bit accura
cy. The inverted binary outputs are directly compatible with 
CMOS logic. The ADC1210, AOC1211 will operate over a 
wide supply range. convert both bipolar and unipolar analog 
inputs, and operate in either a continuous conversion mode 
or logic-controlled START -STOP conversion mode. The de
vices are capable of making a 12·bit conversion in 100 ,...5 
typ, and can be connected to convert 10 bits in 30 p.s. 

Block Diagram 

" 

N.... .... 
Both devices are available in military and industrial tempera· 
ture ranges. 

Features 
• 12-bit resolution 
• ± 3/. LSB or ± 2 LSB nonlinearity 
• Single + 5V to ± 15V supply range 
• 100 p.s 12·bit, 30 P.s 10-bit conversion rate 

• CMOS compatible outputs 
• Bipolar or unipolar analog inputs 
• 200 kO analog input impedance 

V·lVREfIO'~------------------------t----, 

CLOCK 

START 

CONVERSlaN 


COWOUTf 

,-, 
OIGITAL OUTPUTS 

Connection Diagram 

Oual·ln·Line Package 

Z-l1 

U CO.""ATOII 
OUfhIT 

U .... '\I'IfF) 

,~ 

l-' 

" lUI 

l' "", 

"", 

" COlfYU$l1NII21 II 
'''UTE la, 

2 I If U STAATeR) 
..., L...____--' 

'0....11. 

.""0 

23 COMPARATOR 
OUTPUT 

RZI Rl~ 

lOOk 20010 

zo 

" 
II 17 " " TL/H/5677-t 

Order Number AOCI210HO, 
ADC1210HCO, ADC1211HO, 

AOC1211HCO 
See NS Package 0240 

TlIH/5617-2 
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DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog 
Converters 

General Description 
The DACOBOO series are monolithic a·bit high·speed cur
rent-output digilal.to-analog converters (DAC) featuring typi
cal settling times of 100 ns. When used as a multiplying 
DAC, monotonic performance over a 40 to 1 reference cur
rent range is possible. The DAC0800 series also features 
high compliance complementary current outputs to allow 
dillerentlal output voltages of 20 Vp-p wilh simple resistor 
loads as shown in Figure 1. The reference-Io-full-scale CUf

rent matching of better than ! 1 LSB eliminates the need for 
full·scale trims in most applications while the nonlinearities 
ot better than 1" 0.1 % over temperature mLnimizes system 
error accumulations. 

The noise immune inputs of the DAC0800 series win accept 
TTL levels with the logic threshold pin, VLC. grounded 
Changing the Vl.C potential will allow direct interface to oth· 
er logic families. The performance and characteristics 01 the 
device are essentially unchanged over the full ± 4.5V 10 
:! 18V power supply range; power dissipation is only 33 mW 
with f 5V supplies and is independent of the logic input 
states. 

Typical Applications 

OIGII Al INPUTS 

MS. 

'1 12 U •• U '6 11 


'" 

. 

The DAC0600. DAC0602. Di\C0600C: DACOllul~ arc 
DAC0602C are a dlrecl replacemenl for the DAC·OB. OAe 
08A. DAC-06C. DAC-08E and DAC-06H. respeclively. 

Features 
• Fast settling output current 100" 

t tlSl• Fu!l scale error 
• Nonline.arity ovor temperature to.l\ 

• Full scale current drilt ±IO""""" 
• High output compliance -10V to "'1" 

• Complementary current outputs 
• Interface directly with TTL. CMOS. PMOS and othan 
• 2 quadrant wide range multiplying capability 
• Wide power supply range ± 4.5V to ! ,,. 

• Low power consumption 33 mWal :~, 

• Low cost 

". 
LSI 
II 

- Y- 0,01 "f " TLfH/5686-1 

FIGURE 1. ± 20 Vp_p Output Digital-to-Analog Converter (Note 4) 

Ordering Information 
Temperature Order Numbers 

Non-Linearity 
Range J Package (J16A)' N Package IN16A)" SO Package (111I0Il 

to.l% FS 5S"C .. TA . I 12S"C DACOS02LJ DAC-OSAO 

TA ..
'·O.l%FS O"C· '·70"C DAC0802LCJ. DAC-06HO DAC0802LCN DAC-06HP DAC0602lCII 

O.I~"'%. FS ~I!)"C 1/\ I !;J!i'C llACOIlOOI J DAC·OIIO 

lO.19% FS O"C TA I 7o-·C DAC0800LCJ DAC-OSEO I)ACOSOOLCN DAC-OSEI' I)AC()lIOOl(;Ij 

:1-0.39% FS O"C"TA'" • 70"C DAC0601LCJ DAC-06CQ DAC0601LCN OAC-OeCp OACQ601LCM 

'Oevices may be Ofdefed by usiog etther order number 
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OAC0808, OAC0807, OAC0806 8-Bit OfA Converters 
General Description 
The DAC0808 seri&s is an 8-bit monolithic digital-to-analog 
converter (DAC) featuring a full scale output current setiling 
time of 150 ns while dissipating only 33 mW with ± SV sup
plies. No reference current (IREF) trimming is required for 
most applications since the full scale output current is typi
cally ± 1 LSB 01 25S IREFI 256. Relative accuracies of bet
ter than ±O.t9% assure B-bit monotonicily and linearity 
while zero level output current of less than 4 p.A provides 
B-bit zero accuracy for IREF",2 mA. The power supply cur
rents of the DAC0808 series are independent of bit codes, 
and exhibits essentially constant device characteristics over 
the entire supply voltage range. 

The DACOB08 will interface directly with popular TIL, DTL 
or CMOS logic levels, and is a dir&ct replacement for the 

Block and Connection Diagrams 

~'??yyyy~ 
IIAIIGl 

CURREIIT SWITCH£S -.. 

MCI508/MCI40B. For higher speed applications. see 
DACOBOO data sheet. 

Features 
• 	 Relative accuracy: ±0.19% error maximum (DAC080B) 
• 	 Full scale current match: ± 1 LSB typ 
• 	 7 and 6·bit accuracy available (DAC0807. DAC0606) 
• 	 Fast settling time: ISO ns typ 
• 	 Noninverting digital inputs are TIL and CMOS compati

ble 
• 	 High speed IT)LIltl'plying input stew rate: B mAlp.s 
• 	 Power supply voltage range: ± 4.SV to ± lBV 
• 	 Low power oonsumption, 33 mW @ ± sv 

Dual-In-Une Package 

C"'''.OL Order Number 
DAC0808, DAC0807, VIE...!. 

Ie I.OU1I...!. 

Gil• ..!. 

orDAC0806"·I"lADDU 
See NS Package 

Number J18A, 

I I~'" 
Viti"., I L ~ ••ocu:~ v" M18Aor N18A ........ IG"ln,,,ut 


'''''-I~T ;;>:; 1""1 .""1 co_u.IIHERiNCE 
CUR~EIIITAW 

V~E TLlH/5687-1 

IO".! 

.. ",...!. 
...!. 
Al..!. 

",•..1 

U r!!-C()w(JlSAflOIl 

r!!-VflfFH 

f!!.VIIUI+1 

..- .!!ow« 
UIIIU ~.tu• 

r!lAf 
,!!. .... 

.LAS 

TOP VIEW 

SmaU-outllne Package 

,Vec II ,,'58 
YII£F(+) 2 IS .7 

V",(-) 14 AI
, 

COMP£MSAOON • 
Nt , " 12 " .. 

• .,GND 11 

Va 7 10 .2 .. , A' l.lsa• 
TL/H/5687-13 

Top View 

Ordering Information 
OPERATING TEMPERATURE 	 ORDER NUMBERS ACCURACY 

RAN~E J PACKAGE (JI6A)' N PACKAGE (NI6A)' 

8·bit -SS'C:o:TA" + 12S'C DACOBOBW: IMC1S08L8
8-bit O'C"TA" +7S'C DAC0808LCJ MC1408L8 DAC0808LC: I:MC140BPB 
7-bit O'C"TA,,+7S'C DAC0807LCJ MC1408L7 DACOB07LCN MC1408P7 
6·bit O'C"TA" +7S'C DAC0806LCJ MC1408L6 DAC0806LCN MCI40BP6 

-Note. Devices may be ordered by using either order number. 

TL/H/5687-2 

SO PACKAGE (MI6A) 

DAC0808LCM 
DACOB07LCM 
DACOB06LCM 
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MICRO-DACTM DAC1208, DAC1209, DAC1210, DAC1230, 
DAC1231, DAC1;232 12-Bit, f-LP Compatible, 
Double-Buffered D to A Converters 
General Description 
The DAC1208 and the DAC1230 series are 12-bit multiply
ing D to A converters designed to interface directly with a 
wide variety of microprocessors (8080, 8048, 8085, 2-80, 
etc.). Double buffering input registers and associated con· 
trollines 8110w these DACs to appear as a two-byte "stack" 
in the system's memory or 1/0 space with no additional in
terfacing logic required. 

The DAC1208 series provides all 12 input lines to allow sin
gle buffering for maximum throughput when used with 16-bit 
processors. These input lines can also be "externally config· 
ured to permit an 8-bit data interface. The DAC1230 series 
can be used with an S-bit data bus directly as it internally 
formulates the 12-M DAC data from its 8 inpul lines. All of 
these DACs accept left· justified data from the processor. 

The analog section is a precision silicon·chromium (Si-Cr) 
R-2R ladder network and twelve CMOS current switches. 
An inverted R-2R ladder structure is used with the binary 
weighted currents switched between the lOUT! and IOUT2 
maintaining a constant current in each ladder leg -indepen
dent of the switch state. Special Circuitry provides TIL logic 

input voltage level compatibility. 


The DAC1208 series and DAC1230 series are the 12-bit 

members of a family of microprocessor compatible DACs 

(MJCRO-DACSTM). For applications requiring other resolu

tions, the DAC1000 series for 10-bit and DAC0830 serias 

for S-bit are available alternatives_ 


Typical Application 

CONTROL IUS Vee cs 
iR1 
WR2 
IYTE lfiVffI 
XfER 

~ 
... 

DATA IUS 

Features 
• 	 Linearity specified with zero and full-scale adjust only 
• 	 Direct interface to all popular microprocessors 
• 	 Double-buHered, single-buHered or flow through digital 

data inputs 
• 	 Logic inputs which meet TIL voltage level specs (I.4V 

logic threshold) 
• 	 Works with ± 10V reference-full 4-quadrant 

multiplication 
• 	 Operates stand-alone (without fLP) if desired 
• 	 All parts guaranteed 12-bit monotonic 
• 	 DAC1230 series is pin compatible with the DAC0830 

sertes 8-bit MICRO-DACs 

Key Specifications 
• 	 Current Settling Time 1 fLs 

12 Bits• 	 Resolution 
• 	 Linearity (Guaranteed 

over temparature) 10,11, or 12 Bits of FS 
1.3 ppmrC• 	 Gain Tempeo 

• 	 Low Power Dissipation 20 mW 

• 	 Single Power Supoly 5 Voc to 15 Voc 

">-"'-VOUT 

+-onv 

ZERO '" 
ADJUST 

TL/Hf5690-1 
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FEATURES 
Ultnohigh Speed: Current Settling to 1LSB in 35ns 
High Stllbility Buried Zliner Referenee on Chip 
Monotonicity Guaranteed over Ternpernure 
10.24mA Full-Scale Output Suitable for VIdeo 

Applications 
Integral and DIfferential UnHrtty Guaranteed Over 

Ternpereture 
0.3" "Skinny DIP" Packaging 
Variable Threshold Allows TTL and CMOS 

Interface 

PRODUCT DESClUPTION 
The AD568 is an ultrahigh-speed, 12-bit diaital-to-analog con
verter (DAC) settling to 0.025% in 350$. The moDOiithic device 
is fabricated using Analog Devices' Complcmcntary Bipolar 
(CB) Process. This is a proprietary proa:ss featuring bl,h-speed 
NPN and PNP devices on the same chip without the use of 
dielectric isolation or multichip hybrid techniques. The hisb 
speed of the ADS68 is maintained by keeping impedance levela 
low enough to minimize the effects of para.;tic circuit 
capacitances. 

The DAC consists of 16 current soun:cs configured to deliver a 
1O.24mA full-acale CUITent. Multiple mall:bed ~nt sources 
and thin-film ladder techniques an: combined to produce bit 
weighting. The DAC's output is a 10.24mA full acaJe (FS) for 
current output applications or a 1.024V FS _buffered voltqc 
outpUt. Additionally, a 1O.24V FS buffered output may be 
gcocrated using an onboard Ildl ape resistor with ID ext=W 
op amp. Bipolar ranaes are accomplisbcd by pin stl'aJ)PiDI. 

Lucr wafer trimming insures full 12-mt 1iDearity. All pwIes of 
the ADS68 are guaranteed monotonic over their full operating 
temperature range. Furthermore, the output railtlDce of the 
DAC is trimmed to lOon:!: 1.0%. The gain uimperarure coefficient 
of the volugc output is 3OppmI"C mu: (K). 

The AD568 is available in three performance p-ades. The 
AD568JQ and KQ are available in 24-pin =dip (0.3") pockaaes 
and an: specified for operation from O'to +7O'C. The AD568SQ 
fest:Ures operation from - 55'C to + 125'C and is also pacbgcd 
in the hermetic 0.3" cerdip. 

