
11_ ' . 
r~r~ 
"111 ~ 

'~l 

Cl 

The Engineering Staff of 

TEXAS INSTRUMENTS INCORPORATED 
Semiconductor Group 

The 
Bipolar 

Microcomputer 
Components 
Data Book 

for 

Design Engineers 

DECEMBER 1977 

1 
\.~o TEXAS INSTRUMENTS 

IN CO RPORATED 



The 
Bipolar 

Microcomputer 
Components 
Data Book 

LCC4270A 

74170-127-HS 

for 

Design Engineers 

DECEMBER 1977 

TEXAS INSTRUMENTS 
INCORPORATE.-D 

Printed in U.S.A. 



iv 

IMPORTANT NOTICES 

Texas Instruments reserves the right to make changes at any time in 

order to improve design and to supply the best product possible. 

TI cannot assume any responsibility for any circuits shown or represent 

that they are free from patent infringement. 

Second Printing, December 1977 

Copyright © 1977 

Texas Instruments Incorporated 



THE BIPOLAR MICROCOMPUTER COMPONENTS 
DATA BOOK 

GENERAL INFORMATION AND INDEXES _ 

SCHOTTKY TTL 4-BIT·SLlCE PROCESSOR ELEMENTS _ 

12L 4-BIT·SLICE PROCESSOR ELEMENTS _ 

12L 16-BIT MICROPROCESSOR _ 

MEMORIES: PROM, ROM, RAM, FIFO _ 

SUPPORT FUNCTIONS DATA SHEETS __ 

MEMORIES/SUPPORT FUNCTIONS MECHANICAL DATA II1II 

FUNCTIONAL INDEX SELECTION GUIDE 



TI worldwide sales offices 
ALABAMA 

4717 University Drive, Suite 101 
Huntsville, Alabama 35805 

2OS.a37·753Q 

ARIZONA 

8102 ~02:'~X1v~~,6~uite A 
Phoenix, Arizona 85069 

602-249-1313 

CALIFORNIA 

3186J Airway 
Costa Mesa, California 92626 

714-540-7311 

831 S. Douglas St. 
Et Segundo, California 90245 

213-973-2571 

7827 Convoy Ct" Su ite 412 
San Diego, California 92111 

714-279-2622 

P.O. Bmc 9064 
776 Palomar Avenue 

Sunnyvale, California 94086 
408-732-1840 

COLORADO 

9725 E. Hampden St., Suite 301 
Denver. Colorado 80231 

303-751-1780 

CONNECTICUT 

2405 Whitney Avenue 
Hamden. Connecticut 06518 

203-281-0074 

FLORIDA 

4600 West Commercial Blvd. 
Fort Lauderdale, Florida 33319 

305-733-3300 

1850 Lee Road, Suite 115 
Winter Park, Florida 32789 

305-644-3535 

ARGENTINA 

Texas Instruments Argentina S.A.l.e.F. 

Km. 25, 5 Rutil Panameflcana Don Torcuato 
C.C. Box 2296 - Correo Central 

Buenos Aires, Argentina 
748·1141 

ASIA 

Texas Instruments ASia LId 

Aoyama Tower Bldg. 
4,5, & SF 

24·15 Minami Aoyama 
2-Chorne, Mlnato-Ku, 

Tokyo, Japan 107 
03-402--6171 

902, ASian House 
1, Hennessy Road 

Hong Kong 
5(279041 

Room 507, Chla HSIll Bldg. 
96 Chung Shan North Road, Sec. 2 

TalpfH, Taiwan 

P.O. Box 2093 
990 Benderneer Rd 

Stnflapore 1, RepubliC 01 Singapore 

AUSTRALIA 

Texas Instruments Australia Ltd. 

Urllt lA, 9 Byfield Street, P.O Box 106 
North Ryde, N.S.W. 2113 

Sydney, Australia 
887.1122 

AUSTRIA 

Tex<1S Instruments Ges. M.B.H 

Rennweg 17 
1030 Wlen, Austria 

724-186 

BELGIUM 

Texas Instruments Belgium SA 

Avenue Edouard Lacomble 21 
8-1040 Brussels, Belgium 

733-9623 

11-29-77 

ILLINOIS 

515 W. Algonquin 
Arlington Heights, Illinois 60005 

312-640-3000 

INDIANA 

2020 Inwood Drive 
ft. Wayne, Indiana 46805 

219-424-5174 

2346 S. Lynhurst Dr., Suite 101 
IndianapoliS, Indiana 46241 

31 7-248-8555 

MARYLAND 

6024 Jamina Downs 
Columbia, Maryland 21045 

301·997-4755 

MASSACHUSETTS 

504 Totten Pond Road 
Waltham, Mass. 02154 

617·69().740Q. 

MICHIGAN 

Central Park Plaza 
26211 Central Park Blvd., Suite 215 

Southfield. Michigan 48076 
313·353·0830 

MINNESOTA 

A.I.C. Bldg., SUite 202 
7615 Metro Blvd. 

Edina, Minn. 55435 
612-835·2900 

MISSOURI 

8080 Wald Parkway 
Kansas City, Missouri 64114 

816-523·2500 

NEW JERSEY 

1245 Westfield Ave. 
Clark, New Jersey 07066 

201-574-9800 

BRAZIL 

TE!x/ls Instrumentos Electronlcos 
do Brasil Ltda 

Rua Padre P'~relra Andrade, 591 
05469 Sao Paulo, SP, Brasil 

260·6347 & 260·5710 

CANADA 

Texas Instrurnrmls Incorporated 

945 McCall!)ry Street 
St. Laurent H4T1N3 

Quebec, Canada 
514·341·3232 

41 Shelley Road 
AII;llmolld Hili (Toronto) LYC564 

OntariO, Canada 
416-884·9181 

DENMARK 

Texas Instruments AIS 

Moroelundvp.1 46 0 
DK·2730 Herlev, Denrnark 

917400 

FINLAND 

Tex<ls trlstrurnents Fmland QY 

Fwesenkatu 6 
P.O. Box 917 

00101 Helsmkl 10, Frnland 
408300 

FRANCE 

TeXl1S Instruments France 

l.a BOursldlere, Bloc A, R N 186 
92350 Le PleSSIS Robrnson, France 

(1) 630 23 43 

31, QUat Rarnbaud 
69002 Lyon. France 

(78) 37 35 85 

9. Place de Bretange 
35000 Rennes, France 

(99) 795481 

L'Autan 100, Aile de Barcelone 
31500 Toulouse. France 

(61) 21 3032 

" Av. de la Chartreuse 
38240 Meylan, France 

(76) 904574 

NEW MEXICO 

5907 Alice N.E. 
SUite E 

Albuquerque, New Mexico 87110 
505-26E-8491 

NEW YORK 

6700 Old Collamer Rd. 
East Syracuse, New York 13057 

315463-9291 

112 Nanticoke Ave., P.O. Box 618 
Endicott, New York 13760 

607·754-3900 

201 South Avenue 
PoughkeepSie, New York 12601 

914-473-2900 

1210 Jefferson Rd. 
Rochester, New York 14623 

716-461-1800 

1 Huntington Quadrangle, Suite lCOl 
Melville, New York 11746 

516-293-2560 

NORTH CAROLINA 

1 Woodlawn Green, Woodlawn Road 
Charlone, North Carolina 28210 

704·527-0930 

OHIO 

Belmont Bldg., Suite 120 
28790 Chagrin Blvd. 

Cleveland. Ohio 44122 
216-464-2990 

Hawley Bldg., SUite 101 
4140 Linden Avenue 
Dayton, OhIO 45432 

513·253·3121 

GERMANY 

Tex<lS Instruments Deuts(:hland GmbH 

Hagyenystrasse 1 
8050 Frelsmg, Germany 

08161180·1 

Frankfurter RIn!l 243 
8000 MUnich 40, Germany 

089/325011·15 

lalim~lts!rassc 19 
4300 Essen, Germany 

0201/233551 

Aka/lenstrassl;! 22·26 
6230 Franklurt·Gfleshelm, Germany 

0611/399061 

RlethOlst 4 
3000 HannovElr 51. Germany 

05111648021 

KfIlfl!lclerstrass~! 11·15 
7000 SllJltgari 50. Germany 

0711/547001 

KurIUI!rs!!!ndarnm 146 
1000 Berllll, Gerrnany 

030/892"1 063 

ITALY 

TE!XUS lnstruments ltaha SpA 

Via Della GiustI/Ii} 9 
20125 Milan, Italy 

02·6883141 

Via l. Manctnella65 
00199 Roma, Italy 

06·837745 

Via Monlf!bello 27 
10124 Torma. Italy 

011-832276 

MEXICO 

Tuxas Instruments de Mex ICO S.A. 

Poniente 116 =489 
Industrial VallejO 

MeXICO City, 15, D.F., MeXICO 
567-92-00 

OREGON 

10700 S.W. Beaverton Hwy. 
Suite 11 

Beaverton, Oregon 97005 
503-643-6759 

PENNSYLVANIA 

275 Commerce Drtve, SUite 300 
Fort WaShington, Pa. 19034 

215-643-6450 

TEXAS 

6000 Denton Drive 
P.O. Box 5012, MIS 366 

Dallas. Texas 75222 
214·238-6805 

9000 S. W. Freeway, Suite 400 
Houston. Texas 77036 

713-776-6511 

VIRGINIA 

Crystal Square 4 
1745 Jcifersoll DaVIS Hwy., S\!lte 600 

Ar!m~lOn, VlrgH1la 22202 
703·979·9650 

3930 Beulah Rd. 
Rrchmond, VlrgHlla 23234 

804·275·8148 

WASHINGTON 

700 112th N.E., SUite 10 
Bellevue, Washington 98004 

206455-3480 

NETHERLANDS 

Tex.ls InstrwTwnts Holland B.V. 

L1lan V<ln de Helende Mellstels No. 421 
Arnstl-!Iveen, Hollnnd 

473391 

NORWAY 

TE!X(lS Instruments NOlway AIS 

HYt.'nsvlIl!,!t!1l 15 
Oslo 6, NOIw<lY 
(02) 689485 

PORTUGAL 

TE~xas Instlun\l)llb E:qulpilrlWnlO 
Electr(lIlIl:O LOA 

Rua Eng. frecl!!IICO 
Ulrich 2650 

Mon'" il Dil Mw(.I, POI hltJill 
948/1003 

SPAIN 

C<tf![! Mallorcn 272·276 
12 Bwcelonil 12. SPiliO 

2152950 

SWEDEN 

T!!xas Instruments Inll~rnil\ll)llili Trilc!!! 
Corporation (Sve!l!jefIIIOlll'nl 

Fad 
Norra Hannvag~n 3 

S 10054Stockhoim 
Sweden 

08-235480 

UNITED KINGDOM 

T~xas InShumnnts LlmllmJ 

ManIon Lilne 
81!dlord, En,jland 

0234·67466 



THE BIPOLAR MICROCOMPUTER COMPONENTS 
DATA BOOK 

This data book describes a series of high complexity bipolar digital building blocks designed specifically for implementing 
high performance computer or controller systems. The series offers a system designer the maximum flexibility for achieving 
cost·effective hardware designs from dedicated, highly specialized unique systems with tailored instructions to general· 
purpose computers capable of emulating existing machine instructions, or programs, without loss of software investment. 

In addition to a choice between the high·performance Schottkyt TTL 4·bit slice processor element, the unique performance 
flexibility of an 12L 4·bit slice processor element, or a 16·bit computer central processing unit (CPU), the system designer can 
pick from a full family of Schottky TTL memories (RAMs, PROMs and ROMs), and state·of·the·art support functions needed 
to meet all control and interface requirements. 

The SN74S481, with a typical clock cycle time of 90 ns, and the SN54LS481/SN74LS481 at 120 ns, are the industry's 
highest complexity Schottky TTL processor elements, and the only bipolar micro/macroprogrammable elements featuring 
automatically sequenced iterative multiply and divide and cyclical· redundancy algorithms. 

The SBP0400A and the SBP0401A, integrated injection logic (l2L) bit slices with complete TTL/MOS compatibility, can 
operate at a constant speed· power product over a wide range of supply current therein offering an unmatched level of 
performance flexibility. 

The SBP 9900 microprocessor, a ruggedized monthlithic parallel 16·bit (l2L) central processing unit (CPU), combines an 
advanced memory·to·memory architecture, a powerful minicomputer instruction set, user·programmable speed/power 
performance with the simplicity of a single power supply and static logic with a single phase clock to thrust its capabilities 
beyond those of existing microprocessors. 

The family of high·performance Schottky TTL memories offers a wide variety of organizations providing efficient solutions 
for virtuall y any size micro control or program memory. 

System control is simplified to a very low package count with the expandable SN54S174S482 4·bit slice controller 
performing next·address generation functions coupled with system status decoding performed by the industry's most versatile 
field·programmable logic arrays. 

A number of advanced high·complexity I/O and interface circuits have been added to the series. Most of these 1/0 and 
interface functions as well as a number of ~he other processor support functions are offered in space saving 20·pin packages 
which reduce package count and enhance system density. 

Although this volume offers design and specification data only for bipolar computer components, complete technical data for 
any TI semiconductor/component product are available from your nearest TI field sales office, local authorized TI 
distributor, or by writing direct to: Marketing and Information Services, Texas Instruments Incorporated, P. O. Box 5012, 
MS 30B, Dallas, Texas 75222. 

We sincerely hope you will find the Bipolar Microcomputer Components Data Book a meaningful addition to your technical 
library. 

tlntagrated Schottky·Barrier dio ..... 
'277 clampad transistor is patented by 

Texas Instruments. U. S. Patent 
Number 3,463,975. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

NOTICE 

Some products described in this 
document are in the developmental 
stage, and Texas Instruments reserves 
the right to change these specifica· 
tions in any manner. without notice. 
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GLOSSARY 
TTL TERMS AND DEFINITIONS 

INTRODUCTION 

This glossary consists of two parts: (1) general concepts for digital circuits including types of bipolar memories, and (2) 
operating conditions and characteristics (including letter symbols). The terms, symbols, abbreviations, and definitions 
used with memory integrated circuits have not, as yet, been standardized. All are currently under consideration by the 
EIA/JEDEC (Electronic Industries Association) and the IEC (International Electrotechnical Commission). The 
following are as consistent with the past and future work of these organizations as is possible to anticipate at this time. 

PART I - GENERAL CONCEPTS INCLUDING TYPES OF BIPOLAR MEMORIES 

Chip-Enable Input 

A control input that when active permits operation of the integrated circuit for input, internal transfer, manipulation, 
refreshing, and/or output of data and when inactive causes the integrated circuit to be in a reduced-power standby 
mode. 
NOTE: See "chip-select input". 

Chip-Select Input 

A gating input that when inactive prevents input or output of data to or from an integrated circuit. 
NOTE: See "chip-enable input". 

Dynamic (ReadlWrite) Memory 

A read/write memory in which the cells require the repetitive application of control signals in order to retain stored 
data. 
NOTES: 1. The words "read/write" may be omitted from the term when no misunderstanding will result. 

2. Such repetitive application of the control signals is normally called a refresh operation. 
3. A dynamic memory may use static addressing or sensing circuits. 
4. This definition applies whether the control signals are generated inside or outside the integrated circuit. 

First-In First-Out (FIFO) Memory 

A memory from which data bytes or words can be read in the same order, but not necessarily at the same rate, as that 
of the data entry. 

Gate Equivalent Circuit 

A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number of 
individual logic gates that would have to be interconnected to perform the same function. 

Large-Scale Integration. LSI 

A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this 
context a major subsystem or system, whether digital or linear, is considered to be one that contains 100 or more 
equivalent gates or circuitry of similar complexity. 

Mask-Programmed Read-Only Memory 

A read-only memory in which the data content of each cell is determined during manufacture by the use of a mask, the 
data content thereafter being unalterable. 

TEXAS INSTRUMENTS 
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1276 



1276 

Medium-Scale Integration. MSI 

GLOSSARY 
TIL TERMS AND DEFINITIONS 

A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem or 
system is smaller than for LSI, but whether digital or linear, is considered to be one that contains 12 or more equivalent 
gates or circuitry of similar complexity. 

Memory Cell 

The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it is or can be 
stored, and from which it can be retrieved. 

Memory Integrated Circuit 

An integrated circuit consisting of memory cells and usually including associated circuits such as those for address 
selection, amplifiers, etc. 

Output-Enable Input 

A gating input that when active permits the integrated circuit to output data and when inactive causes the integrated 
circuit output(s) to be at a high impedance (off). 

Programmable Read-Only Memory (PROM) 

A read-only memory that after being manufactured can have the data content of each memory cell altered once only. 

Random-Access Memory (RAM) 

A memory that permits access to any of its address locations in any desired sequence with similar access time for each 
location. 
NOTE: The term RAM, as commonly used, denotes a read/write memory. 

Read-Only Memory (ROM) 

A memory in which the contents are not intended to be altered during normal operation. 
NOTE: Unless otherwise qualified, the term "read-only memory" implies that the content is unalterable and defined 
by construction. 

Read/Write Memory 

A memory in which each cell may be selected by applying appropriate electronic input signals and the stored data may 
be either (a) sensed at appropriate output terminals, or (b) changed in response to other similar electronic input signals. 

Small-Scale Integration. SSI 

Integrated circuits of less complexity than medium-scale integration (MSI). 

Very-large-Scale Integration. VlSI 

A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a system, whether 
digital or linear, is considered to be one that contains 1000 or more gates or circuitry of similar complexity. 

Volatile Memory 

A memory the data content of which is lost when power is removed. 
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GLOSSARY 
TIL TERMS AND DEFINITIONS 

PART II - OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS) 

The symbols for quantities involving time use upper and lower case letters according to the following historically 
evolved principles: 

a. Time itself, is always represented by a lower case t. 

b. Subscripts are lower case when one or more letters represent single words, e.g., d for delay, su for setup, rd 
for read, wr for write. 

c. Multiple subscripts are upper case when each letter stands for a different word, e.g., SR for sense recovery 
and PLH for propagation delay from low to high. 

Access Time (of a memory) 

The time between the application of a specified input pulse during a read cycle and the availability of valid data signals 
at an output. 

Example symbology: 

ta(ad) 
ta(E) 
ta(S) 

Access time from address 
Access time from chip enable 
Access time from chip select 

Clock Frequency 

Maximum clock frequency, fmax 
The highest rate at which the clock input of a bistable circuit can be driven through its required sequence while 
maintaining stable transistions of logic level at the output with input conditions established that should cause changes 
of output logic level in accordance with the specification. 

Current 

High·level input current, II H 
The current into' an input when a high·level voltage is applied to that input. 

High-level output current, 10H 
The current into' an output with input conditions applied that according to the product specification will establish a 
high level at the output. 

Low-level input current, IlL 
The current into * an input when a low· level voltage is applied to that input. 

Low·level output current, 10L 
The current into' an output with input conditions applied that according to the product specification will establish a 
low level at the output. 

Off· state output current, 10(off) 
The current flowing into * an output with input conditions applied that according to the product specification will 
cause the output switching element to be in the off state. 
Note: This parameter is usually specified for open·collector outputs intended to drive devices other than logic circuits . 

• Current out of a terminal is given as a negative value, 
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GLOSSARY 
TTL TERMS AND DEFINITIONS 

Off-state (high-impedance-state) output current (of a three-state output), 10Z 
The current into' an output having three-state capability with input conditions applied that according to the product 
specification will establish the high-impedance state at the output. 

Short-circuit output current, lOS 
The current into' an output when that output is short-circuited to ground (or other specified potential) with input 
conditions applied to establish the output logic level farthest from ground potential (or other specified potential). 

Supply current, ICC 
The current into' the Vee supply terminal of an integrated circuit. 

Cycle Time 

Read cycle time, tc(rd) (see note) 
The time interval between the start and end of a read cycle. 

Read-write cycle time, tc(rd,wrl (see note) 
The time interval between the start of a cycle in which the memory is read and new data are entered, and the end of 
that cycle. 

Write cycle time, tc(wrl (see note) 
The time interval between the start and end of a write cycle. 
NOTE: The read, read-write, or write cycle time is the actual interval between two impulses and may be insufficient 

for the completion of operations within the memory. A minimum value is specified that is the shortest time in 
which the memory will perform its read and/or write function correctly. 

Hold Time 

Hold time, th 
The interval during which a signal is retained at a specified input terminal after an active transition occurs at another 
specified input terminal. 
NOTES: 1. The hold time is the actual time between two events and may be insufficient to accomplish the intended 

result. A minim'um value is specified that is the shortest interval for which correct operation of the logic 
element is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest interval 
(between the release of data and the active transition) for which correct operation of the logic element is 
guaranteed. 

Output Enable and Disable Time 

Output enable time (of a three-state outputl to high level, tPZH (or low level, tpzLl 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to the defined high (or low) level. 

Output enable time (of a three-state output) to high or low level, tpzx 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high·impedance (off) state to either of the defined active levels (high or low). 

Output disable time (of a three-state outputl from high level, tPHZ (or low level, tPLZ) 
The propagation delay time between the speCified reference points on the input and output voltage waveforms with the 
three-state output changing from the defined high (or low) level to a high·impedance (off) state. 

·Current out of a terminal is given as a negative value. 
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TTL TERMS AND DEFINITIONS 

Output disable time (of a three-state output) from high or low level, tpxz 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from either of the defined active levels (high or low) to a high·impedance (off) state. 

Propagation Time 

Propagation delay time, tPD 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from one defined level (high or low) to the other defined level. 

Propagation delay time, low·to·high·level output, tPLH 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined low level to the defined high level. 

Propagation delay time, high·to·low·level output, tpHL 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined high level to the defined low level. 

Pulse Width 

Pulse width, tw 
The time interval between specified reference points on the leading and trailing edges of the pulse waveform. 

Example symbology: 

Recovery Ti me 

tw(cir) 
tw(wr) 

Sense Recovery time, tSR 

Clear pulse width 
Write pulse width 

The time interval needed to switch a memory from a write mode to a read mode and to obtain valid data signals at the 
output. 

Release Time 

Release ti me, trelease 
The time interval between the release from a specified input terminal of data intended to be recognized and the 
occurrence of an active transition at another specified input terminal. 
Note: When specified, the interval designated "release time" falls within the setup interval and constitutes, in effect, a 
negative hold time. 

Setup Time 

Setup time, tsu 
The time interval between the application of a signal that is maintained at a specified input terminal and a consecutive 
active transition at another specified input terminal. 
NOTES: 1. The setup time is the actual time between two events and may be insufficient to accomplish the setup. A 

minimum value is specified that is the shortest interval for which correct operation of the logic element is 
guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the longest interval 
(between the active transition and the application of the other signal) for which correct operation of the 
logic element is guaranteed. 
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Transition Time 

Transition time, low-to-high-Ievel, tTLH 

GLOSSARY 
TTL TERMS AND DEFINITIONS 

The time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing from 
the defined low level to the defined high level. 

Transition time, high-to-Iow-Ievel, tTHL 
The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing from 
the defined high level to the defined low level. 

Voltage 

High-level input voltage, VIH 
An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary 
variables. 
NOTE: A minimum is specified that is the least positive value of high-level input voltage for which operation of the 

logic element within specification limits is guaranteed. 

High-level output voltage, VOH 
The voltage at an output terminal with input conditions applied that according to the product specification will 
establish a high level at the output. 

Input clamp voltage, VIK 
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage swing. 

Low-level input voltage, VII:' 
An input voltage level within the less positive (more negative) of the two ranges of values used to represent the binary 
variables. 
NOTE: A maximum is specified that is the most positive value of low-level input voltage for which operation of the 

logic element within specification limits is guaranteed. 

Low-level output voltage, VOL 
The voltage at an output terminal with input conditions applied that according to the product specification will 
establish a low level at the output. 

Negative-going threshold voltage, VT _ 
The voltage level at a transition-operated input that causes operation of the logic element according to specification as 
the input voltage falls from a level above the positive-going threshold voltage, VT +. 

Off-state output voltage, VO(off) 
The voltage at an output terminal with input conditions applied that according to the product specification will cause 
the output switching element to be in the off state. 
Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 

On-state output voltage, VO(on) 
The voltage at an output terminal with input conditions applied that according to the product speCification will cause 
the output switching element to be in the on state. 
Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 

Positive-going threshold voltage, VT+ 
The voltage level at a transition-operated input that causes operation of the logic element according to specification as 
the input voltage rises from a level below the negative-going threshold voltage, VT -. 
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xiv 

TIL 
EXPLANATION OF FUNCTION TABLES 

The following symbols are used in function tables on TI data sheets: 

H 

L 

t 
.j, 

x 
a .. h 

00 

00 

On 

JL 
U 

TOGGLE 

high level (steady state) 

low level (steady state) 

transition from low to high level 

transition from high to low level 

value/level or resulting value/level is routed to indicated destination 

value/level is re-entered 

irrelevant (any input, including transitions) 

the level of steady-state inputs at inputs A through H respectively 

level of 0 before the indicated steady-state input conditions were established 

complement of 00 or level of n before the indicated steady-state input conditions were established 

level of 0 before the most recent active transition indicated by .j, or t 
one high-level pulse 

one low-level pulse 

each output changes to the complement of its previous level on each active transition indicated by 
.j, or t. 
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1. INTRODUCTION 

These Schottky TTL 4-bit expandable parallel binary micro/macroprogrammable processor element building blocks 
are designed specifically for implementing high-performance digital computers/controllers. With the ability to 
efficiently emulate existing systems, they can be used to upgrade hardware performance with full compatibility to 
protect software investments. 

Two performance ranges are available: 

a. The SN74S481, Schottky TTL performs typically at a clock cycle time of 90 nanoseconds at 345 
milliamperes of supply current. 

b. The SN54LS/74LS481, low-power Schottky TTL performs typically at a clock cycle time of 120 
nanoseconds at 220 milliamperes of supply current. 

1.1 ARCHITECTURAL FEATURES 

Designed with full parallel dual input/output ports, the memory-to-memory architecture provides a new dimension in 
interrupt processing or program context switching flexibilities. Static bipolar logic performs each microinstruction 
within a single clock cycle. 

Primary among the architectural features are: 

• • 
• 
• 
• 

Microprogrammable, bit-slice design is expandable in 4-bit multiples 
Full parallel dual input/output ports for use in advanced memory·to-memory architecture 
Full-function ALU with carry look-ahead, magnitude, and overflow decision capabilities 
Double-length accumulator with full shifting capability and sign-bit handling 
Dual memory address generators on-chip. 

1.2 OPERATIONAL FEATURES 

The functional capabilities, characterized by the 24,780 unique operations, coupled with the macroprogrammable 
multiply and divide algorithms, make these processor elements particularly attractive for implementing advanced high 
performance computers and controllers. 

In addition to the full parallel data bus structure, the 'S481 architecture also features asynchronous access to data 
routing and counter updating controls which, when combined with the most versatile instruction set available (see 
operational description) maximizes flexibility, efficiency, and performance. Simultaneous compound operations in 
the form of an ALU function with shift, plus destination selection with address/iteration updating, plus address and 
present data to memory can be accomplished in a single microcyle. Some other operational features are: 

• Simultaneous one-clock compound operations, with status, can reduce microcycles and improve throughput 
• Pre-programmed eRG and double-precision multiply/divide algorithms 
• Double length accumulator with full bidirectional single/double precision arithmetic/logical/circulate shift 

capabilities include sign protection 
• Full micro-operational control is provided for programming: address updating, data and address source 

selection, and direct transfer of data to working register or working memory 
• Relative position control defines bit-slice rank imd sign handling in N-bit applications. 

1.3 MECHANICAL FEATURES 

These processor elements are supplied in either a high-density quad-in-line ceramic package or a plastiC dual-in-line 
package. The high-density 48-pin ceramic package has quad pin rows formed on 600- and 800-mil centers. Within each 
of the four rows, the pin spacing is 100 mils, center-to-center. The plastic dual-in-line package has standard 100-mil 
spacing on 600-mil centers. Outline drawings are provided in Section 6 of this data book. 

NOTE: Functional and operational descriptions through this data manual which reference the 'S481 are applicable to both the SN74S481 and 
the SN54LS/74LS481 processor elements. 
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PIN NUMBER PIN NAME 

46,47 BI/OO, BllOl 
1,2 BII02, BI/03 

6,5 AIO,AI1 
4,3 AI2,AI3 

7, a OPO,OP1 
9,10 OP2,OP3 
17,14 OP4,OP5 
13,11 OP6,OP7 
15,16 Opa,OP9 

12 VCC 
18 ern 
19 POS 

20 Y/AG 

21 X/LG 

22 COD'f 
23 EQ 

24 I:DWR 

26 WRRT, 
25 WRLFT 

28 XWRRT, 
27 XWRLFT 

29 DO 
30 D1 

34 DOPO 
33 DOPl 
32 DOP2 
31 DOP3 

35 mcl\iIT! 

36 GND 

37 CCO/OV 

2 

TABLE 1 
FUNCTIONAL DESCRIPTIONS 

PIN FUNCTION 

4-bit parallel data input port to the B latch, or 4-bit parallel data 
output for the ~>bus when not being used as an input. 

4-bit parallel data input port to the A latch and WR. 

OPO through OP9 serve as a 1 O-bit parallel operation-select input to 
the micro-decode logic array. In the most-significant position, OPS 
and OP9 additionally serve as open-collector outputs during multi-
plV and divide algorithms. In the least-significant position, OP9 
serves as an open·collactor output during the CRC algorithm. 
Single 5·volt power·supply terminal. 

Receives low-active ripple carry input data, 

Directs internal and input/output end-conditions required to define 
the relative position of each bit-slice when N·SN74S4a1's are 
cascaded to implement Nx4·bit word lengths. When biased at 2.4 
volts, the package operates as the least-significant (LSP) slice; when 
grounded, it functions as an intermediate (I P) slice; and when high, 5 
volts, it functions as the most·significant (MSP) slice. 

I n least-significant and intermediate positions outputs arithmetic 
carry generate (Y) for use with look-ahead. I n most-significant 
position outputs true arithmetically-greater-than signal. 

In least-significant and intermediate positions outputs arithmetic 
carry propagate (X) for use with look-ahead. I n most-significant 
position outputs true logically-greater-than signal. 

Outputs low-active ripple carry data. 

Outputs true (active·high) equality of ~' bus equals zero for each 
4-bit slice. The open-collector output permits wire-AND to achieve 
Nx4·bit equality output. 

When low, data applied at the AI port coincident with the t clock 
transition is loaded into the WR. 

Working register and ~·bus shift interconnectivity pins. WRRT 
receives left·shift and outputs right-shift (true) data. WRLFT 
receives right·shift and outputs left-shift (true) data. Shift can be 
single-precision, double-precision, signed or unsigned. 

Extended w<?rking register sh itt interconnectivity pins. XWRRT 
receives left·shift and outputs right·sh ift (true) data. XWRLFT 
receives right-shift and outputs left·shift (true) data. Shift can be 
single-precision, double-precision, signed or unsigned. 

Selects one of three OOP sources (WR, XWR, or ~·bus) or places 
the DOP outputs in a high·impedance state. 

4-bit parallel, data·out port. DOPO is LSB. 

When low, enables the MC to increment as directed by -ecr on the 
next t clock transition. When high, inhibits MC to hold mode. As 
COO is common to Me and PC, the MC should be inhibited when 
PC is enabled. 

Common or ground terminal for the supply voltage. 

In least-significant and intermediate positions a low-level output 
indicates that either the PC or MC is at maximum count. As cc;o is 
common for both PC and Me ambiguous carry can be avoided if one 
or both counters islare disabled by the ~ andlor lNCiiiiC 
inputs. In the most-significant position, a high-level output, 
depending on the operation selected, indicates that the WR, XWR, 
or ALU will overflow (OV) on the next clock. 

INPUT, OUTPUT, OR 
INPUT IOUTPUT 

InputslOutputs 

Inputs 

Inputs 

Supply Voltage Pin 

Input 

Input 

Output 

Output 

Output 

Open-Collector·Output 

Input 

Bidirectional I/O 

Bidirectional 1/0 

Inputs 

3-state outputs 

Input 

Output 



PIN NUMBER 

38,39 
40,41 

42 

43 

44 

45 

48 

CLOCK~ 

~~~~. [ 
INPUTS l 

INC""PC _________ TO PC 

INPUTS! 
OUTPUTS 

X OUT 
LOG> OUT (MSPI 

iNC:MC _ TO M(; t---, _ VOUT 
~ _______________ T()WH AHITH.> OUT (MSP) 

COUT f----- eOUT 

~_EOUAL AO MUX {PGM CTR 
~lLEcr - MEM enl 

~ "l~",--" 
ADD~5~~ OUT 

FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 

TABLE 1 (Continued! 

PIN NAME PIN FUNCTION 
INPUT, OUTPUT, OR 

INPUT IOUTPUT 

AOPO, AOP1 4-bit parallel address-out port. Outputs 

AOP2, AOP3 

AD Selects one of two AOP sources (PC or MCI. Input 

INCPC When low, enables the PC to increment as directed by cel on the Input 
next t clock transition. When high, inhibits PC to hold mode. As 
CCO is common to PC and MC, the PC should be inhibited when 
Me is enabled. 

CCI In least-significant position, a low input directs enabled PC or Input 

enabled MC to increment by one on next t clock transition. I n the 

LSP, a high directs enabled PC or enabled MC to increment by 2. In 
other positions, a low is a carry input and a high inhibits the 

counter. 

CK When high, enables the transparency of A and B input latches. When Input 

low, latches A and 8 input data. Clocks synchronous registers and 
counters on the positive transition. 

BIIO SEL When low, enables BIIO to output ~-bus data. When high, the BIIO Input 

output drivers are placed in a high-impedance state permitting 81/0 

to be used as data inputs. 

-
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2. DETAILED FUNCTIONAL DESCRIPTIONS 

2.1 MICRO·DECODING LOGIC ARRAY 

The micro·decoding logic array is a dedicated 11 input PLA decoding 73 product terms to generate 24 control lines 
needed to implement the 14 operation forms. The eleven inputs consist of the ten operation select lines (OPO through 
OP9) and the ALU carry input. The carry input, utilized as an additional operation select line during operation forms 
not performing arithmetic functions, maximizes system pin efficiency and functional density. 

In an expanded word-length system (two or more 'S481's). operation select inputs 8 (OP8) and 9 (OP9) assume an 
input/output capability in the most-significant or least-significant package as a result of the position control and the 
type of operation being performed. During microprogrammable operation forms I through IX, OP8 and OP9 function 
simply as another input; but, during the macro programmable operations of forms X through XIV one or both become 
an output during iterations_ Table 2 summarizes by operation form the control (output) package and the operation 
lines which are used as an output. 

TABLE 2 

MSP OPS and 0P9 ITERATIVE FUNCTION SUMMARY 

CONTROL OPERATION SELECT I/O 
OP. FORM ALGORITHM 

PACKAGE OPS OP9 

I thru IX A" None INPUT INPUT 

X CRC ACCUMULATION LSP INPUT OUTPUT 

XI SIGNED DIVIDE MSP OUTPUT OUTPUT 

XII UNSIGNED DIVIDE MSP INPUT OUTPUT 

XIII UNSIGNED MULTIPLY MSP INPUT OUTPUT 

XIV SIGNED MUL TIPL Y MSP OUTPUT OUTPUT 

If the macroinstructions are to be used in an expanded word length, OP8 and OP9 select lines of the MSP and the OP9 
line of the LSP should be driven from either a 3-state output (which can be placed in high-impedance state) or an 
open-collector output (which can be wire-OR'ed with the OP select I/O lines)_ During an iterative function for which 
the OP line is designated as an open-collector output, the OP line driver should be placed in a high-impedance or 
off state permitting the output function to drive similar OP lines in the remaining packages. 

The output state of OP8 or OP9 is a function of on-chip status decoder as enumerated in the flow diagrams illustrating 
the five algorithms. 

2.2 RELATIVE POSITION CONTROL (PaS) 

4 

The single line position control, with the ability of decoding one of three input logic states, provides each 'S481 in an 
expanded word length system with the capability of identifying its relative position. The relative positions, with the 
corresponding input logic levels are enumerated in Table 3. 

TABLE 3 

POSITION CONTROL FUNCTIONS 

POSINPUT 

LOGIC LEVEL 
RELATIVE POSITION 

;;, 3.6 V MOST-SIGNI FICANT POSITION IMSP) 

1.8Vto3V LEAST-SIGNIFICANT POSITION (LSP) 

<; 0.8 V INTERMEDIATE POSITION liP) 



This relative position identification dictates how each 'S481 in the system handles the mUlti-purpose I/O 
accommodations and ALU sign and magnitude functions. See Table 4. Shift/Circulate interconnectivity bit transfers 
are explained in detail under shift/circulate transfer multiplexers. 

2.3 CLOCK 

PIN 

X/LG 

Y/LG 

CCOIOV 

TABLE 4 

DUAL-FUNCTION LOGIC 1/0 PINS 

MSP IP 

LG (OUTI X 

AG (OUT) Y 

OVERFLOW (OUT) CCO (OUT) 

X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS 

LSP 

X 

Y 

CCO (OUT) 

The clock synchronizes the entry or change of data in the 'S481 registers and counters, and it controls the status of 
the A and B input latches. A typical clock cycle is illustrated in Figure 2. The low-to-high transition of the clock input 
is the clocking edge for any combination of either the working register, extended working register, flag flip-flops, and 
the program counter or the memory counter activated by the resident operation. During the low-level portion of the 
clock input, both input latches are latched ensuring data stability at the positive clock transition. After the clock has 
gone to a high level, the input latches are placed in a transparent mode to accept the next set of input data. 

~14'--------------CLOCKCYCLE--------------~~~1 

I I 
I TRIGGER EDGE 1 
I FOR WR, XWR, I 

~ ~ F"'~'ORMC---:t=::: 
1 1 
I" INPUT ~ I .. 
I LATCHES TRANSPARENT I 

INPUT------;.~I 

LATCHES LATCHED 1 

FIGURE 2 - CLOCK CYCLE 

2.4 LATCHED DATA INPUT PORTS 

The SN54S/7 4S481 features dual input ports combined with data flow paths which are designed specifically to reduce 
the number of system clock cycles needed to enter operands and/or data. Both the A and B input ports are latched, 
eliminating the need for external registers. to simplify interfacing directly with system data bus paths. 

The A input port data is made available to both the input latch and the working register which allows A data to be 
loaded into the working register directly. 

5 
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The B port is configured to serve as an input/output data path providing the capability to: 

a. I nput data to the B latch 
b. Output sum-bus data. 

This I/O port is designed specifically to simplify implementation of data transfers to the external working memory. 

Both the A and B latches are transparent when the 'S481 clock input is high. Data applied at the A and B inputs 
should be stable anytime prior to or at least coincident with the falling edge of the clock input (see Figure 3). After 
the clock falling edge, the data inputs should be held steady for thold(data) or longer to facilitate the on-chip clock 
buffers to latch the data. 

CLOCK 
INPUT 

AI OR 
BI/O 

INPUT 

\= __ -----____ n ___ ::~ 

_ tsu(data);a..O--.j 

--- - ----, I ~ - ----, ,------- VIH 
'~/ , I 
1: 1.5V -} 1.5V 
1\ /1 \ _______ -.1: '-- ______ J I '--------VIL 

I_ th(data) "I 

FIGURE 3 - INPUT LATCHES SETUP/HOLD TIMES 

The A input port latch data is routed to the A input multiplexers, and the B input port latch data is sourced to both 
the A and B input multiplexers. 

2.5 A AND B OPERAND SOURCES 

6 

The A and B input multiplexers source the ALU A' and B' ports through true/complement conditional inverter 
circuits. Data routing for each, illustrated and listed in Figure 4, provides the ALU with access to the true or 
complement of: 

ALU A' PORT ALU B' PORT 

1. A input latch 1. B input latch 
2. B input latch 2. Sum bus 
3. Working Register 3. Working register 
4. Low logic level inputs 4. Extended working register 

(fo rce zeros) 5. Program counter 
6. Low logic level inputs 

(fo rce zeros) 

The A and.B multiplexers and true complement circuits, under control of the resident operation code, are selectable 
at the microprogram level. The number of A or B multiplexer sources available depend upon the specific operation 
being performed by the 'S481. Operation form descriptions contain detailed microprogramming. 

The A and B input multiplexers, with selectable true and complement operand sources, maximizes the processing 
power of the 'S481 by minimizing the active components needed to achieve both the simple but highly flexible' data 
routing tasks and full ALU capabilities. 



A OPERAND SOURCES 

BIN 
LATCH 

B OPERAND SOURCES 

4 

SUM BUS 

FROM 
LOGIC 

AIN 

4 

A'TOALU 

XWR 

B INPUT/OUTPUT 

4 

WR 

4 

TOA 
MUX 

(FROM ALU) { 

ARRAY ------~ __ ._ __ ~ 

4 

B'TOALU 

FIGURE 4 - ALU OPERAND SOURCES 

A INPUT SELECTIONS 

A IN-A' 

A IN-A' 

LOGIC ONE'S -A' 

LOGIC ZERO'S --A' 

B IN -A' 

BIN-A' 

WR-A' 

WR-A' 

B INPUT/OUTPUT SELECTIONS 

BIN --B' 

SIN --B' 

LOGIC ONE'S --B' 

LOGIC ZERO'S -- B' 

(B IN) • (WR) -B' 

(B IN) • (WR) -- B' 

WR-B' 

WR --B' 

(B IN) '(XWR)--B' 

(B IN) '(XWR) -B' 

XWR -B' 

XWR-B' 

(B IN)' (PC)-- B' 

(B IN)' (PC) -B' 

PC-B' 

PC --B' 

-
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2.6 ARITHMETIC/LOGIC UNIT (ALU) 

8 

The 4·bit, parallel, binary arithmetic/logic unit provides the arithmetic/Boolean operand combination/modification 
mechanism including magnitude and overflow status. The ALU performs, as directed by the resident operation form, 
one of four basic functions which, when combined with the operand selections at the A and B multiplexers, extends 
the arithmetic/logic capabilities to that of a full 16·function ALU. 

When compared to other bit·slice processor elements, unique to the '5481 arithmetic architecture are the parallel 
input ports and fully microprogrammable symmetry for all ALU functions within the selections of the A and B input 
multiplexers. 

Logical and arithmetic operation forms for the '5481 are shown in Table 5. The full functional power of the '5481 
can be visualized only if it is understood that although both ALU's have parallel A and B input ports, the '5481 
architecture not only provides access to multiple sources but has the capability to route true or complement of any 
source to the A and B ALU port. This means that for a subtract operation, the subtrahend may be either an A or B 
input. In addition to maximizing data routing capabilities of the '5481 at minimum logic/gate levels, this architecture 
permits fully symmetrical operations to be performed on the A or B sources within the selections offered by these 
'5481 arithmetic/logical operation forms. 

TABLE 5 

'S481 ALU AND LOGIC FUNCTIONS 

DATA INPUT TWO'S COMPLEMENT INTEGER ARITHMETIC OP'S 
LOGICAL OP'S (FORM Villi 

C1l\i = H OR L 

APORT BPORT CIN= L. CIN=H OR NOR EX·NOR 

ZEROS ZEROS 1 0 ZEROS ONES ONES 

ZEROS ONES 0 MINUS 1 ONES ZEROS ZEROS 

ONES ZEROS 0 MINUS 1 ONES ZEROS ZEROS 

ONES ONES MINUS 1 MINUS 2 ONES ZEROS ONES 

A ZEROS A PLUS 1 A A A A 
A ONES A A MINUS 1 ONES ZEROS A 

A ZEROS MINUSA MINUS A MINUS 1 A A A 

A ONES MINUS A MINUS 1 MINUS A MINUS 2 ONES ZEROS A 

ZEROS B B PLUS 1 B B B B 

ONES B B B MINUS 1 ONES ZEROS B 

ZEROS B MINUS B MINUS B MINUS 1 B B B 

ONES S MINUS B MINUS 1 MINUS B MINUS 2 ONES ZEROS B 

A B A PLUS B PLUS 1 A PLUS B A+B A'S AI9B 

A S A MINUS B A MINUS B MINUS 1 A+B A'B AI9B 

A B B MINUSA B MINUS A MINUS 1 A+B A'B AI9B 

A B MINUS A MINUS B MINUS 1 MINUS A MINUS B MINUS 2 A+li A·B An 

50me unique one·clock arithmetic/iterative capabilities of the '5481 are listed in Table 6. 

TABLE 6 

EXTENDED ALU FUNCTIONS OF 'S481 

FORM NO. FUNCTION 

I A (ALU) B' WR 

A (ALU) B • XWR 

A (ALU) B' PC 

II A (ALU) B DOUBLE·PRECISION SHIFTED LOGICAL LEFT OR RIGHT 

III A (ALU) B SINGLE·PRECISION SHIFTED LOGICAL OR ARITHMETIC 

LEFT OR RIGHT 



Table 5 also indicates the 16 logical combinations of two Boolean variables which are selectable for the OR, NOR, and 
exclusive-NOR functions. Full symmetry of the ALU and the ability to select the complement of input data extends 
the logic functions for performance of: 

a. NAND 
b. AND 
c. Exclusive-OR 
d. Mixed combinations of each 
e. Transfer functions for true or inverted data 
f. All ones or all zeros. 

2.7 ALU MAGNITUDE AND CARRY FUNCTIONS 

The 'S481 ALU is fully decoded on chip to generate three magnitude outputs (status lines) and both ripple and 
look-ahead carry functions. The magnitude outputs and their status indications are as follows: 

2_7_1 Equal (EO, See Figure 5) 

The results of the resident ALU operation are compared at the sum-bus for all bits high during subtract and left-shift 
arithmetic operations, or for all bits low during other operations. 

r-------------7s4a,----------------. 

~o 
~1 
l:2 
~3 

MPARE 

HER 

H FOR CO 

L FOR OT 
OPERATI ONS 

- >- -
) 
;----j 

TO LG_ 
LOGIC 

L _________________________________ ~ 

H=HIGH LEVEL, L=LOW LEVEL 

FIGURE 5 - EQUAL OUTPUT 

2.7_2 Logically-Greater Than (LG, See Figure 6) 

C 

EQUAL 
OUTPUT 
(OPEN 

OLLECTOR) 

In the most-significant package (MSP) the X look-ahead function from the ALU is inhibited and the 
logically-greater-than (LG) output is enabled. See Figure 6. The MSP LG output is active during arithmetic and shift 
operation forms to provide a status indication that can be used when it is desirable to compare two unsigned integer 
numbers. The specific status for each operation form is listed in Table 7. 

9 
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r--- - ----- - - --------- ------- -- -.., 
~81 I 

EQUAL--------------r---~ 
I 
I 
I 
I 
I 
I 

LG 
C-OUT----+--+-----i------. 

HFOR---~--+-----~ 

I (MSP) 
I OUTPUT 

COMPARE 
L FOR OTHER 
OPERATIONS 

XO-r--....... 
X1 
X2 
X3 

MSP------~-----i----~ 

L FOR ARITH OPERATIONS 
H FOR LOGICA"iL°.:;;O:;P;;ER;;'A;::T;:;I;;O-;;N;:S-----<lIL----L _______________ _ 

H=HIGH LEVEL, L=LOW LEVEL 
X IS CARRY LOOK-AHEAO FUNCTIONS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_..J 

FIGURE 6 - MSP LOGICALLY-GREATER-THAN (LG) OUTPUT 

TABLE 7 

MSP LOGICALLY-GREATER-THAN (LG) OUTPUT 

OPFORM TYPE OF OP LG = H INDICATES 

I or II (ARITH) l;-BUS '" ZERO (Ea = L) 
ALL 

III (ARITHWITHSHIFT) LSL, RSL l;-BUS '" ZERO (Ea = U 
LSA or R,SA ADDER C-OUT 

IV, V, or VI (SHIFTS) ALL AI '" ZERO (Ea = L) 

VII (COMPARE) A:B A IS LG THAN B 

B:A B IS LG THAN A 

VIII (LOGICAL) ALL l;-BUS '" ZERO (Ea = L) 

IX (NO OP) ZERO l;-BUS LG = L (Ea = HI 

X THRU XIV HARDWIRED ALGORITHMS SEE OPERATION FORM DESCRIPTION 

2_7.3 Arithmetically-Greater Than (AG, See Figure 7) 

10 

In the most-significant package (MSP) the Y look-ahead function from the ALU is inhibited and the 
arithmetically-greater-than (AG) output is enabled, The MSP AG output is active during arithmetic and shift operation 
forms to provide a status indication that can be used when it is desirable to compare two signed integer numbers_ The 
specific status for each operation form is listed in Table 8_ 



r 'S481 
- - - - -- --1 

H FOR COMPARE 

L FOR OTHER OPERATIONS 

~o 

xo 

YO------------~----------_r----~ 

y, 
Y2 

Y3-----' 

MSP ________________________ ~----__;~~--~ 

L FOR ARITH OPERATIONS 

H FOR LOGICAL OPERATIONS 

AG IMSPI 
OUTPUT 

L _____ _ _ _________ .J 
H=HIGH LEVEL, L=LOW LEVEL 

X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS 

FIGURE 7 - MSP ARITHMETICALLY-GREATER-THAN (AG) OUTPUT 

TABLE 8 

ALU CARRY AND MSP ARITHMETICALLY-GREATER-THAN (AG) OUTPUTS 

OPERATION FORM 
LSP AND IP MSP 

X Y EO C-OUT LG AG EO 

LOGICAL OPERATIONS L H I;-BUS = 0 C-IN I;-BUS * 0 I;-BUS > 0 I;-BUS = 0 

ARITHMETIC OPERATIONS: 
A LGB A LGB 

or or 
COMPARE X Y A=B C-OUT 

B LGA B LGA 
A=B 

ALL OTHER ARITHMETIC X Y I;-BUS = 0 C-OUT I;-BUS * 0 I;-BUS > 0 I;-BUS AG 0 

X and Yare carry look-ahead fUnctions. 

2_8 OPERAND OVERFLOW 

C-OUT 

C-IN 

C-OUT 

C-OUT 

In the most-significant package (MSP) the counter-carry output (CCO) function from the program/memory counter is 
inhibited and the overflow (OV) output is enabled_ The MSP OV output is active during arithmEltic and shift operation 
forms to provide a status indication that the result of the operation cannot be correctly represented with the number 
of bit positions available_ When the OV output goes high, it indicates that the next clock will: 

a_ During arithmetic operations, cause the ALU to overflow_ 
b_ During left-shift arithmetic operations, cause the shifted register to overflow_ 

Table 9 enumerates the specific indicators generated_ 

1217 11 
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OPFORM 

I or II (ARITH) 

III (ARITH WITH SHIFT) 

IV, V, or VI (SHIFTS) 

VII (COMPARE) 

VIII (LOGICAL) 

IX (NO OP) 

X THRU XIV 

TABLE 9 

MSPOVERFLOW(OV) OUTPUT 

TYPE OFOP 

ADD or SUB 

LSL, RSL 

RSA 

LSA 

LSA 

ALL OTHERS 

A: B 

B:A 

ALL 

ZERO ~·BUS 

HARDWIRED ALGORITHMS 

OV = H INDICATES 

ALU OVERFLOW 

ALU OVERFLOW 

OV = L 

NEXT CLOCK WI LL CAUSE 

SHIFT OVERFLOW 

NEXT CLOCK WI LL CAUSE 

SHIFT OVERFLOW 

OV= L 

UNDEFINED 

UNDEFINED 

OV= L 

OV= L 

SEE OPERATION FORM 

DESCRIPTIONS 

H = high level, L"'" low level 

2.9 SUM' BUS MULTIPLEXER 

12 

The sum'·bus multiplexer, sourced by the ALU, provides a means for accomplishing a shift operation on the ALU 
operand without affecting the contents of WR, XWR, PC or MC (See Figure 8). Functionally, this multiplexer can be 
used to: 

a. Shift the operand left or right (one bit position) arithmetic, logical, or circulate 
b. Pass the operand without shift to the 1;' bus. 

C·OUT -----, 

FROM 
XWRLFT'MUX 

FROM 
WRLFT' MUX 

2;'MUX { 

2;3 

'---<----' 
FROM 
LOGIC 
ARRAY 

2;2 

FROM ALU 

~ 
FROM 
LOGIC 
ARRAY 

~ 
FROM 
LOGIC 
ARRAY 

TO: DO MUX, PC, MC, WR MUX, XWR MUX, 3-STATE BUS 

FIGURE 8 - SUM BUS MULTIPLEXER 

2;0 

~ 
FROM 
LOGIC 
ARRAY 

FROM 
XWRRT' 

MUX 





2.11 WORKING REGISTER 

The working register (WR) is a 4·bit O·type register which functions as an accumulator during iterative arithmetic 
operations or as a temporary holding register for intermediate operands (see Figure 10). It is sourced by the VVR 
multiplexer. Storage of setup data, under control of the resident operation forms which permit the VVR to be a 
destination, occurs on the positive transition of the clock. WR shifting capabilities are implemented in the WR 
multiplexer. The working register can be selected to source the data·out port multiplexer (DO MUX), A·input 
multiplexer (A MUX), or B·input multiplexer (B MUX). The MSB of the VVR is sourced to the WRLFT MUX, and the 
LSB of the WR is sourced to the WRRT MUX to facilitate expansion. 

FROM 
WRLFT'MUX 

WR { MUX 

'--,--' 

FROM 
LOGIC 

ARRAY 

AI3 

'-v-' 
FROM 
LOGIC 

ARRAY 

AI2 All 

'--r-' 
FROM 
lOGIC 

ARRAY 

AID 

FROM 
WRRT' 
MUX 

TO WRLFT _--___ -+ __ J ,-------4~-..../ 
TO 

'------+--~-WRRT 
MUX MUX 

TO: DO MUX, A MUX, B MUX 

FIGURE 10 - WORKING REGISTER (WR) AND WR MULTIPLEXER 

An asynchronous control line, LOWR, is available to facilitate loading the working register directly from the A input 
port in combination with the resident micro-operation. 

2.12 WORKING REGISTER MULTIPLEXER (WR MUX) 
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The working register multiplexer provides source selection, including the bidirectional shifting capability, for the 
working register. See Figure 10. Under direction of the resident operation, the VVR MUX asynchronously selects 
either: 

a. A input port for direct loading 
b. ~' bus for ALU operand results 



c. Hold mode for no change 
d. Shift left 
e. Shift right 

End conditions for both shift left and shift right operations are routed to or from WR MSB (WR3) or WRLSB (WRO) 
to the WR LFT/WR LFT' multiplexers or to the WR RT/WR RT' multiplexers respectively. 

2.13 EXTENDED WORKING REGISTER 

The extended working register (XWR) is a 4-oit Ootype register which functions primarily as an extension of the 
working register to provide the double-precision operation capabilities needed for iterative multiply and divide 
routines (see Figure 11). Additionally, the storage capabilities of the XWR are available for use as another temporary 
holding register for intermediate operands during a number of the single-precision operation forms. It is sourced by 
the XWR multiplexer. Storage of setup data, under control of resident operation forms which permit the XWR to be a 
destination, occurs on the positive transition of the clock. XWR shifting capabilities are implemented in the XWR 
multiplexer. The XWR can be selected to source the data-out port multiplexer (DO MUX), B-input multiplexer (B 
MUX), or the XWR multiplexer (XWR MUX). The MSB of the XWR is sourced to the XWRLFT' MUX, and the LSB 
of the XWR is sourced to the XWR RT' MUX to facilitate expansion. 

FROM 
XWRLFT MUX 

XWA { MUX 

'--.--' 
FROM 
lOGIC 

ARRAY 

---.,...., 
FROM 
LOGIC 

ARRAY 

'--.--' 
FORM 
LOGIC 

ARRAY 

'--.--' 
FROM 
LOGIC 

ARRAY 

~'o 

FROM 
XWRRT' 

MUX 

TO 
TO XWALFT -------+-----' '-------+-----' '-------+-----' '------~t--...... XWAAT 

MUX MUX 

TO: DO MUX, B MUX 

FIGURE 11 - EXTENDED WORKING REGISTER (XWR) AND XWR MULTIPLEXER 

2_14 EXTENDED WORKING REGISTER MULTIPLEXER (XWR MUX) 

The extended working register multiplexer provides source selection, including the bidirectional shifting capability, 
for the extended working register (see Figure 11). Under direction of the resident operation, the XWR MUX 
asynchronously selects either: 

a. ~' bus for ALU operand results 
b. Hold mode for no change 
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c. Shift left 
d. Shift right. 

End conditions for both shift left and shift right operations are routed to or from XWR MSB (XWR3) or XWR LSB 
(XWRO) to the XWR LFT IXWR LFT' multiplexers or to the XWR RT/XWR RT' multiplexers respectively. 

2.14.1 l:·Bus, WR, XWR MSB Shift Transfer Multiplexers 

The MSB shift transfers are accomplished by the WRLFT, XWRLFT input/output multiplexers and the WRLFT', 
XWR LFT' sum·bus/register MSB input multiplexers. All four multiplexers, and the impedance of the 3·state I/O lines 
of the WRLFT and XWRLFT multiplexer outputs are under control of the resident operation code and the relative 
position control (PaS). Data paths of the multiplexers are illustrated in Figure 12, and bit transfers with respect to 
each of the shift operations are enumerated in Tables 11 through 14. 

2.14.2 WRLFT, XWRLFT Multiplexers 

The WRLFT, XWRLFT input/output multiplexers facilitate routing of the working register, extended working 
register, or sum bus MSB out the WRLFT, XWRLFT I/O's during output modes. In an input mode, the three·state 
output is at a high impedance permitting the WR LFT and/or the XWR LFT pins to be used as inputs. 

2.14.3 WRLFT', XWRLFT' Multiplexers 

The WR LFT' multiplexer selects the source for either the sum bus or working register MSB. Sign bit protection and 
right·shift bit-fill functions are all handled on·chip by these multiplexers under control of the operation code and 
relative position. The WRLFT' sources are: 

a. WRLFT (input) 
b. ALU carry out (for sign·fill) 
c. Low level (for zero-fill) 
d. XWRLFT input 
e. XWR MSB 
f. WR MSB (sign-fill in for RSA) 
g. Sign fill in for RSA (see Figure 12) 

The XWR LFT multiplexer selects the source for XWR MSB and provides sign·bit protection and right-shift-fill 
functions for the XWR. The XWRLFT sources are: 

a. XWR LFT (input) 
b. WRLFT 
c. XWR MSB (sign·fill in for RSA) 

2.14.4 WR, XWR LSB Shift Transfer Multiplexers 

16 

The LSB shift transfers are accomplished by the WRRT, XWRRT input/output multiplexers and the WRRT', 
XWR RT' sum·bus/register LSB input multiplexers. All four multiplexers, and the impedance of the 3'state I/O lines of 
the WR RT and XWR RT multiplexer outputs, are under control of the resident operation code and the relative 
position control (PaS). Data paths of the multiplexers are illustrated in Figure 13. 



2.14.5 WRRT Multiplexer, XWRRT Buffer 

The WR RT input/output multiplexer facilitates routing of sum·bus or working register LSB out the WR RT I/O during 
output modes. The XWR RT I/O buffer can access and source the XWR LSB. In an input mode, the three·state output 
is at a high impedance permitting the WR RT and/or XWR RT pins to be used as inputs. 

2.14.6 WRRT', XWRRT' Multiplexers 

The WR RT' multiplexer selects either the WR RT input or a low logic level (fill) input as the LSB source for either the 
working register or the sum·bus. The XWRRT' multiplexer selects between the XWRRT input and low logic level (fill) 
input as the XWR LSB source. 

WRLFT 

(I/O) 

XWRLFT 

,----
I 
I 
I 

'S481 
FROM LOGIC ARRAY 

~~~------------~3 

1--+---+------ WR3 

--l 
I 
I 

},"OM: 

COUT---...... 

I 
I 
I 
I 
I 
I 

WRLFT' 
1--+--1r--+------.. (TO WR3 

ANOn) 

FROM LOGIC ARRAY 

~3 I 
I 

OV I 
COUTI 

XWRLFT' 
~-+--l--+----.... (TO XWR3) 

I 
I 
I 
I 
I 

(I/O) I 1-_____ ---- FROM 

I 
I 
I 
I 
I 
I 

I 
I L __ FROM LOGIC 

ARRAY 

XWR3 

FIGURE 12 - SUM-BUS, WR, XWR MSB SHIFT TRANSFER MULTIPLEXERS 
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TABLE 11 

WORKING REGISTER BIT TRANSFERS TO WRLFT/WRRT 

SHIFT MOST·SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST·SIGNIFICANT POSITION 

MODE WRLFT WRLFT' WRRT' WRRT WRLFT WRLFT' WRRT' WRRT WRLFT WRLFT' WRRT' WRRT 

LSL ISP) Z X WRRT Z WR3 X WRRT Z WR3 X WRRT Z 

LSL lOP) XWR3 X WRRT Z WR3 X WRRT Z WR3 X WRRT Z 

LSA ISP) WR3 X WRRT Z WR3 X WRRT Z WR3 X L Z 

LSA lOP) XWR3 X WRRT Z WR3 X WRRT Z WR3 X WRRT Z 

LC)R ISP) WR3 X WRRT Z WR3 X WRRT Z WR3 X WRRT Z 

LCIR lOP) XWR3 X WRRT Z WR3 X WRRT Z WR3 X WRRT Z 

RSL ISP) Z WRLFT X WRO Z WRLFT X WRO Z WRLFT X Z 

RSL lOP) Z L X WRO Z WRLFT X WRO Z WRLFT X WRO 

RSA ISP) Z WR3 X WRO Z WRLFT X WRO Z WRLFT X WRO 

RSA lOP) Z WR3 X WRO Z WRLFT X WRO Z WRLFT X WRO 

RCIR ISP) Z WRLFT X WRO Z WRLFT X WRO Z WRLFT X WRO 

RCIR lOP) Z WRLFT X WRO Z WRLFT X WRO Z WRLFT X WRO 

TABLE 12 

SUM·BUS BIT TRANSFERS TO WRLFT/WRRT 

SHIFT MOST ·SIGNI FICANT POSITION INTERMEDIATE POSITION LEAST -SIGNIFICANT POSITION 

MODE WRLFT WRLFT' WRRT' WRRT WRLFT WRLFT' WRRT' WRRT WRLFT WRLFT' WRRT' WRRT 

LSL ISP) Z X WRRT Z ~3 X WRRT Z ~3 X WRRT Z 

LSL lOP) XWR3 X WRRT Z ~3 X WRRT Z ~3 X WRRT Z 

LSA ISP) ~3 X WRRT Z ~3 X WRRT Z ~3 X L Z 

LSA lOP) XWR3 X WRRT Z ~3 X WRRT Z 1:3 X WRRT Z 

LCIR ISP) ~3 X WRRT Z >:3 X WRRT Z ~3 X WRRT Z 

LelR lOP) XWR3 X WRRT Z ~3 X WRRT Z >:3 X WRRT Z 

RSL ISP) Z WRLFT X >:0 Z WRLFT X ~o Z WRLFT X >:0 

RSL lOP) Z C·OUT X ~o Z WRLFT X >;0 Z WRLFT X ~o 

RSA ISP) Z . X 1:0 Z WRLFT X 1:0 Z WRLFT X ~o 

RSA lOP) Z • X ~o Z WRLFT X >:0 Z WRLFT X >:0 

RCIR ISP) Z WRLFT X >:0 Z WRLFT X ~O Z WRLFT X ~o 

RCIR lOP) Z XWRLFT X >:0 Z WRLFT X ~O Z WRLFT X >:0 

'VARIABLE = 1);3· ALU OVERFLOW) + IC·OUT • ALU OVERFLOW) 

TABLE 13 

EXTENDED WORKING REGISTER BIT TRANSFERS TO XWRLFT/XWRRT 

SHIFT MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST·SIGNIFICANT POSITION 

MODE XWRLFT XWRLFT' XWRRT' XWRRT XWRLFT XWRLFT' XWRRT' XWRRT XWRLFT XWRLFT' XWRRT' XWRRT 

LSL (SP) Z X XWRRT Z XWR3 X XWRRT Z XWR3 X XWART Z 

LSL (DP) Z X XWRRT Z XWR3 X XWRRT Z XWR3 X XWRRT Z 

LSA (SP) XWR3 X XWRRT Z XWR3 X XWRRT Z XWR3 X L Z 
LSA (OP) WR3 X XWRRT Z XWR3 X XWRRT Z XWA3 X L Z 
LelR (SP) XWR3 X XWRAT Z XWR3 X XWART Z XWR3 X XWRRT Z 
LelA (OP) WR3 X XWRRT Z XWR3 X XWRRT Z XWR3 X XWRRT Z 
RSL (SP) Z XWRLFT X XWRO Z XWALFT X XWRO Z XWRLFT X Z 
ASL (OP) Z WRLFT X XWAO Z XWRLFT X XWRO Z XWRLFT X XWRO 
RSA (SP) Z XWR3 X XWRO Z XWRLFT X XWAO Z XWRLFT X XWAQ 
ASA toP) z WRLFT X XWRQ Z XWRLFT X XWRQ Z XWALFT X XWRQ 

RCIR !SP) Z XWRLFT X XWRO Z XWRLFT X XWAO Z XWALFT X XWRQ 

RCIR !DP) Z WRLFT X XWRQ Z XWRLFT X XWRO Z XWRLFT X XWRQ 
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TABLE 14 

SUM-BUS BIT TRANSFERS TO XWRLFT (MSPI 

SHIFT MOST-SIGNIFICANT POSITION 

MODE XWRLFT XWRLFT' XWRRT' XWRRT 

LSL (SPI Z X XWRRT Z 
LSL (OPI Z X XWRRT Z 
LSA (SPI XWR3 X XWRRT Z 

LSA (oPI ~3 X XWRRT Z 

LCIR ISPI XWR3 X XWRRT Z 
LCIR (oPI ~3 X XWRRT Z 

RSL (SPI Z XWRLFT X XWRO 

RSL (oPI Z WRLFT X XWRO 

RSA (SPI Z XWR3 X XWRO 

RSA (OPt Z WRLFT X XWRO 

RCIR (SPt Z XWRLFT X XWRO 

RCIR (oPI Z WRLFT X XWRO 

NOTE: Intermediate and Least-Significant Positions are the same as shown in Table 13. 
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I 
I 
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FIGURE 13 - SUM-BUS, WR, XWR LSB SHIFT TRANSFER MULTIPLEXERS 
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2.15 SHIFT FUNCTIONS 

The 'S481 contains the necessary controls and data paths to perform single or double length logical, arithmetic, or 
circulate bidirectional shift functions in a single clock cycle. Each of the six shift functions implemented are selectable 
by a single microinstruction; and, additionally two single clock operation forms are included which provide the 
capability of performing an add/subtract in conjunction with a shift. The six shift functions and the basic operation 
forms offering them are enumerated in Table 15. 

TABLE 15 

MICROPROGRAMMABLE SHIFT FUNCTIONS 

OPERATION FORMS 

SIMPLE SHIFT 
FUNCTION 

ADD/SUBTRACT 

WITH SHIFT 

SINGLE DOUBLE SINGLE DOUBLE 

LENGTH LENGTH LENGTH LENGTH 

LEFT CIRCULATE (LCIR) IV, V VI 

LEFT SHIFT ARITHMETIC (LSA) IV, V VI III 

LEFT SHIFT LOGICAL (LSL) IV, V VI III II 

RIGHT CIRCULATE (RCIR) IV, V VI 

RIGHT SHIFT ARITHMETIC (RSA) IV, V VI III 

RIGHT SHIFT LOGICAL (RSL) IV,V VI III II 

2.15.1 CIRCULATE (SHIFTI FUNCTIONS (MICROPROGRAMMABLE) 

Operation forms IV and V provide the system designer with the capability of programming a single precision circulate 
(or rotate) of the ~'bus, working register, or extended working register and operation form VI provides the capability 
of circulating or rotating a double·length word resident in the WR/XWR. A single-bit-position left or right circulate is 
accomplished on each clock without the loss of any bits as the shift transfer multiplexers, under control of the 
resident operation and position input, interconnect the bus or register as illustrated in Figure 14. 

The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for MSB .... LSB for single precision circulates and for transfers to or from the ~' bus or working register 
and the extended working register during double-precision circulates. Data flow between packages in an expanded 
word-length system is via the interconnected WRRT/WRLFT and XWRRT/XWRLFT terminals. 

2.15.2 ARITHMETIC SHIFT FUNCTIONS (MICROPROGRAMMABLE) 

20 

Operation forms III, IV, V and VI provide the system designer with the capability of programming the following 
arithmetic shifts. 

Form III - A single-precision arithmetic left or sign-protected right shift of the sum or difference of the A and 
B operands destined for either the WR or XWR. 

Form IV - A single-precision arithmetic left or sign-protected right shift of the A operand destined for the~' 
bus. 

Form V - A single-precision arithmetic left or sign-protected right shift of the WR or XWR contents. 

Form VI - A double-precision arithmetic left or sign-protected right shift of the WR and XWR contents. 
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I I I I 
I 'S481 IP I I 'S481 LSP I L _________ J L _________ ~ 

DOUBLE PRECISION 

r-----------, 
I SUM BUS OR WR I 
I 

71 6 151 4 
I 
I 

XWR I 

7 1 6 1 5 1 4 
I 

I I 
I I 
L __ !,,~1~~ ___ J 

RIGHT CIRCULATE 
SINGLE PRECISION 

r---------, 
I SUM BUS OR WR I 
I 

3 1 2 1 1 1 0 
I 
I 

XWR I 

3 1 2 1 1 1 0 
I 

I I 
I I L __ '-:~8~ '::P ___ --1 

r---------I r--------, r---------. 
I I I WR OR XWR I I I 
I 8 I I 7 6 4 I I I 
I I I I I I 

I 'S481 MSP I I 'S481 IP I I 'S481 LSP I L _________ --1 L _________ J L _________ J 

r------------, 
: SUM BUS OR WR l 

11 1101 9 1 8 I 

XWR I 

I 11 1101 9 1 8 : 

I 'S481 MSP I L ________ --1 

DOUBLE PRECISION 

r---------I 
: SUM BUS OR WR : 

7 1 6 1 5 1 4 I 
XWR I 

I 
I 7 1 6 I 5 1 4 I 

I 'S481 IP I L ________ J 

FIGURE 14 - CIRCULATE FUNCTIONS 

r------------, 
: SUM BUS OR WR : 

3 1 2 1 1 1 0 I 

XWR I 
I 

I 3 1 2 1 1 1 0 I 

I 'S481 LSP I L ________ ~ 

-
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A single-bit-position shift is accomplished on each clock with right-shift sign-protection and left shift LSB zero-fill 
operations controlled by the shift transfer multiplexers under direction of the resident operation and the position 
input. See Figure 15. 

The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for transfers to or from the ~' bus or working register and the extended working register during 
double-precision arithmetic shifts. Data flow between packages in an expanded word-length system is via the 
interconnected WRRTIWRLFT and XWRRT/XWRLFT terminals. 

2.15.3 LOGICAL SHIFT FUNCTIONS (MICROPROGRAMMABLE) 

Operation Forms II, III, IV, V and VI provide the system designer with the capability of programming the following 
logical shifts: 

Form II - A double-precision left or right shift of the sum or difference of the A and B operands destined for 
the WR in conjunction with the XWR. 

Form III - A single-precision left or right logical shift of the sum or difference of the A and B operands 
destined for the WR or the XWR. 

Form IV - A single-precision left or right logical shift of the A operand destined for the~' bus. 

Form V - A single-precision left or right logical shift of the WR or XWR contents. 

Form VI - A double-precision left or right logical shift of the WR and XWR contents. 

A single-bit-position shift is accomplished on each clock with MSB and LSB fill operations controlled by the shift 
transfer multiplexers under direction of the resident operation and the position input. See Figure 16. 

The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for transfers to and from the ~' bus or working register and the extended working register during 
double-precision logical shifts. Data flow between packages in an expanded word length system is via the 
interconnected WRRT/WRLFT and XWRRT/XWRLFT terminals. 

2.16 DATA-OUT PORT MULTIPLEXER (DO MUX) 

The data-out port multiplexer, Figure 17, provides selection for routing the contents of either the sum'-bus, working 
register, or extended working register to the parallel output port. Additionally, the multiplexer is equipped with 
3-state outputs providing the capability to isolate the 'S481 from the system data bus. Source selections and 
high-impedance controls are detailed in Table 16. 

Each data output is capable of sourcing 6.5 and sinking 10 milliamperes of drive current. 

2.17 MEMORY AND PROGRAM COUNTERS 

22 

Dual counters provide the system designer with a processor element containing both an iteration counter and the 
capability of generating and/or storing locations of operands/data. 

Either counter can be loaded or preset to any value or result from the sum bus in operations forms as follows: 

OP FORM 

III 
VIII 

SELECTABLE AS 
DESTINATION 

PC 

Yes 
No 
Yes 

MC 

Yes 
Yes 
No 



SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 

SERIAL 
OUT 
MSB

FIRST 

SERIAL 
OUT_ 
MSB 

FIRST 

SERIAL 
OUT _ 
LSB 

FIRST 

r----------, 
I I 
I I 

8 .. 
I I 
I 'S481 MSP I L _________ -1 

r----------, 
: SUM BUS OR WR : 

I 11 1101 9 1 8 

I XWR 
I 
I 111101 9 1 8 .. I 

I 'S481 MSP I L _________ ..J 

r----------, 
I WR OR XWR I 
I I 

B I 

I 'S4B1 MSP I L _________ J 

r----------, 
: _OSUM BUS OR WR I 

I 
I 11+10 1 9 1 8 I 
I XWR I 
I I 
~ 11110 19 18 

I I 
I 

L __ "':'S~~M':: __ .J 
SERIAL 
OUT_ 
LSB 

FIRST 

LEFT SHIFT ARITHMETIC 
SINGLE PRECISION 

r---------1 
I WR OR XWR I 

: 1 7 1 6 1 5 1 4 1-: 

I 'S481 IP I L __________ J 

DOUBLE PRECISION 

r---------, 
l SUM BUS OR WR : 

7 1 6 1 5 1 4 I 
XWR I 

I 1 7 1 6 1 5 1 4 1-: 
I 'S481 IP I L _________ J 

RIGHT SHIFT ARITHMETIC 
SINGLE PRECISION 

r---------, 
I WR OR XWR I 
I 7 6 4 I 
I I 
I 'S481 IP I L _________ J 

DOUBLE PRECISION 

r----------, 
I SUM BUS OR WR I 
I 

7 1 6 1 5 1 4 
I 

I I 
I XWR I 
I 

7 I 6 I 514 
I 

I I 
I I 
L __ ....:~~P ___ J 

FIGURE 15 - ARITHMETIC SHIFT FUNCTIONS 

r---------., 
OIL) 

I WR OR XWR ~ I 

: i'i'i'i'r 0 
I 'S481 LSP I L _________ -1 

r--------., 
I SUM BUS OR WR I 

3 1 2 1 1 1 0 I 

XWR .. I 
I 13121110~ r--
I 'S481 LSP I L _________ -1 

r---------l 
I WR OR XWR I 
I I 

3 2 0 
I I 
I 'S481 LSP I L _________ J 

r----------, 
I SUM BUS OR WR I 
I 

3 I 2 I 1 I 0 
I 

I I 
I XWR I 
I 

3 I 2 I 1 I 0 
I 

I I 
I I L __ ..:.S~1~~ __ ....J 

• 
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SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 

LEFT SHI FT LOGICAL 
SINGLE PRECISION 

r---------i ,---------1 r---------, 
I WR OR XWR I 

I 1,,1,0 I 9 I 8 I : 
I I I I 
I I I I 
I 7 4 I I 0 I 

I 'S481 MSP I L _________ .J I 'S481 IP I I 'S481 LSP I L _________ J L _________ ~ 
SERIAL _ '--____________________________ ..... 

IN 

SERIAL 
IN 

SERIAL 
IN 

24 

DOUBLE PRECISION 

r---------i r----------, r---------, 
: SUM 8US OR WR : 1 SUM BUS OR WR I 

1111101918 716151 4 
I 
I XWR ---l 11 I 10 I 9 I 8 I 

I 
XWR I 

I 
I 7 I 6 I 5 I 4 I 

I SUM BUS OR WR I 
3 I 2 I 1 I 0 I 

XWR I 
I 

I 3 I 2 I 1 I 0 I 

I 'S481 MSP I L _________ .J I '5481 IP I L _________ J I '5481 LSP I L _________ .J 

_~-------------------------------J 

RIGHTSHIFT LOGICAL 
SINGLE PRECISION 

r----------, r------- --, 

- I WR OR XWR I 

: 111 1,0 I 9 I 8 I : 
I 'S481 MSP I L _________ .J 

I WR OR XWR I 
: -171615141 : 

I 'S481 IP I L _________ J 

DOUBLE PRECISION 

rc OUT - - - - - - - -, r----------, 
lOR 0 I I 

SUM BUS OR WR I I Y SUM BUS OR WR 
I I 

7 I 6 I 5 I 4 
I 

I 11 \10 I 9 I 8 I I 
~ 

I 
I XWR I XWR I 
I 

11 110 I 9 I 8 
I 

7 I 6 I 5 I 4 
I 

I I I I 
I I I 

L __ "':'54~~M~ __ ...J L __ ~~~p ___ .J 

FIGURE 16 - LOGICAL SHIFT FUNCTIONS 

r---------, 
I WR OR XWR I 
: ~I 3 I 2 I 1 I 0 I I 

I '5481 LSP I L _________ J 

r----------, 
I SUM BUS OR WR I 
I 

3 I 2 I 1 I 0 
I 
I 

XWR I 

3 J 2 I 1 I 0 
I 

I I 
I I L __ ":S~l":~ __ ..J 



WR3 WR2 WR1 WRD 

XWR3 XWR2 XWR1 XWRO 

DO 

01 

DOP3 DOP2 DOP1 DOPO 

FIGURE 17 - DATA-OUT PORT MULTIPLEXER (DO MUX) 

Under control of the position (POS) 
input and the resident operation 
code, the CCO/OV output facilitates 
cascading the program and memory 
counters_ I n the least-significant and 
intermediate positions, the CCO pins 
of lesser significant packages are 
connected to the CCI pins of more 
significant packages to complete the 
counter interconnections to the 
bit-size of the processor element. 

The functionally identical program 
and memory counters, sharing a 

CONTROL 

INPUTS 

01 DO 

L L 

L H 

H L 

H H 

TABLE 16 

DATA-OUT PORT CONTROL 

SOURCE OR FUNCTION 

~'-BUS 

EXTENDED WORKING REGISTER 

WORKING REGISTER 

HIGH-IMPEDANCE 

:1;'0 

common counter carry input (CCI) control pin and a common counter carry output (CCO) pin, feature individual 
control lines (INC PC, INC MC) which can be used to instruct either (but normally not both) or neither counter to 
increment on the next clock transition in any of the 14 operation forms. Additionally, the counter in the LSP, under 
command of the POS input, has the capability of incrementing its value by one or by two to facilitate the generation 
of even or odd address locations in a single clock cycle. Contents of the counters can be read out from the address out 
port asynchronously under control of the address output multiplexer (AO MUX) select input. 

