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THE NEW TAI I Y T-3000. 
300 LINES PER MINU'I'E. 

More Features. More cost effectiveness. 

Mechanical simplicity merged with state of the art 
electronics. A proven print mechanism that never 
wears out. Unmatched reliability. Lower cost of owner
ship. No preventive maintenance. Sterling print quality 
that never wavers. Office quiet. No rising service costs 
over the life of the printer. 

Standard features like dual microprocessors, 
diagnostic display, self test, interface PROMS. Opera
tor convenience features like auto-load reel to reel 
ribbon with pre-threaded leader, straight path paper 

TALLY® 
PRINTERS 
W"OHT,DW"IDE 
OEM SALES OFACES BUSINESS SYSTEMS SALES 
Boston (617) 272-8070 · Orinda, CA ( 415) 254-8350 
New York (516) 694-8444 
Chicago (312) 885-3678 
Los Ang_eles (213) 378-0805 
Miami (305) 665-5751 
Philadelphia (215) 628-9998 
San Jose ( 408) 247-0897 
Seattle (206) 251-6730 
San Antonio (512) 733-8153 
Washington, D.C. (703) 471 -1145 

loading and easy access control panel with push 
button convenience. 

There's more. Designed to wage war on the lost 
time of downtime, the Tally T-3000 is modularly con
structed for quick service access. And the diagnostic 
display pinpoints any fault condition. And even tells if 
it's operator correctable. 

Call your nearest Tally sales representative for 
all the details. 

Tally Corporation, 8301 South 180th Street, Kent, 
WA 9.8031. Phone (206) 251-5500. 

CIRCLE 3 ON IN9UIRY CARD 



VOLUME 18, NUMBER 6 

DEPARTMENTS 

10 CALENDAR 

14 COMMUNICATION CHANNEL 
Capabilities of digital telecommunication 
transmission will continue to increase with 
implementation of integrated dig ital net
works for multiple se rvices 

44 DIGITAL TECHNOLOGY REVIEW 
Modeling a diagnostic process, relating 
MTTR to characteristics of the diagnostic 
program, permits the relat ive importance 
of various design and operating factors to 
be measured 

74 DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 
Microcomputers replace a mainframe com
puter for realtime signal processing, serve 
diverse purposes in automotive applications, 
and ease vehicle congestion in a record s;ze 
trattic control system 

158 MICRO DATA STACK/COMPUTERS, 
ELEMENTS, AND SYSTEMS 
Hardware encoded and software scanned 
keyboards interlaced to microcomputers for 
data entry produce a unique code cor
responding to each key 

184 AROUND THE IC LOOP 
Comparison of area requirements of basic 
digital elements needed to implement a 
d igital filter on an LSI chip reveals one 
area where size reductions c~n be made 

206 PRODUCT FEATURE 
Desktop terminal/computers can be used as 
remote stations or as controllers tor ·120 
other units and 1.2G bytes of peripheral 
memory 

230 LITERATURE 

232 GUIDE TO PRODUCT 
INFORMATION 

236 ADVERTISERS' INDEX 

Reader Service Cards 
pages 239-242 

COIVIPUTER DESIGN 
THE MAGAZINE OF DIGITAL ELECTRONICS 

JUNE 1979 

FEATURES 

SPEECH RECOGNITION TECHNOLOGY 95 
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operations at exceptionally high throughput rates 

BUBBLE MEMORY RECORDERS FOR SPACE APPLICATIONS 115 
by Oliver D. Bohning 
Inherent storage modularity and nonmechanical nature of magnetic 
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REQUIREMENTS 124 
by Alan W. Bentley 
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other memory architectures 
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high level tools to circumvent long training and development times 
and hardware normally required for new microprocessor applications 

W°BPA 
CIRCULATION: 67,155 

(JUNE 1978) 

Copyright 1979, Computer Design Publishing Corp. 
(USPS 127-340) 

3 



• . ~---Sil>- - -.,. . "" .. --....... --... ~---·----" 
• 
• • 

This 
. -- ----
and this 

• • 
• • • 

___ .._ ......... .........,.,....,.. __._ & ............... 

1r1Mrrwa11 1n .-... llClftt • ..., ...._ . ...,........... ..... ....,..,. 
• ~~ tlMIWe ............. 1 ........ 

=---~...... --........... 
• 

and this 

tcilLJJJJJ 

Hlttillll 

Were all printed on an Okidata Slimline! 

Okidata Slimline line printers print alphanumeric text in twelve 
program-selectable fonts including lower case with descenders. 
They also print anything you can display on a CRT screen 
including areas of solid black. 

In a package that is half the size of some competing units, 
microprocessor-smart Slimline matrix printers produce graphs, 
maps, bar codes, charts and labels. And, they have the 
intelligence and storage capability to adapt to new graphics 
applications. 

The 
Smart Graphics 
Printer 

Graphics is available in 
the 125 and 250 lpm 
models of the Slimline 
Series with a choice of 
plug-compatible inter
faces. Microprocessor
smart Slimline 
printers-stored pro
gram diagnostics, 
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Ol(IDATA 

stored program machine 
history, 500,000,000 
character head warranty 
and Okidata reliability, 
field proven in 
thousands of installa
tions worldwide. 

Okidata Corporation 
111 Gaither Drive 
Mount Laurel , New Jersey 08054 
Telephone: 609-235-2600 
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1"'81\X18 
Dataram Corporation, first to offer a 128K x 18 single-board 

PDP®-11 ADD-IN, has done it again. 
This time with an incredible 128K x 18 semiconductor 

ADD-IN for DEC®'s LSI-I I / 23! 
This industry first, the DR- I 13S, is packaged on a standard DEC 
8\12" x 10" quad board. But more than just being a "first," the 
DR-I 13S is also a "best," saving you not only space and money, 
but also greatly reducing overhead circuitry, optimizing MTBF, 
and minimizing power consumption. And the DR-I 13S is .also 
available in 64K and 96K configurations. 
From Dataram Corporation, the people who provide everything 
you need to make a big thing out of the LSI-I I -
• PDP-l l / 03L compatible chassis • 16K x 18 core ADD-IN 
• 32K x 18 semi ADD-IN (dual-size board) • BULK CORE / SEMI 
Disk Emulation Systems • BULK MINI • Tape and Disk 
Controllers • and even DEC-manufactured LSI-I I and 
LS 1-11 / 23 microcomputers and other accessories. 

Industry's 
first 

128K QUAD 

ISl-1 
r·------------------1 

0 Please tell .me more about Dataram 128K x 18 
memory for my LSl-11/23 microcomputer. 

0 Please send me information about your other 
LSI-I I compatible products. 

O Please have a salesman contact me. 

Title _________ .Phone _____ _ 

Company _______________ ~ 

Address ----------------

City _________ _,tate --Zip __ _ 

--------------------~ 
DEC. LSJ-11. and PDP arc rt"gistcred trademarks 
of Digital Equipment Corporation . 

~~l:M'1-*I 
PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512 

TEl,609-799·0071 TWX,510·685·2542 

C•nHe: Ahern & Soper Ltd , Alberta. Brit ish Columbia. Ontario. Quebec• Flnt1nd: Systek OY. 9()..737-233 • Fr•nce: YAEL. 956 81 42 • lt•ly: Mactronics Italia. 02135 36 041 • 
N.therlendo:.Techn1tron b.v .• 02(}-45 87 55 • Sw-n: M Stenhardl AB. (08) 739 00 50 • Switzerland: ADCOMP AG . 011730 48 48 • United Kingdom/Ireland: Sintrom Elllnor Ltd , (0734) 85464 • 

Wnt Germeny/Au1trl1: O.E.M .-Elektron1k GmbH, 07 11-79 80 47 • A.uatralla/N.w Ze•l•nd: Anderson D1g1tal Equipment, (03) 543 2076 •India: Industrial Electronic Instruments. 79281 • 
larHI: K.D M . Electronics. 921513 • J•p•n: Matsushita Electric Trading Co .. ltd .. 03 (435) 4501 • Tatwan/Aepubtlc of Chin•: Syscom Computer Engineering Co .. (02) 7022156 
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The Bantam. 
The cockynew$599*CRT 

· that just changed 
the pecking oider. 

Hazel- Hazel- Adds 
P-E LSI tine tine Regent 

User Need Feature BANTAM ADM-3A 1400 1500 100 

7x10 matrix for 
highly legible Yes No No Yes No 
characters 

Black on white or 
white on black Yes No No Yes Yes 
display 

Easy to read display Display set deep in Yes No No No No 
hood to reduce glare 

Full 24 x 80 d.isplay Yes Yes Yes Yes Yes 

Full upper and lower Yes Option case No Yes Yes 

Non-glare screen Option Yes No Yes Yes 

Tab stops/tab key Yes No No Yes Yes 

High operator Backspace key Yes No No Yes Yes 

throughput, low Repeat key Yes Yes No No Yes 
operator fatigue Shiftlock key Yes No No No No 

Separate prirlt key Yes No No No Yes 

Convenient switching 
Local- remote key Yes No Option Option Yes Local/on-line 

International French/German/ 

Character sets Swedish/Danish/ Option Option No Option Option 
British/Spanish 

High speed numeric Integrated numeric pad Yes Option No Yes Yes 

Convenient system RS-232/CCITT-V24 Yes Yes Yes Yes Yes 
interfacing 

Current loop Option Yes No Yes Yes 

Simplified program Transparent mode 

debugging and displayable Yes No No No No 
control characters 

Faster maintenance Self-test Yes No Yes No Yes 

15Wx 15.5Wx 15.5Wx 15.5Wx 21Wx 
Minimum desk space Small size 19Dx 20.2Dx 20.5Dx 20.5Dx 23Dx 

14H 13.5H 13.5H 13.5H 14.SH 

Printer port Printer port Option Yes No Yes Option 

Less 
than 

Cost effectiveness Qty. 100 OEM price $599f $740 $550in $860 $895 
quantity 

1000 

*In quantities of 100. 
tOty. 1, End User Price $966. 
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Nobody ever offered you a tough, 
high quality, compact CRT like the 
BANTAM before. At $599 or any 
price. Designed for hectic office 
environments. And , human engi
neered to make an operator's life 
easier. 

You get everything you need for 
cleaner input and faster through
put An upper and lower case char
acter set displayed on a sharp 7 x 
10 dot matrix. A full 24-line by 80-
character screen. A complete, 
sure-touch keyboard with shadow 
numeric pad. 

You get complete tabbing. Full 
cursor addressing. Repeat, back
space and shiftlock keys. A trans
parent mode with displayable 
control characters to simplify host 
program debugging. And, a self
test mode for easy maintainability. 

And, you get everything your 
operators need to make their Jobs 
a Joy. A hooded that cuts 
glare. 

A switchable white-on-black or 
black-on-white display., which
ever your operator prefers. An 
easy-to-find cursor that frames 
the entire character position in a 
transparent, inverted v.ideo block. 

Plus plenty of optioos you can't 
get with CRTs costing much more. 
Like our low-cost Pussycat page 
printer. A full range of foreign lan
guage character sets. We even . 
have a model you can switch from 
ASCII to full overstrike APL. 

But that's not all. The BANTAM'S 
compact good looks fit any decor. 
It's handsome enough for execu
tive row and rugged enough for the 
stockroom. Silent? The BANTAM's 
fan-free design makes it quieter 
than an electric typewriter. And, the 
BANTAM only weighs 28 pounds. 

Only an industry leader like 
Perkin-Elmer could do It. We 
designed a powerful, custom LSI 
controller chip that makes the 
BANTAM the one and only high 
quality CRT in its class. 

But see for yourself. Use the 
n chart. Learn why 
~to add this $599 

peripherals that 

And, remember our terminals 
come equipped ~ha No Hassle, 
800 toll-free service phone number. 

One call does it all. We give 
you service where you need it, 
when you need it. We're there. 
Not just "worldwide," but wher
ever you are. 

For more information call or 
write Perkin-Elmer Terminals 
Division, Randolph Park West, 
Route 10 & Emery Avenue, 
Randolph, N.J. 07801 (201) 
366-5550. Or contact any of 
our sales offices. Then watch 
the feathers fly. 

TheBantamS 
available at all these places 
PERKIN-ELMER SALES OFFICES 
Santa Clara, CA (408) 249-5540. 
Tustin, CA (714) 544-9093. 
Atlanta, GA (404) 393-8440. 
Arlington Heights, IL (312) 

437-3547. 
Waltham, MA (617) 890-1305. 
Oceanport, NJ (201) 229-4471. 
Mclean, VA (703) 827-5900. 
Singapore, Republic of 

Singapore 2200949 
Sydney (North Ryde), Australia 

887-1000. 
Toronto (Mississauga), Canada 

(416) 677-8990. 
h, England 753-34511. 
s, France664-1858. 
ich, Germany 089-753081. 
phol-Oost, 

Netherlands 020-458-269. 

·ELMER 
CENTERS 

h, NJ; Oceanport, 
Long Branch, NJ; 
r, NY; Boston, MA; 

, CT; Philadelphia, 
rgh, PA; 

on, DC; Atlanta, 
do, FL; Cleveland, 
n,OH; Englewood 

,NJ; Detroit, Ml; 
Chleago, IL; Minneapolis, 
MN; Kansas City, KS; Tulsa, 
OK; Dallas, TX; Houston, TX; 
Denver, CO; Phoenix, AZ; 
Seattle, WA; San Francisco, 
CA; Los Angeles, CA; 
Orange County, CA; San 
Diego, CA. 

PERKIN-ELMER 
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Finally. An innovative alternative to multi-processing. 

There is a powerful difference between slave 
computing and multi-processing. A slave computer 
comes w ith its own memoiy and 1/0. And it operates in 
parallel with the host processm On the same bus. 
And with minimal software headaches. 

So we've implemented this concept with our 
brand-new 4/ !0S (the "S" stands for slave) to work w ith 
our NM4 and LSl-2 as masters. 

We made sure the 4/ IOS is well-equipped to 
do just that. A private, 32K byte RAM memory Four pri
vate 1/0 ports. A real-time clock. An extended NAKED 
MINI 4 instruction set. Plus, full access to its master's 

memoiy and peripherals. 
Working in parallel with a master, up to 

four 4/ !0S computers can process all kinds 
of off-loaded tasks. Like communications 

protocol jobs. Process control work. Even complex 
calculations. Ail without slowing down the hosts ' 
own processing chores. 

And our system 's software makes it easy to 
implement. Contact Computer Automation for the 
labor-saving detai ls. With good help getting harder to 
find, you can't beat it. Not even with a whip. 

IP/A ComputerAutomation 
~ \l NAKED MINI.Division 

WHERE OEM'S COME FIRST. 

18651 Von Karman, INine, Cali fornia 9271 3 · Telephone: (714) 833-8830 TWX: 910-595-1767 

Or conract any of our local offices: Sama Ana. CA • Santa Clara. CA • Denver, CO • Orlando, FL • Atlanta, GA • Bensenville, IL • Waltham. MA • Livonia. Ml• Bloomington. MN 
MN • Bloomfield. NJ• Greensboro, NC • Cinc1nnat1, OH • N . Olmstead. OH • King of Prussia. PA • Pittsburgh. PA • Nashville, TN · Dallas, TX • Houston, TX • Bethesda, MD 

Norfolk, VA • Bellevue. WA • Toron to. Canada. 

CIRCLE 7 ON IN9UIRY CARD 



I CALENDAR I 
CDNFERENCES 

JULY 16-18-Summer Computer Simulotion 
Conf, Toronto, Conoda. INFORMATION: Dr 
A. J . Schiewe, Chm 79 SCSC, c /o The 
Aerospace Corp, PO Box 92957 Las Angeles 
CA 9CXl09 ' ' 

JULY 17-20-Joint lntermag/Magnetism 
and Magnetic Matcria's Conf Stat le r Hi lton 
New Yark, NY. INFORMATI ON: Dr E. F'. 
Luborsky, Conf Chm, General Elec tric R&D 
Ctr, PO Box 8, Schenectady, NY 1230 1 

AUG 6-8-Pattern Recognition and Image 
Processing, Hyatt Regency O'Hare, Ch icaga, 
Ill. INFORMATION: PRIP 79, PO Box 639 
Silver Spring, MD 20901 ' 

AUG 13-15-Conf on Simulation, Measure
ment, and Modeling of Computer Systems, 
Boul der, Colo. INFORMATION: Paul F. 
Roth, National Bureau of Standa rds Tech
nology Bldg, Rm B-250 Washing ton DC 
20234 ' ' 

AUG 21-24-lnternat'I Conf on Parallel 
Processing, Shanty Creek Lodge Bel laire 
Mich. INFORMATI ON: 1979 lnte:nat'I Conf 
on Para llel Processing, Dept of Elec trica l and 
Computer Engineering, Wayne State U, 
Det roit, Ml 48202 

SEPT 4-7-COMPCON, Washington, DC. 
INFORMATION : IEEE Computer Society, 
PO Box 639, Silver Spring, MD 20901 

SEPT 5-7-lnternat'I Fiber Optics and Com-
munications Exposition, Hyatt Regency 
O'Hare, Chicago, Il l. INFORMATI ON: 
Michael A. O' Bryant, Director, Expositions 
and Publications, In fo rmation Gc tekeepers, 
Inc, 167 Corey Rd, Sui te 111 , Brookline, MA 
02146. Tel: 617 /739-2022 

SEPT 5-8-INFO/ASIA, Ryutsu Ctr, Tokyo, 
Japan. INFORMATI ON: Clapp & Poliak Inc 
245 Park Ave, New York, NY 10017 ' ' 

SEPT 7-9-lnternat'I Microcomputer Expo
sition, Dal las, Tex. INFORMATI ON: JME 
41 3 Ca ri llon Tower, 13601 Preston Rd'. 
Dallas, TX 75240 

SEPT 17-19-Fourth lnternat'I Conf on Soft
ware Engineering, Munich, Germany. INFOR
MATION : Prof Fritz Bauer, lnstitut fur ln
fo rmatik der Technischen Universitat D-8 
Munchen 2 Arcisstrasse 21, Postfach '90 94 
90, Germany 

SEPT 17-19-0ptical Communication Conf, 
RAI Cont Buildings, Amsterdam, The 
Netherlands. INFORMATION : J . H. C. Van 
Heuven, Phil ips Research Labs, Eindhoven, 
The Netherlands 
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SEPT 18-20-5th European Solid State Cir
cuits Conf, U of Southhampton, England. 
IN FORMAT ION: IEE Cont Dept, Savoy 
Place, London WC2R OB L, England 

SEPT 18-21-WESCON, Brooks Hall and St 
Fra ncis Hotel, San Francisco, Calif. I NFOR
MATI ON: William C. Weber, Jr, 999 N 
Sepulveda Blvd, El Segundo, CA 90245. Tel · 
213/722-2965 

SEPT 19-21-lnternat'I Automatic Testing 
Conf, Radisson Hotel, Minneapolis, Minn 
INFORMATI ON : A. 0. Thornsjo, Honeywel l 
Inc, 1625 Zarthan Ave S, St Louis Park, 
MN 55416. Tel: 612/542-48 11 

SEPT 20-26-TELCOM '79, Geneva, Switzer
land. INFORMATI ON: John Sodolski, 2001 
Eye St NW, Washington, DC 20006. Tel: 
202/457-4934 

SEPT 25-27-Mini/Micro Computer Conf 
and Expo, Anaheim, Cal if. INFORMATI ON: 
Robeft D. Rankin, 5528 E LaPalma Ave, Suite 
1, Anaheim, CA 92807 

SEPT 25-29- Relcomex '79-Reliability and 
Exploitation of Computer Systems, Ksiaz 
Castle, Wroclaw, Poland . INFORMATION : 1. 
Jozwiak, Institute of Engineering Cybernetics 
of Wroclaw Technical U, Janiszewskiego St 
11 / l7, 50-372 Wroclaw, Poland 

SEPT 26-29-Mini and Microcomputers ln 
ternat'I Sym ond Exhibition, Queen Eliza
beth Hotel, Montreal, Canada. INFORMA
TI ON: The Sec retary, MIMI '79, PO Box 
248 1, Anaheim, CA 92804. Tel: 714/774-
6144 

SEPT 28 -30-Northeast Personal and Busi
ness Computer Show, Hynes Auditorium/ 
Prudent ial Ctr, Boston, Mass. I NFORMA
TI ON: Northeast Expositions, PO Box 678, 
Brookline Village, MA 02147. Tel : 617/522-
4467 

OCT 2-4-lnternat'I Electrical, Electronics 
Conf and Exposition, Exhibition Place 
Toronto, Canada. IN FORMATION: lnternat'i 
Elect rical, Electronics Cont and Exposition, 
1450 Don Mills Rd, Don Mills, Ontario M3B 
2X7, Canada 

OCT 3-5-lnternat'I Conf on Very Lorge 
Data Bases, National Hotel, Rio de Janeiro, 
Brazil. INFORMATI ON: Prof Stanley Y. W. 
Su, 500 A Weil Hall, U of Florida Gaines
ville, FL 32611. Tel: 904/392-2371, 

OCT 9- 11- Compusign, Anaheim, Calif. IN
FORMAT ION: Golden Gate Enterprises, Inc, 
1307 S Mary Ave, Suite 210, Sunnyvale, CA 
94087. Tel: 408/735-1122 

OCT 22-24-Computers in Aerospace Conf, 
Hyatt House Hotel, Los Angeles, Calif. IN-

FORMATION: Richard Erkeneff, McDonnell 
Douglas Astronautics Co, Dept 236, Bldg 13-
3, 5301 Bolso Ave, Huntington Beach, CA 
92644. Tel : 714/896-4975 

OCT 23 -25- European Sym on Realtime 
Data Handling and Process Control, West 
Berlin, Germany. INFORMATION : Reol
Time Doto 79, Congress Organization Co 
Kongress Zentrale, John Foster Dulles Alie~ 
10, D- 1000 Berl in 21, Germany 

OCT 23 -25- Test Conf on Semiconductors 
Hyatt House, Cherry Hill, NJ. INFORMA: 
TION: Raymon Oberly, Program Chm, IBM 
Corp, PO Box 100-53X 057 Kingston NY 
12401 ' ' 

OCT 29-31- Foundations of Computer Sci
ence, San Juan, Puerto Ri co. INFORMATI ON: 
Prof Ronald V. Book, Dept of Math & Com
puter Science, U of California, Santo Bar
baro, CA 93106. Tel: 805/961-2778 

NOV 6-8-COMPEC Peripherals, Systems, 
and Mini and Microcomputer Specialized 
Exhibition, Olympia Grand Holl London 
England. INFORMATION : Iliffe Promotion~ 
Ltd, Dorset House, Stamford St, London SE 1 
9LU, England 

I SEMINARS 

JULY 9-11, 18-20, and 23 -25-Doto Com
munications- An Introduction to Concepts 
and Systems; and JULY 9- 11 and 16-18-
Distributed Systems- Are They Right for 
You? San Francisco, Calif, Washington, DC, 
and Detroit, Mich; and Washington, DC and 
Los Angeles, Calif. INFORMATION: Dota
pro Research Corp, 1805 Underwood Blvd, 
Delran, NJ 08075. Tel: 609/764-0100 

JULY 23 -25 and AUG 15-17-Minicom
puters and Distributed Processing Toronto 
Canada and Atlanta, Ga. INFORMATION '. 
Heid i E. Kaplan, Dept 20 NR, U of Chicago 
Continuing Education Programs, 360 Lexinq
ton Ave, New York, NY 10017. Tel : 800/ 
223-7450 

SHDRT CDURSES 

JULY 9- 13- Microprogramming Workshop, 
and JULY 16-27- Designing Microprocessor 
Based Systems, Massachusetts Institute of 
Technology, Cambridge, Moss. INFORMA
TION: Director of the Summer Session Rm 
E19-356, MIT, Cambridge, MA 02139. 'Tel : 
617 /253-2101 

Announcements intended for pub
lication in this department of 
Computer Design must be re
ceived at least two months prior 
to the date of the event To en
sure proper timely coverage of 
major events, material preferably 
should be received six months in 
advance. 
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THEDSD440. 
TOTAL DEC® RX02 
COMPATIBILITY, 

AND MORE. 
The DSD 440 is the only alternative to the DEC RX02 that's 

100% software, hardware and media compatible with 
LSl-11, PDP®-11 and PDP-8 computers, including those 

with extended memory. It can be configured as an 
RX02 for DEC double density or IBM 3740 single 
density recording, or as an RX01 for backward oper
ating system compatibility. 

MORE 
A 512-byte hardware bootstrap is built into all 

PDP-11 and LSl-11 interfaces. It loads system software 
automatically from either single or double density 

diskettes. Extensive self-testing is DIP-switch select
able with the "Hyperdiagnostics" that run without being 

connected to a computer. The low profile 5%-inch DSD 440 
features write protection and diskette formatting. 

FASTER 
The optimized DSD 440 microcode increases system throughput 

when using the RT-11 foreground/background monitor. In partic
ular, the OSD 440 with an LSl-11 runs fill and empty buffer opera-

F~;sl2~;~aster than an RX02. -~~ 
The DSD 440 is the RX02 com pat- ~ 

ible flexible disk system that combines 
high performance and advanced fea

tures with fast delivery ... at a lower price. 
For further information, call or write Data 

Systems Design today. A data sheet and 
price list will be forwarded to you 
immediately. 
® Trademark of Digital Equipment Corporation 
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Data Systems Design, Inc. 
3130 Coronado Drive, 
Santa Clara, CA 95051 

(408) 249-9353 
TWX 910-338-0249 

Eastern Regional Sales: 
(617) 329-5730 

TWX 710-348-0563 



The intelligent memory 
for PDP®-11/70's. 

More than bits in 
a box. The MSC 3602 
PDP-11 I 70 add-on 
memory has its own 
microcomputer that keeps 
it, your 11 I 70 and you 
out of trouble. 

Up to 4 megabytes 
with single bit error 
correction and double bit 
error detection that 
won't hassle your CPU. 

Intelligence speaks 
for itself. The self
diagnostic microcomputer 
has RS-232 1/0 . No 
need to interrupt your 
system. Connect your 
terminal and the MSC 3602 
will speak for itself. 
You 'll know the specific 
memory addresses 
which have experienced 
self corrected one bit 
errors . 

Even without a terminal 
you can easily view 
error indications on the 
front LED display. 

POP is a registered trademark of Digital 
Equipment Corp . 

@1978 Monolithic Systems Corp. 

Knowing better. 
The MSC 3602 knows 
better than to cause a 
system crash. The 
microcomputer scans 
one bit errors from 
its storage register and 
decodes them into a 
usable format. No more 
need for look-up charts. 
And error dumps to 
the terminal can be 
programmed at any timed 
interval. 

A double bit error 
causes a parity error 
message to be sent 
directly to the CPU. 

Turn off the ECC and you 
can run full diagnostics. 

Leaving interleaving. 
Our intelligent add-on 
performs at maximum bus 
speed without using 
complex interleaving 
addressing techniques . 
So, the MSC 3602 is 
easier to maintain and 
simpler to manage 
for you and your 11I70. 

Memorizing more? 
The MSC 3602 will grow 
with you . It's expandable 
in 64K byte increments, 
with 2 megabytes in 
a single 10W' high free
standing or rackmount 
chassis including power 
supply and forced air 
cooling . An additional 
10W' chassis will give you 
the total 4 megabyte 
PDP-11 /70 maximum 
memory. 

Arid MOS memory 
offers you low power 
requirements . 
Nonvolatility is available 
with battery backup. 

Intelligent design. 
The MSC 3602's small 
size allows close 
placement to the CPU. 
Shorter bus lengths allow 
higher speed and 
reduce noise problems. 

Socketed elements 
offer easy maintenance. 

All cards are removable 
from the front. 

Taking care of you. 
The MSC 3602 will help 
your system and your 
budget. It is competitively 
priced with un intelligent 
core and semiconductor 
add-ons. 



Send away. 

Our new brochure fully 
describes the MSC 
3602's features. 
Call or send for it today. 

Intelligent memory ... 
from the first. 

* Monolit~ic 
f Ll1tem1 corp 
14 Inverness Drive East 
Englewood CO 80112 
303/770-7 400 
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CDMMUNICATIDN CHANNEL 

EMERGENCE OF THE 
INTEGRATED SERVICES DIGITAL NETWORK 

Russell G. DeWitt 

Western Union Telegraph Company 
Upper Saddle River, New Jersey 

I n the United States, Canada, the United Kingdom, 
France, Switzerland, Italy, and elsewhere in the world, 
telecommunication networks are gradually going digital, 
and this trend will continue. That this should happen 
should surprise no one. Digital computers replaced analog 
machines many years ago because they were more cost 
effective, accurate, powerful, and flexible. The slide rule 
gave way to the digital calculator, and digital wrist 
watches have all but replaced their analog counterparts 
because of improved accuracy and the ability to provide 
more information than the time of day. Clearly, solid 
state technology has fueled this digital evolution for both 
telecommunication networks and for the simpler examples 
cited. The steady decrease in the cost of a pair of logic 
gates or a memory bit over the past 15 years (Fig 1) has 
also been an important factor in the trend toward the 
implementation of digital techniques. 

Digital vs Analog Overview 

"What's past is prologue." Digital transmission appeared 
much earlier in the history of communications than did 
analog methods. Smoke signals, drumbeats, signal flags, 
windmill arms, and lanterns were used to send discrete 
messages. A famed example is the "one if by land and 
two if by sea" message to Paul Revere from lanterns in 
the tower of the Old North Church. Also, at the end of 
the 18th century, towers using semaphore arm~, situated 
at line of sight distances, relayed messages across Europe 
at a speed of one signal per minute for many hundreds 

14 

of miles. 1 With the invention of the electric telegraph in 
1835 the Morse code, another form of digital transmission, 
took over as a signaling medium. 

The coming of the telephone in 1876 marked the 
beginning of analog transmission, which quickly became 
the dominant method because voice traffic grew more 
rapidly than did telegraph.2 With the invention of pulse 
code modulation (PCM) by A. H. Reeves in 1938, and 
of the transistor by Shockley, Bardeen, and Brattain in 
1948, there was a resurgence of the digital mode. The 
first PCM carrier system, called Tl carrier, was put into 
production by Western Electric in 1962, and digital 
transmission technology has been accelerating ever since. 

Implementation of PCM 

The fact that it took 24 years after the invention of PCM 

techniques to apply them to live telecommunication 
service is not surprising. Other important ideas were con
ceived well before the practical means of implementing 
them were available; many of Charles Babbage's ideas 
( 1792-1871) which formed the basis of the modem com
puter could not be put to practical use during his lifetime 
due to the lack of adequate materials and components. 

PCM and computers have much in common. They both 
manipulate digital information. Therefore they both made 
early use of discrete, high speed switching transistors as 
soon as they became available. These devices were re
placed by integrated circuits with the accompanying 
savings in cost and space. Medium scale integration ( MSI) 
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• entron1cs. 

You can't beat the band for value. Centronics' 
6000 Series Band Printers cost up to 40% less 
than comparable line printers. That's a sav
ings of thousands of dollars. Plus you get per
formance that's hard to beat. 

Centronics' band printers offer unmatched 
operational flexibility, print quality, upward 
compatibility, and most importantly, low cost 
of ownership. 

Centronics' 6000 Series Band Printers pro
vide unmatched operational parts commonality 
across the entire product line. And, over 90% 
spare parts commonality between the 300 and 

600 line per minute models. Your spares in
ventory is minimized. Service expense is fur
ther reduced. 

The 6000 series has a truly operator change
able font. In less than a minute, the operator 
can change the print band. No electronic modi
fications. No alterations. 

Price. Performance. Reliability. And eco
nomical operation. That's value. From the 
Band Leader. For information, write or call: 
Centronics Data Computer Corporation, 
Hudson, New Hampshire 03051, 
(603) 883-0111. 

c:EnTRon1cs® 
The Band Leader 
CIRCLE 1'0 ON IN9UIRY CARD 
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Socket Connectors
IDS Series 
For pluggable termination 
of cable to header mounted 
on PCB. Single piece body for 
easy assembly, fewer parts to 
inventory. Cover latch and 
optional strain relief for 
operational reliability. 

Transition Connectors
IDT Series 
Used to attach cable permanently to 
PCB, Has rugged single piece design 
for fast assembly and high reliability. 

Cover latch swivels for easy cable 
insertion. 

Cable Plugs-IDP Series 
Offer fast, easy plugging of cable 
to PCB directly or into DIP 
sockets. Tapered pins assur 
quick, easy insertion into 
DIP sockets. One unit 
design speeds handling and 

assembly. Cover latch swivels 
for easy cable insertion. 

Headers-
IDH Series 

Mounts permanently to 
PCB and accepts socket 

connectors. In straight or right 
angle mounting-for solder or 

wrap/ pin termination. Handy ejector/ 
latch available-when closed it locks 

socket into place and serves as ejector 
when open. 

Laminated Flat Cable 
RN offers both cable and connectors-your 

assurance of "single source" reliability. 
Available in white or color coded 

100 foot rolls in 10 thru 50 
conductor sizes. 

-



1t now ••• a truly economical 

cablesyaem 
for high speed assembly 

using tooling you already have 

This RN IDC System delivers what engineers want ••• 
• Advanced automated manufacturing facilities enable RN to cut costs 

- pass the savings on to you 
• Fewer pieces for faster assembly, reduced inventory 
• Can be assembled with IDC tooling already in place 
e Each connector made more rugged, more resistant to shock, 

vibration and cable strain 
• Assured reliability and compatibility of cable and connectors

~pplies both 

Economical, easy to use-once properly adjusted, 
all RN IDC connectors can be assembled with a 
simple base plate change 

Hand Held crimp tool 
for assembling IDP 
series Cable Plugs and 
IDT series Transition 
Connectors 

Bench mounted 
crimp tool for 
assembly of all RN 
!DC connectors. 

WRITE TODAY for new Robinson-Nugent 
Insulation Displacement Connector catalog with 
complete specifications and dimensions on the 
entire IDC product line. 

BOO East Eighth Street, New Albany, Indiana 47150 • Phone: (812) 945-0211-TWX: 810-540-4082 
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TRW keeps you ahead in digital signal processing 

Monolithic 6 & S·bit 
video A/D converters 
you can afford 
to design in 

We've developed a family of 
single chip , 30MHz A/D converters 
with VLSI technology. They're TTL 
devices that bring all the advan
tages of digital signal processing 
to high-speed, wide-bandwidth 
signals like those used in radar, 
broadcast video and closed-circuit 
TV systems . We've designated 
the 8-bit converter TDC-1007 J 
and the 6-bit device, TDC -1014J. 

With digital proces
sing of video 
signals, 
you can 
use simple 
algorithms to 
control video images of 
all kinds. You can freeze, store , 
and replay the action; compress 
and expand time ; fade in , fade out, 
wipe , and superimpose-all 
.under non-critical digital control. 

Our inexpensive A/D conver
ters make the connection to 
all this flexibility . 

Because we invented TTL and 
refined it to the level of VLSI, our 
converters enjoy the luxury of oper
ating as flash converters, rather 
than depending on tedious, suc
cessive-approximation techniques . 

Our TDC-1007 J features full 

eight-bit resolution . It is a single 
chip with 255 comparators and a 
resistive voltage divider. Activating 
a single device pin strobes 
the comparators, encodes all their 
binary outputs into an eight-bit 
word, and stores the word in an out
put latch . All this can happen 30 
million times a second-now that's 
video-speed data conversion 1 

The TDC-1007 J provides four 
output data formats and does 
not require a sample-and-hold 
circuit at the front end; it is unsur
passed for both NTSC and PAL 
color video systems. 

Our six-bit converter chip, the 
TDC-1014J, is no falloff from the 
larger device-it is made with 
its own 63-comparator mask set 
and features all the speed , linear
ity, and utility of its big brother. 
Use it for applications that call for 
reduced resolution and cost
like ultrasound , X-ray, radar , and 
CCTV. 

Both the eight-bit A / D and the 
six-bit AI D are packaged in 
industry standard DIPs. The larger 
-1007 J has 64 pins; the smaller 
-1O14J has 24. They are both 
powered by +5V and -6V supplies; 
the -1007 J uses 2W and the 

-1014J needs only 750mW. Both 
are radiation hard. 

The TDC-1007J (in 100s) 
is priced at $485. The TDC-1014J 
(in 1 OOs) is priced at $186. (And 
these are only our introductory 
prices-they will go lower like all 
monolithic devices.) 

These products are now in 
stock at Hamilton I Avnet 

For immediate information 
call 213/535 -1831 or send in 
coupon. 

----------------·-------~ 
TRW LSI Products 
An Electronic Components Division ofTRW Inc. 
P.O. Box1125 
Redondo Beach, CA 90278 

Please send data sheets on the new TDC·1007J, 
8-b it and TDC-1014J, 6-bit A/D converters. 

Name 

Company 

Div/Dept Ma il Code 

Address 

State Z•P 
CD-6 

~------------------------~ 

TRWLSIPRODUCTS 
... for Digital Signal Processing 

CIRCLE 12 ON IN9UIRY CARD 



100 

30 

20 

;;; .... 
~ 10 
u 

::: 
< 
\:> 

0 
"' ~ 
"' 0 

§ 
w 
::;: 

0 

4 

3 

2 

.... 0.4 
<ii 
35 0.3 ... 
.... 8 0.2 

0.1 

60+ % DROP 
FROM 1974 TO 1976 

64 66 68 70 n 
YEAR 

74 

and large scale integration (LSI) have brought further re
ductions in cost and size, and work has begun on very 
large scale integration (VLSI). 

A classic paper by Oliver, Pierce, and Shannon in 1948, 
''The Philosophy of PCM," acted as a catalyst in spurring 
development work on PCM.3 The authors pointed out that 
in PCM the principle of regeneration, only possible with 
digital transmission, is the payoff. The pulse train is re
generated at regular intervals before noise, distortion, and 
other forms of interference are sufficient to cause excessive 
error rates. 

Fig 2 shows regeneration distances for five different 
digital transmission systems. In Fig 2 (a), which is only 
of historical interest, the early telegraph circuit used heavy 
wire of sufficiently low resistance to maximize the repeater 
distance. The limit was reached when the de arriving at 
the repeater point was just strong enough to activate a 
sounder so that a man located at that point could act as 
the regenerative repeater. Repeater spacing was between 
250 and 300 mi ( 400 and 480 km), and voltages in 
the order of ±300 Vdc were used. The large amount of 
redundancy in the English language revealed by C. E. 
Shannon in his concept of information theory4 allowed 
human regenerators to do both forward error correction 
( FEC) and repeat request ( RQ) to correct errors caused by 
the sending operator, or by interference on the line. Later, 
man was replaced by the telegraph relay which reacted 
to the small current arriving at the end of one repeater 
link and applied voltage to the next. 

20 

76 78 ao 

Fig 1 Cost trends per memory bit 
or pair of gates 

In Fig 2 (b) the regenerator distance is slightly greater 
than 1 mi (1.6 km) for the Tl carrier PCM system. 
This carries 24 high quality voice channels or digital data 
on a l.544M-bit/s bipolar pulse train. Fig 2(c) shows the 
typical present day regeneration distance of about 4 mi 
( 6.4 km) for an optical fiber transmission system at the 
DS-3 level of the digital hierarchy, which is 44. 736M 
bits/ s. (The North American digital hierarchy is shown 
in the Table.) 

As shown in Fig 2 ( d), regeneration distance for digital 
transmission via satellite is about 45,000 mi (72,000 km.) 

North American Dlgltel Hierarchy 

Level Bit/s Rate No Time Slots 

DS-0 64K 
DS-1 1.544M 24 
DS-1C 3.152M 48 
DS-2 6.312M 96 
DS-3 44.736M 672 
DS-4 274.176M 4032 



One way to 
order everything 

(all day on the phone) 

Our way to 
order everything 

(10 minutes on the phone) 

One customer felt more secure 
with a pile of catalogs second only to 
Mt. Everest. 

When the time came, he'd know 
just where to look for supplies. 

A disk pack? 
He'd go right to that 35-pound 
catalog under the philodendron. 

A CRT stand? 
Right to the funiture catalog. (Too 
bad he didn't read the fine print that 
said "2-month wait":) 

EIA cables? 
In the catalog that looked like la,st 
year's winning entry in the stump
the-engineer contest. 

One day he needed a disk pack. 
And a CRT stand, 5 EIA cables, one 
box of thermal paper, 6 print-wheels 
and a hannonica ribbon. 

lnmac, former(v Minicomputer Accessories Corporation 

If he didn't get them quick, he 
couldn't finish the Big Project. And 
top management was really 
breathing down his neck. 

By the time he got all the catalogs 
together, figured out what would 
work with what, afld made all the 
calls ... 9 a.m. became 9 p .m. 

And part of his order got stuck 
between Texas and Terre Haute. 

Never again. 

So he subscribed to the Inmac 
catalog. After all, 70 pages wasn't 
much for every supply he needed. 
Plus he could store it in a drawer. 

He got rid of almost all those other 
catalogs. But his office looked 
empty. So he went out and bought a 
poster of Nepal. 

With a great view of Mt. Everest. 

And you won't wait for what you 
need. Inmac strives to ship all orders 
within 24 hours . .. from both east & 
west coasts. 

For your free 1-year subscription to the 
Inmac catalog, circle the number below. 

•1n1nac 
Corporate Addl'eSS: 2465 Augustine Drive . Santa Clara, Calif. 950.51 lnlernationtll Minicomputer Accessories Corport1tion 
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COPPER OPEN WIRE 250 - 300 MILES 1400-480 km) 

UP TO 100 BITS/S 

I A) TELEGRAPH 

COPPER PAIRS IN UNDERGROUND 
AND AERIAL CABLES 1+ MILES 1.6+ km 

1.544M BITS/S (DS-1) 

I B) Tl CARRIER 

OPTICAL FIBER CABLE 4 MILES 16 . 4 km) 

44 .736M BITS/S IDS-3) 

IC) OPTICAL FIBER 

60- 90M BITS/S 

i 
( D) COMMUNICATION SATELLITE 

25 • 30 MILES (40-48 km) 

90M BITS/S (T'l.O DS-3) 

IE) DIGITAL MICROWAVE RADIO 

Fig 2 Repeater distances for various digital transmission systems 

It might be possible some day to regenerate in the satellite 
itself and thus cut this distance in half. Recent technical 
articles have indicated that such a step would provide an 
advantage of somewhere between 3 and 5 dB. Fig 2 ( e) 
shows the regeneration distance for a typical digital micro
wave radio, such as the 6-GHz, 90M-bit/s system recently 
installed in the Washington, DC area. 

All the digital systems shown in Fig 2 are fundamentally 
the same. Discrete messages are transmitted as far as the 
medium will permit, and regenerated before noise and 
distortion produce errors at an unacceptable rate. Another 
important advantage of digital transmission is that it can 
be made truly secure, whether the security involved is 
military or commercial. Likewise, designers of computers, 
terminal equipment, and voiceband modems are familiar 
with various types of degradation that occur on an analog 
network, such as dropouts, phase and amplitude hits, 
intermodulation, crosstalk, fading, and impulse noise. On 
a digital network these are replaced by a few less trouble-

22 

some degradations such as bit errors, jitter, quantization 
noise, and short breaks due to temporary lack of syn
chronization, which are very rare. 

Short haul PCM on cable is growing rapidly in North 
America, Europe, and Japan. In many places, it has 
captured anywhere from 30 to 80% of the market. This 
has occurred because it was more cost effective than the 
competing FDM analog system which in North America 
was N carrier. As production quantities grew and as the 
cost of digital logic and memory fell, it was able to 
penetrate the market more and more. To illustrate the 
point, if all the Tl line currently installed in the u.s. 
alone were put end to end it would reach to the moon 
and back four times, ie, 2 million mi ( 3.2 million km). 
Today a PCM terminal VF channel end costs about one
half to one-third of the cost of an FDM VF channel end. 
There will be about 300,000 PCM channel banks installed 
in the u.s. by the end of 1979. 

The development of PCM digital switching was started 
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TEKTRONIX 
thinks your logic analyzer 

should be as versatile 
------------------as you are 

So Ours Let You See Logic The Way You Think Logic 

You need to be versatile 
enough to tackle a variety of 
digital design problems every 
day. To turn from hardware to 
software analysis. Or from 
microprocessor to non-micro
processor design. And so you 
need a logic analyzer as ver
satile as you are. 
And that means a logic 
analyzer that lets you see logic 
the way you think logic; that 
lets you look at logic in the most 
convenient language; that 
gives you a variety of logic dis
plays ... to solve a variety of 
problems. 

Tektronix Logic Analyzers/ 
Display Formatters provide 
this essential versatility. So you 
- not the logic analyzer - de
cide how you'll look at logic: in 
mapping for an overview of 
program flow; in timing to view 
timing relationships between 
signals; in state tables (binary, 
octal , hexadecimal, GPIB 
mnemonics, or ASCII) to view 
system language. 
Go from one logic display to 
another - without going from 
one logic analyzer to another. 
To make your job easier, faster, 
and more convenient. 

Display Formatters: they 
help make our Logic 
Analyzers versatile. So you 
can do today's job and to
morrow's. So you can 
change applications without 
changing your logic 
analyzer. 
Contact Tektronix Inc., P.O. 
Box 500, Beaverton, OR 
97077. In Europe, Tektronix 
Ltd., P.O. Box 36, St. Peter Port, 
Guernsey, Channel Islands. 

COMMrrTEO 10 EXCEUENCE 

TEKTRONIX LOGIC ANALYZERS TH 

For immediate action, dial our toll free automatic answering serv·ice: 1-800-547-1512 

s 

Touch a button for any of 
seven display formats: 

mapping, 
timing, 
binary, 
octal , 

hexadecimal, 
GPIB, 
ASCII 



e HP 2621: sim 
Simple doesn't have to mean unsophisticated. 

The proof is in our new CRT terminal, the HP 2621. 
Before building it, we took a long, hard look at 

the way you use a simple terminal. Then we took the 
knowledge gained in more than 10 years designing 
computer products and applied it to engineering an inter
active character-mode CRT terminal from the . user's 
point of view. 

The outcome was actually two models. The HP 
2621A, which sells for $1450. And the HP 2621P, which 
has a built-in printer, costs $2550. You obviously want 
the sharpest display made. So we used the 9x15 
character cell you see on every HP CRT terminal, 
including the top-of-the-line. And, to help you look back 
at the data you've entered, we provided two full pages 
of continuously scrolling memory. 

We designed the keyboard like the familiar type
writer, so you don't have to waste time relearning it. We 
built in eight function keys, too. These control the cursor, 
rolling and scrolling. And, to make life easier, they're 
labeled on the screen for self-test, configuration, display 
and editing. 

Editing? On a simple terminal? Certainly. We 
included character and line insert and delete, clear line 
and clear display. And, since the 2621 keeps your input 
separate from your CPU's, you can edit data before 
sending it to the computer. All without writing a line of 
system software. 

Since flexibility is important in interfacing, we 
included a user-definable return key that will send your 
computer whatever code it expects. We also made our 
terminals compatible with RS232C and Bell 103A, and 

-------------------------------------, 

D I'd like to know more about HP's new 2621A and 2621P with 
built-in hard copy. 

D I'd like to see HP's new 2621A and 2621P with built-in hard copy. 
D I'd like to know more about HP's complete family of terminals. 

Name 

Title 

Company 

Address 

Phone 

Mail to Hewlett-Packard, Attn: Ed Hayes, 
Marketing Manager, Data Terminals Division, Dept. 1247, 

19400 Homestead Rood, Cupertino CA 95014. 

I 
I 
I 
I 
I 

able to communicate with your CPU at 110 to 9600 baud. 
If you need hard copy at your fingertips , take 

a look at the HP 2621P. With a keystroke, its built-in 
120 cps thermal printer will deliver a printout from the 
screen in seconds. 

So why don't you check out the HP 2621 by call
ing the nearest HP sales office listed in the White Pages. 
Or send us the coupon. Then see for yourself how 
sophisticated a simple CRT terminal can be. 

Try this on your favorite CRT! With the 2621P, you just hit a key 
and in seconds you have hard copy of your CRT display. The built-in 
thermal printer prints upper and lower case at up to 120 cps. 

The 2621's bright, high-resolution CRT, with enhanced 9x15 
character cell, displays the full 128-character ASCII character set, -
including upper and lower case, control codes, and character-by
character underline, in 24 80-character lines. 

Eight screen-labeled preprogrammed function keys magnify _ 
the power of the 262l's keyboard. Preprogrammed functions include 
editing, terminal configuration, printer control and self-test. 

To make numeric data entry faster and easier, we put the 262l's 
numeric keypad right in the middle of the keyboard. And the 262l's _ 
familiar 68-key keyboard is almost as easy to use as a typewriter. 

HEWLETTj/Jf; PACKARD 

All pnces are US list. 

Avatlable on GSA Contract #GS-OOC- 01529 fro m 1218178 tliro11gh 9130179. 
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in France in the mid-1960s. Their first installation occurred 
in Lannion, Brittany in 1970, and since then the number 
of switches in service in France has continued to grow. 
In 1976, PCM digital switching appeared on the scene in 
the u.s. when the Bell System installed its first No. 4 ESS 

machine in Chicago. By the end of 1979, Bell will have 
34 such machines in service. The No 4 ESS, called a super 
switcher because it is the biggest switch ever developed, 
has 107,000 terminations. Key ingredient in a PCM digital 
switch is the time slot interchange of 8-bit bytes which 
can be PCM samples of voice or digital data or digital 
facsimile, etc. Thus, bytes from incoming PCM lines are 
transferred to time slots on outgoing PCM lines under con
trol of a processor tbat, in the newest digital switch 
designs, normally consists of one or more microprocessors. 
In most digital switches, two paths through the matrix 
are set up to handle both directions of a call. 

No new central office (co) analog switches are being 
designed at the present time, while all major manufac
turers of co switching equipment either have digital 
switches (Class 4, Class 5, and Class 4/ 5) in production 
or in development. This is an example of a remarkably 
rapid acceptance of a new concept. However, it happened 
because PCM digital transmission had become ubiquitous 
and because a PCM digital switch uses the same digital 
logic and memory components as do computers. 

The combination of digital transmission and digital 
switching is an ideal marriage and is called an integrated 
digital network ( IDN). Channel banks are eliminated when 
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DIGITAL 
VOICE 

DIGITAL 
DATA 

INTEGRATED 
SERI/ICES 

DIGITAL 
NETWORK 

(!SON) 

DIGITAL 
FACSIMILE 

two digital switches are directly connected to each other 
via digital transmission with cost savings that prove-in 
more digital transmission. The process feeds on itself, 
producing increasing savings until the network is totally 
digital. The IDN requires two other ingredients that are 
network synchronization and common channel signaling. 
Of the several approaches to achieve network synchroni
zation master-slave is the most commonly used technique. 
A very precise master clock, usually an atomic standard 
located near the geographic center of the network, is 
distributed to the rest of the network by an overlaid tree 
network. At each node, this clock is used as a reference 
for a local clock which can survive for several days with
out drifting enough to cause a slip, if it loses the reference 
due to a network outage. 

With common channel signaling, the signaling informa
tion is removed from its present association with the voice 
channel to which it pertains. Instead, it is carried over a 
separate signaling data link network which may or may 
not be routed differently from the information channels 
themselves. This leads to many additional network ad
vantages including cost savings and additional flexibility 
for providing new services. One example is the ability to 
display the calling party number to the called party; 
another is the ability to insure that voice or data calls 
do not traverse more than one satellite hop. 

The trend to digital is impacting each type of trans
mission medium and each type of switch in the network. 
Cable pairs used for local distribution and medium 

DIGITAL 
PROGRAM 

CHANNELS 

Fig 3 Model of the integrated ser
vices digital network 
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Now ... two quiet printers 
fromTELPAR 

The new SO-column PPS-SOE 
Printer I Plotter 

... and the proven 48-column 
PS-48E 

Key Features Include: 
• Microprocessor controlled thermal printing 
• Versatile interface (no added charge) 
• Vector generator graphics 
• Standard 96 character ASCII set plus 

external character generator 
• Throughput rate - 30 characters per 

second 
• Signalling rates 

Serial mode: up to 9600 Baud with 300 
Baud standard 

Parallel mode: up to 960 characters per 
second 

• Optional buffer memory to 16K bytes 
• Answer back 
• Forms feed 
• Self test 

In quantities of 100 ... $600.00 
Single quantities ... $750.00 

Key Features Include: 
• Microprocessor controlled thermal printer 
• Versatile interface (no added charge) 

Serial: RS-232C, 20 mil loop, or TTL 
Parallel: TTL interactive 

• Upper I lower case, 96 ASCII characters 
• Throughput rate - 24 characters per 

second 
• Signalling rates 

Serial mode: 11 O or 300 Baud 
Parallel mode: up to 960 cps 

• Automatic carriage return and line feed 
• Quiet, clean , no ribbons or ink 

In quantities of 100 ... $380.00 
Single quantities ... $465.00 

Printing mechanism without interface available for both models 
on OEM basis. 

For more information contact Telpar, (214) 233-6631 
4132 Billy Mitchell Road, Box 796, Addison, Texas 75001 

Telex: 73-7561 (TELSERV) DAL. 
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Low Profile ... 

LED lighted 
keys give 
visual indication 
of status function. 
Or choose 
unlighted keyboard. 

10. 12. or 16 
station. Square 
or round keys. 
Attractive color 
selection. 
Clear. sharp key 
top or decal marking. 

BCD and hexi
decimal encoding 
available as 
optional plug-on 
"Adder-Boards': 
Easy front panel 
mounting. 

Design your 
own keyboard. 
Single station modules 
mount on PC 
or prepunched boards 
with .100 center holes. 

ftl SIA~Q.~~)i[~ 
.D 1139 BAKER STREET, COSTA MESA, CALIF. 92626 

® (714) 549-3041 TWX: 910/ 595-1507 

Other STACO Company products: Custom Transformers, 
STACO ENERGY PRODUCTS, Richmond, Indiana; 
Variable Transformers, STACO ENERGY PRODUCTS, 
Dayton, Ohio. 
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distances up to 500 mi (800 km) are already heavily 
digital and will be totally so in the future. Coaxial cables 
are already being replaced by optical fiber cables because 
they have the required bandwidth and are more cost 
effective. Optical fiber cables are here now and are 
getting more cost effective by the month. They are in
herently more attractive for digital transmission because 
lasers are nonlinear and analog signals can only be carried 
for short distances. For long haul heavy route transmission, 
all signs point to digital transmission becoming dominant 
on satellites in the near future· because of the higher band
width utilization efficiency of time division multiple access 
(TDMA). For all categories of switching the trend is to 
digital at the present time and the future is entirely digital. 

The country that appears to be leading the race to have 
the first nationwide IDN for voice is Canada. It has recog
nized the advantages and, in effect, made an IDN a na
tional goal. Business profits can result because the build
ing blocks needed for the IDN can be sold all over the 
world if they are already being built and tested in an 
actual network. In Canada, the last remaining obstacle 
to an IDN, which are cost effective long-haul digital fa
cilities, has been recently surmounted. To this end they are 
installing 90M-bit/s digital radio from coast to coast and 
are also planning for 90M-bit/s transponders on their 
new Anik C satellites. 

In the future, there is one further step that can be 
taken and· it will probably occur first, once again, in 
Canada. It is called the integrated services digital network 
( ISDN). It is an IDN which carries more than one service. 
For example, an IDN can be built for voice and then have 
data, facsimile, program channels, etc, added later, as 
shown in Fig 3. When the second service is added it 
becomes an ISDN because the same integrated switching 
and transmission facilities are being used to provide both 
services. The basic element of the ISDN is a time slot which 
contains an 8-bit byte occurring 8000 times/ s. Therefore, 
a time slot has an equivalent capacity of 64k bits/ s. Some 
services can use a single time slot such as voice, data at 
rates up to 56k bits/ s, and facsimile at rates up to 56k 
bits/ s. Other services will require multiple time slots such 
as 5-, 8-, 10-, and 15-kHz program- channels, data at 
rates above 56k bits/ s, and facsimile at rates above 56k 
bits/s such as would be needed for the high resolution 
transmission of newspaper pages. 

In summary, the earliest long distance communications 
used the digital mode starting with non-electrical means 
followed by telegraph. Even wireless communications in 
the early 1900s used the digital mode; ie, a carrier was 
turned on and off to send Morse code. When the telephone 
network ·grew, the analog mode was preferred, until re
cently. Now the pendulum has swung back toward the 
digital mode and the full cycle will soon be completed 
with the appearance around the world of integrated 
services digital networks in the decade of the 80s. Voice, 
data, and facsimile services and features which have not 
been possible heretofore will be available. Switched data 
services at a variety of bit rates will be made available 
with fast connect time, high performance, high availability, 
and low cost. The digital world will indeed be filled with 
attractive, cost effective, and innovative services and 
features. 
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Main capstan features a double 
ball race for more accurate 
and friction-free operation. 

THE NEW BASF 6106 IS 
ONLY 2.1" HIQH. THREE 6106 
DRIVES FIT JN THE SAME 
VER'T1CAL SPACE AS 1WO OF 
OUR COMPETITION'S. 

C:Ol'lllUfnel only % as much 
power as the competition, and 
generates less heat 

Industry-standard interface, 
power plugs and mounting 
points. 

Activity light in door is 
standard 

Larger capacity than the 
competition: 40 tracks vs. 35 
tracks at single or double 
recording density. 

Track-to-track access 
time of 12 msec; more than 
three times faster than the 
competition. 

Program-controUable door 
interlock option. 

Built to tight production 
specs for improved reliability 
(10,000 hours MTBF) and 
less sensitivity to vibration. 

Introducing the New BASF 5.25" Floppy Disk Drive. 
The new BASF 6106 is not only the 

smallest 5.25" floppy disk drive available ... it 
also offers many big advantages in terms of 
capacity, reliability, and accuracy. BASF is 
America's only producer of both 5.25" floppy 
disk drives and 5.25" floppy disk media. The 
6106 is available right now at competitive 
prices. For complete information, send in 
the coupon now, or call Matt Connolly at 
617-271-4035. 

r-------------------, 
I BASF SYSTEMS I 
I OEM Computer Products I 
I Crosby Drive, Bedford, MA 01730 I 

I 
Please send me complete information and specifications on I 
the new BASF 6106 5.25" Floppy Disk Drive. 

I Name/Trtle I 
I Company I 
I Address Te I 
I City State Zip -- I 
L-------------------~ 
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'"'1.-g.e11ce and Sophistication Mark 
ct Displays at Interface '79 

Data communications products shown 
during Interface '79, McCormick 
Place, Chicago, April 9-12, 1979, 
were notable for increasingly sophis
ticated technology, and for the ap
plication of intelligence via the ubiq
uitous microprocessor to a growing 
number of systemti and equipments. 
In the space available here we can 
but skim the surface of the total ex
hibition. In fact, many of the prod
ucts shown have already been 
treate·d in recent issues of Computer 
Design, the May NCC issue iri par
ticular. So we are presenting below 
nutshell descriptions of some items 
w~ feel might be of particular in
terest. 

Readers who wish detailed infor
mation on ariy of the products de
scribed may write to the companies 
directly, or circle the associated read
er service number(s). 

The Ncs-100 network control system 
by Atlantic Research Corp, 5390 
Cherokee Ave, Alexandria, VA 22314 
(Circle No 400), is actually a fam
ily of central site tech control facil
ities using modules for patching, 
switching, and testing. Modular de
sign allows future expansion as well 
as the ability to assemble modules to 
meet the exact needs of differing ap
plications. Designed for the computer 
center environment, the system iden
tifies and corrects data transmission 
malfunctions and enables fingertip 
control of virtually any size network. 
Trend and alarm information is also 
provided for preventive maintenance 
before actual failure. 

Elements of this tech control sys
tem include: Datapatch series of 
modules for facilitating access to data 
lines; modules for fallback switching 
ranging from manual A/B devices to 
computer or touch tone controlled 
Rs-232/V.24 circuit or group switch
ing; a line of digital and analog mon
itors and interactive testers; and as
sociated cables and components. 

A pair of fiberoptic digital trans
mitter and receiver modules, CTM-100 
and CRM-100 respectively, were shown 
by Ca.noga Data Systems, 6740 Eton 
Ave, Canoga Park, CA 91303 (Circle 
No 401). They feature data speeds 
of 0 to 2M bits/ s NRZ over a single 
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fiberoptic channel, integral optical 
port connectors, and external clock 
input/ output for synchronous trans
mission. Both units are in low profile 
PCB mountable packages to fit 0.5" 
( 1.27-cm) card rack spacing. 

Transmitter uses an IR LED emit
ter for typical output power to con
nector of 70 ,_.,w (-11.5 dBm). Out
put wavelength is 900 ±25 nm, with 
typical numerical aperture of 48. Sup
ply voltage is 5 V at 170 mA max. 

Among the products shown by Codex 
Corp, 20 Cabot Blvd, Mansfield, MA 
02048 (Circle No 402) , was the dis
tributed network control system 
( DNCS) which provides constant mon
itoring of network performance, indi
cation of device malfunction, and the 
means to restore network operation 
from a central site. The system com
bines a multi microprocessor based 
distributed network processor (DNP) 
that supports simultaneous and con
tinuous network monitoring with dis
tributed network terminal ( DNT). DNT 
comprises an intelligent CRT terminal, 
printer, and floppy disc, and acts as 
the operator interface. All executed 
programs, network configuration, and 
parameter data are stored on a dual 
floppy disc. Network management is 
done via the independent secondary 
channel of master and remote mo
dems. This channel is frequency di-

Model Ei 310, called Epibert, is a 
rack mountable bit error rate tester 
that will exercise, test, and evaluate 
modems, total data systems, digital 
microwave links, and digital data net
works. Available from Epicom, Inc, 
592 N Douglas Ave, Altamonte 

Receiver module uses a PIN diode 
detector with a min sensitivity of 
-30 dBm for 10·9 BER. Supply re
quirements are -6 V at 30 mA, 5 V 
at 80 mA, and 12 V at 10 mA. 

Integral optical port connectors on 
both units alleviate problem of light 
source to fiber alignment. Together 
the modules offer 500-m data link 
capabilities and functional link mon
itor and test when used with appro
priate cable/connector assemblies. 

VISIOn multiplexed with the main 
channel using a standard protocol. 

Terminal port cards in the net
work controller allow for line expan
sion. One to four port nest configu
rations support up to 124 central site 
lines and 64 drops/ line. A simple 
English command set eases entry of 
line and device related data. Desired 
threshold parameters to be monitored 
can be entered and modified as net
work conditions require. Threshold 
exceed conditions are immediately re
ported and logged by the printer. A 
complete advanced repertoire of mo
dem and line testing to isolate prob
lems as well as to provide restoration 
capability is available. Modems that 
operate with DNCS with optional con
trol card include the MX 2400 series 
and the LSI "fast poll" series for mul
tipoint and point to point operation 
at 4800, 7200, and 9600 bits/s. 

Distributed network control 
system. DNP with four se
ries LS148FPX modems and 
DNT operator workstation 
with CRT, printer, and flop
py disc package 

Springs, FL 32701 (Circle No 403), 
it operates with both synchronous 
and asynchronous systems in simplex, 
half, or full-duplex at rates to lOOk 
bits/s. The unit can simultaneously 
display bit and block errors, block 
count, RTs/cTS delay, loop delay, 
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Epibert bit error rate tester. 
Claimed to have largest dis
play capability of any cur
rently available test set, it 
can simultaneously display 
ten line measurements and 
test parameters 

Power One Drive • Camarillo, California 93010 • (805) 484-2806 • TWX 910-336-1297 
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percent distortion, telco dB, transmit 
and receive clock rate, and de voltage. 
Choice of pattern setup includes con
tinuous mark, continuous space, mark/ 
space alternating, incrementing bi
nary, and pseudorandom sequences. 

An attention-getting device was the 
SM 9600 full-duplex synchronous in
telligent modem. Called superModem 
by the manufacturer, Gandalf Data, 
Inc, 1019 S. Noel, Wheeling, IL 60090 
(Circle No 404), it handles 9600-
bit/ s data over 3002 unconditioned 
voiceband data channels; no equaliza
tion is required. Performance includes 
BER, IQ-6 at s/ N of 26 dB in the 
presence of 5 Hz frequency transla
tion; impulse noise tolerance of 4 dB 
below rms signal; and ±7 Hz fre
quency translation. Performance of 
the SM 9600 is achieved by the trans-

SM-9600 modem, front panel open. 
From bottom to top: program ROM, 24-
bit processor, and 1/0 modules for data 
and voice frequency interface 

mitter simultaneously generating a 
large number of discrete carriers, and 
modulating each to represent only a 
portion of the total data stream. The 
composite signal has the desired low 
baud rate for good noise immunity, 
and allows time for envelope delay 
effects to pass. At the receiver, each 
carrier is independently demodulated 
and its data are combined with data 
from the others to reconstruct the 
original data stream. 

Heart of the unit is a proprietary 
24-bit digital processor whose pipe
line architecture enables an operat
ing speed of lOM instructions/ s. It 
digitally generates the transmit sig
nal, filters and extracts the data from 
the receive signal, and controls all 
the r/ o functions. The processor is 
also used to analyze circuit param
eters while online, and perform rou
tine diagnostics. 

Operating instructions for the pro
cessor are resident in ROM. The pro
gram is built around algorithms 
which perform realtime analysis of 
the receive signal using discrete 
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Start from scratch. 







If you don't need all 
the capability of RSX-llM, 
the beauty of the 11/34 is 
you don't have to get it. 
You can get RSX-llS 
instead. It offers you the 
same multi-task, event
driven real-time capability 
without the overhead of 
interactive program 
development. 

And if your 
application calls for 
real-time, but 
doesn't call for multi
programming, you 
can call on RT-11. It's a 
single user foreground
background system that's 
designed for both program <level- · 
opment and dedicated, on-line 
applications. 

For timesharing applications, Digital 
offers RSTS/E- a powerful, flexible sys
tem that can handle up to 16 different 
users on an 11/34 at one time. 

Then there are all the languages. 
Depending on your application and 
operating system, you can choose 
BASIC, Multi-User BASIC, MACR0-11, 
COBOL, DIBOL-11 (Digital's business/ 
commercial language), FORTRAN, 
APL, RPG and FOCAL, with still more 
languages in development. 

And finally, you have available an 
extensive library of applications software. 
You can pick and choose the exact OEM 
software tools that make the most of 
your hardware. And your application. 

Then do what you want with 
your system. 

With the PDP-11/34, you can vary 
your system according to the require
ments of your customers. You can offer 

~ a wide range of terminals, peripherals 
~ and communications packages. You can 
i make fine adjustments in design and 

rg. manufacture. 
] In short, you can turn more good 
gi prospects into good customers simply by 
~ adapting to their individual needs. And 
" 1: 
"" ·;:: 
>-. 
0-
0 
u 

you can do it without 
incurring the major losses 
in time and money that 
are involved when you 

design the complete system 
yourself. 

The PDP-11/34 opens 
up a new world of flexibility 

in manufacturing and mar
keting your products. 

It also opens 
up a new world of 

applications flexi
bility. With all its 
options, the 11/34 is 
ideally suited for 
applications involv
ing instrument 
interfacing. And 
with all its program-

ming tools, it's ideally 
suited for applications involving pro
gram development. The PDP-11/34 
even gives you the flexibility to link 
your system with any other Digital 
system anywhere in the world through 
DECnet networking software. And that 
means you can offer your customers the 
benefits of distributed data processing 
using the broadest range of upwardly 
compatible systems anywhere. 

The PDP-11/34. If you designed your 
computer from scratch, you wouldn't 
come up with a more precise mid-range 
system for your application. 

Digital Equipment Corporation, 
Technical OEM Group, 129 Parker Street, 
PK3/M86, Maynard, MA 01754. 
Or call: (617) 493-5897. In Europe: 12 av. 
des Morgines, 1213 Petit-Laney/Geneva. 
Tel. 93 33 11. In Canada: Digital Equipment 
of Canada, Ltd. 
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Digi.tafs PDP-11/34 g!ves you more design 
flexibility than any other mid-range in tile world. 

If that sounds like a bold claim, con- Of course, there's more to a system 
sider this. There are more than a million than a CPU. And the 11/34 offers more. 
ways to configure a PDP-11/34 computer You can choose from 6 disks, 4 tapes, 
system. 10 terminals, 8 printers, 6 card readers, 

That figure is not based on frivolous and 9 kinds of I/O. Plus 10 different kinds 
options, but on significant choices like of communications options that cover the 
CPU capabilities, memory options, broadest range of devices in the industry. 
peripherals, operating systems, Ian- You can even pick your packaging, 
guages, communications packages and because the PDP-11/34 comes in eight 
network systems. models with two battery back-up choices 

All of these options are in addition and five different backplanes. 
to a basic PDP-11/34 that is extremely Given all these options, you can 
flexible to begin with. Here are some of configure the perfect combination of 
its standard features: a 16-bit micro- hardware for your application. Without 
programmed processor, parity memory, paying for more power than you need, 
direct memory access, vectored interrupts or settling for less. 
with four priority levels, hardware stack- Choose from four operating 
ing, operator's console, multi-function systems and ten languages. 
ROM with virtual console capability, 
diagnostics and bootstraps, memory Even with the precise hardware 
management, hardware multiply and in place, you're still only halfway to the 

precise system for your application. The 
divide, power fail/auto restart, and pre- software options of the PDP-11/34 will 
wired slots for expansion options. 

With the basic computer so flexible, take you the rest of the way. 
For real-time applications, there's and the system options so numerous, 

you can virtually design your own mid- RSX-llM. It's specifically designed for 
I multi-programming and concurrent pro-

range system with the PDP-11 34. With- gram development. And it offers you the 
out having to start from scratch. power of an event-driven software sys-
Choose the hardware you need. tern with dynamic memory management, 

Take the PDP-11/34 CPU, for example. multiple programming languages and a 
You can pick and choose among 21 CPU complete list of utilities. 
options for the precise combina- ~~!!!!!-~!1!!!!!!11!1 
tion you want. The 11/34 offers a 
new superfast cache that makes 
a powerful system even more 
powerful. It can increase your 
program execution speeds by as 
much as 60%. Other options in
clude a fast floating point proc
essor, serial communications line 
interface, and real-time clock, to 
name just a few. 

You can also choose from 
twelve memory options, includ
ing MOS, core or any combina
tion. Digital's MOS memory 
uses industry-standard 16K 
RAM chips with a 500ns cycle 
time. And it's available on 128Kb 
or 256Kb boards. 



The PDP-11/34. 
Just look at the freedom it gives you. 
Packaged systems* 
11/34A CPU with 64Kb MOS memory, lMb disk stor

age, video or hardcopy terminal, RT-11 operating 
system. 

11/34A CPU with 128Kb MOS memory, lOMb disk 
storage, video or hardcopy terminal, RSX-UM 
operating system. 

11/34A CPU with 128Kb MOS memory, 56Mb disk 
storage, video or hardcopy terminal, RSX-llM 
operating system. 

11/34A CPU with 256Kb MOS memory, 67Mb disk 
storage, 9 track/45ips tape, video or hardcopy 
terminal, RSX-llM operating system. 

*In some cases, available with other operating sys
tems, less memory, and with core instead of MOS. 

CPU configurations 
MOS memory of 256Kb, 128Kb, 64Kb 

and32Kb. 
Core memory of 128Kb, 64Kb and 32Kb. 
Optional cache memory. 
Optional programmer's panel and serial line interface. 
Optional floating point processor. 
Optional MOS battery back-up. 

Software 
RSX-llM multi-user, multi-tasking operating system 

featuring program checkpointing, dynamic parti
tioning, and memory management. 

RSX-llS execute-only operating system for monitor
ing and controlling multiple real-time processors . 

RT-11 real-time, foreground/background operating 
system. 

RSTS/E timesharing operating system. 
DECNET II distributed data processing networking 

package. 
FMS-11 forms generation software. 
DATATRIEVE-11 data inquiry and report writing 

system. 
DBMS data base management system. 
RMS-11 record management system supporting 

ISAM, sequential, and random access file 
structures. 

SORT-11 for re-ordering data based on key fields in 
the data record. 

Languages 
FORTRAN IV 
FORTRAN IV + 
BASIC 

Memory 

BASIC PLUS 
BASIC+2 
COBOL 
DIBOL 

APL 
MACROll 
CORAL66 

MOS memory modules of256Kb, 128Kb, 64Kb, 32Kb 
and 16Kb. 

Core memory modules of 64Kb, 32Kb and 16Kb. 

Disks 
RX02 1.0Mb, RM02 67Mb, removable. 
dual drive (diskette). RP05 88Mb, removable. 
RLOl 5.2Mb, removable. RP06 176Mb, removable. 
RK07 28Mb, removable. 

Special 1/0 
IEEE interface with software. 
Industrial control remote sub-system. 
Industrial control master sub-system. 
DI A control. 
12 bit AID converter, 16 channels . 
48 channel multiplexer. 
10 bit A/D converter, 16 channels. 
Parallel 1/0 with direct memory access. 
16-bit parallel 1/0, program controlled. 

Communications options 
Full/half duplex synchronous interface for both byte 

and bit oriented protocols. 
Full/half duplex synchronous interface for byte 

oriented protocols. 
Full/half duplex NPR synchronous interface. 
Network link, local or remote, DDCMP up to lMb. 
Asynchronous 8 and 16 line multiplexer. 
Programmable 16 line asynchronous multiplexer. 
Synchronous/asynchronous 16 line multiplexer. 
16 line modem control multiplexer. 
360/370 channel interface. 
Asynchronous serial line unit, with or without 

modem controls. 

Tapes 
TE16 800/1600bpi, 45ips, 1/z" magtape. 
TU45 800/1600bpi, 75ips, 1/z'' magtape. 
TU77 800/1600bpi, 125ips, 1/z'' magtape. 
TU58 800bpi, 1/4'' cassette. 

Video terminals 
VT-100 video terminal, 80or132 columns, with exten-

sive video attributes and detachable keyboard. 
VT-52 video terminal. 
VT-55 graphics terminal. 
VT-62 block mode terminal. 
VT-61 editing terminal. 

Hardcopy terminals 
LA-120"smart,"120cps hardcopy terminal. 
LA-38 hardcopy terminal, 30cps, with tractor feed , 

with or without stand. 
LA-34 hardcopy terminal, 30cps, with roll paper feed, 

with or without stand. 
LA-36 hardcopy terminal, 30cps, on stand. 
LA-37 APL, hardcopy terminal, 30cps, on stand. 

Optional cabinetry 
101/z" expander box. 

51/4" expander box. 
Cabinet with power control. 

Short cabinet with power control. 

Circle Reader Service No. 34. 
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Fourier transforms to accomplish fil
tering and data demodulation. 

An 1/ 0 control module controls the 
VF and data interfaces under pro
cessor direction. Standard data inter
face operates at 9600 bits/ s and all 
signals meet Rs-232-c and CCITT V.24 
requirements. An optional 4-channel 
multiplexer may be configured from 
the front panel for all normal chan
nel speed combinations. 

Another intelligent unit, the 610 port 
selector, was unveiled by Micom Sys
tems, Inc, 9551 Irondale Ave, Chats
worth, CA 91311 (Circle No 405). 
Designed primarily for users with mul
tiple minicomputers, the selector al
lows automatic contention for the 
computer port attached to it by users 
connected either directly or via dial
up or dedicated modems. Port class 
may be selected: either all the ports 
on a particular computer, or those 
supporting a particular application or 
type of terminal. If a selected port 
is not available, the 610 will advise 
the reason, set up a queue, advise 
how many terminals are ahead, and 
send a "go" message when the con
nection is available. Any asynchro
nous terminal may be connected. An 
Autobaud feature provides automatic 
terminal speed detection to 4800 
bits/ s. Unit is available in table top 
configuration for single minicomputer 
installations, and in a floor standing 
model for installations supporting sev
eral hundred port and terminal con
nections. 

Newest member of the Datascope 
family of monitors and data analyzers, 
the D-901 was introduced by Spec
tron Corp, 344 New Albany Rd, 
Moorestown, NJ 08057 (Circle No 
406). The unit can monitor and 
analyze incoming data at speeds up 
to l.6M bits/ s and can store data 
along with selected control signals 
at speeds to 72k bits/ s under manual 
or program control. Data stream can 
be displayed and fr.ozen on the 9" 
(22.8-cm) CRT. Prompting messages 
simplify program entry. 

A communications oriented com
piler-level language enables program
ming of a wide variety of diagnostic 
tests and emulation routines. All in
structions are entered from the key
board. Of two integral floppy drives, 
the data diskette records data and 
status of up to eight control signals, 
and system diskette stores user pro-

D-901 Datascope. Unit combines pro
grammable interactive data analyzer 
with two large capacity data storage 
and retrieval devices for handling com
plex network problems 

grams, system configuration param
eters, and operating system. A 4k
char log buffer and separate 4k-char 
output buffer are standard. The D-
901 can be used with the company's 
remote access switching and patch
ing (RASP) system also introduced at 
the show, for remote control of mul
tiple sites from a central location. 

First major product in a new line 
of proprietary instruments to be man
ufactured by T-Bar, Inc, 141 Dan
bury Rd, Wilton, CT 06897 (Circle 
No 407), the TD-12 microprocessor 
based data link tester called the Ex
plorerT" was introduced. The unit 
enables isolation of both hardware 
and software problems in front ends, 
modems, and terminals, and can also 
separate communication line prob
lems from hardware problems. Data 
circuits operating at any one of 16 
speeds from 50 to 19,200 bits/ s can 
be monitored and tested. Tester con
figurations, options, and commands 
are keyboard selected; no selector 
switches are used. 

Prompting displays on the integral 
5" ( 12. 7-cm) diagonal CRT guide the 
operator through available options 
and operating modes. A selective trap 
and storage capability allows storage 
and display of only that portion of 
the data stream suspected of con
taining a problem. 4k-byte internal 
memory is standard, with an Bk-byte 
memory unit available. Adaptable to 
most data communications environ
ments, the TD-12 allows monitoring, 
and terminal or computer emulation 
in networks using any one of a num
ber of different protocols and also 
provides for bit error rate testing, 
time and clock measurement, and 
network efficiency measurement. 

THE 
"SMART" 
PRINTER 
BUY. 

Low cost is smart. With Data
royal's low prices and volume dis
counts, few printers cost less to buy. 
With Dataroyal 's unique micro
computer design and rugged mech
anism, no other printer costs less 
to own. 

