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Introducing the Whizzard 7200 
family of serial and parallel interactive 
graphics systems. 

Included are t>No new high­
performance color raster Whizzards so 
fast they can modify complex engi­
neering displays at a remarkably high 
frame rate - speed that rivals the 
powerful refresh vector output Mega­
tek is known for. 

Choose from over 4,000 colors; 
16 can be displayed at any given time. 

We've doubled the size of our 
graphics microcode. New segment 
header formats. New command struc­
tures. New smart interrupts. 

The result: More graphics power 
using less host computing power. 
Peripheral device electronics do most 

Data supplied by Control Data Corp. 

of the work. You get faster updates. 
Better human response. More efficient 
memory usage and data transfers. 

Teamed with RS-232C serial inter­
faces, Whizzard graphics power now 
moves squarely into the world of time­
sharing and distributed processing. 

You can configure the Whizzard 
7200 family to fit virtually any appl i­
cation simply by changing output 
circuits. Serial or parallel vector calli­
graphic. Serial or parallel raster. Or 
both simu ltaneously from one elec­
tronic chassis! All are driven by one 
common graphics software package ­
Megatek's new WAND 7200. 

You can add many "intelligent" 
microprocessor-controlled peri phera I 
devices to boost system capabil ity. 

COMPUTER GRAPHICS SYSTEMS 
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All work 
independently 
to free both the host computer and 
graphic processor for jobs they 
do best. 

It's like taking distributed pro­
cessing one more step. 

Continuous real-time pan, zoom, 
3-D hardware transformations, and 
other display capabilities are done in 
the terminal, not in the computer. 

No wonder Megatek is fast 
becoming the technological leader in 
high-quality, high-performance refresh 
graphic systems. 

For details, ca ll or write Megatek 
Corporation, 3931 Sorrento Valley Blvd., 
San Diego, CA 92121 . (714) 455-5590. 
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It Pays To Have 
The New Mannesmann Tally T-3000. 

Printers for the long run. 

MANNESMANN 
TALLY 
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New features from 
the leader in 
matrix line printers. 

New capabilities. Expanded versati lity. 
The Tally 300 line per minute printer 
takes advantage of the inherent flexibility 
of matrix line printing to give you more 
value. Now you can beat the band with 
host defined downstream font selection 
and change character styles midstream. 
No lost time, downtime, or messing 
around to change fonts . Plus, you can 
now print double high characters for 
highlighting text. Or, for those occasions 
when extra special print quality is called 
for, a new multi-pass model makes a 
double pass to enhance character 
appearance. 

And now you can move the printer 
from the computer room and locate 
it where the information is used. A 
new Asynchronous Communications 
Adapter gives you 300 line per minute 
on-line remote printing . 

Plus, look at the standard features of 
every T-3000. Quiet operation . Easy, 
front access, straight path paper loading. 
A reel to reel , prethreaded ribbon system 
for quick and clean ribbon changing . A 
time saving diagnostic status display 
that reduces service calls . It tells if a fault 
condition is operator correctable. If a 
service call is needed, it tells the 
service man what's wrong . 

Dependable and durable, the T-3000 
never requires preventive maintenance. 
Never needs adjustment. Character 
formation and line registration never 
waver. The T-3000. High reliability. 
Patented flexure technology. 

There's more to tell so contact your 
nearest Mannesmann Tally Sales outlet. 

Mannesmann Tally, 8301South180th 
Street, Kent, WA 98031 . Phone 
(206) 251-5524. 
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The 
shopper's answer 
for DEC LSI 
compat;ible 
1/0 cards. ~J~~~~~ I~~ optically coupled pulse-input 

When it comes to 1/0 functional cards 
for DEC LSl-11 microcomputers, ADAC has 
the biggest selection available. 

ANALOG 1/0 
1012 16 channels, high level inputs, 12 bit 
1012EX 32-64 channel high level inputs, 

1014 
1023 

mux expander 
16 channels, high level inputs, 14 bit 
16 channels, high level inputs, 12 bit, 
LSl-11/23 interrupt compatible 

1023EX 32-64 channel high level inputs, 
LSl -11/23 interrupt compatible 

1030 16-64 channels, high level inputs, 
12 bit, 2 DACs 

1112RL 8-16 differential low level and 
thermocouple inputs, 12 bit 

1112RX 8-16 differential low level and 
thermocouple inputs, mux expander 
8-16 differential low level amd 
thermocouple inputs, 12 bit, 

1113 

LSl-11/ 23 interrupt compatible 
1113EX 8-16 differential low level and 

thermocouple inputs, mux expander, 
LSl-11 / 23 interrupt compatible 

1412DA 1-4 D/A channels, voltage or current 
loop outputs 

CLOCK CARDS 
1.601 GPT Programmable crystal clock/ timer 

SERIAL 1/0 CARDS 
1750 Asynchronous line interface with 

two 1/ 0 ports 

channels 
1604/POC 2-4 pulse output channels 
1616CCI 16 discrete inputs, contact closure 

1616/MIC 
1616/010 
1616/011 

detect 
16 discrete inputs with priority encoder 
16 parallel outputs, optically isolated 
16 parallel inputs, optically 
isolated, can cause interrupt 

1620TIL 16 latched inputs and outputs for 
DMA operation 

1616HCO 16 discrete outputs, high current drive 
1632HCO 32 discrete outputs, high current drive 
1632TTL 32m1/ 0 lines 
1664TIL 64 m 1/ 0 lines 

BUS INTERFACE 
1620DMA Direct memory access controller 
1900 Unibus to LSI-II translator 
1950 Bus repeater 
1900CT Cable terminator ca rd 

Whatever your DEC system -Uni bus, Qbus 
or Omnibus, write or ca ll for full details on 
the industry's widest line of compatible cards 
and complete system enclosures. 

CORPORATION 

70 Tower Office Park• Woburn, MA 01801 
(617) 935-6668 
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BULK C RE BUL SE 

The choice of hundreds of minicomputer users 
Give your minicomputer the added benefit and flexibility of economical, high-capacity storage with 

BULK MEMORY from Dataram. 

The only company to offer both core and semiconductor BULK MEMORY systems for 

minicomputer users, Dataram today has hundreds of BULK CORE and BULK SEMI users 

throughout the world, in use in applications that range from process control and data acquisition to 

disk swapping and main memory expansion. Utilizing capacities from 256KB to 16 MB, and 

featuring -

* Controllers for DEC, Data General, Perkin-Elmer, and ROLM minis * Dual-port capability 

* Core or semiconductor technology * Built-in Self Test 

BULK MEMORY from the leader. Capability you can use. And only from Dataram. Now. 

Find out today how BULK CORE and BULK SEMI can help you get more out of your 

minicomputer. Contact Dataram at 609-799-0071. 

PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512 

TEL :609·799·0071 TWX:510·685·2542 

~: Ahearn & Soper Ltd., Alberta. British Columbia. Ontano, Quebec • Finland: Systek OY. 737-233; France: YAEL , 956 St 42 • 

Hunpry/Polend/Aumanl•: Unitronex Corporation. WARSAW 39 6218 • Italy: ESE s.r.I , 02/ 6073626 • Nether1and1: Technitron b.v., 020-45 87 55 • 

Sweden: M. Stenhardt AB, (08) 739 00 50 • Swllzerland: ADCOMP AG. 011730 48 48 •United Kingdom: Sintrom Ellinor Ltd ., (0734) 85464 • 

Weet Germany: 0 E.M.-Elektronik GmbH, 07 11-79 80 47 • Au1tr•lia/New Zealand: Anderson Digital Equipment. (03) 543 2077 • lndla: Industrial Electronic Instruments. 79281 • 

larael: Minix Computers & Systems Lid , 03-298783 •Japan: Matsushita Electnc Trading Co., ltd ., 03 (435} 4501 
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CalComp Can Show You 
New from CalComp ... 
Graphic 7 Display System 
and Talos Digitizers. 

With the broadest product line in 
the industry, CalComp r epresents a 
single source for almost every type 
of computer graphics device avail­
able . That means we have all the 
alternatives from which to choose. 

Now CalComp brings you two 
more alternatives to h elp you meet 
your operational n eed s: The 
.Graphic 7 stroke-refresh display 
system and Talos digitizer s . 

The Graphic 7 combines the 
latest technological features, 
including dual microprocessors, 
comple te graphics support software 
and stroke-writing capabilities to 
give you all the benefits of 
interactivity, high quality image 
and operational ease . 

Talos highlights its long line of 
fin e digitizing devices with two new 
products, the Wedge and the 800 
Series , each with advanced 
electromagnetic technology. The 
Wedge, with a five-degree sloped 
surface gives you greater operating 
ease. And the 800 Series, available 
in a variety of tablet sizes, allows 
for dual tablets , cursors and 
multiple interfaces for your varied 
applications. 

Everything you need for 
most applicati~ns. 

Whethe r for enginee ring, scientific, 
or business applications, you can 
b e sure the re's a CalComp product 
for you. Our family line of drum 
plotter s includes a full range of 
sizes from desk tops, to our biggest 
drum plotter yet , the Model 1065 
with an impressively large 72" 
drum. 

For cut sheet applications, 
CalComp's full line of beltbed 
plotter s deliver s quality i·esolution 
and high throughput. Like our 
Model 970 , the newest and biggest 
in our beltbed series, which gives 
you large 52''. x 80" size plots 
usually associated with flatbed 
plotter s. 

Flatbed plotter s still play an 
important role in dozens of 
applications. The CalComp 
Model 7000 high performance 
drafting system features our 
programmable controller for added 
flexibility. 

If your operation handles large 
volumes of work, and you find 
more and more valuable time is 
spent performing job management 
functions rather than creative 
tasks , you may want to consider 
CalComp COM units. COM gives 
you all the advantages of 
organizing, compacting and storing 

reams of output on r eadily 
accessible microfiche, 35mm 
aperture ca1·ds , or 35mm and 16mm 
film. 

CalComp 11" and 22" elec trostatic 
plotter /printers o~er an affordable 
so.lution to many applications 
r equiring high sp eed production , 
and can also function as a high­
speed line printe r, while clear­
mylar media furnishes finished 
d rawi11g qua lity. 

W ha t 's more, our ex ten sive 
libra r y of application softwa re 
p ack ages and CalComp supplies 
(we can p rovide all typ es of 
drawing media and pens), make us 
your true source for ever ything 
you 'll need in compute r graphics . 

Circle the following Reader Service Numbers for more information. EPPs: No. 7; 



All the Alternatives. 
CalComp support 
at any point. 

The all-professional, factory­
direct, CalComp team, starting 
with your CalComp sales 
representative, is there to give you 
all the help you may need at any 
point in your computer graphics 
operation. 

From the beginning, your 
CalComp sales representative can 
analyze your operations and offer 
consultation and in-depth product 
information to help find the best 
alternatives for your immediate 
and long-range needs. CalComp 
field systems analysts - the largest 
such group in the industry - can 
help put your system into operation 
and show you how it can 
significantly increase productivity 

to give you a fast return on 
investment. 

Plus, CalComp offers the largest 
network of field service engineers 
in the industry to handle 
installations and to provide quality 
maintenance and repair service . 
With our unique one year warranty 
on parts and labor-that covers 
all CalComp products-you know 
you're getting the most complete 
service and support network there 
is. And because CalComp has sales 
and service offices throughout the 
world, we can give you the 
assistance you need - fast. 

Choose the best of all 
alternatives: CalComp 

.You're getting the best of all 
alternatives with CalComp. The 
broadest product line, the broadest 
range of experience, and the 
broadest network of sales and 
service professionals in the 
industry. And that adds up to the 
broadest scope of possible solutions 
to your computer graphics needs. 

We'd like to show you how any of 
the CalComp alternatives can help 
improve your operations. For a full 
line brochure highlighting the 
features and benefits of CalComp 
products , contact your nearest 
sales office . Or write: 

Graphic 7: No. 8; Plotters: No. 9; Talos Digiµzers: No. 10; COM: No. 1 l 

California Computer Products, Inc. 
2411 West La Palma Avenue 
Anaheim, CA 92801 

Graphics Sales Offices: 
Tempe, AZ: (602) 894-9468; 
Orange, CA: (714) 978-7111; 
Santa Clara, CA: (408) 727-0936; 
Englewood, CO: (303) 770-1950; 

orcross, GA: (404) 448-4522; 
Schaumberg, IL: (312) 884-0300; 
Shawnee Mission, KS: (913) 362-0707; 
Metairie, LA: (504) 833-5155; 
Waltham, MA: (617) 890-0834; 
Southfield, Ml: (313) 569-3123; 
Bloomington, MN: (612) 854-3448; 
St. Louis, MO: (314) 863-2711; 
Woodbridge, NJ: (201) 636-6500; 
Fairport, NY: (716) 223-3820; 
Cleveland, OH: (216) 362-7280; 
Dayton, OH: (513) 276-5247; 
Tulsa, OK: (918) 663-7392; 
Portland, OR: (503) 241-0974; 
Pittsburgh, PA: (412) 922-3430; 
Wayne, PA : (215) 688-3405; 
Dallas , TX: (214) 661-2326; 
Houston, TX: (713) 776-3276; 
McLean, VA: (703) 442-8404; 
Bellevue , WA: (206) 641-1925 

California Computer Products, Inc. 
2411 West La Palma Avenue 
Anaheim, California 92801 
Telephone (714) 821-2011 
TWX 910-591-1154 



I CALENDAR I 
ICCC '80 Executive Committee, PO Box 280, 
Ba sking Ridg e, NJ 07920 . Tel: 

CONFERENCES 20 1122 1-8800 

OCT 1-3- lnternat'I Conf on Circuits 
and Computers for Large Scale 
Systems , The Rye Town Hilton Inn , Port 
Chester, NY. INFORMATION : Dr NB Guy 
Rabbot, 32 Tar Rd, Wappingers Falls, NY 
12590. Tel: 914/897-8126 

OCT 6-9 AND OCT 14-17- 8th World 
Computer Congress, Tokyo, Japan, and 
Melbourne, Australia. IN FORMATION: 
AFIPS, 1815 N Lynn St , Suite 800, Ar­
li ngton, VA 22209. Tel : 703/243-4 100 

OCT 8-9- Connector Symposium , Ben­
jamin Franklin Hotel. Philadelphia, Pa. IN­
FORMATION : Jim Pletcher, Electronic Con­
nector Study Group. Inc, PO Box 167. Fort 
Washington, PA 19034. Tel: 717/780-8857 

OCT 13-15- Symposium on the Founda­
tions of Computer Sc ience, Sheraton Inn , 
Syracuse, NY. INFORMATION : Prof Ronald 
V. Book, Dept of Math and Comp Science. U 
of California , Santa Barbara , CA 93 106. 
Tel : 805/961 -2778, 2171 

OCT 13-15- lnternat' I Computer Conf: 
Hong Kong 1980, Hong Kong. INFORMA­
TION : Dr Wel lington C. P. Yu. IBM Corp, 
F02 / 6 l C. 5600 Cottle Rd. San Jose. CA 
95 193. Tel: 408/256-3426 

OCT 14-16-M ini/ M icro Computer Conf 
and Exposition , Civic Auditorium, San 
Francisco, Ca lif. INFORMATION : Robert D. 
Rankin , M ini / Micro Conference and Exposi­
tion, 32302 Cami no Capistrano, Suite 202, 
San Juan Capistrano, CA 92675. ' Tel: 
714/66 1-3301 

OCT 16-19- Mid-West Computer Show, 
McCormick Place, Chicago, Ill . IN FORMA­
TION : National Computer Shows, 824 
Boylston St, Chestn ut Hill , MA 02 167. Tel : 
61 7 /739-2000 

OCT 20-23- CPEUG '80 (Meeting of the 
Computer Performance Evaluation 
Users Group). Odando. Fla . INFORMA­
TION : Theodore F. Ganter, U.S . Genera l 
Accounting Office , 441 G St, NW, Rm 611 8, 
Washington, DC 20548 . Tel: 202 / 275-5410 

OCT 26-29- ACM '80 (Assoc for Com­
puting Machinery Nat'I Conf and Ex­
hibition). Opryland Hotel , Nashvil le, Tenn . 
INFORMATION : Lucy Jean Johnson, Box 
1980 Station B, Nashville, TN 37235. Tel: 
615/ 322-295 1 

OCT 27-30- ICCC '80 (lnternat'I Conf on 
Computer Communication) , Peachtree 
Plaza Hotel. Atlanta, Ga . INFORMATION : 

10 

OCT 28-30-lnterface West, Los Angeles 
Convention Ctr, Las Angeles, Calif. INFOR­
MATION : Peter B. Young, The Interface 
Group. 160 Speen St, Framingham, MA 
01 70 1. Tel: 61 7/879-4502 

OCT 30-_NOV 1- Nat' I Small Computer 
Show , New York Coliseum , New York, NY. 
INFORMATION: Ralph Ianuzzi, 110 
Charlotte Place , Eng lewood Cliffs. NJ 
07632. Tel : 201/569-8542 

NOV 3-5- Conf on Computer Graphics 
in CAD/ CAM System s, MIT, Cambridge, 
Mass. INFORMATION: Prof David C. 
Gossard, Dept of Mechanical Engineering. 
Rm 3-445, Mas sachusetts Inst of 
Technology, 77 Massachusetts Ave, Cam­
bridge, MA 02139. Tel: 6 l 7 /253-4465 

NOV 4-6- MIDCON/ 80, Dallas Conven­
tion Ctr, Dallas. Tex . INFORMATION: Dale 
Litherland. Electronic Conventions, Inc. 999 
N Sepulveda Blvd, El Segundo, CA 90245 . 
Tel: 213/772-2965 

NOV 6-12- Electronica '80 , Munich 
Fairgrounds, Munich, West Germany. IN­
FORMATION: Franc D. Manzolillo, Rm 
6015, U.S. Dept of Commerce, Washington, 
DC 20230. Tel : 202/377-2991 

NOV l 0- 13- INTELCOM '80 (lnternat'I 
Telecommun ications and Computer 
Conf and Expo), Los Angeles Convention 
Ctr, Los Angeles, Calif. INFORMATION: 
Janet E. Schatta, Horizon House Interna­
tional, 61 0 Washington St, Dedham, MA 
02026. Tel: 617/326-8220 

NOV 11 -14- Conf on Magnetism and 
Magnetic Materials, Dallas Hilton, 
Da llas, Tex . IN FORMATION: D. C. Bullock, 
Texas Instruments, Inc, MS 974, Dallas. TX 
75265 

NOV 17-19- As ilomar Conf on Circu its , 
Systems , and Computers , Asi lomar Con­
ference Grounds, Paci fi c Grave, Cal if. IN­
FORMATION: A . M . Davis, Asilomar Con­
ference, Dept of Electrical Eng ineering . San 
Jose State U, San Jose, CA 95192 

NOV 19-21-GOMAC '80 (Government 
Microcircuit Appl ications Conf) , 
Shamrock Hilton, Houston, Tex. INFORMA­
TION : La rry W. Su mney, OUSDRE / E&PS, 
The Pentagon, Washington, DC 20301. Tel: 
202 / 697-4198 

NOV 20-23- Northeast Computer 
Show, Hynes Auditorium / Prudentia l (tr , 
Boston, Mass . INFORMATION: National 
Computer Shows, 824 Boylston St, Chestnut 
Hill , MA 02 167 . Tel : 617/739-2000 

NOV 30-DEC 4- NTC '80 (National 
Telecommunications Conf) , Shamrock 
Hi lton Hotel, Houston , Tex. INFORMA­
TION : John R. Howell , Houston Lighting 
and Power Ca, PO Box 1700, Houston, TX 
77001 . Tel : 713/ 228-92 11 , X335 l 

DEC 1-4- lnternat'I Conf on Pattern 
Recognition, Konover Hotel, M iami Beach, 
Fla . INFORMATION : Harry Hayman , 5th 
Pattern Recognition, PO Box 639, Silver 
Spri ng. MD 20901 . Tel: 301 /439-~007 

SEMINARS 

SEPT 1980-FEB 198 1- Data Communica­
tions for Minicomputer Users , various 
U.S . ci t ies. INFORMATION : Margaret 
Harveston, MICOM Systems, Inc, 9551 lran­
da.le Ave, Chatsworth, CA 913 11 . Tel: 
213/882-6890 

OCT 30-31 AND NOV 17-18- Micro­
processors : Hardware , Software , and 
Applications, Worcester Polytechnic Inst, 
Worcester, Mass, and Sheraton Tara , Fra­
mingham, Mass. INFORMATION : Ginny 
Bazarian, Off ice of Continui ng Professional 
Education, Worcester Polytechnic Inst , 
Worcester. MA 01609 . Tel : 617/753-1411 , 
X5 17 

SHORT COURSES 

OCT 7-10- Pascal Computer Program­
ming; OCT 13-1 7- Electromagnetic In­
terf erenc e and Control ; OCT 
15-17- Recent Advances and Current 
Tren ds in Da ta Network s; OCT 
20- Modern Software Development 
Techn iques fo r Managers ; OCT 
20-24- Distributed Processing; AND 
OCT 27-31 - Data Communications 
Systems and Networks , George 
Wash ington U, Washington. DC. INFOR­
MATION: Director, Continuing Engineering 
Educa t io n , Geo rg e Wa shin g to n U, 
Washington, DC 20052. Tel : 202 / 676-6106 

OCT 20-24- Digital Switching, U of 
Maryland, College Park , Md . INFORMA­
TION : Continuing Education in Engineering 
and Mathematics, UCLA Exten sion, PO Box 
24901, Los Angeles, CA 90024 . Tel : 
213/ 825- 1047 

OCT 20-23 , 1980, AND JAN 12-15, 
1981 - Principles and Applications of 
VLSI Technology , Sheraton Tara Hotel . 
Boston-Braintree, Mass, and Sheraton 
Palace Hotel, San Francisco, Ca lif. INFOR­
MATION : Leonard Klein , Palisades Institute , 
20 1 Va rick St, 9th Floor, New York, NY 
10014. Tel : 212/ 620-3377 
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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
at ing system compatibility. 

MORE 
A 512-byte hardware bootstrap is built into all 

PD P-11 and LSl-11 interfaces. It loads system software 
au tomat ical ly from either sing le or double density 

d iskettes. Extens ive self-testing is DIP-sw itch select­
able with the " Hyperdiagnosti cs" t hat run wi thout being 

connected to a computer. The low prof ile 5114 -inch DSD 440 
features write protection and d iskette formatting . 

FASTER 
The optimized DSD 440 microcode increases system throughput 

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

tions 20% faster than an RX02. 

FOR LESS 
The DSD 440 is the RX02 compat­

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 o f Digital Equ ipment Corporation 

EASTERN REGION SALES 
Data Systems Design , Inc. 

51 Morgan Drive, Norwood , MA 02026 
Tel: (617) 769-7620 TWX: 710-336-0120 

WESTERN REGION SALES 
Data Systems Design , Inc. 

2560 Mission College Blvd ., Suite 108 
Santa Clara, CA 95051 Tel : (408)727-3163 

CORPORATE HEADQUARTERS: Data Systems Design , 31 30 Coronado Drive, Santa Clara, CA 95051 
· Tel : (408) 727-9353 TWX: 910-338-0249 
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Technological leadership. 

Choose from the broadest, 
ready-to-run, single-board 
control project: Motorola 

All the principal systems functions you need 
are here now in these 8-bit Micromodules: CPU, 
memory (ROM, RAM, EPROM), serial and 
parallel 1/ 0 (including GPIB), analog 1/0 (both 
high- and low-level), a high-speed math 
processor, and a solid-state relay module. 

Plus system software/firmware, high-level 
language processors, card cages and even power 
supplies, all from a single source. 

Think of all the time, hassle and cost you 
can save. And how you not only get your 
hardware and software developed faster but do 
so with a competitive edge. 

These modules and accessories are all based 
around Motorola's M6800 microprocessor 
family, including the MC6809-based Monoboard 
Microcomputer (MM 19), the most powerful 
8-bit system-on-a-board around. And all are 
fully compatible with the Motorola EXORciser®, 
EXORterm™ and EXORset™ development 
systems. 

If your application requires 16-bit computa­
tional power, ask about Motorola's new 
MC68000-based VERSAmodule™ products. 

So whether your application is industrial 
control. automated testing, intelligent 
peripherals or general microcomputer system 
prototyping, you'll probably find all the 
ready-to-use hardware functions. power and 
performance you neep in Motorola Micromodules. 
For basic data on each module and accessories, 
plus application examples, send for a copy of 
our new brochure "Motorola Micromodules." 
Write Motorola Semiconductor Products Inc .. 
P.O. Box 20912, Phoenix, AZ 85036. 

For additional information or applications 
assistance, contact your nearby Motorola 
Semiconductor sales office or authorized 
distributor. Whether building your next system 
from the ground up or with here-now, leading­
edge modules, Motorola's fully committed to 

Innovative systems 
through silicon. 

@ MOTOROLA l~C. 



most versatile selection of 
computer systems for your 
Micromodules:M 

It's easier, it's faster, it's cost-effective with 
Motorola's Micromodule family. 

Monoboard Microcomputers 
M68MMO l Monoboard Microcomputer 1 (6800) 
M68MMO lA Monoboard Microcomputer lA (6800) 
M68MM01B Monoboard Microcomputer 18 (6802) 
M68MM0181A Monoboard Microcomputer lBlA (6802) 
M68MM01D Monoboard Microcomputer lD (6800) 
M68MM19 Monoboard Microcomputer 19 (6809) 
Proceuor Modules 
M68MM02 6800 CPU Module 
M68MM14 Arithmetic Processing Module 
Memory Modules 
M68MM04 EPROM/ ROM Module (16K Max) 
M68MM04A EPROM/ROM/RAM Module (64K Max) 
M68MM06 2K Static RAM Module 
M68MM09 4K Static CMOS RAM Module w/Battery Backup 
MEX6815-3 BK Dynamic RAM Module 
MEX6816-1 HR 16K Dynamic RAM Module w/Hidden Refresh 
MEX68RR EPROM/RAM Module 
Digital 1/0. Modules - Parallel 
M68MM03 32/32 1/0 Module 
MEX6820 PIA-Based 1/ 0 Module (40 lines) 
M68MM13A Isolated Relay Output (16 Channel) 
M68MM13B Isolated Relay Output (32 Channell 
M68MM13C Opto Isolated Relay Output (24 Channel) 
M68MM13D Opto Isolated Digital Input Module 
M68MM23 Opto Isolated 1/ 0 Module (AC/ DC) 
Digital 1/0 Modu,Jes - Serial 
M68MM07 Quad Communications Module 
MEX6850 AClA Module 
M68MM 11 RS-232C to 20 mA Adapter Module 
M68MM 12 GPIB Listener / Talker/ Controller Module 
M68M M12A GPIB Listener/Talker Module 
Analog 1/0 Modules 
M68MM05A 12-Blt AI D. High-Level. 8 Chan nel 
M68MM05B 12-Bi t AID. High-Level. 16 Channel 
M68MM 15A 12-Bit AID. High-Level. 8 / 16 Channel 
M68MM15Al 12-Blt AID. High-Level. 16/ 32 Channel 
M68MM15B 16-Blt. Low-Level. 16 Channel 
M68MM05C Quad 12-Blt DIA Module 
M68MM15CV Voltage DIA Module (1 -4 Chan nel ) 
M68MM15CI Current DIA Module (1-4 Ch annel) 
Packaging and Support Hardware 
M68MMCC05 5-Slot Card Cage 
M68MMCC10 10-Slot Card Cage 
M68MMSC 5-Slot Rack-Mount Chassis (Top Load) 
M68MMLC 10-Slot Rack-Mount Chassis (Top Load) 
M68MMFLC 14-Slot Rack -Mount Chassi s (Front Load) 
M68MPS1- l Power Supply (+5 V, ± 12 V) 
M68MM10 Power Fall Detect and Time-of-Day Clock Module 
MEX68WW Wlrewrap Module 
MEX68USM Universal Support Module 
MEX68XT Extender Module 
Peripheral Devices and Interfaces 
M68MDM1 5-Inch CRT Display Module 
M68DIM2A Display Interface Module 
M68SFDC2 6800 Floppy Disk Controller Module 
M6809FDCONT2 6809 Floppy disk Cont roller Module 
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COMMUNICATION CHANNEL 

A DISTRIBUTED PROCESSING SYSTEM 
FOR MILITARY APPLICATIONS-
PART 1: SYSTEM OVERVIEW 

Ralph Mauriello Litton Data Systems 

8000 W oodley Ave, Van Nuys, CA 91409 

This series of four articles describes a geographically 
separated , functionally organized , task-oriented 
distributed processing system, connected on an effi ­
cient, high speed serial data bus. Military systems 
designers are given a set of hardware and software 
building blocks for configuring a highly responsive and 
adaptable system that can be phased into current ap· 
plications with a minimum of disturbance by utilizing 
current software. There is also provision for constantly 
incorporating new technology. 

The Litton distributed processing sys tem was des igned to 
sa tisfy milita ry req uiremen ts wi th new tec hnology hardware 
and newly developed software a nd sys tem co ncepts fo r 
dis tributed sys tem contro l. Rece ntly, breadb oa rd versions 
of th e required ha rdware, fir mware, and sys tem control so ft­
ware were successfull y demonstra ted in a 3-node, 4-pro­
cesso r loo p co nfigurati on. Development of MIL-Spec ver· 
s ions is now in progr ess . 

A study perfo rm ed befo re implementa ti on foc used on 
four key aspec ts: sys tem architecture, the da ta bus, th e da ta 
processing hardware, and sys tem softwa re. Considerati ons 
fo r th e da ta bus included sys tem communica tion co nn ec tivi­
ty, speeds, and techniques . For th e da ta processing ha rd­
ware, it was necessary to de te rmin e wh a t dis tributed co ntrol 
(hardware and firmware) was need ed to integrate th e bus 
and th e processors into a n e ffective to tal sys tem. Fina lly, 
whi ch software process ing fea tures were optimum in a high 
speed da ta bus environment we re de termined. 
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System Characteristics 

T hree fac tors usually characte rize a d istr ib u ted processing 
sys tem ( DPS): 

The p rocessing is distributed among several processing 
elements. P rocess ing ca pab ility a t each node may ra nge 
fr om a single low. cost softwa re co mpa ti ble DPS mi cropro­
cesso r to multiple hi gh th ro ughp u t number crun chers. The 
ap pli ca ti on programs a re a lso di stributed. Onl y a p pli ca­
ti ons th a t a re needed a t th e e lement a re s tored locally. The 
need fo r p rogram storage within th e node is de termin ed by 
system respo nse requirements. The refo re, replica tion of 
progra m may be indicated . 

The data base is dist ributed among the elements. Various 
porti ons of th e sys tem da ta base may be rep licated a t 
vari ous nodes to ass ure th a t sys tem res ponse tim e re­
quirements a re sa tisfi ed. Howeve r, only one change autho ri­
ty is a llowed for eac h data e lement of th e da ta base. 

Th e sys tem control is distributed. Local (or nodal) co ntrol is 
exercised a t each node by a n exec utive program. Overa ll 
sys tem (or ne twork) control is acco mplished by a module of 
th e exec uti ve th a t may be located a t any one of th e nodes in 
th e sys tem. Identi cal firmwar e at each node prov ides emula­
ti on, bus co ntrol , and spec ia l mi croprograms fo r di splays or 
communica tion links. 

The charac teris tics of the DPS provide effic ient handling 
of fun cti onally partitioned so ftwar e tasks. Each software 
module may issue requ es ts for acti on to · other modul es, 
wh e th er local to th e node or a t a remote node, with th e en­
tire transaction being transparent to th e software module . 

CO MPUTER DESIGN/SEPTEMB ER 1980 



Introducing the 
NEC Soft-lbuch: 
Other diskette drives 

Dual-sided diskette drives require contact of both heads with the media 
to read or write. This causes head wear and a pinching action that 
deforms, mars and scratches the media surface, shortening head and 
media life. 

NEC diskette drive 
HEAD LOADINGQ 
AIR-DAMPER 

NEC 
HEAD ASSEMBLY 

The NEC "Soft-Touch" drive uses advance-contour head design and a 
unique air-damper to load heads. These features smooth and cushion the 
contact of head with media surface, nearly doubling the life of both the 
heads and the recording media. 

The industry's newest 1.6MB diskette drive. 
With twice the MTBF. Twice the media life. 
NEC product superiority is now available in dual-sided double­
density eight-inch diskette drives. Our new Model FD 1160 "Soft­
Touch" flexible disk drive offers reliability and cost-of-ownership 
advantages that far exceed industry standards. 

Media life. The "Soft-Touch" drive uses a unique air-damped 
head-loading system that virtually eliminates pinching, scoring 
and scratching of the diskette media. The result: media life of 
more than 6 million passes, nearly double that offered by other 
suppliers. 

Head wear. An advanced design ceramic read/ write head 
assures maximum signal transfer efficiency while drastically re­
ducing head wear and media chafing . 

Reliability. Most diskette drives average about 8,000 hours 
MTBF, with perhaps a component or two rated higher. The NEC 
"Soft-Touch" drive has a 15,000-hour MTBF on the entire drive. 

Compatibility. The FD 1160 model is data compatible, elec­
tronically compatible and dimensionally compatible with industry­
standard single- and dual-density drives. You can use it immedi­
ately in place of the older drives you use now. 

Availability. The NEC "Soft-Touch" drive is available right now. 
Not as a prototype, but as a field-proven drive with over 20,000 
installations worldwide. 

Find out for yourself. Call Jack Flynn today on the NEC 
"Soft-Touch" action phone at 617-862-3120 to order your eval­
uation unit. 

NEC 
NEC Information Systems, Inc. 

Home Office: 5 Militia Drive, Lexington , MA 02173, (617) 862-3120 
Eastern Ottice: 36 Washington Street, Wellesley. M A 02181 , (617) 431-1140 

Central Office: 3400 South Dixie Drive. Dayton. OH 45439. (513) 294·6254 

West Coast Office. 8939 S. Sepulveda Blvd .. L9s Angeles. CA 90045 (213) 670-7346 
Southern Ottice: 2945 Flowers Road South. Atlanta. GA 30341 (404) 458-7014 
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Objectives for the DPS Project 

Develop a distributed processing system architecture 
capable of satisfying military command and control 
system requirements 
Develop the necessary hardware, firmware, and software 
to support t~e architecture 
Satisfy a wide range of applications with a minimum set 
of common hardware and software modules 
Design a highly maintainable and reconfigurable system 
Provide orderly transition from supplementing existing 
systems in the field, through replacement, to introduc­
tion of new systems 

Litton Approach to DPS Design 

Design emulators to permit use of a variety of existing 
repertoires and languages 
Provide architectural extensions to these emulators, 
which are both conventional, such as memory address 
extension, and specialized, for control of distributed pro­
cessing 

16 

Develop a high speed bus architecture capable of either 
fiber optic or coaxial cable implementation 
Provide system level control for loops and networks and, 
at each node, distributed executive software 
Use functional card building block approac.h 
Partition the hardware design for survivability, main­
tainability, and logistics considerations 
Design for transition from existing to new systems 

CIRCLE 14 ON INQUIRY CARD 

Objectives and Approach 
Original objec tives of the proj ect, and th e Litton approach 
to achi eving th ese objectives, are shown in th e Panel. Ex­
isting commercial distributed systems were reviewed to 
determine applicability of any currently operational 
features. None of th ese computers or bus architectures 
satisfied all th e military reconfigurability and real time re­
quirements. As a result, it was decided to develop a new 
computer family and communi ca tion bus protocol. This ap­
proach permitted th e identification of all requ irements and 
an allocation of each of these either to hardware, firmware, 
or so ftware as a fun ction of the most cost-effectiv e method 
of implementation. 

In order to permit the use of ex isting software wh erever 
possible, a family of military central process ing unit (CPU) 
emulators has bee n defin ed for DPS. The first of the family 
to be implemented are two types of AN /UYK-20' that are cur­
ren tly in operation. These emulators will be described in a 
subsequent a rticle. 

Architectural ex tens ions are implemented in a fully soft­
ware compatible manner to assure capture of exis ting soft­
ware. Naturally , new software will be required to take ad­
van tage of these enhancements which come in two forms: 
conventiona l and di stributed process ing functions. Features 
such as ex tend ed memory address ing, paging, protection, 
and the like are typ ical of th e conve ntional enhancements. 
Distributed system fun ctions have been added to assure 
transpa rent co mmunica tion of app lica tion programs be­
tween processing elements and to permit sys tem control of 
reconfigurability in eve nt of fai lures. 

A review of a ll ex is ting communications buses and pro­
tocols de termined that none satisfied a ll th e requirements. 
Synchronou s data link control (SDLC)2 bus architecture, 
defined by Bell Laboratories and used by IBM, came closes t 
to satisfy ing all the requirements and was therefore chosen 
as th e basis for th e design. 

Distribution of th e executive software permits the use of 
multiple processors to solve the vari ous computational tasks 
in th e sys tem. Since the executive is modular, only those 
portions requ ired in each element reside in that element. 
The foundation for th e executive is th e AN /UYK-20 SDEX-2a3. 
Extensions to th e des ign incorporate multiprocessing a nd 
transparency of application program interfaces in th e 
distributed system. 

Configurability and fl exibility fot a wide range of applica­
tions were ach ieved by designing a standard set of hard­
ware, firmware, and software modules that are expected to 
reduce development, procurement, and logistics costs. 
Although the primary goal was distributed processing, im­
plementation of conventional existing computer systems 
was also required from the common, standard set of ha rd­
ware modules. Applications range from small, field ­
deployed, tactical sys tems to large command, control, and 
communications (C3

) systems. 
Major crite ria in rea ltime military applications are 

availability of th e system to perform as required and ability 
to operate in a variety of degraded modes in which failed 
hardware has little or no effect on system capability. Three 
factors determine availability: reliability, maintainability, 
and surv ivability (or integrity/reconfigurability). Unit 
reliability rnn generally be enhanced by derating of com­
ponents for high temperature operations and other such 
well-understood procedures. (continued on page 21) 
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You might have thought 
our world was round 
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Think again. 



BELDEN 
FLAT CABLE & CONNECTOR 

SYSTEMS 
Sorry, Columbus. When it comes to cable, round is not 
always right. And we should know, we make both 
round and flat cable. 

For mass terminations, Belden Flat Cable and Connec­
tor Systems offer substantial improvements in installa­
tion time, serviceability and cost effectiveness when 
compared to round cable. What's more, Belden Flat 
Cable is worlds away from other flat cable. With 
tough, flexible insulations; uniform centers; easier 
breakouts; and much more. It' s the kind of quality 
that keeps total end costs down to earth. 

We offer a wide range of custom and standard flat 
cables-.050", .100" and .156" centers; laminated; 

bonded; jumper cables in bulk rolls or pre-stripped 
lengths; and our unique twisted pair cable, Vari-TwisfrM 

Vari-Twist is the only twisted pair cable which has 
both opposite direction lays-and varying length of 
lay-on each adjacent pair as a standard product. 

Combine all our flat cable with dependable Belden 
connectors and accessories , and you have a complete 
flat cable and connector system. A complete system 
which is made even better by the full service and 
custom engineering capabilities you've come to 
expect from Belden. 

Let us put our world of flat cable to work for you. 
You'll discover we beat the competition flat. 



Belden takes the sys 
Quality Flat Cables 

Bel&ftilt~t Wle for all types of applications. 
AmOJlg our flat cable capabilities: 
• Round conductors, (solld, stranded, or unistrand) • Flat conductors 
(Mylar or KaDton Insulation) • Bulk and precut, prestrlpped jumper 
cables • PVC solid or color-coded laminations • Cable assemblies 
made to specifications • CompatlbiUty with all major makes of 
connectors • Passes VW-1 Vertical Flame Test 

Bonded Flat Cable 
• 10 to 30 conductors• 22, 24 and 
26 AWG stranded• 80' C tempera­
ture rating• 300V voltage rating• 
UL style number 2697 

Laminated Flat Cable 
• .050" (1.27mm) spacing• 10 
to 64 conductors, 28 AWG 
stranded• 105' C temperature 
rating • 300V voltage rating • 
UL style number 2651 

Rainbow Flat Cable 
• .050" (1 .27mm) spacing• 10 to 64 
conductors , 28 AWG stranded • 
105' C temperature rating• 300V vol­
tage rating• UL style number 2884 

.100/ .156 Flat Cable 
• .100" (2.54mm) spacing , 2 to 28 
conductors• .156" (3.96mm) 
spacing , 2 to 24 conductors• 
22, 24, 26 and 28 AWG 
stranded (.100)/18, 22, 24 
and 26 AWG stranded 
(.156) •Rated to 
105' C & 300V 

Vari-Twist TM Flat Cable 
• .050" (1 .27mm) spacing• 5 to 32 pairs• 
Adjacent pairs have opposite lays • Lay 
length varies with each adjacent pair• 105' 
C temperature rating• 300V voltage rating 

Write for our free Catalog 
Belden Corporation, Electronic Division, P.O. Box 1980, 
Richmond, IN 47374. Phone: (317) 983-5200. Out west, call 
our regional sales office at (714) 833-7700. In the east, call 
our sales office at (617) 872-7846. 
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Compatible Connectors 
Belden connectors provide fast , easy install8 
connections; and long service life. 
offered by all Belden connectors: 
• - 55°C to + 1os•c temperature range• 
Phosphor-bronze (gold-over-nickel platl 
reliable U-contact (double action IDC) 
SolvSat-reslstant glass-filled PBT h 

Headers 
• .100" (2.54mm) grid 
contact/terminal spacing• 
Selective plating (gold-
plated contact and solder-plated 
terminal) • Flex lock/eject hooks • 
Many diversifications (10 to 60 pins, 
wire-wrap/straight/right angle) 

Socket Connectors 
• .100" (2.54mm) contact spacing• 
Double-cantilever contact • 
Bottom-entry contact• Many 
diversifications (10 to 60 pins, 
closed-end/through-end) • Dual-
beamed contacts • Polycarbonate '' • 
strain rel ief ·.,; ; :: : ;; : :; 

Low-profile Socket Connector~~~ 
• .100" (2.54mm) contact spacing• 
Double-cantilever contact • · / 
Bottom-entry contact • :::,.....--: 
Dual-beamed contacts • p 
Many diversifications : : " ,, · • 
(10 to 60 pins) · "<::;.. ., 

···.::::::1' 

Card Edge Connectors 
• .100" (2.54mm) contact 
spacing• Bifurcated contacts• 
Many diversifications (10 to 60 
pins; with ears , half ears or 
without ears; and with or without 
strain relief) 

D.l.P. Connectors 
•Plugs into IC sockets or can be 
soldered for permanent connec­
tions• Low-profile installation on 
PC board • Many diversifications 
(10 to 60 pins) 

P.C.B. Transition Connectors ~~ 
•Tinned pins for excellent solderability i 'l\~·~. 1 • For reliable permanent PC . · 11.11_ !.'l 
board connections• 1.6mm "' , . ' lt \1~ 
(1 /16") standard thickness of PC ~ ~ .. · .. _ ~ 
board• 14, 16, 24 and 40 position 1 r 1 1 -
connectors 1 1 1 
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Maintainability and survivability, however, are not as 

easily reso lved as reliab ility. Good maintenance design per­

mits rapid fault isolation and restoration of operation by 

relatively low skilled technical personnel. When the 

shooting starts, or when equipment malfunctions, it is 

essential that the system be easy to repair. A military system 

must be able to survive battle damage. It must be able to 

reconfigure to permit reallocation of remaining resources to 

perform required functions. Many alternate modes of opera­

tion can be predetermined and preplanned, based on the 

most critical system functions. 
Most important of all is the necessity to develop a system 

that enables orderly transition from existing systems to 

those using the new concepts. The design permits the addi­

tion of new DPS equipment, which will initially provide 

enhancements, extensions, and interconnections, to the ex­

isting subsystems. As old equipment is phased out, the func­

tions can then be moved into the new elements/processors 

provided by the DPS. 

System Configurations 

In the Litton DPS concept, processing capability at a node 

ranges from a single CPU to a large multiprocessor. In its 

simplest form a node is called an element. Fig l(a) shows a 

single CPU element, Fig 1 (b) a multiple CPU element. A stan­

dard internal bus, called the intra-element bus (IEB), is the 

heart of the element, and is identical for all DPS emulators. 

This standardization permits multiple computer architec­

tures with a small number of card types. 

The configurations shown have one or more CPUs, 

memory units, and several input/output (1/0) interface cards, 

one of which is an interface with the serial interelement 

bus (SIB). Memory may be accessible by all CPUs or 

dedicated to support a single CPU; the configuration is total­

ly up to the system designer. 1/0 cards provide interface to 

peripheral devices that have been designed for interfacing 

with one of the several standard interfaces currently in use 

in military computer systems. Three such cards are opera­

tional and provide interface for the 188-C/RS-232, 1397-A, and 

1397-B/C. Each card handles two channels. 

Another configuration possible with the DPS shown in Fig 

2 is defined as a cluster. The memory management function 

provides interface of two elements per memory manage­

ment card. The memory management card can be cascaded 

in two ways: to increase the number of elements that have 

access to common memory, and to increase the number of 

ports provided to common memory. A logical and fun ctional 

limit of 32 elements and 8 ports has been established. The 

memory management also provides the capabi lity to imple­

ment more conventional existing systems where multiple 

processors are required to share common memory. 

The memory management card can implement interrupts 

between the various ·CPUs within each of the elements and 

simplify communication among the processors. Full inter­

rupt capability between processors within an element is also 

provided. Since multiple processors are permitted within 

each elemen t, memory management is provided with fo ur 

full sets of paging and memory protection registers. 

Beyond the relatively simple element and its combination 

into more complex clusters, elements and clusters may also 

be tied together using the SIB . Fig 3 shows a large 

distributed system, configured for a typical military applica­

tion. All elements and clusters are interconnected to permit 

SIB l/f · SERIAL INlERELEMENT BUS INTERFACE 
T / R • TRANSMIT ! RECEIVE MODULE 

(al 

(b) 

SIB 

SIB 

r-.., ~~~~~v I- - .., 
I 16k I - - - 16k I 

LTJ LT.J 
I 

SIB 

Fig 1 Single (a) and multiple (b) CPU elements. All 

CPUs, memories, and 1/0 interface cards are required to 

interface with intra-element bus (IEB) 

Fig 2 Multiple element cluster. Addition of 

memory management provides memory protec­
t ion, paging, and other functions for 512k words of 

common memory, accessible by any element. 
Each of four elements shown is capable of 
simultaneous independent computation 
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SERIAL INTER ELEME NT 
OR INTERCLUSTER BUS 

CLUSTER 

complete exchange of control and data. Hardware and firm­
ware support provided by the DPS greatly simplifies soft­
ware design to support this fun ction. 

Clusters shown in Fig 3 interface the SIB differently. One 
has a single inter face, while the other has two of its three 

900 Reliable Relays 
Schrack manufactures a complete line of relays 
and accessor ies under the strictest qual ity 
standards. We have over 900 models of general 
purpose, sensi tive, miniature, p.c. type, and 
magnetic latching relays. We also make stepping 
switches, plus accessories like plugs, sockets , 
and dust covers . Most relays are U L/CSA/VDE 
approved, so even new designs can be specified 
without the need for testing . 
Our New York City warehouse is always fully 
stocked for immediate delivery. Look to Schrack 
to meet the needs of today's elect ronic 
technologies . Schrack has your relay. Write or 
call for free brochure. 

SCHllACK 
1140 Broadway, New York, NY 10001 •Tel. (212)683-0790 
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Fig 3 Single bus distributed 
processing system . Actual 
number of interfaces provided 
each cluster depends on 
system performance and 
availability requirements 

elements interfacing the SIB. This configuration was chosen 
because of the criticality of the functions being performed 
by this particular cluster. Interconnection to multiple loops 
is the final possible expansion of clusters and elements. Fig 
4 shows the use of a cluster for a 3-bus interface. 

Serial lnterelement Bus 

Objectives of SIB• design include continued operation 
follow ing a variety of fai lure modes at system and subsys tem 
level, autonomous user operation without cen tral bus con­
trol, and ability to isola te and test subsystems concurrent 
with continued sys tem operation. Minimization of conten­
tion and guaranteed access by all users, and minimization 
of overhead and ability to handle sporadic peak data rates 
without delay, are other objectives. The SDLC was selec ted 
and modified to suit military operational needs. 

The resu lting DPS bus design exhibits characteristics in­
cluding dual-loop redundancy with continuous loop 
monitoring to permit automatic reconfigura tio n; 
reassignable bus controller function to preclude single­
point fa ilure of the bus; and direc t element to element ad­
dressing. It has four addressing modes: 192 unique ad­
dresses, six collec tive addresses, a global address for all 
elemen ts, and a bus con troller address. Other design 
charac teristics are two interchangeable types of transmis­
sion media (fiber optics and coaxial cable), support for 
system bootload and remote bootload request capability, 
and provision for multiple bus sys tems. At a 20M-bit/s 
transfer rate, there is self-determination by each node for 
bus address. Dual loop redundancy, automatic reconfigura­
tion, reassignable bus controller, and replicated bus access 
logic all combine to eliminate the possibility of a single 
failure bringing down the entire system. 

The SIB consists of a primary loop fo r data and a second­
ary loop for backup. Failures are automatically de tected 
and the bus automatically reconfigured for complete 

(continued on page 26) 
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F=AIRCHILO 

A Schlumberger Company 

Fairchild's FAST family of Advanced 
Schottky TIL logic has arrived. 
Twenty-one products are currently 
available that deliver up to 75% 
more speed than Low Power 
Schottky, and up to 40% more 
speed than Schottky. At up to 75% 
reduction in Schottky power. 

We owe all of these 
improvements over 
previous TIL families to one 
thing. Our proven lsoplanar 
process. 

Take a fast look at what 
we have. 

There are six multiplexers to 
choose from, with typical select to 
output of 8 ns at only 70 mW. Two 
flip-flops and two counters are 
available with toggling 

capability in excess of 120 MHz. 
We have an ALU that's 40% faster 
than its Schottky counterpart, yet 
requires only 1/3 the power. 

If you need a high-speed shift 
register, ours has a shift frequency 
of 150 MHz. Or an octal latch that 

has a propagation delay of less 
than 4 ns. An octal buffer with 
1 /2 the power of its Schottky 
counterpart and full 64 mA 
drive capability. Plus six gates 

to help put them all together. 
When you want it fast, 

we've got it. 
We've been shipping FAST parts 

for over a year. To order any of our 

21 new products, or our new FAST 
Data Book, call (415) 962-FAST, 
or write Fairchild Semiconductor 
Products Group, P.O. Box 880A, 
Mountain View, California 94042. 
TWX: 910-379-6435. 

Available Now : 
74FOO 74F153 
74F02 74F157 
74F04 74F181 
74F08 74F190 
74F10 74F191 
74F32 74F194 
74F74 74F244 

Fairchild Camera and Instrument Corp. 

74F253 
74F257 
74F350 
74F352 
74F353 
74F373 
74F374 

Wfive been in high speed 
to get FAST on the shelf. 
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DRESSED FOR SUCCESS. 



SUCCESSFUL FRONT PANELS 
DRESS IN DIALIGHT 

Even the most demanding indus­
trial designer or design engineer 
will occasionally take switches, 
indicators and optoelectronics 
for granted. That's a mistake. Be­

cause they are often the first com­
ponents people see and the ones 

they use most frequently. 
That's why so many designers 

insist on Dialight standard prod­
ucts and custom designs. They 
know that precision Dialight prod­
ucts will give their computer, 
machine or instrument the look 
and feel of quality. 

Choose from over 
1,500,000 indicator lights. 

Di alight is the world's largest manu­
facturer of incandescent, neon 
and LED indicator lights. For over 
40 years we've introduced new 
sizes, styles and colors. 

So there's a good chance our 
collection includes exactly the 
light you need. If it doesn't, we'll 
be happy to work with you on an 
original. After all , we didn't create 
over a million different designs 
by refusing special orders. 

Rockers and toggles for 
panel and PC board mounting. 

Dialight meets your needs for 
miniature switches with thousands 
of different designs in rockers, 
toggles and levers. All are 100% 
tested and made in the U.S.A. 

Our rocker and toggle line con­
tains a wide selection of actuators, 

terminations, mountings and 
contact ratings. Included are 
dozens of styles for mounting on 
front panels and sub-panels as 
well as styles for snap-in and 
printed circuit board applications. 

If our catalog doesn't show 
exactly the switch you need, we'll 
design and build it to order. All it 
takes is a call to our Applications 
Engineering department. 

100% testing of 
every illuminated switch. 

Dialight offers a complete line of 
computer-grade illuminated 
switches at reasonable cost. And 
to make sure they all work perfectly, 
we test every switch both elec­
trically and mechanically before 
it's shipped. 

Other switch suppliers may settle 
for sample testing. That's like leav­
ing reliability to chance. You don't 

take chances with your designs, 
and we never will with our illumi­
nated switches. 

Depend on Dialight to supply 
exactly the switch you need, 
either from our catalog or on spe­
cial order. Since we manufacture 
the entire assembly ourselves, we 
can respond faster and still main­
tain complete quality control. 

LEDs ready to mount on 
panels and printed circuit boards. 

When it comes to optoelectronics, 
once again Dialight offers a wide 

See us at WESCON Booths 1042,44,46. 
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selection plus many unique ad­
vantages. For example, we now 
package LED indicators singly and 
in arrays for mounting on PC 
boards. As soon as you insert them 
into the board, they're precisely 
positioned and ready for wave 
soldering. Installation is far faster. 
And production costs are dra­
matically reduced. 

For front-panel LED readouts, 
we package 7-segment displays 
with their associated decoder­
driver circuitry and mounting bezel. 
The entire assembly, with as many 

digits as you need, is ready for 
instant panel mounting. 

Dress your products for success. 

Your products never get a second 
chance to make a good first im­
pression. So send them into the 
marketplace looking their best. 
Dress all your front panels and PC 
boards in quality indicator lights, 
rockers and toggles, illuminated 
switches and optoelectronics from 
Dialight. 

Dialight, 203 Harrison Place, 
Brooklyn, New York 11237. 
Phone: (212)497-7600. 

DESIGN IN 
11/ALIGl-IT 
A North American Philips company. 



OUR AUTOMATIC SAVINGS PLAN. 
Plugging in our line of in terface-compatible 
terminals con outomoticoffy reduce your 
terminal budget-by as much as 50%. 
And nowadays, that's like money in 
the bank. 

General Terminal Corporation offers 
models that ore teletype-compatible 
as well as terminals that o re interfoce­
compotibfe with DEC, Burroughs and 
NCR computers. And GTC offers models 
that emulate other mo;or terminals, too . 
Alf for fess. 

And because GTC is the on ly moior 
terminal manufacturer with produc-
tion facilities on both U.S. coasts, we con 

deliver what you wont, where you wont, 
when you wont. 

More for fess, outomoticoffy. 
That's what happens when you push the 
right button . 

For more information on GTC products and 
services, coif toll -free today. In California: 
800-432-7006 . Anywhere else in the United 
States: 800-854-6781 . Ask for Georgia Sand. 
Or write Georgia Sand at General Terminal 
Corporation, 14831 Franklin Avenue, Tustin, 
CA 92680. Telex :910-595 -2428. We hove 
offices throughout the ,;.,oild. In Canada, 
contact Lonpor Ltd., 85 Torbay Rood, Markham, 
Ontario L3R. Phone: 416 -495-9123. 
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The right button to push:" 

General Terminal Corporation 



SIB I 

SIB I F 

MEMORY 
MANAGEMENT 

COMMON MEMORY 

fail-safe operation. The bus controller, which may be any 

node on the bus, continually monitors bus operation for ab­

normal conditions. A backup bus controller is also assigned, 

whose task is to monitor both the bus and the bus controller, 

and to assume control when it determines that the normal 

controller has failed. Control logic for bus access is fully 

replicated and independent in each node. Since all nodes in 

the DPS have processing capability, direct addressing of a 

message from one non-master node to another is permitted. 

The SIB protocol eliminates the double transmission, store 

and forward approach, resulting in very high efficiency. 

The large set of address categories provided by the SIB max­

imizes system throughput, and the global and device collec­

tive categories permit single transmission of a message to 

multiple destinations. 

Both fiber optics and coaxial cable are available as 

transmission media for cost-effective implementation in a 

wide variety of applications; implementation of the bus may 

be in any combination of the two. Transmit/receive (TiR) 

assemblies at the nodes are modularly designed to permit 

this choice at any location in the loop. System bootload per­

mits automatic loading and distribution of programs and 

data to all elements of the system from a single mass storage 

device. Remote bootloading permits the bootload of any 

node that is being added or reinserted into the system from 

one mass storage device, eliminating the need for the 

bootload media at every element. 

Ready expandability of the DPS to multiple bus operation 

is a significant attribute. In a very large combat system, it is 

desirable to have several separate buses, organized on a 

functional basis. This approach provides autonomous sub­

system design, rapid response in the sensor to weapon 

chain, and enhanced survivability. This configuration re­

quires a protocol that permits efficient interbus com­

munication. A simple and natural extension of the already 

Fig 4 Multiple bus interface cluster. Each element 

is tied to different bus allowing totally independent 

and asynchronous operation of all three buses 

developed SIB protocol for a single bus communication was 

selected. This design approach permits continued use of 

that hardware, firmware, and software without modification 

while minimizing additional software required for the addi­

tional capability. No change is required to either the hard­

ware or firmware for the implementation of the interbus 

communication. 

Data Processing 

Hardware. Most of the general purpose digital computers 

currently used by the U.S. military are the AN/GYK-12 and 

AN/UYK-19 (Army), and AN/UYK-20 and AN/UYK-7 (Navy). In ad­

dition, the AN/UYK-41 has been recently designated a U.S. 

Army standard by the Military Computer Family5 program. 

Therefore, these architectures were chosen as targets in the 

development of emulation hardware. Software compatible, 

low cost, low throughput devices are also called for. 

Although computer architectures differ greatly, it is pos­

sible to implement all CPUs with a small set of standard cir­

cuit card types. Commonality is also carried into the mem­

ory system since all. five computers use identical comple­

mentary metal oxide semiconductor (CMOS) memory cards, 

either 16k words by 18 bits or 8k words by 36 bits. This 

modularity for each of the computer memory configurations 

permits cost-effective implementation of smaller computing 

units and facilitates growth to maximum sizes. Modular ap­

proach results in the need for only 10 types of circuit cards 

to implement five different CPU architectures, including 

memory. Logistics advantages of this design are obvious. 

Software. DPS software provides three major functions: 

system initialization, system control, and local control. 

System initialization permits bootloading and system start­

up of all processors from a single initiation point. Programs 

required by all processors reside in a single mass memory 

(continued on page 30) 
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Announcing the RTE8/8800 
Real-Time Emulator. 

shared development system memory.) 
But that's not all. RTE8/8800 also 

has its very own control micropro-
RTE8/8800 is modular. For each cessor. It can continue testing and 

CPU you work with, you just plug in exercising target hardware and soft-
one of our "personality modules:' We ware while you and your development 
have them for 10 of the industry's most system go off and do something else. 
popular 8-bit microprocessors. And even though the RTE8/8800 

Your basic emulator CRT format is hard to beat, it's easy to use. You 
stays the same. So does your emulation don't have to spend a lot of time 
command set. You'll be able to debug learning long complex command 
your hardware and software, test and syntax. Simple keystroke commands 
analyze your target system prototypes control the menu-oriented display. 
cheaper and easier than (System 8/ 8) Get System 8/8 with 
ever before. RTE8/8800 from 

And you'll do it all Advanced Micro 
in real Real-Time. Devices. After all, you 
Because our emulator work with more than 
has its own high-speed one CPU. Shouldn't your 
memory. (Not just emulator? 

Advanced Micro Devices ~ 
901 Thompson Place. Sunnyvale. CA 94086. (408) 732-2400. ext. 2400 

Right. From The Start. 

CIRCLE 19 ON INQUIRY CARD 



bootload medium, which may be replicated. The system 
bootload function loads a system initialization program into 
the processor to which the bootload medium is attached, 
establishes bus operation, and interrogates all nodes for 
status. CPU-resident firmware at each node responds with a 
status message that identifies the operational capability of 
that node. 

Status messages are compared against a system con­
figuration table to determine if all expected capabilities are 
operational. A display at the bootloading node info rms the 
operator of system status; only operational elements will be 
bootloaded. The appropriate programs for each processor 
will be retrieved from mass memory and shipped via the SIB 
to that processor. After all processors have been loaded, the 
bootload processor will load its own operational software 
and initialize the system for operational use. 

System con trol software will perform the following func­
tions once the system has been initialized: monitor perfor­
mance of the bus and all processors on a periodic basis with 
fault recovery and degraded mode routines; return to nor­
mal operation when a unit that has been previously re­
moved for maintenance is restored to the system; and per­
form the bus controller function. Since the system has been 
designed to permit reassignment of the bus contro ller func­
tion to any of the elements, this software must be capable of 
executing in any elemen t. However, it is expec ted that it will 
be resident only in the bus controller element and in the ele­
ment that has been designated as the backup bus controller. 

Local control software, replicated in every processor, is 
based on the currently available AN /UYK-20 SDEX-20 
operating system. Portions of SDEX-20 not applicable · to 

SAE's Multl·Term line of IDC connectors and cable offer a tremendous variety of mass termination components and options including jumper assemblies and cable harnesses. 

• Five major connector styles - socket, DIP, PCB, " D" subminiature, edgeboard. 
• Exclusive dual locking barbs on each contact. 
• Grey or multi·colored laminated ribbon cable - available in 26, 28 or 30 AWG. 
• Delivery from stock ~ consult your local SAE Distributor. 

For free catalog on complete switch line, circle Reader Service number, or write 

340 Martin Avenue 
Santa Clara, California 95050 

(408) 988·0700 

distribu ted processing were removed, and modules required 
for these functions were added. 

Local software performs such functions as task schedul­
ing, mass media device handling, and interface with 
displays, terminals, and peripherals. A key function per­
fo rmed by the local execu tive is recognition of availability 
of reques ted resources. When an application program re­
ques ts a resource not availab le locally, the local executive 
determines where in the system the reso urce resides, 
prepa res a· message, and passes control and the message to 
the a ppropri~ te system control module. This enables coding 
of applica tion programs without knowledge of the actual 
physical location of the required resource. 

Details on the tradeoffs, design rationale, and SIB oper­
ating characteristics are provided in next month's column. 
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SA E's broad line of edgeboard connectors offer a wide variety of contact spac­ing, plating opt ions, contact designs and termination configurations. 
Economy edgeboard connectors with .100" , .125" , .156" contact spacing. Dip solder term inals and extra large chamfer board entry make this series perfect for low cost requ irements. 
MODCONtm series modular high density receptac le connector designed for board·to-board in terconnect applications. Features contacts that mate with conventional .025" x .025" wiring posts on .100" or .150" center-to­center spacing. 
And more, more! Pierced eyelet terminals - individual contacts - single or double row contacts to name just a few. 

For free catalog on complete switch line, ci rcle Reader Service number. or write 

340 Martin Avenue 
Santa Clara, California 95050 

(408) 988-0700 30 
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INTERTEC'S NEW $2500 MULTI-USER SMALL BUSINESS COMPUTER 

At last, there 's a multi-user micro­
computer system designed and built the 
way it should be. The CompuStar™. Our 
new. low-cost "shared-disk" multi-user 
system with mainframe performance. 

Unlike any other system, our new 
CompuStar offers what we believe to be the 
most practical approach to almost any 
multi-user application. Data entry. Distrib­
uted processing. Small business. Scientific. 
Whatever! And never before has such 
powerful performance been available at 
such modest cost. Here's how we did it ... 

The system architecture of the 
CompuStar is based on four types of video 
display terminals, each of which can be 
connected into an auxiliary hard disk stor­
age system. Up to 255 terminals can be 
connected into a single networkl Each ter­
minal (called a Video Processing Unit) con­
tains its own microprocessor and 64K of 
dynamic RAM. The result? Lightning fast 
program execution! Even when all users 
are on-line performing different tasksl A 
special "multiplexor" in the CompuStar 
Disk Storage System ties all exter-
nal users together to "share" the 
system's disk resources. So, no 
single user ever need wait on an­
other. An exciting concept ... 
with some awesome application 
possibilities! 

CompuStar™ user 
stations can be configured in 
almost as many ways as you 
can imagine. The wide variety 
of terminals offered gives you 
the flexibility and versatility 
you 've always wanted (but 
never had) in a multi-user 
system. The CompuStar 
Model 10 is a program­
mable, intelligent terminal 
with 64K of RAM. It's a 
real workhorse if your re­
quirement is a data entry 

or inquiry/ response application. And if your 
terminal needs are more sophisticated, 
select either the CompuStar Model 20, 30 
or 40. Each can be used as either a stand­
alone workstation or tied into a multi-user 
network. The Model 20 incorporates all of 
the features of the Model 10 with the 
addition of two, double-density mini-flop­
pies built right in. And it boasts over 
350,000 bytes of local , off-line user stor­
age. The Model 30 also features a dual 
drive system but offers over 700,000 bytes 
of disk storage. And, the Model 40 boasts 
nearly 1 Y2 million bytes of dual disk stor­
age. But no matter which model you 
select, you 'll enjoy unparalleled versatility 
in configuring your multi-user network. 

Add as many terminals as you like 
- at prices starting at less than $2500. 
Now that's truly incredible! 

No matter what your application, 
the CompuStar can handle itl Three disk 
storage options are available. A tabletop 
10 megabyte 8" winchester-type drive 
complete with power supply and our spe­
cial controller and multiplexor costs just 
$3995. Or, if your disk storage needs are 
more demanding, select either a 32 or 96 
megabyte Control Data CMD drive with a 
16 megabyte removable. top-loading car­
tridge. Plus, there 's no fuss in getting a 
CompuStar system up and running . Just 
plug in a Video Processing Unit and you 're 
ready to go ... with up to 254 more ter­
minals in the network by simply connect­
ing them together in a "daisy-chain" 
fashion. CompuStar's special parallel 
interface allows for system cable lengths 
of up to one mile . . . with data transfer 
rates of 1.6 million BPS! 

Software costs are low, too. 
CompuStar's disk operating system is the 

industry standard CP /M*. With an 
impressive array of application soft­

ware already available and several 
communication packages offered. 
the CompuStar can tackle even your 
most difficult programming tasks. 

Compare for yourself. Of all 
the microcomputer-based multi­

user systems available today, 
we know of only one which 
offers exactly what you need 
and should expect. Excep­
tional value and upward 
growth capability. The 
CompuStar™. A true price 
and performance leader! 

~rt[~Af~TEC 
35svsrEMS® 
2300 Broad River Rd ColumtJ1a SC 29210 
18031 798-9100 TWX 810· 666-2115 

·Revis1ereotraoemart.010tgi1aJResearcnlnc ~--························-~ 
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The intelligent disk architecture 
in STC 2700 Series Disk 

STC's new 2700 winchester disk family 
combines the intelligence of a micro­
processor. 64 Kbytes of RAM. and a 
high-speed bus interface to offer you a 
versatile new disk architecture. An archi­
tecture that can help you achieve new 
dimensions in system effectiveness. 
Relieve CPU overhead burdens. Slash 
interfacing costs. and more. 

Yet. even without its advanced archi­
tecture. you"d still choose the 2700 disk 
family for its attractive price/performance 
and reliability values. 

The 2700 family features formatted 
capacities of 39. 91 and 195 Mbytes. 27 
msec average seek time, and an OEM 
price of less than $5,000 (195 Mbytes). 
With a predicted 8000 hour continuous 

operation MTBF. the 2700 will notjust 
keep your customers happy-- it will keep 
your warranty expenses low. 
Powerful bus architecture for faster 
data rates and greater flexibility. 

Gone are the speed and configuration 
constraints of serial, synchronous data­
line interfacing. The 2700 disk family 
incorporates a high-speed. byte-parallel 
asynchronous interface. with internal 
serial/ parallel conversion. to give you 
transfer rates up to 2 Mbytes/sec. The full 
handshake protocol and built-in dual 
ports support radial. daisy chain or inter­
mixed configurations. 
The µ.p can unlock your system's 
hidden resources. 

One way to boost your CPU 's per­
formance is to get it out from under sys­
tem overhead and back to productive 

computing. The on-board intelligence 
of the 2700 gives you that capability. 
Routines such as drivers. data management 
and utilities can be offloaded to the micro­
processor, freeing the CPU and bus for 
other tasks. But that's only the beginning. 

High-level software. including on­
board editor and compiler. simplifies 
algorithm development for custom appli­
cations. And you can use the built-in 
RS-232 port to program right on the disk. 
An intelligent controller in each drive. 
For free. 

To help you get to the system level 
faster and easier, we placed most of the 



of tomorrow is shipping today. 
Drives. 

• • 

traditional controller functions within 
the 2700. This includes address mapping. 
defect management. error detection/ 
error recovery procedures and all device­
dependent functions. Since you now 
only have to build a low-cost interface 
adapter - your attachment costs are 
significant ly reduced. 
Low cost of ownership. 

Fewer parts mean fewer failures. So 
the 2700 contains a minimum number of 
mechanical parts, only three of which 
move: spindle, actuator and power system 
fan. The microprocessor contributes 

to this simplicity by replacing all sequencing 
and servo logic with firmware. 

To eliminate scheduled maintenance. 
the 2700 dispenses with potentiometers. 
Dynamic adjustments are made inter­
nally under microprocessor control. And 
the 2700's closed-loop air system means 
no filter changes. 

If there 's ever a failure. internal 
diagnostics isolate the problem to one 
of three subassemblies: logic board. 
head/ disk assembly or power system. 
And these components uncouple quickly 

for fast replacement. All of this translates 
into high MTBF, low MTTR. to reduce 
your warranty and field service costs. 

To learn more . . . 
about tomorrow's disk architecture. 

today. contact OEM Marketing. Storage 
Technology Corporation. P.O. Box 6. 
Louisville, Colorado 80027. Or phone 
Frank Gunn at (303) 673-3051 . In 
Canada: Ron Reardon. STC Ltd .. 272 
Galaxy Blvd., Rexdale/Toronto. Ontario 
M9W 5R8. Phone (416) 675-3350. 

STORAGE 
TECHNOLOGY 
CORPORATION 
Fulfilling the promise of technology. 



uter modules 

Evolutionary computing power 
from Texas Instruments continues with 
a major milestone in 16-bit technology ... 



TMS9940 
16-bit single-chip microcomputer. 
World's first. Here. Now. Available. 
With the TMS9940, Texas Instruments 
significantly advances its 16-bit 
leadership. 

With the TMS9940, Texas Instru­
ments expands on what is already by 
far the industry's most complete 16-bit 
family. The 9900 Family of microproces­
sors, microcomputers, peripherals, mi­
crocomputer modules and software and 
hardware development systems, offers 
a unique software compatibility. So you 
can move from one product level to 
another, confidently, protecting your 
development system and software in­
vestment with no need for translators, 
code convertors, etc. 

Tl's 9900 Family is the only family 
that maintains architectural and 
software compatibility from single­
chips to multi-chips to modules to 
systems - all the way to the object 
code level. 

With the TMS9940, Texas Instru­
ments brings you high-volume, cost­
effective solutions to tough system 
design problems, combining the com­
puting power of a multi-chip 16-bit 
system with the reliability and com­
pactness of a single-chip solution. 

With its high-speed processing, bit 
IIO, and advanced memory-to-memory 
architecture, the TMS9940 offers com­
putation power unequalled by any other 
single-chip product on the market, 
while retaining the programming ease 
of 16-bits. 

High-speed number 
crunching and bit 1/0 

Powerful instructions - like BCD add, 
BCD subtract, 16-bit multiply with 32-
bit results, and compatible divide -
provide a number-crunching capability 
unsurpassed by any single-chip 
product. 

Thirty-two on-chip, flexible, individ­
ually configurable input/output bits are 
addressable for manipulation by power­
ful bit I/O instructions. 

I/O expansion modes permit up to 
256 bits of external I/O to be added, 
allowing easy interface to 9900 Fam­
ily peripherals and most industry 
peripherals. 

Advanced 
memory-to-memory 

architecture 
Advanced memory-to-memory archi­
tecture makes the TMS9940 ideal for 
interrupt-driven and extensive 110 
applications. 

This innovative architecture features 
multiple register files that provide ease 
of programming and unsurpassed inter­
rupt response time. 

The TMS9940 memory consists of 128 
bytes of RAM and 2048 bytes of ROM. 
Other features include 4 levels of inter­
rupts, plus an internal decrementer 
which can be programmed as a timer or 
event counter. 

TMS9940-Key Features 

• 16-bit instruction word 
• Instruction set includes 16-bit 

multiply and divide, BCD add 
and BCD subtract 

• 128 bytes of RAM on chip 
• 2048 bytes of ROM (or EPROM) 

on chip 
• 64 general-purpose 16-bit 

registers 
• Program execution from RAM 

or ROM 
• 4 prioritized interrupts 
• On-chip timer/event counter 
• 32-bits integral general-purpose 

I/O bits - expandable to 256 
external I/O bits 

• 4 MHz crystal operation - up to 
117, 000 interrupts per second 

• 5-volt MOS technology 
• Offered in a 40-pin, 600-mil DIP 

Here-and-now availability 
Perhaps just as important as the un­
matched capacity for design flexibility, 
the 9900 Family is here-and-now and 
readily available. It's the lowest cost 
16-bit CPU family. And proven where it 
counts most. In the marketplace. The 
choice of hundreds of companies for a 
wide range of systems and end 
products. 

Microcomputers mean high volume 
and TI has unequalled production ca­
pacity and experience. In fact, TI is the 

largest supplier of single-chip micro­
computers and has shipped more than 
the next two suppliers - combined. 

9900 Family 
development tools 

Reliable, available, economical develop­
ment systems designed to boost pro­
grammer efficiency and cut costs. 
The AMPL* prototyping lab: A com­
plete set of the software and hardware 
development tools for the TMS9940 as 
well as for other 9900 Family CPUs. 
The AMPL system .provides a real-time 
TMS9940 emulator and a logic-analyzer 
function to solve complex programming 
and hardware debug problems. 
TMS9940E: This EPROM version of 
the TMS9940 is the ultimate prototyp­
ing tool, allowing in-field system check­
out, reducing turnaround time and 
expense for code revisions. 

Leadership staying power 
Tl has paced the industry through 
generations of semiconductor in­
novation, pioneering the lion's share of 
major milestones. 

The 9900 Family is an important part 
of that leadership tradition. The 9900 
Family is a fact. A production-proven, 
available, deliverable fact. 

The continuing introduction of new, 
advanced 9900 Family CPUs, with Tl's 
state-of-the-art technology and proven 
production resources, demonstrates 
Tl's total commitment to 16-bit 
leadership. 

That's why you can design with the 
TMS9940, confident in a family that's a 
reality today. Confident that the family 
will grow with your needs to keep your 
systems competitive at the leading 
edge of tomorrow's technology. 
For more information about the 
TMS9940, or any other 9900 Family 
member, contact the Tl field sales 
office nearest you. 
For details and spe­
cifications, write to 
Texas Instruments 
Incorporated, P. 0. Box 
1443, MIS 6404, Houston, 
Texar; 77001. 

Fifty Years 
I 

of . nnovat10n 

~ 

TEXAS INSTRUMENTS 
"Trademark of Texas Instruments Incorporated 
© t 980 Texas Instruments Incorporated INCORPORATED 
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Four new PAL devices join the family 
thats making TTL logic obsolete. 
They're here. Our 4 newest PAL 
(Programmable Array Logic) 
devices make a total of 
13 in the instant custom 
logic family that replaces 
up to 90% of the entire 
54/74 S and LS series 
logic. Meet PAL16L8, an 
Octal 16 Input AND/OR/INVERT 
Gate Array, PAL16R8, an Octal 
16 Input Registered AND/OR 
Gate Array, PAL 16R6, a Hex 16 Input Regis­
tered AND/OR Gate Array, and PAL 16R4, 
a Quad 16 Input Registered AND/OR Gate 
Array. And soon MMI will introduce two 
additional PALs with arithmetic functions . 

PAL-The Programmable Solutionno 
- saves you space, time and 
aggravation. 
A single PAL 20 pin SKINNYDIP™ can re­
place from 4 to 12 TIL devices. But pc board 
space isn't all you save. Lower system cost, 
smaller inventory requirements, reduced parts 

count and high-volume, off­
the-shelf, multiple sourced 

availability,* make PALs the 
most cost-efficient logic 

devices on the market. And 
every PAL can be pro­

grammed by any PROM 
programmer with a PAL 

personality module. 

Get the right data book. Free. 

For your complimentary copy of the new 
Bipolar LSI Data Book and further informa­
tion on the revolutionary PAL logic family, 

contact your local MMI stocking distributm: or 
sales representative. Monolithic Memories , 
Inc., 1165 East Arques Avenue, Sunnyvale, 

California 94086. 

PAL, The Programmable Solution , and SKINNYDIP are 
trademarks of Monolithic Memories, Inc . 

*National Semiconductor Corporation is a licensed 
alternate source for PAL. 

ltfonalithia ~~n 
ltfen1ories LnJ.n.U 
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High Bit Rate Satellite Data Communications 
Supported by Statistical Multiplexer 

DAIA 
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DATA 
AND 

CLOCK 

DATA 
AND 

CLOCK 

DATA 
ANO 

CLOCK 

115k TO 
48M BllStS 

PORI 
CONTROLS 

115k 10 
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PORT 
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48M BITS ts 
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PORT I 
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2047 PN 
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, GENERATOR 

I 

TRANSMln[R RECEIVER 

50M·BIT /s 
STATION CLOCK 

SOM-Bllts 
CLOCK 

GENERATOR 
AND 

CONTROL 

RECEIVE 
TRANSMIT CONTROL 

FORMATTER 50M-BIT /s SYNC OETECTION 
SYNC GENERATOR DATA LINK PORT I IDENTIFICATION 

I 
I 
I 
I 

TRANSMIT RECEIVE 
PORT PORT 

CONTROLS MICROPROCESSOR CONTROLS 
CONTROLLER 

BUFFER 
STATUS 

DISPLAY DRIVERS 16-KEYPAD REMOTE STATUS 
• 8 FREQ MEASURES ENTRY AND 
• 8 PORT STATUS REMOTE CONTROL 
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PORT I 
DATA 

1------<~ AND 
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48M BllS s 
CLOCK 

BUFFER PORT 
STATUS CONTROL 
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1-----AND 

I 15k 10 CLOCK 
48M BITS/S 

BUFFER PORT 
STATUS CONTROL 

PORT 3 
DATA 

1------- AND 
I 15k TO CLOCK 

48M BITSIS 

BUFFER PORT 
STATUS CONTROL 

Multiplexer block diagram . Independent port output buf­
fer and frequency synthesizers convert 50M-bit/s chan­
nel input rate to nominal output rate . Output port fre-

quency synthesizer is programmed from frequency infor­
mation in received data frames 

Up to four lines of serial synchronous 
data, each at any bit rate from lOOk to 
48M bits/s (48M bits/s aggregate) can 
be multiplexed and demultiplexed by a 
model 78f statistical multiplexer when 
connected to a fu ll duplex SOM-bit/s 
satellite communication channel. The 
device is an outgrowth of a NASA con­
tract award to Aydin Monitor Systems, 
401 Commerce Dr, Fort Washington, 
PA 19034, to support high rate com­
munications in the space shuttle pro­
gra~. 

The multiplexer output can operate 
slaved to an ex ternal primary standard 
or to the communication channel 
modem's SOM-bit/s clock. In a free run­
ning mode the unit outputs data under 
control of an internal SOM-bit/s clock 
that is accurate to within one part in 

38 

107
• A second identical. data and clock 

port is provided for use by a backup 
recorder. 

A transparent 4-channel data link is 
made up of a multiplexer/demulti­
plexer connected in tandem through a 
communications channel. Output of 
channel data is continuous and at the 
same nominal rate as the input. 
Statistical multiplexing techniques, 
partitioning input data streams, using 
control information to format data in 
equal size blocks, and transmitting 
data from each port a block at a time 
based on rate-determined priorities 
make optimum use of the SOM-bit/s 
channel bandwidth. 

The demultiplexer recognizes blocks 
or frames by detecting distributed syn­
chronization patterns in the received 

data stream_ Information is decoded to 
the appropriate output channel which 
buffers the data and smooths the 
SOM-bit/s burst rate input to the 
nominal channel rate output. 

Microprocessor control at the 
operator/unit interface provides 
for adaptive assignment of port 
priorities based on input rate so that 
the highest priority goes to the highest 
rate channel. It also detects and 
compensates for channel output rate 
variation caused by Doppler effects in 
the communication link and prev­
ents either loss or interruption of 
data due to uncorrected differences 
between measured and actual channel 
rate. 

Circle 51 7 on Inquiry Card 
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Recipe for Reliability 
Your system is only as reliable as its EPROMs. That's why 

Intel delivers every 2716 with an Arrhenius Forecast. 

All the ingredients in a 
microcomputer system have 
to be reliable. But one com­
ponent is especially critical. 
Your EPROMs. 

