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Over t he last four years, THOMSON SEMICONDUCTEURS has developed a new high perfor
mance line of standard Digital Bipolar ICs including advanced PROMs, microprocessors 
(2900 second source) and gate arrays. 

In order to provide first range VLSI functions for high speed applications, THOMSON SEMICON
DUCTEURS uses the necessary technologies such as H-BIP1 (advanced TTL process), H-BIP2 
(latera l oxide isolation process) and Triple Diffused (2 I" - size and wafer stepper). 

Concerning the future, THOMSON SEMICONDUCTEURS will carryon its PROM plan (from 8 K 
up to 128 K) using state-of-the-a rt H-BIP3 process (full oxide isolation process). 

For more information about new products, please contact your local THOMSON SEMICON
DUCTEURS sales representatives and ask for specific technical literature. 

The specifica tion of the devices refeued to in this data book may have changed. For up dated information regarding static and dynamic 
characteristics, please consult the current issue of thp. relevant data sheet. 
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Industrial power: a solid support 

Thousands of people trained to our exacting pro
fessional standards, the latest state-of-the-art pro
duction and control equipment, product design 
aided by powerful data processing resources - all 
these made it possible to produce millions of inte
grated circu its and discrete components in these 
THOMSON SEMICONDUCTEURS plants last 
year: 
In France 
• St-Egreve: - bipolar integrated circuits, ECL
TTL gate arrays, bipolar custom products. 

- military and Hi-Rei integrated cir
cuits coveiing the whole product spectrum 
according to international standards. 
(MIL-STD-883 C and European standards). 
• Grenoble : MOS circuits Et microsystems, 
CMOS, MOS custom products. 
• Rousset: MOS circuits. 
• Aix-en-Provence: switching power transistors, 
rectifiers, zeners. 
• Tours: thyristors and triacs, switching power 
MOS transistors, zeners. 
• Alen<;:on : power modules, molding and 
assembly of semiconductors to perform complex 
functions, thyristors, triacs, rectifier diodes and 
zeners. 

In United States 
• Montgomeryville, PA: RF and microwave 
power transistors for mobile communications. TV 
transmission, radar, IFF, DME, and TACAN 
applications. 

In Morocco, Brazil, the Philippines and 
Singapore 
• Assembly and test centers. 

Commercial network: a worlwide service 

THOMSON SEMICONDUCTEURS has one of 
the most comprehensive service and technical 
networks in the world at its disposal, with com
mercial services operating in Germany, Austria, 
Belgium, Brazil, Canada, Spain, France, Hong 
Kong, Ireland, Italy, Japan, Morocco, the Nether
lands, Singapore, the United Kingdom, and the 
United States, in addition to its worldwide distri
bution network. 

THOMSON SEMICONDUCTEURS is always at 
the customer's service, with technical assistance, 
applications laboratories, software, and develop
ment of microcontrollers, gate array networks and 
custom circuits available to meet their needs . 

MOS circuit plant in Grenoble (France) 

Bipolar and m ilitary & space circuits plants 
in St·Egreve (France) 

THOMSON SEMICONDUCTEURS 
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THOMSON SEMICONDUCTEURS 
created by the THOMSON Group to meet 
today's most demanding technological 
changes. 

With its four divisions·MOS. Bipolar, Discrete, 
Military & Space·THOMSON SEMICONDUC· 
TEURS represents a major commitment to the 
advancement of electronics. It has enabled the 
THOMSON Group to implement a whole new 
set of strategies, technologies, production capa
bilities, technical and commercial services, and 
to focus on delivering effective answers to the 
multiple challenges facing today's electronics 
industry. 

Technological competence: a guarantee 

THOMSON SEMICONDUCTEURS maintains 
Research and Development Laboratories in Gre
noble, St-Egreve, Tours, Rousset, Aix-en
Provence and Montgomeryville, PA (USA). Toge
ther with their Central Laboratories. THOMSON 
SEMICONDUCTEURS conducts highly indepen
dent research, and offers its customers the latest 
advances in technology: 

Research activities dedicated to the development 
of new and improved products are carried out 
simultaneously in all these laboratories. 

Among the more significant developments: 
• Improved MOS and bipolar teChnologies for 
linear and digital LSI circuits and power circuits. 
• New packaging processes to increase miniatu
rization and improve reliability; e.g . SO, SOT, 
plastic and ceramic chip-carriers . 
• New power circuit packages: TOP 3, ISOTOP, 
etc. 
• Technologies of the future, notably in solid state 
physics leading to the development of new com
ponents in professional, industrial and consumer 
electronics, as well as the telecommunications 
and computer aided design fields . 

A full 20% of THOMSON SEMICONDUCTEURS 
sales revenues are reinsvested in Research and 
Development. 

THOMSON SEMICONDUCTEURS 
4 

MOS ci rcu it planl in Rousset (France) 



CONTENTS-----------------

CHAPTER 1 - BIPOLAR MEMORIES ........................ .... ... . 
TS71180/TS71181 8 K (1 K x 81 bipolar PROMs . .... . . . ... . 

eTS71190/ TS71191 16 K (2 Kx81 bipolar PROMs .... . . .... . .... . ...... ... . 

TS71321 32 K (4 K x 81 bipolar PROMs. 

TS71640/TS71641 64 K (8 K x 81 bipolar PROMs ..................... . . . . .. . . . . 

CHAPTER 2 - BIPOLAR MICROPROCESSOR SERIES. 
e TS2901 B 4· bit microprocessor slice .. .. .. . 

eTS2901C High speed 4·bit microprocessor slice . 

e TS2902A High speed look·ahead carry generator .. 

e TS2909A 4·bit microprogram sequencer........... . .... ... . .. ... . .. . . . 

eTS2910 12·bit microprogram sequencer ...... .•• ................... . ... . .... 

eTS2911A 4·bit microprogram sequencer ... 

eTS2914 Vectored priority interrupt controller .... .. . . ..... . ... ... . . 

e TS2915A Quad three·state bus transceiver ... .... . . . .. .. ... .. . . .. ..... .. . . . . . 

eTS2917A Quad data bus transceiver .......... .... . ............... . . . . . •.. . . .. 

eTS2918 4·bit register .. 

e TS2919 4·bit register ... 

CHAPTER 3 . SEMI·CUSTOM ICs. 

TSC06ITSCl2JTSC17 Bipolar macro arrays ... 

CHAPTER 4 MILITARY AND HI-REL ICs. 

CHAPTER 5 - QUALITY INFORMATION . 

CHAPTER 6 - PACKAGE DIMENSIONS. 

CHAPTER 7 - ORDERING INFORMATION . 

• Hi -ReI versions available - See chapter 4 . 

THOMSON SEMICONDUCTEURS 

Page 

7 

9 

15 

21 

27 

31 

33 

59 

83 
89 

105 

89 
121 

147 
155 

163 

171 

179 

181 

189 

201 

217 

221 





II 

Bipolar memories 



BIPOLAR MEMORY CROSS REFERENCE 

PROM 
AMO FAIRCHILO FUJITSU HARRIS 

Kbytes 
MMI NS SIGNETICS TEXAS 

THOMSON 
SC 

275181 93Z451 7132 7681 6381 - 825181A - TS71181A 

275181A - - - - - 8251818 - TS711818 
8K 

- - - - -- - - - TS71181C 

275281 A - - - - - - - TS71281C 

- - - - - - 825191 - TS71191 

275191 93Z511 7138 76161 - 875191 825191A 285166 TS71191A 

16 K - - - - -- - - - TS711918 

275191A - - - 631681 - - - TS71191C 

275291 A - - - - - - - TS71291C 

32K - - 7142 76321 6353281 - 825321 - TS71321C 

64K 27549 - 7143 76641 - - - - TS71641 

THOMSON SEMICONDUCTEURS 



THOMSON 
SEMICONDUCTEURS 

PRODUCT PREVIEW 

8 K FAST PROMs 

The TS71180, 71181, 71280, 71281 are programmable read·only me· 
mories (PROM) organized in 1024 words by 8·bit configuration and are 
field programmable. They are shipped in an unprogrammed form and have 
"0" in all locations. 

These PROM's are available with oPen collector (TS71180/71280) or 
three state outputs (TS71181/71281). 

• Fast access times: 
Address access time: 25 ns max (TS71180C·71181C·71280C·71281C) 

35 ns max (TS71180B·71181B·71280B·71281B) 
45 ns max (TS71180A·71181A·71280A·712B1A) 

• Low voltage programming 
• Highly reliable fuses TiIW for ultra·fast programming 
• Low power Schottky technology (oxide isolation process) 
• TTL compatible 
• I ndustry standard pin configuration. 

APPLICATIONS 
• Microprogramming 
• Hardwired algorithms 
• Random logic 
• Code conversion 
• Sequential controllers 

BLOCK DIAGRAM 

Address inputs 

THOMSON SEMICONDUCTEURS 
Sales headquarters 
45, avo de l'Europe - 78140 VELIZY - FRANCE 
Tel. : (1) 39.46.97.19 I Telex: 20478QF 

02' 03 04 05. 06 07 08 

TS71180 
TS71181 
TS71280 
TS71281 

8 K FAST 
PROMs 

CASES 

TS71180 
TS711Bl 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 

CB~ 

2~VUU' 

1 
PSUFFIX 

PLASTIC PACKAGE 

ALSO AVAILABLE 

TS7l280 
TS7l2Bl 

J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 

PIN ASSIGNMENT 

A7 VCC 

AS AB 

A5 A9 

A4 CEl 

A3 m 
A2 CE3 

A1 CE4 

AQ 08 

01 07 

02 06 

03 05 

GND 04 

Vee: Power supply voltage (DC + 5 V) 
01 to 08; Outputs. 



TS71180- TS71181- TS71280- TS71281 

MAXIMUM RATINGS 

Rating Symbol C suffix M suffix 

Power supply VCC 5±5% 5± 10% 

Operating temperature Toper -0, + 70 -55, + 125 

Storage temperature Tstg -65,+ 150 -66, + 150 

ELECTRICAL CHARACTERISTICS 
T amb = 25°C (unless otherwise noted) 

Characteristic 

Maximum input current at VOL max (Vee= Vee max, V,=O.45 VI 

Maximum input current at V1H min (Vee= Vee max, Vl zo 2.7) 

Maximum inp~t current (Vee'" Vee max, VI'" 5.5 VI 

Low level input voltage 

High level input voltage 

Short-circuit output current (Vee= Vee max, Va= 0) (Not. 11 

Low level outputvoltaga (VCC=VCC min,lOL '" 16 rnA, VI = VIH. or VI~) 

High level output voltage (Vee'" Vee min,IOH= 2 rnA, VI = VIH or VILI 

Power supply current (All inputs are grounded Vee" Vee maxi 

Clamping input voltage (VCC=VCC min, V,=-18 mAl 

Output. leakage current (Vee "'Vee max,CE1:: 2.4 v., CE2= CE3",OA V) 

VO= 5.5 V 71180/71280 

VO=5.5 V 71181/71281 

VO=O.S V 71181/71281 

Input capacitance (VI"" 2 V @ f= 1 MHz) (Nato 21 

Output capacitance (VI'" 2 V@ f= 1 MHz) (Note 21 

Symbol 

IlL 

IIH 

IIR 

VIL 

VIH 

ISC 

VOL 

VOH 

ICC 

VI 

IOFF 
IOZH 
IOZL 

CI 

Co 

Unit 

V 

°c 
°c 

C suffix 

Min Typ 

- -
- -

- -
- -
2 -

-20 -

- -

2.4 -
- -
- -

- -
- -
- -
- 5 

- 8 

Max 

- 0.25 

40 

40 

0.8 

-
-70 

0.45 

-
175 

- 1.2 

+40 
+40 
-40 

-
-

Note1: Only one output should be shorted at a time, otherwise permanent damage to the device may result. 

Note 2 : These parameters are not 100 % tested, but are periodically sampled. 

2/6 
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M luffix Unit 

Min Typ MIIX 

- - - 0.25 rnA 

- - 40 ~A 

- - 50 ~A 

- - 0.8 V 

2 - - V 

-15 - -85 rnA 

- - 0.5 V 

2.4 - - V 

- - 185 rnA 

- - -1.2 V 

- - +60 ~A 

- - +60 ~A 

- - -60 ~A 

- 5 - pF 

- 8 - pF 



TS71180. TS71181 • TS71280. TS712R1 

SWITCHING CHARACTERISTICS (These times are measured from threshold to threshold) 

C suffix M suffix 
Characteristic Symbol Unit 

Min Typ Max Min Typ Max 

Address access time IAo-A9) - 101.. .. 08) tAA ns 

TS71180A, TS71181A, TS71280A, TS71281A - - 45 - - 70 
TS71180B, TS71181 B, TS71280B, TS71281 B - - 35 - - 50 
TS71180C, TS71181C, TS71280C, TS71281C - - 25 - - 30 

Chip enable access time ICE1, CE2, CEJ, CE4) - 101 .... 08) tCE ns 

TS71180A, TS71181A, TS71280A, TS71281A - - 30 - - 40 
TS71180B, TS71181 B, TS71280B, TS71281 B - - 25 - - 30 
TS71180C, TS71181C, TS71280C, TS71281C - - 20 - - 25 

Chip disable time ICE1, CE2, CEJ, CE4) - 101 .... 08) tco no 

TS71180A, TS71181A, TS71280A, TS71281A - - 30 - - 40 
TS71180B, TS71181 B, TS71280B, TS71281 B - - 25 - - 30 
TS71180C, TS71181C, TS71280C, TS71281C - - 20 - - 25 

READING SE~UENCE 

~--------------------------------------------------+3V--
Address 

Chip enable 

01 ..... 08 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

-*-1.5V 

'-----------------------------------------------oV---

VCC 

01 
02 
03 
04 
05 
06 
07 
08 
eel 
CE2 
CE3 

-CE4 

Ground 

DYNAMIC TEST 

R1 =300n 

316 

THOMSON SEMICONDUCTEURS 
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TS71180. TS71181 • TS71280. TS71281 

PROGRAMMING CHARACTERISTICS 

Characteristic 

Vee programming pulse 

Vee during verify 

Programming supply current (VCCP= 12.75 ±0.25 VI 

I nput voltage 

Output programming voltage 

Output programming current (VO= 12 ±0.51 

Vee pulse rise time 

Output pulse rise time 

CE 1 programming pulse width 

Address set-up time / V CCP 

Pulse sequence delay 

Delay time before verify 

Programming time (VCC= VCCpl 

Allowed fusing attempts 

1. Select the address to be programmed. 
Apply CEI = H ; CE2 = H ; CE3 = H. 

2. After a delay tOA ;;. 100 ns, raise VCC to VCCP = 

12.75 V ± 0.25 V. 

3. After a delay to ;;. 10 JJ.s, apply Vo = 12 ± 0.5 V 
to the output to be programmed. Program one output 
at the time. Other outputs are open. 

4. After a delay to ;;. 10 JJ.s, apply a logic low level to 
the CEI input. This level will be held during tp = 50 
± 10JJ.s. 

Symbol Min Typ Max Unit 

VCCP 12.5 - 13 V 

VCCL 4.5 - - V 

VCCH - - 5.5 V 

ICCp - 420 550 rnA 

V,L 0 - 0.5 V 

V,H 2.4 - 5.5 V 

Vo 11.5 12 12.5 V 

10 - 1.5 - rnA 

tAl 5 - 10 , .. 
tA2 10 - 20 ~s 

tp 40 50 60 ~s 

tOA 100 - - ns 

to 10 - - ~s 

tOY 3 - - ~s 

tpA - - 10 s 

- - 1 

5. After a delay to ;;. 10 JJ.s, remove output voltage Vo 
from the output to be programmed. 

6. After a delay to ;;. 10 JJ.s, lower the voltage VCCP to 
VCC = 5 ± 0.5 V. 

7. After a delay tov ;;. 3 JJ.S, apply a logic low level to 
the CEI input and verify that the programmed output 
remains in the high state for VCCH = 5.5 V and 
VCCL = 4.5 V (*1. Then, apply a logic high level to 
the CE 1 chip select input. 

8. Repeat steps 1 through 7 to program other locations 
of the PROM. 

TYPICAL PROGRAMMING SEQUENCE, 

"1" 
Address 

"0" 

VCC 

OV 

Vo 

OV--+~ 

"1,,---I-~ 
CEI 
"0" 

~ ______ ~~ ____ --J)(~_L_A_S_T_A_D_D __ AE_S_S ______________ ___ 

tpA 

tD 

-------u-
* Programming verification at both max and min VCC is optional (VCCH, VCCLI. 

4/6 
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0, 

DIN 

A510 

DIN 

CEI 

TS71180. TS71181. TS71280. TS71281 

CASES 

111 Nominal dimension 
---~------------ 121 Tru. geometric.1 position 

32,6mo~. " 111 
24 PI" , 
CB-68 

OAT.A. -SEMICONDUCTORS 

ez2.54(2) ",.57ma~. 

8. mox 

Nominal dimension 
True geometrical position 

CB-68 

C SUFFIX 
CE RAM IC PACKAGE 

ALSO AVAILABLE 
J SUFFIX 

CEROIP PACKAGE 

CB-505 

C SUFFIX 
CERAMIC PACKAGE 

ALSO AVAILABLE 

TS71180 
TS71181 

TS71280 
TS71281 

J SUFFIX P SUFFIX 
CERDIP PACKAGE PLASTIC PACKAGE 

DATA 

24 pi" , 
CB-505 -SEMICONDUCTORS 

5/6 
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TS71180. TS71181 • TS71280. TS71281 

ORDERING INFORMATION 

I TS71181C j I P I -~ 
Part n~mber I Screening class 

Dper. temp. Package 
The table below horizontally shows an available suffix combinations for packaga. operating temperature and quality 
leval. Other po .. ibUItie8 on request. 

PART NUMBER 
OPER. TEMP. PACKAGE SCREENING CLASS 

C M P J C E Std -0 GIB BIB 

46 .. TS7118OA. TS71181A • • • • • 
TS71280A. TS71281A • • • • • 

35 ns 
TS71180B. TS71181B • • • • • 
TS7128OB. TS71281 B, • • • • • 

2&n. TS71180C, TS71181C • • • • • 
TS7128OC, TS71281C • • • • • 
Example. : TS71181 CP, TS71181 CP·O, TS71181 CJ, TS71181 CJ·O 

Oper. temp.: C: ODC to + 70DC, M: - 56DC to + 125DC. 
Package: P: Plastic OIL. J: Cerdip OIL, C: Ceramic OIL. E: Ceramic LCC. 
Screening cl ••• e.: Std lno end-suffix!, - 0 : NFC 96883 level O. 
G/B: NFC 96883 level G, BIB: MIL·STQ.883 level Band NFC 96883 level B. 

This is advance information on a new product. Specifications and information herein are subject to change without notice. 
Plaase Inquire with our sales offices about the availability of the different packages. 
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THOMSON 
SEMICONDUCTEURS 

ADV ANCE INFORMATION 

16 K FAST PROMs 

The TS71190, 71191, 71290, 71291 are programmable read-only me
mories (PROM) organized in a 2048 words by 8-bit configuration and are 
field programmable. They are shipped in an unprogrammed form and have 
"0" in all locations. 
These PROM's are available with open collector (TS71190/71290) or three 
state outputs (TS71191171291). 

• Fast access times: 
Address access time: 80 ns max. (TS71190, TS71191) 

60 ns max. (TS71190A, TS71191A) 
45 ns max. (TS7190B, TS71191 B) 
35 ns max. (TS71190C, TS71191C) 

(TS71290C, TS71291C) 
• Temperature compensating circuits to achieve a wide range of operation 
• Low voltage programming 
• Highly reliable fuses Ti/W for ultra-fast programming 
• Low power Schottky technology 
• TTL compatible 
• Industry standard pin configuration. 

APPLICATIONS 
• Microprogramming 
• Hardwired algorithms 
• Random logic 
• Code conversion 
• Sequential controllers 

A4 
AS 
A6 
A7 
A8 
A9 

Address inputs A 10 

BLOCK DIAGRAM 

Ao~~~m;§1 A' A2 
A3 

Chip enable inputs 
ffi 
CE2 
CEO 

THOMSON SEMICONDUCTEURS 
Sales headquarten 
"45, avo de l'Europe -78140 VELIZY - FRANCE 
Tel. :"(1)39.46.97.19/ Telex:204780F 

01 02 03.04 05 00 07 08 
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TS71190 
TS71191 
TS71290 
TS71291 

16 K FAST 
PROMs 

CASES 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
C SUFFIX J SUFFIX 

'CERAMIC PACKAGE CERDIP PACKAGE, 

CB-707 

~ TS71191A,B 

~ 
E SUFFIX 

TRICECOP (LCCI 
CHIP CARRIER PACKAGE 

Hi-Rei versions available - See chapter 4 

PIN ASSIGNMENT 

A7 vcc 
A6 A8 

A5 AS 

A4 Al0 

A3 CEl 

A2 CE2 

Al CE3 

AO 08 

01 07 

02 06 

03 05 

GND 04 

AQ to A10 : Address inputs 
eEl, CE2, CE3 : Chip enable inputs 
Vee: Power supply voltage (DC + 5 V) 
01 to 08: Outputs. 

o 
;;; 
q .. 
a: 



TS71190. TS71191. TS71290. TS71291 

MAXIMUM RATINGS 

Rating Symbol C suffix M suffix Unit 

Power supply VCC 5±5% 5± 10 % V 

Operating temperature Toper -0, + 70 -55, + 125 °c 
Storage temperatur~ T,tg -65, + 150 -65,+150 °c 

ELECTRICAL CHARACTERISTICS 
T amb = 25° C (unless otherwise noted) 

Characteristic Symbol C suffix 

Min Typ Max 

Maximum input current at VOL max (Vee= Vee max, VI = 0.45 VI IlL - 0.25 

Maximum input current at VIH min (Vee'" Vee max, VI= 2.7) IIH 40 

Maximum input current (Vee= Vee max, VI'" 5.5 VI IIR 40 

Low level input voltage VIL 0.8 

High level input voltage VIH 2 

Short-circuit output current (Note 1) ISC 

VCC' VCC max, Yo' 0 71191,A,B,C - 20 -70 

71291 

Low level output voltage (VCC=VCC min, VI::: VIH or VIL) VOL 
IOL ·9.6mA 71190,A 0.35 0.45 

IOL ·16mA 71190B,C 

71191B,C 0.35 0.45 
71290C 

71291C 

High level output voltage {Vee= Vee min, 'OH= 2 rnA, VI '" VIH or V,L> VOH 2.4 

Power supply current (All inputs are grounded Vee'" Vee max) ICC 135 175 

Clamping input voltage (Vee= Vee min, VI= -18 mAl VI -1.2 

Output leakage current (Vee =Vee max,eEl = 2A V, CE2= CE3: OA V) , 

YO' 5.5 V 71190,A,B,CI11290C IOFF +40 

YO' 5.5 V 71191,A,B,CI11291C IOZH +40 

VO·0.5 V 71191,A,B,CI11291C IOZL -40 

I nput capacitance IV I::: 2 V @ f= 1 MHz) (Note 2) CI 

Output capacitance (VI= 2 V@f= 1 MHz) (Note 2) Co 8 

Note 1 : Only one output should be shorted at a time, otherwise permanent damage to the device may result. 

Note 2: These parameters are not 100 % tested, but are periodically sampled. 
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M suffix Unit 

Min Typ Max 

- -0.25 mA 

40 ~A 

50 ~A 

0.8 V 

V 

-15 -85 rnA 

0.35 0.5 V 

0.35 0.5 V 

2.4 V 

135 185 rnA 

-1.2 V 

+60 ~A 

+60 ~A 

-60 ~A 

5 pF 

8 pF 



TS71190. TS71191 • TS71290. TS71291 

SWITCHING CHARACTERISTICS (These times are measured from threshold to threshold) 

Characteristic Symbol C suffix M suffix Unit 

Min Typ Max Min Typ Max 

Address access time lAO - Al01 ____ 101 ..... 081 tAA ns 

TS71190- TS71191 - 40 80 - 50 100 

TS71190A -TS71191A - 40 60 - 50 80 

TS71190B, TS71191B - - 45 - - 65 

TS71190C, TS71191C} - - 35 - - 55 
TS71290C, TS71291C 

Chip enable access time ICE1, CE2, CE31._101.. ... 081 tCE ns 

TS71190,A/TS71191,A - 20 35 - 20 45 

TS71190B, TS71191B - - 30 - - 35 

TS71190C, TS71191C } - - 25 - - 30 
TS711290C, TS71291C 

Chip disable time ICE1, CE2, CE31 -101 ..... 081 tCD ns 

TS71190,A/TS71191,A - 20 35 - 20 45 

TS71190B, TS71191B - - 30 - - 35 

TS71190C, TS71191C} - - 25 - - 30 
TS 71 290C, TS71 291 C 

READING SEQUENCE 

,---------------------------------------------------+3V--
Address --A--1.5 V 

'----------------------------------------------------ov---
CEl ------~----~ 

Chip enable 

CE2,CE3 ----+---, 

01. __ ._ 08 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

Al0 

Vee 

01 
02 
03 
04 
05 
06 
07 
08 
CE1 
CE2 
CE3 

Ground 

DYNAMIC TEST 

. R 1 = 470 Q (300 Q B-C versions) 

R2 = 1 kQ 
(600 Q B-C versions) 

3/6 
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TS71190. TS71191 • TS71290. TS71291 

PROGRAMMING CHARACTERISTICS 

Characteristic 

Vee programming pulse 

Vee during verify 

Programming supply current (VCCP' 12.75 ±0.25 VI 

Input voltage 

Output programming voltage 

Output programming current (VO' 12 ±0.5) 

Vee pulse rise time 

Output pulse rise time 

CE 1 programming pulse width 

Address set-up time I Veep 

Pulse sequence delay 

Delay time before verify 

Programming time (VCC'VCCp) 

Allowed fusing attempts 

1. Select the address to be programmed. 
Apply CEI ='H ; CE2 = H ;CE3 = H. 

2. After a delay tOA ;;. 100 ns, raise VCC to VCCP = 
12.75 V ± 0.25 V. 

3. After a delay to ;;. 10 J1S, apply Vo = 12 ± 0.5 V 
to the output to be programmed. Program one output 
at the time. Other outputs are open. 

4. After a delay to ;;. 10 J1s, apply a logic low level to 
the ·CEI input. This level will be held during tp = 50 
± 10 J1S. 

Symbol Min Typ Max Unit 

Vccp 12.5 - 13 V 

VCCL 4.5 - - V 

VCCH - - 5.5 V 

ICCp - 420 550 mA 

V,L 0 - 0.5 V 

V,H 2.4 - 5.5 V 

Vo 11.5 12 12.5 V 

10 - 1.5 - mA 

tAl 5 - 10 '" 
tR2 10 - 20 '" 
tp 40 50 60 '" 

tOA 100 - - ns 

to 10 - - '" 
tDV 3 - - '" 
tpR - - 10 , 

- - , 
5 .. After a delay to ;;. 10 J1S, remove output voltage Vo 

from the output to be programmed. 

6. After a delay to ;;. 10 J1S, lower the voltage VCCP to 
VCC=5±0.5V. 

7. After a delay tov ;;. 3 J1S, apply a logic low level to 
the CEI input and verify that the programmed output 
remains in the high state for VCCH = 5.5 V and 
VCCL = 4.5 V (*). Then, apply a logic high level to 
the CE 1 chip select input. 

8. Repeat steps 1 through 7 to program other locations 
of the PROM. 

TYPICAL PROGRAMMING SEQUENCE 

"'" X A~~?SS ____ 'I'M-______________ J '--------II-----~ ~_L_A_S_T_A __ D_D_R_E_S_S ________________ __ 

VCC 

OV 

Vo 

OV--+--' 

"1"--I~~ 
CEI 
"0" __ _ 

-------u-
* Programming verification at both max and min Vce is optional (VCCH, VccLl. 
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TS71190. TS71191 • TS71290. TS71291 

ORDERING INFORMATION 

I TS71191 j I J I B/~ 
Part n~mber I Screening class 

Oper. temp. Package 
The table below horizontally shows all available suffix combinations for package. operating temperature and quality 
level. Other possibilities on request. 

OPER. TEMP. PACKAGE 
PART NUMBER 

C M P J C E 

TS7"90 • • • 
80 ns TS7119' • • • • • • • • 

TS71190A • • • 
60ns TS7119,A • • • • • • • • 

TS71190B • • • 
45ns TS711g'B • • • • • • • • 

TS71190C • • • 
TS7119'C • • • • • 

36ns • • • 
TS7'290C • • • 
TS71291C • • • • • • • 

Examples: TS71190CP, TS71190CP-0, TS71190CJ, TS71190CJ-0 

Oper. temp. : C : ooe to + 70°C. M: - 55°C to + 125°C. 
Package: P: Plastic OIL, J: Cerdip OIL. C: Ceramic OIL, E: Ceramic Lee. 
Screening classes: Std (no end-suffix). - 0 : NFC 96883 level D. 
G/B: NFC 98883 level G, BIB: MIL-STD-883 level Band NFC 96883 level B. 

32.6max. 

DIN 

" {ll 

(1) Nominaldi,.,...lon 

!2) TrullgtOlT'atrlclllposition 

Std 

• • • • • • • • 
• • • • • • • • • • • • 

SCREENING CLASS 

-0 G/B BIB 

• • • • • • • • • • • • • • • • • • • • • • • • • 

CASE CB-68 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

C SUFFIX J SUFFIX , 
CERAMIC PACKAGE CERDIP PACKAGE 

ASID 

CEI D.".T.'" 

CB-68 -SEMICONDUCTORS 
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DIN 

eEl 

DIN 

eEl 

D.A.T.A. 

DA.TA. 

TS71190. TS71191. TS71290. TS71291 

CASES 

Nominal dimension 

True geometrical positioo 

24 pins , 
a-50S -SEMfCONOUCTORS 

" 11.69 

28 pins , 
CB-707 --

CB 505 

TS71290C 
TS71291C 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
C SUFFIX J SUFRX 

CERAMIC PACKAGE CEROIP PACKAGE 

CB-707 

<> TS71190A,B 
TS71191A,B 

E SUFFIX 
TRICECOP (LCC) 

CHIP CARRIER PACKAGE 

43 1 12827 Z6 

121314 15 16 17 18 

25 A10 
24 eE1 

" CE2 
" CE3 
11 NC 
20 08 
19 07 

This is advance information and specifications are subject to change witf1.out notice. 
Please inquire with our sales offices about the availability of the different packages. 

Printed in France 
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THOMSON 
SEMICONDUCTEURS 

PRODUCT PREVIEW 

32 K FAST PROMs 

The TS71321 is programmable read-only memory (PROM) organized in 
a 4096 words by 8-bit configuration and is field programmable. It is shio
ped in an unprogrammed form and has "0" in all allocations. This PROM's 
is available with three state outputs (TS71321 ). 

• Fast access times: 
Address acoess time : 45 ns max TS71321 C 

55 ns max TS713218 

• Low voltage programming 
• Highly reliable fuses Ti/W for ultra-fast programming 
• Low power Schottky technology (oxide isolation process) 
• TTL compatible 
• Industry standard pin configuration. 

APPLICATIONS 
• Microprogramming 
• Hardwired algorithms 
• Random logic 
• Code conversion 
• Sequential controllers 

BLOCK DIAGRAM 

Address inputs 

Chip enable inputs 

THOMSON SEMICONDUCTEURS 
Sales headquarters 
45, fYV. de l'Europe -78140 VELIZY - FRANCE 
Tel.: (1) 39.46.97.19 I Telex: 2047BOF 
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TS71321 

32 K FAST 
PROMs 

CASE CB-68 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
J SUFFIX C SUFFIX 

CERDIP PACKAGE CERAMIC PACKAGE 

PIN ASSIGNMENT 

A7 Vce 

A6 AS 

A5 A9 

A4 A1a 

A3 CE1 

A2 A11 

A1 CE2 

AO OS 

01 07 

02 06 

03 05 

GND 04 

Vee; Power supply voltage (DC + 5 V) 
01 to 08: Outputs. 



MAXIMUM RATINGS 

Rating Symbol 

Power supply VCC 

Operating temperature Toper 

Storage temperature T,tg 

ELECTRICAL CHARACTERISTICS 
T amb = 25°C (unless otherwise noted) 

TS71321 

C suffix M suffix Unit 

5±5% 6± 10 % V 

- 0, + 70 -55, + 125 °c 
-65, + 150 -65,+150 °c 

Characteristic Symbol C suffix 

Min Typ Max 

Maximum input current at VOL max (Vee'" Vee max, VI "'0.45 VI IlL - - - 0.25 

Maximum input current at VIH min (Vee'" Vee max, V,=2.7) IIH - - 40 

Maximum input current (Vee= Vee max, VI'" 5.5 VI IIR - - 40 

Low level input voltage VIL - - 0.8 

High level input voltage VIH 2 - -

Short-circuit output current (Vee= Vee max, Va= 0) INot.l) ISC - 20 - - 70 

Lowlevel output voltage (Vee= Vee min, IOL :: 16 rnA,VI "" VIH or VIL) VOL - - 0.45 

High level output voltage (Vee'" Vee min, 'OH= 2 rnA, VI = VIH or V,L> VOH 2.4 - -
Power supply current (All inputs are grounded Vee'" Vee max) ICC - - 175 

Clamping input voltage (Vee= Vee min, VI'" -18 rnA) VI - - - 1.2 

Output leakage current (VCC = Vee max, CE 1", 2.4 V, CE2= CE3= 04 V) 

VO= 5.5 V IOZH - - +40 

VO=0.5 V IOZL - - -40 

Input capacitance (VI- 2 V@ f-l MHz) INote 2) CI - 5 -

Output capacitance (V 1'= 2 V @ f= 1 MHz) INote 2) Co - 8 -

Note 1 : Only one output should be shorted at a time, otherwise permanent damage to the device may result. 

Note 2 : These parameters are not 100 % tested, but are periodically sampled. 
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M suffix Unit 

Min Typ Max 

- - - 0.25 mA 

- - 40 "A 

- - 50 "A 

- - 0.8 V 

2 - - V 

-15 - - 85 rnA 

- - 0.5 V 

2.4 - - V 

- - 185 rnA 

- - - 1.2 V 

- - +60 "A 
- - -60 "A 

- 5 - pF 

- 8 - pc 



TS71321 

PROGRAMMING CHARACTERISTICS 

Characteristic 

Vee programming pulse 

V CC during verify 

Programming supply current IVcCp= 12.75 ±0.25 VI 

Input voltage 

Output programming voltage 

Output programming current IVO= 12 +0.51 

Vee pulse rise time 

Output pulse rise time 

CE 1 programming pulse width 

Address set-up time I V CCP 

Pulse sequence delay 

Delay time before verify 

Programming time (Vee= Veep) 

Allowed fusing attempts 

1. Select the address to be programmed. 
Apply CEl = H ; CE2 = H ; CE3 = H. 

2. After a delay tOA ;;. 100 ns, raise VCC to VCCP = 

12.75 V ± 0.25 V. 

3. After a delay to ;;. 10 MS, apply Va = 12 ± 0.5 V 
to the output to be programmed. Program one output 
at the time. Other outputs are open. 

4. After a delay to ;;. 10 MS, apply a logic low level to 
the CEl input. This level will be held during tp = 50 
± 10Ms. 

Symbol Min Typ Max Unit 

VCCP 12.5 - 13 V 

VCCL 4.5 - - V 

VCCH - - 5.5 V 

ICCp - 420 550 rnA 

VIL 0 - 0.5 V 

VIH 2.4 - 5.5 V 

Vo 11.5 12 12.5 V 

10 - 1.5 - rnA 

tRl 5 - 10 ~s 

tR2 10 - 20 ~s 

tp 40 50 60 ~s 

tDA 100 - - ns 

tD 10 - - ~s 

tDV 3 - - ~ 

tPR - - 10 s 

- - 1 

5. After a delay to ;;. 10 MS, remove output voltage Va 
from the output to be programmed. 

6. After a delay to ;;. 10 MS, lower the voltage VCCP to 
VCC = 5 ± 0.5 V. 

7. After a delay tOV;;' 3 MS, apply a logic low level to 
the rn input and verify that the programmed output 
remains in the high state for VCCH = 5.5 V and 
VCCL = 4.5 V (*J. Then, apply a logic high level to 
the CE 1 chip select input. 

8. Repeat steps 1 through 7 to program other locations 
of the PROM. 

TYPICAL PROGRAMMING SEQUENCE 

"1" 
Address 

"0" -JI'\--___ ---' '-______ I~----~)(~-L-A-S-T-A-D-D-R-E-SS---------------

VCC 

OV 

Vo 

OV---.j-J 

"1" ----1-....:...1 
CEl 
"0" 

----- ----u--
* Programming verification at both max and min VCC is optional (VCCH, VCCL). 
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T871321 

SWITCHING CHARACTERISTICS (These times are measured from threshold to threshold) 

C suffix M suffix 
Characteristic Symbol Unit 

Min Typ Max Min Typ Max 

Address access time (AD-A 11) ~ (01 .... 08) tAA ns 

TS71321B - - 56 - - 66 
TS71321C - - 46 - - 60 

Chip enable access time (CEI. CE2) ~ (01.. .. 08) tCE ns 

TS71321B - - 35 - - 40 
TS71321C - - 20 - - 30 

Chip disable time (CEI. CE2) ~ (01.. .. 08) tCD ns 

TS71321B - - 35 - - 40 
TS71321C - - 20 - - 30 

READING SEQUENCE 

,---------------------------------------------------+3V--
Address 

Chip enable 

01 ..... 08 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

A10 
Al1 

--4-1.5 V 

VCC 

'-------------------------------------------------oV---

~----tAA---~~ 

01 
02 
03 
04 
05 
06 
07 
08 
CE1 
CE2 

Ground 

DYNAMIC TEST 

Rl =300n 

R2 = 600n 
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TS71321 

ORDERING INFORMATION 

I TS71321C j I P I -2-
Part n~mber I Screening class 

Oper. temp. Package 
The table below horizontally shows all available suffix combinations for package. operating temperature and quality 
level. Other possibilities on request. 

OPER. TEMP. PACKAGE 
PART NUMBER 

C M I I I P J C E 

TS71321C 46 ns • • • 
TS71321 B 55 ns • I • • 
Examples: TS71321 CP, TS71321 CP-D, TS71321 CJ, TS71321 CJ-D 

Oper. temp. : C : aoc to + 70oe, M: - 55°C to + 125°C. 
Package: P: Plastic OIL, J: Cerdip OIL, C: Ceramic OIL, E: Ceramic Lee. 
Screening classes: Std' (no end-suffix), - 0: NFC 96883 level D. 
G/B: NFC 96883 level G, BIB: MIL-STD-883 level Band NFC 96883 level B. 

32.6mcut. 

DIN 

u 
II) 

(11 NomilWll dimenlion 
(2) TruelJlKl"Mtrical position 

Std 

• • 

SCREENING CLASS 

-0 GIB BIB 

• 
I • I I 

CASE CB-68 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
J SUFFIX C SUFFIX 

A51D CB-68 - CERDIP PACKAGE CERAMIC PACKAGE 

O . .4..T.A 
SEMICONDUCTORS 

This is advance information and specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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NOTES 
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1lI0MSON 
SEMICONDUCTEURS 

PRODUCT PREVIEW 

64 K FAST PROMs 

The TS71640, 71641 are programmable read-only memories (PROM) orga
nized in a 8192 words by 8-bit confi~uration and are field programmable_ 
They are shipped in an unprogrammed form and have "0" in all allocations. 
These PROM's are available with open collector (TS71640) or three state 
outputs'(TS71641 ). 

• Fast access ti mes : 
Address access time: 55 ns max. 
Enable access time: 30 ns max. 

• Highly reliable shorting junction concept 
• Low power Schottky technology (oxide isolation process) 
• TTL compatible 
• I ndustry standard pin configuration. 

APPLICATIONS 
• Microprogramming 
• Hardwired algorithms 
• Random logic 
• Code conversion 
• Sequential controllers 

AO 
Al 
A2 
A3 
A4 
A5 
A6, 

BLOCK DIAGRAM 

Address inputs A7 -. ___ --' 

Chip enable input a 

tHOMSON SEMICONDUCTEURS 
Sales headquarters 
45, avo de l'Europe -78140 VELtZY - FRANCE 
Tel.: (1)39.46.97.19 I Telex :204780F 
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TS71640 
TS71641 

A7 

A6 

AS 

A4 

A3 

A2 

Al 

AO 

01 

02 

03 

GND 

64 K FAST 
PROMs 

CASE CB-68 

C SUFFIX 
CERAMIC PACKAGE 

PIN ASSIGNMENT 

VCC 

AS 

A9 

AIO 

CE 
All 

AI2 

OS 

07 

06 

05 

04 

Vee: Power supply voltage WC + 5 V) 
01 to 08 ; Outputs. 



MAXIMUM RATINGS 

Rating Symbol 

Power supply VCC 

Operating temperature Toper 

Storage temperature Tstg 

ELECTRICAL CHARACTERISTICS 
T amb = 25°C (unless otherwise noted) 

1 ;)/ID"U. 1 ;)111:)41 

C suffix M suffix Unit 

5±5% 5± 10% V 

- 0, + 70 -55, + 125 °c 
-65, + 150 -65,+150 °c 

Characteristic Symbol C suffix 

Min Typ Max 

Maximum input current at VOL max (Vee= Vee max, VI'" 0.45 VI IlL - - - 0.25 

Maximum input current at VIH min (Vee= Vee max, VI'" 2.7) IIH - - 40 

Maximum input current (Vee= Vee max, VI= 5.5 VI IIR - - 40 

Low level input voltage VIL - - 0.8 

High level input voltage VIH 2 - -

Short-circuit output current (Vee= Vee max, VO= 0) (Nota 1) ISC - 20 - - 70 

Lowlevel output voltage (Vee"" Vee min, tOl = 16 rnA, VI = VIH or VIL) VOL - - 0.45 

High level output voltage (Vee= Vee min, 'OH= 2 rnA, VI '" VIH or VIL) VOH 2.4 - -
Power supply current (All inputs are grounded Vee::: Vee max) ICC - - 175 

Clamping input voltage (Vee= Vee min, VI = -18 mAl VI - - -1.2 

Output leakage current (Vee =Vee max, eEl = 2.4 V, CE2:: CE3= OA VI 

Va' 5.5 V 71640 IOFF - - +40 

Va' 5.5 V 71641 IOZH - - +40 

Va' 0.5 V 71641 IOZL - - -40 

I nput capacitance tv I::: 2 V @ f= 1 MHz) INot.21 CI - 5 -

Output capacitance (VI= 2 V @ f= 1 MHz) INote 21 Co - 8 -

Notel: Only one output should be shorted at a time, otherwise permanent damage to the device may result. 

Note 2 : These parameters are not 100 % tested, but are periodically sampled. 
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M suffix Unit 

Min Typ Max 

- - -0.25 mA 

- - 40 "A 

- - 50 "A 
- - 0.8 V 

2 - - V 

-15 - - 85 mA 

- - 0.5 V 

2.4 - - V 

- - 185 mA 

- - -1.2 V 

- - +60 "A 
- - +60 "A 
- - -60 "A 

- 5 - pF 

- 8 - pF 



TS71640- TS71641 

SWITCHING CHARACTERISTICS (These times are measured from threshold to threshold) 

Characteristic Symbol C suffix M suffix Unit 
Min Typ Max Min Typ Max 

Address access time IAO-A121 - (01-. ... 08) tAA - - 55 - - 65 ns 

Chip enable access time I CE I - (01 ._.-. 081 tCE - - 30 - - 35 ns 

Chip disable time ( CE ) - 101 .. _ .. 08) tCD - - 30 - - 35 ns 

READING SEQUENCE 

,---------------------------------------------------+3V--
Address 

Chip enable 

01 _ .. _.08 

AO 
Al 
A2 
A3 
A4 
A5 
AS 
A7 
A8 
A9 

Al0 
All 
A12 

--¥-L5V 

'----------------------------------------------------oV---

VCC 

01 
02 
03 
04 
05 
06 

- 07 
08 
IT 

Ground 

DYNAMIC TEST 

Rl =300n 

R2 = 600 n 
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I :;1104U. 1:;11041 

ORDERING INFORMATION 

I TS71640 j I P I -~ 
Part n~mber 

I 
Screening class 

Oper. temp. Package 
The table below horizontally shows all available suffix combinations for package, operating temperature and quality 
level. Other possibilities on request. 

OPER. TEMP. PACKAGE SCREENING CLASS 
PART NUMBER 

I -0 I GIB I C M P J C E S.d BIB 

TS71640 • I • • • • 
TS71641 • • • • I • 
Examples: TS71640CP, TS71640CP·D, TS71640CJ, TS71640CJ-O 

Oper. temp.: C: O°C to + 70oe, M: -55°C to + 125°C. 
Package: P: Plastic DlL. J: Cordip OIL, C : Coramic OIL, E: Cerlmic LCC. 
Screening classes: Std (no end-suffix), - D: NFC 96883 level D. 
G/B: NFC 96883 level G, BIB: MIL-STO-883 level Band NFC 96883 level B. 

CASE CB-68 

(1) Nomin.tdimension 
(2) True gaometrlcal position 

32.6mOK. CSUFFIX 14 
OJ CE RAMIC PACKAGE 

AS10 
CEI O."'.T.A 

CB-68 -SEMICONOUCTORS 

This is advance information and specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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THOMSON 
SEMICONDUCTEURS 

4-BIT BIPOLAR MICROPROCESSOR SLICE 

The four-bit bipolar microprocessor slice is designed as a high-speed casea
dable element intended for use in CPU's, peripheral controllers, program
mable microprocessors and numerous other applications. The microinstruc
tion flexibility of the TS2901B will allow efficient emulation of almost 
any digital computing machine. 
The device,as shown in the blockdiagram (next pagel,consists ota 16-word by 
4-bit two-port RAM, a high·speed ALU, and the associated shifting, deco
ding and multiplexing circuitry. The nine-bit microinstruction word is or
ganized into three groups of three bits each and selects the ALU source 
operands, the ALU function, and the ALU destination register. The micro
processor is caseadable with full look-ahead or with ripple carry, has three· 
state outputs, and provides various status flag outputs from the ALU. Ad
vanced low-power Schottky processing is used to fabricate this 40-lead LSI 
chip. 

• Two-address architecture 
Independent simultaneous access to two working registers saves machine 
cycles. 

• Eight-function ALU 
Performs addition, two subtraction operations, and five logic functions 
on two source operands. 

• Flexible data source selection 
ALU data is selected from five source parts for a total of 203 source 
operand pairs for every ALU function. 

• Left/right shift independent of ALU 
Add and shift operations take only one cycle. 

• Four status flags 
Carry, overflow, zero, and negative. 

• Expandable. 
Connect any number of 2901's together for longer word lengths. 

• Microprogrammable 
Three groups of three bits each for source operand, ALU function, and 
destination control. 

For applications information see the last part of this data sheet and chap
ters III and IV of Bit Slice Microprocessor Design, Mick & Brick. 

11IOMSON SEMICONDUCTEURS 
Sakis haadquartan 
45, av. de l'Europe· 78140 VELIZY - FRANCE 
Tel.: (1) 39.46.97.19 I Tete,,: 204780F 33 

TS2901 B 

4-BIT BIPOLAR 
MICROPROCESSOR SLICE 

CASE CB·182 

PSUFFIX 
PLASTIC PACKAGE 

~-. 
1 JSUFFIX 

CEROIP PACKAGE 

Hi-Rei versions tflailable - See 4 

A3 

A2 

A, 
AO 

16 

18 

17 

RAM3 

RAMO 

VCC 

F -0 

10 

I, 
12 

CP 

03 

So 
8, 

B2 

B3 

PIN ASSIGNMENT 

G 

F3 

GNO 

Cn 

14 

15 

13 

00 

0, 

02 

03 

00 
a: 
6 
OJ 
0 

'Ii 
a: 



CLOCK 

'A' (READ) 
ADDRESS 

'B' 
(READ/WAITE) 

ADDRESS 

DIRECT 
DATA IN 

CARRY IN 

OUTPUT 
ENABLE 

TS29018 

BLOCK DIAGRAM 

1)-
- RAMO RAM SHIFT FiAM3 - 1; 

-U-
-00 0 3\-

Q SHIFT 

'B' DATA IN 

---;) 11 ~ 
'A' ADDRESS cpl~ 

~ 
RAM F 0' 

~ 
16 ADDRESSABLE REGISTERS 

Q REGISTER 

's' ADDRESS 
~ 'A' 'B' ep 0 

DATA 
DATA I OUT 

00' f&l ~ 
-l1 1 '0 1 

D A B ~ 0 

ALU DATA SOURCE 
SELECTOR 

R S 

1 1 
R S f-- G 

- CIN 
f-- P 

-

8·FUNCTION ALU f--- CN +4 

r-- F3 (SIGN) 

r--- OVERFLOW 

F f-- F -DODO 

-l1 L. 
A F 

OUTPUT DATA SElECTOR 
Y 

U DATA OUT 
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AO-3 

BO-3 

10-8 

0 0-3 

TS2901B 

METALLIZATION AND PAD LAYOUT 

TS2901B 
Die size: 3.310 x 3.015 mm 

33 Cn+ 4 
32 G 
31 F3 

30 GND 
29 Cn 
28 14 
27 IS 

26 13 

2S DO 
24 D, 
23 D2 

18 

17 

RAM3 

RAMO 

VCC 

F -0 

10 

11 

12 

CP 

NC 

CHIP CARRIER 

1 44 43 41: 41 40 

10 

12 TS2901B 
13 

" 
16 

18 19 ~ 21 22 ~ ~ 25 ~ V D 

39 NC 

38 P 
OVR 

36 Cn +4 

35 G 
34 F3 

33 GND 

32 eN 
14 

IS 

13 

PIN DEFINITION 

The four address inputs to the register stack used to Y 0-3 
select one register whose contents are displayed through 

The four data outputs. These are three-state output lines. 
When enabled, they display either the four outputs of the 
ALU or the data on the A-port of the register stack, as 
determined by the destination code 1678, 

the A-port. 

The four address inputs to the register stack used to 
select one register whose contents are displayed through OE 
the B-port and into which new data can be written when 

Output Enable. When OE is HIGH, the Y outputs are OFF; 
when OE is LOW, the Y outputs are active (HIGH or 
LOW). the clock goes LOW. 

The nine instruction control lines. Used to determine what 
data sources will be applied to the ALU (1012), what func
tion the ALU will perform (1 345), and what data is to be 
deposited in the a-register or the register stack (1 678), 

G,P 

OVR 

F=O 

The carry generate and propagate outputs of the internal 
ALU. These signals are used with the 2902A for carry
lookahead. 

Overflow. This pin is logically the Exclusive-OR of the 
carry-in and carry-out of the MSB of the ALU. At the most 
significant end of the word, this pin indicates that the 
result of an arithmetic two's complement operation has 
overflowed into the sign-bit. 

This is an open collector output which goes HIGH (OFF) if 
the data on the four ALU outputs FO-3 are all LOW. In 
positive logic, it indicates the result of an ALU operation is 
zero. 

A shift line at the MSB of the a register (03 ) and the 
register stack (RAM3). Electrically these lines are three
state outputs connected to TTL inputs internal to the 
device. When the destination code on 1678 indicates an up 
shift (octal 6 or 7) the three-state outputs are enabled and 
the MSB of the a register is available on the 0 3 pin and 
the MSB of the ALU output is available on the RAM3 pin. 
Otherwise, the three-state outputs are OFF (high-imped
ance) and the pins are electrically LS-TTL inputs. When 
the destination code calls for a down shift, the pins are F3 
used as the data inputs to the MSB of the a register (octal 

The most significant ALU output bit. 

The carry-in to the internal ALU. 
4) and RAM (octal 4 or 5). 

Shift lines like 0 3 and RAM3, but at the LSB of the 
a-register and RAM. These pins are tied to the 0 3 and 
RAM3 pins of the adjacent device to transfer data be
tween devices for up and down shifts of the a register and 
ALU data. 

Direct data inputs. A four-bit data field which may be 
selected as one of the ALU data sources for entering data 
into the device. Do is the LSB. 

Cn+4 The carry-out of the internal ALU. 

CP The clock input. The a register and register stack outputs 
change on the clock LOW-to-HIGH transition. The clock 
LOW time is internally the write enable to the 16 x 4 RAM 
which compromises the "master" latches of the register 
stack. While the clock is LOW, the "slave" latches on the 
RAM outputs are closed, storing the data previously on 
the RAM outputs. This allows synchronous master-slave 
operation of the register stack. 
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TS2901B 

ARCHITECTURE 

A detailed block diagram of the bipolar microprogrammable 
microprocessor structure is shown in Figure 1. The circuit is a 
four-bit slice cascadable to any number of bits. Therefore, all 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4·bit 
2-port RAM and the high-speed ALU_ 

Data in any of the 16 words of the Random Access Memory 
(RAM) can be read from the A-port of the RAM as controlled by 
the 4·bit A address field input. Likewise, data in any of the 16 
words of the RAM as defined by the B address field input can be 
simultaneously read from the B-port of the RAM. The same code 
can be applied to the A select field and B select field in which case 
the identical file data will appear at both the RAM A-port and 
B-port outputs simultaneously. 

When enabled by the RAM write enable (RAM EN), new data is 
always written into the file (word) defined by the B address field 
of the RAM. The RAM data input field is driven by a 3-input 
multiplexer. This configuration is used to shift the ALU output 
data (F) if desired. This three-input multiplexer scheme allows the 
data to be shifted up one bit position, shifted down one bit posi· 
tion, or not shifted in either direction. 

The RAM A-port data outputs and RAM S-port data outputs 
drive separate 4-bit latches. These latches hold the RAM data 
wh~le the clock input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM.. 

The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit input 
words Rand S. The R input field is driven from a 2-input multi
plexer, while the S input field is driven from a 3-input multi
plexer. Both multiplexers also have an inhibit capability; that is, 
no data is passed. This is equivalent to a "zero" source operand. 

Referring to Figure 1, the ALU R·input multiplexer has the RAM 
A-port and the direct data inputs (0) connected as inputs. like
wise, thp. ALU S-input multiplexer has the RAM A-port, the 
RAM S-port and the 0 register connected as: inputs. 

This multiplexer scheme gives the capability of selecting various 
pairs of the A, B, 0, 0 and "0" inputs as source operands to the 
ALU. These five inputs, when taken two at a time, result in ten 
possible combinations of source operand pairs. These combin· 
ations include AB, AD, AO, AO, BD, BO, BO, DO, DO and 00. 
a is apparent that AD, AO and AO are somewhat redundant with 
BO, SO and BO in that if the A address and 8 address are the 
same, the identical function results. Thus, there are only seven 
completely non-redundant source operand pairs for the ALU. 
The 2901 microprocessor implements eight of these pairs. 
The microinstruction inputs used to select the ALU source 
operands are the 10, I" and 12 inputs. The definition of 10, I" 
and 12 for the eight source operand combinations are as shown in 
Figure 2. Also shown is the octal code for each selection. 

The two source operands not fully described as yet are the Din· 
put and Q input. The 0 input is the four-bit wide direct data 
field input. This port is used to insert all data into the working 
registers inside the device. likewise, this input can be used in the 
ALU to modify any of the internal data files. The Q register is a 
separate 4-bit file intended primarily for multiplication and 
division routines but it can ~Iso be used as an accumulator or 
holding register for some applications. 

The ALU itself is a high~speed arithmetic/logic operator capable 
of performing three binary arithmetic and five logic functions. 
The 13, 14, and 15 microinstruction inputs are used to select the 

ALU function. The definition of these inputs is shown in Figure 3. 
The octal code is also shown for reference. The normal technique 
for cascading the ALU of several devices is in a look-ahead carry 
mode. Carry generate, G, and carry propagate, P, are outputs of 
the device for use with a carry-Iook-ahead-generator such as the 
2902A. A carry·out, Cn+4, is also generated and is available 
as an output for use as the carry flag in a status register. Both 
carry-in (Cn ) and carry-out (Cn+4) are active HIGH. 

The ALU has three other status-oriented outputs. These are F3, 
F = 0, and overflow (OVR). The F3 output is the most significant 
(sign) bit of the ALU and can be used to determine positive or 
negative results without enabling the three-state data outputs. 
F3 is non-inverted with respect to the sign bit output Y3. The 
F = a output is used for zero detect. It is an open-collector out
put and can be wire OR'ed between microprocessor slices. F = 0 
is HIGH when all F outputs are LOW. The overflow output (OVR) 
is used to flag arithmetic operations that exceed the available 
two's complement number range. The overflow output (OV R) 
is HIGH when ove.rflow exists. That is, when Cn+3 and Cn+4 are 
not the same polanty. 

The ALU data output is routed to several destinations. It can be a 
data output of the device and it can also be stored in the R AM or 
the 0 register. Eight possible combinations of ALU destination 
functions are available as defined by the 16, 17, and 18 micro
instruction inputs. These combinations are shown in Figure 4. 

The four-bit data output field (Y) features three-state outputs and 
can be directly bus organized. An output control (DE) is used to 
enable the three-state outputs. When 6E is HIGH, the Y outputs 
are in the high-impedance state. 

A two-input multiplexer is also used at the data output such that 
either the A-port of the RAM or the ALU outputs (F) are selected 
at the device Y outputs. This selection is controlled by the 16, 17, 
and IS microinstruction inputs. Refer to Figure 4 for the selected 
output for each microinstruction code combination. 