It's smart to let one printer do 
the job of many. A wide range of 
firmware packages allows Data
royal printers to meet almost every 
requirement within the 120-200 
character-per-second performance 
range. Upgrade, downgrade or 
add new functions - interfaces, 
communications protocols, buffer
ing, and more-all within seconds. 
In the factory or in the field . 

It's smart to demand reliability, 
and Dataroyal has years of ex
perience building printers that work 
because they have to. Many of the 
Dataroyal printers now in use 
operate in hostile environments at 
100% duty cycle. 

It's smart to choose a vendor 
who can deliver. Dataroyal can, in 
45 days or less. Low purchase 
prices, applications flexibility and 
reliability add up to low cost of 
ownership over a long· product life. 

IPS®7000 
INTELLIGENT 
PRINTING SYSTEMS 

DATAROVAL 
INCORPORATEO 
235 Main Dunstable Road, Nashua, NH. 03061 
(603) 883-4157 
2801 Far Hills Avenue, Dayton, Oh. 45419 
(513) 294-6426 
160 Centennial Way, Tustin, Calif. 92680 
(714) 838-4530 
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I COMMUNICATION CHANNEL I 

A multimedia fiberoptic link, vs-100, 
that can multiplex voice, data, and 
baseband video into a single optical 
signal was announced by Valtec Corp, 
99 Hartwell St, W Boylston, MA 
01583 (Circle No 408 ) . The link 
can deliver better than 50 dB s JN 
video over nearly 3 km of fiber cable 

VIDEO IN 

600 J1. BALANCED 
3000 J1. UNBALANCED 

DATA 

TRANSMITTER SECTION 

LOW 
fREQUENCY 
FM MOD 

I.OW 
MSS 
PILTU 

without repeaters, and has provisions 
for adding audio and/or data chan
nels to provide an effective band
width up to 250k bits/ s. The trans
mitter converts the multiplexed elec
trical input into a modulated optical 
output signal by directly varying the 
LED light source current. The receiver 

V IDEO CARDS 

AUDIO CARDS 

DATA CARDS 

includes a PIN photodetector, ampli
fier and demodulation circuits, as well 
as AGC and de restoration. 

All video link connections are pre
engineered and EIA RS-170 compat
ible. Integrated power supply, test 
points, and fault light indicators are 
standard. 

RECEIVER SECTION 

600 ll.. BALANCED 

.5000 A UNBALANCED 

Simplified block diagram VS-100 link circuitry. Both transmitter and receiver contain power supply, as well 
as individual video, voice, and data cards, which may be mixed or matched in any combination 

MiniMate is an Rs232 compatible 
minifloppy disc storage and edit ter
minal from Western Telematic, Inc, 
2435 S Anne St, Santa Ana, CA 92704 
(Circle No 409). It is designed as an 
attachment to intelligent CRT or print
er terminals to replace paper tape, 
cassette, or mag card units in store 
and forward applications. The unit 
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includes character edit capability, and 
can address up to 560 records of 128 
chars each, for a working storage of 
more than 7lk chars. Each record is 
automatically numbered. 

The unit can communicate with a 
host computer in either batch or in
teractive mode at 8 switch-selectable 
speeds from 110 to 9600 baud. Ac-

cess time is 1 s max. Character edit 
features include backspace/ erase, de
lete, modify, link, and stop. A "go 
to" command allows jumping to ran
dom file locations for repeat and link
ing applications. Two Rs-232 ports 
allow series connection between any 
ASCII coded asynchronous printer/ 
display terminal and the modem. D 
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Technological leadership. 

Most functions on the 
in systems. The MC6801 

Power, speed and the unique design flexibility of 
multimode operation put Motorola's MC6801 single-chip 
microcomputer in a class by itself. It's general 
purpose in application, high in performance and packs 
more function on the chip. All 'round, it's unequalled. 

An unprecedented combination of on-chip functions 
with the CPU includes 2K bytes of ROM, 128 bytes 
of RAM. 31 parallel I/0 lines, a serial communications I/0 
port, a clock and a 16-bit programmable timer. 

User-selectable operating modes. 
Each of the operating and self-test modes is built-in 

and user-selectable, for either testing or shipping. 

In the single-chip mode, all ports are configured 
for I/6, with a total of 29 1/0 and two control lines. 

In the expanded non-multiplexed mode, no external 
logic is required to directly address 256 external 
locations including any and all M6800 family peripherals. 
Thirteen to 20 I/0 lines are still available. 

The expanded multiplexed mode enables an 
impressive 64K-byte addressing capability. 

Other modes facilitate testing and other special 
operations. It's an unparalleled state-of-the-art 
advance in design convenience. In all of these 
modes, the on-chip 16-bit timer can count or time · 
events and generate or measure pulses. 

The on-chip fully-buffered serial communications 
interface offers operation at four baud rates-full 
duplex asynchronous formats. The SCI operates at 
over 75K baud, and other special features-such as 
wake-up, NRZ and biphase-promote efficient multi
processor system configuration. 

The CPU of the MC6801 is an enhancement of the 
highly-capable MC6800, which puts seven addressing 
modes at the designer's disposal. An MC6800 machine 
code-compatible instruction set is expanded by new 
16-bit instructions, including a 10 µshard-
ware multiply. Execution time of most instructions 
has been reduced to increase throughput. 

Gets you to market faster 
Compare the MC6801 with any other general

purpose single-chip microcomputer available today 
for on-board hardware capability, 
programming ease and system 

performance. Do whatever 
benchmarks are appropriate 

for your application or just 
take our word for it: 

the MC6801 can get you 
to market faster with 
more aggressive designs. 
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chip, most performance 
one-chip microcomputer. 
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Watch for user-programmable version. 
MC6801 Microcomputer users will soon be able to 

do their prototyping with EPROM right on the chip. 

The world's first high-performance single-chipper 
with EPROM on board, the MC68701. is an MC6801 
with 2K bytes of MCM2716-equivalent EPROM 
instead of mask-programmable ROM. The MC68701 
is ideal for low-volume systems, initial production 
field test units of a user system, or those which may 
require reprogramming in the field. It especially aids 
prototyping because the control program is easily 
evaluated and changed during development. 

Watch for the availability announcement soon. 

MC6803 for larger applications. 
If your control program requires more capability 

than the on-chip 2K ROM of the MC6801 can handle. 
the no-ROM MC6803 is available at a reduced price. 
Operating only in the expanded multiplexed mode. 
the MC6803 still offers 13 programmable 1/0 lines, 
the program timer, the serial communications inter
face and 128 bytes of RAM. (At a further reduced 
price. the MC6803NR has no on-chip RAM or ROM.) 

Total MC6801 support. 
Motorola supports the MC6801 in every way. The 

entire, fully-compatible M6800 family provides a 
broad range of microcomponents and memories for 
system expandability. EXORciser™ development 
systems and Motorola development software support 
all M6800 family units, including the MC6801. with 
real-time emulation capability. 

For additional information, contact your Motorola 
sales office or authorized distributor, write to Motorola 
Semiconductor Products Inc., P.O. Box 20912. Phoenix, 
AZ 85036, or circle the reader service number. 

Motorola's MC6801 is the world's most versatile 
single-chip microcomputer. It is representative of 
Motorola's dedication to product excellence in all 
phases of its discrete and integrated circuit operations 
supporting the designers and manufacturers of 

Innovative systems 
through silicon. 

MOTOROLA INC . 
CIRCLE 23 ON INtj)UIRY CARD 
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I DIGITAL TECHNOLOGY REVIEW 

TECHNOLOGY AND ECONOMICS: 
RELATIONSHIP BETWEEN DIAGNOSTIC 
PROGRAMS AND MTTR 

Montgomery Phister, Jr 
Systems Consulting 
Santa Monica, California 

D iagnostic programs, in software or firmware, serve to 
detect failures and to identify subassemblies likely to be 
at fault. A model describes the diagnostic process, relat
ing the customer engineer's mean time to repair to the 
important characteristics of a diagnostic program. The 
model identifies design and operating factors that are 
important in determining equipment mean time to repair 
and measures the relative importance of each. 

Mean time to repair (MTTR) is measured from the time 
the customer engineer (CE) takes charge at a customer 
site until the fault is resolved and the equipment is re
turned to the customer. It includes time required to review 
symptoms with the customer, run diagnostic programs, lo
cate and repair the fault, wait (if necessary) while parts are 
delivered from another location, and review the problem 
solution with the customer. This article considers only 
diagnostic, location, and repair aspects of this process. 

Diagnostic Procedure 
The diagnostic process described by Gay0 is illustrated 
in Fig 1. Assume that the diagnostic program has a prob
ability D that it will not detect the fault. This case re
quires time t0 to effect a cure. If it detects a fault (prob
ability l - D), the program generates a list of parts to 
be replaced in most-likely-first order. When these parts 
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have been repla{:ed and the problem remains (probability 
l - Am) a backup procedure is used to locate and repair 
the fault. Given this model, MTTR can be written as 

MTTR = D t. + (1 - D) Rm t, + 
(1 - D)(l - Am) (Mt,+ t.) 

where Rm is the average number of parts replaced when 
the fault is cured in the diagnostic cycle, and other terms 
are as defined in Fig 1. Alternatively 

MTTR =D ~+ 
t, t, 

( 1 - D) X (Equivalent Diagnostic Cycles) ( 1) 

where 

Equivalent Diagnostic Cycles = EDC 

= Rm + ( 1 - Am) [ M + :: J ( 2) 

To achieve a given MTTR, design procedures to make 
tr, t 8 , and tb as small as possible; develop a diagnostic 
having characteristics D, Am, and Rm; choose a 

°F. A. Gay, "Evaluation of Maintenance Software in Realtime 
Systems,'' IEEE Transactions on Computers, June 1978, pp 
576-582 
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The NEC 
ThurnbvvheeL 
Its helpful features make our 
printers work better for you. 

Most printers have a rotary switch that's used to NEC's thumbwheels also run diagnostic print 
select one of 12 fixed forms lengths. The NEC Spin- sequences on paper of any width. Just dial the desired 
writer™ and Trimliner™ printers use two line length before pressing the test print mode 
thumbwheel switches. ~~~~~~~i~~ button and full testing is run within the line 

The thumbwheels do the impor- 1 . length selected . Saves wear on platens 
tant extras that make printing ~ and print elements, and speeds up 
easier, faster and more productive. • your get-ready and job-changing 
You can dial in 100 forms lengths- tasks. 
from a fraction of an inch to up to 14 ' fi6lll"'!'! A thumbwheel may not be the 
inches. Our printers adapt to your "'- ~ • most exciting part of a printer. But 
forms, rather than your forms adapt- ____ it 's important enough that NEC 
ing to our printers. ~ gave it three capabilities no other 

The wheels are interactive with the lines- printer offers. 
per-inch operator switch or under program The 55 CPS Spinwriter and 300-600 LPM Trimliner 
control. You can mix six- or eight-LPI spacing with printers are loaded with features and extras not built 
fine-quality plotting (in 1/40-inch increments) in a single into other printers . 
print run, and always return automatically to the right Attention to the details. It tells you something of NE C's 
top-of-form. Neat. motivation. 

CLEAR 

Send for our new printer brochures. 

NEC. Going after 
the perfect printer. 

TEST 
NEC 

NEC Information Systems, Inc. 
Eastern Office: 5 Militia Drive : Lexington , MA. 02173, (617) 862-3120 

Central Office: 3400 South Dixie Dnve, Dayton, OH. 45439. (513) 294-6254 
West Coast Office: 8939 S. Sepulveda Blvd .. Los Angeles. CA. 90045. (213) 670-7346 

Southern Office: 2965 Flowers Rd. South. Atlanta. GA. 30341 , (404) 458-7014 
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NO 
(PROB D) 

RUN DIAGNOSTIC 
PROGRAMS 

YES 

(PROB ( 1-D)) 

YES 

(PROB (1-Amll 

Fig 1 Repair procedure. If di
agnostic program detects fault, 
it lists parts to be replaced in 
most-likely-first sequence. Main-

LOCATE AND REPAIR 
UNDETECTED FAULT 
(TIME t 0 ) 

LOCATE AND REPAIR 
DETECTED FAULT 
USING BACK-UP 
PROCEDURE {TIME 'b) 

REPLACE INDICATED 
PART. RERUN 
DIAGNOSTIC (TIME t,) 

. tenance strategy consists of re
placing parts in sequence and 
rerunning diagnostic until fault is 
cured or some specified number 
of parts (M) have been replaced 
without solving problem. In latter 
case, fault is located and repaired 
using backup procedure which re
quires time h, where t.>t.>t, YES 

(PROB Aml 

END 

value of M; and then (if necessary) revise procedures 
and diagnostic until the desired M'ITR is attained. 

For a given system and diagnostic, compute D, Am, and 
Rm from results obtained by running experiments or, 
alternatively, compute Am and Rm from the following 
model of the diagnostic. Assume that 

T Total number of replaceable parts in the system 

n, = Fraction of the time that the diagnostic calls out the 
failed part as the jth part on its ordered list of parts to 
be replaced. 

Then 

T 

~ n, =1 
i = l 

and, assuming that all parts in the system are equally 
likely to fail, 
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16 

d 12 
>
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u 
;::: 

~ 8 .., 
<! 
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EDCI '~ 
r 

M 0 0 

MAX'MUM NUMBER OF PARTS REPLACED IM) 

NO 

and 

M 

Rm=~ j X n, 
J= l 

Suppose further that ni are members of a geometric series 
with ratio x < 1. In other words 

IlJ +l = XIlJ 

For example, a system with three parts and x = 0.8 will 
have n1 = 0.41, n 2 = 0.33, and n3 = 0.26. (Each of 
these terms is 0.8 times the previous one, and their sum 
is 1.00.) That is, when a failure occurs and the diagnostic 
detects it and lists the three parts in the sequence it has 
determined is appropriate to the observed symptoms, re-

Fig 2 Diagnostic cycle vs parts replaced. 
Graph shows how equivalent diagnostic 
cycle varies with M, number of parts re
placed before reverting to backup pro
cedure. If t./t, = 3, minimum EDC occurs 
with M = O (ie, diagnostic program should 
be used only for fault detection). For 
t./t,>6, minimum value of EDC occurs 
when M = T (ie, backup procedure is 
never used) 
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The Power Paradox: 
The AC power your computer needs in order to operate is also a 
major cause of computer error, malfunction and damage. 

The computers that control your 
operations (and therefore your 
profits) are designed to operate from 
a clean, steady supply of ac power. 

This ac power must be kept within 
manufacturer-specified tolerances in 
order for the computers to operate 
properly and safely. 

In fact, the U.S. Department of 
Commerce states that "if a 
computer's voltage exceeds 120% [of 
the rated voltage] for a duration as 
short as 1 to 10 milliseconds. the 
computer will make errors." 1 

Unfortunately, interruptions and 
disturbances of this nature are 
commonplace occurrences within 
most computer facilities. 

A comprehensive study of power 
line disturbances which affect 
sensitive computerized equipment 
was conducted by two IBM 
researchers. They concluded that 
such disturbances occur on an 
References: 

average of 128 times each month. 2 

For users of computer-based 
equipment, power disturbances can 
and do create a variety of costly 
problems. 

Effects upon data 
processing computers. 

When these power disturbances 
occur in your data processing center 
they can cause entry errors, program 
changes or loss. head crash. data loss. 
the generation of false or garbled 
data. the need to rerun programs. 
and computer downtime. 

Effects upon computerized 
process control equipment. 

Process control equipment i also 
vulnerable to power disturbances. 
Common problems created by these 

1. U.S. Department of Commerce, " The Effects of Electncaf Power Vanat1on Upon Computers: an Overview." 

2. George W. Allen and Donald Segall. IBM Systems Development Div .. "Monitoring of Computer lnstallat1ons for 
Power Line Disturbances." presented to the IEEE Power Engmeenng Society 

Topaz peripherals solve the power paradox by condit ioning normal ac power for 
your computer and computer-based equipment. 
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disturbances include improper batch 
termination and even program 
changes. The program changes can 
result in the repetition of process 
errors and in downtime while 
equipment is being reprogrammed. 

Effects upon energy 
management systems. 

Most energy management systems 
use small computers to make energy
saving decisions. but their effective
ness can be offset by these same 
disturbances. Program changes and 
errors may prevent useful operation 
of these systems as energy savers. 

Thus. thecomputersyourcompany 
depends on to reduce operating costs 
actually may be increasing them. 

Topaz power pe ripherals can 
protect a ll of your computer s. 

Topaz can provide the power 
peripherals specifically designed to 
keep your company's data 
processing, process control and 
energy management computers from 
making costly power-related errors. 

And if you manufacture computers 
or computerized equipment, Topaz 
peripherals can make you r product 
more reliable as well as reduce the 
requirements for needless service 
calls. 

Immediate delivery and guaran
teed solutions to power problems 
have made Topaz the leading 
computer power peripheral company 
in the world. 

For more information about Topaz 
and its products: 

1. Tear out this ad and mail it to us 
along with your business card; or 

2. Call us: 

TOP.AZ 
ELECTRONICS 

3855 Ruffin Road, San Diego, CA 92123 
(714) 279-0831 - TWX (910) 335-1526 
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Fig 3 Minimum EDC vs T and 
x. For given diagnostic dis-

-------~·-'~o~. '""70'----- crimination x, minimum equiv
alent diagnostic cycle in
creases with number of parts 
T in system, reaching maxi
mum value of 1 / (1 - x) for 
large values of T. EDC for 
x = 1 corresponds to useless 
diagnostic resulting in random 

1-¥-----+----l--+---lr-l---+-+---- -+---+--+---1-1---+-+- sequence of parts replacement 
1 5 6 10 20 30 40 50 60 80 100 

TOTAL NUMBER OF PARTS ( T) 

placement of the first part on the list cures the problem 
41% of the time, the second part 33% of the time, and the 
last listed part the remaining 26% of the time. With this 
assumption 

_ xl-1 (1 - x) 
Ilj - (1-xT)-

- (1 - x11) 
Am - -(1-:: xTf 

and 

Rm = 1 [~ 1 - xll ~ - M Xll ) 
(1 - xT) (1 - x) 

MTTR OBJECTIVE 
EXPECTED RANGE FQR: 

t, 

ta 

MTTR!t, 

'o / tr 
D 

2.0 h 

1/4 h TO 1/3 h 

8 h TO 12 h 

6 TO 8 

24 TO 

6 

I 
10 .74 

(3) 

(4) 

EQUIVALENT DIAGNOSTIC CYCLES I EDC) 
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10 

Substituting Eqs ( 3) and ( 4) into Eq ( 2) results in EDC 

expressed as a function of the "diagnostic discriminator" x. 
Fig 2 shows the EDC for a system having 16 parts, 

assuming a diagnostic with x = 0.84. Three points must be 
made in connection with this illustration. 

( 1) If the backup repair time tb is too large, there may 
be a va~ue of M for which it will be better to replace all 
remaining parts (going around the diagnostic cycle of 
Fig 1) than to use the backup procedure. Referring to 
Eq ( 2), the smaller of ( M + tb/tr) and T should be 
used. In other words, the worst case value of EDC is 

EDC .... = Rm + (1 - Am) T 

12 

Fig 4 EDC required to achieve specified 
MTTR. Oiagonal lines are plots of Eq (1) 
showing how MTTR varies with EDC for 
specified values of t. and t., and with 
diagnostic detection at 90 to 95% (D = 
0.05 to 0.10). Horizontal dotted lines show 
that, with t. = 0.25 h (MTTR/t. = 8), EDC 
must lie between 3.56 and 6.74, depending 
on t. and D; and with t. = 0.33 h (MTTR/ 
t. = 6), EDC must lie between 2.67 and 
5.05. Fig 3 then determines for given T, 
what value of discrimination x is required 
to achieve these values for EDC 
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SIEMENS 

• • .TM 
I• 1n1. 

5}.t" double-sided, double-density industry compatible mini-disk drive. 

Maximum storage capacity in mini
mum space. Siemens offers a SOOK byte 
capacity in a compact drive half the size 
of a standard 8-inch . And our plug-to
plug compatible Maxi-Mini disk drives 
are available for immediate delivery. 

Siemens Maxi-Mini disk drives 
utilize Wangco technology which has 
been proven in over 20,000 installations. 
Available with either single or double 
head, these mini-disk drives also pro
vide many other important features. 
Such a~ a true anti-crunch mechanism 
which prevents cover closure until the 
diskette is fully in place. This helps avoid 
data loss and provides a very real dollars 
and cents savings on disk replacement. 
There's also a wide mouth which permits 
easier, more convenient insertion of 
media, shortening load/ unload time. 

Also available from Siemens are 
single- and double-sided 8" floppy disk 
drives and mini-disk controllers. For 
immediate delivery of the Maxi-Mini or 
information about other OEM products 
from Siemens, contact us at: 

Siemens Corporation 
OEM DIVISION 
1440 Allee Street 
Anaheim, CA (714) 991-9700 
District Offices: 
Boston , MA (617) 444-6580 
lselin, NJ (201) 494-1000 
Chicago, IL (312) 671-2810 
Dallas, TX (817) 461-1673 
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New Breed of MOS. 
Intel introduces HMOS 11!.and a new family of 
static RAMs that cross the finish line in 20 ns. 

Intel just set a new pace for 
high performance memory with 
HMOS II . It's our patented next 
generation MOS technology so 
advanced it delivers speeds faster 
than bipolar and even our own 
first generation HMOS process. 
HMOS II gives designers the 
fastest, lowest power static RAMs 
ever-plus traditional MOS 
economy and reliability. Our new 

History of MOS speed 
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Intel's continued process and scaling improve
ments have doubled MOS speeds every two years. 
The above graph demonstrates this trend with 
Intel's 1 K x 1 static RAMs. 

lK and 4K RAMs are fully com
patible, higher speed upgrades of 
Intel's time-tested 2115A/2125A 
and 2147 devices. 

lK fast statics that leave 
bipolars behind 

Designers building cache, 
writeable control store or buffer 
memories will find our 16-pin 

• HMOS II is a patented process of Intel Corporation . 

2115H/2125H lK RAMs ideal. 
For new designs, two versions 
deliver record access speeds of 20 
ns and 25 ns, with a speed/power 
product twice as good as slower 
bipolar RAMs. 

Our 35 ns and low power 
30 ns models can be used as direct 
plug-in replacements for 93415A 
and 93425A bipolar RAMs. 
They'll cut power dissipation up 
to 36%. And, best of all, they're 
available now. 

New, faster 4K with no 
power increase 

Intel's new 214 7H gives you 
all the advantages of our 18-pin 
4K x 1 industry standard 2147, with 
twice the speed and no increase 
in power. With access times as fast 
as most lK RAMs, it's important 
news for anyone designing buffer, 
cache, control store and main 
memory systems. If you're presently 
working with lK RAMs, you can 
increase density or reduce board 
space by a factor of four. In a 4K 
format, the 2147H makes possible 
a new dimension of higher 
performance systems. 

The 2147H's low active 
power dissipation and automatic 
power down on deselection also 
mean dramatically reduced power 
consumption compared to constant 
current static RAMs. In fact, 
because most devices are deselected 
at any given time, the larger your 
system, the lower your power 
dissipation per bit. It all adds up 
to simplified designs and major 
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HMOS II fast static RAMs 
Maximum Power 

Access Consumption (mA)" 
Part No. Time (ns)" Active Standby 

4096x1 
2147H-1 35 180 30 
2147H-2 45 180 30 

1024x1 .. 
2125H-1 20 125 

2115H-2 
25 125 

2125H-2 

2115H-3 
30 100 

2125H-3 

2115H-4 
35 125 

2125H-4 

·over full O" to 75°C operating temperature range. 
••All 2115H versions have open-collector outputs, all 

2125H versions have tri-state outputs. 

savings in cooling and power 
supplies. 

All HMOS II components 
are fully static and can be used in 
clocked and unclocked systems. 
They are directly TTL compatible 
in all respects: inputs, outputs 
and operation from a single 
+5V supply. 

Order 2115H/2125H and 
2147H RAMs from your Intel dis
tributor. Or, for more information, 
contact your local Intel sales 
office or write: Intel Corporation, 
3065 Bowers Avenue, Santa 
Clara, CA 95051. 

inter delivers. 
Europe: Intel International , Brussels, Belgium. Japan: 
Intel Japan, Tokyo. United States and Canadian distriJ>utors : 
Arrow Electronics, Alliance, Almac/Stroum, Component 
Specialties , Cramer, Hamilton/Avnet , Harvey, Industrial 
Components, Pioneer, Sheridan, Wyle /Elmar, Wyle/Liberty, 
L.A. Varah and Zentronics. 

51 



• 
Northsta?f 



(2) For reasonably large values of tb the minimum EDC 
(and thus the minimum MTTR) occurs for M = T, and 
has the value 

1 T XT 
EDCmln = l _ X - 1 _ XT (5) 

( 3) If tb/ t, < EDCmtn• the backup repair procedure is 
so effective that the diagnostic should not be used except 
as a fault detector. 

Fig 3 illustrates how the minimum EDC varies with T 
and x. This curve, along with Eq ( 1) for MTTR, can be 
used in maintenance planning. For example, suppose that 
an electronic system has 64 modules and an MTTR of 2.0 h 
is desired. Assume that t, is expected to be between 15 
and 20 min, and that ta is to be between 8 and 12 ~· 
Then, if the diagnostic programmers expect that their 
detection probability will be 90 to 95% (D = 0.05 to 
0.10), what value of discrimination x must be achieved? 
Fig 4 shows that an EDC of 2.67 to 6.74 is required, de
pending on the values of D, t,, and ta. Fig 3 indicates 
that for T = 64, x must lie between 0.63 and 0.85 t.o 
achieve those EDCs. If the diagnostic programmers commit 
to D = 0.07 and x = 0.8, then from Eq ( 5) EDC """ 5, 
and from Eq ( 1) 

t. ~ 28.6 - 66.4 t, 

From this it becomes obvious that maintenance pro
cedures which result in a repair/ diagnostic time tr of 
15 min will permit a ta of 12 h, but that an increase in 
t, to 20 min will require ta to be 6.5 h. 

Conclusions 
The most important characteristics of diagnostic programs 
are the ability to detect failures (measured by D) and 
to pinpoint faulty parts (measured by x) . Most important 
aspects of a maintenance procedure, once a diagnostic has 
been designed, are the average time required to locate and 
repair a fault which the diagnostic does not detect (mea
sured by ta) and the average time required to replace a 
part and rerun the diagnostic (measured by tr). 

If the diagnostic program's discriminatory powers can 
not be approximated by a geometric series with ratio x, 
its properties can still be measured in terms of the param
eters nJ, and A01 and Rm can be computed, and thus EDC 
and MTTR as a function of M. Gay's data for the tele
phone company's ESS diagnostics suggest that a diag
nostic as originally written may have discriminatory char
acteristics with geometric series properties, but that such 
a diagnostic can be improved by focusing attention on 
the items at the top of the ordered list. If diagnostic 
analysis can be refined so that the probability of choosing 
the proper part in, say, one of the first three tries is in
creased (ie, n1, n2 , and n3 each increased at the expense 
of later values of n), then Rnu EDC, and MTTR will all de
crease. 

It has been shown that, in theory, the backup procedure 
should never be used. It is always better to continue 
replacing parts until the faulty part is found. In practice, 
however the backup procedure is necessary to handle 
the awk~ard problem not covered by the "pretty" model
the situation where no part replacement will cure the 
fault, or where two or more parts must be replaced. 

The Author solicits comments on the material pre
sented here, data supporting or contradicting his ap
proach, and suggestions for topics to be explored in 
future articles.-Ed. 

so Much LSl-11 & PDP-11 
Analog 1/0 ... 

You'd Think we were DEC. 
Choose from over twenty-nine analog 1/0 systems. Dual 
height systems tor LSl-11, LSl-11 /2, and LSl-11 /23 designed to 
save valuable backplane space and lower costs. Quad size 
systems with features no one else offers. Hex height PDP-11 
UnlbUs• systems with unmatched pertormance. 

High-speed, hlgh·pertormance 12-blt 1/0. or 14·blt, If high 
resolution and accuracy is what you need. In addition hard· 
to-get·DEC equivalents. Digital 1/0. Programmable real·tlme 
clock. Interfaces with FORTRAN subroutines that reduce 
your programming time. Plus, guaranteed bus and software 
compatibility. More LSl-11 and PDP-11 data acquisition 
system boards than you can get from DEC. At lower prices. 

AID systems Include: up to 64 channel analog Inputs, 125KHz 
throughput, OMA Interface, programmable gain amplifier .. 
low level Inputs of 1omv FSR, 14·blt accuracy and resolution, 
4·20mA current loop Inputs, Isolated low level Inputs, and 
full DEC compatibility. 

DI A systems Include: up to 8 analog outputs per slot, fast 
settllng of 3usec to 12-blt accuracy, 25mA outputs tor 
guaranteed cable driving, point plotting capability, OMA 
Interface and read/write byte addressable registers. 

Digital boards Include: Digital 1/0, Isolated Digital 1/0, 
and programmable real·tlme clock. 
DELIVERY? we doubt that you'll find any company faster than 
DATA TRANSLATION. we assure five-day delivery. When you order on 
Monday, we deliver by the next Monday. No excuses. No delays. 
GSA contract. SEND tor Full Technlcal Data or Call us. 

DATA TRANSLATION 
iilllillllll!l .... 11!!!!1 ... lllll!!l!llll!lllll!ll"~!!'~INC 
4 Strathmore Rd., Natick MA 01760 
(617) 655-5300 Telex 948474 

"UNIBUS, LSl -11 & PDP-11 are Traaemarks of Digital Equipment corp. 
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Minicompu ers Reduce For F ctor and 
Add Slave and Component Capabilities 

A compact slave minicomputer aimed 
at communications and process con
trol applications and a series of 
board level minicomputer products 
directed at integrated component 
and multiple computer environ
ments, the LSI 4/ lOS and the Scout 
Naked Mini model 4/ 04 extend the 
existing Naked Mini 4 line from Com
puter Automation, Inc, Naked Mini 
Div, 18651 Von Karman, Irvine, CA 

92713. Both units incorporate the 
LSI 4/ 10 instruction set and use the 
same processor, but reduce the form 
factor through the use of higher 
density memory and logic circuitry, 
and the use of programmable logic 
devices that afford space savings at 
a ratio of 4: 1. 

Slave Computer 

The 4/ lOS is a slave minicomputer 
with 32k bytes of dynamic RAM and 
four 1/ 0 ports, packaged onboard 
with a 2-chip custom MOS processor 
and associated logic. Up to four 
slaves operate under control of a 
single host. Attaching to the same 
bus as the system processor, the 
slave operates as a peripheral DMA 

device for offioading CPU functions 
that run concurrent with and inde
pendently of the host processor. Soft
ware is provided for using the slave 
with either the Naked Mini 4 or LSI 
2 series computers. 

The company's concept of slave 
computing, as distinct from multi
processing, is the technique for im
proving performance by adding par
allel, autonomous computers with 
their own memory and I/ O ports to 
a host computer system. Since the 
slaves operate under their own pro
gram control software, impact on the 
host system is minimal. The slave 
is similar to the existing LSI 4/ 10 
in terms of physical size, bus archi
tecture, CPU, and software compati
bility; it differs in memory design 
and interface logic. 

The slave is distinguished from 
multiprocessing devices by its private 
memory, and distributed I/ o po1ts 
that accept all intelligent cables. 
r/ o transfer rates can reach more 
than 38k bytes/ s with private mem
ory. Major benefits are increased 
overall system throughput, more ef
ficient memory utilization, and abil
ity to modularize applications pro
grams. A slave computer is not 
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Processor board of Computer Automation's Scout 4/04 (left foreground) is about 
half the size of LSI 4/10's CPU board. Overall size reduction is dramatic when 
power supply, chassis, and memory and logic boards are included in comparison 

limited by bus speed, software over
head, or memory contention prob
lems when operating autonomously. 

More efficient memory utilization 
results from the processor's direct 
addressing of its own onboard RAM 

and half of the host processor's 64k 
bytes of public memory. Instructions 
execute out of either memory, and 
data or instructions can be block 
moved from public to private mem
ory. 

Another important aspect is the 
software compatibility between mas
ter and slave. The slave's instruction 
set is a superset of the master's 
standard set with additional instruc
tions for addressing, communications, 
and master-slave control services. 
The slave may be reset, interrupted, 
and have slave control service func
tions performed from the host ma
chine through 1/ 0 instructions. 

Standard on the half-card pro
cessor are realtime clock that is in
dependent of the host's realtime 
clock. A buffered Maxi-Bus DMA inter
face provides for internal memory 
operations without Maxi-Bus interfer
ence. The slave can be used in any 
chassis position that a standard DMA 

controller can occupy. Multiple slave 
processors can operate in a single 
chassis, provided power, slot, and 
DMA priority chain requirements are 
met. Circle 175 on Inquiry Card 

Component Computer 
Board level products in the Scout 
Naked Mini 4/ 04 series extend the 
line downward in size and price but 

deliver approximately the same per
formance as an LSI 4/ 10. A Scout 
configured with four modular circuit 
boards and power supply occupies 
less than one-half the space of a 4/ 10 
package, but sells for approximate
ly 20% less. Both size and price adapt 
the unit to use as a component within 
a larger system and in multicom
puter environments where several 
units perform under control of a 
supervisory computer. Other criteria 
influencing its development relate to 
reliability, software compatibility, 
modularity, and repairability. 

The computer system consists of a 
CPU, 10 supporting system and func
tional boards, card cages, and a 5-V 
power supply. Some circuit boards, 
measuring 6.25 x 8.3" ( 15.8 x 21.1 
cm) are priced low enough to make 
the throw-away versus repair deci
sion an issue. A minimum useful con
figuration consists of three cards. 
Either 4- or 9-card cages are pro
vided. 

Central processor board provides 
architecture compatible with other 
family members in terms of data 
types processed, addressing modes, 
1/ 0 modes, register file, status regis
ter contents, interrupt and trap han
dling, optional realtime clock, and 
autoload/ autostart capabilities. The 
processor is word or byte address
able, with direct addressing to 128k 
bytes. Multiple DMA and interrupt 
devices are supported. The instruc
tion set is common to the LSI 4/ 10. 

A dynamic RAM board with 32k 
bytes is standard with ability to ex-
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Eight Ways 
to Rate 

a Power Supply 

1. DOES THE PC BOARD 
USE 2-MIL COPPER? 
Many power supply com
panies use cheap 1-mil cop
per - even 0.5 mil copper. 
Powertec uses expensive 2-
mi I copper in all high-current 
circuits to keep temperatures 
low and the MTBF high. 

2. ARE HOT COMPONENTS 
RAISED OFF THE PC BOARD? 
Mounting heat-dissipating com
ponents off the board is more ex
pensive, but raises the MTBF by 
keeping them in the open - and 
therefore cooler. That 's the way 
we mount them at Powertec. 

3. DOES THE TEMPERATURE 
OF THE TRANS~ORMER RISE 
LESS THAN 45°C? 
If it doesn 't, insulation deteriorates 
fast. At Powertec, we keep the insula
tion cool by vacuum impregnation . 

4. ARE THE CAPACITORS 
COMPUTER GRADE? 
Computer grade caps last four times 
longer than ordinary grade caps because 
they use a better seal and dissipate less 
heat. That 's why they're standard at Power"tec. 

5. IS THE LOAD PROTECTED AGAINST 
LINE TRANSIENTS? 
Many power supplies pass deadly transients to 
the load. A Powertec power supply protects your 
device against line transients with a solid copper 
electrostatic safety shield wound on the transformer. 

CIRCLE 30 ON IN9UIRY CARD 

6. ARE THE IC'S PRE· 
TESTED? 

If not, watch out! 
Marginal IC's are 

a prime cause of 
power supply failure. 

That's why Powertec 
tests all significant 
semi-conductor para
meters - before as

sembly! 

7. ARE THE POWER 
TRANSISTORS HER· 
METICALLY SEALED? 

A non-hermetic device in a 
power supply is like an auto

mobile with an uncapped bat
tery. It's a disaster waiting to 

happen . Hermetic devices are 
standard in all Powertec products. 

8. DOES THE PRODUCT HAVE 
UL RECOGNITION? 

UL recognition means a product is 
manufactured to consistently high 

standards of safety and workman
ship. Many power supply manufac

turers don't have it. Powertec does. 

If you are using a power supply that 
doesn 't meet the eight criteria, you should 
be talking to Powertec . We manufacture 

some of the most reliable power supplies 
ever made - both switchers and linears. 

CALL SHERRILL MILNER at (213) 882-0004 
for full details or write Powertec Inc ., 20550 

Nordhoff Street, Chatsworth, California 91311 . 
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PRIVATE 110 

PRIVAfE 32k-lm RAM 

SLAVE PROCESSOR 

4/I OS SL AVE 
COMPUTER 

LSI 4/1 OS attaches to same bus 
and operates as slave under con
trol of host system, but uses Its 
OWi\ program control software to 
minimize Impact on host com
puter's throughput and prevent 
memory contention problems 

pand to 64k or 128k on the same 
board. Cycle time is 550 ns, and 
automatic address allocation is pro
vided. A combination RAM/ EPROM 
board allows static RAM to be se
lected in increments of 0, 4k, or Bk 
bytes. Chip sockets permit additi.on 
in 4k-byte increments of user pro
grammable EPROM up to 32k bytes. 

Although a console is not needed 
in most applications, a remote con
sole interface board interfaces the 
processor bus to an LSI 4 remote con
sole for system development, test, 

TIMING TIMING 

NONMAS<ABl.E 
Tll:APS 

MASKABlE 
INTERRUPTS 

VE CTOOfD CXlNlllOl MTA 
INTERRUPTS CH" CHIP 

MICROCODE 
ADDRESS 

or debug operations. Rl)lay cards 
provide eight optically isolated solid 
state relays each, with control volt
age from 5 to 120 V at 1.5 A. 

Parallel I/ o boards contain a 
microprogrammed computer that con
trols data transfer to and from I/ O 
devices. Boards for paper tape read
er / punch control and for general 
purpose 16-bit interface are avail
able. Similar serial I/ o boards sup
port Rs-232 compatible devices. 

Other boards in the support group 
consist of A-D converter with 12-bit 

SCOOT BUS 

BUS 
CONDITION 

AOOAESS CODES 
DATA 

AOOIHS AB08--OllYl!t A.815 

:tJfltESS AIOO-
AB07 DllYll 

IASI 
~•ONi--------, 
MICIOCGDI 
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TIMING 

BNONMASl<AILE TlA•S 
ASKAllE INTERRUPTS 
ECTOR INTERRUPTS 
MA 

tNTERRUPTS 

resolution, 16 single-ended or 8 dif
ferential input channels, and 20-
kHz throughput rate; an extender 
card that provides access to signals 
on the processor board for test and 
development as well as an optional 
interconnection between Scout 
motherboards to extend bus signals; 
and a blank prototype board that 
allows users to develop interfaces to 
the processor bus. 

A self-diagnostic capability on 
each board signals go / no go via an 
LED to allow users to conduct their 

Processor board in Scout Naked 
Mini 4/04 packs family com
patible architecture, Interrupt and 
trap handling capability, and di
rect addressing of 128k bytes of 
memory, along with diagnostic 
capabilities into a 6.25 x 8.3" 
(15.8 x 21.1-cm) area 
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Nova,Eclipse and PDP-11 Users: 

TAKE YOUR COMPUTER, 
ADD ONE Ball DISK CONTROLLER, 

AND MIX OR MATCH FOUR 
DISK DRIVES. 

At last. Intelligent disk controllers 
for your Nova/Eclipse or PDP-11. 
They plug right into the host com
puter. They accommodate both 
removable and Win
chester fixed media 
drives. And best of 
all, they allow inter
mixing of any four 
SMD interface
compatible disk 
drives. That's right four 
drives in any mix of standard 
capacities, transfer rates or 
organizations. 

The new 3255 Disk Control 
for Nova and Eclipse 
Now, Nova and Eclipse users can 
meet their particular mass 
storage needs with a wider 
choice of drives. The .3255 
controller allows inter
mixing of any four Storage 
Module, Winchester or .3.3.30-
type disk drives (including our 
own Ball drives) for total on-line 
storage of up to 1200 megabytes 
and data transfer rates up to 1.2 
megabytes/second. All this from a single 
board, host-resident controller with the 
latest operational features. 

Standard features: Automatic 11-bit ECC. Self
diagnostics. A 2K FIFO data buffer. Support of multiple 
record length formats, overlapped multiple seeks, 
strobe/track offset error recovery, and much more. 

3. The new 3211 Host-Resident 
.__ __ ...._Disk Controller for PDP-11 

All the same features of 
the .3255, including 

drive intermix 
capability, are 

available with the 
.3211 controller for 

the PDP-11 series. 
The .3211 emulates the DEC 

RM02 controller without soft
ware modification. 

Ball is more than a controller 
supplier-Add our BD Series 50 or 
80 megabyte drives and you have a 

fully integrated, ready-to-run data 
storage subsystem. You get a 

smooth running package 
with single source 

responsibility. 

· Looking for more 

capacity? 

Ask about the BD-100. 

BALL ••• WHERE QUALITY HAS BEEN A TRADITION FOR 99YEARS. 

Ba II Computer Products 
860 East Arque1 Avenue, Sunnyvale, Callfomla 94086 (408) 733-6700 

Tell me more about: 

O 3255 Disk Contro ller for Nova / Eclipse O BD-50, BD-80 and BD-100 disk drives 
D 3211 Disk Controllers for PDP-11 O Data storage subsystems 

NAME T ELEPHONE 

ORGANIZATION 

ADDRESS 

CITY, STATE AND ZIP 
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Mostekquality. 
Commititromemory. 
0 At Mostek, we build only 
the highest quality memory 
systems. 

We start by using our own 
industry-standard dynamic 
RAMs which have undergone 
burn-in and stress tests at the 
component level. Then, we 
put each one of our memory 
systems through pre-burn, 
burn, and post-burn system 
tests. 

That's why we can put a 
one-year warranty on every 
memory board we sell. 

Mostek 

Select the density 
and features you need. 

Our broad line of memory 
systems gives you a wide 
choice of density options, in
cluding some of industry's 
largest and fastest 
configurations. 

Plus our long list of stan
dard and optional system fea
tures results in greater system 
flexibility and significant 
cost-savings. 

And if you have the need for 
a general purpose memory, 
our MK 8600 provides indus
try's largest semiconductor 
add-on capacity. 

System Number Minicomputer Density Options 

MK 8001 PDP-11 * 16K, 32K, or 
64K words X 18 bits 

MK 8011t PDP-11 * 16K, 32K, or 
64K words X 18 bits 

Call us for the best 
news of all ... 

Our competitive pricing, 
OEM discounts, and fast de
livery. Call one of our offices: 
Eastern, (201) 842-5100; Cen
tral, (214) 386-9141; Western, 
(408) 287-5081; Southern 
California, (714) 549-0397; 
Memory Systems Marketing, 
(214) 242-0444, ext. 3552. Or 
write us at 1215 West Crosby 
Road, Carrollton, Tuxas 75006. 

MOSTEl<.~:;:~s 

Special Features 

Voltage options available 

Optional on-board parity 
generation and check. 

MK 8005 LSl-11/2* 16K, or 32K words X 18 bits Optional on-board parity 
generation and check. 

MK 8009 PDP-8* 
MK 8601 PDP-11/70* 

MK 8003 Nova 3•• 

MK 8004 Eclipse•• 

MK 8000 General Purpose 

MK 8600 General Purpose 

• A trademark of Digital Equipment Corp. 
•• A trademark of Data General Corp. 
t Available 3rd Q . 
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Coming Soon! 
Up to two megabytes 
in a seven inch chassis. 

16K, 32K, 64K or 
128K words X 17 bits 
16K, 32K, 64K, or 
128K words X 16/21 bits 

Up to 128K words X 24 bits 

Up to 5 megabytes 
in a 12 inch chassis. 

CIRCLE 32 ON IN9UIRY CARD 

Can operate in the 
interleave and serial 
modes simultaneously. 

Industry's highest 
density Nova 3 Add-in 
Optional ERCC 

Configure one megabyte 
with three cards. 
Industry's largest 
Add-on system. 

,. 1979 Mostek Corp 
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Some of these components will probably never. 
The others will just come close. 

, , , , , 
' I , ,-

Snap-action V3, SM and SX switches offer 
wide variety of actuators, electrical capacity and 
termination. 

Mercury switches offer hermetic sealing, a 
variety of electrical capacity and broad temperature 
ranges at a low cost. 

The SR, XL, XK and AV are solid state position 
sensors featuring almost infinite life. All offer zero 
speed operation with some up to 100 Khz. ES current 
sensor utilizes Hall-effect IC and protects against 
damage from short circuits or overcurrent conditions. 

ualde 
low inst 
electrical fie · ac-
tive panel appearance. ries 8 
miniature manual switches p~ovide small size and 
wide variety of operators. OM offers inexpensive 
snap-in panel mount design. 

Solid state keyboards provide high reliability no mechanical keyboard can offer. Panel sealed 
versions also available. 



wearoul. 

The solid state key
board, ArvIL lighted push
buttons and sensors you see 
here will probably never 
wear out. Because they're all 
solid state. 

Each is based on a Hall 
effect integrated circuit. A 
circuit that's been tested 
through billions of opera
tions without failing . And 
proven by performance in 
thousands of applications. 

The precision electro
mechanical components you 
see here come close. Simply 
because of the careful way 
they're designed and put 
together. 

Like the long-life 
versions of our snap-action 
V3, SM and SX precision 
switches. Available in a wide 
variety of sizes, electrical 
ratings, terminals, actuators, 
contact forms and operating 
characteristics ···· some tested 
to a mechanical life of over 
10,000,000 operations. 

MICRO SW1TCH will 
provide you wjth field 
engineers for application 
assistance and a network of 
authorized distributors for 
local availability. Write us for 
details or call 815 / 235-6600. 

And find out how you 
can get a component that 
goes on forever. Or at least 
comes very, very close. 

MICRO SWITCH 
f Ht t f' ( J [, I I l l IN ( j I~. , , 1 (I i .' 

A DIV I SIO N OF H O N EYWEL L 

MICRO SWITCH products are 
available world wide through 
Honeywell Inte rnational . 

DIGITAL TECHNCLCGV REVIEW 

own test of board level components. 
Users can allow the diagnostic rou
tine to execute automatically at 
startup or can invoke the program 
via software command. 

The diagnostic on each board is 
implemented in a 4k-byte ROM and 
may include an autoload capability. 
Optionally the user may program 
the ROM to his own specifications. 
Firmware provides for chained diag
nostics so that each board in the 
configuration can be tested sequen
tially. 

Software consists of OMEGA 4, a 
general purpose memory based soft
ware development system that in
cludes assembler, editor, object load
er, and debug utility; realtime execu
tive, a small fast version of RTX4 
which can be made ROM-resident, 
that includes interrupt, clock and 
task control services, 1/ 0, file man
agement, and communication ser
vices; and INTERCOMM, a communi
cations subsystem that supports asyn
chronous devices using the DDCMP 
protocol and enables downline load
ing of application programs. 
Circle 176 on Inquiry Card 

Medium to Large Scale 
Computer Systems Offer 
Distributed Processing 
Series 60 computer systems, address
ing the distributed processing area; 
bracket IBM 434I and 433I systems 
and are price/ performance competi
tive with them. Level 66/ Distributed 
Processing System models DPs-440 
and -520 and Level 64 models DPS-
320 and -350 extend the existing 66 
and 64 lines downward and upward, 
respectively, and support the dis
tributed systems environment imple
mented by Honeywell Inc, United 
States Information Systems Group, 
200 Smith St, Waltham, MA 02I54. 

Level 66 DPs-440 and -520 models 
extend the large scale family down
ward, fit within DSE as hosts or co
hosts, and offer software compati
bility with Level 6 minicomputers. 
DPs-440 offers twice the performance 
of the previous entry level system, 
while the -520 offers performance 
about L'> times that of a -440. Both 
use integrated system modules and 
I6k MOS circuitry to provide Boor 
space, power, and cooling savings 
over previous Level 66/ DPS systems. 

The DPs-440 consists of a central 
system that includes CPU, system con-

trol unit, and one 1/0 multiplexer 
with I8 channel function slots. IM
or 2M-byte memory made from 16k 
MOS RAMS is available. The DPs-520 
central system is configured simi
larly but provides IM-, 2M-, and 
4M-byte memory versions. 

For use on these two machines 
only, the Datanet 664I frontend net
work processor provides network com
munication power. Using minicom
puter technology, the 664I processor 
operates asynchronously under firm
ware control. A basic unit includes 
64k bytes of memory, with capacity 
for an additional 64k, and is com
patible with system software and 
user generated programs of the Data
net 6600 family. 

The multipurpose csu 660I sys
tem console combines technology 
and design conveniences to improve 
operator interface with the system. 
The freestanding console provides 
I2" (30.5-cm) CRT, I20-char/ s print
er, and interactive message transfer 
capability. 

Extending the medium scale Level 
64 family, DPs-320 and -350 central 
processors are claimed to improve 
hardware price and performance, 
and software functionality. The DPS-
320 is estimated to equal the IBM 
433I in price and performance, while 
the -350 increases performance sig
nificantly at a small increase in 
price. 

A basic -320 has 50% greater in
ternal performance and five times 
the memory capacity of the family's 
previous basic processor, and the 
-350 has 2.6 times greater perfor
mance and five times the memory ·ca
pacity. Basic memory in both units 
is 5I2k bytes, expandable in 256k 
increments to IM bytes in the -320 
and 2M .in the -350. 

An ihtegrated communications con
troller Sl,\pports up to I4 communi
cations iines. Each line handles 16 
display or printer terminals. 'J'he 
controller enables the units to com
municate with other Series 60 com
puters and to be configured as part 
of the distributed systems environ
ment. In this configuration it is sup
ported by a network of Level 6 mini
computers in remote batch process
ing, remote job entry, and interactive 
data entry from a single terminal 
or a cluster of terminals. 

Other standard features include 
an integrated mass storage processor 
capable of attaching eight lOOM- or 
200M-byte discs, an integrated unit 
record processor for attaching print
ers and card equipment, a console 

61 



DIGITAL TECHNOLOGY REVIEW 

and 30-char/ s console printer, and 
RMs-64 to provide remote mainte
nance capability. 

Among the software packages 
available for use on the systems, the 
GCOS 64 operating system communi
cates with Level 6 satellites, the 
query driven system provides a com
mand and inquiry capability for file 
inquiry and report building using 
English language commands, and a 
terminal oriented facility operates 
in interactive mode for terminal 
based file browsing and updating. 
BASIC programming language offers ::i 

complete program development sys
tem as a tool in scientific and busi
ness applications. 

Purchase price for the 512k-byte 
DPs-320 is $81,360; a 512k-bvte DPS-
350 sells for $155,232. Deliveries 
will begin in the second and third 
quarter of the year, respectively. 
With deliveries planned to begin 
first quarter 1980, prices of IM-byte 
DPs-440 and -520 are $198,338 and 
$371,316 respectively. 
Circle 177 on Inquiry Card 

Breadboard System 
Increases Accuracy And 
Aids Direct Conversion 
Insulation displacing contacts are 
combined with a solderless connec
tion system to provide fast reliable 
prototyping of printed circuit boards. 
3M Co's Electronics Products Div, 
PO Box 33600, St Paul, MN 55133, 
claims several advantages for the 
breadboard system over wrap post 
systems. Cited are labor and time 
savings, accuracy, and direct con
version from prototype to production 
boards. 

The svstem combines the insula
tion dispiacing capabilities of Scotch
flex "U" -contacts with a connecting 
system that permits solderless con
nection to boards with plated-through 
holes. Connectors include solder 
strips, plug strips, and 16-position 
dual sockets. 

A connection is made with con
tinuous 30 AWG solid insulated wire 
which is inserted into the U-contact 
using an inexpensive hand tool. Labor 
and time savings of more than 50% 
result from the elimination of the 
stripping, soldering, and crimping 
operations in interconnection of con
tacts. Time savings and accuracy are 
particularly evident where multiple 
busing is necessary. Each contact 
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INSULATION -
- DISPLACEMENT 

CONTACT 

Breadboarding system from 3M's Electronic Prod
ucts Div uses solderless connections. "S" shaped 
interior connector holds dual socket and plug strip 
together and makes firm contact with DIP !ead. 
Split tail maintains consistent electrical connection 
without soldering in plated-through hole 

Insulation displacement contact used 
in breadboard system accommodates 
two wires making 4-connection bus
ing possible and eliminating four 
separate stripping and wirewrapping 
operations 
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The only GCR 
tape sub
system for 
minis that 
troubleshoots 
itself 3 ways. 
This GCR tape transport 
subsystem gives you three 
self-diagnosing systems, each 
in a different mode. 

First, there's the only 
continuous self-circuit
checking system on the 
market. Then, in the off-line 
mode, via a built-in key
board, there's full fault 
isolation right down to the 

chip level. And finally, in the 
on-line mode, there's PCC's 
superior total check-out 
diagnostic system which 
also has fault isolation to 
the chip level. 

Besides this unique 3-level 
diagnostic capability you get 
GCR recording density of 
6250 bpi and a transport 
speed of 125 ips all in a 
l9" x24" package. 

You also get the simplest 
interface in the business. 
By far. Direct parallel transfer 
16-bit words, all in only 
29 lines. 

The PCC GCR-the tape 
transport system with three 
built-in doctors. So there's 
no waiting. 

For further infonnation, call toll-free 800-331-1005,0pr. #11 
(In Oklahoma, call collect 918-664-8300.} 
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accepts two wires, providing four 
connections or the equivalent of four 
separate stripping and wirewrapping 
operations. 

Because contacts are approximate
ly one-third the height of wrap 
posts, prototype boards can mount 
in the same space as production 
boards. This not only improves proto
type packaging density, but contrib
utes to more noise free operation, 
especially in high speed circuits. 
Furthermore, it enables the designer 
to move directly from prototype to 
production board without redesign or 
fine tuning. 

In addition, the system simplifies 
reuse of the board and components. 
·Wires can be removed without un
wrapping or cutting, and dual sockets 
and plug strips can be removed us
ing a hand tool. 

Breadboard components are com
patible with all boards with or with
out plated-through holes. Other sys
tem components include a G-10 
quality board measuring 4.5 x 5.5" 
(ll.4 x 13.9 cm) and wiring tool 
with self-contained wire feeder and 
cutting tip. Components are avail
able separately for those working 
with their own PC boards; a kit that 
includes a board and quantities of 
individual components is available 
for those needing a PC board. 

Single kits are priced at $97.50; 
discounts on quantities of 25 or more 
reduce the cost to $8 l.25. 8-contact 
solder strips and plug strips are 
$0.29 each, and dual sockets are 
$1.22 each in quantities of 1000 or 
more. 
Circle 178 on Inquiry Card 

Dot Matrix Printer 
Combines Speed/Quality 
For Wo.rd Processing 

Printer model 753 combines high 
density dot matrix print quality with 
130- to 150-char /s throughput, pro
portional spacing, and right justifi
cation to meet the need for high 
print quality without sacrificing 
speed. Offered by Centroµics Data 
Computer Corp, Hudson, NH 03051, 
the ·printer gains speed through use 
of a high speed paper motion system 
capable of 15-in (38-cm) /s slew. 

A 9-pin free flight printhead con
trolled by the unit's microprocessor 
places dots in up to 18 horizontal 
and 9 vertical positions per char
acter, creating characters with twice 
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the density of those formed using a 
traditional matrix. The free flight 
printhead operates by propelling 
solenoid-actuated wires against the 
paper in a near straight line. This 
enables different forms thicknesses 
to be used without adjusting the 
printhead gap. 

The N x 9 high density dot matrix 
feature allows large letters, such as 
capital M and W, to have a near 
letter quality 1appearance since more 
dots are used \jn their creation and 
these dots are \ so close that they 
appear to overlap. The printer's pro
portional spacing feature auto
matically compensates for character 
size differences by adjusting the hori
zontal width of letters, further im
proving the overall appearance. The 
combination of proportional spacing 
and high dot density generates high 
quality characters that are easy to 
read. 

Standard features of the unit in
clude 132-char wide columns, bidi
rectional logic seeking operations, 
downstream loading of vertical for
mat commands, tractor paper feed, 
paper out indicator, auto motor con
trol, tear bar, and single line feed 
switch. Options include audio alarm, 
·2-channel electronic VFU, operator 
selectable 6- or 8-line/in (2 or 3/ 
cm) paper spacing, interface connec
tor, and quietized cabinet. Each of 
four models has a self-contained test 
print capability that permits the 
printer to be operated offiine for 
forms setup or operation tests. 
Circle 179 on Inquiry Card 

Computer Series Enhances 
Performance, Retains 
Family Compatibility 

Four Series 700 machines-models 
720, 730, 750, and 760-in the CYBER 
170 family improve performance as 
much as 60% while reducing costs 
by 3 to 15~. The series, introduced 
by Control Data Corp, PO Box 0, Min
neapolis, MN 55440, replaces five 
existing family members and retains 
compatibility with existing software 
and peripheral products. 

Incorporated in the machines are 
improvements in design and config
uration that enhance interactive, re
mote batch, and transaction data 
processing as well as database man
agement for commercial and scien
tific applications. Of primary con
cern in the design was improvement 

of operating economy in areas such 
as space and power, and provision 
for incremental growth. 

Two central processor types are 
used in the series: unified and func
tional. These processors use emitter 
coupled logic to effect high reliabil
ity and reduce power requirements. 

Model 720 and 730 feature a uni
fied arithmetic central processor; in
structions and operands use common 
system components that permit opti
mum use of system circuits. The 
CPU's instruction control section di
rects arithmetic operation, manages 
character manipulative functions of 
compare/ move unit, and provides an 
interface between the arithmetic sec
tion and central memory control. 

Central memory control provides 
service to all memory access paths 
on a priority basis, queues access 
requests as necessary, and resolves 
access conflicts. It controls read/ 
write operations, increments ad
dresses, and processes parity gen
eration and checking for addresses 
and data. 

Built from 4k static! vos "AMS, 

central memory is available with ca
pacities from 0.98M to 2.62M char
acters. It is organized in eight log
ically independent phased banks of 
60-bit words and permits 10 6-bit 
characters to be stored in each word. 
Complete cycle time is 400 ns (maior 
cycle) and banks are phased so that 
successive addresses are in different 
banks, permitting operation at high
er than basic rates. Maximum data 
transfer rate is 10 char/ 50 ns (minor 
cycle). 

Central processor for models 750 
and 760 features nine phased arith
metic units that operate independent
ly, permitting concurrent execution 
of specific functions. Phased func
tional units perform Boolean shift 
normalize, integer add, floati~g add: 
multiply, divide, population count, 
and increment functions. This phasing 
increases data flow without compara
tive increase in required computer 
resources. Data move in and out of 
functional units through internal op
erating registers. 

Central memory control circuits 
direct arithmetic operation and pro
vide interface between functional 
units and central memory. These cir
cuits also perform instruction re
trieval, address preparation, mem
ory protection, and data retrieval 
and storage. 

Access to the central processor is 
provided via central memory and 
optional groups of peripheral pro-
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Advanced Microcomputer Development System 

µP µP and away 

Futuredata introduces 
the development system 
that sets you free. 

This newest 
development in 
development systems sets you free to 
cope with the expanding world of 
µP-based product design. Free to design 
with the 8086, 8085, 8080, 6800, 6802 
or Z-80 and free to add many other 
processors soon. This system puts 
universal hardware and software 
development capabilities at your 
fingertips: real-time in-circuit emulation 
to 5 MHz, real-time 48-channel logic 
analyzer, up to 2 megabytes of disk 
memory, and every software aid, 
including high level language compilers, 

CIRCLE 20 ON IN9UIRY CARD 

relocating macro-assemblers and 
disassembling symbolic debuggers. 
CPU, CRT and keyboard are all neatly 
integrated in one compact , mobile 
station to liberate more of your bench 
space. It's the universal, compact, 
state-of-the-art A MDS - Advanced 
Microcomputer Development System. 
Fururedata, 11205 S. La Cienega Blvd., 
Los Angeles, C A 90045. (213) 641-7700 
TWX: 910-328-7202. 

(future@@~@) 



Want 400-1600 KbY-tes? Choose our SA801/ 
851 series. With the SA801 8-inch floppy, 
you have a choice of 400 or 800 Kbytes in 
single or double density, on the same drive for 
the same price. More than 400,000 of these 
standard-setting drives have been specified 

by OEM's around the world . They know that 
they can count on Shugart's proprietary 

read/write head technology to deliver media 
life of over 3.5 million passes per track, and 

head life of more than 15,000 hours. That's 
headstrong performance. And the double-

sided SA851 drive gives you even more capacity. 
It stores 800to1600 Kbytes using single or double 

density recording . The 851's proprietary Fasflex™band 
actuator improves track-to-track access time to a fast 

3 ms. There's also a programmable door lock and 
write protect. The headstrong SA801 /851. 

Solid performers from the leader in floppy technology. 

Moving LIQ to 14.5-29 Mbytes? Check the SA4000 fixed disk drives. 
They come in 14.5 and 29 Mbyte versions with the lowest 

cost per Mbyte in their capacity range. 
You can get an optional 144 Kbytes 
of head-per-track storage, too. And 
these newest members of the Shugart 
family of high performance, low cost 

disk drives use proven Winchester 
head and media technology to en
sure better data integrity and longer 
trouble-free life. The Fasflex™ II band 
actuator reduces heat dissipation to 
200 watts (typical) and requires no 
field adjustments. The drives weigh 

only 35 pounds, use only 5.25-inches 
of panel space, and mount easily in a 
RETMA rack. You can lower your 

systems costs too, because SA4000 
drives can share a power supply with 

your floppy drives. The SA4000 fixed disk 
drives. The head_ of the family in capacity 

and cost/performance. 



Need 110-440 Kbv.tes? The famous MinifloQ.Qy ™ 
is the right choice. The Minitloppy stores from 110 
to 440 Kbytes in a package about halt the size of 

a standard floppy. We invented the Minifloppy 
family just two years ago and there are already 

well over 150,000 installed world wide. 
Compact size, reliability, and lowest cost per 
function are the reasons. Minitloppy drives have 

the same headstrong read/write head technology 
as their big brothers. The servo-controlled DC drive 

motor eliminates AC power requirements and the simplified 
actuator with direct drive spiral cam gives you track-to-track access 

as fast as 25 ms. The little drives otter the lowest heat dissipation of 
any floppy drive and feature positive media insertion , write protect, and 

activity light. Minitloppy. The original, and still the most popular 
5Y<l-inch floppy drive in the world. 

The Shugart Family Headstrong and Qroud of it. We're headstrong about our commitment to 
our customers. This means supplying you with a family of highly reliable , low cost disk drives in the 
quantities you need. And it means providing you with the best technical support and documentation in 

the industry. But it goes deeper. Like maintaining in-house control over the design and manufacture of 
100% of our floppy read/write heads. And the continuing invest
ment of financial and human resources in the development 

of new products and the most modern high volume 
manufacturing facilities 1in the business. This is the 

commitment that keeps our family growing. 
Headstrong? You bet. And proud of it. Shugart 

Associates Headquarters: 435 Oakmead Park
way, Sunnyvale, California 94086 (408) 733-

0100; West Coast Sales/Service: ( 408) 
737-9241; Midwest Sales/Service: 

(612) 574-9750; East Coast Sales/Service: 
(617) 893-0560; Europe Sales/Service: Paris 

(1) 686-00-85; Munich (089) 176006; 
Shugart products are also available oft the 

shelf from local Hamilton Avnet outlets. 

~®Shugart 
The Headstrong Company 
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Vector graphics. OEM prices. 

Now, with Grinnell's GMR-37 graphic display 
systems, you can have the resolution and input 
advantages of dot matrix television for about 
the same price as more limited character
based systems. 

And, every GMR-37 display is a complete 
operating system: display generator, MOS 
refresh memory, vector and rectilinear graph
ics, alphanumerics in 4 sizes, bi-directional 
RS-232 computer interface and RS-170 video 
interface. Systems, including power supplies, 
are housed in a 7", rack-mountable chassis 
and drive standard closed circuit monitors. 

Four basic GMR-37 models can be tailored 
to fit into almost any computer-based system. 
Here are just a few examples. (Prices are 
F.0 .8. San Jose, and quantity discounts are 
available. TV monitors are extra.) : 

GMR 37-10: $3300 
256 x 256 resolution, one channel RGB color 
plus blink. (Two channels: $3700) 

GMR 37-20: $3700 
256 x 512 resolution, .one channel RGB color 
plus blink. (Two channels: $4500) 

GMR 37-30: $4500 
512 x 512 resolution, one channel RGB color 
plus blink. 

GMR 37-60: $4700 
1024 x 1024 resolution, one channel B/W. 

In addition, you can also have several 
economical options : independent cursors, joy
sticks, keyboards, special character sets and 
16 bit, plug-compatible parallel minicomputer 
interfaces. 

Further, if you ever want to move up, Grinnel l 
has a complete line of larger systems-all 
software compatible with the GMR-37- to do 
things like animation, image processing and 
real-time frame grabbing. 

So, if quality graphic displays are important 
to your product, look at the GMR-37 line. For a 
quotation on the system that meets your 
specific requirements, call or write. 

GRINNELL SYSTEMS 
2159 Bering Drive, San Jose, California 95131 (408) 263-9920 
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cessors. Isolated memory facilities in 
each peripheral processor enable 
programs to be executed indepen
dently within each. Basic PPS consists 
of 10 peripheral processors and 12 
data channels. A second optional 
PPS can be used to expand to 14, 

Dielectric Paper 
Overcomes Environmental 
Recording Restrictions 

A dielectric recording paper that is 
functional within a relative humid
ity range from 0 to 100% enables 
terminal output systems to provide 
high quality graphic results under 
the most extreme climatic conditions. 
Introduced by Matsushita Electric 
Corp of America, One Panasonic Way, 
Secaucus, NJ 07094, the paper em
ploys new materials and production 
technology to overcome the limita
tions of standard papers that perform 
effectively only in the 40 to 70% 
relative humidity range. 
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Small Business Computers 
Derive Power from Use of 
Technology 

(a) 

Astra series small business comput
ers accommodate from 1 to 32 op
erator stations, each operating at 
peak efficiency in transaction pro
cessing mode. To provide high per
formance cauabilities. NEC Informa
tion Systems Inc, 5 Militia Dr, Lexing-

17, or 20 peripheral processors over
all, and includes an additional 12 
data channels. 

Each peripheral processor is a 
functionally independent computer 
comprising Bk 6-bit characters of 
MOS memory and arithmetic section 

The problem of humidity extremes 
is solved by incorporating electro
conductive materials in the conduc
tive layer. These are principally tin, 
zinc, and indium oxides. Other addi
tives adjust the conductivity of the 
electroconductive materials, so that 
the paper maintains a stabilized sur
face resistivity of 107 n, regardless 
of humidity. 

In dry or humid air, standard 
papers undergo distortions in shape 
and size which affect the quality of 
graphic material and cause a failure 
to reproduce the image. For example, 
under desert conditions any part of 
a standard paper that is exposed to 
dry air will not reproduce the de
sired information or pattern. Ex-
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ton, MA 02173, built into the systems 
technical advances, and supported 
the hardware with an integrated 
structure of programming languages, 
operating systems, and applications 
packages . 

Key to the power of the systems 
is the extensive use of advanced semi
conductor technology. Operator inter
action with the processor occurs on 
a microprocessor based DMA bus at 
data rates of lM bits/ s. This allows 

that supports a full repertoire of 
arithmetic and 1/ 0 instructions. De-
1pending on options, 12 or 24 data 
channels are serviced and each bi
directional data channel' has a maxi
mum data rate of 4M char/ s. 
Circle 180 on Inquiry Card 

tremely humid air has the same effect. 
To overcome this, the dielectric 

paper uses a base paper, a conduc
tive layer 6- to 7-~ thick, and a 
dielectric layer 4- to 5-~ ·thick. The 
dielectric layer is essentially a thin 
film of resins that are charw•d wh~n 
placed in contact with electrodes 
in the printing mechanism. The con
ductive layer acts as the ooposite 
electrode, depositing a pattern of 
electrostatically charged ~reas on 
the dielectric layer. 

To form the images deposited by 
the electrodes, the sheet is passed 
through an electrostatically charged 
toner. Images are fixed to the paper 
either by heat or pressure. 
Circle 181 on Inquiry Card 

Graphs Illustrate how relative humid
ity affects quality of print achieved 
using standard recording paper that 
Incorporates Ionic conductive mate
rial In its conductive layer (dotted 
lines) and Matsushita's extreme en
vironment paper (solid line). Vari
ation in surface resistivity with 
change In relative humidity (a) af
fects density of print achieved (b) 
and can cause failure to print In 
extreme environments 

a single 2000-char screen to be 
transferred from main memory in 
less than 0.1 s. Speed of the DMA 
controller is a major factor in the 
concurrent multitasking capability of 
the series. 

CPU in the models 210, 230, and 
250 is the ucoM 1600 microprocessor 
with a 16-bit word, 800-ns cycle 
time, and 114 business oriented in
structions. The model 270 uses a 
high speed bipolar processor that is 
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SINGLE AND DUAL DENSITY 

FLOPPY DISK 
CONTROLLER 
FAMILY 
Western Digital is the world's 
leading supplier of floppy disk 
controller chips. Our 1700 
Series controllers cover the full 
range from single density mini-
floppies to double density 8-inch flop-
pies. All double density devices also handle 
single drives. 

FEATURES 
• Soft sector format compatibility • Automatic track seek with verification • 
Read mode, Single/Multiple Sector Read with Automatic Sector Search or 
Entire Track Read, Selectable 128 Byte or Variable Length Sector• Write Mode, 
Single/Multiple Sector Write with Automatic Sector Search, Entire Track Write 
for Diskette Forma!ling • Programmable Controls, Selectable Track-to-Track 
Stepping Time, Selectable Head Settling and Head Engage Times, Step and 
Direction Head Positioning Motor Controls • System Compatibility • Double 
Buffering of Data• 8-Bit Bi-Directional Bus for Data, Control and Status, OMA 
or Programmed Data Transfers, All Inputs and Outputs are TTL Compatible. 

Single/ Single/ *Single/ *Single 

FEATURES Double Density Double Density 
Density Only Density Only 
FD1791 FD1792 FD1793 FD1794 

IBM Compatibility System 34 3740 System 34 3740 
Seek, Restore , Step • • • • 
Single and Multiple Read • • • • 
Single and Multiple Write • • • • 
Format Command • • • • 
Variable Sector Command • • • • 
Variable Step Rates • • • • 
TTL Inputs/Outputs • • • • 
Comprehensive Status • • • • 
AMDT, En-/ Decode (FM) • • • • 
AMDT, En-/ Decode (MFM) • • 
Write Precompersation • • • • 
Window Extension • • • • 
Preamble Detect (RG) • • • • 
Side Select Compare • • • • 
Inverted Data Bus • • 
True Data Bus • • 
'Available in April 1979. WD9000 

8080/ Z80 Pascal Microengine'" 
Bus Compatible Bus Compatible 

AVAILABLE NOW AT YOUR WESTERN DIGITAL DISTRIBUTOR 
For more detailed information, please contact your local 

Western Digital representative or write: 

WESTERN DIGITAL 
3128 REDHILL AVENUE, BOX 2180 

NEWPORT BEACH , CA 92663 (714) 557-3550, TWX 910-595-1139 

FLOPPY DISK PERFORMANCE . 
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hardware and software compatible 
with the UCOM 1600. 

A single CRT station system, the 
210 has main memory capacity of 
128k bytes and supports from one 
to four diskette storage subsystems. 
The 230 supports up to four operator 
stations and provides main memory 
up to 256k bytes. Either diskette or 
Winchester type fixed disc drives 
with capacity for 20M, 40M, or 80M 
bytes/drive can be used. 

Up to 16 operator stations are sup
ported on the 250, which supplies 
up to 256k bytes of main memory. 
Multiple disc drives on this system 
can provide up to 160M-byte capacity 
for large database applications. Larg
est of the systems, the 270 can sup
port up to 32 operator stations work
ing concurrently. Maximum main 
memory on this system is 512k bytes 
and up to four SOM-byte disc drives 
may be attached. 

Operator stations are intelligent 
devices that perform many functions 
on a self-supporting basis. Each has 
its own microprocessor, 32k memory, 
2000-char CRT screen, and typewriter 
keypad. Separate refresh memory, 
attribute storage, and operator gen
erated horizontal and vertical lines 
for format definition free the station 
for screen prompting and editing 
functions with host CPU support. 

Supporting the hardware is an in
tegrated structure of programming 
languages, operating systems, and ap
plications packages. BASIC and ANSI 

7 4 COBOL compilers are incorporated 
in each model. Also provided are a 
multiuser, multitasking executive, 
and an advanced data management 
system that supports formatted data 
entry and update, file management, 
report generation, and English lan
guage query functions. An integrated 
applications software system simpli
fies startup operations by providing 
order processing, sales analysis, in
ventory control, accounts receivable/ 
payable, and general ledger and 
payroll packages. 

Data communications facilities al
low the systems to fit into distributed 
processing network environments. Re
mote workstation and remote print
ing protocols, IBM 2780 and 3780 
batch, HASP remote job entry, and 
IBM 3270 bisynchronous emulators 
are available. Data rates up to 9600 
bits/ s are supported on all models. 
Circle 182 on Inquiry Card 
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The Paper Tiger sets a new stan
dard tor low-cost impact printers. 
More capability. More versatility. 
For just $995. 

You get a full upper and lower 
case 96-character set. Eight 
software-selectable character 
sizes. Plain paper, multiple copies. 
Forms length control. Parallel and 
serial interfaces. Multiple line butter. 
Tractor teed. Automatic re-inking. 
80 and 132 columns. 

It's all standard with the Paper 
Tiger. 
Unbeatable capability. 

The Paper Tiger prints just about 
any paper form you need. Prom 
address labels to multicopy in
voices and legal-size reports. 

Adjust the tractor width from 
1-3/ 4 to 9-1 /2 inches. Choose from 8 
switch-selectable forms lengths. 
Print 6 or 8 lines per inch. 
Unmatched versatility. 

Want graphics? Add the Paper 
Tiger's software-selectable full dot 
plotting graphics. Print illustrations. 
block letters, charts. graphs, and 
more. 

Need a bigger butter? The Paper 
r features an optional 2K-byte 

that holds a full 24-by-80 

~·· Integral 
Data 

e 440 

96-character ASCII set. YES upper and lower case 
Software-selectable YES character sizes 
Throughput. lines per minute 

@ l 0 char,/line 275 
@ 132 char./line 1~ 42 

Parallel and RS-232 serial YES interfaces standard 
CRT screen buffer OPTION 
Footprint (Wx D = sq. ft.) l.37-.;; 

Weight (lbs.1_ 20 
Forms length control YES 
Full dot plotting graphics OPTION 
Unit Price ~95 

Comparison data lrom manutacturers current ltterature 

CRT screen. 
And there's more. 

The Paper Tiger is small, light
weight. and compact. That's be
cause it's designed especially to 
work in small computer systems. 

And it's built rugged and simple. 
For high reliability and easy main-· 
tenance. Just like the thousands of 
IDS printers already in the field. 
See for yourself. 

Check the comparison chart. 

Lear- Tncn 
Tally Seigler Instruments Celltrollica 
1200 300 110 779-2 

OPTION YES OPTION NO 

NO NO OPTION NO 

·100 Data not 440 130 
40 available 64 21 

NO NO NO NO 

NO OPTION 1111 NO NO 
3.45 3.18 3.58 2.44 
64 50 55 45 

OPTION YES OPTION NO 
NO NO NO NO 

$2500 $1995 $1895 $1350 

Find out why this Paper Tiger just 
set a new standard for low-cost im
pact printers. 

For more information, write or 
call. We'll send you our free 
brochure. Integral Data Systems. 
14 Tech Circle. Natick, MA01760. 
( 617) 237-7610. 
CIRCLE 38 ON INfUllY QA.ID 
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Pack 10to120 megabytes 
in a unit one-third the size of 

conventional disk drives. 

For OEMs and system 
builders, the 0100 family of 
compact disk drives offers a sur
prising list of advantages. Two 
new models, 0140 and 0160 add 
capacity and flexibility to the 
proven performance of the 0120. 
The 0140 includes a 10MB fixed 
platter in addition to the 1 OMB 
removable cartridge as used with 
the 0120. The 0160 uses a sealed 
(non-removable) module which 
includes low pressure heads and 
carriage. 

Small Size: Occupying 
approximately one-third the 
volume of conventional drives, 
models 0120 and 0160 measure 
5.6" x 12.2" x 21.8". Model 
0140 is slightly taller at 6.7". 

Innovative Cartridge: Both 
0120 and 0140 models use a 
flat, thin (11" square by .9") self
ventilated cartridge weighing only 
2.8 pounds. 

72 

Common Interface: The 
same controller handles 0120, 
0140, 0160, or any combination 
of the three models. One or more 
0160's in conjunction with a 
0120 provide a fixed data base 
with a high-throughput-10MB 
load-dump yielding twice the 
operating flexibility at half the 
size of conventional single
spindle drives. 

High Density/Speed: Up to 
7300 BPI, 600 TPI; 920 kilobytes/ 
sec transfer rate. 

Accuracy: Oata-imbedded 
servo-tracking techniques assure 
accurate head positioning and full 
cartridge interchangeability. 

Low Power Consumption: 
From 100 to 130 watts depending 
on model. 

Reliability: Simplified 
mechanisms rule out any need 
for preventive maintenance. The 
spindle-mounted de motor is 
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brush less. There are no belts or 
pulleys, no blower, no transducer, 
no thermal compensation device. 
And no head alignment 
is required. MTBF 
is 5000 hours for 
models 0120 
and 0140, 8000 
hours for the 0160. 

Cii Honeywell Bull 
r--~-----------1 

For more information, send coupon to: 
Jean-Paul Garodel, Bull Corporation of 
America, 200 Smith Street (MS 430), 
Waltham, Massachusetts 02154. Or ca ll , 
(617) 890-8400, extension 2019. 
[In Europe, write Alain Kiffer, Cii Honeywell 
Bull , 6 Avenue des Usines, 90001 Belfort, 
France . Or call , (84) 228200.J 

Name 

Company 

Address 

City State Zip 

L-------------~~ 
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DIGITAL TECHNDLDGV REVIEW 

Concurrency Software 
Extends Distributed 
Data Systems 

Added capabilities of the Series _21 
line of distributed data processmg 
systems include an increase in mem
ory, price reductions for add-on mem
ory, and concurrency s.o~tware ~or 
low end systems. The addit10ns are in

tended to make the systems cost
effective in applications that require 
more than a single terminal, but 
are not large enough for a second 
processor. 