Typical counter functions with respect to package relative positions are shown in Figure 18. 

In the MSP, the CCO/OV output, as a result of the position (POS) control, becomes the ALU/shift overflow (OV) 
status output_ 
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r----------l 
I 'S481 I 

INCMC I MSP I 

r-----------, 
I '5481 
I IP 

r----------, 
I 'S481 I 
I LSP I 

I I I I I 
I I 
I I I I 
I I I 

CCO CCI 
I 

I CCI I I CCO CCI 
I 

I MC I I 
MC MC I 

I I I 
I 

I I I I L = +1 
I I I I H = +2 
I I I I 
I I I I 
I 

CCI I I CCO CCI CCO CCI I 
I I I I 
I PC I I PC I 
I I I L _____ I _____ J L _____ _____ J L _____ 

-----

iNCPc 

INPUTS COUNTER VALUE 
CK 

INC PC INC MC CCI LSP MC LSP PC MSP, IP MC MSP, IP PC 

H H X • NO CHG NO CHG NO CHG NO CHG 

L H L • NO CHG +1 NO CHG +1 

L H H • NO CHG +2 NO CHG NO CHG 

H L L • +1 NO CHG +1 NO CHG 

H L H • +2 NO CHG NO CHG NO CHG 

X X X L NO CHG NO CHG NO CHG NO CHG 

X X X H NO CHG NO CHG NO CHG NO CHG 

H=HIGH LEVEL, L=LOW LEVEL, X=IRRELEVANT, + =LOW-TO-HIGH TRANSITION 

FIGURE 18 - PROGRAM AND MEMORY COUNTER FUNCTIONS 

2.18 ADDRESS-OUT PORT MULTIPLEXER (AO MUX) 

26 

The address-out port multiplexer, Figure 19, provides for direct parallel access to the contents of either the program 
or memory counter contents_ A single line controls selection as shown in Table 17_ 

CONTROL 

INPUT AO 

L 

H 

TABLE 17 

ADDRESS-OUT PORT CONTROL 

COUNTER SELECTED 

MEMORY 

PROGRAM 



pe3 MC3 PC2 MC2 PCl MCl PCO MCO 

AO 

A03 A02 AOl AOO 

FIGURE 19 - ADDRESS-OUT PORT MUL TIPLEXER (AO MUX) 

2.19 EXPANDING THE WORD LENGTH 

The 'S481 processor element contains on·chip personality circuitry designed specifically to minimize the external 
discrete components required to cascade 4·bit slices to form larger word lengths. At the processor·element level, three 
external resistors are all that is required: one to pull·up the open·collector outputs and two to establish the position 
control input voltage at the LSP. Figure 20 shows a typical 16·bit processor element and illustrates the parallel bus 
arrangements for I/O and control with an SN74S182 performing ALU look·ahead across the 16·bit word. 
Interconnectivity for the shift, arithmetic, and counter functions is accomplished by hardwiring the functions as 
shown. 

At the system level, standard techniques commonly employed for power·supply bypass, termination of unused pins, 
and system grounding of high-performance Schottky TTL systems are recommended. 

3. OPERATIONAL DESCRIPTIONS 

3.1 MICRO/MACRO-OPERATIONS 

The micro/macro-operations resident in the micro-decode logic array can be accessed with an eleven-bit 
operation-select word. Operational flexibility is maximized by the fact that the op-select word format has been 
defined individually for each of the 14 different operation forms. 

Operation Forms I, II, and III are primarily ALU functions. Forms II and III combine logical or arithmetic shifting 
functions with the ALU result. Form II can be used for double-precision shifting. Sources, specific ALU function, 
shift format, and destinations are detailed for each op-select word format. 

Forms IV, V, and VI perform either logical or arithmetic, bidirectional shifting of the single- and double
precision buses and registers. 

Form VII can be used to compare the magnitude of A source to B source, or B source to A source. 

Form VIII provides the capability to logically combine the values of the A and B sources. 

Form IX zeros the ~'bus with the effect of providing no operation. 
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Forms X through XIV are macroprogrammable operations which provide: 

a. CRC partial sum update (normally ~ clocks) 

b. Signed Divide (N + 3 clocks) 
c. Unsigned Divide (N + 1 clocks) 
d. N·bit·by·N·bit double·precision unsigned multiply (N clocks) 
e. N-bit·by-N·bit double·precision signed multiply (N clocks) 

The 14 operation forms. symbols. and number of unique operations are detailed in Table 18. 

17 

·LD WR 
DO SELI2} 
AD SEL 
INCMC 
INCPC 
BI/O 5El 

OVERFLOW 

Vee 

LOGICALLY 
GREATER THAN 

ARITHMETICALLY 
GREATER THAN .... ---~ 

EOUAL ___ ·------~ 

28 

OPERATION-SELECT BUS 

16 16 

DATA-OUT ADDRESS-OUT 

FIGURE 20 - TYPICAL 16-BIT PROCESSOR 

COUNTER 
ENABLE 

1277 



-., 
" " 

N 
CD 

TABLE 18 - OPERATION FORM. COMMAND FORMAT. AND TEST OUTPUTS 

OPERATION FORM COMMAND FORMAT TEST OUTPUTS 

MSP ALL JBJi MSP -
NO. OPERATION 

OPO 
(71' 

op, 
(81 

OP2 
(91 

opo 
(101 

0P4 
(11) 

0P5 
(14) 

OPB 
(13) 

0P7 
1111 

OPB 
(161 

0P9 
(16) 

LSP 
l:llii 
(18) 

LG AG 
1211 (201 

EQ I r;ljUf" I x Y 
1231 1221 (21) (20) 

OVFl 
(37) 

ceo 
1371 

IA Il±A 28 + tiN! -+ 1:' BUS ONLy2 A SOURCE 8 SOURCE 

LLL= 81 ..... 8 
LLH=H·S ...... S 
LHl = 81 • WR ..... B 
lHH=WR-B 

A'FNCT IS'FNCT k-=CARRy~E'~ZEROIl:>ZERO 11:'=ZEAO I roOT 
=NO 

IB IliA ±S + aN) ..... REGISTER REGISTER l"'~-->A'll=~""'B'1 CARRY 
!H '" A ..... A·jH = B ..... S' 

Ll= AI ..... A 

Ll~ !' ..... WR 
LH= 1: ...... XWR 
Hl= l:' ..... PC 
HH'" I' ..... MC 

LH=H·S ..... A 
Hl = BI ..... A 
HH=WR .... A 

HLL = 81 • XWR -+ B 
HLH = XWR ..... B 
HHl= 81· pc ..... a 
HHH=PC-+8 

FUNCT I S'SAC I A'SAC 
IIA tA,+B+C!N,I>WR,XWR2 L=~:;-A- l=81 ..... S' L=AI ..... A 

liB 18-A-1l"'WR,XWR H"A-+A' H=WR-+S·H"BI ..... A 

SHIFT 

GLFT 
I!:~ZERO Ir>ZEAO 1l;'=ZEAO I c:ouT I 

X4 y4 OVFL ceo 

x I OVFl em 

I aVFL ceo iii IIA+B+CIN)5>-AEGISTER I A'SAC r-EGISTERI S'SOURCE ~SHIFT 
l=AI-+A'I~=r""'MC LL=SI ..... S· L=LOG IL=LFT = NO 

CARRY 
-DURING ARITHMETIC SHIFTS A' + C IS COMPARED TO-1 

IV AI If. 2;' BUS 

VA WR So-WR 
VB XWR II> XWR 
VI WR. XWR II> WR. XWR 

VIIAI A:B (Nl:N2) 
VIIBI B:A (Nt :N21 

lv.mAI NORlAND LOGICAL OPERATIONS 
IvIllS OR/NAND LOGICAL OPERATIONS 

lIIe EXOR/EXNORlOGICAL 
OPERATIONS 

IX I NO OPERATION IZERO ..... :E· BUS) 

x I CRC ACCUMULATION 
A. STAAT 

XI I SIGNED S. ITERATE (N·, eLKSI 
INTEGER C. ITERATE FINISH 
DIVIDE D. FIX REMAINDER 

E. ADJUST QUOTI ENT 

XII 16~~lg~E :~ ;>::RR:TE (N-1 CLKS) 
.FINISH -- -

XIII I UNSIGNED MULTIPLY 
XIV I SIGNED INTEGER MULTIPLY 

001 SEl (29) 
AO SEL (42) D02SEl (30) ----

Me Ll :E' BUS 
PC LH 'hR 

HL XWA 
HH HI·Z 

BI/O SEL (29) 

OUTPUT 
INPUT 

FUNCTION 
LHL'" NOR 
LHH -" OR 
HLL'" XOR 

["[)'WR (24) 

AI ..... WR 
NO LOAD 

H 

H =BI--->A' H",r;"R ~~: ~~;!~. =·ARlTH H = RT 

HH" -" L'S--->S' 

L~~GA?: ~~ ILL = L~~IFT 
LH =Wn .... nn 

LH - ARlTH 

H lHH=W= XWR" XWA I HL '" ROTATE 
H F\XWR-->WR.XWR HH (NOTDEFINEDJ 

TYPE 
L '" LFT 
iH ~ RT 

~'* -1 Il'>-l It·= -1 I c:OlJ'F 

AI*ZEAdAI>ZEAO!AI=ZEAO! eiN 

=LG S· SOUACE 

(SAME AS FORM I ABOVE) 

~'SAC I OPEA I IN1>N2 IN1>N2 IN1"N2 
L=AI-+A' L"A:B 
H=WA ..... A· H= B:A 

A' SAC I AEGt 
L-AI ..... A lL=WA 
H"WA-A LH'" XWR 

!Hl= PC 
H= .... 

B SOURCE 
lL'" SI-8 
LH=WR ..... S 
Hl'" XWA ..... B 
HH"'PC ..... S 

A' FNCT ~B' FNCT ~REGl Il*ZEAO I r>ZEAO Il'=ZEAO 
=A--->A' L=S ..... S· (SEE 

~=A""A' = 9 ..... S· UNDER 
P, 

COLUMN 

=CTN 

fNC'MC {35} 

INC 
HOLD 

Hor l Horl I Harl I Horl I Horl I HarL 

i'NCPC (431 

INC 
HOLD 

0115 

0/1 0/1 
0/16 I Oil 
0/16 I ·O/i 
0/15 0/16 

0/1 

= L I 0/16 
0/16 I 0116 

CCi (441 

LSP L: x 1 
LSPH: x 2 
MID OR MSP 
L CARRY 

H 

~ 
OV=MID 
2.4 V=- LSP 
5V"MSP 

em 

IDIVoZEAO 

IDIV~VFL 

DATA PORTS 
AI 81/0 DOP AOP 

161 (46) 1341 (38) 

I M lSI (47) (33) (39) 

141 111 (32) (40) 

BIT (2n) 

O(LSB) 

1 
2 

NO CARRY 
~ ~ N ~ 

A 131 121 (31) (41) I 3 (MSBj 

NOTES: 1. NUMERALS IN PARENTHESIS ARE PIN NUMBERS 5. 0 IS OUTPUT ON LSP. I IS INPUT ON [S"P" 

2 ...... DESTINED FOR ""SHIFTED AND DESTINED FOR 6. a IS OUTPUT ON MSP. 115 INPUT ON M"SP 
3. H~ HIGH VOLTAGE lEVEL. L = LOW VOLTAGE lEVEL 7. VOLTAGE VALUESAAE NOMINAL 
4. X AND Y ARE CARRY LOOK·AHEAD FUNCTIONS 

I 

SHIFT 
OVFL 

l 
(FOR 
LSA 
DVFll 

ceo 

ceo 

= 
ceo 

em 
ceo 

PIN ASSIGNMENTS 

WRRT (26) CK (45) 
WRlFT (25) Vce (12) 
XWAAT (28) GND (36) 

XWRLFT (27) 



3.2 OPERATION FORM I - ADD/SUBTRACT -> REGISTER 
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Operation Form I is designed specifically to perform the addition or symmetrial subtraction of two operands. The 
operation form shown in Figure 21. is composed of two distinct capabilities: 

FORM IA 

FORM IB 

A 

FORM IB: A 

A SOURCE SEL /-

A2 A1 AO SEL 

L L L AI-A 

L L H AI-A 

L H L H -A 

L H H L _A 

H L L BI-A 

H L H BI-A 

H H L WR-A 

H H H WR-A 

f{! : f 
o 0 0 

PLUS 

PLUS J!\ 

'" .", .. .. o 0 
!I: o 

B3 B2 81 BO 

B3 82 81 80 

PLUS ALUCIN 

PLUS 

8 SOURCE SEL 

B3 B2 B1 80 SEL 

L L L L BI-B 

L L L H lil-8 

L L H L H-B' 

L L H H L-B* 

L H L L BI' WR - B 

L H L H BI· WR - B 

L H H L WR-B* 

L H H H WR-8' 

H L L L 61· XWR-B 

H L L H BI· XWR-B 

c;: 
o 

N .. o 

,,' 8US ONLY 

ACTIVE CARRY 

CIN = H: 

NO CARRY 

CIN = L: 

CARRY INPUT 

1. OVFL IMSPI = H 

REG 

S1 

L 

L 

H 

H 

DESTINATION SEL 

SO SEL 

"·-·WR 

H ~'- XWR 

L ~'- PC 
H 2:'-- Me 

I ndicates that operation in process will cause 

ALU to overflow. 
ASYNCHRONOUS CONTROLS: H L H L XWR- Bit 

SEL B INPUT/OUTPUT' 

SEL DOP SOURCE 

SEL AOP SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

H-HIGH LEVEL. L=LOW LEVEL 

H L H H XWR - 8* 

H H L L BI· PC - B 

H H L H ll"f7l'C - B 
H H H L PC -B' 

H H H H PC - 8' 

'8110 CAN BE USED AS OUTPUT 

2. MAGNITUDE: The ~ Bus is compared to ZERO. 

Resultant outputs are: 
AG == H 0.': Bus Arithmetically> ZERO) 

LG "" H (1: Bus i ZERO) 

EO = H I" BUS = ZEROI 

3. C-OUT (MSP) = L 
Indicates ALU Carry Out. 

FIGURE 21 - FORM I-ARITHMETIC OPERATIONS: A PLUS B PLUS ALUCIN ->{R:~~S~~R} 

a. Form IA provides the capability of adding or subtracting two operands and routing the results to the 
~' bus. Symbolically, this operation can be expressed as: 

A { PLUS } 
MINUS 

B PLUS ALUCIN ->~' BUS 

This form provides the capability of choosing from anyone of the A and anyone of the B sources 
listed in Figure 21 as the operands to accomplish the add/subtract. The example illustrated in Figure 
22 utilizes the I/O capability of the B input/output port. Input data at the AI or B I/O is setup and 
then latched into the 'S481 A or B input latch on the negative transition of the 'S481 clock. 

During Form IA operations, the contents of the extended working register are not changed and the 
working register may be saved or loaded directly. The program or memory counters under control of 
the asynchronous increment, inhibit, and LSP CCI can be saved or either may be incremented by one 
or two. Sources for the DOP and AOP are also selectable. 



ENABLE 
MEMORY 

DATA 

I 
SINGLE - PORT 
REGISTER FILE 

(,170, 'LS170, OR 
'LS670) 

t 

~ 

AI 

BIIO 

TYPICAL CYCLE 

AOP 

'5481 
PROCESSOR 

DOP 
t---

~ 
MEMORY AO 

. 
(READ-THEN-WRITE THE SAME REGISTER) 

SYSTEM 
CLOCK 

N -COMMAND 

81/0 SEL 

81/0 

AI 

RF WRITE 
CONTROL 

LATCHED 
AI DATA 

(lNTERNAL'S4811 

~V 

~ 

:X ,A 
~ 

(INPUT' ex 

MEM. DATA 

RF READ DATA X 

A 

~ .:. IRRELEVANT 

~ 

(OUTPUTI 

,X AF WAITE DATA 

RFWRITED~ 
----. 

AF READ DATA ~ 
--' 

L- J 

RF READ DATA 

FIGURE 22 - 'S481 OPERATION WITH SINGLE-PORT REGISTER FILE 

l)l.. 

The overflow and magnitude status lines are active as enumerated in Figure 21. 

,X. 

:X 

,)1.)1. 

,X 

,)1..,)1. 

b. Form IB provides the capability of adding or subtracting two operands and routing the results to one 
of the four 'S481 storage destinations: the working register (WR), the extended working register 
(XWR), the program counter (PC), or the memory counter (MC). Symbolically, this operation can be 
expressed as: 

A I PLUS I 
MINUS 

B PLUS ALUCIN -+ REGISTER 

This form provides the capability of choosing from anyone of the A and anyone of the B sources 
listed in Figure 21 as the operands to accomplish the add/subtract_ 
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3.3 OPERATION FORM II - ADD/SUBTRACTWITH DOUBLE·PRECISION SHIFT 

Operation Form II is designed specifically to perform one of two classical iterations used frequently to implement 
microprogrammed multiply and divide algorithms. This form provides the system designer with the capability of 
selecting a single microinstruction which will complete both the add·and·shift or subtract·and·shift functions in a 
single clock cycle. Available microinstructions are illustrated in Figure 23. Symbolically, Form II operations can be 
represented as: 

(A PLUS B PLUS ALUCIN) 
(B MINUS A MINUS 1) 

SHIFTED -+ WR, XWR 
SHIFTED -+ WR, XWR 

Hardwired algorithms for double·precision multiply and divide routines can be selected in operation forms X I, X II, 
XlIl,or XIV. 

During Form II operations the status, overflow, and asynchronous controls are the same as described for Form I. 

ASYNCHRONOUS 
CONTRO~S, 

SE~ B INPUT/OUTPUT' 

SEL DOS SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

~OAD WR 

'SI/O CAN BE 

USED AS OUTPUT 

H - HIGH LEVE~. ~. ~OW ~evE~ 

(NO CARRY) ~S~ (l:' SUS, XWRI __ WR, XWR 

RS~ (l:' SUS, XWRI ___ WR, XWR 

ErN- ~ 

CARRY INPUT 

1. OVFL (MSPI - H 

Indicates that operation in process will cause ALU to overflow. 

2. MAGNITUDE: The l: Bus is compared to ZERO 

Resultant outputs are: 

AG'" H (}; Bus Arithmetically> ZERO) 

LG - H (~ Sus'" ZEROI 

EO - H (>: Bus' ZEROI 

3, C-OUT (MSP) = L 
Indicates ALU Carry Out, 

FIGURE 23 - FORM II-ARITHMETIC WITH DOUBLE-PRECISION SHIFT 

1:1 PLUS I : 1 PLUS CARRY SHIFTED -+WR, XWR 

(MULTIPLY AND DIVIDE SHIFT OPERATIONS WITHOUT AUTOMATIC CONTROL) 

3.4 OPERATION FORM III - ADD WITH SINGLE-PRECISION SHIFT 
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Operation Form II I is a universal microinstruction providing the designers with the capability of performing an 
add-and-shift function in a single clock cycle. Sources and destinations are shown in Figure 24. Also enumerated are 
the shift functions which are selectable as part of the microinstruction. 



Magnitude and overflow status indicators are active as enumerated in Figure 24. Form III can be represented 
symbolically as: 

(A PLUS 8 PLUS ALUCIN) SHIFTED ~ XWR, OR MC 

During Form III operation the contents of the working register are not changed unless an asynchronous load is 
selected. If not selected as the destination, the extended working register will be saved. The memory counter can be 
the operand destination, or it and the program counter can be saved, or one can be incremented by one or two on 
selection. Sources for the DOP and AOP are also selectable. 

o 
~ a:: o 

CD 
0. o 

H : H : L: H I A I B1 80 I C 

81 80 

L L 

'L H 

H L 

H H 

ASYNCHRONOUS CONTROLS: 

SEL 8 INPUT/OUTPUT 

SEL DOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

H = HIGH LEVEL, L = LOW LEVEL 

SEL CIN = H: 

BI- B NO CARRY 

WR- 8 

XWR- 8 CIN = L: 

L- B CARRY INPUT 

01 DO SEL 

L L LSL - l,;' 

L H RSL _ I:' 

H L LSA*- l,;' 

H H RSA*- l,;' 

1. OVFL (MSP) = H Indicates that the shift operation in 
process will cause the selected register to overflow. 

2. 'MAGNITUDE: During LSA or RSA, A plus C (N1) is 
compared to 8 (N2); during the remaining operations, the 
l,; Bus is compared to ZERO. Resultant outputs are: 

AG = H (N1 ARITHMETICALLY> N2) or (l,; BUS 
ARITHMETICALLY> ZERO) 
LG = H (N1 > N2) or (I: BUS ," ZERO) 
EQ = H (N1 = N2) or (l,; BUS = ZERO) 

3. COUT (MSP) a L Indicates ALU Carry Out. 

FIGURE 24 - FORM III-ARITHMETIC WITH SINGLE-PRECISION SHIFT 

(A PLUS B PLUS ALUCIN) SHIFTED ~ XWR OR MC 

3.5 OPERATION FORM IV - AI SHIFTED"'!;' BUS 

Operation Form IV is designed specifically for performing a single bit-position logical, arithmetic, or circular shift of 
the data applied at the A input port. This single clock operation can be used to shift information residing in any of the 
external working memory register locations simply by enabling the output capability of the 81/0 port and writing the 
shifted word back into the same (or any other selected) memory location. 

Asynchronous controls are the same as described for Operation Form lA, and the magnitude status lines are active 
and overflow is active during left-shift arithmetic (LSA) operation as enumerated in Figure 25. 
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0 c;: Q. 

0 0 

H H 

ASYNCHRONOUS CONTROLS: 

SEL B INPUT/OUTPUT 

SEL OOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOAD WR 

N 
Q. 

0 

H 

H = HIGH LEVEL, L = LOW LEVEL 

'" 
.,. 

'" <0 .... eo a> 

I~ 0- Il. Q. Q. 0- Il. Q. 

0 0 0 0 0 0 0 

L H H L L I 02 : 01 DO 

/ 
SHIFTSEL 

02 01 DO SEL 

L L L LSL 

L L H RSL 

L H L LSA 

L H H RSA 

H L L LCIR 

H L H RCIR 

H H L NOT DEFINED 

H H H NOT DEFINED 

FIGURE 25 - FORM IV-AI SHIFTED -> 1;' BUS 

1. COUT=CIN 

2. OVF L (MSP = H) 

I ndicates that LSA operation 

in process will cause shift over

flow. For all other operations, 

OVFL = L. 

3. MAGNITUDE: AI is compared 

to ZERO. Resultant outputs are: 

AG = H (AI> ZERO) 

LG = H (AI", ZERO) 

EQ = H (AI = ZERO) 

3.6 OPERATION FORM V - SINGLE·LENGTH SHIFT 
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Operation Form V performs a single-bit position, logical, arithmetic, or circular shift of either the working register or 
extended working register. Magnitude status indicators are active and overflow is active during left-shift arithmetic 
(LSA) operations as enumerated in Figure 26. Asynchronous controls are the same as described for Operation Form 
IA. 

0 c;: N 
Q. 0.. 
0 0 0 

FORM VA E~ : H : H 

FORM VB H H 

ASYNCHRONOUS CONTROLS: 

SEL B INPUT/OUTPUT 

SEL DOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

M 
0.. 
0 

: L 

L 

H = HIGH LEVEL, L = LOW LEVEL 

.,. 
0.. 
0 

H ~ H 

02 01 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

'" '" .... eo Cl 
0.. Q. Q. 0.. 0.. 
0 0 0 0 0 

H ~ L : H I ~~: 01 

H H L 01 

/ 
SHIFTSEL 

DO SEL 

L LSL 

H RSL 

L LSA 

H RSA 

L LCIR 

H RCIR 

L NOT DEFINED 

H NOT DEFINED 

IB 

~~ I WR SHIFTED - WR 

XWR SHIFTED .... XWR 

1. COUT=CIN 

2. OVFL (MSP - H) 

I ndicates that LSA operation in process 

will cause shift overflow. For all other 

operations, OVFL '" L. 

3. MAGNITUDE: AI is compared to ZERO. 

Resultant outputs are: 

AG = H (AI> ZERO) 

LG = H IAI '" ZERO) 

EQ = H IAI = ZERO) 

FIGURE 26 - FORM V: {:R} SHIFTED->{::R} 



3.7 OPERATION FORM VI - DOUBLE-PRECISION SHIFTS 

Operation Form VI performs a double-precision logical, arithmetic, or circular shift of a double-length word residing 
in the working register and extended working register. Magnitude status indicators are active and overflow is active 
during left-shift arithmetic (LSA) operations as enumerated in Figure 27. Asynchronous controls are the same as 
described for operation form IA. 

0 
0-
0 

H 

ASYNCHRONOUS CONTROLS: 

SEL B INPUT/OUTPUT 

SEL DOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOAD WR 

H = HIGH LEVEL, L = LOW LEVEL 

0: 
0 

H 

N M 
0- 0-
0 0 

: H L 

" "' 0- 0-
0 0 

H H 

02 01 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

'"' r- oo (J) 

~ 0- 0- 0- 0-
0 0 0 0 

H ;::;y DO 

SHIFT SEL 

DO SEL 1. COUT ~ CIN 

L LSL 2. OVFL (MSP ~ H) 
H RSL I ndicates that LSA operation 
L LSA in process will cause shift 
H RSA 

L LCIR 
overflow. Fo~ all other opera-

tions, OVFL == L. 
H RCIR 

L NOT DEFINEO 3. MAGNITUDE: A I is compared 

H NOT OEFINED to ZERO. Resultant outputs are: 

AG = H (AI> ZERO) 

LG ~ H (AI'" ZERO) 

EQ ~ H (AI ~ ZERO) 

FIGURE Z1 - FORM VI-DOUBLE·PRECISION SHIFTS: lWR, XWR)SHIFTED .... (WR. XWR) 

3.8 OPERATION FORM VII - COMPARE (A:B OR B:A) 

Operation Form VII is designed specifically to provide the system designer with the capability of symmetrically 
comparing either operands A-to-B or operands B-to-A. The operands selectable are enumerated in Figure 28 as the A 
source select or B source select. The carry output, overflow, and magnitude status lines decode and indicate the logical 
and arithmetic relationship of the operands being compared as shown in Figure 28. Asynchronous controls are the 
same as described for Operation Form IA. 

3.9 OPERATION FORM VIII - LOGICAL FUNCTIONS 

The ALU with its carry circuit functionally inactivated in Form VIII operations can be microprogrammed in 
conjunction with the source operands to perform any of the possible combinatorial Boolean functions on two binary 
variables. See Figure 29. Simple transfer functions are performed with the arithmetic operations in Form I, and 
combinatorial transfer and shift operations are available in Form III. 

As with the arithmetic operations, a highly flexible source selection extends performance of single clock 
combinatorial logical operations between two (external) operands applied at the A and B input ports, or combinations 
of resident data in '5481 registers or counters can be combined logically with another register or external source. The 
specific combinations selectable are enumerated in the following paragraphs. 
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ASYNCHRONOUS CONTROLS: 

SEL B INPUTIOUTPUT' 

SEL DOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC ANDIOR MC 

LOADWR 

0 ;;: '" M ... CO 
Q. Q. Q. Q. Q. 

0 0 0 0 0 0 

B2 Bl BO SEL 

L L L BI 

L L H H* 

L H L BI· WR 

L H H WR' 

H L L BI· XWR 

H L H XWR* 

H H L BI • PC 

H H H PC* 

*BI/O CAN BE USED AS 
OUTPUT (1: BUS = Nl-N2-1) 

"' CD ... Ol 

~ Q. Q. Q. Q. 

0 0 0 0 

~ B2 Bl BO A:B 

B2 Bl BO B:A 

1. COOT = LG 

2. MAGNITUDE: A or B (Nl) is compared to B or A (N21, 

respectively. The resultant outputs are: 

AG = H (N 1 arithmetically> N2) 

LG = H (N 1 logically> N2) 

EO = H (N 1 = N2) 

3. OVFL (MSP) IS NOT DEFINED. 

H = HIGH LEVEL, L = LOW LEVEL 

AI 

L 

L 

H 

H 

FORM VilA 

FORM VIIB 

FORM VillC 

1;: 
o 

H 

H 

H 

c:: o 

L 

L 

H 

FIGURE 2B - FORM VII-COMPARE: I: : ! I 
N .. o 

H 

H 

L 

'" .. o 

L 

H 

L 

... .. o 

AI 

AI 

AI 

~ o 

AO 

AO 

AO 

{ NOR} 

:f o 

B2 

B2 

B2 

... .. 
o 

Bl 

Bl 

Bl 

~ o 

BO 51 

BO 51 

BO 51 

SO 

SO 

SO 

NOR 

OR 

EX-OR 

A 

A~OURCESEL~ ~-~R T-~ 
+ REG DESTINATION SEL 

AO SEL B-SOURCE SEL 51 SO SEL 

L AI -A B2 Bl BO SEL L L 1;'- WR 

H AT - A 
L L L BI- B L H ~'- XWR 

L WR-- A L L H iiT-B H L 1;'- PC 

H WR-A L H L WR- B' H H 1;' ONLY 
L H H Wl'i - B' 
H L L XWR- B' 

H L H 5<'WF{ - B* 

H H L PC-B' 

H H H l'e-B' 

*BI/O CAN BE USED AS OUTPUT. 

ASYNCHRONOUS CONTROLS: SEL B INPUTIOUTPUT' 

SEL DOB SOURCE 
1. OVFL= LOW 
2. COUT=CIN 
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SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC ANDIOR MC 

LOADWR 

H = HIGH LEVEL, L = LOW LEVEL 

FIGURE 29 - FORM VIII-LOGICAL OPERATIONS: 

3_ MAGNITUDE: The ~ Bus is compared to ZERO. 
Resultant outputs are: 

AG = H (1: Bus Arithmetically> ZERO) 
LG = H (~ Bus oF ZERO) 
EQ = H (E Bus = ZERO) 

{
NOR} 

A OR B""'REGISTER 
X-OR 



3.9.1 NOR/AND Logical Operations 

Operation Form VillA can be used to perform the NOR or AND logical combination of two selectable operands and 
route the results to one of four destinations. The operation microcode is: 

FORM VillA IH~)ol,,\ol 
SEL A SOURCE SEL B SOURCE DESTINATION 

L=AI L=TRUE 

H -WR H = COMP 

LL = BI 

LH =WR 

HL = XWR 

HH = PC 

H=HIGH LEVEL. L=LOW LEVEL 

L = TRUE 

H = COMP 

LL=WR 

LH = XWR 

HL = PC 

HH = I;'-BUS 

As shown above, the A and B sources are selectable by the A 1, B 1, and B2 bits in their true or complementary form 
(bits AO, BO) to facilitate performing the NOR, mixed NOR/AND, and the AND functions. As implemented, see 
Figure 30, the NOR function is performed when the sources are both true, mixed NOR/AND functions are performed 
with one source complemented, and the AND function is performed when both sources are selected in their 
complement form. Both implementation and other/equal logic symbols are shown in Figure 30. Also provided are the 
function tables and Boolean equations. 

SELECTIONS AVAILABLE 

TRUE A=COMP B-COMP A and a- COMP 

IMPLEMENTATION :==[>-E' :~E' :~E' A~ B lJ t· 

A B "' A A B "' B B A "' A B A B "' 
L L H L H L L L H L L L L H H L 

FUNCTION TABLES H L L H L L H L H H L H L L H L 

IH = HIGH LEVEL, L H L L H H L H L L H L H H L L 

L= LOW LEvell H H L H L H L H L H L H H L L H 

OPS= OP9= L OP8=H,OP9=L OPS= L,OP9= H OPB=QP9=H 

OTHER OR :=L)-t. :=:[)-E' :=t=)-t. :=[)-E' eQUAL SYMBOLS 

NOR MIXED MIXED AND 

BOOLEAN FUNCTIONS E' .. A+I' I;' .. Aa I;'=AB };'=A9 

FIGURE 30 - FORM VillA NORlAND LOGICAL OPERATIONS 
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3.9.2 OR/NAND logical Operations 
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Operation Form VIIIB can be used to perform the OR or NAND logical combination of two selectable operands and 
route the results to one of four destinations. The operation microcode is: 

o 
D.. o 

FORM VIIiB H 

z 

L---------~7-~~~~--,-~._~ 

L=AI L=TRUE LL = BI 

H = WR H = COMP 

L = TRUE 

H = COMP 

LL =WR 

LH = XWR 

HL = PC 

LH =WR 

HL= XWR 

HH = PC HH = l:'-BUS 

H=HIGH LEVEL, L=LOW LEVEL 

As shown above, the A and B sources are selectable by the A 1, B 1, and B2 bits in their true or complementary form 
(bits AD, BO) to facilitate performing the OR, mixed OR/NAND, and the NAND functions. As implemented, see 
Figure 31, the OR function is performed when the sources are both true, mixed OR/NAND functions are performed 
with one source complemented, and the NAN D function is performed when both sources are selected in their 
complement form. Both implementation and other/equal logic symbols are shown in Figure 31. Also provided are the 
function tables and Boolean equations. 

SELECTIONS AVAILABLE 

TRUE A=COMP B= COMP Aand B" COMP 

IMPLEMENTATION :=L>-"' :~"' :=;;0-"' :~"' 
A B " A A B 2;' B B A ,;' A B A B ," 
L L L L H L H L H L H L L H H H 

FUNCTiON TABLES 
H L H H L L L L H H H H L L H H 

(H = HIGH LEVEL, L H H L H H H H L L L L H H L H 

L = LOW LEVEL) H H H H L H H H L H H H H L L L 

OPB= CP9= L OP8'" H,DP9= L OP8 = L, OP9 = H OP8 '" DP9 = H 

OTHER OR :=D-"' :=:[)-"' :~" :=0-"' eQUAL SYMBOLS 

OR MIXED MIXED NAND 

BOOLEAN FUNCTIONS E' .. A+8 1: / ''' A. + B I;'=A+B I:'=A8 

FIGURE 31 - FORM ViliS OR/NAND LOGICAL OPERATIONS 



3.9.3 Exclusive·OR/Exclusive·NOR Logical Operations 

Operation Form Ville can be used to perform the exciusive·OR/exciusive·NOR logical combination of two selectable 
operands and route the results to one of four destinations. The operation microcode is: 

FORM VIIIC 

o 
0-
o 

H 

0-o 
N 
0-
o 

M 
0-
o 

..,. 
0-o if 

o 
;:e 
o 

.... 
0-
o 

Ol 
0-
o I~ 

SEL A SOURCE ~ ILSOURCE DESTINATION 

L= AI 

H =WR 

L = TRUE 

H = COMP 

LL = BI 

LH =WR 

HL = XWR 

HH = PC 

H = HIGH LEVEL, L = LOW LEVEL 

L = TRUE 

H = CaMP 

LL = WR 

LH = XWR 

HL = PC 

HH = l.:'-BUS 

As shown above, the A and B sources are selectable by the A1, B1, and B2 bits in their true or complementary form 
(bits AD, BO) to facilitate both exclusive-OR and exclusive-NOR operations. As implemented, see Figure 32, the 
exclusive-NOR function is performed when the sources are both true or both complemented. When either the A or the 
B source (not both) are complemented, the exclusive-OR function is performed. Both implementation and 
other/equal logic symbols are shown in Figure 32. Also provided are the function tables and Boolean equations. 

ALL TRUE OR ALL 

COMPLEMENT SOURCES 
ONE SOURCE COMPLEMENTED 

:=0-"' A~ :~~' IMPLEMENTATION ~' 
B 

A B " A A B ~' B B A ~' 

L L H L H L L L H L L 
FUNCTION TABLES 
(H'" HIGH LEVEL, H L L H L L H L H H H 

L= LOW LEVEll L H L L H H H H L L H 

H H H H L H L H L H L 

ops ' Qpg" L QPS =H,OP9= L OPB == L, OP9 '" H 

:=+0-' 
:===C>-~' :===C>-~' OTHER OR EX AND 

eQUAL SYMBOLS 
A~. , -, 

EX-OR EX-OR EX·NOR 

:E''''A 0 8 
BOOLEAN FUNCTIONS 

I;' = "A""'i'"B :£'= A ED B I;'::A $ B 

FIGURE 32 - FORM VIIIC EXCLUSIVE-OR/EXCLUSIVE-NOR OPERATIONS 
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3.10 OPERATION FORM IX - NO OP 

Operation Form IX is designed specifically to 
clear the ~' bus force AG and LG low, and 
force EQ high; and, during this operation 
form data in the 'S481 registers, counters and 
latches remain unchanged unless directed to 
do otherwise by the asynchronous control 
inputs as shown in Figure 33. 

The memory or program counter can be 
incremented (by one or two) on each clock 
transition, or the working register can be 
loaded on each clock. Additionally, the B 
input/output can be specified, as well as 
sources for the address or data out ports. 
States of the carry and overflow outputs are 
not interrupted. 

H H 

N 
I>. o 

H H H x x x 

H = HIGH LEVEL, L = LOW LEVEL, X = IRRELEVANT 

ASYNCHRONOUS CONTROLS: 

SEL B INPUT/OUTPUT 

SEL DOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

AG = ZERO 

LG = ZERO 

EQ= HIGH 

~ o 

x 

FIGURE 33 - FORM IX-NO OPERATION: ZERO -->~' BUS 

I~ 
x 

3.1' OPERATION FORM X - CYCLIC REDUNDANCY CHARACTER ACCUMULATION 
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Operation Form X is a macroinstruction which can be used to update a 16-bit cyclic redundancy character (eRe) 
partial sum in eight clock cycles, assuming 8-bit data characters. The updated eRe partial sum resides in the working 
register. The flow diagram of this algorithm is illustrated in Figure 34. 

H = HIGH L.EVeL, L" LOW LEVEL. 

• INITIAL LEVEL 

FORM X OPERATION 

CAe PARTIAL SUM IN WA 

CRe POLYNOMIAL IN At 

DATA CHARACTER IN XWA ~R1GHT HALF) 

CAe ITERATE 
t8CLOCKSl 

UPDATEOCRC PARTIAL. SUM IN WA 

FIGURE 34 - CYCLIC REDUNDANCY CHARACTER ACCUMULATION 



Setup conditions include the existence or placement of the previous CRC partial sum in the working register, the CRC 
polynomial at the A input port, and the data character in the eight least significant bits of the extended working 
register. All decisions after setup are decoded on chip for each of the eight iterations. Microcontrol open·collector 
output Opg of the LSP assumes control during the iterations to generate one of two microinstructions requires to 
accomplish the CRC update. . 

3.12 OPERATION FORM XI - SIGNED INTEGER DIVIDE 

Operation Form X I consists of the micro/macroinstructions needed to perform the signed division of a double length 
dividend by an N-bit divisor in N + 3 clock times. After the division routine the quotient will reside in the extended 
working register (XWR) and the remainder will be in the working register (WR). Negative results are in two's 
complement. The flow diagram of this algorithm is illustrated in Figure 35. 

Setup conditions include the existence or placement of the double length dividend in the WR, XWR and application 
of the divisor at the A input port. To obtain a legitimate result, the divisor must not be arithmetically zero as 
indicated during the start command by the EO output being low. The dividend must be of a nature that it could be 
generated by a signed multiply and add operation on the divisor. Status outputs LG, AG, C-OUT and OV are 
undefined, as is EO after the start command. 

After setup, all decisions are decoded on chip for start, iterate, iteration finish, fix remainder, and adjust quotient. 
The iterate macroinstruction (Form XIB) internally decodes the status of the stored signs, carry out, and working 
register and the OPS and Opg microcontrol open-collector outputs of the MSP assume control generating one of four 
microinstructions required to accomplish the signed divide. 

3.13 OPERATION FORM XII - UNSIGNED DIVIDE 

Operation Form XII consists of micro/macroinstructions needed to perform the unsigned division of a double length 
dividend by an N-bit divisor in N + 1 clock times. After the division routine the binary magnitude quotient will reside 
in the extended working register (XWR) and the binary magnitude remainder will be in the working register (WR). 
The flow diagram of this algorithm is illustrated in Figure 36. 

Setup conditions include the existence or placement of the double length dividend in the WR, XWR; application of 
the divisor at the A input port and that the last operation was not a divide command. To obtain a legitimate result, 
the N-bit divisor must be logically greater than the most-significant N-bits resident in the working register. A direct 
status on the arithmetically-greater-than (AG) output indicates that a valid (start) [AG = HJ, or invalid (abort) 
[AG = LJ setup condition exists. 

After setup, all decisions are decoded on chip for start, iterate and finish. The iterate macroinstruction (Form XIIB) 
internally decodes the status of C-OUT or FORCE LOAD FLAG and the Opg microcontrol open-collector output of 
the MSP assumes control generating one of two microinstructions required to accomplish the unsigned divide. 

3.14 OPERATION FORM XIII - UNSIGNED MULTIPLY 

Operation Form XIII consists of a macroinstruction which performs the unsigned multiplication of two N-bit words in 
N clock times. After the multiply routine the double length product is residing in the working register 
(most-significant N-bits) and the extended working register (least-significant N-bits). The flow diagram of this 
algorithm is illustrated in Figure 37. 

Setup conditions include clearing the working register to all zeros, loading (not shifting) the multiplier into the 
extended working register, and applying the multiplicand at the A input port. Arithmetic shift commands must not 
occur between multiplier load and the first iteration. Status outputs (EO, AG, LG, C-OUT and OV) are undefined 
during this algorithm. 
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--------- . o ~ N M ~ ~ ~ ~ 00 mlz 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ u 

DIVIDEND IN WR, XWR; 

DIVISOR IN AI; 

AI ;0; DIVIDEND IS SUCH THAT IT COULD 

BE GENERATED BY A SIGNED MULTIPLY 

AND ADD OPERATION ON THE DIVISOR. 

START·FORM XIA 
11 CLOCK) 

WR, XWR LEFT LOGICAL 
AI PLUSO _2:' 
SAVE WR SIGN 

SAVE SIGNS-DIFFERENT 
FLAG 

ITERATE·FORM XIS 
IN·1 CLOCKS) 

I H: H : H : H : L : H : L : H : H : H: H I-INITIAL LEVEL 

WR PLUS AI-2; 

2; "XWR LEFT LOGICAL 
- WR,XWR 

XWRRT= 1 

WRPLUSAI- ); 

-WR 
XWR LEFT LOGICAL 

- XWR 
XWRRT = 1 

YES 

lOPS) 

YES 

lOPS) 

YES 

lOPS) 

NO 

lOPS) 

NO 

IOP9) 

NO 

lOPS) 

NO 

lOPS) 

WR PLUS Ai 
PLUS 1-2: 

WR, XWR 'LEFT 
LOGICAL -WR. XWR 

XWRRT = 0 

ITERATION FINISH·FORMXIC 
11 CLOCK) 

WR PLUSAi' 
PLUS 1 _l: 

XWR LEFT LOGICAL 
-XWR 

XWRRT= 0 

FIGURE 35 - FORM XI-SIGNED INTEGER DIVIDE ISHEET 1 OF 2) 



----------o ~ N M V ~ ~ ~ 00 m 12 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -o 000 0 0 0 0 0 0 0 

!H»:H: <H: L»: H:HI 
WR plusAI 

~l: 

l:-WR 
1 -> R FIXED FLAG 

YES 

(OPS) 

YES 

o - N M ¢ ~ ~ ~ 00 m 12 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -o 0 0 0 0 000 0 0 0 

!H:H:H>:«H:H:H>:HI 

YES 

(OPSI 
(Opgl 

XWR plus 0 
~XWR 

XWR plus 1 

~XWR 

FIX REMAINDER - FORM X[O 
(1 CLOCK) 

NO 

NO 

(OP9) 

WR plus AI 

plus 1-1: 

o~ R FIXED FLAG 

ADJUST QUOTI ENT - FORM X[E 

(1 CLOCK) 

XWR plusO 

~XWR 

REMAINDER IN WR 
QUOTIENT IN XWR 

FIGURE 35 - FORM XI-SIGNED INTEGER DIVIDE (SHEET 2 OF 2) 

XWR plus 1 
~XWR 
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~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o 0 0 0 0 0 000 0 u 
IH:H:H:H:««H;H:LI 

H = HIGH LEVEL 
L = LOW LEVEL 

SET 
FORCE LOAD 

FLAG 

YES 

DIVIDEND IN WR, XWR 
DIVISOR IN AI: 
DIVISOR MUST BE LOGICALLY GREATER 
THAN WR FOR LEGITIMATE RESULT. 

WR, XWR LEFT 
LOGICAL - WR, 

XWR 

START (FORM XII A) 
(1 CLOCK) 

NO 

CLEAR 
FORCE LOAD 

FLAG 

TO UNSIGNED 
DIVIDE INTERATE 

FIGURE 36 - FORM XII-UNSIGNED DIVIDE (SHEET 1 OF 21 



~ r ~ ~ : f ~ ~ : ~ I~ 
000 0 000 000 0 

IH:H>:H: < «H:H;H>I 
H = HIGH LEVEL, LOW = LOW LEVEL 
• INITIAL LEVEL 

I:, XWR LEFT LOGICAL 

~WR,XWR 

XWRRT= 1 

SET 
FORCE LOAD 

FLAG 

~ ~ ~ ~ l ~ f ~ : f I~ o 000 0 0 0 0 000 

IH:H:H>:««L>:LI 

:t ...... WR 
XWR LEFT LOGICAL 

~XWR 

XWRRT= 1 

WR plus AI 
plus 1--+ I: 

WR plu.AI 
plus 1-'" 1: 

G 

NO 

(CP9) 

NO 

(OP9) 

ITERATE (FORM XII B) 

(N·l CLOCKS) 

WR, XWR LEFT LOGICAL 
-+WR,XWR 

XWRRT= 0 

CLEAR 
FORCE LOAD 

FLAG 

FINISH (FORM XII C) 
(1 CLOCK) 

XWR LEFT LOGICAL 
~XWR 

XWRRT=O 

QUOTIENT IN XWR 

REMAINDER IN WR 

FIGURE 36 - FORM XII-UNSIGNED DIVIDE (SHEET 2 OF 2) 
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~ ~ ~ : : ~ f ~ ~ ~ I~ o 0 0 0 0 000 0 0 u 

IH:H:H:H:«H:L:<H:HI 

H = HIGH LEVEL, L = LOW LEVEL, • INITIAL LEVEL 

WR plus AI -> E 
E, XWR right logical 

->WR, XWR 

YES 

(OP9) 

ZEROS INWR 
MULTIPLIER IN XWR 
MULTIPLICAND IN AI 

ITERATE 
(N CLOCKS) 

NO 

(OP9) 

WR plus AI -> E 
WR, XWR right logical 

-+WR, XWR 

PRODUCT IS IN WR, XWR 

FIGURE '37 - FORM XIII-UNSIGNED MULTIPLY 

The iterate macroinstruction internally decodes the status of the XWR LSB and the OP9 microcontrol open-collector 
output of the MSP assumes control generating one of two microinstructions required to accomplish the unsigned 
multiply. 

3.15 OPERATION FORM XIV -SIGNED INTEGER MULTIPLY 

46 

Operation Form XIV consists of a macroinstruction which performs the signed multiplication of two N-bit signed 
integers in N clock times. After the multiply routine, the double precision signed product resides in the working 
register (most-significant N-bits) and the extended working register (least-significant N-bitsL Negative products are in 
two's complement. The flow diagram of this algorithm is illustrated in Figure 38. 

Setup conditions include clearing the working register to all zeros, loading (not shifting) the multiplier into the 
extended working register, and applying the multiplicand at the A input port. Arithmetic shifts must not occur 
between multiplier load and the first iteration. Status outputs (EO, AG, LG, C-OUT, and OV) are undefined during 
this algorithm. 

The iterate macroinstruction internally decodes the status of the multiplier (XWR) sign-bit flag, the multiplier LSB, 
and the multiplier LSB flag and the OP8 and OP9 microcontrol open-collector outputs of the MSP assume control 
generating one of four microinstructions required to accomplish the signed mUltiply. 



1277 

SET 

XWR NEGATIVE 

FLAG 

WR plus AI --+ l:: 

E, XWR Right Arithmetic 

-'WR, XWR 

YES 

NO 

lOPS) 

YES 

IOP9) 

CLEAR 
XWR LSB TEST 

FLAG 

ZEROS IN WR 
MULTIPLIER IN XWR 
MULTIPLICAND IN AI 

NO CLEAR 

XWR NEGATIVE 

FLAG 

SIGNED MULTIPLY 

ITERATE IN CLOCKS) 

YES 

(OPS) 

NO 

IOP9) 

WR plus Ai 
plus 1--+:I; 

WR,XWR 

right arithmetic -"WR, XWR 

PRODUCT IS IN WR, XWR 

FIGURE 38 - FORM XIV-SIGNED INTEGER MULTIPLY 

SET 

XWR LSB TEST 

FLAG 

• 
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4. SPECIFICATIONS 

Recommended operating conditions. electrical characteristics. and switching characteristics are provided in Tables 19 
through 21. 

TABLE 19 
RECOMMENDED OPERATING CONDITIONS 

SN54LS481 
MIN NOM MAX 

SN74LS481 
MIN NOM MAX 

Supply voltage. VCC 4.5 5 5.5 4.75 55.25 
High-'evel output voltage at ea. opa. OP9; Vo 5.5 5.5 

AOP. BI/O. DOP. ceo/OV. COUT 10 10 
Low-level output ea. opa. OP9 a a 
current, IOL WRLFT, WRRT. XWRLFT, XWRRT 4 4 

X/LG. Y/AG 16 16 
High-level output 8110. DOP 2 6.5 

current, IOH All other outputs or I/O except EO, opa. Opg 1 1 
Width of clock High logic level 35 35 
pulse, tw Low logic level 25 25 
Clock ftequency 7 S 

AI. BI/O Latch 25~ 20~ 
AI .... WR 25t 25t 
AI. 81/0 .... ALU .... MC. PC. WR. XWR 90t sot 

Setup time, tsu CCI. INCMC. INCPC. LDWR 50t 40t 
OPO thru OP9 140t 90 120t 90 
CIN 60t 50t 
WRLFT. WRRT. XWRLFT. XWRRT 40t 40t 
AI. BIIO .... Latch 5~ 5~ 
AI .... WR lOt lOt 
AI. BI/O .... ALU .... MC. PC. WR. XWR -20t -20t 

Hold time, th CCI. INCMC. INCPC. LDWR OT OT 
OPOthru OP9 -lOT -lOT 
CIN -5T aT 
WRLFT. WRRT. XWRLFT. XWRRT OT ot 

Operating free-air temperature range, T A 55 25 125 0 25 70 

SN748481 
MIN NOM MAX 

UNIT 

4.75 55.25 V 

5.5 V 
10 

a 
mA 

4 
16 

6.5 
mA 

1 
35 

ns 
25 

10 MHz 

15~ 
15t 
65t 
30t ns 
90t 60 
40t 
30t 

10~ 
lOt 

-20t 
lOT ns 
aT 
OT 
5t 
0 25 70 C 

t +The arrow Indicates the transition of the clock input used for reference; tfor the low-ta-high transition, .,j,for the high-ta-Iow transition. 

TABLE 20 
ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE 

(UNLESS OTHERWISE NOTED) 

PARAMETER TEST CONDITIONSt 
'LS481 'S481 

MIN TYPt MAX MIN TYPt 

VIH High .. level input voltage (any input except POS) 2 2 

V,L Low-level input voltage (any input except POS) O.s 

VIK I nput clamp voltage VCC=MIN.II= l~mA 1.2 

VOH 
High-level output Any I/O or output VCC=MIN, VIW2V, \548' 2.5 3.4 

voltage except Ea. OPS, OP9 VIL =O.SV .IOWMAX \748' 2.7 3.4 2.7 

VOL Low~ll!"el output voltage 
VCC=MIN. V'H=2V. 
VIL=O.SV,IOWMAX 

0.5 

IOH High~level output current ea. opa, OP9 VCc=MAX, VO=5.5V 100 

" 

Input current at maximum POS VCC=MAX. VI=VCC 1 
input voltage Any Other VCC=MAX, VI=5.5V 1 

'IH High-level Input current OPO, OP1, OP2. OP3. CI N 
VCC~MAX, V,=2.7V 

200 
Any other except POS 100 

OPO. OPI. OP2, OP3, e'N -·4 

IlL 
Low~level input WRRT, WRLFT. XWRRT. VCC=MAX, -2 
current XWRLFT, eel. CLOCK V,=0.5V 

Any Other -1 

lOS 
Short-circuit Any output or I/O 

VCC=MAX -30 -100 -30 
output current§ except Ea. opa, OP9 

ICC SupplV current VCC=MAX 220 325 

tFor conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 

tAli typical values are at Vee"" 5 V. T A=26~e_ 
§ Not more than one output should be shorted at a time. 

DESIGN GOAL 
This document provide. tentative information 
on a product in the development stage. T exes 
Instruments reserves the right to change or 

48 discontinUe this product without notice. 

3.4 

345 

MAX 

O.s 

1.2 

0.5 

100 
1 
1 

200 
100 
--8 
-4 

-2 

-100 

425 

UNIT 

V 
V 
V 

V 

V 

iJ.A 

mA 

IlA 

iJ.A 

mA 

mA 

mA 
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TABLE 21 

SWITCHING CHARACTERISTICS (OVER OPERATING RANGE OF VCC AND TA) 

PARAMETER FROM (INPUT) 

tpo AI, BIIO 

tpo OPO thru OP9 

tpo AI,BI/O 

tpo CIN 

tpo CCI 

tpo AO 

tpo 00,01 

tpxz BIIO SEL or 00,01 

tpxz OPO thru OP9 

tpzx 81/0 SEL or 00,01 

tpzx OPO thru OP9 

tpo CLOCK 

tpo CIN 

tPD == Propogation delay 

tPXZ:= Disable time to Hi-Z 

tPZX;:::: Enable time (Hi-Z-To-Enable) 

81/01 

1277 

TO (OUTPUT) 
OPERATION 

ROUTING 

LATCH -+ALU 
OOP 

OOP 

X, V LATCH -+ALU 

COUT LATCH-+ALU 

EO LATCH-+ALU 

OV LATCH -+ALU 

AG, LG LATCH -+ALU 

WRLFT,WRRT,XWRLFT,XWRRT LATCH ---ALU 

WRLFT,WRRT,XWRLFT,XWRRT 

X,V,COUT, EO 

OV 

AG,LG 

OOP 

BIIO LATCH-+ALU 

COUT 

CCO 

AOP 

OOP 

BIIO or OOP 

WRLFT,WRRT,XWRLFT,XWRRT 

81/0 or OOP 

WR LFT,WRRT,XWR LFT,XWRRT 

AOP,OOP NO SHIFT 

[WR, XWR, 
WR LFT,WRRT,XWR LFT,XWRRT 

l.:BUS] 

AOP,OOP ---SHIFTED 

OOP, BIIO 
[WR ,XWR ,PC]-+ 

ALU-+sHIFTEO 

OV 

CCO 

COUT 

OP8,OP9 

OOP 

CK iNePt AOP3 CCO/Ov iN'C'Mc DOP1 

SN54LS481/SN74LS481/SN74S481 

FIGURE 39 - PIN ASSIGNMENTS 

SN54LS481 SN74LS481 SN74S481 
UNIT 

TVP MAX TVP MAX TVP MAX 

56 100 56 80 42 65 ns 

40 65 40 55 32 45 ns 

35 65 35 55 30 40 ns 

55 100 55 85 45 65 ns 

45 75 45 65 35 45 ns 

73 125 73 105 60 80 ns 

60 105 60 85 45 65 ns 

100 160 100 140 75 105 ns 

75 130 75 115 55 80 ns 

75 135 75 120 60 90 ns 

100 165 100 135 75 105 ns 

90 150 90 130 70 100 ns 

75 120 75 100 50 70 ns 

35 60 35 50 30 40 ns 

55 90 55 70 37 50 ns 

20 45 20 40 15 30 ns 

20 45 20 40 15 30 ns 

20 35 20 30 15 30 ns 

60 120 60 100 45 80 ns 

20 35 20 30 15 30 ns 

55 120 55 100 45 80 ns 

32 70 32 60 26 40 ns 

50 90 50 85 40 65 ns 

40 60 40 55 35 45 ns 

50 90 50 85 40 65 ns 

75 125 75 100 50 70 ns 

35 65 35 55 25 45 ns 

60 105 60 85 47 65 ns 

85 140 85 120 75 90 ns 

56 100 56 75 42 60 ns 

DESIGN GOAL 

This document provides tentative information 
on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 49 
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CLOCK 
INPUT 

:::.1 twL I+-F-twH----+l'1 
~ 1-.S-V-------1-.S-V .... LJ.1.5V '---i.. 15 V 3V 

I I· ',u I 'I'hl- I-·------ OV 
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00,01 
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1. INTRODUCTION 

The SBP0400A and SBP0401A are 4·bit expandable parallel binary processor elements, each monolithically 
integrating 1660 functional gates. These controller/processor building blocks combine the unique properties of 
Integrated Injection Logic (12L) with a microprogrammable bit·slice architecture to offer a high degree of 
performance and design flexibility. Each can provide the basis for efficient, low-cost solutions to a wide range of 
applications, from basic sequential controllers to advanced multiprocessor systems for either industrial or military 
environments. 

1.1 ARCHITECTURAL FEATURES 

Primary among the SBP0400A and SBP0401A architectural features are: 

• Microprogrammable, bit-slice design expandable in 4-bit multiples 

• Separate data-in, data-out, address·out and control ports provide flexible parallel device access 

• 16·function arithmetic/logic unit (ALU) with symmetrical subtraction and fully carry look·ahead 
capability 

• B·word general register file including program counter with independent incrementor 

• Two 4·bit working registers for both single· and double·length operations 

• Dual scaled-shifters with on·chip handling of end conditions 

• Versatile factory programmable logic array (PLA) generates on·chip control transformation 

• 
• 

The SBP0400A features an on·chip pipelining operation register 

The SBPQ401 A, with asynchronous microinstruction decode, is designed for use in externally pipelined 
systems 

1.2 OPERATIONAL FEATURES 

The functional power of the SBPQ400A or SBP0401A is characterized by their ability to perform, withina single 
clock cycle, anyone of a repertoire of 512 standard operations: 

• Operand modifications or combinations via eight arithmetic or eight Boolean functions of the ALU 

• Double length accumulator with full bidirectional single/double precision arithmetic/logical/circulate 
shift capabilities, including sign protection 

• Single clock ALU/shift combinations simplify implementation of iterative multiple and non-restore 
divide algorithms 

• Special select oPerations and transfers 

1.3 ADDITIONAL FEATURES 

When provided with external control for sequencing of its operation set, either an SBP0400A or SBP0401A based 
system design can efficiently emulate a large number of existing systems with full software compatibility and no loss 
of software investment. Or complete application-tailoring of custom instructions may be accomplished for any design. 

Additional features are: 

• I ndependent program counter with independent access controls (and the internal operation register of 
the SBP0400A) provide instruction look-ahead capability (pipelining) 

• Relative position control defines bit-slice rank in N-bit applications 
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• Serial and parallel access to or from working registers 

• Word or byte incrementation of program counter 

• ALU bypass for direct register-file access 

1-4 TECHNOLOGICAL FEATURES 
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These processor elements, fabricated with Integrated Injection Logic (l2LL feature an extremely wide performance 
range. 

• Constant speed-times-power performance over an injector current range covering three orders of 
magn itude (103 ) 

• Operates from a single dc power source capable of 1.1 volt minimum at desired injector current 

• ALU/shift operation time ... 240 nanoseconds typical at 200 mW nominal power 

• Fully TTL compatible at nominal injector current 

• Static operation with positive (t) edge-triggered storage 

• SBP0400AC and SBP0401 Ae operate over O°C to 700 e industrial temperature range 

• SBP0400AM and SBP0401AM operate over full _55°e to 125°e military temperature range 

l"""~IlY.' 
A~"I! 

r------- ---------- -----
I 
I 
I 
I 
I 

. 
PIHS[Nr UPH~ATION 

C'iOCKI 

I 
x"'~ I 
",sa I 

'W'~;""¥' '~:;~" : 

________ ~~ ______________ J 
MSB LSH 

FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 



2. FUNCTIONAL PIN DESCRIPTIONS 

PIN NUMBER PIN NAME PIN FUNCTION INPUT, OUTPUT, OR 
INPUT/OUTPUT 

1 01 2·bit, "0" field of the Operation-Select Word. Input 
2 00 Input 

3 S2 3-bit, "5" field of the Operation~Select Word designates, in general, Input 
4 S1 a particular R F as an operand source/destination. Input 
5 SO Input 

6 XWRLFT Bidirectional I/O, low active, shift accommodation for the XWR. Bidirectional Input/output 
Receives double-precision right-shift data; outputs double-precision 
left-shift data. Becomes XWRLFT (high active) internally. 

7 XWRRT Bidirectional I/O, low active, shift accommodation. Receives Bidirectional Input/output 
double-precision left-shift data; outputs double-precision right-shift 
data. Becomes XWRRT (high active) internally. 

8 XWR MSB of the input to the XWR if in the most-significant 4 bit slice Output 
MSB/LSB position (MSP) and LSB input to the XWR if in the least-significant 

4-bit slice position (LSP). 

9 WRRT Bidirectional I/O, low-active, shift accommodation for ALU output Bidrectional Input/output 
data. Receives left-shift data. Outputs right-shift data. Becomes 
WRRT (high active) internally. 

10 WRlJ'T Bidirectional I/O, low-active, shift accommodation for ALU output Bidirectional Input/output 
data. Receives righ t -sh ift data; outputs left~shift data. Becomes 
WRLFT (high active) internally. 

11 ALUCIN Receives, high-active, ALU ripple carry-in data. Input 

12 OOPO 4-bit, parallel, high active, data-out port. Output 
13 00P1 (00P3 ~ OOPO) Output 
14 00P2 Output 
15 00P3 Output 

16 0lP3 4·bit, parallel, high active, data·in port Input III 
17 0lP2 (DIP3 ~ OIPO) Input 
24 0lP1 Input 
25 OIPO Input 

18 f>CCTN In all positions, directs the program counter to increment by 1 or 2, Input 
depending on the level applied to ENINCBY2, on the next 
low·to·high clock transition. 

19 i'CCOlJi/ In any position but MSP, PCCOUT is the program counter output Output 
BMSB applied to the next more significant package PCCIN. In the MSP, 

outputs the MSB of the "B" bus. 

20 GNO Common or ground terminal. Supply Common 

21 POSO Directs internal and input/output end·conditions required to define Input 
22 POS1 the relative position of each SBP0400A/SBP0401 A when a number Input 

is cascaded to implement> 4-bit word lengths. See double-precision 
shift data flow. 

23 ENINCBY2/ In the least-significant 4-bit slice position (LSP), ENINCBY2 = H in Bidirectional Input/output 
AMSB conjunction with PCCIN = L directs the PROGRAM COUNTER to (LSP) (MSP) 

increment by a displacement of 2 on the next clock. In the 
most-significant 4-bit slice position (MSP), outputs the MSB of the 
"A" bus. 

26 CLOCK Clocks all synchronous registers on positive transition. Input (Edge-triggered) 

27 ALU=O Active high open-collector output indicates that the four ALU Output 
outputs are low (equal zero). 

28 AOP3 4-bit, parallel, high-active, address-out port. Output 
29 AOP2 (AOP3 ~ AOPO) Output 
31 AOP1 Output 
32 AOPO Output 

30 PC Selects program counter to the address·out port (high active). Input 
PRIORITY Overrides internal direction of address-out port. 

33 p ALU Carry.propagate Output 

34 G ALU Carry-generate Output 

35 ALUCOUT Outputs, high active, ALU ripple carry-out data. Output 

36 OP3 This 4-bit "OP" field of the Operation-Select Word designates in Input 
37 OP2 general,1 of 16 ALU functions. Input 
38 OP1 Input 
39 OPO Input 

40 INJECTOR Supply current source. Supply input 
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3. DETAILED FUNCTIONAL DESCRIPTION 

The SBP0400A and SBP0401 A architectures are formed by the various functional blocks and interconnecting 
data/control paths shown in Figure 1. Parallel data/control flow to/from the processor element is accomplished 
through 1) the data·in port (DIP) via the 4-bit data-in bus (DIB), 2) the data-out port (DOP) via the 4-bit data-out bus 
(DOB), 3) the address-out port (AOP) via the 4-bit address-out bus (AOB), and 4) the operation-select port (OSP) via 
the nine operation-select inputs. The format of the op-select word is: 

9-BIT OPERATION-SELECT WORD 

~:OP1 : OPO ID1 i DO I S2: S~ 
OP-FIELD ... primarily selects 1 of 16 D-FIELD ... governs the manner in S-FIELD ... primarily selects 1 of 8 

ALU functions as the operand combina- which the OP-FIELD and S-FIELD is register file locations as an operand 

tion/modification mechanism interpreted to specify SBP0400AI source and/or operation-result dasti· 

SBP0401 A operations nation 

NOTE 
A complete discussion of the operation-select word is provided in section 5. 

The SBP0400A contains a 20-bit operation register which stores, on the clock positive transition, the present 
(resident) operation decoded by the transformation PLA. The SBP0401A, containing the identical operation decode 
20-output PLA, derives the present (resident) operation from the steady-state input at the nine op-select inputs. The 
'0401 A is designed specifically for use in systems utilizing the SN54S/74S482 control element which, in addition to 
generating next control-memory addresses and storing interrupt/subroutine addresses, contains an on-chip control 
memory address register to assist with the system pipel ining functions. Thus, the need for an operation register in the 
SBP0401A processor element is eliminated. 

3.1 PROGRAMMABLE LOGIC ARRAY (PLA) 

3.1.1 PLA Description 

The programmable logic array (PLA) is a factory-programmable block of combinational logic which forms the control 
operation transformation center. Nine bits of encoded microinstruction data are presented to the PLA via the 9-bit 
operation-select word input lines. The PLA decodes/translates this encoded data to generate a 20-bit internal 
microinstruction. The various micro-operation fields of this microinstruction condition the appropriate functional 
blocks and buses for microinstruction execution. 

On the positive going (t) transition at the clock input, this 20-bit microinstruction is stored in the operation register 
(OR) of the SBP0400A. 

3.1.2 PLA Factory Programming 

The standard factory PLA program provides a flexible, universal, repertoire of 459 unique operations. However, the 
PLA can be factory programmed to provide, within the constraint of 62 AND terms and 20 OR terms, a personality 
tailored to meet custom requirements. 

3.2 SBP0400A OPERATION REGISTER (OR) 
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The 20-bit operation register (OR) of the SBP0400A is a D-type edge-triggered register which, on each positive 
transition at the clock input, loads the present PLA output. The OR, as loaded, continuously enables the various 



'0400A functional blocks for execution of the "present" microinstruction while the PLA may be simultaneously 
decoding/translating the "next" microinstruction. 

3.3 STATUS OUTPUTS 

Status outputs for the operation in process are designed specifically to simplify system implementation by providing 
direct access to those status bits used with the classical and highly efficient multiply and divide algorithms. The status 
outputs consist of: 

a. AMSB and BMSB - I n the MSP these outputs provide direct access to the sign bits of data/operands 
entering the ALU. 

b. XWR MUX MSB - In the MSP this output provides direct access to the data bit which can become the 
XWR sign bit during left·shift operations. It is useful for determining overflow (impending change of 
the XWR sign bit) in double·signed arithmetic operations, shifting operations, or fix·up routines in 
iterative sign· magnitude divide algorithms. 

c. XWR MUX LSB - In the LSP this output provides direct access to the data bit which can become the 
XWR LSB during right·shift operations. It is useful for looking ahead during iterative mUltiply and 
divide routines to setup the next micro·operation. 

d. 

e. 

ALU = 0 - In the LSP, IP, and MSP this output provides a direct indication that all four of the ALU 
outputs are low. In an expanded word length system all of the ALU = 0 outputs can be dot·AND 
connected to provide, on a single·line, an indication that all of the ALU outputs are low (equal zero). 

ALUCOUT - In the LSP, IP, and MSP this output provides a direct carry out from each of the 4·bit 
slices. In the MSP the ALUCOUT can be used for determining ALU overflow. 

3.4 ARITHMETIC/LOGIC UNIT (ALU) DESCRIPTION 

The 4·bit parallel, binary, arithmetic/logic unit (ALU) is the operand combination/modification mechanism. Under 
direction of the present micro'operation, the ALU performs 1 of 16 arithmetic/Boolean operations on either or both 
of two operands present at it's A and B input ports. Operand sources which may access the A input port of the ALU 
via the A multiplexer are the register file (RF) and data·in port (DIP); operand sources which may access the B input 
port of the ALU via the B multiplexer are the data·in port (DIP), working register (WR), and extended working 
register (XWR). 

3.4.1 ALU Function Selection 

In general, an ALU function is specified via the 4·bit OP·field (OP3"" OPO) of the operation·select word as shown in 
Table 1. This field is presented to the PLA via the operation·select word input lines. The PLA translates OP3, OP2, 
OP1, OPO into a 4·bit micro-operation field which ultimately selects the ALU mode. The OP3 bit functions similarly 
to an ALU mode control in that 1) a low·logic level places the ALU in an arithmetic mode, and 2) a high·logic level 
places the ALU in a logic mode. OP2"" OPO selects a particular function within the specified ALU mode. 

3.4.2 ALU Arithmetic Mode 

Functionally similar to the popular TTL ALU's, such as the SN54S/74S181 and SN54S/74S281, the arithmetic 
functions (see Table 1) include symmetrical subtraction whereby either A minus B or B minus A may be employed to 
simplify data flow. Other arithmetic·type functions include simple A plus B, A plus B plus carry·in, preset all high, 
clear all low, and direct symmetrical generation of complemen'ts (l's or 2's) for either A or B. 
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TABLE 1 

ALU FUNCTION-SELECT TABLE 

ALU ACTIVE·HIGH DATA 

OP·FIELD ALUCIN; H ALUCIN; L 

OP3 OP2 OPl OPO (WITH CARRY, NO BORROW) (WITH CARRY, NO BORROW) 

L L L L Fn = L Fn = H 

u L L L H Fn"" B minus A Fn = B minus A minus 1 '; 
E L L H L Fn "" A minus B Fn = A minus B minus 1 
-5 L L H H Fn = A plus B plus 1 Fn = A pl~s B 'r: « L H L L Fn = B plus 1 Fn = B 

L H L H Fn = B plus 1 Fn = B 
L H H L Fn = A plus 1 Fn = A 

L H H H Fn = A plus 1 Fn = A 

H L L L Fn = AnBn 

H L L H Fn = An@Bn 

H L H L Fn = An@Bn 

.1, H L H H Fn = AnBn 

0 H H L L Fn = AnBn 
-' 

Fn = An + Sn H H L H 

H H H L Fn = An + Bn 

H H H H Fn = An + Bn 

3.4.3 ALU Logica) (Boolean) Mode 

Functionally similar to the popular ALUs such as the SN54S174S181 and SN54S174S281, the ALU logical functions 
(see Table 1) include AND, OR, exclusive OR, exclusive NOR, and four symmetrical mixed combinational functions 

of the ALU's A and B operands. 

3.4.4 ALU Carry and Look·Ahead Generator Functions 
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These processor elements have accommodations for 
ALU ripple carry·in (ALUCIN) and ALU ripple 

carry·out (ALUCOUT); and in order to facilitate 
look·ahead carry generation across expanded word 
sizes, each has output accommodations for ALU 
carry·generate data (G) and ALU carry·propagate 
data (P). When these accommodations are utilized in 
conjunction with SN54/74182 look·ahead carry 
generators, ALU add/subtract times may be signifi· 
cantly improved over those ti mes where only 
ripple·carry techniques are employed. Only one 
SN54174182 (Figure 2) is required to provide 
look·ahead carry generation across an expanded 
system of from two to four 4·bit slice processor 
elements. A second level of look·ahead carry genera· 
tion may be employed (Figure 3) for systems 
expanded up to 64 bits. Typical ALU add times are 
shown in Table 2, and are illustrated in Figure 4. 

NT MOST SIGNIFICANT iiNTERMED1ATE I LEAST SIGNIFICA 
PACKAGE (MSP) PACKAGES liP) PACKAGE (LSP) 

'0400A '0400A 'OOOOA '0400A 

'0401A '0401A '0401 A '0401A 
-Cn r- Cn Cn r- Cn 

p- G p- c; p- c; p -
G 

I I 1 1 T T I 1 
PO GO Cn+X PI Gl Cn+y P2 G2 Cn+l P3 G3 

~ Cn SN74182 

p -
G 

T 1 

FIGURE 2 - SINGLE·LEVEL ALU CARRY LOOK·AHEAD 

AND BIT·SLlCE RELATIVE POSITIONS 



FIGURE 3 - 64-BIT SYSTEM WITH ALU FULL-CARRY LOOK-AHEAD 

TABLE 2 

TYPICAL SBP0400A ADD TIMES IDIP PLUS WRI FROM t CLOCK TO DOB 

TYPEOFCARRY' 
TW04-BIT TWO a-BIT 

WORDS WORDS 

RIPPLE 240 ns 285 ns 

SINGLE-LEVEL LOOK-AHEAD" NA 300 ns 

SECOND-LEVEL LOOK-AHEAD" NA NA 

• LOOK-AHEAD IS SN54/74182, AND INJECTOR CURRENT IS 200 rnA. 

SPB0400A 
CLOCK 

I 

TWO 16-BIT TWO 32-BIT TWO 64-BIT 

WORDS WORDS WORDS 

405 ns 645 ns 1.1 jlS 

300 ns 405 ns 525 ns 

NA 315 ns 315 ns 

SBP0400A SBP0400A 

I" 180 no-----1 
SBP0400A ,i--------
P,GOUTPUT . 

'----------~~ 1--15". 

SN74182 I CIN 
Cn + x OUTPUT . 

~--------------------~I 

f--l06ns-J 
SBP0400A r-
DOPI2}OUT~PU~T~ _____________________ ~1 

FIGURE 4 - EXECUTION OF TYPICAL ALU MICRO-OPERATION 

3.5 RELATIVE POSITION CONTROL (POS1, POSO) 

The 2-bit relative position control (paSl, ~aSO) 
encodes the relative positional rank of each individ
ual processor element in an expanded word length 
system. As shown in Figure 2, the three positional 
rank possibilities are: 1) most significant position/ 
package (MSPI, 2) intermediate position/package 
(lP), and 3) least significant position/package (LSP). 

Consequent to encoded positional rank, the relative 
position control (paSl, paSO), as shown in Table 3 
dictates for each individual 4-bit slice in an ex
panded word length system: 1) the manner in which 
data shifts/circulates are to be accomplished, and 2) 
a particular assignment for each individual multi
function I/O accommodation. 
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I; TABLE 3 

POSITION CONTROL FUNCTIONS 

INPUTS MULTIFUNCTION I/O 

RELATIVE POSITION PCCOUT/ ENINCBY21 XWRMUX 

POS1 POSO BMSB AMSB MSB/LSB 

L H LEAST SIGNIFICANT POSITION ILSP) PCCOUT ENINCBY2 XWR LSB 

L L INTERMEOIATE POSITION liP) PCCOUT Hi-Z ZERO 

H L MOST SIGNIFICANT POSITION (MSP); BMSB AMSB XWR MSB 

DOUBLE-SIGNED/DOUBLE-PRECISION 

(DS/DP) ARITHMETIC SHIFTS 

H H MOST SIGN I FICANT POSITION (MSP); BMSB AMSB XWR MSB 

SINGLE-SIGNED/DOUBLE-PRECISION 

(SS/DP) ARITHMETIC SHIFTS 

3_6 REGISTER FILE (RFO ..... RF7) 

3.6.1 R F General Description 

The register file (RF) is an S-word by 4-bit set of D-type edge-triggered registers. Anyone of the eight registers may be 
selected as an operand source and/or operation-result destination. Register selection is accomplished via the 3-bit, 
S-field (52 ..... SO) of the operation-select word. This field is presented to the PLA via the operation-select word input 
lines. The PLA translates 82, 81, SO into a 3-bit micro-operation field which ultimately selects a particular register 
within the file. 

3.6.2 R F Source/Destination Operands 

Register file source and destination operands are listed in Tables 4 and 5 respectively. When the register file is used as 
a destination, the source data is recognized only when a low-level condition exists at the clock input. As shown in 
Figure 5, source data can change during the low-level clock condition as long a~ the setup time prior to the low-to-high 
transition of the clock input is satisfied. 

TABLE 4 

RF SOURCE OPERANDS 

OP-FIELD D-FIELD S-FIELD 
OPERATION OP FORM 

OP3-0PO 01-00 S2-SO 

RF-DDP IIlb LLLL HL LLL- HHH 

RF -> XWR IIle LLLH HL LLL .... HHH 

RF ALUWR .... RF Ie LLLL .... HHHH LL LLL .... HHH 

RF ALU WR ... WR Ib LLLL .... HHHH LH LLL- HHH 

RF plus DIP plus ALUCIN -+ RF lid LHHH HL LLL ... HHH 

RF plus DIP plus ALUCIN -+ WR lib LHLL HL LLL ... HHH 

RF plus DIP plus ALUCIN -+ XWR lie LHLH HL LLL ... HHH 

(RF plus WR plus ALUCIN XWR) LCIR .... WR,XWR IVd HLLH HL LLL- HHH 

(RF plus WR plus ALUCIN,XWR) RSA .... WR,XWR IVi HLHH HL LLL ..... HHH 

RF plus WR plus ALUCIN .... XWR lIa LLHH HL LLL ..... HHH 

RF plus XWR plus ALUCIN .... WR lie HHLL HL LLL .... HHH 

RF plus XWR plus ALUCIN .... XWR III HHLH HL LLL .... HHH 

NOTE: When PC prlorltv is low WR .... AOP 

S 



TABLE 5 

RF DESTINATION OPERANDS 

OPERATION 
OP·FIELD D·FIELD S·FIELD 

DP FORM 
OP3-0PO 01-00 52-SO 

DIP- RF Ilia HHHH HL LLL- HHH 

XWR plus ALUCIN - RF Ilg HHHL HL LLL- HHH 

RF ALUWR - RF la LLLL- HHHH LL LLL- HHH 

RF plus DIP plus ALUCIN - RF lid LHHH HL LLL- HHH 

NOTE: When PC priority Is low WA --+ AOP 

A - SBP0400A OPERATION EXECUTION 

: (0 0: 0 
I I DIP-WR OIP-RF I OIP-XWR 

i ~tI8tUP : : 

1- J..-'hold I I 
I ,I I I 

OPERATION \"A~:"IIAAtv\AAAAIv\~~AAAAI\AAAAM~~ 
IOPSEL l:JJ:J~: ~~: ~~i ~",_li.lL.lL.IL.lL.I!JUUI.IW'-lU 
INPUTI I I I I -

: I I I 

ExeCUTION 
(CLOCK 
INPUT) 

I LOAOSWR QD r--L-O-A-OS--R-F------, QD LQADSXWR 

DIP 

DOP 

II I -.: ....- ~tup -..I ~I tsetup ....J 14-1 lsetup 

~AA/\/\/\I\AAAI\I\" ~:~O~d/\ AA 1\/\ /\ A /\~ ~~~ ••• /\ • • /\-:L-.l..h-:~"!d,, !~l~:~imm 
I I I I I I I I 

-..j '.®.... .... '.m '-" -' '.®J..- -.. 'o®'-_____ -1.1 ____ I I I 1 I I I 

_---J~ ~ X ~ 
NOTE: THE SAME CLOCKCDTHAT EXECUTES OPERATIONCDLOAOS OPERATION@INTOTHE '0400A OR. 

