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Family pride. 
Now there's an advanced technology family of single board 

controllers for DEC* computers from Western Peripherals-the 
number one name in controllers. 

The TC-131 (for PDP-lls*) is the first TM-11 emulating 
controller to combine PE and NRZ on one -
standard hex board. It lets you mix 9-track, 
PE, NRZ or dual density tape units in any 
combination up to 125 ips. A 64 byte data 
buffer allows installation at any point on the 
unibus without consideration of NPR priority. 

The TC-151 single board NRZI tape 
controller interfaces any industry-standard 
drive to the LSI-11~ Add a dual width Phase 
Encode Board for the same performance as 
the TC-131. 

The DC-231 accommodates up to 
four SMD disc drives of 40 to 600 mb 
each with RM02 emulation. Its four sector 

(2048 bytes) data buffer makes "data-late" errors a thing 
of the past.The advanced technology "micro-engine" allows 
a complete track to be written on a single drive revolution. 
A measurable performance advantage for your PDP-11. 

All three controllers are software com -
patible. All have self test. All are backed by 
one of the best factory service organizations 
in the business. And all can be delivered 
in 30 days. 

For more information, call or write 
today: Western Peripherals Division, 
Wespercorp, 14321 Myford Road, Tustin, 
CA 92680, U.S.A. (714) 730-6250. 
TWX: 910 595-1775. CABLE: WESPER 

Number 1 in controllers for DEC 
and Data General computers. 
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CROMIX * - Cromemco's outstanding 

UNIXt- like operating system 

CROMIX is just the kind of major 
development you've come to expect 
from Cromemco. After all, we' re 
already well-known for the most 
respected software in the microcom
puter field. 

And now we've come up with the in
dustry's first UNIX-lookalike for 
microcomputers. It's a tried and proven 
operating system. It's available on both 
5" and 8" diskettes· for Cromemco 
systems with 128K or more of memory. 

Here are just some of the features you 
get in this powerful Cromemco system: 

• Multi-user and multi-tasking 
capability 

• Hierarchical directories 
• Completely compatible file, 

device, and interprocess 1/0 
• Extensive subsystem support 

FILE SYSTEM 
One of the important features of our 

CROMIX is its file system comprised of 
hierarchical directories. It's a tree struc
ture of three types of files: data files, 

*CROMIX is a trademark of Cromemco, Inc. 
tUNIX is a trademark of Bell Telephone Laboratories 

directories, and device files. File, 
device, and interprocess 1/0 are com
patible among these file types (input and 
output may be redirected inter
changeably from and to any source or 
destination). 

The tree structure allows different 
directories to be maintained for different 
users or functions with no chance of 
conflict. 

PROTECTED Fl LES 
Because of the hierarchical structure 

of the file system, CROMIX maintains 
separate ownership of every file and 
directory. All files can thus be protected 
from access by other users of the 
system. In fact, each file is protected by 
four separate access privileges in each 
of the three user categories. 

TREMENDOUS ADDRESS SPACE, 
FAST ACCESS 

The flexible file system and general
ized disk structure of CROMIX give a disk 
address space in excess of one gigabyte 
per volume - file size is limited only by 
available disk capacity. 

Speed of access to disk files has also 
been optimized. Average access speeds 
far surpass any yet implemented on 
microcomputers. 

'C' COMPILER AVAILABLE, TOO 
Cromemco offers a wide range of 

languages that operate under CROMIX. 
These include a high-level command 
process language and extensive sub
system support such as COBOL, FORTRAN 
IV, RATFOR, LISP, and 32K and 16K BASICS. 

There is even our highly-acclaimed 
'C' compiler which allows a program
mer fingertip access to CROMIX system 
calls. 

THE STAN OARD 0-S 
FOR THE FUTURE 

The power and breadth of its features 
make CROMIX the standard for the next 
generation of microcomputer operating 
systems. 

And yet it is available for a surprisingly 
low $595. 

The thing to do is to get all this 
capability working for you now. Get in 
touch with your Cromemco rep today. 

C3 ~':'!~~~~.~ TM 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 

Tomorrow's computers today 
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The designers' 
choice for 
MULTIBUS 
compatible data 
ac uisition · 
sys ems. 

The ADAC 700 series of 
data acquisition systems plug 
directly into the same card cage 
as computers from Intel and National. 
Mounted on a single PC board, the 700 
series includes both high and low level 
analog to digital systems and DAC boards. 

710 Series Low Level A/D 
• Withstands common mode voltage to 250 V 
• Digitizes outputs from bridges, thermocouples, and 

other low level transducers 
• Gain amplifier with system cold junction compensation 

can be programmed channel to channel 
• 8or16 differential inputs per card 
• 12 bit resolution 

735 Series High Level A/D 
• 16 to 64 single ended or pseudo differential inputs 
• Jumper selectable for 8, 16 or 32 differential analog inputs 
• 12 bit high speed analog to digital converter 
• Up to 2 channels of 12 bit digital to analog converters 
• Bus interface includes software choice of programmers 

control or interrupt 

735 DAC Series 
• Up to 4 channels of 12 bit DACs 
• 2 scope/recorder per control circuit 
• 8 discrete digital outputs with 8 current sinks 
• 8 discrete digital inputs 

Send for full technical data to: 

CORPORATION 

70 Tower Office Park • Woburn, MA 01801 , 617-935-6668 
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Get more from your LSI-I I and 
PDP- I I by putting less into it ! It's 
possible, with Dataram's dual-density 
DEC®-compatible tape controllers that 
offer an amazingly efficient packaging 
approach. 

For NRZl operation (LSI-I I or 
PDP-11), a single quad board from 
Dataram is all that's needed. For phase 
encoded mode, the simple addition of 

T03 2 DUALS 
T04 

the dual-size PE board, anywhere in 
the LSI-I I or PDP-I I backplane, 
makes it poss ible. Packaging flexibility 
that allows you to optimize your DEC 
configuration. 

Dataram's T03 / T04 / T34 family, 
summarized in the chart below, offers 
the widest array of DEC-compatible 
tape controllers available today. 

l QUAD LSI-11 and 1 DUAL 
T04 l QUAD 

PDP-11 T34 l QUAD 
T34 l QUAD 

and 1 DUAL 

The T04 / T34 controllers, utilizing an 
integral 16-bit bipolar microprocessor, 
provide speed capability to handle up 
to 1600 BPI at 125ips. And they 
require only +5.0VDC. 

. Less power. Less space. Less cost. 
That's a lot of less ... and it adds up to 
more performance for your DEC-based 
system. From Dataram. 

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

lam?i1Ui1-~I 
Princeton Road 

Cranbury, New Jersey 08512 
Tel : 609-799-0071 TWX: 510-685-2542 

Canada: Ahearn & Soper Ltd .. 41 6-245-4848 •Finland: Systek OY. (80) 73 72 33 •France: YREL, (01) 956 81 42 • 
Hungary/ Poland/Rumanla: Unit ronex Co rporation . WARSAW 39 6218 •Italy: ESE s.r.I . 02/607 3626 • Netherlands: Technit ron b.v .. (020) 45 87 55 • 

Sweden: M. Stenhardt AB . (08) 739 00 50 • Switzerland: ADCOMP AG . 011730 48 48 •United Kingdom: Sin t rom Ell inor Ltd . (0734) 85464 • 
West Germany : 0 EM -Elektronik GmbH, 07 11-79 80 47 •Yugoslavia: lns t1tut "Jozef Stefan", 263-261 •Australia / New Zealand : Anderson D191 tal Equ ipment. (03) 543-2077 • 

India: ln fosystems Private L1m1ted . 79281 • Israel: M1n1x Computers & Systems Ltd . 03-298783 • Japan: Matsushita Elec tric Trading Co . Ltd . 06 (282) 5111 
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AUG 31-SEPT 1 - Software Mgmt, The 5 7 
Park Plaza, Boston, Mass. INFORMATION: 
EFDPMA Confs, Dept SMC, PO Box 
91295, Los Angeles, CA 90009. Tel : 
213/670-2973 

SEPT 9-NECOM '81, Marriott Hotel , 
Newton, Mass . INFORMATION: Margo 
Landrum, Norm De Nardi Enterprises, Suite 
204, 289 S San Antonio Rd, Los Altos , 
CA 94022. Tel : 415/941 -8440 

SEPT 1 0 -1 3 - Midwest Computer Show, 
McCormick Place, Chicago, Ill. INFORMA
TION : The Nat'I Computer Shows, 824 
Boylston St, Chestnut Hill , MA 02167 . 
Tel : 61 71739-2000 

SEPT 14, OCT 1, OCT 27, AND OCT 29 -
lnvitational Computer Confs: Newton, 
Mass; M inneapolis , Minn; Valley Forge , 
Pa; AND Washington, DC, area . INFOR
MATION: B. J . Johnson & Assocs , Inc, 
2503 Eastbluff Dr, Suite 203 , Newport 
Beach , CA 92660 . Tel: 714/644-6037 

SEPT 14-18-COMPCON FALL ' 81, 
Capital Hilton Hotel, Washington , DC. IN
FORMATION: Harry Hayman, IEEE Com
puter Society, PO Box 639 , Silver Spring, 
MD 20901 . Tel : 301 /589-3386 

SEPT 15-17-WESCON '81, Brooks Hall 
and Civic Auditorium , San Francisco, Calif . 
INFORMATION: Dale Litherland, Electronic 
Conventions Inc, 999 N Sepulveda Blvd, El 
Segundo, CA 90245 . Tel : 213/772 -2965 

SEPT 24-27 -Mid-Atlantic Computer 
Show, DC Armory , Washington , DC . IN
FORMATION: The Nat'I Computer Shows, 
824 Boylston St, Chestnut Hill , MA 
02167 . Tel : 617/739-2000 

OCT 5-8 - Electronics Test and Measure
ment Cont, Hyatt Regency , Chicago, Ill. 
INFORMATION: Dona Atwood, Registrar, 
Electronics Test and Measurement Cont, 
1050 Commonwealth Ave , Boston , MA 
0221 5. Tel : 617 / 232 -5470 

OCT 12-14 - Conf on local Computer 
Networks, Hilton Inn, Minneapolis, Minn. 
INFORMATION: Dr Abe Franck, Gen ' I 
Chm , UCC , U of Minnesota , 227 Ex
perimental Engineering, 208 Union St SE , 
Minneapolis, MN 55455 

OCT 12-16- India Industrial Exhibition, 
Atlanta , Ga. INFORMATION: Alan Isacson, 
A . B. Isacson Assocs , Inc , 331 Park Ave 
S , New York , NY 10010. Tel : 
212 /475-1771 

OCT 15-18-Northeast Computer Show, 
Hynes Auditorium, Boston , Mass . INFOR
MATION : The Nat'I Computer Shows, 824 
Boylston St, Chestnut Hill , MA 02167 . 
Tel : 617/739-2000 
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OCT 19-20- ACM Sym on the Impact of 
Small Computer Systems (Sigsmalll. 
Orlando, Fla. INFORMATION: S. Ron 
Oliver, The MITRE Corp, 433 N Circle Dr, 
Colorado Springs , CO 80908 . Tel : 
303/471 -0102 

OCT 28-29-Western Computer Show, 
Calgary, Alberta . INFORMATION : Laurie 
Whitsed, Computing Equipment Assoc , 55 
Bloor St W, Suite 1201 , Toronto, Ontario 
M4W 3K2 , Canada 

OCT 29-NOV 1 - Southeast Computer 
Show, Atlanta Civic Ctr , Atlanta , Ga . IN
FORMATION : The Nat' I Computer Shows, 
824 Boylston St , Chestnut Hill , MA 
02167 . Tel : 617/739-2000 

NOV 5, 1 2 , AND 1 7 - Invitational Com
puter Confs, Amsterdam , The Nether
lands; Paris , France ; AND Milan , Italy . IN
FORMATION : B. J . Johnson & Assocs , 
Inc , 2503 Eastbluff Dr , Suite 203 , 
Newport Beach , CA 92660 . Tel : 
714/644-6037 

NOV 9 -11-ACM '81 (Assoc for Com
puting Machinery Conf and Expo). 
Bonaventure Hotel , Los Angeles , Calif . IN
FORMATION : ACM ' 81 Cont Info, PO Box 
24059, Village Station, Los Angeles , CA 
90024 

NOV 9 - 12-lsratech '81, Binyane i 
Ha ' ooma Conv Ctr , Jerusalem , Israel. IN
FORMATION : Joan Leavitt , Ruder & Finn , 
1225 19th St NW, Suite 270, Washing
ton , DC 20036 . Tel : 202 /466-7800 

NOV 9-13- IECI '81 (lnternat'I Cont and 
Exhibit on Industrial, Control, and In
strumentation Applications of Mini- and 
Microcomputers), Hyatt Regency Hotel , 
San Francisco , Calif. INFORMATION : 
LeRoy Bushart , FMC , 328 Brokaw Rd , 
Santa Clara , CA 95051 . Te l: 
408/ 289-3871 

NOV 10-12 - lnterface West '81, Los 
Angeles Conv Ctr, Los Angeles, Calif. IN
FORMATION : The Interface Group, 160 
Speen St , Framingham, MA 01701 . Tel : 
617 /879-4502 

NOV 11 -1 2 - ECSG (Electronic Connector 
Study Group) Sym, Franklin Plaza , 
Philadelphia , Pa . INFORMATION : Jim Plet
cher, Amp, Inc , Harrisburg, PA 17105. 
Tel : 7171780-8857 

NOV 19-22-COMDEX '81, Las Vegas 
Conv Ct r, Las Vegas, Nev. INFORMA
TION: The Interface Group, 160 Speen St, 
Fram i ngham , MA 01701 . Tel : 
617/ 879 -4502 

DEC 1 5-1 9-Gulf Computer Exhibition, 
Dubai lnternat ' I Trade Ctr , Dubai , U.A .E. 
INFORMATION : Seymour House , 17 
Waterloo Pl , London SEIY 4AR, England. 
Tel : 01 /930-3881 ; OR Trade Ctr Mgmt 
Co, PO Box ' 9292 , Dubai, U.A.E ., Tel: 
4 72200 

SEPT 14-1 6 - Standard Architecture, In
terface, and Protocols, New York Hilton 
Hotel , New York , NY . INFORMATION : 
McGraw-Hill Cont Ctr, 1221 Ave of the 
Americas , Suite 3677, New York , NY 
10020. Tel : 212/997 -3928 

SEPT 17-18 AND 21-22 (dates tentative) 
AND SEPT 22-25-Design/Testing of 
Computer Devices per FCC Docket 
20780; Product Safety Stds for Electronic 
Equipment; AND How to Meet VOE and 
emi Requirements for Computer and Other 
Electronic Devices, Chicago, Ill ; Boston , 
Mass; AND Philadelphia , Pa. INFORMA
TION : Leonard Levin , R and B Enterprises , 
1050 Colwell Ln , Conshohocken , PA 
19428. Tel : 21 5/828-6236 

OCT 6-7 , NOV 2-3, AND NOV 5-6-
Computing Applications in Engineering, 
Boston , Mass; Dallas, Tex ; and Houston, 
Tex . INFORMATION : Educational Pro
grams Mgr, Engineering Systems Group, 
MR1 -1/M75 , Dig ital Equipment Corp, 200 
Forest St , Marlboro, MA 01752 

OCT 13-15 AND NOV 17-19-Under
standing and Using Computer Graphics, 
New York , NY, AND Atlanta , Ga. INFOR
MATION: Bob Sanzo, Dir of Marketing , 
Frost & Sullivan , Inc , 106 Fulton St, New 
York , NY 10038. Tel : 212 /233- 1080 

SEPT 23-25 - Digital Control, Holiday Inn, 
Newton, Mass; AND SEPT 28-30 AND 
OCT 26-28- Error Correcting and Detect
ing Codes, Holiday Inn , Palo Alto , Calif , 
AND Arlington , Va. INFORMATION : 
Hellman Assocs , 299 S California Ave , 
Palo Alto , CA 94306. Tel : 41 5/ 328-4091 

SEPT-NOV - Courses concerning emc, 
emi, and rfi, various cities and dates . IN
FORMATION : Don White Consultants, Inc, 
PO Box D, Gainesville , VA 22065 . Tel : 
703/ 34 7-0030 

SEPT-DEC - Microprocessor Software, 
Hardware, and Interfacing; Computer 
Graphics; Hands-on Pascal Workshop; 
AND Distributed Processing, various cities 
and dates . INFORMATION: Cassie Mason, 
Integrated Computer Systems, Inc , 3304 
Pico Blvd, PO Box 5339 , Santa Monica , 
CA 90405 . Tel : 213/450-2060 
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In 4K CMOS RAMs, 
Hartis Sets 

The Standard. 
Harris introduced the first 4K 
CMOS RAM in 1977 ... two years 
before the competition ... and we are 
still, by far, the largest U.S. 
supplier: Setting the standard 
with our HM-6504/4K X 1 and 
HM-6514/lK X 4 devices. 

Today, Harris offers you the 
industry's largest selection of 4K 
CMOS RAMs. In a variety of 
commercial, industrial and military 
grades. With plastic, cerdip, chip 
and leadless chip carrier package 
options. Access time: 300 ns. 
Standby current: 50 µA. 

These are all immediately 
available to you. Today. 

Put the Harris competitive edge 
to work in your systems designs. 
Call the Harris Hot Line: 
1-800-528-6050, Ext. 455 for 
Authorized Distributor or 
Expedited Literature Service. Or 
write: Harris Corporation, 
Semiconductor Digital Products 
Division, P.O. Box 883, Melbourne, 
FL 32901. 

Harris Technology ... Your Competitive Edge 

mJ HARRIS 
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PRESENTING' 
M\f8000 
SOFTWARE. 

You're looking at the biggest 
library of 32-bit computer software 
in the business. 

We point this out not to un
derplay the hardware of our total 
ECLIPSE MV/8000™ system, 
but because every industry observer 
we've heard is saying that software 
has become even more important 
than hardware. 

And in this regard, we 
have some very important 
software. 

We have made it 
easier for application de
signers to design, pro
grammers to program. 
And users to use. 

We have made it 
compatible with our 
existing software. 
And flexible enough 
to work whatever 
way you like to 
work. 

Wherever 
worldwide stand
ards exist, 
we've followed 
them. (We're 
even peacefully co
existing with IBM's 
standards.) 

We've made our 
software friendly, interactive. Every 
software product you'll need for com-
mercial, scientific or communications 
applications development is here. 
And ready to go. 

SYSTEMS RESOURCE 
MANAGEMENT. 

Data General AOS/VS is 
the most advanced 32-bit operat
ing system in the world. Period. With a Command Language that is 
the same for both batch and interactive processing. A HELP com
mand. A Sysgen so interactive you don't even have to look at the doc
umentation. Resource Usage Accounting and Security. 
Not added on. Built in. 

COMMUNICATIONS. 
Those who prefer working in the world of international standards 

can use our X.25 XODIAC™ networking. Those who want IBM's 

world have SNA, RCX70 
(3270), RJ E80 (2780/3 780) 
and HASP II. And you can run 

in the X.25 world or SNA world. 
Or both at the same time. For the 

first time in this industry. 
DATA MANAGEMENT. 

Here again you have a choice. 
If you're after productivity, you have 
our CODASYL-compliant, DG/ 
DBMS software with design and 
development aids. Or our INFOS® 
II file management software. 

TRANSACTION 
PROCESSING. 

We've given our Transaction 
Processing Management Software 

. (TPMS) a strongly interactive 
design/ development capability. 
Sophisticated security feat
ures. And simple recovery 

procedures. And it's fully 
integrated with both 
COBOL and PL/I.And 
for ultra-high- speed data 
entry, there's DAT A
PREP® key- to-disc 
software. 

APPLICATIONS 
DEVELOPMENT 

LANGUAGES. 
All seven of the 

most popular lang
uages. All 32-bit. 
All to industry 
standards (where 
industry standards 
exist). All user

friendly, interactive. 

PRODUCT
IVITY AIDS. 

This is where you can 
affect the bottom line most. With our full 
line of user-friendly, interactive aids. 
Including an automatic COBOL pro
gram generator. TREND VIEW™ 
interactive busin~ss graphics software. 
Word processing. Database inquiry 
and a source level language debugger. 

FINALLY. THE ECLIPSE MV/8000 HARDWARE. 
If, after reading all this information about MV/8000 software 

you are disturbed to find nothing about the ECLIPSE MV/8000 
systems hardware, write us at ISO Marketing Communications, 
Data General, 4400 Computer Drive, Westboro, MA 01580. 

We will even include some very impressive four color photo
graphy of our 32-bit hardware. Just like you see on all the other 
pages of this publication. 

t •Data General 
ECLIPSE MV/8000, XODIAC, and TRENDYIEW are trademarks , INFOS and DAT APREP are registered trademarks of Data General Corporation. 

© 1981 , Data General Corporation. 
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A Season for Change 

As fall approaches, the leaves on the trees 
will not be the only things changing. After 
considerable study and a summer spent in 
redesign, CD will be sporting a brand new 
face starting next month. 

The first, and most obvious, change will be 
the cover. Changes in the cover design will 
give us an even more unique look than our i 

adoption of computer generated covers did 
about a year ago. The second, and next most , . 
apparent, change will be user oriented revisions to the table of contents, which 
will make it a lot easier and quicker to find everything in CD. 

Next month's issue will add a section called "Up Front"-a collection of late 
breaking product and news releases, received as close as 3 days before we go to 
press. Since we are going to be moving quite a few things around to match our new 
table of contents design, the September "Up Front" will also contain a short in
troduction on how to find your way around the new CD. The interior layout of the 
editorial material is also undergoing a metamorphosis. This, however, will not 
become apparent until the October issue and will not be completed until 
November. This interior redesign is aimed at making our material easier to read 
and helping you to locate articles and product information. 

In short, we are redesigning CD cover to cover in order to give you a more 
readable and useful product. We hope you will enjoy it and that CD will become an 
even more valuable part of your monthly technical reading. 

Following up on my request in July's editorial for prospective contributors to 
CD, we are instituting, beginning now, a program through which we can recognize 
the best submitted technical article each month. See page 114 for the announce
ment and the list of winners for January, February, and March. 

Saul B. Dinman 
Editor 
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TEK 7002 LOGIC ANALYZER 

The solution to your 
problems. 
Now. A logic analyzer made ex
pressly for microprocessor-based 
design . 

The Tektronix 7002. 
An instrument that provides solu
tions instead of compounding prob
lems. That cuts design time and 
improves cost-effectiveness. 

Look at just a few examples: 

Design Problem: Adapting your 
logic analyzer to work with a specific 
processor. 
7D02 Solution: Just plug the µP
specific 7002 probe directly into the 
prototype microprocessor socket 
and press START. Acquired data is 
immediately disassembled and 
displayed in your processor's own 
mnemonics. 

Design Problem: Sorting error
related data from other program flow. 
7D02 Solution: Programmable data 
and clock qualification filters the 
data and stores only information 
pertinent to the problem. 

Design Problem: Relating hard
ware activity to program flow. 
7002 Solution: State and timing 
sections are included in a single 
logic analyzer, with each section 
able to trigger or qualify data 
acquisition by the other. 

Design Problem: Monitoring 1/0 
activity on the system bus. 
7D02 Solution: Acquire both syn
chronous and asynchronous data 
through interactive triggering to 
examine both slides of an 1/0 
transaction. 

Copyright© 1981 , Tektronix, Inc. 960-1 

The logic analyzer for 
Design Problem: Tracking program 
flow through non-sequential 
algorithms with conditional branches 
to pinpoint an error. 

7D02 Solution: The 7002 can 
monitor multiple events and condi
tionally branch as part of its trigger or 
data qualification sequence. As a 
result, it can detect an error condition 
anywhere in your program flow. 



microprocessor-based design. 
7002. The solution. 
No matter how you look at it, the 
7002 has what you need for faster, 
more efficient microprocessor
based design. 

A series of probe modules adapt the 
7002 to major 8-bit and 16-bit pro
cessors, both now and in the future . 
There's also a general purpose 
probe for use with microprocessors 
not specifically supported today. It 
may also be used like a conventional 
logic analyzer for troubleshooting 
the peripheral elements of the sys
tem you're designing . 

You can have up to 52 channels of 
synchronous data acquisition , of 
which 8 channels can be used to 
acquire asynchronous data at 
speeds to 50 MHz for timing 
analysis . 

Data acquisition resources include 
four word recognizers and two in
teractive counters that can be reset 
on the fly. Also several modes of both 
data and clock qualification. 

You get two levels of glitch triggering 
with a resolution of 5 ns, and a sepa
rate glitch memory. Plus separate 
acquisition and reference memories 
for quick data comparisons . 

And all the 7D02's resources are 
quickly and clearly configurable 
through a simple user language. 
One that lets you trigger right on a 
problem instead of around it. Mini
mum programming input yields 
maximum insight into your proto
type's software and hardware 
activity. 

Tektronix will support all popular mi
croprocessors with the 7002 Logic 
Analyzer. The following support is 
now available. 

8-BIT 
8080 1802 

16-BIT 
8086 
8088 
Z8001 
Z8002 
68000 

8085 
Z80 
6800 
6802/6808 
6809/6809E 
6502 

8031 
8039/8035 
8048/8049 
8051 
8748 
8751 
6801/6803 

9900 TMS/SBP 

For more information on the 7002, 
contact your Tek Sales Engineer or 
call us toll-free. 1-800-547-6711. 

You'll wonder how you ever 
designed without it. 

For further information, contact: 

U.S.A. , Asia, Australia, Central & South 
America, Japan 
Tektronix, Inc . 
PO. Box4828 
Portland, OR 97208 
Phone: 800/547-6711 
Oregon only 800/ 452-6773 
Telex: 910-467-8708 
Cable: TEKTRONIX 

Europe, Africa, 
Middle East 
Tektronix International, Inc. 
European Marketing Centre 
Postbox 827 
1180 AV Amstelveen 
The Netherlands 
Telex: 18312 

Canada 
Tektronix Canada Inc . 
PO. Box 6500 
Barrie , Ontario L4M 4V3 
Phone: 705/737-2700 

Tektron~ 
COMMITTED TO EXCELLENCE 

Circle 11 for Literature 
Circle 12 for Sales Call 





Reliability/Availability of 
Wideband Local Communication 
Networks 

D. G. W illard 

The MITRE Corporation 

Bedford, MA 01730 

T he adolescent multimode broadband bus network 
technology provides operational benefits in local net
works that are not possible with conventional com
munication methods. The very architecture of these 
systems, however, increases the risk of major conse
quences when single components fail. Happily, the 
architecture also provides an opportunity to im
plement comprehensive monitoring and control pro
cedures at moderate cost. Recognizing potential 
failure modes, redesigning components to increase 
reliability, and incorporating certain monitor and 
control functions will result in a network that pro
vides improved services with higher reliability than 
can be achieved with conventiohal communications 
alternatives. 

Local area multimode bus networks can be 
thought of as consisting of two major system seg
ments: the wideband medium ("cable plant") on 
which subscriber signals are exchanged, and the 
devices ("using subsystems") that interface sub
scriber equipment to the medium (Fig 1). Reliability 
of the bus network depends on the reliability of the 
individual components of these segments. Network 
availability, in turn, depends on the identification 
and repair procedures used to rectify failures. 

Cable Plant Equipment: Failure Analysis 

The community antenna television (CATV) cable 
plant that supports communication signals is usually 
implemented as tree, star, or a combination of these 
two basic architectures. Subscribers are effectively 
connected in parallel for the purpose of retrieving 
signals from and introducing signals to the network. 
Consequently, if a portion of the cable plant 
degrades, a large number of subscribers can be cut 
off from the network. 

Among the major failure modes is a conductive 
short between center conductor and shield of the 

CABLE { 
PLANT 

USING{ SUBSYSTEM 

Fig 1 Network segments. Wideband distributed 
communication network consists of cable plant seg
ment (either single- or dual-cable) and using sub
systems (distributed subscriber equipment and cen
trally located signal processing devices) 

coaxial system. This is usually caused by direct shorts 
on the cable itself, but can be caused by failures in 
cable components such as taps, amplifiers, and split
ters. Not only are the radio frequency (rf) signals 
prohibited from passing such a short circuit, but 
because 60-Hz ac is multiplexed onto the cable to 
power amplifiers, an increased load is drawn from 
the power supplies. Because commercial practice pro
vides each power supply with overload protection, 
the ac is either reduced or totally removed. 

Fault isolation is difficult under these conditions, 
since signal tracing techniques are ineffective on 
coaxial systems; reflectometer processes cannot be 
employed because the amplifiers are one-way devices 
for a single frequency. Amplifiers are also made in
operative by the lack of power. The isolation process 
is made more difficult; large segments of the cable 
plant are inoperative because many amplifiers are 
serviced by one power supply. Cable open circuits are 
similarly difficult to identify and to locate. They do 
not tend to pull down other segments of the other
wise properly operating cable plant, however, since 
power supplies are not overloaded. 

Cable amplifiers are generally the only active com
ponents in the cable signal path and, as such, are 
primary contributors to the failure rate of local area 
CATV networks. Measured mean time between failure 
(MTBF) figures of 50 years have permitted one manu
facturer recently to guarantee 20-year MTBFs. Ex
perience has indicated, however, that amplifier 
failures are not evenly distributed. Failures tend to be 
bunched into the early (infant mortality) and late (old 
age) portions of the useful (guaranteed) lifetime. 
Although architectural design can minimize the ef
fect of single-amplifier failures, many applications 
would suffer serious consequences if even a portion 
of the network became inoperative. 

(continued on page 20) 
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Partial cable failure occurs when a component 
degrades or some function becomes less than fully 
operational. An example is the interference caused by 
extraneous rf signals and/ or noise injected into the 
medium. These signals can ingress through flaws or 
failures in the coaxial shielding integrity from strong 
external fields, or they can be produced within the 
network. The cable plant is a linearly amplified 
analog medium in which out-of-specification stresses 
can produce undesired signals. These extraneous 
signals can interfere directly with acceptable signal 
detection and themselves contribute to additional 
system stress. Loose connections, poor solder joints 
and other intermittents, as well as unstable 
amplifiers-all can generate noise that will be pro
pagated throughout the network. 

Cable Plant Reliability Improvements 

Fuses of appropriate value should be inserted 
throughout the cable plant so that those nearest a 
short will open. This · action removes overload from 
the power supply and severs the segment of plant that 
includes the failure. Cable splitters that include pro
visions for power fusing and satisfy the fusing needs 
of most cable plant designs are available. This pro
cess permits the rest of the plant to continue in ser
vice but provides no direct indication of the occur
rence or location of the shorting fault. Cable com
ponents can also fail "open," but in that case only 
the affected cable segment becomes inoperative. 

Both short and open component failure cases can 
be automatically identified and isolated with a pilot 
monitoring subsystem. The basic function of the 
pilot monitoring process is to loop signals sequen
tially through selected portions of the cable plant 
while measuring each returned signal level. If a 
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OUTBOUND CABLE 

FREQUENCY 
GENERATOR 

INBOUND CABLE 

ADDRESSABLE 
TAP{S) 

Fig 2 Basic pilot monitoring subsystem. 
Tap controller located at cable head end 
causes each remote addressable tap to 
close, looping only pilot frequency back to 
head end. Pilot receiver provides measure
ment of looped signal amplitude to con
troller for determination of abnormal opera
tion in each branch of cable plant 

Fig 3 Cable faul t isolation. Pilot processor can determine 
that cable fault has occurred and that it is located be
tween tap 2 and tap 3 locations, since taps 1 and 2 pro
duce normal looped-back pilot amplitudes 

returned signal is not within tolerance, the integrity 
of the associated branch is suspect. 

In its simplest form, pilot monitoring uses a set of 
commercially available addressable taps with pilot 
passing filters. The tap controller and pilot receiver 
are located at the head end of a 2-cable network, as 
shown in Fig 2. The controller issues a "close" com
mand to a specific tap and then accepts an amplitude 
reading from the receiver; this reading is compared 
with a stored value of expected amplitude. An alert is 
generated if that value is not within tolerance. The 
controller then issues an "open" command to that 
tap, and a new measurement is made to ensure suc
cessful opening. The cycle then repeats for each of 
the other taps in the system. 

Different forms of pilot monitoring are possible 
for other cable configurations. If the pilot monitor
ing process is applied to a single-cable network, for 
instance, frequency conversion is required at each tap 
location. Conversion can be accomplished by fre
quency translation, a receiver/transmitter combina
tion, or more exotic circuitry. 

Automatic processing of data from strategically 
placed taps can isolate a cable fault to any resolution 
desired. As an example, Fig 3 illustrates a failure on a 
2-cable network between taps 2 and 3 that would be 
indicated by a successful loop through taps 1 and 2, \ 
but an unsuccessful loop through tap 3. 

Redundancy is a technique that can be used to 
minimize the effect of amplifier failures. Inline 
amplifiers can be effectively paralleled in such a way 
that the failure of one will reduce the net gain by only 
6 dB. Properly implemented, the pilot monitoring 
subsystem just described can identify which amplifier 
location has suffered the failure. Replacement of the 
failed unit can then be effected without disrupting 
the network. Since the pilot subsystem also identifies 

(continued on page 22) 
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the KEPCO/TDl<families .... 
of high quality, reliable switch-mode power supplies 

the SINGLE OUTPUT a-c - d-c switcher family 

10W 30W 50W 100W 

the TRIPLE OUTPUT 
(3-regulator) a-c - d-c family 

Also available in this family are 
triple-output 75W (*) d-c to d-c 

converters and a group of 1 OW 
dual-output models 

the SINGLE OUTPUT 
d-c - d-c converter 

family for 12V, 24V, 
48V or 110V 

10W 

30W 

150W 225W 300W 

30W 75W 75W* 150W 

50W 100W 225W 

the QUAD OUTPUT (single regulator) open frame switcher family 

· 50W 

KEPCO/TDK 
... we take pride! 

Each family is available in a variety of the most popular volt-ampere 
combinations. Many models have UL recognition and CSA Certifica
tion. All are thoroughly tested and burned in for 48 hours to ensure 
delivery to you of the most reliable power supply you can buy. The 
members of these four New York families are available to you off-the-
shelf, from Flushing, New York. 

KE Fl co® For complete specifications, write Dept. DGF-79 

KEPCO, INC.· 131-38 SANFORD AVENUE· FLUSHING, N.Y. 11352 U.S.A. • (212) 461-7000 ·TWX #710-582-2631 ·Cable: KEPCOPOWER NEWYORK 
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IDT Provides The 
Right Tape System 
IDT subsystems give you many important 
advantages, including: 
Wide Selection - Choose from nine IDT 1050 
models with 7 or 9-track Y2-inch tape reels, plus 
twelve IDT 3000 models with %-inch tape cartridges 
Superior Design - Get sophistication plus 
reliability, ensured by self-test firmware ... 
MTBF specifications of 8000 hours 
Numerous Options - Select built-in formatter/ 
controller for data formatting (ANSI, ECMA IBM
compatible ), plug-in interfacing, and control of 
four tape subsystems 
Dedicated Configurations - Satisfy OEM, mini
micro or one-of-a-kind requirements 

Get all the facts on your 
IDT tape subsystem. Call 
today ... or write Gary 
Pyles, Marketing 
Manager at IDT 
Corporate. 

INNO\ATIVE 
DATA 
TECHNOLOGY 
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and isolates other forms of degradation, it is recom
mended that the pilot monitoring function be im
plemented in parallel amplifier installations. How
ever, there is a commercial line of amplifiers that 
responds to an interrogation signal with a status 
message transmission. This technique has merit for 
installations that do not plan to include the pilot 
monitoring function, but do require rapid identifica
tion of amplifier degradation. 

An alternate routing technique can be used to cir
cumvent a single-component failure. If a parallel 
path is provided with appropriate switching, the 
alternative path can be selected to pass signals 
around the primary path when it becomes in
operative. 

Shielding integrity of the cable plant and spectrum 
utilization can both be determined by a low resolu
tion, automatic frequency stepped rf amplitude 
monitor. Each quantum of the spectrum can be com
pared with stored values of expected signal levels and 
appropriate alarms generated for unexpected 
measurements. Such measurements indicate either 
unauthorized use of bandwidth or the ingression of 
external signals. Ingression suggests a break in cable 
integrity, which also permits signal egression. 

Subscriber Interface Equipment: Failure Analysis 

A properly designed and maintained CA TV based 
cable plant provides a highly reliable and benign en
vironment for the distribution of signals in a local 
area network. The high signal to noise ratio (SIN) per
mits high quality analog and low error rate digital 
signal propagation. Consequently, classic noise 
associated errors are not a problem in cable based 
networks. Other problems exist, however. 

One digital subsystem that may use the cable net
work forms a common-channel time division bus on 
which all intersubscriber communications are ex
changed. Several of these buses may exist simultan
eously in the larger facilities; each bus has a different 
rf channel frequency assignment. The following 
discussion is limited to this class of service. 

Common-channel buses are subject to channel 
jamming. Extraneous inband signals can seriously 
disrupt traffic flow. The interfering signal can be in
troduced by either of two mechanisms: improper 
operation of one of the subsystem subscriber units, 
or unrelated signals from other network participants 
or external sources. If the signal is strong enough, it 
will mask transmissions desired at the subscriber 
receivers. Interfering signals at normal levels will 
confuse the receivers and may be misinterpreted as 
legitimate transmissions. 

Little if any effect is felt by the other bus par
ticipants if a subscriber is unable to insert a transmit 
signal onto the channel. Such a condition can occur if 
the transmit cable connection, t}le rf modulator, or 

(continued on page 27) 
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The 
advantages 
of data encryption 
are now plain 
ta see. 

The writing's on the wall. 
File security is the feature more and more 

end-users are demanding. Especially in word 
processing and small business systems. 

And that can translate into a significant prod
uct advantage. ll you make the effort to include 
data encryption in your next design. 

Fact is, implementation's never been easier. 
Or more cost-effective. Thanks to Western Digital's 

WD 2001 data encryption device. 
Based on the NBS Data Encryption 

Algorithm, our. compact WD 2001 is 
a single-chip solution that delivers full 

NBS certification, a 1.3 Mb/s throughput 
rate and can be bus or hardware controlled. 

It's also available for immediate delivery. 
So contact Western Digital for your own 

set of WD 2001 specs. And all the latest on our 
CryptoPrimer ™ development kit. 

There's more profit in seeing things our way. 

WESTERN DIGITAL 
CORPORATION 

Telecommunications Division, 2445 McCabe Way, Irvine, CA 92714, (714) 557-3550. 
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The daisywheel leader 
re-invents daisywheel printing. 

- ~ 
• I 

\ 
Our new SPRINT 7™ and 9 lines of daisywheel 

printers and terminals allow you to abandon 
dot-matrix printing for reliable, letter-quality type at 

the best price-performance in the business. 

How does Qume do it? Simplified mechanics, condensed electronics, 
and our exclusive MicroDrive™ -the most simple, durable and accurate print 

mechanism in the history of daisywheel printing. Available in several RO 
and KSR models, the SPRINT 7 and 9 feature Qume's traditional high perfor

mance, with 35, 45 and 55 CPS speeds. The SPRINT 7 printer line is backed by 
Qume's unparalleled OEM support programs, while the SPRINT 9 terminal 

line is fully serviced nationwide by G.E. Of course, we offer complete accessories 
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---- ---

and supplies, including the 
highest capacity ribbons and over 
100 different printwheels. 

You may be surprised- but Qume also 
builds the gentlest and most reliable 5~" and 8" 
double-sided floppy disk drives. We're proud that we've installed more two-sided 
8" drives than any other manufacturer. 

At Qume, we build and back our products knowing that our name and reputation 
depend on their quality. For more information, Q 
call or write Qume (408) 942-4000. 2350 u e 
Qume Drive, SanJose, Ca. 95131. ® 

A Subsidiary of ITT 
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,.._.clff"'11¥ ...,._._. .... _.echnical Director at ITT DCD, 
,...TfttTtlf~lmDinv~·iaterest in voice processing 

research, tin xploration in voice 
recognition theory. e are finding ways to 
teach computers to derstand human 
speech, designing co puters that will 
hear, understand and lk back. The near 
future holds the potential for voice data 
entry and command which expands 
human control capability beyond man
ual limitations. 

"It's this kind of excitement that I find at 
ITT DCD, the determination to explore 
and invent, and the financing to make it 
happen. An idea gets backed all the 
way to production ... in my case, not 
only do I have the ide,as, but when It 
becomes a manufactured reality It will 
talk to me. 

"It takes a great company to get 
behind ideas the wa~ ITT does. The 
willingness to take a chance and, 
once taken, to follow through. That 
kind of belief in research has to be 
what the future is made of. 

"Everyone asks how I could 
leave California for ITT DCD in 
Nutley, New Jersey. s, I grew 
up in San Diego and oved my 
life east. At first, all yd i
sions had to do with $laying
college in California, 'obs in 
California-but with I 
DCD's great offer, I pu my 
surfboard in storage and 
took off for the East Coast. 

"Nutley is only 20 minutes 
from midtown Manhattan
and I've always been fasci n
ated by Greenwich Village. 

n e,;qual QPAQrtunlty emplqyer M/F 
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If u want to i o your career with 
a C.O)llpany th oks for ideas and 

baclia them all ay to reality, con-
s er I D • We have openings 

fo egreed engineering /scientific 
fes onals at all levels of expe

rience in the following areas: 

\la:OMMAND & CONTROL 
COMMUNICATIONS 
MESSAGE I CIRCUIT 

SWITCHING 
Y.OICE I SIGNAL 

PROCESSING 

•Hardware 
Systems Design 

•Software 
Systems Design 

• Systems Analysis 
• Programming 



CABLE 
HEAD 

END 

Fig 4 Listen-before/listen-while-talk digital com
munication bus network. Units intercommunicate 
by transmitting onto inbound (lower) channel and 
listening on outbound (upper) channel. These 
channels are connected (looped) at cable head 
end. Channel is timeshared among units by 
unslotted contention protocol in which each unit 
determines as best it can that channel is unoc
cupied before starting its transmission (listen
before-talk) and monitors its own transmission 
for errors and/or contention collisions (listen
while-talk). When collision is detected, each unit 
involved will invoke retransmission and schedule 
it after pseudorandom time. In adaptive systems 
arithmetic mean of this time is chosen as function 
of collision rate, either by individuc;il unit or by 
central authority 

the control logic fails. However, serious malfunc
tions can occur if the receive process fails at a 
subscriber. System timing and the general informa
tion necessary for the channel sharing protocol will 
become unavailable. A subscribing device operating 
without full receiving capability can issue signals ''in 
the blind," which will cause severe interference to 
other traffic on the timeshared channel. 

In adaptive bus subsystems, signals received in 
error can produce effects that last longer than the 
signals themselves. An example of an adaptive sub
system is the listen-before/listen-while-talk bus, in 
which the mean random backoff parameter is deter
mined as a function of signal collision rate. (See 
Fig 4.) An error producing interference signal burst 
can create a large queue of users attempting random 
delay retransmissions through the collision avoidance 
process. If it is not carefully implemented, the adap
tive backoff parameter protocol can prolong the ef
fects of such a burst. 

Bus subscriber units can also develop problems in 
which distorted operation occurs without full failure. 
Distorted transmissions can affect all receivers. Such 
transmissions sometimes result in messages that are 
not accepted and require retransmission; or they may 
result in messages that are accepted but are misinter
preted, depending on the strength of the error detec
tion process. Degraded receptions, on the other 
hand, will also cause missed or misinterpreted 
messages, but generally at the malfunctioning unit 
only. These degraded subscriber units have the 
potential to indirectly cause an unnecessary .increase 

(continued on page 28) 

sit! . 
'All t e benefits of a conventional dry 

cell plus high output (up to 200 amps 
discharge from our 5Ah cell) over a wide 
range of discharge rates. Hundreds of 
deep discharge and thousands of shal
low discharge cycles. 

Get all the details. Send the Reader 
Service card for our comprehen~ive in
formation packet. Or write: Gates Energy 
Products, Inc., 1050 S. Broadway, Denver, 
CO 80217. Phone (303) 744-4806. 
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in channel loading because of retransmission at
tempts that can, in turn, seriously impair subsystem 
throughput and end to end delay. 

Another condition that can completely block com
munications is a failure at the cable head end loca
tion. Since all inbound signals are looped by one or 
more devices to the outbound path at the head end, 
most head end failures impede traffic from all sub
scriber locations equally. Some head end configura
tions provide a simple wideband loop, others use 
band limited filters, while others employ repeaters of 
various complexities. In most installations, either the 
wideband loop or several active repeaters are 
employed. Seldom is a single repeater used, since the 
wideband nature of the medium is usually exploited 
to propagate various signals simultaneously . 
Although a wideband loop failure interrupts all ser
vices, it is unlikely to occur; thus, in the long run , the 
wideband loop is less likely to cause problems. On 
the other hand, a failure of one in a complex of 
repeaters will affect only its associated channel or 
subset of channels, but is more likely to fail unless 
special design precautions are implemented. 

Subscriber Interface Reliability Improvements 

Buses that contain an inherent monitoring and con
trol capability, such as polling and dynamically 
assigned slots, can obtain information about the con
nectivity and technical welfare of each subscribing 
unit as part of the network control function. (See 
Fig 5.) Additional technical information can be ob
tained by interrogating and measuring individual 
elements. 

In contrast, a central network control that can 
serve as technical control is not available in a 
distributed control bus system. (See Fig 6.) Some in
formation on the status of the subscriber units can be 
obtained by passive traffic monitoring. However, 
full technical monitoring and control requires addi-
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CONTROL 
CENTER 

SUBSCRIBER 
UNIT 1 

SUBSCRIBER 
UNIT 2 

SUBSCRIBER 
UNIT 3 

Fig 5 Centralized control network. Here subscriber 
units exchange information with or through control 
center. Polling or slotted buses are two such pro
tocols . As byproduct, control center is aware of much 
of health and welfare of each subscriber unit and 
hence of that of network 

Fig 6 Distr ibuted con t rol network . 
Subscriber units coordinate exchange of in
formation among themselves without cen
tral cont rol authority . Each unit has only 
parochia l v iew of network health and 
welfare 

tional communications and measurement to ascertain 
whether minimal functions are being performed. In 
this class of distributed control bus, it is recom
mended that a periodic status message be issued by 
each subscriber unit-either automatically or in 
response to a poll-independent of but containing in
formation about other types of transmission. This 
report should provide information pertinent to the 
unit's operation since the last such report. A special 
facility must then monitor these messages and per
form the technical control function. 

Analysis of status messages from individual sub
scriber units permits the technical monitoring and 
control facility to judge an appropriate random 
backoff parameter that is based on the current opera
tion of the complete bus . Continuous modification 
of the parameter can be broadcast to each subscriber 
unit as required. This global view is preferred, since 
an individual unit can modify its parameter based 
only on a limited view of the bus; consequently, the 
unit must modify its parameter conservatively. 

In both centralized and distributed network con
trol buses, measurements should be made on the 
quality of the rf signal. It is important to anticipate 
the degradation in both a subscribing unit's modu
lator and demodulator. Specialized rf measurement 
devices provide this data to the technical control 
facility. Measurement of the transmitted signal from 
each subscriber unit can be made at any location in 
the network. Such measurements are nearly useless, 
of course, unless they can be associated with specific 
transmitters. One method is to have the measurement 
device perform this association (ie, digital address 
decoding). Alternatively, the rf measurement infor
mation can be provided to status message intercep
tion circuits, where the association will be based on 
arrival time. 

Indirect measurement of each receiver's perfor
mance at the subscriber units can also be im
plemented in the above configuration. The technical 
control processor can issue cyclic interrogations of 
each subscriber unit to which a specific response will 

(continued on page 30) 
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Now! Raycorder II 

A Digital Cassette Recorder 
That Thinks For Itself 

Raymond Engineering's new Raycorder II Model 6440 formance and reliability, users will appreciate the ease of 
digital cassette recorder utilizes the latest microproces- cassette loading and removal. 
sor technology to provide a new standard of excellence Adding the advanced technology of Raycorder II to its 
for the '80's at a low, low price. previous achievements, Raymond leads again in digital 

The only moving parts on the Model 6440 are the two cassette recorder design!! 
reel motors. A unique digital-processor- --------- Ask for free literature on the Raycorder 11. 
based servo controls the reel motors to pro-
vide constant tape speed and uniform tape ~ Raycorder Products Division 
tension , regardless of the amount of tape \L)Raymond Engineering Inc. 
on either reel. Tension is also precisely con- 217 Smith Street 
trolled during starting and stopping. Middletown, Connecticut 06457 

While engineers will appreciate its per- (203) 632-1000 



be issued. If a known rf signal from technical control 
is progressively perturbated, an operation range can 
be determined over which the subject receiver per
forms properly. 

To prevent a subscriber unit from transmitting in
advertently because its receiving circuitry is not func
tioning, the design could include a transmit inhibit 
function. One method would be to make each unit 
ascertain that it can hear its status message clearly; 
otherwise, all other types of transmission will be pro
hibited. To prevent abnormally long transmissions 
when the subscriber control logic fails in that mode, 
each modulator can include a "dead-man" switch to 
provide an inhibiting function. 

Technical Control Considerations 

The dichotomy of too little or too much information 
applies to technical control systems as well as to other 
forms of monitoring. When the system is performing 
properly, simple indication of that fact is required. 
An alert condition calls for a straightforward in
dicator. However, how the specific cause for alert is 
presented is critical to successful maintenance. A 
system that presents only the fact of alert can be 
designed, but a better system would present the pro
cess or logic by which the alert decision was made. 

R & D Computer Systems 
Data Acquisition & Control Systems 

16 to 256 ch.; Programmable gain; 
12, 14, or 16 bit; 30 to 125 KHz; Voltage/ 
current output; Stepping motor control 

8086 16 Bit Micro Systems 
31 MByte Winchester Drives 
256 KByte Memory Boards 

Real Time Video Digitization Systems 

31 MByte Winchester 
(other mass memories avail.) 

Reliable 
Versatile 

Economical 
Industrial Quality 

Board level products also available. 

II Ee lllRR )i 
INC. 

23600 Mercantile Road • 

TECMAR, INC. 
(216) 464-7410 

Cleveland, OH. 44122 
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The best system design would process all alerts for 
correlation and present a probable cause. 

As an example of these three levels, assume that a 
cable pilot monitoring function identifies a major 
cable severance. The simplest system would indicate 
only that there was a problem on the cable plant. A 
more complicated design would list all addressable 
tap locations that report the amplitude of the looped 
pilot to be low. The best design would determine 
that, since all out-of-tolerance levels were at the noise 
level and the locations were all in one building, prob
able cause for the failure was a break in the cable 
plant at the building interface. 

In a similar manner, the well-designed technical 
control process would analyze the fact that the ampli
tude of all status messages on the digital bus had been 
reduced by 4 dB, and indicate the probable cause as a 
degradation either of a head end cable amplifier or of 
the amplitude measurement device itself. Analysis 
algorithms must be formulated to provide detailed 
backup information for maintenance personnel. 

The technical control facility should not be de
signed as an integral part of normal systems opera
tions. That is, the complete system of cable plant and 
using subsystems must continue to function even if 
technical control is not active. As an example, in a 
digital bus design that incorporates a centralized 
adaptive retransmission backoff parameter, each 
subscriber interface unit must incorporate a fail-safe 
fallback parameter to be invoked if no such value is 
received from the central technical control facility. 
Such design permits the introduction of technical 
control during any phase of the system's lifetime, 
and permits modifications to tailor the functions to 
specific needs. 

A single computer based technical control facility 
is more economical to implement than separate com
puters for each subsystem. A single-processor con
figuration is possible if the technical control func
tions are not built into the subsystem or designed to 
be time critical. Design should allocate the processing 
power among the subsystems as necessary. The 
single-processor configuration can also coordinate 
and exchange information among individual 
technical control processes for different subsystems, 
readily permitting probable cause analysis. For ex
ample, probable cause analysis can associate loss of 
pilot looping with absence of subscriber unit status 
messages to report the status of a specific section of 
the network. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 719 Average 720 Low721 
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Broadband coaxial local area network supports 
multimode communications over 50-mile range 

ELECTRONIC 
MAIL 

ENERGY 
MANAGEMENT 

Idealized CableNet configuration. Universal general purpose communications medium 
broadband coaxial cable supports such applications as computers, word processors, 
data terminals, TV monitors, and energy management systems. Broadband cable of
fers capacity 50 times that of conventional baseband systems 

Using a single broadband coaxial cable 
as the transmission medium, 
CableNet™ supports over 16,000 
devices operating at data rates to 64k 
bits/s while using only 8% of the cable's 
total bandwidth. The remaining band
width is available for such additional 
concurrent applications as voice, video, 
or other data transmission. The system, 
recently introduced by Amdax Corp, 
160 Wilbur Pl, Bohemia, NY 11716, 
comes in two versions for operation at 
7M- or 14M-bit/s channel transfer rates, 
respectively. 

Both versions support asynchronous 
and bisynchronous communications at 
full- or half-duplex modes between all 
computers and data terminal equipment 
using standard serial interfaces. SDLC/ 

HDLC is also supported to provide IBM 

compatibility. Access to the cable 
medium is determined via time division 
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multiple access (TOMA) reservation. 
Devices on the system may be 50 mi 
(80 km) apart. The system automatically 
provides speed and protocol conversion 
to accommodate communications be
tween dissimilar computers and peri
pheral devices. 

The network is composed of four 
basic hardware components: CableNet 
Executive, Data Exchange (DAX) inter
face units, broadband coaxial cable, and 
standard CA TV taps and connectors. 

Placed at the head end of the system, 
the Executive controls communications 
between the devices connected to the 
cable, and all communications on the 
system pass through it. Data are sent in 
packet format from connected devices to 
the Executive in the "reverse" direction 
at low frequency (5.75 to 106 MHz), and 
the Executive retransmits the packet in 
the high frequency (160 to 300 MHz) 

"forward" airection for distribution 
throughout the entire network. The Ex-
ecutive automatically adjusts the level of 
every network device's transmitter as 
well as the levels of any newly added 
devices . 

The system uses the properties of 
propagation speed and distance from the 
Executive to place all devices equidistant 
from the controller if viewed in the time 
domain. A process called "ranging" 
automatically performs all calculations 
required for the logical topology during 
initialization or when a device is added 
to the network. This enables an almost 
unlimited number of network topolo
gies. In the initialization procedure, the 
Executive also establishes transmission 
delay times for every active device in the 
network. The controller can be supplied 
in a redundant configuration with 
another Executive and a switchover unit 
as a hot standby. 

DAX interface unit is placed between 
user terminal equipment and the cable 
network. Each DAX has four digital in
terface ports; three connect to user 
devices at data rates up to 19.2k bits/s, 
and the fourth is configured for diag
nostic functions. An rf interface con
nects to the system trunk via a coaxial 
drop cable. Because of the variety of 
available data terminal equipment and 
the number of associated variable 
parameters, each DAX port is configured 
for the specific user devices it will ser
vice. The parameters, called default 
parameters, are stored in nonvolatile 
memory within the interface unit and 
can be changed by entering a command 
sequence through the diagnostic port. 
No operator control of DAX units is re
quired since all parameters are set during 
network configuration. Logical ad
dresses and a physical address are 
assigned to each DAX by software. The 
DAX receives all transmissions from the 
Executive and decodes all packets, but 
responds only to those packets that bear 
its addresses. 

The system uses standard CATV con
nectors, taps, amplifiers, and broad
band coaxial cable that have been used 
by the cable television industry for many 
years. 

Circle 321 on Inquiry Card 
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MF-211 
1 OW' Enclosure 
for LSI 11/23 
System with built
in RX02 equivalent 
floppy disk system. 
Available with or 
without processor 
and memory. 

AX02 equivalent 
dual floppy system, 
single or double 
sided. Includes 
bootstrap loader, 
self-tester, for
matter and diag
nostic diskette. 

HD-11/T 
20.8 Megabyte 
Winchester disk 
software equivalent · 
to 4 RL01 units. 
Optional cartridge .. 
tape backup. 

MB-211 
5 W' enclosure 
with 8 quad slot 
backplane. Front 
panel console 
with switches for 
Enable/Halt, 
Boot/lnit and Line 
Time Clock. 

Complete software compatibility 
at a savings! 

With CADS, you can configure your 
own DEC system and be assured of 
complete software compatibility. Each 
of the above systems is provided 
with slides for rack mounting or can 
be used in desk top applications. 
All DEC LSI 11 based moduJes and 
associated software packages are 
available through CRDS, if desired. 

Attractive Packaging 
Careful attention is given the CADS 
repertoire of enclosures in assuring 
you an attractive yet comfortable 
blending of product in the DEC 
environment. 

Significant Savings 
Flexibility of procurement plus 
attractive OEM schedules allows you 
to optimize dollar savings in config
uring your CRDS system. Use the 
time tested technique. Compare. 

Warranty and Maintenance 
A 90 day warranty is offered with your 
CADS system. In the event of mal
function, by use of provided diagnos
tic routines, the defeotive submodule 
is normally found within minutes. 
After verification with the CADS 
Maintenance Department, a replace
ment for your defective module will 
be promptly forwarded. 

Call or write for a com
prehensive literature 
package and prices. 

Charles River Data Systems, Inc. 4 Tech Circle, Natick, MA 01760 Tel. (617) 655-1800 TWX (710) 386-0523 
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HERE'S THE FIRST ADC 



WITH ON·CHIP I 

IT'S THE IDEAL 8·BIT 
ANALOG INPUT PORT. 
With our new AD7581 hooked up to your µ,P, 
reading analog input data from any of eight 
channels is as easy as reading data from a RAM 
location. That's exactly how it works! The 
AD7581 combines an 8-channel multiplexer, a 
complete 8-bit successive approximation A/D 
converter, a dual-port RAM, and all the neces
sary logic on a single CMOS chip. 

IT ENDS THE HASSLE 
OF "HANDSHAKING~' 
Because our AD7581 continuously performs 
sequential conversions on each channel, you 
eliminate the software overhead of selecting 
an input channel, issuing a convert command, 
waiting for the conversion to finish, and finally 
reading and storing the data. The internal OMA 
logic takes care of everything, freeing up your 
µ,P from these time-consuming data acquisi
tion tasks. 

IT SIMPLIFIES 
THE HARDWARE, TOO. 
The monolithic AD7581 is packaged in a stan
dard 28-pin DIP, so it fits into just about any lay
out. And since it connects directly to virtually 
any 8-bitµP as if it were a RAM chip, no addi
tional external interface logic is required. The 

analog multiplexer even has built-in over
voltage protection, eliminating the need for 
messy diode clamps on each input channel- all 
you add is a reference and + 5V power. 

With all this capability, the AD7581 is amazingly 
cost-effective at only $13.90in100's. For more 
information about our smart new AD7581, con
tact Doug Grant or Don Travers at (617) 935-5565, 
or write Analog Devices, Inc., P.O. Box 280, 
Norwood, MA02062. 

"THANKS ORV.'' 
FORTHeME. 

r.ANALOG 
_..DEVICES 

WAYOur IN FRONT. 
Analog Devices, Inc , One Technology Way, Norwood, MA 02062. Headquarters (617 l 329-4700. California !714 ) 842-1717. (408l 947-0633; llllno1s (312l 653-5000, Ohio: (614l 764-8795. 
Pennsylvania (215l 643-7790, Texas '214) 231-5094. (713l 664-6704, Belgium· 031/37 48 03; Denmark: 02 184 58 00, France 011687 3411, Holland 016120 51080. Israel: 052/21023; Italy: 
02/68-98045; Japan 03/263 6826. Sweden· 081282740, Switzerland 022131 57 60. United Kingdom 0'1 /941 0466. West Germany 0891530319 
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Tl's 64K dynamic RAM. 
More memory. More performance. 



TMS4164 
The performance leader. 
From Texas Instruments. 

When we began de-
signing the 64K 
RAM, we decided to 
make it better than 
the 16K. Not just 
four times bigger. 

What's better? In a 
word , performance. 
Add up high speed, 
reliability, low power 
and improved system 
operating margins, 
and you'll see why 
our superior per-
formance puts the 
TMS4164 in a class all 
by itself. 
Faster access times 

The wide range of 
TMS4164 func
tionality and speed 
potential is demon
strated in the graph 
to the right. This 
illustrates the wide 
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operating margins designed into 
the high-performance 150-ns 
TMS4164. And, even faster devices 
are on the way. 

Power dissipation 
At 125-m W typical, the TMS4164 is 
unequalled in the industry for low 
power dissipation. Power design 
features like interlocked clocks 
mean you use only as much power 
as you need. Only when you need 
it. Our optimum architecture, re
quiring only 256 sense amplifiers, 
assures you of minimum power 
dissipation and enhanced reliability. 
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Supply Voltage (V) 

Ease of use 
Two separate 8-bit internal buffers 
simplify use - one is for row ad
dress, one is for column address. 
TTL-compatible , one-clock opera
tion greatly expands input tim
ing flexibility and assures fast 
throughput. 

TMS4164 64K Dynamic RAM 

4164-15 4164-20 4164-25 

Access Time Row Address (Max) 150 ns 200 ns 250 ns 

Cycle Time Read or Write (M.in) 280 ns 350 ns 410 ns 

Cycle Time Read/Write (Min) 280 ns 350 ns 410 ns 

Power Dissipation Operating (Typ) 140mW 125 mW 105 mW 
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Lowest power surge 
Our 256 cycle refresh 
architecture has sig
nificantly reduced 
the current surge 
problem of designing 
with other dynamic 
RAMs. The resultant 
lower current spikes 
( = 60mA), less than 
on one l6K dynamic 
RAM, facilitate sys
tem power distribu
tion, increase noise 
immunity and im
prove board layout. 

And there's more 
The TMS4164 is the 
smallest 64K chip 
(35K mil2) in produc
tion. Perfectly suited 
for use in main-frame 
computers and large 
minicomputers, the 
TMS4164 also finds 

ideal application in microprocessor
based systems which demand small 
size, low cost, and improved 
performance. 

Available now 
The high-performance TMS4164 is 
now stocked for immediate deliv
ery. Order today from your nearest 
authorized TI distributor. Or, 
for more information, 
write Texas Instru
ments Incorporated, 
P.O. Box 202129, 
Dallas, Texas 75220. 

Texas Instruments invented the integrated circuit, microp_rocessor and microcomputer. Being first is our tradition. 

'© 1981 Texas"lnstruments Incorporated 

TEXAS INSTRUMENTS 
INCORPORATED 
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Fiber optic link extends host channel 
attachment, reduces response time 

[Bu1loiNGA- - ~:;;-;,. m) c~ ~ - -} ilvic~li 
IBM 

370/XX CHANNEL 
303X I 

CIM 

I 
I 
I 
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____________ J 
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~ : } : 
~----------..IC..---------1.--1 9200 • 32 I ------------------..--1: PROCESSOR f : OEVICES I 

L5000' (1524 m) COAX I _________ _J 

Typical campus-style configuration. Bus and tag 
cable of 200' (61 m) max length connects host to 
9200 channel interface module (CIM). Two fiber 

optic cables connect CIMs to remote (6500' or 
1981 m max) 9200s. Devices connect to 9200s 
via 5000' ( 1 524 m) max RG62AU coaxial cable 

A fiber optic link option allows displays 
and printers that normally communicate 
with a host over transmission facilities to 
have direct channel access. This signifi
cantly reduces response time for in
quiries and may decrease costs by elimi
nating the need for communications 
facilities, according to Harris Corp, 
Data Communications Div, 16001 
Dallas Pkwy, PO Box 400010, Dallas, 
TX 75240. 

The link option for the company's 9200 
information processing systems extends 
maximum direct channel attachment be
tween an IBM host and 3270-type displays 
and printers from 5000 ft (1524 m), the 
standard for this type local attachment, 
to 11,500 ft (3505 m). Data rates over the 
fiber optic link are up to 2M bits/s. 

The 9200 processor is functionally 
compatible with the IBM 3274 controller 
and 3278 displays in remote and local 
configurations. In standard local ar
rangement, the processor is attached to 
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an IBM host channel operating in 3272 or 
SNA modes. Up to 32 displays and 
printers may be located as much as 
5000 ft (1524 m) from the 9200 via coax
ial cables. 

With the fiber optic channel option, 
the processor adds a channel interface 
module (CIM). The processor and CIM 

each contain LED light source and PIN 

photodiode detect elements that launch 
and decode the light impulses. CIM and 
processor are linked by fiber optic cable 
and data are transmitted at up to 
2M-bit/s rates. 

Maximum length of the link between 
CIM and 9200 processor is 6500 ft 
(1981 m). In addition, devices connected 
to the processor may be placed 5000 ft 
(1524 m) from the processor. Combining 
the fiber optic and coaxial links allows 
location of devices up to 11,500 ft 
(3505 m) from the host and continued 
operation at channel speeds. 
Circle 322 on Inquiry Card 

Communications interface 
hoard improves distributed 
network performance 

Bit Character Asynchronous Interface 
Module (BCAIM) microprocessor based 
communications interface board from 
Texas Instruments Inc, Digital System 
Group, PO Box 202146, Dallas, TX 
75220, enhances the distributed network 
performance of the company's DS990 

computer systems. It provides an 
economical communication interface 
and handles many protocols, speeds, 
and configurations. 

An onboard TMS9900 microprocessor 
and semiconductor memory combine to 
reduce CPU overhead. Memory includes 
8k bytes of ROM and 2k bytes of RAM. 