Included in the announcement, 
made by Mohawk Data Sciences 
Corp, 1599 Littleton Rd, Parsippany, 
NJ 07054, are increases in basic mem
ory sizes to 48k, expandable to 96k 
on the 21/ 20 and 21/ 40, and 96k 
expandable to 256k on the 21/ 50. 
Prices of both 16k and 32k memory 
modules for all systems were re
duced 50%. 

Concurrency software for 21/ 20 
and / 40 permits simultaneous execu
tion of programs in foreground and 
background modes. Single-operator 
station systems will be able to exe-

Memory/ Operating System 
Improvements Made to 
Desktop Computer System 
Revisions to the System 45 desktop 
computer increase main memory ca
pacity, speed and simplify use, ai:id 
accommodate added printer and disc 
options. In announcing the enhanced 
System 45B, Hewlett-Packard Co, 
1507 Page Mill Rd, Palo Alto, CA 
94304, also revealed details of 28 
additional software packs that op
erate on the system, providing ex
tended capabilities in structural en
gineering, business management, and 
electrical engineering. 

Expansion of memory to 449k 
bytes, all user accessible and . int:
grated within the desktop u_mt, _is 
coupled with a 50% reduction m 
the cost of additional memory. Op
erating ease results from changes in 
the operating system. Among these 
functions are automatic transfer of 
taoe cartridge directories into main 
memory and expansion of line nu_m
bers to a max"imum of 32,766, which 
together result in an improvem~nt 
in the speed with which the machme 

cute source data entry in the fore
ground while communications, print
ing or media conversion occurs in 
the' background. Larger configurations 
can execute two different foreground 
programs on two stations or execute 
the same foreground program on two 
stations while performing a back
ground task. 

Background programs requmng 
little operator intervention will run 
on a virtual operator station under 
control of an actual station, while 
the actual station remains free for 
interactive applications. When op
erator intervention is necessary, the 
operator can swap the foreground 
task with the background job, per
form necessary functions, and return 
to the foreground operations. 

A single station 21/ 20 with ex
tended memory, concurrency soft
ware, two diskettes, and communica
tions will sell for $11,499. A 2-sta
tion 21/ 40 with extended memory, 
concurrency, one diskette, lOM-byte 
internal disc, and communications is 
priced at $21,578. Initial shipments 
of concurrency software are planned 
for third quarter this year. 
Circle 183 on Inquiry Card 

responds to user demands, and _re
lieve some limitations on operatmg 
flexibility. 

Potential for expansion has been 
significantly increased. Space for 
adding ROM options has increased 
from 8 to 16 slots. An Advanced 
Programming ROM with BASIC state
ments improves data handling capa
bilities; also added are matrix SORT 
and REORDER, and upper and lower 
case character transformatibns that 
expand programming versatility. Re
tained from the System 45A (see 
Computer Design, Oct 1977, p 30) 
are graphics, mass storage, and r/o 
ROMS. The 1/ 0 ROM contains addi
tional commands to provide asynchro
nous data communications. 

Additional options include both 
character sets and keyboards for 
French, German, Spanish, Katakana, 
and Swedish/ Finnish languages. Pe
ripheral accommodations provide for 
the HP 2631G graphics printer, a 
450-char/ s dot matrix impact printer 
that can reproduce a full CRT screen 
of graphic material, and the 120M
byte HP 7925 disc storage system. 

Circle 184 on Inquiry Card 

Configuration Management 
System Controls Central 
Switching Functions 

Centralized computer control and 
management for large multiple pro
cessor IBM or IBM compatible com
plexes are provided by the 1100 
computer configuration management 
system ( ccMs) by Data/ Switch Corp, 
Landmark Sq, Norwalk, CT 06851. 
The system controls all switching 
functions within the central com
puter complex. 

Up to 16 individual switch ma
trices of different configuration sizes 
and types may be controlled. All 
connections are made via an inter
face control unit. Typical systems 
will incorporate the cPs-1000 periph
eral switch matrices, ncs-2000 com
munications switches, and CTs-3000 
coaxial terminal switches; DACs-4000 
direct access control systems for 
control of magnetic storage devices 
may also be included. 

The system uses an LSI-11 micro
processor with 64k 16-bit words of 
main memory. Online storage is pro
vided by two floppy discs with one 
serving as a redundant backup for 
the other. A 30-char/ s printer with 
keyboard and a CRT display with key
board provide redundant input and 
output. 

Operating system and applications 
programs operate in quiescent, con
figuration, and operating modes. Se
curity codes are built into the system. 
Operator controllable functions in
clude make and break single cross
points, revertive crosspoint check, 
execute preprogrammed multiswitch 
configuration, execute systems ex
change switch, status retrieval, time 
of day record and print, switch con
figuration display, and system con
figuration map. 

Among the functional advantages 
of the CCMS are the FORTRAN pro
gramming language, modular soft
ware architecture, and upward growth 
potential. The preprogrammed multi
switch configuration provides 100 dif
ferent configurations or a total of 
25,600 crosspoints available to the 
system. Since every element of the 
system is solid state, a total rec:on
figuration change has a nommal 
elapsed time of 25 µs. This could 
mean reconfiguration of as many as 
16 switch matrices. D 
Circle 185 on Inquiry Card 
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4-Bit Single-Chip Microcomputers 
Serve in Automotive Applications 

A number of dedicated control applications for mem
bers of a family of single-chip microcomputers were 
demonstrated at the Society of Automotive Engineers 
Congress and Exposition this year. Called microcon
trollers by the manufacturer, National Semiconductor 
Corp, 2900 Semiconductor Dr, Santa Clara, CA 95051, 
each of the 4-bit COP400 series is said to contain all 
system timing, internal logic, ROM, RAM, and 1/0 neces
sary to implement control functions in a wide variety of 
applications. Onchip ROM sizes range from 512 x 8 
to 2k x 8 bits, RAM from 32 x 4 to 128 x 4 bits, 
instruction sets from 43 to 57 commands, 1/0 lines from 
16 to 36, and instruction cycle execution times from 
4 to 16 µ.s. 

Pushbutton Adjustable Seat 
Recaro, a division of the Keiper Co Group, used a 
low power COP410L microcontroller chip in the design 
of an experimental computerized pushbutton controlled 
seat adjustment system. The seat can be adapted to 
the particular physique of each driver, adding or re
ducing fractions of an inch, and adjusted up and down 
as well as forward or backward. In addition, the back 
can be tilted forward and backward. Each position is 
programmed by four switches on a keyboard. Addi
tional memory keys allow sets of positions to be 
stored in RAM for two different drivers. 

The automobile's battery provides a minimal stand
by current to maintain the memory. Once the set of 
eight difierent positions is set, the memory retains the 
information even when the automobile ignition switch 
is turned off. When re-entering the car, the driver 
pushes a memory key and the seat automatically ad
justs to the proper position. 

In this application, the controller chip contains 4k 
hits of ROM for program storage, 128 hits of RAM 
for user programmable data storage, and 19 1/0 lines. 
Digitized information from sensors in the seat is input 
directly to the chip. If the electronic system fails, the 
seat can be adjusted manually. 

AM/FM Radio Tuning 
A COP420L microcontroller, Ds8907 phase lock loop 
(PLL) synthesizer, MM5450 serial data LED driver, and 
LM130 3-terminal positive voltage regulator are used 
in the digital tuning system for an am/fm automobile 
radio. Features include precise station tuning, display 
of exact receive frequency, keyboard entry of station 
frequency, storage of multiple stations in memory, 
pushbutton up/down scan through the band, pushbutton 

search (stop on next station), power-on to last station 
tuned, provision for time-of-day clock, static drive of 
LED display for noise free operation, and ability to 
address CB synthesizer. 

The controller contains 8k bits of ROM, 256 bits 
of programmable RAM, and 23 1/0 lines. It has a single 
4.5- to 9.5-V supply voltage range, a variety of output 
configurations, 8-mA max current drain, and internal 
time base counter for realtime processing. 

Emitter coupled logic (ECL) and integrated injection 
logic ( IIL) bipolar technology are combined on the 
PLL synthesizer which contains 13-bit dual modulus 
UL divider, ECL phase comparator, ECL prescaler, and 
high speed charge pump, plus 18-hit shift register/ 
latch for serial data entry. It operates from two sup
ply voltages (10 V for the charge pump and refer
ence divider and 5 V for the high speed programmable 
'divider) . The IIL divider is clocked by the am input 
via an ECL --;-. 'l's prescaler or through a 76o/64 prescaler 
from the fm input. 

The serial data LED display driver can drive up 
to four digits and was designed to specifically over
come the interference problems caused by previous 
LED drivers that used multiplexing techniques. Serial 
data entry reduces interconnections to the controller. 
Once loaded, the drive to the LED is static. An onchip 
36-bit shift register receives the incoming data; and 
when the last data bit is received, the first bit loads 
the 34 display bits into latches. On the next half 
clock cycle, the shift register is cleared and ready 
to receive new data. An enab~e pin prevents data from 
entering the circuit from the common data bus when 
the IC is not selected. 

Onboard Computers 
Two companies have based onboard computers on 
COP400 microcontrollers. Both computers are applicable 
for use on automobiles, trucks, vans, and recreational 
vehicles. 

One, built by Prince Corp, to aid human control by 
providing the driver with otherwise not readily avail
able information, contains 36 single-function keys and 
switches; there are no double-use keys to confuse the 
driver. A calibrate mode allows the computer to he 
adjusted to operate with most vehicles. 

Data input to the microcomputer are obtained from 
two transducers installed under the hood: one on the 
speedometer drive cable and one on the fuel line. The 
speed transducer converts cable revolutions per second 
into electronic pulses, sending them to the computer 





"Qnly one DIP socket 
· gives you all the best 

features. And more. 
New DIPLOMATE

from AMP.'' 

The new low profile Diplomate 
combines the best engineering features 
with AMP's own exclusive contact 
design innovations. Here are some of 
its outstanding advantages: 
I. Metal-to-metal-to-metal contacts 

with dual side-wiping action ensure 
low contact resistance and excellent 
electrical reliability. 

2. Unique closed bottom design 
prevents solder wicking and flux 
contamination for complete 
contact protection. 

3. Exclusive tapered lead-in ramps in 
large target area make IC insertion 
faster and easier. Diplomate 
pc board insertion is also easy 
and compatible with virtually any 
automatic insertion equipment. 

4. Anti-overstress contact design 
preserves contact spring integrity 

for continuous, long-term 
reliability. 

New Diptomate sockets help you 
get the most from your designs in 
many other ways: 
• Higher densities. Low profile 

packages are stackable end-to-end 
for more circuits in less space. 

• Built-in reliability. Meets Computer 
Industry and EIA RS415 
specifications as well as U.L. 1410 
flame retardant specifications. 

• Full variety of sizes. Complete 
family of sizes available ranging 
from 8 to 40 positions. 

• Complete technical support. Solid 
engineering aid is yours for the 
asking from AMP. And it's 
available worldwide. 

There are more reasons why new 
Diplomate is the better way, 
including its competitive prices. 
For IJ!Ore information, just call 
Customer Service at (717) 564-0100. 
Or write AMP Incorporated, 
Harrisburg, PA 17105. 
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AMP has a bett-er way ••• 
Diplomate 

Large target 
area 

Closed bottom 
design 

A MP is a trademark of AMP Incorporated 



ROLMS Mil-Spec ECLIPSE" 
Data System ... for operations 

on the move 
The Mil-Spec ECLIPSE System supports a va

riety of Mil-Spec and commercial peripheral devices 
and system interfaces, allowing you to tailor a system 
to match a field application ... with no restriction to 
future expansion. 

If you're designing a military system requiring 
a powerful data system with extensive operating 
software that's built to be on the move, investigate our 
Mil-Spec ECLIPSE System. It won't keep you waiting. 

That's Why We're #1 In 
Mii-Spec Computer Systems 

RDbm MIL-SPEC 
Computers 

4800 Old kontidee Drtv9, Senta Clara, CA 95050. 
(408) 888-2900. TWX 91o-338-7380. 
In Europe: MulhlltrMH 1ID-8480, Hanal, Glrm.ny, 
818118011, TWX 4-184-170. 
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Two onboard computers based on National Semiconductor COP400 series 4-bit microcontrollers. Each 
supplies data on time (elapsed time, trip driving time, time of arrival, time to empty fuel tank); dis
tance (on trip, to destination, to empty fuel tank); fuel (used since fillup, used on trip, to destina
tion, to empty, current consumption, average consumption, efficiency); temperature; and speed, in 
choice of English or metric units 

for calibration; the fuel transducer measures fuel flow 
between the fuel pump and the carburetor and con
verts it into digital information. 

Two high intensity digital displays allow reading, 
day or night, in selectable English or metric units. 
Trip information is available (in miles or kilometers) 
as distance to go, distance traveled, distance on a 
tank or tanks of fuel, vehicle location, vehicle speed, 
and instant update to correct for slippery roads. The 
driver can preprogram trip stops and turnoffs and 
have an audio visual warning on the computer 1 mi 
(1.6 km) before they occur. Time is available as time 
of day, elapsed time, time alarm, estimated time of 
arrival constantly updated with speed, or as a stop 
watch function. Fuel functions are displayed as instant 
or average distance per unit of volume, instant or 
average cost per unit of distance, and fuel used to 
date and cost paid per unit of volume. 

The other 4-bit onboard computer, Compucruise, is 
manufactured by Zemco, Inc. A 20-position keyboard 
enables the operator to specify any of 44 functions, 
including choices of English or metric readouts and· 
most of those found in the Prince unit. 

Among the capabilities are efficient fuel manage
ment. The computer displays the most fuel efficient 
driving speed; which brand and grade of fuel is most 
economical; effects of tire brands, types, and pressures; 
when tune-up and repair is needed; whether tuneups 
have been properly performed; and other fuel saving 
data. In addition, by entering expected trip distance, 
the controller can continually display time, distance, 

or fuel to arrival, all updated once a second and 
based on current vehicle speed and fuel consumption. 

A third onboard computer, this one made by General 
Motors for the 1979 Cadillac Seville, includes National 
Semiconductor's 16-channel, 8-bit ADc0816 sii-.gle-chip 
data acquisition system. That chip provides analog to 
digital interface for keyboard entry, fuel level moni
tor, battery voltage, engine temperature, and other 
analog signal data which are converted to 8-bit micro
processor data bus compatible binary words. 

A preprogrammed system in the computer computes 
and displays operational information in three separate 
instrument panel areas. A digital speedometer above 
the steering wheel constantly indicates current operat
ing speed and the fuel gauge reads the amount of 
gasoline in the tank. Other driving information is 
available on command to the driver or front seat 
passenger by depressing one of the console buttons 
on the computer. Included are actual instantaneous 
fuel economy, average fuel economy for the trip, aver
age car speed, total elapsed trip time, driving range 
on remaining fuel, distance to go to a predetermined 
destination, as well as estimated arrival time at that 
destination based on current driving conditions, time 
of day, engine r/ min, engine temperature, and system 
voltage. 

Microcontroller Description 

Various members of the COP400 family allow the user 
to specify an optimum microcontroller for a particular 
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application. RAM, ROM, 1/ 0, speed values, and electrical 
characteristics can be chosen to fit specific tasks. Each 
device contains a number of clock, 1/0, and other 
options mask programmed into the chip at the same 
time the ROM is coded with the user's dedicated pro
gram. 

COP420/ 420L/ 420C devices are central ·configurations 
of the family. Each of the 28-pin DIPS has lk x 8 
ROM, 64 x 4 RAM, true vectored interrupt plus restart, 
3-level subroutine stack, 23 1/ 0 lines, 57-command in
struction set, internal time base counter for realtime 
processing, internal binary counter register with serial 
1/ 0 capability, general purpose and Tri-StateR outputs, 
LED direct drive, and software/ hardware compatibility 
with the rest of the family. 

The NMOS 420 operates over a 4.5- to 6.3-V single 
supply range and has a 4-µs instruction cycle execution 
time. Operating supply current is 20 mA at 5 V. 420L 
uses only 40-mW max power and has a 4.5- to 9.5-V 
supply range, a 16-µs instruction cycle execution time, 
a divide-by-32 crystal clock option, and direct LED 

digit drive capability. 420C is a CMOS version with a 

Microcomputers Replace Mainframe 
For Test System Signal Processing 

Realtime processing of data from the wheels of a 
high speed railway vehicle is accomplished in a system 
commissioned by the British Rail Research and De-

Part of instrumentation for realtime signal processing in 
railway vehicle wheel monitoring system. Similar configu
ration, containing Miproc 16-AS microcomputer, is dedicated 
to each of two wheels in test vehicle. Realtime microcom
puter system replaces offline system that required main
frame computer 
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2.4- to 6.3-V operating supply range and a dual-clock 
mode option for operation at low speed (244 µs) with 
low power consumption, or high speed ( 16 µs) when 
necessary to perform internal data computations at a 
faster rate. 

421/ 421L are identical to the 420/ 420L versions 
except that they are 24-pin devices having 19 1/ 0 lines 
instead of 23 and no interrupt capability. 410L/ 411L 
have the same electrical specifications as the 420L/ 421L 
but only 512 x 8 ROM, 32 x 4 RAM, and 43 instruc
tions, plus two instead of three stack levels, no inter
rupt capability, and 19 and 16 1/ 0 lines, respectively. 
They are in 24- and 20-pin packages, respectively. 

440/ 444L are expanded versions of the 420/ 420L de
vices, with the same instruction set but double the 
memory (2k x 8 ROM and 128 x 4 RAM). The 28-pin 
444L has 24 1/ 0 lines and the 40-pin 440 has 36. The 
40-pin 402 and 404L are ROM-less versions of the 420 
and 440L, respectively, available for prototyping a 400 
system. They are also used for small volume applica
tions requiring up to lk x 8 and 2k x 8 bits of ex
ternal ROM. 

velopment Division at Derby, England. British Rail 
retained responsibility for all basic research and 
definition of signal processing algorithms; however, 
system implementation and detailed software develop
ment was accomplished by Plessey Microsystems, Water 
Lane, Towcester, Northamptonshire NN12 ?JN, England. 

The British Rail sig al processing system provides 
information used to design vehicle suspensions that opti
mize the interaction between railway wheels and the 
track but still ensure adequate stability at top speed. 
In the previous system only indirect measurements of 
suspension forces and vehicle ride accelerations were 
available, and recorded raw data were processed 
ofHine. 

In addition, that method required signal processing 
by a mainframe computer, while the realtime system 
uses only two microcomputers. Data acquired from the 
wheels, which serve as transducers for measm:ement 
of wheel/rail forces, are processed by the pair of 
microcomputers and then output to a chart recorder 
or other analog recording device. Continuous scaling 
corrections are performed to compensate for complex 
calibration characteristics of the rotating transducers 
(wheels). 

System hardware consists of two standard Miproc 
16-As microcomputer modules, one dedicated to each 
of a pair of axially opposed wheels on the test vehicle, 
plus special hardware developed for this application. 
Separate analog signals proportional to vertical, longi
tudinal, and lateral wheel/ rail forces, obtained from 
an array of strain gauges mounted on the wheels, are 
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Test in "real time" up to 5 megahertz and drastically 
cut development time and costs. 

With the force of the MicroSystem Analyzer, 
developing diagnostics now can be a snap. 
Operating in real time at microprocessor speeds 
up to 5 MHz, the MicroSystem Ana-

are using in product development or in production 
test, the MicroSystem Analyzer is the one universal 
and portable instrument for you. 

Get Your Products into Production Faster 

The MicroSystem Analyzer eliminates the 
need for long and expensive test fixture develop

lyzer speeds total development 
time, performs hardware/soft
ware integration, and gets your 
prototype into production faster. 

A Whole New Way of 
Microprocessor System Testing 

ment, so you can move onto the next pro
lm•llP.!i ject sooner. Plus, with the diagnostics 

With the MicroSystem 
Analyzer, you now can control 
your system with In-Circuit 
Emulation, and find faults with 
Signature Analysis, Time and Frequency 
measurements. 

No other system available combines the 
elements to let you control and test at a// /eve/s
system, board, and component-in real time. The 
MicroSystem Analyzer lets you discover intermit
tent problems over a wide range of temperatures, 
operate without a built-in test source, and perform 
fault detection in multiboard systems. Test pro
grams are easier and faster to develop, more com
plete and more accurate. 

Universal-Both Today & Tomorrow 

The MicroSystem Analyzer plugs directly 
into the most common microprocessor sockets 
-ZBO, 8085A, 6800, 8080, with more to come
and uses a series of personality cards and probes 
to let you thoroughly isolate faults to the subsystem 
and component level. 

No matter what major microprocessor you 

developed you have provided total 
production, depot repair and field test 
support! 

Complete the coupon below for details 
on the most advanced microprocessor 

test instrument available today. 

MILLEN IUM 

MILLENNIUM SYSTEMS. INC. 
19020 Pruneridge Avenue. Cupertino. CA 95014 
Phone: (408) 996-9109 TWX: 910-338-0256 
A subsidiary of American Microsystems. Inc. 

Gent lemen: 
OK. you got my attention. Now I'd like you to prove your Micro
System Analyzer can shorten my development cyc le, test systems 
and boards faster than anybody else. and save me a ton of money 
in the process. 
PLEASE: 
D Call me to set up a live demo on my Z80A, 8085A. 6800. or 8080 system 
D Send me complete information on the MicroSystem Analyzer today! 

NAME ________________ _ 

TITLE ________________ _ 

COMPANY _______________ _ 

ADORES_,__ ______________ _ 

CITY _______ STATE. ____ ZIP ___ _ 

PHONE _______________ _ 

CD679 
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sampled at a 4-kHz rate and the samples are digitized 
to 12-bit precision for subsequent digital processing. 

The system logs, processes, and displays or records 
the three forces in realtime for vehicle speeds up to 
120 mi (209 km) / h. Because the transducer configura
tion for vertical force measurement, chosen for stability 
and sensitivity, generates an output signal which for 
constant force input varies substantially as a function 
of wheel rotation, a set of previously measured cali
bration coefficients is applied as compensation. Inter
polation between calibration points provides the neces
sary degree of accuracy. 

Although lateral and longitudinal force signals are 
quite pure, the vertical force signal contains consid
erable cross-modulation components of the other force 
signals. These unwanted components are removed by 
the signal processing algorithm to yield a true re
constructed vertical force signal. 
Circle 160 on Inquiry Card 

Integrated Control System Expected to 
Ease Mexico City Traffic Congestion 

A record size computerized traffic control system has 
been ordered for the Mexico City (Mexico) Traffic 

Authority from Philips Telecommunications Industrie 
BV, Hilversum, The Netherlands. Valued initially at 
29 million Dutch Guilders ( 14 million u .s. dollars) , the 
contract is said to be the largest so far awarded in 
the traffic control field. In its first phase the integrated 
system involves 1000 intersections. 

The system will be configured around the Philips 
P857 computer, which will control, monitor, and super
vise overall traffic movement at all intersections. 
Dynamic operating intelligence will be decentralized 
in 25 secondary processors allocated to subareas, each 
of which will coordinate and supervise groups of in
tersection controllers. Several thousand detectors will 
be deployed at strategic points to collect the traffic 
data necessary for efficient regulation and flow con
tinuity. 

Because of the hierarchical system configuration, 
which includes local site microprocessors, the project 
will benefit from computer control even in its early 
stages. If a fault develops in the central computer, 
continued 2-way transfer of traffic and control data will 
remain assured between the lower levels of the system, 
thus minimizing the risk of disruption in traffic control. 

The initial phase of the traffic system project, which 
will be extended in steps to include an additional 600 
intersections plus the necessary cable network, is 
scheduled for completion in 1980 with the first sub
areas operational in mid-1979. This traffic control 
·project is part of an overall plan instigated by the 
Mexican authorities to solve the problems of traffic 
congestion, air pollution, and waste of energy. 
Circle 161 on Inquiry Card 

THE PITTMAN® LINE OF D-C MOTORS 

LO-COG® Servo Motors 
3 series: 1.2, 1.6 & 2.0" OD 
Stall torques: 
about 1 to 128 oz.-in. 

Better check it out! 
PITMO® Gearmotors 

2 series: 1.38 & 2.00" OD 
gearboxes 
Torque limits with 
standard gearing: 
100 & 175 oz.-in. 

PITMO® Motor-Tachs 
2 series: 1.2 & 1.6" OD 
Standard tachometer gradient: 
2 volts/1,000 rpm 

Samarium 
Cobalt Field 
4-Pole Motors 
1 x 1/ 4" cross-section 
Stall torques: 
12 to 24 ozAn. 

THE PITTMAN CORPORATION 
A Subsidiary of Penn Engineering & Manufacturing Corp. 

© 1979 Harleysville, PA 19438 • 215:256-6601 21A 
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I DC&AS BRIEFS I 
Modules Increase Capabilities of 

Microcomputer Family for Industrial Application 

A group of memory and 1/ 0 expansion modules an
nounced by Texas Instruments Inc, PO Box 1443, Hous
ton, TX 77001, for use with TM990/ 9900 family micro
computers is intended for industrial applications. Includ
ed are boards with up to 64k bytes of dynamic RAM, 1/ o 
boards for up to 64 channels, combination memory 
.and 1/ 0 boards, and 1/ 0 units that enable the micro
computers to interface directly with ac or de signals 
or loads. 

TM990/ 203 is available in three models: -21 provides 
16k bytes using 4k x 1 TMs4027 dynamic RAMs; -22 
provides 32k to 64k bytes with 16k x 1 TMs4116 RAMs, 
and -23 provides 64k bytes with the 16k x 1 RAMs. 
All ~odels have a parity option with p·arity indicator 
light and interrupt signal, as well as jumper select
able access times and cycle steal or transparent re
fresh modes. 

Data and address bus interfaces are 3-state TTL 
compatible; control bus interface is TTL compatible. 
Memory device access time is 250 ns and cycle time 
at 3 MHz is 0.667 µs. Operating temperature range 
is 0 to 70 °C. 

Analog 1/ 0 expansion modules include four input 
only, two output only, and three combination 1/ 0. 

TM990/ 1001 provides 16 single-ended or differential 
input channels expandable to 64 single-ended and 32 
differential input channels. It features switch program
mable input configuration, has an onboard de-de con
verter, provides for eight 0- to 50-mA current inputs, 
has 15 interrupts, and offers ±25% full-scale accuracy 
at full throughput rate of 30 kHz with 12-bit resolution. 

The /1002 is a low level input module with 16-bit 
ADC. Features include excellent accuracy, linearity, and 
stability; thermocouple cold junction compensation and 
linearization; and environmental immunity. One version 
is offered for J type thermocouples, another for K type. 
A similar module, / 1240, provides 16 single-ended or 
eight differential input channels, expandable to 32 
and 16, respectively. 

A / 1243 high level analog output module provides 
eight channels of analog output and eight high current 
logic driver outputs, eight 12-bit DACs with input codes 
an!f output ranges independently selectable, and on
hoard 10-V precision reference. The / 2001, another 
output module, has four output channels. . 

The / 1241 combination analog 1/ 0 interface module 
has up to 32 single-ended or 16 differential input 
channels and two channels of 12-hit analog output, 
and onboard 10-V precision reference. Version S has 
1, 2, 4, and 8 programmable gain while the version 
R has 1 to 1000. In addition, the / 3001 features 32 
single-ended or 16 differential input channels and two 
output channels. 
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Output codes for all nine 1/ 0 modules are binary, 
offset binary, and 2's complement. Each features 15 
interrupts. Throughput rates are 30k channels/ s for 
the / 1001 and / 3001, 10 samples/ s for the / 1002, and 
40 channels/ s for the / 1240, / 1241S and / 1241R. 

A combination memory and 1/ 0 expansion module, 
the / 305 provides memory capacity up to 32k bytes. 
Eight 24-pin memory sockets can accommodate TMs2516 
2k x 8 EPROMs, TMS2532 4k x 8 EPROMs, or 24-pin 
2k x 8 static RAMs. The board has 32 optically iso
lated 1/ 0 lines, 16 dedicated parallel input lines, and 
16 user configurable parallel 1/ 0 lines. Memory map 
configuration is jumper selectable. Input to output 
isolation is 500 V. 

Series / 5MT ac and de 1/ 0 modules are available 
in four types: ac input, de input, ac output, and de 
output. An ac or de input module converts ac or de 
signals from pushbuttons, limit switches, and other pilot 
devices into low logic levels that are compatible with 
levels required by the microcomputer modules; an ac 
or de output module converts microcomputer logic levels 
into high ac or de output signals to drive loads such 
as motor starters, contactors, positioning valves, and 
pilot lights. 
Circle 162 on Inquiry Card 

Energy Demand Control Systems 
Reduce Electrical Costs 

Two electrical demand control systems have been 
developed by Avco Electronics Div, 4807 Bradford Dr, 
Huntsville, AL 35804. The 7700 EDACS (energy demand 
and control system) monitors and controls electrical 
usage under computer control in buildings to minimize 
energy costs. PEDALS (power electrical demand and 
load shedding), in contrast, was developed for indus
tries that use large amounts of electric power and 
typically contract for supplemental power on a de
mand limit pricing schedule. 

Based on a system concept, EDACS includes sensors 
and actuators for remote measurement and control, 
distributed computer intelligence via localized field 
panels, communications from each building to a cen
tralized location, a central computer system with build
ing management operation and control interface, and 
all software necessary to optimize start/ stop of equip
ment, chiller control, electrical demand peak load 
shedding, and enthalpy control for maximum energy 
cost savings. 

Each remote field panel and remote unit processor 
has complete microprocessor intelligence and can per
form all local control at maximum system efficiency 
as well as take over in case of power failure. Each 
remote processor can accept any combination of digital 
or analog input for sensing applications and provide 
any combination of digital and analog outputs for 
system control applications. The processors also can 
be software downloaded, via the communication lines 

COMPUTER DESIGN/ JUNE 1979 









64KROMs. 
The cold,bard facts. 

~ The cold, hard facts 
about 64K ROMs add up 
to proven performance. 
A level only Mostek's 
MK36000 has achieved 
with features like effi
cient program code 
turnaround, design 
superiority and volume 
production. 

Since its introduction 
in early 1978, Mostek's 
64K ROM has easily be
come the industry 
standard. And here are 
the facts to prove it. 

Factl: 
Mostek has processed 
more than 200 codes with 
an average delivery of 
just seven weeks for cus
tomer prototypes after 
data verification. 

Fact2: 
Its compatibility with 
EPROMs and RAMs pro
vides exceptional system 
design flexibility. 

©1979 Mostek Corporation 
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Fact3: 
Even late-comers can't 
match the 36000's fast 
access time of 250ns 
(max) or low power of 
220mW (max) active and 
35mW (typ) standby. 

Fact4: 
The MK36000 has been 
in volume production for 
over a year, with demon
strated ability to meet de
livery commitments. 

Fact5: 
Mostek can accept code 
input by EPROMs, ROMs, 
card decks, paper tapes 

CIRCLE 144 ON INQUIRY C.ARD 

or magnetic tapes with 
no delay in generating 
verification data. 

Fact6: 
The MK36000 is available 
in a full range of speeds, 
operating temperatures 
and processing options, 
including strenuous mili
tary specifications. 

The fact is, you can get 
promises from a lot of peo
ple. But when you want 
the leading 64K ROM all 
the facts point to Mostek. 

Write to 1215 West 
Crosby Road, Carrollton, 
'Iexas75006.0rcall 
214/242-0444. In Europe, 
contact MostekBrussels; 
Phone (32) 02/660.25.68. 
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from the central facility, to perform any of the host 
computer application programs for the local equipment. 

Communications lines connecting the remote proces
sors in each of the local buildings to a minicomputer 
in the central station ~perate at up to 9600 baud. 
The central facility operator has instantaneous access 
to any measurement and control points in the facility. 

PEDALS continuously monitors and controls the amount 
of power purchased based on a short demand limit 
period by bringing the loads on or ofBine and by con
trolling the output of any internal power generating 
facility. Control is optimized to minimize total power 
costs by balancing purchased power and generated 
power. 

Some power loads must run continuously while others 
are required only intermittently to sustain plant op
eration. Intermittent loads can be dropped or "shed" 
without seriously impairing plant operation. PEDALS 
controls a set of priorities to automatically shed loads 
as the end of a power demand period approaches so 
that the demand limit will not be exceeded. 

At the beginning of each demand period and every 
following 3 s the computer checks the tieline current 
direction and magnitude, enabling the system to auto
matically limit the tieline current to a value set by 
the. operators. If the tieline current goes above this 
limit in the "in" direction, the generators are stepped 
down. This controller overrides all other control of 
the generators. 

When there is no tieline limit, the generators are 
manipulated to make the purchased power follow the 
"generator line." If purchased power is above this line, 
the generators are stepped up; if purchased power is 
below, the generators are stepped down. 

At the beginning of each demand period, all loads 
are put online. Every 6 s the computer checks the 
purchased power and takes appropriate action on the 
loads. Loads are manipulated to make the purchased 
Power follow the "load line." If the purchased power 
is above this line (positive) and headed away by more 
than a threshold, loads are dropped; if the purchased 
power is below {negative) and headed away from the 
line, loads are added. 
Circle 163 on Inquiry Card 

Video PLL Module Meets 
Control Environment Requirements 

A phase lock loop module, claimed to be the first device 
in the industry that allows a user to synchronize a 
video display board to a TV camera, master sync gen
erator, or other external sync source, has been intro
duced by Matrox Electronic Systems Ltd, 2795 Bates Rd, 
Montreal, Quebec H3S 1B5, Canada. The PLL-01 mod
ule is intended for use with video display and inter
face boards in industrial control environments where 
alphanumeric and/ or graphic data must be overlaid 
on a TV camera picture. 

Only a single 5-V power supply, such as obtained 
'from a video RAM to which the module interfaces, is 
required. The 3 x 3.5" (7.6 x 8.9-cm) unit consists 
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of two main parts-horizontal phase lock loop and ver
tical reset delay-that control horizontal and vertical 
timing. On board timing permits the user to adjust the 
position of the video display output relative to the 
reference sync. Either composite or separate syncs will 
be accepted. The unit will lock to a single TTL level 
composite sync signal. 
Circle 164 on Inquiry Card 

ADC Modu!e Increases 
Capabilities of Programmable Controller 

An ADC module is now available for the MaxiMiser 
programmable controller made by Cincinnati Mila
cron, Mason Rd & Rte 48, Lebanon, OH 45036. The 
plug-in board fits any slot in the controller's card cage 
and converts graduated analog input signals into 
digital inputs that can be processed by the data arith
metic module. Each input channel in the ADC module 
has its own independent instrumentation amplifier which 
can be resistor programmed for gains from 0.1 to 
1000 and for either voltage or current input. 
Circle 165 on Inquiry Card 

Data Acquisition System 
Handles Multiple Inputs 

System 3500, a multiple input data acquisition and 
control system from LeCroy Research Systems Corp, 
700 S Main St, Spring Valley, NY 10977, is directly 
CAMAC compatible, including all necessary hardware 
and software for interfacing with any CAMAC module. 
An 8-slot CAMAC minicrate is integral and up to 11 
external CAMAC crates can be supported by the system. 

Setup parameters are graphically displayed on an 
integral display, and parameter selections are imple
mented by an interactive lightpen that prompts the 
user to enter appropriate numerical entries on the 
ASCII keyboard. Routine and frequently used display 
operations are implemented by an understandable 
direct reading 22-function keypad. Built-in processing 
capabilities include add, subtract, smooth, differentiate, 
and normalize, all of which are predefined and imple
mented by a lightpen command. 

Adding a model 3921 dual floppy disc provides a 
fully programmable system with extensive programming 
and processing capability. Either FORTRAN or BASIC 
programming languages are available for writing 
CAMAC control programs as well as user defined data 
analysis routines. Analysis of previously acquired data 
or writing new programs can be performed concur
rently with high speed acquisition. 

A standard system contains 64k of computational 
memory; 8k of DMA data memory expandable to 64k; 
a 9" (22.9-cm) CRT for display of data, graphics, and 
listings; ASCII keyboard; 22-function keypad; lightpen; 
8-module CAMAC minicrate; and Rs-232 1/ 0 port. Ac
cessories include dual floppy disc, the GPIB 1/ 0 port, 
and software packages. 
Circle 166 on Inquiry Card 
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Machinery Function Controller 
Operates Online 

Simultaneous online monitoring, timing, control, and 
coordination of machine systems and functions, without 
the need for encoders or resolvers, are said to be 
capabilities of the angle resolving controller. Intro
duced by Kadoc Registration and Control Corp, 1350 
Main St, Lynnfield, MA 01940, the microprocessor based 
unit provides multichannel control of continuous or 
single-cycle timing and phasing of rotary cyclical 
motions in machinery. Its basic program proYides ad
vance/ retard/ rate change plus up to eight optional 
channels with open/ closed loop electronic cams or 
servos. The standard 11 x 9.5 x 12" (28 x 24 x 30.5-cm) 
unit can handle as many as eight sensors. 
Circle I 67 on Inquiry Card 

Distributed Process Control Systems 
Permit Expansion of Control Levels 

Among the presentations at Petro Expo '79 were two 
distributed process control systems. Both are micropro
cessor based and can handle multiple 1/ os. In addi
tion, the users of either system can start with a basic 
entry level configuration expandable later to a more 
sophisticated system that can handle additional process 
units. 

Multivariable Format 

Beckman Instruments, Inc, 2500 Harbor Blvd, Fullerton, 
CA 92634, introduced the MY 8000 system featuring an 
architecture that combines single-loop and shared dig
ital processing with redundant CRT displays. Included 
are multivariable control units (Mvcus), multivariable 
1/ 0 units. (MVIOs), an interactive noncomputer sup
ported plant graphics library, an alarm priority struc
ture, and historic trend capability. 

Up to 40 algorithmic functions can be processed on 
the MVCU. Internal components are redundant; if a 
malfunction or failure condition occurs, duplicate 
circuits assume control until the problem is corrected. 
The MVCU alerts the system operator via the CRT that 
this condition exists, diagnoses the trouble, and speci
fies the location. Throughout this phase the process 
loops continue to operate. 

For multiplexing functions, the MVIO offers the same 
analog and digital 1/ 0 structure as the MVCU. How
ever, it has no algorithmic function capability. All 
communications within the system between remote 
controllers and the central control room take place 
over 16 redundant data highways using ASCII RS-232-C 
interface ports. Controllers can be located at distances 
of up to 5000 ft (1500 m) from the central CRT 
displays. 

For small, simple processes, the control system offers 
single-loop hybrid analog/ digital control with existing 
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series 8800 controllers, and multiloop digital processing 
with multivariable controllers, or a combination of 
both. For more complex multiloop digital processing 
needs where dedicated control is preferred, the system 
can be configured with the MVCU for continuous or 
·batch processes. The MVCU offers up to 32 analog 
inputs, 16 analog outputs, 32 digital inputs, and 32 
digital outputs. 

Up to 99 selectable 8-color representations of a 
plant's loops, viewed on 19" (48-cm) CRT screens, en
able the operator to physically manipulate process 
control loops. To review immediate or past process 
performance, historic trending times o-f 10 min, 100 
min, 8 h, and 24 h are standard. The operator can 
routinely select a process loop and change specific 
process rates at remote locations by using a lightpen 
or keying the required command into the keyboard with
out leaving the central station. 
Circle 168 on Inquiry Card 

Hierarchical Family 

Fischer & Porter Co, 312 Jacksonville Rd, Warminster, 
PA 18974, showed the DCl-4000, in essence a hierarchical 
family of products that can be assembled to provide 
the precise degree of needed control for continuous 
or batch processes of any size. A functional entry into 
distributed control can be made for a process unit as 
small as eight loops, at less cost than for a conven
tional panelboard of comparable capacity, and without 
disrupting conventional control of other process units 
in the same plant. Later, this system can be expanded 
to take over control of additional process units, includ
ing implementation of high level control strategies. 

The system uses a hierarchy of microcomputers and 
a central minicomputer to apportion control functions 
at every level of the process. At the basic level, a 
local operator's panel (LOP) combines with one to four 
distributed control units (Dcu) to form a complete 
control system for 8 to 64 loops in continuous and 
batch processes. In addition to performing all the 
functions of a conventional panelboard, including up 
to 128 analog and digital displays, this level also 
provides the capability for high speed communications 
with higher level devices through a data highway. 

At the operations level, a central operator's panel 
(COP) displays as many as 512 variables and provides 
.access to as many as 256 control loops, from as many 
as 16 DCUs located on one or two data highways, 
each of which can be 1.2 mi (2 km) long. The COP 
performs all the functions of the LOP and can gen
erate special graphic displays for up to 128 process 
variables. 

At the supervisory level, a central computer can be 
used in addition to or instead of one or more COPS, 
depending on the size of the distributed control system. 
The computer implements high level control strategies 
by passing instructions to all system DCUs and collects 
information for data processing. D 
Circle I 69 on Inquiry Card 
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Dr. Wang: "We were first with a unique, 
new approach to word processing-using micro
computers to implement distributed intelligence 
in multiple station systems. That approach has 
enabled us to increase our market share 50% a year 
in a market that's growing 40% a year. This year 
our word processing sales will pass $100 million. 
In 1974 they were just $9 million. 

"We decided on Intel's 8080 
microprocessor for our distributed 
logic system. Only Intel offered PL/M, 
the microcomputer programming 
language we needed to get our software 
written quickly. So quickly that we 
introduced our system a year ahead of 
any competition. And Intel's tools for 
programming have continued to help us offer our 
customers the high quality software they expect 
from Wang:' 

"Choosing 
Intel 
gave us a 
twelve month 
jump on the 
competition~' 

Intel's extensive microcomputer design tools 
have helped hundreds of companies just like Wang 
Labs capture the marketing advantage with Intel 
microcomputers and semiconductor memory. 

Our lntellec® Microcomputer Development 
System makes it possible and profitable for companies 
like yours to take full advantage of the promise and 
potential of the microcomputer. For example, the 
world's most advanced microcomputer, our new 16-bit 
8086, is the first and only 16-bit microcomputer 
supported by a high-level programming language
PL/M, part of the total 8086 software development 

package available for the lntellec system. 
To begin writing your own 
success story, contact Intel 
Corporation, 3065 Bowers 
Avenue, Santa Clara, CA 95051 

408/987-8080. 

Intel's lntellec ~ Development System 

infel® delivers. 
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Everything 
you need to 
know about 
flat cable/ 
connector 
systems. 

To save space. To increase circuit flexibility 
and reliability. To lower total installed cost. 
To profit from the state-of-the-art in mass 
termination. 

T &B/ Ansley offers you the industry's broad
est Ii~ of flat cable/ connector systems. That's 
because we've been flat cable specialists for 
decades, and we were pioneers in the develop
ment of cost effective mass-termination tech
niques for volume production and ease of 
assembly. 

Now we ' re also offer ing an engineering 
specification bible that tells you everything 
you need to know about mass-termination 
cable/ connector systems. 

That inc ludes connectors, headers, mount
ing hardware. It includes round and flat con
ductor flat cable, as well as jacketed and 
shielded j acketed cable . It includes our 
MICRO-PITCH line, which is ideal for mass 
termination in high density, controlled impe·d
ance app l ications. And our FLEXSTRIP~ 
Jumpers, the most flexible, reliable compo
nents available for interconnecting one circuit 
board to another. 

It includes a complete line of hand and 
bench tools for volume installations, small pro
duction runs, or field service applications. 

And a great deal more. And it's free. So 
you'll never get a better offer. Call or write 
today. 

l&B/ __. 
The mass termination company. 

T&B/ Ansley Corporation 
Subsidiary of Thomas & Betts Corporation 

3208 Humboldt St. • Los Angeles, CA 90031 
Tel. (213) 223-2331 • TELEX 68-6109 

TWX 910-321-3938 

Stocked and Sold through Authorized 
Ansley Distributors. 
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SPEECH RECOGNITION TECHNOLOGY 

Overview of current automatic speech recognition technology 
examines primary characteristics of installed systems and evaluates 
bep.efits and short comings 

E. Joseph Simmons, Jr Threshold Technology, Incorporated, Delran, New Jersey 

E ver since the computer became an h1tegral pro
cessing element, scientists and engineers have been 
seeking a method of feeding verbal data directly into 
its memory for storage, computation, and output. Auto
matic speech recognition technology has achieved this 
goal in offices, warehouses, and factories, and has 
proved its merit in a variety of applications. In one 
such system, microprocessor based voice terminals, 
capable of replacing intelligent video display /key
board stations, are linked with central processors to 
provide complete voice data entry systems suitable for 
cost-competitive source data entry applications. 

Historically, operational tequirements of the ma
chine dictated communication with computers. To con
trol machines or computers, designers and users learned 
the programming language of the machine or the 
manipulation of panel switches or keys in proper 
sequence and format. Any deviation from this unnatural 
machine input produced errors, which were not always 
easily detectable because of the complexities of the 
input/ output ( 1/ o) rules for man/ machine communica
tion. 

Development of voice recognition systems permitii 
humans to talk information directly into a computer, 
with no intermediate keying or handwritten steps in
volved, and to control mechanical systems with voice 
commands. Voice input to machines is simple since the 
operator provides instructions ip a natural language
the spoken word. The automatic speech recognition 
(ASR) system translates these words to computer com
patible data or machine commands. 

Speech Response 

A brief review of speech response technology serves as 
a frame of reference for comparison with speech recog-

nition technology. Speech processing distinguishes be
tween automatic speech recognition (ASR) or voice data 
entry ( VDE) systems and speech. (audio or voice) re
sponse systems. Speech response, a comparatively old 
technology, is encountered in several daily activities. For 
example, a recorded message results when a telephone 
number is dialed incorrectly, or responds to a telephone 
inquiry for a time .or weather check. 

Speech response can be accomplished by either of 
two basic methods: speech synthesis or- stored speech. 
Both can be either analog or digital. Speech synthesis 
typically formulates computerized speech from funda
mental descriptive phonetic units. This techp.ology is 
normally used in large vocabulary systems that change 
frequently. Stored speech uses human voice recordings, 
and is usually found in small, stable, vo~abulary 
systems. Speech is stored using a data compression 
technique; this technology is available on chip sets. 

In speech response, research and development ac
tivities comprise technological refinements directed at 
low cost and appliqttion proliferation, and contextual 
and situation analysis refinements of input text in terms 
of syntax, semantics, and environmental situations. 

Human Speech Factors 

The problems and challenges encountered with ASR 

differ greatly from those of speech response. Consider 
normal conversation. A speaker rarely repeats words 
in exactly the same manner, and words are not always 
heard by the listener in the same way. Pronunciation, 
pauses, background noise, speed, amplitude, and environ
mental and p~rsonal stress levels vary considerably in 
their individual contribution to both speaker and lis
tener. To further simplify the understanding processes-
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the objective of human speech-the listener provides 
subtle but definite, on-going feedback mechanisms. A 
facial expression, a head tilt, eye contact, and hand 
or body motions are some indications of verbal com
prehension and acceptance. A more direct mechanism 
occurs when the listener requests that the speaker 
repeat or clarify. Then again, there is contextual asso
ciation, as when a speaker mistakenly says, "I need tree 
circuit boards." Although the listener hears "tree," the 
correct word is immediately substituted. A high level 
mental function enables the listener to "know" what 
the speaker meant. Similarly, the listener weighs the 
words, appreciates the concept, or provides understand
ing for what the speaker is trying to convey by re
sponding positively to the projected emotion. Empathy 
aids both speaker and listener. Perception of environ
mental, stress, emotional, and psychological pressures 
clearly increases understanding. 

In examining ASR, using the human as a model, what 
can be duplicated and what must be compensated? 
More specifically, what physiological understandings 
are required, and which can not be duplicated? In 
humans, the processes of hearing are understood with 
two important exceptions: the process that codifies 
sound information for transmission to the brain, and 
the decodification process whereby the brain corr~lates 
transmitted information and makes a "recognition 
decision." 

The high level mental processes associated with 
total co~textual determination, or understanding, are 
beyond the ability of any machine to duplicate, artificial 
intelligence notwithstanding. To what extent context 
influences a given "word-recognition~ decision is still 
uncertain. Everyday experience demonstrates that spoken 
words can be phonetically ambiguous even when 
clearly separated and articulated in a low background 
noise situation. In "normal" or conversational speech, 
where inflections and word boundaries change, recog
nition is even more difficult because it is unrealistic 
to require that everyone pronounce words in the same 
way. Individual difference will always exist; it is in
cumbent upon technology to adjust to human differences. 

Speech Recognition Technology 

Approximately 90% of today's installed ASR base com
bines these speech technology characteristics: 

lsowted word-recognizes words, letters, numbers, and 
short phrases that are separated by 100-ms pauses 

Speaker adaptive-recognizes any speaker using any 
language, provided voice patterns for all words in the 
transaction dictionary are stored for comparison 

Limited vocabulary- accommodates a relatively small 
set of utterances for a given transaction, the size of 
which is a function of present microprocessor speeds 
and memory sizes 

Terminal interface-voice data entry to computers and 
voice keyboard to displays or printers. 

Alternatives--<:ontinuous vs isolated word, universal vs 
speaker adaptive, and large unstructured vs limited 
vocabulary technologies--are available, but exhibit op
erational limitations. 
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Universal, Isolated, Limited Vocabulary Systems 

A universal type system recognizes words spoken in 
a specific language by any speaker. Individual voice 
patterns are not stored for comparison processing to 
make a recognition decision. A speaker's words are 
compared against averaged or merged patterns, where
as in speaker-adaptive systems a speaker's words are 
compared against his own specific reference patterns. 
For this reason, universal systems presently do not 
provide the same high degree of recognition accuracy 
as speaker-adaptive systems. Universal systems are iso
lated; the speaker must pause briefly between utterances. 

Another factor is that in a universal type system, 
vocabularies must be predefined and stable; presently 
they are limited to fewer than 100 utterances. If the 
system dictionary contains English words, everyone 
talking to the system must speak English, and usually 
in a general dialect. By contrast, in isolated, speaker
adaptive systems, vocabularies and pronounciation are 
flexible, so that any language can be used. Multiple 
languages can be used on the same terminal, and per
sons having speech impediments can utter sounds that, 
although meaningless to the human ear, carry specific 
associations in a voice terminal. This is all possible 
with no special , modifications to the speaker-adaptive 
system. 

For most event or transaction oriented l\PPlications, 
speaker-adaptive systeµis offer the best ·alternative. 
They yield the highest proven accuracy, provide the 
most individual flexibility, operate adequately in high 
background noise and hostile environments (up to 90 
dB) , and cost the least. 

An identified application for universal, isolated, 
. limited vocabulary systems is banking by telephone, 

where spaken input is primarily numeric. In this case, 
voice input is combined with an associated technology, 
voice response. Although some systems of this type are 
installed, several parameters prevent greater prolifera
tion. These include inconsistent quality of telephone 
lines, diverse regional accents that must be accommo
dated, presently achievable recognition accuracy, and 
high cost of voice entry when compared with one 
existing alternative, the Touch-Tone pad. 

Cost reduction, wider imp1ementation of fiber optic 
technology, greater predictability of telephone line per
formance and quality, improved techniques for tele
phone line signal normalization, adaptations of feature 
extraction, and refinements in reference sets--di'!ital 
patterns against which spoken utterances are matched 
to achieve a recognition decision-all are required to 
achieve sufficient performance for the systems to be 
widely acceptable. All these improvements are ex
pected within a 2-year time frame. 

Connected, Speaker-Adaptive, 
Limited Vocabulary Systems 

Connected speech represents the transition step be
tween isolated word technology and continuous speech 
technology. In continuous speech, words are spoken 
in a contiguous string, and the speaker may optionally 
pause between any words in the string. Recognition 
begins coincident with the speaker's words or at any 
system·perceptible break in the word stream. This 
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technology is not currently available in a cost-effective 
system. Cost-effectiveness is emphasized becaQse ex
pected future availability of low cost microprocessors 
with improved speed, memory, and addressing capabili
ties will permit the eventual introduction of a viable 
price/ performance continuous system. The expertise 
exists to produce a continuous speech system. However, 
the technology's limited combination possibilities with 
other technological building blocks, and high cost 
make such a system a solution in search of a problem. 

A recent interim design that permits a predefined 
number of connected words to be spoken in a given 
time frame-normally four or five words-has a vo
cabulary of 120 utterances and is approximately seven 
times the cost of an isolated word (utterance) terminal. 
If an 'lpplication involves rapid, sustained entry (with
out pauses) of numeric digits only ( ie, onetwothreefour), 
connected speech is clearly faster by 2 to 1, and is 
more natural than pausing approximately one-tenth of a 
second between words or numbers, as is required by an 
isolated (paused) word system (ie, one-two-three-four). 
Applications that require input of connected digits by 
voice presently cost over $65,000 for a terminal. This 
high price necessarily limits cost-justifiable applications. 

When phrases or word combinations are involved, 
the input speed advantage of connected over isolated 
speech can be questioned. Since an isolated word 
(utterance) system works on the principle of sound 
recognition, several words can be grouped and spoken 
as a single utterance in an isolated system. In this 
limited case, an isolated system performs as fast as 
a connected system. If the application is event or 
transaction oriented and common phrases, short sen
tences, or other word groupings are used, the isolated 
system is faster because groupings are set by dy
namically adjustable time frames, not by number of 
words spoken (as in a connected system) . The "pause" 
occurs at the end of the isolated phrase, not after 
each word. However, performance is clearly applica
tion dependent. 

Other advantages of available isolated (utterance) 
systems over connected systems are vocabulary size
state of the art isolated systems have a 6: 1 advantage; 
costs-isolated systems cost less than one-sixth as much 
as connected systems; and environmental stability-
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TIME 
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isolated systems have resolved the problems of stabil
ity of speaker reference data and accurate operation 
in high background noise sitqations. 

Basic System Principles 

An isolated word recognition system (Fig 1) identifies 
a spoken word by measurin~ acoustic characteristics 
of the word and comparing these characteristics with 
those of reference words stored in computer memory. 
The reference word characteristics are input before
hand by the same speaker who is to use the system. 
Features are extracted from incoming words that are 
characteristic of the basic sounds that comprise the 
words. Spectrum analysis is performed and a variety of 
spectral measurements are made. Combinations and se
quences of these functions are processed to produce a set 
of significant acoustic feature!;>, including end of word 
indication. 

The acoustic features of each word are then pro
cessed in real time. When the end of an utterance is 
detected by the feature extractor logic, the time normal
izer processes the data so that dependence on word 
duration is minimized. Patter!) matching classifier logic 
then compares the time.normalized feature set for the 
spoken word with stored reference patterns for each 
word in the vocabulary. The "best fit" is classified 
as a word in the vocabulary, provided that the com
parison process exceeds a threshold level of similarity. 
If the incoming word does not match any word in the 
vocabulary, a reject decision is made. All recognition 
and reject decisions are displayed hack to the operator 
for visual verification. 

An ASR system is "trained" to recognize voice char
acteristics of any user by having the user speak each 
desired word several times ( 5 to 10) to provide a 
reference set of features for each worq in the system. 
During this training process, the system automatically 
extracts a time-normalized feature matrix for each 
repetition of a given word. Fig 2 (a) illustrates the 
reference matrix for the word "seven." A total of 512 
bits of information ( 16 time segments, each containing 
32 features) are required to store a feature map or 
reference matrix for each utterance or reference pat
tern. A consistent matrix resulting from successive 
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Fig 1 Basic speech recognition sys
tem. Spoken words are identified by 
measuring their acoustic characteris
tics and comparing them with ref
erence patterns previously stored in 
memory. Pertinent word features are 
extracted, digitized, and time normal
ized. All word anc! realtime functic;>ns 
are performed in hardware; classifica
tion function is performed by software 
and recognition microprocessor. Each 
output decision is visually displayed or 
printed for instant verification 
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repetitions is required before features are stored in 
reference pattern memory. Feature occurrence is con
sidered valid only when it occurs a minimum number 
of times relative to the number of training samples. 
This relationship is influenced by the choice of the 
template threshold factor, which is usually set to he 
30 to 50 % of a feature's occurrences. 

The matrix in Fig 2 (h) is derived from the same 
word as spoken during actual operation. This matrix 
also results from examination of 32 speech features 
normalized in 16 time segments, processed in a manner 
analogous to training mode procedure; ie, features are 
extracted, digitized, time normalized, and stored. 

During the actual recognition process, the matrix 
in Fig 2(b) is compared against the matrix of Fig 2(a), 
as well as against every other matrix in the system 
vocabulary. With each comparison, a correlation product 
is calculated rFig 2(c) l· The highest correlation 
product results in a recognition decision, provided that 
the product falls within the established recognition 
threshold. If the respective correlation falls outside 
the established recognition threshold, the system re
jects the word with appropriate audio and/ or visible 
indication to the speaker. 

To be recognized, then, a spoken word must not only 
find a potential match among the matrices in the 
system dictionary, but must also match closely enough 
to assure the highest probability of an accurate recog
nition. These two measures assure optimal rejection 
of out-of-vocabulary words and extraneous background 
noises. 

System Components 

An ASR system (Fig 3) combines three integrated func
tional subsystems. 

Preprocessor 

Microphones of different types-and sometimes of the 
same type--possess differing characteristics, causing 
varying output amplitude signals vs frequency. To achieve 
optimal feature extraction, the next function in the speech 
recognition process, microphone output, is standardized 
in the preprocessor using a spectrum shaper and a spec
tral analyzer. 

The spectrum shaper compensates outpqt energy 
from the noise canceling microphone to remove irregu
larities (amplitude vs frequency) and to produce a 
normalized speech spectrum. The spectrum analyzer 
breaks down the energy (E) vs frequency (f) content 
of the speech signals and normalizes this information 
for the subsequent feature extraction function. Normal
ized signals are passed through 16 contiguous bandpass 
filters, ranging in frequency from 250 to 4484 Hz. 
Output signals are full-wave rectified and logarith
mically compressed to minimize amplitude dependence. 

Feature Extractor 

The spectral shape detector develops spectral deriva
tive ( dE/ df) features and local maxima, indicating the 
overall spectrum shape. Spectral shape and its changes 
with time are measured continuously over the 250- to 
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4484-Hz frequency range of interest. Combinations and 
sequences of these measurements are processed in hard
ware to produce a set of 32 significant acoustic features, 
one of which is the initial estimate of word boundary. 

Each feature is extracted by a combination of analog 
operations and binary logic. The output of the feature 
extractor consists of 32 binary signals. Features fall 
into two groups: 16 broad class or spectral features 
and 16 phonetic event features. Broad class features 
include such categories as vowel/vowel-like, formant 
characteristics, short pauses (less than 100 ms), and 
unvoiced noise·like consonants. Spectral features mea
sure such regions as: energy maximums vs frequency 
(maxima), energy increases vs frequency (positive 
slopes) , and energy decreases vs frequency (negative 
slopes). The 16 phonetic event features represent 
measurements corresponding to phoneme-like occur
rences. Phonemes are the basic sounds in human speech. 
For example, the English language has approximately 
40 phonemes. In normal conversation, ' about 10 
phonemes/ s are uttered. Changes in both spectral and 
phonetic features are also measured. 

SPECTRAL FEATURES PHONEME FEATURES 

r ' ~ 1 •. •• • •• 
2 •• •• • •• 
3 • •• • • • 
4•• ••• • •• 
5 •• •• • •• • • • 
6 ••• •• • •• •• 

Vl 

~ 7 ••• •• • ••• • •• • 
::;: ••• •• •••• • • • 
8 • • • •• •••• • • • • Vl 9 
w 

10 ••• •• • ~ • • • • • • 
I-

11 •• •• •••• • • • 
12 •• •• • • •• • • • 
13. •• •• • • • • • • • • • • • 
14. • • • • • • • • 
15. • • • 
16• • • 
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8 .. •• • . . • Vl 9 

~ 10 •• •• • • . • • 
;:: •• .. • • •• • • • 11 

12 •• • • • • • •• • 
13 • •• •• •• • • . • 
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Fig 3 Isolated word recognition system. Three major functions-preprocessor, feature ex
tractor, and classification-<:omprise system. First two functions derive acoustic parameters 
that are inherent to basic sound composition of each word. Combinations and sequences 
of spectrum and spectral measurements produce individualized set of significant acoustic 
features. Pattern matching logic compares time-normalized feature set with reference word 
patterns. Best correlation fit yields PO!litive recognition output decision; otherwise reject de
cision results 
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Fig 2 Reference/spoken word matrices 
and resulting correlation products. Refer
ence matrix for word "seven" (a) requires 
a consistent matrix of feature occurrences 
(between repet itions in trainin~ mode) 
before features are stored in reference 
pattern memory. In operational mode, 
spoken word matrir. (b) is compared dig
itally with each stored reference matrix. 
Similarities and dissimilarities in each 
compared matrix are weighted, and net 
result provides weighted correlation prod
ucts. Correlation products in 22-word vo
cabulary (c) are compared; stored refer
ence word producing highest overall cor
relation product (+ 133) is selected as 
being correct if it exceeds minimum thres
hold correlation value 

Classifier 
This portion of the recogmt1on system includes a time 
normalizer, training mode, reference pattern memory, 
and decision algorithm. A microprocessor accomplishes 
these functions. 

The 32 encoded feature::i, resulting frorµ feature 
extraction, and their times of occurren~ 1:1re stored 
in a short term memory. When the enq of a word 
(utterance) is detected, the length of that word is 
computed and divided into 16 equal time segments, 
and the features are reconstructed into a normalized 
time base. An utterance--defined as a spoken sound 
with minimum length of 150 ms, maximum length of 
2 s, imd pause of 100 ms before the subsequent sound
is a letter, number, word, short phrase, or string of 
worps that can be defined, flexibly, according to the 
application. Pattern matching logic next compares 
thes~ feature occurrence patterns to the stored reference 
patterns for the various pre-establisheq ~ocabulary 
words, determines a best fit, and makes a subsequent 
recognitio~ decision , 

T~is voice recognition system is speaker adaptive 
and, therefore, requires tuning to individual voice 
characteristics of any single user. This training mode 
is accomplished by repeating each word in the desired 
vocabulary several tiµies to provide a reference set 
of features. The system stores in memory an individual 
reference set of word features for each word in the 
vocabulary and for each speaker in the application. 
A consjstent matrix of feature occurrences (between 
repetitions) is required before the features are stored 
in the reference pat~ern memory. 

In operational mode, spoken words are compared 
against an individual speaker's reference sets. The 
closest fit is selected as the recognized word. A "no 
decision" or a reject occurs when characteristics of the 
words in reference memory (data obtained from the 
training process) are not close enou.gh 

0

to the word 
or words spoken in normal transaction use. 
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System Applications 

Automatic speech recognition terminals are installed 
in numerous and diverse applications, which are char
acterized by one or more of the following parameters: 

Hands-busy task is combined with the need to enter 
data at the source of a transaction or event, in contrast 
to entry of information at an intermediate data prepara
tion step, such as keypunching. 

Mobility is required during the data entry step. A 
VHF-FM or UHF-FM radio input link enables an operator 
to move freely up to 1000 ft (305 m) from the terminal 
in any direction, while talking input information. 

Voice data entry is coincident with the immediacy of 
the event being recorded. As such, it convincingly ad
dresses the problem of information perishability. 

Voice data entry is widely used in general fac~ory 
applications, such as quality control, incoming inspec
tion, reviewing, traceability, warehousing, and sortation. 
In computer-aided design and 1panufacturing ( Ci\.D/ CAM) 

applications, voice data entry is being used in such 
processes as printed circuit board component layout 
for text annotations, generation of wire lists, data re
trieval/paging, selection of fµnction modes, preparation 
of program tapes for numerical control (NC) equip
ment, civil engineering drawings, structural drawings, 
and bill of materials generation. Selective office, com
mand and control, and word processing applications 
have al&o been voice adapted. 

Voice data entry systems are usually implemented 
on the basis of strong cost justifications with early 
paybacks. Four primary reason~ for these requirements , 
are: 

Acceptance of the technology has been hampered by 
the lack of announced prQducts from a large corpora
tion to sanction or precondition attitudes. 

Existing off-the-shelf products and systems are not di
rected primarily at intermediate data preparation tasks 
(competing with a key entry clerk). 

Voice is not selected in mllnY source data entry appli
cations because its economics are marginal. The tech" 
nology is still not positioned optimally on the price/ 
time curve. 

Improvements and recombinations of 
blocks of ASR technology that address 
cations are just beginning to emerge. 

Voice Programming 

the building 
broader appli-

Preparation of program tapes for numerically con
trolled (NC) machine tools is a voice data entry 
applicatiop. that clearly overcomes the man-machine 
obstacle of computerized parts programming. A com
puter programmer with a working knowledge of COBOL, 

FORTRAN, BASIC, or other software languages possesses 
the necessary skills to program a computer for a par
ticular data processing application. However, program
ming an NC machine requires a separate set of skills, 
including an ability to read blueprints, understanding 
of specific machine tools, and knowledge of machine 
shop operations and procedures (Fig 4). 

An alternative to developing a hybrid computer 
programmer is to train shop-experienced personnel in 
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the programming and operation of digital computers. 
The latter alternative presents different but equally 
formidable problems. However, voice programming re-

\ solves the difficulty. Instead of writing instructions, 
performing calculations, and undergoing error prone, 
intermediate, data preparation steps necessary to get 
information into the computer, a shop-trained operator 
(not computer trained) merely talks information from 
a blueprint into a d11ta entry terminal. This operator 
describes the part to be machined in everyday shop 
language, using word~ that are easily and flexibly 
established in the memory of the terminal or host 
computer. Using an interactive program, the words are 
converted to a series of programmed instruction steps 
that the computer understands, and from which the 
computer produces a paper tape to run the machine 
tool. Not only is the man-machine dilemma solved with 
"voice" as part of the input eq4ation, but fast, accurate 
computerized parts programming output results. 

Voice programming of paper tapes for NC machines 
offers the following advantages over traditional 
methods: reduced programming tiµie and increased NC 

machine utilization, use of personnel with no computer 
programming training, increased program accuracy be
cause of instant visual verification, and elimination of 
typing (input) errors. 

A simplified example of how a typical NC task IS 

verbally programmed IS given below. The task is 
stated as: Provide a sequence of commands for pro
ducing "h" holes, equally spaced along an arc having 
a radius "r." The first hole is 81 degrees from the 
X axis and the last hole is 82 degrees fr:om the X axis. 

TRADITIONAL 
PROGRAMMING 

PROGRAMMER 
CONVERTS DRAWINGS 
TO SPECS. 
MAKES CALCULATIONS 
ANO MEASUREMENTS 

MANUALLY WRITTEN 
PROGRAM 

MANUAL "TAPE 
PREPARATION OR 
COMPUTER ASSI STED 
TAPE PREPARATION 

TAPE READER 

TAPE l/ERIFICATION 
(IF NECESSARY) 

MACHINE CONTROL 
UN IT 

NC MACHINE 

VOICE 
PROGRAMMING 

PROGRAMMER 

SPOKEN PROGRAM 
COMPUTER-AS SISTED 
TAPE PREPARATION 

TAPE READER 

MACHINE 
CONTROLLER 

NC MACHINE 

Fig 4 Traditional vs voice programming. 
Principal difference between methods is that 
with voice, progra111mer speaks input data in 
English language rather than writing in com
plex computer language and then entering 
data through keyboard 
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Format: ARC, o,; 02, h, and r 

Data: 01 = 60°, 02 = 135°, r = 3.25", and h = 4 

Task Sequence Voice Commands Display Readout 
- ----- - - - --- - - --· 

1 ARC ARC angle 1 = 
2 Six, Zero ARC angle 1 = 60 
3 OK ARC angle 2 = 
4 One, Three, Five ARC angle 2 = 135 
5 OK ARC radius= 
6 Three, Point, Two, Five ARC radius = 3.25 
7 OK No. of holes = 
8 Four No. of holes = 4 
9 OK ARC 60 135 3.25 4• 

Voice Identification 

Voice grams or voice prints {used for speaker identifi
cation) have achieved high accuracy in laboratories. 
However, there is no consistent predictability regard
ing the degree of accuracy that can be achieved under 
nonlaboratory conditions, and the National Academy 
of Sciences recently discouraged the use of voice grams 
in forensic situations. Many factors about the science 
of voice recognition (as it relates to speaker identifica
tion) remain unknown, including the basic character
istics that distinguish one voice from another, the dis
tribution of these characteristi~s within large popula
tions, and the susceptibility of voices to voluntary 
control, as in mimicry. 

Speaker verification {as distinct from speech recog
nition and speaker identification) is a logical outgrowth 
of speech recognition technology. Differences in the 
building blocks of speaker verification systems exist, 
just as in speech recognition. Current costs are pro
hibitive for many applications, and the techniques used 
are situation or application dependent. 

In speech recognition, a feature extraction process 
identifies speech invariants {stable, repeatable char
acteristics) and measures them. Typically, these mea
surements are consistent and re1atively speaker-inde
pe.ndent over a wide speaker population. A resulting 
set of essential features, and their interrelationship 
over time, describe the elements needed for identifica
tion of a word. 

However, speaker verification makes use of measure
ments which are highly speaker dependent. The speaker 
is identified by comparing these measurements against a 
prestored reference set of measurements for that respec
tive speaker. · 

Currently, speaker verification can be used, reliably, 
as an integral part of a total security system. It would 
work in concert with other checks and balances in 
an overall security system to achieve optimal results. 
Used by itself, accuracy in excess of 95 % can be 
achieved. Two types of possible occurring errors are 
defined as Type· I, false rejections, and Type II, false 
acceptances; improvements can be made in either type, 
but to the detriment of the other. 

Moral and ethical issues, as well as potential for 
abuse, are topics for serious consideration and discus
sion. Although the optimal speech verification system 
is not imminent, the potential of this technology, when 
combined with advanced artificial intelligence tech
nology, represents a definite future reality. 

*Teleprinter prints out: .A.RC 60 135 3 .25 4 

Summary 

Available for widespread use today in voice data 
entry is a technique that is characterized as a limited 
vocabulary, speaker adaptive, isolated utterance auto
matic speech recognition system. It fits into source data 
entry and selected word processing systems as a termi
nal or as an intelligent keyboard. It is most advan
tageous if one or more of three parameters characterize 
an application: a hands/ eyes busy task is combined 
with a data entry function, an operator requires free
dom to move about in the process of a data entry 
transaction, and the necessity to record is coincident with 
the immediacy of the event being transacted. As such, 
ASR addresses the problem of information perishability 
more convincingly than any other method of data 
entry, and with emphasis on timeliness a'nd accuracy. 

With voice input, there are no preparatory or sub
sidiary requirements in the traditional sense: no hand 
recording, keying, dependence on media input, or in
troduction of intermediate steps. Accuracy is assured 
by recognition techniques which are integral to voice 
data entry, while the more cumbersome interlocks or 
comparison techniques of previous systems of entry are 
eliminated. Voice data entry combines in a single step, 
the basic elements of all data gathering systems: gen
eration-it starts immediately and locally, verification
it agrees to predetermined concepts, and correction
accuracy is guaranteed before it proceeds to an accum
ulator as an element of useful information. 

From a human perspective, ASR places the power 
of the computer at the disposal of a transaction-origina
tor in a manner that does not require the personal re
striction or alterations in behavioral patterns that are 
characteristic of traditional source data entry devices. 
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OUR CUSTOMERS' REACTION 
TO THE NEW NOVA 4 DIDN'T 

SURPRISE US. 
After the success we've had with the Data 

General NOVA computer line (in the 10 years 
since its introduction, over 60, 000 have been 
shipped), who could blame them? But what 
really counts is your reaction to our latest 
NOVA-NOVA4. 

The new NOVA 4 gives you three ways to 
sell. It's the one computer system that's really 
a family of three. It's the one computer that 
will give you so wide a range of capability and 
options it will meet the price and capability 
needs of all your customers. 
NOVA 4/C. The component OEM's dream. 

The speed and performance you get in the 
NOVA 4/C, for $3500* (complete), is the 
best deal ever offered a customer needing a 
basic computer to integrate in his terminals, 
test instruments or business applications. 
And it includes a unique self-diagnostic capa
bility that lets the computer trouble-shoot 
itself to cut service time and cost. 
NOVA 4/S. An important part of your process. 

Whatever data your customers process 
now-from blood analysis to pipeline flow
the new NOVA 4/S can cut processing time 
in half. Outstanding processing throughput 
comes from its new high speed floating point 
and character manipulation capabilities. Plus, 
it includes NOVA 4 self-diagnostic features. 
NOVA 4/X. The business end of the line. 

For the business computer customer, or 
the technical one, the 4/X will do the job. All 
the capabilities of the 4/S with memory up to 
256K bytes, with self-diagnostic capability. 

NOVA 4. The multi-customer mini. 
4/C, 4/S, 4/X-all three are fully compati

ble with the NOVA 3 computers now in use. 
And there's one that's right for your 
customer's application. 

And they match the 10 year NOVA 
tradition of increasingly high performance 
(NOVA 4 achieves up to twice the speed of 
competitive systems as well as the NOVA 3), 
newsworthy price (lower than competitive 
units; 43% lower than NOVA 3) and reliability 
and maintainability features unheard of in 
competitive systems. 

The all new NOVA 4. 
It's the brand new com
puter with 10 years of 
proven performance 
that will leave your 
customers smiling. 
Mail the coupon for full 
information. 

*NOVA 4/C with 64 K bytes of MOS Memory, asynchronous interface, 
automatic program load, power faiVauto restart, and 5-slot chassis with 
power supply. Domestic U.S. price, quantity one. OEM and quantity 
discounts available. 

r-----------------------, 
Mail to: Data General Corporation 

Westboro, MA 01581 

D Send me full information on the NOVA 4. 
Name _____ ________ _ 

Title _________ . _ _____ _ 

Company _____________ _ 

Address _________ Tel. ___ _ 

City State ip, __ _ 

L--------------------3~~J 

t •Data General 
We make computers that make sense. 

Data General Corporation, Westboro. MA 01581, (617) 366-8911. Data Gener;il (Canada) Ltd .. Ontario, Canada. Data General Europe, 61 rue de Courcelles, Paris. France, 766.51. 78. 
Data General Australia. (03) 89-0633. Data General Ltda .. Costa Rica. Latin America. 22-79-42. Data General Middle East. Athens. Greece, 952-0557.(c) Data General Corporation, 1979. 
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Technological leadership 

Listen, talk and save a lot 
with the one and only 

octal GPIB transceiver. 
Up to now you had to choose either a fast, high

power 488 bus transceiver or a slow, low-power 
one. The first gave you minimum prop delay but 
used 30 mils per channel. The other saved power 
but was molasses in January. 

Now we've combined speed, low power and octal 
organization in the MC344 7 GPIB transceiver and 
significantly cut your parts count. board space and 
cost to boot. 

Just two will do 
Using a maximum of just 11.5 mA per channel 

(talk mode, all drivers on) the MC3447 hums along 
at 50 ns max prop delay with a fast. 30 ns channel 
to meet turnaround delay requirements of the 
protocol ATN and EOI signals. 

And that's fast enough to meet virtually all of 
today's applications. 

Its octal configuration means you get the job 
done with only two parts instead of four so.you 
can group 16 bus lines in two groups of eight. Its 
internal, 4-1-1-1-1. enable and channel organiza
tions are optimized so no added TTL is required. 

You use just one part to cover both 8-bit slots 
in the 16-bit GPIB with no extra logic. 

A new standard for 488 
Low power consumption has been achieved by 

trading a minimum of speed for low current drain 
on non-critical channels. Of course, bus termina
tions are provided. 

Other nifty specs include three-state outputs, 
high impedance inputs, 50 mV receiver hysteresis, 
power up/ power down protection (no invalid info 
transmitted) and no bus loading when power is 
removed. 

Listen, we'll send you a complete data sheet. 
Talk to us: Motorola Semiconductor Products Inc., 
P.O. Box 20912, Phoenix, AZ 85036. And save. 

We're committed to supplying state-of-the-art 
in volume. Our technology, time after time, is 
your assurance of 

Innovative systems 
through silicon. 

® MOTOROLA INC. 
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MULTIPLIER/DIVIDER HARDWARE 
DESIGN ACCELERATES 
MICROPROCESSOR THROUGHPUT 

Multiply and divide software routines usually curtail microprocessor 
based system throughput. For increased processing, added hard
ware logic performs very fast multiplication and division with 
minimal time ahd programming 

Francis G. Gerberich University of Georgia, Athens, Georgia 

Robert S. Rodgers Lehigh University, Bethlehem, Pennsylvania 

M icroprocessors are increasingly being designed into 
data acquisition systems as controllers in process con
trol instrumentation because they accurately govern 
changing input conditions, record data, and perform 
limited calculations. Large scale data acquisition ap
plications require that microprocessors handle exten
sive, high speed data reductions. Although some current
ly available microprocessors perform high speed arith
metic operations, many are limited in this capacity 
because their instruction sets do not include multiply 
or divide operations.* In applications where these 
operations are required, multiplications and · divisions 
can be performed by software routines or by addi
tional hardware. However, software routines may be 
time consuming. For example, a 1-MHz Mc6800 
microprocessor from Motorola requires about 200 µ,s 
to complete a multiplication and about 300 µ,s to 
complete a division. Hardware that performs the same 
operations is about two orders of magnitude faster. 
Although this hardware represents added cost, its speed 
is essential for online applications that require re
current multiplications or divisions. 

The introduction of monolithic, parallel multipliers 
has prompted recent articles showing the ease of inter
facing them to a microprocessor bus. 3•4 The speed of 
these multipliers (about 100 ns) cannot, however, be 
fully realized since the result is ready long before 
the microprocessor cfin possibly access it. A commer
cial divide device is not currently available. 