12-Bit Ultrahigh-Speed 
Monolithic OfAConverter 

AD5G8 I 
AD568 FUNCTIONAL BI..OCK DIAGIlAM 

~~~H-G1:-I,-,-	 :::- -- ....== 
~----------------------e----e~~--= 

PRODUCT IUGIILIGHTS 
I. 	The ultrafast settling time of the ADS68 a1lon Je.dDI& edae 

performance in waveform generation, 'p-aphics diIpIay and 
hisb-speed AID conversion applications. 

2. 	Pin stl'aJ)PiDI provides. variety of voltqc and current outpUt 
ranaes for application versatility. TiPt IlCIIIIlOI at the abooIuII: 
ODtpUt current reduc:a trim requirements in aa:mally-lC8led 
applicatiOllJ. 

3. 	 Matched oa-chip raistors can be used for prociIioa IC8tint 
in hisb-lpeed AID conversion cin:uits. 

4. 	The diaital inputs an: COIIIpaIible with TIL and +5V CMOS !2 
IotPc families. l5 

S. 	 Skinny DIP (0.3") peebsiDa minimizes boud II*C require- 'i 
ments and eases layout COIIIideratioaa. 0 

f 
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FEATURES 
Four Complete Voltage Output DACa 
Data Register Readback Feature 

"ReNt to Zero" Override 

Multiplying Operation 

Double-Buffered Latch.. 

PLCC, Lee and DIP PacIIeges 


APPLICATIONS 
Automatic Test Equipment 
Robotics. 
Process Control 
Disk Driv .. 
Instrumantation 

PRODUCT DESCRIPTION 
TIl<: AD664 is four complete 12 bit, voltage-output DACs on 
0IIe monolithic IC chip. Each DAC has a double buffered input 
latch structure and a latch data readback function. All DAC 
ROd and write operations occur through a single microprocessor· 
compatible 110 port. 

TIl<: 110 port accomodates 4-,8- and 12-bit parallel words allowing 
simple interfacing with a wide variety of microprocessors. A 
reset to zero control pin is provided to allow. user to simultaneously 
reset all DAC outputs to zero, regardless of the contents of the 
input latch. Anyone or all of the DACo may be placed in a 
transparent mode allowina immediate response of the outputs to 
the input data. 

The analog portion of the AD664 consists of four DAC ceUs, 
four output amplifiers, a control amplifier and switches. Each 
DAC ceU is an inverting R-2R type. The output current from 
each DAC is switched to the on-board application resistors and 
output amplifier. The output range of each DAC ceU is pro
grammed through the digital 110 port and may be set to unipolar 
or bipolar raDF, 0 to 10 volts or - 10 to + 10 volts respectively. 
All DACs are operated from a single external reference. 

The functional completcncss of the AD664 results from the 
combination of Analog Devices' BIMOS II process, laacr-trimmed 
thin-film resistors and double-level metal interconnects. 

PRODUCT HIGHLIGIITS 

1. 	The AD664 provides four voltage-output DACs on one chip 
offering the highest density 12-bit D/A function available. 

2. 	The output range of each DAC is fuUy and independently 
programmable. 

3. 	Readback capability allows verification of contents of internal 
data registers. 

4. 	Tbc asynchronous RESET control returns all D/A outputs to 
zero volts. 

Monolithic 
12-Bit Quad OAC 

A0664 
AD664 FUNCTIONAL BLOCK DIAGRAMS 

28-Pin Block Diagram 

11_ II" "'NAL(IG 
.UII.I$V GIfIOU/OIO 

.. 	 " 
44-Pin Block Diagram 

5. DAC-to-DAC matching performance is specified and tested. 

6. 	 Linearity error is specified to be 112LS8 at room temperature 
and lLSB maximum. 

7. 	DAC performance is guaranteed to be monotonic over the 
full operating temperature range. 

8. Readback outputs have tristate outputs. 

9. Multiplying-mode operation allows use with fixed or variable 
external references. 
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I 
FEATURES 
Complete 12-Bit AJO Converter WIth ReteNnce 

and Clock 
Fa.ter Version of A0574A 
I- and 11-Bit Bus Intortace 
No Miuing Cod.. Over Temperature 
1S.... max Conversion Time 
:i: 12V and :i: 15V Operation 
Unipolar and Bipolar Inputs 
DIP Package 

PRODUCT DESClllPTlON 
The A0674A is a complet. 12-bit successive-approximation 
analog-to-digiral convener with three-stat. output buffer circuitry 
for direct interface to an 8- and 16-bit microprocessor bus. A 
hich-precision voltage reference and dock .... included on-chip, 
and the circuit requires only power suppties ""d control sisnals 
for operation. 

The A0674A is pin compatible with the industry-standard 
AD574A but offers faster conversion time and bus-access sPeed. 
The A0674A design is implemented with two LSI chips each 
containing both analog and digiral circuitry, resulting in the 
maximum performance and flexibility at the lowest cost. The . 
chips are laser trimmed at the wafer stage to obtain full rated 
performance without external trims. 

The A0674A is available in six different grades. The A0674A1, 
K. and L grades are specified for operation over the 0 to + 7O"C 
temperature range. The A0674AS, T, and U are specified for 
the - 55"C to + 125"C range. All grades are available in a 28-pin 
hermetically sealed ceramic DIP. 

The S, T, and U grades are also available with optional processing 
to MIL-STD-883C Class B in 28-pin DIP. The Analog Devices 
Mili.tary Products Databook should be consulted for details on 
IBB3B testing of the A0674A . 

•_ 	 !oJ u.s. "- No<. J,I03,Stt; 4,10.-; 4,511,40; 
lIE la,6J3. 

Complq, 
12-Bit AID Converter 

AD674A* 
AD674A FUNCTIONAL BLOCK DIAGRAM 

'I\/~Y...~. 
OA'II.IIIIIOOlH\':i I 

CHIfI.Ua: 1 
.Tn~1UI' 

IMOfIITCYClf •... 
"'(AO~E"T

"'" 

....
""""TO 

PRODUCT HIGHLIGHTS 
1. 	 The A0674A interfaces to most 8- or 16-bit microprocessora. 

MultipJe-modl' three-state Output buffers COnnec:l directly to 
the data bus while the read and CODven commands are taken 
from the contrOl bua. The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the ocher with 4 data bits and 4 trailing uros). 

2. 	The precision. laser-trimmed scaling and bipolar offset resistors 
provide four calibrated ranges: 0 to + 10 and 0 to + 20 volts 
unipolar. - S to +S and - 10 to + 10 volts bipolar. Typical 
bipolar offset and full-scale calibration errors of '" O. I% can 
be trimmed to zero with one external component each. 

3. 	The internal buried unerreference is trimmed to 10.00 volts 
with 1% maximum error and ISppmI"C typical T.C. The 
reference is available extemalJy and can drive up to 2.0mA 
beyond the requirements of the reference and bipolar offset 
resislon. 
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I 
FEATURES 
Complete 16-Bit Convert... With Refe_ 

and Clock 

:t: 0.003% Maximum Nonline.rity 

No Missing Codes to 14 Bits Over Temperature 

Fast Conv...n - 14115 (14 Bitl 

Short Cycle Capability 

Pa..11eI and SerIal OutpuU 

Low Pow...: 645mW Typical 

Industry Standard Pin Out 


PIlODUCT DESCRIPTION 
The AD1376 is a high resolution If>.bit hybrid IC anaiog-to-disital 
converter including reference, clock, and laser-trimmed thin-fllm 
components. The package is • compact 32-pin, pin-stalte DIP. 
The thin-film scaling resistors allow analog input ranges of 
±2.SV, ±SV, ± 10V, 0 to +5V, 0 to + 10V, and 0 to +20V. 

Important performance characteristics of the devices arc maximum 
linearity error of ± 0.003% of FSR, and maximum l4-bit con
version time of IS ...... This performance is due to innovative 
design and the ttsC of proprietary monolithic DJA convener 
chips. Laser-trimmed thin-fllm resistors provide the linearity 
and wide tcmperarnre range for no missing codes. 

The ADl376 provides data in paraIlel and serial fonn with 
corresponding clock and stattts outputs. All digital inputs and 
outputs arc TIL compatible. 

APPUCATIONS 
The AD1376 is excdlcnt for use in applications requiring 14-bit 
accuracy over extended tcmperarnre ranges. Typical applications 
include medical and analytic instrUmentation, precision meas
urement for industrial robots, automatic test equipment (ATE), 
multichannel data acquisition systems, servo control.systems 
and anywhere that cxceUent stability and wide d)'lWjiic range in 
the smaIlest space is required. 

Complete High-Speed 
lS-Bit AID Converter 

AD1376 
AD1376 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
I. 	The ADI376 provides If>.bit reSolution with maximum linearity 

·error less than ± 0.003% (± 0.006% for J grade) at 2S'C. 

2. 	Conversion time is 14..... typical to 14 bits with shon cycle 
capability, and 16JLS to 16 bits. 

3. 	Two binary codes arc avaiJable on the ADI376 output. They 
arc compicmentary straight binary (CSB) for unipolar input 
voltage ranges and compJcmentary'offset binary (COB) for 
bipolar input ranges. CompJcmcntary twos compleroent (CTC) 
coding may be obt'ained by inverting Pin I (MSB).' 

4. 	The proprietary chips used in this hybrid design provide 
exccUcnt stability over temperature and lower chip count for 
improved rcliability. 

5. 	 The AD1376 includes an internal reference and clock, with 
external clock adjust pin, and a scriaJ outpUt. 
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Monolithic 8-Bit 
Video AID Converter 

AD9048 
FEATURES AD9048 FUNCTIONAL BLOCK DIAGRAM 
8-BIts; 20MSPS Minimum Word Rates 
420mW Power Dissipation 
No T/H Required 
17pF Input Capacitance 
Industry Standerd Pinouts 

PRODUCT DESCJUPTJON 
The AD9048 is an 8-bit, 20MSPS flash converter which is pin-for
pin compatible with the TDC1048 unit but offers enhancements 
over its predecessor. Significantly improved output driver stages 
and reduced power make the AD9048 attractive for system 
designs. 

Full power bandwidth is 7MHz minimum, making it an ideal 
choice for doing real-time conversion of video signals, where 
1II.Il08 frequency information of interest is seldom higher than 
4MHz-5MHz. 

Oocked latching comparators, encoding logic, and an output 
buffer register operating at minimum rates of 20MSPS make it 
unncecessary to incorporate a sample-and-hold (SIB) or track-and
hold (T/H) into desigos using the AD9048. All dilital control 
inputs and outputs are TTL compatible. 

Devices which operate over two case temperature raoges and 
with two grades of linearity are available. Linearities of O.5LSB 
or O.75LSB can be ordered for a commercial range of 0 to .. 700c, 
or extended temperatures of - 55'C to + 125'C . Units are 
packaged in 28-pin ceramic DIPs and are also available as LCC 
packages. 

DGND OGND AGNO AGND 

OVTLINEDIMENSIONS 
o--._iDiDdoeollld(IIIIDj;., 

28-Pin Cerdlp Paebp 28-Pin'te..mi.: Leadlcu Chip Carrier (LeC) 

f~::::~::~:::::"If 
.... 

NO,11'1t11NDD 
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InterfaceCircuits 


LM311 voltage comparator 

general description 
The LM311 i,s a voltage comparator that has input 
currents more than a hundred times lower than de
vices like the LM306 or LM710C. It is also de· 
signed to operate over a wider range of supply 
voltages: from standard ±15V ap amp supplies 
down to the single 5V supply used for IC logic. Its 
output is compatible with RTL, DTL and TTL as 
well as MOS circuits, Further. it can drive lamps or 
relaY50, switching voltages up to 40V at currents dS 

high as 50 mA. 

features 
• Operates from simJle 5V supply 

• Maximum input current: 250 nA 

• Maximum offset current: 50 nA 

• Differential input voltage range: !30V 

• Power consumption: 135 mW at ~ 15V 

Both the input and the output of the LM311 can 
be isolated from system ground, and the output 
can drive loads referred to ground. the positive 
supply or the negative supply. Offset balancing 
and strobe capability are provided and outputs can 
be wire OR'ed. Although slower than the LM306 
and LM710C (200 ns response time vs 40 nsl the 
device is also much less prone to spurious oscilla
tions. The LM311 has the same piro configuration 
as the LM306 and LM71OC, 

schematic diagram and auxiliary circuits . -

Offwt Balancing 

._. 
'- .1=, 

" "l""llJ ,'... 

.. 
S'fobi", 

.. ' 

~ 
~.II I 

J_._--'...... .. 
__ 

'........ 

connection diagrams· 

Du.I-ln-LiM ,Ide... Dual-in-Line'lICk... 

·..-e···....·_'1, .=' _., ._
.." ...1_.. __-. 

,," ..t ___ 
,. 

' ...If. 

·Pin connectiom shown on schematic di .....m 
.nd typic" epplication• .,. for TO-5 ;laCk.... 
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LF353 Wide Bandwidth Dual 
JFET Input Operational Amplifier 

General Description 
These devices are low cost. high speed. dual JFET input 
operational amplifiers with an internally trimmed input offset 
voltage (BI.FET lin.. technology). They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition. well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF353 is pin compatible with the standard LM1558 allowing 
designers to immediately upgrade the overall performance 
of existing LMI558 and LM358 designs. 

These amplifiers may be used in applications such as high 
speed integrators. fast 01A converters. sample and hold 
cifcuits and many other circuits requiring low input offset 
voltage. lOW input bias current. high input impedance. high 
slew rate and wide bandwidth. The devices also exhibit low 
noise and offset voltage d~. 

Typical Connection 

" 

Simplified Schematic 

112 ou.I 
.c<o----<~-----_--., 

'. 

Features 
• 	 Internally trimmed offset vottage 

• 	 Low input bias current 

• 	 Low input noise voltage 
• 	 Low input noise current 

• 	 Wide gain bandwidth 
• 	 High slew rate 

• Low supply CUlTent 
.• High input impedance 

10 mV 

50pA 
16 nV/.{Hi 

0.01 	pAl.JH2 
4 MHz 

13 V/,.s 

3.6mA 
'10 '2n' 

• 	 Low tolal harmonic distortion Av= 10. <0.02% 
RL= 10k. VO=20Vp-p. BW=20 Hz·20 kHz 

• 	 Low lit noise comer 50 Hz 

• 	 Fast settling tirrie to 0.01 % 2 /Ls 

Connection Diagrams 

Metal CIon Package (Top View) 

Order Number LF353H 

See NS PM:IIage Number H08C 


10-.......-..,-- OIllT'Uf I 

.
Order Number LF353J, LF353M or LF353N 

See NS Package Nunm«.IOIA, MOl" or HOlE 
'" 0--....--....----.....---1 

Tl/H/56&9- , 
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LM363 Precision Instrumentation Amplifier 

General Description 
The LM363 is a monolithic true instrumentation amplifier. It 
requires no external parts for fixed gains of 10, '00 and 
1000. High precision is attained by on-chip trimming of off· 
set voltage and gain. A super-beta blopolar mput stage 
grves very low input bias current and voltage noise, ex· 
tremely low offset voltage dnft, and high common-mode re
Jection ratIO. A new two-stage amplifier design yields an 
open loop gain 01 10,000,000 and a gain bandwidth producl 
01 30 MHz, yet remains stable lor all closed loop gains. The 
LM363 operates with supply voltages Irom ± 5V to ± 1BV 
With only 1.5 rnA current drain. 

The LM363's low voltage noise, low o"set voltage and 0"
set voltage drift make it ideal for ampli'Xing low-level, low
Impedance transducers. At the same time, its low bias cur
rent and high input Impedance (both common-mode and 
differential) provide excellent performance at high imped
anee levels. These leatures, along with its ultra-high com
mon-mode rejection, allow the LM363 to be used in the 
most demanding instrumentabon amplifier applications. re
placing expensive hybrid, module or multi-chIP designs. Be
cause the LM363 is internally trimmed, precision external 
resistors and their associated errors are eliminated. 

The 16-pin dual-in-line package provides pin-strappable 
gains of la, 100 or 1000 Its twin dlHeren!ial shield drivers 

Typical Connections 

8-Pln Packlllle 

O&HPU' 

Tl/HJ5609-1 

Connection Diagrams 

-


eliminate bandwidth loss due to cable capacitance. Com
pen!'l.ation pins allow overcompensation to reduce band
width and output noise, or to provide greater stability with 
capacitive loads. Separate output force, sense and refer
ence pins permit gains between 10 and 10,000 to be pro
grammed using external resistors. 

On the B-pin TO-5 package, gain is internally set at 10, 100 
or 500 but may be increased with external resistors. The 
shield driver and o"set adjust pins are omitted on the B-pin 
verSions. 

The LM363 is rated lor O"C to 70"C. 

Features 
• OHset and gain pretnmmed 
• 12 nV/JHz input OOIse (G=500/looo) 
• 130 dB CMRR IyIcal (G =50011000) 
• 2 nA bias current typical 
• No external parts required 
• Oual shield drivers 
• Available at 0.5 ,.vrc maximum drift 
• Can be used as a high performance op amp 
• Low supply current (1.5 rnA typ) 

._-------------- 

16-Pln Package 
G"'10 2.J.04.open 
G= 100 3-4 shorted 

'GO' 

18-Pln OU»-I ...LJne ........ 

...... .....,L.OU"lIf 

1.1_ '_1" .. v.. v.. -I.... 


Order Number Lll3t3H-l0, 
 Tl/HJ5IOi-2 
LM3I3H-l00 or LM3I3H-5OO 

...MS ........ NumberHOlC 
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LM565/LM565C Phase Locked Loop 

General Description 
The LM565 and LM565C are general purpose phase locked • Linear (rlar'lg'e wave ~·IP"\ In phas.: zerc crosS-lngs 

loopS containing a stable. highly linear voltage controlled available 

oscillator lor low distortion FM dem0(1ulallon, and 8 doublo • TTL and OTL compatlblf> ph,l".f' d,·'· ·:-h" .nput and 

balanced phase d(>(ector with good carner suppression The square wave output 

veo frequency IS set with an external reSIstor and capaci. • Adrustable hold In range from • 10 0 10 
tor, and a tunIng range of 101 can be obtained with the 
same capacitor. The characteristics 01 the closed loop sys Applications 
te~andwldth. response speed, capture and pull In • Data and tape synchronization 