The module buffers multiple data bytes 
in onboard memory before interrupting 
the system CPU, and the microprocessor 

(continued on page 43) 
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SD Series Hall Effect Keyboard CT Series Contact Membrane Keyboard 

Now they do. 
Untilnow,getting akeyboard atthe price 

you needed could have meant giving up the 
kind of performance you wanted. 

But not anymore. 
Because, with the introduction of three 

new membrane keyboards, MICRO SWITCH 
has become the world's only full-line supplier 
of reliable keyboards. We off er a high-perf or
mance and cost-effective solution for virtual
ly any application. 

Now, in addition to our time-proven Hall 
effect offerings, you can specify MICRO 
SWITCH SC Series full-travel capacitance 
membrane or CT Series contact membrane 
keyboards, and KD Series touch panel mem
brane keyboards. 

Whatever type of seal you need, all you 
have to do is ask. The capacitance mem
brane units are the world's only capacitance 
keyboards with all the benefits of membrane 
sealing. And we're the first to solve the venting 
problems ~ociated with previous membrane 
designs. Both our capacitance membranes 
and contact membranes are internally vented 

to maintain their seal while preventing switch 
collapse due to air pressure or temperature 
changes. And for especially severe environ
ments, the touch panel keyboards give the 
added feature of , / 
panel sealing. Ii 

It's those features, among others, that 
make these new keyboards more reliable than 
other capacitance and hard-contact designs. 

And because all three new keyboards 
have been designed with traditional MICRO 
SWITCH quality and reliability, each carries 
a 1 % Acceptable Quality Level and 2-year 
warranty. 



Now any combination of keyboard 
features you can name can have the 

MICRO SWITCH name on it. 

Now your keyboard specifications are 
only limited by what you want. Not by what 
you can get. 

Our full-travel series, for example, are 
available in a wide variety of keyboard config
urations, with a choice of over 40,000 legends. 

Because legends are screened on our 
touch panel designs, the graphic possibilities 
are endless. And, we can combine full-travel 
and touch panel actuation in a single ~embly, 
featuring either capacitive or hard contact 
technology. 

We make it easier to comply with 
European standards, because our full-travel 
membrane designs are available in low-profile 
versions to meet world requirements. 

And, the actuator module for the full
travel membrane keyboards helps achieve new 
levels of tactile feedback and operator 
satisfaction. 

So you can come to MICRO SWITCH for 
the keyboard technology, travel, actuation, 
sealing, appearance, profile, electronics, and 
special features you need. 

And get them all- backed with the exper
ience and full application support that's been 
a MICRO SWITCH tradition. 

Being aple ~o ~es.ign a keyboard to (it 
anr. apE\1cat1on Is 1mport~nt. But .doing 

It to fit any operator 1s 1mperative. 

It's important to understand that half of 
any keyboard application is a human being. 
There's probably no keyboard manufacturer 
who understands that better than MICRO 
SWITCH. 

Our unique human factors research-an 
intensive, on-going program for over20 years 

-has given us the tools to develop industry 
standards for key speeds and multi-key roll
over; tactile, visual, and audible feedback; and 
various keytop shapes, spacing, configurations 
and travel. We're continually improving the 
man/machine interface. 

This human ~==================:.. 
factors research 
is part of 

~~ 
what makes our keyboards unique. And it's 
part of every keyboard we make. 

Instead of resting on our laurels, 
we're relying on our research. 

Being able to add state-of-the-art capaci
tance membrane, contact membrane, and 
touch panel keyboard types to our Hall effect 
offerings is the result of extensive planning, 
research and testing. 

But it's only the beginning. 
Each of these keyboard types will be con

tinually subjected to the refinements growing 
from our human factors research, customer 
feedback, and our unmatched R&D facilities 
which include backup by our Honeywell 
corporate facilities. 

Also, every keyboard customer benefits 
from a manufacturing capability that stands 
unmatched: it's large enough to handle the 
most extensive order; responsive enough to 
give the modest order the same kind of inten
sive, individualized and quality-conscious 
attention. 

All of these efforts are to make sure that, 
as your keyboard needs change and grow, 
you'll always have the choice of a progressive 
alternative with one unchanging feature: the 
MICRO SWITCH name. With all the perfor
mance that name implies. 

For more information on our keyboard 
technologies, call 815-235-6600. Or write, 
MICRO SWITCH, the 
Keyboard Consultants, MICRO SWITCH 
Freeport, IL 61032. a Honeywell Division 
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When you start comparing color graphics systems, the Xerox 6500 
Color Graphics Printer looks very, very good. Any way you slice it. 

Not only can it produce computer-generated full-color graphics at 
a rate of three a minute, it can produce them at a cost of 6¢ apiece. On 
paper, or overhead transparency. It can even print from 35mm slides. 

And you don't need to be a computer genius to operate one. 
If you're thinking of taking your company to color, call the Xerox 

Printing Systems Division sales office nearest you. And take a long 
look at the Xerox 6500 Color Graphics Printer. 

It could make your decision as easy as pie. 

XEROX® an<l 6500 arc rcg1strrcd trademarks of XEROX CORPORATIO . XEROX 
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XEROX 
PRINTING SYSTEMS 

DIVISION 
BRANCH SALES OFFICES 

ARIZONA 
Phoenix ( 602) 264-4971 

CALIFORNIA 
Los Angeles (213) 450-9126 
San Diego (714) 574-1000 

San Francisco (415) 393-1800 
Santa Clara ( 408) 988-1810 

COLORADO 
Denver (303) 320-6700 

CONNECTICUT 
Hartford (203) 278-9810 
Norwalk (203) 838-4300 

FEDERAL GOVERNMENT SALES 
(703) 841-5250 
fLORIDA 

Jacksonville (904) 725-8210 
Miami (305) 491-8100 

GEORGIA 
Atlanta (404) 953-7000 

ILLINOIS 
Chicago (312) 981-7400 

or (312) 454-2714 
Peoria ( 309) 691-5232 

INDIANA 
Indianapolis (317) 257-5232 

KANSAS 
Kansas City (913) 677-3434 

LOUISIANA 
New Orleans (504) 834-2710 

MASSACHUSETTS 
Boston ( 617) 861-1670 

.MJCIDGAN 
Detroit (313) 355-9400 
Lansing (517) 394-1010 

.MJNNESOTA 
Minneapolis (612) 854-5052 
Saint Paul ( 612) 854-5052 

MISSOURI 
St.Louis (314) 342-1190 

NEW JERSEY 
Parsippany (201) 455-1200 

NEW YORK 
New York (212) 546-0300 
Rochester (716) 271-7710 

omo 
Cincinnati (513) 671-6220 
Cleveland (216) 831-6300 
Columbus (614) 436-3068 

Dayton (513) 223-7317 
OKLAHOMA 

Oklahoma City (405) 840-3848 
Tulsa (918) 665-2160 

OREGON 
Portland(503)295-6967 

PENNSYLVANIA 
Philadelphia (215) 628-8484 
Pittsburgh (412) 992-7010 

TEXAS 
Austin (512) 345-9950 
Dallas (214) 385-9475 

furt Worth (214) 980-0427 
Houston (713) 622-0540 

WASHINGTON 
Seattle (206) 241-1420 

WASHINGTOND.C. 
Baltimore (703) 841-5232 

WISCONSIN 
Milvvaukee(414) 258-5055 

XERO X
0
is a traJ emark of XERO X CORPO RATION. 

performs the character processing asso
ciated with a number of protocols. The 
board supports bit-oriented SDLC and 
HDLC, and also character-oriented 
Bisync and TTY. 

Speeds to 9600 bits/s are accom
modated at full-duplex over RS-232-C or 
local line connection with full modem 
control and conformity with FCC emis
sion standards. System software for the 
interface board includes 378012780 pro
tocols under distributed network operat
ing system DNOS, batch communications 
under DXIO 378012780, and interactive 
communications under DXIO 3270. 

The new module is an intermediate 
step between the company's com
munication interface module and its 
Four-Channel Communications Con
troller (Fccc). While the former pro
vides a less costly means of connecting 
remote terminals, the BCAIM adds speed 
and support for bit-oriented protocols 
and is best suited to system configura
tions supporting one or two independent 
communication channels. FCCC, on the 
other hand, is a frontend processor for 
controlling up to four independent chan
nels. The FCCC has the additional capa
bility of accepting downloaded user
coded software that further reduces the 
host computer workload. The new 
board requires a half slot in the DS990 
chassis and interfaces to the communica
tions register unit bus. 
Circle 323 on Inquiry Card 

Low cost emitters and 
detectors are available 
for fiber optic applications 

Fiber optic emitters and detectors. Semi
conductor components are designed to 
mate with AMP plastic ferrule connectors 
that can be coupled to over 40 different 
types of optical fibers 

Cost-effective light sources and detec
tors for fiber optic industrial control and 
data communication systems have been 

introduced by General Electric Co, 
Semiconductor Products Div, MD44, W 
Genesee St, Auburn, NY 13021. ·The 
medium-performance devices are OEM 
priced in the $1.50 to $2.00 range. The 
initial product offering, which will be ex
tended to a full line, is composed of a 
100-µW min, 940-nm emitter in two out
put ratings, and two photodetectors, 
each with two response levels. 

Infrared emitting diodes (IREDs) 
GFOElAl and GFOE1A2 are GaAs diodes 
that emit noncoherent IR energy at a 
peak wavelength of 940 nm. Power out
put for the GFOElAl is 100 µ W min and 
for the GFOE1A2 60 µ W min measured at 
the end of 1-m long Galite ™ 1000 cable. 
Measured using CrofonR 1040 cable 
GFOElAl produces 45 µ w and GFOE1A2 
25 µ W min, respectively. 

D,etectors GFODlAl and GFOD1A2 are 
silicon photodetectors that detect and 
convert light signals from optical fibers 
into electrical signals. GFODIAl has a 
responsivity of 70 µAlµ W, and GFODIA2 
of 30 µAlµ W when coupled via 1-m 
length Crofon 1040 cable to the GFOElAl 
emitter. 

Detectors GFODIBl and GFODIB2 are 
silicon photo-Darlington devices. Under 
the same conditions noted above 
GFODlBl exhibits 1000 µA/µW, and 
GFODIB2 500 µAlµW responsivity, 
respectively. 

The components are mounted and ter
minated with self-tapping screws, screw 
and nut combinations, or rivets. They 
are PCB mounting compatible with both 
metric and English systems. 
Circle 324 on Inquiry Card 

Communications frontend 
processor for System/34 
suppor ts X.25 protocol 

GATEWAY /34 communications frontend 
system for use with IBM System/34 allows 
users to connect to System/34 with any 
combination of local terminals, dial-up 
or leased lines, and public packet net
works. The system supports X.25 com
munications protocol for access to GTE
Telenet and Tymnet in the U.S. The pro
cessor was developed by Systar Corp, 
1762, Technology Dr, Suite 208, San 
Jose, CA 95110, for small to medium 
sized businesses, typically with 8 to 16 
terminal sites nationwide. 

The system uses the IBM Series/ 1 mini
computer and supports access to 

(continued on page 46) 
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Your RAMs are getting denser. Your soft 
error rate is getting higher. And you're 
getting a headache. 

Soft errors , alpha particles, system 
crashes, hard errors. Take it easy. Relax. 
There's a simple solution. 

Introducing the Am2960 
Error Detection and 

Correction (EDC) Unit. 
The Am2960 EDC corrects single-bit 

errors and detects double-bit errors. 
It's easily expandable from 16-bits wide to 
32 or 64 bits. Its worst case speed is an 
amazing 34ns detect, 65ns detect and 
correct! And best of all, it's available right 
now. 

You want byte operations? You got 'em. 
You need initialization, e.rror logging and 
diagnostic capabilities? No problem. The 
Am2960 gives you all the functions of 25 
to 50 TTL packages on one chip. 

And if you're worried about the data path, 
don't be. Our slim 24-pin Am2961 and 
Am2962 EDC Bus Buffers solve the com-

plete interface problem between the RAM , 
the EDC unit and the system data bus. 

There's just no easier, cheaper, faster way 
to find and fix errors than the Am2960. 

Bipolar LSI: 
The Simple Solution. 

Our new Am2960 family of bipolar LSI 
and interface dynamic memory support 
devices will help you maximize your sys
tem's performance and reliability, minimize 
its chip count and cost. 

And you won't find higher quality parts. 
Every single part we make meets or exceeds 
INT•STD•l23. Guaranteed. 

Advanced Micro Devices ~ 
901 Thompson Place, Sunnyvale, CA 94086 · (408) 732-2400 
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System/34 using IBM 3101 display ter
minals and printers. The minicomputer 
connects to System/34 via a single 9600-
bit/s link using SDLC protocol, and ap
pears as a set of multidropped worksta
tion clusters. Sixteen terminal/printer 
workstations can be connected to a 
single System/34 communications port. 
Software performs protocol conversion 

between the SNA and X.25 network pro
tocols, and between the 5251 and 3101 
display formatting commands. 

As many as four Systern/34s may be 
connected to a single GATEWAY /34 front 
end. The destination System/34 can be 
selected by user command when a 
remote terminal connects to the front 
end. The computers may be connected 

Bright, .bold bar graphs by Burroughs. Easy to read up close or from across the 
room. Analog displays with digital accuracy; 1/2%, 1 % and 3 degree increment 
models available. Being bought by the thousands for applications from process 
control to automotive to instrumentation. Ready now for fast delivery. Get the 
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full story. Call or write for the name of your nearest 
representative. 

Burroughs OEM Marketing, Burroughs Place, Detroit, MI 
48232. (313) 972-8031. East Coast: (201) 757-5000. Central 
U.S.: (612) 932-3800. West Coast: (714) 835-7335. In Europe, 
Langwood House, High Street, Rickmansworth, Hertford
shire, England. Telephone Rickmansworth (09237) 70545. 

Burroughs 

CIRCLE 27 ON INQUIRY CARD 

to the processor via direct local cable, or 
by dial-up or leased lines. 

The company's X.25 communications 
software has been certified for operation 
on both GTE-Telenet or Tymnet at 
speeds to 9600 bits/s. The processor can 
be simultaneously connected to multiple 
public packet networks. 
Circle 325 on Inquiry Card 

300-baud modem 
features integral 
autodial and autoanswer 

Srnartrnodern is an FCC-approved direct 
connect device that enables RS-232-C com
patible computers or terminals to com
municate with other computers or time
sharing systems via the public switched 
telephone network. The modern, a pro
duct of Hayes Microcomputer Products 
Inc, 5835 Peachtree Corners E, Nor
cross, GA 30092, can be program con
trolled in any language by ASCII char
acter strings. Intelligence is provided by 
a zs microprocessor with a 2k-byte con
trol program. 

All circuits required for autodial and 
autoanswer functions are built into the 
unit, eliminating the need for auxiliary 
equipment. Dialing can be either Touch
ToneR or pulse; both modes can be com
bined within a command. A pulse can be 
used to access a PBX with Touch
Tone picking up access to the outside 
number when the second dial tone is 
received. An audio monitor follows the 
progress of a call and alerts to wrong 
numbers and busy signals. A repeat 
command automatically redials the 
number at any time when a busy signal is 
encountered. 

Operation is full- or half-duplex at 
0- to 300-baud data rates. The unit is Bell 
103 compatible. Data format is serial, 
binary, asynchronous, 7 or 8 data bits, 1 
or 2 stop bits, and odd, even, or no 
parity. Unique ''Set'' commands allow 
selection and change of such operational 
parameters as dialing speed, escape code 
character, and number of rings to re
s pond to. Receive sensitivity is 
- 50 dBm and transmit level - 10 dBm. 

Seven option switches control power
on default options, four of which can be 
overridden by software command. 
Operational status of the unit is indi
cated by front panel LEDs. The modern 
measures 1.5 x 5.5 x 9.6" (3.8 x 14 x 
24.4 cm). It connects to the telephone 
network via modulator jacks RJllW, 
RJllC, RJ12W, RJ12C, RJ13W, or RJ13C. 
Circle 326 on Inquiry Card 
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THE STD BUS PEOPLE. 
INTERSlt:S SYSTEMS DIVISION 

ANNOUNCES A SPECTRUM OF STD 
BUS CARDS - OFF THE SHELF. 

From the people whose total systems 
shipments to date have exceeded seven 
billion bytes of memory. The same people 
who've made a reputation in ultra-reliable 
cards and systems over the last ten years: 
lntersil's Systems Division. 

Now introducing a broad new spec
trum of STD BUS products. All available 
right now. And all truly STD BUS compat
ible. So you can mix and match cards with 
no surprises. 

Plus, you can have your choice of 
microprocessors : 8085 or Z80. Either way, 
you get total compatibility throughout 
the family. 

Z80 CPU Card (ISB-3100) 
8085 CPU Card (ISB-3110) 
16K x 8 CMOS Memory Card (ISB-3216) 
Parallel Input Card (ISB-3310) 
Parallel Output Card (ISB-3320) 
Floppy Disk Control Card (ISB-3400) 
Triac Output Card (ISB-3500) 
Opto-isolated Input Card (ISB-3510) 
Reed Relay Output Card (ISB-3520) 
Hardware Arithmetic Card (ISB-3600) 
Sync/ Async Communications Card (ISB-3700) 

AND A SPECTRUM OF SOFTWARE 
PRODUCTS - OFF T HE SHELF. 

No, we didn't forget software. And we 
didn't forget that you need it now. Every
thing from DOS to PASCAL-off the shelf. 

CP/M C!! Disk Operating System (ICP/M) 
including text editor; assembler; debug, 
and disk and terminal 110 handlers 

Macro Assembler (/MAC) 
FORTRAN Compiler and Library (/FORT) 
BASIC Compiler (IBASC) 
BASIC Interpreter (!BAS/) 
PASCAL Compiler (IPASC) 
Firmware Monitor (IFMON) 

®Trademark of Digital Research, Inc. 

DEVELOPMENT SYSTEMS AND 
MUCH MORE -VERY SOON. 

Were not stopping now. Because were 
committed to having the biggest and best 
line of STD BUS cards in the business. 

So in the very near future well be 
announcing a number of major additions 
to the family. Including parallel 1/0. A/D 
and D/A cards. A PRO M-burner card. 
A bit-oriented dual-channel synchronous 
communications card. A remote data 
acquisition controller card. Three new 
memory cards and more. 

On the software side, we'll be 
introducing a firmware development sys
tem, including monitor, assembler and 
editor, PROM-burning software and multi
tasking control monitor. 

And tying it all together there'll be a 
start-up designer's kit - plus a full-fledged 
STD BUS development system. So stay 
close and watch for more good news. 

AVAILABILITY: NOW. 
PRICING: GREAT! 

Like we said, our stock is on the shelf. 
You can call and check that out. 

And our pricing? Competitive. 
Very competitive. 

CALL OUR HOT LINE: 
(408) 743-4442. 

That's the number to call. To place an 
order or to get a full packet of our STD 
BUS literature super fast. Or call any one 
of our distributors directly: Anthem, 
Arrow, RAE. Industrial Electronics Ltd., 
or Zentronics. 

Or simply send in the coupon -
to the STD BUS People: lntersil Systems 
Division. 
,--------------------1 

! D D I 
I 

1 SYSTEMS DIVISION 
I Marketing Department, 1275 Hammer
: wood Ave ., Sunnyvale, CA 94086 
I Tel : (408) 743 -4300 or Ho t Line: (408) 743-4442. 
I 
I 
I 
I 
I 

Please tell me mor e 1 

_ISB-3100 _ ISB-3320 
_ISB-3110 _ ISB3400 
_ISB-3216 _ ISB-3500 
_ISB-3310 _ISB 3510 

_ISB 3520 
_ISB 3600 
_ ISB 3700 

Name/Tr tle _________ _ 

Company __________ _ 

Address __________ _ 

Cr ty/Statc/Zrp ________ _ 

Phone __________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I My program sta r ted/wrll stat"! I 
I I antrcrpate an annual usage of cards. I 
L __________________ ~~~I 



TECHNOLOGY REVIEW · 

32-hit minicomputer gains power from separate 
instruction/ execution units 

DIAGNOSTIC LINK 

DIAGNOSTIC 
PROCESSOR 

MP BUS 

110 
PROCESSOR 

8-LINE 
ASYNC 
CO MM 
MUX 

~ 
8 FDX / HDX 

ASYNC 
LINES 

Designed with pipelined instruction 
execution , alterable control store , 
cache memory, and separate 1/0 and 
diagnostic processors , CONCEPT 

Designed for reliability and perfor
mance, the CONCEPT 32/87 challenges 
other processors in its category by per
forming more than 3.6M instructions/ s 
(MIPS) . Architecturally, the system, 
designed by Systems Engineering Lab
oratories, Inc, a subsidiary of Gould 
Inc, 6901 W Sunrise Blvd, Fort Lauder
dale, FL 33313 , offers separate instruc
tion and execution units and associative 
cache memory. Mainframe performance 
is made possible by incorporating an ECL 
lOk CPU with a 75-ns cycle time, 4-way 
set associative cache memory, hier
archical memory system, alterable con
trol store, and 4-way instruction 
pipeline. 
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} 
4 EXTERNAL 
INTERRUPTS 

D BASIC SYSTEM 

D OPTIONAL EQUIPMENT 

256k-BYTE 
INTEGRATED 

MEMORY 
MODULE !Bl 

32/87 provides transfer rate of 26M 
bytes/s over synchronous bus connect
ing high speed 1/0 devices, 1/0 pro
cessor, and main memory 

The system is built around the high 
speed synchronous SelBUS, with a 
transfer rate of 26.67M bytes/s. All high 
performance 110 devices, 110 processor, 
and main memory reside on this bus. A 
medium-speed asynchronous 110 bus, 
the multipurpose (MP) bus transfers data 
at a rate of up to l.5M bytes/s under 
control of the 110 processor (IOP). Up to 
16 device controllers with a total of up to 
124 110 devices can exist on the bus at 
any time. 

Implemented in 10,000 series ECL that 
supplies fast gate switching times, the 
CPU outperforms units built using tradi
tional technologies. Functional units 
within the CPU are connected by internal 

buses that boast 75-ns bus cycle times. 
During each 75-ns cycle, four macro
instructions are in various phases of exe
cution, increasing the effective through
put of the CPU and the system. 

Of particular significance in the unit's 
instruction set are eight bit
manipulation instructions that provide 
capability to selectively set, zero, add, or 
test any bit in memory or a register . 
They also provide interprocessor 
semaphore capability in multiprocessor 
configurations. The floating point pro
cessor, an integral part of the CPU, is a 
high speed, ECL based computational 
processor with 64-bit wide buses to 
achieve high speed, single- and double
precision floating point operations. 

A hierarchical memory system in
creases system performance. Each level 
is successively faster than the one below, 
with the CPU exchanging data with the 
16k- or 32k-byte cache. The 90% hit 
ratio of the cache combined with main 
memory, which is capable of providing 
double-word fetches to the CPU and 
cache in 1050 ns, deliver words from 
main memory to the CPU in 94.5 to 
153 ns. 

Main memory, consisting of a single 
board with 256k-byte MOS RAM, memory 
controller, error correction logic, and 
refresh circuitry, interfaces directly with 
the SelBUS. By overlapping two read 
cycles, it permits read to be initiated 
every 300 ns . The computer supports up 
to 16M bytes of physical memory. 

The IOP operates independently of 
and in parallel to the CPU to increase CPU 
availability and system performance. A 
single IOP handles 16 device controllers 
supporting a total of 124 devices on a 
single MP bus. 

The system runs under the MPX-32 
operating system, a mapped executive 
that addresses memory in mapped non
extended, or mapped extended modes. 
A memory protect system secures up to 
256 individual granules of 2k bytes each. 
Extended 110 protocols associated with 
the system's dual-bus architecture sup
port 16M-byte addressing, command 
chaining, and data chaining to provide a 
powerful 110 system. Modem support 
supplies communications processing 
capabilities . 

In benchmark tests, the system has 
performed 3604k Whetstone I instruc
tions/ s running FORTRAN 77 + on a 
lM-byte system with SOM-byte disc. 
This performance is coupled with com
prehensive diagnostic and maintenance 
support to meet demands of scientific, 
engineering, and mainframe offload 
applications. 
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8-inch Winchester Multi-User Systems. Now In Volume- $8,500. 

Altos is delivering the cream of the 
crop with their new 8-inch multi-user 
Winchester disk systems. They're 
freshly packed with the quality 
features you expect from Altos, and 
at a price you expect from Altos. 
too-just $8.500. 

Pick from two fully integrated 
systems. each packaged in our new 
compact, stylish cabinet suitable for 
either rack mount or table top 
applications. You get 10 MBytes of 
reliable on-line storage in our 8-inch 
Winchester drives. Then for system 
back-up storage. you can select from 

System 
Software 

SYSTEMS PICTURED: 

Floppy Disks: 
.5Mb-1Mb 
Mag Thpe: 17Mb 

ACSS000-10 (10Mb HD+ 1 floppy) $ 8.500 
ACSS000-10/MTU (10Mb HD+ DEi MagThpe) $10,990 

either 8-inch. single or double-sided 
floppy drives (ACS8000-10 and -100) 
or a %-inch magnetic tape drive 
(ACS8000-10/ MTU). And for powerful 
performance. all of these Z80Nbased 
systems come complete with 208K 
of RAM and 6 programmable serial 
ports. ready to support four users. 

Here's the most bountiful 
selection of systems and capacities in 
the field from the company that 
knows how to deliver quality systems 
in the volumes that OEMs need to 
stay competitive. 

And Altos supports these 
systems with a broad software 
selection including the three industry 
standard operating systems-CP/M, 
multi-user MP/ M** and OASISt. 
These operating systems support 
seven high level programming 
languages: BASIC, FORTRAN. COBOL, 
PASCAL. APL. PL/1 and C. Also 
available are comprehensive 
communications packages: ASYNC
Altos-to-Altos. BISYNC-Altos-to
mainframe and full networking with 
CP/NET. All are designed to run on a 
high speed 800 Kilobaud networking 
channel-standard with every 
system. 

The ACS8000-10 Winchester 
systems join our growing family of 
field-proven products. In just three 

, years. more than 8.000 systems 
have been shipped to an OEM 
customer-base. 

Get to market fast. Harvest 
your 8-inch Winchester system direct 
from the heart of Silicon Valley. Call 
or write today for specific product 
information and OEM pricing. Altos 
Computer Systems. 2360 Bering 
Drive. San Jose, CA 95131, (408) 
946-6700. Tulex 171562 ALTOS SNJ . 

CIRCLE 30 ON INQUIRY CARD 

Packed with 
Fresh Ideas 

(Ali:O)) 
COMPUTER SYSTEMS 

'ZBOA is a registered trademark of Zilog . Inc. 
• 'CP/ M and MP/ Mare registered trademarks of Digital Research. Inc. 
tOASIS is a registered trademark of Phase One Systems . Inc. 
:j:datapro is a registera:l trademark of Datapro Research Corp. 

© 1981 Altos Computer Systems 



VRC: Memory Products for 



Systems that Can't Stand Failure 
From Alaska to Australia, from an arctic climate 
to a tropical environment, from petrochemical site to 
power generating plants, from telecommunication net
works to life safety systems, in more than 30 coun
tries worldwide, Vermont Research provides the 
building blocks of memory systems. The VRC® 4016 
Drum Memory is as reliable on the North Slope as it 
is in the protected environment of a hospital. For 
telecommunications, data entry, news editing and 
typesetting, petrochemical and textile processing, VRC 
memory devices provide a measure of performance 
our customers build reputations on. 

WE FIT IN PRACTICALLY ANYWHERE 
With our plug-compatible interfaces, the VRC 4016 
can provide rapid access, mass storage capacity and 
reliability for any host computer at a low per-bit cost. 
Its compact, rugged design provides up to 37.9 million 
bits of non-volatile storage capacity with an access 
time of 8.5 milli-seconds, yet requires only a 12 114 " x 
17V2" x 22" compartment space. Data reliability is 
enhanced by uniform bit density and constant media 
thickness over a single recording surface. Demon
strated MTBF is over 28,000 hours. 

The design life of the VRC 4016 is ten years. Add 
the storage economy of .035 cents-per-bit, Mean-Time
To-Repair of less than one hour, and you have a cost
effective, reliable mass storage system. One that of
fers more than any solid-state or disc device of equal 
storage capacity. 

VRC 4016 37.9 million bits of storage 

Vermont Research has been solving some of 
the world's most demanding storage problems with 
reliable products. For more information, contact: 
VRC, Precision Park, North Springfield, VT 05150. 
Call: 802/886-2256. 

,., VERMONT RESEARCH CORP. 
,, • .., VERMONT RESEARCH LTD. 

Building products that build reputations 
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Removable cartridge adds 
4M-hytes capacity to 
5.25" Winchester drive 

Fixed portion of MIKRO-DISC V Win
chester disc drive (left) stores 2M or 4M 
bytes . Cartridge portion of unit (right) uses 
Winchest er technology to provide addi
tional 2M- or 4M-bytes capacity . Together 
units match dimensions of standard 5 .25" 
(13.34-cm) floppy drive 

Using a removable cartridge to store an 
additional 2M or 4M bytes, MIKRO

msc v offers the convenience of a 
removable disc cartridge in the space of 
a standard mini-floppy. The 5.25" 
(13.34-cm) Winchester disc drive from 
New World Computer Co, 317 6 
Pullman St, #120, Costa Mesa, CA 
92626, supplies bubble memory perfor
mance using a proprietary low mass 
multiple-head assembly. 

The removable cartridge is a hermeti
cally sealed package complete with 
multiple-head assembly, media, and ac
tuator positioner. This package 
measures 5.75 x 7.8 x 1 11 (14.6 x 19.8 x 
2.5 cm) and weighs 1.5 lb (0. 7 kg). 

Head assembly used in the drives pro
vides 8 or 16 read/write heads. Because 
of the positioning of the assembly, the 
capacity of a standard 5.25 11 (13.34-cm) 
floppy drive is under the heads at any 
given time. Access time from one 
cylinder to another is 5 ms; average ac
cess time is 8.3 ms. Data transfers occur 
at a 6.25M-bit/s rate. 

Reliability figures cited for the units 
claim soft error rates of 1 in 1010 

bits/head, 1 in 1012 bits/head hard er
rors, and 1 in 106 accesses for seek errors 
for both disc and cartridge. Fixed and 
removable drives both give lOOOJo copy 
up/down capability and ensure reli
ability and portability through the head 
lifting feature that automatically lifts the 
heads from the disc surface during 
power down. 

Drives are available in five versions. 
Model 210 offers 2M bytes of fixed 
storage; the ,4/ 0 offers 4M bytes fixed. 
Model 212 provides 2M bytes of fixed 
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and 2M bytes of removable storage; 412, 

4M bytes fixed, 2M removable; and 4/4, 

4M fixed with 4M removable. 
Two interfaces are available. One 

takes advantage of the drive's perfor
mance, directly addressing up to 32 
heads at once and providing 450k bytes 
of data and an average rotational latency 
of 8 ns. The other maintains com
patibility with Seagate or Shugart drives. 
Circle 352 on Inquiry Card 

Low cost, portable dual-trace 
scopes achieve· 60 MHz 

Dual-trace, delayed sweep oscilloscopes 
that achieve 60 MHz at 20 m V to 10 V 
and 50 MHz at 2-, 5-, and 10-mV set
tings, models 2213 and 2215 have a maxi
mum sweep speed of 5 ns/ div. Designed 
to meet growing needs for units in the 
low to mid performance range, the in
struments were developed by Tektronix 
Inc, PO Box 500, Beaverton, OR 97077, 
to off er increased performance at lower 
cost. 

The scopes incorporate advanced 
systems for easy triggering. A vertical 
mode system triggers on asynchronous 
signals in dual-channel alternate opera
tion and uses enhanced auto-triggering 
to minimize the time consuming ad
justments. TV line and field triggering 
off er a wide range of video m~asure
ments, and variable hold-off gives stable 
triggering on long or complex analog 
and digital signals. Position insensitive 
triggering provides easy waveform posi
tioning without affecting the triggers. 
· The 2213, with a single time base, has a 

screen calibrated delayed sweep with 30Jo 
accuracy and an intensified sweep. The 
2215 has a dual time base with l.50Jo delay 
time accuracy and includes alternate 
sweep switching, A/B sweep separation 
control, and B triggering after delay for 
jitter free delayed time measurements. 
Both instruments also provide Z-axis in
put, front panel trace rotation, and 
beam finder controls. Fewer operator 
CRT adjustments are required because 
the scopes have auto intensity and auto 
focus. A and B sweeps are maintained at 
nearly the same intensity regardless of 
changes in sweep speeds. 

Designed for high · performance, ease 
of use, serviceability, and reliability, the 
scopes have 65 OJo fewer mechanical 

(continued on page 57) 

Where to buy 
an Intel memory system: 

Alliance Electronics, Inc. 
Albuquerque, New Mexico 

(505) 292-3360 

Almac/ Stroum Electronics 
Seattle, Washington 

(206) 763-2300 

Arrow Electronics 
Farmingdale, New York 

(516) 694-6800 

Component Specialities, Inc. 
Houston, Texas 
(713) 771-7237 

Hamilton/ Avnet Electronics 
Culver City, California 

(213) 558-2193 

Harvey Electronics 
Woodbury, New York 

(516) 932-8920 

Industrial Components 
Minneapolis, Minnesota 

(612) 831-2666 

L. A. Varah 
Hamilton , Ontario 

Canada 
(416) 561-9311 

Measurement Technology 
Sales Corp. 

Greatneck, New York 
(516) 932-8920 

Mesa 
Gaithersburg, Maryland 

(301 ) 948 -4350 

Pioneer /Cleveland 
Cleveland, Ohio 
(216) 587-3600 

Pioneer / Dayton 
Dayton , Ohio 

(513) 236-9900 

Pioneer /Washington 
Gaithersburg, Maryland 

(301) 948-0710 

Wyle Distribution Group 
El Segundo, California 

(213) 322-3826 

Zentronics 
Mississauga, Ontario 

Canada 
(416) 676 -9000 

Listed are the main 
offices of our distributor 
network. For your local 

office, please consult the 
Yellow Pages. 



In case of memory loss, 
ifi nice to have a number you can call. 

Any independent supplier can save 
you a bundle on add-in/on memories 
for your DEC minicomputer. 

But now, there's one that offers you 
more than a bargain , a handshake and 
a piece of paper good for a year. 

It's us, Intel. 
Need on-site memory service and 

installation? With our boards, it's always 
available. By convenient fixed-cost 
contracts. 

They offer you the sensible luxury 
of a qualified technician who can 
isolate the problem in a hurry. Whether 
you 're in mid Manhattan or outer 
Osawatomie (we have over 50 service 
centers in the United States, Canada 
and Europe). 

If you have your own service force, 
we can stand behind them, too. 

With off-the-shelf replacement 
boards (90% are on their way to 
you within 24 hours) . Flat rates that 
won't catch your budget by surprise. 

And 
whatever 
else we 
can do 
to keep 
your DEC 
system producing 
be it a VAX 750 (in 
which case, you 'll want our 
MU-5750) , 780 (MU-5780), 
or a number of PDP-11's (add-in 
CM-5044 for 11/44, 11/34, 11/04; or 
add-on IN-1671 for 11/70). 

And when you need our attention 
at the snap of a finger, just pick up our 
toll-free service hot line. 

That's a lot of support. Exactly what 
you 'd expect from a company with 
ten years of reliable leadership in the 
business. Providing Data General as 
well as DEC memories. Plus standard 
and custom memory systems. 

To find out how to expand your VAX, 
PDP or Eclipse system - with a memory 

CIRCLE 32 ON INQUIRY CARD 

supplier you know you 
can depend on -

contact your 
local Intel 

distributor 
(listed at left). 

Or call our toll
free sales number: 

800-538-1876 (In 
Calif .: 408-734 -8102 , 

extension 506) . 
Now, before it slips 

your mind . 
DEC. PDP and VAX are trademarks of D1g1tal Equipment 
Corp , ECLIPSE 1s a trademark of Data General Co;p 

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 D1stnbullon Group, Zentronics 

l•nt,..... lijeliv~rs 
1 ~solutions 



The Lexidata System 3400 Display 
Processor and full line of interactive 
peripheral devices are designed spe
cifically for OEMs and sophisticated 
end-users. The System 3400, rapidly 
becoming the leader, with over 1,000 
units shipped to date, possesses the 
product characteristics required by 
this demanding customer group. 
•System 3400 performance is truly 
outstanding. Only the System 3400 
offers 1280x1024 resolution at 60Hz 
non-interlaced black-and-white and 
grayscale capability, or 880x704 reso
lution at 60Hz non-interlaced color. 
Our programmable lookup tables are 
the industry standard of performance. 
Double buffered memories or multi
ple lookup tables with bank switchable 

memories and processor features, 
such as pan/zoom and 4K WCS, 
are available. 
•System 3400 quality satisfies the 
requirements of Fortune 500 com
panies, the leading CAD/CAM 
systems vendors and military and 
government contractors. We con
tinue to focus on quality because we 
believe that quality and cost effec
tiveness are closely related. 
•System 3400 flexibility ensures a 
configuration to meet the exact 
requirements of each customer. The 
System 3400 offers a complete range 
of OEM configurations, starting from 
$7,540, including monitor. 
•System 3400 software provides a 
high-level language user-interface to 

execute graphics and imaging func
tions. The powerful subroutine 
library streamlines application soft
ware development and facilitates 
user interaction. 
•System 3400 cost effectiveness 
enables even price-sensitive OEMs 
to configure a highly competitive 
product. You will be able to maximize 
your value-added contribution 
and optimize your overall system 
performance. 

For more details, call (617) 663-8550 
or write to us at 755 Middlesex Turnpike, 
Billerica, MA 01865. TWX 710-347-1574. 

LEXI DATA 
CORPORATION 



parts, and 90% less cabling than the in
struments they replace. A high efficiency 
power supply design reduces power con
sumption and eliminates the need for 
line voltage selection switches (units 
operate from 90 to 250 Vac, 48 to 
62 Hz). 

User convenience is improved using 
two probes designed for the series. These 
probes provide full bandwidth 
measurements at the probe tip and are 
lightweight with flexible cable for conve
nience. An IC grabber tip provides 
precise, accurate, in-circuit IC connec
tions. 

The series is designed to replace the 
T900 line (except for T912 and T932A), and 
the Telequipment line, 442 and 445. The 
units weigh 13.5 lb (6.1 kg). With op
tional pouch, probes, and protective 
front panel cover they weigh 15 lb 
(6.8 kg) each. The 2213 is priced at $1100 
and the 2215 at $1400. 

TO MI CROPHONE 
OR EXTERNAL 
PREAMPLIFIER 

PROGRA MMABLE 

FILTER 
NETWORK 

( 16 CHANNELS) 

Board level voice units 
supply high accuracy, 
low cost recognition 

Voice recognition units supply high ac
curacy voice input capability for integra
tion into various systems. The devices, 
available from Interstate Electronics 
Corp, Voice Products Operation, 1001 E 
Ball Rd, Anaheim, CA 92803, lower 
data entry costs and enable higher ac
curacy, while allowing the operator a 
wide range of movement. 

Included in the line are the VRTIOI, a 
fully integrated intelligent voice recogni
tion terminal, and the VRT200, an add-on 
voice recognition capability for Lear 
Siegler ADM3A and ADM5 video displays. 
Board level products include a VRQ400 
Q-bus board and a VTM 150 Multibus 
board that off er 1500 words of voice 
response. 

8 BIT ADC 
AND 

MULTIPLEXER 

1---
~---~(RECO~~ ITIO N)I 
ASYN~~~~~ous KEYBOARD I 
AND RS 232 C 

I 0 SERIAL 
PORT Z80 

PROCESSOR 

MICRO PROCE SSOR 

BAUD RATE 
• 16 

I '0 ADAPTER. (MAINTENAN CE 

Combining dual zso processors and 
48k-byte memory with an 80-char by 
25-line display, keyboard, floppy drive, 
and 100-word voice recognition module 
(VRM), the VRTlOl accepts and processes 
input data from either the keyboard or 
the voice unit. One microprocessor ser
vices display and keyboard while the se
cond serves as a programmable host 
computer. The host CPU is supplied with 
48k bytes of RAM and two serial RS-232-C 
ports for communication to central host, 
printer, or telecommunications channel. 

Speech input is analyzed by a 
16-channel spectrum analyzer and con
verted to a digital representation of the 
characteristics of the spoken input. This 
digital data is then converted to a fixed 
size pattern that preserves the informa
tion content of the spoken inputs while 
discarding redundant features. During 
word training, these patterns are used to 

(continued on page 58) 

Integrating voice recogni 
tion in a diskette based ter
minal , VRT101 combines 
dual zao microprocessors 
and intelligent CRT display 
with 1 00 -word voice 
recognition module . Unit 

----------, STATIC RAM 
8k BYTES 

(CMOS) 

PARALLEL I 0 ONL Y) 
AND >---------~ 

REALTIME Z89 PARALL EL 
CLOCK BUS 

SERIAL 1 accepts and processes data 
SERIAL 2 independently from either 

.___ _ _ FLOPPIE S keyboard or voice source 

MAN UAL 
DATA 

INPUT 

DISPLAY 
24 LINES 

x 80 CHAR 

KEYBOARD 
60 ALPHANUMERI C ---.,---~ 

12 FUNCTIONS 

EPROM 
4k BYTES 

SERIAL 
ASYNCHRONOUS 
AND RS-232-C 

1/ 0 

BAUD RATE 
x 16 

BAUD RAH: 
GENERAlOR 

ADDRESS 
DECODING 

(8) 

L ___ _ 
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derive templates for each vocabulary 
item. The templates are then used for 
comparison with incoming spoken 
words. Recognition capability is ac
complished without use of the zso host 
processor or its RAM, therefore the VRM 
has no impact on the host's capabilities . 
This dual PC board automatic speech 
recognizer consists of a microprocessor , 
8k bytes of ROM, 8k bytes of RAM for 
reference pattern storage, analog cir
cuitry for speech spectrum analysis, and 
interface electronics . 

The terminal supports the CP/M 
operating system and standard utility 
programs. Voice functions are provided 
via the VOICE utility program. Utility 
software enhances system design and 
through adaptive training, minimizes the 
need for end user knowledge of training 
and system optimization. 

Designed for use in Lear Siegler 
ADM 3A and 5 video displays, the VRT 200 

is a total hardware/software system 
designed to install without modification 
to existing software. All logic necessary 
to recognize 100 words with 990Jo + ac
curacy is on a single board that installs 
without special tools. 

A speaker dependent device, the 
board requires vocabulary training for 
each user. Once a reference pattern is 
built, it can be uploaded to the host's 
mass storage, then downloaded as 
needed. All voice specific functions in
cluding vocabulary definition and train
ing, reject threshold control, and an 
editor to support creation and modifica
tion of application vocabularies, are on 
the board. 

The Q-bus VRQ400 module provides ac
curate recognition of a 100-word vo
cabulary on command of an LSI-I I host. 
The module, housed in a quad module 
board slot, contains all logic and 
memory necessary to perform training, 
word recognition, and communication 
protocol independent of the user's 
operation mode. Compatible with DEC 
software using RT-I I, support software 
augments the VTI03 terminal by permit
ting voice input while retaining 
keyboard and display capabilities. 

In addition to an interface between 
the Q-bus and voice recognition logic, 
the board provides the logic and buff er 
registers necessary for program con
trolled parallel 8-bit data transfers. The 
interface provides selection and 
decoding of user selected 16-bit device 
address and transfers data to and from 
the Q-bus. 
Circle 354 on Inquiry Card 
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Dr ive uses hard disc 
techniques to store 
8M bytes on flop py media 

MICROPROCESSOR 

-[
DATA 

INPUTS 
GATE 

CORRECTION 

AMPLIFIER 

Storing SM bytes on two standard disk
ettes, model 899 uses track fol lowing 
embedded servo technology to achieve 

A high density dual-head/dual-diskette 
drive, model 899 reads 150 tracks/in 
(59 /cm) from standard diskettes. In the 
drive PerSci, Inc, 12210 Nebraska Ave, 
West Los Angeles, CA 90025, has im
plemented track following embedded 
servo technology to assure reliability and 
media interchangeability. 

Storing data on both sides of two 
diskettes, the drive has unformatted 
data capability of 8.4M bytes using MFM 
recording. The unit's voice coil position
ing system provides the precision 
necessary to achieve this high density. 
Precision of the positioner allows imple
mentation of embedded servo tech
nology and provides a full stroke seek in 
less than 100 ms. 

The track following system uses an 
embedded servo recorded on the diskette 
as opposed to a temperature compensa
tion servo. The track following system 
allows for correction and update of the 
servos 32 times per revolution. As a 
result, the drive heads can follow even 
elliptical variations in media tracks, 
assuring reliability and complete media 
interchangeability between all drives. 

Microprocessor control gives op
timum acceleration and deceleration 
movement of the read/write heads 
resulting in minimum time between any 

READ 
COMPENSATI ON 

POSITION 
ERROR 

DECODER 

DATA 
DECODER 

SECTOR 
PULSES 
INDEX 
PULSES 

1 50 t rack/in density in drive that 
matches st andard floppy form factor 

two tracks. Critical damping is applied 
as the final position is approached to 
eliminate the need for additional head 

·settling time. The unit 's patented read 
amplifier overcomes the effects of media 
distortion. It will change equalization 
characteristics to optimize performance 
for each data track. 
Circ le 3 55 on Inquiry Card 

Realtime functional 
hoard tester handles 
VLSI devices 

FASTPROBE System I performs realtime 
functional testing and guided pro°b1e 
fault isolation on boards and systems 
that are too complex for conventional 
ATE. Specifically designed for functional 
testing of PC boards and systems based 
on microprocessors and VLSI peripheral 
components, the equipment, introduced 
by Millennium Systems, Inc, 109050 
Pruneridge Ave, Cupertino, CA 95014, 
provides computer aided test generation, 
computer controlled functional testing, 
and guided probe fault isolation of 
microprocessor based boards and 
systems. (continued on page 63) 
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Long the recognized leader in quality open-frame linears, 
Power-One is now setting the pace in switching power supplies. 

Our fast growing line of efficient high-performance switchers 
offer a combination of features not found in others at these low 
prices. Features such as fully regulated outputs, 115/230 VAC 
input capabilities, superior hold-up time, and totally enclosed 
packaging for enhanced safety. Additionally, these models 
incorporate many other innovative ideas that set our switchers 
apart ... while reflecting the same simplicity 
of design that has kept our open-frame lin
ears the most cost-effective in the industry. 

Best of all, Power-One switchers are 100% 
American built by Power-One personnel, at 

VOLTS AMPS 

5V 40A SKS-40 

12V 16.8A SK12-16.8 

15V 13.4A SK15-13.4 

24V 8.4A SK24-8.4 

28V 7.2A SK28-7.2 

VOLTS AMPS MODEL 

5V lOA SDS-10 

12V 4.2A SD12-4.2 

15V 3.4A SD15-3.4 

24V 2.lA SD24-2.1 

28V l.8A SD28-l.8 

SIZE: 2"H X 4.88"W X 6.25"L 

Power-One facilities, and under tough Power-One quality 
control standards. Adding up to total dependability at typical 
Power-One low prices. 

So check us out. See why we're leading the way again. This 
time in switchers. 

Send for our new '81 Catalog. Better yet, contact your local 
Power-One representative for immediate action. 

OUTPUT VOLTS AMPS 

#1 5V 20A 

#2 12V SA 
#3 -12V 3A 

#4 5V, 12V, 3.5A 

15V, or24V. 
USER 

SELECTABLE 

SIZE: 2"H X 4.88'W X 14''L 

MAX OUTPUT POWER: 150 WATTS 
CONTINUOUS, SUM OF ALL OUTPUTS 

150 WAITS - 4 OUTPUTS 
THE UNIVERSAL SHQ-150W 

VOLTS AMPS MODEL 

5V 20A SF5-20 

12V 8.4A SF12-8.4 

15V 6.7A SF15-6.7 

24V 4.2A SF24-4.2 

28V 3.6A SF28-3.6 

SEE EEM OR GOLDBOOK FOR OUR COMPLETE PRODUCT LISTING 
AND LOCATION OF YOUR NEAREST POWER-ONE REPRESENTATIVE. 

·BRe B.C. POU/er SUPPL/es 
POWE;R-ONE INC. • POWER ONE DRIVE • CAMARILLO, CA 93010 

PHONE: (805) 484-2806 • (805) 987-3891 • TWX: 910-336-1297 CIRCLE 34 ON INQUIRY CARD 





For connectors 
and cable systems ... 

Molex has tlle answer. 

IDT ... Insulation 
Displacement Technology. 

Planar cable technology was first 
developed to meet the aerospace 
industry 's need for lighter and more 
compact electronic systems packag
ing while enhancing electrical charac
teristics . Since then , it has evolved 
rapidly to its present level of devel
opment mainly because industry 
was quick to recognize the tremen
dous advantages it had to offer 
in an extremely wide variety of 
product applications . 

Now, Molex has taken the state-of
the-art one step further by joining 
connector technology and planar 
cable with fully automated termination 
equipment. This gives the designer, 
components engineer or production 
manager a totally integrated system 
capable of meeting the most exacting 
standards or adapting to the most 
demanding configurations. 

Today 's electrical or electronics 
manufacturer bases his selection of 
terminal connections on a number of 
key considerations: 
• Compact size to save space in 

high density situations . 
• Flexibility for greater durability and 

longer flex life. 
• Reliability for precision center-to

cente r spac ing critical to proper 
termination . 

• Performance in terms of 
mechanical properties 
and current carrying 
capabilities . 

• Versatility for adap
tion over a number 
of application uses. 

• Lower installa
tion cost to yield 
greater profitability. 

these goals ... and more. 
Over the years , Molex 

has developed the most 
complete and versatile line 
of mass terminated con
nector products available 
anywhere . Whether 
your interconnection 
requirements are for 
signal-level voltage or 
your application pre
sents a packag
ing density 
problem , Molex 's IDT 
system offers you a solution . And 
your options include discrete or 
planar cable terminations . . . or 
both, in the same connector . 

Cost savings up to 40% 
The Molex I OT system can 

lower your applied costs from 30% 
to 40% by replacing the strip-crimp
and-insert steps with one simulta
neous mass termination operation . 

But the connectors and cable are 
only half of the system. The 
greatest advantage the 
Molex IDT system of-
fers is the full range of 
application tooling ; from 
single-wire hand tools to fully 
automatic assembly machines 
for both discrete wire and cable 

assembly. 
For dis-
crete wire 

termination , 
we have an 

arbor-type 
press , a semi

automatic single wire 
terminat ing ma

chine, a har
ness boa rd as

sembly tool (com-

an automatic , multi-wire assem
bly machine. 

For cable termination , we can 
offer an arbor-type press, a 

semi-automatic terminator or a fully 
automatic cable assembly machine that 
will put connectors on one or both ends 
of cable or discrete wire of various 
lengths at the rate of up to 18,000 
terminations per hour. 

Many of these unique application tools 
are available for demonstration right in 

your own plant. Or, if you prefer , 
one of the Molex Equipment 

Demonstration Vans can pay 
you a visit and show you the 
complete array of tooling 
available to help you lower 

your costs . 

Molex and distributors 
offer you cable system 

assemblies. 

Molex offices and 
distributors world
wide have the 
equipment to 
manufacture your 
assemblies 
quickly and 
economically with 

in-stock products and materials . High 
volume OEM as
semblies can be 
manufactured to 
your specifica
tions and shipped 
directly from 
Molex . 

The Molex IDT cable and 
connector system lets you meet all 

Terminator pletely compat ible 

<1111 This automatic cable assembly 
machine puts connectors on 
one or both ends of various 
lengths of cable, discrete wire, 
or a combination of the two, at 
a rate of up to 18,000 
terminations per hour. 

with your present harness board) or 

r:'\® 
moleX ... Affordable Technology 

\ J For more information , call or wr ite : 
~ Molex Incorporated, 2222 Wellington Ct ., 

Lisle , Illinois 60532 (312) 969-4550 
CIRCLE 35 ON INQUIRY CARD 



This is the 3M Brand HCD-75 High Capacity Data 
Cartridge Drive. And the reason it's as intelligent as a computer 
is because it thinks like one . 

You see, unlike other back-up systems, the HCD-75 is 
interfaced directly with the primary system by means of 
sophi~ticated , microprocessor electronics. When the host 
computer has data to feed , the HCD-75 starts automatically. 
When the host computer stops, it does too. And since the 
HCD-75 also positions to any location, it not only saves tape 
cost but retrieval time as well. 

Of course the use of 
microprocessors allows the HCD-75 
to perform a number of other 
time-saving functions, too. Like 
block replacement, so you can easily 
correct errors or change files which 
pertain to updating . And fast random 
access which makes it useful both 
as an 1-0 device or as a storage unit 
for low-usage files. All of which 
relieves the host computer from 
difficult timing and formatting problems. 

What's more , the HCD-75 
features state-of-the-art error detection 
and correction capabilities . Even when 

the system is off-line, self-test diagnostic routines monitor 
its performance. And, combined with each of its high
capacity cartridges, the HCD-75 provides a full 67 
megabytes of formatted user information (144 mbytes 
unformatted). So costly operator interventions are sharply 
reduced . 

If you 're looking for a reliable, cost-effective solution to 
the problem of disk back-up, the 3M Brand HCD-75 High 

Capacity Data Cartridge Drive is the system 
you should be thinking about. 

Not only has a lot of thinking gone 
into it. But a lot of thinking comes out 

of it, too. 
For more information, check 

the listing on the next page for the 
representative nearest you. Or write : 
Data Recording Products 
Division/3M, Bldg. 223-5N 3M 
Center, St. Paul , MN 55144. 

The Back-up System 
That's Suddenly Way Out Front. 
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3M Data 
Cartridge Drive 
Representatives 
WEST 
Hefte Industries, Inc. 
Los Gatos, CA 
408/264-8319 
CTI Data Systems, Inc. 
Long Beach, CA 
213/426-7375 
PAR. Associates 
Denver, CO 
303/3 71-4140 

MIDWEST 
OASIS Sales Corporation 
Elk Grove Village , IL 
312/640-1850 
Carter, Mccormic & Pierce, Inc. 
Farmington, Ml 
313/477-7700 
Cahill , Schmitz & Cahill , Inc. 
St. Paul , MN 
612/646-7212 
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 
COL-INS-CO. , Inc. 
Orlando, FL 
305/423-7615 
Technical Sales Associates 
Gaithersburg, MD 
301 /258-9790 

CANADA 
3M Canada, Inc. 
P.O. Box 5757 
London, Ontario, N6A-4T1 

3M Hears You ... 

3IVI 

It uses incircuit emulation for func
tional testing and signature analysis for 
fault isolation. These techniques are ap
plicable to any board or system using a 
microprocessor. Functional testing is 
performed in realtime as is fault isola
tion. Marginal components within a 
system are detected and isolated. 

Consisting of an LSI-11123 host, video 
terminal, IM-byte disc storage, and 
model 4500 MicroSystem Analyzer test 
station, the system is modularly upgrad
able to a multistation test network. 
Shared resources in the multistation ver
sion include hard disc and test develop
ment station. 

Production testing can occur in two 
modes. The first uses all facilities of the 
system. The test station connects to the 
system under test via the microprocessor 
socket. Test routines transmitted from 
the host are executed out of the station's 
emulation memory; test results are trans
mitted from the station to the host, and 
the computer determines whether a 
board is good or bad. Bad boards are 
diagnosed using signature analysis. The 
computer displays a node to be probed 
on the station's display, the operator 
probes the node, and the signature is 
sent back to the computer for com
parison. The computer continues to read 
signatures and direct probing until the 
bad node is found. 

The second mode involves use of a 
standalone test station. Either the 4500 
supplied with the system or the 4000 port
able tester may be used. The system is 
used to burn test routines into 2708 or 
2716 P/ROMs, which can be inserted into 
sockets on the front panel of either 
tester. Tests are executed from the 
P/ROMs, and results are displayed on the 
tester display. The system also outputs 
fault trees that list the signatures for 
each possible data path and provide a 
semiautomatic means for isolating faults 
to the node level. 
Circle 356 on Inquiry Card 

Desktop computers increase 
processing speed, offer 
distributed capability 

Users gain 2 to 5 times more computa
tional power by using the multilanguage 
HP 9826A desktop computer and addi
tions to the HP 9845 system line. In addi
tion, Hewlett-Packard Co, Desktop 
Computer Div, Fort Collins, CO 80521, 
announced distributed systems cap
ability that enables the computers to 
become integral parts of the company's 

distributed systems network. The units 
off er increased processor power to 
enhance the personal productivity of 
users in computer aided test and 
engineering applications. 

Characteristics of the 9826A adapt it to 
use in computer aided test, while its 
computational speed makes it effective 
in computer aided engineering and 
manufacturing. Contributing to its 
speed and versatility are an internal 
MC68000 CPU with 8-MHz clock rate, and 
integral flexible disc drive. Built-in 
IEEE-488 capability simplifies configura
tion of computer controlled systems us
ing the interface. 

The unit has a 7" (18-cm) CRT with 10 
programmable soft keys whose labels 
can be displayed. It also provides 15 
levels of priority program interrupt and 
makes 512k bytes of memory available 
to the user. A data communications in
terface supplies both asynchronous pro
tocol and DSN data link protocol; 
IEEE-488 interface is built in. Graphics 
capability offered by the unit allows 
computation results to be displayed 
graphically on the CRT using a 400 x 
300-dot raster or to be converted to hard 
copy via an external printer or plotter. 

Designed for use with the computer, 
thermal printers off er 120-char Is 
bidirectional printing using flat fanfold 
paper. HP 2671A provides the 128-char 
ASCII set, line drawing character set, and 
Roman extension set for special national 
characters. In addition, the 26710 offers 
raster graphics with 90 dots/in (35/cm) 
resolution to produce dot for dot hard 
copies from the screen. The 2673A adds 
raster graphics functions and print and 
character set enhancement to features of 
the other printers. 

Additions to the 9845 computer line 
provide monochrome and color graphics 
displays. The monochromatic display 
can produce 17 shades of brightness for 
area fill; the color unit, 4913 distin
guishable colors of fill. The processors 
run computation intensive programs 
three times faster than previous versions. 
To achieve this, a microprogrammed bit 
slice processor replaces the language 
processing unit. 

Firmware/software for the units 
offers a data communications package 
that provides distributed system net
working, allowing desktop systems to 
link with HP 1000 or 3000 systems. Other 
packages include an assembly pro
grammer's translator utility and a plug
in ROM that supplies structured pro
gramming commands to increase pro
grammer productivity and facilitate soft
ware maintenance. 
Circle 357 on Inquiry Card 
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Desktop computer supplies 
both Winchester drive 
and cartridge tape backup 

Desktop computer SYST-23VTJ features a 
28M-byte 8 /1 (20-cm) Winchester drive 
with 0.25 /1 (0.64-cm) cartridge tape drive 
as backup. A companion to the LSl-11123 
based system, SYST-23VZJ is configured 
with 28M-byte 8 11 (20-cm) Winchester 
and IM-byte double-sided floppy. 

In the SYST-23VTJ, Plessey Peripheral 
Systems, 17466 Daimler, Irvine, CA 
92714, provides the power and storage 
capacity of a multiple-user system and 
the necessary backup for most data and 
word processing applications in a desk
top cabinet. The system uses the PDP-I I 
instruction set, 128k-byte memory, 8 11 

:20-cm) Winchester drive, and cartridge 
:ape backup. The Winchester subsystem 
uses the PM-FCV06 single-quad wide con
troller board and one 28M-byte 
PM-FDV06J Winchester fixed disc drive. 
The controller will interface up to four 
drives if additional capacity is needed. 
The 15M-byte cartridge tape subsystem, 
PM-csv11 satisfies backup requirements 
using removable DC300-type cartridge 
tape. Operating in streaming mode 
under software control the controller 
supports up to four tape drives. 
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High throughput system 
provides data analysis 
for discrete device testing 

T357 tests a broad range of device types, 
simplifies program generation, and sup
plies online data reduction. The discrete 
semiconductor test system's 64k 
memory permits job development 
without impacting throughput. The 
system also provides dual 3M tape drives 
and a comprehensive software package 
for use by inexperienced personnel. An 
improvement of the T347C from Tera
dyne, Inc, 35 Morrissey Blvd, Boston, 
MA 02125, the system can perform 
wafer probe, final test, quality 
assurance, incoming inspection, or 
evaluation on devices including bipolar 
transistors, diodes, SCRs, triacs, FETS, 
optocouplers, and transistor and diode 
arrays. 

The system has basic mainframe 
capabilities of 16 A for conducting tests 
and 400 V (600 V pulsed) for leakage and 
breakdown tests. Options extend these 
to 160 A and 2000 V for power device 
testing. A low current measurement 

option performs FET leakage measure
ments down to 100 fA with 10-fA resolu
tion. A thyristor testing option meets re
quirements for accurate thyristor testing 
including accurate, predictable, and 
clean test pulses preventing false trigger
ing due to dv/dt and variable test time 
for holding current testing. 

Device libraries permit users to 
prepare job plans from memory, 
shortening job preparation time. An 
online help list aids programmers by 
providing the name and function of all 
keyboard commands, names of all tests 
that may be used with each module, or 
names of all modules loaded in memory. 

Online data reduction performed by 
the system can be used to generate 
histograms, cumulative curves, or prob
ability curves graphically displaying lot 
variations as an aid to process control. 
Correlation analyses performed loga
rithmically over up to four decades be
tween two datalogged parameters permit 
accurate display of large dimensions of 
data that can cover decades of vah.Jes. 
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16-bit desktop computer 
offers alternative to 
timesharing mainframe 

Processing full ANSI FORTRAN 77 and 
Pascal software under its UNIX-like 
MERLIN operating system, the CTS-300 
offers the capabilities of a large mini
computer in a desktop package. 
Developed by Codata Systems Corp, 285 
N Wolfe Rd, Sunnyvale, CA 94086, the 
unit combines an M68000 CPU, 256k bytes 
of high speed cache memory, and in
telligent high speed control devices on 
one Multibus card. CRT and independent 
keyboard and floppy and Winchester 
disc drives are also incorporated. 

Significantly, the system directly ad
dresses up to 1.5M bytes of memory 
without segmentation. Programs can be 
up to l .5M bytes long. Because differen
tiation between code and data is 
dynamic and optional, there is no limit 
on FORTRAN array or Pascal procedure 
size. 

Software for the system includes ANSI
standard FORTRAN 77 and Pascal com
pilers so that software written for main
frames can run without change. A 68000 
assembler and linker allow Pascal and 
FORTRAN to be linked to assembly 
language programs. The FORTRAN com
piler has been benchmarked at 7000 
lines/min. 
Circle 360 on Inquiry Card 
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Until now, you thought only a fixed 
disk could give you the high capac
ity, speed and reliability your system 
needs. Until now, you were right. 

Before today, you were consider
ing buying a Winchester for mass 
storage, a floppy for 1/0 and a car
tridge for backup. Before today, you 
didn't have much choice. 

But now, you can get what you 
need in high capacity flexible disk 
drives-3.2, 6.4 and 8.4 Mbytes 
(with more on the way) from the 
world leader in high technology 
floppys -PerSci. Diskette drives 
that are their own 1/0 and their own 
backup so you buy just one drive, 
not three! 

And PerSci high density drives do 
not use exotic media or expensive 
cartridges like some you've been 
reading about. PerSci drives store 
more bytes than a floppy could ever 
store before on standard, off-the
shelf diskettes. 

How did PerSci do it? We started 
with voice coil positioning-the 
''big disk'' positioning technology 
which makes PerSci drives 3 to 6 
times faster than other floppys ( 1 ms 
track to track), far more precise in 
positioning and gives the drives reli
ability approaching hard disks. The 
unique accuracy of the voice coil 
has made it possible for PerSci to 
design a truly effective dual diskette 
drive-that is, two diskettes housed 
in one drive the size of a standard 

8 inch floppy. Add dual head tech
niques to that high reliability and 
you have two heads reading double 
density data on both sides of two 
diskettes in one compact package. 
In other words you have a Per Sci 
Model 299B with data storage of 3.2 
Mbytes - the perfect storage capac
ity for a wide variety of applications. 

And if you need twice as much 
data, PerSci has it in the Model 699 
diskette drive. The extreme preci
sion of the PerSci positioner has 
allowed PerSci to make the move to 
96 tpi (the first 8 inch drive to reach 
this density) with no major redesign. 
This means you get proven technol
ogy in a PerSci 6.4 Mbyte drive. 

To take the next capacity step 
PerSci has added to this proven high 
technology design the first true track 
following servo system ever to be 
implemented on a floppy disk drive. 
This unique system, so precise it can 
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follow even elliptical variations in 
media tracks, allows PerSci drives 
to store 8.4 Mbytes of data on 150 
tracks per inch with complete reli
ability on absolutely standard 
removable media. And this is just 
a sample of what this system can do. 

So before you spend money and 
time on Winchesters and low per
formance floppys and cartridge 
drives with multiple controllers 
(and before you start betting on tape 
for backup)-consider the alter
natives. PerSci drives are micro
processor based, have a patented 
hub and cone assembly for ultra
reliability and a unique low noise 
read amplifier. They have all the 
benefits you can expect from hard 
disks-with the removable, low 
cost, mailable, stackable floppy 
media that is the standard of the 
industry. So now that you've got a 
choice, choose a PerSci high density 
floppy-the Winchester alternative. 