An add-on hardware unit designed to perform 8-bit 
multiplications and 16-bit divisions presumes unsigned 
binary operands and returns unsigned results. This 
hardware multiply and divide unit comprises three 
sections-bus interface, control iogic, and arithmetic. 
Bus interface provides the communications link between 
the system bus and the latter two sections. Control 
logic in conjunction with arithmetic sections performs 
multiplication and division operations by serial algo-

*Motorola has introduced the Mc6801 and has announced the 
availability of the Mc6809.1 Instruction sets of bbth microprooes· 
sors are to include an 8-hit multiplication operation. Zilog's 
Z8000 is to be capable of performing 16-hit multiplication or 
division operations.• 
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REGISTER H 

8 BITS 

REGISTER E 

REGiSTER L 

8 BITS 

fl-------~ 

Fig 1 Block diagram of arithmetic 
section. This section consists of ALU 
and five registers that contain op
erands. It can perform n-bit by n-bit 
multiplications and 2n-bit by n-blt 
divisions. For hardware multiply and 
divide unit design, n is equal to 
eight 

ALU 

CYI-----------' 
B 

REGISTER D 

8 BITS 

8 BITS 

rithms. Although the interface has been designed to 
be compatible with a transistor-transistor logic (TTL) 
buffered MC6800 microprocessor based system, similar 
interfaces cart be easily designed for other microproces
sor systems using the same principles. The interface 
scheme for this multiplier/divider takes a somewhat 
different approach from those referenced previously; 
that is, only one microprocessor store instruction is 
required to initiate a hardware multiply and divide 
operation. The hardware design suggests a powerful 
addressing scheme that has numerous data acquisition 
system applications. Its operatfon is designed for sim
plicity, consistent with instruction set capabilities. 

Design Considerations 

Primary factors considered were the ability to perform 
an 8-bit by 8-bit multiplication to yield a 16-bit 
product, and a 16-bit by 8-bit division to yield an 
8-bit quotient with an 8-bit remainder. Also, the unit 
had to provide an error indication whenever an invalid 
division was attempted. 

Since this design began as a project in electronic 
instr~mentation, the monolithic multipliers and the 
parallel algorithm were discarded in favor of common 
TTL circuitry and a serial algorithm, largely for edu
cational reasons. The choice of a slower serial al
gorithm does not degrade the overall performance of 
the microprocessor based system because the former 
methods are much faster than necessary. Most micro
processors are unable to request a result fast enough 
to exploit the speed of the parallel, monolithic multi
pliers. 

Multiplication and Division Algorithms 

The arithmetic section of the hardware unit (Fig 1) 
performs an 8-bit by 8-bit multiplication or a 16-bit 
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by 8-bit division according to the serial algorithms. 
Registers H, L, and D must each contain eight bits, 
whereas registers E and C need only contain one bit 
each. For a multiplication, the arithmetic logic unit 
(ALU) must be able to perform an 8-bit addition; its 
output must be the sum of registers H and D. Likewise, 
for a division, the ALU must be able to perform an 
8-bit subtraction. Its output must be the value of 
register H minus register D. The serial algorithm also 
requires that registers C·H-L and E·H-L be able to 
perform a synchronous right shift ( C-H-L) or a syn
chronous left shift (E-H-L). 

Booth's Algorithm5 is used to perform 8-bit by 8-bit 
binary multiplications. This algorithm consists of eight 
.sequences of add and shift cycies and is equivalent 
to a longhand binary multiplication. Add and shift 
cycles and longhand multiplication for the simpler case 
of a 4-bit multiplication are shown in Fig 2. Initially, 
registers D and L are loaded with the multiplicand 
and the multiplier, respectively, and register H is 
cleared. The least significant bit (LSB) of register L(Lo) 
is tested to determine whether an addition of register 
D to register H is to be performed. If the value of 
L0 is 1, addition is performed by replacing the contents 
of registers c and H with the CARRY OUT and FUNCTION 
outputs of the ALU, respectively. This operation is 
equivalent to adding the multiplicand that is stored 
in register D to the accumulating product. If the value 
of Lo is 0, replacement is inhibited. After each add 
sequence is completed, the 17-bit register C-H-L is 
shifted right one position. The next LSB of the multiplier 
is then in position Lo and is ready to be tested on the 
next cycle. A right shift of register c-H-L is per
formed every cycle regardless of the value of the 
test bit, Lo. When eight add and shift cycles have been 
executed, the multiplication is finished. The eight most 
significant bits (MSBs) and eight LSBs of the 16-bit 
product reside in registers H and L, respectively. 

The serial algorithm for division is equivalent to 
a longhand binary division-the inverse of serial multi-
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INITIAL 

TEST, ADD H + D -> (C-H) 
SHIFT C-H-L ONE BIT RIGHT 

TEST, ADD H + D -> (C-H) 

SHIFT C-H-L ONE BIT RIGHT 

TEST, SHIFT C-H-L ONE BIT RIGHT 

TEST, SHIFT C-H-L ONE BIT RIGHT 

LONGHAND BINARY MULTIPLICATION 

1111 = 15 
0011 = 3 

1111 
1111 

0000 
0000 

0101101 = 45 

ADD AND SHIFT ALGORITHM FOR A MULTIPLICATION 

REGISTER C 

0 

0 
0 

0 

0 

0 

REGISTER H REGISTER L 

0000 MULTIPLIER-+0011 = 3 
1111 0011 

0111 1001 

0110 

1011 

1001 

0100 

0101 1010 

PRODUCT-+ r~~~~---_-_:-_-_-_-_-_-_-_-_-_-_-_-_1!~~1 = 45 

RE;GISTER D 

1111 = 15 

t 
MULTIPLICAND 

Fig 2 Binary multiplication-longhand and add/shift methods. Add and shift cycles of Booth's Algorithm 
are similar to steps of longhand binary multiplication; 8-bit product from 4-bit by 4-bit multiplication 
is contained in registers H and L (Fig 1) 

plication; the division sequence is subtract and shift 
left. A longhand binary division and the serial algorithm 
sequences for the simple case of an 8-bit by 4-bit 
division appear in Fig 3. The divide opetation is 
initialized after loading the most significant byte and 
the least significant byte of the 2-byte dividend into 
registers H and L, respectively. The divisor is placed 
into register D, and register E is cleared. The decision 

of whether to subtract register D from register H is 
determined by the CARRY OUT value of the ALU and 
the value of register E. For the ALU (74181) used 
in this design, CARRY OUT is 1 if a borrow is neces
sary to perform the subtraction, and CARRY OUT is 0 
if a borrow is not necessary. When the value of E + 
CARRY OUT is 1, the result of the subtraction of register 
D from register H is loaded into register H; however, 

INITIAL 

TEST, SHIFT E-H-L ONE BIT LEFT 

TEST, SHIFT E-H-L ONE BIT LEFT 
TEST, SHIFT E-H-L ONE BIT LEFT 
TEST, SUBTRACT (E-H) - D -+ H 
SHIFT E-H-L ONE BIT i..EFT 
TEST, SUBTRACT (E-H) - D -+ H 
SHIFT L ONE BIT LEFT 

LONGHAND BINARY DIVISION 

00011 = 3 
15 = 1111 1,...--,00""1'"'0'""1

7
11"'1 = 47 

0000 

0101 
0000 

1011 
0000 

1oTI1 
1111 

10001 
1111 

0010 = 2 

SUBTRACT AND SHIFT ALGORITHM FOR A DIVISION 

REGISTER E REGISTER H REGISTER L 

0 DIVIDEND-+ r0()10·---------------111~ = 47 
0 -0-101---------------1110 

0 1011 1100 

0111 1000 
1000 1000 
0001 0001 

0010 0001 

0 0010 = 2 0011 3 

t t 
REMAINDER QUOTIENT 

REGISTER D 

1111 = 15 

t 
DIVISOR 

Fig 3 Binary division-longhand and subtract/shift methods. Subtract and shift cycles of serial algo
rithm are similar to steps of longhand division. Remainder and quotient of 8-bit by 4-bit division are 
contained in registers H and L {Fig 1) 
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ADDRESS BUS 

0 1 llMIA 0 D 0 p E RAND 2 

1 
ADDRESS OF 

MULTIPLIER/DIVIDER 
ADDRESS OF OPERAND 2 

.. 
0 

v 

0 

0 

v 

OPERATION 

0 =MULTIPLY 

1 =DIVIDE 

DMAG IN 

l.t.. DMAG OUT 
r--
1.t.. OMAR 
I""" 
i... VMA. 
r--

OMA 

CYCLE 

CONT ROLLER 

f 

ENOC 

BOSE L 

AO ..... BUS 

All ... 
~2 

INTERFACE ... 
Rl_W .... LOGIC 

RESET 

SIGNALS 

ADDEN-ADDRESS ENABLE 

AD DEN+ 

C LRH+ 

HLDH+ 

LDHL.,,. 

STRT 

LOO 

w_. 
ENH+ 

CLR ERR+ 

BDSEL-BOARD SELECT ADDRESS SPECIFIED 
~-MC6800 PHASE 2 CLOCK SIGNAL 
CLRH-CLEAR H 
DMAG IN-OMA GRANT 
DMAG OUT-OMA GRANT 

OMAR-OMA REQUEST 
ENDC-ENABLE OMA CYCLE CONTROLLER 
ENH,ENL-ENABLE H, L 
HLDH-HOLD H 
LDHL-LOAD H, L 
LOO-LOAD D 

Fig 5 OMA schemes. Bus interface logic 
enables OMA cycle controller after micro
processor executes a store (write) Into 
hardware unit. One OMA cycle is required 
to fetch multiplier; two OMA cycles are re
quired to fetch dividend. Microprocessor 
reads result of arithmetic operation from 
two consecutive locations in multiply/ 
divide device 

I I 

DATA BUS 

0 p E R A N D 

D7 

1 
DO 

Fig 4 System address Qnd 
data buses. "Snapshot" of 
system address and data 
buses during stdre (write) into 
hardware multiply/divide unit 
shows that information is 
transferred via both buses. 
Unit is enabled by four MSBs 
of address bus, which also 
contains address of seconct 

MULTIPLICAND / 
DIVISOR 

operand. One operand is 
transferred via data bus 

if the value of E + CARRY .. out is 0, the load is in
hibited. The 17-bit register E-H-L is shifted left on 
each cycle with the value of E + CARRY OUT entering 
at Lo. After the division is completed, the 8-bit quotient 
is contained in register L, while the 8-bit remainder is 
contained in register H. Division requires one cycle 
more than muhiplication (nine total), because the 
first subtraction must lead to a negative result (E + 
CARRY OUT = O) if the quotient is to be expressed 
in eight bits. If the first subtraction yields a positive 
result (E + CARRY OUT = 1), either an overflow divi
sion (quotient is larger than 28 - 1 = 255) or a 
division by zero is being attempted. This error condi
tion is indicated by filling registers H and L with ls 
(register H = register L = 255). The r~sult is im
possib!e because a valid division may never have a 
remainder with a value larger than or equal to the divisor. 
This overflow condition may be used to "trap" program 
execution via one of the prdcessor interrupt lines. 
During the last cycle of the division, only register L 
is shifted left in order to enter the value of E + 
CARRY OUT into the LSB of the quotient. 

Interface Scheme 

The number of bytes of information required by the 
hardware unit is dependent on the operation that is 
to be performed. A multiplication requires only a 1-byte 
multiplicand and a 1-byte multiplier, whereas a divi
sion requires a 2-byte dividend and a 1-byte divisor. 
Two and three stores by the microprocessor would, 
therefore, be required to initiate a multiplication and 
a division, respectively. The suggested procedure to 
transfer data to the multiplier/ divider is to execute 
the necessary number of store :lnstructions under pro
gram control.3•4 Although this method is satisfactory, 
it does require a significant amount of microprocessor 
intervention. The addressing scheme described is unique 
in that only one store execution by the microprocessor 
is necessary to initiate the hardware multiply/ divide 
operation. Also, this scheme is unusual in that both 
data and address buses are used to transfer informa
tion to the unit. The latter technique has been used 
in the design of a video display.6 
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ALU SIGNALS 
F OUTPUTS 

MULTIPLEXER REGISTER H 
CARRY OUT- ALU OUTPUT SIGNAL 
CLK-CLOCK INPUT TO REGISTERS H, L 

2X74157 2X 74194 

a CiJiH CLR 
CARRY OUT R 

A y IN OUT 
SOIHI so 
S1(HI 

S1 MSB 
LK CLK 

STB SEL LSB L 

RUN 

ALU 
A INPUTS 

TO 
REGISTER E 

AND ADDRESS COUNTER 
E-CARRY BIT FROM REGISTER H 
E + CARRY OUT-VALID SUBTRACTION 

DURING DIVISION 
1.,-SHIFT L.EFT SERIAL INPUT 
L>-1..SB OF REGISTER L 
R-SHIFT RIGHT SERIAL INPUT 
SO(H) , S1(H), SO(L), S1(L)-MODE CONTROLS 

OF REGISTERS H, L 

H CLR 
M L 

LSBI------
(E +CARRY OUT) L 

-------------llN OUT 
SO(L) SO 

S1 (LI Sl 

... CLK CLK 

2X74194 
REGISTER L 

0 

REGISTER D 
I 
I 2X74175 

H CLR 

L. ______ J 

4 X DM8833 

IN 

LDo CLK 

The I6-bit address that appears on the address bus 
during the microprocessor store cycle initiates the 
multiplier/ divider and contains several action items 
(Fig 4). During this cycle the data bus contains the 
first operand, which is either the multiplicand or the 
divisor. The four MSBs (A15 to A12 ) of the I6-hit address 
are decoded to enable the hardware unit, while ad
dress hit A11 functions as the multiply/ divide operation 
code. The least significant 11 address hits determine 
the address of the second operand, which is ·a I-byte 
multiplier or a 2-hyte dividend. Because only the four 
MSBs of the I6-bit address are used to enable the 
multiplier/ divider, it appears to occupy a 4k-hyte 
address block. This addressing scheme does, of course, 
restrict the location of the second operand to a 2k 
block of memory. 

At the end of the write cycle, the hardware unit 
latches the first operand from the data bus. Operation 
code (A11 ) and address of the second operand (A10 to 
Ao) are also latched from the address bus. The second 

OUT 
ALU 

B INPUTS 

Fig 6 Arithmetic section (excluding 
ALU) . Registers H and L operate In 
one of four modes-inhibit clock, 
parallel load, shift right, and shift 
left ; 2 to 1 multiplexer directs In
puts of register H to either data bus 
or FUNCTION outputs of ALU. Reg
ister D contains one operand; H rep
resents high voltage level 

operand is then fetched by the unit via direct memory 
access (DMA). When a DMA cycle is granted, the multi
plier/ divider places the address of the second operand 
on the address bus. The five MSBs of the I6-bit address 
are set equal to 0, although they can be made de
signer selectable by additional circuitry. Only one DMA 
cycle is necessary to fetch the second operand before 
a multiplication may begin. For a division, however, 
two DMA cycles are required to fetch the 2-byte divi
dend, which must be stored in two consecutive locations 
in memory (high order byte, low order byte). 

The microprocessor may fetch the result, wliich is 
a 2-byte product or a I-byte quotient with a I -byte 
remainder, by reading from two consecutive addresses 
in the multiplier/ divider. It returns either the high 
order byte of the product (multiplication) or the re
mainder {division) , and either the low order byte of 
the product {multiplication) or the quotient (division) 
during a read from addresses $B00016 and $BOOI16, 
respectively. 
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A15-A12 
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m 
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* 
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a: LOO 

0 

0 
3 x 74367 r- ----, 

c 

A11- AO 

A15- A12 

I 
I I L-------

SIGNAL 

MIO-MULTIPLY/DIVIDE 

ADDRESS 

DECODE 

H 

BDSEL 

1/2 x 7474 
PR 

D 0 

c 
CLR 

H 

3X 74193 
MSB 

IN OUT 

CT ON 

CT UP 

LO 

CLR 

MD 

* - MAY BE MAl>E 

SELECTABLE 

Fig 7 Interface sectiOh. Thi~ section determines 
when hardware unit is being selected (BDSEL) alid 
latches low order 12 bits from address bus during 
a store (write) into multiplier/divider. Address of 
second operand, A10 to Ao, is placed into 12-bit 
counter, which is incremented before second OMA 
cycle. Address bit Au indicates ·whether operation 
is to be multiplication (An = 0) or division (Au = 1); 
H represents high voltage level 

Direct Memory Access 

DMA occurs when the microprocessor relinquishes sys
tem control to another component in . order for that 
component to access memory (read or write) without 
microprocessor intervention. On an Mc6800 microproces
sor, two types of DMA may be implemented-either 
HALT (HOLD) or "cycle-steal." In this bus architecture 
design, a component may request one or more DMA 
cycles via an active low, open collector, TTL bus line
DMAR (Fig 5). An active high, daisy chained line 
(DMAG) is used to grant (acknowledge) a DMA cycle. 
Of course, one or more system components may request 
DMA at the same time; however, the component with 
the highest priority, determined by its position in the 
daisy chained grant line, will be the first to receive 
a DMA cycle. 

One method by which the microprocessor can be 
made to relinquish control of the system btis is to 
put it into a HALT condition. The microprocessor will 
stop execution (enter the HALT state) after comple
tion of an instruction following the one during which 
the DMA request was made (microprocessor store into 
hardware multiplier/ divider). It may be held in the 
HALT state for as long as necessary to service all 
DMA requests. 

The second DMA type, cycle-steal, is a more dynamic 
method in that microprocessor execution is stopped by 
freezing its master clocks. Only a limited number of 
DMA cycles may be granted sequentially by this method 
because the MC6800 microprocessor is a dynamic device 
and will "forget" its status if the clocks remain frozen 
for too long. 7 

The hardware unit operates with either type of DMA; 
however, in one case a slight software change must 
be made. Because the microprocessor does not halt 
until the completion of the instruction following the 
DMA request, the read instruction to fetch the result 
from the device may not immediately follow the store 
instruction when HALT type DMA is being used. 

Hardware 

Registers H and L (Fig 6) each contain eight bits and 
are formed by two 4-bit bidirectional shift registers 
( 74194). Register D also contains eight bits and is 
made of two quadruple D type flipfiops ( 74175). The 
ALU, which is capable of adding or subtracting two 
8-bit operands, is made of two 4-bit ALUs (74181). 
Because register H has to be loaded from both the 
system data bus and the FUNCTION outputs of the 
ALU, the input to register H is controlled by a 2 to 1 
multiplexer (74157). While a multiplication or a divi
sion is being performed, the input of register H is 
connected to the FUNCTION outputs of the ALU. At 
all other times, the input of register H is connected 
to the data bus. 

The interface (Fig 7) decodes the four MSBs of the 
16-bit address (A15 to A12 ) and the valid user address 
(vuA) control bus line to determine if the multiplier/ 
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REGISTER 

CLOCK 

MCA 
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STRT 
MASTER 

RUN 

M/D CLOCK 

MCS 

M/D 
REGISTER 

CARRY OUT 
MODE 

M/D ERROR ERR 

CLR ERR 
DETECT ION 

divider is being specified (BDSEL). VUA is an open 
collector line equivalent to the Mc6800 microprocessor 
valid memory address (VMA) control line.8 The address 
(A10 to A0 ) of the second operand and the multiply/ 
divide operation code (Au) are latched into a 12-bit 
counter (3 x 74193) and a D type flipflop (l/2 x 7474), 
respectively. 

The remainder of the interface is shown in Fig 5. 
Bus interface logic synchronizes the multiplier/divider 
to the microprocessor bus; LDD causes information to 
be latched into the unit during the microprocessor store 
(write) cycle. Results of arithmetic operations are 
placed onto the data bus by activating ENH and ENL, 
which enable bus drivers (Fig 6) attached to registers 
H and L. CLR ERR will clear an error condition caused 
by a previous overflow division or a division by zero. 
The DMA cycle controller directs the DMA cycles and 
initiates the operation of the control logic (STRT). 
Registers H and L are controlled by CLRH, HLDH, and 
LDHL during DMA cycles. 

Control logic (Fig 8) produces clock pulses ( CLK) 
and waveforms that determine the modes of operation 
of registers Hand L : SO(H), Sl (H), SO(L), and Sl (L). 
The harmony of these signals generates the add/ 
subtract and shift sequences of the serial algorithms. 

Software 

The access scheme developed for the hardware mul
tiply/ divide design simplifies programming because 
only one store instruction is required to initiate the 
unit's operation. A sample multiplication program for 
the Mc6800 microprocessor is 

SIGNALS 

(E+~) 
ERR-INDICATES INVALID DIVISION 
MCA, MCB-MASTER CLOCK A, B 

SO (L) 

SI (L) 

SO (H) 

SI (H) 

Fig 8 Control logic section. This section 
generates clock pulses (CLK) and mode con-
trol waveforms [SO(L), S1 (L), SO(H)1 S1 (H}] 
for registers H and L, and makes decisions 
whether or not to inhibit addition (multipli-
cation) or subtraction (division) during each 
cycle. Division by zero or overflow division 
is signaled by ERR 

Operation 
Code (hex) Mnemonic Remarks 

86 08 
B7 BX LL 

f1E BO 00 

LDAA == 8 
STAA $BXLL 

LDX $BOOO 

Load multiplicand 
Store multiplicand 

(initiate multiplication) 
Load result 

A similar division program is 

Operation 
Code (hex) 

86 07 
B7 IBY LL 

FE 'BO 00 

Mnemonic 

LDAA 7 
STAA $BYLL 

LDX $BOOO 

Remarks 

Load divisor 
Store divisor 

(initiate dfvision) 
Load result 

The multiplier or the first byte of the 2-byte dividend 
must be located in memory at an address $0XLL, 
which may have any value between and including 
$0000 and $07FF. The multiplicartd or the divisor is 
loaded into either accumulator A or B, and that ac
cumulator is stored into the multiplier/ divider at 
address $BXLL or $BYLL for multiplication or divi
sion, respectively. The value of Y is equal to the 
value of X + 8. If halt type DMA is being used, at 
least one instruction must be placed between the store 
instruction (STAA or STAB) and the fetch instruction 
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because the microprocessor will not halt until comple
tion of the instruction following the store. This pre
caution is not necessary when cycle-steal DMA is used. 

Software control of the multiplier/ divider is con
sistent with the instruction set of the MC6800 micro
processor. A store instruction into the device at location 
$BXLL (XLL = 000 -+ ?FF) is equivalent to a multiply 
instruction (MPYA or MPYB) that would multiply the 
contents of either accumulator A (STAA) or accumula
tor B (STAB) with the contents of memory location 
$0XLL. The divide instruction is analogous to the 
multiply instruction. Thus, a store instruction into the 
device at location $BYLL (Y = X + 8) is equivalent 
to a divide instruction (DVDA or DVDB) that would divide 
the 2-byte word in memory locations XLL and XLM 
(LM = LL + 1) by either the contents of accumulator 
A or B. These multiply and divide instructions re
semble other instructions of the MC6800 microprocessor. 
An ADD instruction, for example, adds the contents of 
a memory location to the contents of either accumula
tor A or B and places the result into the same accumu
lator. The multiply and divide instructions, therefore, 
parallel the ADD instruction except that the former 
instructions do not return the result of the operation 
to the internal registers of the microprocessor. Instead, 
the result of a multiplication or division resides in a 
memory location external to the microproce111111or ( $BOOO, 
$B001). 

The scheme previously described to transfer necessary 
information separately stores the multiplicand and the 
multiplier into the hardware unit's registers. Two STA 
instructions are, of course, required to initiate operation 
of the hardware multiplier. In contrast, the scheme 
used to operate the hardware design is similar to the 
extended arithmetic hardware option of the LSI-11 TM 

microprocessor. In the latter case, a multiplication 
(MUL) or a division (DIV) is performed by one soft
ware instruction. 

The time required for an Mc6800 microprocessor 
and the multiplier/ divider to perform an unsigned 8-bit 
by 8-bit multiplication and to fetch the result is 11 
µ.s. t This time compares favorably with that of the 
LSI-11 microprocessor, which requires at least 24 µ.s and 
up to 37 µ._s .to p~rform the same operation (MUL), 
except that it is a signed multiply.9 The MC6800 micro
processor and multiplier/ divider require only 12 µ.s 
(two DMA cycles) to perform a 16-bit by 8-bit division· 
the LSI-11 microprocessor, on the other hand, require~ 
'!8 µ.s to perform the same operation (DIV) except that 
it is a signed division. 

T"'Ls1-ll is a registered trademark of Digital Equipment Corp 
Maynard, Mass. ' 

!This i~cludes an STAA instruction (extended, 5 µ.s) ; an LDX 

instruction (extended, 5 µ15) ; one DMA cycle via cycle-steal DMA 
(1 µs) ; and a I-MHz microprocessor clock. 

ttFor i~formation about the hardware multiply/ divide unit's 
schematics and PC hoards, please communicate with Dr Robert S. 
Rodgers, Dept of Chemistry, Seeley G. Mudd Bldg 6 Lehigh 
University, Bethlehem, PA 18015. ' 
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Summary 

Maximum operating speeds of the multiplier/ divider 
by itself, which contains mostly 7400 series devices, 
are 1.6 µ.s and 1.8 µ.s for a multiplication and a division, 
respectively. Other series devices (74H, 74L, 745, 74LS) 
may be used to either reduce power consumption or 
increase speed. 

The hardware's multiply/ divide performance had 
been tested with a program that sequentially gen
erates every possible multiplication and division op
eration. The unit performed all operati-Ons correctly, 
and returned an error condition for all invalid divi
sions. While under continuous testing, the unit per
formed more than 1010 operations without a mistake. 
Total cost is under fifty dollars.tt In comparison, com
mercially available multipliers are approximately 100 
dollars; they do not perform the division operation, 
and many of them do not include the cost of interfac
ing hardware. 
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BUBBLE MEMORY RECORDERS 
FOR SPACE APPLICATIONS 

Solid state bubble domain recorder design and development aim 
toward improved reliability, chip capacity, and application versatility 

Oliver D. Bohnin9 Rockwell International Corp, Electronic Systems Group, Anaheim, California 

I n current satellite and deep space systems, magnetic 
tape recorders play an important role in information 
collection, storage, and transmission. While they offer 
a wide range of storage capacities and operating fre
quencies for fulfilling different mission requirements, 
tape recorders have the prime disadvantage of low 
reliability. Because of the high percentage of failures 
associated with mechanical tape handlers, in the early 
1970s NASA decided to develop a totally solid state 
bubble domain recorder that would have the desirable 
attributes of magnetic tape units but without the mov
ing parts, inherent mechanical inertia, or limited 
lifetime.* 

Bubble Recorder 
Advanta9es 

Bubble recorders differ from other storage media in 
that they are modularized naturally in data blocks 
of several kilobits to a megabit or more. Unlike 
moving media recorders, the bubble devices have data 
blocks that are electronically addressable without con
sideration for interblock spaces or for block headers. 
Among the many bubble organization possibilities, 
three offer advantages in current bubble recorder tech
nology (Fig 1) . 

The serially organized design exemplifies current 
recorder hardware development. In this design, data 

flow serially through a serpentine path enclosed on 
itself so that once writteni data continue to cycle 
until purposely erased. Sensing is done on an auxiliary 
replicated data path, and erasing by transferring data 
off the main track. Simplicity and low power dissipa
tion are primary advantages of serial organization, 
especially for incremental power interruptible first in 
first out ( FiFo) stack operation such as in data logging 
applications. 

In conventional major/niinor design, data flow from 
the generator into the major loop, and when synchronized 
with the minor loops, data are transferred as a block 
into all active loops. One advantage of this design 
is that only one transfer conductor is required, and 
another feature is that bad loops can be excluded by 
data organization. For economic reasons, this approach 
is beneficial since it increases yield and decreases cost 
It is a disadvantage ill. many recorder applications that 
this design requires more ancillary hardware artd more 
power than does the serial design. 

In the block oriented design data blocks fill specific 
minor loops. Primary advantage of this approach is its 
fast data block access, but at the disadvantage of 
requiring a conductor per minor loop. 

Bubble photolithographic simplicity, device design 

*For additional background information on bubble recorders, 
refer to: ''Designing a Magnetic Bubble Data Recorder; Part 1-
Component Level, and Part 2-System Level," E. J. Hoffman, 
et al, Computer Design, Mar and Apr 1976 
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innovations, and lowering costs of mask manufacture 
enable development of custom bubble storage devices 
for special recorders. Bubble recorder design for space
craft applications will benefit from the growing tech
nological base being established around garnet ma
terials. 

Nonvolatile and naturally incremental, a bubble 
recorder cah be turned on from a powered-off con
dition in about 10 µ.s to retrieve or store a single 
byte of data. This can be done because the permalloy 
pattern on the garnet (Fig 2) is a discrete rather 
than continuous storage medium. When the clockwise 
rotating field ( Hxy) is off, the bubble rests on strong 
permalloy poles, such as "A", which are enhanced 
by an inplane static holding field. When Hxy is 
rotated, the bubble responds by moving and undulating 
around the permalloy element so that it moves a 
discrete step during every field rotation. In this manner, 
it is possible to always know electronically where a 
data record is located in storage. Bubble storage, with 
its zero standby ·power and fast turn on, seems a 
natural choice whenever an incremental or a transient 
record must be made, such as for seismic events, radia
tion bursts, or cataclysmic occurrences. 

Bubble recorders can he designed to be intolerant 
to failure. Modularity of bubble storage is exploited 
in highly reliable systems by providing multiple paths 
from system interface to storage modules so that a 
single failure slightly degrades system capacity rather 
than causing failure of the whole system. An important 
aspect of reliability is the error rate of bubble storage. 
For hard errors, defined as a spurious or a missing 
bubble, error rate depends on how close the operating 
field is to bubble collapse or to bubble strip-out. 
Strip-out is a condition where a bubble domain stretches 
between permalloy elements. A guard hand of ap
proximately 3 oersteds ( Oe) of bias margin guarantees 
a hard error rate below 10-14 errors per field rotation. 
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c. BLOCK ORIENTED RANOOM 
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Fig 1 Three storage organi
zations for bubble recorders. 
Serial organizations are lower 
in system power dissipation 
and are easier to implement. 
Major/minor designs permit 
faster block acces!l. Noncon
ventional designs offer advan
tages in special aerospace 
applications 

Soft error rate, the number of bits misread for every 
one read, is currently better than 10-s for individual 
chip operation. 

Bubble Recorder Development 

The first demonstrated feasibility of a bubble space
craft recorder is a 60k-bit engineering model recorder 
(Fig 3) delivered in 1975 to NASA's Langley Research 
Center. A magnetic module contains bias magnets, shield 
plates, and field adjusting screws for four separate 
cavities. Two chip ceramic packages are installed in 
three of the cavities. With amplifiers placed in the 

Fig 2 Propagatioh pattern. As mag
netic field is rotated clockwise one 
full revolution, bubble at "A" will 
move one discrete step to location 
"B" 
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Fig 3 Engineering model of bubble recorder. Developed for NASA in 1974, capacity is 60k bits on three sepa
rate tracks. When operated at 150-kHz max data rate, power dissipation is 5 W/track. Magnetic bias assembly contains 
three ceramic packages. Sequential exerciser tests read, write, erase, and synchronous operation of recorder 

packages, output signals are. approximately 50 m V. 
A multiplexed sensing design is used where the sense 
amplifiers are bus-connected to minimize the number 
of components and power associated with bubble de
tection. Power dissipation in the coils and drivers is 
minimized by tuning the drive coils with capacitors 
at 150 kHz. Tank circuits are driven in parallel 
resonance with a periodic digital refresh switch circuit. 

A prototype of a 108 solid state. data recorder (ssDR) 
for space applications was delivered to NASA in 1978. 
Design requirements involved space environments, in
cluding launch vibration, near earth radiation, low 
power availability, and potentially long missions. Basic 
storage for this recorder is a 102.4k-bit serial register 
chip with provision for bubble generation, annihilation, 
and sensing. Active storage of the chip is in an epi
taxially grown, doped garnet film on a non-magnetic 
garnet substrate. Permalloy and aluminum depositions 
on the surface control bubble generation, detection, 
and propagation. Sixteen chips are mounted on two 
-substrates per cell, as shown in Fig 4, providing a 

total cell capacity of l.64M bits and a total recorder 
capacity of 168M bits divided in two storage modules 
of 32 cells each. 

Cell design reflects several tradeoffs. Sixteen single
chip cells are easily driven because the coil volt
ampere (vA) product is low; therefore, components are 
inexpensive and readily implemented. A single 16-chip 
cell, however, has lower total power per word and 
better volumetric efficiency. Any number of realistic 
estimates would probably show an optimum 8- to 16-
chip cell capacity on the basis of a 150-kHz rotating 
field rate, available drive transistors, and thermal ron
siderations. The cell design adopted for the SSDR as 
a result of tradeoffs has a volume of 2.2 in3 (35.2 

· cm3) and a weight of 0.25 lb (0.11 kg), and dissipates 
11.4 W when operated continuously at 150 kHz. 

Control of all recorder functions is accomplished hy 
a master control unit (:M:cu) (Fig 5). Central to unit 
operation are four 8-bit PPS8 microprocessors. In addi
tion, the MCU contains command interface, timing, and . 
sequencing logic for the data storage. By changing the 
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Fig 4 16-chip bubble memory cell. It consists of magnetic assembly, orthogonal coil set, 
and two substrates with eight bubble chips each. Beam-leaded diodes are for selection in 
sensing and generation and annihilation matrices 
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Fig 5 SSDR block diagram. Microprocessor 
control of modular bubble storage offers 
capabilities flOt possible with conventional 
tape recorders. Data rate can vary from 
de to 2 MHz over one to four channels with 
mixture of write and read operations. Com
mands at MCU control power, 1/0, and 
bubble storage 

STORAGE 
MODULE 
1 

Fig 6 SSDR organization. 
Configuration can be changed 
from 1- to 4-channel recorder. 
Single points of failure have 
been eliminated by dual bus 
structure 

STORAGE 
MODULE 
2 
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Fig 7 Spacecraft data recorder. 1 O"-bit unit weighs approximately 47 lb (21.2 kg), oc
cupies 860 in" (13,760 cm•), and is conduction cooled through cold plate. Structural design 
is based on environmental and thermal considerations, while materials have been se
lected to meet thermal vacuum and heat sterilization requirements 

configuration control either by hardware or software, 
the recorder can be changed from a single-channel 
recorder of 108-bit capacity and 1.2-MHz max data 
rate, to a four 2.5 x 107 bits/channel recorder op
erable asynchronously to 2.4 MHz. Each channel has 
its own microprocessor based controller (Fig 6) for 
independent control of data rate, monitoring of system 
status, and bubble storage allocation. Storage modules 
a,re accessible through either the A or B bus so that 
failures occurring in either of the bus controls, or any 
of the controllers, can be bypassed. 

To be reliable, small in size, and low in power, 
mass storage must be carefully organized to minimize 
overhead electronics. Storage module electronics (Fig 
6) are divided into a sensing matrix, an operator 
(generation and annihilation) matrix, and a coil drive 
matrix, each of which conserves volume and power 
by sharing overhead electronics between cells. Beam 
leaded diodes are used for selection in the sensing 
and operator matrices. The SSDR design (Fig 7) is 
partially populated to a capacity of 13.lM bits in 
two storage modules, the top two slices, or frames. 
Next lower slice with the four connectors is the MCU. 

Two of the connectors are for command, one for status, 
and one for configuration control. The bottom slice with 
the small connector is the power supply, which con-

verts 28 V de to the secondary voltages required by 
the recorder. 

Critical design areas identified during the program 
require further development before environmental 
goals are satisfied. Extensive testing of the lOOk-bit 
devices in the modules shows operation of the recorder 
is limited to a range of 0 to 40 °C because of chip 
propagation track limitations and because of noisy sense 
channels. A revised module design, currently in de· 
velopment, will remove the identified deficiencies. Modi
fied chip design incorporates high temperature material, 
gap-tolerant permalloy elements, and improved de
tectors. A hermetically sealed cell design reduces 
noise coupling and coil power dissipation. 

Maior Design Considerations 

Design of a memory using bubble storage devices 
differs from that of a memory with semiconductor de· 
vices, because bubble devices require magnetic fields 
for operation. A static field of about 150 Oe perpen· 
dicular to the chip surface is required to create stable 
bubble domains. Thus, a magnetic structure is needed 
that is small and lightweight; matches the chip tem· 
perature coefficient; provides a stable, uniform fielq; 
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Fig 8 Magnetic field structure. Magnets J,nslde shield 
produce vertical field normal to chips while x coll and 
y coil produce rotating field vector in chip plane. Coll 
envelope holds two carriers 

Fig 9 Three methods for driving coils. 
Series tuned circuits require high cur
rent low voltage drivers, while parallel 
tuned circuits require low current high 
voltage devices. Direct drive circuits 
are advantageous where many cells are 
matrixed, as in mass memory 
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and is not affected by external magnetic fields. In 
the most commonly used design, a magnetic shield 
surrounds the chips (fjg 8) and has a magnet attached 
to its upper and lower inside surfaces. Chips are 
located in the gan between the two magnets where the 
field is uniform. The magnetic shield design is ade
quate, but in space applications, shield weight is a 
considerable burden. Therefore, the tendency is to en
close as many chips in one structure as is practicable 
based on a statistical selection of chips with over
lapping field requirements and common temperature 
coefficients. 

To move bubble domains around the register perm
alloy pattern requires two inplane fields of about 50 
Oe each, provided by a pair of orthogonal coils. These 
rotating field coils can contain only a limited number 
of chips governed by drive voltage and drive current 
capabilities of available semiconductors. Essentially, 
the coil VA product, which is proportional to frequency, 
volume, and magnetic field squared, expresses the 
available tradeoffs. The relationship suggests that the 
coil field has the most effect on the VA product, but 
volume probably has the largest potential for optimi
zation. In the SSDR coil, actual chip volume is 0.016 
in3 ( 0.26 cm3 ), whereas field volume is 0.22 in8 ( 3.52 
cm3 ) , an order of magnitude potential for improve
ment. Of course, other factors such as mechanical 
requirements, power losses, and heat removal affect 
the tradeoffs. 

Fig 9 shows three common methods for driving coils. 
At the top is a series circuit which predominated in 
the early development phase. In series circuits, all 
pass elements, including leads, must be able to carry 
maximum coil current. The resistor voltage drop, plus 
semiconductor junction drops (0.6 V X number of junc-

Fig 10 Matrixed circuit for sensing multi
ple chips. Matrixing is important in mass 

DATA ouT BIT n memory and recorder designs to reduce 
overhead electronics 

tions) times the current is the power loss. Because of 
semiconductor junction characteristics, power dissipa
tion does not decrease as a function of increasing coil 
Q. On the other hand, a parallel circuit of high Q 
requires very low current from the driver making 
possible lower dissipation in the pass elements as Q 
is increased. For low power applications, where a high Q 
coil is used, the parallel tank circuit appears to he 
the most satisfactory. 

Both methods, however, suffer from inherent t1mmg 
and amplitude instability due to component and tem
perature variations for high Q. At the bottom of Fig 
9 is a direct drive circuit, the design chosen for the 
SSDR. It has the advantage of being stable and, most 
important to recorder design, can be easily matrixed, 
hut at the price of higher power dissipation. 

Another major consideration is detection of the mag
netic field from a tiny 4-µm bubble in the presence 
of a coil field and system noise. The bubble is first 
stretched into a strip about 1 mm in length along 
a permalloy magnetoresistance detector. This strip 
field changes the resistance of the detector about 0.3 % 
compared to an adjacent identical detector without a 
bubble. The difference signal is amplified and dis
criminated to provide a TTL level signal. 

Functionally, most sense channel de~igns contain 
a current source or resistor pair to supply bridge 
current, emitter followers to lower impedance, coupling 
capacitors, a clamp, and a latching sense amplifier. 
In addition, mass memory or recorder designs, such 
as the SSDR, are configured to share costly or bulky 
components (Fig 10). An ac coupled :sense channel 
seems a logical choice w4en signal level is about the 
same magnitude as amplifier offsets and much smaller 
than system transients. 'In operation, the amplifier in
put is clamped to ground during system transients 
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and released just before signal time. To minimize 
detector loading, high impedance current JSOUrces are 
used to provide the current for the detector and dummy, 
and emitter followers are usi:d to buffer detectors from 
restore and amplifier circuits. 

Two general aspects of ' the sense channel design 
are II!OSt critical (Fig 11). First is variation in param
eters of detector sensitivity, detector dummy balance, 
and common mode conversion. Second are the various 
noise sources: random detector, coil field (d.p/dt), 
coupling, and system noise. Parameter va~iations and 
systematic noise determine the total minimum com
posite signal overlap when several chips are connected 
on a common differential sense bus. Random noise 
determines how closely the threshold can approach the 
minimum "l" or the maximum "O" and still. guarantee 
the desired error rate. Magnetic domain switching 
variations cause most of the random noise, with thermal 
noise as a minor contributor. 

Summary 

Because of the high failure rate of mechanical tape 
recorders in a space environment, NASA determined to 
implement an investigation of the totally solid state 
bubble domain data recorder. Such a recorder has 
been developed which offers a flexible, low pow~r 
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Fig 11 General aspects of sensing many 
bubble detectors on common differential bus. 
Total systematic noise (VN1) is bipolar, while 
bubble signal (VBuBBLE) is unipolar. Random 
noise (VN2) is primarily detector switching noise. 
Adequate control of total noise is necessary 
to ensure reliable detection. System error rate 
(lower curves) depends on composite signal 
overlap and random noise 

alternative to conventional magnetic tape recorders. 
Steps in the evolution of the bubble device design are 
traced through storage configuration, magnetic circuit 
design, control elements, and packaging organization. 
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I DESIGN NOTE I 

RAM Tester Adapts to 
Memory Interface Requirements 

Clock and counter hardware compose static RAM chip tester that 
writes, reads, and validates test data patterns for different memory 
organizations by modifying counter bit lengths and clock phases 

Alan W. Bentley Cubic Corporation, Defense Systems Division, San Diego, California 

The need for a static random 
access memory chip tester to sup
port a microprocessor based system 
development led to a flexible mem
ory testing approach that can be 
generalized to fulfill most memory 
testing requirements. By using multi
phase clock and counter logic, with 
mmrmum additional hardware, con
trol and test commands are gen
erated to write, read, and validate 
test data patterns for each memory 
address location. Test parameters, 
such as various data patterns or the 
number of times each address loca
tion is tested, are chosen by adjust
ing the bit length of the counter 
logic output. Memory control line 
activation through the test patterns 
is repetitive and is derived from 
logical combinations of the counter 
contents and the clock phases, while 
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meeting memory timing require
ments. 

Memory Interface Requireme"ts 

Memory to be exercised is a 1024-
bit static silicon gate complemen
tary metal oxide semiconductor ran
dom access memory {CMOS RAM) , 
MM74C921, organized as 256 ad
dress locations of 4 bits each. Access 
is through a noninverting bidirec
tional data port (Dl to D4) with 
3-state output control, thereby per
mitting bus organization (Fig 1) . All 
four RAM control lines--strobe (ST), 
chip select stored ( CES), chip select 
level ( CEL) , and write enable (WE) , 
are active low (digital 0). 

The falling edge of ST stores the 
eight address bits (AO to A7) and 
CES in an internal memory input 

storage register. The nsmg edge of 
ST loads the 4-bit data output into 
an internal data storage register 
that drives 3-state buffers. These 
buffers are switched to the active 
state by ANDing CES and CEL, both 
active low with WE high or inactive; 
therefore, data can be read from 
RAM only when both chip selects are 
in the active state and a write cycle 
is not in progress (Fig 2). 

Control line sequencing is as fol
lows for either a read or a write 
cycle. The 8-bit RAM address (AO to 
A 7) is placed on the address bus, 
the CES input line is driven to active 
low, and then ST is driven to active 
low, storing the address and CES 
internally. For a read cycle, addressed 
data are stored in the data output 
register on the rising edge of ST, 
and then placed on the output data 
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THE MAXI VALUE FOR YOUR 
MINI-COMPUTER GRAPHICS. 

Gould offers the most cost 
effective and reliable elec
trostatic printer /plotters 
to use with PDP-11, Nova/ 
Eclipse and HP 2100/21 
MX mini-computers. 

That's because they offer 
outstanding features that 
add up to value. High 
speed. High resolution. 
Outstanding contrast. 
Patented closed loop toner 
system. Timed-phase imag
ing system. And high c!ensity 
staggered imaging head, 
to name a few. 

All hardware interfaces 
utilize direct memory 
access to reduce CPU 
overhead and are connected 
directly to a standard 1/0 
bus or Unibus. A multi
plexing capability allows 
you to share one Gould 
printer /plotter with two 
CPU's, or one CPU and a 
Tektronix 4010 Series 
graphic terminal hardcopy 
interface, supporting up to 
four terminals. 

Gould's in-house soft
ware engineering staff 
developed device drivers 
and plot packages which 
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operate with the popular 
operating systems. In 
addition, Gould maintains 
a full technical support 
staff for assistance in the 
users system integration. 

Plot packages offer 
plotting routines and call
ing sequences that are 
upward compatible with 
the basic Calcomp Pen 
plotter graphics package. 
The addition of an optional 
hardware character gener
ator allows the plotter to 
be used as a high speed 
non-impact line printer 
(up to 1625 lpm). 

Regardless of your appli
cation, the printer/plotter's 
ability to function as a 
high-speed graphic plotter, 
line printer or Tektronix 
CRT hardcopy unit makes 
Gould your maxi value. 
Contact us today for more 
information. Gould, 
Instruments Division, 3631 
Perkins Ave., Cleveland, OH 
44114. Phone (216) 361-3315. 

For brochure call toll 
free (800) 325-6400, ext. 77. 
In Missouri: (800) 342-6600. 

•} GOULD 



¢ 2 COUNT 

COUNTER 

START CLEAR 

20 2' 22 
RAM 

2N-1 

ADDR ESS 

22 
DATA 
CON TROL 

PRESET 

20 D Q ST 

RAM REPETITIVE NUMBER OF RAM 
ADDRESS TESTS EACH ADDRESS ADDRESS SEQUENCES 

23.210 1 16 
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25.212 4 4 
26.213 8 2 
27.214 16 1 

TEST SEQUENCING POSSIBILITIES WHEN USING 16-BIT COUNTER (2°-215) . 
RAM ADDRESS COMBINATIONS RANGE FROM 2• THROUGH 210 to 2N-• 
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Fig 1 Logic circuits of RAM tester. Table Illustrates variations in test sequence by RAM ad
dress selection. Counter bit length determines test duration and number of tests at each ad
dress. Initial condition of counter and flipflops is established by START command. Flipflop input 
gating establishes control signals shown in Fig 2 

bus by switching on the 3-state buff
ers with CEL active low, WE inactive 
high, and CES active low, which had 
been stored on the ST leading edge. 
If a write cycle is desired while 
ST is active low, the data to be 
written into the stored address must 
be placed on the data input lines 
wit}!. CEL and WE both active low. 
With all control lines active low, 
an internal write control command 
is enabled. When any one of the 
control lines is driven to inactive 
high, the rising edge from the in
ternal write control command stores 
the input data in the addressed loca-
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tion. Since the bidirectional data 
bus is active during the memory 
write cycle, the memory output buff
ers must be held in the 3-state or 
standby condition. As either WE low 
or CEL high selects this condition, 
standby is maintained by simultane
ously driving both sigm~ls from the 
active to inactive state. 

Memory access timing restrictions 
generally fall into two categories. 
First are the setup and hold times 
for input stability requirements pre
ceding and following a control sig
nal activation. Second is sequencing 
time, the minimum time that a con-

trol line must be active, or the 
minimum time between sequential 
control commands. Setup and hold 
times for both the address and CES 

inputs measured from the falling of 
ST are 25 ns each. When writing, 
data setup and hold times are 90 
and 60 ns, respectively, measured 
from the rise of the internally gen
erated write control command. This 
command must be active low at 
least 130 ns prior to rising. 

When either reading or writing, 
the minimum ST width is 130 ns, 
and the minimum time between suc
cessive memory cycles is 255 ns. 
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Behind the panel of the 
5Yii-inch high Ampex 
8MS5 Minicomputer, 
there's an 800 
nanosecond CPU 
and as much as 
64K words (128K 
bytes) of memory. l. 
All on a single '~ 
board. 

Leaving four 
big slots for your own 
cards. 15 x 15 inch 
boards, with whatever 
you need to realize the 
goals of your system. In
sert controllers for disk, 
tape, printers or terminals. 
As long as the controller is 
compatible with NOVA*, it'll be 
compatible with the Ampex 8MS. 

AMPEX MINICOMPUTERS 
COMBINE CPU AND 64K 
MEMORY ON ONE BOARD. 

That's because Ampex designed 
this minicomputer to take full advantage of the environment that has grown up around 
NOVA computers. But this mini has some extras you never expected to see in a mini. 

Like front access to all components. And a program
mer's console with octal pad input, octal readout and 
LED indicators. 
Plus a single bus 
structure. 

Charley Penrose has some suggestions about 
achieving big system capability in the little 8MS cabinet. 
Call him at 213/640-0150. Or write to him at Ampex 
Memory Products Division, 200 North Nash Street, 
El Segundo, California 90245. 
*NOVA is a trademark of Data General Corporation. 

AMPEX MAKES IT EASY. 
CIRCLE 61 ON IN9UIRY CARD 
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TheHPlOOO 
ntodel45. 

A powerful 
n1101ber cruncher 

that won't 
b your 

bt«lget. 
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M
ost engineers and 
scientists will find all 
the power they need 
in this new leader of the 

HP 1000 family. A new floating 
point processor handles big data 
arrays and cuts lengthy compu
tational problems down to size. And 
the HP 1000 Model 45 also has the 
flexibility for complex measurement 
and control applications, for data 
base management and distributed 
networking. 

And it isn't hard to get your 
hands on all this computational 
power. System prices start at just 
$45,000:'" 

Our new F-Series processor 
is the hard-working heart of the sys
tem. It's extremely fast, completing 
load and store operations in 900 
nanoseconds. The separate hard
ware processor does floating point 
calculations at high speeds, too-
630 ns for add, 1.8 microseconds for 
multiply and 3 microseconds for 
divide. 

A special scientific instruc
tion set, standard in the system, also 
helps to improve execution speed, 
performing trig and log 
functions in less than 
48 microseconds. And 
a fast FORTRAN 
processor, which 

handles commonly used FORTRAN 
operations in hardware, also gets 
things done in a hurry. 

Our RTE-N real-time 
operating system, the latest in an 
upward compatible family, lets you 
manipulate data arrays up to 1.8M 
bytes, using simple FORTRAN 
commands. As many as 64 par
titions, with a program capacity of 
54K bytes, can be resident in 
memory at the same time. 

The HP 1000 Model 45 comes 
with a fast (25 msec seek time) 20M 
byte disc drive and an HP 2648A 
Graphics Terminal, as well as our 
new Graphics/1000 support soft
ware to help you write graphics 
programs. You can also team it up 
with other HP products like the 
HP 9872A four-color plotter and the 
HP 7245A printer/plotter. 

Adding data base manage
ment is as simple and economical 
as adding peripherals. Our 
IMAGE/1000 software will con
solidate your technical information 
into related and easily accessible 
files. And you can pool data from 
other HP 1000 systems (as well as 
linking to our powerful HP 3000 
general purpose computers and 
IBM) with the help of DS/1000 
networking software. 

In addition to getting graphic dis
plays on the 2648A terminal, you can get 
hard copy graphics on our new 9872A pro
grammable four-color plotter, one of many 
options available with the HP 1000 Model 45. 
It has a built-in microprocessor and operates 
up to 360 mm/s (14 inches/s) on each axis. 
Ideal for vector analysis trace differentiations 
and window plotting. 

So if you've got some big 
jobs to do, but don't have a big 
budget to match, the HP 1000 
Model 45 can solve your problems 
fast. To find out all about it, 
call the HP office listed in the 
White Pages. Or send us the coupon. 
We'll prove once again that good 
things do come in small packages. 

HEWLETTi:fJPACKARD 

*U.S. domestic list price ---------, 
Yes, I'm interested in more computation power for my money. I 
Send me more information. I 
Name 

Company 

Address 

City/State/Zip 

Phone 

Title I 
I 
I 
I 
I 

Mail to: Hewlett-Packard, Attn: Roger Ueltzen I I 11000 Wolfe Road, Dept. 1225 I 
Cupertino CA 95014 

22803HPOS15 L - - - - - - - - - - - - - - - _J 
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Introducing the Sperry 
Designed exclusively for three 

The Sperry Univac V77-800 Miniframe 
is the newest and most powerful mini we've 
ever built- a high performance, multi-use, 
general-purpose minicomputer system 
designed for both commercial and scientific 
data processing. It has a memory range 
from 128K bytes to 2 megabytes (with error 
correcting memory) and a 150 nanosecond 
CPU with integrated cache of 1024 bytes. 
Plus 12K bytes of user programmable writ
able control store. 

There's an optional new high speed 64-bit 
floating point processor that works in con
junction with a new globally optimized ANS 
'77 FORTRAN. 

No wonder our three most important 
customers think so highly of it. 

OUR OEM CUSTOMERS KNOW WE 
DESIGNED IT JUST FOR THEM. 

The Miniframe is customer micropro
grammable. So an OEM can implement his 
own firmware packages. And with the many 
software packages we offer, the OEM can add 
all the bells and whistles he wants. 

The Miniframe comes with our largest 
instruction set ever. So OEM's with their 
own software have much more flexibility 
in design. 

The Miniframe speaks PASCAL, the 
powerful new language for scientific, com
mercial, and system programming that most 
competitive systems still can't speak. And 
of course, it also speaks COBOL, FORTRAN 
and RPGII. 

More good news is that the Miniframe 
is compatible with the rest of the V77 
product line. 

OUR SYSTEM HOUSE CUSTOMERS 
KNOW WE DESIGNED IT 
JUST FOR THEM. 

Naturally, system houses want all the 
features OEM's do. And more. 

So we gave them more. 
More operating systems, for example. 

Choose from VORTEX or our new SUMMIT 
- an interactive, multi-terminal system with 
transaction processing and data base manage
ment. It gives you easy editing, screen for
matting, and documentation aids. Plus speedy, 
comprehensive program development. 

System houses also think PASCAL is 
important. Because it's more efficient, easier 
to maintain, expand, and modify. 

The Miniframe brings systems builders a 
new query language called QL-77. It features 
inquire and report facilities. And interfaces 
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lnivac V77·800 Minifra•e. 
~four very best custo•ers. 

directly to TOTAL; the data base manage
ment system. So preprocessing and inter
mediate handling are a thing of the past. 
Finally, TOTAL also gives you complete 
data base access and file access security. 

OUR END USER CUSTOMERS KNOW 
WE DESIGNED IT JUST FOR THEM. 

Take all the features we designed in for 
OEM's and system houses and say ditto for 
the end user. 

But we didn't stop there. We also pressed 
a few special hot buttons just for end users. 

Consider QL-77, for example. End users 
will love our new query language because 
it reduces the amount of application program
ming. By storing query language procedures 
right in the data base file . Where they can 
be easily and quickly recalled and executed 
at any time. 

Once again, SUMMIT, our new operating 
system, helps the end user handle trans
action processing. Without any additional, 
expensive software. It's also the right answer 
for a multi-tasking, "fully-implemented" 
distributed processing system. 

Finally, the Miniframe supports DCA 
and conventional protocols. So you can talk 
to both SPERRY UNIVAC and IBM hosts. 

0 TOTAL is a registered trademark of Cincom, Inc. 

YOU'LL KNOW WE DESIGNED THE 
MINIFRAME JUST FOR YOU. 

No matter what your application, no matter 
what your need, the Miniframe may just be 
the answer. 

For more information, write to us at Sperry 
Univac Mini-Computer Operations, 2722 
Michelson Drive, Irvine, California 92713. 
Or call (714) 833-2400, ext. 536. 

In Europe, write Headquarters, Mini
Computer Operations, London NWlO 
8LS, England. 

In Canada, write Headquarters, Mini
Computer Operations, 55 City Centre Drive, 
Mississauga, Ontario, L5B 1M4. 

We're Sperry Univac. 
And our new Miniframe is going to solve 

some very big problems. 

s1=e~v~~ b!J~JY,~<; 
SPERRY RAND CORPORATION 
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Fig 2 Test timing diagram. Relationships are shown between four clock phases, three counter outputs, 
control and test signals, and data sample. Also shown are active states of bus driver and memory 3-
state output buffers 

When reading data, the time from 
the rising of ST to the completion 
of data storage in the output reg
isters and the time to enable the 
3-state buffers by CEL are 90 and 
I30 ns, respectively. 

RAM Test Principles 

The static RAMs under test are used 
in a TMS. 9900 based microprocessor 
system that utilizes a 4-phase, 3-
MHz clock generated by a 74LS362 
clock chip. This microprocessor re
quires two clock cycles, 8 phases 
or 667 ns, to complete one memory 
access cycle. To perform memory 
testing, a read or write cycle must 
be completed within eight clock 
phases. To relate memory timing 
requirements to the system clock, 
the address and CES setup and hold 
times are less than one clock phase, 
and the data set up and hold times 
are less than two and one clock 
phases, respectively. The ST and WE 
commands must each be valid for 
a minimum of two clock phases and, 
when reading, output data will be 
valid two clock phases after the 
rising edge of the ST command and 
activation of the 3-state buffers. 

I32 

System development proceeds 
through two stages : first, establish
ment of the hardware logic relation
ships and the sequence of test events 
and, second, specific selection of 
counter outputs and clock phases to 
fulfill memory timing criteria. To 
meet the test relationship of com
pleting one memory cycle, each 
containing two clock cycles, and to 
institute the test sequence of initial
ly writing and then reading one 
data pattern, and next writing and 
reading the complementary or in
verse data pattern, the assignment 
of events for an accumulated count 
can be established. The test se
quence requires eight counts ( 0 to 
7) and is repetitive ; therefore, con
trol and test commands can be de
rived from logical combinations of 
the three least significant counter 
outputs (2°, 21, and 22 ) and four 
clock phases ( cp I to q,4) . 

In Fig I , an N-bit counter, 2° 
through 2N·1, is cleared upon start 
and is then incremented by one after 
each clock cycle. Four inputs (IA 
to 4A) to 3-state buffers (74LS365 ) 
and to one word (AO to A3) of a 
data COIJ).parator (74LS85) are con
nected with alternate bits inverted 

so that complementary data pat
terns, either 1010 or OlOI, can be 
generated by switching the 22 data 
control line from the counter. The 
RAM 4-bit bidirectional data port 
(DI to D4 is connected to the out
put of the 3-state buffer ( IY to 4Y) 
and to the other input word of the 
data comparator (BO to B3) . The 
test sequence requires selection of 
one test data pattern and enabling 
of the bus 3-state buffer to pass this 
pattern to the RAM data port while 
executing a memory write cycle. 
Then, while maintaining the same 
address and test data pattern, and 
with the Ls365 buffers switched to 
the 3-state mode, a memory read 
cycle is executed to validate the 
data. Memory data are valid when 
both data words are identical and 
the A = B output of the LS85 com
parator is a logic I. In Fig 2, the 
read and write patterns are directly 
related to the counter 21 bit ; there
fore this bit can be used to switch 
the control input ( G) of the LS365 
buffer. The data pattern must re
main valid for an entire write and 
read sequence, then complemented 
for the following write/ read se
quence; this is accomplished by driv-
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Technological leadership. 

GA 16/110, 220 add-in. 
Another fully-compatible 

memory from Motorola. Now. 
The MMS1600. It's Motorola's hardware- and 

software-compatible add-in for users of General 
Automation's 16/110 and 220. 

So good it's warranteed for a full year. You get 
that rare combination of high performance and 
low cost with the assurance of quality. It's the 
add-in GA system users have been wanting but 
probably couldn't get. 

The MMS1600 has the speed you look for, with 
a fast 400 ns maximum read access time and a 
minimum cycle time of just 450 ns. The low 
typical power consumption of 0.9 A and a 
worst-case drain of only 1.6 A@ +5 V make it a 
great system power saver. And, there's nothing 
like the extra 5° in the wide 0° C to 55° C 
operating temperature range for providing a 
cushion of reliability. 

Four board configurations provide excellent 
design flexibility. Choose between the basic 
32K-word x 16 and 16K-word X 16 sizes, or use 
either of the 32K-word X 18 and 16K-word X 18 
parity option versions. 

Small 0-9) quantity prices are low at $1350 for 
the 16K-word X 16 and just $1800 for the 

•Trademark of Dtgttal Equipment Corporation. 

32K-word x 16 memory. Yes, OEM discounts are 
available. Get the MMS1600 off-the-factory-shelf. 
now. 

LSl-11 *, PDP-11 *add-ins 
for DEC* users. 

The MMS1102 provides 32K of LSI-11 series
compatible high-performance memory, with 
on-board parity generation and internally 
distributed refresh. It decodes a full 18-bit 
address, making it ideal for the new LSI-11/23. 

The high-speed MMSll 17 supplies up to 64K 
of fully-compatible memory for most PDP-11 
models, including the 11/60, 11/34, and 11/04. 

Call ( 512) 928-6 776. 
For immediate Motorola memory system price 

and delivery information, call (512) 928-6776 or 
your Motorola sales office. For an MMS1600 data 
sheet. write to Motorola Semiconductor Products 
Inc., P.O. Box 20912, Phoenix, AZ 85036, or circle 
the reader service number. 

Motorola memories are available now for 
systems everywhere. Leading edge storage is but 
one of the many technologies in which Motorola 
is serving the designers of 

Innovative systems 
through silicon. 

® MOTOROLA INC. 
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"THE 8086 IS 
AN ARCHITECTURAL 

TRIUMPH!" ~ 

There's certainly been a lot of talk about 
the 8086. Trouble is, Intel's been doing all 
the talking. 

They've told you everything you could ever 
want to know about the 8086 . Except the 
most important thing. 

The 8086 isn't the best 16-bit CPU. 
The AmZ8000 is. 
The AmZ8000 has a more advanced, more 

powerful, much more flexible architecture 
than the 8086. It has more addressing 
modes, more general purpose registers, more 
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powerful instructions. It can even accom
modate more data types. It has better 1/0 
capability, larger addressing spaces, and a 
lot higher throughput using standard NMOS 
than the 8086 using HMOS. 

What about support? Glad you asked. 
Our new System 8/ 8 was designed 

especially for the AmZ8000. It beats Intel's 
MDS hands down. 

System 8/ 8 speaks four languages fluently 
including PASCAL and COBOL. MDS 
doesn't. System 8/ 8 has a multi-master bus 
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structure which allows it to interface with 
both 8- and 16-bit processors. MDS doesn't. 
System 8/8 has an arithmetic processor. 
MDS doesn't. And System 8/ 8 has a much 
more powerful text editor than MDS. 

One last thing: We know it hurts to drop 
Intel for someone els~. We've just been 
through it ourselves. But it's going to hurt 
a lot more two years from now. By then 
your competitors could be so far ahead of 

"The AmZ8000 
is better." \ 

you, you might never catch up. 
Call Advanced Micro Devices and we'll 

send you everything we've got on the 
AmZ8000. Or come to one of our 4-day 
semmars. 

Once you've compared the AmZ8000 
with the 8086, you'll know what we know. 
The AmZ8000 is the best 16-bit CPU 
there is. 

And that's not just talk. 

Advanced Micro Devices l1 
901 Thompson Place, Sunnyvale, CA 94086 ·Telephone: (408) 732-2400 
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ing the data control line with the 
counter 22 hit. 

Control Signals 

The strobe command (sT) is re
quired for every memory cycle; 
therefore, it must he initiated at 
each even count, ie, 0, 2, 4, etc (Fig 
2). To meet timing requirements 
with minimum hardware, ST com
mand is generated one clock phase 
after data are established and main
tained for one clock cycle. Write 
enable (WE) is required on alter· 
nate memory cycles, ie, 0, 4, 8, etc. 
Timing restrictions are satisfied by 
generating a WE command of one 
clock cycle duration, two clock 
phases after ST. This event occurs 
only when the counter 2° and 21 

outputs are false. 
For write cycles, CEL active low 

is an element of the RAM chip in
ternal write control; however, CEL 
must be equal to or encompassed 
by WE to prevent the memory out
put buffers from becoming active. 
When reading, data are stored in 
the memory output register on the 
rising edge of ST, and two clock 
phases are required both from this 
data storage and from the activation 
of the output buffers by CEL until 
output data testing. Since memory 
output data storage occurs on the 
leading edge of clock phase 3, data 
cannot be sampled until the follow
ing clock phase 1; therefore, CEL 
must stay active low through clock 
phase 1 of the read cycle. For write 
cycles (counts of 0, 4, 8, etc) when 
the counter 21 hit is false, CEL is 
switched by clock phase 1 to align 
with WE, ensuring that the output 
buffers will remain in the 3-state 
mode. During read cycles (counts 
2, 6, etc) when the 21 bit is true, 
CEL is switched by clock phase 2, 
thus hold,ing the output buffers ac
tive during the data sample time. 

Fig 2 shows when the memory 
output buffers are active, and the 
data sample timing that complies 
with memory interface restrictions. 
The data control line is the counter 
22 hit, and it is not changed be
tween the memory write cycle and 
the data sample time. Therefore, 
the test patterns created by the 
data control line and read from the 
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memory location should be identical. 
Both patterns are applied to the 
inputs of the Ls85 comparator, and 
for a valid write and read cycle, 
the comparator A = B output will 
he true at data sample time. As 
shown in Fig 2, this data sample 
time occurs at clock phase 1 of 
counts 3, 7, etc, when the 2° and 
21 outputs are both true. A clocking 
pulse (2°, 21, and <f>l) is generated 
at data sample time and is applied 
to the clock ( C) input of the error 
flipflop (7474). The comparator 
A = B output is applied to the 
D input of the same error flipflop; 
this output is false if the comparator 
inputs are different, causing the 
clocking pulse to reset the error 
flipflop, to light the error light emit
ting diode (LED), and to generate 
a test complete signal to stop the 
counter. If sampled data are al
ways correct, the error flipflop re
mains set. Testing continues until 
the counter 2N-l line becomes true; 
then, the test complete flipflop is 
set, which illuminates the test com
plete LED and generates the test 
complete signal. 

The RAM address is supplied by 
the counter hits between 22 and 
2N·l. The counter hit length deter
mines the number of test patterns 
completed in a test cycle (Fig 1). 
In this application, the RAM re
quires 8 address bits (256 address 
locations) ; thus, the minimum coun
ter length is 12 bits with 23 through 
21° used for address and 211 for the 
test complete bit, 2N-1• This con
figuration tests each address location 
with one write and read cycle. Note 
that expansion of the counter hit 
length results in multiple tests of 
each address location. For example, 
by using a 16-bit counter, counter 
bits 23 through 214 are available for 
RAM addressing. Four of these coun
ter lines are not needed to create 
256 RAM addresses and when the 
change in the counter output is con
fined to these lines, the RAM address 
remains unchanged, thereby causing 
repetitive testing. In this instance, 
there will be 24 or 16 tests at each 
address location. When excess coun
ter outputs are available, the se
quence of address testing can be 
varied by selection of the address
ing lines. Upon initiating a test, 

tlmmg is synchronized, all flipflops 
and the counter are reset, and test 
sequencing continues until either the 
error flipflop or the test complete 
flipflop is set, either of which lights 
the appropriate LED and issues the 
test complete signal to interrupt 
the sequence. The test is run at a 
go/ no go level. If further investi
gation is desired, the counter read
ing, upon sequence interruption, pro
vides the memory address and the 
data pattern of the failure. 

Summary 

This RAM tester design concept is 
flexible and, through modification of 
the control and addressing schemes, 
can be adapted to fulfill different 
memory testing requirements. For 
example, the write and read cycles 
do not have to be performed con
secutively; instead, data can be 
written into blocks of addresses. 
Then, the block can he read and 
verified. This approach can be ac
complished by selecting different 
counter outputs when forming the 
address and control functions. Re
ordering the test sequence permits 
testing memories with inherent la
tency, such as magnetic bubble, 
charge-coupled devices, or conven
tional shift register. Similarly, dy
namic RAM testing can be organized 
to insert one or several refresh 
cycles between the write and the 
read and verify cycle. 

This direct test method meets 
memory control and timing require
ments with a minimum amount of 
hardware. The procedure can be 
generalized to test different mem
ory organizations by initially select
ing a clock frequency consistent 
with memory timing requirements 
and then by establishing aopropri
ate control signal and addressing 
sequences. 
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~~Betore w~ interr,iew you, 
interview us. 

Most aerospace 
companies want the same 
things we want. Ideas. 
Experience. Talent. 

In short, you. 
Naturally, you want the 

company that offers the 
most. We think we're that 
company. So, we decided 
to show you our resume 
before you show us yours. 

Pick up the phone and 
start prying. Ask us about 
our 1,500 exciting pro
grams: from R&D to 

Engineers for Manufacturing 
Division, El Segundo: 
• Electronics 
• Senior Project 
• Electro-Optical 
• Microprocessor 
• Control Systems 
• Thst Equipment 
• Process 
• Quality Assurance 
• Production 
• Industrial 
•Facility 
Call us at (213) 641-5510 or send 
your resumt! to Hughes Professional 
Employment, Electro-Optical & 
Data Systems Group, Manufac
turing Division, P 0. Box 92746, 
Airport Station, Dept.CD,· 
Los Angeles , California 90009. 

electro-optical systems 
applications. 

Bring up benefits. And 
you'll find company funded 
dental, health, major 
medical and life insurance. 
About our credit union 
that typically pays 7% 
interest. And much more. 

Cross examine us on 
career opportunities. 
There's plenty of room for 
advancement. And with 
our massive backlog, you 
couldn't pick a more 

secure place to take your 
career. 

Pose a question on 
challenges. Creative, 
imaginative problems are 
endlessly needing solu
tions. And we're always 
seeking engineers and 
scientists who thrive on 
these kinds of challenges. 

Give us a call. 
If you find you like our 

qualifications, we'd appre
ciate the opportunity to 
discuss yours. 

Engineers for Research & Development, Culver City: 
Computer Systems Space Sensors 
• Software Development • Missions Analysis 
• Processor Architecture • Systems Engineering 
• Circuit/ Hardware Design • Signal/Data Processing 
• Thst/ ATE • E -0 Sensor Systems 
• CAD • Cryogenics 
Components & Materialll • Optics/ Holographies 
• Material/Process • Control/Imaging Systems 

Development Laser Systems 
• Device Design/ Application •Gas/ Solid State Lasers 
• Thst/ Reliability • Electrical/Chemical Lasers 
• Failure Analysis • Image Processors 
• Product Evaluation • IR Sensors 
• Problem Solution • Control Systems 

• Circuits/ Servos 
• Rangefinders/ Target 

Designators 

Call us at i213) 391-0543 or send your resumt! to: 
Professional Employment, Hughes Electro-Optical & Data 
Systems Group, Research and Development, 11940 W. 
Jefferson Blvd ., Dept.CD, Culver City, CA 90230. 

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

Call us.You'll like what you hear. 
I I 

i HUGHES i 
I I 

L------------------~ HUGHES AIRCRAFT COMPANY 

All positions require an appropriate engineering or technical degree from an accredited university. 
U.S. Citizenship Required . Equal Opportunity M/F/ HC Employer. 
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ELECTRO-OPTICAL AND 
DATA SYSTEMS GROUP 
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Introducing the µ,PD444/6514 
Our new lK x 4 CMOS RAM, the µ,PD 

444/6514, offers pin for pin compatibility 
with our industry-standard NMOS 
µPD2114L. So whether your mem
ory requirements call for low standby 
power down to 0. 065 µ, W, or high 
speed applications down to 150 ns, or 
a combination of both, NEC has 
exactly the part you need. 

With our unique short channel 
length CMOS technology, we've 
designed the µ,PD444/6514 to pro
vide access and cycle times as low 
as 200 ns in the industry standard 
300 mil wide 18-pin package. Like 
the µ,PD2114L, it's manufactured on 
four-inch wafers-for low cost and 
high volume production. And the 
µ,PD444/6514 will operate in a 
fully static or asynchronous mode. 

The µ,PD444/6514 is the latest 



addition to our growing line of CMOS 
RAMs- a line that includes a 20-pin 4K 

RAM (µ,PD 445L), a 22-pin lKRAM 
(µ,PD5101L), and an 18-pin lK RAM 

(µ,PD443/6508). And besides 
depth in products, we offer depth 

in support-including engineers 
available to help with 

specific application problems, 
plus complete documentation, 
testing, and special selection. 

Our 1979 product catalog 
contains full details on our com

plete line of memories, plus 
our 8-bit and 4-bit micro

processors and peripherals. 

75 
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ACCESS TIME NS 

OP. STANDBY LOW Vee 
ACCESS POWER NO. POWER POWER 

PART NUMBER TIME (TYP.) PINS (TYP.) (TYP.) 

JLPD444/6514C 450ns 45mW 18 .065µW .022µW 
JLPD444/6514C-1 300ns 60mW 18 .065µW .022µW 
JLPD444/6514C-2 250ns 75mW 18 .065µW .022µW 
JLPD444/ 6514C-3 200ns 95mW 18 .065µW .022µW 

JLPD445LC 650ns 45mW 20 100µW 1µW 
JLPD445LC-1 450ns 75mW 20 100JLW 1µW 

JLPD5101LC 650ns 45mW 22 1µW .016µW 
JLPD5101LC-1 450ns 75mW 22 1 JLW .016µW 

JLPD443/6508C/ D 450ns 25mW 16 5µW .3JLW 
JLPD443/ 6508C/ D-1 300ns 45mW 16 5µW .3µW 

If you are in North America, you may obtain a copy by attaching your business 
card or letterhead stationery to this page and sending it to: 

NEC Microcomputers, Inc., 173 Worcester St., Wellesley MA 02181. 

1111 d111,1111111 •. 
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I APPLICATION NOTE I 

High Level Design Language 
Deve_lops Low Level 
Microprocessor-Independent Software 

Proposed software development approach frees the programmer from 
constraints of specific microprocessors by implementing software 
on any available high level language computer system 

D. B. Wecker, R. L. Krutz, and D. T. Tuma Carnegie-Mellon University, Pittsburgh, Pennsylvania 

The development cycle from code 
writing to assembling, debugging, 
and rewriting is difficult and time 
consuming when developing soft
ware for new microprocessors. A 
programmer creating a software sys
tem on the object machine usually 
has few tools, if any, to work with, 
and must, therefore, hand-assemble 
various versions of the code. If a 
development system or a download
ing large computer is used, debug
ging tools are available, but the 
cost of such systems, with the amount 
of memory required, is relatively 
high compared to the microcomput
er system itself. Using these methods, 
the programmer normally writes the 
code in assembly language-a 
lengthy process. Use of a higher 
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level language for code generation 
circumvents this difficulty, but lan
guages applicable to a variety of 
microprocessors are either nonex
istant or have not yet reached 
maturity. 

A simple technique can solve 
these problems. It requires no spe
cialized hardware, is easy to learn, 
and rapidly creates an end result
a high level language that can be 
altered and debugged with mini
mum effort. The high level imple
mentation can be translated almost 
line for line into assembly code, thus 
speeding code generation. In addi
tiot!';' reasonably accurate estimates 
of memory space needs and execu
tion times can be obtained prior to 
implementation on the micropro-

cessor system. The methodology can 
be used with several high level 
languages. To illustrate this gen
erality, examples in FORTRAN, PAS
CAL, and SAIL (an ALGOL-like lan
guage) are presented. 

Pro9ram Generation 

After selecting a suitable (and avail
able) high level language, the pro
grammer must place restrictions on 
the software, since the end pro
duct will be implemented on a 
microcomputer. Variables must be 
integers, integers must be eight bits, 
arrays must be I-dimensional, loops 
must have simple loop counters 
(usually ending or starting at zero) , 
arithmetic operations must be those 
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Peripheral ·cs, Inc. 

The first place to come 
for forms handling. 

\ 

Quiet 600 CPM Card Reader 
Model 6111 Automatic Card Reader 
- The new 600 CPM reader is dust
proof, dependable, and ultra quiet. 
The advanced designs of the 6111 
make it almost maintenance free. 

( 

All-Weather Badge Reader 
The All-Weather Badge Reader is at 
home in hazardous atmospheres 
and/or demand ing environments. 
Tough and reliable, it meets the 
requirements of Class 1, Group D, of 
Underwriters Labs. The All-Weather 
Reader is intrinsically safe and 
completely weatherproof. 

POi's Card/ Badge Reader can read both 
standard tab cards and Type 3 plastic badges on 
an interm ixed basis. Unsurpassed in field 
performan ce, the Card/ Badge Reader has 
become an integral part of factory data handling 
applicat ions. 

Broad Spectrum Read Head 
The new Broad Spectrum Read Head can handle almost 
any mark sense challenge you come up with . It can read 
felt tip markers, ball 
point pens, 
pencils , and any 
other normally 
carried writing 
instrument. 

Meet POi 's first place team (from left to 
right) - John Stowe, Ted Lyell , Charles 

Dobson , Pat Collins , and Tom Hill . 
They 're available to answer questions, 
demonstrate equipment, and more 

importantly, talk intelligently with 
you about your specific card , badge, 
or forms reading needs. 

Pl an now to see our blue ribbon 
prod ucts ... and judge for yourself. 

PERIPHERAL DvNAM1cs INc. 

CIRCLE 67 ON INCj)UIRY CARD 

Sales & Marketing Offices • Whitpain Campus 
1730 Walton Road • Blue Bell . PA 19422 

Telephone (215) 277-8484 •TWX 510-660-8028 
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performable by the object processor 
or those for which subroutines are 
available, and subroutines must be 
used wherever possible to keep 
from repeating the same code. Global 
variables must be allocated to two 
memory spaces-fixed or static and 
alterable or dynamic-for read only 
memory and random access mem
ory, respectively; temporary vari
ables must be used for computed 
values and addresses that are refer
enced frequently; and input/ output 
(r/ o) must be handled through sub
routine calls, allowing for easy 
insertion into an actual object sys
tem when completed. All code must 
be written with the size and power 
of the object machine in mind; and 
since that is assumed to be an 8-bit 
microprocessor, the examples spe
cifically apply to an 8080 central 
processing unit.1 

The list of restrictions is not ex
hau~tive, and may be altered to suit 
the programmer, based on familiar
ity with th•) technique. The pro
grammer can develop an entire 
software system, and run and debug 
it, without ever using microprocessor 
hardware. Thus, generality of ap
plication is maintained while system 
algorithms are developed and tested. 

Sample Programs 

FORTRAN and PASCAL implementa
tions of an averaging routine demon
strate the high levP.l language tech
nique. 

NAME : 

USE: 

AVE 

Find average of group of num· 
hers 

PARAMETERS: N-number of entries in arraY 

X[ )-array of numbers to av-
erage 

Table 1 presents software for two 
implementations of the ab ove rou
tine and shows a typical hand trans
lation of the FORTRAN routine. A 
second routine <lemonstrates the tech
nique in SAIL (Stanford Artificial 
Intelligence Language) . 