As was discussed previously, the RAM inputs are driven from a 
three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted down 
one position (+2). The shifter has two ports; one is labeled RAMO 
and the other is labeled RAM3. Both of these ports consist of a 
buffer-driver with a three-state output and an input to the multi
plexer. Thus, in the shift up mode, the RAM3 buffer is enabled 
and the RAMO multiplexer input is enabled. Likewise, in the shift 
down mode, the ~AMo buffer and RAM3 input are enabled. In 
the no·shift mode, both buffers are in the high-impedance state 
and the multiplexer inputs are not selected. This shifter is con
trolled from the 16, 17 and 18 microinstruction inputs as defined 
in Figure 4. 

Similarly, the Q register is driven from a 3-input multiplexer. In 
the no-shift mode, the multiplexer enters the ALU data into the 
Q register. In either the shift·up or shift-down mode, the multi
plexer selects the 0 register data appropriately shifted up or 
down. The Q shifter also has two ports; one is labeled 0o·and the 
other is 0 3. The operation of these two ports is similar to the 
RAM shifter and is also controlled from 16, 17, and Is as shown 
in Figure 4. 

The clock input to the 2901 controls the RAM, the Q register, 
and the A and B data latches. When enabled, data is clocked into 
the Q register on the LOW-to-HIGH transition of the clock. When 
the clock input is HIGH, the A and B latches are open and will 
pass whatever data is present at the RAM outputs. When the 
clock input is LOW, the latches are closed and will retain the 
last data entered. If the RAM-EN is enabled, new data will be 
written into the RAM file (word) defined by the B address field 
when the clock input is LOW. 
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TS2901B 

MICRO CODE 
ALU SOURCE 
OPERANDS MICRO CODE 

ALU 
SYMBOL 

Mnemonic 12 I, 10 
Octal 

R S 
Code 

Mnemonic 15 14 13 
Octal Function 
Code 

AO L L L 0 A 0 ADD L L L 0 A Plus S R + S 
AB L L H , A B SUBR L L H , S Minus R S-R 
ZO L H L 2 0 0 SUBS L H L 2 R Minus S R - S 
ZB L H H 3 0 B OR L H H 3 R OR S RY S 
ZA H L L 4 0 A AND H L L 4 RAND S RAS 
DA H L H 5 D A NOTRS H L H 5 A AND S RJ\S 
DO H H L 6 D 0 EXOR H H L 6 R EX·OR S R'o'S 
DZ H H H 7 D 0 EXNOR H H H 7 R EX·NOR S R'o'S 

Figure 2. ALU Source Operand Control. Figure 3. ALU Function Control. 

RAM O·REG. RAM 0 
MICRO CODE 

FUNCTION FUNCTION Y SHIFTER SHIFTER 

Mnemonic 18 17 16 
Octal 

Shift Load Shift load 
OUTPUT 

RAMO RAM3 Go Code 

OREG L L L 0 X NONE NONE F~ Q F X X X 
~--.~~ 

_. - --~ ------
NOP L L H , X NONE X NONE F X X X 

f-----~~ - c------ -
RAMA L H L 2 NONE F~ B X NONE A X X X 

---- f-- -~-~f--
RAMF L H H 3 NONE F~B X NONE F X X X 

RAMOD H L L 4 DOWN F/2 .... B DOWN 012 ..... Q F Fo IN, 0 0 
-- f--1---- ---

RAMD H L H 5 DOWN F/2 ..... B X NONE F Fo IN, 0 0 
--

RAMOU H H L 6 UP 2F ..... B UP 2Q-+ Q F INo F, INo 
-~--~ --

RAMU H H H 7 UP 2F -+ 8 X NONE F INo F, X 

x = Don't care. Electrically, the shift pin is a TTL input intarnally connected to a three-state output which is in the high-impedance state 
8 = Register Addressed by 8 inputs. 
UP is toward MSB, DOWN is toward LSB. Figure 4. ALU Destination Control. 

~2100CTAL 0 1 2 3 4 5 

CII~ T 5 Source 
A,O A,B 0,0 O,B O,A D,A A 4 ALU 

L 3 Function 

Cn = L A+O A+6 0 6 A D+A 
0 R Plus S 

Cn = H A+Q + 1 A + B + 1 0+ 1 6 + , A + 1 0+ A + 1 

Cn - l 0-A-1 8-A-1 0-1 6-1 A-1 A-D-1 
1 S Minus R 

Cn "" H O-A 8-A 0 6 A A-D 

Cn = L A-0-1 A-6-1 -;0-1 -6-1 -A-1 D-A-1 
2 R MinusS 

Cn "" H A-O A-a -0 -8 -A D-A 

3 A OR S AVO AV8 0 8 A DVA 

4 RANDS A AO AA8 0 0 0 DAA 

5 Ii ANDS AAa AAa a a A oA A 

6 REX-OR S A",a A",a a 8 A D"'A 

7 R EX-NORS AVO A"'8 Q ii A D"'A 

+ = Plus; - = Minus; V:: OR ; 1\= AND ;¥ "" EX.OR 

Figure 5. Source Operand and ALU FUnction Matrix. 
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TS2901B 

SOURCE OPERANDS AND ALU FUNCTIONS 

There are eight source operand pairs available to the ALU as 
selected by the 10. 11, and 12 instruction inputs. The ALU can 
perform eight functions; five logic and three arithmetic. The 
'3. '4. and 15 instruction inputs control this function selection. 
The carry input, en, also affects the ALU results when in the 
arithmetic mode. The en input has no effect in the logic mode. 
When 10 through 15 and en are viewed together, the matrix of 
Figure 5 results. This matrix fully defines the ALU/source 
operand function for each state. 

Octal 

1543. 1210 
Group Function 

40 AAQ 
41 AA8 
45 

AND 
DAA 

46 DAQ 

30 AVQ 
31 

OR 
AV8 

3 5 DVA 
36 DVQ 

60 AvQ 

61 
EX-OR 

AV8 
65 DVA 

66 DliQ 

The ALU functions can also be examined on a "task" basis, 
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the 
carry will affect the function performed while in the logic 
mode, the carry will have no bearing on the ALU output. 
Figure 6 defines the various logic operations that the 2901 
can perform and Figure 7 shows the arithmetic functions of 
the device. Both carry-in LOW (Cn = 0) and carry-in HIGH 
(en:::; 1) are defined in these operations. 

Octal Cn = 0 (Low) Cn = 1 (High) 

1543. 1210 Group Function Group Function 

7 0 A'rQ 

7 1 
EX-NOR 

A'r8 

7 5 DVA 

0 0 A+Q A+0+1 

0 1 ADD A+8 ADD plus A+8+1 

76 DVQ 0 5 D+A one D+A+1 

0 6 D+Q 0+0+1 
7 2 Q 

73 
INVERT 

8 
74 A 

0 2 Q Q+1 

0 3 PASS 8 Increment 8+1 

7 7 D 0 4 A A+1 

0 7 D D+1 

62 Q 

63 
PASS 

8 
64 A 

1 2 Q-1 Q 

1 3 Decrement 8-1 PASS 8 

67 D 1 4 A-1 A 

2 7 D-1 D 

32 Q 2 2 -Q-1 -Q 
3 3 

PASS 
8 

34 A 
3 7 D 

2 3 l's Compo -8-1 2'5 Compo -8 

2 4 -A-1 (Negate) -A 

1 7 -D-1 -D 

42 0 1 0 Q-A-1 Q-A 
43 "ZERO" 0 
44 0 
47 0 

1 1 Subtract 8-A-1 Subtract 8-A 

1 5 (l's Camp) A-D-1 (2'5 Camp) A-D 

1 6 Q-D-1 Q-D 

50 At,Q 2 0 A-Q-1 A-Q 

51 MASK 
j.\A8 

55 OAA 

2 1 A-8-1 A-8 

2 5 D-A-1 D-A 

56 DAQ 2 6 D-Q-1 D-Q 

Figure 6. ALU Logic Mode Functions. Figure 7. ALU Arithmetic Mode Functions. 
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LOGIC FUNCTIONS FOR G, P, Cn+4, AND OVR 

TS2901B 

Definitions (+ = OR) 

Po = Ro + So 

P, = R, + S, 

P2 = R2 + S2 

P3 = R3 + S3 

Go = RoSo 

G, = R,S, 

G2 = R2S2 

G3 = R3S3 

The four signals G, P, Cn+4. and OVR are designed to indicate 
carry and overflow conditions when the 2901 is in the add 
or subtract mode. The table below indicates the logic equations 
for these four signals for each of the eight ALU functions. The 
Rand S inputs are the two inputs selected according to 
Figure 2. C4 = G3 + P3G2 + P3 P2G, + P3 P2P, Go + P3P2P, :oCn 

C3 = G2 + P2G, + P2P, Go + P2 P, PoCn 

1543 

0 

, 

2 

3 

4 

5 

Function Cn+4 OVR 

R+S 

S- R !-o----------Same as R + S equations, but substitute Ai for Rj in definitions -----------<-1 

R -S 1_0---------- Same as R + S equations, but substitute Si for 5i in definitions ---------......, .. _1 .. 
RVS LOW P3 P2Pl Po + Cn P3 P2Pl Po + Cn 

RIIS LOW 

RIIS LOW !-o------ Same as R 1\ S equations, but substitute Ai for Ai in definitions -------1 

R \f S 1-....... ----------- Same as R>.:f 5, but substitute Ri for Ri in definitions -----------.-1 

Figure 8. 
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TS29018 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Parameters Description Test Conditions (Note 1) Min 
Typ. 

(Note 2) Max Units 

I 

. ,,0, Y" Y2, Y3 
2.' 

Vee'" MIN. 
'OH = -1.0mA, c n+. 2.' 

VOH Output HIGH Voltage . 'Q.H =_41.o0~A, OVR,!' 2.' Volts 
VIN '" VIH or VIL 

10H = -600~A, F3 2.' 
10H = -600~A 

RAMO. 3. 00. 3 
10H = -'.6mA,G 2.' 

'CEX ~~'~".: ;:;:;:,cumm, ~~~: ~~~,V~~ = 5.5V 

YO. Y,. V2. Va 
IOL = 20mA (COM'L) .0.5 

Vee'" MIN., 'OL' 'SmA (Mil 0.5 

VOL Output LOW Voltage VIN"" VIH G, F = 0 10L = '6mA 0.5 
Volts 

orVIL .c:n+" 10L = 'OmA 0.5 

_OVR, P 10L -B.OmA 0.5 • F3, RAMo, 3, 
IOL '26.QmA 0.5 

00,3 

Guaranteed ~nput logical HIGH 
V,H Input HIGH level 

vol'b!lg& for all Inputs (Nota 6) 
2.0 Volts 

I I 
I :~,:~::~:::~u;~~~:a:~~: 6) 

O.B I 

V, Inpu, Clamp Volta .. VCC = M'N',"N = -'BmA -'.5 Volt. 

Clock. DE -0.36 

AO, A" A2, A3 -0.36 

.. "Q. B.!-Bl-.BJ.. .::O.~ 

',L Input LOW Current Vee = MAX., VIN = O.SV 
DO, 0" 02, 03 -0.72 

mA 
'0, I" '2, '6,IB -0.36 

'3, I., 's' 17 -0.72 

RAMO, 3, 00, 3 (Note ') -O.B 

Cn -3.6 
Clock,OE 20 

AO. A" A2 __ A:J. 20 

BO, B" B2, B3 20 

"H Input HIGH Current Vee = MAX .. VIN = 2.7V 
00,0,,02,03 '0 

~A 
'0,'"'2,'6, 'B 20 

'3,'., 's, 17 .0 

~M.Q..3,--Oo,.3 (Nota .) '00. 
Cn 200 

'!. Inpu' HIGH Cu"an' VCC = MAX .. Y,N = 5.5V '.0 mA 

~~: ~~. VO'2.'V 50 
VD= 0.5V -50 

IOZH Off State (High Impedance) 
Vee = MAX. ~N~:e~~V ~A 

IOZl Output Current RAMO, 3 

aO,3 ~N~~~;V 
YO, Y" Y2, Y3, G -30 -B5 

las Output Short Circuit Current Vee = MAX. + O.SV. Vo = O.SV _"":'4. -30 -85 mA 
(Note 3) OVR,P -30 -85 

F3 -30 -85 

RAMO. 3, 00. 3 -30 -85 

COM' . and MIL rA-25"C 160 250 

COM'L Only 
T A - CfCto +70°C 265 

ICC 
Power Supply Current Vee == MAX. 

rA=+7CfC 220 
mA 

(Note 5) TC = _55°C 'a 
MIL Only +'2SoC 280 

TC' +t25"C 19B 

No'te. 1. For cO!1dltlons shown as MIN. or MoAX., usa the appropriate value spacified under Electrical Characteristics for the applicable device type 
2. Typical limits are.t Vee == 5.0V, 25 e ambient and maximum loading. 
3. Not more than on. output should b. shorted et a time. Duretion of the shaft circuit test should not exc.ed one second. 
4. These are thre .... tat. outputsinternelly connected to TTL inputs. Input characteristics are measured with 1678 in a state such that the three 

state output is OFF. 
5. Worst cap ICC is at minimum tam perature. 
6. The,. Input levels provide zero noi .. immunity and should only be tasted In a static, nolsa-free environment. 
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TS2901B 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, I nto Outputs 

DC Input Current 

_65°C to +150°C 

_55°C to +125°C 

-0.5 V to +7.0 V 

-0.5 V to +Vee max. 

-0.5 V to +5.5 V 

30mA 

-30 mA to +5.0 mA 

OPERATING RANGE 

Part Vee number 

CP, CJ 4.75 V to 5.25 V 

MJ, ME 4,50 V to 5.50 V 

Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power levels 
of the part. The following notes may be useful. 

1. Insure the part is adequately decoupled at the test head. Large 
changes in Vee current as the device switches may cause 
erroneous function failures due to V cc changes. 

2. Do not leave inputs floating during any tests, as they may start 
to oscillate at high frequency. 

3. Do not attempt to periorm threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 

Temperature 

TA =O°Cto + 70°C 

TC =-55°Cto + 125°C 

may allow the ground pin at the device to rise by 100's of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VIL 
or VIH until the noise has settled. THOMSON-EFCIS recom
mends using VIL ';;0.4 V and VIH;;' 2.4 V for AC tests. 

5.To simplify failure analysis, programs should be designed to 
perform DC, Function and AC tests as three distinct groups 
of tests. 
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TS2901B 

I. 2901B Guaranteed Commercial A. Cycle Time and Clock Characteristics. 
Range Performance 

The tables below specify the guaranteed performance of the 
2901 B over the commercial operating range of O°C to + 70°C, 
with Vee from 4.75V to 5.25V. All data are in ns, with inputs 
switching between OV and 3V at 1 V/ns and measurements made 
at 1.5V. All outputs have maximum DC load. 

Read-Modify-Write Cycle (from selection of A, B registers 
to end of cycle.) 

Maximum Clock Frequency to shift Q (50 % duty cycle, 

I ~ 432 or 632) 

Minimum Clock LOW Time 

This data applies to the following part numbers: Minimum Clock HIGH Time 

Notes: 

~ From Input Y 

A, B Address 60 

D 38 

Cn 30 

1012 50 

1345 51 

1678 28 

A Bypass ALU 
37 

(I ~ 2XX) 

ClockS 49 

T52901B CP 
T52901B CJ 

Minimum Clock Penod 

B. Combinational Propagation Delays. 
CL = 50pF 

F3 Cn+4 G,P F=O OVR 

61 59 50 70 67 

36 40 33 48 44 

29 20 - 37 29 

47 45 45 56 53 

52 52 45 60 49 
- - - - -

- - - - -

48 47 37 58 55 

C. Set-up and Hold Times Relative to Clock (CP) Input. 

Input 

A, B Source Address 

B Destination 
Address 

D 

Cn 

1012 

1345 

1678 

RAMO, 3, QO. 3 

CP: - ...., 
~--1--- -

Set-up Time Hold Time Set-up Time 
Before H'" L After H'" L Before L ... H 

20 o (Note 3) 69 (Nole 4) 

15 Do Not Change 

- - 51 

- - 39 

- - 56 

- - 55 

11 Do Not Change 

- - 16 

D. Output Enable/Disable Times. 
Output disable tests performed with CL = 5pF and 
measured to 0.5V change of output voltage level. 

Input Output Enable Disable 

OE y 35 25 

1. A dash indici=l.tes a propagation delay path or set-up time constraint does not exist. 

RAMO QO 
RAM3 Q3 

71 -

45 -

38 -

57 -

53 -

27 27 

- -

59 29 

f-

Hold Time 
After L'" H 

0 

0 

0 

0 

0 

0 

0 

0 

69ns 

16MHz 

30ns 

30ns 

69ns 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase "do not change". 
3. Source addresses must be stable prior to the clock H -+ L transition to allow time to access the source data before the latches close. The A 

address may then be changed. The B address could be changed it it is not a destination; i.e. if data is not being written back into the RAM. Normally 
A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L -+ H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. 
includes all the time from stable A and B addresses to the clock L -+ H transition, regardless of when the clock H -+ L transition occurs. 
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II. 29018 Guaranteed Military A. Cycle Time and Clock Characteristics. 
Range Performance 

The tables below specify the guaranteed performance of the 
2901 B over the militaryoperllting range of -55°C to + 125°C, 
with Vee from 4.5V to 5.5V. All data are in ns, with inputs switch· 
ing between OV and 3V at 1 V/ns and measurements made at 
1.5V. All outputs have maximum DC load. 

Read·Modify,Wrlte Cycle (from selection of A, B registers 
to end of cycle. 

Maximum Clock Frequency to shift Q (50 % duty cycle, 

This data applies to the following part numbers: 
TS2901B MJ 
TS2901B·ME 

I " 432 or 632) 

Minimum Clock LOW Time 

Minimum Clock HIGH Time 

Minimum Clock Period 

B. Combinational Propagation Delays. 
CL = 50pF 

~ From Input V F3 Cn+4 G,P F=O OVR 

A, B Address 82 84 80 70 90 86 

D 44 ~8 40 34 50 45 

Cn 34 32 24 - 38 31 

1012 53 50 47 46 65 55 

1345 58 58 58 48 64 5& 

1678 29 - - - - -

A Bypass ALU 
50 - - - - -

(I ~ 2XX) 

ClockS 53 50 49 41 63 58 

C. Set·up and Hold Times Relative to Clock (CP) Input. 

CP; 
....l ....- -, 

Input '----- -

Notes: 

Set-up Time Hold Time Set·up Time 
Belore H ... L After H ... L Before L .... H 

At B Source Address 30 o (Note 3) 88 (Note 4) 

8 Destination 
Address 

D 

Cn 

1012 

1341> 
'-----

1678 

RAMO, 3, QO, 3 

15 Do Not Change 

- - 55 

- - 42 

- - 58 

- - 62 

14 Do Not Change 
- - 18 

o. Output Enable/Disable Times. 
Output disable tests performed with CL = 5pF and 
measured to O.SV change of output voltage level. 

1. A dash indicates fl propag~tion delay path or set-up time constraint does not exist. 

RAMO 00 
RAM3 03 

94 -

48 -

1---
39 -

58 -

55 -

27 27 
.-

- -

61 31 

<-

Hold Time 
After L .... H 

0 --
0 

--
0 

0 
.-

0 

Q 
'-

0 
.-~~ 

3 

88ns 

15MHz 

30ns 

30ns 

88ns 

2. Certain !;lignals must be stable during the entire clock lOW time to avoid erroneous operation. This is indicated by the phrase "do not change". 
3. Source addresses must be stable prior to the clock H -+- L tram;;ition to allow time to access the source data before the latches close. The A 

address may then be changed. The B address could be changed if it is not a destination; i.e. if data is not being written back into the RAM. Normally 
A and B are not changed during the clock LOW time. 

4. The set-up time prior to the Clock L -+- H transition is to allow time for data to ~ accessed, passed through the ALU, and returned to the RAM. It 
includes all the time from stable A and B addresses to the clock L -+- H transition, regardless of when the clock H .... L transition occurs. 
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS 

CLOCK 

G)Register 

+12901B 
+ 2902A 
+ 2901B 
+ Register 

Speeds used in calculations for parts other than 2901 Bare 
representative for available MSI parts. 

0:: 

e~ 
'" w 
0:: 

LSB 

® 
A, B, I. Cn 

2901B 

Plpellned System, Add without Simultaneous Shift. 

DATA LOOP 

Clock to _ O':!!put 15 ~Register 
A, Bto G, P 50 + 6 MUX 
Go, Po to Cn+z 10 + 7 2910 
Cn to CnH, OVR, F3, F = 0, Y 37 +~PROM 
Set·up Time 5 + Register 

117ns 

Minimum clock period = 140ns 

Figure 9. 

13125 
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CONTROL LOOP 

Clock to Output 
Select to Output 
CC to Output 
Access Time 
Set-up Time 

15 
20 
45 
55 
5 

140ns 

II 
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TTL INPUT/OUTPUT CURRENT INTERFACES 

MET 
DRIVEN INPUT 

SCHOTTKY 
DRIVEN INPUT 

PNP 
DRIVEN INPUT 

~c----------1-------------------------~------------------------~~----------

R· 

C, 2' 
00, 3. RAMO, 3 15k 

THREE-STATE 
OUTPUT 

50n NOM 

R. 

13,4, S, 7 10' 

10,1,6,8 20k 

~ 20k 

00., 10k 

CI '" 5.0 pF. all inputs 

NORMAL 

son NOM 

[ 

Co '" 5.0 pF all outputs 

Figure 10. 
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"H 

CP 

I, 

Ao.3,80_3 

OPEN COLLECTOR 
OUTPUT 

R. 

S. 
10k 

S. 
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS (Cont.) 

..su--
CLOCK 

CD Register 

+ 32902A 
+ 4 29018 

Speeds used in calculations for parts other than 2901 8 are 
representative for available MSI parts. 

C!lMSB 
RAMO RAM3 

2901B 

LSB ® ... 
RAMO CD RAM3 -------

A, B, I, Cn G,P 

2901B 

Pipelined System. Simultaneous Add and Shift Down. 

DATA LOOP CONTROL LOOP 

Clock to Output 15 CD Register Clock to Output 
A, 8 to (3, P 50 +~MUX Select to Output 
GoPo to Cn+z 10 + 7 2910 CC to Output 
Cn to F3, OVR 29 + 8 PROM Access Time 

+129018 

+ 5 XOR and MUX 21 + CD Register Set:up Time 
+ @29018 RAM3 Set-up 16 

141ns 

Minimum clock period ~ 141 ns 

Figure 9 (Cont). 
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15 
20 
45 
55 
5 

140ns 

II 
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TEST OUTPUT LOAD CONFIGURATIONS FOR 2901B 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR OUTPUTS 

$, 
$, 

VOUT ~o-..... - ..... -ICI--"" 
$, 

VOUT C>---<>'""C>-..... -_---lkl1--.... 

R, ~ 
5.0 ~ VSE ~ VOL 

Notes: 1. CL = 50pF includes scope probe, wiring and' stray capacitances without device in test fixture. 
2. 8 1, 82, 83 are closed during function tests and all AC tests except output enable tests. 
3. 8 1 and 83 are closed while 82 is open for tPZH test. 

51 and 82 are closed while 53 is open for tpZL test. 
4. CL = 5.0pF for output disable tests. 

Pin # 

3 

5 

7 

13 

18 

28 

29 

30 

31 

32 

33-36 

TEST OUTPUT LOADS FOR 2901B 

Test 
Pin Label Circuit R, 

RAM3 A 560 

RAMo A 560 

F~O C 270 

0 3 A 560 

0 0 A 560 

F3 B 620 

G B 220 

Cn+4 B 360 

OVR B 470 

P B 470 

YO·3 A 220 
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R2 

lK 

lK 

~ 

lK 

lK 

3.9K 

1.5K 

2.4K 

3K 

3K 
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I 

USIN -; THE TS2901B 

BASIC SYSTEM ARCHITECTURE 

The 2901 is designed to be used in microprogrammed 
systems. The nine instruction lines, the A and B addresses, and 
the 0 data inputs normally will all come from registers clocked at 
the same time as the 2901 . The register inputs come from a 
ROM or PROM - the "microprogram store." This memory 
contains sequences of microinstructions, typically 28 to 40 bits 
wide, which apply the proper control signals to the 2901 s, and 
other circuits to execute the desired operation. 

The address lines of the microprogram store are driven from the 
~ 91 0 microprogram sequencer. This device has facilities for 

storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The 291 0 is controlled by 
some of the bits coming from the microprogram store. 
Essentially these bits are the "'next instruction" control. 

Note that with the microprogram register in-between the 
microprogram memory stofe and the 290"s I an instruction 
accessed on one cycle is executed on the next cycle. As one 
instruction is executed, the next instruction is being read from 
microprogram memory. In this configuration, system speed is 
improved because the execution time in the 29015 occurs in 
parallel with the access time of the microprogram store. Without 
the "pipeline register," these two functions must occur serially. 

EXPANSION OF THE 2901 

The 2901 is a four-bit CPU slice. Any number of 2901s 
can be interconnected to form CPUs of 12, 16, 24, 36 or more 
bits, in four-bit increments. Figure 12 illustrates the 
interconnection of three 2901 s to form a 12-bit CPU, using 
ripple carry. Figure 13 illustrates a 1S·bit CPU using carry 
lookahead, and Figure 14 is the general carry lookahead 
scheme for long words. 

With the exception of the carry interconnection, all expansion 
schemes are the same.Referto Figure 12.The 03 and RAM3 
pins are bidirectional left/right shift lines at the MSB of the 
device. For all devices except the most Significant, these lines 
are connected to the ao and RAMo pins of the adjacent more 
significant device. These connections allow the a-registers of 

°0_3 °4_7 

0 0 1/0 a., 0, a., 
RAMO 1/0 RAMO RAM3 RAMO 

all 2901 s to be shifted left or right as a contiguous n·bit 
register, and also allow the ALU output data to be shifted left or 
right as a contiguous n-bit word prior to storage in the RAM. At 
the LSB and MSB of the CPU, the shift pins should be connected 
to three-state multiplexers which can be controlled by the 
microcode to select the appropriate input signals to the shift 
inputs. (See Figure 15). 

The open collector F ~ 0 outputs of all the 290 1 s are 
connected together and to a pull-up resistor. This line will go 
HIGH if and only if the ouput of the ALU contains all zeroes. Most 
systems will use this line as the Z (zero) bit of the processor 
status word. 

The overflow and F3 pins are generally used only at the most 
significant end of the array, and are meaningful only when two's 
complement signed arithmetic is used. The overflow pin is the 

ADDRESS 

TO OTHER 
DEVICES 

Figure 11. Microprogrammed Architecture Around 
29010. 

°8_11 

0, a., 0, 0 11 "0 

RAM3 RAMO RAM3 RAM" 1/0 

CARRY IN Co 2901 Co 2901 C,,+4 Co 2901 co .. 

OUTPUT 
CONTROL 

OVR OVR 

" " 6E 6E F=O 

YS-1' 

Figure 12. Three 2901 s Used to Construct 12-Blt CPU with Ripple Carry. Corresponding A, B. and 
I Pins on all Devices are Connected together. 
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Exclusive-OR of the carry-in and carry-out of the sign bit 
(MSB). It will go HIGH when the result of an arithmetic 
operation is a number requiring more bits than are available, 
causing the sign bit to be erroneous_ This is the overflow (V) 
bit of the processor status word. The F3 pin is the MSB of 
the ALU output. It is the sign of the result in two's comple
ment notation, and should be used as the Negative (N) bit 
of the processor status word_ 
The carry-out from the most significant 2901 (Cn+4 pin) is 

11 11 
1/0_ 0 0 a, a, a, 
110- RAM3 RAM3 

the carry-out from the array, and is used as the carry (C) 
bit of the processor status word. 

Carry interconnections between devices may use either 
ripple carry or carry lookahead. For ripple carry, the carry
out (Cn + 4) of each device is connected to the carry-in (Cn) 
of the next more significant device. Carry lookahead uses 
the 2902A lookahead carry generator. 

H U 
a, a, a, a, r--- Q,5 1/O 

RAMO RAMO RAMO RAM] RAMO RAM3 ~RAM1S 
G ;;=- G 

~ GO---- G 

2901 
, 

2901 
, , D--

2901 
, 
~c C,,+4 en ... I- 2901 c. CARRY· IN - c. - c. c. Cn>4- en ... 

av. - OVA I- OVR - OVA r-- V 

F:~- F~~ r- ',- " i--N 

"'l " ~Z 

D U U D 
VO_l Y4-7 VS _ 1, Y12-15 "l 

41012 

~ 1 U 
I., Po Go P, G, P2 G2 PJ GJ 

2902A 
G 

IC
• 

, 
Cn'~ Cn • y e nH 

Figure 13. Four 2901. in a 16-Bit CPU Using the 2902A for Carry Lookahead. 

2901's 

ToC2Q ToCZ4 ToC za 

~ __________________ +-~C" 

_____ +-___ C" 

Figure 14. Carry Lookahead Scheme lor 48-811 CPU Using 12x290h. The Carry-Oul Flag (C48) should 
be laken Irom Ihe Lower 2902A Rather than the Right-Most 2901 lor Higher Speed. 
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H-h LS8 MS8 rl-H 
'G A 8 2G ,G A 8 2G 

'CO 'CO 

H- 1C1 C"') ,y 00 an .1Y ~~ffi 'C' I-H 
,--- 1C2 LD N~X 'C2 

N INPUTS INPUTS ",zW 
'C3 ~ FOR FOR ...J-:-...I 'C3 I--
2eo It') UP DOWN 

I.t)~~ 
2CO N~>-

H- 2C1 E SHIFT SHIFT 
2V ~~~ 2C' I-H 

2C2 « 2Y RAMO RAMn 2C2 I---
2C3 2C3 

~ 2901 
ARRAY 

.". 

MSB Fn 
(SIGN BIT! 

Figure 15. Three-State Multiplexers Used on Shift I/O Lines. _ _________ KiiI 
SHIFT 1/0 LINES AT THE END OF THE ARRAY 

The Q-register :And RAM left/right shift data transfers occur 
between devices over bidirectional lines. At the ends of the 
array, three-state multiplexers are used to select what the new 
mputs to the registers should be during shifting. The 2904 
includes these multiplexers in a single LSI chip, Figure 19 
shows two Am25LS253 dual four-input multiplexers connected 
to provide four shift modes. Instruction bit 17 (from the 
2901 ) is used to select whether the left-shift multiplexer or 

the right-shift multiplexer is active. The four shift modes in 
this example are: 

Zero A LOW is shifted into the MSB of the RAM on a 
down shift. If the O-register is also shifted, then a 
LOW is deposited in the O-register MSB. If the 
RAM or both registers are shifted up, LOWs are 
placed in the LSBs. 

One 

Rotate 

Same as zero, but a HIGH level is deposited in the 
LSB or MSB. 

A single precision rotate. The RAM MSB shifts 
into the LSB on a right shift and the LSB shifts 
into the MSB on a left shift. The O-register, if 
shifted, will rotate in the same manner. 

Arithmetic A double-length Arithmetic Shift if 0 is also 
shifted. On an up shift a zero is loaded into the 
O-register LSB and the O-register MSB is loaded 
into the RAM LSB. On a down shift, the RAM LSB 
is loaded into the O-register MSB and the ALU 
output MSB (F n, the sign bit) is loaded into the 
RAM MSB. (This same bit will also be in the next 
less significant RAM bit.) 

Code Source of New Data 
Shift 

17 5, So 00 On RAMo 

H L L a On-1 a 
H L H 1 °n-1 1 

H H L On On-1 Fn 
H H H a °n-1 On 

L L L a, a F, 
L L H Q, 1 F, 
L H L Q, 00 F, 
L H H Q, Fa F, 

HARDWARE MULTIPLICATION 

Figure 16 illustrates the interconnections for a hardware mul
tiplication using the 2901. The system shown uses two 
devices for 8 x 8 multiplication, but the expansion to more 
bits is simple - the significant connections are at the LSB 
and MSB only. 

The basic technique used is the "add and shift" algorithm. One 
clock cycle is required for each bit of the multiplier. On each 
cycle, the LSB of the multiplier is examined; if it is a ",", then 

RAMn 
Type 

Fn-, Up Zero 

Fn- 1 One 

Fn- 1 Rotate 

Fn- 1 Arithmetic 

a Down Zero 

1 One 

Fa Rotate 
RAM n = RAMn_, = Fn Arithmetic 

the multiplicand is added to the partial product to generate 
a new partial product. The partial product is then shifted one 
place toward the LSB, and the multiplier is also shifted one 
place toward the LSB. The old LSB of the multiplier is 
discarded. The cycle is then repeated on the new LSB of the 
multiplier available at 0 0 , 

The multiplier is in the 2901 Q-register. The multiplicand 
is in one of the registers in the register stack, Ra. The product 
will be developed in another of the registers in the stack, Rb. 
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The A address inputs are used to address the multiplicand in 
Ra, and the B address inputs are used to address the partial 
product in Rb· On each cycle, Ra is conditionally added to Rb. 
depending on the LSB of Q as read from the 00 output, and 
both Q and the ALU output are shifted down one place. The 
instruction lines to the 2901 on every cycle will be: 

1876 4 (shift register stack input and a register left) 
1543 0 (Add) 

1210 1 or 3 (select A, B or 0, B as ALU sources) 

Figure 16 shows the connections for multiplication. The 
circled numbers refer to the paragraphs below. 

1. The adjacent pins of the a'register and RAM shifters are 
connected together so that the Q-registers of both (or all) 
2901 S shift left or right as a unit. Similarly. the entire 

eight-bit (or more) AlU output can be shifted as a unit 
prior to storage in the register stack. 

LSB 

2901 

Figure 16, Interconnection for Dedicated Multiplication 
(8 by 8 bit) (Corresponding A, B, and I 
Connected together), 

2. The shift output at the lSB of the a-register determines 
whether the AlU source operands will be A and B (add 
multiplicand to partial product) or 0 and B (add nothing to 
partial product. Instruction bit I, can select between A, B 
or 0, B as the source operands; it can be driven directly 
from the complement of the lSB of the multiplier. 

3. As the new partial product appears at the input to the 
register stack, it is shifted left by the RAM shifter. The new 
LSB of the partial product, which is complete and will not 
be affected by future operations, is available on the RAMo 
pin. This signal is returned to the MSB of the a-register. On 
each cycle then, the just-completed LSB of the product is 
deposited in the MSB of the a-register; the a-register fills 
with the least significant half of the product. 

4. As the ALU output is shifted down on each cycle, the sign 
bit of the new partial product should be inserted in the 
RAM MSB shift input. The F3 flag will be the correct 
sign of the partial product unless overflow has occurred. If 
overflow occurs during an addition or subtraction, the OVR 
flag will go HIGH and F3 is not the sign of the result. The 
sign of the result must then be the complement of F3. The 
correct sign bit to shift into the MSB of the partial product 
is therefore F3 (£l OVR; that is, F3 if overflow has not 
occurred and F3 if overflow has occurred. On the last cycle, 
when the MSB of the multiplier is examined, a conditional 
subtraction rather than addition should be performed, 
because the sign bit of the mUltiplier carries negative rather 
than positive arithmetic weight. 

This scheme will produce a correct two's complement 
product for all multiplicands and multipliers in two's 
complement notation. 

Figure 17i5 a table showing the input states of the 2901 
for each step of a signed, two's complement multiplication. 
The 2904 LS I chip conveniently implements the required 
shift linkages and the EX·OR function for this algorithm. 

Initial Register States 2901 Microcoda Final Register States 
R 

0 Multiplier 
1 Multi licand 
2 X 
3 X 

S,F_ D 

OVA a 
OAS S 

(0+8)12 
S 

(A+8)f2 

IS-OJ/2 
S 

IS A)12 

ova B 

! Program 
2's Compo Multiply I 

Pin States !Octal) 
Description Repeat 

A B 1876 1543 1210 Cn 00 Q, 

Mo .... e Multiplier to a - 0 x 0 3 4 X X X 

Clear R3 - X 3 2 4 3 X X X 

n-1 1 3 4 0 
lor 3 

0 - RAMO Condo Add & Shift 
I, ""OoLO 

1 3 4 1 1m3 1 - RAMO Condo Subt. & Shift -
I, =OoLO 

Move LSH Prod. to R 2 X 2 2 3 2 X X X 

x '" Don't Care S '" Source F :: Function D :: Destination 

Figure 17, 
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R 

0 Multiplier 

1 Multiplicand 

2 LSH Product 

3 MSH Product 

Jump 

RAMo RAM3 To If 

X x 
X X 

- F3VO VR 

- F3VOVA 

X X 
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HARDWARE DIVISION 

Division. unlike multiplicalion, is much more difficult to realize. 
One of these difficulties can be easily understood by visualizing a 
2n-bit Dividend (X) and an n-bit Divisor (Y). The Quotient (Q) can 
range from 1 bit (when X < Y)to 2 n bits (when Y ~ 1), discarding 
the attempt to divide by O. In most of the divide functions, the 
Remainder (R) is as important to find as is the Quotient - there is 
no equivalent to it in mulliplication. Division becomes even more 
complicated when negative numbers are represented in the 2'5 
complemElnt notation. In the "everyday" decimal system, using 
Sign-and-Magnitude notation, dealing with negative numbers is 
relatively easy: The sign of the quotient is determined first and 
then a normal division is performed. Note that in this "normal" 
division we first "guess" the first digit of the quolient by comparing 
the most significant part of the dividend to the divisor. Then verify 
our guess by a multiplication (no "direct" division method is 
known), and continue to do so for all olthe other digits, shifting the 
divisor to the right one place at a time. 

The most straightforward division scheme (for unsigned num
bers) is Subsequent Subtraction. The algorithm is as follows: 
Subtract divisor from dividend and increment a counter (initially 
reset to zero). Continue to do so as long as the Remainder is 
positive. When the Remainder becomes negative cancel the last 
step; Le., add back divisor and decrement counter. The counter 
will contain the Quotient and the Remainder will be correct. The 
main drawback of this scheme is, of course, the great number of 
arithmetic operations needed. Again, when dealing with signed 
numbers, the subtraction should be substituted by addition and 
vice versa. 

A more rapid division can be realized by calculating the Quotient 
digits instead of counting them. In this algorithm, the divisor is first 
subtracted from the most significant part of the dividend. If 
the remainder is positive, the quotient digit is "1," otherwise the 
subtraction is cancelled (by adding the divisor to the remainder) 
and the quotient digit will be "D." Now shift the remainder one 
place to the right (much like you do in a "paper and pencil" 
division) and repeat until all the quotient digits have been calcv
lated. This algorithm is called "Restoring Division." When signed 
numbers are involved, inversion of the operations and the 
quotient digits will be necessary and correction should be per
formed in some cases. Some time is wasted in the Restoring 
Division because for every "0" digit in the quotient, two arithmetic 
operations are needed. This can be saved in the "Non-Restoring 
Division." 

The basis of Non-Restoring Division is the same as in Restoring 
Division. Consider first unsigned (positive) nu mbers only. At the 
beginning, the divisor is subtracted from the most significant part 
of the dividend. If the result (first remainder) is positive (or zero), 
the first quotient digit is "1." Otherwise, the quotient digit is "0," 
but do not restore. Shift divisor one place to the right (or remain
der to the left) and add If last quotient digit was "0;" otherwise 
subtract. Determine quotient digit as before and continue until all 
quotient digits have been computed. The remainder will be cor
rect if it is non-negative, otherwise correction is needed by a 
restoring operation (on the remainper only). Extreme care should 
be taken of the number of bits and the value of the divisor. 
Assuming the divisor has n bits and the dividend as 2n bits, the 
above process develops n + 1 bits oltha quotient. This will not be 
sufficient if the divisor is a small number and more digits are 
needed in the quotient. This condition can be easily detected as 
the most significant half of the dividend will be greater than the 
divisor in this case and division can then be terminated after 
setting the overflow flag. The flow chart for unsigned nonrestoring 
division is shown in Figure 21. 

The unsigned division scheme can be applied to signed positive 
numbers without any change. When negative numbers are 
encountered, however, changes in the algorithm are necessary. 
The straightforward method of signed division seems to be "divi
sion in the first quadrant."ln that scheme, negative numbers are 
2's complemented to obtain positive numbers, remembering the 
changes done. If overflow occurs when the dividend is com
plemented (Le., dividend is -22n - 1, the least negative number), 
the overflow flag can be set and an exit from the routine taken. 
This is due to the fact that (-22n - 1) divided by any number of 
n-bits cannot be represented in n bits. On the other hand, if 
overflow occurs when the divisor is complemented, a more com
plex action is needed. In this case, the dividend and the divisor 
should be shifted right by one place and the shifted out bit should 
be stored in a flag, say "Z." At the same time, a flag, "W" should 
also be set to indicate that division by -2n is being attempted. 
These actions need to be taken since the quotient might be 
representable in n bits. (Here instead of dividend = divisor quo
tient or remainder, we have [dividend 12] = [divisor 12)· quotient 
+ [rem 12]. The remainder obtained should be shifted left and the 
bit Z be added to give the correct remainder.) The division is 
performed on possible numbers, and finally 2's complementing 
is done whenever necessary _ Figure 18 is the flowchart for 
this algorithm, 

Figure 19 is the Interconnection Diagram for Division Algorithm. It 
is assumed that the most significant half Dividend is in Register 
Rx (it will be lost during the division and replaced by the Remain
der), the least significant half in the Q Register and that the Divisor 
is in Register Ry. The Quotient will be generated in the Q register. 

After checking the signs of the Dividend and Divisor, setting the 
flags and negating (using 23 or 24 octal as IS through 10 ALU 
control bits) when necessary the overflow condition should be 
checked. If Rx is greater than, then Ry, overflow occurs, hence 
the division can b~ terminated by setting the overflow flag. 

The first step in the Division routine is a subtract, then shift the Rx 
and Q registers up. 1876 will be 6 in octal while 1210 =.: 1 in octal and 
Is ~ 14 ~ Law. Pulling the CL bit in the microcode to HIGH, both 
13 and Cn will be high and the ALU is performing a 2's complement 
subtract. The sign of the Remainder will be latched in the Status 
Register and the complement of it will be stored in the LSB of the 
Q register during the shift up operation, which also discards the 
sign bit of the Remainder. 

Now repeating the same operation for all of the other bits 01 the 
Remainder with the CL bit in the microcode LOW will leave the 
control of 13 to the (complemented) previous sign bit. If it was "0" 
(R < 0), 13 and Cn will be HIGH and the ALU will subtract; if it was 
1 (R > D), 13 and Cn will be LOW and the ALU will ADD, as 
required. In each up shift, the complement of the present sign bit 
will be placed at the right of the Quotient, again, as required. 

At the end of the division, the sign bit of the Remainder should be 
examined and if i! is HIGH, the Divisor should be added to it. This 
can be easily implemented (not depicted on Figur. 19) by per
forming an unconditional ADD (with Cn LOW), letting 12 LOW, 
10 HIGH and controlling 11 by the complement of the sign of the 
Remainder, thus adding to the RX either RY (if Rs ~ 1) or zero (if 
Rs ~ 0). If the dividend and divisor were shifted right because the 
divisO!'" was equal to -2n, the true remainder is obtained by 
shifting the remainder left and adding the flag "Z," The above 
method generates n + 1 bits olthe quotient (qn. . qo) of which qn 
= 0, since most significant half of dividend is less than the divisor. 
The overflow flag should be set if qn - 1 ~ 1 since qn~ 1 ... qO is 
an unsigned positive number. 
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OVERFLOW 

N 

Figure 18. Flowchart for Division with Signed Numbers (Quotient = qn. qn-l ... qo where qn = 0) 
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REGISTER 

" .... 

's' 

LSB 
03 

RAMJ 
2901 

Cn +4 

Fi gu re 19, Interconnections for Dedicated Division 

2901 Microcode 

I Program: 2'5 Complement Division 

Pin Status (Octal) 

S,F 0 Description 

(B~A) '2 B First Subtract & Shift 

(B±A) '2 B loop SubtraeU Add & Shift 

B+O B Correct Remainder 

k = Number of leading zeros of the Divisor 

N = Number of bits in the Divisor 

Cl Repeat A 

1 - 1 

0 N 1 

X ~ 1 

B 1876 1543 1210 Cn 00 
0 6 1 1 1 F3 
0 6 110 1 1/0 F3 
0 3 0 1/3 0 X 

Figure 20. 2901 Microcode for Dedicated Division 
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Figure 21. Flowchart lor Nonrastorlng Division (Unsigned Numbers) 

Finally. the Quotient andlor Remainder should be 2's com
plemented again according to the flags. Complementation of 
the remainder cannot generate an overflow - because the max
imum remainder after divide (Figure 21) is 0011 ... 1 and the 
remainder correction when W = 1 can make the remainder at 
most 0111 ... 1. 

EXAMPLES OF SOME OTHER OPERATIONS 

1. Byte Swapping 
Occasionally the two halves of a 16-bit word must be swap
ped. DO _ 7 is interchanged yvith De _ 15· The quickest way to 
perform this operation is to rotate the word in RAM, shifting two 
bits at a time. Only tour shift cycles are required. The same 
register is selected on both the A and B ports; the two are 
added together with carry-in connected to carry-out, produc
ing a right shift 'of one place; then the ALU is shifted right one 
more place prior to storage. 

Byte Swap 01 Ro 

A = B = 0 I = 701 RAMo = RAM,s CIN = COUT 

Repeat 4 times. 

2. Instruction Fetch Cycle 

24/25 

Execution of a macroinstruction generally begins with an in
struction fetch cycle. The current contents of the PC (in one of 
the registers) is the address of the macroinstruction to be 
fetched, and must be read out to the memory address register. 
Then the PC is incremented to point to the next macroinstruc
tion. The macroinstruction obtained from memory is then 
loaded into the microprogram sequencer to cause a jump to 
the microcode for executing the instruction. 

The PC can be read out and incremented in one cycle by using 
the 2901 destination code 2. and addressing the PC with 
both the A and B addresses. The current value of PC will 
appear on the Y outputs, and PC + 1 will be returned to the 
register. If the PC is in register 15. then: 

A = B = 15. I = 203. Carry-in = 1 

The PC will be on the Y outputs via the RAM A-port. On the 
clock LOW-to-HIGH transition, the program counter is in
cremented and the value on the Y outputs is loaded into the 
memory address register. During the following cycle, the 
memory is read and, on the next clock LOW-ta-HIGH transi
tion the instruction from the memory is dropped into the in
struction register. The fetch operation requires only two mi
crocycles. 
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ORDERING INFORMATION 

I TS2901B j I J I B~ 
Part n~mber I Screening class 

Oper. temp. Package 
The table below horizontally shows all available suffix combinations for package. operating temperature and quality 
level. Other possibilities on request. 

OPER. TEMP. PACKAGE SCREENING CLASS 
PART NUMBER 

C M P J C E 

• I • I • I I TS2901B 
I I I I • • • • 

Examples :TS2901 BCP, TS2901 BCP-O, TS2901 BCJ, TS2901 BCJ-O 
TS2901 BMJ, TS2901 BMJGIB, TS2901 BMJBIB, ... 

Oper.temp.:C:OOCto+70oC,M: -55°C to +125°C. 
Package: P: Plastic OIL, J: Cerdip OIL, C: Ceramic Oil, E: Ceramic Lee. 
Screening classes: Std (no end-suffix), - 0: NFC 96883 level D. 
GIB: NFC 96883 level G, BIB: MIL-STO-883 level Band NFC 96883 level B. 

CASE CB-182 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CEROIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

01 Nominal dimension 

Std 

• 
• 

(21 Trull geometrical position 

I. 
(II 40 pins , 

I 
I 

AS1F CB-182 -eEl O.A.T.A. SEMICONDUCTORS 

These specifications are subject to change without notice. 

-0 GIB 

• I 
I • 

Please inquire with our sales offices about the availability of the different packages. 
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THOMSON 
SEMICONDUCTEURS 

4-BIT BIPOLAR MICROPROCESSOR 

The TS2901 industry standard four-bit microprocessor slice is a high
speed cascadable ALU intended for use in CPUs, peripheral controllers, 
and programmable microprocessors. The microinstruction flexibility of 
the TS2901 permits efficient emulation of almost any digital compu
ting machine. 

The device, as shown in the block diagram (next page), consists of a 16· 
word by 4-bit two·port RAM, a high·speed ALU, and the associated shif
ting, decoding and multiplexing circuitry. The nine-bit microinstruction 
word is organized into three groups of three bits each and selects the ALU 
source operands, the ALU function, and the ALU destination register. The 
microprocessor is cascadable with full look ahead or with ripple carry, has 
three-state outputs, and provides various status flag outputs from the ALU. 
The TS2901C is a plug-in replacement for TS2901B, but is 33% faster, 
th an the TS2901 B. 

• Two-address architecture: independent simultaneous access to two wor
king registers saves machine cycles. 

• Eight-function ALU : performs addition, two subtraction operations, 
and five logic functions on two source operands. 

• Flexible data source selection: ALU data is selected from five source 
ports for a total of 203 source operand pairs for every ALU function. 

• Left/right shift independent of ALU : add and shift operations take 
only one cycle. 

• Four status flags: carry, overflow, zero, and negative. 
• Expandable : connect any number of TS2901s together for longer 

word lengths. 
• Microprogrammable: three groups of three bits each for source operand 

A LU function and destinati on control. 
• Fast: TS2901C is up to 33 % faster than TS2901B. The TS2901C meets 

or exceeds all of the specifications for the TS2901 B. 
• H·BIP2: TS2901C is processed with THOMSON SEMICONDUCTORS 

proprietary H-B IP2 process. 

For applications information see the last part of this data sheet and chap· 
ters III and IV of Bit Slice Microprocessor Design, by Mick and Brick, Mc 
Graw Hill Publishers. 
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Sales headquarters 
45, avo de I'Europe - 78140 VELlZY - FRANCE 
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4-BIT BIPOLAR 
MICROPROCESSOR 

CASE CB-182 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CEROIP PACKAGE 

ESUFFIX 
CHIP CARRIER 

Hi-Rei versions available - See chapter 4 

A3 
A2 
A, 
AO 
IS 
IS 
17 

RAM3 
RAMO 

VCC 
F -0 

10 
I, 
12 

CP 
Q3 
BO 
B, 
B2 
B3 

PIN ASSIGNMENT 

OE 
V3 
V2 
V, 
Vo 
P 
OVR 

Cn +4 
G 
F3 
GNO 
Cn 
14 
15 
13 
DO 
0, 
02 
03 
00 
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MICROPROCESSOR SLICE BLOCK DIAGRAM 

CLOCK ---.:====++====~-, 

'A'IREADI 
ADDRESS 

'S' 
IREADIWRITEI 

ADDRESS 

DIRECT 
DATA IN ++_--, 

CARRY IN 

OUTPUT 
ENABLE 

ALU DATA SOURCE 
SELECTOR 

DATA OUT 
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RA~~ 
RAMO 

VCC 

F -0 
10 
1, 
12 

CP 
03 
Be 
B, 
82 
B3 

METALLIZATION AND PAD LAYOUT 

TS2901C 

Die size: 3.300 x 3.120 mm 

40 
39 
38 
37 
36 

35 
34 

33 
32 

31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

OE 
V3 
V2 
V, Ie 7 

Vo 
17 • 

P RAM3 9 

OVR RAMo 10 

£n +4 VCC 11 

G F -0 " 
F3 

10 13 

GNO 11 14 

Cn 12 15 
14 
15 CP 16 

13 NC 
Do 
0, 
02 
03 
00 

LEADLESS CHIP CARRIER 

NC 16 AO Al A2 A3 OE V3 V2 V, Vo 

3 l , .. " 4l " 40 

J9 NC 
38 P 
37 OVR ,. 

Cn +4 

" G 

" F3 
33 GNO 

32 Cn 

" 14 

30 15 

19 13 

" " 20 " 2l 23 14 25 26 21 28 

03 BO 8, B2 83 00 03 02 0, 00 NC 

PIN DEFINITION 

AO-3 The four address inputs to the register stack used to 
select one register whose contents are displayed through 
the A-port. 

Bo-a The four address inputs to the register stack used to 
select one register whose contents are displayed through 
the S-port and into which new data can be written when 
the clock goes LOW. 

10-8 The nine instruction control lines. Used to determine what 
data sources will be applied to the ALU (1012 ), what func
tion the ALU will perform (1 345), and what data is to be 
deposited in the a-register or the register stack (1.78), 

A shift line at the MSB of the a register (a3) and the 
register stack (RAM3)' Electrically these lines are three
state outputs connected to TIL inputs internal to the 
device. When the destination code on 1.78 indicates an up 
shift (octal 6 or 7) the three-state outputs are enabled and 
the MSB of the 0 register is available on the 0 3 pin and 
the MSB of the ALU output is available on the RAM3 pin. 
Otherwise, the three-state outputs are OFF (high-imped
ance) and the pins are electrically LS-TIL inputs. When 
the destination code calls for a down shift, the pins are 
used as the data inputs to the MSB of the 0 register (octal 
4) and RAM (octal 4 or 5). 

Q o Shift lines like 0 3 and RAM3, but at the LSB of the 
RAMo a-register and RAM. These pins are tied to the a 3 and 

RAM3 pins of the adjacent device to transfer data be
tween devices for up and down shifts of the a register and 
ALU data. 

00-3 Direct data inputs. A four-b~ data field which may be 
selected as one of the ALU data sources for entering data 
into the device. Do is the LSS. 
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Yo-a The four data outputs. These are three-state output lines. 
When enabled, they display either the four outputs of the 
ALU or the data on the A-port of the register stack, as 
determined by the destination code 1.78, 

OE Output Enable. When OE is HIGH, the V outputs are OFF; 
when OE is LOW, the V outputs are active (HIGH or 
LOW). 

G, P The carry generate and propagate outputs of the internal 
ALU. These signals are used with the 2902A for carry
lookahead. 

OVR Overflow. This pin is logically the Exclusive-OR of the 
carry-in and carry-out of the MSB of the ALU. At the most 
significant end of the word, this pin indicates that the 
result of an arithmetic two's complement operation has 
overflowed into the sign-bit. 

F = 0 This is an open collector output which goes HIGH (OFF) if 
the data on the four ALU outputs F0-3 are all LOW. In 
positive logic, it indicates the result of an ALU operation is 
zero. 

Fa The most significant ALU output bit. 

Cn The carry-in to the internal ALU. 

Cn+4 The carry-out of the internal ALU. 

CP The clock input. The a register and register stack outputs 
change on the clock LOW-to-HIGH transition. The clock 
LOW time is internally the write enable to the 16 x 4 RAM 
which compromises the "master" latches of the register 
stack. While the clock is LOW, the "slave" latches on the 
RAM outputs are closed, storing the data previously on 
the RAM outputs. This allows synchronous master-slave 
operation of the register stack. 
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ARCHITECTURE 

A detailed block diagram of the bipolar microprogrammable 
microprocessor structure is shown in Figure 1. The circuit is a 
four·bit slice cascadable to any number of bits. Therefore, all 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4-bit 
2-port RAM and the high-speed ALU_ 

Data in any of the 16 words of the Random Access Memory 
(RAM) can be read from the A-port of the RAM as controlled by 
the 4-bit A address field input. Likewise, data in any of the 16 
words of the RAM as defined by the B address field input can be 
simultaneously read from the B-port of the RAM. The same code 
can be applied to the A select field and B select field in which case 
the identical file data will appear at both the RAM A-pon and 
S-port outputs simultaneously. 

When enabled by the RAM write enable (RAM EN), new data is 
always written into the file (word) defined by the B address field 
of the RAM. The RAM data input field is driven by a 3-input 
multiplexer. This configuration is used to sh'ift the ALU output 
data (F) if desired. This three-input multiplexer scheme allows the 
data to be shifted up one bit position, shifted down one bit posi
tion. or not shifted in either direction. 

The RAM A-port data outputs and RAM B-port data outputs 
drive separate 4-bit latches. These latches hold the RAM data 
while the clock input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM_ 

The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit input 
words Rand S. The R input field is driven from a 2-input multi
plexer. while the S input field is driven from a 3-input multi
plexer. 80th multiplexers also have an inhibit capability; that is, 
no data is passed. This is equivalent to a "zero" source operand. 

Referring to Figure 1. the ALU R-input multiplexer has the RAM 
A-port and the direct data inputs (D) connected as inputs. Like
wise, the ALU S-input multiplexer has the RAM A·port, the 
RAM 8-port and the a register connected a~ inputs. 

This multiplexer scheme gives the capability of selecting various 
pairs of the A, B. D. Q and "0" inputs as source operands to'the 
ALU. These five inputs, when taken two at a time, result in ten 
possible combinations of source operand pairs. These combin
ations include AB_ AD, AQ, AO, BD, BQ, BO, DQ, DO and QO, 
It is apparent that AD, AO and AO are somewhat redundant with 
8D 80 and 80 in that if the A address and 8 address are the 
sa~e. the identical function results. Thus, there are only seven 
completely non·redundant source operand pi\lirs for the ALU. 
The 2901 microprocessor implements eight of these pairs_ 
The microinstruction inputs used to select the A LU source 
operands are the 10, '1, and 12 inputs. The definition of 10, 11. 
and 12 for the eight source operand combinations are as shown in 
Figure 2. Also shown is the octal code for each selection. 

The two source operands not fully described as yet are the D in
put and Q input. The 0 input is the four-bit wide direct data 
field input. This port is used to insert all data into the working 
registers inside the device. Likewise. this input can be used in the 
ALU to modify any of the internal data files. The a register is a 
separate 4-bit file intended primarily for multiplication and 
division routines but it can also be used as an accumulator or 
holding register for some applications. 