How EPROMs protect 
your "value added:' 

EPROMs, like our 2716, 
contain a big part of the 
value your company adds to 
its products. EPROMs store 
the special program that 
makes your product perform 
uniquely. And that program 
typically represents an 
investment of thousands of 
engineering hours-and hun­
dreds of thousands of dollars. 
If program memory fails, your 
entire system goes down. . 

Intel invented EPROMs, 
so we know their importance 
m your product. In fact, 

we've delivered 
over 7 million 

EPROMs-

more than any other manu­
facturer. This experience has 
helped us perfect EPROM 
technology. And it's the 
reason we're able to include 
an Arrhenius Forecast with 
every shipment of 2716s. 

How we make them 
reliable. 

The Arrhenius Forecast 
you receive with Intel® 
EPROMs certifies that each 

L OBe~ 

Our Arrhenius Forecast 
also gives you confidence 
that you can count on Intel's 
2716s for years to come. Our 
5 million hours of accelerated 
life tests prove it. By simu­
lating extended EPROM 
operation in your system and 
using Arrhenius extrapola­
tion techniques, we're able to 
forecast reliable bit storage 
of today's 2716s until at least 
the year 2002 A. D.* It's one 
more example of the steps we 
take to build safety into your 
EPROM purchase. 

Send for our recipe. 
Because your whole system 

[l [[t depends on its EPROMs, it 
~ io• i==a~t.:t=~=tt:=~===1 
~ !L 1 

L 05•_2> pays to insist on an Arrhenius 

S V V V I · ~ Forecast with every ship-

~ 103~~#~~~;z$~0·4~•vtk-:B\L\\~ ment of 2716s. For a com­

IL lL L I r /1 ·~1/~~c~s1 plete summary of Intel's 

.L1 L ILJL__ ~~le
1

o'k.A . latest EPROM relia-
z J2': L Z ~ ____.-:-

.Ll2' li .YJ ~ bility study and Arrhenius 
102 

101 z 12' extrapolation techniques, get 

y~ our 2716 Reliability Report, 

I /25-0 200,15150 125 100 15 50 25 RR19. For your free copy, 

L_ TEMPERATURE( "C) contact your local distributor 

Arrhenius Plot, above, projects component longevity 

at different temperatures. By increasing temperatures , 

Intel simulates extended EPAOM operation to predict 

life expectancy. Such a Reliability Forecast is included 

in every shipment of Intel 2716 EPROMs. 

of 16,384 bits in every 2716 
has been tested under ex­
treme conditions. All 2716s 
undergo six critical tests: 
bum-in, programming test, 
electrical test, data retention 
bake at 150°C, voltage margin 
test, and erasure testing. 

or Intel sales office. Or write 
Intel Corporation, Literature 
Department, 3065 Bowers 
Ave., Santa Clara, CA 95051. 
Or call ( 408) 98 7-8080. 

*Statistica l calculation 

·inter delivers. 
Europe : Intel International, Brussels , Belgium. Japan: 

Intel Japan. Tokyo. United States and Canadian distributors: 

Arrow Electronics, Alliance. Almac/Stroum, Component 

Specialties. Cramer. Hamilton/Avnet, Harvey. Industrial 

Components. Pioneer, Wyle/Elmar, Wyle/Liberty, 

L.A. Varah and Zentronics . 
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Instrument Provides 
Half-Channel Testing of 
µ,Law Codecs 

Separate, direct A·D and D-A 
measurements, as well as analog to 
analog measurements of codecs using 
the µ,255 encoding law are enabled by 
the AMS-952 automatic measuring 
system. According to the manufac­
turer, W & G Instruments; Inc, 119 
Naylon Ave, Livingston, NJ 07039, the 
system provides the first feasible 
means by which codec manufacturers 
can enter a bit stream to make such 
measurements. 

The system is housed in a standard 
72" (183-cm) high rack. It is controlled 
by a Hewlett-Packard 98255 desktop 
calculator and is comprised of a fre­
quency selective level meter, wideband 
noise meter, level generator, 4-tone 
noise source, PCM channel 
demultiplexer, PCM channel generator, 

42 

Au tomati c measuring system . 
Codecs are checked by accurate 
and repeatab le measurements of 
coder and decoder transmission 
test parameters using µ255 en· 
coding law 

and impedance/switching panel. It can 
be expanded for card, channel bank, 
and switch testing, as well as for use 
with A-Law PCM equipment with a 
minimum of hardware and software 
reconfiguration. 

Key transmission tests on the codec 
include signal to distortion ratio (quan­
tizing noise), idle channel noise, level 
tracking, insertion loss, frequency 
response, intermodulation distortion, 
and crosstalk. 

Frequency response is measured 
over the entire voice channel to ± 0.05 
dB accuracy . Level t r acking 
measurements from 3 to below - 60 
dBmO can be made in steps of 0.1 dB 
with accuracies to a hundredth of a 
dB. Signal to distortion values of bet­
ter than 40 dB are measured, as well as 
idle channel noise figures below 0 
dBrnCO. Measurements of the 60-Hz 
and out of band rejection char­
acteristics are also provided. 

When configured for µLaw codecs, 
the system meets the appropriate 
recommendations of AT&T Com­
patibility Specification 43801 and Bell 
System Publication 41009. 
Circle 51 8 on Inquiry Card 

Module Implements 
Serial Data Link 

Another module added to the TM990 
family (Compute r Design, July 1980, 
p 44) provides interface logic required 
to implement a long range serial com­
munications link between two or more 
TM990 systems. The TM990/308 in­
dustrial control module {ICM) extends 
the range of the CPU module and can 
communicate with an addi tional 31 
308s over distances to 10,000 ft (3048 
m) at jumper selectable rates of 1200, 
2400, 4800, or 9600 bits/s. Each unit 
provides an industrial line or RS-232-C 
interface that can be used with twisted 
pair or telephone lines, respectively, . 
for long range communica tions in 
distributed processing systems. 

Available from Texas Instruments 
Inc, PO Box 1443, Houston, TX 77001 , 
the module communicates in three 
modes: by serial transmission over the 
link fro m one ICM to another; through 
interrupts be tween microcomputer 
and ICM; and by handshaking using 
the communications register unit (CRU) 
for byte and status bit transmission to 

and from host microcomputer and the 
ICM. CRU interface is used to transmit 
data bytes, error codes, and status bits 
used for handshaking. 

The module features jumper selected 
point to point or multipoint operation. 
It has a lk-byte RAM expandable to 2k 
bytes, and a 2k-byte expandable to 
4k -byte EPR OM. A separate 
RS-232-C interface is compatible with 
Bell 203 modems. The industrial inter­
face uses isolated (1500-Vrms) differen­
tial twisted pair line driver/receiver 
stages. Hardware cyclic redundancy 
checking by the onboard TMS 9903 serial 
110 controller, and 15 jumper selectable 
interrupt levels are provided. 

The module is compatible with the 
company's 990 minicomputers and 
PM550 controllers. It is built on a stan­
dard TI 990 format with board dimen­
sions of 11 x 7.5" (28 x 19 cm). 
Circle 51 9 on Inquiry Card 

Satellite Network to 
Test Local Data 
Distribution Methods 

Earth stations owned, operated, and 
installed by Satellite Business Systems 
(SBS) of McLean, VA, will be located at 
sites in San Francisco, Calif, and New 
York City, NY, to form a demonstra­
tion network that will test alternative 
techniques for local distribution of 
high speed data in metropolitan areas. 
In each city existing cable TV facilities 
will be used for local distribution to 
user locations at data rates to 56k 
bits/s. In San Francisco only, the test 
will include a microwave radio cellular 
system as another medium for local 
area distribution. 

The demonstration network is being 
established by SBS; Tymnet, Inc, 
Cupertino; Calif; and a third entity 
formed as a partnership between 
M/A-COM, Inc, Burlington, Mass, and 
Aetna Life & Casualty, Hartford, 
Conn. Scheduling of the tests depends 
on the outcome of a filing now before 
the FCC. 

First of three SBS stations that will 
provide communications services via 
satellite will be the San Francisco 
ear th station at 155 5th St, nor thern 
data center of the Crocker National 
Bank. The second will be at El Segun­
do, Calif, site of the bank's sou thern 

(continued on page 44) 
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I COMMUNICATION CHANNEL I 

data center, and the third will be in the 
Wall Street area of New York City. 

This system includes relatively small 
earth stations, most with 5.5-m dish 
antennas, that can be placed on 
customer premises. Featuring all 

digital high capacity channels, the 
system enables integration of voice 
and data communica tions into a single 
network and addition of such applica­
tions as high speed document transfer 
and video teleconferencing. 

TDX PERPHERALS 

44 

Division of GAW Control Corp. 
150 New York Avenue, Halesite, NY 11743 
(516) 423-3232 
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1ooc '81 Calls for Papers 

The third international conference on 
integrated optics and optical fiber 
communication, IOOC '8 1, jointly spon­
sored by the IEEE Quantum Elec­
tronics and Applications Society and 
the Optical Society of America, has 
issued a call for papers. The con­
ference is to be held at the Hyatt 
Regency San Francisco, San Fran­
cisco, Calif, Apr 27-29, 1981, and will 
provide an interdisciplinary forum for 
information exchange in the areas of 
basic research, component develop­
ment, system engineering, and hard­
ware manufacture. 

Prospective au th ors are invited to 
submit original papers, not previously 
presented or published, that describe 
new technical contributions in such 
subject areas as 

Fibers and cables: Basic wave­
guide phenomena, fabrication tech­
niques, materials, characterization, in­
stallation techniques, reliability 
testing, and prediction; 

Connectors, couplers, equipment, 
systems, and transmission techniques: 
Couplers, connectors, splicing tech­
niques, devices, test equipment, 
transmitter and receiver equipment, 
modulating and multiplexing formats 
and techniques, telecommunication 
and special applications sys tems, 
system trends and costs, performance, 
reliability considerations, and future 
projections; 

Integrated optics and active 
devices: Dielectric waveguide and op­
tical circuit phenomena, planar 
waveguide fabrication techniques, 
passive waveguide devices, integration 
of optical devices into circuits, applica­
tions of integrated optical technology, 
active waveguide devices, laser diode 
fabrication and performance 
characterization, and developmental 
photodetector progress. 

Authors are requested to submit two 
cop ies of a separately typed 35-word 
abstract and a 200- to 500-word sum­
mary, with a set of figures suitable for 
publication to IOOC '8 1, c/o Optical 
Society of America, 1816 Jefferson Pl, 
Washington, DC 20036. Deadline for 
submission of papers is Nov 28, 1980. 

Furth er information about th e 
technical program may be obtained by 
writing the Conference Manager, 
Barbara Hicks, at the above address, 
or by calling 202/223-8130. 
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Toshiba offers 16K Dynamic RAMs in 
all three speeds: 150, 200, and 250 nano­
seconds. And our actual customer rejec­
tion rate is well below 1/Io of 1%. 

But that's nothing new. Toshiba's rep­
utation for quality has been well-known 
for years. 

• 
Fbr that matter, so has our reputation Like NMOS and CMOS static RAMs, 

for quantity. And now we've got more EPROMS, and microprocessors. 
to back it up with than ever before. Remember. 

We've got a new manufacturing plant We don't plan on being a 
in Sunnyvale, California. And the capac- primary source by offering 
ity to deliver a wide variety of memory second-rate service. 
and microprocessor products. Send for your free "Memory and Microprocessor Product Guide'.' 

TOSHIBA AMERICA, INC. 
2151 Michelson Drive, Suite 190, Irvine, CA 92715 (714) 955-l155 
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Statistical Multiplexer 
Incorporates Dual Data Links 

CPU 

Traffic balancing series II Microplexer. Multiplexed data are split between 
two independent links that have combined throughput of 19,200 bits/s. 
Configuration can be used to optimize high throughput applications or to 
provide redundancy in case of link or modem failure 

As additions 
MICROPLEXERTM 
multiplexers by 

to the series II 

family of statistical 
Timeplex, Inc, One 

Communications Plaza, Rochelle Park, 
NJ 07662, traffic balance multiplexers 
M2407 and M2427 are used at both 

Processor System Adds 
X.25 Interface Software 

A licensed software program product 
called X.25 Interface for public data 
networks has been announced by NCR 
Comten, Inc, 1950 W County Rd B-2, 
St Paul, MN 55113. It enables the 
firm's 3600 communications processors 
to function as packet mode data ter­
minal equipment (DTE). Users can at­
tach their terminals to public data net­
works and terminate them at a 3600 

frontend processor connected to an 
IBM compatib le host. 

HOST 

BTAM 

CO·RESIOENT 
scs 

HOST 

BTAM 

remote site and CPU. They incorporate 
two built-in data links, each connected 
to a similar unit at the same or at a 
remote site. The units automatically 
assign channels to each of their links 
and reassign them dynamically de­
pending on traffic volume and link 
efficiency. ' 

When loading nears a peak on one 
link the devices automatically shift 
channels to the other link for 
troublefree throughput. In the event of 
failure or line quality degradation on 
one link, all channels will be assigned 
to the other. 

The M2427 incorporates a super­
visory port that allows system monitor­
ing and the furnishing of network 
operating statistics. The units have 
four 9600-bit/s data channels, ex­
pandable to 24, with an aggregate in­
put rate of 38.4k bits/s, expandable to 
230.4k bits/s. Each of the two syn­
chronous links has a data rale of 9.6k 
bits/s. 
Circle 520 on Inquiry Card 

Release 1.0 of the product allows in­
terface with GTE Telenet in the U.S. and 
with DATAPAC in Canada. Support for 
additional public data networks that 
conform to CCITT Recommendation 
X.25 will be added in the future. 

START t STOP 
TE RMINALS 

X.25 Interface Release 1.0 
configuration . Included are 
packet adapters, network 
call processing software , 
and X.25 interfaces for GTE 
Telenet and OATAPAC net· 
works operating on Comten 
3600 frontend processors 

The interface can be generated to 
support more than one public data net­
work in the same processor. It per­
forms call establishment, virtual cir­
cuit management, packet assembly 
and disassembly, and statistics collec­
tion functions of a packet mode DTE. 

46 

EP · EMULATION PROCESSING 
SCS SYSTEM CO NTROL SOFTWARE 

Start/stop terminals attached to an X.25 
public data network can access host 
resident applications through the pro­
cessor nodes without modifications to 

those applications, application super­
visors, or access methods. 

Circle 521 on Inquiry Card 
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De l\nza GIVES YOU 
A BETTER IMAGE ••• 
DeAnza's new I P8500 is the better image processing 
and display system ... by a factor of four. 

Four times more powerful. Four times more 
memory. Four times more interaction. 

Four memory controllers handle up to four image 
memories per controller. This gives you an 
unprecedented capacity of up to sixteen 512x512x8 
bit image memories to easily process 8 and 16 bit 
data with 32 bit results. 

To meet your growing image processing needs, 
the IP8500 offers features you 'd expect to pay much 
more for. Features like independent integer zoom in 
both the X and Y axis from 2:1 to 8:1 on each 
memory channel ; special functions for histograms, 
real-time multiplication, rotation and warping , as 
well as high speed vector generation, up to four 
separately controlled dual cursor generators, four 
ASCII overlays and four special function generators. 

The IP8500 is the better image for people respon-

sible for 
LANDSAT 
analysis, non­
destructive 
testing , process 
control syn­
thesis, remote 
sensing, three-dimensional computer graphics or 
other image processing and analysis applications 
calling for single or multi-station high resolution 
color, multi-image monochrome or pseudo color 
displays. 

To improve your image X4. find out more about 
the DeAnza 8500 today. Cal I or wnte: 

De l\nza Systems Incorporated 
118 Charcot Avenue• San Jose, CA 95131 • (408) 263-7155 
TWX: 910-338-7656 

GIVE YOURSELF A BETTER IMAGE 
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System Locates Faults in 
Fiber Optic Cables 

A proprietary optical · coupler that 
minimizes mode selectivity of the 
backscatter signal is a feature of the 
FIBERSCAN™ series 50 optical time do-

main reflectometer (OTDR) .offered by 
Times Fiber Communications, Inc, 358 
Hall Ave, Wallingford, CT 06492. 
Detection of all backscatter signals 
without modification or energy loss is 
assured by a single fiber interface, 
equal to or larger than most fibers 
under test. 

Included in the portable modular in­
strument are series 50 plug-in module, 

Series 50 OTDR shown at left with mainframe and oscilloscope, and at right with 
power supply 

50 CIRCLE 32 ON INQUIRY CARD 

Tektronix series 503 mainframe with 
integral power supply, and · SC504 
oscilloscope. Both the OTDR, as a 
module for ·use with any wideband 
oscilloscope, and the compatible 
Tektronix 501 power supply may be 
purchased separately. 

The fiber to be tested is aligned to a 
specially designed coupler that per­
mits accurate and consistent analysis 
of all mode structures. A variety of con­
nector mountings is available. 

By generating high intensity opti­
cal pulses and measuring back­
scatter attenuation and time intervals, 
the unit determines waveguide 
characteristics and locates a broad 
range of faults in fiber optic cables .. 
Use of an avalanche photodetector in­
stead of a photomultiplier tube to op­
timize spectral response and linearity 
provides high sensitivity to breaks, 
splice and connec t or losses, 
distributed attenuation, and other 
parameters. The instrument has a 
70-dB end enhanced loss capability 
and has been health certified by the 
U.S. Bureau of Radiological Health. 
Circle 522 on Inquiry Card 

MFE's auto-reloading, one­
megabyte, two-track cassette 
transport. 

MFE's 452 series two-track transport 
automatically reloads itself for the sec­
ond track. So in effect you get twice the 
storage of ordinary transports from a 
single load -up to one megabyte. 

In addition. the 452 has the industry's 
only permanently aligned tape head. It's 
actually bolted down to the baseplate so 
it never needs adjusting. 

You'll like MFE's new door design. too. 
It's extremely easy to load, and there are 
no linkages or complicated mechanical 
parts to go wrong. 

And our tape handling system is so 
advanced it's virtually mistake-proof. 
Even if you accidentally eject the cas­
sette while it's running at 120 ips, you 
won't damage the tape. 

MFE's 452 series is available with or 
without a door. We also offer the 250 
series single-track transport. 

If you'd like to see a demonstration of 
our auto-reloading cassette, contact us. 

But we can tell you now. You won't 
see a thing. 

Call 800-258-3884. 
Or write MFE 

Corporation. 
Keewaydin Drive. 
Salem. NH 03079. 

0 
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Ultimate13'; all terminals 
require serviciD.g. 

Sowhynotbuy 
the one with theultimate 

service policy? 
No other daisywheel terminal 
manufacturer offers a more com­
plete service policy than Ou me. 
ltworks basically like this: 

All Qume Sprint 5® dealers 
are distinguished as either 

"service" or "standard" dealers. 
Service dealers provide end-user 
warranty service on all machines 
they sell , including spare parts 
and trained personnel. 

But if you don't work near one of 
these service centers, for 
warranty service you can send 
you rterm inal to the nearest Qume 

"depot:' located in Texas, California 
or New Jersey. 

Even the most reliable termi­
nals in the business are ultimately 
going to need servicing. But with 
Qume, you'll never have to worry 
about service problems. For fur-

Standard dealers offer 
a 90-day on-site service 
warranty with Sorbus, 
Inc., which has service 
centers in 32 major cities. 

ther information call or write 
Qume, 2350 Qume Drive, 

IULER San Jose, California 95131. 
SERVICE Tel : C 408) 942-4000. TWX: 

910-338-0232. 

• , j. ·s111us 
SERICE 

OllE ... IEPOT" 
SERVICE 

.Qume® 
Printer Products Division 
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Just when you thought you 
were totally confused by the incred­
ible variety of "smart" computer 
terminals on the market, Lear Siegler 
brings you exactly what you need. 
It is IT, the Intermediate Terminal™ 
video display. 

IT banishes all the confusing 
claims being made in the computer 
marketplace by compressing the 
broad spectrum of "smart" termi-

nals into ITself. Now, when you're 
looking for a terminal that isn't too 
smart but isn't too dumb either, IT 
is perfect for the job And instead 
of having to weave your way 
through the confusing forest of 
"smart" terminals, just look for 
IT. Because IT is enough. 

IT brings you the same high 
standards and solid workmanship 
that made its cousin, the Dumb 
Terminal® video display, a legend in 
its own time. IT may be of average 
intelligence, but there's nothing aver­
age about IT's consistent, quality 
performance and sensible features . 

IT is completely self-contained, 
with full editing, formatting and 
protected field capabilities. Not to 
mention a microprocessor which 
increases reliability. and ease of use. 

TWO PAGES ARE 
BETIER THAN ONE. 

The list of IT's special features 

could go on all afternoon. Out­
standing among them are the two 
pages of display that are standard 
with IT. Use them both and get up 
to 3840 characters of display poten­
tial. Or, allocate the second as a 
print buffer and be sending data 
on page two while entering data 
on page one. 

Each page has the following 
independent page characteristics: 

protect, program mode and cur­
sor retention. And when you change 
from one page to another, these 
characteristics are stored in mem­
ory to be recalled at another time, 
letter perfect. 

IT"' HAS QUITE A DISPLAY. 

With IT, specific areas are desig­
nated as protected fields. They can't 
be typed over unless you remove 
the terminal from the protected 
mode. Even your remote computer 
can't overwrite the protected fields 
until IT is removed from the pro­
tected mode. Background (protected 
data) can be displayed at a lower 
intensity, while foreground is dis­
played at normal intensity and may 
be modified. You can even tab the 
cursor forward and backward to 
the start of each unprotected field. 

And when you depress IT's 
special function key, a special func­
tion sequence is transmitted. The 

remote computer is then in full con­
trol. And all control functions that 
can be initiated from the keyboard 
can also be executed from the 
remote computer. 

Also on IT, full or half duplex 
operation is switch and keyboard 
selectable. You can also choose 
from conversation or block trans­
mission, which can be initiated 
by you or the computer. In block 
mode, a line, a message or a page 
can be transmitted in its entirety. 

IT"' IS NOT JUST ANOTHER 
PRETTY FACE. 

IT's editing capabilities allow 
you to clear the screen, or use the 
cursor for a character change. In 
addition, IT comes complete with 
character insert and delete, line 
insert and delete, erase to end of 
line/ field/screen, and tab and back 
tab. IT's full controls also allow you 
to skip protected fields, backspace, 
forespace, move up, down, return, 
home, and new line. 

And when it comes to behavior 
modification, IT has few peers. 
Because IT comes with a factory 
installed personality for selected 
parameters. Such as an alternate 
ESCape sequence lead-in, in addi­
tion to the standard ESCape. A 
different End Block character. A dif­
ferent New Line character sequence. 
A different field separator. And 
a function sequence preamble. 

FIND OUT THE WHOLE 
STORY ABOUT IT:' 

The people at Lear Siegler 
would be more than happy to fill 
you in on all the details about IT. 
Just drop us a line or call. Because 
IT is worth it. 

IP'I. LEAR SIEGLER, INC. 
~I DATA PRODUCTS DIVISION 

IT; the Intermediate Terminal 
from Lear Siegler. 

Lear Siegler, Inc./Data Products Division, 714 North Brookhurst Street, Anaheim, CA 92803 800/854-3805. In California 714/774-1010. 

TWX: 910-591-1157 Telex: 65-5444. Regional Sales Offices: • San Francisco 408/263-0506 • Los Angeles 213/454-9941 • Chicago312/ 279-5250 

• Houston 713/780-2585 • Philadelphia 215/ 245-1520 • New York 212/ 594-6762 • Boston 617/423-1510 · Washington, D.C. 301/459-1826 
• England (04867) 80666. 

IT™, Intermediate Terminal™ and Dumb Terminal® are trademarks of Lear Siegler, Inc. 
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64-Bit Parallel Processor Implemented 
With MIMD Architecture for Throughput 

Heterogeneous Element Processor 
(HEP) is a 64-bit high speed digital 
computer that provides high speed 
parallel processing of heterogeneous 
data elements. Denelcor, Inc, 3115 E 
40th Ave, Denver, CO 80205, designed 
the system for use in scientific or com­
mercial applications that effectively 
use its lOM- to 160M-instruction/s pro­
cessing speeds. This throughput is 
made possible by the unit's implemen­
tation of multiple instruction/multiple 
data stream architecture. 

This concept, called MIMD architec­
ture, achieves high performance at low 
cost by keeping all processor hardware 
active executing multiple parallel pro­
grams simultaneously. With this ar­
chitecture, there may be several 
cooperating programs or processes 
within each independent program. 

PROCESS EXECUTION MODULE 

MEMORY UNITS 

Because the multiple instructions be­
ing executed concurrently are in­
dependent of one another, execution 
of one has no influence on execu tion of 
the others, allowing processing to be 
fully parallel at all times. 

HEP consists of process execution 
modules (PEMs), data memory modules, 
and support processors interconnected 
by a high speed data switch network. 
All data memory modules are accessi­
ble by all PEMs. Thus processes ex­
ecuting in parallel in one or several 
PEMs may cooperate by reading and 
writing shared information in the data 
memories. Parallel processes syn­
chronize and pass information back 
and forth using the full/empty at­
tribute of each data memory location. 
HEP instructions may automatically 
wait for an input data memory location 

to be full before execution, and leave 
the location empty after execution. In­
structions may also wait for an output 
location to be empty before execution 
and leave it full after execution. This 
communications discipline allows pro­
cesses to conveniently and unam­
biguously pass information to other 
processes while executi ng. The 
full/empty attribute ensures that reads 
and writes of interprocess variables 
will alternate and no information will 
be lost. For locations used exclusively, 
within a process, the attribute is ig­
nored and memory is accessed conven­
tionally. 

To efficiently manipulate data, each 
PEM contains 2048 internal general 
purpose registers. PEMs automatically 
detect and flag normal arithmetic 

(continued on page 58) 
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CONTROL UNITS 

FUNCTION UNITS 

DIAGNOSTIC [Jr----~_::-!§P_=.}- INTERFACES 
MAINTENANCE \ c!~~E 1-~--c PERIPHERALS 
SUBSYSTEM I r-11iP- 1 SUBSYSTEMS SWITCH f- -----~---I-

1 H I G~ 1~~EED I I EXTERNAL I DAC 
I SUBSYSTEM I I l/ O 1 ADC 
L ----j L~----' CLOCKS 

DISCRETE 1/ 0 
DATA MEMORY MODULE 

Designed for high speed large scale scientific com· 
puling, Denelcor 's 64·bit HEP computer is capable of 
executing up to 160M instructions/s. System con­
tains multiple process execution modules, data 
memory modules, and support processors intercon­
nected by high speed data switch network 

TASK 
QUEUES 

CONTROL UNITS 

PROCESS 
QUEUE 

CFU 1 IFU l + 1 • SPARE SPARE SPARE HA 

C±TE FU.iCTION ±IT l.'.1... SPARE SPARE + 

SWIT~ I 

Process execution modules within 
HEP contain 2048 internal general 
purpose 64-bit registers. Up to 64 
user processes may e xi st 
simu ltaneously in each PEM . Data 
memory reference instructions allow 
partial word and byte addressing . 
Each module executes up to 10M tn­
structions/.s and up to 16 modules 
can exist in system 
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Regional Headquarters 
Western 
20430 Town Center Lane. Suite 5-F 
Cupertino. CA 95014 
(408) 255-8991 
TWX. 910-339-9502 

Central 
6200 Savoy Drive, Suite 704 
Houston, lX 77036 
(713) 97 4-0534 
TWX. 910-881-7043 

Eastern 
594 Marrett Road. Suite 22 
Lexington. MA 02173 
(617) 861-1642 
TWX. 710-326-1413 

Stocking Distributors: 
Anthem • Bell • CAM/RPC • Diplomat • F.uture 
Jaco • Marshall • Milgray • RC Components 
Resco • RM Electronics • Sterling 
Time • Western Micro Technology 



The Better Choice in Microprocessors 

H TACH 6800 Series 
Hitachi Expands Your Options with New 8-Bit and 16-Bit Microprocessor Technology 

When it's time to select 6800 series 
microprocessors. consider the extras only Hitachi 

can offer: quality, reliability, and immediate 
availability at competitive cost. Hitachi's 
expanding 6800 series technology includes 
innovations like the all-new. single chip 6805 
microcomputer. This new advance lets your 

designers easily upgrade a 4-bit system to a true 

8-b1t architecture. 
Hitachi 1s sure to have a 6800/ 68000 series 

microprocessor, along with a wide selection of 

compatible memory devices. These range from 
1K all the way to 64K-to help answer your 
designer's most demanding needs. 

Hitachi 6800/68000 Se rie s (available in all p opular speed g rades: 1, 1.5, and 2 MHz). 

Part No. I Description I Availability J Replaces 

8-Bit Multi-Chip 

HD46800 CPU Now 6800 

HD46802 CPU. Clock RAM Now 6802 

HM46810 128x 8 RAM Now 6810 

HD46821 PIA Now 6821 

HD46846 ROM l/Q Timer Now 6846 

HD46856 ACIA Now 6850 

HD46852 SSDA Now 6852 

HD46502 CMTC Now NEW 

HD46503 FDC Now 6843 

HD46504 DMAC Now 6844 

HD46505 CRTC Now 6845 

Now NEW 

Part No. I Description Availabil ity J Replaces 

8-Bit Single Chip 

HD6801 1 chip, clock Now 6801 
2K Byte ROM 
128 Byte RAM 1/0 

HD6805 1 chip, clock Now 6805 
11K Byte ROM 
64 Byte RAM 1/0 

8-Bit Multi-Chip (Enhanced) 

HD6809 High performance Now 6809 
microprocessor 

16-Bit Multi-Chip 

HD68000 16-Bit CPU 4th 68000 
Quarter 

HD68450 16-Bit DMAC TBA 68450 

Circle the reader service cord, or cal l your local 

Hitachi Representative or Distributor for full 
technical information. 

Symbol of Semiconductor Quality, Worldwide 
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TECHNOLOGY REVIEW 

errors (overflow, underflow, etc) and 
. may generate traps on occurrence of 
these errors. Programs within a system 
are protec ted from each other and 
relocated in memory by a set of reloca­
tion/protection registers in each PEM. 
This allows multiprogramming with 
full isolation of one user from another. 

All data and instruction words are 
64 bits long, although PEM data 
memory reference instructions allow 
partial word and byte addressing. 
Memory bandwidth is 20M words/s/ 
PEM, inclu ding the data switch ne t­
work. Each PEM executes up to lOM in­
structions/s. The architecture of the 
switch network allows up to 128 
memory modules of up to lM words 
each and up to 16 PEMs. This range of 
system configurations results in speeds 
up to 160M instructions/s on 64-bit 
data and memory sizes up to l G bytes. 

Systems may include high speed 
realtime 110 devices connected to the 
data switch network. These devices 
opera te at memory speeds up to 80M 

bytes/s. Normal 110 devices are con­
nected to the HEP system through sup­
port processors; thus sta ndard com­
mercial 110 devices and controllers may 
be used for routine 1/0 functions. All 
standard I/O devices are accessible 
through operating system and FOR­
TRAN 110. 

Both normal and synchronized 
memory access are · available to the 
FORTRAN programmer as well as the 
assembly language programmer. Soft­
ware modules in both FORTRAN and 
assembly language may be distributed 
across several PEMs to achieve in· 
creased throughput. In general, design 
of a parallel program is not affected by 
whether the program runs in one or in 
several PEMs. 

Creation and termination of parallel 
processes in an MIMD program is a 
hardware capability directly available 
to the programmer. Processes are 
created or terminated in 100 ns by ex­
ecution of a single system instruction. 
Thus processes may be created at any 
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point in a program where additional 
parallelism is required and terminated 
as soon as their function is accom­
plished. Up to 64 user processes may 
exist simultaneously within each PEM 
in a HEP system . 

HEP systems supp ort a batch 
opera ting system with FORTRAN and 
assembler programming languages. 
The operating system provides inp u t 
a nd o utput spoo lin g, batch j ob 
scheduling, and full operator control 
of the system. FORTRAN is an extended 
ANSI FORTRAN IV with added parallel. 
capabilities, providing the program­
mer with the means for exp licit 
parallel programming. Assembly 

·language allows users to access all 
system capabilities efficiently . The in­
teractive maintenance language pro­
vides sophist icated debugging . 
capabilities. It is used in conjunction 
with maintenance hardware, either test 
slots in the mainframe or offline test 
fixtures. 
Circle 420 on Inquiry Card 

Switching Facility, 
Disc Units Increase 
303X Performance 

Products and programming an­
nounced by International Business 
Machines Corp, Data Processing Div, 
1133 Wes tchester Ave, White Plains, 
NY 10604, including an attached pro­
cesso r, a switching facility, and two 
direct access storage devices (one of 
which can store over 2.5G char of in­
formation), significantly increase the 
capacity and performance of large 
303X computer systems. Enhancements 
to the large system control program, 
multiple vi rtual storage (MYS), provide 
improved systems . and processor 
storage management for 303X pro­
cessors. 

Attached processor 3042 model 2 of­
fers up to 12 channels (six as stand­
alone and an optional group of six), ex­
panding the maximum number of 
channels availab le to users of the 3033 
attached processo r complex to 28 in 
ord er to supply greater system ca paci­
ty and versatility. The 3814 switching 
management system permits computer 
operators to electronically vary the in­
terconnections between processors and 

(continued on page 60) 
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Audiotronics Model DC-946 Data Display 

This popular'Audiotronics data display is one of 
our 48 standard models. We have sold thousands 
of them to giants in the industry. Maybe it's perfect 
for your requirements. If not, talk to us about your 
specifications. We're dedicated to innovative 
product design, quality production standards and 
complete customer satisfaction. Whatever you 
need, we have the experience and talent to 
design it, or improve it. Contact us today. 

Model DC-946 features: 
, • modular construction 

• 5" cathode ray tube (12.7 cm) 
• solid state 
•DC operation-12V de inputs 
• choice of signal inputs: 

TTL (standard) 
Composite video (plug-in module) 

•standard 15,750 KHz horizontal scan 
frequency 
• 650 lines resolution 

-. 
"""--"""--~ VIDEO DISPLAY DIVISION 
530 FIFTH AVENUE N.W NEW BRIGHTON. MN. 55112 • (612)633-3131 
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· peripheral equipment in large systems. 
The system can store up to 78 con­
figuration descriptions and help 
manage interconriections of control 
units including 3880 storage control 
models and processor channels. 

Controlled by one or two 3604 model 
6 keyboard/display units, the 38145 sup­
port interconnection of up to 128 
switching nodes-managing as many 
as 16 channels and 8 control units or 8 
channels and 16 control units. In com­
plex data processing installations, this 
can result in simpified operations and 
increased efficiency. 

Direct access storage devices feature 
advanced technology and compact 
design and attach to most large pro­
cessors. The 3380 can store up to 2.52G 
char of information-almost four 
times the capacity of a 3350. With the 
data streaming feature available on 
3031, 3032, and 3033 processors~ the 3380 
can transfer data at up to 3M char/s. 

The 3375 disc storage device holds 
more than BOOM char of data and 
attaches to 4331 group 2 and 4341 pro­
cessors as well as to 3031, 3032, and 3033 
processors equipped with data stream­
ing. Average seek time is 19 ms. 

An extension of channel protocols, 
data streaming doubles the data rate 
on the first two channels in a processor 
channel group, enabling users to take 
advantage of the data transfer rate of 
the direct access storage device. Max­
imum aggregate data rate of a 
6-channel group can be increased from 
6.7M to lOM bytes/s. An optional 
speed matching buffer feature allows 
the high density storage available with 
the 3380 direct access storage device to 
be used at data rates of I.SM char/s on 
3031, 3032, and 3033 processors and 3042 
model 2 attached processors, and 
System/370 models 158, 158-3, 168 and 
168-3. 

A combination of film head 
technology and compact . design helps 
reduce power consumption on the 3380 
by up to 70 % , floor space re­
quirements by up to 65%, and heat 
generation by up to 75% compared to 
equivalent storage in 3350 devices. In 
the units, read and write heads, discs, 
and two actuators are integrated into 
head/disc assembli es to improve 
reliability and eff iciency. Two 
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head/disc assemblies are contained in 
each 3380, one in each 3375. 

Dynamic path selection, an optional 
internal architectural function of the 
3380, provides a second data path for 
attachment of the 3380 to a second 
storage director which controls the 
transfer of data. This alternate path 
provides concurrent access to data and 
can improve availability if access is 
lost through malfunction of a channel, 
storage director, or controller. 

Both devices utilize count-key-data 
architecture that can facilitate migra­
tion from other direct access storage 
devices. 3380 units may attach to 3031, 
3032, or 3033 processors and 3042 model 
2 attached processors through the data 
streaming feature to permit use of the 
3M char/s data rate. The optional 
speed matching buffer feature allows 
devices to be used at the l.5M-char/s 
data rate of the processors. The 3375 
attaches to 4331 model group 2 and 4341 
processors, as well as to 3031, 3032, and 
3033 processors and 3042 model 2 
attached processors equipped with 
data streaming. 

Both storage devices are supported 
by appropriate models of the 3880 con­
troller. When data streaming is used, 
the 3880 can be placed up to 400 ft (124 
m} from a processor channel. To meet 
needs for growth, a string or group of 
four 3380s can store more than lOG 
char of information and each storage 
director can control up to two strings 
of four 3380s. A group of four 3375s can 
store up to 3.2G char of data. 

Designed to improve both system 
and processor storage management, 
large system control program 
enhancements incorporated in the MYS 
licensed programs include MYS/System 
Extensions, a program product which 
provides performance improvements 
to the basic MYS control program. 
These programs also support 3033 Ex­
tended Addressing and enhance VMS 
system, storage, management, and job 
entry functions. Extended addressing 
enab les users of 3033 multiprocessors, 
for example to address up to 32M char 
of information-double the prev ious 
capability. This expansion of address­
able processor storage enables more 
information and programs to be cqn­
tained in the processor and can result 
in improved performance. 

With customer shipments scheduled 
for the third quarter of this year, the 
3042 model 2 is priced at $1,255,000. 
Shipments of the 38 14 switching 

management system are scheduled to 
begin in second quarter 1981; prices 
are $205,000 for a system that includes 
Model A unit with integrat"ed c~n­
troller, B remote unit, and C expansion 
unit. First shipments of 3380 and 3375 
disc storage devices are to be in the 
first and third quarters of 1981, respec­
tively; purchase price for a 3380 model 
A which contains features for attaching 
up to three 3380 model B units ranges 
from $97,650 to $142,200. The 3375 
sells at $46,450 for model Al and 
$31,000 for Bl. 
Circle 42 1 on Inquiry Card 

Color Display Combines 
Rapid Update 
With High Resolution 

Graphic 8 displays up to 256 colors 
simultaneously to provide users with 
high resolution computer generated 
images in full color. In the system, 
Sanders Associates, Inc, Information 
Products Div, Daniel Webster Hwy S, 
Nashua, NH 03061, has combined pro­
cessing power and image dynamics of 
the Graphic 7 stroke/refresh system 
with 1024 x 1024 raster graphics. 
Stroke/refresh technology offers the 
ability to rapidly update images, while 
dual memory in the controller permits 
co ntinuous update of images by 
displaying from one memory while 
simultaneously updating the other. 

The most powerful system con­
figuration can handle eight fully in­
teractive display stations operating 
from a single controller. A soft­
ware/firmware supported micropro­
cessor provides choice of graphic con­
trol or FORTRAN support programs. 
Either handles programming of 
graphic terminals, leaving the user 
free to concentrate on host computer 
programming. Interfaces are available 
for DEC VAX and PDP-I I, Data General 
Eclipse and Nova, Perkin-Elmer, 
Hewlett-Packard, Systems Engineering 
Laboratories, Harris, and HTDS com­
puters. An RS-232-C interface handles 
communication. 

The unit provides a choice of color 
or monochrome display with up to 256 
colors or gray shades (128 with blink 

(continued on page 62) 
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THE LEADING 
MICROPROCESSOR OPERATING SYSTEMS 

FOR THE 1980s 

MTOS·80 
Real-time operating 

system for the 8080. 
In service since 1976 

MTOS·68 
Real-time operating 

syoStem for the 6800. 
In service since 1976 

In Israel: 
CONTAHAL, LTD. 

83 Gordon St., Tel Aviv 
Telephone: 22 4115 

In Belgium: 
BETEA S.A. 

Chausee ·de Louvain 775 
B-1140 Brussels 

Telephone: (02) 736 80 50 

MTOS·11 
Real-time operating 
system for the PDP-11. 

In service since 1976 

These MULTI-TASKING 
OPERATING SYSTEMS 
are sold under a liberal 
licensing policy which 
allows resale of the 
object program, when 
embedded within a product, 
without further charge. 

In West Germany: 
ALFRED NEYE ENATECHNIK 
Schillerstrasse 14 
2085 Quickborn (Hamburg) 
Telephone: 041 06/612-240 

Call or write 
for our FREE book 
"On Operating Systems" 

•I~ •. :.• I• lpndustrial . 
1 1~ rogramm1ng nc. 

Software Specialists Since 1963 

100 Jericho Quadrangle, Jericho, N.Y. 11753 • (516) 938-6600 • Telex 429808 

CIRCLE 39 ON IN(j)UIRY CARD 61 



Split 
Bobbin Makes 
the Difference 
• 2500V RMS HIPOT 

• NON-CONCENTRIC 
WINDINGS 

• New from Signal-minia­
ture PC board transformers 

with high isolation (2500V RMS 
HIPOT standard) and low 
capacitive coupling. All this 
and lower than standard 
transformer prices, too. Split/ 
'Iran is available with s ingle 
115V or dual 115/230V primaries. 
Secondary windings are split, 
so they can be series or paral­
lel connected. Pronto delivery 
up to 4 pieces within 48 hours. 
Write or call: 
Signal 'lransformer Co., Inc., 
500 Bayview Ave., Inwood, 
N.Y. 11696; Tel. (516) 239-7200. 
(516) 239-4510. 

... :j c: :J c: so:::J [ 7 11s22~ov [ 1 
50 60 HZ 

8 1 8 
6 PIN 8 PIN 

TYPE ST TYPE DST 
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OPTIONAL i ~P;;;L1 
HIGH SPEEO OISPLAY I AOOITIONAL I 

PARALLEL PROCESSOR --.l MAPPING I 
I MEMORY I INTERFACE L MOOULE(S) I 

--r-~ 
PROCESSOR f o;TIO;Al l 

TO/ FROM OIGITAL ANO _.j AD~:~~~AL ~-.... TO DISPLAY VECTOR HOST OPTIONS 
IMAGE I CONTROLLER I MONITOR(S) 

~ MEMORY I MODULE(S) I 
=> L-----...J m 

"' 

i DIGITAL 
MAPPING SERIAL GRAPHIC 

INTERFACE CONTROLLER MEMORY 
MODULE(S) MODULE 

ROM VIDEO TO DISPLAY AND CONTROLLER MONITOR(S) STATUS MODULE 

SERIAL 110 PORTS 
(DATA ENTRY OEVICES) 

SERIAL EXTERNAL TIMING DIAGN OSTIC VIDEO MODULE PORT INPUT 

Sanders' Graphics 8 intelligent computer graphic display system of­
fers 1024 x 1024 resolution raster graphics to provide computer 
generated images with up to 256 simultaneous colors 

capability). Display memory provides 
storage for up to 1024 x 1024 picture 
elements (pixels)-up to 8 bits/pixel/ 
display. Other features of the 19" 
(38-cm) display are multiple character 
fonts and sizes, external video input, 
and high speed curso r and high speed 
erase. Resolutions range from 512 x 
512 to 1024 x 1024; others are 
available at 4 x 3 aspect ratios. Image 
enhancement features of lookup table 
and polygon fill are standard. Buffered 
refresh memory in the 8200 series con­
troller offers rapid image update, and 
perm its applications requiring con­
tinuous update of complex images to 
be handled. 

Because the system is instruction 
compatible with th e Graphic 7 
stroke/refresh display system, pro­
grams developed for that system are 
rapidly made operational. Raster 
enhancements such as polygon area fill 
can be applied to the original outline 
images in this case. 

Distributed processing capability is 
provided by the unit' s built-in 
minicomputer level CPU. This pro­
cessor, based on high speed bipolar bit 
slice chips, uses a popular instruction 
set with more than 400 instructions. 
Programmability of the processor per­
mits the user to tailor operations at the 
terminal to the application. Available 
processo r read/write memory ranges 
from 32k to 256k bytes in addition to 
the image refresh memory. 

The graphic control program, which 
is included in basic firmware, contains 
built-in test features that allow 
verification of sys tem operability 
without involving the host· computer. 
The FORTRAN support package option 
permits images to be generated using 
FORTRAN subroutin e ca lls. This 
enables users to work in their own 
coordinate system to generate images, 
even if the programmers are not 
familiar with computer graphics. 
Circle 422 on Inquiry Card 
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And, we do mean complete! 
Grinnell systems can include com­
puters, disc drives, terminals and 
software operating systems. Plus a 
FORTRAN software and driver 
package; high resolution TV moni­
tor, camera, and hard copy color 
printer. 

There are also other options to 
meet any special requirement you 
might have. 

Of course, you may already have 
some of the necessary hardware. 

That's why Grinnell systems work 
with standard TV monitors and 
cameras, and why plug-compatible 
interfaces are available for most 
minicomputers. 

We also give you a complete 
product line to choose from : 

GMR 270 Series: 512 x 512 reso­
lution frame buffers and full color 
pipeline image processing systems. 

GMR 260 Series: 1024 x 1024 
resolution frame buffers for grey 

scale, black and white, pseudo 
color and full color. 

GMR 27 Series: High speed, 
modular graphic and image display 
systems . . 

GMR 37 Series: Low cost graphic 
display systems. 

So, whether you want to analyze 
images from outer space or monitor 
a process in a plant, Grinnell has 
a complete system that can do it. 
For complete specifications and/or 
a quotation, call or write today. 

GRINNELL SYSTEMS 
2159 Bering Drive, San Jose, California 95131 (408} 263-9920 63 
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TC'chnological lea ership. 

The MC68000 processor 
is now available 

PROGRAM COUNTER 

15 STATUS REGISTER 

1
1mr : m1 

The best available 16-bit microprocessor is 
now available from authorized Motorola 
distributors everywhere. The MC68000. 

Since its introduction in September, 1979, the 
MC68000 generally has been recognized as the 
most advanced high-performance 16-bit 
microprocessor in the industry. 

The MC68000 is the first. the only. 16-bit 
microprocessor with a large set of seventeen 
32-bit registers. and the only one with 
16-megabyte direct memory addressing. 

Its uniquely powerful yet easy-to-use micro­
coded architecture. combined with the inherently 
high-performance characteristics and reliability 
of Motorola's HMOS VLSI technology, offers the 
designer unmatched advantages in system design. 
software cost reduction a nd product capabilities. 

As a vital aspect of future systems. efficient 
multiprocessing capa bility received special 
attention in design of the MC68000. With the 
asynchronous bus. a multiple bus-master 

technique is used to achieve high-efficiency 
multiprocessing. 

Expanded register set allows 
enhanced performance. 

The 32-bit registers eliminate the need for 
pairing. and data and address registers are 
separated to allow the performance enhancements 
of parallel operation. All the registers can be used 
as index registers. and all address registers may 
be used as index stack pointers to reduce 
programming bottlenecks. 

High-efficiency instruction set. 
The simple. efficient instruction set was 

designed on information developed in extensive. 
instruction-usage studies. The 56 powerful 
instruction types are designed to minimize the 
number of mnemonics a programmer must 
remember. Addressing modes are usable with all 
applicable instructions for additional ease-of-use 



for advanced systems 
from Motorola distributors. 

-=--____ J 

and reduced software debugging time, with 
resulting software development-cost reduction. 

Asynchronous, non-multiplexed bus. 
Implementation of the asynchronous bus 

allows optimum utilization when supporting 
devices requiring different access times, and 
allows implementation of cache memory or other 
hierarchical memory schemes without bus rule 
changes. The non-multiplexed bus is up to 
30% faster than a multiplexed bus, and improves 
overall system performance because interface to 
the processor is not a bottleneck. 

Designed for 
high-level language support. 

As the processor for the '80s, the MC68000 
was carefully designed for the high-level languages 
of the '80s. With Link and Unlink instructions. 
the large number of general-purpose registers. 
address manipulation on stack. and a variety of 

additional features, the MC68000 is. by design. 
the ideal MPU for an easy-to-use. block-structured 
high-level language. It's equally fluent with 
Pascal or assembly language. 

Efficient operating system support. 
Numerous features offer valuable operating 

system support. Among the most important is the 
distinction between the user mode and the 
supervisor mode which improves system reliability 
and allows resource protection. Also included for 
such support are specific instructions such as 
the Test and Set instruction (for semaphore 
operations). Traps (for efficient operating system 
calls), and the Move Multiple instruction (for 
streamlined context switching). 

Code reliability for system integrity. 
Code reliability and maintainability are key 

issues for any system designer in this day of large 
software development efforts. Illegal instruction 
and illegal addressing mode detection aid system 
designers in guaranteeing system reliability. 

The user/supervisor distinction. privileged 
instructions. and traps on unauthorized activity 
aid the system designer in guaranteeing systems 
integrity. 

The choice of winners. 
The power and versatility of this total system 

approach is more apparent than ever as the 
tremendous scope of the entire M68000 family 
concept is revealed. 

Designers who require the very best in 
advanced high-performance microprocessors turn 
to Motorola. The M68000 family. present a nd 
future. will be the choice of winners throughout 
the '80s. Shouldn't it be yours? 

With the flexibility of the developing total-system 
M68000 lamily. and the system-development 
support of EXORmacs™. VERSAbus™ and the 
VERSAdos™ multi-tasking. multiprocessing 
operating system. there is no contemporary 
approach to microcomputers that offers so much 
for so many systems. The MC68000 is your best 
bet for the '80s for 

Innova i systems 
through silicon. 

® MOTOROLA INC. 
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Thi~ is 3M's DC-600 HC Data Cartridge for 
disk back-up. It's just 4" x 6" x '/2'. Yet it holds a full 
67 megabytes of formatted user information (144 
megabytes unformatted). And most surprisingly, it 
only costs about thirty dollars. 

The marvel that makes it work is our 
HCD~75 Data Cartridge Drive. At 4.6" x 7" x 8.6" 
(19" deep with controller/formatter module) it's 
the smallest full-capability back-up system 
available today. And its storage capacity 
makes it the most economical, too. 

You see, the HCD-75 drive unit 
eliminates the need for costly multi­
track heads. Instead, it uses a new 
tape head which features automatic 
positioning to any of the tape's sixteen 
tracks. The result is a storage capacity 
much larger than ever before possible 
with data cartridges. Which also makes it 
suitable for other mass storage applications. 

Extensive use of microprocessors in the 
HCD-75 make it the world's first truly intelligent 
cartridge drive system. Other than initial 
commands, all tape drive functions are controlled 
locally. So the host computer system can remain 
free for other functions. What's more, the HCD-75 
features sophisticated error detection and 
corr~ction capabilities. And to insure system 

performance, self-test diagnostic 
routines run continuously. Even when 
the system is not in use. 

Will wonders never cease? 
For more information, 

check the listing.on the next page 
for the representative nearest you. 

Orwrite: Data Products Division/3M, 
Bldg. 223-5E/3M Center, St. Paul, 
MN 55144. 

THE DISK BA.CK-UP SYSTEM 
THAT'S SUDDENLY W\Y OUT FRONT. 

CIRCLE 43 ON IN9UIRY CARD 3IVI 



3M Il/\'D\ PRODUCTS 
REPRESEN'D\TIVES 

Data Products/3M 
3M Center, 223-5E 
St. Paul, MN 55144 
6U/733-8892 

WEST 
Hefte Industries, Inc. 
Los Gatos, CA 
408/264-8319 
CTI Data Systems, Inc. 
Long Beach, CA 
213/426-7375 
P.A. R. Associates 
Denver, CO 
303/355-2363 
PSI Systems, Inc. 
Albuquerque, NM 
505/881-5000 

MIDWEST 
OASIS Sales Corporation 
Elk Grove Village, IL 
3U/640-1850 
Carter, McCormic & Pierce, Inc. 
Farmington, Ml 
313/477-7700 
The Cunningham Co. 
Houston, TX 
713/461-4197 

EAST 
J.J. Wild of New England, Inc. 
Needham, MA 
617/444-2366 
Wild & Rutkowski, Inc. 
Jericho, Long Island, NY 
516/935-6600 
COLrINS-CO., Inc. 
Orlando, FL 
305/423-7615 
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TECHNOLOGY REVIEW 

Optical Wand Reads 
Barcoded Programs and 

a into Calculator 

Barcode reading model HP-82153A op­

tical wand enables quick accurate en­

try of programs and data for the HP-41C 

calc ulator. Plugging into the 

calcu lator, the wand, developed by 

Hewlett-Packard Co, 1507 Page Mill 

Rd, Palo Alto, CA 94304, reads HP bar­

code printed on paper, allowing 

economical reproduction and distribu­

tion of software. 
When the user guides it by hand 

along a line of barcode, the device can 

read up to 30 in (76 cm)/s of program 

or data, scanning from either left to 

right or right to left. It emits a scan 

tone to indicate that the last line of 

program or data has been correctly 

read. An error tone with an error 

message display, or no tone, means 

that the last line of code must be 

rescanned. The display automatically 

updates itself to indicate the next line 

to be scanned. It is also possible to 

scan a line and have it converted into a 

binary display on the calculator. This 

feature assures that code is not faulty 

and is not being misread. In addition, 

a running program may be halted to 

allow a subroutine in code to be 
scanned and immediately executed or 

stored until called, or to permit one or 

more rows of coded data to be scanned 

and used by the program. 
Barcode for use with the device is 

formed of narrow bars, wide bars, and 

spaces printed on paper, usually black 

on white. Maximum length of a row of 

barcode is 132 bars. The wand con­

tains a light emitting diode (LED) and 
photosensor that detects changes _in 

the light reflected from the sheet being 

scanned. The detected signal is digi­

tized and translated by two integrated 

circuits into instructions that the 

calculator understands. The code of­

fers built-in checksums and ability to 

handle alphanumeric data. 
Users can obtain barcode versions of 

their software by sending magnetic 

card or handwritten versions of pro­

grams to an independent printer who 

will return barcoded data in no more 

than seven days. For short programs 

all calculator and peripheral functions 

can be executed by scanning a barcode 

sequence on a paper keyboard-a 

sheet of paper with barcoded versions 

of the calculator's keyboard or bar­

code labels that are included with the 

wand. 
Circle 423 on Inquiry Card 

Video Imaging Unit 
Produces Photographic 

litv Output 

Quality continuous tone copies are 

produced from raster scan video 

sources in seconds by the 4634 imaging 

hard copy unit. Designed by 

Tektronix, Inc, PO Box 500, Beaver­

ton, OR 97077, the device is a cost­

effec ti ve alternative to other 

photographic quality display record­

ing devices for use in digital image 

processing, pattern recognition, 

remote sensing, video disc, and high 

resolution display environments. 
The unit records on dry silver paper 

using a fiber optic CRT, producing 

copies having a broad gray scale range 

(12 levels) that reveals fine image 

detail. The 6 x 8" (15 x 20-cm) image 

size on 8.5 x 11" (21.5 x 27.9-cm) paper 

facilitates enhanced interpretation of 

gray scale information. Ap proximate 

copy cost is $0.20, compared to from 

$0.60 to $5.00/copy for competitive 

copiers. 
Front paper load and paper exit, 

and front panel controls make it easy 

to integrate the unit into video system 

configurations. It is self-contained, 

usually requiring a single cable con­

nection, and can be interfaced to most 

analog or digital raster scan video 

sources. An automatic gain control cir­

cuit tracks the input signal making the 

copier less sensitive to input signal 

variations. Image quality is thus more 

consistent over time with minimum ad­

justment. 
Circle 424 on Inquiry Card 
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TECHNOLOGY REVIEW 

Microprocessor Controlled 
Printer System Emulates 
DEC-20 Controller 

A plug compatible controller and line 
of printers extend the range of print­
ing speeds attainable with DEC­
system-JO and -20 computers, and are 
priced about 503 lower than com­
parable DEC units. Designated LPC-20, 
the microprocessor based controller re­
quires one and one-half card slots in 
the utility processor and handles 
printers with speeds of 300, 600, 900, 
1200, 1500, and 1800 lines/min, replac­
ing a DEC controller that uses three 
slots and services 300- or 1200-line/min 
units. 

BDS Computer Corp, 1120 Crane St, 
Menlo Park, CA 94025, has made the 
controller fully software compatible 
with the the ·TOPS-20 operating system. 
It emulates the DEC unit and has the 
logic and buffers necessary for pro­
gram controlled or direct memory ac­
cess data transfer between the Unibus 
and the line printer. It also includes 
logic for command, monitoring, and 
control functions. The comple te con­
troller and printer interface are con­
tained on one quad- and one hex-sized 
board. 

A pair of bipolar 2901 bit-slice micro­
processors and a 2910 microprogram 
control unit form the nucleus of the 
controller. The 290ls are cascaded to 
give an 8-bit word length. A 256-word 
by 16-bit translation random access 
memory (TRAM) holds control and print 
characters while a 3k-byte micropro­
gram storage P/ROM controls the 2901 
data manipulation. All microprocessor 
instructions are executed in one 200-ns 
microcycle. 

Other logic includes a Unibus con­
trol section that provides communica­
tions between computer and printer 
controller. Elements within the con­
troller are linked with an "A" or 
source bus and a "Y" or destination 
bus. The A-bus supplies input data to 
the 290ls and 2910. The Y-bus transfers 
information from the microprocessors 
to the printer interface and Unibus in­
terface. Printer interface logic supplies 
data and 1/0 control information to the 
printer. 
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A BUS (SOURCE) 

TRANSlATION 
RAM 

(TRAM) 
156' 16 
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STORE 
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TO 
PRINTER 

Y BUS (OESTINATION) 
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INTERFACE 

TRANSLATION 
RAM 

MICROP ROCESSOR 
SECTION 

PRINTER 
INTERFACE 

Plug compatible printer controller from BDS computer emulates DECsystem-20 controller to service printers ranging from 300 to 1800 lines/min . Unit is based on pair of bipolar microprocessors cascaded to yield 8-bit word length 

In operation, TRAM is loaded by the 
computer under program control or 
with DMA cycles in order to free the 
CPU for other tasks until an interrupt 
signals that the buffer is full. The con­
t~oller's microprocessors control all 
bus requests, transfers, and handshake 
signals. In addition, under DMA, it 
handles the loading of a 12-channel 
direct access vertical format unit 
(DAVFU), which designates printer 
paper advancement and positioning. 
The system also accommodates 
12-channel paper tape DAVFU. 

Once TRAM and DAVFU are loaded, 
the controller releases the Unibus, 
manipulates TRAM data, and passes it 
to the printer interface circuits along 
with appropriate printer control 
signals. Printing continues until the 
TRAM is empty, at which time loading 
begins again. 

Serving the DECsystem-JO KL pro­
cessors or any DECsystem-20, the unit 
controls any of the company's line 
printers from 300 to 1800 lines/min, re­
quiring only jumper or cable modifica­
tions. Printers employ band, chara­
band, or drum technology. The 300-
and 600-line/min band printers, in­
tended for low to medium speed ap­
plications, use a steel band print font 
carr ier, and hav e an internal 
microprocessor for printer control, 
diagnostics, and operator prompting. 
Drum printers operate from 300 to 
1800 lines/min and are intended for 
high duty cycle printing. The chara­
band printer is a 1200-line/min unit 
with a 132-col line width. All printers 
have a standard 64-char set with 
96-char optional. 

Circle 425 on Inquiry Card 
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That's right! 
Fujitsu pro­
duces more 
Winchester 
technology 
disk drives for 
the OEM 
market than 

"-----------' any other 
manufacturer in the industry. The reason 
for this success is the unequalled reli· 
ability of Fujitsu products. 

For instance, Fujitsu's M228X 
Winchester drive delivers more than 
10,000 MTBF power on hours of high per· 
formance. That's 40% better than the 
industry standard. And the M228X is fast: 
6ms track-to-track (27 ms average) access 
time. With this kind of performance, up to 
169 megabytes of unformatted storage, 

and Fujitsu's competitive priclng­
there is no other d10icel Optional head· 
per· track capacity of 655 kilobytes also 
available with this series. 

80 and 50 MB cartridge drives 
with SMD Interfacing . 
Fujitsu's advanced technology does not 
stop at Winchesters! The two front-load· 
ing cartridge drives with SMD capability 
shown here , have statistics only Fujitsu 
could guarantee. Like access times 
of 6ms track-to-track (30 ms average), 
and a reliability factor of over 6,000 poh 
MTBF. That's 50% better than the 
industry standard. 

And whether you order the M2211 
(80 MB) or the M2201 (50 MB) drive you 
can say goodbye to data staging. Plus you 
get a servo/track record system that 
assures the cartridge interchangeability 

you need. With features like these it's 
no wonder Fujitsu's got the world on a 
platter. 

For technical information, (outside 
California only) phone to ll-free 
800-538-8175. For sales and service, or 
evaluation unit , contact: Fujitsu America, 
Inc., 2945 Oakmead Village Court, Santa 
Clara, CA 95051. Phone 408· 727 -4300, 
Telex 171-182,TWX910-338-0047. 

llllllllllllllllllllllllllllllllllllllllll\111111 
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The first word 1 .. rellablllty. 
The last word in performance. 
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TECHNOLOGY REVIEW 

High End Units Raise 
Performance Levels of 
Laboratory Computer Family 

Several members added to the MINC 
family of laboratory computer systems 
incorporate the PDP-11 123 processor to 
achieve greater capacity and perfor­
mance than entry level units. Included 
in the announcement made by the 
Laboratory Data Products Group, 
Digital Equipment Corp, Maynard, 
MA 01754, are the MINC-23, MINCI 
DECLAB23-RT, and MINCIDECLAB23-RSX 
systems. 

MINC-23 and MINCIDECLAB23-RT 
enable researchers to configure op­
timum system elements for specific 
data acquisition and control applica­
tions through use of MINC modules. 
The MINC-23 is a portable system 
employing diskette storage, and 
DECLAB23 incorporates dual SM- or 
!OM-byte disc cartridges. DECLAB23 

Fast 
reliable 
printer. 

The DC-16068/ DC-21060 discharge 
printer prints 16 or 21 column a lpha­
numerics in a 5 x 7 dot matrix format. 
Its MTBF is 3.0 million lines on 2.25" 
paper costing about 3/4¢ per foot. Just 
3.8" H x 5.4" W x 5.5" D, it is as low as 
$120 · in 100 quantity . Other printers 
with interface electronics avai lable. 
Call or write HYCOM, 16841 Armstrong 
Ave., Irvine, CA 92714 - (714) 557-5252 

HY com 
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configurations replace the DECLAB-
11 /MNC systems (see Computer Design, 
Dec 1978, p 48), providing twice the 
processor speed and four times the 
memory capacity . 

The MINC-23 ex tends capabilities of 
previous members of the family offer­
ing at least double the performance of 
the MINC-11. DECLAB23-RT systems in­
clude both floating point and IEEE-488 
bus interface as standard items, pro­
viding extra versatility in both inter­
facing and data reduction. All systems 
can operate on a standalone basis or 
can be tied to other DEC computers 
operating under DECnet, using the 
MINC NFT fil e transfer software. Such 
capacity enables establishment of 
laboratory wide data management and 
data acquisition systems. 

MINC BASIC is used both for in­
dividual programs and the operating 
system on the MINC-23. As an option, 
th e unit can also run RT-I I FORTRAN; 
MINCIDECLAB23-RT uses RT-I I/FORTRAN. 
-RSX uses the RSX-I IM multiuser, multi­
tasking operating system. All provide 
full floating point functions as stan­
dard. 

Minimum configuration for a -23 in­
cludes PDP-11 123 processor, MINC box, 
VTI05 terminal, and dual 512k-byte 
diskette drives. For DECLAB23 con­
figurations, minimum equipment in­
cludes PDP-11123, !OM-byte hard disc, 
VTI05 terminal, and MINC box mounted 
in a 30" (76-cm} cabinet. Prices range 
from $15,600 to $30,300. First ship­
ments are scheduled for December. 
Circle 426 on Inquiry Card 

Series 11 oo Extensions 
Increase Capability in 
Scientific Data Processing 

A general purpose large scale com­
puter system suited for scientific and 
engineering appli cations, I I00/80S is 
based on Series 11 00 architecture and 
software, and incorporates a scientific 
accelerator module, a very high speed 
LSI bipolar gate array device. Perfor­
mance of th e current entry level 11 00180 
system has been increased by at leas t 
253 with the II 00/80S. 

Included in a basic 180S are a central 
processing complex with scientific ac­
celera tor module, 524k words of main 
storage, 4k words of buffer storage, 
and one input/output unit. The I 100180S 
uses 36-bit si ngle-p recision floa ting 
point rep resentation. Main storage ex­
pansion to 1048k words is avai lable. 
Buffer expansion to 32k words a llows 
additional main storage as well as 
multiprocessor configurations up to 
fo ur CPUs, four IOUs, and 8M words of 
main storage. 

Also announced by Sperry Univac, 
PO Box 500, Blue Bell, PA 19424, was 
a memory expansion feature for the 
current 4M-word 1100180 systems, which 
permits memory to be added in 2M 
word increments up to a maximum of 
8M words or 32M bytes. Operating in 
association with 1100180 computers, a 
high performance special purpose 
scientific processor, the Array Pro­
cessor Subsystem (APS} significantly ex­
tends computer capabilities for pro­
cessing vast quantities of numeric 
data. The APS increases the speed of 
floa.ting point arithmetic operations, 
eliminates data transfer bottlenecks 
between host computer and scientific 
processor elem en ts, and solves large 
mu ltidimensional problems. With a 
maximum execution burst rate of 
120M floating point operations/s 
(FLOPS} and a sustainable rate for 
suitable algorithms of 80M FLOPS, the 
subsystem represents a significant per­
forma·nce increase over earlier 
systems. Maximum system perfor­
mance of 245M FLOPS, including host 
performance, is realized when two 
units are attached to an 1100184 system. 

Po ten ti al data transfer bottlenecks 
are eliminated by a direct interface to 
main storage and a high speed cache 
memory. Together these features en­
sure that the system is continuously 
supp li ed with data and is thus capable 
of maxim um processing efficiency. 
Data rates betwee n main stor~ge and 
the subsystem are 35M to 40M 36-bit 
words/s. 

Built using ECL and TTL devices, the 
unit is user mi croprogrammable, with 
a 288-bit instruction word size. Data 
words a re 36 bits and all arithmetic is 
fully compatib le with the /80 host. 
Capability to execute memory prop­
lems as large as 8M words in a single 
vector operation enables the unit to 
process large multidimensional 
problems. 
Circle 427 on Inquiry Card 
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See SCOUTsave. 
SCOUT"' has a red light. It 

does not mean what you think. 
The red light says one of 

SCOUT's boards does not 
feel well. 

Will this make you sad 
because your minicom-
puter can't play anymore? 

Will the expensive 
repairman take a long 
time to get it 
fixed? 

No no, 
silly. Since ~~~ 

SCOUT's 
ISO LITE™ 

showed you 
which card is bad, all 

you do is pull it out and put in a spare 
6.25" x 8.3" card. 

What fun! Now SCOUT can run and 
play again. And save you a lot of jack. 

Save SCOUT, save. 
Save on service --------------------, 

costs. Save on ~"''b See SCOUT save. I 
system costs. \O'(""' \~· Money.Time. And end user aggravation. Plus I S 16 b · t rO'-" other ways to save in our how-to-save-on- I . ~ve on - 1 ~"" maintenance primer, A Plug for SCOUT. Get I 
m1n1computer per your free copy with this coupon and a busi- I 

- ness card. Or, for immediate information 

formance. SCOUT call 714/ 833-8830, Ext. 455. I 
starts at less than I 
$1000 for a CPU, I ::::."' Tit!• I 
I/0, 32K Byte RAM : Address I 
and card cage. I City State Zip I 

Isn't saving fun? 1 ~ComputerAutomation 1 

Save SCOUT, save. I NAKEOM1N1• o;,,.
0

" I I Where OEM's come first . I 

L 18651 Von Karman, Irvine, CA 92713 _J ---------------------­SCOUT and ISOLITE are registered trademarks of Computer Automation Inc. 
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3870 
momentum 
continues. 

For single-chip applications, no 
other microcomputer family offers 
you more design momentum than 
the 3870 family from Mostek. 
Now there's even more momentum 
because eight new parts give you 
ROM and RAM options never 
before available. A total of 16 
choices. You save by buying only 
what you need now, yet you'll also 
be designing in future flexibility. 

That's because all our 3870 
microcomputers are software com­
patible and basically pin-for-pin 
hardware compatible. So expan­
sion or upgrading from lK ROM to 
4K ROM can be as easy as exchang­
ing one 3870 device for another. 
In the same socket. There's no new 
architecture to learn. No retooling 
of artwork. No new vendors to 
qualify. In other words, there's 
no loss of design momentum. 

This ongoing product line expan­
sion is all part of our commitment 
and response to your unprece­
dented demand for Mostek 3870 
microcomputers. A demand so 
strong for so many different appli­
cations that we literally ran out of 
3870 numbers for all the variations 
you requested. 

So to simplify identification of 
all our 3870 devices, we developed 
an expanded, easy to understand 
numbering system. In this system, 
the first four numbers designate 
three generic families: MK3870, 
MK3873, and MK3875. All three 
families have multiple combina­
tions of ROM and RAM. The first 
slash number indicates the amount 
of ROM available in lK byte incre­
ments; the second slash number 
identifies the amount of executable 
RAM in multiples of 32 bytes. 
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8 new ROM and RAM 
options give you 
16 compatible 
single-chip choices. 

~ . 
'• i-' ' • 
l ' 
I . 

3875 (Battery Back-up) 

ROM Executable ParaUel Special Old Part 

Oesoonation (bytes) RAM(bytos) llO(btts) LO Number 

MK3870110 IK 0 32 • New 

MK3870l12 IK 64 32 ·-
MK3870'2D 2K 0 32 MK3870 

MK3870/22 2K 64 32 MK3876 

MK387000 3K 0 32 • New 

MK3870/32 3K 64 32 •Now 

""367040 •K 0 32 •New 

MK3870142 4032 64 32 MK38n 

Sl,$0, 

MK.387310 1K 0 29 SCLK •New 

SI.SO, 

MK3873112 lK 64 29 SCLK •New 

Sl,$0, 

MK387320 2K 0 29 SCLK MK3873 

Sl,SO, 

MK3873122 2K 64 29 SCLK •New 

Vsa. MK38761w 

MK387&22 2K 64 30 VBB s..._ 
V50 MK.3872.W 

Mt<3875'42 4032 64 30 Vea Standby 

MK38P70.'02 External 64 32 MK.3874 

SI.SO, 

MK38P73102 External 64 29 SCLK MK38P73 

387X/XX 
'-----y--) '-----y--) 

Genenc Part Type Amounl of Amount ot 
ROM in executable 

1 K increments RAM in 

1= 1K 32byle 

2 = 2K increments 

3 = 3K O= O 

4 = 4K 2=64bytes 

Since all our 3870 devices have 64 
bytes of scratchpad RAM, that por­
tion of the memory isn't included 

in the part number. 
The basic Mostek 3870 micro­

computer family, with 32 bits (4 
ports) of parallel I/O, presently has 
8 versions. ROM options range 
from lK to 4K bytes with an ex­
ecutable RAM option of 64 bytes. 

MOSTEK e, Matrix, MK3870, MK3873, MK3875, and 

P-PROM are trademarks of Mostek Corporation 

© 1980 Mostek Corporation. 
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The M6stek 3873 family has 29 
bits (4 ports) of parallel I/O plus a 
hardware serial I/O port capable of 

handling either synchronous or 
asynchronous data transfers. 'IWo 
different ROM versions are cur­
rently available, and executable 
RAM options are coming soon. 

The MK3875 microcomputer 
family features 30 lines (4 ports) of 

parallel I/O and a standby power 
mode to protect the executable 
RAM during low-power situations. 
Both our 3875 versions have 64 
bytes of executable RAM; ROM is 
2048 bytes or 4032 bytes. 

Unique to the entire 3870 line are 
our piggyback EPROM (P-PROM™) 
microcomputers. Designated 
MK38P70/02 and MK38P73/02, 
these devices let you prototype and 
field test your software programs 
prior to ordering masked-ROM ver­
sions. P-PROM microcomputers 
are also ideal as production cir­
cuits in low volume applications. 

Tu simplify software as well, 
choose our Matrix™ floppy disk 
development system with real-time 
in-circuit emulation. The Matrix 
system can support our entire 3870 
line, including low power CMOS 
versions now being developed. 

Three basic 3870 families. 
EPROM versions. And comprehen­
sive software tools to back it up. It 
all adds up to more momentum. 
The kind of momentum that can 
simplify your design, and extend 
your product life. Tu find out how, 
call or write Mostek Corporation, 
1215 W. Crosby Road, Carrollton, 
Texas 75006; phone 214/323-1000. 
In Europe, contact Mostek Brus­
sels; phone 660.69.24. 
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r------------------, 
1 I'd like to improve my image. 1 
I Tell me more about OCLI Contrast Enhancement for CRTs. I I I I Name: I 
I Title: I 
I Company: I 
I Address: I I I I Cit : State: Zip: I 
II OCLI DEPT109-1 , 2789 Giffen Ave., II P.O. Box 1599, Santa Rosa, CA 95402 

TWX (510) 744-2083 Telephone (707) 545-6440 
~----------------2~J 
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TECHNOLOGY REVIEW 

Portable ASR Terminal 
Uses Bubble M emory 
For Nonvolatile Storage 

Execuport 4000B is a multi­
microprocessor based portable ASR ter­
minal that provides a keyboard and 
nonvolatile bubble memory for both 
offline and online operations. The ter­
minal, developed by Computer 
Transceiver Systems Inc, E Midland 
Ave, Paramus, NJ 07652, operates 
similarly to a conventional teletype­
writer with the additional capability of 
bubble memory storage and text 
editing for data preparation and 
manipulation. 

Containing one or two magnetic 
bubble memory (MBM) devices and a 
flexib le easy to use operating system 
firmwar e package, the unit is capable 
of asynchronous serial binary data in­
terchange. A powerful editing feature 
enhances the terminal's use as an off­
line data entry and storage unit. A buf­
fer within the terminal enables interac­
tive communications in bursts at pro­
grammable rates up to 9600 baud, via 
an RS-232 acoustic coupler. 

Each memory device is capable of 
holding 11,538 bytes of data. The stan­
dard terminal has one resident, 
nonremovable MBM device; an optional 
cassette-lfke removable MBM located 
on the keyboard raises capacity to over 
23k bytes. Usable data capaci ty is ar­
ranged in 641 sec tors or pages. 
Numbered 0 through 640, each sector 
is 18 characters long, and is the 
smallest unit of memory accessible by 
the operating system . 

Data stored in user available 
memory are organized in files. A 
record is kep t for each file in a memory 
directory which maintains and prints 
file name, first sector position, number 
of sectors, and attr ibute (protection 
leve l of fi le) as di rectory information. 
By implementing various commands 
one a t a time or chained, the operator 
can perform various operations, in­
cluding create and delete files, merge 
and extend fi les, and ed it files, clear 
memory, copy one memory to the 
other, print directory, and print ter­
minal communications configuration. 

COMPUTER DESIGN /SEPTEMBER 1980 



TECHNOLOGY REVIEW 

A full ASCII keyboard with upper and 
lower case and ASCII/APL special func­
tion keys is organized in typewriter for­
mat for efficient operation by 
nontechnical personnel. Editor com­
mands entered from the keyboard 
allow existing files to be modified and 
new files to be created within the bub­
ble memory. The editor is initiated by 
entering command mode and keying in 
the edit command. Commands can be 
grouped into two major categories: 

Micromodule Based 
Controllers Cut Costs of 

Micromodule 9000 contains all essential 
common functions of a universal con­
troller in less than one-eighth the 

HOST 
SYSTEM 

HOST 
BUS 

pointer moving commands, and text 
display and manipulation commands. 

The vir tually silen t thermal printer 
operates at 40 char/s on 136 columns . 
Features include printhead position in­
dica tor LED, buil t- in self-test, bidirec­
tional one-quarter line step plotting, 
true upper and lower case characters, 
and single or double vert ical spacing. 
The noni mpac t pr inter ou tpu ts 5 x 7 
dot ma tri x characters 0.11 0" high x 
0.080" wide (2.79 x 2.03 mm). 

Terminal design makes its use ideal 
for the field. Weighing just 17 lb (7.6 
kg), it is readily transpor tab le and is 
sized to fit conveniently under an 
airline passenger seat. 
Circ le 428 on Inquiry Card 

space of previous designs. All that is 
needed to incorporate the unit into a 
system is the addition of interface 
capability for host computer and disc 
drive. Microcomputer Systems Corp, 
432 Lakeside Dr, Sunnyvale, CA 
94086, designed the module in answer 

ORIVE 
INTERFACE 

Mic rom odu le 9000 developed by Microcomputer 
Systems contains all central common intell igence 
necessary to control Winchester disc units, reducing 
chips necessary to implement system from 200 to less 
than 25 to increase reliability and reduce cost 

to the industry's search for a low cost, 
high volume intelligen t controller that 
can be easily customized to link most 
small computers with 8" (20-cm) Win­
chester discs. 

The design reduces the number of 
chips in a complete disc controller 
system from about 200 to typically less 
than 25. This results in far greater 
reliability, saves valuable space in 
system design, and leads to manufac­
turing efficiencies and significantly 
lower prices. The compact 3 x 3 x 0.6" 
(7.6 x 7.6 x 1.5 cm) module is housed in 
a 40-pin DIP, ensuring easy integration 
even when space restrictions are strin­
gent. Power consumption is 7 W. 

Data integrity is assured by the 
module's ability to detect 22-bit burst 
errors and to co rrect bursts of up to 11 
bits. The controller also provides read 
with implied seek, write with implied 
seek, format full track, and recalibrate 
functions. A full sector data buffer 
allows flexible data rates without 
affecting data transfer integrity. 
Overlap seek capability is provided to 
enhance multiple drive performance. 
Automatic verification of position en­
sures data base integrity. 

Other functions performed by the 
module include disc control and data 
handling, serial/parallel conversions, 
and high level command communica­
tion such as read, write, and format. It 
also monitors and provides status in­
dication of disc functions. 

To incorporate the unit into a 
system, host and drive interfaces must 
be provided. The host interface sup­
pli es electrical and logical interfaces 
tailored to the host bus. Consisting of 5 
or 15 !Cs, it also provides termination 
or filter networks unique to the host 
bus. The drive interface serves to 
multiplex signals for multiple drives 
and provides driver and receiver cir­
cuits that match impedance character­
istics of the disc bus. 

First use of the module is with the 
Memorex 101 Winchester drive . The 
company will incorporate the module 
into a controller PCB system tailored to 
OEM applications. This board may then 
be supplied complete or manufactured 
by the OEM. 
Circle 429 on Inquiry Card 
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TECHNOLOGY REVIEW 

Digital In-Circuit Tester 
Has 2400 Point Capacity 
To Handle Large Boards 

Camera and In s trument Corp, 
Subassembly Test Systems Div, 299 
Old Niskayuna Rd, Latham, NY 12110, 
designed the tester for use in the main­
frame computer and peripherals 
market where large boards represent a 
significant investment and th e 
manufacturing process is typified by 
high reject rates. FF323 offers full LSI, MSI, and SSI testing 

of large circuit boards with integrated 
hardware and software, and optional 
2400 test point capacity. Fairchild 

The standard test unit, equipped 
with a 1200 test point capacity, offers 
low cost per point. In the 2400 test 
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More new open frames to choose from - plus new special-purpose 
models for specific applications such as Miaoprocessor and Aop}'y· 
Disk systems. Also, Power-One now offers a growing liqe of switching 
D.C. Power supplies with the same high quality and reliability as our 
open frame models. 

Newl980-81 
Product Catalog ... 
plus our new 
Tour Guide. 
Phone or write for 
your copies today! 

Pn•er-ane 
B.t:. POU/er SUPPL/es 

Power-One, Inc. •Power One Drive • Camarillo, California 93010 
Phone: (805) 484-2806 • (805) 987-3891 •TWX: 910-336-1297 
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point configuration it has more than 
twice the capacity of any other sys tem. 
Thirty-two point switching modules 
may be added, allowing economical ex­
pansion as test point requirements in­
crease. The switching system has been 
engineered for optional driver/receiver 
characteristics with minimal noise and 
crosstalk. 

SS! and MS! tests are executed in 
flexible single-user BASIC and a com­
plete library of small and medium 
scale devices is available on the 
system's hard disc storage. Universal 
LSI testing routines, such as cyclic 
redundancy check and transition 
counting, accommodate LSI devices 
from microprocessors to memories. LSI 
testing procedures execute in­
dependently of BASIC through a high 
level compiler, CHIPS, and utility soft­
ware which links the LSI tests to the 
BASIC management program. LSI test 
procedures can be easily altered and 
special ·user generated tests added to 
the library. Automatic program 
generation, data log analysis, and util­
ity programs engineered for high 
throughput at the test station are all 
standard. 