NAME : 

USE: 

SETBIT 

Sets and clears ·bits in an •ar
ray of bytes 

PARAMETERS :BYTPIN - top 5 ·bits : address 
of byte in array; 
bottom 3 bits : ad-
dress of bit in 'byte 

STATE - 1 to set bit: 0 to 
clear 

BYTE [ ) - I -dimensional array 
of bytes 

This implementation in Table 2 is 
also followed by a hand translation 
into assembly code. 

TABLE 1 

Averaging Routine 

FORTRAN Implementation 

C Denotes program comment 
C THIS PROGRAM COMPUTES AN AVERAGE VALUE FROM A GIVEN 

VECTOR 
FUNCTION AVE{N,X) 

C EXPLIOITL Y DEFINE AL:L VARIABL.!ES, TO AID IN TRANSLATION 
INTEGER N,SUM 

C MAKE 'SURE THAT A'RRAYS ARE NO MORE THAN 1 DIMENSION 
Dl~ENSION X(100) 

C THE ALGORITHM USED WILL BE 
C AVE = SUM(X(J),J = O,N- 1) IN 
C >>>>>>> NOTE: SUM WILL HAVE TO BE DOUBLE PRECISION 
C WHEN TRANSLATED, OR THERE MAY BE 
C OVERFLOW PROBLEMS 
C 1INITIALIZE SUM 

SUM =O 
C ADD UP Alt THE ELEMENTS 

DO 100 J=O,N-1 
100 SUM = SUM + X(J) 
C CREATE AVERAGE AND RETURN 

AVE= SUM IN 
RETURN 
END 

PASCAL Implementation 

Procedure AVE(var AVEVAL,N: Integer; x: array(O •• 100) of lntegerO; 
var SUM,J: Integer; 
begin 

(* The algorithm to be used will lbe: 
AVE = SUM(X(J),J=+O,N - 1) I N 

NOTE>>> > sum will 'have to be double precision to avoid overflow 
when translated *) 

SUM := O; (* in'itialize sum *) 

for J := 0 to N-1 do SUM := SUM + X[J]; (* add up elaments *) 
AVEVAL :=SUM div N (* retum value *) 
end ~ AVE } ; 

Auembly Translation of FORTRAN Implementation 

**** FUNCTION AVE(N,X) * ** * 
ave: push b ; save registers 

push d 
push h 

.passed parameters: a = N, hi = X [] 
variables : b = LOOP, c = copy crl N, de = SUM 

INTEGER N,SUM 
DIMENSION X(100) * ** 

mov c,a 
mov b ,a 

••• • SUM = 0 *** * 
xra a 
mov d,a 
mov e,a 

DO 100 J= O,N- 1 
SUM = SUM + X(J) * * * * 

ave1: 

ave2: 

mov 
add 
mov 
jnc 
inr 
inx 
dcr 
jnz 

AVE = SUM IN 
mov 
xchg 
call 

• ••• RETURN 

* * ** END **** 

pop 
pop 
pop 
ret 

a,m 
e 
e,a 
ave2 
d 
h 
lb 
ave1 

a,c 
d 
divide 

h 
d 
b 

; set up N 
set up LOOP counter 

clear accumulator 
clear high part of SUM 

; clear low part of SUM 

; get X(J) 
; accum. = SUM(low) + X(J) 

SUM(low) = accum. 
check for carry out 
if there was a carry: SUM(high)+1 
set up for next entry 

; see if loop finished 
; go to ave1 if not done 

; get divisor 
; hi exchanged with de 
; subroutine to g ive: hi I accum. 

; restore reg•isters 
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ltS 
Intelligent 
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Buying intelligent terminals? 
Then you should be thinking about 
Ontel! It's the intelligent thing to do. 
First of all, we know that extensive 
software is vital to our OEM users and 
new Ontel software is continually 
being introduced. Because of this our 
users are able to reduce their 
development costs in a multitude of 
application areas. 
High level languages, forms 
generation , word processing, text 
editing and complete utilities and 
diagnostics, all running under Ontel's 
disk or diskette operating systems, 
complete the comprehensive set of 
sophisticated software packages now 
available for the OEM market. 
Our hardware is truly outstanding . The 
OP-1 user programmable intelligent 
terminal series has been carefully 
planned and engineered as a complete 
systems family able to fulfill and 
complement your design 
specifications. All OP-1 terminals have 
been designed to make possible . 
on-site feature enhancements. A full 
range of peripheral controllers is 
available providing communications, 
mass storage and printer interfaces. 
Master processors, coupled with 
secondary processors, provide unique 
distributed computing capabilities. 
Contact us today for the 
intelligent answer. 

Edward J. Heinze 
Vice President Domestic Sales 

Ontel Corporation 
250 Crossways Park Drive 
Woodbury, NY 11797 

(516) 364-2121 
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TABLE 2 

Bit Changing Routine 

SAIL Implementation 

procedure SETBIT(lnteger BYTPIN,STATE); 
begin 
Integer BYTNUM,PINDAT; 
BYTNUM _ (BYTPIN lah -3) IAND '037; 
PINDAT _ 1 ISH (BYTPIN IAND 7); 

If STATE then 
BYTECBYTNUM] _ BYTECBYTNUM] IOR PINDAT 

else BYTECBYTNUM] _ BYTE[BYTNUM] IAND INOT PINDAT; 
end; 

A ... mblr Tranalatlon of Sall tmplementailon 

; ** ** PROCEDURE SETBIT (INTEGER BYTPIN,STATE) **** 
setbit: push b ; save registers 

push d 
push h 

; Passed parameters: 
; Variables: 

b = BYTPIN, c = STAT•E 
e = BYTNUM, hi= BYTE[] 

d = PINDAT 
* * * * 'BYTNUM _ (BYTPIN ISH -3) IAND '037 * * * * 

mov 
rrc 
m: 
rrc 

a,b ; get input command 
transform command 
Into address in array 

anl 37 finish transformation 
mov e,a save result in e 
mvi d,O de= offset in1o BYTE (] 
lxi h,BYTE ; form actual address of desired byte 
dad d ; hi = BYTE[BYTNUM] 

**** PINDAT _ 1 ISH (BYTPIN IANO 7) ****· 
mov a,b obtain tiit number 
ani 7 
mov b,a save in b 
mvi a,1 place bit to be set in a 

setbi1: dcr b 
Jm setbi2 move bit to correct position 
rlc 
Jmp setbi1 

setbi2: mov d,a ;save bit to be set in d 
if STAl'E then **** 

mov a,c get state from c 
cpi 1 ·is it equal to one? 
jnz setbi3 if not, turn bit off 

**** BYTE[BYTNUM] _ BYTE[BYTNUM] IOR PINDAT **** 
mov a,m ; get current byte 
ora d ; set desired bit 
Jmp setbi4 ; write result to memory 

; **** BYTE[BYTNUM] _ BYTE[BYTNUM] IAND INOT PINDAT 
setbi3: mov a,d ; set up byte 

cma 
ana m ; turn off bit 

setbi4: mov m,a ; write result to memory 
pop h restore registers 
pop d 
pop b 
ret return to ma'in program 

•••• 

Memory Space and 
Time Estimates 

Writing in a high level language 
before creating machine code al
lows the programmer to estimate the 

amount of memory space needed for 
the end product. Previously, hard
ware estimation consisted of taking 
into account the average number of 
machine code bytes needed by arith
metic, logical, conditional, and other 

high level instructions. This approach 
is accurate, but time consuming, for 
categorizing each instruction in the 
code. The following methodology 
lists parameters to estimate needed 
memory space. 

( 1) Choose a small subroutine 
(under a page in size) that is rep
resentative of the overall code. En
sure that it contains arithmetic op
erations, loops, conditionals, and any 
other forms that appear in the large 
system. 
(2) Hand translate this routine, 
and tally the number of bytes ob
tained. (Do not count global vari
ables. ) 

(3) Count the number of active 
lines of high level code. An active 
line is one that generates codes. In 
PASCAL, "begin" and "end" on lines 
by themselves are not active. Mul
tiple or separated statements on the 
same line are considered as multiple 
active lines. (Active lines are bold
faced in the Implementations in 
Tables 1 and 2.) 
( 4) Divide the number of bytes by 
the number of lines to obtain the 
average number of bytes/ line. 
( 5) Count the number of active 
lines in· the entire source code to get 
an estimate of the total number of 
program bytes by multiplying the 
number of active lines by the average 
number of bytes/line. 

For systems of 4k bytes or larger, 
the entire method of memory space 
estimation has proven to be more 
than 90% accurate. The average 
number of generated lines will vary 
from programmer to programmer ; 
thus, the small sample subroutine 
is translated by hand to provide a 
reasonable estimate. For the previ
ous examples, PASCAL and SAIL pro
grams translate into 8080 assembly 
code on an expansion ratio of about 
7 ( 1 line in SAIL to 7 in 8080 
assembly code) ; FORTRAN translates 
on an expansion ratio of about 4 
(see Table 3). 

Execution time estimates can also 
be made by implementing, in code, 
software counters into routines that 
are being timed (along with soft
ware counters in all subloops) . A 
reasonably accurate time estimate 
results from multiplying each count 
by its estimated number of bytes, 
and then multiplying the total num
ber of run bytes by the average 
amount of time to execute one byte 





Now, there's a minicomputer tape system with the ability to 
handle NRZI (800 bpi), PE (1600) bpi), and GCR (6250 bpi) 
with just one drive and one formatter: The STC 1950. 

But it's a lot more than a tri-density subsystem. The 
microprogrammed drive and formatter are designed to give 
you total flexibility for matching your architecture, and for 
meeting your customer's price-performance requirements. 

For example, you can order the 1950 in lower-cost PE/ 
NRZI or PE/GCR configurations, then field up-grade to 
tri-density whenever your customer desires. 

The 1950 also gives you a choice of 50, 75, or 125 ips. And 
again, the system can be field converted to any other speed. 

Up to four tape drives can be radially attached to the 
1950's formatter. In a multiple-drive subsystem, the for
matter can handle a mixture of speeds and densities . 
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What this means is the flexibility to 
offer customers the precise 

configuration they need. Yet, at 
~ the same time, the 1950 

keeps your design costs, 
training requirements, 

and parts inventories to 
an absolute minimum. 

Read/write reli
ability you 

can bank on. 
To assure the 

most accurate 
read/write technology, STC has incorpo-

rated into the 1950 all the experience accumula ted while 
becoming the world's leading manufacturer of high
performance tape subsystems. 

For example, a unique, two-phase digital tachometer in 
the capstan motor provides precise tape positioning and 
stop-lock control. As illustrated, two sensors discriminate 
the position of leading and trailing edges of each of 1000 
tach lines to establish a capstan accuracy of 5650 millionths 
of an inch. The stop-lock feature prevents the capstan from 
moving more than one tach line 
when the drive is stopped. 

· So no tape creep can 
ever occur. 

For speed control , tach 
pulses are compared 
to a crystal clock pulse . 
This approach dis
penses with potentio
meters, making the 
system adjustment-free. 

The gentlest possible 
tape handling. 
The STC 1950 is equipped 
with automatic thread/ 
load, for both open reels and easy-load cartridges. This 
feature·, combined with a minimum length, straight
shot, gravity-assisted tape path, assures extraordinarily 
accurate tape loading. Tape acceleration is kept to a 
minimum by a microsequencer-controlled linear reel 
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The new STC 1950: 
Three densities and 
any of three speeds in 
one state-of-the-art 
tape subsystem. 

servo system. Tape drag and tape edge damage is mini
mized by the use of hydrostatic air bearings at all critical 
points. A hydrostatic rewind foot prevents tape and 
head wear during high speed rewind. And a unique STC 
tape footage counter, in conjunction with the digital 
tach and microsequencer, smooths tape acceleration 
and deceleration for faster and gentler rewind. 

New standards of 
maintainability. 
When you specify the 1950 you benefit from all the cost
effective maintenance features developed to service 
STC's mainframe tape systems. 

As an OEM customer, you'll receive, at no charge, a 
a host-independent, on-line 
diagnostic program that 
performs over 700 tests. This 
includes not just func
tional and reliability tests, 
but artificial stress 
testing and fault isola
tion to uncover po-
tential problems that 
are often masked by 
GCR's inherent fail-soft 
characteristics. 

For off-line diagnosis, 
your service people can 
use the STC Subsystem Analyzer. This microcomputer
controlled analyzer runs the same test routines as the 

on-line program, and includes a remote communi
cation capability to facilitate diagnostic assistance from 
a central point. 

On-line or off-line, this diagnostic approach keeps 
labor costs to a minimum. Typically, it takes less than 
an hour to find the problem, swap the components, 
and verify the fix. 

To get the full story, get in touch 
with us today. 
For full details, please contact: OEM marketing, Storage 
Technology Corporation, P.O. Box 6, Louisville, Colorado 
80027 . Or phone (800) 525-2940; in Colorado 497-5151. 
In Canada: STC Ltd., 272 Galaxy Blvd., Rexdale/Toronto, 
Ontario M9W. Phone (416) 675-3350. 

STORAGE TECHNOLOGY CORPORATION 
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How Rental 
Electronics helps vou avoid 

terminal obsolescence. 
~----As soon as you take delivery on a new / /.. 1 

printer or data terminal these days, it 
seems the next generation is already 
being announced. Chances are, it 
has capabilities that begin to make 
your "new" equipment obsolete. 
Now, thanks to Rental Electron
ics, you can have your terminals 
and highest technology, too. 

Renting electronic equipment 
instead of buying gives you imme
diate delivery of state-of-the-art 
products with no capital invest
ment. And since our rental price!: -
are so low, you can easily 
afford to upgrade to the latest 
in printers and terminals as new 
technology arrives. 

Rental Electronics means the 
highest quality equipment. too. 
Choose your terminal or printer 
from our multi-million dollar selection of leading 
industry brands. 

Above all , renting means flexibility. That's why 

Rental Electronics can provide you printers and 
terminals in whatever quantity with whatever 

financial arrangements make best sense for you. 
Rent, lease, or lease/purchase one to 1,000 ... for 
30 days to three years or more. You tell us. Our 
rental/lease plans can be written with or without 

maintenance and with other special features 
tailored to your 

needs. 
~ If you're inter-

N,~~ ested in more infor-
.,/ mation on renting 

, ! printers or terminals 

1
1 i from Rental Elec-
U j tronics, call one of 

• • •• ~· our local rental 
e-- .-. Ill"'" _ • p centers today. 

.. .. ·• • ... ~· ~ 1 They're listed opposite. 
- Our on-line computers at 

every location let us give 
svvf"jbtt& you price and availability 

' information instantly, while 
you 're still on the phone. In the meantime, check 
some of our featured rental offers below. 

Printers and Data Terminals 
Here is a sampling of the printers and data terminals 
available from Rental Electronics. Call or write today 
about your specific needs. 

Tl Model 820 Keyboard Send
Receive Data Terminal/Printer 
Printer operates at 150 cps on 9 x 7 
wire matrix assembly printhead. Full 
ASCII Keyboard (ANSI-compatib le) with 
N-key roll over. Operates in Asynchronous, USASCll , 
RS232C interfaces and is compatible with Bell 103, 113, 
202 and 212 units. Selectable baud rates of 110 to 9600. 

ADDS Regent 200 Terminal 24 lines 
x 80 characters, 25th "status" I ine shows 
operating mode. 128 character 
ASCII. RS232C/CCIT V.24 communi 

cations interface operating 
75 to 19.2 BPS, switch selectable. 

Buffered transmission, auxiliary ports. 

Beehive Micro B 1A Terminal 128 ASCII 
character set; switch selectable scroll/ 
non-scroll mode; X-Y addressing; 
24 x 80 display format; single key 
memory lock; fully buffered communi- ••llliliiill 
cations to auxiliary peripheral device. 

Lear Siegler ADM-3A Data Entry Display 
. Terminal 12" diagonal, 24-line screen. 

64 ASCII characters. Full or half duplex 
operating modes, switch selectable, 

--!!~ baud rates from 75 to 19,200. RS232C 
interface, 20mA current loop. 

Rental Electronics, Inc. 
An ~ICBL. company 
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TABLE 3 

Space Estimates 

FORIBAN 

Active Lines 8 
Space Estimates (8x 4) = 

32 bytes 

Actual Size 29 bytes 

on the object machine. This tech
nique allows for relatively easy 
estimation of memory requirements; 
it can also be used in selecting 
the proper microprocessor for a spe
cific application by comparing mem
ory requirements and execution 
speeds for different microprocessors 
executing the same algorithm. 

Large System Application 

Developed at Carnegie-Mellon Uni
versity, MIDAS serves as an example 
of a large system implemented with 
an 8080 microprocessor.2 This system 
was written as a generalized in
structional tool to allow low cost 
interactive computer aided instruc
tion. The first version of MIDAS was 
a digital systems simulator that 
allowed the student to define logical 
functions (gates, flipflo:Ps, mono
stables, 1/0 streams), connect them, 
and simulate an entire logic circuit 
interactively. 

Since this was an instructional 
tool, the system had to be self
contained and self-explanatory, and 
perform error detection, error cor
rection, and prompting. The entire 
software system for MIDAS was writ
ten in SAIL on a Digital Equipment 
Corp PDP-10 using the methods de
scribed. Within a week, a debugged 
and verified program was running. 
An estimate of the final size of the 
program was 559 lines of active code 
times 7 bytes/ line, yielding 3913 
bytes of program space. The actual 
code when finally written was 3596 
bytes. The estimate was only 8% 
high and had allowed for the de
velopment of the microprocessor 

PA:SCAL SAIL 

'5 7 

(5 x 7) = (7 x 7) = 
35 bytes 49 bytes 

29 bytes 49 bytes 

hardware long before the software 
was written in machine code. 

Hand-translated into 8080 assem
bler, the software was then simu
lated on the PDP-10 with little sub
sequent debugging. At this point, 
the program was first burned into 
erasable programmable read only 
memory, and it executed the first 
time on the 8080 without error. As 
added capabilities and modifications 
evolved, they were implemented 
initially with the high level version, 
and then were added to the assem
bly language implementation. 

Conclusions 

This simple approach of using exist
ing languages and debugging tools 
for the development of new and 
unique systems has aided greatly in 
the writing of several large software 
systems for microprocessors. It has 
reduced the turnaround time from 
inception to actual running code by 
freeing the programmer from the 
drudgery of the actual object ma
chine until the last stages of de
velopment, while at the same time 
simplifying that last transition. In 
addition, reasonable hardware esti
mates along with memory and speed 
requirements can be obtained long 
before final software is completed. 

References 
I. fotel Corp, 8080 User Manual, Intel 

Corp, Santa ·Clara, Calif, 1976 
2. R. Krutz, D. Tuma, and iD. Wecker, 

"A Microprocessor-Based Interactive 
Learning System," 86th Annual Con
ference of ASEE, of British Columbia, 
Vancouver, British Columbia, Canada, 
June 19-22, 1978 

For Rent Now 
Rental Elestronics rents all kinds of 
Amplifiers, Analyzers, Calibrators, Counters, 
Couplers, Generators, Meters, Micro
computer Development Systems. Modula
tors, Oscillators. Oscilloscopes. Power 
Supplies, Printers. Probes. Recorders. 
Synthesizers. Terminals. Test Sets . .. 
and much more. 

Rental Electronics rents equipment 
from ADDS. Ailtech . Associated Research. 
Beehive. Biomation. Boonton. Brush. 
Dana. Data 1/0. Digitec. Doric. Dranetz. Elgar. 
Esterline-Angus. Fluke. GenRad. Halcyon. 
Hewlett-Packard. Honeywell. Hughes. Intel, 
Keithly, Krohn-Hite. Lambda. Lear 
Siegler. Marconi, Monsanto. Narda. Nicolet. 
Northeast. Power Design, Programmed 
Power. Singer. Sorenson. Tally, Techni-Rite, 
Tektronix. Tenney, Texas Instruments. 
Wavetek ... and many more. 

Rental Electronics. Inc. Rental Centers 
In the U.S.: Anaheim. CA (714) 879-0561 • 
Mountain View. CA (415) 968-8845 • 
Northridge, CA (213) 993-7368 •Ft. 
Lauderdale. FL (305) 771-3500 •Orlando, 
FL (305) 351-3015 • Des Plaines. IL 
(312) 827-6670 • Burlington. MA (617) 
273-2770or (800) 225-1008 •Gaithersburg, 
MD (301) 948-0620 •Greensboro. NC 
(800) 638-4040 •Oakland. NJ (201) 
337-3788 or (800) 452-9763 • Rochester. 
NY (800) 631-8920 •Cleveland. OH 
(800) 323-8964 •Dallas. TX (214) 661-8082 • 
Houston. TX (800) 492-9021 • Seattle. 
WA (206) 641-6444 • In Canada: Vancouver. 
BC (604) 278-8458 • Rexdale. Ontario 
(416) 675-7513 •Montreal. Quebec (514) 
681-9246. 

·-------· 
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Dataroyal believes the best 
printers begin with a clean, 
simple design. Because the 
fewer the parts, the fewer the 
problems. 

That's why we're convinced 
that one look inside an IPS® 
7000 120/200 cps printer will 
make you a Dataroyal customer. 

We built our printer around 
a microcomputer system for 
reliability and flexibility. Our 

firmware library lets us meet 
almost every OEM or end user 
application requirement. A 
simple print head driving mech
anism, bi-directional paper 
handling, quiet operation (65 
dB) and other features make the 
IPS® 7000 printer series an 
outstanding value. 

Join the growing list of 
OEMs and end users who have 
looked beyond the largest 
printer suppliers to find the 
best. For a demonstration of the 
IPS® 7000, fill out the coupon 
or call one of the Dataroyal 
sales offices listed below. 
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D Show me an IPS® 7000 printer. co579 

D Send me information. 

Name·---------~ 
Title ___ ______ _ 
Company _______ _ 
Street _________ _ 
City _________ _ 

State ZIP ____ _ 

Telephone ( 

Mail to Dataroyo l, Inc. 
235 Main Dunstable Raad, Nashua, NH 03061 

• 

IPS'7000 
INTELLIGENT 
PRINTING SYSTEMS 

. 
DATAROVAL 
INCORPORATED 
235 Main Dunstable Rood, Nashua, NH 0306 1 
(603) 883-4157 
2801 For Hil ls Avenue, Dayton, OH 45419 
(51 3) 294-6426 
160 Centennial Woy, Tustin, CA 92680 
(714) 838-4530 
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i .-./We1ve got the 

PO ER 
for OEM's and large systems users 

The new DELTA 7000Series16-bit microcomputer display terminals ... More power 
to you for data preparation, text editing and distributed processing applications 
The DELTA 7000 Series of multifunctional terminals is a unique combination of hardware and software designed to 
meet sophisticated applications in large computer systems . This combination offers you a choice of display terminals with 
truly outstanding performance features , including : 

• 16-BIT MICROCOMPUTER for superior program
mability and wide applications flexibility 

• MULTIPLE SPLIT SCREEN allows you to divide the 
screen into independent display areas 

• MULTI-CHARACTER FUNCTION KEYS permit one 
key to display or send a string of multiple characters or 
codes 

• DYNAMIC FONT GENERATION enables you to design 

special symbols , or modify existing characters from the 
keyboard and have them immediately available 

• EXTENDED CHARACTER SETS provide display of up 
to four 248-character sets which can be PROM resident 
or RAM loaded 

• LARGE TEXT MEMORY from 6K up to 36K characters 
adds applications flexibility and terminal power to meet 
your needs 

Put the power at your fingertips with a DELTA 7000 Series video display terminal. Zing us a line , or 
call for more information, literature or applications assistance . 

Delta U.K. Subsidiary: Woodhaven Industrial Park 

C Sys 
.. _ DELTA DATA SYSTEMS LTD. Cornwells Heights, PA 19020 

ata .....c::=mS Welwyn Garden (07073) 33833 (215) 639-9400 

Corporatiori Service in over 150 locations in the U.S. , and 14 European countries and Canada. 
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PROFESSIONAL SELF-STUDY 
--MICROCOMPUTER TRAINING 

What the workbook/text teaches you: 
• Fundamentals of Microcomputer Hardware and 

Architecture • Fundamentals of Microcomputer 
Software • How to Load and Execute Programs 
• Program Flow and Program Loops • Program 
Specification and Design • Program Modules and 
Subroutines • Logic and Bit Manipulation • 1/0 
Programming - parallel/serial • How to Use a 
Programmable 1/0 Device • Interrupt Handling 
(vectored/priority) • Organizing Data in PROM and 
RAM Memory • Advanced Math Routines 
• Advanced 1/0 - Block Data and OMA Use 

What the Training Microcomputer Includes: 
1. Microcomputer and Power Supply 
2. 8080A Microprocessor and Control Logic 
3. Eraseable PROM Memory (Containing the 

Educational Monitor Program) - 1024 Bytes 
Expandable On-Board to SK Bytes 

4. 2048 Bytes of RAM Memory Expandable to 
4K Bytes 

5. Programmable 1/0 Including Three 8-Bit Ports 
6. Direct Memory Access (OMA) Channel 
7. Audio Cassette Interface for Easy Program 

Storage and Retrieval 
8. On-Board 8-Digit LED Display 
9. On-Board Keyboard for Program and Data Entry 

10. Space for User's Hardware Additions 

11. Power Supply with Capacity for Off-the-Board 
Devices as Well 

Expandable 
. ... using the optional S-100 Bus Interconnect Board, 
the Microcomputer Training System permits interfacing 
with a variety of RAM and PROM memory modules. 
CRT terminals, TV monitors, printers, floppy disks and 
other peripheral devices. With an expanded system you 
may add disk operating systems, text editors and 
assemblers, and high-level languages such as BASIC, 
PASCAL and PL/M 

Advanced Training 
.. . . available with the Self-Study Microcomputer 
Interface Training Course, which builds on the material 
of the Microcomputer Software/Hardware Training 
Course to develop advanced Input/Output techniques 
and applications for process control and other types of 
real -time, microcomputer-controlled operations 

This Self-Study course is designed for people who really need to 
know how microcomputers work at the fundamental , detailed 
hardware/software level. The course has been delivered to thou
sands of professional engineers and scientists at organizations 
such as Bell Labs, DEC, GE, GM, IBM and Xerox, and to hundreds 
of serious amateurs as well. 

What this training course is: 
• A detailed 750-PAGE WORKBOOK/TEXT (available 1n English or French) 
• A FULLY ASSEMBLED and TESTED microcomputer 

• A COMPLETE SYSTEM with Keyboard, Display, Audio Cassette Interface 
and Power Supply 

• Based on the 8080A MICROPROCESSOR 
• Designed to TEACH microcomputer software and hardware from funda

mentals through advanced concepts 
• EXPANDABLE - optional S-100 Bus Interconnect Board permits easy 

addition of CRT's, printers, floppy disks, and other peripherals. 

About Integrated Computer Systems 
Founded in 1974 by professionals in engineering and applied computer sciences, 
our company objective is to provide advanced technical education of the highest 
quality, both through intensive short courses (public and private) and self-study 
programs. Our educational services are available throughout North America and 
Europe in a broad range of high-technology areas. 

INTEGOOID CD'llFUrER SYSTFfVG, 11\C. 
3304 Pico Boulevard / P.0. Box 5339 
Santa Monica. California 90405 USA 
Telephone: (213) 450-2060(TVVX: 910-343-6965 

LOS ANGELES• WASHINGTON,D.C. •BRUSSELS• PARIS• LONDON• MUNICH 

-------------------~-PLEASE FILL OUT THIS Integrated Computer Systems, Inc. a b 

COUPON AND MAIL TO : 3304 Pico Blvd., P.O. Box 5339 
D Please send Santa Monica, CA 90405 

free catalog. Telephone: (213) 450-2060 

0 Please send ___ Self-Study Microcomputer Software/ Hardware 
Training Course(s)@ $695.00 (U.S.) each in U.S.A. or Canada. 

Please contact ICSP Brussels office at (02) 762.60.00 
for European prices. 

Bldg. No. 
Job Title-------------- or Mailstop ------

Company 

Address -----------------------
State/Province/ Postal 

City_______ Country ------ Code -----
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Tektronix microprocessor 
development labs now fullY 
emulate the 1802 Eloth the: 
8001 and 8002A are GSA 

INSTRUMENTATION 
BUILTOUA 
REPUTATION 

The chip builders have 
their own specialties. But 
ours is similar to your own: 
as one of the world s 
foremost instrumentation 
designers, Tektronix deafs 
with your kinds of deSlgn 
problems and your krndsof 
deadlines. We ve teamed 
through experience how to 
maximize equipment ver
satility and rehabitity. 

approved. 

That's whY. our lab supports chips from 
a variety of butlders. Including the 3870, 
3872 and F8. The 8085A and 8080A. The 
Z80A. The 6800. The TMS 9900. 

Based on years of experience with 
microprocessor designs, our labs include 
many other capabrhttes ttke you'd engineer 
for yourself. 

REAL TIME ANALYSIS OPTION 
Dynamic monitoring with dual 49-bit 

breakpoint registers enables quick isolation 
of timing and logic problems. 

ENHANCED BASIC 
This enhanced compiler version of 

BASIC supports the instruction set of the 
8080A and can run on the 8080A, 8085A 

FOR F-'8T tlll*LY, CALL._ 
FREE (tao) 147·1&'12. 
In ONIOft, collMt ....,...,, 



SEE WHAT MEMORIES ARE MADE OF. 
There's a whole new crop of semiconductor memo

ries coming to market this year. 
Better 4k statics. New 16k and 64k dynamics. 
Now it's just a matter of who learns to make and 

use them first. Because whoever does is going to have 
one memorable year. 

Today, more and more memory users are learning 
their way around the new devices with the help of the 
Teradyne ]387, equipped with Real-Time Bit Mapping. 

With RTBM you get all the way inside a memory, 
watching bits fail under changing test conditions on 
RTBM's 19-inch full-color display. It's a view of device 
behavior you just can't get anywhere else. 

Shorter device design times. 
With the J387's interactive programming, charac

terizing new devices is a breeze. The system asks ques
tions and the design engineer answers them in the 
appropriate device language. 

Using either software programming or a joy stick, 
the engineer can control timing edges, voltage levels, 
and test patterns. He can then see, bit by bit, how the 
memory is affected, with different colors clearly indicat
ing different bit fail conditions. 

Characterization time for new devices is dramati
cally shortened. So you can introduce new designs 
faster and with greater confidence. 

Moreover, RTBM gets the right individual - the 
design engineer- completely into the ·characterization 
process. 

Duplicate actual operating conditions. 
The best way to see if a device checks out is to 

check it out under the specific operating conditions for 
each application. RTBM has the speed and the capacity 
to do just that. 

Memory users can totally qualify incoming 
devices, as well as the vendors who supply them. 

Further down the line, this means a substantial 
savings. Because end-product reliability goes up while 
rework time to correct faults goes down. 

The total system. 
Teradyne's ]387 has a lot going for it besides RTBM. 
There's a Test System Administrator that integrates 

information from multiple systems. And a Data RAM 
that permits testing of RAMs, RO Ms or PRO Ms in any 
mix you wish. And Automatic Edge Control that saves 
hours of calibration time and countless human mistakes. 

It's all part of the definite edge Teradyne's J387 
can give you. Send for our free brochure. Write: 
Memory Product Group, Teradyne, 21255 Califa Street, 
Woodland Hills, CA 91367. 
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In Data Display. • • 

means 
compact 

perfo1·mance 
BALL TVX Series save both space and money 

BALL TVX Series 
frameless data 
display 

In data display, 
BALL means 
experience, quality 
and service. 

• Direct drive input 
• Fully adjusted and aligned 
• Both 9-inch and 12-inch sizes 
• Single connector handles power 

and signal 

Do you have a terminal space 
problem? Get all of the dependability 
and performance of the BALL TV Series 
without the bulk or cost of a wire frame 
chassis. The TVX Series is fully wired, 
aligned, tested and ready to run in 
your application. Each includes a 9 or 
12-inch CRT with yoke, horizontal 

and vertical transformers, and one· 
piece circuit board with all circuit 

elements. 
TVX Series displays are provided with full 

electronic controls, and a wide-band video 
channel assures clean and crisp display over 
a range of brightness levels. Both 12 and 15V 
DC versions are available, and users may 
select from a variety of phosphors and CRT 
face plates. 

For the best buy in frameless, ready-to-run 
data displays, remember the TVX Series. 
Look to life cycle costs, and you'll find 
bargains at BALL. 

P.O. Box 43376 St. Paul, MN 55164 (612) 786-8900. TWX: 910-563-3552 
SalH Otflce1: 
Downers Grove, IL (312) 960-4434 Santa Clara, CA (408) 244-1474 
Ocean, NJ (201) 922-2800 Upland, CA (714) 985-7110 
Lewisville, Texas (214) 436-2383 Burlington , MA (617) 273-0608 
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MICRO DATA STACK 
COMPUTERS, ELEMENTS, AND SYSTEMS 

INTERFACING FUNDAMENTALS: 
HARDW·ARE ENCODED AND SCANNED 
KEYBOARDS 

Jonathan A. Titus and Christopher A. Titus 
Tychon, Inc 

Peter R. Rony and David G. Larsen 
Virginia Polytechnic Institute and State University 

G eneral purpose devices for entering information into 
a microcomputer include keyboards, thumbwheel switches, 
analog to digital converters, thermostatic switches, and 
pressure switches. Of all the input devices, keyboards are 
probably the most widely used, simply because they are 
the most general purpose. 

Two basic types of keyboards used with microcomputers 
are hardware encoded and scanned. A hardware encoded 
keyboard, regardless of the type of keys (metallic con
tact, Hall effect, capacitive), produces a unique code
Ascn, EBCDIC, binary, or BCD-for each key. The encoder 
section of the keyboard also produces some sort of strobe 
pulse, or logic level change, to indicate that a key is 
pressed. 

Owing to recent advances in IC technology, the encod
ing logic may not only produce a unique key code, but 
also transmit the code as an asynchronous serial character. 
Some 1cs that are used to encode individual key closures 
include the AY-5-3600 (General Instrument Corp) , the 
MM7 4C922 and MM7 4C923 (National Semiconductor 
Corp), and the 8279 (Intel Corp) . A typical hardware en
coded keyboard interface is shown in Fig 1. Because the 
hardware in the keyboard already encodes the key clo
sures, the software required to sense a key closure and 
input a key code is very simple (Subroutine I). 

The first instruction in Subroutine I inputs the strobe 
line, or flag, of the keyboard into the 8080 micropro-
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ASCII 

KEYBOARD 

STR08[ 

_Jl_ 

CL• 
I D 

CL• 

7474 
0 FLIPFLOP 

_JL 

1212 
INPUT 
PORT 

1212 
INPUT 
PORT 

IN 000 

IN 001 

OATA 
IUS 

DATA 
BUS 

Fig 1 Hardware encoded keyboard. Simple interface 
uses keyboard that produces ASCII code for each key 
when it is pressed 
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03 ~---------~ 
DATA 02 -+....----------h 
BUS DI -+-+-<...---------t-t-i 

DO -++-1~--------:-t-:t-:t-:-. 

cessor's A register. If the flag is a logic 0, no key in the 
keyboard is pressed. If the flag is a logic 1, a key is 
pressed. The ANI instruction sets all bits in register A 
to a logic 0 with the exception of bit DO, which repre
sents the state of the keyboard's flag. If the flag is a logic 
0 (no key is pressed), register A will contain zero as a 
result of the ANI instruction and the JZ (jump on zero) 
instruction to KEYIN will be executed. When a key is 
pressed, bit DO of register A will be a logic 1 after the 
first IN instruction is executed. As a result of the ANI in
struction, the JZ to KEYIN will no longer be executed. 
Instead, the second IN instruction will be executed, caus
ing the code for the key that is pressed to be read into 
register A. This instruction also causes the keyboard's 
flag to be cleared. The keyboard flag must be cleared be
fore the 8080 calls the KEYIN subroutine again, sp that the 
microprocessor does not sense that the same key is 
pressed. Remember, the key has been pressed only once. 

Fig 2 Scanned keyboard · Interface. Using 
software, microcomputer scans 4 x 4 matrix 
keyboard and generates code for each key 

After the key code is input, the second ANI instruction sets 
the parity bit ( D7) of the code to a logic 0. This means 
that progr~ms which call KEYIN can be used with key
boards that generate odd parity, even parity, or no parity. 

Scanned keyboards, typically i.ised in calculators, micro
wave ovens, single-board microcomputers, and low cost 
microcomputer based games, require very little interface 
hardware but a large amount of software. The interface 
for a 16-key keyboard, arranged as four columns of four 
keys, is shown in Fig 2. The software that causes the 
microprocessor to scan the keyboard and generate a unique 
code for each key is listed in Subroutine 2. This software 
has to perform many of the functions previously handled 
by the hardware encoding logic .. For instance, the soft
ware must sense a key closure, debounce the key closure, 
determine which key is pressed, generate a unique key 
code for that key, wait for the key to be released, and 
debounce the key opening. 

SUBROUTINE 1 

ASCII Keyboard Input 

/THIS SUBROUTINE SENSES A KEY CLOSURE ON AN 
I ASCII KEYBOARD AND THEN INPUTS 8-BIT 
/PARALLEL ASCII KEY CODE. 

KEVIN, IN /INPUT DATA WORD THAT CONTAINS 
001 /STATUS BIT FOR ASCII KEYBOARD 
ANI /SAVE ONLY STATUS BIT FOR 
001 /KEYBOARD 
JZ /JUMP BACK TO KEVIN IF STATUS BIT 
KEYtN /IS ZERO, BECAUSE NO KEY IS PRESSED 
0 
IN 
000 
ANI 
177 
RET 

/KEY IS PRESSED, SO INPUT 
I ASCII COD~ INTO A 
/SET PARITY BIT TO 
/LOGIC 0 
I AND THEN RETURN TO CALLING PROGRAM 



IUBROUTINI 2 

Scan of 11-Kef Ke,.._nl 

/THIS SUBROUTINE SCANS A MATRIX KEYBOARD 
/THAT IS ARRANGED AS FOUR ROWS OF FOUR KEYS
/A 4 X 4 KEY MATRIX. IN ADDITION, INSTRUCTIONS 
/HAVE BEEN ADDED TO THE SUBROUTINE TO DEBOUNCE 
/THE KEYS. 

KEYSCN, MVID 
003 
MVIB 
'378 

NXTGRP, MOVAB 
OUT 
003 
RLC 
MO VB A 
IN 
000 
ANI 
017 
CPI 
017 
JNZ 
NXTKEY 
0 
OCRD 
MOVAD 
CPI 
377 
JNZ 
NXTGRP 
0 
JMP 
KEYSCN 
0 

NXTICIY, CALL. 
DELAY 
0 

AGAIN, RAC 
JNC 
RE LESE 
0 
PUSHPSW 
MOVAO 
ADI 
OCM 
MOVDA 
POPPIW 
JMP 
AGAIN 
0 

MLE I, IN 
000 
ANI 
017 
CPI 
017 
JNZ 
RELUI 
0 

DELAY, PUSHPSYI 
PUSHD 
LXID 
101 
GOS 

WAIT, DCXD 
MOVAD 
ORAE 
JNZ 
WAIT 
0 
fl()fllO 
POPf'IW 
RET 

/LOAD D WITH CODE FOR 
/FIRST KEY THAT CAN II 81N8ED 
/LOAD B WITH WORD THA't 18 U8ID TO 
/ACTIVATE ONE ROW OF KEYS AT A TIME 
/GET TEST WORD 
I AND OUTPUT IT TO KEYBOARD 

/ROTATE TUT WORD LEFT ONE arr 
I AND THEN SAVI IT IN 8 
/INPUT DATA FROM FOUR 
/ROWS OF KEYS 
/SAVE ONLY FOUR LSllS, WHICH 
/CONTAIN ROW DATA 
/S!E IF ANY KEYS ARI PRESllD av 
/COMPARING 017 (OF) TO INPUT WOAD 
/KEY IS PRESSED IN THIS ROW, 80 
/DETERMINE WHICH KEY IT IS 

/NO KEYS ARE PRES8ED IN TESTED ROW 
/SO DECREMENT KEY CODE BY ONE ANO 
/SEE IF ALL FOUR ROWS HAVE HEN Tl8TEO 
/377-4iEX FF 
/NOT ALL FOUR ROWS HAVE BEEN TESTED, 
/SO TEST ANOTHER ROW 

/ALL ROWS HAVE BIEN TESTED AND 
/NO KEYS ARE PRESSED, SO KEEP LOOKING 

/Q.Y IS PfWIHD, 80 IXICUTI 
/DELAY 8U9ROUTINI FOR t0 ma 

/ROTATE ROW DATA INTO CARRY 
/FOUND KEV, 80 WAIT FOR ff TO 
/IE RELEASED EFORE RETURNING !'ROM 
/8U~ 
/OTHERWISE, IAVE NW ON STACK 
I AND INCREAIE KIY OOOI IN D IY 4 

/IAVI. NEW QY CODI IN 0 
/POP* NW OflP °' STACK 
I AND THIN TRY FOfll ZIA<> CARRY 
/AGAIN 

/ltw\IT DATA~ MM* 

/SAVE PIW ON STACK 
/'fHIN VI R!G .. TER PAIR D ON STACK 
/LOAD 111'8' PAIR 0 WITH COUNT 
IM .. 101 (HU OM1) 

/DECMMENT COUNT 
/MOVE MUV TO A. 
/OR IT WITH LUY 
/IF RESULT 18 NONZE .. 0, JUMP 
/TO DCXD INITIWCTION 

/WHEN IT II ZERO, POP D AND EOFF OF STACK 
/ANO THEN l'OP P8W OFF Of ITAOK 
I AND RETURN WITH KEY CODI IN 0 



To detect if a key is pressed, the microprocessor out
puts a logic 0 to one column of keys and a logic 1 to the 
remaining columns. If one of the keys in the column that 
is being "driven" by logic 0 is pressed, the microprocessor 
will input a logic 0 and three logic ls into register A. If 
no keys in the column being driven by logic 0 are pressed, 
the microprocessor will input four logic ls. If this occurs, 
the microprocessor tests another column of keys with a 
logic 0. 

At the beginning of KEYSCN in Subroutine 2, register D 
is loaded with 003 ·(octal), the code for the first key 
closure that can be detected. The B register is loaded with 
11111110 (octal 376, hexadecimal PE), the !irst test pat
tern that will be output to the scanned keyboard. The test 
pattern is then moved to register A, where it is output to 
the keyboard. The same test pattern is then rotated 
once to the left, and the result 11111101, is saved 
in register B. The microprocessor then inputs the row 
data of the keyboard and sets bits D7 to D4 of register 
A to zero ( ANI 017) . If no key in column A is pressed 
(keys 3, 7, 11, or 15), register A will contain 017. 
If one of the keys in column A is pressed, the A regis
ter will not contain 017. Therefore, JNZ to NXTKEY will 
be executed if one of the keys in column A is pressed. 
If no key in this column is pressed, the microprocessor 
executes the DCRD instruction, causing the content of reids
ter D to be decremented from three to two. Since this 
value is not equal to 377, the microprocessor jumps back 
to NXTGRP, so that column B of the keyboard can be 
tested. Register B already contains the test pattern re
quired to test this column of keys. 

If a key in column A is pressed, the microprocessor 
calls the DELAY subroutine at NXTKEY. The microorocessor 
returns from DELAY in 10 ms-a sufficient period of time to 
debounce the switch closure. The microprocessor now 
has to determine which key in column A is pressed. It 
does this by rotating the previously input word to the 
right into the carry. If a logic 1 is rotated into the carry, 
JNC to RELESE is not executed. Instead, the content of 
register Dis increased by four. By jumping back to AGAIN, 

the microprocessor can rotate another bit of register A 
into the carry. When a logic 0 is rotated into the carry, 
the unique code for the pressed key is in the D register, 
so the microprocessor executes the jump to RELESE. The 
microprocessor now waits for the key to be released. at 
which time the DELAY subroutine is called again. This 
causes the key opening to be debounced. The RET instruc
tion at the end of DELAY causes the microprocessor to re
turn to the program that called KEYSCN. When it does, 
the key code is in register D. 

As an example, when the 9 key is pressed, the micro
processor loads the D register with 003 (octal) and the 
B register with 11111110. The content of register B is 
outout to the keyboard and then rotated to 11111101. 
The row data from the kevboard are input, but since no 
key in column A is pressed, the A reo;ister contains 017 
after the ANI instruction is executed. Therefore, the con
tent of register b is dectemented from three to two, and 
the microprocessor jumps back to NXTGRP so that column 
B can be tested. When the microprocessor executes the 
instruction at NXTGRP this time, a 11111101 is output to 
the keyboard, but since no keys in the B column are 
pressed, the microorocessor inputs a 017. Because of 
this, the content of register D is decremented from two 
to one, and since this value is not equal to 377, the 
microprocessor jumps back to NXTGRP. 

The microprocessor now tests column C by latching out 
a 11111011 to the keyboard interface. Since a key in 
column C is pressed (the 9 key), register A will contain 
11111011 when the IN 000 instruction is executed. The 
ANI 017 instruction sets bits D7 through D4 to zero, so 
register A contains 00001011. Since this value is not equal 
to 017, the microprocessor executes the jump to NXTKEY. 

The DELAY subroutine is then called, so that the key 
closure is debounced. Register A still contains 00001011, 
so a logic 1 is rotated into the carry when the RRC in
struction is executed the first time. This means that the 
JNC to RELESE is not executed. Instead, four is added to 
the content of the D register (one), and the result (five) 
is saved in that register. By jumping back to AGAIN, the 
microprocessor rotates the 00000101 once to the right, 
and a logic 1 is again rotated into the carry. As before, 
the JNC to RELESE is not executed, so four is added to 
the content of the b register (five) and the result (octal 
011, decimal 9) is saved in the D register. When the 
microprocessor jumps to AGAIN this time, the OOGuOOlO in 
register A is rotated to 00000001, and a logic 0 is rotated 
into the carry. This means that the JNC to RELESE is exe
cuted. Once the 9 key is released, the DELAY instructions 
are executed, and the microprocessor returns from the 
subroutine with the code for the 9 key (octal 011, deci
mal 9) in the D register. 

Surprisingly enough, no additional software instruc
tions have to be added to Subroutine 2 in order for the 
microprocessor to scan and encode a 64-key keyboard. 
In fact, only four immediate data bytes have to be 
changed. However, the interface would have to consist 
of an 8-bit output port to output a test pattern for eight 
columns of keys) and an 8-bit input port (because each 
column has eight keys). This means that the keyboard 
consists of eight columns, each containing eight keys. 
Note that the software in SubroutiPe 2 does not produce 
ASCII values for the key closures. However, this could be 
done simply by using a lookup table that contains 64 
entries. 

Key closures can be encoded by either hardware or 
software methods. A number of re manufacturers have 
keyboard encoder res available for easy use with a mini
mum of software. However, they may be too exoensive 
or not flexible enough for a specific need. By using a 
scanned keyboard, the interface electronics are kept to a 
minimum; however, a long and complex subroutine must 
be used to debounce and encode the key closures. This 
subroutine consists of 38 instructions and reauires 67 
memory locations for storage. If a lookup table is used to 
convert the key codes to ASCII values, an additional 72 
memory locations will be required to store the lookup 
table and some additional assembly language instructions. 
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Harris high performance 
• components assure superior 

speed and accurac~ 
Now Harris can provide you ~;tf!!. . 
with a complete selection qf data 
acquisition prodqcts-from op . 

Harris data acquisition compo
nents provide the high speed, 

high accuracy and high throqgh
put you need for processing fast 

signals in all types of applications 
amps to digital-to-analog convert
ers - with the hig~est perform
ance avail&ble anywhere. , 1 , -military, aerospace/ avionic, 

' 
1 

' , , 
/ 

instrumentation, industrial process It's what you expect from 
Harris- the leading supplier 
of monolithic sample-and-hold, 
high perfoqnance multiplexers 
and switches. And producer 
of the first 12-bit monolithic 
DIA converter ... which has 
led to the most advanced family 
of DACs in the industry. 

HARRIS DATA ACQUISITION PRODUCTS 

DIGITAL-TO-ANALOG CONVERTERS 
The fqstest , most accurate monolithic DACs available. Monotonic 
over temperature. Designed for rilinimum glitches. 

Hl-562 -12-bit, 200 ns to 0.01% 
Hl-5612-12-bit, 150 ns to 0.01% 
Hl-5610-10-bit, 85 ns to 0.05% 
Hl-5608 - 8-bit, 50 ns to 0.19%* 

ANALOG-TO-DIGITAL CONVERTERS 
12-bit ADCs soon to be introduced will offer precisions and conver· 
sion speeds in microprocessor-compatible versions. 

Hl-5712-12-bit, 6 µs conversion• 
Hl-5812-12-bit, precision• 

CMOS AN~LOG M ULTIPLEXERS 
Latch-proof, Single/ Differential, 8/16 channel. Overvoltage pro
tected versions can withstand transients up to 1000 volts and inputs 
of :t: 20 volts greater than either supply. 

HI -506N7 A -16-chp.nnel, overvoltage protected 
H j -506/ 7 -16-channel 
HI-508A/9A - 8-channel, overvoltage protected 
Hl-1818N28A- 8-channel 
Hl-1840 - 16-channel, high Z, overvoltage protected 

Cl\10 S ANALOG S WJTCfi ES 
Two popular series feature several la tch-proof configurations with 
high-speed, low-on-resistance, and low-power versions. 

Hl-200/ 201 -Dual/Quad, 180 ns, 55 ohms, 15 mW 
Hl-5040 series-370 ns, 25 ohms, 1.5 mW 

, 

control, anq others. Tu get top 
performance in your data 

~cquisition systems, all you have 
to know is Harris. For fast facts, 

call the Harris Hot Line, or 
write: Harris Semiconductor 
Products Division, Box 883, 

Melb9urn0, Fforida 32901. 

MOl'!OLIT HIC SAMPLE-AND- HO LD 
Low ~roop rate coupled with fast acquisition time fu rpishes the 
speed and precision needed for 12-bit systems. 
HA-24~0-4 µs to 0.01% acquisition, 5 pA drift current 

VOLTAGE REFERENCES 
1\.vo new laser trimmed + 10 volt references offer industry mi le~tones 

in precision and stability. 
HA-1600-+ 10 volt, ± 1 ppm/°C 
HA-1610-+ 10 volt, ±5 ppm/° C 

SIGNAL CONDITIONERS 
New precision BIFET op amps to complement the 1-farris high
perfonnance line. Laser trimmeQ for low offset volt41ge. 

HA-5100/5110-Wide band BI FE1' 
HA-5150/5 160-High slew BIFET" 

FAST-SETTLI NG OP AMP 
The fastest monolithic true OR amp in the world has superior settling 
times for voltage output DA Cs. 

HA-5190-100 ns to 0.01 %, 200 V /µs S lew 
COM PA RATORS 

A family of fast quad comparators is coupled witp a soon-to-be· in tro
duced, high-speed precision single comparator for use in ADCs. The 
4950 will give true 12-bit accuracy with no sacrifice in t h roughput. 

HA-4950- 35 ns response, with 100 µV resolytion • 

•To be introduced 

HARRIS HOT LINE! 
1 ~800-528-0()50, Ext. 455 

Harris Technology HARRIS 
Call toll·(ree !except Hawaii & Alaskal for phone number of your nearby 
J{Ar1;s sales office. authorized distributor or expeditt'd literature service, 

... Your Competitive Edge 
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SEMICONDUCTOR 
PRODUCTS DIVISION 
.0, DIVISION OF HARRIS CORPORATION 
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Advanced Process Used For High Density Single-Chip 
8-Bit Microcomputers Reduces Size and Lowers Power 

Advanced XMOS processing, used to 
develop an enhanced version of the 
industry standard INs8048 family of 
single-chip 8-bit microcomputers re
sults in devices which are 15 to 20% 
smaller in chip size, consume 20 to 
25% less power in full operation, 
and 12 to 35 times less power in 
standby mode. Standby voltage is 
only 2.2 V, less than half that re
quired for present NMOS 8048 de
vices. 

The family initially will include 
six single-chip microcomputers, all 

fully programmable systems that 
perform 1/ o control and processing 
tasks at rates up to 400k operations/ s. 
Common features of the systems in 
pin compatible 40-pin packages are 
an 8-bit general purpose CPU with 
internally expandable register and 
stack array, 96 instructions, and a 
2.5-µ.S cycle time for the 6-MHz part 
and 1.36 µs for the 11-MHz part, 
three programmable 1/ 0 ports and 
eight other control and timing lines, 
programmable interval/timer/ event 
counter, priority interrupt controls, 

XTAL1 r-@---r---b-----@-READ (RD) PROGRAM 
COUNTER 

(HIGH) 
XTAL2-0--·- @-WRITE (WR) 

INITIALIZE-©- @--1/0 EXPANDER (PROG) 
RESET STROBE 

SINGLE-®-- TIMING @-PROGRAM (PSEN) 

STEP (SS) co~~~OL MEMORY ENABLE 

INTERRUPT-@-c LOGIC @ -ADDRESS LATCH (ALE) 
(INT) STROBE 

CPU/ MEMORY -----(j)-
SEPARATE (EA) 

TEST o-G) 
(TO) 

TEST1 -@
(T1) 

BRANCH 
LOGIC 

DECODER 

8-BIT INTERNAL BUS 

ACCUMULATOR 

"ROM AND RAM CAPACITIES 

INSB048 - 1K x B ROM - 64 1 8 RAM 
INS8049 - 2K 1t 8 ROM - 128 x 8 RAM 
INSBOSO - 4K 1 8 ROM - 256 x 8 RAM 

POWER} 
SUPPLY 

Vee - (40) 5 POWER SUPPL y 
Voo ·(26) STANDBY SUPPLY 
Vss ·(20) GND 

RAM 
AOORESS 
REGISTER 

system clock generator, and full set 
of generally required systems con
trol and utilities. The CPU can op
erate as a byte processor ( 8-bit 
parallel binary), 4-bit binary, or 
BCD arithmetic processor. Program 
and data memories are independent
ly addressable and expandable. 

1Ns8048 operates as a standalone 
single-chip system with programs 
stored in lk bytes ( 8k bits) of 
masked ROM on the chip and 64 bytes 
of data RAM, while INs8049 has 2k 
bytes of masked ROM and 128 bytes 

1/ 0 
EXPANDER 
PORT 

TO/ FR O M 
MEMORY 
and 

ADDITIONAL l/O 

Higher density and smaller chip size of National Semiconductor's 40-pin INS8048 family Is achieved with XMOS pro
cessing. Standby voltage is lowered to 2.2 V; ROM and RAM capacities vary for individual microcomputers. In
creased capacities of 8-bit single-chip devices allow designers to upgrade system features with addition of more 
memory as well as processing and control functions 
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of RAM onchip. Centerpiece of the 
family is the proprietary high density 
INs8050 with 4k bytes of masked 
ROM and 256 bytes of RAM on the 
same chip with the CPU-twice the 
capacity of any similar single-chip 
microcomputer, according to National 
Semiconductor Corp, 2900 Semicon
ductor Dr, Santa Clara, CA 95051. 
With this device, designers can up
grade system features without mak
ing artwork changes to the system 
or relocating software presently gen
erated for the 8048/ Ll9 design. INS-
8038, 8039, and 8040 are ROMless 
versions of the three previously men
tioned devices. 

The family is designed as direct 
pin-for-pin and function-for-function 
replacements of similar devices in 
Intel's Mcs-48 family. User trans
parent improvements have been in
corporated onchip. Standby current 
for the INs8049's RAM is program
mable, depending on the amount of 
data memory required: 3, 5, 7, or 
9 mA for 32, 64, 96, or 128 words, 
respectively; three mask program
mable options of the chip are transis
tor drive of 1.5 mA at 1.5 V, TTL 

drive of 125 µA at 2.4 V, and open 
collector of 10 µA max. Other on
chip features are a battery charging 
circuit, crystal oscillator capacitors, 
and Schmitt trigger with hysteresis. 

The microcomputers are expand
able with the company's family of 
peripherals and standard memory 
components via MICROBUS. System 
support includes the Starplex de
velopment system and In-System 
Emulator ( ISE) . Or~anized as four 
4-bit programmable ports, the 
INs8243 1/ 0 expander is a 24-oin 
device with 16 1/ 0 lines; it attaches 
to one of the 1/ 0 ports of the INs8048/ 
49/ 50 for expansion of 1/ 0 alone. 
Port 2 serves as the 8243 bus for 
attachment of the expander. One unit 
exnands four lines of port 2 to four 
4-bit programmable ports; addi
tional expanders are added by using 
an 1/ 0 line to select each unit. 

Power of 16-Bit Structure 
Allows 8-Bit ,.Processor 
to Outperform Other CPUs 
The 16-bit internal architecture of 
the 8086 together with the 8-bit bus 
interface of the 8085A are key de
sign features of the 8088 micropro-

MEMORY INTERFACE 

ES 

BUS 
cs 

INTERFACE SS 
UNIT 

OS 

IP 

AH AL 

BH BL 
CH CL 

EXECUTION OH OL 

UNIT SP 

BP 

SI 

01 

A·BUS 

C·BUS 

4 

INSTRUCTION 
STREAM BYTE ,___ __ __, 

QUEUE 

EXECUTION UNIT 
CONTROL 
SYSTEM 

FLAGS 

Internal functions of Intel's 8088 microprocessor are divided 
into execution/control unit (EU) and bus interface unit (BIU); 
they interact directly, but for the most part perform their sepa
rate functions independently of each other. Containing data 
registers and ALU, EU performs basic processing functions. 
BIU maximizes bus bandwidth utilization, as this is major factor 
limiting processor speed 

cessor which brings minicomputer 
levels of CPU performance to 8-bit 
systems. A major reason that Intel 
Corp, 3065 Bowers Ave, Santa Clara, 
CA 95051, has retained an 8-bit bus 
structure is to maintain compatibility 
with existing hardware when design
ing a new microprocessor system. 
Another consideration for using an 
8-bit wide bus is the savings obtained 
in drivers, transceivers, and board 
space. 

The 8088 is 100% software com
patible with the 8086; upgrading an 
8088 system to an 8086 system sim
ply requires hardware conversion. 
The 8088 features advanced arith
metic and alphanumeric (Ascu) data 
capabilities so that the programs re
quire fewer instructions and run 
faster than with other 8-bit machines. 
The instruction set structure for ef-

ficient high level and assembly lan
guage programming shortens develop
ment times. 

The internal structure enables 
the CPU to process 8- or 16-bit data 
in single, string, or block form. The 
CPU automatically fetches and writes 
16-bit quantities a byte at a time. 
Special control lines facilitate op
eration with multiple processors and 
shared resources, and interfacing 
with the company's MASSBusT"' archi
tecture. 

Addressing of IM bytes of mem
ory is facilitated by the 20-bit ad
dressing feature. Memory is addressed 
in 64k-byte segments. There are 24 
addressing modes; three levels of 
indexing-base register value, index 
register value, and displacement
are possible in a single operation. 
Segmentation allows program code 
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You've compared the AmZ8000 with the 
8086. Now you know what we know. The 
AmZ8000 is the best 16-bit CPU. 

But if you're still a little worried about 
support. Don't be. 

Advanced Micro Devices 
Announces System 8/8. 

System 8/ 8 was designed especially to 
support the AmZ8000 in both hardware 

Advanced Micro Computers is a subsidiary of Advanced Micro Devices. 
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is better. But what 
about support?•• 
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and software development. But thanks to 
its multiple-master bus structure, System 
8/ 8 also supports the 8080, 8085 and Z80. 
It's the only upgradeable, expandable 
development system you can buy. 

The basic machine comes with 32K bytes 
of RAM, two floppy disk drives, an RS232 
serial port, six 8-bit parallel ports and an 
Am9080A main CPU. 

And along with all that powerful hard
ware, you get an equally powerful set of 
software. 

There's an AmZ8000 translator and 
macroassembler, a terrific text editor, 8080 
macroassemblers, a linking loader and a 
dynamite debugger. Plus a very sophisti
cated disk operating system that provides 
rapid access to programs through a com
prehensive file management structure. Its 

friends call it AMDOS 8/ 8. 
Those are the standard features. Hang 

on for the options. 
System 8/ 8 speaks four languages 

fluently: BASIC, FORTRAN, COBOL AND 
PASCAL. Take your pick. (PAS CAL is a new 
systems implementation language that lets 
you write more reliable software, lower 
your development costs and decrease soft
ware maintenance.) 

We've also got in-circuit emulation, 
cartridge disks, 8085 and Z80 macroassem
blers, CPU boards and a variety of data 
storage options. 

If you want the best 16-bit CPU and the 
best development system in the business, 
call or write Advanced Micro Devices. 

We've got what you want. No question 
about it. 

Advanced Micro Devices~ 
901 Thompson Place, Sunnyvale, CA 94086 Telephone: (408) 732-2400 

Make reservations now for our 4-day seminar 
on the AmZ8000. Call (408) 732-2400, ext. 2325. 
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The ideal answer to many push button re
quirements ... uses no energy, needs no lamp, 
lamp holder, power supply, switch contact or 
wiring. ITT Schadow push buttons work on 
the principle of reflecting ambient light 
through Ii clear plastic lens. They generate no 
heat and eliminate costly lamp replacement. 
Available with or without graphics per your 
specifications. Available on all Series F and 
Power Switches, individual or ganged. 

UL, CSA, VOE, SEMKO, NEMKO, 
BSI, SEV Approved 
Also available : up to 15 amp line switch. 
Adaptable to illuminated and non-illuminated 
buttons. 
Schadow is service oriented ... promptly re 
sponding to your design requirements. Free 
aamplH and quotations sent within 48 
hours. 
Ask for switches by our first name 

... Schadow 
ITT Schadow Inc. 
8081 Wallace Road, Eden Prairie, MN 55344 
612/944-1820 • TWX 910-576-2469 

ITTSchadow 
CIRCLE 80 ON INQUIRY CARD 
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and data to be dynamically relo
cated by moving the code or data 
and changing the value of the seg
ment register. Program branches are 
made relative to the current pro
gram counter to provide position in
dependent and relocatable code. 

The CPU contains hardware 8- and 
16-bit, signed and unsigned, multiply 
and divide instructions, which use 
binary, ASCII, or packed decimal 
numbers. String operations for han
dling alphanumeric data perform 
manipulations such as block moves, 
string comparisons, data scans, and 
data translations. 

The CPU i~ divided into two pro
cessors: a bus interface unit ( BIU) 
that handles 1/ 0 data transfers and 
interfaces with memory, and an exe
cution unit (EU) that includes the 
ALU, executes the instruction stream 
from the queue, and manipulates the 
internal registers. This concurrent 
operation improves ·bus efficiency by 
eliminating much of the bus dead 
time. At the same time, it permits 
a memory access time of 460 ns. 

Operating at 5 MHz, the micro
processor uses a 4-clock ( 800-ns) 
bus cycle. The 8-bit multiplies take 
15 µ.s, and 16-bit multiplies require 
26 µs with full 32-bit results. 

Comprehensive software runs on 
the IntellecT" Microcomputer Devel
opment System. It includes ASM-86 
assembler, PL/ M-86 structured high 
level programming language com
piler, and CONV-86 converter program 
to translate 8080A/ 8085A assembly 
code to 8086/ 8088 assembly code. 
Other compatible support products 
include latches, transceivers, mem
ories, and peripherals. 
Circle 420 on Inquiry Card 

Memory Board Packs 512k 
Bytes, As Well As Parity 
And Error Correction 

Board level computer memory sys
tem provides Mos dynamic RAM stor
age for 8- or 16-bit CPU systems com
patible with isBC MultibusR, Extended 
Multibusn, Multiprocessor Operation, 
and Series II Development Systems. 
The various memory configurations 
(memory only, memory with parity, 
and memory with error correction) 
and 10 memory sizes from 16k to 
512k bytes are implemented with in
dustry standard 16-pin 16k, 32k, or 
64k RAMS. 

Models with error detection capa
bility employ single-bit parity cir
cuitry; those with error correction 
capability employ error correction 
Hamming code circuitry. The latter 
provides for detection and correction 
of all single-bit errors and detec
tion of all double-bit errors. This is 
claimed to provide 85 times better 
reliability during the first lOk hours 
of operation. 

Two error detection options are 
available from Mupro, Inc, 424 Oak
mead Pkwy, Sunnyvale, CA 94086. 
The first detects odd numbers of bit 
errors through the use of an addi
tional parity bit/ 8-bit memory byte. 
The second, as part of the single-bit 
ECC option, also detects, visually in
dicates with latching error indicator 
LEDS, and signals the user of all 
single- and double-bit errors. A 
fully readable error status register 
provides row, syndrome, and single/ 
double-bit error status to the host 
processor. 

Five additional ECC bits are em
ployed in the byte oriented boards, 
and six additional ECC bits are em
ployed in the combinational byte/ 
word oriented boards. ECC bits are 
transparent to the Multibus. 

The board has 330-ns access and 
450-ns cycle times. Power-fail recov
ery capability has protection and 
control lines to ensure memory in
tegrity. A special backup power bus 
gives minimum standby power drain . 
Also included is oncard transparent 
refresh or external refresh synchro
nization. 
Circle 42 1 on Inquiry Card 

Powerful Low End Single· 
Chip J1Computer Augments 
Program Storage Capacity 
The S2150 single-chip member of 
the S2000 family of low end micro
computers for high volume appli
ances, automotive, industrial, and 
other control applications is in full 
production by American Microsys
tems, Inc, 3800 Homestead Rd, Santa 
Clara, CA 95051. This device improves 
upon the S2000 (see Computer De
sign, Jan 1978, pp 138, 140), while 
providing upward software and hard
ware compatibility. 

The microcomputer has 50% more 
ROM than the previous device ( 1536 
bytes versus 1024 bytes) and 25% 



And iCOM has it_ 
It's here. The iCOM 4511 R. 
Slide these S-100 components into a standard 19-

inch rack and you've got big computer storage capacity 
for your microsystem: 10 megabytes of useable storage. 

The 4511 R disk drive incorporates two 5 MB 
platters. The bottom one's fixed . The top one is remov
able, for efficient data backup and operating flexibility. 

You can change cartridges easily, so the effective 
storage capacity of the system is limited only by the 
space on your shelf. 

It can handle three more drives, too .. boosting 
total, on-line. random-access memory to 40 megabytes. 

And the 4511R is fast. Disks spin at 2400 rpm , and 

-· - I - . 

the average access time is only 40 milliseconds. 
The bipolar disk controller provides integral power 

supply and key lock secu rity. 
But hardware 1s only part of the story. The 4511 R is 

available with CP/M~ a sophisticated operating system 
which supports Microsoft's FORTRAN , BASIC, and 
COBOL. 
PCC's iCOM Family. 

The 4511 R hard disk subsystem rounds out PCC's 
iCOM family. From our compact little 2411 
Microfloppy™ to our dual- density, dual flexible 
disk drive 3812 system, 1COM is the first name to look 
for in Microperipherals~ 

• 

For further information, call this toll-free number: 800-331-1000. (In Oklahoma, call 918-664-8300 collect.) 

1COM and Micropenpherals are reg1S1ered trademarkS ol Penec Com puter Corporatt0n MicrollOPPY is a trademark of Pertoc Computer Corporation CP/M is a trademark of Digital Research. Inc 
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Produced by Americah Microsystems, S2150 single-chip microcomputer handles greater pro
gram storage of 1536 bytes of ROM lind 320 bits of RAM. Shaded and outlined areas in 
detalled block diagram indicate sections of microcomputer that differ from 82000. Both 
are software and hardware compatible 

more RAM ( 3~0 bits compared to 256 
bits). Thus, the S2150 can upgrade 
an existing S2000 application to a 
more powerful version, while allow
ing new users to replace electro
mechanical systems with a micro
computer. 

Onchip capabilities are a timer 
( 50- or 60-Hz line compatibility), 

System Console Debugs 
And Analyzes LSl-11 
Software and Hardware 
Economical maintenance and trouble
shooting of Digital Equiprrient Corp's 
LSI-11 and LSI-11/ 2 computers is pos
sible with microcAs-11. Provided are 
breakpoint, program trace, examine/ 
alter memory and registers, and 
single-step program execution for 
both inhouse development and field 
diagnostics/ debugging. 

170 

touch panel keyboard inputs, zero 
level voltage crossing detection, 
three subroutine levels, two flags , 
and direct drivers for an LED display. 
A crystal controlled clock is option
al. The 40-pin plastic oiP is priced 
under $3 in 50,000 quantities . 

System development support in
cludes the company's floppy disc 

The microprocessor based unit with 
memory, keyboard, and LED display 
'replaces a standard DLV-11 serial 
interface and console device. Se~f
contained power supply and compo
nents represent one device load to the 
corresponding bus. An integral cable 
interfaces to the processor under test 
via the bus connection. 

Used in executable program mem
ory, or nonexecutable data or scratch
pad areas, the single breakpoint has 
several actions-program halt, call 

based Microcomputer Development 
Center, MDc-140 logic analyzer with 
P / ROM burner on the console, and 
the SEs-2150 emulator, a pin-for-pin 
substitute for the microcomputer that 
allows use of EPROMS to debug a 
system. Software consists of a text 
editor, macro assembler, loader, and 
simulator. Circle 422 on Inquiry Card 

to extended memory, no action, or 
display breakpoint word-that the 
user may designate. ~ealtime pro
gram trace is disabled or enabled 
by the user. A buffer stores the most 
recent ( 256) address, data, and con
trol signal states that occurred dur
ing program execution. 

The user can examine and modify 
contents of memory or processor 
registers while the program is exe
cuting (dynamically) or once a pro
gram breakpoint occurs. Single in-
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Software/hardware analyzer. Packaged in rugged briefcase, Microcomputer Analyzer System-11 
from Eldyne replaces standard DLV-11 serial interface and console device. Unit functions as 
front panel control and display for LSl-11, computer analyzer and debugging tool, and substitute 
or extended program memory 

struction stepping can be done once 
normal program execution is halted. 

Sockets for 2708 or 2716 P / ROMS 
store up to 2k bytes for diagnostic 
programs. An internal lk of RAM 
handles scratchpad and short pro-

grams. An Rs-232-C serial interface 
permits control and display with a 
terminal. 

The unit from Eldyne, Inc, 7364 
Convoy Ct, San Diego, CA 92111, 
tests its internal hardware and soft-

ware, checking indicators, RAM, and 
internal functions. An extended ROM 
and RAM feature allows execution of 
preprogrammed maintenance and 
troubleshooting programs from the 
instrument's front panel. 
Circle 423 on Inquiry Card 
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pProcessor Development 
System Produces 
8· and 16-Bit Programs 

AmsYs 8/ 8 Microcomputer Develop
ment System, designed for hardware 
and software support of the AmZ8000 
16-bit microprocessor from Advanced 
Micro Devices, also provides soft
ware support for the 8080, 8085, and 
Z80 8-bit microprocessors. Contained 
in a single desktop chassis, the 

,- - - --
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standard system consists of an 
Am9080A CPU, 32k bytes of RAM, 
512k bytes of single-sided floppy 
disc storage (with controller), one 
Rs-232-C serial port, and six 8-bit 
parallel ports. All power supplies 
and cooling are internal to the 
chassis. Although the CPU is an 8-bit 
device, the Multimaster system bus 
design is compatible with the 
AmZ8000, allowing development of 
both 8- and 16-bit softwiire programs. 
The CPU module has DMA capability 
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DI SC DR IV ES 
J & 4 SIN G LE 
DEN SI TY 
(OPTIONAL ) 

DISC Dfl:I VES 
I & 2 SIN GLE DOUBLE DEN SITY 
DEN SITY {OPTION AL l 

and can operate in a master/ slave 
environment. 

Advanced Micro Computers, 3340 
Scott Blvd, Santa Clara, CA 95051, 
has designed the system for expan
sion and upgrade capability. The 
96/ 4116 16-bit CPU board, 95/ 1000 
RAM board, and disc drives are some 
of the boards which can be added. 
The ports permit communication with 
optional CRT terminals, 60- to 300-
line/ min printers, and other periph
erals. External 1/ 0 boards plug into 

Multimaster bus of Advanced 
Micro Computers' AmSYSB se
ries of development systems al
lows upgrading with minimum 
of change. Addition of 96/4116 
zaooo board upgrades it to 
AmSYS 8/16 ZBOOO system. 
Basic system features main CPU 
module with Am9080A micro
processor, 32k-byte RAM mod
ule, and floppy disc module 
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Control Data offers a complete line of semi
conductor and core memory that's fully compatible 
with today's processors. Enclosures, too. And 
all are built with the same concern for quality that 
goes into every product we manufacture. 
You see, Control Data believes in improving 
upon basic design when we make memory for 
mini-computer processors. All chips in our 
semiconductor memory are "full-goods'.' So you 
get all the quality and density you pay for. We use 
IC sockets instead of hardwiring our chips, so 
servicing is easier. 

When your *PDP-11 needs more memory ... 

Add-in our 94234 Core Memory Module. It's 
fully compatible, of course, but you also get the 
inherent reliability and non-volatility of core 
memory technology. 

Our Add-on core is fully 
compatible too, and fits 
into your PDP-11170 
rack. It gives you up to 
512 Kbytes in a lQI/2 
inch enclosure housing 
two power supplies, one 

back plane, one controller circuit board, two to 
eight memory modules (in pairs), four interconnect 
cables and four terminator circuit boards. 

And when you need better semiconductor memory ... 

Our 94134 MOS RAM module is fully compatible 
with your PDP-11/ 34 and uses either the standard 

or the modified unibus connector. Maximum 
configuration is 128K x 18, but smaller densities 
are also available. Refresh is automatic. 
Our 94111 MOS RAM has block address selection 
via switches for the standard configuration of 16K 
or 32K x 16. It is pin-to-pin, voltage, signal, 
hardware and software compatible with *LSI-11 
and PDP-11/ 03 systems. 
Put quality behind your nameplate. Call us at 
612/ 830-6018 or send us the coupon below. 

•DEC. LSI and PDP are registered trademarks of Digital Equipment Corporation. 

,---------------------
Jack Middlestaedt, Product Sales Manager CD-79 
Control Data Corporation. Computer Memory Uivision 
8001 East Bloomington Freeway, Bloomington. MN 55420 

Please tell me more about memory for my ___ processor. 

Name ___________ Phone _____ _ 

Company __________ Title ______ _ 

Address, __________________ _ 

City _________ State: ____ Zip•----

&JC\ CONTR.OL DATA 
\::. r:::J CO[\pO~TION 

More than a computer company 
CIRCLE 82 ON IN9UIRY CARD 173 
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the system's four extra card slots to 
provide added ports. 

Extensive modular software com
plements the hardware; it may be 
added as needed. The disc operating 
system, AMDOS 8/ 8 accesses programs 
through a file management structure. 
It supports a named file structure 
witp dynamic space allocation as 
well as sequential and random file 
access. 

Several macro assemblers are 
necessary to handle the various 
microprocessors. Macro 8/ 8 assembles 
reJocatable 8080 programs ( 8085 
and Z80 macro assemblers are op
tional); it also provides CREF 8/ 8, 
a cross reference facility, and LIBR 
8/8, an object file library manager. 
Macro 8 / 8000 supports the full 
AmZ8000 mnemonic instruction set 
and permits unlimited macro nest
ing. The TRANS 8000 program ac
cepts standard 8080 / 8085 jZ80 source 
code and translates it into standard 
AmZ8000 source code. 

Other system software is imh 8/ 8 
line oriented context editor, LINK 

8/ 8 relocatable linkage editor, and 
DEBUG 8/ 8 interactive tester and de
bugger. COBOL, FORTRAN, BASIC, and 
PASCAL ate optional languages to 
speed 8-bit microprocessdr program 
development. The languages will be 
announced for the AmZ8000 at a 
later date. 
Circle 424 on Inquiry Card 

CPI.I Compresses Mini and 
Mainframe Capabilities 
Into Sin9le-Chip Circuit 

Two versions of the general purpose 
Z8000 are designed for both mini
computer and microcomputer appli
cations. Produced by Zilog, Inc, 
10340 Bubb Rd, Cupertino, CA 95014, 
using a scaled NMOS depletion-load 
silicon-gate technology, the CPU fea
tures 24 onchip 16-bit registers that 
reduce the number of memory ref
erences needed in programming. Six
teen of these registers are general 
purnose. The problem solving in
struction set supports 7 data types 
from single bits to 32-bit words; it 
has 8 addressing modes and 418 
usable opcode combinations. 

Other characteristics are resource 
sharing capabilities for multiproces
sor systems, 8M bytes of directly ad
dressable memory, sophisticated inter
rupt structure, and double-precision 
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Intended for high 
throughput speed in so
phisticated and complex 
applications as well as 
simpler tasks, Zilog's 
Z8000 CPU has key fea
tures of memory address 
capabilities and memory 
management mecha
nisms. Two configura
tions are available, with 
or without external mem
ory management device 
that allows variable seg
ment sizes and imple
ments memory protec
tion and relocation fea
tures 
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signed multiply and divide instruc
tions in hardware for both 16- and 
32-bit integers. Claimed to have 
throughputs that are five to ten times 
faster than 8-bit microprocessors and 
two to five times faster than other 
16-bit microcomputers and many 
minicomputers, the CPU uses a mod
erate 4-MHz clock rate that allows the 
use of slower memories. 

Compilers are supported by mul
tiple stacks, a large address space, 
and consistent instruction set, as well 
as by a set of compiler oriented in
structions. Operating systems are sup
ported by specific privileged instruc
tions, a sophisticated interrupt and 
trap structure, system and normal 
modes, and separate system and 
normal stack spaces. Translators for 
PLZ, BASIC, COBOL, and FORTRAN create 
Z8000 code; an automatic translator 
performs Z80 code translation. 

Z8001 in a 48-pin ceramic DIP 
allows the user to address uo to 8M 
bvtes of memory. Compatible with 
this version is the 40-pin Z8002, de
signed for smaller, less memory in
terlsive auplications; this cpu's ad
dressin~ is limited to 64k bytes in 
each of its six address soaces. Pricing 
for 1 to 9 pieces is $195 and $150, 
respectively. 

Companion peripheral and mem
ory circuits to be announced to com
plete the family are the z-MMU 
memory management unit, z-sIO serial 
I/ o circuit, z-uPc universal periph
eral controller, z-cIO counter and 
parallel I/ O, z-FIFO first in, first out 
buffer memory, and self-refreshing 
4096 x 8-bit pseudostatic RAM for 
local storage. All these circuits will 
be compatible with the cpu's z-BUS 
architectme. Advanced Micro De
vices, Sunnyvale, Calif, is supporting 
the entire family (see Computer 
Design, Nov 1978, p 164). 
Circle 425 on Inquiry Card 

Disc Systems, Computer, 
and Software Add to Low 
and Mid-Ran9e Line 

Two models of double-sided, double
density flexible disc storage, software 
for mid-range systems, and a single
board microcomputer extend the 
os990 commercial computer family 
from Texas Instruments, Inc, Digital 
Systems Div, PO Box 1444, Houston, 
TX 77001. The family's systems are 
upward software compatible and, 
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two·heacled ) · _; di 
monster. c .. , 

Were all those dual-head promises 
just fairy tales? 