The ALU itself is a high-speed arithmetic/logic operator capable 
of performing three binary arithmetic and five logic functions. 
The 13. '4. and IS microinstruction inputs are used to select the 
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ALU function. The definition of these inputs is shown in Figure 3. 
The octal code is also shown for reference. The normal technique 
for cascading the ALU of several devices is in a look-ahead carry 
mode. Carry generate, G, and carry propagate, p. are outputs of 
the device for use with a carry-Iook-ahead-generator such as the 
2902A_ A carry-out, Cn + 4, is also generated and is available 
as an output for use as the carry flag in a status register. 80th 
carry-in (Cn) and carry-out (Cn+4) are active HIGH, 

The ALU has three other status-oriented outputs. These are F3, 
F = D. and overflow (OVR). The F3 output is the most significant 
(sign) bit of the ALU and can be used to determine positive or 
negative results without enabling the three-state data outputs. 
F3 is non-inverted with respect to the sign bit output V 3. The 
F = 0 output is used for zero detect. It is an open·collector out· 
put and can be wire OR'ed betwe,en microprocessor slices. F = 0 
is HIGH when aU F outputs are LOW. The overflow output (OVR) 
is used to flag arithmetic operations that exceed the available 
two's complement number range. The overflow output (OVR) 
is HIGH when overflow exists. That is, when Cn+3 and Cn+4 are 
not the same polarity. 

The ALU data output is routed to several destinations. It can be a 
data output of the device and it can also be stored in the RAM or 
the Q register. Eight possible combinations of ALU destination 
functions are available as defined by the '6, 17' and IS micro· 
instruction inputs. These combinations are shown in Figure 4. 

The four-bit data output field (V) features three-state outputs and 
can be directly bus organized. An output control (DE) is used to 
enable the three-state outputs. When 5E is HIGH, the Y outputs 
are in the high-impedance state. 

A two-input multiplexer is also used at the data output such that 
either the A-port of the RAM or the ALU outputs (F) are selected 
at the device V outputs. This selection is controlled by the 16, 17. 
and 18 microinstruction inputs. Refer to Figure 4 for the selected 
output for each microinstruction code combination. 

As was discussed previously. the RAM inputs are driven from a 
three·input multiplexer. This allows the ALU outputs to be 
entered non-shifted. shifted up one position (X2) or shifted down 
one position (";-2). The shifter has two ports; one is labeled RAMo 
and the other is labeled RAM3. 80th of these ports consist of a 
buffer-driver with a three-state output and an input to the multi
plexer. Thus. in the shift up mode, the RAM3 buffer is enabled 
and the RAMo multiplexer input is enabled. Likewise. in the shift 
down mode, the RAMo buffer and RAM3 input are enabled. In 
the no-shift mode, both buffers are in the high-impedance state 
and the multiplexer inputs are not selected. This shifter is con
trolled from the '6. 17 and Is microinstruction inputs as defined 
in Figure 4. 

Similarly, the Q register is driven from a 3·input multiplexer. In 
the no-shift mode, the multiplexer enters the ALU data into the 
a register. In either the shift·up or shift-down mode, the multi· 
plexer selects the a register data appropriately shifted up or 
down. The a shifter also has two ports; one is labeled Qo and the 
other is Q3. The operation of th.ese two ports is similar to the 
RAM shifter and is also controlled from 16. 17, and Is as shown 
in Figure 4. 

The clock input to the 2901 controls the RAM, the Q register 
and the A and B data latches. When enabled. data is clocked into 
the a register on the LOW·to-HIGH transition of the clock. When 
the clock input is HIGH. the A and 8 latches are open and will 
pass whatever data is present at the RAM outputs. When the 
clock input is LOW, the latches are closed and wi II retain the 
last data entered. If the RAM·EN is enabled. new data will be 
written into the RAM file (word) defined by the B address field 
when the clock input is LOW. 
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FUNCTIONAL TABLES 

MICROCODE 
ALU SOURCE 
OPERANDS MICROCODE ALU SYMBOL 

Mnemonic 12 11 10 
Octal R S 
Code Mnemonic 15 14 13 

Octal Function 
Code 

AO L L L 0 A 0 ADD L L L 0 A Plus S R+S 
AB L L H 1 A B SUBR L L H 1 S Minus R S-R 
ZO L H L 2 0 0 SUBS L H L 2 R Minus 5 R-S 
ZB L H H 3 0 B OR L H H 3 R OR S RV S 
ZA H L L 4 0 A AND H L L 4 RANDS RA S 
OA H L H 5 0 A NOTRS H L H 5 RAN~S RAS 
DO H H L 6 0 0 EX OR H H L 6 R EX·OR S R"I'S 
OZ H H H 7 0 0 EXNOR H H H 7 R EX· NOR S R"I'S 

Figure 2. ALU Source Operand Control. Figure 3. ALU Function Control. 

RAM a-REG. RAM a MICROCODE FUNCTION FUNCTION Y SHIFTER SHIFTER 

Mnemonic Ie 17 16 
Octal Shift Load Shift Load OUTPUT 

RAMo RAM3 00 Code 

OREG L L L 0 X NONE NONE F~O F X X X 

NOP L L H 1 X NONE X NONE F X X X 

RAMA L H L 2 NONE F~ B X NONE A X X X 
~. 

RAMF L H H 3 NONE F~B X NONE F X X X 

RAMOO H L L 4 DOWN F/2 -+ B DOWN 012 .... a F Fo IN3 00 
RAMO H L H 5 DOWN F/2 -+ B X NONE F Fo IN3 0 0 

RAMOU H H L 6 UP 2F -+ B UP 2Q-+ Q F INo F3 INo 

RAMU H H H 7 UP 2F -+ B X NONE F INo F3 X 

x = Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state 
B = Register Addressed by B inputs. 
UP is toward MSB, DOWN is toward lSB. 

Figure 4. ALU Destination Control. 

~12100CTAL 0 1 2 3 4 5 

CI~ T 5 Source 
A,O A,B 0,0 O,B O,A O,A A 4 ALU 

L 3 Function 

Cn = L A+a A+B a B A D+A 
0 R Plus S 

en = H A+Q + 1 A + B + 1 0+1 B + 1 A + 1 0+ A + 1 

Cn = L 0-A-1 B-A-l 0-1 B-1 A-1 A-0-1 
1 S Minus R 

C n = H O-A B-A 0 B A A-O 

C n = L A-O-l A-B-1 
2 R Minus 5 

-0-1 -B-1 -A-1 0-A-1 

Cn = H A-O A-B -0 -B -A O-A 

3 R OR S AVa AVB 0 B A OVA 

4 RANDS A AO AAB 0 0 0 OAA 

5 RANDS iliAa )lAB a B A 5AA 

6 REX-OR S A"" 0 A .... B a B A 0"" A 

7 R EX-NORS A .... a A'itB a: B A O .... A 

+ "" Plus: - '" Minus; V .. OR ; A= AND ;~= EX.OR 

Figure 5. Source Operand and ALU Function Matrix. 
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SOURCE OPERANDS AND ALU FUNCTIONS 

There are eight source operand pairs available to the ALU as 
selected by the '1 0,11. and 12 instruction inputs. The ALU can 
perform eight functions; five logle and three arithmetic. The 
13. 14. and 15 instruction inputs control this function selection. 
The carry input, en. also affects the ALU results when in the 
arithmetic mode. The en input has no effect in the logic mode. 
When 10 through 15 and en are viewed together, the matrix of 

Octal 

'543, '210 
Group Function 

40 AI\O 
41 

AND 
AI\8 

45 OI\A 
46 01\0 

30 AVO 
31 

DR 
AV8 

35 OVA 
36 OVO 

60 AVO 
61 EX-OR AV8 
65 OVA 
66 OVO 

7 0 AvO 
7 1 

EX-NOR 
A¥8 

7 5 O¥A 
76 O¥O 

7 2 0 
73 

,NVERT 
8 

74 A 
7 7 0 

62 0 
63 PASS 

8 
64 A 
67 0 

32 0 
3 3 PASS 

8 
34 A 
3 7 0 

42 0 
43 "ZERO" 0 
44 0 
47 0 

50 AI\O 
51 MASK AI\8 
55 OI\A 
56 OliO 

Figure 6. ALU Logic Mode Functions. 

Figure 5 results. This matrix fully defines the ALU/source 
operand function for each state. 

The ALU functions can also be examined on a "task" basis, 
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the 
carry will affect the function performed while in the logic 
mode, the carry will have no bearing on the ALU output. 
Figure 6 defines the various logic operations that the 2901 
can perform and Figure 7 shows the arithmetic functions of 
the device. Both carry·in LOW (Cn = 0) and carry·in HIGH 
(en = 1) are defined in these operations. 

Octal Cn = 0 (Low) Cn = 1 (High) 

'543, '210 Group Function Group Function 

0 0 A+O A+Q+l 

0 1 ADD A+8 ADD plus A+B+l 
0 5 O+A one O+A+l 
0 6 0+0 0+0+1 

0 2 0 0+1 
0 3 PASS 8 Increment 8+1 
0 4 A A+l 

0 7 0 0+1 

1 2 0-1 0 
1 3 Decrement 8-1 PASS 8 
1 4 A-l A 
2 7 0-1 0 

2 2 -0-1 -0 
2 3 1'5 Camp. -8-1 2'5 Camp. -8 
2 4 -A-I (Negate) -A 
1 7 -0-1 -0 

1 0 O-A-l O-A 
1 1 Subtract 8-A-l Subtract 8-A 
1 5 (1'5 Camp) A-O-l (2'5 Camp) A-O 
1 6 0-0-1 0-0 
2 0 A-O-l A-O 
2 1 A-8-1 A-8 
2 5 O-A-l O-A 
2 6 0-0-1 0-0 

Figure 7. ALU Arithmetic Mode Functions. 
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LOGIC FUNCTIONS FOR G. p. Cn+4. AND OVR Definitions (+ = OR) 

The four signals G, P, Cn+4, and OVR are designed to indicate 
carry and overflow conditions when the 2901 is in the add 
or subtract mode. The table below indicates the logic equations 
for these four signals for each of the eight ALU functions. The 
Rand S inputs are the two inputs selected according to 
Figure 2. 

Po = Ro + So 

P, = R, + S, 

P2 = R2 + S2 

P3 = R3 + S3 

Go = RoSo 

G , = R, S , 

G2 = R2S2 

G3 = R3S3 

C4 = G3 + P3G2 + P3P2G, + P3 P2P, Go + P3P2P, PoCn 

C3 = G2 + P2G, + P2P, Go + P2P, PoCn 

1543 Function P G Cn+4 OVR 

0 R+S P3P2P, Po G3 + P3G2 + P3P2G, + P3P2P, Go C. C3'f C. 

, S-R Same as R + S equations, but substitute Ai for Ri in definitions 

2 R-S .. Same as R + S equations, but substitute Si for 5j in definitions 

3 RVS LOW P3P,P, Po P3P2P, Po + Cn P3P2P, ~o + Cn 

4 RI\S LOW G3+G2+G1 +GO G3 + G2 + G 1 + Go + Cn G3+G2+G, +GO+Cn 

5 R I\S LOW Same as R I\. S equations, but substitute Ai for Ai in definitions 

6 RltS .. Same as R V S, but substitute Ri for Ri in definitions 

7 R'fS G3 + G2 + G1 + Go G3 + P3G2 + P3P2G, + P3P2P, Po 
G3 + P3G, + P3P,G, 

+ P3P2P, Po (Go + Cn) 
- - - -- - -- - -- - - -- - -Note: [P, +G,P, +G,G, Po +G2G, GoCnl 'f [P3 +G3P,+G3G2P, +G3G2G, Po +G3GiG, GoCnl 

Figure 8. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

Part Number 
Suffix 

CSUFFIX 

M SUFFIX 

OPERATING RANGE 

Vee Temperature 

4.75V to 5.25V TA = ooe to +70oe 

4.50V to 5.50V Tc = -55°e to +125°e 

Figure 9 
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See note 

+ =: OR 

-0.5 V to +7.0 V 

-0.5 V to +Vcc max. 

-0.5 V to +5.5 V 

30mA 

-30 mA to +5.0 mA 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Figure 10. 
Typ. 

Parameters Description Test Conditions (Note 1) Min. INote 21 Max. Units 

'OH 
Yo, V~, V2, V3 

2.4 

Vee ~ MIN. 
'OH = -1.0mA, Co+4 2~ 

VOH Output HIGH Voltage 10H = -800.A, OVR, P 2.4 Volts 
VIN = VIH or VIL 

'OH = -600.A, '3 2.4 

'OH = -600. A 

RAMO, 3, 00, 3 
2.4 

10H = -1.6mA, G 2.4 

'CEX 
?ut~ut Leakage Current VCC = MIN. VOH = 5.5V 
fo, F = ° Output V,N = V,H 0' V,L 

YO. Y1, Y2, Y3 
'0' = 20mA (COM'LI 0.5 

Vee'" MIN., 'OL = '6mA (MIll O.S 

VOL Output LOW Voltage VIN = VtH F = ° 10L = '6mA 0.5 
Volts 

or VIL Co+4 10'- = 'OmA 0.5 

OVR,P 10L = 8.0mA 0.5 

F3, RAMO, 3, 
tOL = 6.0mA 0.5 

00,3 

V,H Input HIGH Level 
' Gu","",d ;oput log;oal HIGH 

2.0 Volts 
• vol"g, fo, ,II ;opu" INote 61 

V,L Input LOW Level 
Gu","",d ;oput log;oal LOW 

0.8 Volts 
: volt,g, fo, ,II ;opu" INote 6) 

V, loput CI,mp Volt,g. VCC = MIN .. "N = -'8mA -1.5 Volt, 

I Clock, DE -0.36 

I AO, A" A2, A3 -0.36 

-"0, B" B2, B3 .-O3~ 

I,L Input LOW Current Vee'" MAX., VIN = O.SV 
DO, D" D2, D3 -0.72 

mA 
'0, I" '2, '6, 18 -0.36 

'3, '4, '5, 17 -0.72 

-"AMO, 3, 00, 3 (Note 41 -0.8. 

Co -3.6 

I Clock, DE 20 

lAO, A· ,A2, A3 20 

Bo, 8" B2, B3 20 

"H Input HIGH Current Vee'" MAX., VIN '" 2.7V 
DO, D" D2, D3 40 

.A 
'0, I" '2, '6, '8 20 

-'-3, '4,'5, 17 40 

-"""'o...:l'...00,3 (Note 41 '00 

Co 200 

I, loput HIGH Cu,,'ot . VCC = MAX., V'N.. = 5.5V 1.0 mA 

Yo. Y1. Vo = 2.4V 50 

Y2. Y3 Vo = 0.5V -50 

IOZH Off State (High Impedance) 
Vee = MAX. ~4V .A 

'OZl Output Current RAMO, 3 

0 0,3 ~N~:' ~,5V 
YO, V" V2, Y3, G -30 -85 

'OS Output Short Circuit Current Vee = MAX. + O.SV. Vo '" O.SV 
Co+4 -30 -85 

mA 
(Note 31 OVR,P -30 -85 

F3 -30 -85 

RAMO, 3, 0 0, 3 -30 -85 

COM' . 'I1cJ.MII rA=25"C '60 250 

COM'L Only 
TA=_0°Cto+7'!..C 265 

ICC 
Power Supply Current 

VCC= '" 
rA=+70"C 220 

mA 
(Note 5) TC = _55°C to 

MIL Only .+'25°C 
280 

TC = +'25"C '98 

Notes: 1. Vee conditions shown as MIN or MAX, refer to the military (±10%) or commercial (±S%) Vee limits. 
2. Typical limits are at Vee = S.OV. 25°C ambient and maximum loading. 
3. Not more than one output should be stored at a time. Duration of the short circuit test should not exceed one second. 
4. These are three· state outputs internally connected to TTL inputs. Input characteristics are measured with 1678 in a state such that the three·state output is OFF. 
5. Worst case Icc is measured at the lowest temperature in the specified operating range. 
6. These input levels provide zero noise immunity and should only be tested in a static. nOise-free environment. 
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I. 2901C Guaranteed Commercial A, Cycle Time and Clock Characteristics, 
Range Performance 

The tables below specify the guaranteed performance of the 
2901 C over the commercial operating range of O·C to + 70·C 
with VCC from 4.75V to 5.25V. All data /Ire in ns, with inputs' 
switching between OV and 3V at Wins and measurements made 
at 1.5V. All outputs have maximum DC load. 

Read-Modify-Write Cycle (from selection of A, B registers 
to end of cycle.) 

Maximum Clock Frequency to shift Q (50% duty cycle, 
I = 432 or 632) 

Minimum Clock LOW Time 
This data applies to the following part numbers: Minimum Clock HIGH Time 

TS2901C CP 
TS2901CCJ 

Notes: 

Minimum Clock Period 

B, Combinational Propagation Delays. 
CL = 50pF 

~ From Input Y F3 Cn+4 G, ji F=O OVR 

A, B Address 40 40 40 37 40 40 

0 30 30 30 30 38 30 

Cn 22 22 20 - 25 22 

1012 35 35 35 37 37 35 

1345 35 35 35 35 38 35 

1678 25 - - - - -

A Bypass ALU 
35 - - - - -(I = 2XX) 

ClockS 35 35 35 35 35 35 

C. Set-up and Hold Times Relative to Clock ICP) Input. 

Input 

A, B Source Address 

B Destination 
Address 

0 

Cn 

1012 

1345 

1678 

RAMO, 3, QO, 3 

CP: ---' r --, 
'-------~ 

Set-up Time Hold Time Set-up Time 
Before H -+ L After H -+ L Before L -+ H 

15 1 (Note 3) 30,15 + TpWL 
(Note 4) 

15 Do Not Change 

- - 25 

- - 20 

- - 30 

- - 30 

10 Do Not Change 

12 - -
10 

D. Output Enable/Disable Times, 
Output disable tests performed with CL = 5pF and 
measured to 0.5V change of output voltage level. 

Input Output Enable Disable 

OE y 23 23 

1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

RAMO 00 
RAM3 03 

40 -

30 -

25 -

35 -

35 -

26 26 

- -

35 28 

'-

Hold Time 
After L -+H 

1 

1 

0 

0 

0 

0 

0 

0 

31n5 

32MHz 

15n5 

15ns 

31n5 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase "do not change", 
3. Source addresses must be stable prior to the clock H -+ L transition to allow time to access the source data before the latches close. The A 

address may then be changed. The B address could be changed if it is not a destination; i.e. if data is not being written back into the RAM. Normally 
A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L -+ H transition is to allow time tor data to be accessed, passed through the ALU, and returned to the RAM. It 
includes all the time from stable A and B addresses to the clock L -+ H transition, regardless of when the clock H -+ L transition occurs. 
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II. 2901C Guaranteed Military A. Cycle Time and Clock Characterl.tlcs. 

Range Performance 
The tables below specify the· guaranteed performance of the 
2901C over the military operating range of-55°C to + 125"C, 
with Vee from 4.5V to 5.5V. All data are in ns. with inputs switch
ing between OV and 3V at Wins and measurements made at 
1.5V. All outputs have maximum DC load. 

Read·Modify-Write Cycle (from selection 01 A. B registers 
to end 01 cycle.) 

Maximum Clock Frequency to shift Q (50% duly cycle. 

This data applies to the following part numbers: 

TS2901CMJ 
TS2901C ME 

I - 432 or 632) 

Minimum Clock lOW Time 

Minimum Clock HIGH Time 

Minimum Clock Period 

B. Combinational Propagation Delays. 

CL = SOpF 

~ From Inpu Y F3 Cn+4 G,P F=O OVR 

A. B Address 48 48 48 44 48 48 

0 37 37 37 34 40 37 

Cn 25 25 21 28 25 

1012 40 40 40 44 44 40 

1345 40 40 40 40 40 40 

1678 29 

A Bypass ALU 40 
(I - 2XX) 

Clock .r 40 40 40 40 40 40 

RAMO QO 
RAM3 Q3 

48 

37 

28 

40 

40 

29 29 

40 33 

C. Set-up and Hold Times Relative to Clock (CP) Input. 

Input 

A. B Source Address 

B Destination 
Address 

0 

Cn 

1012 

1345 

1678 

RAMO. 3. 00. 3 

Notes: 

CP: -' 

t\:--- ~ 

1--
Set-up Time Hold Time Set-up Time 

Before H .... L After H .... L Before L .... H 

15 2 (Note 3) 30.15 + TpWL 

(Note 4) 

15 Do Not Change 

25 

20 

30 

30 

10 Do Not Change 

12/10 

D. Output Enable/Disable Times. 
Output disable tests performed with CL = 5pF and 
measured to 0.5V change of output voltage level. 

Input Output Enable Disable 

OE y 25 25 

1. A dash indicates a propagation delay path or set~up time constraint does not exist. 

~ 

Hold Time 
After L .... H 

2 

2 

0 

0 

0 

0 

0 

0 

32ns 

31 MHz 

15ns 

15ns 

32ns 

2. Certain signals must be stable during the entire clock lOW time to avoid erroneous operation. This is indicated by the phrase "do not change". 
3. Source addresses must be stable prior to the clock H -+ L transition to allow time to access the source data before the latches ctose. The A 

address may then be changed. The B address could be chsnged ij ~ is not a destination; i.e. if data is not being wriUen back into the RAM. Nonnelfy 
A _ B ... _ chllnged during the clock LOW tI ..... 

4. The set-up time prior to the clock L .... H transition is to allow time for data to be accessed. passed through the ALU. and retumed to the RAM. It 
includes 21=1 the time from stable A and B addresses to the dock L -+ H transition, rega~less of when the clock H -+ L transition occurs. 
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TTL INPUT/OUTPUT CURRENT INTERFACES 

MET SCHOTTKY 
DRIVEN INPUT DRIVEN INPUT 

PHP 
DRIVEN INPUT 

~C----------.-------------------------~--------------------------~----------

"H 

R= 

en 2k 

00.3. RAMo, 3 15k 

THREE-STATE 
OUTPUT 

500 NOM 

R= 

13.4.5,7 10k 

10,1,6,8 20' 

OJ! 20. 
00., 10k 

C, = 5.0pF, all inputs 

NORMAL 

son NOM 

[ 

F 

Co = 5.0pF, all outputs 
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I'H 

R 

CP 

I, 

Ao-a. B0-3 

OPEN COLLECTOR 
OUTPUT 

R= 

6k 

10k 

6k 

F=O 
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TEST OUTPUT LOAD CONFIGURATIONS FOR 2901C 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS <:. OPEN-COLLECTOR OUTPUTS 

Vee 

I 
s, s, 

R, 

VOUT ~o-...... - ..... -,K~-4 

s, 

VOUT ~>-..... - ..... -I<1--'" R, 

A, ~ 
5.0 - VeE - VOL 5.0 - VeE - VOL 

A, ~ ---~=--~ 

5.0 - VOL 
A, ~ 

IOl 

Notes: 1. CL = 50pF includes scope probe. wiring and stray capacitances without device in test fixture. 
2. 81, 82, 83 are closed during function tests and aU AC tests except output enable tests. 
3. 81 and 53 are closed while 82 is open for tpZH test. 

8 1 and 82 are closed while 83 is open for tpZL test. 
4. Cl ~ 5.0pF for output disable tests. 

Pin" 

3 

5 

7 

13 

18 

28 

29 

30 

31 

32 

33·36 

TEST OUTPUT LOADS FOR 2901C 

Test 
Pin Label Circuit R, 

AAM3 A 560 

AAMo A 560 

F ~ 0 C 270 

0 3 A 560 

0 0 A 560 

F3 B 620 

G B 220 

Cn+4 B 360 

OVA B 470 

P B 470 

YO-3 A 220 
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R2 

,K 

1K 

-

1K 

1K 

3.9K 

1.5K 

2.4K 

3K 

3K 

1K 
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MINIMUM CYCLE TIME CALCULATIONS FOR l6·BIT SYSTEMS 

Speeds used in calculations for parts other than 2901C are 
representative for available MSI parts. 

LSB 

0 
A,S,I,en 

2901 C 

.Jl.J 
CLOCK 

Plpellned System. Add without Simultaneous Shift. 