Call or write today for informa
tion to PerSci, Inc., 12210 Nebraska 
Avenue, West Los Angeles, CA 90025. 
(213) 820-7613. Telex 687-444. 

Peripherals a 
Generation Ahead. 



Printer offers choice 
of operating speed and 
dot density 

variable speed TASKMASTER MVP2 adapts 
to virtually any printing application, in
cluding multitask operations, dis
tributed data networks, and heavy duty 
industrial uses. In the unit, Printronix, 
Inc, 17421 Derian Ave, Irvine, CA 
92713, has incorporated a number of 
technological innovations, including 
variable print speed operation with cor
responding dot densities, and a self
driven hammer shuttle assembly. 

Print speeds are operator or computer 
selectable for 80 lines/min with 100 x 
100 dots/in 2 (39 x 39/cm2

) for corres
pondence/word processing applications; 
150 lines/min with 60 x 72 dots/in 2 (24 x 
28/cm2

) for data processing output; and 
200 lines/min with 66.7 x 66.7 dots/in 2 

(26.3 x 26.3/cm 2
) for compressed 

character printing on smaller forms. 
The simple hammer spring in the 

mechanism provides higher impact 
energy than competitive units. This 
higher energy allows use of a larger dot 
size, even when printing on 6-part paper, 
so dots can be made to overlap at data 
processing print speeds. 

The characters of correspondence 
quality print are close together. A 13 x 9 
matrix produces solid, well-defined 
characters. Because of the hammer's 
high energy, word processing quality can 
be printed without reducing speed. 

The printer's self-driven shuttle 
mechanism features a linear motor inte
grated into the assembly. This allows the 
unit to operate at noise levels of less than 
60 dBa in a compact 12 x 20 x 24" (30 x 
51 x 61-cm) desktop size. Design of the 
integral shuttle moves the hammer bank 
from side to side across the paper a 
distance of less than 1" (2.5 cm). In this 
way, it creates a line of dots. The in
tegral linear motor and the energy
conserving reversal springs permit con
struction of a compact lightweight 
mechanism. 

Microprocessor control permits the 
host computer to change from data pro
cessing speed to word processing 
quality, or to plot at any one of three 
different speeds, by electronic com
mand. High dot density allows system 
flexibility by providing compatibility 
with many existing graphic systems. 

The printer offers a repertoire of cap
abilities that include 6-part forms, 
business graphics, plotting, forms 
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generation, labeling, OCR, and bar 
codes. Other standard features are 
double-height printing, character print
ing, underlining, and electronic vertical 
formatting. Options provide users with 
foreign, special, and expanded character 
sets, a manual forms length selector, a 
static eliminator, and an RS-232-C 

interface. 
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Digital image processor 
eases operation by 
accepting voice input 

A speech recognition system that 
operates with a digital image processing 
system fits applications where hands-off 
use is necessary. The system, resulting 
from basic research and development 
performed by 3M Co's central research 
group, has been refined to meet specific 
requirements of image processing by 
Comtal Corp, 505 W Woodbury Rd, 
Altadena, CA 91001. 

The system can process more than 100 
command words or short phrases, can 
string two separate commands together, 
and is programmed to respond to an in
dividual user's voice pattern. Using 
voice to issue commands to the image 
processing system eases the operator's 
task in dimly lit photo-interpretation 
areas, in harsh remote environments, 
and in medical research. 

The system is first trained to a voice 
pattern by having the user record the 
vocabulary of commands. Then, as the 
user issues commands, the system com
pares the pattern to the voice signature 
stored in a series of lookup tables. Once 
a match is made, a string of ASCII char
acters is sent to the image processing 
system and becomes the command signal 
to the system. 

In operation, two separate command 
words or phrases may be strung together 
and used to form another command. A 
preprogrammed set of windows limits 
the commands that may be combined 
with each command word or phrase. 

Responding to voice commands, the 
Vision One/10 is an interactive stand
alone image processing system that 
operates in realtime. Its memory has 
capacity for up to four 512 x 512 x 8-bit 
images and up to four 512 x 512 x 1-bit 
graphic planes. Using an LSI-1112 com
puter I controller with a P /ROM operating 
system, the unit has a 8-bit in to 24-bit 
out pseudocolor processor with 8 red, 8 

green, and 8 blue. A zoom feature based 
on pixel representation provides 
image enlargement by factors in IX, 2X, 
and 4X. 
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Benchtop system handles 
parametric/ functional testing 
of LSI and memory devices 

Performing de parametric and func
tional testing of digital devices ranging 
from ss1 to LSI and memories, the 1732K 

handles incoming inspection. The 
benchtop microprocessor controlled unit 
from GenRad Inc's Component Test 
Div, 300 Baker Ave, Concord, MA 
01742, delivers capability and perfor
mance comparable to those of larger, 
more expensive systems. An added 
Kelvin measurement feature ensures the 
integrity of critical test signals and main
tains accuracy of test results. 

High throughput is supplied by the 
multiprocessor architecture. A zso with 
64k bytes of RAM controls the system 
and operates the CRT display. A second 
processor operates the system's mag
netic tape mass storage unit. A third 
high speed pattern processor applies test 
vectors to the device under test at rates 
up to 2 MHz. Test vectors are stored in a 
large pattern memory with 4k x 4 bits of 
storage for each driver/sensor pin. Test 
pattern entry is aided by a unique learn 
mode whereby the response portion of 
the truth table is derived from a known
good device. 

The system permits Kelvin connec
tions to a device remote from the test 
system, an important consideration 
when interfacing to automatic handlers 
and probers. Operating system software 
performs a Kelvin self-test for verifica
tion of contact closure on automatic 
handlers. 

System interfaces include IEEE 488 bus 
and 20-mA current loop. These data 
ports allow test programs to be loaded 
from another computer, or test results to 
be transferred to printers, calculators, or 
computers. 

Simplified operation and program
ming are supported by making control 
decisions selectable from a menu of op
tions displayed on the system's built-in 
CRT. Program generation and modifica
tion are facilitated by special program
ming keys and displays. No special pro
gram language is required. 
Circle 363 on Inquiry Card 
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Develop more programs . 
without developing more programmers 
withSTARPLEX l[M 

Introducing STARPLEX II, the fast 
and easy development system that 
makes more efficient use of your 

development time. 

The fastest development cycles yet 
are taking place on STARPLEX II with 
ISE™ (In-System-Emulator), the max
imum support development system. 

With its increased memory 
space and high level language support, 
STARPLEX II is the logical choice for 
programmable devices, such as the 
NSC800, Z-80,® 8080 and 8085. Like 
STARPLEX]M it supports our INS8048, 
INS8049, INS8050, INS8070, COPS™ 
Family of microcontrollers, PROMs, PALs 
and our entire BLC SuperChip ™ board 
level computers. 

STARPLEX II also supports our 
BLMX-80 real-time multi-tasking operat
ing system. 

ISE puts programmers out front with 
fast development cycles. The ISE module 
allows you to see exactly whars happen
ing in the target system during emulation, 
either step-by-step or in real time. 

With ISE, you can start, break, test, 
edit, debug and continue your program at 
any point in the development cycle. 

STARPLEX II is perfect for high level 
languages. Now you can develop pro
grams in high level languages such as 
Pascal and PL/M. FORTRAN and BASIC 
are standard. 

STARPLEX II was designed for max
imum ease of use. Its highly interactive 

software provides on-screen menus for 
function selection and makes each task 
as easy as possible to learn and use. 
User definable function keys allow most 
frequently used programs to be loaded 
with a single key stroke. 

And because STARPLEX II offers the 
industry standard CP /M® operating sys
tem as an option, it provides an extremely 
flexible program base to work from. In 
fact, with CP /M, STARPLEX II can also be 
used for other engineering tasks such as 
project proposals, test 
engineering and finan
cial analysis. 

Simple upgrades 
for STARPLEX TM users. 
Since STARPLEX II 
support packages are 
compatible with those 
of STARPLEX, irs a 

simple matter to upgrade. 
The upgrade kit includes all of the 

enhanced features of STARPLEX II, such 
as additional user memory and user 
definable keyboard. 

STARPLEX II. The newest and hottest 
development in development systems 
from the Practical Wizards of Silicon 
Valley. 

To find out just how fast and easy 
developments can happen, send in the 
coupon below or call us toll free at 

(800) 538-1867. In 
California call 
(800) 672-1811. 

STARPLEX, STARPLEX 11, \SE and 
COPS are trademarks of National 
Semiconductor Corporation. Z-80 is 
a registered trademark of Zilog 
Corporation. CP/M is a registered 
trademark of Digital Research, Inc. 
PAL is a trademark of Monolithic 
Memories. 

.. se ~omplete information on: D STARPLEX Upgro~ .. I ~~~ARPLEX II Development System D Have a Representative Arrange a I 

I 
Demonstration I 

NAME National Semiconductor Corporation 
2900 Semiconductor Drive 

TITLE PHONE __ Mail Stop 16250 

I SOnta Clara, CA 95051 I 
coMPANY ~ National 
ADDREss D Semiconductor 

The Practical Wizards .I 
Y STATE __ ZIP__ of Silicon Valley 
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IF YOU WANT TO SfART 
YOUR OWN COMPUTER COMP~ 
YOU NCNVHAVE THE COMPUTER 

TO SfART WITH. 
The entrepreneurial spirit runs rampant 

in the computer industry. In fact, it's come to 
our attention that a significant number of the 
technical/engineering types have some thoughts 
of starting their own company. 

So we have come out with a computer 
for them. And for those entrepreneurs with
in companies who are in a hurry to get their 
hot new project to market in a hurry. 

It's called the MPT/100. 
As you can see, the MPT/100 computer 

is small enough to fit in whatever corner you 
set aside for furthering your own ambitions. 

And it'll cost you less than the price of a 
basic new car. 

This computer is anything but basic. 
Inside the MPT/100, you'll find a 

16-bit microNOVA™ computer. 64K bytes 
of memory. 80 column by 24 line screen. Full 
keyboard with numeric pad. 716 KB of on
line storage on two 3 58 KB mini-diskettes 
all packaged in a system that has the kind of 
software, compatibility with more powerful 
computers, ease-of-use and reliability that 
desk-top computers are noted for not 
having. 

Also unlike most desk-top 
computer software, some very 
sophisticated {read easy-to-use) 
big computer software is avail
able for the MPT/100 com
puter: A multi-tasking 
FORTRAN that meets all 
the ANSI standards. 

A PASCAL that executes at assembly lan
guage speeds. An ANSI compatible BASIC 
that lets you write enormously complex pro-

grams that take up only a little space. A 



full range of user-friendly interactive program
ming aids. And MP/OS, an operating system 
anyone who's into operating systems will tell 
you is one of the most advanced in the world. 

(Anyone who considers any of the above 
to be of trivial importance should consider the 
fact that a single line of application code costs 
a good deal more than many microcomputers. 
And that cost is only going one way.) 

Saving money on programming is only 
part of the attraction of the MPT/100. It also 
saves you time. So you can get your company 
up and running before anyone can do the 

same thing. 
As you grow, all the software 

you've written, all the peripherals 

you've interfaced, all the blood, sweat and 
tears you've put into your company will grow 
with you. Because we've invested no small 
amount of energy working to make our com
puters compatible. 

The point here is that the MPT/100 
can make you what a lot of companies have 
become with Data General. 

Like Aero Systems Engineering, of St. 
Paul, Minnesota, for example. They're far 
and above the leading manufacturer of com
puterized aircraft jet engine testing systems. 
A position they came to occupy partly by 
building test facilities that could cut fuel con
sumption rates by 35%. Partly because of 
our world-wide service. And partly because 
they didn't have to wait eighteen months to 
get our computers. 

There is no stopping you from doing 
the same thing. 

If you want to get more detailed in
formation about the MPT/100 computer, 
call your local Data General office or your 
Data General manufacturer's representa
tive. Or the distributors listed below. Or 
write us at: MS C-228, 4400 Computer 
Drive, Westboro, MA 01580. 

MPT/100 computers are available 
for off the shelf delivery from : 
SCHWEBER, HALL-MARK, 

KIERULFF, ALMAC/ 
STROUM and 

R.A.E. in Canada. 
Look at it this way. 

All of you who want to 
start your own computer 

company, are very lucky 
people. We didn't have 
anybody to write to 
when we got started. 

t •Data General 
We take care of our own. 

microNOVA is a registered trademark of Data General Corporation. © 1981, Data General Corporation. 
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The Problem: Glare from CRT displays. Eye 
strain. Inefficiency. Loss of operator-hours. 
The ergonomic difficulties of interfacing 
man and CRT are growing. OCLI has the 
solution: HEA®- High Efficiency Antireflec
tion Coating. HEA reduces glare by 94% 
while optimizing contrast. It improves the 
operator's visual efficiency and comfort. 
It's cost efficient. It's the solution. For more 
information write, phone, or TWX: OCLI, 
Dept. 109-DC, 2789 Giffen Ave., 
P.O. Box 1599, Santa Rosa, CA. 95402. 
(707) 545-6440. TWX: (510) 744-2083. 
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TECH REVIEW 

Digital in-circuit 
test system · handles 
mixed families on hoard 

The Troubleshooter 900, with up to 3024 
universal test points, performs produc
tion testing of digital PCBs-such as the 
large boards used in computer systems. 
The unit, from Plantronics/Zehntel, 
Inc, 2625 Shadelands Dr, Walnut Creek, 
CA 94598, tests any combination of 
logic families, including ECL, CMOS, 
LS/TTL, and TTL. It can be programmed 
to test as many as 63 different logic 
families on a single board. 

The system derives its ability to test 
mixed logic families from bipolar drive 
and distributed programmable power. 
Each driver/receiver card (48 hybrid 
nodes each, 63 cards maximum) is in
dividually programmable for either 
positive or negative logic levels and 
power supply voltages. In addition to 38 
drivers for stimulus, each card has 0- to 
3-A, - 6- to 12-V power supply for 
device under test power, all under pro
gram control. 

In the system, each driver /receiver 
connection is treated as a transmission 
line. Short coaxial cables, with selectable 
terminations to reduce ringing, over
shoot, and crosstalk, are used for each 
of the lines. Bandwidth enables high 
speed operation. Combination of high 
speed and less distortion makes possible 
testing of boards containing ECL. 

Stimulating at a 1-MHz pattern rate 
and receiving signals at up to 4 MHz, the 
system can test microprocessors running 
at their own speed. Those that include 
clock circuitry in their architecture can 
be tested by synchronizing the tester to 
the freerunning clock of the processor. 
The unit can select any of three external 
clocks on the board for specific tests 
under program control. Analog and 
digital capabilities at every node permit 
shorts and continuities testing on every 
test point. 

Software features include the com
pany's Data Director for functional 
testing of VLSI and LSI devices on the 
board and the Producer to reduce pro
gramming time and cost. The system can 
be used with the optional model 110 

remote programming station, which 
serves to generate and edit test programs 
and run the Failure Analysis Data pro
gram offline to free the test system for 
production testing. 
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1 ~BIT SLAVE PASCAL 
PROCESSOR EMULATORS COMPILERS 

8086 • • 
68000 • • 
Z8001/ • • 8002 

Complete support also available for the 6809 
and other 8-bit chips 

7302 s1,,v .. r. '1.i!,;•,,. 

Our 16-Bit Support 
is Complete 
If you're into microprocessor-based design with 16-bit chips, 
call us. We've got the hardware and software support you 
need. We've got it NOW! We can support you with full-speed, 
real-time, transparent emulation; simultaneous emulation of 
multiple processors; and full logic analysis capability. We're 
also shipping PASCAL Compilers for 8086, 68000 and the 
Z8000 series. Give us a call and we'll prove we've got the only 
way to emulate . .. the only way to write programs for 16-bit 
chips. Call today. We won't ask you to wait for 16-bit support. 

5730 Buckingham Parkway 
SEE US AT WESCON, BOOTH NO.'S Culver City, CA 90230 Gen Rad 
1635, 1637, 1736 AND 1738. (213) 641-7200 TWX: 910-328-7202 Development Systems Division 
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eNew 
Rem ex 
S%1nch 
Flexible .k 

Low Profile, 96 TPI. 
Direct Drive Performance. 



Write or Call for Specifications and Delivery. 

,----------- - - - ------------
Ex- Cell-O Corporation 1733 Alt~:m Street 

Post Office Box Cl9533 
REMEX DIVISION Irvine, California 92713 

(714) 957-0039 
TWX: 910/ 595-1715 

Compatible and more -the new Remex 51/4 inch 
"PICO" drives are the first rnini-floppys to combine the 21/ 4 inch 
high bezel configuration with 96 tpi high density. Plus, Remex 
has eliminated the belts and solenoids that are a main cause 
of trouble on other small floppys. Want to know more? Attach 
a business card or fill in below and mflil today. 

Name ______________ Title ____ _ 

Company _ ____ _ _ _____ _______ _ 

Address ____ _______________ _ 

City __________ State ____ Zip ____ _ 

Phone ____________________ ~ 
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Realtime debugging tool 
for LSI/VLSI test systems 
displays test program setup 

expected response graphically. Opera
tors can modify the program stimulus 
interactively in the virtual simulation of 
the program, then transfer this informa
tion to the tester hardware to see the ac
tual DUT response on a realtime basis . SAGE supplies users of Series 20 and 

SentryR LSI/ VLSI test systems with a 
realtime debugging tool. In the system, 
Fairchild Camera and Instrument Corp, 
Test Systems Group, 1725 Technology 
Dr, San Jose, CA 95110, has combined 
interactive software with a color 
graphics terminal to provide visual 
display of the test program setup so that 
programming errors can be detected and 
corrected. 

The system consists of graphics ter
minal with color display, lightpen, and 
keyboard. The software package allows 
the terminal to display the waveform 
of all programmed inputs, waveforms of 
actual device outputs, placement of 
measurement strokes, and results 
of pass/fail decisions. A virtual tester 
simulates in software what tester hard
ware does, displaying the waveform as it 
appeared on the device under test. Using 
the state library, the virtual to real 
translator then records all changes ac
complished and lists them on a printer. 

The package simplifies debugging 
by simulating the system hardware's 
interaction with the device under test 
and displaying both the stimulus and 
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We're looking for 
a whole new breeCI of CAD. 

At United Technologies Microelectronics Center 
(UTMC), we offer you something very few companies can 
- a small company atmosphere, backed by a multi-billion 
dollar corporation. At our new design center in Colorado 
Springs, you 'll work in a total state-of-the-art R&D 
environment on CAD and CMOS gate array designs. 

We're looking for top-notch computer-aided design 
engineers who feel their only limitations are budgets , 
resources and the equipment they 're using. 

So if you 're a degreed CAD programmer/engineer who 
is looking for an unsurpassed work environment, and an 
excellent compensation/benefit package, let us tell you 
more about UTMC. Contact Les Gaskins collect at (303) 
594-8000 or send a resume in confidence to UTMC, 4525 
Northpark Drive, Colorado Springs, CO 80907. 

eUNITED 
TECHNOLOGIES 
MICROELECTRONICS 
CENTER 

UTMC is an equal opportunity employer m/f/h/v . ®1981 United Technologies Microelectronics Center. 
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Interfaced through the RS-232 port of a 
60- or 120-pin test system operating 
under M 3 software, the system runs in 
the background of the CPU. It can reduce 
programming time and use of engineer
ing and software resources by as much as 
400/o to 500/o for development and de
bugging of a complex LSI test program. 
Circle 365 on Inquiry Card 

Realtime 32-hit machine 
offers hardware support 
for multiprogramming 

Supporting multiprogrammed operation 
through hardware, the model 4090 also 
provides 16k bytes of high speed cache 
memory and 4M bytes of main memory. 
GEC Computers Ltd, Elstree Way, Bore
hamwood, Hertfordshire WD6 1 RX, 
England, has designed the CPU to exe
cute l.5M instructions/s and has pro
vided the system with built-in diagnos
tics. Hardware segment registers support 
memory protection; other functions are 
supported through Nucleus, a hardware 
realtime executive. 

As on other 4000 series systems, 
Nucleus supplies a number of functions 
that are normally performed by a soft
ware operating system. Among these 
functions are maintaining protection be
tween programs, providing communi
cation facilities between programs, short 
term scheduling of programs, providing 
fully protected 110 facilities, and routing 
interrupts to appropriate programs. A 
microprocessor based control unit 
enables the operator to control the CPU 

and monitor contents of memory and 
registers. 

Performance improvements are 
demonstrated. The system runs pro
grams 2.5 to 5 times faster than the 
model 4085; its extended facilities enable 
it to run typical FORTRAN benchmarks 10 
times faster than the model 4065. 

Babbage, CORAL 66, FORTRAN 77, Algol 
60, Pascal, COBOL, APL, RPG II, and BASIC 

languages are supported. The FORTRAN 

compiler includes a feature called FOCUS 

which serves as an interactive source 
level debugging tool. D 
Circle 366 on Inquiry Card 
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Experience. 
When you specify a Shugart 

drive for your standalone sys
tem, you're getting something 
you can't get from any other 
manufacturer. 

Because-1.8 million installa
tions later-we know 
more about low-cost 
disk drives than any
body. 

Our high-volume 
manufacturing expe
rience means you can get 1,000 
drives as easily as 100. Because 
we produce over 3,500 
every day. 

Our application 
. . . 

eng1neer1ng experience 
means we can help you 
get your pro- ~~~ 
duct to mar
ket faster. Be- ~ 

I 

causeweve 
helped custo
mers design 
more 



controllers than anyone 
else. 

Our world-wide field engi-
. . 

.neer1ng experience means 
longer running drives and 

faster repairs. Be-
' causeweve 

got the 
largest 

field service force dedicated to 
our industry. 

And our new product devel
opment experience means the 
biggest choice in low-cost disk 
drives. 

From the industry-standard 
SA800 floppy-the recognized 
leader for low cost and high 
reliability. 

To the SA850 double-sided 
floppy with up to 1.6 megabytes 

of storage. All reliable thanks to 
its Bi-Compliant™ head design. 

To the SAlOOO and SA4000/ 
4100 8- and 14- inch Winchesters. 
With anywhere from 5 to 58 
megabytes of high-performance 
storage. 

All ready, right now, to be 
added to your system. 

At Shugart, experience is 
more than a no-cost extra. 

It's something you can 
profit from. 

For more information, 
contact Shugart Associates, 
475 Oakmead Parkway, 
Sunnyvale, California 94086. 
Telephone (408) 733-0100. Hamil
ton/ Avnet, authorized distributor. 
Shugart 
Right from the very start. 
Sales and Service: Sunnyvale CA, Costa Mesa CA, Minneapolis MN, 
Richardson TX, Framingham MA, Landing NJ, Atlanta GA, Toronto 
Ontario, Paris France, Munich Germany. 
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We're giving s .. bit micros 

16-bit 
m.1cro 
$6SS 



a run for their mone}t 
Digital introduces the $653* 16-bit micro. So why 

limit yourself to 8-bit thinking when you can get all the 
advantages of 16-bit performance at this low price? 

Treat your system design to a more powerful and 
proven instruction set. More efficient processing. Preci
sion arithmetic. The expandability which allows your 
system to grow as your needs grow, without changing 
system architecture. And to accommodate that growth 
without appreciably changing your software 
requirements. 

Send us your application and we'll send you com
plete information on how to match your requirements 
with the performance of 16-bit micros from Digital. The 
company that has sold more high-performance micros 
than anyone. . 

The price is right. The time is now. 
For full information, fill out the coupon or call toll 

free at (800) 225-9220. In MA, HI, AK and Canada call 
(617) 467-7000. Or simply contact the Hamilton/ Avnet or 
Harvey Electronics office near you. 
*In quantities of 50. Single unit price is $990. U.S. domestic prices only. 

r--------------------------1 
Please rush your 16-bit Micros Application Infor
mation Package to me at once. My application is: 

D Laboratory /Scientific 
D Data Communications 
D Industrial/Process Controls 
D Other (Please Specify) ________ _ 

Name 

Title 

Company 

Street 

Ci 

State Zip Tel. ( ) 

Digital Equipment Corporation 
Microcomputer Products Group, MR2-2/M70 
One Iron Way, Marlboro, MA 01752 °-a-1 

L----------------------~~~-J 
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Monitoring and Control of a 
Research Lumber Kiln with a 
Personal Computer 

Ronald G. Fluet* 

General Dynamics Corporation 
Eastern Point Rd, Groton, CT 06340 

John L. Pokoski 
John L. Hill 

University of New Hampshire 
Durham, NH 03824 

Freshly cut timber retains most of its internal 
moisture content and usually cannot be processed 
until much of this moisture has dissipated. During 
the drying process, the lumber undergoes scheduled 
atmospheric variations in an environmentally con
trolled building called a dry kiln. Such kilns generally 
contain large circulation fans, a heat source (eg, 
steam in a finned pipe), a humidity source (eg, 
steam), and ventilation to exhaust humidity to the 
outside. Lumber is stacked in the kiln to provide air 
circulation over the wide boards. 

As energy, labor, and raw material costs continue 
to rise, efficient lumber drying becomes extremely 
important. For instance, 150 m 3 of high grade 
lumber, contained in a single kiln charge, can be 
worth over $50,000 after drying. Improved drying 
schemes minimize lumber loss (degradation) and 

*Ronald G. Fluet is a former Graduate Research Assistant 
at the University of New Hampshire. Scientific contribu
tion number for this study is 1073, from the New Hamp
shire Agricultural Experiment Station. 

shorten processing schedules to bring about signifi
cant dollar savings. A microcomputer based kiln con
troller with a control program written in BASIC is now 
being developed as a research unit at the University 
of New Hampshire. By accurately sensing and con
trolling wood-drying kiln environments, the instru
ment regulates an efficient and cost-effective wood 
processing system. 

Most controllers fit an open-loop, manual set
point description. Some use a slowly rotating cam, 
while others require manual input at specific time in
tervals determined by changing wood moisture. A 
wet and dry bulb scheme is the standard means of 
sensing kiln conditions. Bulb sensors drive pneumatic 
valves that are calibrated mechanically to actuate 
heat, steam, and ventilation in the kiln. The bulbs 
also drive two pens that record the conditions on a 
rotating circular chart. Other controllers vary from 
this scheme somewhat, but their degree of sophistica
tion is similar. 

System performance and product quality governed 
by such controllers are not as efficient as today's 
theory and technology can provide through auto
matic control. For example, continuous monitoring 
and storage of changing kiln and wood conditions, 
and corresponding automatic adjustment of the con
trol outputs, should result in tighter control over 
dried lumber quality, as well as time and energy sav
ings. Kiln capacity in lumber volume per unit time 
should increase through use of an improved adaptive 
reference input scheme and elimination of sample 
board moisture-measurement delays . An automatic 
controller shortens drying time and avoids over
drying (continuing a run after the wood has reached 
the desired target moisture content). 

Previous reports on automatic kiln control 1 •
2 

describe the system performance of a weight actuated 
controller; a German kiln manufacturer has pub
lished information about its automatic controller. 3 

However, neither of these systems uses a computer 
controller such as that in the small [500 to 800 board 
feet (152 to 244 m)] research unit kiln in the Wood 
Products Laboratory at ·the University of New 
Hampshire. Automatic kiln control research there in
volves: (1) improved sensors for both shrinkage and 
moisture gradients; (2) a procedure for producing a 
drying schedule according to a predetermined perfor
mance index, which may be a function of time, 
energy, drying stress, and related failure-a· key ele
ment in the generation of this schedule is a mathe
matical drying model for the wood; and (3) the 

(continued on page 82) 
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C. Itoh's Model 150 alphanumeric 
dot-matrix printer is absolutely 
the smallest, thinnest of its kind 
in the world. It weighs a mere 
2.12 ounces and measures just 
74x43xl2.8mm. Yet it produces 
alphanumeric and symbolic char
acters - even special graphics - at 
a one-line-per-second print speed. 
And all on plain 45mm roll 
paper. A miracle? There's more. 

C. Itoh's 150 prints up to 
16 characters per line (96 dots)~ 
runs surprisingly long on just 
four "AA" nickel-cadmium bat
teries and features a no-fuss, 
no-mess inked ribbon cassette. 
It's ideal for portable data 
entry, pocket calculators, micro
computers, any application 

where your space is at a premium. 
But don't let its small size 

fool you. With a MCBF of 500,000 
lines, the 150 is both rugged and 
reliable. (Reliabili 

C. Itoh has become a world leader 
in computer peripherals.) 

And, since space is no longer 
a major design factor, the 150 
could easily open up exciting new 
applications. In fact, once you see 
the 150 work its wonders, we 
think you'll agree it's the small 
miracle in alphanumeric printers. 

For complete details, contact 
. Itoh Electronics, Inc., 5301 
eethoven Street, Los Angeles, 

CA 90066; (213) 306-6700. 
New York office: 666 Third Ave., 
N.Y, NY 10017; (212)682-0420. 

~C.ITOH 
ELECTRONICS, INC. 

One World of Quality 

Model 150 shown actual size. CIRCLE 47 ON INQUIRY CARD 



MAXI
COMPUTER 

UPDATED 
SCHEDULE 

/~---1 

SENSOR 
DATA 

SCHEDULE 

OPERATOR 

Fig 1 Simplified block diagram of complete kiln control 
system. Kiln operator periodically closes loop to generate 
new schedule based on up to date sensor information 

development of a computer based system for sensing 
and controlling the wood drying process as described 
here. 

General Considerations 

An online computer controlled system must sense the 
critical parameters continuously and adjust the dry
ing schedule according to a control algorithm based 
on the performance index. In this case, the control 
algorithm is lengthy and complex, requiring the use 
of a large, expensive computer. Since the time con
stants of the plant (kiln and lumber) are extremely 
slow, and typical kiln schedules also change slowly, a 
more economical solution is suggested in Fig 1. Ini
tially, the operator makes a test run of the schedule 
program in an offline maxicomputer, using typical 
wet lumber values as sensor inputs. This generates an 
optimal schedule that is entered into an online 
microcomputer and the drying run is begun. The 
microcomputer monitors the wet and dry bulb sensor 
outputs and tracks the schedule in an open-loop 
fashion. Periodically, the operator monitors the 
wood moisture sensor outputs; when they deviate too 
far from values originally predicted by the optimal 
schedule program, the operator generates a new 
schedule based on the actual sensor values. Then the 
operator closes the loop by entering the updated 
schedule into the microcomputer. In this way, ~ 
relatively small amount of time in a timeshared maxi
computer is used, and money is saved. However, this 
system requires more operator attention than would 
a completely automated one. In a research environ
ment, operator monitoring is no handicap, since sen
sor data and schedule outputs are analyzed as a mat
ter of course. Even in a commercial kiln, it may be 
desirable to keep the operator actively involved in the 

82 

process. However, the links between the micro- and 
maxi computers can be automated easily. A longer 
range goal is to simplify the schedule generating pro
gram and eliminate the maxicomputer entirely. 

Selection of the Computer 

Use of a computer as the heart of a kiln controller 
has many potential commercial advantages, in
cluding low cost, flexibility, and reliability. These 
factors-particularly flexibility-are even more im
portant for a research controller. Variables and con
stants in the program can be changed easily, and the 
system program edited to modify the actual char
acteristics of the control system. Research kiln opera
tion also requires collection and storage of large 
amounts of data for future analysis. This is facili
tated by standard computer interfaces to printers, 
magnetic tapes, and magnetic discs. 

A personal microcomputer system was chosen for 
the kiln tracking controller at the University mainly 
because of its low cost. A minicomputer would have 
performed the required functions faster and could 
have been expanded with greater flexibility than a 
microcomputer. However, operating speed was not 
critical, expansion requirements were moderate, and 
the cost differential between computer types was im
pressive. Processing power, memory capacity, and 
expansion capability of the microcomputer systems 
were more than adequate for implementation of a 
kiln controller. 

Choice of a personal microcomputer system over a 
single printed circuit board microcomputer was in
fluenced by the determination that the hardware cost 
and development from board level would exceed the 
cost of an equivalent personal microcomputer system 
significantly. On the other hand, if the controller 
were being developed for commercial production, 
this might not be true . As a research tool, the per
sonal microcomputer enhances the expansion 
capability of the controller through its many 
available peripherals and the potential for add-on 
memory. 

Factors reviewed in choosing the microcomputer 
system included documentation support, special pur
pose input/ output capability, reliability in the kiln 
environment, product stability, maintenance sup
port, and expansion potential. Market conditions in 
June 1978 influenced the specific microcomputer 
choice. Although several personal microcomputers 
met minimum requirements , the Radio Shack TRS-80 

was chosen-primarily because of convenient local 
service and readily available documentation. 4•

5 

Systems Engineering Considerations 

Certain system input factors must be considered in 
the synthesis of a computer controller. Estimates 

(continued on page 86) 
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Line Printer Controllers that test themselves-

MDB ma keS 
the difference! 

Only MOB has Line Printer Controllers that are 
completely self testing with PrinTest;M Loop Back 
and LED's for visual indication of the data being 
transmitted. You save maintenance costs and down 
time. MDB's exclusive PrinTest feature, when acti
vated by an edge mounted toggle switch allows you 
to exercise the controller's printer interface, inter
connection cable and all parameters of the printer 
(except VFU). Then flip a second switch for Loop 
Back which causes the controller to function as if 
in full operation with a printer while, in fact, the 
printer is disconnected. You verify controller opera
tion or troubleshoot the module without noise, 
paper waste or confusion. And MOB controllers 
with the PrinTest feature can be remotely activated 
from the printer. 

MOB manufactures controllers for every major 
line printer in the world (for example, we make 
the only LSI-TI line printer controller with a 
Data Printer interface) so you can have the 

1995 N. Batavia Street 
Orange, California 92665 
714-998-6900 
TWX: 910-593-1339 

See Us at Wescon 
Booth #1826 

Circle 48 for featured product data. 
Circle 49 for general info. 

exact printer system at the exact speed you need -
whether you use a PDP~ ll, VAX: LSl-11/2 or ll/23, 
PDP-8, DG, H-P, PE or IBM Series/1 computer. 

And that's not the only difference MOB interface 
products can make to you. MOB makes the only 
DZll compatible multiplexors for DEC's LSI-TI series. 
They offer RS-422, RS-232 and current loop capa
bility. We offer PROM modules with window map
ping, communications interfaces that support X.25 
and a unique LSI-ll/23 system with 22 bit addressing 
and up to 4 Mbytes of memory. Our boards are 
warranteed for a full year, many are available off 
the shelf and they can be purchased under GSA 
contract #GS-OOC-02423. 

Want to see the difference we can make in your 
system.? Call or write for all our specifications. 



Interchangeable ROMs and 
EPROMs from Texas 
Instruments, the total 
memory supplier. 



Here are tips 
from Tuxas Instruments 
on which to use when. 

Your decision may hinge on economics. 
There are times when your system 
design will clearly dictate either 
ROMs or EPROMs. At other 
times, the dividing line between 
the two is hazy. That's when a care
ful analysis of the economics in
volved - particularly the recent 
substantial pricing changes in the 
marketplace - may tip you to one 
or the other with considerable 
long-term savings as a result. 

Texas Instruments, a leader in 
non-volatile memories and a broad
based supplier, can deliver the 
byte-wide ROMs or EPROMs you 
need. And from its years of experi
ence with these memory devices, 
TI offers suggestions that may help 
you decide on the least expensive 
solution for your system. 

The case for ROMs 
In general, ROMs provide more 
memory for less cost than any 
other semiconductor memory. The 
key to their use is high volume and 
high memory capacity - on the 
order of 32K and 64K. Coupled 
with programming- performed by 
the supplier- that will not change 
or need to be updated. 

In these circumstances, ROMs 
are especially cost effective. Total 
costs are spread so widely that per
bit cost is relatively inexpensive. 

Consumer and computer periph
eral applications where the volume 
of end products is large can make 
very economical use of ROMs. 

The case for EPROMs 
Prices for 16K and 32K EPROMs 
have declined significantly, and 
those for 64K devices will follow 

suit. Making EPROMs econom
ically attractive, especially for ap
plications where the program is 
likely to change. 

Programming is easily per
formed by the user, and there is no 
mask charge. One EPROM type 
can be used for many different pro
grams. Which means lower inven
tory costs and no write-off costs 
when programs vary. 

Tl's High-Density ROMS 

Device Density Power Dissipation* Access Time* 

TMS4732-35 32K 440mW 350ns 
TMS4764-35 64K 440mW 350ns 

Tl's Leadership EPROM Family 

Device Density Power Dissipation* Access Time* 

TMS2564-35 64K B40mW 350ns 
TMS2564-45 64K B40mW 450ns 
TMS2564-50 64K B40mW 500ns 
TMS2532-25 32K B40mW 250ns 
TMS2532-35 32K B40mW 350ns 
TMS2532-45 32K B40mW 450ns 
TMS25L32-45 32K 500mW 450ns 
TMS2516-35 16K 525mW 350ns 
TMS2516-45 16K 525mW 450ns 
TMS250B-25 BK 446mW 250ns 
TMS250B-30 BK 446mW 300ns 

*Worst case over operating temperature range 

If you are in a hurry to get to 
market, EPROMs can be your best 
bet. They are available from multi
ple sources on short lead times. 

One additional advantage: Be
cause of their programming flexi
bility, EPROMs are an excellent 
prototyping tool prior to con
version to ROMs. And, at the end 
of a product's life when both volume 
and the number of ROMs being 
used decline, converting back to 
EPROMs can cut costs. 

The case for 
Texas Instruments 

Whether ROMs or EPROMs or 
both, Texas Instruments fills your 
requirements with reliable, 
proven-in-the-marketplace memo
ries that are fully compatible with 
each other. 

A system designed with appro
priate memory addressing can uti
lize Tl's 16K or 32K EPROMs or 
Tl's 32K or 64K ROMs on the 
same printed circuit board in the 
same 24-pin socket. 

In ROMs, you have a choice of 
the high densities that spell econ
omy - 32K and 64K (see table). 
These are fully static memories -
no clocks, no refresh- that require 
only a single 5-V power supply. 
They are fabricated using N-chan
ne l silicon gate technology for 
utmost dependability. All inputs 
and outputs are TTL compatible. 
Maximum access and minimum cy
cle times are 350 ns. 

In EPROMs, you have the 
broadest choice in the industry -
BK through 64K. All have the same 
basic pin configuration to ease 
memory capacity expansion. 

Weigh the pros and cons of 
ROMs vs. EPROMs. Evaluate your 
system requirements and carefully 
check out the economics. Then call 
your nearest TI field sales office 
for prices and delivery on your 
choice. Of course, if you still have 
doubts about which ~ 
is best for you, we 7J 
are ready to consult 
with you at any time. 

Texas Instruments invented the integrated circuit, microprocessor and microcomputer. Being first is our tradition. 

TEXAS INSTRUMENTS 
© 19B1 Texas Instruments Incorporated INCORPORATED B5149 
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must be made for the number of input channels ade
quate to maintain control and to perform other 
desired functions. A substantial number of channels 
should be available if future use in a research and 
development application is desired. In the applica
tion discussed here, 42 independent input channels 
are used. Six channels are designated for dry bulb 
temperature sensors, 6 for wet bulb temperature sen
sors, 12 to 24 for core moisture content sensors, and 
at least 6 for future use. Multiplexing data through a 
single channel would make more channels available 
for future expansion. 

In most data control systems, the type of sampling 
used is critical for obtaining an accurate representa
tion of the sensed parameters. Sampling of indepen
dent channels may be sequential or in parallel, and 
the time intervals between samples may be syn
chronous or asynchronous. In terms of hardware im
plementation, sequential sampling is much less ex
pensive than sampling all the inputs in parallel. Time 
between samples is crucial in representing the original 
signal without harmful distortion. Sampling re
quirements are dictated by the characteristics of the 
parameters under investigation and the overall 
system response. Lumber drying is accomplished by 
regulating the kiln temperature and relative hu
midity. Temperature and humidity in a kiln respond 
slowly to step changes in heat and steam-estimated 
time constants of these responses are in the order of 
seconds: Using a computer, the time between samples 
would be several orders of magnitude faster than the 
time constants of the temperature and humidity 
responses. Thus, sequential sampling may be used 
without serious distortion of the actual values. 

System output characteristics must also be con
sidered in the initial design stages of the controller. 
For example, the number of outputs necessary to 
control the kiln adequately must be estimated. In this 
case, the computer control outputs had to link to the 
actuator system without disabling the existing control 
system. Three control outputs are used in conven
tional lumber kiln drying equipment. Specifically, 
these outputs control the kiln's heat, steam, and 
ventilation. 

At the University of New Hampshire, the ex
perimental dry kiln has a pneumatic system, com
monly used in commercial installations, that is ac
tuated by three float valves controlling heat, steam 
spray, and intake/exhaust vents. It was possible to 
link the computer outputs to the pneumatic system 
through an electromechanical device that drives the 
float valves. For greater flexibility in this research, 
the electropneumatic linkage had to operate easily 
with either the present control system or the online 
computer controller. This was accomplished through 
a solenoid linkage to the float valve of the present 
control system. 

(continued on page 88) 
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Advantedge 

If you've been edgy 
about the quality of 
your PCB connec
tors, here's some 
good news: 

The new Spectra
Strip ™ IDC Card 
Edge connector is 
the one you've been 
waiting for. 

Designed to the rele-
vant portions of l\1IL-C-
83503 and l\1IL-C-21097, the 
807 Series is priced so that you 
can improve performance in even your most 
cost-sensitive systems. 

With it, you can reliably terminate up to 60 
wires at a time using our Twist 'N' Flat~ 3C® 
Color Coded and economical Spectra-Zip® 
cables. PCB contacts are bifurcated for reliabil
ity, you have a choice of three mounting con
figurations and covers are easily removable for 
daisy-chaining (cover removal tool optional). 

And 
maybe best 

of all, the 
Spectra-Strip 807 

Card Edge connector is 
available off-the-shelf from 

your nearest Spectra-Strip 
distributor. 
While you've got him on the line, 

you might want to ask about our other 
IDC connectors, flat cables and assemblies. 

Then relax. 
Spectra-Strip, 7100 Lampson Ave., Garden 

Grove, CA 92642, telephone (714) 892-3361 
and 720 Sherman Ave., Hamden, CT 06514, 
telephone (203) 281-3200. 

In Europe, Spectra-Strip, Ltd., Romsey, 
Hampshire, England, telephone (0794) 517575. 

For the name of our nearest distributor, 
call (800) 228-3900 now. 
\Vhen you're down to the wire. 

An ~LIED Company 
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~2.2"~ 
(56 mm) 

The CM-600 Mini-Dek is the most cost-effec
tive device available for program loading, sys
tem diagnostics or PROM emulation. Less 
costly than bubble memory, and more flexible . 

• Mini cassette loads easily into 
door mount. 

• Capacity of over 1 megabits, 2.4K baud 
rate (4.8K also available). 

• Includes all read/write and m·otion · 
electronics. 

• Requires only 1 watt @ 5 VDC, 
TTL 1/0. 

May be ordered with read-after-write capa-. 
bility for data certification . Over 20 ,000 
units now in service. Call or write for more 
information. 
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Devices, INC. 

11950 TWELFTH AVENUE SOUTH 
BURNSVILLE, MINNESOTA 55337 

(612) 890-5135 
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Output is a major factor in controller design; for 
example, output can be on/off or proportional. To 
decide on which type of output to choose, the 
designer must consider the dynamics of the kiln, 
feasibility of the present system actuators, and flexi
bility for future experimentation in control. Propor
tional output would have caused problems in linkage 
to the actuators because the float valves are on/ off 
valves. Changing these valves to proportional valves 
would have conflicted with the operation of the pre
~ent controller and destroyed the objective to main
tain the present system. Since the float valve was an 
on/ off element and the computer also operated with 
on/off logic, this output type was selected. An ex
tremely flexible on/ off output scheme adequate for 
precise control with these actuators is pulse width 
modulation (PWM}. For control purposes, this is 
equivalent to a step input of variable duration and 
gives the on/ off valves a proportional effect on the 
system. 

· With the controller in operation before the present 
research unit, several instances occurred when alert
ing the operator to critical conditions would have 
meant the difference between success and failure in 
the drying run. Therefore, a warning system has been 
included in this design. Basically, the alarm will be 
set off for power loss, operator negligence, sensor 
failure, or control error. 

Hardware Overview 

The hardware interface between computer and kiln 
can be considered as the heart of the controller, 
whereas the computer is the brain. The interface con
tains several distinct networks: analog to digital con
verters (ADCs), signal conditioning, PWM, actuator 
linkage, and a warning system. The entire controller 
interface is housed in a 12 x 10 x 8 " (30 x 25 x 20-cm) 
metal box, and includes the two power supplies, two 
wirewrapped circuit boards, a 6-V battery and 
charger, three solid state relays, and a buzzer. The 
box has four switches for power and alarm control, 
and four light emitting diode (LED) status indicators. 

The main objective of the hardware network 
design is to allow the microcomputer to interact with 
the kiln, not to experiment with sensing networks. 
Therefore, the computer must issue commands to the, 
kiln and then interpret information from the kiln in 
order to make decisions for controlling the wood
drying process. Communication between the com
puter and the outside world is through ports. 4 Using 
external hardware, these ports must decode eight 
computer address lines and the IN or OUT signals. The 
computer has control of the ports through software 
by simply using the INP (port address) or OUT (port 
address, data) BASIC commands. s 

(continued on page 92) 
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Full system 
support. 

Announcing the new HP 1000 
L-Series Model 5 microsystem. 

The same two-board microcomputer that's becom
ing so popular with OEMs is now avail
able as an integrated, real-time 
system - complete with dual 
minifloppies, 128K bytes 
of memory, your choice 
of interactive terminals 
and full support for the entire 
system from Hewlett-Packard. All 
for under $10,000. 

All strings attached. 
Software is the most important 

part of any system, and the Model 5 has $50 million 
worth of software development behind it. 

You can start with either RTE-L or RTE-XL, our 
powerful multi-programming, multi-user operating sys
tems. Their modular construction lets you build the 
real-time computing environment your applications pro
grams demand-programs you can develop in Assem
bler, FORTRAN 4X and BASIC. And our HP DSN 
networking software makes it simple to put low-cost 
computing wherever you need it. 

Data base management on a microcomputer? With 
our IMAGE DBMS, you've got a powerful tool for simple 
and efficient data management. And you can easily pic
ture the possibilities offered by our GRAPHICS/1000 
software. Like our other software packages, these are 
all upwardly compatible throughout the entire HP 1000 
line, giving you an easy growth path to even higher 
performance. 

Configure it out for yourself. 
The Model 5 is completely modular, so you can 

virtually design a system yourself. Hard disks and other 

peripherals can be plugged in directly. And thanks to a 
60% reduction in memory costs, you can go all the way 
to 1/2 megabyte of memory for an additional $2000. 

Whether you buy a packaged system, or put one 
together yourself, you can get HP's full 

range of customer support services, 
provided from more than 170 

offices worldwide. 

The ins and outs 
of high-speed 1/0. 

In designing the Model 
5, we used an advanced 
distributed intelligence 
architecture that puts a 
separate LSI I/ 0 processor 

on each interface board. This means each 
processor has its own direct channel to the entire 1/2-
megabyte memory. (We used state-of-the-art 64K RAMs 
to put the 512K bytes of memory onto just one board.) 
With the CPU free to concentrate on computation, you 
get significantly increased throughput and exceptional 
performance. 

If you'd like a hands-on demonstration, just contact 
your local HP sales office listed in the White Pages. Or 
for more information, and our new OEM catalog, write 
to Joe Schoendorf , Hewlett-Packard, Dept. 12107, 
11000 Wolfe Road, Cupertino, CA 95014. 

F//~ HEWLETT 
~~PACKARD 

Prices U.S.A . OEM quantities of 100 units. Prices subject to change without notice. 





The input hardware interface conditions analog 
signals from sensors and converts them to digital in
formation that is read into the computer and pro
cessed as meaningful data. Presently the inputs are 
set up to sense wet and dry bulb temperature and core 
moisture content. The design requirement of 42 input 
channels significantly influenced the type of ADC 
used in the design. Resolution required in the conver
sion, speed of conversion, and cost also influenced 
ADC selection. The Fairchild 9708 is a low cost , 
6-channel, 8-bit processor controlled ADC and was 
found to be suitable for this application, along witp 
seven 9708 chips, to meet the 42-input chann~l 
requirement. The 9708 ADC and the specific channel 
on that chip to be converted is selected by the com
puter through port decoding. Conversion from 
analog to digital is accomplished by timing the con
trolled discharge rate of the stored analog input 
voltage. Counting during the discharge of the analog 
input is performed by an external counter, and its 
8-bit output is the digital representation of the analog 
signal. The command to sample and hold the analog 
voltage and start the count is given by the computer . 
The computer then checks the status of the conver
sion, and, when completed, it reads in the digital 
word. (See Fig 2.) 

Sensor instrumentation was included in this pro
ject for demonstration only. Instrumentation hard
ware was placed on a board separate from the inter
face hardware to allow for future changes in the 
number and types of sensors. Temperature was 
sensed by a thermocouple, cold junction compensa-

MICRO
COMPUTER 

42 
ANALOG 
INPUTS 

START 
CONVERSION 

ADC 

ADC 

IN 1 

IN 2 

OR 

OUT 1 

OUT 2 

END OF 
CONVERSION 

Fig 2 Block diagram of ADC network. Computer 
selects 1 of 42 inputs and starts count. 9708 com
pletes its conversion, count is stopped , and computer 
reads counter's output into memory 
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COMPUTER 
SELECTION 1------./ 1...-LA_T_CH_J-----, 

MULTIPLE CLOCK 

REPETITION RATE 
SELECTION 
(3 LI NES) 

RATE SOURCE (8 LI NES) 
(37 RATES 
AVAILABLE, 
8 SELECTED 

BY HARDWIRE) 

REPETITION RATE 

JOHNSON 
COUNTER 

1 OF 8 
SELECTOR 

DUTY CYCLE SELECTION 
(3 LI NES) 

1 OF 8 DUTY CYCLE 
SELECTOR PULSE 

LED 
DISPLAY 

SOLID 
STATE 
RELAY 

Fig 3 Pulse width modulation network. 
Output is sent to appropriate solid state 
relay for control , and to LED for diagnostic 
purposes 

tion device and an instrumentation amplifier. 6 

Moisture content of the wood core was also sensed 
electronically. Impedance between pairs of special 
metal pins embedded in a board is related to wood 
moisture content; the higher the moisture content, 
the lower the impedance between the probes. 

Much of the sensor circuitry involves low voltage 
levels and associated distortion due to electrical noise 
and ground loops, for instance. In particular, radio 
frequency (rf) interference problems occurred be
tween the microcomputer and the sensor circuits. 
Most of these problems have been eliminated by im
proved termination and shielding, but effort will be 
required to cut down the interference further. 1 

Output hardware allows the computer to issue 
commands to the kiln actuator system through a 
solenoid linkage to the actuators of the present con
trol system and a PWM network interfaced to the 
computer. Functionally independent of the com
puter, the PWM network will accept computer com
mands to direct its operation at any time. Thus, if the 
computer fails, the controller outputs will continue 
to function at their last setting so that the operator 
can reconfigure the computer without losing substan
tial time from the drying run. This is the principal 
reason for implementing PWM in hardware rather 
than in software. Other supportive reasons for hard
ware PWM are inexpensive design and the need for 
three independent PWM outputs, which would be 
tedious in software. Easy software modification is 
not an advantage because PWM is a standard 
function. 

The PWM circuit is centered around the Johnson 
Counter (4022) chip. (See Fig 3.) This system has three 

(continued on page 95) 
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identical PWM networks that operate independently 
of each other to provide separate control of heat, 
steam, and ventilation in the kiln. Fig 4 shows signals 
available to drive the outputs. Synchronization is the 
only physical interdependence these outputs require. 

Linkage between the kiln's pneumatic actuator 
system and the electrical computer interface is ac
complished through three electromechanical 
solenoids mounted in the kiln's present control box 
next to the three float valves. Metal strips extending 
from the solenoid plungers to the valve needle can be 
slipped out of position easily to allow the present 
pneumatic controller mechanism to operate. Solid 
state relays (SSRs) are used to allow 5-V logic to con
trol the 120-V ac signal that drives the solenoids. 
These SSRs have optical isolation between the input 
and output to prevent any noise generated by the 
solenoids from reentering the system. 

Although not very extensive, the warning system 
hardware, combined with software, monitors the 
four determined causes for alarm. The audible alarm 
is a hi-lo siren, 90-dB buzzer mounted on the side of 
the interface box. The buzzer can be disabled by a 
switch; an alarm LED is connected to the same signal 
as the buzzer . Once the audible alarm has been 
recognized, the operator can disable the buzzer while 
correcting the problem, and still monitor the alarm 
conditions with the LED. 

Two alarm conditions are detected through hard
ware: power loss and operator negligence. A battery 

DUTY CYCLE 

FULL OFF----------------
ON 

118 __Jl~O_FF _______ ~!l~---

218 

3/ 8 _J 

4/8 

FULL ON 

618 _J 

718 _J 

REPETITION PERIOD 

L___J 

LJ 

Fig 4 PWM signals drive heat, steam, and vent 
valves. Repetition rate varies from 33. 5 s to 71 . 6 
min, depending on hardwired configuration 

INITIALIZE 
PROGRAM 

SAMPLE INPUT 
CHANNELS AND 
CUMULATIVELY 
AVERAGE EACH 
SAMPLED DATA 

CHANNEL 

AVERAGE AND 
SCALE DATA 
TO OBTAIN 

PARAMETER 
VALUES FOR 

SYSTEM 

LAGRANGE 
INTERPOLATION 
OF REFERENCE 

INPUT POINTS AND 
TESTING vs 

ACTUAL DATA 

WARNING 

WARNING 

WARNING 

OUTPUT 
&HOUR AVERAGE 

OF SELECTED DATA 
TO EXTERNAL 

STORAGE DEVICES 

Fig 5 General flowchart of system program. Basic 
functions-sampling, data manipulation, error detec
tion, PWM output rates, and realtime monitoring
are directed by software 

powered circuit monitors the 5-V power supply and 
drives the buzzer for the power loss condition; this 
monitor charges continuously during power-up. 
Operator negligence is defined as taking longer than 
five minutes to continue execution after striking the 
BREAK key on the microcomputer keyboard to stop 
the controller program. The BREAK key is decoded 
and triggers a programmable timer that counts five 
minutes before setting off the alarm. Software in the 
controller program resets the timer. 

Software Overview 

Software is the key to flexibility in a computer con
trol system, and, properly combined with hardware, 
it can result in an instrument well suited for research. 
The general overview of the controller computer pro
gram in Fig 5 illustrates the basic fuqctions directed 

(continued on page 96) 

95 



96 

by system software. Essentially, the software con
trols sampling, data manipulation, error detection, 
PWM rates of the outputs, and monitoring of realtime 
activities. It can also generate graphics on the 
microcomputer's video screen if there is adequate 
memory space in the user's system. To facilitate pro
gram development and allow easy interaction by the 
operation, it was important that a high level language 
be used. Interpretive BASIC was available on the 
microcomputer; although slow, it is feasible because 
the kiln response does not require high speed pro
gram execution. 

The operator plays an important role in kiln con
trol through software. When starting the controller 
program, the operator must provide whatever infor
mation is requested by the program. For example, 
the controller must be given the set points generated 
by the schedule program so that it can track the 
schedule interpolated 8 from those points. The 
number of days in the drying run and the limits on 
the control parameters also must be input to the pro
gram. Once the controller is running, the operator 
can break the program execution and change the 
numerical value of variables or constants in the 
system. A listing of the program or any variable may 
also be displayed to aid system analysis . To resume 
execution of the program, the operator simply types 
CONT, and execution will continue from the point at 
which it was halted. The operator may edit the 
system program with the microcomputer's editor. 
However, the program must be restarted after any 
editing of its code. 

Two alarm conditions are detected in software: 
control error and sensor failure. Control failure is in
dicated when a kiln parameter exceeds its limits. Two 
tests are performed to determine sensor failure. One 
test compares the most recent data of an individual 
channel with the cumulative average of that 
channel's data over 6-hour intervals. The second test 
compares the most recent data of an individual chan
nel with the parameter average corresponding to that 
channel. If both tests fail, the sensor is probably not 
operating properly. The system reacts by eliminating 
that channel from consideration and alerting the 
operator. If only one test fails, the operator is 
alerted , but the data in that channel are considered 
valid . 

Summary and Recommendations 

This project completed a major step in developing 
fully automatic instrumentation for process control 
in wood-drying kilns: to design a computer based 
unit capable of inputting information from external 
signals, outputting commands to external devices, 
and displaying current and past kiln conditions-all 
under operator control. Results of this effort 
demonstrate that a personal microcomputer can be 

suitable for industrial control purposes. Provisions 
for expanding the system, including a TRS-80 line 
printer, an RS-232 link, TRS-80 mini discs, and memory 
expansion, can be implemented in the system easily. 

Thus far the personal microcomputer has func
tioned well in the surrounding kiln environment. 
Although the controller has not yet been exercised 
for a complete drying run of approximately 60 days, 
it has been reliable over several 3- to 4-day runs. The 
controller outputs (PWM solenoid actuation) have 
performed extremely well and with high reliability. 
Although this research represents a major step in 
establishing fully automatic process control for 
lumber drying, sensing techniques can be improved 
further and a control model based on a mathematical 
model 9 of the kiln environment developed. 
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Dependable Switchers.,, 

The PM2497 
5V@IOOA/5"x8"xll" 

In 1973 Pioneer Magnetics started building a 5VDC 
@ lOOA switching power supply for applications 
requiring compact and efficient DC power. At the time, 
commercial switchers were considered state-of-the-art. 
We solved reliability and delivery problems for our 
customers that our contemporaries couldn't. As a 
result, our customers referred to the power supplies 
as the DEPE DABLES. In fact we're still delivering that 
same power supply to those same valued customers. 
We're proud to say that they've depended on us and 
we've responded by shipping over 100,000 high power 
switchers. After 8 years our supplies are still out there 
and running. A continuation of a tradition started 
in 1958. 

STANDARD DC OUTPUT RATINGS. 
MODEL 2V 3V 5V 12V I5V ISV 24V 28V 48V 60V 

CASE 
SIZE 

PM 2496A lOOA 60A ')QA 30A 25A 22A 16A 13A 8A 6A 5"X8" Xl I" 

P 12497A 200A IOOA IOOA 60A 50A 4SA 33A 27A 16A 12A S"X8"Xll" 
120A 
150A ----

PM2500A 200A 200A SSA 70A 60A 45A 40A 24A 19A 5"X8"Xll" ----
PM2498B 400A 300A 200A 120A IOOA 90A 66A 54A 32A 25A 5"Xl6"Xll" 

300A 

PM2501 400A 300A 300A 120A !OOA 90A 66A )q}\ :32A 25A ')"X8"Xl l" 

PM2502 500A 450A '150A 180A l')OA 125A 90A 80A 47A 35A 5"Xl6"Xll" 

NOTES: 92-138\ '.A.C or 18+250\ '.A.C single phase, -t7 to 63Hz 
DC input a\'ai lable. 

The New PM2501 
5V@300A/ 5"x8"x II " 

Since 1973, we've been accepting new challenges. 
Within the same outline as the PM2497, we've devel
oped output ratings of 5V @ 120A, lSOA, 200A and 
now a new 5V @ 300, with full delivered power at 
S0°C. 

The new PM2501 exhibits excellent dynamic 
response. Proven design concepts enable close 
control over those parameters that insure reliability. 
For instance, our unique heat transfer technology 
results in low component thermal stress, even lower 
than the PM2497. At three times the power level the 
PM2501 features an exceptionally high power density 
package. 

Our product line includes switchers that deliver up 
to 2250 watts in single output and from 375 to 1500 
watts in dual through quad output channels. AC or 
DC input. 

Over 100,000 PMI switchers are in the field 
providing dependable, service free operation. After 
all , that 's why customers have continuously come 
back to us since 1958. 

Pioneer 
Magnetics 

THE SWITCHING POWER SUPPLY PEOPLE SINCE 1958 

1745 Berkeley Avenue , Santa Monica, CA 90404 (213) 829-6751 
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Wescon/c@3V 
Electronic Show & Convention 
September 15 - 17, 1981 
Brooks Hall & Civic Auditorium 
San Francisco 

Wescon/s1's theme-"30 Years of Electronics Leader
ship" -significantly denotes the anniversary of what is 
claimed to be America's largest high technology elec
tronics exhibition and convention. Returning to Brooks 
Hall & Civic Auditorium for the last time as part of its 
annual alternating with the Los Angeles area (in 1983 
the much larger Moscone Convention Center will be 
host), this year's conference is expected to be the largest 
held in San Francisco in the past dozen years. In fact, it 
is going to be necessary to locate many overflow exhibits 
in ballrooms and corridors of the San Francisco Hilton 
Hotel. As usual, the conference is co-sponsored by 
northern and southern units of the Institute of Electrical 
and Electronics Engineers and the Electronics Represen
tatives Association. 

Professional program 

Approximately 160 papers will be presented in three 
blocks of sessions on each of the three days of the con
ference. Each session will last two hours, with session 
blocks beginning at 9 am, 12:30 pm, and 3:30 pm. 
Major subject emphasis will be on microprocessor/com
puter hardware and software, but other subjects such as 
memories, signal and array processing, analog to digital 
interface systems, voice processing, industrial control, 
and integrated circuit sensors will also be covered. As an 
assist to Computer Design readers, sessions of par-
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Derek Bray 
Chairman of the Prof~sion~I 
Program Cornmittee 

ticular interest are outlined below, separated into 
categories. 

Microprocessors I computers 

Progressions from familiar 8-bit microcomputers to the 
more sophisticated and capable 16-bit families offer ad
vantages for both hardware and software system 
designers. In a group of sessions spread over three days, 
representatives of several microcomputer, peripheral, 
and memory manufacturers and of the companies that 
design those products into their systems will discuss 
both the advantages of the products and the implica
tions inherent in their use. Emphasis will be on informa
tion of value to the working engineer. 

(continued on page 100) 
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@wescon/~V 
Session 5 Advanced 16-Bit Peripherals: 

The Family Concept 
Tues, Sept 15 12:30-2:30 pm Continental Ballroom 4 
Organizer: H. Bryce, Motorola, Inc, Austin, Tex 
Chairperson: D. Collins, Motorola, Inc, Austin, Tex 
"Coherent Family of Peripherals for the zsooo 16-Bit 

Microprocessor'' 

Session 1 16-Bit Microcomputer Architecture
Advanced Features 

M. Pitcher, Zilog, Inc, Cupertino, Calif 
''Advanced Peripherals Complement NS16000 Family'' 
G. Martin, National Semiconductor Corp, Santa Clara, Calif Tues, Sept 15 9-11 am Continental Ballroom 4 

Organizer and Chairperson: K. S. Padda, Texas Instruments, 
Inc, Houston, Tex 

"Motorola Support Chips Complement the MC68000 Archi-
tecture" 

D. Collins, Motorola, Inc, Austin, Tex 
"Practicality and Advance Architecture of NS1 6000" 

"Task Driven Peripheral Interfaces" 
D. Tjoa and T. Rossi, Intel Corp, Santa Clara, Calif 

S. Bal, National Semiconductor Corp, Santa Clara, Calif 
''Advanced· Processor or Advanced System'' 
D. Lafitte, Texas Instruments, Inc, Houston, Tex 
"iAPX 286" 
P. Heller, Intel Corp, Santa Clara, Calif 
''Mc 68000-Breakaway from the Past'' 
J. Browne, Motorola, Inc, Austin, Tex 
"Design Decisions in the zsooo Architecture" 
S. R. Mateosian, Zilog, Inc, Cupertino, Calif 

"Intelligent Peripherals of the VLSI Era" 
J . Samsen, Texas Instruments, Inc, Houston, Tex 

Session 9 Virtual Memory Concepts for 16-Bit 
Microprocessors and Computers 

Tues, Sept 15 3:30-5:30 pm Continental Ballroom 4 
Organizer and Chairperson: J . J. Farrell III, Motorola, Inc, 

Austin, Tex (continued on page 103) 

WESCON PROFESSIONAL PROGRAM SUMMARY* 

CONTINENT AL CONTINENTAL CONTINENTAL CONTINENT AL 
BALLROOM 4 BALLROOM 5 BALLROOM 6 BALLROOM 7 

9 to 16-Bit Microcomputer 2 Speech Technology 3 Future Trends in Digital 4 Strategies for High 
11 am Architectures- in the 80s Signal/Array Processing Technology Product 

LO Advanced Features Marketing -... c. 12:30 to 5 Advanced 16-Bit 6 Voice Processing - 7 Modern Trends In 8 Technical Publishing CD en 2:30 pm Peripherals: The Family A Technology and Market Digitizing Signal Opportunities for 

u) Concept Assessment for the 80s Analyzers Engineers 

CD 
:::s .... 3:30 to 9 Virtual Memory Concepts 10 Computer Controlled Voice 11 User Friendliness in 12 California's Favorable 

5:30 pm for 1 6-Bit Micro- Message Systems and the Advanced lnstrumenta- Small Business 
processors and Computers Office of the Future ti on Climate 

9 to 13 Trends in CMOS 14 Very High Speed 15 Integrated Circuit 16 Fiber Optics Today 
11 am Microprocessors Digital LSI Sensors Markets, 

Applications, and 
U) Technologies -... 