Measurement hardware has been 
designed specifically for digital board 
testing. Digital stimulus driving 
capability is 500-mA (source) and 
350-mA (sink) current. Software 
verification, CRC, transition counting, 
and gray code generation circuitry 
have been integrated into the measure­
ment system. Switching modules 
feature controlled impedance to main­
tain test point homogeneity. 

Analog in-circuit measurement is 
standard. De voltage level, resistance, 
de measure voltage/source current, 
and shorts/continuity testing may be 
performed to isolate analog compo­
nent and trace faults on digital PC 
boards. 

The system uses a high speed mini­
computer with multiaccumulator ar­
chitecture and l 9.2k -baud rate 
primary I/O. Memory cycle time is 400 
ns. A IOM-byte cartridge disc sub­
system provides program and data 
storage. Optional peripheral equip­
ment supports a wide range of testing 
applications. Housed in a table height, 
4112-bay cabinet, the system includes a 
test results printer, operator's control 
console, video display terminal, and 
ThinlineR receiver. 

Circle 430 on Inquiry Card 
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When your requirements grow 
from the function of a simple 
terminal to full computing 
power ... add our Commander 
MX or FX Microcomputer to your 
terminal. Stripped of its keyboard 
and display, the MX or FX com­
puter uses your terminal for its 
console and instantly gives you 
a complete microcomputer 
system for under $1500*. 

Both MX and FX models contain 
a powerful ZBOA processor. The 
FX uses dual floppy disks to 
deliver up to 2.4 Megabyte bulk 
storage with up to 64Kb RAM . . . 
while the more economical MX 
uses a minifloppy disk with 180Kb 
of bulk storage along with its 32K, 
48K or 64K RAM. Either version is 
available with BASIC, FORTRAN, 
COBOL, etc., software operat ing 
under CP / M™ or MP / M™ FOOS 
. . . or even with Pascal. And , 
Commanders are connected to 
your term inal 's RS-232 port 
without special hardware. 
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Until now you 've paid several 
thousand dollars to add a computer 
system ... but now you can enhance 
your simple terminal to full computer 
status for under $1500* with 
Commander MX or FX. 

9050 Red Branch Rd. 
Columbia, MD 21 045 
(301 ) 992-3400 TWX (71 0) 862-1891 

"MX: 32K version In quantity of 100 to qua lified OEMs. 

•• Trademark of Digi tal Research . 
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Conferences to Cover 
Electronic Components, 
Computer Science 

Theoretical computer science will be 
the subject qf the 8th International 
Colloquium on Automata Languages 
and Programming, scheduled for July 
13 to 17, 1981 , in Technion City, 
Haifa, Is rae l. Sponsors of th e 
mee ting-the European Association 
for Theoretical Comput e r 
Science- are seeking origina l con­
tributions fo r presentation . 

Papers cove ring automata theory, 
formal la n guages, ana lys is of 
algorithms, computational complexity, 
and computability theory a re invited. 
Other subj ec ts of interest include 
mathemati ca l aspects of programm ing 
language defin ition, semanti cs of pro-

gramming languages, progra m veri fi ­
cation, theory of da ta structures, and 
theory of da ta bases. 

For consid era ti on submit fo ur 
copies of an extended abstract or fu ll 
draft paper before November 15 to the 
Chairman of the program committee: 
Prof S. Even, ICALP 81, Computer 
Science Dept, Technion, Haifa, Israel. 

Sponsored by the IEEE Components, 
Hybrids, and Manufactu ring Tech­
nology Society and the Electron ic In­
dustries Association, the 31st Elec­
tron ic Components Conference is 
slated for the Colony Square Hotel in 
Atlanta, Ga, from May 11 to 13, 198 1. 
For this mee ting, papers discussing re­
cen t developments in the areas of 
passive, active, and connector com­
ponents, thin and th ick fi lm hybrids, 

A new X·Y controller that 
operates from fingertip glide 

A lower-cost, long-life alternative to trackballs, 
. joysticks, light pens, etc. 

With this new X-Y controller all you do Is 
slide your fingertip in the desired direction. 

Then 3600 solid-state sensors embed­
ded in a tough plastic block along with VLS 
hybrid circuitry detect the presence, 
motion , and direction of motion of your 
fingertip on the Touch GraphicsTMsurface, 
producing X- and Y- digital control signals 
for all graphics applications. 

The result is a cost-effective alternat ive 
to trackballs, light pens, thumb wheels, etc. 

CALL TODAY 
This is a new micro-proximity touch­

sens ing technology you should know 
about. Call now for sales literature on th is 
and other control devices. 

1aEiEI 
2348 Walsh Ave., Santa Clara, CA 95051 

(408) 727·TASA • TWX 910 338 7820 

VISIT US AT WESCON - BOOTH 1739 
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assemb ly, packaging, tes ting, and com­
puter aided manufacturing are being 
so licited. 

To be considered submit 10 ·copies 
of a 500-word abstract or extended . 
outline describing the scope, content, 
and keypoint of the proposed paper by 
November 15. Send to T. G. Grau, Bell 
Telephone Laboratories, Rm 3B-312, 
Whippany Rd, Whippany, NJ 07981. 

Information System 
Includes Tutorial Programs 
And Application Software 

C. A. T. (Computer Aided Tutor) is a 
system composed of computer and 
d isp lay keyboard, printer, financial ac­
counting packages, word processing 
package, inquiry and reporting system, 
and data diskettes. By packaging 
together self-teaching tutorial software 
and hardware designed specifically for 
the small businessman, CADO Systems 
Corp, 2771 Toledo St, Torrance, CA 
90503, has enabled entry level users to 
start with no ex tra cost items. 

A dual-tasking machine that will per­
form two tasks such as data entry and 
printing simultaneously, the computer 
is equipped with 32k bytes of RAM 

storage and two dual-density diskette 
drives, each storing 620k bytes. The 
system incorporates a CRT displaying 
24 lines of 80 characters and a 
separate 96-char ASCII keyboard. Basic 
is a 150-char/s matrix printer; a letter 
quality unit that operates at 55-char/s 
is optional. 

Software included with the system 
consists of accounts receivable/pay­
able, billing, inventory, payroll, and 
general ledger packages. The word 
processing package handles correspon­
dence and documentation. The J ust 
Ask II inquiry and report writing pro­
gram interprets unformatted English 
language inquiries, sorts lists, and 
prints reports in requested formats. 
Tu torial packages stored on diskettes 
are provided for each package. 
Circ le 431 on Inquiry Card 
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bl:pers in the field. A 1 OOM Hz logic 
~nation 1 OM Hz logic analyzer and 

··mi~~. Both brand new. h with the most-wanted performance 
features. Both backed by ps Test & Measuring Instruments, Inc. When there's a better, 
more innovative way to design new test equipment, rely on Philips to do it! Now, choose 
your Glitch Grabber ... 

The PM 3500 1 OOMHz 16 Channel Logic Analyzer 
• Performs state and timing analysis both synchronously 

and asynchronously. 
•Choose binary, hex, octal, mapping, or timing display. 
• 505 X 16 bits memory format, or two 249 X 16 bit active 

memories in compare mode. 
•Internal triggering from 

word preset on front panel 
toggles. 

•External triggering through 
separate input. 

•Triggering can be delayed 
up to 9999 clock pulses, 
which can be set to walk 
or run through the data 
stream. 

•Data input 5:1 probe 
tips matched for 
100MHz opera-
tion and can 
be grouped or 
used singly. 

Test & Measuring 
Instruments 

The PM354010MHz Logic Analyzer and Real-Time Scope 
•Accepts 16 channels of input data. 
• Checks software and hardware together. 
•Choose binary, hex, or octal coding. 
• 64 X 16 bits active memory, plus separate 64 X 16 bit 

compare memory. •Data input via 2 multi-lead 
probes, which permit up to 
8 channel connections 
plus one ground connec­
tion per probe. 

• Digital delay of up to 9999 
clock pulses. 

• "Store Trig " provides quick 
and convenient paging both 
upstream and downstream. 

• M1croproccessor- equipped 
for display and basic logic 

analyzer functions 
plus comprehensive 
self-testing. 

For more information 
call 800-631-7172, 
except in Hawaii, Alaska 
and New Jersey. In New 
Jersey call collect (201) 
529-3800, or contact 
Philips Test & Measuring 
Instruments, Inc., 
85 McKee Drive, 

Mahwah, New Jersey, 
07430. 

PHILIPS 
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· Announcing the HP 1000 
Separate 1/0 processors let the 

Our new HP 1000 L-Series is designed to 
give you outstanding processing performance­
even in the most demanding applications. 

The reason is our innovative distributed 
intelligence architecture. Each I/O interface has 
its own processor-made with our exclusive SOS 
LSI process-and its own direct memory channel. 
Which means each interlace can control and moni­
tor data transfers-without interrupting the 
central processor. 

So the CPU can concentrate on its main 
job of computation. 

And you get faster response, higher 
throughput and superior system performance. 

But what's really surprising about the L­
Series is that you get all this performance at prices 

that start as low as $1968 for our starter set.t Or 
$15,510 for a complete disc-based system.tt 

Nobody 
makes processors 

like we.do. 
The key to the HP-1000 L-Series' impres­

sive new architecture is our own Silicon-On-Sap­
phire technology. SOS lets us make CPU and I/ 0 
chips with extremely high circuit density, low 
power consumption, high processing speeds and 
high reliability-at a very low cost. 

· It's this combination of high performance 
and low cost that make the L-Series appropriate 
for the whole range of OEM and industrial appli-



-Series Computer. 
CPU concentrate on computation. 

cations - including data management, 
process control and instrumentation. 

And to insure you can get the 
exact configuration you need for your 
specific application, the L-Series is avail-~ 
able in a wide choice of board, box and ~ 
system packages. 

The HP 1000 L-Series is a fully 
compatible member of our high 
performance HP 1000 family. 
Which means you can 
move up to a larger 
computer-all the way 
to our powerful F-Series-as your 
application grows. 

It also means you can use any HP 1000 
computer-and its sophisti­
cated program development 
tools-to design programs 
for the L-Series. 

The 
reliability is 

built in. 
Like all HP compu­

ters, the HP 1000 L-Series is 
designed to give you out­
standing reliability. Relia­
bility that's significantly 
enhanced by our SOS tech­
nology - processor boards 
have fewer active parts, so 

t Starter Set: CPU, 64KB 
memory, one 110 board. 
tt Disc-Based System: HP's new 
12MB Winchester disc drive 
and 2621 display console. 
(U.S. OEM prices in quantities 
of 100) 

From 
$1968 
fewer things can go wrong. In addition, the 
L-Series has ,its own self-test programs and 
diagnostics. 

And, of course, the L-Series is backed by 
our full range of support and documentation 
services-including our worldwide service 
network. 

For more information or a hands-on 
demonstration of our high performance, low cost 
L-Series, contact your nearest HP sales office 
listed in the White Pages or write to: Roger 
Ueltzen, Dept. 1273, 11000 Wolfe Road, Cuper­
tino, CA 95014. 

F//O'I HEWLETT 
a!~ PACKARD 
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TECHNOLOGY REVIEW 

SOFTWARE 

Business BASIC Meets 
Demand for Commercial 
Language Under AOS 

Business BASIC programming language 
is being offered by Data General Corp, 
Rt 9, Westboro, MA 01581, for use 
with computer systems as large as 
EclipseR Data Systems and as small as 
microNova™ sys tems operating with 
the advanced operating system (AOS). 
The language benefits both system 
builders and end users because it is 
easy to use, ye t prov ides sophisticated 
capab iliti es fo r comp lex business 
demands. Many users prefer BASIC 
b ec au se it has multiterminal 
capabilities and allows concurrent 
development and execut ion regardless 
of opera ting system or processor. 

AO S Bu s in ess BAS IC fe atures 
multiple-keyed, indexed sequential fil e 
access, dynamic record allocation, 
screen manage ment, common area, 
direc t block 110, and IF-THEN-ELSE 
logic, which make the language ap­
propriate for developing business ap­
plications in a wide variety of commer­
cial e nviro n ments. Business BASIC 
utility programs simplify program 
development, optimize program size, 
and offer ab iii ty to sort files, to build, 
initialize, and prin t indices, and to 
rebuild index fi les. It also includes ex­
tensive u til ities for producing printed 
output for documen ta tion purposes . 

AOS offers multi function features for 
up to 64 users to develop or execute 
combinations of ap plications support­
ing multiple concurrent activities such 
as batch, timesharing, and/or realtime 
tasks. Multiprogramming capability 
le ts ~ultiple users perfo rm a mix of 
fun ctions including enter, test, debug, 
or execute programs. 

Software fe e for the initial license in­
cl~ding insta lla tion, one year software 
subscription service, one year com­
prehensive support service, and one 
training credit is $6100. Deliveries are 
120 ARO. Quantity a nd OEM discoun ts 
are available. 
Circle 432 on Inquiry Card 
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Drafting System Digitizes 
Directly from 
Hand Drawn Schematics 

Drafting System One (DSI) allows the 
user to digitize direc tly from the scrib ­
bled · logic/electronic schematic draw­
ings initia ll y prepared by engineers. 
Using a Summagraphics 42 x 60 " 
digitizer as an input device, and 
operating on Data General Nova and 
Eclipse ROOS machines, as well as DEC 
VAX, IBM, Univac, and Control Data 
systems, the system can digitize a 
D-size schematic in 1 to 1.5 h max 
depending on complexity and asso­
ciated text. 

Upon initial input, symbols are not 
their correct size, lines are crooked, 
and symbols are typica lly not properly 
aligned. In processing the digitized 
data, the software system, developed 
by Design Aids, Inc, 1661 E Chapman 
Ave, Suite IF, Fullerton, CA 92631, 
straightens the crooked lines, inputs 
correct size symbols in specified rota­
tion, and adheres to alignment among 
symbols previously implied by the user 
during input. 

On a Nova 4X CPU, processing time 
is approximately 7 min, after which the 
drawing data are automatically 
spooled directly to the plotter. Digitiz­
ing, processing, and plotting occur 
simultaneously. Six digitizers can be 
active with no system degradation. 

To edit a drawing, the user simply 
tapes the drawing back onto the 
digitizer, touches alignment points, 
and within 10-min maximum digitizing 
time completes changes or additions. 
The user merely indicates whether a 
change is a label change, symbol addi­
tion or deletion, line addition or dele­
tion, or an alignment change. The 
system spreads the drawing to incor­
porate new symbols or make roo"m for 
additional text. The parameter file, 
resident on the CPU, controls lettering 
sizes, line spacing, protected areas 
around symbols as well as a myriad of 
other items. The system always uses 
minimum drawing room and always 
centers the drawing on the fo rma t 
chosen. 

W hen the drawing has been edited 
and is correct, the user au tomatically 
ob ta ins a connection net lis t, or bill of 
materials. Data produced from this 
process can drive a wirewrapp ing or PC 

board ro uting sys tem. After ro uting is 
comple te, back annotation can be per­
fo r med to ass ure to ta ll y co rr ec t 
documents. 
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Multitasking System Uses 
Extended Memory 
Capabilities of PDP/LSl- 11 

TSX-P lus, a high performance, 
multitasking timesharing opera ting 
system for DEC PDP-I I and LS I-I I with 
ex tended memory hardware has been 
announded by S & H Compu ter 
Systems, Inc, 1027 17th Ave S, 
Nashville, TN 37212. The system pro­
vides the support and funct ionality of 
RT-I I to multip le users. 

Designed to take full advantage of 
the 256k of memory now available on 
many PDP.JI and LSI-II computers a nd 
to allow la rger job partitio ns than 
previou sly poss ible, th e so ftw a re 
replaces the RT-I I moni tor rather than 
runn ing in conju nc tion wi th it as does 
standard TSX. (A RT- I I lice nse is still re­
quired, as RT- I I u tilities a nd handlers 
are used.) The product partitions 
memory, a llowing a maximum address 
space of 56k for each of the maxim um 
of 30 jobs supported by the system. 

Hardware requ irements are a PDP- I I 
or LSI- I I wi th memory ma nage ment 
hardware and a t least 96k of memory. 
Terminal interface is via DLVI 1-J, DL- 11 , 
_and DZ- I I communicati on lines. Dial­
up and hardware li nes are su ppo rte d. 

Job priorities are handled by an 
event driven job scheduling sys tem 
that uses five user-adjustable time-slice 
values to control job execu tio n. Other 
system fea tures include a transparent 
spooling system that schedules print­
ing based on fo rm names associated 
with print fi les, a shared fil e record 
locki ng system to sy nchronize access to 
shared fi les being upda ted by multiple 
users, an interj ob message communica­
tio ns facility where by messages may be 
sent be tween running jobs, a virtual 
timesharin g line fa cility allowing one 
termi nal to control several simul­
taneo usly running jobs, and a log-on 
and usage accounting fa cility that co n­
trols disc and file access based on log­
on user number. 0 
Circle 4 34 on Inquiry Card 
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Automatic Datel7ime Entry. Simply install 
the SLC-1 Time Machine between your 
computer and terminal and it will automat­
ically log the correct date and time of each 
transaction into your computer. The SLC-1 
Time Machine will save you money, both 
in reduced operator time and the elimina­
tion of costly human errors. 

The Time Machine contains a preci­
sion 24-hour clock and a 100-year self­
correcting calendar that automatically 
adjust for leap years. Time and date 
funct ions include: hours, minutes, sec­
onds, day, month and year. 

But the SLC-1 is more than a clock. It 
constantly monitors the out-
put from any computer 
and provides instant 
responses to a number 
of user-defined key 

phrases. This makes it ideal for use with 
unattended process control or data 
acquisition systems. And since the Time 
Machine is a 6502 microprocessor system, 
it adds computing power to any terminal. 

The Time Machine is easi ly installed 
without modification to your operating 
system. Both RS-232 and 20mA current 
loop serial link are provided. And because 
it's battery-supported, the time will always 
be correct, even after a power failure . 

The single quantity price is only 
$640. Ten-digit display option, $190. For 
more information or literature on the 
SLC-1 Time Machine , contact Digital 

Pathways, Inc ., 
1260 L' Avenida , 

Mountain View, 
California 94043, or 
phone (415) 969-7600 . 

GO INTO THE TIME MACHINE. 

DIGITAL PATHWAYS 
CIRCLE 169 ON IN9UIRY CARD 
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In 16-bit micros, great hardware 
doesn't guarantee great performance. 

You need hi~h-powered software too. 
And only Digitcil gives you both. 

Because while everyone else is just ~et­
tin~ started in high-performance rmcros, 
we ve been shipping them for years. 

So we give you all the software tools 
you need to make the most of great 
hardware. 
We start where the others leave off. 

Digital's LSI-11/23 micros offer the 
only double-precision floating point 
l'rocessor in the industry. Built right into 
the hardware so it doesn't cost you mem­
ory overhead. 

You also get a memory management 
unit so efficient, you can run several real­
time programs at once. 

And you get the basic instruction set 
of our PDP-U minicomputer family. It 
can do in one memory cycle what others 
would take four to accomplish. 

But like we said, hardware is only 
half the story. 
The industrY-s only high­
Rerformance micro software. 

Digital's software systems are 
literally years ahead of the 
competition. 

The RSX-UM operating sys­
tem, for example, is the industry­
standard real-time software for 
superminis. 

Proven and refined over five 
years. And you can get it with our 
LSI-11/23 micros, with high­
powered languages like an opti­
mized FORTRAN N-PLUS 
compiler and BASIC-PLUS-2. 

And for your run-time soft­
ware you can use RSX-US, a 
strearillined version of UM that takes up 
an incredibly small amount of memory. 
Advanced develoP-ment tools. 

Digital's programming tools are eas­
ily the most aavanced in tfi.e business. So 
you can concentrate on refining your 
application software, instead of strug­
glfug with it. 

-Por example, you get an interactive 
debugger thaf s built right into the proc­
essor. With English diagnostics for the 
linkage editor, FORTRAN, and even 
MACRO, so you can catch bugs before 
your programs ever run. 

And if you ever need help in your 
development work, Digital's Command 
Language will help you solve your prob­
lem with clear, English-like statements. 

The total a}.!~roach to micros. 
At Digital, we look at micros with a 

systems understanding. Which is why 
we offer our microcomputer family- m 
boards, boxes and systems-with the 
most advanced high-performance soft­
ware in the industry. 

And why we offer hundreds of 
hardware tools, including memory and 
interface boards, complete development 
systems, peripherals and terminals. All 
backed by 13,000 support people 
worldwide. 

It's the total approach to micros, only 
from Digital. 

For more information, contact: 
Digital Equipment Corporation, MR2-2/ 
M65, One Iron Way, Marlboro, MA ffi752. 
Or call toll-free 800-225-9220. (In MA, 
I-ll, AK, and Canada, call 617-467-7000.) 
In Europe: Digital Equipment Co. 
Limited, Acre Rd., Reailing, RG2 OSU, 
England. In Canada: Digitcil Equipment 
of Canada, Ltd. Or contact your local 
Hamilton/ Avnet distributor. 

It took the minicomputer company 
to make micros this easy. 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

Automated PCB Design Documentation 
Reduces Development Time and Costs 

All stages in the developmen t of electronic systems-from 
functional design through acceptance tes ting at the end of 
the production line-will eventually be controlled or sup­
ported by computers. Necessa ry hardware and software 
technologies are already available and, under pressure of 
steadily rising costs in a ll areas, the economic benefits of 
maximum computerization are becomin g more and more 
attractive. Ultimately, too, the three major stages of 
development automation- computer aided engineering, 
computer aided documentation, and computer aided 
manufacturing-will be linked in one integra ted computer 
system. ' 

Many electronics development firms have already take n 
the first steps in computerization. Computers are widely 
used in circuit design and analysis, computer based 
digitizers automatically generate artwork for printed circuit 
boards (PCBs), and numerically controlled machines and 
computer controlled fabri cation processes are common in 
manufacturing plants. 

However, these systems are often independent of each 
other and most of the transfer, adaptation, and interpreta­
tion of shared information is done by people. Manual opera­
tions remain-generating ·schematic drawings in .par­
ticular-that are inheren tly slow and ex pensive and too 
often introduce errors and inconsistencies into the develop­
ment process. 

Bell-Northern Research's Circuit Pack Syste m automates 
and integrates all elemen ts of computer aided documenta­
tion for PCBs. The system was implemented in th e 
company's labora tories more than two yea rs ago and made 
ava.ilable to· other elec tronics firms in early 1979. Design of 
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the sys tem eases furth er integration back from computer 
aided documentation into computer aided engineering 
(CAE) and forward into computer a id ed manufacturing 
(CAM). More recently, the company introduced two software 
modules that provide CAE and CAM functions interfacing 
directly with the circuit design system. 

System Structure 

The circuit design sys tem consists of computer software and 
functional procedures for the three major elements of com­
puter aided documentation: design capture, board layout, 
and docume~tation. Its purpose is to provide each develop­
ment group with the computer based tools it needs t:o per­
fo rm its documentation functions. Activities of these groups 
are coordinated through their access to common symbol 
and component libraries and to a single file of information 
about the product as it evolves from concept through 
manufacturing. Basically, the sys tem is concerned with 
deve loping on ly electron ic hardware (not the software that 
makes it work) and only a t the level of the PCB (or, tecbn ical­
ly, the printed circuit pack, which includes the board and all 
components assembled to it). 

Five major functional modules-design captur , PCB 
layout, library control, docum entation, and design 
file-make up the sys tem (Fig 1). Each module, with its 
backup software, interacts with the others to maintain the 
sys tem. In addition, the system provides automatic da ta 
validation, in that design information that has bee :J'.l cap­
tured and stored in the design file is controlled to ma.intain 
accuracy and consistency throughout. 
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'lMP has revolutionized 
tmnsmission cable interconnects 

with low cost assemblies:' 
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AMP transmission cable assemblies 
feature our unique solderless connector. 
So you don 't need expensive high 
temperature cables. 

Its mass termination design handles 
100, 95 , 75 and 50 ohm cables with 
signal conductors on .050" centers. 
Automatically commons the grounds to 
your specified pin out. 

Physically separates and electrically 
isolates grounds from signal conductors. 
And allows us to offer you the most 
economical assemblies on the market. 

All AMP transmission cable assemblies 
are equally cost and performance 
effective-and are available in different 
interconnect configurations to match 
your requirements. 

The header receptacle, on .100 x .100 
inch grid, is ideal for use with our 

universal vertical or right angle eject 
headers. It comes in 1 O through 50 
positions, with or without center 
polarization . 

The pinfield style, which mates to 
backplane posts on .100 x .100 inch 
grid, is stackable end-to-end or side-by­
side. Post stops are optional to permit 
wrap-type interconnects on posts. 

The SLT style, a 24-position unit with 
.125 x .250 inch spacing, interconnects 
with industry standard computer 
interface connectors. 

For full details, call the Transmission Cable 
Assembly Information Desk (717) 780-
8400. Or write us. AMP Incorporated, 
Harrisburg, PA 17105. 
AMP Is a trademark of AMP Incorporated. 

AMP has a better way. 

Some facts worth knowing about 
AMP Transmission Cable 
Assemblies 

Mechanical 
Mating Force ...... . .. 8 oz. max/ contact 
Unmating Force .. ...... 1 y2 oz. min/ contact 
Mating and Unmating. . .. 200 cycles · 
Vibration .... . . . .... . 15 G's, 10-2000 Hz 
Physical Shock .... ... . 100 G's, 6 millisec 

Electrical 
Current. . . . . . . . . . . . . 1.0 ampere max./ 

contact 
Contact Resistance ..... 25 milliohms max. 
Insulation Resistance .... 5000 megohms min. 
Dielectric Withstanding 
Voltage ....... . .... . 500 volts RMS 

(sea level) 

Environmental 
Temperature ..... .. ... -65°C to 105°C 
Thermal Shock . . . ... .. 5 cycles: -65°C 

to 105°C 
Moisture Resistance ..... 10 days, 25°C to 

65°C, 80-98% R.H. 
Salt Spray ........... 5% solution, 48 hours 
Industrial Gas ......... 10% S02, 24 hours 

P.IVIP 
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Fig 1 Circuit Pack System functional modules . Com· 
puter aided documentation system includes PCB design 
and layout , as well as documentation , and interfaces 
computer aided engineering and compute r a ided 
manufacturing . Management of entire PCB development 
process is improved . Software packages-LOKI , SPRIG , 
FABRIC, and DSS-control modules 

Design Capture Module 

An interactive schema tic editor , called LOKI, provides fo r 
the capture, modificati on, and valida tion of PCB design data 
at graphics terminals. End product is an elec troni c circuit 
schematic drawing created by th e sys tem operator on the 
screen of a graphics terminal (Fig 2) following a design 
engineer's rough schematic drawing. The LOKI editor per­
mits the operator to specify (and display) schematic symbols 
at th e gate and component leve l, component types, and 

Fig 2 Portion of preliminary electronic circuit schematic . Us· 
ing LOKI editor, and on basis of engineer's rough schematic , 
system operator c reates diagram of PCB schematic on screen 
of graphics terminal 
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comple te electrical connectivity of a circuit. Schema tic sym­
bols and connectivity are validated at the point of capture, 
and th e operator can systematically check the schematic to 
ensure that the circuit description is complete, se lf consis­
tent, and consistent with the circuit logic. Drawing data are 
s tored on magnetic disc for later gen eration as hardcopy. 

PCB Layout Module 

SPRIG (System for Placement and Routing using Interactive 
Graphics) provides automati c and interactive tools for 
designing physical PCB layouts at graphics terminals. T he 
system opera tor works with LOK I connectivity data already 
in th e design fil e and any common or special layout con· 
s tra ints on placing comp onents and routin g circuits on the 
PCB. Stages in the SPRIG process consist of assignment, a 
subsys tem that uses the gate a~d connec tivity data to create 
devices so that logical gates can be ass igned to physical cir­
cui ts; placement, a subsystem that dis tributes devices over 
th e surface of the board to maximize routability; and 
au tomatic optimizer, a subsystem that uses the placement 
info rm a ti on to optimize th e ga te and pin ass ignments fo r 
maximum rou tability. 

Computer algorithms that es tablish routability in the 
p lacement and op timizing steps are based , in par t, on 
achieving functionally sati sfactory circuits at minimum 
cost. Wire length and number of logic connec tion crossings 
can be minimized, and gates and pins can be exchanged 
be twee n circuits for lowest cost. 

When the three SPRIG stages have been comple ted, th e 
routing fun ction automatically plans the paths that th e 
printed wires must take (Fig 3) to complete th e electrical 
connec tions described in th e schematic. There are three 
se pa rate , operator se lectable route rs. One is used to 
es tablish a n initial pattern on the board , the second handles 
the rand om logic, and a maze router can be used to loca te 
the final optimal paths as th e layout nears completion and 
the board becomes congested. 

Although these automatic processes do most of the work 
for th e operator, handle large quantities of da ta, and ac­
complish in relatively little time what would take many days 
to do manually, they usually cannot handle all th e special 

Fig 3 Portion of routing diagram for schematic . SPRIG soft· 
ware package assimilates LOKI connectivity data to plan paths 
printed wires must take to match electrical connections in 
schematic 
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ONE-BOARD PDP-11 SMD CONTRO .......... 
SOF1WARE COMPATIBLE ... A HRST ! 

I 

Dataram's S33 interfaces Digital Equipment Corporation's (DEC®'s) PDP-11 series to a wide 

selection of SMD (storage module drive) and Winchester type disk drives. The S33 emulates 
DEC's RM02 and is fully software compatible with RM02 diagnostics and RM02-supporting 

operating systems. Up to four drives per S33 controller, almost 300 MB of disk storage. The 

microprocessor-based S33 controller has 2 KB of data buffering, multiple sector transfers, and 

built-in self-test capability. And media compatibility with DEC's RM02 drive. All this and 
amazingly packaged on one DEC hex board ... the only controller to make this claim! 

One-board means you need only one hex SPC slot. One-board means easy insertion and 

optimum air flow. 

One-board with its attendant features of minimized interconnections and low component count 

means lower power, complete accessibility, higher reliability .. . and best of all, lower cost. 

If you're interested in one of our one-board S33 controllers, or a whole bunch of them, we'd like 

to hear from you. If you operate in the LSI-I I® world, still contact us. Our LSI-I I cousin of the 

S33 is on the way. 

DEC. LSI-I I and PDP are registered trademarks of Digital Equipment Corporation 

1~1;Utm.*I 
PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512 

TEL:609-799-0071 TWX: 510·685-2542 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

considera tions specified by the engineers. SPRIG, therefore, 
provides a se t of interactive editing commands to take care 
of special assignment, placement, and routing cases. The 
operator can apply SPRIG's interactive editing mode before, 
after, or between stages of the automatic routing process, 
and can delete, add, or modify any printed connection, 
move devices around , or reassign logic gates. In addition, a 
conventional digitizer can be linked into the system for 
large scale editing operations or to create design files for 
previously developed PCBs. 

When the operator is satisfied with the SPRIG-generated 
layout, the system is requested to perform verification func­
tions to check for short circuits and other logic violations. 
The board is also "cleaned up" by, among other things, op­
timizing small sections to minimize the need for drill holes 
in the board and increasing space between printed wires 
wherever possible. 

Finally, the SPRIG and LOKI records in the design file are 
quickly and automatically matched by the computer system 
to validate connectivity between the schematic drawing and 
the PCB layout. In contrast, the time consumed in manual 
validation and the possibility of overlooking errors and in­
consistencies are major difficulties in development pro­
cedures in which digitizing is the only automated function. 
The end product of this exercise is a layout that is stored on 
magnetic disc or tape for subsequent electronic or hardcopy 
transfer to manufacturing. 

CJ 
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r\lse~T ot 
t'P, Tektronix 
and other 
desktop 
computers 

Dylan's GPIB (I EEE-488) 
i '12-inch magnetic tape 

recording systems 

D Dual density, speeds to 75 ips 
D World-wide computer data Interchange 
D Data acquisition, ATE, CAD,disc back-up and more. 
D IBM and ANSI compatible formats 
D Transfer rates to 100,000 bytes/sec. 
D Dual buffer to 16,384 bytes 
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Library Control Module 

This unit creates, modifies, and controls schematic symbol 
and component libraries used by development groups. A 
cross matching mechanism ensures both consistency and 
compliance with predetermin ed standards. The two 
libraries are interactively changed and updated for access 
as necessary by a ll the other system modules during PCB 
design progress. Flexibility is maintained to meet changing 
environments. 

Graphical and electrical descriptions of all schematic 
symbols to be used (Fig 4) are contained in the schematic 
symbol library. These symbols are gate level (such as NANO 
and NOR), integrated circuit level (such as 7400, 74SOO, and 
74LSOO), and documentation level (such as sheet borders); all 
of these may be used in the design capture and documenta­
tion modules. The component library contains a complete 
description of all components, subdivided into graphical, 
electrical, physical, and general descriptions. Electrical 
descriptions cross-reference to the corresponding schematic 
symbol library entries for the component. Both corporate 
and project databases are included. The corporate database 
consists of standard approved components and component 
data common to all projects in an organization, while the 
project databases contain components and general descrip­
tions that are useful only in particular projects. 

Documentation Module 

A software package called FABRIC provides the working 
documentation that accompan ies a PCB design into 
manufacturing steps. The documentation module generates 
a variety of manufacturing data from the design file. Among 
them are check plots (paper copies) of the circuit schematic 
and PCB layout, with associated engineering information; a 
stock list of component codes, quantities, suppliers, and 
other electrical component information; phototools 
(photoplotter board layer transparencies and solder resist 
masks); and assembly drawings (paper plots detailing com­
ponent assembly information). These assembly drawings are 
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Fig 4 Typical graphical and electrical descriptions in symbol 
library. Top row , from left to right , shows three discrete co~­
ponents and two logic gates; bottom row illustrates two in­

tegrated circuits 
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The Universal™ 
Intelligent Controller and 

the S Little Plugs 

tve p ug se s 1s a 1 e o st u aneous, 
multi-device storage control. DMI.:s Univer­
sal™ Intelligent Controller makes it possible. 
• S-100 Bus, with CP / M * support •cP/M is a trademark ofDigital Research 

• Plug adaptable device support 
• Control of up to 8 storage devices: 4 fixed 

disks, 4 floppy or tape cartridge drives 
• IEEE DMA or port transfer DATA MANAGEMENT LABS 
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automatically cross-referenced lo the schemati c drawing to 
faci litate co rrelation of circuit logic with phys ica l co m­
ponents a nd tracking. 

Other data generated include tapes containing position­
ing in fo rm a tion for numer ica lly controll ed drilling 
machines; au toinsertion data for co mp onen t seq uencers 
a nd dual inline device insertion equipment; a pack usage 
and spares report summa ri zing integrated circu it use and 
spares lis ted by component type and X-Y coordinate posi ­
tion; an X-Y hole and land data table tha t lis ts each hole 
and land size/aspect ratio in rela tion to coordinate position; · 
and two "from-to" lists that summarize all tracking on a 
board. 

Th e manufacturing departme nt e ither appli es th ese data 
as th ey are in hardcopy form or processes th em furth er to 
deve lop cus tomiz ed control data for parti cular equipm ent 
on th e produ ction line, uch as a n a utoinse rti o n machin e. 
Applicable porti ons of the des ig n fil e may be tra nsferred to 
the produc tion computer offlin e as magne ti c tape; or, in a 
fully integrated system, th e production computer may have 
d irec t on line access to th e des ign fil e as needed. The 
ultimate adve nt of CAM in an integrated sys te m will require 
no fundam e ntal change in th e design and docum entation 
processes. 

• E & I Cores 
•Pot Cores 
•Toroids, Baluns, 

Beads, Cross 
Cores and more. 

When you need linear ferrites-

P ERM AG HAS THE ANSWER! 
In stock. Off-the-shelf. 24-hour delivery. Gapping . Fabricating. 
Specia l grinding. Each of our 9 modern plants is stocked, staffed 
and equipped to so lve your every ferr ite problem. 

Ask for new catalog. 
ALL AC.-OSS THE COUHTJllY 'In the magnetic lteld. PERMAG 1s No. I •· 

NEW YORK •BOSTON• ATLANTA• TOLEOO • 
CHICAGO • DALLAS • LOS ANGELES • SAN FRANCISCO 

MINNEAPOLIS/ST. PAUL • • . 

Con•ull Ye llow Paoes lor address & ptione number of PERM AG near you 

See ua at WISCON Booth #3001 
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Design File Module 

This unit provides for the exchange of PCB design data be­
tween syste m mod ul es. As a PCB goes through th e develop­
me nt process, its design fil e gr.ows with the addition of th e 
LOKI schematic, SPRIG PCB layo ut, and do cum e nta tion data. 
Both the design fil e a nd th e documentation module provid e 
product data for other user defined fun ction s beyo nd the 
system scope . 

System Computer 

The Circuit Pack Sys tem ope rate on th e DECsyste m-20 
fami ly of computers manufac tured by Digital Equipment 
Corp . Video display devices are Tektroriix 401 4 graphics ter­
mina ls. Other compute r equipment in a full co nfiguration 
include alphanumeric vid eo termin a ls and a pen or elec­
trostati c plotter. A digitizer and a Gerb er 740 p hotop lot ter 
are optional. Color ras ter scan terminals can a lso be used 
with th e storage devi ces . 

A typical sys te m configuration is hown in Fig 5. Com­
puter mod el and th e number and var ie ty of te rmin a ls and 
periph eral devi ces depe nd on th e parti cular needs of th e 
orga ni za tion. All comp u ter models run on DEC 's TO PS-20 
opera tin g system. Selec ti on o f te rminals is controll ed main­
ly by th e distribution o f pe rso nn el who must have acces to 
th e des ign syste m. 

Cho ice of computer model is de termin ed ma inly by th e 
exp ected des ign sys te m work load. As a rul e of thumb, in­
teractive LOKI or SPR IG editi ng ca n be co ns idered one unit 
of load, while SPRIG autoro utin g of PCBs- a n intensive 
number crunching task-cons titutes about four units of 
load. Optimum system response can be obta in ed with th e 

PAPER 
TAPE 

PUNCH 

MAGNETIC 
TAPE 
DRIVE 

LINE 
PRINTER 

PEN 
PLOTIER 

COMPUTER 

DISC 
DRIVE 

____ _.., GRAPHICS 
TERMINAL 

..__ _ ___,~ GRAPHICS 
TERMINAL 

DIGITIZER 

GRAPHICS 
TERMINAL 

Fig 5 Circuit Pack System hardware conf iguration. 
Variety of terminals and peripheral input/output 
devices may be included. Selection of terminals is 
determined by distribution of personnel who must 
have access 
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Hi9hcosc 
11rrap;pin boards 
111ade () IJS() I~ l~'l,I~ ~ 
Save money, save time! Wire your 
boards faster, easier than ever before 
- with the RN~/~ 
point-to-point JDC wiring s ystem. 
Here is a wiring system that does what wrap/ pin does ­
but does it faster, easier. The wire is simply pushed into 
the "Quick/ Connect" tine which pierces the insulation 
(JDC) making a gas-tight connection between wire and 
terminal. "Daisy chain" wiring is accomplished with no 
break in the wire, no insulation stripping. 
You' ll never wi ll ingly use wrap/ pin for boards again. 
Consider these advantages: 

High speed wiring simplicity-You connect just 
one wire per connection. There is no time-con­
suming insulation stripping as needed with 
wrap/ pin. 
Fast, easy wiring changes -Repair or modify 
boards by simply removing the individual wires and 
quickly re-wiring. Field wiring modifications are simple 
and fast. 

Meets highest reliability standards - Durable 
four-fi nger BeCu contacts and fully heat treated IDC 
tines insure gas-tight performance. 
High density low profile boards - The "Q/ C" 
board profile is only 0.235" compared to the 0.703" 
wrap/ pin board. "Quick/ Connect" boards go right 
into production racks. 

Wiring machines available- The semi-automatic 
wiring machines now in use can be readily modified 
for the "Q/ C" system. Also, semi-automatic "Q/ C" 
machines are available. 

This is not just a "dream" system. A major electronics firm 
is currently using the "Quick/ Connect" system on a regular 
basis. 

"Quick/ Connect" socket boards, ready for wiring, are available 
in several standard configurations or can be developed to meet 
customer specifications. 

Socket Terminal 

Write or call today for 
full details on this new 
point-to-point wiring sys­
tem that will obsolete wrap/ 
pin boards. The time and 
money savings are tru ly 
phenomenal! 

Sockets and terminals supplied on 
strips for easy board insertion. 

800 East Eighth Street, New Albany, Indiana 47150 •Phone: (812) 945-0211 - TWX: 810-540-4082 
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------ ---------- ------- -----MAIL THIS COUPON NOW ------- ------ -- ---- ---------
I 

I • =-~ 800 East Eighth Street ' 

: Send me full details on your new "Quick/ Connect" board wiring system. ~ New Albany, Indiana 47150 I 

Name _______________ Title _______________ _ 

Company ______________________________ _ 

Address _______ _ ______________________ _ 

City _______ State ____ Zip, _______ Phone _________ _ 

My possible application is _______________________ _ CD-980 
I 

- - ------------ - ----------------------------------------------------------------------
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following total loads on the indicated computers: 6 on 
model 2020, 11 on model 2040, 20 on model 2050, and 40 on 
model 2060. The number of simultaneous system users 
depends on which system functions are being performed. If 
there are more than the indicated number of simultaneous 
users, such as might be expected in peak work periods, a 
consequent degradation in response will result. 

At Bell-Northern Research, the system is divided among 
three buildings in the Ottawa area (Fig 6). Most of the ac­
tual system activity involves users, who spend roughly 85 % 
of their time at graphics terminals. These users, who are 
former printed circuit design draftsmen, are organized into 
small groups in central offices serving major development 
organizations at various locations. A first-shift user and 
second-shift user share a graphics terminal between their 
desks. 

The procedure in developing a new PCB design follows a 
se t sequence: 

(1) T he design engineer brings his circuit sketch to a 
screening group, which verifies that the connections are 
complete, each lead has a name, and all symbols and com­
ponents are in the libraries. 

(2) The user applies LOKI to enter the drawing into the 
system (Fig 2). When satisfied with the result, the user re-

. quest.s generation of a check plot of the schematic drawing 
on a plotter and reviews the plot with the design engineer. 
This is a purely functional check since there are no pin 
numbers or reference designations yet on the drawing. 
(3) The user applies SPRIG to prepare a PCB layout on the 
basis of the LOKI design file . 

(4) At a command from the user, the system compares the 
SPRIG record of the PCB layout with the LOKI record of the 
schematic drawings to ensure consistency. In this process 
pin numbers, reference designations, and other data re­
quired on the schematic drawing are generated. (In manual 

CENTRAL COMPUTER 

DECSVSTEM-10 

CO RKSTOWN 

CENTRAL CORKSTOWN CORKSTOWN 

TRANSM ISSION ENGINEERING DEVELOPMENT DATABASE DESIGN 
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PHOTOPLOTIER 7 GRAPHICS TERMINALS I GRAPHICS TERMINAL 
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documentation systems, comparison of the schematic draw­
ing and PCB layout, which usually is done by the design 
engineer, is a long, tedious process that often °results in 
errors and oversigh ts.) 

(5) Check plots of the schematic drawing and PCB layout 
are generated and given to the design engineer for ap· 
pr oval. 

(6) Under control of a phototool tape generated out of the 
design file, the photoplotter creates a physical image of the 
PCB and a layout negative is made. 

(7) The printed circuit fabrication shop makes PCBs from 
the layout negative. 

(8) The design file for the PCB is recorded on magnetic 
tape for the engineering archives. 

Ci rcuit Modifications 

While the time analysis for a typical design with 75 in· 
tegrated circuits assumes a single-design cycle, develop­
ment of PCBs in electronics manufacture generally involves 
two and a half to three recycles for each new design. Recy­
cling is likely to include changes in perhaps a third of the 
wire layout and integrated circuit selection. 

Modifications originated by design engineers usually lead 
to changes in both the schematic drawing and the PCB 
layout. In conventional digitizing, a layout draftsman must 
first update the engineer's revised schematic. Then the 
drawing is redigitized, a process that requires another 
round of checking and validating by the engineer and 
layout draftsman. 

In modifying a PCB with this design system, the user ap­
plies SPRIG to correct the PCB layout (probably in the in­
teractive editing mode since only a few changes usually 
need to be made). Then the user has the system compare the 
modified SPRIG record in the design file with the updated 
LOKI fi le, and a revised schematic drawing is generated 

MERILi NE Fig 6 Bell -Northern Research 
instal lation . Port ions o f system 

SWITCH ING are located in three buildings in 
DEVELOPMENT Ottawa area 

9 GRAPHICS TERMINALS 
1 ALPHANUMERIC TE RMINALS 
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from the modified LOKI file on a plotter. (In contrast, minor 
PCB changes are often neglected in the schematic drawing 
in conventional digitizing.) Further, the documentation 
module is also updated to account for the changes produced 
by the design modification. If only a schematic update is 
needed, the user applies LOKI in revising the drawing 
without having to use SPRIG, with the assurance that 
necessary documentation changes will be made. 

Proven System Benefits 

The first two years of experience with the design system at 
Bell-Northern Research have demonstrated several benefits 
over PCB development employing conventional digitizing. 
For example, there has been a 30 to 40% reduction in 
elapsed time between the engineer's sketch and PCB layout 
negative, a 35 % reduction in the cost of people and com­
puter equipment time, and a 50% reduction in technical 
time to produce a design modification. There are also fewer 
design recycles to produce optimal products, as well as im­
mediate compatibility of schematic drawing, PCB layout, 
and documentation following modification. The PCB design 
file is fully transferable between computer devices and 
geographical locations. Overall, there is improved manage­
ment of the entire PCB development process. 

This design system is a part of the company's COPES 

(Customer Optimized Product Engineering System), a hard-

ware development concept that includes CAE and CAM as 
well as computer aided documentation. The first two COPES 
modules added are called F/LOGIC and DSS. F/LOGIC is an in­
teractive gate level simulation program that simplifies the 
design and analysis of digital circuits. Among other things, 
F/LOGIC simulates the results that can be expected from 
manufactured circuits; for example, it gives tolerance tim­
ing with minimum and maximum rise and fall time delays 
and loaded time delays or pinout-dependent delays. Simula­
tion capacity is up to 4000 gates with standard computer 
memory, and up to 32,000 gates maximum with add-on 
memory. FfLOGIC simulation produces some of the connec­
tivity data that are used in LOKI generation of schematic 
drawings and thereby simplifies the design system user's 

task. 
DSS (Data Storage System) is a database system that pro­

vides extensive facilities for management of the design file 
and generation of reports tailored to the users' needs. It 
also merges mechanical data with the electrical information 
that has been stored in the design file. Both F/LOGIC and DSS 

software can be run without adding to existing design 
system hardware. 

Development of electronic products has been considered 
here specifically at the PCB hardware level. Beyond that, the 
COPES concept and computer based systems such as the Cir­
cuit Pack System can also be applied at higher levels of 
hardware, that is, to frame assemblies and entire electronic 
systems. A parallel approach can be visualized to support 
the creation of electronic system software, and !SES (In­
tegrated Software Engineering System), a com"plementary 
software system, is now under development. 

THEZENDEX Model ZX-908 PROGRAMMER 
FOR MOS or SBC OPERATION 

Hardware compatible to MDS~LJ'P-103 
via 25 pin cable. Software compatible 
to ISIS~PM . 

*TM INTEL CORP. 

. "' Made ;n DuMn/ -by .. 

Multibus* edge connector allows use 
in SBC-80 systems. Simple 1/0 port 
interface with examples in Manual 
provided. 

Zende,,x 
corp or c -r_ 1 o ri 

CIRCLE 64 ON INQUIRY CARD 

For 2716, 2732 or 2732A model EPROMs, 
the ZX-908 can program up to 16K Bytes 
of storage in one operation. Zero­
Insertion-Force sockets are provided 
for quick insertion /withdrawal. 

t \6398 Dougherty Road, #32, Dublin. CA 94566 

• (415) 829-1284 . . 
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Fuel Consumption on 
Steel Mill Furnace to be 

Controlled by Minicomputer 

DATA ON SLAB THICKNESS 
MINICOMPUTER AT FURNACE ENTRANCE 

FIRING 
RATE 

ZONE I TOP 
+ 

FIRING RATE 

A furnace control system being developed in a iomt pro­
gram by the Holcroft Div of Thermo Elec tron Corp, 12068 
Market St, Livonia, MI 48150, and the Oregon Steel Div of 
Gilmore Steel Corp is expected to reduce fuel consumption 
by anticipating changes in the load entering the furnace. 
Because one part of the furnace may be reheating slabs of 
one thickness while another part may be reheating either 
thicker or thinner slabs, the actual heat required in each 
furnace area differs. In the minicomputer control system, 

FIRING RATE 
TEMPERATURE 

AND 
FLOW DATA 

FIR ING RATE 

ZO NE 2 TOP ZO NE 3 TOP 

ZO NE 2 BOTIOM ZO NE 3 BOTIOM 

FIRING RATE 
FIRING RATE 

a mathematical model will be used to determine the average 
fuel required by each zone and to adjust the fuel input for 
that leve l. Setpoints for furnace temperatures will also be 
adjusted to improve furnace economy. 

This control system is being developed for a walking 
beam steel slab reheat furnace with a 140-ton (142 metric)/ 
hour capacity. Pressure cast slabs varying from 6 to 8" (15 
to 20 cm) in thickness and 6 to 24' (1.8 to 7.3 m) in length 
are heated tO 2350 Of (1288 °C). 

Fiber Drawing System Controls 
Diameter to Accuracy of 0. 1 µ,m 

Manufacture of optical fiber to within less than 1 % of any 
specified diameter is made possible by a microprocessor 
controlled system called FOCSL (for fib er optic characteriza­
tion by scattered light). In the procedure, the fiber is il­
luminated by a laser beam that generates a pattern of in­
terference fringes. A fiber diameter measurement, propor­
tional to the number of fringes within a fixed angular range, 
is fed into a microprocessor controller for comparison to the 
desired value. Then the microprocessor adjusts draw speed 
of the fiber manufacturing unit. 

100 

Fibers are produced by drawing them from a molten tip 
of a cylindrical preform that has been heated to about 2000 
°C. A die might damage the fiber's surface; therefore, 
precise diameter is maintained by controlling several fa c­
tors, including the rate of feed of the preform into the heat 
zone and the rate the fiber is drawn. The control system, 
developed at Western Electric's Engineering Research 
Center in Princeton, NJ, can measure fiber diameters of 
from SO to 225 J.tm, with 0.1-J.tm resolution and ±0.25-J.tm 
absolute accuracy at 500 measurements/s. 
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Plug in to CRDS 
for complete 
Sl-11 systems 

Software 
Your choice of: 
• RT-11 
•RSX-UM 
• UN6 (UNIX*) 

MF-211/411 
• LSI-11/2 with 32K words or LSI-11/23 

with 64K, 96K or 128K words 
• RX02 Equivalent Dual Floppy Systems, 

Single-Sided or Double-Sided, 
Dual Density 

• Quad Serial Interface 
• 8 Quad Slot Backplane 

When you plug in to Charles River Data 
Systems you plug in to innovative, practical 
solutions to your system design requirements. 
Solutions like our double-sided, double­
density floppy disk systems-offering one 
megabyte of RX02 equivalent storage per 
drive. Or our Winchester drive with cartridge 
tape back-up for fail-safe reliability-in a sin­
gle enclosure, with a common controller card. 

You can purchase each of our compact, 
reliable components separately to expand or 
complete a system. Or combine them in your 
choice of configurations for powerful, multi­
user, general purpose computers in a single, 
cost-effective package. 

Equally at home as R & D systems or as 
the basis for business and process control sys-

•Trademark of Digital Equipment Corporation. 

HD-11/HD-11 T 
• Shugart Winchester Drive with 

21 Megabyte Capacity, Software 
Equivalent to Four RLOl's 

• DEi Cartridge Tape Back-up (HD-UT) 
•Controller Card with RLOl Instruction 

Set Compatibility 

terns, CRDS systems are based on the DEC 
LSl-11/2 or LSI-11/23, with from 32K to 128K 
words of MOS memory. Peripherals avail­
able include a 21 megabyte Winchester fixed 
disk system; single- or double-sided floppy 
disk drives; and a 3M cartridge tape back-up 
for the Winchester disk. Software systems 
available include RT-11, RSX-11, and U/V6 
(UNIX*). 

Whichever configuration you choose, 
you're assured of plugging in your system 
fast, because CRDS delivers most products in 
30 days/ · 

For complete specifications, and to dis­
cuss the configuration or components that 
best meet your needs, call CRDS Marketing 
at (617) 655-1800. And plug in to CRDS today. 

•LJNIX is'! registered trademark of Bell Laboratories. 

~D.[JC! .._ __ c_h_a ... rl_e_s_R_i_ve_r_o_a_t_a_s_y_s_t.em_s_, _in_c_. __ 

L.Jn LI 4 Tech Circle, Natick, MA 01760 •Tel. (617)655-1000 •TWX (710)386-0523 

CIRCLE 65 ON INQUIRY CARD 



OIGITAL CONTROL ANO 
AUTOMATION SYSTEMS 

CC & AS BRIEFS 

Programmable Controllers 
And Support Modules 

Replacement for Relay/Timer Control Systems 

The model SK-1506 microprocessor based programmable 
controller, a standalone system, provides noise immunity 
through use of optically isolated inputs. Up to 16 de or ac 
inputs can be monitored, and an additional 16 1/0 channels 
are available for future expansion. Each of 16 optically 
isolated Triac outputs is individually fused as protection 
against transient voltage surges. 

Entertron Industries, Inc, Ellicot Sta Box 15, Buffalo, NY 
14203, has introduced this controller as a replacement for 
systems now using conventional relays and timers. An op­
tional model 8k PIROM programmer has LED display, hexa­
decimal keyboard, and lk x 8 RAM for data manipulation. 
Circle 440 on Inquiry Card 

Setpoint Controller 

Adaptive gain as well as 
the standard proportional, 
integral, and derivative 
control is offered in the 
model 2300A micropro­
cessor based process con­
troller. lveron Pacifi c, 
1152 Morena Blvd, San 
Diego, CA 92110 states 
that the availab ility of 
adaptive gain is useful 
where setpoint value 
changes may be very large, where setpoint control may be 
very close, or when the process variable is nonlinear. The 
controller features front panel keyboard entry of all control 
parameters, memory module storage of control programs, 
external RS-232-C interface for operation from ·a host com­
puter, and programmable setpoin t. 
Circle 44 1 on Inquiry Card 
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Servo Interface Module 

An 1/0 board that plugs into both contact and data buses on 
the company's programmable controllers, this servo inter­
face module operates with data and stepping motor feedrate 
modules to drive de servomotors. Because an encoder serves 
as the feedback element, sin/cos excitation and phase 
digitizing circuits are unnecessary. This module from Cin­
cinnati Milacron, Electronic Systems Div, Mason Rd & Rt 
48, Lebanon, OH 45036, has an 18k-step/s maximum 
feedrate and a maximum span of 9,999,999 steps. Built-in 
diagnostics indicate status of coils programmed and errors 
per item via board edge LEDs. 
Circle 442 on Inquiry Card 

Floppy Disc Based Programming Terminal 

Significant savings in programming time and cost~ for users 
of the EPTAK programmable controller are promised 
through introduction of the CP783 CRT programming system. 
This dual-floppy disc based programming terminal offered 
by Eagle Signal Industrial Systems, 736 Federal St, Daven­
port, IA 52803, permits p;ogram storage of 0.5M bytes/ 
diskette, expandable up to 4M bytes-compared to up to 
120k bytes/side for cassette based systems. Editing time can 
be reduced by a factor between 10 and 20, compiling time 
by between 7 and 10, and copying time by 20 (fr~m 60 down 
to 3 min). User memory is 60k bytes instead of 16k. 

This programming system eliminates the need for multi­
ple cassette tapes or discs for different types of program­
ming software such as editing, compiling, and debugging. 
All programs can be called from a single disc and con­
trol/assembly language label capacity can be increased from 
750 to approximately 8000. Four programming languages 
are available. The CRT display consists of 24 lines of 80 
characters when entering or editing a program, or for 
monitoring EPTAK system operation, and can be scrolled up 
or down while generating programs. 
Circle 443 on Inquiry Card 

COMPUTER DESIGN/SEPTEMBER 1980 



MEASUREMENT AND CONTROL. 
NEVER HAS SO MUCH 

COST SO LITTLE. 
MACSYM 20 is the first 
low-cost analog and digital 
1/0 system that can stand 
alone or operate as a front 
end to your host 
computer. 

RS232C, RS422, 20mA and 
IEEE capabilities give you local, 
remote or long distance com­
munications flexibility. 

host computer. 
And by simply combining 

the command set with the 
optional MACSYM EPROM pro­

grammer and any 
low cost terminal, 
MACSYM 20 Whether you're 

an OEM or an end 
user, MACSYM 20 e 
is your best 

• choice for dis­
tributed data 
acquisition and 
industrial control • 

r. ANALOG 
WDEVICES 

fl~l\acsp1 20 
MACSYM 20 A COMPLETE SYSTEM FOR LABORATORY DATA 

ACQUISITION AND INDUSTRIAL CONTROL: 

becomes its own 
complete software 
development 
system . 

MACSYM 20 
offers significant 
performance 

at a truly afford­
able price. • ('S'TANDARD FEATURES: 

I Z-80 MICROPROCESSOR N/C 

advantages over 
data loggers, front 
ends and micro­
computers. At a 
base rate of only 
$3,645*, it's easily 
your most cost 
effective measure­
ment and control 

voursl~nal 
condit ioning is • 
already done. 
With MACSYM 20, e 
just choose the 
exact measure-

• 

• 
ment and control 
functions you need from 
our wide library of.sensor 
1/0 cards. 

1bK RAM {RANDOM ACCESS MEMORY} N/C 
DUAL RS-232C SERIAL INTERFACES N/C 
PRECISION 12-BIT ADC AND SAMPLE/HOLD N/C 
SOFTWARE PROGRAMMABLE GAIN AMPLIFIER N/C 
REAL TIME CLOCK N/C 
16 SLOTS FOR I/O SIGNAL CONDITIONING BOARDS N/C 
USER PROGRAMMABLE EPROM N/C 

II 

ll\ossym 2Q 
BASE PRICE 

*SUBSTANTIAL OEM DISCOUNTS 
STARTING AT 5 SYSTEMS . 

- 1---------------.-

choice. For more 
information on the 
MACSYM 20, call 
your local Analog 
Devices office 
listed below. 

·u.s. oomestic price only . 

MACSYM 20'S powerful, 
task-oriented command 
set comes for only $995*. Not 
only does it simplify applica­
tions programming, but it also 
significantly unburdens your 

~ANALOG 
WDEVICES 

WAYOur IN FRONT. 
Analog Devices. Inc.; Measurement and control Products Division. Box 280. Norwood, MA 02062; East Coast: (617l 329-4700 Ext.1500; Midwest: (312> 894-3300; West coast: (714l 842-1717; 

Texas: (713l 664-6704; Belgium: 031/37 48 03; Denmark: 02/84 58 00; England: 01 /941 0466; France: 01 /687 3411; Germany: 089/53 0319; Japan: 03/263 6826; Netherlands: 076/87 92 51 ; 
SWitzerland: 022/31 57 60; and representatives around the world. 
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DilSIKOS 2050 AND 3~50 
899 WilNCHJE§illER Dil§C DRJIVJE§ 

This Tune May Sound 
Familiar ... 

Variations are created from the elements 
of a composition, changed to create a new 
and interesting idea. PRIAM' DISKOS 
2050 and 3450 are variations on a Win­
chester disc drive design theme that has 
been proved in concept, performance, and 
production. 

PRIAM design engineers followed the 
same design composition that has made the 
I 4-inch-di c DISKOS 3350 efficient, reli­
able and cost effective. They caled the 
DISKOS 2050 and 3450 to fit exactly into 
the space required by a standard floppy disc 
drive. This noteworthy accomplishment 
provides capacities of 21 and 35 megabytes, 
with 40 and 70-megabyte capacities to fol­
low, with the same size and weight. 

Interface Harmony 
PRIAM's DISKOS 2050 and 3450 play 

from the same interface music a the 
DISKOS 3350, so that a ingle controller 
can be used with PRIAM Winchester disc 
drives covering the capacity scale from 10 
to 158 megabytes. Head positioning times, 
data transfer rate , data and command func­
t ions and lines . . . every pin connection is 
the same. And data separation is included in 
all PRIAM drives, saving you expense in 
interfacing. 

Sing Along With SMD 
An optional interface permi ts you to use 

PRIAM drives with existing controllers fo r 
CDC Storage Module Drives. You can 
stretch the life of your SMD controller and 
get on the air more quickly with the low 
cost, high capacity, and splendid reliabil ity 
of PRIAM Winchester disc dr ives. 

Presto Positioning 
PRIAM's proprietary linear voice coil 

head positioner provides fast access to data 
and still lets the DISKOS 2050 and 3450 
exactly replace a standard floppy disc drive. 
Positioning is fast and precise, with an av­
erage acces time of 45 milliseconds, and a 
track-to-track time of only 8 milliseconds. 
Because of the exact positioning provided 
by PRIAM'S voice coil system, data recov­
ery is positive and reliable. DISKOS drives 
will tolerate the harsher environments in 
which computers, word processors, and 
communications systems.of the future will 
operate. 

Brushless DC Spindle Motor 
A brushless DC spindle motor provides 

re liable operation with a simple, low-cost 
design, doing away with belts and pulleys 
and extra bearings . PRIAM's DC spindle 
motor eliminates alternating current 
entirely from the OISKOS 2050 and 3450. 
They will operate anywhere in the world 
without change. 

Microprocessor Maestro 
Economy, flexibi lity and re liabil ity result 

from PRIAM's use of a microprocessor to 
control head posit ioning and to perform self 
tes t and diagnostics. The number of parts 
and electrical connections in the system are 
reduced to lower cost and improve 
reliability. 

Welded Steel Rod Frame 
PRlAM's DlSKOS 2050 and 3450 main­

frame castings are mounted in sturdy welded 
steel rod frames that permit ready circula­
tion of cooling air. These frames also reduce 
weight and co t. Heavy metal is used only 
where it is needed, so the DISKOS 2050 
and 3450 weigh only 20 pounds. Shock 
mounts protect the drives and isolate them 
from system ground. 
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Air for Reliability 
PRIAM disc drive use a unique air man­

agement system to prevent contamination. 
Valuable data is protected by creating posi­
tive air pressure at the spindle bearings, 
where contamination is most likely to 
enter. PRIAM drives include permanent 
absolute fi lters that constantly purge the air 
inside the sealed disc assembly. 

Specifications 
DI KO 2050 Capacity 

(unformatted) 
OISKOS 3450 Capacity 

(unfonnarred) 
Transfer rate 
Track-ro-rrack 

positioning 
Average positioning 
Tracks per inch 
Bi ts per inch 

Height 
Width 
Depth 
Weight 

21 Megabytes 

35 Megabytes 

0.8 Mbytes/Sec 
8 milliseconds 

45 milliseconds 
480 
6670 

4.62 inches 
8.55 inches 

14.25 inches 
20 pounds 

Interface Efficiency 
Interfacing OISKOS 2050 and 3450 disc 

drives to your controller is economical and 
efficient because it is designed for connec­
tion to the most widely used 8-bit and 
16-bit microprocessors. Daisy chaining is 
easy and functional, and overlapped seeks 
may be used. Data separation is included in 
drive electronics, so controller design is 
si mplified and reduced in cost. 

SMART Interface Option 
PRIAM's SMART Interface Adapter 

provides seriali za tion and deserializa tion of 
data, disc fo rmatting, sector buffer ,polled or 
interrupt operation, defect mapping, over­
lapped commands, implied seek, selectable 
sector sizes and microd iagnostics. Up to four 
drives can be in terfaced easily to 
the 1/0 bus at the byte level. 

For a brief and handy history of Wi n­
chester technology and its advantages, 
call or write to PRIAM and ask for.a copy 
of WHO'S SELLING RIFLES TO T HE 

INDIANS? A Wi nchester Oise 
Drive Technology 
Primer. It's FREE! 

IP~TIAM 
3096 O rc ha rd Drive, San Jose, CA 95134 

Te le pho n e (408) 946-4600 TWX 910-338-0293 



Another major milestone in MOS memory technology 
from Texas Instruments ... 



Tl's 64K dynamic RAM 
is ready for delivery. 

TI has paced the industry through 
generation after generation of semi­
conductor innovation, pioneering 
a lion's share of the major mile­
stones in technology and production 
capability. 

The new TMS4164 from Texas 
Instruments represents the fourth 
generation of dynamic RAM com­
puter memories, and continues to 
fulfill the bright promise of innova­
tive MOS technology. 

TMS4164. Advanced architec­
ture. Superior performance. High 
speed. High reliability. Low power. 
And ready for delivery. 

Ready with 4 times the capacity 
of 16K RAMs in the same size 
package. 

Ready with 65,536 bits of random 
access memory - and that's more 
than many board-level computers. 

Ready with 256 cycle, 4 ms re­
fresh architecture - the optimum 
organization evolving from all pre­
vious industry-standard dynamic 
RAMs. 

Performance has been dramati­
cally enhanced. Speed's up. Power's 
down. And design innovation makes 
this the smallest 64K chip (35K 
mil2 ) available anywhere. From 
anyone. 

Improvements in density, relia-

Now. 

bility, system cost and ease of use 
are some of the features, functions 
and benefits system designers will 
appreciate. Here's more: 
• 64K bits in a standard, 300-mil, 

16-pin package saves valuable 
board space and reduces system 
size 

• Single 5-volt operation lowers 
power supply cost and system 
cooling requirements and im­
proves reliability 

TMS4164 256 CYCLE 
REFRESH ARCHITECTURE 
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• JEDE C-approved pinout with 
NIC on pin one assures stan­
dardization and guaranteed 
availability 

• High speed: 150-ns access and 
280-ns cycle times (min.) 

• TTL compatible I/O and clocks 

• Lowest power dissipation availa­
ble: 125 mW typical 

• 256 cycle architecture means 
lower current peaks and reduced 
system noise 

• State-of-the-art SMOS (Scaled 
MOS) processing 

Tl's new TMS4164 is perfectly 
suited for use in mainframe com­
puters and large minicomputers. It 
also finds ideal application in micro­
processor-based systems where 
smaller size, lower cost and impro­
ved performance are important 
considerations. 

TMS4164. The deliverable, prac­
tical, usable 64K dynamic RAM. 
Compare our 256 cycle refresh ar­
chitecture . . . then compare our 
performance. 

TMS4164. Truly another major 
milestone in MOS memory technol­
ogy. Truly another example of the 
total commitment Texas Instru­
ments is making to leadership MOS 
memory products. 

For more information about the 
deliverable 64K RAM, call your 
nearest TI field sales 
office, or write to Tuxas 
Instruments Incorpo­
rated, P.O. Box 1443, 
MIS 6965, Houston, 
Tuxas 77001. 

Fifty Years 

I 
of . 

nnovat1on 

~ 

TEXAS INSTRUMENTS 
© 1980 Texas Instruments Incorporated INCORPORATED 850078 
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Machine Tool Control 

Programmable Motion and 
Position Control Devices 

Two products designed for use with the model 484 program­
mable controller (PC) extend the capabilities of that unit to 
include control of the motion and position of machine tools 
and process equipment. Gould Inc, Modicon Div, 155 W 
Big Beaver Rd, Troy, MI 48084, claims that because all 
stops and limits are programmed, there are considerable 
savings in time for both setup and operation. 

Stepping motor control module B575 provides accurate 
control of stepping motors and de servos with appropriate 
motor drives by issuing commands in the fo rm of pulses 
from 0 to 9999/s. It operates with either open or close·d loop 
systems under commands programmed into the PC in relay 
ladder logic by the user, but independent of PC scanning. In 
addition, it can ignore preset values and extend range in­
definitely and can program linear/nonlinear acceleration 
and deceleration. There are fo ur independent logical stop 
inputs. The device is compatib le with incremental encoders 
having quadrature output. 

Absolute encoder input module B581 serves as a link be­
tween the PC and an absolute encoder and is a replacement 
for cam switches. It detec ts angular shaft position changes 
at rates of up to 30 kHz. This dev ice can be used to develop 
cam logic and to provide a means for entering data from ex­
ternal devices into a PC synchronous with the controller's 
scan; it is compatible with other parallel data input devices 
and can be cascaded to inpu l parallel numerical values 
above 999. If data from encoders are in Gray or BCD codes, 
the device converts them to binary for compa tibility with PC 
registers. 
Circle 444 on Inqui ry Card 

Programmable Machine Tool Controller 

Up to 4-axis simultaneous, continuous path positioning can 
be attained with the Smart™ 9 CNC. It permits resolution 
from 0.09 to 1.8 deg/motor step, speeds to 4500 r/min, and 
torques from 30 to 5500 oz-in (0.2 to 38.5 N·m). Offered by 
Aerotech, Inc, 101 Zeta Dr, Pittsburgh, PA 15238, the 
microprocessor based unit can be used with open loop (step­
ping motor) or closed loop (encoded de motor) drives . 
Fea tures include 2-axis circu lar and 2-axis linear contour­
ing, CRT display, fu ll edit capabili ty with absolute/incremen­
tal encoding, manual data input, and nested subroutines. 
Other features are program storage of up to 20k bytes, inch/ 
metric programming, and ability to accept magnetic tape, 
TTY, RS·232, or paper tape reader inputs. 0 
Circle 44 5 on Inquiry Card 
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• • • Promises, promises, promises. 

We've made over 80,000 
promises. And we've delivered 
every one of them. 

Pertee® has shipped more tape 
drives into the minicomputer 
market than any other indepen, 

· dent manufacturer in the world. 
Tension arm models.Vacuum 
column models. Microformatters 
and mini,size drives. Tape drives 
that set the industry standards. 
Available in thousands of 
final feature and specification 
configurations. 

With Pertee, there's less down 
time and lower maintenance costs. 
In fact, some of our models have 
been in service a dozen years and 
are still producing at top speed. 

Thanks to our sophisticated, 
high,volume production facilities, 
we're geared to meet your most 

demanding time schedules. 
But then, that's what our promises 
are all about. 

Write for our new full, line 
peripherals brochure. Pertee Com, 
puter Corporation, Peripherals 
Division, 21111 Erwin Street, 
Woodland Hills, California 91367. 
Or call (213) 996, 1333 (Western 
Region); (603) 883,2100 (Northern 
Region); or (305) 784,5220 
(Southern Region). 

You don't get lip service ... 
you get delivery. 

PEQIPHERRLS 

© 1980 Perrec Compurer Corporation. 
Reading, England 734- 582-115; 
Frankfurt, Germany 395-387; 
Meudon, France 534 -7647; Sydney, 
Australia 43 7 -6668 ; Tokyo, Japan 
662 -8151; .Metro Manila, Philippines 
85-4236;Taipei,Taiwan 768-1232 ; 
Singapore 293-2630; Hong Kong 
543-1772. 
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' • INTRODUCING ECLIPSE® MY / 8000, the fast new processor that 

gives you high throughput, high performance, and unmatched 
reliability, and the most compatible 32-bit computer system in the 
industry. 

You need a 32-bit system that thinks fast. MV/8000's 36.4 MB/sec. 
memory bandwidth is two-to four-times faster than its nearest 
competitor. And it features a unique three-level 110 system using 
independent processors that drive high-speed busses and as many 
as 128 terminals. 

Need hot architecture? MV/8000 gives you one of the industry's 
most advanced virtual memory management techniques, plus 4 gigabytes of logical address 
space, 6.6 gigabytes of on-line storage, and user programs as large as 512 megabytes-that's 
16 ti mes larger than the competition's. 

Your MV/8000 also has unmatched reliability and maintainability. It comes with its own inde­
pendent microNOVA™-based System Control Processor that continuously monitors a diag­
nostic bus, and identifies hardware faults right down to the field-replaceable unit. Plus, you 
get enhanced maintainability with a totally alterable control store-the first ever on a 32-bit 
mini-mainframe. 

How about system security? MV/8000 gives you an 8-ring security system that divides the 
address space into eight imbedded protection areas, each with a unique privilege level. That 
secures system resources and user's privileged routines. 

You need a 32-bit computer that speaks your language. MV/8000 speaks just about all 
of them, based on its new, ultra-sophisticated AOSNS operating system that's compatible 
with our time-tested AOS (Advanced Operating System). AOSNS has optimized micro-code 
for high-level languages like ANSI FORTRAN 77, ANSI BASIC, and ANSI PL/I. What's more, AOSNS 
can run COBOL, DG/L, DG/DBMS, TPMS, INFOS II , AZ-TEXT™ word processing, RCX70 (3270) and 
RJE (2780/3780). ; 

Compatibility? Forget about emulation, mode bits or rewrites. Along with its new 32-bit ;" 
applications, MV/8000 executes all existing AOS-based ECLIPSE programs. You don't have to ;" 
change programs, peripherals, interfacing, documentation, or people. @ ,,; 

MV/8000, new from Data General. From now on we hold all the cards in 32-bit ;" 
systems. Bet on it. And win. ~ /'/<:i~co<:i 
Data General Corporation, Westboro, at>~/~.~~o \e~ · 
MA 01580, (617) 366-8911. ECLIPSE LI '/ .,<S:P~e\ · ~e" 
is a registered trademark and microNOVA .,,~ ~e ~,~ ~o ~ 
& AZ-TEXTare trademarks of / ~o~~e :i.se 
Data General.© Data General .,,"'o~o~~o"~ ~0 
Corporation, 1980. '/ <~ ~<:i .,~ ~e' 
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~ktronix' new 7002. 
logic analyzer with the 

N w, a total solu­
on to problems 
ncountered 

either on or off the bus. Tek-
tronix' new 7D02 Logic Ana­
lyzer. Featuring a unique user 
language that reduces even 
the most complex testing to a 
few simple statements. You 
supply the overview and the 
7D02 does all the detail work 
for you. With a sophistication 
never before possible. 

All test parameters 
supplied by prompts. 

.._ ____ IF clause defines a data 

stream event, which 
may be either single or 
compound. 

A simple, yet sophis­
ticated user language. 
Writing a test program is no 
more complicated than re­
sponding to a few simple 
prompts. A handful ofbasic 
phrases let you configure the 
7D02's resources into almost 
any combination needed to 
solve the problem at hand. 
Often you'll find the 7D02 has 
an intelligence equal to the 
software you're integrating 
into your prototype. 

response to the event. In 
this case, setting counter 
#1 to zero and then in­
crementing every 
millisecond. 

At the same time the 
counter is set, branch to 
the second test. (brack­
eting allows simultane­
ous actions). 

Copyright © 1980, Tektronix, Inc. All rights reserved. 902 

Individualized B­
and 16-bit mnemonics. 
Through a series of personal­
ity modules, the 7D02 can 
adapt to the characteristics of 
specific microprocessors. 
Familiar mnemonics let you 
work faster and more accu­
rately. Support today extends 
to the 6800, 6802, 8085, 8086, 
Z80 and Z8002 with more to 
come. There's also a personal­
ity module available for gen­
eral purpose logic analysis . 

.__ ___ The 7D02 now monitors 

the data stream for an 
event to satisfy the sec­
ond test's IF clause . 

Up to 52 channels of 
information. Flexibility is 
the key. You start with the 
basic 28 channels used for 
state acquisition, then the ex­
pansion option increases this 
to 44. For timing applications 
or wider state acquisition, 
there's an additional syn­
chronous or asynchronous 
8-channel timing option 
complete with its own mem­
ory, word recognizer and 
glitch trigger. 

If the event occurs, then 
activate the trigger. 

Or if counter #1 has 
reached 100 ms, then 
branch back to the first 
test and start the pro­
gram over. 



A user-programmable 
sma1·test triggering evec 

And there's more. The 
7D02's user language takes 
advantage of four separate 
word recognizers, each up to 
48 bits wide. Plus two coun­
ters usable in either the time 
or event mode. In addition to 
clock qualifications, there are 
two types of data qualifica­
tion to provide selective data 
storage. 

The Tektronix 7D02 
Logic Analyzer can give you a 
whole new approach to µ,P­
hased design. 

By using the proper per­
sonality module, 
software flow can be 
displayed using the 
mnemonics of the chip 
under test, here the 
Motorola MC6802. 

Locating an inter­
m ittent fault. The following 
program gives a limited 
demonstration of the simplic­
ity and power behind the 
7D02's user language. Here 
the o~ject is to trigger when 
a second event on the bus 
occurs within 100 mS ofa 
first event. 

The 7D02 is a 3-wide plug-in for the popular Tektronix 7000 
Series oscilloscope. Shown above is a Tek 7603 mainframe 
housing the 7D02 logic analyzer with a personality module 
supporting the 6802 microprocessor. 

COMMITTED 1U EXCELLENCE 
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Expand with the MSC 8009 
MULTIBUS™ compatible . Designed 
around the Z80™ CPU, the fully MULTIBUS 
compatible MSC 8009 is a complete micro­
computer, offering OEM designers a number 
of significant benefits: 
One board take s the place of four. In 
many SBC 80 based systems, the MSC 8009 
can reduce the number of boards from four or 
more to only one. This hardware reduction 
helps lower system costs while increasing 
capability, throughput, and reliability. 
Floppy disk inte rface . An on-board, single 
chip 1793™ floppy disk controller provides a 
soft-sector format that can be made IBM com­
patible. With proper options, up to eight 4 or 8 
inch single or double density drives can be 
controlled. 
CP / M ™ compatibility. Software support 
for the MSC 8009 includes the CP / M and 

~ Monolitf\ic 
~T~ fLlJtemJ ca p 

Extending the limits of information. 

CP/ M-2 operating system which uses IBM­
compatible flexible d isks for backup storage. 
It provides users with program construction, 
storage, and editing, along with assembly and 
checkout facilities. 
Extensive memory capacity. The dual­
ported memory can be configured with up to 
32K bytes of dynamic RAM. The EPROM 
section is compatible with standard lK, 2K, and 
4K byte devices to a maximum of 16K bytes. 
For additional information on the MSC 8009 
and our other 41 Monolithic Systems Corp. 
products, please contact us at 14 Inverness 
Drive East, Englewood, Colorado 80112. 
(303) 770-7400. Telex: 45-4498. 

MULTIBUS is a trademark of Intel Corp. 
1793 is a trademark of Western Digital Corp. 
Z80 is a trademark of Zilog, Inc. 
CP/ M is a trademark of Digital Research, Inc. 

With on-board floppy disk controller 

MSC Regional Sales Offices: Eastern Region 1101-89 State Road, Princeton, NJ 08540, (609) 921-2240; Central Re gion 14 lnvemess Drive East, Englewood. CO 80 11 2, (303) 770-7400; Western Region 49 South Baldwin. Suite D. Sierra Madre, CA 91024. (213) 351-8717. 
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MEETING THE CHALLENGE 
OF AUTOMATED ECL TESTING 

High speed, nonsaturating operation, high power consumption, 
and the low impedance environment of ECL challenge automated 
test equipment as these devices find new application and grow in 
complexity 

Robert L. Hopkins Tektronix, Incorporated 

PO Box 1700, Beaverton, OR 97075 

As the quest for speed in digital elec tronics continues, so 
does the growth of emitter coupled logic and closely related 
current mode logic device usage. Current mode devices, 
long familiar in large computer mainframes, are finding in­
creasing application in speeding up functions of smaller 
computers and computer. peripherals. An example is emitter 
coupled logic floating point multiplier chips, which provide 
smaller machines with cost effective, high speed scientific 
computation capability. These devices are finding new 
applications, are growing in complexity, and as they have 
already moved from small to medium scale integration, are 
moving now to large scale integration. 

As with all device technologies, it is desirable to reduce 
the time and material expense involved in testing and 
reworking at the printed circuit (PC) board and system 
stages. Thorough device testing prior to these stages can 
sharply reduce the expense of finding and replacing defec­
tive devices later. For example, programs of 1003 device 
testing regularly achieve an order of magnitude reduction 
in the number of defective devices reaching the PC board 
stage. 

Au tomated test systems are commonly available for 
thorough testing of most logic families ranging in complex­
ity from small scale integration (SS!) to very large scale in­
tegration (VLSI). The capabilities of these systems do not, 

however, generally extend to high speed and the other 
special requirements of emitter coupled logic (ECL). ECL cir­
cuitry is distinguished from other logic families by speed, 
nonsaturating operation, high power consumption, and a 
low impedance environment. Clearly, high speed ac 
parametric testing, high current supplies, and careful 
design of fixtures become important characteristics of the 
required test system. 

At the same time, fu lly automated operation also is re­
quired . In the past, ECL testing has commonly been handled 
with manual or, at best, semiautomated equipment. With 
the expansion in the number of devices and the increase in 
device complexity, these approaches no longer suffice. 

ECL Testing Requires Thoroughness 

If the applications of ECL were essen tially the same as those 
of other logic families, the problems of testing wou ld be 
greatly reduced as any of a number of commonly availab le 
automated test systems might be employed. But the applica­
tions are not the same. Since transistor- transistor logic 
(TTL) and metal oxide semiconductor (M OS) devices are 
readily available and relatively inexpensive, they unfor­
tunately are often used in applications that do not begin to 
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tax the ir capabili ties. ECL components, on the other hand, 
represent the state of the art for switching speed. T his 
r esults in a tendency to use them closer to their specified 
limits. Obviously, th is tendency makes i t vital first to ascer­
tain precise ly what the limits are and then to assure tha t 
production devices mee t those limits. 