OPERATION 
(OP SEL 
INPUT) 

EXECUTION 
(CLOCK· 
INPUT) 

DIP 

DOP 

B - SBP0401A OPERATION EXECUTION 

I.- tsetup 

-I I 'hOld 

I 

DllOOQDJ.}DLl!Jt.'.DJJ£l!1 : t:lllC:J::.t:J£:.j'Y.Y.~~£l!1 : 
_I '-".® ...., r--'.® 

I I I I 

~ 

FIGURE 6·TVPICAL OPERATION EXECUTIONS 

-
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3.7 PROGRAM COUNTER (PC) - REGISTER FILE SEVEN (RF7) 

3.7.1 General Description 

RF7 of the register file features the added flexibility of performing as a program counter (PC). Independent of the 
"present" microinstruction, RF7 may be incremented by a displacement of 1 or 2. Incrementation is accomplished 
synchronously with the clock and selected, as shown in Table 6, via the multifunction PCCIN and ENINCBY2 inputs 
as defined by the relative·position control (see Table 3). For cascading purposes, RF7 overflow is provided via the 
PCCOUT output. Furthermore, RF7 features an independent output bus which allows direct access at the AOP via the 
ADR multiplexer. When the PC PRIORITY input is taken to a high·logic level, operation select control of the ADR 
multiplexer is overridden allowing the PC to source the AOP. 

TABLE 6 

PROGRAM COUNTER INCREMENTATION 

PC IS 

RELATIVE POSITION INPUT INCREMENTED 

ON NEXT CLOCK 

LSP IP MSP PCCiiii ENINCBY2 BY 

YES NO NO H X 0 

L L 1 

L H 2 

NO YES NO H X 0 

L X 1 

NO NO YES H X 0 

L X 1 

Instruction look·ahead techniques may be employed to boost the system·level efficiency. While the internal operation 
register of the SBP0400A is directing execution of the "present" microinstruction, the PC may be independently 
updated to address/fetch data for the "next" microinstruction. In this manner, when the "next" microinstruction 
becomes the "present" microinstruction as evidenced by its residence in the 0400A OR, steps will have already been 
taken to fetch an associated data operand. 

The SBP0401 A, designed for use with the SN54S/74S4B2 control element, can employ the control memory address 
register of the 'S482 and other system registers to implement instruction look·ahead or overlap. 

3.7.2 PC Configurations 
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Typical configurations for use of the program counter in an expanded wordlength system are illustrated in Figures 6 
and 7. The BMSB/PCCOUT multifunction output may be time multiplexed (see Figure 6) to provide both BMSB and 
PC overflow (maximum count) status. Under direction of the relative position control (POS1, POSO), the BMSB is 
available (see Table 3) when POS1 is high, but if POS1 is taken low, PCCOUT is available. After time to the PC 
contents of the most significant (MSP) will persist until the next L·to·H clock transition. Thus, the BMSB, then 
PCCOUT data may both be obtained within a single microcycle (1 clock period). 

The PC technique shown in Figure 7 may be employed if the required PC wordlength is 4·bits shorter than the 
processor wordlength. In this situation, the PC's maximum count status is available from the PCCOUi output of the 
next·to·MSP (lP) package. 
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I I 
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I LSP I L ______ -' 

l...--I ..,.----!l r-- I ,----, 
~ 95 ns r+- ~ 95 ns 14-

BMSB I I I F 
FIGURE 6 - 16·BIT PROGRAM COUNTER 

POSO = X (don't care) 

H X 
... 1._ .l __ -, 

BMSB o· POS1 POSO I 

OUT 

I MSP I L ______ -' 

Function Clock Count 

LDRF7 ·4087 to (4087 RF7) H 

PC+ 1 t, 4088 H 

PC + 1 t2 4089 H 

PC + 2 t3 4091 H 

PC+ 1 t, 4092 H 

PC+ 1 t, 4093 H 

PC+1 t, 4094 H 

PC+ 1 t7 4095=MAX L 

PC+ 1 t. 0 H 

Disable PC H 

No Clock H or L 4094 (4095 . 1) L 

PC + 2 t, H 

, IP I L ______ ...J 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H L 

L L L L H 

H H H H H 

H H H H L 

L L L L H 

L L 
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I POS1 POSO I 

I IP I '- ______ ..J 
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H H H H 

H H H H 

H H H H 
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3.7.3 PC Count Sequences 

PC count sequences initiated at the PCCIN and ENINCBY2 inputs of the LSP of an expanded wordlength system are 
shown in Figure 7. An increment-by-l command (PCCIN ~ L, ENINCBY2 ~ L) advances the PC from 4088 to 4089 
synchronously with the t2 clock; an increment-by·2 command (f5CCiN ~ L, ENINCBY2 ~ H) advances the PC from 
4089 to 4091 synchronously with the t3 clock; a PC disable-increment command (PCCIN ~ H) retains the PC at its 
present count status. When the PC is at maximum count, an increment·by-l command (i5CCi1\i ~ L, ENINCBY2 ~ H) 

conditions the PCCOUT /f5CCiN interpackage carry accommodations such that the PC will increment to zero 
synchronously with the t8 clock; when the PC is at maximum-count-minus-l (N-l), an increment-by-2 command 
(PCCiN ~ L, ENINCBY2 ~ H) conditions the PCCOUT/PCCli'il interpackage carry accommodations such that the PC 
will increment to zero synchronously with the t9 clock. A maximum count output will be generated at N-l if the PC 
is instructed to count by two. This is shown in the supplementary state table of Figure 7. 

3.8 ADDRESS-OUT MULTIPLEXER (ADR MUX) 

The address-out multiplexer (ADR MUX) is a multi port multiplexer which selects either the WR, XWR, or program 
counter (PC) for transfer to the address-out port (AOP) via the address.out bus (AOB). When the PC PRIORITY input 
is logic-level low, ADR MUX transfer of the WR or XWR is selected by the resident operation; when the PC 
PRIORITY input is logic-level high, resident operation direction of the ADR MUX is overridden allowing the PC to 
source the AOP. 

3.9 A BUS 

In addition to 4-bit parallel data transfers, the most significant bit (MSB) of the A bus is available at the multifunction 
AMSB output if the SBP0400A or SBPQ401A is in the most significant position (MSP) as defined by the 
relative-position control. The AMSB output may be used to monitor the sign-bit of A bus data, or in conjunction with 
the BMSB and DOP3 (MSP) outputs, to detect an impending ALU overflow condition. 

3.10 B BUS 

In addition to 4-bit parallel data transfers, the most significant bit (MSB) of the B bus is available at the multifunction 
BMSB output in the most significant-position (MSP) as defined by the relative-position control. When used with shifts 
or circulates, this output may be used to extract B-bus data serially from the selected source. The BMSB output may 
be used to monitor the sign-bit of B bus data, or in conjunction with the AMSB and DOP3 (MSP) outputs, to detect 
an impending ALU overflow condition. 

3.11 WORKING REGISTER (WR) 

3.11.1 General Description 

The 4-bit working register (WR) is a D-type edge-triggered register which functions as an accumulator for intermediate 
operands. The WR sources the ALU via the B multiplexer and the address-out·port (AOP) via the ADR multiplexer; 
the WR is a destination, via the WR mUltiplexer, for either the data-out bus (DOB) or data-in port (DIP). 

3.11.2 WR Source/Destination Operands 

12 

Working register source and destination operands are listed in Tables 7 and 8 respectively. When the WR is used as a 
destination, the source data is recognized only when a low·level condition exists at the clock input. As shown in 
Figure 5, the source data may change during the low·level clock condition as long as the setup time prior to the 
low-to-high transition of the clock input is satisfied. 



TABLE 7 

WORKING REGISTER SOURCE OPERANOS 

OPERATION 

'WR ALU DIP~ DOP 

'WR ALU DIP-,.WR 

WR ALU DIP ~ XWR 

WR ALU RF~ RF 

WR ALU RF -+ WR 

(WR minus DIP minus 1 plus ALUCIN,XWR) LCIR -+ WR,XWR 

(WR minus DIP minus 1 plus ALUCIN,XWR) RSA -+ WR,XWR 

(WR minus RF minus 1 plus ALUCIN,XWR) LCIR -+ WR,XWR 

(WR minus RF minus 1 plus ALUCIN,XWR) RSA -+ WR,XWR 

(WR plus ALUCIN) RSA -+ WR,XWR 

(WR plus ALUCIN) RSA -+ WR,XWR 

(WR plus ALUCI N) LCIR - WR 

(WRplusALUCIN) LCIR-WR 

(WR plus ALUCIN) LSA - WR 

(WR plus ALUCIN) LSL -+ WR 

(WR plus ALUCIN) RCIR -+ WR 

(WR plus ALUCIN) RCIR -+ WR 

(WR plus ALUCIN) RSA -+ WR 

(WR plus ALUCIN) RSL -+ WR 

(WR plus ALUCIN,XWR) LCIR -+ (WR,XWR) 

(WR plus ALUCIN,HWR) LCIR - (WR,XWR) 

(WR plus ALUCIN,XWR) LSA - (WR,XWR) 

(WR plus ALUCIN,XWR) LSL -+ (WR,XWR) 

(WR plus ALUCIN,XWR) RCIR -+ (WR,XWR) 

(WR plus ALUCIN,XWR) RCIR - (WR,XWR) 

(WR plus ALUCIN,XWR) RSA -+ (WR,XWR) 

(WR plus ALUCIN,XWR) RSL - (WR,XWR) 

WR plus DIP plus ALUCIN -+ DOP 

WR plus DIP plus ALUCIN -+ XWR 

(WR plus DIP plus ALUCIN) LCIR - WR,XWR 

(WR plus DIP plus ALUCIN) RSA - WR,XWR 

WR plus RF plus ALUCIN - XWR 

(WR plus RF plus ALUCIN) LCIR -+ WR,XWR 

(WR plus RF plus ALUCIN) RSA -+ WR,XWR 

NOTE: When PC priority i,low WR - AOP 

·XWFI-+AOP 

OPFORM OP FIELD 
(See 5_3) OP3~OPO 

Ie LLLL~ HHHH 

Id LLLL~ HHHH 

II LLLL ~ HHHH 

la LLLL ~HHHH 

Ib LLLL -+ HHHH 

IVa HLLL 

IVI LLHL 

IVe HLLL 

IVh LLHL 

IV. HLHL 

IV. HLHL 

Vd LLHH 

Vd HLHH 

Ve LLHL 

VI HLHL 

Vb LLLH 

Vb HLLH 

Va LLLL 

V. HLLL 

Vld HHHH 

Vld LHHH 

Vic LHHL 

VII HHHL 

Vlb HHLH 

Vlb LHLH 

Via LHLL 

Vie HHLL 

IIi LHHH 

IIh LLHH 

IVb HLLH 

IVg HLHH 

II. LLHH 

IVd HLLH 

IVi HLHH 

D-FIELD S-FIELD 

D1 ~DO S2~SO 

HH LLL 

HH LLH 

HH HLL 

LL LLL~ HHH 

LH LLL-+ HHH 

HH LHL 

HH LHL 

HL LLL -+ HHH 

HL LLL-+ HHH 

HL XXX 

HH LHL 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH -HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH LHL 

HH LHL 

HH LHL 

HH LHL 

HL LLL-+ HHH 

HL LLL- HHH 

HL LLL -+ HHH 
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TABLE B 

WORKING REGISTER DESTINATION OPERANDS 

OPERATION 

WR ALU RF -WR 

IWR minus DIP minus 1 plus ALUCIN,XWR) LCIR ~ WR,XWR 

(WR minus DIP minus 1 plus ALUCIN,XWR) RSA - WR,XWR 

(WR minus RF minus 1 plus ALUCIN,XWR) LCIR - WR,XWR 

(WR minus RF minus 1 plus ALUCIN,XWR) RSA ... WR,XWR 

(WR plus ALUCIN) RSA ~ WR,XWR 

(WR plus ALUCIN) RSA - WR,XWR 

(WR plus ALUCINI LCIR ~ WR 

(WR plus ALUCINI LCIR ~ WR 

(WR plus ALUCINI LSA ... WR 

(WR plus ALUCINI LSL ~ WR 

(WR plus ALUCINI RCIR - WR 

IWR plus ALUCINI RCIR -WR 

IWR plus ALUCIN) RSA ... WR 

(WR plus ALUCINI RSL ... WR 

(WR plus ALUCIN, XWRI LCIR ... (WR, XWRI 

(WR plus ALUCIN, XWR) LCIR ... (WR, XWRI 

(WR plus ALUCIN, XWR) LSA ... IWR, XWRI 

(WR plus ALUCIN, XWRI. LSL - (WR, XWR) 

IWR plus ALUCIN, XWRI RCIR ... (WR, XWR) 

(WR plus ALUCIN, XWRI RCIR ... (WR, XWRI 

(WR plus ALUCIN, XWR) RSA ~ IWR,XWR) 

(WR plus ALUCIN, XWR) RSL ~ (WR, XWR) 

(WR plus DIP plus ALUCINI LCIR ... WR, XWR 

(WR plus DIP plus ALUCINI RSA ~ WR, XWR 

(WR plus RF plus ALUCIN) LCIR ~ WR, XWR 

(WR plus RF plus ALUCIN) RSA ~ WR, XWR 

NOTE: When PC PRIORITY is low WR ... AOP 

• XWR ~AOP 

3.11.3 WR Sourcing of ADR MUX 

OP FORM OP·FIELD 

(See 5.3) OP3~OPO 

Ib LLLL~ HHHH 

IVa HLLL 

IVd LLHL 

IVe HLLL 

IVh LLHL 

IVe HLHL 

IVe HLHL 

Vd LLHH 

Vd HLHH 

Ve LLHL 

VI HLHL 

Vb LLLH 

Vb HLLH 

Va LLLL 

Ve HLLL 

Vld HHHH 

Vld LHHH 

Vic LHHL 

Vif HHHL 

Vlb HHLH 

Vlb LHLH 

Via LHLL 

Vie HHLL 

IVb HLLH 

IVg HLHH 

IVd HLLH 

IVi HLHH 

D·FIELD S·FIELD 

D1 ~DO S2-S0 

LH LLL ... HHH 

HH LHL 

HH LHL 

HL LLL ... HHH 

HL LLL ... HHH 

HL XXX 

HH LHL 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH LHL 

HH LHL 

HL LLL ... HHH 

HL LLL ... HHH 

The resident operation directs the WR to source the AOP via the ADR multiplexer during 427 of the 459 possible 
unique operations. In the cases of operation form·type Ic and Id (see Table 27) which represent the remaining 32 of 
the 459 possible unique operations, the resident operation directs the XWR to source the AOP via the ADR. When the 
PC PRIORITY input is at a high·logic level, resident operation direction of the ADR multiplexer is overridden 
allowing the PC to source the AOP. 

3.12 EXTENDED WORKING REGISTER (XWR) 

3.12,1 XWR General Description 
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The 4·bit extended working register (XWR) is a D·type edge·triggered register which functions as 1) an accumulator 
during address derivations and 2) a WR extension during operations where double·length operands are present/ 



accumulated (iterative non-restoring divide, double-precision shifts/circulates, iterative multiply, etc.). The XWR 
sources 1) the ALU via the B multiplexer, 2) the AOP via the ADR multiplexer, or 3) itself shifted right or left via the 
XWR multiplexer. The XWR is a destination via the XWR multiplexer for either the DOB or the XWR, itself, shifted 
right or left. 

3.12.2 XWR Source/Destination Operands 

Extended working register source and destination operands are listed in Tables 9 and 10 respectively. 

TABLE 9 

EXTENDED WORKING REGISTER SOURCE OPERANDS 

OPFORM OP-FIELD D-FIELD S-FIELD 
OPERATION 

ISee 5.31 OP3- OPO D1-DO S2-S0 

XWR ALU DIP- DOP Ih LLLL- HHHH HH HHH 

XWR ALU DIP - WR Ie LLLL- HHHH HH LHH 

XWR ALU DIP - XWR Ig LLLL- HHHH HH HHL 

XWR plus ALUCIN - DOP III HHHL HH LHL 

XWR plus ALUCIN - RF IIj HHHL HL LLL- HHH 

XWR plus DIP plus ALUCIN - WR Ilk HHLL HH LHL 

XWR plus DIP plus ALUCIN - XWR III HHLH HH LHL 

XWR plus RF plus ALUCIN - WR lie HHLL HL LLL- HHH 

NOTE: When PC PRIORITY is low WA ----+ AOP 

TABLE 10 

WORKING REGISTER DESTINATION OPERANDS 

OP FORM OP FIELD D-FIELD S-FIELD 
OPERATION 

ISee 5.31 OP3-0PO D1-DO ~"s2 - SO 

DIP ALU XWR - XWR Ig LLLL- HHHH HH HHL 

WR ALU DIP - XWR II LLLL-HHHH HH HLL 

IWR minus DIP minus 1 plus ALUCIN, XWR) LCIR - WR, XWR IVa HLLL HH LHL 

IWR minus DIP minus 1 plus ALUCIN, XWR) RSA - WR, XWR IVI LLHL HH LHL 

IWR minus RF minus 1 plus ALUCIN, XWR) LCIR - WR, XWR IVc HLLL HL LLL- HHH 

IWR min'us RF minus 1 plus ALUCIN, XWR) RSA WR,XWR IVh LLHL HL LLL- HHH 

IWR plus ALUCIN) RSA - WR, XWR IVe HLHL HL XXX 

IWR plus ALUCIN) RSA - WR, XWR IVe HLHL HH LHL 

IWR plus ALUCIN, XWR) LCIR - (WR, XWR) Vld HHHH HH HLH 

(WR plus ALUCIN, XWR) LCIR -IWR, XWR) Vld LHHH HH HLH 

(WR plus ALUCIN, XWR) LSA - (WR, XWR) Vic LHHL HH HLH 

(WR plus ALUCIN, XWR) LSL - (WR, XWR) VII HHHL HH HLH 

(WR plus ALUCIN, XWR) RCIR - (WR, XWR) Vlb HHLH HH HLH 

(WR plus ALUCIN, XWR) RCIR - (WR, XWR) Vlb LHLH HH HLH 

(WR plus ALUCIN, XWR) RSA .... (WR, XWR) Via LHLL HH HLH 

(WR plus ALUCIN, XWR) RSL .... (WR, XWR) Vie HHLL HH HLH 

WR plus DIP plus ALUCIN - XWR IIh, LLHH HH LHL 

IWR plus DIP plus ALUCIN) LCIR - WR, XWR IVb HLLH HH LHL 

(WR plus DIP plus ALUCIN) RSA .... WR, XWR IVg HLHH HH LHL 

WR plus RF plus ALUCIN .... XWR lIa LLHH HL LLL .... HHH 

(WR plus RF plus ALUCIN) LCIR - WR, XWR IVd HLLH HL LLL .... HHH 

(WR plus RF plus ALUCIN) RSA - WR, XWR IVi HLHH HL LLL-+ HHH 

DIP plus XWR plus ALUCIN -+ XWR Ilk HHLH HH LHL 

DIP-+ XWR Ille LLLH HH LHL 

NOTE: When PC PRIORITY is low WA ~ AOP 
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When the XWR is used as a destination, the source data is recognized only when a low-level condition exists at the 
clock input. As shown in Figure 5, the source data can change during the low-level clock condition as long as the setup 
time prior to the low-to-high transition of the clock input is satisfied. 

3.12.3 XWR Sourcing of ADR MUX 

Operation form-type Ic and Id (see Table 27) represent 32 of the 459 possible unique operations. During these 
operations the resident operation directs the XWR to source the AOP via the ADR multiplexer. During the remaining 
427 of the 459 possible operations, the resident operation directs the WR to source the AOP via the ADR multiplexer. 
When the PC PRIORITY input is at a high-logic level, resident operation direction of the ADR multiplexer is 
overridden allowing the PC to source the AOP. 

3.13 DATA-OUT MULTIPLEXER (DO MUX) 

3.13.1 DO MUX General Description 
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The data-out multiplexer (DO MUX) is a multi-port, special purpose multiplexer which provides scaled shifting of the 
ALU output, and direct transfer of the A bus to the data-out bus, bypassing the ALU. The output port of the DO 
MUX provides, in accordance with Table 11, ALU output data not shifted, ALU output data shifted right one bit 
position, ALU output data shifted left one bit position, and A bus data not shifted. Control for the DO MUX is 
provided by the resident operation in conjunction with the relative position control. 

TABLE 11 

DO MUX TRANSFERS 

OPERATION TYPE 
3 2 

DO MUX OUTPUT 

1 0 

Q I- RIGHT SHIFT ARITHMETIC WRLFT ALU3 ALU2 ALUI 
Z Z RIGHT SHIFT LOGICAL WRLFT ALU3 ALU2 ALUI oct oct 
w U III RIGHT CIRCULATE WRLFT ALU3 ALU2 ALUI 
I- iL z 
oct Z 0 ALU OUT BUS- DATA-OUT BUS ALU3 ALU2 ALUI ALUO 
is Cl j:: 

ABUSI ABUSO w iii ~ A BUS- DATA-OUT BUS ABUS3 ABUS2 
::E Iii LEFT SHIFT ARITHMETIC ALU2 ALUI ALUO WRRT II: ... 
w oct LEFT SHIFT LOGICAL ALU2 ALUI ALUO WRRT I- w 
! ... 

LEFT CIRCULATE ALU2 ALUI ALUO WRRT 

I-
RIGHT SHIFT ARITHMETIC WR3 ALU3 ALU2 ALUI 

Z 
i RIGHT SHIFT LOGICAL WRLFT ALU3 ALU2 ALUI 

~ RIGHT CIRCULATE WRLFT ALU3 ALU2 ALUI 
iL ! 
Z Z ALU OUT BUS- DATA-OUT BUS ALU3 ALU2 ALUI ALUO 
Cl 0 

A BUS"" DATA-OUT BUS ABUS3 ABUS2 ABUSI ABUSO iii j: 

~ 
iii LEFT SHIFT ARITHMETIC ALU2 ALUI ALUO WRRT 0 ... LEFT SHIFT LOGICAL ALU2 ALUI ALUO WRRT 

:! 
LEFT CIRCULATE ALU2 ALUI ALUO WRRT 



3.13.2 DO MUX Shift Accommodations 

Special bidirectional shift accommodations are provided to or from each end of the DO MUX to facilitate 
interpackage data shifts in expanded word length systems. The direction of these shift accommodations is selected by 
the resident operation. Bit 3 (MSB) of the DO MUX for each processor element receives interpackage right shift data 
and transmits interpackage left shift data via the bidirectional shift accommodation WRLFT; bit 0 (LSB) receives 
interpackage left shift data and transmits interpackage right shift data via the bidirectional shift accommodation 
WRRT. Both WFfLFi and WRtIT, low·active signals at the package terminals, become WRLFT and WRRT, 
respectively, high-active signals within the processor element. 

3.14 DATA-OUT I-MULTIPLEXER (DO IMUX) 

The data-out I-multiplexer (DO IMUX) is a special purpose multiplexer which outputs, in accordance with Table 12, 
appropriate left-shift data via the bidirectional shift accommodation WRLFT. Control for the DO IMUX is provided 
by the resident operation in conjunction with the relative position control. 

TABLE 12 

DO IMUX TRANSFERS TO ViiiITF'f 

OPERATION TYPE 
DO IMUX OUTPUT 

TOWRLFT 

~ 
w 
l- I- l-
e( Z '" ALU3 is '" e( Z LEFT SHI FT ARITHMETIC e( 

tJ o-w w 
i=~ LEFT SHIFT LOGICAL AC03 :t ...J ii: 

c Z -...J AC03 a: "'- LEFT CIRCULATE w Z Cl 0 
l- e( iii 

.. 
i!!: 

I- '" Z Z Z w 
LEFT SHI FT ARITHMETIC HIGH e( W 0 ~ I-

~ tJ 0 it ...J iii it 
e( 

HIGH ii: i= '" Cl (j U. ...J LEFT SHIFT LOGICAL 
iii ~ z !!! :i: :::l 

:t Z w tJ LEFT CIRCULATE AtD3 0 iii a: '" a: Cl .. .. (j iii 

I- '" Z Z C w z w 
LEFT SHI FT ARITHMETIC XWR3 e( W 0 it ill l-

t; tJ 0 it ...J W ...J iii l- e( 
XWR3 i= III C ...J LEFT SHIFT LOGICAL 

0 ii: '" Cl Z :::l (j ill u.. 
:::l 

:t Z iii ~ z Cl 0 w !!! :i: tJ LEFT CIRCULATE 5<WR3 0 lii iii '" Cl .. c a: a: 
iii 

.. (j 

I-
Z '" Z Z W C w w 

LEFT SHIFT ARITHMETIC XiiiiR2 e( 0 it ~ l-
t; 0 it ...J ...J iii e( tJ i= III w III C ...J LEFT SHIFT LOGICAL XWR3 ii: '" z (j ill u. 0 iii ~ :::l Cl 

:::l :i: :::l 
XViiFi3 :t Z 0 0 w 9 tJ LEFT CIRCULATE 0 Q iii Q a: '" a: Cl .. 

iii 
.. (j 
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3.15 DATA· OUT J·MUL TIPLEXER (DO JMUX) 

The data·out J·multiplexer (DO JMUX) is a special purpose multiplexer which outputs, as per Table 13, appropriate 
right shift data via the bidirectional shift accommodation WART. Control for the DO JMUX is provided by the 
resident operation in conjunction with the relative position control. 

TABLE 13 

DO JMUX TRANSFERS TO WART 

OPERATION TYPE 
DO JMUX OUTPUT 

TOWRRT 

I- ~ en Z ri: 
~ 

~ UJ Z RIGHT SHIFT ARITHMETIC ALUO 
U 0: I- UJ 0 en u:: en :!: 

I- i= RIGHT SHIFT LOGICAL ALua 0 ~ ~ 
:;; Z a: 0 iii RIGHT CIRCULATE ALOli 0 t!J 0 UJ II. 

iii :;; 

I- 0: en z Z W 
!!; 

in 
UJ 

HIGH ~ ~ 0 Z I- RIGHT SHIFT ARITHMETIC 
en U i= 0: ..J 0 I- ~ 
~ u:: en U Iii 

II. ..J RIGHT SHIFT LOGICAL HIGH 
w Z iii ::! z i :I 
..J 0 iii (j en U RIGHT CIRCULATE ALUO 

t!J II. UJ a: 
iii a: (j 

II. 

I- 0: 0: en z en 9 UJ 

~ ~ ::! W in I- RIGHT SHIFT ARITHMETIC HIGH 
U ..J Z I- ~ en u:: Z III 0 II. ..J RIGHT SHIFT LOGICAL HIGH ~ 0 :I iii :I UJ Z i ..J i= 0 (j U RIGHT CIRCULATE XWRO t!J iii 0 en a: 
iii UJ (j 0 a: 

II. II. 

3.16 EXTENDED WORKING REGISTER MULTIPLEXER (XWR MUX) 

3.16.1 XWR MUX General Description 

The extended working register multiplexer (XWR MUX) is a multi·port, special purpose multiplexer which provides 
scaled shifting of the XWR outputs and direct transfer of the data·out bus to the XWR input. The output port of the 
XWR MUX provides, in accordance with Table 14, XWR output data shifted left one bit position, XWR output data 
shifted right one bit position, and data·out bus data not shifted. The XWR MUX also sources the XWR MSB/LSB 
output. Under control of the relative position inputs, in the MSP the XWR MUX MSB (Bit 3) is available at the XWR 
MSB output and in the LSP the XWR MUX LSB (Bit 0) is available at the XWR LSB output. Control for the XWR 
MUX is provided by the resident·operation in conjunction with the relative position control. 

3.16.2 XWR MUX Shift Accommodations 

18 

Special bidirectional shift accommodations are provided to or from each end of the XWR MUX to facilitate 
interpackage data shifts when the processor element is used in expanded word length systems. Bit 3 (MSB) or bit 2 of 
the XWR MUX is selected by the resident operation in conjunction with the relative position control to receive 
double·precision interpackage right shift data or transmit double'precision interpackage left shift data via the 
bidirectional shift accommodation XWRLFT; bit 0 (LSB) receives double'precision interpackage left shift data and 
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TABLE 14 

XWR MUX TRANSFERS 

OPERATION TYPE XWR MUX OUTPUT 

(DOUBLE-PRECISIONI 3 2 1 0 

RIGHT SHIFT ARITHMETIC SINGLE-SIGNED XWRLFT XWR3 XWR2 XWR1 

RIGHT SHIFT ARITHMETIC DOUBLE-SIGNED XWR3 XWRLFT XWR2 XWR1 

RIGHT SHIFT LOGICAL XWRLFT XWR3 XWR2 XWR1 

RIGHT CIRCULATE XWRLFT XWR3 XWR2 XWR1 
Z 
0 ~ 

DATA-OUT-BUS~ XWR DOB3 DOB2 DOB1 DOBO 
i= (I) LEFT SHIFT ARITHMETIC SINGLE-SIGNED XWR2 XWR1 XWRO XWRRT iii ! 0 LEFT SHIFT ARITHMETIC DOUBLE-SIGNED ALU2 XWR1 XWRO XWRRT 
~ 

LEFT SHIFT LOGICAL XWR2 XWR1 XWRO XWRRT 

LEFT CIRCULATE XWR2 XWR1 XWRO XWRRT 

Z RIGHT SHIFT ARITHMETIC SINGLE-SIGNED XWRLFT XWR3 XWR2 XWR1 
0 
i= RIGHT SHIFT ARITHMETIC DOUBLE-SIGNED XWRLFT XWR3 XWR2 XWR1 
iii RIGHT SHIFT LOGICAL XWRLFT XWR3 XWR2 XWR1 0 
~ RIGHT CIRCULATE XWRLFT XWR3 XWR2 XWR1 w 
I-- ~ <t DATA-OUT-BUS~ XWR 0063 DOB2 DOB1 0060 
Ci LEFT SHIFT ARITHMETIC SINGLE-SIGNED XWR2 XWR1 XWRO XWRRT w 
::; 
a: 

LEFT SHIFT ARITHMETIC DOUBI.E-SIGNED XWR2 XWR1 XWRO XWRRT 
w LEFT SHIFT LOGICAL XWR2 XWR1 XWRO XWRRT I--
i!!: LEFT CIRCULATE XWR2 XWR1 XWRO XWRRT 

transmits interpackage right shift data via the. bidirectional shift accommodation XWRRT. Both XWRLFT and 
XWRRT, low-active signals at the package terminals, become XWRLFT and XWRRT, respectively, high-active signals 
within the processor element. 

3.17 EXTENDED WORKING REGISTER K-MUL TIPLEXER (XWR KMUX) 

The extended working register K-multiplexer (XWR KMUX) is a special purpose multiplexer which outputs, in 
accordance with Table 15, appropriate double-precision left-shift data via the bidirectional shift accommodation 
XWRLFT. Control for the XWR KMUX is provided by the resident operation in conjunction with the relative position 
control. 

TABLE 15 

XWR KMUX TRANSFERS TO XWFiffi 

OPERATION TYPE XWR KMUX OUTPUT 

(DOUBLE-PRECISION I TO XWRLFT 

I--
Z ci: w (I) LEFT SHIFT ARITHMETIC SINGLE-SIGNED XWR3 

t! <t w I-- Z 

'" !:! I-- <t 0 

~ 
LEFT SHIFT ARITHMETIC DOUBLE-SIGNED XWR3 

<t "- i!!: Ci i= 
XWR3 w Z w iii LEFT SHIFT LOGICAL 

-' a: ::; 0 CI 0 ~ LEFT CIRCULATE XWR3 
iii 

I--
Z Z LEFT SHIFT ARITHMETIC SINGLE-SIGNED HIGH 

t! <t 0 
(I) !:! i= LEFT SHIFT ARITHMETIC DOUBLE-SIGNED HIGH 
0 "- iii ::; Z 0 

LEFT SHI FT LOGICAL HIGH 
CI ~ LEFT CIRCULATE ALU3 
iii 
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3.18 EXTENDED WORKING REGISTER L MULTIPLEXER (XWR LMUX) 

The extended working register L multiplexer (XWR LMUX) is a special purpose multiplexer which outputs, in 
accordance with Table 16, appropriate double·precision right shift data via the bidirectional shift accommodation 
XWR RT. Control for the XWR LMUX is provided by the resident operation in conjunction with the relative position 
control. 

TABLE 16 

XWR LMUX TRANSFERS TO XwiiFiT 

OPERATION TYPE 

IDOUBLE-PRECISIONI 

RIGHT SHIFT ARITHMETIC SINGLE·SIGNED 

RIGHT SHIFT ARITHMETIC DOUBLE·SIGNED 

RIGHT SHIFT LOGICAL 

RIGHT CIRCULATE 

RIGHT SHIFT ARITHMETIC SINGLE·SIGNED 

RIGHT SHIFT ARITHMETIC DOUBLE·SIGNED 

RIGHT SHIFT LOGICAL 

RIGHT CIRCULATE 

XWR LMUX OUTPUT 

TOXW'RR'f 

XWRO 

XWRO 

XWRO 

XWRO 

ALUO 

ALUO 

ALUO 

ALUO 

3.19 WORKING REGISTER MULTIPLEXER (WR MUX) 

The working register multiplexer (WR MUX) is a multi·port multiplexer which, under control of the resident 
operation, selects either data·in port data or data·out bus data for direct transfer to the WR. 

4. SHIFT/CIRCULATE OPERATIONS 

The SBP0400A and the SBP0401A uses the DO MUX in conjunction with the DO IMUX and DO JMUX to 
accomplish single·bit WR shift/circulate operations; the XWR MUX in conjunction with the XWR KMUX and XWR 
LMUX to accomplish single·bit XWR shift/circulate operations. While single-precision shift/circulate operations 
involve the WR only, double·precision shift/circulate operations involve the WR in conjunction with the XWR. The 
standard operation set does not include single·precision XWR shift/circulate operations. 

4.1 WR SINGLE·PRECISION SHIFTS/CIRCULATES 
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WR single·precision shift/circulate operations are directed by the resident operation with expanded wordlength "end" 
conditions handled by the relative position controls. These single·precision operations may best be represented by the 
generalized symbol: 

(WR plus ALUCIN) SHIFTED/CIRCULATED -+WR 

Within a single microcycle (1 clock period), each of six possible WR single·precision shift/circulate operations is 
capable of 1) asynchronously summing the WR with the ALUCIN input, then 2) asynchronously shifting/circulating 
the sum one bit position to the right/left, and finally 3) synchronously storing the shifted/circulated result back into 
the WR. The six WR single·precision shift/circulate possibilities, with data flow paths for expanded wordlengths, are 
listed in Table 17. 



TABLE 17 

WR SINGLE-PRECISION SHIFTS/CIRCULATES 

EXPANDED OP-
SHIFT/CIRCULATE SHIFT/CIRCULATE WORDLENGTH FORM OP-FIELO D·FIELD S-FIELD 

OPERATION FUNCTION DATA FLOW (See &.3) OP3-OPO 01-00 S2 ...... S0 

PATHS 

(WR plus ALUCINI ASL -+ WR RIGHT·SHIFT·LOGICAL (ASL) Figure 8 V. HLLL HH HLH 

(WR plua ALUetN) LSL -+ WR LEFT·SHIFT·LOGICAL (LeLI Figure 9 Vf HLHl HH HLH 

(WA plul ALUCtNI ASA - WR RIGHT-SHIFT-ARITHMETIC (RSA) Figure 10 V. LLLL HH HLH 

(WA ~UI ALUCINI LSA -+ WR LEFT-SHIFT-ARITHMETIC (LSA) Figure 11 VC LLHL HH HLH 

(WA plusALUCINI ACIR -WA RIGHT·CIRCULATE (RCIRI Figure 12 Vb LLLH HH HLH 

(WA plus ALUeIN) LelR - WA LEFT-CIRCULATE (LelA) Figure 13 Vd LLHH HH HLH 

4_1.1 (WR Plus ALUCIN) RSL .... WR 

The WR single-precision logical right-shift operation, shown in Figure 8, displaces the entire contents of the WR one 
bit position to the right. In an expanded wordlength system, a logic-level low is automatically right-shifted into the 
WR's most-significant-bit (MSB) of the most-significant-package (MSP) as the WR's contents are displaced to the right. 
This logic-level low, sourced by the least-significant-package (LSP), exits the LSP via the bidirectional shift 
accommodation WRRT and enters the MSP via the bidirectional shift accommodation WRLFT. During each WR RSL 
operation, the WR's displaced LSB of the LSP is discarded. 

'04OOAI'0401 A 

r---------, 
I WR I 

LOGIC·LEVEL II I 
HIGH WRLFT WAAT I 

WRtFTI I 
I t:;C.LEVEL I 
I MSP I L _________ J 

'0400AI'0401A r---------, 
I WR I 
I I 
I WALFT WRRT I 

I 
I I 
I IP I L _________ J 

'04QOAJ'0401 A 
r-- - --- ---, 
I WR LOGIC·LEVEL I 

LOW 
I 0 I LOGIC·LEVEL 

: WRLFT 1 3 + 2 +, + 0}- ~ : = 
I ~ I 
I LSP C· I L _________ J 

NOTE: WART. WRLFT. ARE HIGH·ACTIVE INTRA·PACKAGE AND LOW·ACTIVE (INVERSE POLARITY) INTER·PACKAGE. 

FIGURE 8 - RIGHT SHIFT LOGICAL - SINGLE PRECISION (RSL - SPI 

4.1.2 (WR Plus ALUCIN) LSL .... WR 

The WR single-precision logical left-shift operation, shown in Figure 9, displaces the entire contents of the WR one bit 
position to the left. In an expanded wordlength system, a logic-level low is automatically left-shifted into the WR's 
LSB of the LSP as the WR's contents are displaced to the left. This logic-level low, sourced by the MSP, exits the MSP 
via the bidirectional shift accommodation WR LFT and enters the LSP via the bidirectional shift accommodation 
WRRT. During each WR LSL operation, the WR's displaced MSB of the MSP is discarded. 

'0400AI'0401 A 

r--- w,;-----, 
I LOGIC·LEVEL I 
I LOW 

LOGIC·LEVEL I 0 I 
HIGH I'II'ID'TI ~+l1flO+9+ SI.WRRT: 

I 1;l I 
I is MSP I L _________ J 

'Q400AJ'0401A r---------, 
I WR I 
I I 
: WRLFT 1, f 6 + 61" 4 I.WRRT : 

I I 
I IP I L _________ J 

'0400A/'0401 A r---------, 
I WR I 
I I LOGIC-LEVEL 
I WRLFT WART I HIGH 

I 3 -+ 2-f- '-f- 0 .~. I WRl'ii' 
I LOGIC-LEVEL I 
I LOW I 
L ____ L~ ____ J 

!\IOTE: WART, WALFT, ARE HIGH-ACTIVE INTRA·PACKAGE AND LOW·ACTIVE (INVERSE POLARITY) INTER.pACKAGE. 

FIGURE 9; - LEFT SHIFT LOGICAL - SINGLE PRECISION (LSL - SP) 
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4.1.3 (WR Plus ALUCIN) RSA -+ WR 

The WR single-precision arithmetic right-shift operation, shown in Figure 10, displaces the entire contents of the WR 
one bit position to the right. The MSB of the MSP is designated as a sign-bit. As the entire contents of the WR is 
displaced to the right, the sign-bit does not change. Rather the sign-bit is duplicated to the right. The displaced LSB of 
the LSP exits the LSP via the bidirectional shift accommodation WRRT. 

'0400A/'0401A '0400AI'0401A 'Q400AI'0401 A 

r---------, 
I WR I 
I I 
I WRRT I 

r--------, 
I WR I 
I I 
I WR LFT WRRT I 

,---------, 
I WR I 
I I 
I WRLFT WRRT I 

WRLFT I I I I ~ 
I I I I I I 

Ls~-~ _ ~s~ ____ J I IP I L _________ J I LSP I L _________ J 

NOTE: WART, WRLFT. ARE HIGH-ACTIVE INTRA·PACKAGE AND LOW-ACTIVE (INVERSE POLARITY) INTER-PACKAGE. 

FIGURE 10 - RIGHT SHIFT ARITHMETIC - SINGLE PRECISION (RSA - SP) 

4.1.4 (WR Plus ALUCIN) LSA -+ WR 

The WR single-precision arithmetic left-shift operation, shown in Figure 11, is functionally identical to the WR 
single-precision logical left-shift operation. The WR's MSB of the MSP, although designated as a sign-bit, is discarded 
as the entire contents of the WR is displaced one bit position to the left. As each WR LSA operation is performed, the 
BMSB output (WR· sign bit) may be compared to the MSB of the MSP's DOP (data displacing into WR sign bit) to 
detect an impending change in WR sign·bit polarity. 

'0400AI'0401 A 
r--- WR ----, 
I LOGIC-LEVEL I 
I LOW 

LOGIC·LEVEL I 0 I 
HIGH ~j + + + I WRATI "WRL'Fi-1 ~ 11 10 9 8.. I 

I f!l I 
I 0 I 
l_ ~N.!'T_ ~S~ ____ J 

'0400A/'0401A r---------, 
I WR I 
I I 
: WALFT I 7 + "+ 5+ 4 I .. WART : 

I I 
I IP I L _________ J 

'04OOAj'0401A ,-- - --- ---, 
I WR I 
I I LOGIC-LEVEL 
I WRLFT WART I HIGH 

I I WART 

I LOGIC·lEVEL I 
I LOW I 
L ____ L~ ____ J 

NOTE: WRRT, WRlFT. ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW·ACTIVE (INVERSE POLARITY) INTER·PACKAGE. 

FIGURE 11 - LEFT SHIFT ARITHMETIC - SINGLE PRECISION (LSA - SP) 

4.1.5 (WR Plus ALUCIN) RCIR -+ WR 
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The WR single-precision right-circulate operation, shown in Figure 12, displaces the entire contents of the WR one bit 
position to the right. The displaced LSB of the LSP replaces the displaced MSB of the MSP. The displaced LSB of the 
LSP exits the LSP via the bidirectional shift accommodation WI'fRi and enters the MSP via the bidirectional shift 
accommodation WR LFT. 

'0400A/'0401A '0400AI'040 1 A '0400AI'0401A r---------, 
I WR I 
I I 
I WRLFT WART I 

WRLFTI 11 +10+9 + 8 I 

,--------, 
I WR I 
I I 
I WALFT WRRT I 

7 +"+5+4 I 

,--------, 
I WR I 
I I 
I WRLFT WRRT I 
I 3 +2 + 1 + 0 I WAAT 

I I I I I I 
I MSP I l __________ J I IP I L _________ J I LSP I L _________ J 

NOTE: WRRT, WRLFT, ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE (INVERSE POLARITY) INTER-PACKAGE. 

FIGURE 12 - RIGHT CIRCULATE - SINGLE PRECISION (RCIR - SP) 



4.1.6 (WR Plus ALUCIN) LCIR -+ WR 

The WR single-precision left-circulate operation, shown in Figure 13, displaces the entire contents of the WR one bit 
position to the left. The displaced MSB of the MSP replaces the displaced LSB of the LSP. The displaced MSB of the 
MSP exits the MSP via the bidirectional shift accommodation WRLFT and enters the LSP via its bidirectional shift 
accommodation WRRT. 

'0400AI'0401 A 

r--------I 
I WR I 
I I 
I WRLFT WRRT I 

WRLFTI 

I 
I 
L_ 

"+10+9+ 8 I 
I 

MSP I ___ . _____ J 

'0400AI'0401A '0400AI'0401 A 1'--------, 
I WR I 

r----------, 
I WR I 

I I I I 
I WRLFT WRRT I 

7+6+5+4 I 
I WRLFT WRRT I 
I 3 + 2 + 1 + 0 I WRRT 

I I I I 
I IP I L _________ J I LSP I L _________ J 

NOTE: WRRT. WRLFT, ARE HIGH·ACTIVE INTRA·PACKAGE AND LOW·ACTIVE (INVERSE POLARITY) INTER·PACKAGE. 

FIGURE 13 - LEFT CIRCULATE - SINGLE PRECISION (LCIR - SPI 

4.2 WR,XWR DOUBLE-PRECISION SHIFTS/CIRCULATES 

WR,XWR double-precision shift/circulate operations are directed by the resident operation with expanded wordlength 
"end" conditions handled by the relative position controls. The double-precision shift/circulate operations may best 
be represented by the generalized symbol: 

(WR plus ALUCIN, XWR) SHIFTED/CI RCULATED -+ WR,XWR 

Within a single microcycie, each of eight possible WR,XWR double-precision shift/circulate operations is capable of 1) 
asynchronously summing the WR with the ALUCIN input, then 2) asynchronously double-precision shifting/ 
circulating the sum with the WR and XWR considered as one double-length register, and finally 3) synchronously 
storing the shifted/circulated result into the double-length register formed by WR in conjunction with the XWR. The 
eight WR,XWR double-precision shift/circulate possibilities, with data flow paths for expanded wordlengths, are listed 
in Table 18. 

TABLE 18 

WR, XWR DOUBLE-PRECISION SHIFTS/CIRCULATES 

EXPANDED 
op· 

SHIFT/CIRCULATE SHifT/CIRCULATE WQRQLENGTH OP-FIELD D-FIELD S-FIELD 
fORM 

OPERATION FUNCTION DATA FLOW OP3 ..... OPO 01- DO S2 -+ SO 

PATHS 
(See 5.3) 

tWR plus ALUCIN, XWR) RSL ..... WR, XWR RIGHT·SHIFT·LOGICAL (RSLl Figure 14 VI. HHLL HH HLH 

(WA plus ALUCIN, XWR) "LSL -+ WR, XWR LEFT-SHIFT-LOGICAL (LSL) Figure 15 VII HHHL HH HLH 

(WA plus ALUCIN, XWR) RSA .... WR, XWR RIGHT -SHIFT-ARITHMETIC (RSA) Figure 16, 17 VI. LHLL HH HLH 

(WA plus ALUCIN, XWR) LSA --+ WR, XWR LEFT-SHIFT-ARITHMETIC (LSA) Figure 18. 19 VI, LHHL HH HLH 

tWA plus ALUCIN, XWA) ACIR .... WA. XWA RIGHT-CIRCULATE (ACIAI Figure 20 Vlb LHLH HH HLH 

tWA plus ALUCIN. XWR) LelR .... WR, XWR LEFT-CIRCULATE (LCIR) Figure 21 VI3 LHHH HH HLH 
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4.2.1 (WR Plus ALUCIN, XWR) RSL -+ WR,XWR 

The WR.XWR double'precision logical right·shift operation, shown in Figure 14, displaces the entire contents of the 
double·length register, formed by the WR in conjunction with the XWR, one bit position to the right. In an expanded 
wordlength system, the WR's displaced LSB of the LSP exits the LSP via the bidirectional shift accommodation 
XWRRT and enters the XWR's MSB of the MSP via the bidirectional shift accommodation XWRLFT. A logic·level 
low is automatically right·shifted into the WR's MSB of the MSP. This logic·level low, sourced by the LSP, exits the 
LSP via the bidirectional shift accommodation WRRT and enters the MSP via the bidirectional shift accommodation 
WRLFT. During each WR,XWR RSL operation, the XWR's displaced LSB of the LSP is discarded. 

'0400AI'0401 A '0400AI'0401A '04OOA/'0401A 
r--- ---- --, r--- -- ----, 
I WR I I WR I 

r - - - - - LoGic·LEvELI 
I WR LOW I 

WRLFT I WRLFT "+'0 + 9 +- 8 WRRT I I WRLFT WRRT I 

LOGIC.LEVEL I ~. I I 7 + 6 +- 5 + 4 I 
HIGH I ~~~IC.LEVEL I I I 

I WRLFT I I WART 
I 3 +- 2 + 1 + 0 t-- I LOGIC.LEVEL 

I I HIGH 

I XWR I I XWR I 
IXWRLFT XWRRTI IXWRLFT XWRRTI 

I "+10+9+8 I I 7+6+5+4 I 
prWRLFT 

I MSP I I IP I L ________ .J L ________ ---1 

o 
I XWR ~ I 
IXWRLFT. 3 .... 2 ..... 1 ..... 0'" 11 Lr-:....I _---. 
I r T T 'r ~ t IXWRRT 

I LSP WR~T I L ________ .:.J 

NOTE: WRRT, WRLFT, XWRRT, XWRLFT ARE HIGH·ACTIVE INTRA·PACKAGE AND LDW·ACTIVE !INVERSE POLARITY) INTER-PACKAGE. 

FIGURE 14 - RIGHT SHIFT LOGICAL - DOUBLE PRECISION (RSL - DP) 

4,2,2 (WR Plus ALUCIN, XWR) LSL -+ WR,XWR 
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The WR,XWR double·precision logical left-shift operation, shown in Figure 15, displaces the entire contents of the 
double length register, formed by the WR in conjunction with the XWR, one bit position to the left. In an expanded 
word length system, the XWR's displaced MSB of the MSP exits the MSP via the bidirectional shift accommodation 
W'RL'F'T and enters WR's LSB of the LSP via the bidirectional shift accommodation WRRT. A logic-level low is 
automatically left-shifted into the XWR's LSB of the LSP. This logic-level low, sourced by the MSP, exits the MSP via 
the bidirectional shift accommodation XWR LFT and enters the LSP via the bidirectional shift accommodation 
XWRRT. During each WR,XWR LSL operation, the WR's displaced MSB is discarded. 

'04OOAI'0401 A 

jwRLFT - -- - - --,-
I 0 WR I I, ~ WRRT I 

'=-=-=-::-:-1 .L, -< 
WRLFT I ~ : 

XWR I 
XWRRTI 

'0400AI'0401A r---------, 
I WR I 

WRLFT 4 WRRT I 

1 I 
I I 
I XWR I 
IXWR LFT XWRRT I 

I 1 
I IP I L ________ ---1 

'0400AI'0401 A r---------, 
I WR I 
I WRLFT 0 WRRT 1 

I WART 
I 

XWR I 
IXWRLFT XWRRT 1 ~?GG~C'LEVEL 

I I~ 
I LSP tg~C'LEVELI L ________ ...l 

NOTE: WRRT, WRLFT. XWRRT, XWRLFT ARE HIGH·ACTIVE INTRA-PACKAGE AND LOW-ACTIVE !INVERSE POLARITYIINTER·PACKAGE. 

FIGURE 15 - LEFT SHIFT LOGICAL - DOUBLE PRECISION (LSL - DP) 



4.2.3 (WR Plus ALUCIN, XWR) RSA'" WR,XWR 

The WR,XWR double-precision arithmetic right-shift operations, shown in Figures 16 and 17, displace the entire 
contents of the double-length register, formed by the WR in conjunction with the XWR, one bit position to the right. 
In an expanded wordlength system, the WR's displaced LSB of the LSP exits the LSP via the bidirectional shift 
accommodation XWRRT and enters either the XWR's MSB or MSB-minus-l of the MSP (see 4.2.3.1 and 4.2.3.21. The 
polarity of the MSP's relative position control input POSO selects between single-signed and double-signed 
double-precision arithmetic right-shift operations. 

4.2.3.1 Single-Signed Double-Precision RSA (MSP POSO=H) 

For the single-signed WR,XWR double-precision right-shift operation, shown in Figure 16, the WR's MSB of the MSP 
only is designated as a sign-bit. As the entire contents of the WR,XWR is displaced one bit position to the right, the 
sign-bit does not change. Rather, the sign-bit is duplicated to the right. The WR's displaced LSB of the LSP exits the 
LSP via the bidirectional shift accommodation XWRRT and enters the XWR's MSB of the MSP via the bidirectional 
shift accommodation XWR LFT. The XWR's displaced LSB of the LSP is discarded. 

'0400AI'0401 A '0400AI'0401A '0400AI'0401 A r-----------, r---------, r-----------, 
I I I WR I I WR I 
I WRRT I I WRLFT 

4 
WRRT I I WRLFT I 8 

I I I I 

SIGN·BIT I I I 0 I 

I I I "' I XWR XWR XWR 0 
a: 

IXWRLFT XWRRTI IXWRLFT XWRRTI IXWRLFT « I u 11 8 4 
I I 

en 
IXWRRT WRLFTI I I 0 

I MSB I I IP I I LSP XWRRT I L ________ --.l L ________ ...J L ________ -l 

NOTE: WRRT, WRLFT, XWRRT. XWRLFT ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE (INVERSE POLARITY) INTER-PACKAGE. 

FIGURE 16 - RIGHT SHIFT ARITHMETIC - SINGLE SIGN/DOUBLE PRECISION (RSA - SS/DP) 

4.2.3.2 Double-Signed Double-Precision RSA (MSP POSO=L) 

For the double-signed WR,XWR double-precision right-shift operation, shown in Figure 17, both the WR's and XWR's 
MSB of the MSP are designated as a sign-bit. As the entire contents of the WR,XWR is displaced one bit position to 
the right, the sign-bits do not change. Rather, the WR's sign-bit is duplicated to the right while the XWR's sign-bit is 
held stationary. The WR's displaced LSB of the LSP exits the LSP via the bidirectional shift accommodation XWRRT 
and enters the XWR's MSB-minus-l of the MSP via the bidirectional shift accommodation XWRLFT. The XWR's 
displaced LSB of the LSP is discarded. 

'0400AI'0401 A r-----------, 
I WR I 
I WRRT I 
I 8 I 

I 
I 

8 XWRRT I 

~I I 

L~~T_~S~ ___ J 

'0400A/,0401A r---------, 
I WR I 
I WRLFT 4 WRRT I 

I I 
I I 
I XWR I 
IXWRLFT XWRRTI 

I 4 I 
I IP I L ________ ...J 

'0400AI'0401A r-----------, 
I WR I 
I WRLFT I 

I 
I 

XWR ~ I 
IXWRLFT ~ I 

u '-r-'''::.:::'':::'':::'''::-1 
I 5 IXWRRT 

I LSP XWRRT I L ________ .:.J 

NOTE: WRRT. WRLFT. XWRRT. XWRLFT ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE (INVERSE POLARITY) INTER-PACKAGE. 

FIGURE 17 - RIGHT SHIFT ARITHMETIC - DOUBLE SIGN/DOUBLE PRECISION (RSA - DSlDP) 

25 

• 



4.2.4 (WR Plus ALUCIN, XWR) LSA -+ WR,XWR 

The WR,XWR double·precision arithmetic left·shift operations, shown in Figures 18 and 19, displace the entire 
contents of the double·length register, formed by the WR in conjunction with the XWR, one bit position to the left. 
In an expanded wordlength system, either the XWR's displaced MSB or MSB·minus-1 of the MSP exits the MSP via 
the bidirectional shift accommodation WRLFT and enters the WR's LSB of the LSP via the bidirectional shift 
accommodation WR RT, The polarity of the MSP's relative position control input POSO selects between single-signed 
and double-signed double-precision arithmetic left-shift operations, 

4.2.4.1 Single-Signed Double-Precision LSA (MSP POSO=H) 

The single-signed WR,XWR double-precision arithmetic left-shift operation, shown in Figure 18, is functionally 
identical to the WR,XWR double-precision logical left-shift operation, The WR's MSB of the MSP, although designated 
as a sign-bit, is discarded as the entire contents of the double-length WR,XWR register is displaced one bit position to 
the left, As each WR,XWR LSA operation is performed, the BMSB output (WR sign bit) may be compared to the MSB 
of the MSP's DOP (data displacing into WR sign bit) to detect an impending change in WR sign bit polarity. 

'0400AI'0401 A '0400AI'0401A r-------- I 
I WRLFT WR I 

I 51 WRRT I 
"---'-<"0 8 

r - - - - - - ---, 
I WR I 
I WRLFT WRRT I 

I I 
I I 

'0400AI'0401 A r--------I 
I WR I 
I WRLFT 0 WRRT I 

I WART 
I 

~ 
l;l 
15 

LOGIC-LEVEL I 
HIGH I XWRRT I 

I XWR I XWR I 
IXWRLF'[ XWRRT I ~~G~C-LEVEL 

XWRLFTI 8 I 
I LOGIC-LEVEL MSP I 
l.!:.0~ _______ .J 

IXWRLFT XWRRT I 

I I 
I IP I L ________ ..J 

I IXWRAT 
I LSP tg~IC-LEVEL I L ________ ...J 

NOTE, WRRT, WRLFT, XWRRT, XWRLFT ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE IINVERSE POLARITYIINTER-PACKAGE, 

FIGURE 18 - LEFT SHIFT ARITHMETIC - SINGLE SIGNIDOUBLE PRECISION ILSA - SSlDP) 

4.2.4,2 Double-Signed Double-Precision LSA (MSP POSO=L) 

The double-signed WR,XWR double-precision arithmetic left-shift operation shown in Figure 19 is, with one 
exception, functionally identical to the WR,XWR double-precision left-shift operation. The exception is, the XWR's 
sign-bit is automatically forced to the polarity of the MSP's ALU2 output, As each double-signed double'precision 
LSA operation is performed, the WR's sign-bit is discarded. Consequently the BMSB output (WR sign bit) may be 
compared to the MSB of the MSP's DOP (ALU2 data displacing into WR sign bit) to detect an impending change in 
WR sign bit polarity. 

'0400AI'0401A 

r.lw~F';------ -I 
o WR I 

I ~ WRRT I 
'===-:--'-, a: 8 
WRffi I ~ 

I i5 

'0400AI'0401A r---------, 
I WR I 
I WRLFT 4 WRRT I 

I I 
I I 

'0400AI'0401A r--------i 
I WR I 
I WRLFT 0 WART I 

I WRRi' 
I 

LOGIC-LEVEL II 
HIGH XWRRTI 

I XWR I 
IXWRLFT XWRRT I 

XWR I LOGlc.LEVEL 
IXWRLF'[ XWRRT I HIGH 

WRi:FT1 I I 4 I I I XWRii'i' 
I LOGIC-LEVEL MSP I 
L!:~ ____ -.: __ .J I IP I L ________ ..J 

I LSP ~~C-LEVEL I L ________ ...J 

NOTE, WRRT, WRLFT, XWRRT, XWRLFT ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE liN VERSE POLARITY) INTER.pACKAGE, 

FIGURE 19 - LEFT SHIFT ARITHMETIC - DOUBLE SIGNIDOUBLE PRECISION ILSA - DSlDP) 
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4.2.5 (WR Plus ALUCIN, XWR) RCIR .... WR,XWR 

The WR,XWR double'precision right-circulate operation, shown in Figure 20, displaces the entire contents of the 
double-length register, formed by the WR in conjunction with the XWR, one bit position to the right. In an expanded 
wordlength system, the WR's displaced LSB of the LSP exits the LSP via the bidirectional shift accommodation 

'XWRRT and enters the XWR's MSB of the MSP via the bidirectional shift accommodation XWRLFT. The XWR's LSB 
of the LSP exits the LSP via the bidirectional shift accommodation WRRT and enters the WR's MSB of the MSP via 
the bidirectional shift accommodation WRLFT. 

iiVRi:Fi' 1 

I 
I XWR 
IXWRLFT 11 XWRRT I 

WRtTTI 1 
, MSP , L ________ ..J 

I 
I 

XWR I 
IXWRLFT XWRRT 1 
1 4 1 

, IP I L ________ ~ 

'0400AI'0401 A ,--------1 
, WR , 
I WRLFT , 

.--'-:=:-' , WiiRT 

I 
I 

IXWRLFT ,-....:...1 __ -, 
, IXWRRT 

, LSP , L ________ ....l 

NOTE: WRRT. WRLFT, XWRRT, XWRLFT ARE HIGH-ACTIVE INTRA·PACKAGE AND LOW·ACTIVE (INVERSE POLARITYIINTER-PACKAGE. 

FIGURE 20 - RIGHT CIRCULATE - DOUBLE PRECISION (RCIR - DP) 

4.2.6 (WR Plus ALUCIN, XWR) LCIR .... WR,XWR 

The WR,XWR double-precision left-circulate operation, shown in Figure 21, displaces the entire contents of the 
double-length register, formed by the WR in conjunction with the XWR, one bit position to the left. In an expanded 
wordlength system, the WR's displaced MSB of the MSP exits the MSP via the bidirectional shift accommodation 
XWRLFT and enters the XWR's LSB of the LSP via the bidirectional shift accommodation XWRRT. The XWR's MSB 
of the MSP exits the MSP via the bidirectional shift accommodation WR LFT and enters the WR's LSB of the LSP via 
the bidirectional shift accommodation WRRT. 

'0400AI'0401 A ,--------1 
, WR , 

I WRRT, 

'-W-R-LF-T-'I--'I ri 11 + 10+ 9 + 8 , 

I U I 

===,,1-,1 y 11"1::R9~ 8 XWRRT,I 
XWRLFT 

, MSP , L ________ ..J 

'0400AI'0401A r---------, 
I WR , 
I WRLFT WRRT , 

7-+6+5-+4 
I 
I 
I XWR 

I 
I 
I 

IXWRLFT XWRRT I 
, 7-+6+5+4 , 

, IP .1 L ________ ~ 

'0400AI'0401A ,--------1 
, WR , 
I WRLFT WRRT , 

3-+ 2-+ 1-+ 0 

XWR 

, WRRT 

I 
I 

IXWRLFT XWRRT I 
3+2-1- 1 + 0 

, 'XWRRT 
, LSP , L ________ ....l 

NOTE: WRRT. WRLFT, XWRRT, XWRLFT ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW·ACTIVE (INVERSE POLARITY) INTER·PACKAGE. 

FIGURE 21 - LEFT CIRCULATE - DOUBLE PRECISION (LCIR - DP) 
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4.3 COMPOUND·FUNCTION WR,XWR DOUBLE·PRECISION SHIFTS/CIRCULATES 

Compound·function WR,XWR double-precision shift/circulate operations extend the processing power of the basic 
double-precision RSA and LCI R operations to boost systems-level efficiency in the assembly of iterative 
macro-instructions such as multiply and non-restoring divide. These compound-function shift/circulate operations, 
directed by the resident operation with expanded wordlength "end" conditions handled by the relative position 
controls, may best be represented by the generalized symbol: 

(WR plus/minus A plus ALUCIN, XWR) RSA/LCI R -> WR,XWR 
where A is either the DIP or RF 

Within a single microcycle, each of eight possible compound-function WR,XWR double-precision shift/circulate 
operations is capable of 1) asynchronously summing/subtracting either the RF or DIP with/from the WR, then 2) 
asynchronously adding the result to the ALUCI N input, then 3) asynchronously double-precision shifting/circulating 
(RSA/LCIR) the result with the WR and XWR considered as one double-length register, and finally 4) synchronously 
storing the shifted/circulated result into the double-length register formed by the WR in conjunction with the XWR. 
The eight compound-function WR,XWR double-precision shift/circulate possibilities, with data flow paths for 
expanded wordlengths, are listed in Table 19. 

SHIFTICIRCULATE 

OPERATION 

TABLE 19 

COMPOUND-FUNCTION WR, XWR 

DOUBLE-PRECISION SHIFTS/CIRCULATES 

EXPANDED 

SHIFT/CIRCULATE WORDLENGTH 

FUNCTION DATA FLOW 

PATHS 

cp. 

FORM QP·FIElD D·FIELO S-FIELO 

1"'5.31 OP3 .... 0PO 01-00 82-+$0 

(WR minus DIP minus 1 plus ALUeIN, XWR) LelA.....,. WR. XWR LEFT-CIRCULATE (LCIRI Figure 21 IV, HLLL HH LHL 

(WR minus RFtn) minus 1 plus ALUeIN. XWR) LelA -+ WR, XWR LEFT-CIACULATE (LCIR) figure 21 IV, HLLL HL LLL- HHH 

lWR plus DIP plus ALUCIN, XWR) LeIR ...... WR, XWR LEFT-CIRCULATE (LCIR) Figure 21 IVb HLLH HH LHL 

(WR plus RFtn) plus ALUelN, XWR) LeIR ...... WR, XWR LEFT-CIRCULATE (LCIR) figure 21 IVd HLLH HL LLL- HHH 

tWA minus DIP minus 1 plus ALUCIN, XWR) ASA - WR, XWA RIGHT-SHIFT-ARITHMETIC (RSA) Figure 16 IV' L-LHl HH LHL 

(WA minus RF(n) minus 1 plus ALUCIN, XWR) RSA - WR, XWR RIGHT-SHIFT-ARITHMETIC (RSA) Figure 16 IVh LLHL HL LLL- .... HHH 

(WA plus DIP plus ALUCIN. XWR) RSA .... WA, XWR RIGHT-SHiFT-ARITHMETIC (RSA) Figure 16 IV, HlHH HH LHL 

tWR plus AF(n) plus ALUCIN, XWA) ASA .... WA, XWA RIGHT-SHIFT-ARITHMETIC tRSA) Figure 16 IVi HlHH HL lLL .... HHH 

5. OPERATION SET (MICROINSTRUCTION SET) 

The SBP0400A and SBP0401A are supplied with an identical set of 459 non-redundant standard factory-defined 
operations (microinstructions). The only difference between the SBP0400A and the SBP0401A is the presence and 
absence of the operation register (OR): 
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a. The SBP0400A contains a 20-bit operation register. After the 9-bit operation code is applied (and 
setup). the positive-going clock transition causes the resident operation to be stored in the OR. See 
Figure 5 and microinstruction overlap, paragraph 5.1. 

b. The SBP0401 A, without the OR, derives its resident operation from a steady-state 9-bit code applied at 
the operation select inputs. See Figure 5. 



5.1 SBP0400A MICROINSTRUCTION OVERLAP 

Within a single microcycle (1 clock period). anyone of the '0400A's 459 unique operations may be both selected and 
executed. While the "present" microinstruction is directing the '0400A's functional blocks and data paths from the 
OR, the "next" microinstruction may be setup for entry into the OR. As the results of the "present" microinstruction 
are synchronously stored at their appointed destination, the "next" microinstruction simultaneously enters the OR 
where it becomes the "present" microinstruction. This technique of overlapping microinstruction setup with 
microinstruction execution (Figure 5) allows a string of successive microinstructions to be executed, one each, during 
successive microcycles. 

5.2 OPERATION·SELECT WORD 

Each of the 459 operations is selected by presenting 9·bits of encoded microinstruction data to the operation·select 
input lines which is then asynchronously decoded/translated by the PLA. In the SBP0400A this decoded/translated 
microinstruction enters the OR synchronous with the completion of the previous microinstruction (positive transition 
of the clock) to become the resident operation. In the SBP0401A this decodedltranslated microinstruction is 
distributed directly from the 20 outputs of the pLA as the resident operation. 

The 9·bit operation-select word is partitioned, as shown below, into three interacting fields: 1) the 2-bit D-field, 2) the 
4-bit OP-field, and 3) the 3-bit S-field. 

OPERATION-SELECT WORD 

IOP3 I OP2 I OP1 I OPO 01 DO S2 S1 SO 

OP-FIELD D-FIELD S-FIELD 

5.2.1 D-Field, Operation-Select Word 

This 2-bit D-field (D1 -+ DO) of the operation-select word governs the manner in which the OP-field and S-field are 
interpreted to specify the operations. Four D-field possibilities exist. They are: LL, LH, HL, and HH. 

5.2.1. 1 D-Fiefd = L L 

When the D-field is "LL", the RF and WR, as shown below, are designated as operand sources with the RF also 
designated as the operation-result destination. 

RF ALU WR -- RF ALU: LLLL -- HHHH . L L RF: LLL -- HHH 
I I I I I 

OP3 OP2 OP1 OPO D1 DO S2 S1 SO 

The 3-bit S-field is interpreted to select 1 of 8 R F locations both as an operand source and an operation·result 
destination; the 4-bit OP-field is interpreted to select one of 16 ALU functions (micro-operations) as the operand 
combination/modification mechanism. 
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5.2.1.2D-Field= LH 

When the D-field is "LH", the RF and WR, as shown below, are designated as operand sources with the WR also 
designated as the operation-result destination. 

RF ALU WR __ WR ALU: LLLL --. HHHH 
I I I 

L H RF: LLL --. HHH 
I I 

OP3 OP2 OP1 OPO D1 DO S2 S1 SO 

The 3-bit S-field is interpreted to select 1 of 8 R F locations as an operand source; the 4-bit OP-field is interpreted to 
select one of 16 ALU functions (micro-operations) as the operand combination/modification mechanism. 

5.2.1.3 D-Field = HL 

When the D-field is "HL", the ALU functions (micro-operations) available for the combination/modification of 
operands are limited to 1) plus, 2) minus, or 3) unconditional ALU-bypass (no ALU function). 

As shown in Table 20, the 3-bit S-field is primarily interpreted to select one of eight RF locations as an operand 
source and/or operation-result destination; the 4-bit OP-field is interpreted to select a limited ALU function in 
conjunction with an operand source and/or operand-result destination. 

TABLE 20 

O-FIELO = HL 

RF~ DOP 

RF~ XWR 

(WR minus RF minus 1 plus ALUCIN, XWR) RSA ~ WR, XWR 

RF plus WR plus ALUCIN ~ XWR 

RF plus DIP plus ALUCIN ~ WR 

RF plus DIP plus ALUCIN ~ XWR 

RF plus DIP plus ALUCIN ~ RF 

(WR minus RF minus 1 plus ALUCIN, XWR) LCIR ~ WR, XWR 

(WR plus RF plus ALUCIN, XWR) LCIR ~ WR, XWR 

(WR plus ALUCIN, XWRI RSA ~ WR, XWR 

(WR plus RF plus ALUCIN) RSA ~ WR, XWR 

RF plus XWR plus ALUCIN ~ WR 

RF plus XWR plus ALUCIN ~ XWR 

XWR plus ALUCIN ~ RF 

DIP~ RF 

5.2.1.4 D-Field = HH 

OP3 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

OP3 

OP2 OP1 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

OP2 OP1 

OPO 01 DO S2 S1 SO 

L H L RF: LLL ~ HHH 

H H L RF: LLL~ HHH 

L H L RF: LLL ~ HHH 

H H L RF: LLL ~ HHH 

L H L RF: LLL~ HHH 

H H L RF: LLL~HHH 

L H 
Don't Care 

L 
X X X 

H H L RF: LLL~ HHH 

L H L RF: LLL~ HHH 

H H L RF: LLL ~ HHH 

L H 
Don't Care 

L 
X X X 

H H L RF: LLL~ HHH 

L H L RF: LLL~ HHH 

H H L RF: LLL~ HHH 

L H L RF: LLL~HHH 

H H L RF: LLL~ HHH 

OPO 01 DO S2 Sl so 

When the D-field is "HH", the RF is neither used as an operand source nor an operation-result destination. Rather, 
two S-field possibilities (LHL, HLH) are, as shown in Table 21, interpreted to extend the 4-bit OP-field to select one 
of 32 non-RF operations. The extended OP-field is interpreted to select a limited ALU function in conjunction with 
an operand source(s) and an operation-result destination. 
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TABLE 21 

O-FIELO = HH 

DIP - Dap 

DIP- XWR 

(WR minus DIP minus 1 plus ALUCIN, XWRI RSA - WR, XWR 

DIP plus WR plus ALUCIN - XWR 

F,;, plus ALUCIN - Dap 

DIP plus WR plus ALUCIN - Dap 

DIP - WR 

DIP plus WR plus ALUCIN - Dap 

(WR minus DIP minus 1 plus ALUCIN, XWRI LCIR - WR, XWR 

(WR plus DIP plus ALUCIN, XWRI LCIR - WR, XWR 

(WR pl~s ALUCIN, XWRI RSA - WR, XWR 

(WR plus DIP plus ALUCIN, XWRI RSA - WR, XWR 

DIP plus XWR plus ALUCIN - WR 

DIP plus XWR plus ALUCIN - XWR 

XWR plus ALUCIN - Dap 

DIP- Dap 

(WR plusALUCINI RSA-WR 

(WR plus ALUCINI RCIR - WR 

(WR plus ALUCINI LSA - WR 

(WR plus ALUCINI LCIR - WR 

(WR plus ALUCIN, XWRI RSA·- WR, XWR 

(WR plus ALUCIN, XWRI RCIR - WR, XWR 

(WR plus ALUCIN, XWRI LSA - WR, XWR 

(WR plus ALUCIN, XWRI LCIR - WR, XWR 

(WR plus ALUCINIRSL - WR 

(WR plus ALUCINI RCIR - WR 

(WR plus ALUCINI LSL - WR 

(WR plus ALUCINI LCIR - WR 

(WR plus ALUCIN, XWRI RSL - WR, XWR 

(WR plus ALUCIN, XWRI RCIR - WR, XWR 

(WR plus ALUCIN, XWRI LSL - WR, XWR 

(WR plus ALUCIN, XWRI LCIR - WR, XWR 

5,2.2 OP·Field, Operation·Select Word 

OP3 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

OP3 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

OP3 

OP2 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

OP2 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

OP2 

OP1 OPO 

L L 

L H 

H L 

H H 

L L 

L H 

H L 

H H 

L L 

L H 

H L 

H H 

L L 

L H 

H L 

H H 

OP1 OPO 

L L 

L H 

H L 

H H 

L L 

L H 

H L 

H H 

L L 

L H 

H L 

H H 

L L 

L H 

H L 

H H 

OP1 OPO 

01 DO S2 S1 so 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

H H L H L 

01 DO S2 S1 SO 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

01 DO S2 S1 SO 

The 4-bit OP-field (OP3 -+ OPO) of the operation-select word interacts with the D-field and S-field to specify an ALU 
function as the operand combination/modification mechanism for operations (microinstructions). 

5,2.2.1 OP-Field ALU Function (Micro-Operation) Selection 

The most consistent utilization of the OP-field is realized when specifying one of 16 ALU functions, listed in Table 
22, as the operand combination/modification mechanism for those particular operations listed in Table 23_ For those 
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OP3 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

TABLE 22 

ALU FUNCTION (MICRO·OPERATION SELECT! 

ALU ACTIVE·HIGH DATA 

OP·FIELD ALUCIN =H ALUCIN = L 

OP2 OP1 OPO (WITH CARRY) (NO CARRY) 

L L L Fn = L Fn = H 

L L H Fn = B minus A Fn = B minus A minus 1 

L H L Fn = A minus B Fn = A minus B minus 1 

L H H Fn = A plus B plus 1 Fn = A plus B 

H L L Fn = B plus 1 Fn = B 

H Fn = S plus 1 
-

L H Fn = B 

H H L Fn = A plus 1 Fn = A 

H H H Fn = A plus 1 Fn = A 

L L L Fn = AnBn 

L L H Fn = An ('f) Bn 

L H L Fn = An (f) Bn 

L H H Fn = AnBn 

H L L Fn = AnSn 

H L H Fn = An + Sn 

H H L Fn = An + Bn 

H H H Fn = An + Bn 

TABLE 23 

16 FUNCTION ALU OPERATIONS 

RFALUWR~RF 

RF ALU WR ~WR 

"DIP ALU WR ~ DOP 

"DIP ALU WR~ WR 

DIP ALU XWR ~ WR 

DIP ALU WR ~ XWR 

DIP ALU XWR ~ XWR 

DIP ALU XWR ~ DOP 

ALU: 

ALU: 

ALU: 

ALU: 

ALU: 

ALU: 

ALU: 

ALU: 

NOTE: When PC PRIORITY is low WR '"'"'" AOP 

"'XWR ....."AOP 

OP3~ OPO 

LLLL~ HHHH 

LLLL~ HHHH 

LLLL~ HHHH 

LLLL~ HHHH 

LLLL~ HHHH 

LLLL~ HHHH 

LLLL- HHHH 

LLLL- HHHH 

\. 

01 DO S2 S1 so 

L L RF: LLL~ HHH 

L H RF: LLL~ HHH 

H H L L L 

H H L L H 

H H L H H 

H H H L L 

H H H H L 

H H H H H 

operations, the D·field interacts with the S·field to specify two operand sources in combination with an 
operation·result destination. Either the DIP or RF is available as an operand source to the "A" input port of the ALU; 
either the DIP, WR or XWR is available as an operand source to the "S" input port of the ALU. Ultimate destinations 
for ALU output results include either the DOP, R F, WR or XWR. 

An ALU function from Table 22 may be selected as the operand combination/modification mechanism for each 
operation in Table 23 by simply choosing the appropriate OP·field code. For example, a D·field code of "HH" 
interacts with an S·field code of "LLH" to specify the operation DIP ALU WR .... WR. If the WR is to be subtracted 
from the DIP, an OP·field code of "LLHL" (Fn = A minus S, ALUCIN = H) must be selected from Table 22 along 
with an ALUCIN = H forced into the LSP. The resulting operation·select word will then specify the operation DIP 
minus WR .... DOP. 



OP D S 

An OP-field choice of "LLLH" would automatically interchange the operands and specify the operation WR minus 
DIP --+ DOP. In fact, any of eight arithmetic or eight Boolean ALU functions may be selected from Table 22 and 

impressed upon any operation in Table 23. 

Although the ALU generally accepts two operand sources simultaneously as inputs, certain ALU functions may be 
selected from Table 22 which only consider one operand source. These ALU functions, when impressed upon the 
operations of Table 23, specify the register transfer operations of Table 24. These register transfer operations allow: 
1) unconditioned transfers, X --+ Y with the LSP's ALUCIN = L, 2) incrementing transfers, X plus 1 --+ Y with the 
LSP's ALUCIN = H, 3) one's-complement transfers, X -+ Y with the LSP's ALUCIN = L, and 4) two's-complement 
transfers, X plus 1 --+ Y with the LSP's ALUCIN = H. 