A lot of people are starting to 
think so. 

They waited. And they waited. 
And what they finally got for their trouble 
was trouble - a two-headed monster 
that ate diskettes. 

Until the Remex RFD 4000 rode in on a 
white horse, that is. 

Is it taps for dual-head technology? 
Tap, tap, tap went the heads against 

the diskettes. 
In no time at all tap tests showed that dual

head drives not only offered twice the bytes, 
they took twice the bites out of the media. 

Diskettes just wore out too fast, 
causing errors. 

"Off with their heads," shouted customers. 

Rejoice. Two heads really are better 
than one. 

Remex RFD 4000 to the rescue. 
Its improved dual head and carriage 

assembly treat diskettes gentle as a lamb. 
The ceramic bottom head is fixed in a special 
lightweight carriage while the top head is 
mounted via a movable 
load arm. 

The 
result of this 
new design,;~~G~--iiiliiii 
along with '-' 
improved electronics, is 
extended media life and 
excellent data integrity. And you 
get up to 4 times the storage capacity 
over standard drives. 

The 4000 also features new band drive 
positioning for improved data track and reliability. 
Improved access time of 3 ms track-to-track 
means an average seek of only 91 ms 
including settle. 

Shugart/ IBM-compatible 
What's more, it's physically and electrically 

compatible with systems designed to use other 
popular dual-head drives. And it's backed by one 
of the strongest companies in the realm. 

Ex-Cell-O Corporation, Remex Division, 
1733 E. Alton St., P.O. Box Cl9533, Irvine, CA 
92713. Phone: 714/957-0039. 
TWX: 910/595-1715. 

Call us if you're in distress. 

Ex-Cell -O Corporation 

/(EMEX DIVISION 

Paper isrit the only thing we look good on. 
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for the most part, hardware com
patible. 

ns990 model 1 is a single-user 
desktop system for low cost data 
entry and standalone business ap
plications. The main housing holds 
the TMs9900 16-bit microprocessor, 
64k bytes of RAM, two communica
tions ports, a 1920-char video dis
play, and keyboard with cursor con
trol pad, numeric pad, eight pro
grammable keys, and terminal status 
lights. Two to four l.15M-byte 
double-sided, double-density diskette 
drives in tabletop enclosures pro
vide data storage. Options are a 30-
char / s Silent 700T" thermal printer 
option, display screen graphics, 150-
char/ s OMNI 800™ model 810 re
ceive-only printer, and modems and 
auto-call units for synchronous and 
asynchronous communications to 4800 
baud. 

System software includes TX BASIC 
and the Terminal Programming Lan
guage ( TPL). Running under the 
Tx5 Operating System, TX BASIC is 
file compatible with the oxlO Op
erating System on larger os990 sys
tems. The TX5 Operating System, 
when purchased separately, includes 
990 assembly language support. TPL, 
which includes a data entry forms 
generator and a data processing 
language, runs under the TPL Op
erating System. Communications soft
ware includes IBM 2780/ 3780, TTY, 
and TI 742 emulators. 

The multi-user system model 2 for 
small business applications comes 
in either a desktop or 30" (76-cm) 
cabinet. It is based on the newly 
announced 990/ 5 microcomputer, a 
single circuit board containing CPU, 
memory, and I/ o: the computer shares 
packaging, peripherals, and software 
with the modP.l 990/ 4 microcomputer 
and model 990/ 10 minicomputer. The 
disc system features 64k bytes of 

Control Computer Focuses 
On Overall Application, 
Rather Than Design Details 

With the cPu-1, based on a 3-MHz 
8085 microprocessor, manufacturers 
and users are able to concentrate 
on their overall application, rather 
than on detailed microcomputer de
sign. The basic system contains 256 
bytes of RAM, 22 I/ o lines, one serial 
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RAM, two EIA asynchronous ports, and 
two to four double-sided, double
density diskette drives. Either a 
model 911 video display terminal 
or an OMNI 800 model 820 KSR 
printing terminal is available as a 
system workstation. An additional 
workstation, the OMNI 800 model 
810 printer, and up to two 9.4M
byte nslO disc drives are optional. 
System software includes the 990 
assembly language and TX BASIC, as 
well as 2780/ 3780 communications 
software and hardware. 

Several software packages that 
run under the company's oxlO Op
erating System were also announced. 
The 3270 Interactive Communications 
Software ( ICS) emulates IBM 3271 
control units, IBM 3277 disolay sta
tions/ keyboards, and IBM 3284 print
ers for remote communications to 
IBM host computer systems. TIFORM-
990 operates with FORTRAN, COBOL, 
and PASCAL programs to provide sim
plified man-machine interfaces. Both 
a prompting display screen forms 
generator with simple editing func
tions and a form description lan
guage that provides advanced editing 
of screen input comprise the package. 

Query-990 inquiry / report language 
with a guided-query canability en
hances the Data Base Management 
System (DBMs-990). It allows cus
tomers interactive access to the data 
stored in the data base. The final 
addition is oxlO BASIC, an advanced 
ANSI standard (X3.6-1978) business 
oriented interactive language. Exten
sions provide conditional statements, 
subprograms, advanced data file I/ o, 
upper and lower case letters, rnulti
line functions, and assembly subrou
tines, among others. It also inter
faces to optional 2780/ 3780 com
munication and supports multi-user 
program development execution. 
C ircle 426 on Inq uiry Card 

1/ 0 port, one programmable counter/ 
timer, and an RC clock. An optional 
crystal handles applications requir
ing precise timing. The system has 
power on reset and a manual reset 
button, and supports the micropro
cessor's vectored interrupt structure. 
Sockets hold up to 4k of EPROM 
(2708, 2758, 2716, or TMS2716). 

Manufactured by Pra~rnatic De
signs, Inc, 711 Stierlin Rd, Mountain 
View, CA 94043, the single-card corn-

puter expands to 512 bytes of RAM, 
44 1/ 0 lines, and 2 programmable 
counter / timers to serve larger appli
cations. It can be customized using 
a PC board area laid out for wire
wrapping or soldering special func
tions; system I/ o and control traces 
are bused to pads adjoining this 
area. An onboard power supply with 
±5- and 12-V outputs can be ac
commodated. 

Applications programs can be de
veloped using any 8080 / 8085 de
velopment system. A connector and 
logic are provided with the computer 
so that it can also utilize the com
pany's DMM-1 debug memory card's 
hardware trap facility ; a trap LED 
shows the trap latch state during 
debugging. This feature allows users 
to develop programs quickly using 
a larger S-100 computer. Once de
velopment is complete, EPROMS can 
be programmed and installed in the 
computer for normal system opera
tion. 
C ircle 427 on Inquiry Card 

Four Triple-Output 
Power Supplies Handle 
Microprocessor Needs 

Expanding the RS/ RT series of 
switchers, ACDC Electronics, a div of 
Emerson Electric Co, 401 Jones Rd, 
Oceanside, CA 92054, has added mod
els RT153, 154, 303, and 304 that 
offer isolated auxiliary outputs of 5 
and 12 V or 5 and 15 V, in addi
tion to the main 5-V output. RT153 
and 154, packaged in 5 x 5.5 x 9.5" 
(13 x 13.9 x 24.1-crn) Tl5 cases, 
both feature 5 V at 30 A and 5 V 
at 2 A; the 153 has 12 V at 5 A 
and the 154 has 15 V at 4 A. Models 
RT303 and 304 in the standard 5 x 
8 x 10" (13 x 20 x 25-cm) T30 
case size both have 5 V at 60 A and 
5 V at 5 A; the 303 has 12 V at 
5 A while the 304 has 15 V at 4 A. 
Ci rcle 428 on Inq uiry Card 

Terminal's Keyboard 
Improvements Permit 
Use of CRT Editor 

As a terminal and console to be 
used with the EXORciserT"' 1 or II, 
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The read-out is quality. 
Quality is what has made Zenith 
famous for over sixty years and 
number one in the television in
dustry. It's that quality, that commit
ment to excellence -that insures the 
reliability of every product we make. 

Our manufacturing facilities , 
laboratories, equipment, procedures, 
experience and know-how give you 
the quality and reliability that you 
look for in a CRT Display. A CRT 
Display that will hold up under really 
tough operating conditions. 

And to all this , our people add 
the personal service and special 
attention you want from your CRT 
Display source. 

Exhaustive testing 
Our testing insures that every com
ponent operates to exacting Zenith 
standards. Exhaustive computer 
analysis , electron microscope and 
thermograph scan tests are only a 
sample of what we do. 

Our environmental lab tests 
Zenith CRT Displays for thousands 
of hours under extreme humidity, 
vibration , altitude and temperature 
conditions. 

Zenith CRT Displays are de
signed not only to meet our exhaus
tive testing requirements , but your 
demanding specifications as well. 

Application engineering 
Every CRT Display we design has 
our customers in mind . Before ou r 
engineers even begin new circuit 
layouts, we 'll meet with you and f ind 
out what your exact needs and 
specifications are. 

Advanced componentry 
Components in the CRT Display are 
designed with reserve capacity for 
low maintenance and continued 
reliability . 

The Zenith CRT Display is 
equipped with a Zenith designed 
and built deflection transformer. It 
not only gives a consistent scan , 
but it is also embedded in epoxy fo r 
long -term reliability and the elimi 
nation of high frequency squea l. 

Important Zenith Features 
The Zenith CRT Display is precision 
engineered. No Ii nearity controls 
are required and the CRT Display's 
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vertical and horizontal synchroniza
tion is automatic. 

The Zenith CRT Display frame 
can be adjusted to virtually any 
angle you want. This will satisfy 
n:iany customer requirements with
out having a frame custom designed. 

But we do welcome the 
opportunity to meet all your special 
requirements . 

Zenith tradition 
At Zenith we 'll make sure you get 
the same service, quality and re
l iabi lity in your CRT Display that 
we 've been giving our customers 
for over sixty years. 

For further information and 
specifications, write CRT Display 
Engineering Division , Zenith Radio 
Corporation , 1000 Milwaukee 
Avenue , Glenview, Illinois 60025, 
or call 312-773-0074. 

;1"1f''"! 
The quality goes in befoTe the name goes on: 
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EXORterm 150 for use with EXORciser I and II upgrades Motorola Microsystems' line of display termi
nals to provide total system. Major improvement over previous model ls to keyboard, adding cursor 
control, tabbing, page, line, and character control keys 

EXORterinTu 150 serves primarily as a 
total system that allows use of the 
company's CRT editor. The EXORciser 
display console facilitates data ex
change between the user and system 
via a video interface, keyboard entry, 
and serial communications link using 
spet;ds up to 9600 bits/ s. 

Motorola Microsystems, PO Box 
20912, Phoenix, AZ 85036, has com
bined an M3000 video monitor, CRT 
controller board, CRT configuration 
board for manual selection of basic 

Floppy Disc Controller 
Combines With 1/ 0 
To Serve As Syst em CPU 

Floppy Disk Controller-I combines 
the controller with the I/ o required 
in a microcomputer system, allowing 
its configuration as the central pro
cessor in an S-100 system or as a 
smart floppy disc controller. The 5 
x 10" ( 13 x 25-cm) microprocessor 
board features a cassette port; paral-
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criteria, chassis/ housing with power 
supply, data entry keyboard, and 
resident executive firmware to con
trol the display and communications 
interface. Upgraded from the EXOR
term 100, the M6800 based terminal 
has an improved keyboard with 
added cursor control, tabbing, page, 
line, and character control keys. 

The system controls display at
tributes, communication facility, ter
minal switch/ indicator, and key
board inputs . Microexecutive firm-

lel port; two serial ports; floppy disc 
controller; Bk-byte capacity in any 
combination of EPROM, ROM, or RAM; 
onboard Intel type 2716 program
mer; and Z80A CPU. 

CP / M, F AMOS, and OASIS comprise 
the disc operating systems. Connect
ing up to three mini (5", 13-cm) 
drives or four full-size ( 8", 20-cm) 
floppy drives, the controller reads 
and writes single- or dual-density 
diskettes in IBM 3740 or System/34 
format. Software that Teletek, 9767F 

ware, together with control and ap
plication task firmware , coordinates 
the system functions in EXORciser 
driented activity. 

The basic console's unit price ( 1 
to . 5 quantities) is $2490. EXORterm 
100 users may purchase the improved 
keyboard assembly and extended dis
play ROM separately for $340 and 
$200, resoectively. The CRT editor is 
priced at $300 per unit. 

Circle 429 on Inquiry Card 

Business Park Dr, Sacramento, CA 
95827 has included onhoard allows 
flexibillty in developing applications. 
Among other capabilities, the on
board monitor in EPROM reduces the 
complexity of disc interfacing to a 
few user callable routines; patching 
to other programs is accomplished 
by a call to the appropriate 1/ 0 

routine, and a well-defined interrupt 
structure efficiently uses the onboard 
I/ o in multitasking operations. 
Circle 430 on Inquiry Card 
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Almost perfecL 
Our new ADM-42 doesn't have 

quite everything. But it comes so close, 
you might nevet notice. 

Bycause it's a complete, semi
intelligent terminal for just about any 
application you can name. And it 
does just what you want it to do, just 
when you want it done. 

The ADM-42 is completely self
contained, and provides you with flex
ibility of format, security, editing, 
interface, and transmission. It also 
features a full two-page display as 
standard equipment. Not as an 
option. And it comes with a truly 
staggering array of options. 

THE MORE YOU USE IT, 
THE SMARTER IT SEEMS. 

We gave the ADM-42 a bright, 
easy-to-read 2000 character display. 
A full 128 ASCII character set. 16 
function keys for 32 separate com
mands. And five separate cursor 
control keys. 

The 42's behavior modification 
gives you a factory installed person
ality for an alternative ESC sequence 
lead-in-in addition to the standard 

ESC. And End Block character. A New 
Line character sequence. A field 
separator. And even a function 
seq\J.ence preamble. 

Its status displays on the screen 
give you a conveniently wide range 
of information at a glance. While its 
special symbols indicate the entty of 
control characters in memory. Also, 
all control characters can be stored 
using the escape sequence or pro
gram mode. And the Field Protect 
Mode allows rapid data entry into 
forms or instruction pages. 

THE ADM-42 WILL 
HAND YOU ANOTHER LINE. 

The terminal's displayed data is 
formatted in 24 lines per page, 80 
characters per line. And, to top it 
off, it comes with a 25th line estab
lished and reserved exclusively for 
status indicators and messages 
of up to 79 characters. 

As if all this weren't enough, the 
ADM-42 has an impressive list of 
options. Like synchronous transmis
sion with various line protocols. An 
extended memory capable of adding 

data space up to a maximum of 8 
pages. And programmable function 
keys, to name but a few. 

THE ADM-42 IS ONE 
TOUGH ACT TO FOLLOW. 

The ADM-42 has just about every
thing. Including a microprocessor 
that increases reliability and ease of 
operation. Any way you look at it, in 
fact, it's one pretty smart buy. 

So if you're thinking of upgrading 
to a more intelligent terminal, at a 
more than reasonable price, call us 
today. Or better yet, contact your 
local distributor. 

We'll show you how easy it is to 
move up to the ADM-42. 

The terminal that's so smart, you'll 
swear it's got a mind of its own. 

ADffil.2 
Getting smarter 
all the time. 

·~ LEAR SIEGLER, INC. ~· DATA PRODUCTS DIVISION 

Lear Siegler, lnc./Data Products Division, 714 Brookhurst Street, Anaheim, CA 92803; (800) 854-3805. In California (714) 774-1010. TWX: 910-591-1157 Telex : 65 -5444. 
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MICRO DATA STACK 
COP"1PUTERS, ELEMENTS. ANO SYSTEMS 

lsoFTWAREI 

Operating System Uses 
Existing Software 
Application Packages 

A timesharing operation system for 
Digital Equipment Corp' s PDP- or 
LSI-11 based systems protects a user's 
investment in DIBOL (Digital Business 
Oriented Language) software while 
providing new users with access to 
the large base of existing application 
packages. The Plug Compatible Op
erating Software ( pcos) is an exten
sion of the DIBEX runtime system. 
Depending on program mix, up to 
20 terminals run on the system with
out interfacing to several different 
operating systems. 

Initially both DIBOL and DIBEX lan
guage processors are offered with 
other languages scheduled for future 
release. Extensions to DIBEX are copy/ 
include, if/ else, and while state
ments; also featured are binary field 
manipulation, virtual memory and 
optimization techniques, and support 
of group levels. Information Access 
Svstems, Inc, 1140 Bloomfield Ave, 
West Caldwell, NJ 07006, also 

Program 9uickly Copies 
Diskette to Itself 
With Formatting 

Running under Intel's 1s1s-nT"' operat
ing system, a disc copy program for 
the Intel MDST" family of develop
ment systems duplicates a single
or double-density diskette in less than 
I min. Optionally, the user may 
specify formatting or verification of 
the object disc. The binary copy from 
Xener Corp, Suite 211, 6641 Back
lick Rd, Springfield, VA 22150, is not 
limited to copying 1s1s-11 diskettes; 
it copies any standard format single
or double-density diskette. 

The program's major feature is 
that it allows a diskette to be copied 
to itself with formatting. This is use
ful when all data on a diskette 
have been lost because of a bad CRC 
on one sector. By copying a diskette 
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plans to offer the system on other 
16-bit computers. 

The multiterminal program de
velopment feature performs program 
development while concurrently exe
cuting applications from any avail
able terminal. The system supports 
remote program development (re
quiring a terminal with hardcopy 
output and a single-line communica
tion connection to a single-board 
computer), monitor commands, multi
terminal utilities, ISAM utility, and 
sequential, random, and index se
quential file structures. Using a 
source compare utility, a developer 
can examine two source files with 
an option to list the differences. A 
DIBEX debugging technique steps 
through a program to locate software 
problems. 

The base system required is 56k 
bytes of memory, realtime clock, 
serial line interface, terminal 1/0 

device, and a disc. Prices of the op
erating system are $2995 for micro
comouters and $3745 for minis. A 
runtime only version is available. 

C ircle 431 on In q uiry Card 

to itself, all soft errors are cor
rected, allowing access to the data 
again; destroyed data are not re
placed, but in the case of soft errors, 
the diskette is made readable. 
Circle 43'2 on lnq uiry Card 

Software Automates 
Creation of Calculator 
Keystroke Programs 
Users familiar with BASIC can create 
a complex calculator program using 
the BASIC to TI 58/ 59 cross compiler 
(translator) written in BASIC. The 
user develops, refines, and tests the 
programs in BASIC. The compiler ac
cepts the resulting BASIC programs 
as input and automatically translates 
them to keystroke programs for 

Texas Instruments' TI 58 and 59 cal
culators. 

The software, priced at $65, runs 
on a BASIC machine with 16k of RAM. 
Extended features incorporated by 
Singular Systems, 810 Stratford, Sid
ney, OH 45365, are keystroke opti
mization, complete keystroke pro
gram listing geared to printers or 
video monitors, listing of BASIC vari
ables used and corresponding cal
culator memory registers, listing of 
calculator labels used, and recogni
tion of both standard and nonstandard 
BASIC commands and functions. 
C ircle 433 on Inquiry C ard 

Software Package Cuts 
Development Time 
For Mini And >mComputers 

A fully interactive operating system 
and multilevel programming lan
guage for the n9900 and 8080, poly
FORTH™ can cut software develop
ment time for mini and microcom
puters by 50 to 90% while reducing 
memory requirements by 30 to 80%. 
It will be available for the 8086, 
LSI-11, PDP-11, Series/ I, and Honey
well Level 6 later this year. Features 
include faster dictionary search al
gorithm, all 16-bit arithmetic, more 
secure multiprogrammer, simplified 
vocabulary handling, simpler target 
compiler, and improved text editor. 
With the target compiler, code can 
be executed directly for testing or 
can be immediately output. 

Developed bv Forth, Inc, 815 Man
hattan Ave, Manhattan Beach, CA 
90266, the standard package requires 
only 4k bytes of memory with an 
added 2k bvtes for the assembler 
and text editor. The structure is 
made up of a nucleus of essential 
operators surrounded by outer levels 
of the compiler and terminal handler, 
and a buffer handler that supports 
RAM as mass storage. Options incll,lde 
database management and applica
tions software, and delivery of the 
basic 6k system in P / ROM. 
Circle 434 on Inquiry Card 
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MICRO DATA STACK 
COMPUTERS, ELEMENTS, AND SYSTEMS 

lsaFTWAREI 

Language Operates Faster, 
Covering Standard and 
Extended Functions 

The floating point BASIC interpreter 
for the 6800, residing in 9.5k bytes 
of memory ( I6k are recommended), 
is claimed by Technical Systems 
Consultants, Inc, Box 2574, West 
Lafayette, IN 47906, to have typical 
speed increases of 2 to 10 times over 
other BASICS. All standard statements 
and functions, as well as many ex
tended capabilities are supported. 

Both floating point and string vari
ables are provided with strings be
ing fully dynamic and unrestricted 
in size. Variable names are either 
standard types or double letter com-

FORTRAN Compiler 
Provides Efficient 
Code Sequences 

A high level language facility for 
the Intel 8086 microprocessor in
cludes a cross compiler operating on 
PDP-I l and LSI-11 computers and a 
runtime support library for the 8086. 
The compiler's FORTRAN-77 language 
conforms to ANSI standard X3.9- I978 
at the subset levei. Extensions facili
tate usage in a ROM/ RAM environ
ment. 

The compiler translates FORTRAN 
programs into assembly language 
statements that are assembled, linked 
with subprograms and runtime sup
port routines, and downloaded to the 
microprocessor for execution. An ap
plication program may occupy up to 
IM bytes of storage and any one 
program or suhorogram unit may 
consist of up to 65k of code and 65k 
of local data. Arrays may be any 
sizP, up to IM bytes. 

For dedicated applications, pro
grams may be burned into P / ROM, 
with RAM used for variable data 
storage. Assembly, linkage, and down
loadin15 facilities are provided by the 
Microbench™ 8086 cross assembly 
system also available from Virtual 
Systems, Inc, I500 Newell Ave, 
#406. Walnut Creek. CA 94596. 

Other features include 32-bit arith
metic, ROM/ RAM allocation control, 
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binations allowing limited variable 
name mnemonics. Floating point 
arithmetic is performed to 7-digit 
accuracy internally, with answers 
printed to six. Dynamic range of 
numbers is from I0-37 to 10s1. 

Other features are single- and 
double-dimensioned arrays, an "if .. -
then _ _ . else" construct, input line 
buffer increased to I27 characters, 
complex statement structures, and 
hexadecimal number representation. 
Array size, loop nesting, subroutine 
nesting, and string length are limited 
only by the amount of availab!e 
user memory. 

The language is offered on Kansas 
City Standard cassette with manual 
for $39.95; no source listing is avail
able. A full disc file version to run 
under the FLEXT111 disc operating sys
tem will be available shortly. 
Circle 435 on Inquiry Card 

local code optimization, inline assem
bly language, user operating system 
interface, and Boolean functions. 
The package is coded in MACRo-11 
for high throughput, and operates 
under all current DEC ouerating sys
tems. Perpetual license fees start at 
$3750 for FORTRAN-77 and at $I695 
for the Microbench cross assembler. 
Circle 436 on Inquiry Card 

Disc ·Extended BASIC 
Integrates Sequential 
Search Technique 

KBASIC is Microsoft's disc extended 
BASIC with all the facilities of 
Tascon Carp's keyed indexed sequen
tial search (KISS) file control tech
nique integrated by EIDOS Systems 
Corp, 3I5 Wilhagan Rd, Nashville, 
TN 372I7, into a homogeneous data
base management system. Several 
commands and a function such as 
initialize, open, close, insert, remove, 
and update files add to the repertoire 
of BASIC commands to produce a high 
level language with file control sophis
tication. 

D epending on key and data length, 
the file control produces record 
search and file retrieval operations 
on microcomputers, under Intel's 
ISIS n™ and Digital Research's 
CP /~1n1, at a rate faster than that of 

currently available file methods. Ab
solute number of disc accesses to re
trieve any record is three. The file sys
tem is modularly organized to provide 
a distinct logic file manager for both 
the multikeyed indexed sequential and 
direct access systems, controlling 
logical rahdom records in sizes from 
64 to 5I2 bytes in 64-byte incre
ments. The file technique is also 
available as a relocatable object 
module configured for use with 
FORTRAN and assembler under CP / M, 
as well as PL/ M, FORTRAN, and assem
b1er under ISIS n. 
Circle 437 on Inquiry Card 

Memory-Resident and 
Transient Commands 
Power Operating System 

A floppy disc based operating system 
for the 6800 family of microproces
sors, CP / 68™ furnishes a combination 
of memory resident and transient 
commands to achieve flexibility and 
power. The peripheral interchange 
program (PIP) transfers data be
tween physical devices . Manipulation 
of classes of files allows either am
biguous or unambiguous file specifi
cation. User commands can be added 
to the system. 

Hemenway Associates, Inc, 101 
Tremont St, Suite 208, Boston, MA 
02108, has inc1uded complete device 
independent I/ o, sequential and ran
dom file access methods, command 
files, dynamic allocation and expan
sion of files, and chaining and over
laying of user programs. Fitting in 
less than 8k of memory, the system 
can be relocated anvwhere. DOS ser
vices are available throu!!h a single 
supervisor call. The instruction set 
has been extended to include 19 6809 
tyne instructions. 
Runnin~ on Percom, ICOM, MSI, 

Smoke Signal, Micropolis, and SWTPC 
systems, the software interfaces eas
ily with devices and peripherals , 
such as line printers, CRT consoles, 
paner tape readers and ounche~. and 
auxi1iary consoles. Other software 
that runs more efficiently O'l. the 
onerating svstem includes EDIT 68 text 
editor. ASMo68 macro-relocating as
sembler, STRUBAL+ compiler, LNKEDT 
linkage editor, and XREF cross ref
erence generator, all of which reside 
as transient commands. D 
Circle 438 on Inquiry Card 
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Look at the speed. 
0 275 nanoseconds 

instruction time 
0 DMA transfer rates up 

to 10 million words 
per second 

0 8 level vectored priority 
interrupt system 

0 Single + 5V power 
supply 

0 Software compatible 
with the commercial 
16.S and 16F proce .. sors 

0 Available in ATR or 
double Eurocard sizes 

0 Architecture and 
packaging easily 
adapted to suit specific 
requirements 

[], [][][] [J[] [] 25 SEC 

0 Conforms to 
MIL-E-5400 Class 2 
(airborne) 
MIL-E-16400 
(shipboard) 
MIL-E-4158 
(land-based) 

I 

whenvourffrst shot 
is the onlY one vou·11 get. 

The Miproc 16M. 
Whether you 're taking a bead on the enemy, or lining 

up a microcomputer for your military system, one wrong 
move can be your last. So if you 're looking for a real fast, 
real-time processor, or the answer to high data rate 
problems- like 10 megawords per second-you 're looking 
for Miproc. Because Miproc is the fastest there is. 
Anywhere. 

The Plessey 4 million instruction/second commercial 
Miproc 16F, widely used in industrial, university and 
government establishments around the world, is now 
available in militarised form. For weapons control, 
missile control and telemetry, radar signal processing, 

ECM, sonar, head-up displays, aircraft/missile simulators 
and airborne/shipboard computers, Plessey Microsystems 
Miproc is presently contributing to the strike capability 
of important international defense projects. 

We could be adding power to your elbow too. 
Real fast. 

Check our Miproc for durability and flexibility, 
compatibility, downright convenience and all round 
performance; you'll find Miproc is the compact, 
fuss-free path to high speed dedicated microcomputing. 

Whatever its shape let us know your problem and 
we'll send details of the way Miproc can help you . 

• 
PLESSEY 
MICROSYSTEMS 

Plessey Microsystems I nc., 19546 Clubhouse Road,Gaithersburg,Maryland 20760. 
Telephone:(301) 840 9455 & 948 2791TWX:710828 9708 & Irvine, California (714) 540 9931. 

France: Paris (01) 776 43 34 . Holland:Noordwijk 01719 19207. Gennany: Munich (089) 23 62 270.Japan:Eiji Kitahara, Tukyo 244 3782. UK:Tuwcester (0327) 50312. 

~ 654 2 097 
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I AROUND THE IC LOOP I 

IMPLEMENTING A DIGITAL FILTER IN CUSTOM 
LSI-CHIP AREA CONSIDERATIONS 

Lynn Schmidt 

Hewlett-Packard Company 
Loveland, Colorado 

0 nee the exclusive province of analog systems, many 
signal processing functions are now achieved with digital 
integrated circuits, because of significant cost reductions 
accomplished within recent years. A most exciting aspect 
of this trend is the ability to integrate entire digital signal 
processors on one chip through the use of custom inte
grated circuits . 

Having an integrated circuit process available gives 
the digital filter circuit designer an added dimension in 
flexibility, since virtually any type of memory or arithmetic 
device can be specified. However, along with this freedom 
comes an added constraint relating to total chip area. 
Together, these factors require the filter designer to make 
tradeoff decisions and seek innovative solutions that differ 
from those used in building digital filters using TTL. 

The digital filter IC used in the Hewlett-Packard 3582A 
spectrum analyzer exemplifies such a design.1 Based en
tirely on digital signal processing techniques, the analyzer 
derives much of its signal processing capability from 
four single-chip custom LSI digital filters. These filters in 
the analyzer band-select that portion of the spectrum to be 
analyzed and reduce the sample rate accordingly. This 
process of simultaneous digital low pass filtering and 
sample rate reduction is called "decimation filtering." 

Interest in integrating these digital filters was motivated 
by the promise of hardware savings of more than 80%, 
with lower cost, lower power, and higher reliability, when 
compared to the discrete TTL alternatives (see Table). 
The requirement for performing 3M to 6M multiplica
tions / s virtually eliminated any possibility of using avail
able microprocessors to perform the filtering. 
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Cascaded Filters 
In designing the filters for the analyzer, it was recognized 
that certain advantages could be obtained by implement
ing each filter as a cascade of several smaller filters with 
interstage decimation of the sample rate. Each filter stage 
then needs to accomplish only a modest sample rate re
duction with a consequent reduction in the complexity of 
the filter stage. In addition, downstream filters in the 
cascade compute at reduced sample rates, further simpli
fying computational requirements. 

As shown in Fig 1, a cascade of eight filters in series 
is used with the output selected from any of the eight. 
Each filter stage is allowed to compute either a decimation 
by 2 or a decimation by 5, giving overall decimation ratios 
of 2m X 5° where m + n ;;£ 8. This easily satisfies the re
quirements for the 14 frequency spans with decimation 
ratios ranging from 1 to 25,000 in a 1, 2.5, 5, 10, ..• , 
25,000 sequence. 

An interesting aspect of this filter structure surfaces 
when the total computational requirements are examined. 
Consider the case where each of the eight filters is per
forming a decimation by 2. The first filter computes at 
the input sample rate, while the second filter needs to 
compute at only one-half that rate because of the sample 
rate reduction. In like manner, the third filter computes 
at one-fourth the rate, the fourth at one-eighth the rate, 
and so on, forming a geometric series, 1 + 3~ + ~ + 3~ + 
... that converges to 2. This means that the total compu
tational -requirement of all eight _ filter stages can be 
satisfied by a single processor operating at twice the rate 
required by the first filter stage. Actually, hardware is 
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needed for only one filter stage. The processor has eight 
channels of memory to store intermediate states of the 
filters, but uses only one set of arithmetic hardware. Fig 
1 ( c) illustrates how the processing steps are scheduled 
so that the eight filter stages can timeshare the hardware. 

Chip Area Considerations 

Implementing this digital filter structure in LSI involves 
some special consideration of the elements requiring area 
on a chip. Fig 2 provides a miniature catalog of all 
basic digital elements required for construction of a digital 
filter. The 5- x 5-mm die size shown represents the ap
proximate practical upper limit in the size of the total 
chip, based on cost ahd power. 0 

Multipliers consume the largest proportion of chip area. 
The analyzer's digital filter requires 12 multipliers, similar 
to the one shown iri Fig 2, and the high speed multiply 
rates demanded exclude the possibility of timesharing a 
lesser number of multipliers. 

A second area consumer is memory. The design requires 
approximately 1600 bits of memory. Dynamic memory 
takes less space than static, and serial shift registers re
quire much less than random access memory. 

The third large consumer of chip area is interconnect. 
About 40% of the area of most LSI chips is devoted to 
interconnecting the various active devices. Serial arithmetic 
structures offer an advantage here since only a single 
interconnect is needed to transfer a 24-bit word. This, 
however, is at the expense of the total transfer time. 

Even when dynamic shift register memory and serial 
arithmetic are used, the total area required appears to be 
much greater that that available onchip. The most difficult 
requirement involves the arithmetic parts, with the 12 
multipliers alone consuming a total area greater than that 
available on an entire chip. 

• Examples given use Hewlett-Packard's NMOS 11 process.2 
Recent advances in VLSI result in smaller device sizes, with 
relative proportions remaining the same. 
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Fig 1 Cascade of eight digital filters (a) with inter
stage sample rate reduction used to implement filter
ing. Required arithmetic processing can be performed 
by single filter with multiple memory (b) operating at 
2X speed. Interleaved processing scheme (c) for digi
tal filter indicates that two complete filter computations 
are performed during each input sample period: one 
for first filter stage, and one for one of downstream 
filters 
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Come to our Boston workshop 
and developyourskills in ... 

PASCAL is rapidly gaining acceptance in the 
computer world because of its: 
- machine independence and 
- accommodation of structured programming. 

PASCAL is also the basis for ADA , the evolving 
standard Defense Department realtime language. 

This unique workshop enables you to design and 
write PASCAL programs and evaluate high-level 
languages for your application. A fully-equipped 
laboratory will provide facilities to write and 
execute PASCAL programs during individual 
and group exercises. Use of the new Boston 
Systems Office PASCAL cross compiler 
will be demonstrated. 

George Poonen, Manager of Languages and 
Data Base Research at Digital Equipment Corp. 
will conduct the workshop. 

WARNING: 
Participants should expect to devote some eve
ning hours to course preparation and group pro
gramming exercises. 
Familiarity with mini or microcomputer architec
ture and experience with high-level language 
programming is assumed. 

Next offering: October 22-26, Ramada Inn, Woburn, MA 

PASCAU 
FOR MINI AN 

Program: 
1 . Introduction 

- motivation behind the use of 
high-level languages 

- overview of course 

2. PASCAL 
The goal of this part will be to 
introduce you to PASCAL 
through a series of case studies 
and examples. You will get an 
opportunity to write your own 
PASCAL programs and execute 
them. The emphasis throughout 
will be on: 

a. Mastery of the language, and 

b. Developing good program
ming style 

A) PASCAL-I 
- general form of PASCAL pro-

grams 

- assignment statement 

- basic 110 
- reading programs, syntax charts 

- exercise 1 

B) PASCAL-II 
- constants, variables 

- primitive data types 

- precedence of operators 

- lab (superviseo sessions during 
which you will complete the 
given exercises) 

C) PASCAL-Ill 
- conditions 

- loop structures 

- selection 
- exercise 2 

D) PASCAL-IV 
- introquction to procedures 
- passing parameters by value 

and by reference 

- functions 

- ne~ted procedures/functions 
and scope of names 

- lab 
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E) PASCAL-V 
9eneral concepts of data types 

user-<.tefined data types 

scalar data types 

arrays 

exercise 3 

F) PASCAL-VI 
records 

sets 

pointers 

dync\mfc storage 

lab 

G) PASCAL-VII 
sequential files 

text files 

forrnc~tting 

exercis~ 4 

list processing 

recursion 

advanced features-extensions 
survey of PASCAL 
implementation 

lab 

3. High-level lang~~es 
Having learned one language, 
you will now be presented with 
a generic approach to program
ming languages. This approach 
will enable you to grasp the 
essential features of new lan
guages in a matter of days. 

general approach to learning 
languages including PUM and 
PUZ 

introduction to ADA 

exercise 5 - ADA 

4. Compilers and optimization 
A brief introduction to compiler 
design and org~n ization to illus
trate trade-off~ jn language 
design and use. This session's 
objective is to enable you to uti
lize high-level languages in the 
most effective way. 

design and organization of com
pilers 

what good compilers will do for 
you 

programming techniques to 
improve performance 

space/time trade-offs 

examples from LSl-11 , INTEL 
8080, P-Code Machine 

5. Evaluation of languages 
checklist for languages 

when and when not to use high
level languages 

6. Summary 
review 

new developments in languages 
and their use in small computers 

Co e materials· 
Specially prepared course notes, 
programming aids, and the follow
ing text are provided for class 
use and future reference: 

Programming In PASCAL 
by P Grogono. 

Course Registration Form 

Tuition, schedule and con· 
inuing education credits 

Tuition is $600. This includes course 
notes and text, as well as Tuesday 
evening reception . The seminar is 
scheduled for 8:30 a.m. Monday, 
August 13, 1979, through 4:30 p.m. 
Friday, August 17, 1979. 
3 continuing education units will be 
offered by Polytechnic Institute of 
New York to participants complet ing 
the course. 

Further information 
For additional information on course 
content, objectives, and intended ;:iudi
ence, you can call the course coordina
tor, Mr. Poonen, at617/897-5111 , ext. 
3537 . For aqministrative information, call 
the Institute for Advanceq Professional 
Studies at 617/964-1412. Participants 
are urged to register early as enrollment 
is limited. 

In ous programs: 
This workshop plus a variety of 
other customized technical and 
management courses are available 
for on-site presentation. Contact 
Donald French at (617) 964-1412 
for details. 

D Please register me for the five-day course, PASCAL PROGRAMMING FOR 
MINI AND MICROCOMPUTERS co-sponsored by Polytechnic Institute of New York 
and Institute for Advanced Professional Studies to be held August 13-17 at the 
Ramada Inn, Woburn, Massachusetts 01801 . 

D Sorry, I cannot attend - but please add my name to your mailing list. 

Tuition is $600. Make checks payable to Institute for Advanced Professional Studies. 
Please make room reservations early, directly with the hotel. Mention this conference 
to obtam special rates. 

Name Job title 

Employer Business phone 

Business address 

City State 

Home address 

Return this segment to. Institute for Advanced Professional Studies 
Suite 306, One Gateway Center, Newton, MA 02158 Tel (617) 964-1 412 

Zip 
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QUAD SYSTEMS INCORPORATED 
11900 Parklawn Drive - Rockville, MD 20852 
Telephone (301) 770-6788 

CIRCLE 87 ON INCj)UIRY CARD 

CIRCLE 88 ON INCj)UIRY CARD 

I N<IERTER 4:>--

NOR/NANO 

D FLIPFLOP 

I -SIT 
FULL ADDER 

BONDING 
PAO 

0 .003 mm2 • 

0 .005 mm2 • 

0.031 mm2 • 

0 .090 mm2 • 

S mm • 5 "'"' 
DIE SIZE 

Fig 2 Catalog of basic digital elements required for 
implementation of custom LSI digital filter. Areas are 
shown relative to size of practical 5- x 5-mm chip. 
Application under discussion requires 12 multipliers 
in addition to other elements 

Summary 

A digital filter structure, implemented as a cascade of 
eight filters, is to be integrated on one chip. However, 
some parts occupy considerably more space than others, 
with arithmetic portions of the structure posing the major 
problem. As a result the multipliers and associated co
effici~ts become the key elements in design strategy, 
requiring special arithmetic techniques to allow a reduc
tion in chip area required by the multipliers. These tech
niques will be discussed in the July column. 

References 

1. N. A. Pendergrass and J. S. Farbach, "A High-Resolution, 
Low-Frequency Spectrum Analyzer", Hewlett-Packard 
Journal, Sept 1978, pp 2-14 

2. J. E. Deweese and T. R. Ligon, "An NMOS Process for 
High-Performance LSI Circuits", Hewlett-Packard Journal, 
Nov 1977, pp 26-32 
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There's a good reason why Printronix 
can give you a full one-year warranty 
when most other printers draw the line 
at 90-days. 

The reason: Unequalled reliability 
Our reliability comes not only 

from what we put into our printers, but 
also because of what we leave out. For 
instance, Printronix printers have 50 per
cent fewer components than mechanical 
font printers. So there's less to go wrong! 

And this same simple design has 
given our printers a head life 4 to 8 times 
longer than serial printers. And while 
drum, chain and belt printers require 
periodic adjustments of hammer flight 

time or character alignment, Printronix 
printers never do. 

So, before you buy a printer, read the 
fine print on their warranty. If they're not 
giving you the same full one-year war
ranty that Printronix offers, then its a sure 
bet they're not giving you the same solid 
reliability that Printronix gives. 

For complete information on our150, 
300 and 600 line-per-minute printers call : 
(714) 549-7700. Or write: Printronix Inc., 
17421 Derian Ave., P.O. Box 19559, Irvine, 
CA 92713. 

PRll\ITRONIX 
It's simple, to be reliable. 

CIRCLE 89 ON IN9UIRY CARD 
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CCD hnage Sensors Offer 
Improved Sensitivity Over Visible and IR Spectrum 

Charge-coupled devices functioning 
as linear image sensors are more 
sensitive than previous devices by a 
factor ranging from 2 to 4 over a 
broad band of visible and infrared 
wavelengths, with the relative blue 
response at 450 nm increased ap
proximately fivefold (Fig 1). Appli
cations for the sensors are in facsim
ile systems as well as other line scan 
systems. 

These butied channel isoplanar 
sensors are the ccril22 in a 24-pin 
package with 1728 elements/ line and 
the ccol42 in a 28-pin package with 
2048 elements/ line. As a second gen
eration of line imaging devices, the 
family is designated LID-II. Produced 
by Fairchild Camera and Instrument 
Corp, Semiconductor ·Products, 464 
Ellis St, Mountain View, CA 94042, 
the devices provide resolution of 200 
elements/ in (79/ cm) for two com-
mon paper formats. The tnajor areas 
of sensor improvement are in the 
electro-optical characteristics, the 
simplicity of external drive func
tions, and the quality and versatility 
of the output signals. 

Responsivity of an imaite sensing 
device significantly affects the design 
of document and scanning systems 
because it determines the required 
light source intensity. Need for high 
intensity light sources increases the 
structural, ventilating and power 
requirements of the equipment, thus 
impacting size, weiirht, and cost. In 
the LID-II sensor design, the photo
sensing area does not require an 
overlaying polysilicon gate as did the 
first generation sensor. Removal of 
the gate structure eliminates light 
absorption, particularly in the blue 
region of the spectrum. The im
proved resnonse is obtained from 
square photoelements 13-/Lm on a 
side, instead of the 13- x 17 -fLID ele
ments in the first generation design, 
thereby increasing the reso1ution in 
the mechanical scanning direction to 
equal that of the electrically 
scanned direction. 

Photosites are soaced 13 fLID center 
to center along the long axis of the 
sensor die. The photosensitive area is 
13 /Lm x 2.246 cm for the 1728-
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element device and 13 fLID x 2.662 
cm for the 2048-element device. A 
70-/Lm separation between the trans
fer region and the photosites reduces 
optical crosstalk from the photosites 
to the transport registers (Fig 2), 
effectively increasing senso~ resolu
tion. Without the long separation, 
carriers generated in the neutral 
bulk can diffuse laterally and col
lect in the transport register, where 
they combine with apy charge packet 
in transit. 

Both sensors include onchip driver 
circuits, which permit operation to be 
controlled with only three external 
clock signal inputs instead of the 
five clocks needed with earlier de
vices. A square wave transport clock 
controls the readout rate of video 
data from the sensor, a transfer 
clock pulse controls exposure time 
of the sensor, and a reset o1ock sig
nal controls the integrated output 
signal amolifier. 

An integrated sample-and-hold 
charge sensing circuit provides a con
tinnous low source-imoedance an::ilot?; 
video waveform at the chip output, 
with a typical amplitude at satura-

Fig 1 CCD line-imaging de
vices, Fairchild's CCD122/142, 
have greater responsivity than 
old vers1ion, from blue part of 
s1pectrum through IR Improve
ment is particularly evident in 
blue region, as demonstrated 
by factor of approximately 4.8 
at 450 nm 

tion of m.ore than 1 V pk-pk. The 
video waveform includes dark and 
white reference levels to permit easy 
de restoration or the use of auto
matic gain control circuitry. Second 
output ports provide an end-of-scan 
output pulse indicating that readout 
of a line of information has been 
completed. 

In operation, photoelectrons are 
collected in the individual photo
sites under control of a photogate. 
At the end of an integration interval 
of selected duration, a transfer gate 
is pulsed high to transfer the pack
ets of accumulated electrons into 
the two neighboring cco shift reg
isters. The charge packets are then 
transported serially down the analog 
shift registers under control of the 
transport clock and are sequentially 
detected by the first stage of the 
output amplifier. A Mos sampling 
switch couples the sensed charge 
levels to the output stage of the 
video sense amplifier. 

A 4.5 x 5" ( 11.4 x 13-cm) dem
onstration board is available for 
familiarization with cco linear imag
ing devices or for construction of 
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OUR COMPETITIVE EDGE 
Precision, extra-long life character elements for high-speed printers, point of 
sale equipment, teleprinters and similar printing and stamping equipment. 

By what criteria do you design the character transfer 
elements of your printing and stamping equipment? 
Are they engineered to give the performance you 
require throughout the product life? 

Mark Stamp Steel, a division of Mohawk Data 
Sciences Corp., engineers and manufactures quality 
print drums, print wheels, type slugs and similar 
character elements for some of the largest printer 
and teleprinter manufacturers in the world. 

Quality design and engineering insure that your 
specifications are exactly met. Availability of high
technology processes, including powdered metal, 
cold rolling, and precision engraving, insure that your 
character elements are manufactured using the best 
possible process. The result, optimum uniformity 
throughout product life. 

Choose from a library of over 5000 characters, 
including OCR, MICR, IBM, CDC, and numerous 
special and foreign fonts. Or, let us design a font to 
your specifications. 

Mohawk Data Sciences is one of the leading 
suppliers of distributed data processing, key-to-disk 
and peripheral systems, with a customer base of 
over 7000 worldwide. Mark Stamp Steel has play~d a 
major role in the success of MDS products and their 
reputation for exceptional performance and reliability. 

To receive additional information, or a 
price/performance quotation on your application, fill 
out and return the attached coupon. We'll tell you 
how our competitive edge can improve the price and 
performance of your product. 

---------~--------------------------~ 
I'd like to learn more about your products and services: 

D Please send literature. 
D Please send quotation (My specifications and 

requirements are attached). 
D Please have a design specialist call. 

Name Title 

Company---------------~ 
Street ________ City _______ _ 

State---- Zip ___ Phone (_) -----

Mark Stamp Steel, a division of Mohawk Data Sciences Corp.,1 Palisade Street, Herkimer, N.Y. 13350 1 
_"!:_e_!_e_p~~n_::_f32~-~~~~C!9J~~~~~L ________ C_£)~~~.J 
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experimental systems using these 
sensors. The preassembled board 
provides all bias voltages and clock 
waveforms required for operation of 
the sensors, as well as an elemen
tary processing circuit providing a 
low output impedance video output 
signal. A cco sensor can be placed 
in a socket on the back of the demon
stration board, and the user can 
easily mount a lens in front of the 
sensor to complete a fully function
al linear ima"e sensing svstem. 

Typical performance characteristics 
of the sensors include a data rate 
of 500 kHz and a 10-ms integration 
time at a 25 °C operating tempera
ture. The two devices are pin com
patible, the 24-pin device being us
able in the socket of the 28-pin de
vice whose four corner pins are either 
grounded or not connected. Both 
sensors utilize a ceramic DIP with a 
plastic-sealed optical glass window. 
Circle 350 on Inquiry Card 

Back Panels Constructed 
And Wirewrapped 
To Custom Specs 

Both standard and custom-built back
plane assemblies, wirewrapped and 
constructed to customer specifica
tions, are available as a complete 
design service from Garry Manufac
turing Co, 1010 Jersey Ave, New 
Brunswick, NJ 08902. These assem
blies include a low impedance volt
age/ ground distribution system with 
connector terminals connected direct
ly to the V co and ground bus. 

The manufacturer also provides 
standard catalog backplanes, which 
fit the industry standard EIA 19" 
( 48-cm) card racks. These accommo
date 13 single- or double-height 
wirewrap cards or 25 single- or 
double-height PC boards. Custom 
wirewrapped backplanes include 
Multibus, Omnibus, CAMAC, LSI-11, 
and S-100 bus interconnections. 

On all of the backplanes, the 
motherboard is 0.125" (3.175-mm) 
thick glass epoxy 94V2 material, 
with 2-oz ( 56-g) copper voltage and 
ground planes, both sides solder 
coated. Board-mounted connectors 
are either card edge type or socket 
receptacles with wirewrap terminals 
protruding through the rear of the 
motherboard. 
Circle 351 on Inquiry C ard 
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TRAN SFER 
PHOTOSIT ES RE GION 

COND UC TIVE I TRANSPORT 
COUPLING ' REGISTER 

Fig 2 Cross-section of line
imaging device. Electron pack
ets generated by photon ab
sorption and collection in 
photosites are conductively 
coupled to transfer region 
over 70 µm distance. Conduc
tive coupling is applied to 
avoid slow, inefficient transfer 
that would normally result 
from CCD transfer over this 
distance 
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SUBST RATE 

Diffused Resistors 
Are Utilized in 
Trimless 12-Bit DACs 

A digital to analog converter hav
ing a guaranteed maximum non
linearity to ±0.012% ( 13 bits) over 
its full operating range is claimed 
to be the first 12-bit DAC to use 
standard bipolar processing without 
any requirement for thin film re
sistors or active trimming of indi
vidual devices. The converter departs 
from traditional R-2R ladder designs 
to utilize a proprietary diffused re
sistor approach, providing monotoni
city and speed. 

Based on this design approach, the 
Am6012 from Advanced Micro De
vices Inc, 901 Thomoson Pl, Sunny
vale, CA 94086, furnishes, in addition 
to its guaranteed linearity, a guaran
teed full 12-bit monotonicity for all 
grades over the -55 to 125 °C op
erating range. This performance is 
independent of power supply volt
age and temperature variations. 

Other characteristics include a 
250-ns ( typ) settling time to ±0.01%, 
high impedance outputs with a volt
age compliance of -5 to 10 V, and 
±5-ppm/°C full-scale drift. High 
speed multiplying inputs aUow the 
use of a de, ac, or pulsed reference 
signal. Power dissipation typically 
ranges from 230 to 290 mW depend
ing on supply levels. 

In operation the DAC requires 4.5 
to 18 V and -10.8- to -18-V sup
plies and drives a full-scale output 
current of 4 mA. Its dual complemen
tary outputs permit differential op
eration and can present a constant 
load current to significantly reduce 
switching transients and increase 

throughput. These outputs can usual
ly connect directly to the analog 
portion of the system without op 
amps. 

The proprietary segmented design 
of the device furnishes a more uni
form step size than is possible with 
standard binary weighted DACS. This 
allows for finer resolution of levels 
and is important where local linearity 
is critical. In many applications, uni
form step size is more desirable than 
conformance to an ideal straight line 
from zero to full scale. Additional 
features include a reduction in re
sistor matching and tolerance re
quirements by a factor of eight, and 
reduction of component count from 
37 resistors (for an R-2R ladder im
plementation) to 24 resistors in this 
segmented design. 
Circle 352 on Inquiry Card 

64k Dynamic RAM Includes 
3k Spare Elements to 
Replace Faulty Cells 

Spare elements on a 65,536-bit ran
dom access memory chip are used 
to •replace elements in faulty bit 
locations on the same chip. Along 
with this built-in error correction 
capability, the RAM has an access 
time of IE;S~ than 170 ns and requires 
refresh only 128 times every 4 ms. 
NMos technology is utilized in the 
fabrication of this dynamic memory, 
developed by Bell Telephone Labora
tories, Mountain Ave, Murray Hill, 
NJ 07974, and designed to be com
patible with Western Electric's 16k 
memory. Adaptation for that purpose 
requires lowering the V DD power sup-
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The double-headed 
5-114"" floppy 

with 
a big difference_ 

lt"s iMlililble now! 
PCC has them. In quantity. Ready for 
shipment. 

Double-headed floppies that are 
compatible with Shugart down to the 
last screw hole. 

It's the PCC FD-250; the double-headed 
version of our own F.D-200. It can 
replace the Shugart SA 400 and 
quadruple your capacity (to as high 
as 437.5K Bytes). 

What the FD-250 means is that right 

now you can fill up those empty boxes 
in your systems that are waiting for 
floppy drives. And you can upgrade 
from sing le- to double-sided 
immediately. 

All without re-machining a single 
screw hole. 

For more information on the PCC 
FD-250-or better yet, to order it in 
whatever volume you need-call your 
nearest PCC sales office. 

CIRCLE 91 ON IN9UIRY CARD 

Why wait? Your competition won't. 
So. California-(213) 996-1333 
No. California-( 415) 349-9184 
lllinois-(312) 253-2380 
Texas-(214) 387-2817 
Connectlcut-(203) 348-3949 
Pennsylvania-(215) 265-8310 
New York-(716) 271-2710 
Florlda-(305) 647-6150 
England-(0) 734-582115 
Headquarters-(213) 999-2020 

I S:.;llf e§B!P~A'3~$. 
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64k dynamic RAM from Bell 
Telephone Laboratories in
cludes redundant elemen:ts 
to repl·ace faulty memory 
locatibns. Chip contains 5% 
more elements than needed. 
Substitution of spares is ac
complished in less than 
10 s (typ) 

ply voltage from I2 to 8 V and 
replacing the 5-V V cc power supply 
lead with a multiplexed address in
put. A -5-V VBB supply is already 
available at the socket. 

The memory cell, a I-transistor, 
I-capacitor structure, uses polysilicon 
bit lines for signal enhancement. 
Dual 32k-bit architecture, along with 
partial selection and stepped recov
ery, holds active power and peak 
current to values below that of the 
16k memory. Worst case row- and 
column-enable access times are I 70 
and 100 ns, respectively. 

Selecting and incorporating re
dundant elements involves only the 
opening of appropriate links. The 
3-µ.m wide polysilicon links are de
posited and patterned along with all 
active transistor gates. Prior to metal
lization, the links and the balance of 

Nonmultiplexed CMOS 
Driver / Decoders 
Drive LCD, LED Displays 
Capable of driving 4-digit, 7-segment 
displays, two nonmultiplexed CMOS 

devices are available from lntersil 
Inc, 10710 N Tantau Ave, Cuoertino, 
CA 950I4. They are a BCD to LCD 
display driver for use in low power 
applications and a driver/ decoder for 
LED displays. CMOS construction re
quires only minimal power, typical
ly 10 µ.A at 5 Vdc. 

The ICM7211 is configured to drive 
conventional LCD displays, and in
cludes a complete (no external com
ponents necessary) RC oscillator, di
vider chain, backplane driver de-
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the chip are covered with phospho
rous glass. There are no separate 
processing steps associated with the 
links. 

Laser opening of the links is done 
on a commercially available laser 
trimming machine modified to pro
vide automatic wafer handling as 
well as the necessary positioning ac
curacy. Testing and replacement of 
elements in the memory chips are 
fully automatic and require no addi
tional wafer handling or manual 
irttervention. 

At the probe station, the wafer is 
functionally tested and the location 
of elements to be replaced is 
mapped out in the computer memory. 
Since there are many ways to put 
in the redundant elements, the com
puter program uses an algorithm to 
determine the optimum way to ex-

vices, and 28 segment outputs. These 
outputs provide the zero de com
ponent signals necessary for long dis
play life. 

Configured to drive common anode 
LED displays, the ICM72I2 provides 
28 current controlled low leakage 
open-drain n-channel outputs. It fur
nishes a brightness input which may 
be used at normal logic levels as a 
display enable or (with a potentiom
eter) as a continuous display bright
ness control. 

Both the LCD and LED drivers are 
available with two input conforura
tions. The basic models provide four 
data bit inputs and four digit select 
inputs. This configuration is suitable 
for interfacing with multiplexed 

ploit the redundancy. A computer 
controlled laser beam is directed to 
the precise locations on each chip 
necessary to delete elements and pr~ 
gram in selected redundant elements. 

To remove a row, the polysilicon 
link in series with the metal line is 
opened with the laser beam. In re
moving a column, the links in the 
path from the sense amplifier to the 
data bus are opened. The column line 
remains connected to the sense ampli
fier, but the output from it never 
reaches the data bus. To substitute 
a redundant row or column, several 
links within the row or column de
coder are opened by laser energy. 
After laser programming, the chip is 
retested. The substitution of spares 
for marl!inal elements typically 
takes less than 10 s/chip. 
Circle 353' on Inquiry Card 

BCD or binary output devices, such as 
the ICM72I7, ICM7226, and ICL7103. 
The microprocessor interface (suffix 
M) versions provide data input latches 
and digit select code latches under 
control of high speed chip select 
inputs. They simplify the task of im
plementing a cost-effective alphanu
meric 7 -segment display for micro
processor systems, without requiring 
extensive ROM or CPU time for de
coding and display updating. 

Two different decoder configura
tions are available. The basic device 
will decode the 4-bit binary input 
into a 7-segment alphanumeric hexa
decimal output. Versions with suffix 
A will provide the same output code 
as the 1cM7218 Code B, ie, 0 through 
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The easy-to-use "act 1" 
makes short work of that 
frustrating and costly 
problem of overall systems 
u.nalysis. It puts an end to 
finger pointing by giving 
both hardware and 
software desighers a fast 
way of coordinating their 
work in the system 
environment , thereby reducing expensive over-design 
of both equipment and programs. You can inspect , 
modify , and correlate computer and computer 
controlled systems in real time ... and more im
portantly your development program will be "on-time." 

"act 1" saves systems 
development time by 

provid ing hardware and 
software timing analysis , 

and automatic testing 
capability, simultaneously . 

So before ·you waste 
another nanosecond, take 

a long look at the many 
advantages of having your own versatile "act 1." We 
know from experience that it will pay for itself on your 

first computer programming (or reprogramming) 
development - no matter which side you 're on . Call or 
write for information and a hands-on demonstration . 

act I 9020 Balboa Ave . I San Diego, CA 92123 Tel. (714) 279-0411 I TWX 910-335 -1183 
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lntersil's 4-digit LED/L!CD decoder/ drivers are available in two basic models, ICM7211 (LCD driver) and 
IOM7212 (LED driver). Suffix M ve rsions of these are suitable for microprocessor inter·face 

9, E, H, L, P, dash, and blank. 
Either version will correctly decode 
true BCD to 7-segment decimal out
puts. 

The chips may be ganged or cas
caded to allow for 8-, 12- or 16-
digit displays. Applications include: 
low cost direct interface between dig
ital systems and microprocessors to 
the LCD or LED display; 3~~-digit 

Temperature Range 
Extended for 
CMOS MOXs 

Operation is guaranteed over a -55 
to 125 • C temperature range for a 
family of CMOS multiplexers. The 
4551-01 is a differential 8-channel 
device, with a 3-bit digital word plus 
enable selecting the channel, while 
the 4552-01 has 16 single-ended chan
nels selected by a 4-bit word plus 
enable. Produced by Teledyne Phil
brick, Allied Dr at Route 128, Ded
ham, MA 02026, these are wide tem
perature versions of the 4551 and 
4552, existing multiplexer products 
by the same manufacturer. 

Other recent additions to this line 
include the 4553 (differential 4-
channel) and 4554 ( 8-channel single-

196 

BCD readouts for A-D converters; in
strumentation displays such as capac
itance meters, counters, DVMs, and 
DPMs; and battery powered digital 
systems. 

Absolute maximum ratings for all 
the driver/ decoders set 0.5 W as the 
upper limit on power dissipation (at 
70 °C). Supply voltage (V+ - V-) 
must be 6.5 V or less, and input volt-

ended), with the -01 suffix wide tem
perature versions (-55 to, 125 °C) 
announced concurrently. For these 
devices, channel selection is con
trolled by enable plus 2- and 3-bit 
words respectively. 

All of these devices feature over
voltage protection on both analog 
and digital inputs and are also pro
tected against damage when inputs 
are present with power removed. 
Switching action provides break
before-make operation, thereby pre
venting the connection of one input 
to another when a new channel is 
selected. In data acquisition systems, 
channels may b e selected in sequence 
by driving the digital inputs directly 
from a counter, or may be controlled 
randomly from a central processor. 
These multiplexers are particularly 
useful in portable applications due 

age on ariy, terminal must lie be
tween v+ 0.3 v and v- -0.3 v. 
The ' allowable te~perature range is 
-29 

1
to 70 °C for operation and 

-55 to 125 ·c for storage. All de-
vices in the family are provided in 
standard 40-pin plastic dual-inline 
packages. 

Circle 354 on Inq uiry Card 

to their low power consumption, and 
their ease of compatibility with cMos, 
DTL, and rn. families. Other char
acteristics include input voltage 
range of ±15 V, input leakage current 
of ±50 nA, power dissipation of 7.5 
mW, and atcess time of 1 µ.s. 
Circle 355 on Inquiry Card 

Two Pha~e Comparators 
Are Combined 
In MiniDIP 

A pair of independent output phase 
comparator circuits make up the 
MM7 4C932, a CMOS device produced 
by National Semiconductor Corp, 
2900 Semiconductor Dr, Santa Clara, 
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A lot of complex thinking goes into 
the Teletype* mcxlel 40 printer. 
And, incredibly, it all fits on this 9" by 
19" circuit card. 

More brains; less brawn. 
That's the advantage of an 

electronic printer like our .300 LPM 
mcxlel 40 series. The LSI (Large Scale 
Integration) circuitry tucked 
underneath the printer can perform 
functions with greater reliability than 
mechanical hardware. 

And it can perform them in a 
fraction of the time with a fraction of 
the parts. Plus, fewer moving parts 
means less maintenance and 
increased printer life. 

All you have to do is Qillg it in. 
Just attach the AC power and a 

serial signal source and your mcxlel 
40 is ready to go to work. There are 
32 switch-selectable options and 
self-diagnostics available at no ad
ditional cost. Housed in an attractive 

CIRCLE 93 ON IN9UIRY CARD 

cabinet, if you need one. And our 
technical assistance is never extra. 

So for not much money, the brains 
behind our operation can become the 
brains behind yours. 

'xrot: 
Teletype Corporation 

5555 Touhy Avenue, Dept. 3185, Skokie, IL 60076. 
Telephone (312) 982-2000. 

*Teletype is a trademark 
and service mark of the Teletype Corporation. 



I AROUND THE IC LDDP I 

CA 95051. It features a wide supply 
voltage range and an input voltage 
sensitivity of 200 m V ( typ) . 

The first phase comparator is an 
exclusive-OR gate circuit that pro
vides a digital error signal output, 
while maintaining 90° phase shifts 
at the vco center frequency. Between 
signal input and comparator input 
(both at 50% duty cycle) it may 

' 

Here•s low cost, 

lock onto the signal input frequen
cies that are close to the harmonics 
of the vco center frequency. The 
second phase comparator is an edge 
controlled digital memory network 
that provides a digital error signal 
and lock-in signal (phase pulses) 
to indicate a locked condition, and 
maintains a o· phase shift between 
signal input and comparator input. 

high performance 
Zilog ZBOA emulation for your 
Intel development system 
Only RELMS offers you the powerful Z80 in-circuit emulator (SPICE) 
and the Z80 system adaptor module (SAM) for hardware and 
software development. And only RELMS gives you such price/ 
performance value. The complete Z80 SPICE is priced as low as 
$2,695; SAM is only $1,695. 

SPICE and SAM are totally transparent and compatible with your 
lntellec or Series II development system. SAM supports all the 
Z80 features with a Z80 CPU board that replaces your 8080 
processor card, an ISIS compatible Z80 relocatable disk macro 
assembler and a Z80 monitor for extensive software debugging. 

SPICE features full speed emulation of the Z80A with 256 x 40 bit 
trace, memory mapping, hardware BREAKREGION~ selectable 
clock speed and RAM based control program. All come with 
complete documentation . 

Learn more 
about SPICE 
ahd SAM, the 
affordable 
development 
tobls for your 
lntellec® 
system. Both 
are available 
for immediate 
delivery. Call 
br write today 
for ful l details. 

Inquiries from 
qualified sales 
representatives 
welcomed. 

rfllrn~ 
Relational Memory Systems, Inc. 
1180 Miraloma Way, Sunnyvale, CA 94086, (408) 732-5520 
BREAKREGION '" is a trademark of RELMS. Series II and lntellec are trademarks of Intel Corporation . 
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Both comparators have the same 
signal input and comparator input, 
enabling the user to couple the sig
nal input directly for a large voltage 
signal or to couple it capacitively 
to the self-biasing amplifier at the 
signal input for a smaller voltage 
signal. The combined device is 
housed in an 8-pin minimP and is 
priced at $0.65 in thousands. 

Fast Gate Arrays 
Implemented With 
ECL Circuits 

A 0.5-ns gate delay and the capabil
ity of replacing 15 to 20 standard 
ECL lOOk circuits characterizes a 
family of gate arrays offered by 
Siemens Corp, 186 Wood Ave S, 
Iselin, NJ 08830. The arrays feature 
64 pins and typically accommodate 
500 gates at 2-W dissipation. These 
devices are P.art of the SH ECL fam
ily, by the same manufacturer, a 
family that also includes LSI and 
MSI circuits. 

Designed for use in very fast c0m
puting applications, the arrays pro
vide a high packing density, with a 
maximum of up to 700 gates per 
chip. Power dissipation is 2 mW per 
internal gate ( typ) . Other general 
features include simple design ac
cess, short turnaround time, and I/ o 
levels fully compatible with the SH 
100 circuits. 

Customized circuits are based on 
three gate array types. The LSI 24 
contains 24 logic cells, 300 gates 
( typ), and dissipates 1.7 W ( typ). 
A total of 36 logic cells, 550 gates 
( typ), and a 2.4-W ( typ) power dis
sipation are characteristic of the LSI 
36. Finally, the LSI 24 RAM contains 
24 logic cells, 4 RAM cells of 32 
bits each, and a 2.5-W typical power 
dissipation. Each of the three array 
types includes 58 I/ o cells. 

A logic cell contains a pattern of 
54 components ( 38 transistors, 16 
resistors). Through use of individual 
metallization patterns stored in a 
library, 32 different MSI functions can 
be realized by a logic cell. These 
functions are comparable in com
plexity to those in existing ECL lOk 
families, and include such examples 
as: two 3-input NOR gates and two 
1-input expandable OR/ NOR gates ; 
three 2-bit multiplexers with com
mon inhibit; and a 4-bit flipflop 
arrangement for a counter (quad 
cell). 
Circle 356 on Inquiry Card 
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C.Itolis Model 8300 
printer looks superb 

C. Itoh offers you the perfect 
OEM printer for general purpose 

It 'l A ~arks computers, communication terminals, 
v v~ data loggers and micro computers: 

the Model 8300. This quiet and low-cost unit 
features a straightforward, reliable design 

and a continuous-duty 7-wire head with a 
life expectancy of 100 million characters. 

even 
better. 

Designed with a 7-bit parallel interface, 
the 80-column, dot matrix Model 8300 prints bi-directionally at 
125 CPS. Its sprocket paper f~ed mechanism accepts multi-ply 

pin-feed paper in any width from 4.5" to 9.5"; paper can be 
loaded from the bottom or rear; and print line position is readily 

adjustable. The Model 8300 works even better than it looks. 
Would you expect anything less from C. Itoh? 

C. Itoh means ~xcellence in prin ters. 

Write today for detailed specifications. 

~ C. ltoh Electronics, Inc. 
5301 Beethoven Street, Los Angeles, CA 90066 
Call: (213) 390-7778 • Telex: WU 65-2451 
East Coast 
280 Park Avenue, New York, NY 10017 
Call: (212) 682-0420 • Telex: WU 12-5059 

C. ftoh Electronics is part of the 119-year-old C. ltoh & Co., Ltd., world-wide trading organization. 
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Octal Bidirectional 
Transceivers Meet 
IEEE 488 GftlB 

Octal bidirectional transceivers con
forming to the IEEE 488 Instrumenta
tion Bus Standard are now inde
pendently available, in differing de
signs, from two different sources. Re
placing previously existing quad 
transceivers, these devices interface 
between instrumentation systems and 
the 16 lines of the General Purpose 
Interface Bus. 

Specialized Data and 
Protocol Transceivers 
Two 8-line bidirectional bus trans
ceivers, the SN75160 data bus trans
ceiver and the sN75161 management 
bus transceiver (Fig 1), introduced 
by Texas Instruments Inc, PO Box 
225012, Dallas, TX 75265, meet IEEE 

Standard 488-1978. Both devices fea
ture built-in bus-terminating resis
tors on driver outputs, no loading 
of the bus when the device is powered 
down, high impedance PNP inputs, 
high speed low power Schottky cir
cuitry, 95-mW (max) power dissioa
tion per channel, and a receiver hys
teresis of 500 m V ( typ) . 

The data bus transceiver has an 
open collector, driver outout option, 
which is selectable through applying 

SN75160 

121 81 

131 82 

141 83 

151 84 

TERMINAL BUS 

IO I 85 

171 
80 

181 87 

1•1 88 

PE Ill) 

a pullup enable (PE) signal to the 
device. When PE i5 low, the bus out
puts of the transceiver act as open 
collector outputs. The outputs act as 
3-state ports when PE is high. 

All the internal logic required for 
proper direction control on the man
agement bus is contained in the man
agement bus transceiver. This trans
ceiver also has properly assigned 
output structures, totem-pole or open 
collector, in compliance with th¢ 
IEEE standard. 

Each of these complementary de
vices is manufactured in a cooper
clad KOVAR lead frame that extends 
the maximum allowable power dis
sipation to 1675 mW at 25 °C. They 
are offered in 20-pin, 300-mil wide 
plastic dual-inline packages, and are 
specified for operation over the com
mercial temperature range of 0 to 
10 ·c. 

Propagation delay times from ter
minal to bus for each of the trans
ceivers (at Vee = 5 V, TA = 25 °C, 
and CL = 15 pF) are 14 ns with 
low to high level output and 17 ns 
with high to low level output. For 
the bus to terminal condition, these 
values become, respectively, 30 and 
35 ns. A single 5-V supply provides 
the power, with an absolute maxi
mum rating of 7 V for V cc· Supply 
current with receivers low and en
abled is 80 mA ( typ) , 105 mA (max) . 

TER.WNAL 

TE (II 

EO I l1'l 

ATN IJJ) 

REN (l9) 

IFC (1 8 ) 

DC (II) 

SN75161 

35: THREE STATE OUTPUT 

171 EOI 

ATN 

-+-=DRIVER ~:RECEIVER 
OC =OPEN COLLECTOR OUTPUT 
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With drivers low and enabled, the 
corresponding values are 100 mA 
(typ), 145mA (max). 

Circle 357 on Inquiry Card 

Single Design for Data or Protocol 
The Mc3447, from Motorola Semicon
ductor Products Inc, PO Box 20912, 
Phoenix, AZ 85036, meets IEEE Stan
dard 488-1975. An' identical pair of 
octal GPIB transceivers permits the 
implementation of the 16-line stan
dard (Fig 2) . By choosing an ap
propriate organization of data and 
protocol lines through the transceiver, 
and by choosing an appropriate or
ganization of the enable combina
tions and polarities within the trans
ceiver, this single device can be 
made to serve in either a data or 
protocol function. 

Either the driver or the receiver 
of each channel is enabled by a 
send/ receive input, with the disabled 
output of the pair forced to a high 
impedance state. The receivers have 
input hysteresis ( 600 m V tyo) to 
improve noise margin, and their in
put loading follows the bus standard 
specifications. 

Low power consumption ( 95 mA 
max supply current, with all drivers 
on) has been achieved by trading 
speed for low current drain on non
critical channels; that is, seven of 

BUS 
Fig 1 GPIB transceivers from 
Texas lnslruments are designed 
to 'IEEE 468-1976 standard. 
'Data bus lines are handled by 
SN75160 transceiver. Protocol 
lines are interfaced via SN75161 
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EVERYONE WHO STILL USES A PLASTIC 
POSITIONER DESERVES A METAL . 

At Micropolis, we've always done things the best way 
we kriow how. Even though it may be harder, and cost a 
little more. 

For instance, we offer as much storage capacity in our 
51/4-inch MegaFloppy'" disk drives as others offer in larger 
8-inch models. 

We do it by increasing the track density of our 
MegaFloppy drives to 100 tracks per inch. That lets us 
record 77 tracks-as many as on 8-inch 48 TPI drives. 

.. 
is large enoJJgh to contact both lead screw side walls. So ball 
and screw'wear don't lead to loss of positioning accuracy. 

A 7~0 4 phase permanent magnet stepper motor 
activates the lead screw so that each step command causes 
the motor to increment 4 ·mini steps· equal to one track 
movement. This reduces stepper motor inaccuracies and 
friction effects by the ratio 4:1. 

Then there's our disk hub design and single point 
referencing of lead screw to disk hub. Which ensures that, 

This configuration gives us a capacity of 
up to 946K bytes per drive. 

Here's how our double track 
density works. 

over the full temperature and humidity 

MICDQ~p,r'\LJSTM range, re1iab1e interchange of diskettes 
I~ 1 J, between drives is a routine affair. 

While most floppy drives use a 
cheap, less accurate plastic cam or cam 
follower to position the read/write head, 
we use a stainless steel, precision
ground lead screw. Because it helps 
us achieve high-track storage capacity 
with lower cost per thousand bytes. 
And significantly increases reliability. 

The lead screw is coupled to the 
head carriage using a zero backlash, 
leaf-spring loaded ball. Whose diameter 

Where the 5i4-lnch drive grew up. (Patents applied for) . . 
Maybe all this is why people are 

beginning to realize just how good our 
drives really are. Because they've made 
us Number 2 in the marketplace, with 
over 20,000 units shipped. 

So remember our MegaFloppy 
disk drives the next time you're thinking 
about floppies. And forget about the 
ones you're using now. 

After all, why settle for plastic 
when you can have Micropolis? 

For a descriptive brochure, in the U.S. coll or write Micropolis Corporation, 
7959 Deering Avenue, Canoga Park, Cal ifornia 91304. Phone (213) 703-1121. Or, better yet, see your local representative. 
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the eight channels have a worst case 
propagation delay of 50 ns, which 
is adequate for a wide variety of 
applications. The eighth is a fast 
channel that provides for critical 
ATN (attention line) and EOI (end or 
identify) paths, with worst case 
propagation delays of 30 ns low to 
high and 22 ns high to low. This 
meets the turnaround delay require
ments of the transceiver / bus control
ler combination on the ATN and EOI 
protocol lines as required by the 
488-1975 standard. Typical propaga
tion times range from 15 to 20 ns. 

The transceiver has TTL compatible 
receiver outputs and operates from 
a single 5-V supply. It provides 
power up /power down protection 
against transmission of invalid in
formation and does not load the bus 
when power is removed from the 
devices. The 24-pin package is avail
able in both plastic and ceramic 
versions. 
Circle 3'58 on Inquiry Card 

Successive Approximation 
8-Bit ADC Performs 
Fast Conversion 

Offering a 25-,,.s conversion time ( typ) 
to ±)~ LSB accuracy, an integrated 
circuit chip is said to be the lowest 
cost complete 8-bit successive ap
proximation analog to digital con
verter in the industry. The mono
lithic microprocessor compatible de
vice contains a clock, comparator, 
successive approximation register, 
buried zener reference, DAC, and 3-
state output buffers, and requires no 
external components to perform a 
full accuracy conversion. Pricing for 
the converter is from $14.95 in hun
dreds. 

Features of the AD570 from Ana
log Devices, Rte 1 Industrial Pk, 
PO Box 280, Norwood, MA 02062, 
include guaranteed 8-bit accuracy 
and no missing codes over th<i oo
erating temperature range. Utilizing 
power supplies of 5 and -15 V, the 
ADC will accept externally select
able inputs of 0 to 10 V unipolar 
or ±5 V bioolar. Power dissipation 
for the ITL laser trimmed device is 
145 mW (typ). 

Two grades are available: the J 
suffix version is specified over the 
0 to 70 °C temperature range, while 
the S suffix is specified over the -55 
to 125 °C range and is available 
fully processed to MIL-STD-883B, class 
B. Both grades are packaged in her
metic sealed, ceramic side-brazed 
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Pig 2 Single design is employed by Motorola to meet 
IEEE 1975 standard. Pair of MC3447 transceivers handle 
data and protocol lines from GPlB 

DIPS. All devices are given long term 
stabilization bakes, burned in under 
power at 125 °C, temperature cycled 
ten times from -65 to 150 °C prior 
to final test, and are tested 100% 
over their respective temperature 
ranges. Circle 359 on Inquiry Card 

1 k High Density 
CMOS Static RAMs 
Operate at Low Power 

A single 5-V power supply and a 
maximum supply current of 10 µA, 
dropping to 1 µA ( typ) while on 
standby, are characteristics of a line 
of high density CMOS (HD/ CMOS) 
1024-bit static random access mem
ories. The MP6508 ( 16-pin DIP) and 
MP6518 ( 18-pin DIP) retain data when 
power drops to as low as 2 V. These 
devices are recommended by the 
manufacturer, Micro Power Systems, 
Inc, 3100 Alfred St, Santa Clara, CA 
95050, for "nonvolatile storage" 

through the use of battery backup. 
Inputs and output are fully TTL 

compatible. A 3-state output and on
chip address registers allow easy 
interfacing with microprocessor based 
designs. Two chip select inputs sim
plify system expansion. Other fea
tures include a 300-ns access time, 
high noise immunity, and 1024 x 1 
organization. 

The proprietary HD/ CMOS process 
used in the design of the two RAMS 
includes 2-layer metal interconnects 
and silicon-nitride passivation. Pack
aged in plastic, CERDIP, and ceramic 
for commercial, industrial, and mili
tary environments, the memories are 
pin compatible with Inters ii' s IM6508 
and IM6518. They are designed for 
applications requiring low power op
erations, high speed, and maximum 
reliability. The only functional differ
ence between the two models is that 
the CE, csi, and c~ inputs are in
ternally connected in the 16-pin 
version, but not in the 18-pin DIP. 
Circle 3'60 on Inquiry Card 
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The Squeezable One 
DATAMAX PRH-28/6 

"' 
MODEL 

•< PIH21/6 
' . 