range-may be adJusted over a Wide range with an ex1ernal 

reSistor and capacitor The loop may be broken ootween the 
 • Moderns 

• FSK demodulationveo and the phase detector for Insertion of a digital fre

quency divider to obtain frequency multIplication • FM demodulation 

• Frequency syntheSizerThe l.M565H 1$ specIfied for operation over the - 55·C to 
+ 12S·C mlhtary temperature range The LM5SSCH and • Tone decoding 


LM565CN are specIfied for operation over the O·C to • Frequency rnult:pllcatton and diVISion 


+ 70'*C temperature range • SeA demodulators 

• Teremetrv receiver S 


Features • Signal regeneration 

• 200 ppml"C frequency stablhty of the VCO • Coherent demodulators 
• Power supply range of 5 to t. 12 volts with-4.: 

100 ppm/"to typical 
• 0.2% linearity of demodulated OUlput 

Connection Diagrams 
Metal Can Package Dual-In-Line P.ckage 

II 
-Vee J oe 

'HAS( 1 
tUCTOR 

.'f'Ul " NeL 
1 12nUl"" iIfIII'Uf oe

RESISTOR 

'CO 11 
.eOUll'UT 

~(O CO,.TAOl ~i'
'HASf COMP"RATOR 10 

VOL TACE • .... L<..yeO I"'U' 
FlH(FI[N(( TlMI!NG~l.E!~OUtpUT ("""C!fOR 

yeo CONTROL TIMt-.C 
VOL lAGE RESISTOR

'HASE COMPARATOR -":=iJ 1 

vCO INPUT 

Tl/H/78SJ-2 

Order Number LM565H or LM565CH Order Number LM565CN 
Se. NS Peckage Number HIOC See NS Package Number N 14A 
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LM710_ voltage comparator 

general description 
The LM710 i. a high-speed voltage comparator 
intended for use as an accurate, low· level digital 
level sensor or as a replacement for operational 
amplifiers in comparator applications where speed 
is of prime importance. The circuit has a differen
tial input and a single-ended output. with saturated 
output levels compatible with practically all types 
of integrated logic. 

The device is built on a single silicon chip which 
insures low offset and thermal drift. The use of 
a minimum number of stages along with minority· 
carrier lifetime control (gold doping) makes the 
circuit much faster than operational amplifien in 

schematic· and connection diagrams 

typical applications· 

Interface Ci rcuits 


saturating comparator applications. In tact. the low 
stray and wiring capacitances that can be realized 
with monolithic construction make the device dif· 
ficult to duplicate with discrete components oper· 
ating at equivalent power levels. 

The lM710 is useful as a pulse height discrtml· 
nator. a voltage comparator in high·speed AID con· 
verters or a go. no-go detector in automatic test 
equipment. It also has applications in digital sys
terns as an adjustable-threshold line receiver or an 
interface between logic types. In addition, the low 
cost of the unit suggests it for applications replae JI 
ing relatively simple discrete component Circuitry 

M.tal Can Pilckage 

~' ,.~--",',
; _ ... ..-:-.6<:e 

-~ I ,,,,.-("'1.00., , 

Line RK.iv... With 
IncrNMd Output 
Sink Current 

'. "'~. 
,-, 

,.,.. ~"" ~ ... 
Level Detector With 

PUIN Width Modulator Lamp DriQr 

,.," ".... JUULNI/\~. 

~-, 

·Pin connections shOwn are tor metal can. 
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Interface Circuits 


LM711 dual comparator 

general description 

The LM711 containS tW<l vOll091: comfJiHators venllonal sense amplifier designs Further, It has 

with separate differential mput!., it common oul the speed and dccuracy needed for reliably detect 

put and provISion for strobing each side mdepen tng the outputs of cores as small as 20 mils. 

dentlv. Similar to the LM710. the device features 
low offset and thermal dnft, a large Input voltage 
range. low power consumption, fast. recdvery from 

large overloads and COlTllldtlbdlty with rno~t Inte The LM711 IS also useful In other appllcattons 

grated logic Circuits. where a dual comparator with OR' ed outputs IS' 

required, such as a double· ended limit detector By 

With the addition of an external resistor network, uSing common CirCUitry for both halves, the device 

the LM 711 can be used as a sense amplifier for Cdn prOVide high speed wIth lower power dlS&lJ.)d 

core memOries. The mput thresholding, combined tlon thdn two single compdrators. The LM711 IS 

wIth the high 9<:un of the cumparator, ellmlllate!:> dvalldble In either an lO·lead low profile TO 5 

many of the lnacCuracle~ encountered with con hedder or a 1 4·' by 1 4·· meld I flat packd<je 

schematic and connection diagrams 

. 
".O,,~C I ·UT.,,! 

,nU't I _ _. 11.0" ~ , , 

. . . 

typical applications 

Sense Amplifier With Supply Strobing Double-Ended limit Detector 
for Reduced Power Consumption· With Lamp Drive, 

""~~ 


~""II 


" ... 
=~':l'_""~4... .Il. 

~,. 

~.. 


.-.--~ 
-~-
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z z z'z z 
(")+(")1(") 

NC .. NC 

VCC OFFSET NI 

NC - NC 
OFFSET N2 :!! NC 

NC NC 

GENERAL DESCRIPnON - The ",A7.' is • high perfoMWIce monofithic Operationll Amplifier 
constructed uling the Fairchild Pi.".... • epiUlxili process. It il intended for. wid. range of Inllog 
.ppIiCltions. High common mode voltage range and IbIence of "Iltch-up" tendencies make the 
I'A741 idee! for use IS a volgge follower. The higt, gain and wtde range of operlting 'Ioltaoi provides 
superior performance in integrator, lumming amplifier. 8nd gener.. feedback applications. 

~ NO FREOUENCY COMPENSATION REOUIRED 
e SHORT CIRCUIT PROTECTION 
e OFFSET VOLTAGE NULL CAPABILITY 
e LARGE COMMON·MODE AND DIFFERENTIAL VOLTAGE RANGES 
• LOW POWER CONSUMPTION 
• NO LATCH UP 

ABSOLUTE MAXIMUM RATINGS 
Supply VoI_ 

Military .17411 .22 V 
Commercial (741C) :t18V 

Intlrnel Power Dissipation (Notl 1) 
Metal C8n 500mW 
DIP 670mW 
Mini DIP 310mW 
FI8tPOk 570mW 

DiH""nliollnpul VoI_ .•30 V 
Inpul Vol_ (Note 2) .,5 V 
Storage Temperature Range 

Motel Con. DIP. end FI....k _65°C to +150°C 
Mini DIP -ss"C 10 +125"c 

Operating Temperature Ringe 
Military (7411 -65·Cto+1~C 
Comrl*cial (741C) o"C 10 +7O"C 

LNd Temperature (SOldering) 
Me..1Con. DIP. end FI....k (60~) ui'c 
Mini DIP (IO~) 260"c 

Output Short Circuit Ourtltion (Note 3) Indefinite 

EQUIVALENT CIRCUIT 
~-----r--~--~--~-------'~ 

zoz<z 
n c no (') 

.... n 
.+ 

CONNECTION DIAGRAMS 


a·LEAD METAL CAN 

(TOP VIEW) 


PACKAGE OUTLINE 58
., 

,,,,,.,__, : • OU'''''·..·-e··'··
__= J. ~ 00"1' .... ' 

Not.: Pin" connected to c... 

ORDER INFORMATION 
TYPE PART NO. 
741 741HM 
741C 741HC 

14-LEAO DIP 

(TOP VIEW) 


PACKAGE OUTLINE SA 


., r II"C 

.fil'_.! I'" 
_ •• _ II •• 
___I t tvl"'" 

_1- .IM'"8""
... , '-.. 
<oe' ".c 

ORDER INFORMATION 
TYPE PART NO. 
741 741 OM 
741C 7410C 

100LEAD FLATPAK 

(TOP VIEW) 


PACKAGE OUTLINE 3F 


ORDER INFORMATION 
TYPE PART NO. 
741 741FM 

..LEAD MINIDIP 

(TOP VIEW) 


PACKAGE OUTLINE 9T 


::'~:=:~:.' 
-~~ ~ =-~ 
ORDER INFORMATION 

TYP£ .PART NO. 


741C 741TC 

FIGURE 1.47 Manufacturer's specification sheets for the Fairchild I"A741 (Courtesy of Fair
child Semiconductor) 
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IJA747 

DUAL FREQUENCY COMPENSATED OPERATIONAL AMPLIFIER 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 

GENERAL DEICRIPTION - TIle "A747 is • poi, 01 high .,..1__ monoIichic Oporo.i_ 
Amplifi.... constructed wi.... tile Feirchlld Planer- ....... prOCftl. They ... intencled for • wide 
renee of eneIOg eppfiCMions ..... boerd ..... or weight .... irnpot'1ent. High common mode wit... 
_ on<! _ 01 "1.'ch~pH molt..... "A747 _ for _ •• vel•• '01_. TIle high goin 

.... wide ' ...... of opff'e'ing VOl.... provida IUpertor PI',fomwnc:e in in.egr.tor~ lUl'lWfting empIitier. 
end ...,.,.. fMdbeck lIPPIicatiOftl. The ,,14.747 is short-circuit protected end requi.... no ........1 
eomponent. for frequeney compensation. The intam.' 6 dB/octave roll-off Insu.... ItllbitiIY' in c:IoHd'-oPPI-_. For ...... _ifior~. _ ,.A74' dot. til.... 

• NO I'REQUENCY C_NlATION REQUIRED 
• SHORT.CIRCUIT ",OTECTION 
• OFFSET VOl. TAGE NULL CAPABILITY 
• LARGE ~MODE AND DIFFERENTIAL VOLTAGE RANGES 
• LOWI'OWERCONSUWTION 
• NO LATCH Uf' 

A8IOLUTE MAXIMUM RA.TlNOS 
Supply Vol..... 

MiIi'.ry (747) .22 V 
Cam...,ei.1 ,747CI .,1 V 

InterNl Power Dillipetlon (Note U 
Me,e' Cen IIOOmW 
DIP 870mW 

[)tff.rent'" Input Vol,... .:lOV 
Input Vol'... eNo•• 2. *'5 V 
Volt. _ OfI... N~II ond V_ .0.5 V 
S.orogoT_.. Rongo -8!i"C 10 .,we 
Oper.'ing Temper.tur. A.,.. 

Mili..." 17471 -55- C 10 +125·C 
COIftfMrciel 1747CI ff'e.07ff'c 

lud Temper.lur. (Sokterinl. 60 tecond., 3Of!'e 
OutPUt Short-Circuit Duration (Note 3) Indefinite 

EOUIVALENTCIRCUIT (Eoch SMIoI 

r-'r----r-,r----r-----,---<>,·· 

.....' 

CONNECTION DlAO_ 

'4-LEAD DI' 

ITOPVIEWI 


PACKAGE OUTLINE 7A 


(,t'rSlT..,,,."""'.... 
......"-'"....." OJt"""NU'" 

NO 
COMleY 

Of"Sll 001"-111.......
-- ,..
"""'1... or"""""'1 """. 

ORDER INFORMATION 
TYPE PART NO. 
747 747DM 
747C 747DC 

1().LEAD METAL CAN 

ITOPVIEW, 


PACKAGE OUTLINE 5F 


ORDER INFORMATION 
TYPE PART NO. 
747 747_ 
747C 747HC 

"0.. on ....owin',...... 
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Operational Amplifier. 
CA3130. CA3130A, CA3130B 

• 

-.0., 
 SIMOS
CA3130E 

CA31311AE 
 Operational Amplifiers 

H.'817 :II 	 With MOS/FET InpuV COS/MOS Output 

FEATURES: 
• MOS/FEr input stage provides: 

very high Z, = 1.5 TO (1.5 x 10120) typo 
~ very low /I ~ 5 pA typo at 15-V operation 

AIITY.... 2 pA typo at 5- V operation "LEADT().6 All "fYpo& 
_ DuoI-tn·Une ..LEAD TOO • Common·mode input-voltage range inCJUdes}
,--LOIidO ITouffl_' negative supply rail; input lerminals can 
l8ouffl_' .H-1528 

be swung 0.5 V below negalive supply rail
H;1717 

• 	COS/MOS output stage permits signal swing 
10 either (or both) supply rails 

Ideal lor 
single-supply 
applications 

RCA-CA3130T, CA3130E, CA3130S, ~-3130AT, CA 
3130AS, CA3130AE, CA3130BT, and CA"3"f30BS' are 
inlegrated-clrcuil operational amplifier. thaI combine the 
Idvantag..of bolh COs/MOS and bipolar transistors on a 
monolithic chip. 

Gate-protected p-channel MOS/FET (PMOS) transistors 
ar. used In the Input circuit to provide very-high-Input 
Impedance, very-low-Input current, and exceptional speed 
performance. The u.. of PMOS field-effect transistors in 
the Input Itage results In common-mode input-voltage 
capability down to 0.5 volt below the negatlve-supply 
terminal, an Important attribute in single-supply applica
tion •• 

A complementary-symmetry MOS (COS/MeS) tr.osi.tor
pair, capable of swinging the output vollegeto within 10 
millivolts of either suppty-vollege terminal (al very high 
VlIJues of load Impedance), Is employed as the output 
circuit. 

The CA3130 Saries circuits operate at supply vollages 
ranging from 5 to 16 volts, or ±2.5 to ±8 volts when IIsin9 
spilt suppll ... They. can be ph... compensated with a 
lingle external capaCitor, and have terminals for adjust
ment of offset voltage lor applications requiring offset-null 
capability. Terminal provisions are also made to permit 
Itroblng of the output stege. 

The CA3130 SerIes iasuppllP'l In standard 8-lead TO-~ style 
packages (T suffix), 8-lead du ... -ln-Iine lormed lead TO-5 
style "OIL-CAN" packagas (S suffix). The CA3130 is 
available In chip lorm (H suffix). The CA3130 and CA3130A 
are also available in the Mini-DIP 8-lead dual-in-line piastlc 

.....t~· 
, 	 ItU, .....·, 

~ OffSET 
~ HVll 

TOPVI!W 

S one! T Suffix.. 
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• 	 Low VIO: 2 mV max. (CA3130B) 
• 	 Wide BW: 15 MHz typo (unity-gain crossover) 
• High SR: 10 VI/lS typo (unity-gain follower) 
• High output current (/0): 20 mA typo 
• 	 High AOL: 320,000 (110 dB) typo 
• 	 Compensation with single external capacitor 

APPLICATIONS: 
• 	 Ground-referenced single-supply amplifiers 
• Fa" sample-hold amplifiers 
• Long-durelion timers/monostables 
• 	 High-input-Impedance comparators 

(Ideal interlace with dlgilal COS/MOS) 
• High-input-impedance wid.band amplifiers 
• 	 Voltage followers 

(e.g., folloWflr fo: sing/a-supply D/A 
converter) 

• 	 Voltage regulaIOta 
(permils control 01 output voltage 

down 10 zero volts) 


• 	 Peak detectors 
• Single-supply lull-wave prllClsion rectifiers 
• Photo-diodfl sensor ampliliers 

package (E suffix). All types operale over the lull military
temperature range of -SS·C to +125·C. The CA3130B I. 
intended lor applications requiring premium-grade 
specifications. The CA3130A offer. superior input 
characteristics overlhosa 01 the CA3130. 

NULL 

'''V .....' I l' v+"'''''g.".... 

INV~NrUf ) • OUTPVI' 

y- .. , O::~T 

TO" VII[ • 

.." .• .6'•• 

ESuHlx 



Linear Integrated Circuits 

CA3140, CA3140A, CA3140B Types 
. Mini-DIP 
, CA3140E{/if.

CA3140AE 
: H-1817 

Ty.... 

8-L.... T0-6 

WIth DuoI-In-Llno 

F .... modL_ 
"DIL~AN" 
IS Suffixl 

BIMOS Operational Amplifiers 

With MOS/FET Input/Bipolar Output 

FEATURES: 
• 	 MOS/FET Input Staga 

la) Very high input impedance IZ/N) - 1.5 TO typo 
Ib) Very low input current (1/1- 10 pA typo at ± 15 V 
Ic) Low input-offset voltage IV,o) - to 2 mV max. 
Id) Wide common-mode input-voltage range IV,CR)

can be swung 0.5 volt below negative supply-voltage 
rail 

H-1787 H-1528 Ie) Output swing complements input common-mode range 
If) Rugged input stage - bipolar diode protected 

The CA3140B, CA3140A, and CA3140are integrated-circuit 
operational amplifiers that combine the advantages of high
voltage PMOS transistors with high-voltage bipolar 
transistors on a single monolithic chip. Because of this 
unique combination of technologies, this device can now 
provide designers, for the first time, with the special 
performance features of the CA3130 COS/MaS operational 
amplifiers and the versatility of the 741 series of industry
standard operational arnpllflers. 
The CA3140, CA3140A, and CA3140 BiMOS operational 
amplifiers feature gate-protected MOS/FET (PMOS) 
transistors In the input circuit to provl..!e very-high-input 
impedance, very-low-input current, and high-speed 
performance. The CA3140B operates at supply voltages 
from 4 to 44 volts; the CA3140A and CA3140 from 4 to 36 
volts (either single or dual supply). These operational 
amplifiers are internally phase-compensated to achieve 
stable operation in unity-gain follower operation, and, 
additionally, have access terminals for a supplementary 
external capacitor if additional frequency roll-off is desired. 
Terminals are also provided for use in applications 
requiring input offset-voltage nulling. The use of PMOS 
field-effect transistors in the input stage results in common
mode input-voltage capability down to 0.5 volt below the 
negative-supply terminal, an important attribute for single
supply applications. The output stage uses bipolar 
transistors and includes built-in protection against damage 
from load-terminal short-circuiting to either supply-rail or 
to ground. 

The CA3140 Series has the same 8-lead terminal pin-out 
used for the "741" and other industry-standard operational 
amplifiers. They are supplied in either the standard 8-lead 
TO-5 style package (T suffix), or in the 8-lead dual-in-line 
formed-lead TO-5 style package "OIL-CAN" (S suffix). The 
CA3140 is available in Chip form (H suffix). The CA3140A. 
and CA3140 are also available in an 8-lead dual-in-Iine 

• Directly replaces industry type 741 in most applications 
• 	 Includes numerous industry operational 

amplifier categories such as general-pur
pose, FET input, wideband Ihigh slew rate) 

• 	 Operation from 4-to-44 volts 
Single or Dual supplies 

• 	 Internally compensated 
• 	 Characterized for ± 15-volt operation 

and for TTL supply systems with 
operation down to 4 volts 

• 	 Wide bandwidth - 4,5 MHz unity 
gain at ± 15 V or 30 V; 3,7 MHz at 5 V 

• 	 High voltaga-follow,r sl,w rate - 9 V//JS 
• 	 Fast s,tting time - 1.4 JJs typo 

to 10 mV with a 10-Vp_p signal 
• 	 Output swings to within 0.2 volt 

of negative supply 
• Strobable output stage 

APPLICATIONS: 
• 	 Ground-referenced single-supply amplifiers 

in automobile and portable instrumentation 
• 	 Sample and hold amplifiers 
• 	 Long-duration timers/multivibrators 

(microseconds-minutes-hours) 
• 	 Photocurrent instrumentation 
• 	 Peak detectors • Active filters 
• 	 Comparators 
• 	 Interface in 5 V TTL systems & other 

low-supply voltage systems 
• 	 All standard operational amplifier applications 
• 	 Function generators • Tone controls 
• 	 Power supplies • Portable instruments 
• 	 Intrusion alarm systems 

TOP VIEW FI.. I - FultCtionM di.,,_ of",. 
SendT_lx. CA3140_... 
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Clocks 

MM5387AA. MM53108 digital alarm clocks 
general description 
The MM5387AA, MM53108 digital alarm clocks are 
monolithic MOS integrated circuits utilizing P·channel 
low·threshold, enhancement mode and ion-lmlll':lnll!d 

depletion mode devices. They provide all the logic 
required to huild several types of clocks and timers 
with up to four display modes (time, seconds, alarm 
and sleep) to maximize circuit utility, but are specifi
cally intended for clock-radio applications. 80th devices 
will directly-drive 7·segment LED displays in either a 
12 hOll! format (3% digits' with lead-zero blanking, 
AM/PM indl(:atlon and flashing colon, or 24 hour 
form,11 (4 dUlil\) thlouQh hind-wire pin 'i~h'ction; th(' 
timekfWjlUHd 'UllctlOl1 opl~la{l!!; from t!iliwi iI 50 III 