r-+ 2901C 
+ 3 2902A 
+ 4 2901C 
+ 5 Register 

DATA LOOP 

Clock to Output 9 
A.BtoG,P 37 + 6 MUX 

Go. Po to CnH 10 + 7 2910 

Cn to Cn+4• OVR. F3. F = O. Y 25 

~~~' 
+ 8 PROM 
+ 1 Register Set·up Time 2 

83ns 

Minimum clock period = 109ns 
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CONTROL LOOP 

Clock to Output 
Select to Output 
CC to Output 
Access Time 
Set·up Time 

CD 
~ffi 
~~ 
Iii:;: 

a: 

9 
13 
45 
40 
2 

109n5 
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS (Cont.) 

Speeds used in calculations for parts other than 2901C are 
representative for available MSI parts. 

LSB ® ... 
RAMOQDRAM3-------------

A.B.I.Cn G.p 

2901C 

...f1..J 
CLOCK 

C!2MSB 
RAMO RAM3 

2901C 

Pipelined System. Simultaneous Add and Shift Down. 

DATA LOOP CONTROL LOOP I Register Clock to _O~put 
+ 2 2901C A.BtoG.P 
+ 3 2902A Go. Po to Cn+z 
+ 4 2901 Cn to F3. OVR 
+ 5 XOR and MUX 
+ 6 2901 RAM3 Set·up 

9 
37 
10 
25 
21 
12 

114ns 

I Register 
+ 6 MUX 
+ 7 2910 
+ 8 PROM 
+ 1 Register 

Minimum clock period = 114n5 
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Clock to Output 
Select to Output 
CC to Output 
Access Time 
Set·up Time 

9 
13 
45 
40 
2 
109ns 
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USING THE TS2901 C 

BASIC SYSTEM ARCHITECTURE 

The 2901 is designed 10 be used in microprogrammed 
systems. The nina instruction linas, the A and B addresses, and 
the 0 data inputs normally will all come from registers clocked at 
the same time as the 2901 . The register inputs come from a 
ROM or PROM - the "microprogram store." This memory 
contains sequences of microinstructions, typically 28 to 40 bits 
wide, which apply the proper control signals to the 290 1 s, and 
other circuits to execute the desired operation. 

The address lines of the m:croprogram store are driven from the 
2910 microprogram sequencer. This device has facilities for 
storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The 2910 is controlled by 
some of the bits coming from the microprogram store. 
Essentially these bits are the '''naxt instruction" control. 

Note that with the microprogram register in-between the 
microprogram memory store and the 2901 s , an instruction 
accessed on one cycle is executed on the next cycle. As one 
instruction is executed, the next instruction is being read from 
microprogram memory. In this configuration, system speed is 
improved because the execution time in the 2901 s occurs in 
parallel with the access time of the microprogram store. Without 
the "pipelina register," these two functions must occur serially. 

EXPANSION OF THE 2901 

The 2901 is a four-bit CPU Slice. Any number of 2901 s 
can be interconnected to form CPUs of 12, 16, 24, 36 or more 
bits, in four-bit increments. Figure 12 illustrates the 
interconnection of three 29015 to form a 12-bit CPU, using 
ripple carry. Figure 13 illustrates a 16-bit CPU using carry 
lookahead, and Figure 14 is the general carry lookahead 
scheme for long words. 

With the exception of the carry interconnection, all expansion 
schemes are the same. Refer to Figure 12.TheQ3and RAM3 
pins are tlidirectional left/right shift lines at the MSB of the 
device. For all devices except the most significant, these lines 
are connected to the 00 and RAMo pins of the adjacent more 
significant device. These connections allow the a-registers of 

°0_3 °4_7 

00 1/0 Do 0 Q3 Do 0 

RAMO 110 RAMO RAM3 RAM. 

all 2901 s to be shifted left or right as a contiguous n·bit 
register, and also allow the ALU output data to be shifted left or 
right as a contiguous n-bit word prior to storage in the RAM. At 
the LSB and MSB of the CPU, the shift pins should be connected 
to three-state multiplexers which can be controlled by the 
microcode to select the appropriate input signals to the shift 
inputs. (See Figure 15). 

The open cOllector F = 0 outputs of all the 2901 s are 
connected together and to a pull-up resistor. This line will 90 
HIGH if and only if the ouput of the ALU contains all zeroes. Most 
systems will use this line as the Z (zero) bit of the processor 
status word. 

The overflow and F3 pins are generally used only at the most 
significant end of the array, and are meaningful only when two's 
complement signed arithmetic is used. The overflow pin is the 

CLOCK 

TO OTHER 
DEVICES 

Figure 11. Microprogrammed Architecture Around 
2901s. 

Oa_11 

0 3 Do a, 0,,1/0 

RAM3 RAMO RAM3 RAMll 110 

CARRY IN Cn 
2901 

Cn 
2901 cn 

2901 c n+4 

OUTPUT 
CONTROL 

aVR 
F3 

OE OE F-. 

Ya- l1 

Figure 12. Three 2901. Used to Construct 12-Bit CPU with Ripple Carry. Corresponding A, B, and 
I Pins on all Devices are Connected together. 
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Exclusive-OR of the carry-in and carry-out of the sign bit 
(MSB). It will go HIGH when the result of an arithmetic 
operation is a number requiring more bits than are avai lable, 
causing the sign bit to be erroneous. This is the overflow (V) 
bit of the processor status word. The F3 pin is the MSB of 
the ALU output. It is the sign of the result in two's comple· 
ment notation, and should be used as the Negative (N) bit 
of the processor status word. 

the carry·out from the array, and is used as the carry (C) 
bit of the processor status word. 

Carry interconnections between devices may use either 
ripple carry or carry lookahead. For ripple carry, the carry· 
out (Cn + 4) of each device is connected to thecarry·in (Cn) 
of the next more significant device. Carry lookahead uses 
the 2902A lookahead carry generator. 

The carry·out from the most significant 2901 (Cn+ 4 pin) is 

CARRY·IN 

°8_11 

lL JL JL II 
110_ 0, Q, Q, 0, "0 Q, Q, Q, ~a'5tf 
010- RAMO RAM] 

~ 
RAMO RAM) RAMO RAM] 

~ 
RAMO RAM] ~RAM15 

G G:>-- G G 

2901 . 
2901 '0-- . 

2901 
. ~c - Co eM" f= Co en+c - Co 2901 Cn +4 = Co cn •• 

OVR OVR - OVR OVR f--v 
" I- ',- " - " 1--. ,., F=G f=O F ~ 0 >-l 

D .u D .u 
YO-3 Y4-7 V8_11 "12_15 RL 

.JOn 

d 1 .ll I, Po Go '1 G1 '2°2 p] OJ 

2902A 
G 

,Co . 
Cn •• Cn ., Cn +z 

Figure 13. Four 2901s in a 16-Bit CPU Using the 2902A for Carry Lookahead. 

2901', 

Go Po G, P, G2 '2 G3 PJ . 
2902A 

'-----------1---1 Co 

L..--------4--- c .. 

Figure 14. Carry Lookahead Scheme for 48-Bit CPU Using 12x2901s. The Carry.()ut Flat (C48) should 
be taken from the Lower 2902A Rather than the Right-Most 2901 for Higher Speed. 
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H-h LSB MSB rl+1 
10 A B 20 10 A B 20 
lCO lCO 

H- :~~ fi! i 1V "0 an w ~Sffi lCl I-H - INPUTS INPUTS ",LX lC2 
1C3 ~; FOR FOR ~~~ lC3 I--

UP DOWN Jl)"!:: . 2CO f-< 2CO an ~ "' ...... 
H- 2Cl 'E ~ SHIFT SHIFT 

2V ~~i 2Cl f-+-H 
- 2C2 <C 0 

2Y RAMO RAMn 2C2 I-r---- 2C3 
2C3 I-~ 2901 

ARRAY 
"::" 

MSB-Fn 
(SIGN BIT! 

Figure 15. Threo-State Multiplexen Used on Shift I/O Lines. 

SHIFT 1/0 LINES AT THE END OF THE ARRAY 

The Q-register and RAM left/right shift data transfers occur 
between devices over bidirectional lines. At the ends of the 
array, three-state multiplexers are used to select what the new 
inputs to the registers should be during shifting. The 2904 
includes these multiplexers in a single LSI chip_ Figure 19 
shows two Am25 LS253 dual four-input multiplexers connected 
to provide four shift modes. Instruction bit 17 (from the 
2901 ) is used to select whether the left-shift multiplexer or 

the right-shift multiplexer is active. The four shift modes in 
this example are: 

Zero A LOW is shifted into the MSB of the RAM on a 
down shift. If the Q.register is also shifted, then a 
LOW is deposited in the Q·register MSB. I f the 
RAM or both registers are shifted up, LOWs are 
placed in the LSBs. 

One 

Rotate 

Same as zero, but a HIGH level is deposited in the 
LSB or MSB. 

A single precision rotate. The RAM MSB shifts 
into the LSB on a right shift and the LSB shifts 
into the MSB on a left shift. The Q.register, if 
shifted, will rotate in the same manner. 

Arithmetic A double-length Arithmetic Shift if Q is also 
shifted. On an up shift a zero is loaded into the 
Q-register LSB and the Q-register MSB is loaded 
into the RAM LSB. On a down shift, the RAM LSB 
is loaded into the Q-register MSB and the ALU 
output MSB IF n, the sign bit) is loaded into the 
RAM MSB. (This same bit will also be in the next 
less significant RAM bit.) 

Code Source of New Data 
Shift Type 

I, SI So 00 an RAMo 

H L L 0 an-I 0 
H L H 1 an-I 1 
H H L an an-I Fn 
H H H 0 an-I an 

L L L 0, 0 Fl 
L L H 01 1 Fl 
L H L 0, 00 Fl 
L H H 0, Fo Fl 

HARDWARE MULTIPLICATION 

Figure 16 illustrates the interconnections for a hardware mul
tiplication using the 2901. The system shown uses two 
devices for 8 x 8 multiplication, but the expansion to more 
bits is simple - the significant connections are at the LSB 
and MSB only. 

The basic technique used is the "add and shift" algorithm. One 
clock cycle is required for each bit of the multiplier. On each 
cycle, the LSB of the multiplier is examined; if it is a "1", then 

RAMn 

Fn-l Up Zero 

Fn-l One 

Fn-l Rotate 

Fn-l Arithmetic 

0 Down Zero 

1 One 

Fo Rotate 
RAM n = RAMn_1 = Fn Arithmetic 

the multiplicand is added to the partial product to generate 
a new partial product. The partial product is then shifted one 
place toward the LSB, and the multiplier is also shifted one 
place toward the LSB. The old LSB of the multiplier is 
discarded. The cycle is then repeated on the new LSB of the 
multiplier available at 0 0 , 

The multiplier is in the 2901 O·register. The multiplicBnd 
is in one of the registers in the register stack, Ra. The product 
will be developed in another of the registers in the stack, Rb. 
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The A address inputs are used to address the multiplicand in 
Ra. and the 8 address inputs are used to addl'ess the partial 
product in Ab. On each cvcle, Aa is conditionallv added to Ab, 
depending an the LSB at a as read tram the 00 output, and 
both a and the ALU output are shifted down one place. The 
instruction lines to the 2901 on every cycle will be: 

1876 = 4 

1543 = 0 

'210 = lor3 

(shift register stack input and Q register left) 
(Add) 
(select A, B or 0, B as ALU sources) 

Figure 16 shows the connections for multiplication. The 
circled numbers refer to the paragraphs below. 

1. The adjacent pins of the a-register and RAM shifters are 
connected together so that the O·registers of both (or all) 
29015 shift left or right as a unit. Similarly, the entire 

eight-bit (or more) ALU output can be shifted as a unit 
prior to storage in the register stack. 

Figure 16. Interconnection for Dedicated Multiplication 
(8 by 8 bit) (Corresponding A. B. and I 
Connected together). 

2. The shift output at the LSB of the a-register determines 
whether the ALU source operands will be A and B (add 
multiplicand to partial product) or 0 and B (add nothing to 
partial product. Instruction bit 11 can select between A, B 
or 0, B as the source operands; it can be driven directly 
from the complement of the LSB of the multiplier. 

3. As the new partial product appears at the input to the 
register stack, it is shifted left by the RAM shifter. The new 
LSB of the partial product, which is complete and will not 
be affected by future operations, is available on the RAMo 
pin. This signal is returned to the MSB of the a-register. On 
each cycle then, the just-completed LSB of the product is 
deposited in the MSB of the O-register; the a-register fills 
with the least significant half of the product. 

4. As the ALU output is shifted down on each cycle, the sign 
bit of the new partial product should be inserted in the 
RAM MSB shift input. The F3 flag will be the correct 
sign of the partial product unless overflow has occurred. If 
overflow occurs during an addition or subtraction, the OVR 
flag will go HIGH and F3 is not the sign of the result. The 
sign of the result must then be the complement of F3. The 
correct sign bit to shift into the MSB of the partial product 
is therefore F3 $ OVR; that is, F3 if overflow has not 
occurred and F3 if overflow has occurred. On the last cycle, 
when the MSB of the multiplier is examined, a conditional 
subtraction rather than addition should be performed, 
because the sign bit of the multiplier carries negative rather 
than positive arithmetic weight. 

This scheme will produce a correct two's complement 
product for all multiplicands and multipliers in two's 
complement notation. 

Figure 17is a table showing the input states of the 2901 
for each step of a signed, two's complement multiplication. 
The 2904 LS I chip conveniently implements the required 
shift linkages and the EX-OR function for this algorithm. 

Initial Reginer Sutes 2901 Microcode Final Register States 
R 

R 

0 Multi lier 
1 Multi licand 
2 X 
3 X 

S,F- a 

OVA a 
01\8 

10+8112 
(A+B)/2 

18-0112 
18 AII2 

ova 

I Program 
2's Camp. Multiply 

Pin States (Octall 
Description Repeat 

A 1876 1543 1210 Cn 00 03 

Move Multiplier to Q X X X X 

Clear R3 X X X X 

Condo Add & Shift n-1 
lor 3 RAMo 

11 = CoLO 

lor 3 RAMo Condo Subt. & Shift 11 = CoLO 

Move LSH Prod. to R 2 X X X X 

x = Don't Care S "" Source F OIl Function 0 z Destination 

Figure 17. 
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HARDWARI! DIVISION 
Division, unlike multiplication, Is much more difficult to realize. 
One of these difficulties can be easily understood by visualizing a 
2n-blt Dividend (X) and an n-blt Divisor (Y). The Quotient (0) can 
range from 1 bit (when X < Y) to 2 n bits (when Y = 1), discarding 
the attempt to divide by O. In most of the divide functions, the 
Remainder (R) Is as Important to find as Is the Quotient - there is 
no equivalent to It In multiplication. Division becomes even more 
complicated when negative numbers are represented In the 2's 
complement notation. In the "everyday" decimal system, using 
Sign-and-Magnitude notation, dealing with negative numbers is 
relatively easy: The sign of the quotient is determined first and 
then a normal division is pertormed. Note that in this "normal" 
division we first "guess" the first digit of the quotient by comparing 
the most significant part of the dividend to the divisor. Then verify 
our guess by a multiplication (no "direct" division method is 
known), and continue to do so for all olthe other digits, shifting the 
divisor to the right one place at a time. 

The most straightforward division scheme (for unsigned num
bers) is Subsequent Subtraction. The algorithm is as follows: 
Subtract divisor from dividend and increment a counter (initially 
reset to zero). Continue to do so as long as the Remainder is 
positive. When the Remainder becomes negative cancel the last 
step; i.e., add back divisor and decrement counter. The counter 
will contain the Quotient and the Remainder will be correct. The 
main drawback of this scheme is, of course, the great number of 
arithmetic operations needed. Again. when dealing with signed 
numbers, the subtraction should be substituted by addition and 
vice versa. 

A more rapid division can be realized by calculating the Quotient 
digits instead of counting them. In this algorithm, the divisor is first 
subtracted from the most significant part of the dividend. If 
the remainder is positive, the quotient digit is "1," otherwise the 
subtraction is cancelled (by adding the divisor to the remainder) 
and the quotient digit will be "0." Now shift the remainder one 
place to the right (much like you do in a "paper and penCil" 
division) and repeat until all the quotient digits have been calcu
lated. This algOrithm is called "Restoring Division." When signed 
numbers are involved, inversion of the operations and the 
quotient digits will be necessary and correction should be per
formed in some cases. Some time is wasted in the Restoring 
Division because for every "0" digit in the quotient, two arithmetic 
operations are needed. This can be saved in the "Non-Restoring 
Division," 

The basiS of Non-RestOring Division is the same as in Restoring 
Division. Consider first unSigned (positive) numbers only. At the 
beginning, the divisor is subtracted from the most significant part 
of the dividend. If the result (first remainder) is positive (or zero), 
the first quotient digit is "1." Otherwise, the quotient digit is "0," 
but do not restore. Shift divisor one place to the right (or remain
der to the left) and add if last quotient digit was "0;" otherwise 
subtract. Determine quotient digit as before and continue until all 
quotient digits have been computed. The remainder will be cor
rect if it is non-negative, otherwise correction is needed by a 
restoring oparation (on the remain~er only). Extreme care should 
be taken of the number of bits and the value of the divisor. 
Assuming the divisor has n bits and the dividend as 2n bits, the 
above process develops n + 1 bits of the quotient. This will not be 
sufficient if the divisor is a small number and more digits are 
needed in the quotient. This condition can be easily detected as 
the most significant half of the dividend will be greater than the 
divisor in this case and division can then be terminated after 
selling the overtlow flag. The flow chart for unsigned nonrestorlng 
division is shown in Figure 21. 

The unsigned division scheme can be applied to signed positive 
numbers without any change. When negative numbers are 
encountered, however, changes in the algorithm are necessary. 
The straightforward method of signed division seems to be "divi
sion in the first quadrant." In that scheme, negative numbers are 
2's complemented to obtain positive numbers, remembering the 
changes done. If overflow occurs when the dividend is com
plemented (i.e., dividend Is -22n - 1, the least negative number), 
the overflow flag can be set and an exit from the routine taken. 
This is due to the fact that (-22n - 1) divided by any number of 
n-bits cannot be represented in n bits. On the other hand, if 
overtlow occurs when the divisor is complemented, a more com
plex action is needed. In this case, the dividend and the divisor 
should be shifted nght by one place and the shifted out bit should 
be stored in a flag, say "Z." At the same time, a flag, "W" should 
also be set to Indicate that division by -2n is being attempted. 
These actions need to be taken since the quotient might be 
representable in n bits. (Here instead of dividend = divisor quo
tient or remainder, we have [dividend 12J = [divisor 12J • quotient 
+ [rem 12]. The remainder obtained should be shifted left and the 
bit Z be added to give the correct remainder.) The division is 
partormed on possible numbers, and finally 2's complementing 
is done whenever necessary. Figure 18 is the flowchart for 
this algorithm. 

Figure 19 is the Interconnection Diagram for Division Algorithm. It 
is assumed that the most significant half Dividend is in Register 
Ax (it will be lost during the division and replaced by the Remain
der), the least significant half in the Q Register and that the Divisor 
is in Register Ry. The Quotient will be generated in the Q register. 

After checking the signs of the Dividend and Divisor, setting the 
flags and negating (using 23 or 24 octal as Is through 10 ALU 
control bits) when necessary the overtlow condition should be 
chec~~d: If Ax is greater than , ~~en Ry, overflow occurs, hence 
the diVISion can b~ terminated by setting the overflow flag. 

The first step in the DiviSion routine is a subtract, then shift the Ax 
and Q registers up. 1876 will be 6 in octat while 121 0 ~ 1 in octal and 
Is = 14 = LOW. Pulling the CL bit in the microcode to HIGH. both 
13 and Cn will be high and the ALU is pertorming a 2's complement 
subtract. The sign of the Remainder will be latched in the Status 
Aegister and the complement of it will be stored in the LSB of the 
Q register during the shift up operation, which also discards the 
sign bit of the Remainder. 

Now repeating the same operation for all of the other bits of the 
Remainder with the CL bit in the microcode LOW will leave the 
control of 13 to the (complemented) previous sign bit. If it was "0" 
(R < 0), 13 and Cn will be HIGH and the ALU will subtract; if it was 
1 (R > 0), 13 and Cn will be LOW and the ALU will ADD, as 
required. In each up shift, the complement of the present sign bit 
will be placed at the right of the Quotient, again, as required. 

At the end of the division, the sign bit of the Aemainder should be 
examined and if i! is HIGH. the Divisor should be added to it. This 
can be easily implemented (not depicted on Figure 19,) by per
forming an unconditional ADD (with Cn LOW), letting 12 LOW, 
10 HIGH and controlling 11 by the complement of the sign of the 
Remainder, thus adding to the RX either AY (if Rs = 1) or zero (if 
Rs = 0). If the dividend and divisor were shifted right because the 
divisor was equal to -2n, the true remainder is obtained by 
shifting the remainder left and adding the flag "Z." The above 
method generates n + 1 bits of the quotient (qn ... qo) of which qn 
= 0, since most significant half of dividend is less than the divisor. 
The overtlow flag should be set if qn - 1 = 1 since qn~ 1. . qO is 
an unsigned positive number, 
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Figure 18. Flowchart for Division with Signed Numbers (Quotient = qn. qn -1 ... qO where qn=O) 

21/24 

THOMSON SEMICONDUCTEURS 
79 



lSB 
0, 

-

STATUS REGISTER 

Initial Register Status 

R 

0 MSH Dividend 

1 Divisor 

a LSH Dividend 

RAM, 
F, 

1 
1 
0 

y 

I 

2901 

2918 

0 

I 

TS2901C 

o. 
RAMo 

Cn 

.... ... 

~ ·s· 

~ 
CL 

FROM PIPELINE 
REGISTER 

Lsa 

0, 

RAM, 
2901 

Cn+4 

Figure 19. Interconnections for Dedicated Division 

2901 Microcode 

Program: 2'8 Complement Division 

Pin Statu. (Octal) 

S,F D De.cripUon CL Repeat A B 1171 1143 1210 en 
(B-A) "2 B Firsl Sublract & Shift 1 - 1 0 6 1 1 1 

(B:A) "2 B Loop Subtract/Add & Shift 0 N 1 0 6 110 1 110 

B+O B Correct Remainder X - 1 0 3 0 113 0 

'k = Number of leading zeros of the Divisor 

N = Number of bits in the Divisor 

Figure 20. 2901 Microcode for Dedicated Division 
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Jump 
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Figure 21. Flowchart for Nonrestoring Division (Unsigned Numbers) 

Finally, the Quotient and/or Remainder should be 2's com· 
plemented again according to the flags. Complementation of 
the remainder cannot generate an overflow - because the max
imum remainder after divide (Figur.211 is 0011 ... 1 and the 
remainder correction when W = 1 can make the remainder at 
most 0111 ... 1. 

EXAMPLES OF SOME OTHER OPERATIONS 

1. Byte Swapping 
Occasionally the two halves of a 16·bit word must be swap· 
ped. DO _ 7 is interchanged with De - 15. The quickest way to 
perform this operation is to rotate the word in RAM, shifting two 
bits at a time. Only four shift cycles are required. The same 
register is selected on both the A and B ports; the two are 
added together with carry-in connected to carry·out, produc· 
ing a right shift of one place; then the ALU is shifted right one 
more place prior to storage. 

Byta Swap of Ro 

A = B = 0 I = 701 RAMo = RAM 15 C'N = COUT 

Repeat 4 times. 
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2. Instruction Fetch Cycle 
Execution of a macroinstruction generally begins with an in
struction fetch cycle. The current contents of the PC (in one of 
the registers) is the address of the macroinstruction to be 
fetched, and must be read out to the memory address register. 
Then the PC is incremented to point to the next macroinstruc
tion. The macroinstruction obtained from memory is then 
loaded into the microprogram sequencer to cause a jump to 
the microcode for executing the instruction. 

The PC can be read out and incremented in one cycle by using 
the 2901 destination code 2, and addressing the PC with 
both the A and B addresses. The current value of PC will 
appear on the Y outputs, and PC + 1 will be returned to the 
register. If the PC is in register 15, then: 

A = B = 15, I = 203, Carry·in = 1 

The PC will be on the Y outputs via the RAM A·port. On the 
clock LOW-to-HIGH transition, the program counter is in· 
cremented and the value on the Y outputs is loaded into the 
memory address register. During the following cycle, the 
memory is read and, on the next clock LOW-to-HIGH transl· 
tion the instruction from the memory is dropped into the in
struction register. The fetch operation requires only two ml
crocycles. 
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ORDERING INFORMATION 

I TS2901C j I J I B~ 
Part n~mber I Screening class 

Oper. temp. Package 
The table below horizontally shows all 8V8Ilabte suffix combinations for package. operating temperature and quality 
level. Other possibilities on request. 

OPER. TEMP. PACKAGE SCREENING CLASS 
PART NUMBER 

C M P J C E 

• I • I • I I TS290tC 
I I • • • • 

Exampla. :TS2901 CCP, TS2901 CCP·D, TS2901 CCJ, TS2901 CCJ·D 
TS2901CMJ, TS2901CMJG/B, TS2901CMJB/B, ... 

Oper. temp.: C: ooe to + 70°C, M: - 55°C to + 125°C. 
Package: P: Plastic OIL, J : Cerdip Oil, C : Ceramic OIL, E: Ceramic Lee. 
Screening classes: Std (no end-suffix), - 0 : NFC 96883 level D. 
G/B: NFC 96883 level G, BIB: MIL·STD·883 level Band NFC 96883 level B. 

CASECB·182 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CERDIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

I! 

Std 

• I 
• I 

111 Nominal dimemion 
(21 True geometrical position 

0, 

S3mox. I. 
it) 

4O~M 

DIN , 
A51F CB-182 

-0 

• 

-eEl O.A.T.A. SEMICONDUCTORS 

These specifications are subject to change without notice. 

I 
I 

Please inquire with our sales offices about the availability of the different packages. 
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HIGH-SPEED LOOK-AHEAD CARRY GENERATOR 

The TS2902A is a high-speed, look-ahead carry generator which accepts 
up to four pairs of carry propagate and carry generate signals and a carry 
input and provides anticipated carries across four groups of binary ALU's. 
The device also has carry propagate and carry generate outputs which may 
be used for further levels of look-ahead. 

The TS2902A is generally used with the 2910 bipolar microprocessor 
unit to provide look-ahead over word lengths of more than four bits. The 
look-ahead carry generator can be used with binary ALU's in an active 
LOW or active HIGH input operand mode by reinterpreting the carry func
tions. The connections to and from the ALU to the look-ahead carry gene· 
rator are identical in both cases. 

The logic equations provided at the outputs are: 

Cn+ x ~ Go + POCn 
Cn+ Y ~ G, + P,Go + P,PoCn 
Cn+ z ~ G2 + P2G, + P2 P,GO + P2 P,POCn 
G ~ G3 + P3G2 + P3 P2G, + P3 P2P,GO 
P ~ P3P2P,PO 

• Provides look·ahead carries accross a group of four 2901 or 2903 micro· 
processor ALU's. 

• Capability of multi·level look-ahead for high-speed arithmetic opeation 
over large word lengths. 

• Typical carry propagation delay of 4.5 ns. 

13 

12 

LOGIC SYMBOL 

14 15 

TS2902A 
LOOK AHEAD CARRY 

GENERATOR 

11 

Vee "-' Pin 16 
GND ~ Pin 8 

11I0MSON SEMICONDUCTEURS 
Sales headquarters 
45, avo de l'Europe - 78140 VELIZY - FRANCE 
Tel. : (1) 39.46.97.19 / Telex: 204780F 

G 0-- 10 
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TS2902A 

HIGH-SPEED 
LOOK-AHEAD 

CARRY 
GENERATOR 

CASE CB·79 

fIIf{P 
, 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CERDIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

Hi-Rei versions fNailabie - See chapter 4 

PIN ASSIGNMENT 

G, VCC 

P, P2 

Go G2 

Po Cn 

G3 Cn+x 

1'3 Cn+v 

P G 

GND Cn+z 

~~1HOMSON 
• ~@~IP'@[K4]~[K4]'ir:§\ 

ii 

~ 
0 

-;; 
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LOGIC DIAGRAM 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, I nto Outputs 

DC Input Current 
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_65°C to +150°C 

_55°C to +125°C 

-0.5V to +7.0V 

-0.5V to +Vcc max. 

-0.5V to +5.5V 

30mA 

-30 mA to +5.0 mA 

-------------------' 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

C SUFFIX 

M SUFFIX 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 

IIH 

II 

Ise 

lee 

T A = O°C to +70o C 

T A = _55°C to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current 

Output Short Circuit 
(Note 3) 

Power Supply Current 

Vee = 5.0V ±5% (COM'Ll 

Vee = 5.0V ±10% (MIL) 

MIN. = 4.75V 

MIN. '" 4.50V 

Test Conditions (Note 1) 

Vee'= MIN., IOH = -lmA I MIL 

VIN = VIH or VIL 
I eOM 

Vee = MIN .• IOL = 20rnA 
VIN = VIH or VIL 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee = MIN .• liN = -18mA 

en 

P3 

P2 
Vee = MAX" VIN = 0.5V 

Po, Pl, G3 

GO, G2 

Gl 

en 

, P3 

P2 
Vee = MAX., VIN = 2.7V 

Po, Pl, G3 

Go, G2 

Gl 

Vee = MAX" VIN = 5.5V 

Vee = MAX., VOUT = O.OV 

Vee = MAX. MIL 

All Outputs LOW eOM'L 

Vee = MAX. MIL 

All Ouputs HIGH eOM'L 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under 
Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee'" 5.0V, 25°C ambient and maximum loading. 

MAX. = 5.25V 

MAX. = 5.50V 

Min IJ:t~'2) 
2.5 3.4 

2.7 3.4 

2.0 
! 

~40 

69 

69 

35 

35 

Max. Units 

Volts 

0.5 Volts 

Volts 

0.8 Volts 

~1.2 Volts 

~2 

~4 

~6 

rnA 
~8 

~14 

~16 

50 

100 

150 
~A 

200 

350 

400 

1.0 rnA 

~100 rnA 

99 
rnA 

109 

rnA 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

SWITCHING CHARACTERISTICS 
(TA ~ +25°C, Vee ~ 5.0V) 

Parameters Oeseri ption 

tplH 
Cn to Cn+x• Cn+v' or Cn+z 

tpHl 

tplH 
Pi or Gi to Cn+x• Cn+y• or Cn+z 

tpHl 

tplH 
Pi orGi toG 

tpHl 

tplH 
PjtoP 

tpHL 

Min Typ Max 

6.5 10 

7 10.5 

4.5 7 

4.5 7 

5 7.5 

7 10.5 

4.5 6.5 

6.5 10 
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Units Test Conditions 

ns 

ns 
C L ~ 15pF 
RL ~ 2800 

ns 

ns 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 

TA = O·C to +70·C TA = -SS·Cto +12S·C 
Vee = S.OV ±So/c vee = S.OV ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tplH 13 15 ns 

tpHL 
Cn to cn+ x• Cn+ y• or Cn+ z 

14 16.5 ns 

tpLH Pi or Gj to Cn+x' Cn + y , or Cn+z 
8 9.5 ns 

tpHL 9 11.5 ns e l ~, 50pF 

tpLH 12 16.5 ns Rl ~ 280l! 

tpHL 
Pj or Gi to G 

12 13.5 ns 

tpLH Pi toP 
9.5 11.5 ns 

tpHl 11 12 ns 

DEFINITION OF FUNCTIONAL TERMS G;, P; Generate and propagate inputs respectively (i ~ 0, 1,2, 
3). The carry generate and carry propagate inputs from the n, 
n+ 1, n+2 and n+3 microprocessor ALU slices. 

Cn Carry-in. The carry-in input to the look-ahead generator. Also 
the carry-in input to the nth 2901 microprocessor ALU input. 

Cn+i Carry-out. (j ~ x, y, z). The carry-out output to be used at 
the carry-in inputs of the n + 1, n + 2 and n + 3 microprocessor ALU 
slices. 

G, P Generate and propagate outputs respectively. The carry 
generate and carry propagate outputs that can be used with the 
next higher level of carry look-ahead If used. 

Co 

X 
L 
X 
H 

X 
X 
L 
X 
X 
H 

X 
X 
X 
L 
X 
X 
X 
H 

Go Po G, 

H H 
H X 
L X 
X L 

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

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

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

H 
X 
X 
X 
L 

TRUTH TABLE 

Inputs Outputs 

PI G2 P, G, P, Cn+ x Cn+ y Cn+z G 

L 
L 
H 
H 

H 
X 
X 
X 
L 
L 

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

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

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

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
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L 
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L 
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CARRY-IN -- Cn 
2901 

G P 

GO Po 

- Cn 

/ 

CARRY-IN 

TS2902A 

APPLICATIONS 

r- Cn 
2901 r- Cn 

2901 r- Cn 
2901 

Cn+4 -
G P G P 

Cn+x G1 P1 Cn+y G2 P2 Cn+z 

2902A 

16-BIT CARRY LOOK-AHEAD CONNECTION. 

2901 ----------------------------~, 

32-BIT ALU, THREE LEVEL CARRY LOOK-AHEAD. 
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TS2902A 

ORDERING INFORMATION 

I TS2~2Ajl J I B~ 
Screening class Part number I 
Package Oper. temp. 

The table below horizontally shows all available suffix combinations for package, operating temperature and quality 
level. Other possibilities on request. 

OPER. TEMP. PACKAGE SCREENING CLASS 
PART NUMBER 

C M P J C E 

• I • I • I I TS2902A 
J • 1 • 1 • • 

Examples :TS2902ACP, TS2902ACP-D, TS2902ACJ, TS2902ACJ-D 
TS2902AMJ, TS2902AMJGIB, TS2902AMJBIB, ... 

Oper. temp. : C: OOC to + 70°C. M: - 55°C to + 125°C. 
Package: P: Plastic OIL, J : Cerdip OIL, C : Ceramic OIL, E : Ceramic Lee. 
Screening classes: Std (no end-suffix), - 0: NFC 96883 level D. 
GIB : NFC 96883 level G, BIB: Mll-STD-883 level Band NFC 96883 level B. 

CASE CB·79 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

J SUFFIX 
CERDIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

S.d 

• I 
• 

III Nominaldimension 

22,44 max 

A50E 

(2) True geometrical position 

6,)5 
[II .16 ,im , 

CB-79 
1HOMSON 

-0 

• 

eEl SEMICONDUCTORS 

These specifications are' subject to change without notice. 

I 
I 

Please inquire with our sales offices about the availability of the different packages. 
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THOMSON 
SEMICONDUCTEURS 

MICROPROGRAM SEQUENCERS 

The TS2909A·is a four-bit wide address controller intended for sequencing 
through a series of microinstructions contained in a ROM or PROM. 
Two TS2909's may be interconnected to generate an eight-bit address 
(256 wordsl. and three may be used to generate a twelve-bit address (4K 
words). 
The TS2909 can select an address from any of four sources. They are : 
1) a set of external direct inputs (0) ; 2) external data from the R inputs, 
stored in an internal register ; 3) a four-word deep push/pop stack; or 4) 
a program counter register (which usually contains the last address plus 
one). The push/pop stack includes certain control lines so that it can effi· 
ciently execute nested subroutine linkages. Each of the four outputs can 
be OR'ed with an external input for conditional skip or branch instruc
tions, and a separate line forces the outputs to all zeroes. The outputs are 
three-state. 
The TS2911 is an identical circuit to the TS2909, except the four OR 
inputs are removed and the 0 and R inputs are tied together. The TS2911 
is in a 201lin package. The TS2909A and 2911A are direct plug-in repla
cements for the TS2909 and 2911, but are about 25 % faster. 

• 4-bit slice cascadable to any number of microwords 
• Internal address register 
• Branch input for N-way branches 
• Cascadable 4-bit microprogram counter 
• 4 x.4 file with stack pointer and push pop control for nesting microsu· 

broutines 
• Zero input for returning to the zero microcode word 
• Individual OR input for each bit for branching to higher microinstruc

tions (TS2909 only) 
• Three-state outputs 
• All internal registers change state on the LOW-to-HIGH transition of 

the clock 
• TS2909 in 2811in package 
• TS2911 in 201lin package 
• New high.,;peed versions (TS2909A and 2911A) are plug-in replacements 

for original TS2909 and 2911. 
• Critical path speeds will be improved by about 25 %. 

For applications information, see Chapter II of Bit Slice Microprocessor 
Design. Mick & Brick, McGraw Hill Publications. 

CP 

VCC 

liE 

03 

02 

0, 
00 

GNO 

ZERO 

So 

IHOM5ON SEMICONDUCTEURS 
Sales headqua,ten 
45, av. de l'Europa· 78140 VELIZY· FRANCE 
Tel.: (1) 39.46.97.19 I Telex :204780F 

PUP 

FE 
Cn+ 4 

Cn 

OE 
v3 

v2 

V, 
Vo 

5, 
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TS2909,A 
TS2911,A 

MICROPROGRAM 
SEQUENCERS 

CASES 

~,~ 2~VI"~B 

~~ ~II~B-' 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CEROIP PACKAGE 

Hi-Rei versions available - See chap1Br 4 

PIN ASSIGNMENT 

iiE VCC 

R3 CP 

R2 PUP 

R, FE 

RO Cn+4 

OR3 Cn 

03 OE 
OR2 V3 

02 V2 

OR, V, 

0, Vo 

ORO 5, 
00 So 

GNO ZERO 



TS2909A • TS2911A 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -6SoC to +1S0°C 

Temperature (Ambient) Under Bias -SSoC to +12SoC 

Supply Voltage to Ground Potential -O.S V to +7.0 V 

DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +Vcc max. 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

OPERATING RANGE 

Operating Range 
Commercial 

Military 

Part Number 
Power Supply Temperature Range 

5.0V",5% 

5.0V",10% 

BLOCK DIAGRAM 

1---
Regist.r II 
enable 
RE )>--+I-~I 

I 
I 
I O.nd R 

Address reg.l 
Holding reg. 

4",( connected 

I ~~1~911 
I 
I 

Direct I 
inputs 

O>-----"7~ 

o 
So >-----1 

AR F 

Multiplexer 
S1 >-----1 

Xo [2909Onivl 
I jOR3:>---r---+--+----jf--, 

OR 2 >---.-----+----r--, 
IlOR 1 >--;---1--. 
~o~o_>-_-T---, 

OE 

2/16 

Push/pop r File enable 

Stack 
pointer 

4x4file 

Clock 

Microprogram 
counter register 

Cn+4 
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TS2909A. TS2911A 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Notes) 
(ForTS2909, TS2911, TS2909A, TS2911A) 

Parameters Description 

VOH Output HIGH Voltage 

VOL Output LOW Voltage 

VIH Input HIGH Level 

VIL Input LOW Level 

VI Input Clamp Voltage 

IlL Input LOW Currer'lt 

IIH Input HIGH Current 

II Input HIGH Current 

lOS 
OUtput Short Circuit Current 

INote 31 

lee Power Supply Current 

10ZL 
Output OF F Current 

10ZH 

Test Conditions (Note 1) 

Vee - MIN., MIL I IOH "" -1.0mA 

VIN == VIH or VIL eOM'L I 10H - -2.6mA 

'OL "4.0mA, 2909111 

Vee" MIN., 10L "S.OmA, 2909111 

VIN = VIH or VIL 10L " 12mA, 2909111 
(Note 5) 

10L " 16mA, 2909Alll A 

Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW I MIL,2909111 

voltage for all inputs I All others 

Vee - MIN., liN - -ISmA 

en 
Vee" MAX .. 

VIN = DAV 
Push/Pop, DE 

Others (Note 6) 

en 
Vee" MAX., 

Push/Pop 
VIN "2.7V 

Others (Note 6) 

Vee" MAX., Cn • Push/Pop 

VIN "7.0V Others (Note 6) 

Vee" 6V I Yo - Y3 

VOUT" .5V I C n + 4 

COM'Land 
TA "+25°e MIL 

Vee" MAX. 
eOM'L Only TA = Oto +70°C 

(Note 4) 
TC - -55 to +12SoC 

MIL Only 
Te-+125°e 

Vee = MAX., VOUT - 0.4 V 

OE" 2.7 V 
YO-3 

VOUT = 2.7 V 

Min 

2.4 

2.4 

2.0 

-30 

-30 

Typ. 
(Note 2) Max Units 

Volts 

0.4 

0.45 
Volts 

0.5 

0.5 

Volts 

0.7 
Volts 

O.S 

-1.5 Volts 

-1.0S 

-0.72 mA 

-0.36 

40 

40 "A 

20 

0.2 
mA 

0.1 

-100 
mA 

-S5 

130 

130 mA 

140 

110 

-20 
"A 

20 

Notes· 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vec '" 5.0V, 25°C ambient and maximum loading. 
3. NOT more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Apply GND to cn, AD, R1, R 2 , R3' ORO, OR" OR2, OR3' DO, 0" 02, and 03. Other inputs high. All outputs open. Measured after i:I 

LOW-to-HIGH dock transition. 
5. The 12mA guarantee applies only to VO. V 1, V 2 and V 3· 
6. For the 2911 and 2911A, OJ and Ri are internally connacted. Loading is doubled (to same values as Push/Pop). 
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TS2909A • TS2911A 

TS2909 and TS2911 TABLE I 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

CYCLE TIME AND CLOCK CHARACTERISTICS 

TIME COMMERCIAL MILITARY 

Minimum Clock LOW Time 30 35 

Minimum Clock HIGH Time 30 35 

TABLE II 

Tables I, II, and III below define the timing characteristics of the 
TS2909 and 2911 over the operating voltage and tempera
ture range. The tables are divided into three types of paramet
ers; clock characteristics, combinational delays from inputs to 
outputs, and set-up and hold time requirements. The latter table 
defines the time prior to the end of the cycle (i.e. clock LOW-to
HIGH transition) that each input must be stable to guarantee that 
the correct data is written into one of the internal registers. 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS 
(all in ns, CL ~ SOpF (except output disable tests)) 

Measurements are made at I.SV with V,l ~ OV and V,H ~ 3.0V. 
For three-state disable tests, CL ~ S.OpF and measurement is to 
O.SV change on output voltage level. All outputs have maximum 
DC loading. The data on this page applies to the following part 
numbers: 

~ 
COMMERCIAL 

Input Y Cn+ 4 
Dj 17 30 

-f--. 
So,S, 30 48 

ORj 17 30 

Cn ~ 14 

ZERO 30 48 

Operating Power DE LOW (enable) 25 ~ 

Range Part Numbers Supply Temperature Range 
DE HIGH (disable)' 25 ~ 

Com'l 2909CH, CJ 5.0V ±S% TA ~ O°C to +70°C 2911CH.CJ Clock t 5,50 ~ LH 43 55 

Mil 2909MJ S.OV ±10% Tc ~ ~55°C to +125°C 2911MJ 

Clock t 5,50 ~ LL 43 55 

Clock t 5,50 ~ HL 80 95 

TABLE III 
'CL ~ 5.0pF 

GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) 

COMMERCIAL MILITARY 
From Input Notes 

Set-Up Time Hold Time Set-Up Time 

RE 22 5 22 

Rj 2 10 5 12 

PUSH/POP 26 6 30 

FE 26 5 30 

Cn 28 5 30 

Dj 30 0 35 

ORj 30 0 35 

So,S, 45 0 50 

ZERO 45 0 50 

Notes: 1. All times relative to clock LOW·to-H IGH transition. 

MILITARY 

Y Cn+4 

20 32 

40 50 

20 32 
~ 16 

40 50 

25 ~ 

25 ~ 

50 62 

50 62 

90 102 

Hold Time 

5 

5 

7 
~-

5 

5 

3 

3 

0 

0 

2. On 2911, Ai and OJ are internally connected together and labeled OJ. Use Ai set-upaand hold times when 0 inputs are used to load register. 

1----(T!~t~I)____1 1(T!'&Li,)-l 

~I r- ~"\\ \" \\ \~f 1,---- 3.0V 
CP CLO;~:"'~E LH~~~URS 1.SV 

. I \ \ H \.H H \ ;:- "---1--"- ov 

I (TABLE III) (TABLE III) 

~ YJ1XIi. 3.0V 

(:i~~~~~ I ~ ~ '5V 
______ ~_L _______________ ~OL~~~~~~~ ________ ~~~~~------~OL~~ OV 

Y OUT 

I I ----f INPUTS TO Y Of' Cn+4 

~CLOCK TO Yi or Cn+4====i (TABLE II) 
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TS2909A. TS2911A 

TABLE I TS2909A and TS2911A 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

CYCLE TIME AND CLOCK CHARACTERISTICS 

Time COMMERCIAL MILITARY 

Minimum Clock LOW Time 20 20 

Minimum Clock HIGH Time 20 20 

TABLE II 

Tables I, II and III below define the timing characteristics of the 
2909A / 2911A over the operating voltage and temperature 
range. The tables are divided into three types of parameters; 
clock characteristics, combinational delays from inputs to out
puts, and set-up and hold time requirements. The latter table 
defines the time prior to the end of the cycle (i.e., clock LOW-to
HIGH transition) that each input must be stable to guarantee that 
the correct data is written into one of the internal registers. 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS 
(all in ns, CL ~ 50pF (except output disable tests» 

Measurements are made at t .5V with VIL ~ OV and VIH ~ 3.0V. 
For three-state disable tests, CL ~ 5.0pF and measurement is to 
O.5V change on output voltage level. All outputs have maximum 
DC loading. The data on this page applies to the following part 
numbers: 

Operating Power 
Range Part Numbers Supply Temperature Range 

Com"1 2909ACH,CJ 5.0V ±5'1'. TA = ooe to + 70°C 
2909A CH, CJ 

Mil 2909A MJ, ME 5.0V ±lO% Te = -55°C to +12S"C 2911A MJ, ME 

From Input 

Di 

50,5, 

ORj 

Cn 

ZERO 

DE LOW (enable) 

DE HIGH (disable)' 

Clock 1 5,50 ~ LH 

Clock 1 5,50 ~ LL 

Clock 1 5,50 ~ HL 

'CL ~ 5pF 

TABLE III 

COMMERCIAL 

Y Cn+4 

17 22 

29 34 

17 22 

- 14 

29 34 

25 -

25 -

39 44 

39 44 

44 49 

GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) 

COMMERCIAL MILITARY 

From Input Notes Set-Up Time Hold Time Set-Up Time 

RE 19 4 19 

Ri 2 10 4 12 

PU5H/POP 25 4 27 

FE 25 4 27 

Cn 18 4 18 

Di 25 0 25 

ORi 25 0 25 

So,5, 25 0 29 

ZERO 25 0 29 

Notes: 1. All times relative to clock LOW-to-HIGH transition. 

MILITARY 

Y Cn+4 

20 25 

29 34 

20 25 

- 16 

30 35 

25 -

25 -

45 50 

45 50 

53 58 

Hold Time 

5 

5 

5 

5 

5 

0 

0 

0 

0 

2. On 2911A, Ai and OJ are internally connected and labeled OJ. Use Ri set-up and hold times when Dinputs are used to load register. 

I----(T!gL.~I)-j ~(T!gL.il)---1 

~I'-- ~\\\\ \ \ \\\\~II 1,------ 3.0V 
CP CLO;~:"~E LH~~~URs _____ 1.SV 

I \ U 'k,,,, \ \ \_- ·1----- OV r----- (TAStL.E III) -----l---lII-(TA~rE /II) 

ALL INPUTS I ~ '«XXL :o'V:: 
(EXCEPTOE) ~ ~ 

---~I~UL~UL~~~~~I~-------1-----~IN~PU~T~S~T=O~Y~O'~C~"-c, __ -L~UL~ 

YOUT 

CLOCK TO Vi or CnH---------=i (TABLE II) 

~------------- :.:: 
____ ~~~L1~WL~~~~L1~WL~______________ VOL 
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TS2909A. TS2911A 

OPERATION OF THE 2909/2911 

Figure 1 lists the select codes for the multiplexer. The two 
bits applied from the microword register (and additional com
binational logic for branching) determine which data source 
contains the address for the next microinstruction. The 
contents of the selected source will appear on the Y outputs. 
Figure 1 also shows the truth table for the output control and 

for the control of the push/pop stack_ Figure 2 shows in detail 
the effect of So, Sl, FE and PUP on the 2909 _ These four 
signals define what address appears on the Y outputs and what 
the state of all the internal registers will be following the clock 
LOW-to-HIGH edge, In this illustration, the microprogram 
counter is assumed to contain initially some word J, the ad
dress register some word K, and the four words in the push! 
pop stack contain Ra through Rd_ 

Address Selection Output Control 

OCTAL Sl So SOURCE FOR Y OUTPUTS SYMBOL ORi ZERO OE Yi 

a L L Microprogram Counter J,lPC X X H Z 
1 L H Address/Holding Register AR X L L L 
2 H L Push-Pop stack STKO H H L H 

3 H H Direct inputs Dj L H L Source selected by So S1 

Z == High Impedance 

Synchronous Stack Control 

FE PUP PUSH-POP STACK CHANGE 

H X No change 
L H Increment stack pointer, then 

H '" High push current PC onto STKO 

L = Low L L Pop stack (decrement stack pointer) 
x Don't Care 

Figure 1, 

CYCLE S1, So, FE, PUP J.lPC REG STKO STK1 STK2 STK3 YOUT COMMENT 

N o 0 0 0 J K Ra Rb Rc Rd J 
Pop Stack N+1 - J+1 K Rb Rc Rd Ra -

N 000 1 J K Ra Rb Rc Rd J Push J.lPC 
N+1 - J+1 K J Ra Rb Rc -

N 001 X J K Ra Rb Rc Rd J 
Continue N+1 - J+1 K Ra Rb Rc Rd -

N o 1 0 0 J K Ra Rb Rc Rd K Pop Stack; 
N+1 - K+1 K Rb Rc Rd Ra - Use AR for Address 

N o 1 0 1 J K Ra Rb Rc Rd K Push J.lPC; 
N+1 - K+1 K J R. Rb Rc - Jump to Address in AR 

N o 1 1 X J K Ra Rb Rc Rd K Jump to Address in AR 
N+1 - K+1 K Ra Rb Rc Rd -

N 1 000 J K Ra Rb Rc Rd Ra Jump to Address in STKO; 
N+1 - Ra+1 K Rb Rc Rd Ra - Pop Stack 

N 1 001 J K Ra Rb Rc Rd Ra Jump to Address in STKO; 
N+1 - Ra+1 K J Ra Rb Rc - Push J.lPC 

N 1 o 1 X J K Ra Rb Rc Rd Ra Jump to Address in STKO 
N+1 - Ra+1 K Ra Rb Rc Rd -

N 1 100 J K Ra Rb Rc Rd D Pop Stack; 
N+1 - D+1 K Rb Rc Rd Ra - Jump to Address on D 

N J 1 0 1 J K Ra Rb Rc Rd D Jump to Address on D; 
N+1 - D+1 K J Ra Rb Rc - Push J.lPC 

N 1 1 1 X J K Ra Rb Rc Rd D Jumpto Address on D 
N+1 - D+1 K Ra Rb Rc Rd -

x = Don't care, 0 = LOW, 1 = HIGH, Assume en = HIGH 

Note: STKO is the location addressed by the stack pOinter. 

Figure 2, Output and Intemal Next-Cycle Register States for TS2909/2911 
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End 
Loop 

Set-up 
Loop 

Continue 

End 
Loop 

JSR AR 

JMP AR 

RTS 

Stack Ref 
(Loop) 

End 
Loop 

JSR D 

JMP D 



COMBINATIONAL 
CONTROL LOGIC 

TS2909A • TS2911A 

~~ 
" R 

0 

" 2909 

" So. St. FE. pUP. RE 

" Y 

{ 
A 

CONTROL MEMORY 
(ROM. PROM or RAMI 

HAl 

) 
SEQUENCE T LOGIC 
CONTROL 

I 
CONTROL 

FIELD FIELDS 

CLOCK 
c 

I--

r 
M 
R 

ICROWORO 
EGISTER 
WRI (p 

r ll=> TO 2901 

~ 
TO OTHER 
DEVICES 

Figura 3. Microprogram Sequencer Control. 

DEFINITION OF TERMS 
A set of symbols is used in this data sheet to represent 
various internal. and external registers and signals used with 
the 2909. They are: 

Inputs to TS2909/2911 

S" So 
FE, PUP 
RE 
ORi 
ZERO 
OE 

Cn 
Ri 
Di 
CP 

Control lines for address source select~on 
Control lines for push/pop stack 
Enable line for internal address register 
Logic OR inputs on each address output line 
Logic AND input on the output lines 
Output Enable. When OE is HIGH, the Y out· 

puts are OFF (high impedance) 
Carry·in to the incrementer 
Inputs to the internal address register 
Direct inputs to the multiplexer 
Clock input to the AR and IlPC register and 

Push·Pop stack 

Outputs from the TS2909/2911 

Vi 

Cn+4 

Address outputs from 2909. (Address inputs 
to control memory) 

Carry out from the incrementer 

7116 

Internal Signals 

IlPC Contents of the microprogram counter 
AR Contents of the address/holding register 
STKO-STK3 Contents of the push/pop stack. By definition, 

the word in the four·by·four file, addressed by 
the stack pointer is STKO. Conceptually data 
is pushed into the stack at STKO; a subsequent 
push moves STKO to STK 1; a pop impl ies 
STK3 .... STK2 .... STKI .... STKO. Physically, 
only the stack pointer changes when a push or 
pop is performed. The data does not move. I/O 
occurs at STKO. 

SP Contents of the stack pointer 

Extemal to the TS2909/2911 

A Address to the control memory 
HA) Instruction in control memory at address A 
IlWR Contents of the microword register (at output 

of control memory). The microword register 
contains the instruction currently being exe
cuted. 
Time period (cycle) n 

THOMSON SEMICONDUCTEURS 
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TS2909A. TS2911A 

Figure 4 illustrates the execution of a subroutine using the 
2909. The configuration of Figure 3 is assumed. The 

instruction being executed at any given time is the one con
tained in the microword register (/lWR). The contents of the 
/lWR also controls (indirectly, perhaps) the four signals So, S1, 
FE, and PUP. The starting address of the subroutine is applied 
to the 0 inputs of the 2909 at the appropriate time. 

In the columns on the left is the sequence of microinstructions 
to be executed. At address J+2, the sequence control portion 
of the microinstruction contains the comand "Jump to sub-

CONTROL MEMORV 
Execute Cycle To T, 

routine at A". At the time T 2, this instruction is in the /lWR, 
and the 2909 inputs are set·up to execute the jump and 
save the return address. The subroutine address A is applied to 
the 0 inputs from the /lWR and appears on the Y outputs. The 
first instruction of the subroutine, I(AI, is accessed and is at 
the inputs of the /lWR. On the next clock transition, I(A) is 
loaded into the /lWR for execution, and the return address 
J+3 is pushed onto the stack. The return instruction is exe· 
cuted at T5. Figure 5 is a similar timing chart showing one 
subroutine linking to a second, the latter consisting of only 
one microinstruction. 

T2 T3 T4 Ts T6 T, T8 T9 
Execute 

Microprogram 

Cycle' 
Address 

Sequencer 
Clock rL n.. 'L ru rL n-IL IL n= rc Signals -

TO 
T, 
T2 
Ts 
T, 

J-1 

J+1 
J+2 
J+3 
J+4 

A 
A+1 
A+2 

Instruction 

JSR A 

IIAI 

RTS 

CONTROL MEMORV 

Execute 
Microprogram 

Cycle 
Address 

Sequencer 
Instruction 

J- 1 -
TO J -

T, J+1 -
T2 J+2 JSR A 

T9 J+3 -
- -

- -
- -
-

T3 A -
T4 A+1 -

Ts A+2 JSR B 

T, A+3 -

T8 A+4 RTS 
- -
-

j'J 
-

_. 

T6 B 
-

2909 S,. So 0 0 3 0 0 2 0 
Inputs FE H H L H H L H 
(from PUP X X H X X L X 
~WRI D X X A X X X X 

~PC J+1 J+2 J+3 A+1 A+2 A+3 J+4 
STKO - - - J+3 J+3 J+3 -

Internal STK1 - - - - - - -
Registers 

STK2 - - - - - - -
STK3 - - - - - - -

2909 
V J+1 J+2 A A+l A+2 J+3 J+4 Output 

ROM 
1'1'1 IIJ+11 JSR A IIAI IIA+11 RTS IIJ+31 I(J+41 

Output 

Contents 
of/lWR 

(Instruction ~WR IIJI IIJ+1 I JSR A IIAI IIA+11 RTS IIJ<31 
being 

executed) 

Figure 4. Subroutine Execution. 

Execute Cycle To T, T2 T3 T4 Ts Ts 
Clock rL n.. 'L ru ru n.. L 

Signals -

2909 51. So 0 0 3 0 0 3 2 
Inputs FE H H L H H L L 
(from PUP X X H X X H L 
~WRI D X X A X X B X 

~PC J+1 J+2 J+3 A+1 A+2 A+3 B+1 
STKO - - - J+3 J+3 J+3 A+3 

Internal STK1 - - - - - - J+3 
Registers 

STK2 - - - - - - -
STK3 - - - - - - -

2909 V J+1 J+2 A A+1 A+2 8 A+3 Output 

ROM 
IVI IIJ+1) JSR A IIAI IIA+11 JSR 8 RTS IIA+31 Output 

Contents 
ofJ.l.WR 

(Instruction ~WR IIJI IIJ+1) JSR A IIAI IIA+11 JSR 8 RTS 
being 

executed) 

Figure 5. Two Nested Subroutines. Routine B is Only One Instruction. 

8/16 

THOMSON SEMICONDUCTEURS 
96 

0 
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X 

J+5 
-
-
-
-

J+5 

IIJ+51 

IIJ+41 

C n = HIGH 

T, T8 T9 

LJ nJ rc 
0 2 0 
H L H 
X L X 
X X X 

A+4 A+5 J+4 
J+3 J+3 -

- - -
- - -
- - -

A+4 J+3 J+4 

RTS IIJ+31 IIJ+41 

IIA+31 RTS IIJ+31 

C n '" HIGH 



TS2909A. TS2911A 

USING THE TS2909 AND TS2911 

The TS2909 and 2911 are four-bit slice sequencers which 
are cascaded to form a microprogram memory address 
generator. Both products make available to the user several 
lines which are used to directly control the internal holding 
register, multiplexer and stack. By appropriate control of 
these lines, the user can implement any desired set of se
quence control functions; by cascading parts he can gener
ate any desired address length. These two qualities set the 
TS2909 and 2911 apart from the2910, which is architec
turally similar, but is fixed at 12 bits in length and has a 
fixed set of 16 sequence control instructions. The 2909 
or 2911 should be selected instead of the 2910 under the 
foil owi n9 cond itions : 

• Address less than 8 bits and not likely to be expanded 
• Address longer than 12 bits 

• More complex instruction set needed than is available on 
2910 

Architecture of the Control Unit 

The recommended architecture using the 2909 or 
2911 is shown in Figure 6. Note that the path from the 
pipeline register output through the next address logic, mul
tiplexer, and microprogJam memory is all combinational. 
The pipeline register contains the current microinstruction 
being executed. A portion of that microinstruction consists 
of a sequence control command such as "continue", "loop", 
"return-from-subroutine", etc. The bits representing this 
sequence command are logically combined with bits repre
senting such things as test conditions and system state to 
generate the required control signals to the 2909 or 
291 1. The block labeled "next address logic" may consist 

of simple gates, a PROM or a PlA, but it should be all combi
national. 

Figure 6_ Recommanded Computer Control Unit Architecture Using the TS2911 or 2909 
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TS2909A • TS2911A 

Expansion of the TS2909 or 2911 

Figure 7 shows the interconnection of three 2911 '5 to 
form a 12-bit sequencer. Note that the only interconnection 
between packages, other than the common clock and control 
lines, is the ripple carry between I'-PC incrementors. This 
carry path is not in the critical speed path if the 2911 Y 
outputs drive the microprogram memory, because the ripple 
carry occurs in parallel with the memory access time. If, on 
the other hand, a micro-address register is placed at the 

2911 output, then the carry may lie in the critical speed 
path, since the last carry-in must be stable for a set-up time 
prior to the clock. 

Selecti ng Between the TS2909 and 2911 

The difference between the 2909 and the 2911 in
volves two signals: the data inputs to the holding register 

and the "OR" inputs. In the 2909, separate four-bit fields 
are provided for the holding register and the direct branch 
inputs to the multiplexer. In the 2911, these fields are 
internally tied together. This may affect the design of the 
branch address system, as shown in Figure 8. Using the 
2909, the register inputs may be connected directly to the 

microprogram memory; the internal register replaces part of 
the pipeline register. The direct (0) inputs may be tied to the 
mapping logic which translates instruction op codes into 
microprogram addresses. While the same technique might 
be used with the 2911, it is more common to connectthe 
2911's 0 inputs to a branch address bus onto which 

various sources may be enabled. Shown in Figure 8 is a 
pipeline register and a mapping ROM. Other sources might 
also be applied to the same bus. The internal register is used 
only for temporary storage of some previous branch ad
dress. 

Figure 7, Twelve Bit Sequencer. 

4 011_8 

D D 

Cn+4 2911 Cn 1----1 Cn+4 2911 

y 

BRANCH 
ADDRESS 

IN 

D 

4 03_0 

Cn 1-----lcn+4 2911 

So 
5, 

~ ____________ -+~~ ____________ ~ __ ~~ ___ FE 
PUP 

RE 

CP 

MICROINSTRUCTION 

Figure 8. Branch Address Structures. 
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TS2909A • TS2911A 

The second difference between the 2909 and 2911 is 
that the. 2909 has Ofl inputs available on each address 
output line. These pins can be used to generate multi-way 
single-cycle branches by simply tying several test conditions 
into the OR lines. See Figura 9.,Typically, a branch is taken to 
an address with zeroes in the least significant bits. These bits 
are replaced with l's or O's by test conditions applied to the 
OR lines. In Figure 9,ithe states of the two test conditions X 
and Y result in a branch to 1100, 1101, 1110, or 1111. 

5, So FE PUP 

o 0 X 

Contents of PC placed on Y outputs; PC incremented. 

5, So FE PUP 

1 1 X 

Feed data on 0 inputs straight through to memory ad
dress lines. Increment address and place in PC. 

5, So FE PUP 

1 1 0 

Sub-routine address fed from 0 inputsto memory address. 
Current PC is pushed onto stack, where it is saved for the 
return. 

5, So FE PUP 

o o 0 