A! c: 

"' "' . .. 
l 

IJ 
MULTIPLIXll 

pOWll 

" 

FULLY EXPANDABLE MULTIPLEXER 
UP TO 32 INPUT DATA CHANNELS 

YOU CAN SQUEEZE MORE INTO THE DATAMAX PRH-28/I 
• Accepts SYNC, ASYNC, BISYNC, HDLC, SDLC protocols • Interfaces TTL, RS232, 
Current Loop, Telex, TWX • Modules field replaceable for low MTTR • Port 
Intelligence; code/speed conversion, protocol translation av•ilable on all I /0 
channels • System Status Reporting available by front panel indicators or external 
printer • Built-in Diagnostics • Built-in Modems availableupto2400BPS • Lowest 
cost per port in the industry • Terminal Cluster Concentr•tors 

INDUSTRIES.INC. 

6701 N.W. 31st Ave. e Ft. Lauderdale, FL U.S.A. 33309 
Telephone (306) 971-2260 •TWX (510) 958-9412 

Leaders in Data Communications Since 1968 
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London, England 
78 Shoe Lane. Suite '307 

London EC4A3JB 
01/353-4133 

203 



I AROUND Tl-f E IC LDr;:JP I 
. . . . . 

14-Lead DIP 
Hopses Bipo,ar 
De Mo~or Spe~d Control 

Intended primarily for use with ac 
tachometer sigrials, a monolithic 
bipolar de motor speed control is 
provided in a 14-lead plastic dual
inline package. Produced by Cherry 
Semiconductor Corp, 99 Bald Elill 
Rd, Cranston, :i:tI 02920, the cs-175 
is designed to provide maximum 
flexibility at lowest possible cost. 
Requirements for adjustment and 
external components in multiple 
speed applications hflve been redl.lced 
by giving accurate, pin programmable 
speed ratio~ for slow, medium, or 
fast motor velocities. 

The unit is capable of providing 
a level of stability such that errors 
are dominated by terms created by 
the finite loop bandwidth needed to 
ensure stability with the dynamics 
of tpe specific motor and load. List 
price is $1.68 with a net cost in 
1000-piece quantities of $0.79 and in 
10,000 quantities of $0.65. 
Circle 361 on Inquiry Card 

12'!' Bit Storage Register 
D-A Converter Features 
Lo"! Power Consumption 

A complete 12-bit storage register 
DAC that combines low power con
sumption with 8- and 12-bit bus com
patibility contains a precision ladder 
network, reference, switches, an out
put amplifier, and an input register. 
The DAC336B-12, fully processed to 
MIL-STD-883, Class ~ screening, and 
DAC336C-12, the standard commer
cial version, ar~ produced by Hybrid 
SystelT!s Corp, Crosby Dr, Bedford, 
MA 01730, and are particqlarly rec
ommended by the manufacturer for 
microprocessor applications. 

Independent strobe inputs permit 
4-, 8-, and 12-bit data input with 
full input storage or continuous con
version from digital codes to analog 
output. Proprietary laser trimmed, 
low drift, thin film nichrome resistor 
networks provide long-term stability. 

Other features include a power 
disipation of 300 mW ( typ) , TTL and 
CMOS compatibility, and output capa
bilitv of 0 to 10 V and ±10 V. Both 
models are specified from -55 to 
125 °C. The devioes are hermetically 
sealeq in 24-pin DIPS. 
Circle 362 on Inquiry Card 
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CMOS Divider Circuits 
Are Housed in 8-Pin DIPs 

The RED series devices from LSI Com
puter Systems, Inc, 1235 Walt Whit
man Rd, Melville, NY 11747, claimed 
to be the only divider circuits avail
able in 8-pin dual-inline packages, 
directly accept slow edge or sine 
waves as well as square waves, to 
generate pulses from either 50- or 
60-Hz input signals. Two members 
of the series are the RED 100/ 120, 
which divides by 100 or 120 and 
produces 1 pulse/ 2 s, and the RED 
300/ 360, which divides by 300 or 
360 and produces 1 pulse/ 0.1 min. 

The versatile input capabilities of 
the CMOS devices result from a clock 
input shaping network. An enable 
input allows the counter to advance 
when signal is high, hold when it 
switches to low, and advance again 
when it switches to high. The device 
is cleared to zero by a reset input. 
Other features include high noise 
immunity and low power require
ments, a square wave output, and 
an arrangement of pins which pre
vents dama~e if the device is in
serted backwards. A sintrle power 
supply is required for each of the 
dividers, with V DD ranging between 
5 and 15 Vdc. Circle 363 on Inquiry Card 

Family of Programmable 
Bipolar Array Circuits 
Provide Logic Options 

The first 9 of 15 arrays in a bipolar 
LSI programmable array logic (PAL) 
family, announced last year while 
undergoing sampling (see Computer 
Design, June 1978, p 180), are now 
available from Monolithic Memories, 
Inc, 1165 E Arques Ave, Sunnyvale, 
CA 94086. Each of the devices is to 
contain a programming network to 
interconnect gate arrays made up of 
AND/ OR and AND/ NOR gates, ex
clusive-OR gates, registers, proirram
mable 3-state outputs, and feedback 
connections. They are designed to 
replace uo to 90% of standard 
ss1/ Ms1 (54/ 74 series) TTL and to 
reduce random logic chip count by 
a 4 to 1 factor. 

The nine versions currently avail
able consist of four AND/OR arrays 
(PAL10H8, 12H6, 14H4, and 16H2), 
four AND/ NOR arrays (PAL10L8, 12L6, 
14L4, and 16L2), and one AND/ OR/ 
NOR array, the PAL16Cl. By blowing 

fusible links io configure AND and 
OR gates tq perform a desired logic 
function, an engineer can govern 
the design of the chip. Complex 
interconnections, which previously 
required time consumin~ layout are 
thus "lifted" frorn PC board etch and 
placed on silicon where they can be 
easily i:iodified during prototype 
checkout or production. 

Additional characteristics common 
to all 9f the devices include 25-ns 
wopagation delay ( typ), Rrogram
ming on standard P /Ro~ program
mers, and packaging in 20-pin ceq1mic 
DIPS. Absoh1te m11xim~m 'ratings re
quire that, during openitlon, supply 
voltage (V cc ) not exceed 7 V, while 
jnput voltage and off-state outout 
voltage must not exceed 5.5 V. Dur
ing programming, fill of° th~se volt
ages are limited to 12 V. Storage 
temperature ,range is -65 to 150 '•c. 

Fqur of the remaining six chips 
are scheduleq for secoqd quarter 
1979 introduction. The final two are 
scheduled for third quarter. 
Circle 364 on !nq~iry Card 

Op Amp Co"'~ines 
High Slew R~te.· 
Fast Settling T~mes 

' 
An operational amplifier, av!lill!ble 
in three rnodels, provides a 200-V / 
µ.s slew rate and a settling tirne of 
70 ns (0.1%, 5-V output step). This 
op amp farnily is desig11ed to operate 
at gai.hs ~5, without · requiririg ex
ternal compensation. 

These differential amplifiers em
ploy monolithic bipolar construction 
coupled with dielectric imlation. 
Parameters include a 150-MHz irain
bandwidth product and a 6.5-MHz 
full power bandwidth. Input char
acteristics include a 5.mV offset volt
age and 15-n V / \/Hz input voltage 
noise. 

Produced by Har.ris Semiconduc
tor Products, Div, PO Box 883, Mel
bourne, FL 32901, the high speed op 
amps are suited for use as output 
amplifiers for fast, precise DACS or 
as the amplifier components in high 
speed sample-and-hqld circuits, as 
required in high per-formance data 
acquisition systems. Their wide ba~d
width is appropria~e to a varietv of 
pulse and wideb;md video amplifier 
applications, including avionic and 
military equipment, oscilloscopes, 
and other types of graphic displays . 
Circle 3'65 on Inquiry Card O 
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Librascope's RD-433 
Militarized Mass Memory Goes 
Anywhere The U.S. Navy Goes. 

THE dependable Mass Memory subsystem the ulti
mate in data reliability for shipboard and submarine 
installations to interface the Navy's standard com
puters . This specially configured model for the Ship
board Tactical Intelligence (TACINTEL) program is 
listed in the Navy 's inventory under the military des
ignation RD-433 (XG-1) /SSH. TACINTEL is one of 
the latest operational systems in the Fleet Satellite 
Communications (FLTSATCOM). 

Installed in any compartment on board a ship, the 
RD-433 fits in an open standard 19" Retma rack, 
meets MIL-E-16400, Class 4, operational require
ments in free air ambient 0°C to 50°C, and with
stands MIL-S-901C drop hammer shock. The system 
is also humidity and drip proof, and EMl/ RFI secure 
without additional enclosure just as shown in the 
photograph. 
Modularly designed for easy on-call maintenance, no 
preventative maintenance is required. The controller 
is made up of low-cost SEMS (the Standard Elec
tronic Modules developed by NAFI), with low power 
Schotky integrated circuits. 
Other production Mass Memories such as the Model 
CL107MA, are used in the Integrated Radio Room 
(IR2) of TRIDENT submarines and in a new torpedo 
fire control system for the Royal Australian Navy. 
Librascope 's mass memories are on board in many 
other U.S . Navy programs such as , for example, the 
prominently successful BQR-24 program. 
Call or write today for additional information on 
these rugged , reliable Militarized Mass Memory 
Systems. 
The Singer Company, Librascope Division, Depart
ment N, 833 Sonora Avenue, Glendale, California 
91201. Telephone (213 ) 244-6541 , extension 1891. 

SINGER 
LIBRASCOPE DIVISION 
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PRODUCT 
FEATURE 

Desktop Computers 
Fit Broad Range 

of Applications 

Whether configured as remote sta
tions in a distributed processing net
work or as standalone systems, 
Solid State Technology's desktop 
Dt/ C 8200 series terminal/comput
ers provide large scale data process
ing capabilities. A basic system con
sists of processor, video controller, 
CRT display, keyboard, motherboard, 
and power supply modules. Optional 
modules include extended memory; 
line printer, one or two minicassette 

RtGIO 
OISC 
CCNflOllU 
l~lfACf 
MOOULf 

TA'I 
(X)NTIDllfl 
INTEIMCf 
MOOU~E 

transports, up to four floppy disc 
drives, and up to four rigid disc 
drives, all with dedicated control
lers; synchronous communications; 
high speed network controller; and 
modem. 

Standard system software is the 
AMOS™ multitasking operating sys
tem with buffer pool device, and 
file managers. An Auto-SYSGEN™ 
program customizes the operating 
system by calling up separate de-

LINf 

~ 
INTEtfACf 
MOOUU 

CONTROLLER CONTROLLER CONTROLLER LOCAL NETWOll 
TERMINALS Af".() FOUR ANO TA'E UNITS ANO EXTERNAL 

RIGID DISCS LJNE PRINTER 

Dt/C 8200 terminal/computer system architecture 
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vice handlers for each of the self. 
contained optional peripherals. 
Faults are isolated down to indi
vidual modules by internal firm
ware/ software diagnostics. 

Basic System Hardware 

Controlling device in the processor 
module is an 8085A microprocessor 
(3 MHz standard, 5 MHz optional). 
This module, in addition, contains 
2k RAM, 12k ROM, CMOS RAM with 
battery backup (256 x 4, but soft
ware configured to appear as 128 
x 8), 12 levels of vectored interrupts 
that are transparent to the user, 
keyboard interface, system bus inter
face, and audible alarm. An asyn
chronous communications interface 
offers Rs-232-C and 20-mA current 
loop interfaces, keyboard selected 
programmable baud rate, modem 
control functions, separate transmit/ 
receive rates, full- or half-duplex 
operation, selectable character 
length, selectable parity and stop 
bits, and false start bit detection. 

The video controller module fea
tures an intelligent CRT controller 
chip with programmable display, 
custom font, and lightpen support. 
4k x 16 of display / control RAM in 
two separate buffers enables a 
2-page buffer space, with one page 
displayed while the other is in 
waiting. A total of 160 characters 
can be presented as full / half in
tensity, underline, inverse, blink, or 
transparent on the CRT display: 96 
ASCII in a 7 x 7 format with lower 
case descenders, 32 control, and 
32 graphic symbols. 
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Keys on the keyboard module are 
grouped in 4 clusters: full ASCII 

typewriter format board, 15-key nu
meric pad, 12-key editing pad, and 
14 special function keys of which 
8 are programmable. Integral LED 

displays indicate status of all mode 
select keys. N-key rollover ensures 
registration of each keystroke. 

A motherboard module contains 
nine nondedicated logic module slots 
with 36-position dual-sided PC board 
edge connectors. Signal traces are 
routed above the groundplane. An 
optional expansion module provides 
additional module slots. 

Power, supplied as 5, 12, and 
-12 V, is short circuit, thermal, 
and overvoltage protected. Full ac 
line filtering absorbs source voltage 
trans~ent spikes. 

Optional System Hardware 

Dynamic RAM and ROM or EPROM 

are combined on a single module 
to allow extended buffering and use 
of high level languages such as 
BASIC, COBOL, FORTRAN, PASCAL, APL, 

and macroassembler. A total of 
512k bytes of extended memory are 
availa,ble with an initial increment 
of 48k bytes of RAM and 2k or 4k 
bytes of ROM. 

Printer module operations as well 
as diagnostics of both the 150-char/ s 
printer and its controller are han
dled by a microprocessor and ROM 

firmware. Data are in parallel 
format. 

Each mini cassette controller, with 
its microprocessor and ROM firm
ware, handles either one or two 
transports. 128k bytes of data can 
be recorded on each minicassette at 
800 bits/ in (315/ cm). 

Uo to four 5 or 8" (13- or 20-cm), 
single- or double-siqed floppy disc 
drives can be supported by a single 
controller. Recording is double
density IBM 3740 soft sector format. 
In addition, as many as four rigid 
disc drives and a dedicated control
ler can be added to the system. 
Fixed, removable, or a combination 
of media can be used for a possible 
maximum of l.2G bytes. 

Optional synchronous communica
tions modules support SDLC, HDLC, 

ADCCP, DDCMP, and BISYNC protocols 
in addition to 2780/ 3780 emulation. 
A high speed network controller 
modu1e can link a host terminal/ 
computer to as many as 128 other 
terminal/ computers at 300k baud. 

As an option, a voice grade, low 
speed (up to 2400 baud) modem 
interfaces directly to the system bus. 
Full software control is provided of 
all modem functions. The phone line 
connects directly to the rear of the 
terminal/computer, without need 
for an acoustic coupler. 

Stanctard System Software 

The AMOS operating system requires 
only 12k of ROM, yet allows single 
filt;s as large as 8M bytes and data 
bases as large as l.2G bytes to be 
add~essed. Existing utilities include 
multitask executive and executive 
suppgrt; memory, device, and file 
managers; file utilities; mode han
dler; command interpreter; and real
time clock. 

Firmware/ software diagnostics iso
late faults down to individual mod
ules. Under initiation of the proces
sor module, tests are performed 
locally by intelligent controllers for 
all modules which have such con
trollers; for those modules which 
do not have dedicated controllers, 
the processor module carries out 
the diagnostics. Basic diagnostics are 
initiated automatically when power 
is turned on but more extensive 
diagnostics are user selected. 

Tasks can be debugged while the 
remainder of the system is opera
tional. The user can set multiple 
breakpoints anywhere within an 
object file and can single step, dis
play or change registers, and look 
up any program location. 

Specifications 

Unit size is 20.25" (51.4 cm) high, 
27.4" (69.5 cm) wide, and 27" 
( 68.6 cm) deep and it weighs 85 
lb ( 38.6 kg) . Electrical requirements 
are 117 Vac, 50/ 60 Hz, 5 A in 
domestic versions and 220 V, 3 A 
on !!Xport units. Operating tempera
ture range is 40 to 90 ° F ( 4 to 
32 °C ) at 90% humidity, noncon
densing. 

Price and qelivery 

OEM unit price for a basic Dt/ C 
8200 termi~al/computer in 100 
quantities is $2475. First product 
units will be available in August. 
Solid State Technology, Inc, 17 
Wheeling Ave, Woburn, MA 01801. 
Tel: 617 / 935-3910. 
For additional information cir· 
cle 199 on inquiry card. 

Nobody 
else has 

LSl·11 and 
LSl·11/2 
cards 

like these. 
Our digital cards are loaded with 
unique features such as the ability 
to use 1/0 lines as either inputs or 
outputs in increments of eight, up 
to 64 TTL inputs or outputs inter
faced directly to the LSl-11 bus, the 
ability to detect contact closures 
on discrete input lines, and dis
crete latched outputs with the capa
bility to drive high current incan
descent lamps. 

The Bus Repeater Card accommo
dates more devices than the basic 
bus can handle. The Bus Translator 
Card allows LSl-11 peripherals 
to operate with a Unibus CPU. 

Both high level and low level analog 
cards are available with 
features like direct 
thermocouple digitiz
ing, 250V CM isola
tion, six gain codes, 
up to 64 channels, and 
program control interface 
. .. to mention just a few. 

ADAC Corporation, 
15 Cummings Park, 
Woburn, MA 01801 
(617) 935-6668. 

corporation 
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PRODUCTS I 
16-Bit Microprogrammable Minicomputer 
Accommodates 32 Timesharing Users 
A multitasking computer capable of supporting up to 32 
users, HEX-29 is based on a bipolar bit-slice processor that 
includes 16- or 32-bit integer and 64-bit floating point op
erations, multibyte/char string processing, and transition 
table instructions. It will accommodate bit, byte, word, 
double-word, quad-word, and variable field operations. High 
level instruction set offers optimum control of system power 
and speed. Basic machine cycle time is 160 ns, with many 
instructions operating in 2 machine cycles. Std system in
corporates CPU card , EXEC card (operating system support 
with 8 RS-232 asynchronous ports), 94k bytes of memory, 
0.5M bytes of floppy disc storage, high speed 64-bit floating 
point and 32-bit integer math, and compact cabinet with 
switching power supply, fan, and 8-slot motherboard. All 
systems include HOST operating system and BASIC+ lan
guage. System expands to include 1M bytes of CPU memory, 
32 terminal ports, 4.8G . char of disc storage, and any num
ber of printers and terminals. Digital Microsystems, 4448 
Piedmont Ave, Oakland, CA 94611. 
Circle 200 on Inquiry Card 

200-W Switching Power Supply 
Uses Direct Drive Circuitry 

Computer Terminal Supports 
Data and Word Processing Software 
Video terminal model 1420 features a typewriter style key
board arrangement with both upper and lower case, making 
it suitable for fast, accurate entry with minimal operator train
ing. It fills the need for a high quality, economy terminal that 
is compatible with data processing systems, including word 
processing applications, and is designed with user oriented 
features such as high intensity, blink, or nondisplay (zero 
intensity) modes. A program function key mode, as well as 
column and field tabs, are provided. An enhanced separate 
numeric key pad makes numeric entry faster. Cursor control 
keys, typamatic, and optional remotely controlled auxiliary 
EIA output are supplied. The unit operates with a std EIA 
RS-232 interface with 8 switch selectable transmission rates 
up to 9600 baud and accommodates all 128 ASCII codes. 
Characters are formed on the 12" (30-cm) diag CRT screen 
using a TV raster scan technique with a 5 x 8 dot matrix 
char window. Hazeltine Corp, Computer Terminal Equip
ment, Greenlawn, NY 11740. 

208 

SKS-40/0VP, with de output of 5 V at 40 A with 200-W max 
continuous output power, fits into a 5" (12.7-cm) rack, 
measures 4.88 x 13 x 2" (12.4 x 33.0 x 5.1 cm), and weighs 
3 lb, 14 oz (1.74 kg). Direct drive circuitry eliminates start
ing bias, drive, and current sensing transformers, providing 
reduction in weight and cost, and more precise cpntrol, as 
well as a reduction in input to output noise coupling. Digital 
control feedback system uses pulse transformer to isolate 
the feedback loop, yielding exceptional loop stability and 
consistent performance to specs. Volt-second regulation 
maintains a constant volt-second product applied to power 
transformer under all ac conditions. Unit operates at 28 
kHz. An antisaturation circuit continuously returns mag
netizing current to zero, protecting the power transformer 
from accumulated residual magnetism, and eliminating the 
chance of burning out the switching transistors. Power-One, 
Inc, Power-One Dr, Camarillo, CA 93010. 
Circle 20 I on Inquiry Card 

Circle 202 on Inquiry Card 
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Genisco High Resolution Displays. 
Let us make your computer 
graphics 'cl\fslal·clear'· fast! 

Your future in graphics and image processing can 't help being 
bright with all the Genisco Raster Display "good-omen" bene
fits going for you . Like ultra-high resolution , nanosecond pro
cessing, reliable performance, synergistic software, and 
modular architecture - that lets you quickly go "on-line" at 
minimal cost and expand as your needs dictate. Yet , with all 
this sophistication they're thin-pocket-book priced. 

16K MOS/RAM Refresh Memories that go up to 1280 pixels/ 
line X 1024 lines, in 16 gray scales, and 10242 full color ver
sions. And, they're all directly addressable. 

16-Bit User Programmable Graphics 
Processor lets you realize optimum 
operation with 150 ns cycle time 
m;:rnipulation , a set of 55 mnemonic 
instructions, automatic DMA 
access, selective erase , user 
selection from 4096 colors 
or 256 gray shades, and 
over 32 refresh memory 
planes control - using 
a unique "group select " 
method. We even offer a 
scroll and zoom , and a 
character/ vector 
generator. 

Versatile Output. Up to 12 monitors can be operated from a 
single system. TV/video mixing. Remote monitoring. RS232 
ports . Automatic "Circumfill". These are but a smattering of 
the many advanced monitor control benefits offered by 
Genisco. 

Full Complement of Interfaces for most popular minicom
puters are available as standards, and we can economically 
fabricate a specific configuration where a stock unit won't do. 

Flexible FORTRAN Software puts you "on-line" quickly, 
economically . Present offerings include 

a comprehensive set of Basic Graphics 
instructions, an efficient Cross 

Assembler, and our special GRAFPAC II 
package of FORTRAN callable sub

routines - to simplify program
ming of your particular display 

configurations. With all this 
to back your display develop

ments, a bright and 'crystal
clear' future is assured. 

Contact Genisco, a name 
that has been synonymous 
with technology advances 

for more than 30 years , 
for all the particulars
and get a fast start on 

the path to good fortune . 

GENISCO COMPUTERS 
A DIVISION OF GENISCO TECHNOLOGY CORP. 

17805 Sky Park Circle Dr., Irvine, CA 92714•(714) 556-4916 

CIRCLE 100 FOR SALES CALL 
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PRODUCTS 

132-COL INTERACTIVE 
DISPLAY TERMINALS 

The Charactronn CRT of the model 
132-1 terminal handles 3168 char 
with a bright, high resolution , flicker 
free display of 24 lines plus a status 
line. An. 11-key pad for numeric input, 
cursor controls with host sensing and 
addressing , 132 ta'bbing positions, dual 
intensity, and ASCII 96 displayable 
u/lc char set are also included. Unit 
eliminates the reprogramming and 
reformatting of 80-col terminals, as 
well as the generation of paper P.rint
outs . DatagraphiX, Inc, PO Box 82449, 
San Diego, CA 92138. 
Circle 203 on Inquiry Card 

MESSAGE SWITCHING MODULE 
AND TERMINAL CONTROLLER 
Microprocessor controlled MSM pro
vides multiplexing systems to handle 
remote data traffic. -L version, for low 
speed/volume traffic operates up to 8 
lines at 75 to 9600 b'its/s. 'Designed to 
handle large volumes of traffic between 
a ·limited number of stations, model 
-H processes up to 19.2k bits/s with 
EIA RS-232-C interface. Both models 
operate asynchronously or synchronous
ly in full duplex. DP Group, 132 W 
31st St, New York, NY 10001. 
Circle 204 on Inquiry Card 

ALPHANUMERIC GAS 
DISCHARGE DISPLAY SYSTEM 

SA-252 displays 16 char in a single 
line. Mounted on a 12 x 2 x 1" (30 
x 5 x 2.5-cm) circuit board, the assem
bly interfaces with TTL/MOS logic, 
and operates from a single 5-Vdc 
supply that draws 1.5 A (max). Input 
s·lgnals range from 0.8 V for logic 
O to 2.0 V for logic 1. The 14-segment 
format provides 63 char. Each is 0.55" 
(14-mm) high and is displayed in a 
bright neon orange color, viewable 
from 40 ft (12 m) under normal con
d itions. Beckman Instruments, Inc, Dis
play Systema Div, 350 N Hayden Rd , 
Scottsdale, AZ a5257. 
C ircle 205 on fliqulry Card 
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6500 BASED 
P/'ROM PROGRAMMER 
OSB 10 programmer card for ·Intel 
2758, 2716, and 2732 UV EPROMs 
and compatible devices features gold
plated edge connector which adheres 
to the 'Rockwell System 65 bus std. 
Required voltages are derived from 
the 5 V supplied on the c ard edge 
connector. Programmer includes a zero 
insertion force socket for ease of 
EPROM ·insertion and removal. Model 
1 O may be used with other CSB mod
ules, the Rockwell System 65 or AIM 
65. Compas Microsystems, 224 SE 16th 
S.t, Ames, IA 50010. 
Circle 206 on Inquiry Card 

'MEMORY 
EXPANSION SYSTEM 

Self-contained memory expansion sys
tem houses up to 512k words x 20 
bits of core or semiconductor memory. 
System, in rackmountable 5.25 x 10.5" 
(13.34 x 26.7-cm) chassis, includes 
power supp•ly and blowers. Memory 
unit features complete burn-in with 
optional interleave and word parity 
or error correction. Expansion chassis 
also houses necessary interface mod
ule. Digital Data Systems Inc, 1396 
NW 65th Terrace , Plantation, FL 33313. 
Circle 207 on Inquiry Card 

16-CHANNEL MULTIPLEXER 
SMUX-16 controls full -duplex asyn
chronous communicat ion on indepen
dent lines and is Data General 4060 
software compatible . It requires no 
special chassis. Four boards may 'be 
used simultaneously for a max of 64 
full-duplex lines ; a secondary device 
code can be used for 64 more l ines. 
Baud rates range from 75 to 19.2k. 
All 16 lines may use the same rate, 
or any combination may be selected. 
The board comes with 4, 8 , 12, or 
16 channels. SOS Computer Systems, 
1900 N Canyon Rd , Provo, UT 84601 . 

Circle 208 on Inquiry Card 

BUFFERED INTERFACE FOR 
DE·SKTOP TERMINAL 

Tinybuffer 43, a smaller ve rsion of 
the Bk to 16k Telebuffer 43, supports 
offline entry and preparation of data 
for more efficient line and system 
util ization . Its RS-232-C interface con.
nector makes it plug compatible with 
the Teletype 43. The board is also 
sensitive to std paper tape contro l 
codes received from down.line for auto
matic send/receive operations. Both 
the 1 k and 4k versions offer switch
able speeds of 11 O and 300 bits/ s 
(strappable up to 9600 bits/s) . Edge 
Technology Inc, PO Box 1387, Port
land, OR 97207. 
Circle 209 on Inquiry Card 

UNINTERRUPTIBLE POWER 
SYSTE'M FOR MICROCOMPUTERS 
The MICRO/POWERTM series provides 
up to 250 W of regulated ac power 
to computers, and also filters 'incoming 
utility power. For un interrupted power 
during power failures or brownouts, 
a 20-Ah, 12-V battery provides neces
sary power to maintain. a computer 
for 15 min. Batteries may 'be con
nected in parallel for extended op
eration. Typ specs are 80% efficiency, 
± 10% line or load regulation, and 
± Q.5% line or load frequency regula
tion . Nova Electric Manufacturing Co, 
263 Hillside Ave, Nutley, NJ 071 10. 
Circle 210 on Inquiry Card 

sv.NCHRONOUS DATA SET 
FOR LOCAL COMMUNICATION 

One model DS-10A data set with 
SYNC-1 plug-in synchronizer module, 
operating at data rates of 2.4k, 4.8k, 
9.6k, and 19.2k bits/s, satisfies all 
local synchronous serial data commun i
cations needs. Switch selectable con
tention feature, Multishare, allows sev
eral terminals to share the same com
puter or multiplexer port without the 
use of a multipoint protocol. Operation 
is full - or half-duplex over twisted pair 
cables for up to 20 mi (32 km). 
Telecomm-Automation Corp, Box 283, 
Newtown, CT 06470. 
Circle 211 on Inquiry Card 
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COLOR GRAPHICS 
MANAGEMENT SYSTEM 
Using an active pen and digitizer 
tablet, system reduces time required 
to draw orig inal artwork or to trace 
drawings. Corrections and changes can 
be made through software editing rou
tines. A drawing in process is dis
played on a 512 x 512 resolution 13" 
(33-cm) color CRT screen. Completed 
1images can be stored on the integral 
dual floppy d isc, or reproduced on 
paper or transparencies with Xerox 
6500 color graphics printer. Supplied 
Microsoft BASIC eases chart and graph 
programming. Chromatics Inc, 3923 
Oakcliff Industrial Ct, Atlanta, GA 
30340. 
Circle 212 on Inquiry Card 

YELLOW ALPHANUMERIC 
LED DISPLAY 

Appl icat ions requmng small size and 
prohibiting the use of red displays w ill 
profit from the HDSP-2001 . It may be 
used in bright ambient light with ap
propriate filter ing. Each char is formed 
with a 5 x 7 dot matrix, capable of 
displaying the full ASCII code, u/lc 
letters, punctuation marks, math and 
other sym'bols , and numerals. Each 
TTL compat ible, 4-char package mea
sures 17.7 mm long x 7.25 mm high. 
Hewlett~Packard Co, 1507 Page Mill 
Rd , Palo Alto, CA 94304. 
Circle 213 on Inquiry Card 

INTERMEDIATE POWER 
PULSE GENERATOR 
Solid state model PG-75A provides 
dual 1.5- to 50-V outputs and wide 
control ranges together with 100% 
duty cycle capability and 10-ns rise/ 
fall times. Frequency ranges from 0.1 
Hz to 10 MHz; · std pulse widths at 
full output power vary from a min 
of 30 ns to 2 s. Double pulse mode 
of operation allows the operator to 
attain an effective pulse repetition 
rate of 20 MHz, without restr iction 
of pulse ampl itude. Pulse Technology, 
Inc, 15823 S San Pedro St, Gardena, 
CA 90248. 

Circle 214 on Inquiry Card 

Intel users. 
Do you need 
ad1sk 
controller 
for Shugart 
Floppies and· 
Winchesters? 
Its here! The CTR 80/86, 
from SENTINEL. In our flexible, cost effective 
controller, the first board talks to the Multibus® and 
controls up to 4 Shugart floppy disk drives. A second 
board talks to the first and controls up """"''--
to 4 Shugart "Winchester" 
drives. The CTR 80/86 is 
electronically and 
physically compatible 
with Intel's iSBC® 
series of computers. 
Immediate delivery and 
quantity discounts are 
available. 
Call us 'for more information, 5131984-6622.0r return the coupon. 

~ ILii I 1-N~· ~-. ..m:::&m CIRCLE 102 ON IN9UIRY CARD 

Sentinel Computer Corporation, 9902 Carver Rd., Cincinnati, Ohio 45242 513/984-6622 
(formerly Computer Systems Development) 

Address __________________________ _ 

City _______ _ ____ State _ ________ Zip ____ _ 

Phone ____ _______________________ _ 

Multibus® and iSBC® are trademarks of Intel Corporation. 



Low-cost DC PM motor 
only 1 Y4" in diameter 

Our economy EM-13 motors have 
many of the features of our quality 
military motors. Torque constant : 
2.6 oz. in./amp for 12 v.d .c. ver
sion. Voltage constant : 1.92V /K 
rpm. Available in 6, 12, or 24 v.d.c. 
versions. Tooled for high-volume 
production. 

New gearmotors offer 
30 speed reduction ratios 
Our EM-13 and EM-15 gearmotors 
provide maximum rated torque up 
to 1250 oz. in. High-performance, 
compact planetary gears. Power 
source up to 30 v.d.c. Dimensions 
1.25" or 1.50" dia. by 5.15" max. 
Life-lubed bearings and geartrain. 

1 Y4" DC motor-tach for 
office equipment drives 
The EM-13 motor-tach has many 
applications in computer peripher
als and business machines (e.g. , 
driving floppy discs) . Accurate 
speed at low cost. Motor voltage: 
6 to 24 v.d.c. Tach voltage: 2V
(RMS)/K rpm. AC tach is brushless. 
Tach frequency : 8 cycles/rev. 

TRW GLOBE MOTORS 
Dayton, Ohio. (513) 228-3171. 
Distributed by Hall-Mark, 
Hamilton/ Avnet, Jaco, Pioneer. 
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PRODUCTS 

FULL CHARACTER 
LINE PRINTER 

The QUIET 300 uses a TeletypeR 
model 40 print mechanism, which is 
a heavy duty, line at a time, hard
copy ·impact printer. It prints on up 
to 6-part forms. The 80-col unit offers 
either friction or tractor feed , while 
the 132-col unit offers tractor feed . 
It can print 300 lines/min with the 
ASCII 63-char set and 500-lines/min 
with the 48-char set. The parallel 
interface is Centron ics or Dataproducts 
compatible. Local Data Co, 2741 To
ledo St, Suite 214, Torrance, CA 90503. 
Circle 215 on Inquiry Card 

PASCAL FOR 
PROCESS CONTROL COMPUTERS 
PascalPac operating system supports 
a Z80 macroassembler, PASCAL com
piler, BASIC compiler, and a Link 
Editor with extensive library capabili
ties. Interactive text editor •is provided 
for preparing programs and documen
tation, and a Filer allows creation of 
named files of multiple data image 
types plus directory creation and main
tenance. Process Computer Systems, 
Inc, 750 N Maple Rd, Saline, Ml 
4•8176. 
Circle 216 on Inquiry Card 

300-LINE/MIN PRINTER 
FOR 3270 SYSTEMS 

Us ing Printron·ix 300 printer with a 
built-in interface, model PR-300 is 
plug compatible with IBM 3271 , 3273, 
and 3274 (Type B) control units. In 
addition to high speed conventional 
character output, it offers optional 
large character printing , bar codes, and 
scannable character print (OCR). A 
companion model , PR-150, offers the 
same capabilities and options, but op
erates at 150 lines/min. Interface Sys
tems, Inc, 462 Jackson Plaza, Ann 
Arbor, Ml 48103. 
Circle 217 on Inquiry Card 

REMOTE SITE DATA 
ACQUISIT!ON TERMINALS 
Integral microprocessor and realtime 
clock control DAT-2/3 reading and 
recording of up to 64 analog and 8 
digital event-type inputs. Data are 
stored in memory until unit is in
structed to process or transmit data to 
central site via phone, radio, or dedi
cated wire l ink. Philips type cassette 
provides mass storage. Weather proof 
enclosure affords - 25 to 70 °C, 100% 
humidity operating conditions. CMOS 
logic permits battery operation for pri
mary or 'backup power. MARS Data 
Systems, 5191 N Douglas Fir Rd, 
Calabasas, CA 91302. 

Circle 218 on Inquiry Card 

4-CHAN"iEL LOCA·L 
COMMUNICATIONS INT'ERFACE 
QAL TA, a quad asynchronous local 
terminal adapter, replaces Interdata 
single-channel adapters. Four full - or 
half-duplex channels operate from 50 
to 19.2k baud. Fully compatible with 
PASLA, PALMS, and other adapter 
channE)ls, the half-board adapter re
quires only 2.5 V for all 4 channels . 
Two control lines plus transmit and 
receive lines are provided for each 
channel irterface. Macrolink, 1740-E 
S Anaheim Blvd, Anaheim , CA 92805. 
Circle 219 on Inquiry Card 

PERIPH~RAL A-D EXPANDER 
BOARD'~ FO·R LSl-11 
ST-LS'l-ADX allows system expansion up 
to 32 differential or 64 single-ended 
chan.nels, when used with ST-LSI A•D/ 
D-A master control oards. Slave cards 
sl·ide into and ·interface directly with 
LSl-11 bus. Ma~ter-slave card pairs 
may be linked together for indefinite 
channel expansion as long as sufficient 
additional card slots and power are 
available from bus. Each board features 
multiplexer crosstalk from off channels 
of 0.01%, ranging from de to 1 kHz. 
Datel Systems, Inc, 11 Cabot Blvq, 
Mansfield , MA 02048. 

Circle 220 on Inquiry Card 
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MAGNETIC TAPE 
DRIVE EX'ERCISER 

Digital readout of speed in inches/ 
second and digital skew in micro
inches for forward/reverse trackin.g 
ai'ignment plus tests for intermittent 
errors or permanent malfunctions are 
capabilities of TX-1200 exerciser for 
6.25- to 125-in/s (15.88- to 318-cm/s) 
mag tape drives. Attache-case mounted 
exerciser weighing less than 20 lb (9 
kg) performs 'both programmed exer
cise testing and specific function trouble
shooting of all drive functions. Wilson 
Laboratories, Inc, 2237 N Batavia St, 
Orange, CA 92665. 
Circle 221 on Inquiry Card 

MULTISPEED 
BAUD RATE CONVERTER 
For use primarily with 'Bell (WECO) 
212A (or compatible) dual speed 
modems that operate at speeds up to 
300 or 1200 baud, the rac'kmounted 
BRC system allows computer dial-up 
ports to be configured for any 2 std 
baud rates rather than the typ single 
baud rate. No hardware or software 
changes to the computer system are 
required; speed recognition is auto
matic. All ports operate at both se
lected rates. Link Communications, 
Suite 1040, 36 S State St, Salt Lake 
City, UT 84111 . 
Circle 222 on Inquiry Card 

COMPACT 1-kW 
SWITCHING POWER SUPPLIES 

Provid ing wide range brownout capa
bility with ac inputs of 184 to 250 
Vrms, single-output moc!el PM2499 
supplies regulate through line dips 
to 140 V and offer extended holdup 
of up to 60 ms at low line. Standard 
de outputs range from 2 to 48 V, with 
5 V at 200 A typ. MTBF exceeds 1 OOk 
hours. Std features include overload, 
short circuit, and reverse voltage pro
tection on the output; and automatic 
overtemperature shutdown and over
voltage protection. 'Pioneer Magnetics, 
Inc, 1745 Berkeley St, Santa Monica, 
CA 90404. 
Circle 223 on Inquiry Card 

Line Printer Interface. • • 

from 1':1[)~ 
For these computers: • LSl·11 • PDP*·11 • PDP*·8 

• Data General • Interdata 
•IBM Series/1 • Hewlett-Packard 

To these printers: • Centronlx •DEC LA180 •Data Printer 
•Dataproducts• Data 100 • Printronix 
•CDC •Tally • Diablo 2300 
•GE TermlNet* •Houston Instruments 
•and other popular printers 

When it comes to Line Printer in
terface, MOB has it: 
D Low-cost line printer con

trollers 
D Completely software trans

parent to host computers 
D Runs host computer diag

nostics 
D Long-line operation features 

The variety of MOB line printer 
controllers offers user flexibility in 
line printer selection with no change 
in host system software. Each con
troller is a single printed circuit 
board requiring one chassis slot and 
is complete with a standard fifteen 
foot cable. Just plug in the MOB 
module and connect your printer. 

Transparent to the host computer, 
the MOB controller is completely 
compatible with diagnostics, drivers 
and operating systems. Operation 
and programming are exactly as 
described by the host computer 
manufacturer. 

More than three dozen computer
to-printer controller combinations 
are now available from MOB. In addi· 

• POP TM Digital Equipment Corp. 
TermlNet TM General Electric Co. 

tion, printers which emulate the 
Centronics, Dataproducts, or Data 
Printer interface specifications are 
fully compatible with MOB line 
printer controllers. 

A long-line parallel operation op
tion is available for many printers 
permitting full speed operation up to 
3000 feet. 

MOB interface products always 
equal or exceed the host manufac
turer's specifications and perfor
mance for a similar interface. MOB 
products are competitively priced, 
delivery is 14 days ARO or sooner. 

MOB places an unconditional one 
year warranty on its controllers and 
tested products. Replacement 
boards are shipped by air within 
twenty-four hours of notification. 
Our service policy is exchange and 
return. 

MOB also supplies other peri
pheral device controllers, GP logic 
modules, systems modules and 
communications/terminal modules 
for the computers listed above. Pro
duct literature kits are complete 
with pricing. 

IJ ~ 1995 N. Batavia Street 
Orange, California 92665 
714-998-6900 

SYSTEMS INC. TWX: 910-593-1339 

Circle 104 for LS'l-11; 105 for PDP-11; 106 for DG; 107 for Interdata; 108 for IBM; 109 for HP 



PRODUCTS 

VIDEO DISPLAYS 

ORTs incorporated in displays mea
sure 12" (30-cm) diag and feature 90 ° 
deflection and 12.5-kV nom high volt
age at 50-µA beam current. P4 phos
phor is std; other EIA phosphors and 
bonded antireflective face plate are 
optional. D12 series have 900 lines 
min resolution at center of display 
with less than 25-ns pulse rise time 
for 30-V rise at CRT. Other features 
include TTL level inputs, and inter
connection via 10-pin edge connector. 
Zenith Radio Corp, 1000 N Milwaukee 
Ave, Glenview, IL 60025. 
Circle 224 on Inquiry Card 

SYNCHRONOUS/ASYNCHRONOUS 
CONVERSION INTERFACE 
Synchronous/asynchronous AS1 allows 
a full-duplex terminal high speed 
access to a computer via 2-wire dial-up 
telephone lines. The device performs 
the sync/ async conversion and inter
faces to synchronous modems (Bell 201 
or 208). Data rates of 1200, 2000, 
2400, 4'800, and 9600 baud are sup
ported. Indicator lights are provided 
for input data, output data, and power. 
XON/XOFF protocol and transmission 
error detection and retransmission are 
available. Communications Interface, 
Inc, Box 2320 Loop Sta, Minneapolis, 
MN 55402. 
Circle 225 on Inquiry Card 

RS-232 MOLDED 
CABLE ASSEMBLIES 
Available in std 10, 15, 25, 50, and 
70' (3, 7.6, 15, and 21-m) lengths, 
series uses UL listed 25-conductor ca
ble that passes the FR-1 vertical flame 
test. Cable construction employs 22-
gauge stranded tinned copper conduc
tors, color coded PVC insulation, and 
overall 0.370" (9.398-mm) dia chrome 
PVC jacket. Cable specs include a 
nom capacitance of 35 pF/ft (10.6/m) 
and a suggested max working voltage 
of 200 Vdc. Belden Corp, Electronic 
Div, 'PO Box 1327, Richmond, IN 47374. 
Circle 226 on Inquiry Card 

COMPACT 
PANEL INDICATOR LIGHTS 
'Recommended panel cutouts for lights 
are 1.08 x 0.48" (2.74 x 1.22 cm). 
Snap-in panel mounting allows for 
ease of installation. 0.25" •(0.64-cm) 
sVip-on type terminals also allow sol
dering. Lenses are available in white, 
red, clear, amber, green, and blue. 
Lamps are neon or incandescent. Cus
tom lamps, hot stamping, and me1al 
bezels are available. Series matches 
16X and 171 series rocker and paddle 
switches. Chicago Switch, 'Inc, 1714 N 
Darnen Ave, Ch'icago, IL 60647. 
Circle 227 on Inquiry Card 

SOFTWARE UTILITY 
FOR MASS STORAGE SYSTEM 
Designed to manage data sets auto
matically in a hierarchical informa
tion storage environment, Storage Man
agement System software provides au
tomatic migration and 'backup of disc 
data sets to 38500 Mass Storage Sys
tem, and from mass storage to 0.5" 
(1.3-cm) magnetic tape under prede
fined, user specified criteria. Instead of 
copy!ng an entire disc pack to tape to 
record the changed data, the system 
provides for automatic backup of only 
those data sets in which recorded infor
mation has changed. Control Data Corp, 
Box 0, Minneapolis, MN 55440. 
Circle 228 on Inquiry Card 

1000 line color as fast as you 
can say Ramtek. · 

214 

Here's a 1000 line color monitor 
with a pixel rise time of 7 nsec 
and off-the-shelf delivery. 
Nobody but Ramtekcan deliver 
that kind of speed . 

Ramtek delivers more, too. 
Compare our color monitors 
with any other high perfor
mance color monitor. Point for 
point, you 'll see there is only 
one choice-Ramtek, 
the worlds largest supplier of 

Ramtek 

Diagonal Screen Size 19" and 13" 
Compatible Monochrome Moni tor Yes 
Power Supply Internal 

Input Power Required 250VA 
RGB Video Bandwidth 50Hz to 40 

MHz + 1/-3db 
with DC restoration 

Composite Sync Yes 
Separate Horizontal 

and Vertical Drive Optional 
Pi xel Fall / Rise Time 7nsec 
Physical Size (Rackmount ) 8511 

19" w 
20" d 

17 Y," h 

Aydin SRL 

19" 19" 
No No 

Internal External 7511 
19"w 

20o/."d 
Bo/." h 

250VA 500watts 
50Hz to 25 50Hz to43 
MHz + 2db MHz + 2db 

Yes No 

No Standard 
30 nsec 12 nsec (TTL only) 

10011 7511 
19" w 19" w 

21Y, " d 22" d 
119," h 17)1," h 

CIRCLE 110 ON IN9UIRY CARD 

1000 line color monitors. 
Then, give us a call. For high 

resolution color or b/w monitors. 
For immediate delivery. Or, for 
a color graphics and imaging 
display generator that opens a 
new world of color graphics 
possibilities, ask about our new 
high performance Ramtek 9400 
Series .Whatever you need in 
color graphics displays , Ramtek 
can show you more . 

Ramtek 
585 N . Mary Avenue. Sunnyvale. CA 94086 
Tel. (408) 735-8400. 

REGIONAL OFFICES : 
Sunnyvale . California (408) 735-8400 
Newport Beach. California (714 ) 979-5351 
Dallas. Texas (214) 422-2200 •Maitland, Florida 
(305) 645-0780 • Huntsville. Alabama (205) 
837-7000 • Chicago, Ill inois (312) 955-8265 
Cleveland. Ohio (216) 464-4053 • Washington . 
D.C. (301 ) 656-0350 • Metropolitan N.Y. (201 ) 
238-2090 •Boston . Massachusetts (617 ) 
862-7720 • West Germany (0611 ) 771070 
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LOW PROFILE 40-POSITION 
DIP PLUG CONNECTOR 

Spec ifically for microprocessor board 
applications utilizing DIP sockets on 
2.54 x 15.24-mm grids, the BLUE 
MAcsn 40-pin connector employs 
heavy duty pins for extra strength , 
especially in situations where constant 
insertion and extraction are requ ired . 
Primary use is as a disconnectable 
interface with DIP sockets . The l ine 
includes 24- and 40-posit ion plugs in 
heavy duty versions only, and 14- and 
16-pin versions with both std and 
heavy duty contacts. T&B/ Ansley Corp, 
3208 Humboldt St, Los Angeles , CA 
90031 . 
Circle 229 on Inquiry Card 

BRIGHT RED AND YELLOW 
T-~ LED LAMPS 
Added to LLL Mini-LED series, lamps 
have a fully illuminated lens dia of 
0.090" (2.3 mm), overall lens height 
of 0.150" (3.8 mm), and base flange 
dia bf 0.120" (3.1 mm). LLL-39-1 yel 
low and 49-1 red illuminators with 
tra~parent tinted lenses provide an in
tense light source, ideal for back light
ing. LLL-37 yellow and 47 red indica
tors are supplied with diffused tinted 
lenses for contrast and off axis visi 
bility in high amb lighting situal'i ons. 
Luminous intensity ranges from 4 to 
12 med at a forward current of 25 
mA. OPCOA, Div of IDS Inc, 330 
Talmadge Rd , Ed ison, NJ 08817. 
C ircle 230 on Inquiry Card 

DISC CARTRIDGE CLEANERS 

Model 9100 for front loading cartridges 
and 9200 for top loading cartridges 
remove dirt , dust, cigarette smoke par
ticles , paper bits, and oxide redeposits , 
leaving no residue, in less than 3 min. 
The cartr idge to be cleaned is in
serted 'into the 24 x 24 x 9" '(61 x 
61 x 23-cm) , 23-lb (10-kg) cleaner 
and the operator pushes the process 
button. The unit shuts off automatically 
when cleaning is completed . 3M Co, 
Data Recording Products Div, PO Box 
33600, 3M Center, St Paul , MN 55133. 
Circle 231 on Inqu iry Card 

DATA COMMUNICATIONS 
LINE ·MONITOR 
When placed in series with a std data 
cable, model 20 provides 25 test 
points, clearly marked and num'bered , 
in the form of 0.025" (0.064-cm) sq 
pins. All pins and data connectors are 
mounted in a small rugged aluminum 
housing. Two jumpers allow the loop
back function to be implemented any
where on a std EIA HS-232-C data 
path , and also provide a single means 
of connecting an LED probe or oscillo
scope to the test points for diagnosing 
data communications problems. Re
mark International, 4 Sycamore Dr, 
Woodbury, NY 11797. 
Circle 232 on Inquiry Card 

PCB TEST FIXTURE 

Featuring a solid pin and predri ll ing 
for easy pin addit ion., CheckMate is 
adaptable to all tester interface 
methods. The 1-piece solid test pin 
has very low contact resistance ; 2-po int 
pin guiding leaves only a small part 
of the pin exposed . Pilot holes are 
predrilled for every component pad 
location. Extruded aluminum frame and 
~wing away feature allow pin. and 
wiring additions to be done with the 
fixture still in place on the test sys
tem. Qual-Pro Corp, 22541 S Norman
die Ave, Torrance, CA 90501 . 
C ircle 233 on Inquiry Card 

LOW COST OPTICAL 
COUPUNG 'MODULES 
Modules increase transient noise sup
pression by 103 dB for single-channel , 
87 dB for 8-channel , and 75 dB for 
16-channel versions when compared to 
commercially available single-ch ip 
isolators. Units feature TTL, CMOS, 
and switch sen.sing input signals ; TTL, 
CMOS, and relay driver output signals. 
Coupling capacities are 4 x 10-• pF 
for single-channel, 2.5 x 10-5 pF for 
8-channel , and 1 x 1 o-• p1F for 16-
channel modules. Voltage isolation is 
30 kV in 6" (15-cm) module. Precision 
Instruments, 9920 Trumbull , SE, Al 
buquerque, NM 87123. 

• 

• 

C ircle 234 on Inqu iry Card 
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DELTA DASH® GETS YOUR 
SMALL PACKAGE THERE 

IN A BIG HURRY. 
Delta handles more over-the
counter shipments of 50 lbs. or 

Dallas/Ft.Worth and Los Angeles 
or San Diego or San Francisco). 
Pick-up and delivery available at 
extra charge. Call 800-638-7333, toll 
free. (In Baltimore, call 269-6393 ). 

less than any other certificated 
airline. And DASH (Delta Airlines 
Special Handling) serves 86 U.S. 
cities plus San Juan. Any package You can also ship via DASH 

between Delta cities in the U.S . and 
Montreal, Nassau, Bermuda, Freeport 
and London, England. For details, 

up to 90 inches, width+ length+ 
height, and up to 50 pounds is 
acceptable. DASH packages accepted 
at airport ticket counters up to 30 
minutes before flight time, up to 60 
minutes at cargo terminals . 

call Delta's cargo office. bOEL..TA 
The airline run by professionals 

DELTA IS READY W• YOU ARE • 
Rate between any two of Delta's 

domestic cities is $30. ($25 between 

216 

111911 PC board 
When you build the new Xylogics Model 850 Disk Controller into your Data General 
Nova• and Eclipse• or compatible CPU, you get more than just eoex emulation. 

With the Model 850 Disk Controller, you can accomodate up to four storage 
module drives by CDC, Ampex, Memorex, C81Comp and others providing storage 
capacity to 1.2 billion bytes of unformatted data. Media compatibility is obtained with 
the Memorex 677. The Model 850 is fully software compatible, too. 

Best of all, you get all this on one 15" x 15" single printed circuit board which 
plugs into one CPU chassis slot. 

For 606X emulation, go with > I 
xy1ogics Model a50 Disk contro11ers. v;l!Og.ICS 
And get real performance! .ft. 

•Trademark of Data General Corporation. 

Xylogios, Inc., 42 Third Avenue, Burlington, Massachusetts 01803 (617) 272-8140 
International Subsdaey: X!'IOfjicl lntemationel Lid., Lymon-... Mill Lono, Genwdl C.0.., Sl.9 llAY, united Kingdom TOI: (02813) 4:1111 

We did It With .•. Innovation/Imagination/Integrity 

CIRCLE 111 ON INQUIRY CARD 

PAD DUCTS 

ZBO BASED 3200-CHAR 
DISPLAY TERMINAL 

Displaying 40 •lines of 80 char on a 
15" (38-cm) nonglare screen, model 
4080-COMPAT is software compatible 
with the TIL based K4080D terminal. 
Std features are 7 x 7 dot matrix 
u/lc char formed in a 10 x 10 dot 
field; blink, dim, and reverse-video 
accent char; and blinking field cursor. 
Detachable keyboard with 72 keys, 
separate numeric pad, and separate 
cursor control keys generates full 128-
char ASCII set. Ann Arbor Terminals, 
6107 Jackson Rd, Ann Arbor, Ml 4'13103. 
Circ:le 235 on Inquiry Card 

DISTRIBUTED DATABAS! 
SOFTWAR·E FOR SERIES/1 
Machine-independent modular COPS 
software is an adjunct to the Series/1 
minicomputer. Package incorporates a 
database manager, menu system, pro
gram language, screen handler, pro
cedure control, communications, bisyn
chronous communications control, and 
utilities, all running under an operat
ing system. Programs written using the 
system can run on 360, 370, 'DOS/VS, 
OS/VS, or Series/ 1 without modifica
tion. Tomlny Inc, 4152 Crossgate Dr, 
Cincinnati, OH 45236. 
Circ:le 236 on Inquiry Card 

TAPE PREPARATION 'SYSTE·M 
MULTl'JIASK'ING CAPABILITY 
A flexible diskette option to the ex
isting MPS-2000 tape system adds 
multitasking capability. The operator 
can go directly from keyboard to disk
ette to communications with a central 
site computer, back to diskette, and 
then to punch, generating a near
perfect tape on the first pass. The 
diskette allows simultaneous operations, 
correction of errors, and a solution to 
tape storage problems. All commands 
are. from the keyboard. Radian Corp, 
Unltech Products, 1005 E St Elmo Rd, 
Austin, TX 78745. 

Circ:la 237 on Inquiry Card 
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ULTRA HIGH DENSITY GCR 
MAGNETIC TAPE SYSTEM 
Model 6250 improves system per
formance by providing 6250 bits/in 
(2461/cm); enhanced tape capacity of 
IBM/ ANSI compatible GCR provides 
3:1 fi le compaction. The system con
sists of 1 to 4 tape transports, an 
expandable formatter/controller to 
control up to 4 tape transports simul
taneously, and a half-board host 
adapter that plugs into selector chan
nels of a Perkin-Elmer/Interdata com
puter. Auto thread/ load and self-con
tained takeup reel are std . California 
Minicomputer Systems, 605 N Nash St, 
El Segundo, CA 90245. 
Circle 238 on Inquiry Card 

DATA TRANSACTION 
TERMINAL 

Vutran, designed for short inquiry/ 
response data applications, uses micro
processor technology in a housing not 
much larger than a telephone set to 
provide 300-baud ASCII data trans
mission. Prompting indicators on the 
16-char LED display, 10 numeric and 
10 function key keypad , and ABA 
Track II magnetic stripe reader are 
provided. Up to 452-char RAM are 
partitioned into max of 254 char for 
transaction data, 89 char for protected 
data, and 109 char for telephone 
number storage. The Computer Com
munications Group, 12th Floor, 160 
Elgin St, Ottawa, Ontario K1G 3J4, 
Canada. 
Circle 239 on Inquiry Card 

SYNCHRONOUS 
SHORT HAUL •MODEM 
Model LOS 329 operates at 2400, 4800, 
or 9600 bits/s over dedicated 4-wire 
unloaded lines up to 8 mi (13 km) 
and requires no de continuity. Unit 
meets Bell Spec 43401 and is func
tionally and Vine compatible with the 
company's HM 3309 rackmoLihted dig
ital data set. Features include front 
panel indicators for power, test, mar
ginal channel , receive carrier, receive 
data, and transmit data. Enclosed, 
self-powered unit is fully protected 
against line transients and conforms to 
EIA RS-232-C and CCITT V.24. Gan
dalf Data, Inc, 1019 S Noel, Wheeling, 
IL 60090. 
Circle 240 on Inquiry Card 

VERY HIGH SPEED CASS·ETTE 
RECORDING SYS,,EM 

Model 3783HV, oriented toward fre
quent program loading , has a cassette 
loading rate of 9600 baud with min 
tape wear. Compatibility between re
corders allows tapes recorded on one 
system to be read by any other with 
equal reliability. Resistance to tape 
imperfections and environmental emi 
is assured. Specs include RS-232-C 
serial input format with ± 5 V, RS-
232-C serial output format with ± 12 
V, and capacity of > 150k bytes. 
Memodyne Corp, 220 Reservoir St, 
Needham Heights, MA 02194. 
Circle 241 on Inquiry Card 

FAST LINEAR 
TAIL PULSE GENERATOR 
A 3-ns risetime, min pulse duration 
of 5 ns, and 1 % linearity and stability 
are features of the calibration. pulser. 
Variable output pulse risetime, fall
time, amplitude, and duration allow 
the model BL-2 to simulate outputs 
and to check linearity, pulse pair 
resolution, and effects of risetime, 
count rate, and overloads. Pulse shape 
can be either a tail pulse or a flat 
top pulse, with repetition rates as 
high as 50 MHz (100 MHz in the 
double-pulse mode) . Berkeley Nucle
onics Corp, 1198 Tenth St, Berkeley, 
CA 94710. 
C ircle 242 on Inquiry Card 

10-COPY EPROM PROGRAMME•R 

Benchtop PEP 1 fully programs from 
1 to 10 E.PROMs in =:;4 min, with 3 
personality cards handling commer
cially available NMOS EPROMs. The 
programmer conducts an automatic 
system and device check, programs the 
devices, and then verifies; throughout 
these sequences it buffers the master 
EPROM against damage. An LED and 
audible tone indicate pass/fail. Tl'le 
unit programs from master EPROM, 
the company's Pseudo P/ROM module, 
or external reader using hexadecimal 
paper tape. ITT Components Group, 
1551 Osgood St, North Andover, MA 
01845. 
Circle 243 on Inquiry Card 
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INTELLIGENT RS-232 STORAGE 
SYSTEMS 

• DATA CARTRIDGES 
RS-232 

Dual RS-232 Interfaces 
Up to 3% Million Characters 
Data Rates to 19,200 Baud 

• DATA CARTRIDGES 
Parallel 

Parallel Interfaces 
Up to 7% Million Characters 
Data Rates to 10,000 Char./Sec. 
Power Fail Option 

• SOLID STATE BUFFERS 
Up to 16,000 Characters 

Baud Rate Converter 
Context Editor 
Auto Answer 

• MINI DISKS 
Up to 358,000 Characters 

Data Rates to 19,200 Baud 
Powerful Editor 
File Directory 
No Program Disk Required 

We also quote on customized applications. 

9050 Red Branch Road • Columbia, MD 21045 
3011992-3400 • TWX : 710-862-1891 

CIRCLE 112 ON IN9UIRY CARD 

64KB MICROPROCESSOR 
MEMORIES 

• S-100 - $695.00 • LSI 11 - $750.00 
• SBC 80/10 - $750.00 • 6800 - $750.00 ......... . ~.~ 
111111111 . 
~........ - . 
,........ -

Cl-8100 - 64K x Son a single board. Plugs directly 
into the IMSAI, MITS, TDL, SOL and most other 
S-100 Bus computers. No wait states even with ZSO 
at 4Mhz. Addressable in 4K increments. Power 6 
watts . Price $695.00 

t~ ..-.... ..-..-

J --
Cl-1103 32K x 16 

•:' \ - -
~-=--= t _,, - -
I/Jiii 11111111111111 

Cl-6800 64K x 8 

Cl-8080 64K x 8 

I 
Cl-1103 - SK words to 32K words in a single option 
slot. Plugs directly into LSI 11, LSI 11 /2, H 11 & PDP 
1103. Addressable in 2K increments up to 12SK. 
SK x 16 $390.00. 32K x 16 $750.00 qty. one. 

Cl-6800 - 16KB to 64KB on a single board. Plugs 
directly into Motorola's EXOAcisor and compatible 
with the evaluation modules. Addressable in 4K 
increments up to 64K. 16KB $390.00. 64KB $750.00. 

Cl-8080 - 16KB to 64KB on single board . Plugs 
directly into Intel's MOS SOO and SBC S0/10. 
Addressable in 4K increments up to 64K. 16KB 
$390.00. 64KB $750.00. 

Tested and burned-in . Full year warranty. 

Chris/in Industries, Inc. 
Computer Products Division 

31352 Via Colinas •Westlake Village, CA 91361 • 213-991-2254 

218 CIRCLE 113 ON IN9UIRY CARD 

PRODUCTS 

PLOT COMPRESSION FOR 
REMOlE VECTOR PROCESSOR 
Remote spooling vector processor 
(-RSVPT"'), an electrostatic plotting 
system with remote entry capabilities 
emulating IBM 2780/3780 terminals, 
supports an algorithm that compresses 
data in both X and Y directions. The 
raster compression algorithm reduces 
data transmission time by as much as 
4:1 for dense drawings [20k or more 
vectors/ft' (222k/m')] . Transmission 
'time for plots in the 3k to 1 Ok vec
tors/ ft' (33k to 111 k/ m' ) range show 
a 2:1 ·improvement. Versatec, a Xerox 
Corp, 2805 Bowers Ave, Santa Clara, CA 
95051. 
Circle 244 on Inquiry Card 

T1 DATA SET 

High speed data are accepted from 
a business machine and output at 
1.544M bits/s for transmission over 
T-carrier fac i lities using the 306 data 
set. As a full-duplex device, it also 
accepts a T-carrier signal and de
livers data and clock to the business 
machine. To match IBM 2701 type in
terface, clock and data interfaces are 
CCITT V.35 , and control interfaces 
are RS-232-C. The set operates with 
either internal or external ·clock and 
features built-in loopback. Telecom
munlcatlons Techniques Corp, 112 
Frederick Ave, Rockville , MD 20850. 
Circla 245 on Inquiry Card 

PREPROCE1SSOR 
FOR FORTRAN 1V 
Program development can be pursued 
at 2 levels using the structured lan
guage preprocessor that is available 
on disc for the company's disc system 
With 2 drives and 48k of memory. It 
receives, as input, a program written 
in RATFOR and outputs a program 
written in the company's FORTRAN 
IV, which can be compiled wi th their 
FORTRAN compiler. The FORTRAN 
output features comments that are 
indented according to the RATFOR 
structure in which they are included. 
Cromemco, Inc, 280 Bernardo Ave, 
Mountain View, CA 94043. 
Circle 246 on Inquiry Card 
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0.5" MAG TAPE SYSTE'MS 
FOR HP DESKTOP COMPUTERS 

Electrical, physical, and logical plug 
compatibility is achieved between the 
series 2000/9000 tape systems and HP 
9800 series, HP 250, and HP 300 com
puters. A microprocessor permits the 
1'8M/ ANSI compatible system to be 
.added through the HP-113 1/0. Con
trolling up to 4 tape drives, the in
telligent controller performs all pro
gramming, free formatting, and error 
detection with automatic correction. 
Included are dual 2048-byte buffers 
and 7- or 9-track R/W. Dylon Corp, 
3670 Ruffin Rd, San Diego, CA 92123. 
Cirde 247 on Inquiry Card 

HALF-BOARD 
UNIVERSAL LOGIC MODULE 
Interfacing Interdata computer with a 
peripheral device, module features 
switch selectable 10-·bit device address, 
16-bit input register, 16-bit output reg
ister, and 42 12-, 16-, and 18- to 40-
pin IC positions for user designed logic. 
The bus side provides device address
ing, handshake, and status and inter
rupt control to multiplexer or selector 
channel bus, plus the 16-'bit 1/'0 regis
ters. User side contains the IC positions 
for user des igned logic. MOB Systems, 
Inc, 1995 N Batavia St, Orange, CA 
92665. 
Circle 248 on Inquiry Card 

LOW COST LIGHTPEN FOR 
APPLE II COMPUTER SYSTEM 
For applications such as bar graphs, 
charts, and games, the Apple II light
pen is supplied with 3 cassette demon
stration programs that aid in develop
ing BASIC programs to drive the pen. 
The Pointer software driver performs 
7 functions which include selection of 
graphics mode and page 2 d·isplay, 
search for X and Y ordinates, a test 
for odd/even Y ordinate, set page 1 
display, and return to callinQ pro
gram. Programme International, Inc, 
3400 Wilshire Blvd, Los Angeles, CA 
90010. 

Circle 249 on Inquiry Card 

PATCHING, MONITORING, AND 
FALLBACK SWITCHING UNIT 

Unit manages EIA 'RS-232/CCITT V.24 
digital data channels ·between modems 
and terminals or computer ports. Patch 
cords breaking the normal-through 
connections crosspatch terminals and 
modems to different channels. Push
button single-channel or group fall
back switching instantly changes over 
between online and standby equip
ment. Noninterrupting monitoring per
mits patching of signals to a 25-p'in 
test equipment connector or to an LED 
status indicator panel. Dynatech Data 
Systems, 7644 Dyn.atech Ct, Spring
field, VA 22153. 

' l!I !! !!! !l, l.! -,] ! .. , 
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Circle 250 on Inquiry Card 

DISC BASED 
REMOTE BATCH TERMINAL 
Extended capabilities of expanded 
memory, local batch processing, COBOL, 
and sort-merge characterize the 1630 
system that can be configured with 
the company's 1600-02 model II pro
cessor, and their IBM 3741 or 5230 
emulators. Support of up to 128k O!f 
high speed MOS memory permits max 
concurrent processing. Extended Com
munications 'Operating System (ECOS) 
control provides the terminal 's multi
programming functions. Har~ls Corp, 
Data Communications Div, 16001 
Dallas Pkwy, Dallas, TX 75240. 
Circle 251 on Inquiry Card 

CRT TERMINAL 
REPLACEMENT FOR VT52 

Monarch-52 replaces the DEC VT52 
CRT terminal with no software changes. 
1920 5 x 7 dot matrix char are dis
played in 24 lines of ·80 char on. the 
12" (31-cm) · diag screen. Features 
include direct cursor addressing, select
able baud rates from 75 to 9600, 
extended ASCII code, and EIA inter
face. Aud ible signals are 'bell and 
selectable key-click. Terminal requires 
115 V, 60 Hz at 100 W or optional 
230 V, 50 Hz. Datavlew, Inc, 23A 
Dana St, Malden, MA 02148. 
Circle 252 on Inquiry Card 
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and you need prototyping 
materials NOW ... 

Call DOUGLAS ELECTRONICS; select from a stock of over 100 types 
of Breadboards, Connectors, Sockets, Racks, and accessories. 97% of all 
orders are presently being shipped within 1 working day ARO. Send for 
a copy of our free catalog or call us at (415) 483-8770. 

General Purpose 
Breadboards "ii iii iii I iii ii ii ii ii I 

Racks 

Connectors 

Douglas Electronics 

. .. 

Minicomputer 
Breadboards 

718 Marina Blvd . 
San Leandro CA 94577 
(415) 483-8770 

CIRCLE 115 ON IN9UIRY CARD 

The industry 
standard 

Raymond~ Model 6406 
Raycorder has long been the 
standard by which other 
digital cassette recorders a 
measured. It's now available wit 
new, easier to use interface elec
tronics, including an 8-bit parallel 
interface compatible with the 
popular microprocessors, at new 
lower prices. 
For complete information contact 

~ Raycorder Products Divisio 

By 
anyone~ 
measure 

\J..J Raymond Engineering Inc. 
217 Smith Street, Middletown, Connecticut 06457·(203) 632-1000 
a subsidiary of Raymond Industries 

CIRCLE 116 ON IN9UIRY CARD 

PRODUCTS 

FCC-STANDARD JACKS 
FOR INTERCONNECT DEVICES 
The 285 series jacks that conform to 
FOG Docket #19528 are availaole in 
8-position keyed, nonkeyed, and series 
models, plus a 6-position model. Jacks 
are furnished with color-coded, PVC
insulated, 26 AWG solid wire leads 
in 4 terminat ion styles: stripped ends 
only, spade Jugs, ring Jugs, and taper 
pins. Std wire length is 6" (15 cm) , 
std body material is Cycolac A'BS. 
Contacts are 50-1.in (1270-µm) gold
plated on a phosphor-bronze base. 
Amphenol North America Div, Bunker 
Ramo Corp, 2122 York Rd , Oak Brook, 
IL60521. 

Circle 253 on Inquiry Card 

DISC SUBSYSTEM FOR 
NOVA MINICOMPUTER'S 
IBM Winchester technology disc s·ub
system, the Cruise 1, features 62M
bytes online storage, less than 50-ms 
full stroke positioner time, and less 
than 7-ms single-track positioning . De
signed to operate on Data General 
Novas, the subsystem's controller re
quires only 1 slot in computer chassis, 
and can be ca'bled to up to 4 disc 
drives. System is fully software com
patible with 'Data General RDO'S. Co~ 
puter Business Systems, Inc, 167 Moore 
Rd, East Weymouth , MA 02189. 
Circle 254 on Inquiry Card 

SPLIT SCREEN 
PUSHBUTTON SWITCHES 

Horizontally (330 series) or vert ically 
(331 series) split display dual-lamp 
pushbuttons use two 5- to 28-V T-13/4 
lamps that can be energized together 
or separately. Caps are available wit h 
engraved legends on black or white 
fill, or on film legends readable wtien 
lamp is on, or when it is on or off. 
Lens options are colorless, or trans
parent or translucent in 1 of 7 co'lors. 
Filters can be provided for either or 
both lamps. Dialight, A North Amer-· 
ican Philips Co, 203 Harrison Pl , Brook
line, NY 11237. 
Circle 255 on Inquiry Card 
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UNIVERSAL WIREWRAP 
MODULES 

Universal rows of the series 2040 high 
density wirewrap module accept any 
size IC. Quad modules accommodate 
up to 72 16-pin or 84 14-pin ICs. Dual 
and hex heights are also available. 
Low profile sockets and wirewrap pins 
permit board-to-board insertion on 
standard 0.5" (1 .3-cm) slot spacing. 
Wirewrap pins are inserted in all IC 
positions and 1/0 locations; 0.100" 
(0.254-cm) pin geometry permits use 
of automatic wirewrapping techniques 
and 0.300" (0.762-cm) pin height al
lows for 2 levels of #30 AWG wraps. 
Gen/Comp Inc, 6 Algonquin Rd, Canton, 
MA 02021. 
Circle 256 on Inquiry Card 

IMPACT DOT MATRIX 
PRINTER/PLOTTER 
T-100 utilizes raster matrix technology 
to plot at 15 in(38 cm)/ min with a 
dot density of 100 dots/in (39/cm) 
on std fanfold paper. Forms are ac
commodated from 4 to 16" (10 to 41 
cm) wide and up to 6 parts. Printing 
speed is 250 lines/min with a std 96-
char set. The plotter interfaces with 
Printron.ix plot software and has plug 
compatibility with Printronix, Cen
tronics, and Data Products printers. 
Other features are underlining and 
double high char. Trllog, Inc, 16705 
Hale Ave, Irvine, CA 92714. 
Circle 257 on Inquiry Card 

COMPUTER INTERFACE 
AND EIA CABLES 
With guaran.teed zero defects, cables 
having 25 and 37 conductors are avail
able in lengths up to 300 ft (91 m). 
Every circuit is hi-potted and checked 
for cont inu'ity. Cable ends are per
manently identified with hot stamped 
markers of heat shrinka'ble tubing 
and term inated with connectors having 
gold plated contacts in accordance 
with RS-232-C specs. Custom config
urations are also produced in the 
guaranteed zero defects mode. VIP 
Industries, Inc, 246 Knickerbocker Ave, 
Paterson, NJ 07503. 

Circle 258 on Inquiry Card 

PCB MOUNTED 
DC TO DC CONVERTERS 
The 2303 through 2317 series of 15 
converters service isolated power re
quirements, providing in:put voltages 
that range from 5 to 28 V with com
plementary output voltages ranging 
from 5 V at 1000 mA to ±15 V at 
± 412 mA. Current limiting is provided, 
with the max current output limited 
to 150% of rated load current. Units 
have thermal shutdown circuits, and 
can survive for 8 h with all outputs 
shorted while at an amb temp of 71 
°C. Teledyne Philbrick, Allied Dr at 
Rte 128, Dedham, MA 02026. 
Circle 259 on Inquiry Card 

HIGH VOLTAGE, LOW CUR·RENT 
DC CONNECTOR 
Connectors offer high voltage, low 
amperage couplings without current 
leakage or unwanted corona effects. 
Mated connector fittings pass a 20-kV 
hipot test; losses at 16-kV operating 
potential are lower than 10 nA/pair. 
Assembled connectors operate from 
- 54 to 65 °C and withstand 24" (61-
cm) deep water immersion at operating 
voltage. Applications include use ·in 
commercial high voltage power sup
plies, and military and commercial 
CRTs. Barclay Electronics, Inc, 927 
Madison, Birmingham, Ml 48008. 
Circle 260 on Inquiry Card 

•Model 2200-1or2 Tape Drives In 511 package 
• Model 2400-Up to 8 Tape Drives in 9" package 
•Model 2710-Portable Recording System with up 

to 2 Drives 
• Model 86008 Formatter-Used in all Tape Storage 

Systems. Complete ANSI compatibility with 
powerful data handling features. 

INTllRPACBS 
All tape systems are available with the following 
controllers: PDP-11 /LSl-11 /NOVA, ROLM/ 
INTEROATA/ ALTAIR/8080/RS232/NTOS. 
For more information. call us /Oday. 

Qdntex ~"SON 
NORTH ATLANTIC INDU8TRID, INC. 

60 PLANT AVE., HAUPPAUGE, NEW YORK 11787 • 518-682-8080 •TWX: 510-227-9880 
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PRODUCTS 

30-MHz AM/FM 
FUNCTION GENERATOR 

Two separate generators in. 1 package 
generate sine, square, and triangle 
waveforms. Main generator frequency 
range is 0.0001 Hz to 30 MHz; the 
AUX generator has a range of 0.01 
Hz to 1 MHz. The latter can fre
quency modulate (over a 3-decade 
frequency 'band), sweep (over a 1000:1 
ratio), gate, trigger, or amplitude mod
ulate the MAIN generator. For each 
generator of model 739, the sym
metry of the selected waveform can 
be varied from 19:1 to 1:19. Exact 
Electronics, Inc, PO Box 347, Tillamook, 
OR 97141 . 
Circle 261 on Inquiry Card 

TbeUGLJ 
Switchers 

Their reliability makes them beautiful! 

Elpac has over 3h of a million 
power supplies in the field, with a 
beautiful record of less than 1 % return 
rate for any reason. That's reliability! 

Our standard switchers are offered 
in60, 100, 175, 180or250wattseries. 
Open or closed frame. Dual, single or 
multiple output. All units feature dual 
input 115/230V and isolated outputs with 
± .1 % line and load regulation. The units 
are pulse width modulated and feature 
overload protection, soft start, and very 
low noise, less than 50 MV peak to peak 
from DC to 300 MHz. All units are 
burned in for 72 hours at 40°C, with the 

outputs fully loaded. UGLY switchers are 
designed to meet Ul-478. 

For a beautifully reliable switcher, 
specify an Elpac UGLY. Call or write for 
complete specifications and details 
today. Ask about our custom capabilities. 
We've got local, national and 
international distribution. GET UGLY I 

-IE 
ELPAC POWER SYSTEMS 
A DIVISION OF ELPAC ELECTRONICS. INC. 
3131 S. Standard Avenue, Santa Ana, CA 92705 
(714) 979-4440 TWX 910-595-1513 
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DC TACHOMETE·R-GENERATOR 
WITH PM FIELO. 

Air stabilized tachomete~-generator re
quires no keeper. Designed for integral 
attachment to the drive machine, 
model NCS is 3.062" in dia x 1.75" 
long (7.777 x 4.45-cm) and weighs 27 
oz (7tl6 g). Outputs available are 3, 
7, 9, 19, 31.5, and 38 Vdc/1000 r/min 
with speed range of 4 to 4000 r/min. 
Housed or unhoused units feature re
placeable cartridge brushes, an.d an 
average-to-peak ripple of less than 2% . 
Powertron Corp, 3821 Barringer Or, 
Charlotte, NC 28224. 

Circle 262 on Inquiry Card 

16-BIT S-D CONVERTER 
Accurate to 1.3 arc min with 16-bits 
fEJsolution, the 50436 is packaged 'in a 3.12 x 2.62 x 0.82" (7 .. 92 x s.s5 
x 2.08-cm) module. Input/reference 
voltages are 11.8/ 26 Vrms ± 10%. 
Input frequency is 400 Hz ±10% . 16-
bit binary output is DTL/TTL com
patible. Tracking rate is 360° /s max. 
Military range is - 55 to 105 •c; com
mercial range is O to 70 •c. Power 
requirements are ± 15 Vdc at 100 mA 
and 5 Vdc at 400 mA. Natel Engi
neering Co, Inc, 8954 Mason Ave, 
Canoga Park, CA 91306. 
Circle 263 on Inquiry Card 

NCR COMPATIBLE 
CASSETTE TERMINAL 
The 5450VRL 8080 based memory 
storage system features an optional 
variable record length read capabil ity 
for compatibility with NCR's variable 
block length systems. The std 'Unit is 
compatible with Sweda, Tl , and all 
other ·RS-232 compatible systems. Ac
commodating ANSl/ECMA compatible 
cassettes, the terminals automatically 
perform read after write, CRC, and 
parity error checks. For the 5450, 
capacity is 442k formatted char ; for 
the 5000, 221 k char; and for the 2500, 
350k char. MFE Corp, Keewaydin Or, 
Salem, NH 03079. 