60 H1 input, <110:;0 through pin selection. OutP~Jts consist 
01 d,,,play dl iV4!IS, steelp (Cl,g., IllTleri radio turn·off), and 
'111I11ll ,,, ...I,It'. 1\ POWI!I I.fli 11,,111:/1111111 ,notlu IS Iltllvllll'cl 

to Inform the user Qf IIlconect time dIsplay by II']slllJlg 

all "ON" digits at a 1 Hz rate, and is cancelled by 
simply resetting time. The device operates over a supply 
range of 24-26V which does not require regulation. 

The MM53108 IS electrically Identical to the 
MM5387AA, but with mirror·image pin·out to facilitate 
PC board layout when design;ng a "module" where the 
LED display and MOS chip are mounted on the same 
side; the MM5387AA is more suited for "L" shaped 
module designs (vertical LED display. horizontal com· 
POnent board). Both devices are supplied in a 40·lead 
dual·in·line package. 

block diagram 

features 
• 50 or 60 Hz operation 

• Single powm supply 

• 12 Of 24 hOUf displ.1V fnt mJI 

• AM/PM outputs } 
12 hOlll fo. mat 

• Leading·zero blanking 

• 24-hour alarm setting 

• All counters are resettable 

• Fast and slow set controls 

• Power faiiure mdication 

• Elimination of illegal limf! rhsnlilY at lurn "ON" 

• 011""f:1 IIllnrfaC:I! In LEO rllsl'l,IYS 

• 9'I1lHlulc !orl00/l~ .. limn 

• Presettdble 59-minute sleer tlmf~' 
• 1\ .... ltI,Ihlt· III ·,I,III1I'IIr1 

(MMS31OB) "",·out 

applications 
• Alarm clocks 

• Desk clocks 

• Clock radios 
• Automobile clocks 

• Stopwatches 

• Industrial docks 

t:::~"~"~"--------------------------------------~soltliler 

nlMu~~~~ ~~__________________________________---, 


_.z ,.... 

-"o~~::::::::::::::::~____~~
'ILICT 

AlUM.UT ~~--.., 

AI,.A.... ' 

_OOZI 

SLU"UT 

IlCOMOS DIS .,..!!lI:.!!"'L______________________________--I 
)1\_, 

., 0 


nfll 

kD.SlT 0----+ 


Miff 

fASf Hl. 0--0----+ 

(MMr}~lH71\1\) or milfOf IIn;lfl" 

• Portable clod,s 

• Photography timers 

• Industrial timers 

• Appliance timers 

• Sequential controllers 

TO MRS 

D'Gll 


TOIl'S 
Of •• 
DIGIT 

10 Mil" 
DIGn 

(1'2'1 

J
Va ~ Notl'!. MM53108 pin connections shown in parenthesis111111 

L-_______________~~_._O_"_"·__•________________F_IG_U_R_E_l_________________________________ 
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functional description 

A block diagram of the MMS387AA. MM53108 digit,1 
clock radio circuit is shown in Figure 1. The various 
display setting modes are listed in Table I, and Table II 
shows thn setting control functions. The following 
description is based on Figure 1 and rt:fcrs to both 
devices as they are electrically identical. 

50 or 60 Hz Input: A shaping circuit (Figure 3) is pro
vided to square the 50 or 60 Hz input. This circuit 
allows \lSI'! of .1 liltem«1 sinewolve input. Thr. circuil is i 

Schmitt trigger that is designed to provide about 6V 0 

hysteresis. A simple RC filter such as shown in Figure 7 
should be used to remove possible line-voltage tran
sients that could either cause the clock to gain time or 
damage the device. The shaper output drives a counter 
chain which performs the timekeeping function. 

50 or 60 Hz Select Input: A programmable prescale 
counter divides the input line frequency by either 
50 01 60 to ohtain il 1 Hz time base. This counter is 
programml!d to divide by 60 simply" by leaving 50/ 
60 HI s'~"~r.l IJnc:onlll'c:wd. pulhtowlI to VOD is pro 
vided by an internal depletion load. Operafion at 50 H.l 
is programmed by connecting 50/60 Hz select to VSS 

Display Mode Select Inputs: In the absence 01 any of 
these three inputs, the display dnvers present time-of 
day mimmation to the appropriate display digits. 
Illlt'IIl;,1 .11'1,1"111111 1"III·doWIl ch'VIc:r'~ ,ll1rlW U<,f! of sln1pl,' 
~PS I ::,wlldw~ 10 ~1'h:':1 1111' dl~I)I,IY IIlU' It'. It 1111111' 11',111 
one mode is selected, the prioritlc-s are <IS noted 111 

Table I. Alternate display modes are selected by apply· 
ing Vss to the appropriate pin. As shown in Figure 1 
the code converters receive time, seconds, alarm and 
sWiep information from appropriate points in the clock 
cYfcuitry. The display mode select inputs control the 

connection diagrams 
Dual-ln·Lin. P.cIt... 

.. 
.\MOUnUT l'1li OUTPUT 

lIHAS-.&c COlOII'(1 Nd " 
HAS· I 

1I 1m_ HA SEUCT 

HAS -. oc " 
"OS MIll HI snE.~'•,. 
HAS - .. MIll H, ,.,vT 

MRS -II FASlsn ...VT " II 
HRS - c ILOWSUI"'VT 

31IIns HCOII. otSnA'f IIIPUT 
10 II 

""'NS I AlAIUI DISPlAY • ...,., 

"M'NI SUE' DISPlAV I,,"'• 1\ .. " 
11..IIS - ••• v••" ..Il 


II"fIS- .. Va
,.
I.MtJlS-. SUE'OU'PUT " 15 21 
l1I1IN' -c ALA" "'OFf-'.PUT 

11 
MIJIS-I ALA_OUTPUT " 
M'.S 

,. 
saoan I..,U'• 11 " n

Mld-. DUTP"UT C_. SOUIICE 
II 2Z 

MIllS-II .... -I.. ....s .• MINS· • " 

gating of the desired data to the code converter inputs 
and ultimately (via output drivers) to the display digits. 

Time Setting InpUts: Both fast and slow setting inputs 
are provided. These inputs are applied either singly or 
in combination to obtain the control functions listed in 
Table II. Again, internal depletion pull-down devices. 
are provided; application of VSS to these pins affects 
the control function~, Note that tne control functions 
proper are dependent on the selected display mode. 
For example, a hold-time cootrol function is obtained 
by selecting seconds display and actuating the sloYl( set 
input_ As another example. the clock time may be reset 
to 12:00:00 AM, by selecting seconds display and actu· 
ating both slow and fast set inputs. 

Output Common Source Connection: All display out· 
put drivers are, open·drain devices with all sources 
common (FigurJ 4aJ, The common source Pin should 
be r.onnected to VSS. 

12 or 24 Hour Select Input: By leaving this pin uncon
IlCCICtl, the uUUkJlS 101 lh,! l1loSt'SiYlliliGIIlI ,Iisplay 
digit (1 O's of hours) are programmed to provide a 
12-hour display format. An internal depletion pull
down device is again provided_ Connecting this pin to 
VSS programs the 24·hour display format. Segment 
conr:'lections for 10's of Hours in 24-haur mode are 
shown in Figure 6. 

Power Fail Indication; II the power ttJ lhe Inluyrdh:d 
circuit drops, indicating a momentary ac pOWRr failure 
and possibie loss of clock,' all "ON" segment$ will 
flash at 1 Hz rate. A fast or slow set input' resets an 
internal power failure latch arid returns the display to 
normal. 

Ou.I-ln-Line P.1ckage .. 
NounUT AM OUTI'UT 

COLOII t1 HI) " 10 MRS -"'c 
un4 Hit SHEeT " HRS _t 

oc " HRS -, 

II HRS-'WQH,SHfC' 
n HRS.~Wl/to H,INPUT 

)4 NM-' 
II 

SLOW SET ,.,UT HRS- c 

FAST SET INtUT 

SICONo D'SPLAY IIIPUT " NRS-I 
It 

"LAU DISPlAY 'II'UT 

si.n, DISPlAY''''' 

" 
1\ 

,....-...v•• 
II 

21 " .... -11Va 
It 11 "MlItS-.SLU'OUmir 

aALA_ "OFF-IIfPUT ,••ItIS-1 

n- "._1AU..OutPUT 
M .... _,

SIIoaZlI_UT " ·It D .._.aUT"" c.,....IOUIICI 
II Z2 .IS-II 
II 

Mnu; - II --. 
" " 

" ...-. 
TOf VIIW T"VlIW 

Order Number MM5387AAN 
See PKk... 24 

0..010< Nu_MMli3101N
s..,......24 

FIGURE 2101. MM5387AA FIGURE 21bl. _1111 CMI..... Imago p;...outl 
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r------------------------------------- 
functional description (Continued) 

Alarm Operation and Output: The alarm comparator 
(Figure 1) senses coincidence between the alarm count· 
ers (the alarm setting) and the time counters (real time). 
The comparator output is used to set a latch in the 
alarm and sleep ('ircuits. The latch output cnahtes the 
alarm output driver (Figure 4b) which is used to 
control the external alarm sound generator. The alarm 
ratcfl remains set for 59 minutes, during which the alarm 
will therefore sound if the latch output is not- tempor
arily inhibited by another latch set by the snooze alarm 
input or reset by the alarm "OFF" input. 

Snooze Alarm Input: Momentarily connecting snooze 
to Vss inhibits the alarm output for between 8 and 9 
minutes. after which the alarm will again be sounded. 
This input is pulled-down to VOO by an internal deple· 
tion device. The snooze alarm feature may be repeatedly 
used during the 59 minutes in which the alarm latch 
remains set. 

Alarm "OFF" Input: Momenta! ily COI)lwcting alarm 
"OFF" to Vss resets the alarm latch and thereby 

VD. 

silences. the alarm. This input is also returned to VOO by 
an internal deple.tion device. The momer.tary alarm 
"OFF" input also readies the alarm latch for the next 
comparator oV.l,sut. and the alarm will automatically 
sound again in 24 hours (or at a new alarm slHting). 
If it is desired to silence the alarm for a .day or more, 
the alarm "OF F" input should remain at VSS. 

Sleep Timer and Output; The sleep output can be used 
to turn "OF F " a radio after a desired time interval of up 
to 59 minutes. The lime interval is. chosen by selecting 
the sleep display mode, (Table I) and setting the desired 
time interval (Table II). This automatically results in a 
current·souq:e output which can be used to turn "ON" a 
radio (or other appliance). When the sleep counter. 
which counts downwards. reaches 00 minutes, a latch 
is reset and the sleep output current drive is removed, 
thereby turning "OFF" the radio, This turn "OFF" 
may also be manually controlled Cat any time in the 
countdown) by a momentary VSS conner-tion to the 
SnOOLC input. The output circuitry is the same as the 
other outputs (Figure 4b). 

v,. 
FIGURE 3,50/60 Hr Input ShapinG Circuit 

v,. 

AU.. OR SUE' >--Ic..... SOURCE IUS ..... ~COMPARATOR
V,. 

QU.,t" 

>-t ~ 
DIITPUT 

lonlDKAII, 


VDO 

FIGURE 01'.,. s.,ment OutpuU FIGURE 41bl. A*m and $1_ Outpu.. 
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52 functional' description
CO) 
II) 

:E 
:E 

·SELECTED 
DISPLAY MODE 

1,11", I)I\' ....V 

~l,"ulllk UI\I,I.1Y 

AlII'm Displ.v 

Slft~l) OI\III .. V 

(Conlin,,,,d) 

DIGIT NO. , DIGIT NO, 2 DIGIT NO. 3 OIGITND.4 

10', 1,1 HUlin" AM/PM Hunn 10'\ 01 Mlnilin Minut"-

UlinklM' Mlllutt·, 10', HI :~'n",k :iI",:,""', 
10's of Houri & AMIPM Hours 10', 01 Minutes Minul., 

Rlank"rl Blanked 10's of Minvte, """ .. 
-'II IIlllltl 1111111 HIll' .t"'III"V IllU.Ia'IIII""I'1•.{.j',lhlH'l. Ihlt ,II\IIIIIV IlrunlllU~,.II" III Ih...)uta, ... , Sf-II (UWI·'H..... 

,."",hn,.1, ""illll, ~; ... , .... I•. Ilu._llltI"II,,>I IIIIICh. , ..Ip, lcolli 

fAm F II. MMliJlI7AA. MMn:noa s.tUnq CO,:,tffll Function. 


'--~S-E-L-t~CT-E-D-----'-CON--T-A-O-L--r---------------- - --,-- -- ---

DISPLAY MODE INPUT CONTRDL FUIt!CTION 


• fune 
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Ser:nncb 

Sluw Mmulct. Ad,,"nD! 011 I H" Rate 

, Fa,. MtiluleS Adv.nce .t 60 Hz Rate 


1I,olh Mmuh'\, "!.IV.IIK:" .11 00 ttl n,ll!' 


Slow 

F"u Alarm M.inutes Advance It 60 HI ~i1le 


Both AI,rm Ae.ef,",O 12:00AM (MidntPl) 02·Houf Format) 

Both AI.,m Aeseu 10 00:00 C24·Hour Form". 


Stow hlf)lll IU Entnl! TIAW Count" .s Inhibited IHoId) 

1 ..101 S.·t:oud......d 10'\ of Second\ Revt In Z ..ro WithouT 


tI Colli V 10 MlnUll'\ 

1t..If, IlIlwll'·"'hllll'JIJelnnAMIMlChIH,hIIJI']"'Hfll"IIIl.1 

Huth. 11,,11' If!Hets lulXI.lX),iN) (7" 114J"~ t 111""'111 

Slow Sub,rleU Count .t 2 Hz 

Fast Subtrac:u Count at 60 Hz 

BOlh SubirlCu Counl II 80 Ht 


·When selling time sleep minutes will decrement ., ,ate of time count.r, until the steep 

counter ,eaches C?O minutes (sIeep'counter will not .-.cycle). 


10 

I7VII' rct' PM 
VDD-' ./ H_"I 

. A OUTPUT
7 AM to....~ >--V- -- r- - 

tt-
" 1 rf-:

- ..  -

• 
I 

• 
lH, ,'HRllla, SUE' 

DISPLAY

" OUTPUT IDRAIIJ"VOLTAlE Inow Va Switch A mutt be Qlnged with Sleep displlY as mown, 

FIGURE 5. Typical Output Current FIGUR E 6. 24.IHour ()per""'n: 
Cb.rect..i,tia of MM5387AA. MM53108 10', of Hours Dilit Connections 
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____ 

typical applications 

f"isJ(lr,' u, a sd,.!l11ntu: diilYjUIl1 01 i' gelle1al pUtlxne alallH duck clfellit (12-huur I1HHJe) using the MM538JAA or 
MM~"-'08 and a 3 112·digit LED display. 

'fl 12-'1-'."· &~-.:'I'0 " . , COloa.- -; 

r-~-j-- -1 
z 'I.".... : 

1 1ft .. , I 
I "'J" I 
L_:.~ J 

FIGURE 7 
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Calculators I 

MM5734 8-function accumulating memory calculator 

general description 

Thf' Slll~lle'c:llip MM5734 cdlcul"IOI W,I\ d,'vt'lopl'clllSII1H 
.1 IHI'I,II.,.II., ,. t'tl,IIIIII'II"lh,IIH "'111'111,1111111"111,'111111 '111t11!

MOSII ~;I 1('llll1ulo~IV willi .. p'lIlI,lIy 01111" I III l'lw "lui 

~rodu(;t cosC A compferc cdlculutor il~ shoWIi HI Figuft' , 
requires only the MM5734 calculator ChiP, In KY matrix 
k~yboa"I. an NSA 1198 0' NSA 1298 LED dISplay and a 
9V balle,y. 

Kcyho'il Ii dccodlll~1 ,lncl k(~V dchmmcc circUItry. all 
d\II'''~ ,lIul 11I1I111C1 !J1'1l1",It(H\. POW"IOII 1"11'.11, .lIul 7 
"cgl1lCIiI UUl~UL dl~pl .. y (h!l:I..H.JII'U .lIt' IIll:ludcd WI dllp. 

and require no external components. Segments and digits 

call usually be driven dlrectly hom the MM5734, as the 
segments tyolcally S(\lJl CP 8 mA of pC\lk current and the 
digit drivers ~lOk 20 mA IllIII 

Ll'.tdlll~J ICIO <,u !J!JI eS~lon ,tIld ,I floJtll1~ negative slqn 

.d!(IW cOIlVI'llll~1l1 H'ddmq of Ill(' dl<;pl"y and Corherve 

pow.,. til" MM!)/:V1 1\ \:.11'.11110' 01 "1~1I\1I111 •• IIIW "dlll'IY 

vulLHjl' .1I1t1 1I1(1t(:.lh!~ 111I~ Ily tll~pl.IYIlItI .I tll·clln,.1 pU1Il1 

III dl(111 {·llIhl. Up tu 8·dlnlls to! PlhIIIVI' Illll1ll)l'r~ ~lIld 7 
1111 IU'q.IIIV" 1111111111'1' ,',III I ... dl·.pltlVl'd. 'Nilh 1111' III·CI.IIIVI· 

"1~11l dl...pl,IYI'tllli lilt' Hlh po.. IIIOII. I VII.. ",II UIIII'tll,II,11I1 

of J (;ornplct~ cdlculalOl displuYlIlU ilvc "5'!." IS 25 mA. 

cflnnection diagram 

OU;lI-ln-Llne P.ck~ 

" O' 

" 01 

II "' 
" 
" o. Pin DescriPtion 

Tlw MM5734 IS CJp.lIJIc of ciccocling a kcyLJoard matrix 
.... ',hown "' F/Uilri' 1 Thlt~p posslhle lluHld...In! shown 
III I II/IJI(· :' , Ifllllf· ~'(I) dlu'.II.II,", ,I 1",'vlltI.ltd ..1:111.'1&11' 

wlue.:ll Iln.lude:. oJ! ti IUIll';UUII~ will, uilly lJ k.ey!! by 
using a function" key (F). 

features 

• 8 diGit, (7-negative). capacity 

• H 1IIIICIICllI<; (I, -. X. • X/. JX. lIX. 'X.) 

• COI'velm~IIL ,dyehlull: 11OIo6llUII 

• Fully protected accumulating memory M-) 

• Automatic constant independent of memory 

• Floiltll1g 1I1put/fioating output 

• Power"on clear

• On"chlp oscillator· 

• Dlf(!cl 9V hattery compatihility 

• tJlfI'C: digit drive 01 LED dlsJ.)lay 

• low ("osl X Y kr'yhoilld IIM1ux 

• RcqUlrc~ 110 cKterno6l compOllCllls 

keyboard outline 

cs' %' O." 
x" u· OJ" 

Mo' M ' .. 01 

I/X· M.' M" " O' 

IIX X' O' 
KI K4 Keyho.lld Illpub 

x O'Il '00 	 IN1.IN2 Gener.)1 PUlpose Inputs 

OSC P. (I!I( .umniltlh! .Il; 
 - OJ 

E)Ctmn<)IOSClllill0r " 
" S. 01 09 DIYlt Outputs 	 + II> 

Sn·" S9 
lO S, 

" 
SOP 

Nt 
a 

" S, VOO 
VSS 

II 

.. ~" 

" 
vss 14 I!. +--INlI.-.____...J 

TO' VIEW 

Ord.r Number MMS734N 
S-Packqe23 

Segment Outputs C .,
Oecunal POint Segment Cf 

Output X' Kl X. XI 

General PUlpose Output "Double Function Key
-9 Volts 
OVol1S 
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functional description 
The MM5734 is d calculator cllIP which contains. fl'lIf! The MM5734 performs !he X ...nd 
data registers: (1) entry, {2} accumulator, (3) 2 working functtons uSlllg alyebralc not(JltOIl Thts requH~s thl:: use 
and (4) memory, each consisting of 8 digits. sign. and of a mode register and a termmate flay. The mode 
decimal point. The entry register is alway! displayed. It register directs the machine to the proper function (add, 
contains digit entries from the keyboard, and results of all subtract, multiply or divide) with each new key entry. 
functions except M+ and M-. The accumulator is used in After the function has been performed, the key entered 
all arittlmetic functions and stores a copy of the en try is used to modify the mode register 
register on all results. This allows another number to he 
entered without losing an intermediate result. Multiply 
and divide requires three registers to perform the function 
and save the divisor, or multiplier. The working register The terminate flag is set on ":" and sometimes on "%" 

and "C." This signifies the end of the problem. Tht!is provided to perform these functions in conjunction 
MM5734 allows for full floating entries and intermediatewith the entry and ~cumulator registers. A second 

working register is used to store the constant in chain results. 


operations while performing X2 or l/X. This allows 

,-=hain operation uSing X2, l/X and Vx. 


If tht' lermin,Hc Ilay is set, a "I," "-," "X" or "-:-" key 
The memory reginer is used only to store a number to be signals the beginning of a new problem. Thi: number 
used later. It is fully protecteo dwing all operati'1ns, being rlisplayed I!O copied into the accumulator register 
itllel 1!Io nilly muchfu." hy 111'1111".'.11111 a "MS." "MI." 01 .lIul ItH' !flodl' "'lIi .. 11'1 ;'..... 'H11f' .. thl! lIlode of Iho key 
"M "key. PUWI~t -UII dealS ... 11 01 the It:yu,tcl~ IIldudltly I:HIt:II:d. I he 11"1111111,11,: I1i1U I~ ,llwflY'" IU)III IJY IIIIl "I." 

the memory register, "-," "X" and ".;.." keys. 

. 

RErl" 
o. s, $, S. s~ s~ s., S, s, 0'"..1"\,,., S, 

" '.. I, ~ HSAlln" MIlIUM I" 'os 
------!! 11,-r '''!'''''''''''''''''''''''' 

UI 01 UJ 114 U:. UII 
ON UII· 

Ul U. .'\ I 

~ ~.... 
.,,,..... \

II.ns 

~ ~ ~ k 
~ ~ ~~ 

~ ~ 


~~ N N 