12:30 to 17 Single-Chip Micro- 18 Transporting High Speed 19 The Outlook for 20 Flux Residue Re-c. 
CD 2:30 pm computers I-Cost Digital Signals Point Linear ICs in the 80s moval and Its Impact en Effective System to Point on Circuit on Quality Control 
-0 Solutions Board Assemblies and Reliability 

CD 

~ 
3:30 to 21 Single-Chip Micro- 22 Advances in Leadless 23 Analog-Digital 24 Mixers for High 
5:30 pm computers II-Software Chip Carrier Packaging Interface Systems Performance Radio 

Considerations and Attachment 
Techniques 

9 to 25 Electrically Erasable 26 Multitasking Operating 27 Microcomputer Bus 28 Technology to Help 
,.... 11 pm Memories Provide New Systems for Micro- Structures - What the Handicapped - System Flexibility processors the Future Holds ... c. 

CD 12:30 to 29 Battery Backup 30 Computers for 31 The Expanding Spec- 32 Competition in the en 2:30 pm Techniques for Memory Engineering Applications trum of Microprocessor Electronics Industry -
u) Preservation Peripherals Legal Pitfalls and ... Remedies :::s .c .... 

3:30 to 33 User Programmable 34 Standard Software for 35 Microprocessors in 36 Manufacturing Off-
5:30 pm Circuits Standard Microcomputer Industrial Control-A shore in the 80s 

Modules Look at Distributed 
Control Networks 

*All sessions are being held at the San Francisco Hilton Hotel. The session schedule is subject to change. 
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No~ w rite better system software. 
With MS-Pascal: 

Before and after. Until now, if you wanted to do machine 
oriented programming, there was assembly language. Now, 
MS-Pascal™ gives you a high level language that allows you to 
program at the byte, word, address and interrupt level. All 
in clean, structured, high-level language. 

Beyond Pascal. For starters, MS-Pascal is an ISO-standard 
Pascal native code compiler. But we took it a few steps further. 
We added Pascal language extensions that are specifically 
for system software programming-the programming jobs you 
thought could only be written in assembly language. 

Portability. Your MS-Pascal programs will run, without modi
fication, on any of our target machines. With its machine-inde
pendent front-end and code generators for 8-bit and 16-bit 
microprocessors, MS-Pascal is completely portable. The 8080 
and 8086 code generators are available now, including versions 
compatible with CP/M® and CP/M-86® operating systems. 

More system-level extras. Everything about MS-Pascal has 
been designed for efficiency in system implementation. A global 
optimizer phase produces tight fast code. Plus, MS-Pascal 
comes with its own linker and assembler. And, unlike some ver
sions of Pascal, you can freely call assembly language routines 
from MS-Pascal programs. 

Natural extensions. All MS-Pascal enhancements are natural 
extensions of the Pascal language. For example, there's a 
variable-size LSTRING type, special machine-oriented BYTE and 
WORD types, a unique machine address type, and attributes 

like PUBLIC for variables and procedures. These and other 
features make MS-Pascal a structured language with enough 
fine detail to satisfy even a system-level programmer. 

For systems OEMS. Whether you're selling development 
systems, OEMing microcomputer hardware/software systems, 
or writing your own system software, MS-Pascal is a time 
and machine efficient native-code Pascal compiler that means 
greater productivity for you, your customers, and your cus
tomers' clients . And remember, Microsoft also offers BASIC, 
FORTRAN, COBOL and the XENIX™ operating system. 

You don't bet on our software. We do. Microsoft's royalty 
program offers you low entry-level prices, with payments 
scheduled on a when-and-as sold basis. Call our OEM Accounts 
Manager at 206-455-8080 for more details. If you need a 
programming language that works harder, MS-Pascal is your 
language. We used it to write the MS-Pascal compilers. 
CP/M and CP/M-86 are trademarks of Digital Research, Inc. 
XENIX is a trademark of Microsoft. 

MCROIOFJ 
WE SET THE STANDARD 
10800 N.E. 8th St. , Suite 819 
Bellevue, Washington 98004 

(206) 455-8080 • TLX: 328945 

CIRCLE 59 ON INQUIRY CARD 



With so many matrix printers on the market today, it may seem 
tough to find exactly the right one for your application. Some 
models may offer the speed you need, others the communications 
flexibility and still others the forms handling capability. But no 
printer offers all the features you need ... until now. 
The OS 180 matrix printer provides the total package of perfor
mance features and reliability required for applications such as 
CRT slave copy, remote terminal networks and small to mid-range 
systems. Not a "hobby-grade" printer, the 08180 is a real work
horse designed to handle your most demanding printer require
ments. And pricing on the DS180 is hundreds of dollars be 1ow 
competitive units. 
High Speed Printing- Bidirectional, logic-seeking printing at 
180 cps offers throughput of over 200 I pm on average text. A 
9-wire printhead life-tested at 650 million characters generates 
a 9x7 matrix with true lower case descenders and underlining. 
Non-volatile Format Retention - a unique programming keypad 
featuring a non-volatile memory allows the user to configure the 
DS180 for virtually any application. Top of form, horizontal and 
vertical tabs. perforation skipover, communications parameters 

CIRCLE 60 ON INQUIRY CARO 

and many other features may be programmed and stored f ram the 
keypad.When your system is powered down, the format is retained 
in memory. The 08180 even remembers the line where you stopped 
printing. There is no need to reset the top of form, margins, baud 
rate, etc .... it's all stored in the memory. If you need to recon
figure for another application, simply load a new format into the 
memory. 
Communications Versatility - The OS 180 offers three interfaces 
including RS232, current loop and 8-bit parallel. Baud rates from 
110-9600 may be selected. A 1 K buffer and X-on, X-off hand
shaking ensure optimum throughput. 
Forms Handling Flexibility-Adjustable tractors accommodate 
forms from 3"-15". The adjustable head can print 6-part forms 
crisply and clearly making the 08180 ideal for printing multipart 
invoices and shipping documents. Forms can be fed from the front 
or the bottom. 
If you would like more information on how the DS180's low-cost 
total printer package can fill your application, give us a call at 
Datasouth. The DS180 is available for 30-day delivery from our 
sales/service distributors throughout the U.S. 

data©@M11[ffi 
computer corporation 

47 40 Dwight Evans Road • Charlotte. North Carolina 28210 • 704/ 523-8500 



(]{)wescon/~V 
''The Management of Extended Memory for Concurrent 

Processes in TI Microprocessor Pascal'' 
L. Spry, Texas Instruments, Inc, Lewisville, Tex 
''iAPX 286-Virtual Memory and Distributed Processing'' 
R. Markowitz, Intel Corp, Santa Clara, Calif 
"Memory Management Made Easy with the Z8000 Micro

processor Family" 
S. Walters, Zilog, Inc, Cupertino, Calif 
"Implementation of a Virtual Memory System Using the 

MC68451 Memory Management Unit" 
H. Scales, Motorola, Inc, Austin, Tex 
"Benefits of NSI6082 Memory Management Unit" 
Y. Lavi, National Semiconductor (Israel), Ltd, Herzliya, Israel 

Session 13 Trends in CMOS Microprocessors 
Wed, Sept 16 9-11 am Continental Ballroom 4 
Organizer and Chairperson: B. Huston, Motorola, Inc, 

Austin, Tex 
"Low Power Peripheral Components, Hardware/Software 

Support Solve System Design Problems'' 
G. Mullinix and D. Zrepski, Natipnal Semiconductor Corp, 

Santa Clara, Calif 
"A High Performance CMOS ROM-Based Processor" 
B. Hilton, Motorola, Inc, Austin, Tex 
"High Performance CMOS Microprocessor Family Is 

Designed to Ease the Software Development Burden'' 
F. Toth, American Microsystems, Inc, Santa Clara, Calif 
"1800 Series Peripherals-Building Blocks of a Complete 

Processor Family" 
J. Paradise, RCA Solid State Div, Somerville, NJ 

Session 17 Single-Chip Microcomputers I-Cost 
Effective System Solutions 

Wed, Sept 16 12:30-2:30 pm Continental Ballroom 4 

Organizer and Chairperson: J. Fattal, Motorola, Inc, Austin, 
Tex 

"6500/1-11 High Performance Microcomputer'' 
D. Smith, Rockwell International, Anaheim, Calif 
''The Hardware Features of the M6805 Family of Single-

Chip Microcomputers'' 
J. Farrell, Motorola, Inc, Austin, Tex 
"Cost Effective Microcontroller" 
J. Irwin, National Semiconductor Corp, Santa Clara, Calif 
"16-bit CMOS Microcomputer" 
J. Bauer, American Microsystems, Inc, Santa Clara, Calif 
"A Compact Z8 Microcomputer Board with On-Chip BASIC" 
P. Brown, Zilog, Inc, Cupertino, Calif 

Session 21 Single-Chip Microcomputers 11-
Software Considerations 

Wed, Sept 16 3:30-5:30 pm Continental Ballroom 4 
Organizer and Chairperson: J. Boney, Motorola, Inc, 

Austin, Tex 
"Single-Chip Microcomputer Programming-A User's View" 
A. Choperena, E. I. duPont de Nemours & Co, Wilmington, 

Del 
"Large Computer Programming Traits in a Single-Chip 1 

Microcomputer Family'' 
B. Huston, Motorola, Inc, Austin, Tex 
''Programming Trade-offs-Code Density Versus Speed'' 
R. Dumse and P. T. Whalen, Rockwell International, 

Anaheim, Calif 

"Software Design Practices for Single-chip Microcontrollers" 
M. Stevens, American Microsystems, Inc, Santa Clara, Calif 
"Programming the TMS 7000" 
J. Millar and M. Patrick, Texas Instruments, Inc, Houston, 

Tex 

Session 26 Multitasking Operating Systems for 

Thurs, Sept 17 9-llam 
Microprocessors 

Continental Ballroom 5 
Organizer and Chairperson: T. Cramer, Zilog, Inc, Cupertino 

Calif 
"iRMX Family of Operating Systems" 
B. Schaefer, Intel Corp, Hillsboro, Ore 
"BLMX 80" 
N. Rodes, National Semiconductor Corp, Sunnyvale, Calif 
"ZRTS, Zilog Realtime Software" 
S. Savitzky, Zilog Corp, Cupertino, Calif 
"Versa oos" 
J. Glaser, Motorola, Inc, Phoenix, Ariz 
"An Anthropomorphic Approach to Operating Systems" 
J. Lowry, Advanced Micro Computers, Santa Clara , Calif 

Session 27 Microcomputer Bus Structures- What 
the Future Holds 

Thurs, Sept 17 9-ll am Continental Ballroom 6 
Co-organizers: S. Edelman, Marken Communications, Palo 

Alto, Calif, and J. Spackman, Texas Instruments, Inc, 
Houston, Tex 

"STD Bus: A Standard for the 80s" 
W. C. Cummings, Mostek Corp, Carrollton, Tex 
''The Multibus/IEEE P796 Bus Standard-The Multi-

processing Bus of the 80s" 
J. Barthmaier and R. Dilbeck, Intel-OMS, Hillsboro, Ore 
"IEEE P696. l: The Bus Whose Time Has Come" 
M. Wright, SSM Microcomputer Products, San Jose, Calif 
"Functional Architecture: Optimizing a Powerful System 

Bus Solution'' 
L. Ames, Texas Instruments, Inc, Houston, Tex 
"The Advanced Microcomputer System Bus-IEEE P896" 
A. Allison, Consultant, Los Altos, Calif 

Session 31 The Expanding Spectrum of Micro-
processor Peripherals 

Thurs, Sept 17 12:30-2:30 pm Continental Ballroom 6 
Organizer and Chairperson: B. Huston, Motorola, Inc, 

Austin, Tex 
"A New LSI CRT Controller for Avanced Video Display 

Systems'' 
M. Herman and J. Tweedy, Standard Microsystems Corp, 

Hauppauge, NY 
"Battery Backed-up Realtime Clock Techniques" 
R. Davis, Motorola, Inc, Austin, Tex 
"Local Networks-LSI's Next Challenge" 
M. Stieglitz, Western Digital Corp, Newport Beach Calif 
"Microprogrammable Peripheral Controllers for 8-bit 

Systems'' 
M. Patrick and J. Millar, Texas Instruments, Inc, Houston, 

Tex 
"Color Graphics with an Advanced LSI Controller" 
J. Wise and H. Szejnwald, NEC Microcomputers, Wellesley, 

Mass 

. Session 34 Standard Software for Standard Micro

Thurs, Sept 17 3:30-5:30 pm 
computer Modules 

Continental Ballroom S. 
Organizer and Chairperson: D. E. Starbuck, Rockwell 

International, Anaheim, Calif 
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"The Marriage of Forth and the RM 65 Modular Micro-
computer'' 

G. Malolepsy, Rockwell International, Anaheim, Calif 
''Architectural Building Blocks'' 
A. Doerr and R. Markowitz, Intel Corp, Santa Clara, Calif 
"M!OS-80 A CP/M Compatible Operating System" 
W.R. Vaughn, Mostek Corp, Carrollton, Tex 
"Texas Instrument's Component Software" 
R. Jackson, Texas Instruments, Inc, Houston, Tex 

Memories 

Session 25 Electrically Erasable Memories Provide 
New System Flexibility 

Thurs, Sept 17 9-11 am Continental Ballroom 4 
Organizer and Chairperson: J. F. Rizzo, Intel Corp, Santa 

Clara, Calif 
"2816 Floating Gates Bring a Revolution to Nonvolatile 

Memory" 
J. F. Rizzo, Intel Corp, Santa Clara, Calif 
"A Family of In-the-Circuit 5-V-Programmable Nonvolatile 

Static RAMs" 
J. Drori and G. Landers, Xicor, Inc, Sunnyvale, Calif 
"New Developments in MNOS EAROMs" 
E. Edwards, General Instrument Corp, Hicksville, NY 
"CMOS Brings New Capabilities to Electrically Erasable 

Memory" 
G. DesRochers, Hughes Semiconductor, Newport Beach Calif 
"Bubble Memory Developments in the 1980s" 
R. McDonald, Texas Instruments, Inc, Houston, Tex 

Session 29 Battery Backup Techniques for Memory 
Preservation 

Thurs, Sept 17 12:30-2:30 pm Continental Ballroom 4 
Organizer and Chairperson: D. Linden, Consultant, Little 

Silver, NJ 
"Miniature Batteries for Memory Preservation" 
D. Linden, Consultant, Little Silver, NJ 
''New Lithium Batteries for Memory Preservation'' 
R. E. Ralston, Duracell International, Inc, Elmsford, NY 
Characteristics of the Lithium Solid State Battery in Memory 

Circuits'' 
S. J. Garlock, Lear-Siegler Instrument Div, Grand Rapids, 

Mich 
"The Use of Lithium Batteries in Memory Circuits" 
L. H. Fentnor and L. A. Schaum, Hughes Aircraft Co, 

Tucson, Ariz 
"Lithium Batteries for Industrial Control Equipment" 
W. Phillips, Texas Instruments, Inc, Johnson City, Tenn 
"Lithium/Thionyl Chloride Batteries for Memory Preser-

vation" 
B. Ravid, Tadiran, Ltd, and G. Giveony, Israel Electronics 

Industries, Ltd, Rehovot, Israel 

Speech Technology 
Session 2 Speech Technology in the 80s 
Tues, Sept 15 9-11 am Continental Ballroom 5 
Organizer and Chairperson: S. B. Crook, Texas Instru-

ments, Inc, Midland, Tex 
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"Overview of Speech Technology of the 80s" 
S. K. Brown, Texas Instruments, Inc, Midland, Tex 
"Linear Predictive Coding" 
J. Gaur, General Instruments, Hicksville, NY 
"High Quality and Less Memory Using Waveform Digi

tization'' 
F. Wickersham, National Semiconductor Corp, Santa Clara, 

Calif 
''Proposal for a High Quality Complex LPC (Linear Predictive 

Coding) Speech Coder/Decoder'' 
W. Hartwell, Bell Telephone Laboratories, Naperville, Ill 
"Industrial Applications of Speech Technology" 
A: F. Mandel and K. M. Eichler, Westinghouse R&D Center, 

Pittsburgh, Pa 

Session 6 Voice Processing-A Technology and 
Market Assessment for the 80s 

Tues, Sept 15 12:30-2:30 pm Continental Ballroom 5 
Organizer and Chairperson: H. K. Lake, Jr, The Diebold 

Group, Newport Beach, Calif 
"Voice Processing-An Outlook for the Coming Decade" 
N. R. Miller, The Diebold Group, New York, NY 
"Automatic Speech Recognition Systems-Evaluation and 

Application'' 
D. F. Fink, Intel Corp, Santa Clara, Calif 
"Voice Data Entry-An Industrial User's Perspective" 
A. R. Strass and A. J. Nanow, General Electric Co, Bridge

port, Conn 
"Implemented Voice Recognition, A Practical Application" 
E. R. Wendorff, AT&T Long Lines, Beaminster, NJ 

Integrated Circuits 
Session 14 Very mgh Speed Digital LSI 
Wed, Sept 16 9-11 am Continental Ballroom 5 
Organizer and Chairperson: R. Walker, LSI Logic Corp, 

Santa Clara, Calif 
''A Systems Approach to VLSI Logic'' 
C. Davis, IBM Corp, Hopewell Junction, NY 
"ECL Provides Highest Available System Speeds" 
H. Mueller, Motorola, Inc, Mesa, Ariz 
"CML Masterslice Family Provides Sub-Nanosecond VLSI" 
D. L. Presholdt, Honeywell Solid State Electronics Div, 

Plymouth, Minn 
"Future Trends in Very High Speed LSI Technology" 
C. Dell'Oca, LSI Logic Corp, Santa Clara, Calif 

Session 19 The Outlook for Linear ICS in the 80s 
Wed, Sept 16 12:30-2:30 pm Continental Ballroom 6 
Organizer and Chairperson: D. Grant, Analog Devices Semi-

conductor, Wilmington, Mass 
''Applications of CMOS Technology to Linear Ics and Data 

Converters'' 
J. Zis, Intersil, Inc, Cupertino, Calif 
''Technological Advances in Monolithic Instrumentation 

Amplifiers and Voltage Regulators'' 
C. Nelson, National Semiconductor Corp, Santa Clara, Calif 
"Bipolar Amplifiers with High Accuracy and Bandwidth" 
T. Schwartz, Precision Monolithics, Inc, Santa Clara, Calif 
"Achieving the Impossible: Systems-Level Precision 1cs" 
L. Counts, Analog Devices Semiconductor, Wilmington, Mass 

(continued on page 106) 
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The I PS 7800-
VAX* 11 Series 

The /PS 7811-
PDP* 11 Series 

The /PS 5000-
Raytheon 500 Series ,,. 

A 
4llliiiii; \YI ' . h vve re 1n t e mass stor-

J... age business. State of 
~ the art mass storage-

81i and we're specialists. Our 
-~ line of tri-density magnetic 
" ...... tape subsystems represents 
~ state of the art technology and 

total reliability. Because theres 
more to mass storage than capa

city-its got to work. 
If you 're a Dec, Perkin-Elmer or 

Raytheon user, we've got news for 
you. IPS has the highest performance 

tape subsystems around. With fea
tures like: Telex. STC or Pertee drives; 
Dual-Density (1600/6250 BPI) or Tri
Density (800/1600/6250 BPI) capa
bilities; tape speeds up to 125 ips; 
storage capacity up to 180 mega
bytes per reel; a 32k Byte FiFo buffer; 
and Data Chaining for reading and 
writing gapless tapes. We also offer 
complete, integrated subsystems 
as well as individual control units. 

For performance and reliability; 
IPS works. 

IPS 

The /PS 3200-
Perkin-Elmer 3200 Series 

6567 Rookin St., 
Houston, Texas 77074 
Phone (713) 776-0071: 
wire IPS-HOU TELEX 792413 
Regional offices located in Ca. 
and Mass. 

~~JI 
H8i' 

*Registered Trademark of Digital Equipment Corporation. 

,,, 
~" . . 
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Miscellaneous 
Session 3 Future Trends in Digital Signal/ Array 

Processing 
Tues, Sept 15 9-11 am Continental Ballroom 6 
Organizer and Chairperson: L. F. Pittroff, Advanced Micro 

Devices, Sunnyvale, Calif 
"Minimum-Chip-Count Number Cruncher Uses Bipolar 

Co-Processor'' 
C. Hastings, R. Blasco, Consultant, and U. Gordon, Mono-

lithic Memories Inc, Sunnyvale, Calif 
"Advances in Array Processor Programming Techniques" 
D. Birkner, Computer Design & Applications, Newton, Mass 
The Application of FFr in Fast Convolution and Digital Fil-

tering" 
A. M. Peterson, Stanford University, Stanford, Calif 
''FFr Address Sequencer Gives Easy Access to the Frequency 

Domain'' 
B. J. New, Advanced Micro Devices, Sunnyvale, Calif 
"Digital Correlators Bring DSP Techniques to New Areas" 
J. A. Eldon, TRW LSI Products, Inc, La Jolla, Calif 

Session 7 Modem Trends in Digitizing Signal 
Analyzers 

Tues, Sept 16 12:30-2:30 pm Continental Ballroom 6 
Organizer and Chairperson: A. W. Crooke, Data Precision 

Corp, Danvers, Mass 
"The Modern Digital Oscilloscope and Its Applications" 
A. Tegen, Nicolet Instrument Co, Madison, Wis 
"Sampling Network Analyzer for Periodic Functions" 
B. Talambiras, Dranetz Engineering Labs, Inc, Edison, NJ 
"The Computing Oscilloscope, Why? How?" 
G. Williams and G. Kueneman, Norland Corp, Fort Atkinson, 

Wis 
"User Interface: Complexity vs Flexibility in a Sampled Data 

Instrument'' 
A. W. Crooke, E. E. Stebbins, and C. Gyles, Data Precision 

Corp, Danvers, Mass 

Session 8 Technical Publishing Opportunities for 
Engineers 

Tues, Sept 15 12:30-2:30 pm Continental Ballroom 7 
Organizer and Chairperson: J. A. Titus, The Blacksburg 

Group, Blacksburg, Va 
"Why Engineers Can't Write-Or Can They?" 
G. Rotsky, Electronic Engineering Times, Mannasset, NY 
''How a Technical Publisher Can Enable You to Share Your 

Knowledge'' 
J.B. Pascoe, Howard W. Sams and Co, Inc, Indianapolis, Ind 
"Special Writing and Publishing Opportunities" 
J. A. Titus, The Blacksburg Group, Blacksburg, Va 
"The Engineer and His Audience-Non-Technical Writing" 
A. Osborne, Osborne & Associates, Berkeley, Calif 

Session 16 Fiber Optics Today 
Wed, Sept 16 9-11 am Continental Ballroom 7 
Organizer and Chairperson: R. L. Ohihaber, Belden Corp, 

Geneva, Ill 
"Application Considerations for Fiber Optic Cables" 
R. L. Ohihaber, Belden Corp, Geneva, Ill 
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"Advances in Fiber Optic Connectors" 
J. Leidy, AMP, Inc, Harrisburg, Pa 
"Low Cost Fiber Optic Components for Industrial Appli-

cations'' 
J. Bliss and D. Stevenson, Motorola HFO Div, Phoenix, Ariz 
"Fiber Optic Transmission Links" 
H. A. Carnes and E. E. Basch, GTE Laboratories, Waltham, 

Mass 

Session 18 Transporting High Speed Digital Signals 
Point to Point on Circuit Board Assemblies 

Wed, Sept 15 12:30-2:30 pm Continental Ballroom 5 
Organizer: S. E. Grossman, Stephen E. Grossman, Inc, Los 

Altos, Calif 
Chairperson: S. Smockler, Kollmorgen Corp, Glen Cove, NY 
"Implementing High Speed Logic on Printed Circuit Boards" 
T. Balph, Motorola, Inc, Phoenix, Ariz 
"High Speed Signal Pathways from Board to Board" 
R. K. Southard, AMP, Inc, Harrisburg, Pa 
"Implementing Controlled Impedance Techniques in Discrete 

Wiring" 
J. P. Plonski, Kollmorgen Corp, Glen Cove, NY 
''Design Considerations of Printed Circuit Transmission Lines 

for High Performance Circuits" 
N. Arvanitakas and J. J. Zara, IBM Corp, Endicott, NY 

Session 23 Analog-Digital Interface Systems 
Wed, Sept 16 3:30-5:30 pm Continental Ballroom 6 
Organizer and Chairperson: J. Sullivan, Harris Semiconductor 

Group, Melbourne, Fla 
"Session Overview" 
J. Sullivan, Harris Semiconductor Group, Melbourne, Fla 
"DAS Front End Design Considerations" 
T. Fleming, Harris Semiconductor Group, Melbourne, Fla 
"New Low Cost 8-bit A-Ds with Unique Input MUX in 'Mini' 

to 'Skinny' DIP Packages" 
T. Reagan, National Semiconductor Corp, Santa Clara, Calif 
"Current New Device Technology, Including Fabrication 

Aspects'' 
G. McGlinchey and E. Macachor, Advanced Micro Devices, 

Sunnyvale, Calif 
"Ins and Outs of Interfacing A-D Converters" 
D. Grant, Analog Devices Semiconductor, Wilmington, Mass 

Session 30 Computers for Engineering Applications 
Thurs, Sept 17 12:30-2:30 pm Continental Ballroom 5 
Co-organizers and Co-chairpersons: T. H. Bruggere, Mentor 

Corp, West Linn, Ore, and B. Hamilton, Tektronix, 
Beaverton, Ore 

"Desktop Computer: Versatile Tools for Computer Aided 
Engineering'' 

J . Stedman, Tektronix, Beaverton, Ore 
"CAE-Productivity Improvements Using Desktop Com-

puters" 
B. Cummings, Hewlett-Packard Co, Fort Collins, Colo 
"Trends in Desktop CAD" 
T. H. Bruggere, Mentor Corp, West Linn, Ore 
"System Needs for Engineering Workstations" 
J. D. Howard, Intel Corp, Aloha, Ore 

Session 33 User Programmable Circuits 
Thurs, Sept 17 3:30-5:30 pm Continental Ballroom 4 
Organizer and Chairperson: F. H. Cherrick, Intel Corp, Santa 

Clara, Calif 
''Registered P /RO Ms'' 
R. C. Lutz, Advanced Micro Devices, Sunnyvale, Calif 

(continued on page 108) 
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When the Canadian Government needed a 
totally secure local data distribution network, 

they ordered our Fiber Optic System. 
The data distribution Pro- The Fiber Optic Solution: Versitron's System Design 
blem: The Canadian Gov- Group studied the problem and recommended a 
ernment made their pro- fiber optic network utilizing advanced fiber optic 
blem completely clear. One modems. This recommendation assured total traffic 
of their agencies was ex- security throughout the network. Not only because 
ponding its headquarters in- of fiber optic's inherent physical protection: but also 
to several floors of an adja- through a unique intrusion alarm feature that im
cent office building and they mediately shuts down any data link where the in

tegrity is suspect. The start-up cost for this sys
tem proved to be highly competitive with 
an equivalent coaxial system. Plus, 
the fiber optic system's capacity 
could be expanded by a fac-
tor of fifteen by merely re
placing the single 
channel modem 
with Versitron' s 

~ . . 15 channel 
insisted upon installing a multiplexer 
secure local data distribution system. 
network to carry "sensitive" 
traffic. Minimal start-up costs 
and future expandability 
were further considera
tions. 



m Wescon/cW~ 
"Designing a 16k CMOS P/ROM" 
C. Rantz and R. Goslin, Harris Semiconductor, Melbourne, 

Fla 
''New P/ROM Technology Provides High System Throughput,'· 
W. Plummer and ·H. Fung, Intel Corp, Santa Clara, Calif 
"High Level Language for Program Array Logic" 
J. M. Birkner, Monolithic Memories, Sunnyvale, Calif 
"Innovative Architecture in Programmed Logic Increases 

Design Flexibility'' 
N. Cavian, Signetics, Sunnyvale, Calif 

Session 35 Microprocessors in Industrial Control-
A Look at Distributed Control Networks 

Thurs, Sept 17 3:30-5:30 pm Continental Ballroom 6 
Organizer and Chairperson: G. 0. Roop, Mostek Corp, Car

rollton, Tex 
''Rios-Crydom,s Remote 110 System'' 
V. Gregory, Crydom Division of International Rectifier, El 

Segundo, Calif 
"Distributed Process Control to Multiple Remote Job Sites 

Via a Serial Link,' 
B. Tracey, OPT0-22, Huntington Beach, Calif 
"Serial Communication Protocol Improves Data Acquisition 

and Control System Cost and Performance,, 
·S. Osgood, Analog Devices/Intersil, Cupertino, Calif 
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"Implementation of Distributed Processing on the STD Bus" 
G. Davidson, Mostek Corp, Carrollton, Tex 

Exhibits 

To help attendees and minimize time spent searching for 
comparison of like products, exhibits at the Civic 
Auditorium and Brooks hall will be separated into four 
main categories: 

• components, microelectronics, and fiber optics 
• instrumentation, test equipment, and control 

systems 
• computers, EDP peripherals, and data com

munication 
• production and packaging equipment. 

Those at the Hilton Hotel will be in the Tower Lobby, 
Franciscan Room, and Plaza Room. Exhibit hours at all 
locations will be 9 am to 6 pm on Tuesday, 9 am to 7 pm 
on Wednesday, and 9 am to 5 pm on Thursday. 

A W escon Special Exhibit at the Garden Lane in the 
Hilton Hotel will highlight small business and engineer
ing computers. Stress will be on existing functions and 
capabilities. 

Registration 

Attendance at Wescon/s1 is open to all electronics in
dustry members over 18 years of age. To register: 

• contact a Wescon exhibitor, obtain a compli
mentary registration card, and complete and 
mail the form August 28; or 

• contact a member of Wescon's Inner Circle or 
Attendance Committee at major facilities to 
obtain a registration card and complete and mail 
the card before August 28 to receive free admis
sion credentials (cards will require a $10 admis
sion fee if presented at the door); or 

• stand in line and register at the door for $10. 
For further information, contact Wescon/'81, 999 N 
Sepulveda Blvd, El Segundo, CA 90245. Tel: 
2131772-2965. 

Marketing conference 
and keynote luncheon 

New business possibilities developing because of short
ages will be the basis of this year's Marketing Con
ference theme: "Future Marketing Opportunities." 
Both the Marketing Conference and the accompanying 
Keynote Luncheon will take place at the Hilton Hotel 
on the Monday preceeding the Professional Program 
and Exhibition. Included will be a "bread and butter" 
forecast of the electronics marketplace; a review of elec
tronics in the "futuristic world," moderated by industry 
analyst Ben Rosen; and discussions of marketing tech
niques. Keynote speaker will be Dixy Lee Ray, former 
Governor of the State of Washington and ex
chairperson of the Atomic Energy Commission. o 
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The fa te t fingers can't outrun 
Ch rry' n w solid state keyboard 

Word processing ... phototypesetting ... key-to-disc ... no 
application exceeds the capability of this Cherry keyboard. 
Scan time externally adjustable to as little as 1.1 milli
seconds accumulated total (entire keyboard). Burst rate 
speed is 1000 characters per second. 

Capacitive design delivers error-free operation ... long 
life dependability. 

No chance for false signals. A unique noise immunity 
circuit tests continuously for valid key depressions. Elec-

tronic hysteresis circuit eliminates "teasing'.' Reliable con
tactless design gives long, trouble-free service life. 

Custom designs for your specific application, do-it-your
self options and user assignable keys on standard models 
add surprising versatility at affordable price. 

Put solid state reliability to work in your data entry 
operation. 

Call or write Cherry today for your free copy of our 36 
page keyboard catalog and the "How To" book of detailed 
application data. 

0 :~* SOLIDSTATEKEYBOARDS 
CHERRY ELECTRICAL PRODUCTS CORP. 3614 Sunset Avenue, Waukegan, IL 60085 • 312/689-7612 •TWX: 910/235-1572 

Worldwide affiliates and phone numbers: Cherry Semiconductor Corp., East Greenwich. RI, U.S.A .. 401 ·885·3600 •Cherry Mikroschalter GmbH, Auerbach . Germany, 09 643 181 •Cherry Electrical 
Products Ltd ., Harpenden (Herts) England, (05827163100 • Cherco Brasil lndustria E. Comercio Ltda .. Sao Paulo, Brazil , 55 (011) 246·4343 •Hirose Cherry Precision Co .. Ltd .. Kawasaki. Japan, 044 933 3511 
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SEPTEMBER 15- 17 lall 

••••••n TWENTY-SECOND IEEE COMPUTER SOCIETY INTERNATIONAL CONFERENCE 

CAPITOL HILTON HOTEL, 16th AND K STREETS, WASHINGTON , D.C. 

Productivity: An 
Urgent Priority 

Tues, Sept. 15 

11 :30 am - 12:30 pm 

Invited speakers (concurrent sessions): 
Session 1 B. Boehm, TRW/ DSSG 

Chairperson: Y. Ohno, Univ of Kyoto 

Session 2 J. Albus, National Bureau of Standards 
Chairperson: V. Basili, Univ of Maryland 

Session 3 C. V. Ramamoorthy, Univ of California 
Chairperson: R. Yeh, Univ of Maryland 

2 - 3:30 pm 

Session 4 Human Factors 
Chairperson: Y. Chu, Univ of Maryland 
"Human Productivity in Software Development" 
R. C. Linger, International Business Machines Corp 
"Matching Software Tools to Organizations Using Maturity 

Factors" 
J. Matejeck, U. S. Dept of Commerce, and M. Weiser, Univ 

of Maryland 
Discussant: J. Gannon, Univ of Maryland 

Session 5 Quality Assurance I 

Chairperson: F. Kamijo, IIPA 

"Allocation of Resources for Software Reliability" 
H. Hecht, SoHaR, Inc 
"Steps: Integrated Software Standards and Its Productivity 

Impact" 
M. Azuma and Y. Mizuno, Nippon Electric Co 
Discussant: J. Musa, Bell Laboratories 

Session 6 Experience with Tools 
Chairperson: to be determined 
"Experiences with a Code Generation Tool" 
R. Roonan, College of William and Mary 
"Productivity Experiences with a Scenario Tool" 
R. E. A. Mason and T. T. Carey, Univ of Guelph 
Discussant: M. Zelkowitz, Univ of Maryland 

4 - 5:30 pm 

Session 7 Software Productivity Measurement Panel 
Chairperson: B. Curtis, ITT 

Discussant: S. Fuller, Digital Equipment Corp 

Session 8 Human Factors Panel 
Chairperson: .B. Schneiderman, Univ of Maryland 
Discussant: E. Sibley, Alpha Omega Group, Inc. 
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V. R. Basili 

H. D. Mills 
General Chairman 

Program Chairmen 

Session 9 Education Panel 
Chairperson: C. Coates, Purdue Univ 

R. Yeh 

Discussant: H. D. Mills, International Business Machines 
Corp 

Wed, Sept 16 

10:30 am - 12:30 pm 

Session 10 Software Models 
Chairperson: I. Miyamoto, Univ of Maryland 
''Applicability of the Rayleigh Model to Three Different 

Types of Software Projects" 
W. K. Wiener-Erlich, J. Hamrick, and V. Rupolo, 

Bankers Trust Co 
''The Implications of Program Composition and Size on De

velopment Productivity'' 
L. Paulsen, International Business Machines Corp 
"An Approximate Queueing Network Model of a Shared 

Device among Independent Computing Systems" 
A. Mink, National Bureau of Standards and S. C. Silio, 

Univ of Maryland 
Discussant: M. Lehman, Imperial College 

Session 11 Hardware Design 
Chairperson: H. Cragon, Texas Instruments, Inc 
"Design Methodology for Testable VLSI" 

C. Chen, Sperry Univac 
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Now you can specify Holmberg 
low-profile J6-DS Economy Series 
DIP IC Sockets with 18 carat gold in 
the contact zone - at about the same price 
as units with conventional tin/lead contact 
plating! 

Or you can specify Holmberg J 6-DS IC 
Sockets with 60/40 palladium/silver contacts 
that rival the performance of gold - at an 
economical price that Holmberg will guaran
tee for 12 months! 

Unbelievable? . 
These are just two of the amazing break

throughs in pricing and performance coming 
from Holmberg Electronics. And Holmberg is 
coming on strong! 

They're two more good 
· reasons you should specify 

Holmberg IC Sockets in 
all popular sizes, from 8 to 

40 pin positions. They're totally interchange
able with any standard make, for easy in
stallation or replacement of leaded ICs and 
other DIP components on PC boards up to 
0.125" thick. 

Place a trial order now. You'll be sur
prised how fast Holmberg Interconnects 
get into your system! 

1..1 '= HOLMBERG 
7 r.;. ELECTRONICS 

The Board Interconnect Professionals 
Asheville Highway 
Inman, South Carolina 29349 
(803) 4 72-2821 

17071 Murphy Avenue 
Irvine, California 92714 
(714) 556-2930 
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SEPTEMBER 15-17 lall 

lllllDllllllll 
"A Mask Artwork Analysis System for Bipolar Integrated 

Circuits'' 
T. Chiba, T. Mitsuhashi, M. Takashima, and K. Yoshida, 

Toshiba Corp 
"Measuring CAD Productivity" 
D. Borda, Arthur D. Little Inc. 
Discussant: D. Kuck, Univ of Illinois-Urbana-Champaign 

Session 12 Database Standards Panel 
Chairperson: E. H. Sibley, Alpha Omega Group, Inc 

2 - 3:30 pm 

Session 13 Quality Assurance n 
Chairperson: Y. Mizuno, Nippon Electric Co 
''A Structured Functional Testing Approach Generic Data 

Structure + Test Algorithm = Test Program" 
C. Lin, NCR 

''The Role of Strategic Planning for Productivity Improve-
ment Through Computer Aided Engineering" 

L. Lipchin, Nolan, Norton & Co 
Discussant: A. Goel, Syracuse Univ 

Session 14 Tool Evaluation 
Chairperson: C. Vick, Systems Control, Inc 
''Early Experience with MONSTR: A Software Maintenance'' 
K. Knobe, Massachusetts Computer Assoc, Inc 
''COBOL Machine Evaluation'' 
R. Nakazaki, M. Yamamoto, M. Yokota, and M. Umemura, 

Nippon Electric Co 
Discussant: W. Riddle, Cray Laboratories 

Session 15 Evaluation Development 
Chairperson: L. Belady, Internationai Business Machines 

Corp/T. J. Watson Research Center 
''Evolutionary Cyclic Model for Development of Complex 

Software Systems'' 
R. Friehmelt, Karlsruhe Inst 
"Productivity across the Software Life Cycle" 
M. Lehman, Imperial College 

4 - 5:30 pm 

Session 16 Software Management Productivity Panel 
Chairperson: E. Goldberg, TRW, Inc 
Discussant: J. Manley, ITT 

Session 17 Office Automation Panel 
Chairperson: R. Kopka, U. S. Air Force Office of Scientific 

Research 
Discussant: V. Lum, International Business Machines Corp 

Session 18 ICAM Panel 
Chairperson: R. Mayer, AFWAIIMLTC Wright-Patterson Air 

Force Base 
Discussant: L. Stucki, Boeing Computer Services 

Thurs, Sept 17 

10:30 am - 12:30 pm 

Session 19 Software Development Process 
Chairperson: To be determined 
"Applying Industrial Engineering to the Software Develop

ment Process'' 
W. W. Agresti, Univ of Michigan 
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"Unifying Data Flow and Control Flow Based Modularization 
Techniques'' 

K. Iwamoto and 0. Shigo, Nippon Electric Co 
"Specification vs Implementation" 
D. Ridjanovic and M. L. Brodie, Univ of Maryland 
Discussant: D. Parnas, International Business Machines Corp 

Session 20 Software Design 
Chairperson: C. V. Ramamoorthy, Univ of California 
"Documentation Technology for Packing Hierarchical Func-

tion, Data, and Control Structures" 
S. Hanata, T. Satoh, and M. Inada, Yokosuka Electrical 

Commun Laboratory 
"An Interactive Tool for Narrative, Operational, and Struc

tural Documentation'' 
P. N. Robillard, Ecole Polytechnique, Montreal 

''A Successful Approach to Managing, Developing, and Main-
taining Software" 

R. G. Lanergan and D. K. Dugan, Raytheon Co 
Discussant: G. Parikh, Shetal Enterprises 

Session 21 ooo's Software Technology Initiative 
Chairperson: J. Batz, U.S. Dept of Defense 
Discussant: J. Munson, System Development Corp 

2 - 3:30 pm 

Session 22 Software Productivity Tools and Techniques 
Panel 

Chairpersons: C. Davis, U.S. Army; P. Mauro, TRW, Inc 
Discussant: D. Gries, Cornell Univ 

Session 23 Software Product Quality Panel 
Chairperson: Y. Mizuno, Nippon Electric Co 
Discussant: S. Gerhart, Univ of Southern California, Infor-

mation Sciences Inst 

Session 24 Software Productivity via Hardware Architecture 
Chairperson: Y. Patt, Univ of California 
Discussant: Y. Chu, Univ of Maryland 

Tutorials 
Four all-day tutorials-Database Management in the 
80s, Office Automation Systems, Productivity Improve
ment Plans for White Collar/Knowledge Worker 
Organizations, and Software Design Techniques-will 
be presented on Sept 14, preceding the beginning of 
COMPCON Fall '81. Registration for these tutorials re
quires payment of an extra fee. 

Registration 

Reduced fees will be charged for all registrations prior 
to Sept 4. After that date, payment of full fees will be 
required, both for mail and at conference registrations. 

Fees for advance (and regular) registration are: any 
tutorial or the conference only, $85 ($95) for members, 
$95 ($110) for non-members; any tutorial and the con
ference, $170 (180) for members, $185 ($195) for non
members. A discount registration of $30 for the Con
ference only is available for IEEE student members who 
are not employed full time. Tutorial registration fees in
clude luncheon and notes; conference registration fees 
include one copy of the Proceedings and two drink 
tickets each for parties hosted by COMPCON on Tuesday 
and Wednesday evenings. 
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Exclusive new Zenith CRT Display with L· Power 
for logic circuits means lower system cost. 
This is no ordinary CRT Display. 

It also provides the power for your 
terminal logic circuits. This unique, 
scan-derived system replaces 
conventional power supplies, and 
results in CRT Display systems that 
are compact, uncomplicated, and have 
fewer part~. You get optimum reliability, 
a cooler-running terminal and lower 
system cost. 

The Zenith CRT Display testing 
program subjects test units to 

CONVENTIONAL 
CRT DISPLAY CHASSIS WITH 

SEPARATE 
TERMINAL POWER SUPPLY 

thousands of hours, under extreme 
humidity, vibration, altitude, and 
temperature conditions. And 
exhaustive analyses of components 
and subassemblies, including electron 
microscope and thermograph scans in 
the Zenith Reliability Lab. 

All Zenith CRT Displays: 5 ", 9 ", 
12 ", and 15" are available with this 
innovative new L-Power system. For 
further information write: CRT Display 
Engineering Division, Zenith Radio 
Corporation, 1000 Milwaukee Avenue, 
Glenview, Illinois 60025, or call (312) 
773-0074. 

THE NEXT 
LOGICAL MOVE 

NEW ZENITH L-POWER CRT DISPLAY CHASSIS 
AND TERMINAL POWER SUPPLY 

COMBINED 

;1'-~lrN 
The quality goes in before the name goes on. 

National Computer Conference, May4-7, Booths 131-134. 
CIRCLE 66 ON INQUlRY CARD 
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ANNOUNCING: COMPUTER DESIGN'S 
TECHNICAL WRITING AWARD PROGRAM 

Because you, our readers, are the principal source of our best technical articles, we feel 
that it's about time you got some public recognition for your contributions to your col
leagues and the state of digital systems art. Therefore, we are proud to announce the 
Computer Design Technical Writing Award Program. A winning article will be selected 
each month, starting with January 1981. The choice will be based on a weighted score 
tabulated from the editorial box scores in each issue. 

Eligibility: You must be employed in a technical department of your company. 
Although this includes technical writers because they generally work in a technical depart
ment, we must exclude professional writers from advertising agencies or in-house public 
relations or communications departments and professional free-lance writers. The award 
is intended for our contributing readers who are active in a technical capacity. 

Monthly A ward: Each month we will select the best article. It will take about six 
months from the issue date for the editorial box scores to reach a steady state value, ie, 
December's winner will be announced in the May 1982 issue. Starting in October the 
monthly winner will be announced in a box at the bottom of our editorial page. We will 
notify the winner's company management and make arrangements to have a Computer 
Design representative present the winner with a certificate citing the award. 

Annual Award: In May of 1982, we will announce the best article for 1981. Watch for 
more details on this early in 1982. All we can tell you now is that the 1981 winner will 
receive a handsome plaque and a Windjammer cruise for two in the Caribbean. 

; 

Best Technical Article of the Month 

January 
"32-Bit Minicomputer Achieves Full 16-Bit Compatibility" 

Steve Wallach and Chuck Holland, Data General Corporation 

February 
"Reducing Roundoff Errors in Microprocessor Based Calculations" 

Henry A. Davis, American Microsystems, Incorporated 

March 
"Future Directions in Computing" 

James R. Bell, Digital Equipment Corporation 
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Our new System 19/UniPak 
lets you program most MOS 
and bipolar PROM'S from 
AMD, Fairchild, Harris, Intel, 
MMI, Motorola, National, 
Raytheon, Signetics and 
Texas Instruments. UniPak's 
software assembles the program
ming algorithm and selects the 
correct socket for 16, 18, 20, 24 
and 28-pin PROMS. 
System 19/UniPak gives you 
design and purchasing free· 
dom. This means you can select 
the best PROM for each application, 
and you can second-source for the 
best price and availability. 
Semi-house approvals and 
easy calibration help main· 
tain higher device yields. 
UniPak has earned written approv
al from device manufacturers. And 
easy calibration lets you keep per
formance within PROM manufactur
ers' specifications. 

algorithms shorten 
programming time enhanc· 
ing System 19's use as a pro· 
duction tool. UniPak is the first 
module to use a newly developed 
algorithm which makes it possible to 
program a 64K EPROM in less than 
half the time it takes to program a 
16K EPROM using standard 
methods. 

And the System 19/UniPak is 
easy to operate, with a minimum of 
operator training. 
New System 19 concept is 
open ended to keep it state 
of the art. The System 19 is 
designed around a standard main 
frame and plug-in modules. 
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Modules available now include 
the UniPak, a gang program
ming pak for MOS devices, 
and a series of programming 
paks for logic devices and 
individual PROM families . 
23 communication 
formats including six 

for development systems. 
Development systems, computers, 
teletypes and CRT terminals inter
face easily with the System 19. The 
System 19 accepts micro-processor 
instruction codes from Motorola, 
Intel, Tektronix, Fairchild , FutureData 
and other development systems 
withotJt intermediary equipment. 
Let us show you the future. 
The new Data I I 0 System 19/ 
UniPak is available now. To make 
arrangements for a demonstration or 
to get your free copy of this valuable 
32-page book, circle reader ser
vice number or contact Data 1/0 , PO 
Box 308, Issaquah, WA 98027. 
Phone 206/ 455-3990 or TOLL 
FREE: 800/426-9016. 



olithic Sy ,tems h 
o DE * com a ble 

Ive 
memo 

EXHIBIT A: 
LSl-11/23 256 KB dual-high 
memory with 22 bit addressablllty. 

The MSC 4804 utilizes single 
voltage 64K rams and wire wrap 
posts instead of switches to 
provide the most reliable LSl-11 
memory available. On-board parity 
generation, checking, storage and 
battery back-up operation are 
standard. A 128KB version is also 
available or our 64KB, MSC 4604. 
(Exhibit A 1) 

EXHIBIT B: 
VAX 11/780 256 KB add-In memory 

Monollthlc Systems MSC 3610 is 
a direct replacement for the DEC 
M8210 VAX memory. The 256KB 
system is designed to provide 
maximum heat dissipation and 
thus extend memory life. 

EXHIBIT C: 
PDP 11no 256KB add-In memory 

The MSC 3611 is designed for 
DEC's MK11 semiconductor 
system and maintains full 
diagnostic and ECC compatibility. 

MSC 
MODEL 

NUMBER 

3602 

3605 

3606 

3607 

3608 

3610 

3611 

3612 

3901 

4604 

4804 
To Be 

Announced 

x x 
x 

No, the Butler didn't do It. Monollthlc Systems did. 
We designed the first semiconductor DEC compatible 
memory seven years ago. Since that time we've built 
a strong case for our memory products. 

Review the evidence and judge for youraelf. 

EXHIBIT D: 
PDP 11no 258KB to 2MB, 
add-on ECC memory 

The MSC 3802 is extremely fast, 
has an MTBF in excess of 40,000 
hours and contains the most 
powerful set of on-board 
diagnostics ~n the industry. The 
rugged, modular design allows 
easy maintenance, tow cost spares 
and extremely low MTTR. On-site 
repair contracts are available after 
the standard one year warranty. 

EXHIBIT E: 
VAX 11n50 256KB add-In memory 

The MSC 3812 is a compatible 
replacement for the M8728 DEC 
memory with a 32Kx72 bit 
configuration. 

IN CONCLUSION: 
Monollthlc Systems provides the 

features and services OEM's value. 
All memory elements are socketed, 
all products carry a full one year 
warranty and delivery is less than 
30 days for quantities under 25. 
Refer to the chart below for the 
Monolithic Systems product that 
suits your particular computer's need. 

*DEC, VAX, LSl-1 1, PDP-11/70 are registered 
trademarks of Digital Equipment Corporation. 

NEAREST * 
DEC 

MEMORY 
EQUIVALENT 

x x MK11-

x x x x x x x x x x x x NONE 

x x x MS11-L 

x x x x x x x x x x x x x x NONE 

x x x x x x x x x x x x x x NONE 

x MS780 

x x MK11-

x MS750 

x x NONE 

x x MSVll 

x x MSVll 

x MSll-M 

~¥ondithic 
~ ... ~ AJJlemJ corp. ••• means technically advanced solutions. 

84 INVERNESS CIRCLE EAST 
ENGLEWOOD, COLORADO 80112 
TELEX: 45-4498 

BENELUX 070'995750 CANADA (416) 678-1500 FRANCE 043'82'33 
NEW ZEALAND 499'197 SWEDEN 08/94'04'90 SWITZERLAND 01/47'11'12 
UNITED KINGDOM 1-:(347-0962 WEST GERMANY 06121'700082 
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FEATURE_ 

Digital signature 
analysis techniques 

isolate most circuit board defects 
by extending an analog philosophy 

In-circuit testing 
comes of age 

C
ard-edge functional testing of digital circuit 
boards is no longer cost-effective. Component
by-component, in-circuit test equipment can now 

isolate as many as 98% of all circuit board defects. 
Therefore, it simply does not pay to purchase a card
edge test system to catch the remaining 2%; it is, in
stead, less costly to omit functional testing altogether 
and troubleshoot, or even discard, any boards that fail 
system-level tests later on. 

A card-edge test verifies the functioning of a circuit 
board as a whole; an in-circuit test verifies individual 
components on a board, one at a time, without regard 
for how the components interact in the overall circuit. 
From these bare definitions, it would seem that card
edge testing is the better method. After all, even if an in
circuit test showed that all the components on a board 
worked, there would be no guarantee that the board as a 
whole worked. However, a closer look at card-edge and 
in-circuit test technologies reveals that card-edge testing 
does have inherent limitations, and that today's in
circuit test systems are sufficiently sophisticated to 
eliminate almost all of these limitations. 

At first, in-circuit for analog, card-edge for digital 

One _basic limitation of card-edge testing is that it can
not test analog circuit boards. The task of diagnosing an 
out of tolerance reading that shows up at a card-edge 

Douglas W. Raymond 
Plantronics/Zehntel, Incorporated 
2625 Shadelands Dr, Walnut Creek, CA 94598 

connector is mathematically intractable. There are two 
reasons for this. One is the problem of observability: 
Card-edge testers cannot measure the analog signals at a 
board's internal nodes, nor can they deduce continuous 
internal signals from what can be measured at the edge. 
The other is controllability: To create a desired condi
tion at a particular internal node requires exercising 
intervening devices. A defect in an intervening device 
prevents the tester from establishing the desired state at 
the node of interest. 

With an in-circuit test system, these problems do not 
exist. In-circuit tests are administered via a multiple-pin 
bed-of-nails fixture, and a different fixture is built for 
each different circuit board configuration. When a 
board is being tested, the vacuum-actuated fixture pins 
come into contact with every node on the board, 
isolating each part and testing it for its own character
istics. Every component is directly accessible, and there
fore fully observable and controllable. 

In-circuit testing is particularly straightforward when 
applied to analog components. In fact, when in-circuit 
testing made its debut in the early 1960s, it was used 
strictly as a method for testing analog boards. Cartl
edge testing was still the accepted procedure for digital 
boards, where the discreteness of the input/output 
states reduced the edge-testing problem to manageable 
proportions-at least in the beginning days of digital 
electronics. 

Card-edge testing shows limitations 

By the early 1970s, the in-circuit test approach had 
found its way onto many production floors-not only 
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as an effective means of testing analog boards but also 
as a preliminary screening procedure for hybrid boards. 
In other words, in-circuit testing of hybrid boards was 
usually followed up by card-edge testing. At that time, 
card-edge testing was still the only viable approach for 
all-digital boards. 

However, as digital devices became more complex, 
card-edge testing proved less satisfactory. The twin 
problems of observability and controllability caused dif
ficulties even on digital boards. The setting and reading 
of internal logic states from the edge of a board under 
test meant working through numerous layers of suspect 
logic. This can be an enormously difficult task if the 
board contains even a small number of integrated cir
cuits. Three different approaches have been developed 
over the years in an attempt to reduce this difficulty. 

One of these approaches involves an elaborate set of 
engineering rules for designing testable circuits, rules 
such as partitioning the circuit into functional blocks; 
providing for component initialization; breaking feed
back loops; and avoiding time-dependent events such as 
pulse outputs, certain race conditions, and the outputs 
from I -shots and oscillators. In theory, boards designed 
according to these rules are easier to test on a card-edge 
tester. In practice, however, these rules are rarely 
followed. 

Even if all the design-for-testability rules are fol
lowed, card-edge testing of complex digital boards is im
possible without the other two support approaches that 
have been developed: manual probing and software 
simulation. Today, almost all card-edge test systems use 
manual probing routines to pinpoint defects. Manual 
probing lets the test system gain direct access to the 
board's internal nodes. In theory, this gets around the 
observability and controllability limitations of card
edge testing. The trouble is that manual probing is a 
slow and costly procedure that usually requires a skilled 
operator. In addition, when a defect is located, the 
board must be removed from the test system and the 
defect repaired before other aspects of board function 
can be tested. Several time-consuming, one-defect-at-a
time iterations may be needed before a board is fully 
repaired. By contrast, an in-circuit tester locates all 
defective components in one pass, thereby significantly 
shortening the test and repair operation. 

Software simulations, used by test engineers to 
generate card-edge test programs, also have their prob
lems. Complex boards require complex simulations, 
which in turn require fast computers with large 
memories. Even with the most sophisticated simulators, 
program generation for card-edge testing is a laborious 
and intricate procedure that only a skilled programmer 
can perform. 

Because of the difficulty of following the design-for
testability rules and because of the time and expense in
volved in manual probing and software simulation, 
card-edge testing began to outlive its usefulness. Elec
tronic systems were built around increasingly complex 
digital circuit boards, and it was vital to test these 
boards thoroughly, at reasonable cost. As a result, test 
equipment companies developed techniques for extend-
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ing the in-circuit test approach to digital devices . As in
circuit techniques evolved, yields at the next level of test 
began to rise. By the late 1970s, yields of 95% were 
common. This meant that 95% of the boards that 
passed an irfcircuit test would have also passed a subse
quent functional test. Today, yields as high as 98 OJo can 
be achieved by using the latest technological advances 
combined with careful debugging and test program 
maintenance. With high yield, it is now difficult to 
justify the use of a card-edge tester at all. 

In-circuit testing goes digital 

What is it that makes in-circuit testing successful 
enough to replace traditional card-edge testing on the 
production line? Part of the answer lies in the in-circuit 
test techniques themselves, especially signature analysis 
and programmable input specification. The other part 
of the answer lies in automated test program devel
opment. 

Signature analysis and Gray codes 

Digital signature analysis, as applied to in-circuit 
testing, means driving a device's inputs with a set of har
monically related square waves alternating between 
logic states 0 and 1, then feeding each output into a 
signal generating register that produces a 4-digit hexa
decimal number , or signature. A master clock maintains 
the proper relationships between the inputs and ensures 
that the output is sampled over a specified time period.* 
(See Fig 1.) 

The value of digital signature analysis is that test 
engineers need not program the tester to analyze the ex
pected outputs in detail. Instead of having to check out 
perhaps thousands of logic states in order to test an out
put response, the tester need only look at a 4-digit 
signature. A device passes inspection if all its output 
signatures agree with those of a similar device known to 
be free of defects; the correct signatures, determined 
empirically, are stored in test system memory. 

The value of using harmonically related square waves 
for inputs is that there is no need to program all possible 
truth table values bit-by-bit-a prohibitively time
consuming procedure. Instead, the square wave inputs 
automatically interact to produce all possible combina
tional states at the device inputs over a time period equal 
to the period of the lowest-frequency input. This is the 
time period over which the outputs must be sampled. 

On today's equipment, Fl is typically set at 500 kHz 
Programming the test of a digital device simply means 
stating which nodes get which input frequencies and 
which nodes should produce what output signatures . 
(See Fig 2.) If any of the signatures fail to match, a 
diagnostic message is printed indicating which device 
failed . 

*For a more detailed discussion of the basics of signature· 
analysis , see D. W. Raymond, "Component-by-Component 
Testing of Digital Circuit Boards," Computer Design, April 
1980, pp 129-137. 
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Programmable sequence generator 

Digital devices in the large scale integration (LSI) range 
generally require a more sophisticated approach than 
simply exercising all possible input combinational 
states. In the case of a microprocessor, for example, 
particular waveforms defined by the device manufac
turer must be applied to the control lines in order for the 
device to accept or produce data. Generating the re
quired waveforms by properly combining the different 
Gray code frequencies is a prohibitively tedious task, 
especially since many such waveforms may be needed 
for testing different operations of the device. What is 
needed is a simple method of specifying arbitrary input 

TIMING B X10 CLOC K 200 n SE C DELA Y 800 CLOCKS 

Fl TO F6{ 

CSL CS2 { 
~1 6•61 •··· 1 ···· 1 ••· · I ···• l· ··· I •• •• 1 ···· 1· ··· 131~·· · I · . .. I •·•· I· ·· · l ···· l · ··· I • ·•• I · · •• l .. i~·~· · I 

DDTOD{~ 
RD Y T: 200 C< 267 > R< 389 > R-C = +122 < 24 . 4f'S> 

(a) 

289 AO DO 290 

288 Al DJ 291 

287 A2 D2 292 

286 A3 D3 293 
285 A4 04 294 
284 AS 

U7 -2716 
05 295 

283 A6 D6 296 

282 Al 07 297 

303 AB cr 298 
302 A9 5£ 300 
299 AlO 

(b) 

Fig 1 Digital signature analysis. Oscilloscope trace in (a) 
shows inputs and outputs for testing 2 716 type 1 6k ROM 
in (b) . Top six traces display six highest frequency inputs . 
Next two traces are ROM chip select inputs forced low dur
ing test. Bottom eight traces are ROM outputs DO to D7. 
Harmonic frequency inputs form all possible input combina
tions in Gray code sequence. Output signature is 16-bit 
cyclic redundancy check character generated from output 
signal at particular node 

"U7-2716" 

300,LL CS1 
298,LL CS2 

289,f1 288,f2 287,f3 286,f4 
285,FS 'AO-A4 

284,fb 283,f? 282,f8 303,f9 302,f10 
'A5-A9 

299, F11 I A10 

CRC C9F1 M290 CRC 99A3 M291 CRC 588A 
M292 'DD-D2 

CRC 71C3 M293 CRC 3449 M294 CRC F357 
M295 'D3-DS 

CRC Bf 31 M296 CRC 8A1A M297 'D6-D7 

Fig 2 In-circuit test segment. Program to test 2716 
ROM from Fig 1 first assigns logic low to chip enable 
and output enable lines at nodes 300 and 298, respec
tively. It next assigns an input frequency to each input 
node, with low-order address line AO receiving highest 
frequency, F1, and high-order line A 10 receiving lowest 
frequency, F 11 . Program then designates expected 
signature for each node, eg, signature C9F1 at node 
290, signature 9983 at node 291. Tester prints 
message "U 7-2 71 6" when it detects incorrect 
signature 

waveforms. In other words, what is needed is not just a 
Gray code sequence generator, but a programmable se
quence generator. 

One recently developed programmable sequence 
generator provides four different levels of programming 
capability. On the lowest level, programmers can 
specify the actual bit pattern that is to appear on a par
ticular pin. Bit patterns that make up basic subopera
tions for the device, eg READ, WRITE, FETCH, are called 
protocols; these protocols are available for use at the 
second level of programming capability. At this second 
level, the protocols can be combined into subroutines 
corresponding exactly to device instructions. The 
subroutines are available on the third level of the hier
archy, where they can be combined to produce the ac
tual segment of code that tests all the desired functions 
of the device. The test segment for the device is then in
corporated into the test program for the entire circuit 
board of which the device is a part. Invoking the test 
segments for the various LSI devices on the board con
stitutes the fourth and highest level of programming 
capability. 

A complete device test for the 8085 microprocessor, 
for example, executes a number of the device's instruc
tions, such as LHLD (Load H and L Direct) and SHLD 
(Store H and L Direct). The LHLD instruction uses two 
different suboperations: one FETCH and four READS. 
Each of these suboperations is tested by applying the 
proper bit stream to the proper pins in accordance with 
the device manufacturer's specifications. The bit-by-bit, 
level 1 programming for the FETCH protocol is shown in 
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CONTROL PROTOCOL FETCH <16) 
NODE 72,1H 'RESET IN* 
NODE 111,1L,1H 'X1 SUBR LHLD 

INVOKE RESET 
INVOKE START 

NODE 110,1H,1L 'X2 
NODE 73,1H 'READY 
LISTEN,1L,1H,6L 
DRIVE,SL,bH,SL 
ADV ANCE,1L 
DO NE RET 

INVOKE FETCH 
INVOKE READ 
INVOKE READ 
INVOKE READ 
INVOKE ENDREAD 

CALL LHLD 
CALL SHLD 
INVOKE STOPIT 
INVOKE EXHALT 
HALT 
DONE 

Fig 3(a) Control protocol. In test of 808 5 
microprocessor FETCH, nodes 111 and 
110 are clock pins X 1 and X2, respec
tively. Bit patterns (eg 1L,1 H) repeat to fill 
out 16-cycle FETCH sequence . Nodes 72 
and 73 are reset and ready pins, respec
tively, both forced high during test. 
LISTEN and DRIVE sample and apply test 
data, where H enables operation and L 
suppresses it. ADVANCE directs tester to 
next instruction word; here, ADVANCE is 
disabled during all 1 6 clock pulses 

Fig 3(b) Test subroutine . 
For 8085 Load Hand L Direct 
(LHLD) instruction, which ac
cesses five bytes of data, five 
invoke statements branch to 
various control protocols that 
handle appropriate data bytes 

Fig 3(c) Multifunction 
test of 8085. Program 
tests microprocessor 
reset and clocking capa
bilities, its ability to fetch 
instruction that reads ad
ditional data after execu
tion (LHLD). and its ability 
to fetch instruction that 
writes data obtained prior 
to execution (SHLD) 

'Fig 3(a). The FETCH protocol and a protocol for the 
· READ suboperation can be combined into the subroutine 
LHLD as shown in Hg 3(b ), . representing. level 2 pro
gramming. On level 3 [Fig 3(c)], LHLD combines with 
other subroutines and protocols to produce a complete 
device test for the microprocessor. The example shown 
follows LHLD with SHLD, thereby testing the 8085's 
ability to reproduce data in one cycle that it had read in 
the previous cycle. Note that level 3 programming uses 
subroutines whose names are the same as the device 
mnemonics; therefore it is quite similar to using 8085 
assembly language. The complete device test can then be 
incorporated into a circuit board test using level 4 pro
gramming, which simply means inserting the statement 
"8085" at the appropriate place in the overall test 
program. 

The programmable sequence generator programmers 
need not go through this entire 4-level procedure for 
every LSI device under test because a magnetic disc 
library is supplied containing test templates for most of 
the popular LSI devices. The templates include complete 
device tests, instruction subroutines, and suboperation 
protocols. Stored subroutine and protocol templates 
can be used to construct test segments without having to 
perform level 1 bit-pattern programming. Level 1 bit
pattern programming is available to create customized 
protocols. 

A programmable sequence generator is especially 
valuable for cost-effective testing of boards with 
numerous LSI components. For most such boards, a 
programmable sequence generator noticeably increases 
the yield. Even a small increase in yield-regardless of 
the source-can be economically significant. Because 
repairing a fault called out by an in-circuit test system 
takes only a few minutes, the labor cost is far less than 
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the cost of the system-level troubleshooting needed to 
find and repair the same fault or the alternative cost of 
discarding the entire board. 