At th e same time, the high power d issipa tion of ECL pa rts 
c·ontributes to thermal fat igu e, which can shor te n life and 
may cause thermal drift of crit ical parameters. Thus, 
thorou gh tes ti ng takes on increased importance because of 
th e need fo r re liabil ity and the necess ity of und erstand ing 
para me ter tolerances. T his importance is emphasized again 
with the possib il ity of cost increases. ECL devices are nor­
mally soldered into PC boards to minimize s tray 
capacitance. Without thorough testing, a bad device may 
not be discovered until the PC board level or system leve l 
and will be costly to replace. 

Analog A spects of ECL 

ECL devices operate essentially as class A amp lifiers. Their 
linear operation dictates a greater need for close attention 
to analog parameters than is the case in th e tes ting of other 
log ic families. Preshoot must be minimized in order to 
avo id saturation, and overshoot must be minimized to avoid 
circu it imbalance or possible damage to the device . 

In addition, precise levels of supply and signal voltage 
are more critical in analog circuits than in digital circuits . 
T his results in a need for greater resolution in sensing ECL 
vo ltage levels than might be required for other logic 
families . ECL's small signal swings and the variations with 
temperature in the signal levels compound this need. 

What W il l Test ECL? 

A general rule of accuracy for any test equipment is that its 
maximum error contribution must be at least three times 
smaller but preferably ten times smaller than the smallest 
quantity to be measured. A problem arises when this 
criterion is applied to measurement of ECL time quantities. 
For other logic families such as TTL, timing measurements 
can be made using ECL circuitry to insure that tester delay 
times and rise and fall times will be small compared with 
th ose of the device being tested. Indeed, today's commer­
cial device testers use ECL extensively. But what happens 
when testing ECL itself? No faster family is availab le to im­
plement the tester . 

For lOOk ECL devices, a typical propagation delay is ap­
proxima tely 1.2 ns with a tolerance of ±400 ps. A typical 
rise time is 800 ps ±300 ps. Fartunately, it is no t necessary 
that the tester p ropaga tion delay and r ise times ac tu a lly be 
three to ten times faster than those of the circuit under test. 
If careful attentio n is g iven to tester calib rat ion and stabili­
ty co nsiderat ions, the time quantities contributed by the 
tester can be made to cancel ou t of the measurement. T he 
same is no t tru e, however, of to le ra nces on those quantit ies. 
Variations in tes ter propagation delay and r ise time will oc­
cur fro m one tester to ano ther and from one channe l to 
another. What is more, th e amount of vari a tion can change 
with tempera ture and over time. 

Use of the threefold cri terion requ ires that tes te r pro­
paga tion delay variatio ns be held wi th in ± 133 p's and rise 
time variations within ± 100 ps. For a tenfo ld improvement, 
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the tolerances become ±40 ps and ± 30 ps, respectively. 
Absolu te accuracies of this order can be achieved, but only 
with constant atten tion to calibration. 

The mos t accurate measurements a re those made by com­
parison with a known reference. If the comparator error is 
negligible, a very importan t " if," th e only remaining error 
source is in the reference itself. The reference error can be 
made negligible by use of a known good device or s tandard 
for which a desired parameter, such as propagation delay, is 
measured under con trolled laboratory cond itions using 
precision ins truments. If the propaga ti on delay measured in 
the labora tory is 1.2 ns and the au toma ted tes ter measures 
1.7 ns, the tester has contributed an error of 500 ps. As long 
as this 500-ps discrepancy remains the same from measure­
ment to measurement, it can be subtracted out to arrive at 
the correct propagation delay . 

The need for the 500-ps discrepancy to remain constant is 
critical to the procedure just described. T his requi rement 
depends on the stability and linearity of the tester. Since ab­
solute inaccuracies can be subtracted out, tester stabili ty 
and linearity are probably more impo r tant than initial ac­
curacy for testing ECL with its small signal swings, fast 
switching speed, and large temperature variations. 

A careful study of measurement error sources shows a 
breakdown in to three categories: (1) offset (such as the 
500-ps error just discussed); (2) linearity (slope of measure­
ment); and (3), repeatability (How much does the measure­
ment vary over time?). Fig 1 illustra tes all th ree of these fac­
tors graphically. 

RANGE OF VARIATION / 
IN REPEATABILITY~ 

/ 

/ A_ 

/ / 

/ / 
/ LINEARITY = ~~ 

/ 

/ / 
/ / 

r OFFSET 

MEASURED VALUE 

/ 

Fig 1 Sou rces of measurement error. Three 
categories of error are offset , or consistent error 
contributed by tester; linearity , or slope of the 
measurement curve; and repeatability , indicating 
how measu rement varies over time. Since offset 
can be subtracted out , lineari ty and repeatability are 
most important 
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Off et can be accounted for by the means a lready de­

scrib ed. Linearity and repeatability of th e tester must be 

s tudied and specified ove r the expec ted range of values for 

propagation delay, ri se time, and oth er desired parametric 

measurements. Once determined, both th e offse t and th e 

lineari ty factors can be con idered permanently es tablished. 

Lack of exact repeatability, on th e ot her hand, must be 

handled by periodic calibration. This periodic calibration i 

accomp lished with an auto-calibrato r, which consis ts of a 

senso r, a feedback loop, and a correcti on amp lifier. The 

sensor in thi s case is a measurement routine designed to 

qualify or quantify th e tes te r mea urements agains t a stan­

dard. Some form of sto rage medium containing past error 

co rrect ions constitutes th e feedback loop. The co rrec tion 

amp li fier con i ts of realtime hardware or software in th e 

tester that adds the necessary correc tion to the raw 

measure men ts. 
Repeatability is impor tan t to more than tester accuracy. 

If th e tes ter is relatively stab le, calib ration may be limited 

to perhaps once a day and will have little effect on testing. 

At th e other extreme, variations over much shorter periods 

may necessitate incorporating the auto-calibration elements 

into the test program. It may then be necessary to dispense 

with some tests in the interest of maintaining throughput. 

Relationships between ECL Elements 

Rise time and propagation delay for a single ECL channel 

cannot be considered by themselves. Relative timing be­

tween channels or between functions also must be tested. 

Race conditions, the relative times at which two or more in­

put signals reach a particular gate in a logic network, must 

receive consideration in te ting as well as in design. Not 

only must race conditions be tested for in the device under 

test, but they must also be eliminated or compensated for in 

the tester. Fast switching speed makes testing for race con­

ditions in ECL devices critical and aggravates the problem of 

minimizing th ese conditions in the tester. 

Channel to channel skew in the tester (Fig 2) is probably 

the biggest contributing erro r source in race condition 

measurements. The tester kew can be ca librated for zero 

by subtracting out initially measu red channel to channel 

variations. How long the ca libra tion can be maintained 

across temperature variations i ano ther matter. This error 

source is furth e r co mplicated by channel to channel varia­

tions in rise tim e which may interact s li ghtly d ifferently 

with vo ltage thresholds, th ereby affect ing delay time. The 

net result is a desire to vary the position of switching edges 

from channel to channel und er program co ntrol. Such con­

trol becomes a firm requirement if edges are to be 

deliberately offset from channel to channel in order to test a 

part's tolerance for skew. In fact, the capability is generally 

referred to as programmed skew co ntrol. 

To implement effec tive skew control, programmable edge 

resolution must be finer for testing ECL than for other logi c 

famili~s. If channel to channel skew varies over a range of 

500 ps and the tes te r has only 1-ns programmed edge 

resolution, programmed skew co ntrol is not possible. In­

stead, resolution on the ord er of 100 ps is required. 

Se tup and hold tim e are another type of measurement in 

the time relationships catego ry . Both are critical to ECL 

tes ting. Setup time is defined as th e time data reaching a 

storage latch must have been valid before a clock edge in 

CHANNEL I ___ .___,, 
SKEW 

CHANNEL 3 

Fig 2 Channel to channel skew. Perhaps major 
contributing error source in race condition 
measurements, tester skew can be calibrated to 
zero by subtracting out interchannel variations 
measured initially. However, maintaining calibra­
tion across temperature variations presents more 
serious problem 

order to be accepted. Hold time is the time data must re­

main valid after the clock edge to guarantee latching. 

Consider a 300-MHz flipflop. Fig 3(a) shows the clock 

pulse train and a pulse that sati fies minimum setup and 

hold time requirements. Now consider Fig 3(b), where the 

same clock train is shown along with a data pulse, assumed 

to have zero tolerance on its time position with respect to 

the clock. In this example, both th e nominal setup time and 

hold time are 1 ns. The nominal data pulse starts 2.3 ns 

before th e second clock pulse and extends 1.5 ns beyond it. 

No problem is experienced in toring this data. Even if an 

extra gate must be added, cau ing a nominal 1.2-ns delay 

(lOOk ECL), the leadi ng edge still occurs 1.1 ns before the 

clock, and capture is assured. However, if the delay has a 

10 % tolerance and the worst case leading edge of the data 

pulse is considered, on ly 980-ps setup time is available 

before the clock pulse. Nominal setup time is not sa ti sfied, 

and storage canno t be guaranteed. If the setup time a lso has 

a 10 % toleran ce (wors t case requirement of 1.1 ns), th e 

situation becomes even worse. Absolute differences between 

a solidly reliable device and one that occasionally fai ls are 

very sma ll when devices of these clock periods and delay 

times a re involved. To resolve th e edges adequ;itely, the 

tes ter again must be ab le to position them with a resolution 

of approximately 100 ps in ord er to simulate worst case in­

put co nditi ons on th e device under test. 

Capacitance and Inductance Effects 

As has been no ted, aberrations in the high and low logic 

levels have a particularly deleterious effect on ECL. Main­

taining a 50-0 transmission line be tween tester pulse 

generator and th e input pin of the device under test 

minimi zes aberrat ions. Often the app roach to stimulus in 

general purpose tes ters uses a single pulse generator with 
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SETUP TIMJft:-j I HOLO TIME 
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~111111111111 1 
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1 ns I ns 
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DELAYFO-----~ 
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Fig 3 Setup time and hold time requirements . Data 
must reach latch before setup time period and remain 
valid until after hold time period. Pulse in (a) satisfies 
these requirements . In (b), showing same clock with zero 
tolerance data pulse , 1-ns nominal setup and hold times 
cause no problem even when extra gate adds 1.2-ns 
delay because leading edge is still 1.1 ns ahead of clock . 
If delay has 10% tolerance , however, 20-ps setup time 
violation may prevent latching . Setup time tolerance fur­
ther compounds this problem 

relays to swi tch its output to multiple input pins ·of th e 
dev ice under test. The added s ignal run s introdu ce s tray 
capacitance; th e re lays add indu ctance . The resultin g added 
d elays and aberrations may be tolerab le for tes ting man y 
logic fa mili es , but th ey have di sas trous effec ts on ECL 
measurement res ults. Compe nsa tion circuits that remed y 
th e aberration prob le m generally add und es ired attenua­
ti on of th e sig nal. A be tte r soluti on to thi s prob lem is 
discu ssed in th e sec tion entitl ed "Meeting ECL T es t 
Criteria. " 

Tester Rise Time Effects 
Another way to vi ew th e proble m of a c parame tric tes ting of 
ECL is by examining the effect of tester rise tim e ·on actual 
dev ice timing m easure ments. Since tes ter ri se tim e is not 
mu ch fa s ter than device rise tim e, unlik e th e case of TTL or 
MOS, th e effect will not be negligible. Both dev ice rise time 
and propagation d elay measurements are affected. 
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Ri se tim e of a lOOk ECL d ev ice may be 700 ps. If tester 
rise time is 1 ns, th e measured rise tim e for th e de vice 
becomes 

measured tr ,/(0.700}2 + (1}2 = 1.221 ns 

Thi s resul t ca n be read from th e graph in Fig 4. The 521-ps 
d eparture from th e ac tual value is far from negligible. Even 
if th e tes ter rise tim e matches th e 700-ps rise time of lOOk 
ECL, the measu red rise time is sti ll 990 ps with an error of 
290 ps. 

In principle, th e actua l valu e ca n be recovered by usin g a 
software routin e to calculate 

actual tr = ,/(measured tr'f - (tes ter tr'f 

Howe ver, this softw a re r ecovery decreases tes te r 
throughput. In addition, there is so me degradation du e to 
th e tes ter' s finit e timing measurement resolu tion. For a 
reso lution of 100 ps, the 990-ps measureme nt ci ted above 
ac tu a ll y could be read as 900 ps. The resulting value for ac­
tu a l Lr reco vered by software would be 566 ps. This error of 
134 ps eve n with so ftware co mp ensa tion, whil e be tter than 
290 ps, is s till s ignifican t. The mea ns fo r furth er red ucing 
this error are ex plored in th e next section. 

Tester rise time a lso adds a potential error to propagation 
d e lay mea urements. Any increase in rise tim e ca uses an in­
crease in edge pos i Lion un ce rta inty du e to th e voltage 

12 

IOOps iv_ 
100 ps Ins 10 ns 100 llS 

MEASURED TR 

Fig 4 Effects of tester rise time on rise time measure­
ment. Because tester rise time is not much faster than 
device rise time, effects are far from negligible . In princi­
ple , true value can · be recovered by subtracting tester 
contribution . In practice, this decreases tester 
throughput 
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threshold tolerance [Fig S(a}]. As shown in Fig 5(b), nominal 
delay remains the same regardless of rise times of the two 
edges. Worst case delay, however, is much worse for slow 
rise times than for fast ones. 

TOLERANCE 
ON THRESHOLD 

_ _l ____ _ 

NOMINAL 
RISE TIME 

TOLERANCE 
ON TIMING 

NOMINAL RISE TIME 

(a) 

INCREASED 
TOLERANCE 
ON TIMING 

SLOW 
RISE TIME 

SLOW RISE TIME 

---------------~/----- ----------
--===-=-=---==--==--:- ------~~-=~=== 

NOMINAL 
lo 

WORST CASE 
to 

(b) 

NOMINAL 
lo 

WORSI CASE 
lo 

Fig 5 Effects of tester rise time on propagation delay 
measurement. In (a), owing to voltage tolerance, any in ­
crease in rise time also increases edge position uncer­
tainty. In (b), nominal propagation delay remains same 
despite d ifferent edge rise times ; however, worst case 
delay is much worse for slow rise times than for fast rise 
times 

Meeting ECL Test Criteria 

The maj or fun ction al blocks of any general purpose in­
tegrated test system include device fixturing, device 
stimulus, parametric measurement system, test pattern 
source, local memory for handling device inputs and storing 
test results at high speed, central controller/computer, mass 
storage, and various input/output devices to allow com­
munication with the test programmer/operator. Perfor­
mance of a ll of these blocks affects the quality of ECL 
testing. Requirements for most of them, however, are no dif­
fe rent for ECL than for other devices . The exceptions to this 
are device fixturing, device stimulus, and the parametric 
measurement system. Following sections discuss these three 

areas and draw examples from an actual fun ctioning ECL 
tester, the S-3280, to illustrate results that are currently 
achievab le. 

Test Fixturing 

Fixturing refers to th e part of the teste r that actually 
delivers input signals to th e devi ce under tes t and returns 
output from this device to the parametric measurement 
system. The need to maintain a 50-0 transmission path all 
the way to th e device under test is satisfied by using coaxial 
cable and connectors, strip line on PC boards, and proper 
line terminations. 

A 50-0 environment is not all th ere is to fixturing , 
however. For example, a propagation delay measurement 
could be attempted with the simple se tup shown.in Fig 6(a), 
but results are not likely to be ve ry accurate. The electr ical 
length of th e signal line from th e pulse generator to th e 
parametric measurement sys tem is probably quite different 
from tha t between th e device under tes t and th e measure­
ment system. Propagation delay of these transmission lines 
is not negligible compared with ECL propagation de lays . 

The configurat io n shown in Fig 6(b} is a be tter approach. 
Th is confi gura tio n is called a fly-b y connection because the 
stimulus pulse litera lly flies by th e device under test input 

PULSE 
GENERATOR 

FROM 

IN 

PULSE - -e----, 
GErlERATOR 

TO 

(a) 

PARAMETRIC --------i 
TEST 

SYSTEM 

(b) 

OUT 

AC PARAMETRIC 
MEASUREMENT 

SYSTEM 

TO 

1------ ~:::METRIC 
SYSTEM 

Fig 6 Two approaches to fixturing. Propagation 
delay measurement could be attempted with sim­
ple setup in (a), but different signal line lengths 
make results inaccurate. Fly-by connection in (b) 
is better approach because stimulus bypasses 
device under test to reach parametric measure­
ment system. Now both device output and test in­
put are received on transmission lines of equal 
length 
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The Basics of ECL 

EGL is designed to achieve two advantages: the ability to 
drive a 50-!1 transmission line and higher gate speed than 
is possible with other logic families, with up to a si xfold 
speed increase over TTL (Fig A). Added speed can either 
implement faster devices or reduce component count. 
The two advantages are definitely related. For example, 
high speed serial data can be multiplexed, transmitted 
over coaxial cable , and demultiplexed using only EGL 
components at a minimum cost per unit of bandwidth 
despite the premium cost of EGL components. Current 
drive necessary for the 50-!1 transmission line capability 
helps ensure that stray capacitance will charge rapidly, 
thus increasing switching speed . 

These advantages are not gained without cost. The in­
creased current to charge the capacitance and drive the 
transmission line causes both switching and standby 
power to exceed that of TTL circuitry . Since the in­
creased power must be dissipated throughout the 
device, EGL chips tend to be larger than those of other 
logic families. 

Most logic devices, such as TTL devices, suffer 
substantial increases in propagation delay due to the 
capacitance of the collector base junctions of saturated 
transistors. EGL eliminates this problem by operating 
with its transistors unsaturated. In fact, operation is that 
of a class A amplifier with a low gain (about 4 to 5) com­
pared with TTL (about 1000). Biasing becomes critical, 
and the input drive must be high enough to cause the 
output to achieve the desired level. On the other hand , 
too much input will drive the transistor into saturation 
and increase propagation delay. 

With an EGL circuit biased in its linear region, any 
aberrations such as overshoot , undershoot, or ringing 
that appear on the circuit input will be transmited to the 
output. It is important to test the device transfer func­
tion and insure that such transmissions will not cause 
problems. 

While EGL delivers high current, its voltage swing 
(Fig B) is quite small, less than 850 mV compared with 
3 .V for TTL. This has the desirable effect of reducing rise 
time since 

t.t = Liic 
On the other hand , the small voltage swing means that 
any overshoot , undershoot , ringing, or other aberration 
must be much smaller, less than 25 mV, if saturation and 
insufficient drive problems are to be avoided. 

and continues on to the parametric test system. Input im­
pedance of the device under test is high compared with son 
and has a negligible effect. From the parametric test system 
point of view, both device under test input and device out­
put pulses are now observed at the end of output transmis­
sion lines of equal length. Any spurious contribution to the 
device und er test propagation delays in the two signal lines 
tends to cancel out. 
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Fig A Emitter coupled logic . AND/OR logic implementation has high cost 
per gate but offers 5·ns propagation ti me, 50-mW power dissipation, 0.4-V 
noise margin , with fan in and fan out of 5 and 25 respectively. Di fficult 
manufacturing process compromises active device characte rist lcs. 
Devices are very fast , inherently uniform, and very stable, requiring only 1-V 
swing In 1 ns against a 3· to 5·V swi ng In 3 ns for TIL 

v,. 
PRESHOOT 

PRESHOOT 

10% 

I~ OVERSHOOT 

~I, 

OVERSHOOT PRESHOOT 

OVERSHOOT 

OVERSHOOT 

Fig B Small volgate swing reduces rise time . Although ECL delivers high 
current, its small voltage swing , with desirable effect of reducing rise time , 
means that overshoot, undershoot , and ringing must be kept very low to 
avoid saturation and insufficient drive problems 

To make the fly -by connection work, the input and output 
paths leading to the device input must be kept separated 
(eg, placed on opposite sides of a PC board), but must be 
able to be readily strapped together within the last 0.25 in 
before the device pin. It is necessary to provide an optional 
strap rather than a permanent connec ti on between the lines 
because, for devices in general, a given pin locati on may be 
either an input or an output. 
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In ord e r to avoid abe rra ti ons du e to cross talk, 

ca pac itance be tween inpu t an d output lines a nd between 

cha nnels mus t be min imi zed. Fig 7 shows a fl y-by co nn ec­

tio n fixture board fo r lOOk ECL dev ices in 24-p in fl at 

packages. Input and outpu t paths fo r each pin result in 48 

tra nsmiss ion lines. Low capacita nce sp ring con tacts ma te 

th e dev ice under tes t to the fix ture. Typ ica l p in to pin 

capac ita nce is 0.1 pF, assuring ex tremely low cro ta lk. 

Stimulus 

In pu t pins, outpu t loads, and powe r supp ly vo ltages a re a ll 

s timu li that must be precise ly controlled for an ECL tester to 

achi eve accura te measuremen t resul ts. Power supp ly 

vo ltages mus t be independently programmab le to allow 

ma rgin testing. The real demand fo r accuracy a nd resolu­

tion on de levels, however, comes from the signal pulses 

themselves. High and low signa l levels mu l be in­

dependently programmable. Accuracy achieved must be on 

the order of 10 m V. If levels can be programmed with ten 

times greater resolution (1 m V), au to-calibration can be 

employed to achieve even greater accuracy by subtracting 

out known inaccuracies. Aberrations to the pulse must be 

held wi thin 25 mV of the high and low leve ls. 

As noted earlier, pulse drivers with subnanosecond rise 

times are required. In addition, variations in rise time from 

channel to channel must. be minimal. Using hybrid in­

tegrated circuit technology, a tester has been implemented 

with drivers having less than 800-ps rise time for a 1-V 

signal into a 50-0 load, making high and low leve ls program­

mable with the desired 1-m V resolution and minimal aberra­

tions. A typical rise time for this d river appears in Fig 8. 

Parametric Measurement 

For ECL testing, pa rametric measu rement is the most 

critical pa rt of the test system. Without accuracy here, all of 

the speed and precision of the stimulus system and all of the 

care in fixtur ing are wasted. Aspects of the pa rametric 

measurement system that are especially crit ica l include 

tim e/position reso lution of th e pulse edges of the hi gh speed 

drivers, comparator speed and precision of threshold , 

reso lution of signal leve l measurement, single-s hot time in­

tern al measu~eme nts, and enhanced time interval measure­

ment using sampling. In addition to basic measurement ac­

cu racy, repea tability fo r pa rametric measure ment must be 

considered . 
It has bee n noted th a t measurement of th e short delay 

times and critical se tup a nd hold times of ECL make it 

necessary to have fine resolution of the edge positioning on 

driver pulses . Deskewing of multiple driver channels also re­

quires rather fin e resolution of edge positioning. If 

automated calibration and correc tion fo r kn own delay e r­

rors are to · take place, edge pos itioning mus t occur under 

program control. Fully programmed control with resolution 

be tween 100 and 200 ps has been achieved in practi ce . 

Turning to th e output of the dev ice under test, com­

parato rs must have rise times faster than the ECL propaga­

tion delays to be measured if accu rate results are to be ob­

tained. More importantly, the channel to channel variation in 

comparator rise times must be small, as must the va r iation 

Fig 7 Fly-by connection fixture . Inpu t and output 
paths for each pin result in 48 trans miss ion li nes. 
Low capaci tance sp ri ng contacts mate dev ice under 
test to fix ture. Typical pin to pin capacitance of 0.1 pF 
assures extremely low crosstalk requ ired when 
testing 100k ECL 

from one measurement lo the next. Programming resolution 

for the comparator threshold level must be small if errors of 

the type illustrated in Figs 4 and 5 are to be minimized. 

Equivalent comparator r ise ti me of less than 500 ps has 

been achieved. Resolution of the programmed th reshold set­

ting is with in I mV. 
In addition to being repeatable, linear, and accura te, an 

ECL time interval measurement sys tem should be ca pable of 

single-shot operation. This capability allows max imum 

tes ting throughput. To captu re time inte rvals on a single 

pass, an analog time to voltage circuit has been employed 

successfull y to genera te a voltage pro portiona l to th e inte r­

val. Initia l resolutio n of 50 ps has been achieved, with 

repeatab ility with in 100 ps. An overa ll measurement ac­

curacy wi thin 300 ps is guaranteed. 

Where grea ter accuracy on time interval measurement is 

desired, or where de tailed information on the ECL waveform 

is needed, a multichannel sampling osc illosco pe and 

waveform digitizer is a va luable supplement to single­

channel time interval measurement. The tradeoff is in­

creased tes t time, since many repe titions of the waveform s 

are required fo r the sampler to build up an accurate 

representa tion. The waveforms are digitized and stored in 

memory. Rise time, propagation delay, or overshoot can be 

calculated readily from th e stored information. An 

equivalent tes ter rise time of 300 ps has been achieved with 
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Fig 8 Typical driver rise time. Hybrid in­
tegrated circuit technology achieves 800-ps 
rise time for 1-V signal into 50-0 load while 
minimizing rise time variations between chan­
nels. Aberrations also are minimal, and high 
and low levels are programmable with desired 
1-mV resolution 

this approach . Up to 64 sampling heads, one for each pin of 
the device under test, can be used on an S·3280 test system. 

The 300-ps rise time of the sampling approach makes 
possible an accuracy gain in rise time measurements. It has 
been noted that a measurement on a 700-ps rise lime could 
be in error by as much as 134 ps for a tester rise time of 700 
ps, even when software correction was employed. By reduc­
ing tester rise time to 300 ps, the measured value without 
software correction becomes 

measured tr = .,/(700)2 + (300)2 = 762 ps 

The error has been reduced from 134 ps to 62 ps without us­
ing software compensation. 

For determining the precise values of ECL high and low 
voltage leve ls, high gain sample and hold circu its have been 
used. This approach allows a more leisurely measurement of 
the levels than would be possible on the high speed pulse 
itself. A separate sample and hold circuit has been used for 
each pin of the device under test. With this approach, 
voltage levels can be resolved well within 1 m V. 

Conclusion 

In the past few years, ECL devices have evolved in speed, in 
increasingly sophisticated temperature compensation, and 
in increased complexity. The movement from the 3-ns pro­
pagation delay of lOk ECL to the 1.2-ns delay of lOOk ECL 
has placed increased demands on the ac parametric system 
of device testers. Sophisticated temperature compensation 
on the chip has made ECL a more stable logic family. 
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LSI ECL has recen tly become available. An example is the 
4-bit slice microprocessor. This development required a 
reduction in the power dissipation per gate. One approach 
to the problem uses CML, which removes the final emitter­
follower stage from an ECL gate circuit. This technique 
eliminates the ability to drive 50 0 but greatly reduces 
power consumption. A number of these chips can now be 
mounted closely together on a common hybrid substrate. In 
this close coupled configuration, 50-0 signal paths are not 
required, and very complex functions can be assembled, 
minimizing total device power dissipation. The final hybrid 
outputs can be designed to drive 50 0 but now with the 
power of an LSI device behind them. 

Obviously, increasing device speed and complexity con­
tinues to push tester capability. Whether tomorrow' s fastest 
logic family is ECL or something else, that fastest family will 
represent the best that can be used to implement tes ter 
hardware. The techniques discussed will continue to apply. 
For testing high speed . devices, tester vendors and users 
must continue to pay close attention to timing and measure­
ment error sources, equipment calibration, equipment 
stability, and error correction schemes. 

Robert L. Hopkins is a senior applica­
tions engineer for the semiconductor 
test systems group at Tektronix . An ex­
pert in high speed logic testing, he is 
currently responsible for evaluating 
systems from an applications · stand­
point. During the past nine years, he has 
been involved with hardware and soft­
ware development for the company 's 
S-3200 line of testers. He holds an 
associate in electronics technology 
degree from Idaho State University. 
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Can your peripheral 
handle this? 



14 LMG switchers give you 
reliable protection and responsive delivery. 

Gould 's family of LMG open frame switching power 
supplies provides the most reliable, cost effective 
protection against AC power variances you can buy. 

Designed for computer peripherals and micro­
computers, LMG switchers offer excellent regulation 
and handle wide input voltage swings. Each switcher 
has 20mS of hold-up at full load and brownout pro­
tection down to 20% below nominal input. 

The LMG line ranges from the single output 75 
watt model to the 150wattfouroutputversion. 
The chart on the right lists output combinations 
for the full LMG family. 

The Gould name isn 't the only assurance of quality 
and reliability-every LMG switcher is backed by a 
full year guarantee. And if you have found the avail­
ability of open frame switchers to be a problem, call 
Gould. There's a good chance we have what you 
want in stock right now. 

OUTPUT RATINGS (V -1) 
POWER MODEL MAIN AUX1 AUX2 AUX3 

75watts LMG5-15 5-15 
LMG 15-5 15-5 
LMGT75/ 12 5-15 12-1 12-1 
LMGT 75/15 5-15 15-1 15-1 
LMGQ75/ 12 5-15 12-1 12-1 5-1 
LMGQ75/ 15 5-15 15-1 15-1 5-1 

150 watts LMG5-20 5-20 
LMGT150/ 12 5-20 12-3 12-3 
LMGT 150/ 15 5-20 15-2.4 15-2.4 
LMGT 150/ 24 5-20 24-1 .5 5-1 
LMGQ 150/ 12 5-20 12-3 12-3 5-1 
LMGQ 150/15 5-20 15-2.4 15-2.4 5-1 
LMGQ 150/ 24/ 12 5-20 12-1 12-1 24-1.7 

For c.::omplete specifications and a copy of our 
short order catalog, circle the reader service number 
printed below. Or call us on our toll free line: 
800-423-4848. Gould Inc., Electronic Power Supply 
Division, P.O. Box 6050. El Monte, CA 91731 . 

GOULD 
An Electrical/Electronics Company 

CIRCLE 74 ON INCj)UIRY CARD 



SINGLE-CHIP CONTROLLER INCREASES 

MICROPROCESSOR THROUGHPUT 

Design technique uses semicustom logic to minimize hard­

ware in a DMA controller that combines fast response with 

the potential to service multiple input or output devices and 

the flexibility to handle many different applications 

Alan W. Bentley Cubic Corporation 

9333 Balboa Ave, San Diego, CA 92123 

Microprocessors have a broad ran ge of capabi liti es; yet 

they are unable to perform spec ific functions efficiently 

without hardware augmentation. One such fun ction is trans­

fer of blocks of data to or from processor controlled 

memory. Under specific conditions, such blocks may be 

moved e fficiently by direc t memory access. Data must be se­

qu entially ordered, a starting address must be spec ified for 

both the processor associated memory and th e ex ternal 

source or destination, and the data block length must be 

specified. When th ese thre e conditions are me t, data 

transfer responsibility passes to a hardware co ntroller, and 

data moves rapidly because instru cti on processing is elim­

inated during th e transfer. 

Although direct memory access (DMA) efficiently transfers 

blocks of data between a source and a destination, it nor­

mally interfaces memory with only a single ex ternal device 

and is unable to move data betwee n memory and a dis­

tributed network. The need to interface a microprocesso r 

with a network of distributed devices led to a generalized 

concept that can be stru ctured to transfer data rapidly in 

either direction. 

This concept is analogous to th e DMA function in that 

blocks of sequential data are transferred to or from 

memory. It differs in that , ex te rnally, each data word has an 

associated device loca ti on. Implementing the transfer func­

tion in terms of this co ncep t increases the data transfer rate 

while imposi ng four cons traints on th e sys tem: th e data 

block length must be cons tant; data must occupy sequential 

memory locations; th e di tributed devices are always se r­

viced in the same sequence; and each implementati on is 

committed to ei th er input or output. 

Controller Design Objectives 

Conceptually, the controlle r accepts data transfer respo nsi­

bility from th e microp ro cessor upon command; s teps 

through the data block, sequ entially creating data paths 

between memory and various ex ternal devices; then returns 

con trol to th e mi croprocessor. Functionally, upon receipt of 

th e transfe r mod e command, th e co ntroller places th e cen­

tral processing unit (CPU) in th e 3-state mode, generates all 
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3. IN STATES 2 AND 3 RAM ADDRESS COUNTER OUTPUT IS REMOVED FROM 3-STATE 
MODE AND ITS COU NT CAPABILITY ENABLED THROUGH GET 

1 AT TRANSITION FROM STATE 3 TO STATE 2, BOTH DATA COUNTER AND RAM COUNTER ADDRESS ARE DECREMENTED BY RISING EDGE OF OG 

5. UPON COMPLETION OF DATA TRANSFER (END). STATE 0 IS ENTERED FROM STATE 3. DATA COUNTER IS SET AT ITS INITIAL COUNT, ADDRESS COUNTER IS PLACED IN 3-STATE MODE. AND HOLD COMMAND TO CPU IS RELEASED 

SPECIFIC (TRANSFER CPU MEMORY TO EXTERNAL DEVICES) 

RAM IS SELECTED IN STATES 2 AND 3, OH 

2 IN STATE 3. ENABLE SELECTS DEMULTIPLEXER, AND CONTENTS OF DATA COUNTER (Q/i THROUGH OD) ARE DECODED TO GENERATE DATA LOAD (WRITE ENABLE) PULSE 

SEQUENCE OF EVENTS 

Fig 1 Transfer from CPU memory to device. PAL im­
plements two categories of Boolean expressions, data 
counters that control destination selection and state 

equations that control sequence of events shown in 
state diagram 

required timing and control signals, sequentially crea tes the 
data paths, and transfe rs da ta th rough each pa th . Upon 
completion of the data transfer, it relinquishes control to 
the microprocessor , which then res umes instruction 
process ing. 

Design approaches that mee t these obj ec tives include use 
of a state sequence r to meet the control transfer and da ta 
transmission timing requirements, and use of fu sible link, 
semicustom logic to mee t the circuit fl ex ibility and 
minimiza tion requirements. A simplified microprocessor 
interface is achieved by inco rpora ting the microprocessor 
clock and hold capabilities into the sequencer desi gn . 

Increased throughput is the implementation rationale; 
therefo re, the two primary des ign obj ec tives are to enter 
and leave the da ta transfer mode in a minimum number of 
clock periods and to transfer one data word every two clock 
peri ods. This transfer ra te allows one clock peri od to 
establish each data path , with th e write pulse created in the 
second period to comple te the transfer. Secondary design 
obj ec tives relate to implementation and allow modifica tion 
to mee t varying applica tions using a minimal amount of 
add itional circui try. 
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State Sequencer 

The sta te sequence r organizes and concentra tes logical 
functi ons to rea lize the high density capabilities of 
semicustom logic. What determines the number of control 
fl ipflops is the number of required states; therefor e, 
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3 IN STATES 2 AND 3 RAM ADDRESS COUNTER OUTPUT IS REMOVED FROM 3-STATE 

MODE AND ITS COUNT CAPABILITY ENABLED THROUGH CET 

4 AT TRANSITION FROM STATE 3 TO STATE 2. BOTH DATA COUNTER AND RAM COUNTER 

ADDRESS ARE DECREMENTED BY RISING EDGE OF OG 

5 UPON COMPLETION OF DATA TRANSFER (END). STATE 0 IS ENTERED FROM STATE 3, 
DATA COUNTER IS SET AT ITS INITIAL COUNT. ADDRESS COUNTER IS PLACED IN 3-STATE 
MODE. AND HOLD COMMAND TO CPU IS RELEASED 

SPECIFIC (TRANSFER EXTERNAL SOURCE TO CPU MEMORY) 

IN STATES 2 AND 3 (QH) DEMULTIPLEXER IS ENABLED. DECODES DATA 
COUNTER CONTENTS. AND SELECTS EXTERNAL SOURCE 

2 DURING STATE 3 ENABLE IS RAM CHIP SELECT AND WRITE ENABLE. WRITING 
SOURCE DATA WORD IN SELECTED ADDRESS LOCATION 

SEQUE NCE OF EVENTS 

Fig 2 Transfer from device to CPU memory. Similar to Fig 1, with hardware configuration and state diagram 

modified to transfer data in opposite direction 

performing all logic functions in four states reduces the se­

quencer design requirement to two flipflops and helps meet 
the secondary design objective. These four states are idle, 

when the CPU has system control; transitional, while the CPU 

is entering the hold mode and relinquishing con trol; and 

two data transfer, one permitting address and data 

stabilization, and the other creating the write command 

(Figs 1 and 2). 

mand (DTRANS), which se ts the G flipflop, advances the se­

quencer to state 1 (QH,QJ, and initiates a CPU hold com­
mand, sustained until the sequencer returns to state 0. The 

CPU tests its hold command input each machine cycle and, 
upon sensing a command, enters the hold state, placing its 

data bus, address bus, and some control lines in the 3-state 
mode. It remains in this state until the hold command is 

released by the sequencer. 

In this application, both flipflops are reset in the idle 

state (QH,QG, state 0) awaiting a software generated com-
When it enters the hold state, the CPU issues a hold 

acknowledge (HOLD). Upon receipt of HOLDA, the 
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sequencer advances to state 2 (QH,QJ, which completes 
transfer of the data hand ling function from the CPU to the 
controller. It then toggles between state 2 and state 3 
(QH,QJ, processing one data word each cycle until the 
preestablished number of data words have bee n transferred 
(END). Then, the sequence r returns to state 0 and re leases 
th e hold command, allowing resumption of instruction pro­
cessing by the CPU. 

While the seq uence of states is th e same for data transfer 
in e ither direction, the events that occur within states 2 and 
3 differ. During transfer of data from memory to ex ternal 
devices, state 2 is memory access Lime and state 3 generates 
th e load command for th e specific device. When leaving 
state 3, the edge of the G flipfl op (QJ advances the memory 
address counter. When data from ex te rnal dev ices are read 
into memory, state 2 Lim e is used to se lect th e ex terna l 
source and stabilize th e data. The memory write enable 
pulse is generated by state 3, and leav ing state 3 changes 
the memory add ress counter. Transfer states ST2 and ST3 
are identified by the output of th e H flipflop, which ac­
tivates th e random access memory (RAM) address counter 
outputs, enables addres counting, and, additionall y, se lec ts 
either the RAM or the multiplexer when transfer ring to or 
from the exte rnal dev ices, res pective ly. 

Programmed Array Logic 

Utilizing semicustom integrated circuitry sa ti sfi es th e re­
quirement for logic minimization and des ign fl exibility. 
This approach increases logic de n ity by mitigating two fac­
tors that increase rand om logic package count: fun ction 
partitioning and pin limitation. To maximize th ese benefits, 
th e programmable logic chip mus t co ntain AND, OR, and 

· flipflop functions, as well as internal feedback. Flipflop 
fun ctions are required lo implement th e sequ encer and, ad­
ditiona lly, a counter that is decremented at the completion of 
each data transfer (stale 3 to sta te 2 transition). The counter 
serves a dual purpose: the demu ltiplexed .count se lects exter­
nal devices and, by monitoring th e count, th e controller 
de termines completion of the data block transfe r (END). 

Data block length determin es th e number of counters and 
demultiplexers required. With three counters and a 3 to 8 
demultiplexe r (741 38), block lengths up to e ight may be ac-

commodated. With four counters and a 4 to 16 demulti­
plexer (74157), the block length may be extended to 16. An 
increase to six cou nters will allow block length expansion to 
64, with additional demultiplexers. This approach focuses 
on design for a block length of 16 words so that the flipflops 
and associated input decoding can be contained on one fus­
ible link, programmable array logic (PAL) integrated circuit. 

PAL 16R6 contains six D flipflops (regis ters) connec ted to a 
common clock input. Output Q of each register is available 
externally through an inverting, 3-state buffer (Q). Input D 
of each register is an 8-input OR gate; each input a program­
mable AND combination of th e available terms. Each gate 
array must be tru e to se t the register on the following clock 
pulse or fa lse to allow the reg ister to rese t. Thus, Boolean 
expressions state th e conditions that cause th e registers to 
become or remain set. 

Two additional, non-register, AND-OR gate outputs and 
the six register outputs have internal feedback paths. With 
the eight avai lable inputs, th ey become th e 16 terms 
available wh en impl.ementing Boolean express ions. 

Boolean Expressions 

Six counter equations are show n in Fig 3. For a maximum 
block length of 16, th e four least signifi ca nt counts (A 
through D) are required; expansion up to length 32 requires 
equation E; equation F must be implemented for block 
lengths be twee n 33 and 64. The counter flipflops are held 
set during states 0 and l. States 2 and 3 require only one 
clock period each; hence, from leaving s tate 1 until comple­
tion of data transmiss ion and re turn to state 0, th ere is a 
state transition in every clock cycle. 

During this interval, each equation must es tablish th e 
condition of its counter flipfl op for th e following stale. 
When entering state 2 from state 1, th e counter flipfl ops are 
se t as es tabli shed by state l. Since it is necessa ry to change 
th e counter on th e transition from state 3 to state 2, th e 
counting dec ision must be mad e during s tate 3, and th e new 
count must be established when entering state 2. Th e 
counter register content must be mainta ined during state 2 
to prevent change at th e transition from state 2 to 3. 

Fig 3 also shows th e 2-state sequence r equations. Equa­
tion G is independ ent of block length, and equation H 

OF = OH + OH • 0(, . OF + OH • OG (OF • OE + OF • Oo + OF . Oc + OF . 0 9 + OF • QA) 

OE = OH + OH • Oci> . OE + OH . OG (OE • Oo + OE . Oc + OE . 0 9 + OE . QA + ~ . Oo . oC . Os . QA) 

Oo = OH + OH • OG • Oo + OH . OG (Oo • Oc + Oo • 0 9 + Oo . QA + OD . ~- Os . QA) 

Oc = OH + OH . OG • Oc + OH . OG (Oc . 09 + Oc • QA + Oc . 0 9 • QA) 

09 = OH + OH · OG · 09 + OH · OG (09 • QA + 09 • QA) 
QA = OH + OH • ~ • QA + OH • OG • BA 
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Fig 3 Boolean statements. PAL 
registers implement data 
counter and state controller 
equations. Control equation G is 
independent of block length. 
Control equation H must be ex­
panded by expression for END to 
establish block length 
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incorporates the block length (END) decoding. The table, 

Block Length Control, shows the expressions for END, when 

six counters are used, organized by remainder of a modulo 

16 number. For shorter block lengths, references to 

unimplemented counters are ignored. Both control flipflops 

are reset (expressions false) when the computer issues a 

RESET command, establishing state 0. This state is main­

tained until the CPU issues DTRANS, advancing the se­

quencer to state 1 by setting G. 

A hold command is generated by the sequencer, which 

waits in state 1 until the CPU responds with HOLDA, verifying 

that it has stopped instruction processing and that its buses 

are 3-stated. HOLDA resets G and sets H, advancing the 

sequencer to sta te 2. The G flipflop then toggles, causing 

the sequencer to cycle between states 2 and 3. H remains set 

during both states but tests the content of the data counter 

during state 3 to determine if data transmission is complete 

(END expression false). END false also causes the H flipflop 

to reset at the completion of state 3, returning the sequen­

cer to state 0 and releasing the hold command to the CPU. 

Remainder 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
0 

Block Length Control* 

END Expression 

QF + QE 
QF + QE +QA 
QF + QE +Os 
QF + QE + Os + QA 
QF + QE + Oc 
QF + QE + Oc + QA 
QF + QE + Oc + Os 
QF + QE + Oc + Os+ QA 
QF +OE+ Oo 
QF + QE + Oo + QA 
QF + QE + Oo + Os 
QF + QE + Oo + Os + QA 
QF + QE + Oo + Oc 
QF + QE + Oo + Oc + QA 
QF + QE + Oo + Oc + Os 
QF + QE + Oo + Oc + Os + QA 

Implementation 
·Required to complete equalion H In Fig 3, END expressions are listed by modulo 16 re­

mainder of data word count. Counter Fis not reQuired for block sizes less than 33. 

Counter E is not required for blcx:k sizes less than 17. Single word transmission is a tnvial 

solution 

System parameters were developed for use with the model 

8085 microprocessor, the 2114 bidirectional RAM, and the 

25LS2569 binary up/down counter. Attributes of these com­

ponents that help meet the design goals are (a) availability 

of the CPU interface signals reset, clock out, hold, and hold 

REGISTER 0---------------~ 
CONTROLLER! ~~~~~ l( :; 

CONTENTS g~~~TER Oc ------------, ~---------~r-----, 

FLOPS Os 
QA-------~ 

OH SELECT COM;,,;;M.:..:A:..:.ND::_ __ ~ 

RAM ADDRESS CHANGES ON 
DATA 
FLOW 
EITHER 
DIRECTION 

TRAN SITION ST 3 TO ST 2 -A-+-A-1 -l-A-2-!-A-3 --t--A-4 --t--A-5 --t--A-6 -f-- A· 7-t--A·B-+-A-9-

ENABLE = OH · OG 

IEA IAA IAA lAA 

~~1---1~1-- - - - - - - - - - - - - - - - - - l~f-'-'1~1 

LOAD 0 LOAD 1 LOAD 8 LOAD 9 TIMING DATA FLOW 
RAM TO EXTERNAL DEVICE I 

lRC 

tw 1w 

TIMING DATA FLOW 
EXTERNAL DEVICE TO RAM I 

1---1 1--1 - - - - - - - - - - - - --1 ~~ 
ENABLE ENABLE 

SOURCE 0 SOURCE 1 

iwc 

Fig 4 8085 timing and interface signals . Register 

contents reflect state controller interaction with 

computer commands. Control states reflect state 

flipflop outputs. Signals common to transfer in either 

direction are grouped. Current RAM address starts at 

ENABLE ENABLE 
SOURCE 8 SOURCE 9 

A and decreases during successive cycles. Memory 

timing, shown for data flow both from and to RAM, 

relates to RAM timing requirements for Fig 1 and Fig 

2, respectively 

129 



acknowledge; (b) th e RAM's high densi ty, 4-bit data word, 
bidirec tional data bus, and simplifi ed dual control line in­
terface; and (c) the counter synchronized load , increme nt, 
and decrement controls, and also its 3-state output and 
cascading capabiliti es. Additionally, th e response and 
operating speeds of th e RAM and counter are compatible 
with th e mi croprocesso r clock. 

Figs 1, 2, and 4 show the configuration and timing rela­
tion s hip s achieved . b y u s ing th ese compo n en ts . 
Microp rocessor choice es tablishes the sys tem clock rate and 
the me thod of passing control be twee n th e mi croprocessor 
and the data co ntroller . The method of implementing th e 
data controller , which mee ts the dual requirements of 
s implicity and high throughput, restricts RAM selec tion. In 
Figs 1 and 2, tRc and twc cannot exceed two clock periods. 
When moving data to external devices, th e devices must be 
ab le lo function within th e constraints of tAA and l EA" When 
moving data to the CPU memory, its write requirements, tw 
and t 0 w, must be less than one clock period. Because of th e 
controller structure, t 0 H and twR must both be zero, a restri c­
tion satisfied by many RAMs currently availab le. 

Adaptation 
Distributed data port servicing is th e primary functional re­
quirement of the data con troller, and the specifi c number of 
ports is a parameter written into the Boolean expressions 
implemented by a memb er of the PAL family. The inhere nt 
flexibility arising fr om implementation of many of th e logic 
functions by eas ily modified Boo lean express ions can be 
demonstrated by extending the application requirements to 
includ e program control of th e data b lock length . Now, the 
design obj ec ti ves are to incorpo rate this featur e with 

CPU CPU QECODED 
DATA BUS FRO M CPU COMM ANDS 

ITlTI n Tl' 

minimal hardware reconfiguration and to re ta in all th e 
operational attributes of the origina l DMA con troll er. 

Although th e state seque ncer remains conce ptua lly un­
changed, its interaction with the data counter must be 
modified to implemen t a variab le block le ngth. The original 
co ncep t has a fixed data block length, with the da ta counte r 
s tarting at all l s and decrementing to a prede termin ed end 
co unt. Its advantages are that th e CPU interface is mini­
mized a nd th a t a ll data ports a re se rviced during each DMA 
cycle. To imple ment the var iab le block le ngth fea ture, th e 
CPU loads the data co un ter with th e actual count; th en dur­
ing data transfer, the state sequ encer decrements th e count 
to 0, th e end cou~t that te rminates the operation. 

It is desirable to impleme nt th e s tate sequ encer and data 
co unter on a single progra mm a ble ch ip whi le maximizing 
th e data counter leng th . To achi eve thi s, a l6RB program­
mable logic chip replaces the l6R6 used previ ously. This 
change increases th e number of registers by two at the ex­
pe nse of th e two gated outputs. The chip configuration now 
offers eight data inputs; eight D registers, each with an in­
verting output; a regis ter clock input; and a 3-slate control 
input. 

Of th e e ig ht regi s te rs, tw o are required for th e s tate se­
qu ence r, a llowing a maximum block le ngth of 64 in a single­
ch ip implementation . Howeve r, three control lines are re­
quired : HOLDA a nd DTRAN S, as in th e original co nce pt, plus 
a software generated LOADA, wh ich iransfers th e content of 
th e data bus lo th e data reg isters. Additionally, th e LOADA 
command must be used to initia li ze the sta te counter (Fig 
5). With this approach, fiv e inputs re main for the data bus, 
limiting th e block size to 32 words. 

An a lte rnative configuration using only three data bits 
allows loading of the s ix flipflop s in two instru ction cycles 

24 23 22 21 :tJ CLOCK HOLDA DTRANS LOAD A 
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PAL 16R8 - - - -- - Q,\ OE OD oc Os OH OG 

UllJ LJ) 
DATA COUNTER STATE 

SEQUENCER 
DATA COUNTERS 

oE = LOAD A · 24 + oE t6H + oH • OG> + oH · oG · oE (OD + oc + 0 8 + oAJ 

oD = LOAD A · 23 + oD t6H + oH · 6G> + oH · oG [OD (Oc + 0 8 + OAl + 6[) · 6(; · 68 · 5li J 

oc = LOAD A • 22 + oc tOH + oH · BG> + oH · oG JOc to8 + oA> + Oc: · OB · OA I 
09 ·= LOAD A . 21 + 09 (OH + OH . QG) + OH . OG (09 . QA + 09 . OA> 
QA = LOAD A . 2° + QA (QH + OH . QG) + OH . QG . OA 

STATE CONTROLLER 

OG = LOAD A (QH · QG · DTRANS + QH · OG · HOLDA + OH · OG) 

OH = LOAD A !OH . OG . HOLDA + OH . OG + OH . OG (OE + OD + Oc + 09 + OAll 

Fig 5 Adding program control over block 
length . Hardware configuration and 
Boolean expressions are modified to im­
plement program control of data block 
length . Data input limitation prevents use 
of one register, restricting block length to 
32 words 
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CPU 
DATA8US FROM CPU 

m 
CPU DECODED 

COMMANDS m 
22 21 iJ CLOCK HOLDA RESET DTRANS LOAD A LOAD 8 

J_J_JJJ_lJ 
DATA COUNTER 

DATA COUNTERS 

PAL 16R8 

STATE 
SEQUENCER 

OF = LOAD 8 • 22 + OF (OH + OH . QG) + OH . QG . Of (OE + OD + Oc + 09 + QA) 

OE = LOAD 8 • 21 + OE (OH + OH · OG) + OH · OG f OE (OD + Oc + 09 + QA) + OE · OD · Oc • 09 · QA] 

oD = LOAD 8 · 2° + aD (OH + oH · OG) + oH • oG roD (Oc + 0 8 + OA) + oD · oe · 0 8 · OAJ 
oc = LOAD A · 22 + oc (QH + oH · OGl + oH · oG roc (08 + oA) + oc · 58 · OAJ 
09 = LOAD A. 21 + 09 (OH + OH • QG) + OH . QG (09. QA + 09 . DA) 
QA = LOAD A · 20 + QA (QH + OH · QG) + OH · OG · QA 

STATE CONTROLLER 

OG = RESET (QH · QG • DTRANS + OH · QG · HOLDA + OH · QG) 

OH = RESET [Ow QG . HOLDA + OH . QG + OH . QG (Of + OE + OD + Oc + 09 + QA)] 
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Fig 6 Extending block length . 
Additional modification in­
creases block length to 64 words 
by using all internal registers. All 
capabilities of previous con ­
figuration have been maintained 
across both modifications 

by implementing a second load command, LOADB. The DMA 
controller now handles block lengths as long as 64 data 
words, and the RESET commarid can be used to initialize the 
state counter as in the original concept (Fig 6). 
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Summary 

Generally, a design approach and its means of implementa­
tion should be complementary. Specifically, the controller 
design objectives are met by utilizing a state sequencer, and 
implementation compatibility is assured by such features of 
semicustom logic as multiple storage elements with internal 
feedback paths, dense gating arrays, and interconnection 
flexibility. 

The process of creating a state sequencer to solve a 
design problem results in a series of Boolean expressions 
that define the controller capability and the gate array that 
must be effected. Several p~rtially dedicated gating and 
regis ter arrays constitute the semicustom logic family. After 
the most suitable array configuration is selected, the inter­
connections, as expressed by Boolean statements, are com­
pleted to implement the design. This creates a unique logic 
pattern whose dense gating contributes to chip count 
minimization. Design variations can be accommodated by 
restructuring the gating arrays with minimal hardware 
reconfiguration. Thus, the system can be tailored to the 
original operating requirements and yet be easily adapted if 
modifications are desired. 
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You probably know about the high bit packing density, 
reliability, quick access and high throughput benefits 
offered by a Winchester disc drive. And of the economy, 
speed and media compatibility of a streaming tape drive, 
offering IBM/ANSI/DEC formatting , for backup or conven· 
tional V2" tape storage. Here are a few features making 
either drive together with an intelligent controller, an 
exceptional choice for your LSl-11 or PDP-11 system. 

PRIAM DISKOS WINCHESTER DISC DRIVE-34 M 
Bytes storage, expandable • transfer rate 1.04 M Bytes per 
second• track-to-track positioning 8 milliseconds• average 
positioning 45 milliseconds. 

DILOG WINCHESTER DISC CONTROLLER-RP 
emulator• on-board bootstrap• automatic flaw compensa· 
tion with bad sector flagging and transparent track skipping 
feature• handles up to two 8or14-inch drives. 

CIPHER MICROSTREAMER V2·INCH STREAMING 
TAPE DRIVE-46 M Bytes unformatted storage• 4.8 min· 
ute transfer time at 100 ips •auto loading for ease of 
operation• ANSI and IBM 1600 bpi PE compatibility• 
conventional or streaming mode operation. 

DILOG MAGNETIC TAPE COUPLER-Emulates 

TM-11 •handles multiple 9 track, 1,600 bpi industry standard 
formatted tape drives in streaming or conventional modes 
•selectable IBM or DEC byte packing. 

Physically, the drives together occupy less than 
15314 inches of vertical rack space, and the controllers 
occupy one LSl-11 or PDP-11 slot each. Functionally, both 

_subsystems are DEC software compatible. A stand alone 
streaming mode disc-to-tape backup routine is supplied. 

For data send coupon below. Or for instant info, 
phone direct (714) 534-6911. 
"DEC, LSl-11, PDP-11, TM-11 , RT-11/RSX·11/RSTS Trademar!<s of Digital Equipment Corp. 
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OPTIMIZING MINICOMPUTER 
POWER SUBSYSTEM DESIGN 

Modular power supply design aids minicomputer expansion 

and repair by interfacing controller and front end modules 

to three nearly identical converter modules in a basic sub­

system that can be replicated for each cabinet 

Ermand B. Centofanti 
Allen B. Hansel 

Perkin-Elmer Corporation 
Tinton Falls, NJ 07724 

Philip N. Lioio 
Thiagarajan Natarajan 

A successful minicomputer calls for a number of basic 

design elements. Of these, three related features are most 

important: availability of a spectrum of configuration op­

tions, field expandability, and field repairability. Each 

feature contributes to cost effectiveness; when all are pre­

sent, a customer is able to start with a configuration that 

meets minimal needs and gradually augment the computer 

capability as requirements increase. Modular design of the 

major subassemblies can provide the minicomputer with 

these required features. 
In its most basic form, the final system design implements 

a minicomputer, housed in a single cabinet, comprised of a 

central processing unit (requiring 5-V power), memory 

system (requiring 5-V and 12-V power), input/output unit 

(requiring 5-V power), power subsystem (supplying all de 

power and controlling signals to the other subassemblies), 

and ac distribution panel. Expansion cabinets containing 

addi tional memory and input/output (1/0) subassemblies can 

be added to upgrade this basic configuration (Fig l). 

Power Subsystem Requirements 

Modular design in minicomputer power subsystems 

presents several challenges: (l) an overall packaging con­

cept must be determined so that each major subassembly 

can be allocated sufficient cabinet space; (2) required 

regulation budgets to individual loads in the cabinet must 

be satisfied; (3) high reliability must be ensured through cir­

cuit design and component se lection, (4) system power-up 
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CONSOlffiE 

POWER POWER POWER 
SUBSYSTEM SUBSYSTEM SUBSYSTEM 

B 
c:J 

B B 
~ ,-------, B MEMORY 

OR 
110 

r .., 
I 

110 I 
I I 

I I 
I 110 I L _____ _J c:J L _____ J 

DIST OIST OIST 

CPU 

Fig 1 Typical multicabinet system. Each expan­
sion cabinet Includes power subsystem. Interfacing 

and power-down sequences must be controlled; (5) high 
noi se immunity must be achi eved in all power and signal 
circuits; (6) a unipoint cabinet and chassis grounding 
method must be devised; and (7) protec tion of meta l ox ide 
se mi conductor (MOS) memory against power failu re must be 
provided. Sa ti sfying th e requirements of Underwriters' 
Laborato ri es (UL) and other safety specifications for data 
processing equ ipment makes add itional demands on power 
subsystem designe rs. The app roach to each of th ese design 
prob lems, however, must not weaken th e power subsystem 
link in th e mini co mputer subassembly chain . 

Cabin et power requirements are cruc ial to packaging 
concept design . Severa l ques ti ons about partitioning must . 
be answered a t the ou tse t. Is cab inet cooling (air flow} re­
quired? Is single or multiphase power required? What ac 
voltage ra nge(s) should be specifi ed? What levels of output 
cu rren t are need ed to partition th e individual modul es? 
Also, how ca n the de output current be increased when re­
quired? 

Assum ing a single source of de power, power source out­
puts and interconnections from th e power subsys tem to 
each load mu st be regulated. Transistor transistor logic 
(TTL) and MOS memory voltage loads must be 4.75 to 5 .25 
and 11.4 to 12.6 V, respectively . 

Circuit des ign and th e management of components a re 
tw o important reli ab ility factors. Max imum juncti on 
tempera tures, vo ltage a nd current des ign margins, sa ti sfac­
ti on of minimum betas, source and sink currents, e limina-
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DIST 

signal cables link all power subsystems together, 
with CPU power subsystem acting as master 

lion of race conditions, and many other items must be em­
phasized . Operating modes must be well defined, their cur­
rents and voltages kept under con trol with no blips or 
uncertain ties, and adequate phase margins designed into 
the feedback loops. 

System power sequence contro l is tied to the reliability of 
th e design in that all ope rating modes sho uld be well de­
fin ed from th e power subsystem controller (PSC). Some basic 
considerat ions are defining inrush current during power 
turn on, starting converters in a defined state, issuing 
signals that indicate when all de voltages are in regulat ion, 
issuin g signals during power shutdown at levels that 
guarantee sufficient hold up time (this maintains regula tion 
for th e CPU to halt in an orderly manner after ac power is 
removed), and intercabine t communication in large con­
figurations . 

Noise immunity is . always a design need. Instead of 1-V 
noise immunity for a multicabine t minicomputer PSC, 5.5-V 
immunity can be implemented by optica l coupling and 
quad comparators using a 15-V bus, rather than TTL signals 
ope.rating at 5 V. Another noise immunity factor in circuitry 
design requires pulses exceeding a minimum width to ac­
tiva te a threshold . 

Unipoint grounding ties in with noise immunity and 
many designers avoid ground loops entirely. The overall 
design of each cabinet in a multi cabinet situation should be 
geared toward optical coupling of signals. Optical coupling 
allows the cabine ts to be daisy chained toge th er with their 
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de re turns ti ed to earth at one point, and every subasse mbly 
isolated from the cabine try (Fig 2). 

Some minicomputer designs use MOS memory. Since this 
memory syste m is volatile, th e me mory content is lost when 
de powe r is lost. Magne tic (or core) type memories, on th e 
othe r hand, maintain memory e le me nts in any stale until 
power is res tored. Although MOS memory requires battery 
backup power for memory re tention during power loss, this 
does no t power th e e ntire unit. Furthe rmore, upon receipt 
of a s ignal indicating that prime power is be ing lo t, 
me mory should enter a burs t refres h mod e, and draw about 
50 % le s power than norma l. 

Power Subsystem Design 

A blowe r sys tem for a ir fl ow lo th e CPU, me mory, and 
110 cards is tandard des ign for minicomputer powe r 
subsyste ms. The blowe r is placed a t th e bottom of th e 
cabinet, feeding a ir to the du ct work along the cabine try. 
Air fl ow defl ec ts to move hori zo ntally across each ca rd 
and exhaus ts a t the top of th e cabine t. Ambie nt te mpe r­
a ture desig n limit ranges from 0 to 50 °C, and air te mpe r­
a ture a t the exhaust is 65 °C. This 15 °C increase does 
not incl ud e hea t d issipated wi thin the power ubsys tem. 
Using commercial logic famili es, who e a mbie nt tempera­
ture ra nge is from 0 lo 70 °C, the powe r subsys tem should 
no t pre hea t incoming ambient a ir. For this reason, maj or 
power subsystem modules are mounted a t the .top of the 
cab inet. 

11-V 

CND\ 

5.v 
CND 

All 
PCB 

ISOLATED 

OPTIONAL 
JUMPER 

ISOlAIEO FROM CHASSIS 

p 5 p 11 
MODULES 

Modular powe r subsys te m design utili zes a fr ont end 
module (FEM), 5-V master power module at 150 A 
(converter), 5-V slave powe r module at 150 A (conve rter), 
12-V powe r module at 50 A (converte r), p owe r subsys te m 
controller (PSC), battery backup module , ac distribution box. 
(with elec tromagne ti c interference filte r), and de dis tribu­
tion system (bus bars, connec tors, e tc). All modules except 
th e battery module and ac distribution box are mounted at 
th e top of th e cabine t (Fig 3). The 5- and 12-V conve rte r 
modules each have a cooling fan ind e pe nd e nt of the 
cabine t's cooling sy te rn. The FEM and PSC module are 
cooled only by convec tion . Heat generated in th e co nve rte r 
modules exhausts out the top a nd does no t con tribute 
s ignificantly to ambie nt te mperature at th e PSC a nd FEM. 

For fault isolation, th e PSC has front pane l light e mitting 
diodes (LEDs) and three front pa nel mainte nance switc h e~ 
providing 5-V margin high/low, 12-V margin high/l ow, and 
maintenance reset with LED test. Margin switches are u ed 
during troubleshooting procedures. Whe n a cabine t ex­
hibits errors, use of a high e r or lower V Cl expedites iso lat io n 
to a faulty card a nd , ultimate ly, to a fa ulty int gra ted cir ­
cui l. When a processo r or me mory card ha to b c ha nged , 
the rese t switch co mm a nds th e 5- a nd 12-V co nve rte rs to 
shut down thei r de outputs. LED tes t functi on i a qui ck 
check to demonstra te tha t a ll LE Ds are workin g. 

Battery s torage is hin ged a l th e back of the cabine t and 
e mploys a switching regula tor for ba tte ry chargi ng. The 
battery box is cooled by co nvec tion onl y, s ince its inte rna l 
hea l diss ipation is low a nd no oth er ys te m e leme nt adds to 
its a mbient tempe ra ture. 

p 5. p 11 
MODULES 

p 5 p 11 
MODULES 

FEM 
PSC 

METAL WATER PIPE 

Fig 2 Noise immunity through unipoint grounding. 
Optically coupled signals isolate cabinets; de 

returns tie in to earth at one point to avoid ground 
loops 
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The ac distribution box, at th e bottom of the cabine t, con­
tains the system electromagne ti c interfe rence (emi) filter. A 
shielded line cord delivers ac power to th e power subsys tem 
co mponents at the top of th e cab ine t, protec ting other 
subassembli es within th e cabine t from line co rd radiation . 

From th e converter outputs, a short length of #2 AWG wire 
goes to the cop per bus bars, whe re bulle t co nnec tors pi ck 
off th e high current for each ca rd. Eac h processor ca rd is 
allocated up to 20 A of 5-V power. Memory cards rece ive 
both 5- and 12-V powe r, but the total is s till a maximum of 
100 W. 

Input (ac power from a single- or 2-pha e source) ranges 
from 180 to 264 V rms (assuming no distorti on) and is ap­
plied to th e ac distribution box a t the bo ttom of th e cab ine t 
(Fig 4). This input capability is necessar·y fo r use in Europe 
where single phase 230 V rm s is nominal. UL requ ires a 203 
line current safety margin, which is satisfied by a llowing a 
maximum rms line current of 24 A. This a lso permits use of 
readily available 30-A hardware. 

Convenience receptacles for fi eld service perso nn el, th e 
circuit breaker, and the line filter are in th e distributi on 
box. Throwing the circuit brea ker off opens both sides of 
th e ac line and disconn ec ts the negative s ide of the battery 
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Fig 3 Power subsystem. PSC 
includes LEDs and main ­
tenance switches. FEM loca­
tion permits easy interface to 
PSC and converters on front 
panel (via cables); 5-V master, 
5-V slave, and 12-V converters 
are nearly identical 

pack. This is th e on ly way to remove a ll power from a 
ca bine t, since pu lli ng th e plug leaves de power avai lab le for 
th e MOS memory. The ac ex its the dis tributi on box and goes 
to th e power ubsys tem FEM at th e top of th e ca b inet via th e 
shielded line co rd . 

Front End Module 

With assoc iated fi lter ca pacito rs, th e FEM provid e offlin e 
rec tifica ti on, ac inrush current co nt ro l, and b ias power 
gene rat ion for oth er modules . Inrush current co ntrol uses a 
so lid s ta te relay in para lle l wit h a res is tance; th e PSC signals 
th e relay to shor t out th e res is tance. Th e filt er capaci tor 
voltage is monitored continuously, and th e relay is ener­
gized 700 ms afte r it reaches 180 X Y2or 254 Vd c. This 
700-ms de lay elimin ates th e seco ndary surge. 

Converter Modules 

Three co nv erte r modules, 12-V, 5-V maste r, and 5-V slave, 
were des igned to be as id enti ca l as poss ibl e ye t independ ent 
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of each other. Each converter has its own power cable from 

the front end, local high voltage filter capacitor, and input 

fuse . Pulse width modulation at 20 kHz with a full bridge in­

verter operates from 175 to 370 V de. Using identical 

printed circuit boards (PCBs), the converters differ only in 

assembly drawing and cable variations. Design features in­

clude the SG3524 chip, high temperature Schottky diodes, 

stacked foil capacitor, flux reset in the base drive, precision 

voltage reference, zero duty cycle turn on, and optically 

coupled control signals. The 12-V converter uses fast 

recovery, low loss output rectifiers, and a low equivalent 

series resistance output capacitor. Thermostatic sensors in 

the rectifier heat sinks shut off overheated converters. 

A current sharing, paralleling technique fulfills the 5-V, 

300-A current requirement, as shown in Fig 5. Each con­

verter's overcurrent limit point is set to account for current 

sharing imbalance. Oscillators in the master and slave 5-V 

converters are synchronized to maintain the same output 

ripple as in the case of one 5-V converter only. When no 

synchronization is employed, ripple doubles in amplitude 

and contains a low frequency component (about 2 kHz). 

Various circuit techniques control and protect the power 

section; among these are dead band circuit, 3-piece snub­

bers and clamp diodes (for power transistors), power rec­

tifier snubbers, and separation of the reference for voltage 

regulation from the overvoltage and undervoltage func­

tions. When it hits the overcurrent threshold, the converter 

output shuts down in 40 µs. Overcurrent conditions such as 

processor or memory board solder splashes and misapplica­

tion of metering probes commonly occur during develop­

ment and production testing, and require a fast shutdown to 

prevent board loss. 

BATIERY 
BACKUP 

AC IN l 
180 V TO 

264 v DISTRIBUTION 
BOX 

47 IO 6) _g_ Hz 

coJRTER 
OUTPUT 

I-
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t------' 

FEM 
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OTHER 
CABINETS 

t---
r r--1 

r-

I-' 1--
f--t-------J 
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Power Subsystem Controller 

The PSC uses the LM339 quad comparator (the active circuit 

element) and a regulated 15-V rail. Voltage threshold detec­

tors use precision 10-V references and discrete, precision 

resistor dividers in conjunction with the comparator. This 

combination of circuitry yields tight tolerance voltage 

threshold detectors which do not require trimming. Input 

switch-sensing filters out bounce by means of resistance­

capacitance networks operating into comparator stages. 

When the internal logic circuitry implements additional 

discretes with the comparator stages to form a family of 

logic, the following design goals are satisfied: (1) 5-V 

minimum noise margin (operating from a nominal 15-V de 

supply voltage), (2) level sensitive {rather than edge sen­

sitive) sequential logic gates, (3) low power consumption 

{quiescent load current for the comparator is 4 mA), and (4) 

wide operating voltage range for the PSC {PSC maintains 

control over a line range of 75 to 264 V rms; up to 75 V rms, 

the converters hold themselves off). 
In the output circuitry, comparator stages connect either 

directly or through transistors to other system elements 

within a single cabinet. Switched, 3-terminal regulators with 

integral current limit protection drive the signals transmit­

ted between cabinets. On the receiving end of the inter­

cabinet communications link are optically coupled LED tran­

sistors with an isolated ground return line to the transmit­

ting source. 
Monitoring the high voltage capacitors, the PSC allows 

700-ms time for continued capacitor charging from the 

point at which 250 V de is reached, T 0 (see Fig 6). This 

prevents a secondary current surge when the solid state 

5 v 
150 A 

5 v 
150 A 

12 v 

5 v 
150 A 

I-1--1 

5 v 
300 A 

~ 

........, 
~ 

150 A 

12 v 
50 A 

Fig 4 Power subsystem block 
diagram. FEM provides offline rec­
tification , inrush current control , 
and bias. PSC performs input sens­
ing functions. Its output to other 
cabinets uses switched regulators 
with current limit protection 
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Fig 5 Current sharing loop fulfills 300-A require­
ment. Pulse width modulation at 20 kHz with full 
bridge inverter operates from 175 to 370 Vdc using 
identical circuit boards designed for 12·, 5-V master, 

relay (SSR) turns on at T 1• A 250-V level is selected so that 
turn on will occur at the specified low line value of 180 V 
rms. The 12-V converter receives its signal and starts its 
slow turn on 500 ms after the relay is set. Then, 300 ms after 
the 12-V power is turned on, the 5-V converters receive their 
turn on command (T.). Finally, at T 5 , the 5-V ou tput is 
within its regulation band. T6 denotes an output signal to 
notify the CPU that the cabinet is ready. Ac power, de power, 
and cooling are all operational. The CPU acknowledges by 
sending a systems clea r to all cabinets (T 7), beginning 
operation. 

Times are somewhat arbitrary, with the exception of T 1' 

which is selected to charge the capacitors fully when the 
system is energized at the specified high line value. The 
crosshatched area for the cabinet cooling sensor indicates a 
don ' t care condition during the power-on sequence. 

Initiation of a system turn off sequence takes place at 220 
Vdc, as shown in Fig 7 (T0 ). For brownout protection, the 
30-Vdc hyste resis prevents turn on chatter during low ac 
line operation. Once the 220-Vdc threshold is passed, the 
computer commits to a shutdown by issuing power not 
ready (Ti). The CPU initiates a shutdown sequence that re­
quires less than 3.2 ms hold up time. Systems clear, a chang­
ing sta te, is indicated at T2 ; this defines the end of all opera­
ti ons. The capacitor bank continues to discharge until 190 
V de is reached a t T 3 , when a decision is made to shut off the 
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and 5-V slave modules. Use of different intercon­
necting cable is only modification required for slave 
5-V, 300-A converter installation 

5-V converters. If ac power were restored be tween T 0 and 
T3 , the machine would initiate a modified power-up se­
quence and resume normal operation. 

From T 3 to T 4 there is a 4.5-ms delay, which provides hold 
up time fo r another req uirement, ie, for the key switch that 
turns the CPU on and off. When the key switch signal enters 
the PSC, the PSC signals the 5-V converter to turn off. Here, 
too, 3.2 ms must be available for an orderly shutdown. Cor­
responding to 175 V de, the T 5 point marks the time when 
5-V regulation is no longer required or guaranteed; the con­
verter has been turned off, and its output capacitor 
discharges into the load. 

12-V regulation is guaranteed until T 6 , or 170 V de. The 
point at which the 12-V supply decays to 11.2 V (T 7) 

depends on memory size. If there were no battery backup, 
or if the batteries were allowed to discharge fully, memory 
would be considered nonvalid at 11.2 V. No turn off signal 
is sen t to the 12-V converters until after T 7 ; the turn off 
command is issued at T 8 , 100 ms after the non valid memory 
decision is mad e at 11.2 V. 

Upon restoring prime power, a normal power-up sequence 
occurs during which 12-V power is initially zero. A monitor­
ing circuit in the PSC issues a nonvalid memory (NVM) signal 
to the processor. When systems clear (T 7 in Fig 7) allows the 
CPU to run, software picks up the NVM signal and reloads the 
operating system into main memory from disc. 
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CAPACITOR BANK VOLTAGE 

250 

OFF 1------~ 
ON ,__11_ 1_0_+_1_oo_m_• __________ _ 

ON 
P 12 TURN ON CONTROL 

OFF !---------' !1 - 11 + 500 m• 

118 VDC 

111 voe 

ON 

P 12 POINT Of REGULATION 

----¥-----
P 5 TURN ON CONTROL 

OFF 1----------..J r, - 11 .+ JOO ms 

P 5 POINT Of REGULATION 5 30 voe 

4 10 voe 
----------- - --
-~ -----/· -

READY COOLING ANO POWER READY 

NOT READY 1-16 __ ,,_ , _10_0_m _______ ___J 

RUN COMPUTER CLEARS CONT 

CLEARED 1---
1
•_ " _30_0_··--------~ 

Fig 6 Power-on sequence. SSR turns on 700 ms after 
capac itors reach 250 V. 12-V converter turn s on 500 ms later. 
5-V converters turn on once 12-V power is within regulat ion 

Battery Backup Module 

Low risk in transferring f~om ac to de power and back again 

provided the basis for the battery backup approach. The 

sealed , lead-acid pack is nominally at 180 V. Its cha rger 

draws power from th e high vo ltage bus. An isolated inverter 

supplies charger bias power from the 12-V output (Fig 8). 

Charging (0.25-A current) begins at 207 Vdc and cuts off at 

220 V de. When the bus decays below the battery voltage, 

CR! is forward biased and sources the 12-V conve rte r; the 

PSC and th e co nverter fan draw powe r from the battery 

backup . Battery voltage drops to about 187 Vdc as it initial­

ly supplies the 12-V conver ter. Drain continues until th e 

output falls to 11.2 Vdc, causing the conve rter to turn off. 

The inverter stage transformer has an extra winding 

whose secondary voltage is rectified, filtered, and suppli ed 

to the PSC. When prime power goes down a step, th e co n­

verter is s till running and supplies requ ired bias to the PSC 

and itself. The PSC rece ives bias power from either the 5- or 

the 12-V converter. For example, wh en a cabinet contains 

only 5-V output, as an 1/0 cabinet, th e 5-V inverter stage 

feeds the bias power. 

150 
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170 
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CAPACITOR BANK VOLTAGE 

SSR TURN ON CONTROL 

ON r, - r, + JOO µs 
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Off 11 Ti + 4 5 ms 

P 5 POINT Of REGULATION s 30 voe 
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RUN ....... co_M_r u_r_ER_c_Lt_AR_s_co_N_1 ___ ~ 
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To•SOOus 

Fig 7 Power·off sequence. Crossing 220-V threshold commits 
to s hutdown , but modified power-up can be used unt il 5-V con­
verters turn off at 190 V. 12N regulation is maintained until 170 V 

Battery hold up time depends on t_he amount of memory 

in each cab inet and varies from 20 min {for 8M bytes) to 82 

min (for 0.25M bytes). Several batte ry backup methods 

oth er than th e one just describ ed are possible. One me thod 

uses a lower voltage battery with a converter boosting the 

voltage to 215 V de. This has the disadvantages of needing 

an additional co nverter and offering lower conversio n effi­

ciency because th e battery has to feed two converters in 

cascade. Another low voltage method uses a battery with an 

additional regulator whose output is tied to the 12-V regula­

tion band . The disadvantages here include higher current 

battery charger and additional high power 12-V regulator. 

Safety 

Handling the 180-V battery is a major safety concern. Bat­

teri es are handled in groups of 18- and 36-V until final 

assembly. After the two 18-V packs are put in series, 

connecting the five 36-V units is possible only by closing the 

battery compartment. Also a protection for service 
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Fig 8 Battery backup modu le block diagram. 
Charger draws 0.25 A from high voltage bus above 

personnel is the warning light on the side panel of the 
printed circuit board, which indicates when voltage is pre­
sent. A switch allows individual, external testing of each of 
the ten battery packs. 

Certain safety considerations are required apart from any 
that might be self-imposed. One exam ple is the overall 
cabinet leakage limitation of 5.0 mA at nominal line 
voltage. A 1003, high voltage test is a required purchase 
specification for all frontend components such as 
transformers, bridge rectifiers, relays, and emi filters; each 
component receives a portion of the leakage budget. This 
voltage test is performed at both subassembly and final 
assembly levels. 
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160 MEGABYTES. 
IN ONE BOXORTWO. 

Now you can get 160 mega­
bytes of reliable, removable 
disk storage, in one disk 
drive or two.With one Ampex 
DM-9160, or two Ampex 
DM-980s. 

Both have the industry stan­
dard SMD interface that allows 
easy daisy-chaining of up to 8 drives 
on existing controllers. Both the r ib-
bon cable DM-9160 and the 80 mega-
byte DM-980 are available in single or dual port 
versions. 

What's more, both the DM-9160 and the 
DM-980 come in the same standard size 19" cab­
inet. So you can mount them in a standard 
19" rack, or mount either of them two­
high in our new Two-High Quiet 
Enclosure. 

The only difference be­
tween the two drives is that 
the DM-9160 uses a com­
mercially avail able specified 
disk pack for double density, 
and the DM-980 uses a stan­
dard pack. 

Both are easy to operate, 
and even easier to maintain. 

Ampex DM-980. Wi th 80 mega­
bytes, it provides ideal storage 
capacity for a wide variety of 
applications. Designed for conven­
ient, reliable operation. 

Ampex DM-9160. With 160 me­
gabytes, it has twice the density 
of an 80, in the same size as an 80. 

Covers on both models can 
be removed for quick re­

pair and troubleshooting. Deck 
plates and chassis are hinged 

for easy access. And LEDs 
are used extensively to assist in trouble­

shooting. 
So take your choice. Choose the density you 

need for the space you have. But no matter 
what your requirements are, remember that the 

DM-9160 and DM-980 are 
just two drives from a 
complete line of Ampex 
plug-compatible memories 
for nearly any CPU. 

For more information 
on the Ampex DM-9160, 
the DM-980, or the complete 
Ampex product line, contact 
your local sales office, or 
Gary Owen at 213/640-0150. 
Or write him at Ampex 
Memory Products, 200 
North Nash Street, El 
Segundo, California 90245. 

AMPEX 
MAKES THE DIFFERENCE. 
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Shugart gives you two ways to go double-sided. 
Floppy or Minifloppy™. Our SA851 series is the 

double-sided version of the world 's most popular 8-inch 
floppy. And our SA450 is the double-sided version of the 

world 's most popular 5V4-inch flexible disk drive-the Shugart 
Minifloppy. We designed our double-sided floppy drives for 
high volume production with outstanding reliability. Our new 
Bi-Compliant™ double-sided head assembly was designed 

by the most experienced read/write head team in the 
industry. Our read/write heads are precisely aligned 
with our proprietary optical alignment system. And we 
also invented the "Tap-Tap" test, which insures that our 
double-sided drives can perform tens of thousands 
of load/unload operations on the same track location 
without media wear. The bottom line for you is excellent 

compliance resulting in superior data reliability, assured 
media interchange, and longer head and media life. Both of 

our double-sided drives let you store more data in less space. 
Both are compatible with their single-sided brothers for an 
easy upgrade. And they both operate in single or double 
density. But wh ich one is best for your application? 