The address at the top ofthe stack is applied to the micropro
gram memory, and is incremented for PC on the next cycle. 
The stack is popped to remove the return address. 

Figure 9. Use of OR I nputs to 
Obtain 4 - Way Branch_ 
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TEST OUTPUT LOAD CONFIGURATIONS FOR TS2909/2911 AND TS2909A12911A 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS 

Vee 

5, 

VOUT ~o-t-_--KI--4 

5, 

VOUT Q---()""(>--t----,~-I<J--___+ R, 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. 51, 52, 83 are closed during function tests and all AC test except output enable tests. 
3. 51 and 83 are closed while 82 is open for tPZH test. 

8 1 and 82 are closed while 53 is open for tPZL test. 
4. CL ~ 5.0pF for output disable tests. 

Pin # 
(DIP) 

18·21 

24 

Pin # 
(DIP) 

12-15 

18 

TEST OUTPUT LOADS 

Test 2909 
Pin Label Circuit 

Rl R2 

YO·3 A 300 lK 

Cn +4 B 470 2.4K 

TEST OUTPUT LOADS 

Test 2911 
Pin Label Circuit 

Rl R2 

YO-3 A 300 lK 

Cn+4 B 470 2.4K 

12116 
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2909A 

Rl R2 

220 lK 

220 2.4K 

2911A 

Rl R2 

220 lK 

220 2.4K 
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ARCHITECTURE OF THE TS2909/2911 

The TS290912911 are bipolar microprogram sequencers 
intended for use in high-speed microprocessor applications. 
The device is a cascadable 4-bit slice such that two devices 
allow addressing of up to 2!;i6-words of microprogram and 
three devices allow addressing of up to 4K words of micro
program. A detailed logic diagram is shown in Figure 10. 

The device contains a four-input. multiplexer that is used to 
select either the address register, direct inputs, microprogram 
counter, or file as the source of the next microinstruction ad
dress. This multiplexer is controlled by the So and S, inputs. 

The address register consists of four D-type, edge triggered 
flip-flops with a common clock enable. When the address 
register enable is LOW, new data is entered into the register 
on the clock LOW-to-H IGH transition. The address register 
is available at the multiplexer as a source for the next micro
instruction address. The direct input is a four-bit field of 
inputs to the multiplexer and can be selected as the next 
microinstruction address. On the 2911, the direct in~uts 

lire also used as inputs to the register. This allows an N-way 
branch where N is any word in the microcode. 

The TS2909/2911 contains a microprogram counter 
(JIPC) that is composed of a 4-bit incrementer followed by a 
4-bit register_ The incrementer has carry-in (Cn) and carry-out 
(Cn+4) such that cascading to larger word lengths is straight
forward. The J.LPC can be used in either of two ways. When the 
least significant carry-in to the incrementer is HIGH, the 
microprogram register is loaded on the next clock cycle with 
the current Y output word plus one (Y+l--+J.LPC.) Thus sequen
tial microinstructions can be executed. If this least significant 
Cn is LOW, the incrementer passes the Y output word unmod
ified and the microprogram register is loaded with the same 
Y word on the next clock cycle (Y--+J.LPC). Thus, the same 
microinstruction can be executed any number of times by 
using the least significant Cn as the control. 

The last source available at the multiplexer .input is the 4 x 4 
file (stack). The file is used to provide return address linkage 

when executing microsubroutines. The file contains a built-in 
stack pointer (SP) which always points to the last file word 
written. This allows stack reference operations (looping) to be 
performed without a push or pop. 

The stack pointer operates as an up/down counter with 
separate push/pop and file enable inputs. When the file enable 
input is LOW and the push/pop input is HIGH, the PUSH· 
operation is enabled. This causes the stack pointer to 
increment and the file to pe written with the required return 
linkage - the next microinstruction address following the sub
routine jump which initiated the PUSH. 

If the file enable input is LOW and the push/pop control is 
LOW, a POP operation occurs. This implies the usage of the 
return linkage during this cycle and thus a return from sub
routine. The next LOW-to-HIGH clock transition causes the 
stack pointer to decrement. If the file enable is HIGH, 
no action is taken by the stack pointer regardless of any 
other input. 

The stack pointer linkage is such that any combination of 
pushes, pops or stack references can be achieved. One micro
instruction subroutines can be performed. Since the stack is 
4 words deep, up to four microsubroutines can be nested. 

The ZERO input is used to force the four outputs to the 
binary zero state. When the ZERO input is LOW, al!-Y 
outputs are LOW regardless of any other inputs (except OE). 
Each Y output bit also has a separate OR input such that a 
conditional logic one can be forced at each Y output. This 
allows jumping to different microinstructions on program
med conditions. 

The TS2909/2911 featu re th ree-state Y outputs. These 
can be particularly useful in military designs requiring external 
Ground Support Equipment (GSE) to provide automatic 
checkout of the microprocessor. The internal control can 
be placed in the high-impedance state, and preprogrammed 
sequences of microinstructions can be executed via external 
access to the control ROM/PROM. 

ORDERING INFORMATION 

I TS2909A jl J 1 B~ 
Part n~mber I Screening class 
Oper. temp_ Package 

The table below horizontally shows all available suffix combinations for package, operating temperature and quality 
level. Other possibilities on request. 

PART NUMBER 
OPER. TEMP. PACKAGE 

C M P J C E 

• • • TS2909A • • • • • • • TS29,1A • • • • 
Examples :TS2909ACP, TS2909ACP-D, TS2909ACJ, TS2909ACJ-D 

TS2909AMJ, TS2909AMJGIB, TS2909AMJBIB, .. 

Oper. temp.: C: O°C to 70°C, M: -55°C to + 125°C. 
Package: P: ?tastic Oil, J: Cerdip Oil, C: Ceramic OIl, E: Ceramic lCC. 
Screening classes: Std (no end-suffiX>, -0: NFC 96883 level O. 
GIB: NFC 96883 level G, BIB: MIL-STD-883 level Band NFC 96883 level B. 
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Figure 10. Microprogram Sequencer Block Diagram. 
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TS2909A. T:;2911A 

LEADLESS CHIP CARRIERS 

R1 R2 R3 FiE vcc CP PUP 
FiE VCC CP PUP FE 

TS2909A 

" " " " " " 

FE 

Cn+ 4 

Cn 

DE 
Y3 

Y2 

Y1 

" 

03 

02 

01 

00 ' 

GNO • 

TS2911A 

ORO 00GNO t 50 51 YO 
ZERO 50 51 YO Y1 

25 24 

ZERO 

Metallization and Pad Layouts 

TS2909 
Die size: 4.200 x 2.900 mm 

TS2911 

23 22 21 20 19 18 1918 17 16 15 14 13 12 

20 

10 

Pin numberi corresponci to DIP pin·out. 

TS2911A 
Die size: 2.490 x 2.210 mm 

Y3 15-----------
OE 16----------, 

Cn 17 --------, 

~--------- 14 Y2 

~------- 13 Y 1 

Cn+4 18 -------, 

FE 19 

PUP 20 

CP 

Vee 
RE 

D3 

D2 
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" 
27,S 

DIN 

CEl O."'.T."'. 

TS2909A. TS2911A 

CASES 

(1) Nominal dimension 
(2) True geometriul position 

(I) 2D.;~ , 
CB-194 -SEMICONDUCTORS 

1524 

CB-194 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAilABLE 

E SUFFIX 
CHIP CARRIER 

JSUFFIX 
CEROIP PACKAGE 

CB-132 

~t:~::~:~~l ~ ~~~. 
PSUFFIX 

PLASTIC PACKAGE 

DIN 

A51E 
CEI 

28pi~ 
ALSO AVAI lABlE 

0."'.1.A. 

, 
CB-132 -SEMICONDUCTORS 

E SUFFIX 
CHIP CARRIER 

These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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MICROPROGRAM CONTROLLER 

The TS2910 Microprogram controller is an address sequencer intended 
for controlling the seq'uence of execution of microinstructions stored in 
microprogram memory. Besides the capability of sequential access, it pro
vides conditional branching to any microinstruction within its 40g6-micro
word range. A last-in, first-out stack provides microsubroutine return lin
k~ge and looping capability; there are five levels of nesting of microsubrou
tines. Microinstruction loop count control is provided with a count capaci
ty of 4096. 
During each microinstruction, the Microprogram controller provides a 12-
bit address from one of four sources : 1) the microprogram address register 
(/LPC), which usually contains an address one greater than the previous ad· 
dress; 2) an external (direct) input (D) ; 3) a register/counter (R) retain· 
ing data loaded during a previous microinstruction; or 4} a five-deep last
in, first·out stack (F). 

• Twelve Bit Wide: address up to 4096 words of microcode with one chip. 
All internal elements are a full 12 bit wide. 

• Internal Loop Counter: pre-settable 12·bit down-counter for repeating 
instructions and counting loop iterations. 

• Four Address Sources: microprogram address may be selected from mi
croprogram counter, branch address bus, 5-level push/pop stack, or in· 
ternal holding register. 

• Sixteen Powerful Microinstructions 
Executes 16 sequence control instructions, most of which are conditio· 
nal on external condition input, state of internal loop counter, or both. 

• Output Enable Controls for Three Branch Address Sources Built·in de· 
coder function to enable external devices onto branch address bus. Eli· 
minates external decoder. 

• All Registers Positive Edge·triggered : simplifies timing problems. Elimi
nates long set-up times. 

• Fast Control from Condition Input: delay from condition code input 
to address output only 21 ns typical. 

For applications information, see Chapter II of Bit Slice Microprocessor 
Design, Mick & Brick, McGraw Hill Publications. 

tHOMSON SEMICONDUCTEURS 
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45, avo de ,'Europe· 78140 VELIZY - FRANCE 
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MICROPROGRAM 
CONTROLLER 

CASE CB·182 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CEROIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

Hi-Rei versions fNailable - See chapter 4 
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TS2910 

ARCHITECTURE OF THE TS2910 

The TS2910 is a bipolar microprogram controller intended 
for use in high-speed microprocessor applications_ It allows 
addressing of up to 4K words of microprogram. A block 
diagram is shown in Figure 1. 

The controller contains a four-input multiplexer that is used to 
select either the register/counter, direct input, microprogram 
counter, or stack as the source of the next microinstruction 
address. 

The register/counter consists of 12 D-type, edge-triggered flip
flops, with a common clock enable. When its load control, 
IIID, is LOW, new data is loaded on a positive clock transition. 
A few instructions include load; in most systems, these in
structions will be sufficient, simplifying the microcode. The 
output of the register/counter is available to the multiplexer as 
a source for the next microinstruction address. The direct input 
furnishes a source of data for loading the register/counter. 

The TS2910 contains a microprogram counter (j.tPC) that is 
composed of a 12-bit incrementer followed by a 12-bit register. 
The j.tPC can be used in either of two ways: When the carry-in 
to the incrementer is HIGH, the microprogram register is 
loaded on the next clock cycle with the current V output 
word plus one (V + 1 ... j.tPC). Sequential microinstructions are 
thus executed. When the carry-in is LOW, the incrementer 
passes the V output word unmodified so that j.tPC is reloaded 
with the same V word on the next clock cycle (V'" j.tPC). The 
same microinstruction is thus executed any number of times. 

The third source for the multiplexer is the direct (D) input. 
This source is used for branching. 

The fourth source available at the mUltiplexer input is a 5-word 
by 12-bit stack (file). The stack is used to provide return 
address. linkage when executing microsubroutines or loops. 
The stack contains a built-in stack pointer (SP) which always 
points to the last file word written. This allows stack reference 
operations (looping) to be performed without a pop. 

The stack pointer operates as an up/down counter. During 
microinstructions I, 4; and 5, the PUSH operation may occur. 
This causes the stack pointer to increment and the file to 
be written with the required return linkage. On the cycle 
following the PUSH, the return data is at the new location 
pointed to by the stack pointer. 

During five microinstructions, a POP operation may occur. 
The stack pointer decrements at the next rising clock edge 
following a POP, effectively removing old information from 
the top of the stack. 

'The stack pointer linkage is such that any sequence of pushes, 
pops, or stack references can be achieved. At RESET (lnstruc· 
tion 0), the depth of nesting becomes zero. For each PUSH, 
the nesting depth increases by one; for each POP, the depth 
decreases by one. The depth can grow to five. After a depth of 
five is reached, FULL goes LOW. Any further PUSHes onto a 
full stack overwrite information at the top of the stack, but 
leave the stack pointer unchanged. This operation will usually 
destroy useful iniormation and is normally avoided. A POP 
from an empty stack may place non-meaningful data on the Y 
outputs, but is otherwise safe. The stack pointer remains at 
zero whenever a POP is attempted from a stack already empty. 

The register/counter is operated during three microinstructions 
(B, 9, 15) as a 12·bit down counter, with result = zero available 
as a microinstruction branch test criterion. This provides effi
cient iteration of mic~oinstructions. The register/counter is 
arranged such that if it is preloaded with a number N and then 
used as a loop termination counter, the sequence will be exe
cuted exactly N+l times. During instruction 15, a three-way 
branch under combined control of the loop counter and the 
condition code is available. 

The device provides three .. tate V outputs. These can be par
ticularly useful in designs requiring automatic checkout of the 
processor. The microprogram controller outputs can be forced 
into the high-impedance state, and pre-programmed sequences 
of microinstructions can be executed via external access to the 
address lines. 

OPERATION 

Table I shows the result of each instruction in controlling the 
multiplexer which determines the V outputs, and in controlling 
the three enable signals PL, MAP, and VECT. The effect on 
the register/counter and the stack after the next positive-going 
clock edge is also shown. The multiplexer determines which 
internal source drives the Y outputs. The value loaded into 
IlPC is either identical to the V output, or else one greater, 
as determined by CI. For each instruction, one and only one 
of the three outputs PL, MAP, and VECT is LOW. If these 
outputs control three-state enables for the primary source of 
microprogram jumps (usually part of a pipeline register), 
a PROM which maps the instruction to a microinstruction 
starting location, and an optional third source (often a vector 
from a DMA or interrupt source), respectively, the three-state 
sources can drive the 0 inputs without further logic. 

Several inputs, as shown in Table II, can modify instruction 
execution. The combination CC HIGH and CCEN LOW is used 
as a test in 9 of the 16 instructions. Rti5, when LOW, causes 
the D input to be loaded into the register/counter, overriding 
any HOLD or DEC operation specified in the instruction. OE. 
noon ally LOW, may be forced HIGH to remove TS2910 
V outputs from. a three-state bus. 

The stack, a five·word last·in, first-out 12-bit memory, ha •• 
pointer which addresses the value presently on the top of the 
stack. Explicit control of the stack pointer occurs during in
struction 0 (RESET), which makes the stack empty by resetting 
the SP to zero. After a RESET, and whenever else the stack is 
empty, the contents of the top of stack is undefined until a 
PUSH occurs. Any POPs performed while the stack is empty 
put undefined data on the F outputs and leave the stack 
pointer at zero. 

Any time the stack is full (five more PUSHes than POPs have 
occurred since the stack was last empty), the FULL warning 
output occurs. This signal first appears on the microcycle after 
a fifth PUSH. No additional PUSH should be attempted onto 
a full stack; if tried, information within the stack will be over-
written and lost. .. 

3/16 

THOMSON SEMICONDUCTEURS 
107 



TS2910 

TABLE I. INSTRUCTIONS 

REGI FAIL PASS 
CNTR CCEii - LOW and CC "" HIGH "'C'CEN ... HIGH or CC '"' LOW REGI CON-

13-10 MNEMONIC NAME TENTS V STACK V STACK CNTR ENABLE 

0 JZ JUMP ZERO X 0 CLEAR 0 CLEAR HOLD PL 

1 CJS CONO JSB PL X PC HOLD 0 PUSH HOLD PL 

2 JMAP JUMP MAP X 0 HOLD 0 HOLD HOLD MAP 

3 CJP CQNDJUMPPL X PC HOLD 0 HOLD HOLD PL 

4 PUSH PUSH!COND LO CNTR X PC PUSH PC PUSH Note 1 PL 

5 JSAP COND JSB R/PL X R PUSH 0 PUSH HOLD PL 

6 CJV COND JUMP VECTOR X PC HOLD 0 HOLD HOLD VECT 

7 JRP COND JUMP A/PL X R HOLD 0 HOLD HOLD PL 

B 
,00 F HOLD F HOLD DEC PL 

RFCT REPEAT LOOP, CNTR *- 0 
0 PC POP PC POP HOLD PL 

,00 0 HOLD 0 HOLD DEC PL 
9 RPCT REPEAT PL, CNTR "* 0 

0 PC HOLD PC HOLD HOLD PL 

10 CRTN CONO RTN X PC HOLD F POP HOLD PL 

11 CJPP COND JUMP PL & POP X PC HOLD 0 POP HOLD PL 

12 LDCT LO CNTR & CONTINUE X PC HOLD PC HOLD LOAD PL 

13 LOOP TEST END LOOP X F HOLD PC POP HOLD PL 

14 CO NT CONTINUE X PC HOLD PC HOLD HOLD PL 

,00 F HOLD PC POP DEC PL 
15 TWB THREE-WAY BRANCH 

-0 0 POP PC POP HOLD PL 

Notel: If CCEN = LOW and CC = HIGH, hold; el .. load_ X - Don't Care 

Abbreviation 

OJ 
Ij 

CC 

CCEN 

CI 
RLO 

OE 

CP 

VCC 
GNO 

Vi 
FULL 

PL 

MAP 

VECT 

TABLE II. PIN FUNCTIONS 

Name Function 

Direct Input Bit i Direct input to register/counter and multiplexer. DO is LSB 

Instruction Bit i Selects one-of-sixteen instructions for the TS2910 

Condition Code Used as test criterion. Pass test is a lOW on CC. 
Condition Code Enable Whenever the signal is HIGH, CC is ignored and the part operates 

as though CC were true (LOW), 

Carry-In Low order carry input to incrementer for microprogram counter 

Register Load When LOW forces loading of register/counter regardless of 
instruction or condition 

Output Enable Three-state control of Vi outputs 

Clock Pulse Triggers all internal state changes at LOW-to·HIGH edge 

+5 Volts 
Ground 
Microprogram Address Bit i Address to microprogram memory. YO is LSB, Y 11 is MSB 

Full Indicates that five items are on the stack 

Pipeline Address Enable Can select #1 source (usually Pipeline Register) as direct 
input source 

Map Address Enable Can select #2 source (usually Mapping PROM or PlA) as 
direct input source 

Vector Address Enable Can select #3 source (for example, Interrupt Starting Address) 
as direct input source 
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Pi: 
MAP 

13 

12 

VCC 

11 

10 

CC 
RLO 

NC 

10 

11 

TS2910 

Metallization and Pad layout 

TS2910 
Die size: 4.320 x 4.930 mm 

(Note: Numbers refer to DIP connections) 

CHIP CARRIER 

VECT 
NC 05 Y5 04 Y 4 03 Y3 02 Y2 01 

TS2910 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Y1 

00 

YO 

NC 

CI 

CP 

GNO 

NC 

DE 
Yl1 

011 

-65°C to +150oC 
_55°C to +125°C Temperature (Ambient) Under Bias 

----~------

Supply Voltage to Ground Potential 
iJcVOItage-APplied to Outputs-for High Output State 

DC Input.Y~lta'l"_ 
DC Output Current, I nto Outputs 

DC Input Current 
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-0.5V to VCC max. 

-0.5V to +5.5V 
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TS2910 

ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA=O°Cto+70°C VCC=s.ov±S% MIN."4.7SV MAX."'S.25V 

MIL TC "" --SsoC to +12SoC VCC '" S.OV ±10% MIN. '" 4.50V MAX. '" s.sov 

DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. 

VOH Output HIGH Voltage VCC" MIN., IOH '" -1.6mA 
2.4 

VIN • VIH or VIL 

VOL Output LOW Voltage VCC'MIN. I YO-l1' IOL=12mA 

VIN '" VIH or VIL I PL, VECT, MAP, FULL, IOL '" SmA 

V,H Input HIGH Level (Note 4) 
Guaranteed Input Logical HIGH 

2.0 
voltage for all inputs 

V,L Input LOW Level (Note 4) Guaranteed input logical LOW 
voltage for all inputs 

V, Input Clamp Voltage Vce = MIN., liN - -18mA 

00 11 

el. CCEN 

',L Input LOW Current Vec = MAX., VIN. 0.5V '0.3. lIT. RIP 
CC 
CP 

DO_11 

CL CCEN 

"H Input HIGH Current Vee = MAX .. VIN - 2.7V '0.3, OE. RLD 

CC 

CP 

" 
Input HIGH Current VeCa MAX , VIN. 5.5V 

'SC 
Output Short Circuit Current 

Vec=MAX. -30 (Note 3) 

10ZL Output OFF Current Vee - MAX. VOUT - O.5V 

IOZH BE .. 2.4V VOUT 2.4V 

TA - 2SoC 195 

TA '" cf'c to +70°C 
C SUFFIX 

TA - +70oe 
ICC Power Supply Current Vec= MAX. 

TC = _55°C to 

M SUFFIX +125°C 

Te - +12SoC 

Notes· 1. For conditions shown as MIN., or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type 
2. Typical limits are at Vee = 5.0V, 25cC ambient and maximum loading. 
3. Not more than one output should be shorted at a lime. Duration of Ihe short circuit lest should not exceed one second 
4. These input levels provide no guaranteed noise immunity and should only be stalic tested in a noise-free environment. (not functionally tested) 

INPUTS 

CLOCK 

3.0V===:l_===-
OV 

3.0V 

OV 

CLOCK 

INPUT 
TO 

0.5 

0.8 

-1.5 

-0.87 

-0.54 

-0.72 
1.31 

-2.14 

80 

30 

40 

50 

100 

1.0 

-85 

-50 

50 

320 

344 

280 

340 

227 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

"A 

mA 

mA 

"A 

mA 

OU~~UT --==--1 

OUTPUTS 

See Tables A for ts and th for various 
inputs. See Tables B for combinational 
delays from clock and other inputs to 
outputs. See Figure 5 for timing of a 
typical CCU cycle. 

Figure 2. Switchtng Waveforms. 
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TS2910 SWITCHING CHARACTERISTICS 

The tables below define the 2910switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to-HIGH 
transition. TablesB are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels at 
OV or 3V. All values are in ns. All outputs have maximum DC loading. 

NOTES: 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
C SUFFIX (TA ~ O°C to + 70°C, Vec ~ 4.75V to 5.25, CL ~ 50pF) 

A. Set-up and Hold Times B. Combinational Delays 

Input Is Ih Input Y PL, VECT, MAP 

°l-+R 24 6 0 0.011 20 -

Dj-"PC 58 4 10-13 70 51 

10-13 104 a CC 43 -

CC 80 a CCEN 45 -

CCEN 80 a CP (Note 2) 100 -

CI 46 5 1= 8, 9, 15 125 -

RLD 36 6 CP 
55 -

All other I 

OE (Note 3) 35/30 -

C. Clock Requirements (Note 1) 

Minimum Clock LOW Time 50 ns 

Minimum Clock HIGH Time 35 ns 

Minimum Clock Period, 

~ ns I : 8, 9, 15 (Note 2) 

Minimum Clock Period. 1=14 93 ns 

II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
M SUFFIX (TC ~ -55°C to +125°C, VCC = 4.5V to 5.5V, CL ~ 50pF) 

A. Set-up and Hold Times B. Combinational Delays 

Inpul Is Ih Input Y PL, VECT, MAP 

Dj-+R 28 6 OO-D11 25 -

Dj-J>PC 62 4 10-13 75 58 

10-13 110 a CC 48 -

cc 86 a CCEN 50 -

CCEN 86 a CP (Nole 2) 106 -

CI 58 5 I: 8, 9, 15 130 -

RLD 42 6 CP 
61 -

All other I 

OE (Note 3) 40/30 -

C. Clock Requirements (Note 1) 

Minimum Clock LOW Time 58 ns 

Minimum Clock HIGH Time 42 ns 

Minimum Ck>ck Period, 143 
ns 

j = 8, 9, 15 (Note 2) ~ 
Minimum Clock Period, 1=14 lOa ns 

Full 

-

-

-

-

60 

60 

60 

-

Full 

-

-
-

-

67 

67 

67 

-

1. Clock periods for instructions not specified are determined by external 
conditions. 

change in the counter or could only decrement the counter. Use the 
longer delays from CP to outputs if the instruction prior to the clock was 
4 or 12 or RLD was LOW. 

2. These instructions are conditional on the counter. Use the shorter 
specified delay times jf the previous instruction could produce no 

7/16 
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TEST OUTPUT LOAD CONFIGURATIONS FOR TS2910 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS 

52 
5, 

VOUT ~I)-"""'-""",-~ 
5, 

VOUT ~)-r-r-K~---+ 

R, ~ 
5.0 - VSE - VOL 

IOL + VOU1K 
R, ~ 

5.0 - VSE - VOL 

Notes: 1. CL = 50pF includes scope probe. wiring and stray capacitances without device in test fixture. 
2. 81, 82. 83 are closed during function tests and all AC tests except output enable tests. 
3. S, and S3 are closed while S2 is open for tPZH test. 

S, and S2 are closed while S3 is open for tPZL lest. 
4. CL ~ 5.0pF for output disable tests. 

Pin * 
(DIP) 

-

5 

6 

7 

16 

TEST OUTPUT LOADS FOR TS2910 

Test 
Pin Label Circuit R1 

Yo-l1 A 300 

VECT B 470 

PL B 470 

MAP B 470 

FULL B 470 
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R2 

lK 

l.SK 

I.SK 

1.5K 

I.SK 

Vee 



;! 
~ 
~ z 
ICI 

-:I 
C:: n 

i 
~ 
~ 

~ 
'" 

4 

DATA BUS (16 BITS) 

(16 BITS) 

Cil 
N 

~ 
o 

CONTROL BUS 

Figure 3. Tvpical Bipolar Microcomputer Using TS2910 



o JUMP ZERO (JZ, 

o~ 

3 COND JUMP PL (CJP, 

:h 52 

53 
54 30 

31 

6 COND JUMP VECTOR (CJV, 

50h 
51 

52 

53 20 

54 21 

8 REPEAT LOOP, CNTR '" 0 (RFCT' 

50 
51 
52 

53 

54 
·55 

STACK 
(PUSH) 

REGISTER! 
COUNTER 

11 COND JUMP PL & POP (CJPPI 

50 
51 

52~-+--------~~ 

53 (t}-+-----. 
54 

55 
56 

14 CONTINUE (CONT' 

70 

71 

72 

TS2910 

1 COND JSB PL (CJS, 

5Of1STACK 51 53 

52 90 
53 91 

54 92 

55 93 

4 PUSH/COND LD CNTR (PUSH' 

t<=:STACK 50 53 
51 

52 REGISTER! 

53 N COUNTER 

7 COND JUMP RIPL (JRPI 

51 

52 
53 ~ 70 SO 

71 81 

9 REPEAT PL, CNTR '" 0 (RPCT' 

50 (LOCT) ~
COUNTER 

51 

52 
53 

12 LD CNTR & CONTINUE (LDCTI 

50 N ~COUNTER 
51 

52 

63 

15 THREE·WAY BRANCH (TWB' 

~
STACK 

62 (PUSH) 

63 REGISTER! 
64 N COUNTER 

65 72 

66 73 

Figul8 4, TS2910 Execution Examples. 
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2 JUMP MAP (JIIIIAP' 

~~ 52 
53 90 

91 

5 COND JSB R/PL (JSRP, 

50 

90 
91 

92 

93 .. 

10 COND RETURN (CRTN' 

50 
51 

52 
53 

54 

55 

90 

91 

92 

93 

94 

95 

96 

97 

13 TEST END LOOP (LOOP' 

50 STACK 

51 (PUSH) 

52 

53 

54 

55 

56 

57 

STACK 

54 



TS291 0 

THE TS2910 INSTRUCTION SET 
The 2910 provides 16 instructions which select the address 
of the next microinstruction to be executed. Four of the in
structions are unconditional - their effect depends only on 
the instruction. Ten of the instructions have an effect which is 
partially controlled by an external, data-dependent condition. 
Three of the instructions have an effect which is partially con· 
trolled by the contents of the internal register/counter. The 
instruction set is shown in Table I. In this discussion it is 
assumed that Ci is tied HIGH. 

In the ten conditional instructions, the result of the data· 
dependent test is applied to CC. If the CC input is LOW, the 
test is considered to have been passed, and the action speci
fied· in the name occurs; otherwise, the test has failed and an 
alternate (often simply the execution of the next sequential 
mi.croinstruction) occurs. Testing of CC may be disabled for a 
specific microinstruction by setting CCEiii HIGH, which uncon· 
ditionally forces the action specified in the name; that is, it 
forces a pass. Other ways of using CCEN include (1) tying it 
HIGH, which is useful if no microinstruction is data-dependent; 
(2) tying it LOW if data·dependent instructions are never forced 
unconditionally ; OR (3) tying it to the source of 2910 
instruction bit 10, which leaves instructions 4, 6, and 10 as 
data·dependent but makes others unconditional. All of these 
tricks save one bit of microcode width. 

The effect of three instructions depends on the contents of the 
register/counter. Unless the counter holds a value of zero, it 
is decremented; if it does hold zero, it is held and a different 
microprogram next address is selected. These instructions are 
useful for executing a microinstruction loop a known number 
of times. Instruction 15 is affected both by the external con· 
dition code and the internal register/counter. 

Perhaps the best technique for understanding the 2910 is 
to simply take each instruction and review its operation. In 
order to provide some feel for the actual execution of these 
instructions, Figure 4 is included and depicts examples of all 
16 instructions. 

The examples given in Figure 4 should be interpreted in the 
following manner: The intent is to' show microprogram flow 
as various microprogram memory words are executed. For 
example, the CONTINUE instruction, instruction number 14, 
as shown in Figure 4, simply means that the contents of micro
program memory word 50 is executed, then the contents of 
word 51 is executed. This is followed by the contents of micro· 
program memory word 52 and the contents of microprogram 
memory word 53. The microprogram addresses used in the 
examples were arbitrarily chosen and have no meaning other 
than to show instruction flow. The exception to this is the 
first example, JUMP ZERO, which forces the microprogram 
location counter to address ZERO. Each dot refersto the time 
that the contents of the microprogram memory word is in 
the pipeline "register. While no special symbology is used for 
the conditional instructions, the text to follow will explain 
what the conditi~nal choices are in each example. 

Instruction 0, JZ (JUMP and ZERO, or RESET) uncondi· 
tionally specifies that the address of the next microinstruction 
is zero. Many designs use this feature for power-up sequences 
'and provide the power-up firmware beginning at microprogram 
memory word location O. 

Instruction 1 is a CONDITIONAL JUMp· TO·SUBROUTINE 
via the address provided in the pipeline register. As shown in 
Figure 4, the machine might have executed words at address 
50, 51, and 52. When the contents of address 52 is in the pipe' 
line register, the next address control function is the CONDI· 
TIONAL JUMP·TO·SUBROUTINE. Here, if the test is passed, 
the next instruction executed will be the contents of micro· 
program memory location 90. If the test has failed, the JUMp· 
TO·SUBROUTINE will not be executed; the contents of micro· 
program memory location 53 will be executed instead. Thus, 
the CONDITIONAL JUMP·TO·SUBROUTINE instruction at 
location 52 will cause the instruction either in location 90 or 
in location 53 to be executed next. If the TEST Input is such 
that location 90 is selected, value 53 will be pushed onto the 
internal stack. This provides the return linkage for the machine 
when the subroutine beginning at location 90 is completed. 
In this example, the subroutine was completed at location 93 
and a RETURN·FROM·SUBROUTINE would be found at 
location 93. 

Instruction 2 is the JUMP MAP instruction. This is an uncondi· 
tional instruction which causes the MAP output to be enabled 
so that the next microinstruction location is determined by 
the address supplied via the mapping PROMs. Normally, the 
JUMP MAP instruction is used at the end of the instruction 
fetch sequence for the machine. In the example of Figure 4, 
microinstructions at locations 50, 51, 52, and 53 might have 
been the fetch sequence and at its completion at location 53, 
the jump map funclion would be contained in the pipeline 
register. This example shows the mapping PROM outputs to 
be 90; therefore, an unconditional jump to microprogram 
memory address 90 is performed. 

Instruction 3, CONDITIONAL JUMP PIPELINE, derives its 
branch address from the pipeline register branch address value 
(BRO - BR11 in Figure 2). This instruction provides a tech· 
nique for branching to various microprogram sequences de
pending upon the test condition inputs. Quite often, state 
machines are designed which simply execute tests on various 
inputs waiting for the condition to come true. When the true 
condition is reached, the machine then branches and executes 
a set of microinstructions to perform some function. This 
usually has the effect of resetting the input being tested until 
some point in the future. Figure 4 shows the conditional jump 
via the pipeline register address at location 52. When the con· 
tents of microprogram memory word 52 are in the pipeline 
register, the next address will be either location 53 or location 
30 in this example. If the test is passed, the value currently in 
the pipeline register (30) will be selected. If the test fails, t"e 
ri'ext address selected will be contained in the microprogram 
counter which. in this example, is 53. 

Instruction 4 is the PUSH/CONDITIONAL LOAD COUNTER 
instruction and is used primarily for setting up loops in micro
program firmware. In Figure 4, when instruction 52 is in the 
pipeline register, a PUSH will be made onto the stack and the 
counter will be loaded based on the condition. When a PUSH 
occurs, the value pushed is always the next sequential instruc
tion address. In this case, the address is 53. If the test fails, the 
counter is not loaded; if it is passed, the counter is loaded with 
the v.alue contained in the pipel ine register branch address field. 
Thus, a single microinstruction can be used to set UP a loop to 
be executed a specific number of times. Instruction 8 will 
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THE TS2910 INSTRUCTION SET (Cant.' 
describe how to ..... the pushed value and the register/counter 
for looping. 

Instruction 5 is a CONDITIONAL JUMp·TO-SUBROUTINE 
via the register/counter or the contents of the PIPELINE 
register. 'A$ shown in Figure 4, a PUSH is always performed 
and one of two subroutines executed. In this example, either 
the subroutine beginning at addre$S 80 or the subroutine be
ginning at address 90 will be performed. A return-from-sub
routine (instruction number 10) returns the microprogram 
flow to address 55. In order for this microinstruction control 
sequence to operate correctly, both the next address fields of 
instruction 53 and the next address fields of instruction 54 
would have to contain the proper value. Let's assume that the 
branch address fields of instruction 53 contain the value 90 so 
that it' will be in the 2910 register I counter when the con· 
tents of address 54 are in the pipaline register. This requires 
that" the instruction at address 53 load the register/counter. 
Now, during the execution of instruction 5 lat address 54), if 
the test failed, the contents of the register (value = 90) will 
select the address of the next microinstruction. If the test 
input passes, the pipeline regisw contents (value = 80) will 
determine the address of the next microinstruction. There· 
fore, this instruction provides the abilitv to select one of two 
subroutines to be executed based on a test condition. 

Instruction 6 is a CONDITIONAL JUMP VECTOR instruction 
which provides the capability to take the branch address from 
a third source heretofore not discussed. In order for this in
struction to be useful, the 2910 output, VECT is used to 
control a three-state control input of ., register, buffer, or 
PROM containing the next microprogram address. This in· 
struction provides one technique for performing interrupt type 
branching at the microprogram level, Since this instruction is 
conditiorlal, a pass causes the next address to be taken from 
the vector source, while failure causes the next address to be 
taken from the microprogram counter. In the example of 
Figure 4, if the CONDITIONAL JUMP VECTOR instruction is 
contained at location 52, execution will continue at vector 
address 20 if the CC input is LOW and the microinstruction at 
address 53 will be executed if the CC input is HIGH. 

Instruction 7 is a CONDITIONAL JUMP via the contents of 
the 2910 REGISTER/COUNTER or the conterits of the 
PIPELINE register. This instruction is very similar to instruc
tion 5; the conditional jump-to .. ubroutine via R or PL. The 
major difference between instruction 5 and instruction 7 is 
that no push onto the stack is performed wfth 7. Figure 4 
depicts this instruction as a branch to one of two locations 
depending on the test condition. The example assumes the 
pipeline register contains the value 70 when the contents of 
address 52 is being executed. A$ the contents of address 53 is 
clocked into the pipeline registar, the value 70 is loaded into 
the register/counter in the 2910. The value 80 is available 
when the contents of address 53 is in the pipeline register. 
Thus, control is transferred to either address 70 or address 80 
depending on the test condition. 

Instruction 8 is the REPEAT LOOP, COUNTER * ZERO in· 
struction. This microinstruction makes use of the decrementing 
capability of the register/counter. To be useful, some previous 
instruction, such as 4, must have loaded a count value into the 
regIster/counter. This instruction checks to 'see whether the 
register/counter contains a non-zero value. If so, the register/ 
counter is decremented, and the address of the next micro
instruction is taken from the top of the stack. If the register 
counter contains zero, the loop exit condition is occuring; 
control falls through to the next sequential microinstruction 

by selecting ,",PC; the stack is POP'd by decrementing the stack 
pointer, but the contents of the top of the stack are thrown 
away. 

An example of the REPEAT LOOP, COUNTER * ZERO in· 
struction is shown in Figure 4. In this example, location 50 
most likely would contain a PUSH/CONDITIONAL LOAD 
COUNTER instruction which would have caused address 51 to 
be PUSHed on the stack and the counter to be loaded with the 
proper value for looping the desired number of times. 

In this example, since the loop test is made at the end of the 
instructions to be repeated (microaddress 54), the proper 
value to be loaded by the instructions at addr:ess 50 is one less 
than the desired number of passes throogh the loop. This 
method allows a loop to be executed 1 to 4096 times. If it is 
desired to execute the loop from 0 to 4095 times, the firm· 
ware should be written to make the loop exit test immediately 
after loop entry. 

Single·microinstruction loops provide a highly efficient capa
bility for executing a specific microinstruction a fixed number 
of times. Examples include fixed rotates, byte swap, fixed 
point multiply, and fixed point divide. 

Instruction 9 is the REPEAT PIPELINE REGISTER, COUNT
ER ¢ ZERO instruction. This instruction is similar to instruc~ 
tion 8 except that the branch address now comes from the 
pipeline register rather than the file. In some cases, this instruc· 
tion may be thought of as a one·word file extension; that is, 
by using this instruction, a loop with the counter can still be 
performed when subroutines are nested five deep. This instruc
tion's operation is very similar to that of instructionS. Thedif
ferences are that on this instruction, a failed test condition 
causes the source of the next microinstruction address to be 
the D inputs; and, when the test condition is passed, this in
struction does not perform a POP because the stack is not 
being used. 

In the example of Figure 4, the REPEAT PIPELINE, COUNT
ER * ZERO instruction is instruction 52 and is shown as a 
single microinstruction loop. The address in the pipeline reg
ister would be 52. Instruction 51 in this example could be the 
LOAD COUNTER AND CONTINUE instruction (number 12). 
While the example shows a single microinstruction loop, by 
simply changing the, address in a pipeline register, multi
instruction loops can be performed in this manner for a fixed 
number of times as determined by the counter. 

Instruction 10 is the conditional RETURN-FROM·SUBROU· 
TINE instruction. A$ the name implies, this instruction is used 
to branch from the subroutine back to the next microinstruc
tion address following the subroutine call. Since this instruc· 
tion is conditional, the return is performed only if the test is 
passed. If the test is failed, the next sequential microinstruction 
is performed. The example in Figure 4 depicts the use of the 
conditional RETURN-FROM-SUBROUTINE instruction in 
both the conditional and the unconditional modes. This exam
ple first shows a jump-to .. ubroutine at instruction location 52 
where control is transferred to location 90. At location 93, a 
conditional RETURN-FROM-SUBROUTINE instruction is 
performed. If the test is passed, the stack is accessed and the 
program will transfer to the next instruction at address 53. If 
the test is failed, the next microinstruction at address 94 will 
be executed. The program will continue to address 97 where 
the subroutine is complete. To perform an unconditional 
RETURN-FROM-SUBROUTlNE, the conditional RETURN
F ROM-SU B ROUT I N E instruction is executed unconditionally; 
the microinstruction at address 97 is programmed to force 
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THE TS2910 INSTRUCTION SET (Cont.) 

CCEN HIGH, disabling the test and the forced PASS causes an 
unconditional return. 
Instruction 11 is the CONDITIDNALJUMPPIPELINE register 
address and POP· stack instruction. This instruction provides 
another technique for loop termination and stack maintenance. 
The example in Figure 4 shows a loop being performed from 
address 56 back to address 51. The instructions at locations 52, 
53, and 54 are all conditional JUMP and POP instructions. At 
address 52, if the CC input is LOW, a branch will be made 
to address 70 and the stack will be properly maintained via a 
POP. Should the test fail, the instruction at location 53 (the 
next sequential instruction) will be executed. Likewise, at 
address 53, either the instruction at 90 or 54 will be subse
quently executed, respective to the test being passed or failed. 
The instruction at 54 follows the same rules, going to either 80 
or 55. An instruction sequence as described here, using the 
CONDITIONAL JUMP PIPELINE and POP instruction, is very 
useful when several inputs are being tested and the micropro
gram is looping waiting for any of the inputs being tested to 
occur before proceeding to another sequence of instructions. 
This provides the powerful jump-table programming technique 
at the firmware level. . 

Instruction 12 is the LOAD COUNTER AND CONTINUE in
struction, which simply enables the counter to be loaded with 
the value at its parallel inputs. These inputs are normally con
nected to the pipeline branch address field which (in the 
architecture being described here) serves to supply either a 
branch address or a counter value depending upon the micro
instruction being executed. There are altogether three ways of 
loading the counter - the explicit load by this instruction 12; 
the conditional load included as part of instruction 4; and the 
use of the m input along with any instruction. The use of 
m::o with any instruction overrides any counting or decremen
tetion specified in the instruction, calling for a load instead. Its 
use provides additional microinstruction power, at the expense 
of one bit of microinstruction width. This instruction 12 is 
exactly equivalent to the combination of instruction 14 and 
RID LOW. Its purpose is to provide a simple capability to 
load the register/counter in those implementations which do 
not provide microprogrammed control for R LD. 

Instruction 13 is the TEST END-OF-LOOP instruction, which 
provides the capability of conditionally exiting a loop at the 
bottom; that is, this is a conditional instruction that will cause 
the microproQram to loop, ·via . the file, if the test is failed 
else to continue to the next sequential instruction. The 
example in Figure 4 shows the TEST END-OF-LOOP micro
instruction at address 56. If the test fails, the microprogram 
will branch to address 52. Address 52 is on the stack because 
a PUSH instruction had been executed at address 51. If the 
test is pessed at instruction 56, the loop is terminated and the 
next sequential microinstruction at address 57 is executed, 
which also causes the stack to be POP'd; thus, accomplishing 
the required stack maintenance. 

Instruction 14 is the CONTINUE instruction, which simply 
causes the microprogram counter to increment so that the next 
sequential microinstruction is executed. This is the simpjest 
microinstruction of all and should be the default instruction 
which the firmware requests whenever there is nothing better 
to do. 

Instruction 15, THREE-WAY BRANCH, is the most complex. 
It provides for testing of both a data-dependent condition and 
the counter during one microinstruction and provides for se
lecting among one of three microinstruction addresses as the 
next microinstruction to be performed. Like instruction 8, a 
previous instruction will have loaded a count into the register/ 
counter while pushing a microbranch address onto the stacte. 
Instruction 15 performs a decrement-and-branch -until-zero 
function similar to instruction 8. The next address is taken 
from the top of the stack until the count reaches zero; then 
the next address comes from the pipeline register. The above 
action continues as long as the test condition fails. If at any 
execution of instruction 15 the test condition is passed, no 
branch is taken; the microprogram counter register furnishes 
the next address. Whe.n the loop is ended, either by the count 
becoming zero, or by passing the conditional test, the stack is 
POP'd by decrementing the stack pointer, since interest in the 
value contained at the top of the stack is then complete. 

The application of instruction 15 can enhance performance 
of a variety of machine-level instructions. For instance, (1) a 
memory search instruction to be terminated either by finding 
a desired memory content or by reaching the search limit; 
(2) variable-field-Iength arithmetic terminated early upon 
finding that the content of the portion of the field still un
processed i. all zeroes; (3) key search in a disc controller pro
cessing variable length records; (4) normalization of a floating 
point number. 

As one example, consider the case of a memory search instruc
tion. As shown in Figure 4, the instruction at microprogram 
address 63 can be Instruction 4 (PUSH), which will push the 
value 64 onto the microprogram stack and load the number N, 
which is one less than the number of memory locations to be 
searched before giving up. Location 64 contains a microin
struction wh ich fetches the next operand from the memory 
area to be searched and compares it with the search kay. Loca
tion 65 contains a microinstruction which tests the result of the 
comparison and also is a THREE-WAY BRANCH for micro
program control. If no match is found, the test fails and the 
microprogram goes back to location 64 for the next operand 
address. When the count becomes zero, the microprogram 
branches to location 72, which does whatever is necessary if 
no match is found. If a match occurs on any execution of the 
THREE-WAY BRANCH at location 65, control falls through 
to location 66 which handles this case. Whether the instruction 
ends by finding a match or not, the stack will have been POP'd 
once, removing the value 64 from the top of the stack. 
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TS2910 

OTHER ARCHITECTURES USING THE TS2910 
(Shading shows path(s) which usually limit speed) 

Figure 6. 

A. Instruction Based 

MAP 

A Register at the Microprogram Memory output contains the 
microinstruction being executed. The microprogram memory 
and 2901 delay are in series. Conditional branches are executed 
on same cycle as the ALU operation generating the condition. 

C. Data Based 

MAP 

The Status Register provides conditional Branch control based 
on results of previous ALU cycle. The Microprogram Memory 
and 2901 are in series in the critical paths. 

14/16 

B. Addressed Based 

..... 

CLOCK 

... , 

The Register at the 2910 output contains the address of the 
microinstruction being executed. The Microprogram Memory 
and 2901 are in series in the critical path. This architecture 
provides about the same speed as the Instruction based archi· 
tecture. but requires fewer register bits. since only the address 
(typically 10-12 bits) is stored instead of the instruction (ty
pically 40-60 bits). 

D. Two Level Pipaline Based 

.... 

Two level pipeline provides highest possible speed. It is more 
difficult to program because the selection of a microinstruction 
occurs two il)structions ahead of its execution. 
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ARCHITECTURE USING THE TS2910 
IShading shows pathls) which usually limit speed) 

Figure 5. 

One Level Pipeline Based 

IRecommended) 

One level pipeline provides better speed than most other architectures. The IlProgram Memory and the 
2901 array are in parallel speed paths instead of in series. This is the recommended architecture for 2900 
designs. 

CLOCK 

PIPELINE 2910 
REGISTER INSTRUCTION 

OUTPUT INPUTS 

MUX 2910 
OUTPUT CC INPUT 

2910 OUTPUTS 

MICROPROGRAM 
MEMORY 
OUTPUTS 

28 ns CYCLE TIME 

r--

15 ns 
TO REGISTER OUTPUT) 

~ 
~- IMUX SELECT TO OUTPUT} 

_C~;~sV_ 

f-.-:-so "'-

Typical CCU Cycle Timing Waveforms. 

-
5 "' REGISTER 

SET-UP 
TIME 

This drawing shows the timing relationships in the CCU illustrated above. 
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TS2910 

ORDERING INFORMATION 

I TS2910 jl J I B~ 
Part n~mber I Screening class 

Oper. temp. Package 
The table below horizontally shows aU available suffix combinations for package. operating temperature and quality 
level. Other possibilities on request. 

OPER. TEMP. PACKAGE SCREENING CLASS 
PART NUMBER 

I I J 1 -0 I GIB I BIB C M P J C E Std 

• I • I • I I • TS2910 
I I I I • • • • • 

Examples :TS2910CP, TS2910CP-D, TS2910CJ, TS2910CJ-D 
TS2910MJ, TS2910MJG/B, TS2910MJB/B,,,. 

Oper. temp. : C : ooe to + 70°C, M: - 55°C to + 125°C. 
Package: P: Plastic Oil, J: Cerdip OIL, C: Ceramic Oil, E: Ceramic lee. 
Screening classes: Std (no end~suffix), - 0: NFC 96883 level O. 
G/B: NFC 96883 level G, BIB: MIL-STD-883 level Band NFC 96883 level B. 

0, 

CASE CB-182 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CERDIP PACKAGE 

(1) 

OIN 

ASIF 

E SUFFIX 
CHIP CARRIER 

(1) Nomin" dimen.ion 
(2) True gaometrieal pOfition 

40 pi", , 
C8-182 -

• 

eEl 0.A..1 ..... SEMICONOUCTORS 

These specifications are subject to change without notice. 

I 
I 

Please inquire with our sales offices about the availability of the different packages. 
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1lI0MSON 
SEMICONDUCTEURS 

VECTORED PRIORITY INTERRUPT CONTROLLER 

The TS2914 is a hi\tl-speed, eight-bit priority interrupt unit that is cas
cedable to handle any number of priority interrupt request 1e""ls. The hi\tl
speed of the TS2914 makes it ideal for use in 2900 family microcomputer 
designs. 
The TS2914 receives interrupt requests on 8 interrupt input lines (PO
P7), A LOW level isa request. An internal latch may be used to catch pulses 
on these lines, or the latch may be bypassed so the request lines drive the 
edge-triggered interrupt register directly. An 8-bit mask register is used to 
mask individual interrupts. Considerable flexibility is provided for control
ling the mask register. Requests in the interrupt register are ANDed with 
the corresponding bits in the mask register and the results are sent to an 8-
input priority encoder, which produces a three bit encoded vector repre
senting the highest numbered input which is not masked. 
An internal status register is used to point to the lowest priority at which 
an interrupt will be accepted. The contents of the status register are compa
red with the output of the priority encoder, and an interrupt request out
put will occur if the vector is greater than or equal to status. Whenever a 
""ctor is read from the TS2914 the status register is automatically up
dated to point to one level higher than the vector read. (The status register 
can be loaded externally or read out at any time using the Spins) _ Signals 
are provided for moving the status upward across devices (Group Advance 
Send and Group Advance Receive) and for inhibiting lower priorities from 
higher order devices (R ipple Disable, Parallel Disable, and Interrupt Disable). 
A status overflow output indicates that an interrupt has been read at the 
highest priority. 
The TS2914 is controlled by a 4-bit instruction field 10-13. The command 
on the instruction lines isexecuted if IE is LOW and is ignored if IE is HIGH, 
allowing the 4 I bits to be shared with other devices. 

• Accepts 8 interrupt inputs 
Interrupts may be pulses or levels and are stored internally. 

• Built-in mask register 
Six different operations can be performed on mask register. 

• Built-in status register 
Status register holds code for lowest allowed interrupt. 

• Vectored output 
Output is binary code for highest priority un-masked interrupt. 

• Expandable 
Any number of TS2914's may be stacked for large interrupt systems. 

• Microprogrammable 
Executes 16 different microinstructions. Instruction enable pin aids in 
vertical microprogramming. 

• High-speed operation 
Delay from an interrupt clocked into the interrupt register to interrupt 
request output is typically 60 ns. 

For applications information, see Chapter VI of Bit Slice Micropl'OC8SlOr 
Dalign, Mick & 8rick, McGraw Hill Publications. 
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TS2914 

VECTORED PRIORITY 
INTERRUPT 

CONTROLLER 

CASECB-182 

PSU~FIX 

PLASTIC PACKAGE 

ALSO AVAILABLE 

J SUFFIX E SUFFIX 
CERDIP PACKAGE CHIP CARRIER 

Hi-Rei versions available - See chapter 4 

PIN ASSIGNMENT 

Inter.diuble 
Rlppledl18blel 

Parallel disable 
I ntar. request 

VCC' 
82, 
51 
801 

Statuloverflowl 
Gr.adv.sand' 

V2 
VI, 
VO' 
M7 
P7' 



Pi 
Interrupt 

inputs 

Instr~~~~: D-------, 

Ii 
Instruction 

inputs 

TS2914 

BLOCK DIAGRAM 

3 Vi 
1-1~""'''-1.------1>--I---7''--{3")3 Vector 

PIN SYMBOLS 

output 

IO----{£)D iiitBrrU"Pt 
request 

l~~~."...j-----D Parallel disable 

'-----D ~i:~\~ 
t-------L) :J:~ce 

Group advance 
receive 

send 
Status 
overflow 

D- INPUT PIN ----ID g~~~J-?LLECTOR 
--D OUTPUT PIN 

~ BIDIRECTIONAL 
1/0 

LOGIC SYMBOL 

2/26 

~ 
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BLOCK DIAGRAM DESCRIPTION 

The Microinstruction Decode circuitry decodes the Interrupt 
Microinstructions and generates required control signals for 
the chip. 

The Interr~Pt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising edge 
of the CP Clock signal. 

The Interrupt latches are set/reset·type latches. When the 
Latch Bypass signal is LOW, the latches are enabled and act 
as negative pulse catchers on the inputs to the Interrupt 
Register. When the Latch Bypass signal is HIGH, the Interrupt 
latches are transparent. 

The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from 
or read to the M Bus. Also, the entire register or individual 
mask bits may be set or cleared. 

The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight·input Priority Encoder 
determines the highest priority, non·masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three·bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector is used for clearing 
interrupts. 

The three·bit Status Register holds the status bits and may 
be loaded from or read to the 5 Bus. During a Vector Read, 
the Incrementer increments the interrupt vector by one, and 
the result is clocked into the Status Register. Thus the Status 

Register always points to the lowest level at which an interrupt 
will be accepted. 

The three·bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates if the Inter· 
rupt Vector is gteater than or equal to the contents of the 
Status Register. 

The Lowest Group Enabled Flip·Flop is used when a number 
of 2914's are cascaded. In a cascaded system, only one Lowest 
Group Enabled Flip·Flop is LOW at a time. It indicates the 
eight interrupt group. which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 

The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 

The Status Overflow signal i. used to disable all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 

The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip·Flop indicates if the last vector read 
was from this group. When it is set, it enables the Clear 
Control Logic. 

The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status 
Overflow Flip·Flops, all on the clock LOW·to·H IGH transition. 

Metallization and Pad Layout 

543 2 1 4039 38373635 

DecImal 
..... ,10 Mnemonic 

14 LDM 
7 ROM 

12 CLRM 
S SETM 

to BCLRM 
11 BSETM 

9 LOSTA 

6 RDSTA 

15 ENIN 
13 OISIN 

6 
7 34 
8 

33 9 
10 32 Die size: 3.600 x 4.900 11 31 t2 Numbers correspond 
13 

30 to DIP pin-out. 

14 211 
26 

15 27 

1617181920 2122 23242526 

TABLE I 
MICROINSTRUCTION SET FOR 2914 PRIORITY INTERRUPT CIRCUIT 

DecImal 
lnotruction ,,121,10 Mnemonic 

I __ n 

Me_Register Functions Vectored Output 
Load mask register from M bus 5 ROVC Read vector output to V outputs, load V+1 
Read mask register to M bus into status register, load V Into vector hold 
Clear mask register (enables all priorities) register and set vector clear enable flip-flop. 
Set mask register (inhibits all interrupts) 
Bit clear mask register from M bus 1 CLRIN 

PrIority Interrupt Regl_ Clur 
Bit set mask register from M bus Clear all interrupts 

3 CLRMR Clear interrupts from· mlsk register data (uses 
Statu. Register functions 2 CLRMB 