Circle 264 on .Inquiry Card 
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MINI-CASSETTE TRANSPORT 
WITH READ AFTER WRITE 

Read after write capability added to 
CM-600 miniature cassette transport 
allows verification of data during re
cording . The 3.5 x 3.5 x 2.5" (8.9 x 
8.9 x 6.3-cm) device contains all motor 
control and read/write electronics. 
The drive uses 50 and 80' (15.2- and 
24.4-m) certified digital minicassettes 
with a capacity of more than 1M bits 
at a density of 800 bits/in (315/cm). 
Data transfer rate is 2400 baud. Power 
requirement is 5 Vdc at less than 1 W. 
Braemar Computer Devices, Inc, 11950 
12th Ave S, Burnsville, MN '55337. 
Circle 265 on Inquiry Card 

CARTRIDGE DISC CONTROLLER 
FOR PDP-11 UNIBUS 

Controlling 2.5M-, 5M-, 10M-, and 
20M-byte cartridge disc drives, model 
610 provides complete emulation of 
the RK11 in a single 2-sided quad
board package. It is hardware, soft
ware, and media compatible wit·h the 
RK11 /RK05 when used with 100-
track/in (39/cm) drives. Its Micro
Module concept, developed using bit 
slice technology, supports Winchester 
drives. Added features are 100% posi
tion verification, sector write protect, 
and self-test. Xylogics Inc, 42 Third 
Ave , Burlington, MA 01803. 
Circle 266 on Inquiry Card 

INT£RFACE CONTROLLE'R 
AND POWER MODULE 

Model 8960-A can simultaneously 
switch up to 160 channels to A or B 
by the master A,B switch, computer 
command, or model 8930 remote con
trol panel. Module controls and moni
tors DOD status on up to ·8 8906 or 
8909 2-channel IEIA A,'B switch, patch, 
and monitor modules (16 channels of 
switching). Master control switches all 
16 channels to A or B. Individual A,B 
switching is provided on each switching 
module or at remote control panel. 
LEDs display status of 12 key EIA 
signals present at monitor in front panel 
connector. International Data Sciences, 
Inc, 7 Wellington Rd, Lincoln, RI 02865. 
Circle 267 on Inquiry Card 

BRIGHT WIDE 
VIEWING ANGLE LED 
Super 'bright version of LED has > 180 ° 
viewing through the use of a flat 
topped, cylindrical lexan fresnel lens. 
Mounting on top of or below panel 
is via panel mounting clips, mounting 
bushings, or mounting sockets; the 
LEDs can be soldered directly to PC 
boards. Measuring 0.280" (7.112 mm) 
long and 0.203" {5.156 mm) in dia, 
LEDy Bugs are available in red, amber, 
and green versions with a brightness 
of 8, 8, and 5 med, respectively. Data 
Display Products, 303 N Oak St, Ingle
wood, CA 90302. 
Circle 268 on Inquiry Card 

SERIAL PERtPHERAL 
CONVERTER BOARDS 

Mounted inside the host peripheral and 
powered from it, SIO V.24 series 
devices enable the peripheral to be 
connected to either a CCITI V.241 
RS-232 serial interface or a current 
loop serial interface. The boards have 
programming switches to select baud 
rate, char format, and error codes. 
Models are available for the Trend 
UDR 700 paper tape reader, Facit 4070 
paper tape punch, and Data Products 
B300 line printer. Warren Logic Ltd, 
Hockley Rd, Broseley, Salop TF12 5HT, 
England. 
Circle 269 on Inquiry Card 

VOLTAGE REGULATORS WITH 
TRIPLED VOLTAGE LIM'ITS 

Linear IC voltage regulators can handle 
input levels of between 200 and 250 
Vdc and output 180 Vdc with ± 5% 
regulation. 1-package 3-terminal plug
in circuits output 20 mA or less (900 
model) or 50 mA or less (905 model). 
Current surges or spikes above either 
level will fold the current back to a 
safe point, holding at that point until 
the malfunction is corrected. In addi
tion to 25-dB at 12o~Hz ripple rejec
tion, regulators also have built-in 
thermal shutdown. Dionics, Inc, 65 
Rus'hmore St, Wes~bury, NY 11590. 
Circle 270 on Inquiry Card 

You'll 
love 
our 

The IEE-ARGUS MINl-480 that 181 
The 480 gives you 12 rowa of 40 
full alphanumeric characters per 
llne with a companion MINl-320 
model alao available. 

• 5x7 dot matrix with bright, sharp 
.21" high characters 

• Addre88able cursor standard 

latest 
number::ASC•-

• Bright neon-orange (filterable to 
red) yields excellent 120° view
ing angles 

• Entire package Is only 2.75" deep 
and functions with a standard 

4801 
We Invite you to compare IEE's ARGUS to 
any other display around. More than 20 
different models offering from 1 to 24 
rows, with 32 through 960-character fields. 
Most models available from stock. 
Wew got your number. 

IEE. Th• 
Dlapl8y 
M•k•r 

1-.atr111 Ellctnlll E11i.1n, lie. 
77U Ll-1 Aw., Ill lllfl, Cllllnll 11411 
'"· 11111 11H111 • m 11H11-1111 
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PRODUCTS 

10-DECK CUSTOM 
MATRIX ASSEMBLY 

Multideck matrix program board em
bodies waterproof momentary push
button switches for circuit test, LED 
status display indicators, safety illumi
nation for nighttime operation, and re
movable name tags. Pin lockout per
mits insertion of only 1 pin/column 
to prevent mixing of circuits. Shielded 
construction minimizes crosstalk. Front 
plate has tapped holes for each pro
gram point; dummy pins can be in
serted to prevent accidental program
ming of unauthorized channels. Sea
lectro Corp, Programming Devices Div, 
Mamaroneck, NY 10543. 
Circle 271 on Inquiry Card 

224 

EVENT TRAPPING 
FOR APL SYSTEMS 
Allowing the programmer to specify 
an action to be performed when an 
error interrupt or other event occurs, 
Event Trapping enhancement improves 
user interface, reliability, efficiency, 
and security of APL application sys
tems. The event contingent action us
ually consists of a line of APL which 
is to be executed when the event 
occurs and an action code describing 
how the line is to be put into executipn. 
I. P. Sharp Associates Ltd, 145 t<ing St 
W, Toronto, Ontario M5H 1J8, Canada. 
Circle 272 on Inquiry Card 

COMPACT DISCRETE 
AUTOMATIC TEST SYSTE·M 
Test hardware, power supplies, con
trol processor, and dual-cassette drive 
comprise DATASPEC, which tests bi
polars, darlingtons, FETs, switching 
diodes, rectifiers, zeners, SCRs, and 
triacs. Choice of 1 or 2 test stations 
and control terminal complete the 
system. The tester programs up to 12? 
tests and 99 sorts, and allows simul
taneous use of 2 different test pro
grams. It performs 1-kHz ac measure
•ments. Power to 2 kV an·d 100 A is 
available. Datalogging capaP.ility is 
also included. Lorlin Industries, Inc, 
Precisi<m 'Rd, Danbury, CT 06810. 
Circle 273 on Inquiry Card 

"My system requires a super 
quiet. compact printer package 

for CRT hardcopy output. 
CDl's Miniterm 1201 won. Plus it 

looks good on a desk." · 

Want to know what all the talk 
is about? Write for details. 

Computer Devices. Inc .. 
25 North Avenue. Burlington. MA 

01803. Telex: 94-9398. Or 
telephone 617-273-1550. or 

toll free: 800-225-1230. 

HIGH SPEED 14- AND 
16-BIT ADCs 
Mechanically interchangeable with 
Analogic MP2714 series, ADCs meet 
analytical instrumentation require
ments. Model 2816 converts 16 bits 
in 100 µs; model 2814 requires only 
50 µs to convert 14 ·bits. Max linearity 
error is ±0.0015% and ±0.003% of 
full scale, respective·ly, for the two 
versions. Max linearity tempco is ± 0.5 
ppm/ °C, and max power consumption 
is only 1.5 W for 'both conver·ters. Four 
full-scale standard signal range selec
tions are provided. Dynamic Measure
ments Corp, 6 Lowell Ave, Winchester, 
MA 01890. 
Circle 274 on Inquiry Card 

HIGH LINEARITY 
ISOLATION AMPLIFIER 
Featuring 0.00q% linearity for com
patibility with 12-b'it data acquisition 
systems, model IA175 operates at 
common-mode input voltages up to 
5000 Vdc for use with signal sources 
in high voltage systems and other 
hazardous locations. Common-mode re
jection is at least 120 dB with source 
imbalance of up to 5000 !1 . Input 
voltage noise is 1 µV, 10 Hz to 1 
kHz, and current noise is 10 pA for 
the same range. lntronles, 57 Chapel 
St, Newton, MA 02158. 
Circle 275 on Inquiry Card 

We travel In the best companies. 
COMPUTER 
OEVICES~ 
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PROGRAMMAB·l:E DATA LOGGER WITH 
MINICOMPUTER 

Combining a minicomputer that operates in BASIC with 
precision measuring capabilities, the 7251 B contains a 
4Y2-digit integrating autoranging digital voltmeter with a 
sample rate of 2.5 readings/s. Scanner mainframe can ac
commodate either 140 low level 3-wire reed relay multi
plexer channels or 224 high level chiinnels, or any com
bination between the two. Output or feedback control from 
the computer and up to 112 Form C (spdt) output relay 
contacts can be provided. The internal computer contains 
a CRT with 16 lines and 64 char/line, a read/write mini
diskette with storage for programs or data (89k bytes), 42.5-
byte ROM extended basic interpreter, and Bk bytes of RAM 
expandable to 32k. An 80-col 300-char / s dot matrix printer 
is included with the system. F. I. Electronics, 968 Piner Rd, 
Santa Rosa, CA 95401. 
Circle 276 on Inquiry Card 

FIBER OPTIC COMMUNICATION SYST'EM 
Practical detachable connection with a 10-min field ter
mination time includes optical emitter and optical detector. 
Emitter transforms electrical input into modulated light out
put using a LED and optical lens held in the unit's housing. 
The RCA C30123 IR LED is a high speed edge emitter with 
8-ns rise time, 50-MHz frequency response, and 830-nm typ 
wavelength . Power output is 1 mW. Detector uses a photo
diode and optical lens to transform optical input into an 
electrical output. The planar diffused silicon pin photodiode 
has a response time of 15 ns and dark current of 0.1 µ.A; 
it is typically operated in the photoconductive mode. De
tector/ connector assembly can operate from - 55 to 90 •c. 
Both intermate with std MIL-C-81511 electrical receptacles 
for input and outputs. The Deutsch Co, Municipal Airport, 
Banning, CA 92220. 
Circle 277 on Inquiry Card 

0- to 1200-BAUD ACOUSTIC COUPLER/MODEM 
Model TC3003 HotlineT><, an acoustic 
coupler for voice grade telephone 
lines and long distance direct dial 
systems, offers a full set of test 
functions and system troubleshoot
ing. Design and operational features 
include 0- to 1200-baud, asynchro
nous, full-duplex operation or 0- to 
300-baud operation with Bell 113B; 

compatibility with !!11 computer systems and data terminals 
using Bell 103 handshakes; and lack of restrictions (not 
character oriented like other acoustic couplers). The unit 
meets EIA RS-232-C and 20-mA current loop standards, 
and provides accuracy and stability over wide variations in 
temperature, data rate, line voltage, and received signal am
plitudes. Sensitivity is - 42 dBm. Tek-Com Inc, 114 7 Sonora 
St, Sunnyvale, CA 94086. 
Circle 278 on Inquiry Card 
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sub
fractional 
horsepower 
DC motors 
Buehler Products, Inc. offers a complete line of permanent 
magnet DC motors that are performance rated to your 
specific application for maximum cost effectiveness. 
These customized, long life Buehler motors are available 
with a wide variety of options in voltage, current, torque, 
speed, electrical connections, and frame size. They're 
used worldwide in office products, business machines, 
cameras, computer peripherals, tape recorders, marine 
and automotive applications. Write for full details on the 
Buehler FHP motor line. 

FHP pennanent magnet DC motoni 
Miniature bniahless DC fans 
Miniature gear motoni 

BUEHLER PRODUCTS INC., P. 0 . Box A, Highway 70 East , 
Kinston, North Carolina 2B501, (919) 522-3101 

CIRCLE 122 ON INQUIRY CARD 
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BEi OFFERS A COMPLETE LINE 
OF INCREMENTAL AND 

ABSOLUTE POSITION ENCODERS 

INCREMENTAL 
Standard 1-48,000CPT; higher resolutions 
available • Quadrature square wave or 
direction-sensed pulsed outputs at TTL 
levels• 2Y:z'', 2%", 3Y:z'' and 6" OD packages. 
Zero reference output optional . 

ABSOLUTE POSITION 
Standard resolutions to 220 bits per turn • 
Special resolutions to 224 bits per turn • 
Non-ambiguous code formats • Natural bi
nary and 8421 BCD outputs at TTL levels 
• Single-ended, through, and hollow shaft 
configurations. 

BEi Electronics. Inc. 

1101 McAlmont St. I 7230 Hollister Ave. o;,;,., ''"'"'" o;. [I 3 @ Ull] '"'"'"" '"'°'" rn. 
Little Rock, AR 72203 t Goleta, CA 93017 

Tel : (501) 372-7351 Tel : (805) 968-0782 

Exclusive manufacturers of the BALDWIN®encoder 
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PRODUCTS 

MINIATURE RS-232 SWITCHING UNITS 

RS232-X3 allows connection of an RS-232 peripheral (line 
printer, CRT, or modem) to 3 driving sources. By turning the 
3-position switch, mounted on the switching unit, the user 
can select which driving device will drive the peripheral 
unit. Two or more switches may be cascaded to expand 
selection from 3 devices to 5 or more. RS232-XF is similar 
to the -X3 but switches additional signals. Both -X3 and 
-XF come with 25-pin female connectors. -X8K, -X16K, -XS, 
and -X16 are similar to the other units but have different 
switching configurations, allowing a wide selection to users. 
In addition, -X16K and -X16 switch 16 EIA pins, which are 
3 more than the previous maximum of 13. Units are avail
able fully assembled or in kit form. Giltronlx Inc, 3156 
Avalon St, Palo Alto, CA 94306. 
Circle 279 on Inquiry Card 

HIGH RESOLUTION GRAPH1CS PROCESSOR 
FOR PDP-11 
Contained on 2 hex boards that are plug compatible with 
DEC's PDP-11, MDP-3 has a refresh memory of 65,536 
words by 18 bits. Of the 18 bits, 16 contain the images 
to be displayed; the remainder are for graphic overlays 
that highlight particular data. The unit will simultaneously 
drive both black/white and color monitors, and is equipped 
with a zoom capability. The processor board is a peneral 
purpose 16-bit computer microprogrammed with an instruc
tion set similar to that of a minicomputer. The graphics 
processor is a 16-bit general purpose computer built with 
the bipolar 2903 bit slice. Displays are possible in formats 
of 512 x 512 interlaced picture elements by 4 bits or 
256 x 256 noninterlaced elements by 16 bits. Computer 
Design & Applications, Inc, 377 Elliot St, Newton, MA 02164. 
Circle 280 on Inquiry Card 

MODULAR 2400-BIT/s SYNCHRONOUS DATA MODEM 
Based on MOS LSI devices, the R24 consists of 3 modules 
which can be assembled on 1 or more of the system boards 
of terminals and other data equipment. Each module is en
cased in a plastic package with vertical pins on 100-mil 
centers, permitting them to be plugged into std connectors 
or wavesoldered on PC boards. One module implements the 
transmitter, while 2 modules implement the receiver func
tion. Each is 0.5" (1.27 cm) deep and about 3" (7.62 cm) 
on a side. Transmitter and R1 and R2 receiver modules are 
compatible with Bell 201 B/C and CCITT V.26 A/B stds. 
High performance is attained with a transmitter design 
based on differential phase modulation and receiver using 
coherent phase detection techniques. Device has signaling 
rate of 1200 ±0.1% baud and carrier frequency of 180~ 
±1 Hz. Rockwell International, Electronic Devices Div, 3310 
Miraloma Ave, PO Box 3669, Anaheim, CA 92803. 
Circle 281 on Inquiry Card 
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INFORMATION MANAGE'MENT SYSTEM 

Factmatcher combines an information storage and retrieval 
system capable of extracting information from a structured 
or unstructured data base of 10,000 documents in less than 
1 s, an easy to learn query language that enables target 
facts to be matched with all documents containing them, a 
word processing system, and a communications capability 
that permits text to be transferred, displayed, or printed 
at any local or remote station of the system. Memory sizes 
range from 64k to 256k bytes. The system can communi
cate with other vendor's equipment via a bisynchronous 
interface at rates varying from 2400 to 9600 baud; with a 
typical 4800-baud line, some 1000 pages of text can be 
transmitted in 1 h. Mini-Computer Systems, Inc, 399 Fair
view Park Dr, Elmsford, NY 10523. 
Circle 282 on Inquiry Card 

BELL COMPATIBLE 2400-BIT/s SYNCHRONOUS 
MODEM 

Two LSI chips perform all transmitter 
and receiver digital signal functions asso
ciated with 2400-bit/s Bell 201 C oper
ation or the standards of CCITT V.26. 
Chips are mounted on a single PC mod
ule, accessible through the front panel 
for easy replacement. Reduction in com
ponent count extends reliability, with 

MTBF for the unit exceeding 40k hours. LSI 2400 supports 
full-duplex operation on conditioned or unconditioned 4-wire 
telephone lines at 2400 bits/s with fallback to 1200 bits/s 
under adverse line conditions. Initialization or train times 
of 7 ms or less, low error rates, and high immunity to 
communications line impairments, especially noise and phase 
jitter, are features. LED indicators provide operators with 
information on current operating status. Paradyne Corp, 
8550 Ulmerton Rd, Largo, FL 33541. 
Circle 283 on Inquiry Card 

MINIATURE PRINTER FOR MOBILE APPLICATIONS 
ESP-40 operates in any plane, printing images transmitted 
by dig ital facsimile equipment or from a keyboard. Using 
a nonimpact matrix printing process, the unit outputs on 
electrosensitive paper 114-mm wide at rates up to 280 
char/s. A built-in microprocessor with a 320-char buffer store 
enables the unit to print u/lc char (7 or 9 dots high). Be
tween 2 and 8 char/cm can be printed and chars of dif
ferent widths can be mixed on the same line. For plotting 
diagrams, the buffer output is applied directly to the print
head, enabling up to 8 vertical dots to be printed at 240 
printhead positions across the width of the paper. Unit 
measures 205 x 210 x 105 mm without cooling fan and 
weighs 3.6 kg. It operates from a 12-Vdc supply and con
sumes 24 W when printing and < 11 W in standby. English 
Numbering Machines Ltd, Printer Div, Queensway, Enfield 
EN3 4SB, Middlesex, England. 

Circle 284 on Inquiry Card 

d-c servo motor ... 

0-C PM motor 
features integral 
16-pole brushless 
A·C tachometer for 
precise voltage/speed 
control. Typical tach voltage is 
2V RMS/1000 RPM. Self-aligning sintered 
bearings will withstand 2 lb. side loading. 
This lightweight, compact (1-1/4 in. dia. x 2 in.) 
motor is ideal for driving tape decks, digital 
cassettes, floppy disks, printers, X-Y plotters, 
copiers, business machines, etc. 

Barber-Ca/man Campanl,J 
MOTOR DIVISION 
Dept. R, 14048 Rock Street, Rockford, 11/lnols 61101 

CIRCLE 125 ON INCj)UIRY CARD 

No Frills Color. Just the basics. If you're a black and white 
terminal manufacturer. the lntecolor 813 is all you need to 
upgrade your terminals to <;olor. 

It consists of an 8-color.13" CRT. plus a special Analog 
Module System with all the circuitry necessary to perform deflec
tion and video drive functions for the CRT The completely self
contained circuitry is on a single printed wiring board which also 
generates the low voltage, high voltage and CRT bias, mounted 
on a sturdy aluminum frame for heat sinking the power transistors 
needed for the circuitry. 

With our Nine Sector Convergence System. perfect color 
registration takes only three to five minutes. And this convenient 
control panel can be localed anywhere for easy access. 

Available in standard 262 Raster line or 400 Raster line high 
scan versions. If you're ready to upgrade to a color line, call 
404/449-5961 for a demonstration. 

;;~1iiQ;t1~t;ms Corp.® a 
5965 Peachtree Comers East/Norcross, Georgia 30071 
Telephone 404/449-5961 TWX: 810-766-1581 
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• ellmlnate glare from ambient light • enhance con
trast, Improve sharpness • exceptional angular 
viewing • Interchangeable selection of colors or 
neutral grays for all JEDEC sizes • gratlcules avail
able• scratch and solvent resistant• low cost. 

See for yourseff ... cal/ or write for FREE sample. 

~ ~~~.~~f!~HJ.~ .~~~~!!!) ~ Phone (201) 227-1500 
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PRODUCTS 

INFRARED EMITTING DIODES 

HLP20 to 60 series are made of GaAIAs and feature a 
hemispherical emitting surface. Available in 4 types of pack
ages in wavelengths from 715 to 950 nm, diodes are char
acterized by their high power output, and offer an 18% 
power efficiency with rise and fall times of less than 12 ns, 
3 dB down at 40 mHz. The IRED chip is formed by a p-n 
junction grown by liquid phase epitaxy, and is isolated by 
an etched groove around the n-region. When the p-n junc
tion is forward biased, photons are generated through re
combination; this photon energy varies according to the 
energy gap of the p-region. Thus, varying the mole fraction 
of Al in the GaAIAs of the p-region can change the peak 
wavelength of the emission from 715 to 905 while main
taining high external efficiency. Hitachi America, Ltd, 707 
W Algonquin Rd, Arlington Heights, IL 60005. 
Circle 285 on Inquiry Card 

COMPACT MIL-SPEC AIRBORNE RECORDER 
Designed for data acquisition during flight tests, the Sabre 
XII has full 8-speed capability (0.9 through 120 in/s, or 
2.4 to 304.8 cm/s). Interchangeable IRIG formats are avail
able in 7, 14, or 28 channels. Compact separate mainframe 

and record electronics 
modules can be installed 
up to 45 ft (13.7 m) apart 
in the aircraft. Control 
from the cockpit is pos
sible with 2 types of 
miniature remote units, 
each with single button 
pretest, all-channel auto
matic calibration, and 

multifunction alarm. Unit Is fully operational under extreme 
conditions of temperature, vibration, and shock. Unit with
stands vibration per MIL-E-5400 and shock on all axes per 
MIL-STD-810. Sangamo Data Recorders, PO Box 3041, Sara
sota, FL 33578. 
Circle 286 on Inquiry Card 

SOFTWARE PACKAGE FOR HASP EMULATION 
HASP/16 Workstation Emulator software enables 16-bit mini
computers to emulate the industry standard IBM HASP work
station while ·satisfying local processing requirements. It 
turns the processor into a remote job entry station where 
users submit batch jobs to a host IBM processor using 
binary synchronous communications protocol. Batch jobs 
can be processed by host systems with results returned 
to processor for local storage or output. Both host and 
alternate remote mode of operation are supported to permit 
communication between 16-bit systems. Executing as a user 
task under OS/16MT2, the package supports up to 7 card 
readers and 8 printing devices, control console, and dial-up 
or leased commun ications line operating at speeds up to 
19.2k baud. The Perkin-Elmer Corp, Computer Systems Div, 
2 Crescent Pl, Oceanport, NJ 07757. 
Circle 287 on Inquiry Card 
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ECONOMICAL HANDHELD SCIENTIFIC CALCULATOR 
Slimline Ti-35T" calculator includes a 4-key Constant Mem
oryT" which can store, recall, sum to memory, and ex
change memory with the display, while retaining data when 
turned off. The 54-function slide rule calculator has roots, 

powers, reciprocals, common 
and natural logarithms, and 
trigonometric functions in de
grees, radians, or grads. 
Special functions include pi, 
factorial , and constant. Sci
entific notation extends the 
useful range of calculations. 
Built-in statistical capabilities 

include mean and standard deviation for both sample and 
population data. AOS™ algebraic operating system allows 
entry of problems from left to right. The unit automatically 
retains up to 4 pending operations and up to 15 levels 
of parentheses. Texas Instruments Inc, PO Box 53, Lubbock, 
TX 79408. 
Circle 288 on Inquiry Card 

VT52 COMPATIBLE AND APL 'TERMINALS 
Microprocessor based asynchronous data terminal for use in 
small business systems, computer timesharing, . and with 
mini/microcomputers, the model VC4152 is compatible with 
DEC's VT52 display terminal and features a detachable u/lc 

typewriter keyboard, 1920-char 
display, and data rates to 9600 
baud. Features include a 25th 
status line, character highlight
ing, and 10 special function 
keys. Hold screen mode and 
dual mode keypad are select
able from the keyboard and a 
transparent/tape mode switch 

is std to allow the operator to display all 128 ASCII char
acters. Model VC415APL offers both ASCII compatibility and 
full APL overstrike capability switch selectable. The ter
minal features a buffered line edit mode for preparation of 
data, and selectable independent window for host responses 
so existing screen data are not erased during programming 
operations. Volker-Craig Ltd, 266 Marsland Dr, Waterloo, 
Ontario N2J 3Z1, Canada. 
Circle 289 on Inquiry Card 

DOUBLE-DENSITY FLOPPY SYSTEM 
WITH INTEGRAL MICROPROCESSOR 
Functionally identical to DEC's 11V03L, the MF-211 includes 
double-density controller with dual Shugart floppy discs that 
operate in both single- and double-density mode and pro
vide complete RX02 instruction set compatibility. Also in-

II 
r g&_ ·-
~ 

cluded is the DEC H9270 4-quad
slot backplane with LSl-11 /2, pow
er supply, and front panel console, 
all within a 10.5" (26.7-cm) rack
mountable enclosure. Front panel 
console offers switches for line 
time clock, enable/halt, and boot

strap loader, with indicators for Run and DC OK. OMA data 
transfer by sector, bootstrap loader (eliminating need for 
DEC's REV-11 or BDV-11 ), IBM 3740 formatter , self-diagnos
tic, and interface electronics are all contained on a single 
dual-height card which plugs directly into the H9270 back
plane. Charles River Data Systems, Inc, 4 Tech Circle, 
Natick, MA 01760. 
Circle 290 on Inquiry Card 

Retro-Graphics TM 

CIRCLE 129 ON IN9UIRY CARD 

Tarbell 
Floppy Disc Interface 
Designed for Hobbyists and 

Syst ms Developers 

• Plugs directly into your IMSAI or ALT AIR' and handles up 
to 4 standard single drives in daisy-chain. 

• Operates at standard 250K bits per second on normal disc 
format capacity of 243K bytes . 

• Works with modified CP / M Operating System and BASIC-E 
Compiler. 

• Hardware includes 4 extra IC slots, built-in phantom boot-
strap and on-board crystal clock. Uses WD 1771 LSI Chip . 

• 6-month warranty and extensive documentation . 
• PRICE: Kit $190 ..... .. . . ..... . ..... Assembled $265 
•ALTAIR is a trademark / tradename of Pert ee Comp uter Corp. 

950 DOVLEN PLACE , SUITE B 
CARSON . CA 90746 
(213) 538-4251. (213) 538-2254 
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I LITERATURE I 

Logic Test Equipment 
Flowcharts, sample monitor displays, and 
selection flow diagram, along with text, 
describe selection and application of logic 
analyzers; second guide lists logic mea
surement products according to applica
tion. Hewlett-Packard Co, Palo Alto, 
Calif. 
Circle 300 on Inquiry Card 

Data Converters 
Catalog features A·D and D-A converters, 
s/H and T·H amplifiers, and related prod
ucts, and provides product parameter com
parison tables. ILC Data Device Corp, 
Bohemia, NY. 

Circle 30 I on Inquiry Card 

Components 
Featuring specs, engineering drawings, and 
application information, catalog assists in 
selection of solder and insulated terminals, 
variable and 1\xed coils, connectors, and 
panel and chassis hardware. Cambridge 
Thermionic Corp, Cambridge, Mass. 
Circle 302 on Inquiry Card 

PCB Edge Card Connectors 
Photos, specs, and dimensional drawings 
in 96.p catalog specify 2- to 200-contact 
gold, silver, or tin plated, eyelet or wrap 
post terminated connectors. rIT Cannon 
Electric Div, Santa Ana, Calif. 
Circle 303 on Inquiry Card 

Powe·r Sources and Converters 
General specs, dimensional drawings, cir
cuit diagrams, and mechanical information 
are provided in 42-p catalog, Semicon
ductor Circuits, Inc, Haverhill, Mass. 
Circle 304 on Inquiry Card 

Severe Environment Hardware 
Catalog provides information on rugged
ized single-board microcomputer and sup
port modules, 16-bit minicomputer emu
lator, digital data recorder, and digital 
data acquisition package. EMM/Sesco, 
Chatsworth, Calif. 
Circle 305 on Inquiry Card 

Intelligent CRT Terminals 
Brochure profiles three models, including 
system architectures, block diagrams, mem
ory maps, and spec and comparison sheets. 
Zentec Corp, Santa Clara, Calif. 
Circle 306 on Inquiry Card 
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Programmable Controllers 
Brochure provides a succinct look at pro
grammable controllers with sections cov
ering what they are, how they work, what 
they do, and why they are better than 
other control systems. Gould Inc, Modi
con Div, Troy, Mich. 
Circle 307 on Inquiry Card 

Delta Modulation for 
Voice Transmission 
Application note describes continuously 
variable slope delta modulator, all-digital 
CMOS IC modulator/ demodulator, and ap
plications for each. Harris Semiconduc
tor Products Div, Melbourne, Fla. 
Circle 308 on Inquiry Card 

Gearmotors 
Cutaway photographs, dimensional draw
ings, charts of output torque in lb-in, and 
a speed-torque horsepower chart for FHP 
induction or universal/de powered motors 
are supplied in catalog. Howard Indus
tries, Milford, Ill. 
Circle 309 on Inquiry Card 

Uninterruptible Power Systems 
Guide describes units used to create un
interruptible power systems, and how they 
are linked to furnish required pawer. CML 
Macarr Div of Marine Electric RID, 
Edison, NJ. 

Circle 310 on Inquiry Card 

Punched Tape Readers 
Suitability of punched paper tape for ma
chine control, applications, and product 
definitions for line of punched paper tape 
read·ers are described in brochure. EECO, 
Santa Ana, Calif. 
Circle 311 on Inquiry Card 

Trackballs 
A blend of technical and application data 
with specs for standard units comprise 
12-p catalog on traokballs. Measurement 
Systems, Inc, Norwalk, Conn. 
Circle 312 on Inquiry Card 

Miniature LEDs 
Catalog details line of LEDs with electrical, 
optical, and electro-optical characteristics; 
max ratings; schematics; and dimensional 
drawings. Chicago Miniature Lamp 
Works, General Instrument Corp, 
Chicago, Ill. 
Circle 313 on Inquiry Card 

Process Control Wire and Cable 
With emphasis on flame retardant and 
nuclear grade constructions, catalog uses 
descriptions, spec charts, and stripped. 
cable photographs to compare construc
tions and insulation systems. Brand-Rex 
Co, Electronic and Industrial Cable 
Div, Williamantic, Conn. 
Circle 314 on Inquiry Card 

Color Graphics Display Generator 
Brochure describes features and capabil
ities of model 5217, a standalone fully 
buffered 8-color generator packaged within 
its own keyboard, that interfaces with any 
monochrome or color monitor. Aydin Con
trols, Fort Washington, Pa. 
Circle 315 on Inquiry Card 

Flat Ribbon Cable 
Mass Termination Connectors 
Catalog contains a technical documents 
list of Latch product applications and per
formance, typical connector and header 
configurations, and specs, and covers PCB 
mounting, and application tooling. AMP 
Inc, Harrisburg, Pa. 
Circle 316 on Inquiry Card 

In-Circuit Test Fixture 
Advantages of Mark n's vacuum actuated 
fixed pin design, reliability of replaceable 
probe pins, easy access hinged assembly, 
and broad range of board size compat
ibility are discussed in brochure. Plan
tronics Zehntel, Walnut Creek, Calif. 
Circle 317 on Inquiry Card 

Laboratory Minicomputers 
Family of minicomputer systems configured 
for research laboratories are presented in 
pamphlet that discusses central processor 
and options, 1/0 interfaces, mass storage 
devices, and terminals. Digital Equip
ment Corp, Maynard, Mass. 
Circle 318 on Inquiry Card 

P/ROM Selection Guide 
Guide presents basic information, com
mercial and military part numbers, con· 
figurations, and pinouts for P/ROMs, 
EPROMs, diode arrays, FPLAS, FPGAS, and 
PALs; second section discusses P/ROM pro
gramming. Send letterhead requests to Pro· 
Log Corp, 2411 Garden Rd, Monterey, 
CA 94301. 
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25-MHz Memory Test System 
Brochure discusses major system modules, 
software, reliability and maintainability, 
typical configurations, and options for 
memory tester. Macrodata Corp, Wood
land Hills, Calif. 
Circle 319 on Inquiry Card 

Synchros, Resolvers, and Pick-Offs 
Data sheet lists specs for control and 
torque systems designed to MIL-s-20700C 
and to NEPR No 22, and features 2- and 
3-speed slab synchros and resolvers. 
Muirhead-Vactric Div, Muirhead, Inc, 
Mountainside, NJ. 

Circle 320 on Inquiry Card 

Reed Keyboard 'Switches 
General technical information, and me
chanical and electrical specs are supplied 
for snap and screw mounting and plunger 
style glass enclosed reeds. Standard 
Grigsby, Inc, Aurora, Ill. 
Circle 321 on Inquiry Card 

Statistical Network 1Processor 
Brochure supplies specs, operating param
eters, and typical application diagrams for 
processor that combines functions of in
telligent concentrator and statistical time 
division multiplexer. Prentice Corp, 
Palo Alto, Calif. 
Circle 322 on Inquiry Card 

Printer and Display Terminals 
30/15/10, 60/30, and bidirectional 180-
char/s, keyboard send/receive and receive
on]y printer terminals plus swivel-tilt dis
play terminal with detachable keyboard are 
featured in ·brochure. Data General Corp, 
Westboro, Mass. 
Circle 323 on Inquiry Card 

Miniature Alphanumeric Printer 
Simplified block diagrams, 1/ o line list
ing, and specs describe 1.5-line/s thermal 
printer that forms 20 5 x 7 dot matrix 
characters across a 2.25" (57.2-mm) wide, 
150' ( 45-m) roll of thermal paper. Datel 
Systems, Inc, Mansfield, Mass. 
Circle 324 on Inquiry Card 

Heat Sinks 
"Thermal System Approach to Heat Sink 
Selection," a 24-p application handbook 
includes theorems, graphs, applications, 
how to solve problem areas, and cost 'Sav
ing methods. Send requests on company 
letterhead to AHAM Tor, 27901 Front St, 
Rancho California, CA 92390. 

Standard and Custom Keypads 
Photos, specs, and dimensional drawings 
are supplied in catalog for 3 x 4 and 
4 x 4 keypads as well as for array stack
able 1-, 2-, 3-, and 6-button switch mod
ules. Graybill, Inc, La Grange, ·Ill. 
Circle 325 on Inquiry Card 

Supervisory Control Systems 
Stressing man/machine interface, super
visory control functions, and calculation 
capability, brochure presents TDC 2000 
SYStems. Honeywell Inc, Process Man
agement Systems Div, Phoenix, Ariz. 
Circle 326 on Inquiry Card 

TIMEafterTIME 

BATTERY SUPPORTED 
CALENDAR CLOCKS 

PDP-11 * 
TCU-100 • $495 
• Provides month, day, hour, minute and second. 
• Can interrupt on date/ time , or periodic intervals. 

TCU-150 • $430 
• Provides year, month, day, hour. minute and 

second. 
• Automatic leap year. 
• Patches for RSX-11M, RT-11 FB/SJ V02, V03 

and UNIX. 

LSl-11/2* 
TCU-50D • $295 
• Provides month, day, hour. minute and second. 
• Dual size board . 
• Patches for RT-11 SJ/ FB V02 , V03B. 

Lockheed SUE 
TCU-200 • $550 
• Provides year, month, day, hour. minute, second 

and milli-second. 
• Interval interrupts between 1/1024 seconds and 

64 seconds. 

Computer Automation (Naked Mini) 

TCU-310 • $385 

Multi-Bus** 
TCU-410 • $325 
• Provides year. month, day, hour. minute and 

second. 
• SBC/BLC compatible . 

HP 2100 
TCU-2100 • $395 
• Correct time restored after power failure. 
• Compatible with the HP TBG card . 

Serial Clock (RS 232 or 20 mA) 
SLC-1 • $575 
• Connects between any terminal and host computer. 
• Provides date, time and more! 

All Digital Pathways TCUs have on board NICAD 
batteries to maintain time and date during power 
down. Timing is provided by a crystal controlled 
oscillator. Prices are U.S. domestic single piece. 
Quantity discounts available . 

For more information on these products, contact: 
Digital Pathways Inc. 
4151 Middlefield Road 
Palo Alto, CA 94306 
Phone: ( 415) 493-5544 

• Provides year. month, day, hour, minute and ~ 
second. 

"Trademark of Dig/ta/ Equipment Corporation ~~ * *Trademark of Intel Corporation 

DIGITAL PATHWAYS 
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BUICE TO PRODUCT INFORMATION 

NOTE: The number associated with each item in this guide indicates 
the page on which the item appears-not the reader service number. 
Please do not circle the page number on the reader service card. 

HARDWARE 
CONNECTORS AND 
INTERCONNECTION SYSTEMS 

Flat Cable/Connector Systems 

PAGE 

T & B Ansley .. .......... .. .......... .. .............. 94, 215 

Cable Assemblies 
Belden / Electronic ...... ................ ............. ..... 214 
VIP Industries ................ .... ........... ............... 221 

Connectors 
AMP ............... ......... .................................... 76, 17 

High Voltage Connectors 
Barclay Electronics .................... .. ..... .... .... . 221 

FANS AND BLOWERS 

Blowers 
Eastern Air Devices ........ .... ......... .. ..... .... 225 

INDICATORS; READOUTS; 
DIGITAL DISPLAYS; LAMPS 
Indicators 

ITT Schadow ............................................ .... 168 

Indicator Lights 
Chicago Switch .............................. .............. 214 

LED Displays 
Hewlett-Packard .... ........ ............ ........ ...... .... 211 

PACKAGING 

Packaging Components 
Birtcher/ Industrial ...... .............. ........ .. ........ 188 

PANELS AND BACKPLANES 
Back Panels 

Garry Manufacturing ........... .. ..................... 192 

Wirewrap Boards 
Gen/Comp .................................................... 221 

PLUGS AND JACKS 
Jacks 

Amphenol' North American / 
Bunker Ramo ... ........ ...... ........................... 220 

PROGRAMMING BOARDS AND MODULES 

Matrix Prog•am Boards 
Sealectro / Programming Devices ............ 224 

SOCKETS 
Sockets 

Robinson-Nugent ......................... ....... .... 16, 17 

WIRE AND CABLE 
(See also Connectors) 

Power Cords 
Belden ...... .................................... 215, 217, 219 

COMPONENTS AND ASSEMBLIES 
CAPACITIVE COMPONENTS 

Capacitors 
Union Carbide/Electronics/ 

Components .... ........................ ............... .. . 226 

MOTORS; ROTATIVE COMPONENTS 

Motors 
Buehler Products ........................................ 225 
Pittman/Penn Engineering .... .................... A5 
TRW/Globe Motors ........ .. ...... .................... 212 

Servo Motors 
Barber-Colman ..... ...... ..... .............................. 227 

PHOTODEVICES; 
PHOTODEVICE ASSEMBLIES 

LEDs 
Data Display Products ..... .. .... ................... 223 
OPCOA/ I OS .... .... .. ........................................ 215 

232 

PAGE 
lnlrared Emitting Diodes 

Hitachi America ..... ... .... .............................. 228 

Coupl ing Modules 
Precision Instruments .................. .. ......... .... 215 

POWER SOURCES, REGULATORS, 
AND PROTECTORS 

Power Supplies 
acdc electronics/Emerson Electric ..... 176 
Elpac .............. ...... .................. .. ...... ................ 222 
Powertec .. ................................. ..................... 55 

Switching Power Supplies 
Pioneer Magnetics .............. .. .. ...................... 213 
Power-One ... .. .. ....................... ............... . 32, 208 

Uninterruptible Power Systems 
Nova Electric Manufacturing ........ ... .. ....... 210 

De-de Converters 
Teledyne Philbrick ................ ... ..................... 221 

SEMICONDUCTOR COMPONENTS 

·Rectifier Bridges 
Electronic Devices .................... .. .. .............. 237 

SWITCHES 

Switches 
Micro Switch/Honeywell ...................... 60, 61 

DIP Switches 
Grayhill .... .. .................................. .................. 235 

Split Screen .Pushbutton Switches 
Dialight/North American Phillps ........ .... 220 

Peri pherai Switches 
Giltronix ......... .. ................................ ............... 226 

Patching / Monitoring / Fallback Switches 
Dynatech Data Systems .. .. .... .. ................ .. .. 219 

Communications Switches 
International Data Sciences .... ....... ...... .. . 223 

CIRCUITS 
CHARGE-COUPLED DEVICES 

CCD Image Sensors 
Fairchild Camera and Instrument/ 

Semiconductor Products ... ......... ............ 190 

CIRCUIT CARDS AND M.ODULES 

Logic Modules 
MOB Systems .... ................. .. .. .. ... ....... .. ....... 219 

DIGITAL AN'D INTERFACE 
INTEGRATED CIRCUITS 
(See also Sem iconductor Memories under 
Memory/ Storage Equ ipment) 
Microprocessor Families 

Intel .. .. ........... .. ......................................... 93, 165 
Zilog .. ...... ... .... ..... .. .......... .......... .......... ............ 174 

Single-Chip Microcomputers 
American Microsystems ... .. .... .. .... .......... .. . 168 
Motorola Semiconductor Products ... 42, 43 
National Semiconductor ....... ..................... 164 
Rockwell International ... .............. ............... 114 

RAMs 
NEC Microcomputers ........................ 138, 139 

Static RAMs 
Intel ...................................... ... ................... 50, 51 
Micro Power Systems ............ .............. ...... 202 

64k Dynamic RAMs 
Bell Telephone Laboratories .................... 192 

64k HOMs 
Mostek ....... ........... ........ ...... ............................ 90 

Programmable Logic ICs 
Monolithic Memories ....... .. ... ...... .. ... ...... .... . 204 

CMOS Divider ICs 
LSI Computer Systems .. ...... ...................... 204 

PAGE 
Gate Arrays 

Siemens .......... .. .......... .... ................................ 178 

Flexible Disc Controller Chips 
Western l:>lgilal .. .............. .. ... .. .............. : .. .... 70 

Octal Transceiver Chips 
Motorola Semiconductor Products .. 104, 200 
Texas Instruments .... ..... .. ... ............ ............ 200 

CMOS Multiplexe·s 
Teledyne Philbrick ........ .......... ...... .. ... ......... 196 

Data Acquisition ICs 
Harris Semiconductor Products .... 162, 163 

A-D Converter ICs 
Analog Devices .............................. ....... ..... 202 
Dynamic Measurements ........ .... .. ......... .. ..... 224 
TRW LSI Products ........................ .. .... .. 18, 19 

D-A Converter ICs 
Advanced Micro Devices ............ ... ... .......... 192 

Motor Speed Control ICs 
Cherry Semiconductor .... ... ........ .. .......... ... .. 204 

DRIVERS AND DECODERS 
Display Driver/Decoders 

inters ii ........... ...... ... ... .. .............. .. ... ................ 194 

LINEAR INTEGRATED CIRCUITS 

IC Voltage ·Regulators 
Dion Jes .... .. ............. ................ .............. .. ......... 223 

Op Amps 
Harris Semiconductor Products ..... .. ....... 204 

Isolation Amplifiers 
I ntron Jes ........ .. ... .... ....................... .. ................ 224 

Comparators 
National Semiconductor .................. ..... ..... 196 

MEMORY /STORAGE EQUIPMENT 
FLEXIBLE DISC UNITS 

Flexible Disc Drives 
· BASF Systems ......................... .................. ..... 29 

Micropolla ........................... ............. .............. 201 
Pertee Computer/Peripherals ...... .............. 193 

Flexible Disc Controllers 
Teietek ........ ........... .. ....... .. ................ .............. 178 

Flex ibie Disc Systems . 
Charles River Data Systems .................... 229 
Data ·Systems ............. ....................... ..... ..... 11 

MAGNETIC DISC AND DRUM UNITS 
(See also Flexible Disc Units) 

Disc Drives 
ell Honeywell Bull ....... ........ ....................... 72 
Shugart Associates ............... ............ ..... &&, 67 
Siemens .............. ................. ............... ............ 49 

Disc Controllers 
Ball Computer Products ............................ 57 
Sentinel Cbmputer ............... ......................... 211 
Xyloglcs ..... ... ........... ..... ........ ................ 216, 223 

Disc Subsystems 
Computer Business Systems ................ .... 220 

Disc Systems 
Century Data Systems ................................ 84 
Pertee Computer/ICOM .... .... ......... ..... ....... . 169 

MAGNETIC TAPE UNITS 

Tape Transports 
Kennedy ........ ........ .. .................................. ...... 1 
Pertee Computer/Peripherals ....... ........... 63 

Tape Controllers 
Western Perlpherala/ 

WESPERCORP .................................. Cover II 

Tape Systems 
California Minicomputer Systems ............ 217 

COMPUTER DESIGN/ JUNE 1979 



PAGE 
Dylan ........ .... ............................ ... ... ......... ....... 219 
Storage Technology .. ........ ................ 146, 147 

Cassette Transports 
Braemer Computer Devices .......... ........... . 223 
MFE ...... .......... ........... ..... .... ....... ......... .... ..... ..... 145 

Cassette Recorders 
Raymond Engineering ............ ................ .... 220 

Cassette Recording Systems 
Memodyne .... .. ... ..... ........................ ....... .... ..... 217 

Cartridge Tape Drives 
Qantex/North Atlantic Industries ........ ... . 221 

Mil-Spec Instrumentation Recorders 
Sangamo Data Recorders ........................ 228 

MASS STORAGE SYSTEMS 

Militarized Mass Memories 
Slnger/Llbrascope ..... .. ......... .......... ......... ... 205 

MEMORY/STORAGE TEST EQUIPMENT 

Tape Drive Exercisers 
Wilson Laboratories .. .................................. 213 

OTHER TYPES OF MEMORY I 
STORAGE EQUIPMENT 

Add-On Memories 
Control Data .. .............................................. 173 

Memory Expansion Systems 
Digital Data Systems ................................ 210 

ROM/RAM PROGRAMMERS 
ANO SIMULATORS 

P/ROM Programmers 
Campas Microsystems .. .. ........................ .... 210 

EPROM Programmers 
ITT Components .... ............ ............. ....... .... 217 

SEMICONDUCTOR MEMORIES 

RAMs 
NEC Microcomputers ............. ........ ... 138, 139 

Static ·RAMs 
Intel ....... .. ....... .. .. ........................ ...... 50, 51, 165 
Micro Power Systems .. ......... .. ...... ...... .. ..... 202 

64k Dynamic RAMs 
Bell Telephone Laboratories ............... .... . 192 

64k ROMs 
Mostek ... ......... .... .... .... ........ .. .. ...... ........ ...... ... . 90 

Semiconductor Memory Systems 
Applied Data Communications ................ 228 
Chrlslln Industries .. ......................... .. .... ... .. 218 
1>ataram ....... ..... .... ........ ... .. .......... ... ..... .. ... ...... 5 
Monolithic Systems ..................... ...... ..... 12, 13 
Mostek Memory Systems .................... 58, 59 
Motorola Semiconductor Products ....... . 133 
Mu pro ............... ............ ... ...... ...................... .. .. 168 

INPUT/OUTPUT AND 
RELATED EQUIPMENT 

DATA TERMINALS 
(See also Graphic Equipment) 

CRT Display Terminals 
Ann Arbor Terminals ................. .... .. . 238, 21 6 
DatagraphiX .. ...... ............ ......... ...... ........ ....... 210 
Data view .. ...... ... ..... .... .... ..................... ... ..... ... 219 
Delta Data Systems ................ .. ................ .. 151 
Hazeltine/Computer Term inal 

Equipment .... .... ....... ... .... ... .... ... ....... ..... .... 208 
Hewlett-Packard ................................... ... 24, 25 
Lear Siegler ... ... .. ...... .. ....................... . 113, 179 
Motorola Microsystems .. .. ............ ........ .... .. 176 
Ontel ... .. ... ... ... .. ..... ................................. .... ... .. . 143 
Perkin-Elmer Data Systems/ 

Terminals ..................... .................... ..... .... &, 7 
Volker-Craig ... ......... .... .... .................... .......... 229 

Remote Batch Terminals 
Harris/Data Communications ...... .. ...... .. ... . 21 9 

Transaction Terminals 
Computer Communicat ions .. ....... .. ........... .. 217 

DISPLAY EQUIPMENT 
(See also Data Terminals and 
Graphic Equipment) 

Color Display Systems 
Intelligent Systems ... .... ........................ .. ... 227 

CRT Display Monitors 
Ball Electronic Display ................. ........ ... 157 
C. ltoh Electronics .............. ... .................. . 233 
Zenith Radio ... ........ .. .... ................... .... 177, 214 

Line Displays 
Beckman Instruments / Display Systems .. 21 0 
Industrial Electronic Engineers .. .......... 223 

GRAPHIC EQUIPMENT 

Graphic Display Term inals 
Megatek .. ...... ... ............................. ..... ...... ....... 31 

G raphlc Subsystems 
Digital Engineering .................................... 229 

Graphic Display Systems 
Genlsco Computers .... 

Color Graphic Display ·rermina's 

. 209 

Intelligent Srstem~ • ..... .. 81 

Color Graphic Display t:qu1pment 
Ramtek ................ ............. ..... ... .... ..... . :114 

Color Graphic Display S1sterns 
Grinnell Systems .. . ....... .. 

INTERFACE EQUIPME:m. C!lllY!h'll I t:ns 
Disc Controllers 

Ball Computer Products 
Sentinel Computer ....... 
Xylogics ......... .. .... . 

Flexib le Disc Controllers 

. ea 

St 
211 
223 

Teletek ....................... .. . ....... 178 

Tape Controllers 
Western Peripherals/ 

WESPERCORP .... . 

M 

• t;OVOl1 JI 

Con ipatible with 
n1120 -or TV90 

Priced Belo\N the 
Con1petition 

Built-in Quality, 
Periormance, 
Dependability 

Chassis Versio11 

PAGE 
11e1flice Boards 

Jll>B Systems 21 3 

C.C1mn~u:i1cations lnte,-1ace; 
Communications lnterfav-. 
Edge 'faclinology ... 
,.1acrolink 

214 
.. . Z10 

......... 212 

Id: fBOARr> EUUIP~~t:,JT 

i{e~·Uoard S\~·itcnes 

Staco'.'iwitct• .. 28 

f.eyboa1ds and Svrncnrs 
Micro SwitchHlone1.·:e' 60 61 

t(e1boards 
C. P. Clare . ... . ... 

Pl.On ltlG EOU IFW:r,T 

::>igilal P ot,ers 

41 

Housto1t ln!ttrumcnt/ 
Bausch ll Lomb .Cover Ill 

Kit Version 

The low-cost CIQ-9 and CIQ·12 CRT 
Displa;1 Moniloi'S with a horizontal raie of 
15.72 KHz provide data ec·11pment manu
facturers with sharp, highly reliable image 
presentation. 

Separate horizontal drive, vertica• dnve. 
and video signal inputs mean eliminat•on of 
composite sync and video signal process
'"9 a~1d simple output circuitry. 

The completely new design of tile com
pa-::t integrated PCB utilizes the a test semi 
conductor and other components. pi"ov1ding 
a aependable performance level never 
before possible. 

Delivered with P4 phosphor as standard. 
Available options a1 e P31 and P39 phos 
pt1ors. sturdy zinc chromate plated chassis 
<ind a pm'ler supply module which 1s com
palible with practicall;1 an\' power supply 
standard in the world. 

FEA.-URES 

• Uniform Hig , Re"olution 

• Integrated PC Board 
• Depe11cloble Const.·ucticn 

• S..:iuare. 1ess of Pictme 

~ C. iTOU ELECTR NICS, INC. 
53G1 Beetnoveri S1reet Los Aniwe e11 C"'alh 90061:: 
re·~pnori.' 213; 39J. 7778 Telex (WU) 65-2.151 

r ID F3fK Aven , l'!f! •,or' "'y 0017 
iel..,pncne: i212 1 682 ().J.~ Telex 'Wd) 12-5059 
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16750 Hale Ave nue 
Irvine, CA 92714 

(714) 549-4079 

CIRCLE 132 ON IN9UIRY CARD 

Printer Elements PAGE 
Mark Sllmp Steel/Moh1wk Dat1 

Sciences ...... .. ............... .......... ....... .............. 191 

PUNCHED CARD EQUIPMENT 

Punched Card Readers 
Peripheral Dynamics ........ .. ................. ....... 141 

PUNCHED TAPE EQUIPMENT 

Tape Reader/Punches 
Data Specialties ...... ......... ........ ..... ........... ... 238 

Multitasking Capability !or Tape Systems 
Radian/Unitech Products ...................... .... 216 

OTHER INPUT/OUTPUT EQUIPMENT 

Lightpens 
Programme International ..... ..................... 219 

COMPUTERS AND 
COMPUTER SYSTEMS 

AUTOMATIC TEST SYSTEMS 

Automatic Test Systems 
Lorlin Industries ......... ..... ..... .... ... ... .. .... ... .... .. 224 

BUSINESS COMPUTERS 
Business Computer Families 

Texas Instruments ..... .. ......... ... ...... .... ......... 174 

CALCULATORS 

Handheld Scientific Calculators 
Texas Instruments .................. •........ ........... 229 

COMPUTER AUXILIARY UNITS 

Arithmetic Processors 
Floating Point Systems ...... ........ ......•....... 75 

DESIGN SYSTEMS 
Color Graphics Design Systems 

Chromatics .. .......... .. .... ........ .. ........ .. .. .. .... .. .... 211 

DESKTOP COMPUTERS 
Desktop Computers 

Solid State Technology .... ... ... ...... ............ 206 

GRAPHICS PROCESSORS 

Graphics Processors 
Computer Design & Applications ...... ...... 226 
Megatek .......................................... ...... ....... ... 31 

INFORMATION SYSTEMS 
Information Management Systems 

Mini-Computer Systems ........ .................... 227 

MICROCOMPUTERS AND 
MICROPROCESSORS 

Microprocessors 
Intel .. .. ............. .......... ................................. .... 165 

Microprocessor Families 
Intel .. .... ....................... ... ..... .... ... ... ..... .. .. .... .... 93 
Zilog ............ .. ....... .. ............ .... .... ..... ..... .... ....... 174 

Single-Chip Microcomputers 
American Microsystems ... ........... ................ 168 
Motorola Semiconductor Products .... 42, 43 
National Semiconductor ... ....• ..... ... .... ........ 164 
Rockwell International .......... .................... 114 

Microprocessor Boards 
Pro-Log .. ... ..... ..... .... ..... .... .. .... ... .... ....... Cover IV 

Microcomputers 
North Star Computers ........... ......... .... ..... .. . 52 
Plesser Microsystems ... ......... ....... .. .... ....... 183 

Control Microcomputers 
Pragmatic Designs ................. ... ... ...... .... ..... 176 

Development Systems 
Conic Data Systems ... ... .. ..... .... .. ......... ..... .. . 195 

Microprocessor Development Systems 
Advanced Micro Oomputers ...................... 172 
Tektronix ...... .......... ........... ....................... 88, 89 

Microcomputer Development Systems 
Futuredata Computer ... .... .......... .. ..... ..... ... 65 

In-Circuit Emulators 
Relational Memory Systems ............. ....... 198 

Micro System Analyzers 
Millenlum Systems ....... ..... ........... .... .. ... 82, 83 

Microcomputer Analyzers 
Eldyne .... ... .. .. ..... .... ........... ............. ......... .. ..... 170 

MINICOMPUTERS; SMALL- AND 
MEDIUM-SCALE COMPUTERS 
Minicomputers 

Ampex Memory Products ... ... .................... 127 
Computer Automation .. ..... .... ....... ... .......... . 8, 9 
Data General ...... ............ .. ... ... .............. 102, 103 
'Digital Equipment ...... ........ ........ ............. . 33-38 
Hewlett-Packard .... ........ ........... ...... ..... 128, 129 

Minicomputer Systems 
Sperry-Univac Mini-Computer .......... 130, 131 

Minicomputer/Data Acquisition Systems 
F. I. Electronics ... ............ .... .. .. ..... ............ 225 

COMPUTER DESIGN/ JUNE 1979 



PAGE 
Ruggedlzed Computers 

Rolm ................... ........ ......... ... ..... .... .... ..•......... 78 

TIMESHARING/DISTRIBUTED PROCESSING 
COMPUTERS A~D SYSTEMS 

Timesharing Computer Systems 
Digital Microsystems ... ....... .... ...... ...... ........ 208 

DATA COMMUNICATIONS EQUIPMENT 
COMMUNICATIONS COUPLERS 

Acoust ic Coupler / Modems 
Tek-Com ................ .... ............ .. ........ ....•... ... .. . 225 

COMMUNICATIONS INTERFACES 

Communications Interlaces 
Commun icatfons Interlace .. ...................... 214 
Edge Technology .... ........ ......... .... .. ...... .... .. . 210 
Macrolink ...... ... ............ ........ ............... .... ...... 212 

Communications Converters 
Warren Logic .... .. ..... .......... ........... ... ....... ... ... 223 

Baud Rate Converters 
Link Communications .... ..... ...... ... .. ...... .... .. 213 

COMMUNICATIONS MONITORS 

Commun ications Line Monitors 
Remark International ........... .... ..... ..... .... .... . 215 

COMMUNICATIONS MULTIPLEXERS 

Communi cations Multiplexers 
DP Group ...... .. ... .... .... .... .... ... .. .... .... .. ... ... ...... .. 210 
SOS Computer Systems .. .. ... ....... ....... ....... 210 

COMMUNICATIONS TERMINALS 

Communications Terminals 
Columbla Data Products .............. .. ....... .... . 218 
MFE ..... ..... .. ... ............. .... ..... .... .. ... ...... ...... .... .. 222 
Quad Systems ........ ........ .... .. ... ... ... ...... ......... 188 

DATA TRANSMISSION EQUIPMENT 

Fiber Optic Communication Systems 
Deutsch ............ .... ......... ........................ ...... ... 225 

MODEMS; DATA SETS 

Data Modems 
Gandall Data ... .... ..... ....... .... .... .... ......... ........ 217 
Paradyne ...... .. ....... ......... ....... .... ......... ............ 227 
Rockwell International/Electronic 

Devices .. .......... .... ......... .... .. .. .. .. .. .. ...•.... ..... 226 

Acoust ic Coupler / Modems 
Tek-Com .... .. ...... ... ................ ........ ... .. ............ 225 

Data Sets 
Telecomm-Automation ............ ... ... .............. 210 
Telecommunicat ions Techn iques ... ......... 218 

DATA ACQUISITION AND 
CONTROL EQUIPMENT 

A-'D AND D-A CONVERTERS 

A-D Converter ICs 
Analog Devices ... ..... .. .. .. ............ .. .............. 202 
Dynamic Measurements ............ ... ....... ...... 224 
TRW LSI Products ......... .... .. ................... 18, 19 

D-A Converter ICs 
Advanced Micro Devices ... .. .... ... .... ..... .... ... 192 
Hybrid Systems ... ... .. ....... .. .. .. .. ................. .... 204 

ANGLE AND POSITION ENCODERS 

Position Encoders 
BEi Electronlcs .... ... ............ ..... ... ................. 2211 

DATA ACQUISITION SYSTEMS 

Minicomputer/ Data Acquisition Systems 
F. I. Electronics ... .... .... .... ............ ........ ... .. 225 

Remote Data Acquisition Terminals 
MARS Data Systems ...... .. ..... .. .......... .. .... . 212 

DATA TRANSFER AND 
INTERFACE EQUIPMENT 

Analog 1/0 Systems 
ADAC ....... ... ........... .. .. .. ... ....... ... ...... .. ........ .. .... 207 
Burr-Brown .. .............. .. .............................. .... 123 
Data Translation ............ ..... .. .... ............ ....... 53 

S·t> AND t>-S CONVERTERS 

S-0 Converter Modules 
Natel Engineering .... ............. ....... ... .. .. .. ... .. 222 

TEST AND MEASUREMENT 
EQUIPMENT; INSTRUMENTATION 

COUNTERS; TIMERS 

Time/Calendar Units 
Dlgltal Pathways .... .. ... ................... ......... .. .. .. . 231 

DATA GENERATORS 

Pulse Generators 
Berkeley Nucleonlcs ... ... ... ....... ...... ...... ...... 217 

PAGE 
Pulse Technology .•..............................•..... 211 

DIGITAL EQUIPMENT TESTERS 

Logic Analyzers 
Paratronlcs .. .. ....... ............. .... ........ ......... .... .. . 236 
Tektronix .. .. ......... ... ......... ............ .......... ...•..... 23 

Micro System Analyzers 
Mlllenlum Systems ........... ... .. ............ .... 82, 83 

Microcomputer Analyzers 
Eldyne .. .. ... .... ..... ... ... .. ....... ............. ................ 170 

FUNCTION GENERATORS 
AND SYNTHESIZERS 

Function Generators 
Exact Electronics ... ............. ... ..... ....... ......... 222 

INSTRUMENTATION RECORDERS 

Mil-Spec Instrumentation Recorders 
Sangamo Data Recorders .. .. .. .. .. ... .. ... ...... 228 

METERS 

De Tachometer-Generators 
Powertron ..... ...... ......... .. .. ...... .. ...... ..... ... ..... ... 222 

OTHER TEST AND 
MEASUREMENT EQUIPMENT 

Video Filters 
Panelgraphlcs .... ... ........ .... .. .... ....... .. ......•..... 228 

OTHER PRODUCTS; SERVICES 
EDP ACCESSORIES AND SUPPLIES 
Magnetic Media 

INMAC ........ .. .... .... .... ... ...... .... ........ ... ........... ... 21 

Disc Cartridge Cleaners 
3M / Data Recording Products ............ ... ... 215 

EDUCATION 

Seminars 
Institute for Advanced Professional 

Studies .. .. .. .. ...... ......... ... ...... ... ...... ... .. 186, 187 

Microcomputer Courses 
Integrated Computer Systems ..... ..... ...... 152 

EMPLOYMENT OPPORTUNITIES 
Employment Opportunities 

Hughes Aircraft .. ..... ... ..... ............................. 137 

EQUIPMENT BUYING, SELLING, 
AND LEASING 

Equipment Rentals 
Rental Electronics ...... ..... •................ 148, 149 

Distributors 
Wyle Distribution .... .... ................ .. 190a, 190b 

MARKET REPORTS 

Market Reports 
Frost A Sullivan .......... ..... .. ........... ... .. ... .... 236 

PRODUCTION AND ASSEMBLY EQUIPMENT 

Wirewrapping Tools 
OK Machine A Tool ........ .. .... .. ... .. ... .. ....•..... 181 

Test Fixtures 
Qua I-Pro ......... .. .. .. .. ... ... .... ... ... ..... ................. . 215 

SERVICES 

Transportation 
Delta Air Lines ....... .... .... ............. .... ........ .... 2111 

SOFTWARE 

Software 
EIDOS Systems ..... .. ... .. ... .. .. .... ...... ....... .. ... .. . 182 
MlcroPro International .......... ........ ........ ...... 237 
Technical Systems Consultants .. ..... .... .. . 182 

Software P.ackages 
Forth ........ .... .... ............ .... .... .... ..... ................. 180 
Perkin-Elmer/ Computer Systems ............ 228 

Distributed Database Software 
Tominy .... .. .. ..... ..... .. ... ....... ......... ..... .... ......... ... 216 

Flexible Disc Copy Software 
Xener .... .. ... ...... .. .. ... .... .... .... .... ......... ............... 180 

Mass Storage System Software 
Control Data ... .... ................................. .... .... 214 

Process Control Software 
Process Computer Systems ... .... ............. 212 

Event Trapping Software 
I. P. Sharp Assoc iates ................... ... ...... 224 

Calculator Software 
Singular Systems .......... ........ .... .. ... ............. 180 

Microprocessor Operati ng Systems 
Hemenway .. ............ ......... .... ...... ......... .. .. .. .. .. .. 182 

Operating Systems 
Information Access Systems ... ...........•. .... 180 

Software Preprocessor 
Cromemco ... .. .. ..... ... .... ....... .......... .... ..... ..... .... 218 

Compilers 
Virtual Systems ..... .. ...... ................... ............ 182 

Graybill 
DIP switches 
Now 
available 
totally 
sealed ·11111 

including a 
sealed base 
without price premium 
Maximum seal integrity 
Each Gray hill SPST DIP™ switch now 
is potted as part of the assembly process, 
to provide a more profess ional and 
economical bottom seal. Flux entry 
during wave soldering is totally pre
vented; contamination is eliminated ; 
reliability is enhanced; and prices are 
unchanged .. . there is no cost premium 
for this improved performance . 

Top-side sealing, too 
Gray hill offers 3 options, for raised or 
recessed rockers-a tape seal , applied 
at Grayhill ; cards of tape seals, for 
your application; or re-usable protec
tive covers. 

Available off-the-shelf 
Grayhill SPST Sealed Base Rocker 
DIP Switches, with from 2 to IO 
rockers, are available off-the-shelf, 
from Gray hill or its nationwide dis
tributor network. 

Ask for free DIP Switch Catalog. 

561 Hillgrove Avenue • LaGrange. Ill inois 60525 
(312) 354-1040 
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CENTRALIZED AND 
iSTRIBUTED DATA ENTRY 

PRODUCTS MA~KET 
Frost & Suilivan has completed a 370-page 1n-dept11 
report on the "Centralized and Distributed Data Entry 
Products Market." An analysis and 10-year sales fore
cast 111 numbers of units, unit price and dollar sales are 
furnished for various product types in these data e11try 
product categories: l(eypunch, keyboard-to-tape. key
board-to-disc, intelligent terminals, nori-intelligent ter 
minals, A/N display terminals, optical bar code readers, 
hand-held readers, optical character readers, optical 
mark readers, mixed media systems, pushbutton tele
phones, portable data recorders , industrial data collec
tion, voice data entry, direct hand entry, magnetic char
acter readers. An analysis is furnished on data entry 
system concepts ranging from the keypunch and tele
typewriter to the keypunch replacement systems. the 
advent of source data automation, distributed data en
try, dnd distributed data processing. f\ state of tile art 
descnrltion is provided for the various date entry prod
ucts 

Price: ~soo. Send your c!" eek or we will bill you. For free 
de:>cr1ptr've literature, plus a detailed Table of r·onter ts, 
contact 

FROST & SULLIVAN 
106 Fulton Street 
New York, New Yori~ 10038 
(212) 233-1080 

Ou•:, '··channd logic state an'.llyzcr is~ rr.i,ro
,ompurcr. Through software concrol 1t gives you 
32'ha111t:,, da~a ,olkcrion up to 12 million 
Wl· ,·s per ~ccond, 250 words of dna 1rer:1ory, 
2, tngg,riag modes, signature analysis mrl nore 
(.Jii or v:me P1fat"onics, Inc., 122 1·harcor1\w:, 
5an Jos-, Ca, 95131, (-108) 263-2252. 

P. flATRONICS INC. 
Out•ide Cilifornia -c:tll col ~· 

(800) 538-9713 

236 For ddi ionnl information, Circle P4 011 lnqriry C r<f. 
For a demonstr11tlo11, Circle 135 tm l•c-:11h r.~1d. 
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RECTIFIER BRIDGES 
PB Serles! 300 Amp. surge. 1,500V RMS dielectric strength 
U.L. Component Recognition. Lots of features. Competitively 
1priced. Write or use Inquiry Number for O.E.M. application card 
for free samples and condel'!Se.d ·catalog Of bridges. 

electronic devices inc. .8
. ~ ,·.® Buy ftom tti• SR,!JChtll•t 

21 GRAY OAKS AVE., YONKERS, N.Y. 10710 
(914) 965-4400, TWX 710 560-0021 

For application Information, call Toll Free: 800 431· 1532 
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MlcroPro International Corporation 
The Producers of WORD-MASTER""-and SUPER-SORT"' · 

Proudly Present 

Here It Is! The most complete, totally integrated, word processing system software you've ever 
seen on a microcomputer. WOAD·START.M. really shines in ease of use, with its unique, 
dynamically activated menu scheme that allows typists to become word processing operators 
In minutes instead of weeks. For only $495, your 8080/8085/Z·BO with any CRT device becomes a 
word processing system with the features of a Lanier, Wang, Vydec, Xerox, etc, for far less cost. 

Features like ON-SCREEN VISUAL TEXT COM POSITION, with word wrap, plus dynamic justifi
cat ion and remarglnatlon. Imagine being able to type without hitting RETURN, and as WOAD
START.M.moves you to the next line, the preceding llne Is redisplayed, justified to your left and 
right margins! Center a line with a keyst roke! Set BOLDFACE and/or underline even In mid 
paragraph! Re justify text to new margins, on-screen, at wll l! ---

DYNAMIC PAGINATION shows the printer page breaks during text entry, correction, or review. 
Dot commands control vertical page layout, CONDITIONAL PAGI NATION, page HEADINGS, 
page NUMBERS, etc . The Integrated PRINT COMMAND can pr int selected pages only, pause 
between pages for letterhead loading, and drive any CP1M• list device. WOAD·START.u.runs with 
the CPIM Interfaced printer and term inal of your choice. 

SPECIFICATIONS: ll•t~lllMl.nowll'IQ ~. llM,columnol C\1190r, •afl•'>l•menutyPPf ... lon tore•perlenced-•!or.:clynamicd!•pl•y 
ol tH! dutll'IQ entry or on call pwmill CRT pr...i.w ot printed copy: lull dltk bullitrll'IQ l<locument 1lte1 up to Ol1k1n1 caproclty); mult!plt 
l!i.ldl91c tdllt In • ~: CPIM Ille ~tlblt - alao uHlul for dat• entry, tdltlnQ PfOQr&ml, etc. Commend• lnclUOI: C\llllOI 
upldown/tefl/rlghl; tcrollllneltcreenful,up/down,oncervarlabltrtl•:ln~ype;delet•CMracterl\llordlllnel11t/rlgtll/entl,.:•1tl•blt 
m1tgln Mtl..itNe: --*- l•b l!Opt.; Jut11fyJragoed righl; block mo-.lcopyldMT•: -•Cf'•'fl!)I- onct/n u,,,.a1g1o1>a11..iactl_...l>olt 
-. onty; .. 11. tolretd rrom IMldltloMI m .. : MllOO 10....., ot 10 pl- mllfk .... Addllio-.11 1UPPOf1 l>'O•ldtd for CAT'1 .. 11n in-H 
-.lcleok\u1l ln!enlllY,lllMI ln~e.and••H loendolllne. Olalog ln!ert-lorMaylnatallatlon.ANDMOAEI 

Registered WORD-MASTERT·M·users c an get a $100 discount from us or your participating dealer 
when upgrading to WORD-STAR!·M· Offer good for a limited tlme only. 

WOAD·START.M.operates with any CP/M• operating system, 32K, and either a memory mapped 
video board or any CRT TERMINAL with cursor control and clear screen (Hazeltine, Lear-Siegler, 
Soroc, Microterm, Hewlett Packard, lnfoton, Beehive, Processor Tech VDM, IMSAI VIO, SD 
Systems, Altos, Dynabyte, GNAT, etc). We ship one• IBM, Mlcropolls II, or Northstar diskette. 

Other fine MlcroPro Products include: 

Word·Starr.M. 
Word·MasterT.M. 
Tex-Wrlter T.M. 

Software/Manual 
$-495/25 
$150125 
$ 75115 

Super-Sort TM.I 
Super·SortT.M.Jl 
Super-SortT.M.111 

MICROPRO INTERNATIONAL CORPORATION 
1299 4th Street, San Rafael , Calltomla 94901 

Software/Manual 
$250/25 
$200/25 
$150/25 

Telephone (415) 457·8990 Telex 340388 DaalerlOEM Inquiries Invited 

" PROFESSIONAL QUALITY SOFTWARE YOU CAN COUNT ON, NOW" 
See Demonstrations at NCC Personal Computing Booth 42 

"CPIM It • u.cltnmk of Ol(llt•I ReH9rcn Corp. 
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..• NOW! DSl's LRNOO Anderl 
baud ASA storage and edit ~ 

DELIVERY FROM STOCK 
Only $1496.00 

lll!ll~~1~ES, INC. 

RS-232 or TTY current loop terminal. Just r>IUO 
In between terminal and modem and you're 
ready to go. Our whisper quiet field-proven 
MODUPERF system Is backed by a one year 
warranty. At only $1,495, the system pays for 
Itself by improved accuracy, data throughput, 
and reduced line charges In a matter of 
months. Don't wait to go ASR. Order your 
LRP-300 and start saving line costs NOW. 

DEALER INQUIRIES INVITED. 
Northbrook. IL IOOl2 
Tel: (312) 184-1800 TUC 208230 
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Lots of manufacturers offer vani lla 
terminals that meet their specifications. 
And, in lots of applications, that may be 
all you need. But, if you're a design en
gineer with a tailored system in mind, 
why sacrifice it to comply with your 
CRT's limitations? You do have an a l
ternative. Ann Arbor sells user-defineable 
terminals. 

We take a standard CRT design (ours 
or one of the vanilla manufacturer's), 
and add the extra function keys you 
want ... delete the features you don't 
use .. . vary the dis play co nfigura-
tion ... customize the character set ... 
match the packaging to your user's en-

When An 
Off-The-Shelf 
Display Terminal 
Just Won't Do ... 

... CALL ANN ARBOR! 

vironment. In short, we fit our terminal 
to your systems design. 

All at a surprisingly low cost to you! 

So if you're in the market for CRT 
displays, and vanilla isn't your favorite 
flavor , contact us at 6I07 Jackson Road , 
Ann Arbor MI 48103. Tel: 313-769-
0926 or TWX: 8I0-223-6033. 

RnnRRBOR 
l'E:F<l'V11NA.L-S, INC:: 
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SALES OFFICES 

NEW ENGLAND AND 
UPSTATE NEW YORK 

CALDWELL ENTER
PRISES, INC. 
Lindsay H. Caldwell 
129 Cedar Hill Rd. 
East Dennis. MA 02641 
( 617) 385-2533 

LONG ISLAND AND 
MIDDLE ATLANTIC 
STATES 

CALDWELL ENTER
PRISES, INC. 
Richard V. Busch 
6 Douglass Dr., 
R.D. #4 
Princeton, N.J. 08540 
( 201) 329-2424 

SOUTHEASTERN 
STATES 

COLLINSON & CO., INC. 
Newton B. Collinson, III 
Anthony C. Marmon 
4419 Cowan Rd., Suite 302 
Tucker, GA 30084 
( 404) 939-8391 

MIDWESTERN 
STATES 

Berry Conner, Jr. 
88 West Schiller St. 
Suite 2208 
Chkago, IL 60610 
( 312) 266-0008 

WESTERN 
STATES 

BUCKLEY /BORIS 
ASSOC., INC. 
Terry Buckley 
Tom Boris 
John Sabo 
912 South Barrington Ave. 
Suite 202 
Los Angeles, CA 90049 
( 213) 826-4621 
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The plotter size & speed you need, 
complete with microprocessor 

The CPS Digital Plotting System based controller ever your plotting needs may be, 
allows you to select the plotter size 11 there 's a CPS System tailored to meet 
and speed most suited for your them, at a price to fit your budget. 
specific application and combine it with a generation of alphanumeric characters, For complete information on the new 
microprocessor based plotter controller for circular buffer memory and greatly simpli - CPS Digital Plotting Systems, call or write 
optimum digital plotting - whether online or fies host computer software. The controller Houston Instrument, One Houston Square, 
remote. can either operate from a host computer or Austin, Texas 78753. (512) 837-2820. For 

Speeds for the plotters on the CPS Sys- serve as a sophisticated computer inter- rush literature requests or sales office in-
terns range from 300 to 2000 steps/second face - whichever fits your specific applica- formation, persons outside Texas call toll 
and plotting sutlaces are available from lion. free 1-800-531-5205. In Europe contact 
11" to 42" wide. High or low speed, high or low resolution , Houston Instrument, Rochesterlaan 6 8240 

The plotter controller utilizes a micropro- wide or narrow plotting surface ... what- Gistel Belgium, phone (059) 27 74 45. 
cessor to provide automatic detection and h .. 
correction of transmission errors. local aus ... an I 

DIVISION OF BAUSCH & LDMB @ 
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Dosens of new PKOMa come 
alongeveryyear. ' 

Many of them a.re obviously dif
terent; different technologies, con.flg
ura.tions, speeds, pinouts. Some have 
more subtle differences. A speciflc 
PROM may be altered by the manu
facturer to require a. different pro
gramming algorithm, for instance. 
~our problem? How to keep both 
your programming equipment and 
your knowledge of PRO Ms current. 

One PB.OM programmer hu 
kept pace. 

Pro-Log's Series 90 PROM pro
grammer is still a.a up-to-da.te toda;y 
as it wa.s when we introduced it in 

e secret? A design that lets 
you up te your progira.mmer eas
ily, qui k:ly and inexpe;tisively. 

Otir 1plug-in persdna.lity mod
wes now le~you progra.µi more than 
200 different PROMs. We constantly 
monitor PROM technology, modify
ing personality modules or develop
ing new ones a.a PROMs change a.nd 
new PROMs come a.long. We work 
closely with PROM manufacturers 
a.nd get their a.pprova.l on a.11 new 
modules. 

Need a. selectable baud rate 
R8232 interface, Checksum, CMOS 
RAM buffer, paper tape reader, TTY 
control, or parallel input/output? 
Easy. We can ad,d what you need to 
your basic control unit, even if it's 
one of the units we made in 1974. 

We alao »rovide you wiih the 
latest PKOM information. 

Our recently published 98-page 
PROM User's Guide includes chap
ters on PROM selection and PROM 
technology plus a complete PROM 
cross reference. Our PROM Pro
grammer Comparison Guide helps 
you evaluate programming fea
tures. To get your free copies, ca.11 or 
write Pro-Log Corporation, 2411 
Garden Road, Monterey, CA 93940, 
phone ( 408) 372-4693. 

Microprocessors at your fingertips. 
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