Automated program development 

In-circuit test coverage is strongly dependent not only 
on the capabilities of the test system but also on the 
capabilities of the programmer. In-circuit testing is still 
relatively new, and there is not yet a large population of 
engineers skilled in writing programs for it. As test 
engineers gain experience with in-circuit testing, high 
test coverages will become common. This trend will ac
celerate by means of certain program development tools 
that have already been created to assist the programmer. 

Automated board documentation 

Automated board documentation, one of the program
development tools, is a systematic procedure that tells 
the test system which circuit board components are con
nected to which fixture pins and what the expected 
values are for each parameter t9 be measured. This is 
typically performed in three steps. In step 1, the 
operator places a conductive plate over the fixture pins. 
On keyboard command, the pin numbers of the pins 
that have been wired are automatically displayed on the 
terminal, along with an exception list of all unused pins. 
This display helps the operator quickly locate any errors 
in the fixture assembly. 

In step 2, the operator replaces the conductive plate 
with a circuit board known to be free of defects and 
issues a command causing the system to automatically 
map out and store all electrical continuities . Step 3 is an 
interactive procedure initiated by the PROBE command. 

(continued on page 122) 
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Our Microcomputer 
... your world 

GRAPIIlCS AND DIGITIZING 

X-YPLOTTER 

With all the self contained vector and point plotting 
capabilities of a sophisticated graphics terminal, our 
COMMANDER 964 lets you create bar charts, pie charts 
histograms and complex point-to-point plots. You can even 
output displays intended for a Tektronix® 4010 with our ter
minal emulator. And, the Model 964 provides you with a 

-- double processor Z-BOA architecture so that display buffers, 
software, firmware and associated real-time constraints of 
the 512 x 256 graphics capability are all independent of the 
primary 64K memory processor system. As a result, the full 
4.0 MHz processor speed is dedicated to the end user which 
means that you can run larger 2rograms and enjoy faster ex
ecution times when using CP/M™ and PASCAL based soft
ware. 

INSTRUMENTATION AND PROCESS CONTROL 

GPIB/IEEE 
INSTRUMENTS DATA 

LOGGER 

Columbia's COMMANDER has the operating performance 
and interface flexibility to handle your instrumentation and 
control applications. It has four RS232 ports that can handle 
serial data up to 19,200 baud, four parallel ports and four 
independent, programmable-interval timer/counters. In ad
dition, the dual Z-80A architecture with maximum RAM ex
pansion to 128K, full 512 x 256 graphics capability together 
with optional DMA, GPIB/IEEE controller and 9511 
Arithmetic Unit, make the COMMANDER a powerful, in
telligent controller. All of this, and the availability of higher 
level languages such as BASIC, FORTRAN, PASCAL and 
ASSEMBLERS, makes our COMMANDER the best. 

BUSINESS AND DATA COMMUNICATIONS 

WINCHESTER 
DISK 

Columbia Data Products also offers a full complement 
of single and multi-user computer systems, with or 
without built-in terminals, to satisfy even more 
demanding applications ... field proven hardware 
and software at prices you need to succeed. 
Inquiries for custom configurations are welcome. 

With CP/M capability, our Z-BOA based COMMANDER 
allows you access to the largest microcomputer-based 
business applications software library ever. An applications 
software library that includes extensive time-proven Word 
Processing, Data Base Management, and Financial Control 
Applications. And, if you're concerned about expansion, the 
COMMANDER has a built-in flopfy disk capacity of up to 
1.6 million characters plus externa Winchester disk capacity 
from 5 million to 40 million characters. Furthermore, we 
designed the COMMANDER with extensive peripheral I/O 
capability, including data rates from current loop asyn
chronous to RS232 synchronous communications. For your 
expanding business applications, the COMMANDER is the 
answer. 

8990 Route 108 
Columbia, MD 21045 
301-992-3400 
TWX: 710-862-1891 
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The operator enters a component's name, and then is 
asked, via prompts on the terminal, to probe the com
ponent 's leads and enter the expected values, including 
tolerances, of all parameters to be measured . (For prob
ing integrated circuits, a special connector contacts 16 
leads at a time. The expected values that the operator 
enters are the 4-digit hexadecimal signatures.) For 
popular LSI components, however, only the device name 
needs to be entered; the device test segment stored in the 
template library already contains the expected signa
tures. This is also true of any LSI devices for which com
plete test segments exist. 

The result of these three steps of automated board 
documentation is a complete input list for the circuit 
board . On command, the system can now print a node
by-node list of components and/or a component-by
component list of nodes. This procedure streamlines 
two of the most time-consuming aspects of developing 
in-circuit test programs: determining continuities and 
wiring the fixture. Continuities, which are determined 
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CI RCUIT BOARD 

UNDER TEST 7 JDMPONENT~ 

CIRCUIT BOARD~ 
NODES 

FIXTU RE PINS LOCATED 
TO CONTACT CIRCUIT 

~BOARD NODES 

TEST SYSTEM 

Fig 4 In-circuit test system diagram. Using in-circuit 
test system architecture and test fixture design show n 
here, fixture wiring can be done at random. Then, in
teractive phase of circuit board documentation 
automatically maps tester nodes to circuit board nodes 

automatically in step 1, represent a laborious manual 
procedure with many other systems. Fixture wiring is 
generally an even more laborious task because on some 
systems the technician who assembles the fixture must 
keep track of which internal test system nodes are being 
wired to which fixture pins . (See Fig 4.) On other 
systems, however, the wiring can be done at random; 
the mapping of circuit board nodes is accomplished as 
an automatic by-product of component identification. 

Automatic program generation 

Once the input list is ready, another powerful program 
development tool can be brought into play: automatic 
program generation. All the operator needs to do is put 
the system into GENERA TE mode, and the system 
automatically generates a complete, syntactically cor
rect, in-circuit test program for every component on the 
board. In generating the program, the test system even 
sets up topological tables and performs a thorough net
work analysis to determine how to guard , or electrically 
isolate, each analog device during testing. 

The newly generated test program is ready to be used 
for board testing, usually with very little debugging. If 
some modification is needed, the operator simply puts 
the system into DEVELOP mode, adds or rewrites the ap
propriate device test segments, and then incorporates 
these segments into the test template library. The 
operator can also rearrange the test segments into any 
order desired. 

Program modification is performed interactively via 
the terminal. For debugging, . the operator can insert 
breakpoints in a test segment, display the values of 
measured parameters on the screen, and change the pro-
gram to modify these parameters as needed. 

Growth potential 

When we look to the future of automatic testing, it is 
clear that in-circuit testing will become the method of 
choice in almost every situation. The three outside agen
cies needed by card-edge testing-design rules, manual 
probing, and software simulations-are inherently 
inadequate for meeting the testing demands of the com
plex digital boards of the future. The design-for-testa
bility rules are too cumbersome, manual probing is too 
slow, and software simulations require too much com
puter power. 

In fact, there already are boards being produced that 
cannot be simulated on any existing computer system. 
These same boards, however, present no major problem 
to today's in-circuit test systems. The only kinds of 
boards that are a problem for in-circuit testing are 
boards of marginal design, or those having physical 
characteristics that make them incompatible with a bed
of-nails fixture . A marginally designed board might pass 
an in-circuit test but still fail in operation. This might be 
because the device inputs, for example, are less con
strained than the precisely controlled inputs provided by 
the test system. Boards manufactured with painted-on 
resistors, or with components attached on both sides, or 
with conformal coatings (as in some military applica-

(continued on page 124) 
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TI leadership. 
In 64K DRAM technology. 

In Memory Systems. 
Whatever bus you're using - VAXt, 
PDP-llt, LSI-llt, or even Multibus+ - TI 
can supply add-in memory system boards 
with dynamic RAMs from our own high
pe:rformance 64K series. 

When you specify Tl's high-density, low
power boards, you save rack space. S0 you 
have more room for I/O - or whatever else 
you need. And, the low-power consumption 
of TI 64K DRAMs, compared to the old
fashioned 16Ks, cuts temperature levels and 
increases reliability. The reduction 
in package count by as much as four 
boosts reliability even more. 

System 

liability. The EDAC chip replaces about a 
quarter of a board of TTL circuitry. 

All TI boards are 100% tested. 100% 
burned-in. All in Tl's modern, high-capacity 
Houston facility. Delivery normally ranges 
from stock to four weeks. 

Low cost 
Representative pricing* for TI memory 
boards is as follows: $1600 for TMMl0000-04 
(192KB); $3800 for TMM20000-02 (256KB); 

TI MEMORY BOARDS - CURRENT AVAILABILITY 

BYTES/BOARD 
Tl Series 

64K 128K 192K 256K 512K 768K 

LSl-11t TMM100001 x x x 
PDP-11t TMM200002 x x x x 
VAXt TMM30000 x x 
Multibus; TMM400102 x x x x 

System reliability will be higher, 
too. Thanks to error correction/de
tection available on many TI mem
ory boards. Using our own bipolar 
EDAC chip helps cut component 
count and system temperature, as 
well as improVing basic system re- 1 Parity optional 2 EDAC standard 

$9000 for TMM30000-01 (lMB); $1845 for 
TMM40010-07 (64KB). 

Custom capability 
If you need custom memory systems in pro
duction quantities, be sure and talk to TI. 
We'll custom design boards for specific ap
plications with the same meticulous atten
tion to cost/performance effectiveness that 
our standard boards offer. 

So for the latest DRAM technology, high
est packing densities, lowest power con

1M 

x 
x 

sumptions, all at competitive prices, 
remember memory systems. 
To find out more about TI boards 
call your local TI field sales office 
or authorized distributor. For 
details, call (713) 778-6549, or write 
to Texas Instru- ~ 
ments , P. 0. Box 7J 
·202129, Dallas, 
Texas 75220. 

Texas Instruments invented the integrated circuit, microprocessor and microcomputer. Being first is our tradition. 

tTrademark Digital Equipment Corp, 
;Trademark Intel Corp. 
*U.S. Single-unit price, subject to change without notice. 

TEXAS INSTRUMENTS 
INCORPORATED 
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tions) cannot be tested on an in-circuit test system 
because the fixture pins cannot make contact with every 
node. In these cases, card-edge testing is the only 
method available. 

Additionally, in-circuit test technology currently 
precludes manufacturing smaller, less expensive in
circuit testers for use at field service depots. Card-edge 
testers do not have this limitation. As a result, card-edge 
testing dominates the realm of field service, motivating 
some manufacturers to opt for card-edge testing on the 
production line as well. Because production test pro
grams can be made compatible with the smaller field
service test systems, overall programming costs are 
reduced. Although in some cases this may be a means of 
economizing today, it will not be sufficient justifica
tions for a card-edge production test system tomorrow. 
Card-edge production testing has reached the limits of 
its capabilities; in-circuit production testing is still 
capable of rapid growth. Future in-circuit testers will in
corporate faster and more complex device stimulation 
capabilities and will provide higher precision (increased 
resolution) in the timing relationships for stimuli and 
for responses; increased timing resolution will increase 
the ability of in-circuit testers to test high speed 
memories. We can also look forward to even more ad
vanced program-generation capabilities-new tech
niques to handle the increased testing capacities, plus 
new interactive procedures to make program develop
ment even simpler than it is today. 

As the technology advances, education for in-circuit 
test programmers will become more widespread. Appli
cations skills will improve, and more manufacturers will 
enjoy the high yields that today's in-circuit testing 
systems already offer to those who know how to use 
them to full advantage. 

About the Author: 

Douglas W. Raymond is a project manager at Plantronics/ 
Zehntel, Incorporated, where he is involved in hardware and 
software development of in-circuit test equipment. He was 
manager of the group that developed the Troubleshooter 800, 
an in-circuit test system incorporating digital signature analysis 
for testing complex digital components. Mr Raymond holds 
BSME and MSME degrees from the University of California at 
Berkeley. 
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Summary 

Component-by-component, in-circuit testing of digital 
circuit boards has come of age. No longer requiring 
card-edge testing as a backup, in-circuit testing can 
isolate as many as 98% of all circuit board faults, in
cluding defects in complex LSI devices . The test tech
niques that make this possible are digital signature 
analysis and programmable input specification, while 
the programming tools that make the job tractable are 
automated board documentation and automatic genera
tion of test programs. 

Card-edge testing seems to have reached the limit of 
its capabilities . Card-edge testing aids-manual prob
ing, software simulations, and a collection of design-for
testability rules-are cumbersome and time-consuming. 
Using these aids becomes prohibitively costly, and/ or 
technically unfeasible , as boards become more complex. 
In-circuit testing procedures, however, are just as effec
tive on complex boards as on simple ones, and the 
technology is capable of rapid growth. This growth, 
coupled with an increase in the number of people having 
expertise in in-circuit test programming, will help meet 
the need for high testing yields on tomorrow's digital 
circuit boards . 
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Compare the ROLM MSE/800 
The Fint Cieneral Purpose 31-Bit Military Computer 

Package 
Size 

Word 
Size 
(Bits) 

Maximum 
Physical 
Memory (1 MB Memory) 

1/0 
Bandwidth 

Performance 
FORTRAN 

Whetstone Mix 

Cache 
Size 

32 8MB 50.0ft. 3 13.3 MB/Sec. 11 20 KOPS 8 KB System 

16 4MB 3.5 ft. 3 5.8 MB/Sec. 600 KOPS 2 KB System 

4 MB/Sec. 
32 1 MB 27.9 ft. 3 perlOC 250 KOPS (Est.) None 

3 IOC's Max. 

lt1s #1 

#1 in Price/Performance based on advanced architectural 
concepts like 3 cache memories, pipelining, and instruction look 
ahead. 

#1 in software support for real-time applications and pro
gram development. Higher order languages include FORTRAN 
77, PU1, BASIC and COBOL ... with advanced packages like 
X. 25, Data Base Management, File Management System and 
Transaction Processing Monitor. 

#1 in software compatibility. The MSE/800 is fully soft
ware compatible with ROLM's 16-bit Mil-Spec ECLIPSE systems 
and Data General's 16 and 32-bit ECLIPSE® computers. 

#1 in system support with a full line of interfaces and pe
ripherals including ROLM's new Model 4051 Subsystem-a full 
militarized 36 MB, 8-inch Winchester disk. 

ROLM is a registered trademark of ROLM Corporation . 
ECLIPSE is a registered trademark of Data General Corporation . 

* VAX is a trademark of Digital Equipment Corporation. 

#1 in reliability and maintainability with a built-in SNIFF
ER that checks and corrects random memory errors, sophisti
cated BITE capability, self diagnostics, and a minimum of LRU's. 

The MSE/800 brings the next generation of computer tech
nology to the military market today ... not years from now. Give us 
a call if you have a severe environment application, or would like 
to do some more comparing. 

We're #1 in Mil-Spec Computer Systems 

RDbm MIL-SPEC 
Computer Systems 

4900 Old Ironsides Drive, Santa Clara, CA 95050. 
(408) 988-2900, Ext. 2643, TWX 910-338-7350. 
In Europe: Muehlheimer Str. 54, 6052 Muehlheim/Main, West Germany, 
6108-60935, TWX: 4-189-063. 
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COMPUTER 
DESIGN ~~~",",':.'~.;;:'., OYOTOMO 

FEATURE 

Mailbox concept helps 
one program to direct 

several dedicated micro
processors, speeding up 

data acquisition and reducing the need for 
separate program or data memories 

Parallel channel processing 
overlaps data acquisition 
and reduction 

0 
ne of the primary advantages of digital data 
recording is that the data can be processed at a 
later time to remove glitches and nonlinearities, 

thus making the data suitable for display. The major 
problem with digital recording of analog data is the 
amount of storage required. Analog data digitized with 
8-bit accuracy at a 10-kHz rate fills a 2400-ft, 
1600-bits/in tape in less than an hour. Microprocessors 
present the opportunity to build intelligence into a 
recording system so that data correction can be done on 
the fly, permitting recording of the data in their final 
form, eg, some sort of paper record. The problem here 
is that most microprocessors (and minicomputers, for 
that matter) are not all that fast. At a 10-kHz data rate, 
only 100 µ,s are available to acquire, process, and output 
a data sample. Using tight assembly language program
ming and time-saving tricks, such as table lookup in
stead of computation, a microprocessor can be coaxed 
into performing useful tasks during those 100 µ,s. 
However, if the recording system has more than one 
data channel, one microprocessor cannot handle the 
load. A bipolar, bit slice microprocessor can do much 
more than a metal oxide semiconductor (Mos) pro
cessor, but to obtain any real advantage, custom micro
code has to be written. This is out of the question for 
limited-production systems. 

Thomas L. Clarke 
National Oceanic and Atmospheric Administration 
Atlantic Oceanographic and Meteorological Laboratories 
15 Rickenbacker Causeway, Miami, FL 33149 

If the recording system has to handle n channels of 
data, the obvious approach is to provide n micropro
cessors. But this necessitates n random access memories 
(RAMs), n read only memories (ROMs), etc, and results in 
a complicated system. The approach outlined here uses 
a combination of hardware and software to implement a 
system using n microprocessors that share one ROM and 
one RAM. When all channels can be handled similarly, 
this approach saves considerable hardware. 

Mailboxes 

Some microprocessors facilitate connection of multiple 
processors to the same data, control, and address buses. 
The National Semiconductor SC/MP (INS8060) and the 
Fairchild F8 make shared bus systems particularly easy 
to implement. Other microprocessor families (eg, 8080 
and 6800) can also be used but require random logic to 
implement a bus protocol that resolves access conflicts 
without excluding any processor for an excessive length 
of time.' A single microprocessor actively accesses the 
system buses less than half of the time; thus, several 
microprocessors can be tied to the same buses with little 
loss in speed but with extensive savings in hardware. 

The most elegant hardware does nothing, of course, 
without software, and if a separate program has to be 
provided for each microprocessor, the advantages of 
shared buses are lost because separate programs 
generally require separate RO Ms for each processor. If a 
software technique known as the mailbox is used, a 
common program can be shared by all the processors. 
Mailboxes are commonly used in large multiprocessing 
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systems to effect communications between various tasks 
within the system. A mailbox is an area of memory, 
known to all programs or processors within a system, 
that contains parameters set by one program or pro
cessor and needed by another program or processor. 
When using the mailbox technique, the processor's ac
cess to the mailbox must be exclusive. If one processor is 
changing the mailbox's content while another is reading 
it, the second processor might receive erroneous infor
mation. Although there are techniques that guarantee 
exclusive access by using flags to signal that the mailbox 
is being accessed, it is simpler in a dedicated system to 
ensure exclusive access by means of established 
protocols . 

In a data acquisition system, differences between the 
programs executed by the various processors in a system 
consist primarily of buffer addresses, input/output (110) 
port addresses, and, possibly, correction factors applied 
to the data. A system optimized for speed contains ad
dresses in internal processor pointer registers that are 
initialized at system start-up. A mailbox can be used to 
guarantee that each processor has the appropriate ad
dresses for its task and, initially, has a pointer to the 
first entry in a table of addresses. The first processor 
uses the pointer to load its registers from the table and 
then updates the pointer contained in the mailbox. The 
second processor loads its registers from the next entries 
in the table (appropriate to its task) and updates the 
pointer. This continues until all processors have been 
initialized. 

Initializing the mailbox pointer presents a problem. 
An external signal must be available to inform a pro
cessor that it is the first to initialize and that the mailbox 
is empty. This is fairly easy with processors that have 
separate inputs on each chip. An appropriate pin is tied 
to logic 1 on the first processor and to 0 on the others. 
Alternatively, a master processor, can initialize the 
mailbox pointer, tables, etc, before relinquishing the 
bus and starting the slave processor initialization 
sequence. 

The second processor has to be prevented from ac
cessing the table until the pointer has been upd~ted by 
the first processor. Because most processors have a 
pause or halt input, this is most easily done in hardware. 
A flipflop or other element (possibly an output of 
another processor) can be used to hold each processor in 
the halt state until it is reset. When a processor has in
cremented the pointer, it enables the next processor, and 
so on. The enabling signal from the last processor starts 
the system, since at this time all processors have been 
initialized. 

Differences in corrections applied to the data by the 
processors can be handled by the mailbox pointer and 
address array technique. Corrections are programmed 
as subroutines. The address table contains the address 
of the subroutine appropriate to the data channel 
handled by the processor, and the program common to 
all processors has a jump to the subroutine address in 
the table entry for the processor. These subroutines 
should be of the same length, however, to minimize exe
cution time differences between microprocessors, and 
they can be filled out with no-ops or waiting loops if 
necessary. 
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An example 

The shared bus, mailbox pointer-address table concept 
can be illustrated by a system, designed around four 
SC/MP processors, that acquires data from a sidescan 
sonar (sss) system, removes distortion, and outputs the 
data to a hardcopy device. sss is a system for obtaining 
acoustic images of the seafloor in oceanography. The 
surveying ship tows a fish containing a transducer that 
emits acoustic pulses in two fan-shaped beams on both 
sides of the fish. These beams are narrow in the direc
tion parallel to the ship, and wide in the vertical direc
tion. The acoustic echo at a given time after the pulse 
transmission consists only of reflection from a patcP. of 
the bottom determined by the width of the beam and the 
time interval. If the echo voltage is displayed on a raster 
scan device, an image of the seafloor is built up. These 
images are useful for distinguishing different types of 
seafloor sediment as well as locating undersea objects 
such as pipelines or wellheads. 

sss suffers from two types of distortion that limit its 
usefulness as a mapping technique. If the vertical rate of 
the raster scan does not correspond to the actual ship 
speed, anamorphic distortion is produced due to in
equality of the horizontal and vertical scales of the 
image. The nonlinear relation of sound travel time to 
transverse distance from the fish (due to the fish's 
height off the bottom) produces a nonlinear horizontal 
scale if a raster scan device with a linear sweep is used. 
The first of these distortions can be eliminated· by cou
pling a ship speed transducer to the paper drive of a 
raster scan display device, such as the Honeywell 1856A 

fiber optic recorder. The second distortion is more dif
ficult to remove. The nonlinear sweep approach re
quires some fancy analog circuitry since the exact cor
rection is a function of fish height above the bottom. 
Removal of this type of distortion can also be ac
complished by sampling and storing the echo from a 

TO SONAR 
TRANSDUCER 

(FISH) 

SONAR 
TRANSDUCER -----~ 

DRIVER 

PREAMPLIFIER 
AND 

DETECTOR 

PORT 

NONUNIFORM 
SAMPLING 

CIRCUIT 

SHIP 
SPEED 

TRANSDUCER 

PAPER 
SPEED 

Fig 1 Sidescan sonar block diagram. Timing, 
sweep, and sampling functions are closely related. 
Four processors separately handle port and star
board acquisition or display subfunctions 
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pulse and then reconstructing the echo from the samples 
using nonuniform time intervals. If the reconstruction 
intervals are correctly chosen, the resulting display with 
a linear sweep will be undistorted. This technique is im
plemented by using multiple SC/MP microprocessors in a 
particularly elegant fashion. 

Fig 1 shows the overall sss recording system. The ship 
speed transducer controls the paper speed of the 1856A, 
and the timing circuit generates pulses that trigger the 
sonar transducer driver and synchronize the horizontal 
sweep generator and nonuniform sampling circuit. Echo 
returns are amplified by the preamplifier and pass 
through the nonuniform sampling circuit before con
trolling the intensity of the 1856A cathode ray tube (CRT) 
beam. The system described here is concerned with the 
timing, sweep, and nonuniform sampling circuits, 
which are intimately related. 

A typical sss operates with a pulse repetition rate of 
5 Hz and a video bandwidth of 5 kHz. The Nyquist 
theorem requires a sampling rate of 10 kHz for this 
bandwidth; thus, 2000 samples must be stored to 
reproduce a pulse echo. Four buffers will be required: 
two (port and starboard) for storing the current echo, 
and two for the previous echo. Thus, if sampling is done 
by an 8-bit analog to digital converter (ADC), an 8k-byte 

buffer memory is required. An interrupt-terminated 
sampling loop for the SC/MP might be programmed: 

Loop: LD ATOD 
ST @BUFFCP2) 
LD WCNT 
DLY 0 
J LOOP 

Get sample 
Store it, auto-indexed 
Load wait count 
Delay 
Repeat 

This loop requires 78 microcycles, or 78 µs at a 1-MHz 
cycle rate. Thus, one SC/MP processor handles data ac
quisition or display for either port or starboard, and 
four handle the entire playback system. The architecture 
of the SC/MP makes it easy to interface four of them to 
both a common buff er memory and a common ROM 
containing the data acquisition and display code. 

The chief problems occur during system start-up. The 
various SC/MPs must begin executing the proper pro
gram at the proper time and continue to do so. Also, it 
is desirable that the program for all the processors be 
identical so that only one program ROM is needed. 

Fig 2 shows a system that solves these problems in a 
particularly simple fashion. When the run/stop switch is 
put in the run position, all NRST pins go high, but only 

CONTn - CONTINUE INPUT OF PROCESSOR n 
SBn - DIGITAL INPUT PIN .OF PROCESSOR n 

CONTD TO CONT3 GO MSB - MOST SIGNIFICANT BIT 
SIN - SERIAL INPUT OF PROCESSOR 
Fl.FD - FLAG OUTPUTS OF PROCESSORS + t t t * 
SA - INTERRUPT INPUTS 
BREQ, ENIN, ENOUT - BUS ARBITRATION 1/0 PINS OF PROCESSORS 
NRST - RESET INPUT OF PROCESSOR 
GO - INITIALIZATION COMPLETE SIGNAL 

ON /OFF---.1----------------------...----------, 

BREQ NRST BREQ NRST BREQ NRST BREQ NRST 

ENIN ENOUT ENIN ENO UT ENIN ENO UT ENIN ENO UT 

Fl Fl Fl Fl Fig 2 Nonuniform sampling cir-
SA SA SA SA cu it block diagram. Micropro-

SBO SB! SB2 SB3 cessors must begin running 
shared program at correct time . 

CON TO CONTI 
FO 

CONT2 CONT3 First pa ir executes initialization 
FO GO 

routine in sequence and begins 
sv SIN SIN SIN SIN 

to sample. Second pair initializes -=-
CONTROL BUS 

during first data acquisition cycle 

ADDRESS BUS 

VIDEO 

PORT STBD 
SIGNAL SIGNAL 
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INITIALIZE 

INITIALIZE 
REGISTERS 

FROM 
ADDRESS 

TABLE 

INCREMENT 
MAILBOX 
POINTER 

SET 
INTERRUPT 
VECTOR TO 

SAMPLE 
ROUTINE 

ENABLE 
NEXT 

PROCESSOR 
(OR START 
SYSTEM) 

WAIT 

DISPLAY 
ROUTINE 

SET 
INTERRUPT 
VECTOR TO 

SAMPLE 
ROUTINE 

CALCULATE 
TABLE INDEX 
FROM DEPTH 
RETURN TIME 

Fig 3 Flowchart of shared program. Initialize routine uses 
mailbox to initialize pointer registers and ends with waiting 
loop. External interrupts cause processors to alternately 
enter sample routine or display routine 

processor o begins execution at 0001 because the CONT 
pins of all other processors are held high. Processor o 
executes an initialization routine. The SIN input is tested 
and, since it is high, processor o sets the mailbox pointer 
to its initial value. The mailbox pointer then loads inter
nal register PC2 from the address table with the address 
of the first data buff er. The address of the input ADC is 
also obtained from the table. A trick is used here to save 
processor registers. The address in the table determines 
the highest address bit of the program counter (A,,); this 
bit is ignored by all hardware except the ADCs, allowing 
program counter relative addressing to be used to access 
the ADCs. One ROM address must be decoded, of course, 
and used to gate the ADCs onto the bus. 

The next processor (SC/MP 1) is held off by the F2 out
put of the first processor until the mailbox pointer has 
been updated. The first processor then executes a 
waiting loop, and the second processor executes the 
same initialization program. Its SIN input is low, so it 
directs the mailbox pointer to initialize its registers. 
After its F2 output goes high, the system begins to sam
ple. Processors 2 and 3 are held off by external hard
ware until sampling begins, at which time they initialize 
in sequence. The waiting loops that end the initialization 
program are exited in response to external interrupts. 
During initialization, PC3, the interrupt vector, is set to 
the address of the sampling routine. Fig 3 illustrates the 
initialization, sampling, and display routines. 

At this point it is best to discuss the normal sequence 
of operations presented in the Table. Positive transi
tions of the clock drive the sonar transducer and the SA 
(interrupt) pins of the processors. The clock is divided 
by two by the odd/even flipflop. The clock (a 500/o 
square wave) further subdivides odd/even times into 
port/starboard times. During even time, processors o 
and 1 sample, and processors 2 and 3 display. However, 

Time Sequence of System Operations 

Clock/Time 

0 

---RUN INITIALIZE 

WAIT 
I 
ODD PORT SAMPLE 
I 
ODD STBD SAMPLE 
I 
EVEN PORT DISPLAY 
I 
EVEN STBD 

* Processor initializes upon first turn on 
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Processor 

INITIALIZE 

SAMPLE 

SAMPLE 

DISPLAY 

2 

DISPLAY 
(INITIALIZE*) 

SAMPLE 

SAMPLE 

DISPLAY 
(INITIALIZE*) 
SAMPLE 

SAMPLE 
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Our new 208 A/B is adaptable 
to either dial-up or dedicated use. 

What's your line? 
•Converts from dial-up to dedicated lines with only three straps• Bell-compatible• Smallest, lightest 4800 bps 
modem anywhere• 10W max power requirement• Adaptable to two- or four-wire private circuits• Front panel 
control permits switched network voice·communication via standard telephone• Built entirely from standard, 
commercially available parts• Compatible dialer available now• Modular back panel accepts standard telephone 
jacks. 

For full technical details, contact Universal Data Systems, 5000 Bradford Drive, Huntsville, AL 35805. 
Phone: 205/837-8100. Telex: 810-726-2100. 

"Confidence in Communications" 

Universal Data Systems 
DISTRICT OFFICES: Summit, NJ, 201 /522-0025 • Blue Bell, PA, 215/643-2336 • Atlanta, 404/ 998-2715 ·Chicago, 312/ 441-7 450 
·Columbus, OH, 614/846-7478 Dallas, 214/385-0426 ·Santa Ana, 714/ 972-4619 · Sunnyvale, 408/ 738-0433 ·Boston, 617/ 875-8868. 

Member 
IDCMA 
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processor 2 displays only during even/port time and 
processor 3 during even/starboard time. During odd 
time, the roles of processors o, 1 and 2, 3 are inter
changed. This time division of display is accomplished 
by gating of the even/odd and port/starboard signals 
onto the CONT pins of the processors. In response to the 
interrupt strobe, the processors execute response 
routines that, before beginning the appropriate task, 
change the interrupt vector to point to the response 
routine of the alternate task. Thus, the interrupt ping
pongs the processors in pairs between acquisition and 
display. During display mode, the processors in a pair 
alternate via gating of the CONT pin. 

Following initialization, F2 of processor 1 goes high, 
and the next interrupt pulse starts processors o and 1 
sampling. instead of display, processors 2 and 3 execute 
the initialization routine in port and starboard times, 
continuing the mailbox pointer increment, pointer table 
access cycle. At the next interrupt, o and 1 begin display 
and 2 and 3 take up sampling. 

The ADCs are tracking units based on the MC 1507 and 
MC 1508. They are assigned address OOFF and 80FF with 
port/starboard determined by A1,. Tracking ADCs per
mit the most significant bit (MSB) of the ADC to be 
monitored by output pin SB of the appropriate pro
cessor to determine the depth to the bottom (first strong 
return). The digital to analog converter (DAC) is a 
MC 1508 and is assigned address 80FF16 and OOFF16, but 
responds to writes only. The flag outputs Fl are ORed 
together to blank the display and reset the sweep 
generator. Fl is set early by the display response routine 
and reset just before beginning the actual display. The 
sign of the linear sweep is determined by the port/star
board signal. 

Distortion is allowed for by monitoring SB for bottom 
return in the sampling response routine. A counter 
reflecting the time to bottom is maintained and stored in 
the internal processor E register before beginning actual 
sampling after SB goes high. The display response 
routine uses the E register to calculate the address to be 
used in the table ROM. The table ROM ignores bits Ao to 
As, producing, conceptually, a display table that 
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approximates the exact delays with a piece-wise linear 
function where each linear segment is 64 sample times 
long. Each echo is thus approximated by 32 segments. 
In playback, internal register P2 is used to point to the 
table ROM and is auto-indexed by 1 for each sample: the 
value read determines the delay in the loop and thus the 
time interval between samples. 

The architecture of the processors combines with the 
mailbox pointer and address table technique to permit a 
simple implementation of the nonuniform sampling cir
cuit basic to the sss playback system. Common pro
grams are used by all four processors in the circuit, and 
the shared bus system saves considerable hardware . 

Conclusion 

Using a mailbox to permit processors to share a bus in 
order to execute a common program has wide ap
plicability, since it results in hardware saving while re
taining the speed of a multiple-processor system. The 
sss playback system, described here, performs functions 
similar to the other types of systems-such as tape re
cording and playback speed compression systems and 
audio signal delay systems-in which a time series of 
data is sampled, processed, and reconstructed at a 
later time. 

A general layout that should prove useful in a variety 
of applications, this system is part of a dedicated instru- -
ment system and thus incorporates few options. A 
general purpose system can be implemented by using a 
master processor to receive control inputs and to 
dynamically generate programs containing the ap
propriate system sampling parameters. The generated 
program is stored in RAM and is executed by the slave 
processors . Once the code has been generated, the 
master processor relinquishes the bus and starts the first 
slave processor. The master processor then idles, 
waiting for an interrupt or manual input. In a system 
using a master processor to generate code for slave pro
cessors, the entire RAM is a mailbox, and the content of 
the mailbox is the program for the slave processors. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 704 Average 705 Low706 
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How can a graphics display system save 
software 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 automatically 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? Adcllllnlck 
To find out more about the power of full 
color interactive graphics, request the booklet Sap1Mcll1d "Sophisticated Graphics for Control Systems'.' 
It's Issue Number 3 of Ramtek's .:::. 
"USE OUR EXPERIENCE" Series. Sydem. 

Ramtek 
Our Experience Shows. 

REGIONAL OFFl~ES-Santa Clara, CA (408) 988-2211 , Los Angeles, CA (71.4) 979-5351 , Albuquerque, NM (505) 884-3557, Dallas, TX (214) 422-2200, Houston, TX 
(713) 774~2233, Chicago, IL (312) 397~2279 , Seattle, WA (206) 838~5196 , Washington, D.C. (703) 893-2020, Cleveland , OH (216) 464-4053, Boston , MA (617) 273-4590, 
Metropolitan NY (201) 238-2090, Maitland, FL (305) 645-0780, Pittsburgh, PA (412) 931-2500, New York/ Canada (716) 425-1742, The Netherlands 31 (0) 2968-5056. 
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Our filtered 
connectors 
kee~ your system 
quietsovou 
won't disturb 
the FCC. 

Get a breather from redesigning 
today's equipment. Control interference 
and eliminate electrostatic discharge. 
Avoid the need for special cable. You 
can do it all with AMP Quiet Line 
filtered connectors. 

By absorbing noise instead of reflecting 
it back into the system, our filtered 
connectors harmlessly dissipate noise 
as small amounts of heat. And in the 
process, their performance helps you 
comply with the new FCC emission 
regulations. 

So for less noise and a quiet FCC, 
see AMP. 

CIRCLE 75 ON INQUIRY CARD 

AMP Facts 
Subminiature D Type 
•RS 232/449 and MIL-C-

24308 compatible 
•Available in 9, 15, 25 

and 37 position sizes. 
• Right-angle board

mount, solder-cup 
and male-female 

Performance 
•Insertion loss-3db at SMHz 

to 55db from 1-18 GHz. 
• Higher loss elements 

available 

interface versions. :~e;~~~~~b Filtered pin header 
• 1 O through 50 positions; 

.100" centerline; .025" posts 
• Mates with AMP receptacle 

connectors and with all 
similar types. 

• Bulkhead mountable. 
Circular connector 
• 8 positions. 
• Bulkhead feedthrough 

receptacle with pin contacts. Absorptive Filter Element 

For more information, call the AMP Filtered 
Connector Desk at (717) 780-8400. 
AMP Incorporated, Harrisburg, PA 17105. 
AMP is a trademark of AMP Incorporated. 

AIVIP means productivity. 
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FEATURE 

Capacitance-sensing 
faceplate replaces 

keyboard, making cathode ray tube a 
versatile input device 

Touch-sensitive screens 
ensure a user friendly 
interface 

M
. any designers today are using terminals with 

touch-sensitive screens to simplify the operation 
of data processing systems. Intended mostly for 

data retrieval, these terminals abandon the traditional 
keyboard in favor of touch-sensitive screens on which 
operators designate data to be retrieved and displayed 
on the system by touching an associated location on the 
terminal display. 

The first touch-screen implementations were mech
anical, such as a plastic overlay embedded with wire 
mesh. Later, to overcome the inaccuracy and unrelia
bility of mechanical switches, solid state techniques that 
used banks of emitters and receptors were implemented. 
Solid state touch-screens flood the faceplate with beams 
of infrared light or high frequency sound; the breaking 
of a beam is interpreted as a "touch." In such schemes, 
relatively high resolution is possible [eg, 0.25 "(0.64-cm) 
separation between beams], but the numerous active 
components result in higher cost and decreased relia
bility. The numerous active components produce a 
lower mean time between failure (MTBF), which results 
in associated maintenance and replacement costs. 

Henry H. Ng 
Steven J. Puchkoff 
Interaction Systems, Inc 
24 Munroe St, Newtonville, MA 02160 

Capacitance-sensing technology has made possible a 
touch-sensitive display terminal with neither moving 
parts nor active components on the faceplate. A micro
processor recalibrates the faceplate continuously to 
eliminate susceptibility to capacitance changes caused 
by shifts in ambient conditions such as temperature, 
humidity, or dirt on the screen. The only limitation of 
capacitance-detecting touch screens is diminished reso
lution, because each capacitive touchpad must intersect 
a border of the screen. 

Keyboard entry display systems use special function 
keys and single-letter /number response keys-such as Y 
and N for "yes" and "no"-to reduce human error. 
Similarly, designers incorporate ''menus'' that list items 
and associate them with numbers or letters; operators 
select an appropriate key to respond to the displayed 
menu. Other special function systems incorporate push
button arrays directing operators to depress the push 
button associated with an item on the screen. Finite, 
hard coded function keys or push-button arrays do not 
provide the flexibility of touch-sensitive terminals. Fur
ther, touch-sensitive terminals do not require the 
transfer of eye and hand, as do keyboard systems. Both 
input and output occur on the screen. (See the photo.) 

Finger-aiming accuracy varys widely among in
dividuals and depends on many variables-eg, whether 
the person is sitting or standing, or close to or far from 
the screen. In view of such human operating factors, 

135 



items presented on a touch-sensitive screen should oc
cupy alternate lines, separated by about 0.5 /1 (1.3 cm) 
vertically and 1.0 /1 (2.54 cm) horizontally. Limiting the 
number of selection items exhibited on the screen at any 
one time is also helpful. 

In very large search functions that are alphabetized or 
listed in numerical order, the designer must consider the 
number of items on the screen and the number of times 

Touch-sensitive display terminal. Both input and output 
occur on screen; here, acknowledged touch is registered 
visually by highlighting item selected in reverse video. At 
bottom of display screen, HELP and RETURN commands 
provide assistance when needed, then call display back to 
point in transaction prior to request for help 

a choice must be touched. It is more efficient to ask for 
two choices among ten items than it is to ask for one 
choice among twenty items. If the access program is 
structured into a hierarchy or pyramid sequence, then 
each screen menu or display should be one step on the 
pyramid. Experience indicates that it is better to use 
more screen display steps than to group multiple 
"branches" into one step. 

When the operator touches a portion of the screen 
that does not contain a logical choice item, the system 
can respond to the touch or ignore it. Feedback in
dicating to the operator that the man/machine interface 
is functioning at each step of the interaction is effective 
reinforcement, although it is generally worthwhile to 
program the system to respond to an illogical selection 
only if the operator is not using the system continuously. 
Programmed responses to an illogical touch in a 
"public". system, where each use is isolated and transac
tions are relatively short, should convey only that the 
system is functioning. In such cases, the user might 
enter an illogical choice inadvertently by resting a hand 
on the screen or tapping fingers while thinking; or he 
may aim inaccurately and miss the desired item. 

Acknowledgment of a touch can be registered visually 
by showing the item selected in reverse video, 

Touch-Sensitive Display Terminal 

The touch-screen has a transparent contact, or 
touchpad element, at each designated location. 
When the data processing system displays informa
tion, the operator directs the system by placing a 
finger on the screen at the location associated with 
the desired information. The touch-terminal then 
identifies which pad element at the screen location 
the operator selected and responds with the appro
priate display of retrieved data. A totally passive 
medium, the touch-sensitive surface of the display 
does not employ mechanical contact techniques or 
acoustic emitters and receptors. Elimination of active 
elements makes the display highly reliable and main
tenance-free. Software performs control, interpreta
tion, decoding, and calibration. 

A microprocessor controlled touch-detection cir
cuit, located on the controller board, connects to 
conductive transparent pads on the display screen 
and continuously recalibrates the capacitive loading 
on the faceplate. Once it detects the signal that a per
son's touch conveys to any pad, it raises a READY 

status flag for the microprocessor. After all pads are 
scanned by the microprocessor, the error detection 
algorithm is applied. Finally, the touched pad is 
located and the signal transmitted to the terminal 
control electronics or directly to the host through a 
parallel or serial communication link. 

Under software direction, the computer controlled 
touch-detection technique achieves an optimum 
balance between capacitive sensitivity and elimina
tion of false touch signals. Intervals during which the 
human fingertip must be in continuous contact with 
the touch-sensitive position can vary in 1 5-ms in
crements. A continuous interval of 0. 2 5 s in the soft
ware generally meets human expectations of 
response to the touch. Thus, false touch senses are 
eliminated and the frequency of touch-position inac
curacy becomes minimal. 

I 
c~ 

TOUCH· 
DETECTION 

CIRCUIT 

nTH TOUCH· 
<>----- DETECTION 

CIRCUIT 

Cr - PERSON'S BODY CAPACITANCE " 50 pF 
Cs - STRAY CAPACITANCE 

TEMPORARY 
DETECTION 
STORAGE 

DATA BUS 

HOST COMPUTER 
OR 

TERMINAL 

Block diagram of capacitance-sensing faceplate. 
Microprocessor controlled touch-detection circuit 
recalibrates capacitive loading on faceplate once every 
1000 µs (on moving average basis}. In this way, unit 
compensates for fluctuating ambient conditions without 
registering false touches 



underlining, or changing intensity. Alternatively, a 
PLEASE REPEAT message can be issued without a change 
in the display screen. Audible feedback, such as a bell, 
can animate the interchange and indicate that the opera
tion is proceeding normally. Touch-sensitive terminals 
are ideal for implementing a large number of simple 
commands. With each screen display, new commands 
that are appropriate for particular stages of the process 
can be invoked. Designers need to consider whether a 
command is a one-time event or a repeated event to 
determine whether an operator may still be touching the 
screen after the system has obeyed the command. 

Many commands are likely to be repetitive. For in
stance, the operator may be searching data, browsing 
rapidly through a large file. In this case, it may be 
desirable to keep a finger on the screen to achieve con
tinuous scrolling. A speedier technique for larger direc
tories is to skip a certain number of entries, forwards or 
backwards, upon each command. Other commands, 
however, are likely to require only one response. In 
these cases, it is advantageous to shift the command 
location on the screen to an adjacent touch area after 
each command. Forcing the operator to move a finger 
slightly to repeat the command, this design feature is ap
propriate for such procedures as PRINT, NEXT PAGE, and 
PREVIOUS PAGE. 

Conflicts in the "scrolling" function of touch-sensi
tive terminals can arise when the screen is also used for 
commands or function keys. In such cases, the pro
grammer usually wishes to move (scroll) only the text 
portion of the screen, not the commands. Firmware can 
resolve this problem easily by creating a partial screen 
scroll mode that saves and rewrites the nonscrolling sec
tions of the screen so that they appear not to move. 

HELP and RETURN commands 

Detailed HELP commands on the touch-sensitive ter
minal make computerized data retrieval possible for 
people who are unfamiliar with computer systems or 
equipment. Contents of the HELP messages depend on 
the stage in the transaction at which the operator re
quests assistance. At the start of the procedure, for ex
ample, HELP may explain the general goal and tech
niques of the transaction. At other points, HELP may 
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clarify the meaning of the commands available at that 
point in the process. 

When two or more pages reside in the terminal, the 
HELP command should be entered on a new, blank 
page. Since operators generally wish to resume their 
procedure on the display page at the point at which 
HELP was touched, a RETURN command should be 
displayed on the HELP page. This will call the display 
back to the page prior to the display of the HELP 
message. 

A terminal recognizes a person's touch in approxi
mately 100 ms. However, the computer system, of 
which the terminal is only one part, may have a much 
longer response time. Public transaction users un
familiar with computer system response may not recog
nize the time lag factor, and think that their touch was 
not recognized. Continuing to touch the screen, they 
will inadvertently generate additional commands to the 
system. Designing the system to accept only one com
mand at a time is one solution to this potential stacking 
problem. Thus, while responding to the first command, 
the system would not save or stack additional com
mands. Even though the computer, telecommunications 
system, and terminal all may be capable of full-duplex 
operation, experience shows that operating the touch 
system in this half-duplex mode is preferable for the 
man/machine interface. 

Conclusion 

Technology of touch-sensitive display terminals has 
evolved beyond the early mechanical overlays consisting 
of soft, wire-embedded material and solid state arrays 
of light emitting diodes and receptors. Today's ter
minals, designed with capacitance-sensing technology, 
are reliable, low cost devices-basically passive and 
maintenance-free. They make possible the economical 
implementation of "public access" systems, which will 
broaden the uses of computerized data significantly. 
Eventually touch-sensitive displays could evolve to 
voice-sensitive displays that can understand and re
spond to a limited vocabulary in normal human speech. 
Until that time, however, the ' touch-sensitive terminal 
will simplify access to a wide range of online com
puterized systems for a variety of operators-skilled 
and unskilled in computer technology. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card . . 

High 707 Average708 Low709 
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Efficient use of low power 
WAIT mode requires a careful choice of 

CMOS microprocessor clock rate 

Choosing optimal 
microprocessor clock 
frequency minimizes 
power consumption 

Naveen J. Tangri Department of Electrical Engineering 

University of Florida , Gainesville , FL 32611 

C 
omplementary metal oxide 
semiconductor microcom
puter systems are being used 

increasingly in applications where 
power consumption must be re
duced to an absolute minimum. 
Such applications include realtime 
digital control, data acquisition, 
and signal processing. Although the 
processing speeds of the micropro
cessors for these microcomputer 
systems are lower than those of P
or N-channel metal oxide semicon
ductor or bipolar microprocessors, 
a complementary metal oxide semi
conductor microcomputer is 
selected for a specific application 
mainly because it consumes little 
power. This factor can be critical in 
portable battery-powered systems or 
in remote solar-powered stations. 

To increase the energy efficiency 
of complementary metal oxide 
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semiconductor (CMOS) micropro
cessors, many designs provide for a 
software- or hardware-controlled 
w AIT or HALT mode in addition to 
the full-power operating mode. In 
the WAIT state, a microprocessor's 
power consumption is usually an 
order of magnitude smaller than 
when it is fully operational. How
ever, because average power con
sumption is proportional to clock 
frequency in both the w AIT and full
power modes, the choice of clock 
frequency is crucial in determining a 
microprocessor's average power 
consumption. 

It is possible to analyze the power 
consumption behavior of a CMOS 

microprocessor in a typical realtime 
signal processing application. This 
analysis, in turn, can be used to 
determine how to minimize power 
consumption. 

Typical application 

Fig 1 shows a typical application in 
which a CMOS microprocessor is 
used for realtime signal processing 
or control. Most such low power 
systems are fabricated of CMOS 
components throughout. A number 
of analog signal channels are 
sampled from the target system at a 
certain frequency. This sampling 
frequency is entirely dependent on 
the frequency content of the signals 
sampled and the signal processing to 
be performed by the micropro
cessor. It is assumed here that the 
sampling frequency is fixed by con
siderations other than minimum 
power consumption. 

After an analog signal channel 
has been sampled, analog to digital 
conversion is performed, and the 

(continued on page 140) 
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TEK·8500SERIES MDL FLEXI BLE SOLUTIONS 
FOR A FUTURE OF CHANGE 

Some revealing facts 
about real-time emulation. 

Real-time and not-so-real time 
explained. 

Suppose you had a prototype de
signed to run at 1 MHz. If your emulation 
system drove it at one clock cycle per 
second , would you call this real-time? 

Of course not. 
But others would . "Real-time" emu

lation often refers to any speed that 
executes the proper logic sequence on 
the prototype. No matter how long it 
takes. 

So why the muddy terminology? 
Because running an emulator at 
specified processor speeds is a tricky 
business. There 's very little time left to 
extract debugging information . 

It's much easier to refer to any time 
as "real" time by adding "wait states" or 
clock stretching techniques. Even if it 
has nothing to do with the true operating 
speed of your prototype. 

Tek emulators like our new 6809 give 
you the real thing. 

At Tektronix, real-time emulation 
means exactly what it should . 

Take our new 6809 emulator for 
instance. The 68B09 version of this 
processor is the fastest. It allows proto
type bus cycles up to 2 MHz. And this is 
the true speed at which our 6809 emu
lator can fully function . With all debug
ging information still perfectly intact. 

And the 6809 is just a single exam
ple. Tek's entire line of emulators run in 
true real time. 

And that's really just the start. 
In addition to real-time, Tektronix 

gives you an outstanding lineup of 
debugging features . 

Like our new terminated low-profile 
probes, using special hybrid circuitry 
that permits smaller size for easy ac
cess to crowded prototype locations. 

And symbolic debug for rapid 
entry of trace commands. Symbolic 
disassembly, too . 

Also service calls that let you simu
late 1/0 by using development system 
resources , such as keyboard , display, 
printer and mass storage. 

Copyright© 1981 , Tektroni x, Inc . All rights reserved 967-1 

The broadest chip support anywhere. 
Nobody offers the breadth and 

depth of chip support you get from 
Tektronix : 
6809 
6800 
6808 
6802 
Z80A 
8080A 
8085A 

8048 
8039 
8039-6 
8035 
8021 
8022 
8041A 

Assembler 
support is available 
now for the 16-bit 
chips listed below. 
Emulation support for 
the 9900 is available 
now. Real-time 
emulation and Pascal 
support will be 
available in stages 
for the 68000, Z8001. 
Z8002 and 8086 
beginning the third 
quarter of 1981. 

68000 
8086 
SBP9900 

Z8001 
Z8002 
TMS9900 

8049 
3870 
3872 
3874 
3876 
F8 
1802 

6809 Prototype Control Probe tip fits easily in 
hard to reach locations . Probe status lights 
monitor key processor signals . 

Circle 76 for Literature 
Circle 77 for Sales Call 

Find out more today. 
Call your nearest Tektroni x field 

office or write us directly. 

It's time you got realistic about 
real-time. 

(top) Trace All display g ives disassembled 
prototype code plus the status of all key processor 
registers on a step-by-step basis . 

(middle) Symbolic debugging allows all major 
address locations to be defined as easily read 
mnemonics. Breakpoint information includes full 
display of processor status . 

(bottom) Trigg.er Trace display shows real -time 
bus activity on a cycle-by-cycle basis plus eight 
channels of hardware logic defined by the user. 

For further information, contact : 
U.S.A., Asia, Australia, Central & South America, Japan 
Tektronix , Inc ., PO . Box 4828, Portland , OR 97208. 
Phone: 800 547-6711 . Oregon only 800 452-6773 , 
Telex: 910-467-8708. Cab le: TEKTRONIX 

Europe, Africa, Middle East Tektronix International, Inc .. 
European Marketing Centre. Postbox 827 , 1180 AV 
Amstelveen . The Netherlands. Telex : 18312 

Canada, Tektronix Canada Inc .. PO. Box 6500, Bame. 
Ontario L4M 4V3, Phone : 705 737-2700 
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signal processing would be com
pleted in the minimum possible 
time. Once the necessary processing 
is completed, the microprocessor 
could go into a power-conserving 
w AIT state until the arrival of the 
next sample. However, since the 
power consumption of a micropro
cessor increases logarithmically with 
clock frequency, this extreme case is 
not necessarily the most energy
efficient. 

Fig 1 Typical CMOS microprocessor application. Realtime signal pro
cessing is performed on one or more analog channels. Although sam
pling frequency is governed by system application constraints, 
microprocessor's clock frequency can usually be chosen with con
siderable degree of freedom 

Thus, there is a choice (or maybe, 
choices) of clock frequency low 
enough for the microprocessor to 
consume moderate amounts of 
power while processing, and yet 
high enough for it to complete all 
the necessary processing quickly and 
go into a power-conserving WAIT 
state for the remainder of the sam
pling interval. 

digital representation of signal 
amplitude is presented to the micro
processor. For each signal sample, a 
certain amount of realtime signal 
processing is performed, depending 
on the specific application. This 
processing has to be completed 
before the next sampling instant. 
Usually, all the necessary processing 
for a sample is completed well 
before the next sample arrives, and 
the microprocessor enters a w AIT 
state in the meantime to conserve 
power. 

Most manufacturers supply 
power consumption characteristics 
for their microprocessors as a func
tion of clock frequency. Fig 2 shows 
the power dissipation curves for the 
RCA CDPI802. As can be seen, power 
consumption increases logarithmi
cally with clock frequency. This oc
curs because most power consumed 
by a CMOS microprocessor is 
dissipated indirectly in charging and 
discharging gate capacitances 
through CMOS transistors, instead of 
directly as joule heat in circuit 
resistances. 

How, then, should the clock fre
quency of a microprocessor be 
chosen? At one extreme, the micro
processor could be run at the 
minimum permissible clock fre
quency. In this case, it would be 
fully operational during the time 
between sampling instants in order 
to complete the necessary processing 
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before the arrival of the next 
sample. Ideally, it would never have 
time to go into a w AIT state, and so 
would consume full operating 
power at all times. At the other ex
treme, the microprocessor could be 
run at the maximum permissible 
clock frequency. In this case, the 

log mW 

Analysis of 
power consumption 

A hypothetical graph of a CMOS 
microprocessor's power consump
tion vs time for a typical case. is 
shown in Fig 3. After each sampling 
instant, the microprocessor 

(continued on page 142) 
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CLOCK FREQUENCY (fcl 

P0P - POWER CONSUMPTION IN OPERATIONAL STATE 
Pw - POWER CONSUMPTION IN WAIT STATE 

Fig 2 Power dissipation curves for microprocessor. Curves plotted 
as function of clock frequency for RCA CDP1802 show how power 
consumption increases logarithmically with clock frequency 
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performs a certain amount of pro
cessing with power consumption Pop 
for a time Lit. When this processing 
is completed, it goes into a w AIT 

state, with power consumption P w' 
for the remainder of the sampling 
interval Ts. As mentioned earlier, Ts 
is assumed to be a constant, deter
mined by signal processing con
straints and not by power consump
tion considerations. 

Let fc be the microprocessor ' s 
clock frequency, and let N be the 
number of clock cycles required to 
perform the necessary signal pro
cessing for each sample. Since this 
processing is dependent on the 
specific application and is indepen
dent of f c' N is a constant. The aim 
is to determine f c to minimize 
average power consumption. An ex
pression for the average power con
sumption p av as a function of f c 
must be developed. 

During a sampling interval, the 
total energy LiE consumed by the 
microprocessor is the shaded area in 
Fig 3. Thus, 

AE = P0 pAt + (Ts - M)Pw 

In order to determine average power 
consumption, we divide LiE by Ts to 
obtain 

Pav = AE/ Ts = [Pop At 

+ (Ts - At)Pw11Ts 

Now, Lit is the time spent by the 
microprocessor, operating at a clock 
frequency fc, to execute N clock 
cycles. Thus Lit = N/fc. Substituting 
this in the expression for p av yields 

p av<f c> = [P opN/ f c 

+ (Ts - N/fc)Pw11Ts 

in which N and Ts are constants, 
depending on the application. 
p op and p ware functions off c· p op(f c> 
and P w(fc) can be gleaned from 
manufacturer 's data sheets, or can 
be determined by simple ex 
periment. 

In order to determine optimal fc, 
P av(fJ must be minimized. Although 
p av(f c) can be minimized by 
numerical techniques, perhaps it is 
easiest to plot p av as a function off c' 
for a feasible range of fc. The 
minimum p av and the optimal fc can 
then be determined graphically. 
Using the power consumption char
acteristics of the MC146805E2 micro
processor, and assuming N = 200 
clock cycles and Ts = 2000 µs for a 
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Fig 3 Plot of power consumption vs time. Typical signal process
ing application is for microprocessor incorporating power
conserving WAIT state in addition to full-power processing mode 
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CLOCK FREQUENCY (le) 

Fig 4 Average power consumption vs clock frequency . Com
puter generated plot for microprocessor shows typical realtime 
signal processing application in which f c(minl is clock frequency 
that requires minimum average power 

typical application, a short 
FORTRAN program was written to 
generate the p av vs fc curve shown in 
Fig 4. As can be seen, the optimal fc 
can be determined quite easily by in
specting the p av(f c> plot. 

This analysis can also be used to 
evaluate different signal processing 
techniques to determine which 

technique would consume the least 
average power. Suppose, for ex
ample, that a choice exists between 
using zero-crossing analysis requir
ing Nz clock cycles and peak detec
tion requiring NP clock cycles. Dif
ferent curves for P av(f J can be plot
ted on the same axes for N = N z and 

(continued on page 144) 
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The Sprague Monolithic Arrays That Provide 
the Muscle of 8 SCRs in a Single DIP. 

Sprague UTN-28868 and UTN-2888A SCR 
arrays are expressly made for use with micro
processors which are strobing power loads. 
Compatible with TTL, LSTTL and CMOS, they 
will interface to high-current loads including 
lamps, relays, and solenoids. 

Each array contains eight SCRs with integral 
current limiting and gate-to-cathode resistors. 

The combining of SCRs in one DIP reduces 
component count, assembly time, and circuit 
space while improving overall circuit reliability. 
Each of the isolated devices within the array is 
capable of continuous and simultaneous oper
ation at 200 mA or 250 mA, at ambient temper
atures to +50°C. The arrays operate from an 
unfiltered half-wave (50 or 60 Hz) or full-wave 
(100 or 120 Hz) rectified source. 

For Engineering Bulletin 29401, write to: 
Technical Literature Service, Sprague Elec
tric Company, 555 Marshall St. , North 
Adams, Mass. 01247. 

For application engineering assistance, 
write or call Mark Heisig, Don Bird, or Paul 
Emerald, Semiconductor Division, Sprague 
Electric Co., 115 Northeast Cutoff, Worces
ter, Mass. 01606. Telephone 617/853-5000. 

FOR FAST INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE: 
ALABAMA, Sprague Electric Co . 2051883-0520 •ARIZONA, Sprague Electric Co . 6021244-0154; 6021831-6762 •CALIFORNIA, Sprague Electric Co .. 2131649-2600; 
7t4,549-9913; R David Miner Inc . 714,267-3900; Wm . J Purdy Co . 4151347-7701 •COLORADO , Wm . J. Purdy Co .. 3031777-1 411 •CONNECTICUT, Sprague Electric Co . 
203,261-2551; Ray Perron & Co . Inc .. 2031268-9631; 2031673--4825 •DIST. OF COLUMBIA, Sprague Electric Co (Govt . sales only) . 2021337-7820 •FLORIDA, Sprague 
Electric Co . 3051831-3636 • ILUNOIS. Sprague Electric Co . 312129&-6620 • INDIANA, Sprague Electric Co , 3171253-4247 • MARYLAND, Sprague Electric Co .. 
301 792-7657 • MASSACHUSms, Sprague Electric Co .. 6171899-9100; 4131664-4411; Ray Perron & Co .. Inc . 6171969-8100 • MICHIGAN , Sprague Electric Co .. 
517 787-3934 •MINNESOTA, HMR. Inc .. 6121831-7 400 •MISSOURI, Sprague Elec1ric Co .. 31 41781-2420 •NEW HAMPSHIRE, Ray Perron & Co .. Inc .. 60317 42-2321 •NEW 
JERSEY, Sprague Electric Co . 201169&-8200; 6091795-2299; Trinkle Sales Inc .. 6091795-4200 •NEW MEXICO, Wm . J. Purdy Co ., 505126&-7959 •NEW YORK , Sprague 
Electric Co .. 5161234-8700; 9141834-4439; 3151437-7311 ; Wm . Rutt . Inc . 9141834-8555; Paston-Hunter Co . Inc . 3151 437-2843 •NORTH CAROLINA, Electronic Marketing 
Associates . 9191722-5151 •OHIO, Sprague Electric Co .. 513186&-2170; Electronic Salesmasters . Inc . 800 362-2616 •PENNSYLVANIA, Sprague Electric Co .. 2151467-5252; 
Trinkle Sales Inc .. 2151922-2080 •SOUTH CAROLINA, Electronic Marketing Associates . 8031233-4637 •TEXAS, Sprague Electric Co .. 2141235-1256 •UTAH, William J 
Purdy Co . 8011486-8557 •VIRGINIA, Sprague Electric Co 703,463-9161 •WASHINGTON, Sprague Electric Co . 20&632-7761 •CANADA, Sprague Electric of Canada . 
Ltd . 41& 76&-6123 or 6131238-2542 
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For the name of your nearest Sprague 
Semiconductor Distributor, write or call 
Sprague Products Company Division , 
North Adams, Mass. 01247. Telephone 
413/664-4481. 

45S-1108R1 

a subsidiary of GK Technologies 
lncorporaled 
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CLOCK FREQUENCY {le) 

Fig 5 Power consumption for different techniques. By plot
t ing average power consumption curves as functions of 
clock frequency on same axes, signal processing technique 
that requires minimum average power can be identified 

Summary 

microprocessors therefore incor
porate a power-conserving WAIT or 
HALT mode. However, because the 
average power consumption of a 
microprocessor is proportional to its 
clock frequency, the choice of clock 
frequency is crucial. The 
mathematical analysis presented 
here offers a simple technique for 
determining a microprocessor's op
timal clock frequency that 
minimizes average power consump
tion. Although this technique was 
applied to a CMOS microprocessor, 
it holds good for any 
microprocessor that has a power
conserving w AIT state in addition to 
its full-power operating mode. 

N = NP, as shown in Fig 5. A simple 
inspection of the curves will deter
mine not only the most energy
efficient signal processing technique 
but the optimal clock frequency as 
well . 

CMOS microcomputer systems are 
widely used in applications where 
power consumption must be re
duced to a minimum. Most CMOS 

Please rate the value of this note 
to you by circling the appropriate 
number in the ''Editorial Score 
Box" on the Inquiry Card. 

High 716 Average 717 Low 718 
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The perfectly natural interface. 
Touch. Man uses it to learn. Before sight, 

before taste and long before anything as 
complex as keyboarding. 

Mother Nature invented the sense of 
touch. But Carroll Manufacturing developed the 
technology to apply it as an interface on 
displays. 

Carroll is the leader in touch technology. 
To solve the man/ machine interface dilemma. 
To make your system friendly and more 
responsive. 

To find out more about touch technology 
and Carroll 's approach to touch, write or call: 
Carroll Manufacturing Company, 1212 Hagan 
Street, Champaign, IL 61820. 217 / 351 -1700. 

Keeping computers in touch with people. 
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Will the FCC put you in a ~-~---: 
cost--delive~y cr~ncfi ~ctober 1? ~\ 1rfj}~ 

Not with S1errac1n '-) c__, ;<!;\~ 
power systems. --

*For details , ask for our free Question & 
Answer booklet , "The FCC and You ." 

800-423-5569 
In California , call collect (213) 998-6811 . 
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Unless computer and 
peripheral OEMs like yourself can 
meet acceptable input line con, 
ducted noise levels by October 1, 
the FCC won't let your equipment 
get out the door.* 

That's where Sierracin power 
systems can help. 

Our complete line of switch, 
ing power supplies already com, 
plies with the new FCC rule. Fact 
is, we put a noise filter in so you 

don't have to redesign around our 
switchers. Or add to your compo, 
nent count. Or costs. And we did 
it without increasing our prices. (At 
$4 5, we still off er you the lowest 
priced switching power supply in 
the industry.) 

But anyone can play the num, 
bers game with prices . What really 
counts is product performance 
and reliability. And our cost,effec, 
tive switchers and linears give you 
both-the results of high quality 
control standards-from incoming 
parts inspection and testing to final 
power supply burn,in and on,the, 
shelf stocking for fast delivery. 

That's what you can expect 
from Sierracin/Power Systems. A 
young, dynamic 6,year,old com, 
pany that already leads the indus, 
try with the widest line of 40 to 
500 watt open frame DC switching 
power supplies. 

See for yourself. Write for our 
new 1981 Power Supply Catalog. 
Or dial our toll free number. 