WR plus ALUCIN" RF 

RF plus ALUCIN ~ WR 

WR plus ALUCIN~ XWR 

XWR plus ALUCI N ~ WR 

DIP plus ALUCIN ~ WR 

DIP plus ALUCIN ~ XWR 

DIP plus ALUCIN ~ DOP 

XWR plus ALUCIN ~ DOP 

'DIP plus ALUCIN ~ DOP 

*WR plus ALUCIN ~ DOP 

DIP plus ALUCIN ~ WR 

WR plus ALUCIN ~ RF 

RF plus ALUCIN ~ WR 

WR plus ALUCIN ~ XWR 

XiiiiR plus ALUCIN ~ WR 

DIP plus ALUCIN ~ WR 

DIP plus ALUCIN ~ XWR 

OW plus ALUCIN ~ DOP 

XWR plus ALUCIN ~ DOP 

*DIP plus ALUCIN ~ DOP 

*WR plus ALUCIN ~·DOP 

*iSTP plus ALUCIN ~ WR 

CP3 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

OP3 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

CP3 

TABLE 24 

REGISTER TRANSFER OPERATIONS 

OP2 OP1 OPO 01 

H L L L 

H H L L 

H L L H 

H L L H 

H H L H 

H H L H 

H H L H 

H L L H 

H H L H 

H L L H 

H H L H 

OP2 OP1 OPO 01 
H L H L 

H H H L 

H L H H 

H L H H 

H H H H 

H H H H 

H H H H 

H L H H 

H H H H 

H L H H 

H H H H 

OP2 CP1 OPO 01 
'" XWR -+ AOP, otherwise WA ..... AOP. PC PRIORITY overrides. 

DO S2 S1 SO 

L RF: LLL- HHH 

H RF: LLL~ HHH 

H H L L 

H L H H 

H L H H 

H H L L 

H H H H 

H H H H 

H L L L 

H L L L 

H L L H 

DO S2 S1 SO 

L RF: LLL .... HHH 

H RF: LLL- HHH 

H H L L 

H L H H 

H L H H 

H H L L 

H H H H 

H H H H 

H L L L 

H L L L 

H L L H 

DO S2 S1 SO 

Certain ALU functions may be selected from Table 22 to facilitate register "clear" (all logic-level LOWs) and register 
"preset" (all logic-level HIGHs) operations. These ALU functions, when impressed upon the operations of Table 23, 

specify the register "clear" and "preset" operations of Table 25. 
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TABLE 25 

REGISTER CLEAR AND PRESET OPERATIONS 

LOW - RF, ALUCIN = HIGH 

LOW-WR,ALUCIN = HIGH 

'LOW -WR, ALUCIN = HIGH 

LOW - XWR, ALUCIN = HIGH 

LOW - DOP, ALUCIN = HIGH 

'LOW - DOP, ALUCIN = HIGH 

HIGH - RF, ALUCIN = LOW 

HIGH - WR, ALUCIN = LOW 

'HIGH - WR, ALUCIN = LOW 

HIGH - XWR, ALUCIN = LOW 

HIGH - DOP, ALUCIN = LOW 

*HIGH- DOP, ALUCIN = LOW 

OP3 

L 

L 

L 

L 

L 

L 

OP3 

L 

L 

L 

L 

L 

L 

OP3 

OP2 

L 

L 

L 

L 

L 

L 

OP2 

L 

L 

L 

L 

L 

L 

OP2 

OP1 OPO 

L L 

L L 

L L 

L L 

L L 

L L 
OP1 OPO 

L L 

L L 

L L 

L L 

L L 

L L 

OP1 OPO 

II< XWR - AOP, otherwise WR - AOP. PC PRIORITY == HIGH overrides 

D1 

L 

H 

H 

H 

H 

H 
D1 

L 

H 

H 

H 

H 

H 

D1 

DO S2 S1 SO 

L RF: LLL- HHH 

H L H H 

H L L H 

H H H L 

H H H H 

H L L L 
DO S2 S1 SO 

L RF: LLL- HHH 

H L H H 

H L L H 

H H H L 

H H H H 

H L L L 

DO S2 S1 SO 

5.2.2.2 OP-Field Operand-Source!ALU Function!Operation-Result-Destination Selection 

The 4-bit pP·field also interacts with the D·field and S-field to specify the operations of Tables 22 and 23. For these 
operations, the ALU functions available for operand combination/modification are limited to: 1) plus, 2) minus, and 
3) unconditioned ALU-bypass (no ALU functions). 

TABLE 26 

5.2.3 S-Field, Operation-Select Word 
RF SELECTION 

The 3-bit S-field (S2 -+ SO) of the operation-select 
word either: 1) specifies one of eight RF locations, 
shown in Table 26, as an operand source and/or 
operation-result destination, or 2) extends the 4-bit 
OP-field to select one of 32 non-RF operations as listed 
in Table 23. 

RF 

LOCATION 

RFO 

RF1 

RF2 

RF3 

S2 

L 

L 

L 

L 

S1 SO 

L L 

L H 

H L 

H H 

5.3 INDEX TO MICROINSTRUCTIONS BY OPERATION 
FORM 

RF4 

RF5 

H 

H 

L L 

L H 
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The operation (microinstruction) set may be sectioned 
into six operation-forms as described in Tables 27 
through 32. Each operation-form may, in turn, be 

RF6 H 

RF7 (PCI H 

NOTE: D·FIELD is LL, LH, or HL 

H L 

H H 

SUbsequently sectioned into a group of operation-types. In general, for each operation type, the WR is automatically 
selected by the OR to source the AOP via the ADR MUX. The exception to this statement is realized in 
operation-form I, operation-types a and b where the XWR is automatically selected by the OR to source the AOP via 
the ADR MUX. Of course, when the PC PRIORITY input is taken to a logic-level high, OR selection of the ADR 
MUX is overridden. In this situation, the PC is prioritized to source the AOP via the ADR MUX. 

In general, the execution results of most operations may be monitored at the DOP whether the result destination is 
the RF, WR, XWR or DOP itself. The only exceptions are realized when the DOB is not involved in operation 
execution. These exceptions include the DIP -+ WR transfer of operation-form III operation-type d, and the XWR 
portion of the double-preCision shift/circulates involved throughout operation-forms IV and VI. 



5.3.1 Operation - Form I 

Operation form I may be 
utilized to perform one of 
16 ALU functions, selected 
by the Operation·Select 
Word OP·field, on two of 
four operand sources, (RF, 
WR, XWR, DIP). The result 
is transferred to one of fou r 
operation· result destinations 
(RF, WR, XWR, DOP). 

5.3.2 Operation - Form II 

Operation form II may be 
utilized to arithmetically 
su m one or two operand 
sources (RF, WR, XWR, 
DIP) and a ripple-carry-in 
(ALUCIN). The operation
result is transferred to one 
of four destinations (RF, 
WR, XWR, DOP). 

5.3.3 Operation - Form III 

Operation form III may be 

utilized to transfer one or 
two operand sources (RF, 
DIP) to one of four destina

tions (RF, WR. XWR. 
DOP). 

I OPERATION TYPE 

a. RF ALUWR ~ RF 

b. RF ALU WR ~WR 

c. 'DIP ALU WR ~ DOP 

d. 'DIP ALU WR ~ WR 

e. DIP ALU XWR ~ WR 

f. DIP ALU WR ~ XWR 

g. DIP ALU XWR .... XWR 

h. DIP ALU XWR ~ DOP 

TABLE 27 

OPERATION FORM I 

OP3 ~ OPO 

ALU: LLLL~HHHH 

ALU: LLLL~ HHHH 

ALU: LLLL~ HHHH 

ALU: LLLL ~ HHHH 

ALU: LLLL ~ HHHH 

ALU: LLLL~ HHHH 

ALU: LLLL~ HHHH 

ALU: LLLL~ HHHH 

01 DO 

L L 

L H 

H H 

H H 

H H 

H H 

H H 

H H 

'" XWR - AOP, otherwise WR -+ AOP. PC PRIORITY =: HIGH overrides 

n 
a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

k. 

I. 

TABLE 28 

OPERATION FORM" 

OPERATION TYPE OP3-+ OPO 

RF plus WR plus ALUCIN ~ XWR L L H H 

RF plus DIP plus ALUCIN ~ WR L H L L 

RF plus DIP plus ALUCIN ~ XWR L H L H 

RF plus DIP plus ALUCIN ~ RF L H H H 

RF plus XWR plus ALUCIN .... WR H H L L 

RF plus XWR plus ALUCIN .... XWR H H L H 

XWR plus ALUCIN ~ RF H H H L 

DIP plus WR plus ALUCIN .... XWR l L H H 

DIP plus WR plus ALUCIN ~ DOP L H H H 

DIP plus XWR plus ALUCIN .... WR H H L L 

DIP plus XWR plus ALUCIN .... XWR H H L H 

XWR plus ALUCIN .... DOP H H H L 

NOTE: When PC PRIORITY is LOW, WR .... AOP 

m OPERATION TYPE 

a. DiP .... RF 

b. RF .... DOP 

c. RF .... XWR 

d. DIP .... WR 

e. DIP .... XWR 

f. DiP .... DOP 

TABLE 29 

OPERATION FORM //I 

OP3 .... 0PO 

H H H H 

L L L L 

L L L H 

L H H L 

L H H L 

L L L H 

H H H H 

L L L L 

NOTE: When PC PRIORITY is LOW, WR .... AOP 

01 DO 

H L 

H L 

H L 

H L 

H l 

H L 

H L 

H H 

H H 

H H 

H H 

H H 

01 DO 

H l 

H L 

H L 

H L 

H H 

H H 

H H 

H H 

52 51 50 

RF: LLL~ HHH 

RF: LLL~ HHH 

L L L 

L L H 

L H H 

H L L 

H H L 

H H H 

52 51 SO 

RF: LLL .... HHH 

RF: LLL .... HHH 

RF: LLL .... HHH 

RF: LLL~ HHH 

RF: LlL .... HHH 

RF: LlL .... HHH • RF: LLL .... HHH 

L H l 

L H L 

L H L 

L H L 

L H L 

52 51 50 

RF: LLL .... HHH 

RF: LLL .... HHH 

RF: LLL .... HHH 

X X X 

L H L 

L H L 

L H L 

L H L 
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5.3.4 Operation - Form IV 

TIl: 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h_ 

i. 

Operation form IV may be utilized to either: 

• arithmetically sum the WR and the ripple carry-in (ALUCIN) with one of two operand sources (RF, 
DIP), arithmetically double-precision shift the result to the right, and transfer the shifted result to the 
WR and XWR; 

• arithmetically sum the WR and the ripple carry-in (ALUCIN) with one of two operand sources (RF, 
DIP), double-precision circulate the result to the left, and transfer the circulated result to the WR and 
XWR; 

• arithmetically subtract one of two operand sources (RF, DIP) and -1 from the WR, arithmetically add 
the ripple carry-in (ALUCIN), double-precision circulate the result to the left, and transfer the 
circulated result to the WR and XWR; 

• arithmetically subtract one of two operand sources (RF, DIP) and -1 from the WR, arithmetically add 
the ripple carry-in (ALUCIN), arithmetically double-precision shift the result to the right and transfer 
the shifted result to the WR and XWR. 

TABLE 30 

OPERATION FORM IV 

OPERATION TYPE OP3 

IWR minus DIP minus 1 plus ALUCIN, XWRI LCIR'~ WR, XWR H 

IWR plus DIP plus ALUCIN, XWRI LCIR ~ WR, XWR H 

IWR minus RF minus 1 plus ALUCIN, XWRI LCIR ~ WR, XWR H 

(WR plus RF plus ALUCIN, XWR) LCIR ~ WR, XWR H 

(WR plus ALALUCIN, XWR) RSA ~ XWR 
H 

H 

IWR minus DIP minus 1 plus ALUCIN, XWR) RSA ~WR, XWR L 

IWR plus DIP plus ALUCIN, XWRI RSA -~ WR, XWR H 

(WR minus RF minus 1 plus ALUCIN, XWR) RSA ~ WR, XWR L 

(WR plus RF plus ALUCIN, XWRI RSA ~ WR, XWR H 

~ OPO 

L L L 

L L H 

L L L 

L L H 

L H L 

L H L 

L H L 

L H H 

L H L 

L H H 

01 DO S2 Sl SO 

H H L H L 

H H L H L 

H L RF: LLL ~ HHH 

H L RF: LLL ~ HHH 

H L X X X 

H H L H L 

H H L H L 

H H L H L 

H L RF: LLL-. HHH 

H L RF: LLL- HHH 

NOTE: When PC PRIORITY is LOW, WR --+ ADP 

5.3.5 Operation - Form V 

36 

Operation form V may be 

utilized to perform single
precision shifts on the con
tents of the WR, placing the 
result in the WR. The WR 
may be logically shifted left 
or right (LSL, RSL), arith

metically sh if ted left or 
right (LSA, RSA), or circu
lated left or right (LCIR, 
RCIR)_ 

As the WR is passed through 
the ALU during form Vand 
VI, the ALUCIN is active 
and should be held at a low 
logic level for true shifts. 

~ OPERATION TYPE 

a. (WR plus ALUCIN) RSA ~ WR 

b. IWR plus ALUCIN) RCIR ~ WR 

c. (WR plus ALUCIN) LSA ~ WR 

d. (WR plus ALUCI N) LCI R ~ WR 

e. (WR plus ALUCIN) RSL ~ WR 

f. (WR plus ALUCI N) LSL ~ WR 

TABLE 31 

OPERATION FORM V 

OP3~ OPO 

L L L L 

L L L H 

H L L H 

L L H L 

L L H H 

H L H H 

H L L L 

H L H L 

NOTE: When PC PRIORITY is LOW, WR ~ AOP 

01 DO S2 Sl SO 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 



5.3.6 Operation - Form VI 

Operation form VI may be 
utilized to perform double· 
precision shifts on the con· 
tents of WR in conjunction 
with XWR. The WR in con· 
junction with the XWR may 
be: 

• logica"y shifted left or 
right (LSL, RSL); 

• arithmetically shifted 
left or right (LSA, 
RSA) single· or double· 
signed; 

• circulated left or right 
(LCIR, RCIR). 

:m 
.. 
b. 

e. 

d. 

e. 

f. 

TABLE 32 

OPERATION FORM VI 

OPERATION TYPE OP3 ... OPO 

(WR plus ALUCIN, XWR) RSA ... 
L 

(WR, XWR) 
H L L 

(WR plus ALUCIN, XWR) RCIR ... L H L H 

(WR, XWR) H H L H 

(WR plus ALUCIN, XWR) LSA -
L 

(WR, XWR) 
H H L 

(WR plus ALUCIN, XWR) LCIR - L H H H 

(WR, XWR) H H H H 

(WR plus ALUCIN, XWR) RSL -

(WR, XWR) 
H H L L 

(WR plus ALUCIN, XWR) 

(WR, XWR) 
LSL - H H H L 

NOTE: When PC PRIORITY is LOW, WR - DOP 

5.4 INDEX TO MICROINSTRUCTIONS BY SOURCE OPERANDS 

01 DO R2 R1 RO 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

When the source operand is known, tables 33 through 36 can be used to obtain the form/type and microcode of the 
possible operations for that source operand. 

TABLE 33 

DIP SOURCE OPERANDS 

OPERATION 
OP OP3-OPO 01 DO S2-S0 

FORM/TYPE OP FIELD D·FIELD S·FIELD 

DIP- DOP II If HHHH HH LHL 
DIP- DOP 1111 LLLL HH LHL 
DIP- RF lila HHHH HL LLL -HHH 
DIP-WR Ilid LHHL HL XXX 

DIP-WR IIld LHHL HH LHL 

DIP-XWR III. LLLH HH LHL 

"DIP ALU WR - DOP Ie LLLL- HHHH HH LLL 

*DIPALU WR -WR Id LLLL- HHHH HH LLH 

DIP ALU WR .... XWR If LLLL- HHHH HH HLL 

DIP ALU XWR - DOP Ih LLLL- HHHH HH HHH 

DIP ALU XWR ... WR Ie LLLL- HHHH HH LHH 

DIP ALU XWR - XWR Ig LLLL- HHHH HH HHL 

(DIP plus WR plus ALUCIN) LCIR ... WR, XWR IVb HLLH HH LHL 

(DIP plus WR plus Al.:UCIN) RSA -WR, XWR IVq HLHH HH LHL 

DIP plus RF plus ALUCIN'" RF lid LHHH HL LLL- HHH 

DIP plus RF plus ALUCIN'" WR lib LHLL HL LLL .... HHH 

DIP plus RF plus ALUCIN ... XWR lie LHLH HL LLL- HHH 

DIP plus WR plus ALUCIN - DOP lIi,llIh LHHH HH LHL 

DIP plus WR plus ALUCIN - XWR IIh LLHH HH LHL 

DIP plus XWR plus ALUCIN ... WR IIj HHLL HH LHL 

DIP plus XWR plus ALUCIN - XWR Ilk HHLH HH LHL 

• XWR'" AOP, otherwise WR .... AOP. PC PRIORITY - HIGH overrides. 

37 

-



TABLE 34 

RF SOURCE OPERANDS 

OPERATION 
OP OP3-0PO D1 DO S2-S0 

FORM/TYPE OP FIELD D-FIELD S-FIELD 

RF- DDP IIlb LLLL HL LLL- HHH 

RF- XWR IIle LLLH HL LLL- HHH 

RF ALUWR -RF la LLLL- HHHH LL LLL- HHH 

RF ALU WR -WR Ib LLLL -HHHH LH LLL- HHH 

RF plus DIP plus ALUCIN - RF lid LHHH HL LLL- HHH 

RF plus DIP plus ALUCIN -WR lib LHLL HL LLL- HHH 

RF plus DIP plus ALUCIN ... XWR lie LHLH HL LLL- HHH 

(RF plus WR plus ALUCIN, XWR) LCIR - WR, XWR IVd HLLH HL LLL- HHH 

(RF plus WR plus ALUCIN, XWR) RSA -WR, XWR IVi HLHH HL LLL- HHH 

RF plus WR plus ALUCIN - XWR lIa LLHH HL LLL- HHH 

RF plus XWR plus ALUCIN - WR lie HHLL HL LLL- HHH 

RF plus XWR plus ALUCIN - XWR III HHLH HL LLL- HHH 

NOTE: When PC PRlORITY i. LOW, WR _ AOP_ 

TABLE 35 

XWR SOURCE OPERANDS 

OP OP3-0PO 01 DO S2-S0 
OPERATION 

FORM/TYPE OP FIELD D-FIELD S-FIELD 

XWR ALU DIP- DOP Ih LLLL- HHHH HH HHH 

XWR ALU DIP-WR Ie LLLL- HHHH HH LHH 

XWR ALU DIP- XWR 19 LLLL- HHHH HH HHL 

XWR plus ALUCIN - DOP III HHHL HH LHL 

XWR plus ALUCIN - RF IIj HHHL HL LLL- HHH 

XWR plus DIP plus ALUCIN - WR Ilk HHLL HH LHL 

XWR plus DIP plus ALUCIN - XWR lie HHLH HH LHL 

XWR plus RF plus ALUCIN - WR III HHLL HL LLL- HHH 

XWR plus RF plus ALUCIN - XWR HHLH HL LLL- HHH 

NOTE: When PC PRIORITY Is LOW, WR --> AOP_ 
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TABLE 36 

WR SOURCE OPERANDS 

OP OP3- OPO 01 DO S2-S0 
OPERATION 

FORM/TYPE OP·FIELD D·FIELD S·FIELD 

'WR ALU DIP- DDP Ie LLLL - HHHH HH LLL 

'WR ALU DIP - WA Id LLLL- HHHH HH LLH 

WA ALU DIP - XWR II LLLL- HHHH HH HLL 

WA ALU AF -AF la LLLL- HHHH LL LLL·~ HHH 

WA ALU RF-WA Ib LLLL - HHHH LH LLL- HHH 

(WA minus SIP minus 1 plus ALUCIN, XWA) LCIA - WA, XWA IVa HLLL HH LHL 

(WR minus DIP minus 1 plus ALUCIN, XWA) ASA -WA, XWA IVI LLHL HH LHL 

(WA minus AF minus 1 plus ALUCIN, XWA) LCIA - WA, XWA IVe HLLL HL LLL- HHH 

(WA minus AF minus 1 plus ALUCIN, XWA) ASA -WA, XWA IVh LLHL HL LLL- HHH 

(WA plus ALUCIN) ASA - WA, XWA IV. HLHL HL XXX 

(WA plus ALUCIN) ASA - WA, XWA IV. HLHL HH LHL 

(WA plus ALUCIN) LCIA - WR Vd LLHH HH HLH 

(WA plus ALUCIN) LCIA - WA Vd HLHH HH HLH 

(WA plus ALUCIN) LSA -WA Ve LLHL HH HLH 

(WA plus ALUCIN) LSL -WA VI HLHL HH HLH 

(WA plus ALUCIN) ACIA -WA Vb LLLH HH HLH 

(WA plus ALUCIN) ACIR - WA Vb HLLH HH HLH • (WR plus ALUCIN) RSA -WR Va LLLL HH HLH 

(WR plus ALUCIN) RSL - WR V. HLLL HH HLH 

(WR plus ALUCIN, XWR) LCIR - (WR, XWA) Vld HHHH HH HLH 

(WR plus ALUCIN, XWA) LCIR - (WA, XWA) Vld LHHH HH HLH 

(WR plus ALUCIN, XWR) LSA - (WA,XWR) Vic LHHL HH HLH 

(WR plus ALUCIN, XWR) LSL - (WA, XWH) VII HHHL HH HLH 

(WR plus ALUCIN, XWR) RCIR - (WR, XWR) Vlb HHLH HH HLH 

(WR plus ALUCIN, XWR) RCIR - (WR, XWA) Vlb LHLH HH HLH 

(WR plus ALUCIN, XWR) RSA - (WR, XWR) Via LHLL HH HLH 

(WR plus ALUCIN, XWR) RSL - (WR,XWR) VI. HHLL HH HLH 

WR plus DIP plus ALUCIN - DOP IIi LHHH HH LHL 

WR plus DIP plus ALUCIN - XWR IIh LLHH HH LHL 

(WR plus DIP plus ALUCIN) LCIR -WR, XWR IVb HLLH HH LHL 

(WR plus DIP plus ALUCIN) RSA -WR, XWR IVe HLHH HH LHL 

WR plus RF plus ALUCIN - XWR lIa LLHH HL LLL HHH 

(WR plus RF plus ALUCIN) LCIR -WA, XWA IVd HLLH HL LLL HHH 

(WR plus RF plus ALUCIN) RSA -WR, XWR IVi HLHH HL LLL HHH 

• XWA ~ AOP, otherwise WR -I> AOP: PC PRIORITY = HIGH overrides. 
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6. INTERFACING 

The input/output (I/O) accommodations of these processor elements have been designed for TTL and/or MOS 
compatibility. Direct interfacing, supportable by the entire families of catalog devices, is shown in Figure 22. Typical 
data/address flow and microcontrol are illustrated for an expanded wordlength system. 

,------.. ----., "' ______ -.::OPfRArrO,.s~LEcr9us 

MICROCQNTROL 
MEMORY 

MICROADDRESS 
GENERATOR 

'j 

RESULT 

INTERPRETER 

INSTRUCTION REGISTER 

CLOCIC&TIMII'IC 
GENERATOR 

OA1A 

'"' 
rL'--"---------J 

FIGURE 22 - TYPICAL 16·BIT MACHINE 

II! 

I'"" "., 
lOOK.AHEAO eIN 

8N141B2 

6.1 INPUT CIRCUIT 

40 

The input circuit used on the '0400A/'0401A is basically an RTL configuration which has been modified for 
TTL/MOS compatibility as shown in Figure 23A. An input-clamping diode is incorporated to limit negative excursions 
(ringing) when the '0400A/'0401A is on the receiving end of a transmission line; an input switching threshold of 
nominally +1.5 volts has been specified for improved noise immunity. This threshold is achieved via two 10K ohm 
resistors which function as a voltage divider to increase the one VBE threshold of the 12L input transistor to +1.5 
volts. Since this input circuit is independent of injector current, input threshold compatibility is maintained over the 
entire speed X power performance spectrum. 

The input circuit characteristics for input current versus input voltage are shown in Figure 24. The 10K and 20K ohm 
load lines and threshold knee at +1.5 volts provide a high-impedance characteristic to reduce input loading and 
improve the low-logic level input noise immunity over some standard TTL inputs. Full compatibility is maintained 
with virtually all 5 volt logic families even when the '0400A/'0401A is powered down (injector current reduced). 



A. EQUIVALENT OF EACH INPUT 

R eq. INPUT ___ -'\A,"~ __ 

R eq. 

CLOCK OR Pc"CiN : R sq. = 5Kn 
ALL OTHERS: R eq. = 10Kn 

B. TYPICAL OF ALL 
OUTPUTS 

C. EQUIVALENT OF EACH INPUT/OUTPUT 

INPUT/OUTPUT 

FIGURE 23 - SCHEMATICS OF EQUIVALENT INPUTS, OUTPUTS, INPUTS/OUTPUTS 

6.1.1 Sourcing Inputs 

The inputs may be sourced directly by most 5 
volt logic families. Five volt functions which 
feature internal pull-up resistors at their out
puts require no external interface compo
nents; five volt functions which feature open
collector outputs generally require external 
pull-up resistors which may be specified as 
shown in Table 37. 

6.1.2 Terminating Unused Inputs 

Inputs which are selected to be hardwired to a 
logic-level low may be connected directly to 
ground. I nputs which are selected to be 
hardwired to a logic-level high must be tied, 
via a current limiting (pull-up) resistor, to a 
logic-level-high low-impedance voltage source 
such as Vee. A single transient protecting 
resistor, specified as shown in Table 38, may 
be utilized common to (N) inputs. 

6.2 OUTPUT CIRCUIT 

The output circuit selected for the '0400A/ 
'0401 A is an injected open-collector transistor 

t-
::i 
a: 
a: 

" u 
t-
1.: 
~ 

500~A 

400}J-A 

300J.l.A 

200IJ.A 

100,uA 

-SmA 

-lOrnA 

-15mA 

-20mA 

INPUT CURRENT 

INPUT VOLTAGE 

IJC c 200imA if V _TA "'25° C I' ~~~~-.§' # 
(j ~~ .... 

~o~~~-f---

V \ 
/ \ 

~ /\ 'O~!l LOAD 
LINE 

r TH~SHOLO 
20KQ LOAD 
LINE 

-3 -2 -, 
VI· INPUT VOLTAGE 

FIGURE 24 - TYPICAL INPUT CHARACTERISTICS 

shown in Figure 238. Since this transistor is injected, output sourcing capability is directly related to injector 
current. In other words, the number of loads which may be sourced by an '0400A/'0401A output is directly reduced 
as injector current is reduced. 

The output circuit characteristic for logic-level low output voltage (VoU versus logic-level low output current (IOU 
is shown in Figure 25. At rated injector current; the '0400A/'0401A output circuit offers a low-level output voltage of 
typically 65mV. 
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TABLE 37 

SOURCING SBP0400 INPUTS 

CLOCK OR PCCIN ALL OTHER INPUTS 

SOURCED BY OPEN-COLLECTOR 
Rp = 

VCC -3_3 
Rp = 

VCC -3_3 

TTL,CMOS .0005 IN) .00025 IN) 

SOURCED BY MOS, CMOS: 
RB = 

VCC -2.4 
RB = 

VCC -2.4 

LOW-THRESHOLD IOH -.0005 IN) IDH -.00025 IN) 

HIGH-THRESHOLD NOT RECOMMENDED 

SOURCED BY TTL WITH 5 V ACTIVE PULL-UP DRIVE DIRECTLY 

TABLE 38 

TERMINATING UNUSED INPUTS 

HARDWIRE TO VIH 

The output circuit characteristics for 1) logic-level high 
output voltage (VOH) and current (lOHl. 2) rise times, 
and 3) next stage input noise immunity, are a function 
of the load circuit being sourced_ The load circuit may 
be either: 

A) the direct input, if no source current is 
required, of a five-volt logic family 
function, 

or, for greater noise immunity and improved rise times, 

B) the direct input of a five-volt logic 
family function in conjunction with a 
discrete pull-up resistor_ 

When a discrete pull-up resistor (RLl is utilized, the 
fanout requirements placed on a particular '0400AI 
'0401 A output restrict both the maximum and mini
mum value of RL- Techniques for calculating RL(max) 
and RL(min) respectively are explained in Figure 26_ 
Table 39 provides RL(max) and RL(min) values for 
one, five, nine, or ten loads for the more popular 
five-volt logic families_ 

Rp 

PCCIN INPUT 

= 
VCC -3.3 
.0005 (N) 

200 

175 

> 
E 150 

w 
t!l « 125 
I-
...J 
0 
> 100 
I-
:> 

1= 75 :> 
0 

0 50 
> 

I 

ALL OTHER INPUTS 

Rp = 
VCC-3.3 

.00025 IN) 

OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

ICC = 200mA 

TA = 25°C 

~ 
I-"" 

~ ..... 

25 

~ 

------
0 

-5 -10 -15 -20 

10 - OUTPUT CURRENT - mA 

FIGURE 25 - TYPICAL OUTPUT CHARACTERISTICS 

-25 

6_2_' RL(max) Calculation for Output Source Current 

42 

The maximum load register R L(max) value insures: 1) that sufficient current is available to satisfy both the fanout 
and logic-level-high output current requirements, and 2) that the voltage drop across R L itself is insufficient to reduce 
the logic-level-high output voltage below 2.4 volts_ RL(max) can be calculated as shown in Figure 26A_ 



HIGH·lEVEl (OFF·STATE) CIRCUIT CALCULATIONS 

The allowable voltage drop across the load resistor (VRL) is the 

difference between the pull-up source and the VOH level re

quired at the load: 

VRl ~ Vsource - VOH min 
The total current through the load resistor (lRL) is the sum of 

the load current and the high-level output current (lOH): 

IRl ~ load Current (into the load inputs + IOH 

where: IOH ~ 37511-A max 

Therefore, calculations for the maximum value of RL would be: 

RL max in ohms = Vsource - VOH min 
() Amperes of load Current + .000375 

SBP04ooA/SBP0401A 
OUTPUT 

IOH ~ 375uA 

Vsource 

lOADS 
(5 SN74S00) 

II H ~ 5(5QuA) ~ 0.000250A 

Assume: Vsource ~ 5 V and VOH(min) ~ 2.4 V 

Rl(max) ~ 

V source - V OH 

Iload + 0.000375 

5 - 2.4 

0.00025 + 0.000375 
-0,......000.,.=2::.:.66;",,2--5 n ~ 4160 

A. Rl MAXIMUM CALCULATIONS 

lOW·lEVEl (ON-5TATE) CIRCUIT CALCULATIONS 

The maximum current through the load resistor when the out

put is on, plus the amount of current from the lOW-level input 

load, must be limited to the IOl capability of the output. There· 

fore. the equation is: 

R . - Vsource - VOL max 
Umtn) - IOl capability - Iload 

v sou rce 

SBP0400A/SBP0401A 
OUTPUT IRl 

lOAD 
CURRENT 

lOADS 
(5 SN74S00) 

III ~ 5(2mA) ~ O.OlA 

Assume: Vsaurce ~ 5 V, VOL ~ 0.4 V, and IOl capability = 20 mA 

Vsaurce-VOl 
Rl(min) = IOl capability -Ill 

5-.4 n~ 4.6 n= 460n 
0.02 - 0.01 0.01 

B. Rl MINIMUM CAlMClATIONS 

FIGURE 26- OUTPUT lOAD RESISTOR CALCULATIONS 
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TABLE 39 

OUTPUT LOAD RESISTOR VALUES (RLI 

SBP0400 DRIVING DRIVING DRIVING TYPE OF 

OUTPUT 1 Load 5 Loads 10 Loads LOGIC 

TYPE RL(MINI RL(MAXI RL(MINI RL(MAXI RL(MINI RL(MAXI 

234 n 6190n 25211 5200n 280n 4333n 54LS/74LS 

20 rnA 250 n 5909 n 38311 433311 1150n 325011 54/74 

SINK 25611 5777 n 46011 4160n 2300n 2888n 54S/745 

OUTPUTS 230n 6341 n 230 Il 5777 n 23112 5200n MOS 

230 n 6500n 23012 6500 Il 231 Il 6498n C-MOS 

TYPE OF LOGIC 

477 n 6190n 560n 5200n 54LS/74LS 

lOrnA 547 n 5909n 2~00n 4333 n 54/74 

SINK 575 n 5777 n 4000n 4000 n 54S174S 

OUTPUTS 464n 6341 n 462n 5777 n MOS 

46012 6500n 4601l 6500 n C-MOS 

Specific designs can be tailored for minimum power or maximum performance by making the individual calculations as described in 
Figure 26. 

CONDITIONS: 

Vsource; 5 V 

VOH; 2.4 V (Satisfies most 5 V logic) 
VOL; 0.4 V (Based on max noise margin provided by SBP0400A/SBP0401A 
(OH; 375 !LA (Maximum leakage of SBP0400A/SBP0401A) 
IOL as specified (20 mA, 10 mAl 
And unit loads of: IlL = 

54 LS/74LS 0.36 mA 
54/74 
54S/74S 
N-MOS 
C-MOS 

1.6mA 
2mA 
101LA 
10pA 

IIH = 
10!LA 
40MA 
50MA 
10MA 
10 pA 

6.2.2 RL(min) Calculation for Output Source Current 

The minimum load resistor RL(min) value insures that the arithmetic sum of the current through RL itself plus the 
sink currents from the various loads will not exceed the low·level current rating (IoU of the particular output being 
utilized. RL(min) may be calculated as shown in Figure 26B. 

6.3 BIDIRECTIONAL INPUT/OUTPUT CIRCUIT 

The bidirectional input/output circuit, shown in Figure 23C, is simply a "marriage" of the separate input and output 
circuits, with the respective electrical characteristics described above. 

7. POWER SOURCE 

44 

12L is a current-injected logic. When placed across a curve tracer, the processor element will resemble a silicon 
switching diode. Any voltage or current source capable of supplying the desired current at the injector node voltage 
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required will suffice (see Table 40). A dry·cell battery, a 5·volt TTL power supply, a programmable current supply 
(for power·up/power-down operation) -literally whatever power source is convenient can be used for most cases. For 
example, if a 5-volt TTL power supply is to be used, a series dropping resistor would be connected between the 5.volt 
supply and the injector pins of the 12l device, as illustrated in Figure 27, to select the desired operating current. In 
expanded systems using multiple 4 bit slices. an individual dropping resistor is required for each SBP0400A/ 
SBPQ401A. 

Figures 28 and 29 show the typical injector node voltages which occur across the temperature and injector current 
ranges. Table 40 provides the approximate resistor values for various combinations of supply voltages and operating 
injector currents. 

TABLE 40 

INJECTOR CURRENT LIMITING RESISTOR VALUES 

0.01 mA 0.1 mA 'mA 10mA 100mA 200mA 

1.1M 114K 11K 1.1K 110 56 
840K 84K 8.4K 830 82 41 
540K 54K 5.4K 530 52 26 
440K 44K 4.4K 430 42 21 
390K 39K 3.9K 380 37 18 
240K 24K 2.4K 230 22 11 
90K 9K 960 82 7 3.25 
63K 6K 550 50 4 1.75 

I I 
Icc=100mA-

'" " "-~ 
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FIGURE 28 - INJECTOR-NODE VOLTAGE 
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8. ELECTRICAL AND MECHANICAL SPECIFICATIONS 

8.1 RECOMMENDED OPERATING CONDITIONS, UNLESS OTHERWISE NOTED ICC = 200 rnA 

SBP0400AM SBP0400AC 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply current, ICC 200 300 200 300 rnA 

High·level output voltage, VOH 5.5 5.5 V 

Any AOP. X, Y, ALUCOUT, DOP, 
20 20 

or XWR MSBiLSB 
rnA Low-level output current, IOl 

XWRLFT, XWRRT, WRRT, WRLFT, 
10 10 

PCCOUTiBMSB. ENINCBY 2iAMSB 

High 255 230 
Width of clock pulse, tw ns 

Low 50 45 

OPERATION SELECT (0400A ONLY) 78 70 

PCCIN 28 25 
Setup time, t su 

DIP~ RF,WR, XWR 110 100 ns 
(See Figure 30) 

DIPTHRU ALU 200 180 

ALUCIN 132 120 

Hold time, th (any input) Ot ot ns 

Operating free-air temperature, T A -55 125 0 70 °c 

t Rising edge of clock pulse is reference. 

8.2 ELECTRICAL CHARACTERISTICS (OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE, 
UNLESS OTHERWISE NOTED) 

PARAMETER TEST CONDITIONSt 
SBP0400AM SBP0400AC 

TYP:j: TYP:j: 
UNIT 

MIN MAX MIN MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 
VIK I nput clamp voltage ICC = 200 rnA, 11--12mA -1.5 -1.5 V 

IOH High-level output current 
ICC= 200 rnA, VIH - 2V 

400 250 /LA 
VIL = 0.8 V, VOH = 5.5 V 

VOL Low-level output voltage 
ICC- 200 rnA, VIH - 2V 

0.4 0.4 V 
VIL = 0.8 V, IOL = MAX 

II Input current L Clock, PCCIN ICC = 200 rnA, 
500 500 

I All other inputs 
VI = 2_5 V 

250 250 
/LA 

t For conditions shown as MAX, use the appropriate value specified under recommended operating conditions. 
:t:AII typical values are at ICC = 200 rnA, TA = 25°C. 
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8.3 SBP0400A AND SBP0401A SWITCHING CHARACTERISTICS (ICC = 200 mA, TA = 25°CI 
SEE FIGURES 30 THROUGH 34 

PARAMETER FROM TO TEST CONDITIONS 

tPLH or tpHL DIP DOP VIA A BUS, BYPASS ALU 

tPLH or tPHL DIP DOP VIA A BUS, THRU ALU 

tPLH or tPHL DIP DOP VIA B BUS, THRU ALU 

tPLH or tPHL PC PRIORITY AOP 

tPLH or tpHL ALUCIN ALUCOUT 

tPLH or tpHL DIP ENINCBY2/AMSB paso = x, POSI = H 

tPLH or tpHL DIP PCCOUT/BMSB paso = X, POSI = H 

paso, or POSI 
ENINCBY2/AMSB or 

tPLH or tpHL 
PCCOUT/BMSB 

tpLH or tpHL PCCIN PCCOUT 

tPLH or tpHL ALUCIN DOP 

tPLH or tPHL CLOCK PCCOUT/BMSB paso = X, POSI = H 

tPLH or tpHL CLOCK DOP VIA A BUS, BYPASS ALU 

tPLH or tpHL CLOCK DOP VIA A BUS, THRU ALU 

tpLH or tpHL CLOCK ENINCBY2/AMSB paso - X, POSI - H 

tpLH or tPHL CLOCK DOP VIA B BUS, THRU ALU 

tpLH or tpHL CLOCK 1".G", or ALUCOUT VIA A OR B BUS, THRU ALU 

tpLH or tpHL CLOCK AOP 

CLOCK 
WRLFT, WRRT, XWRLFT, 

tpLH or tpHL 
or XWRRT 

tPLH or tpHL CLOCK XWR MUX MSB paso = H, POSI = H 

tpLH or tPHL CLOCK XWR MUX LSB paso = H, POSI - L 

tPLH or tpHL CLOCK ALU = 0 

TVP 

85 

155 

155 

70 

60 

80 

80 

95 

35 

105 

140 

155 

240 

155 

225 

180 

105 

240 

130 

130 

215 

8,4 SBP0401A OPERATION SELECT SWITCHING CHARACTERISTICS (Icc = 200 mA, TA = 25 °CI 
SEE FIGURES 31 THROUGH 34 

PARAMETER FROM TO 

tPLH or tpHL OP SEL XWR MUX MSB 

tpLH or tpHL OP SEL XWR MUX LSB 

tPLH or tpHL OP SEL AOP 

tPLH or tpHL OP SEL ALU = 0 

tPLH or tpHL OPSEL P, IT, or ALUCOUT 

tPLH or tpHL OP SEL DOP 

tpLH or tpHL OPSEL AMSB 

tpLH or tpHL OPSEL BMSB 

TENTATIVE DATA SHEET 

This document provides tentative informetion 
on a new product. Texas Instruments reserves 
the right to change specifications for this 
product in any manner without notice. 

TEST CONDITIONS TVP 

paso = H,. POSI = H 175 

paso = H, POSI = L 175 

130 

215 

Via A or B bus, thru ALU 180 

Via A or B bus, thru ALU 235 

POSO- X, POSI - H 140 

paso = X, POSI = H 175 

MAX UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns -ns 

MAX UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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FIGURE 35 - PLASTIC DUAL·IN·LINE PACKAGE 
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B. ALL LINEAR DIMENSIONS ARE IN INCHES. 

o.oso t 0.020 

FIGURE 36 - CERAMIC DUAL·IN·LINE PACKAGE 

8.5 ORDERING INFORMATION 

OPERATING PART NUMBERS PACKAGE TEMPERATURE 

PLASTIC DIP O°C to 70°C SBP0400ACN or SBP0401ACN 

O°C to 70°C SBP0400ACJ or SBP0401ACJ 
CERAMIC DIP SSOC to 125°C SBP0400AMJ or SBP0401AMJ 

• 
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1. INTRODUCTION 

1.1 DESCRIPTION 

The SBP 9900 microprocessor is a ruggedized monolithic parallel 16-bit Central Processing Unit (CPU) fabricated with 
Integrated Injection Logic (l2L) technology. The SBP 9900 combines the properties of 12L technology with a 16-bit 
word length, an advanced memory to memory architecture, and a full minicomputer instruction set to extend the end 
application reach of Texas Instruments 9900 microprocessor family into those applications requiring efficient, stable, 
reliable performance in severe operating environments. 12L technology enables the SBP9900 to operate over a very 
wide ambient temperature range from a doc power source with user selectable speed/power performance. Static Logic 
is used throughout with directly TTL compatible I/O permitting use with standard logic and memory devices and 
thereby eliminating the need for special clock and interface functions. The SBP 9900 is software compatible with 
other 9900 microprocessor family members and shares a common body of hardware/software with Texas Instruments 
990 minicomputer family. 

1.2 KEY FEATURES 

1277 

• Parallel 16-Bit Word Length 

• Full Minicomputer Instruction Set Includes Multiply and Divide 

• Directly Addresses Up to 65,536 Bytes/32,768 Words of Memory 

• Advanced Memory-To-Memory Architecture 

• Multiple 16-Word Register Files (Work Spaces) Reside in Memory 

• Separate I/O, Memory and Interrupt Bus Structures 

• 16 Prioritized Hardware Interrupts 

• 16 Software Interrupts (XOPS) 

• Programmed and DMA I/O Capability 

• Serial I/O Via Communications-Register-Unit (CRU) 

• 64-Pin Package 

• Software Compatible with TI 9900 Microprocessor/990 Minicomputer Family 

• 12L Technology: 
User Selectable Speed/Power Operation 
2.6 MHz Nominal Clock at SOO mW 
Single doc Power Supply 
Fully Static Operation 
Single Phase Clock 
Directly TTL Compatible I/O (Including Clock) 
Operates Over Wide Temperature Range: 

-S5°C to 12SoC for SBP 9900M, SBP 9900N (883 B) 
-40°C to 85°C for SBP 9900E 

• 
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2. ARCHITECTURE 

The memory word of the 9900 is 16 bits long. Each word is also defined as 2 bytes of 8 bits. The instruction set of 
the 9900 allows both word and byte operands. Thus, all memory locations are on even address boundaries and byte 
instructions can address either the even or odd byte. The memory space is 65,536 bytes or 32,768 words. The word 
and byte formats are shown in Figure 3. 

MSB LSB 

2 3 4 5 6 7 

SIGN \~B~I~T ______________________ ~V~ __________________________ -J/ 

MSB 

SIGN 
\ BIT 

MEMORY WORD (EVEN ADDRESS) 

LSB MSB 

2 3 4 5 6 I 7 I 81 9 110 111 I 12 

SIGN 

" BIT 
V V 

EVEN BYTE ODD BYTE 

FIGURE 3 - WORD AND BYTE FORMATS 

LSB 

113 1141 15 I 
I 

2.1 REGISTERS AND MEMORY 

1276 

The 9900 employs an advanced memory-to-memory architecture. Blocks of memory designated as workspace replace 
internal-hardware registers with program-data registers_ The 9900 memory map is shown in Figure 4. The first 32 
words are used for interrupt trap vectors. The next contiguous block of 32 memory words is used by the extended 
operation (XOP) instruction for trap vectors. The last two memory words, FFFC16 and FFFE16, are used for the 
trap vector of the LOAD signal. The remaining memory is then available for programs, data, and workspace registers. 
If desired, any of the special areas may also be used as general memory. 

Three internal registers are accessible to the user. The program counter (PC) contains the address of the instruction 
following the current instruction being executed. This address is referenced by the processor to fetch the next 
instruction .from memory and is then automatically incremented. The status register (ST) contains the present state of 
the processor and will be further defined in Section 3.4. The workspace pointer (WP) contains the address of the first 
word in the currently active set of workspace registers. 

A workspace-register file occupies 16 contiguous memory words in the general memory area (see Figure 4). Each 
workspace register may hold data or addresses and function as operand registers, accumulators, address registers, or 
index registers. During instruction execution, the processor addresses any register in the workspace by adding the 
register number to the contents of the workspace pointer and initiating a memory request for the word. The 
relationship between the workspace pointer and its corresponding workspace is shown in Figure 5. 

The workspace concept is particularly valuable during operations that require a context switch which is a change from 
one program environment to another (as in the case of an interrupt) or to a subroutine. Such an operation, using a 
conventional multi-register arrangement, requires that at least part of the contents of the register file be stored and 
reloaded. A memory cycle is required to store or fetch each word. By exchanging the program counter, status register, 
and workspace pointer in the 9900 concept accomplishes a complete context switch with only three store cycles and 
three fetch cycles. See Figure 5. After the switch the workspace pointer contains the starting address of a new 
16-word workspace in memory for use in the new routine. A corresponding time saving occurs when the original 
context is restored. Instructions in the 9900 that result in a context switch include: 
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AREA DEFINITION 

INTERRUPT VECTORS 

XOP SOFTWARE TRAP VECTORS 

GENERAL MEMORY FOR 

PROGRAM,DATA,AND 

WORKSPACE REGISTERS 

LOAD SIGNAL VECTOR 

MEMORY 

ADDRESS16 

0000 

0002 

0004 

0006 

003C 

003E 

0040 

0042 

007C 

007E 

0080 

o 

WP 

PC 

WP 

PC 

.. '? 

WP 

PC 
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MEMORY CONTENT 

LEVEL 0 INTERRUPT 

LEVEL 0 INTERRUPT 

LEVEL 1 INTERRUPT 

LEVEL 1 INTERRUPT 

LEVEL 15 INTERRUPT 

LEVEL 15 INTERRUPT 

WP XOPO 
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WP XOP15 

PC XOP 15 

• 
• 
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GENERAL MEMORY AREA 
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PROGRAM SPACE 
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• 
• 

WP LOAD FUNCTION 

PC LOAD FUNCTION { FFFC 
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FIGURE 4 - MEMORY MAP 
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GENERAL MEMORY 

PROGRAM A r------ SBP 9900 

H I PC (AI 

.? .. ~ 

WORKSPACE REGISTER 0 I WP (AI J I 

WORKSPACE A 

I ST (AI I 
WORKSPACE REGISTER 15 

~~ 7 

PROGRAM B 

... '7 ,,7 

WORKSPACE B 

FIGURE 5 - MEMORY-TO-MEMORY WORKSPACE CONCEPT 

1. Branch and Load Workspace Pointer (BLWP) 

2. Return from Subroutine (RTWP) 

3. Extended Operation (XOP). 

Device interrupts, RESET, and LOAD also cause a context switch by forcing the processor to trap to a service 
su broutine_ 

2.2 INTERRl!IPTS 

1277 

The 9900 employs 16 interrupt levels with the highest priority level 0 and lowest level 15. Level 0 is reserved for the 
RESE'f function and all other levels may be used for external devices. The external levels may also be shared by 
several device interrupts, depending upon system requirements. 

The 9900 continuously compares the interrupt code (lCO through IC3) with the interrupt mask contained in 
status-register bits 12 through 15. When the level of the pending interrupt is less than or equal to the enabling mask 
level (higher or equal priority interrupt). the processor recognizes the interrupt and initiates a context switch 
following completion of the currently executing instruction. The processor fetches the new context WP and PC from 
the interrupt vector locations. Then, the previous context WP, PC, and ST are stored in workspace registers 13, 14, 
and 15, respectively, of the new workspace. The 9900 then forces the interrupt mask to a value that is one less than 
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the level of the interrupt being serviced. This allows only interrupts of higher priority to interrupt a service routine. 
The processor also inhibits interrupts until the first instruction of the service routine has been executed. All interrupt 
requests should remain active until recognized by the processor in the device·service routine. The individual service 
routines must reset the interrupt requests before the routine is complete. 

If a higher priority interrupt occurs, a second context switch occurs to service the higher priority interrupt. When that 
routine is complete, a return instruction (RTWP) restores the first service routine parameters to the processor to 
complete processing of the lower·priority interrupt. All interrupt subroutines should terminate with the return 
instruction to restore original program parameters. The interrupt-vector locations, device assignment, enabling·mask 
value, and the interrupt code are shown in Table 1. 

Interrupt Level 

(Highest priority) a 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

(Lowest priority) 15 

Vector Location 

(Memory Address 

In Hex) 

00 

04 

08 

OC 

10 

14 

18 

lC 

20 

24 

28 

2C 

30 

34 

38 

3C 

TABLE 1 

INTERRUPT LEVEL DATA 

Device Assignment 

Reset 

External device 

External device 

Interrupt Mask Values To Intermpt 

Enable Respective Interrupts Codes 

(ST12 thru ST15) ICO thru IC3 

a through F' 0000 

1 th rough F 0001 

2 through F 0010 

3 through F 0011 

4 through F 0100 

5 through F 0101 

6 through F 0110 

7 through F 0111 

8 through F 1000 

9 through F 1001 

A through F 1010 

B through F 1011 

C through 'F 1100 

D through F 1101 

E and F 1110 

F only 1111 

'" Level 0 can not be disabled. 

The 9900 interrupt interface utilizes standard TTL components as shown in Figure 6. Note that for eight or less 
external interrupts a single SN54/74148 is required and for one external interrupt I NTR EQ is used as the interrupt 
signal with a hard·wired code I CO through I C3. 

2.3 I/O INTERFACE COMMUNICATIONS-REGISTER-UNIT (CRU) 

6 

The SBP 9900 communications-register-unit (CRU) is a versatile, direct command·driven serial I/O interface. The CRU 
may directly address, in bit-fields of one to sixteen, up to 4096 peripheral input bits and up to 4096 peripheral output 
bits. The SBP 9900 executes three single·bit and two multiple-bit CRU instructions. The single-bit instructions include 
TEST BIT (TB), SET BIT TO ONE (S80)' and SET 81T TO ZERO (SBZ); the multiple-bit instructions incl\lde LOAD 
CRU (LOCR) and STORE CRU (STCR). 

The S8P 9900 employs three dedicated I/O signals CRUIN, CRUOUT, CRUCLK, and the least significant twelve bits 
of the address bus to support the CRU interface. CRU interface timing is shown in Section 2.9. 
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SN54n408 
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I 
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I ICO 
A1 

I EO 
AD 

IC1 

SN54/7408 9900 

I IC2 

EI SN54n408 

I GS 
IC3 

A2 

I SN54n4148 A1 

AD 

INTERRUPT SIGNAL 15 

(lowest priority) 

FIGURE 6 - 9900 INTERRUPT INTERFACE 

2.4 SINGLE-BIT CRU OPERATIONS 

The 9900 performs three single-bit CRU functions: test bit (TB), set bit to one (S60), and set bit to zero (SBZ). To 
identify the bit to be operated upon, the 9900 develops a CRU-bit address and places it on the address bus, A3 to 
A14. 

For the two output operations (S60 and SBZ), the processor also generates a CRUCLK pulse, indicating an output 
operation to the CRU device, and places bit 7 of the instruction word on the CRUOUT line to accomplish the 
specified operation (bit 7 is a one for SBO and a zero for S6Z). A test-bit instruction transfers the addressed CRUbit 
from the CRUIN input line to bit 2 of the status register (EQUAL). 

The 9900 develops a CRU-bit address for the single-bit operations from the CRU-base address contained in workspace 
register 12 and the signed displacement count contained in bits 8 through 15 of the instruction. The displacement 
allows two's complement addressing from base minus 128 bits through base plus 127 bits. The base address from W12 
is added to the signed displacement specified in the instruction and the result is loaded onto the address bus. Figure 7 
illustrates the development of a single-bit CRU address. 

2.5 MULTIPLE-BIT CRU OPERATIONS 

1276 

The 9900 performs two multiple-bit CRU operations: store communications register (STCR) and load communica
tions register (LDCR). Both operations perform a data transfer from the CRU-to-memory or from memory-to-CRU as 
illustrated in Figure 8. Although the figure illustrates a full l6-bit transfer operation, any number of bits from 1 
through 16 may be involved. The LDCR instruction fetches a word from memory and right-shifts it to serially transfer 
it to CRU output bits. If the LDCR involves eight or fewer bits, those bits come from the right-justified field within 
the addressed byte of the memory word. If the LDCR involves nine or more bits, those bits come from the 
right-justified field within the whole memory word. When transferred to the CRU interface, each successive bit 
receives an address that is sequentially greater than the address for the previous bit. This addressing mechanism results 
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0 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

X X x I I x I W12 

DON'T CARE 

+ 
B 9 10 11 12 13 14 15 

I I I SIGNED 

"" 
DISPLACEMENT ., 

BITBSIGN 

~ EXTENDED 

0 2 3 4 5 6 7 B 9 10 11 12 13 14 

0 0 0 ADDRESS BUS 

'-V--" V 
SET TO ZERO EFFECTIVE CRU BIT ADDRESS 
FOR ALL CRU 
OPERATIONS 

FIGURE 7 - 9900 SINGLE-BIT CRU ADDRESS DEVELOPMENT 

CRU CRU 
INPUT OUTPUT 
BITS BITS 

N N 

N+1 N+1 

INPUT (STCR) 

EFFECTIVE MEMORY ADDRESS 14 

OUTPUT (LDCR) 
N+14 N+14 

N+15 N+15 

N ~ BIT SPECIFIED BY CRU BASE REGISTER 

FIGURE B - 9900 LDCR/STCR DATA TRANSFERS 

ill an order reversal of the bits; that is, bit 15 of the memory word (or bit 7) becomes the lowest addressed bit in the 
CRU and bit 0 becomes the highest addressed bit in the CRU field, 

An STCR instruction transfers data from the CRU to memory, If the operation involves a byte or less transfer, the 
transferred data will be stored right-justified in the memory byte with leading bits set to zero, If the operation 
involves from nine to 16 bits, the transferred data is stored right-justified in the memory word with leading bits set to 
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INO 

IN7 

IN8 

IN1 

zero. When the input from the CRU device is complete, the first bit from the CRU is the least-significant-bit position 
in the memory word or byte. 

Figure 9 illustrates how to implement a 16-bit input and a 16-bit output register in the CRU interface. CRU addresses 
are decoded as needed to implement up to 256 such 16-bit interface registers. In system application, however, only 
the exact number of interface bits needed to interface specific peripheral devices are implemented. It is not necessary 
to have a 16-bit interface register to interface an 8-bit device. 

A12·A14 4 15 
MEMORY 
AODRESS 

AO-A14 

CRUIN 

9900 

CRUCLK CPU 

SN54LS/74LS251 

OUTO o 
8·BIT 
LATCH 

~---.~--------------+--+--~----~ CRUOUT 

SN54LS/74LSOO 

DUT7 
SYSTEM 

~----~----.DATA 

OUT 
SN54LS/74LS251 

o 
8·BIT 
LATCH 

16 BUS 

SN54LS/74LSOO 

DUT1S 7 
'------' 

FIGURE 9 - 9900 16-BIT INPUT/OUTPUT INTERFACE 

2.6 EXTERNAL INSTRUCTIONS 

1276 

The 9900 has five external instructions that allow user-defined external functions to be initiated under program 
control. These instructions are CKON, CKOF, RSET, IDLE, and LREX. These mnemonics, except for IDLE, relate to 
functions implemented in the 990 minicomputer and do not restrict use of the instructions to initiate various 
user-defined functions. IDLE also causes the 9900 to enter the idle state and remain until an interrupt, Fi"ESET, or 
LOAD occurs. When any of these five instructions are executed by the 9900, a unique 3-bit code appears on the 
most-significant 3 bits of the address bus (AO through A2) along with a CRUCLK pulse. When the 9900 is in an idle 
state, the 3-bit code and CRUCLK pulses occur repeatedly until the idle state is terminated. The codes are shown in 
Table 2. 

Figure 10 illustrates typical external decode logic to implement these instructions. Note that a signal is generated to 
inhibit CR U decodes during external instructions. 
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9900 

TABLE 2 

EXTERNAL INSTRUCTIONS 

EXTERNAL INSTRUCTION AO A1 

LREX H H 

CKOF H H 

CKON H L 

RSET L H 

IDLE L H 

TO MEMORY AND CRU 

,....15 
;' 

CRU CLOCK SIGNAL 

--< YO Y7 

SN54LS/74LS138 
Y6 

j5 3 ~A 
I B Y5 

I 
:a.A2 ~ C AO·A14 

Y3 

G1 G2A G2BY2 

CRUCLK I 
-::- -:::~ 

A2 

H 

L 

H 

H 

L 

--
LREX 

--
CKOF 

CKON 

--
RESET 

--
IDLE 

FIGURE 10 - EXTERNAL INSTRUCTION DECODE LOGIC 

TO USER DEFINED 
EXTERNAL INSTRUCTION 
LOGIC 

2.7 LOAD FUNCTION 

10 

The LOAD signal allows cold·start ROM loaders and front panels to be implemented for the 9900. When active, 
I1iAD causes the 9900 to initiate an interrupt sequence immediately following the instruction being executed. 
Memory location FFFC is used to obtain the vector (WP and PC). The old PC, WP and ST are loaded into the new 
workspace and the interrupt mask is set to 0000. Then, program execution resumes using the new PC and WP. 
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2.8 SSP 9900 PIN DESCRIPTION 

Table 3 describes the function of each SBP 9900 pin, and Figure 11 illustrates their assigned locations. 

TABLE 3 
9900 PIN ASSIGNMENTS AND FUNCTIONS 

SIGNATURE PIN 1/0 DESCRIPTION FIGURE 11 - SBP 9900 PIN ASSIGNMENTS 

AOORESSBUS 
AO(MSB) 24 OUT AO (MSB) through A 14 (LSB) comprise the GNO 64 HOLD 

address bus. This open-collector bus pro' GNO 2 63 MEMEN 

vides the memory-address vector to the WAIT 3 62 READY 
external·memory system when MEMEN is LOAD 4 61 WE 
active, and I/O-bit addresses to the I/O HOLDA 5 60 CRUCLK 
system when MEMEN is inactive. When 

RESET 6 59 CYcEND HOLDA is active. the address bus is pulled 
to the logic level HIGH state by the individ- lAO 7 58 NC 

ual pull-up resistors tied to each respective CLOCK 8 57 INJ 
A14 (LSB) 10 OUT open-collector output. INJ 9 56 015 

A14 10 55 014 
DATA BUS A13 11 54 013 

DO (MSB) 41 I/O DO (MSB) through 015 (LSB) comprise the 
bidirectional open-collector data bus. This A12 12 53 012 

bus transfers memory data to (when writ- All 13 52 011 

ing) and from (when reading) the external- Al0 14 

D 
51 010 

memory system when MEMEN is active. A9 15 50 D9 
When HOLDA is active. the data bus is A8 16 49 DB 
pulled to the logic level HIGH state by the 

A7 17 48 07 individual pull-up resistors tied to each 
015 (LSe) 56 I/O respective apert-collector output. A6 18 47 06 

A5 19 46 D5 
POWER SUPPL Y A4 20 45 04 

INJ 9 I niector-Supply-Current A3 21 44 03 -INJ 26 Iniector-Supply-Current 
INJ 40 Injeetor-Supply-Current A2 22 43 02 

INJ 57 I njeetor-Supply-Current Al 23 42 01 

AO 24 41 DO 
GND Ground Reference NC 25 40 INJ 
GND 2 Ground Reference 

INJ 26 39 NC 
GND 27 Ground Reference 
GND 28 Ground Reference GND 27 38 NC 

GND 28 37 NC 

CLOCK DBIN 29 36 ICO 
CLOCK 8 IN CLOCK CRUOUT 30 35 leI 

CRUIN 31 34 IC2 
BUS CONTROL 

INTREQ 32 DBIN 29 OUT DATA BUS IN. When active (pulled to logic 33 IC3 

level HIGH), DBIN indicates that the SSP 
9900 has disabled its output buffers to 
allow the memory to place memory-read 
data on the data bus during MEMEN. DBIN NC-No internal conneetion 

remains at logic level LOW in all other cases 
except when HOLDA is active (pulled to 
logic level HIGH). 

MEMEN 63 OUT MEMORY ENABLE. When active (logic level LOW), MEMEN indicates that the address bus contains a memory 
address. 

WE 61 OUT WRITE ENABLE. When active (logic level LOW), WE indicates that the SBP 9900 data bus is outputting data to 
be written into memory. 
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SIGNATURE PIN 

CRUCLK 60 

CRUIN 31 

CRUOUT 30 

32 

ICO (MSB) 36 

IC3 (LSB) 33 

64 

HOLDA 5 

READY 62 

WAIT 3 

IAQ 7 

59 

4 

12 

1/0 

OUT 

IN 

OUT 

IN 

IN 

IN 

IN 

OUT 

IN 

OUT 

OUT 

OUT 

IN 

TABLE 3 (CONTINUED) 

DESCRIPTION 

COMMUNICATIONS-REGISTER-UNIT (CRU) CLOCK_ When active (pulled to logic level HIGH), 
CRUCLK indicates to the external interface logic the presence of output data on CRUOUT, or the 
presence of an encoded external instruction on AD through A2. 

CRU DATA IN. CRUIN, normally driven by 3-5tate or open-collector devices, receives input data from 
the external interface logic. When the SBP 9900 executes a STCR or TB instruction, it samples CRUIN 
for the level of the CRU input bit specified by the address bus (A3 through A 141. 

CRU DATA OUT_ CRUOUT outputs serial data when the SBP 9900 executes a LDCR, SBZ, SBO 
instruction. The data on CRUOUT should be sampled by the external interface logic when CRUCLK goes 
active (pulled to logic level HIGH). 

INTERRUPT CONTROL 
INTERRUPT REQUEST. When active (logic level LOW), INTREQ indicates that an external interrupt is 
requesting service. If INTREQ is active, the SBP 9900 loads the data on the interrupt-code input-lines ICO 
through IC3 into the internal interrupt-code storage register. The code is then compared to the' interrupt 
mask bits of the status register. If equal or higher priority than the enabled interrupt level (interrupt code 
equal or less than status register bits 12 through 15), the SSP 9900 initiates the interrupt sequence. If the 
comparison fails, the S8'P 9900 ignores the interrupt request. In that case, INTREQ should be held active. 
The SBP 9900 will continue to sample ICO through IC3 until the program enables a sufficiently low 
interrupt-level to accept the requesting interrupt. 

INTERRUPT CODES. ICO (MSB) through IC3 (LSB), receiving an interrupt identity code, are sampled by 
the SSP 9900 when INTREQ is active (logic level LOWL When ICO through IC3 are LLLH, the highest 
priority external interrupt is requesting service; when HHHH, the lowest priority external interrupt is 
requesting service. 

MEMORY CONTROL 
When active (logic level LOW), HOLD indicates to the SBP 9900 that an external controller (e.g., DMA 
device) desires to use both the address bus and data bus to transfer data to or from memory. I n response, 
the SSP 9900 enters the hold state after completion of Its present memory cycle. The S8P 9900 then 
allows its address bus, data bus, WE, MEMEN, DBIN, and HOLDA facilities to be pulled to the logic level 
HIGH state. When HOLD is deactivated, the SSP 9900 returns to normal operation from the point at 
which it was stopped. 

HOLD ACKNOWLEDGE. When active (pulled to logic level HIGH), HOLDA indicates that the SBP 9900 
is in the hold state and that its address bus, data bus, WE, MEMEN, and DSIN facilities are pulled to the 
logic level HIGH state. 

When active (logic level HIGH), READY indicates that the memory will be ready to read or write during 
the next clock cycle. When not-ready is indicated during a memory operation, the SSP 9900 enters a wait 
state and suspends internal operation until the memory systems activate READY. 

When active (pulled to logic level HIGH), WAIT indicates that the SSP 9900 has entered a wait state in 
response to a not-ready condition from memory. 

TIMING AND CONTROL 
INSTRUCTION ACQUISITION. IAQ is active (pulled to logic level HIGH) during any SBP 9900 initiated 
instruction acquisition memory cycle. Consequently, I AQ may be used to facilitate detection of illegal op 
codes. 

CYCLE END. When active (logic level LOW), CYCEND indicates that the SBP 9900 will initiate a new 
machine cycle on the low-to-high transition of the next CLOCK. 

When active (logic level LOW), LOAD causes the SBP 9900 to execute a nonmaskable interrupt with 
memory addresses FFFC16 and FFFE16 containing the associated trap vectors (WP and PCl. The load 
sequence is initiated after the instruction being executed is completed. LOAD will also terminate an idle 
state. If LOAD is active during the time RESET is active, the LOAD trap will occur after the RESET 
function is completed. LOAD should remain active for one instruction execution period (lAQ may be 
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TABLE 3 (CONCLUDED) 

SIGNATURE PIN 110 DESCRIPTION 

LOAD (Cont.) used to monitor instruction boundaries). LOAD may be used to implement cold-start ROM loaders. 
Additionally. front-panel routines may be implemented using CRU bits as front"panel-interface signals. 
and software--control routines to direct the panel operations. 

6 IN When active (logic level LOW), RESET causes the SBP 9900 to reset itself and inhibit WE and CRUCLK. 
When ~ is released. the SBP 9900 initiates a level-zero interrupt sequence acquiring the WP and PC 
trap vectors from memory locations 000016 and 000216. sets all status register bits to logic level LOW, 
and then fetches the first instruction of the reset program environment. "'RES'Ei must be held active for a 
minimum of three CLOCK cycles. 

2.9 SBP 9900 TIMING 

2.9.1 SBP 9900 MEMORY 

1277 

The SBP 9900 basic memory timing for a memory-read cycle with no wait states, and a memory-write cycle with one 
wait state, is as shown in Figure 12. During each memory-read or memory-write cycle, ~ becomes active (logic 
level LOW) along with valid memory-address data appearing on the address bus (AD through A 14). 

CLOCK 

CYCLE 
END 

DeIN 

Ao-A14 

REAOY 

WAIT 

f''-------! 
__ ----1V 

I I 

\'-___ ....J/ : I I 
I I 

_____ ~X VALlO ADDRESSX X VALID ADDRESS 

®~En!b:w _:02E1~;~E:& 
,.---.- I I 

------_'~------~I--------.'--~~~-.-----

X,-__ 
I 

Do-D15 cpu DRIVEN Cpu WRITE DATA cpu D./lIVEN 

lAO 
I V Shown Allumi"g 

_____ -J thi. cycl. ia en in-

Itruction acquisition 

eyele 

T 

MEMORY READ CYCLE WITH 
NO WAITS 

RD - READ DATA 

I I.. 
T 

MEMORY WRITE CYCLE WITH ONE WRITE 

FIGURE 12 - SBP 9900 MEMORY BUS TIMING 
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In the case of a memory-read cycle, DBIN becomes active (pulled to logic level HIGH) at the same time 
memory-address data becomes valid; the memory write strobe WE remains inactive (pulled to logic level HIGH). If the 
memory-read cycle is initiated for acquisition of an instruction, IAQ becomes active (pulled to logic level HIGH) at 
the same time iiiIEl\iiEN becomes active. At the end of a memory-read cycle, iiifEiiIfEN and DBIN together become 
inactive. At that time, though the address may change, the data bus remains in the input mode until terminated by the 
next high-to-Iow transition of the clock. 

I n the case of a memory-write cycle, WE: becomes active (logic level LOW) with the first high-to-Iow transition of the 
clock after ~ becomes active; DB IN remains inactive. At the end of a memory-write cycle, WE and iiiiE\Iill:N 
together become inactive. 

During either a memory-read or a memory-write operation, READY may be used to extend the duration of the 
associated memory cycle such that the speed of the memory system may be coordinated with the speed of the SBP 
9900. If READY is inactive (logic level LOW) during the first low-to-high transition of the clock after MEMEN 
becomes active, the SBP 9900 will enter a wait state suspending further progress of the memory cycle. The first 
low-ta-high transition of the clock after READY becomes active terminates the wait state and allows normal 
completion of the memory cycle. 

2.9.2 SSP 9900 HOLD 

The SBP 9900 hold facilities allow both the '9900 and external devices to share a common memory. To gain 
memory-bus control, an external device requiring direct memory access (DMA) sends a hold request (HOLD) to the 
SBP 9900. When the next available non-memory cycle occurs, the SBP 9900 enters a hold state and signals its 
surrender of the memory-bus to the external device via a hold acknowledge (HOLDA). Receiving the hold 
acknowledgement, the external device proceeds to utilize the common memory. After its memory requirements have 
been satisfied, the external device returns memory-bus control to the SBP 9900 by releasing R'QTIj. 

When HOID becomes active (logic level LOW), the SBP 9900 enters a hold state at the beginning of the next available 
non-memory cycle as shown below. Upon entering a hold state, HOLDA becomes active (pulled to logic level HIGH) 
with the following signals pulled to a HIGH logic level by the individual pull-up resistors tied to each respective 
open-collector output: DBIN, ~, WE, AO through A14, and DO through 015. When ROm becomes inactive, 
the SBP 9900 exits the hold state and regains memory-bus control. If ROD) becomes active during a CRU operation, 
the SBP 9900 uses an extra clock cycle after the deactivation of R'QTIj to reassert the CRU address thereby providing 
the normal setup time for the CRU-bit transfer. 

2.9.3 SSP 9900 CRU 

14 

The transfer of two data-bits from memory to a peripheral CRU device, and the transfer of one data-bit from a 
peripheral CRU device to memory, is shown in Figure 14. To transfer a data-bit to a peripheral CRU device, the SSP 
9900 outputs the corresponding CRU-bit-address on address bus bits A3 through A 14 and the respective data-bit-on 
CRUOUT. During the second clock cycle of the operation, the SBP 9900 outputs a pulse, on CRUCLK, indicating to 
the peripheral CRU device the presence of a data-bit. This process is repeated until transfer of the entire field of 
data-bits specified by the CRU instruction has been accomplished. To transfer a data-bit from a peripheral CRU 
device, the SBP 9900 outputs the corresponding CRU-bit-Address on address bus bits A3 through A 14 and receives 
the respective data-bit on CRUIN. No CRUCLK pulses occur during a CRU input operation. 
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3. 9900 INSTRUCTION SET 

3.1 DEFINITION 

Each 9900 instruction performs one of the following operations: 

• Arithmetic, logical, comparison, or manipulation operations on data 

• Loading or storage of internal registers (program counter, workspace pointer, or status) 

• Data transfer between memory and external devices via the CRU 

• Control functions. 

3.2 ADDRESSING MODES 

The 9900 instructions contain a variety of available modes for addressing random·memory data (e.g., program 
parameters and flags), or formatted memory data (character strings, data lists, etc.). The following figures graphically 
describe the derivation of the effective address for each addressing mode. The applicability of addressing modes to 
particular instructions is described in Section 3.5 along with the description of the operations performed by the 
instruction. The symbols following the names of the addressing modes IR, *R, *R+, @ LABEL, or@TABLE (R)] are 
the general forms used by 9900 assemblers to select the addressing mode for register R. 

3.2.1 WORKSPACE REGISTER ADDRESSING R 

Workspace Register R contains the operand. 

Register R 

(PCI-1 Instruction ~WPI+2R--i Operand 

3.2.2 WORKSPACE REGISTER INDIRECT ADDRESSING *R 

Workspace Register R contains the address of the operand. 

Register R 

(PCI--1 Instruction ~WPI+2R--1 Address ~~ ___ o_p_er_a_n_d __ -J 

3.2.3 WORKSPACE REGISTER INDIRECT AUTO INCREMENT ADDRESSING *R+ 

16 

Workspace Register R contains the address of the operand. After acquiring the operand, the contents of workspace 
register R are incremented. 

(PCI---t:= Instruction ~WPI+2R 
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3.2.4 SYMBOLIC (DIRECT) ADDRESSING @ LABEL 

The word following the instruction contains the address of the operand. 

(PC) 

(PC)+2 

Instruction 

L-____ L_ab_e_I ____ J------.~~I ___ o~p_e_ra_n_d __ ~ 

3.2.5 INDEXED ADDRESSING @ TABLE (R) 

The word following the instruction contains the base address. Workspace register R contains the index value. The 
sum of the base address and the index value results in the effective address of the operand. 

Register R 

(PC)~WP)+2R 
Effective 

Operand 
Address 

(PC)+2 Table 

3.2.6 IMMEDIATE ADDRESSING 

The word following the instruction contains the operand. 

(PC) 

(PC)+2 

3.2.7 PROGRAM COUNTER RELATIVE ADDRESSING 

The 8·bit signed displacement in the right byte (bits 8 through 15) of the instruction is multiplied by 2 and added to the 
updated contents of the program counter. The result is placed in the PC. 

Jump Instruction 

2' DISP 

3.2.8 CRU RELATIVE ADDRESSING 

1276 

The 8-bit signed displacement in the right byte of the instruction is added to the CRU base address (bits 3 through 14 
of the workspace register 12). The result is the CRU address of the selected CRU bit. 

Instruction 

(PC) OP CODE DISP 

o 7 8 15 
CRUBit 

+ 
Register 12 Address 

(WP)+2·12 ---------"L--.JL~C~R~U~Ba~s~e!.A~d~dLU-------' 

o 23 1415 

17 
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3.3 TERMS AND DEFINITIONS 

The terms used in describing the instructions of the 9900 are defined in Table 4. 

TERM 

B 

C 

D 

DA 

lOP 

LSB(n) 

MSB(n) 

N 

PC 

Result 

S 

SA 

ST 

STn 

TD 

TS 

W 

WRn 

In) 

a->b 

Inl 

+ 

-
AND 

OR 

@ 

n 

TABLE 4 

TERM DEFINITIONS 

DEFINITION 

Byte indicator 11=byte. 0 = word) 

Bit count 

Destination address register 

Destination address 

Immediate operand 

Least significant (right most) bit of (n) 

Most significant (left most) bit of In) 

Don't care 

Program counter 

Result of operation performed by instruction 

Source acktress register 

Source address 

Status register 

Bit n of status register 

Destination address modifier 

Source address modifier 

Workspace register 

Workspace register n 

Contents of n 

a is transferred to b 

Absolute value of n 

Arithmetic addition 

Arithmetic subtraction 

Logical AND 

Logical OR 

Logical exclusive OR 

Logical complement of n 

3.4 STATUS REGISTER 

18 

The status register contains the interrupt mask level and information pertaining to the instruction operation. Table 5 
explains the bit indications. 

7 8 9 10 11 

not used 1=0) 

12 13 14 15 

ST12 ST13 ST14 ST15 

Interrupt Mask 
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TABLE 5 

STATUS REGISTER BIT DEFINITIONS 

BIT NAME INSTRUCTION CONDITION TO SET BIT TO 1 

STO LOGICAL C,CB If MSB(SAI = 1 and MSB(DAI = 0, or if MSB(SAI = MSB(DAI 

GREATER and MSB of [(DAI-(SAIJ = 1 

THAN CI If MSB(WI = 1 and MSB of lOP = 0, or if MSB(WI = MSB of 

lOP and MSB of [IOP-(Wl J = 1 

ABS If (SAl", 0 

All Others If result", 0 

STl ARITHMETIC C,CB If MSB(SAI = 0 and MSB(DAI = 1, or if MSB(SAI = MSB(DAI 

GREATER and MSB of [(DAI-(SAIJ = 1 

THAN CI If MSB(WI = 0 and MSB of lOP = 1, or if MSB(WI = MSB of 

lOP and MSB of [IOP-(Wl J = 1 

ABS If MSB(SAI = 0 and (SAl'" 0 

All Others If MSB of result = 0 and result'" 0 

ST2 EQUAL C,CB If (SAl = (DAI 

Cl If (WI = lOP 

COC If (SAl and fOAl = 0 

CZC If (SAl and (DAI = 0 . TB If CRUIN = 1 

ABS If (SAl = 0 

All Others If result = 0 

ST3 CARRY A, AB, ABS, AI, DEC, 

OECT, INC, INCT, If CARRY OUT = 1 

NEG, S, SB 

SLA, SRA, SRC, SR L If last bit shifted out = 1 

ST4 OVERFLOW A,AB If MSB(SAI = MSB(OAI and MSB of result", MSB(OAI 

AI If MSB(WI = MSB of lOP and MSB of result'" MSB(W) 

S, SB If MSB(SAI '" MSB(DAI and MSB of result", MSB(OAI 

OEC,OECT If MSB(SA) = 1 and MSB of result = 0 -INC,INCT If MSB(SAI = 0 and MSB of result = 1 

SLA If MSB changes during shift 

OIV If MSB(SAI = 0 and MSB(OAI = 1, or if MSB(SAI = MSB(OAI 

and MSB of [(OAI-(SAl) = 0 

ABS, NEG If (SAl = 800016 

ST5 PARITY C8, MOVB If (SAl has odd number of 1 's 

LOCR,STCR If 1 .;; C .;; 8 and (SAl has odd number of l's 

AB, SB, SOCB, 5ZCB If result has odd number of l's 

ST6 XOP XOP If XOP instruction is executed 

ST12-ST15 INTERRUPT LIMI If corresponding bit of lOP is 1 

MASK RTWP If corresponding bit of WR15 is 1 

3.5 INSTRUCTIONS 

3.5.1 Dual Operand Instructions with Multiple Addressing Modes for Source and Destination Operand 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OPCOOE B TO o TS S 
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If B ~ 1 the operands are bytes and the operand addresses are byte addresses. If B ~ 0 the operands are words and the 
operand addresses are word addresses. 

The addressing mode for each operand is determined by the T field of that operand. 

TSOR TD SOR D ADDRESSING MODE NOTES 

00 0.1. ".15 Workspace register 1 

01 0.1.".15 Workspace register indirect 

10 0 Symbolic 4 

10 1.2. " . 15 Indexed 2,4 

11 0.1. ".15 Workspace register indirect auto-increment 3 

NOTES: 1. When a workspace register is the operand of a byte instruction (bit 3 = 1), the left byte (bits 0 through 7) is the operand and the 

right byte (bits 8 through 15) is unchanged. 

2. Workspace register 0 may not be used for indexing. 

3. The workspace register is incremented by 1 for byte instructions (bit 3 = 1) and is incremented by 2 for word instructions (bit 3 = 0), 

4, When TS = TD = 10, two words are required in addition to the instruction word. The first word is the source operand base 

address and the second word is the destination operand base address. 