~~~~ 


~ ~ 

FIGURE tAo Complet. Calculator Schematic 

.. ., .,
h~'" ".,," ~." . 
N: .. .. ~~I ~ 

M- + ., ......1--"'*--"00+-.....:.-., 

FIGURE 11bl. Optional K*VS FIGURE He'. Optional K-vs 
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OPERATION IN THE ADD AND SUBTRACT MODE 

.,
L......L-..L......L.....I 

, I I • 
5 03• • 

I 3 + 
c .,
Cf • = 

FIGURE 2 

If the terminate flag is set. an "=" key will result in a 
" constant add/subtract. The number in the aC&Umulator 

will be added to (or subtracted from' the number being 
displayed. The result is right·justified and displayed in 
the entry register. Accumulator and mode registers are 
not altered. allowing for constant operations. 

If the terminate flag is not set and a number has been 
entered from the keyboard, or memory register, a "+." 
"-." "X,., or "+.' key will result in an addition or sub
traction. The entry register will be added to or subtracled 

. 	from the accumulator and the new Tunning total will be 
displayid in the entry register and COpied into· the 
.:cumulator raul.tnr. Tho moc1n witl hn ;tltftrnfl acr.nulinu 
to which key is entered. 

If the terminate flag is not set, and a number has not 
been entered from the keyboard, or memory. , .,,+:
"-." "X," ";" kc!V will only. chillHI': Itll! modo u!gister 
to thD new key entry. 

I·f lhe terminate flag is nol sel. an ..... key will add/ 
,uhttlN" th",ult"hpi hpillu tliflpIAv,.,lln/llfll1, lit.. 11111111111' 
ill lha dCCUfHuldtUI 'aUh,IIt" I I tel 1It II 1111111 hahlU "hph'Vltl! 

if transferred to the accumulator, and the result of the 
operation is displayed in the entry register, The terminate 
flag is set. conditioning the calculator for constant. add/ 
subtract operation. The number being displayed previo(Js 
to the ":" key is stored in the accumulatqr as the 
censtant. 

Operation of the "'l(," key in add/subtract mode. with 
the terminlte flag resel. will multiply Ih. accumulator 
by the last entrv. divide the result by loo:and display it 
in the entry register. The mode register remains as it 
was in the add/subtract mode. All of the above--is reo 
quired to perform the percent add on or discount 
problems. Depression of an ""," key after the "%'" key 
will either tax or discount the original number as a 
function of the mode register and the last entry, 

Operation of the "'l(," key in add/subtract mode. with 
the terminate flag set. will shift the decimal poinl of the 
number being displayed two places to the left and copy 
it into, the accumulator register. The mode is set to 
mUltiply and the terminate flag remains set. 