There's a great 
heading 

Our double-sided floppy. The SA851. The SA851 series is 
the logical upgrade from standard single-sided drives. Our 

SA851 doubles capacity to 1600 KBytes 
(unformatted , double density) for only about 
50% more in drive cost. And to make your 
upgrade easier, the SA851 is the same size as 
our single-sided SA801 drive and 1/0 
compatible. SA851 double-sided drives make 
an excellent back-up for Shugart fi xed disk 
drives , too. All for a lower cost per kilobyte 
than you are paying now. Shugart's Fasflex™ 
band actuator cuts track-to-track access time 
to three milliseconds. And you can read 
and write data on any standard single-sided 
diskette as well as the IBM Diskette 2, 20, or 
equivalent. Features such as single/double 
density recording , write protect, and 
programmable door lock are standard . 

"Trademark of Shugart 



Our double-sided, double density 
Minifloppy. The SA450. When you need 

the lowest cost random access data 
storage in the most compact package, the 

SA450 double-sided Minifloppy is your 
best choice. It is the perfect upgrade for 

microprocessor-based systems using 
single-sided Minifloppy drives or cassette 

tape. The SA450 increases unformatted 
capacity to 218.8 (single density) or 437.5 

kilobytes (double density) . This double-sided 
Minifloppy is the same size as our SA400 

single-sided model , and is 1/0 compatible. 
DC drive motor, write protect, and activity 
light are standard . And you can read and 
write data on any single or double-sided 

minidiskette, so your customers can continue 
to use their existing disk library. 

double feature 
your way. 

Choose the Headstrong double-sided floppy disk drives. No matter which of our double-sided floppy 
drives you select, you get the competitive .edge when you go with Shugart. We are Headstrong about 
helping to keep you competitive too, with high volume deliveries of drives that offer superior reliability, 

quality, and value. This Shugart commitment is also backed by all the support you need including helpful 
technical services, in-depth documentation, and design 
assistance. And when your product line grows, we'll be 
there with a complete family of floppy, Minifloppy, and 

fixed disk drives in a full range of capacities. Reliable 
products, volume delivery, superior quality, and 
value. That's what we're Headstrong about at 

Shugart. o Shugart Associates: 475 
Oakmead Parkway, Sunnyvale, CA (408) 

733-0100. Sa/es & Service: Sunnyvale, CA; 
Costa Mesa, CA; Minneapolis, MN; 

Richardson, TX; Framingham, MA; 
Landing, NJ; Atlanta, GA; Toronto , 
Ontario; Paris, France; Munich, 

Germany. o Shugart products are 
a/so available off the shelf from 

local Hamilton /Avnet outlets. 

~.Shugart 
Headstrong about double-sided value 
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I DESIGN NOTE 

Mixed Format Operation Enables 
Economical Output From 
Thermal Printer/Plotter 

Thermal printer/plotter achieves low cost hard copy by mixing character and 
graphical data without burdening the host system with lengthy software driver 
requirements 

Harold D. Schofield Gulton Industries Incorporated 
Gulton Industrial Park , East Greenwich, RI 02818 

D ue to the widespread use of 
microprocessors, intelligent laboratory 
instruments are now capable of 
generating vast quantiti es of data, 
dramatically increasing demands for 
hardcopy. Furthermore, computeriza­
tion is e liminating manual interven­
tion by automating dec ision making as 
a fun ction of data analysi s, making 
realtime chart reco rdings and similar 
input da ta displays less essential than 
descriptions or representations of 
analyzed results in the form of a 
listing, chart, or graphical plot. Th e 
growing volume of data, combined 
with the emphasis on displaying 
analyzed results derived from data that 
were co ll ected in real time, increases 
th e burden on instrumentation hard­
copy devices, thus making them a 
significant factor in the total system 
and its cost. 

144 

Of the hardcopy devices, digital 
printer/p lo tters emerge as the most 
des irable because analog input signals 
have been conve rted to digital fo r 
analys is, therefo re output data to be 
printed or displayed is also digital. In 
addition, as the amount of data in­
creases, so does th e need to ex tract 
and display critical results and trends 
in pictorial fo rm; hence , the graphics 
plotting capability of the printer/plot­
ter becomes especially important. 
Historically, the use of printer/plotters 
has been limited to minicomputers and 
large mainframe computers, primarily 
because most were designed fo r thi s 
segment of the industry . Length y, 
tabulated, printer listings were sup­
planted by printer /plotter graphics 
displays wherever possible. However, 
the printer/plotters that emerged to 
mee t this need are too large and too 

expensive to fulfill the needs of in­
strumentation and other microcom­
puter applications. 

The three classic types of printer/ 
plotters currentl y avai lable are elec­
trostatic, fl at bed, and drum units. All 
offer higher performance than is 
necessary for microprocessor based in­
strumenta tion app lications in terms of 
speed and resolution. More important­
ly, they req uire sizable software 
drivers, programs that interface the 
output unit with the operating system 
to supply page or plot output on a line 
or a vector basis. 

The Thermal Printing Alternative 

A fourth printer/plotter technology, 
thermal printing, is a des irable alter­
native that is ideall y suited to a wide 
varie ty of hardcopy requirements. 
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48 DOT DATA LIN ES (4 GROUPS OF 12) TO DOT BUFFER 

Fig 1 Multiplexed printhead . Diodes 
multiplex printhead in 22 12-dot groups , allow­
ing hardware dedication of character columns 

to simplify software addressing requirements. 
Each group of dots may conta in two X axis col ­
umns or one Y axis line 

Quiet operation, reliability, s traight­
forward digital interface, and attain­
able high speed characteriz e th e the r­
mal printing technology. It does not 
present indu ctive loads, such as th e 
so lenoids required to drive needle 
matrix devices, or the des ign proble ms 
of wheels, hammers, high voltages, or 
radio frequency interference . Com­
plementing use of integrated circuits 
and large scale integration devices, th e 
th ermal printer/plotter offers an en­
tirely electronic means of printing that 
red u ces th e number of moving parts to 
only one per mechanism. 

The MICROPLOT-44, a 5" (12.7-cm) 
unit designed especially for instrumen­
tation and micrcomputer applications, 
illustrates thermal printing tech­
nology. Its stationary printhead im­
plements a 4.6-in (11. 7-cm) wid e linear 
array of dots spaced 0.017 in (0.432 
mm) apart. For plotting, 256 uniquely 
addressable, contiguous dots provide 
8-bit resolution compatib le with most 
of the microprocessor applications. 
Character printing uses all 264 dots in 
44 X axis columns of a 5 x 7 dot matrix 

146 

with one dot space betwee n columns 
(Fig 1). Using a n 8 x 6 dot matrix, th e 
Y axis provid es 22 lines of charac ters 
with a 4-dot space betw ee n lines. 

For the graphics interface, th e abil­
ity to address each dot uniqu ely in a 
single-byte transfer, complements th e 
fix ed printhead design, wh ereby all 
dots are in continuous paper contact. 
Plot data ca n th en enter th e buffer on 
a random access basis. Unlike moving 
head des igns, this approach eliminates 
any need for sequ ential loading of data 
that increases in magnitude across the 
chart or for loading blank data bytes to 
space across th e chart. In addition, the 
two e nhanced plotting mod es elim­
inate th e le ngthy data transfers that 
ca n occur when printing a horizontal 
vector consis ting of many dots. The 
line segment plotting automatically 
fills in a ll of th e dots be tween two 
designated endpoints on a horizontal 
vector and a llows many such vec tors on 
a s ingle horizontal line, with overlap. 
Th e shaded plotting fills in all of th e 
dots betwee n th e leftmost dot and a 
designated horizontal vector endpo int. 

Character Data 

Four combina ti ons of th e format and 
print commands make poss ible four 
charac ter types from th e two basic X 
and Y axis fonts . Th e normal print for­
mats produce standard 5 x 7 dot 
ma trix charac ters on th e X axis and 8 x 
6 characters on the Y axis, while the 
e nhan ced print formats generate 
double he ight, 5 x 14 dot matrix 
characters on th e X axis and double 
width, 8 x 12 characters on th e Y axis. 

A byte level handshake betw ee n 
data avai lab le (DAV) a nd data accepted 
(DAC) signals controls parallel data flow 
into th e unit (Fig 2). DAV flags a new 
word valid on th e data bus; th en the 
state of th e format control (FMTCTL) 
line designates e ither an internal data 
requ est bit (if high) or a con trol word 
requ est bit (if low). These are sampled 
regularly at a priority that dep ends on 
th e selected mod e. Once a valid DAV 
has bee n estab lished, DAC is pulled low 
until th e data are read into the system 
buffer. DAC th e n returns high, to the 
idle sta te, to indicate data acceptance . 
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Each full line of dot or cha racter data 
entered in this manner is fo llowed by a 
print command and a n op tio nal paper 
motion command . 

Plot Data 

The BUSY line, ac tiva ted when a print 
cycle has been initia ted, may be sensed 
by th e host computer to interrupt data 
flow durin g printing, providing a 
character line level or do t line le vel 
handshake wi th LDATA that can be 
used to rese t LDATA wh en printing 
begins. LDATA is itself a qualifi er that 
may be held low to preven t acceptance 
of unwanted da ta d urin g idle peri ods 
or ti ed high for applica tions that do 
not nee d this fun ction. Once se t, BUSY 

re mi a ns hi g h for th e duration ~f a 
print cycle. Whe n only plot data a re 
prese nt, th e cycle will e nd a nd BUSY 

will be rese t after one line of do ts has 
bee n printed . With charac ter data 
prese nt, BUSY remains high until a ll 
cha racter dot lines have bee n p rin ted. 
However, plot da ta to be intermixed 
with characters can be e ntered during 

LOATA 

DAV ---~ 

CONTROL I 
fMTCTL -------J. 

DATA I CONTROL 111111111111111111 

L rMTCTL MAY BE LEFT 
IN EITHER STATE 

DURING PRI NT CYCLE 

Fig 2 Byte transfer timing diagram. Byte leve l hand­
shak ing arrangement using DAV and DAG contro ls 
parallel data flow . LDATA qualifier provides line leve l 
handshake that can prevent acceptance of unwanted 
data. Once set , BUSY remains high for duration of print 
cyc le-one line of dots if plotting 7 or 14 lines if printing 
characters . FMTCTL distinguishes between format and 
data requests 
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SIEMENS 

The little floppy disk drive 
with the big performance record. 

What really counts in a 
disk drive is performance. 
And that's where the Maxi­
Mini™ shines. For more than 
3 years, it has consistently 
met every performance 
standard. You might say the 
Maxi-Mini is the "old reliable" 
of the mini-floppy market. 

Siemens quality and 
engineering excellence make 
the dependable difference. 

Metal lead screws, for in­
stance, are used to assure the 
utmost precision in head 
positioning. 

Siemens Maxi-Mini disk 
drives are available with 
single or double head, single 
or double density. And they 
are plug-to-plug industry 
compatible. 

To find out more about 
the Maxi-Mini , contact: 

Siemens. The technology t.o do more. 
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Siemens Corporation 
OEM Data Products Division 
240 East Palais Road 
Anaheim, California 92805 
(714) 991-9700 

District Offices: 
Atlanta, GA 
Boston, MA 
Columbus, OH 
Dallas, TX 
lselin, NJ 

(404) 451-8157 
( 617) 444-6580 
(614) 888-3372 
(817) 461-1673 
(201) 494-1000 



a character print cycle for mixed for­
mat operation . In this case, as show n 
in Fig 3, th e presence of BUSY during a 
paper advance drives a plot data only 
(PDONLY) signal active high for th e 
duration of th e paper advance to 
strobe plot data transfers within paper 
advance per iods. 

M ixed Format Operation 

The PDONLY strob e during each paper 
advance achi eves the potential for 
mixed fo rmat operation, which is most 
usefol for chart annotations as it in­
tersperses line by line p lot da ta with 
ann ota Li on character data . For most 
straight plotting app li ca ti ons, such as 
Y(t) p lots, plot data transfers occur 
much more fr equ ently than character 
transfers. Character printing is th e ex-

0 
0 
0 
0 
0 

ception . A character busy (CHBUS Y) 
line senses this exception and notifies 
the host sys tem to shift into mixed for­
mat mode wh enever character printing 
occurs. 

Once a character print cycle has 
been de tec ted , output continues by 
detec ting success ive PDONL Y pu lses 
during the character cycle and in­
terlacing new plot data on each 
character cycle dot line. PDONL Y data 
windows accept plot data only; a valid 
plot format must be detec ted by each 
pulse before data transfer may pro­
ceed. Character printing is then slaved 
to p lot data transfe rs, and CHB USY is 
rese t to fl ag th e end of mixed format 
ope ration, avo iding th e sampling for 
PDONLY beyo nd th e final pulse of th e 
sequence. T o furth er redu ce so ftware 

o--- LEFT HANO MARGIN 
0 

0 
0 
0 

overhead, four switch es allow manual 
format selectio n, using th e same pro­
tocol as the software commands to 
manually choose the most suitable for­
mat without sacrificing full device 
capability. 

Hard ware Im plement at ion 

Programmable Inte rfa ce Adapte r s 
(PIAs) are included in the 6802 ci r­
cuitry-one to interface with the print­
head and stepper motor circuitry and 
one to provide input/output (110) for 
th e graphics interface (Fig 4). The 1/0 
PIA devo tes port B to th e data bus. Port 
A' s first fo ur bits are driven by th e fo r­
mat switches, th e fifth line providing 
th e CHB USY output. The three most 
s ignificant lines, co rresponding to 

g X AXIS CHARACTERS J e e I- ~~-~~~ i~~~i l~g~~~:RIES 
o .~. e e • I e I AND PDSTIDN Of X AND Y 
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PRINT 
CYCLE 

OUTPUT 
SIG NALS 

17 
16 
15 
14 
13 
11 
II 
10 
9 
8 
7 

0 I • I AXIS CHARACTERS WITH 
o e e e e I e e e 

1
• •• e I ~t~~~g~~T T~gEX BA~~~OARIES . O e e e • 1 e e e l CHARACTERS FIT WITHIN 0 • e e e e e e e e e e e I e e l BOUNDARY. SEE FIG I o • • • el • I • • • 

~ : o o o : o : • • • : :)oo o o o o o o o olo o o o : • • • ~: 
0 

Y AXIS CHARACTERS 
g e e e e e PLOTIING ~ 
o · • ~ 0 • • 0 
0 • 
0 • • • I 0 e • 

1 , t :SY ··· 
~ PDONLY PULSES 

DOT LINE STEP INCREMENTS 

~----- CHBUSY 

[
POTENTIAL FOR MIXED FORMAT J 
OPERATION OCCURS WHEN CHBUSY IS ACTIVE 

••••• 

Fig 3 Line transfer timing diagram . Treating 
character data as exception rather than rule , CH BUSY 
flags mixed format operation and POON LY strobes 

plot data to printer while paper advances between rows 
of character dots 
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Its high time that your computer 
graphics match the precision of your 
computers. 

High time that you look beyond 
the two-dimensional, indistinct, mono­

chromatic technology of ordinary TV 
monitors. And see what an amazing 
difference Mitsubishi high-resolution 
color can make. 

Mitsubishi high-resolution moni­
tors are available in a dozen models. 

In sizes to 26'.' With scanning frequen­
cies to35kHz available off-the-shelf 
now, and soon, way into the 60kHz's. 

We got to be the worlds largest 
manufacturerof high-resolution tubes 
because weve been able to establish 
an enviable record of superior quality 
control and electronic stability. Which 
means you don't need to hire color 
convergence experts in order to catch 
what the factory missed. 

So if you're an OEM, you could 
save yourself a lot of trouble by calling 
us at (213) 979-6055'"for complete 
information. 

Or if you're an end user, call us 
at the same number for the names of 
interested OEMs. 

And, together, we'll paint a cleaner, 
brighter future for everyone. 

•1MITSUBISHI 
"- ELECTRONICS 

For more informarion wrire Depr. 31, Mi tsubishi Electronics of America, Inc., 2200 W Arresia Blvd., Compton, CA 90220. ''New}ersey sales office (201) 753-1600. 

CIRCLE 84 ON INQUIRY CARD 



2716 
X AND Y AXIS 

CHARACTER 
GENERATOR 

ARRAYS 

~ 
~ 

"' c 
c ,; 

0 

"' \i; 

~ 8 
M 110 PIA CA1 

[ 

HANDSHAKE 
110 LOGIC CO NTROL 

LINES 

DAC ~DATA 
t----=iii\V=v,-<o--+--// HANDSHAKE 

{ 
~~i Rl+----'=PL-OT_B_UF-FE-R+--_/ 

PAX ~ ADDRESS 

PA4 

{

DAV DAV 
LDAIA 
DAC 
fMTCIL 

CH BUSY 

PA3 TO PAO -----7~L"----+----t_J FORMAT J 1 SWITCHES 
L DATA PBX ~------:7>'--+--------<.-......_ LINES 

6811 
/~---t--C-ON-T-RO_L _____ BUSY 

I- _'--_-_-_-__ c_~__,1 1-_-_-+t--~ - ~~~g~A~ l~--_-_-j_ ... PDONLY 

~ DRIVER GA1 : ./1 I 
I 1 I PIA CAI 6 , 8 Bir I 
~ PAX --;/-~ OUTPUT I 

10 
LINES 

1 PB6 __j_ BUFFER I 
........ H--+-+-+~I ... 6811 L l ~AY I 

: ~:: J '\ PB/ / __)_PA6 AND PAI : 

1716 
PROGRAM 
PI ROM 

MC 6801 
e 

DATA 

I CBI ~ STEPPER HJ 
"' L MOTOR I_ _ _ _ _ _ _ _ /! S DRIVE CIRCUlf I 

~ I 
r-----i I COLUMN '1 I ___!_ ORI VER 

I PB5 TO PBO CIRCUIT I IN 

OUT 

156 x I 
PLOT 

BUFFER 

I "'- .____ _ __ __, I 

: Jj_ : : l SYSTEM TIMER : 

I I 
'.._D~E~-_5£~10_:: ___ ~ ____ _I 

POWER SUPPLY 

Fig 4 Printer/plotter block diagram. Two 
PIAs connect with printhead, stepper motor 
drive circuitry, and graphics interface. On­
chip RAM in 6802 provides X and Y axis 
character buffers. P/ROMs contain main 

program and character templates . Timer 
frees processor to assemble dot data for 
next print interval during output of current 
data 

address lines Al 3 to AIS on the partially 
decoded bus, are hardwired to the 
mos t significant address byte of the 
plot buffer.. During plot formats, this 
arrangement a llows th e data bus to be 
read by a double byte LOX instru ction, 
which automatically loads the most 
significant byte from port A and th e 
least significant byte from th e port B 
data bus .. Thu s, plot data are ac tually 
an input to the address bus via th e in­
dex register.. The most significant data 
bit, 07, drives th e 2102 input, and th e 
least significant bit is connected to th e 
output.. Once the do t address is 
entered into th e index register, a hexa-
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dec imal 80 is loaded into th e indexed 
address ; the plot buffe r is read during 
a print cycle; and a hexadec imal 0 1 
produces a dot at its co rresponding 
output address .. Then th e 1-bit plot 
dat a patte rn s co mbin e with th e 
charac ter ge nerator dot patterns to 
drive th e printhead. 

A comple te line of dots requires six 
sequ entia l, multiplexed print intervals 
to interlace printing of 264 dots {u p to 
48 per interva l). The hardware print 
timer fr ees th e processo r to assemble 
dot da ta fo r th e nex t print interva l dur­
ing th e curren t pri n t interva l. The new 
dot data are then s tored in a tern-

porary buffer until th e current interval 
is comple te, a t which time th ey shift 
into the dot buffe r, a 48-bit registe r; 
th e timer triggers; and the next print 
stro be is applied to th e head. If no dots 
need be energized for a given interva l, 
the timer is not triggered and th e 
strobe is bypassed, in creasing th e 
speed of th e print cycle by triggering 
th e timer for only those strobes fo r 
which th ere are dots to be printed. The 
X and Y axis character data buffers 
reside within th e 128 bytes of 6802 in­
te rn al rand om access memory (RAM), 
whil e th e remainder of that in te rnal 
RAM prov ides necessary tempora ry 
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These 12-bit analog data acquisition systems are pre-engineered, 
pre-tested and guaranteed. Connect your analog inputs and digital 
outputs, plus power, and you've got an operating DAS that only 
occupies 3.6sq . in. of board space! You free your engineers for 
other assignments and avoid frustrating analog design problems. 

With MUX, differential amp, S/H, 12-bit A/D converter. 3-state 
output buffers, address register, delay timer, voltage reference and 
clock , SDM854 and SDM857 are ready to acquire data. MP22 and 
MP32 add address decoder and other logic functions to interface 
direct ly with 8080 type µP's and are addressed as memory-further 
reducing your design involvement. 
All these products give you wide choices in application versatility . 
Every internal function is brought out to pins allowing functional 

BURR-BROWN 

I• II •I 

variations to meet your specific needs. 80-pin quad-in-line single­
substrate ceramic packages 1 a proprietary Burr-Brown design 1 
allow you to run traces under the substrate. without insulation, 
saving even more printed circuit board space. 

SDM854 and SDM857, MP22 and MP32 represent the newest 
generation of Burr-Brown's hybrid IC Data Acquisition Systems 
that were first introduced in 1976 to replace large, discrete 
modules. If you want to cut your engineering load, save board 
space and improve your products' efficiency, specify these 
products ... they're ready to work and available now! 

BURR-BROWN , Box 11400, Tucson , Arizona 85734. 

Putting Technology To Work For You 

BOSTON CHICAGO DALLAS HOUSTON LOS ANGELES . NEW YORK SAN FRANCISCO TUCSON 
16171444-9020 13121 832-{)520 12141 823-2310 (7131988-{)546 (714 1835-0712 15161466-2650 14081984-7700 1602 1746-1111 
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What Makes 
This Brake Unique ... 

Makes It Needed 
Spring Applied, Electrically Released Brakes 

Give Maximum Response, Assure 
Equipment Protection, And Provide Safety. 

• Maximum Response 
Optimum brake response can be achieved through proper 
spring selection and controlled circuitry . Simplatrol 's 
advanced technology recommends proper design in these 
critica l areas thereby assuring correct stopping time, 
release time, and maximum life. 

• Equipment Protection 
No more worries about equipment damage or malfunction 
due to power failure . . . brake engages instantaneously 
when power is off. 

• Safety 
Immediate brake engagement in case of power failure 
means maximum personnel safety. 

Simplatrol spring applied brakes are widely used on 
computer tape drives and medical x-ray equipment and in 
many other applications. 

Both standard and special sizes are available with torque 
ratings through 420 in . lbs. 

Send for product line data. 

Our Components Make It Move ... 
Our Technology Makes It Work 

DANA 
INDUSTRIAL 

Simplatrol \ ~ \ 
154 

Dana lndustrial-Simplatrol Products , 
P.O. Box 870 , Webster, Mass. 01570 
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registe rs and s tack space to supp ort 
th e 4k-byte control program. Use of 
th e 1-bit plo t data buffer in co njun c­
ti on with internal RAM minimi zes th e 
cos t a nd boa rd space required by d a ta 
s torage. 

It is an ove ra ll des ign goal th a t has 
kept th e co ntrol program (includin g 
charac te r ge nerator arrays) und er 4k 
byte th ereby a llowing use of two on­
boa rd 27 16s for d evelopment and intia l 
p rodu ction , a nd th en sub sequ ent use 
of th eir mas ked read only memory 
( ROM) co unterp a rts fo r redu ced cos t. 
T o keep input a nd control so ftw are in­
depende nt, se pa rate softwa re input 
ro u tine fo r each fo rma t or grap hi cs 
fun cti on pos ition data in th e ap­
propri a te buffer locati ons during d a ta 
entry. This a llows th e prin t co ntro l 
softwa re to access data usin g a fix ed 
address ing sequence d ic ta ted by th e 
pri n th ead d ot multi plexin g circui try. 
(See Fig 1.) 

Summary 

A fix ed head th ermal printer/plo tte r 
addresses th e expand ed ha rd co py 
needs of micropro cessor based sys tems 
and th e ir laboratory ins trum e nta ti on 
appli cati ons by co mbining th e qui e t, 
low vo ltage, nonm echa ni cal cha rac ter­
is ti cs of therm al pr in ting with byte a nd 
line leve l p ro toco ls. This permits 
mi xed fo rm a t opera ti on to co mbine 
plo t da ta a nd cha rac ter da ta on a 
s in gle line of output. While a specia l 
signa l d e tec ts th e need fo r mixed fo r­
ma t operati on and s ignals th e hos t to 
impl em e nt mix ed format protoco l, 
an o th er s ig n a l ide ntifi es wind ows 
wh ere plot d a ta can be accepted d ur­
in g th e cha rac ter paper a dvance, thus 
achievin g low cos t, high qu ality ha rd­
copy output with minima l hos t sys tem 
ove rh ead. 

Please rate the value of this 
note by circling the appro­
priate number in the "Com­
ments" box on the Inquiry 
Card. 

High 710 Average 711 Low 712 
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1/2 MByte 
TM-100-3 (Single-sided) 

Capac ity (unformatted) : 
SOOK bytes 

TPI : 96 or 100 
Tracks per side : 

80 maximum 
Recording dens ity : 

5535 BPI 
Access time : 

•Track to track : 3ms 
• Average: 90 ms 

At an economy Price 
It doesn 't cost anymore to go first class when it's a Tandon 51Ji" flexible disk 
drive. The reason is simple. We're the recognized leader in mini-floppy read/write 
head technology. In fact, our patented, double-sided head design is used by all the 
other major mini-floppy suppliers. And, it makes no difference if you buy one or 
one-thousand drives, you ' ll always get the first class price/performance that 's 
made Tandon first choice among OEMs of word processing, smal l business sys­
tems, and personal computers. Tandon is rapidly becoming the first name in 
mini-floppies because we offer up to one megabyte of storage capacity, the fastest 
access time, a choice of single or double-sided recording, and 96 or 100 tracks per 
inch. All with proven reliabil ity at an unbeatable price. Because we are the leaders 
in head technology, Tandon mini-floppies are designed beginning with the head to 
assure dependability throughout each drive. With Tandon, going first class is both 
sensible and economical. 

Ian a on 
9333 Oso Ave. 

Chatsworth, Cal ifornia 91311 
(213) 993-6644 

Heads Above The Rest in Disk Technology 
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1 MByte 
TM-100-4 (Double-sided) 
Capacity {unformaucd): 
l ,OOOK bytes 
TPI : 96 or IOO 
Tracks per side: 
160 max imum 
Recording density : 
5877 BPI 
Access time : 
•Track to track: 3 ms 
• Average: 90 ms 



PART OF A PROMISING FUTURE 
In our not too distant tommorrows, man will be embarking on challenging missions of the 

Space Shuttle. Today's most sophisticated technology and best trained minds are joined together in 
support of those missions that will ultimately shape a promising future for mankind's quest of space 
information systems and sciences. 

Ford Aerospace & Communications Corporation is part of that future . We are developing and 
maintaining the information systems to support the Shuttle missions and its enormous data load. 

Ford Aerospace is also part of a promising future for career-minded logic design engineers. 
These professionals must be able to assume various levels of responsibilities. Our design teams are 
involved in the state-of-the-art technologies used to satisfy telemetry processing, command process­
ing, block message multiplexing/demultiplexing, special purpose microcomputers, mass data 
storage, digital switching, graphic video generation, computer output microfilm, projection display, 
video switching, digital and voice communication system requirements. 

We also have room for experienced systems professionals. If you are qualified, and interested 
in a promising future, send a resume to Ford Aerospace & Communications Corporation, P. 0. Box 
58487, Dept. AW, Houston, Texas 77058, or call collect (713) 488-2783. 

Space Information Systems Operation An equal opportunity employer, m/ f 
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Consider the Options 
Choose Intel's 8741A: the only peripheral controller with 

on-chip EPROM memory and unparalleled development support. 
For almost any application where 

a system peripheral device interfaces 
to a microcomputer, Intel delivers the 
flexible design solution: our 874 lA. 
It's the only UPI™ controller in the 
industry to give you EPROM memory 
and vital support that minimizes 
design and debug time. It's the proven 
peripheral controller available now 
... in your choice of ROM and 
EPROM versions. 

Easy-to-instruct slave processor 
puts you in control. 

If you demand more flexibility from 
your controller, our 874 lA delivers. 
The 8741A assures that everything 
from keyboard control to complex 
process control tasks within your 
system design can now be efficiently 
developed as separate projects . .. 
simplifying your design and making 
your project more manageable. 

Because Intel's 874 lA controller is 
a true slave processor, it acts under 
control of the host processor. And it 
never monopolizes the system 
bus. By executing macro com­
mands from the host , our UPI 
controller executes from 
on-chip program memory ... 
operating in parallel with the 
host CPU and freeing the host 
C PU to do its job. 

More than just an intelligent 
controller, our 874 lA contains 
an 8-bit CPU, lK byte pro­
gram memory, 64 byte data 
memory, clock, t imer/counter 
plus 1/0 ports. But the perfor­
mance features of Intel's 874 lA go way 
beyond that. 

EPROM programmable 
memory helps stamp out high 
design costs. 

In terms of both redesign and 
testing, Intel's 874 lA with on-chip 

Visit us at Wescon Booth # 2630 
Circle 176 on Inquiry Card 

memory offers freedom and flexibility 
to incorporate new features into 
the controller. No cost sacrifices or 
wasted time. Change your software 
as many times as necessary during 
development, or when new features 
are added to the product. 

When your programs have been 
developed, just switch to our pin­
compatible ROM version of the UPI 
controller, our 804 lA ... it's the 
economical solution for volume 
production usage. 

A versatile controller with 
an easy instruction set. 

If you're familiar with the instruc­
tion set for Intel's industry standard 
8048, you've already made the invest­
ment in learning the instructions 
for our 8741A. The majority of the 
874 lA's instructions are control 
oriented, so you can easily program 
your controller to handle a wide 
range of 1/0 tasks. 

The result? Our 8741A, a control-

[BZBZB/B! 
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ler for peripheral devices that have 
no other "off-the-shelf" solution. 

No other development support 
can serve you better. 

Intel doesn't just deliver a powerful 
controller, we also give you powerful 
debug tools. With our ICE-41A™ 
in-circuit-emulator, Multi-ICE™ 
software package and Intellec® <level-

opment system, you can locate 
design flaws and software bugs in even 
the most complex multiprocessor 
designs. 

Consider Intel's ICE-41A emulator 
and Multi-ICE software as your 
direct diagnostic connection. With 
Intel ICE™ modules, you can debug 
the peripheral controller and an 
entire system ... all in real time. You 
can also rely on Intel to deliver Multi­
ICE software. This unique tool lets 
you have two ICE modules running in 
parallel , plus macro and compound 
command extensions to the ICE-41A 
software that reduce testing time, 
errors and inconsistencies. 

The ICE-41A module lets you use 
English-like commands and symbolic 
debugging to monitor hardware and 
software operation. It lets you modify 
registers, memory locations and 1/0 
ports. With ICE-41A modules, Intel 
delivers the only intelligent solution 
for designing intelligent controllers. 

Intel's 8741A, the designer's 
choice. 

If you want shorter design 
cycles, cost reduction, reliability 
and performance , you want 
Intel's 874 lA. Proven in hundreds 
of designs worldwide, it's the best 
supported UPI controller you can 
incorporate into your design. And 
it's available in quantity now. 

For more information, contact 
your local Intel sales office or 
distributor. Or write Intel Corpo­
ration, 3065 Bowers Avenue, 

Santa Clara, CA 95051. 

inter delivers 
solutions. 

Europe: Intel International, Brussels, Belgium. 
Japan: Intel Japan, Tokyo. United States and Canadian 
distributors : Alliance, Almac/Stroum, Arrow Electronics , 
Avnet Electronics, Component Specialties, Hamilton/Avnet, 
Hamilton/Electro Sales, Harvey, Industrial Components. 
Pioneer, L.A. Varah, Wyle Distribution Group, Zentronlcs . 



I TECH BRIEF 

Optical Memories in Digital Computing 

Potential uses .of multiport optical memories 

High capacity optical memor ies with 
a relatively high data transfer rate and 
multip o rt simultaneous access 
capability may serve as the basis for 
new computer architectures. Several 
computer structures that might pro­
fitably use such a memory are a 
simultaneous record access system, a 
simultaneously shared memory com­
puter system, and a parallel digital 
processing structure. 

Fig l shows the proposed applica­
tion of a high capacity optical memory 
in a simultaneous record access system 
involving the storage of vast quantities 
of information. Data are stored in page 
format in the optical memory, and re­
quirements of each terminal are, in 
some cases, low enough to have one 
memory port feed several terminals 
through a multiplexer. 

There are tradeoffs between port 
speed, multiplexer speed, and the 
number of ports. The most effective 
system would match the total number 
of users at one port to an economical 
multiplexer such that the average ac­
cess time for any user is reasonable 
(about l min). This access time, divid­
ed by the number of users per port, 
fixes the multiplexer speed and 
memory access time per page. 
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TERMINAL I • • • TERMINAL M 

INPUT tOUTPUT 
TERMINAL 

TERMINAL I • • • TERMINAL M 

Fig 1 Record access system . High capacity 
optical memory stores data in memory in page 
format. Access to page is through CRT ter­
minal connected via a memory access port 

The user terminals are normally ap­
plied in the read only mode and are 
not allowed to perform write opera­
tions to memory. Writing is intr.oduced 
through the input therminal through a 
separate memory port. 

Fig 2 illustrates the simultaneously 
shared memory computer system. It is 
essentially the same as most current 
timesharing structures. Several users 
are allowed access to a processing unit. 
Primary memory is allocated, and user 
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programs are executed independently 
of the multiport secondary, if possib le. 
Calls to special application programs 
and large blocks of data are obtained 
by swapping the data in and out of the 
mul tiport memory. 

Since swapping of information be­
tween memories is a common problem 
in timesharing systems, the potential 
access ease and speed of moving pages 
in and out of the optical memory is a 
definite improvement. Some of the 
parameters needed to characterize 
such a system are number of bits per 
page, number of pages, number of 
ports, access time, primary memory 
size, write protection scheme, and divi­
sion of the operating system between 
the primary memory and the multiport 
memory. 

Fig 3 shows the computer structure 
for parallel processing. This arrange­
ment is important in applications re­
quiring an enormous number of com­
putations. 

The proposed structure is based on 
a single bus that allows this module to 
function independently of the other 
processors and the multiport memory. 
Each minicomputer (module) is con­
nected to multiport memory through a 
port and a page memory buffer. This 
buffer is then tied to the bus for 
transferring to the processor and other 
memory units. Transfers between 
modules are made on an outer bus con­
necting each module. 

An alternate configuration that 
places the control of all processors 
under one computer is also proposed. 
Instructions are kept in the optical 
memory and fetched by the control 
computer. Characteristic parameters 
of both systems are the number of bits 
per page, the number of pages, the 
number of ports, page transfe r rates, 
bus transfer rates, and the types of syn­
chronization signals. 

Note 

This work was do ne by C. 0 . Alfo rd 
and T. K. Gaylord of Georgia Institu te 
of Technology for Marshall Space 
Flight Center, Alabama. 

This documen t was prepa red under the sponsor­
ship of the Na tio nal Aeronautics and Space Ad­
ministrat ion. Neither the United States Govern­
me nt nor any person acting on b ehalf of the 
Uni ted States Government assu mes any li abi lity 
resu lti ng from the use of the info rmation con­
tained in this document, or warrant s that such 
use will be free from privately ow ned rights. D 

CENTRAL COMPUTING FACILITY 
r;:-------------1 
I HIGH CAPACITY 

I MULTIPORI 
OPTICAL MEMORY 
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I L __ 

Fig 2 Simultaneously shared memory computer 
system. Secondary multiport optical memory is 
backing store mass memory device. Multiport 
structure makes it equivalent to several disc 
drives, and transport rate is superior to disc 
systems 

MODULE I r--------
1 BUS 

I 
I 
I L_ _____ _ 

HIGH CAPACITY 
MULTI PORT 

OPTICAL 
MEMORY 

BUS 

Fig 3 Computer structure for parallel processing . 
Conf igurat ion has several minicompu ters (modules), 
each containing its own processor, data source, and 
instruction memory 
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Whattodo 
when your disk supplier starts 

delivering sloppy floppies: 
Find a manufacturer who can maintain consistent quality. 

Who de livers fast and gives responsive technical support. 
A manufacturer like KYBE. 

We've been building high performance magnetic 
media for OEM's for years. And delivering 

products that consistently meet specifica tion . We 
start with a base material proven in over 50 

million disks worldwide. We manufacture 
with state-of-the-art equipment in the 

industry's newest plant. And we test each 
product using our unmatched experience as 

the company that invented and perfected 
media certifying. 

We make all types of fl ex ible disks, data cassettes and mag 
cards. Each is competitively priced, backed by an uncondi­

tional 90 day warranty and in stock for fast delivery. 
Try us. See how responsive a media supplier can be. 

(800) 225-8715 
!s.X!?ar;§on 

132 Calvary Street . Wall ham, Mass. 02154 
Tel. (617) 899-0012: Telex 94-0179 
Offices & represen1a11ves worldwide 
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I TECH BRIEF 

Computation-Saving Digital Filter 

Less processor time is needed because low pass filter 
circuit first averages its input 

A digital low pass filter circuit ex­
tracts slowly varying data signals from 
a high speed data stream with a 
minimum of computation. The circuit 
first averages the high speed signal, 
reducing its high frequency content, 
and then filters out the signal com­
ponents with in the flow frequency 
passband. 

The new 2-stage fi lter requires less 
computation from a central processor. 
Thus, more inputs can be fed to the 
processor, or a slower processor can be 
used. Moreover, the 2-stage filter is not 
subject to the word length truncation 
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problem that afflicts conventional 
filters. 

The usual digital filters, with sam­
pling rates twice the highest frequency 
in the passband, demand considerable 
computation. However, if the input is 
averaged over a given period and the 
average is filtered a t a comparatively 
slow rate, significantly less computa­
tion is required. The output is updated 
less frequently, but often enough to 
fo llow the slow output variations. 

One application of the 2-stage filter 
is preprocessing sensor data before 
they are sent to a central processor. 

A = RAPID LOW PASS 
B = RAPID AVERAGING 

ANO SLOW LOW PASS 

A AND B 

I 
15 Hz 

11.5 Hz 

~ 
s-

0.10 1.0 1 4 5 10 15 Hz 

FREQUENCY (Hz) 
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Gain characteristic for 2-stage filter . Gain 
characteristic of rapid averaging followed by slow 
low pass is virtually same as single-stage (rapid low 
pass) digital filter. Two-stage filter has series of 
nodes near top of frequency range, but nodes have 
negligible effect on performance 

For example, the effectiveness of the 
2-stage filter has been calculated for 
an instrument that measures the fre­
quency difference between two similar 
rate gyros. The filter sends an updated 
output signal to a central processor 
every 960 ms. A conventional digital 
filter, in contrast, would present data 
more frequently-every 40 ms-but it 
would require many more cen tral pro­
cessor computations to do the same 
job. In this example, the conventional 
fi lter requires 24 multiplies, 72 add/ 
subtract operations, and 48 load/store 
operations over a 1 s period (approx­
imately), for a total processor time of 
576 µ.s . Over the same period, the 
2-stage filter requires 2 multiplies, 50 
add/subtracts, and 48 load/stores, fo r a 
total processor time of 01;1.ly 218 µ.s. Yet 
the ga in characteristic of the two types 
is virtually identical (see the figure). 

In general, the 2-stage filter reduces 
speed and word length requirements, 
and the reduction can be substantial 
when many filters are needed. In in­
strumentation fo r correcting the biases 
of 12 gyros in the space shuttle, the 
speed requirement was reduced by 
90% . 

Note 

This work was done by Delroy J . 
Sowada of Honeywell Inc for J ohnson 
Space Center, Texas. 

This document was prepared under the sponso r­
ship of the Na lional Aeronau li cs and Space Ad­
ministration. Nei ther th e United Sta tes Govern· 
men t nor any perso n acting on behalf of the 
United S tales Government assumes any liabilit y 
resulting from the use of the info rma tion co n­
ta ined in this documen t, or wa rrants that such 
use will be fr ee from privately owned ri ghts. D 
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I TECH BRIEF 

Measuring S/N Ratio Automatically 

Fast bit error rate measurements are the basis of the S/ N calculations for 
digital communication channel 

An au to mated method of measuring 
signal to noise (SIN) ra tio in dig ita l 
co mmuni ca ti on cha nnels is more 
prec ise and IOO times fas ter th an a 
previously used me thod. The new 
me th od can be used with cable, 
microwave rad io, or optical fiber links. 
It measures burst noise and chann el 
capac ity as well as S/N ra ti o and ta kes 
in to acco unt th e effec t s of 
ba ndlimi ting, cross ta lk, timi ng j itter, 
and power level. 

The new method is base d on bi t er­
ror ra te (BER) measurement. As in oth er 
BER techniques, th e channel is s ti mu­
la ted with a pseudorandom dig ital sig­
nal with spec tral cha rac teristics rese m­
bling th ose of an ac tu a l da ta signal. 

U nlik e ea rli e r B E R met h o d s, 
howeve r, th e new me th od vari es the 
slicing thres hold in th e dec ision stage 
of th e receiver-the level a t which a 
bit is rega rd ed as a 0 rather th an a 1. 
Although this level is customarily fixed 
in a rece iver, in th e new meth.od it is 
swept from its optimum value to th e 
I-leve l, while a pseudorandom signal is 
sent through th e link until a specified 
BER is obtained. At tha t point, mos t of 
the errors a re from noise sup er­
imposed on the I-leve l, and thus the 
magnitude of th e I-l eve l may be ascer­
tained (Fig I). From that magnitude, 
th e SIN ratio can be computed by a sim­
ple formula. SIN measurements ac­
cura te within ± 0.0I dB can be made 
in a minute or less . 
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ERRORS INDUCED

1f1Jl 
MOSTLY FROM 

OHVEL 
0 -TIME 

INITIALIZATION 

ERRORS INDUCED 
x MO STLY FROM 

+ IITnfbr' I · LEVEL 

I SWEEP A T NOI SE (N) 
I H 

0 -TIME 

SIGNAL AMPLITUDE! 
SIGNAL TO NOISE RATIO DERIVED 

Fig 1 Zero/One threshold . When predetermined 
BER is reached , distance X separating 1-level and 
threshold is then known , permitting determination 
of signal level : A = X + TH · S/N ratio is calculated 
by using signal amplitude (A) and noise amplitude 
(N) ; N can be determined at initialization (low 
threshold) 

ERROR 
COUNTERS 

INPUT PA RAMETERS VARIED 

• RECEIVER IHRESHOLO LEVEL 
• DATA STREAM Bil RAT£ 

OUTPUT PARAMETERS RECORDED 

• REWYER THRESHOLD LEYH 
• BURSI ERROR RAHS 

CALCUlATED SYSTEM PARA METERS 

• RECEIVER CALIBRATION SIG NAL • TEMP(RAIURE 

• llNK LOSS 
• LINK BANDLIMlllNG 
• SCI NTILLATION HfECTS 
• RECEIVER NOISE LEVEL 
• IRANSMl nfR POWER OUIPUI 

11 

Il l 

101 

Fig 2 Measurements on fiber optic channel. In addition to S/N ratio , 
burst noise and channel capacity can be measured simultaneously 
by employing multiple error counters 
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A pse ud orand om d a ta ge ner a­

tor drives th e chann el to be measured 

(Fig 2 illustrates th e se tup for an op­

tical fib er link). The data pass through 

the link where th ey are corrupted by 

noise, bandlimited, rege nerated, and 

finall y transferred to a pseudorandom 

data rece iver. The receiver contains a 

data generator identical to the one in 

the pseudorandom data transmitter 

and runs in synchronism with th e data 

coming out of th e link. Th e receiver 

makes a bit by bit compariso n of the 

data co ming out of th e link and those 

generated in the receiver. Wh en a 

discrepancy occurs, th e rece iver sends 

an error pulse to a counter. The 

measurement is usually terminated 

when the counter accumulates 100 er­

rors; this total provides a sample size 

large enough for accurate determina­

tio·n of BER. 

The procedure is repeated for a 

range of threshold values so that the 

SIN ratio can be calculated. In addi­

tion, various other ca lcu la tions of 

channel performance can be made, 

such as burst noise and channel 

capacity. The measurement setup can 

be au to mated by a microprocessor that 

controls the test variables, monitors 

the data collection process, and for­

mats the data. 
Th e prototype automated test 

system is contained on five circuit 

boards: a high speed BER test block, a 

central processing unit, a power con­

troller, a temperature sensor array, 

and the fiber optic link terminal 

modul e. The circuitry employs 140 in­

tegrated circuits. 
An important practical advantage of 

the BER approach is that most of th e 

tes t circuitry is digital, redu cing 

calibration and temperature s tabiliza­

tion requirements to a minimum . 

Note 

This work was done by Larry A. 

Bergman and Alan R. Johnston of 

California Institute of T echnology for 

NASA's J et P ropulsion Laboratory , 

Pasadena, California . 

This doc um ent was prepared und er th e spo nso r­

ship o f the Na ti ona l Aeronauti cs a nd Space Ad ­

mini s tration . Ne ither th e United States Govern· 

me nt nor any perso n ac tin g on be half of th e 

United States Governm ent assumes any li abi lit y 

res ultin g fr om th e use of the in fo rmati on co n­

tai ned in thi s document, or warr a nt s that such 

us~ will be fr ee from privately owned rights. D 

Lamt> pm motors 
are designed for 
high performance 
applications 
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TORQUE OZ -IN . 

High torque in small 
frame size saves space 
and weight. 

These 4" diameter pm 
motors are for high­
performance, variable­
speed applications, 
particu larly those requiring 

a repeatable , straight 
line speed/ torque curve . 
Features include ball 
bearings, ceramic 
magnets, Class F insula-

'" 

tion , de and rectified ac 
excitation , rapid two-lead 
reversibility , stable com­
mutation for long brush 

life and high current 
capability . 

The motors are available 

in standard 5" , 6'', 7" , 
8" and 9" lengths and can 

meet requireme nts for 
continuous rated torque to 

540 oz.-in . and peak torque 
to 2400 oz.-in. with speeds 

to 2000 rpm. Component 
recognized by U.L. Inc ., 

the motors are w ide ly used 
in data processing peri ph­
erals, reproduction equip­

ment, machine tools and 
similar applications . 

The design of the motor, 
coupled with Lamb 
Electric 's manufacturing 
capabilities , make these 

motors a very economical 
power package for mid­
and high-range production 

requirements . 
For additional details , 

contact AMETEK, Lamb 
Electric Division , 627 Lake 
Street, Kent , Ohio 44240 . 
Telephone (216) 673-3451 . 

.\METEK 
LAMB ELECTRIC DIVISION 
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Amperex announces a new High Resolution CRT 
for data/ graphic displays, with 

W hen you specify a " high resolu ­
t ion" CRT, it may or may not 

produce the clear, sharp images you 
expected : What does 'high resolution' 
o r 'b right, sharp display' really 
mean? lfthe CRTyouchoose 
offers 'brightness ' , will it 
have a satisfactory, view­
able picture under normal 
office lighting conditions? 

To aid you in your tube de­
cisions, we give you clear, nu­
meric definitions of the per­
fo rmance characteristics of 
our CRTs. When you specify Amperex 
CRTs, you know what you're ordering. 

For example, our all-new M38-320 
and M38 -330 seri es of CRTs for 
data/ graphic displays can achieve 
1500 TV lines resolution even at 20 
ft-L screen brightness with Grid 2 at 
630 V. On the other hand, if you need 
40 ft-L screen brightness, you can 
still obtain 1400 TV lines by raising 
Grid 2 to 650 V. By referring to our 
information-packed spec sheets , 
you can select the optimum operating 
point for your particular requirement. 

20ft.L 

We've spent 40 years as leade rs 
in the development and manufacture 
of electron tubes. Ours are the m ost 
completely integrated monochrome 
CRT production facil iti es i n t he 
industry . . . and comprise the world 's 
largest single source of monochrome 
CRTs. 

For detailed and specific technical 
information and appli cations assist­
ance on the full line of Amperexcath-

Anyon e can " pla y ode ray tubes and components for 
the nu bers game" with data and graphic displays, contact : specs, butwhatstillcounts r----------------­most is product quality/ relia­

bility/ deliverab i lity. And th at's 
where Amperex CRTs really shine . 

The extraordinary resolution 
achieved by these tubes(Figure 1) 
is the result of a new electron-gun 
design. The new gun has finer 
apertures in Grids 1 and 2 to 
produce a more compact beam 
that is considerably less affected 
by deflection -defocussing . Our 
M38-320 and M38-330 series are 

S' 200.---~~~----------

¢: ...._, 

g:J 

i 
~ 

~ 
100 160 200 260 

110-degree, monochrome tubes BEAM CURRENT (µA) for data/ graphic displays and are '---,..----- - ---------....J available with any of three phos­
phors : P4, P31 and P39 (Figure 2.) 

For improved reliability, we 
are utilizing the highly successful 
quick-heating cathode used in 
literally millions of consumer color 
TV tubes. With this cathode, warm­
up time is only about 5 seconds. 

A major reason for our ability to 
offer tubes of such high and well-

FIG . 2-M38 - 320 and M38 - 330 CRT Screen 
Brightness as a function of beam current with 
screen potential 17 kV. (P4, P31 and P39 phosphors.) 

Amperex Electronic Corporation, 
Display Products Group, Slatersville 
Division , Slatersville, Rhode Island 
02876. Telephone : 401 -762-3800. 

defined performance is our total 
control over every step in their l<JOO 300':-:----..,---..,400-'--.,.-~-eoo-'----eoo1-.... _ __J700 manufacture , from g I ass a n d Ampere:. 

G 2 VOI:l'.A.GE (V) 

FIG. 1 - M38-320 and M38-330 CRT Reso lution 
(TV lines) as a function of Grid #2 poten tial with 
P-4 phosphor. 

phosphors to yokes and flyback 
transformers. 
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Smart and 
good-looking! 

IEE fills your intelligent alphanumeric display needs. 

Choose from vacuum fluorescent or gas 
discharge engineered display modules. 

IEE's FLIP vacuum fluorescent displays 
feature an operating voltage of only + 5 
VDC in a package depth of under one inch 
with .2 inch high characters and bright 
messages in yellow , green or blue . .. with 
only a filter change. FLIP is available with 
1 line of 20, 1 & 2 lines of 40, 1 line of 80 
and 6 lines of 40 characters. ASCII and 
European ECMA font sets are standard . 

IEE's ARGUS gas discharge 
displays feature character 

heights of .21 , .26 and .33 inch and a 
choice of orange, red or green display 
color. These minimum depth panels offer 
fields of 32 through 960 characters in up to 
24 lines with 16, 32 or 40 characters per 
line. 

Both technologies interface easily with 
your processor or other data source. All 
FLIP and ARGUS models are TTL/ASCII in­
terface. 

We are smart and we are good-looking, so 
for your display needs, be smart 

The and look to I EE! 
Display 
Maker 

INDUSTRIAL PRODUCTS DIVISION 

Industrial Electronic Engineers, Inc. 
7740 Lemona Ave., Van Nuys, CA 91405 

(213) 787·0311 TWX 910·495·1707 

Please request additional information on your business letterhead . 



Technological leadership 

The world's broadest+ 5 
is available in volt1me 

The industry's most complete single +5 V supply dynamic RAM family 
Densi ty Device Sel f/ Auto Power Access times 

Refresh Supply (ns) 

64K MCM6664 ,,.. 
+5V, ± 10% 150,200 64K MCM6665 

32K MCM6632 ,,.. 
+5V, ±10% 150,200 32K MCM6633 

16K ,,.. 
+5V, ±10% 120, 150, 200 16K 



V dynamic RAM family 
today, from Motorola. 

V CC Supply Current-Max 
Active/Standby mA* 

50/ 5 

50/ 5 

23/ 2.5 

Price• 
100/ pc. 

$ 109.95 
99.95 

55.00 
50.00 

18.00 
15.00 

•64Kand32K 

- 200ns ceramic. 

16K 
- 150ns plastic 

For the fi rst time, a complete family of single­

supply +5 V dynamic RAMs from 16K th rough 64K 

is available in production quantities. You can get 

them now, from Motorola. 
The dynamic RAM family leaders are the 64Ks. 

These "memories of the future" are available today 
from Motorola, and from authorized Motorola 
distributors. 

The single-supply 16K RAMs also are available 

now in production quantities from the factory and 

distributors. Completing this family of totally 
upward-compatible 16-pin RAMs are the +5 V 32Ks, 

for intermediate memory system densities between 
16K and 64K They're also available now direct 

from the factory. 
The entire family uses industry-standard pinouts 

and has the high speed and low power you expect 

from our HMOS technology. Sys tems designed 
with our 16K RAM can double or quadruple their 

memory capacity as demand warrants by simply 
plugging in our 32K or 64K family members. 

The pin that refreshes 
Motorola's +5 V 64K RAM was the first in volume 

production. Now, two versions are available. The 

original MCM6664 has the leadership Pin 1 self­
refresh and auto-refresh functions. The MCM6665, 

without Pin 1 refresh, is now also in volume pro­

duction. 
Our 16K and 32K single-supply dynamic RAMs 

are designed with and with ou t Pin 1 refresh, too. 
The 32K MCM6632 (with Pin 1 refresh) and 
MCM6633 (without ) are both in production, as is 

the 16K MCM4517 (without)_ The 16K with Pin 
1 refresh, M CM 4516, will be available later this year. 

Not only is Motorola fi rst with the b road line 
of fully-pin-compatible 16K - 64K +5 V dynamic 

RAMs, but first with 16K- 64K + 5 V families of 

fully pin-compatible 24-pin ROMs and EPROMs as 

well. Look to Motorola leadership in MOS Memories 

for designing 

Innovative systems 
through silicon. 

® MOTOROLA INC. 
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When you build a floppy-based system 
around NE C's µ,PD765, you can probably 
reduce your system by at least one board. 

Because the µ,PD765 is so powerful it 
replaces 30 to 50 I Cs. All you need to add 
is a few industry standard chips-like bus 
drivers and a clock circuit-and you're 
ready to go. 

Then you can use the rest of your board 
for memory, or I/O operations, or whatever 
you like. 

To prove our point, NEC Microcom­
puters has developed a Multibus TM board 
version of the µ,PD765: the BP-2190. We 
used the extra space for 48K bytes of RAM, 
so you can add the BP-2190 to a Multibus 
computer to form a complete floppy-based 
system with just two boards. 

The µ,PD765 is completely IBM-compat­
ible and can control any combination of up to 
four floppy drives-811 or 5V4 ", single- or 
double-density, single- or double-sided. It's 

•• Multibus is a trademark of Intel Corporation. 



also compatible with all the major microprocessors. Which means 

you won't need a new controller when you upgrade your system. 

And the µ,PD765 is extremely easy to program. It has 15 power­

ful commands, including the capability to program data record 

lengths and transfer multiple sectors and tracks in one command. 

With all the power of the 
µ,PD765, it's not surprising 
that Intel has decided to 
second-source us. 

If you'd like to have more 
floppy control in a lot less 
space, just attach your busi­
ness card or letterhead to 
this ad and send it to the 
regional office nearest you. 

OMA 
CONTROUER 

SYSTEM CONAGURATION 

SYSTEM BUS 

NEC Microcomputers, Inc., 173 Worcester Street, Wellesley, 

MA 02181. NORTHEASTERN: 21-G Olympia Avenue, Woburn, 

MA at (617) 935-6339; EASTERN: 275 Broadhollow Road, Rt 110, 

Melville, NY at (516) 293-5660; SOUTHEASTERN: Vantage Point 

Office Center, Suite 209, 4699 North Federal Highway, Pompano 

Beach, FL at (305) 785-8250; MIDWESTERN: 5105 Tollview Drive, 

Suite 190, Rolling Meadows, IL at (312) 577-9090; SOUTH 

CENTRAL: 16475 Dallas Parkway, Suite 290, Dallas, TX at (214) 

931-0641; NORTHWESTERN: 20480 "E" Pacifica Drive, Cupertino, 

CA at ( 408) 446-0650; SOUTHWESTERN: 2914 E. Katella Avenue, 

Orange, CA at (714) 633-2980. 

1111 dine, t1111111 •. 

NEC 
NEC Microcomputers, Inc. 
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Universal Development System Offers Realtime 
Emulation of 4- to 32-Bit Microprocessors 

TO ADDITIONAL 
EMULATORS 

~ 

al 
z 
0 

§j 
~ 

EMULATOR I 

VTIOO LSl-11123 
CPU CRT 

TERMINAL 

RT-I I ANO/ OR 
RSX-I JM 

OPERATI NG 

TO OTHER DEVICES 
(UP TO 128 TOTAL) 

SYSTEMS 1 I 
1 I TO STANDARD DEC PERIPHERALS 

EMULATOR 2 

SIMULTAN EOUS EMULATION 
CAPABILITIES 

POD 
,~ - -1 

>--+-----< I ADAPTER I 
L_c~D_j 

ADDITIONAL 
VTIOO CRT 
TERM INALS 

D 
Cl 

ADDITIONAL 
ECL-3211 

HARDWARE/ 
SOFTWARE 

DEVELOPMENT 
STATIONS e 

D 
~ 0 

TO OTHER 
SYSTEMS 

ECL-3211 functional diagram. Emu lators may be used 
alone or in groups, each emulating a different 
microprocessor, as in multiprocessor systems. 
Emulator systems may also be tied into timeshari ng networks or inhouse computer systems. Software 

can be developed on large system and then downloaded to ECL-3211s for incircuit emulation and 
target debugging. Downloading is simplified because 
the emulator appears as terminal to host system 

Any microprocesso r fr om any 4- to 
32-bit family may be· emula ted in real 
time at up to 30 MHz by the EC L-32 11 
microp rocesso r development sys tem. 
Multiple mi croprocesso rs can b e 
emulated simultaneously by adding 
boards and pods. 

Also functioning in standalone or 
dow nloaded applications, the system 
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uses a software driven approach that 
eliminates the need to install new 
emulator hardware each time a new 
chip becomes available; the only task 
required is the loading of the new chip 
softw are and the plugging in of an 
adapter card fo r the chip family. 
Emula t i o n supp ort , in c ludin g 
assemblers and linkers fo r each new 

mi croprocesso r is ava ilabl e fr om 
Emulogic, Inc, 362 University Ave, 
Westwood, MA 02090. 

A basic system includes an LSI-11 /2 
CPU, 64k bytes of 210-ns RAM (expand­
able to 256k bytes), IM-byte double­
density dual-floppy disc, 512 x 64-bit 
trace buffer, VTI03 terminal with full 

(continued on page 168) 
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STR® technology for high 
data integrity. Three major tape formats 

for design flexibility. 

We don't forget the OEM's needs. 
The STR-810 digital recorder is de­
signed for data logging, data acquisition 
and as a system loader. Using either the 
3M DC-300A or DC-300XL cartridges, 
packing density is 1600 bpi, for re­
spective data capacities of 2.3M bytes 
and 3.4M bytes per c;artridge, using four 
tracks. Features include microprocessor­
controlled tape movement and read/ 
write electronics. For maximum versatility, 
interfaces include RS-232 and IEEE-488. 
Or, using control and status lines avail­
able, you can interface to specific micro­
computers such as LSl-11 and 8080. 
EPI's optional ANSI X3.56 formatter, 
with NRZI or phase-encoded personality 
cards, turns the 810 into a plug-in 
component for industrial instrumentation 
and minVmicrocomputer-interfaced 
peripheral markets. Price: $756 in quan­
tities of 100. STR-STREAM is a high­
speed, high-capacity version of the 810 
designed for Winchester disc backup. 
Density is 6400 bpi for 17M bytes ca­
pacity per cartridge. Features include 
advanced head design, MFM formatting 
and compatibility with 8" or 14" discs. 

EPI's STR-610 is a compact, low cost 
digital recorder that's ideal for use with 
POS terminals, smart CRT terminals 
and as a general peripheral for mini/mi­
crocomputer-based systems. The 610's 
recording density is 800 bpi for a capac­
ity of 168K bytes/ track, using a two-track 
3M DC-100 mini-cartridge. Format-
ting is ANSI Standard and interfacing is 
parallel, with a variety of options. Price: 
$280 in quantities of 1,000. The STR­
U NK III is a high-speed (9600 baud) , 
portable program loader that uses the 
STR-610's drive system and shares the 
same specifications. It is used as a field 
service tool for diagnostic work or as a 
peripheral in a mini/microcomputer 
system. STR-LINK III uses a serial RS-232 
interface for data communications or 
data terminal applications, and it can be 
controlled through RS-232, ASCII con­
trol codes, or manually. Price: $1,561 in 
single quantity. 
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STR-LINK II is EPI's proven medium­
speed (1200 baud) universal portable 
program loader for programmable con­
trollers and process control systems. Using 
a standard cassette, it features switch­
selectable transmission modes for 
maximum flexibility. Price: $1,735 in 
single quantity. 

For maximum design freedom, 
proven reliability and high data integrity 
through Speed Tolerant Recording tech­
nology, remember EPI-the company 
that doesn't forget the OEM's needs. 
For more information, contact 
Electronic Processors Inc. , P.O. Box 569, 
Englewood, Colorado 80110. Phone 
(303) 761-8540. 

E013 

Let EPI remember for you. 
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Readers and Reader/Encoders 
Available with RS-232C Interface 
•DTE or DCE connection under EIA 

RS-232C and RS-449 standards; 
ASCII characters. 

•Provide all control functions and 
ANSI formatting for MagstripeTM units. 

•Baud rates to 2400; strap change to 
current loop. 

•Available PCB only, or in enclosure 
with power supply. 

MICRO OAT A ST ACK 
C OMPUTERS, ELEMENTS, ANO SYSTEMS 

Emulog ic ECL-3211 universal emulation system . General purpose emulator pod pro­
vides eight inputs and two trigger outputs that allow simultaneous emulation of two or 
more microprocessors. Provision is made for scope and logic analyzer hookup. Any 
microprocessor may be emulated, regardless of family or word length at up to 30 MHz. 
Bu ilt around the PDP-11, software driven system also can stand alone or operate in net­
work. Display of register and external input status, memory map, and trace control and 
breakpo int def initions are provided on full screen display 

screen display and keyboard editor, 
DEC RT-I I operating system and soft­
ware, and full hardware/software 
emulation support for any one chip 
family . 

In emulation operation, the system 
is genuinely transparent to the target 
processor . Debugging is aided by a full 
screen display, specific to each chip; 
trace buffer; and eight breakpoints, 
defined as logical functions. All are 
transparent in time and location to the 
target. Combined with event counters 
and an elapsed time counter, a built-in 
64-chann el r ealtim e logic state 
analyzer is available. 

Any combination of address, data, 
control, and external lines can be ex­
amined, and BNC connectors are in­
cluded for probe connection. Two trig­
ger outputs also are provided. The 
display features split screen smooth 
scrolling, allowing user scan of RAM , 
ROM, or trace buffer at will , displayed 
in either hexadecimal or disassembled 
mnemonics. 

A breakpoint function allows users 
to inject a phantom program anywhere 

+-- CIRCLE 9 2 ON INQUIRY CARD 

in the target program without using 
any target memory space. Up to 64 sta­
tions may be tied together in any com­
bination of software development and 
incircuit emulation stations. 

Included in the VTI03 CRT terminal 
are a 4-quad size slot LSI-I I bus card 
cage, 80 x 24 display format, smooth 
scrolling, spli t screen, reverse video or 
underline, and composite video 1/0. 
The terminal operates on full-duplex 
asynchronous communica tions lines. 

Serial 1/0 provided includes 
4-channel asynchrono us capability 
compatible with RS-232-C, RS-423/422, or 
current loop. Baud rates are from 150 
to 38.4k, individually configurable, 
with one line dedicated to the CRT ter­
minal. 

Macro reloca table assemblers are 
provided for each microprocesso r chip 
family. A consistent command struc­
ture and standard PDP-I I pseudo-ops 
are used throughout. Mnemonics used 
with each assembler are identical with 
those of the chip being used. 

Circle 46 5 on Inquiry Card 
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· Introducing 
quality print at matrix speed. 

For only $1295: 

Until now, you could pay thousands 
for a slow, letter-quality character 
printer. Or hundreds for a dot matrix 
printer, giving up print quality for speed 
and price. 

But that was before Paper Tiger™ 460 
offered you a better choice. 

The new Paper Tiger 460 is the first 
matrix printer with high-density dot 
matrix characters plus high speed. At a 
low price. 

The secret? A unique nine-wire, 
staggered matrix head provides over­
lapping dots in both horizontal 
and vertical planes. The result is 
dense, high-quality characters 
you'll be proud to show off. 

What's more, Paper Tiger 460 
gives you a combination of fea-
tures simply not available on any 
other printer, at any price. Like 
bi-directional, logic-seeking 
printing at speeds in excess of 
150 cps. Microprocessor elec­
tronics, with field-installable character sets. 
Proportional spacing. Automatic text justifica-

Integral Data Systems stands re 
performance printers ideally s 
printer, the IDS 460, offers feat 

Automatic proportional spacing 
processing systems, plus the ca 
resolution of 84 by 84 dots per 

Paper Tiger 460 Print Sample 

tion. DotPlot™ high resolution graphics option. 
RS232 and parallel interfaces. And more. 

But its most important feature is high reli­
ability. The Paper Tiger 460 is designed to 
be tough and dependable. It has rugged, 
stepper-motor head and paper drives. A new 
300-million-character ba ll istic-type print 

head. And its simple, chassis-mounted 
cartridge ribbon lasts up to four times 
longer than cassette or spool ribbons. 
All this means that Paper Tiger 460 is 

perfect for word processing, data proc­
essing, or electronic mail. It's also perfect 

for anyone who requires the flexibility 
of a matrix printer but wants superior 

quality printing. Without trading off 
speed or price. 

Get your paws on the Paper Tiger 
460, and join the tens of thousands of 

satisfied Integral Data Systems 
users. Call us toll-free: 800-343-
6412. (In Massachusetts, Alaska, 

and Hawaii, call (617) 237-
7610.) Or, write for complete 

specifications. Integral Data Sys­
tems, 14 Tech Circle, Natick, 

Massachusetts 01760. 

Tiger 
t) Integral Data Systems, Inc. 
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CPU Module 
Permits Flexible 
Memory Arrangement 

Based on the Z80, th e MDX-CPU2 central 
processor mod ul e is pa rt of th e MD 
se ries STD-Z80 BUS system from Mostek 
Corp, 1215 W Crosby Rd, Carrollton, 
TX 75006. Six 24-pin memory socke ts 
enable the user to populate the module 
with any combina ti on of designated 
ROM , RAM, and EPROM. Fl exible 
address decoding a llows configu rat ion 

INTERRUPT '-.--~-' 
ACKNOWLEDGE 

CPU 
MEMORY 
ADDRESS 

DEBUG 

PUSHBUTION RESET 

of each memory device within any 
lk-byte boundary of the 64k-byte 
memory map. 

A P/ROM de coder permits a choice of 
one of fo ur p reselec ted memory co n­
figura tions . Also, by programming a 
decoder P/ROM, any of the six socke ts 
may be assigned memory addresses as 
req uired . Address, data, and co ntrol 
buses are b idirectional to a llow ex ter­
nal mas ters to direc tly access CPU 
memory. 

All address and co ntrol s ignals 
necessary to refresh dynamic RAM are 
generated by th e module. Refr esh 
occurs automatically during each op 
code fetc h cycle and is transparent to 
syste m throughput. Offboard expan­
s ion lo a tota l of 64k bytes is possible . 

CJ 

DATA 

CONTROL 

MEMORY 
6 SOCKETS 

REF RESH 

Interrupt processing may occur in 
any of three different mod es, including 
vectored. Multilevel interrupt process­
ing is also possible, with the level of 
s tacking limited only by avai lable 
me mory space. 
Circle 466 on Inquiry Card 

Memory Management 
Device Affords 
Segmented Addressing 

Des igned to afford memory protection 
a nd dynam ic segment relocation for 
each of th e ZBOO I CPU's 8M-byte 
address spaces, the Z80IO me mory 

BUS 
ACKNOWLEDGE OIRECTION 

OUTPUT 
CONTROL 

CONTROL 
BUFFER 

REFR ESH 

Functional diagram for MDX-CPU2. Flexible memory 
capabilities allow utilization of user selected com­
bination of RAM , ROM , and EPROM in STD-ZBO BUS 
system . Instruction word length may be 8, 16, 24, or 

32 bits; data word length is 8 bits. 2.5-MHz operation 
is standard and 4-MHz versions include automatic 
wait state insertion for slower memory devices 
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Following our KlOO-D, which sets the industry standards 
for digital system debugging, Biomation brings you a 
new glitch fixer, the LA-5000. A logic analyzer matched 
in cost and capability to the needs of microprocessor 
system designers. 

The LA-5000 is ideal for data domain and timing 
analysis with clock rates from 12.5 MHz with 16 recording 
channels, to 50 MHz with 4 channels. Three display 
modes give you: data domain information in binary, octal 
or hexadecimal; timing diagrams; even a graphic plot 
of successive word values. 

Cl 
J_ 

,,. 

Three full screen interactive menus-Acquisition, 
Format, and Special Function - make set-up fast and 
simple. There are also partial menus of frequently needed 
parameters as part of the display modes. 

•} GOULD 
An Electrtcal/Electronlca Company 

Convenience features ? The LA-5000 features two 
CIRCLE 94 ON INQUIRY CARD 
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management unit also supports high 
level language requirements. The 
device provides memory space with a 
logical structure, largely independ ent 
of the physical location of data. It also 
pro tects a system from inadvertent and 
unauthorized operations such as at­
tempts at executi on of data, access to 
me mor y r esources or data , or 
operating sys tem access. 

Each device has 64 randomly ac­
cess ible segments ranging in size from 
256 to 64k bytes that ca n be mapped 
into a total physical address space of 
16M bytes. The combination of the 
device and th e CPU greatly simplifies 
the complex task of managing large 
address space of up to 48M bytes in 
sys tems having multiple processors or 
virtual memory configurations. 

Segmented addressing ca pabiliti es 
offered by the Z800l /Z8010 comb ination 
from Zilog, 10340 Bubb Rd, Cuper­
tino, CA 95014, facilitate modula r pro­
gramming, which allocates th e total 
ava il able address space to various pro­
gra m modules and data areas. Unlike 
linea r addressing, segmented address 
space allows ass ignment of each proce­
dure and data se t to a separate seg­
ment. 
Circ le 467 on Inquiry Card 

Software Development 
Tool Supports iSBC 
Small Program Development 

Intend ed for low cost, small program 
development and debugging in iSBC 
single-board computer based sys tems, 
th e mod el 810 software development 
module adds res id ent text entry, 
editing, assembly, and debug faciliti es. 
All fiv e iSBC Multibus compatibl e 
architec ture computers are supported. 

Typical minimum system configu ra­
tion for softwar e development includes 
iSBC chassis or icsTM industrial contro l 
system chassis, an iSBC, model 810 

module, RAM expansion board, TTY 
adapter, and serial 1/0 cab le set. The 
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system interface supports use of a TTY 

keyboard, printer, and paper tap e 
reader/punch. 

Supplied with th e module are tex t 
editor, 8080/8085 sy mbolic assemble r, 
and three debug moni tors, all on ROM. 
All ed ito r co mmand s a r e s ingl e 
character and permit programs to be 
entered and updated from a tele typ e­
writer terminal. The symbolic assem­
bler is a subset of th e full 8080/8085 

assemb le r from Inte l Corp, 3065 
Bowers Ave, Santa Cla ra, CA 95051, 
and produces a bsolute code, which 
may also be stored on paper tap e or in 
RAM, for imm ediate loa ding and 
execution. 

Debug monitors allow th e user to ex­
amine, modify, a nd dump registers 
and memory locations, and to inter­
rupt th e program at use r specified 
breakpoints, while co ntrolling system 
l/O. 
Circle 468 on Inquiry Card 

Handheld µC Includes 
1-Line Display and 
Typewriter Keyboard 

Known as NewBrain, a product of 
Newbury Laboratories, Ltd, King St, 
Odiham, Hampshire RG25 INN, 
England, th e microcomputer uses com­
pil ed BASIC software, high speed 
arithmetic process ing, and full screen 
and line editors. The unit features a 
standard typewriter keyboard layout 
and generates output on a single-line 
fluoresce nt a lph anumeric display. 
Printer, monitor, and television r e­
ce iver display interface are provided 
for. 

The unit measures 6.25 x 10.25 x 
1.5" (15.8 x 26.7 x 3.8-cm) and is 
availab le in three versions. Model MB 
is ac powered and includes recharge­
able batteries; model MBS employs low 
dissipation components for extended 
battery use; model M operates on ac 
only with an external TV receiver or 
video monitor .and does not have a 
built-in display. 

Connectors are provided for TV, 
video monitor, printer, or mod em. A 
user port and analog interface connec­
tors adapt user equipment to the 
sys tem. Dual 1200-baud audio casse tte 
in terface connectors permit flexible 
mainipulation of data and progra m 
sto rage. Floating point calculations in­
clude all trigonometric and inverse 
trigonometric fun ction s. 

Up to 224 charac ters may be 
generated by th e keyboard, including 
96 ASCII upp er- and low e rcase 
characters, and 32 control codes. A 
graphics key generates 64 Viewdata 
graphics symbols for external display. 
User defin ed keys are software pro­
grammab le, while software ex tension 
modul es ca n ex pand memory up to 4M 
bytes. 
Circle 469 on Inquiry Card 

Diskette Subsystem 
Provides up to 1 .26M 
Bytes of Data Storage 

Data transfer rate of the DC/diske tte 
subsys tems in 62.5k bytes/s, utilizing 
th e doubl e-s id e d, doubl e-d e ns it y 
di ske ttes . On each side, 512 bytes are 
conta ined in 16 sec tors on each of 77 
trac ks. The 8" (20.3-cm) mod el 6096 

drives from Da ta General Corp, Rte 9, 
W es tb oro, MA 01581, may be ar­
ranged in 1-, 2-, or 3-drive configura­
tions to provide up to 3.78M bytes of 
storage capacity. 

Intended for use with th e company's 
microNOVATM computer family, one or 
two drives may be housed in a 7.5" 
(19-cm) high rackmount unit. The sub­
system diske tte contro ller is a 7.5 x 
9.5" (19 x 24-cm) board that mounts in 
one slo t of th e microcomputer chassis. 

Comprehensive software suppor t, as 
a master system disc or as an l/O 
device, is provided by the company's 
MP/OS operating systems. Up to four 
consecutive sectors can be transferred 
using a single l/O command. 
Circle 4 70 on Inquiry Card 

COMPUTER DESIGN/SEPTEMBER 1980 



Push-n-pull tractors, adjustable tear bar and 1-to-9 part forms handling: all in one printer. 

Finally, real-time forms access 
plus continuous forms output in one 
printer. Perfect for such applications as 
airline ticketing, invoicing, order prep­
aration and more. And another example 
of the expanding TermiNet 200 printer 
family's application versatility. 

No-waste, flexible forms control 
One reason: an adjustable tear bar 

that lets you use standard forms with 
different header lengths. For precise 
alignment, no paper waste and clean 
paper tear. Every time. 

More reasons: servo-driven trac­
tors that allow infinite manual adjust­
ment in both forward and reverse . A 
non-volatile electronic VFU that makes 
forms set-up easy and permits storage 
of up to 8 vertical formats. A down­
line loading option enabling you to load 
formats directly from your data source. 
Plus straight-through paper path and 
push-n-pull tractors that give you per­
fect first-to-last-copy registration. As 
well as smoother paper handling for all 
types of forms, including single-part 
paper. 

More features add up to more 
application versatility 

With TermiNet 200 printers, you 
can also get a 9 x 9 printhead for excep­
tionally legible underlining and lower­
case descenders. Two complete 96-
character switchable print fonts for 
ASCII/ APL use or your own special 
needs. A choice of Magnetic Tape or 
Edit Buffer Accessory. Plus a 100% 
duty cycle capability, excellent print 
quality at speeds up to 200 cps and low 
cost of ownership. All of which help 
make TermiNet 200 teleprinters and 
line printers the industry workhorses. 

Immediate delivery instead of 
piecemeal allocation 

Why wait months for other 
printers when TermiNet 200 printers are 
available now? When you need them. 
Mail the coupon today and fi nd out 
how the expanding TermiNet 200 
printer family can meet your range of 
application needs and generate real cost 
savings. 

Quality that will make a lasting impression 

GENERAL . ELECTRIC 
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Great 
rip-offs: 

Just one way 
TermiNet®200 
printers give 
you no-waste 
forms access 

Mail today to: 
1. Walsh , 

General Electric 
Company, 

TermiNet 794-49 
Waynesboro, VA 22980. 

Telephone: (703) 949-1474. 

o Send me more information aboutthe 
expanding TermiNet 200 printer family. 

o Have a sales representative contact me. 

o I'm also interested in a TermiNet 200 
printer demonstration. 

Name ------------

Trtle _____________ _ 

Company - ------------

City ______ State ____ Zip __ _ 

Telephone ---------------



MICRO DATA STACK operation with TRS-80 Model I co m­
puters, formatted storage of 5.25" 
(13.34-cm) discs may be increased to 
354k bytes. The dev ice , from Percom 
Data Co, Inc, 211 N Kirby, Garland 
TX 75042, plugs into the controller 
chip socket of the computer ex pansion 
interface; no circuit modifications are 
required. 

COM PUTERS , ELEMENTS, AND SYSTEMS 

Disc Controller 
Adapter Allows 
Double-Density Storage Any 5.25" (13 .34-cm} disc drive 

rated for double-density storage can 
use the device, as it reads, writes, and 
formats single- or double-density discs. 

Using the DoublerTM, a double-density 
disc controller adapter designed for 
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National offers complete 
PDP-11 Interface systems 
for your IEEE-488 Bus. 

Interface Hardware 
National Instruments is an instrumentation specialist in GPIB products. 
The GPIBll series of plug-in cards for your UNIBUS '" or Q-BUS '" 
handles all handshake protocols for controlling and moving data between 
multiple instruments on the GPIB. Performs talker, listener, controller, 
system controller and extended addressing functions. 
Companion Software 
We've developed complete software packages which can be edited to do 
what you want , in the language you want. Software is provided as 
MACRO source files for use with FORTRAN , BASIC or MACRO 
under the RT-11 r .. and RSX-11 no operating systems. Optional software is 
avai lable for UNIX r" operating systems. User level calling syntax is iden­
tical for all interface cards. We provide full software consultat ion for all 
our systems. 
Off-the-shelf Delivery 
To provide the best service and quality, our products are avai lable from 
stock and carry a one year warranty. 
Other Products 
We also offer the low-cost GPIB-100 Bus Extender and the GPIB-400 
Bus Tester. 
National Instruments provides complete GPIB Interface packages with 
full support. For detailed information on products and accessories, 
contact: 

~'7" NATIONAL 
.,. INSTRUMENTS 

8900 Shoal Creek Building Al17 Austin , Texas 78758 512/454-3526 
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Data sepa rator and write precompen­
sation circu its are included. 

Designed to operate with the com­
pany's DBLDOS™ double-density disc 
operating sys tem, th e co ntroll e r 
adapter is compatible with TRSDOS, 
NEWDOS, and the company' s OS-8oTM 
single-density programs without hard­
ware or software changes . 
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Matrix Printer 
Affords Multiple 
Font Selection 

Users may select 80, 132, or 136 col­
umns, 6 or 8 lines/in (2.4 or 3.2 
lines/cm), with the MQ I 150 pr inter. The 
dev ice has a speed of 150 char/s, is 
bidirectional log ic see kin g, a nd 
utili zes a 9 x 9 matrix to produce 
upper- and lowercase characte rs with 
descenders. Accommodating multipart 
fo rms up to original plus five copies, 
from 2 to 15" (5 to 38 cm) in width, 
other paper handling fea tures include 
top of form printing, tractor feed, and 
skip around perforations. 

MQI 150 matrix printer. Bidirectional 
150-char/s print capability provides 
upper- and lowercase characters with 
descenders. Options include 600M-char 
printhead life, multiple font selection, 
and IEEE-488 interface 

Rated a t 100 3 duty cycle with a 
minimum h ead li fe of 200M 
characters, the unit is a product of MQI 
Computer Produ cts, 18381 Bandilier 
Circle, Fountain Valley, CA 92708. Op­
tions include 600M character print­
head, multiple font selection, and 
IEEE-488 interface. 

Front panel controls includ e paper 
out indica tor, line advance, and forms 
control, as well as an integral self-tes t 
feature. Measuring 23 x 8 x 14" (58.4 x 
20.3 x 35.6 cm}, the unit weighs 28 lb 
(12.7 kg} and will operate on 110/220 
Vac, ± 103, 50 or 60 Hz. 
Circle 4 7 2 on Inquiry Card 
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System 19/MOS Pak programs 
all of today's EPROMs and 
offers plenty of room for future 
growth. MOS Pak lets you program all 
currently available EPROMs including 
the 2704, 2708, 2758, 2508, 2516, 2716, 
2532, 2732, 2732A, 2564, 2764, 68764, 
and the new Hitachi 48016 EEPROM. 

And what about the future? 
Simple software changes to the 

MOS Pak will enable you to program 
new devices as they're developed­
even if you decide to design a 
128K EPROM into your product. 
Semiconductor manufacturers' 
approval provides user security. 
System 19/MOS Pak is the first "MOS 
only" programmer to meet the high 
programming standards set by the 

semiconductor industry. 
Programming algorithms 
and waveforms have 

received written 
approval from 
all of the 
manufacturers. 