WESCON Booth #1731 



Adjustable monitor flags 
valid power level 

John C. Roth Hughes Aircraft Company 

1901 W Malvern , Fullerton , CA 92634 

Vee 

2 µF 20 krt 

112 
1 krt LS123 

Vee 
5 V B MONOSTABLE 

MUL Tl VI BRA TOR 
0.1 µFI THRESHOLD -10 V 

------~ 

T 
he digital power supply ':11on~

tor /reset generator cucmt 
checks one negative voltage 

and two positive voltage power sup
plies, generating a reset signal for 
low voltage inputs. Only three in
tegrated circuits and a few discrete 
components are required for the 
configuration. 

An optical isolator packaged 
in a 6-pin dual-inline package with 
transistor-transistor logic level out
puts monitors the negative voltage 
supply. Selection of the input resis
tor determines threshold voltage for 
the negative supply. A voltage 
divider circuit monitors one positive 
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Vee 

2 µF 20krt 

112 
LS123 

B MONOSTABLE 
MULTIVIBRATOR 

RESET 

supply, determining its threshold 
voltage. To ensure that all in
tegrated circuits have power before 
the reset signal is generated, a 
resistive-capacitive network 
monitors and delays the other 
positive supply, which powers the 
digital components. 

When the delayed 5-V supply 
becomes valid, a monostable multi
vibrator (1-shot) is triggered and the 
reset signal is generated. (See the 
Figure.) If at the end of the I-shot 
pulse both the I5-V and - I5-V sup
plies are not above their thresholds, 
the second I-shot is triggered and 
the reset signal is held active. Until 

the I5-V and - I5-V supplies are 
above threshold, the second I-shot 
continuously re-triggers at the trail
ing edge of its own output pulse. 
Once all power supplies are at valid 
levels, a drop below threshold either 
in the I5-V or in the - I5-V supply 
causes the I-shot to be triggered. It 
continues to re-trigger until both 
supplies are at valid levels. 

The I -shot shown operates at 
1000/o duty cycle, and provides 
Schmitt hysteresis at the B input to 
ensure jitter-free triggering with 
transition rates as low as 0.2 mV /ns. 
Minimum reset time for the I 5-V, 
- I5-V, and 5-V power supplies is 
I 5 ms. Other power supply voltages 
can be used and resistive-capacitive 
values changed to achieve a desired 
minimum reset time or supply 
voltage threshold. D 

Please rate the value of this note 
to you by circling the appropriate 
number in the "Editorial Score 
Box" on the Inquiry Card. 

High 713 Average 714 Low 715 
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1hanks to ctOat c kin; 
ttCOPeS separate out tfrt1'&.shared 
on multiplexed lines-all from the sa con-
nection and without need of demultlplext119 fitch 
arrangements. 

Our quasiparallel triggering mode 
lets you trigger immediately on data 
sampled by each of the clocks. One 
clock can control address sampling and 
the other data sampling, so you can trig
ger on address and data with more bits 
in the trigger word than the number of 
inputs to the analyzer. 

Add our disassembly option, and 
the microprocessor selected by the 
logic analyzer menu automatically sets 
up the parameters for ease of operation. 
With just one disassembly option our 
logic analyzers will support most popular 
8-bit microprocessors. 

Considering this level of sophistica
tion, you'd expect our PM3542 and 43 to 
offer all the other most-wanted logic 
analyzer features. You'd be right. 

~ Test & Measuring 
~ Instruments 
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The endless wave. 

How 
manymicro
Winchesters ™ 
will Seagate build? 
As many as you want. 

Seagate Technology is 
producing 51/4-inch micro-Winchester 
drives in ever increasing volume. 
And we are delivering on schedule. 

In our first year, we shipped 

more than 12,000 drives. How many drives do you need? 
We are now shipping more We'll give you a shipping schedule 

than that every quarter. to fit your requirements. And we'll 
And we can easily double commit to that schedule, in writing. 

that. Adding capacity is simply And don't forget. It's an easy upgrade 
a matter of cloning additional to our STS 12 with thin film heads. 

production lines. For complete specifications, 
So when you hear that other circle our readers' seNice number. 

OEMs are placing big orders with To order an evaluation unit, 
us, don't worry. We have the capa- write, telex or 
city to satisfy big volume demand. phone. 

Seagate Technoloyy & 
360 El Pueblo Road Scotts valley. callfomla 95066 (408) 438-6550 TELEX 172114 SCVL 
Regional Sales Offices: Allamuchy. New Jersey (201) 852-6184; 

Newport Beach, calltornla (714) 851-9964 

"Turning the tide in fixed disc technology" 
"'micro-Winchester is a trademark of Seagate Technology. 
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only two reasons 
to use our new 16·bit microcomputer. 

Money and power. 
Let's assume you've already realized 

the advantages of designing a system 
with an OEM microcomputer board . 
Like faster design cycles. Lower pro
duction costs. And faster time to market. 

That's great. Now you 're down to 
two basic choices. You can buy a 
ten-year old minicomputer architecture 
in pieces . Cheap. 

Or you can go VLSI all the way. With 
a much newer, much more powerful 
microcomputer architecture. And 
fortunately, we've made this second 
choice a lot easier to afford . 

Because we're introducing our new 
iSBC™ 86/05 board. Which only costs 
$1,195 in quantities of 100 or more. And 
gives you four times the Whetstone 
power of a low-end minicomputer. Or 
up to 20 times more when you add 
our iSBC 337 Numeric Data Processor. 
In fact, this solution gives you 110,000 
Whetstones, which rivals the perform
ance of mid-range minicomputers. 
And makes this the fastest numeric 

microcomputer in the world . 
And since this is the only board with 

our 8/16 bit iSBX™ Multimodule con
nectors, you can add more processing 
power, digital or analog 1/0 processing, 
and even floppy disks or bubbles. At 
about half the cost you 're used to. With 
our Multimodules, you can add 
EPROMs and E2PROMs, too. And 
thanks to our iSBC Multibus\•) architec
ture (IEEE P796), when your application 
calls for multiprocessing , you're not 
locked into a uniprocessor solution . 

You won't exactly feel limited by the 
software, either. Because the iSBC 
86/05 board is software compatible 
with our industry standard iSBC 86/12A 
board. Which means it works with our 
iRMX™ 88 executive and our iRMX 86 
operating system, both of which we 
designed to handle real time multitasking 
applications. Even better, because of 
our modular software structure, you can 
customize and extend both of these 
packages to fit your particular applica-
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tion perfectly, whether it's in process 
control , or business data processing . 

So look at the speed . The power. The 
range of features and options. Put all 
that together and you're looking at a 
whole new price/performance standard . 
Which should give you two very nice 
things to count on. 

More money. And more power. 
Get in touch with us now and we'll 

tell you more. Write Intel , 3065 Bowers 
Avenue, Santa Clara, CA 95051. 
Or call us at (408) 987-8080 . 

Europe· lniel 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. Zentronics. 

l·nt ~ ltteliv~rs 
1 'e' solutions 



VGR 4000, Honeywell's new and advanced 
video graphic recorder, provides fast, crisp, 8Yz x 11" 
hard copies on dry silver paper from most CRT's 
and other video sources. 

White-on-black or black-on-white images 
are as simple as flipping a switch. With options, 
images can be produced having up to 16 shades 
of grey or even more. 

An innovative processing technique 
eliminates the need for large heated platens. This 
allows the recorder to run cool, consuming very 
little energy. 

The VGR 4000 is the only recorder on the 
market available with a self-contained test-pattern 
generator providing a choice of formats for proper 
copy verification. 

Rugged, yet cleanly designed for easy 

operation. the compact VGR 4000 can be used on 
a desk top or rack-mounted, taking up only 7" of 
front panel space. 

Honeywell's VGR 4000 is the latest advance 
in video-input hard-copy reproduction systems, 
built by the people with the most fiber-optic CRT 
recorder experience in the field. 

To get the whole story on the VGR 4000 and 
how it can meet your needs, call Durke 
Johnson at 303/773-4700. Or write Honeywell 
Test Instruments Division, Box 5227, 
Denver, Colorado 80217. 

WE'LL SHOW YOU A BETTER WAY. 

Honeywell 
HON-6-631 

CIRCLE 83 ON INQUIRY CARD 



152 

I s. 
COMDEX '81 for your ISO-metric exercises 

* Computers* Small business systems * 
* Peripherals * Office automation systems* 

* Software packages* Communications equipment * 

If you're an Independent Sales 
Organization (ISO) involved with 
small computer and word process
ing systems, you know what the 
pace is like out there on the fastest 
track in the world. You know you 
need the kind of "ISO-metric" 
exercise program only COMDEX 
can provide. 

COMDEX, the conference and 
exposition that's taken the 
computer industry by storm, is the 
only show that brings hundreds of 
vendors and thousands of ISOs 
together, in an environment 
carefully constructed to exclude 
those who clearly don't belong. 
Because COMDEX is exclusively for 
the trade, it has become a classic 
trade show. 

This year's COMDEX in Las Vegas 
is shaping up to be about twice 
the size of last year's extravaganza! 
We now project that more than 500 
computer and related companies 
will be exhibiting at COMDEX '81 
- the nation's second largest 
computer event in the history of 
the industry. 

A relevant conf ere nee 
And once again, the COMDEX 
Conference will focus on business, 
financial and marketing topics of 
special relevance to ISOs. Shape up 
for the booming 1980s! Stretch your 
selling muscles the ISO-metric way! 
Call us today for further exhibit and 
attendee information on COMDEX '81. 

Las Vegas Convention Center, November 19-22, 1981 
For further information, write to COMDEX '81, 

160 Speen Street, Framingham, MA 01701 . 
Or call us toll-free: 800-225-4620 (in Mass., 617-879-4502). 

Another Conference and Exposition from THE INTERFACE GROUP 
Producers of : INTERFACE, FEDERAL DP EXPO, COMDEX, COMDEX/ SPRING, 

THE COMPUTER SHOWCASE EXPOSITIONS 
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IN THE 
CARD READER BUSINESS 

FOR GOOD. 
GOOD NEWS for data 
processing users 
who need a card reader vendor they can 
rely on, who need to be able to look to 
tomorrow with confidence, knowing their 
automatic card reader needs will not 
only be met, but will be responded to. 
with the concern you would expect from 
the only independent company to make 
and market card readers since 1969, 
continuously ... and profitably. From 
Peripheral Dynamics Inc., part of a $200 
million company, with the capacity, 
commitment, and know-how to meet all 
your card reading needs. 

GOOD PRODUCTS 
for your automatic 
card reading needs. 
Compact, self-contained units that 
automatically, quietly - and reliably -
read 80-column punched cards, 40- and 
80-column mark sense cards, or both. 
From handfed models up to 600 card
per-minute readers. In tabletop and rack
mounted models. And with an RS-232 
interface that lets you tie the reader to 
any application your system requires. 

AND FOR DATA PROCESSING USERS, 
THAT'S GOOD NEWS. 
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PERIPHERAL DvNAM1cs INc. 
5150 Campus Drive 

Whitemarsh Industrial Camous 
Plymouth Meeting, PA 19462 

Telephone (215) 277-8484 •TWX 510-660-8028 



Interfacing Fundamentals: 
3-Wire Handshake Using 
Two Microcomputers 

Peter R. Rony 

Department of Chemical Engineering 

Virginia Polytechnic Institute and State University 

Blacksburg, VA 24061 

The relationship between the flowcharts 1-
3 and tim

ing diagrams 1 
•
2 for the IEEE 488 3-wire handshake pro

tocol can be experimentally demonstrated using two 
or more microcomputers that are interfaced to each 
other via the use of 8255 programmable peripheral 
chips and IEEE 488 bus transceivers or their 
equivalents. The 3-wire handshake is used for byte
serial data communication applications in which one 
output port at a time transfers the same data 
simultaneously to several input ports. 

Fig 1 is a schematic diagram of a double-buffered 
conditional 1/0 system consisting of talker and 
listener 8080A based microcomputers. It is basically 
the same type of interface circuit used for the 2-wire 
handshake procedure4 except that (a) there are three 
handshaking bus lines between the two microcom
puters, (b) each bus line permits additional connec
tions to be made, for example, from other micro
computers, (c) three flag outputs from each 8255 chip 
are required, and (d) three bus line status inputs from 
each 8255 are also required. As a substitute for the 
somewhat difficult to obtain IEEE 488 bus trans
ceivers, 74LS05 open-collector bus drivers are 
employed. Each bus line is pulled up to 5 V with a 
3-kn resistor and down to ground with a 6.2-kn 
resistor; these are the values recommended by the 
IEEE Standard 488-1978. 1 A 74LS04 chip inverts the bus 
signal back to positive logic before it enters an input 
port bit on each 8255 chip. 

The three IEEE 488 handshake lines are called DA v, 
NRFD, and NDAC. DA v, or Data Available, corre
sponds to bits PCO/ PBO in Fig 1; NRFD, or Not Ready 
For Data, corresponds to bits PCl/PBl; and NDAC, or 
Not Data Accepted, corresponds to bits PC2/PB2. The 
handshake flag and status bytes are shown in Fig 2. 

To transfer a data byte from one microcomputer 
to the other, not all of the flag bits (PCO, PCl, and 
PC2) or bus line status input bits (PBO, PBl, and PB2) 
are used on a given 8255 chip. For example, assume 
that the microcomputer on the left in Fig 1 is the 
talker , and the one on the right the listener. The 
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talker outputs the DA v flag and inputs the status of 
the NRFD and NDAC bus lines. Thus, the microcom
puter on the left outputs bit PCO (DAV) and in
puts/tests bits PBl (NRFD) and PB2 (NDAC). The 
listener outputs NRFD to bit PCl, NDAC to bit PC2, and 
inputs/tests bit PBO (DAV). Now assume that the direc
tion of data transfer is reversed, with the microcom
puter on the right talking to the listener on the left. 
This time, the microcomputer on the right outputs bit 
PCO and tests bits PBl and PB2, whereas the 
microcomputer on the left outputs bits PCl and PC2 
and tests bit PBO. Data transfer can be in only one 
direction at a time. The use of such bused flags 5 per
mits bidirectional data tr an sf er between any number 
of devices that are tied to data lines PAO to PA 7 and to 
the DA v , NRFD, and NDAC bus lines shown in Fig 1. 

Fig 3 is the same as Fig 4 in reference 5, only now a 
series of circled numbers is assigned to important 
points on the timing diagrams for the seven signals 
given. Shown are the data bus DIOl to DI08, which cor
responds to data lines PAO to PA 7 in Fig 1; the DA v 
flag (bits PBO and PCO in Fig l); the NRFD flag (bits 
PBl and PCl); the NDAC flag (bits PB2 and PC2); and 
the DAV, NRFD, and NDAC bus lines, which are located 
at the intersection of the outputs of the 74LS05 open 
collector bus drivers in Fig 1. 

The series of circled number in Fig 3 corresponds 
to the circled numbers on the flowchart diagrams ill 
Fig 4 for talker (source) and listener (acceptor) 8080A 
based microcomputers participating in the IEEE 488 
3-wire handshake data communication protocol. 
Fig 4 corresponds directly to Fig B2, "Logical Flow 
of Events for Source and Acceptor When Trans
ferring Data Using Handshake Process," on p 70 of 
the IEEE Standard 488-1978. Except for the consolida
tion of series process blocks, every process block or 
decision symbol in Fig 4 has a one-to-one cor
respondence with a similar block or decision symbol 
in Fig B2. The only difference between the two 
figures is the series of circled numbers used: in Fig 4, 
the numbers correspond to those in Fig 3, whereas in 
Fig B2, the numbers correspond to those in Fig Bl, 
which is also a series of timing diagrams. Trans
ferring 64 bytes of data from the memory of the 
talker to the same memory locations in the listener is 
the objective of the programs listed in Fig 4. The 
memory block for each microcomputer starts at loca
tion 0380H and terminates at 03BFH. 

It is appropriate to discuss here the relationship be
tween the logic states and logic transitions in Fig 3 
and the microcomputer instructions in Fig 4. Assume 
that the talker (source) is on the left and the listener 
(acceptor) is on the right in Fig 1. In Fig 4, the 
flowchart for the talker is on the left, and that for the 
listener is on the right. By location CD both the talker 
and listener microcomputers have been initialized. 

(continued on page 156) 
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MICROANGELO™ 
HIGH RESOLUTION GRAPHICS SINGLE BOARD COMPUTER 

512 x 480 RESOLUTION MONOCHROME DISPLAY 

RS-170 com
posite or direct 
drive output 

Local or 
external sync 
generation 

4 or 5 Mhz 
ZBO micro
processor 

60 hertz real
time clock 

IEEE SlOO bus 
compatible 

Screen ware™ Pak I 
A 4K byte operating system resident in PROM 
on MicroAngelo!M Pak I emulates an 85 char
acter by 40 line graphics terminal and provides 
over 40 graphics commands. Provisions exist 
for user-defined character sets and directly 
callable user extensions to Screenware Pak I. 
TE KEM™ 

A Tektronix 4010/4014 graphics terminal 
emulator which is fully PLOT-10 and CP/M* 
compatible. 
*CP/M is a registered trademark of Digital Research Corp . 

Screenware™ Pak II 

by 

SCION 
CORPORATION 

Light pen 
interface 

Time multi
plexed refresh 

4K resident 
Screen ware™ 
Pak I operating 
system 

32KRAM 
isolated from 
host address 
space 

High speed 
communica
tions over 
parallel bus 
ports 

An optional software superset of Pak I which 
adds circle generation, polygon flood, pro
grammable split screen for separate graphics 
and terminal I/O, relative coordinates, faster 
vector and character plotting, a macro facility, 
full UCSD Pascal compatibility, and more. 

SCION CORPORATION 

8455-D Tyco Road • Vienna, Va. 22180 

(703)827-0888 •TWX: 710-831-9087 
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D7 27 
D7 PA7 37 37 

PA7 D7 27 D7 
D6 28 

D6 PA6 38 38 
PA6 D6 

28 
D6 

DS 29 
DS PAS 39 39 

PAS DS 
29 

DS 
D4 30 

D4 PA4 40 40 PA4 D4 
30 

D4 
D3 31 

D3 PA3 I 
PA3 D3 

31 
D3 

D2 32 
D2 PA2 2 

PA2 D2 
32 

D2 
Dl 33 

Dl PAI PAI Dl 
33 

DI 
DO 34 

DO PAO PAO DO 
34 

DO 
SV 

Fig 1 2-microcomputer doubled-buffered 

8080A 8080A conditional 1/0 circuit. 3-wire handshake 
82SS protocol is used, with bits PCO/PBO cor-MICRO· BUFFER MICRO-

COMPUTER COMPUTER respon~ing to DAV, bits PC1 /PB1 to 

cs NRFD, and bits PC2/PB2 to NDAC. 
A7 A7 Depending upon control words chosen for 

74LS04 SV 
two 8255 chips, data flow can be either 
from left to right, or right to left. Each bus 

Al 
8 

Al Al 8 
Al 

line is pulled up to 5 V with a 3-kO resistor, 

AO 
9 

AO AO 9 
AO 

and down to ground with a 6.3-kO resistor 

SV 

iN t----<•RD 

OUT t----3-6<• 

ffijo-----~m 

WR 
36 

OUT 

RESET RESET RESET RESET 
74LS04 

This means that port A for the talker 8255 chip is ini
tialized to be an output port, and port A for the 
listener 8255 chip is initialized to be an input port. 
[Note that at a later time, the talker and listener roles 
in Fig 1 could be reversed. This presents no problem 
since the 8255 chip is programmable. Such a change in 
roles would not be possible if non-programmable 
chips, such as the 74LS244 3-state octal buff er and the 
74LS373 octal D-type latch chips, were used.] Also, 
PCO (DAV) is initialized so that the DA v bus line is at 
logic 0*; PCl (NRFD) is initialized so that the NRFD bus 
line is at logic 1 *; and PC2 (NDAC) is initialized so that 
the NDAC bus line is also at logic 1 *. Since both the 

FLAG BYTE STATUS BYTE 

talker and listener 8255 chips contribute to the logic 
states of the DAV, NRFD, and NDAC bus signals, the 
correct output bytes to ports C must be picked. In 
this case, the talker outputs F8H to port C, whereas 
the listener outputs FEH to its port C. Asterisks (*) 
are used to distinguish between a positive-logic flag 
output or status input, and a negative-logic IEEE 488 
bus signal. 

An attractive feature of the 3-wire handshake pro
tocol is that either talker or listener can be started 
first. If the talker is started before the listener is 
ready, NRFD = 0* and NDAC = 0*, and the talker 
halts. The three NOP instructions in the talker 

TALKER I x 

LISTENER I x 

x , DAV I .... l _x_...__......___..__......_x__.._, N_D_Ac __ , N_R_rn __ , _x_j Fig 2 Flag and status bytes. Status of talker 
flag, DAV, is tested by listener. Status of each 
listener flag, NRFD and NDAC, is tested by 
talker. X indicates that logic state of bit is irrele
vant 

x x , NDAC, NRFD, x I .... I _x_...__......___..__......___..__......_x __ , _DA_v I 
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DATA STACK 

DIOJ TO DI08 
® ® 

-- -(cuRRENT DATA BYTE)- - --------<NEXT DATA BYTE 

DAV FLAG 
[TALKER) 

NRFD FLAG 
(LISTENER) 

NDAC FLAG 
(LISTENER) 

DAV 
BUS LINE 

NRFD 
· BUS LINE 

NDAC 
BUS LINE 

I =TRUE 

0 =FALSE 
CD ©II® CD 

CD 
I =TRUE 

0 =FALSE ® 

I =TRUE 
CD CD 

CVL_J@ 0 =FALSE 

CD· CD· 
O• =FALSE 

©·L_J®· I• =TRUE 

®· CD· 

O• =FALSE r-;-. r--lliil\ 
CD· 0·1 1®* CD· I• =TRUE _;;;_ ___ _,, '-· __ .;;;;._ __ _ 

Fig 3 3-wire handshake timing diagram. Timing diagrams 
for three flags as well as three bus lines are shown. Circled 
numbers are correlated with Fig 4, and indicate important 
events that occur during single handshake cycle. Asterisk 
( *) indicates bus transition or condition 

flowchart are provided so that a JMP 0319H instruc
tion can be placed to bypass the HLT instruction. If 
the listener is started before the talker is ready, 
DAV = 1 *, and the listener is trapped in a loop. For 
the purposes of the experiment described here, we 
have ignored the situation when either of the 8255 
chips has just been reset and port C is no longer an 
output port; the programs work well, but no attempt 
has been made to detect the 8255 reset condition. 

At location @ the talker outputs a data byte to 
data lines PAO to PA7. Prior to location @, the 
listener checks whether or not its memory block is 
full (YES if all 64 bytes have been transferred from 
talker to listener). If the answer is NO, the listener at 
point ® resets NRFD = 0, indicating that it is ready 
for data, and then waits for DA v = 1 *. At point @*, 
the talker detects NRFD = 0* and thus passes to point 
@, where it sets DA v = 1 and thus informs the 
listener that data are available. Finally, the talker 
proceeds to a loop where it waits for the NDAC = 0* 
condition. The listener detects the DAV = 1 * condi
tion at point ©*, sets NRFD = 1 at point G) to in
dicate that it is not ready for the next data byte, in
puts the data from data lines PAO to PA 7, stores the 
data byte in memory, and increments the memory 
pointer. At point <J), the listener resets NDAC = 0, 
indicating that it has accepted the data. Finally, the 
listener proceeds to a loop and waits for the 
DA v = O* condition. The talker at point (j)• detects 

the NDAC = 0* condition, calls a subroutine (placed 
in the program to permit experimentation with a time 
delay in the talker program), resets DA v = 0 at point 
® to indicate to the listener that data are no longer 
available, tests the memory pointer to determine if 
more data must be transmitted, and finally, if the 
answer is YES, jumps to the loop that tests for an 
error condition. At point@*, the listener detects the 
DA v = 0* condition, and at point @ sets NDAC = 1 
to indicate to the talker that it has not accepted the 
next data byte. The listener then calls a subroutine 
(also placed in the program to permit experimenta
tion with a time delay in the listener program), and 
jumps to the loop that tests for the memory full con
dition. (continued on page 159) 

CD 

ERROR 
CONDITION? 

START 

LXI SP 038!li 
LXI H 038!li 
MVI A 82H 
OUT 83H 

MVI A F8H 
OUT 82H DAV =O 

START 

LXI SP 038!li 
LXI H 038!li 
MVI A 92H 
OUT 83H 

MVI A FEH NRFD = I 
CD OUT 82H NDAC = I 

READY TO 
ACCEPT DA TA1 

MEMORY 
FULL? 

CURRENT 
DATA 

AVAILABLE? 

------- ©• 
----~ ----.DAV =!• 

CALL 036!li 
MVI A F8H 

® 
MVI A FEH 
OUT 82H 
IN 8!li 

MOV M,A 
INX H 

MVI A FAH 
OUT 82H 

NRFD =I 

NDAC = 0 

® .___ou_r a_2H__, DAV-: 0 __ __ 
NEXT 
DATA 

AVAILABLE? 

HLT 

MORE 
DATA? 

------

NDAC =I 

Fig 4 Flowcharts for 3-wire handshake protocol. Talker is on 
left, and listener on right. Asterisk ( *) indicates testing of bus 
line signal status. Circled numbers are correlated with timing 
diagrams in Fig 3 
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WITH TRILOG PRINTERS: 

THE EXTRAS ARE FREEi 
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ONLY the TRILOG COLORPLOT™ line printer has 
all the EXTRAS - at no additional cost!!! EXTRAS 
such as near letter quality printing at 150 LPM, and 
either matrix quality printing at 250 LPM, or text 
quality 150 LPM compressed print at 16 2/3 CPI for 
printing full 132 character lines on 8 1/2 inch paper. 
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ted on plain paper at only 1/2 cent per copy. But, that's 
not all...the most exciting and unique EXTRA of them 
all is the ability to plot high resolution FULL COLOR 
graphics for applications such as: CAD/CAM, Scien
tific, 3-d Cartography, Computer Art, and Business 
Charts. 

COLORPLOT™ is sold and serviced through the 
worldwide network of TRILOG distributors. For futher 
information contact your local TRILOG distributor, or 
request the "COLORPLOT Packet" by writing or 
calling: TRILOG, Inc., 17391 Murphy Avenue, Irvine, 
CA 92714 ·· (714)549-4079. TWX(910)595-2798. 
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Finally, the time required by the listener to input a 
single byte of data, that is, the time needed to execute 
one full pass through its program, was measured for 
a pair of 8080A based microcomputers that were both 
operating at 750 kHz. With no delay in either pro
gram, (a RET instruction at location 0360H), either 379 
or 451 µs were required to make a single pass through 
the listener program. With a 9.53-ms time delay in 
the talker program, either 9.881 or 9.954 ms were re
quired. With a 9.53-ms time delay in the listener pro
gram, 9.891, 9.927, or 9.964 ms were required. 
Lastly, with 9.53-ms delays in both programs, 19.394 
ms, 19.430 ms, or 19.466 ms were required for the 
transfer of a single data byte from talker to listener. 
The variations jn the preceding figures for a given 
choice of timing conditions are multiples of 36 µs, 
which corresponds, for microcomputers operating at 
750 kHz, to 27 machine cycles. Since any of the bit
testing loops consists of IN, ANI, and JNZ or JZ in
structions that add up to exactly 27 machine cycles, 
the 36-µs variation is easily understood. 

Another example of a software IEEE 488 hand
shaking protocol is provided by Young. 6 The article 
helps to develop an understanding of other aspects of 
the IEEE 488 bus standard by giving bus protocol soft
ware listings, reduced state diagrams for the bus con
troller, and application subroutines. 
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Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 722 Average 723 Low724 

IEEE 488 ~,D DEC Software greases the wheels. Contact us today. We'll get you where 

On the highway, speed limits are 
necessary. But in the world of data 
processing, faster is better. 

That's why National Instruments will 
introduce the GPIB l lV-2 Q-Bus Inter
face to link with IEEE standard 488 
instrumentation bus. Since it uses DMA 
the speed far exceeds our existing high 
performance non-DMA GPIBIIV-1. 