645 

o,ention in \he Multiply Mode 

If the terminlt. flag is set. an "." key will result in a 
constant multiply operation. The number being displayed 
is ;""ltiplied by tile constant stored in the accumulator 
register. The result is displayed in the entry register and 
the accumulator and mode registers are not Iitered. 
allowing for constant ope~ation. Repeated depressions of 
the ..... key can be used to raise a number to an integer 
power. i.e .• "C." "C." "5.2." "X." ...... "••" ".," 
computes 5.2". 

The constant in multiplication. IS well .. in addition. 
subtraction and division is the list numbe" entered. For 
the sequence: "C." "C." "3." "+." "4." "X." "2." 
"=" the constlnt multiplier for future problems is 2. 

If the terminate flag is not set, an "." key will signal 
the end 01 a problom. The number in the display will be 
multiplied by the contents of the accumulator, and the 
results will be displayed in the entry register. Tho number 
previously in the entry register is stored in the accumu
lator register and the terminate flag is set. 

If the terininate flag is not set, and a number has been 
entered from the keyboard or memory register. a "+." 
"-," /IX" or "7" key will result in a multiplication. 
The number being displayed will be multiplied by the 
number residing in the accumulator register. The result 
will be copied into the accumulator and displayad in the 
entry register. The mode register'is updated IS a fUf'ction 
of the key depressed. 

Operation of the ..,," key while in multiply mode looks 
exactly the same as an ":" key except the decimal pcint 
uf Ihe "I"I~IIV I,. ,hifll1d Iwu positions 10 ,hit loft ,"",for.. 
the ~Itiplication takes place, 

Operation in the Divid. Mode 

If th(! It!rminalc flag i!i set, an ..~ .. key will fMUft in 
constant divide Olln,~ti()Il, The number being displayed 
is dividud bV rhl! C(JIISIlIllI stororl in ,hu accumulator 
register. The accumulator and mode registers are not 
At,.. pd Aliowil1Q fOI r;PlIo;I9f11 0IJP,aHonll;, npIMt"I..d rlp 
PUllt"UUlI! If' Illn "-" "elv wfll.ellIoull tu 1ltllGdllt,I.livlltlulilt 

bV the constant. Thus, it is poSSible to raise a number to 
a negative power using the sequence "C," "C," "1," 
"c,," ..No.... "~." "=." etc. 

If the terminate flag is not set. an ..... key will signal 
the end of a problem. The number in the Iccumulator 
register will be divided by the number being displayed. 
The result is transferred to the entry register and dis· 
played. The terminale flag is sel and the divisor is stored 
in the accumulator register. 

If the terminate flag is not set, a "+," "-," "Xl' or "+" 
key will result in a division. The number in the-accumu
lator register will be \ divided by the number being 
displayed. The results are displayed in the entry register, 
and a copy of the result i'$ stored in the accumulator. The 
mode register is modi fied to reflect the latest key entry. 

Operation of the "'l(," key while in divide mode looks 
exactly the same as the "=" key, except the decimal 
pcint of the display is shifted two positions to the left 
before division takes place. 
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Electronic Telephone 

The Complete Electronic 
Telephone Circuit 
MC34010/11A - TA = -20· to +60·C, Case 711, 777 

TIla conventional transformer-driven telephone handset 
is undergoing major innovations. The bulky transformer is 
disappearing. So are many of its discrete components, 
including the familiar telephone bell. They are being 
replaced with integrated circuits that perform all the major 
handset functions simply, reliably and inexpensively ... 
functions such as 2-to-4 wire conversion, DTMF dialing, 
tone ringing, and a variety of related activities. 

The culmination of these capabilhies is tha Electronic 
Telephone Circuit, the MC3401 0/11 A. These IC's place all 
of the above mentioned functions on a single monolithic 
chili· 

These telephone circuits utilize advanced bipolar linear 
(l2L) technology and provide all tha necessary elements of 
a modem tone-dialing telephone. The MC3401 0 even incor
porates an MPU interface circuit for the inclusion of auto
matic dialing in tha final system. 

Hook Switch 
r----7 

I 
I 

I 
I 

Ring 

Features 
• 	 Provides All Basic Telephone Functions, IncludIng DTMF 

Dialer. Tone Ringer, Speech Network and line Vollage 
Regulator 

• 	 DTMF Generator Uses Low-Cost Ceramic Resonator with 
Accurate Frequency Synthesis Technique 

• 	 Tone Ringer Drives Piezoelectric Transducer and Satis
fies EIA-470 Requirements 

• 	 Speech Network Prpvides Two-Four Wire Conversk>n 
with Adjustable Sidetone UtiliZIng an Electret Transmitter 

• 	 On-Chip Regulator Insures Stable Operatoon Over W,de 
Range of Loop Lengths 

• 	 12L Technology Provides Low t .4 Volt Operation and High 
Static Discharge Immunity 

• 	 MC34010P Provides Microprocessor Interface Port tor 
Automatic Dialing Features 
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Tone Ringers 

The MC34012 and MC34017 Tone Ringers are designed 
to replace the bulky bell assembly of a telephone, while 
providing the same function and perfonnance under a vari
ety of conditions, The operational requirements spelled OUt 
by the FCC and the EIA, simply stated, are that a ringer 

MC34012 - T A = - 20° to + sooC, Case 626, 751 

"1 Cl
T. >-_,*""~=-._., 

C2 

circuit MUST function when a ringing signal is provided, and 
MUST NOT ring when othersignals (speech. dialingsignals. 
noise) are on the line, The MC34012 series and the 
MC34017 series were designed to meet those 
requirements, 

C3 

R3 C4 

I 
I 

~--- ---- _F~_;;;~~-fJ--___ J 


• 	 Complete Telephone Bell Replacement Circuit with 
Minimum External Components 

• 	 On-Chip Diode Bridge and Transient Protection 

• 	 Direct Drive for Piezoelectric Transducers 

• 	 Base Frequency Options - MC34012-1: 1,0 kHz 
MC34012-2: 2,0 kHz 
MC34012-3: 500 Hz 

MC34017 - TA = -20°10 +sooC, Case 626,751 

• 	 Push Pull Output Stage for Greater Output Power 
Capability (MC34017) 

• 	 Base Frequency Options - MC34017 -1: 1 ,0 kHz 
MC34017-2: 2.0 kHz 
MC34017-3: 500 Hz 

• 	 Input Impedance Signature Meels Bell and EIA 
Standards 

• 	 Rejects Rotary Diaf Transients 

QCA 
--------.,
N 	 I 


I 

I 

I 


i l 
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Linear Products 

DESCRIPTION 

1 ho f'C~ U200 IS a CMOS 1I,IUYlUlul! 

circuit for generating good quality 

speech from digital code with" a program

mable bit rate, The circuit is primarily 

Intended lor applications in microproces

sor controlled systems. where the 

speech code 1$ stored separately. 


ORDERING INFORMATION 

PCF8200 
CMOS Male/Female Speech 
Synthesizer 
Objective Speclflcstlon 

FEATURES 	 PIN CONFIGURATION 

• Male 	and female epe.ch with 
good quality 

• Speech-band from 0 to 5kHz 
• 	Bit rale between 455 blte/second 

and 454S blt,s/aecond 

• Programmable frame durallon 
• Programmable apeaklng apeed 

• CMOS technology 
• 	Operating lemperalure range -40 

10 +8S"C 

• Single 5V 	 .upply with low pow.r 
consumption and pow.r-down 
sland-by mode 

• 	 Inlerl.ce.....Iy wfth moat 
popul.r mlcrocomput.rs and 
mlcroproce.sors through I-bit 
parall.1 bua or rOc bua 

• 	Software r.adabl. atatua word 
(parallef bus or I'C bua) 

• BUSY -slgnar 	and REON-algnal 
hardware r.adabl. 

• 	 Inlernal row-p... fllt.r and II-bit 
01A convert.r 

APPLICA TrONS 
• Telecommunlcatlona 

• Video games 
• Aids lor the handicapped 

• Industrial control equipment 

• Automotive 
• Irrigation systems 

r---- DESC__R_IPT__IO_N________+-T_E_M_P_E_R_A_T_UR_E__R_A_N_G_E-+__________~ 
124-Pln Plasllc DIP (SOT-lOlA) -40'C to ~05'C, _________••._---''-____-'-__L.________________--'-____________-' 
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FEATURES 
• 	 TIMING FROM MICROSECONDS 

THROUGH HOURS 
• 	 OPERATES IN BOTH ASTABLE 'AND 

MONOSTABLE MODES 
• ADJUST ABLE DUTY CYCLE 
• 	 HIGH CURRENT OUTPUT CAN SOURCE 

OR SWlK200mA 
• OUTPUT CAN DRIVE TTL 
• 	 TEMPERATURE STABILITY OF 0._ 

PER"C 
• NORMALLY ON AND NORMALLY OFF 

OUTPUT ' 

APPLICATIONS 
PRECISION TIMING 
PULSE GENERATION 
SEQUEN11AL TIMING 
TIME DELAY GENERATION 
PULSE WIDTH MODULATION 
PULSE POSITION MODULATION 
MlSSWIG PULSE DETECTOR 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION 

FPACKAOE 

ABSOLUTE MAXIMUM RATINGS 
S~oIIlIge 

+18V 
NE555 +18V 

-Diooipdon 800mW 
~NE T__ 

N'El5s O'C II> +7O'C 
SE555 -ssoc II> +125"C
~T__ 

-M'C to +1!!O'Ct.e":"'__ 
(~.80_) +3OO"C 

IEIIH. T. Y'NHIII-F. T. V 

TPACKAGE 

YPACKAGE 

TO"G~." I I O.SCMA"Cl1"OOUNOo'-« 

Ou'''ul J • '""(s,,,o<o 

'U_SI1 • • COIiII","Ol 

Vl")l,,o.Gf 


BLOCK DIAGRAM 
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FEATURES 
• 	 TIMING FROM MICROSECONDS TO 

HOURS 
• REPLACES TWO 115 TIMERS 
• 	 OPERATES IN BOTH ASTABLE. 

MONOSTAaLE, TIME DELAY MODES 
• HIGH OUTPUT CURRENT 
• ADJUSTABLE DUTY CYCLE 
• TTL COMPAnaLE 
• 	 TEMPERATURE STABIUTY OF 0.005% 

PER"C 

ABSOLUTE MAXIMUM RATIONS 
sum~ollllge +18V 

NE556 +16V 
Power OIooipalion 600rnW 
O~aling Temperature 

N~56 

APPLICATIONS 
PRECISION TIMING 
SEQUENTIAL TIMING 
PULSE SHAPING 
PULSE GENERATOR 
MISSING PULSE DETECTOR 
TONE BURST GENERATOR 
~ULSE WIOl1I MODULATION 
TIlliE DELAY GENERATOR 
FREQUENCY DMSION 
INDUSTRIAL CONTROLS 
PULSE POSITION MODULATION 
APPLIANCE TIMING 
TRAFFIC LIGHT CONTROL 
TOUCH TONE ENCODER 

_55~":O+~~ BLOCK DIAGRAM 
SE556C -55'C 10 +125'C 
SE556 

PIN CONFIGURATION 
A PACKAGE 

Storage Temperature 	 r-------------~------------~.«
-65"C 10 +15O"CLe~'':.mperature • 

(_"11,60 sec) +3OO"C 

EQUIVALENT ClHCUIT (SI'IOWN FOR ONE CIRCUIT ONLY) 
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Three Terminal Positive Regulators 

SG7800AI7800ACI7800/7800c/140/240/340 

DESCRIPTION 

The SG7800Al7800/140 series 01 posiliv. regulators oller self 
contained, fixed-voltage capability with up to 15 amps 01 load cur
rent and input voltages up to 50 IIOlts. (SG7800A serl8S only) 

These units feature a unique on-chip trimming system to set the 

~~'%=S~~:~~~~;;~'=':1~: :7=800-=ri 
series. The SG7800A versiOns also oller much Improved line and 
!oed reguiation charactenstics. 

All protective featurtSs of thermal shutdown. current limiting. and 
safe-area control have been designed into these units and since 
these regulators require only a small output capaCitor for satisfac- 1----------------------1 
Iofy perfonnarn;e, ease 01 application is assured. 

Although designed as fixed-voltage regulators. the output voltage 
can be increased through the uoa 01 a SllllPIa voltage divider. The 
low qui9SC8nl drain curren' 01 the devtce- InlUres good regulatIOn 
when thiS method is used. 

Product is available in hermetically _led TO-3, To-39 and TO-66 
power packages as wall as the plastic T0-22O package. 

SIMPLIFIED SCHEMATIC 

"""""" CONNECTION DIAGRAMS TOP VtEWS 

FEATURES 

• OuipulYolUg.... fnternllllyto ±1.5'%onSG7800A 

• Input voltage reng. to 50 volt. max. on SG7800A 

• Two vol! input-output dillerential 

• Excellen' line and 10Id regulation 
• Foldbeck current limiting 
• The""., ovorIood protection 

• 	 VoltogM ...lIabie _ 5V, 6V, av, 12V, 15V, 18V. 
2OV. 24V 

ABSOLUTE MAXIMUM RATINGS 

Device 
Output 
VOH. 

5V 
6V 
8V 

12V 
1SV 
lev 

20V 

24V 

_ _ Input V...,..
Input 

Input v-. (Output . v ....... 
(_r.llng) (_I" to grounel) 

35V 5IJII 35V 
35V SOY 35V 
35V SOY 35V 
35V SOY 35V 
35V SOY 35V 
35V 5IJII 35V 
35V 5IJII 35V 
40V SOY 35V 
• see note next page 

Opomtng Junc:tlon T--''' FIongo 
5G7IOOAI7IIOO"40 -ss-c to +1WC 
SG240 ere to +1SO'"C 
5G71OOAC/71GOC1340 O"C to + I 25"(; 

~T.........,.... A._ -ere to +15CrC 
Typk:el_~C_Ic. 

2S·CC... 
RatodPowor 

25'C_ 
Rated Pa-

DesIgn Currenl 

Therm. RaIl. 	 9JC ('CIW) 
9JA('CIW) 

'JlONTVIEW 

1 - IftPIoIl 

2 - Output 

3 - GrtMtftdTab - G,__ 

20W 15W 1SW m 

4.3W 3.OW 2.OW I.OW 

t SA I.SA 1.OA O.SA 

3.0 5.0 3.0 IS 
35 40 60 120 

CHIP LAYOUT 
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. Three Terminal Positive Regulators· 
SG7800A/7800AC/7800/780OC/140/240/340 

CHARACTERISTIC CuRVES 

PEAK OUTPUT CURRENl ."•. IHPUT.()CJTPUT OtFFERENTIAl MINIMUM INPUT~Ul1'UT VOLTAOE ft. LOAD CURRENT 

-1 

... ft,.'''"''' Qnty 

"~.--.. 

loed Cunwnt • Amp. 