the M bus) 
Load status register from S bus and LGE Clear interrupts from M bus dati 
flip-flop from GE input 4 CLRVC Clear the Individual Interrupt assaciated with 
Read status register to S bus the last vector read 

Me_Clur 
Interrupt Requat Control 0 MCLR Clear all interrupts, clear mask register, clear 
Enable Interrupt request status register, clear LGE flip-flop, enable 
Disable interrupt request interrupt request. 
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TS2914 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for High Output Stata 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

OPERATING RANGE 
PIN 

C SUFFIX 

M SUFFIX 

Temperature 

-65°C to +150°C 

-55°C to +110°C 

-O.5V to +7.0V 

+O.5V to +Vcc max. 

-O.5V to 5.5V 

30mA 

-30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

C SUFFIX 
MSUFFIX 

Parlmetan 

VOH 

ICEX 

VOL 

VIH 

VIL 

VI 

IlL 

IIH 

II 

IOZL 

IOZH 

ICC 

ISC 

TA ,. o°C to +70°C 
TC a -55·C to +110·C 

De scriJ>tion 

Output HIGH Voltage 

Output L.eakage Current 
for IR Output 

Output LOW Voltage 

Input HIGH Level 

Input LOW Leval 

Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Currant 

Otf-St8te Output Current 

Power Supply Current 

Output Short Circuit Current 
INota31 

Vcc - 5.0V ± 5% ICOM'LJ 
VCC - 5.0V ± 10% IMILI 

MIN. -4.75V 
MIN. -4.50V 

TIst Conditions INote 11 

VCC· MIN. MIL,IOH = -1.0mA 

VIN = VIH or VIL COM'L, IOH - -2.6mA 

VCC' MIN .. Vo - 5.5V 

VCC- MIN., 
IOL -4.OmA 

IOL' 8.OmA 
VIN' VIH or VIL 

I IOL - 12mA 
Guaranteed input logical HIGH volt_g.e 

for all inputs 

Guaranteed input logical LOW voltage 

for all inputs 

VCC - MIN., liN = -18mA 

MO-7 
50-2 

VCC·MAX., 
L. B. 

VIN·0.4V r:o: 
IE 

All Others 

MO-7 

VCC-MAX., 50-2 
VIN - 2.7V GE,GAR 

IE 

I. D. 
All Others 

VCC • MAX .. VIN - 5.5V 

MO-7 
VOUT·0.5V 50-2 

VO-2 
VCC-MAX. 

MO-7 
VOUT- 2.4V 50-2 

VO_2 
VCC' 5.0V, 25·C 

O·C 
COM'L 

70°C 
VCC-MAX. 

-65·C 
MIL 

I1000C 

VCC·MAX. 

MAX. - 5.25V 
MAX. - 5;50V 

Min. 
2.4 
2.4 

2.0 

-30 

Typ. 
INote 21 

170 

Max. Units 

Volts 

250 ~A 

0.4 
0.45 Volts 

0.5 

Volts 

0.8 Volts 

-1.5 Volts 

-0.15 

-0.1 
-0.4 mA 

-2.0 

-1.08 

-0.8 
150 

100 

40 ~ 

60 

60 

20 

1.0 mA 

150 
100 

50 
150 "A 

100 
50 

305 
250 mA 

310 

200 

-B6 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable 
device lype. 

2. Typical limits are at VCC - 5.0 V, 26°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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TS2914 

SWITCHING CHARACTERISTICS AT 25°C AND 5.0 VOLTS 

Note: All outputs fully loaded. CL = 50 pF. Measurements made at 1.5 V with 
input levels of OV and 3.0V. All numbers are in ns. 

For interrupt request output. RL = 470n 

TABLE I. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 

Time GUARANTEED 

Minimum Clock LOW Time 30 
Minimum Clock HIGH Time 30 
Minimum Interrupt Input (PO-P7) LOW 

25 Time for Guaranteed Acceptance (Pulse Mode) 

Maximum Interrupt Input (PO-P7) LOW 
10 Time for Guaranteed Rejection (Pulse Mode) 

TABLE II. COMBINATIONAL PROPAGATION DELAYS (ns) 

TYPICAL GUARANTEED 

~ M S Irpt Ripple 
Group 

M S Irpt Ripple 
Group 

V012 Advance V012 Advance 
From Input 

Bus Bus Req Disable 
Send 

Bus Bus Req Disable 
Send 

IE 36 40 40 - - 30 48 55 55 - - 47 

10123 36 40 40 - - 30 4B 55 55 - - 47 

Irpt. Disable - - 25 35 8 19 - ~ 37 42 18 25 

TABLE III. DELAYS FROM CLOCK TO OUTPUTS (ns) 

TYPICAL GUARANTEED 

Clock Path To To To 
To Irpt To To To 

Status To To Irpt 
To 

V012 Req 
PO RD GAS 

O·flow GS V012 Req 
PO 

Irpt Latches and Register 55 65 37 39 47 ~ ~ 67 82 57 

Mask Register 55 65 37 39 47 ~ ~ 67 82 57 
Status Register 45 55 28 31 37 ~ ~ 59 74 57 
Lowest Group Enabled Flip-Flop ~ ~ 22 25 ~ ~ 17 ~ ~ 42 
Irpt Request Enable Flip-Flop - 40 ~ ~ ~ ~ ~ ~ 56 ~ 

Status Overflow Flip-Flop - ~ - -- ~ 17 ~ ~ ~ ~ 

TABLE IV. SET-UP AND HOLD TIME REQUIREMENTS (ns) 
(All relative to clock LOW-to-H IGH transition) 

GUARANTEED 
From Input 

Set-up Time Hold Time 

S-Bus 11 8 

M-Bus 11 8 

PO-1'7 11 6 

Latch Bypass 16 0 

IE 46 
0 

10123 (See Note) tpwL +29 

GE 11 11 

GAR 11 11 

Irpt Disable 35 0 

PO-P7 Hold Time - 21 
Aelative to LB 

Note: tpWL is the Clock LOW Time. Both Set-up times must be met. 
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To 
To To 

Status 
To 

AD GAS O·flow GS 

57 86 ~ -

57 86 ~ ~ 

57 58 ~ ~ 

45 ~ ~ 32 
~ ~ ~ ~ 

~ ~ 30 -



TS2914 

SWITCHING CHARACTERISTICS OVER OPERATING VOLTAGE AND TEMPERATURE RANGE 

I 
All outputs fully loaded, CL = 50pF. Measurements made at 1.5V with input 

levels of OV and 3.0V. For Interrupt Request Output, RL = 470n. 

TABLE V CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 

CSUFFIX MSUFFIX 
Time T A - O°C to +70'C, 5V ± 5% TC - -55'C to +110°C, 5V ± 10% 

Minimum Clock LOW Time 30 30 

Minimum Clock HIGH Time 30 30 

Minimum Interrupt Input (PO·p,) 
LOW Time for Guaranteed 40 40 
Acceptance (Pulse Model 

Maximum Interrupt Input (Po-P,) 
8 8 LOW Time for Guaranteed 

Rejection (Pulse Mode) 

Minimum Clock Period, IE'" H on 50 55 
current cycle and previous cycle 

Minimum Clock Period, IE'" L on 100 110 
current cycle or previous cycle 

TABLE VI. MAXIMUM COMBINATIONAL PROPAGATION DELAYS (ns) 

CSUFFIX MSUFFIX 
TA = O°C to +70°C, 5V ± 5% TC = _55°C to +110'C, 5V ± 10% 

~ M S Irpt Ripple 
Group 

M S Irpt Ripple 
Group 

Bus Bus V012 Req Disable 
Advance 

Bus Bus V012 Req Disable 
Advance 

From Input Send Send 

IE 52 60 65 - - 56 60 68 70 - - 62 

10123 52 60 65 - - 56 60 68 70 - - 62 

Irpt. Disable - - 45 52 20 30 - - 48 60 22 33 

TABLE VII. MAXIMUM DELAYS FROM CLOCK TO OUTPUTS (ns) 

Clock Path 
To 

V012 

Irpt Latches and Register 76 

Mask Register 76 

Status Register 67 
Lowest Group Enabled Flip-Flop 

Irpt Request Enable Flip·Flop -

Status Overflow Flip·Flop -

CSUFFIX 
TA = O·C to +70°C, 5V ± 5% 

To To 
Irpt 

To To To 
Status 

To To 
PO RD GAS GS V012 Req O'flow 

97 67 67 80 - - 82 

97 67 67 80 - - 82 

88 63 63 70 73 

48 52 38 -
62 - - - - - -
- - - - 35 - -
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MSUFFIX 
TC = _55°C to +110'C, 5V ± 10% 

To To 
To To To 

Status 
To 

Irpt 
PO RD GAS GS Req O'flow 

105 75 75 85 - -
105 75 76 85 - -
96 66 68 76 - -

54 68 - - 45 
66 - - - - -
- - - - 40 -



TS2914 

BLOCK DIAGRAM DESCRIPTION 

The Microinstruction Decode circuitry decodes the Interrupt 
Microinstructions and generates required control signals for 
the chip. 

The Interrupt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising edge 
of the CP Clock signal. 

The Interrupt latches are set/reset-type latches. When the 
Latch Bypass signal is LOW, the latches are enabled and act 
as negative pulse catchers on the inputs to the Interrupt 
Register. When the Latch Bypass signal is HIGH, the Interrupt 
latches are transparent. 

The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from 
or read to the M Bus. Also, the entire register or individual 
mask bits may be set or cleared. 

The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight-input Priority Encoder 
determines the highest priority, non-masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three·bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector is used for clearing 
interrupts. 

The three-bit Status Register holds the status bits and may 
be loaded from or read to the S Bus. During a Vector Read, 
the Incrementer increments the interrupt vector by one, and 
the result is clocked into the Status Register. Thus the Status 

Register always points to the lowest level at which an interrupt 
wi II be accepted. 

The three-bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates if the Inter
rupt Vector is gteater than or equa\ to the contents of the 
Status Register. 

The Lowest Group Enabled Flip-Flop is used when a number 
of 2914's are cascaded. In a cascaded system, only one Lowest 
Group Enabled Flip-Flop is LOW at a time. It indicates the 
eight interrupt group, which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 

The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 

The Status Overflow Signal is used to disable all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 

The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip-Flop indicates if the last vector read 
was from this group. When it is set, it enables the Clear 
Control Logic. 

The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status 
Overflow Flip-Flops, all on the clock LOW-to-HIGH transition. 

Metallization and Pad Layout 

543 2 1 40 39 39 373635 

Decimal 
13121,10 Mnemonic 

14 LOM 
7 ROM 

12 CLRM 
S SETM 

10 BCLRM 
11 BSETM 

9 LOSTA 

6 ROSTA 

15 ENIN 
13 OISIN 

6 
7 34 
8 

33 9 
10 32 Die size: 3.600 x 4.900 11 31 12 Numbers correspond 
13 

30 to DIP pin·out. 

14 
29 
26 

15 27 

1617181920 2122 23242526 

TABLE I 
MICROINSTRUCTION SET FOR 2914 PRIORITY INTERRUPT CIRCUIT 

Decimal 
Instruction 131211 10 Mnemonic Instruction 

Mask Register Functions Voc:torod Output 
Load mask register from M bus 5 ROVC Read vector output to V outputs, load V+1 
Read mask register to M bus into status register, load V into vector hold 
Clear mask register (enables all priorities) register and set vector clear enable flip-flop. 
Set mask register (inhibits all interrupts) 

Priority Interrupt Register Clear Bit clear mask register from M bus 
CLRIN Bit set mask register from M bus 1 Clear all interrupts 

3 CLRMR Clear interrupts from- mask register data (uses 
Statu. Register Functions the M bus) 
load status register from 5 bus and LGE 2 CLRMB Clear interrupts from M bus data 
flip-flop from GE input 4 CLRVC Clear the individual interrupt associated with 
Read status register to S bus the last vector read 

Mast.rel .. r 
Interrupt Request Control 0 MCLR Clear all interrupts, clear mask register, clear 
Enable interrupt request status register, clear lGE flip-flop, enable 
Disable interrupt request interrupt request. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Grollnd Potential 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

OPERATING RANGE 
PIN 

C SUFFIX 

M SUFFIX 

Temperature 

~5°C to +150°C 

_55°C to +110°C 

0.5V to +7.0V 

+D.5V to +Vcc max. 
--D.5V to 5.5V 

30mA 

-30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

C SUFFIX 
M SUFFIX 

Parameter. 

VOH 

ICE X 

VOL 

VIH 

Vil 

VI 

III 

IIH 

II 

IOZl 

IOZH 

ICC 

ISC 

TA .. aOe to +70°C 
TC = -55'C to +110'C 

Description 

Output HIGH Voltage 

Output Leakage Current 
for IR Output 

Output LOW Voltage 

Input HIGH Level 

I "put LOW Laval 

Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current 

Off-8t.te Output Current 

Power Supply Current 

Output Short Circuit Current 
INote31 

Vcc - 5.0V , 5% ICOM'LI 
Vcc - 5,OV, 10% IMILI 

MIN. - 4.75V 
MIN. =4.50V 

Test Conditions INot. 11 

VCC- MIN., MIL, IOH = -1.0mA 

VIN" VIH or VIL COM'l, IOH- 2.6mA 

Vee - MIN., Va - 5.5V 

IOL -4.0mA 
Vee - MIN .. 

IOl - 8.OmA 
VIN' VIH or Vil 

IOl -12mA 

Guaranteed input logical HIGH voltaae 

for all inputs 

Guaranteed input logical LOW voltage 

for all inputs 

Vee = MIN., liN = -18mA 

MO-7 

50-2 
Vee' MAX., 

L. 8. 
VIN·0.4V 

["'[), 

IE 

All Others 

MO-7 

Vec = MAX., 50-2 
VIN - 2.7V GE,GAR 

IE 

1.0. 
All Others 

Vee - MAX .. VIN • 5.5V 

MO-7 
VOUT = 0.5V 50-2 

VO-2 
Vee - MAX. 

MO_7 

VOUT" 2.4V 50-2 

VO-2 
Vee' 5.0V, 2S'C 

O'C 
COM'l 

70'C 
Vce-MAX. 

-5S'C 
Mil 

110"C 

VCC-MAX. 

MAX. = 5.25V 
MAX.' 5:50V 

Min. 
2.4 

2.4 

2.0 

-30 

Typ. 
INote 2) 

170 

Max. Uniu 

Volts 

250 ~A 

0.4 

0.45 Volts 

0.5 

Volts 

0.8 Volts 

-1.5 Volts 

-0.15 

-0.1 

--{J.4 mA 

-2.0 

-1.08 

--{J.8 

150 

100 

40 ~A 

60 

60 

20 

1.0 mA 

150 
-100 

-50 
~A 

150 

100 

50 

305 

250 mA 

310 

200 

-85 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable 
device type. 

2. Typical limits are a1 Vee. 5.0 V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS AT 25°C AND 5.0 VOLTS 

Note: All outputs fully loaded. C L = 50 pF. Measurements made at 1.5 V with 
input leve'ls of OV and 3.0V. All numbers are in ns. 

For interrupt request output, RL = 470n 

TABLE I. CLOCK AND INTERRUPT INPUT PULSE WIDTHS Insl 

Time GUARANTEED 

Minimum Clock LOW Time 30 
Minimum Clock HIGH Time 30 
Minimum Interrupt Input (PO-P7) LOW 

25 Time for Guaranteed Acceptance (Pulse Model 

Maximum Interrupt Input (PO-P7) LOW 
10 Time for Guaranteed Rejection (Pulse Mode) 

TABLE II. COMBINATIONAL PROPAGATION DELAYSlnsl 

TYPICAL GUARANTEED 

~ M S Irpt Ripple 
Group 

M S Irpt Ripple 
Group 

Bus Bus V012 Req Disable 
Advance 

Bus Bus V012 Req Disable 
Advance 

From Input Send Send 

IE 36 40 40 - - 30 48 55 55 - - 47 

10123 36 40 40 - - 30 48 55 55 - - 47 

I rpt. Disable - - 25 35 8 19 - 37 42 18 25 

TABLE III. DELAYS FROM CLOCK TO OUTPUTS Insl 

TYPICAL GUARANTEED 

Clock Path To To To I To To To To To To To Irpt 
PO RD GAS 

Status <is V 012 Irpt I PO V012 Req O'flow Req 

Irpt Latches and Register 55 65 37 39 47 - - 67 82 57 

Mask Register 55 65 37 39 47 67 82 57 

Status Register 45 55 28 31 37 - - 59 74 57 

Lowest Group Enabled Flip-Flop - - 22 25 . - 17 42 

Irpt Request Enable Flip-Flop - 40 - - - - 56 -

Status Overflow Flip-Flop - - - - 17 - - - -

TABLE IV. SET-UP AND HOLD TIME REQUIREMENTS Insl 
IAII relative to clock LOW-to-H IGH transition I 

GUARANTEED 
From Input 

Set-up Time Hold Time 

S-8us 11 8 

M-Bus 11 8 

PO·P7 11 6 

Latch Bypass 16 0 

IE 46 
0 

'0123 (See Note) tpwL + 29 

GE 11 11 --
GAR 11 11 

Irpt Disable 35 0 --
PO-P7 Hold Time - 21 
Relative to LB 

Note: tpwL is the Clock LOW Time. Both Set-up times must be met. 
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To 
To To 

Status 
To 

ilD GAS GS 
O'flow 

57 66 - -

57 66 --

I 57 58 - . 

45 - - 32 
- - -

- - 30 -
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SWITCHING CHARACTERISTICS OVER OPERATING VOLTAGE AND TEMPERATURE RANGE 

All outputs fully loaded, CL : SOpF. Measurements made at 1.SV with input 
levels of OV and 3.0V. For Interrupt Request Output, RL = 470n. 

TABLE V CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 

CSUFFIX MSUFFIX 
Time TA = O°C to +70°C, 5V ± 5% TC = _55°C to +110°C, 5V ± 10% 

Minimum Clock LOW Time 30 30 

Minimum Clock HIGH Time 30 30 

Minimum Interrupt Input (PO·P7) 
40 40 LOW Time for Guaranteed 

Acceptance (Pulse Model 

Maximum Interrupt Input (PO·P7) 
8 8 LOW Time for Guaranteed 

Rejection (Pulse Model 

Minimum Clock Period, IE == H on 50 55 
current cycle and previous cycle 

Minimum Clock Period, IE - Lon 100 110 
current cycle or previous cycle 

TABLE VI. MAXIMUM COMBINATIONAL PROPAGATION DELAYS (ns) 

CSUFFIX MSUFFIX 
TA: O°C to +70°C, 5V ± 5% TC = -55°C to +110°C,5V ± 10% 

~ M S Irpt Ripple 
Group 

M S Irpt Ripple 
Group 

Bus Bus V012 Req Disable 
Advance 

Bus Bus V012 Req Disable 
Advance 

From Input Send Send 

IE 52 60 65 - - 56 60 68 70 - - 62 

10123 52 60 65 - - 56 60 68 70 - - 62 

Irpt. Disable - - 45 52 20 30 - - 48 60 22 33 

TABLE VII. MAXIMUM DELAYS FROM CLOCK TO OUTPUTS (ns) 

Clock Path 
To 

V012 

Irpt Latches and Register 76 

Mask Register 76 
Status Register 67 
Lowest Group Enabled Flip-Flop -

Irpt Request Enable Flip-Flop -

Status Overflow Flip-Flop -

CSUFFIX 
TA = O°C to +70°C, 5V ± 5% 

To To 
Irpt 

To To To 
Status 

To To 
PO RD GAS GS V012 Req O'flow 

97 67 67 80 - - 82 

97 67 67 80 82 
88 63 63 70 - - 73 

- 48 52 - - 38 -

62 - - - - - -

- - - - 35 - -
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MSUFFIX 
TC = _55°C to +110°C, 5V ± 10% 

To To 
To To To To Irpt 
PO RD GAS 

Status 
GS Req O'flow 

105 75 75 85 - -

105 75 75 85 - -
96 66 66 76 - -
- 54 58 - - 45 

66 - - - - -
- - - - 40 -



From Input 

S-8us 

M·Bus 

PO-P7 

Latch Bvpass 

IE 
10123 (See Notel 

GE 

GAR 

Irpt Disable 

PO-P7 Hold Time 
Relative to LB 

TABLE VIII. SET ·UP AND HOLD TIME REQUIREMENTS (ns) 

(All relative to clock LOW-to-HIGH transition) 

CSUFFIX MSUFFIX 
TA = O°C to +70°C. 5V ± 5% TC = -5SoC to +110°C, SV ± 10% 

Set-Up Time Hold Time Set-Up Time Hold Time 

15 10 15 10 

15 10 15 10 

15 8 15 8 

20 0 20 0 

55 55 
0 

tpwL + 33 
0 

tpwL + 40 

15 13 15 13 

15 13 15 13 

42 0 42 0 

- 25 - 25 

Note: tpwL is the Clock LOW Time. Both Set-up times must be met. 

INPUT 

10-13. CPo GE. GAR 
LB 
iE 
ii5 

Vee 

OUTPUTS 

INPUT/OUTPUT CIRCUITS 

Vee~------~--------------____ ~_ 

R 

10K 
20K 
6.7K 
4K 

50n 

80 
PO 
RD 

R 

OUTPUT 

IR 
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TEST OUTPUT LOAD CONFIGURATIONS FOR 2914 

C. OPEN-COLLECTOR OUTPUTS D. THREE-STATE OUTPUTS 

Vee 

24. 

VOUT o-~----+ 

24. 

Notes: 1. CL" 50 pF includes scope probe, wiring and stray capacitances without device in test fixture. 
2. CL ·5.0 pF for output disable tests. 

Pin # 
(DIP) 

3 

4 

7 

8 

9 

13-11 

14 

18-16 

-

TEST OUTPUT LOADS FOR 2914 

Test 
Pin Label Circuli R1 

Group e 2K 
Signal 

Group 
Advance e 2K 
Receive 

Ripple e 2K 
Disable 

Parallel e 2K 
Disable 

Interrupt e 330 
Request 

SO-2 0 240 

Status e 2K 
Overflow 

VO·2 0 240 

Mo_r 0 240 
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R2 

-

-

-

-

-

240 

-

240 

240 
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A MICROPROGRAMMABLE, BIPOLAR, 
LSI INTERRRUPT STRUCTURE USING THE TS2914 

INTRODUCTION 

THOMSON SEMICONDUCTORS introduction of the 
TS2914 Vectored Priority Interrupt Controller now makes 
possible the structuririg of a microprogrammable bipolar 
LSI interrupt system. The design engineer may use the 
2914 to simplify his design process, dramatically reduce 
the system cost, size and package count, and increase the 
speed, capability and reliability of his interrupt system. 

The 2914 is a modular, low cost, standard LSI component 
that may be microprogrammed to meet the requirements of 
specific applications. Today's engineer may utilize the 2914 
microprogrammability to provide functional flexibility and 
ease of engineering change, while taking advantage of its 
modularity to provide hardware regularity and future expan
sion capability. 

THE INTERRUPT CONCEPT 

In any state machine, a requirement exists for the efficient 
synchronization and response to asynchronous events such as 
power failure, machine malfunctions, control panel service 
requests, external timer signals, supervisory calls, program 
errors, and input/output device service requests. The merit of 
sufh an "asynchronous event handler" may be measured in 
terms of response time, system throughput, real ti me overhead, 
hardware cost and memory space required. 

The simplest approach to asynchronous event handling is the 
poll approach. A status indicator is associated with each 
possible asynchronous event. The processor tests each indicator 
in sequence and, in effect, "asks" if service is required. This 
program-driven method is inefficient for a number of reasons. 
Much time is consumed polling when no service is required; 
programs must have frequent test points to poll indicators, 
and since indicators are polled in sequence, considerable time 
may elapse before the processor responds to an event. Thus, 
system throughput b low; real time overhead and response 
time are high, and a large memory space is required. 

The interrupt method is a much more efficient way of 
servicing asynchronous requests. An asynchronous event re
quiring service generates an interrupt request signal to the 
processor. When the processor receives the interrupt request, 
it may suspend the program it is currently executing, execute 
an interrupt service routine which services the asynchronous 
request, then resume the execution of the suspended program. 
In this system, the execution of the service routine is 
initiated by an interrupt request; thus, the system is interrupt 
driven and service routines are executed only when service is 
requested. Although hardware cost may be higher in this type 
of system, it is more efficient since system throughput is 
higher. response time is faster. real time overhead is lower and 
less memory space is required. 

INTERRUPT SYSTEM FUNCTIONAL DEFINITION 

A complete and clear functional definition is key to the design 
of a good interrupt system. The following features are useful. 

Multiple Interrupt Request Handling: Since interrupt requests 
are generated from a number of different sources. the interflJpt 
system's ability to handle interrupt requests from several 
sources is important. 

Interrupt Request Prioritization: Since the processor can 
service only one interrupt request at a' time, it is important 
that the interrupt system has the ability to prioritize the 
requests and determine which has the highest priority. 

Interrupt Service Routine "Nesting": This feature allows an 
interrupt service routine for a given priority request to be 
interrupted in turn, but only by a higher priority interrupt 
request. The service routine for the higher priority request is 
executed, then the execution of the interrupted service routine 
is resumed. If there are "n" interrupt requests, an un" deep 
"nest" is possible. 

Dynamic Interrupt Enabling/Disabling: The ability to enable/ 
disable all interrupts "on the fly" under microprogram control 
can be used to prevent interruption of certain processes. 

Dynamic Interrupt Request Masking: The ability to selectively 
inhibit or "mask" individual interrupt requests under micro· 
program control is useful. 

Interrupt Request Vectoring: Many times, a particular inter· 
rupt request requires the execution of a unique interrupt 
service routine. For this reason, the generation of a unique 
binary coded vector for each interrupt request is very helpful. 
This vector can be used as a pointer to the start of a unique· 
service routine. 

Interrupt Request Priority Threshold: The ability to establish 
a priority threshold is valuable. In this type of operation, 
only those interrupt requests which have higher priority than a 
specified threshold priority are accepted. The threshold priority 
can be defined by microprogram or can be automatically 
established by hardware at the interrupt currently being 
serviced plus one. This automatic threshold prevents multiple 
interrupts from the same source. Also usef}J1 is the ability to 
read the threshold priority under microprogram control. Thus, 
the interrupt request being serviced may be determined by 
the microprogram. 

Interrupt Request Clearing Flexibility: Flexibility in the 
method of clearing interrupt requests allows different modes 
of interrupt system operation. Of particular value are the 
abilities to clear the interrupt currently being serviced, clear 
all interrupts, or clear interrupts via a programmable mask 
register or bus. 

Microprogrammability: Microprogrammability permits the 
construction of a general purpose or "universal" interrupt 
structure which can be microprogrammed to meet a specific 
application's requirements. The universality of the structure 
allows standardization of the hardware and amortization of 
the hardware development costs across a much broader user 
base. The end result is a flexible, low cost interrupt structure. 

9/26 

THOMSON SEMICONDUCTEURS 
129 



TS2914 

Hardware Modularity: Modular interrupt system hardware is 
beneficial in two ways. First, hardware modularity provides 
expansion capability. Additional modules may be added as 
the need to service additional requests arises. Secondly, hard
ware modularity provides a structural regularity which simpli
fies the system structure and also reduces the number of 
hardware part numbers. 

Fast Interrupt System Response Time: Quick interrupt system 
response provides more efficient system operation. Fast 
response reduces real time overhead and increases overall 
system throughput. 

INTERRUPT SYSTEM IMPLEMENTATION 
USING THE TS2914 

The 2914 provides all of the foregoing features on a single 
LSI chip. The 2914 is a high-speed, eight-bit priority inter
rupt unit that is cascadable to handle any number of priori
ty interrupt request leve.ls. The 2914's high speed is ideal 
for use in 2900 Family microcomputer designs. 

The 2914 receives interrupt requests on eight Interrupt 
Input lines (PO-P7). A LOW level is a request. An internal 
latch may be used to catch pulses (HIGH· LOW-HIGH) on 
these lines, or the latch may be bypassed so that the request 
lines drive the D-inputs to the edge-triggered Interrupt Register 
directly. An eight-bit Mask Register is used to mask individual 
interrupts. Considerable flexibility is provided for controlling 
the Mask Register. Requests in the Interrupt Register (PO-P7) 
are ANDed with the corresponding bits in the mask register 
(MO-M7) and the results are sent to an eight-input priority 
encoder, which produces a three-bit encoded vector represent
ing the highest priority input which is not masked_ 

An internal Status Register is used to point to the lowest 
priority at which an interrupt will be accepted_ The contents 
of the Status Register are compared with the output of the 

INTERRUPT 
INPUTS 

TS2914 

GROUP 
SIGNAL 

{
V, 

VECTOR V 
OUT 1 

Vo 

STATUS 
OVERFLOW 

IS, 

STATUS S, 

So 

GROUP 
ENABLE 

INTERRUPT 
REOUEST 

Figure 1. TS2914 Logic Svmbol 

priority encoder, and an Interrupt Request output will occur 
if the vector is greater than or equal to the contents of the 
Status Register. Whenever a vector is read from the 2914, 
the Status Register is automatically updated to point to one 
level higher than the vector read. (The Status Register can be 
loaded externally or read out at any time using the S-Sus_) 
Signals are provided for moving the status upward across 
devices (Group Advance Send and Group Advance Receive) 
and for inhibiting lower priorjtjes from higher order devices 
(Ripple Disable, Parallel Disable, and Interrupt Disable). A 
Status Overflow output indicates that an interrupt has been 
read at the highest priority. 

The 2914 is controlled by a four-bit microinstruction field 
10-13. The microinstruction is exe~ted if IE (Instruction 
Enable) is LOW and is ignored if IE is HIGH, allowing the 
four I bits to be shared with other functions. Sixteen different 
microinstructions are executed. Figure 2 shows the micro
instructions and the microinstruction codes. 

MICROINSTRUCTION 
DESCRIPTION 

MASTER CLEAR 

CLEAR ALL INTERRUPTS 

CLEAR INTERRUPTS FROM M·BUS 

CLEAR INTERRUPTS FROM MASK 
REGISTER 

CLEAR INTERRUPT,LAST 
VECTOR READ 

READ VECTOR 

READ STATUS REGISTER 

READ MASK REGISTER 

SET MASK REGISTER 

LOAD STATUS REGISTER 

BIT CLEAR MASK REGISTER 

BIT SET MASK REGISTER 

CLEAR MASK REGISTER 

DISABLE INTERRUPT REQUEST 

LOAD MASK REGISTER 

ENABLE INTERRUPT REQUEST 

MICROINSTRUCTION 
CODe 

13 1211 10 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

Figure 2. TS2914 Microinstruction Set. 

In this microinstruction set, the Master Clear microinstruction 
is selected as binary zero so that during a power up sequence, 
the microinstruction register in the microprogram control unit 
of the central processor can be cleared to all zeros. Thus, on 
the next clock cycle, the 2914 will execute the Master 
Clear function. This includes clearing the Interrupt Latches 
and Register as well as the Mask Register and Status Register. 
The LGE flip-flop of the least significant group is set LOW 
because the Group Advance Receive input is tied LOW. All 
other Group Advance Receive inputs are tied to Group Advance 
Send outputs and these are forced HIGH during this instruc
tion. This clear instruction also sets the Interrupt Request 
Enable flip-flop so that a fully interrupt driven system can be 
easily initiated from any interrupt. 
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The Clear All Interrupts microinstruction clears the Interrupt 
Latches and Register. . 

The Clear Interrupts from Mask Register microinstruction 
clears those Interrupt Latches and Register bits which have 
corresponding Mask Register bits set equal to one. The M·Bu5 
is used by· the 2914 during the execution of this microins
truction and must be floating. 

The Clear Interrupts from M-8us microinstruction clears those 
Interrupt Latches and Register bits which have corresponding 
M-Bus bits set equal to one. 

The Clear Interrupt, Last Vector Read microinstruction clears 
the Interrupt Latch- and Register bit associated with the last 
vector read. 

The Read Vector microinstruction is used to read the vector 
value of the highest priority request causing the interrupt. 
The vector outputs are three-state drivers that are enabled onto 
the VOV1V2 bus during this instruction. This microinstruction 
also automatically loads the value "vector plus one" into the 
Status Register. In addition, this instruction sets the Vector 
Clear Enable flip·flop and loads the current vector value into 
the Vector Hold Register so that this value can be used by the 
Clear Interrupt, Last Vector Read microinstruction. This 
allows the user to read the vector associated with the interrupt, 
and at some later time clear the Interrupt Latch and Register 
bit associated with the vector read. 

The Load Status Register microinstruction loads S-Bus data 
into the Status Register and also loads the LGE flip-flop from 
the Group Enable input. 

Pi 
Interrupt 

inputs 

M _ B~; E'35,,8~-+---l 
L-__ ...J 

Instr~~!~~ r:~-----, 

Ii 
Instruction 

inputs 

Clo~~D>------lt»-----

PIN SYMBOLS 

D-- INPUT PIN --@) 

-D OUTPUT PIN 

~ BIDIRECTIONAL -IT> 
110 

During the Read Status Register microinstruction, the Status 
Register outputs are enabled onto the Status Bus (SO-S2). 
The Status Bus is a three-bit, bi·directional, three-state bus. 

The Load Mask Register microinstruction loads data from the 
three-state, bi·directional M-Bus into the Mask Register. 

The Read Mask Register microinstruction enables the Mask 
Register outputs onto the bi·directional, three-state M·Bus. 

The Set Mask Register microinstruction sets all the bits in the 
Mask Register to one. This results in all interrupts being 
inhibited. 

The entire Mask Register is cleared by the Clear Mask Register 
microinstruction. This enables all interrupts subject to the 
Interrupt Enable flip-flop and the Status Register. 

The Bit Clear Mask Register microinstruction may be used to 
selectively clear individual Mask Register bits. This micro
instruction clears those Mask Register bits which have cor· 
responding M-Bus bits equal to one. Mask Register bits with 
corresponding M-Bus bits equal to zero are not affected. 

The Bit Set Mask Register microinstruction sets those Mask 
Register bits which have corresponding M-Bus bits equal to 
one. Other Mask Register bits are not affected. 

All Interrupt Requests may be disabled by execution of the 
Disable Interrupt Request microinstruction. This microinstruc· 
tion resets an Interrupt Request Enable flip-flop on the chip. 

The Enable Interrupt Request microinstruction sets the Inter· 
rupt Enable flip-flop. Thus, Interrupt Requests are enabled 
subject to the contents of the Mask and Status Registers. 

3 Vi 
~t-~;'<-t------D--t---;''--1[}J) Vector 

OPEN COLLECTOR 
OUTPUT 

THREE-5TATE 
OUTPUT 

output 

fiitr:Re~e.tlo----{OD Interrupt 
request 
Parallel 

L-r~~Lr_-_r_~~~~~~~~ ~ii::I~ 
disable 

..... ------f> ~:.u:ce 
send 
Status 
overflow 

GS 
kr----n group 

L.::.:!:;":':::!:....-I signal 

Group advance 
receive 

Figure 3_ TS2914 Block Diagram 
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2914 BLOCK DIAGRAM DESCRIPTION 

The 2914 block diagram is shown in Figure 3. The Micro
instruction Decode circuitry decodes the Interrupt Micro
instructions and generates required control signals for the chip. 

The Interrupt Register holds the Interrupt Inputs and is an 
eight·bit, edge·triggered register which is set on the rising edge 
of the CP Clock signal if the Interrupt Input is LOW. 

The Interrupt latches are set/reset latches. When the Latch 
Bypass signal is LOW, the latches are enabled and act as 
negative pulse catchers on the inputs to the Interrupt Register. 
When the Latch Bypass signal is HIGH, the Interrupt latches 
are transparent. 

The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from or 
read to the M·Bus. Also, the entire register or individual mask 
bits may be set or cleared. 

The Interrupt Detect circuitry detects the presenco of any 
unmasked Interrupt Input. The eight· input Priority Encoder 
determines the highest priority, non· masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three·bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector can be used later for 
clearing interrupts. 

The three· bit Status Register holds the status bits and may be 
loaded from or read to the 8-Bus. During a Vector Read, the 
Incrementer increments the interrupt vector by one, and the 
result is clocked into the Status Register. Thus, the Status 
Register points to a level one greater than the vector just read. 

The three-bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates if the Inter· 
rupt Vector is greater than or equal to the contents of the 
Status Register. 

The Lowest Group Enabled Flip-Flop is used when a number 
of 2914's are cascaded. In a cascaded system, only one 
Lowest Group Enabled Flip-Flop is LOW at a time. It indicates 
the eight interrupt group. whjch contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 

The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 

The Status Overflow signal is used to disable all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 

The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip-Flop indicates if the last vector read 
was from this chip. When it is set it enables the Clear Control 
Logic. 

The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status Over· 
flow Flip-Flops, all on the clock LOW·to-HIGH transition. 

The 2914 can be microprogrammed in many different 
ways. Figure 4 shows an example interrupt sequence. The 
Read Vector microinstruction is necessary in order to read the 
interrupt priority level. Since vector plus one is automatically 
loaded into the Status Register when a Read Vector micro
instruction is executed, the Status Register possibly will 
overflow and disable all interrupts. For this reason, the Status 

( ) 
Denotes 2914 

illltruction 

Seve mMk 10 
that it may 
be reotored 

later 

Save ItatuslO 
that It may 
be restored 

later 

Not ....... ry 
when Interrupt 
inp't:vl=a .. 

Figure 4. Example Interrupt Sequence. 

Register must be reloaded periodically. The other 2914 mi
croinstructions are optional. 

CASCADING THE 2914 

A number of input/output signals are provided for cascading 
the 2914 Vectored Priority I nterrupt Encoder. A defini
tion of these I/O signals and their required connections 
follows: 

Group Signal (GSI - This signal is the output of the Lowest 
Group Enabled flip-flop and during a Read Status micro· 
instruction is used to generate the high order bits of the Status 
word. 

Group Enable (GEl - This signal is one of the inputs to the 
Lowest Group Enable flip-flop and is used to load the flip-flop 
during the Load Status microinstruction. 
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Group Advance Send (GAS) - During a Read Vector micro· 
instruction, this output signal is LOW when the highest 
priority vector (vector seven) of the group is being read. In a 
cascaded system Group Advance Send must be tied to the 
Group Advance Receive input of the next higher group in 
order to transfer status information. 

Group Advance Receive (GAR) - During a Master Clear or 
Read Vector microinstruction, this input signal is used with 
other internal signals to load the Lowest Group Enabled flip
flop. The Group Advance Receive input of the lowest 
priority group must be tied to ground. 

Status Overflow (SV) - This output signal becomes LOW 
after the highest priority vector (vector seven) of the group 
has been read and indicates the Status Register has overflowed. 
It stays LOW until a Master Clear or Load Status microinstruc
tion is executed. The Status Overflow output of the highest 
priority group should be connected to the Interrupt Disable 
input of the same group and serves to disable all interrupts 
until new status is loaded or the system is master cleared. The 
Status Overflow outputs of lower priority groups should be 
left open (see Figure 7), 

Interrupt Disable liD) - When LOW, this input signal inhibits 
the Interrupt Request output from the chip and also generates 

a Ripple Disable output. 

Ripple Disable (RD) - This output signal is used only in the 
Ripple Cascade Mode (see below), The Ripple Disable output 
is LOW when the Interrupt Disable input is LOW, the Lowest 
Group Enabled flip·flop is LOW, or an Interrupt Request is 
generated in the group. In the ripple cascade mode, the 

2914 

STATUS 
OVERFLOW 

GROUP 
ENABLE 

Figure 5. Cascade Lines Connection for Single Chip System. 
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Figure 7. Interrupt Disable Connections for Parallel Cascade Mode. 
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Ripple Disable output is tied to the Interrupt Disable input of 
the next lower priority group (see Figure 6), 

Parallel Disable (PO) - This output is used only in the parallel 
cascade mode (see below). It is HIGH when the Lowest Group 
Enabled flip-flop is LOW or an Interrupt Request is generated 
in the group. It is not affected by the Interrupt Disable input. 

A single 2914 chip may be used to proritize and encode 
up to eight interrupt inputs. Figure 5 shows how the above 
cascade lines should be connected in such a single chip system. 

The Group Advance Receive and Group Enable inputs should 
be connected to ground so that the Lowest Group Enabled 
flip·flop is forced LOW during a Master Clear or Load Status 
microinstruction. Status Overflow should be connected to 
Interrupt Disable in order to disable interrupts when vector 
seven is read. The Group Advance Send, Ripple Disable, 
Group Signal and Parallel Disable pins should be left open. 

The 2914 may be cascaded in either a Ripp)e Cascade 
Mode or a Parallel Cascade Mode. In the Ripple Cascade Mode, 
the Interrupt Disable signal, which disables lower priority 
interrupts, is allowed to ripple through lower priority groups. 
Figures 6, 9 and 11 shOW' the cascade connections required 
for a ripple cascade 64 input interrupt system. 

Cn+x ~ GO + POCn 

In the parallel cascade mode, a parallel lookahead scheme is 
employed using the high-speed 2902A Lookahead Carry 
Generator. Figures 7. 9 and 10 show the cascade connections 
required for a parallel cascade 54-input interrupt system. For 
this application, the 2902A is used as a lookahead interrupt 
disable generator. A Parallel Disable output from any group 
results in the disabling of all lower priority groups in parallel. 
Figure 8 shows the 2902A logic diagram and equations. 

In Figures 9 and 10, the 2913 Priority Interrupt Expander 
is shown forming the high order bits of the vector and status, 
respectively. The 2913 is an eight·line to three·line priority 
encoder with three-state outputs which are enabled by the 
five output control signals Gl, G2, GJ, <34, and G5. In Figure 
9, the 2913 is connected so that its outputs are enabled 
during a Read Vector instruction, and in Figure 10 the 
2913 is connected so that its outputs are enabled during a 
Read Status instruction. The 2913 logic diagram and truth 
table are shown in Figure 11. 

The Am25LS138 three·line to eight·line Decoder also is 
shown in Figure 10. It is used to decode the three high order 
status bits during a Load Status instruction. The Am25LS138 
logic diagram and truth table are shown in Figure 12. 

Cn+y ~ Gl + P1 GO + P1 POCn 

Cn+z ~ G2 + P2Gl + P2P1 GO + P2P1POCn 

G ~ G3 + Pfo2 + P3P2G1 + P3P2Pl GO 

P ~ P3P2P1PO 

Figure 8, 2902A Carry Lookahead Generator Logic Diagram and Equations. 
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Figure 10. Group Signal, Group Enable, Group Advance Send, Group Advance Receive and Status 
Connections for Both the Parallel and Ripple Cascade Modes. 
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Figure ". 2913 Priority Interrupt Expander Logic Diagram and Truth Table. 
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EXAMPLE INTERRUPT SYSTEMS DESIGNS 
FOR A 2900 SYSTEM 

A classical computer architecture is shown in Figure 13. The 
Computer Control Unit controls the 'internal busses and sub
systems of the processor, synchronizes internal and external 
events and grants or denies permission to external systems. 
The data bus is commonly used by all of the subsystems in 
the computer. Information, instructions, address operands, 
data and sometimes control signals are transmitted down the 
data bus under control of a microprogram. The microprogram 
selects the source of the data as well as the destination(s) of 
the data. The Address Bus is typically used to select a word in 
memory for an internal computer function or to select an 
input/output port for an external subsystem or peripheral 
function. The source of the data for the address bus, also 
selected by microprogram commands, may be the program 
counter, the memory address register, a direct memory address 
controller, an interface controller, etc. 

The arithmetic/logic unit (ALU) is that portion of the proc
essor that computes. Under control of the microprogram, the 
ALU performs a number of different arithmetic and logiC 
functions on data in the working registers or from the data 
bus. The ALU also provides a set of condition codes as a 
result of the current arithmetic or logic operation. The condi-

INSTRUCTION 
REGISTER 

COMPUTER CONTROL 

MICROINSTRUCTION 
REGISTER 

INTERRUPT 
REQUEST-'INPUTS 

t;on codes, along with other computer status information, are 
stored in a register for later use by the programmer or 
computer control unit. 

The program counter and the memory address register are the 
two main sources of memory word and 1/0 address select data 
on the address bus. The program counter contains the address 
of the next instruction or instruction operand that is to be 
fetched from main memory, and the memory address register 
contains instruction address operands which are necessary to 
fetch the data required for the execution of the current 
instruction. 

A subroutine address stack is provided to allow the return 
address linkage to be handled easily when exiting a sub
routine. The address stack is a last-in, first-out stack that is 
controlled by a jump-to-subroutine, PUSH, or a return·from
subroutine, POP, instruction from the CCU microinstruction 
word. 

The next microprogram address control (NMAC) circuitry 
controls the generation of microinstruction addresses. Based 
on microprogram control, interrupt requests, test conditions 
and commands from a control panel or other processor, the 
NMAC determines the address of the next microinstruction 
to be executed. 

TO INTERFACE 
CONTROLLERS 

WORKING 
REGISTERS 

ARITHMETIC'lOGIC 
UNIT 

SUBROUTINE 
STACK 

PROGRAM COUNTER 

Figure 13. Generalized Computer Architecture. 
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TS2914 PRIORITY INTERRUPT ENCODER 
DETAILED LOGIC DESCRIPTION 

INTROOUCTION 
A clear understanding of the 2914 Priority Interrupt con
troller's operation facilitates its efficient use. With that idea 
in mind, a detailed logic description of the 2914 Is presented 
here. A detailed logic diagram and control signal truth table 
are shown, and significant aspects of the 2914 design are 
described verbally. 

figure 1. Interrupt Latches and Register. 
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LOGIC DIAGRAM OESCRIPTION 

The Interrupt Latches and Register are shown in Figure 1. 
The Interrupt latches are set/reset-type latches. When the 
Latch Bypass signal is LOW. the latches are enabled and act as 
negative pulse catchers On the inputs to the Interrupt Register. 
When the Latch Bypass signal is HIGH, the Interrupt latches 
are transparent. The I nterrupt Register holds the Interrupt 
Inputs and is an eight-bit, edge-triggered register. It is updated 
on the LOW-to-HIGH transition of the clock pulse (HIGH-to
LOW transition of the CP signal) as are .11 of the flip-flops on 
the chip. 

V·l-f---L....I 

Vb-+---L..J 

PASS 

AL=L-+-+-f'_ 

N R 

Figure 2. Vector Hold Register 

Xo 

Xo 

When a Read Vector instruction is executed, the binary coded 
vector is loaded into the Vector Hold Register of Figure 2. 
This stored vector can be used later for clearing the interrupt 
associated with the last vector that was read. The Vector Clear 
Enable Flip-Flop of Figure 2 is set when a Read Vector instruc
tion is executed and the PASS ALL signal is HIGH. A HIGH 
PASS ALL signal level indicates that this aroup is enabled 
and that an interrupt request in this group was detected and 
passed priority. The Vector Hold Register and the Vector 
Clear Enable Flip-Flop are cleared when a Master Clear, Clear 
All Interrupts, or Clear Interrupt Last Vector Read is executed. 
Table 1 shows the generation of the "N and R" control signals 
for each of these operations. 
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M6o---t--r-t-h~==::[~ 

MSo--i-rH-t====D 

L-~-+~=t============~----+-~==~-+---MKO 
OE-M A B c 

Figure 3. Mask Register. 

The Mask Register shown in Figure 3 holds the eight mask 
bits associated with the eight interrupt levels. The register 
may be set or cleared, bit set or bit cleared from the HM" 
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bus, or loaded or read to the "M" bus_ Table 1 shows the 
generation of the "A", "B", "C" arod "OE-M" control 
signals for each of these operations. 
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Figure 4. Interrupt Request Detect and Priority Decoder. 

The Interrupt Request Detect and Priority Encode circuitry 
are shown in Figure 4. The Interrupt Detect circuitry 
detects the presence of any unmasked Interrupt Input. The 

K 

eight-input Priority Encoder determines the highest priority, 
non-masked Interrupt Input and forms a binary coded 
interrupt vector, VO-V2. 

Figure 5. Clear Control. 

The Clear Control logic of Figldre 5 generates the eight 
individual clear signals for the eight Interrupt Register bits. 
Under microinstruction control, all interrupts, interrupts 
with corresponding mask register bits set, interrupts with 
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corresponding mask bus bits equal to one. or the interrupt 
associated with the last vector read may be cleared. Table 1 
shows the generation of the "J" and 10K" control signals 
for each of these operations. 
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Figure 6. Three-Bit comparator. 

The three-bit Comparator of Figure 6 compares the inter
rupt vector with the contents of the Status Register. A 
LOW signal level at the PASS PRIORITY output indicate. 
that the interrupt vector ;s greater than or equal to the con
tents of the Status Register. 

GROUP 
ENAilCE 

GROUP 
ADVANCE 
RECEIVE 

D,fETr;::i=~:::<i..J 
GAS 

N L M 

Figure 7. Group Enable Logic. 

The Lowest Group Enabled Flip-Flop, Figure.7, is used when 
a number of 2914's are cascaded. Ina cascaded system, on
ly one Lowest Group Enabled Flip-Flop is LOW at a time. 
It indicates the group which contains the lowest priority inter
rupt which will be accepted and is used to form the high order 
status bits. When a Load Status instruction is executed, the 
flip-flop is loaded from the GROUP ENABLE input. When a 

Master Clear instruction is executed, it is loaded from the 
GROUP ADVANCE RECEIVE input. The flip·flop is set 
HIGH when a Read Vector instruction is executed if a Group 
Advance is n'Jt received and no interrupt in this group is 
detected, if a Group Advance is sent from this group, or if 
interrupts from this group are disabled. For all other instruc
tions, the flip-flop remains the same. Table 1 shows the 
generation of the "N", ilL" and "M" control signals for these 
operations. 

The Status Register holds the status bits and may be loaded 
from or read to the "S" bus as shown in Figure 8. Note that 
when a Load Status instruction is executed, status from the 
"S" bus is loaded into the Status Register only if the GROUP 
ENABLE input is LOW; if the GROUP ENABLE input is 
HIGH, the Status Register is cleared. Also note that during 
a Read Status instruction, the Statu·s Register outputs are 
enabled onto the "s" bus only if the Lowest Group Enabled 
Flip-Flop of this group is LOW. When a Read Vector instruc
tion is executed, the incrementer increases the vector by one 
and the result is loaded into the Status Register. Thus, the 
Status Register always points to the lowest level at which an 
interrupt will be accepted. Table 1 shows the generation of 
the "F", "G" and "OE-S" control signals for Status Register 
operations. 

The Interrupt Request Logic, shown in Figure 9, generates the 
RIPPLEDiSABIE, PARALLEL DISABLE, INTERRUPT 
REQUEST. GROUP ADVANCE SEND, and STATUS OVER· 
FLOW output signals. The PARALLEL DISABLE signal is 
generated when the Lowest Group Enabled signal is LOW or 
an interrupt request in this group is detected and passes 
priority. The RIPPLE DISABLE signal is generated when the 
PARALLEL DISABLE signal is generated and also when the 
INTERRUPT DISABLE inputsignalis LOW. The INTERRUPT 
REQUEST output signal is generated when interrupt requests 
in this group are enabled and a request ~s detected and passes 
priority. The GROUP ADVANCE SEND output signal is 
generated when a vector of value seven is being read, The 
Status Overflow Flip-Flop is set LOW when a vector of value 
seven is read and indicates the Status Register has overflowed. 
The Interrupt Request Enable Flip-Flop is either set or reset 
by the Enable Request or Disable Request microinstructions 
respectively, and is used to enable or disable the INTERRUPT 
REQUEST output. Table 1 shows the generation of control 
signals "0", liE", "S" and "H". 

Note that the vector outputs are enabled only when a Read 
Vector is "being executed. Also note that when a Read Vector 
instruction is executed, the vector outputs will be disabled 
after the execution of the instruction since the Status Register 
is loaded with V+1. and the INTERRUPT REQUEST will no 
longer be generated. 

The Microinstruction Decode circuitry, Figure 10, decodes 
the 2914 microinstructions and generates the required in
ternal control signals. Table 1 shows the truth table for 
these functions and Figure 11 shows the function tables. 

23/26 

THOMSON SEMICONDUCTEURS 
143 



TS2914 

Table 1. 2914 Control Signal Truth Table. 
D -LOW., .HIGH 

MaR Status Group CI., h". Vector 
Microinstruction Function Register Register Enabl. Con- Roq ..... Hold 0 ..... 

Iro' E.,.bl. R .. ister -- IE '3 '2 I, '0 o..iption A B C OE·M F G OE·S L M J K 0 E N R S H 

D 0 0 0 0 0 Master Clear 0 0 1 0 0 0 1 1 0 1 1 0 1 0 0 1 1 
1 0 0 0 0 1 Clear All Interrupts 1 0 1 0 0 1 1 0 1 1 1 1 X 0 0 1 0 
2 0 0 0 1 0 Clear Int, Via M Bus 1 0 1 0 0 1 1 0 1 1 0 1 X 0 1 1 0 
3 0 0 0 1 1 Clear Int, Via M Aeg 1 0 1 1 0 1 1 0 1 1 0 1 X 0 1 1 0 
4 0 0 1 0 0 Clear Intr, Last Vector 1 0 1 0 0 1 1 0 1 0 110 1 X 0 0 1 0 
5 0 0 1 0 1 Read Vector 1 0 1 0 011 O. 1 0 0 0 0 1 X 1 0 0 1 
6 0 0 1 1 0 Read Status Reg 1 0 1 0 0 1 0 0 1 0 0 1 X 0 1 1 0 
7 0 0 1 1 1 Read Mas k Reg 1 0 1 1 0 1 1 0 1 0 0 1 X 0 1 1 0 
8 0 1 D 0 0 Set Mask Reg 0 0 0 0 0 1 1 0 1 0 0 1 X 0 1 1 0 
9 0 1 0 0 1 load Status Reg 1 0 1 0 1 1 1 1 1 0 0 1 X 0 1 1 1 

10 0 1 0 1 0 Bit Clear Mask Reg 0 1 0 0 0 1 1 0 1 0 0 1 X 0 1 1 0 
11 0 1 0 1 1 Bit Set Mask Reg 1 1 1 0 0 1 1 0 1 0 0 1 X 0 1 1 0 
12 0 1 1 0 0 Clear Mask Reg 0 0 1 0 0 1 1 0 1 0 0 1 X 0 1 1 0 
13 0 1 1 0 1 Disable Request 1 0 1 0 0 1 1 0 1 0 0 0 0 0 1 1 0 
14 0 1 1 1 0 load Mask Reg 0 1 1 0 0 1 1 0 1 0 0 1 X 0 1 1 0 
15 0 1 1 1 1 Enable Request 1 0 1 0 0 1 1 0 1 0 0 0 1 0 1 1 0 
X 1 X X X X Instruction Disable 1 0 1 0 0 1 1 0 1 0 0 1 X 0 1 1 0 

_ : 1. Control line "F" during "READ VECTOR" instruction I. D when "PASS ALL" I, LOW and 1 when "PASS ALL' is HIGH. 
2. Control line "K"during "Claar Intr, LBIt Vector" i."",ruction is 0 when "Vector Cle~1r Enable" is LOW and 1 when "Vector Clear 

Enable" is HIGH. 

~-+-----1D 01---<0---1"- 5'2 

-1-+--1------

F G GE 

Figure B. I ncrementer and StatUI Register. 
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INSTRUCTION 
ENABLE 

PASS ALL 

VECTOR CLEAR 
ENABLE 

TS2914 

,--t>>-- INTA EN 

~----------------~=====f--~------------------------O~:;:~~E 
~/--------------~-+------------------, 

GAS 

VECTOR OUTPUT 

PARALLEL 
DISABLE 

Figure 9. Interrupt Request Logic. 

MICROINSTRUCTION 
DECODE 

CIRCUITRY 
(SEE TABLE 1) 

A 
B 

C 

D 
E 

F 

G 
H 

K 

L 

M 

N 

R 

S 
OE-M 

OE-5 

MASK REGISTER 

A • C 

o 0 0 SET 
o 0 1 CLEAR 
o 1 a 81T CLEAR 
a 1 LOAD 
, 0 HOLD 

1 B1T SET 

CLEAR CONTROL 

J K FUNCTION 

o 0 NO CLEAR 
o 1 CLEAR IAPT. VECTOA 
, 0 CLEAR IAPTS VIA M 
1 1 CLEAR ALL IAPTS 

VECTO~ HOLD REGISTER 

N I FUNCTION 

LOWEST GROUP 
ENABLED fllP·FLOP 

fUNCTION 

UPDATE 

o LOAD VIA GROUP ADVANCE RECEIVE 
1 LOAO VIA GROUP ENABLE 

STATUS REGISTER 

F G FUNCTION 

o 0 CLEAR 
o 1 HOLD 
1 0 LOAD VECTOR + 1 
1 1 LOAD VIA "S" sus 

INTERRUPT REQUEST 
ENABLE FLIP-FLOP 

FUNCTION 

o 0 DISABLE IAPTS 
o 1 ENABLE ItlPTS 
1 X HOLD 

VECTOR CLEAR 
ENABLE FLIP-FLOP 

N A FUNCTION 

a 0 CLEAR 
o 1 HOLD 
1 0 LOAD 

STATUS OVERFLOW 
FLlP·FlOP 

H FUNCTION 

o HOLD 

Fi\lure 10. Fi\lure 11. Control Function Tables. 
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TS2914 

ORDERING INFORMATION 

I TS2914 jl J I B/~ 
Part n~mber I Screening class 

Oper. temp. Package 
The tabla below horizontally shows all available suffix combinations for package. operating temperature and quality 
level. Other po.siblllt", on request. 

OPER. TEMP. PACKAGE SCREENING CLASS 
PART NUMBER 

C M P J C E Std 

• I • I • I I • TS2914 
I I I I • • • • • 

Example. :TS2914CP, TS2914CP·O, TS2914CJ, TS2914CJ·O 
TS2914MJ, TS2914MJGIB, TS2914MJBIB,oo. 

Oper. temp. : C: ODC to + 70DC, M: - 55DC to + 125DC. 
Package: P: Plastic OIL, J: Cerdip OIL, C : Ceramic OIL, E: Ceramic LCC. 
Screening cia .... : Std (no end-suffix), - 0 : NFC 98883 level O. 
GIB: NFC 96883 level G, BIB: MIL·ST().883 level Band NFC 96883 level B. 

0, 

DIN 

AS1F 

CASECB·182 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CEROIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

// 

(1). Nomirnll dlmention 
121 TNegaOl'lWtricllpolition 

SllnGx. I 

'" 40.;~ , 
CB-182 

I 
I 

eEl O."'.T."'. -SEMIOONDUCTORS 

These specifications are subject to change without notice. 

-D 

• I 
I 

Please inquire with our sales offices about the availability of the different packages. 
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QUAD THREE-STATE BUS TRANSCEIVER WITH 
INTERFACE LOGIC 

The TS2915A is a high-performance, low-power Schottky bus transceiver 
intended for bipolar or MOS microprocessor system applications. The devi· 
ce consists offour O·type edge·triggered flip·flops with a built·in two·input 
multiplexer on each. The flip·flop outputs are connected to four three·sta· 
te bus drivers. Each bus driver is internally connected to the input of are· 
ceiver. The four receiver outputs drive four O·type latches that feature 
three·state outputs. 
This LSI bus transceiver is fabricated using advanced low·power Schottky 
processing. All inputs (except the BUS inputs) are one LS unit load. The 
three·state bus output can sink up to 48 mA at 0.5 V maximum. The bus 
enable input (Bn is used to force the driver outputs to the high·impedan· 
ce·state. When BE is HIGH, the driver is disabled. The VOH and VOL of 
the bus driver are selected for compatibility with standard and Low.power 
Schottky inputs. 
The input register consists of four O·type flip·flops with a buffered com· 
mon clock and a two·input multiplexer at the input of each flip·flop. A 
common select input (S) controls the four multiplexers. When S is LOW, 
the Ai data is stored in the register and when S is HIGH, the Bi data is 
stored. The buffered common clock (ORCP) enters the data into this driver 
register on the LOW·to·HIGH transition. 
Data from the A or B inputs is inverted at the BUS output. Likewise, data 
at the BUS input is inverted at the receiver output. Thus, data is non·inverted 
from driver input to receiver output. The four receivers each feature a built· 
in O·type latch that is controlled from the buffered receiver latch enable 
(RLE) input. When the RLE input is LOW, the latch is open and the recei· 
ver outputs will follow the bus inputs (BUS data inverted and OE LOW). 
When the RLE input is HIGH, the latch will close and retain the present 
data regardless of the bus input. The four latches have three·stali.outputs 
and are controlled by a buffered common three·state control (OE) input. 
When OE is HIGH, the receiver outputs are in the high·impedance state. 

• Quad high-speed LSI bus·transceiver 