Approval plus 
Data I/O's unique built-in calibration 
system assure you of high reliabil ity 
and device yield. 
System 19/MOS Pak is 
self-contained and easy to use. 
System 19/MOS Pak goes where you 
need it: engineering lab, service 
department or in the field. It requ ires 
only ten seconds to set up and begin 
programming. Simply key in a four digit 
code for the particular type of EPROM 
you want to program. A lighted LED 
on the MOS Pak will tell you which 
socket to use. 

And the MOS Pak's new 
programming algorithm for 64K 
devices can shorten programming 
time by as much as 75%. 

(!u'u/~ag~~~ 

System 19's modular concept 
incorporates a mainframe and a variety 
of programming paks. 
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With the System 19/MOS Pak, 
Data 1/0 now offers three great 
ways to program MOS EPROMs. 
ForEPROMs 

- MOS Pak programs sing le MOS 
devices 

- Gang Module programs eight 
EPROMs at once 

- Unipak programs more than 200 
MOS and bipolar PROMs 

For individual PROM and logic families 
-More than 40 approved 

programming paks 
Let us show you the future. The 
Data 1/0 MOS Pak is available now 
To make arrangements for a 
demonstration or to get your free copy 
of our MOS programming brochure, 
circle reader 
service number 
or contact 
Data 1/0 , 
PO. Box 308, 
Issaquah, WA 
98027. Phone 
206/455-3990 
or Toll Free 
800/426-9016. 
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1 6-Bit CPU Module 
Consists of Bit-Slice 
Processor and Controller 

Constructed on two 7.5 x 11" (19 x 
28-cm) boards, the TM99011481 central 
processing unit consists of a bit-slice 
processor with major operating 
registers, and a controller with control 
memory. The controller memory stores 
microinstructions that emulate the 
TMS9900 instruction set and implement 
additional instructions to enhance in­
teger and floating point arithmetic. 

Designed for 5-Mjlz operation, the 
CPU includes 94 distinct instructions, 
including floating point and extended 
arithmetic. Also included are 15 levels 
of prioritized and maskable interrupts, 
memory to memory architecture, 8 dif­
ferent addressing modes, special 
arithmetic overflow interrupt, 2 pro­
grammable interval timers, and 17 in­
terrupt leve ls. 

A product of Texas Instruments, 
Inc, PO Box 1443 M/S 6404, Houston, 
TX 77001, the controller also contains 
the instruction register, clock control 
logic, RS-232 serial communications 
controller, and memory speed delay 
logic to enable the module to operate 
with different types of memory boards. 
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Single Board 
Generates Graphics 
And Characters 

Compatible with Multibus systems, the 
SBV single-board video interface allows 
users to switch from text display to 
graphic representation of data. High 
resolution black/white graphics and 
characters approximately four times 
the size of other processing displays 
are available at an RS-170 composite 
video output. Produced by Artec Elec­
tronics, Inc, 605 Old County Rd, San 
Carlos, CA 94070, resolution of the 
graphic display is 256 x 240 x 1 pixels; 
memory capacity is 65k bits. 

176 

Both upper- and lowercase ASCII 
characters are generated using a 9 x 7 
character matrix in an 8 x 16 cell. Up 
to 480 characters can be displayed at 
one time. The interface memory can 
store two pages of 480 characters at a 
time. Characters can be inverted or 
blinked, and vertically scrolled. 

Graphic displays can be scrolled 
horizontally from right to left, which 
allows a user to pan across a graph or 
trend plot; fields also can be blanked 
or inverted. In addition, a lightpen in­
put is provided. 
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LSl- 11 Compatible 
Chassis Features 
Dual Tape Drives 

Eight quad-size slots, two DEC TU58 
cartridge tape drives, drive controller, 
opera tor controls, and power supply 
are provided in the model B04 system 
chassis. A product of Dataram Corp, 
Princeton-Hightstown Rd, Cranbury, 
NJ 08512, the system provides front 
loading capabilities for tape cartridges 
and LSI-II system modules. 

Measuring 19 x 7 x 16.5" ( 48.5 x 
17.8 x 41.9 cm), the LSI-11 backplane 
provides the LSI-11 bus on the A and B, 
and C and D connectors except for rows 
six and seven on the C and D side, 
which have interconnections to allow 
RIO! capability. The system provides 5 
Vdc at 24 A and 12 Vdc at 4 A and is 
switch selectable for 115 or 230 Vac. 

Up to 262k bytes, arranged in 
512-byte blocks, may be stored in each 
tape cartridge. Operating with full­
duplex, asynchronous 4-wire lines at 
selectable baud rates of 150 to 38.4k, 
the controller interface is RS-232-C com­
patible. An SMU contains all necessary 
circuitry and controls for operation of 
the LSI-I I. Power sequencing logic, line 
clock, and operator control interface 
circuits also are located on the SMU 
module. 

System backplane slots accept any 
quad- or dual-width device compatible 
to the LSI-I I bus, including memory 
and peripheral controllers. Slots 6 and 
7 are wired with the LSI-I I bus on the A 
and B connectors. C and D connectors 
are wired with the DEC C-D bus. 
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Test Instrument Offers 
Microprocessor Signature 
Analysis Capability 

Troubleshooting 6800 type micropro­
cessor based products are facilitated 
by the HP SIOOA microprocessor exer­
ciser through a signature analysis 
technique even though exercise and 
signature analysis routines were not in­
itially designed into the product. The 
unit operates in conjunction with the 
HP 5004A signature analyzer, also a pro­
duct of Hewlett-Packard, 1507 Page 
Mill Rd, Palo Alto, CA 94304. 

HP 5100A microprocessor exerciser. 
When used in conjunction with HP 
5004A signature analyzer, trouble­
shooting 6800 based products to compo­
nent level is possible. Signature analysis 
and exercise routines need not be built 
into tested equipment 

Interconnection consists of plugging 
the product's microprocessor into the 
unit and plugging the unit's cable into 
the empty microprocessor socket. The 
product's buses are then under control 
of the SOOIA, and test stimulus pro­
grams from its own ROM are run while 
a signature analyzer takes signatures 
at designated circuit points for each 
test stimulus. 

Operating modes include 51 
preprogrammed test stimuli for 
signature analysis troubleshooting of 
the MPU, ROM, RAM, 1/0, buffers, bus 
lines, and custom test stimulus pro­
grams via external ROMs. Other modes 
are sing le signature tests, bus 
signature output, qualify input, and 
gating signal outputs for a signature 
analyzer. 
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64K 
BYTEWYDE 
ROM 

Perhaps the best way to char­
acterize the MK37000 is to think 
of it as everything you want in a 
64K ROM. Because that's exactly 
what it has. 

Fast access- 250ns (max). 
Low power-220mW (max) active 
and just 35mW (typ) standby. 
Quick, efficient prototype cycling 
and code processing. 
And of course, volume 

MK37000:4to 1 density 
upgrade expands RAM, ROM, 
EPROM interchangeability 
options. 

availability, supported by 2 112 
years of production experience at 
the 64K level. 

But that's only part of the story. 
This 28-pin JEDEC-approved pack­
age and pinout is also fully com­
patible with the Mostek* family of 
n-words x 8 BYTEWYDE*memories. 
So now you'll only need one matrix 
of 28-pin sockets to design or 
upgrade a compact 8K, 16K or 64K 
array of RAMs, ROMs/EPROMs. 

Interface is easy. Like all 
other BYTEWYDE 

memories, the MK37000 interfaces 
directly with all present and future 
generation 8-bit and 16-bit micro­
processors. An Output Enable con­
trol provides easy user control 
of the bus in all bus configurations. 
Together, the Output Enable and 
the Chip Enable control functions 
also prevent any bus contention 
problems. 

If you want to simplify and 
streamline the design of your cus­
tom memory arrays, get all the 
facts. Ask for the BYTEWYDE 
Data Book and the MK37000 data 
sheet by contacting: Mostek, 1215 

West Crosby Road, Carrollton, 
Texas75006 (214)323-1000.In 

Europe, contact Mostek 
Brussels, 660.69.24. 

Within the BYTEWYDE family you 
now have a wide choice ofROMs: 
either a 16K ROM or a 4 to 1 den­
sity upgrade with the MK37000 
64KROM. 
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Send for full seminar 
information today. 

Reliable Computing 
Through Fault. Tolerance 

Taught by: rriil1 
Avizienis ~ 

For the past twenty years, Dr. Algirdas 
Avizienis has been the prime spokes­
man for acceptance of fault tolerance 
in every computing system. His seminar 
shows how sound fault tolerance in 
hardware and software can be the most 
efficient road to reliabili ty. If your "per­
fect " des ign can't function perfectly in 
the real world, maybe it 's time to put 
practical fault tolerance into ii! Send for 
full seminar information today. 

Nov. 19-21, 1980 Los Angeles 

Machines that 
Understand Speech 

''"ghtby' iM Lea ~ · 

Computers that talk are cute. Comput­
ers that understand speech are practi­
cal! Wayne Lea, frequent publisher on 
speech recognition topics, holds a sem­
inar that introduces you to speech rec­
ognition and reviews the state-of-the­
art. Learn recent developments. Learn 
models and theoretical concepts for 
speech recognition. Learn alternative 
system structu res and more. Send for 
full seminar information today. 

Oct. 22-24, 1980 Los Angeles 

Send for full seminar 
information today. 

Please send me detailed information 
about these seminars. 

Name 

Title 

Address 

City 

Phone 

State Zip 

••••"'~!!1-lfl'l!!!l.!!!l!!Y ····.,.~~fl'l~I!!!~~ 
!!!! Tfl'l~"''"'l.I"'~ 

P.O. Box 49765 
Los Angeles. CA 90049 

(213) 394-8305 
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Impact Printer 
Has User Defined 
Character Set 

Five print d ensities, from 72 to 132 
char/line, and 15 selectable baud rates, 
75 to l 9.2k, are available on the model 
800 impact printer from Base 2, Inc, 
PO Box 2076, Yorba Linda, CA 92686. 
Up to six different character sets may 
be selected und er program control; twc 
are s tandard, one may be downloaded 
from a host, and three additional se ts 
are available as options. 

1/0 provisions included are RS-232, 
20-mA loop, IEEE-488, and Centronics 
type parall e l. Using a 7-wire dot 
matrix, the d evice provides bidirec­
tional capab ility with 96 ASCII 
characters in a 5 x 7 format. Options 
include a programmable stepper motor 
that provid es high spee d paper 
advance and dot-resolution graphi cs, 
trac to r feed, and 1920 cha rac ter 
buffer. 
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DEC Compatible 
Disc System Has 
User Oriented Features 

Built-in hardware bootstrap, diskette 
formatting, and onboard diagnostics 
are includ e d in th e DEC RX02-
compatible disc drive system. Fea tur­
ing a double-sided, double-density con­
figuration, the two 8 " (20.3-cm) disc 
DSD 470, produced by Data Systems 
Des ign, Inc, 3130 Coronado Dr, Santa 
Clara, CA 95051, provides a storage 
capacity of 2M bytes. 

Hardware, software, and media are 
compatible with LSI-II systems, and 
LSl-11 /23 multip le level interrupt sup­
port is provided. System diagnostics 
include a series of microprogrammed 
user selectable routines that verify 
proper operation of the disc system, 
debug to th e chip level, and provide 
d etailed status r eports. 
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Microcomputer Operates 
In Industrial Control 
And Software Development 

Modular constructio n permits the OSK 
industrial computer system to fun ction 
in industrial co ntrol applications and 
as an 8080/8085 software development 
station . A product of Data Applica­
tions International, Dreve des R ena rds 
6, Bte 8, 1180 Brussels, Belgium, the 
system is housed in a s tandard 19" 
(48-cm) eurobox and includes tw o 
minifloppy disc drives, disc co ntroller 
car d with P/ROM-residen t disc 
operating sys tem, up to 60k bytes of 
RAM, and 2708 or 2716 EPROM program­
mer card. Also included are power su p­
ply module with battery backup, inte r­
faces to a se rial terminal, paralle l 
printer, and paper tape read er/punch. 

OSK in du strial microcompu ter system . 
Including two minifloppy drives , system 
may be used as ind ustrial co ntrol ap­
plication or software development sta­
tion . In programming development 
phase, inte rface modules may be in ­
serted di rectly into e urobox enclosure 

Modular architecture is based on 
the company's DCE-BUS a nd can be 
co nfigured for specific requirements 
by using the single-eurocard micro­
computer, m emory, and industrial in­
terface modules of the DCE family. An 
automatic hardware bootstrap feature 
makes low address memory locations 
s tarting from zero available to th e 
user. 

Standard system software includes 
text editor, macro assembler, and a 
utility package that provides d ebug 
functions, including program trace 
with automatic display of all CPU 
registers after each ins tru ction execu­
tion. The system supports the com­
pany' s realtime BASIC and FORTRAN 
programming languages. 
Circle 4 7 9 on Inquiry Card 
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Single-Board µComputer 
Includes 64k Bytes 
Of Dynamic RAM 

Console configurations fo r th e NOBUS-Z 

microcomputer system includ e 

keyboard and TV receiver or integral 

keyboard /d isplay terminal. Fea turing a 

Z80A CPU, CP/M operating sys tem, 

64k-byte dynamic RAM, dual-density 8" 

(20.3 -cm) disc drives with 600k 

bytes/side, and 6k-byte co lor text/ 

graphics ca pability, the single-board 

LSI system provides business and scien­

tific capabiliti es. 
Available software in BASIC, FOR· 

TRAN, Pascal , COBOL, APL, and PL/I in· 

eludes integrated business, engineer­

ing, and word processing systems. 

Utilities included are disc formatter, 

si ngle disc copy, diagnostics, and 

graphics support. Up to four disc 

drives may be supported for a double­

sided, double-density 4M-byte storage 

capacity. 
Eight graphics modes provide 64 x 

64 elements in four colors, lowest 

resolution; 256 x 192 elements in two 

colors, highest resolution; and 16 rows 

of 32 columns of mixed text and 8 

co lor semi -graphics . Additional 

features included from Exo Electronics 

Co, PO Box 3571, Culver City, CA 

90230, are two serial and two parallel 

l/O ports, four counte r/timers, and an 

onboard sound generator. 
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Expander Cards Increase 
Channel Capacities of 
Analog Input Boards 

Fully DEC compatible, three dual­

height expander cards plug direc tly 

into LSI-I I or LSI-11 /2 backplanes. Prod­

ucts of Data Translation, Inc, 4 

Strathmore Rd , Natick, MA 01760, the 

ca rd s provide up to 64 single-ended or 

32 differential analog input channels 

when used with the company's DT2760 

series of analog input systems. Each 

board includes required control logic 

and break-before-make new channel 

selection circuitry and exhibits LSI-I I 

Q-bus compatib ility. 
Mod e l DT2 772 exte nd s th e 

company's DT2762 high level input 

analog inte rface board from an 

original 16 sin gle-ended (SE) or 8 dif­

ferential input (Dl) channels to 64 SE or 

32 DI channels. To the same degree, 

model DT2774 ex tends th e DT2764 low 

level wide range analog interface 

board. Bo th ca rds maintain full 

specified performance for maximum 

input signal to ± 10.5 V and can with­

s,tand up to a ±30 V input. Off chan­

nel resis tan ce is in excess of lOOM fl, 
and both boards are available with a 4-

to 20-mA (-M) input option. 
Model DT2775 extends the DT2765 fly­

ing capacitor isolated low level inter­

face board from four DI channels in 

eight channel increments for each ex­

pander board. Up to seven boards may 

be combined to provide a maximum of 

60 DI channels, each capable of resolv­

ing 10-mV to 10-V full-scale input 

signals in the presence of ± 250 V of 

common mode voltage . 
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Modular Design 
Promotes Rapid 
System Configuration 

Consisting of 54 plug-in cards for CPU, 

timing, memory, digital and analog 110, 

and communications, the DACS 5000 

system is built a round Cyberbus, a 

structure developed by Cybersystems, 

Inc, 8300 Whitesburg Dr, Huntsville, 

AL 35802. Power supply and front 

panel a lso plug in to th e bus, providing 

flexible sys tem configura tion and 

troubleshooting capabilities. Each 4.5 

x 6.4" (11.43 x 16.51-cm) card plugs 

into one of 18 available card slots in 

the 19" (48-cm) wide card cabinet. 

Features of the 72-line bus sys tem 

include 16-bit data bus, OMA, vectored 

interrupts, and memory mapped 1/0. 

Basic sys tems include CPU, 2k EPROM, 

32k stati c RAM, and interfaces to all 

sys tem peripherals. CPU configurations 

include 6502, 6802, 6909, Z80, and 8085. A 

comple te line of peripherals and soft­

ware is available. 
Circle 482 on Inquiry Card 

Flat cable 
assemblies 

with a twist. 

Connectorized 
flexible 

circuits that 
are two jumps 

ahead. 

Transmission 
line assemblies 
that aren't the 
same old line. 

And new paths 
in printed 

circuit boards. 

It's all in the 
book. 

We'll customize virtually any flat 
cable assembly, connectorized 
flexible circuit, transmission line 
assembly, or printed circuit board 
to meet your needs. 

Write or call for the proof. We'll send 
you a catalog, then have a service 
engineer give you a call, if you wish. 

T&B I Ansley 
Custom Products 

T&B/Ansley Corporation 

Subsidiary of Thomas & Betts Corporat ion 

3208 Humboldt St., Los Angeles, CA 9003 1 

TEL. (213) 223-233 1 
TWX 910-321-4059 
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SOFTWARE 

Development Tools 
Expand 8086 and 
Z8000 Support 

Microprocesso r development tool s 
from Tektronix, Inc, PO Box 500, 
Beave rton, OR 97077, for th e co m­
pany's 8002A MDL have been expand ed 
Lo includ e assemblers for the 8086/8088 
and Z8002 microprocessors and pro­
totype debug packages for the iSBC 
86/12A and Zilog Z8000 deve lopment 
module single board computers (SBC). 
Each asse mbler package co nsis ts of a 
co r e assembler manual a nd an 
assembler m an ual inse rt for th e 
spec ifi c microprocessor, refe re nce 
card , and floppy di sc with th e 
asse mbler, linker, and ed itor . 

The assemb ler co nverts so urce code 
into executable object code using a 
source fil e that has been crea ted 
through th e 8002A's editing software. 
Includ ed with the assembler is th e 
ab ility to ca ll macros throu gh eas il y 
identifiable name parameters and in­
clusion of an indefinite number of 
a rguments. String manipulation is 
allowed, including use of varying 
strin g lengths inside and outsid e of 
macros. 

A second se t of softwa re products is 
a prototype debug package for either 
th e iSBC 86/12A or Z8000 development 
module. This package a llows an ab­
solute object code or a linked fil e to be 
transferred from th e 8002A to th e SBC, 
a nd th en executed under th e co ntrol of 
debug softwa re. Execution can take 
place in real time with predetermined 
breakpoints or in single steps. Con­
tents of the SBC memory and processor 
registers may be examined during 
debugging. Each debug package con­
sists of a use r's manual, reference 
card, two 27 16 EPROMs, which contain 
the onboard monitor, RS·232 cab le, and 
flopp y disc with additional monitor 
softwar e and sys tem programs. 
Circle 483 on Inquiry Card 
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Operating System 
Also Functions as 
Programming Language 

Intended to operate with STD BUS or 
PC44 BUS Z80 systems that use the 4301 
diskette co ntroller and IBM 3740 format 
disk e ttes, AFORTH is a dictionary 
oriented system avai lable from Ap­
plied Micro T echnology, Inc, 1842 W 
Grant Rd, Tucson, AZ 85705. Working 
simultaneously as the operating system 
and programming language, program­
ming elements as fundam en ta l as DO, 
LOOP, IF, or ELSE are definitions in the 
dicti onary. 

A linked lis t of named commands 
referred to as definitions comprise th e 
entire system. Any definition may be 
executed a t any tim e by typing th e 
definition name at a terminal. New 
definitions may be added to th e dic­
tionary at any time, and all definition s 
are ente red on a completely equal 
footing with all oth er definitions. A 
new co mmand can be defined in terms 
of assembly language or co mposed of 
references to oth er definitions. 

Other features of th e system include 
res id en t memory, a re-e ntrant code, 
whi ch permits several programs to ex­
ecute the same definition residing in 
EPROM, and multitasking, math, vi rtual 
memory, and graphics packages. The 
sys tem is available in 5.25 " (13.34-cm) 
or 8" (20.3-cm) IBM 3740 format disk­
ettes or in 27 16 EPROM form and in­
cludes full documentation . 
Circle 484 on Inquiry Card 

FORTRAN Compiler 
Increases ucso 
System Capabilities 

Designed to operate with th e UCSD 
system software package, FORTRAN·77, 
a FORTRAN compiler from Softech 
Microsystems, Inc, 9494 Black Moun­
tain Rd, San Di ego, CA 92126, 
facilitates program development on a 
variety of microcomputers. 

Fully compatible with UCS D Pascal, 
portability of programs among most 

microcomputer systems is said to be 
assured. Systems based on the 6502, 
6800, 6809, 9900, Z80, 8080, and LSJ.J l 
mi croprocessors can use th e compi ler. 

Use of the UCSD sys tem and FOR· 
TRAN compiler permits screen editi ng, 
random accessing of disc files, 
separate compilation of individual pro­
gram modules, cross assemb ly, linkage 
of assembly la nguage routines with 
Pascal and FORTRAN modules, and in­
teractive 1/0. 

Language utilized for th e computer 
is th e ANSI-77 version of FORTRAN. Pro­
grams developed with the UCSD sys tem 
are comp iled into a universal pseudo­
code (P-code) that ca n be executed us­
ing the UCSD system interpre ter and 
operating sys te m. This tec hniqu e 
allows the same program to run on 
many microcomputers without change 
and permits hardware change without 
sacrifi cing software usability. 
Circ le 48 5 on Inquiry Card 

Software System 
Produces Automatic 
Program Improvements 

Constructed to remove r emarks, 
spaces, or both fr om programs, as 
specified by the use r, PACKS is said to 
reduce program size by as much as 
40 %. The program is designed to 
operate on th e TRS-80, mod el I, with 
32k- or 48k-byte memory, and a single­
disc drive. Operating on blocks of 
strings, size of th e program to be co m­
pacted is limited only by disc space 
avai lability. 

All lines in a program ca n be co m­
pacted, or the user can specify a block 
of numbers, inclusive, to be packed. At 
th e end of th e packing process, a sum­
mary is presented of th e number of 
bytes and lines in th e original program 
and in th e packed version. The pack­
ing fra ctions are also computed and 
shown in the program from Data 
Associates , Box 882, Framingham, MA 
01701. 
Circle 486 on Inquiry Card 
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Application Software 
Available for OASIS 

Operating System Users 

Financial, industrial, and specialized 

application system software written in 

COBOL is intended for computer 

systems that utilize the OASIS 

operating system. Each software 

package requires a minimum of 64k 

bytes of memory and is available on 

diskette or tape cartridge from 

American Business Systems, 439 Lit­

tleton Rd, Westford, MA 01886. 

Included in the financial application 

system are order entry/inventory con­

trol, accounts payable, accounts 

receivable, general ledger, and payroll 

modules. AJJ are designed to operate as 

standalone modules on limited 

memory floppy disc based hardware 

configurations, but the five modules 

run as an integrated system using the 

larger capacity of hard disc storage. 

Industry application systems include 

three modules. A real estate system 

provides property listing, client/listing 

correlation, and financial processing 

aids to brokers. A construction job 

management system is an integrated 

system that manages complete job 

cos ts, work orders, and change orders 

associated with multiple ongoing proj­

ects while interacting with accounts 

receivable, accounts payable, payroll, 

and general ledger portions of the 

system. A client accounting system is a 

fully automated package for maintain­

ing complete business records and 

features a report writer to allow users 

to create financial reports. 

The specialized application system 

is composed of two packages. A finan­

cial modeling system produces projec­

tions and forecasts with the level of 

detail and complexity defined by the 

user, A correspondence management 

system utilizes word processing func­

tions for the creation of mailing lists, 

proposals, and mailers. 
Circle 487 on Inquiry Card 

Unibus· repeater 
forPDPll 
series systems. 
Do you need to 
add peripherals 
or additional 
cable lengths to 
an overloaded 
bus? Do you 
have unknown 
system crashes 
such as caused 
by a type 4 
trap - delayed 
response from a slave sync? Is your current 

repeater too slow for your current system? 

If these questions are relevant, then Datafusion Corporation has a 

device that can answer your needs, the OSBll-A Bus Repeater. It is 

a functional equivalent of DEC's"' DBll-A, and is designed to drive 

at least 19 bus loads and 50 foot of bus cables. 

Ultra Fast: 80 nanoseconds MSYNC to return SSYNC maximum 

( 40 nsec one way). This is due, primarily, to the specially designed 

patented integrated circuit employed by the OSBll-A. 

Reliable: Only 34 operational circuit components . Tested 

in environments from 0° to 70°C with virtually no degradation of 

signal quality. 
Easy to Install: Remove a M920 Jumper and replace it with a 

OSBll-A. No extra system unit is needed; no wires or plugs .to con­

nect (or disconnect); no lost time in reconfiguration. 

Available: Off-the-shelf. And, it's fully supported and warranted . 

Cost: About 253 below DEC' Quantity discounts are available. 

Other PDPll products available are a Busrouter (a Unibus" 

Switch) to reconnect multiple peripherals to one or more PDPll 

cpu's, a Unibus;' Cable Tester, and an Associative File Processor for 

high speed text search - a hardware approach. 

We also have some ideas for the application of our products which 

might not have occurred to you. If you can't get the performance that 

you would like from your PDPll system, maybe we can (ij 
help. Telephone our marketing Manager at (213) g;J 
887-9523 or write to Datafusion Corporation, 21031 

Ventura Boulevard, Woodland Hills, California 91364. 

*TRADEM ARK OF DIGITAL EQUIPMENT CORPORATION 
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Software Package 
Adapted to Include 
Additional µC Systems 

Speeding up and simplifying repe­
titious calculations through an interac- , 
tive display is accomp li shed by 
VisiCalc, avai lable for Commodore 
PET and CBM 8032 a nd Atari 800 
systems. The product creates a matrix 
display arranged as 64 columns wid e 
and 254 rows high . 

Operationally id entical to the Apple 
II version, the Commodore version 
automatically senses whe th er it is run­
ning on a PET ma c hin e with 
40-character wide screen or on a CBM 
8032, which has a screen that is 80 
characters wide. 

Each package from Personal Soft­
ware, Inc, 1330 Bordeaux Dr, Sun­
nyvale, CA 94086, contains an instru c­
tion manual that includes a step by 
step tutorial for firs t time computer 
users. Also included is an expanded 
refe rence section organized by pro­
gram fea ture to aid experi enced use rs. 
Circle 488 on Inquiry Card 

LISP Programming 
Language Offers 
System Adaptability 

LISP is a programming language 
developed for artifi cia l intellige nce ap­
plications but is also used in interac­
tive database and natural language 
systems, symbolic manipulations of 
mathemati cal expressions, control, and 
co mpute r a id ed des ign functions. 

Our Printer's Strength Of Character 
Is Enhanced By Its Self-Control 
Don't let the low price tag fool you ; our DMTP-6 µP is stronger on 
capabilities than any printer in its class. Its unique matrix impact 
print head lets you program any desired character pitch . You can 
print data or text , single-stroke or enhanced from 36 to .132 
co lumns. And , print up to four copies without adjustment on stand­
ard 8 '12' ' roll paper, fan-fold forms and labels. 

What's more, it packs a built-in controller that includes all needle 
drivers and diagnostic routines , while providing a cho ice of interface 
functions-parallel ASCII , RS-232C/ 1-Loop, or switch-selectable 
baud rates from 110 to 1200. Now that's self-control worth having! 
Add the continuing economy of a 10-million character life ribbon and 
re-inking rollers, and you 've got an unbeatable buy. Call or write 
for details. Ask for Bulletin 922A. 

P A 
PRACTICAL 
AUTOMATION, INC. 
Trap Falls Road , Shelton , Conn. 06484/Tel (203) 929-5381 
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From Cromemco, Inc, 280 Bernardo 
Ave, Mountain View, CA 94043, th e 
languag e is availab le on 5.25" 
(13.34-cm) or 8" (20.3-cm) diskette for 
th e compan y's Z80 based sys tems. The 
language incorpo rates s tandard co n­
trol constructs, comple te s tring and 
character processing ca pabiliti es, fix ed 
and floating point arithmetic, a full 
complemen t of property list functions, 
and th e capability of interfac ing with 
non-LISP procedures . 

Also included is a virtual storage 
capability in which an autoload feature 
permits infrequ ently used fun ctions 
a nd symb ols to be stored on disc, 
allowing larger use r programs. Com­
prehensive error trapping capabiliti es 
are also incorporated . 
Circle 489 on Inquiry Card 

Statistical Package 
Utilizes Machine 
Graphics Routines 

Curve fitting, probability, general 
stat1st1cs, distribution math emati cs, 
and tes t statis tics, along with a sc ien­
tific data management system are in­
cluded in a package for th e TRS-80, 
Level II, Apple II, a nd Apple II Plus 
computers. A product of Charles Mann 
and Associates, Micro Software Div, 
7594 San Remo Trail, Yucca Valley, 
CA 92284, th e sys tem requires 32k 
bytes of RAM and a minimum of one 
disc drive. 

Capable of handling up to five 100 x 
matri ces containing raw data, 

grouped data, or fr equency arrays, a 
quick reference chart of legal variables 
is also includ ed. A built-in data base is· 
available to produce a complete se t of 
working exam ples use ful in learning 
statistical principles. 

Sys tem probability elements include 
analysis for permutations, combina­
tions and factoria ls, and random 
numb er tables, random numbers 
within intervals, or one by one for 
game theory. Dis tributions include 
binomial, Poisson , normal, chi-square, 
and stud ent t-distribution. 
Circle 490 on Inquiry Card 
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Belden cooling fan cords help make ends meet finan­
cially ... by helping cord ends mate faster and easier 
during production. That's because Belden cords offer 
the kind of high quality and superior product features 
that have made Belden a preferred supply source for 
over 75 years. Just look at these great features. 

TWO COMPLETELY FINISHED ENDS while most others 
only offer a finished plug end. 
NON PLUG ENDS ARE SLIT, STRIPPED, TWISTED, SOL­
DERED and ready for production when they're de­
livered to you. 
PRICE IS COMPARABLE TO CORDS WITH ONLY A FIN­
ISHED PLUG END. That means you get all this added 
value at no extra cost. 

8-1-0A 

© 1980 Belden Corporat ion 

PLUG ENDS ARE MADE AT A 45 DEGREE ANGLE to fit the 
contour of most cooling fans. This helps in both the 
design and installation phases of production. 
TEMPERATURE TOLERANCE RATING OF 105 DEGREES C 
to provide longer, more dependable performance 
under tough conditions. 
UL AND CSA APPROVED 18/2 SPT 1 with quotes avail­
able for 18/3 SPT 2. 
FIVE STANDARD LENGTHS: 17902-2', 17903-3 ' , 
17904-4', 17905-5', 17906-6'. 
For more information, contact Belden Corporation, 
Electronic Division, P.O. Box 1980, Richmond, Indiana 
47374. Phone: 317-983-5200. Or call our Eastern 
Regional Sales Office at 617-872-7846 or Western 
Regional Sales Office at 714-833-7700. 

BELDEN@ 
Coming through ... 
with new ideas for moving electrical energy 
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Bus Control Unit Provides Flexi­
ble Interface for LSI-11-0perating 
as a bus controller, multiple remote 
terminal, or bus monitor, the BCU-llLA 
is bit slice mi croprocessor based. 
Available from SCI Systems, Inc, PO 
Box 4000, Huntsville, AL 35802, the 
two, quad-wide plug compatible cards 
contain microprogrammed OMA capa­
bility arrd self-tes t diagnostics. Circle 

550 on Inquiry Card 

One Board Holds up to 512k 
Bytes-From 32 to 512k x 9 bytes are 
available on the CI-8086 memory 
module from Chrislin Industries, Inc, 
Computer Products Div, 31352 Via 
Colinas # 102, Westlake Village, CA 
91361. Multibu s co mpatible, th e 
module employs onboard refresh logic 
and operates with both 8- and 16-bit 
sys tems. Circ le 551 on Inquiry Card 

Comprehensive Graphic Display 
Capability Offered in Desktop 
Microcomputer-Bar and pi e 
charts, hi stograms, and complex point 
to point plots can be displayed on the 
model 900 Commander microcomputer 
from Columbia Data Products, Inc, 
9050 Red Branch Rd, Columbia, MD 
21045. Included in the sys tem are 9" 
(22.9-cm) CRT and 512 x 256 resolution 
vector graphics. Circle 552 on Inquiry Card 

Single-Board Microcomputer 
Features All CMOS Circuitry­
Model SBC-6100 includes 2k of EPROM, 
lk of RAM, memory expansion and OMA 
controller, realtime clock, and 20-bit 
programmable parallel 1/0 port. Power 
requirements for the board from Eagle 
Research Corp, Ste 5, Municipal Park­
ing Bldg, Charleston, WV 25301, are 5 
V de at less than 60 mA. Circle 5 53 on In­

quiry Card 

1/0 Port Includes User Selectable 
Device and Interrupt Addresses­
A product of General Robotics Corp, 
57 N Main St, Hartford, WI 53027, the 
DRY! I is a general purpose parallel 1/0 
port fully compatib le with LSI-11 ap­
plications. Standard features include 
individual 16-bit connectors, hand­
shaking logic, and a 40k word/s data 
transfer rate. Circle 554 on Inquiry Card 

184 

Graphic Display Board Provides 
Softw"are Selectable Video-Video, 
graphic video, or both for PET com· 
pu ters is provided by the K-1008-6 PET 
graphic interface board. In clud ed on 
the board from Micro Technology 
Unlimited, PO Box 12106, Raleigh , 
NC 27605, are five ROM sockets with 
software selectab le enable. The board 
serves as an 8k-byte memory expansion 
when not used for graphics. Circle 555 on 

Inquiry Card 

Memory Board lncludes .Onboard 
CPU- Utilizing 16k bytes of static RAM 
and socke ts for eight 2716 EPROMs, th e 
Multibus compatible lM-1680 intelligent 
memory board features onboard Z80 
CPU. Produced by Micros ignal , 3704 
State St, Ste 214A, Santa Ana, CA 
93105, the board ca n be used as reg· 
ul ar memory or the Z80 may be acti· 
vated under program control to pro· 
cess data in parallel with the Multibus 
master. Circle 556 on Inquiry Card 

Power Supply Permits Orderly 
Emergency Shutdown-Up to one 
hour of emergency power can be pro­
vided to Apple 11 users by Apple­
juice ™,a reserve power supply sys tem 
from High Technology, Inc, PO Box 
14665, Oklahoma City, OK 73113. The 
suppli es provid e visual and audible 
wa rning during power fli ckers, tem­
porary failures, a nd prolong e d 
outages. Automatic power transfe r and 
supply rese t are provided. Circle 557 on 

Inquiry Card 

Multibus Compatible Chassis 
Holds Eight Boards-Capable of 
holding up to eight Multibus boards, 
the IMC-400 Multibus chassis includes 
dual 110 ft 3 (3 m3)/min fans, a 
temperature detec tion and interrupt 
generation circuit, line frequ ency 
clock, and linear power supplies. The 
chassis, from Rela Systems, Inc, 1322 
Arapahoe Ave, Boulder, CO 80302, 
mounts on the backplate of NEMA type 
industrial enclosures . Circle 558 on Inquiry 

Card . 

RAM Board Offers Flexible Byte 
Size-Either 64k 16-bit or 128k 8-bit 
bytes are provided on th e ZX-028A RAM 
board. Zendex Corp, 6398 Dougherty 
Rd, M/S 32, Dublin, CA 94566, in­
clud es provisions for 64 5-V only or 
3-supply RAMs. An 8-position DIP 
switch allows deselect and depopula­
tion of the board in 16k-byte incre· 
ments and a rotary switch selects one 
of eight double address segmen ts. Circle 
5 59 on Inquiry Card 

Evaluation Package Is Designed 
for Single Task Applications­
P i co FORTH TM, a subset of pol y­
FORTHrM, is desi.gned for interactive 
evaluation of a single task application. 
FORTH, Inc, 2309 Pacific Coast Hwy, 
Hermosa Beach, CA 90254, has in­
clud ed in its co mplete operating 
system a polyFORTH assembler, co m­
piler, text interpreter, editor, and disc 
utiliti es. Circle 560 on Inquiry Card 

Utility Program Facilitates 
Medium Transferral-Disk-o-tape, 
a utility program from Dan McCreary, 
Box 16435-V, San Di ego, CA 92116, is 
designed to transfer an entire disc's 
data to casse tte tape and back again. 
Intended to run on an Apple 11 or 
Apple 11 Plus, th e program requires 
32k bytes of RAM and provides true 
read after write ve rification. Circle 561 

on Inquiry Card 

Multimemory Board Adapts to 
User Requirements-Memory type 
is independen tly configured by a 
header for each socket such that the 
Multibus compatible Multim emory 
board can con tain both static RAMs 
and EPROMs or ROMs and stati c RAMs. 
Each of th e boards from Artec Elec­
tronics, Inc, 605 Old County Rd, San 
Carlos, CA 94070, can operate with 
only one socket filled. Up to 16 24-pin 
memory dev ices may be accom­
modated. Circle 562 on Inquiry Card 

Low Cost Data Storage Utilizes 
RS-232 Port-Designed to store up to 
80k bytes of RS-232 formatted data, 
Micro-Sponge from Exatron, 181 Com· 
mercial St, Sunnyvale, CA 94086, buf· 
fe rs up lo lk in internal RAM. Jumper 
selectable baud rates available are 300, 
1200, 9600, and 76,800. Transfer time 
at 9600 baud is 4.5 s fo r 5.3k bytes. 
Utilizing the company's stringy flopp y 
wafer (consisting of a continuous loop 
tape cartridge), 5.3k-byte blocks of 
data may be stored on 5' (1.52-m) in­
crements of tape. Circle 56 3 on Inquiry Card 

Rack Mountable, Complete LSI-11 
Computer Systems Packages Are 
Available-LSl-11 /2 or -11 /23 sys tems 
can include 32k to 128k of memory, 
dual floppy disc system, 21M-byte 
Winchester drive, quad serial inter· 
face, tape backup, and RT-11 , RSX-11 , or 
UN IX (U /V6) software. Each of th e co m· 
ponents also is ava il ab le as a s tand­
alone peripheral from Charles River 
Data Systems, Inc, 4 Tech Circle, 
Natick, MA 01760. Circle 564 on Inquiry 

Card 
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Microcomputer Down-Loader 
Facilitates Program Final Debug­
ging-Programs developed on the 
SPRINT 68 microcomputer may be 
automatically down-loaded to a target 
system using the approach from 
Wintek Corp, 1801 S St, Lafayette, IN 
47904. A switched RS-232 cable 
assembly and diskette containing the 
software comprise the system. Circle 565 

on Inquiry Card 

Flexible Cable Assembly for 
PDP-11 Available in Custom 
Lengths-Supplied completely ter­
minated and tested, single-layer cab les 
are designed for use with PDP-I 1 com­
puters with UNIBUS interface, and in­
clude strain relief and card-puller 
handles. A product of T & B/Ansley 
Corp, 3208 Humboldt St, Los Angeles, 
CA 90031, the highly flexible cables 
reduce cable thickness and decrease 
space requirements. Circle 566 on Inquiry 

Card 

11-MHz µC Increases System 
Speed-An 11-MHz 8048 single-chip 
microcomputer provides the u er with 
a less expensive solution to upgrade 
system speed. Internal ROM capability 
for the device from National Semicon­
ductor Corp, 2900 Semiconductor Dr, 
Santa Clara, CA 95051, ranges from lk 
for the I S 8048 to 4k for the 8050. 

Microprocessor Board Functions 
as CPU or Intelligent Disc Con­
troller-Com posed of Z80A, two 
parallel and two serial ports, double­
density floppy disc controller, 8k 
memory capacity, and 2716 chip, the 
FDC-1 accommodates three 5.25" 
(13.34-cm) or four 8" (20-cm) drives. A 
product of Teletek, 9767F Business 
Park Dr, Sacramento, CA 95827, the 
board may be configured as a CPU in 
an S-100 or as a smart controller. Disc 
operating systems available include 
CP/M, FAMOS, and OASIS. The board 
reads single- and double-density IBM 
3740 or System 34 formats. Circle 567 on 

Inquiry Card 

Card Cage Provides for Forced 
Air Cooling-Series 126/F prototype 
systems can hold up to 11 cards at 0.6" 
(1.52-cm) spacing and includes 
decoupled power buses. Prototek, Inc, 
PO Box 46512, Cincinnati, OH 45246, 
designed the card cage to accept two 
3.125" (7.94-cm) fan to be mounted on 
threaded standoffs. The Multibus com­
patible backplane provides for either 
bused or wirewrap option . Circle 568 on 

Inquiry Card 

Quad-Output Power Supplies 
Mate with Card Cages-Compatible 
with iSBC, iC , and BLC modules, 
CP640/CP665 power uppli es have in­
put/output connectors that mate with 
card cage assemblies. From Deltron, 
Inc, PO Box 1369, North Wales, PA 
19454, the supp li es operate on 115/230 
Vac, and include overvoltage and cur­
rent limiting as well as power failure 
sense and signal circuitry. Circle 569 on 

Inquiry Card 

Development Tool May Be Used 
as Single-Board Computer­
CONCEPT-48, offered in two models, 
may be used as a development tool or 
as a tu to rial device. Based on the 8048 
CPU, model 6942 from lntersil, Inc, 
10710 N Tantau Ave, Cupertino, CA 
95014, includes CPU, keyboard, LCD 
display, ROM based monitor, se rial 1/0 
port, and programming/debug capa­
bilities. The tutorial system has limited 
memory and no serial 1/0. Circle 5 70 on 

Inquiry Card 

EPROM Programmer Implements 
All Programming Algorithms­
U tilizing scrambler plugs to customize 
the sing le Fired rakeTM 3000 40-pin 
socket, the device accommodates many 
industry standard EPROMs while per­
mitting total oftware programming 
control. The 8048 based system is a 
product of Microcomputer Applica­
tions, PO Box E, Suisun City, CA 
94585, and interfaces to CRT or com­
puter system via an RS-232-C connector. 
Circle 5 7 1 on Inquiry Card 

Data Collection Software Offers 
Comprehensive Capabilities­
Features such as data ecurity, 
realtime editing, validation, and table 
lookups are provided in the Micro/ 
Data data entry software system from 
the Minicomputer Div of Data Com­
munications Corp, 3000 Directors 
Row, Memphis, TN 38131. Hardware 
includes MPlOO CPU, display/keyboard, 
dual-floppy drives, and. 60-char/s 
printer. Circle 5 7 2 on Inquiry Card 

Multifunction CPU Board Ad­
dresses up to IM Byte-Featuring 
2-MHz operation, lk of RAM, onboard 
EPROM monitor, and space for up to 
20k of EPROM, the 6809 based SCB-69 
can be used as a dedicated microcon­
troller, business processor, or single­
board computer. Smoke Signal Broad­
cas ting, 31336 Via Colinas, Westlake 
Village, CA 91361, has includ ed 
realtime clock, battery backup, and 
programmable interrupt generating 
capability. Circle 573 on Inquiry Card 

Adapter Provides GPIB-488/TRS-80 
Interface-Any TRS-80, model I, with 
16k of RAM and Level 2 BASIC may be 
utilized as a 488 controller by using the 
488-80B interface adapter. Produced by 
Scientific Engineering Laboratories, 
11 Neil Dr, Old Bethpage, NY 11804, 
the device includes a machine-level 
driver program, on tape or di c, which 
interacts with Level 2 and 3 BASIC and 
Disc BASIC. Circle 574 on Inquiry Card 

STD BUS-Compatible Modules 
Designed to Facilitate Emula­
tion-Consisting of three MS! boards 
from Microcomputer Systems, Inc, 
1814 Ryder Dr, Baton Rouge, LA 
70808, the STD BUS series includes the 
8088 based 7888 CPU, 7550 110 and inter­
rupt, and 7880 CPU. The 7888 CPU can 
accommodate up to 8k of P/ROM and 4k 
of RAM. The 7550 provides a flexible in­
terface, and the 7880 is a 8080A based 
version of the 7888. Circle 575 on Inquiry 

Card 

Pascal Availability Increases Pro­
gram Development Capabilities­
Available to operate with the C8001 
microcomputer system designed by 
Onyx Systems, Inc, 10375 Bandley Dr, 
Cupertino, CA 95014, the Pascal 
operating system includes 2 editors 
(screen and line ori ented), compiler, 
Z80 assembler, and a file handler. Disc 
data may be backed up to tape using 
this software system. Circle 576 on In­

quiry Card 

Emulator Modules Permit Func­
tional Software System Checks­
Intended to provide pin for pin emula­
tion of the S2150 single-chip microcom­
puter from American Microsystems, 
Inc, 3800 Homestead Rd, Santa Clara, 
CA 95051, the SES 2150 contains 2k 
bytes of EPROM. Provision for opera­
tion from a separate power upply 
decreases the possibility of distorting a 
prototype system's characte ristics. Cir­

cle 5 7 7 on Inquiry Card 
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Use Megalink™ for 
1 Megabit/sec OMA transfer 
between as many as 255 
DEC and Intel processors 
on local networks up to 
32,000 feet long. 

• a bus, Unibus, and Multibus compatible units 
plug directly into DEC and Intel backplanes.• 

• Multidrop operation of different processors 
on single coaxial cable for distributed networks. 

• Integral 1 Megabit/sec FSK modem 
is immune to baseband noise. 

• Software compatible drivers available. 
• HDLC protocol implemented in hardware. 
• Polled, token pass, or 

CSMA contention networks possible. 

Call Garry Stephens today at (203) 544-9371, or write now 
for specifications of Megalink OMA Interface Units 

computrol 
15 Ethan Allen Highway 

Ridgefield , CT 06877 
(203) 544-9371 

•ofC, Q bus, and Unibus are trademarks of tho Digital Equipment Corporation. 
Intel and Multibus are trademarks of the Intel Corporation. 
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D evelopment System Features 
ROM Emulator and Logic 
Analyzer-2900 se ries bit sli ce and 
other hi gh speed microprogrammed 
processors ca n utilize the DS200, a 
product of Hilevel Technology In c, 
14661 Myfo rd Rd , Tustin , CA 92680. 
ROM emulation can be expa nded to 
16M bits, and a 16-bit add ress trace 
and up to 64 channels of data trace are 
available. Circle 578 on Inquiry Card 

Microprocessor Power Supply 
Features Dual Output-Outputs 
ava il ab le from th e µPS seri es a re 5 lo 
24 Vdc at up to 15 W/output. Elpac 
Power Sys tems, 3131 S Standard Ave, 
Santa Ana, CA 92705, provid es a 
remote ense fea ture on ome model , 
iso la ted outputs for pos itiv e o r 
negative operati on, horl circuit and 
curre nt li mit in g capabi liti es, and 
115/230-Vac opera ti on. Circ le 579 on In· 

quiry Card 

P/ROM Programme r Module Pro­
vides Ch eck , R ead , and Verify 
Functions-Data load, verify and 
dump, a nd obj ec t code edit fun ctions 
are inclu ded in th e A65-90 I modu le 
fr om Roc kwell In lernationa l, E lec­
troni c Devices Div, 33 10 Miraloma 
Ave, An aheim, CA 92803. Des igned as 
a plu g-on peripheral fo r the ALM 65, the 
module includ es lk of R211 4s ta ti c RAM. 
Circle 580 on Inquiry Card 

Multich ann e l Video Controller 
Board Provides Dis play Ver­
satility-Use of the MCV-1023 a ll ows 
in term ixable tex t and grap hics, three 
software se lec tabl e charac ter fo nts, 
and use r defin ed cus tom charac ters. A 
produ ct of Me taco mp, Inc, 7290 
Engin ee r Rd , Sa n Di ego, CA 92111, 
the board interfaces user sys tems 
through the use of programm ed 1/0 
and a shared 2k-byte block of ad­
d ressab le RAM. Circle 581 on Inquiry Card 

Quad-Size Disc Controller Has 
LSl-11 Compatibility-Produ ced by 
Dilog, 12800-G Ga rd en Grove Blvd , 
Garden Grove, CA 92643, model DQ202 
interfaces two 8" (20-cm) o; 14" 
(36-cm) drives with SM D interface. Con­
tained in one card slot, without ex ter· 
nal circuitry, power, or chass is, the 
board runs RT-11 , RSX- 11 , and RSTS 
opera ting sys tems. Drives handled may 
be of different types with different 
storage capac iti es . Circle 58 2 qn Inquiry 

Card D 
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OUR 
CONTAC~T.ai!IS 
GIVEYOU 

MORE 
RELIABLE 

INFORMATION. 
In the world of electronic data 
processing, a bad contact 
is often the same as no con­
tact. And that means informa­
tion is lost. So when you 're 
connecting a PC board to a 
backplane or assembling 1/0 
connections, check into the 
Cannon® ADAPTA-CON™ 
connector series. 

The ADAPTA-CON line is 
our most versatile packaging 
concept. Whenever you need 
a large number of contacts in 
a specific connector length, 
ADAPTA-CON gives you high 
density, high reliability two­
piece connectors in a wide va­
riety of crimp or solder type, 
high or low insertion force, all­
plastic designs. Which means 
you can handle increased ca­
pacities with greater reliability. 
Plus you get Cannon quality 
with fast delivery at very com­
petitive prices. 

For immediate information 
refer to our pages in EEM. For 
literature, the name of your lo­
cal ID Cannon distributor or 
other information contact Rec­
tangular Division Marketing 
Manager, ID Cannon Electric, 
a Division of International Tele­
phone and Telegraph Corpo­
ration, 666 E. Dyer Road, 
Santa Ana, California 92702. 
Telephone: (714) 557-4700. 
TWX: 910-595-1131 . 
TELEX: 65-5358. 

CANNON ITT 
You can always connect with Cannon. 
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AROUND THE IC LOOP 

DIGITAL SIGNAL PROCESSING SYSTEMS 
MOVE TO FLOATING POINT ARITHMETIC-
PART 2: IMPLEMENTING 32-BIT MULTIPLICATION 

Louis Schirm IV TRW LSI Products 

2525 E El Segundo Blvd , El Segundo, CA 90245 

D ynami c range requirements of a pplica tions such as 

speech recogni tion have spurred th e trend toward greater 

use of fl oating po int arithmeti c in digita l signal process ing 

sys tems. Part 1 of thi s se ries (Computer Desig n, Au g 1980, 

pp 156-1 60) describ es th e background behind this trend; 

this month 's di scuss ion presents hardware de ta ils of im­

plementin g a 32-bit fl oa ting po int multi plica ti on sys tem. 
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-----+! INTERFACE REGISTERS 

EXPONENT 
ACCUMULATOR CLOCK 

MICROPROGRAM 
SEQUENCER 

EXPONENT BUSY / DONE 

12- x 12- BIT 
MULTIPLIER 

24 

28-BIT MANTISSA 
ACCUMULATOR 

3 MSB 

PROGRAMMABLE 
SHIFTER 

24 

MANTISSA 

28 

In thi s multipli cation system (see block diagram, Fig 1), 

interface registe rs accept and s tore th e 32-bit multipli er (X) 
and multiplicand (Y). The 8-bit exponents are sent to th e ex­

pon ent accumulator wh ere th e new exponent is calculated . 

Multipli cati on of th e manti ssas, a 24- x 24-bit operation, is 

perform ed by a multipli er circuit. This multipli cati on 

utilizes a summa tion of partial 12- by 12-bit products, as 

Fig 1 32- by 32-bit floating point multiplier. 
Exponents and mant issas separate to undergo 
required arithmetic processing under control 
of microprogram sequencer 
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More linear nrsts from TI . . . 

RS422 drivers/receivers. 
For balanced tnultipoint cotntnunication. 
Introducing four new interface ICs. 
TWo quad drivers. TWo quad receivers. 
The first interface devices to be de­
signed specifically for balanced multi­
.point data bus transmission, and meet 
EIA-RS422 standard. 

All of these devices feature broad 
positive and negative common mode 
range, operate from a single 5-V supply, 
have 3-state outputs and very low 
power requirements. 

And , all of these devices are pin­
compatible with popular RS422 devices 
second- ourced by TI, including 
AM26LS31/32A and MC3487/86. 

Up to 32 driver/receiver pairs on a 
common bus. Another first. A 
significant innovation that provides an 
interface for balanced transmission of 
serial binary information between a 
host computer and various types of pe­
ripheral equipment. Like an input ter-

minal. Or a printer. At data rates up to 
lOM bits-per-second. Over distances as 
great as 4 thousand feet. 

Significant features of SN75172/ 
SN75174 drivers include high output 
impedance in. the third state, over + 12 
to - 7 volts common mode range with 
power on or off and up to 60 mA output 
drive capability. 

Contention protection, for the case 
where two or more drivers are simulta­
neously enabled, is provided by positive 
and negative current limiting and ther­
mal shutdown circuitry. Maximum 
standby power is a low 53 mW per 
channel. 

Receiver circuits SN75173/SN75175, 
which meet RS423 as well as RS422, 
feature + I - 200 m V input sensitivity 
over a common mode range of + 12 to 
- 12 V. There's also 50 m V of hysteresis 

for increased noise immunity and 12 K 
ohms minimum input impedance. 

These unique characteristics make 
the driver/receiver pairs ideally suited 
for party line applications in noisy 
environments. 

Operating from 0 to 70°C, all four 
new devices are offered in a 16-pin plas­
tic or ceramic DIP. 

The 100-piece price for drivers 
SN75172/SN75174 in the plastic pack­
age is $3.02*. For receivers SN75173/ 
75175, $2. 23*. 

Samples are available now at your 
nearest authorized TI distributor or lo­
cal field sales office. For 
more detailed informa­
tion, send for our free bro­
chure . Write to Tuxas In­
struments Incorporated , 
P.O. Box 225012, MIS 
308, Dallas, Tuxas 75265. 

Fifty Years 
I of . nnovat1on 

~ 
TEXAS INSTRUMENTS 

·U.S. prices, subject to change without notice. 
© 1980 Texas Instruments Incorporated INC O RPORATED 

CIRCLE 106 ON IN9UIRY CARD 
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describ ed in Pa rt 1. The microprogram sequencer controls 

th e mantissa multiplication as well as th e exponent opera­

tions. 
Summa tion a nd shifting of th e pa rtia l products are per­

fo rm ed by the 28-bit mantissa accu mu lator and program­

.mable shifter , pro du cing a 24-bit, s ingle-prec ision , nor­

mal ized, and round ed produ ct. The ent ire process is ac­

co mp lished in 1.2 µs, us ing a n 8-MHz clock. 

Hard wa re deta ils fo r part of the fl oating point mul tip lier 

(excludi ng th e ma ntissa accumulator a nd programmable 

shi fter) a re prese nted in Fig 2, includ ing in te rface registers 

fo r the ma ntissas tha t co nsis t of three 25LS2520 octal 

regis ters fo r each of the X a nd Y inputs. T he 3-state outputs 

from th ese reg is ters and the 74LS244 octal buffers allow 

multi plexing of th e X and Y most significant bits (MSBs) and 

least s ig n ifican t b its (LSBs) in to 12-bit half-mantissas, which 

are then applied to th e multiplier. Output enables for the 

reg is te rs an d buffers are obtained from P/ROM 2. These 

ena bles a re labeled XLOE, XMOE, YLOE, and YMOE, and cor­

respond to the X and Y LSBs and MSBs. 

A number of different Schottky transistor-transistor logic 

(TTL) registered P/ROMs may be used; fo r example, th e 27527 

is organized as 512- x 8-bits . P/ROMs are employed as con­

figu rable gate arrays to provide th e 10 fi rmwa re ins truc­

tions deve loped by th e microprogram seq uencer. These in­

structions include such functio ns as multipli ca tion and sum­

mation of partial products, normali zing, a nd rounding (see 

Table 1). 

Four-Cyc le M antissa Multiplication 

The MPY-12HJ multipli er (F ig 3) is a 12- x 12-bi t parallel ar­

ray device with a typical 80-ns multi p ly time. X and Y in puts 

are s tored in clocked input registers, then app lied to the 

multiplier array. For the present appl ication, the most 

significant product {MSP) is downshifted one bit, removing 

the least sign ificant product {LSP) sign bit by connecting 

right shift {RS) to 5 V. In this floating po int configura tion, 

rounding is accomplished by external circu its, a nd th ere­

fore onchip rounding is disabled by tying th e RND p in to 

ground. T o obtain the fastest throughpu t, fee d through {FT) 

XLOAO X MANTISSA CLK YMANTISSA 

CLRX 

CARRY 

EXP SO 

EX P Sl 

EXP $2 

5 v 

L-----4- YLOE 
YMOE EXPONENT j 

INTERFACE 
___ REGIST~ 

8 

ASl M 5V 

AS2 ACCUMULATOR 

EXPONENT 
ACCUMULATOR 

OUT EXPONENT 
ENA OUT 

CARRY 
EXP 
52 

0 

EXP EXP 
S1 so 

OPER­
ATION 

LOAD 
ADO 

HOLD 
INCA 
OECA 

s s s e-----~ 

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

OE 

I 
c CLRX 5 V c 

: 25LS2520 

I 

CLA 

OE 

CLR 

MANTISSA 
INTERFACE REG 

!=---f---XLOE 

;-- 74LS244 

BUSY 1 

PT l+--------..---+DONEO 

ADDA 

512 x 8 
P/ROM 2 

512 x 8 
P/ROM 1 

(SEE FIG 4) 

NOTE· XLOAD WILL CLEAR THE COUNTER. STARTING THE SEQUENCE 

12 

MPY-12HJ 
MULTIPLIER 

12 

5V = = 
TO ACCUMULATOR 

P23 TO Po 

Fig 2 Hardware implementat ion of floating point mu lt ipl ier. 
Hardware inc ludes interface registers, microprogram se­
quence r, mult ip lier, and exponent accumulator. Firmware in­
struc ti on set stored in P/ROMs consis ts of 10 inst ru ct ions 

governi ng ari thmetic and logical operations on exponents 
and mant issas. (Additional hardware detai ls are presented in 
Fig 4) 
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TABLE 1 

Program Details for Multiplication, Normalization, and Rounding 

P/ROM MPY ACCUMULATOR SWITCH EXPONENT 

OUT IN OUT OUT MUX IN OUT COMMENT 

DONE= 0 0 0 0 OLD ANS 

AND= 0 CLEARED 

(INST 0) YLXL 0 0 STOREY 0 

DONE = 1 
AND= 0 

(INST 1) YLXM 0 0 HOLD y 

AND= 0 

(INST 2) YMXL YL x XL 0 ADD XTO Y x + y 

AND= 0 (PROD 1) AND STORE 

(INST 3) YMXM YL x XM PART 1 = -;- 212 HOLD x + y 

AND= 0 (PROD 2) PROD 1 + 0 

(INST 4) YMO YM x XL PART 2 = X1 HOLD x + y 

CLRX (PROD 3) PART 1 +PROD 2 

AND= 0 2" 

(INST 5) 0 YM x XM PART 3 = -;- 2" HOLD X +Y 

AND= 0 (PROD 4) PART 2 + PROD 3 

(INST6) 0 0 PART 4 = X1 HOLD x + y 

AND= 0 PART 3 + PROD 4 

2" 
(INST?) A 0 0 PART 4 X2 DEC STORE x + y - ADJUST 

AND = 1 B X1 HOLD x + y EXPONENT 

c +2 INC STORE x + y + AND AND 

(INST 8) 0 0 PART 4 + AND X1 HOLD PARTIALLY CHECK OVF 

AND= 0 x2 IF ?A NORMALIZED DUE TO AND 

x 1 IF 76 EXPONENT 

+2 IF 7C 

(INST 9) B 0 0 MANTISSA X1 HOLD NORMALIZED FINAL ANS 

AND = 0 C READY +2 INC EXPONENT READY 

DONE = 0 = HALT 

(INST 10 = INST 9) COUNTER 
FROZEN 

NOTES: ANS = ANSWER; ANO = ROUND; INST (N) are the instructions appearing In the outputs of the registered P/ROMs; INST 7A, 78, or .7C, and INST 98 or 9C are selected 

according to the states of the 3 MS8s of the final product before normalization (PAu , PAu , PRa) 

also is grounded to enable the output pipeline registers. 
Grounding TRIM and TRIL, the 3-state output controls, 
enables both the MSP and LSP outputs. 

Unsigned magnitude, 2's complement, and mixed input 
formats are required to assemble the product. Therefore, 
P/ROM I establishes the appropriate coding for TCX and TCY, 

which control the input modes. 

Circuitry used to accumulate and shift the partial pro­
ducts obtained from the multiplier is shown in Fig 4. The 
accumulator consists of seven 745283, 4-bit full adders. Four 
74LS273 8-bit registers and 14 dual 4-input multiplexers 
(74LSI53) form the programmable shifter, organized in 28-bit 
sections. The 24 bits of the multiplier are applied to the 
middle 24 bits of the shifter. This allows the circuit to 
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TCY TCX AND CLK X CLK L TAIL 

REG 

12 
a: 
w .... 

Y1N _...,.__-+t a 
w 
a: 
> 

CLK M -------+! 

12 x 12 
ASYNCHRONOUS 

MULTIPLIER 
ARRAY 

PARTIAL 

.... 
::;) 

0 
a._ 

'.'.l 
Fig 3 Block diagram of 
MPY-12HJ multiplier. Input 
truth table shows how man­
tissa partial products are 
assembled utilizing 2's com­
plement, unsigned magni ­
tude, and mixed mode 
multiplies 

PRODUCT PRODUCT TCX TCY 
XLSB x YLSO 
XLSB x YMSB 
XMSB x YLSB 

XMSB K YMSB 

MSP OUT 

2's COMPLEMENT = LOGIC 1 
UNSIGNED MAGNITUDE = LOGIC 0 

maintain two bits of precision (PR0 and PR.) below the LSB to 
eliminate trunca tion errors before rounding, and two bits 
above the MSB (PR,6 and PR,,) to provide for word growth 
du ring accumulation of the partial products. 

Shifting Controls Normalization 

Multiplexing provides the capability to shift the mantissa 
one bit up or down, 12 bits down, or not at all . The 12-bit 

shift is used to accumulate the partial products and the 1-bit 
shifts are used for norma li zation. This is accomp lished by 
hardwiring the 28 ou tputs (PR0 to PR,,) of the 28-bit register 
to the appropriate inputs of the multiplexer (Fig 4). Multi­
plexer control is obtained from MUX SO and MUX SI, pro­
duced by P/ROM I. 

After firmware instructions 0 to 6, involving the accumu­
lation of partial products, the normalization procedure is 

FROM MPY12HJ 
P1 Po 

MANTISSA 
ACCUMULATOR 

B A B A 
B 74S283 A 

B A B A 

28 

CLK 
CLR ACC 

PROGRAMMABLE 
SHIFTER 'a 

I 

74LS273 8·BIT REGISTERS 

28 .-----------------------""-------------- - ----- ----, 

MUX SO 

MUX S1 

27 27 27 26 27 27 26 25 27 26 25 24 27 25 24 23 "PR 

(14) 
74LS1 53 

MULTIPLEXER a 
~----~----....... -~--+--~--+----< - - --~--+--~---<>--~--+--~---+--~ 

MUX SWITC H POSITIONS: 
(1) - 212 (1 2·BIT SHIFT AIGHn 
(2) - 2 (1 ·BIT SHIFT AIGHn 
(3) x 1 (NO CHANGE) 
(4) x 2 (1 -BIT SHIFT LEFn 

• PA NUMBERS SHOWN ARE PAo TO PA27 OUTPUT 
FROM MANTISSA ACCUMULATOR 

OUT 
ENABLE 

74LS244 

24 FROM SW 24 TO SW 1 

NORMALIZED 
MANTISSA OUT 

Fig 4 Mantissa accumulator and programmable shi fter. 
Multipl ier inputs 24-bit products to 24 middle bits of sh ifter, 

leaving two bits of prec ision below LSB and two bits above 
MSB for word growth during partial product accumulation 



TABLE 2 

Programmable Shifter Truth Table 

exponent. The sequence is contro lled by signals EXP SO, EXP 

SI, EXP S2, and carry, stored in P/ROM 2. 

If an overflow occurs during rounding, the mantissa must 

be downshifted one bit, and the exponent incremented one 

bit. This overflow condition is checked in instruction 8. If 
there is no overflow due to rounding, P/ROM 2 generates 

subinstruction 9B, indicating that the final answer is ready, 

and no further change is made. Completion of the process is 

indicated by the BUSY/DONE flag going low. The coun ter is 

then frozen and stays there until an X-load is received and 

the sequence can start over again. 

PR PR PR 
25 24 23 CONDITION 
---

0 0 0 UNDERFLOW 
0 0 1 NORMAL 
0 1 0 OVERFLOW 
0 1 1 
1 0 0 
1 0 1 
1 1 0 NORMAL 
1 1 1 UNDERFLOW 

x 2 = 1·81T UPSHIFT 
+ 2 1-81T DOWNSHIFT 
x 1 = NO CHANGE 

SHIFTER 

x2 
X1 
+2 
X1 
X1 
X1 
X1 
x2 

INSTRUCTION 

7A 
78, 98 
7C, 9C 

78 
7A 

This circuit assumes that both the exponent and mantissa 

are signed 2's complement numbers. That is, the mantissa 

has a range of -1.0 to (1.0 - 2 - 23), and the exponent is 

represented by 2 - 128 up to 2127
• Other common usage for­

mats can also be handled; however, they require minor 

coding changes in the P/ROMs and/or simple wiring changes. 

Summary 

initiated with instruction 7. This starts by raising the RND 

signal applied to the mantissa accumulator from P/ROM l. 

PR., to PR., are examined. These are the MSBs of the 24 bits 

from the mutiplication. These bits are decoded (through 

their use as addresses in the P/ROMs) to produce the nor­

malizing and rounding instructions (see Table 2). 

Design of a 32- x 32-bit floating point multiplier, as de­

scribed, is a comparatively straightforward process that in­

volves separation of 8-bit exponents from 24-bit mantissas. 

Addition of the 8-bit exponents is accomplished directly, 

while multiplication of the mantissas is carried out through 

the summing of partial products. Instructions stored in 

P/ROMs govern accumulation of partial products, normaliza­

tion, and rounding. 
The calculated exponent (Fig 2) is also modified accord­

ing to underflow/overflow conditions. For an underflow, the 

exponent is decremented and stored, while an overflow 

causes the exponent to be incremented and stored. If the 

mantissa is already normalized, there is no change in the 

A more difficult task is posed by floating point addition. 

The third, and last, column in this series will address that 

issue. 

MORE LSl-11 PRODUCTS 

MEMORY 
MEMl 1 

32K x 16 - Fast enough for 11 /23 
CPU's-1 8 bit addressing standard 
- 1 K word increments - first and 
last address switch selectable -
byte parity and 22 bit addressing 
optional - dual width card - fully 
socketed memory array 

8 X 4 CARD CAGE 
SLCC 

Replacement for MLSl-BPA84 -
bifurcated, tapered entry, gold 
plated connectors - color coded 
card guides - choice of power 
connector-optional BCV compat­
ible expansion connectors on 
backpanel - optional termination 
resistors 

FROM ANDROMEDA. 

PARALLEL 1/0 
01011 

64 TTL 1/0 lines - inputs and out­
puts individually selectable - dual 
width card - user kludge area -
same connector pinout as 
1664 TTL 

SOFTWARE 

VEDIT - Video text editor for use 
with VT52, VT100, ADM-3A, and 
Hazeltine 1500 series 

DPS - Document Processing 
System - formats, justifies output 
to any RT-11 device - takes 
advantage of most daisy wheel 
printers 

RT-11 , LSl-11 , and DEC are trademarks of the Digital Equipment Corp. 

CIRCLE 107 ON INQUIRY CARD 

DOUBLE DENSITY 
DFDCl 1 

An original , not a copy - controls 
up to 4 regular and 4 mini floppy 
disk drives - single and double 
headed - dual width card - 25% 
more storage and 2.46 times faster 
than DEC RXV21 - RT-11 
compatible handler software avail­
able 

Contact us for more 
information on these 
and other 
fine LSl-11 products 

ANLJnOMELJ~ 
SYS,EMS~ 

INC. 
9000 Eton Avenue 
Canoga Park, CA 91304 · 
(213)709-7600 
TWX: (910)494-1248 
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AROUNC THE IC LOOP 

Single-Chip LSI Speech Synthesizer 

with a display, a speaker, and a line 
printer. The user types English text 
in to the system, and a phonetic tran­
scrip tion is provided in numeric form 
and symbolic representa tions. These 
da ta can be selectively displayed on 
the terminal or the accompanying line 
printer. 

Produces Unlimited Vocabulary Using Phonemes 

A speech synthesis circui t, the SC-OJ , 
implemented on a single LSI chip, and 
available in OEM quantities at under 
$12/unit, combines phonemes (speech 
sounds) to produce an unlimi ted 
vocabulary. Manufactured by Votrax, 
Div of Federal Screw Works, 500 
Stephenson Highway, Troy, MI 48084, 
the 22-pin CMOS device operates a t a 
data rate of only 70 to 100 bits/s. The 
advantages of unlimited speech and 
low memory requirements are the 
direct result of the chip' s use of 
phoneme based speech rather than 
reco nstituted human speech, differen­
tia ting the circuit from existing syn­
thesizer chips, which are limited to 
modeling the human vocal tract 
through a word or phrase reconstitu­
tion scheme. 

The synthesizer u tilizes a switched 
capacitor fi lter (SCF) technology pro­
vided by Silicon Systems, Inc of 
Tustin, Calif, a company specializing 
in cus tom chip design. Illustrative of 
the power of the IC is its ab ility to pro­
duce a word of three phoneti c sounds, 
such as "cat," using on ly 18 bits of 
memory. By contrast, the reconstitu­
tion of the same word from human 
speech data could require more than 
500 bits. 
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v, 
v, 

v, 

PH~~~~E 6 BITS PO TO P5 

PITCH 1 BITS 11 TO 11 

sc.01 
LATCH ( f ) 
PHONEME STB 

CODE AF 

AO } AUDIO 
ACKNOWLEDGE/ OUTPUT 

REQUEST CB 

NEW AI R 
Ve PHONEME 

DATA 

Fig 1 Flow diagram for Votrax 
SC-01 speech synthesizer. Ac­
cess to 64-phoneme set is ac­
complished via 6-bit code 

Most previous speech devices have 
needed several large memory chips on 
which to store speech da ta. Some have 

· a lso required a dedicated micro­
processor to control the voice syn­
thesizer chip. The phoneme chip, 
h oweve r , d oes n o t r equ ire a ny 
microprocessor controller in order to 
produce speech. A common configura­
tion requires only the synthes izer and 
one memory chip to generate the 
specific vocabulary. 

Initial programming and repro­
gra mming of the vocabulary sequence 
does not require the services of the 
chip vendor. A vocabulary develop­
ment system, the CDS-I , containing the 
algorithm tha t automatically translates 
English text to phonemes, will be 
avai lable to the user. The sys tem con­
sists of a tab letop keyboard terminal 

PO 
Pl PHONEME 
P1 STORAGE, 

TIMING P3 CONSTRUCTION 
P4 ALGOR ITHM 
P5 

STB 

v, 
9 

~ 
I _r-

I MCRC CLOCK 
OR GENERATOR _ MCX 

AI R 

Dura tion of each phoneme is fix ed, 
the slowest being 40 ms and the fastest 
250 ms. In the synthesis process, a se­
quence of four events occurs. First, a 
phoneme command is presented to the 
chi p, and the strobe input is pulsed. 
Second, a duration timer is rese t when 
phoneme production begins. Next, the 
request fo r a new phoneme command 
occurs when the duration of the 
previous phoneme e nds (ackn owl­
edge/request signal high). Finally, the 
nex t phoneme command is presented 
(acknowledge/request signal low). 

Pitch varia ti on per phoneme, a pa­
rameter important to the intell igibility 
of speech output, var ies automa tica lly. 
Two input bits are provided to con trol 
the average pitch level of the speech 

(continued on page 196) 

11 11 TPI TP1 TP3 NC NC 

AF 

AO 

CB 

1oA 

v, 

Fig 2 Speech synthes izer ch ip, implemented in custom CMOS, 
operates at a data rate from 70 to 100 bits/s . Vocabulary, based on 
phonemes, is infin ite 
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THE BOTTOM LINE 
ON FORMS ACCESS PRINTERS. 

Why can the Teletype* model 40 
printer give you the bottom line when 
most other printers can't? 

Because with the Teletype model 
40 printer, you can print from the 
very top to the very bottom line of 
any form, tear it off, and never waste 
or destroy the next form. 

It saves QaQer. 
We designed our Forms Access 
printer with the tractor feed 
mechanism mounted below the print 
line. The paper is pushed up through 
the printer, so you never have to 
feed a second form through to get at 
the one you just printed. 

Theirs. Ours. 

It makes money, 
And, while your customers save 
paper, you make money. Teletype 
Corporation's low price on the 
remarkable model 40 makes it 
extremely cost efficient. Plus our 
proven LSI circuitry assures you of 
high reliability. 

*Teletype is a trademark and service mark of the Teletype Corporation. 

And it's ready to gQ 
to work now. 

The model 40 unit includes everything 
you need to go on-line right now. 
There's also handsome cabinetry or 
modification kits available to make 
packaging quick and simple. Plus 
technical assistance if you need it. 

And that's the bottom line on the 
Forms Access printer. No wonder 
we're getting a reputation as the 
printer people. 

' XruX; 
Teletype Corporation 

5555 Touhy Avenue, Dept. 3185, Skokie, IL 60076. 
Telephone (312) 982-2000. 
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output. When special sound effects in­
stead of speech output are desired, the 
overall pitch may be controlled by 
varying th e master clock inpu l fre­
quency. Pitch manipulation may also 
be achieved by utilizing an external 
clock or varying th e res istor capacitor 
value. 

Additional characteristics include a 
current drain of 9 V (typ), .latched in­
puts with S-V compatibility, and an on­
chip 720-kHz master clock circuit. Ab­
solute maximum ratings limit supply 
voltage, V"' to a max of 20 V, and in­
put voltage to a range from -0.S V to 
VP + O.S V. Power dissipation at 
2S °C must not exceed 6SO mW, 
derated above that temperature by 5 
mW / °C . Acce ptabl e t e mp e ratur e 
ranges are 0 to 70 °C (ambient) in 
operation , and - SS to 12S °C in 
storage. 
Circle 501 on Inquiry Card 

Quad Line Drivers 
Provide Fault Protection 

Specifically developed to meet th e up­
dated IBM 360/370 peripheral 110 stan­
dard, two single-ended quad · line 
drivers have been introduced by 
Motorola Semiconductors, PO Box 

DRIVER OUTPUT A 

FAULT HAG A 

INPUT A 

ENABLE AB 

INPUT B 

FAULT FLAG B 

DRIVER OUTPUT B 

GROUND 

20912, Phoenix, AZ 8S036. In addition 
to compliance with parametric require­
ments of the standard , the devices pro­
vide driven line fault flagging, cu rrent 
fo ldback driver protection, power­
up/power-down protection for th e bus, 
and guaranteed output levels over the 
full temperature and supply range. 

Although identical in fun ction, the 
drivers differ in enable and fault flag­
ging organization. The MC3481 pro­
vides two enables a nd four individual 
fault flags for the four drivers, while 
the MC3485 provides a single enable, 
single fault flag, and four individual LS 

. complemented outputs. Their manu­
facturer indicates that th ese are th e 
first devices to mee t the stringent re­
quirements of the IBM GA22 6974·3 
specification . 

As they are specified in 110 driver 
and select out driver applications, th e 
devices feature Schottky circuitry for 
high speed, PNP input structure , and 
intern al bootstraps for fast rise times. 
They ar e appropriate for IBM 
periphera l and general purpose 1/0 ap­
pli cations and are available in both 
ceramic and plas tic dual inline 
packages. 

Maximum ratings limit power sup­
ply voltage (VcJ to 7 V, input voltage 
(V 1) to 10 V, and driver output voltage 
(Va) to S.S V. The maximum allowable 
power dissipation is l lSO mW for the 

Vee DRIVER OUTPUT A 

DRIVER OUTPUT 0 OR IVER OUTPUT A 

FAULT FLAG 0 INPUT A 

INPUT 0 ENABLE ABCO 

ENABLE CO INPUT B 

INPUT C DRIVER OUTPUT B 

FAULT FLAG C DRIVER OUTPUT B 

DRIVER OUTPUT C 

ce ramic and 962 mW for the plastic 
package, both derated above 2S °C by 
7.7 mW/°C. The temperature must 
s tay between 0 and 70 °C in operation 
and be tween - 6S a nd lSO °C in 
storage. 
Circ le 502 on Inquiry Card 

Octal Interface Circuits 
Implemented in CMOS 

A series of devices from Mite! 
Se mi co ndu c tor , PO Box 13089, 
Kanata , Ottawa , On tario K2K 1X3, 
Canad a, utilizes an ISO.CMOS process 
to provid e a varie ty of oc tal inte rface 
capabiliti e s. Desc rib e d b y th e 
manufac turer as a cos t effec tiv e 
upgrade replacement fo r low power 
Schottky designs, th ese circui ts pro­
vide S-ns typ gate delays and are 
characterized by CMOS noise immunity 
and n egligibl e qui esce nt p owe r 
di ssipa tion . 

One of the three famili es included in 
this se ries consists of 3-state, D-type, 
transparent, 8-bit latches a nd edge 
triggered flipflops, designed for use in 
high speed, bus oriented sys tems. The 
MD74SC373 appears tra nsparent to data 

(continued on page 198) 

Vee 

DRIVER OUTPUT 0 

DRIVER OUTPUT 0 

INPUT 0 

FAULT FLAG 
(OPEN COLLECTOR) 

INPUT C 

DRIVER OUTPUT C 

DRIVER OUTPUT C 

Quad single-ended line drivers from Motorola . 
Semiconductors. Left diagram shows MC3481, hav­
ing dual-enable and individual fault flags . At right is 

MC3485, offering common enable and common 
fault ·flag 
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Not bad for an amateur. 
Scientists and engineers have more 

important things to do than draw 
charts and graphs. But now they can 
produce professional graphics for data 
analysis, scientific projections and 
technical presentations in almost no 
time at all. Without writing a single 
computer program. 

Picture your data the way you 
want it. 

The key is a graphics workstation 
from Hewlett-Packard. Built around 
our HP2647 A intelligent terminal, it's 
like putting an entire art department 
at your staff's fingertips. 

Not only can you call up your 
standard alphanumeric data on 
measurement, test, and control jobs, 
but with a few simple keystrokes, you 

can turn them into clear and helpful 
line and bar graphs, logarithmic 
charts, overhead transparencies, pie 
charts and more. And with easy­
to-use graphics commands in HP's 
Enhanced BASIC language, tailoring 
to more sophisticated applications 

you just how professional an amateur 
artist can be. Or, if you'd like more 
information first, just return the coupon. 

r//pm HEWLETT 
a!~ PACKARD 

is a snap. 

Draw your own 
conclusions . 

Just contact your nearest 
HP sales office for a 
hands-on demonstration of 
our graphics products 
(we're listed in the White 
Pages). And bring your 
department's technical re­
ports or other scientific 
data -we'll be glad to show 

, -- Yes.1'd like mo;:;-detail~bout you-;-;raphics -1 
\ workstat ions. Please send me your brochure. \ 

\ ame \ 

\ Title Phone \ 

\ Compa ny \ 

\ Address \ 

\ City/State/ Zip \ 

I 
Send to: Hewlett-Packard. Data Terminals Division , \ 
Dept.1276. 19400 Homestead Rd .. Cupertino CA 95014 

L __ Att~E~ayes~arketing Manager. ~00~2J 
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DATA 
OUTPUTS 

Do 

01 

ENABLE { ~3 Oz INPUTS ~I 
Ez 

03 

o, 

Ao 05 

SELECT Al 05 
INPUTS 

Az 
ii, 

Octal decoder MD74SC138 from Mi tel. Enable inputs E., E., 
and E;" reduce output gate requirements . Device decodes 
binary inputs Ao to A,, outputs 1 of 8 mutual ly exclusive out­
puts Oo too, 

CIRCLE 11 0 ON INQUIRY CARD 

(outputs changing asynchronously) 
when latch enable (LE) is high. When 
LE is low, data meeting the setup times 
become latched. In th e /374 version, 
latches hold th eir individual data when 
mee ting se tup times with th e clock low 
to high transition. With both devices 
OE does not affect the state of the 
latches, but when OE is high the output 
is put into high impedance. Da ta may 
thus be latched even when the device 
is dese lec ted. A selec tion of packages 
offe r s a ch oice of inverted or 
non inverted ou tputs. 