RESULT STATUS 
OPCODE B 

MNEMONIC MEANING COMPARED BITS 
0 1 2 3 

TOO AFFECTED 

A 1 0 1 0 Add Ves 04 

AB 1 0 1 1 Add bytes' Ves 0-5 

C 1 0 0 0 Compare No 0-2 

CB 1 0 0 1 Compare bytes No 0-2.5 

S 0 1 1 0 Subtract Ves 04 

SB 0 1 1 1 Subtract bytes Ves 0-5 

SOC 1 1 1 0 Set ones corresponding Ves 0-2 

SOCB 1 1 1 1 Set ones corresponding bytes Ves 0-2.5 

SZC 0 1 0 0 Set zeroes corresponding Ves 0-2 

SZCB 0 1 0 1 Set zeroes corresponding bytes Ves 0-2.5 

MOV 1 1 0 0 Move Ves 0-2 

MOVB 1 1 0 1 Move bytes Ves 0-2.5 

3.5.2 Dual Operand Instructions with Multiple Addressing Modes for the Source Operand and 
Workspace Register Addressing for the Destination 

o 2 3 4 5 6 7 8 9 

General format: OP CODE D 

The addressing mode for the source operand is determined by the TS field. 

TS S ADDRESSING MODE 

00 0.1 •... 15 Workspace register 

01 0.1." . 15 Workspace register indirect 

10 0 Symbolic 

10 1.2.".15 Indexed 

11 0.1." . 15 Workspace register indirect auto increment 

NOTES: 1. Workspace register 0 may not be used for indexing. 

2. The workspace register is incremented by 2. 

20 

10 

TS 

OESCRIPTION 

ISA)+IDA) -+IDA) 

ISA)+IDA) -+IDA) 

Compare ISA) to IDA) and set 

appropriate status bits 

Compare ISA) to IDA) and set 

appropriate status bits 
IDA) - (SA) -+IDA) 

(DA) - (SA) -+(DA) 

IDA) OR ISA) -+(DA) 

IDA) OR ISA) -+IDA) 

IDA) AND ISA)-+(DA) 

IDA) AND ISA) -+(DA) 

(SAI-+(DA) 

(SA)-+(OAI 

11 12 13 14 15 

S 

NOTES 

1 

2 
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OPCODE 
RESULT STATUS 

MNEMONIC MEANING COMPARED BITS DESCRIPTION o 1 2 3 4 5 
TO 0 AFFECTED 

CDC o 0 1 000 Compare ones No 2 Test (D) to determine if l's are in each bit 

corresponding position where l's are in (SA). If so, set ST2. 

CZC o 0 1 o 0 1 Compare zeros No 2 Test (D) to determine if O's are in each bit 

corresponding position where l's are in (SA). If so, set ST2. 

XOR o 0 1 0 1 0 Exclusive OR Yes 0-2 (D) @ (SA) -+ (D) 

MPV o 0 1 1 1 0 Multiply No Multiply unsigned (D) by unsigned (SA) and 

place unsigned 32-bit product in 0 (most 

significant) and 0+1 lIeast significant). If WR15 

is 0, the next word in memory after WR15 will . be used for the least significant half of the 

product. 

DIV 001 1 1 1 Divide 1\10 4 If unsigned (SA) is less than or equal to unsigned 

(D). perform no operation and set ST4. Otherwise, 

divide unsigned (D) and (0+1) by unsigned 

L 
(SA). Quotient~ (D), remainder~ (0+11. If 

o = 15, the next word in memory after WR 15 

will be used for the remainder. 

3.5.3 Extended Operation (XOP) Instruction 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: o o o o TS S 

The TS and S fields provide multiple mode addressing capability for the source operand. When the XOP is executed, 
ST6 is set and the following transfers occur: (4016 + 40) -+ (WP) 

(4216 + 40) -+ (PC) 
SA -+(newWR11) 
(old WP) -+ (new WR13) 
(old PC) -+ (new WR14) 
(old ST) -+ (new WR15) 

The 9900 does not test interrupt requests (lNTREQ) upon completion of the XOP instruction. 

3.5.4 Single Operand Instructions 

o 2 3 4 5 6 7 8 9 10 11 12 

General format: OP CODE TS 

The TS and S fields provide multiple mode addressing capability for the source operand. 

1276 
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RESULT STATUS 

MNEMONIC 
OPCODE 

MEANING COMPARED BITS DESCRIPTION o 1 23456 789 
TOO AFFECTED 

B 00000 1 000 1 Branch No - SA~ (PCI 

BL o 0 0 00 1 101 0 Branch and link No - (PCI ~ (WR11l; SA ~ (PCI 

BLWP 00000 1 o 0 0 0 Branch and load No - (SAl ~ (WPI; (SA+21 ~ (PCI; 

workspace pointer (old WPI -+ (new WR131; 

(old PCI ~ (new WR141; 

(old STI ~ (new WR151; 

the interrupt input (iNTREcil is not 

tested upon completion of the 

BLWP instruction. 

CLR 000001 00 1 1 Clear operand No - 0-+ (SAl 

SETO o 0 0 0 0 1 1 1 o 0 Set to ones No - FFFF16 ~ (SAl 

INV 000001 0 1 o 1 Invert Ves 0-2 (SAI~(SAI 
NEG 00000 1 o 1 o 0 Negate Ves 0-4 -(SAl .... (SAl 

ABS o 000 0 1 1 1 o 1 Absolute value' No 04 I(SAII-+ (SAl 

SWPB 000001 1 0 1 1 Swap bytes No - (SAl, bits 0 thru 7 ~ (SAl, bits 

8 thru 15; (SAl, bits 8 thru 15 ~ 

(SAl, bits 0 thru 7. 

INC 000001 o 1 1 0 Increment Ves 0-4 (SAl + 1 .... (SAl 

INCT 000001 01 1 1 Increment by two Ves 04 (SAl + 2~ (SAl 

DEC o 0 0 0 0 1 1 000 Decrement Ves 0-4 (SAl -1 ~(SAI 

DECT o 0 0 0 0 1 1 00 1 Decrement by two Ves 0-4 (SAl - 2 .... (SAl 

xt 00000 1 001 0 Execute No - Execute the instruction at SA. 

• Operand is compared to zero for status bit. 
t If additional memory words for the execute instruction are required to define the operands of the instruction located at SA, these words 
will be accessed from PC and the PC will be updated accordingly. The instruction acquisition signal (lAO) will not be true when the 9900 
accesses the instruction at SA. Status bits are affected in the normal manner for the instruction executed. 

3.5.5 CRU Multiple-Bit Instructions 

22 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OPCODE C TS S 

The C field specifies the number of bits to be transferred. If C = 0, 16 bits will be transferred_ The CR U base register 
(WR12, bits 3 through 14) defines the starting CRU bit address. The bits are transferred serially and the CRU address is 
incremented with each bit transfer. although the contents of WR12 is not affected. TS and S provide multiple mode 
addressing capability for the source operand. If 8 or fewer bits are transferred (C = 1 through 8), the source address is a 
byte address_ If 9 or more bits are transferred (C = 0, 9 through 15), the source address is a word address. If the source 
is addressed in the workspace register indirect auto increment mode, the workspace register is incremented by 1 if 
C = 1 through 8, and is incremented by 2 otherwise. 
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OPCODE 
RESULT STATUS 

MNEMONIC MEANING COMPARED BITS DESCRIPTION o 1 2 3 4 5 
TOO AFFECTED 

LDCR a a 1 1 a a Load communcation Ves O·2,St Beginning with LSB of ISA), transfer the 

register specified number of bits from (SAl to 

the CRU. 

STCR a a 1 1 a 1 Store communcation Ves O.2,St Beginning with LSB of (SAl, transfer the 

register specified number of bits from the CRU to 

(SAl. Load unfilled bit positions with O. 

tST5 is affected only if 1 ~ C ~ 8. 

3.5.6 CRU Single·Bit Instructions 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OP CODE SIGNED DISPLACEMENT 

CRU relative addressing is used to address the selected CRU bit. 

STATUS 
OPCODE 

MNEMONIC o 1 234 5 6 7 
MEANING BITS DESCRIPTION 

AFFECTED 

SBO a a a 1 1 1 a 1 Set bit to one - Set the selected CRU output bit to 1. 

SBZ o 0 a 1 1 1 1 0 Set bit to zero - Set the selected CRU output bit to O. 

TB a a a 1 1 1 1 1 Test bit 2 If the selected CRU input bit = 1, set ST2. 

3.5.7 Jump Instructions 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OP CODE DISPLACEMENT 

Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the bits of ST are at 
specified values. Otherwise, no operation occurs and the next instruction is executed since PC points to the next 
instruction. The displacement field is a word count to be added to PC. Thus, the jump instruction has a range of -128 
to 127 words from memory·word address following the jump instruction. No ST bits are affected by jump instruction. 

OP CODE 
MEANING ST CONDITION TO LOAD PC MNEMONIC 

0 1 2 3 4 5 6 7 

JEQ a a a 1 0 a 1 1 Jump equal ST2= 1 

JGT 0 a a 1 a 1 0 1 Jump greater than STI = 1 

JH 0 a 0 1 1 0 1 1 Jump high STO = 1 and ST2 = a 
JHE a 0 a 1 0 1 0 a Jump high or equal STO = 1 or ST2 = 1 

JL a a a 1 1 a 1 a Jump low STO = 0 and ST2 = a 
JLE a a a 1 a 0 1 a Jump low or equal STO=OorST2= 1 

JLT a 0 a 1 a a a 1 Jump less than STI = a and ST2 = 0 

JMP a a a 1 a 0 a 0 Jump unconditional unconditional 

JNC a a 0 1 0 1 1 1 Jump no carry ST3 = a 
JNE 0 a a 1 0 1 1 a Jump not equal ST2 = 0 

JNO a a a 1 1 0 0 1 Jump no overflow ST4 = 0 

JOC a 0 a 1 1 a 0 0 Jump on carry ST3 = 1 

JOP 0 a 0 1 1 1 a 0 Jump odd parity ST5 = 1 
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3.5.8 Shift Instructions 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OP CODE C W 

If C = 0, bits 12 through 15 of WRO contain the shift count. If C = 0 and bits 12 through 15 of WRO = 0, the shift 
count is 16. 

RESULT STATUS 

MNEMONIC 
OPCODE 

MEANING COMPARED BITS DESCRIPTION 
0 1 2 3 4 5 6 7 

TOO AFFECTED 

SLA 0 0 0 0 1 0 1 0 Shift left arithmetic Ves 0·4 Shift (WI left. Fill vacated bit 

positions with O. 

SRA 0 0 0 0 1 0 0 0 Shift right arithmetic Ves 0-3 Shift (WI right. Fill vacated bit 

positions with original MSB of IWI. 

SRC 0 0 0 0 1 0 1 1 Shift right circular Ves 0-3 Shift (WI right. Shift previous LSB 

into MSB. 

SRL 0 0 0 0 1 0 0 1 Shift right logical Ves 0-3 Shift (WI right. Fill vacated bit 

positions with O's. 

3.5.9 Immediate Register Instructions 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OPCODE N W 

lOP 

RESULT STATUS 

MNEMONIC 
OPCODE 

MEANING COMPARED BITS DESCRIPTION 
o 1 2 3 4 5 6 7 8 9 10 

TOO AFFECTED 

AI o 0 0 000 1 000 1 Add immediate Ves 0-4 (WI + lOP .... (WI 

ANDI o 0 0 0 0 0 1 00 1 0 AND immediate Ves 0·2 (WI AND lOP .... (WI 

CI o 0 0 0 0 0 1 o 1 0 0 Compare Ves 0-2 Compare (WI to lOP and set 

immediate appropriate status bits 

LI o 0 0 0 0 0 1 000 0 Load immediate Ves 0-2 lOP"" (WI 

ORI o 0 0 0 001 001 1 OR immediate Ves 0-2 (WI OR lOP .... (WI 

3.5.10 Internal Register Load Immediate Instructions 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OPCODE N 

lOP 

OPCODE , 
MNEMONIC MEANING DESCRIPTION 

0 1 2 3 4 5 6 7 8 9 10 

LWPI 0 0 0 0 0 0 1 0 1 1 1 Load workspace pointer immediate lOP .... (WPI, no ST bits affected 

L1MI 0 0 0 0 0 0 1 1 0 0 0 Load interrupt mask lOP, bits 12 thru 15 .... ST12 

thru ST15 
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3.5.11 I nternal Register Store Instructions 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OP CODE N w 

No ST bits are affected. 

OPCODE 
MNEMONIC MEANING DESCRIPTION 

0 1 2 3 4 5 6 7 8 9 10 

STST 0 0 0 0 0 0 1 0 1 1 0 Store status register (ST) .... (W) 

STWP 0 0 0 0 0 0 1 0 1 0 1 Store workspace pointer (WP) .... (W) 

3.5.12 Return Workspace Pointer (RTWP) Instruction 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: 0 0 0 0 0 0 0 0 N 

The RTWP instruction causes the following transfers to occur: 

(WR15) -> (ST) 
(WR14) .... (PC) 
(WR13) -+ (WP) 

3.5.13 External Instructions 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OP CODE N 

External instructions cause the three most-significant address lines (AD through A2) to be set to the below-described -levels and the CRUCLK line to be pulsed, allowing external control functions to be initiated. 

STATUS ADDRESS 
OPCODE 

MNEMONIC MEANING BITS DESCRIPTION BUS o 1 2 3 4 5 6 7 8 9 10 
AFFECTED AO A1 A2 

IDLE o 0 0 0 001 101 0 Idle - Suspend TMS 9900 L H L 

instruction execution until 

an interrupt, LOAD, or 

RESET occurs 

RSET 000 000 1 1 0 1 1 Reset 12-15 0-+ ST12 thru ST15 L H H 

CKOF 000000 1 1 1 1 0 User defined --- H H L 

CKON 000000 1 1 1 0 1 User defined --- H L H 

LREX 000000 1 1 1 1 1 User defi ned --- H H H 
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3.6 MICROINSTRUCTION CYCLE 

The SBP 9900 includes circuitry which will indicate the completion of a microinstruction cycle. Designated as the 
CYCEND function, it provides CPU status that can simplify system design. The CYCEND output will go to a low logic 
level as a result of the low-to-high transition of each clock pulse which initiates the last clock of a microinstruction. 

3.7 SBP 9900 INSTRUCTION EXECUTION TIMES 

26 

Instruction execution times for the SBP 9900 are a function of: 

1) Clock cycle time, tc 

2) Addressing mode used where operands have multiple addressing mode capability 

3) Number of wait states required per memory access. 

The following Table 6 lists the number of clock cycles and memory accesses required to execute each SBP 9900 
instruction. For instructions with multiple addressing modes for either or both operands, the table lists the number of 
clock cycles and memory accesses with all operands addressed in the workspace·register mode. To determine the 
additional number of clock cycles and memory accesses required for modified addressing, add the appropriate values 
from the referenced tables. The total instruction-execution time for an instruction is: 

T=tc (C+W-M) 

where: 
T = total instruction execution time; 
tc = clock cycle time; 
C = number of clock cycles for instruction execution plus address modification; 
W = number of required wait states per memory access for instruction execution 

plus address modification; 
M = number of memory accesses. 
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CLOCK MEMORY 
INSTRUCTION CYCLES ACCESS 

C M 
A 14 4 
AB 14 4 
ABS iMSB -01 12 2 

iMSB ·11 14 3 
AI 14 4 
ANDI 14 4 
B 8 2 
BL 12 3 
BLWP 26 6 
C 14 3 
CB 14 3 
CI 14 3 
CKOF 12 1 
CKON 12 1 
CLA 10 3 
CDC 14 3 
CZC 14 3 
DEC 10 3 
DECT 10 3 
DIV (ST4 is set) 16 3 
DIV (ST4 is reset) 97-124 6 
IDLE 12 1 
INC 10 3 
INCT 10 3 
INV 10 3 
Jump (PC is 

changed) 10 1 
(PC is not 
changed) a 1 

LDCA iC - 01 52 3 
(1,.:Co;,.S) 20+2C 3 

19 .;C· 151 20+2C 3 
LI 12 3 
LlMI 14 2 
LREX 12 1 

RESET function 26 5 
LOAD function 22 5 
Interrtjpt context· 

switch 22 5 

TABLE 6 

INSTRUCTION EXECUTION TIMES 

ADDRESS 
>MODIFICATlDNt INSTRUCTION 
SOURCE DEST 

A A LWPI 
B B MOV 
A - MOVB 
A - MPY 
- - NEG 
- - ORI 
A - ASET 
A - ATWP 
A - S 
A A SB 
B B SBO 
- - SBZ 
- - SETO 

- - Shift (C~O) 

A - (c=o. Bits 12-15 
A - oIWRO-OI 

A - (c=o. Bits 12-15 
A - ofWRP=N*OI 
A - SOC 
A -- SOCB 
A -- STCR (C-OI 
- - (l"COI 
A - ic-al 
A - i9<C< 151 
A - STST 

STWP 

- - SWPB 
SZC 

- - SZCB 
A -- TB 
B - X" 
A - XOP 
- - XOA 
- -
- -

-- - Undefined op codes 
- - 0000-01 F F ,0320-

033F,OCOO-OFFF, 
- 0780-07FF 
---~ 

CLOCK 
CYCLES 

C 
10 
14 
14 
52 
12 
14 
12 
14 
14 
14 
12 
12 
10 

12+2C 

52 

20+2N 
14 
14 

60 
42 
44 

58 
a 
a 

10 
14 
14 
12 
8 

38 
14 

6 

• Execution time is dependent upon the partial quotient after each clock cycle during execution . 

MEMORY ADDRESS 
ACCESS MOOIFICATIONt 

M SOURCE OEST 
2 
4 A A 
4 B B 
5 A -
3 A -
4 - -
1 - -
4 - -
4 A A 
4 B B 

2 - -
2 - -
3 A -
3 - -

4 - -

4 - -
4 A A 
4 a B 
4 A -
4 B -
4 a -
4 A -
2 - -
2 - -
3 A -
4 A A 
4 B B 
2 - -
2 A -
8 A -
4 A -

1 - -

• ·EM8Cution time is added to the execution time of the instruction located at the source addr ... minus 4 clock eyeleland 1 memory accen time. 
tThe leners A and B refer to the respective tables that follow. 

ADDRESS MODIFICATION - TABLE A ADDRESS MODIFICATION - TABLE B 

CLOCK MEMORY CLOCK MEMORY 
ADDRESSING MODE CYCLES ACCESSES ADDRESSING MODE CYCLES ACCESSES 

C M C M 

WR (TS orTD = 00) 0 0 WR (TS or TO = 00) 0 0 
WR indirect (TS or TO = 01) 4 1 WR indirect ITS or TO = 01) 4 1 
WR indi rect aulo- WR indirect auto-

increment ITS or TO • 11) 8 2 increment ITS or TO = 11) 6 2 
Symbolic ITS orTD = 10, Symbolic ITS or TO = 10, 

SorO=O) 8 1 Sor 0= 0) 8 1 

Indexed ITS or TO = 10, Indexed ITS or TO = 10, 
Sor 0 .. 0) 8 2 Sor 0 .. 0) 8 2 
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As an example, the instruction MOVB is used in a system with tc = 0.5 lIs and no wait states are required to access 
memory. Both operands are addressed in the workspace register mode: 

T = tc (e + W'M) = 0.5 (14 + 0'4) lIs = 7 lIs. 

If two wait states per memory access were required, the execution time is: 

T = 0.5 (14 + 2'4) IlS = 11 lIs. 

If the source operand was addressed in the symbolic mode and two wait states were required: 

T=tc(C+W·M) 
C= 14+8=22 
M=4+1=5 

T = 0.5 (22 + 2'5) lIS = 16 lIS. 

4. INTERFACING 

A 

< 
" 

8 
B ITS 

IN 

8 
ITS B 

o UT 

The inputloutput (1/0) accommodations have been designed for TTL compatibility. Direct interfacing, supportable 
by the entire families of catalog devices, is shown in Figure 15. 

12 BITS ADDRESS BllS 15 BITS '> 
~~ 

AU-A14 
DOIN 

~ SN 
WE 

54LS251 
CRUN ,......-~ 

S 
~ ..... :r.... 

~ 
SN CRuoliT B 

54 LS25!i P 
9 ROM RAM 

CRUCLK 9 jsN54S472 
INTERRUPT CODE 0 

ICO-IC3 0 U SN541.u 
iiii'REQ 

INTERRUPT REQUEST \ 00-016 DATA BUS 16 BITS 
CLOCK 

CLOCK 
GENERATOR 
SN54LS124 

FIGURE 15 - MINIMUM SSP 9900 SYSTEM 
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4.1 INPUT CIRCUIT 

The input circuit used on the SBP 9900 is basically an RTl configuration which has been modified for TTL 
compatibility as shown in Figure 16A. An input·clamping diode is incorporated to limit negative excursions (ringing) 
when the SBP 9900 is on the receiving end of a transmission line; an input switching threshold of nominally +1.5 volts 
has been specified for improved noise immunity. This threshold is achieved via two resistors which function as a 
voltage divider to increase the one VBE threshold of the 12 l input transistor to +1.5 volts. Since this input circuit is 
independent of injector current, input threshold compatibility is maintained over the entire speed/power performance 
range. 

A. EQUIV ALENT OF EACH INPUT 

R sq. 
INPUT -_-'\.rvv-_-1 

R eq. 

CLOCK OR PcCirii: R sq. = 5Kn 
ALL OTHERS: R sq. = 10Kn 

B. TYPICAL OF ALL 
OUTPUTS 

C. EQUIVALENT OF EACH INPUT/OUTPUT 

INPUT/OUTPUT 

10KIl 

10K{l 

FIGURE 16 - SCHEMATICS OF EQUIVALENT INPUTS, OUTPUTS, INPUTS/OUTPUTS 

The input circuit characteristics for input 
current versus input voltage are shown in 
Figure 17. The 10K and 20K ohm load lines 
and threshold knee at + 1.5 volts provide a 
high-impedance characteristic to reduce input 
loading and improve the low-logic level input 
noise immunity over some standard TTL 
inputs. Full compatibility is maintained with 
virtually all 5 volt logic families even when the 
SBP 9900 is powered down (injector current 
reduced). l-

i': 
a: 

500J.l.A 

400M 

300 ""A 

200JJA 

I~C =5QOlmA 

t--- TA "'250 C 

INPUT CURRENT .. 
INPUT VOLTAGE 

1/ 

'" ~v t- y 
o ~r-

-'- -?-'" 0" 

~V"~ 
4.1.1 Sourcing Inputs 

100M a: 

" 0 lk ~ 10~ LOAD 

The inputs may be sourced directly by most 5 
volt logic families. Five volt functions which 
feature internal pull-up resistors at their out
puts requ ire no external interface compo
nents; five volt functions which feature open
collector outputs generally requ ire external 
pull-up resistors. 

4.1.2 Terminating Unused Inputs 
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Inputs which are selected to be hardwired to a 
logic-level low may be connected directly to 

I-

~ 
~ 

LINE ,... 
T~~SHOLD 

-SmA 

20Kll LOAD 
LINE 

-lOrnA 

-1SmA 

-20mA 
-4 -3 -2 -1 

VI INPUT VOLTAGE 

FIGURE 17 - TYPICAL INPUT CHARACTERISTICS 
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ground. Inputs which are selected to be hardwired to a logic-level high must be tied, via a current limiting (pull-up) 
resistor, to a logic-level-high low-impedance voltage source such as VCC. A single transient protecting resistor may be 
utilized common to (N) inputs. 

4.2 OUTPUT CIRCUIT 

The output circuit selected for the SSP 9900 is an injected open·collector transistor shown in Figure 16S. Since this 
transistor is injected, output sourcing capability is directly related to injector current. In other words, the number of 
loads which may be sourced by an SSP 9900 output is directly reduced as injector current is reduced. 

The output circuit characteristic for logic-level low 
output voltage (VoU versus logic-level low output 
current (lOL) is shown in Figure 18. At rated injector 
current, the SSP 9900 output circuit offers a low-level 
output voltage of'typically 220 mV. 

The output circuit characteristics for 1) logic-level high 
output voltage (VOH) and current (lOH), 2) rise times, 
and 3) next stage input noise immunity, are a function 
of the load circuit being sourced. The load circuit may 
be either: 

A) the direct input, if no source current is 
required, of a five-volt logic family 
function, 

or, for greater noise immunity and improved rise times, 

S) the direct input of a five-volt logic 
family function in conjunction with a 
discrete pull-up resistor. 

When a discrete pull-up resistor (R U is utilized, the 

> 
E 
I 

w 
(!J 
« 
t-.... 
0 
> 
t-
~ ... 
t-
~ 
0 
I 
0 
> 

400 

350 

300 

250 

200 

150 

100 

50 

0 

OUTPUT VOLTAGE 
VI 

OUTPUT CURRENT 

ICC .!500 mA 

~TA=25°C 

------~ 
...---r.r 

5 10 15 20 25 

10 - OUTPUT CURRENT - mA 

fanout requirements placed on a particular SSP 9900 FIGURE 18 - TYPICAL OUTPUT CHARACTERISTICS 

output restrict both the maximum and minimum value 
of RL. Techniques for calculating RL(max) and R L(min) respectively are explained in the SSP 04ooA, SSP 0401 A 
data manual in ChaPter 2 of this data book. 

5. POWER SOURCE 

30 

12L is a current-injected logic. When placed across a curve tracer, the processor will resemble a silicon switching diode. 
Any voltage or current source capable of supplying the desired current at the injector node voltage required will 
suffice. A dry-cell battery, a 5-volt TTL power supply, a programmable current supply (for power-up/power-down 
operation) - literally whatever power source is convenient can be used for most cases. For example, if a S-volt TTL 
power supply is to be used, a series dropping resistor would be connected between the 5-volt supply and the injector 
pins of the 12L device, as illustrated in Figure 19, to select the desired operating current. 
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+VSUPPLY 

RDROP 

r------- -------------- --, 
I 
I 
I 
I 

SBP 9900 

I 

I , 
I 

I 
I 
I 
I 
I L _____ _ __ J 

577 

-- --

GENERAL FORMULA (OHM'S LAWI 

EXAMPI.E FOR VSUPPLY - 5V, AND ICC· 500 rnA: 

5 -1.05 3.95 
RDROP =--- = --= 7.90HMS 

0.5 0.5 

FIGURE 19 - INJECTOR CURRENT CALCUI.ATIONS 

Operating from a constant current power source, 
the SBP 9900 may be powered-up/powered-down 
with complete maintenance of data integrity to 
execute instructions over a speed/power range span
ning several orders of user-selectable injector-supply
current range as illustrated in Figure 21. 

Figures 22 and 23 show the typical injector node 
voltages which occur across the temperature and 
injector current ranges. 

r
I 
I 
I 
I 
L_ 

+VSUPPLY 

500 rnA@ 1.05 V 

sap 
9900 

--, 
I 
I 
I 

_J 

FIGURE 20 - INJECTOR CURRENT SOURCE 
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FIGURE 21 - SBP 9900 CLOCK PERIOD va INJECTOR CURRENT 
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6. ELECTRICAL AND MECHANICAL SPECIFICATIONS 

6.1 SBP 9900 RECOMMENDED OPERATING CONDITIONS, UNLESS OTHERWISE NOTED ICC = 500 mA 

Supply current, ICC 

High·level output voltage, VOH 

Low·level output current, IOL 

Clock frequency, fclock 

Width of clock pulse, tw 

Clock rise time, tr 

Clock fall time, tf 

Setup time, tsu (see Figure 24) 

Hold time, th (see Figure 24) 

Operating free ... !r temperature, T A 

tRlslng edge of clock pulse Is refarence. 
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TENTATIVE DATA SHEET 

This document provides tentative information 
on a new product. Texas Instruments reserves 
the right to change specifications for this 

product in any manner without notice. 

High (67%) (VIH = 2.5 V max) 

I Low (33%) 

HOLD 

READY 

00- 015 

CRUIN 

INTREO 

ICO -IC3 

HOLD 

READY 

00- 015 

CRUIN 

INTREO 

ICO-IC3 

SBP 9900 MIN 

SBP9900E 

MIN NOM MAX 

450 500 550 

5.5 

20 

0 2 

330 

170 

10 

10 

210t 

140t 

B5t 
65t' 

25t 

25t 

25t 

65t 

65t 

55t 
90t 

90t 

-55 125 

-40 B5 

./ 

1000 

UNIT 

rnA 

V 

rnA 

MHz 

ns 

ns 

ns 

ns 

ns 

°c 
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6.2 SBP 9900 ELECTRICAL CHARACTERISTICS (OVER RECOMMENDED OPERATING FREE·AIR 
TEMPERATURE RANGE, UNLESS OTHERWISE NOTED) 

PARAMETER TEST CONOITIONSt 

VIH High-level input voltage 

VIL Low-level input voltage 

VIK Input clamp voltage ICC- MIN, 11=-12mA 

IOH High-level output current 
ICC - 500mA, VIH - 2 V 

VIL = O.B V, VOH = 5.5 V 

VOL Low-level output voltage 
ICC - 500mA, VIH - 2 V 

VIL = O.B V, IOL=20mA 

I Clock 
II Input current 

I All other inputs 
ICC= 500mA, VI = 2.4 V 

t For conditions shown as MAX, use the appropriate value specified under recommended operating conditions. 
+AII typical values are at ICC = 500 rnA, TA = 25°C. 

MIN TYP:j: 

2 

480 

240 

MAX UNIT 

V 

O.B V 

-1.5 V 

400 IlA 

0.4 V 

600 

300 
JJ,A 

6.3 SBP 9900 SWITCHING CHARACTERISTICS, ICC = 500 mA, (OVER RECOMMENDED OPERATING FREE-AIR 
TEMPERATURE RANGE UNLESS OTHERWISE NOTED) SEE FIGURES 24 AND 25. 

PARAMETER FROM TO 

f max MAXIMUM CLOCK FREQUENCY 

tPLH or tpHL CLOCK ADDRESS BUS (AO - A14) 

tpLH or tpHL CLOCK DATA BUS (DO - 015) 

tPLH or tpHL CLOCK WRITE ENABLE (WE) 

tPLH or tpHL CLOCK CYCLE END (CYCEND) 

tPLH or tpHL CLOCK DATA BUS IN (DBIN) 

tPLH or tpHL CLOCK MEMORY ENABLE (MEMEN) 

tPLH or tpHL CLOCK CRU CLOCK (CRUCK) 

tPLH ortpHL CLOCK CRU DATA OUT (CRUOUT) 

tPLH or tpHL CLOCK HOLD ACKNOWLEDGE (HLDA) 

tPLH or tPHL CLOCK WAIT 

tPLH or tpHL CLOCK INSTRUCTION ACQUISITION (1 AQ) 

+AII typical values are at 25°C. 
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TEST CONDITIONS MIN TYP:j: MAX 

2 
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CL = 150pF. RL =280 n 155 
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210 

320 

155 

155 

TENTATIVE DATA SHEET 

This document provides tentative information 

on a new product. Texas I nstruments reserves 
the right to change specifications for this 
product In any manner without notice. 

225 

266 

295 

225 

250 

205. 

2BO 

266 

410 

210 

210 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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FIGURE 26 - SWITCHING TIMES LOAO CIRCUITS 
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6.4 CLOCK FREQUENCY VS. TEMPERATURE 

Stability of the operational frequency over the full temperature range of -55°C to 125°C is illustrated in Figure 26. 

A·C PERFORMANCE .. 
FREE·AIR TEMPERATURE 

+20% 

w +15% 
tJ 
Z 
c( 
::i! +10% 
II: 
0 ... 
II: +5% w ... 
~ 0 
oJ 
c( 
tJ -5% ii: 

~YPICAL> --,..-

-------......... 
> 
l-
I -10% ... 
-" 

-15% 

-20% 
-75 -50 -25 0 25 50 76 100 125 

T A - Free·Air Temperature _ °c 

FIGURE 26 - A·C PERFORMANCE VS. TEMPERATURE • 7. MECHANICAL DATA 

INDEX DOT 

Ii Ii 
1'--0.900,0.020---l 0.185 MAX) 
I. . I 1;0.020 MIN 

c,' 1-""""~~ ;~~o PLANE 

0.010-11- r 0017 ~ "~.,. I ~ .~,~ ~ 
~ 0.050 

PIN SPACING 0.100T.P. to.020 
(See Note A) 

NOTE A. each pin centerline is located within 0,010 of its true longitudinal position. 
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8. SBP 9900 PROTOTYPING SYSTEM 

8.1 HARDWARE 

The TMS 9900 prototyping system enables the user to generate and debug software and to debug I/O controller 
interfaces. The prototyping system consists of: 

• 990/4 computer with TMS 9900 microprocessor 

• 1024 bytes of ROM containing the bootstrap loader for loading prototyping system software, the 
front-panel and maintenance utility, and the CPU self-testing feature 

• 16,896 bytes of RAM with provisions for expansion up to 57,334 bytes of RAM 

• Programmable-write-protect feature for RAM 

• Interface for Texas Instruments Model 733 ASR* Electronic Data Terminal with provisions for up to five 
additional interface moculdes 

• Requires remote device control and 1200 baud EIA interface option on 733 ASR. 

• Available with Texas Instruments Model 733 ASR Electronic Data Terminal 

• 7-inch-high table-top chassis 

• Programmer's front panel with controls for run, halt, single-instruction execute, and entering and displaying 
memory or register contents 

• Power supply with the folloWing voltages: 
5 V dc@20 A 

12Vdc@2A 
-12 V. dc@ 1 A 
-5 V dc@0.1 A 

• Complete hardware and software documentation. 

8.2 SYSTEM CONSOLE 

The system console for the prototyping system is the 733 ASR, which provides keyboard entry, 
30-character-per-second thermal printer, and dual cassette drives for program loading and storage. 

8.3 SOFTWARE 

36 

The following software is provided on cassette for loading into the prototyping system: 

• Debug Monitor - Provides full control of the prototyping system during program development and includes 
single instruction, multiple breakpoints, and entry and display capability for register and memory 
contents for debugging user software under 733 ASR console control. 

• One-Pass Assembler - Converts source code stored on cassette to relocatable object on cassette and 
generates program listing. (Object is upward compatible with other 990 series assemblers). 

• Linking Loader - Allows loading of absolute and relocatable object modules and links object modules as 
they are loaded. 

• Source Editor - Enables user modification of both source and object from cassette with resultant storage 

• 
• 

on cassette. 

Trace Routine - Allows user to mon itor status of computer at completion of each instruction. 

PROM Programming/Documentation Facility - Provides documentation for ROM mask generation, or 
communicates directly with the OPtional PROM Programmer Unit. 
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INDEX FOR SCHOTTKY TTL BIPOLAR MEMORIES 

FIELD PROGRAMMABLE READ-ONLY MEMORY (PROM) LINE SUMMARY (SEE PAGES 1 AND 6) 

MASK-PROGRAMMED READ-ONLY MEMORY (ROM) LINE SUMMARY 

TYPE OF BIT SIZE 
TYPICAL PERFORMANCE 

SEE 
TYPE NUMBER 

OUTPUT(S) (ORGANIZATION) 
ADDRESS POWER 

DISSIPATION 
PAGE 

ACCESS TIME 

SN54/7488A 
256 Bits 

9 Open-Collector 
(32Wx8 B) 

26 ns 320mW 

SN54/74187 
1024 Bits 

Open-Collector 
(256Wx4 B) 

40 ns 460mW 9 

SN54S/74S270 Open-Collector 2048 Bits 
525mW 

sN54S/74S370 3-5tat. (512Wx4B) 
45 ns 9 

SN64S/74S271 Open-Collector 2048 Bits 
525mW 

SN54S/74S371 3-5tate (256W x 8 B) 
45 ns 9 

SBP 8316M/C Q.C or 10 kG pullup 16.384 _~360ns ~OOmW 16 
SBP9818M/C 'Open-Colloctor (2048Wx8B) ;;"150 ns EO;600mW 

READ/WRITE MEMORY (RAM) LINE SUMMARY 

TYPICAL PERFORMANCE 
SEE 

TYPE NUMBER 
BIT SIZE OUTPUT 

ADDRESS POWER 
(ORGANIZATION) CONFIGURATION PAGE 

ACCESS TIME DISSIPATION 

SN54S174S189(J,N) 64 bits Th ree-state 
25 ns 375mW 20 

SN54S/74S289(J,N) (16Wx4B) Open-Collector 

SN74S201 (J,N) 256 bits Three-State 42 ns 500mW 
24 

SN74S301(J,N) (256W x lB) Open-Collector 42 ns 500mW 

SN74S214(J,N) 40 ns 550mW 

SN74LS214(J,N) Three-State 65 ns 200mW 

SN74LS215(J,N) 1024 bits 75 ns 200/100*mW 
27 

SN74S314(J,N) (1024W x lB) 40 ns 550mW 

SN74LS314(J,N) Open-Collector 75 ns 200mW 

SN74S314(J,N) 75 ns 200/100*mW 

SN74S207(J N) 40 ns 600mW 

SN74LS207(J,N) 1024 bits 75 ns 200mW 
33 Three-State 

SN74S208(J,N) (256W x 4B) 40 ns 600mW 

SN74LS208(J,N1 76 ns 200mW 

FIRST-IN/FIRST-OUT (FIFO) MEMORY 

TYPICAL PERFORMANCE 
SEE BIT SIZE 

TYPE NUMBER DATA RATES FALL POWER 
PAGE (ORGANIZATION) 

INPUT OUTPUT THROUGH DISSIPATION 

BO bits 
d-c to 10 MHz SN74S225 

!l6W x 5B) 
d-c to 10 MHz 190 ns 400mW 39 
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SCHOTTKyt 
PROM'S 

SERIES 54S174S 
PROGRAMMABLE READ-ONLY MEMORIES 

• Titanium-Tungsten (Ti-W) Fuse Links for • 
Fast, Low-Voltage, Reliable Programming 

• All Schottky-Clamped PROM's Offer: • 
Fast Chip Select to Simplify System Decode 
Choice of Three-State or Open-Collector Outputs 
P-N-P Inputs for Reduced Loading on 
System Buffers/Drivers 

TYPE NUMBER (PACKAGES) BIT SIZE 

_55°C to 125°C DoC to 70°C (ORGANIZATION) 

SN54S188(J, W) SN74S188(J, N) 256 bits 

SN54S288(J, W) SN74S288(J, N) (32Wx8B) 

SN54S287(J, W) SN74S2B7(J, N) 1024 bits 

SN54S387(J, W) SN74S3B7(J, N) (256 W x 4 B) 

SN54S470(J) SN74S470(J, N) 2048 bits 

SN54S471 (J) SN74S471(J, N) (256 W x 8 B) 

SN54S472(J) SN74S472(J, N) 4096 bits 

SN54S473(J) SN74S473(J, N) (512W x 8 B) 

SN54S474(J, W) SN74S474(J, N) 409,? bits 

SN54S475(J, W) SN74S475(J, N) (512W x 8 B) 

Full Decoding and Chip Select Simplify 
System Design 

Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

OUTPUT 
TYPICAL PERFORMANCE 

ADDRESS POWER 
CONFIGURATION 

ACCESS TIME DISSIPATION 

open-collector 
25 ns 400mW 

three-state 

three-state 

open-collector 
42 ns 500mW 

open-collector 
50 ns 550mW 

three-state 

three-state 

open-collector 
55 ns 600mW 

three-state 

open-collector 
55 ns 600mW 

256 BITS 1024 BITS 2.048 BITS 4096 BITS 4096 BITS 
(32 WORDS BY 8 BITS) (256 WORDS BY 4 BITS) (2156 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) (512 WORDS BY B BITS) 

'S474, 'S476 'S1B8, 'S2B8 'S287, '5387 'S470, 'S471 'S472, 'S473 

16 Yee 

~"'O' 
Yee 20 Vee 

S AD F 2, 15 AD H ,. AD H 

AD' ADE 3t" 14 s, ,. AD G 

ADD ADO 4, 13. S 1 17 AD F 

Aoe AD A 5( . 12 DD 1 ,. 
52 

11 A08 AD B 6t.. 11 00' 
" 

s, 
ADA ADC 7: .10 DO 3 

" 008 
008 GND 81, )9 DO 4 13 DO I 

20 Yee ,. 
AD' ,. AD H 

17 AOG ,. AD F 

" ,. DDB 

13 DO 7 

12 DOG 12 DOG 

11 ODS 11 DOS 

'Pin assignments for all of these memories are the same for all packages. 

description 

These mono(j~hic TTL programmable read-only memories (PROM's) feature titanium-tungsten (Ti·W) fuse links with 
each link designed to program with a 100 microsecond pulse. These PROM's offer considerable flexibility for upgrading 
existing designs or improving new designs as they feature full Schottky clamping for improved performance, 
low·current MOS·compatible p-n·p inputs, choice of bus·driving three state or open·collector outputs, and improved 
chip-select access times. 

The high·complexity 2048· and 4096·bit 20·pin PROM's can be used to significantly improve system density for 
fixed memories as all are offered in dual·in·line packages having pin·row spacings of 0.300 inch. 

PRELIMINARY DATA SHEET: 
Supplementary data may be 
published at a later date. ~TEXAS INSTRUMENTS 

INCORPORATED 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

tlntegrated Schottky·Barrier diD ... • 
clamped transistor is patented by 
Texas Instruments. U. S. Patent 
Number 3,463,975. 
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SERIES 54SI14S 
PROGRAMMABLE READ-ONLY MEMORIES 

description (continued) 
Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure 
specified. All PROM's, except the 'S287 and 'S387 are supplied with a low-logic-level output condition stored at each 
bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at selected 
locations. The p,rocedure is irreversible; once altered, the output for that bit location is permanently programmed. 
Outputs never having been altered may later be programmed to supply the opposite output level. Operation of the unit 
within the recommended operating conditions will not alter the memory content. 
Active level(s) at the chip-select input(s) enables all of the outputs. An inactive level at any chip-select input causes all 
outputs to be off. 
The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can 
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output. 
The open-collector output offers the capability of direct interface with a data line having a passive pUll-Up. 

schematics of inputs and outputs 
'SI88, 'S287, 'S288, '5387, 'S470, 'S471, 

'S472, 'S473, 'S474, 'S745 

EQUIVALENT OF 
EACH INPUT 

Vee ------~---..,....-

I NPU T -~--;f4-""'-+--l 

'S188, 'S387, 'S470 
S743, 'S475 

TYPICAL OF 
ALL OUTPUTS 

~OUTPUT 

'S287, 'S288, 'S471 , 
. 'S472, 'S474 

TYPICAL OF 
ALL OUTPUTS 

Vee 

OUTPUT 

Programming circuit not shown Programming circuit not shown 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) 7V 
I nput voltage ..... 
Off-state output voltage 
Operating free-air temperature range: 

Storage temperature range 

SN54S' Circuits 
SN74S' Circuits 

5.5 V 
. ... 5.5V 

-55°C to 125°C 
. O°C to 70°C 
-65°C to 150°C 

recommended conditions for programming the '8188, '8287, '8288, '8387, '8470 through '8475 

SN54S', SN14S' 
UNIT 

MIN NOM MAX 

Supply voltage, Vee (see Note 1) 
Steady state 4.75 5 5.25 

l1t 
V 

Program pulse 10 10.5 

I nput voltage 
High level, VIH 2.4 '5 

V 
Low level, VI L 0 0.5 

Termination of all outputs except the one to be programmed 
See load circuit 

(Figure 1) 

Voltage applied to output to be programmed, VO(pr) (see Note 2) 0 0.25 0.3 V 

Duration of Vee programming pulse Y ($ee Figure 2 and Note 3) 98 100 103 j.lS 

Programming duty cycle 25 35 % 
Free-air temperature 0 55 "e 

t Absolute maximum ratings. 
NOTES: 1. Voltage values are with respect to network ground terminal. The supply-voltage rating does not apply during programming. 

2. The 'S188, 'S288, 'S470, 'S471, 'S472, 'S473, 'S474, and 'S475 are supplied with all bit locations containing a low logic lever, and 
programming a bit changes the output of the bit to high logic level. The 'S287 and 'S387 are supplied with all bit outputs at a high 
logic level, and programming a bit changes it to a low logic level. 

3. Programming is guaranteed if the puis*=, .~pplied Is 98 /lS In duration. 

~TEXAS INSTRUMENTS 
INCORPORATED 

POST O~FICE BOX 5012 • DALLAS, TEXAS 75222 
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SERIES 54S174S 
PROGRAMMABLE READ-ONLY MEMORIES 

step-by-step programming procedure for the '8188, '8287, '8288, '8387, '8470 through '8475 
1. Apply steady·state supply voltage (Vee; 5 V) and address the word to be programmed. 

2. Verify that the bit location needs to be programmed. If not, proceed to the next bit. 

3. If the bit requires programming, disable the outputs by applying a high·logic·level voltage to the chip-select 
input(s). 

4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 3.9kU 
and apply the voltage specified in the table to the output to be programmed. Maximum current out of the 
programming output is 150 mAo This current flows from the programmer into the PROM output. 

5. Step Vee to 10.5 V nominal. Maximum supply current required during programming is 750 mAo 

6. Apply a low·logic-Ievel voltage to the chip·select input(s). This should occur between 1 J.l.s and 1 ms after Vee has 
reached its 10.5-V level. See programming sequence of Figure 2. 

7. After the X pulse time is reached, a high logic level is applied to the chip-select inputs to disable the outputs. 

8. Within 1 J.l.s to 1 ms after the chip-select input(s) reach a high logic level, Vee should be stepped down to 5 V at 
which level verification can be accomplished. 

9. The chip·select input(s) may be taken to a low logic level (to permit program verification) 1 J.l.s or more after Vee 
reaches its steady·state value of 5 V. 

10. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program a 
bit. 

NOTE: Onlv one programming attempt per bit is recommended. 
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SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 

recommended operating conditions 

PARAMETER 
'5287, 'S471 '5288 'S472, 'S474 

UNIT 
MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, Vee 
Series 545 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 

Series 745 4.75 5 5.25 4.75 5 5.25 
V 

4.75 5 5.25 

High·level output current, 10H 
Series 545 -2 -2 -2 

Series 745 -6.5 -6.5 
rnA 

-6.5 

Low-level output current, 10L 16 20 12 mA 

Oper~ting free-air temperature, T A 
Series 545 -55 125. -55 125 -55 125 

Series 745 0 70 0 70 
°c 

0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST eONDITIONSt 
SN54S' SN74S' 

TYP:j: TYP:j: MIN MAX MIN MAX 

VIH High-level input voltage 2 2 

VIL Low~level input voltage 0.8 0.8 

VIK Input clamp voltage Vee = MIN, 11= -18 mA -1.2 -1.2 

VOH High-level output voltage 
VeC= MIN, VIH = 2 V, . 

VIL = 0.8 V, 10H = MAX 
2.4 3.4 2.4 3.2 

VOL Low-level output voltage 
VCC= MIN, 

VIL = 0.8 V, 

VIH = 2 V, 

10l = MAX 
0.5 0.5 

10ZH 
Off~state output current, Vee = MAX, 

high-level voltage applied Vo = 2.4 V 

VIH = 2 V, 
50 50 

10ZL 
Off-state output current, VeC= MAX; VIH = 2 V, 

-50 -50 
low-level voltage applied Vo = 0.5 V 

Ii 
I nput current at maximum 

VCC= MAX, VI=5.5V 1 t 
input voltage 

IIH High.level input current VCC= MAX, VI = 2.7 V 25 25 

IlL Low-level input current VCC= MAX, VI = 0.5 V -250 -250 

lOS Short-circuit output current § VCC= MAX -30 -100 -30 -100 

VCe= MAX, '5287 100 135 100 135 

ICC Supply cu rrent 
Chip select(s) at 0 V, '5288 80 110 80 110 

Outputs open, 155 '5471 110 110 155 

See Note 4 '5472. 'S474 120 155 120 155 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 
talad) (ns) ta(8) (ns) tpxz (ns) 

TYPE TEST CONDITIONS 
Access time from Access time from Disable time from 

address chip select (enable time) high or low level 

MIN TYP:j: MAX MIN TYP:j: MAX MIN TYP:j: MAX 

SN54S287 42 75 15 40 12 40 

SN745287 CL = 30 pF for 42 65 15 35 12 35 

SN545288 ta(ad) and ta(S) 25 50 12 30 8 30 

SN745288 5 pF for tpxz; 25 40 12 25 8 20 

SN54S471 RL = 300 n; 50 80 20 40 15 35 

SN74S471 See Figure 2, 50 70 20 35 15 30 

SN545472,SN545474 Page 13 55 85 20 45 15 40 

SN74S472, SN745474 55 75 20 40 15 35 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAli tvplcal valua. ara at Vee = 5 V. TA = 2Soe. 

UNIT 

V 

V 

V 

V 

V 

IJA 

IJA 

mA 

IJA 

IJA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

§ Not more than one output should be shorted at a time and duration of the short-circuit. should not exceed one second . 
• An SN54S287 In the W package operating at free-air temperatures above 108° C requires a heat sink that provides a thermal resistance from 

case-toMfree-_ir. RSCA. of :lot more than 42°C/W. 
NOTE 4: The typical values of I FF shown are with all outputs low. 
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SERIES 54S/74S 
PROGRAMMABLE REA~-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

PARAMETER 
'SlBB '5387, '5470 'S473, '5475 

UNIT 
MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, Vee I Series 54S 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 

I 
V 

Series 74S 4.75 5 5.25 4.75 5 5.25 4.75 5 5.25 

High-level output voltage, VOH 5.5 5.5 5.5 V 

Low-level output current, IOL 20 16 12 mA 

Operating free-air temperature, T A I Series 545 -55 125 -55 125. -65 125 
"e 

I Series 74S 0 70 0 70 0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST eONDITIONSt MIN TVPt MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage Vee= MIN, II = -18 mA -1.2 V 

Vee = MIN, 
VOH = 2.4 V 50 

IOH High-level output current VIH = 2 V, 
VOH=5.5V 100 

/LA 

VIL=0.8V 

VOL Low-level output voltage 
Vee- MIN, VIH - 2 V, 

0.5 V 
VIL = 0.8 V, IOL = MAX 

II Input current at maximum input voltage Vee = MAX, VI=5.5V 1 mA 

IIH High-level input current Vee - MAX, VI = 2.7 V 25 /LA 

IlL Low~level input current Vee - MAX, VI - 0.5 V -250 /LA 

Vee = MAX, 'Sl88 80 110 

Icc 
Chip select(s) at 0 V, '5387 100 135 

Supply current rnA 
Outputs open, '5470 110 155 

See Note 4 '5473; 'S475 120 155 

switching characteristics over recommended ranges of T A and Vee (unless otherwise noted) 

tall!") 
tPLH 

ta(ad) Access time from 
Propagation delay time, 

Access time from low-to-high-Ievel out-
TYPE TEST CONDITIONS chip select UNIT 

address 
(enable time) 

put from chip select 

(disable time) 

MIN TYPt MAX MIN TYPt MAX MIN TVPt MAX 

SN54S188 25 50 12 30 12 30 ns 

SN74S188 25 40 12 25 12 25 ns 

SN54S387 
CL = 30 pF, 

42 75 15 40 15 40 ns 

SN74S387 
RLl s 300 n, 

42 65 15 35 15 35 ns 

SN54S470 
RL2 = 600 n, 

50 80 20 40 15 35 ns 

SN74S470 
See Figure 1, 

50 70 20 35 15 30 ns 

SN54S473,SN54S475 
Page 13 

55 85 20 45 15 40 ns 

SN74S743, SN74S475 55 75 20 40 15 35 ns 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+AII typical values are at Vee = 5 V, T A = 2SoC . 
• A SN54S387 in the W package operating at free-air temperatures above 10eoe requires a heat sink that provides a thermal resistance from 

case-to-free--aTr, ROCA. of not more than 42oC/W. 
NOTE 4: The typical values of I CC shown are with all outputs low. 

4PTEXASINSTRUMENTS 
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SCHOTTKYt 
PROMS 

SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 

• Titanium-Tungsten (Ti-W) Fuse Links for Fast 
Low-Voltage Reliable Programming 

• Choice of Three-State or Open Collector 
Outputs 

• PNP Inputs for Reduced Loading on System 
Buffers/Drivers • Full Decoding and Chip Select Simplify 

System Design • Applications Include: 

• Power-Down Versions ('S450, 'S451) Can 
Reduce System Power Requirements 

Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 

• Fast Chip Select to Simplify System Decode Address Mapping/Look-Up Tables 

TYPE NUMBER (PACKAGES) 

-55°C to 1250 C OOC to 700 C 

SN54S450(J) SN74S450(J,N) 

SN54S451 (J) SN74S451 (J,N) 

SN54S478(J) SN74S478(J,N) 

SN54S479(J) SN74S479(J,N) 

SN54S2708(J) SN74S2708(J,N) 

SN54S3708(J) SN74S3708(J,NI 

SN54S476(J) SN74S476(J,N) 

SN54S477(J) SN74S477(J,N) 

tPower down 

SN54S174S476 3-5 OUTPUTS 
SN64S174S477 O-C OUTPUTS 

4096 BITS 
(1024 WORDS BY 4 BITS) 

'S476, 'S477 

descri ption 

TYPICAL PERFORMANCE 
BIT SIZE OUTPUT 

(ORGANIZATION) 
ACCESS TIMES POWER 

CONFIGURATION 
ADDRESS 

8192 bits th ree~state 

1024Wx8B open-collector 
45 ns 

8192 bits three-state 

1024Wx8B open-collector 
45 ns 

8192 bits th ree-state 
45 ns 

1024Wx8B- open-collector 

4096 bits three-state 
35 ns 

1024Wx4B open-collector 

SN64SI74S478 3-5 OUTPUTS SN54S174S2708 3-5 OUTPUTS 
SN64SI74S479 O-C OUTPUTS SN54SI74S3708 O-C OUTPUTS 

8192 BITS 8192 BITS 
(1024 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) 

'5478, '8479 'S2708, 'S3708 

AD H 1 24 Vee 24 Vee 

AO G :1 23AD I 

AD F 3 22 AD J 22 AD J 

21f 1 

AD 0 5 20l 2 ,.f 1 

AD C 6 19' 3 19NC 

1aNe 

11008 

DO 1 • 16007 16007 

DO 2 10 15006 15006 

00311 DO 3 11 14005 

GND 12 13004 13004 

SELECT DISSIPATION 

20 ns 600/100t mW 

20ns 600mW 

20 ns 600mW 

15 ns 475mW 

SN54S174S450 3-5 OUTPUTS 
SN54S174S451 O-C OUTPUTS 

8192 BITS 
(1024 WORDS BY 8 BITS) 

'S450, 'S451 

24 Vee 

AD G 2 23AD I 

22AD J 

21' 1 

AD 0 5 
,.. 

1 

AD B 1 ISS 2 

17008 

16007 

DO 210 16008 

13004 

These monolithic TIL programmable read-only memories (PROM's) features titanium-tungsten (Ti-W) fuse links with 
each link designed to program with a 100 microsecond pulse_ They offer considerable flexibility for upgrading existing 
designs or improving new designs as they feature full Schottky clamping for improved performance, low-current 
MaS-compatible p-n-p inputs, and choice of bus-driving three-state or open-collector outputs_ Additionally, the 'S450, 
'S451 features dual enable/disable inputs which power-down or power-up the PROM providing additional cost 
effectiveness in power-sensitive applications_ The power-down and power-up functions are sequenced to occur with the 
outputs at a high impedance_ 

Data can be electrically programmed, as desired, at any bit location in accordance with the programming procedure 
specified_ These new PROM's are supplied with a high logic-level output condition stored at each bit location_ The 
programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at selected locations. The 

DESIGN GOAL 
This document provides tentative infor
_tion on a product in the developmental 
stage. Texas Instruments rasar_ the right 
to change or discontinue this product 
without notice. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

t Integrated Schottky-Ba"iar diod .. 
clamped transistor is patented by Texas 
Instruments. U. S. Patent Number 
3,463,975. 
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SERIES 5451145 
PROGRAMMABLE READ-ONLY MEMORIES 

procedure is irreversible. Once altered, the output for that bit location is permanently programmed. Outputs never 
having been altered may later be programmed to supply the opposite output level. Operation of the unit within the 
recommended operating conditions will not alter the memory content. Active level(s) at the chip·select(s) or memory 
enable (E) input(s) activates all of the outputs, and the 'S450, 'S451 memory enable will initiate a power-up sequence. 
An inactive level at any chip-select or memory enable input causes all outputs to be off, and the memory enable will 
initiate a power-down sequence. The three-state output offers the convenience of an open-collector output with the 
speed of a totem-pole output; it can be bus-connected to other similar outputs yet it retains the fast rise time 
characteristic of the TTL totem-pole output. The open-collector output offers the capability of direct interface with a 
data line having a passive pull-up. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage 
Input voltage 
Off-state output voltage 
Operating free-air temperature range: SN54S' Circuits 

SN74S' Circuits 
Storage temperature range 

recommended conditions for programming 

PARAMETER 

Supply voltage, Vee (See Note 1) 
Steady state 

During programming 

Address input voltage 
High level, VIH 

Low level, V I L 

to disable 
Select input voltage, Vs 

to enable 

Termination of all outputs except the one to be programmed 

Voltage applied to output to be programmed, VO(pr) (See Note 2) 

Programming ramp (10% to 90% times I Aisetime, tr 

for Vee VS and VO(or) I Fall time, tf 

Duration of VO(pr) programming pulse (See Figure 3) 

Programming duty cycle 

Free air temperature 

t Absolute maximum ratings. 

+This minimum rise time applies only for the VO(pr) ramp. 

NOTES: 1. Voltage values are with respect to network ground terminal. 

'5450. '5451 

MIN NOM MAX 

5.8 6 6.25 

6.8 7 7.25 

2.4 5 

0.0 0.5 

9.75 10 10.25 t 

0.0 0.5 

0.0 0.5 

16.75 17 17.25t 

10+ 50 

10 

98 100 10' 

25 35 

0 55 

7V 
.5.5 V 
.5.5V 

-55°C to 125°C 
O°C to 70°C 

-65°C to 150°C 

ALL OTHER 

TYPES UNIT 

MIN NOM MAX 

4.75 5 5.25 
V 

5.75 6 6.25 

2.4 5 
V 

0.0 0.5 

9.75 10 10.25 t 

0.0 0.5 
V 

0.0 0.5 V 

16.75 17 17.25 t V 

lOt 50 

10 
~s 

9B 100 10' ~$ 

25 35 % 

0 55 °c 

2. All bit locations contain a high logic level and programming a bit changes the output of the bit to low logic level. 
3. Programming is guaranteed if the pulse applied is 98 IJ.S in duration. 

step-by-step programming procedure 

1. Apply steady-state supply voltage and address the word to be programmed_ 
2. Enable the PROM and verify that the bit location needs to be programmed. If not, proceed to the next bit. 
3. If the bit requires programming, increase VCC by 1 volt (minimum current capability should be 200 mAl and 

disable the outputs by applying 10 volts to chip-select inputs. Minimum chip-select input current capabilities 
should be 5 mAo 

4. Only one bit location is programmed at a time. Connect each output not being programmed to a 0 to 0.5 volt 
source. Apply the VO(pr) voltage pulse specified in the table to the output to be programmed. Minimum current 
capability of the programming output supply (during programming) should be 200 mAo See programming 
seq uence of Figure 1. 

5. After the X pulse is completed, disconnect the output that was programmed. Then, remove the 0 to 0.5 volt 
source from the remaining outputs. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 

The chip·select inputs may be taken to a low logic level (to permit program verification). 6. 
7. One microsecond after the chip select input(s) reach low logic level Vee should be decreased 1 V at which 

verification can be accomplished by measuring VOL at the programmed output. 
8. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 7 for each output where it is desired to program a 

bit. 

NOTE: Onlv one programming attempt per bit is recommended. 

r---- V---.'-rl'" -----3V TVPlCAL~ ~ 

"1~ -I"'" REMOVE vee TO I 
Vee ----rr--------I~I---, F~E ArRAGE L - - - - - - -:~ 

: :1 ------------oV 
f---l- ~~R~~~G':f: I>--}- VERIFY 

ADDRESS J 1 •• MIN~ L Cr---L------------ ::: 
-++- -H-

S'il~~ -----IV r-x~ ~l-: -------41 ~\-------~~:OVVi 
-j'.r- I 

~~~':.~~:~ _______ ~ _______ ---\i- ____________ J:7
v

VO 
10.1 

(OPEN OR 0 V) (OPEN OR 0 V) 

recommended operating conditions 

PARAMETER 
'5460 '5461 '&478, 'S2708 '&479, 'S3708 '&476 '&477 

MIN NOM MAX MIN NOM MAX MIN NOM MAX MIN NOM MAX MIN NOM MAX MIN NOM 

Supply voltage, SN54S 5.8 6 6.5 5.8 6 6.5 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 4.5 5 

Vee SN74S 5.8 6 6.25 6.8 6 6.25 4.75 5 5.25 4.75 5 5.25 4.75 5 5.25 4.76 5 

High~level output SN54S -2 -2 -2 

current, IOH SN74S -3,2 -3.2 -3.2 

Low-level output 

current. tOl 
12 12 12 12 16 

Operating free;airISN54S -55 125 -56 126 -65 126 -56 125 -56 125 -56 

temperature, T A SN74S 0 70 0 70 0 70 0 70 0 70 0 

MAX 
UNIT 

5.5 

5.25 
V 

mA 

16 mA 

125 

70 
·e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

VIH High-level input voltage 

VIL Low-level input voltage 

V,K Input clamp voltage Vce = MIN, 11= 18mA 

VOH High-level output voltage 
Vee' MIN, VIH-2V, 

V,L - O.S V, IOH'MAX 

VOL Low-Ieval output voltage 
Vee - MIN, VIH = 2 v. 
VIL' 0.8 V, 10L-MAX 

10ZH. Off-state output current, Vee = MAX, I VO=2.4V 

10H high-level voltage applied VIH' 2 V. I Vo = 5.5 V 

10ZL 
Off-state output current, Vee = MAX, VIH = 2 V, 
low-level voltage applied VO' 0.5 V 

II 
Input current at maximum 

Vee' MAX. VI = 5.5 V 
input voltage 

IIH High-level input current Vee = MAX. VI"2.7V 

IlL LOW-level input current VCC· MAX• VI=0.6V 

lOS Short-circuit output current§ Vee = MAX 
SN54S' 

SN74S' 

lee SupplV current Vee = MAX 
4096-SIT PROM 

8192-BIT PROM 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

:j:AII typical values are at Vee" 5 V. T A '" 2SoC. 
§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed ons second. 

DESIGN GOAL 
This document provides tentative information 
on a product in the dev.lopm .... tal stage. T ..... 
Instruments r_rves the right to change or 
discOrlti .... this product without notlc .. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFPICE BOX 5012 • DALLAS. TEXAS 75222 

'S450, 'S416 , 'S451, 'S477 

'S478, 'S2708 'S47E, '83708 UNIT 

MIN TVP* MAX MIN TVP* MAX 

2 2 V 
0.8 0.8 V 
1.2 1.2 V 

2.4 3.4 V 

0.6 0.5 V 

60 50 

100 
#A 

-50 .A 

1 1 rnA 

25 25 .A 
-250 -250 .A 

-20 -100 
-15 -100 

rnA 

95 140 95 140 
120 120 

rnA 
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TTL 
MEMORIES 

SERIES 54/74. 54S/74S 
READ-ONLY MEMORIES 
BULLETIN NO. DL·S 7512259, MAY 1975 

• Mask-Programmed Memories That Can Replace PROMs 

• Full On-Chip Decoding and Fast Chip Select(s) Simplify System 
Decoding 

• All Schottky-Clamped ROMs Offer 
-Choice of 3-State or Open-Collector Outputs 
-P-N-P Inputs for Reduced Loading on System Buffers/Drivers 

• Applications Include: 
-Microprogramming Firmware/Firmware Loaders 
-Code Converters/Character Generators 
-Translators/Emulators 
,-Address Mapping/Look-Up Tables 

TYPE NUMBER (PACKAGESI TYPE OF BIT SIZE TYPICAL ACCESS TIMES 

-5S·C to 12S·C O·C to 70·C OUTPUT(SI (ORGANIZATION CHIP-SELECT ADDRESS 

SN5488A(J, W) SN7488A(J, N) Open-Collector 
256 Bit. 

(32W x 8 B) 
22 n. 26 n. 

SN54187(J, W) SN741B7(J, NI Open-Collector 
1024 Bit. 

(256Wx4B) 
20 n. 40 n. 

SN54S270(J) SN74S270(J, N) Open-Collector 2048 Bit. 

SN54S370(J) SN74S370(J, N) (512Wx4BI 
15 n. 45 n. 

3-State 

SN54S271 (J) SN74S27HJ, N) Open-Collector 2048 Bit. 
15 n. 45 n, 

SN54S371 (JI SN74S371 (J, N) 3-State (256W x 8 B) 

description 

These monolithic TTL custom-programmed read-only memories (ROMs) are 
particularly attractive for applications reqUiring medium to large quantities of the 
same bit pattern, Plug-in replacements can be obtained for most of the popular TTL 
PROMs, 

The high-complexity 2048-bit ROMs can be used to significantly improve system 
bit density for fixed memory as all are offered in compact 16- or 20-pin dual-in-line 
packages having pin-row spacings of O_300-inch, 

The Schottky-clamped versions offer considerable flexibility for upgrading existing 
designs or improving new designs as they feature improved performance; plus, they 
offer low-current MaS-compatible p-n-p inputs, choice of bus-driving three-state or 
open-collector outputs, and improved chip-select access times, 

Data from a sequenced deck of data cards punched according to the specified 
format are permanently programmed by the factory into the monolithic structure 
for all bit locations, Upon receipt of the order, Texas Instruments. will assign a 
special identifying number for each pattern programmed according to the order. 
The completed devices will be marked with the appropriate TI special device 
number. It is important that the customer specify not only the output levels desired 
at all bit locations, but also the other information requested under ordering 
instructions. 

The three-state outputs offer the convenience of an open-collector output with the 
speed of a totem-pole output: they can be bus-connected to other similar outputs 
yet they retain the fast rise time characteristic of the TTL totem-pole output. The 
open-collector outputs offer the capability of direct interface with a data line 
having a passive pull-up_ 

Word-addressing is accomplished in straight positive-logic binary and the memory 
may be read when all S inputs are low, A high at any S input causes the outputs 

256 BITS 
'88A 

001 16 VCC 

DO 2 2 15 5 
003 3 14 AD E 

004 13 ADD 

005 12 ADC 

006 11 AD B 

10 ADA 

9 008 

1024 BITS (256 WORDS BY 4 BITS) 
'187 

ADG 1 16 VCC 

AD F 2 15 ADH 

AD E 3 14 52 

ADD 4 13 51 

ADA 5 12 DO 1 

AD B 6 11 DO 2 

ADC 7 10 003 

GND 8 9 004 

2048 BITS (512 WORDS BY 4 BITS) 
'S270, 'S370 

ADG 1 16 VCC 

AD F 2 15 AD H 

AD E 3 14 ADI 

AD 0 4 13 5 

ADA 12 001 

AD B 11 002 

ADC 7 10 003 

GND 8 9 004 

2048 BITS (256 WORDS BY 8 BITS) 
'S271, 'S371 

ADA 20 VCC 

AD B 2 19 AD H 

AD C 3 18 ADG 

AD 0 4 17 AD F 

AD E 5 16 52 

001 6 15 S 1 

14 008 

003 8 13 DO 7 

004 9 12 006 

11 005 

to be off. Pin assignments for aU of these memories 
are the same for all packages. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

Integrated Schottky-Barrier diode
clamped tranaistor i. patented by 
Texas I nstrumenu. U. S. Patent 
Number 3,463,975. 
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SERIES 54/74, 54S/74S 
READ-ONLY MEMORIES 

functional block diagrams 

AIJOAESS 
INPUTS 

,161 

0\41 

E 131 

SN5488A,SN7488A 

SN54S270,SN74S270 

32BY-&4 
MEMORY MATRI)( 

SN54S370,SN74S730 
Same as SN54S270, SN74S270 except 
outputs are as shown below: 

word addressing 
'88A 

WORD ADDRESS TABLE 

WORO 
E 

INPUTS 

D C B A 

0 L L L L L 

1 L L L L H 

2 L L L H L 

3 L L L H H 

4 L L H L L 

5 L L H L H 

6 L L H H L 

7 L L H H H 

8 L H L L L 

Words 9 thru 

26 omitted 

27 H H L H H 

28 H H H L L 

29 H H H L H 

30 H H H H L 

31 H H H H H 

ADDRESS 
INPUTS 

Am 

'187, 'S271, '5371 

WORD ADDRESS TABLE 

WORD INPUTS 
H G F E D C B A 

0 L L L L L L L L 
1 L L L L L L L H 
2 L L L L L L H L 
3 L L L L L L H H 
4 L L L L L H L L 
5 L L L L L H L H 
6 L L L L L H H L 
7 L L L L L H H H 
8 L L L L H L L L 

SN54187, SN74187 

SN54S271,SN74S271 

32·BY·64 
MEMORY MATRIX 

SN54S371,SN74S371 
Same as SN54S271, SN74S271 except 
outputs are as shown below: 

'S270, '5370 

WORD ADDRESS TABLE 

WORD INPUTS 
I H G F E D C B 

0 L L L L L L L L 
1 L L L L L L L L 

A 
L 
H 

2 L L L L L L L H L 
3 L L L L L L L H H 
4 L L L L L L H L L 
5 L L L L L L H L H 
6 L L L L L L H H L 
7 L L L L L L H H H 
8 L L L L L H L L L 

Words 9 thru 250 omitted Words 9 thru 506 omitted 

251 H H H H H L H 507 H H H H H H L H H 
252 H H H H H H L L 508 H H H H H H H L L 
263 H H H H H H L H 509 H H H H H H H L H 
254 H H H H H H H L 510 H H H H H H H H L 
255 H H H H H H H H 511 H H H H H H H H H 

Word selection is accomplished in a conventional positive-logic binary code with the A address input being the 
least-significant bit progressing alphabetically through the address inputs to the most-significant bit_ 

TEXAS INSTRUMENTS 
. INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



schematics of inputs and outputs 
'SSA, '1S7 

EQUIVALENT OF 
EACH INPUT 

vee--1>----

INPUT 

'S270, 'S271 , 'S370, 'S371 

EQUIVALENT OF 
EACH INPUT 

Vee--------.----.--

INPUT-~~~~~-+_---; 

'BSA 

TYPICAL OF 
ALL OUTPUTS 

'S270, 'S271 

TYPICAL OF 
ALL OUTPUTS 

SERIES 54174, 54S174S 
READ-ONLY MEMORIES 

'1B7 

TYPICAL OF 
ALL OUTPUTS 

'S370, 'S371 

TYPICAL OF 
ALL OUTPUTS 

Vee 

OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) . 7V 
5.5 V I nput voltage ... . . . . . 

Off'state output voltage 
Operating free-air temperature range: SN54', SN54S' Circuits (see Note 2) 

SN74', SN74S' Circuits. 
Storage temperature range. . . . 

recommended operating conditions 

'SSA '1S7, 'S270, 'S271 

MIN NOM MAX MIN NOM MAX 
Supply voltage, Vee L SN54' 4.5 5 5.5 4.5 5 5.5 
(See Note 1) I SN74' 4.75 5 5.25 4.75 5 5.25 
High-level output voltage, VOH 5.5 5.5 
High-level output I SN54' 

current, IliH I SN74' 

Low-level output current, IOL 12 16 

Operating free~air temperature, I SN54' -55 125 -55 125 

T A (See Note 2) ISN74' 0 70 0 70 

NOTES: 1. Voltage values are with respect to network ground terminal. 

5.5 V 
_55°C to 125°C 

O°C to 70°C 
_65°C to 150°C 

'S370, 'S371 
UNIT 

MIN NOM MAX 

4.5 5 5.5 
V 

4.75 5 5.25 

5.5 V 

-2 
rnA 

-6.5 

16 rnA 

-55 125 
°e 

0 70 

2. An SN54187 in the W package operating at free-air temperatures above 111°C requires a heat sink that provides a thermal 
resistance from case-to-free-air, ReCA. ·of not more than 46°C/W. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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12 

SERIES 54S174S 
READ-ONLY MEMORIES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIDNSt 
'S270. 'S271 'S370, 'S371 

MIN TYP:j: MAX MIN TYP:j: 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.8 

VIK Input clamp voltage Vee - MIN, 11=-lBmA -1.2 

VOH High-level output voltage 
Vee - MIN, VIH-2V, 

2.4 
Vil = 0.8 V, IOH = MAX 

Vee = MIN, I VOH = 2.4 V 50 
10H High-level output current VIH=2V, I VOH = 5.5 V Vll=0.8V 100 

VOL Low-level output voltage 
Vee = MIN, VIH = 2 V, 

0.5 
VIL = 0.8 V, 10l = MAX 

10ZH 
Off-state output current, Vee- MAX, VIH - 2 V, 

high-level voltage applied Vo = 2.4 V 

lOll 
Off-state output current Vee - MAX, V IH - 2 V, 

low-level voltage applied Vo = 0.5 V 

II Input current at maximum input voltage Vee = MAX, VI - 5.5 V 1 

IIH High-level input current Vee- MAX, VI - 2.7 V 25 

III Low-level input current Vee - MAX, VI = 0.5 V -0.25 

lOS Short-circuit output current ~ Vee= MAX -30 

lee Supply current Vee - MAX, See Note 4 105 155 105 

eo Off-state output capacitance 
Vee - 5 V, 

f = 1 MHz 

Vo - 5 V, 
6.5 6.5 

tFor condItions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+Alttypical values are at Vee '= 5 V, TA = 25°C. 

~Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

MAX 

0.8 

-1.2 

0.5 

50 

-50 

1 

25 

-0.25 

-100 

155 

UNIT 

V 

V 

V 

V 

/J.A 

/J.A 

V 

/J. A 

/J.A 

mA 

/J.A 

mA 

mA 

mA 

pF 

NOTE 4: With outputs open and CS input(s) grounded, ICC is measured first by selecting a word that contains the ma-ximum number of 

programmed high-level outputs; then by selecting a word that contains the maximum number of programmed low "level outputs. 

switching characteristics over recommended ranges of T A and Vee (unless otherwise noted) 
SN54S270 SN74S270 SN54S370 SN74S370 

TEST 
SN74S271 SN74S371 UNIT PARAMETER SN54S271 SN54S371 

CONDITIONS 
TYP:j: TYPt MAX TYPt MAX TYPt MAX MAX 

ta(ad) Access time from address 45 95 45 70 ns 

tat S) Access time from chip select (enable time) 15 45 15 30 ns 
RLl = 300n, 

Propagation delay time, 
See Figure 1 

tPLH low~to-high-Ievel output 15 40 15 25 ns 

from chip select (disable ti me) 

ta(ad) Access time from address eL-30pF. 45 95 45 70 ns 

tat S ) Access time from chip select (enable time) See Figure 2 15 45 15 30 ns 

eL 5 pF, 
10 40 10 25 ns tpxz Disable time from hjgh or low level 

See Figure 2 

i: All typical values are at Vee = 5 V, T A = 25°C. 

TEXAS INSTRUMENTS 
INCORPORATED 
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SERIES 54174 
READ-ONLY MEMORIES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST CONOITIONSt 
'88A 

PARAMETER 

MIN TYP:j: MAX MIN 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.8 

VIK I nput clamp voltage Vee = MIN, II =-12mA -1.5 

IOH High-level output current 
Vee = MIN, VIH = 2 V, 

40 
VIL=0.8V, VOH = 5.5V 

Vee - MIN, IOL=12mA 0.2 0.4 
VOL Low-level output voltage VIH = 2 V, 

VIL = 0.8 V IOL = 16 mA 

II Input current at maximum input voltage Vee - MAX, VI - 5.5 V 1 

IIH High-level input current Vee - MAX, VI-2.4V 25 

IlL Low-level input current Vee - MAX, VI- 0.4 V -1 

ICC Supply current Vee - MAX, See Note 3 64 80 

Co Off-state output capacitance 
Vee - 5 V, Vo - 5 V, 

6.5 
f = 1 MHz 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+AII typical values are at Vee = 5 V, T A = 25°C. 

'187 
UNIT 

TYP:j: MAX 

V 

0.8 V 

-1.5 V 

40 pA 

0.4 
V 

0.45 

1 mA 

40 pA 

-1 mA 

92 130 mA 

6.5 pF 

NOTE 3: With outputs open and Cs input(s) grounded, ICC is measured first by selecting a word that contains the maximum number of 

programmed high-level outputs, then by selecting a word that contains the maximum number of programmed low level outputs. 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

TYP 

talad) Access ti me from address eL = 30 pF, 26 

tal S ) Access time from chip select (enable time) Rl1 = 400 n 1'88A) 22 

Propagation delay time, 300 n 1'187) 

tpLH low~to~high~level output RL2 = 600 n, 22 
from chip select (disable time) See Figure 1 

parameter measurement information 

'88A 

MAX TYP 

45 40 

35 20 

35 20 

'187 

MAX 

60 

30 

30 

2, Vee 
Sl 

UNIT 

ns 

ns 

ns 

TEST 
POINT 

~~~~RO~;:~Tt 
R L o 300n 

Vee 

f Ll 
FROM OUTPUT 
UNDER TEST 

eL 0 30 pF 1 RL2 = 600 n 
ISee Note BI I 1 

Figure 1. Load Circuit For Open-collector 
Outputs 

1 HI 

Note: CL includes 
probe and sig 

capacitance. Tel 
All diodes 

are IN 3064. L ________ S_2 .. f 
Figure 2. Load Circuit For 3~state 

Outputs 

TEXAS INSTRUMENTS 
INCORPORATED 
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SERIES 54/74, 54S/74S 
TTL REA~-ONLY MEMORIES 

ORDERING INSTRU~TIONS 

Programming instructions for these read-only 
memories are solicited in the form of a sequenced 
deck of standard SO-column data cards providing the 
information requested under "data card format," 
accompanied by a properly sequenced listing of these 
cards, and the supplementary ordering data. Upon 
receipt of these items, a computer run will be made 
from the deck of cards which will produce a complete 
function table for the requested part. This function 
table, showing output conditions for each of the 
words, will be forwarded to the purchaser as verifica
tion of the input data as interpreted by the computer
automated design (CAD) program. This single run 
also generates mask and test program data; therefore, 
verification of the function table should be 

completed promptly. 

Each card in the data deck prepared by the purchaser 
identifies the words specified and describes the levels 
at the outputs for each of those words. All addresses 
must have all outputs defined and columns designated 
as "blank" must not be punched. Cards should be 
punched according to the data card format shown. 

SUPPLEMENTARY ORDERING DATA 

Submit the following information with the data 
cards: 

a) Customer's name and address 
b) Customer's purchase order number 
c) Customer's drawing number. 

The following information will be furnished to the 
customer by Texas Instruments: 

a) TI part number 
b) TI sales order number 
c) Date received. 