RIPPLE A£JECTlOH va.. FREQUENCY 

..~ --I
'J 

-M 

Frequency· Hef1z Junction Tempw8tUN - ..c 

Note: Operation at hIgh Input voltages IS dependent upon lOad current When IoaO current IS tess than 5 mA. output will nse out 01 regula
tIOn as Input-output d,tt.renhal tncreases beyond 30 voltS Note also from curve above. that ma..umum lOad current IS reduced at high volt
ages The 50 volt Input ra,JOg of the SG7800A senes r.r.rs 10 ability to wtthsland h.gh line Of tranSient condlttOnS WIthout damage Sinee 
the regulato( 5 maximum current capabdlfy .s reduced, the output may fall out 01 regulatIOn al high Input \'01la1]85 under nominal loadIng 

APPLICATIONS 

FIXED OUTPUT REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE 

, IGnu'W~' 
1 

,u •• T-" 
"tlWClII(ASI"'IG V"lUI O. ou'""r C....,. ...CITOII 

'_IlOV(s nSf(. HIANSltNl JlESI'OOotSf 


"'fOUIJlfO ONLY " "fGU~A'O" IS ~OC,,1(O " .. 

...IIIC.Aa",f DlSTACI 'flOII"OwfllSU"l" "l '11'1 


AOJUSTABLE OUTPUT REGULATOR, 7 10 30 VOLTS 
HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTEO 
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3 Amp, 5 Volt Positive Regulator 

SG123/SG223/SG323 
DlKription 
The 00123 IS a three terminal, three amp, fi..... volt 
relulator similar to the LM123 but with a special low 
voltage zener Instead of the band lap reference. The SG123 
has superior load regulation, lower input·output different.al 
mmimums, lower qUiescent current, and better temperature 
coefficient. The Circuit IS speCified identically to the 
LM 123 and IS pin for pm compatible with that device. 
The SG123 uses special processing techniques to achieve 
reliable operation at high temperatures and hilh current 
levels for extended peflods of time. 

The SGl23 has been deSigned for ease of operation as well 
as performance. It IS completely Internally phase 
compensated. and requires no external capacitors unless 
used with long lead lengths or high speed trani!tlents. 
The device is protected by thermal shutdown, standard 
current IImitlne, and an Instantaneous power limitinl 
CIrCUit senSitive to high input voltages. In additton, the 
power transIstor is an upgrade of prevIous three terminal 
deSigns and is unusually runed. 

OperatIon IS guarant'eed over the Junction temperature 
range of 55°C to -I- lS0cC. The SG223 is a similar 
deVIce guaranteed to operate from - 25°C to + 150°C. 
The SG323 IS guaranteed over the junction temperature 
range of QaC to ' 12SoC. 

CONNECTION DIAGRAM CHIP LAYOUT 

TOP VIEW 
K~P'Ck.g. 

TO-3 

Eltetrical Characteristiel (Note 1) 

PARAMETER CONDITIONS 

T ~ 25°C 
Output Voltale 

V '" 7.5V. I = 0 

7.5V < V < lSY 
Output VoIt'lI o < 1< 3A;-P < 30W 

T _ 25°C 
Line Regulahon (Note 2) 7.5V < V < lSV 

T = 25'C. V ~ 7.5V 
load Relulahon (Note 2) 0<1<3A 

7.5V < V < 15V,
QUIescent Curr.nt 0< 1<:3A 

T = 25°C 
Short Circuit Current limit V = 15V 

Y = 7.5Y 


Lonl Term Stability 


Thermal ReSistance Junction 

to Case (Notf' 3) 


features 
• 3A Output Current. 
• Full Intern.1 Protection 
• 7.0 V Minimum Input Voltale, Typical 
• Zener Reference for Top Performance 

scHE.... ne 

Absolut. Muimum R.tinp 

Input Voltage 20V 
Power DiSSipation Internally Limited 
Operating Junction Temperature Ranee 

SGl23 -SSoC to +150°C 
SG223 - 25°C to + ISO°C 
SG323 O°C to + 125°C 

Storage Temperature Ranle - 65°C to .. IS0°C 
lead Temperature (Soldeflng, 10 sec) 300°C 

SG123,SG223 SG323 

UNITS 


MIN TYP MAX MIN TYP MAX 

4.7 5 5.3 4.8 5 5.2 V 

4.6 5.4 4.75 5.25 V 

5 25 5 ' 25 mV 
II 

25 100 25 100 mV 

12 20 12 20 mA 

3 5.0 3 5.0 A 
4 5.5 4 5.5 A 

35 35 mY 

2 2 °C/W 

Note 1: Unless otherWise noted, speclflC.tlons apply for 55 C'C < T < -+ 1S0' C for the SG123. 2S"C ~ T ~ ~ ISO C 
for the SG223, and 0 - < T <: ,125 C tor the SGl23 Specifications apply tor P < lOW. 

Note 2: load and line regulation are specified With hllh speed tests In order to separate their effects from temperature 
coeffiCient Pulse testtnlls required With a pulse width < 1 m 5 and a duty cycle < 5% 

..... 3: The lunctlon to amblen~ thermal resistance o-f the TO-3 paella.. ,s about 35°C W 
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General-Purpose Positive Regulator 

SG723/723C 

This regulator is designed for use with either positive or negative 
supplies as a series, shunt, switching, or floating regulator with currents 
up to 150mA. Higher current requirements may be accommodated 
through the use of externll NPN or PNP power transistorL 

• POlitive or .....tiv. supply operation 
• 0.03% Ii.,. and load 'quletion 
• Output adjUltab" from 2 to :rrV 
• Low rtandby cu,rent drain 

• O.oo2%f'c ave'. tamperatur. v.tatton 

PARAMETERS 723' 723C' UNITS 

Operating Temperature Range -5510 +125 oto +70 OC 

PeekllOlTVpel T-, J T·,J,N 
Input Voh. R.nge 9.5 to 50 9.5 to 50 V 

Output Volt.,. Ringe 2.0 to 37 2.0 to 37 V 

Input/Output Differential 3.0 to 38 3.010 38 V 

Load R t9J lat Ion2 .3 O. t5 0.2 %V""t 
Ltne Regulation Vrn'" 12 to 40V 0.2 0.5 "'Vout 
RIpple Rejection C,ef" 5~F; f '" SOHz 10 10KHz 86ltyp) 86 (ll/p) dB 

Reference Voltage 6.95 - 7.35 6.80 - 1.50 V 

Temperature Stability oms ~OIS %/OC 

Output Noise Voltage Cr f '" 0; BW '" 100Hz to 10KHz 20ltyp) 201tvp) jJV rms 

St8ndby Current Drain 3.5 4.0 rnA 

Minimum Loltd Current 0 0 rnA 

Long Term Stability O.t Ityp) O.t Ityp) %/khr 

Iparameters apply at TA '" "2SOC. e)(cept temperature stability II over temperalure ranges. 

2 Applies for constant lunctlon temperature. Temperature dt,f' effects must be taken Into account separately 

when the unll IS o.,.rallng under conditions of high dlulpatlon. 


J IL '" 1 to 50 rnA. 

'T·pack.age 'I TO'96 (can h.'lIht 240" maM., 231)' min.) 

.' VI .. :~: •••::'="" .. .. 1lt'................ ., :~. : 
. - .. 
!:..... ~ ;lA' 

a.,le High Voltage RegulatorHigh Cu,,~t ....... I.tOr 

Vout • 7 to 37 vol ..Ext..na' NPN Tran,l,tor 

IL - 14 

CONNECTION DIAGRAMS ..~~ .. -............. ., .....~~ ~~0<"' 
. . .. ~c ( '~\ ,,?,,,c::y/i) ~~VU''''1l .... r" - ::.. 

~. \I:,:;~~~,.' .::III1G .-.,....... 
~' 
filii CO-' i ' ~::I" 

C,",HIIT anlc Low Volta.,., 
"egu'atort·; ~~;,~(lI' Vout - 2 to 7 '%lts 

'I j') lie 
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LM117/LM217/LM317 3-Terminal Adjustable Regulator 
General Description 
The LMl17/LM21i/LM317 are adjunable 3 terminal 
pO!loitiv~ voltage regulators capable of supplYing in exceS5 
of 1.5A over a 1.2V to 37V output range. They .re 
exceptionally easy to use and require only two external 
reSistors to set the output voltage. Furth~r. both line 
and ~oad f~gulation are tJett~f than standard fixed regula 
:ors. AI500. the LM117 IS packaged in standard transis.tor 
packa'~t's which are eastly mounted and handled. 

In ctddltion to higher performance than fixed regulators. 
the LM117 series offers full overload protection 
available only in IC's. Included on the chip are current 
limit. thermal o"erioad protection· and 'safe area protec
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
dISCUllllCt.:tcd. 

Features 
• Adju\{.,hlo output duwn to 1.2V 

• :'udrdI1ft'ed 1.SA output current 

• Lint: ICYlIldtion typically O.Ol%N 
• LUd..J luuulut:ol1 tvpicully 0.1% 

• Current limit constant with temperature 

• 100% electrical burn-in 

• Ellfninates the need to stock many voltages 

• Standard 3·lead transistor package 

• 80 dB npplc rejection 

Normdlly, no capacitors are needed unless the device is 
sr·,udted tdl from the input filter capacitors in which 
case an mput bypass IS needed, An optional output 
cdpaCItOf can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
vefy hl9h ripple rejechons ratios wh,eh are dlffieult 
to dchleve with standard 3-terminal regulators. 

Connect/on Diagrams 

(TO·3 STEELI 
M_c.n_oc' 

Besides replacing fixeJ regulators, the LM117 is useful 
in a wide variety of other applicaticn i. SInce the regu
lator is "floating" and see' only tn input·to-output 
differential voltage, supplies of seVt!1 at hundred vott. 
can IJe regulated as long dS the r:l. ximum Input to 

outf)Ul differential is not exceeoed. 

Also, it makes an especially simple ad ustable switching 
I~guldtor. a programmable output egulator, or by 
connecting a fixed resistor between th ~ adjustment and 
output, the LM 117 can be used as d precision current 
regulator. Supplies with electronic s \utdown can be 
achieved by clamping the adjustment t, rminal to ground 
which programs the output to 1.2V vhere mQst loads 
draw little current. 

Tho LM 117K. LM217K and LM317K ar. pilCkaged In 

standard TO·3 tranSIStor packages w~ ile the LM117H, 
LM217H and LMJ17H are packaged in • solid Kovar 
h",e TO·39tran,iSlor package. The L~1117 is ratod for 
upel"tlon l'OIn 55"C 10 "50"C, 'he LM217 froln 
-25v C to +l50v C and the LMJ17 frort OVC to +125v C. 
The LM317T and LM317MP. rated fo operation oYer a 
O"C to I 125"C rU"IlO. or. availabl. in a TO·220 pla'tlc 
pack"go and a TO·202 package. respect Yely. 

For applications requiring greater 0 Jtput current in 
excess of 3A and 5A. see LM150 ,,·r'o and LM138 
series data sheets. respectively. F or ttl· !.egative comple· 
menl. lee LM 137 series data sheet 

RATED DESIGN 

DEVICE PACKAGE POWER LOAD 
DISSIPATlO" CURRENT 

LMl17 TO·J 20W 15A 
LM217 

TO·J9 2W 0.5AlMJ17 
UAJ17T TonO 15W \.5A 
I MJt7M TO 202 1.5W ~bA 

ITO·2201 

Ptootlc Poclcoto 


ADJt"'OMf'0 I. 
I I 

tl l("o OlT'UT 

"nOltvtf'" 

OnIoPNu_' 

LM1171C ST£El 

LM217K STEEL 

LM317KSTEH 

~ , .... K02A 

~:,.., 
o~ 

: -YOUT\J.-.ur,u, , 
CUf IS au""," (-.--~-. -; 

lona. ¥ft'" 


OItIo<Nu~: 

~117H 

LM217H 

LM317H ADJ_ _w..


800 p...._ H03A. 

v,v, 

Ord.r NumIM,: 

lM317T 


SOOP....... T038
657 

o Your 

, 1 I 

.c.AI_ __v", 

L y... 

''''.''1U''' 
OnIoPNu_: 


lM317MP
800'...... _ 
TIIb ""'- DeY_ 

LM317MP TB ........- ....~~ 




--

SG3524 
SMPS Control Circuit 
• 
Product Specification 

Unear Products 

DESCRIPTION FEATURES 
This mono~oc integrated circuit con • Complete PWM power control 
tains all the control circUitry for a regUlat circuitry 
ing power supply inverter or switching • SIngle ended or puall-putl
regulator. Included in a 16-pln dual-in outputs 
line package is the voltage reference. • Une and load reguleUon of 0.2% 
error amplifier. oscillator. pul8&-width .,% maximum temperaturemodulator, pulse steering ftip-flop. dual 

vartatlonalternating output sw~ehe8 end current
limiting and shut-down Cll'cuitry. ThiS de • T olal eupply current fa Ieaa than 

vice can be used for switching regulators lOrnA 

of either polarity, transformer-coupled • Operation beyond 100kHz 

DC-to-DC converters, transformedess 

voltage doublers and polarity converters, 

as well as other power control applica

tions. The 003524 is designed for com

mercial lIjlplieations of O'C to + 70·C. 


ORDERING INFORMATION 

DESCRIPTION TEMPERAT1JR£ RANGE 0fID£R COO! 

16-Pin Plastic DIP o to +70'C SG3524N 

,6-Pin CerdIp o to +70-<; SG3524F 

16-Pin SOl o to +7O"C SG35240 

BLOCK DIAGRAM 

PIN CONFIGURATION 

D', F, N,"-
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Standard Digital BUS-Interfaces 

Communication between a computer and a peripheral may be 

a) Simplex where information can be transmitted in one direction only, e.g. 

computer to (non-intelligent) printer, keyboard to computer. 

b) Half duplex where information may be transmitted in both directions but 

in only one direction at a time, e.g. IEEE 488 bus 

c) Fun duplex where information may be transmitted in both directions 

simultaneously, e.g. VDU. 


It is now a universal standard to transmit computer data in bytes comprising 
a seven-bit ASCII code with the eighth bit as a parity test. The data byte 
may be transmitted ill paraDel, when all eight bits are transmitted on eight 
separate transmission lines, or serially when the data bits are transmitted 

Parallel and separately, in a serial sequence, down a single transmission line 
serial transmission of In bOth cases the data may be transmitted with synchronous clock pulses 
the data byte (synchronous transmissiou). Additional lines for hand,shaking 

A6 ~ 10100110 may also be present. 

Ltne 7 

Ltne6 ____-"O____....... 


Line 5 

Lme4----..:.0----........ 

Receiver 


L,neJ----..:.O----..... 


Line 2 

Line 1 

TransmitterUneO ____..:.O____..... 

.. IStart bit 

10) PARALLEL " ......_ (b) SERIAL 

Parallel transmission has the advantage of speed (about eight times faster 
than serial transmission). However, it requires eight times as many transmit
ting and receiving circuits, at increased cost, which are also prone to 
cross-talk and have poor noise immunity. Parallel transmission is usually 
limited to cases where the transmitter and receiver are situated close to each 
other, resulting in connecting cable lengths of 20 m or less. 

Serial transmission is used for long-range (20 m to many kilometres) 
communications where the cost of multiple data transmission lines would be 
high, and where facilities for multiple lines may not even exist (e.g. tele
phone lines). The use of a single transmission line can allow circuits with 
good noise immunity properties to be used at an overall economic cost. 

To allow different peripherals to be interfaced to different computing 
systems, with minimal hardware and software effort. standard interfacing 
systems have been developed. Of these the IEEE 488 (GPIB) bus (parallel 
transmission) and the RS 232C (serial transmission) are now ""Universally 
recognised standards. 
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IEEE 488 (GPm) B.. 