• Three·state bus driver 
• Two·port input to O·type register on driver 
• Bus driver output can sink 48 mA at 0.5 V max 
• Receiver has output latch for pipeline operation 
• Three·staJe receiver outputs sink 12 mA 
• Advanced low·power Schottky processing 
• 3.5 V minimum output high voltage for direct interface to MOS mi· 

croprocessors. 

LOGIC SYMBOL 

4 3 8 9 16 15 20 21 

VCC = Pin 24 

GNDI = Pin 6 

GND2 '" Pin 18 

23 DRCP 

11I0MSON SEMICONDUCTEURS 
Sales headquarters 
45, avo de l'Europe + 78140 VELIZY - FRANCE 
Tel.: (1) 39.46.97.19/ Telex :204780F 

19 

147 

TS2915A 

QUAD THREE-STATE 
BUS TRANSCEIVER 

WITH INTERFACE LOGIC 

CASE CB·68 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX ESUFFIX 
CERDIP PACKAGE CHIP-CARRIE R 

Hi· Rei versions aJaiiabie - See chapter 4 

PIN ASSIGNMENT 

RLE Vce 

RO DRCP 

BO R3 

AO B3 

BUSO A3 

GND, IDJS3 

BUS, GND2 

Al BUS2 

BI A2 

RI B2 

BE R2 

DE S 

~~1HOMSON 
• tt:.:@~IP@IRIl[gIRllii'~ 

0: 

~ 
0 

~ 
0: 



TS2915A 

LOGIC DIAGRAM 

BUsOBUslBUS2BuS3 Oeo----<l[>--. 
AO 

80 

Al 

Bl 

A2 

B2 

A3 

B3 
E 

SELECT S 

DRIVER DRCP CLOCK 
BUS 

ENABLE ae<>---<{> 
RECEIVER 

'-----.------<]0----0 R LE LATCH 
ENABLE 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs(Except Bus) _____ _ 

DC Output Current, Into Bus 

DC I nput Current 

ELECTRICAL CHARACTERISTICS 
The following conditions applv unless otherwise noted: 

C SUFFIX TA '" o°c to +70°C VCCMIN.·~ 4.7SV VCCMAX. '" S.2SV 
MSUFFIX TA=-5S0Cto+12SoC VccM1N.=4.5av VCC MAX.=5.50V 

-65°C to +150°C 
_55°C to +125°C 

-O.5V to +7V 
-O.5V to +VCC max. 

-O.5V to +7V ---
30mA 

-- ----- ----------------------

l00mA 
-30mA to +5.0mA 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters 

VOL 

VOH 

10 

10FF 

VIH 

VIL 

ISC 
j 

Description rest Conditions (Note 1) 

I tOL == 24mA 
Bus Output LOW Voltage Vee == MIN. 

I IOl - 48mA 

•• ,0.,_",," ".",. - - i Vee == MIN. 
I COM'L. IOH - -20mA 

I MIL, IOH '" -lSmA 

I Vo c 0.4V 
Bus Leakage Current Vee = MAX. 

I Vo >: 2.4V 
(High Impedance) Bus enable"" 2.4 V 

I Vo = 4.5V 

Bus leakage Current 
(Power OFF) 

Receiver Input HIGH Threshold 

Receiver Input LOW Threshold 

Bus Output Short Circuit Current 

Vo ""4.5V 

VCC"" OV 

Bus enable - 2.4 V 

I COM'L 
Bus enable:o 2.4 V 

I MIL 

Vec '" MAX. 

Vo =OV 
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Min, Typ. Max. Units 

0.4 
Volts 

0.5 

2.4 Volts 

-200 

50 "A 

100 

100 "A 

2.0 Volts 

0.8 
Volts 

0.7 

-50 -120 -225 mA 



TS2915A 

ELECTRICAL CHARACTERISTICS 
The following cOnditions apply unless otherwise noted: 

CSUFFIX T A=- O°C to t700e Vee MIN. "" 4.75V VCCMAX. = S.2SV 
M SUFFIX TA = -5SoC to +12SoC Vee MIN. =- 4.50V Vee MAX. = S.50V 

DC CHARACl ERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameta" Description Test Conditions (Note 1) Min 

Vee· MIN . ! MIL: IOH = ~1.0mA 2.4 

VOH 
Receiver 

VIN '" Vil or VIH I eOMoL, 10H - -2.6mA Output HIGH Voltage 2.4 

Vee = S.OV, IOH - -1001lA 3.5 

Vee = MIN. 
I'OL' 4.0rnA 

VOL 
Output LOW Voltage 

I'OL - 8.0rnA (Except Bus) VIN = VIL or VIH 
!'OL 12mA 

V,H Input HIGH Level Guaranteed input logical HIGH 
2.0 

(Except aus) for all inputs 

V,L 
Input LOW Level Guaranteed input logical LOW ! MIL 
(Except 8us) for all inputs .LeOMoL 

V, Input Clamp Voltage (Except Bus) Vee - MIN., liN - -lSmA 

!8EoRLE 
I,L Input LOW CU,rrent (Except Bus) Vee = MAX., VIN = OAY I All other inputs 

"H Input HIGH Current (Except Bus) VCC = MAX., VIN = 2.7V 

" 
Input HIGH Current (Except Bus) VCC = MAX., VIN = 7.0V 

ISC 
Output Short Circuit Current 
(Except Bus) 

VCC = MAX. -30 

ICC ~ower Supply Current Vec - MAX. 

10 
On-State Output Current 

VCC = MAX. 
I VO-2.4V 

(t::teceiver Outputs) 
I Vo 0.4 V 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

MSUFFIX 
Typo 

Parameters Description Test Conditions Min. (Note 2) Max. 

tpHL 21 36 
Driver Clock (DRCP) to Bus -

tpLH CL tSUSI = 50pF 21 36 

tZH, tZL 
Bus Enable (BE) to Bus 

RL (SUS) = 130n 13 26 

tHZ,tLZ 13 21 

ts 15 

th 
Data Inputs (A or 8) 

8.0 

ts 28 
Select Input (S) 

th 8.0 

tpw Driver Clock (DRCP) Pulse Width 20 
(HIGH) 

tPLH Bus to Receiver Output 18 33 

tpHL (Latch Enable) CL=15pF 18 30 

tPLH RL = 2.0kn 
Latch Enabte to Receiver Output 

21 33 

tPHL 21 30 

ts 
Bus to Latch Enable (ALE) 

15 

th 6.0 

"ZH. tZL 14 26 

tHZ.tLZ 
Output Control to Receiver Output 

CL -5pf. AL -2.0kn 14 26 

Typo 
(Note 2) 

3.4 

3.4 

0.27 

0.32 

0.37 

63 

Max 

0.4 

0.45 

0.5 

0.7 

0.8 

-1.2 

-0.72 

-0.36 

20 

100 

-130 

95 

50 

-50 

CSUFFIX 
Typo 

Min. (Note 2) Max. 

21 32 

21 32 

13 23 

13 18 

12 

6.0 

25 

6.0 

17 

18 30 

18 27 

21 30 

21 27 

13 

4.0 

14 23 

14 23 

Units 

Volts 

Volts 

Volts 

VOlts 

Volts 

rnA 

~A 

~A 

rnA 

rnA 

~A 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

n, 

Notes 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee = S.OV, 2So e ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should nat exceed one second. 
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TS2915A 

INPUT/OUTPUT CURRENT 

INTERFACE CONDITIONS 

DRIVEN INPUT BUS DRIVING OUTPUT 

J 

INPUT A 
OR 

INPUTB 

DRIVER 
CLOCK 

A,S orS 
INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

17 kll 

TS2915A 

Nota : Actual currant flow direction shown. 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

og~~--~----'---~~<~-4--I)+-i:*-~~~~~ 

L----.:B:.;Ur=S:....---.J 

SWITCHING WAVEFORMS 

f \ 
1'1'-1 
~ 1/////////// 

tPLH--! 

f 
tPHL±:-i 

\ 

·CL· 15 pF for tpLH. tpHL. 
tZL.tZH 

CL • 6 pF for tHZ. tLZ. 

-j 
3.0 V 

1.3V 

OV 

I 
~3.0V 

tPHL~ 
--1.3V 

OV 

r- VOH t 1.3V ---I VOL 
tpLH r:= 

F VOH -_1.3V 

VOL 

Note. Bus to Receiver output delav is measured by clocking data into the driver register 
and measuring the BUS to R combinatoria' delay. 
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S Ai Bi 

X X X 

X X X 

X X X 

X X X 

X X X 

L L X 

L H X 

H X L 

H X H 

X X X 

X X X 

X X X 

X X X 

H 
L 

INPUTS 

DRCP 

X 

X 

X 

X 

X 

t 

t 

t 

t 

L 

H 

X 

X 

HIGH 
LOW 

BE 

H 

X 

H 

H 

X 

X 

X 

X 

X 

X 

X 

L 

L 

TS2915A 

FUNCTIONAL TABLE 

INTERNAL 
BUS OUTPUT TO DEVICE 

FUNCTION 

RLE OE Di °i BUSi Ri 

X X X X Z X Driver output disable 

X H X X X Z Receiver output disable 

L L X L L H Driver output disable and 

L L X H H L receive data via Bus input 

H X X NC X X Latch received data 

X X L X X X 

X X H X X X 

X X L X X X 
Load driver register 

X X H X X X 

X X NC X X X 
No driver clock restrictions 

X X NC X X X 

X X L X H X 
Drive Bus 

X X H X L X 

HIGH impedance X Don't care i =0.1. 2.3 Z 
NC No change t LOW to H IG H transition 

DEFINITION OF FUNCTIONAL TERMS 

AO. A1. A2. A3 The "A" word data input into the two 
input multiplexer of the driver register. 

BUSO.BUS1 

BUS2.BUS3 

The four driver outputs and receiver in
puts (data is inverted). 

BO. B1. B2. B3 The "B" word data input into the two 
input multiplexers of the driver register. 

S 

DRCP 

Select. When the select input is LOW. the 
A data word is app lied to the driver reg
ister. When the select input is HIGH. the 
B word is applied to the driver register. 

Driver Clock Pulse. Clock pulse for the 
driver register. 

Bus Enable. When the Bus Enable is HIGH. 
the four drivers are in the high impedance 
state. 

518 

RO. R 1. R2. R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

Receiver Latch Enable. When R LE is 
LOW. data on the BUS inputs is passed 
through the receiver latches. When R LE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 

Output Enable. When the OE input is 
HIGH. the four three state receiver out
puts are in the high-impedance state. 
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AIEl 

RO 

Bo 3 

Ao 4 

BUSo 5 

GNDI 6 

Bl 9 

Rl 10 

Be 11 

TS2915A 

Metallization and Pad Layout 

Vcc 
-----.., 24 ...------

12'-____ _ 

DE 

Die size: 2.020 x 3.440 mm 
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I ADDRESS ,I AND 
DATA DISPLAY 

I J I 
A CONTROL B 

A 

R 

ALU 

OUT 

1 

I 
B CONTROL 

TS2915A 

BUS 

DATA 
BUS 

TS2915A 

APPLICATIONS 

I 
IN 

f----CONTROL 
SCRATCHPAD 

A 

R 

OUT 

I 
B CONTROL 

TS2915A 

BUS 

ADDRESS 
BUS 

I 
MASTER r-- CONTROL 

A 

R 

LJ 

I 
j 
B CONTROL 

TS2915A 

BUS 

CONTROL 
BUS 

The TS2915A is a universal Bus Transceiver useful for many system data, address, control 
and timing input/output interfaces. 
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TS2915A 

ORDERING INFORMATION 

I TS2915A j I J I B~ 
Part n~mb.r I Screening class 

Oper. temp. Package 
The table below horizontally shows all available suffix combinations for package, operating temperature and quality 
laval. Other possibilitle. on request. 

OPER. TEMP. PACKAGE SCREENING CLASS 
PART NUMBER T C M P J C E 

• • • TS2915A • • • • 
Example. :TS2915ACP, TS2915ACP-O, TS2915ACJ, TS2915ACJ-O 

TS2915AMJ, TS2915AMJG/B, TS2915AMJB/B, ... 

Op.r. temp.: C: O°C to + 70°C, M: -55°C to +125°C. 
Packag.: P: Plastic OIL, J : Cerdip OIL, C : Ceramic OIL, E : Ceramic LCC. 
Scre.ning cia •••• : Std (no end-suffixl, - 0 : NFC 96883 levol O. 
GIB : NFC 96883 level G, BIB: MI L-STD-883 lovel Band NFC 96883 level B. 

CASECB-68 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

J SUFFIX E SUFFIX 
CEROIP PACKAGE CHIP-CARRIER 

•• 2,54(2) ... 57max. 

Std 

• 
• 

"""m (11 Namll'll! dimenslon 

DIN 

A510 

,. 
(1) 

121 True gaomnrlcll position 

, 
CB-68--

-0 

• 

eEl D.A.T.A. SEMICONDUCTORS 

These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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THOMSON 
SEMICONDUCTEURS 

QUAD THREE-STATE BUS TRANSCEIVER 
WITH INTERFACE LOGIC 

The TS2917A is a high-performance, low-power Schottky bus trans
ceiver intended for bipolar or MOS microprocessor system applications. 
The device consists of four Ootype edge-triggered flip-flops. The flip-flop 
outputs are connected to four three-state bus drivers. Each bus driver is 
internally connected to the input of a receiver. The four receiver outputs 
drive four Ootype latches, that feature three-state outputs. The device also 
contains a four-bit odd parity checker/generator. 
The LSI bus transceiver is fabricated using advanced low-power Schottky 
processing. All inputs lexcept the BUS inputs) are one LS unit load. The 
three-state bus output can sink up to 48 rnA at 0.5 V maximum. The bus 
enable input IBE) is used to force the driver outputs to the high-impedance 
state. When BE is HIGH, the driver is disabled. 
The input register consists of four Ootype flip-flops with a buffered com
mon clock. The buffered common clock IORCP) enters the Ai data into 
this driver register on the LOW-to-HIGH transition. 
Data from the A input is inverted at the BUS output. Like-wise, data at 
the BUS input is inverted at the receiver output. Thus, data is non-inverted 
from driver input to receiver output. The four receivers each feature a built
in Ootype latch that is controlled from the buffered receiver latch enable 
IRLE) input. When the RLE input is LOW, the latch is open and the recei
ver outputs will follow the bus inputs IBUS data inverted and rn: LOW). 
When the RLE input is HIGH, the latch will close and retain the present 
data regardless of the bus input. The four latches have three-state outputs 
and are controlled by a buffered common three-state control IOE) input. 
When OE is HIGH, the receiver outputs are in the high-impedance state. 
The TS2917A features a built-in four-bit odd parity checker/generator. 
The bus enable input IBE) controls whether the parity output is in the 
generate or check mode. When the bus enable is LOW Idriver enabled), 
odd parity is generated based on the A field data input to the driver regis
ter. When BE is HIGH, the parity output is determined by the four latch 
outputs of the receiver. Thus, if the driver is enabled, parity is generated 
and if the driver is in the high-impedance state, the BUS parity is checked. 
• Quad high-speed LSI bus-transceiver 
• Three-state bus driver 
• Ootype register on driver 
• Bus driver output can sink 48 rnA at 0.5 V max. 
• Internal odd 4-bit parity checker/generator 
• Receiver has output latch for pipeline operation 
• l'hree-state receiver outputs sink 12 rnA 
• Advanced low-power Schottky processing 
• 3.5 V minimum output high voltage for direct interface to MOS micro

processors. 

tHOMSON SEMICONDUCTEURS 
Sales headquarters 
45, avo de l'Europe - 78140 VELIZV - FRANCE 
Tel. : (1) 39.46.97.19 I Telex: 204780F 155 

'TS'2917A 

QUAD THREE-STATE 
BUS TRANSCEIVER 

WITH INTERFACE LOGIC 

CASECB-194 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CERDIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

Hi-Rei versions atailable - See chapter 4 

PIN ASSIGNMENT 

m VCC 

RO DRCP 

AO R3 

BUSo A3 

GND1 iiUs3 

BUs 1 GND2 

A1 BUs2 

R1 A2 

BE R2 

ODD 6E 

,.~ tHOMSON 
• ©@~IP'@li:llrnli:ll'ii'~ 

a: 

~ 
;; 
'Ii 
a: 



DRIVER DRCP 
CLOCK 

BUS 
ENABLE BE 

19 

9 

11 

TS2917A 

LOGIC SYMBOL 

3 13 17 

AO Al A2 A3 

DRCP ODD 10 

RLE 
RO 

TS2917A Rl 8 

BE R2 12 

DE R3 18 

BUSo BUSI BUS2 BUS3 

4 6 14 16 

VCC • Pin 20 
GNDI 'Pin 5 
GND2 = Pin 15 

'--------o(:J--ORLE ~!~~:.:'ER 
ENABLE 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature _65°C to +150°C 

Temperature (Ambient) Under Bias _55°C to +125°C 

Supply Voltage to Ground Potential -0.5 V to +7 V 

DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +VCC max. 

DC Input Voltage -0.5 V to +7 V 

DC Output Current, Into Outputs (Except _B_U_S_) _________________________ 3,-0:c-mA 

DC Output Current, I nto Bus 100 mA 

DC Input Current -30 mA to +5.0 mA 
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TS2917A 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted; 

CSUFFIX (COM'LI TA=O°Cto+70oC VCCM1N.=4.75V VCCMAX.=5.25V 

M SUFFIX (MIL) T A'" -5S"C to +f2S o C VCCMrN. = 4.50V Vee MAX. '" 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) 

Bus Output LOW Voltage I tOl - 24mA 
VOL Vee' MIN. 

I 10L 48mA 

I eOM'L, 10H - 20mA 
VOH 8us Output HIGH Voltage Vee'" MIN. 

I MIL, IOH - -15mA 

I Vo - 0.4 V 

10 
Bus Leakage Current Vee = MAX. 

I Vo 2.4V 
(High Impedance) Bus enable = 2.4 V 

I Vo 4.5V 

10FF 
Bus Leakage Current VO' 4.5V 

(Power OFF) Vee' OV 

VIH Receiver Input HIGH Threshold Bus enable - 2.4 V 

I eOM'L 
VIL Receiver Input LOW Threshold Bus enable'" 2.4 V 

I MIL 

Vee MAX. 
Ise Bus Output Short Circuit Current 

VO' OV 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description 

VOH 
Recetver 
Output HIGH Voltage 

Parity 
VOH 

Output HIGH Voltage 

VOL 
Output LOW Voltage 
(ExcePt 8us) 

VIH 
Input HIGH Level 
(Except 8us) 

VIL 
Input LOW Level 
(Except Bus) 

V, Input Clamp Voltage (Except Bus) 

IlL I nput LOW Current (Except Bus) 

IIH Input HIGH Current (Except Bus) 

II Input HIGH Current (Except Bus) 

Ise Output Short Circuit Current 
(Except Bus) 

lee Power Supply Current 

10 
Off·State Output Current 
(Receiver Outputs) 

Test Conditions (Note 1) 

Vee = MIN. I MIL: 'OH '" -1.0mA 

V,N = Vil or VIH I eOM'L IOH '" -2.6mA 

Vee'" 5.0V, IOH - -100/JA 

Vee = MIN., IOH '" -660j./A MIL 

V,N '" V,H or V,L eOM'L 

10L 4.0mA 
Vee'" MIN. 

IOL '-' B.OmA 
V,N '" VIL or V,H 

IOL - 12mA 

Guaranteed input logical HIGH 
for all inputs 

Guaranteed input logical LOW MIL 

for at! inputs eOM'L 

Vee - MIN., 'iN - -18mA 

Vec '" MAX., V,N '" 0.4 V 
BE, RLE 

All other tnputs 

VCC = MAX., VIN '" 2.7V 

VCC - MAX., VIN '" 7.0V 

Vee = MAX. 
RECEIVER 

PARITY 

Vee - MAX. 

Vo - 2.4V 
Vee' MAX. IVO-O.4V 
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Min 

2.4 

2.0 

-50 

Min 

2.4 

2.4 

3.5 

2.5 

2.7 

2.0 

-30 

-20 

Typ 

-120 

Typ. 
(Note 2) 

3.4 

3.4 

3.4 

3.4 

0.27 

0.32 

0.37 

63 

Max Units 

OA 
Volts 

0.5 

Volts 

-200 

50 ~A 

100 

100 ~A 

Volts 

0.8 
Volts 

0.7 

-225 mA 

Max Units 

Volts 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.2 Volts 

-0.72 
mA 

-0.36 

20 "A 

100 "A 

-130 
mA 

-100 

95 mA 

50 

-50 "A 



TS2917A 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

C SUFFIX (COM'LI 
M SUFFIX (MI LI 

TA '" O"'C to +70°C VCCM1N. '" 4.75V Vee MAX. '" 5.25V 

TA=-55L Cto+125°C VCCM1N.=4.50V VCC MAX .=5.50V 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

MSUFFIX CSUFFIX 

Parameters Description Test Conditions 
Typ. 

Min. (Note 2) 

Typ. 
Max. Min. (Note 2) Max. 

tpHL 21 36 21 32 

tPLH 
Driver Clock (ORep) to Bus 

CL (BUSI = 50pF 21 36 21 32 

tZH. tZL 
Bus Enable (BE) to Bus 

RL (BUS) = 130" 13 26 13 23 

tHZ. tLZ 13 21 13 18 

ts 15 12 
A Data Inputs 

th 8.0 6.0 

tpw Clock Pulse Width (HIGH) 20 17 

tPLH Bus to Receiver Output 18 33 18 30 

tPHL (Latch Enabled) 18 30 18 27 

tPLH 21 33 21 30 
Latch Enable to Receiver Output 

tpHL 21 30 21 27 

ts 15 13 
Bus to Latch Enable (RLE) CL = 15pF 

th 6.0 4.0 -- RL = 2.0kn 
tpLH A Data to Odd Parity Out 32 46 32 42 

tPHL (Driver Enabled) 26 40 26 36 

tpLH Bus to Odd Parity Out 21 36 21 32 

tpHL (Driver Inhibit) 21 36 21 32 

tPLH Latch Enable (RLE) to Odd 21 36 21 32 

tpHL Parity Output 21 36 21 32 

tZH. tZL 14 26 14 23 
Output Control to Output 

tHZ.tLZ CL -5pF. RL -2.0kn 14 26 14 23 

Notes: 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

1. For conditions shown as MIN. or MAX .• use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vce '" 5.0 v. 25° e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

DRIVEN INPUT 

17 kn 

J 
INPUT o-~-fQ-4-1DJ----,~ 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

. Note: Actual current flow direction shown. 
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INPUT A 
OR 

INPUT B 

DRIVER 
CLOCK 

A INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

TS2911A 

BUS 

f 

TS2917A 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

SWITCHING WAVEFORMS 

\ f 
I I"t'"-I 

~ fIII//////// tPHL~ tPLH-I t= 

*CL:= 15pF for tpLH. tpHL. 
tZL, tZH 

CL'= 5pF for tHZ. tLZ 

3.0V 

1.3 V 

OV 

3.0 V 

~ 1.3 V 

OV 

f-
VOH 

1.3 V I t 
tPHLB tpLH --I 1-:= VOL 

VOH 

\ F 1.3V 

VOL 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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I/O 
BUS 

I 

BUS 

I 

TS2917A 

APPLICATIONS 

S BUS 

I 
2917A 

ADDR. REG. I A I 
BUS 

I 
2918 

~ I STATUS 
REGISTER I A I 2917A MAIN 

DATA ~EG.8US MEMORY 

FLAGS 

A 

I ~ MIC~9ROG·l 2917A 

R 
SEQUENCER 

I 

I ROMIPROM I 
MICROCODE 

I 

Y 2918 I 
MICROWORD I 

REGISTER 

R BUS 

The TS2917A can be used as an I/O Bus Transceiver and Main Memory 1/0 Transceiver 
in high speed Microprocessor Systems. 

Aj 

X 

X 

X 

X 

X 

L 

H 

X 

X 

X 

X 

FUNCTION TABLE 

INPUTS 
INTERNAL 

BUS OUTPUT TO DEVICE 

ORCP BE 

X 

X 

X 

X 

X 

t 

t 

L 

H 

X 

X 

H = HIGH 
L = LOW 

H 

X 

H 

H 

X 

X 

X 

X 

X 

L 

L 

RLE OE OJ Qj 

X X X X 

X H X X 

L L X L 

L L X H 

H X X NC 

X X L X 

X X H X 

X X NC X 

X X NC X 

X X L X 

X X H X 

Z == HIGH Impedance 
NC = No change 

FUNCTION 
BUSj Rj 

Z X Driver output disable 

X Z Receiver output disable 

L H Driver output disable and 

H L receive data via Bus input 

X X Latch received data 

X X 

X X 
Load driver register 

X X 
No drive!" clock restrictions 

X X 

H X 
Drive Bus 

L X 

x = Don t care 1 = 0, 1. 2, 3 
t =: LOW to HIGH transition 
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TS2917A 

Metallization and Pad Layout 

Vcc 
iiTI 19 DRCP 

RO 2 18 R3 

AO 3 17 .A3 

arnO 4 16 8US3 

GND1 5 15 GND2 

8US1 6 14 8US2 
A1 7 13 A2 

R1 8 12 R2 

BE 9 11 OE 

ODD 

Die size: '.880 x 3.300 mm 

DEFINITION OF FUNCTIONAL TERMS 
RLE Receiver Latch Enable. When R LE is LOW. data on the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH. the receiver latches are closed and will retain the 
data independent of all other inputs. 

DRCP Driver Clock Pulse. Clock pulse for the driver register. 

BE Bus Enable. When the Bus Enable is HIGH. the four 
drivers are in the high impedance state. 

ODD Odd parity output. Generates parity with the driver 
BUSO. BUS,. BUS2. BUS3 The four driver outputs and enabled. checks parity with the driver in the high·impedanee 
receiver inputs (data is inverted), state. 

RO. R,. R2. R3 The four receiver outputs. Data from the OE Output Enable. When the OE input is HIGH. the four 
bus is inverted while data from the A inputs is non-inverted. three-state receiver outputs are in the high-impedance state. 

PARITY OUTPUT FUNCTION TABLE 

BE ODD PARITY OUTPUT 

L ODD = AOf)A, f)A2f)A3 

H ODD = 00 f) Q, f) Q2 f) Q3 
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TS2917A 

ORDERING INFORMATION 

I TS2917A j I J I B~ 
Part ni.nber I Screening class 

Oper. temp. Package 
The table below horizontally ,howl aU available ,ufftx combination, for package. operating temperature and quality 
level. Other poalllbllltl .. on request. 

OPER. TEMP. PACKAGE SCREENING CLASS 
PART NUMBER 

C M P J C E Std -0 

• I • I • I I • I • I 
TS2917A 

I • I • I • I • 
Example. :TS2917ACP, TS2917ACP-O, TS2917ACJ, TS2917ACJ·O 

TS2917AMJ, TS2917AMJG/B, TS2917AMJB/B, ... 

0_. temp. : C: OD.C 10 + 7ODC, M: - 55DC 10 + 125DC. 
Package: P: Plastic OIL, J: Cerdip OIL, C: Csramic OIL, E: Csrarnic LCC. 
Screening ct ..... : Std lno and-suffiX), -0: NFC 96883 level O. 
GIB : NFC 96883 level G, BIB: MIL-5TD-883 level B and NFC 96883 lovel B. 

CASECB-I94 

PSUFFIX 
PLAST IC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CEROIP PACKAGE 

ESUFFIX 
CH IP CARRIER 

• 

Dowm (1) Nominal dimension 

,. 

eEl D.A.T.A. 

(2) TNI gIOIMtnc.I POIitioo 

II} 20 .... , 
CB-194 -Sl:MICONDUCTORS 

These specifications are subject to change without notice. 

I 

Please inquire with our sa18. offices about the availability of the different package •. 
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THOMSON 
SEMICONDUCTEURS 

QUAD D REGISTER WITH STANDARD AND 
THREE-STATE OUTPUTS 

New Schottky circuits such as the TS2918 register provide the design 
engineer with additional flexibility in system configuration - especially 
with regard to bus structure, organization and. speed. The TS2918 is a 
quadruple O-type register -Wffhfour staiidardtotem pole~ outputs and four 
three-state bus-type outputs. The 16-pin device also featuresJLbuffered 
common clock (CP) and a buffered common output control (OE) for the 
Y outputs. Information meeting the set-up and hold requirements on the 

I 0 inputs is transferred to the Q outputs on the LOW-to·H IG H transition 
of the clock. 
The same data as on the Q oU!l!!:!ts is enabled at the three·statJ!..Y outputs 
when the "output control" (OE) input is LOW. When the OE input is 
HIGH, the Y outputs are in the high-impedance state. 
The TS2918 register can be used in bipolar microprocessor designs as 
an aacre .. regIster, status register, instruction register or for various data 
or microword register applications. Because of the unique design of the 
three-state output, the device features very short propagation delay from 
the clock to the Q or Y outputs. Thus, system performance and architec
tural design can be improved by using the TS2918 register. Other ap
plications of TS2918 register can be found in microprogrammed dis
play systems, communication systems and most general or special purpose 
digital signal processing equipment. 

• Advanced Schottky technology 
• Four O-type flip·flops 
• Four standard totem-pole outputs 
• Four three-state outputs 
• 75 MHz clock frequency. 

LOGIC SYMBOL 

4 '2 '5 

9 CP 

TS2918 

DE 

" '4 6 10 '3 

VCC= Pin 16 
GNO = Pin 8 

rHOMSON SEMICONDUCTEURS 
.ales headCJ.Iarten 
~5, avo de l'Europe - 78140 VELIZV - FRANCE 
reI. : (1) 39.46.97.19 I Tektx : 2047BOF 163 

TS2918 

QUAD D REGISTER WITH 
STANDARD AND THREE

STATE OUTPUTS 

CASE CB-79 

.""" 1 

P SUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

J SUFFIX 
CEROIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

Hi-Rei versions alailable - See chapter 4 

PIN ASSIGNMENT 

DO VCC 

00 03 
YO 0 3 
0, Y3 

0, 0 2 
Y, 0 2 
OE Y2 

GNO CP 

g 
'" (; 
'i L-______________________________ ~ ~ 



TS2918 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current. I nto Outputs 

DC Input Current 

LOGIC DIAGRAM 

DO D a 

--c CP Ci-

01 0 Q-~ 

>--C CP 0- .... 

~ 
0 Q 

.... 
>--C CP Ql .J 

.... 
0 Q LJ 

--J>o- CP Q .... 

1 ...... 
Clock CP 

-'" 
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YO 

_65°C to +150°C 

_55°C to +125°C 

-O.5V to +7V 

-O.5V to +Vcc max. 

Standard 
outputs 

Three-state 
outputs 

-O.5V to +5.5V 

30mA 



TS2918 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
CSUFFIX T A;; ooc to +70D C Vee = S.OV t 5% (COM'L) MIN. '" 4.75V MAX. = 5.25V 

MSUFFIX TA = _55°C to +12So C Vee'" 5.0V f 10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Typ. 

Paramete" Description Test Conditions (Note 1) Min. (Note 21 Max. Units 

IMIL 2.5 3.4 
a IOH = -lmA ICOM'L Vee = MIN., 2.7 3.4 

VOH Output HIGH Voltage 
Y,N = V,H or VIL I XM, IOH '" -2mA 

Volts 
2.4 3.4 

Y I xe, 10H - -6.5mA 2.4 3.4 

VOL Output LOW Voltage (Note 61 
Vee = MIN., IOL ;; 20mA 

0.5 Volts 
Y,N = V,H or V,L 

VIH Input HIGH Level 
Guaranteed input logical HIGH-

2.0 Volts voltage for all inputs 

VIL Input LOW Level 
Guaranteed input logical LOW 

0.8 Volts voltage for all inputs 

VI. Input Clamp Voltage Vee = MIN., 'iN = -18mA -1.2 Volts 

'lL Input LOW Current Vee = MAX .• Y,N = O.5V -2,0 rnA (Nota 3) 

'IH Input HIGH Current Vee = MAX., Y,N = 2.7V 50 .A (Note 3) 

'I Input HIGH Current Vee - MAX., VIN - 5.5V 1.0 rnA 

Y Output "Off-State I Va = 2.4V 50 
10 Vee = MAX. .A 

Leakage Current 
I Va =O.4V -50 

Ise 
Output Short CirCUit Current Vee = MAX. 
(Note 4) 

-40 -100 rnA 

lee Power Supply Current Vee = MAX. (Note 51 80 130 rnA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value Specified under Electrical Characteristics for the applicable device type. 
2. Typical limits ara at Vec = S.OV, T A"= 25°C ambient and maximum loading. 
3. Actual input currants - Unit Load Current x Input Load Factor (saa Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second. 
5. ICC i. measurad with all inputs at 4.SV and all outputs opan. 
6. Measured on a outputs with Y outputs open. Measurad on Y outputs with a outputs open. 

Switching Characteristics (TA = +25°e. vee = 5.0V, RL = 280m 

Parameters 

'PLH 

tpHL 

'pw 

.. 
'h 

tpLH 

tPHL 

'ZH 

'ZL 

'HZ 

'LZ 

f max 

Description 

Clock to Q Output 

~ Clock Pulse Width 
LOW 

Data 

Data 

Clock to Y Output 
(OELOWI 

Output Control to Output 

Maximum Clock Frequency 

Test Conditions 

eL = 15pF 

eL = 15pF 

eL = 5.0 pF 

eL-15pF 
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Min Typ 

6.0 

8.5 

7.0 

9,0 

5.0 

3.0 

6.0 

8.5 

12.5 

12 

4.0 

7.0 

75 100 

Max Units 

9.0 
ns 

13 

ns 

ns 

ns 

9.0 
ns 

13 

19 

18 
ns 

6.0 

10.5 

MHz 



TS2918 

OE 

H 
H 
H 
H 
L 
L 
L 
L 

L=" LOW 
H = HIGH 

INPUTS 

CLOCK 
CP 

L 
H 
I 
I 
t 
t 
-
-

X = Don't care 

TRUTH TABLE 

OUTPUTS 
NOTES 

0 ° V 

X NC Z -
X NC Z -
L L Z -
H H Z -
L L L -
H H H -
- L L 1 

- H H 1 

NC = No change 

t = LOW to HIGH transition 
Z = High impedance 

Note: 1. When 6E is LOW, the Y output will be in the same logic 
state as the Q output. 

DEFINITION OF FUNCTIONAL TERMS 
Di The four data inputs to the register. 

0i The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non
inverted. 

Vi The four three·state data outputs of the register. When 
the three·state outputs are enabled, data is passed non· 
inverted. A HIGH on the "output control" input forces the 
Vi outputs to the high·impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW·to·HIGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high·impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yi outputs. 

LOADING RULES (In Unit Loads) 

FanooQut 
Input Output Output 

Input/Output Pin No:s Unit Load HIGH LOW 

DO 

20 .10' 

40/130 10' 

01 4 

°1 20 10' 

VI 6 40/130 10' 

OE 

GNO 8 

CP 9 

10 40/130 10' 

11 20 10' 

12 

13 40/130 10' 

14 20 10' 

15 

VCC 16 

A Schottky TTL Unit Load is defined as 50IJA measured at 2.7V 
HIGH and -2.0mA measured at O.5V LOW . 

4/7 

• Fan-out on each Qj and Yi output pair should not exceed 15 unit 
loads (30mAI for i = 0, 1.2.3. 

DO 

Vo 

01 

°1 

VI 

METALLIZATION AND PAD LAVOUT 
VCC 

1 1503 

!IIIHIt-- 14 03 

12 0 2 

11 0 2 

~:"1'~It---l0 V 2 

DE 7---........l 
8 

GNO 

'-----9 CP 

Die siz~ : 2.010 x 1.960 mm 

THOMSON SEMICONDUCTEURS 
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TS2918 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

vcc _______ Y __ o_R_�v_�N_G_O_U_T_P_U_T~----+_-------Q--O-RI-V-IN-G-O_U_T_P_U_T~~ __ -4 ______ 0_R_IV_E_N_I~NP~U~T ____ __ 

50n NOM son NOM 

t J 

Note: Actual current flow direction shown. 

APPLICATIONS 

SERIAL 
DATA -----------, 

IN 
0000 0,0,020203 D3 

CP 
2918 

OE 

CLOCK --~~------~--+--4--~-------1 

CONT:g~----~------~--+--4--~--------~ 

OE 
2918 

B-bit serial to parallel converter with three-state output (W) and direct access to the register word (X). 

5/7 
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UNIT LOAD 
2.Bkn NOM 

SERIAL 
DATA 
OUT 



2901B 
BIPOLAR 

MICROPROCESSOR 

{
CARRY 

FLAGS ~~:~FLOW 
NEGATIVE 

TS2918 

APPLICATIONS 

2901B 
BIPOLAR 

MICROPROCESSOR 

DATA 
OUT 

DATA 
BUS 

CONTINUOUS 
FLAG DATA 

FLAG DATA 
FOR BUS USE 

ADDRESS 
BUS 

The TS2918 as a 4·bit 
status register. 

CLOCK 

NO 

Nl 

N2 

N3 

OUTPUT 
CONTROL 

-
-
-
-

00 
01 

02 

D3 

DO 

YO 

I I 
J j 

01 02 03 

2918 

Yl Y2 Y3 

I I 

I I 

The TS2918 used as data-in, data-out 
and address registers. 

BUS A 

1 
All A2 A 

I 

I I 
cPJ Lcp 

J I 
Y3 Y2 Yl YO 00 

01 
2918 I OE 

02 
OEI 03 02 01 DO D3 

I I 
I I 

I 
J I 

I I I 

f--
r--
f--
f--

CLOCK 

MO 

Ml 

M2 

M3 

OUTPUT 
CONTROL 

The TS2918 can be connected for bi-directional interface between two buses. The device on the left 
stores data from the A·bus and drives the A·bUs. The device on the right stores data from the B·bus and 
drives the A·bus. The output control is used to place either or both drivers in the high·impedance state. 
The contents of each ragister are available for continuous usage at the Nand M ports of the davice. 

611 
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TS2918 

ORDERING INFORMATION 

I TS~18 jl J I B~ 
Screening class Part number I 
Package Oper. temp. 

The table below horizontally shows all available suffix combinations for package. operating temperature and quality 
level. Other poaslbllitles on requart 

OPER. TEMP. PACKAGE SCREENING CLASS 
PART NUMBER 

I I I I Std I -0 I GIB I BIB C M P J C E 

• I • I • I I • TS2!I18 
I • • • • • 

Example. :TS2918CP. TS2918CP·O. TS2918CJ. TS2918CJ·O 
TS2918MJ. TS2918MJGIB. TS2918MJB/B .... 

Opar. tamp.: C: OOC 10 + 70°C. M: -55°C 10 +125°C. 
PICkage: P: Plastic OIL. J : Cerdip OIL. C : Ceramic OIL. E: Ceramic LCC. 
Screening cia .... : Std (no end-suflix). - D: NFC 96883 level O. 
GIB : NFC 96883 level G. BIB: MI L·STD-883 level Band NFC 96883 level B. 

DIN 

ASOE 

eEl 

CASE CB-79 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CEROIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

22 ..... mo ... 

D.I-..1 ..... 

'-

3 
(1) 

(1) Nominal dimemion 
121 True(lllOrJWl:ricalposition 

CB-79 -SEIIICOHDUCTORS 

These specifications are subject to change without notice. 

• I 

Please inquire with our sales offices about the availability of the different pac!cagH. 
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NOTES 
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THOMSON 
SEMICONDUCTEURS 

QUAD REGISTER WITH DUAL THREE-STATE OUTPUTS 

The TS2919 consists of four D·type flip·flops with a buffered common 
clock enable. I nformation meeting the set·up and hold time requirements 
of the D inputs is transferred to the flip·flop outputs on the LOW·to·HIGH 
transition of the clock. Data on the Q outputs of the flip·flops is enabled 
at the three-state outputs when the output control (OE) input is LOW. 
When the appropriate OE input is HIGH, the outputs are in the high impe· 
dance state. Two independent sets of outputs-Wand Y -are provided such 
that the register can simultaneously and independently drive two buses. 
One set of outputs contains a polarity control such that the outputs can 
either be inverting or non·inverting. 

The device also features an active LOW asynchronous clear. When the clear 
input is LOW, the Q output of the internal flip·flops are forced LOW inde· 
pendent of the other inputs. The TS2919 is packaged in a space·saving 
20-pin package. 

• Two sets of three-state outputs 
• Four D·type flip·flops 
• Polarity control on one set of outputs 
• Buffered common clock enable 
• Buffered common asynchronous clear 
• Separate buffered common output enable for each set of outputs. 

17 

9 

19 

8 

18 

LOGIC SYMBOL 

4 13 16 

12 15 3 6 11 14 

Vee'" Pin 20 
GNO - Pin 10 

lHOMSON SEMICONDUCTEURS 
Sales headquarten 
45, IN. de l'Europe - 78140 VELIZY - FRANCE 
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TS2919 

QUAD REGISTER 
WITH DUAL 

THREE-STATE 
OUTPUTS 

CASE CB-194 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CEROIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

Hi-Rei versions ENailabie - See chapter 4 

PIN ASSIGNMENT 

DO VCC 

Wo CLR 

YO POL 

01 E 

WI 03 

Yl W3 

OEW Y3 

OE·Y 02 

CP W2 

GNO Y2 

~~1HOMSON 
• ©@~I?@!i'!I~!i'!I'ii'~ 

'" II: 

'" ~ 
;; 
':i 
II: 



DO 

D1 

4 

02 

13 

D3 

16 

17 

E 
ENABLE 

9 

CP 
CLOCK 

TS2919 

LOGIC DIAGRAM 

CLR 

19 18 

CLR POL 
CLEAR POLARITY 
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Wo 

2 

YO 

3 

W1 

5 

Y1 

6 

W2 

12 

Y2 

11 

W3 

15 

Y3 

14 

OE-Y OE-W 
OUTPUT ENABLE 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA"'ODCto+70°C vcc=S.OV.!5% MIN."'4.75V MAX.=S.25V 

MIL TA=-5S0Cto+12SoC VCC=5.0V!10% MIN.=4.S0V MAX.-=5.S0V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Typ. 
Min. (Note 2) Max. Units 

Vee - MIN. Mil. 10H - -1.0mA 2.4 3.4 
VOH Output HIGH Voltage 

VIN '" VIH or VIL 
Volts 

eOM'l, 10H = -2.6mA 2.4 3.4 

10l = 4.0mA 0.4 

Output LOW Voltage 
Vee = MIN. 

VOlts VOL VIN = VIH or VIL 10l - 8.0mA 0.45 

10l = 12mA 0.5 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volts voltage for all inputs 

Guaranteed input logical LOW I Mil 0.7 
Vil I nput LOW Level voltage for all inputs I 

Volts 
eOM'l 0.8 

VI Input Clamp Voltage Vee = MIN.,IIN = -18mA -1.5 Volts 

III Input LOW Current Vee = MAX., VIN = 0.4 V -0.36 mA 

IIH Input HIGH Current Vee = MAX., VIN = 2.7V 20 ~A 

II Input HIGH Current Vee = MAX., VIN = 7.0V 0.1 mA 

Off·State (High·lmpedanc~) VO=O.4V -20 
10 Vee = MAX. ~A Output Current I Vo - 2.4 V 20 

Ise 
Output Short Circuit Current Vee = MAX. 
(Note 3) 

-15 -85 mA 

Power Supply Current I Mil 24 36 
ICC Vee = MAX. mA 

(Note 4) I eOM'l 24 39 

Notes; 

1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee" 5.0 v, 25°e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded; outputs open. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 
DC Input Voltage 

DC Output Current, Into Outputs 
DC Input Current 

3/R 
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_65°C to +lS0°C 

_55°C to +12So C 

-O.SV to +7.0V 

-O.SV to +Vee max. 
-{).SV to +7.0V 

30mA 

-30mA to +5.0mA 
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FUNCTION TABLE 

INPUTS INTERNAL OUTPUTS 
FUNCTION 

POL OE-W OE-V CP Di E CLR Q Wi Vi 

X X X X X H L NC Z Enabled 

Output Three-State Control X X X X X L H NC Enabled Z 
X X X X X H H NC Z Z 
X X X X X L L NC Enabled Enabled 

Wi Polarity 
X X X X L L L NC Non-Inverting Non-Inverting 
X X X X H L L NC Inverting Non-Inverting 

Asynchronous Clear 
X X X L L L L L L L 
X X X L H L L L H L 

t X H H X X X NC NC NC 
t L L H L L L l l l 

Clock Enabled t L l H H L L L H L 
t H L H L L L H H H 
t H L H H l L H L H 

L= LOW H = HIGH Z '" High Impedance NC = No Change x '" Don't Care t :: LOW-ta-HIGH Transition 

SWITCHING CHARACTERISTICS 
ITA = +250 e. Vee = 50V) 

Parameters Description 

tpHL Clock to Vj 
tpHL 

tpLH Clock to Wi 

tpHL IEither Polarity) 

tpHL Clear to Vi 

tpLH Clear to Wj 
tpHL 

tpLH 
Polarity to Wi 

tpHl 

tpw Clear 

I LOW 
tpw Clock Pulse Width 

I HIGH 

ts Data 

th Data 

ts Data Enable 

th Data Enable 

ts 
Set-up Time. Clear 
Recovery (Inactive) to Clock 

tzH Output Enable to W or Y 
tzL 

tHZ 
Output Enable to W or Y 

tLZ 

f max Maximum Clock Frequency (Note 1) 

Min. Typ. Max. Units Test Conditions 
22 33 

20 30 
ns 

24 36 
24 36 

ns 

29 43 ns 

25 37 

30 45 
ns 

23 34 
25 37 

ns 
CL ~ 15pF 

18 ns RL ~ 2.0k!} 

15 

18 
ns 

15 ns 

5 ns 

20 ns 

0 ns 

20 15 ns 

11 17 

13 20 
ns 

13 20 CL - 5.0pF 
II 17 

ns 
RL ~ 2.0kO 

35 45 MHz 
CL - 15pF 
RL ~ 2.0kO 

Note 1. Per industry convention. f max is the worst case value of the maximum device operating frequency with no constraints on tr . tf, 
pulse width or duty cycle. 
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Parameters 

tpLH 

tpHL 

tpLH 
tpHL 

tpHL 

tpLH 
tpHL 

tpLH 

tpHL 

tow 

tow 

ts 
It. 
ts 
th 

ts 

tzH 

tzL 

tHZ 
tLZ 

fmax 

SF.C9-2919 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE 

TS2919CP, CJ TS2919 MJ, ME 

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

Vee = 5.0V ±5% Vee = 5.0V ± 100/, 

Description Min. Max. Min. Max. 

Clock to Vi 
39 42 

39 45 

Clock to Wi 41 43 
(Either Polarity) 44 48 

Clear to Vi 52 58 

Clear to Wi 
42 43 
51 53 

41 45 
Polarity to Wi 

42 44 

Clear 20 20 

Clock I LOW 20 20 

I HIGH 20 20 

Data 15 15 

Data 10 10 

Data Enable 25 25 

Data Enable 0 0 

Set-up Time, Clear 
23 24 

Recovery (Inactive) to Clock 

Output Enable to Wi or Vi 
24 27 

35 29 

Output Enable to Wi or Vi 
33 45 
22 26 

Maximum Clock Frequency (Note') 30 25 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 
VCC--------------~----~I----------~----

I 

[TJ 
I 
I 

I'!''" 
I 

Note: Actual current flow direction shown. 
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Units 

ns 

ns 

ns 

ns 
-~ 

ns 
.. ~ 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

Test 
Conditions 

CL ~ 50pF 

RL ~ 2.0kll 

CL - 5.0pF 

RL ~ 2.0kll 

CL - 50pF 
RL ~ 2.0kll 
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METALLIZATION AND PAD LAYOUT CHIP CARRIER 

20 VCC 
19 CLR 

DO 18 POL Vo Wo Do VCCm 

Wo 2 17 E 3 2 1 20 19 

Dl POL 
16 D3 

Vo 3 WI E 
15 W3 TS2919 

Dl 4 VI D3 

WI 5 14 Y3 OE·W W3 

VI 6 13 D2 OE·V V3 

12 W2 9 10 11 12 13 

OE·W 
CP GND V2 W2 D2 

OE·V 8 11 V2 
CP 9 

GND 10 

Die size: 2.515 x 2.108 mm 

GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 20.uA measured at 
2 7V HIGH and -0 36mA measured at 0 4V LOW 

DEFINITION OF FUNCTIONAL TERMS 

Di Any of the four 0 flip·flop data lines. 

f Clock Enable. When LOW, the data is entered 
into the register on the next clock LOW·to· 
HIGH transition. When HIGH, the data in the 
register remains unchanged, regardless of the 
data in. 

CP Clock Pulse. Data is entered into the register on 
the LOW·to·HIGH transition. 

OE·W, OE·Y Output Enable. When OE is LOW, the register 
is enable to the output. When HIGH, the out· 
put is in the high·impedance state. The OE·W 
controls the W set of outputs, and OE·Y 
controls the Y set. 

V, Any of the four non-inverting three-state out
put lines. 

Wi Any of the four three·state outputs with polarity 
control. 

POL Polarity Control. The Wi outputs will be non· 
inverting when POL is LOW, and when it is 
HIGH, the outputs are inverting. 

CLR Asynchronous Clear. When CLR is LOW, the 
internal Q flip·flops are reset to LOW. 

Pin No.'. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
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Input/Ou·put 

DO 

wo 

Vo 

Dl 

WI 

VI 

OEW 

OE·V 

CP 

GNO 

Y2 

W2 

02 

Y3 

W3 

03 
E 

POL 

CLR 

VCC 
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Input 
Load 

1.0 
-

-
1.0 

-
-

1.0 

1.0 

1.0 

-

1.0 

-
-

1.0 

1.0 

1.0 

1.0 

-

Output Output 
HIGH LOW 

MIL COM'L MIL COM'L 

- - - -

50 130 33 33 

50 130 33 33 

- - - -

50 130 33 33 

50 130 33 33 

- - - -
- - - -

- - - -
- - - -
50 130 33 33 

50 130 33 33 

- - - -

50 130 33 33 

50 130 33 33 

- - - -
- - - -
- - - -

- - - -
- - - -



APPLICATION 

2901 
ARRAY 

The 2919 provides for easy control of the selection of source and destination register addresses for the 2901. 
These controls can emanate from both the instruction register and the pipeline register. The control is accom· 
plished by three-state action at the 2919 outputs. Four different register outputs can be selected by the B 
address which is the destination register in the 2901. Two registers can be selected for the 2901 A input which 
is a second RAM source. 

The other pair of three·state outputs can be used for function control select as shown with the 2921. Here, bit 
set, bit clear, bit toggle and bit test on any of the 16 bits can be performed. 

7/8 
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ORDERING INFORMATION 

I TS2919 jl J I B~ 
Part n~mber I Screening class 

Oper. temp. Package 
The table below horizontally shows all available suffix combinations for package, operating temperatura and quality 
level. Other possibilities on request. 

PART NUMBER 
OPER. TEMP. PACKAGE SCREENING CLASS 

C M P J C E 

• I • I • I I TS2919 
I • I • I • I • 

Examples :TS2919CP, TS2919CP-O, TS2919CJ, TS2919CJ-O 
TS2919MJ, TS2919MJGIB, TS2919MJBIB,oo. 

Oper. temp.: C: O°C to + 70oC, M: - 55°C to + 125°C. 
Package: P: Plastic OIL, J: Cerdip OIL, C: Ceramic OIL, E: Ceramic LCC. 
Screening cia .... : Std (no end-suffiX), - 0 : NFC 96883 level O. 
G/B: NFC 96883 level G, BIB: MIL-STD-$3 level Band NFC 96883 level B. 

CASE CB-194 

PSUFFIX 
PLAST IC PACKAGE 

ALSO AVAILABLE 

JSUFFIX 
CEROIP PACKAGE 

E SUFFIX 
CHIP CARRIER 

Std -0 

• I • 
• I 

(,) Nominal dimension 

DIN 

eEl 6.A.U •. 

23 
27.5 

" 

(2) Trull ~triCilI pa.ition 

CB-194 -SEMICONOUCTORS 

These specifications are subject to change without notice. 

I 
I 

Please inquire with our sal" offices about the availability of the different packages. 
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GIB 

I 
• I 

BIB 

• 
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Semi-custom ICs 
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THOMSON· 
SEMICONDUCTEURS 

TSC06 
TSC12 
TSC17 

ADVANCE INFORMATION 

Two standard electrical interface environments have evol
ved for digital integrated circuits, TTL and ECL. TTL 
compatible products such as lS, FAST, CMOS, NMOS, 
etc., represent the majority of digital ICs in use today. 
However, ECl products are necessary for applications 
requiring the highest available switching performance. 
Interfacing these two incompatible environments has 
usually requi red dedicated level translation circuits 
as few logic ICs can operate in both environments simul· 
taneously. 

The TSC Bipolar MACRO ARRAYS exceed present 
offerings in compatibility, user friendliness, flexibility 
and performance. One comprehensive macro library 
and one set of industry standard CAD software tools 
support the entire family of arrays. The user may input 
a design in a variety of ways, from submitting a logic 
schematic to inputting a complete CAD design file via 
a remote terminal. Each array can be configured to 
operate in a TTL and/or ECl environment and all array 
pins can be configured as inputs or outputs providing 
maximum design flexibility. The internal macro logic 
is implemented with high performance series gated ECl 
circuits. These MACRO ARRAY features give the user 
a custom design solution with lower risk, lower cost 

BIPOLAR 
MACRO ARRAYS 

and shorter design cycle than a full custom integrated 
circuit. 

• TSC06 : 748 gatos, TSC12 : 1338 gates, TSC17 
1712 gates 

• Typical internal equivalent gate delay: 0.8 ns 
• Typical ECl I/O buffer pair delay: 2.0 ns 
• Typical TTL I/O buffer pair delay: 8.0 ns 
• All I/O cells may be configured as input, output, 

or bidirectional pins. 
• True 10K ECl compatible interface 
• Optional 2 kQ on-chip pull down resistor for direct 

wiring of ECL. 
• True LS-TTl compatible interface including 8 mA 

or 16 mA outputs and three .. tate or open collector 
output options. 

• High performance, oxide-isolated, 2 layer metalization 
process technology. 

• Temperature range: -55 to + 125°C 
• Identical macro library for all three arrays. 
• Complete set of VAX/VMS and workstation CAD 

tools for the entire family. 
• Commercial, Industrial and full Mll-STD-883C level 

B screening available. 
~ 

~ .. 
-----------------" ~ 

11IOMSON SEMICONDUCTEURS 
Sales headquarters 
45, avo de l'Europe - 78140 VEUZV - FRANCE 
Tel.: (1) 39.46.97.19 I Telex :204780F 181 
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FIGURE 1 

272 PRIMARY CELLB 

136 DOUBLE CELLS 

or 
64 MAJOR CELLS 

B81/0 CELLS 

12 POWER PINS 
(24 BONDING PADS) 

~-+~r-rt+-~rt-+~r+~~---INTERNALVOLTAGE 
REFERENCES 

224 VERTICAL ROUTING 
CHANNELS 

'::;;;~~~~~~~~=i;;;;r--332 HORIZONTAL ROUTING 
.. CHANNELS 

4 POWER PINS 
(ETL ONLY) 

INTERFACE MODE 

Each bipolar MACRO ARRAY can be designed to opera
te in either a TTL, ECl or combined TTL and ECl in
terface envi ronment. Prior to generating a custom logic 
design on the arrays, the user selects the array size and 
the array interface mode. Selection of the interface mo
de determines the fixed metal pattern for all power 
busing and the assignment of supply voltages to package 
pins. The mode selection also determines which group 
of I/O Macros will be used. Selection of macros for pri
mary, double, or major macro functions is not affected 
by the interface mode or array size. The ECl and TTL 
modes do not restrict the number of I/O's available or 
location. The ETl mode is restricted in that ECl I/O's 
and TTL I/O's are available on two sides respectively. 
In addition, four ECl I/O locations are eliminated be-

Interface mode Number of 1/0'. 

TSC06 TSC12 TSC17 

ECl 52 72 88 

TTL 52 72 88 

DUAL ECl32 ECl40 
TTL 30 TTL 44 

2/7 

cause additional power pins are necessary. The number 
. of available I/O's for each mode is listed below. 

POWER 

The power supply pins are located at the comers and 
centers of array periphery. Each power pin ties to two 
adjacent building pads. The number and assignment of 
supply voltages to the power pins depends on the in
terface mode. The power buses for internal array and 
I/O buffers are separated. This allows for improved 
array and system performance. The internal ARRAY 
is referenced to Eel power supply levels in both the 
ECl and DUAL interface mode and to IT L power 
levels in the TTL interface mode. 

Mode 4-5.2 V OV 5.0 V 

Eel x x 
TTL X X 

DUAL X X X 

THOMSON SEMICONDUCTEURS 
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Tscoa- TSC12- TSC17 

THE TSC BIPOLAR MACRO ARRAYS 

TSC06 TSC12 TSC17 

Primary cells 108 210 272 

I/O cells 52 72 88 

Max. Equivalent Gates (1) 748 1338 1712 

Typical Arr~ power 750mW 1.5mW 2.0mW 

(1) - Assumes that all array cells are utilized at an average of 5 equivalent, 2-input 
gates per primary cell and 4 equivalent gates per I/O cell. 

rROCESS DESCRIPTION 

The TSC bipolar MACRO ARRAYS are fabricated on 
lHOMSON SEMICONDUCTEURS' HBIP2 high perfor
mance two metal process. 

This technology provides improved speed power products 
over convention junction isolated product. 

Base 

Metal 

PtSi 

Emitter Collector 

Metal 

Buried Layer 
N+ 

3/7 
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110 MACRO CEllS 

1/0 macro cells are located around the periphery of the 
array. Each I/O cell has the required components to 
operate in either a ECl or TTL mode as an input or out· 
put. The I/O cell contains 28 transistors, 7 schottky dio-

FIGURE 2 

PRIMARY CELLS 

A primary cell is the basic logic building block in the 
internal array. Each primary cell contains 18 transis· 
tors and 15 resistors. A schematic representation is 
shown in figure 3. logic functions are formed using first 
level metal interconnects. To incorporate more complex 
functions, adjacent cells are combined to form double 
cell or four symmetrical cells are combined to form 
a major cell. 
All internal logic is configured with ECl logic struc· 
tures using series gating. Other intemal signals use 

FIGURE 3 

Ouput -< cur!"nt 01 

~":~~~ 
0.3 mA \ .ft 012 

4J6 

R5 A8 

R7 

des and 28 resistors. A schematic representation is shown 
in figure 2. 

All signals to and from array must pass through an I/O 
cell for level translation and/or current drive capability. 
Each 1/0 location has a fixed bonding pad location allo· 
wing for single input and single output macros. 

one set of ECl logic levels. Some competing products 
use upper and lower logic levels which increases design 
risk. 
The primary cell inputs can only be driven by an I/O 
cell or another primary cell and not from the external 
environment. Three drive levels are available from each 
primary output by paralleling resistors on the emitter 
follower: 0.300 mA and 0.600 mAo The outputs can· 
not be used as off-chip output drivers. 
This primary cell has an increased component density 
over competing array product. This allows for more 
efficient utilisation of available cell locations. 

R12 

Ou1put 
~, aurant 

4jri~ 
R13 

r.R15 

R14 

PRIMARY CEll 
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CELL LIBRARY 

I/O MACROS : to assist the designer in secreting the 
appropriate I/O macro, they have been given symbolic 
names which indicates logic function, fanout capability 
and interface mode: 

First charac1Br: I for Input macro 
o for Ouput macro 

Second charac1Br: A number indicating logic function 
Third charac1Br : Fanout capability (N-Normal, F-Fast) 
Fourth charac1Br : Interface mode 

(E-ECL, T-TTL, D-DUAL) 

I/O Macro description 
macro 

lIND TTL input LATCH 
lINE ECL input LATCH 
lINT TTL input LATCH 
12ND TTL input buffer/converter 
12NE ECL input buffer/converter 
12NT TTL input buffer/converter 
13ND TTL chip enable 
13NT TTL chip enable 
14NE ECL latch dock input 
OINT TTL bidirectional buffer 
02ND TTL output with LATCH 
02NE ECL output with LATCH 
02NT TTL output with LATCH 
03ND 3 inputOR with TTL output 
03NE 3 input OR with ECL output 
03NT 3 input OR with TTL output 
04ND 3 input NOR with TTL output 
04NE 4 input NO R with ECL output 
04NT 4 input NOR with ECL output 
o 5ND 2 input AND with TTL output 
05NE 2 input AND with ECL output 
o 5NT 2 input AND with TTL output 
06ND 2 input NAND with TTL output 
06NE 2'input NAND with ECL output 
06NT 2 input NAND with TTL output 

5/7 

INTE RNAL MACROS : The designer uses the same 
internal macros regardless of the interface mode. These 
macros have mnemon ic names to assist the designer in 
the selection of macro function. 

First charac1Br : define the logic function 
AR combined AND/OR 

D 0 Flip Flop 
L Latch 
M Mux 
N Inverter 
R OR 
X Exclusive OR 

Sacond character: Inverter specifics about logic func
tion. 
Last charac1Br : Defines fanout ability. 
N-Fanout up to 6 (0.3 mA) 
F- Fanout up to 10 (0.6 mA). 

Logic 
macro 

ARIN 
AR2N 
AR3N 

AR4N 
FIN 

F2N 

LIN 
L2N 
L3N 

MIN 

M2N 

M3N 
M4N 
M5N 
M7N 

NR2N 
NR2N 
NR4N 
NR5N 
NR7N 
NR8N 

RIN 
R2N 
XIN 
X2N 
X3N 
X4N 
X5N 

Macro description 

3 input OR-AND 
2 wide 3-input active low AND-OR/NOR 
3 input OR-AND/NAND with 3 active low 
enable 
3 wide active low AND-OR/NOR 
Positive edge 0 flip-flop with asynchronous 
reset 
Positive edge 0 flip-flop with asynch ronous set 
and reset 
Negative clock transparent LATCH with reset 
Positive clock transparent LATCH with reset 
2 bit LATCH with asynchronous reset and ac
tive low enable 
2 to 1 MUX with OR select and active low 
enable 
2 to 1 MUX with OR select and active high 
enable 
4to 1 MUX 
4 to 1 MUX with active low enable 
DUAL 2 to 1 MUX 
DUAL 2 to 1 MUX with common select 
4 input OR/NOR 
DUAL 3 input OR - 3 input NOR 
6 input ORINOR 
DUAL 3 input NOR with 2 common input 
7 input OR-NOR 
12 input OR-NOR 
DUAL 3 input OR 
DUAL 3 input OR with 2 common inputs 
3 input OR-exclusive OR/NOR 
2 input OR-exclusive OR with active low 
4 input 000 parity checker 
4 input exclusive OR/NOR 
2 input NOR-exclusive OR/NOR. 
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A.C. PERFORMANCE 

The cell library provides the maximum delay time for 
worst case technology, 2!i"C ambient and VCC = -5.2 V. 
Worst case performance can be calculated using the for· 
mula provided in the design manual or the CAD sys· 
tem. 
The CAD system provides the designer with both a 
prerouting and routed A.C performance simulation. 
The prerouting simulation is based upon statistical 
loading estimates based upon fanout. 
The designer can also calculate the typical and best 
case performance by multiplying worst case performance 
by 0.5 and 0.7 respectively. 
The designer will be able to select the speed power pro
ducts of an intemal macro. Each function, where possible, 
will be released using a 0.300 mA and 0.600 mA source 
current. By doubling the power, the designer is able to 
obtain a 30 % performance improvement. 
Table 1 provides a summary of typical performances 
for selected intemal and I/O logic functions. The inter· 
nal macros performance does not vary based upon in· 
terface mode. 

TABLE 1 - TYPICAL TIMING DELAYS 

INTERNAL MACRO (1) TYPICAL DELAY 

3 Input gate 1.8 ns 
3 Input AND/OR 2.0 ns 
Flip·flop 2.7 ns 
latch 2.2 ns 
Mux 2.0 ns 

INPUT MACRO (1) 

latch (ECl) 3.9 ns 
latch (TTL) 4.2 ns 
Buffer (ECl) 2.2 ns 
Buffer (TTL) 2.7 ns 

OUTPUT MACRO (2) 

latch (ECl) 3.5 ns 
latch (TTL) 8.4 ns 
Buffer (ECl) 2.1 ns 
Buffer (TTL) 8.1 ns 

(1) FANOUT = 3, routing metal 2.5 mm 
(2) ECl load 50 12 to - 2 V, 

TTL load = 300 12. 

PACKAGING OPTIONS 

Package Type 

Ceramic DIP 

Plastic DIP 

Leadless Ceramic 
Chip Carrier 

Pin G rid Array 

Other packages available on request. 

QUALITY LEVELS 

In addition to the standard quality procedures for 
commercial grade product, "!HOMSON SEMICON· 
DUCTEURS offers a variety of extended temperature 
ranges and high reliability screening levels for the TSC 
MACRO Arrays. All extended screening is performed at 
"!HOMSON SEMICONDUCTEURS' Military and Spatial 
Division facility in France, which is completely equip· 
ped with state·of·the·art assembly, electrical test and en· 
vironmental stress equipment. The Military and Spatial 
Division is dedicated to performi ng quality control and 
reliability assurance for all "!HOMSON SEMICONDUC· 
TEURS integrated circuits for mil.itary and space ap. 
plications. 

leads 

28 
40 
48 
64 

2B 
40 
48 
64 

68 
B4 

68 
84 

6/7 

TSC06 TSC12 TSC17 

X 
X X 
X X 
X X X 

X 
X 
X 
X 

X X X 
X X 

X X X 
X X 

AVAilABLE SCREENING LEVELS 

le",,1 Description 

Standard Commercial Temp. Range 0° to+ 70°C 
Industrial Temp. Range -40° to+ 85° C 
Military Temp. Range _55° to+ 125°C 

D Standard Level with Burn·in 

B/B Full MIL-STD·883C, Class B Screening 

G/B MIL·STD·883C Without Constant Accele· 
ration or Temp. Test, PDA< 10 %. 
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TSC06. TSC12. TSC17 

CAD SYSTEM 
All of the lHOMSON SEMICONDUCTEURS Array 
Products are supported by a fully automated VAX/ 
VMS based CAD System. The CAD System provides a 
complete set of industry standard design, layout and 
verification tools to ensure fast, error·free design of the 
TSC MACRO ARRAYS. The CAD System resides at 
lHOMSON SEMICONDUCTEURS Design Center and is 
accessed with a Tektronix 4109 (or equivalent) graphics 
terminal. 

The CAD System can also accept verified netlists from a 
variety of popular engineering workstations, including 
DaiSY® , Valid® ,Mentor®, and IBM PC·XT®. based 
workstations that are equipped with the TSC Series 
Macro library. The key components of the lHOMSON 
SEMICONDUCTEURS CAD System are : 
Schematic Capture 
Netlist Extraction 
Logic Simulation 
Timing Analysis 
Fault Grading 
T ester Program Interface 
Automatic Placement and Routing 
Interactive Placement and Routing 
Design Rule Checking 
Automatic Mask Generation 

SDS® 
SDS® 

HILO® 
HILO® 
HILO® 
HILO® 

GARDS® 
GARDS® 
GARDS® 
GARDS® 

®SDS and GARDS are trademarks of SilvarLisco. HILO is a trade
mark of GenRad Inc. VAX Wid VMS are trademarks of Digital 
Equipment Corp. IBM and Pc;.XT are trademarks of the IBM 
Corporation. Daisy is a trat:Bmark of Daisy Systems Corp. 
Mentor is a trademark of Mentor GrEPhics Corp. Valid is a tra
cemark of Valid Logic SYS1BmS Inc. 

DESIGN DEVELOPMENT PROCEDURE 

Design entry is easily accomplished with the SDS menu 
driven software and a graphics terminal (Tek 4109). The 
SDS generated logic schematic is converted to a nettist 
and checked for logic design rule violations (excessive 
fanout, for instance). The netlist is then automatically 
converted to HILO simulation format. 

The HI LO simulation program performs logic simulation 
based on the user defined input test pattern and timing 