'88A DATA CARD FORMAT (32 CARDS) 

15 Punch "H" or "L" for output DO 6. 

16-19 Blank 

20 Punch "H" or "L" for output DO 5. 

21-24 Blank 

25 Punch "H" or "L" for output DO 4. 

26-29 Blank 

30 Punch "H" or "L" for output DO 3. 

31-34 Blank 

35 Punch "H" or "L" for output DO 2. 

36-39 Blank 

40 Punch "H" or "L" for output DO 1. 

41-49 Blank 

50-51 Punch a right-justified integer representing the 
current calendar day of the month. 

52 Blank 

53-55 Punch an alphabetic abbreviation representing the 
current month. 

56 Blank 

57-58 Punch the last two digits of the current year. 

59 Blank 

60-61 Punch "SW' 

62-66 Punch a left-justified integer representing the 
Texas Instruments part number. This is supplied 
by the factory through a T I sales representative. 

67-68 Blank 

69-80 Preferably these columns should be punched to 
reflect the customer's part or specification-control 
number. This information is not essential. 

Column 
1·2 Punch a right-justified integer representing the 

positive-logic binary input address (00-31) for the 
word described on the card. 

'187 DATA CARD FORMAT (32 CARDS) 

Column 

14 

3-4 Blank 

5 Punch "H" or "L" for output YB. H = high
voltage-level output, L = low-voltage-level output 

6-9 Blank 

10 Punch "H" or "L" for output DO 7. 

11-14 Blank 

1- 3 Punch a right-justified integer representing 
the binary input address (000-248) for the 
first set of outputs described on the card. 

4 Punch a "-" (Minus sign) 

5- 7 Punch a right-justified integer representing 
the binary input address (007-255) for the 
last set of outputs described on the card. 

8- 9 Blank 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFF,ICE BOX 5012 • DALLAS. TEXAS 75222 



SERIES 54/74, 54S/74S 
TTL READ-ONLY MEMORIES 

ORDERING INSTRUCTIONS 

10-13 

14 

15-18 

19 

20-23 

Punch "H", "l", or "X" for bits four, 
three, two, and one (outputs DO 4, DO 3, 
DO 2 and DO 1 in that order) for the first 
set of outputs specified on the card. 
H = high-voltage-level output, l = low
vOltage-level output, X = output level 
irrelevant. 

Blank 

Punch "H", "l", or "X" for the second set 
of outputs. 

Blank 

Punch "H", "l", or "X" for the third set of 
outputs. 

24 Blank 

25-28 Punch "H" "l", or "X" for the fourth set 
of outputs. 

29 Blank 

30·33 Punch "H", "L", or "X" for the fifth set of 
outputs. 

34 Blank 

35·38 Punch "H", "L". or "X" for the sixth set of 
outputs. 

39 Blank 

40-43 Punch "H", "L", or "X" for the seventh set 
of outputs. 

44 Blank 

45-48 

49 

50-51 

52 

Punch "H". "L", or "X" for the eighth set 
of outputs. 

Blank 

Punch a right-justified integer representing 
the current calendar day of the month. 

Blank 

53-55 Punch an alphabetic abbreviation 
representing the current month. 

56 Blank 

57-5B 

59 

60-61 

Punch the last two digits of the current 
year. 

Blank 

Punch "SN" 

62-66 Punch a left-justified integer representing 
the Texas Instruments part number. This is 
supplied by the factory through a T I sales 
representative. 

67-68 Blank 

PI<II'JHD !N USA 

TI (onnol assume any responSIbility fOI any (iHUih ~hown 
or rl'p,e~enl thol they OIl! free from patenl infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY liME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

69-80 Preferably these columns should be 
punched to reflect the customer's part or 
specification-control number. This informa
tion is not essential. 

'S270, 'S370 OAT A CARD FORMAT (64 CARDS) 

Column 

1-3 Punch a right-justified integer representing 
the binary input address (000·504) for the 
first set of outputs described on the card. 

4 Punch a "-" (Minus sign) 

5-7 Punch a right-justified integer representing 
the binary input address (007-511) for the 
last set of outputs described on the card. 

8-80 Same as the' 187 data card format. 

'S271, 'S371 DATA CARD FORMAT (64 CARDS) 

Column 

1- 3 Punch a right-justified integer representing 
the binary input address (000-252) for the 
first set of outputs described on the card. 

4 Punch a "-" (Minus sign) 

5- 7 Punch a right-justified integer representing 
the binary input address (003-255) for the 
last set of outputs described on the card. 

8- 9 Blank 

1 0-17 Punch "H", "l", or "X" for bits eight, 
seven, six, five, four, three, two, and one 
(outputs DO 8, DO 7, DO 6, DO 5, DO 4, 

DO 3, DO 2, and DO 1 in that order) for the 
first set of outputs specified on the card. 
H = high-voltage-level output, l = low. 
voltage-level output, X = output level 
irrelevant. 

18 Blank 

19-26 Punch "H", "l", or "X" for the second set 
of outputs. 

27 Blank 

28-35 Punch "H", "L", or "X" for the third set of 
outputs. 

36 Blank 

37-44 Punch "H", "l", or "X" for the fourth set 
of outputs. 

45-49 Blank 

50-80 Same as the '187 data card format. 

TEXAS INSTRUMENTS 15 
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BIPOLAR 
MEMORIES 

TYPES SBP 8316, SBP 9818 
16,384-BIT 12L READ-ONLY MEMORIES 

• Mask Programmable 12L ROM 

• Fully TTL Compatible Inputs/Outputs 

• Programmable Options Include: 
o User Selectable Speed/Power Operation: 

- Wide Range for Injector Current Supply 
Operation (SBP 9818) 

- Re$istor Options for 5-Volt Supply 
Operation (SBP 8316) 

o Choice of Outputs: 
- Open-Collector for VCC or INJ Operation 
- Internal 10K n Pull-Up Resistors to VCC 

(SSP 8316) 
o Choose Any Combination of Up to 3 Boolean 

Variables for Chip Select or 2 Boolean Variables 
with Latched Outputs 

• Industry Standard Pin Assignments in 24-Pin 
Plastic or C-OIP Packages 

• Choice of Temperature Ranges: 
o SBP 8316CN, SBP 9818CN for 0 to 70°C 

Applications 
o SSP 8316MJ, SSP 9818MJ for -55°C to 

125°C Applications 

description 

J OR N PACKAGE 
(TOP VIEW) 

AD H 1 24 YccllNJ 

AOG2 Z3ADI 

ADF3 22ADJ 

AD E 4 21 s3li3/G 

AD 0 5 20 51/S1 

Aces 19AOK 

AD B 7 '8 S2!S2 

AD A 8 17 DO 8 

DO 1 • 16 DO 7 

DO 2 10 16 DO 6 

DO 311 14 DO 6 

GND 12 13 DO 4 ""1L-__ --""" 

FIGURE 1 

ADDRESS ACCESS TIMING 
VS. 

INJECTOR CURRENT ~ lOO1o!1 • 
~ 
~ 
! 

101" ! 
~ 

'. ". 
". 

.......... 
, 
'i 
") ,,, 

1 ",A 10mA 'OOmA ,. 
Ir.r. -IN.lECTOR CURRENT 

These integrated injection logic (l2LI 16,384-bit mask programmable read-only memories are organized as 2048-words 
of 8-bit length. They offer a system designer the highest degree of selectivity with respect to speed/power/performance 
and a wide choice of programmable oPtions in a single monolithic ROM function. These flexible, high density, bipolar 
'ROM's can provide the basis for cost·effective solutions to a wide range of applications especially large, fixed macro
and microprogram memory having a capacity which may include code converters, constants, character generators, and 
look-up tables. 

These ROM's feature a unique capability of being dedicated at programming to become either: 

• Pure 12L, S8P 9818, for operation from an injector (INJ) current source with user selectable speed/power 
performance and open-collector outputs. This option is injector-source compatible with other user 
selectable speed/power 12L products such as the SBP 9900, SBP 0400A, and SBP 0401A. See Figure 1 and 
schematic of outputs. 

• Or, the SBP 8316, with a fixed voltage source (Vee) in the range of 1.5 to 5 volts, has on-chip supply 
current resistor supplied and output pull-up resistors available. See Figure 1 and schematic of outputs. This 
option is Vee compatible with Schottky TTL or low-threshold MOS and can eliminate the need for 
external resistors. 

In addition to the data bits, other programmable selections available are: 

• To include or eliminate latches for the outputs which are controllable from the strobe input (G), If latches 
are selected, the strobe being high will make the latches transparent, and when low the addressed data is 
latched. 

DESIGN GOAL 
This document provides tentative information 
on a product in the developmental stage. Taxas 
Instruments .... ..- the right to change or 
dilcontinue this produCt without notice. 

TEXAS INSTRUMENTS 
INCOHPORATEO 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES SBP 8316, SBP 9818 
16,384-BIT 12L READ-ONLY MEMORIES 

• Active high or active low chip selects (S). Two inputs are dedicated as chip selects and if output latches are 
not used, a third chip-select input is available. Each can be specified active high or low providing the 
flexibility of selecting the ROM with any Boolean combination of up to three inputs. 

The SBP 83l6M and SBP 98l8M are characterized for operation over the full military temperature range of -55°C to 
125°C and the SBP 83l6C and SBP 98l8C are characterized for operation from O°C to 70oe. 

schematics of inputs and outputs 

EQUIVALENT Of EACH INPUT 

-_. 
5kU 

I .... UT 

...... 
~ Ik" 

r. 

functional block diagram 

A 
181 

171 

161 

, OF 128 '28 
151 

0 DECODER 
141 

~ 131 ::> .. 
! 121 
!JI G 
w 
a: 
Q 

~ 

H 1'1 

1231 

1221 

1'91 
K --'--'------' 

w 

i{S~3/G~""""""""""" G 
w •••••••••• : " : ~ ! ..... . 
~ 52/S2 I,iii'::::::" 
~ s,ii, 1201 :::::::: .. 
5 

DO' 

SBP 9818 

CURRENT INJECTED OPTION 
TYPICAL OF EACH OUTPUT 

--~~--- INJllccl 

OUTPUT 

128 BY 128 
MEMORY MATRIX 

D02 D03 D05 

NOTE: ............ INDICATES PROGRAMMABLE OPTIONS 

TEXAS INSTRUMENTS 
INCOHPORAT ED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

SBP 8316 

5·VOL T SUPPL Y OPTION 
TYPICAL Of EACH OUTPUT 

D06 007 008 

-
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TYPES SBP 8316, SBP 9818 
16,384-BIT 12L READ-ONLY MEMORIES 

recommended operating conditions 

SBP 8316 

SBP 8316M SBP 8316C 

MIN NOM MAX MIN NOM MAX 

Supply current, ICC 

Supply voltage, Vee 4.5 5 5.5 4.75 5 5.25 

Operating fre ... air temperature, T A -55 125 0 70 

SBP 9818 

SBP 9S18M SBP 9818C UNIT 

MIN NOM MAX MIN NOM MAX 

300 500 300 500 mA 

V 

-55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SBP 8316 SBP 9818 

MIN TVP MAX MIN TVP MAX 
UNIT 

VIH High-level input voltage 2 2 V 

V,L Low-level input voltage 0.8 0.8 V 

V!K I nput clamp voltage 
ICC = 3 mA or Vce = 5 V, 

-1.5 -1.5 V 
II =-12 mA 

High-level 
Open-collector ICC = 300 to 500 mA or l Vo =2.4V 200 200 

IOH 
outputs Vee =5 V I VO= 5.5 V 400 400 

output 
l()'kn Pull- Vee=5 V, 

IJA 

current Rvce=40n -310 
up Resistors VO=2.4V 

Vec= MIN, 

Low-level output 
VIH =2 V, IOL = 5.6 mA 0.4 0.4 

VOL 
voltage 

V'L= 0.8 V 

lee 300mA IOL 16mA 0.4 0.4 

'ec- 500mA IOL - 20mA 0.5 0.5 

" 
Input current 

VI 2.4 V 340 340 IJA 

VI = 0.4 V 25 25 IJA 

lee Vee 5V Rvee 40n 100 mA 

typical switching characteristics, TA'" 25°C, CL '" 50 pF 

PARAMETER 
SBP8316 SBP 9818 

RVcc - 40 n ICC = 300mA Icc=500mA 

talad) Access time from address 350ns 200 ns 150 ns 

talS) Access time from chip select 175 ns 75 ns 60ns 

DESIGN GOAL 

TEXAS INSTRUMENTS 

PJ.l!NTED IN u.s A 

TI cannot assume ony resp0nllbility for any circuits shown 
or represent rhor fhey ort free from po rent infringement.' 

977 
This document providn tentative information 

18 on a product in the developmental ltaga. Texas 
Inltrumenta rasarvn the right to changa or 
discontinue this product without notice. 

INCOI<POI<ATED TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIl 
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TYPES SBP 8316, SBP 9818 
16,384-BIT 12L READ-ONLY MEMORIES 

ORDERING INSTRUCTIONS 

TO BE COMPLETED BY REQUESTOR 

COMPANY: __________________________________ ___ 

ADORESS: ____________________________________ _ 

POSTAL ZIP CODE: ______________________________ _ 

CONTACT (NAM E): ______________________________ __ 

PHONE: (Area Code) (NO.) _________________ _ 

CUSTOMER PURCHASE ORDER NO: __________________ _ 

CUSTOMER PRINT OR 1.0. NO: ____________________ ___ 
CUSTOMER PART NO: ____________________________ _ 

SYMBOLIZE AS PART NO: ________________________ _ 

ROM POWER-SUPPL Y OPTIONS (Choose A or B): 

A.O INJECTOR-SUPPLY VERSION 

(outputs are open-collector) 

B. 0 5V-SUPPL Y VERSION 

(choose one 

pullup resistor option): 

B1. OUTPUT COLLECTOR 

PULLUPS (check one) 
{ 

010k n 
o NONE (open) 

ROM MEMORY-ENABLE OPTIONS 

(Choose one option for each pinl: 

A. PIN 18 o H = true enable 

(Check one) 0 L = true enable 

B. PIN 20 o H = true enable 

(Choose one) 0 L = true enable 

NOTES: 1. l = True enable pins will be logically true if left open. 

2. All memory enable pins must be true to enable the 
outputs. 

ROM LATCH/ENABLE OPTIONS 

(Choose one option): 

977 

A. 0 TRANSPARENT LATCH FOR EACH OUTPUT 

(Pin 21:::: H for transp&rency. L for storingl 

B. 0 NO LATCHES (Choose memory-enable option for pin 21): 

B1. PIN 21 (Choose one) 
D H = true enable 

o L :::: true enable 

TO BE COMPLETED BY TI 

SPECIA L DEVICE NO: ____________________________ _ 

SALES ORDER NO: ____________________________ __ 

CONTACT (NAME):~ __________________________ __ 

BIT PROGRAMMING INSTRUCTIONS 

Programming instructions for each bit location of these read-only 

memories are solicited in the form of a sequenced deck of standard 
aD-column data cards providing the information requested below, 
and accompanied by a properly sequenced listing of these cards. 
Upon receipt of these items, a computer run will be made from the 
deck of cards which will produce a complete function table for the 
requested part. This function table, showing output conditions for 
each of the words, will be forwarded to the purchaser as verification 
of the input data as interpreted by the computer-automated design 
(CAD) program. This single run also generates mask and test 
program data; therefore. verification of the function table should be 
completed promptly. 

Each card in the data deck prepared by the purchaser identifies the 
words specified and describes the levels at the outputs for each of 
those words. All addresses must have all outputs defined and 
columns designated as "blank" must not be punched. The 512 cards 
should be punched according to the following data card format: 

Column 
1·3 

4 

Punch a right-justified integer representing the binary 
input address (000-2044) for the first set of outputs 
described on the card. 

Punch a "-" (Minus sign) 

5-7 Punch a right-justified integer representing the binary 
input address (003-2047) for the last set of outputs 
described on the card. 

8-9 

10-17 

18 

19-26 

27 

28-35 

36 

37-44 

45-49 

50-80 

Blank 

Punch "H". "L", or "x" for bits eight. seven, six, five, 
four, three, two, and One (outputs DO 8, DO 7, DO 6, DO 
5, DO 4, DO 3, DO 2, and DO 1 in that order) for the 
first set of outputs specified on the card. (See note 1 .) 

Blank 

Punch "H", "L", or "x" for the second set of outputs. 

Blank 

Punch "H", "L", or "X" for the third set Qf outputs. 

Blank 

Punch "H". ilL", or "X" for the fourth set of outputs. 

Blank 

Same as the '187 data card format, page 15. 

LOCATION: __________________________________ _ 

PHONE EXT : _________________________________ _ 

19 

-
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SCHOTTKYf 
TTL MEMORIES 64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

• Static Fully Decoded Ram's Organized as 16 
Words of Four Bits Each 

• Schottky-Clamped for High Speed: 
Read Cycle Time ... 25 ns Typical 
Write Cycle Time ... 25 ns Typical 

• Choice of Three-State or Open-Collector 
Outputs 

• Compatible with Most TTL and 12L Circuits 
• Chip-Select Input Simplifies External 

Decoding 

description 

These 64·bit active·element memories are monolithic 
Schottky·clamped transistor·transistor logic (TIL) 
arrays organized as 16 words of four bits each. They 
are fully decoded and feature a chip·select input to 
simplify decoding required to achieve expanded 

SEPTEMBER 1976 

SN54S189, SN54S2fi9 ..• J OR W PACKAGE 
SN74S189, sN74s2IIe ... J OR N PACKAGE 

(TO~VIEW) 

AO 16 VCC 

S 15 AI 

W 14 A2 

011 13 A3 

Do, 12 014 

012 6 11 004 

002 7 10 013 

GND B 9 003 

Pin Bllignmeott: are tame for all packages. 

system organization. The memories feature p·n·p input transistors that reduce the low·level input current requirement 
to a maximum of -0.25 milliamperes, only one·eighth that of a Series 5451745 standard load factor. The chip·seleCt 
circuitry is implemented with minimal delay times to compensate for added system decoding. 

write cycle 

The information applied at the data input is written into the selected location when the chip·select input and the 
write·enable input are low. While the write·enable input is low, the '5189 output is in the high· impedance state a.nd the 
'5289 output is off. When a number of outputs are bus·connected, this high·impedance or off state will neither load nor 
drive the bus line, but it will allow the bus line to be driven by another active output or a passive pull·up. 

read cycle 

The stored information (complement of information applied at the data input during the write cycle) is available at the 
output when the write·enable input is high and the chip·select input is low. When the chip·select input is high, the 
'5189 output will be in the high·impedance state and the '5289 outpUt will be off. 

FUNCTION TABLE 

FUNCTION 
INPUTS '5189 

CHIP SELECT 

Write L 

Read L 

Inhibit H 

H == high level, L == low level, X == irrelevant 

PRELIMINARY DATA SHEET: 
Supplementary data may be 
published at a later date. 

WRITE ENABLE OUTPUT 

L High Impedance 

H Complement of Data Entered 

X High I mpadance 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

'S289 

OUTPUT 

Off 

Complement of Data Enterad 

Off 

tlntegrated Schottky-Blrrier diode
clamped trIInsis1Dr is petlntlld by 
Te_I __ U .......... 

Nu ........ 3,.te3,87I. 



functional block diagram 

en AD 
(1) 

I-
:::l .. 
:!: Al (151 
gj 
w 
II: 1141 " A2 
" <[ 

A3 1131 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

vcc----------~----~ 

INPUT -----1-,l .... ~_+--__l 

64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

ADDRESS 
BUFFERS 

1 OF 16 
DECODERS 

CHIP SELECT iSI 

READ/WRITE IW) 

64-BIT MEMORY 
MATRIX 

ORGANIZED 
16-X-4 

DATA INPUTS DI2---""-------+_-' {

Oil 

01 3---''''10'''--------4-----4---' 

01 4--'1"'12..,1 ______ +_--+_--+_-' 

151 111 191 (11) 

DOl D02 003 004 

'S18~ OUTPUT 'S289 OUTPUT 

__ ~OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, V CC (see Note 1) 
I nput vol tage 
Off-State output voltage 
Operating free-air temperature range: SN54S' Circuits 

SN74S' Circuits 
Storage temperature range 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

7V 
.5.5V 
.5.5 V 

-55°C to 125°C 
O°C to 70°C 

-65°C-to 150°C 

-
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64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

recommended operating conditions 

SN54S189 SN54S289 SN74S189 SN74S289 
MIN NOM MAX MIN NOM MAX MIN NOM MAX MIN NOM MAX 

UNIT 

Supply Voltage, VCC 4.5 5 5.5 4.5 5 5.5 4.75 5 5.25 4.75 5 5.25 V 
High-level output voltage, VOH 5.5 5.5 V 
High-level output current, IOH -2 -6.5 mA 
Low-level output current, IOL 16 16 16 16 mA 
Width of write pulse (write enable 

low), tw(wr) 
25 25 25 25 ns 

Address before write 

pulse, tsulda) 
O~ O~ O~ O~ 

Setup Data before end of write 
25t 25t 

time pulse, tsu(da) 
25t 25t ns 

Ch ip-select before end of write 
25t 

pu lse, tsu 18') 
25t 25t 25t 

Address after write pulse, thlad) at at at at 
Hold Data after write pulse, thida) at at at at 
time Chip-select after write ns 

pulse, this") 
at at at at 

Operating free-air temperature, T A -55 125 -55 125 a 70 a 70 ·C 

t~The arrow indicates the transition of the write-enable Input used for reference: t for the low-to-high transition, '" for the hlgh-to-Iow 
transition. 

electrical characteristics over recommended operating free-air temperature range (otherwise noted) 

PARAMETER TEST CONOITIONSt 
'S189 

MIN TYP* MAX MIN 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.8 

VIK I nput clamp voltage VCC= MIN, II = -18mA -1.2 

VCC- MIN, VIH 2V, SN54S' 2.4 3.4 
VOH High-level output voltage 

VIL = 0.8 V, IOH = MAX SN74S' 2.4 3.2 

VCC= MIN, VIH=2V, VO-2.4 V 
10H High-level output current 

VIL = 0.8 V VO=5.5 V 

VCC= MIN, VIH=2V, SN54S' 0.35 0.5 
VOL Low-level output voltage 

VIL = 0.8 V, 10L = 16 mA SN74S' 0.35 0;45 .. ._--------

IOZH 
Off-state output current. Vce- MAX. VIH - 2 V. 

50 
high-level voltage applied VIL =0.8 V, VOH=2.4V 

10ZL 
Off-state output current, Vce= MAX, VIH - 2 V, 

-50 
low-level voltage applied VIL = 0.8 V, VOL = 0.4 V 

II 
I nput current at maximum input 

voltage 
Vce = MAX, VI = 5.5 V 1 

IIH High-level input current Vee = MAX, VI = 2.7 V 25 

IlL Low-level input current Vee-MAX, VI - 0.5 V -250 

lOS Short-circuit output current§ Vee - MAX -30 -100 

ICC Supply current Vee = MAX, See Note 2 75 110 

tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
tAil tYPical values are at Vee = 5 V, TA = 25°C. 
§ Duration of the short circuit should not exceed one second. 

NOTES: 1. Voltage values are with respect to network ground terminal. 

'S289 

TYP* 

0.35 

0.35 

75 

2,: ICC is measured with the read/write and chip-select inputs grounded. All other inputs at 4.5V. and the outputs open. 

TEXAS INSTRUMENTS 
INCORJ;"ORATED 

POST OFFICE BOX !5012 • DALLAS, TEXAS 75222 

MAX 

0.8 

-1.2 

40 

100 

0.5 

0.45 

1 

25 

-250 

105 

UNIT 

V 

V 

V 

V 

p.A 

V 

p.A 

p.A 

mA 

p.A 

p.A 

mA 

mA 



·64-8IT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

'5189 switching characteristics over recommended operating ranges of T A and Vee (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SN54S189 SN74S189 

UNIT 
TVP:j: MAX TVP:j: MAX 

ta(ad) Access time from address CL = 30 pF, 25 50 25 35 ns 

ta(S) 
Access time from chip select RL=300n 

12 25 12 17 
(enable time) See Note 3 

ns 

!SR Sen~ recovery time 22 40 22 35 ns 

fromS 
CL-5pF, 

12 25 12 17 
tpxz Disable time from high or low level 

fromW 
RL=300n, ns 

12 30 12 25 
See Note 3 

'5289 switching characteristics over recommended operating ranges of T A and Vee (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SN54S289 SN74S289 

TVP:j: TVP:j: 
UNIT 

MAX MAX 
ta(ad) Access time from address CL = 30pF, 25 50 25 35 ns 

ta(S) Access time from ch ip select (enable time) RLl =300n, 12 25 12 17 ns 

!SR Sense recovery time RL2= 600 n, 22 40 22 35 ns 

Propagation delay time, low-to-high-Ievel ~ See Note 3 12 25 12 17 
tPLH 

output (disable time) from W 12 
ns 

30 12 25 

:tAli typical values are at vee = 5 V, T A = 250 C 

NOTES: 3. Load circuit and voltage wave forms are shown in Appendix A, page 44. 

-

TEXAS INSTRUMENTS 23 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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SCHOITKYf 
ITL MEMORIES 256-811 HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

• Static Fully Decoded RAM's Organized as 
256 Words of One Bit Each 

• Schottky-Clamped for High Performance 

• Choice of Three-State or Open-Collector 
Outputs 

• Compatible with Most TTL and 12L Circuits 

• Chip-Select Inputs Simplify External 
Decoding 

• Typical Performance: 
Read Access Ti me .............. 42 ns 
Power Dissipation ............ 500 mW 

description 

SEPTEMBER 1977 

SN74S201, SN74S301 •• J OR N PACKAGE 
(TOPVIEWI 

AO 1 16 Vee 

A1 2 15 A2 

51 3 14 A7 

52 4 13 01 

53 5 12W 

OOG 11 A6 

A3 1 10 A5 

GND 8 9 A4 

Pin aSSignments are same for all packages. 

These 256-bit active-element memories are monolithic transistor-transistor logic (TTL) arrays organized as 256 words of 
one bit. They are fully decoded and have three chip-select inputs to simplify decoding required to achieve expanded 
system organizations_ 

write cycle 

The information applied at the data input is written into the selected location when the three chip-select inputs and the 
write-enable input are low. While the write-enable input is low, the 'S201 outputs are in the high-impedance state and 
the 'S301 outputs are off. When a number of outputs are bus-connected, this high-impedance or off state will neither 
load nor drive the bus line, but it will allow the bus line to be driven by another active output or a passive pull-up. 

read cycle 

The stored information (complement of information applied at the data input during the write cycle) is available at the 
output when the write-enable input is high and the three chip-select inputs are low. When anyone of the chip-select 
inputs are high, the 'S201 outputs will be in the high-impedance state and the 'S301 outputs will be off. 

FUNCTION CHIP ENABLE (Eil 

OR SELECT (SO 
Write L 

Read L 

Inhibit H 

FUNCTION TABLE 

INPUTS 

WRITE ENABLE 'S201 '5301 

(WI OUTPUT (001 OUTPUT (001 

L High Impedance Off 

H 
Complement of Complement of 

Data Entered Data Entered 

X High Impedance Off 

+For chip-select: L ==all Si inputs low, H ==one or more Si inputs high 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

t Integrated Schottky-Berriar diode
clamped transistor is patented by 
Taxas Instruments. U. S. Patant 
Number 3,463,975. 



256-811 HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 'S201 OUTPUTS 'S301 OUTPUTS 

vee------------r-----~- Vee 

I NPUT---.---.l4-~--+__--_1 OUTPUT 

__ ~OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee 9see Note 1) ................. : ............................................ 7 V 
Input voltage ............................................................................. 5.5 V 
Off·State output voltage .................................................................... 5.5 V 
Operating free·air temperature range ..................................................... oDe to 700e 
Storage temperature range .......................................................... _650 e to 1500 e 

recommended operating conditions 

SN74S201 SN74301 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply Voltage, VCC Isee Note 1) 4.75 5 5.25 4.75 5 5.25 V 

High·level output voltage, VOH 5.5 V 

High·level output current, IOH -10.3 rnA 

Low-level output current, IOL 16 16 rnA 

Width of write pulse Iwrite enable low), twlwrl 65 65 ns a 
Address before write pulse, tsulad) 0-1. Ot 

Setup 
Data before end of write pulse, tsulda) 6St 65t ns 

time 
Chip-select before end of write pulse, tsu(S) 65T 65t 

Address after write pulse, thlad) ot ot 
Hold 

ot ot Data after write pulse, thida) ns 
time 

ot ot Chip-select after write pulse, thiS) 

Operating free-air temperature, T A 0 70 0 70 °c 

t.J.. The arrow indicates the transition of the write input used for references: t for the low-ta-high transition, .J, for the high-ta-Iow transition. 

NOTES: 1. Voltage values are with respect to network ground terminal. 

TEXAS INSTRUMENTS 25 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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256·8IT HIGH·PERFORMANCE RANDOM·ACCESS MEMORIES 

electrical characteristics over recommended operating free-air temperature range (otherWise noted) 

PARAMETER TEST CONDITIONS t 
'S201 

MIN TYP MAX MIN 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.8 

VIK I nput clamp voltage Vee = MIN. II =-18mA -1.2 

VOH 
High-level Vee = MIN, VIH=2V, 

2.4 
output voltage VIL=Q8V, 10H=MAX 

Low-level Vee - MIN, VIH -2V, 
VOL 0.45 

output voltage 

High-level Vee = MIN, VIH - 2 V,IVO-2.4 V 
10H 

VIL =0.8V IVo-5.5 V output current 

10ZH 
Off-state output current, Vee = MAX, VIH=2V, 

40 
high-level voltage applied VIL=O.8V, VOH=2.4V 

10ZL 
Off-state output currtmt, Vee = MAX, VIH = 2 V, 

-40 
low-level voltage applied VIL = 0.8 V, VOL = 0.5 V 

II 
Input current at maximum 

Vee = MAX, VI = 5.5V 1 
input voltage 

IIH High-level input current Vee - MAX, VI = 2.7 V 25 

IlL Low-level input current Vee = MAX, VI =0.5 V -250 

lOS Short-circuit output current § Vee- MAX -30 -100 

ICC Supply current Vee = MAX, See Note 2 100 140 

tFor cOnditions shown as MIN or MAX use the appropriate value specified under recommended operation conditions. 

:t:These typical values are at Vee = 5 V. T A = 25°C. 

§Ouration of the short circuit should not exceed one second. 

NOTE: 2. ICC is measured with all chip-select inputs grounded. all other inputs at 4.5 V. and the output open 

'8201 switching characteristics over recommended operating ranges of T A and Vee 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 

ta(ad) Access time from address eL-30pF, 

ta(S) Access time from chip select (select time) RL=3oon, 

tSR Sense recovery time See Note 3 

I - eL-5pF, 
Disable time from FromS 

tpxz I 
RL=300n, 

high or low level FromW 
See Note 3 

'8301 switching characteristics over recommended operating ranges of T A and Vee 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 

ta(ad) Access time from address eL = 30 pF, 

ta(S) Access time from chip enable (enable time) RLI =3oon, 

tSR Sense recovery time RL2=600n, 

Propagation delay time, -
From S 

tPLH low-to-high-Ievel output 
FromW 

See Note 3 

(disable time) 

+AII tYpical values are at Vee"" 5 V, T A"" 25°C. 

NOTE: 3. Load circuit and voltage waveforms are shown in Appendix A. page 44. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5Q12 • DALLAS. TEXAS 75222 

MIN 

MIN 

'S301 

TYP MAX 

0.8 

-1.2 

0.45 

40 

100 

1 

25 

-250 

100 140 

TYP:j: MAX 

42 65 
13 30 

20 40 

9 20 

TYP:j: MAX 

42 65 

13 30 

20 40 

8 20 

15 35 

UNIT 

V 

V 

V 

V 

V 

IlA 

IlA 

IlA 

mA 

IlA 

IlA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 
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SCHOTTKYf 
TTL MEMORIES 1024-81T HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

• Static Fully Decoded RAM's Organized 1024 
vyords of One Bit Each 

• Schottky-Clamped for High Performance 

• Choice of Three-State or Open-Collector 
Outputs 

• ,Compatible with Most TTL imd 12l Circuits 

• Chip-Enable/Select Inputs Simplify External 
Decoding 

• Typical Performance 

READ POWER 
TYPES 

ACCESS TIMES ;DISS 

'S2141'S314 40 ns 550mW 

'LS2141'LS314 75 ns 200mW 

'LS215/'LS315 75 ns 200mW 

'LS215/'LS315 75 ns 

POWER DOWN 
125mW 

(to power·up) 

description 

SEPTEI\IIBER 1977 

SN74LS214, SN74LS314 

SN74LS216,SN74LS316 

SN74S214, SN74S314 ••• J OR N PACKAGE 

(TOPVIEWI 

"E~ 16 VCC 

AO 2 15 01 

AI 3 14 Vii 
A2 4 13 A9 

A3 5 12 AS 

A4 6 11 A7 

DO 7 10 A6 

GND 8 9 A5 

Pin assignments are same for all packages. 
if ~ Chip-Enable for 'LS215, 'LS315 
5 = Chip-Select for 'LS214, 'LS314, '5214, '5314 

These 1024-bit active-element memories are monolithic transistor·transistor logic (TTL) arrays organized as 1024 words 
of one bit. They are fully decoded and have a chip-enable or chip-select input to simplify decoding required to achieve 
expanded system organizations. When the 'L5215/'L5315 is disabled, all read and write functions are in a power·down 
mode, that is, turned off. 

write cycle 

The information applied at the data input is written into the selected location when the chip-enable/select input and 
the write-enable input are low. While the write-enable input is low, the '5214, 'L5214, and 'LS215 outputs are in the 
high-impedance state and the '5314, 'LS314, and 'LS315 outputs are off. When a number of outputs are bus-connected, 
this high-impedance or off state will neither load nor drive the bus line, but it will allow the bus line to be driven by 
another active output or a passive pull·up. 

read cycle 

The stored information is available at the output when the write·enable input is high and the chip·enable/select input is 
low. When the chip-enable/select input is high, the '5214, 'LS214, or 'LS215 output will be in the high-impedance 
state, the'S314,'LS314, or'LS315 output will be off, and 'LS215 or 'LS315 will be in a power·down mode. 

TENTATIVE DATA SHE::T 

This document provides tentative information TEXAS IN STRUM ENTS 
on new products. Texas Instruments reserves INCORPORATED 
the right to change specifications for these POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

products in any manner without notice. 

tlnt8gl"lltlHi SchOUky·llarrier diode
damped tra .. iltor is IMMntad by 27 
Taxas InltrulllllntL U. S. Patant 
Number 3,463,976. 

• 
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1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

FUNCTION TABLE 

INPUTS '8214 '5314 
FUNCTION CHIP ENABLE (~) WRITE ENABLE 'LS214 'LS314 

OR SELECT ISl (W) 'LS215 'LS315 
OUTPUT (DO) OUTPUT (DO) 

Write L L High Impedance Off 

Read L H Stored Data Stored Data 
Inhibit H X High Impedance Off 

H == high level, L == low level, X == irrelevant 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT . 'S214,' LS214, 'LS215 OUTPUT 'S314, 'LS314, 'LS315, OUTPUT 

Vee -------....--_- Vee 

INPUT - ...... -;Iif--+----1f----l OUTPUT 

__ ~OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) 
Input voltage 
Off-State output voltage 
Operating free-air temperature range 
Storage temperature range " 

NOTE: 1. Voltage values are wit11 respect to network ground terminal. 

TEXAS INSTRUMENTS 
. INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

7V 
_ 5,5V 

.5.5V 
oOe to 700 e 

-65°e to 1500 e 

977 
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1024-811 HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

'8214 recommended operating conditions 

SN74S214 
UNIT 

MIN NOM MAX 

Supply voltage, VCC (see Note 1) 4.75 5 5.25 V 

High·level output current, IOH -10.3 mA 

Low-level output current, IOL 16 mA 

Width of write pulse (write enable low), tw( wrl 50 ns 

Setup 
Address before write pulse, tsuladl 151-

time 
Data before end of write pulse, tsuldal 55t ns 

Chip select before end of write pulse, tsulSl 55t 

Hold 
Address after write pulse, thladl 20t 

Data after write pulse, thldal 5t ns 
time 

5t Chip select after write pulse, thIS) 

Operating fre ... air temperature, T A 0 70 ·C 

'S314 recommended operating conditions 

SN74S314 
UNIT 

MIN NOM MAX 

Supply voltage, VCC (see Note 1) 4.75 5 5.25 V 

High·level output voltage, VOH 5.5 V 

Low-level output current, IOL 16 mA 

Width of write pulse (write enable low), tw(wrl 50 ns 

Setup 
Address before write pulse, tsu(ad) 15t 

Data before end of write pulse, tsuldal 55t ns 
time 

Chip select before end of write pulse, tsuls) 55t 

Hold 
Address after write pulse, thladl 20t 

Data after write pulse, thldal 5t ns 
time 

5t Chip select after write pulse, thIS) 

Operating fre ... air temperature, T A 0 70 ·C 

t ~ The arrow indicates the transition from the read/write input used for reference: t for the low-ta-high transition, ~ for the high-ta-Iow 
transition. 

NOTE: 1. Voltage values are with respect to network ground terminal. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

• 
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1024-81T HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

'L8214, 'LS314, 'L8215, 'LS315 recommended operating conditions 

SN74LS214 

SN74LS314 

MIN NOM 
Supply Voltage, VCC (see Note 1) 4.75 5 

High-level output voltage, VOH 
'l-S314, 

'l-S315 

High-level output current, 10H 
'l-S214, 

LS215 

Low-level output current, 10L 

Width of write pulse (write enable low), 

tw(wrl 
60 

Address before write pulse, 

tsu(ad) 
20. 

Setup Data before end of write pulse, 

·time 
751 

tsu(da) 
Chip-select/enable before end 

of write pulse, tsu(E), tsuiS) 
751 

Address after write pulse, th(ad) 151 
Hold Data after write pulse, thIda) 15t 

, time Chip-select/enable after write pulse 

thIEl, thIS) 
15t 

Operating free-air temperature, T A 0 

'8214, 'S314 electrical characteristics over recommended operating free-air 
temperature range (otherwise noted) 

TEST CONDITIONst 
'8214 

PARAMETER 
TYPt MIN 

VIH High-level input voltage 2 

VIL Low~level input voltage 

VIK I nput clamp voltage VCC = MIN, 11=-18mA 

VOH 
High-level VCC = MIN, VIH = 2 V, 

2.4 2.9 
output voltage VIL = 0.8 V, 10H = MAX 

Low-level VCC- MIN, VIH = 2 V, 
VOL 

output voltage VIL = 0.8 V, IOL = MAX 

High-level VCC- MIN, VIH - 2 V, I VO=2.4 V 
10H 

output current VIL=0.8V I VO-5.5V 

10ZH 
Off-state output current, VCC - MAX, VIH - 2 V, 
h'igh-Ievel voltage applied VIL = 0.8 V, VOH = 2.4 V 

10ZL 
Off-state output current, VCC = MAX, VIH - 2 V, 

low-level voltage applied VIL = 0.8 V, VOL = 0.5 V 

II 
I nput current at maximum 

VCC = MAX, VI = 5.5 V 
input voltage 

IIH High-level input current VCC = MAX, VI = 2.7 V 

IlL Low-level input current VCC = MAX, VI = 0.5 V 

lOS Short-circuit output current§ VCC = MAX -30 

ICC Supply current I TA=o"C VCC = MAX, See Note 2 I TA -70°C 

MAX 

5.25 

5.5 

-5.2 

16 

70 

MAX 

0.8 

-1.2 

0.45 

50 

-50 

1 

25 

-250 

-100 

155 

130 

SN74L8215 

SN74LS315 

MIN NOM MAX 

4.75 5 5.25 

5.5 

-5.2 

16 

60 

20. 

75t 

110t 

15t 

15t 

151 

0 70 

'S314 

.MIN TYPt MAX 

2 

0.8 

-1.2 

0.45 

50 

100 

1 

25 

-250 

155 

130 

tFor conditions shown as MIN o~ MAX use the afpropriate value specified under recommended operating co·nditions. 
tThese tvplcal valu •• are at Vee = 5 V, T A = 25 e. 
§ Duration of the short circuit should not exceed one second. 
NOTES: 1. Voltage values are with respect to network ground terminal. 

2. ICC is measured with all Inputs grounded and the output open. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS' 75222 

UNIT 

V 

V 

mA 

mA 

ns 

ns 

ns 

°c 

UNIT 

V 

V 

V 

V 

V 

/JA 

/JA 

/JA 

mA 

/JA 

/JA 

mA 

mA 
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1024-811 HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

'LS214, 'LS314, 'LS215, 'LS315 electrical characteristics over recommended operating free-air 
temperature range (otherwise noted) 

TEST CONOITlONSt 
SN74' 

PARAMETER 

MIN TVPj: 

VIH H igh·level input voltage 2 

VIL Low-level input voltage 

VIK Input clamp voltage Vee - MIN, 11- -lB mA 

VOH 
High·level 'LS214, Vee - MIN, VIH -2 V, 

2.4 
output voltage 'LS215 VIL = O.B V, 10H = MAX 

Low·level Vee - MIN, VIH-2V, 
VOL 

output voltage VIL = O.B V, 10L = MAX 

High·level 'LS314, Vee = MIN, VIH = 2 V, L VO-2.4 V 
10H 

outpu t current 'LS315 VIL = O.B V IVo-5.5 V 

10ZH 
Off-state output current, 'LS214, Vee - MAX, VIH - 2 V, 

high·level voltage applied 'LS215 VIL = O.B V, VOH = 2.4 V 

10ZL 
Off-state output current, 'LS214, Vee - MAX, VIH - 2 V, 

low·level voltage applied 'LS215 VIL=O.BV, VOL=0.5V 

II 
Input current at maximum 

Vee = MAX, VI = 5.5 V 
input voltage 

IIH High-level input current Vee - MAX, VI - 2.7 V 

IlL Low-level input current Vee - MAX, VI - 0.5 V 

lOS 
'LS214, 

Short·circuit output current§ 'LS215 Vee = MAX -20 

loe SupplV current Vee = MAX, See Note 2 

ICC 
{LS215 

SupplV current - Power down 'LS315 Vee = MAX, E" 2.4 V 

t For conditions shown as MIN or MAX use the aepropriate value specified under recommended operating conditions. 
+These typical values are at Vee = 5 V, T A = 25 C. 
§ Duration of the short circuit should not exceed one second. 
NOTE: 2. ICC is measured with all inputs grounded and the output open. 

'S214, 'LS214 switching characteristics over recommended operating ranges of T A and Vee 
(unless otherwise noted) 

3.3 

40 

25 

TEST SN74S214 SN74LS214 
PARAMETER 

UNIT 

MAX 

V 

O.B V 

-1.2 V 

V 

0.5 V 

50 

100 
/LA 

50 /LA 

-50 /LA 

1 mA 

25 /LA 

-250 /LA 

-100 mA 

58 mA 

30 mA 

UNIT 
CONDITIONS MIN TVPj: MAX MIN TVPj: MAX 

ta{ad) Access time from address 40 70 75 95 ns 

tals) 
Access tima from chip select eL = 30 pF, RL = 400 n. 

15 40 30 60 
(select time) See Note 3 

ns 

tSR Sense recovery time 25 50 35 65 ns 

Disable time from I fromS eL - 5 pF, RL - 400n, 20 40 30 40 
tpxz 

I fromW 20 40 35 50 
ns 

high or low level Sae Not~ 3 

tAli tvpical values are at Vee = 5 V. T A = 25° c. 
NOTE: 3. Load circuit and voltage waveforms are shown in Appendix A, page 44. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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1024-811 HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

'8314 and 'L8315 switching characteristics over recommended operating ranges of TA and Vee 
(unless otherwise noted) 

TEST SN74S314 SN74LS314 
PARAMETER 

TYP; CONDITIONS MIN MAX MIN TYP; MAX 

ta(ad) Access time from address 40 70 75 95 

tatS) 
Access time from chip select 

(select time) 
15 40 35 50 

tSR Sense recovery time 
CL=30pF,RLl =3oon, 

25 50 35 50 

Propagation delay time, 
RL2 = 600 n, See Note:! 

~ 20 40 45 60 
tpLH low-to-high-Ievel output 

W 25 40 35 50 
(disable time) 

tAil typical values are at Vee:;: 5 V. TA"= 2SoC. 

'LS215 switching characteristics over recommended operating ranges of T A and Vee 
un ess otherwise note ( I d) 

SN74LS215 

PARAMETER TEST CONDITIONS MIN TYP; MAX 

ta(ad) Access time from address CL=15pF, 75 95 

tatE) Access time from chip enable (enable time) RL =400n, 75 95 

tSR Sense recovery time See Note 5 35 65 

... I fromE 
CL = 5 pF, 

30 40 
tpxz Disable time from high or low level I RL1 = 400 n, 

fromW 35 50 
See Note 3 

tEPD Chip power-down time See Figure 1 40 65 

'LS315 switching characteristics over recommended operating ranges of TA and Vee 
(I th ted) un ess 0 erwlse no 

SN74LS315 

PARAMETER TEST CONDITIONS MIN TYP; MAX 

ta(ad) Access time from address 75 95 

tatE) Access time from chip enable (enable time) 
CL=15pF, 

75 95 

tSR Sense recovery time 
RLl = 400 n, 

35 50 

Propagation delay time. I from E 
RL2, = 600 n, 

30 60 
tPLH 

low-to-high level output (disable time) I See Note 3 
fromW 35 50 

tEPD Chip power-down time See Figure' 40 65 

:t:AII typical values are at Vee = 5 V, TA "" 2SoC 
NOTE: 3. Load circuit and voltage waveforms are shown in Appendix A, page 44. f 1.5 V \-~;V - - - - - - -

__ ---J I -+-l 25 ns typ ~ 
l---t- tEPD ) 

l.V 
CHIP ENABLE 

OV 

POWER·UP(MAX ICC) 

UNIT 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

t,SUPPLY CURRENT -------,i-.::' :...:1..::0.:::%'--___ I __ ---It9~% _ ___ _ 

--, l.-tpxz 1 
POWER·DOWN (MAX ICC) 

t I 
I I.. ..I ta(CE) - t- I VOH DATA OUTPUT - 1 I I ,/ 

('LS215) _ 2:? ~ j _ L l - - -if- '.5 V 

DATA OUTPUT 
('LS315) 

__ '---.- ---VOL 
0.5- V =S -I 

1 .... .----II .. ~If- talCE) r----t- tpxz ) 
- - -jr-,-.5-V------'-.5-V--,:t----- --VOH 

- VOL 

FIGURE 1. POWER-DOWN WAVEFORMS 

TEXAS INSTRUMENTS 
I NCQRPORATED 
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SCHOTTKYf 
MEMORIES 1024-81T EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 

• Static Fully Decoded RAM's Organized as 256 
Words of Four Bits Each 

• Schottky-Clamped for High Performance 

• Edge-Triggered Write Control 

• 'S207 Data and Address are Same Pins as 1 K PROM's 
('5287, '5387) 

• High-Density Dual-in-Line Packages have Pin-Row 
Spacing of 0.300-lnch 

• Three-State Output for Driving Bus-Organized 
Systems and/or Highly Capacitive Loads 

• Compatible with Most TTL and 12L Circuits 

• Typical Performance: 

TYPES 
ACCESS TIMES POWER 

WRITE READ DISS. 
'S207/'5208 35 ns 40 ns 600mW 
'L5207/'5208 65 ns 75 ns 200mW 

description 

These 1024-bit active-element memories are mono
lithic transistor-transistor logic (TTL) arrays orga
nized as 256 words of four bits each. They are fully 
decoded with output enable inputs to simplify 
decoding required to achieve the desired system 
organization. Read and write times are virtually 
equal, which simplifies control implementation. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

Vcc ----.--~-

INPUT""'*~+--{ 

write cycle 

SN74LS207,SN74S207 ... J OR N PACKAGE 
(TOPVIEWI 

ADG 16 VCC 

AD F 2 15 ADH 

ADE 3 14 W 

ADD 4 13 OE 

ADA 5 12 I/O 1 

ADB 6 11 I/O 2 

ADC 7 10 I/O 3 

GND 8 9 1/04 

SN74LS20a,sN74S208 ... J OR N PACKAGE 
(TOPVIEWI 

ADA 20 VCC 

ADB 2 19 014 

ADC 3 18 ADH 

ADD 4 17 W 

013 5 16 OE 

ADE 6 15 004 

AD F 7 14 003 

ADG 8 13 002 

012 9 12 DO 1 

GND 10 11 011 

Pin assignments are same for all packages. 

OUTPUT 

Vcc 

While the output-enable input, OE, of the 'LS207, 'S207 is high, data applied to the input/output (I/O) is written into 
the selected location on a positive transition at the write input. Information at the data input of the 'L5208, '5208 
memory is written into the selected location on a positive transition at the write input regardless of the state of the 
output-enable input. While the output-enable input of either is high, the output is in the high-impedance state. When a 
number of outputs are bus-connected, this high-impedance output state will neither load nor drive the bus line, but it 
will allow the bus line to be driven by another active output or a passive pun-up if desired. 

read cycle 

The stored information is available at the output when the output-enable input is low. 

DESIGN GOAL 
This document provides tentative infor
mation on a product in the develop
mental stage. Texas Instruments r_vas 
the right to change or discontinue this 
product without notice. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

tlntegrated Schottky-Barrier diode-
clamped transistor is patanted by Texas 33 
Instruments. U. S. Patent Number 
3.463.975. 
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1024-81T EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 

'LS207" 'S207 functional block diagram 

en 
!; ... 
! 
I:! w 
II: 
C 
C « 

-
-
-
-
-
-
-
-

-r I--I--
fo- I--
fo- I--
f0- r-

ADDRESS 1024·BIT 

DECODEI N STORAGE 

BUFFERS 

~L 
ELEMENT - I--

- r--
- I--

- f...-........--

FUNCTION TABLE 

FUNCTION WRITE ENABLE 

WRITE t H 

READ H or L L 

DO NOTHING H or L H 

H = HIGH, L = LOW, t = LOW·TO·HIGH TRANSITION 

'LS208/S208 functional block diagram 

~ ... 
! 
!II w 
II: 
C 
C « 

ADDRESS 

DECODEI 

BUFFERS 

FUNCTION 

WRITE AND READ 

READ 

DO NOTHING 

WRITE ONLY 

1024·BIT 

STORAGE 

ELEMENT 

~ 
DATA INPUTS 

FUNCTION TABLE 

WRITE 

t 
H or L 

H or L 

t 
H = HIGH, L = LOW, t= LOW-TO·HIGH TRANSITION 

ENABLE 

L 

L 

H 

H 

! OUTPUT EN 

OUTPUT 

BUFFERS 

1'\ 

I-
WRITE I--

BUFFERS 

A 

1 
WRITE 

OUTPUTS 

Hi·Z (USE AS DATA INPUTS) 

DATA ADDRESSED 

Hi·Z 

OUTPUT ENABLE 

OUTPUT 

BUFFERS 

WRITE 

OUTPUTS 

DATA ADDRESSED 

DATA ADDRESSED 

Hi·Z 

Hi·Z 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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1024-81T EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) 
Input voltage 
Off-state output voltage 
Operating free-air temperature range: 
Storage temperature range 

NOTE 1: All voltage values are with respect to network ground terminal. 

'S207, 'S208 recommended operating conditions 

Supply voltage, Vee 

High-level output current, 10H 

Low-level output current, tOl 

Width of write pulse Ihigh), twlwr) 

Setup time Address before write, tsulad) 

Isee Figures 3 and 4) Data before write, tsulda) 

Output enable after write, thl~) Isee Figure 3) 

Hold time Address after write, thlad) Isee Figures 3 and 4) 

Data after write, thida) Isee Figures 3 and 4) 

Operating free-air temperature, T A 

'S207 

tThe arrow indicates that the rising transition of the write input is used for reference. 

MIN 

4.75 

hlda)t 

0 

7V 
_ 5_5V 

.5.5 V 
O°C to 700 e 

-65°e to 1500 e 

SN74S' 

NOM MAX 
UNIT 

5 5.25 V 

-6.5 mA 

16 mA 

1St ns 

ot 
ns 

ot 

35t ns 

35t 
70 e 

'S207:S208 electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 

PARAMETER TEST eONDITIONst 
SN74S' 

UNIT 
MIN TVP:j: MAX 

VIH High·level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input Clamp voltage Vee = MIN, 11- -18 mA -1.2 V 

VOH High-level output voltage 
Vee= MIN, VIH-2V, 

2.4 3.2 V 
VIL = 0.8 V, 10H = MAX 

VOL Low-level output voltage 
Vee= MIN, VIH =2V, 

0.5 V 
VIL = 0.8 V, 10L = 16 mA 

Off-state output current 'S207 Vee = MAX, VIH = 2 V, 100 
10ZH I'A 

high-level voltage applied 'S208 VO=2.4V 50 

Off-state output current 'S207 Vee= MAX, VIH - 2 V, -250 
10ZL -50 

I'A 
low-level voltage applied 'S208 Vo = 0.5 V 

II Input current at maximum input voltage Vee= MAX, VI = 5.5 V 1 mA 

I 'S207 100 
IIH High-level input current 

'S208 
Vee= MAX, VI = 2.4 V 

25 
I'A 

IlL Low-level input current Vee= MAX, VI = 0.5 V -250 I'A 

lOS Short-circuit output current§ Vee = MAX -30 -100 mA 

'S207 120 
ICC Supply current Vee = MAX, See Note 2 mA 

'S208 120 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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1024·81T EDGE· TRIGGERED RANDOM·ACCESS MEMORIES 

'LS207, 'LS208 recommended operating conditions 

SN74LS' 
MIN NOM 

Supply voltage, Vee 4.75 5 

High-level output current, 10H 

Low-level output current, 10L 

Width of write pulse (high), tw(wr) 25t 

Setup time Address before write, tsu (ad) ot 
(see Figures 3 and 4) Data before write, tsu(da) ot 

Output enable after write, th(~1 (see Figure 3) 'S207 h(da)t 
Hold time Address after write, th(ad) (see Figures 3 and 4) 65t 

Data after write, thIda) (see Figures 3 and 4) 65t 
Operating free-air temperature, T A 0 

tThe arrow indicates that the rising transition of the write input is used for reference. 

'LS207, 'LS208 electrical characteriStics over recommended operating free·air temperature range 
(unless otherwise noted) 

PARAMETER TEST eONDITIONst 
MIN 

VIH High-level input voltage 2 

VIL Low-level input voltage 

VIK I nput Clamp voltage Vee = MIN, 11=-18mA 

VOH High-level output voltage 
Vee = MIN, VIH-2V, 

2.4 
VIL = 0.8 V, 10H = MAX 

VOL Low-level output voltage 
Vee= MIN, VIH = 2 V, 

VIL = 0.8 V, 10L = 16 mA 

10ZH 
Off'"5t8t8 output current 'LS207 Vee= MAX, VIH = 2 V, 

high-level voltage applied 'LS208 Vo = 2.4 V 

10ZL 
Off-state output current 'LS207 Vee = MAX, VIH = 2 V, 

low-level voltage applied 'LS208 VO=0.5V 

II Input current at maximum input voltage Vee= MAX, VI = 5.5 V 

I 'LS207 
IIH High-level input current 

'LS208 
Vee = MAX, VI = 2.4 V 

IlL Low-level input current Vee= MAX, VI = 0.5 V 

lOS Short-circuit output current § Vee= MAX -20 

ICC Supply current 
I 'LS207 

'LS208 
Vee = MAX, S .. Note 2 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
:l:AIJ typical values ara at V CC = 5 V, T A = 25° C. 
§ Duration of the short-circuit should not exceed one second. 
NOTES: 1. All voltage values are with respect to network ground terminal. 

SN74LS' 

TVP:I: 

3.2 

40 
40 

MAX 

5.25 

-6.5 

16 

70 

MAX 

0.8 

-1.2 

0.5 

100 

50 

-250 

-50 

1 

100 

25 

-250 

-100 

2. I CC Is measured with the write Input hIgh, output enable Input grounded, all other Inputs at 4.5 V, and all outputs open. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

UNIT 

V 

mA 

mA 

ns 

ns 

ns 

e 

UNIT 

V 

V 

V 

V 

V 

/JA 

/JA 

mA 

/JA 

/JA 

mA 

mA 
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1024-81T EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 

switching characteristics at Vee = 5 V, T A = 25° e 

PARAMETER TEST CONDITIONS 

ta(ad) Access time from address 

Access time from output enable (enable time) 
CL ~ 30 pF, RL ~ 300 n, 

ta(OE) See Figures 1 thru 5 
ta(wr) Access time from write 'LS20B, 'S208 

Disable time from high or low from OE§ CL - 5 pF, flL1-300n, 
tpxz 

level (see Note 4) fromW See Figures 3 and 5 

§This parameter defines the delay for the I/O port to enter the input mode. 

ADDRESS INPUTS 

(see Note A) 

OUTPUT 

(S 1 and S2 closed) 

PARAMETER MEASUREMENT INFORMATION 

Vee 

6 
51 

1 kn 

CL includes probe and Jig capacitance. 
All diodes are 1 N3064. 

FIGURE 1 - LOAD CIRCUIT 

FIGURE 2 - ACCESS TIME FROM ADDRESS INPUTS 

VOLTAGE WAVEFORMS 

NOTE A. When measuring delay times from address inputs, the output"enable and write inputs are low.; 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

'S207, 'S208 'LS207:LS208 
UNIT 

TVP MAX TVP MAX 

40 75 ns 

15 20 ns 

25 50 ns 

15 20 
ns 

15 20 

-

37 



38 

1024-81T EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 

ADDRESS INPUT 

OUTPUT ENABLE 

WRITE INPUT 

INPUT/DUTPUT 

I_slv H.thon LI 

INPUT/DUTPUT 

IP .. vIoullv L.thon HI 

--- - - - -, ,-- - - -, ,.-----
.f. *: 

--- - - - t;,1;;;jj ..JI~ .1.--~I ";h(."d~--
,f,.5V I- 'hlOeI ~ 

----' 1 "'Iwr~ 1 

1 'A--:----
+ -t'PHZ !1;; ...- thldal'" 
f 1 -\~~_~'suldall- 0.5V -=r'"10e1 

0.5 V 1 O.BV I V 

~ldOI- 1 
0.5 V :-+!tPLZ 14- 2.4 vir ~.4 V 

] !r--- T_I 
---~-~-~-~~~. ~ ~I~I~ t VDL 

3V 

OV 

3V 

OV 

3V 

OV 

FIGURE 3 - 'LS207, 'S207 WRITE AND READ VOLTAGE WAVEFORMS 

ADDRESS INPUTS 

DATA INPUTS 

WRITE INPUT 

OUTPUT WAVEFDRM 1 

(Storing High) 

OUTPUT WAVEFORM 2 
(Storing Low) 

"'Iodl ...... 1.1---."'1' .. - 'hlodl ----I 
------....... 1_ 1---~~3V 
____ ../~.5'V I 7:':""V __ ov 

.... Idol ,. .1. thldal-+! 
---------... 1 _ - - - """"' I 

I.5V I 
1 

j4-"'lwrl..., 

3V 

OV 

3V ~. --
___________ ~Z ~5~ ~ ...... 5_V ____ OV 

I+-- t.lw,1 ----.j 

____________ ~ ____ __J~ 
VDH 

j4-- talwrl--l 

-----------------~ 1 VDH 
~'.5V 
"'- VOL 

FIGURE 4 - 'LS208, 'S208 WRITE WHILE READ VOLTAGE WAVEFORMS (OUTPUT ENABLE IS LOWI 

OUTPUT ENABLE 

lSee Not. BI 
1.5 V 1.5V 

1'-------'-=-+----

3V 

OV 

j.- t.lOeI..! I--t- tPLZ 

:~:=~:~n .... N ... c-I---......;II:....-......;~,'.5V :' f r-O-.5-V--

'------;-I-.lo"-r-- - - - VOL 

~4.5V 

~alOeI-.t· T 1. 

I : R-:::..- L -- VOH 

Y,.5 V lit. 0.5 V (51 open, $2 closed, •• Note CJ r 
;,.;... ______ --J ~ ~ tpHZ ov 

WAVEFORM 2 

FIGURE 5 - ACCESS (ENABLE 1 TIME AND DISABLE TIME FROM OUTPUT ENABLE 

VOLTAGE WAVEFORMS 

NOTES: B. When measuring delay times from the output..enable Input, the address inputs are steadYRstate and the write/read input is low. 
C. Waveform 1 is for the output with internal conditions such that the output Is low except when disabled, Waveform 2 is for the 

outPut with Internal conditions such that the outPut Is high except when disabled. 
D. Input waveforms are supplied by the pulse generators having the following characteristics: tr <.; 2,5 ns, tf <.; 2.5 ns, PRR <: 1 MHz, 

and Zout l:tI 60 .0.. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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SCHOTTKYf 
TTL MEMORY 

TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 

SEPTEMBER 1976 

SN74S225 •••. J OR IIIPACKAGE 

(TOPVIEWI 
• Independent Synchronous Inputs and Outputs 

• Organized as 16-Words of 5 Bits CKA 20 VCC 

• DC to 10 MHz Data Rate IR 2 19 CK B 

• 3-State Data Outputs CKOUT 3 18 CLR 

• 20-Pin, 300-mil, High Density Package 011 4 17 OR 

012 5 16 CKIN 

013 6 15 001 

014 71 14 002 

description 015 13 003 

OE 9 12 004 

GNO 10 11 005 
This SO-bit active-element memory is a monolithic, 
Schottky-clamped transistor-transistor logic (STIL) array 
organized as 16 words of five-bits each. The '5225 can 
easily be expanded to 16N·words of 5N-bits in length and 
features a single enable control for all 3-state data outputs. 

Pin assignments are same for all packages 

operation 

A FIFO is a memory storage device which allows data to be written into and/or read from its array at independent data 
rates. The '5225 is a FIFO which will process data at any desired clock rate from DC to 10 MHz. The data is processed 
in a parallel format, word by word. 

Reading or writing is done independently utilizing separate synchronous data clocks. Data may be written into the 
array on the low-to-high transition of either load clock input. Data may be read out of the array on the low-to-high 
transition of the unload clock input (normally high). When writing data into the FIFO one of the load clock inputs 
must be held high while the other strobes in the data. This arrangement allows either load clock to function as an 
inhibit for the other. 

Status of the '5225 is provided by three outputs. Input ready monitors the status of the last word location and signifies 
when the memory is full. This output is high whenever the memory is available to accept any data. The unload clock 
output also monitors the last word location. This output generates a low-logic-level pulse (synchronized to the internal 
clock pulse) when the location is vacant. The third status output, output ready, is high when the first word location 
contains valid data and unload clock input is high. When unload clock input is low, output ready will be low. The first 
word location is defined as the location from which data is provided to the outputs. 

The data outputs are non inverted with respect to the data inputs and are three-state with a common control input, 
output enable. When output enable is low, the data outputs are enabled to function as totem-pole outputs. A 
high-logic-level forces each data output to a high-impedance state while all other inputs and outputs remain active. 

The clear input invalidates all data stored in the memory array by clearing the control logic and setting output ready to 
a low-logic-level on the high-to-Iow transition of a low-active pulse. The data outputs do not change as a result of the 
clear input; however, the output ready at a low-logic-level signifies invalid data. 

TENTATIVE DATA SHEET 
This document provides tentative information 
on a new product. Texas Instru"ments reserves 
the right to change specifications for this 
product in any manner without notice. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

tlntegrated Schottky-Barrier diode
clamped transistor i. patented by 
Texas Instruments. u_ S. Patent 
Number 3,463,975. 
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TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 

Table 1 - Input Functions 

Input Pin Description 

CKA 1 Load Clock A 

011- 015 4-8 Data Inputs 
OE 9 Output Enable 
CKIN 16 Unload Clock Input 

ern 18 Clear 
CK B 19 Load Clock B 
GNO 10 Ground pin 
VCC 20 Supply Voltage 

sohematics of inputs and outputs 

EQUIVALENT OF ALL INPUTS 
EXCEPT DATA INPUTS 

Vcc 

INPUT 

functional block diagram 

011 
(41 

012 (51 Q 
a: 

013 (61 0 
1C 

(71 
I-
II) 

014 " 
DIS 

(81 
.... 

VCC· PIN (201 

FUNCTION TABLES 

Output 

IR 

CKOUT 

DO 5· DO 1 
OR 

EQUIVALENT OF DATA INPUTS 

QUEUE CONTROL LOGIC 

16-WORO-BY-5-BIT 

QUEUE MEMORY ARRAY 

GNO = PIN (101 

Table 2 - Output Functions 

Pin Description 

2 Input Ready 

3 Unload Clock Output 
11 - 15 Data Outputs 

17 Output Ready 

TYPICAL OF ALL OUTPUTS 

Vcc 

OUTPUT 

1--.-:::(2::..1 __ I R 

~--.!..:(1.:.71~_ OR 

<'1-_-,(.:.:16:,:.1 __ CK IN 

(91 

Q 
a: 
~ 
l-
II) 
a: 
u:: 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply Voltage, Vee (see Note 1) 
I nput Voltage 
Off-State Output Voltage 
Operating Free-Air Temperature Range 
Storage Temperature Range 

NOTE 1: All voltage values are with respect to network ground terminal. 

recommended operating conditions 

Supply Voltage, Vee 

High-level output current. IOH 
All Outputs Except Data 

Data Outputs 

All Outputs Except Data 
Low-level output current, IOl 

Data Outputs 

Load Clock A or e, tw (high) 

Pulse Width Unload Clock Input, tw (low) 

Clear, tw (low) 

Data to Load Clock, tsu (Dlil See Note 2 
Setup Time 

Clear Release to Load Clock, tsu 

Hold Time.pata from Load Clock, th(DIil 

Operating free-air temperature, T A 

NOTE 2: :Oata must be setup within 15 ns after the load clock positive transition. 

t == The arrow Indicates that the low--ta-high transition of the load clock is used for reference. 

MIN 

4.75 

25 

7 

40 

-20t 
25t 

70t 

0 

7V 
5.5V 
5.5V 

oOe to 70°C 
-65°C to 150°C 

NOM MAX UNIT 

5 5.25 V 

-3.2 

-6.5 
mA 

8 
mA 

16 

ns. 

ns 

ns 

70 °c 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN 

VIH High-level input voltage 2 

VIL Low-level input voltage 

VIK I nput clamp voltage VCC= MIN, II =-18mA 

VOH High-level output voltage 
VCC= MIN, VIH - 2V, 

2.4 
VIL = 0.8 V, IOH = MAX 

VOL Low-level output voltage 
VCC= MIN, VIH - 2 V, 

VIL = 0.8 V, IOL = MAX 

IOZH 
Off-state output current, high-level VCC - MAX, VIH - 2V, 

voltage applied VIL = 0.8 V, VO=2.4V 

IOZL 
Off-state output current, low-level VCC - MAX, VIH - 2V, 

voltage applied VIL = 0.8 V, VO= 0.5 V 

II Input current at maximum input voltage VCC - MAX, VI = 5.5 V 

IIH High-level input current 
Data In 

All Inputs Except Data In 
VCC=MAX, VI = 2.7 V 

IlL Low-level input current 
Data In 

All I nputs Except Data In 
VCC = MAX, VI = 0.5 V 

los Short-circuit output current§ Vee = MAX -30 

ICC Supply Current VCC= MAX, See Note 3 

t For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
:j:AII tYpical values are at V cC = 5 V, T A = 25° C. 
§ Duration of the short circuit should not exceed one second. 
NOTE 3: ICC is measured with all inputs grounded and the outPut open. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

TYPj: MAX UNIT 

V 

0.8 V 

-1.2 V 

2.9 V 

0.35 0.50 V 

50 pA 

-50 pA 

1 mA 

40 

25 
pA 

-1 mA 

-250 j.A 

-100 mA 

80 120 mA 

• 

41 
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TYPE. SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST .. OUT MEMORY 

switching characteristics over recommended operating ranges of T A and Vee (unless otherwise noted) 

PARAMETERS~ FROM 

f max CKA 

f max CKB 

f max CKIN 

tw CKOUT 

tpxz De 
tpzx 

tPLH 
CKIN 

tpHL 

CKA 

tPLH or 

CK B 

tpLH 
CKIN 

tPHL 

tPHL CLR 

CKA 

tpHL or 

CKB 

tpHL CKIN 

CKA 
tpHL or 

CK B 

tPLH CKIN 

tpLH CLR 
tpLH ORt 
tpHL OR~ 

11 f max == maximum clock frequency. 

tw == pulse width (QU tpu t) 

TO 

DO; 

DO; 

OR 

OR 

OR 

CKOUT 

CKOUT 

IR 

IR 

IR 

DO; 

TEST 

CONDITIONS 
MIN TVP:j: MAX 

CL = 30pF, 10 20 

RL = 300 .0, 10 20 

Soe Note 4 10 20 

7 14 
CLi" 5pF 10 25 

10 25 

50 75 

50 75 

190 300 

40 60 
30 45 

35 60 

CL=30pF, 
25 50 

RL = 300 .0, 

See Noto 4 270 400 

55 75 

255 400 

16 35 

10 20 

10 20 

t ... == The arrow Indicates that the low-ta-high (t) or high-to-Iow (J,) transition of the output ready (OR) output is used for reference. 

tpLH == propagation delay time, low-ta-high level output. 

tPHL == propagadon delay time, hI9h .. tO-IOw-l~eJ output. 

:j: All typical values are at V CC = 5 V, T A = 25 C. 

NOTE 4: Load circuit and voltage waveforms are shown In Appendix A. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

UNIT 

MH~ 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST·OUT MEMORY 

TYPICAL WAVEFORMS 

CLEAR 1..--1 
CLOCK A ~ ~'--__________ ---j 

,NPUTS 
CLQCK. ~ .J'I----------------j 

WORO' d WORO 2 • ~~~g.,: "WWcO;RRD'O ,i61. 1IIIIIII01II1II1II11IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlllllllllIIIIIIIIIIII1111111 •• f 111111111111111111 
'::~~~~O I f-f ---'LJ LJ 

CLOCK IN 

NC 

5·81T { OATA 
IN 

CLEAR 

INPUT 
READY OUTPUT 

NC 

5·81T { DATA 
IN 

I I I 
CLEAR LOAD 

WORD 1 

'IL-___ ----l 
·ru.---~U~----~~ 

L.J LJ 
f-J ~W~OZROo:..':'-__ .....J1 WORD 2 I WORD 3 

II I I 
LOAD LOAD LOAD UNLOAD 

WORD 2 WDRDSJ·15 WORD 16 WORb 1 

I I 
UNLOAD 
WOR02 

~L __ _ 

J WORD 16 

I I 
UNLOAD 
WOADS 

I I 
UNLOAD 
WORD 16 

_ CROSS-HATCHING INDICATES IRRELEVANT INPUT CONDITIONS 
3·15 

EXPANDING THE S225 FIFO 

(48WORDS OF 10 BITS SHOWN) 

~ ~ ~~O on p.~0 CK OUT CK ......-
UNLO UNLO UNLO 
CKOUT CKIN CKOUT 

~ IROUT NC- IROUT 

011 001 01' 

012 002 012 

013 003 013 

014 004 014 

015 005 015 
m; Of ErA 

I 

~ ~ 
CLR OE CLR 

~ 

~ l-L !>~O OR I>~O '-- CK OUT CK 

UNLO UNLO UNLO 
CKOUT CKIN CKOUT 

'--- IROUT NC- IROUT 

011 001 011 

012 002 012 

013 003 013 

014 004 014 

015 005 015 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5Q12 • DALLAS. TEXAS 75222 

~ OR p.~0 OUT CK 

UNLO UNLO 
CKIN CKOUT 

NC- tROUT 

DO' 01' 

002 012 

003 013 

004 014 

015 
Of ErA 

OR 
OUT 

UNLO 
CKIN 

00' 

002 

003 

004 

005 
Of 

OUTPUT 
READY ID-. 
UNLOAD 
CLOCK 

OUTPUT 
ENABLE 

-
.h 1 O-SIT 

DATA 
OUT OE 

OR 
OUT 

UNLO 
CKIN 

001 

002 

003 

004 

005 

kC 
NC-

CLR DE 

I>~O OR c-CK OUT 

UNLO ~~~~< CKOUT ~ 

IROUT 

011 001 

012 002 

013 003 

Dl4 004 

015 005 

PRINTED IN U.S.A 
11 (annal anume any responsibility for any drtuih shown 
or repteseni 'hot they Gre free from polen I infringement. 43 
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APPENDIX A 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT 

LOAD CIRCUIT 

INPUTS 1.5 V ' 1.5 II 
ADDRESS ~-------... 311 

!s..NocIAJ __ J r ,'-------011 

1+-11(adl--+l !.~acll-I1 

~~~~~kc""'" ~.5V F YOH 

-----VOL 

ACCESS TIME FROM ADDRESS INPUTS 

VOLTAGE WAVEFORMS 

~t,uCatl ""I8dI_ 
~Il:t---- ... -"'1-- """J.I."::73Y 

:'~~ESS __ ... i'\~:~:::J. __ L_),~5.!' .. OY 

1"'("'I~tt. ... 
f.:.1~ ~G;:--~~3Y 

------f---..J'~'~~--Oy 
........- ~t..(;J'1 .,. "lfIfsl 

CHIP·ENABLE 1.5 V I I 1.6 Y ~:'tI3V 
INPUTS I..--twlwrI---: -----OV 

~' 'V 
AEAOfWAITE 1.6 V 1.8 V 
INPUT : ,- ... ------OV 

WAVEfORM 1 :--"L~ :e--ISR~ __ ""'5V 

(~C=a~open, IO,S':tV! '.6~V 
~z). i.-tsR-et OL 

~~::'~::C~.---"':':.-.,";)r.;, 1.5~rVOH 
_Note81 • C-_ ..... Oy 

WRITE CYCLE VOLTAGE WAVEFORMS 
CHIP· 
ENA8LE~'V 
INPUTS UV 1.5V 
(SeeN_C), -I-------Ov 

WAVEFORM 1 
(Slo1058d,S2open, 
_NOW 81 

:''-15) I "I'''' .LZ 
I I 1 MiV"4.6V 

~.5V : ~-f~'~: i.'-Cs,""" : ... ,---VOL 

WAVEFORM 2 - ; ~-j--VOH 
(5101*'.82c1018d, Y,.6V: : h~U-V 
_N_SI ---- . ...Z...... ..0 V 

IPxz .. tf'HzartPLZ 

ACCESS (ENABLEI TIME AND DISABLE TIME FROM CHIP ENABLE 

VOLTAGE WAVEFORMS 

NOTES: A. When measuring access tin:'es from address inputs, the enable/select input (s) is (are) low and the read/write input Is high. 

B. Waveform shown is for the output with internal conditions such that the output Is low except when disabled. 
C. When measureing access and disable times from enable/select input (5), the address inputs are steady-state and the read/write 

Input Is high. 

D. Input waveforms are supplied by pulse generators having the following characteristics 

and Zout ~ 50 n. 

TESTING RAM·sWITH 3-STATE OUTPUTS 

Vee 

LOAD CIRCUIT 

:.~~~SS ~;-----)E.SV 3V 

($wNo.A) --oJ I I-------OV 
I.--laIad,......... !ot-I.lad' ..... 

~ ~VOH 1.SV 1.6Y 
----VOL 

ACCESS TIME FROM ADDRESS INPUTS 

VOLTAGE WAVEFORMS 

,.............1 ... fdlol ~1fI("I"" 

~"-T-------t--~I 3V 
~~~~ss uv I I 1.5V 

-- ---ov 
t,u(dIoj!. ,.. __ .~_"",,! 'hIlM' 3V 

DATA ~,;;;;-r-""'~ 
INPUTS _________ oJ~'-... ..: __ oV 

r-- ~I ... IS' 'I' '! 'hIS) 3V 

CHlp·ENABLE ~'.5V I I ~ 
INPUT ~:'~;:':"--ov 

.--twtWlft'I----et 

~' 3V 
READIWRITE 1.6V 1.SV 
INPUT I ;..,j---------OV 

I-1PLH-ef t.---ISR---t • ~ __ VOH 

----i1i'.6V 1.SV",--
Yo, 

WRITE CYCLE VOLTAGE WAVEFORMS 

CHIP.~'V 
ENABLE l.5V 1.SV 
INPUT I ------OV 
I_NOIeC, ~Ia(S,-t4 .......... LH 

OUTPUT ~.5 V y,:;;-VOH 

(..eN_al . - ---VOL 

ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP ENABLE 

VOLTAGE WAVEFORMS 

NOTES: A. When measuring access times from address inputs, the enable/select input (s) Is (are) low and the read/write input is high. 

B. Waveform shown is for the output with internal conditions such that the output Is low except when disabled. 
C. When measureing access and disable times from enAble/select input (5), the address inputs are steady-state and the read/write 

Input is high. 
D. I nput waveforms are supplied by pu.lse generators having the following characteristics 

TESTING RAM's WITH OPEN-COLLECTOR OUTPUTS 

PRINTED IN USA. 
TI connot o~sume ony responsibility for any circuits shown 
or represenl thol 'hey are free from potenl infringement. TEXAS INSTRUMENTS 

INCORPORATED 

!EXAI INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TTL 
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TYPES SN54S226, SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 

BULLETIN NO. DL-5 7712477, OCTOBER 1976-REVIS~D AUGUST 1977 

• Univenal Transceivers for Implementing 
System Bus Controllers 

• Dual-Rank 4-Bit Transparent Latches 
Provide 

- Exchange of Data Between 2 Buses In One 
Clock Pulse 

- Bus-to-Bus Isolation 
- Rapid Data Transfer 
- Full Storage Capability 

• Hysteresis at Data Inputs Enhances Noise 
Rejection 

• Separate Output Control Inputs Provide 
Independent Enable/Disable for Either 
Bus Output 

• 3-State Outputs Drive Bus Lines Directly 

description 

SN545226 .•. J PACKAGE 
SN745226 .•. J OR N PACKAGE 

(TOPVIEWI 

BUS B INPUTS/OUTPUTS 
STB SELr'------~----~ 

Vee GAB S2 B1 B2 B3 B4 

GBA OCAB 

S1 

1 

STB S1 A1 A2 A4 OCBA GND 
GBA SEL' • ' 

BUS A INPUTS/OUTPUTS 

SEE FUNCTION TABLES 

These high·performance Schottky TTL quadruple bus 
transceivers employ dual·rank bidirectional four-bit 
transparent latches and feature three-state outputs 
designed specifically for driving highly-capacitive or 
relatively low-impedance loads_ The bus-management 
functions implemented and the high-impedance con
trols offered provide the designer with a controller I 
transceiver that interfaces and drives system bus
organized lines directly. They are particularly attrac
tive for implementing: 

functional block diagram 

Bidirectional bus transceivers 
Data-bus controllers 

The bus-management functions, under control of the 
function-select (51, 52) inputs, provide complete data 
integrity for each of the four modes described in the 
function table. Directional transparency provides for 
routing data from or to either bus, and the dual store 
and dual readout capabilities can be used to perform 
the exchange of data between the two bus lines in the 
equivalent of a single clock pulse. Storage of data is 
accomplished by selecting the latch function, setting 
up the data, and taking the appropriate strobe input 
low. As long as the strobe is held low, the data is 
latched for the selected function. Further control is 
offered through the availability of independent 
output controls that can be used to enable or 

INPUTSI 
OUTPUTS 

DUAL·RANK 
LATCHES . DUAL-RANK 

LATCHES . 