The standards for this bus were set by the Institute of Electrical and 
Ekclr<>nic:; Engineers (USA) in October 1975 (IEEE document number 
ANSI Me 1.1, 1975) and accepted as an international standard in 1980. 

Fig. ( IEEE 488 bus This Interface is also. known as the HP-IB (Hewlett Packard Interface 

structure Bus) and, more recently, as the GPm (General Purpose Interface Bus). 


Connector Function AbbrevltJ(Ion 
pm 

6 Data ValW::l OAV .'IlL 

Not Readv For Data NAFO ~ 
Not Data ACcp.pted NDAC ~1-' r 

End Or Identify EOI 

9 InterFace Clear IFe 

10 Ser..'lce ReQues1 SROI ATtentIoN ATN11
I 17 Remote ENable REN 
 Ii 
r 

[6~~T~LLER 
IIlcom-, 

Device 1 
Lonly able to talk I only able to listen able to talk aod listen 

I I I DevICe 2 I 

f;Dev<ce 3,1 
(e.g counter) I (e.g. digItal multlmeter) 

I 
0101I ·'''·Ir~"cJ 
0102 
DI03 

Data Input/Output g~g: Data 
DATA BUS )1•

3 busIk]: 
14 DI06 
15 0107 

~--~. 16 0108 

The IEEE 488 bus is primarily designed for connecting instrumentation to 
a central controller (usually a computer) for purposes of creating fully 
automated/data-logging measurement systems. At present some 220 differ
ent manufacturers produce equipment which is either partially or wholly 
IEEE 488 bus c:ompatible. 

The basic bus structure is shown in fig. &:; Devices connected to the bus 
may be 

a) A controller 
b) A talker only 
c) A listener only 
d) A talker and a listener. 

The coDtroUer is responsible for the overall operation of the system by 
is~uing the appropriate commands to other devices on the bus. As might be 
expected any system may only have one controller, which is usually a 
minicomputer with data-recording facilities. A talker only is a peripheral 
which can only transmit information (e.g. a frequency counter), whilst a 
listener oDly can only receive information (e.g. a signal generator). A talker 
and listener can both transmit and receive information (e.g. a digital 
multimeter). During operation, the controller will dictate whether a given 
device is a talker. listener or is idle (disconnected from the bus>. 
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\- "',", lI,h) ft'rT,dU' i-'rld 01 so. ~.'; 
o'llll,el1 r;. o:;,ln,jdf III 11." '>()I."'O'\ UI' 

"tI lf1o:;trQnl('nt''!!o rt'iH ~aflf'1 

),1:<1 "','ti! Output 1 
II" ,nillli f)'.'!PII':-' 

DJld IIJPut lIutl'ut.) 
~-),'ta rnpUI Oulpur.1 

!. 'Iff Q< ,elPn'''\ 
: :d!d .... ,,: ,d 

'.,,1 fl'd(h '(lI ,Lnd 
',., Ii !lJI,j ",r ,epll!d 

11,1pdd<.-" 1 ;"Jf 

"'ef\ I{ t' f'" plf'~l 
!1.11""!d)rl 

()lUi 

, )IO~ 

I)IUJ 
[jIO·l 

:01 
DhV 
r'\IRf-f) 
i"j{)AC 

SAO 
AT" 

I

L® 


DIO!.. 
(;106 
Ot07 
0108 
REN 
GND6 
GN07 
GNDP 
() r..j 09 
GND10 
GN011 

[;"t" l/lllt:! Il,IHJL,1 ~ 

Odt<1 .npul uulpul G 
Doln ,np\1t ('ll1pul 7 
D(:Ila Input output tI 

I
Rerno't:' enable 

G,ound '"tu'm 
for f"n~ 6 11 

GPIB Connector Signal Descriptions 

Description 

lines 0101 through 0108 are used to transfer addresses. control Information and data The 
form31s for addresses and control bytes are defined by the IEEE 488 standard Data formats 
may be ASCII (Wlt~, or without panty) or binary 0101 IS the Least Significant Bit (bit 0). 

Adellfll:m. This Signal IS asserted by the Controller to indicate that It IS placing an address or 
control byte on the Data Bus AT" IS de-asserted to allow the assigned Talker to place status or 
data on tne Data Bus The Cont'oller reCjalns control by reasserting ATN 

End or Idenlfly T IllS Signal has two uses i1S Its name Implies A talker may assert EOI 
Simultaneously With th~ last byte ot data to Indlcale end 01 data The Controller may assert EOI 
along With ATN to initiate a Pari!Ii,'1 Poll 

Selvlc" Re'l"est. This line IS ilKe an Interrupt II may be asserted by any deVice to request t"e 
Controller to take some action The Controller must aC\("mlne which deVice IS asserting SRO 
by conducting a Serral Poll at lis e''';'bt opportunity 

Interlace Clear Tnls Signal IS dsserteel only by Ihe Syslen, Controller In order to Initialize ail 
• deVice Interfaces to a known Slale 

Remote Enable ThiS Signal IS asserted only by the Syslem Controller Its assertion does not 
place deVices Into Remote Contro; mode. HEN only enables a deVice to go remote wnen 
addressed to listen 

Not Ready For Data ThiS handshake line IS asserted by a I,stene' to indicate It IS not yet ready 
for the next data or control byte 

Not Data Accepted Tnls handsn",e I",e IS asscrtpd by a Listener to Ind'cate It has not yet 
accepted the data or control byte on tne 010 lines 

Dafa Valid. ThiS handshake line IS aSSerted bv the T dlKer to Indicate that a data or control byte 
has been placed on the 010 lines and has had IIH' minimum speclfted settling lime. 
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EIA RS 232C Serial Interface 

The Electronics Industry Association (EIA) RS 232C interface standard 
allows for two full duplex data channels transmitting serial data. either 
synchronously or asynchronously, with or without handshake. The R~ 232C 
(versions A and B are now obsolete) signal levels are shown in fig ..a b· from 
which it should be noted that the binary 0 (also called a Space or ON 

condition) is more positive than the binary 1 (also called the Mark or OFf· 

condition). This can present problems when interfacing RS 232C to TIL (a 
common requirement) since not only is there a considerable difference 
between the two signal voltage levels but the signal logic is inverted as well. 

Connection between RS 232C devices is via a standard 25-pin connector 
(Cinch or Cannon chassis-mount. female-type D8-25S1 illustrated inti!!. C 
which also lists the pin connections. Unlike the IEEE 488 hus. the RS 232(' 
interface is designed for connection between two devices only-usually a 
computer and a peripheral. Consequently if a computer wishes to communi
cate with more than one peripheral, a separate RS 232C interface must be 
provided for each peripheral. In addition. all RS 232C lines. unlike the 
IEEE 488 bus. are unidirectional. transfering data in one direction only. a 
factor which greatly simplifies both the hardware and software control of the 
interface. 

Rarely is the full RS 232C standard implemented. with the majority of 
systems requiring only a subset of the electrical circuits. This has led to a 
re-defining of the RS 232C interface in terms of subsets called Level I. 
Level II and Level III which are defined as: 

LEVEL I Pin 2 
Pin 3 

Transmitted Data} 
Received Data 

Ch I 
anne 

Pin 7 Logical Ground 
Pin 1 Protective Ground 

LEVEL II Level 1+ 
Pin 6 Data Set Ready 
Pin 8 Data Carrier Detect 
Pin 20 Data Terminal Ready 

LEVEL III Level 11+ 
Pin 4 Request to Send} 
Pin 5 Clear to Send 

Ch I 
" anne 

Pin 22 Ring Indicator 

Level I is normally used with equipment tied directly to eaeh other. such as 
a terminal or a printer connected directly to a computer. Level 1\ is normally 
used where a certain amount of handshaking is required. and is most often 
encountered in acoustic couplers (for transmission over a normal GPO 
telephone line. etc). Level 111 is used where a more precise and detailed 
control over data flow is required. such as in auto-answer modems. As such. 
Level III implementation may be considered as reserved for specialist 
equipment. 
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+25V~------. 

Binory 0 l'in.,yO 

SPACESPACE 
OFFOFF 

t'V.noise immunity 
+3V 

. Indeterminate 
region 

"-"" -3V 

12 V noise Immunitv 

Binary 1Binary 1 
MARKMARK 
ONON 

Fig. (c) EIA RS 232C 
interface pin assign i.1 T'......ittof 

ments 

Circuit 

Pin number MnernOi',iC Description 13 


• • • • • • • • • • • • -OB-25Scor1 AA Protective GroundI 14 252 BA Transmitted Data 

3 BB Received Data 

4 CA Request to Send CHANNEL 1 

5 CB Clear to Send 

6 CC Data Set Ready 

7 AB Logical Ground 

8 CF Data Carrier Detect 

9 


} Reserved for testing
10 111 Unassigned

12 SCF Received Une Signal Detector C 2 

13 SCB Clear to Send HANNEl 


14 SBA Transmitted Data 

15 DB Transmitter Signal Element Timing 

16 SBB Received Data CHANNEL 2 

17 DO Receiver Signal Element Timing 

18 Unassigned 1 

19 SCA Request to Send f" CHANNEL 2 

20 CD Data Terminal Ready 

21 CG Signal Quality Detector 

22 CE Ring Indicator 

23 CHiCI Data Signal Rate Select 

24 DA Transmit Signal Element Timing 

25 Unassigned 
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as-232C 
DATA COMMUNICATIONS 

EIA Standard RS·232C is an established spec;ifiation Employing a voltage-mode type driver. RS·232C 
defining the logic levels and impedances at the modeml requires dUll polarity logic ,ignl15 and power supplies. 
terminal interface. This has been • well-accepted stan The data is unidirectional and not conclusive to party
dard for low dati-rate systems. Maximum data rate is line operation. Hysteresis is generally emploved in 
about 20 kilobaud. RS-232C receivers and a single power supply is required 

at the receiver end. Termination is not required. 

+Sl10+12V 
+5.0 V 

10 81_ 

T 
rete 

C:Of'Itroi 

c=c=~ b 
•• tD -12 V 

EIA RS·232C 

Driver OutpUt Volt. 15 V < VOH C; 5.0 V 


IZ -3Ulto7kOl -5.0V~VOI ~-15V 


Driver OutpUt Voltage IVQI<25V 

IZl· -I 


Driver Output Impedance zo> 300n 

IPower SuQp'les • 01 


Driver Short.circuit Current IIOk 0.5 emp 


Driver Slew Rite ~<30VJIJ.S 
Receiver Input I~nce 7 kil > R· >3 kG 


Receiver Input Voltage Iv,1<25V 

Rec.eiwr O\J1PUt with Open Input _klhighl 


Receiver OutpUt ",oj.., 300 n to'Gnd of Input M ... k (hiGhI 


Receiver Output with +3,0 V on Input ScMce flow' 


Receive.' OutPut with -3.0 V on Input t,b,k (high) 


Baud R.te 8R <; 20 kilot.ud 
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RS-232C 
DATA COMMUNICAnONS 

MC1488 - Quad R8-232C Driver, Output Current Limiting 

The MC1488 is • quad inverting TTL or DTL input 
line driver for RS-232C. It is designed to operate on ±9 
to ±12 V power supplies and at a temperature range of 
oto 700 C. 

Features include guaranteed power-off output im
pedance and output current limiting . 

.$econd sources ...U.bIe. 

VOH 

OVCCNEE' .I.OV 


Volt. Min 

6.0 

MC1489 - Quad R8-232C Receiver, 0.25 V Input Hysteresis 

The MC1489 quad inverting RS-232C receiver fea Temperature range is 0 to 700 e and power supply 
tures 250 mV of input hysteresis. The threshold window requirement is a single +5 suppty. 
may be shifted by means of the response control input. Second sources available. 

MC1489A - Quad RS·232C Receiver, 1.1 V Input Hysteresis 

The MC1489A j, an improvedvorsion of the MC1489. 
It features 1.1 volts of input hysteresis for improved 
performance when slow·slewing input signals are present 
in noisy environments. 

s.cond sou,,"••r. available. 

tPHL 
Device Input VIHL Input VIl:H ORL -3900 

Number Volts Volts MMa. 


MC1489 1.0 to 1,5 0.75 to 1.25 5. 

MC14S9A 1.15 to 2.25 0.7510 1.25 
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6 , 
~ 

~ 
7 00 00 0 1 0 1 10 10 11 1 1 

5 .. 0 1 0 1 0 1 0 1 
lita 

3 2 1• 0 1 2 3 4 5 6 7 
I.ow 

0 0 0 0 0 NUL DLE SP 0 @ P P 

~ 

Q0 0 0 1 1 SOH DCl 
, 

! 1 A a q 
-. 

0 0 1 0 2 STX DC2 I 2 B R b r 

0 0 1 1 3 ETX DC3 /I ~ C S c • 
0 1 0 0 4 EOT DC4 S 4 0 T d I . 
0 1 0 1 5 ENQ NAK % 5 E U e u 

,0 1 1 0 & ACK SYN. & & V v'= 
0 1 1 1 7 BEL ETB 7 G W 9 w 

1 0 0 0 8 BS· CAN ( 8 H X h x 

1 0 0 1 9 SKIPHT EM ) 9 I Y i Y 

1 0 1 0 10 (al LF SUB : J Z j z* 
1 0 1 1 11 (bl VT' ESC + ; K [ k 

1 1 0 0 12 (e) FF· FS L I 

- ~1 1 0 1 13 (d) CR GS M 1 m 

-~1 1 1 0 14 (el SO HOME RS N n 
NEWLINE1 1 1 1 15 (I) SI US / ? 0 -- 0 DELAUB 

ASCII Code Table 

Abbreviations For Control Characters 


NUL null FF form feed CAN cancel 

SOH slart of heading CR carriage return EM end of medium 


STX start of text SO shift out SUB substitute 


ETX end of text SI ,hilt in ESC escape 


EOT end of transmission DLE data link escape FS file separator 

ENQ enqUIrY DCl device control 1 GS group separator 

ACK acknowledge DC2 deVice control 2 RS record separator 

BEL bell DC3 deVice control 3 US unit separator 

BS backspace DC4 device control 4 SP space 

HT horizontal tabulalion NAK negative acknowledge DEL delete 

"LF linefeed SYN synchronous idle 


VT vertical tabulation ETB end of transmission block 
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NUMBERS CONVERSION TABLE 


----~-------------------------------------------------~---------
DECIMAL BINARY OCTAL HEXADEC 2~ 

10 2 8 16 

& $ 
--------------------_._-----------------------------------------_. 

a a 0 0 1 
1 1 1 1 2 
2 10 2 2 4 
3 11 3 3 8 
4 100 4 4 16 
5 101 5 5 32 

'6 110 6 6 64 
7 III 7 7 128 
8 1000 10 8 256 
9 1001 11 9 512 

10 1010 12 A 1024 
11 1011 13 B 2048 
12 1100 14 C 4096 
13 1101 15 D 8192 
14 l11Q 16 E 16384 
15 1111 17 F 32768 
16 10000 20 10 65536 
17 10001 21 11 131072 
18 10010 22 12 262144 
19 10011 23 13 524288 
20 10100 24 14 1048576 
32 100000 40 20 4294967296 
50 110010 62 32 
60 111100 74 3C 
64 1000000 100 40 

100 1100100 144 64 
200 11001000 310 C8 
255 11111111 377 FF 

Ex. & 39 = % 00100111 = (a47 = $27 
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