Single l-of-8, latc hed or unl atched, 
and dual l-of-4 configurations make 
up the decoder MD74SC138 fami ly. 
These circuits are des igned for use in 
high speed memory and peripheral 
address decoding sys tems. The /138 
decodes three bina ry inputs to selec t 
l-of-8 mutually exclusive outputs . 
Three enable inputs, tw o active low 
and one ac tive high , red uce th e need 
for ex ternal gates in an expanded 
sys tem. Vers ion 1137 features addi­
tional latches on inputs for use in 
glitch free applications. A l-of-32 
decoder requires on ly fo ur of th ese 
devices and one inverter. The /139 con­
tains two individual 2-line to 4-line 
decoders. Corresponding to each of 
these inver ted versions is a non­
inverted version (1237, /238, /239}. 

Finally, th e MD74SC240 seri es co n­
sists of 3-state oc tal buffers and line 
drivers. These are designed to improve 
PCB density and performance in 3-state 
memory address drivers, clock drivers, 
and bus ori ented r ece iv e rs and 
transmitters. A range of devices covers 
a selec tion of differing !/O pin la you ts, 
inverting and noninverting buffers, 
and a choice of similar or complemen­
tary outp ut controls. 

Ab so lute maximum ratings for 
devices in a ll of th ese famili es require 
that supply voltage (V cJ stay between 
-0.5 and 7.0 V and th at input voltage 
stay between -0.3 V and V cc + 0.3 V. 
Output current must not exceed ± 75 
mA/output nor may power dissipation 
rise abov e 450 mW . Allowabl e 
temperature ranges are -40 ·to 85 °C 
in opera ti on and - 65 to 150 °C in 
storage. 
Circle 503 on Inquiry Card 
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900 Series 
MICRO-DISCS 

Finest minidisc recorders. 
Technically superior, 

yet low priced. 

• Desktop & rackmount models 
•Uses s11:t minidiskettes 
•Double density 200,000 

characters per disc side-first 
in the industry 

• Automatic "next location" 
recording 

• File directory recorded on each 
disc 

• Disc Editor-character 
insertion/ deletion, data expan ion, 
fi le update/delete/ append, CO 
TO commands 

• Character string search 
•File/Batch/Binary modes 
• High speed random access-all 

modes 
• Multiple rates-110 to 9600 

Baud 
• Dual RS232 interfaces­

terminal/modem 
• 8085 microprocessor contro lled 

- powerful 

Send for full details: 

)ECHTRAN 
INDU§TH/E§, /NC 

200 Commerce Drive 
Rochester, New York 14623 

Tel: 71 6-334-9640 
TWX: 510-253-3246 
Calif. 213-391-0507 
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AROUND THE IC LOOP 

Military RAM 

Saves Power 
On Standby 

An access time of 70 ns (max), true 
static operation with cycle time equal 
to access time, low power standby, and 
operation from a single 5-V ± 103 
supply characterize a 4096-bit, static 
RAM from Intel Corp, 3065 Bowers 
Ave, Santa Clara, CA 95051. Intro­
duced three months after the 2148H, the 
M2148H is the military version. It is 
fabricated with a proprietary HMOS II 
technology, operates over a temper­
ature range from - 55 to 125 °C, 
and meets requirements of MIL-STD-
883B. 

Organized as lk X 4, the RAM draws 
a max supply current of 180 mA in ac­
tive operation. Current drain is auto­
matically reduced to 30 mA when the 
chip is disabled via the chip select (cs) 

A,-----' 

As-------l 

A5 - ------l 

•,----------" 
ROW 

SELECT 

INPUT 
DATA 

CONTROL 

input. It is useful in applications such 
as signal processing with bit-slice pro­
cessors, buffer memories, and large 
high speed memory systems. 

The automatic power-down feature 
reduces sys tem power requirements as 
much as 853. Moreover, the power 
savings tend to increase with system 
size, since in larger systems only a 
small percentage of the RAM devices 
are selected simultaneously. In addi­
tion to new system applications, the 
device is suitable for many perfor­
mance upgrade applications and is pin 
compatible with the company's M211 4A 
static RAM. 

Additional features include common 
data input and output pins utilizing 
three state outputs, dir ect TTL­
compatible 110, and packaging in an 
18-pin ceramic DIP. Data are read out 
nondestructively with the same polari­
ty as the input data . 
Circle 504 on Inquiry Card 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

- vcc 

- GROUND 

Intel's military 4k-bit M2148H static RAM . Fabricated in HMOS II technology, 
memory provides 70-ns max access time and automatic power-down, and 
fulfills Mil Spec requirements 
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16-Bit ADC 
Offers Speed 
At Low Cost 

A 16-bit successive approximation 
analog to digital converter from Micro 
Networks Co, 324 Clark St, Worcester, 
MA 01606, provides a conversion time 
of 50 µ.s max and 40 µ.s typ. It is 
available at $187 in 100 lots. 

The MN5282 features an internal 
reference, an internal clock, six user 
selectable input ranges, short cycling 
capability, optional gain and offset ad­
justments, and DIP packaging. For 
operation over temperature, it is fully 
specified with absolute accuracies for 
the user who is not utilizing initial 
gain and offset adjustments and with 
gain and offset drift specifications for 
the user who is adjusting at room 
temperature. 

Thin film, laser trimmed resistor 
ne twork s pr ov id e a guaranteed 
±0.003 % linearity at 25 °C and 
±0.006% linearity over the entire 0 to 
70 °C operating range. Specifications 
include values of ± 10 ppm/°C (typ) for 
gain drift and typ unipolar and bipolar 
offset drifts of ± 3 and ± 7 ppm of 
FSR/ °C. Power consumption is 
1400 mW typ and 1800 mW max. 

The device was designed to be a low 
cost, physically small alternative to 
currently available modular and PCB 

high resolution ADCs. It fills the need 
for a reliable, high resolution con­
verter in a microprocessor compatible 
package. Applications include preci­
sion measurement and data acquisi­
tion systems, high resolution 
biomedical scanning equipment, 
nuclear accelerator and seismological 
instrumentation, and other uses re­
quiring high resolution data digit izing 
capability. 

Absolute maximum ratings limit 
supply voltages to ± 18 V, logic supply 
to 7 V, aQd analog inputs to ± 25 V. 
Digital inputs must remain between 0 
and 5.5 V. Allowable temperature 
ranges are 0 to 70 °C in operation and 
-65 to 150 °C in storage. The con­
verter is provided in a 32-pin dual in­
line package. 
Circle 50 5 on Inquiry Card 

fod<?lf. 
constructed and competitively 
priced. We also manufacture 
a Reinforced SM Bar with 
strengthened bar channel. 
Available with or without air 
boosts. Also available 
in OEM configu­
rations. 

Call or write for our new catalog. 

Chapman Corp. 

P.O. Box 427 Dept. D 
Portland. Maine 04112 
U.SA 
Phone: (207) 773-4726 

·-

START CONVERT 

CLOCK OUTPUT 

15V SUPPLY 
- 15V SUPPLY 

5V SUPPLY 
GROUND 
GROUND 

REF OUTPUT 

GAIN ADJ UST 
COMPARATOR INPUT 

IO·V RANGE 

20·V RANGE 

BIPOLAR OFFSET 
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16-bit successive approximation ADC, MN5282, from Micro Networks. Dev ice provides low 
cost , compact al ternative to modu lar and PCB high resol ution converters 

201 



202 

COM(p>(Q)~ 
microsystems 

6500 USERS 
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We offer the most complete line of 6500 support tools available -
both hardware and software. Our CSB family of single board 
computers get your project running quickly. The DAIM floppy 
disk system turns your AIM 65 into a serious development 
system . The DB / 65 provides the debug system you have been 
looking for. Cross assemblers are available for many popular 
computers plus CSL/65 - the high level language for the 6500 
family. 

224 SE 16th St . P.O. BOX 687 AMES , IA 50010 (515) 232-8187 
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UNIVERSITY OF PETROLEUM & MINERALS 
DHAHRAN, SAUDI ARABIA 

The Department of Systems Engineering will have faculty 
positions open for the academic year 1981-82, starting 1 
September 1 981 : 

Academic Qualifications and Experience: 

PhD degree with emphasis on systems and control, opera­
tions research or digital systems prefreably with teaching ex­
perience. 

Language of instruction is English . 

Minimum regular contract for two years, renewable. Com­
petitive salaries and allowances. Air conditioned and fur­
nished housing provided. Free air transportation to and from 
Dhahran each year. Attractive educational assistance grants 
for school-age dependent children. All earned income 
without Saudi taxes. Ten months duty each year with two 
months vacation with salary . There is also possibility of 
selection for University's ongoing summer program with 
good additional compensation. 

Apply with complete resume on academic, professional and 
personal data, list of references, publications and research 
details, and with copies of transcripts and degrees, including 
home and office addresses and telephone numbers to: 

University of Petroleum & Minerals 
Houston Office 
2223 West Loop South, Suite 410 
Houston, Texas 77027 

CIRCLE 11 5 ON INQUIRY CARD 

AROUNO THE IC LOOP 

Memory Control ICs 
Manage Dynamic RAMs 

Two series of integrated circuits from 
Texas Instrum ents Inc, PO Box 
225012, MIS 308, Dallas, TX 75265, 
operating e ither as s tandalone devices 
or as ele me nts in a 3-chip se t, provide 
memory management for dynami c 
RAMs. One seri es, SN54LS/74LS600, con­
sists of me mory refr esh controllers, 
and th e other, SN54LS/74LS604 consis ts 
of 16- to 8-line multiplexers with input 
latches. In th e 3-chip co nfiguration , a 
refr esh co ntroller a nd a MUX will be ac­
co mpanied by a memory cycle con­
tro ller that is Lo be a nnounced. 

The refresh controller provides bus 
driving peripheral control ca pabilities 
for the refresh of d ynamic RAMs to 
create a s tatic RAM app earance. Each 
IC in this se ri es contains an 8-bit syn­
chronous counter, nin e 3-s tate buffers, 
four RC-co ntrolled multivibrators, and 
other related circuitry . Critical Lim es 
are use r RC-progra mma ble to optimize 
ys tem perform a nce. 

Transparent or burst re fres h modes 
characterize th e LS600 (for 4k or l6k 
RAMs) and th e LS601 (for 64k RAMs). 
Similarly, cycle s teal or burs t mod es 
are pro vided by th e LS602 (for 4k or l 6k 
RAMs) a nd th e LS603 (for 64k RAMs). 

The 16 Lo 8 multipl exer contains 16 
input latches divid ed into two 8-bit 
words for sequ ential loading to the 
RAM during row and column selection . 
Version s LS604 and LS606 have 3-stale 
outputs and clock to output times of 23 
a nd 31 ns, respectively. The LS605 and 
LS607 furni sh ope n collector outputs 
and clock Lo output times of 26 and 
31 ns. 

All of the devices in the two series 
are compatible with this manufac­
turer's TMS9900 16-bit microprocessor, 
as well as other 8- and 16-bit 
microprocessors. When used with the 
9900, th e two series are redesignated as 
TIM99600 and TIM99604. The chips are 
avai lab le in 20- and 28-pin plastic 
packages and wi ll also be offered m 
full military temp erature versions in 
ceramic DIPs. 
Circle 506 on Inquiry Card 

COMPUT ER DESIGN/SEPTEMBER 1980 





AROUNO THE IC LOOP 

6 -Decade Up Counter 
Contains MNOS Memory 

An integra ted circui t from Plessey 
Semiconductors, 1641 Kaiser Ave, 
Irvine, CA 92714, includes a 6-decade 
up counter in parallel with a 25-bit 
metal nitride oxide semiconductor 
memory. This MNOS memory provides 
a capability for nonvolatile storage of a 
specified count position, with da ta 
re tention guaranteed for 1 yr in the 
absence of appli ed power, over a 
temperature range of -40 to 70 °C. 

The dev ice is available in three 
variations. The MN9106 is a batch 
counter with an overflow latch that is 
activate d when th e counter hits 
999999. Both of th e other versions are 
lapsed tim e indica tors, th e MN9107 
disp laying up to 99 h, 59 min, 59 s, and 
th e MN9 108 up to 9999 h, 59 min or 
9999 min, 59 s. 

An overflow latch and memory bit 
are available to indicate a counter 
overflow condition . In addition to the 
conventional counter contro ls, recall 
and save inputs are provided to control 
th e transfer of data betwee n the 
counter and memory. Output data are 
presented in th e form of multiplexed 
7-segment outputs and 6-digit s trob es . 
The multip lex ing sequence is con­
trolled by an internal osci ll ator that 
may also be forced from an ex ternal 
oscillator on the scan input. 

A single 12-V supply fulfi lls power 
requirements. The higher voltage re­
quired for th e MNOS memory is pro­
vided internally by a generator that re­
quires only a single external capacitor. 

Operating from de to 200 kHz, the 
circuit contains a se lf-scann ing 
mu l tiplexer and seven seg ment 
drivers. Addit ional capab ilities include 
leading zero a nd full bl a nkin g 
faci lit ies, CMOS co mpa tib le in puts, 
and the op tion of u ti lizing split sup­
plies (5 and - 7 V) to allow in puts to 
interface with TTL. The series offers an 
alternative to existing approaches, 
such as the use of CMOS chips with ba t­
tery backup and offchi p nonvola tile 
logic requiring 35 to 40 V of exte rnal 
power. 
Circle 507 on Inquiry Card 
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Low Cost CRT Controller 
Uses ROM Programs, 
No Software Registers 

T he S68045 CRT controller is a ROM pro­
grammable devi ce for pin compatibl e 
replacement of so ftwar e program­
mable CRT controllers at price reduc­
tions as grea t as 40% . This chip from 
Am erican Microsystems, Inc, 3800 
Ho mestead Rd, Santa Clara, CA 
95051 , is des igned to reduce the 
manufacturing cost of high volum e in­
te lligent CRT terminals, word pro­
cessors, and information di sp lay 
equipm ent. 

Te rmi nals designed wi th th e soft­
ware programmable MC6845 or SY6545 
can directly substitute thi s controller, 
once character fonts and display for­
mats have been estab lished. The 
dev ice sto res two comple te charac ter 
and d isplay programs in ROM. Use of 
ROM ins tead of RAM, modu lo- N 
counters ins tead of b inary counters, 
and elimination of th e ligh tp en option 
reduce chip size and lower pri ce in 
high volume quantiti es. Power sup­
plies and clocks remain unchanged . 

Th e controller consists of counting 
circui ts, a linear address counter, and 
con tro l registers. Horizontal and ver­
tical counting circuits generate display 
enabl e, hsync, vsyn c, and scan line 
count signals (RAO to RA4) to th e ex ter­
nal character generato r ROM. Four cu r­
sor modes provide for nonblink, slow 
blink, fast blink, and (with addition of 
a single TTL gate) reverse video . The 
cu rsor control register determ ines cur­
sor locat ion on the screen. Cursor 
and /or d isplay can be delayed 0, 1, or 2 
clock cycles. 

Ad d itiona l features of the NMOS 
si licon gate device include th ree in­
terlace modes (norm al sync, interlace 
sy nc, or interlace sy nc and video), the 
capabili ty to address 16k bytes of 
memory, and full ha rdwa re scrolling. 
T ex t ca n be scrolled on a character , 
line, or page basis. The screen can be 
up to 128 charac ters ta ll by 256 wide, 
and th e character fo nt can be 32 lines 
high a t any width . 

This circu it is TTlrcompa tib le and 
operates off a single 5-V supply. Its 

maximum ra ti ngs require that its sup­
ply and input vo ltage remain be tween 
- 0.3 and 7.0 V. Allowable temper­
ature ranges are 0 to 70 °C in opera­
tion and - 55 to 150 °C in storage. 
Circle 508 on Inquiry Card 

CRT Controller Offers 
Full Programmability 

Designed to provide the interface be­
tween a microprocessor system and a con­
ventional raster scan CRT display, the 
HD4-0505/MC6845 generates the refresh ad­
dress and video timings according to 
display format. Offered by Hitachi 
America Ltd, 707 W Algonquin Rd, 
Arl ington Heights, IL 60005, this IC is one 
of a series of controller chips in the 
HMCS6800 family. It is applicable to a wide 
range of raster scan displays. Appli cations 
include intelligent CRT terminals and in­
formation display systems. 

The device is optimized for hard­
ware/software balance in order to achieve 
integration of complex CRT interface 
functions and to maintain flexibility. It 
provides a programmable screen and 
charac te r format, lin e bufferless 
refreshing, 14-bit refresh memory ad­
dress, a cursor control function, program­
mable cursor format and blink, and a 
lightpen detection function . Options allow 
a programmable interlace or noninterlace 
scan, as well as limited or full graphic 
display capabili ty. Additional features in­
clude character by character video control 
(color, blink, inverse, etc) and hardware 
scrolling and paging functions. 

W ith refresh memory time multiplexed 
between the CRT controller and the 
microprocessor, no direct memory access 
is required. The device is d irec tly inter­
faceable to the microprocessor bus, 
operates off a single 5-V power supply, 
and provides direct TTL compatibility on 
all inputs and outputs. It is fabricated 
utilizing N-chan nel enhancement/deple­
tion MOS technology and is provided in a 
40-pin dual inlin e package. 

Circle 509 on Inquiry Card 
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Miniature DIPs 
House Analog ICs 

A microminiaturized package having 
approximately one-fourth the linear 
dimensions of conventional 24-pin 
dual inline packages has been in­
troduced by Signetics Corp, 811 E 
Arques Ave, Sunnyvale, CA 94086. 
Thirteen of this manufacturer's stan­
dard analog !Cs are being provided in 
this .configuration. The microminia­
ture circuits include comparators, sin­
gle and dual operational amplifiers, 
encoders and decoders for radio con­
trol systems, and precision voltage 
regulators. 

Designated the S.O. series, the 
packages measure approximately 
0.188 to 0.196 x 0.149 to 0.157" (4.775 
to 4.978 X 3.785 to 3.988 mm). Pin 
spacings, also one-fourth those of con­
ventional devices, are 0.049" (1.2 mm). 

It is anticipated that hybrid circuit 
manufacturers and users will be the 
major immediate beneficiaries of this 
packaging concept, since it cuts out 
the costly, time consuming, and low 
yield assembly and wiring of naked 
silicon chips with discrete components 
on expensive hybrid substrates. 
Available in 8-, 14-, and 16-pin con­
figura"tions, the package can be 
mounted on PCBs or on thick film 
substrates using conventional reflow 
soldering techniques. 
Circle 51 0 on Inquiry Card 

Fast 12-Bit DAC 
Has Unipolar, Bipolar 
Operating Modes 

Offering settling times of 300 ns to 
0.01 % and accuracies to 12 bits, a 
monolithic digital to analog converter 
of 12-bit resolution is available from 
Teledyne Philbrick, Allied Dr at Rt 
128, Dedham, MA 02026. The 4068 con­
verter provides externally selectable 
operation in unipolar or bipolar mode. 

High stability, thin film resistor pro­
cessing results in a guaranteed 12-bit 
linearity within ± 1h LSB max, or (for 
the military version, suffix - 83) ± 1,4 
LSB max. Zero offset error as a func­
tion of temperature is ±2 ppm FSR/°C 

for unipolar and ±4 ppm FSR/°C for 
bipolar operation. Gain error vs 
temperature is ± 10 ppm FSR/°C. 

Applications are found in CRT 
display generation, high speed ADCs, 
video signal reconstruction, waveform 
synthesizers, high speed data acquisi­
tion, and precision instrumentation. 
The commercial version operates over 
a 0 to 70 °C range, while the military 
version (screened to MIL-STD-883, 
Method 5004, Class B) operates over 
-55 to 125 °C. 
Circle 511 on Inquiry Card 

32k ROM Offers 
Compatibility With 
Standard ROMS, EPROMS 

Organized as 4k x 8, the R0-3-9333 read 
only memory from General Instru­
ment, 600 W John St, Hicksville, NY 
11802, features fully static operation 
with no clocks required and has a 
450-ns max access time. This ROM is 
pin for pin compatible with Intel's 2732 
EPROM and with ROMs 2332 (Intel), 
SY2333 (Synertek), and Am9233 (AMO). 

The N-channel device, oriented par­
ticularly toward microprocessor 
memory applications, operates from a 
single 5-V supply, is TTL compatible on 
all 110, and provides 3-state outputs 
under the control of two mask pro­
grammable chip select inputs to 
simplify memory expansion. Addi­
tional features include Zener protected 
inputs, glass passivation protection, 
totally au to mated custom program­
ming, and packaging in a 24-pin DIP. 
Circle 51 2 on Inquiry Card 

IC Product Line 
Operates at 
High Temperatures 

A family of integrated circuits pro­
viding a guaranteed operating temper­
ature range of - 55 to 200 °C, with 
characterized performance as high as 
250 °C, has been announced by Harris 
Semiconductor Products Div, PO Box 
883, Melbourne, FL 32901. Six circuits 
are currently available, including two 
amplifiers (the HA-2600-1 and the 
HA-2620-I), a quad comparator (the 
HA-4920-1), two analog switches 

(the HI-200-1 and the Hl-201-1), and a 
multiplexer (the HI-508- 1). 

These devices, manufactured using 
a proprietary dielectric isolation pro­
cess, have the ability to withstand 
stringent environmental requirements. 
Included in the manufacturing flow is 
a burn-in for 160 hours followed by a 
final electrical test at 200 °C. 

Four other ci rcuits will be added to 
th e family soon. They will include two 
quad op amps (the HA-4602-1 and the 
HA-4622-1), a DAC (the HI-562-t), and a 
voltage reference circuit (the HA-1610-1). 
Circle 51 3 on Inquiry Card 

Voltage Protection Chip 
Senses Threshold 
Within ± 2 % 

Over- and under-voltage protection for 
electronic circuitry is provided by an 
IC from Silicon General Inc, 11651 
Monarch St, Garden Grove, CA 92641, 
that uses an onchip 2.6-V reference to 
obtain sensing thresholds accurate lo 
±2% without the need for poten­
tiometers. In case of an over-voltage 
condition, the SGl542 provide im­
mediate shutdown of the power supply 
via a 200-mA output drive current into 
an external SCR crowbar. Furthermore, 
logic level outputs permit regulator 
turnoff and operator or system warn­
ing indicators. Outputs for both in 
tolerance and out of tolerance condi­
tions are provided. 

Both polarity inputs to the sensing 
comparator are u • 1mmitted. This 
allows either over- or undervoltage 
sensing with a wide common mode 
range, which includes th e ability to 
sense voltages less than the reference 
output. Accurate time delay between 
fault occurrence and crowbar trigger­
ing can be programmed by means of 
an ex ternal capacitor. However, this 
delay can be either bypassed or over­
ridden by remote command. 

Additional features include an 
operating range from 4.5 lo 40 V, a O­
to 35-V sensing capability, and built-in 
input hysteresis. The d ev ice is 
available in a 14-pin cerdip (J) package 
and is characterized for operation 
from - 55 to 125 °C. Operating 
temperature range for the SG2542 ver­
sion is - 25 to 85 °C and for the 
SG3542, 0 to 70 °C. 
Circle 51 4 on Inquiry Card 
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Avco is THE systems house that can 
offer a turn·keY. custom designed measurement 

and control system worldwide. 

When you come to Avco, you're dealing with a 
single source supplier for computer-based 
measurement and control systems. From 
specification and design to installation and training, Avco 
professionals work with you to develop the optimum 
system built to your individual requirements 
Avco begin · Ith application engineering. we 
study the problem and help you define the system 
requirements we then select the hardware. or we can 
manufacture any needed component in our 125,000 
square foot Huntsville plant 
component Interface is an Avco specialty. our 
engineers carefully integrate sensors, field panels and 
central stations to achieve a system that delivers 
trouble·free performance right from turn·up. 
Software optimization is critical to the effectiveness 
of any measurement and control system. Avco 
programmers work with you to develop the software 
that will generate the exact data you need to get the job 
done. 
Avco has designed, built, delivered, and installed some of 
the most sophisticated distributed network 
systems ever created, such as the world's largest and 
fastest real·time computer data acquisition network 
system and the world's largest machinery health 
monitoring system. Avco has also designed the world's 
largest industrial test system, utilizing over 100 
computers in a four·level hierarchical network, for the 

leading us manufacturer of diesel engines, and the 
world's largest energy management system designed to 
tri·service specifications 
But Avco also builds the best sma ll systems - computer· 
based electrical power demand and load control systems, 
automated data acquisition systems and process control 
systems - all offering reliable performance at 
competitive prices. 
All Avco systems are carefully tested for quality 
assurance and conformance to customer specification. 
we supervise the entire installation and start·up 
sequence we even train your operators 
And Avco field service is always right at hand. Your 
investment is protected by our highly ski lled technical 
service staff. we can be anywhere in the world whenever 
you need us. 
Avco. The strength and assurance of a $2 bil lion 
corporation The flexibil ity and technical support of 
a leader in system electronics. Find out why major 
corporations around the country are turning to us. 
Write or call today for more information. Telephone: 
(205) 837·6500. 

A/7 A' 'C 0 ELECTRONICS .L_flj ~ V DIVISION 

CIRCLE 11 7 ON IN9UIRY CARD 
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AROUNC THE IC LOOP 

ICS Drive 
Plasma Displays 

A high voltage display driver chip from 
Exar Integrated Systems, Inc, 750 
Palomar Ave, Sunnyvale, CA 94088, 
replaces most of the drive circuitry 
necessary for ac plasma displays, 
reducing both system cost and power 
dissipation. The XR-2284, packaged in a 
14-pin DIP, is a 4-channel driver, while 
the XR-2288, packaged in a 20-pin DIP, 

is an 8-channel driver. All channels 
have independent I/Os but share a com­
mon toggle or clock switch and a com­
mon substrate or ground connection. 

The circuit is designed as a series 
connection of two controlled switches 
(SCR), each formed by two transistors. 
An internal junction capacitance turns 
on the appropriate switches during 
positive and negative edges of the 
toggle input. During the negative ex­
cursions of the toggle voltage, an ex­
ternal diode decouples the substrate 
from ground. This external decoupling 
is common to all channels so that many 

driver ICs can be stacked to drive a 
large number of display columns with 
only one backing side and a common 

toggle input. 
Under de conditions (no ac toggle 

drive), the driver ICs do not dissipate 
any appreciable standby power. When 
ac toggle voltage is applied, co rres­
ponding output can fo llow pk-pk tog­

gle voltage and sink or source up to 
100 mA of current to the capac itive 

load (ie, the plasma panel). 
Both versions ope rate with toggle 

frequencies up to 200 kHz. Typica l 
power dissipation is about 50 mW per 
channel, at 200-kHz operation, with 
180-kHz ac drive . Dissipation 

decreases as toggle frequency and 
drive voltage are reduced. Input logic 
threshold levels of the drive channels 
are chosen to be compatible with TTL 

or CMOS logic levels. 
The 4- and 8-channel .display driver 

!Cs are available in plastic dual inline 
packages. Prime grade devices are 

designed fo r 360-V plasma display 
systems and exhibit a minimum of 
90-V sustaining voltage. Commercial 
versions are designed for 240-V 

systems and have ~60-V breakdown 
characte ristics. Operating temperatu re 
for a ll version ranges from 0 to 75 °C. 

Circle 51 5 on Inquiry Card 

Just connect two wires 
and print what you see 

The Axiom EX-850 Video Printer is 
uniquely different because it requires 
absolutely no hardware or software 
interface. Instead, it connects to the 
standard video input of your CRT 
terminal, video monitor or TV set. 
You can even select normal or high 
resolution, and positive or negative 
image. 

Because the EX-850 operates from 

the video signal, it prints exactly 
what you see on the screen . It 
handles a news headline in Greek or 
a street map of Tokyo just as easily 
as it prints English alphanumerics 
and graphics. 

No doubt about it , the EX-850 is 
the ultimate in simplicity. The price 
is amazingly low, too. Just $1250. 
Even less in OEM quantities. 

AXIOM CORPORATION 

5932 San Fernando Road, Glendale, CA 91202 
(213) 245-9244 • TWX: 910-497-2283 
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AROUNO THE IC LOOP 

16k-Bit Static RAM 
lJtilizes 3 -µ.m Technology 

Organized as 2k x 8, and providing a 
max access time of 200 ns and max 
power dissipation of 660 mW, the 
MSM21 28- l is a monolithic, fully static 

RAM requmng no clocks or refresh. 
This 16k-bit RAM from OKI Semicon­
ductor, 1333 Lawrence Expy, Suite 
401, Santa Clara, CA 95051, is de­
signed, through the use of electron 
beam lithography, to attain a 3-1tm 
technology. 

Manufactured parts with great productivity from two companies ... 

Where demanding production 
of precision metal parts 

is the need ... 

We have the answer 
When it comes to meeting tough requirements of close tolerance parts from 
most exotic ste~s . tungsten carbide, ceramic and sapphire , we can supply the 
answer for you . 

We have helped get more than one new product idea off the drawing board 
and into production with practical and effective solutions in producing quality 
parts for the computer industry ... parts that you can be assured of to be right 
the first time. 
We offer complete engineering and quality control services where our stan­
dards of excellence are rigid and our production departments are among the 
leaders in the field , while assisting our customers in keeping costs down. 
At HPG we stock a full range of grinding equipment including ID & OD 
grinders, honing, surface grinding , electrical discharge machining , Blanchard 
and double disk grinding, etc ., maintained to insure perfection at all times. At 
Tri-Axis Machining, a division of HPG, we are equipped with the latest N/C, 
milling and lathe centers to meet your requirements for close tolerance parts 
in the computer field. 

Whether you have a new product or are improving an existing one , the time to 
call us is now. Just send a print of what you have in mind or call 714/440-0303 
and ask for a customer service representative, he will have an answer for you. 
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High Precision 
Grinding & Mfg., Inc. 
1130 Pioneer Way, 
El Cajon, CA 92020 A division of 

High Precision Grinding and Mfg ., Inc. 

CIRCLE 119 ON INQUIRY CARD 

Characteristics of the chip include 
TTL-compatible 1/0, operation from a 
single 5-V power supply, and co~mon 
data 110 pins with 3-state outputs. 
Utilizing advanced N-channel silicon 
gate MOS technology, it is compatible 
with the MSM2716 16k-bit EPROM from 
the same manufacturer and replaces 
four MSM211 4 4k static RAMs. 

The RAM is offered in a 24-pin dual 
inline ceramic package, with operation 
guaranteed from 0 to 70 °C. Absolute 
maximum ratings require that supply, 
input, and output voltages with respect 
to ground remain between - 0.5 and 
7.0 V. Power dissipation must not ex­
ceed 1.0 W. 
Circle 51 6 on Inquiry Card 

Vacuum Fluorescent 
Display Driver 
Joins Controller Family 

The COP470 is a display driver that 
directly interfaces Lo multiplexed 
4-digit x 8-segment vacu um flu ores­
cent displays. It is a peripheral 
member of the COPSTM micrOCOntroller 
fami ly from National Semiconductor 
Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051, and is compatible 
with a ll members of that family. 

Data are loaded serially and held in 
internal latches. The device includes 
an onchip osci llator Lo multiplex four 
digits of 8-segment display and may be 
cascaded and/or stacked to drive more 
digits, more segments, or both. With 
th e add ition of ex terna l drivers, it also 
provides a convenient means of inter­
facing to a la rge digit LED display. 

This IC needs no refres h from the 
proces or, introd uces no glitches on 
outputs when loading data, and pro­
vides a programmable display 
brightness . It ca n be operated from 
4.5- Lo 9.5-V supplies and th e outputs 

. sw itch 35 V without external res istors. 
The package is a 20-pin DIP. 

Absolute maximum ratings require 
that vo ltage s tay between 0.3 a nd 
-35 V al the display outputs and be­
tween 0.3 and - 20 V al all other pins. 
The permissible temperature range is 
0 to 70 °C in operati on and -65 to 
150 °C in s torage. D 
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Licenses to design and 
manufacture Multiwire circuit 
boards are available from PCK 
Technology Division, Kollmorgen 
Corporation, 31 Sea Cliff Avenue, 
Glen Cove, NY 11542. Phone: 
(516) 448-1166. 

®Multiwire 1s a U.S. registered trademark 
of Kollmorgen Corporation. 

Call your nearest Multiwire producer for full details 
(or circle appropriate Reader Service No.) 

Southeast 
I-CON Industries 
1103 So. Airport Drive 
Euless, Texas 46039 
(817) 267-4466 

Dallas/ Ft. Worth 
(817) 283-5361 

Houston 
(713) 733-7033 

Orlando, FL 
(305) 422-2272 

Circle12oon 
Inquiry Card 

Middle Atlantic 
Circuitech, Inc. 
1108 Pollack Avenue 
Ocean, NJ 07712 
(201 ) 493-4102 
TWX 710 723-4620 
NY/ LI 
(516) 681-4619 

Circlel 21 on 
Inquiry Card 

Canada, Minn., Utah, upstate N.Y. 
Space Circuits, Ltd. 
P.O. Box 367 
156 Roger Street 
Waterloo, Ontario 
N2J4A4 
(519) 7 42-5896 

Circle122on 
Inqu iry Card 
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PRODUCT 
FEATURE 

Both dynamic design and analysis re­
quirements for computer aided design 
and manufacturing as well as 
laboratory app lications can be met by 
a unified system that uses a single con­
troller for both a black and white vec­
tor refresh display and a color raster 
display. Claimed by Megatek Corp to 
be the "world's first and only dual out­
put computer graphics system," the 
Whizzard 7290 is based on the 7200 
Graphics Engine™. The latter unit 
consists of host computer interface, 
graphics processor, vector memory, 
and op tional 2- and 3-dimensional 
transforma tion modules. It drives both 
an analog vector generator, which sup­
ports one or two electromagnetic 
deflection monitors, and a digital vec­
tor generator, which supports one or 
two color raster monitors. 

The dual output graphics system 
can be used with nearly any mini or 
medium scale computer that has high 
speed parallel interfacing, such as 
those fr.om Digital Equipment Corp, 
Data General Corp, or Prime Com­
puter. Further operator interaction is 
provided by intelligent peripherals 
and hardcopy output options. 

Functional Description 

Display commands are transferred be­
tween graphics system and host com­
puter in either programmed input/out­
pu t (I /O) or direct memory access 
modes. System design includes dual 
multid irectional buses. A 32-bit wide, 
3-sta te grap hics bus hand les data 
transfers for vector calculations and 
refresh, and a 16-bit wide peripheral 
bus ensures that high speed data 
transfers are no t degraded by 110 
transfers and routine interrrnpt ser­
vicing. Vector memory modules con­
tain from 16k to 48k words of 32-bit 
random access memory for display 

210 

Dual Output Computer Graphics System 

refresh and can accept 2k words of 
32-bit programmable read only 
memory. 

Each analog vector generator can 
control two electromagnetic deflection 
type black and white or color monitors 
having either the same or different 
images. A first in, first out (FIFO) buffer 
optimizes maximum average 
throughput and enables the digital 
portion of the system to match the fast 
analog circuitry. High speed nor­
malization circuits ensure constant 
vector intensity regardless of vector 
length. An adaptive timing technique 
assures precise end-point matching 
and vector quality. Throughput is 
maximized by reducing setup time on 
short vectors. 

One or more double-buffered bit 
planes of raster memory along with 
timing, control, and video output cir­
cuitry are included to assist the digital 
vector generator. This generator per­
forms a high speed rasterization of the 
vector information received from the 
Graphics Engine and writes the result 
into raster memory. T he video output 
circuitry reads from the raster memory 
to drive the raster monitors. Writing 
speed of the digital vector generator 
allows realtime dynamics, with an 
average writing time of only 160 
ns/pixel. 

The graphics processor is bu ilt 
around a 32-bit wide bipolar bi t slice 
microprocessor that controls access to 
the graphics display list stored in the 
memory module. This microprocessor 
interprets the display da ta, controls 
microcode implemented graphics fu nc­
tions, and prepares X-Y coordinate 
pairs for input to the vector genera tor 
FIFO memory. Included in the instruc­
tion set are a variety of 20 and 30 vec­
tor formats, selective erase, textured 
and blinking lines, 16 levels of inten­
sity and beam penetration color con­
trol on vector refresh displays, 16 
colors and color lookup tab le control 
on raster displays, hardware charac ter 
generation with opt i ona l u ser 
definable symbol sets, and 12-bi t (4k x 
4k) virtual space addressing. 

A single software package, WA ND 
7200, supports all sys tem hardware. 
The package is written entirely in ANSI 
FORTRAN and follows CORE guidelines 
established by ACM SIGG RAPH. It pro­
vides mul tilevel func tionality using 
high efficiency work station level 
routines as well as more convenient 
user rou tines that operate in world 
coord inates. Opera tors may move from 
small to large systems, from stroke to 
raster systems, or fro m high speed 
parallel to re mote terminal config­
urations without the need to modify 
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Combines Vector Refresh and Color Raster Displays 

Dual outpuf 7290 computer graphics system com­
bines separate vector refresh (top) and color raster 
displays in one system, sharing common software 

and hardware-including host computer inter­
face , graphics processor, vector memory, and op­
tional hardware modules and peripheral devices 

ex1stmg application programs or 
change programming techniques for 
new applications. One set of FORTRAN 

programs can support both vector 
refresh and color raster displays using 
both parallel and serial communica­
tions interfaces to 9600 baud. 

Options to the system include a 
microprocessor based intelligent 
peripheral control unit that a.cts as an 
interface for keyboards, joysticks, data 
tablets/digitizers, and asynchronous 
consoles; a "pick" module, an in-

telligent processor that interfaces a 
lightpen and/or a digital comparator to 
the system and provides two modes of 
interactive processing; function 
switches and control dials that provide 
2-way general purpose 1/0 for com­
munication with the graphics pro­
cesso r through an intelligent control 
unit; and a microprocessor based hard­
ware vector to raster converter for fast 
hardcopy or film output without any 
software sorting or tedious host con­
versions. 

Price and Delivery 

A sample configuration Whizzard 7290 

system, including one 21" vector 
refresh monitor and one 21" color 
raster monitor, is priced at less than 
'40,000. Systems are available for im­
mediate delivery. Megatek Corp, 3931 
Sorrento Valley Blvd, San Diego, CA 
92121. Tel: 714/455-5590. 

For additional information circle 
199 on Inquiry Card. 
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PRODUCTS 

Open Frame Linear Power Supplies 
Meet Both U.S. and International Requirements 

Eighty·three separate models of competitively priced single-, 
dual -, and triple-output open frame linear power supplies in 18 

Analyzer Checks Digital Chips 
ln·circuit with 100% Accuracy 

40·Col Dot Matrix Impact Printer 
Operates at 1.2 Lines/s 

A variety of print material-3.5" (8.9-cm) adding machine tape, 
double-stock carbonless tape for simultaneous preparation of 

212 

different industry standard case sizes are said to include many 
features usually found only in high-priced modular units. All 
meet isolation requirements of VOE Spec 0804 and include 
transformers for worldwide voltage requirements . All models 
are UL and CSA approved and have programmable outputs on 
triples and duals for greater flexibility in microprocessor ap­
plications. Overvoltage protection is standard on all 5-V out­
puts, and optional from 4.5 to 32 V on all other models. Ripple 
performance is improved over other open frames , down from 
20 mV to 3 mV pk-pk, and output operating temperature is to 
50 ·c, up from 40 •c. Remote sense is standard on all 30-W 
and higher models. Other features include open sense lead and 
reverse polarity protection ; on triples, outputs 2 and 3 con­
tinuously adjustable from 9 through 15 V and output 3 pro­
grammable to - 5 V; a ceramic, pretested regulator chip on a 
socket ; metal film resistors ; and vacuum impregnated 
transformers. ACDC Electronics, 401 Jones Rd , Oceanside, CA 
92054. 
Circ le 200 on Inquiry Card 

ROMs, RAMs, P/ROMs, microprocessors, and other digital 
chips can be checked with 100% accuracy probability for 
single-bit and 99.998% for multi-bit errors , without removing 
the devices from their circuits . The Signature II circuit analyzer 
consists of a de to 100-MHz data probe, control probe, 
associated data compression , memory, and digital display cir­
cuits within an emi shielded metal case. In operation , once a 
repetitive mode of operation is established, the bit stream at 
each microprocessor active node, associated memory, and 
logic forms a unique repeating pattern that is common to all 
similar units that are operating normally . Color coded contro l 
probe leads connect to start , stop, and clock signals of the uni t 
under test ; choice of rising or falling edges is sw itch­
selectable. Data necessary to create a window are acquired by 
the control probe. Then a repeatable data stream, detected by 
the data probe, is fed to a circuit that compresses , stores , and 
displays it as a 4-digit hexadecimal signature. This signature is 
compared with up to 256 previously stored signatures from 
that node. Kurz-Kasch, Inc, 2271 Arbor Blvd, Dayton, OH 45439. 
Ci rc le 20 1 on Inquiry Card 

file and removable copies, fan folded paper, and up to 4.5 " 
(11.4-cm) wide gummed or pressure sensitive labels-can be 
used on the model DP-824. Max print width is 3.3 " (8.4 cm) on 
all. The unit prints up to 40 col at 1.2 lines/s and is claimed to 
have a life expectancy of more than 2M lines. Life expectancy 
of the replaceable printhead is about 15M char. Any 
alphanumeric font, including Japanese, Arabic, Cyrillic , and 
other non-Roman scripts , can be reproduced, depending on 
the customer's control unit. Typ matrix size, under software 
control , is 5 x 7, 7 x 7, or 9 x 7. Char size in a 5 x 7 matrix is 
0.071 "(1.8 mm) W x 0.114 " (2.9 mm) H, at line spacing of 0.167 " 
(4.24 mm). A single 24-Vdc motor drives printhead , paper feed, 
and ribbon mechanism. Printhead wires are driven by 
solenoids. The device can be mounted horizontally or vertically 
and attaches electronically via 2 connectors. Size is 6.265 " W x 
5.792" D ·x 2.246" H (159 x 147 x 57 mm); weight is 1.8 lb (816 g). 
Star Micronics, Inc, 200 Park Ave, New York, NY 10166. 
·circ le 202 on Inquiry Card 
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.. . including the one chosen 
by the New-York Stock Exchange 

The Complete Line 
If you're looking for a mark sense reader, the place to 
start is Chatsworth Data, a pioneer in the art. We have 
small ones, large ones, sophisticated ones, simple ones, 
versatile ones, and microprocessor-controlled ones ... 
with interfaces and options for most computers and 
terminals. Our standard readers can satisfy the most 
diverse requirements. 

Stock Brokers' Delight 

Take our Model 4900 (center rear). Originally designed 
for the New York Stock Exchange, this intelligent reader 
will communicate with NYSE computers to provide data 
used to drive ticker tapes throughout the world. 
The versatility of the 4900 with its microprocessor and 
built-in printer to serialize, plus its three output stackers, 
make it ideal for a multitude of different applications. 

The Pioneers 
Our 4000 series has been a mainstay in industrial, 
educational and business systems for a decade. 

Model 4400 (left) can handle cards and forms up to 
81/ 2 inches wide. So, in addition to the mark sense area, 
a large space is provided to write or type additional notes. 
The 4200 (right) reads single-side reflective card data 
containing timing marks. Model 4300 and 4800 are 
variations of the 4200. The former reads both standard 
tabs and timing marked cards, while the 4800 scans both 
sides of timing marked cards simultaneously. 

The Mighty Mite 
Last but not least, there's our incredibly compact MR500 
(center front). Priced at just $750, this little beauty comes 
with interfaces to most personal computers. It provides 
automatic turn-on and card feed, and accepts any length 
card, making it perfect for education and business 
a pp Ii cations. 

For Fast Info Phone (800) 423-5217 and Ask 
For Operator 10 

CHATSWORTH DATA 20710 Lassen Street, Chatsworth, CA 91311 

Phone: (213) 341-9200 C::: C=» ~ F=' ~ ~ ~ ,- I C==> ,.......... 
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....... 
Up to four 18Mb Winchester­
type hard disk drives 

Unsurpassed Performance and Capacity! 
North Star now gives you hard disk capacity and process­
ing performance never before possible at such a low 
price! Horizon® is a proven, reliable, affordable computer 
system with unique hardware and software. Now the . 
Horizon's capabilities are expanded to meet your growing 
system requirements. In addition to hard disk p~rform­
ance, the Horizon has 1/0 versatility and an optional hard­
ware floating point board for high-performance number 
crunching . The North Star large disk is a Winchester-type 
drive that holds 18 million bytes of formatted data. The 
North Star controller interfaces the drive(s) to the Horizon 
and takes full advantage of the high-performance char­
acteristics of the drive. Our hard disk operating system 

NorthStar and Horizon are registered trademarks 
or trademarks of North Star Computers . Inc. \J 
©moo"""'"'"""'"'"" '"' ~· 

NorthSldr r+-
North Star Computers, Inc. 
1440 Fourth Street, Berkeley, CA 94710 USA 
(415) 527-6950 TWX/Telex (910) 366-7001 

..-... 
Letter-quality or dot 
matrix printer 

..-.. 
Horizon 1/0 flexibility 
allows expansion to 
meet your needs 

implements a powerful file system as well as backup and 
recovery on floppy diskette.· 

Software Is The Key! 
The Horizon's success to date has been built on the qual­
ity of its system software (BASIC, DOS, Pascal) and the 
very broad range and availability of application software. 
This reputation continues with our new hard disk system. 
Existing software is upward compatible for use with the 
hard disk system. And, with the dramatic increase in on­
line storage and speed, there will be a continually ex­
panding library of readily available application software. 
For further information and OEM prices, please contact 
the OEM Sales Department at North Star Computers, Inc. 
,------------------- -
1 North Star Computers, Inc. 

I 1440 Fourth Street 
Berkeley, CA 94 71 O 

I Yes!! Please Send More Information On North Star's 
I 18 Megabyte Hard Disk System!! 
I Company ______________ _ 
I Name _______________ ~ 
I Address _______________ _ 

I City State Zip ___ _ 
I Phone _______________ _ L ___________________ _ 
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PRODUCTS 

PORTABLE PRINTING TERMINAL 

Thermal printer 2675A operates at 120 
char/s and produces 132 col on 8.5" 
(21 .6-cm) wide paper. It also has 
40-char/line expanded mode. Char are 7 x 
11 dot matrix. Full 128 ASCII u/lc char set 
is std ; optional sets are available. 
Keyboard has 8 user-definable function 
keys. Integral dual cartridge drive can 
store 320k bytes/tape. Optional built-in 

' 300-baud modem permits direct connec­
tion to phone line and features auto dial 
and auto answer. Communication is 
asynchronous point to point at up to 
9600 baud . 1/0 buffer permits online in­
teractive editing . Unit weighs 22 lb (9.9 
kg). Hewlett-Packard Co, 1507 Page Mill 
Rd , Palo Alto, CA 94304. 
Circle 21 7 on Inquiry Card 

FLOPPY DISC 
POWER SUPPLIES 

Open frame CP 564 power supplies are 
specifically designed for Micropolis , 
Century, Shugart, and Winchester floppy 
disc drives. Inputs are 115/230 ± 10% 
Vac, 47/440 Hz. Output #1 is 5 Vdc at 6 A 
with overvoltage protection ; output #2, 
-12 Vdc at 1 A; and output #3, 24 Vdc at 
4.2 A/5.5 A peak. Line regulation for 10% 
line change is ± 0.02% . For a 50% load 
change, load regulation is ± 0.02% and 
transient response, 30 µ.s. Condor, Inc, 
4880 Adohr Ln, Camarillo, CA 93010. 
Circle 218 on Inquiry Card . 

SMALL SYSTEM 
DISPLAY STATION 
Attached through workstation controller 
or an IBM 5251-12 cluster controller, 
2051-11 display station is fully compat i­
ble with System/34, /38, Series 1, and 
5250. " Cablethru" feature allows attach­
ment of additional display stations or 
printers in a series . 15" (38.1-cm) monitor 
has 24-line by 80-char display of 8 x 16 
dot matrix characters. 25th line provides 
operator prompting and system status 
data. Optional extension cable allows 
separate keyboard to be placed up to 10 
ft (3.04 m) from monitor. Low power con­
sumption eliminates need for cooling 
fan. Memorex Business Systems· Div, 
3015 Daimler St, Santa Ana, CA 92705 
Circle 21 9 on Inquiry Card 

MULTIPLE OUTPUT SWITCHER 

s 00 
MODEL 4027-2 
5V@ 4A, +12V@ 0.4A 
(other output 
voltages available) 

SINGLES 
(OEM discounts available) 

• Up to four outputs. 30 watts. 
0.1 to 0.5% Regulation 

• True off-the-line switcher 
• Wide input voltage range 

90-130 VAC/ 180-260 VAC 
• 75% efficiency 
• 16 oz. total weight 
• No heat sink required 
• RFI filtering 
• Alternate source for 

Conver 2000. 2000/ I and 
Bachert OL-50 

SEND FOR NEW POWER SUPPLY HANDBOOK 
PO\NER 152 Will Drive. Canton, Ma. 02021 

GENERAL Tel. 617-828-6216 
TWX: 710-348-0200 

CIRCLE 125 ON INQUIRY CARD 

10-W DUAL OUTPUT 
POWER SUPPLY 
An addition to the " Ugly" l ine of micro­
processor power supplies, µ.PS18 dual 
output unit provides nominal 10 W on 
both outputs. Voltages are avai lable in 
± 12 Vat 0.7 A and ± 15 Vat 0.5 A. The 
supply is built for positive and negative 
operation and is supplied with dual 
115/230 Vac input. The open frame unit 
has case size of 4. 75 x 4.0 x 2.25" (12.1 x 
10.2 x 5.7 cm). Elpac Power Systems, 
3131 S Standard Ave, Santa Ana, CA 
92705. 

Circle 220 on Inquiry Card 

203-DOT/IN THERMAL 
PRINTHEAD 
Integrated thermal printhead KH106 pro­
duces approx 203 dots/in (8/mm). A 
1-piece 8.5 " (21 .6-cm) wide heating ele­
ment creates numerals, char, l ines, and 
solids of any desired size, width, and 
density. Dot size is 0.0041 x 0.0137 " 
(0.104 x 0.35 mm) and print speed is 4 
ms/line max. All enabling electronics are 
integrated into the head in 40-pin IC flat­
packs. Specified life is 30M pulses or 
20-mi (32-km) paper length, whichever 
comes first. Op temp range is - 5 to 45 
·c. R-Ohm Corp, PO Box 19515, Irvine, 
CA 92713. 
Circle 221 on Inquiry Card 

DISC CONTROL UNIT 
Either 2 or 4 independent control unit 
paths for data transfer and file position­
ing commands can be provided by the 
8880 disc control units. The 8880-12, with 
2 independent storage directors, and the 
8880-14, with 4, each have dedicated 
microprocessor and power supply and 
isolated director functions. Configura­
tions include 1-, 2-, 4-, and 8-channel in­
terface switching. Storage Technology 
Corp, 2270 S 88th St , Louisville, CO 
80027. 
Circ le 223 on Inquiry Card 
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PRODUCTS 

DATA TERMINAL WITH BAR CODE 
READING CAPABILITIES 

An attached lightpen pro­
vides automatic data entry 
capability to the model 4610 
bar code reader. A variety of 
printer bar code pat­
terns-including 2 of 5, inter­
leaved 2 of 5, alphameric 3 of 
9, Codabar™, UPC, NOC, IBM 
delta distance, AS-6, and AS-
10-can be read. Internal memory, multiplexing, and daisy 
chain interconnection to existing systems, 2 serial T/R ports, 
and 24 parallel lines for special user requirements are std 
features. Enhancements can provide alphanumeric display, 
numeric keypad, or alphanumeric keyboard. Accu-Sort 
Systems, Inc, Telford, PA 18969. 
Circle 203 on Inquiry Card 

DATA ENTRYNOICE RESPONSE UNIT 

A gp man-machine interface to computer or communications 
systems, the ADC 1550 audio/data communications unit pro­
vides a realistic sounding computer voice response to remote 
terminal devices. One unit handles as many as 8 1/0 lines 
simultaneously with Touch-Tone receiver data sets and pro­
vides up to 240 words in 120 s (32 words/16-s increment). ASCII 

KYNAR®gives you another advantage. 
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solvents and corrosives in chemi­
cal plants. You get that protec­
tion in KYNAR wire insulation. 
Resists UV and nuclear 
radiation, too. Get full 
information. Write KYNAR, 
Pennwalt Corporation, 
Three Parkway, Philadelphia, 
PA 19102. Or call (215) 587-7514. 

~ liJE~'MLT 
CHEMICALS • EQUIPMENT 

HEAL TH PRODUCTS 

"'KYNAR is a registered trademark of Pennwalt Corporation 
for its polyvinylidene fluoride. 
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output speeds are 110, 150, and 300 baud. Terminals are 
multiplexed through a single serial synchronous or asyn­
chronous communications channel. Voice response is made 
up of prerecorded and digitally encoded words or phrases. TIY 
protocol is RS-232-C; BSC3 protocol is IBM 3270 subset. 
Wavetek Data Communications, 9045 Balboa Ave, San Diego, 
CA 92123. 
Circle 204 on Inquiry Card 

JOSEPHSON JUNCTION ANALOG 

Realtime simultation of 
Josephson junction action, 
but at slower speeds and 
larger voltages than for true 
conditions, allows research­
ers to preview actual behavior 
and modify circuits quickly. 
In comparison with a true 
cryogenic Josephson junc­
tion , which works at 10 to 15 
ps and at approx 3 mV, the analog switches at speeds of 100 µs 
and runs at 1 V. Because it simulates superconducting at room 
temperature and at speeds and voltage that can be observed 
and analyzed on common test equipment, but permits circuit 
parameters to be changed readily, the JA-100 Josephson junc­
tion analog can be used as a true circuit element in developing 
cryogenic circuit prototypes, as well as for classroom or lab 
demonstrations. Philipp-Gillette and Associates, Box 1511, 
Beaverton, OR 97075. 
Circle 205 on Inquiry Card . 

Sure! We apply 

shielding to thermoplastic 
electronic equipment components 
We're not only one of the country's top molders of 
custom thermoplastic and structural foam components, 
but we 're also equal ly well-known for our broad spec­
trum of finishing capabilities. For consumer electronics. 
For business communicat ions equipment. For appli­
ances. For the transportation industry. And we have 
complete facilities for 9pplying RFI shielding to com­
ponents for signal-emitting products. Copper, nickel 
and silver conductive paints. Vacuum metallizing . Zinc 
arc spraying . Just about anything you need to meet 
upcoming governmental regulations. Give us a call , 
or drop us a line for complete information. 

MICHIGAN PLASTIC PRODUCTS 
A JSJ Corporation Company 

1500 BEECHTREE / GRANO HAVEN, MICHIGAN 49417 TEL. (616) 842-6500 
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REAL TIME IMAGE PROCESSING SYSTEM 

RIP-260, a high speed arithmetic 
computation unit, operates with 
a gp computer for realtime image 
processing at a raster scan 
display resolution of 256 lines x 
256 elements, with 8 bits (256 
levels) of intensity (grey scale). 
Arithmetic operations on an en­
tire 65k image memory array re­
quire 16.7 ms. Minimum assem­
bly includes a std interface to either a DEC PDP-11 series 
Unibus or a DEC LSl-11 Q-Bus, a memory management board, 
processor exchange board, pipeline image processor, two im­
age memory arrays, master timing, and a digital to video con­
verter. Image memory is directly addressable through a block 
of memory addresses. Recognition Concepts, Inc, 916 Forbes 
St, Lakeport, CA 95453. 
Circle 206 on Inquiry Card. 

COMPUTER CONTROLLED 
DATA COMMUNICATIONS STATION 

Intended for systems in which SDLC/HDLC/X.25 is im­
plemented as a discrete unit, the Multibus compatible DTSX 
module offers up to 64k-baud data bandwidth. An RS-232/V.64 

CIRCLE 128 ON INQUIRY CARD 

interface is provided for modem connection . Communication 
hardware includes 1/0 memory mapping of RAM extended by 
bank switching capability. Space is available for up to 32k 
bytes of onboard program. 16k or 32k bytes of dual-ported 
dynamic storage are provided onboard. Software package SS1 
contains programs for HDLC; SS2 includes SS1 plus 255 
simultaneous virtual circuits, a set of transport station 
primitives for application usage, full implementation to CCITI 
X.25, and flow control management at all levels. Symicron Ltd, 
44 Little Barnes, Dulwich, London SE21 8SE, England. 
Circle 207 on Inquiry Card 

EXPANDED IN-CIRCUIT PCB TESTING CAPABILITY 

When used with the company's Troubleshooter 800 in-circuit 
inspection system, the Data Director expands the variety of 
digital LSI components that can be checked. It is of value 
primarily in testing complex devices that require sequential 
stimuli of enable, clock, and other control lines, as well as 
manipulation of data and address buses. A high level language 
allows the programmer to talk to a device with its own 
mnemonic instructions. Support includes a library of test 
template programs for several popular microprocessor 
families. After the operator defines a device test sequence, the 
test unit generates the proper sequence of control and test 
stimuli. Data and address lines may be addressed in a fixed 
byte width with the stimulus program made up of a sequence 
of device instructions supplied from the device instruction set. 
Zehntel, Inc, 2625 Shadelands Dr, Walnut Creek, CA 94598. 
Circle 208 on Inquiry Card 

KYNAR®glves you another advantage. 

CUT-THROUGH 
PROTECTION. 

KYNAR PVDF wire insulation 
gives you excellent abrasion 
and cut-through protection 
even though you may pay 
less for KYNAR than other 
fluorinated plastics. Get full 
information. Write KYNAR, 
Pennwalt Corpcration, 
Three Parkway, Philadelphia, 
PA 19102. O r call (215) 587-75 14. 

~ liJEMl~LT 
CHEMICALS • EQUIPMENT 

HEALTH PRODUCTS 

®KYNAR is a registered trademark of Pennwalt Corporation 
for its polyvinylidene fluoride. 
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OUAL CHANNEL FFT ANALYZER WITH 
67k·BYTE USER STORAGE 

The Ono Sokki CF-500 dual channel FFT sound and vibration 
analyzer displays 28k 12-bit words on a CRT display. Mass 
storage capacity is 67k bytes. Analyzed frequency data are 
continuously stored realtime in 28 blocks; any desired block 
can be simultaneously displayed on the CRT. Std programs in­
clude 3-dimensional displays on an optional CX-445 X-Y 
recorder. The analyzer operates on a realtime basis in dual 
channels by analyzing sound and vibration over a wide range, 
from de to 1 Hz and to 20 kHz, by measuring transfer functions 
and continuously recording long period waveforms. Multiple 
functions include digital wave memory, V3 octave noise 
analysis, 3-dimensional power spectrum recording, coherence 
functions, and transfer functions. Linear, exponent, and peak 
values are averaged to improved S/N ratios . Shigma, Inc, 80 
Martin Lane, Elk Grove, IL 60007. 
Circle 209 on Inquiry Card 

LOW COST LOGIC ANALYZER 

Two 16-channel fixed threshold probes for 0- to 15-V logic 
families, a 32-channel by 250-word deep logic state analyzer, an 
auxiliary memory for storing up to eight reference tests in RAM 
and UV P/ROM, software signature analysis on all 32 channels, 
and a comprehensive logic analysis self-study course that in- . 
eludes a test board to simulate microprocessor address and 
data flow for training purposes are all part of the Pl 532-SP. The 
unit collects realtime data from a system bus running as fast 
as 5M operations/s and displays captured data in hexadecimal 
on front panel readouts, or in both hexadecimal and binary on 
an ordinary scope or video terminal. Octal display capability is 
optional. Other options include an IEEE-488 interface, and 
dedicated probes for RS-232 serial communication testing and 
for monitoring specific microprocessors. Paratronics Inc, 2140 
Bering Dr, San Jose, CA 95131 . 

Circ le 2 1 0 on Inquiry Card . 
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DIGITALLY PROGRAMMABLE 
SWITCHING POWER SUPPLY 

Model PM 2497, digitally pro­
grammable when used with 
an RS-232 compatible inter­
face, is available in power 
configurations ranging from 
200 to 750 W and is program­
mable in 256 discrete steps of 
the rated output voltage. A 
tracking power good signal 
option may be specified to in­
dicate when the output is within ± 4% of the selected voltage. 
The power supply can be configured to accept an 8-bit parallel 
signal for connection to a computer, and a constant current 6 

mode version is available. Operation is over an input range of 
92 to 138 or 184 to 250 Vdc. The unit provides uninterrupted 
power under severe brownout conditions and regulates 
through line dips to 80 or 160 Vrms. If a total input power 
failure occurs, output voltage will hold up for a min of 30 ms. 
Pioneer Magnetics, Inc, 1745 Berkeley St , Santa Monica, CA 
90404. 
Circle 211 on Inquiry Card 

CHARACTER MODE 
VIDEO DISPLAY TERMINAL 

PT25, a microprocessor controlled video display terminal for 
the company's 50 series gp computer systems, features user 
function keys, auxiliary printer port, and numeric pad . Intended 
for any application requiring non-buffered, interactive opera­
tion, the terminal has an 80-char x 24-line format on a 12" 
(30.5-cm) diag screen and displays u/lc 8 x 8 dot matrix char. An 
integral keyboard offers a 14-key numeric pad, 8 function keys, 
5 cursor control keys, and the auxiliary port key. Function keys 
allow users to implement special applications with a single key 
stroke, and the auxiliary port enables one communication line 
to provide for both CRT and printer. Other visual features in­
clude reverse video, underlining, blinking , and full, half, and 
zero intensity. A 25th status line on the screen reports the ter­
minal status. Prime Computer, Inc, 40 Walnut St, Wellesley 
Hills, MA 02181. 
Circle 21 2 on Inquiry Card 

RS·232·C COMPATIBLE 
FLOPPY DISC SUBSYSTEMS 

DynaSTOR models 7111 and 
7112, plug compatible with all 
serial asynchronous RS-232-C 
(CCITT V.24) equipment, are 
single- and dual-diskette drive 
subsystems. Data transfer 
rate is as high as 19.2k baud. 
Because data are recorded on 
the diskette in EBCDIC 

I 

fashion while the code used to communicate is ASCII , soft­
ware interface exists between the c<;>mputer and drive pro­
grammed in a high level language such as BASIC, FORTRAN, 
or COBOL. The two models are capable of reading, writing , and 
initializing diskettes that are fully compatible and inter­
changeable with diskettes from the IBM 3740 series of 
systems. Additional std commands include reading the status 
of the diskettes, duplicating one diskette to another, deleting 
records, and R/W in binary mode. Dynalogic Corp Ltd, 141 
Bentley Ave, Ottawa K2E 6T7, Canada. 
Circle 21 3 on Inquiry Card 
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WIREWRAP SOCKET 
PIN IDENTIFIER ............ 

I) It~ 14 ·~II" 20 lt 22111' 

Vr•p -1D 
~-

Socket Wrap-ID, a socket sized plastic 
panel with numbered holes at pin loca­
tions , identifies pin numbers on 
wirewrap sockets. Panels may be 
marked on for identification of locat ion, 
IC part number, and function , and then 
slipped onto the sockets before wrap­
ping . They are available in 14-, 16-, 18-, 
20-, 24-, 28-, and 40-pin configurations, as 
well as sequential bus strips. OK 
Machine and Tool Corp, 3455 Conner St , 
Bronx, NY 10475. 
Circ le 224 on Inquiry Card 

1st Output 2nd Output 3rd Output Model Pri ce( 1·9) 

HARD DISC - Mlcropolls, Century, Shugart, Winchester 

+5V @9A - 5Vor- 12V@1A +24V@.814.5A PK FCBB-70W $120.00 

+5V @6A - 12V@1A +24V@4.2/5.5A PK CP564 144.95 

MINI-FLOPPY · SY• " ·Shugart, Pertee, BASF, Siemens 

+5V @.7A PK +12V@1.1/1.7A PK N/A FAA512 $39.95 

+5V@2A +12V @4A N/A FBB512 74.95 

DISC DRIVE & PRINTER SERIES - Perscl, Shugart, Wangco, CDC 

+5V@2A +5V@.5A +24V@1.5/1 .7A PK FBAA-45W $69.95 

+5V@3A +5V@1A +24V@3A/3.5A PK FCBB-90W 91.95 

+5V@3A +5V@1A +24V@5A/6A PK FNBB-140W 120.00 

+5V@3A +12V @1.7A + 24V@3A/3.5 PK FCBB512 91 .95 

N/A N/A + 24V @2.4/6A PK FC24-2.4 55.95 

N/A N/A +35V @1.5/6A PK FC35-1 .5 55.95 

ROCKWELL • AIM 65 Microprocessor 

+5V@2A + 24V@.5/2.5 PK N/A AA524-AIM65 $44.95 
unregulated 

~ 
DC Power Supplies 

4880 Adohr Lane, Camaril lo, CA 93010 c. (805) 484-2851 
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TAPE FORMATTER EXERCISER 
Cable-end adapters make the TFX-500 
usable with all microstreamer-formatter 
interfaced drives, and such dual-mode 
embedded formatters as Cipher, Pertee, 
Kennedy, Datum, and Perkin -Elmer. Unit 
can be operated manually or in program 
mode. It has 15 sections of test points 
and LED indicators for all signals from 
the formatter. From 1 to 8 linked drives 
can be tested . Tester operates on 
115/230 Vac, weighs 10 lb (4.5 kg), and 
measures 17 x 10 x 4.5" (43.2 x 25.4 x 11.4 
cm). Wilson Laboratories, Inc, 2237 N 
Batavia St , Orange, CA 92665. 

Circle 225 on Inquiry Card 

LETTER QUALITY 
COMPUTER PRINTER 
Intelligent, daisy wheel Typrinter 221™ 
has 5 built-in microprocessors for com ­
plete text formatting including right 
justi fy and proportional spacing. It is 
computer compatible and uses a parallel 
Centronics interface ; RS-232-C and 
IEEE-488 interfaces are available . Unit 
can print white on black background for 
highlighting critical data. Alphanumeric 
display shows current line, column posi­
t ion, and lines remain ing to end of page. 
Device can also funct ion as advanced 
elec t ronic typew r ite r. Howard In­
dustries, Inc, 2031 Cerritos Ave , Bldg 7K, 
Anaheim , CA 92806. 
Circ le 2 2 6 on Inquiry Card 

BIDIRECTIONAL DC MOTORS 
Intended for use in small printer carriage 
and tape drives and other servo and drive 
related applications, the series 6000 de 
motors include ferrite PM and iron-core 
rotor, silver graphite brushes, and a max 
speed of 10,000 r/min . Stall torque is 10 
to 19 oz-in (0.07 to 0.13 N · m) and torque 
constant is 2.8 to 6.0 oz-in (0 .02 to 0.04 
N · m)/A. Options include skewed ar­
mature and rfi suppression. Transicoil 
Inc, subsidiary Portescap U.S., 31 Fair­
field Pl, West Caldwell , NJ 07006. 

Circ le 2 27 on Inquiry Card . 
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To off er OEM's a full-featured graphics display terminal 
for about half the comparable cost. 
It's a great idea if you can get it from the idea stage to the reality stage. Digital Engineering 
did just that with a concept called Retro-Graphics."' 

Retro-Graphics works like this. A printed circuit card designed by Digital 
Engineering plugs into Lear Siegler's ADM-3A or ADM-3A +Dumb Terminal.® Installation 
takes minutes. There is no soldering. No special tools. No service brigade. Once in, what 
was before an alphanumerics workhorse is transformed into a versatile graphics 
powerhouse. 

How versatile? Very. You get full vector drawing and point plotting capabilities. Bar 
charts. Pie diagrams. Histograms. Function plots.You get high light output, selective 
erase, 512 x 250 "flicker free" plotting grid and, most important, complete compatibility 
with Tektronix® Plot 10 ... software. 

Retro-Graphics is a powerful idea. And half of its power is in its price. Because our 
RG-512 card and the Dumb Terminal, together, are 
about half the price of a comparably-equipped 
terminal from someone else. Now that's a system 
alternative that isn't just sensible, but sensational. 

Skeptical? That's perfectly understandable. 
Frankly, skepticism is exactly how most good 
ideas are discovered, anyway. So call us at (916) 
920-5600 and discover one for yourself. 
Retro-Graphics. 

DIGITAL 
ENGINEERING 
630 Bercut Drive 
Sacramento, CA 95814 
TWX: 910-367-2009 

Dumb TermmaJ® 1s a registered trademark of Lear Siegler, Inc. 
Tektromx and Plot 10 1

• are trademarks of Tektromx. Inc 
RetrcrGraphlcs "' 1s a trademark of D1g11al Engmeenng, Inc 
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30·W SWITCHING POWER SUPPLY 

Available in 15-oz (0.425-kg) 
PCB, 1.5-lb (0.68-kg) open 
frame, or 1.7-lb (0.78-kg) com­
pletely enclosed aluminum 
housing form, the 1030 series 
power supplies provide 5 Vdc 
at 6 A and are adjustable from 
4.5 to 5.5 V, over an ambient temperature range of Oto 50 °c 
with a 2%/°C derating at 71 °C. The input offers pin strappable 
voltage ranges of either 85 to 130 Vac or 170 to 260 Vac at 47 to 
470 Hz. An rfi input line filter is std. Other basic specs include 
30-mV pk-pk max output ripple and noise, 0.1 % line and load 
regulation, ± 0.02%/°C tempco, 80% efficiency, and 200-µs 
transient response recovery to 1 % of the final value. Over­
voltage protections and output current limiting are provided. 
Power General, 152 Will Dr, Canton, MA 02021. 
Circle 21 4 on Inquiry Card 

OPEN FRAME 
SWITCHING POWER SUPPLIES 

Series 19 ValuSwitcher™ de power supplies are available in 
50-, 100-, 150-, 200-, 300-, and 400-W open frame configurations . 
Outputs are 5 V regulated primary as well as ± 12 or ± 15 V and 
- 5 or 24 V unregulated. Strappable ac input is 90 to 132 or 180 
to 264 Vac , 47 to 440 Hz with brownout set at 85 or 170 V. Load 

SYSTEM OEMS ... 

regulation for regulated outputs is ±0.2% for a 10 to 100% 
load change and ± 3% for a 40 to 100% load change on 
unregulated outputs. Line regulation for both regulated and 
unregulated models is a ± 0.2 % variation from nom set at 90 to 
132 Vac with all outputs at 50% of rated load . Options include 
power fail and overvoltage protection. Powertec, 20550 Nord­
hoff St, Chatsworth , CA 91311 . 
Circle 21 5 on Inquiry Card 

SUBMINIATURE LOW CURRENT 
PCB CIRCUIT BREAKERS 

A bimetallic element used in low current circuit breakers 
designed for overload protection on PCBs is able to withstand 
current buildups caused by capacitors. Because they are not 
polarized, the devices can be used with either ac or de, up to 24 
V max. The breaker isolates the 1 
line at fault and protects othe! 
components from damage. A 
slide reset switch indicates 
when a device has tripped. Right 
angle mounting versions are 
available for edgeboard use. Trip 

• I 

ranges include 100, 250, and 500 mA, 1.0, 1.5, and 3.0 A. Size is 
0.70 x 0.44 x 0.20 " (17.8 x 11 .2 x 5.1 mm). Applications include 
power supplies, test instruments, and communications cir­
cuits . Alco Electronic Products, Inc, 1551 Osgood St, N And­
over, MA 01845. 
Circle 21 6 on Inquiry Card 

THINK CUSTOM SYSTEMS! 
@OlJ[J [DJ lliJuu~ ~D\YlrnIB ~®OlJ DUOIBVGJUOV GJ®®rnIBIB 
V® ~®OlJ[J ®OlJIBV®WOrn[JIB~ IB~ IBVrnWDIB 
The Custom Systems Multi-Use Terminal Translator provides a convenient means for remote console 
control of your customer's computer from on off-site location. MUTT allows for instant response capobiliry 
to customer questions or operator problems. 

• Simple installation requires no modification of 
existing equipment. 

• Logic automatically compensates for differing 
data rotes. 

• Allows exercising of diagnostics and program 
debugging from your own office. 

• Eliminates unnecessary and costly service calls. 

Centralized servicing improves customer relations and 
reduces labor costs. Asl~ for information on the 
economical and easily-instal led MUTT from 
Custom Systems. 

fAl g~~~g~~~~~~~~.~ INC 
~Telephone : (612 ) 553-1112 Telex : 290975 

222 CIRCLE 133 ON INQUIRY CARD COMPUTER DESIGN/SEPTEMBER 1980 



MDB makes modules that let you program 
PROMs on the board. 

Imagine what else we can do! 

Nobody else can do it! MDB LSI*-11 and PDP*-11 compatible plug-in boards 
(MRV-004 and MR-004) let you develop firmware internally-up to eight 

EPROMs -without the need for a costly, time cons-qming external pro­
grammer box. Produce application and bootstrap programs, replace 

peripheral device loading in small systems or do 
special bootstrap loading in large systems -

these boards will allow programming of 
24 pin EPROMs ranging from the 
2716 to the 2732 . After program­
ming, you can also transfer to the 

economical MDB MRV-005 and 
MR-005 ROM modules. These unique 

boards let you combine RAM, 
ROM and PROM for maximum 
systems flexibility. 

And MDB's problem solv­
ing doesn't stop there-because 

MDB makes a complete line of 
PROM boards with every kind of 

PROM organization from 256 x 4 to 
4K x 8. You'll find the one you need for 

your application. 
What else can we do? More than anyone 

else for DEC, Data General, IBM Series/ 1, 
Perkin-Elmer (and sometimes HP) computers. 

Look at our communications modules - we even 
have Unibus* compatible interfaces for Q-bus* com­

puters . Our renowned line of controllers will interface 
your CPU to every major line printer in the world. MDB 

foundation modules are designed to use only one card 
slot. And we're doing multiplexors and interprocessor links 

with features you've never been able to get before. 
MDB products are warranteed for a full year, delivered 

in 30 days or less and are available under GSA contract 
#GS-OOC-01960. Write or call and tell us what we can do for you. 

*TM Digital Equipmenl Corp. 

See us at Mldcom Booth #829 and #831. 

[) B 1995 N. Batavia Street 
Orange, California 92665 
714-998-6900 

SYSTEMS INC. TWX: 910-593-1339 

Circle 134 for LSI, 135 for PDP, 136 for DG, 137 for P-E, 138 for IBM. 



PRODUCTS 

54" DIGITAL DRUM PLOTTER 

Model 5400 offers 35-in (89-cm)/s speed , 
4-G acceleration , 0.0125-mm resolution , 
and 240-ft (73-m) roll continuous feed 
paper for high throughput in CAD/CAM 

applications . Two 16-bit micropro­
cessors and special servomotor drive 
abet system performance. Plotter sup­
ports ballpoint , liqu id ink, nylon tip , and 
liquid roller pens, and translucent , 
vellum , mylar, and clear acetate film 
media. RS-232 interface provides for 
local and remote operat ion with ter­
minal/modem. Selectable data rates 
range from 110 to 9600 baud asyn­
chronous. Nicolet Zeta Corp, 2300 
Stanwell Dr, Concord , CA 94520. 
Circle 2 2 8 on Inquiry Card 

224 CIRCLE 1 39 ON INQUIRY CARD 

SILVER-PLATED 
CONTACT SWITCHES 

Available with optional silver-plated cop­
per contacts in place of solid silver con ­
tacts , silver-saver versions of snap ac­
tion switches are rated at 125 to 250 Vac 
at 8 A. Miniature versions are rated at 125 
to 250 Vac at 6 A. Pushbutton, plunger, 
or lever actuated models with or without 
rollers are available with operating 
forces of 2 to 1 O oz (0.56 to 2.8 N). McGill 
Manufacturing Co, Inc, Electrical Div, 
Valparaiso, IN 46383. 
Circle 229 on Inquiry Card 

CARTRIDGE SYSTEM BACKUP 
FOR 8" WINCHESTER DISCS 

Model 6450 with embedded formatter 
measures 8.5 x 4.5 x 16.5 " (21 .6 x 11.4 x 
42 cm) allowing disc and transport to be 
placed side by side in 19 " (48.3-cm) rack . 
Serpentine serial record i ng w i th 
6400-bit/in (2520/cm) density gives unfor­
matted capacity of 17.3M bytes with 
450-ft (137-m) cartridge , and 11 .5M bytes 
with 300-ft (91.4-m) cartridge. Transfer 
rate is 192k bits/s , R/W speed 30 in (76.2 
cm)/s , and fast -motion speed 90 in (228.6 
cm)/s. Power consumption is 21 W at 
idle, 27 W during R/W, and 31 W during 
rewind/track select. Unit weighs 10 lb 
(4 .5 kg). Kennedy Co, 1600 S Shamrock 
Ave, Monrovia, CA 91016. 
Circle 230 on Inquiry Card 

PORTABLE ERROR RATE 
ANALYZER 

RS-232 printer interface is std and HP 
5150A interface is optional for the 
Fireberd 1501 portable error rate 
analyzer. Error/monitor functions in­
clude a range of 10 - ' to 10 - ' 0 BER, total 
errors , EFS, total time, total block errors , 
total blocks in error, and signal lead 
status for DSR, CTS, and ALSO. Plug-in 
interface modules include MIL-188C, 
RS-449/422, RS-449/423, DS1 , WECO 303, 
and lab interface (50, 75, and 100 0). 
Telecommunications Techniques Corp, 
112 Frederick Ave, Rockville, MD 20850. 
Circ le 23 1 on Inquiry Card 
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THE SYSTEM BUILDERS' CHALLENGE 
Your customers demand quicker results , more throughput, 
higher precision, better resolution , or higher quality output. 
Your challenge : How to offer a significant increase in per­
formance or capabilities without pricing yourself out of 
the market. 

THE FPS SOLUTION 
If your product uses a general purpose minicomputer for nu­
merically intensive computations, you should investigate the 
FPS-100. When connected to a mini, the FPS-100 makes a 
low-cost system with supercomputer capabilities. 

~+~ 
C:=J ~ Us~co~IJR ~E1R1id6RMANCE 

Performance improvements of more than 200 times are pos­
sible, depending upon your application . 

EASY TO INCORPORATE 
An extremely high performance real-time arithmetic proces­
sor designed to crunch re.ams of data and handle complex 
computational tasks with relative ease ... and at minimal 
cost*. The FPS-100 is completely programmable and it's 
adaptable to a variety of host computers, using either integer 

FPS Sales and Service Worldwide: Boston, Calgary, Chicago, Dallas, Den­
ver, Detroit, Houston, Huntsville , Los Angeles, New York, Orlando, Ottawa, 
Philadelphia, Phoenix, Portland, San Francisco, Toronto, Washington , D.C. 
International offices : Geneva, London, Munich, Paris, Tel Aviv (Eastronix , 
Ltd. ), Tokyo (Hakuto Co. Ltd.) 

Circle 140 for More Information. 

or floating-point formats. It executes up to 8-million floating­
point operations per second with 8-decimal digits of precision 
. . . satisfying most applications . 

EASY TO USE 
We make the FPS-100 easy to use with two FPS-100 Resi­
dent Real-Time Operating Systems, and comprehensive de­
velopment software such as a special FORTRAN 
Cross Compiler, Assembler, Simulator, Debugger, General 
Math Library of 250 routines, an Image Processing Library 
and a Signal Processing Library. With these effective tools, 
your investment in development time is minimized. 

THE TREND IS CLEAR 
Discover the FPS-100 solution, as have those OEMs and 
System builders who are leaping ahead of their competitors 
in applications such as CAD/CAM, Image Analysis , Real­
Time Signal Processing , Seismic Analys is, and Non­
destructive Testing. 

Contact your nearest FPS Sales Engineer for more informa­
tion or call , toll free, Jim Strelchun, FPS-100 Product Manager. 

·as low as $17,899 in OEM quantities. 

FLOATING POINT 
SYSTEMS, INC. 

. .. the world leader in array processors. 

CALL TOLL FREE (800) 547-1445 
Ex. 4999. P.O. Box 23489 (S 500), 
Portland, OR 97223 (503) 641-3151 , 
TLX: 360470 FLOATPOINT PTL 

Circle 170 for Contact by FPS. 