OCBA ~ DeAB 

OUTPUT STROBE SELECT STROBE OUTPUT 
CONTROL GSA GAB CONTROL 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DAL~S. TEXAS 75222 

INPUTS! 
OUTPUTS -
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TYPES SN54S226, SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 
REVISED AUGUST 1977 

BlJS.MANAGEMENT FUNCTION TABLE OUTPUT-CONTROL FUNCTION TABLE 

OPERATION 52 S1 LATCH FUNCTIONS OCAB OCBA OUTPUT FUNCTION 

DRIVE BUS A L L Pass Bus B Data to Bus A L X Disable Bus B Outputs (Hi-Z) 
DRIVE BUSB H L Pass Bus A Data to Bus B H X Enable Bus B Outputs 

EXCHANGE H H Store Bus A and Bus B Data X L Disable Bus A Outputs (Hi-Z) 

BUSAANDB L H Readout Stored Data X H Enable Bus A Outputs 

disable the outputs as shown in the output-control function table, regardless of the latch function in process. Store 
operations can beperiormed with the outputs disabled to a high impedance (Hi-Z). In the Hi-Z state the inputs/outputs 
neither load nor drive the bus lines significantly. The p-n-p inputs feature typically 400 millivolts of hysteresis to 
enhance noise rejection. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) 
Input voltage 
Off·state output voltage 
Operating free-air temperature range: SN54S226 (see Note 2) 

SN74S226 
Storage temperature range 

NOTES: 1. Voltage values are with respect to network ground terminal. 

7V 
.5.5 V 
.5.5V 

-55°C to 125°C 
OOeto 70°C 

-65°C to 150°C 

2. An SN54S226 in the J package operating at temperatures above 1130 C requires a heat~sink that provides a thermal resistance from 

case to free air, ReCA. of not more than 4SoC/W. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 15222 
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TYPES SN54S226. SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 

REVISED AUGUST 1977 

recommended operating conditions 

SN54S226 SN74S226 

MIN NOM MAX MIN NOM MAX 
UNIT 

SupplV voltage, V CC 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

High-level output current, IOH -6.5 -10.3 mA 

Data (A or B) O' 0+ 
Data setup time, tsu 

Select 
ns 

O' 0+ 

Data (A or B) 30. 30. 
Data hold time, th 

Select 30. 30. 
ns 

Operating free-air temperature, T A (see Note 2) -55 125 0 70 DC 

J. The arrow Indicates that the hlgh-to-Iow transition of the enable input is used for reference. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN 

VIH High·level input voltage 2 

Vil low-level input voltage 

VIK Input clamp voltage VCC= MIN, 11=-18mA 

I SN54S226 Vce= MIN, VIH=2V, lSN54S226 2.4 
VOH High-level output voltage 

I SN745226 Vil = 0.8 V, 10H = MAX ISN745226 2.4 

Val low-level output voltage 
Vee = MIN, VIH =2 V, 

Vil = 0.8 V, IOl = 20mA 

10ZH 
Off·state output current, Vee MAX, VIH - 2 V, 

high-level voltage applied Va = 2.4 V 

IOZl 
Off'state output current, Vee = MAX, VIH = 2 V, 

low-level voltage applied Va = 0.5 V 

II Input current at maximum input voltage Vee= MAX, VI=5.5V 

IIH High-level input current Vee- MAX, VI-2.7V 

III low·level input current Vee = MAX, VI=0.5V 

lOS Short-circuit output current § Vee MAX 50 

Ice Supply cL!rrent Vce - MAX, See Note 3 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

:tAli typical values are at Vee = 5 V, TA = 2SoC. 
§ Not more than one output shou~d be shorted at a time and duration of the short-circuit should not exceed one second. 

TVP:!: MAX UNIT 

V 

0.8 V 

-1.2 V 

3.3 
V 

2.9 

0.5 V 

100 /loA 

-100 /loA 

1 mA 

100 /loA 

-380 /loA 

180 mA 

125 185 mA 

NOTES: 2~ An SN54S226 in the J package operating at temperatures above 113° C requires a heat-sink that provides a thermal resistance from 

case 10 free air, R6CA, of not more than 48°CIW. 

3. ICC is measured with all inputs (and outputs) grounded. 

TEXAS INSTRUM·ENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES SN54S226. SN14S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 
REVISED AUGUST 1977 

switching characteristics, Vee = 5 V. T A = 25°e 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tPLH 
AorB BorA 

tPHL 

tPLH 
Select Anv 

tPHL 

tPLH Strobe GBA 

or GAB 
AorB 

tPHL 

tpZH Output Control 
AorB 

tpZL OCBAor OCAB 

tpHZ Output Control 

OCBAor OCAB 
A or B 

tpLZ 

tPLH == propagation delay time, low .. to-high-level output 

tPH L == propagation delay time, low-to-high-Ievel output 

tZH == output enable time to high level 

tZL == output enable time to low level 
tHZ == output disable time from high level 
tLZ := output disable time from low level 

applications 

TEST CONDITIONS 

CL = 50 pF. RL= 2800. 

CL=5pF. RL=2800. 

MIN TVP MAX UNIT 

20 30 

15 30 
ns 

25 37 

19 30 
ns 

25 37 

19 30 
ns 

12 20 
12 20 

ns 

10 15 

10 
ns 

15 

The following examples demonstrate four fundamental bus-management functions that can be performed with the 
'5226, Exchange of data on the two bus lines can be accomplished with a single high-to-Iow transition at 52 when 51 is 
high. 

'S226 

~ 
CONTROL 

BUS B_BUS A 

'5226 

'---v----J 
CONTROL 

BUSA_BUSB 

'8226 

CONTROL 
STORE A AND/OR B 

'5226 

CONTROL 
READOUT A AND B 

-- - - --- VIH 

VIL 

VIH 
CONTROL JS2 

lS1------------------------------------~. - - - - - - - - - - - - - - - - - - VIL 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES SN54S240, SN54S241, SN14S240, SN14S241 
OCTAL BUffERS/LINE DRIVERS/LINE RECEIVERS 

WITH 3-STATE OUTPUTS 
BULLETIN NO. DL-5 7512346, DECEMBER 1975 

features: 

• High-Performance Schottky TTL 
Line Drivers and/or Receivers in a 
High-Density 20-Pin Package 

• 3-State Outputs Drive Bus Lines Directly 

• P-N-P Inputs Reduce D-C Loading on 
Bus Lines 

• Hysteresis at Inputs Improve Noise Margins 

20 

SN54S240 ... J PACKAGE 
SN74S240 ... J OR N PACKAGE 

(TOP VIEW) 

w, lV2 2A3 2A2 

• 'S241 Can Be Interconnected With No 
External Components to Perform as 
Bi-directional Bus Transceiver tG lAt 2V4 tA2 2Y3 2V2 2V1 GND 

typical characteristics: logic: 1V = 1A when 1G is low 
2V = 2A when 2G is low 

• Fan-Out: SN74S' SN54S' 
IOL (Sink Current) 64 mA 48 mA 

When 1 G is high 1 V outputs are at a high impedance 
When 20 is high 2V outputs are at a high impedance 

IOH (Source Current) -15 mA -12 mA 
• Typical Propagation Delay Times: 

Data-to-Output: 
'S240 (Inverting) ... 4.5 ns 
'S241 (Noninverting) ... 6 ns 

• Enable-to-Output ... 9 ns 

description 

Vee 2G 

SN54S241 ... J PACKAGE 
SN74S241 ... J OR N PACKAGE 

(TOP VIEW) 

lY2 2AJ 

These buffers/line drivers are designed specifically to 
improve both the performance and po<: board density of 
3-state buffers/drivers employed as memory·address drivers, 
clock drivers, and bus·oriented transmitters/receivers. 
Featuring 400 millivolts of hysteresis at each low·current 
p·n·p data· I ine input, they provide improved noise rejection 
and h igh·fan·out outputs to restore Schottky TTL levels 
completely, or the SN74S' versions can be used to drive 
terminated lines down to 133 il. 

logic: 1V=1Awhen1Gislow 
_ 2V = 2A when 2G is high 

When 1 G is high 1 V outputs are at a high impedance 
When 2G is low 2V outputs Bre at a high impedance 

Typically, the '5240 can replace the equivalent of six SN54S04, SN74S04 
inverters or four SN54S130, SN74S140 line drivers at their rated drive 
capabilities with the added benefits of input hysteresis and 3·state outputs. 
The '5241 offers the same complexity and drive capability but is designed for 
use in non·inverting applications. 

In bus·organized systems, the 'S241 can be connected with no external 
components to perform as a non·inverting input/output bus transceiver. With 
complementing enable inputs, the control function can be connected directly 
to both enable inputs while the two 4·line data paths can be connected (at 
adjacent pins) input·to·output on both sides to form the asynchronous 
transceiver/buffer. 

Unused inputs must not be left open, or used inputs must not experience 
driving impedances of ;;;'40 kil. 

TENTATIVE DATA SHEET 

This document provides tentative information TEXAS INSTRUMENTS 
on a new product. Texas Instruments f8S8Nes INCORPORATED 

the right to change specifications for this POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

product in any manner without notice. 

'S241 BUS TRANSCEIVER 

BUS 1 BUS 2 

~(') 

CONTROL ~ 
L ••• RECEIVE BUS 1 DRIVE BUS 2 
H ••• RECEIVE BUS 2 DRIVE BUS 1 

tlntegrated Schottky·Barrier diode· 
clamped transistor is patented by 
Texas Instruments. U. S. Patent 
Number 3,463,975. 

• 

5 
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TYPES SN54S240, SN54S241, SN74S240, SN74S241 
OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

PARAMETER 
SN54S' SN74S' 

MIN NOM MAX MIN NOM MAX UNIT 

Supply voltage, Vee (see Note 1) 4.5 5 5.5 4.75 5 5.25 V 
High·level output current, IOH -12 -15 mA 
Low·level output current, IOL 48 64 mA 
Operating free·air temperature, T A (see Note 2) -55 125 0 70 °e 

NOTES: 1. These voltage values are with respect to network ground terminal. 
2. An SN54S241J operating at free-air temperature above 11SoC requires a heat sink that provides a thermal resistance from case to 

free-air, ROCA. of not more than 40oC/W. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
'8240 

MIN TVPt MAX MIN 
VIH High-level input voltage 2 2 
VIL Low-level input voltage 0.8 
V,K I nput clamp voltage Vee MIN, I 18mA 1.2 

Hysteresis (VT+ VT ) Vee MIN 0.2 0.4 0.2 
Vee- MIN, VIL - 0.8 V, 

2.4 3.4 2.4 
VOH High·level output voltage IOH = -3 mA 

Vee MIN, VIL 0.5 V, 
IOH=MAX 

2 2 

VOL Low-level output voltage Vce- MIN, IOL - MAX 0.55 

10ZH 
Off-state output current, 

Vee = MAX, Vo= 2.4 V 50 high-level voltage applied 
Off-state output current, VIH=2V, 

10ZL low-level voltage applied VIL =0.8V Vo = 0.5 V -50 

'I 
Input current at maximum 

Vee = MAX, VI =5.5 V 1 
input voltage 

"H High~evel input current, any input Vee = MAX, VIH - 2.7 V 50 

',L Low-level input current 
Any A 

Vee = MAX, VIL=0.5V 
-400 

AnyG -2 
lOS Short-circuit output current~ Vee- MAX -50 -225 -50 

Total, SN54S' 80 123 
outputs high SN74S' 80 135 

ICC Supply current 
Total, Vee = MAX, SN54S' 100 145 
outputs low Outputs open SN74S' 100 150 
Outputs at SN54S' 100 145 
Hi-Z SN74S' 100 150 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAli tvpical values BrB at Vee = 5 v., TA = 2SoC. 

1f Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

switching characteristics, Vee = 5 V. T A = 25°e 

PARAMETER TEST CONDITIONS 
'8240 

MIN TVP MAX MIN 

tpLH 
Propagation delay time, 

4.5 7 low-to-high-Ievel output 

tPHL 
Propagation delay time, eL = 50 pF, RL =900, 

4.5 7 high-to-Iow-Ievel output See Note 3 
tZL Output enable time to low level 10 15 
tZH Output enable time to high level 6.5 10 
tLZ Output disable time from low level eL - 5 pF, RL =900 10 15 
tHZ uutput disable time from high level 6 9 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

'8241 
UNIT 

TVPt MAX 
V 

0.8 V 
-1.2 V 

0.4 V 

3.4 
V 

0.55 V 

50 
IlA 

~O 

1 mA 

50 IlA 
-400 IlA 

-2 mA 
-225 mA 

95 147 
95 160 

120 170 
mA 

120 180 
120 170 
120 180 

'8241 
UNIT 

TVP MAX 

6 9 ns 

6 9 ns 

10 15 ns 
8 12 ns 

10 15 ns 
6 9 ns 

12 
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TYPES S154S240, S154S241, S114S240, SI14S241 
OCTAL BUFFERS/LlIE DRIVERS/LlIE RECEIVERS WITH 3-STATE OUTPUTS 

DRIVER I LONG LINE I RECEIVER 
1/8 'S241 , REPEATER REPEATER REPEATER' 1/8 'S241 

IN~~1L __ =~~41..:. ~8'~~S2~ 
~~~-l/"-n-];-~ ~~, IT, 

~ . . . 
~::~:::-:-,w;.--: -:-Q-=---:--: M~ -Q-=--=-~-=-~-Q-=- -=-l-=..=::::--Q-=-- .::-,.::=:::-:~-=--
1,2V'W--IJv--j:: ..:::t- '-L- -'rj::..:::t-.J-- "':J::..:::t-J - -~-j:: ..:::t-W"--'--:j::..:::t-
0.3 V -'NPUT _. ouTPuT -INPUT' OUTPUT - INPUT- OiJTPuT - iNPUT - - OiiTPuT - iNpUT - OUTPUT' 

'5241', USED AS REPEATER/LEVEL RESTORER 

OUTPUT { 
CONTROL 

~------------~--~vr-------------------J 
SYSTEM AND/OR MEMORY·ADDRESS BUS 

'S240 USED AS SYSTEM AND/OR MEMORY BUS DRIVER-4-BIT ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 

-OUTPUT 
PORTS 

-INPUT 
PORTS 

FROM 
DATA 
BUS 

TO 
DATA 
BUS 

INDEPENDENT 4-BIT BUS DRIVERS/RECEIVERS 

IN A SINGLE PACKAGE 

TEXAS INSTRUMENTS 
INCOH.PORATED 

PARTY ·L1NE 114 'S241 
MUL TlPLE·INPUT/OUTPUT BUS DRIVER 

r--~-., 

>--=--_~S-__ -:I---<.a INPUT B 

I 

BUS 
CONTROL 
If"Ii"" 

H L 
L L 
L H 
H L 

~ 
RECEIVERS 

INPUT OUTPUT 
-B- --A-

B B 
A B 
A A 

NONE NONE 

I 
I 

BUS 
~ 

L L 
H L 
H H 
L H 
L H 

PARTY-LINE BUS SYSTEM 

WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 

NOTE 4: Unused Inputs must not be left open, or used 
inputs must not experience driving impedances 
01;;;'40 k!l. 

PklNTED IN USA 
11 cannot assume ony responsibility 101 ony circuih ~hown 7 
or rppre~ent thel they ort free from polent i"fringement, 

• 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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SCHOTTKYf 
TTL 

• Multiplexed Inputs/Outputs Provide 
Improved Bit Density 

• Four Modes of Operation: 
Hold (Store) Shift Left 
Shift Right Load Data 

TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 

DECEMBER 1976 

SN54S299 .•• J PACKAGE 
SN74S299 •.. J OR N PACKAGE 

ITOPVIEWI 

~" ~" 
LEFT RIGHT 

Vee S1 SL 0HI H/QH F/OF 0100 BlOB CLOCK SR 

• Operates with Outputs Enabled or at High Z 

• 3-State Outputs Drive Bus Lines Directly 

• Can be cascaded for N-Bit Word Lengths 

• Applications: 
Stacked or Push-Down Registers, 
Buffer Storage, and 
Accumulator Registers 

description 

so 

so ~GIQG 

OUTPUT 
CONTROLS 

elOE 

SR 

CLEAR 

C/Oc A/OA QA' CLEAR GND 

logic: see description and function table 

These Schottky TTL eight-bit universal registers feature multiplexed inputs/outputs to achieve full eight bit data 
handling in a single 20-pin package. Two function-select inputs and two output-control inputs can be used to choose 
the modes of operation listed in" the function table." " " " 

Synchronous parallel loading is accomplished by taking both function·select lines, SO and 51, high. This places the 
three-state outputs in a high-impedance state, which permits data that is applied on the input/output lines to be clocked 
into the register. Reading out of the register can be accomplished while the outputs are enabled in any mode. A direct 
overriding input is provided to clear the register whether the outputs are enabled or off. 

FUNCTION TABLE 

INPUTS INPUTS/OUTPUTS OUTPUTS 

FUNCTION OUTPUT 
MODE SERIAL 

CLEAR SELECT CONTROL CLOCK A/QA B/QB C/Oc D/QD E/QE F/QF G/QG H/QH QA' QH' 
S1 SO (31 t G2t SL SR 

L X L L L X X X L L L L L L L L L L 
Clear 

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

H L L L L X X X OAO QBO OCO 000 OEO OFO aGO aHa OAO aHa 
Hold 

H X X L L L X X OAO °BO OCO 000 OEO OFO °GO OHO OAO OHO 
H L H L L t X H H OAn °Bn OCn OOn OEn OFn °Gn H OGn 

Shift Right 
H L H L L t X L L OAII °Bn °Cn OOn OEn OFn OGn L °Gn 
H H L L L t H X OBn OCn OOn OEn OFn OGn OHn H OBn H 

Shift Left 
H H L L L t L X °Bn OCn °On OEn OFn OGn OHn L OBn L 

Load H H H X X t X X a b c d e f 9 \ h a h 

tWhen one or both output controls are high the eight input/output terminals are disabled to the high-impedance state; however, sequential 

operation or clearing of the register is not affected. 

a ••• h = level of the steady-state input at inputs A through H, respectively, These data are loaded into the flipflops while the flip-flop outputs 
are isolated from the input/output terminals. 

tlntegrMad Schottky·Berrier diode
clemped tra .. istor is Plltllnted by 
Te_ IIlItrumen.. U. S. Patent 
Number 3...,3.I/7&. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

-
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TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 

functional block diagram 

! ~ c 

Ic~ ij 
~ ~ O'!O .... ! 

L 
rl.......J 

~~ ij " 
;; 

L rl.......J 

~~ 
-

ro ~ ~ " _OeCl 

L t rl.......J 

~~ ~ " 
~ 

L r ........ 

~~~ ij <---,r-< L 
! 

r'-' 

.. -..... - - .. - ~~~ 
- '. 

.... e .... i 
-0 cO 

L t r ........ 

~~~ - I f-ce .... ~ 
~GlI:a 

L t r ........ 

~~~ 
r--

f-c ~ .... E r- o 50 

L t ........ 
- .... r:;:::::-

~ I'" '" ~ L~ 

~ 
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TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 

schematics of inputs and outputs 

. EQUIVALENT OF CLOCK OR 
CLEAR INPUTS 

VCCc--
Raq 

INPUT __ 

Clock: Req = 2.8 kSl NOM 
CI •• r: Req = 3.5 kSl NOM 

EQUIVALENT OF (;1 
AND G21NPUTS 

EQUIVALENT OF A THRU Ht, SO, S1, 
SHIFT RIGHT, AND SHIFT LEFT INPUTS 

VCC~---3.5 kSl 
NOM 

INPUT --

tWhen 3-state outputs are disabled. 

TYPICAL OF OUTPUTS 

QA THRUQH 

TYPICAL OF OUTPUTS 

QA'THRUQH' 

---~-VCC ----+-VCC 

OUTPUT OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vee (see Note 1) 7V 

,5,5V 
,5,5 V 

_55°e to 125°e 
oOe to 700e 

-65°e to 1500 e 

Input Voltage 
Off-state output vOltage . 
Operating free-air temperature range: SN54S299 (see Note 2) 

SN74S299 
Storage temperature 

NOTES 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 
SN54S299 

MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 

OA thru OH -2 
High-level output current, IOH 

OA'orOH' -0.5 

OA thru OH 20 
Low-level output current, IOL 

0A'or Ow 6 

~frequency, fclock 0 50 

Clock high 10 
Width of clock pulse, twlclock) 

Clock low 10 

Width of clear pulse, tw(clear) Clear low 10 

Select 1St 

High-level dataO 7t 
Setup time, tsu 

Low-level dataO St 

Clear inactive-state lOt 

Select St 
Hold time, th 

DataO st 

Opereting free-air temperature, T A -55 125 

OOate includa the two lerlal Inputs and the eight input/output data lines. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

SN74S299 
UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

-6.5 

-0.5 
mA 

20 
mA 

6 

0 50 MHz 

10 

10 
ns 

10 ns 

15t 

7t 

5t 
ns 

lOt 

5t 

5t 
no 

0 70 °c 

• 

11 
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TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN 
V,H High-level input voltage 2 

VIL Low-level input voltage 

VIK I nput clamp voltage VCC= MIN, " =-18mA 

VOH High-level output voltage 
QA thru QH VCC- MIN, V'H= 2V, 2_4 

I QA'or QW V,L=0_8V, IOH=MAX 2.7 

VOL Low-level output voltage 
Vce· MIN, VIH=2V, 

V,L = 0.8 V, IOL = MAX 

10ZH 
Off-state output current, 

QA thru QH 
VCC - MAX, V,H - 2V, 

high-level voltage applied VO=2.4V 

IOZL 
Off-state output current 

QA thru QH 
VCC = MAX, VIH=2V, 

low-level voltage appl ied VO=0.5V 

II Input current at maximum input voltage Vce-MAX, VI =5.5 V 

IIH High-level input current 
A thru H, SO, 51 

Any other 
VCC = MAX, VI = 2.7 V 

Clock or clear 
IlL Low~level input current 

Any other 
VCC = MAX, VI =O.pV 

QA thru AH -40 
lOS Short-circuit output current§ VCC = MAX 

QA'orQH' -20 

ICC Supply current VCC=MAX 

t For conditions shown as MJ N or MAX, use the appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, T A = 25° c. 

TVP:j: 

3_2 

3.4 

140 

§ Not more than one output should be shorted at a time and dUration of the short-circuit test should not exceed one second. 

switching characteristics, Vee =.5 V, TA= 25°e . 

PARAMETER~ 
FROM TO 

(INPUT) (OUTPUT) 

f max 

tPLH 
Clock QA'orQH' 

tPHL 

tPHL Clear QA' orQH' 

tPLH 
Clock QA thru QH 

tPHL 

tPHL Clear QA thru QH 

tpZH 

tPZL 
<31,132 QA thru QH 

tPHZ 
131,132 QA thru QH 

tPLZ 

llfmax =maximum clock frequency 
tPLH == propagation delay time, low .. to~high .. level output 
tpH L == propagation delay time, high-to-Iow .. level output 
tPZH == output enable time to high level .~ 
t PZL == output enable time to low level 
tPHZ == output disable time from high level 
tPLZ == output disable time from low leyal 

- -
TEST CONDITIONS MIN TVP 

See Note 2 50 70 

12 
CL=15pF, RL = 1 Kn, 

13 
See Note 2 

14 

15 

15 
CL = 45 pF, RL=280n, 

16 
See Note 2 

10 

12 

CL=5pF, RL -280n, 7 

See Note 2 7 

MAX 

0_8 

-1-2 

0.5 

100 

-250 

1 

100 

50 

-2 

-250 

-100 

-100 

225 

MAX 

20 

20 

21 

21 

21 

,,24 

18 

18 

12 

12 

NOTE 2: For testing f max• all outputs are loaded simultaneously. each with CL and AL as specified for the propagation times. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

UNIT 

V 

V 

V 

V 

V 

/lA 

/lA 

rnA 

/lA 

rnA 

/lA 

rnA 

rnA 

UNIT 

MHz 

ns 

ns 

ria 

ns 

ns 

ns 
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SCHOTTKYf 
TTL 

• Field-Programmable Logic Array 
Organized 12-lnputs/50-Product 
Terms/6-0utputs 

• Programmable Options Include: 
- Active High or Low Inputs/Outputs 
- Choice of Dedicated Enable Input or 

Automatic Enable by True Product 
Terms 

• Number of Inputs, Outputs, and 
Product Terms are Expandable 

• High Density 20-Pin Package 

• Full Schottky Clamping for High
Performance: 
- 30 ns Typical Data Delay Time 
- 20 ns Typical Enable Time 

• Reliable TI-W Fuse Links for Fast, 
Low-Voltage Programming 

TYPES SN74S330.: SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 
DECEMBER 1977 

SN74S330, SN74S331. • • J OR N PACKAGE 

A F2 

positive logic: See description and function tables. 

• Choice of 3-8tate ('8330) or 2.5 kn Passive-Pull-up ('8331) Outputs 

description 

These high·performance, Schottky·clamped 12·input, 6·output logic arrays can be field programmed to provide 50 
product terms derived from the 12 inputs and sum the 50 products onto 6·output lines. They feature a programmable 
option which permits the FPLA outputs to be automatically enabled by a true product term or, to dedicate during 
programming,input (LlOE) to serve as an output enable (OE). Either option makes the FPLA expandable with respect 
to product terms'. Other options permit use of both dedicated or automatic enable or no disable. 

For every product term, 12 input variables can be programmed as high or low. Logic flexibility is further enhanced by 
the feature that the six outputs can be programmed individuallY to be active high or low. 

The 'S330 is implemented with bus·driving 3-state outputs and can be connected directly to similar outputs in a bus
organized system. The 'S331 is implemented with a 2.5 kn passive pull-Up resistor on each output meaning that: 

a. The output can be combined with other similar or open-collector outputs to perform the logical wire-AND 
or a simple enable/disable function. 

b. The 'S331 outputs are also rated at VOH = 3.7 minimum for direct interface with MOS input thresholds. 

The TI-W fuse links, used in the 'S33O/'S331, feature the same low-voltage programming characteristics and proven 
reliability which Texas I nstrumants PROM's have demonstrated over a number of years. 

1277 TENTATIVE DATA SHEET 
This document provides tentative information 
on a new product. Taxas Instruments reserves 
the right to change specifications for this 
product in any manner without notice. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

tlntegrated Scho!dcy-Barrier diode
clamped transistor is patented by 
T..... Instruments. U. S. Patent 
Number 3,463,975. 

• 
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TYPES SN74S330, SN74S331 
EXPANDABLE 12-INPUT,50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 

A 
B 
C 
D 
E 
F 
G 50 

H 
I 
J 
K 
L 

--------- --
/ 

( 

I 
I 
I 

<=--=-~ I / 
I f I 
II 
II 
II 
II 
I f A 

/ ' 
r// 

I I I I I I 
I I I I I I 

--- \ 
I 

I 
I 
I 
I 
I 
I 

I 
r 

LIOE I 

OE __________ ~/ 

WHERE: 
Fj - FO, F1, F2, F3, F4, or FS 

FO 

F1 

FUNCTION 
F2 OUTPUTS 

F3 

F4 

F5 

(ABC ••••• LI; = 12 PROGRAMMABLE INPUTS (H = TRUE OR L - TRUEI FOR EACH OF 50 PRODUCT TERMS 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES SN74S330,SN74S331 
EXPANDABLE 12-INPUT , 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) 
I nput voltage . 

. 7V 
5.5 V 

Off-state output voltage 
Operating free-air temperature range 

Storage temperature range. 

5.5 V 
oOe to 70°C 

._65°e to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN74S330,SN74S331 
UNIT MIN NOM MAX 

Supply voltage, Vee 4.75 5 5.25 V 

High-level output current, 10H 
'S330 T-SI -6.5 

I 'S331 (2.5 kn Pull up) -0.25 
mA 

-_._-
Operating free~air temperature, T A 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST eONDITIONSt -
SN74S330,SN74S331 

MIN Typf MAX 
VIH High-level input voltage 2 
VIL Low-level input voltage 0.8 
VIK I nput clamp voltage Vee MIN, I 18mA 1.2 

'S330 
Vee = MIN, 

IIOH = MAX 2_4 3.1 
VOH High-level output voltage 

'S331 VIH = 2V 
IIOH -MAX 3.7 4.4 

VIL = O.S V 

VOL Low-level output voltage Vee 'MIN, VIH 2V, 
0.5 

VIL = 0.8 V, IOL = 12 mA 

~ 
Off~state output current, 'S330 

Vee = MAX 
Vo 2.4V 50 

loff high-level voltage applied 'S331 I Vo Vee 150 

10ZL 
Off-state output current. 

'S330 Vee = MAX, Vo =0.5 V -50 
low-level voltage applied 

II 
Input current at maximum 

Vee = MAX, VI =5.5V 1 
input voltage 

IIH High-level input current Vee = MAX" VI-2.7V 50 
IlL Low-level input current Vee - MAX, VJ -0.5V --0.25 

lOS 
Short-circuit output 'S330 

Vee = MAX 
-30 -100 

current§ 'S331 -1.4 -4.4 

ICC Supply current 
'S330 

Vee= MAX, See Note 2 
110 155 

'S331 122 165 . . . . . . tFor cond,tions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions • 
f All typical values are at Vee = 5 V, T A = 25° c. 
§ Not more than one output of the '5330 should be shorted at a time. 

NOTE 2: ICC is measured with all outputs open and all inputs grounded. 

switching characteristics over recommended operating ranges of T A and Vee (unless otherwise noted) 

PARAMETER TEST CONDITIONS 'S330 'S331 
FROM TO 

'S330 'S331 'S330 'S331 MIN TYP MAX MIN TYP MAX 

tPLH tPLH Any data RL1 = 300n, 35 60 35 60 

input 
Any output eL=30pF, 

tpHL tPHL See Figure 2, 
CL=30pF, 35 60 35 60 

tZL tpHL 
DE 

See Figure 1, 20 35 20 35 
Any output Section 4, page 13 

tZH Section 4. page 13 20 35 

tHZ 
AE or DE 

RL 1 = 300n, 15 30 
Any output CL=5pF. 

tLZ tPLH CL=30pF, 15 30 15 30 

IZL tPHL Any data 
See Figure 2. 

See Figure 1, 40 70 
input (A E) 

Any output Section 4. page 13 
tZH Section 4. page 13 40 70 40 70 

1277 TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

UNIT 

V 
V 
V 

V 

V 

IJ.A 

IJ.A 

mA 

}J.A 
mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

• 
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TYPES SN74S330,SN74S331 
EXPANDABLE 12-INPUT. 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 

programming the FPLA 

The '5330 and '5331 are fabricated to include reliable low-voltage programmable Ti-W fuse links which have identical 
fusing characteristics with those used for most of TI's PROM's; however, the AND-OR combinational logic performed 
by an FPLA requires that sequential programming be employed which establishes the AND term including the 
data/enable L/OE input before the OR term. Programming the automatic enable feature active and the data/enable 
input (L/OE) can be accomplished before or after the AND and OR matrices are established. Programming the true low 
level of the outputs should be performed last. 

recommended conditions for programming 

MIN NOM 

SupplV voltage V r.r. (see Note 1) 4.75 5 

Program pulse voltage, V (pr) (see Note 1) 1() 10.6 

Program pulse rise time 100 

Input voltage (see Note 1) I High level, VIH 2.4 

I Low level, VI 0 

Voltage applied to output for OR programming, VO(pr) (see Figure 4) 0 0.25 

Duration of programming pulse Y (see Figures 1,3,4, and Note 2) 98 100 
Programming duty cycle 25 

Free~air temperature 0 

t Absolute maximum ratings. 

NOTES: 1. Voltage values are with respect to the GND terminal. 

2. Programming is guaranteed if the pulse applied Is 98 ps In duration. 

TABLE I - ADDRESSES FOR PROGRAMMING ENABLES AND OUTPUT LEVELS 

ADDRESS APPLIED TO OUTPUTS PRODUCT TERM 

F5 F4 F3 F2 Fl FO ADDRESSED 
PROGRAMS 

H H L L H L 502 0o,,"", ,ru.,~} 
H H L L H H 51 2 Output F4 true low 

H H L H L L 522 Output F3 true low PROGRAM 

H H L H L H 532 Output F2 true low LAST 

H H L H H L 542 Output F 1 true low 

H H L H H H 552 Output FO true low 

H H H L L L 562 L/OE = L input 
H H H L L H 572 Automatic output enable active 

TABLE 11- OUTPUT ENABLE OPTIONS 

TERM FUSED PROGRAMS 

Neither 562 nor 572 "LlOE" as "OE" (L Must be Programmed "don't care") 

562 (See Note 3) Outputs to be Continously Enabled (LIOE as L input) , 

572 
LlOE as OE and Automatic Enable (AE) Active (Fi = OE • AE, 

Where: AE = True Product Term Addressed) 
562 and 572 (See Note 3) Automatic Enable (AE) Active (Fi = AE) 

NOTE 3: If the LICE input is not used as an enable input, programming the fuse at address 

562 will cause the outputs to be continously enabled. This function can be used 

to simplify verification during programming even if address 572 is fused subse

quently to activate the automatic enable. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 15012 • DALLAS. TEXAS 75222 

MAX UNIT 

5.75 V 
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TYPES,SN74S3aO,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

programming the automatic enable (AE) to be active 

The '5330 and '5331 are supplied with a fuse link disabling the automatic enable circuit. When a true product 
term is not present at the inputs this circuit is designed to automatically disable the six outputs [high·impedance 
(Z) for '5330, high (H) for '53311. Fusing one link (See Table I) activates the automatic enabling circuit resulting 
in the six outputs being enabled for any true input term. 

The fuse is programmed by addressing term 572 and fusing in accordance with the step·by-step procedure. See 
Table II above for options available. 

programming the L/OE input 

The LlOE input must be programmed either to function as a dedicated enable or to function as the 12th data input. 

If it is to become the 12th data input a single fuse, at term 562 (see Table 1), should be programmed in accordance with 
steps 1 through 5 below; then, input L is programmed logically into each AND/ AND product term. 

If input LlOE is to function as an output enable, term 562 is not fused: however, both AND/AND fuse links at each of 
the 50 product term addresses must be fused as outlined in the step-by-step procedures for the AND matrix creating a 
"don't care" for input L. This causes the input to become an overriding output disable for the package. See Table II 
for other output enable options. 

step-by-step programming procedure for enable options and output polarity 

1. Apply steady·state supply voltage (Vee = 5 V) and disable the outputs by applying 10.5 volts to the 12 
data inputs. See Figure 1. 

2. For output polarity, verify that the fuse link needs to be programmed. If not, proceed to the next term. 

3. Only one fuse link is programmed at a time. Address the term to be programmed by applying V I H and V I L 
to the outputs in accordance with Table 1 and recommended conditions for programming. 

4. Step Vee to 10.5 V nominal. Maximum supply current required during programming is 750 mAo 

5. After the Y pulse time is reached, Vee should be stepped down to 5 V. 

6. The data inputs may be taken to logic levels (to permit output polarity verification) 1 Jls or more after Vee 
reaches its steady-state value of 5 V. 

7. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 6 for each function to be programmed. 

NOTE 4: Vee should be removed between program-pulses to reduce dissipation and chip temperatures. See Figure 1. 

~ Y ~.I~.------

vec 

r-1~-1 1 r>l~ 

3Y 

REMOVE Vee TO 

REDUCE 

10.5 V 

I ~----T---- .," ~ .u. 
INPUTS. L ____ L ____________ ~ _____ VIL 

12 DATA 

VERIFY NEED~ HI.z -to! I-- TEST OUTPUT r VOH 

TO PROGRAM I ti[------------U ~------l JL-1r----- VIH 
OUTPUTS I 1 li-LiNE ADDRESS INPUT I ------1 'L. L.. ___________ J L _____ I...___________ 1..---- VIL 

VOH 

FIGURE 1 - OUTPUTS AND ENABLES PROGRAMMING SEQUENCE 
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TYPES SN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 

programming the truelfalse logic level of the outputs 

The FPLA is supplied with internal conditions established such that when a programmed AND or AND input term is 
true the associated function output (Fi) will be at a high logic level voltage, VOH. 

After programming the enables, product terms, and OR matrix, the outputs can be programmed to provide a low logic 
level voltage (VOL) output. This is accomplished by using AND/AND terms 50 through 55 shown in Table I and fusing 
the desired outputs using the step·by·step procedure. 

Programming can be verified by applying Vee = 5 V and the input conditions which correspond to each term 
programmed to result in an active low· level output, measuring VOL ~ 0.5 V at the programmed outputs. 

programming the AND/ANi5 product terms 

Each of the 50 product terms are capable of being programmed to decode a 12·wide term consisting of any combination 
of active (true) high, active (true) low, or don't care (H or L) input conditions at each of the 12 lines. This capabilitY is 

implemented by providing AND/AND decode input gates each having a pair of associated fusible links which can be 
programmed to inactivate the unused decode level. Both decode levels can be removed resulting in a "don't care" 
input. The equivalent logic diagram showing the fusible links is shown in Figure 2. 