Software support? NI has utility and you want to be - in a hurry. 
driver programs available as MACRO ~T. NAlftlONAL 
source files. You can assemble them as ft a 
~~~i~~:.N, BASIC, or MACRO sub- INSTRUMENTS 
NI also makes two versions of IEEE 488 I The faster the better. 
interfaces for the PDP-11 . For the kind ~ National Instruments 
of transferring horsepower we offer, 8900 Shoal Creek Blvd . 
you'd expect a high-octane price. But Austin, TX 78758 
we think you'll be pleasantly surprised . 512 1454-3526 or 1-800 I 531- 5066 
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Dual-CPU microcontrollers 
execute in parallel to increase throughput 

Offered for use in demanding control 
environments, especially those with 
human interfaces, COP2440 series 
microcontrollers contain two totally in
dependent CPUs that share ROM, RAM, 
and 110, and provide the user with 
custom capabilities. COP440 microcon
trollers are single-CPU versions designed 
for high speed numerical operations, bit 
test/manipulation, and 110 intensive ap
plications. They are also Microbus com
patible, .for use as smart peripherals in 
large computer systems. Both series, 
housed in 40-pin DIPS, are available from 
National Semiconductor Corp, 2900 
Semiconductor Dr, Santa Clara, CA 
95051 . 

The availability of two CPUs allows 
the microcontrollers to handle two 
simultaneous, independent, realtime 
events on one chip. The two CPUs can 
work together, sharing data, or one CPU 
can offload tasks to the other . This 
2-CPU approach increases throughput, 
allowing tasks to be executed in parallel 

Desktop computer supports 
multiple operating systems, 
various peripherals 

PC-8000 desktop computer houses pro
cessor, memory, and flexible disc sub
system in a compact keyboard display 
unit. A product of NEC Information 
Systems, Inc, 5 Militia Dr, Lexington, 
MA 02173, the computer supports mul
tiple operating systems, programming 
languages, application packages, and 
peripheral devices. 

System hardware consists of a zso 
compatible microprocessor with up to 
64k bytes of dynamic RAM, plus up to 
32k bytes of optional ROM. Available in 
either .green-phosphor monochromatic 
or optional 8-color versions, the 80-
column x 25-line video CRT allows users 
to select variable screen widths; variable 
size upper- and lowercase characters; 
static paging, scrolling, or split screen 
viewing; graphics; an alternate character 
set; blinking; inverse video; and an 
operator prompt line . The keyboard's 
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instead of serially. Multiprocessing also 
reduces the required memory space by 
decreasing the amount of executive soft
ware required to schedule tasks. 

In addition to two identical CPUs , 
these microcontrollers contain all the 
system timing, internal logic, RAM, ROM, 
and l/O necessary to implement 
dedicated control functions in a variety 
of applications. Features include single
supply operation, numerous output con
figuration options, instruction set , inter
nal architecture, and an 110 scheme 
designed to facil itate keyboard input, 
display output, and data manipulation. 

Fabricated with N-channel silicon gate 
technology, single-CPU microcontrollers 
provide a 4-µ s instruction execution 
time. Features include multivectored in
terrupt from four selectable sources 
(plus restart) , 4-level subroutine stack, a 
programmable time-base counter for 
realtime processing, an internal counter
register, and MICROWIRE compatible 
serial 110 . 

82-key array includes a standard type
writer layout, as well as a numeric pad 
and five dual-level programmable func
tion keys . 

Online data are stored on a mini
floppy disc drive with a capacity of 320k 
bytes; a second 320k-byte dual-disc unit 
can be added when greater online stor
age is required . Magnetic tape cassette 
storage is also available. Standard 110 

port adapters include a serial interface, 
monochromatic and color CRT inter
faces, parallel printer interface, tape 
cassette interface, and expansion bus 
port. Data communications, at rates up 
to 4800 bits/s, is also available . Printers 
attach through either a serial or standard 
parallel interface. 

Several operating systems, including 
CPI M, support various user languages: 
N-BASIC, FORTRAN, and assembler' 
among others. Application software in
cludes a business analysis and planning 
system, as well as packages for payroll, 
general ledger, accounts payable and 
receivable, and inventory control. 
Circle 401 on Inquiry Card 

Z80 based hoards offer 
local and remote 1/0 
for control applications 

Single function microcomputer boards 
based on the zso 8-bit microprocessor 
are available from Mostek Corp, 1215 W 
Crosby Rd, Carrollton, TX 75006, for 
industrial control applications. The 
boards complement the company's STD
zso-Bus compatible microcomputer 
cards (see Computer Design, Aug 1980, 
p 140) with new features in local and 
remote 110, process control software, 
built-in test and diagnostics, and hard
ware designed to function in industrial 
environments. 

Cards offered include a clock with 
battery backup, dynamic RAM with bat
tery backup, and a power fail detect 
board with battery backup that allows 
orderly power-down, memory retention, 
and power-up. Other cards available in
clude the DIOBI interface, high speed 
math, EPROM/UART, dynamic memory, 
serial and parallel 110, and A-D conver
sion. 

An optional interface, the RS-422 per
mits 110 to be located up to 4000 ' 
(1219 m) from the main system. Two 
cards are available that permit either 
isolated or nonisolated transmission of 
data, allowing these units to function in 
a distributed process control configura
tion. 

A system can provide control func
tions through the digital 110 panel (DIOP) 
that has up to 16 optically isolated con
nection points. Each point has a socket 
for a standard isolated solid state relay, 
fuse holder, LED indicator, and manual 
test mechanism. These are mounted in 
sockets for ease of replacement. Up to 
16 DIOP units can be co.nnected to the 
control box via a digital 110 bus that in
terfaces with a DIOBI card in the card 
cage. Each DIOBI card accepts 256 points 
of digital and/ or analog 110. As many as 
16 single-ended or 8 differential input 
channels can be connected. 

Measuring 4.5 x 6.5" (11.4 x 16.5 cm), 
the cards fit into a standard 16-slot card 
cage in a special enclosure, designated 
ENCL-I, that also has a 150-W power 
supply and front panel controls and 
mounts in a NEMA container for use in 
an industrial environment. The 16-slot 
card cage allows for system expansion 
with additional cards, and use of single
function boards allows the system to be 
configured to meet specific re
quirements. 
Circle 402 on Inquiry Card 
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"Quantum 8-inch Winchester drives are 
setting a new industry standard~' 

Lowest cost-per-m~gabyte. 
Quantum Q2000 disk drives are 
your most affordable way to up
grade from floppy disk to Win
chester reliability. Because we 
designed every part, every func
tion to give you highest quality 
at the lowest cost-per-megabyte 
in the industry. 
Four times the capacity. 
Choose from our 10, 20, 30 and 
40 megabyte versions. That's up 

to four times the capacity of lead
ing 5 and 10 megabyte 8-inch 
Winchester drives. 

Full compatibility. 
Interface , power supply and 
mounting requirements are fully 
compatible with industry-standard 
Shugart SA1000 fixed disk drives. 
There's no need to alter your 
basic system design when you 
upgrade to the Q2000. 

Higher performance. 
Average access time is up to 28% 
faster than the Shugart SA1000. 
To stay competitive in today 's 
exploding market for low-cost 
computer systems, you need to 
know about Quantum 8-inch 
Winchester drives now. For de
tails, call Bob Teal , Quantum 
Corporation, 2150 Bering Drive, 
San Jose, CA 95131 , phone 
(408) 262-1100. 

ounn1um Driving down the cost of quality. 

Optical track 
position encoder 
provides accuracy 
better than 1 micron 

Rotary moving coil 
actuator provides 
higher track density 

Average access 
time: 
50 msec 
(10 Mbyte 02010) 
65 msec 
( 40 Mbyte 02040) 

Identical mounting 
to 8-inch floppy & 
SA1000 disk drives 
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5 megabytes per 
disk surface 
10 megabytes per 
disk 

345 tracks per inch 

Temperature 
compensation 
servo gives direct 
feedback from disk 
surface fo r 
microprocessor
controlled track 
position ing 
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Single-hoard µ.computer 
incorporates dynamic memory 
controller chip 

FLOPP~ { 
DRIVES 

PLL DATA 
. SEPARATOR 

WRITE 
PRECOMP 

IEEE-488 BUS 

MICROPOLIS 1220 CONTROLLER} 
SHUGART 14000 CONTROLLER 

PRIAM SMART INTERFACE 

FDIO 
CONTROLLER 

(FD 1793) 

OMA 
CONTROLLER 

(ON BOARD) 

GPIB 
INTERFACE 

WINCHESTER 
DRIVE 

INTERFACE 

CTC 
(4-CHANNEL) 

APU 
(AM 9511) 

PARITY AND 
WRITE 

PROTECT 
LOGIC 

MEMORY 
MAPPING 

RAM 

DUAL 
SIO 

1 
I 
I 
I 
I 
I 
I 

STREAMER TAPE 
INTERFACE 

110 DEVICE 
MAPPING 

RAM 

RAM 
16k/ 32k /64k BYTES 

PORT A 

PORT B 

ARCHIVE TAPE DRIVE 

BIDIRECTIONAL MULTIBUS 1/f AND BUS MAPPING RAM 
INTERRUPT CONTROL DATA ADDRESS 

8 LINES 5 LINES 8 BITS 20 BITS 

INTEL MULTIBUS 

Single-board microcomputer. Heurikon Carp's Z80A based MLZ-91 A uses 
40-pin TMS-4500 dynamic memory controller chip from Texas Instruments to 
handle dynamic RAM timing, refresh, and address multiplexing functions 

A Z80A based, single-board microcom
puter, MLZ-91A uses the TMS-4500 dynamic 
memory controller chip from Texas In
struments Inc to handle timing, refresh, 
and address multiplexing for 64k bytes 
of onboard DRAM. The microcomputer, 
offered by Heurikon Corp, 3001 
Latham Dr, Madison, WI 53713, also 
contains DMA controller, memory map
ping RAM, and 110 mapping RAM 
on board. 

The 40-pin TMS-4500 chip connects 
directly to the CPU address bus and is 
supplied with an 8-MHz clock signal. 
When a RAM access is desired, an enable 
signal triggers the chip to perform a 
memory cycle. Memory refresh cycles 
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are automatically generated to prevent 
memory loss even in the absence of CPU 
requests. The system's dynamic RAM 
runs at full processor speeds without 
wait states. 

Vectored interrupt capability and Z80 
instruction set are provided by the Z80A 
CPU. An onboard jumper allows system 
clock frequency to be reduced to 2 MHz 
for system debug operations. Onboard 
programmable DMA offers Z80 com
patible 110 and memory data transfers; 
multimode operation; and memory to 
memory, port to memory, memory to 
port, and port to port transfers. 

The microcomputer has two ROM 
sockets that accommodate Intel 2716, 

2732, or 2764 type EPROMs and 64k bytes 
of oncard dynamic RAM with a parity bit 
to detect errors. Compatible with the ex
panded Intel MULTIBUS, the microcom
puter features 20-bit address space, fully 
addressable by CPU or DMA, that pro
vides 1 M bytes of addressable memory 
offcard. A programmable address map
ping RAM puts the memory map com
pletely under software control, allowing 
full use of the 20-bit bus address space. 

Two serial ports are provided with 
dual baud rate generator and crystal. 
These ports support synchronous or 
asynchronous communications, in
cluding SDLC. Both ports can be con
figured for RS-232, RS-422, or RS-423, and 
baud rates are software selectable from 
50 to 19.2k baud. Four independent 
counter /timer channels can be used as 
event counters, realtime clocks, or timed 
interrupt generators. 
Circle 403 on Inquiry Card 

Magnetic bubble memory 
system conforms to 
IEEE S-100 standard 

A self-contained magnetic bubble 
memory system that includes driver soft
ware to interface to any 8080/Z80 CP /M 
(version 2.0) system, SIOOB MBMS uses 
Intel's 7710 lM-bit bubble device and is 
fully IEEE compatible. The board, 
available from Teleram Communica
tions Corp, 2 Corporate Park Dr, White 
Plains, NY 10604, has a capacity of 128k 
to 256k bytes of nonvolatile storage and 
occupies one slot in any s-100 system. Up 
to four boards can be daisy chained to 
provide lM bytes of storage. The com
pact board offers low power consump
tion and high reliability and is suited for 
portable process control and point of 
sale applications. 

To detect and correct burst errors of 
up to 5-bits, a 14-bit Fire code is ap
pended to each 256 bits of data. Data 
rates range from lOOk bits/s in a 
1-bubble system to 800k bits/s in an 8-
bubble system; average access time is 
40 ms. Polling, interrupt, and DMA 
transfer methods are provided, as well as 
a power fail detect capability. Operating 
temperature is 0 to 50 °C at 95% 
humidity; temperature range for non
volatile storage is -40 to 100 °C. 
Circle 404 on Inquiry Card 
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Now, OEMs can take the High Road 
or the Low Road with our Direct

Connect Modem Cards, small enough 
to mount inside Data Teri ninals. 

As the auld Scottish tune suggests, 
Racal-Vadic now makes it easy for 
OEMs to take the high road (1200 bps} 
or the low road (300 bps}, with low cost 
direct-connect "Modems-on-a-Card;' 
small enough to mount inside CRT 
displays, teleprinters, POS devices, 
and other terminals and systems. 

modems. Only better, 
offering much more in 
performance, flexibility 
and test capability. It's 
registered for direct
connect, too. Connects to 
the switched network with a 

cable that plugs right into a Telco voice 
or data jack. Built-in 20 pin ribbon con
nector easily interfaces the VA1200P 
to your terminal. Price is right, too. Just 
$200 in quantities of 100. 

The Low Road: 300 bps 

it a cinch to install. And the price would 
put a smile on the face of the thriftiest 
Scotsman. Just $200 in lots of 100. 

Both Roads: The TI Story 
Two of Texas Instruments new Silent 
700* data terminals include Triple 
Modems custom made by Racal-Vadic. 
Although small enough to fit into Tl's 
portable 17 pound terminal, this remark
able modem combines a Racal-Vadic 
VA3400, a Bell 212A, and a Bell 103. 
Imagine, a full originate/answer direct
connect modem with both 1200 bps full 
duplex and 300 bps full duplex in such 
a tiny package. And it can even be 
acoustically coupled. 

We did it for TI, and we can do it for you. 
Phone or write today. 

Racal-Vadic 
222 Caspian Drive, Sunnyvale, CA 94086 
Tel: (408) 744-0810 •TWX : 910-339-9297 
CENTRAL• (312) 932-9268 
SOUTH EAST • (817) 277-2246 
W ESTERN • (408) 744-0810 
EASTERN• (301) 459-7430 

*Trademark of Texas 
Instruments 
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Z80A processor and Model 7804 is a ZSOA processor card 
with an on board 3-channel counter I 
timer function and four JEDEC 28-pin 
memory sockets. Each independent 16-
bit counter /timer channel can be config
ured under program control for event/ 
frequency counting from de to 2.5 MHz 
or for waveforms generation. The four 
sockets have jumper selectable option 

byte wide memory cards 
offered for STD BUS 

Two complementary STD BUS cards, a 
processor card with 3-channel counter I 
timer, and a byte wide memory card are 
supplied by Pro-Log Corp, 2411 Garden 
Rd, Monterey, CA 93940. 
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See Us at WESCON/Hilton Booth #H-41 

Ideal for bit-slice designs and any high-speed microprogrammed 
processor/controller based on: 2901, 2903, 29116, 2910, 8X300, 8X02, 74S181 , 
3002, 8086, Z8000. 

• 35ns PROM emulation • Up to 16K by 128 Emulator Memory • Emulates all 
types of PROM's • 20 MHz Logic State Analyzer • 4K by 80 Bits Trace • Exten
sive Triggering Capabilities • Multiple Break Points • Single-Step • Three 
RS232 Ports • Printer Port • Tape Cassette • Software • Compact 
• Rugged • Portable • Ideal for Field Service 

For full story on this proven, time-saving diagnostic tool, contact: 

HI LEVEL 
TECHNOLOGY, INC. 

Park Irvine Business Center 
14661 Myford Roadrrustin, CA 92680 
(714) 731-9477 
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for seven current RAM/ROM device types, 
and JEDEC standard ensures future 
device compatiblity. 

The 7704 byte-wide memory card has 
eight JEDEC 28-pin sockets onboard. 
Each card offers 15 user-selectable ROM, 
P /ROM, and RAM options for maximum 
population flexibility using the STD BUS 
MEMEX line. With two cards, total 
memory capacity is 128k bytes. 
Circle 405 on Inquiry Card 

Multibus compatible 
development/ control system 
for rugged applications 

A Multibus compatible development/ 
control system based on the 8086 micro
processor, DCS/86 is available from 
Distributed Computer Systems, 223 
Crescent St, Waltham, MA 02154. A 
logical upgrade to the company's DCS/80 
(see Computer Design, Jan 1980, p 158), 
the system provides 24 bits of parallel 110 
and three serial ports. 

A 5- or 10-MHz 8086 16-bit micro
computer, vectored interrupt, and 
timer I counter are contained in the 
system's DCS 86/16 CPU. One of the three 
serial ports is a standard 8251A; the 
others are standard RS-232 and RS-422 pro
tocol ports. The RS-422 port is intended 
for distributed network systems when up 
to 32 systems can be connected using 
DCS/86 or ICM/80 industrial control 
modules. Point to point systems and 
communication with IBM mainframes 
can be accomplished in bisynchronous 
modes using RS-232 ports. With the addi
tion of floating point processor (8087), 
the system's performance rivals a 
PDP-11145 midrange minicomputer. 

Full multimaster control is provided, 
and multiple CPUs can be placed in the 
backplane for true tightly coupled multi
processor operation. The system can 
contain up to lM bytes of memory, and 
includes 8 " (20-cm) floppy discs and an 
all aluminum, vertically mounted, 9-slot 
Multibus card cage with an integral fan. 

Included in the system is the CPM/86 
disc operating system that is functionally 
compatible with CP/M. The operating 
system contains random and sequential 
file structures, editor, macro assembler, 
and utilities to enhance programmer 
productivity; there is complete file inter
changeability between diskettes. MPM/86, 
a multi-user, multitasking system, will 
be available in the future. High level 
languages include BASIC, Pascal, COBOL, 
FORTRAN, and PL/l (Subset G). 
Circle 406 on Inquiry Card 
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GRAYHILL KEYBOARDS: 
DIFFERENT STROKES 

FOR DIFFERENT FOLKS 

Your product is distinctive, and 
thus your keyboard needs are also 
likely to be unique. That's why 
Grayhill offers you four different 
keyboard families, with a host of 
options in each. We'll help you ar
rive at the keyboard solution that's 
most practical, attractive, and cost 
effective. Two of our four families
Series 83-84-86 and Series 88-
are built around the popular 3 x 4 
and 4 x 4 keyboard configuration; 
the other two-Series 82 and 
System 87-are modular, allowing 
you to create any unique keyboard 
arrangements. 

Other features and options 
include: 
• up to 3,000,000 

operations per button 
• standard or special 

coded outputs 
• sealed or unsealed 
• high or low profile 
• short stroke or long 

stroke-dome or 
wiping contacts 

• excellent audible and tactile 
feedback in dome contacts 

• post, flange or PC mount 
• V2", 11 /1s" or 3/4" button centers 
• wide choice of 

legending modes 
• color choices 

For detailed information on 
Grayhill Keyboards, consult EEM, 
ask your local distributor, send 
for a copy of the Grayhill Keyboard 
Catalog or call us with your 
questions at (312) 354-1040. 

Jftar1J.fl/ 
... the Difference Between Excellent and Adequate 

561 Hillgrove Avenue • LaGrange, IL 60525 U.S.A. 

Phone: 312/354-1040 •TWX: 910-683-1850 



8-bit CMOS µ.computers 
supported by peripheral 
chips , development system 

A family of single-chip 8-bit CMOS 
microcomputers , Series 80 consists of 
four microcomputer unit circuits, 
peripheral chips, and a complete devel
opment support system. Offered by OKI 
Semiconductor, Inc, 1333 Lawrence Ex
pressway, Suite 401, Santa Clara, CA 
95051, the family corresponds to 8048/ 
8049-type NMOS devices. The microcom
puter unit circuits are fully pin com
patible with Intel Corp's 8048/ 8049 cir
cuits, but provide lower power dissipa
tion. 

The MSM80C48 microcomputer unit 
(MCU) offers 1 k bytes of mask
programmable onchip ROM, 64 bytes of 
RAM, and a standby supply current of 
50 µA maximum and 10 mA maximum 
at 11 MHz in operation. The MSM80C49 
MCU offers 2k bytes of mask
programmable onchip ROM, 128 bytes of 
RAM, and standby power of 70 µA maxi
mum and 12 mA maximum at 11 MHz in 
operation. Both units feature an interval 
timer I event counter, single-level inter
rupts, 110 instructions (70% single 
byte), and 2.5-µs instruction cycle time, 
and operate from a 5-Y ± 10% supply 
voltage with full TTL compatibility. 
MSM80C35 is identical to MSM80C48 except 
that instructions are fetched from exter
nal memory, either ROM or EPROM, while 
MSM80C39 is the development circuit for 
the MSM80C49. 

In addition to 8048/ 8049 instructions, 
the series includes two types of HALT and 
three types of FLOAT (3-state I/O) in
structions. Eight instructions implement 
efficient port moves and indirect decre
ment functions.-

Providing realtime emulation, the 
MPB800 evaluation board is the major 
development tool for the series. The 
board operates with any computer or 
development system using Intel's ISIS or , 
Digital Research Corp's CP/M operating 
system. Debugging features include 
unlimited breakpoints, trace capability, 
and single-step mode. CMOS 110 

peripheral circuits designed for the 
Series 40 family (see Computer Design, 
Dec 80, p 140) are fully compatible with 
Series 80 parts. Circuits designed 
specifically for this family include the 
82C43 110 expander, with additional 
peripherals under development. 
Circle 407 on Inquiry Card 

Single-board 16-bit 
computer series supports 
large memory requirements 

Gateway series 16-bit single-board com
puters, designed around Intel's 8086 and 
8087 and Motorola's MC68000, conform to 
Multibus standards, including multi
master capability, and are compatible 
with both 8- and 16-bit peripheral 
boards. The series was designed by For
ward Technology Inc, 1440 Koll Circle, 
Suite 105, San Jose, CA 95112, specifi
cally to meet the needs for memory 
management and protection encoun
tered with multi-user operating systems. 

Models FT-86C and FT-86M feature 
Intel's 16-bit 8086 processor, and can 
directly address lM bytes of memory 
and support mapping addresses of 8M 
bytes. Using Motorola's MC68000, the 
-68M directly addresses 15M bytes. FT-
86C/FP and FT-86M/FP add Intel's 8087 
numeric data processor that multiplies 
32-bit and 64-bit real numbers in 19 µs 
and 27 µs, respectively. All four models 
have two RS-232-C user programmable 
communication ports, each of which 
handles asynchronous formats, syn
chronous byte-oriented protocols, and 
bit-oriented protocols such as HDLC and 
SDLC. CRC codes are generated in syn
chronous mode to ensure data integrity. 
Each communication channel supports 
speeds up to 19.2k baud. Digital 
Research's CP/M-86 and the company's 
firmware-resident Forth operating 
system are supported. 

Computers in the series are provided 
with 4k bytes of user programmable 
RAM and four sockets for up to 32k bytes 
of ROM. The firmware-resident Forth 
operating system uses two sockets, leav
ing 16k bytes for custom firmware. 
Eight priority levels of vectored inter
rupts are also provided. 

Models FT-86C and FT-86C/FP offer a 
customization area of unused board 
space that enables users to add custom 
logic and circuitry. The customization 
area accommodates approximately 30 
16-pin 1cs, or fewer 20-pin ICs. Users can 
also include 32k bytes of additional RAM 
in this area. 

Memory management and protection 
features of both FT-86M and FT-86M/FP 
support up to seven users. Additional 
low duty cycle users can be added for a 
small increase in system overhead. The 
memory management system extends the 
8086's addressing range to 8M bytes that 

can be allocated in 2k-byte pages . Inter
task protection and common write pro
tect areas are supported as standard . 
Circle 408 on Inquiry Card 

8-bit slice CMOS chip set 
comprises emulation and 
programmable ICs 

An expandable, 8-bit slice CMOS micro
processor chip set , the GP Series from 
RCA/Solid State Div, Route 202, Somer
ville, NJ 08876, can be used to emulate 
computers with established software as 
well as for entirely original computer 
architecture. To increase flexibility and 
computing power, a number of micro
processors can be linked together in a 
series to permit word lengths in multiples 
of 8 bits. The chip set offers power and 
performance advantages over existing 
bipolar chip sets, as well as parts count 
reductions, and provides opportunities 
for standardization in military applica
tions. 

Initially, the set will include an 8-bit 
slice general processor unit ( GPOOIA), an 
emulating controller (GP501A), a micro
program sequencer ( GP502A) similar to 
the industry standard 2910 bipolar unit, 
and an 8 x 8 multiplier (GP503A). RAM, 
ROM, and gate universal array (GUA) ICs 
support these circuits. Included are two 
4k-byte RAMS {lk x 4 and 4k x 1 GP201A/ 
202A), two ROMS (512 x 8 and 256 x 16 
GP301A/302A), and GUA functions such as 
address select (GP504A), register select 
(GP505A), bus interrupt (GP506A) , and in
terrupt control (GP507A). 

The devices are specified to the full 
military temperature range, - 55 to 
125 °C. They are man-rated radiation 
hardened and screened to MIL-STD-883 
Class B. All of the devices are offered in 
leadless hermetic ceramic chip carrier 
packaging. General processor unit cycle 
time is 10 MHz at 10 V. 

The chip set is expandable and recon
figurable via concatenation and CMOS 
gate arrays. Mask programmable arrays 
having 182 to 848 gates can be cus
tomized to provide I/O and support cir
cuits using the company's computer 
aided design automation system. 
Circle 409 on Inquiry Card 
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Variable speed control 
system plugs into 
microprocessor backplane 

A variable speed motor control system 
for industrial applications has been 
developed by Datatran Labs, Inc, PO 
Box 384, Sussex, NJ 07461, for use with 
its PC-774 microprocessor based con
trollers. The system plugs directly into 
the same enclosure and backplane used 
by the microprocessor and provides full 
wave phase controlled armature voltage 
to both shunt wound and permanent 
magnet de motors rated up to 1 hp. 

Standard speed range is 100 to 1, with 
12-bit resolution. Speed regulation is 
better than 1 OJo under load change. 
Linear acceleration and deceleration are 
adjustable from 0.050 to 200 s, in nine 
overlapping ranges. Controls limit maxi
mum armature current as well as com
pensate for the drop in speed that occurs 
with increasing shaft load when ar
mature voltage is used for the speed 
feedback signal. The speed control 
system appears as four memory loca
tions on the address bus. All interface 
lines are TTL compatible as well as buf-

f ered and optically isolated from the 
power section of the system. The system 
meets interface requirements of any 6800 
based system. Circle 410 on Inquiry Card 

Interface card links 
personal computer with 
IEEE-488 instruments 

Designed to link Apple n computers 
with over 1400 instruments used in scien
tific and technical applications, the 
IEEE-488 interface card is available from 
Apple Computer Inc, 10260 Bandley Dr, 
Cupertino, CA 95014. The card allows 
Apple II and II Plus computers to 
monitor production lines, record and 
evaluate scientific data, run test equip
ment, and interface with any device 
compatible with the IEEE-488 bus. 

The card can function as both a con
troller and a device. Using resident firm
ware, it needs only simple commands to 
control the bus. The card implements a 
fully compatible subset of the IEEE-488 
standard. When functioning as a device, 
the interface card can be used to attach 
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non-IEEE-488 compatible devices to the 
bus. 

The card can also be driven from any 
Apple II supported language. Up to 
three cards can be installed in the Apple 
n's interface slots, enabling a single 
system to control as many as 42 IEEE-488 
compatible instruments. 
Circle 411 on Inquiry Card 

Desktop µcomputer 
contains 5.25" Winchester 
and floppy disc drives 

Microcomputer system. Black Box Ill, of
fered by Rair Microcomputer Corp, con
tains 5.25 " ( 13 .34-cm) Winchester drive 
plus 500k bytes of floppy disc backup 
storage in desktop enclosure 

A general purpose microcomputer 
system aimed at OEMS and system in
tegrators, Black Box III model 3/30 in
cludes a built-in 5.25 " (13.34-cm) Win
chester disc drive with 6.9M bytes of 
storage, as well as 500k bytes of double
sided, double-density floppy disc back
up storage, in a low profile desktop 
enclosure. Developed by Rair Micro
computer Corp, 4101 Burton Dr, Santa 
Clara, CA 95050, the computer expands 
from a basic single-user system to sup
port a multiterminal system with net
working capabilities. 

Up to 16 peripheral devices can be 
connected to a single system using stan
dard RS-232-C serial ports; the IEEE-488 
parallel bus can connect an unlimited 
number of peripherals and provide a 
high speed computer-to-computer link. 

The unit features 64k bytes of RAM, 
standard; additional RAM may be in
cluded in 64k- or 256k-byte increments, 
up to the system's total 512k-byte ca
pacity. 

The computer is supported by a range 
of operating system software, including 
single-user and multi-user /multi
programming systems and shared 
resource networking. Compatible 
languages include BASIC, FORTRAN, 
COBOL, Pascal, and PL/l . 
Circle 41 2 on Inquiry Card 



They show it to you, 
HERE & NOW! 
This new OIS combination - an informed, experienced applications 
engineer or team, plus the quick-set-up hardware to duplicate actual 
system performance - could save you months of time, substantial 
development expense, and head off design-level problems .... and it is 
ABSOLUTELY FREE! Call our hot line (914) 592-6800 today, to set up an 
early appointment ... and explore what OIS has in store for you. 

Call this expert team into consultation, anywhere in the U.S.A. (or visit 
us at OIS). The team is equipped with versatile fiber-optic system 
demonstrators that allow them to "mock up" a state-of-the-art data-link 
system - tomorrow's state of the art, available today. They also 
have driver/modulators capable of putting any OIS laser source through 
its paces, under realistic conditions duplicating actual usage. 

I 
Don't forget to ask for our brand-new link hardware 
engineering brochure - hot off the press, and loaded 
with new products and system ideas! 

EJ){ON ENTERPRISES . 
OPTICAL INFORMATION SYSTEMS 

350 EXECUTIVE BOULEVARD, ELMSFORD, N.Y. 10523 
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• Complete line of Digital 
Transmitters and Receivers that 
can be combined to meet all 
laser and LED link requirements. 

• Exceptional BER-per-kilometer 
performance; up to 275 MB/s, 
with code translation support, 
thermoelectric cooling, supply 
regulation ... as required by 
your application. 

• System Feasibility 
Demonstrators and Laser Drivers 
for the f'Jll OIS line - simulate 
virtually any application! 
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Power supply system serves floppy disc 
µ.computer systems-An open frame 
power supply with four regulated de out
puts, CP125, from Microcomputer 
Power, Inc, 2272 Calle de Luna, Santa 
Clara, CA 95050, provides both floppy 
disc and microcomputer voltages and 

currents in a single package. Outputs are 
5 Vat 6 A, 24 Vat 1.3/1.7 A peak, 12 V 
at 1 A, and - 12/ - 5 V at 0.5/0.25 A. 
Features include 0.05% line and load 
regulations, 3-m V peak to peak ripple, 
built-in OVP on 5 V of output, and cur
rent limit/foldback for continuous over
load protection. 
Circle 41 3 on Inquiry Card 

Grab a star 

Link your PDP-11 to todays networks 
With ACC's latest network 
packages, you can grab X.25 for 
your PDP-11. Use them to send 
messages to remote sites via 
Telenet or Tymnet. Or to sites 
within your own corporate-wide 
packet-switched network. 

IF·11/X.25 
Our IF-11/X.25 package consists 
of two circuit boards, shown 
above, plus software. The first 
three X.25 levels are supported. 
Up to 32 network connections 
called virtual circuits are 
handled simultaneously. 
The IF-11/X.25 is microproces
sor based. Its two boards fit 
into two PDP-11 backplane 
slots. And since all X.25 proto
col processing is done within 

the IF-11/X.25, your PDP-11 is 
free to perform other tasks. 

User Mode X.29 
This terminal-handling software 
runs in your PDP-11. It serves as 
packet assembler/disassembler 
(PAD) for up to 32 independent 
PDP-11 users accessing the 
network. 
With User Mode X.29 conjoined 
with IF-11/X.25, you've linked 
your terminals right to the net
work. And the end result? The 
X.25 network is effectively ren
dered invisible: you can send 
network messages in a direct 
and simple manner. Now how's 
that for stargrabbing? 
Want to know more? Contact 
ACC today. · 

ASSOCIATED COMPUTER CONSULTANTS 
228 EAST COTA STREET, SANTA BARBARA, CA 93101 

(805) 963-8801 TWX 910 334-4907 

PDP is a reg jstered trademark of Dig ital Equipment Corp. 
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High resolution light pen provides 60-Hz 
coordinate generation-A high resolu
tion light pen system with full 280 x 192 
Apple Hi-Res resolution, LPS-11 is 
available from Gibson Laboratories, 
Bldg 10, 406 Orange Blossom, Irvine, 
CA 92714, for Applen computers. The 
pen is compatible with Applesoft and In
teger BASIC, FORTRAN, Pascal, PILOT, 

Forth and CP/M, and can be used in 
every Apple screen mode. It installs on 
the computer's motherboard and pro
vides the user's program with instan
taneous horizontal and vertical location 
of the pen point at a full 60-Hz rate. 
Circle 414 on Inquiry Card 

Controller board doubles Shugart com
patible disc storage capacity-Com
patible with the Heath 88/89 microcom
puter, floppy disc controller board 
FDC-880H converts 5.25 /1 (13.34-cm) hard 
sectored discs to standard soft sector 
double-density, allowing users to double 
their storage capacity without adding 
drives or discs. Offered by CDR Systems, 
Inc, 7667 Vickers St, Suite C, San 
Diego, CA 92111, the board runs under 
the CP / M 2.2 operating system and ac
commodates up to four Shugart com
patible drives simultaneously. It handles 
single- or double-sided operation and 
single- or double-density data, and oc
cupies any 110 slot in the computer 
without modification. 
Circle 41 5 on Inquiry Card 

µ.computer combines processor, key
board, and disc drives in desktop con
sole-Standalone Microlite II micro
computer combines keyboard with 100 
key stations, numeric pad, and 32 func
tion keys; 24-line x SO-character plasma 
display; and two 5.25 /1 (13.34-cm) 
floppy disc drives in a single typewriter 
sized console. Options for the system, 
from QI Corp, 125 Ricefield Lane, 
Hauppauge, NY 11787, include 8 /1 

(20-cm) floppy disc drives with 500k
byte capacity; rigid disc drives with 
27 /54/205M-byte removable or 
24/40M-byte Winchester fixed media; 
magnetic tape drives; and daisywheel, 
dot matrix, or 300-line/min printers. 
Circle 41 6 on Inquiry Card 
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Video monitor supplies 40- or 
80-character display for microcom
puters-ZVM-121, 12" (30-cm) monitor, 
offered by Zenith Data Systems, 1000 
Milwaukee Ave, Glenview, IL 60025, 
displays an 8 x 10-character matrix and 
up to 24 lines of information on a green 
screen. Exterior controls include power, 

black level, contrast, horizontal and ver
tical adjustment, vertical size adjust
ment, and a switch that permits selection 
of 40- or 80-character display. Band
width greater than 12.5 MHz and 60-ns 
rise time provide increased character 
definition. 
Circle 41 7 on Inquiry Card 
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Deltron . ~ -

Slashes Pr1c11e~ _...,"' 
5 Volts, 3 Amps 
with OVP 

BIG OUANT/ry 
DISCOUNTS --

3 YR. WARRANTY ---

STOCK DELIVERY 

00o HRS. MTBF--
100, 

WHILE . • • 
•Power-One Is stlll holding at $24.95-
• ACDC needs 1 OOpc order for good price -
• Lambda gives you a 90 day warranty -
• Powertec and Power Mate cost more dough -
• Slerracin Is strong for plastic pass transistors -

AC38 

ri tl'm ft1nc WISSAHICKON AVENUE. NORTH WALES, PA 19454 
~ /. P.O.BOX1389 

~ · • PHONE: 2151899-9281 TWX: 5101661-8061 
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Asynchronous multiplexer offered for 
DEC LSI-11 hardware-DHKl 1 asyn
chronous multiplexer is offered for use 
in communications applications with 
Digital Equipment Corp's LSI-11 hard
ware by K. 0. Mair Assoc, Ltd, 145 
Spruce St, Ottawa, Ontario KlR 6Pl, 
Canada. The unit is RT-11 and RSXll /M 
software compatible, and is modular in 
groups of eight lines per set of dual 
boards. Features include eight separate 
DMA channels for each serial output line, 
16 software selectable baud rates of up 
to 19.2k baud, software control of all 
line parameters, and a 64-character 
hardware buff er for received characters. 
Circle 41 8 on Inquiry Card 

Floppy disc controller board is com
patible with Apple µ.computer-LCA-22 
disc controller board for the Apple 
microcomputer is software compatible 
with APPLE DOS, and contains 256 bytes 
of onboard boot ROM. A product of 
Lobo Drives International, 354 S Fair
view Ave, Goleta, CA 93117, it controls 
up to four 8" (20-cm), single- or double
sided, single- or double-density floppy 
disc drives with a total storage capacity 
of 4.4M bytes. Features include an 
average access time of 200 ms and a DMA 
designed for full 6.25k-byte/s transfer 
rate. 
Circle 41 9 on Inquiry Card 

Microcomputer operates standalone or 
as development tool-K-8073 microcom
puter uses National's INS8073 single-chip 
Tiny BASIC microinterpreter MPU and 
functions as a development tool or 
standalone dedicated computer. Devel
oped by Transwave Corp, Cedar Valley 
Bldg, Vanderbilt, PA 15486, the single
board computer features RS-232 serial 
communication, casette tape 110, plug-in 
EPROM, on board EPROM programmer, 
1 k-byte local RAM, STD (MOD) BUS struc
ture, asynchronous receiver transmitter 
remote controller, PPI with 24 bidirec
tional 110 lines, realtime/ date clock, two 
sense interrupts, multitasking, and 
2k-byte ROM firmware that provides all 
development utilities. 
Circle 420 on Inquiry Card 
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FAIRCHILD 

A Schlumberger Company 

If you want the fastest bus, 
we've got it made. 
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MULTIBUS* MEMORIES 

DYNAMIC RAM 

MM-80860 

• 32K to 512K Bytes on a Single Board 
• Multibus* Compatible with 8 and 16 bits processors 
• Even Parity with output selectable to any of the Bus Interrupts 
• Module Select on 4K byte Boundaries in the One Mega bytes address 
• Available in 32KB, 64KB, 96KB, 128KB, 256KB and 512KB configurations 

CORE MEMORY 
*NON-VOLATILE *WRITE-PROTECT *POWER-FAIL INTERRUPT 

MM-8086 

32KBYTES 

MM-8080/16 

16K BYTES 

MM-80808 

16K EROM & SK CORE 

MODEL 

MM-8086/16 
MM-8086 
MM-80808 
MM-8080/16 

PRICE 

$875.00 
$1275.00 

$790.00 
$849.00 

ALL OF THE ABOVE 
ARE SINGLE QTY. PRICES 

Temperature Cycled and Burned-in During Memory Diagnostic 

ONE YEAR WARRANTY ON PARTS AND LABOR 

~1cro 
Qemory I n c 9436 Irondale Ave. 

Chatsworth, California 91311 
*Multibus is a trademark of the Intel Corp. Telephone: (213) 998-0070 
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DATA STACK 

BRIEFS 

Microcomputer analyzer features inter
nal trace capability-Handheld micro
computer analyzer from Patuck Inc, 
5073 Russell Ave, Pennsauken, NJ 
08109, clips directly to the microcom
puter under test; when connected, it can 
single-step the processor or let it run to a 
selected error vector or trap address. In
ternal trace capability allows examina
tion of the 63 machine cycles that 
precede breakpoint. Information is 
displayed and the problem analyzed on 

· 8.5-digit display. Interchangeable inter
faces are available for various 8-bit 
chips, including Z80, 8080, 2650, 6501 , 6502, 

6605, 6800, 6802, 8060, and 8085. 

Circle 421 on Inquiry Card 

zso based video display terminal offers 
10 programmable functions-IQ 130, 

from Soroc Technology, Inc, 165 
Freedom Ave, Anaheim, CA 92801, in
corporates screen editing, protected 
fields, multiple video attributes, and 10 
programmable functions. Other features 
include a 25th status line with user 
message facility, adjustable righthand 
margin, and programmable blink and 
repeat rate. User selectable buffered 
print output is standard, utilizing printer 
port or auxiliary port at rates ranging 
from 110 to 19,200 baud. 
Circle 422 on Inquiry Card 

Priority interrupt controller offered for 
zso STD BUS systems-A priority inter
rupt controller for Z80 based STD BUS 

systems, model SB8303 accepts 16 discrete 
interrupt inputs from other STD BUS 

modules or external sources, prioritizes 
and masks the inputs, and implements a 
vectored interrupt sequence applicable 
to the target processor. The unit, offered 
by Micro/sys, Inc, 1353 Foothill Blvd, 
La Canada, CA 91011, implements the 
Z80 Mode 2 interrupt protocol, providing 
a unique vector for each of its 16 inputs; 
users can add STD BUS cards that do not 
support Z80 Mode 2 operation to their 
system and have them participate in 
Mode 2 protocol through the controller. 
Circle 423 on Inquiry Card 
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D-Suberior 

The new Spectra
Sttjp 817 is the 
IDC D-Submini
ature connector for 
those of you who 
have become disen
chanted with D-Sub's. 

With our D-Sub, you can now mass 
terminate your flat cables without separating 
each and every strand. Without stocking up on 
weird- pitched cable. Without a mechanical 
kluge tacked onto the back of the connector 
to go from .054-pitch pins to .050-pitch cable. 

It terminates our Twist 'N' Flat~ 3C® Color 
Coded and that great old standby Spectra-Zip® 
cables with no fuss, no hassle. 

And only the Spectra-Strip 817 D-Sub con
nector comes with a metal shell so that it's 
fully intermateable and intermountable with 
any of the other real D-Sub's. 

If that 
sounds like 

e way to build a 
- tib, call your nearest 

pectra-Strip distributor for off-the-
s elf delivery. He can also tell you about what 

weve got for you in our other IDC connectors, 
flat cable and assemblies. 

They're simply superb. 
Spectra-Strip, 7100 Lampson Ave., Garden 

Grove, CA 92642, telephone (714) 892-3361 
and 720 Sherman Ave., Hamden, CT 06514, 
telephone (203) 281-3200. 

In Europe, Spectra-Strip, Ltd., Romsey, 
Hampshire, England, telephone (0794) 517575. 

For the name of our nearest distributor, 
call ( 800) 228-3900 now. 

An ~LIED Company 
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Operating system 
utilizes 16-hit 
microcomputer power 

A multi-user multitasking, realtime 
operating system based on 8-bit CP/ M 
and MP/ M operating systems, MP/ M-86 
adds features that take advantage of the 
16-bit microcomputer's increased 
power. Offered by Digital Research, 801 
Lighthouse Ave, Pacific Grove, CA 
93950, the system is compatible with 
both the 8-bit CP/M and 16-bit CP/M-86 
operating systems. Since the file formats 
of the system, CP/ M, MP/M, and CP/ M-86, 
are compatible, conversion from 8-bit 
single-user application programs run
ning under CP/M to multi-user 16-bit ap
plications is simplified. 

Allowing a maximum amount of 
space for user programs, the compact 
system supports networking capabilities 
through CP/ NET network operating 
system. A shared code facility allows 
multiple users to execute programs with 
only one copy of the object code resi
dent in main memory. 

Central to the operating system is a 
realtime kernel that supports multiple 
terminals with multitasking at each ter
minal, as well as concurrent CPU and 110 

operations. The kernel allows realtime 
control of external devices and in
strumentation. The file system is suited 
to database management and business 
applications where file security and 
reliability are important. It includes file 
and record lockout, password protection 
at the file level, and time and date 
stamps that record last access and modi
fication . The file system manages up to 
8G bytes of mass storage with both ran
dom and sequential file access. 

"Standard 110" supports console 110 

and list device output mapping to disc 
files, queues, other consoles, or other 
list devices. Virtual consoles support 
true background tasks. The terminal 
message processor defines the format 
and syntax of commands entered by a 
user at a console, and is easily modified 
or rewri tten for a custom environment. 

Internal queue mechanisms support 
mutual exclusion, pipes, synchroniza
tion, and communication between 
multiple tasks. Monitors or simulators 
of other operating systems can operate 
under the system without affecting other 
tasks. 110 drivers can be changed to 
match various hardware configurations. 
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Subroutines that interface consoles, 
floppy discs, hard discs, and special 
peripherals are field-alterable. Logic in
terrupt control uses a flag mechanism, 
and polling mechanisms are provided for 
noninterrupting devices. 

A typical system occupies approxi
mately 20k bytes of memory. A minirpal 
version, supporting only the realtime 
portion of the system, occupies only 7k 
bytes of memory. 
Circle 424 on Inquiry Card 

Software package 
extends microprocessor 
capabilities 

A set of modular software components 
that allows the implementation of cus
tomized operating systems for Z800J (seg
mented) and Z8002 (non-segmented) 
CPUs, ZRTS 8000 realtime software is 
available from Zilog, Inc, 10340 Bubb 
Rd, Cupertino, CA 95014. The package 
extends the capabilities of the 16-bit 
Z8000 microprocessor, enabling it to 
manage realtime, multitasking applica
tions via simple commands. 

The package consists of the kernel, a 
small realtime multitasking executive 
program, and a language processor 
called the system configurator. The 
kernel provides a means of monitoring 
and controlling multiple events occur
ring in a realtime environment. It 
manages all major realtime functions, 
such as task synchronization, priority 
scheduling, intertask communication, 
realtime clock control, and interrupt 
handling. The kernel requires 4k bytes 
of memory that can reside in either 
P/ ROM or RAM and can execute on the 
Z8001 and Z8002 development modules, or 
on any Z8000 based target system with a 
realtime clock . 

Supporting a variety of target con
figurations, the system configurator 
allows the various components of the 
target system to be defined in high level 
terms via the ZRTS configuration 
language (ZCL). The language's free for
mat syntax makes configuration com
mands highly readable and main
tainable . 

User application programs can be 
assembled and/ or compiled on the com-

pany's ZDS, PDS, MCZ, or Z-LAB 8000 
systems, linked with ZRTS modules resi
dent on the system's storage facility, and 
then downloaded into the Z8000 develop
ment module or user target system for 
testing. 

Future enhancements planned for the 
system include a real time debugger, con
sole handler, file system, and memory 
management capabilities. 
Circle 425 on Inquiry Card 

Operating system 
organizes up to 
4096 realtime tasks 

Up to 4096 tasks can be organized in 
real time by the SM P-RMOS I S-A8 I 
operating system from Siemens AG, Zen
tralstelle fur Information, Postfach 103, 
D-8000 Munich 1, Federal Republic of 
Germany. The Real Multitasking Opera
ting System (RMOS) enables several tasks 
to be performed simultaneously, with a 
floppy disc serving as the data medium. 

Dynamically variable task priorities 
allow the user to give priority to specific 
tasks. Asynchronous tasks can exchange 
messages to communicate with each 
other. Tasks can be synchronized with 
special time management functions. 

Besides the CPU time of the individual 
tasks, the system also manages the 
resource memory. During system gen
eration, memory systems are arranged 
into pools from which memory blocks of 
optional size can be requested and 
returned. The functional range of the 
system includes a file management 
system requiring the use of the floppy 
disc controller SMP-E341. The driver for 
the serial interface is a component of the 
110 system for the display screen (ter
minal handler). Up to 256 files can be 
processed quasi-simultaneously, and ari 
interactive debugger can be linked . In 
addition, the system offers a time of day 
clock function with calendar. 

The operating system works with two 
boards: the SMP-E8 CPU board and the 
SMP-E303 cascadable interrupt and 
counter control board. Memory and 
peripheral boards are chosen to meet 
specific application requirements. 
Circle 426 on Inquiry Card 

COMPUTER DESIGN• AUGUST 1 981 



A quick read of this 
new $3.00 paperback 
is an easy way to get 
up to speed on ultra
fast data conversion 
and logic IC's for your 
computers, speech 
transmission systems, 
transient recorders, 
and radar and video processing 
electronics. 

A compendium 
of application 
notes, the Plessey 
reader covers not 
just design, but prac
tical tips and methods 
for building advanced 
real-world systems. 
And state-of-the-art, 
subnanosecond IC's for 
building them. 

It opens with a chapter 
on how to build an 8-bit 100 
MHz A to D converter-the 
methods, the trade-offs 
between speed, resolution and 
accuracy, details and tips on 
comparators. Goes on to micro
strip techniques, the design of a 
typical ECL ND system, then 
covers testing. 

Next it does the same for DI Ns. 
And ends on a high note, with 

CIRCLE 101 ON INQUIRY CARD 

detailed specifications 
on Plessey ECL III 
products, including 
standard logic gates, a 
comparator with a 
I/2-ns set-up time, 
125 MHz ND's, 8-bit 
DI Ns and 36- and 
144-cell Uncommitted 

Logic Arrays (a worthwhile 
investment if you're building 

500 systems a year or more). 
If you've been up in the air 
about your high speed 

designs, it's time to settle 
down with a good book. 

For your copy, just 
send $3.00 to Plessey 

Semiconductors, 
1641 Kaiser Ave

nue, Irvine, CA 
92714. Tele

phone (714) 
540-9979. 

• 
LESSEY 

IS QUICKER. 



Pascal compiler systems 
speed. development, 
ensure software portability 

Compiler based PAS-80 and -86 series 
software development systems speed 
both the development of Pascal pro
grams and their movement from one 
microprocessor to another. Available 
from Language Resources Inc, 4885 
Riverbend Rd, Boulder, CO 80301, the 
systems are based on a machine indepen
dent , retargetable Pascal compiler 
system and include the Pascal compiler, 
a macro assembler for the universal 
ALIM assembly language, a runtime sup
port library, a resolver subsystem that 
generates a variety of code outputs, and 
a comprehensive human interface. 

Both series are available for use on 
Digital Equipment Corp's VAX-11 
systems running the v AX-VMS operating 
system. The PAS-80 facility is used to 
develop 8080/8085 application software, 
while P AS-86 is used for 8086/8088 micro
processors. 

The systems accept full standard 
Pascal, separate compilation of Pascal 
procedures and linkage to assembly 
language routines, and produce a com
pilation listing with interspersed error 
messages, optionally showing generated 
code in assembly language format. 
Features include an assembly language 
macro facility, a conditional assembler, 
and a user-friendly interface to speed 
development tasks. 

PAS-80 output can be relocatable ob
ject code, absolute executable object 
code, interpretive code, a mixture of 
native and interpretive code, or 
assembly language source text with 
Pascal source appearing as embedded 
comments. The software provides com
plete support for CP/M, ISIS-II, and 
RMX-80 operating systems, plus a user 
configurable interface to 8080/ 8085 
operating systems. PAS-86 output can be 
relocatable object code, absolute exe
cutable object code, or assembly lan
guage source text with Pascal source ap
pearing as embedded comments. The in
terface to 8086 operating systems is user 
configurable, and CP/M-86, MTOS-86, and 
RS-86 operating systems are completely 
supported . 

The runtime library interfaces to the 
target system. Code modules previously 
developed in FORTRAN, COBOL, or other 
specialized languages can be linked to 
code developed on the system. Utilities 

178 

for selecting, binding, and locating the 
final programs are provided as well. 

P AS-86 packages run on DEC v AX and 
PDP computers and on IBM System/ 370. 
PAS-80 runs on VAX systems. 
Circle 427 on Inquiry Card 

Multi-user capability 
supported without 
operating system patches 

MUL TI/ os multi-user operating system 
offers the 8080/Z80 system user full multi 
user capability without the need for user 
patching or configuration. The system, a 
product of InfoSoft Systems, Inc, 25 
Sylvan Rd S, Westport, CT 06880, is 
compatible with applications software 
and languages that run under CP/M and 
c oos and simultaneously supports 
various functions including word pro
cessing, data entry, inventory control, 
and order entry. 

Based on the company' s single-user 
I/OS, the system handles up to 16 
simultaneous users, each with up to 56k 
bytes of user memory. It supports both 
floppy and hard discs, with a shared 
data base of up to 975M bytes of online 
data. An expanded directory capability 
allows a virtually unlimited number of 
files, and multiple disc controllers are 
supported without custom program
ming. 

The interactively generated system is 
tailored for each hardware configuration 
on which it is used. The system can be 
used with memory banking or extended 
addressing, and can be set up in a turn
key mode. System provisions allow a 
network of single- or multi -user systems 
running MUL Tllos and I/Os, respectively , 
to be built. 
Circle 428 on Inquiry Card 

Multitasking software 
eases implementation of 
realtime application systems 

A multitasking kernel around which 
realtime application systems can be 
built, RMS68K software is offered by 
Motorola Semiconductor Products Inc, 
PO Box 20912, Phoenix AZ 85036, for 
use in systems built around the VERSA 
module monoboard microcomputer of 
the MC68000 microprocessor. The system 
allows designers to implement systems 
without large expenditures for design 
and programming efforts on complex 
realtime and multitasking functions. 

A task controller, an intertask com
munication facility, an initialization 
facility, and an optional memory man
agement facility make up the system. 
These facilities receive all hardware and 
software interrupts and dispatch them to 
the proper task for processing, dispatch 
tasks competing for use of the micro
processing unit, provide intertask com
munication and synchronization, and 
manage and allocate memory. They also 
provide system initialization capability 
and diagnostic feedback during error 
conditions. 

Other features include resource shar
ing using semaphores, fast interrupt 
response, timer options, exception 
monitoring facility, highly modularized 
functions, server task capability, and 
user-written I/O device driver capability. 
System generation capability allows the 
user to custom configure the system, 
while trace table capability eases system 
debugging. 

Memory requirements depend upon 
the system environment, user-supplied 
code and data, and the functions con
figured in the system. If delay task and 
periodic task activation functions are 
used, a realtime clock is necessary. 
Circle 429 on Inquiry Card 

Multiprocessing software 
simplifies message exchange 
over Multibus 

Multiprocessing and message exchange 
between multiple single-board com
puters attached to a common Multibus 
interconnect bus are simplified by the 
iMMX 800 package from Intel Corp, 5200 
NE Elam Young Pkwy, Hillsboro, OR 
97123. Composed of a set of library 
modules that are linked to the 
company's realtime executives, the 
package supports the transportation and 
delivery of messages between applica
tions programs running on different 
board level systems, simplifying the 
coupling of 8- and 16-bit masters, 
and/or intelligent slaves. 

Message exchange software identifies 
the source and destination of messages 
and then manages the reliable transfer 
via shared memory. Messages of vari
able length can be passed. The software 
handles message to task connection 
routines, message buffer management, 
and message transport and delivery ser
vices, and implements the company's 
MULTIBUS interprocessor protocol. 
Circle 430 on Inquiry Card 
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In the world 
of flat cable, 
new Vari~wist™ 
cable really 
stands out. 

Belden's new Vari-Tuist™ twisted pair cable combines the excellent 
electrical characteristics of paired conductors with the fast termina
tion of flat cable. 

The 18 inch twisted portions feature opposite direction lays on each 
adjacent pair of conductors. This minimizes cross-talk and provides 
a cleaner, more · reliable signal. Each two inch straight section has 
precise 50 mil centers to fit standard IDC connectors. And because 
Vari-1\.vist is laminated on one side only, an easier, more reliable 
termination can be achieved. 

Best of all, you can count on Vari-Thist cable's high quality because 
it's made by Belden. And backed by our strong commitment to 
service. For more information on Vari-Tuist cable or any other 
cables, connectors or value-added products in Belden 's flat cable 
world, contact: Belden Corporation, Electronic Division, Central 
Regional Sales Office in Richmond, IN; 317-983-5200. Western Re
gional Sales Office in Irvine, CA; 714-833-7700. Eastern Regional 
Sales Office in Framingham, MA; 617-872-7846. a-H 

BELDEN@ 
Co1ning thTough ..• 
with new ideas for moving electrical energy 
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Lamt> pm motors 
are designed for 
high performance 
applications 

1.400 
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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, 
particularly 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 requirements 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 widely used 
in data processing periph
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. 

AMETEK 
LAMB ELECTRIC DIVISION 
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Software/ firmware packages 
support STD BUS for 
8085 and Z80 based systems 

A CP/M based operating system, 
relocatable macro assembler, and ex
tended language package are offered by 
Intersil, Inc, Systems Div, 10710 N Tan
tau Ave, Cupertino, CA 95014, for their 
STD BUS product line for both 8085 and 
Z80 microprocessor based systems. All 
software is provided on 8 " (20-cm), 
single-sided, single-density floppy 
diskettes. 

Based on CP JM, the ICP JM operating 
system has a minimum memory require
ment of 8k bytes and supports a file 
system using a maximum of 16 logical 
devices. It includes a text editor, assem
bler, debug, and batch operating mode. 

IMAC relocatable macro assembler in
cludes an assembler with comment 
blocks, a variable input radix, and an in
clusion statement; a LINK-80 linking 
loader for loading relocatable modules; 
and a CREF-90 cross-reference facility 
that supplies an alphabetized list of all 
program variable names. 

The package has a 14k-byte minimum 
memory requirement with the ICP/M 

operating system. 
Extended program language packages 

include IBASI, an extensive implementa
tion of BASIC for Z80 and 8085 systems, 
with an Bk-byte minimum memory re
quirement; IBASC, a single-pass BASIC 
compiler for optimized 8080 high speed 
machine code, with a 40k-byte minimum 
memory requirement; and IPASC, a 
Pascal system that features a compiler, 
linker, debugger, and disassembler, with 
a 52k-byte minimum memory require
ment. IFORT provides all of ANSI 
FORTRAN X3.9-1966, with a 25k-byte 
minimum memory requirement when 
used with ICP/ M. 

Firmware packages include the IFMON 

monitor and the IFDEV firmware 
monitor system. IFMON provides for the 
control of STD systems which contain 
either an 8085 or a Z80 microprocessor. 
Minimum memory requirement is less 
than 2k bytes. The IFDEV firmware 
development system has a 12k-byte 
minimum EPROM requirement and con
sists of a ROM based resident monitor, 
assembler, and text editor. An assembly 
source file can be created and edited in 
memory, and the source can be as
sembled without destroying it. The 
assembled code can be debugged with 
the resident firmware monitor. D 
Circle 431 on Inquiry Card 
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Dual voltage. 
For wherever in 
the world 
you connect! 

Here's 60Hz 
and 50Hz, 120-

and 240-volt versatility 
in one fine axial cooling fan for 

domestic and foreign applications. CFM 
ranges from 20 to 120. With or without venturi. 
And a choice of three designs for mounting on 
4 %" or 213

/ 16" centers. 
All from a top name in electric motors for 

just about everything-Gould. These Brutes 
feature Gould's open frame design and pat
ented Recirk T" bearing lubrication system for 
extended life. 

Metal parts are coated with a corrosion 
inhibitor and only flame-retardent plastics are 
used. U.L. recognized and CSA certified . Spe
cial modifications can be designed in. 

For more details or to order these inventory
reducing fans, call (315) 788-5530. Gould 
Inc., Electric Motor Division, 6393 Coffeen 
Street, Watertown, NY 13601. 

120 VOLT CONNECTION 

YELLOW 

t BLACK 

120V 
L2 50160Hz 

i WHITE 

RED 
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240 VOLT CONN ECTION 

YELLOW 
0 ,,, 

jRED 

L1~ 
240V 

50 /60Hz 

BLACK 

L2 

WHITE 

-} GOULD 
An Electrical / Electronics Company 



If you're thinking small systems ... 

---, ......... ., 
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put our technology behind your nameplate. 
Our competitive edge has always been our 
technology. Our ability to originate and apply 
innovative scientific and engineering ideas has 
made us a leader in the peripherals industry. 

It's easy to grow with Control Data. 
Everyone needs the kind of products that offer 
upgrade ability without expensive software 
modification. We've always stressed compatibility 
within our product lines. So that larger disk 
drives or faster printers can be integrated easily. 
And we have a broader range of peripheral 
products than any other OEM. 

But we don't stop there. We believe that 

service is just as important to the customer as 
the quality of our hardware. 

Quality in our OEM service and support, too. 
Our customers can rely on our maintenance 
organization of several thousand qualified 
customer engineers. And our spare parts depots 
are strategically located all over the world. 

Let us share the secrets of our success with you. 
We've learned a lot in building a billion dollar 
peripheral products business. 

Call us today. (612) 853-7600. Or write OEM, 1 

Control Data Corporation, HQNlll, P.O. Box 0, 
Minneapolis, MN 55440. 

l';:J ~ CONT1'0L DATA 
~ r::,J COl\POR{\TION 

Addressing society's major unmet needs 
as profitable business opportunities 
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ISL Gate Arrays Operate at 
Low Power Schottky TTL Speeds 

Gerald R. Davis 

Signetics Corporation 

811 E Arques Ave, Sunnyvale, CA 94086 

Until the late 1970s, implementing a system of many 
small and medium scale integration ICs with gate ar
rays was not cost effective because of the limits of IC 
complexity-limits that were largely imposed by 
photolithographic production capabilities. Gate ar
rays could not compete with the low cost per gate of 
standard logic. Instead, low power Schottky logic, 
the familiar 74LSXX series, was the technology of 
choice for the majority of designs. Uncommitted 
logic arrays, or gate arrays, became feasible as a 
general logic replacement when semiconductor pro
cessing improved to allow cost competitive LSI 
devices. 

In 1978, at the Philips Research Laboratories , 
Eindhoven, The Netherlands, Jan Lohstroh devel
oped a new circuit form utilizing standard Schottky 
processing to produce logic with the high packing 
density and low power consumption of PL, but with 
the capacity to attain low power Schottky speeds. His 
invention was ISL, or integrated Schottky logic. The 
family of ISL gate arrays was subsequently created to 
reduce system size, power consumption, and cost. As 
soon as ISL was ready, Signetics Corp, with a few im
provements, developed the 1200-gate, 52-buffer, 
36-110 8A1200, the first of the ISL gate arrays. In 1980, 
the 8A1260 (1200 gates, 52 buffers, 60 I/Os) and the 
8A1542 (1500 gates, 64 buffers, 42 I/Os) were added to 
the family. Since ISL has a worst-case maximum gate 
delay of 6 ns, functions made from these gates 
achieve low power Schottky TTL (LSTTL) perfor
mance. 

ISL Gate Array Logic and Structure 

The basic logic function of an ISL gate is that of an 
inverter. A 700 m V high level at the base of the NPN 
transistor produces a 500 m V low level on the output 

Schottky diodes. The passive resistor current source, 
attached to the base of a gate, also acts as a pullup 
resistor for the output of a previous gate. The 
PNP transistor associated with each gate is used to 
control the base charge on the NPN, keeping the NPN 
out of saturation and providing fast switching 
speeds. The gate may also be considered a single
input NAND function. 

The power of NANO gate logic is amplified in ISL 
design because of the single-input multiple-output 
structure of the gate. All functions are constructed by 
using several gates and then inverting the AND. This 
AND requires no active devices. A single wire con
nects the diode outputs. This is more efficient than 
multiple-input NANDs since there is only one wire at
tached to the input of a gate . A regular 10-input 
NANO would require 10 wires to be attached to the in
put of the gate; in ISL gate arrays there is only one in
put wire. This characteristic is partly responsible for 
the high mutability (wirability, gate utilization fac
tor) of these arrays. 

(continued on page 184) 
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Fig 1 Configuration of SA 1 260 ISL gate array. 60 1/ 0 buf
fers and bonding pads occupy device perimeter. 11 44 ISL 
gates are organized as 26 rows x 22 columns (x2) . 52 
Schottky buffers are placed in two vertical columns 
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ISL gates do not have fixed output collector con
tacts, which also contributes to their high routability. 
Each gate has five output contact sites available, even 
though only four can be used. The fifth was added to 
improve wirability. If one output cannot be easily 
reached, perhaps another one can be. What is most 
significant about these programmable output con
tacts is that they allow for routing metallization runs 
over unused outputs. 

Because of their single-input multiple-output struc
ture and programmable output contacts, ISL arrays, 
unlike other arrays, are not provided with dedicated 
routing channels. Since there are no dedicated rout
ing channels (area of the die with no contributing ac
tive or passive devices), ISL gate array die areas are 
quite small, making high yields and low cost possible. 

ISL Gate Array Features 

Fig 1 shows the configuration of the 8Al260 gate ar
ray. Logic functions are defined by the user and are 
implemented by connecting 1144 ISL NANO gates us
ing two layers of metal routing. Fifty-two Schottky 
buffers drive multi-load internal clock or enable 
signals. Sixty LSTTL 1/0 buffers are available. Each 
1/0 can be configured to implement any of 11 func
tions, eg, inputs, IIO, totem pole, open collector, and 
3-state. All inputs are standard PNP. The ISL family is 
available in a variety of packages: 22-, 28-, 40-, 44-, 
and 68-pin. These include slim-line plastic DIP, 

plastic/ceramic DIP, and leadless ceramic chip car
rier. Typical performance characteristics of the ISL 
family are shown in Fig 2. Gate delays are a function 
of several variables, any of which influences the per
formance of the circuit. 

Applications 

Using a combination of appropriately configured 
NANO gates, any logic operation can be created: an 
11-bit counter, a 17-bit shift register-anything. If 
desired, Boolean equations and DeMorgan's theorem 
may be used as design tools for implementing logic in 
NANO gates. Karnaugh maps or any design technique 
may be employed. If a favorite function is desired, it 
can be copied directly out of the TTL Data Manual. 
The efficiency of gate array design quickly manifests 
itself when functions are being copied. Often, unused 
operations are available in a standard logic part. For 
example, a 74LS161 4-bit synchronous binary counter 
has two enable lines, a load line, four data input 
lines, and a clear. Many applications do not require 
all of these functions, however, and in a gate array 
design, the unnecessary functionality can be 
eliminated. A 74LS161 has 62 gates, but a simple 4-bit 
synchronous binary counter can be created using 
only 47 ISL gates-a 320Jo improvement. 

Higher speeds are obtainable. If the LSTTL speeds 
are too slow, special design techniques can be 

(continued on page 186) 
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Fig 2 Performance characteristics of ISL gate array 
family. Overall performance is influenced by voltage and 

junction temperature. Interconnect wire increases gate 
delay 
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With LSI 11/PDP 11 Software 
Compatible DiscfTape Con
trollers Offering Single 
Board J,.ow Power µP Based 
Design and Low Cost ... 
Plus Many Other Good Reasons! 

The reasons start with DI LOG'S (Distribut.ed Logic 
Carp's.) full time engineering and design staff. Not 
outside suppliers. That means wheri you contact DI LOG 
for product selection or after sale service, you'll get "first 
hand" assistance ... along with years of experience 
manufacturing µP based controllers that interface with 
DEC 11 CPUs. 

The intelligent products you'll discuss all utilize 
common proprietary architecture and DILOG automated 
design techniques-products with exceptional reliability 
and cost efficiency ... mostly available from stock. And 

when you plug a DI LOG con
troller into your DEC CPU it's 
ready-tcrrun because it's fully 
operating system software 
compatible. 

These high performance 
data storage interface products also feature• minimum 
bus/space requirements• up to 60% less power• 10 to 
50% lower cost • automatic self-test. .. and numerous 
other features for easy system integration. 

Consult the DI LOG/disc-tape compatibility table for 
your needs. Then ask for detailed data on existing, or 
future products from DI LOG .. . #1 in single board DEC 11 
compatible disc/tape controllers. 

Distributed Logic Corp., 12800-G Garden Grove Blvd., 
Garden Grove, CA 92643, Phone: (714) 534-8950 • 
TELEX: 681399 DILOG GGVE 

DISC/TAPE DRIVE MANUFACTURER COMPATIBILITY CHART 
MAGNETIC TAPE DISC 

CMD 
112" REEL-TO-REEL 2315/5440/RK05 CARTRIDGE SMDSTORAGE WINCHESTER Y4"TAPE FLOPPY 
STD. & STREAMER CARTRIDGE CLASS MODULE MODULE 5~ ", 8" OR 14" CARTRIDGE DISC DRIVE 

AMPEX AMPEX AMPEX AMPEX BASF DEi BASF 
CIPHER CAELUS CONTROL DATA CENTURY DATA CONTROL DATA KENNEDY DECITEK 
CONTROL DATA CENTURY DATA CONTROL DATA FUJITSU PE REX MICROPOLIS 
DIG I-DATA CONTROL DATA BALL COMPUTER KENNEDY QUANTEX PERTEC 
KENNEDY DEC MITSUBISHI MEMOREX RE MEX 
MICRODATA DIAB LO PRIAM SHUGART 
PERTEC IOMEC SHUGART 
TANDBERG DATA (IDT) MICRODATA SEAGATE 
WANGCO PERTEC QUANTUM 
TDX WANGCO IMI 

WESTERN DYNEX 
ORI 

CAPACITIES .25 TO 300 MB 

CIRCLE 106 ON INQUIRY CARD 

*Trademark Digital Equipment Corp. 
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Fig 3 NANO gate diagram of D flipflop with quick Q and 
QB. Design reduces high to low propagation delay by 1 2 ns 

employed in speed critical paths. Fig 3 shows a 
regular negative edge-triggered D flipflop with the ad
dition of a feed-forward path for Quick Q (QQ) and 
QB (QQB) outputs. Gates GA and GB provide paths 
around the two crosscoupled latch output gates, 
eliminating two delays, which results in a high to low 
propagation delay for QQ and QQB that is 12 ns 
shorter than the standard Q and QB outputs. 

A significant gate delay improvement can also be 
attained by raising the V BB ISL gate power supply 
from the usual 1.5 V to 2.0 V. This reduces the maxi
mum gate delay to about 4-<ns, an improvement of 
2 ns over the regular 6-ns delay. In this case, the 
typical 168-uW power dissipation per gate increases 
to about 224 u W. But this may not be significant 
since the typical maximum power, not counting IIO, 
would change from 200- to 268-m W total for the 
entire array of gates. 

Design and Testing Support 

The semiconductor manufacturer's responsibility in 
gate array design is to provide the user of uncom
mitted logic arrays with the best tools. A variety of 
computer automated design (CAD) programs are 
necessary to achieve a cost-effective solution. The 
first CAD tool required in any semi-custom integrated 
circuit project is the logic simulator that is used in · 
design verification. Standard simulations have been 
created to include logic types, delay models, and a set 
of macros . All the simulator functional commands 

have been preprogrammed so that the only require
ments for simulation are a redundant logic network 
description and input stimulus vectors to functionally 
exercise the design. 

A logical design rule check follows the logic simu
lation. This check includes fan-in/fan-out and IIO 
violations. Two CAD programs have been developed 
to ensure that the designer drew the layout according 
to the design rules and that the layout is accurate. 
GASPAR, a symbolic placement and routing and 
design rule check program is then used. Next, a 
layout accuracy program called LATCH ensures that 
the layout of the logic network at the metal level is 
functionally identical to the simulation logic. Auto
placement and Route (available in late 1981) will use 
the simulation wire-list. Since in any auto-route pro
gram it will be necessary to finish the last few wire in
terconnections by hand, GASPAR and LATCH pro
grams will still be useful CAD tools. 

SENGEN, the automatic test generation program, 
also uses the logic simulation. This is not a vector 
generation program, but one in which the results of 
the logic simulation are translated into an LSI test 
system program that is used at E-sort and the final 
electrical test. By using a custom control file of ac 
tests defined by the gate array user, and with stan
dard subroutine setups for usual de tests, SENGEN 
reduces the time consumed by a task from weeks to a 
few minutes on the computer. 

Summary 

Low power Schottky speeds are easily attained with 
ISL gate arrays. Delay specifications can be improved 
by clever logic design or by increasing ISL gate power 
supply voltage. Moreover, ISL gate arrays provide ef
ficient layouts and ~mall die areas, with utilization as 
high as 75% to 95%. Layout and testing are sup
ported by interactive CAD tools. 

Please rate the value of this article to you by 
circling the appropriate number in the "Editorial 
Score Box" on the Inquiry Card. 

High 725 Average 726 Low727 
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MDRRDWD 
Leading edge technology 

in hard disk systems. 
Complete systems. Morrow 
Designs hard disk subsystems 
are delivered complete with hard 
disk, controller, cabinet, power 
supply, fan, cables and CP/M" 
2.2 operating system. 
Widest range. Morrow Designs 
offers the widest range of hard 
disk systems available from a sin
gle supplier. 5%;' 8;' 14:' Five to 
over 100 megabytes of formatted 
hard disk storage. $2,995 to 
$17,980. Cost effective systems 
that work. And keep working. 
S-100 and more. Morrow Designs 
hard disk systems are designed 
for use with the CP/M operating 
system. Available soft
ware packages allow our 
systems to run on any 
IEEE696/S-100 Standard 
system with no hard
ware modification. 
Plus, Cromemco~** North 
Star,** Vector Graphics, 
Godbout, Dynabyte, 
Exidy~*** I MSAI, Micro
mation, Processor Tech
nology and California 
Computer Systems. 
Reliable systems. Morrow Designs is com
mitted to hard disk system reliability. Not 
simply with a 90-day warranty, but with a money 
back guarantee. If our system fails to perform to 
specification, send it back. We'll send back 
your money. 

"CP/M 1s a trademark of Digital Research . 
""Northstar is a trademark of North Star Computers, Inc . 

"""Cromemco 1s a trademark of Cromemco, Inc . 
"" ""Ex1dy is a trademark of Exidy Corporation. 

Experience. As of April, 1981, 
there were over fifteen hun
dred Morrow Designs hard disk 
systems successfully installed. 
In fact, over 200 independent 
systems integrators now use 
our hard disks to solve their 
mass storage problems. 
Performance answers. Morrow 
Designs hard disk systems have 
been benchmarked against all 
other systems. None is faster 
under CP/M. Morrow Designs 
hard disks operate at 10 times 
the speed of a floppy disk 
drive. Transfer rates range from 
590,000 bytes to 900,000 bytes 
per second. That kind of perfor
mance can become addictive. 
Cost effective answers. Compare 
Morrow prices and performance 
to anything presently available 
for S-100 systems. You'l I find 
Morrow's price/megabyte/ 

performance ratio to be 
unmatched. Leadership in 
disk systems technology 
earned us leadership in 
price/performance. And 
that may have earned us 
a call from you. Circle the 
Reader Service Number 
for our full line data sheets. 
Can't wait? Cal I us at (415) 

524-2101. And yes, OEM quantity prices are 
available. LOOK TO MORROW FOR ANSWERS. 

MDRRDW DESIGNS 
5221 Central Avenue , Richmond, CA 94804 

(415) 524-2101 
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BOART, DEUCE, and LIFO/FIFO 
ICs improve CPU-peripheral 
communications efficiency 

Western Digital Corp, 3128 Red Hill 
Ave, Newport Beach, CA 92663, re
cently introduced three ICs dedicated to 
communications applications. Two of 
the devices are bus oriented asynchro
nous receiver/ transmitters (BOARTS) , 
one of which has dual-baud rate 
generators and dual-channel receiver I 
transmitter channels. The third device is 
a LIFO/FIFO designed to increase the effi
ciency of computer-peripheral data 
flow. 

The fi rst BOART, designated WDI983 , is 
an N-channel silicon gate MOS/LSI device 
that interfaces a digital asynchronous 
channel with a parallel channel. It is a 
fully programmable microprocessor 110 

· peripheral with two control registers and 
a status register. Capable of full duplex 
operations, the device was designed to 
operate in an 8-bit microprocessor en
vironment. Internal control is provided 
by two microcontrollers: one for trans
mit and one for receive. Control regis
ters, modem control, logic, read/write 
control logic, and various counters pro
vide input to the microcontrollers, gen
erating the control signals necessary to 
send and receive serial data according to 
the programmed asynchronous format. 
(See Fig 1.) The 28-pin plastic or ceramic 
LSI is a 5 V only device. 

The WD2123 DEUCE is claimed to be the 
first programmable LSI device to com
bine two independent full-duplex asyn
chronous receiver /transmitter channels 
and two independent baud rate genera
tors in a single 40-pin package. The MOS 
part replaces two 28-pin and one 18-pin 
LSI devices. Designed for manufacturers 
of DP and peripheral equipment, the 
DEUCE allows simultaneous talk in any 
combination between CPUs, CRTs, 
printers, FAX machines, and digital 
PABXs from a single socket. Program
ming is identical to the WD1983 in the 
asynchronous mode, and the device can 
be interfaced to bus oriented micropro
cessors such as the Z80, 8080A, 8085, and 
the 6800. 

Fabricated using N-channel silicon 
gate technology, the device merges two 
WDI983 BOARTS and one WD1941 baud rate 
generator. As shown in Fig 2, the chan
nels are referred to as A and B. Channel 
A is addressed or controlled by the input 
signal cs1; channel B is similarly con
trolled by cs2. CS3 controls the baud rate 
generators. 

188 
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Fig 1 Block diagram of Western Digital Carp ' s WD1983 bus oriented 
asynchronous receiver/transmitter 
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Fig 2 Block diagram of Western Digital Carp ' s WD2123 
dual-enhanced universal communications element. Part con
tains two independent baud rate generators and two indepen
dent receiver/ transmitter channels 
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GET A CLEAR HONEST IMAGE THE HITACHI WAY! 
Computer data and graphic 

displays never looked better, 
brighter, sharper. 

New Hitachi high resolution 
in-line RGB color monitors utilize 
wide video bandwidth and a 
0.31 mm spacing between triad 
pairs. The result? A trio-dot 
density twice that of conventional 
monitors! 
Look at these advanced features 

Adjustment-free convergence, 
single PCB configuration, video 
amplifier bandwidth from 50 Hz 
to 25 MHz. Flexible frequencies 
range from 15 to 18 KHz horizontal 
and 50 to 60 Hz vertical. Monitors 

provide high contrast and bright
ness from black matrix and 85% 
light transmission tubes. Can any 
other maker match these 
advantages? 
Variety of Screens 

You can select from a wide 

choice of screens to meet your 
specific application needs: Normal 
phosphor; long persistence 
phosphor to virtually eliminate 
flickering , or medium resolution 
versions for most ambient 
light situations. 
Unsurpassed performance 

Long time convergence stability 
is assured due to self convergent 
in-line guns and single PCB 
reliability. Operator controls 
include power on/off, degauss, 
brightness, contrast. 

Call or write for more 
information. 

@Hitachi America, Ltd. 100 California Street, San Francisco, Calif. 94111 Tel: (415) 981-7871 
New Jersey Office: 6 Pearl Court, Allendale, N.J. 07401 Tel : (201) 825-8000 
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W BOSCHERT BRINGS 
NFRAMESTHE 

·IABILITY OF SWITCHING 
VIER SUPPLIES. 

;'System designers now 
'Ve an efficient 1500-watt 

? ··tching power supply that 
"s neatly in a standard l5 x 8 
ch slot: Boschert's H L11500, 
.·ich helps you reduce ' your 

:~· per watt about 15%, com
.. ~ed with standard 7 50- and 

. '. ~b-watt designs . 
. :Boschert's new HL 1500 gives 
~ti +5-volt, 300-amp performance 

.. ~t's ideal for mainframe computers, 
.. f systems, industrial controls and 
her large digital equipment. It's 

. :. first of a whole new series of high
!)frent Boschert power supplies 
:("_;· igned to increase efficiency, improve 
.Jability and reduce power costs in 

'fge systems. 
;:~Jf you're looking to stay ahead in 
;:,inframe-level power supplies, stay with 
. schert. Get detailed information on our 
;w HL 1500, any of our other open 

.,. )ne switching power supplies or our sub
. '.°?dulesjnow by writing: Boschert Inc., 
~4 Santa Trinita Ave., Sunnyvale, CA 94086. 
>';tall (408) 732-2440. 

SWITCHING POWER 
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• • • 

GM ceramic 
magnets meet 
tough specs! 

• • • • e GM ceramic magnets e 
give you better dimensional 

• accuracy, functional flexi- • 
e bility and emr.ironmental e 
• reliability. • 

GM magnets hold 
e dimensional tolerances to e 

computer hardware 
• accuracies and have a stable • 
e non-outgassing coating to e 
• satisfy the critical needs of • 

computer disc storage 
e technology. e 
• GM coated, tight- • 

tolerance ceramic magnets 
e are available as either arcs e 

or flat blocks. 
• GM delivers the quality • 
e magnets you need yet stays e 
• within budget. For more • 

information, circle the 
e number below for our e 
• informative catalog and the • 

name of your nearest 
• representative. e 

: •= • GM • 
• GEnERRL mRGnETIC co •• 

a"~COIT\Oany 

• 52521nvestmentDr • PO Box2101S9 • Dallas. Tx 75211 • 
(214) 296-4711 • Telex 79-1634 • GENOX 

••••••••• 
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Each channel can be programmed to 
receive and transmit asynchronous serial 
data. The wo2123 performs serial to 
parallel conversion on data characters 
received from an l/O device or a modem, 
and parallel to serial conversion on data 
characters received from the CPU. The 
CPU can read the status of either channel 
at any time. Status information on a per 
channel basis reported includes the type 
and condition of the transfer operations 
being performed as well as any transmis
sion error conditions-parity, overrun, 
or framing. 

The third part, designated WD1510, is 
an MOS/ LSI memory buff er. Organized 
as a 9-bit by 128- or 132-word stack, the 
chip has two bidirectional data ports and 
may be read from or written into 
through either port. Thus, it can func
tion as a LIFO from either port or as a 