analysis using pre·routing statistical load capacitances for 
delay calculations. HILO also can be used to perform 
fault grade analysis of the input test pattem. 

The GARDS program is used to automatically place and 
route the array's cell logic as described in the SDS netlist. 
GARDS also has an interactive mode that allows cell or 
I/O preplacement and manual routing to optimize critical 
paths if necessary. After placement and routing is com· 
pleted, HI LO timing analysis can be performed again to 
determine worst case critical path delays using the actual 
interconnect length and fanout capacitances. 

When the array design work is completed on the CAD 
System, the HI LO simulation output is automati· 
cally converted to a tester program tape and the GARDS 
place and route file is converted to a graphics data base 
for mask generation. These two data bases are then sent 
to the factory for prototype generation. 

The design of an array option is a joint development effort involving lHOMSON SEMICONDUCTEURS and the 
CUSTOMER. lHOMSON SEMICONDUCTEURS offers a very flexible interface to the CAD System, providing the 
CUSTOMER with several options in performing the various CAD Development Procedures as shown below: 

I 
I lliOMSON SC CAD SYSTEM 

CUSTOMER DESIGN TASKS 

Logic/System Description 
Arrflol Selection/Partition 

Macro Logic Convenion 
Schematic Captu re 

Test Pattern Input' Targat Specification Definitionl I 
Input Test Pattern Description' Logic/Simul mion 

Timing Analysis 

Fault Grading 

t 

CUSTOMER DEVELOPMENT OPTIONS Pre-Plarement 

r- I- Auto Place/Route 
L--l TURNKEY DESIGN. The CUSTOMER develops 

Final Logic Simulation 

t~ 
the system logic schematic and functional cescrip-
tion of the circuit. lHOMSON SC conver1S the Worst Case Timing Analysis 
logic to a macrocell schematic and ccmpletes the 
CAD Development 

L--2 MACROCELL SCHEMATIC INPUT. Using the I Mask Generation I I Tester P rogram 
lH OMSON SC Arrfl"( Design Ma"lUal. the CUS· Generation 
TOME R generates a macrocell system schematic L-and description of input test vectors. lHOMSON 
SC transfers this input to the CAD System and 
ccmpletes the CAD Development. 

3 WORKSTATION INPUT. Using one of the pq,ular 
engineering workstations (DAISY. VALID. MEN-
,OR. PC-XT) and the appropriate lliOMSON SC 
Cell Library, the CUSTOMER generates a macro-
cell schematic and perfOITTlS various simulation 
work dependng on the workstation used The 
resulting verified nertist and input test pattern is 
transferred to the CAD System and lHOMSON S 
completes the CAD Development. 

717 
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Metalize Wafers 

Probe I--
Assembly 

Final Test I--

~ 
Ship Prototypes 

I 
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NOTES 

This is advance information and specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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Military and Hi-Rei ICs 



MILITARY AND SPACE PROGRAM 

To meet increasing worldwide demand for high-quality high-reliability semiconductors, THOMSON SEMI
CONDUCTEURS has created a Military and Space Division specialized in these products. 

The division is wholly responsible for strategy, design and manufacture of semiconductor products for 
military and space applications, and has the expertise and the resources to satisfy the most demanding 
requirements: 

• a 3,000 m2 plant exclusively assigned to the design and manufacture of military and space products, 

• equipment carefully selected to guarantee the highest possible standards in terms of quality, 

• staff fully trained in the strictest possible quality assurance and reliability procedures, 

• large known-bow based on active participation in outstanding programs including ARIANE, AIRBUS, 
MIRAGE 2000, METEOSAT, etc. 

THOMSON SEMICONDUCTEURS' Military 3,000 m' Military and Space Division plant on The most sophisticated quality control and 
reliability methods and resources are employed 
by expert staff who ensure that quality assu
rance procedures are strictly complied with. 

and Space Division islocatad at the Compeny's the St Egreve complex. 
and manufacturing facility in Grenoble. 
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SEMICONDUCTORS FOR A VARIED RANGE OF PRESTIGE PROGRAMS 

THOMSON SEMICONDUCTEURS has been involved in components development for weapons and avio
nics systems, space vehicles and ballistic missiles for nearly 20 years. A selection of examples is listed below: 

Military 

• RITA telecommunication network 
• EXOCET missile 
• CROTALE missile 
• SHAHINE missile 

Civil and military aviation 

• AIRBUS aircraft 
• MIRAGE 2000 air-fighter 
• Airport guidance systems 

Space 

• ARIANE launch vehicle 
• METEOSAT satellite 
• TV-SAT satellite 

Other 

• TGV (High-speed inter-urbain transport) 
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QUALITY CONTROL: a tailored service 

The market for high-reliability components is characterized by its highly individual requirements, with which 
THOMSON SEMICONDUCTEURS is more than able to cope: ' 

• By offering quality levels compatible with the leading international standards: 

- MIL-STD-883/class B, 
- ESA/SCC 9000, classes Band C, LA1, 2 and 3, 
- CECC 90000, selection classes B or D and quality assurance level Y, 
- NFC 96883, selection classes B, G or D, 
- NFC 96020, Quality Assessment Standard, level Y. 

• By ensuring that its semiconductor products appear on as many Preferential Product lists (GAMT1, 
MUAHAG, etc.) and Qualified Product lists as possible. 

• By deploying the most advanced technology: in the ongoing search for improved performance (speed, 
power consumption, integration, immunity to radiation, etc.), military equipment design demands the use 
of the most modern technologies. These technologies are deployed by THOMSON SEMICONDUCTEURS 
in respect of its standard products as well as its custom activities: 

Processes 

- HMOS1 (31') and HMOS2 (21'1. 
- HCMOS (21') double-layer, 
- HCMOS/SOS, 
- High-speed linear bipolar (4 GHz), 
- High-speed digital bipolar (ECl): HBIP2 (21')' 

Encapsulation technologies 

- Metal can (linear>, 
- Cerdip, 
- Ceramic, 
- Chip-carrier, 
- Pin grid array, 
- Dice (for hybrids). 

• By providing a tailor-made service: special requirements in respect of quality, product life and quanti
ties are a characteristic feature of this market sector. In all these areas, THOMSON SEMICONDUCTEURS 
offers the optimum cost/performance trade-off for the problem in hand. 
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FIVE SELECTION LEVELS 

The THOMSON SEMICONDUCTEURS Military and Space Division offers five selection classes compatible 
with international standards. For a more complete explanation of each class refer to the "Quality Informa
tion" section of this data book. The essential features of each class are outlined below: 

Level S: 

Space applications: the methods applied conform to specification ESA/SCC 9000/classes Band C, LAT1. 
2 and 3. 

Level BIB and G/B: 

Class BIB conforms strictly to MIL-STD-883/class B. 
The classes are schematically represented in the flowchart (next pagel, illustrating the differences bet
ween them. The selection methods for classes BIB and G/B are those of MIL-STD-883, class B, which 
are in turn identical to those of standards NFC 96883/c1ass Band CECC 9O,OOO/ciass B. 

Level GIB, offered by very few manufacturers, is an alternative particularly appreciated by users 
for its qualitylprice trade-off. 

Levels 0 and Standard: 

In the "Standard" class, the Military and Space Division offers a range of products in ceramic, 
and metal packages, for operation in the following temperature ranges: 

• Extended: -40°C to +85°C, 
• Military: -55°C to + 125°C. 

The "0" level is the standard level with additional burn-in only. 
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BIB specifications 

MIL-STD-883/Method 2010 
Cond. B 
(NFC 96883-V501-Cond. B) 

Internal norms (*) 

Sampling by lot 
MIL-STD-883/Method 2019 

100% 
Internal norms (*) 

Sampling by lot 
MIL-STD-883/Method 2011 

MIL-STD-883/Method 2010 
COl'\d. B 
(NFC 96883-V501-Cond. B) 

Internal norm (*) 

Intemal norm to meet 
MIL-STD-883/Method 5004 

MIL-STD-883/Method 1008 
(NFC 206(2) 

100% - 10 cycles 
-66°C, +150oC 
MIL-STD-883/Method 1010 
(NFC 20605) 

100% - 30,000 g 
Where applicable (**) 
MIL-STD-883/Method 2001 
(NFC 2(623) 

BIB AND GIB CLASS QUALITY ASSURANCE 
AND SCREENING PROCEDURES 

See next page 

I") Not specified in MIL-STD-883: THOMSON SEMICONDUCTEURS norms. 
(**) For TO-3 and large DIL: contect manufacturing. 
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GIB specifications 

Intemal norm (*) 

Internal norms (*) 

2 sampling by shift 
MIL-STO-883/Method 2019 

2 sampling by shift 
Internal norms (*) 

1 sampling by lot 
MIL-~TD-aa3/Method 2011 

MIL-STD-883/Method 2010 
Condo B 
(NFC 96883-V501-Cond. B) 

Intemal norm (*) 

Internal norm to meet 
MIL-STD-883/Method 5004 

MIL-STD-883/Method 1008 
(NFC 206(2) 

100% - 10 cycles 
-66°C, + 1500 C 
MIL-STD-883/Method 1010 
(NFC 20605) 



BIB specifications 

MIL-STD-883/Method 1014 
(NFC 20631) 

MIL-STD-883/Method 2015 
(NFC 20627) 

Device specifications 

MIL-STD-883/Method 1015 
(NFC 96883-E503) 

PDA=5% 
Device specifications 
(NFC 96883-P502) 

MIL-STD·883/Method 5005: (***) 
see page 210 
(NFC 96020): see page 211 

MIL-STD-883 
Conformity certificate 
test results 
(NFC 96883) 

MIL-STD-883/Method 2009 
(NFC 96883) 

BIB and GIB SCREENINGS(continued) 

I 
SEAL TEST 

GROSS/FINE LEAKS 
(100%) 

5 x 10-8 atm/cm3/sec) 

I 
INSPECTION AFTER MARKING 

(Sampling by lot) 

I 
25°C PRE BURN-IN 
ELECTRICAL TEST 

(100%) 

I 
BURN-IN 

(100% - 168 H - 125°C) 

I 
BIB I I GIB 

FINAL ELECTRICAL FINAL ELECTRICAL 
TEST AT 25°C AND TEST AT 25°C 
HIGH/LOW TEMP. CORRELATION FOR 

HIGH/LOW TEMP. 
(100%) (100%) 

I I 
I 

QUALITY CONFORMANCE 
INSPECTION 

I 
DATA 

REPORT 

I 
PACKING CONTROL 
BEFORE SHIPPING 

(100%) 

GIB specifications 

MIL-STD-883/Method 1014 
(NFC 20631) 

MIL-STD-883/Method 2015 
(NFC 20627) 

Device specifications 

MIL-STD-883/Method 1015 
(NFC 96883-E503) 

PDA=5% 
Device specifications 
(NFC 96883-P502) 

• MIL-STD-883IMethod 5005: (***) 
see page 210 
(NFC 96020): see page 211 

MIL-STD-883 
Compliance certificate 
indicating value of PD 
(NFC 96883) 

MIL-STD-883/Method 2009 
(NFC 96883) 

(**.) On customer requests selection between AQL (NFC 96883) and LTPD (MIL-STD-883/Method 5005) will be sent. 
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THE RESOURCES TO ENSURE RIGOROUS QUALITY CONTROL 

The strictest possible Quality control at all levels of the manufacturing process offers the user the best 
guarantee of reliability. 

Wafer proceasing 

The diffusion workshops are covered by extremely rigorous specifications in respect of cleanliness and 
the precision with which the various operations are carried out. Production is continuously sampled for 
the purpose of reliability testing. The most stringent requirements are imposed to wafers intended for mili
tary and space applications. 

Assembly 

Assembly is carried out in a clean room environment by highly skilled staff using the most sophisticated 
automated equipment. There are a number of possible test and inspection levels: 

• 100% visual inspection (PRECAP), 
• Wire bonding test, 
• Die attach test, 
• Stabilization bake, 
• Temperature cycling, 
• Constant acceleration, 
• Particle impact noise detection test (Pind-test), 
• Seal test. 

Quality assurance and selection 

Electrical tests are performed on 100% of devices after selection operations. Apart from sorting parts, II 
this test is used to determine the proportion of circuits defective after burn-in • Application of the 5% :. 
PDA procedure enables the entire production to be rejected where lots show a potential for failures after 
shipping considered excessive. 

Following the selection operations, the Quality Assurance staff applies standardized Quality monitoring 
procedures in accordance with standard CECC 90,000, level Y. 
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Part number 

TS2901BMCBfB 
MCGfB 
MEBfB 
MEGfB 
MJBfB 
MJGfB 

TS2901CMCBfB 
MCGfB 
MEBfB 
MEGfB 
MJBfB 
MJGfB 

TS2902AMCBfB 
MCGfB 
MEBfB 
MEGfB 
MJBfB 
MJGfB 

TS2909AMCBfB 
MCGfB 
MEBfB 
MEGfB 
MJBfB 
MJGfB 

TS29lO MCBfB 
MCGfB 
MEBfB 
MEGfB 
MJBfB 
MJGfB 

TS2911AMCBfB 
MCGfB 
MEBfB 
MEGfB 
MJBfB 
MJGfB 

TS2914 MCBfB 
MCGfB 
MEBfB 
MEGfB 
MJBfB 
MJGfB 

TS2915AMCBfB 
MCGfB 
MEBfB 
MEGfB 
MJBfB 
MJGfB 

HI-REL SELECTION GUIDE 

BIPOLAR MICROPROCESSOR SERIES 

Processed or qualified according to: 

~ Characteristic Package 

1m 0 tim 
~a; 
- > :E.!! 

(.)a; 
.... > 
z.!! 

4-bit microprocessor Ceramic • • 
OIL 40 
44-pad • • 

LCC 
Cerdip • • 
OIL 40 

Ceramic • • 
OIL 40 
44-pad • • 

LCC 
Cerdip • • 
OIL 40 

High speed look-ahead Ceramic • • 
carry generator OIL 16 

20-pad • • 
LCC 

Cerdip • • 
OIL 16 

Microprogram sequencer Ceramic • • 
OIL 28 
28-pad • • 

LCC 
Cerdip • • 
OIL 28 

Microprogram controller Ceramic • • 
OIL 40 
44-pad • • 

LCC 
Cerdip • • 
OIL 40 

Microprogram sequencer Ceramic • • 
OIL 20 
20-pad • • 

LCC 
Cerdip • • 
OIL 20 

Vectored priority Ceramic • • 
interrupt controller OIL 40 

44-pad • • 
LCC 

Cerdip • • 
OIL 40 

Quad three-state bus transceiver Ceramic • • 
with interlace logic OIL 24 

28-pad • • 
LCC 

Cerdip • • 
OIL 24 
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HI-REL SELECTION GUIDE ------

BIPOLAR MICROPROCESSOR SERIES (continued) 

Processed or qualified according to: 

~ I ~ 
Part number Characteristic Package 0 1m I~ 10 U Page 

tim U 
U 

tJ) 

...!."'i uo; uo; uo; u < - > ... > ... > ... > w tJ) ::E.!! z.! z.!! z.! u w 

TS2917AMCB/B Quad three-state bus transceiver Ceramic • • 155 
MCG/B with interface logic OIL 20 • 
MEB/B 20-pad • • 
MEG/B LCC • 
MJB/B Cerdip • • 
MJG/B OIL 20 • '" '" '" " " " ~ 

u u 

TS2918 MCB/B Quad O-register with standard Ceramic • • Ii: ~ 163 0 0 

MCG/B and three-state outputs OIL 16 • '" '" '" .!ll " " MEB/B 2O-pad • • '" Di Di '" 
MEG/B LCC • :; :; :; 

0 0 0 
MJB/B Cerdip • • tJ tJ tJ 
MJG/B OIL 16 • S S S 

c: c: c: 
0 0 0 

TS2919 MCB/B Quad register with dual Ceramic • • u u u 171 
MCG/B three-state outputs OIL 20 • 
MEB/B 20-pad • • 
MEG/B LCC • 
MJB/B Cerdip • • 
MJG/B OIL 20 • 

BIPOLAR MEMORIES 

TS71191 MCB/B 
MCG/B 
MEB/B 
MEG/B 
MJG/B 

TS71191AMCB/B 
MCG/B 
MEB/B 
MEG/B 
MJG/B 

TS71191BMCB/B 
MCG/B 
MEB/B 
MEG/B 
MJG/B 

TS71191 CMCB/B 
MCG/B 
MEB/B 
MEG/B 
MJG/B 

TS71291 CMCB/B 
MCG/B 
MJG/B 

2K x 8 PROM (80 ns) Ceramic • • 
OIL 24 
28-pad • • 

LCC 
Cerdip OIL 24 

2K x 8 PROM (60 ns) Ceramic • • 
OIL 24 
28-pad • • 

LCC 
Cerdip OIL 24 

2K x 8 PROM (45 ns) Ceramic • • 
OIL 24 
28-pad • • 

LCC 
Cerdip OIL 24 

2K x 8 PROM (35 ns) Ceramic • • 
OIL 24 
28-pad • • 

LCC 
Cerdip OIL 24 

16K PROM Slim-line Ceramic • • 
OIL 24 

Cerdip OIL 24 
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SCREENING CLASSES 

Different screening classes are available from THOMSON SEMICONDUCTEURS for customers desirous 
to use a same product in different environmental conditions. Consequently, screening classes choice is 
the customer's responsibility. 
Screening classes for packaged circuits, and quality levels for dice are indicated betow. 

PACKAGED PRODUCTS 

S space screening class: 
In accordance with ESA/SCC 9000, B or C class with LA1, LA2 or LA3 on customer's resquest. 

BIB screening class: 
Strictly equivalent to the US MIL-STD-883 class B (or French NFC 96883/class B or European CECC 
9000/class B). This is suitable for products used in severe environmental conditions and when low mainte
nance cost is required. 

G/B screening class: 
Same as BIB but: 
• No constant acceleration test, 
• Full range temperature test through +25°C correlated measurement. 
Only available with THOMSON SEMICONDUCTEURS , this screening class, which refers to the MIL· 
STD-883, is a cost effective alternative for customers wishing to buy HI-REL devices at lower cost. This 
screening is strictly conform to the' French NFC 96883~class G. 

D SCREENING C~SS: 
In accordance with French NFC 96883/class D (and European CECC 9000/class D), this level corresponds 
to "standard screening" products submitted only to an additional burn-in. 

STANDARD QUALITY CLASS: 
Guaranteed level when no specific screening class is required by the customer. 

THOMSON SEMICONDUCTEURS 
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Specifications class B 

Internal norm (0) 
ESA/SCC 21400 

Internal norm (0) 

MIL-STD-883/Method 2010 
Cond.A 

Internal norm (0) 

MIL-ST~/Method 2019 

Internal norm (0) 

MIL-STD-883/Method 2011 

MIL-STD-883/Method 2010 
Cond. A 

Internal norm (0) 

MIL-STD-883/Method 1008 

MIL-STD-883/Method 1010 

S space screening 

See next page 

(0) Not specified in ESA/SCC 9000: THOMSON SEMICONDUCTEURS norms. 
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Specifications class C 

Internal norm (0) 

Internal norm (*) 

MIL-STD-883/Method 2010 
Condo B 

Internal norm (0) 

MIL-STD-883/Method 2019 

Internal norm (*) 

MIL-STD-BB3/Method 2011 

MlL-STD-883/Method 2010 
ConrI. B 

Internal norm (0) 

MIL-STD-883/Method 1008 

MIL-STD-883/Method 10lD 



MIL-STD-883/Method 2001 

MIL-STD-883/Method 2020 

MIL-STD-883/Method 1014 

DEVICE SPECIFICATIONS 

YES Iserial.1 
MIL-STD-883/Method 2015 

DEVICE SPECIFICATION 

MIL-STD-883/Method 1015 
240 H - + 125°C 

DEVICE SPECIFICATION 

MIL-STD-883/Method 1014 

DEVICE SPECIFICATION 

DEVICE SPECIFICATION 

<10% 

ESA/SCC 20500 

CERTIF. OF COMPLIANCE 
TESTS & MEASUREMENT 
RESULTS 
DATA LOGGED VALUES 

MIL-STD-883/Method 2009 

5 space screening (continued) 

EXTERNAL VISUAL 
INSPECTION 

THOMSON SEMICONDUCTEURS 
205 

MIL-STD-883/Method 2001 

MIL-STD-883/Method 2020 

MIL-STD-883/Method 1014 

DEVICE SPECIFICATIONS 

NO Iserial.) 
MIL-STD-883/Method 2015 

SKIPED STEP 

MIL-STD-883/Method 1015 
168 H - + 125°C 

SKIPED TEST 

MIL-STD-883/Method 1014 

DEVICE SPECIFICATION 

DEVICE SPECIFICATION 

<10% 

ESA/SCC 20500 

CERTIF. OF COMPLIANCE 
TESTS & MEASUREMENT 
PASS/FAILED RESULTS 

MIL-STD-883/Method 2009 



BIB specifications 

MIL-STD-883/Method 2010 
Condo B 
(NFC 96883-V501-Cond. BI 

Internal norms (*1 

Sampling by lot 
MIL-STD-883/Method 2019 

100% 
Internal norms (*) 

Sampling by lot 
MIL-STD-883/Method 2011 

MIL-STD-883/Method 2010 
Condo B 
(NFC 96883-V501-Cond. BI 

Internal norm (*1 

Internal norm to meet 
MIL-STD-883/Method 5004 

MIL-STD-883/Method 1008 
(NFC 206021 

100% - 10 cycles 
- 55°C, + 150°C 
MIL-STD-883/Method 1010 
(NFC 206051 

100% - 30,000 g 
Where applicable (**) 
MIL-STD-883/Method 2001 
(NFC 20623) 

BIB AND GIB CLASS QUALITY ASSURANCE 
AND SCREENING PROCEDURES 

See next page 

(*) Not specified in MIL-STD-883: THOMSON SEMICONDUCTEURS norms. 
(**) For TO-3 and large DIL: contact manufacturing. 
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GIB specifications 

Internal norm (* I 

Internal norms (*) 

2 sampling by shift 
MIL-STD-883/Method 2019 

2 sampling by shift 
I nternal norms (* I 

1 sampling by lot 
MIL-STD-BB3/Method 2011 

MIL-STD-BB3/Method 2010 
Condo B 
(NFC 96883-V501-Cond. BI 

Internal norm (* I 

Internal norm to meet 
MIL-STD-883/Method 5004 

MIL-STD-883/Method 1008 
(NFC 206021 

100% - 10 cycles 
-65°C, + 150°C 
MIL-STD-883/Method 1010 
(NFC 206051 



BIB specifications 

MIL-STD-883/Method 1014 
(NFC 20631) 

MIL-STD-883/Method 2015 
(NFC 20627) 

Device specifications 

MIL-STD-883/Method 1015 
(NFC 96883-E503) 

PDA=5% 
Device specifications 
(NFC 96883-P502) 

MIL-STD-883/Method 5005: (***) 
see page 210 
(NFC 96020): see page 211 

MIL-STD-883 
Conformity certificate 
test results 
(NFC 96883) 

MIL-STD-883/Method 2009 
(NFC 96883) 

BIB and GIB SCREENINGS (continued) 

SEAL TEST 
GROSS/FINE LEAKS 

(100%) 
5 x 10-8 atm/cm3/sec) 

FINAL ELECTRICAL 
TEST AT 25°C AND 
HIGH/LOW TEMP. 

1100%) 

FINAL ELECTRICAL 
TEST AT 25°C 

CORRELATION FOR 
HIGH/LOW TEMP. 

(100%) 

GIB specifications 

MIL-STD-883/Method 1014 
(NFC 20631) 

MIL-STD-883/Method 2015 
(NFC 20627) 

Device specifications 

MIL-STD-883/Method 1015 
(NFC 96883-E503) 

PDA=5% 
Device specifications 
(NFC 96883-P5021 

MIL-STD-883/Method 5005: (**.) 
see page 210 
(NFC 96(20): see page 211 

MIL-STD-883 
Compliance certificate 
indicating value of PD 
(NFC 96883) 

MIL-STD-883/Method 2009 
(NFC 96883) 

(***) On customer request selection between AQL (NFC 96883) and LTPD (MIL-STD-883/Method 5005) will be sent. 
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D and STANDARD SCREENINGS 

Specifications 

Internal norm (*) 

Internal norm (") 

I nternal norm (*) 

Internal norm (") 

Internal norm (") 

Internal norm (") 

Internal norm (") 

Internal norm (") 

I nternal norm (") 

See next page 
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D and STANDARD SCREENINGS (continued) 

NFC 96883 

Internal norm 

NFC 96883/ P502 
Device specification 

~====::::E=====~-----1 "STANDARD" SCREENING STOPS HERE 

(1) Minimum sample quantity by shift 
(2) Lot sampling 

168 H - 125°C 
NFC 96883/E503 

NFC 96883/P502 
Device specification 

See page 212 

NFC 96883 
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BIB QUALITY CONFORMANCE INSPECTION 
GROUP A TESTS 

(performed on each lot) 

TESTS 

External visual inspection 
Marking conformance 

Mechanical inoperatives 

Functional test at 25°C 

Main static tests and 
complementary static 

tests at 25°C 

Functional and main static 
tests at maximum rated 
operating temperature 

Functional and main static 
tests at minimum rated 

operating temperature 

Switching tests at 25°C 

Switching tests at maximum 
rated operating temperature 

Switching tests at minimum 
rated operating temperature 

DEVICES 

CLASS 

MIL-STO-883 
Method 

2009 

Subgroups 4 
and 7 

Subgroup 1 

Subgroups 2, 
5 and 8 

Subgroups 3, 
6 and 8 

Subgroup 9 

Subgroup 10 

Subgroup 11 

GROUP B TESTS 
(by lot or weekly by package type and by lead finish) 

MIL-STD-883/Method 5005 

Group B tests Method 
QuantityllAccept. no.) 

or lTPD 

Subgroup 1 
(a) Physical dimensions 2016 2 devices (no failures) 

Subgroup 2 
(a) Resistance to solvents 2015 4 devices (no failures) 

Subgroup 3 
(a) Solderability 2003 15 

Subgroup 4 
(a) Internal visual and 201. 1 device (no failures) 

mechanical 

Subgroup 5 
(a) Bond strength 2011 15 

Subgroup 6 (1) 
(a) Internal water-vapor 1018 No test 

content (Packages contain 
no dessicantl 

Subgroup 1 (1) 
(a) Seal 1014 

Subgroup 8 
(a) Electrical parameters 3015 No test 
(b) Electrical discharge (Performed for initial 

sensitivity classification qualification and 
(c) Electrical parameters product redesignl 

GROUP C TESTS 
(Every 3 months) 

MIL-STD-883/Method 5005 

Group C tests 

Subgroup 1 
(a) Steady state life test 

(1000 H - 125°C) 
(b) End-point electrical 

parameters 

Subgroup 2 
(a) Temperature cycling 
(bl Constant acceleration 

Method Quanti!::lt::~Pt. no.) 

1005 

1010 
2001 

15 

ANALOG 
BIB LEVEL 

MIL-STO-883 
Method &00& 

LOGIC 
BIB LEVEL 

MIL-STO-883 
Method &00& 

lTPD Accept. 
number lTPO Accept. 

number 

GROUP 0 TESTS 
(Every 6 months) 

MIL-STD-8B3/Method 5005 

Group 0 tests Method auanti!::lt;~~Pt. no_) 

Subgroup 1 
(a) Physical dimensions 

Subgroup 2 
(a) lead integrity 
(b) Seal (1) 

0) Fine 
(2) Gross 

Subgroup 3 
(a) Thermal shock 
(h) Temperature cycling 

2016 

2004 

1014 

1011 
1010 

(e) Moisture resistance 1004 
Id) Seal 1014 

(1) Fine 
(2) Gross 

Ie) Visual examination 
(f) End-point electrical 

parameters 

Subgroup 4 (1) 

(a) Mechanical shock 
(b) Vibration, variable 

frequency 
Ie) Constant acceleration 
(dl Seal 

(1) Fine 
(21 Gross 

(e) Visual examination 
(t) End-point electrical 

parameters 

Subgroup 5 
(a) Salt atmosphere (2) (3) 

(b) Seal (1) 
(11 Fine 
(2) Gross 

(el Visual examination 

Subgroup 6 (11 

2002 
2007 

2001 
1014 

1009 
1014 

15 

15 

15 

15 

15 

(a) Internal water-vapor 1018 3 devices (01 failures 
0' 

5 devices (1 failure) Yl orientation 
(e) Seal 1014 ~.-------------+---1------------

(1) Fine 
(2) Gross 

(d) Visual examination 
(e) End-point electrical 

parameters 

(1) For cavIty packages only 
(21 No test for (eadles!: chip camel packages. 
(3) According to package. 

Subgroup 7 (1) 

(a) Adhesion of lead finish (2) 2025 15 

Subgroup 8 
lal lid torque 121 2024 5 (0) 
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G/B QUALITY CONFORMANCE INSPECTION 

The following tables comply with the NFC 96020 norms. This norm is quite similar to the MIL-STD-883 
quality conformance inspection from which it differs only on minor points. 

Lot acceptance test 
The group A and B tests are performed on each lot (NFC 96020-Y levell 

Quality conformance inspection for assembly process and technologies 
These tests are accomplished with a periodicity of 3 or 6 months. 
We perform practically all the tests of group C, as defined in the French standard NFC 96020, adopting methods compatible 
with book VII of methodic documentation of the CCT (UTE COO-1921. 

Sub-
group 

Cl 

C2 

C3 

C4 

--
(1) 

C5 
(2) 

C6 

C8 

Cg 

CIJ 

Tests of groups A and B (V levell of the French Standard NFC 96020 
performed on each lot 

DEVICES ANALOG LOGIC 

CLASS G/B G/B 
LEVEL LEVEL 

Sub- TESTS NFC96020 Inspection AQL Inspection AQL 
group reference § level % level % 

Ala External visual inspection 6.1 
Marking conformance 6.1.1 " 0.4 " 0.4 

Alb Mechanical inoperatives 6.2 " 0.15 II 0.15 

A2 Functional test at 2Soc " 0.15 
or at ro max (.) 

A3a Main static tests 
at 25°C II 0.4 " 0.25 

A3b Complementary static 
tests at 25°C 

A4a Functional and main static Device 
tests at maximum rated specification 
operating temperature 

S4 1 
A4b Functional and main static 

tests at minimum rated S4 1 
operating temperature 

AS Main dynamic tests 
at 25°C S4 1.5 " 0.25 

or at ~ max (.) 

DEVICES ANALOG and LOGIC 

Sub- GIB LEVEL 
group TESTS 

NFC96020 
Sample sizes Acceptance criteria ref.enee § or or 

inspection levels AQL% 

Bl Physical dimensions 6.3 11 011 

B2 Solderability M302 32 1/2 

B3 Seal test (For cavity packages) M303 I 1 % 

Periodical test table 

Tests 

Secondary physical dimen-
sions weight 

Marking resistance 
to solvents 

Terminal strength 

- Resistance to soldering 
heating 

. Thermal shocks 

--------
- Accelerated damp heat 

. Mechanical shocks 
- Vibrations· bumps 
- Constant acceleration 

Damp heat 
(steady state) (3) 

Life test 1000 H at 
high temperature (4) 

High temperature 
storage 

Salt atmosphere (51 

NFC 96020 Sample 
reference § sizes 

6.3 11 
-

M306 18 

M 304 18 

M 301 
25 

C 203 
----

C205 

M307 
M30a 18 
M305 

C204 18 

E 401 or E 403 
25 and device spec, 

E 402 18 

C 202 8 

Accep. 
criteria 

0 

1 

1 

I 

1 

1 

I 

I 

1 

These tests are accomplished with a periodicity of 3 or 6 
months. . 
They regroup practically all the tests of group C, as d~· 
fined in the French standard NFC 96020, adopting me
thods compatible with book V II of the CCT methodic 
documentation (UTE COO-1921. 

(1) For plastic packages 
(2) For ceramic and metal glass packages 
(3) 10 days for gold plated leads 

56 days for tin plated leads or tin dipped leads 
(4) Max junction temperature: 150°C for cavity packages 

130°C for plastic packages 
(5) According to package (once a year). 
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D and STANDARD QUALITY CONFORMANCE INSPECTIONS 

The following tables comply with the NFC 96020 norms. This norm is quite similar to the MIL-STO-883 
quality conformance inspection from which it differs only on minor points. 

Lot acceptance test 
The group A and B tests are perfonned on each lot (NFC 96020-Y level) 

Quality conformance inspection for assembly process and technologies 
These tests are accomplished with a periodicity of 3 or 6 months. 
We perform practically all the tests of group C, as defined in the French standard NFC 96020, adopting methods compatible 
with book VII of methodic documentation of the CCT (UTE COO-1921. 

Sub-
group 

Cl 

C2 

C3 

C4 

--
(1) 

C5 
(2) 

C6 

C6 

C9 

CI3 

Tests of groups A and B (V level) of the French Standard N Fe 96020 
performed on each lot 

DEVICES· ANALOG LOGIC 

CLASS STANDARD&D STANDARD & 0 
LEVELS LEVELS 

Sub- TESTS NFC96020 Inspection AOL 
LTPD Accept. 

group reference § level % criteria 

Ala External visual inspection 6.1 
Marking conformance 6.1.1 " OA 3 2/3 

Alb Mechanical inoperatives 6.2 " 0.25 3 1/2 

A2 Functional test at 25°C " 0.15 
or at -r' max 1*1 

AJa Main static tests 
at 2SQC 

11 0.4 
3{") 

1/2 
A3b Complementary static 

@ 

tests at 25°C T"max. 

A4a Functional and main static Oewice 
tests at maximum rated peci:fication 
operating temperature 

S4 1 
A4b Functional and main static 

tests at mmimum rated No test N()test 
operating temperature 

Ali Main dynamic tests 5{") 
at 25°C No test No 18st @ 3/4 

or at ~ max 1·1 T-max. 

DEVICES ANALOG and LOGIC 

Sub- STANDARD/D LEVELS - TESTS 
NFC96020 

Sampfe sizes Acceptance criteria -- or or 
inapection levels AOL% 

81 Physical dimensions 6.3 11 0/1 

82 Solderability M302 32 1/2 

83 Seal test (For cavity packages) M303 I 1 % 

Periodical test table 

T .... 

Secondary physical dimen-
sions weight 

Marking resistance 
to solvents 

Terminal strength 

. Resistance to soldering 
heating 

. Thermal shocks 

--------
- Accelerated damp heat 

- Mechanical shocks 
- Vibrations - bumps 
- Constant acceleration 

Damp heat 
(steady state) (3) 

life test 1000 H at 
high temperature (4) 

High temperature 
storage 

Salt atmosphere (5) 

NFC96020 .... pt. 
reference § SIZes 

6.3 11 

M 306 18 

M304 18 

M301 
25 

C 203 
----

C 205 

M307 
MJ08 18 
M 305 

C204 18 

E 401 or E 403 25 and device spec. 

E 402 18 

C 202 8 

Accep . 
criteria 

0 

I 

1 
-~ 

1 

I 

1 

1 
-~ 

1 

1 

These tests are accomplished with a periodicity of 3 or 6 
months. 
They regroup practically all the tests of group C, as d~
fined in the French standard NFC 96020, adopting me
thods compatible with book VII of the CCT methodic 
documentation (UTE COO·192). 

(1) For plastic packages 
(2) For ceramic and metal glass packages 
(3) 10 days for gold plated leads 

56 days for tin plated leads or tin dipped leads 
(4) Max junction temperature: 150°C for cavity packages 

130°C for plastic packages 
(5) According to package (once a year). 
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DICE QUALITY LEVELS 

Eight 'different quality levels are available for dice (*) 

LEVEL A 

Wafer selection 

Wafer probe at room temperature 

Wafer inspection 

Packing 

Final acceptance (AQL: 1,5 - level 2) 

Shipment 

LEVEL P 

Wafer selection 

Wafer probe at room temperature 

Wafer inspectioo 

Partial scribing 

Packing 

Final acceptance (AQL: 1_5 - level 2) 

Shipment 

(*) Please inquire with our sales offices for the availability of the product you are interested in, 
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LEVEL S 

Wafer selection 

Wafer probe at room temperature 

Wafer inspection 

Scribing 

Packing 

Final acceptance (AQL: 1.5 - level 2) 

Shipment 

LEVEL E 

Wafer selection 

Wafer probe at room temperature 

Wafer inspection 

Scribing 

Waffle packing of good dice 

Final acceptance (AQL: 2.5 - level 2) 

Shipment 
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Packing 

LEVEL V 

Wafer selection 

Wafer probe at room temperature 

Wafer inspection 

Scribing 

Dice visual screening (100%) according to MIL-STD-883/Method 2010 

Waffle pack 

Visual inspection (sampling) MIL-STD-883/Method 2010 - 2/condition B 

Packing 

Final acceptance (AOL: 1.5 - level 2) 

Shipment 

LEVEL N 

Wafer selection at room temperature 

Dice visual screening (100%) 

Waffle pack 

Visual inspection MIL-STD-883/Method 2010 - 2/condidion B (AOL: 1% -level 2) 

Sampling batch (55 dice) 

Assembly 

Precap inspection (100%) 

Sealing 

Electrical measurements 

Measurement report 
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Packing 

Packing 

LEVEL T 

Wafer probe at room temperatu," 

Dice visual screening (100%) 

Waffle pack 

Visual inspection MIL·STD·883/Method 2010· 2/condition B (AOL: 1%· level 2) 

Sampling batch (55 dice) 

Assembly 

Precap inspection (100%) 

Sealing 

Electrical measurements 1 

Burn·in 

Electrical measurements 2 

Measurement report 

LEVEL Z 

Wafer probe at room temperature 

Dice visual screening (100%) 

Waffle pack 

Visual inspection MIL·STD·883/Method 2010 . 2/condition B (AOL: 1 % • level 2) 

Sampling batch (55 dice) 

Assembly 

Precap inspection (100%) 

Sealing 

Electrical measurements 1 

Burn-in 

Electrical measurements 2 

1000·H life test 

Electrical measurements 3 

Measurement report 

Final acceptance 

Shipment 

THOMSON SEMICONDUCTEURS 
216 



Package dimensions 



DIN 

A51D 

CEI O ..... T ..... 

" III 

111 Nomi,.1 dimemion 
(21 TrueSl'Qlll8tricllpoaitlon 

CB-68 -SEMICONOUCTEURS 

DIN 

ASOE 

CEI 

22.4" max. 

D.A.T.A 

1m )t. 

~lmin. 

1524 

~t~::;~~:Jl ~ :~~"" 
DIN 

ASIE 

28"m , 
C8-132 -SEMICONDUCTEURS 

THOMSON SEMICONDUCTEURS 
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· 1 

(1) Nominal dimension 
(2) True geometrical position 

~35 

'" 

C8-79 
~ 

SEMICONOUCTEURS 



DIN 

A51F 
CEI 0 ...... 1 ...... 

" (1) 

DIN 

(11 Nominal dimens.ion 
(2) Truegeometncal pO$ltion 

40 pins , 
CB-1B2 -SEMICONDUCTEUAS CEI 0 ..... 1 ...... 

,,, 
27.5 

Nominal dimension 
Tru. gBOmetrical position 

, 
CB-505 -SEMICONDUCTEURS 
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1/ 

,. 

(1 ~ Nominal dimension 
(2) Tru'lIIIometriealpa.itlon 

.3 
(1) 

CB-194 -SEMICONDUCTEUAS 

II 



MS004C8 
eEl DATA 

eEl DATA 

1 6ma. 

8.7.( 
9,0. 

C8-705 -EMICONDUCTEUR 

1.9SmOll. 

28PI~ 

11.30 
11.69 

, 
C8-707 
1HOMSON 

DIN 

CEI DATA.. 

<> 

DIN 

CEI DATA 

THOMSON SEMICONDUCTEURS 
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9,'" 
9.91 

24 pi .. , 
C8-706 
1HOMSON 

44 pI" , 

,~ 

16.81 

C8-708 --SEMICONOUCTEUR 



II 

Ordering information 



DICE ORDERING INFORMATION 

IJIT S 2 901 BI-'----"11~ 

I~ Quality level 

Standard part 
number 

Wafer-back finish 

1 Silicon (Std) 
2 Gold 
4 AI- Ni - Au 

A V 
P N 
S T 
E Z 

Each THOMSON SEMICONDUCTEURS linear circuit supplied in chip or wafer form has a special ordering code divided 
as follows: 

MAIN CODE (Device specification) 

• beginning with J (Common to all devices) 
• followed by the part number of the equivalent packaged device 

COMPLEMENTARY CODE (Wafer-back finish and quality level) 

After a dash, two characters are used 
• a figure indicating the choice of wafer-back finish 
• a letter to specify the quality level 

A: Wafer 
P Scribed wafer 
S : Wafer on adhesive tape with separated chips 
E : Chips in waffle pack without visual inspection 
V : Chips in waffle pack with 100 % visual inspection according to MI L - STD - 883 / Method 2010 
N V level plus sampling batch of 55 packaged ICs 
T N level plus burn-in on sampling batch of 55 packaged ICs 
Z T level plus 1000 H life test on sampling batch of 55 packaged ICs 
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THOMSON SE 

1 T S 1 2 9 0 1 -=8~I_M=I=-=-1 C=-~I 8=1=:/=1 8:=1 
~ j II' ~ ~ 

MICONOUCTEURS 
prefix 

Device number allocated by 
THOMSON SEMICONOUCTEURS 

or recalling the first source code 

Operating 
tempe ratu re range 

C QOC, + 700 e 
I . 25°C, + 85°C 
M - 55°C. + 125°C 

C 
E 

EP 
FN 
FP 
FQ 
H 
J 
K 
P 
R 
Z 

Screening da ss 
mation) (See Quality infor 

U standar 
-0 screen i 
GIB screeni 
BIB screem 

S screenl 

Package 

Ceramic OIL 
Ceramic Lee 
Plastic power OIL 
Plastic chip-carrier 
Plastic micr:opackage 
UV window cerdip 
Metal TO-100 
Cerdip OIL 
Metal diamond (TO-3J 
Plastic OIL 
Pin Grid Array 
Plastic T0-92 family 

n9 class 
ng class 
n9 class 
ng class 
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THOMSON SEMICONDUCTEURS 
SALES HEADQUARTERS 
43-45, AVENUE DE L'EUROPE 
78140 VELlZY-VILLACOUBLAY 
TEl. (1 )39.46.97.19/ TE LEX: TCSF 204 780 F 

INTERNATIONAL SALES NETWORK 
SUBSIDIARIES (March 1985) 

AUSTRIA 
THOMSON-CSF Elektronlsche Anlagen GmbH 
Liitzowgasse 12·14 
1140 WIEN 
Tel. (222) 94.62.82 Telex : 135572 TCSF WA 

BELGIUM end The NETHERLANDS 

THOMSON S.A.-N.V. 
363 Avenue Louise B.P. 10 
B-l050 BRUXELLES 
Tel. (2) 648.64.85 Telex 23113 THBXL B 

BRAZIL 

THOMSON-CSF Componentes do Brasil 
Avenida Roque Petroni JR SoN Brooklin 
SAO PAULO CEP 04707 
Tel. (55 11) 542.47.22 Telex 1124226 TCSF BR 

CANADA 

THOMSON-CSF Canada Ltd 
Departement Semiconducteurs 
1000 . Sherbrooke ouest 
suite 2105 
Montreal H 3A 3G4 
Tel. (1.514) 288.41.48 Telex 5560248 TESA FILMLT 

FAR EAST ASIA 

THOMSON-CSF Far East Ltd 
Granville Road 
Energy Plaza Building 
Units 1.2.3 A, 6 Iloor 
Tsimshatsui East 
KOWLOON 
HONG KONG 
Tel. (3) 721.96.82 Telex 40766 HW TCFE 

FRANCE 

THOMSON SEMICONDUCTEURS 
43-45, Avenue de I'Europe 
78140 VEUZV-VILLACOUBLAY 
Tel. (3) 946.97.19 Telex 204 780 F 

GERMANY (WEST! 

THOMSON-CSF Bauelemente GmbH 
Perchtinger Str 3 
0-8000 MUNCH EN 70 
Tel. (089) 78790 Telex 522916 CSFD 

ITALY 

THOMSON-CSF Componentl 
Via M. Gioia 72 
1-20125 MILANO 
Tel. (2) 699.41 Telex 330.301 TOMCO-I 

8509 

THOMSON-CSF Componentl 
Via Sergio I, 32 
00165 ROMA 
Tel. (6) 63.90.248 Telex 620683 

JAPAN 

THOMSON-CSF Japan K.K. 
Components and Tubes Dept. 
TBR Bldg 715 
Kojimachi 5-7 
Chiyoda-Ku 
TOKYO 102 
Tel. (3) 264.63.48 Telex 2324241 THCSF. J. 
SOUTH EAST ASIA 

THOMSON-CSF Components SEA 
Units 50-70, 4TH Floor, Block 15 
996 Bendemeer Road 
Kallang Basin Industrial Estate 
SINGAPORE 1233 
Tel. (65) 295.31.24 Telex RS 36124 TC SEA 

SPAIN 

THOMSON-CSF Componentes y Tubos 
Albacete, 5 
28027 MADRID 
Tel. (1) 405.16.15 Telex 46033 Telelax (1) 404 60 02 

THOMSON-CSF Components. y Tubo. 
Poligono Industrial Fontsanta Montilla, 5 
San Juan Despi 
BARCELONA 
Tel. (3) 373.30.11 Telex 53077 Telelax (3 ) 373 38 50 

SWEDEN 

THOMSON-CSF Komponenter & ElektronrOr AB 
Sandhamnsgatan 65 Box 27080 
S-10251 STOCKHOLM 
Tel. (08) 63.50.60 Telex 12078 THCSF S 

UNITED KINGDOM end IRELAND 

THOMSON-CSF Components and Material. Ltd 
Ringway House Bell Road 
DANNESHILL 
BASINGSTOKE - HANTS RG 24-0QG 
Tel. (256) 29.155 Telex 858865 

U.S.A. 

THOMSON·CSF Components Corporation 
301 Route 17 North 
Ruthertord NJ 07070 
Tel. (1.201) 438 23 00 
Telex 710 989 72 86 



INTERNATIONAL SALES NETWORK 
DISTRIBUTORS (March 1985) 

ARGENTINA 

CORTE 
Sgo del Estero 
6434 Piso 
1075 BUENOS AIRES 
Tel. 38.00.10.6/7/8 Twx 21 992 CORTE 

AUSTRALIA 

CONSULAUST INTERNATIONAL PTY LTD 
P.O. Box 357 
734 Riversdale Road 
CAMBERWELL, VIC 3124 
Tel. 03.836.25.66 Twx 37455 CONAUS AA 

BELGIUM AND THE NETHERLANDS 

INELCO 
94, avenue de Guerre 
B 112O-Bruxelles 
Tel. 02.216.01.60 Telex 64 475 

m STANDARD BELGIUM 
components and aemlconductora group 
Rue Antoine-Court 15 
l080-BRUXELLES 
Tel. 02.424.28.00 Twx 22901 ITT MUL 

ALCOM ELECTRONICS BV 
Hollandsch Oiep 57 
2904 EP - CAPELLE AAN DE IJSSEL 
Tel. 010.51.93.33 Twx 26160 

m STANDARD NETHERLAND 
Philipsstraat 27 
2722 NA ZOETERMEER 
Tel. (31) 79.41.02.24 Twx 32 336 

CANADA 

FUTURE ELECTRONICS 
237 Hymus blvd., Point Claire, 
QUEBEC H9R5C7 
Tel. (514) 694.7710 Twx 610.421.3500 

82 SI. Regis Cresent, North 
Downvieu, ONTARIO, Canada M3J lZ3 
Tel. (416) 638.4771 Twx : 610 491 1470 

DENMARK 

SCAN SUPPLY 
18-20 Nannasgade 
OK 2200 - COPENHAGEN 
Tel. (01) 83.SO.90 Twx 19037 SCAPLY OK 

EGYPT 

ALAG TRADING 
3 Amiralay Hussein Gad Street 
HELIOPOLIS-GHARB 
LE CAIRE 
Tel. 690.667 Twx 93031 CHF UN 

FAR EAST ASIA 

JARDINE TECHNICAL PRODUCTS LIMITED 
Wond ,trade centre 
P.O., Box 30748 CAUSEWAY BAY 
HONG KONG 
Tel. 5.837.38.88 Telex 60004 JTPHK 

FINLAND 

A LAIKKO OY 
Kolmas Linja 16B22 
00530 HELSINKI 53 
Tel. (0) 75.04.14 Telex 125200 

FRANCE 

R6glon parlelanne 
ALMEX 
48, rue de /' Aub8pine 
Z.I. 92160 ANTONY 
Tel. (1) 666.21.12 Telex 250067 

GALLEC 
40, rue de Fontenelles 
92000 NANTERRE 
Tel. (1) 774.76.86 Telex 613232 

GEDIS 
352, Avenue Georges-Clemenceau 
92000 NANTERRE 
Tel. (1) 204.04.04 Telex: 615 051 

MECODIS 
31, rue de Metz 
94700 MAISONS-ALFOAT 
HI. (1) 378.30.00 T6lex 262061 

PEP 
541, avenue du General-de-Gaulle 
B.P. 309 
92143 CLAMART CEOEX 
Tel. (1) 630.24.56 Telex 204534 

SILECICODICOM 
52, rue des Carrieres 
B.P.43 
94222 CHARENTON 
Tel. (1) 375.95.92 Telex 680363 

TCC-DIS 
30, avo de la Republique 
94800 VILLEJUIF 
Tel. (1) 677.81.71 Telex 260743 

TEKELEC-AIRTRONIC 
6, avenue Salvador-Allende 
93804 EPINAY CEOEX 
Tel. (1) 821.60.44 Telex 630260 

523, place des Terrasses 
91034 EVRY CEOEX 
Tel. (6) 077.82.66 Telex 691158 



Bureau des Arcades 
424 La C10serie - CIos Mont d'Est 
93160 NOISY-LE-GRANO 
Tel. (1) 304.62.00 T6Iex 220368 

Cit6 des BruyMas, rue C.-Vemet 
B.P.2 
92310 SEVRES 
Tel. (1) 534.75.36 Telex 204552 

5, all68 du Bourbonnais 
78310 MAUREPAS 
Ttli. (3) 062.00.58 T6Iex 689121 

NoriI 

DIRECT 
Imrneubla La Tertial 
I, rue des Promenades 
B.P. 11 
59110 LA MADELEINE 
Ttli. (20) 55.58.03 Telex 120934 

SlLECISIDE 
Avenue Robert-Schuman 
C2 R6s1dence de l'Europe 
59370 MONS-EN-BAROEUL 
Ttli. (20) 04.75.08 Telex (734) 180450 

TEKELEC-AJRTRONIC 
Imrneubla MouHn 2 
5, rue du Cotibri 
59850 VILLENEUVE-O'ASCQ 
Tel. (20) 05.17.00 Ttllex 110114 
Cablne 25510130 

.. t 

SELFCO 
31, rue du Foss6-des-Treize 
67000 STRASBOURG 
Ttli. (86) 22.08.68 Ttllex 890706 

SILECIDEL 
Rue de l'EscauH 
Z.1. de Oijon - St-ApoIHnaire 
21000 OIJON 
Tel. (60) 71.57.45 T6Iex 350833 

SlLEClSLRD 
36, rue des Jardins 
La Ban-St-Martin 
B.P.l 
LONGEVILLE-LES-METZ 
57023 METZ CEDEX 
Tel. (87) 32.53.11 Telex 6601n 

SILECICODICOM 
Rue du Grand-V6on 
10000 TROVES 
Tel. (25) 82.17.431112.15.32 

TEKELEC-AJRTRONIC 
I, rue Gustave-Adolphe-Him 
67000 STRASBOURG 
Ttli. (68) 22.31.51 T6lax 880765 

R ....... A ..... 

ALMEX 
Norty2 
Route des Peupliers 
69750 OAROILLY 
Tel. (7) 868.00.68 Telex 375187 

GEDIS 
21, rue des Glairons 
38401 SAINT -MARTIN-O'HERES 
Tel. (76) 51.23.32 T6Iex 980786 

6, avenue du G"'6rai-de-Gaulle 
69350 LA MULATIERE 
Tel. (7) 851.47.68 Telex 305554 

PEP 
191 C, evenue Saint-Exup6ry 
69500 BRON 
Tel. (7) BOO.7O.02 Telex 340855 

SlLECIDEL 
Imrneuble La Zodiac 
40, avenue de Ia Maveria 
74000 ANNECY-LE-VIEUX 
Tel. (50) 23.17.29 Telex 309261 

Z.A.C. du Rondeau 
Impasse du Doctaur-Pascal 
38431 ECHIROLLES CEOEX 
Tel. (78) 20.05.09 T6lex 980938 

8, rue des FrerBS L.-et-E. Bertrand 
69632 VENISSIEUX CEOEX 
Tel. (78) 00.86.97 TELEX 340189 

TEKELEC-AJRTRONIC 
22, rue de la Baisse 
69100 VILLEURBANNE 
T61. (7) 864.06.06 . 

ZIRST IV 
Chemin des Pr6s 
38240 MEYLAN 
Tel. (76) 41.11.36 Telex 980207 

ALMEX 
Imrneuble Armorique 
171, avenue de Vem 
35100 RENNES 
Tel. (99) 51.86.16 Telex ALMEX RN 741034 F 

COMPOSANTS S.A. 
57, rue du Manoir-de-S6vign6 
B.P.3209 
Z.I. Route de Lorienl 
35013 RENNES CEOEX 
Tel. (99) 54.01.53 Telex 740311 

DIRECT 
151-153, route de Constantine 
B.P.4012 
76201 ROUEN CEDEX 
Tel. (35) 98.40.48 T6Iex n0842 

GEDIS 
9, rue du G6n6reI-Nicolet 
B.P.558 
35006 RENNES 
Tel. (99) 50.18.60 Telex 740056 

SILECISIDE 
R6sidence Front-de-Seine 
41, quai du Havre 
76000 ROUEN 
Ttli. (35) 98.22.99 



SILECIRIME 
Rue de la Dutee 
B.P.38 
44800 SAINT-HERBLAIN 
Tel. (40) 46.12.00 Telex 710084 

TEKELEC·AIRTRONIC 
20, avenue de Crimee 
B.P. 2246 
35022 RENNES CEDEX 
Tel. (99) 50.62.35 Telex 740414 

Cent .. et Centre-Ouest 

AUVERLEC 
Z.I., 2, rue de l'lndustrie 
B.P.2 
63800 COURNON-D'AUVERGNE 
Tel. (73) 84.76.62 Telex 390926 

COMPOSANTS S.A. 
« Le Moulin Apparent. 
Route de Paris 
86000 POITIERS 
Tel. (49) 66.60.50 Telex 791 525 

GEDIS 
I, rue du Danemark 
37100 TOURS 
Tel. (47) 41.76.46 Telex 750765 

Aqullelne.Mldl.PyNnHs 

ALMEX 
Immeuble «Centreda. 
Avenue Didier-Daurat 
31700 BLAGNAC 
Tel. (61) 71.11.22 Telex 521370 

COMPOSANTS S.A. 
Parc Industriel Bersol 
B.P.81 
Avenue G.-Eillel 
33605 PESSAC CEDEX 
Tel. (56) 36.40.40 Telex 550696 

55. avenue Louis-Braguet 
31400 TOULOUSE 
Tel. (61) 20.82.38 Telex 530957 

SILECISPELEC 
55, boulevard de Thibaud 
31084 TOULOUSE CEDEX 
Tel. (61) 41.05.00 Telex 530777 

SODIMEP 
16. rue des Cosmonautes 
B.P. 4345 
Z.1. du Palays 
31038 TOULOUSE CEDEX 
Tel. (61) 54.34.54 Telex 530737 

TEKELEC/AIRTRONIC 
Immeuble «Le Montesquieu » 
Avenue President-Kennedy 
33700 MERIGNAC 
Tel. (56) 34.84.11 Telex 550589 

22124, boulevard Thibaut 
31084 TOULOUSE CEDEX 
Tel. (61) 40.83.94 Telex 520374 

Provence·C6te d'Azur 

DIMEL 
Le Marino, avenue Claude-Farrere 
B.P.1153 
83058 TOULON CEDEX 
Tel. (94) 41.49.63 Telex 430093 

GEDIS 
Mercure C 
Z.1. d'Aix-en-Provence 
13763 LES MILLES CEDEX 
Tel. (42) 60.01.77 Telex 420683 

TCCoDISlSRD 
Chemin des Pennes-au-Pin 
Plan de Campagne 
13170 LES PENNES-MIRABEAU 
Tel. (42) 02.91.08 Telex 440076 

TEKELEC·AIRTRONIC 
BAtiment « Le Mercure» 
Avenue Ampere 
B.P.77 
13762 LES MILLES CEDEX 
Tel. (42) 27.66.45 Telex 440928 

GERMANY AND AUSTRIA 

ELECDIS RUGGABER GMBH 
Hertichstr. 41 
7250 LEONBERG 
Tel. 0715216020 Telex 724192 

ECS FREHSDORF GMBH 
Carl-Zeiss-Str. 3 
2085 QUICKBORN 
Tel. 04106171058 Telex 213693 

METRONIK GMBH 
Kapellenstr. 9 
8025 UNTERHACHING 
Tel. 089/611406063 Telex 529524 

RSC·HALBLEITER GMBH 
Industriestr. 2 
7536 ISPRINGEN 
Tel. 0723118010 Telex 783650 

RTG ELEKTRONIK GMBH 
Miirkischestr. 82a 
4600 DORTMUND 1 
Tel. 0231/528421 Telex 8227323 

SETRON 
Schiller Elektronik GmbH 
Theodor-Heuss-Str. 4b 
3300 BRAUNSCHWEIG 
Tel. 0531/80011 Telex 952812 

SPOERLE ELEKTRONIK KG 
Max-Plank-Str. 1-3 
6072 DREIEICH 
Tel. 0610313040 Telex 417 983 

ELBATEX GES.M.B.H. 
Endresstr. 54 
A-1238 WIEN 
Tel. 02221885611 Telex 0133128 



GREECE 

MAKONIK A_ LUCINI AND CO.OE 
90 Achilleus Street 
KALLITHEA - ATHENS 
Tel. (30) 941.93.29 Telex 219150 MAKO GR 

INDIA 

MELTRON 
(MAHARASHTRA ELECTRONICS CORP.LTD) 
Plot 214 - Backway Reclamation 
RehejaiCenter 13th Floor 
Nariman Point 
BOMBAY 400 021 
Tel. 240538 Twx. 0114506 

INDONESIA 

PT GENERAL EKA ENGINEER'S CORP LTD 
JL Tanah Abang IV HO'19 
JAKARTA 
INDONESIA 
Tel. 361608 nx 46761 TTGE IA 

IRAN 

FARATEL 
PO Box 11/1682 
21 Kandovan Alley Opp. Villa 
Enghelab ave 
TEHERAN 
Tel. (98) 21.67.00.01/5 Twx 213071 FARA IR 

ITALY 

ADVECO 
Via-Laltuada, 20 
20135 MILANO 
Tel. 02.5458465 Telex 340116 

CAMEL 
Via Tiziano, 18 
20145 - MILANO 
Tel. 02.4981481 Telex 325237 

ELEDRA 
Viale Elvezia, 18 
20154 MILANO 
Tel. 02.349751 Telex 332332 

LASI 
V. La Lombardia, 1 
20092 - CINISELLO BALSAMO (MI) 
Tel. 02.6120441 Telex 331610 

MECOM 
Via Ognlssanti, 83 
35100 PADOVA 
Tel. 049.655811 Telex 430402 

RECOM 
Via E. Collamarini, 22 
40138 BOLOGNA 
Tel. 051.534883 Telex 511818 

RG2 
Via Cassini, 81 
10129 TORINO 
Tel. 011-584826 

.IAPAN 

INTERNIX 
Shinjuku Hamada Bldg. 7-4-7, Nishi Shinjuku, 
Shinjuku-ku, TOKYO 160 
Tel. Tokyo (03) 369.1101 Telex J26733 

RIKEI 
1-26-2, Shinjuku, Nomura Bldg Nishi Shinjuku-ku 
TOKYO, 160 
Tel. 03.345.1141 Telex J242081J23772 

MCM JAPAN KK 
Maison L-203 1-1-6, Sakurashinmachi-Setagaya-ku 
TOKYO 154 
Tel. 03.705.5811 
Telex 02466416MCM JPNJ 

MARUEI SHOJI KK 
Asahi Seimei Mitaka Bldg, 1-6-7, Nakamachi-Mitaka-Shl 
TOKYO 
Tel. 0422.54.6600. 

MEXICO 

COBRA ELECTRONICA SA 
Calle Cuauhtemoc 312 
Col Uberacion 02930 
MEXICO 15 DF 
Tel. (52) 5.355.59.34 Telex ln2108 COELME 

NORWAY 

TAHONIC AlS 
Postboks 140 
Kaldbakken 
Kakkeiovinskron 2 
OSLO 9 
Tel. (02) 16.16.10 
Twx 7397 

PHILIPPINES 

EDGE-HORTH MARKETING CORPORATION 
5TH FLR, Pacific Bank Bldg, 
0, Paredes Street, C.P.O. Box 2429 
BINONDO, MANILA 
Tel. 47154118 Telex RCA 27993 EDAMC PH 

PORTUGAL 

SD COM RUALDO 
Rua S. Jose 9-15 
P-LISBOA 2 
Tel. (351) 19.37.34.61 Twx 16447 CABLE RUALDO 

SOUTH AFRICA 

PACE ELECTRONICS COMPONENTS PTY 
P.O. Box 701 - lsando 1600 
TRANSVAAL 
Tel. 36.12.11.6 Twx 8 3196 SA 

SOUTH EAST ASIA 

CONY ELECTRONIC PRIVATE LTD 
10 Jalan Besar 03-25 
Sim Lim Tower 
SINGAPORE 0820 
Tel. 296.21.11 Twx 34808 RS 

294.09.05 



SOUTH KOREA 

BUK SUNG TRADING COMPANY 
HO 301 .. Bo Sung Bldg, 
952-54, Dock San-Joong. 
GURO-KU, SEOUL, 
KOREA 
Tel. 654.1362.63.64 Tlx 0801 26925 

SPAIN 

VECTOR ESPANA S.A. 
TORRE DE MADRID 
Pza de Espana-18-7"-OF 16 
MADRID 13 
Tel. 248.25.65/26.75 Telex 49331 vect. 

SWEDEN 

FERTRONIC AB 
Box 3035/Dalvag~n 12 
S17103 SOLNA 
Tel. 8.830060 Twx 11181 FERTRONS 

TH'S ELEKTRONIK AB 
Box 3027 
Arrendevagen 36 
16303 - SPANGA 
Tel. (08) 36.29.70 Twx 11145 

SWITZERLAND 

MODULATOR S.A. 
Konizstrasse 194 
CH-3097 BERN-LiEBEFELD 
Tel. (31) 59.22.22 Twx 911859 

TAIWAN 

HUGE CO LTD 
10/F, nO 95, SEC 4 
Nanking E road 
TaipeifTaiwan 
Tel. (02) 771.5373-5fTx 25619 Huge Co 

THAILAND 
GRAWINNER COMPANY LIMITED 
226/27 Phahonyothin Road 
Phyathai 
BANGKOK 10400 
Tel. 278-3411 - 279.7292 Tlx 87.155 GWN TH 

TURKEY 

BARKEY SANAY MALZEMELERI 
T emsilcilik Ltd Sirketi 
P.O. Box 58320 Sisly 
OSMANBEY - ISTAMBUL 
Tel. 48.91.47 - 47.97.40 Twx 23401 HEN TR 

EPAS ELEKTRONICS MAMULLERI 
Pazarlama AS 
Abideis Hurriyet Cad. 
Mecidiye Koy y Olu 268 Sisli 
ISTAMBUL 
Tel. 47.73.58/48.94.33/48.94.34 Twx 22092 MOV TR 

UNITED KINGDOM AND IRELAND 

ABACUS ELECTRONICS PLC 
Kennet House Pembroke Road 
Newbury 
BERKSHIRE 
RG131BX 
Tel. 95.30680 Tlx 847589 

BLOOMER ELECTRONICS COMPONENTS 
9-10 Cam industrial Estate 
Portadown Co. Armagh 
NORTHERN IRELAND 
Tel. 0762.339818 Tlx 748054 

E.S.I. 
Signal House 
Jacklins Lane 
NEW ALRESSORD HANTS SO 249 JJ 
Tel. 096.273.4611 Tlx 477621 

HI TEK Distribution Ltd 
Trafalgar way 
BAR HILL 
CAMBRIDGE CB 3 8S0 
T8I. 0954.81996 Twx 817347 

HYCOMP/ADDON 
11 Shield Road 
Ashford Industrial Estate 
ASHFORD MIDDLESEX 
Tel. 0784.24.62.73 Tlx 923802 

POLAR ELECTRONICS LTD 
Europa HouselWest Street 
Leighton Buzzard 
BEDFORSHIRE LU 77 NO 
Tel. 0525.377.093 Tlx 825283 

PRONTO ELECTRONICS 
466-478 Cranbrook Road 
GANTS HILL - ILFORD 
ESSEX 
Tel. 01.554.6222 Tlx 8954213 

SEMICONDUCTOR SPECIALISTS 
Carroll House 
159, High Street 
West Drayton 
MIDDLESEX 
Tel. 08954.46415 Tlx 21958 

STEATITE MICROELECTRONICS 
11th Floor Hagley House 
Hagley Road - Edgbaston 
BIRMINGHAM B16 80W 
Tel. 021.454.2655 Tlx 337645 

TRANSWORLD SCIENTIFIC 
Richardson Street 
HIGH WYCOMBE - BUCKS 
Tel. 0494.36381 Tlx 837236 

UNITED COMPONENTS LTD 
Victory Electronics Division 
Un~ 7 Crown Way 
West Drayton 
MIDDLESEX UB7 8PS 
Tel. 0895.446622 Tlx 8952920 



us .. 

. ACI ELECTRONICS 
200 Newton road, PLAINVIEW, NY 11803 
Phone: (516) 293-6630 Twx: 510-224-6550 

345, Passeo Tesoro, WALNUT, CA 91789 
Phone: (213) 33HI735 Twx: 910-584-4893 

124 Cummings Park 
WOBURN, MA 01 888 
Phone: (617) 935-7230 Twx: 710-348-1672 

66 west Mount Pleasant avenue 
LIVINGSTON N07039 
Phone: (201) 740-0334 Twx: 710 990 1274 

ADD ELECTRONICS 
7 Adler Drive, NE., SYRACUSE, NY 13057 
Phone: (315) 437-0300 

ALL AMERICAN SEMICONDUCTOR 
16 251 N.W. 54th Avenue 
MIAMI, FL 33014 
Phone: (305) 621-8282 

2908 Oregon DOurt su~e G-2 
TORRANCE, CA 90503 
Phone: (213) 320-0240 Twx: 910-349-6204 

ANTHEM ELECTRONICS 
174 Component Drive, SAN JOSE, CA 95131 
Phone: (408) 946-8000 Twx: 910-338-2038 

1701-1 East Weber Drive, TEMPE, P;z 85381 
Phone: (802) 966-6600 Twx: 910-380-1900 

2661 Dow Avenue, TUSTIN, CA 92680 
Phone: (714) 730-8000 Twx: 910-595-1583 

20640 Bahama Street, CHATSWORTH, CA 91311 
Phone: (818) 700-1000 Twx: 910 493-2083 

8200 SO, Akron St., ENGLEWOOD, CO 80112 
Phone: (303) 790-4500 Twx: 910-925-5273 

15812 SO. West Upper Boone Ferry Road. 
LAKE OSWEGO, OR 97034 
Phone: (503) 684-2661 

5020 14Bth Avenue NE, REDMOND, WA 98052 
Phone: (206) 881-DB50 Twx: 910-987-0118 

1516 West 200 S 
SALT LAKE CITY, UT 64119 
Phone: (801) 973-8555 

4125 Sorrento Valley Blvd, Su~e A 
SAN DIEGO, CA 9221 
Phone: (619) 279-5200 Twx: 910-335-1515 

ARIZONA COMPONENTS 
2901 W Me Dewall road 
PHCENIX - P;z B5OO9 
Phone: (802) 269-5855 

CAM/RPe 
749 Miner Road, CLEVELAND, OH 44143 
Phone: (216) 461.4700 Twx: 810-427-2976 

1712 No. State Route 427 LONGWOOD, FL 32750 
Phone: (305) 634-2031 

Cumberland & Collins Street PHILADELPHIA, PA 19125 
Phone: (215) 739-4095 FAX: 634-5505 

620 Alpha Drive, RIDC Park, PITTSBURGH, PA 15238 
Phone: (412) 782-3nO Twx: 710-795-3126 

1020 L8igh station road ROCHESTER, NY 14467 
Phone: (716) 334-5600 

CECO COMMUNICATIONS 
2115 avenue "X", BROOKLYN, NY 11235 
Phone: (212) 646-6300 

DIXIE ELECTRONICS 
1900 Bamwell Street, COLUMBIA, SC. 29201 
Phone: (803) 779-5332 

Box 8215 Sunerast Drive, GRAY, TN 37615 
Phone: (615) 4n-3838 

4900 Pelham Road, GREENVILLE, SC. 29207 
Phone: (803) 297-1430 

2220 S. Tryon Street, CHARLOTTE, NC 28234 
Phone: (704) 377-5413 

(ECI) ELECTRONIC COMPo FOR INDUSTRY 
1569 W. King Street, YORK, PA 17404 
Phone: (717) 646-5334 

ELECTRO-WISE INC. 
4411 B. Evangel Circle 
HUNTSVILLE, AL 35805 
Phone: (205) 830-4764 

FUTURE ELECTRONICS 

69 North Street DANBURY, CT 06810 
Phone: (203) 743-9594 

7453 Morgan Road LIVERPOOL, NY 13088 
Phone: (315) 451-2371 

2250 So. Redwood Road SALT LAKE CITY, UT 64119 
Phone: (801) 972-8469/(800) 343-8755 
Tlx: 626-304-00 

225 Charcot Avenue SAN JOSE, CA 95131 
Phone: (408) 945-9100 

33, Flanders Road WESTBORO, MA 01581 
Phone: (617) 366-2400 

GENERAL RADIO SUPPLY 
600 Penn Street, CAMDEN, NJ 08102 
Phone: (809) 964-8580 

GREENE-5HAW CO 
70 Bridge Street NEWTON, MA 02195 
Phone: (617) 969-8900 Tlx: 92-2498 

1475 Whalley Avenue, NEW HAVEN CT 06525 
Phone: (203) 397-0710 

HANSEN ELECTRONICS 
17889 S.w. Tualatin Valley Hwy. BEAVERTON, OR 97005 
Phone: (503) 642-4455 

INTERNATIONAL ELECTRONICS 
10837 Pellicano, EL PASO, TX 79935 
Phone: (915) 598-3406 Twx: 910-988-D628 

2820 "H" Broadbent, ALBUQUERQUE, NM 87107 
Phone: (505) 345-8127 Twx: 910-989-D628 

INTERTEC COMPONENTS, INC. 
762 Big Tree Drive LONGWOOD, FL 32750 
Phone: (305) 834-nn 

!TAL 
15405 Proctor Ave., CITY OF INDUSTRY, CA 91745 
Phone: (818) 988-8515 Tlx: 70-111-2 

JOEL COMPANY 
612-11th Avenue So - HOPKINS, MN 55343 
Phone: (612) 935-6202 Twx: 910-576-3171 



JV ELECTRONICS 
690 E Main Street EAST HAVEN, CT 06512 
Phone: (203) 469-2321 Twx: 710-474-4826 

155 West Street WILMINGTON, MA 01887 
Phone: (617) 273-4300 

LEHIGH ELECTRONICS COMP., INC. 
1125 S. Cedar Crest Blvd. ALLENTOWN, PA 18103 
Phone: (215) 433-3045 Tlx: 84-6035 

MS ELECTRONICS 
8031 Cessna Avenue GAITHERSBURG, MD 20879 
Phone: (301) 921-0200 Tlx: 374-64-52 

NEP ELECTRONICS 
8300 W. Addison Street, CHICAGO, IL 60634 
Phone: (312) 625-8400 Twx: 910-221-1123 

2604 So. 162nd Street 
NEW BERLIN, WI 53151 
Phone: (414) 785-9100 

NWR ELECTRONICS 
7862 12th Avenue South, BLOOMINGTON, MN 55420 
Phone: (612) 854-7329 Tlx: 88-0448 

P. O. Box 687, Hwy. 169 No. & 13th Street 
HIBBING, MN 55746 

9900 Pflum Road, Suite 37 
LENEXA, KS 66215 
Phone: (913) 541-0304 

OHM ELECTRONICS 
746 Vermont Avenue, PALATINE HILL, IL 60067 
P.O. Box 368 
Phone: (312) 359-5500 Twx: 910-693-4802 

PACESETTER ELECTRONICS 
543 Weddell Drive, SUNNYVALE, CA 94086 
Phone: (408) 734-5470 Twx: 910-339-9559 

5417 E. La Palma ANAHEIM, CA 92807 
Phone: (213) 233-5800 Tlx: 55-9175 

PREHLER ELECTRONICS 
20770 Orchard Lake Road FARMINGTON HILLS, MI 48024 
Phone: (800) 321-5982 

17991 Englewood Drive, MIDDLEBURG Heights, OH 44130 
Phone: (216) 243-5510 

PRIEBE ELECTRONICS 
12908 N.E 125th way KIRKLAND, WA 98034 
Phone: (206) 821-4695 Twx: 910-444-4085 

QUALITY COMPONENTS 
4257 Kellway Circle, P.O., Box 819, ADDISON, TX 75001 
Phone: (214) 733-4300 Twx: 910-860-5459 

2427 Rutland Drive, AUSTIN, TX 78758 
Phone: (512) 835-0220 Twx: 910-874-1377 

6126 Westline, HOUSTON, TX 77036 
Phone: (713) 491-2255 

1005 Industrial Blvd., SUGAR LAND, TX 77478 
Phone: (713) 240-2255 Twx: 910-880-4893 

9934 E. 21 st., SOUTH TULSA, OK 74129 
Phone: (918) 664-8812 

RF GAIN LTD 
116 South Long Beech Blvd., ROCKVILLE CENTER NY 11570 
Phone: (516) 536-8868 Twx: 510-225-7508 

RM ELECTRONICS 
1801 Royal Lane, Suite 800 DALLAS, TX 75229 
Phone: (214) 869-2080 

180 Crossen ELK GROVE, IL 60007 
Phone: (312) 364-6622 Twx: 910-651-3245 

4310 Roger B. Chaffee Road, GRAND RAPIDS, M149508 
Phone: (616) 531-9300 Twx: 810-273-8779 

7031 Corporate Circle Drive 
INDIANAPOLIS, IN 46278 
Phone: (317) 291-7110 Twx: 810-341-3306 

4902 University Square HUNTSVILLE, AL 35805 
Phone: (205) 852-1550 Twx: 810-726-2177 

2626s 162nd St., NEW BERLIN, WI 53151 
Phone: (414) 784-4420 

3350 Scott Blvd SANTA CLARA, CA 95051 
Phone: (408) 496-0411 Twx: 910-338-2208 

SHANNON LTD 
7030 S. 188th Street, KENT, WA 98031 
Phone: (206) 763-0545 Twx: 15-2575 

SOLID STATE, INC 
46 Farrand Street, BLOOMFIELD, NJ 07003 
Phone: (201) 429-8700 Twx: 710-994-4780 

STERLING ELECTRONICS 
3540 0 Pan American Freeway ALBUQUERQUE, NM 87107 
Phone: (505) 884-1900 Tlx: 66-0441 

3501 East Bradway Road PHCENIX, AZ 85040 
Phone: (602) 268-2121 Twx: 910-951-1555 Tlx: 66-7317 

774 Pfeisser Blvd. PERTH AMBOY, NJ 08861 
Phone: (201) 442-8000 Tlx: 13-8679 

4325 November Avenue RICHMOND, VA 23231 
Phone: (804) 226-2190 Tlx: 82-7444 

101 Holly Avenue E., Unit 17 STERLING, VA 22170 
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