A 

12 
DATA B 

INPUTS 

~~~--------~~------~'~ x 

~x 

o 

A·B·L=O A·ii·I=1 

49 

B·I=49 

50 
PRODUCT 
TERMS 

(A IS "DON'T CARE") 

FIGURE 2 - EQUIVALENT LOGIC DIAGRAM OF FPLA PRODUCT TERMS 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX !S012 • DALLAS. TEXAS 75222 

1277 



1277 

TYPES SN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

A particular pattern is assumed to have been programmed into the AND/AND fuse matrix with fused links opened at 
the locations marked with an "X". The resultant product terms are enumerated for the outputs of each product·term 
AND gate. 

Product terms programmed into the AND/AND matrix will be used to select the term for programming the OR 
(summing) matrix. Redundant product terms will select two sum terms in the OR matrix, and overlapping product 
terms'may select two or more sum terms. Reliable programming can be accomplished if redundant product terms 
are avoided and overlapping product terms are made unique within the FPLA for programming. 

Redundant product terms are defined as being absolutely equal; i.e., ABCDEFG=ABCDEFG. Use of apparently redun· 
dant terms is possible if the term does not use all inputs as the remaining inputs can be utilized to create FPLA unique 
terms for programming purposes by expansion: 

Example: 

ASCDEFGH~BCDEFGH 

After programming the entire OR matrix, the product terms can be readdressed and expanded inputs can be pro· 
grammed "don't care". 

Overlapping terms are defined as two or more product terms in which the lesser product term can be addressed as a 
result of the application of a larger product term. 

Examples: 

ASCDEFG ....... .---------This large product term 

AS DE G::==========- also addresses these small terms 
A CD F -

The small terms can be made FPLA unique for programming by simply expanding to non·redundant inputs. 

ABCDEFG .... ---------Large term 

AS DEFGi::=======-
A CD FG- Small terms made unique by expanding (one fuse link each) 

After programming the entire OR matrix, the product terms can be shortened bV readdressing the expanded terms 
and programming the added inputs to a "don't care". The AND/AND matrix is programmed one fuse at a time by 
addressing the term in accordance with Table III and fusing the input while applying the logic level desired to be 
active. See Figure 3. 

TABLE III - ADDRESSES FOR PROGRAMMING PRODUCT TERMS 

ADDRESS APPLIED TO OUTPUTS 
PRODUCT 

TERM 

FS F4 F3 F2 F, FO ADDRESSED 

L L L L L L 0 
L L L L L H 1 

L L L L H L 2 

L L L L. H H 3 

H H L L L L 48 
H H L L L H 49 

TEXAS INSTRUMENTS 
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lYPESiSN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 

step-by-step programming procedure for AND matrix 

Programming efficiency may be enhanced by programming the OR matrix upon completion of the 12-wide AND/AND 
term associated with it; or, the entire AND/AND term matrix can be programmed for all 50 product terms before 
programming the summing matrix. 

1. Apply steady-state supply (Vee = 5 V) and disable the outputs by applying 10.5 volts to the 11 data inputs not 
being programmed. See Figure 3. 

2. Only one fuse link is programmed at a time. Address the term to be programmed by applying V,H and V,L to the 
outputs in accordance with Table II. 

3_ Apply the logic level to be true at the input to be programmed. 

4. Step Vee to 10.5 V nominal. Maximum supply current required during programming is 750 mA_ 

5. After the Y pulse time is reached, Vee should be stepped down to 5 V. See notes 6 and 7. 

6. The data inputs may be taken to logic levels (to permit product term verification) 1 J.I.S or more after Vee reaches 
its steady-state value of 5 V. 

7. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 6 for each input to be programmed. 

NOTES: 5. Vee should be removed between program pulses to reduce dissipation and chip temperatures. See Figure 3. 

6. If the input just programmed is to be a "don't care" and is not being used to expand the product tarm repeat steps 3 and 4 with 

the opposite logic level applied to the input. Before changing the product term address, program all inputs (A through L/OE for 

this product term including all "don't cares". 

7. If input LICE is to be used as a dedicated package enable it must be programmed as a "don't care" by fusing both links at each of 

the 50 product term locations. 

3Y 

10JjV 

r------~-- 5 V 
I 
I 

+I 
I 
I 

1 
I 

\4. ;>1 jIS 

I 
I 
I 

L..-...;......~\-___ -L.. ___________ 0 

11 DATA INPUTS L 10.5V l __________ VIH 

L _____ J________________ ------- VIL 

HI-Z ~ ~ TEST PRODUCT r VOH fr-----------,. .------, TERM OUTPUT JLir----- VIH 
'S-LINE ADDRESS INPUT I-!-+ _______ -I I ____ .... ll ______________ .J L _____ -1..___________ L _____ VIL OUTPUTS 

r-------------------, r---- V IH 
INPUT BEING: I I 
PROGRAMMED ______ --'I _____________________ ~ __________________ 10.. ___ V

IL 

FIGURE 3 - AND MATRIX PRODUCT TERM PROGRAMMING SEQUENCE 
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TYPES SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

step-by-step programming procedure for OR matrix 

Programming the OR matrix consists of fusing (one at a time) those outputs (FO through F5) which are desired to be 
false in the addressed product term. The procedure is: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

NOTES: 8. 
9. 

Vee 

Apply steady·state supply voltage (Vee = 5 V) and apply the unique product term. See Figure 4. 

Verify that the fuse link needs to be programmed. If not, proceed to the next fuse link. 

Only one fuse link is programmed at a time. Enable the output to be programmed by applying VO(pr) to the 
first output to be false in the product term. 

Step Vee to 10.5 V nominal. Maximum supply current required during programming is 750 mAo 

After the Y pulse time is reached, Vee should be stepped down to 5 V. 

Verification can occur 1 I-IS or more after Vee reaches its steady·state value of 5 V. 

At a Y pulse duty cycle of 35% or less repeat steps 1 through 6 for each output to be programmed false for the 
active product term. Repeat for all product terms. Then program active·low outputs. 

Vee should be removed b.tw~en program pulses to reduce dissipation and chip temperatures. See Figure 1. 
If product terms were expanded to make them unique for programming purposes the product terms can be addressed and the 

added inputs can be remOVed by programming them to 8 "don"t care" (fuse the remaining links). 

I-v-l 
10.5 V I-- .. ,,.. =:.J :J I- .. , ,.. 

--.J -I". ---------, I. AVERAGE ,------..... --- Vee 

~ VERIFV NEED TO I TEST ~'I-____ 1-___________ OV 

REMOVE Vee 
TO REDUCE 

I PROGRAM I-- OUTPUT --i 
'2 DATA INPUTS r-----;;.;~;-;;;~;;;;;;:-:;:E-;;;---------l--- VIH r----------- VIH 

---I---_-------------..,.------'---4~'"----L1 --- VIL 

OUTPUT TO BE 
PROGRAMMED 

.------------~s-----

FIGURE 4 - OR TERM PROGRAMMING SEQUENCE 
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TYPES SN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

APPLICATIONS 

The FPLA is efficiently suited for generating the sum of product terms which are normally required to implement: 

Memory mapping/supplemental functions 

Random logic or function generators 

Sequential controllers 

Status decoders or result interpreters 

Priority encoders 

In addition, the FPLA introduces an alternative approach to the implementation of some code converters, pattern 
generators, and look-up tables which have commonly utilized PROMs and/or ROMs_ 

MEMORY CONTROL/SUPPLEMENTAL FUNCTIONS 

The FPLA is ideally suited for implementing a wide variety of functions with respect to the control and/or 
supplementing of system memory capabilities_ Some are: 

Memory mapping 

Microprogram control 

Memory patch 

PROM extension 

The- wide input capability of the 'S330/'S331 FPLA makes it ideal for decoding either a current memory address or a 
variety of status lines and generate a unique system control function. 

MEMORY MAPPING/MICROPROGRAM CONTROL (See Figure 6) 

These similar control functions utilize FPLAs which decode the assigned (mapped) addresses to accomplish system 
memory management; and/or, the FPLAs decode the current system address/status and implement the hardwired jump, 
branch-to-su broutine, or starting address in the microprogram control memory. 

FPLA ASSIGNED OR .. .. STARTING 
ADDRESSES 

/ 'S330 r ... 
OR 

'S331 -------
MEMORY MEMORY .. ADDRESS .. 

} REGISTER 
./ 'S373 ./ 

OR 
'S374 

FIGURE 6 - MEMORY MAPPING/MICROPROGRAM CONTROL 
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SCHOTTKY 
TTL 

TYPES SN74S330, SN74S3 
EXPANDABLE 12-INPUT, 50-TEI1 

FIELD-PROGRAMMABLE··LOGIC ARRA' 
ORDERING INSTRUCTIONS (SHEET 1 OF 2) 

TO BE COMPLETED BY REQUESTOR TO BE COMPLETED BY TI 

COMPANY: SPECIAL DEVICE NO: 

ADDRESS: 

SALES ORDER NO: 

POSTAL ZIP CODE: 

CUSTOMER CONTACT (NAME): CONTACT (NAME): 

PHONE: (Area Code) (No.) 

CUSTOMER PURCHASE ORDER NO: LOCATION: 

CUSTOMER PRINT OR 1.0. NO: 

CUSTOMER PART NUMBER: PHONE EXT: 

SYMBOLIZE AS PART NO: 

CERAMIC OSN74S330J 

ENABLE/DISABLE OPTION: o AUTOMATIC ENABLE (AlE) DIP OSN74S331J 

(Check one) o DEDICATED L/Oe (OE) 

(Pin 15) PLASTIC OSN74S330N 

ONONE DIP OSN74S331N 

(Outputs enabled) 

OFi = AE. OE OUTPUT ACTIVE LEVEL DATA 
Check ana for each output 

OUTPUT FO F1 F2 F3 F4 F5 

H;;;'2.4V 0 0 0 0 0 0 
L';;;;O.5V 0 0 0 0 0 0 

PRODUCT TERM INPUT. FILL IN ALL TERM NUMBERS FOR 
ALL INPUTS USING: 

SUMMING DATA: Fill in using: 
H 1m Active high, L = Active low. X -= Irrelevant. Leave unused 

A "" Active for each output summed in a used product terms blank. 
product term. B = Inactive or not summed. 

PRODUCT TERM INPUT VOLTAGE LEVELS SUMMING DATA 

PROD. A B C 0 E F G H I J K L/OE FO F1 F2 F3 F4 F5 
TERM PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN 

NO. 1 2 3 4 5 6 7 16 17 18 19 15 8 9 11 12 13 14 

0 

1 

2 

3' 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
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PROO. A 
TERM PIN 

NO. 1 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 
1277 

TYPES SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

ORDERING INSTRUCTIONS (SHEET 2 OF 2) 

PRODUCT TERM INPUT VOLTAGE LEVELS SUMMING DATA 

B C 0 E F G H I J K LIOE FO F1 F2 F3 F4 F5 
PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN 

2 3 4 5 6 7 16 17 18 19 15 8 9 11 12 13 14 
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SCHOTTKY t 

TTL MSI 

TYPES SI54S373,SN54S374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 

• Choice of 8 Latches or 8 D-Type Flip-Flops 
In a Single Package 

• 3-State Bus-Driving Outputs 
• Full Parallel-Access for Loading and Reloading 
• Buffered Control Inputs 
• Clock/Enable Input has Hysteresis to Improve 

Noise Rejection 
• P-N-P Inputs Reduce D-C Loading on 

Data Lines 

• Operates with outputs Enabled or at High Z 

SN74S373 

OUTPUT ENABLE 
D OUTPUT 

CONTROL G 

L H H H 

L H L L 

L L X Qo 
H X X Hi-Z 

SN74S374 

OUTPUT 

CONTROL 
CLOCK D OUTPUT 

L t H H 

L t L L 

L L X Qo 
H X X Hi-Z 

00 == the level of a before the indicated steadMstate input conditions 
were established. 

H == high level 
L == low level 
HiMZ == high impedance 
X == irrelevant 
t == transition from low to high level 

description 

Vee 

OUTPUT '0 
CONTROL 

Vee 

CONTROL 

BULLETIN NO. OL·S 7512350, OCTOBER 1975. 

SN54S373 ___ J PACKAGE 
SN74S373 ..• J OR N PACKAGE 

(TOP VIEW) 

.0 10 60 50 SO 

20 30 .0 

logic: see function table 

SN54S374 ___ J PACKAGE 
SN74S374 .•. J OR N PACKAGE 

(TOP VIEW) 

80 10 10 60 '0 

ENABLE 

GND 

CLOCk 

4Q GND 

logic: see function table 

These S-bit registers feature totem-pole 3-state outputs designed specifically for driving highly-capacitive or relatively 
low-impedance loads_ The high-impedance third state and increased high-logic-level drive provide these registers with the 
capability of being connected directly to and driving the bus lines in a bus-organized system without need for interface 
or pull-up components. They are particularly attractive for implementing: 

Buffer Registers 

I/O Ports 

Bidirectional Bus Drivers 

Working Registers. 

The SN54S373 and SN74S373 are transparent D-type latches meaning that while the enable (G) is high the Q output 
will follow the data (D) input. When the enable is taken low the output will be latched at the data that was setup. 

TENTATIVE DATA SHEET 

Thl. document provida. tantatl .. Information TEXAS IN ST RU M ENTS 
on a new product. Taxas Instruments r_r_ INCORPORATED 
the right to change lp8ClfiClltions for this POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

product In any manner without notice. 

tlntegrated Schottky-Barrier diode
clamped transistor is patented by 
Texas Instruments. U. S. Patent 
Number 3,463,975. 
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TYPES SN54S373. SN54S374. SN74S373. SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 

description (continued) 

The SN54S374 and SN74S374 are edge-triggered D-type flip-flops_ On the positive transition of the clock the Q output 
will be set to the logic state that was setup at the D input_ 

Schmitt-trigger buffered inputs at the enable ('S373) and clock ('S374) lines simplifies system design as a-c and doc 
noise rejection is improved by typically 400 mV due to the input hysteresis. A buffered output control input can be 
used to place the eight outputs in either a normal logic state (high or low logic levels) or a high-impedance state (Hi-Z). 
In the Hi-Z state the outputs neither load nor drive the bus line significantly. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) 
Input voltage 
Off-state output voltage 
Operating free-air temperature range: SN54S373, SN54S374 

SN74S373,SN74S374 
Storage temperature range 

NOTE 1: VOltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54S373,SN54S374 

MIN NOM MAX 

Supply voltage, Vee 4.5 5 5.5 

High-level output voltage, VOH 5.5 

High.level output current, IOH 2 

Width of clock/enable pulse, tw 
High 6 

7.3 Low 

Data setup time, tsu 
'5373 O~ 

'5374 5t 

Data hold time, th 
'5373 10~ 

2t '5374 

Operating free ... ir temperature, T A -55 125 

7V 
5.5 V 
5.5 V 

_55°C to 125°C 
aOe to 7aoe 

_65°C to 15aoC 

SN74S373,SN74S374 
UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

5.5 V 

6.5 mA 

6 
ns 

7.3 

O~ 

5t 
ns 

10~ 

2t 
ns 

0 70 'e 

t+ The arrow indicates the transition of the clock/enable input used for reference: t for the low-ta-high transition,.J.. for the high-fa-low transit
ion. 

TEXAS INSTRUMENTS 
'1\( OH.,Of.l:A( f.() 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES SN54S373. SN54S374. SN74S373. SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST eONDITIONst MIN TVP' MAX 

VIH High-level input voltage 2 

Vil low-level input voltage 0.8 

VIK Input clamp voltage Vee = MIN, I = -18 mA -1.2 

I SN54S' VCC= MIN, VIH=2V, 2.4 3.4 
VOH High-level output voltage 

I 3.1 SN74S' Vil = 0.8 V, 10H = MAX 2.4 

VOL low-level output voltage 
Vce= MIN, VIH = 2 V, 

0.5 
Vil = 0.8 V, 10l = 20 mA 

10ZH 
Off~state output current, Vee = MAX, VIH = 2V, 

50 
high-level voltage applied VO= 2.4 V 

10Zl 
Off-state output current, VCC = MAX, VIH - 2 V, 

-50 
low-level voltage applied Vo = 0.5 V 

II Input current at maximum input voltage VCC = MAX, VI = 5.5 V 1 

IIH High-level input current Vec = MAX, VI =2.7V 50 

III Low-level input current VCC= MAX, VI = 0.5 V -250 

lOS Short-circuit output current § VCC = MAX -40 -100 

I 'S373 105 160 
ICC Supply current VCC = MAX 

~ 'S374 90 140 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
l,AI! typical values are at Vee == 5 V, T A"'" 25°C. 
§ Not more than one output should be shorted at a time and duration of the short-circuit test should not exceed one second. 

switching characteristics, Vee = 5 V, T A = 25°e 

FROM TO 'S373 'S374 
PARAMETER 

(lNPUn 
TEST CONDITIONS 

(OUT pun MIN TVP MAX MIN TVP MAX 
fmax 75 100 

tPlH 5 9 
Data Any Q 

tpHl 
Cl=15pF, Rl = 280 n, 9 13 

tPlH Clock or 10 18 8 15 
Any Q See Note 

18 tpHl enable 12 11 17 

tZH Output 8 15 8 15 
AnyQ 

18 11 18 tZl Control 11 

tHZ Output Cl = 5 pF, Rl = 280 lI, 6 9 5 9 

Control 
AnyQ 

8 12 12 tlZ See Note 7 

UNIT 

V 

V 

V 

V 

V 

IJA 

IJA 

mA 

IJA 

IJA 

mA 

mA 

UNIT 

MHz 

ns 

ns 

ns 

ns 

NOTE: f max is tested with all outputs loaded. See load circuits and waveforms on page 3-10 of The TTL Data Book for Design Engineers, 
second edition, LCC4112. 

f max == maximum clock frequency 
tpLH == propagation delay time, low-to-high level 
tpH L == propagation delay time, high-to-Iow Jevel 
tZH == output enable time to high level 
tZL:= output enable time to low level 
tHZ == output disable time from high level 
tLZ == output disable time from low level 

TEXAS INSTRUMENTS 
I .... ( (}I~ "(IH: 1\ T f I> 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

977 



1276 

TYPES SN54S373, SN54S374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 

APPLICATIONS 

BIDIRECTIONAL BUS DRIVER 
OUTPUT 
CONTROL 1 

BIDIRECTIONAL 

DATA BUS 1 

OUTPUT 
CLOCK 1 

'-

~ 

-
'------

"---

lD 

2D 

3D 

4D 

5D 

ID 

7D 

ID 

10 

2Q 

3D 

40 

50 

eo 
70 

80 

:~HANGE~ ~ Lr 
CLOCK --, ,-

OUTPUT H L-J 
CLOCK 2 

CLOCK CIRCUIT FOR BUS EXCHANGE 

), 
A 10 

20 

3D 

4Q 

50 r- ~---

80 

70 

~ 80 

) 
( 

V lD t-
CK 2D r---

3D t--
4D r---
5D r---
6D 

7D 

8D 

L 

EXPANDABLE 4-WORD .. Y .... ,T GENERAL REGISTER FILE 

ENABLE SELECT { 

112 SN7.,. 

G 

A 

B 

YO 

Yl 

Y2 

Y3 

1/2 SN7.,31 

SN74S374 

SN74S374 

SN74S374 

CureR 
SELECT LS 

CLOCK 

BIDIRECTIONAL 
DATA 8U52 

OUTPUT 
CLOCK 2 

OUTPUT 
CONTROL 2 

-

TEXAS INSTRUMENTS 
p;. rJ:! [J Ir~ U <., A 

TI (anna! ClSuml' ony rt'lpoH,bdlly for any "rcuih \hown 

Dr l~prl'lent thol they Olt' /ret' from pOlt"! Inflingt'ment 29 
1/"IrI(OJ{POH:AJ[D 

POST OFFICE BOX 5012 • DAL.LAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE (HANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPlY THE BEST PRODUCT POISIBlE. 
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TYPES SN54S412, SN14S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 

• P-N-P Inputs and 3-State Outputs Maximize 
I/O and Data Bus Capabilities 

• Data Latch Transparency Permits 
Asynchronous or Latched Receiver Modes 

• Mode and Select Inputs Permit Storing 

With Outputs Enabled or Disabled 

• Strobe-Controlled Flag Flip-Flop Indicates 

Status or Interrupt 

• Asynchronous Clear Sets All Eight Data 
Lines Low and Initializes Status Flag 

• High-Level Output Voltage, Typically 4 V, 

Drives Most MOS Functions Directly 

• Direct Replacement for Intel 3212 
or 8212 

description 

51 

BULLETIN NO. DL·S 7512351. OCTOBER 1975 

SN54S412 .•. J PACKAGE 
SN74S412 .•. J OR N PACKAGE 

(TOP VIEW) 

DATA INPUTS fNO OUTPUTS 

L----------v~~~~~~ 

DATA INPUTS AND OUTPUTS 

logic: see function table 

This high-performance eight-bit parallel expandable buffer register incorporates package and mode selection inputs and 
an edge-triggered status flip-flop designed specifically for implementing bus-organized input/output ports. The 
three-state data outputs can be connected to a common data bus and controlled from the appropriate select inputs to 
receive or transmit data. An integral status flip-flop provides package busy or request interrupt commands. The outputs. 
with a 4-volt typical high-level voltage, are compatible for driving low-threshold MOS directly. 

DATA LATCHES 

The eight data latches are fully .transparent when the internal gate enable, G, input is high and the outputs are enabled 
(OE = H). Latch transparency is selected by the mode control (M), select (51 and S2), and the strobe (STB) inputs and 
during transparency each data output (DO i) follows its respective data input (Dli)' This mode of operation can be 
terminated by clearing, de-selecting, or holding the data latches_ See data latches function table_ 

MODE SELECTION 

An input mode or an output mode is selectable from this single input line. In the input mode, MD = L, the eight data 
latch inputs are enabled when the strobe is high regardless of device selection. If selected during an input mode, the 
outputs will follow the data inputs. When the strobe input is taken low, the latches will store the most-recently setup 
data_ 

In the output mode, M = H, the output buffers are enabled regardless of any other control input_ During the output 
mode the content of the register is under control of the select (51 and S2) inputs. See data latches function table. 

STATUS FLIP-FLOP 

The status flip-flop provides a low-level output signal when: 

a. the package is selected 

b. a strobe input is received. 

This status signal can be used to indicate that the register is busy or to initiate an interrupt type command_ 

TENTATIVE DATA SHEET 

This document provides tentative information TEXAS IN STRU M ENTS 
on a ?"W product. Texas I~s.tru~ts....,_ INCORPORATED 
the ritht to change speclflcatlonl for this POST OFFICE BOX 5012 • DALLAS TEXAS 75222 

30 product in any menner without notice. . 
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functional block diagram 

TYPES S154S412, SI74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 

r----- --------- -----------, 

ST.-1f~ll~I~------~----------~:r==~----~ 
M 121 

iii 
52 

Oil 

012 

013 

01' 

01. 

01. 

017 

f31 

f61 

171 

fOl 

11" 

(18) 

(20) 

018 1221 

CLR (14) 

L __________ _ 

schematics of inputs and outputs 

EQUIVALENT OF CLEAR, STROBE, 

MODE, S1, AND S2 INPUTS 

vcc ________ -. ____ .-

INPUT 

EQUIVALENT OF EACH 01 INPUT 

vcc--------------~--------_t_ 

INPUT--~~ ...... ___I 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE sox 5012 • DALLAS. TEXAS 75222 

I 
I 
I 
I 

I 

I 
I 

_ ___ -.J 

(231 tNT 

.1 DO 1 

f61 DO 2 

f81 
003 

1101 
DO' 

(15) 
DO. 

(17) 
DO. 

1191 007 

(21) DO B 

TYPICAL OF ALL OUTPUTS 

------...... ---vcc 

OUTPUT 

-
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TYPES SN54S412, SN74S412 (TIMB212) 
MULTI-MODE BUFFERED LATCHES 

DATA LATCHES FUNCTION TABLE 

FUNCTION CLEAR M SI S2 STB DATA IN 

L H H X X X 
Clear 

L L L H L X 

X L X L X X 
De-select 

X L H X X X 

H H H L X X 
Hold 

H L L H L X 

H H L H X L 
Data Bus 

H H L H X H 

H L L H H L 
Data Bus 

H L L H H H 

STATUS FLIP-FLOP FUNCTION TABLE 

H == high level (steady state) 

L == low level (steady state) 

X == irrelevant (any input, including transitions) 

Z == high impedance (off) 
-l- =transition from low to high level 

CLEAR 

L 

L 

H 

H 

51 

H 

X 

X 

L 

-
S2 STB INT 

X X H 

L X H 

X .I- L 

H X L 

DATA OUT 

L 

L 

Z 

Z 

00 
00 
L 

H 

L 

H 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1 ) 
Input voltage _ 
Operating free-air temperature range: SN54S412 

SN74S412 
Storage temperature range. 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54S412 

MIN NOM MAX 

Supply voltage, V CC 4.5 5 5.5 

Pulse width, tw I STB or ~1 - S2 25 

(see Figures 1,2, and 41 I Clear low 25 

Setup time, tsu (see Figure 31 15.1-

Hold time, th (see Figures 1 and 31 20.j, 

Operating free-air temperature, T A -55 125 

'" The arrow indicates that the falling edge of the clock pulse Is used for reference. 

TEXAS INSTRUMENTS 
I NCOH.PORAT ED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

. 7V 
5.5 V 

. -55°C to 125°C 
. O°C to 70°C 

. -65°C to 150°C 

SN74S412 

MIN NOM 
UNIT 

MAX 

4.75 5 5.25 V 

25 
ns 

25 

15.j, ns 

20.j, ns 

0 70 DC 

1075 
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TYPES SN54S412, SN74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST CONOITIONSt 
SN54S412 SN74S412 

PARAMETER 
TYPt MIN MAX MIN 

VIH High~e""l input voltage 2 2 

VIL Low-le",,1 input voltage 0_85 

VIK Input clamp voltage Vce = MIN; 11=-18mA -1.2 

VOH High-le""l output voltage 
Vee = MIN, 

VIL = 0_8 V, 

VIH=2V, 

10H=-lmA 
3_65 4 3_65 

Vee - MIN, I 
0045 IOL=15mA 

VOL Low-level output voltage VIH = 2 V, 
IIOL = 20mA 0_5 

VIL=0_8V 

Off-state output current, DO 1 thru 
10ZH 

high~evel voltage applied 008 
Vee = MAX, Vo = 204 V 50 

Off-state output current, DO 1 thru 
10ZL low-level voltage applied 

Vee = MAX, Vo =0_5 V -50 
008 

II 
Input current at 

Vee = MAX, VI = 5_5 V 1 
maximum input voltage 

IIH High-level input current Vee= MAX, VI = 5_25 V 20 

51 -1 

IlL Low-level input current M Vee = MAX, VI =Oo4V -0_75 

All others -0_25 

lOS Short-circuit output current§ Vee = MAX -20 -65 -20 

ICC Supply current Vee = MAX, see Note 2 82 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

fAil typical values are at Vee = 5 V, TA"" 2SoC. 

§Not more than one output should be shorted at a time, 

NOTE 2: ICC is measured with all outPuts open, clear input at 4.5 V, and all other inputs grounded. 

s'!"itching· characteristics. Vee = 5 V. T A ,,:.25° C 

TYPt 

4 

82 

PARAMETER FROM TO FIGURE TEST CONDITIONS MIN TYP 

tpLH 
STB, 51, or 52 

Any 

tpHL DO 

tpHL eLR Any DO 

tpLH 
Oli DDi 

tpHL 

tPLH 51 or S2 INT 

tPHL 5TB INT 

tZH 
51,S2,orM Any DO 

tZL 

tHZ 
51,S2, or M Any DO 

tLZ 

tpLH Epropagation delay time, low-to-high-Ievel output 
tPHL'= propagation delay time, high-to-Iow-Ievel output 
tZH 5 output enable time to high level 
tZL iii!output enable time to low level 
tHZ 5Eioutput disable time from high level 
tLZ iii! output disable time from low level 

1 

2 
eL = 30 pF 

3 

4 eL = 30 pF 

4 

5 
eL = 30 pF 

5 
eL - 5 pF 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

18 

15 

18 

12 

10 

12 

16 

21 

25 
g 

12 

MAX 

0_85 

-1.2 

0045 

0_5 

50 

-50 

1 

10 

-1 

-0.75 

-0_25 

-65 

130 

MAX 

27 

25 

27 

20 

20 

20 

25 

35 

40 

20 

20 

UNIT 

V 

V 

V 

V 

V 

IlA 

IlA 

rnA 

IlA 

rnA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns • 
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TYPES SN54S412, SN14S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 

DATA INPUT 

DATA OUTPUT 

CLEAR INPUT 

DATA OUTPUT 

DATA INPUT 

STB OR 8'·S2 

DATA OUTPUT 

STROBE 

PARAMETER MEASUREMENT INFORMATION 

2.5 V 
,.&Vy------- - """"'i'.6V --- -_.../ " "±:'-___ OV 

~tw T ~th 

________ ,.&_V....J/. \;.&-V - - - -- :.: V 

_______ ~_tP_H_L....,~ r- _____ _ 

_ __ _ _ _ _ _ _ -' \I..'_.&_V _____ _ 

FlOUR'" , - STROB'" OR SH"'CT TO DATA OUTPUT 

-------...., J4- twlclrl -+I r------ 2.6 V 

'.&V\_ t.5~ __ ___ OV 
____________ ~ _____ tP_H_L~ 

\,~;- VOH 

FIGURE 2 - CLEAR INPUT TO DATA OUTPUT 

2.& V 
,.&V X- - ---- - -'f.:.5V 

..J " __ 1'----- OV 

I+-tsu ~~ th-----J 2.5 V 
I \. ,.& V - - - --

t-. -1 OV .------r tPHL 
-----...:----,~;---- - -- -- VOH 

_____ --J. VOL 

FIGURE 3 - DATA INPUT TO DATA OUTPUT 

2.& V 
r\-;&~------

--~14 ~1~tw~I-Hb~)-.----------- OV 

_______ : _____ ._.--'~ :.:V 
______ ......!...I ---. twlsell ~ . ~i4~1 tpLH 

VOH 
INTERRUPT OUTPUT I ~~-________ ....J~ 

DATA OUTPUT 
(HIGH STORED) 

DATA OUTPUT 
(LOW STORED) 

~tPHL 
FIGURE 4 - STROBE OR SELECT TO INTERRUPT OUTPUT 

!,.5V \ ~&~ - -- :.~V 
1 

____ .....J I 

--i 
I 

tZH I-- ---j tHZ r- C 0.& V 

)!r,-:-:v--------~i-----,~ t 
---~I-~ I 

--t tZL I-- --I tLZ j--
I 

-----___ \.- ~ 4.& V I 
'.5V r- rO.&V 

~----------~ , 
i!IOURE & - SELECT TO DATA OUTPUT 

TEXAS INSTRUMENTS 
1 1\.1 ( OH;POI{AI E.D 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES SN74S428(TIM8228). SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 

• Designed to Be Interchangeable with Intel 8228 
and 8238 

PIN DESIGNATIONS 

DESIGNATION PIN NOS. FUNCTION 

15, 17, 12, 10, BIDIRECTIONAL DATA PORT 
DO thru D7 

6, 19,21,8 (TO TMS 8080A) 

13, 16, 11,9, BIDIRECTIONAL DATA PORT 
DBO thru DB7 

(TO SYSTEM BUS) 5, 18,20, 7 

IIOR 25 
READ OUTPUT TO 1/0 

(ACTIVE LOW) 

10lW 27 
WRITE OUtPUT TO 110 

(ACTIV&"LOW) 

READ OUTPUT TO MEMORY 
MEMR 24 

(ACTIVE LOW) 

WRITE OUTPUT TO MEMORY 
MEMW 26 

(ACTIVE LOW) 

INPUT TO INDICATE 

DBIN 4 TMS 8080A IS IN INPUT 

MODE (ACTIVE HIGH) 

INTERRUPT ACKNOWLEDGE 
INTA 23 

OUTPUT (ACTIVE LOW) 

HOLD ACKNOWLEDGE 

HLDA 2 INPUT (ACTIVE HIGH) 

FROM TMS 8080A 

INPUT TO INDICATE 

WR 3 TMS 8080A IS IN WRITE 

MODE (ACTIVE LOW) 

SYSTEM DATA PORT 

BUSEN 22 ENABLE INPUT (ACTIVE 

LOW) 
'. '" Sy'NCHRONIZING 'STATUS 

STSTB 1 STROBE INPUT FROM 

SN74LS424 (TIM8224) 

VCC 28 SUPPLY VOLTAGE (5V) 

GND 14 GROUND 

description 

I 

I 

BULLETIN NO. OL·S 7612468. OCTOBER 1976 

N PACKAGE 

(TOP VIEW) 

IlB4 

BIDLIIECllOIII~l DATA PORTS 

DBIN ''-,.;. ____ -..,., ______ "_·NO~I 

1I1ll1lUCTlONAL ilA1APORTS 

logic: see description 

functional block diagram 

f 
OBO 

01 OBl 
02 OB2 

TMS8080A 03 OB3 SYSTEM 
110 110 

DATA PORT 04 DB4 DATA PORT 
OS OBS 

06 OB6 
07 OB7 

STATUS 11) 
STROBE 

INPUT 

vcc = PIN 128). GNO = PIN 114) 

These monolithic Schottky-clamped TTL system controllers ·are designed specifically to provide bus-driving and 
peripheral'control capabilities for interfacing memory and I/O dev.ices with the SOSOA in small to medium-large micro
computer systems. 

A bidirectional eight-bit parallel bus driver is provided that isolates the SOSOA bus from the memory and I/O data bus 
allowing the system designed to utilize cost-effective memory and pefipheral devices while obtaining the maximum 
efficiency from the microprocessor. The TTL system drivers also provide increased fan-out with a lower impedance 
that enhances noise margins on the system bus, 

Implementation of the status latches and control decoding array of the SN74S42S/SN74S43S provides for using 
either a single-level interrupt vector RST7 for small systems, or multiple-byte call instructions for systems needing 
unlimited interrupt levels. 

TENTATIVE DATA SHEET 

This document provides tentative information 
on a new product. Texas Instruments reserves TEXAS INSTRUM ENTS 
the riyht to change specifications for this INCORPORATED 
product in any manner without notice. POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES SN74S42B(TIMB22B). SN74S43B(TIMB23B) 

CONTROLLER AND BUS DRIVER FOR BOBOA .SYSTEMS 

description (continued) 

With respect to the system clocks, the SN74S438 is configured to generate an advanced response for I/O or memory 
write output signals to further simplify peripheral control implementation of complex systems. See Figure 3. 

8.!Jit parrallel bus transceiver 

The 8·bit parallel bus transceiver buffers the 8080A data bus from the memory and I/O system bus by providing 
one port (DO through 07) to interface with the 8080A and another port (DBO through DB 7) to interface with the 
system devices. The 8080A side of the transceiver is designed specifically to interface with the microprocessor data 
bus ensuring not only that the processor output drive capabilities are adequate, but also that the inputs are driven 
with enhanced noise margins. The system bus side features high fan-out buffers designed to drive a number of system 
devices simultaneously and directly. The system port is rated to sink ten milliamperes of current and to source one 
milliampere of current at standard low·threshold voltage levels. 

Status lines from the 8080A instruction·status decoder and the system bus enable input (BUSEN) provide complete 
transceiver directional and enable control to ensure integrity of both the processor data and the system bus data. 

status latches 

During the beginning of each machine cycle, the six status latches receive status information from the 8080A data 
bus indicating the type of operation that will be performed. When the STsTB input goes low, the latches store the 
status data and generate the signals needed to enable and sequence the memory and I/O control outputs. The status 
words and types of machine cycles are enumerated in Table A. 

TABLE A - STATUS WORDS 

8080A 'S4281'S438 STATUS TYPE OF 
STATUS OUTPUT COMMAND 

WORD MACHINE CYCLE 
DO 01 02 D3 D4 05 D6 07 GENERATED 

1 . L :H L .L L H L H Instructio~ fetch • MEMR . .-
2 L H L L L L L H' Memory read M"EMR 
3 L L L L L L L L Memory write MEMW 
4 L H ·H L L L L H Stack read . M"EMR 
5 L L H L L L L L Stack write ME"MW 
6 L H L L L L H L Input read i70R 
7 L L L L H L L L Output write T/oW 
8 H H L L L H L L Interrupt acknowledge iNTA 
9 L H L H L L L H Halt acknowladge NONE 
10 H H L H L H L L Interrupt acknowledge at halt iiii'fA 

<C I~ ~ <C I- - "- a: 
l- t) I- :;) ::;; ~ ::;; 
~ ;! ...J 0 UJ 

J: ::;; en 

STATUS INFORMATION 

decoding array 

The decoding array receives enabling commands from the status latches and sequencing commands from the 8080A 
and generates memory and I/O read/write commands and an interrupt acknowledgement. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 



TYPES SN74S42B(TIMB22B). SN74S43B(TIMB23B) 
CONTROLLER AND BUS DRIVER FOR BOBOA SYSTEMS 

description (continued) 

The read commands (MEMR, I/OR) and the interrupt acknowledgement [i'N"TA) are derived from the status bit(s) 
and the data bus input mode (D BIN) signal. The write commands (MEiiiiW, iiQW) are derived from the status bit(s) 
and the write mode (WR) signal. (See Table A.) All control commands are active low to simplify interfacing with 

memory and I/O controllers. 

The interrupt acknowledgement (lNTA) command output is actually a dual function pin. As an output, its function 

is to provide the iNTA command to the memory and I/O peripherals as decoded from the status inputs and latches. 
When eALL is used as an interrupt instruction, the SN74S428/SN74S428 generates the proper sequence of control 
signals. Additionally, the terminal includes high·threshold decoding logic that permits it to be biased through a one· 
kilohm series resistor to the 12-volt supply to implement an interrupt structure that automatically inserts an RST7 

instruction on the bus when the DBIN input is active and an interrupt is acknowledged. This capability provides a 
single-level interrupt vector with minimal hardware. 

The asynchronous bus enable aITiSEii;h input to the decoding array is a control signal that protects the system bus. 
The system bus can be accessed and driven from the SN74S428/SN74S428 controller only when the BOSEN input 
is at a low voltage level. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) 
Input voltage ....... . 
Operating free-air temperature range 
Storage temperature range 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SupplV voltage, Vee 

High-level output current, IOH 
DO thru 07 

All others 

DO thru 07 
Low-level output current, IOL 

All others 

Status strobe pulse width, tw(STSTB) (see Figure 3) 

Setup time, tsu (see Figure 3) 
Status inputs DO thru 07 

System bus inputs to HLOA 

Status inputs DO thru 07 
Hold time, th (see Figure 3) 

System bus inputs to HLOA 

Operating free-air temperature, T A 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

MIN NOM 

4.75 5 

22 

8 

10 

5 

20 

0 

... 7 V 
7V 

oOe to 700e 
_65°e to 1500 e 

MAX UNIT 

5.25 V 
-10 /lA 

-1 mA 

2 
mA 

10 

n. 

ns 

ns 

70 °e -
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TYPES SN74S42B(TIMB22B), SN74S43B(TIMB238) 
CONTROLLER AND BUS DRIVER FOR BOBOA SYSTEMS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP:j: 

VIH High~level input voltage 2 

VIL Low~level input voltage 

VIK I nput clamp voltage Vee = MIN, 11= -5mA 

DO thru D7 Vee = MIN, VIH-2V, 3.6 4 
VOH High~level output voltage 

A II other outputs VIL = 0.8 V, 10H = MAX 2.4 

VOL Low-level output voltage 
Vee - MIN, VIH-2V, 

VIL=0.8V, 10L = MAX 

10ZH 
Off-state output current, 

Vee = MAX, Va = 5.25 V 
high-level voltage applied 

10ZL 
Off-state output current, 

Vee = MAX, Va = 0.45 V 
low-level voltage applied 

INTA Vee = MIN, See Figure 1 

IIH High-level input current DO thru D7 

All other inputs 
Vee = MAX, VI = 5.25 V 

D2 or D6 

IlL Low-level input current STSTB Vee = MAX, VI =0.45 V 

All other inputs 

lOS Short-circuit output current~ Vee - MAX -15 

ICC Supply current Vee = MAX 140 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

:I:AII typical values are at Vee = 5 V, T A"" 25"C. 

~ Not more than one output should be shorted at a time. 

switching characteristics, Vee = 5 V, TA = 25°e, see figure 3 

FROM TO 
PARAMETER~ 

(INPUT) (OUTPUT) 
TEST CONDITIONS 

tPD DO thru D7 DBO thru DB7 

tPD DBO thru DB7 DO thru D7 

STSTii 
INTA, T7QR, MEMR, 

tPHL fTCiii, MEMW 

tPD WR IfOW,MEMW 

tPLH DBIN I NT A, i7ITR, lilEIYlR 
tPLH HLDA INTA, 1l0R, MEMR 

tpzx DBIN DO thru D7 

tpxz DBIN DO thru D7 

tpzx STSTB, BiJSE1iT DBO thru DB7 

tpxz BUStlII DBO thru DB7 

~ tPD == propagation delay time 

tPHL == propagation delay time, high-to-Iow-Ievel output 

tpLH .= propagation delay time, low-to-high-Ievel output 

tp2X :=: output enable time from high-impedance state 

tpxz =:::: output disable time to high-impedance state 

eL - 100 pF, See Figure 2 

CL 25 pF, See Figure 2 

CL" 100 pF, See Figure 2 

eL = 25 pF, See Figure 2 

eL" 100 pF, See Figure 2 

TEXAS INSTRUMENTS 
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MIN TYP 

5 

20 

5 

MAX UNIT 

V 

0.8 V 

-1 V 

V 

0.45 V 

100 JJ.A 

-100 JJ.A 

5 mA 

20 

100 
JJ.A 

-750 

-500 JJ.A 

-250 

-90 mA 

190 mA 

MAX UNIT 

40 ns 

30 ns 

60 ns 

45 ns 

30 ns 

25 ns 

45 ns 

45 ns 

30 ns 

30 ns 



TYPES SN74S42B(TIMB22B), SN74S43B(TIMB23B) 
CONTROLLER AND BUS DRIVER FOR BOBOA SYSTEMS 

PARAMETER MEASUREMENT INFORMATION 

Vee 

'tk!! 
TOINTA~ 
OUTPUT ...-

" 

t1Xs, 

A, 

OUTPUT 

UNDER TEST I CL R2 

1.. S2 

'::" '=" 

FIGURE l-INTA INPUT CURRENT 
TEST CIRCUIT 

FIGURE 2-SWITCHING CHARACTERISTICS 
LOAD CIRCUIT 

HLDA INPUT 

: I I ~'PlH 
INTA,I/OR,MEMR--------4I""\ I I I 11P "'-------------

DURINGHLDA I I l : I r '5V 

I! I tf--tSU::::it:""'tth-41 
SySTEMBUSINPUT----------t--, --=0.;' ~ ~"5V -------------

DURING READ : I I 1.SV I 

DBOthruDB7 --------'"'t-~- It====tiitPD : ------------

TMS 8080A BUS OUTPUT I I I v I 3 V 

D~~I:?u~;AD --------t--r----I IO.BV 1.SV: D.BV' ------------

! : tpzx-

tPHl~ : \ .... '.:-5V _____ '.5-'Vt 

I I ('S428Of1Iv1 ~tPD -tI ~r'P!l.D ___ _ 

,.5~_I~...:=Y~~~ __ \1.5V juv 
Wit INPUT 

1I0WORMEMW 
OUTPUT 

, 
TMS8OBOABUSINPUT-------- I V 

DU~N;,:~~TE _________ -1 . _____ ..J~'.5V 
SYSTEM BUS OUTPUT tpzx"""'l ..:; v lI-----tII-r·PD!::.-____________ _ 

D~=':uW~~~E -----------''i 0.8V ~1.5V 
~======= BUSEN \,.5 V !,.5V 

INPUT I .... ----~if 
SYSTEM BUS I ~3 V I ... OUTPUTS --------------,-li o.8V I 3V 1r _________ _ 

080 th,uOB7 j.tpzxl Rtpxz 

NOTE A: Advanced response of I/OW or MEMW for the SN74S438 is indicated by the dashed line. 

FIGURE 3-VOL TAGE WAVEFORMS 

TEXAS INSTRUMENTS 
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TYPES SN74S42B(TIMB22B), SN74S43B(TIMB23B) 
CONTROLLER AND BUS DRIVER FOR BOBOA SYSTEMS 

TYPICAL APPLICATION DATA 

Voo (12V I 

Vee (5V I 

lsi I 

1161 191 11111 1201 1281 

Vee (-5V 

Vee VDD VBB Vee VDD Vee 

r SN74lS424 .1 
1111 1221 

.1 DO 1101 1151 DBO DO '5428/'S438 
(TIM8224) HOSOA 191 1111 (TIM8228/ ~ XTAL 01 01 DBl 

1101 1151 epu 181 1121 TlM8238) 
.2 .2 02 02 DB2 

03 171 1101 03 BIDIRECTIONAL DB3 
1131 

TANK 04 131 161 04 .u, DB4 CLOCK 141 1191 TRANSCEIVER 
GENERATOR 05 05 DB5 

~ OSC DRIVER 06 151 1211 
06 DB6 

07 161 181 07 DB7 
.-..ill !P2TTL 

151 1191 
SYNC SYNC -------

TANK 

ose 

<P2TTl 
CONTROL 

~ RESIN RESET 
111 1121 RESET DBIN 

1171 141 
DBIN 

DECODING 
INTA 

1181 131 
ARRAY 

I~ 141 1231 
WR WR MEMR 

RDVIN READY READY HlDA 
1211 121 

HlOA MEMW 1221 

p!Z! ~ Bd-EN 

BUSEN I/OR 
STsTa WAIT ~ STSTB !lOW 

RDVIN 

GND GND 

-:¥"I ~'41 

AO 1251 

Al 1261~ 

A2 
1271 

SYSTEM DMA REQUEST 
1131 

HOLD A3 
1291~ 

A4 1301 

SYSTEM INTERRUPT REQUEST 
1141 

INT AS 
1311 

A6 
1321 

INTERRUPT ENABLE 
1161 

INTE A7 1331 

A8 1341 

A9 1351 

Al0 111 

A11 1401 

A12 1371 

A13 1381 

A14 
1391 

A15 
1361 

Vss 

~I 

FIGURE 4-SYSTEM INTERFACING WITH CENTRAL PROCESSING UNIT 
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1131 

1161 
111 
191 
151 

1181 
1201 
171 

DB~ DBl 
DB2 

DB3 DATA 
084 BUS 
DB5 
DB6 
DB7 

1231 
1241 
1261 
1251 
1271 

INTA} MEMR 
MEMW CONTROL 
I/OR BUS 

I/OR 

AO 

Al 
A2 

A3 

A4 
AS 
A6 
A7 ADDRESS 
A8 BUS 

A9 
Al0 

A11 
A12 

A13 
A,4 

A'S 
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TYPES SN54S482, SN74S482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 

• 4-Bit Slice is Cascadable to N-Bits 
• Designed Specifically for Microcontroller/ 

Next-Address Generator Functions 
• Increment/Decrement by One (Immediate or 

Direct Symbolic AddreSSing Modes) 
• Offset, Vector, or Branch (Indexed or Relative 

Addressing Modes) 
• Store Up to Four Returns or Links (Program 

Return Address from Subroutine) 
• Program Start or Initialize (Return to Zero 

or Clear Mode) 
• On-Chip Edge-Triggered Output Register 

(Provides Steady-State Micro-Address/ 
Instruction) 

• High-Density 20-Pin Dual-in-Line Package 
with lOO-Mil Row Pin Spacing 

description 

BULLETIN NO. DL-S 76123B4, MARCH 1976 

SN54S482 . _ ,J PACKAGE 
SN74S482 . , . J OR N PACKAGE 

ITOP VIEWI 

SEL INPUTS OUTPUTS 

Vee CK ~ CLR~ AD 

S4 AO 

positive logic: See function table. 

The '5482 is a high-performance 5chottky TTL 4-bit-slice control element for use in any computer/control application 
requiring the coupling of high-performance bipolar speeds with the flexibility of microprogram control and bit-slice 
expandability, When used as a next-address generator, two '5482 elements can address up to 256 words of 
microprogram; three elements can addresss up to 4096 words of microprogram; or a number of '5482 elements can 
generate N words in multiples of four lines_ 

Comprised of an output register, push-pop stack, and a full adder, the '5482 provides the capability to implement 
multiway testing needed to generate or to determine and select the source of the next function of microprogram 
address. 

functional block diagram 

DATA 
IN 

CARRY INPUT 

I 

fl. • 
4-81T 
FULL l:j 

ADDER 

........ r-v' Bi 

! 
CARRY 

OUT 

\.. 

I I 
81 52 

TENTATIVE DATA SHEET 

CYK 

... 
i ... 
§ 

• 
I 

l Dj 4 f'.-
4-

JJ 
WIDE 

M 
Qj 4 MU~ 

~ 
"-WORD ./ -- --

PUSHIPOP -- -- H 
STACK 0 -- -- L 
(FILOI D 

I II 
S3S4 ssse 

This document provid .. t_tive information TEXAS I N STRUM ENTS 
on 8 .- product. T_ Innruments __ INCORPORATED 

the right to change epectflclrtions for this POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

product in 8IIY men_ without not ... 

CLOCK CLEAR 

CLR 
CK 

Jo. 4-BIT 
REGISTER Fj r,p DATA 

OUT 

tlntegnrted Schottky·Barrier diode- 41 
clamped tra .. istor is pa18nted by 
Texas Instruments. U. S. Patent 
Number 3,483,975. 

-
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TYPEI IN&41482, IN741482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 

output register and source functions 

The 4-bit edge-triggered register provides a steady-state output throughout each system clock cycle. An asynchronous 
clear extends the multiway testing to directly implement system initialization at ROM address zero. 

Two source-select lines (55, 56) provide the output register with access to either the current instruction (no change), 
an operand or address stored in the push-pop stack, the output of a four-function full adder, or a direct data-in address 
port. The sources and functions are summarized in Tables I and II. 

TABLE I. REGISTER-60URCE FUNCTIONS 

SELECT 
REGISTER INPUT SOURCE 

55 S6 

L L DATA-IN PORT (011 

L H FULL ADDER OUTPUTS (1:11 

H L PUSH·POP STACK OUTPUTS (011 

H H REGISTER OUTPUTS (HOLD) 

H == high level, L == low level 

TABLE II. PUSH-POP STACK CONTROL AND REGISTER-60URCE FUNCTIONS 

HOLD 

CLEAR 

PUSH-POP 

STACK 

"HOLD" 

PUSH-POP 

STACK 

"LOAD" 

PUSH-POP 

STACK 

"POP" 

PUSH-POP 

STACK 

"PUSH" 

MSB LSB 
i =3, 2, 1, 0 
Ai == Data inputs 

S3 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

S4 

X 

X 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

INPUTS 

56 S6 CLOCK 

X X L 

X X X 

L L t 
L H t 
H L t 
H H t 

L L t 
L H t 
H L t 
H H t 
L L t 
L H t 
H L t 
H H t 
L L t 

L H t 

H L t 
H H t 

QiA === Push-pop stack word A output (jnternal) 
aiAO == the level of Qi before the indicated 

inputs conditions were established. 

INTERNAL OUTPUTS 

CLEAR QiA Fi 

H QiAO FiO 

L QiAO L 

H OiAO' Oi 

H QiAO' 1:i 

H QiAO' OiAO 

H QiAO' FiO 

H l;i* Oi 

H I:i* 1:i 

H l:i* QiAO 

H l:i* FiO 

H QiBO Oi 

H QiBOt 1:i 

H QiBOt OiAO 

H OiBOt FiO 

H Ei+ Oi 

H Ei+ Ei 

H Ei+ OiAO 

H Ei+ FiO 

F i == Device outputs 
FlO 5the level of Fi before the indicated input 

conditions were established. 
E I == Adder outputl (Internal) 
'alB, OIC, 010 do not chango 
tOIDO .... aiD, OiDO'" OiC, OICO'" alB, OIBO .... alA 
+OiAO .... OiB, OiBO .... OiC, OiCO .... aiD 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES· SN54S482, SN74S482 
4-BIT .. SLlCE EXPANDABLE CONTROL ELEMENTS 

push-pop stack control 

The 4-word push-pop stack can be used for nesting up to four levels of program or return (link) addresses. In the load 
mode, the first (top) word is filled with new data from the output of the full adder, and no push occurs meaning that 
previous data at that location is lost. However, all other word locations in the push-pop stack remain unchanged. In the 
push mode, the new word is again entered in the first (top) location; however, previous data residing in the top three 
words are pushed down one word location and retained at their new locations. The bottom word is written over and 
lost. 

In the pop mode, words in the push-pop stack move up one location on each clock transition. A unique function is 
provided by the bottom (fourth) register as its content is retained during the pop mode, and after 3 clock transitions, 
all words in the stack are filled with the operand/address that occupied the bottom register. 

The operand/address will remain available indefinitely if stack functions are limited to the pop or hold modes. 

The push-pop stack functions are shown in Tables II and III. 

TABLE 111_ PUSH-POP STACK FUNCTIONS 

SEL. REG. REG. REG. REG. 
FUNCTION 

S3 S4 D C B A 
<-

BITO LOAD L H QiDO QiCO QiBO 
1:i 

<- <- <- <-
PUSH H H 

QiCO CiBO QiAO 1:i 
BIT 1 

,f"l-> -> -> -> 
POP H L 

QiDO QiDO QiCO QiBO 
BIT2 

BIT3 HOLD L L QiDO QiCO QiBO QiAO 

",link operatlonlshow previous data location after clock transition. 

full adder 

The four-function full adder is controllable from select inputs S1 and S2 to perform: 

A or B incrementation, or decrementation of B 

Unconditional jumps or relative offsets 

No change 

Return to zero or one 

INPUTI 

OUTPUT 

1:i IN 

1:i IN 

QiAOUT 

QiA OUT 

Incrementation can be implemented by forcing a carry (high) into the ALU.ln this mode either of the following options 
are possible: 

1. Increment (A plus zero plus carry) 

2. Increment B (zero plus B plus carry), or decrement B (all highs at A then A plus B with carry input low and 
disregard, don't use, carry out) 

3. Increment the jump or offset (A plus B plus carry) 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFtCE BOX 5012 • DALLAS, TEXAS 75222 
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TYPEI IN541482, IN741482 
4-BIT-ILiCE EXPANDABLE CONTROL ELEMENTI 

full adder (continued) 

4. Start at zero or one and increment on each clock (select zero plus zero plus carry, then select zero plus B 
plus carry), or set register to N and decrement B (see 2 above). 

5. No change (carry input is always active and removal of carry combined with either the ALU or register hold 
mode will retain the current address). 

Unconditional jumps can be implemented by applying and selecting the jump directly from the data inputs to the 
output register. Offset can be accomplished by summing the output register with the offset magnitude (A plus B) with 
carry low. 

The ALU functions are shown in Table IV. 

TABLE IV. ADDRESS CONTROL FUNCTIONS 

INPUTS INTERNAL 

S1 S2 I:i 

H H o PLUS 0 PLUS Coin 

H L o PLUS Bi PLUS Coin 

L H Ai PLUS 0 PLUS Coin 

L L Ai PLUS Bi PLUS C-in 

compound generator functions 

As the function-select lines of the register sources, push-pop stack, and adder are independent, compound functions can 
be selected to occur on the next clock transition. 

Subroutine branches and returns can be simplified by saving the return or link addresses in the push-pop stack. This 
branch-and-save function can be accomplished on the same clock time as follows: 

DATA-IN 

Branch address 

ADDER 

Zero plus B plus one 

(51 = H, S2 = LI 

PUSH-POP STACK 

Push 

(53 = 54 = HI 

Up to four branches can be made with the return stored in the 4-word push-pop stack. 

REGISTER SOURCE 

Data-in 

(S5-SS-U 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

Supply voltage, Vee (see Note 1 ) . 7V 
5.5V 
5.5 V 

Input voltage . . 
Off-state output voltage 
Operating free-air temperature range: SN54S482 

SN74S482 
Storage temperature range. . . 

NOTE 1. All voltage values are with respect to network ground terminal. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST O~FICE BOX 5012 • DALLAS, TEXAS 75222 

· -55°e to 125°e 
· . oOe to 700e 
· -'-65°e to 1500 e 
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TYPES SN54S482, SN74S482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 

recommended operating conditions 

SN54S482 SN74S482 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage, V r.r. 4.5 5 5.5 4.75 5 5.25 V 

Carry output -1 -1 
High-I.vel output current, IOH mA 

Any F output -2 -2 

Carry output 10 10 
Low-I.vel output curr.nt, IOL mA 

Any F output 16 16 

Data-in, 55, 56 ot ot 

Data-in via adder 20t 15t 

Setup time, tsu 51,52 40t 30t ns 

53,54 20t 15t 

Clear-inactive state ot ot 

Clock (high or low) 50 30 
Pulse width, tw 

CI.ar (tow) 
ns 

15 15 

Clock input rise time, tr 50 50 ns 

Data-in, 55, 56 30t 25t 

Hold time, th 
Data-in via adder 1St lOt 

1St lOt 
ns 

51,52 

53,54 25t 20t 

Operating fr .... ir t.mp.ratur., T A -55 125 0 25 70 °c 
t The arrow indicates that the rising edge of the clock pulse is used for reference. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

376 

PARAMETER TEST CONDITIONSt 
5N54S482 5N745482 

MIN TYP' MAX MIN 

VIH High~ev.1 input voltag. 2 2 

VIL Low-I.vel input vol tag. 0.8 

VIK Input clamp voltage VCC= MIN, 11=-18mA -1.2 

VOH High-I.vel output voltage 
VCC= MIN, VIH=2V, 

2.5 3.4 2.7 
VIL=0.8V, 10H = MAX 

VOL Low~evel output voltage 
VCC= MIN, VIH=2V, 

0.5 
VIL = 0.8 V, 10L = MAX 

II 1 nput current at maximum input voltage VCC = MAX,' VI=5.5V 1 

51,52, Cin 50 

High~evel 53, 54, 55, 56, clock 100 
IIH 

input current Clear 
VCC= MAX, VI = 2.7 V 

250 

Any A 150 

51,S2 -1 
Coin -0.8 

Low~evel 53,54 -1.2 
IlL 

input current Any A, 55, 56, CK 
VCC = MAX, VI =0.5V 

-2 
CI.ar -4 
Clock -2.8 

105 Short-circuit output currant§ VCC = MAX -40 -110 -40 

ICC 5uppiV curr.nt VCC = MAX 90 130 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

fAil tvplcal values arB at Vee = 5 V, TA = 25°C. 

§ Not more than one outpUt should be shorted at a time. 

TEXAS INSTRUMENTS 
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TYP' MAX 

0.8 

-1.2 

3.4 

0.5 

1 

50 

100 

250 

150 

-1 

-008 
-1.2 

-2 

-4 

-2.8 

-110 

90 140 

UNIT 

V 

V 

V 

V 

V 

mA 

JJA 

mA 

mA 

mA 

-
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TYPES SN54S482, SN74S482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 

switching characteristics over recommended operating ranges of T A and Vee (unless otherwise noted) 

PARAMETER FROM TO TEST CONDITIONS 

tpLH 
CLOCK DATA OUT 

tpHL 

tpHL CLEAR DATA OUT 

tpLH 
CL = 15pF, 

CARRVIN CARRV OUT RL=280SJ 
tpHL 

tPLH 
DATA IN CARRV OUT 

tPHL 

:tAli typical values are at Vee = 5 V, T A = 25G C. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

SN54S482 SN74S482 

MIN TVPt MAX MIN TVP' MAX 
UNIT 

12 30 12 25 

15 30 15 25 
ns 

12 25 12 20 ns 

12 22 12 18 

10 22 10 18 
ns 

17 30 17 25 

12 30 12 25 
ns 

PRINTED IN U.S.A 376 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 

J ceramic dual-in-line package 

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-, 16-, 20-, or 24-lead 
frame_ Hermetic sealing is accomplished with glass_ The packages are intended for insertion in mounting-hole rows on 
0_300 (7,62) or 0_600 (15,24) centers_ Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering_ Tin-plated ("bright-dipped") leads (-00) require 

no additional cleaning or processing when used in soldered assembly_ 

It J=::~' 0.245 {6.22J 

"1 r-- 0.0501'.271 NOM 

~ - SEATING PLANE 

~~eo<, ~ 
16 PLACES I\.-. 0.014 (0,3561 

~ 0.008 (0,203) 
16 PLACES 

16-PIN J CERAMIC 

0)0000000 I r 0.070 (1,78) MAX 16 PLACES 

° 2'::::~'081.-l ~I J~:t!;;D::;:;~ ~;:;:) ~;::t.~ SE";L~~T 
t 0020(051}J l --i 0030 (0 761 MIN 
, MIN lUI -U I 12 PLACES 

O.1~~3,30) ~ U jr~~~~:~'~: 16PlACES 

0012 (a,304) MIN ~ • 

4 PLACES 1 0.050 (1,27) 
PIN SPACING 0.100 (2,54) T.P. 0.015 m,381 4 PLACES 

(See Note bl 

.For memories of 64 bits and up and a few MSI/LSI products in Series 54174 and Series 545/745 that 

are derived from memory circuit bars, this maximum is 0.300 (7,62). All other dimensions apply 

without modification. 

h;~:;; 
Irnto'~f1'21) NOM 

20-PIN J CERAMIC 

0930 (23,62) .. 
1'_ 0975 (24,771 I 

'~'"~"~{~~~~~~~~J 
• MAX 

GLASS 
SEALANT 

~ 
0200(508) 

• --SEATINGPlANE--''---.-, ___ ~· 

~ 0130(330) I • ~ 
20 PLACES M.~I,;:N ______ L 

It--++--++-+H--'-- 0.030 (0,76) MIN 

II 0,0'410,356', ~ U 
~_o,oo. 10,2031 I 0,0'210,304' MIN 

4 PLACES 

PIN SPACING 0.100 (2,54) T. P. 
(See Note b) 

16 PLACES 

~:~~~ !~.!a~: 20 PLACES 

0.050 (1,27) 
0.015 (0,381 4 PLACES 

TEXAS INSTRUMENTS 
INCORPORATED 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 

J ceramic dual-in-line packages (continued) 

24-PIN J CERAMIC 

I 1.236131,361 
I 1.290 132.77) 

I@@@@@)@@@@@)@@ 

0,025 (0,831 R 
NOM 

0.560 (14.221 
0.615 (13,091 

0.(liC)-(1.271 NOM 

SEATING PLA~E, .-----,...-

O,07011,7S) 
0.020 (0,611 I 

0,018 t 0.002 ., 
(0,461 ' 0,0511 

24 PLACES 

Falls within JEDEC MO-015AA dimensions 

48-PIN J CERAMIC 

~~ ~ SEATING PLANE- =----t-_ --====== t ••• 
I I I I I I I I I I I I 

'--_____ • ....,.~ ____ ____J 

'f'jNSPACINGo.1ODTf' 
ISEE NOTE AI 

PRELIMINARV 

DRAWING 

S,eATINGPLANE--

(~~~J:s~--i 
~..o...--.'-O.BOOTP~---·---_ 

U2PLACES) II. 

NOTES: a. All dlmen.lon, are shown In Inch .. (and parenthetlc:ally In millimeters for reference only), Inch dimensions govern. 

b. Each pin centerline il 'ocated within 0.010 (0,26) of its true longitudinal position. 

TEXAS INSTRUMENTS 
INCORPORATED 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 

N plastic dual-in-line packages 

These dual-in-line packages consist of a circuit mounted on a 14-, 16-,20-, or 28-lead frame and encapsulated within an 
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deforma
tion and circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are 
intended for insertion in mounting hole rows on 0.300 (7,62) or 0.600 (15,24) centers. Once the leads are compressed 
and inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no addi
tional cleaning or processing when used in soldered assembly. 

16-PIN N PLASTIC 

~0"70 122.1) MAX ~ 

"-~=:D\;::~; ":'~"::=(:0::0:!~1 
-./ 0 :80 (2,03) NOM \Y \3..1 0 4 \.V 6 0 \.!I 

I --L. --1 r- 0070 (177)MAX16PLACES 51 -T-----002010.51)~1 
0010 (0,25) NOM 0200 (5,08) MAX ~ 

-SEATING PLANE---L-'---,.--.---

~ !id 0 033 (0,83) MIN 
90· 16 PLACES 

16 PlACES-----\ ~ 0011 ' 0003 L ~ ---l r-- 0.018' 0.003 
(0,279 ' 0 076) 0 125 (3,17) MIN 

16 PLACES (0,457' 0,076) 
(See Notes c and d) 0095 (2,41' 16 PLACES 

0015 (0 3S) PIN SPACING 0.100 (2,54) T .P. (See Notes c and d) 

Package configuration of 

16-pin N package (see 

alternativesideviews) is 

at the option of TI. 

4 PLACES ISee Note b) 

ALTERNATE SIDE VIEW 

....., ~O.070 (1,77) MAX 16 PLACES 

t 0'02~1~'511~1 ~ 
020015,MAX ~ D~r 

,~ --I u u U 0.03310.'3IMIN 
12 PLACES 

0.12513.171 MIN L ~ -II-- 0.Q18 .0.003 
(0.457 .t 0,076) 

0.095 (2,4~____ 16 PLACES 

O.Q1S (0,38) PIN SPACING 0.100 (2,54) T,P. (See Notes c and d~ 
4 PLACES (See Note bl 

20-PIN N PLASTIC 

1 t-:: :=t00SO 10 '03, NOM -t !--O 070 11.771 MAX 20 PLACES 

~ ~00101025'NOM + 002010'511~O 
t:::1 -SEATING PLANE 0200151.08' MAX L j_ 

l g t --l je-o 033(0.831 MIN 
00 ro~~ 

1.-20 PLACES 

\... 0011 t 0003 0155(3,94) - L ~ ~ ~ 0018' 0003 
.. \ (0,279 0076) 0126 (3171 (0,467' 00761 

(See Notes (See Noto;s 

c and d) 0075(1,91) P1NSPAC1NG0100(2,54)TP candd) 

MAX (See Note b) 
4 PLACES 

TEXAS INSTRUMENTS 
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ITL INTEGRATED CIRCUITS MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

24-PIN N PLASTIC 

1------1,310133,31 MAX------I 

@@@@@@@@@@@@ 

055~C\1l"711 CD®®0®®0®®@)@@ 
0.080 (2,031 NOM . H ~,010fO.25INOM --I rO,070 11.771 MAX 24 PLACES 

-irT ~I ~---, -SEATING PlANE-4==='=~IOj'200 (5,08) MA)C 

~ 24 PLACES 0.020 (0,51) MIN 

O.Ol1~O.OO3,-,\j6- JI l~ 0.033(0,83) MIN J-IO.'2S13.'7lMIN 
IO':':~~:cO::1 0.01S I O.OO~ ~ 24 PLACES 0.096 12,421 MAX I- 24 PLACES 

(See Notes c and d) (0,457 ' 0,0761' 4 PLACES 
24 PLACES PIN SPACING 0.100 (2,64) T .P. 

(Sea Notes c and d) (Sea Note bl 

28-PIN N PLASTIC 

-SEATING PLANE -r 
1'r~:~: :.: 0.018! 0.003 ...J l.-

• , 10,46 ~ 0.081 
PIN SPACING 0.100 12,641 T.P. 

Is..~.b) 

NOTES: B. All dimensions are shown In inches (and parenthetically In millimeters for reference onlv). Inch dimensIons govern. 
b. Each pin centerline Is located within 0.010 (0,26) of Its true longitudinal position. 
c. This dimension does not appl.y for solder-dlpped lelds. 

d. When solder-dipped leads are specified, dipped area ,of the lead extends from the leld tip to at least 0.020 (0,50) above the 
seating plane. 

TEXAS INSTRUMENTS 
INCORPORATED 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 

N· plastic dual-in·line packages (cOntinued) 

PRELIMINARY 
DRAWING 

'i. 

r--....J;;"==Il~ 

EITHER 
INDEX 

O.010(O,25}NOM 

48·PIN N PLASTIC 

1--------- 2.62(66.6IMAX ----------1 
@ 

0----------------------------------_ 

O.OS~~~~~~MIN l~;;=;;:::;;::;;::;;=;;::;;:::;;::;::;:;:::;:;:::;;:::;:;:::;;:::;;::;;=;;:::;;::;:;:::;;::;;=;;::;;::;::1 
~ 48 PLACES -- PLANE ~ 

0.011 , 0.003-.11-
(0,279 ± 0,076) 

48 PLACES 
(See notes c and d) (See notes c and d) 

PIN SPACING O.100(2,54)T.P. 
(See note b) 

O.095(2,42)MAX J 
4 PLACES 

NOTES: All dimensions are shown 'in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 

b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 

c. This dimension does not apply for solder-dipped leads, 

d. When solder·dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0.020 (0,50) above the 

seating plane. 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 

W ceramic flat package 

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14-, 16-, or 
24-lead frame_ Hermetic sealing is accOmplished with glass_ Tin-plated ("bright-dipped") leads (-00) require no 
additional cleaning or processinQ when used in soldered assembly_ 

"ASEANO 
SEATING PLANE 

16 PIN W CERAMIC 

@@@@@0@0 
I 10,D!iO(I,2717P 
.....,.... 1. PLACES 

IS-NolOel 

O.oz&IO,64) 

°40~~;':;:/ 

Falls within JEDEC MO-004AG Dimensions 

24 PIN W CERAMIC 

~-
t------- O.G3$118,al MAM -

000000000G0® 
Falls within JeOeC M0-019AA Dimensions 

NOTES: B. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 

b. Index point is provided on cap for terminal identification only_ 

c. Leads are within 0.005 (O,13) radius of true position (T.P.) at maximum material condition. 

d. This dimensi'on determines a zone within which all body and lead irregularities lie. 

e. Not applicable for solder-dipped leads. 

f. When solder-dipped leads are specified, dipped area extends from lead tip to within 0.050 (1,27) of package body. 

g. End configuration of 24-pin package is at the option of TI. 

TEXAS INSTRUMENTS 
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INDEX TO 54S/74S, 54LS/74LS, 
AND 12L FUNCTIONS 

Function Page Function Page 
Accumulators, Arithmetic Logic Units, Line Drivers, 50-0hm/75-0hm .................. 11 

Look-Ahead Generators . . . . . . . . . . . . . . . . . . . . . .3 Logic Arrays, Field Programmable ................ 1 
Adders .................................. 3 Look·Ahead Carry Generators ................... 3 
AND Gates ................... _ ........... 12 Memories, PROM's .......................... 1 
AND-OR-Invert Gates ........................ 9 Memories, RAM's ........................... 2 
Arithmetic Logic Gates ........................ 3 Memories, ROM's ........................... 2 
Arithmetic Operators .•.....••...•.•..•....... 3. Microprocessor Controllers and 
Asynchronous Counter. ....................... 6 Support Functions .......................... 4 
BCD· to-Decimal Decoders/Drivers ............... 11 Microprocessors, 16-Bit 12L. .................... 1 
BCD·to-Seven Segment Decoders/Drivers ........... 11 Monostable Multivibrators ...................... 8 
Bit-Slice Processor Elements .................... 1 Multiplexers, Data Selectors .................... 5 
Buffer and Interface Gates .................... 10 Multipliers ................................ 3 
Buffers, Clock Drivers ....................... 11 NAND Gates ............................. 12 
Bus Drivers ................................ 6 NOR Gates ............................... 12 
Bus Transceiver Gates ........................ 10 Operators, Arithmetic ........................ 3 
Clock Drivers, Buffers ....................... 11 OR Gates ................................ 11 
Clock Generator Circuits ....................... B Parity Generators/Checkers ..................... 3 
Comparators. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 Priority Encoders/Registers ..................... 7 
Controllers and Support Functions, Processor Elements, 4-Bit Slice ................... 1 

Microprocessor. . . . . . . . . . . . . . . . . . . . . . . . . . . .4 Programmable Read-Only Memories (PROM's) ........ 1 
Counters, Asynchronous ....................... 6 Random-Access Read-Write Memories (RAM's) ........ 2 
Counters, Synchronous ........................ 6 Read-Only Memories, Programmable (PROM's) ........ 1 
Current-Sensing Gates ........................ 5 Read·Only Memories (ROM's) _ .................. 2 
Data Selectors, Multiplexers .................... 5 Register Files .............................. 2 
Decoders, Demultiplexers ...................... 5 Register Flip Flops .......................... 4 
Display Drivers/Decoders ..................... 11 Register, Other ........................... 4, 7 
Field Programmable Logic Arrays ................. 1 Register, Shift .............................. 7 
First-In, First-Out Memory (FIFO) ................ 1 Retriggerable Monostable Multivibrators ............ 8 
Flip-Flops, Dual J-K .......................... 9 Sensing Gates, Current ........................ 5 
Flip Flops/Registers .......................... 4 Shift Registers ............................. 7 
Gates, AND .............................. 12 S- R Latches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8 
Gates, AND-OR-INVERT ...................... 9 Support Functions, Microprocessor ................ 4 
Gates, Buffer, Interface and Transceiver ............ 10 Synchronous Counters ........................ 6 
Gates, NAND ............................. 12 Transceivers and Drivers, Bus .................... 6 
Gates, NOR .............................. 12 Transceiver Gates . . . . . . . . . . . ............... 10 

·Gates, OR ............................... 11 4-Bit-Slice Processor Elements ................... 1 
J-K Flip Flops, Dual. ......................... 9 16-Bit 12L Microprocessor ...................... 1 
Latches .................................. 8 50-0hm/75-0hm Line Drivers •................. 11 
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SCHOTTKY TTL AND 12L FUNCTIONS 
FUNCTIONAL INDEXI SELECTION GUIDE 

12L l6-BIT MICROPROCESSORS 

COMPUTER CLOCK 
DEVICE TYPE SEC_ 

DESCRIPTION AND PACKAGE PAGE 
INSTRUCTIONS FREQUENCY 

-55°C to 125°C _40°C to 85°C NO. 
MEMORY-TO-MEMORY ARCHITECTURE 

SBP 9900E I J SUPPORTED WITH SEPARATE MEMORY 
69 SBP 9900M J 

2MHz 
SBP 9900Nt 

3-1 
AND CRU INTERRUPT BUSES 

(TI990/4) J 

BIPOLAR BIT-SLICE PROCESSOR ELEMENTS 

CASCADABLE TYPICAL DEVICE TYPE SEC. 

DESCRIPTION TO Il~OPERATION TECHNOLOGY AND PACKAGE PAGE 

N-BITS TIME -55°C to 125°C oOe to 70°C NO. 

Yes 50ns STTL SN74S4B1 J. N 1-1 
EXPANDABLE Yes 100 ns LSTTL SN54LS481 J SN74LS481 J, N 1-1 
4-BIT SLICE Ves 300 ns 12L SBP0400AM J SBP0400AC J, N 2-1 

Ves 300 ns 12L SBP0401AM J SBP0401AC J, N 2-1 

EXPANDABLE FIELD-PROGRAMMABLE LOGIC ARRAYS 

TYPICAL OUTPUTS DEVICE TYPE SEC. 

DESCRIPTION 
ORGANI-

DELAY TYPEI AND PACKAGE PAGE 
ZATION 

TIME NO. -55°C to 125°C I OOC to 70°C NO. 

AUTOMATIC OR 
12 X 50 X 6 

3-State/6 
35 ns 

DEDICATED ENABLE O-C/6 I I SN74S330 I J, N 
5-13 

SN74S331 J, N 

FIRST-IN FIRST-OUT MEMORY (FIFO) 

TYPE TYPICAL TYP TOTAL DEVICE TYPE SEC. 

DESCRIPTION OF CLOCK POWER AND PACKAGE PAGE 

OUTPUT FREQUENCY DISSIPATION -55°C to 125°C I oOe to 70°C NO. 

ASYNCHRONOUS 16 X 5 3-State 20 MHz 400mW I SN74S225 I J, N 4-39 

PROGRAMMABLE READ-ONLY MEMORIES (PROM'S) 

DESCRIPTION, TYPE TYPICAL TYPICAL TYPPOWER DEVICE TYPE SEC. 
ORGANI-

PKG.PINS, OF ADDRESS ENABLE 'DISSIPATION AND PACKAGE PAGE 

AND ROW SPACING 
ZATION 

-55°C to 125°C OoC to 70"C OUTPUT TIME TIME PER BIT NO. 

2G-Pin 512 XB 3-State 55 ns 20 ns 0.14mW SN54S472 J SN74S472 J, N 

30G-Mil 512 X8 O-C 55 ns 20ns 0.14mW SN54S473 J SN74S473 J, N 

4096-BIT 24-Pin 512 XB 3-State 55 ns 20ns O.14mW SN54S474 J,W SN74S474 J, N 
4-1 

ARRAYS 60G-Mil 512 XB O-C 55 ns 20 ns 0.14mW SN54S475 J,W SN74S475 J, N 

18-Pin 1024 X 4 3-State 35 ns 20 ns 0.14mW SN54S476 J SN74S476 J, N 

30G-Mil 1024 X 4 O-C 35 ns 20 ns 0.14mW SN54S477 J SN74S477 J, N 

2048-BIT 2G-Pin 256 X8 O-C 50 ns 20 ns 0.24mW SN54S470 J SN74S470 J, N 
4-1 

ARRAYS 30G-Mil 256 X B 3-State 50 ns 20 ns 0.27 mW SN54S471 J SN74S471 J, N 

1024-BIT 16-Pin 256 X4 3-State 40 ns 15 ns 0.49mW SN54S2B7 J,W SN74S2B7 J, N 
4-1 

ARRAYS 3OG-Mil 256X4 O-C 40 ns 15 ns 0.49mW SN54S3B7 J,W SN74S3B7 J, N 

256-BIT 16-Pin 32X8 O-C 25 ns 12 n~ 1.56 mW SN54S18B J,W SN74S18B J, N 
4-1 

ARRAVS 30G-Mil 32 X8 3-State 25 ns 12 ns 1.56mW SN54S2BB J,W SN74S2BB J, N 

tMI L-STD-883 level B processing, 

TEXAS INSTRUMENTS 
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-



2 

SCHOTTKY TTL AND 12L FUNCTIONS 
FUNCTIONAL INDEX/SELECTION GUIDE 

READ-ONLY MEMORIES (ROM'S) 

TYPE TYPICAL TYPICAL TYPPOWER DEVICE TYPE 
ORGANI· 

OF ADDRESS ENABLE DISSIPATION AND PACKAGE DESCRIPTION 
ZATION 

OUTPUT TIME TIME PER BIT -55°C to 125°C OoC to 70°C 

O·Cor 150(350) nl 6O(150)nl 0.03 mW 

16384-BIT ARRAYS 2048 X8 10Kn to to to SBP 9818M J SBP 9818C J, N 

Pullup 20l's 81'S 0.0002 mW (SBP 8316M) J (SBP 8316C) J,N 

512 X4 0-<: 45 ns 15 ns 0.26mW SN54S270 J SN74S270 J,N 

256 X8 O·C 45 ns 15 ns O.26mW SN54S271 J SN74S271 J,N 
2048·8IT ARRAYS 

SN54S370 SN745370 J,N 512 X4 3·State 45 ns 15 ns 0.26 mW J 

256 X8 3-State 45 ns 15 ns 0.26mW SN545371 J SN74S371 J, N 

1024·BIT ARRAYS 256 X 4 O·C 40 n. 20 ns O.46mW SN54187 J,W SN74187 J, N 

25&BIT ARRAYS 32 X8 0-<: 26n. 22 n. 1.1mW SN5488A J,W SN7488A J, N 

RANDOM·ACCESS READ'WRITE MEMORIES (RAM'S) 

TYPE TYPICAL TYPICAL TYPPOWER DEVICE TYPE 

DESCRIPTION 
ORGANI· 

OF DISSIPATION ADDRESS ENABLE AND PACKAGE 
ZATION 

_55°C to 125°C OoC to 70°C OUTPUT TIME TIME PER BIT 

1024-BIT ARRAYS 1024X 1 3·State 75 n. 75 ns O.2/0.07mW SN74LS215 JD,N 

WITH POWER·DOWN 1024X 1 O-C 75 ns 75 ns 0.2/0.07mW SN74LS315 JD,N 

1024X 1 3-Stato 75 ns 35 n. 0.2mW SN74LS214 JD,N 

1024 X 1 3-State 40 n. 15 n. 0.51 mW SN745214 JD,N 

1024X 1 O·C 75 n. 36 n. 0.2mW SN74LS314 JD,N 

1024X 1 O-C 40 n. 15 n. 0.51 mW SN74S314 JD,N 
1024-BIT ARRAYS 

256 X 4 3-State 75 n. 0.3mW SN74LS207 J, N 20 n. 

256X4 3-State 40 n. 15 n. 0.59mW SN74S207 J, N 

256X4 3-State 76 n. 20 n. 0.3mW SN74LS208 J, N 

256 X 4 3-State 40 n. 15 n. 0.59mW SN745208 J, N 

256X 1 3-State 42 n. 17 n. 1.9mW SN74S201 J, N 
25&81T ARRAYS 

256 X 1 O·C 42 n. 13 n. 1.9mW SN745301 J, N 

16X4 3·Stato 25 n. 12 n. 5.9mW SN54S189 J,W SN74S189 J, N 
64-BIT ARRAYS 

16 X 4 O·C 26 ns 12 ns 5.9mW SN54S289 J,W SN745289 J, N 

REGISTER FILESt 

TYPICAL TYP READ DATA TYP TOTAL DEVICE TYPE 
DESCRIPTION ADDRESS ENABLE INPUT POWER AND PACKAGE 

SEC. 

PAGE 

NO. 

4-16 

4-9 

4-9 

4-9 

SEC. 

PAGE 

NO. 

4-27 

4-27 

4-33 

4·24 

4·20 

TIME TIME RATE DISSIPATION -55°C to 125°C OoC to 70°C 

FOUR WORDS OF FOUR 81TS 27 n. 15 n. 20MHz 125mW SN54LS170 I J, W SN74LS170 I J, N 
FOUR WORDS OF FOUR BITS 

SN54LS670 I J, W SN74LS670 I J, N (3-STATE OUTPUTS) 
24n. 19 n. 20 MHz 135mW 

tSae the TTL Data Book for Design Engineers, Second Edition, LCC4112. 
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SCHOTTKY TTL FUNCTIONS 
FUNCTIONAL INDEXI SELECTION GUIDE 

ACCUMULATORS, ARITHMETIC LOGIC UNITS, LOOK·AHEAD CARRY GENERATORSt 

TYPICAL TYPICAL TYPTOTAL DEVICE TYPE 

DESCRIPTION CARRY ADD POWER AND PACKAGE 

TIME TIME DISSIPATION -55°C to 125°C DoC to 700 C 

4-BIT PARALLEL 

BINARY ACCUMULATORS 
10 ns 20 ns 720mW SN54S281 J,W SN74S281 J,N 

11 ns 20 ns 525mW SN54S3Bl J SN74S381 J,N 
4-BIT ARITHMETIC LOGIC UNITS! 

7 ns 11 ns 600mW SN54S181 J,W SN74S181 J, N 
FUNCTION GENERATORS 

16 ns 24 ns 102mW SN54LS181 J,W SN74LS181 J, N 

LOOK·AHEAD CARRY GENERATORS 7 ns 260mW SN54S,82 J,W SN74S'82 J, N 

ADDERSt 

TYPICAL TYPICAL TYP POWER DEVICE TYPE 

D.ESCRIPTION CARRY ADD DISSIPATION AND PACKAGE 

TIME TIME PER BIT -55°C to 125°C OOC to 700 C 

20 ns 15 ns 24mW SN54LS83A J,W SN74LS83A J, N 

4-BIT FULL ADDERS 10 ns 15 ns 24mW SN54LS283 J,W SN74LS283 J, N 

11 ns 7 ns 124mW SN54S283 J SN74S283 J, N 

DUAL CARRY·SAVE FULL ADDERS 15 ns 15 ns 23mW SN54LS183* J,W SN74LS183* J, N 

MUL TIPLIERSt 

DEVICE TYPE AND PACKAGE 
DESCRIPTION 

-55°C to 125°C DoC to 700 C 

2·BIT·BY·4-BIT PARALLEL BINARY MULTIPLIERS SN54LS261 

4-BIT·BY·4-BIT PARALLEL BINARY MULTIPLIERS SN54S274 

7·BIT·SLICE WALLACE TREES 
SN54LS275 

SN54S275 

COMPARATORSt 

TYPICAL TYP TOTAL 

DESCRIPTION COMPARE POWER 

TIME DISSIPATION 

11.5 ns 365mW 
4-BIT MAGNITUDE COMPARATORS 

23.5 ns 52mW 

OTHER ARITHMETIC OPERATORSt 

TYPICAL 

DESCRIPTION DELAY 

TIME 

QUADRUPLE 2-INPUT EXCLUSIVE·OR 
7 ns 

GATES WITH TOTEM·POLE OUTPUTS 
10 ns 

10 ns 

QUADRUPLE 2·INPUT EXCLUSIVE-DR GATES 

WITH OPEN·COLLECTOR OUTPUTS 
18 ns 

QUADRUPLE 2·INPUT EXCLUSIVE·NOR GATES 18 ns 

QUADRUPLE EXCLUSIVE OR/NOR GATES 8 ns 

tsa• the TTL Data Book for Design Engineers, Second Edition, LCC4112. 
·New Product in development al of August 1977. 

TYPTOTAL 

POWER 

DISSIPATION 

250mW 

30mW 

30mW 

30mW 

40mW 

325mW 

J,W SN74LS261 J, N 

J SN74S274 J, N 

J SN74LS275 J, N 

J SN74S275 J, N 

DEVICE TYPE 

AND PACKAGE 

-55°C to 125°C DoC to 700 C 

SN54S85 I J, W 
SN54LS85 J, W 

SN74S85 I J, N 
SN74LS85 J, N 

DEVICE TYPE 
\ 

AND PACKAGE 

-550 C to 1250 C OoC to 700 C 

SN54S86 J,W SN74S86 J, N 

SN54LS86 J,W SN74LS86 J, N 

SN54LS386 J,W SN74LS386 J, N 

SN54LSI36 J,W SN74LS136 J, N 

SN54LS266 J,W SN74LS266 J, N 

SN54S135 J,W SN74S135 J, N 

TEXAS INSTRUMENTS 
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SCHOTTKY TTL FUNCTIONS 
FUNCTIONAL INDEXI SELECTION GUIDE 

PARITY GENERATORS/CHECKERSt 

TYPICAL TYP TOTAL 

DESCRIPTION DELAY POWER 

TIME DISSIPATION 

9-BIT ODD/EVEN PARITY 31 ns 80mW 

GENERATORS/CH ECKERS 13 ns 33SmW 

DEVICE TYPE 

-SSoC to 12SoC I OOC to 70°C 

SNS4LS280 / J, W 
SN54S280 J, W / 

SN74LS280/ J, N 
SN74S280 J, N 

MICROPROCESSOR CONTROLLERS AND SUPPORT FUNCTIONS 

TYP TOTAL 
SYSTEM 

DEVICE TYPE SEC. 

DESCRIPTION POWER AND PACKAGE PAGE 
APPLICATION 

-SSoC to 12SoC OOC to 70°C DISSIPATION NO. 

8080A 700mW. SN74S428 (TIM8228) N 
S-35 

SYSTEM CONTROLLERS 8080A 700mW SN74S438 (TIM8238) N 

Universal 450mW SN54S482 J SN74S482 J, N 5-41 

TMS 9900 110mW SN54LS259 J,W SN74LS259 (TIM9906) J, N t 
REGISTERS 210mW SN54LS363* J SN74LS363* J, N 

MOS t 
210mW SN54LS364* J SN74LS364* J, N 

MULTI-MODE LATCHES 8080A 410mW SN54S412 J,W SN74S412 (TI M8212) J, N 5-30 

TRANSCEIVERS AND 
Universal 

62SmW SN54S226 J,W SN74S226 J, N 5-1 

BUS DRIVERS 207mW SN54LS245 J SN74LS245 J, N t 
98mW SN54LS240 J SN74LS240 J, N t 

450mW SN54S240 J SN74S240 J, N 5-S 

100mW SN54LS241 J SN74LS241 J, N t 
TRANSCEIVERS AND 

BUS DRIVERS (SSI) 
Universal 538mW SN54S241 J SN74S241 J, N 5·5 

128mW SN54LS242 J,W SN74LS242 J, N t 
128mW SN54LS243 J,W SN74LS243 J, N t 
100mW SN54LS244 J SN74LS244 J, N t 

TMS 9900 669mW SN74LS362 (TIM9904) J, N t 
CLOCK ELEMENTS 

8080A 719mW SN74LS424 (TIM8224) J, N t 
TMS9900 190mW SN54LSl48 J,W SN74LSl48 (TIM9907) J, N t 

LOGIC ELEMENTS TMS 9900 35mW SN54LS251 J,W SN74LS251 (TIM9905) J, N t 
TMS 9900 63mW SN54LS348 J,W SN74LS348 (TIM9908) J, N t 

QUAD, HEX, AND OCTAL FLIP·FLOP/REGISTERSt 

F·F POWER DATA TIMES DEVICE TYPE 

DESCRIPTION PER FREQ PER SETUP HOLD AND PACKAGE 

PKG FLlp·FLOP ns ns _55°C to 12SoC OOC to 70°C 

50 MHz 26mW 20t at SN54LS364* J SN74LS364* J, N 

o TYPE 3-STATE WITH ENABLE 8 50 MHz 17mW 20t ot SN54LS374 J SN74LS374 J, N 

100 MHz 56mW 5t 2t SN54S374 J SN74S374 J, N 

8 40 MHz 10.6mW 20t 5t SN54LS377 J SN74LS377 J, N 

D TYPE WITH ENA8LE 6 40 MHz 10.6mW 20t 5t SN54LS378 J,W SN74LS378 J, N 

4 40 MHz 10.6mW 20t 5t SN64LS379 J SN74LS379 J, N 

8 40MHz 10.6mW 20t 5t SN54LS273 J SN74LS273 J, N 

40MHz 10.6mW 20t 5t SN54LS174 J,W SN74LS174 J, N 

D TYPE WITH CLEAR 
6 

110 MHz 75mW 5t 3t SN54S174 J,W SN74S174 J, N 

40 MHz 10.6mW 20; 5; SN54LS175 J,W SN74LS175 J, N 
4 

110MHIZ 75 mW 5t 3t SN54S175 J,W SN74S175 J, N 

tSee the TTL Data Book for Design Engineers, Second Edition, LCC4112 . 
• New product in development as of August 1977. 
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SCHOTTKY TTL FUNCTIONS 
FUNCTIONAL INDEXI SELECTION GUIDE 

DATA SELECTORS/MULTIPLEXERSt 

TYPICAL DELAY TIMES 
TYPE TYP TOTAL 

DATA TO DATA TO 
DESCRIPTION OF FROM POWER 

INV NON-INV 
OUTPUT ENABLE DISSIPATION 

OUTPUT OUTPUT 

3-Stote 4_5ns 8 ns 14 ns 275mW 

3-Stote 17 ns 21 ns 21 ns 35mW 

!r-LINE-TO-l-UNE 2-Stote 4.5 ns 8 ns 9 ns 225mW 

2-Stote 11 ns 18 ns 27 ns 30mW 

2-Stote 11 ns 18 ns 28mW 

3-Stote 12 ns 16 ns 35 mW 

DUAL 
2-State 15 ns 22 ns 31 mW 

4-UNE-TO-l-UNE 
3-Stote 12 ns 21 ns 43mW 

2-Stote 6 ns 9.5 ns 225 mW 

2-Stote 14 ns 17 ns 31 mW 

QUADRUPLE 2-Stote 20 ns§ 65mW 

2-U N E-TO-l-U N E 2-Stote 20 ns§ 32mW 

WITH STORAGE 2-Stote 20 ns§ 20 nS§ 37mW 

3-Stote 4 ns 14 ns 280mW 

3-Stote 5 ns 14 ns 320mW 

2-St.te 4 ns 7 ns 195mW 

QUADRUPLE 2-Stote 5 ns 8 ns 250mW 

2-UNE-TO-l-UNE 3-St.te 12 ns 20 ns 60mW 

3-St.te 12 ns 20 ns 60mW 

2-Stote 7 ns 12 ns 24mW 

2-St.te 9 ns 14 ns 49mW 

DECODERS/DEMUL TlPLEXERSt 

TYPE OF 
TYPICAL TYPICAL TYP TOTAL 

DESCRIPTION SELECT ENABLE POWER 
OUTPUT 

TIME TIME DISSIPATION 

4-UNE-TO-l O-LIN E. 

8CD-TO-DECIMAL 
Totem-Pole 17 ns 35mW 

3-UNE-TO-8-UNE 
Totem-Pole 8 ns 7 ns 245mW 

Totem-Pole n ns 21 ns 31 mW 

Totem-Pole 7.5 ns 6 ns 300mW 

DUAL 2-UNE-TO-4-UNE 
Totem-Pole 22 ns 19 ns 34mW 

Totem-Pole 18 ns 15 ns 30mW 

Open-Collector 33 ns 26 ns 31 mW 

CURR ENT-SENSING-GATESt 

TYPICAL TYPPOWER 

DESCRIPTION PROPAGATION DISSIPATION 

DELAY TIME PER GATE 

HEX 21 ns 3.3mW 

tSee the TTL Data Book for Design Engineers, Second Edition, LCC4112. 
§ From clock. 
*New Product in development as of August 1977. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

DEVICE TYPE 

AND PACKAGE 

-55°C to 125°C OOC to 70"C 

SN54S251 J.W SN74S251 J. N 

SN54LS251 J.W SN74LS251 J. N 

SN54S151 J.W SN74S151 J. N 

SN54LS151 J.W SN74LS151 J. N 

SN54LS152 W 

SN54LS253 J.W SN74LS253 J. N 

SN54LS352 J.W SN74LS352 J. N 

SN54LS353 J.W SN74LS353 J. N 

SN54S153 J.W SN74S153 J. N 

SN54LS153 J.W SN74LS153 J. N 

SN54LS298 J.W SN74LS298 J. N 

SN54LS398 ~ J SN74LS398 J. N 

SN54LS399 J.W SN74LS399 J. N 

SN54S258 J.W SN74S258 J. N 

SN54S257 J.W SN74S257 J. N 

SN54S158 J.W SN74S158 J. N 

SN54S157 J.W SN74S157 J. N 

SN54LS258A' J.W SN74LS258A* J. N 

SN54LS257 A' J.W SN74LS257 A' J. N 

SN54LS158 J.W SN74LS158 J. N 

SN54LS157 J.W SN74LS157 J. N 

DEVICE TYPE 

AND PACKAGE 

-55°C to 125°C OOC to 70°C 

SN54LS42 J.W SN74LS42 J. N 

SN54S138 J.W SN74S138 J. N 

SN54LS138 J.W SN74LS138 J. N 

SN54S139 J.W SN74S139 J. N 

SN54LS139 J.W SN74LS139 J. N 

SN54LS155 J.W SN74LS155 J. N 

SN54LS156 J.W SN74LS156 J.N 

DEVICE TYPE 

AND PACKAGES 

-55°C to 125°C I OOC to 70°C 

SN54LS63 L J. W I SN74LS63 I J. N • 
5 
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SCHOTTKY TTL FUNCTIONS 
FUNCTIONAL INDEX/ SELECTION GUIDE 

BUS TRANSCEIVERS AND DRIVERS 

TYPICAL MAXIMUM MAXIMUM DEVICE TYPE SEC. 

DESCRIPTION PROPAGATION SOURCE SINK AND PACKAGE PAGE 

DELAY TIMES CURRENT CURRENT -55°C to 125°C OOC to 70°C NO. 

CONTROLLER AND BUS DRIVER 1 mA 10mA SN74S428 N 
5-35 

FOR 8080A SYSTEMS -lmA 10mA SN74S438 N 

OCTAL BUS TRANSCEIVERS 8 ns -12mA 12mA SN54LS245 J SN74LS245 J. N t 

4-BIT BUS TRAI\CEIVERS 
-6.5 mA 20mA SN54S226 J.W SN74S226 J. N 5-1 10 ns 

WITH STORAGE 

ASYNCHRONOUS COUNTERS (RIPPLE CLOCK) - NEGATIVE-EOGE TRIGGEREDt 

TYP TOTAL OEVICE TYPE 
COUNT PARALLEL 

POWER AND PACKAGE OESCRIPTION CLEAR 
FREQ LOAD 

DISSIPATION -55°C to 125°C OOC to 7r1'C 

100 MHz Yes Low 375mW SN54S196 J.W SN74S196 J. N 

32 MHz Set-to-9 High 40mW SN54LS90 J.W SN74LS90 J, N 
DECADE 

32 MHz Set-to-9 High 40mW SN54LS290 J,W SN74LS290 J, N 

30 MHz Yes Low 60mW SN54LS196 J,W SN74LSl96 J, N 

100 MHz Yes Low 375mW SN54S197 J,W SN74S197 J, N 

32 MHz None High 39mW SN54LS93 J,W SN74LS93 J, N 
4-BIT BINARY 

32 MHz None High 39mW SN54LS293 J.W SN74LS293 J, N 

30 MHz Yes Low 60mW SN54LS197 J,W SN74LS197 J, N 

DIVIDE-BY·12 32 MHz None High 39mW SN54LS92 J,W SN74LS92 J. N 

35 MHz None High 75mW SN54LS390 J,W SN74LS390 J. N 
DUAL DECADE 

35 MHz Set-to-9 High 75mW SN54LS490 J,W SN74LS490 J,N 

DUAL 4-BIT BINARY 35 MHz None High 75mW SN54LS393 J,W SN74LS393 J, N 

SYNCHRONOUS COUNTERS - POSITIVE-EDGE TRIGGEREDt 

COUNT 
TYP TOTAL DEVICE TYPE 

PARALLEL 
DESCRIPTION CLEAR POWER AND PACKAGE 

FREQ LOAD 
-55°C to 125°C DISSIPATION OoC to 70°C 

40 MHz Sync Sync-L 475mW SN54S162 J,W SN74S162 J, N 
DECADE 25 MHz Sync Sync-L 93mW SN54LS162A J,W SN74LS162A J, N 

25 MHz Sync Async-L 93mW SN54LS160A J,W SN74LS160A J, N 
40 MHz Sync None 500mW SN54S168 J,W SN74S168 J, N 

DECADE 25 MHz Sync None 100mW SN54LSl68A J,W SN74LS168A J, N 
UP/DOWN 25 MHz Async Async-H 85mW SN54LS192 J,W SN74LS192 J, N 

20MHz Async None 100mW SN54LS190 J,W SN74LS190 J, N 
40 MHz Sync Sync-L 475mW SN54S163 J,W SN74S163 J, N 

4-BIT BINARY 25 MHz Sync Sync-L 93mW SN54LS163A J,W SN74LS163A J, N 

25 MHz Sync Async-L 93mW SN54LS161A J,W SN74LS161A J, N 

40 MHz Sync None 500mW SN54S169 J,W SN74S169 J, N 
4-BIT BINARY 25 MHz Sync None 100mW SN54LS169A J,W SN74LS169A J, N 
UP/DOWN 25 MHz Async Async-H 85mW SN54LS193 J,W SN74LS193 J, N 

20 MHz Async None 90mW SN54LS191 J,W SN74LS191 J, N 

tSee the TTL Data Book for Design Engineers, Second Edition, LCC4112. 

TEXAS INSTRUMENTS 
INCORPORATED 
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NO, 

OESCRIPTION OF 
SHIFT 

FREQ 
BITS 

50 MHz 

PARALLEL-IN, 8 35 MHz 

PARALLEL-OUT 35 MHz 

(BIDIRECTIONAL) 
4 

70MHz 

25 MHz 

5 10MHz 

70MHz 

PARALLEL-IN, 30 MHz 

PARALLEL-OUT 4 30 MHz 

30 MHz 

25 MHz 

SERIAL-IN, 
8 25 MHz 

PARALLEL-OUT 

PARALLEL-IN, 35 MHz 
8 

SERIAL-OUT 35 MHz 

SERIAL-IN, 

SERIAL-OUT 
8 25 MHz 

DESCRIPTION 

QUADRUPLE MULTIPLEXERS 

WITH STORAGE 

B-BIT UNIVERSAL SHIFT/STORAGE 

REGISTERS 

SCHOTTKY TTL FUNCTIONS 
FUNCTIONAL INDEX/SELECTION GUIDE 

SHIFT REGISTERSt 

SERIAL MODES TYP TOTAL DEVICE TYPE 
ASYNC ... Q Q DATA ... « ..J POWER' AND PACKAGE 
CLEAR a: ..J 

0 INPUT rh rh 0 DISSIPATION -55°C to 125°C OoC to 70°C ..J J: 
0 Low X X X X 750mW SN54S299 J,W SN74S299 J, N 
0 Low X X X X 175mW SN54LS299* J SN74LS299* J, N 
0 Sync L X X X X 175mW SN54LS323* J SN74LS323* J, N 
0 Low X X X X 450mW SN54S194 J,W SN74S194 J, N 
0 Low X X X X 75mW SN54LS194A J,W SN74LS194A J, N 
0 Low X X 60mW SN54LS96 J,W SN74LS96 J, N 

J-K Low X X 375mW SN54S195 J,W SN74S195 J, N 
0 Low X X 75mW SN54LS395A J,W SN74LS395A J, N 

J-K Low X X 70mW SN54LS195A J,W SN74LS195A J, N 
0 None X X 65mW SN54LS95B J,W SN74LS95B J, N 

0 None X X 70mW SN54LS295B J,W SN74LS295B J, N 

Gated 0 Low X 80mW SN54LS164 J,W SN74LS164 J, N 

0 None X X X 105mW SN54LS165 J,W SN74LS165 J, N 

0 Low X X X 110mW SN54LS166 J,W SN74LS166 J, N 

Gated 0 None X 60mW SN54LS91 J,W SN74LS91 J, N 

OTHER REGISTERSt 

TYPTOTAL DEVICE TYPE SEC, 
ASYNC 

POWER AND PACKAGE PAGE FREQ 
CLEAR 

-55°C to 125°C OOc to 70°C NO, DISSIPATION 

30 MHz None 36,5 mW SN54LS398 J SN74LS398 J, N t 
30MHz None 36,5 mW SN54LS399 J,W SN74LS399 J, N t 
25 MHz None 65mW SN54LS298 J,W SN74LS298 J N t 
35 MHz Low 175mW SN54LS299* J SN74LS299* J, N t 
50 MHz Low 750mW SN54S299 J,W SN74S299 J, N 5-9 

QUADRUPLE BUS-BUFFER REGISTERS 50 MHz High 85mW SN54LS173* J,W SN74LS173* J, N t 

PRIORITY ENCODERS/REGISTERSt 

TYPICAL 

DESCRIPTION DELAY 

TIME 

FULL BCD PRIORITY ENCODERS 15 ns 

CASCAOABLE OCTAL PRIORITY ENCODERS 15 ns 

CASCADABLE OCTAL PRIORITY ENCODERS 

WITH 3-STATE OUTPUTS 
16 ns 

tSee the TTL Data Book for Design Engineers, Second Edition, LCC4112. 
-New product in development as of August 1977. 

TYP TOTAL 

POWER 

DISSIPATION 

60mW 

60mW 

63mW 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

DEVICE TYPE 

AND PACKAGE 

-55°C to 125°C OoC to 700C 

SN54LS147 J,W SN74LS147 J, N 

SN54LS148 J,W !N74LS148 J, N 

SN54LS348 J,W SN74LS348 J, N • 
7 
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SCHOTTKY TTL FUNCTIONS 
FUNCTIONAL INDEXI SELECTION GUIDE 

LATCH ESt 

NO. TYPICAL TYP TOTAL 
DESCRIPTION OF CLEAR OUTPUTS DELAY POWER 

BITS TIME DISSIPATION 

DEVICE TYPE SEC. 

AND PACKAGE PAGE 

55°C to 125°C OOC to 70°C 
MULTI-MODE BUFFERED B Low a 11 ns 410mW SN54S412 J SN74S412 J. N t 
ADDRESSABLE 8 Low a 17 ns 110mW SN54LS259 J,W SN74LS259 J, N t 

None a 17 ns 210mW SN54LS363* J SN74LS363* J, N t 
TRANSPARENT 8 None a 19 ns 120mW SN54LS373 J SN74LS373 J, N t 

None a 7 ns 525mW SN54S373 J SN74S373 J, N 5-26 

DUAL 2-BIT WITH 
None a,a 11 ns 32mW SN54LS75 J,W SN74LS75 J, N t 

INDEPENDENT ENABLE 
4 None a 10 ns 35mW SN54LS77 W t 

None a,a 12 ns 32mW SN54LS375 J,W SN74LS375 J, N t 
aUAD :i-R (SSII 4 None a 13 ns 19mW SN54LS279 J,W SN74LS279 J, N t 

S-R LATCH ESt 

TYPICAL TYP TOTAL DEVICE TYPE 

DESCRIPTION PROPAGATlbN POWER AND PACKAGE 

DELAY TIME DISSIPATION -55°C to 125°C I OOC to 70°C 

aUADRUPLE S-R LATCHES 13 ns 19mW SN54LS279 I J, W J SN74LS279 I J, N 

MONOSTABLE MULTlVlBRATORS WITH SCHMITT-TRIGGER INPUTSt 

OUTPUT TYP TOTAL DEVICE TYPE 

DESCRIPTION 
NO. OF INPUTS 

PULSE POWER AND PACKAGE 

POSITIVE NEGATIVE RANGE DISSIPATION -55°C to 125°C I OOC to 70°C 

1 1 20 n5-70 s 23mW 

SN54LS221 I J, W J SN74LS221 J J, N 
DUAL 

1. 1 20 ns-49 s 23mW 

RETRIGGERABLE MONOSTABLE MUL TlVIBRATORSt 

OUTPUT TYP DEVICE TYPE 
NO. OF INPUTS DIRECT 

PULSE AND PACKAGE DESCRIPTION TOTAL 
CLEAR 

POWER -550 C.to 125°C 1 ooc to 70°C POSITIVE NEGATIVE RANGE 

SINGLE 2 2 Ves 45ns-oo 30mW SN54LS122j J, W j SN74LS122j J, N 

DUAL 1 1 Ves 45 n5-00 60mW SN54LS123 I J, W J SN74LS123j J, N 

CLOCK GENERATOR CIRCUITSt 

TYP TOTAL DEVICE TYPE 

DESCRIPTION POWER AND PACKAGE 

DISSIPATION -55°C to 125°C OoC to 70°C 

CLOCK GENERATOR/DRIVERS 
(FOR TMS 9900) 669mW SN74LS362 J, N 

(FOR TMS 8OBOA) 719mW SN74LS424 J, N 

90mW SN54LS124 J,W SN74LS124 J, N 

DUAL VOLTAGE-CONTROLLED OSCILLATOR WITH ENABLE 525 mW SN54S124 J,W SN74S124 J, N 

90mW SN54LS326 J,W SN74LS326 J, N 

150mW SN54LS325 J,W SN74LS325 J, N 
DUAL VOLTAGE-CONTROLLED OSCILLATOR 

SN54LS327 J,W SN74LS327 J, N 150mW 

VOLTAGE-CONTROLLED OSCILLATOR WITH ENABLE 90mW SN54LS324 J,W SN74LS324 J, N 

tSee the TTL Data Book for Design Engineers, Second Edition, LCC4112. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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DESCRIPTION 

2-WIDE 4-INPUT 

4-WIDE 4-2-3-2-INPUT 

4-WI D E 2-3-3-2-1 NPUT 

DUAL 2-WIDE 2-INPUT 

DESCRIPTION 

4-WIDE 4-2-3-2-1 NPUT 

A B 

PRUST 

Q 

CK 
TO 

OTHER 
K Ii F.F 

CLEAR 

SCHOTTKY TTL FUNCTIONS 
FUNCTIONAL INDEXI SELECTION GUIDE 

AND-OR-INVERT GATES WITH TOTEM-POLE OUTPUTSt 

TYPICAL TYPPOWER DEVICE TYPE 

PROPAGATION DISSIPATION AND PACKAGE 

DELAY TIME PER GATE _56°C to 125°C OoC to 70°C 

12.5 ns 2.75 mW SN54LS55 J,W SN74LS55 J, N 

3.5 ns 29 mW SN54S64 J,W SN74S64 J, N 

12.5 ns 4.5mW SN54LS54 J,W SN74LS54 J, N 

3.5 ns 28mW SN54S51 J,W SN74S51 J, N 

12.5 ns 2.75 mW SN54LS51 J,W SN74LS51 J, N 

AND-OR-INVERT GATES WITH OPEN-COLLECTOR OUTPUTSt 

TYPICAL TVPPOWER DEVICE TYPE 

PROPAGATION DISSIPATION AND PACKAGE 

DELAY TIME PER GATE -55°C to 125°C J OoC to 70°C 

5.5 ns 36mW SN64S65 I J,W I SN74S65 I J, N 

DUAL J-K EDGE-TRIGGERED FLIP-FLOPS t 

C 0 E 

a a 

CK CK CK CK 

d a 
CLEAR CLEAR CLEAR 

TO OTHER 
F-F 

DWG. 
TYPICAL CHARACTERISTICS OATATIMES DEVICE TYPE 

REF. 
f max Pwr/F-F SETUP HOLD AND PACKAGE 
(MHz) (mW) (ns) (ns) _ssoC to 12SoC 

125 75 3.j, o.j, SN54S112 J,W 

A 45 10 20.j, o.j, SN54LS76A J,W 

45 10 20.j, o.j, SN54LS112A J,W 

125 75 3.j, o.j, SN54S114 J,W 

8 45 10 20.j, o.j, SN54LS78A J,W 

45 10 20.j, o.j. SN54LS114A J,W 

125 75 3.j. o.j, SN54S113 J,W 
C 

20.j. o.j, 45 10 SN54LS113A J,W 

45 10 20.j, o.j, SN54LS73A J,W 
D 

20.j, o.j, 45 10 SN54LS107A J 

E 33 10 20t 5t SN54LS109A J,W 

t t The arrow indicates the edge of the clock pulse used for reference: t for the rising edge, '" for the faIling edge. 

tSee the TTL Data Book for Design Engineers, Second Edition, LCC4112. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

ooc to 70°C 

SN74S112 J, N 

SN74LS76A J, N 

SN74LS112A J, N 

SN74S114 J, N 

SN74LS78A J, N 

SN74LS114A J, N 

SN74S113 J, N 

SN74LS113A J, N 

SN74LS73A J, N 

SN74LS107A J, N 

SN74LS109A J, N -
9 
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SCHOTTKY TTL FUNCTIONS 
FUNCTIONAL INDEXI SELECTION GUIDE 

BUFFER AND INTERFACE GATES WITH OPEN-COLLECTOR OUTPUTS' 

HIGH-LEVEL LOW-LEVEL TYPICAL TYP POWER DEVICE TYPE 

DESCRIPTION OUTPUT OUTPUT DELAY PER AND PACKAGE 

VOLTAGE CURRENT TIME GATE -55°C to 125°C O"c to 70°C 

15V 8mA 16 ns 2mW S'N74LS26 J, N 
QUADRUPLE' 

15V 4mA 16 ns 2mW SN54LS26 J,W 
2-1 NPUT 

POSITIVE-NAND 
5.5V 60mA 6.5 ns 41mW SN54S38 J,W SN74S38 J,N 

BUFFERS 
5.5 V 24mA 19 ns 4.3mW SN74LS38 J, N 

5.5 V 12mA 19 ns 4.3mW SNS4LS38 J,W 

QUADRUPLE 
SN74LS33 J,N 

2·1 NPUT POSITIVE-
5.5 V 24mA 19 ns 5.45mW 

NOR 8UFFERS 
5.5 V -12mA 19 ns 5.45mW SN54LS33 J,W 

GATES, BUFFERS, DRIVERS, AND BUS TRANSCEIVERS WITH 3-STATE OUTPUTS' 

TYPICAL MAXIMUM MAXIMUM DEVICE TYPE 

DESCRIPTION PROPAGATION SOURCE SINK AND PACKAGE 

DELAY TIME CURRENT CURRENT -5SoC to 12SoC DoC to 70°C 

12·INPUT NAND GATE 
4.5 ns -6.5 mA 20mA SN74S134 J, N 

4.S ns -2mA 20mA SN54S134 J,W 

QUADRUPLE 8 ns -2.6mA 24mA SN74LS125A J,N 

BUS BUFFERS/DRIVERS 8 ns -1 mA 12mA SN54LS125A ~,W 
WITH INDEPENDENT 8.5 ns -2.6mA 24mA SN74LS126A J, N 

OUTPUT CONTROLS 8.5 ns -1 mA 12mA SN54LSl26A J,W 

9.5 ns -2.6mA 24mA SN74LS365A J, N 

9.5 ns -lmA 12mA SN54LS365A J,W 

9.5 ns -2.6mA 24mA SN74LS366A J, N 

HEX BUS 9.5 ns -lmA 12mA SN54LS366A J,W 

BUFFERS/DRIVERS 9.5 ns ,.-2.6mA 24mA SN74LS367A J, N 

9.5 ns -lmA 12mA SN54LS367A J,W 

9.5 ns -2.6mA 24mA SN74LS36BA J, N 

9.5 ns -lmA 12mA SN54LS36BA J,W 

5 ns -15mA 64mA SN74S240 J, N 

5 ns -12mA 48mA SN54S240 J 

5 ns -15mA 64mA SN74S241 J, N 

5 ns -12mA 48mA SN54S241 J 

OCTAL BUS 10 ns -15mA 24mA SN74LS240 J,N 
BUFFERS/DRIVERS 10 ns -12mA 12mA SN54LS240 J 

10 ns -15mA 24mA SN74LS241 J,N 

10 ns -12mA 12mA SN54LS241 J 

10 ns -15mA 24mA SN74LS244 J, N 

10 ns -12mA 12mA SN54LS244 J 
CONTROLLER AND BUS DRIVER -lmA 10mA SN74S428 N 
FOR 8080A SYSTEMS -lmA 10mA SN74S438 N 

11 ns -15mA 24mA SN74LS242 J, N 

QUADRUPLE TRANSCEIVERS 
11 ns -12mA 12mA SN54LS242 J,W 

12 ns -15mA 24mA SN74LS243 J, N 

12 ns -12mA 12mA SN54LS243 J,W 
QUADRUPLE TRANSCEIVERS 10 ns -10.3mA 20mA SN74S226 J, N 

WITH STORAGE 10 ns -6.5mA 20mA SN54S226 J,W 

OCTAL TRANSCEIVERS 
12 ns -15mA 24mA SN74LS246 J, N 

12 ns -12mA 12mA SN54LS246 J 

tSee the TTL Data Book for Design Engineers, Second Edition, L.CC4112. 
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DESCRIPTION 

QUADRUPLE 

2·INPUT 

POSITIVE·NOR 

BUFFERS 

QUADRUPLE 

2·1 NPUT 

POSITIVE·NAND 

BUFFERS 

DUA L 4·1 NPUT 

POSITIVE·NAND 

BUFFERS 

DESCRIPTION 

DUAL 4-INPUT 

POSITIVE·NAND 

LINE DRIVERS 

DESCRIPTION 

BCD·TO·DECIMAL 

DECODERS/DRIVERS 

BCD·TO· 

SEVEN-5EGMENT 

DECODERS/DRIVERS 

SCHOTTKY TTL FUNCTIONS 
FUNCTIONAL INDEXI SELECTION GUIDE 

BUFFERS;CLOCK DRIVERS WITH TOTEM·POLE OUTPUTSt 

LOW·LEVEL HIGH·LEVEL TYPICAL TYP POWER DEVICE TYPE 

OUTPUT OUTPUT DELAY PER AND PACKAGE 

CURRENT CURRENT TIME GATE -55°C to 125°C OOC to 70°C 

24mA -1.2 mA 12 ns 5.5mW SN74LS2S J, N 
12mA -1.2mA 12 ns 5.5mW SN54LS2S J,W 

60mA -3mA 4 ns 41 mW SN54S37 J,W SN74S37 J,N 

24mA -1.2mA 12 ns 4.3mW SN74LS37 J,N 

12mA -1.2mA 12 ns 4.3mW SN54LS37 J,W 

60mA -3mA 4 ns 44mW SN54S40 J,W SN74S40 J,N 

24mA -1.2mA 12 ns 4.3mW SN74LS40 J, N 
12mA -1.2mA 12 ns 4,3mW SN54LS40 J,W 

50·0HMI75·0HM LINE DRIVERSt 

LOW·LEVEL HIGH·LEVEL TYPICAL TYP POWER DEVICE TYPE 

OUTPUT OUTPUT DELAY PER AND PACKAGE 

CURRENT CURRENT TIME GATE -55°C to 125°C OoC to 70°C 

60mA -40mA 4 ns 44mW SN54S140 J,W SN74S140 J, N 

OPEN·COLLECTOR DISPLAY DECODERS/DRIVERSt 

OUTPUT OFF·STATE TYP TOTAL DEVICE TYPE 

SINK OUTPUT POWER BLANKING AND PACKAGE 

CURRENT VOLTAGE DISSIPATION -55°C to 125°C OoC to 70°C 

SOmA 15V 35mW I nvalid Codes SN74LSI45 J, N 

12mA 15V 35mW ,I nvalid Codes SN54LSI45 J,W 

24mA 15V 35mW Ripple SN74LS47 J, N 

24mA 15V 35mW Ripple SN74LS247 J, N 

12mA 15V 35mW Ripple SN54LS47 J,W 

12mA 15V 35mW Ripple SN64LS247 J,W 

6mA 5.5 V 125mW Ripple SN74LS48 J, N 

6mA 5.5 V 125mW Ripple SN74LS24S J, N 

2mA 5.5 V 125mW Ripple SN54LS48 J,W 

2mA 5.5 V 125mW Ripple SN54LS248 J,W 

SmA 5.5 V 40mW Direct SN74LS249 J, N 

SmA 5.5 V 40mW Direct SN74LS49 J, N 

4mA 5.5 V 40mW Direct SN54LS49 J,W 

4mA 5.5 V 40mW Direct SN54LS249 J,W 

tSee the TTL Data Book for Design Engineers, Second Edition. LCC4112. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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SCHOTTKY TTL FUNCTIONS 
FUNCTIONAL INDEXI SELECTION GUIDE 

SCHOTTKY TTL GATE SUMMARYt 

DESCRIPTION AND NAND 

QUAD 2·INPUT SNS4S/74S08 SNS4S/74S00 

SN54LS/74LS08 SNS4Ls/74LSOO 

SNS4S174S09* SN54S/74S03* 

SNS4LS/74LS09* SN54LS/74LS03* 

SN54S/74S 132ff 

SN54LS/74LSI32ff 

HEX INVERTERS SNS4S/74S04 

SNS4LS/74LS04· 

SNS4S/74S0S* 

SNS4LS/74LS04* 

SNS4LS/74LSI4ff 

TRIPLE 3·INPUT SNS4S/74S11 SNS4S/74S10 

SN54LS/74LS11 SNS4LS/74LS10 

SN54S174S15* SNS4LS/74LS12* 

SNS4LS/74LS1S* 

DUAL 4·INPUT SNS4LS/74LS21 SNS4S/74S20 

SNS4LS/74LS20 

SNS4S174S22* 

SN54LS/74LS22* 

SNS4LS/74LSI3.D" 

DUAL 5·INPUT 

8·INPUT SN54S/74S30 

SN54LS174LS30 

13·INPUT SN54S174S133· 

tSee the TTL Data Book for Design Engineers, Second Edition, LCC4112~ 

.oschmitt-trigger inputs 

• Open-Collector 

NOR 

SN54S/74S02 

SN54LS/74LS02 

SNS4LS/74LS27 

SN54S/74S260 

TEXAS INSTRUMENTS 
INCORPORATED 
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OR 

SN54S/74S32 

SN54LS174LS32 
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