PRODUCTS 

CONDUCTIVE ELASTOMER 
EMl/RFI SHIELD 

Consisting of microscopic silver-plated 
copper particles suspended in silicone 
and available in strip or molded form , 
XeconR SPC, a cond·uctive elastomer, 
provides an environmentally tight, wide­
band emi/rfi shield for panels , access 
ports, doors, waveguides , and cable con ­
nectors. Shielding is better than 110 dB 
at 18 MHz, 72 dB at 10 GHz. Metex Corp, 
Electronic Products Div, 970 New 
Durham Rd, Edison , NJ 08817. 
Circ le 2 3 2 on Inquiry Card 

750-W SWITCHING 
POWER SUPPLY 

Intended for use with telecommunica­
tions systems and other applications re­
quiring battery backup, this 48-Vdc in­
put, 750~W output switching regulated 
power supply features inrush current 
limiting and emi filtering. Unit, packaged 
in 5 x 8 x 11" (12.7 x 20.3 x 27.9-cm) slot 
configuration, incorporates long life fan 
for cooling . Clock sync input option 
achieves low system noise levels. Other 
options include battery low and power 
good indicators, and constant current 
output for battery charging. Oualidyne 
Systems, Inc, 2256 Main St , Chula Vista, 
CA 92011 . 
Circ le 233 on Inquiry Card 

REPLACEMENT FOR GOLD 
EUTECTIC BON DING 
Uniset C-927-42-1 high temp conductive 
adhesive is a 1-component, heat cured , 
silver · filled compound featuring very 
high electrical and thermal conductivity. 
Capable of withstanding long exposures 
at up to 370 °C, the adhesive is 
specifically designed for die (chip bond­
ing) applications and can be applied by 
syringe, transfer stamping, or screen 
printing . Amicon Corp, 25 Hartwell Ave, 
Lexington, MA 02173. 
Circle 234 on Inquiry Card 

GOOD CRT'S COME IN 
SMALL PACKAGES 

Who says a CRT terminal has to be big and bulky 
to do a good job? At Ann Arbor Terminals, 

we offer a full 15-inch screen and de­
tached keyboard as standard on all our 
desktop terminal s. And the case is only 

14" wide by 15 " high by 13.6" deep. 
We're known throughout the in­

dustry for our high quality and re­
liability. On top of this , we prob­

ably have the widest range of available options in the 
field. Display formats from 256 to 4800 characters. Foreign 

language character sets . Special command sets. Custom keyboards. Editing, 
protected fields and block transmit. 

And if your application doesn't lend itself to a desktop terminal, we offer display 
controllers (especially good in industrial environments) for use with free­
standing monitors. Or buy our terminal without the case and mount it in your 
own console. 

So when the CRT is the focal point of your system, why settle for a large case and 
smal l sc reen? You can have excellent readability Vl(ithout taking up a lot of room . 
And get the features yo u need. Call us for more information at Ann Arbor 
Terminals , Inc., 6175 Jackson Road , Ann Arbor, Michigan 48103 . 
Te l : (313)663-8000. TWX : 810-223-6033. 
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RELATIVE HUMIDITY 
TRANSDUCER 

Incorporating an electrically conductive 
surface layer integral with a nonconduc­
tive dielectric substrate, the PCRC-55 
RH transducer measures 0.25 x 0.5 x 
0.0625 " (0.635 x 1.27 x 0.159 cm). The 
sensor utilizes an electric hygrometric 
circuit element whose impedance varies 
with RH changes. Operating range of the 
device is 0 to 100% RH within a 
temperatur.e range of - 60 to 200 °F 
( - 51 to 93 °C). Phys-Chemical Research 
Corp, 36 W 20th St , New York, NY 10011 . 
Circle 235 on Inquiry Card 

OPTICAL FIBER TRANSMISSION 
EMITTER AND DETECTOR 
Capable of full-duplex transmission over 
a single optical fiber, the CED-1 com­
bined emitter/detector can utilize an 
820-nm LED, sensitive silicon detector, 
and step index fiber to transmit data at 
up to 10M bits/s over distances in excess 
of 1 km. Available in Europe, the device 
includes an installed optic connector 
and optical pigtail . Fibronics, Ltd , 
Science Based Industries Center, Tech­
nion City, Haifa 32 000, Israel. 
Circle 236 on Inquiry Card 

CRT COLOR MONITORS 
Thousand-line GM 865C color monitor 
uses newly developed color shadow 
mask 25 " (63.5-cm) CRT with 0.367-mm 
vertical pitch. It provides large screen 
direct view presentation for small 
groups. Shadow mask does not limit 
resolution. Series GM 714, using the 
same inline gun ~RT , displays up to 640 
x 512 pixel resolution , with horizontal 
line freq of 15.5 to 19 kHz (516 through 
633 total lines at 2:1 interlace, 30/60 Hz). 
Units are available in cabinet or rack­
mount and with std or long persistence 
phosphors. Ramtek Corp, 2211 Lawson 
Ln, Santa Clara, CA 95050. 

Circle 23 7 on Inquiry Card 
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PRODUCTS 

INTERFACE OPTION FOR 
FFT SPECTRUM ANALYZER 

Plug-in circuit card "-3" option enables 
SD345 FFT signal analyzer to com­
municate directly with commercial 

calculators, computers, and digital plot­
ters. Both IEEE 488-1978 and RS-232-C 
are available and addressable via 
customized software in P/ROM sets on 
the card. Option allows spectrum 
analysis complete with full engineering 
annotation and grids to be directly 
recorded on digital plotters. New data 
may be averaged by the analyzer without 
affecting the plot. Spectral Dynamics, 
PO Box 671 , San Diego, CA 92112. 
Circle 238 on Inquiry Card . 

THERE'S A RAYCORDER 
YOU CAN DEPEND ON. 

The Raycorder Products Division of Raymond Engineering Inc. has been building 
cassette/cartridge tape drives for 1 O years. We're the small tape drive experts. 
Whatever your choice of media-cassette, mini-cassette, or cartridge- Raymond 
builds a tape drive for all of the standards. 

Wflether you require an OEM drive with typical tape recorder interface, a 
standard interface such as RS232C or IEEE 488, a custom interface, or a stand­
alone system, Raymond builds the configurations that you want. Our software 
driven interfaces provide the flexibility to make this possible. Let us show you how. 

MODEL6406 
RAYCORDER - Popular 
since 1970, now with all new 
electronics. 

MODEL6413 
CARTRIDGE RAYCORDER 
- Fast becoming the stan­
dard by which others are 
judged. 

MODEL6409 
MIN.1-RAYCORDER - A 
proven performer in a tiny 
package - many new fea­
tures. 

MODEL6801 
RAYCORDER CASSETTE 
TERMINAL - A stand-alone 
terminal with a virtually unlim­
ited nt:Jmber of operating 

R 
. . . modes. 

~ aycorder Products D1v1s1on 

\LJ Raymond Engineering Inc. 
217 Smith Street , Middletown, Connecticut 06457·(203) 632-1000 
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UNIVERSAL COUNTER/TIMER 
PLUG-IN MODULE 

Designed to operate in a TM 500 power 
module, DC 503A provides 11 measure­
ment functions: frequency , period , 
period avg , width , width avg, time A-B, 
time A-B avg, ratio A/B avg, events A 
during B avg, totalize, and time manual. 
Measurements can be averaged from 1 
to 10• times. Single-shot resolution is 
100 ns. 2 input channels each provide 
0-to 125-MHz frequency range and 20-mV 
rms sensitivity. Module can be equipped 
with optional oven-controlled 10-MHz 
± 0.2-ppm crystal oscillator time base. 
Tektronix, Inc, PO Box 1700, Beaverton , 
OR 97075. 
Circle 239 on Inquiry Card 

HIGH OUTPUT 
INFRARED EMITTERS 

Featuring GaAIAs heterostructure p-n 
diode construction, Super IR emitters 
produce noncoherent energy at 880-nm 
wavelengths and switch in 1 µS . Power 
conversion efficiencies for packaged 
devices can reach 20% . The devices are 
available in T0-46 hermetic, T-13/.i 
plastic, and T-1 plastic packages and 
may be graded by total power output or 
peak axial radiant intensity. Xciton Corp, 
5 Hemlock St , Shaker Pk, Latham, NY 
12110. 
Circle 240 on Inqui ry Card 

5</> PM STEPPING MOTOR 

Capable of full steps (0.72 °) and half 
steps (0.36 °) (0.126 and 0.0063 rad) with 
± 3-min (8.7 x 10 - •-rad) accu'racy, the 5¢ 
ROM 596/50 stepping motor can be 
micro-stepped electronically without 
closely controlled individual phase cur­
rent loops. Specifications include a step­
ping rate of 30 kHz, start/stop speed of 
up to 2500 full steps/s, and slew speed of 
up to 100k steps/s at 6000 r/min. Rated 
torque is 115 N ·cm and rotor inertia is 
0.7 kg/cm' . Berger-Lahr Corp, Fitzgerald 
Dr, Jaffrey, NH 03452. 
Circle 24 1 on Inquiry Card 
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The Hazeltine Executive 80™ isn't just a smart 
new terminal. It's a complete family of smart 
terminals, easily customized to fit the precise 
needs of your application. 

There are two basic models. Executive 80, 
Model 20, is optimized for top price/ 
performance in conversational or buffered 
environments. Model 30 is a fully featured 
high performance editing terminal. Both 
models have a long list of smart features, like 
programmable function keys, separate 
numeric key pad, scrolling, split screen 
display, blinking and reverse video fields, 
even a forms-drawing capability. Starting 
with either model , you can add all the other 
features and choose all the options you need 
to match the terminal precisely to the system 
you've designed. 

Detachable keyboards and tilt display, for 
example, are options with Model 20 and 
standard with Model 30. These features allow 
the operator to position the screen at the most 
comfortable viewing angle. There's also a 
video enhancement option that gives you a 

15-inch smooth scrolling monitor which selec­
tively displays either 80 or 132 column formats 
in normal size or double height and width . 

No matter how you configure Executive 80 
terminals, you can be sure of high reliability. 
In addition to Hazeltine's high quality, Executive 
80 has a very smart diagnostic capabil ity that 
enables it to trouble-shoot its own failures. 

It takes a smart terminal to handle all the 
new applications of the eighties. That's why 
Executive 80 has lots of smarts. 

Hazeltine Corporation, Computer Terminal Equipment, 
Greenlawn, NY 11740 {516) 549-8800 Telex: 96-1435 

Hazeltine and the Pursuit of Excellence 
New York (212) 586-1970 • New Jersey (20t) 584-4661 • Chrcago (312) 986·1 414 
San Fraoosco (415) 342-6070 • AUanta (404) 952-8444 • Arlington (703) 979-5500 
Orlando {305) 628·0132 • Dallas (214) 980-9825 • Los Angeles (213) 553-1811 
Columbus (614) 889-651 O • England 01 -568-1851 Telex (851) 928572 

Hazelti.ne qj~I 
Executive~,#.;-•~,&-
Answers for the Eighties 
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Model K1160A 
4MHz 
crystal clock 
oscillator 

This thick film hybrid 
oscillator with active pull­
up provides the precise 
4 MHz waveform required 
to drive the Z8000, 
ZBOA or MK3880-4. 

The single DIP saves 
board space ne.eded by 
up to 17 discrete 
components it replaces, 
and eliminates production 
man-hours wasted ana­
lyzing oscillator circuits 
and matching crystals to 
circuit components. 

Plug the K1160A into your 
4 MHz microprocessor 
circuit design and 
forget your crystal oscil­
lator problems. 

Mostek and MK3880 are 
trademarks of Mostek Corpora­
tion . Zilog, Z80 and Z8000 are 
trademarks of.Zilog, Inc. ® and 
Motorola are trademarks 
of Motorola Inc. 

® MOTOROLA INC. 

COMPONENT PRODUCTS 
2553 N. Edgington 
Franklin Park, Ill. 60131 
312/451-1000 
T\VX: 910-227-0799 
Telex: 025-4400 

CIRCLE 145 ON INQUIRY CARD 

PRODUCTS 

HIGH SPEED ADC 
Successive approximation ADC 1555S 
provides complete conversion of an 
analog voltage to a 15-bit digital number 
in less than 5 µS. Device consists of 2 
piggyback epoxy-filled glass-etched cir­
cuit cards that plug together to form 
single plug-in module. Open circuit con­
struction allows complete repairability. 
Except for power supplies , unit contains 
all functions necessary to perform con­
version . Device can be used alone or 
with other analog modules to form a 
complete system. Tustin Electronics Co, 
1431 E St Andrews Pl, Santa Ana, CA 
92705. 

Circle 242 on Inquiry Card 

8-BIT HYBRID ADC 
WITH 1-µ.s CONVERSION 
Featuring 6 pin-programmable input 
voltage ranges (0 to 5, 10, and 20, and 
± 2.5, 5, and 10 V), the ADC-825 has a 
logic input that switches the device from 
unipolar to bipolar operation. Specifica­
tions include 20-ppm/°C max gain temp­
.co ± V2 LSB max integral and differential 
linearity error, and basic operating range 
of O to 70 °C. Packaging is hermetic 
24-pin DIP. Datel-lntersil, 11 Cabot Blvd, 
Mansfield, MA 02048. 
Circle 243 on Inquiry Card 

650· TO 1000-LINE/MIN PRINTERS 

2 

\ 
Three printers provide speeds of 650, 
800, and 1000 lines/min , are IBM com­
patible, and incl ude full field upgrade 
and interchange capabilities. Each unit 
has electronic partitioni ng to accom­
modate a variety of computer interfaces 
and controllers . Models 6665 (650 
lines/min) and 6680 (800 lines/min) may 
be fie ld upgraded to a 6610 (1000 
lines/min). Decision Data Computer 
Corp, 100 Witmer Rd, Horsham, PA 
19044. 
Circle 244 on Inquiry Card 

LOW COST KEYBOARDS 

THRIFTSWITCH keyboard line features 
positive tactile feedback, 2-color molded 
key legends, and electrostatic shield . Op 
temp range is - 20 to 60 °C. Contacts 
and circuits on UL-approved PCB are 
go ld plated. One of the 2 std configura­
tions has white keys on black 
background in both 3 x 4 and 4 x 4 
layouts. Other has grey background with 
black letters on white in 3 x 4 telephone 
format. Circuitry choices include matri x 
code, single-pole/common bus, and 
2-of-7 code (2-of-8 for 4 x 4). Circuit ter­
mination allows wirewrap, solder, or con­
nector plug connections. Industrial Elec­
tronic Engineers, Inc, 7740 Lemona Ave , 
Van Nuys, CA 91405. 
Circle 245 on Inquiry Card 

PLASTIC CLAD 
SILICA OPTICAL FIBERS 
Step index optical fibers have a short 
gauge length tensile strength of over 
3.45 x 10• Nim', and attenuation of 10 
dB/km at 790 nm. Designed for medium 
distance and medium bandwidth data 
transmission and high power optical ap­
plications, the fibers consist of a silica 
core, plastic optical cladding, and pro­
tective jacket. Core diameters available 
are 125, 200, 400, and 600 µm . EOTec 
Corp, 200 Frontage Rd, West Haven, CT 
06516. 
Circle 246 on Inquiry Card 

FILM CAPACITOR LINE 
Line of film capacitors comes in both ax­
ial and radial lead styles and in std and 
tight tolerances. Range of film materials 
includes polystyrene (100 pF to 1 µF, 63 
to 400 Vdc, to 85 °C); metallized polycar­
bonate (1000 pF to 22 µF, 40 to 400 Vdc , 
to 125 °C); polyester (100,0 pF to 39 µF, 63 
to 630 Vdc, to 125 °C); and polypropylene 
units of high stability with frequency 
that includes both metallized and non­
metallized film and foil types in voltages 
from 160 to 2000 Vdc. Thomson-CSF, 
6660 Variel Ave, Canoga Park, CA 91303. 
Circle 24 7 on Inquiry Card 
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Communicate 
w ith Color 
Hard Copy 
from the 
630 Series 

Exciting computer images, 
digitally processed 

or original graphics, should 
not be confined to your 
color terminal. Their 
communication value is 
wasted. That's why Dunn 

Instruments invented 
versatile, afford-
able photographic 
hard copy. Made by 
the 630 Color 
Camera Series. 

Since early 
1979, 630 Series 
cameras have 
been at work 

in appli­
cations 

ranging from 
remote sensing 

to animation, from business 
presentation graphics 
to NASA's Saturn mission. 

Media versatility 
Instant 8x10 prints 

on Polaroid® Type 808 film, 
overhead transparencies, 
35mm slides, animated 
16mm film - all these and 
more are within the capa­
b ilities of a single camera 
system. Their incredible 
resolution, chromatic 
vividness and accuracy will 
astonish you. So, too, 
will the speed, ease and 
assurance with which you 

produce them, thanks to 
microprocessor-automated 
camera operation and 
exposure control. 

Multi-imaging 
power 

Recording images side by 
side aids in comparative 
analysis and presentation 
planning. It also reduces 
film cost. Our software­
based format selection 
means the freedom 

to tailor the configuration 
of images to your needs. 
It's a Dunn Instruments 
exclusive. 

THE630 
COLOR 
CAMERA 
SERIES 

I nterfacing 
ease 

The 630 
Serie inter­
face with 
ease to every 
kind of com­
puter system 
and color ter­
minal. They are 
sold complete, and 
installed world­
wide by an ex­
perienced sales 
and service force. 

Call 415/ 957-1600 
and we'll put you in touch 
with your nearest Dunn 
Instruments representative. 
Or write us at 544 Second 
Street, P 0. Box 77172, 
San Francisco, CA 94107. 
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PRODUCTS 

HIGH PERFORMANCE 
DIGITAL PLOTTERS 

Five models have been added to the HI 
PL,¢T family . DMP-2 8.5 x 11 " (21.6 x 
28-cm) and DM P-5 11 x 17" (28 x 43.2-cm) 
basic units have built-in RS-232-C and 
parallel interface. Pen speed is 2.4" (6.1 
cm)/s ; plotting is at either 100 or 200 in­
crements/in (39.3 or 78.7/cm). DMP-3 (8.5 
x 11 ") and DMP-6 (11 x 17 ") intelligent 
plotters have pen speeds to 3" (7.6 cm)/s 
for the DMP-3 and 2.4 "/s for DMP-6. 
DM/PL™ instructions min imize software 
burden on host. DMP-4 (8.5 x 11 ") and 
DMP-7 (11 x 17 ") include electronic con­
trols for X, Y axis positioning and self­
diagnostics. Houston Instrument, Div 
Bausch & Lomb, One Houston Sq , 
Austin , TX 78753. 
Circle 248 on Inquiry Card 

SMALL TOGGLE AND 
PUSHBUTTON SWITCHES 
Both solder and PCB mounting termina­
tions are available on the Tiny Toggle 
and Tiny Pushbutton lines of switches. 
Specs for the toggle switches include 
120 Vac or 28 Vdc at up to 3 A resistive 
with contact resistance of 10 mfl . The 
pushbutton switches are rated at 120 
Vac or 28 Vdc at 1 A resistive with con­
tact resistance of 20 mfl. Both switch 
lines have a dielectric strength of 1 kV 
rms at sea level. C & K Components, Inc, 
15 Riverdale Ave, Newton , MA 02158. 
Circle 249 on Inquiry Card 

BURN-INfTEST 
IC SOCKET 
Designed for IC devices with 0.300 " 
(0.762-cm) pin row centers , the 613 Mid­
Rise™ is a burn- in/test socket series 
available in 14-, 16-, and 18-lead con­
figurations . Beryllium copper face­
wiping contacts are selectively gold 
plated over nickel , and the Ryton-molded 
socket withstands burn -in applications 
of up to 200 •c. Contacts are visible for 
probing during burn-in/test. Wells Elec­
tronics, Inc, 1701 S Main St , South Bend, 
IN 46613. 
Circ le 250 on Inquiry Card 

LaVezzi is 
the source for 

'. IGH PRECISION 
machined parts 

We speci a lize 
in the m a nu­
facture of smal l 
machined parts 
involving unique 

sprockets 
ratchets 

starwheels 
etc. 

machining requ i rements, extreme­
ly close tolerances, fine finishes. 
A vari ety of sprockets and other 
high precision parts are in stock 
for immediate delivery-or made 
exactly to your specifi cations. In­
qu i ries invited. Described in detail 
in catalog L70·5 

LaVezzi Machine Works, Inc. 
900 North Larch Avenue 
Elmhurst, Illinois 60126 
(312) 832-8990 
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SINGLE BOARD 16·CHANNEL MUX 
Microprocessor based DZ/16 MUX con­
trols 16 asynchronous communication 
lines by emulating functions of 2 full 
hex-width DEC DZ11 8-line boards. It oc­
cupies half the space and presents only 
1 load to the Unibus. Compatible with 
DEC diagnostic software, it has on board 
self -test with LED display and switches 
for address and vector selection. Data 
format is program selectable for each 
channel. All DZ11 baud rates are sup­
ported . MUX installs in any available hex­
width SPC slot of a std DZ11 backplane. 
Able Computer, 1751 Langley Ave, Irvine, 
CA 92714. 
Circle 2 51 on Inquiry Card 

ELECTROSENSITIVE 
GRAPHICS PRINTER 

GP-100 Graphx-Printer plugs directly in­
to the company's RG-512 Retro-Graphics 
card , a Tektronix software-compatible 
field upgrade for the Lear Siegler ADM -
3A dumb terminal. The device prints the 
graphics within a 6.7 x 5 " (17 x 12.7-cm) 
area on 8.5 " (21 .6-cm) roll-fed aluminum 
coated paper in less than 20 s. 
Alphanumerics can also be printed at 
170 lines/min . The silver toned paper is 
archival and will not fade with age. 
Digital Engineering, Inc, 1775-C Tribute 
Rd , Sacramento, CA 95815. 
Circle 252 on Inquiry Card . 

IMAGE DISPLAY SYSTEMS 
Video display system ID 1100 is compati­
ble with DEC PDP-11 Unibus and offers 
full true color, or up to 4 multi-image 
monochrome or pseudo color displays 
with 1 k x 1 k x 8-, 16-, 24-, or 32-bit resolu­
tion . There are 4 1024 x 1024 x 8 overlay 
memories on each image channel , with 
independent zoom of 2:1, 4:1 , and 8:1 on 
up to 4 channels, plus independent 
scroll on each channel. Optional interac­
tive devices include cursor-controlling 
joystick, trackball , and lightpen . DeAnza 
Systems, Inc, 118 Charcot Ave, San 
Jose, CA 95131 . 
Circle 2 5 3 on Inquiry Card 
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The Shortest Line Between Design 
Points is Multiwire. 

MULTILAYER 

Regardless of what design technique you use -
even with a computer aided system - designing 
multilayer PC boards can be a guessing game. Many 
times, in the last 5% of the routing, you find yourself 
up a "blind alley" and you have to go back to " start" . 

MULTIWIRE 

With Multiwire, you can easily avoid such bl ind 
alleys . . . for design-time savings in your circuit 
boards. Routing is under complete computer control. 
All you have to do is prepare artwork for the power 
and ground planes, the net or " from-to" list, and a 
fabrication print showing component location and 
board configuration . The Multiwire design program 
takes over from there . Results: 
your design time is cut. And , 
when design changes are 
needed, Multiwire lets you 
make them . . . quickly, easily. 

• • .. . 
• • 

I 

Electrical characteristics are A typical example of .the circ.uit 
. density achievable with Mult1wire 

consistent and controllable, circuit boards. 

inspection costs are cut and production yields go up. 
Why wait? For complete details write or call today. 

Multiwire, 31 Sea Cliff Avenue, Glen Cove, NY 11542. 
Phone (516) 448-1307. 

ilMULTIWIRE 
TT DIVISION 

KOLLMORGEN CORPORATION 
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PRODUCTS 

DIGITAL INCREMENTAL 
ROTARY ENCODER 

Des igned for applications requiring up 
to 400 counts/rev, STRE 2014 provides 
symmetry , broad dynamic range , 
to lerance to power supply variat ions (3.5 
to 8 V), and low jitter. Device has a single 
LED light sou rce with temp compen­
sated feedback loop for the LED drive 
current. A single monolithic array pro­
vides the encoder with a push-pull 
readout system. Phase shift is 90 • 
± 10%. Sensor Technology, sub of 
Dyneer Corp , 21012 Lassen St, 
Chatsworth , CA 91311 . 
Circ le 2 54 on Inqui ry Ca rd. 

• Starting torques from 280 to 500 g-cm 

BYTE ORIENTED 
OMA CONTROLLER FOR UNIBUS 
Controller module PDl -11 for Unibus 
computers performs OMA transfers at 
80k to 200k bytes/s to and from byte 
oriented peripherals usually operated on 
a serial basis. The quad-board mounted 
controller allows a peripheral device to 
appear to the computer as a DEC DL 
serial line unit. The module functions in 
parallel using RS-422 receivers and 
drivers at distances to 3000 ft (914 m) at 
full speed. MOB Systems, Inc, 1995 N 
Batavia St, Orange, CA 92665. 
Circle 2 5 5 on Inquiry Card 

SWITCH MODE REGULATED 
DC-DC CONVERTER 
A 2:1 input range is featured in the 
switch mode regulated UM and UMC 
series de-de converters. Input ranges of 
9 to 18, 18 to 36, and 35 to 70 Vdc can 
withstand 8-ms surges of 25, 40, and 100 
V, respect ively. Single outputs of 5, 12, 
and 15 Vdc at 800 mA to 3 A are available. 
Overcurrent and. overvoltage circuitry is 
included, along with 1500-Vdc 1/0 isola­
tion. Semiconductor Circuits, Inc, 218 
River St , Haverhill , MA 01830. 
Circ le 2 56 on Inquiry Card 

BRUSHLESS DC MOTOR 
Util izing a shaft encoder/decoder that 
commands drive circuits for sequential 
stator coil activation, the type 3414 
brushless de motor achieves electronic 
commutation. It operates at up to 24 Vdc 
and requires only a single-ended power 
supply . Features include low emi 
characteristics , bidirectional operation , 
constant speed and current limit 
capabilities , and high torque to inertia 
ratio. Electric Indicator Co, Inc, 272 Main 
Ave, Norwalk, CT 06851. 

Circ le 2 5 7 on Inq uiry Card 

We'll help you 
get a head 
(and stay ahead!) 

301-
4-track/4-channel 
cassette head .. 
Precision Mount, 
(Azimuth :t 6') 

WP-102 
4-track/2-channel 
Extended 
low-frequency 
response head 
for . 250" tape 

307-
2-track/2-channel 
cassette head, 
Universal 
Industrial mount, 
Exceptionally versatile . 

Three typical Vikron magnetic heads that come 
equipped with total service. That simply means 
we're not done helping you until you're done 
needing help. 

• Maximum efficiency as high as 65% at 24 Volts . 

We deliver much 
more than quality 
magnetic heads! 

• Varistor ring and high quality brush material. 
• 7 bar armature for smooth operation. 
•Available with AC tach, gearheads and AMP 110 terminals 

For complete Canon U.S.A., Inc. 
technical information: 

Canon 
Electronic Components Division 
10 Nevada Drive. 

Lake Success. L.I ., N.Y. 11042 
Tel.(516)488-6700 
Telex 96-1222 
Cable · Canon USA LAKS 
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The 
MX-80. 

It not 
only does 

everything, 
it does 

everything 
well. 

This is the new Epson MX-80 dot matrix printer. 
It does just about everything you could ask a 
printer to do. Quickly. Quietly. Reliably. In fact, 
for OEM installations, the MX-80 may be the 
single best, all-round printer you can buy. But 
that's not the best reason to buy it. · 

The MX-80 prints bidirectionally at 80 CPS in a 
user-defined choice of 40, 80, 66or132 columns. 
And if that's not fast enough, its logical seeking 
function minimizes print head travel time. The 
MX-80 prints 96 ASCII, 64 graphic and eight in­
ternational characters with a tack-sharp 9x9 
matrix. For a long time. Epson 
printers are known for relia­
bility and the MX-80 is no ex­
ception. But that's not the 
best reason to buy it either. 

The print head has a life 
expectancy of up to 100 x 106 

The world's first disposable print head. 
When it wears out, just throw it away. A 
new one costs less than $30, yet it's so 
simple, you can change it with one hand. 

n. 
characters, and when it wears out, just throw it 
away. A new one costs less than $30 and the only 
tool you need to change it is attached to the end · 
of your arm. The MX-80 is compact, weighs only 
12 lbs., and the whole unit, including the two 
stepper motors controlling carriage and paper 
feeding functions, is precisely controlled by an 
internal microprocessor. But even that isn't why 
you should specify the MX-80. 

The best reason .is this: because Epson makes 
more printers than anyone else in the world, we 
can afford to sell each one for a little less. So you 

can get one Epson MX-80 
=:::::;: Printer for less than $650 . 

::::::::=: And more than one for even 
less than that. 

That's what we call a small 
price to pay for a printer that 
does everything well. 

EPSON 
EPSON AMERICA, INC. 

Wes tern : 23844 Hawthorne Boulevard, Torrance , Californja 90505 • (213) 378-2220 TWX: 910-344-7390 
Eastern: 98 Cutter MiU Road, Rm . 350, Great Neck, New York 11021 • (516) 487-0660 
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PRODUCTS 

REAR MOUNT PANEL 
LED INDICATOR ASSEMBLY 

Consisting of separate lens and LED 
housing assembly, the panel mount LED 
indicator assembly snapmounts onto its 
lens from the rear of the panel. The 5400 
series is available in red , green, or yellow 
and accommodates panel thicknesses of 
0.0156 to 0.0938 " (0.397 to 2.38 mm). 
Power requirement is 2 Vdc at 20 mA for 
a luminous intensity of 34 to 45 med, 
depending on color. The device requires 
a 0.3125 " (0.8-cm) mounting hole. In­
dustrial Devices, Inc, 7 Hudson Ave, 
Edgewater, NJ 07020. 
Circle 258 on Inquiry Card 

14-BIT D·S CONVERTER 

4.5-VA drive capability, increased effi­
ciency, and 5-V only power requirement 
are featured in the DSC-544 digital to 
synchro converter module. Accuracy of 
the device is ± 4 min ( ± 1x10- 3 rad) and 
it meets MIL-STD-202E requirements . A 
transformer isolated output is protected 
against overloads and short circuits, and 
overheating is prevented by a built-in 
thermal cutoff . Std operating ranges are 
O to 70 and - 55 to 85 ·c. ILC Data 
Device Corp, 105 Wilbur Pl, Bohemia, NY 
11716. • 
Circle 259 on Inquiry Card 

LED ILLUMINATED 
PUSHBUTTON SWITCHES 

Available with red, yellow, or green LED 
light source and NO, NC, or 2-circuit con­
figurations, the 913 series of pushbutton 
switches requires a max of 5 Vdc at 20 
mA. Short travel momentary contact con­
struction is used along with the long life 
and high efficiency provided by the LED 
illumination source. Designed for panel 
mounting, the switches provide high 
visibility . Dialight, 203 Harrison Pl, 
Brooklyn, NY 11237. 
Circ le 260 on Inquiry Card 
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CARTRIDGE TAPE CONTROLLER 
Utilizing bit-slice technology, the model 
570 cartridge tape controller will support 
up to 68M bytes of tape storage on the 
DEC Q-bus. Resident on 1 quad-size 
board, the emulating controller provides 
software compatibili~y with operating 
systems having TM11/TU10 support . Ad­
ditional features include data integrity 
verification and mixed tape drive 
capability. Xylogics, Inc, 42 Third Ave, 
Burlington, MA 01803. 
Circle 261 on Inquiry Card 

EPROM PROGRAMMER 

Designed for programming 2704 or 2708 
EPROMs, JE608 can also be connected 
to emulate 2704, 2708, or other compati­
ble ROMs. Programming is achieved via 
instrument 's internal RAMs and onboard 
hex keyboard or by copying program of 
previously programmed devices. Unit 
permits examination, change, and valida­
tion of program content. Microprocessor 
system development is enabled by rib­
bon cable connection from panel test 
socket to EPROM socket on micropro­
cessor board. Unit comes as kit, or com­
pletely wired and tested. Jameco Elec­
tronics, 1355 Shoreway Rd, Belmont, CA 
94002. 
Circle 262 on Inquiry Card 

PDP-11 COMPATIBLE 
CONTROLLERS AND PRINTERS 
LPC-11 line of controllers and line 
printers provides 300 to 1200 lines/min 
and is plug compatible with PDP-11/04 
through VAX-11/780 minicomputers. 
Controllers are compatible with the 
Unibus and occupy one quad slot in the 
system backplane. They are transparent 
to RSX-11, IAS, RSTS, DSM-11 , and RT-11 
operating systems; no reprogramming is 
required . Parallel char data transfer rate 
is 66.8 kHz. 64-char ASCII char sets are 
std, with 96-char or foreign language 
sets optional. BOS Computer Corp, 1120 
Crane St, Menlo Park, CA 94025. 
Circle 263 on Inquiry Card 

S-D CONVERTER MODULE 
Measuring 2.6 x 3.1 x 0.82 " (6.60 x 7.87 x 
2.08 cm) and designed for PCB mount­
ing, SDC410C synchro to digital con­
verter modules provide de output voltage 
proportional to velocity, in addition to 
10·, 12-, or 14-bit digital outputs. Synchro 
resolver inputs of 11 .8 or 90 Vac, 400 Hz, 
or 90 Vac , 60 Hz, are converted into 
binary output angle representations ac­
curate up to ±4 min of arc (±1x10- 3 

rad). Computer Conversions Corp, 6 Dun­
ton Ct, East Northport, NY 11731. 
Circle 264 on Inquiry Card 

160-CONTACT LOW 
INSERTION FORCE CONNECTOR 
Constructed to provide low contact 
resistance along with low insertion 
force, the KA 160 PCB connector 
features 216 keying combinations and 
easily removable contacts. Contacts 
may be removed from the front and rear, 
facilitating motherboard and backplane 
repairs. The HypertacR contact is a 
hyperboloid-shaped sleeve available in 
crimp, wirewrap, and straight and right 
angle dip solder cup configurations. 
Hypertronics Corp, 2352 Main St , Acton, 
MA 01742. 
Circle 265 on Inquiry Card 

RS-449 DATA CABLES 

Cable assemblies meeting full RS-449 
specs provide a capacitance of 10 to 13 
pF/ft (33 to 43 pF/m) in the 37-conductor 
configuration . Construction consists of 
18 twisted pairs and 1 single AWG 24 
stranded tinned copper conductor 
covered by an overall aluminum foil and 
mylar shield , with a single AWG 24 drain 
wire. Both screw locks or RS-449 special 
mounting clips can be supplied. Kertech 
Corp, 10 Babson Park Ave, Babson Park, 
MA 02157. 

Circle 266 on Inquiry Card 
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If you've taken a shine to Shugart, 
you're in luck. 

Specifying Shugart means you're also 
specifying Remex. We're your alternate 
source for fast, volume delivery. 

Remex single and dual-headed drives, 
single or double density, are physically 
and electrically compatible to Shugart 
SA850R/851R units. So you can switch over 
to Remex without re-design. 

Our drives are also available packaged 
two drives to a Remex subsystem, in the 
head/density combination you specify and 
with their own de power supply. The 
subsystem includes rack-mountable guide 
rails. Just slide it into your system, plug it in 
and go. Even your operating manuals 

remain unchanged. 
What's more, Remex has solved 

the dual-head media wear problem for 
good with a new; improved head and 
carriage assembly. 

So remember this: If the Shugart fits, 
Remex fits, too. 

Call today for more details or to get your 
order rolling. Ex-Cell-O Corporation, Remex 
Division, 1733 East Alton Street, Irvine, CA 
92713. (714) 957-0039 TWX: 910-595-1715 

Ex-Cell-O Corporation 
REMEX DIVISION 
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PRODUCTS 

CRT MODULES 

Video interface and video memory · 
modules provide from 12- to 80-char/line 
and 6- to 25-line format, full u/lc ASCII 
char, and up to 64 custom graphic sym­
bols per memory module. Intended to 
operate with the PC400 programmable 
controller, the module provides a data 
rate of 15,750 charts, and cursor loca­
tion , size, and blink rate are user pro­
grammable. Giddings & Lewis Elec­
tronics, 142 Doty St, Fond du Lac, WI 
54935. 
Circle 267 on Inquiry Card 

0.5" RECTANGULAR 
LED INDICATORS 
Series CM4-65 red LEDs feature a 0.5 x 
0.25 " (1.27 x 0.64-cm) lighted area with a 
wide viewing angle because of the com­
bination of 2 LED chip outputs in each 
unit. Twin LEDs can be lighted in­
dependently or simultaneously and 
typical operation is 2.0 Vdc at 20 mA. A 
400-ns switching time allows multiplex­
ing. Max power dissipation is 200 mW 
and operating range is - 40 to 85 •c. 
General Instrument Corp, Lamp Div, 4433 
Ravenwood Ave , Chicago, IL 60640. 
Circle 268 on Inquiry Card 

HARD DISC CONTROLLER 
SM/S controller for drives with standard 
storage module (SMD) interface consists 
of 2 S-100 boards. Adaptation to specific 
drive is accomplished by changing the 
1/0 driver software. Testing of the con­
troller is simplified by fault isolation 
software run on the host computer. The 
unit's custom microprogrammable pro­
cessor controls data transfers. Custom 
microcode is stored in writable control 
memory. The controller uses 256-byte 
sector format and has full sector buffer. 
XCOMP, Inc, 9915A Businesspark Ave, 
Sa.n Diego, CA 92131 . 
Circle 269 on Inquiry Card 
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PROTECTED 
INTERCONNECTION HEADERS 

... 
A line of 0.1 x 0.1" (0.254 x 0.254-cm) pin 
matrix protected headers for board to 
cable interconnections offers 9 sizes 
and 3 configurations. Designed in 
straight, right angle, and wirewrap types, 
header sizes range from 10 to 60 pins. All 
headers are available with or without 
lock/ejector hooks. Contact material is 
selectively plated phosphor-bronze. AP 
Products, Inc, 1359 W Jackson St, 
Painesville, OH 44077. 
Circle 270 on Inquiry Card 

SMART CRT TERMINAL 
Model 930 features a 25th status and 
message line, 22 programmable function 
keys, expandable definable data, split 
screen, 13 special char, and sophis­
ticated printer controls. Printer controls 
allow an operator to move data through 
the printer via the CRT, talk to host com­
puter via CRT, or move data from host to 
printer. An operator can use CRT at 
same time the system is printing. Heart 
of the unit is MOS Technology's 6502 
microprocessor. Televideo, Inc, 2149 
Paragon Dr, San Jose, CA 95131. 
Circle 271 on Inquiry Card 

ADC SYSTEMS 

Including all interface circuits and func­
tions necessary to operate with H-P 1000 
series computer systems, GM/PL series 
units have conversion rates as high as 
500 kHz and resolution and correspond­
ing accuracy as high as 15 bits . Compati­
ble with computers using std HP 93596L 
interface option, they provide OMA 
operation via the pacer and high speed 
pacer modes and programmed 1/0 via the 
non-pacer mode. TTL compatible signals 
include pacer mode clock, enable func­
tions, STC commands, and control 
words for channel selection. Preston 
Scientific, Inc, 805 E Cerritos Ave, 
Anaheim, CA 92805. 

Circle 272 on Inquiry Card 

Bl·PIN LED PACKAGE 
Wide viewing angle LEDy BugR lamps, 
now available in the common bi-pin 
package, come with or without built-i n 
resistors for drive voltage selection. 
High brightness LB202 and LB203 series 
lamps come in either red, amber or 
green, and can be driven by 2.4 to 28 V 
depending on model. LB202 is for 
mounting in std BPS-1 socket; LB203 is 
designed for soldering in place. More 
than 180 ° viewing angle is achieved by 
use of flat topped cylindrical fresnel 
lens. Data Display Products, 303 N Oak 
St, Inglewood, CA 90302. 
Circle 273 on Inquiry Card 

DISCITAPE STORAGE 
SUBSYSTEM 

A storage subsystem, consisting of an 
8 " (20.3-cm) Winchester disc, cartridge 
tape, and LSl-11 Q-bus OMA interface, 
features a dual port 110 processor 
capable of interfacing up to 8 Win­
chester drives and 8 0.25 " (0.635-cm) 
tape cartridge drives. The Compact 
Storage System 11 includes 32k bytes of 
RAM , 10M- to 20M-byte disc capacity, 
and 13.8M-byte tape cartridge. United 
States Design Corp, 100 Severn Ave, Ste 
102, Annapolis , MD 21403. 
Circle 274 on Inquiry Card 

110 CONNECTOR 
Series 6900 unprotected header connec­
tor is designed for simple installation on 
logic pannels, PCBs, and backplanes. A 
high precision 1-piece molded header 
featuring 0.025 " (0.65-mm) sq posts, 
device has an insulator that facilitates 
automatic pin loading and selective cut­
ting of long strips to desired pin config­
uration. Selective gold plating of contact 
area cuts costs. Interconnection portion 
of post is selectively plated with 0.254, 
0.508, or 0.762 µm of gold. Stanford Ap­
plied Engineering, Inc, 340 Martin Ave, 
Santa Clara, CA 95050. 
Circle 2 7 5 on Inquiry Card 
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EPROM 
PROGRAMMER 
THAT SOLVES 

YOUR 
PROBLEM 

PROBLEM: Development delays 
caused by a bottleneck at 
the EPROM Programmer!! 

SOLUTION: Buy several low 
cost stand alone EPROM 
Programmers. 

7 SERIES EPROM 
PROGRAMMERS 

Standard Features 
RS-232C Interface 
Completely Self-contained 
Read Only Master Socket 
Alpha Numeric Display 
Data Entry Keyboard . 
Merge and Edit Capability 

Models Available for All 
Industry Standard EPROMs 

Starting At 

$695 

P.O. BOX 206 BRISTOL, PA 19007 
215·949·2588 

CIRCLE 174 ON INQUIRY CARD 

PRODUCTS 

LOW PROFILE 
LOCK AND EJECT HEADERS 

Header series BLUE MACSR is available 
with right angle straight soldertail con­
tacts for use with 0.062 " (1 .57-mm) and 
1.25 " (3.18-mm) thick PCBs and in right 
angle and straight wrap post tail con­
figurations . Locking ears eliminate 
possibility of unintentional disengage­
ments. Ejector ear design eliminates 
stress at cable/connector and 
header/PCB solder joint areas in discon­
nect/reconnect actions. Full line is 
available in 11 contact sizes from 10 to 
60 and in a variety of pin layouts. 
T&B/Ansley Corp, 3208 Humboldt St , Los 
Angeles, CA 90031. 
Circle 2 7 6 on Inquiry Card 

HEAT SINK EXTRUSION 
WITH SLIDE CHANNEL 
Material can be used as a cabinet back 
panel , rack support, or sliding rack. Ex­
trusion 2046 has 2 0.1 25 " (0.3-cm) high 
slide channels to enable a variety of 
mountings. It weighs 3.94 lb/ft (0.6 
kg/cm) and has a heat dissipating sur­
face of 57.38 in 2/in (145 cm 2/cm). The 
heat sink extrusion, made of 6063-T5 
aluminum , is 7.3 " (18.5 cm) wide with 
overall height of 1.25 " (3.2 cm). It has 21 
evenly spaced fins of 1 "(2.54 cm) height , 
with thermal resistance of 1. 7 °crw per 
3 " (7.6-cm) section . AHAM tor, 27901 
Front Street , Rancho California, CA 
92390. 

Circle 2 7 7 on Inquiry Card. 

DOT MATRIX 
IMPACT· PRINTER 

Full 96-char ASCII set , u/lc char, and 40 
and 80 char/line are featured in the 
model DIP-81 data impact printer. Either 
7 x 7 or expanded 14 x 7 matrix capability 
is included along with 100-char/s bidirec­
tional printing . The unit measures 17 x 
9.75 x 3.5 " (43.2 x 24.8 x 8.9 cm) and in­
cludes Centronics type parallel inter­
face, with RS-232-C or 20-mA current 
loop optional. DIP, Inc, 121 Beach St , 
Boston , MA 02111 . 
Circle 278 on Inquiry Card 

NOISE SUPPRESSION 
INTERFACE MODULE 
Designed as a noise suppression and 
ground isolation interface module be­
tween RS-232-C DCE/DTE devices, the 
OPT0232 handles from 2 to 16 signal/ 
data lines as well as both signal and pro­
tective ground lines. 6N139 type op­
toisolators provide 1500 V of isolation 
for individual unidirectional signal/data 
lines, each of which can support 
transmission rates of 40k bits/s . Inter· 
face of Illinois, 9020 Niles Center Rd , 
Skokie, IL 60076. 
Circ le 2 79 on Inquiry Card 

P/ROM PROGRAMMABLE 
CAPACITANCE KEYBOARD 

Capacitance operated switching, N-key 
rollover, and operation from a single 
5-Vdc supply are features of the 
MPNK-100 microprocessor keyboard. 
The onboard microprocessor functions 
with 2 512 x 4 P/ROMs, and the same 
PCB accommodates both P/ROMs and 
masked ROM applications. Intended for 
operation in word processing , prototyp­
ing, data entry, and custom use, the 
keyboard operates in 5 modes. Amkey, 
Inc, 7 Andover St , Andover, MA 01810. 
Circle 280 on Inquiry Card 
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While others modified their existing 
general purpose computers to try to do 
factory work, we specially designed a 
full line of modules and microcomputer 
packages for rugged "hardhat" plant 
environments. 

On Line, On the Firing 
Line-Full Time 

The reason our customers want to hang 
computers such as RacPac right at the 
job is simple. The computer functions 
are more reliable when the microcom­
puter puts on a hardhat and goes right 
out on the job. Also, it puts the controls 
of the machine and the 
information with the 
operator for more effi-
cient operation and 
maintenance. 

In a manner of speaking, 
our computers do wear 
hardhats. We don't want 
our industrial compu­
ters going out in the 
plant look i ng l i ke 
bankers. They're eng i­
neered to withstand the 
industr i a l env i ron ­
ment-dust, dirt, vibra­
tion and wide tempera­
ture variations. 

Shake and Bake. It isn't 
for chickens. 

Most general purpose computers are 
tested prior to shipment. But test 
specifications vary widely. In fact, many 
marginal component flaws that may 
show up in a hostile plant, may not be 
discovered during typical general pur­
pose tests. 

But, the plant environment requires 
tougher components. That's why we 
test to industrial specifications. 

We test components when they arrive. 
Then we test during and after assembly. 

Finally, every assembly is exposed to 
"Shake and Bake'.' We vibrate products 
more and expose them to higher heat. 
Then we subject them to more power 
cycles. They get the same rough treat­
ment they ' ll get in your plant. If 
something is going to fail , we want it to 
fail here in our plant, so that it doesn't 
shut down your plant. 

Plant to office 
Interface 

Our systems go right 
out into the hostile plant 
environment to control 
machines, processes, 
materials flow and ac­
quire data at the source. 
Production data can 
then be supplied to a 
MicroHost computer 
located in a supervisors 
office and transmitted 
to data processing. It 
supplies management 
information that is vital 
for cost effective opera­
tion. 

CIRCLE 154 ON INQUIRY CARD 

Wide Variety of Modules 

There are over 20,000 XYCOM micro­
computers working around the world, 
covering virtually every conceivable in­
dustrial application. We have a wide 
variety of modules readily available to 
quickly solve your unique applica­
tion - sensors, resolvers , process 

loops, A.C. motors or almost any other 
industrial control application. So, we 
probably have the modules to solve an 
OEM or Integrator problem now­
faster, better, and more cost effectively. 

One Stop Shopping 

XYCOM takes you a step closer. We sup· 
ply all the tools you need (module level, 
package level , software, documenta­
tion) to interface our computers with 
your equipment. 
So, give us a call and see how quickly 
XYCOM can help solve your problem. 

Formerly PCS 

PO. Box 984, _ 
Ann Arbor, 
Michigan 48106. 

(313) 429-4970 TWX: 810·223-8153 

THE HARDHAT COMPUTER PEOPLE 



A big 
week for 
small 
computer 
specialists 
The sixth Minicomputer/Microcomputer Confer­
ence and Exposition will be held in Brooks Hall and 
San Francisco Civic Auditorium, October 14-16. 

Everything that's new and significant about 
small computers and systems will be on display 
on Mini/Micra's show floor and reviewed by 
experts in the Civic's four spacious auditoriums. 

And there are some important extras! The 
Association of Computer Programmers and Ana­
lysts will hold its 10th anniversary conference just 
preceding Mini/Micro (call (800) 556-6882 for 
full details) and U.S.U.S. (the UCSD system users' 
society) will meet for three days during and fol­
lowing Mini/Micro. There will also be a day-long, 
Introduction to Pascal seminar. 

Mini/Micra's professional program, previewed 
below, offers 60 hours of up-to-the-minute infor­
mation in 24 half-day sessions. 

Mark your calendar now, and use the coupon 
to request the Mini/Micro detailed preview pro­
gram, available September 1. 

• • 
1n1 

Robert D. Rankin, Managing Director 
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TUESDAY, OCTOBER 14, 9 30 AM 

1. The Small Business Computer in the Next 
Five Years 
S. Henry Sacks, Mmi!Micro Systems 
2. Pascal Applications in the Minicom­
puter Environment 
A. Winsor Brown, Point 4 Data Corp. 
3. Professional Programmers/Analysts' 
Role with Small Computers 
John Prior, Consultant 

4. Impact of New Technologies on Market­
ing Opportunities for OEMs 
Richard Able, Christman/Able 
Advertising 

WEDNESDAY, OCTOBER 15, 1:30 PM 
13. IBM Watching: New Directions for 
Small Computers 
John Rehfeld, Jnternalional Data Corp. 
14. Software Evaluation and Selection 
Bill Fisher, Arthur Young & Co. 
15. Session title and organizer to be 
announced. 

16 . Current trends in Computer Graphics 
Dr. John Moreland, Megatek Corp . 

THURSDAY. OCTOBER 16, 9:30 AM 

17. Latest Armament in the Winchester 
Revolution 
Randy Knapp, Wespercorp TUESDAY, OCTOBER 14, 1:30PM 
18. Data Base Capabilities in Small 5. Quality Assurance for Small Computer Computers 

Software Susan Kolb, Hewlett-Packard (DCD) Murray Zuckerman, Consultant 

6. Are Programmers Really Necessary? 
Richard Dolton, Open Systems 

7. Microcomputers in Banking 

19. Computer Security in the Mini/Micro 
Environment 
Bill Fisher, Arthur Young & Co. 
20. Information Processing and Reporting: Robert Reflelt, Chase Manhattan Bank State of the Art in the "Paperless Society" 

8. Data Communications for Minicomputer Mike He/ft, Arthur Young & Co. 
Users 
Roger Evans, Micom Systems 

WEDNESDAY. OCTOBER 15, 9:30 AM 
9. Pascal Open Forum: Implementation 
Interfacing to Existing Systems 
A. Wi"nsor Brown, Point 4 Data Corp. 
IO. Design Objectives for Color-Graphics 
Desktop Computing Systems 

THURSDAY, OCTOBER 16, I :30 PM 

21. Distribution Alternatives for Small Busi­
ness Computers 
Robert R. Mueller, Office Products Dealer 
Magazine 

22. Increasing Market Potential for 
Minicomputer Distribution 
Bill McNamara, Systel Corp. 

Ed Bride, He wlett-Packard (DCD) 23. Systems in Hospitals and Health Care 
1 I. Winchester Disk and the Backup Issue: Neil D. Kelley, Infosys/ems Magazine 
What's Happening? 
Larry Hemmerich, Cipher Data Products 
12. Effects of Microcomputers on 
Marketing Jim Jordan, Maxon Electronics 

24 . Session title and organizer to be 
announced 

----------------Mini/Micro 80 32302 Camino Capistrano, Suite 202, San Juan Capistrano, Ca 92675 

0 Please send me the detailed Mini/Micro preview program (Sept. 1 ) 
0 Please send details and registration materials (or the 

Introduction to Pascal seminar on October 13. 
Name 

Affiliation 

icro80 
San Francisco, October 14-16 
32302 Camino Capistrano, Suite 202, San Juan Capistr.mo, C A 92675 (714)°661-3301 



ENGLAND KNOWS TOSHIBA DELIVERS 
14 MILLION 16K DYNAMIC RAMs A YUR. 

In England it's no secret that 
Toshiba delivers. More than a million 
4116-type 16K Dynamic RAMs every 
month. In all three speeds: 150, 200 

and 250 nanoseconds. And with all 
that volume, our actual customer 
rejection is less than 1/10of1%! Much 
less. That's documented quality. 

Toshiba quality. They know all about 
it in England. All around the world, 
in fact. You can find out, too.Just give 
us a call ~' 

TOSHIBA AMERICA, INC. 
People around the world have fond memories of us. 

*Ask for our Memory and Microprocessor Product Guide while you're at it. We'll be happy to send you a copy. 
Toshiba America, Inc., 2151 Michelson Drive, Suite 190, Irvine, CA 92715 (714 ) 955-1155 
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LITERATURE 

De and ac Capacitors, 
Relays, EMI Filters 

Engineering data, cross-refe re nce, specs, 
se lec tion tables, app lication charts, photos, 
and dim ensional drawings are given for 
components described in ca talog. Cornell­
Duhilier Electronics, Newark, NJ. 
Circle 300 on Inquiry Card 

Data Conversion Components 

Catalog/a ppli ca tion s guide in c lud es 
tuto rial on A·D and D-A co nverter specs, data 
shee ts, notes for military and comme rcial 
app lications, tech brie fs, a nd se lec tion 
guide. Micro Networks Co, Worce te r, 
Mass. Circle 301 on Inquiry Card 

Network Management Equipment 

Guide discusses features, specs, and ap­
plications of switching, re mo te control, 
d iagnostic, and data transm iss ion co m­
pone nts and supplies photos, diagrams, 
and sys te ms e ngineering and wiring infor­
mation . Dynatech Data Systems, 
Springfield, Va. Circle 302 on Inquiry Card 

Digital Circuit Analyzer 

Discussed in brochure with operati onal and 
technical specs and photos are fi eld se rvice 
and checkout appli ca tions of Signature II. 

Kurz-Kasch, Inc, Dayton, Ohio. 
Circle 303 on Inquiry Card 

Modem Sharer 

Data shee t carries description, photo, lis t of 
fea tures, and specs for device that replaces 
multiple mod ems in polled networks. 
Xyquad Inc , St Louis, Mo . 
Circle 304 on Inquiry Card 

Electrostatic Systems 
And Components 

Static and its eliminators are explained in 
catalog furnishing specs, pho tos, and 
dimensional drawings for shock less bars 
and points, 5- and 8-k V powe r supplies, 
mete rs, genera tors, cables, connectors, 
adapters, and junctions. Chapman Corp, 
Portland, Me. Circle 305 on Inquiry Card 
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MOS/LSI Devices 

Charts, circuit diagrams, graphs, flow­
charts, photos, and specs are furnished in 
ca talog describing data communicatio ns 
devices, CRT displays, printers, baud rate 
gen e rators, key board encoders, and 
microprocessor peripherals. Standard 
Microsystems Corp, Hauppauge, NY. 
Circle 306 on Inquiry Card 

Network Support Systems 

Featured in illus trated brochure are 
monitoring and co ntrol equipm ent, in­
te lligen t matrix switch, and enhance men t 
products, including LC 3600 loop controller 
for use with IBM 3600 financial com munica­
ti ons sys tem. Codex Corp, Mansfield, 
Mass. Circle 307 on Inquiry Card 

Tape and Disc Drives 
And Formatters 

Brochure discusses features of Vanguard 
disc drives, 6 mode ls of tap !'! dr ives, and 
tape formalle rs and supplies pe rformance 
s p ecs and photos. Perkin-Elmer, 
Memory Products Div, Garden Grove, 
Calif. Circle 308 on Inquiry Card 

Microprocessor Compatible 
12-Bit A·D Converters 

Bulle tin presef)t,S ser ies 7555 and 7556 with 
li st of features, performance and physical 
specs, applications information, circuit and 
logic diagrams, and photos. Beckman In­
struments , Inc , Advanced Electro­
Products Div, Fuller ton, Calif. 
Circle 309 on Inquiry Card 

Knobs and Accessories 

Included in ca talog are photos, dim en­
s ional drawings, color coded guide to 5 
separate size se ries, and section on special 
hardware, as well as me tric con ve rsion 
table. Power Dynamics, Inc, South 
Orange, NJ. Circ le 310 on Inquiry Card 

Analog Data Acquisition Systems 

Catalog offers fea tures, descri ptions, opera­
tional characteris ti cs, specs, charts, and 
photos of systems capable of up to 16 bits 
and lists subsystems and interfaces. 
Phoenix Data, Inc, Phoenix, Ariz. 
Circle 311 on Inquiry Card 

Microprocessor Controlled 
Dot Matrix Printers 

Brochure describe fea tures of lPSR 5000 

and 7000 series , li sts app lica tions, and pro­
vides phot os and se lec ti on g uid e. 
Dataroyal , Inc, Nashua, NH . 
Circle 312 on Inquiry Card 

Power Semiconductor Devices 

Fe~tured in catalog arc se lec tion charts 
and tables, photos, schematics , and dimen­
sional drawings for HEXFETSTM, rec tifie rs, 
thyris tors, protec tive and optoe lec tri c 
devices, diode bridges, a nd s tandard and 
cus tom assemblies. International Rec­
tifier , Semiconductor Div, El Segundo, 
Calif. Circle 313 on Inquiry Card 

Analog, Digital, 
And .Microprocessor ICs 

Catalog li sts features a nd specs fo r di sc re te 
and data acq uis ition devices, vertica l powe r 
MOSFETS, linear circuits, co unte rs, timers, 
display drivers, and military co mpone nts. 
lntersil , lnc, Cupe rtino, Calif. 
Circle 314 on Inquiry Card 

Fiber Optic Cables 

Bro c hur e conta in s di sc u ss ion o f 
capab ilities, matrix showing co.mpariso n 
with 6 conventional coaxia l cables , se lec­
tio n guide, and photos. Brand-Rex Co, 
Willimantic, Conn. 
Circle 315 on Inquiry Card 

Digital Plotter 

Driver programs in BASIC and inte rfacing 
and programming ins tru ctions are offered 
in 3 illu trated bulle tins describing use of 
HI PL,e'T DMP-2™ with Apple 11TM, PET™, and 
TRS.so™ personal co mpute rs . Houston 
Instrument, Aus tin , T ex . 
Circle 316 on Inquiry Card 

Rotary Solenoids 

Lis tin g over 225 types in 10 sizes, ca talog 
provid es e lec tri ca l a nd mechanical specs, 
dimensional drawings, photos, and custo m 
engineering sec tions illus trated with sam­
ple proble ms. Ledex Inc, Vandalia, Ohio. 
Circle 317 on Inqu iry Card 
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SVN/ASV N 1/0 

I I ___ r** I I I I 

STANDARD 
with 'S' series 
Designed for 

SYSTEMS 
HOUSES 

and 
DE Ms 

requiring special 
protocols 

NOW AVAILABLE 
P4 or P42 Phospher (Green) 

RS170 Composite Video Option 
Custom Emulators 

Up to 40 Function Keys 
Up to 12K RAM 

Auxiliary and Printer Ports 

Call for applications assistance 
and delivery 

;~~~ (800) 453-9454 
CALIFORNIA Costa Mesa (714) 540-8404 • Sunnyvale (408) 738-1560 

FLORIDA Altamonte Springs (305) 830-4666 ILLINOIS Arlington Heights (312) 593-1565 

MASSACHUSETTS Woburn (617) 933-02Q2 NEW YORK New York (212) 682-2760 UTAH Salt Lake City (801) 355-6000 
WASHINGTON, D.C. (VA) Falls Church (703) 356-5133 

B EEHIVE INTERNATIONAL 
"A proven competitive manufacturer of smart terminals" 
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LITERATURE 

Matrix Switching Systems 

Illus trated brochure li s ts features of 3000 
series for use with IBM and IBM plug com­
patible pe riphe ra ls and provid es co nfigura­
tions and specs for 39 l5/16/l 7 sys te ms and 
3934 (emote channel act ivator. T -Bar Inc , 
Wilton, Conn. Circ le 318 on Inquiry Card 

Fire Fight ing Agent 

BCfll Halo n l2t t, used in portable ex­
tinguish ers and suitable for protec ti on of 
e lec troni c equipme nt aga ins t class A, B, 
and C fires, is illustra ted and described in 
brochure. ICI Americas Inc , Wilmin gton , 
D e l. Circle 319 on Inquiry Card 

Membrane Switch Keyboards 

Illu strated broc hure comparing 3 touch-in­
pan el famili es in clud es specs and discus­
s ion of d es ign, co ns tru c ti on, opera ti on, ap­
p licati on , des ign op tions, and s tandard 
s witch pan e ls. Oak T echnology Inc , 
Switch Div , Crysta l Lake, Ill. 
Circle 320 on Inquiry Card 

Small Angle Stepping Motors 

Catal og co mprises specs and se lec tion 
chart for 38 models with a ngles of l.8 °, 2°, 
and 5 ° in fram e s izes 23, 34, and 42, with 
to rqu e range fr om 30 lo 2000 oz-in (0.2 to 
4 1 N . m). Astrosyn America Inc, Van 
Nu ys, Calif. Circle 321 on Inquiry Card 

Data Communications Devices 

Catalog d escribes 3 limited di s tan ce 
mod ems, mode m eliminator , a nd sh a ring 
unit in 6000 se ri es and prov id es pho tos a nd 
tables of operating di s ta nces in miles. In­
ternat ional Data Sciences , Inc, Lin­
coln, RI. Circle 322 on Inquiry Card 

Microprocessor Crystals 

Found in pamphle t describing s tandard 
quartz crysta ls from l to 48 MH z and 
cus tom crysta ls fr om 1 to 100 MHz a re 
dim ens iona l drawings of hold er types, 
photo, specs, a nd e lec lri c~ l characte ri st ics. 
Bomar Crysta l Co, Middlesex, NJ. 
Circle 323 on Inquiry Card 
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Voltage Regulation and 
Isolation Devices 

Catalog with photos, graphs, and perfor­
man ce curves includes models for 50-H z 
powe r sys te ms and de ta ils fea tures like pro­
tec t ion against extreme flu c tua tions and 
noi e filt e rin g capabilities. F requency 
T echnology , Inc, TDC Div, Little to n, 
Mass. Circle 324 on Inquiry Card 

8-Bit Video D-A Converters 

Bulle tin discusses use of MP8308 and MP8318 
in video and gra phic dis play app lica tions 
a nd s up p li es !i s l of fea tur es, b loc k 
diagram , specs, opera ting de tail s, outlin e 
dimensions, a nd g lossa r y of te rm s . 
Analogic Corp , Wakefield, Mass. 
Circle 325 on Inquiry Card 

Keyboard Switches and Keytops 

Found in ca talog fea turing se ries T-5, 138, 
a nd 142, leve ling devices, a nd lighted switch 
le nses a re pho tos , specs, dim ens io nal draw­
in gs, PC board layou ts, a nd mounting re­
quire ments. Mechanical Enterprises, 
Inc , Springfi e ld , Va. 
Circle 326 on Inquiry Card 

Solid State Dedicated 
Programmable Timer 

Fea tures and fun ctional co ntrols a re li s ted 
a nd modular co ncep t a nd fac to ry program­
mable P/ROMs explain ed in brochure sup­
p lying pho to a nd block diagrams. Elec­
troid Corp, Springfie ld , NJ. 
Circle 327 on Inquiry Card 

3-mm Miniature RF Connectors 

Photos, specs, dim ension a l drawings, a nd 
mountin g and assemb ly too ling informa­
ti on a re provided in catalog hi ghli ghting 
h e rm e ti ca ll y sea led unit s. Sealectro 
Corp, Ma maroneck, NY . 
Circle 328 on Inquiry Card 

Electronic Components 

Dimens iona l drawings, sp ecs, and photos 
are incorporated in ca talog d escrib ing 
ceramic disc and monolithic capacitors, 
rotary, tou ch, key, and pu s hbutto n 
switch es, and thick fi lm circu its. Cen­
tralab , Inc, A North American Philips 
Co, Milwaukee, Wis. 
Circle 329 on Inq uiry Card 

Synchro and Resolver to 
Digital Converters 

Summarized in se lec ti on gu ide with photos 
a re p e rfo r mance data a nd phy s ica l 
characte ri s t ics of s ing le- and 2-speed, a nd 
mult iple xed unit s and mod els ranging from 
1.5 to 125 VA. Control Sciences , Inc, 
Chatsworth, Calif. Circ le 330 on Inquiry Card 

Portable Oscilloscopes 

Bulle tin supplies descriptio ns, pho tos, and 
specs fo r du a l-trace, tru e dual-bea m, and 
digita l s to rage scopes, toge ther with output 
op tions and model a nd accesso ry li st. 
Gould In c, In s trum e nt s Div , 
Cleveland, Ohio. Circle 331 on Inquiry Card 

1/2" Streaming Tape Drive 

Outlin e of co mparative advant ages for 
minico mput e rs, co mp arison of leading 
memory technologies , a nd se lec tion a nd ap­
plica tions data are found in brochure. 
Cipher Data Products, Inc , San Diego, 
Ca lif. Cfrcle 332 on Inquiry Card 

Luminous Gas Discharge Displays 

Brochure li s ts app li ca tio ns and features of 
50- and 80-mm devices and in cl ud es e lec­
tri ca l a nd mechanical specs a nd ci rcuit 
diagrams. Boston Electronics Corp, 
Brooklin e, Mass. Circ le 333 on Inquiry Card 

10M- and 20M-Byte Streaming 
Magnetic Tape Drives 

Data shee t prese nts .photo, specs, and 
descr iption of "The S treame r," 5.3 ser ies 
for W inches ter di sc b ackup, usin g 14 -in 
ANSl/ECMA tape ca rtrid ges. Data Elec­
tronics, Inc , San Di ego, Calif. 
Ci rcle 334 on Inquiry Card 

Bus Compatible Boards 

Featu res of CPUs, RAMs, ROMS, EP ROMs, I/Os, 
a na log d evices, a nd backp la nes, with 
names, add resses, and phone numbers of 
ve nd ors, a re li s te d in PUB-MR 2 Multibus™ 
Mark e t Repo rt. Ava ilab le for $17.00 
(p re paid) fr o m Perfect I nformation 
Associates, PO Box 2751, Woburn, MA 
01888. 
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Every once in a while 
sotnedesi~er 
finds a spot in 
a new ntachine 
for a sensor, a 
pushbutton or a 

keY._boaid,and none 
of the 50,000 devices we 
tnake will fit. 

It's always sotnething. 
Considering the number of products we make, you'd think we could satisfy 
all of the people who design machines like computers and copiers. 

But no. 
Every once in a while, someone still comes up with an idea 

that our products don't quite fit. 
Naturally, we do everything we can to help. Which 

happens to be a lot considering the years of experience we have 
in the switching busines.s. 

You see, one of the reasons we have so many 
sensors and manual controls in the first place is because 
people have always come to us with design problems. 
And they've usually resulted in new products. Which ,. 
b rt f d t 1. Manual 

ecome pa o our pro uc me. switches 
So when you come to us with some new idea, we're 

in a good position to modify an existing product for you. " 
'all if all h ' · · Pressure Espec1 y you c us w en you re starting a newproJect. transducers 

That way, you get our nearly 50 years' experience helping · 
customers solve design problems. 1 

Experience that includes the human factors engineering that makes 
our pushbuttons easier for people to use. And the Hall effect technology 
that makes our solid state sensors the most accurate you can buy. 

So, if you have a design problem that's been bothering 

Keyboards 

you, call us at 815-235-6600. Or write MICRO SWITCH, 
The Sensor Consultants, Freeport, lliinois 61032. MICRO SWITCH 

Visit our booth #1565-71 at WESCON a Honeywell Division 
CI RCLE 158 ON INCj)UIRY .CARD 



HERMETIC DIGITAL 

• Hermetic, metal 14-pin DIP 
(.870"L x .498"W x .250" D) 

• 50ns-250ns Delays (ten 10% taps) 
• :!: 5% Total Delay Accuracy 
• 4ns Rise T ime 

• Schottky Buffered 1/0 
• Thick Film Hybrid 
• Pin fo r Pin Compatible with other 

leading manufacture r 

Ideal for dynamic RAM timing in Commercial and 
Military equipment the HY5010 is the newest 
product from the delay-line experts. Call today for 
more information. 

hYm!~kms (!2~1~~~:!991 
incorporated LOS GATOS , CA 95030 

CIRCLE 1 59 ON INQUIRY CARD 

Get more reliability with 
less effort with new double 

treat foil from Gould. 
TC/ TC™ double treated copper foil is used in the 
manufacturing of the copper clad inner layers of high 
density multilayer printed circuit boards. TC/TC double 
treated foil eliminates the need for the oxide treatments 
currently in use. The foil is uniformly treated on both 
drum and matte sides with a TC treatment to enhance 
the bonding strength. That saves additional manufacturing 
steps, expenditures and pollution control costs. 

Add an extra dimension of reliability to the circuit 
boards you design. Specify TC/TC double treated 
copper foil from Gould . 

For more information , write •"""4._ 
Mr. Frank Zust, U. S. Marketing ~ G 0 U LD 
Manager, Gould Inc., Foil 
Division , 17000 St. Clair Ave ., An Elec trical/Electronics Company 

Cleveland , Ohio 44110. 
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Look over our resu01e. 
If you want to start at the state of 
the art, and move ahead from 
there-

Better make sure the place you go 
to work in the Eighties has a 
r ecord of reaching beyond the or­
dinary. 

We have. 

Join us, and you'll be welcome to 
use everything we know. 

About interactive CAD/CAM 
technology. Sur face acoustic waves. 
Satellite antennas. Active sonar 
signal-processing wit h VLSI. High­
resolution 2000-line displays. And 
much, much more. 

We will pay you well, 'and advance 
you far and fast, if you can 
start-and not stop-at the pre­
sent limits of our knowledge. 

Item: We invented 3-D electronical­
ly scanned radar in the Fifties. 
Nowadays we make radar that can 
spot an artillery shell in mid-air 
and tell - before the shell 
lands-where it was fired from. 

Item: We have become the world's 
leading developer of electronic air 
defense systems on a national scale 
and larger. (Our system for NA TO 
stretches from Norway to Turkey!) 
In the process, we have learned a 
bundle about computers, integra­
tion of multiple sensors, com­
municat ion .. . 

And you can use our discoveries to 
help you make some of your own. 

Our company has a 41/2 billion 
dollar backlog- more than 1,500 
high-technology projects. Many of 
the most challenging are here, at 
Hughes Ground Systems in 
Southern California's easy living 
Orange County. 

If you are an electronic engineer, 
computer science graduate, 
mechanical engineer, mathemati­
cian, or physicist, we need you and 
your imagination. 

Make us ajob offer. 
Now that you've r ead a couple of 
our credentials, please send us 
your own resume. Tell us what 
you've been doing la tely, and what 
you'd like to be doing soon. 

We think we have the combination 
of salary, outstanding benefits, and 
second-to-none education 
assistance to keep you content, 
while you help keep ·us in t he 
forefront of one of our electronics 
specialties. 

Address that resume of yours to: 

Hughes Aircraft Company 
Ground Systems Group 
Professional Employment 
Dept. DC-9 
1901 W. Malvern Ave. 
Fullerton, CA 92634 

Developed at G.S. G. (L to R): 

IP.D./T.A.S. 

(Improved Point Defense/Tar­
get Acquisition System) for 
use with shipboard missile 
and gunfire control systems 
against anti-ship cruise mis­
siles. 

Radar Operations Cabin, 

For the surveillance and deter­
mination of proper retaliatory 
weapons selection. 

ImprovedSPA-72, 

Shipboard antenna system 
provides long range surveil­
lance of enemy aircraft. 

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

i HUGHES ! 
I I L __________________ J 

HUGHES AIRCRAFT CO MPANY 

GROUND SYSTEMS 
U.S. cit izenship required 
E qual Opportuni ty M/F/HC Employer 
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PURCHASE 112-24 MONTH FULL I 36 MONTH 
PLAN OWNERSHIP PLAN LEASE PLAN 

PURCHASE PER MONTH 
OESCRIPTION PRICE 12 MOS. 24 MOS. 36 MOS. 

LA36 DECwriter II .... . .. . . $1 ,695 $162 $ 90 $ 61 
LA34 DECwriler IV . . . . . . . . . 1,095 105 59 40 
LA34 DECwriter IV Forms Ctrl. 1,295 124 69 47 
LA120 DECwriter Ill KSR . . . 2,495 239 140 90 
LA180 DECprinter I . . . . . . . . 2,095 200 117 75 
VT100 CRT DECscope . . . . . . 1,895 182 101 68 
VT132 CRT DECscope . . . . . . 2,295 220 122 83 
DT80/1 DATAMEDIA CRT . . . 1,995 191 106 72 
Tl745 Portable Terminal . . . . 1,595 153 85 57 
Tl765 Bubble Memory Terminal 2,595 249 146 94 
Tl810 RO Printer . . . . . . . . . . 1,895 182 101 68 
Tl820 KSR Printer . . . . . . . . . 2, 195 210 117 79 
Tl825 KSR Printer . . . . . . . . . 1,595 153 85 57 
ADM3A CRT Terminal . . . . . . 875 84 47 32 
ADM31 CRT Terminal . . . . . . 1,450 139 78 53 
ADM42 CRT Termina l . . . . . . 2,1 95 21 0 117 79 
QUME Letter Quality KSR . . . 3,295 31 6 176 119 
QUME Letter Quality RO . . . . 2, 895 278 155 105 
HAZELTINE 1420 CRT . . . . . . . 945 91 51 34 
HAZELTINE 1500 CRT . . . . . . 1,195 115 64 43 
HAZELTINE 1552 CRT . . . . . . 1,295 124 69 47 
Hewlett-Packard 2621A CRT . 1,495 144 80 54 
Hewlett-Packard 2621 P CRT . 2,650 254 142 96 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
10% PURCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPMENT 
ACOUSTIC COUPLERS • MODEMS • THERMAL PAPER 

RIBBONS • INTERFACE MODULES • FLOPPY DISK UNITS 
PROMPT DELIVERY • EFFICIENT SERVICE 

CIRCLE 162 ON INQUIRY CARD 

casl cnassis 
molof design • 

efolJf· 

New Phi-Deck Electronics 
• Motion Control ... Minimum complexity, Maximum 

performance. 
•Digital . . . Read / Write and Motion Control on one 

board. Recording density to 1600 FRPI. 
•Analog . . . Two channel Record / Play and Motion 

Control on one board. 

Write or call !or Information on our specially priced 
Design Kits and OEM Modules featuring 
PHl•DECK electronics. 

4605 N.Stiles P.O. Box 18209 (405) 521 -9000 
Oklahoma City, OK 73154 TWX: 910-831-3286 
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Computer 
Sciences 

Corporation 

Taking a "Time Machine" 
approach to WWMCCS 

For sheer size and complexity, you couldn't want a 
more formidable professional challenge than 
WWMCCS. It envelops the globe and bookends the 
electromagnetic spectrum from ELF to SHF (up to 40 
Gigahertz or more)! 

And WWMCCS is a system in motion. 

Twenty-four hours of every day, every day of the 
year, this amazing network must rapidly and reliably 
link all our strategic forces, wherever they may be, to 
the National Military Command Center. 

CSC's assignment is to move this enormous, multi­
dimensional system from the "Analog Age" into the 
all-digital future ... WITHOUT SKIPPING A BEAT! 

If you join the WWMCCS operation at the CSC 
Systems Division, you will be continuously chal­
lenged to apply new technology to fulfill ever more 
rigorous requirements for rapid, survivable, easily 
controlled communications to and from the Strategic 
Forces ... and to merge all elements ultimately into 
one, totally integrated, all digital communications 
network. 

Whether it's for WWMCCS, or one of the many 
other systems programs underway here, your com­
munications systems or software systems engineering 
skills will fi nd themselves in great demand at Systems 
Division. 

Here are some critical areas of need: 

D Spread Spectrum Communications 
D Digital Communications Systems 
D Data Networks & Pcotocols 
D System Control D Real-Time Systems 
D Hardware/Software Interface 
D Management & Planning 
D Software Verification & Validation 
D Message Switching 
D Satellite Communications 
D Transmission & Communications 

Processing D Interoperability 
D Systems Testing 
D Hardware Requirement Analysis 
D Systems Acquisition 
D Training: Plans & Evaluation 

IBM SYSTEMS ARCHITECTS PLEASE NOTE: 

We have begun an aggressive search for those ex­
perienced with IBM 360/370 and 3000/4000 series 
hardware and software. Also, systems architects in­
cluding an IBM systems network archi tect wi th ex­
perience in systems benchmarking. 

Please contact us if you have experience designing 
overall systems architectures using IBM products, 
COBOL, ALC (under MYS), IMS, and CICS. 

For a pro mpt r esponse, mail your r esume in full confidence to 
The Director of Professional Staffing, MC/218-HV. 

The only limitations are the ones you bring with you. 

CBC 
SYSTEMS DIVISION 
656 5 Arli111-!lu11 Boult·,·ard 

Fa lls Churd1 , VA 220-&.6 

An Equal Oppor tun i ty Emplo y er: M/FYH. 
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Ideal for use as 
clock generators and timing sources 

where size, cost, performance 
and reliability are important. 

• Hybrid circuit packaging techniques pr-ovide 
excellent reliability at competitive prices. 

• Frequency range from 250KHz to 40 MHz 
• Seated height only 0.200 inches 
•Occupies only 0.815 " X0.515 " on PC board 
•Operated from +5 volt supply 
• TTL compatible 
• Frequency stability ±0.01 % over their 

specified operating range 
• Hermetically sealed, 100% leak tested to 

Mil-STD 883A and solvent resistant. 

BULOYALrr 
ELECTRONIC DIVISION 

Bulova Watch Co., Inc. 
61 -20 Woodside Ave. 
Woodside, N.Y. 11377 
(212) 335-6000 
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THE SEMICONDUCTOR 
MARKET IN THE U.S. 

The U.S. semiconductor industry can look forwa~d 
to enormous new business opportunities as it 
enters the 1980's. Except for a possible temporary 
slowdown during the final months of 1979 and into 
early 1980, the industry is expected to grow to new 
heights. Total shipments by U.S. companies to the 
world marketplace will move from $4.8 billion in 
1978 to over $9.5 billion in 1985. 

Frost & Sullivan has completed a 201-page report 
in the U.S. semiconductor market analyzing and 
forecasting semiconductor product and end-user 
sales through 1985 by U.S. companies to world­
wide markets. 

Price: $900.00. Send your check or we will bill 
you . For free descriptive literature, plus a detailed 
Table of Contents, contact: 

FROST & SULLIVAN 
106 Fulton Street 
New York, New York 10038 
(212) 233-1080 

C D SALES OFFICES 

HOME OFFICE 
V.P., MARKETING 
Ronald W. Evans 
11 Goldsmith St. 
Littleton, MA 01640 
(617) 486-8944 

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, NJ. 08540 
(201) 329-2424 

SOUTHEASTERN 
STATES 

COLLINSON, HOLMES & 
ASSOC., INC. 
Newton B. Collinson, III 
Anthony C. Marmon 
4315 Cowan Rd. 
Tucker, GA 30084 
(404) 939-8391 
(800) 241-9461 

MIDWESTERN 
STATES 

Berry Conner, Jr. 
88 West Schiller St. 
Suite 2208 
Chicago, IL 60610 
(312) 266-0008 

WESTERN ST ATES 
AND TEXAS 

BUCKLEY/BORIS 
ASSOC., INC. 
Terry Buckley 
Tom Boris 
22136 Clarendon St. 
Woodland Hills, CA 91367 
(213) 999-5721 
(714) 957-2552 
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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 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 control ler 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 surfaces 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 
correction of transmission errors , local 

·u.s. Domestic Price Onl y 

• Registered Trademark of Houston lnstrumer 

Circle Number 166 for Literature 

Circle Number 167 for Representat ive to call 

houstan 
instrument 

I DIV I SION OF BAUSCH & LOMB (ji 

"the graphics - recorder company" Visit us at WESCON 

booths 2330, 2332, & 2336 



HoYI can a graphics display system save 
softVlare development time? 

By giving you everything you need to start applications 
programming. 

The Ramtek 9400 puts you in the picture fast. We've 
already solved your graphics problems in the 9400 so you can 
get your application on line without waiting for- or spending 
money on-needless systems software development. 

The 9400 puts you in total control. Monitor the situation 
in real time. Reduce an extremely large or complex picture 
for a quick look or enlarge portions of it for a closer one 
without distorting line thickness, texture or character size. 
At the same time, the 9400 automatical ly displays the appro­
priate detail so the picture is always clearly understood. 

Need to interact with the picture? Our exclusive entity 
detection feature lets you identify objects that are pointed out 
on the screen. Whether a single line or a complex object, let 
the 9400 find and identify them to the host computer. 

Need high resolution or fast response? The 9400 offers a 
wide range of resolutions up to 1280 X 1024 picture elements 
in full color. System throughput of over 16,000 vectors per 
second permits multi-channel operation without sacrificing 
response time. The bright TV-like picture makes it easy to use 
in normal room lighting. 
• .. For more information on the 9400 and Ramtek monitors 
and accessories, write: Ramtek, 2211 Lawson Lane, Santa 
Clara, CA 95050. Or call your nearest Ramtek office. 

How much can graphics do? , AskRamtek To find out more about the power of full 
color interactive graphics, request the booklet SopNsdcaled "Sophisticated Graphics for Control Systems'.' ,::. It's Issue Number 3 of Ramtek's 
"USE OUR EXPERIENCE" Series. Systems. 

Ramtek 
Our Experience Shows. 

REGIONAL OFFICES: Santa Clara, CA (408) 988-2211 , Newport Beach. CA (714) 979-5351, Seattle, WA (206) 838-5196, Albuquerque, NM (505) 884-3557, Dallas, TX (214) 422-2200, Maitland, FL (305) 645-0780, Huntsville. AL (205) 837-7000, Chicago, IL (312) 397-2279, Cleveland, OH (216) 464-4053, Washington, DC (301) 656-0350, Metropolitan NY (201) 238-2090, Boston, MA (617) 273-4590, The Netherlands 3129685056. 
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