FIFO with data flow from port A to port B 

or vice versa. The DIRECTION input pin is 
used to specify the data flow direction. 
The LIFO/ FIFO is fabricated in 5 V only 
N-channel technology. 
Circle 441 on Inquiry Card 

Complementary N- and 
P-channel power MOSFETs are 
second sourced 

Two series of complementary 6-A, N
and P-channel power MOSFETS, the 
ZVN02 and ZVP02, respectively, are suited 
for a variety of applications, including 
microprocessor and IC logic interface 
driving, motor control, sensing and tim
ing circuits, power supplies, and fre
quency amplification. Manufactured by 
Ferranti Electric, Inc, Commack, NY 
11725, the devices can be used to replace 
or second source the Supertex VN02 and 
VP02 series. 

Utilizing the company's ve_rtical DMOS 

process, with its compact interdigitated 
geometries, the devices have low input 
capacitance (less than 100 pF) and fast 
switching speeds (t

0
n less than 200 ns, t

0
ff 

less than 40 ns) . Both parts can be 
paralleled without base current sharing 
resistors and do not exhibit thermal 
runaway and thermally induced second
ary breakdown. 

Both series feature 10 voltage ratings 
from 20 to 200 V and drain current 
ratings up to 6 A. Each is available in 
T0-3, T0-39, and T0220 packages, and as 
arrays in 14-pin DIL packages (also 
available in chip form) . 
Circle 442 on Inquiry Card 

Where Is 
NCR Corporation's 

Worldwide 
Parts 

Center 
Located? 

GEORGIA 

WHY? 
• 20 MINUTES FROM AMERICA'S 

BUSIEST AIRPORT - ATLANTA 
I NTERNA Tl ONAL 

• QUALITY INDUSTRIAL PARK 
• 15,000 ACRES OF PLANNED 

LIVEABILITY 
• EXCELLENT LABOR 
• TURNKEY DEVELOPMENT 

SERVICES 

FOR MORE INFORMATION ON GEORGIA'S 
FASTEST GROWING COUNTY, CALL OR 

WRITE: 

Mr. Steve Black 
Vice President - Properties 

Peachtree City Development Corp. 
P. 0 . Box 2007 

PEACHTREE CITY, GEORGIA 30269 

404 • 487-8585 
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IC LOOP 

Submicron Josephson 
junctions fabricated 

CONTROL 
INP UT 

OUTPUT 

Feedback circuit implemented with Josephson junctions in pro
cedure developed at Bell Labs. Output current of interferometer is 
fed back through control line . Selection of coupling of output cur
rent fed back to interferometer results in step function 

A group of researchers from the Elec
tronics Research Lab of Bell Labs, 
Holmdel, NJ 07733, have fabricated 
what are believed to be the smallest 
superconducting Josephson junctions 
ever made. Lawrence Jackel, Evelyn 
Hu, Richard Howard, Linus Fetter, and 
Donald Tennant have constructed a 
variety of small superconducting tunnel 
junctions and simple superconducting 
interferometer circuits using novel 
E-beam and optical lithographic tech
niques. 

The Pb-oxide-Pb(ln) tunnel junctions 
are made using self-aligning processes 
that involve multiple oblique evapora
tions through suspended liftoff stencils 
formed in 2-layer resist systems. Oxide 
barriers are grown in situ immediately 
after evaporation of base electrode 
films. Junction areas range from 
10 - 9 cm2 (optically patterned) to 
about 10- 10 cm2 (E-beam patterned). 
Current densities as high as 2 x 106 

A/cm2 have been attained. The high cur
rent density junctions show only small 
hysteresis at 4 °K and are completely 
non-hysteretic at higher temperatures. 

Josephson junctions consist of three 
parts: two thin metal layers that act as 
electrodes, separated by an even thinner 
insulating layer. At very low 
temperatures, just a few degrees above 
absolute zero, the metals become super
conducting, and electron pairs, as 
predicted by Josephson, are able.to tun
nel across the junction from one elec
trode to the other. By means of a control 
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electrode, however, this no-resistance 
path can be changed to a high-resistance 
path, cutting off the electron flow . The 
junction, then, is really a switch that 
opens or closes depending on the state of 
the control electrode. 

The Figure shows the configuration of 
a possible feedback circuit. Output cur
rent of the interferometer is fed back 
through one of its control lines. If an in
put signal in the other control line causes 
a reduction in the interferometer critical 
current to a value less than the bias cur
rent, output current will begin to flow in 
the feedback line. This feedback current 
again reduces the critical current, fur
ther increasing the output current. By 
proper choice of the coupling of the out
put current fed back to the in
terferometer, a step-function response 
can be obtained. 

Four ADC series offer 
improvements in speed, 
accuracy, and capability 

Four recently announced ADC lines claim 
significant improvements over previous 
designs. The first is a highly accurate 
35-µs device. The second series includes 
two ADCs with display hold: one for 
LCDS, the other for LEDS. A third ADC 
offers 50-µs conversion in a hybrid 
package. The fourth is a low power 
video speed device. 

High accuracy and fast conversion 
make the first ADC suited for applica
tions in automatic test equipment, 
medical and nuclear instrumentation, 
pulse code modulation, industrial scales, 
and robotics. ADCI 140 is specified for a 
max conversion time of 35 µs and a 
guaranteed max linearity of ± O.CXB 07o 
FSR. The 16-bit successive approxima
tion ADC is manufactured by Analog 
Devices, Rte 1 Industrial Park, Nor
wood, MA 02062. Implemented in a 2 x 
2 x 0.4" (5 x 5 x 1-cm) 32-pin package, 
device coefficients include: nonlinearity 
of ± 2 ppm/ °C, offset temperature of 
± 30 µV I °C, and gain temperature of 
12 ppm/ °C. 

The ADC includes a 16-bit DAC, preci
sion 10-V reference, a clock, a com
parator, and input scaling resistors for 
pin selectable input voltage ranges of 
± 5 V, ± 10 V, 0 to 5 V, and 0 to 10 V. 
The reference is available for external 
application. No external components are 
necessary for a ± 0.003% accurate 
conversion. 
Circle 443 on Inquiry Card 

Two 3Y2 -digit monolithic CMOS ADCS 
with display hold were also announced 
by Teledyne Semiconductor, 1300 Terra 
Bella Ave, Mountain View, CA 94043. 
The ADCs hold a reading without change 
or flicker. 7116 is designed to interface 
with an LCD and includes a backplane 
drive. 1111 directly drives an LED display 
with 8 mA/segment. Both devices in
clude 7-segment decoders, display 
drivers, reference, and a clock. Applica
tions include digital voltmeters, digital 
panel meters, digital thermometers, 
digital bridges (strain gauges and load 
cells), portable instruments, multi
meters, and digital process indicators. 

A high performance panel meter can 
be built by adding a display, 4 resistors, 
4 capacitors, and a single power supply. 
When assembled, the panel meter has a 
full scale as low as 200 m v with input 
noise less than 15 µV pk-p}c. In addition, 
the auto-zero is less than 10 µ V, zero 
drift is less than 1 µ,V I °C, input bias cur
rent is 10 pA max, and rollover error is 
less than one count. True differential in
put allows the measurement of bridge
type transducers such as load cells, strain 
gauges, and temperature transducers. 
711617117 is offered in 40-pin plastic or 
ceramic packages . 
Circle 444 on Inquiry Card 

Complete with internal reference, clock, 
comparator, and laser-trimmed, thin-

( continued on page 194) 
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The DR-144S is another industry first 
from Dataram. This 1.0MB 
semiconductor ADD-IN quadruples 
the size of 16K RAM-based ADD-INs 
available from either Digital 
Equipment Corporation (DEC) or 
ADD-IN memory suppliers. 

Unlike other manufacturers, Dataram's 
ADD-IN memory for the PDP-11 / 44 
uses a double word organization with 
ECC (32 data + 7 ECC) making it 
completely software compatible with 
DEC's memory diagnostics. A Mother 
Board and two Array Boards are 
joined together by pluggable pins (as 
shown below) to provide the 1.0MB 
DR-144S system. 

The Mother Board is the only board of 
the DR-144S assembly which interfaces 
to the host PD P-11 / 44. This means 
that there is only one unit load and 

Card Edge 
Connector 

that I .OM B power requirements are 
dramatically reduced compared to the 
approach of using four separate 256KB 
modules. Also, the DR-144S current 
drains are much lower in the battery 
backup mode. 

The DR-144S is available with only the 
Mother Board and in versions 
including one or two array boards. The 
DR-144S Mother Board provides a 
capacity of 256KB. The DR-144S 
Mother Board with one array board is 
512KB; with two array boards, the 
DR-144S capacity can be either 768K B 
or l.OMB. 

The DR-144S is an exciting product, 
but we're not resting on our laurels. 
You can be assured that when 
64K RAMs are more cost effective than 
the 16K RAMs, the DR-144S will be able 
to accommodate them. Think of it - a 
4.0MB PDP-11 / 44 ADD-IN! 

Side view of Dataram's 1.0MB DR-1445 

CIRCLE 112 ON INQUIRY CARD 

• Completely software
compatible with DEC® 
memory diagnostics 

• $9,000/MB in single 
quantity 

• One unit load 

• Dou bl es capacity of host 
PDP®-11/44 to 2.0MB 

•Low power 

• Low battery back-up 
current drains 

• ECC standard 
~ -- - - ------------ - -------~ 

D I'd like to learn more about 
PDP-11 / 44 compatible memory. 

D Also tell me about other 
DEC-compatible products. 

0 Please send information. 

D Please have a salesman contact me. 

Title ____ __, hone ____ _ 

Company __________ _ 

Address __________ _ 

I 
City _____________ : 

I 
State _____ ...__ip ______ l 

L---------------- - -------~ 
DEC and PDP are registered trademarks of 
Digital Equipment Corporation. 

um~-~' 
Princeton Road 

Cranbury, New Jersey 08512 
Tel: 609-799-0071 T WX: 510-685-2542 



film, scaling resistors, the third type, 
ADC72, is a hybrid, 16-bit resolution suc
cessive approximation ADC packaged in 
32-pin metal DIP. Six analog input 
ranges of ±2.5 V, ±5 V, ±10 V, 0 to 
5 V, 0 to 10 V, and 0 to 20 V can be 
selected. Max conversion speed is 50 µs. 
The TTL compatible device is manufac
tured by Burr Brown, PO Box 11400, 
Tucson, AZ 85734. 

Applications are seen in analytical in
struments and clinical analyzers where 
high resolution and accuracy are critical 
requirements. In automatic test equip
ment 14-bit accuracy permits testing of 
10- and 12-bit parts. Four models are 
available. ADC72AM has a non-linearity 
of ±0.0060/o, while -BM has a non
linearity of ±0.0030/o. Both operate 
over a - 25 to 85 °C range. Non-

ORIGIN OF 
THE SPECIES. 

Fourteen years ago, 
Pertee® set the industry 
standard in mini-computer 
tape drives. Since then, a 
lot of other companies have 
followed with copies of 
their own - good copies. 

Even so, our innova
tions continued and we still 
remain the number 
one independent tape 
drive manufacturer. 

Evidently, people 
realize that there's 
just no substitute for 
the original. 

For more informa
tion, write Pertee Computer 
Corporation, Peripherals 
Division, 21111 Erwin Street, 
Woodland Hills, CA 91367. 

PERIPHERl=ILS 

Perfecting 
Technology 
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linearity of the -JM and -KM devices is 
± 0.0060/o and ± 0.003 OJo FSR, respec
tively, and they operate over a 
temperature range of 0 to 70 °C. 
Circle 445 on Inquiry Card 

Finally, CA3300 is a video speed ADC 
manufactured by RCA/Solid State Div, 
Route 202, Somerville, NJ 08876. CMOS 
technology allows sampling rates as high 
as 15 MHz with 66-ns conversion time 
attained with power consumptions 
below 200 mW. The ADC is therefore 
suited for applications where low power 
consumption is as important as speed. 
Operating from a single de supply of 3 to 
12 V, the ADC develops a 6-bit latched 
3-state output with an overflow bit and 
two "chip enables" at an accuracy to 
within ±0.5 LSB. 

CA3300 operates over a dynamic input 
voltage range from 2.5 V up to the de 
supply voltage with typical low CMOS 
power consumptions. When operated 
from a 5-V supply at a clock generated 
sampling frequency of 11 MHz, the 
power dissipation is less than 50 mW. At 
a sampling frequency of 15 MHz, an 8-V 
supply is required, and the amount of 
power consumed increases to about 
180 mW. 

The high conversion rate makes the 
ADC suited for digitizing high speed 
signals that are routed to processors, 
display drivers, and other instruments, 
such as radar-pulse or ultrasound-signal 
analyzers, motion and transient-signal 
detectors, charge and time digitizers, 
and CRT displays. The overflow bit 
allows the connection of two or more of 
the devices in series to increase the 
resolution of the conversion system. A 
series connection of two devices may be 
used to produce a 7-bit high speed con
verter. Operation of two ADCs in parallel 
doubles the conversion speed, ie, in
creases the sampling rate from 15 to 
30 MHz. 
Circle 446 on Inquiry Card 

4k and 16k Schottky 
P/ROMs are fast and reliable 

Implemented in advanced Schottky pro
cess technology and employing titanium
tungsten fuses, a family of 4k and 16k 
P /ROMS offers fast access times with high 
reliability. Both P/ROM families, pro
duced by National Semiconductor, 2900 
Semiconductor Dr, Santa Clara, CA 
95051, share a common programming 
algorithm. (continued on page 196) 

COMPUTER DESIGN• AUGUST 1 981 





The 4k P /ROM family is available in 
both 512 x 8 and 1024 x 4 versions, all 
having open collector and TRI-ST ATER 
outputs . The 16k P/ ROM is a 2048 x 8 
device with address access times of 65 ns 
max for the commercial temperature 
range, and 80 ns for the military tem
perature range. Power dissipation is 
typically 600 mW. The 4k P /ROMS are 
available in military and commercial 
temperature ranges in 20- and 24-pin 
plastic or ceramic packages; 16k devices 
are available in 24-pin plastic com
mercial or ceramic military packages. 

To accominodate testing, the 
Schottky P /ROM die includes extra rows 
and columns of fusable links for testing 
the programmability of each chip. These 
test fuses are placed at the worst-case 
chip locations to provide the highest 
possible confidence in the programming 
tests and in the final product. A ROM 
pattern is also permanently fixed in the 
additional circuitry and coded to pro
vide a parity check of input address 
levels. These and other test circuits are 
used to verify operation of the row and 
column select circuits and functionality 
of input and enable gates. All test cir
cuits are available at both wafer and 
assembled device levels to allow 100% 
functional and parametric testing at 
every stage of the test flow. 

20-pin, 512 x 8 devices in plastic are 
designated DM74S472/ 473AN and in 
ceramic, DM54S472/473AJ, while 1024 x 4 
devices in plastic are DM74S572/573AN and 
in ceramic, DM54S573/574A. 24-pin, 1024 x 
8 P/ROMs in plastic are numbered 
DM74S474/ 475A and in ceramic, 
DM54S474/475A, and 2048 x 8 P/ROMS in 
plastic are DM87Sl90/ 191N and in ceramic, 
DM77Sl90/ 191J. 

16,384-hit bipolar 
P /ROM has 35-ns access time 

Ten recently announced electrically pro
grammable Schottky ROMS are organized 
in the industry standard 2048 x 8 -con
figuration. Five of the parts are offered 
in the industry standard 600-mil, 24-pin 
DIP: the Am27Sl90/ 191, the faster 
Am27Sl90A/ 191A, and.the power switched 
Am27PS191. An equivalent series 
designated Am27S290/291 are available in 
high density 300-mil, 24-pin DIPS. Stan
dard parts have an access time of 50 ns. 
"A" versions are guaranteed to have a 
max access time of 35 ns. The Am27Sl90 
and Am27S290 have open collector out
puts, while the Am21s191 and the 
Am27S291 offer 3-state outputs. The 
P / ROMS are manufactured by Advanced 
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Micro Devices, 901 Thompson Pl, Sun
nyvale, CA 94086. 

High reliability is a result of 100% 
MIL-STD-883C assurance testing . The 
devices are members of the company's 
advanced P/ROM series incorporating 
common electrical characteristics and 
programming procedures. All parts in 
this series are produced with a fusible 
link at each memory location storing a 
logic LOW and can be selectively pro
grammed to a logic HIGH by applying ap
propriate voltages to the circuit. 

All parts are fabricated with reliable 
platinum-silicide fuse technology. Utiliz
ing easily implemented programming 
(and common programming personality 
card sets), these products can be rapidly 
programmed to any customized pattern. 

8k P/ROM access time 
reduced to 55 ns 

ADDRESS ACCESS TIME 

Extra test words are preprogrammed 
during manufacturing to ensure high 
field programming yields and produce 
high parametric correlation. 

Common design features include ac
tive loading of all critical ac paths 
regulated by a built-in temperature and 
voltage compensated bias network. 
Selective feedback techniques have been 
employed to minimize delays through 
critical paths. 

The devices are manufactured using 
the company's selective oxidation pro
cess, IMOX n™. This advanced process 
combined with a merged fuse array per
mits an increase in density and a 
decrease in internal capacitance, 
resulting in the fastest possible P/ROMs. 
Circle 44 7 on Inquiry Card 
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ENABLE ACCESS TIME AND RECOVERY TIME 

Waveforms of Monolithic Memories Inc ' s 6381-2 P/ROM. Logical high is 
stored and low state is programmed. Address access time (tAA) is on left . 
Enable access time (tEA) and recovery time (tER) are on right 

A high speed 8k P /ROM with an acces:, 
time of 55 ns is available from Mono
lithic Memories Inc, 1165 E Arques Ave, 
Sunnyvale, CA 94086. Designated 6381-2, 
the device is 40% faster than its prede
cessor, the 6381-1. Implemented with 
2-µm line resolution, in comparison to 
4 µ.m for the -1, the -2 is also 25 OJo smaller 
than the earlier part. 

The P/ROM features low current PNP 
inputs, full-Schottky clamping, and 
3-state and open collector outputs. 
Nichrome fuses store a logical high 
and are programmed to the low state. 
Special onchip circuitry and extra fuses 
provide preprogramming tests that en
sure high programming yields and high 
reliability. 

The 3-state devices are identified as 
6381-2 and 5381-2; those with open collec
tor outputs are known as 6380-2 and 
5380-2. All are organized as 1 k by 8 and 
have industry compatible pinouts. 

The 6381-2 and 5381-2 have access times 
of 55 ns and 70 ns, respectively; while 
the 6380-2 and 5380-2 have access times of 
70 ns and 90 ns. The address access, 
enable access, and recovery time are 
shown in the Figure. Because of their 
speed, the devices are ideal for micro
program store, lookup tables, program
mable logic elements, and character gen- ' 
erators. All the devices are available in 
either a 0.3 /1 (0.8 cm) wide SKINNYDIP™ 
or a standard 0.6 11 (1.5 cm) wide 24-pin 
package. Circle 448 on Inquiry Card 
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It just makes sense. If you can successfully marry two strong ideas, the result will almost assuredly 
be one stronger idea. Example-Texas Instrument's recently introduced OPTI 900™ Model 940 
Electronic Video Terminal. Clearly, the Model 940 fits the "strong idea" mold, combining the power 
of an editing terminal and the convenience of video display. 
But what makes strong stronger here is an idea of ours. The idea is the Retro-Graphics enhance
ment, an idea that adds one impressive feature to Tl's Model 940-graphics. Full-featured graphics. 
With complete emulation of Tektronix® 4010 Series terminals. With two graphics bit planes for 
multiple intensity levels or multiple pages of graphics display. With arc drawing, vector drawing, 
and point plotting capabilities. With area filt selective erase, and an enhanced text mode. With 
an interactive cross hair cursor and an optional light pen. And, of course, complete compatibility 
with industry-standard graphics software, including ISSCO's® DISSPLA® and TELLAGRAF® and 
Tektronix PLOT lO:M 
Strong get stronger. It's a fact that Retro-Graphics has proven time and again. With Lear Siegler's 
Dumb Terminal® displays. With DEC's™ VTlOO™ terminal. And now, with the Model 940, Tl's self
proclaimed "screen star," Retro-Graphics is making it shine just that much brighter. 

--- DIGITAL 
~- ENGINEERING 

630 Bercut Drive, Sacramento, CA 95814 
(916) 447-7600 TWX: 910-367-2009 

Retro-Graphics™ is a trademark of Digital Engineering, Inc. Dumb Terminal® is a registered trademark of Lear Siegler, Inc. Tektronix® and Plot 10® are trademarks of Tektronix, Inc. 
ISSCO~ DISSPLA® and TELLAGRAF® are registered trademarks of Integrated Software Systems Corporation. DEC™ and VTloon• are trademarks of Digital Equipment Corporation. 

OPT! 900™ is a trademark of Texas Instruments. ©Digital Engineering, Inc .. Sacramento, California. 
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Synchronous address 
multiplexer simplifies 
memory to microprocessor 
interface 

A recently announced synchronous 
multiplexer, SAM, combines the MC680'JE 
microprocessing unit (MPU), the MCM6849 
color video display generator (VDG), and 
a dynamic RAM to form a compact com
puter and display system. (See the 
Figure.) Designed to end contention prob
lems in systems in which several micro
processors or peripherals share a single 
memory, the S~M replaces 40 gates, 35 
MSI packages, and an oscillator package. 
Designated SN747LS783/MC6833, the part is 
offered by Motorola Semiconductors, 
PO Box 20912, Phoenix, AZ 85036. 

The SAM is capable of handling 4k to 
64k dynamic or static RAMS and has an 
addressing range of 96k. Although the 
device may be used as a dynamic RAM 
controller without a video display, most 
applications are likely to include a 
MC6847 video display generator. To 

minimize the number of RAM and inter
face chips, both the MPU and VDG share 
common dynamic RAM. Yet, the use of 
common RAM creates an apparent dif
ficulty: the MPU and voo must both ac
cess the RAM without contention. This 
difficulty is overcome by taking advan
tage of the timing and architecture of the 
company's MPUs. 

For most applications, the SAM can 
supply complete system timing from its 
onchip precision 14.31818-MHz oscil
lator. This includes buffered MPU clocks 
(E and Q), VDG clock, color subcarrier 
(3.58 MHz), row address select (RAS), 
column address select (CAS), and write 
enable (WE). Encapsulated in a 40-pin 
ceramic or plastic package, the device 
operates from a 5-V supply. Typically, 
the SAM draws 180 mA (to 230 mA 
max). Circle 449 on Inquiry Card 
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ADDRESS AOTOAl5 

RM 

E 

TO Q 
ROMs MC68D9E 

AND MPU 
1/ 0 

DATA 

SOTO S2 

SN74LS783/ 
MC6883 

SAM 

RAS WE 

DYNAMIC 
RAM 

4k-, Bk-, 16k-, 
32k·, OR 64k· 

BYTES 

TV DISPLAY SECTION 
IS OPTIONAL 

r------1 
t----~..iCLOCK I 
------1 DAO I 
------IHS VDG I 

::: 14 MHz I MC6847 ·I 
CJ JrATA DDOTODD7 I 

I I 

,... -1~=rr-_j.., 
1 SN74LS273 MC1372 
L_ - J I OR RGB CKT I L_l __ _J 

r:--1.--1 
.---....._...__..., I COLOR 0 I 

I (OR B/W) 0 I 
...._ ___ ___, ....__.,...... ...... , TV I 

t...:: ____ .J 

System block diagram of Motorola Semiconductors' asyn
chronous address multiplexer. Device includes MPU, color video 
display generator, and dynamic RAM 

64 x 4 and 256 x 4 
nonvolatile static RAMs 
allow in-system programming 

ARRAY 
RECALL 

Memory organization of 
Xicor, Inc's nonvolatile 
static RAM. Transfer of 
RAM data to EEROM is con
trolled by low logic STORE 
signal. Low level ARRAY 
RECALL signal copies data 
back to RAM 

The industry's first 5-V programmable 
nonvolatile static RAM (NOVRAM), the 
x2201 1024 x 1 device, has been joined by 
two recently announced companion 
NOVRAMs-the 256-'-bit (64 x 4) X2210 and 
the 1024-bit (256 x 4) X2212. The devices 
are manufactured by Xicor, Inc, 851 
Buckeye Court, Milpitas, CA 95035. 

NOVRAMs provide in-system program
mability with 5-V operation and 
N-channel, floating gate MOS tech
nology. In the normal operating mode, 
the NOVRAM functions as a conventional 
static RAM with a 300-ns max cycle time. 
In case of power failure, the user's data 
are saved by transfer to an on chip non
volatile memory EEROM. The data can be 
stored indefinitely, without power, and 
can be brought quickly back into RAM 
whenever necessary. The entire data ar
ray can be stored in 10 ms. Moreover, 
since it requires no more than 5 V to per
form all functions, the NOVRAM allows 
onsite reprogramming without the need 
for previously required unsocketing, 
high voltage, or ultraviolet light sources. 

The 4-bit wide 110 data configuration 
makes the two devices well suited for use 
in smart terminals, metering systems, in
strumentation, process control, and data 
processing systems. NOVRAMs also are 
suitable in applications where it is 
desirable to allow user configuration of 
a product. For example, NOVRAMs can 
replace DIP switches to set mode and 
status parameters in terminals and are 
also suitable for applications where 
parameters change over time but require 
permanent storage. 
Circle 450 on Inquiry Card 
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time . 
. . . in San Francisco. September 15 - 17, 1981. 

• Professional Program - San Francisco Hilton Hotel 
• Exhibition - Civic Auditorium/Brooks Hall and 

San Francisco Hilton Hotel 

Wescon/81 - nearly 1,000 exhibit booths, more than 150 Professional Program 
presentations. America's premier high-technology electronics exhibition and 
convention brings together more than 50,000 design, manufacturing, and test 
engineers and other professionals. 

Join us in San Francisco and help celebrate Wescon's 30th Anniversary! 

For complete show details, including registration and transportation information, 
call and ask for the "Wescon/81 Preview." 

In California - 800/262-4808 
213 I 772-2965 

Outside California - 8001421-6816 
@ Wescon/c®~ 

+ Wescon is sponsored by the San Francisco Bay Area and Los Angeles Councils of IEEE. and the Northern and Southern California Chapters of ERA E!f~ 
Produced by Electronic Conventions. Inc .. a non-profit corporation / 999 N. Sepulveda Blvd , El Segundo. CA 90245 



IC LOOP •V : 

NMOS 128k ROM 
in 28-pin package 

Organized 16,386 words by 8 bits, a 
recently announced ROM has a typical 
access time of 250 ns and a maximum ac
cess time of 450 ns over 0 to 70 °C. The 
device requires a single 5-V supply. Ac- · 
tive power consumption is 120 mA. In 
the standby mode, power consumption 
is 20 mA. Compatible with the Intel 2364, 
MSM 38128 features a power-down state 
and is non-clocked so that it can be used 
in asynchronous applications. All inputs 
and outputs are TTL compatible. 

Designed for large ROM applications 
such as intelligent typewriters, word pro
cessors, communications systems, voice 
synthesizers, and language translators·, 
the ROM is available from OKI Semicon
ductor, Inc, 1333 Lawrence Expy, Suite 
401, Santa Clara, CA 95051. A CMOS 
version, well suited for low power appli
cations, is due shortly. Packaging is a 
28-pin plastic DIP. It is pin compatible 
with JEDEC Version B. 
Circle 451 on Inquiry Card 

Op amp series introduced 
by three companies 

Three recently introduced operational 
amplifier series include: a low noise, 
high speed device; two high voltage high 
current types; and a bipolar part. OP-27 
from Precision Monolithics Inc, 1500 
Space Park Dr, Santa Clara 95050, 
offers a peak to peak noise of only 80 n V 
in the 0.1- to 10-Hz bandwidth com
bined with an off set voltage of 10 µ V, a 
slew rate of 2.8 VI µs, a gain bandwidth 
of 8 MHz and a long term drive of 
0.2 µ V /month. The low noise, high 
speed, and precision characteristics of 
the device make it useful in audio 
preamp circuits, instrumentation, ultra
precise voltage threshold detectors, com
parators, stable integrators, and pre
cision summing amplifiers. Modeled 
after the OP-07, the first high precision, 
low noise op amp IC available, the OP-27 
has about one-third to one-fourth the 
noise voltage of the OP-07. 

Other key specifications for the OP-27 
include a max input off set voltage of 
25 µ V for A/E suffix devices, 0.2-µ VI °C 
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offset drift with temperature, voltage 
gain of 1.8 M, and common-mode and 
power supply rejections in excess of 
120 dB. OP-27 is available in 8-pin dual
inline packages and in 8-pin T0-99 cans. 
It is offered with a - 55 to 125 °C or a 
- 25 to 85 °C temperature range and 
three grades of electrical specifications. 
Circle 452 on Inquiry Card 

Two high voltage, high current op amps 
designed to drive up to ± 150 mA into 
resistive, capacitive, and inductive loads 
were introduced by Apex Microtech
nology Corp, 1130 E Pennsylvania St, 
Tucson, AZ 85714. In typical applica
tions, they power high voltage motors, 
actuators, coils, or transducers, and may 
also be used as precision programmable 
power sources or for accurate analog 
simulation circuits. The max available 
output power is a function of the load 
but can be as high as 42 W into a 
resistive load when using a single power 
supply. Internal thermal resistance is 
6.5 °C/W from junction to case allow
ing for ·a max internal dissipation of 
26 W at Tj = 200 °C. To meet safe 
operating area criteria with any load, the 
current limit is externally programmable 
using two resistors. 

Designated PA08 and PA08A, the op 
amps can operate with dual supplies be
tween ± 15 and ± 150 V and with single 
supplies from 30 to 300 V. Specifications 
include a slew rate of 30 VI µs and gain 
bandwidth of 5 MHz. Input offset is 
± 1 mV for the PA08 and ±0.5 mV for 
the PA08A. Input bias current is 5 pA for 
PA08 and 3 pA for PA08A. 

The hybrid integrated circuits utilize 
beryllia (BeO) substrates, thick film 
resistors, ceramic capacitors, and silicon 
semiconductors to maximize reliability. 
Ultrasonically bonded aluminum wires 
help ensure reliable interconnections at 
all temperatures. The 8-pin T0-3 package 
is isolated from internal circuits. 
Circle 453 on Inquiry Card 

Model 9918 from Optical Electronics Inc, 
PO Box 11140, Tucson, AZ 85734, is a 
bipolar, differential input, single-ended 
hybrid output op amp. It features a fast 
settling time with high slew rates. The 
wide bandwidth, low propagation delay 
of 5 ns and straight forward compensa
tion make this device easy to stabilize. 
Features of the Model 9918 are: ± 107o 
settling time of 20 ns, 200-MHz 
minimum unity gain frequency, 

± 300-V I µs minimum slewing rate, and 
± 5-V minimum voltage swing into a 
100-0 load. 

The operating temperature range is 
-55 to 85 °C. Packaged in a standard 
24-pin DIP, the device is functionally 
equivalent to the Teledyne Philbrick 
1435. 
Circle 454 on Inquiry Card 

Video timer and controller 
generates CRT timing signals 

An N-channel silicon gate COPLAMosR 
MOS/LSI video timer and controller con
tains the logic to generate all of the tim
ing signals for the presentation and for
matting of interlaced and non-interlaced 
data on a CRT monitor. The latest 
member of Standard Microsystems 
Corp, 35 Marcus Blvd, Hauppauge, NY 
11787' VT ACR CRT controller family' 
CRT 5057 synchronizes its vertical refresh 
rate to a 50- or 60-Hz line frequency, 
thereby eliminating the "swim" 
phenomenon caused by line frequency 
variations. 

The device is well suited for European 
system requirements . Combining 
CRT 5057 with the company's CRT 8002 
video display attributes controller pro
vides all of the video electronics for a 
CRT terminal. 
Circle 455 on Inquiry Card 

High speed 
5 V only 16k static RAM 

MB8167 is a high speed, 5 V only, 16k x 1 
static RAM. Pin compatible with Intel's 
2167, the RAM features an access time of 
70 ns, fully static operation, max power 
consumption of 180 mA, separate data 
110, TTL compatibility, 3-state output 
with OR-tie capability, chip select for 
simplified memory expansion, and auto
matic power down. Manufactured by 
Fujitsu Microelectronics, 2945 Oakmead 
Village Court, Santa Clara, CA 95051, it 
is suited for applications requiring high 
speed, low power dissipation, and low 
cost. The RAM is implemented in a 
20-pin DIP. 
Circle 456 on Inquiry Card 
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8k RAM is compatible with 2716 

EPROM-Designated the 8112, a recently 
announced static RAM is pin-for-pin 
compatible with the 2716 EPROM. This 
allows the RAM to be used in software 
development with the elimination of 
erasing and reprogramming. Organized 
1024 x 8 bits, the 8112 from GTE Micro-

circuits, 2000 W 14th St, Tempe, AZ 
85281, provides common input/output 
pins for connection to a data bus. It is 
available in 200-, 300-, and 400-ns stan
dard and low power versions and re
quires a single 5-V supply. The 8k unit is 
available in plastic and cerDIP packag-
ing. Circle 457 on Inquiry Card 
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For demanding applications 

SUMMAGRIDM 
The full-sized digitizer with 
uncompromising accuracy 
Designed to meet the rigid requirements of aerial cartography, integrated 
circuit layout, printed circuit board design, architectural drawing and other 
uses where dependable accuracy and resolution are required , Summagrid 
delivers provable -

RESOLUTION: 0.001 " (0.025mm) 
ACCURACY: ± 0.005" (0.125mm) 
Despite variations in temperature and humidity. 

Available in opaque or backlighted models with active areas as large as 
42 by 60 inches. A product o{ the world's largest digitizer manufacturer. 

Designed for easy integration into almost any data processing system, it 
offers RS232, IEEE and 8/16-Bit Parallel interfacing. A wide range of 
accessories and programming features are available. 

If accurate digitizing is important in your system, you should ask for full 
details on Summagrid. 

•
~ 

corporation 
35 Brentwood Avenue· P.O. Box 781 • Fairfield , Connecticut 06430 
(203) 384-1344 · Telex : 96-4348 

CIRCLE 118 ON INQUIRY CARD 

20- and 40-V semicustom arrays of
fered-Ten semicustom arrays rated at 
20 V maximum and three at 40 V maxi
mum, without metal pattern delineation 
and requiring packaging, are in inven
tory at Micro-Circuit Engineering, Inc, 
1111 Fairfield Dr, West Palm Beach, FL 
33407. Upon receipt of a metallization 
diagram, the company will provide the 
final metal masking step, package and 
test the circuits, and ship evaluation 
quantities, all within five to seven weeks. 

The 20- and 40-V circuits offer 20-, 
100-, and 200-mA NPN transistors, 
lateral and vertical PNP transistors, 
Schottky diodes, and a selection of dif
fused resistors. 

Named UNIRA Ys TM, the devices can be 
adapted for applications such as inter
face circuits, oscillators, biasing circuits, 
voltage regulators, amplifiers, com
parators, and active filters, as well as a 
number of other IC functions. 
Circle 458 on Inquiry Card 

Asynchronous communications inter
face adapter second-sourced-S6551 
asynchronous communications interface 
adapter is offered by American Micro
systems, Inc, 3800 Homestead Rd, Santa 
Clara, CA 95051, with an onchip baud 
rate generator for the 6500 and 6800 
microprocessor families. A second 
source to Synertek's SY6551, the device 
requires a 1.8432-MHz crystal as an ex
ternal component to provide serial com
munications and modem capability for 
the 6500 and 6800 families. Rates of 50 to 
19,200 baud can be derived. 

Available in 28-pin plastic or cerDIP 
packages, the S6551 includes a program
mable interrupt and status register, and 
an 8-bit bidirectional data bus. Full- or 
half-duplex operation is provided. 
Circle 459 on Inquiry Card 

16k static RAM faster-A 45-ns version 
of the IMS1400 static 16k x 1 RAM was 
recently announced by Inmos Corp, PO 
Box 16000, Colorado Springs, CO 
80935. Housed in a standard 20-pin, 
300-mil (7 .6-mm) wide package, and re
quiring a sjngle 5-V supply, the device 
consumes 660 mW maximum and is 10 
ns faster than its previously announced 
companion RAM. 

All inputs and the output are TTL 

compatible. The memory has equal ac
cess and cycle times. A chip enable pin is 
provided which, when taken high, auto
matically puts the chip in a low-power 
standby mode. 
Circle 460 on Inquiry Card 
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Hardware/software integration unit handles software 
developed on host computer 

Major needs of those using 
host computers to generate 
software for microcomputer 
systems are satisfied by the 
8540 integration unit. Taking 
executable object code gen
erated on the host, this 
member of Tektronix's 8500 
family of microcomputer 
development labs provides facili
ties for integrating hard
ware/software, executing and 
debugging the code, and obtain
ing performance analysis from the 
prototype in real time. 

System operation 

From prototype software 
developed on the host, object 
code is downloaded to the unit's 
program memory that accom
modates up to 1 28k bytes. This 
code can then be substituted for 
prototype memory. The emulator 
c.an support large address 
capabi lities of 16-bit chips, since 
program memory can be mapped 
to reside at different logical ad
dresses. 

Downloaded program code is 
executed on the unit's emulator 
processor, identical to the pro
cessor that will be used in the 
target system. A prototype con
trol probe links this processor to 
the prototype hardware so that 
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the program is tested in its actual 
hardware environment. Since 
emulators run in real time with no 
wait states, time critical areas of 
program code can be tested and 
verified. 

The debugging system allows 
software to be integrated with 
hardware on a step by step basis 
using three distinct emulation 
modes. Each step of the program 
execution is traced by the debug
ging system and displayed on the 
terminal screen or on a line 
printer. Trace display contains all 
pertinent processor information, 
including instruction mnemonics 
and labels from the symbol table. 
Breakpoints halt program execu
tion at key locations; a built-in 
disassembler permits object code 
to be displayed in mnemonic 
form; and symbolic references are 
allowed in commands and trace 
displays. 

Choice of emulation modes 
allows software testing to pro-

gress before prototype hard
ware is completed or even 
available. Mode 0 uses the 
unit as a prototype substi
tute; the system supplies the 
clock, and there is no con
nection between emulator 
processor and prototype 
hardware. 110 transactions 

are simulated through temporary 
code insertions that transfer 110 to 
the console terminal, or by break
points that halt the program so 
that certain parameters can be ex
amined or modified. 

Other modes tie the emulator to 
the prototype using the control 
probe so that the syste'm can con
trol the prototype directly. In 
mode 1 , all prototype clock 110 
and interrupt signals are used, but 
code is executed in prototype 
hardware and mapped over to 
prototype memory in sections. 
The entire program is transferred 
to prototype memory in mode 2. 
Because the control probe is still 
inserted in the prototype, debug
ging software can monitor pro
gram execution and debugging 
until testing is complete. 

Options 

A design tool that provides high 
resolution debugging capabilities 
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for 8- and 1 6-bit design, the trig
ger trace analyzer (TTA) has four 
independent channels each with a 
1 6-bit counter that reckons trig
gers or time, or provides delays. 
All four channels are composed of 
identical word recognizers that 
trigger on address, data, and con
trol signal information, or various 
combination·s. Trace memory 225 
events deep by 6 2 bits wide ac
quires address, data, external 
probe, and control line informa
tion from the emulator. It accepts 
up to 24 address signals, 1 6 data 
signals, 14 processor dependent 
signals, and 8 external probe 
signals. For word recognizers and 
acquisition trace memory, the TTA 
has 8-MHz ( 125-ns) bus cycle 
resolution. Maximum clock rate 
for counting or timing on each 
channel is 5 MHz. 

EYECOM II 

A P/ROM programmer allows 
code under development to be 
transferred into a P/ROM for later 
use as a program memory source 
in the prototype. Individual card 
modules adapt the programmer to 
any P/ROM family. 

Specifications 

The system interfaces to a host 
computer via an RS-232-C ASCII ter
minal port . Connection can be 
through data sets (modems) or 
hardwired. Communications 
variables are programmed from 
the keyboard, while data rates are 
selectable up to 9600 baud. 

In addition to z0001 A and 
Z8002A chips, the unit supports 
the Z80A. Support for 8085, 8048, 
6801, 8080A, 6800, and 6802 will be 

the IMAGE PROCESSING 
Add this image processing peripheral to your present 
PDP-11 * or LSl-11* to measure variations in image 
brightness, separate image features, enhance edges and 
contrast, measure areas of interest, do real time image 
integration, and real time image differencing. 

A basic software package is provided to apply the 
EyeCom System to your particular problem. 

FEATURES: 
• Real Time Digitizing, 640x480x8-bits 
• Add, Subtract and Convolution of images 

at video frame rates 
• Joystick Cursor, 640x480 Resolution 
•Graphic & Alphanumeric Overlay 
•Color & Gray Scale Mapping Tables 
•Terminal or Rack Mount Configuration 

~ 

l 

EyeCom II 

available within 6 to 9 mo; and 
1 6 -bit 8086 and 68000 chips will 
be supported later this year. 

Price and delivery 

With customer deliveries sched
uled to begin in November, the 
8540 will sell tor· $10,900. Op
tions are priced as follows: trace 
analyzers, $41 50; host interface 
package, $400; and P/ROM pro
grammer, $1650. Emulator prices 
range from $ 4000 for 8-bit units 
to $ 6 500 for i 6 -bit versions. 
Tektronix, Inc, PO Box 500, 
Beaverton , OR 97075. Tel: 
800/54 7-6711 . 

For additional information circle 
199 on Inquiry Card. 

Call or write for complete information: Picture Digitizer & Display System 

~ ~J.'!~~~~!>So8!!;~!~~~~!'9~1~~;e1: (sos) 9s1-2353 
"Trademarks of Digital Equipment Corporation The Image Processing Company 
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Distributed graphics system op~rates 
interactively using standard RS-232 confilection$ 

A self-contained dynamic interactive graphics system 
designed for CAD/CAM and other high performance applica
tions, PS300 operates wherever conventional communica
tions lines are available, reducing system operating cost by 
eliminating the host computer as part of the system. The 
unit is capable of high performance dynamic interactive 
operation at any distance from the host computer using 
standard RS-232 or RS-449 communications connections and 

Electroni,c instrument handles static or , 
dynamic load testing of de pow,er sourrces 

EL300 series, consisting of 2 basic modules and various ac
cessories, handles static or dynamic load testing of de 
power sources. As a basic load, the unit is a low cost in
strument for loading power supplies under test or for burn
in. When used with the EL301 instrument module it 
becomes a precision, programmable test system for use in 
laboratories, quality control and receiving, or production 
test. Lightweight and portable, it also serves in onsite 
troubleshooting and field service. The load module with in
ternal fan can dissipate 300 W continuously when oper
ated from an ac line. Power sources from 4.5 to 60 Vdc 
can be tested for proper operation. As a portable test in
·strument, the module, with optional carrying case, oper
ates with no line power and dissipates up to 2 50 W at 
50% duty cycle (150 W continuously). Other features in
clude front panel metering to 3 % accuracy, selectable for 
voltage or current in either of 2 ranges, and a current signal 
output. All controls are located on the front panel for power 
on, load current adjustment, and mode selection. Facil.ity 
for load connection up to 20 A, short circuit testing, or ex
ternal monitoring of voltage is also on the panel. Higher 
load currents interface on the rear panel. 

The EL301 instrument control module complements the 
dynamic load by expanding operation capabilities. It can 
monitor and program up to 6 loads, test de levels as low as 
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operates with a variety of host computers for application 
programs. Incremental building and changing of complex 
graphic data structures are performed with all object 
references by name. Interactive manipulation of objects is 
handled by commands that allow devices and objects to be 
linked through a large library of functions. In addition to 
convenience and utility, the architecture provides a high 
performance calligraphic display system that can compute 
and display images of up to 95,000 vectors/frame. Opera
tions include traditional rotation, translation, scaling, clip
ping, and depth cuing to produce dynamic isometric or 
perspective drawings. 

The minimum configuration includes 256k bytes of 
memory which expands to 4M bytes. It may be equipped 
with up to 4 monitors. Available interactive devices include 
an 11" (28-cm) tablet, 8 control dials, and a freestanding 
alphanumeric keyboard including 1 2 function keys. A 
keyboard option provides alphanumeric LEDs that can be 
programmed to provide an 8-char label for each function 
key. A similar LED option is available for the control dials. 
Built-in maintenance facilities allow the system to be ser
viced and comprehensive diagnostic programs to be exe
cuted without using the host computer. When power is ap
plied, the system automatically executes confidence tests. 
Evans & Sutherland, 580 Arapeen Dr, Salt Lake City, UT 
84108. 
Circle 200 on Inquiry Card 

1.8 Vdc (1.5 Vdc derated), and allows dynamic loading in 
two modes-a ,square wave at approx 120 Hz or 1 kHz. It 
also facilitates programming from various external voltage 
waveforms. Other features are digital current meter (0. 5% 
accuracy), and provision for constant current operation. 
Accessories include portable benchtop case or 4-position 
RETMA rack. Load modules can be operated in parallel to 
achieve higher power ratings. ACDC Electronics, 401 Jones 
Rd, Oceanside, CA 92054. 

Circle 201 on Inquiry Card 
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CIRCUIT COMPONENTS 
AND SUBASSEMBLIES 

FIBER OPTIC DATA LINKS 

n 
j 

CL 1 o offers a choice between integral 
transmitters and receivers or separate 
component parts. Systems will 
transmit data over 1 50 m at rates 
from de to min of 1 OM bits/s with bit 
error rate of less than 1o - 9 • 689-CL 10-1 

provides separate driver/emitter and 
preamp/detector components with 
dis t ance capability of 50 m. 
689-CL 10-2 is composed of similar com
ponents with emitter having distance 
capability of 1 50 m. 698-CL 10-3 con
sists of transmitter and receiver pair 
also capable of 1 50 m. Augat Inc, 40 
Perry Ave, Attleboro, MA 02703. 
Circle 202 on Inquiry Card 

DUAL-ROW 18-WIRE 
IMPACT MATRIX PRINTHEAD 

Model 4000 Version A prints type
written quality text at speeds greater 
than 1 00 chars/s and std EDP chars at 
up to 400 chars/s. 50% overlap of 
dots yields 144 dots/in (57 /cm) ver
tical density . Version B, for use in 
matrix printers with speeds of 350 to 
450 chars/s, has print wire frequency 
of 2000 Hz for theoretical top speed 
of 800 chars/s. Both versions are 
designed for cont inuous duty, bidirec
tional printing. DH Associates, 7 54 N 
Pastoria Ave, Sunnyvale, CA 94086. 
Circle 203 on Inquiry Card 

PRINTER CONTROLLERS 

DPC 40-DS uses an 8 -bit parallel data 
transfer bus that handles full ASCII 

9 6-char set along with vertical format 
paper movement instructions . DPC 

50-DS has 1 6-bit parallel input from the 

computer with 8-bit parallel output 
bus to the computer for handshake 
signals, and 2 56-bit RAM that permits 
the computer to set and clear horizon
tal tabs in 132 positions. Both units 
are bus and software compatible with 
DG NOVA and ECLIPSE minicomputers 
and accommodate BDS band printers 
with speeds of 300, 600, 900, and 
1 500 lines/min. eos Computer Corp, 
11 20 Crane St, Menlo Park, CA 
94025. 
Circle 204 on Inquiry Card 

16-BIT ADC WITH 
0.003% LINEARITY ERROR 

ADC1140 includes 1 6-bit ADC w ith max 
conversion time of 35 µs, successive 
approximation register , precision 
10-V reference, clock, comparator, 
and input scaling rnsistors for pin
selectable input voltage ranges of ± 5, 
± 1 0, 0 to 5, and 0 to 1 0 V. Power re
quirements are ± 1 5 V at ± 2 5 mA, 
max, and 5 V at 1 50 mA, max, for 
power consumption of 1.5 W max. Op 
temp is 0 to 70 °C, low gain temp 
coefficient is 12 ppm/°C, max. 
Analog Devices, Inc, Rte 1 Industrial 
Pk, Norwood, MA 02062 . 
Circle 205 on Inquiry Card 

MINIATURE 
PUSHBUTTON SWITCHES 

PS series switches have a snap-in 
superstructure that permits 1 -step 
mounting from the front of the panel. 
Designated PS14, PS15 , PS16, and PS17 , 

all models fit into a 0.500 x 0 .600" 
(1.27 x 1.52-cm) rectangular panel 
hole. Available in 1- or 2-pole, double
throw circuit configurations , devices 
have either solder lug or PC mount ter
minals in 1 A at 1 20 Vac or 0.4 A at 
20 Vac or de. Various caps, bezels, 
and colors are available. Std colors are 
red, white, and black. Eaton Corp, 
Commercial Controls Div, 4201 N 
27th St, Milwaukee, WI 53216 . 
Circle 206 on Inquiry Card 

MAGNETIC TAPE HEADS 

Series A heads measure 0 .2 " x 0.48" 
x 0 .5" (0.5 x 1.22 x 1 .3 cm) and 
incorporate two 0 .057" (0 .145-cm) 
channels in fully drawn case for max 
shielding, balanced core/coil structure 
to ensure write symmetry, and center 
tapped windings. They are offered 
with terminal pins or flexible leads; 
variations in gap, inductance, and 
lamination thickness tailored to specs 
for applications up to 6400 flux 
changes/ in (25-20/cm). Heads work 
on cassette or cartridge using 0. 1 5" 
(0.38-cm) tape . Data Recording 
Heads Inc, 690 Mendelssohn Ave , 
Minneapolis, MN 5 542 7 . 
Circle 207 on Inquiry Card 

LOW PROFILE KEYBOARD 

FC-2550, a low profile, ferrite core, 
solid state keyboard, allows designers 
to meet the 30-mm or less European 
ergonomic requirements for detached 
keyboard enclosures. The keyswitch 
is contactless and features few parts , 
true linear fee l, and excellent resis
tance to environmental factors . It is 
1 7. 1 mm high w ithout keytop and 
21 .9 mm with keytop. Life cycle test 
rating is in excess of 1 OOM cycles . 
Keytops have full matte finish and are 
available in LED lighted versions . Cor
tron, Div of Illinois Tool Works Inc, 
400 W Grand Ave, Elmhurst, IL 
60126 . 
Circle 208 on Inquiry Card 

WINCHESTER DISC 
CONTROLLER BOARDS 

WD1 ooo provides complete disc con
troller for Winchester systems, featur
ing all necessary buffers , a 5M-bit /s 
transfer rate, and control for up to 4 
drives and 8 read/write heads. wo11 oo 
controller set, with 5 MSI chips (ad
dress mark detector , CRC gen 
erator/checker, MFM generator, serial/ 
parallel converter, and parallel /serial 
converter) , replaces 7 5 chips to pro
vide an ST500/SA 1 ooo interface. Set is 
offered in 20-pin plastic or ceramic 
DIP. Western Digital Corp, 3128 Red 
Hill Ave, Newport Beach, CA 92663 . 
Circle 209 on Inquiry Card 
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MEMORIES 

RL01/02 EMULATING 
WINCHESTER/FLOPPY SUBSYSTEM 

. MD 3500 fully emulates the DEC RL0 1102 

removable cartridge subsystem w ith 
an 8". (20-cm) Shugart SA1000 or 
Quantum 02000 series Winchest er 
disc drive and provides 1 OM t o 40M 
bytes of formatted data st orage . A 
double-sided/double-density Oume 
DT/8 floppy drive provides RX02 com
patibil it y with 0 . 5M bytes of format
ted data storage. The system has the 
capabilit y of copying only current 
working files to the f loppy . Emulation 
is achieved using a proprietary record-

ing technique that produces a higher 
data storage capacity but does not ex
ceed the max specified disc flux den
sity. Disc management is provided by 
the MLXVll controller configured on two 
dual-wide LSl-11 sized cards. Micro 
Technology, Inc, 2192 Martin, Suite 
210, Irvine, CA 9271 5. 
Circle 21 0 on Inquiry Card 

2M-BYTE 5.25" FLOPPY DRIVE 

Double-sided Megafloppy 1111 models 
offer 2.175M and 2.025M bytes of 
formatted storage at 100 and 96 
tracks/in (39.4 and 37 .8/cm), respec
tively; single-sided versions offer 
1.2M and 1 .1125M bytes of storage 
at 100 and 96 tracks/in (39.4 and 
3 7. 8 /cm), respectively. For all 
models, recording density is 1 2 bits/in 
(4. 7 24/cm), track to track positioning 
speed is 6 ms, and data transfer rate is 
600k bits/s. Units are fully compatible 
with industry std interfaces, mounting 
dimensions, and bezels. Micropolis 
Corp, 21329 Nordhoff St, Chats
worth, CA 91 31 1 . 
Circle 211 on Inquiry Card 

No lights , buzzers or numbers 
have ever replaced the human voice. 

208 

Telesensory Sys terns makes speech 
simple by offering a choice of three 

voice response boards . Simple to 
interface, simple to use. 

Consider speech for automated 
test equipment, process control, 

instrumentation,elevators and business 
machines. Speech modules are available 

from Telesensory for as little as $125 
in single quantities. 

• SPEECH 1000- Natural sounding, life-like speech with linear 
predictive coding. 

• Series III-Low-cost versatility with waveform encoding (invented 
by Forrest Mozer) . 

• Series II - Most economical synthesizer board with vocabulary. 
Whether you're prototyping or in production, turn to Telesensory 

for board level products supported by our own low-cost vocabulary 
generation services. Call (415) 856-0225 for a speech demonstration. 

1elesensorySpeechSystetns 
3408 Hillview Avenue, P.O. Box 10099, Palo Alto , CA 94304, (415) 856-TALK 

CIRCLE 121 ON INQUIRY CARD 

5.25" FLOPPY DRIVE 

The low profile RFD960, measuring 
2.25" (5. 72 cm) high at bezel, 
writes/reads 96 tracks/in (37 .8/cm) 
on 2 diskette surfaces to provide un
formatted capacity of 1 M bytes. Drive 
is ANSI compatible and maintains com
plete compatibility with 5. 2 5" 
(13.34-cm) Shugart drives as well as 
interchangeability with low profile 
BASF drives. Designed without head 
solenoid, the unit features clutch and 
spindle design that positions media ac
curately without damage or distortion. 
Remex, Div of Ex-Cei: -o Corp, 1733 
Alton St, Irvine, CA 92713. 
Circle 212 on Inquiry Card 

DIGITAL CASSETTE RECORDER 

Model 6440 Raycorder 11 uses a micro
processor based control system to 
continuously monitor and regulate 
tape speed and tension, and to ensure 
uniform start/stop profiles. The reel 
drive transport is designed with all 
major structural components molded 
of . thermoset plastic materials. A 
cassette inserted into the unit is con
strained within a precision head guide 
assembly mounted in the door. When 
the door is closed, the cassette 
engages reel motor hubs and cassette 
positioning guides. Sensing is pro
vided for tape leader, load point, early 
warning, cassette in place, side A/B, 

and write protect. Tape speed and 
tension are controlled by a system 
that incorporates optical sensors 
located on each motor shaft to provide 
velocity information. A micropro
cessor monitors velocities and con
trols voltage applied to provide 
uniform tape speed. Raymond Engi
neering, Inc, Raycorder Products Div, 
21 7 Smith St, Middletown, CT 
06457. 
Circle 21 3 on Inquiry Card 
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96-TRACK/IN 
5.25" FLOPPY DISC DRIVE 

Single-sided SA41 o and double-sided 
SA460 drives offer 500k- and 1 M-byte 
(unformatted) storage capacity, 
respectively. Drives incorporate 
helical cam lead screw design for ac
curate head positioning and fast start
ing de motor, · and are downward com
patible with 48-track/in ( 1 9/cm) 
drives through software. For both 
models, avg access time is 1 60 ms, 
avg latency is 1 00 ms, and transfer 
rate is 250k bits/s. Shugart 
Associates, 4 7 5 Oakmead Pkwy, 
Sunnyvale, CA 94086. 
Circle 214 on Inquiry Card 

5-CHIP BUBBLE MEMORY 
SUPPORT CIRCUIT SYSTEM 

When combined with the NBM2256 

256k-bit bubble memory and a few 
discrete components, 5-chip support 
circuit set forms a dense, compact 
bubble memory system. Density and 
size result from use of bubble domain, 
bipolar, and XMOS technologies. The 
256k-bit NBC82851 LSI bubble memory 
controller provides data transfer, all 
signal timing necessary to drive 1, 2, 
4, or 8 bubble memory modules, and 
control of remaining interface circuits. 
Digital TTL level pulses generated by a 
timing circuit are converted into cur
rent pulses required by the NBM2256 by 
the 05361 5 function driver. The 05361 6 

coil driver provides high current drive 
capability for the triangular current 
waveforms used for the drive coils. 
Two drivers are required for each 
memory module. The 053617 sense 

amplifier converts low level signals 
from magnetoresistive detectors of 
the bubble memory into TTL com-

If your computer or peripheral 
is limited by cable signals, 
increase your speed by specify
ing Chabin Transmission Line 
Assemblies (TLA). 

Chabin TLAs help you get 
high speed signals from one 
board to another . . . one sub
system to another. You know the 
signal will always be there. 

Using the latest cable types 
and geometries, inlaid contact 
and our rugged ''molded-on" 
strain relief we provide you with 
fully assembled, fully tested 
transmission line assemblies. 

The result? Outstanding noise 
suppression and high speed 

patible output levels. National Semi
conductor Corp, 2900 Semiconduc
tor Dr, Santa Clara, CA 95051. 

HIGH SPEED 
LSI SYSTEMS 

ARE EVEN FASTER 
WITH CHABIN TLA 

data trans£ er. 
Specify multiple and single

signal assemblies with molded
on terminations for .100" x .100" 
and .100" x .200" spacing. 

For more information, con
tact the leader in problem 
solving and delivery. 

CHABIN CORPORATION • 260 Ryan Avenue 
Chico, California 95926 • (916) 891-6410 

TWX: 910-338-0580 
Western Regional Office• (415) 727-5811 
Eastern Regional Office • (216) 354-5543 

At Chabin we're large in capability 
yet small enough to be responsive. 
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IMMEDIATE 
DELIVERY 

ui 
PANELS 

Microprocessor/Mini-Computer Interface 
Panels, Modular Panels with 14 - 16 pin 
and Universal configurations. ECL and 
Schottky designs with patented Nurl-Loc® 
terminals that assure a perfectly flat panel. 

SOCKETS 
Low-profile high-density LSI Sockets, 
Microprocessor and Prom Carriers, Dual 
and Single-in-Line, Snap-Sip and Com
ponent Adaptors, with EMC 's highest-rel i
ability 4-finger contacts. 

Why Wait? Call, TWX or write 
today for specs and prices. 

ELECTRONIC MOLDING CORP. 
96 Mill Street. Woonsocket , RI 02895 

Phone (401 ) 769-3800 TWX 710-387-1350 
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MEMORIES 

WINCHESTER DISC MODULE 

XD1 ooo provides up to 48M bytes of 
online storage capacity for computer 
systems including DEC Unibus and 
0-bus systems, DG 110 type bus 
systems, and Multibus type systems. 
The module consists of up to two 
24M-byte, high reliability Winchester 
type disc drives and associated power 
supplies. It is self-contained in a rack 
mountable steel enclosure (25.25" 
deep x 16. 75" wide x 10.5" high (64 
x 42.5 x 26. 7 cm)]. Power require
ments are accommodated by power 
supplies in the module, which requires 
only 11 5- or 230-Vac input power. 
The only operator actuated control is 
the power on/off switch. The front 
panel contains 8 status indicators that 
provide operational information. An 
electronic head lock option protects 
the drives under adverse conditions. 
Xylogics, Inc, 42 Third Ave, Bur
lington, MA 01803. 
Circle 21 5 on Inquiry Card 

128k x 12 SEMICONDUCTOR 
ADD-IN FOR PDP-8/A 

DR-11BS, a single-board 128k x 12 
add-in for DEC PDP-BIA, is offered on a 

quint board ( 5 card edge connectors) 
and is completely plug compatible 
with DEC's 16k x 12 MSB-CA and 32k x 
1 2 MSB-CB memory modules. The 
board plugs into one card slot using 
connectors A through E. While in
stalled in the computer, cycle time of 
the memory is 1 . 5 or 1 . 2 µs (depend
ing on CPU module used) for full-cycle 
operations. Access time is 330 ns or 
less. The module accepts a 1 5-bit ad
dress, which allows 32k of memory to 
be accessed. Four bank selects 
generated by the KTB-A memory 
management option allow access to 
128k words. The memory requires 
5 Vdc for normal operation, and inter
faces via the OMNIBUS. Depopulated 
versions are available with 96k, 64k, 
32k, and 16k. Dataram Corp, 
Princeton Rd, Cranbury, NJ 08 51 2. 
Circle 21 6 on Inquiry Card 

LARGE SCALE MULTIBUS 
MEMORY WITH ECC 

Onboard error correction and detec
tion circuitry enables MBC-XXX/16 
MULTIBUS RAM boards to correct single
bit errors and detect double-bit errors. 
Units from 32k to 51 2k bytes in 
capacity include battery backup, on
board refresh circuitry, and LED status 
indicators. /16 series versions provide 
up to 51 2k bytes· of straight memory; 
/16C versions provide error detection 
and correction . Both accommodate 
8-bit byte and 1 6-bit word transfers. 
Error correction information is stored 
in an onboard register that is available 
to CPU via program control. Onboard 
refresh circuitry performs all 
necessary functions for maintaining 
the dynamic RAM contents; all refresh 
functions can be powered from the 
battery backup bus. Advanced Digital 
Technology, 696 E Trimble Rd, San 
Jose, CA 95131 . 
Circle 21 7 on Inquiry Card 
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DOUBLE-SIDED DISC DRIVE 

Double-head high speed random ac
cess FDD 296-5 stores and retrieves 
data on both sides of a 5. 2 5" 
(13.34-cm) diskette. It uses a ceramic 
ferrite recording head design that is 
said to allow precise alignment, 
reduce head wear, and afford im
proved data interchangeability. Pre
cise control of head loading dynamics 
reduces velocity and allows softer 
head landing. The unit provides 1 M 
bytes of online unformatted data 
storage in double-density, and 500k 
bytes in single-density applications. 
Up to 4 drives can be combined on a 
single bus. Track to track access time 
is 20 ms for a random access time of 
542 ms avg for 80 tracks. Head load 
time is 50 ms. Data transfer times are 
125k bits/s (single) and 250k bits/s 
(double). Siemens Corp, OEM Data 
Products Div, 240 E Palais Rd, 
Anaheim, CA 92805. 
Circle 21 8 on Inquiry Card 

ROTATING MEMORY SYSTEM 
STANDARD FLEXIBLE CIRCUITS 

Functioning as dynamic interconnect 
for read/write signals, circuits 

transmit data between wound-coil 
magnetic head and stationary PCB on 
large Winchester drives. Circuits are 
bonded to arms supporting flying 
magnetic heads; folded over to place 
dynamic loop in proper stress plane; 

and then attached by connector 
plugged into stationary PCB within 
system. Rogers Corp, Flexible Circuits 
Div, PO Box 700, Chandler, AZ 
85224. 
Circle 21 9 on Inquiry Card 

There are other streamers, 
but the Microstreamer™ gives you 

completely automatic tape loading. 
There's one tape drive 

family you can buy that totally elimi
nates the manual handling of tape. 
With Cipher's Microstreamer; loading 
and threading of tape reels is totally 
automatic. All you do is open the 
door; insert the tape reel and close 
the door. That's it. The machine 
threads the tape by itself. No more 
operator training. Anyone can use it. 

That's exciting, 
but there's more. 

In addition to offering you 
exclusive auto-load features, the 
Microstreamers also give you these 
exclusive benefits: 

D choice of 1600 or 1600/3200 
selectable recording density 

D higher 25 ips speed for 
start/ stop use 

D proven design 
O thousands in the field 
D automatic diagnostics 
D smaller size 
0 lower cost 

Catch the 
excitement! 

Cipher is your source for all 
your tape drive needs. Call us at 
(714) 578-9100. Or write for our 
free product brochure. We're at 
10225 Willow Creek Road, P.O. Box 
85170, San Diego, California 92131. 

r/le exci/-in,g cmnpnny 
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DATA TERMINALS 
AND DISPLA VS 

1 to 20 times their original size. Char
acters can be displayed in any com
bination of 8 colors with variable 
horizontal boldface, vertical boldface, 
depth of shadow, and character spac
ing. Free-formed dot addressable and 
vector formed pictures can be pro
grammed and stored in RAM or P/ROM 

SCALE OPTION FOR 
COLOR GRAPHICS TERMINAL 

MACROFONT TM option for IDT-2000 auto
matically scales ASCII characters from 

212 

A complete line of core and semiconductor 
memories for military, aerospace, and 

tough industrial environments. 
core or semiconductor, cubic or planar -- EMM's 
broad line of memory systems are built to take on 
the toughest environments. Small 256-bit memories 
or large 32-megabit, and everything in between -
we've got them all. In full or half ATR packages. 
And they meet the stringent military requirements 
of MIL-E-5400, 16400, and 4158. 

EMM has been building severe environment mem
ories for over two decades. They've served on major 
programs such as sea Sparrow, F-16, F-18, Pershing, 
AWACS, Mirage, and others. They're also used on 
many commercial jets. ---2P ·~ 

-~~ 
' .-~ Em m Phone or write for details today. . • 

severe Environment Systems company 
A Subs1d1arv of Electronic Memories & Magnetics Corporation 

P. O. Box 668. Chatsworth , CA 91311. Telephone: (213) 998-9090. TELEX 69-1404 
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for rapid display with minimum com
munication from host computer. In
dustrial Data Terminals Corp, 173 
Heatherdown Dr, Westerville, OH 
43081. 
Circle 220 on Inquiry Card 

GRAPHICS WORKSTATIONS 
AND SOFTWARE 

Built around a dual-processor architec
ture and Pascal operating system, the 
GS1100 includes 2 diskette drives, 
parity memory, dual processors, 2 
RS-232 ports, keyboard and control 
electronics, black and white display 
and control electronics, data tablet 
and control, 64k-byte bit map, power 
supplies, and enclosures; the Gs1120 

adds a diskette drive and a 1 OM-byte 
Winchester fixed disc drive. The 
GS1200 has a 1 3" (33-cm) color 
display, instead of the black and white 
monitor, plus all 11 oo features; the 
GS1220 adds a diskette drive and 
1 OM-byte Winchester drive . IC 

designer software provides both 
general purpose and circuit design 
software, in addition to applications 
commands, data structure, and user 
interface including symbol ·recogni
tion, communications , and data struc
ture formatter. Avera Corp, 340 El 
Pueblo Dr, S~ot~s Valley, CA 95066 . 
Circle 2 21 on Inquiry Card 

VIDEO TERMINAL SUBSYSTEMS 

VTS771 o small-cluster and VTS7740 

large-cluster subsystems include 
microprocessor driven terminal corl
trollers that support up to 4 or 8 
keyboard display terminals, respec
tively, as well as 4 or 8 independently 
addressable printers, respectively. 
Both offer keyboard/display unit with 
12" (30-cm), 24-line x 80-char CRT, 

and 76-key ANSI 11 keyboard . Units are 
compatible with the company's full 
range of computers, plus VIP7700, 

7700R, and 7760 cluster terminal 
systems. Honeywell, Inc, 200 Smith 
St, Waltham, MA 021 54. 
Circle 222 on Inquiry Card 
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DOT MATRIX PRINTING TERMINALS 

A keyboard and 40-char display pro
vide interactive capabilities in the 
DP-9620 KSR. The 40-char single-line 
vacuum fluorescent display allows 
message editing and composition prior 
to transmission. An entire message 
can be displayed by a bidirectional 
scrolling feature. After a message is 
composed, it may be transmitted in 
echo mode; the printer receiving the 
message sends the data back to the 
originating unit, which then prints it. 
In another mode, data are transmitted 
and printed directly by the originating 
printer. rn local mode, the message is 
composed locally and transmitted on 
command. Like its companion, model 
-9610 RO, the unit writes at 200 
chars/s using a 10-char/in (3.9/cm) 
font. An 80-key alphabetic keyboard 
is included in the -9610 KSR; a 16-key 
numeric key pad is available on both 
-9610 and -9620 KSR. A 600-char FIFO 

buffer memory is std; additional 
2k- and 4k-char buffers are optional. 
Anadex Inc, 9 8 2 5 De Soto Ave, 
Chatsworth, CA 91 311 . 
Circle 223 on Inquiry Card 

GRAPHICS WORKSTATIONS 

WHIZZARD 6240 uses a 19" (48-cm) 
black and white monitor with 51 2 x 
512 resolution, 6245 a 19" (48-cm) 
black and white monitor with 1024 x 
1024 resolution, and 6255 a 19" 
(48-cm) 1024 x 1024 resolution 
color monitor. All offer performance 
features of the 6250. 6240 and 6245 

models offer flicker free display 
operating noninterlaced at a 60-Hz 
refresh rate. Packaged with keyboard 
and joystick control in a desk style 
cabinet, terminals include graphics 
processor, display list memory, and 
RS-232 serial asynchronous interface 
and room for optional modules. The 

6255 is packaged with a keyboard and 
joystick control in a desk style 
cabinet, and may have data tablet and 
either additional display list memory or 
hardcopy output device. All units in
corporate the high speed digital vector 
generators used in models 6250 and 
7250, updating and manipulating com-

plex pictures at rates from 30 to 60 
times/s. WAND 6200 software provides 
intelligence in remote terminals to 
reduce communications traffic with 
the host. Megatek Corp, 3931 Sor
rento Valley Blvd, San Diego, CA 
921 21. 
Circle 224 on Inquiry Card 

ROCK-SOLID FLOPPY DISK 
DRIVES FROM TEAC 

Unique DC Spindle Drives feature our continuously-running 
brushless DC motor whose typical life expectancy is over 10,000 hours. 
Rock-stable, no electrical noise will interfere with the integrity of your data. 

Superior Chassis features fiberglass reinforced polyester (FRP) 
which, unlike aluminum, won't stretch with heat. Extra-rugged and 
precision molded, the unit also has a shield to insulate the head from 
outside interference. 

25 Years of Leadership in all magnetic recording technologies 
is your assurance of a quality product you can rely on. For complete 
information on all TEAC Rock-Solid Floppy Disk Drives (FD-50 Series) 
- including our one-year warranty and full technical support and service 
- just write: 

TEAC Corporation of America 
Industrial Products Division 
7733 Telegraph Road, Montebello, CA 90640 
(213) 726-8417 
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PRINTERS/PLOTTERS 

80-COL SERIAL PRINTER 

MT-1 oo series printers feature pro
grammable print fonts and formats, 
speeds from 1 00 to 1 60 chars/s with 
optimized bidirectional printing, and 
character matrices of 7 x 7, 7 x 9, 9 x 
9, or 40 x 18. Features include special 
plotting modes, flexible forms hand
ling capability, quiet (55-dBa) opera
tion, easy to change ribbon cartridge, 
operator replaceable printhead, multi
part forms printing, and 2k-byte buffer 
with asynchronous serial interface. In
terchangeable plug-in interface 
modules connect to a variety of com
puters. Mannesmann Tally, 8301 S 
180th, Kent, WA ~8031. 
Circle 225 on Inquiry Card 

KSR PRINTER TERMINAL 

SPRINT 9/35™ operates at 35 chars/s 
and features MicroDrive print 
mechanism with KEVLAR direct drive 
belt, universal linear power supply, im
proved ribbon handling, 65-dBa max 
acoustic noise level, and switch
selectable automatic proportional 
spacing. All electronics are on a single 
board located under the removable 
keyboard. MTBF is 3000 h. Receive 
only (Ro) model is also available. 
Oume Corp, 2350 Oume Dr, San 
Jose, CA 95131. 
Circle 226 on Inquiry Card 
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136-COL DOT MATRIX PRINTER 

MX-1 oo uses dot matrices ranging from 
9 x 9 to 1 8 x 1 8 to generate cor
respondence quality printing in 1 2 dif
ferent character weights and sizes. 
Unit prints bidirectionally at 80 
chars/s, with a logical seeking func
tion to minimize printhead travel time 
and maximize throughput. Features in
clude the company's Micro-Nine dis
posable printhead, GRAFTRAX high 
resolution bit image graphics capa
bility, friction paper f eed platen, and 
adjustable tractors on removable trac
tor mechanism. Epson America, Inc, 
23844 Hawthorne Blvd, Torrance, 
CA 90505. 
Circle 227 on Inquiry Card 

180-CHAR/s 
MATRIX IMPACT PRINTER 

Model 1 ooo produces dat a processing 
quality characters at 1 0, 1 2 , or 1 6 . 5 
chars/in (4, 4. 7, or 6 . 5/cm) and 
correspondence quality characters at 
10 chars/in (4/cm), at 6 .0 or 8 .0 
lines/in (2.4 or 3.1 /cm). Max print 
speed is 1 80 chars/s, with up to 
136-col output and no duty cycle 
limitations. Printer measures 7 .25 x 
25.5 x 15.0" (1 8 .42 x 6 .48 x 
38.1 cm) and weighs 3 2 lb ( 14 .4 kg). 
Input power is 110, 120, 220, or 
240 Vac, optionally; 4 7 to 63 Hz; 7 5 
W max. Unit operates in graphics 
mode as well. lnfoscribe, Inc, 2720 S 
Croddy Way, Santa Ana, CA 92704. 
Circle 228 on Inquiry Card 

COMPUTERS AND 
COMPUTER SYSTEMS 

REAL TIME DIGITAL VIDEO PROCESSOR 

O/VP-122 processes video images in 
real time with full spatial resolution of 
768 x 512 and amplitude resolution 
of 256 levels; entire frame of video 
data is digitized and stored onboard 
for video or CPU processing. Unit 
features pipeline processing, image 
averaging, image noise reduction, 
edge enhancement, and correlation 
and convolution of realtime video im
agery data. Throughput is 14 MIPS. 
Processor interfaces to DEC LSI 0-bus 
and Intel MULTIBUS (8086 /Z800 ). 
Datacube, Inc, 6 70 Main St, Reading, 
MA 01867 . Circle 229 on Inquiry Card 

DESKTOP COMPUTER SYSTEM 

Entry level member of the company's 
series 21 line, the basic 21 11osystem is 
comprised of controller/console CRT 
with 96k memory and communica
tions controller integrating as std one 
diskette drive, in addition to a display 
screen with moveable keyboard . Ase
cond diskette and a choice of either 
45-char/s letter quality or 1 20-char/s 
matrix printer are available. The 
system supports asynchronous and 
Bi~ync communications including 3270 
dialogue at speeds to 4800 bits/s. 
The system can process two separate 
jobs concurrently. Mohawk Data 
Sciences, 7 Century Dr, Parsippany, 
NJ 07054. Circle 230 on Inquiry Card 

MINICOMPUTERS 

Models 34 and 44 MAGNUM minicom
puters are offered as alternatives td> 
oec' s PDP-11 /34 and /44, and are sup
ported by RSTS/E, RSX-11 M, and RT11 
operating systems. Std configuration 
includes CPU with floating point and 
memory management, serial console 
interface, programmable line time 
clock, bootstrap loader, Bk-byte 
cache memory, microcoded ODT, 
maintenance console , and 2 56k 
(34 MAGNUM) or 512k (44 MAGNUM) 
bytes of memory . Able Computer, 
1751 Langley Ave, Irvine, CA 
9 2 71 4 . Circle 231 on Inquiry Card 
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OEM VERSION DATA PROCESSOR 9310/9320 1 OM-byte cartridge disc 
drive. Datapoint Corp, 9725 Data
point Dr, San Antonio, TX 78284. 
Circle 232 on Inquiry Card 

DATA COMMUNICATIONS 

INVERSE MUX 

ARRAY PROCESSOR 

An OEM version of the 1550 dispersed 
data processor, the 21 50 is a low cost 
desktop processor that can support 
multiple workstations. Built around a 
high speed Z80A microprocessor chip, 
the unit has approx 6 7 % more pro
cessing speed than its predecessor, 
and can be used with commercially 
available operating systems designed 
for Z80A processors, as well as a range 
of applications software packages. It 
supports the company's DATABusR 
business programming language, FOR
TRAN, BASICPLUS, word processing, and 
electronic message services. EM3270 
software allows it to perform interac
tive IBM mainframe communications. 
Software for IBM batch communica
tions, 2780/3780 is also available. The 
processor is equipped with 32k, 64k, 
or 9 6k memory. Dual-diskette 
modules are available in either single
s id ed/ sing I e-d ens i ty or double
sided/double-density versions, offer
ing 0. 5M- or 2M-bytes systems. With 
64k of memory the unit can support a 

Designed for Data General NOVA/ 
ECLIPSE minicomputers, MSP-2X block 
floating point array processor is con
tained on one 1 5 x 1 5" (38 x 38-cm) 
board and plugs directly into an 110 slot 
of the host. The processor uses a 
24-bit mantissa and 8-bit exponent in 
its format and includes a 2k x 24-bit 
high speed data memory and onboard 
memory table of trigonometric values. 
It includes a library of FORTRAN-callable 
routines that includes real and com
plex Fourier analysis, data transfer, 
filtering, real and complex vector, and 
other signal analysis functions. Com
puter Design & Applications Inc, 3 7 7 
Elliot St, Newton, MA 02164. 

Lineplexer 11 eliminates need for wide
band facilities, providing full-duplex 
data communications at rates up to 
19.2k bits/s over 2 independent 
analog or digital channels, each 
operating at 9600 bits/s. Features in
clude extensive diagnostics, auto
matic/manual rate adjustment for line 
degradation, automatic compensation 
for path delay difference, day/night 
reconfiguration, and automatic or 
manual training sequence. Timeplex, 
Inc, One Communications Plaza, 
Rochelle Park, NJ 07662. 

Circle 233 on Inquiry Card Circle 234 on Inquiry Card 

LSl-11 SERIAL INTERFACES 
THE MSl11 SERIES - AN ALTERNATIVE TO THE DLV11-J 

The MSl11 series of Multiple Serial Interfaces from Andromeda 
offers the Q-Bus user a variety of ways to connect serial devices to 
an LSl-11 system. These include 1, 2, or 4 serial channels on a 
dual-width card; and the MSI 11-P series has 2 or 3 serial channels 
combined with a parallel printer interface, also dual width. 

COMPARE THE FEATURES: 

• Low Cost: the MSI 11-4 is only $500, quantity 1 

• 16 Data Rates: 50 baud to 19,200 baud including 
11 0 bd. and 134.5 bd. 

• Data rates are selectable on the board by jumper plug 
or remotely by DIP-switch, without wire-wrapping 

• RS232 and 20ma current loop interfaces are provided 
for all channels, without external hardware 

• Q-Bus address and interrupt vector selection are by 
plug-in PROMS, more flexible and independent 

• Hardware handshake for serial printers is an option 

• Cable cost is low too: a 4-channel cable assembly, 
like the CMSIB-4, is only $115 
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Andromeda provides a large selec
tion of LSl-11 related products; con
tact us for details 

LSl -11 is a trademark of the Dig ital Equipment 
Corp. Wire-Wrap is a trademark of the Gardner
Denver Corp. 

ANO ROMEO~ 
S':'S,EMSll 

INC. 
9000 Eton Ave. 
Canoga Park, Calif. 91304 
Phone: (213) 709-7600 
TWX: (910) 494-1248 

Prices are domestic U.S.A. only. 
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DATA COMMUNICATIONS 

SYNC/ASYNC SERIAL 
COMMUNICATIONS INTERFACE 

Capable of either synchronous or 
asynchronous printer-computer opera
tions, the microprocessor controlled 
serial communications interface func
tions w ith the company's 200-line/ 
min matrix printer, B-series printers 
with speeds from 300 to 900 lines/ 
min, and with QT band printers. Pro
grammed for synchronous operation, 
the Sl-9076 enables printers to function 
with IBM 2780/3780, Burroughs poll and 
select, Univac 1004, Honeywell 
VIP 7700, and other industry standard 
protocols. The interface allows users 
to implement a smart printer on a 
serial communications network, and 
can replace communications pro
cessors. It operates full- or half-duplex 
or as a null modem hookup; syn
chronous serial data rate may be from 

de to 64k baud; asynchronous rate is 
from 50 to 19.2k baud. Std or special 
code conversions (ASCII, EBCDIC, 
Baudot, IBM selectric, and others) can 
be performed. Programming area 
allows complete lookup table im
plementation. Southern Systems, Inc, 
2841 Cypress Creek Rd, Ft Lauder
dale, FL 33309. 
Circle 235 on Inquiry Card 

HANDHELD DATA 
TRANSMISSION ANALYZER 

Weighing but 25 oz (709 g), digital 
transmission analyzer DTA-181 has 3 
operational modes that ( 1 ) measure 
bit errors simultaneously, total test 
seconds and errored seconds; (2) 
measure elapsed time between transi
tions on any signal and/or control lead; 

SYSTEM OEM'S 
OUR IMPROVED MICRO MUTT ... 
takes a bite out of rising user support costs 
Micro Mutt provides: 
• Dial-up access to your customers' 

CPU's with full console privileges. 
• Remote software debugging and 

updating. 
• Remote exercising of hardware 

diagnostics. 
This means less travel for your technical 
support staff. You service your customers 
from your own facility, at minimal cost and 
with immediate response to their 
demands. 
Micro Mutt is easily installed between the 
CPU and console of most minicomputers, 
requires no modification to existing 
hardware or software and is loaded with 
performance features. 
Call or write for the technical details. 

IAl ~~~,~~r~~~~~~t:~~4s INC 
~ Telephone: (612) 941-9480 Telex: 290975 
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and (3) trap and count 1 to 0 or 0 to 1 
transitions. It handles any of 5 data 
patterns, full-duplex, with choice of 
1 0 asynchronous speeds from 50 to 
9600 bits/s and 5 synchronous 

. speeds from 1200 to 19.2k bits/s. 
Five-digit accuracy is provided by a 
4-digit LCD plus a unique overflow 
display technique. AO Systems, Inc, 
1736 Front St, Yorktown Heights, NY 
10598. 

Circle 236 on Inquiry Card 
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PORTABLE COMMUNICATIONS 
DIAGNOSTIC DEVICE 

cable reconfiguration. Multi-Tech 
Systems, Inc, 82 Second Ave SE, 
New Brighton, MN 55112 . 

compression, forms control and pro
grammable tab stops, 8 LED status in
dicators, internal/external syn
chronous clock, auto-answer, and 
loopback self-test/diagnostics. 
Alphamatrix Inc, 1021 Millcreek Dr, 
Feasterville, PA 1904 7. 

Circle 237 on Inquiry Card 

PROTOCOL CONVERTER Circle 238 on Inquiry Card 

MULTILINE CALLING UNIT 

Permitting users to individually access 
leads of EIA RS-232 interface and to 
patch and monitor these leads, MT25 
EIA/CCITT breakout/monitor uses 11 
LEDs to indicate status of primary 
RS-232 signals; 2 additional LEDs are 
provided for other chosen signals. 
Twenty-four miniature rocker 
switches allow each signal to be inter
rupted; test access points at both DTE 
and DCE side of the interface allow for 
patching and monitoring each signal. 
Jumper wires facilititate patching and 

Bisync printer controller BAE-806 
enables communications between any 
ASCII RS-232-C line printer and any DP 
system supporting IBM 2780/3780 
devices. The converter automatically 
performs all buffering, code conver
sion, and realtime requirements. Both 
printer and converter may direct con
nect to a CPU Bisync port or be located 
remotely via a pair of synchronous 
modems. Std features include data 

VA811 connects directly to switched 
network, allowing a single RS-366 com
puter port to address up to 60 single
board or 28 double-board modems. It 
replaces Bell 801 single-line automatic 
calling unit, and handles a mix of 
modems including the company's 
VA3400, and Bell 103, 201 , 202, and 212. 
Features include automatic selection 
of pulse or tone dialing, positive dial 
tone, answer tone and busy signal 
detection, and 1 5- to 56-s abandon 
call and re-try times. Racal-Vadic, 222 
Caspian Dr, Sunnyvale, CA 94086. 
Circle 239 on Inquiry Card 

Isolate critical signals 

True Signal 
Ground Loops 

. Common MOde 
Voltages 

Protect accuracy and equipment by elimi
nating ground loops and common mode 
voltages. 
Acromag offers a complete line of isolators to elimi
nate ground loops, protect against transients, and 
solve common mode voltage problems with three
way input/output/power isolation. 
High rating. Common mode voltage ratings to 700 
VAC, 1000 VDC. 
Broad installation capability. From stand-alone 
designs to high density card-cage convenience (up to 
20 channels in one 19" cage), plus separate plug-in 
modules for your own controller/computer car. figu
ration. 
Want to know more about isolation? Call your 
Acromag rep, or write for data and pricing. 

ACROMAG, INC., 30765 Wixom Road, i•"i 
Wixom, MI 48096. Phone: (313) 625-1541. 
TELEX 23-0505. 

aero mag 
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Interfacing low-level DC signals 
with a computer can often cause 
problems. Acromag's 1800 Series / 
modules take inputs from thermo-
couples, RTD's and/or mV sources, 
amplify and isolate them, and present 
your AID convertor with a nice, clean 0-10 VDC 
signal. Linearization is standard for RTD inputs, 
optional for thermocouple inputs. 

A variety of cages and a choice of screw
terminal or 50-pin ribbon connectors add to the 
flexibility and ease with which these conditioners 
complement your system. 

For details and a list of our low prices, call 

your Acromag rep. Or write j•"ll 
ACROMAG, INC., 30765 Wixom 
Road, Wixom, MI 48096. Phone: 
(313) 624-1541. TELEX 23-0505. acromag 
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VOICE RECOGNITION/ 
SYNTHESIS 

SPEAKER-INDEPENDENT 
VOICE RECOGNITION SYSTEM 

Self-contained analyzer and voice con
troller extracts cues from human 
speech and accurately identif ies 
voice , fundamental pitch , and dura
ti on . Common noises and clicks are 
suppressed even when more intense 
t han message signal. Unit recognizes 
1 6 d istinct commands and has 
unlimited capacity when used with a 
microcomputer. Conventional radio 
and telephone channels suffice for this 
system, allowing a variety of remote 
control applications . Covox Co, PO 
Box 2342 , Santa Maria , CA 93455 . 
Circle 240 on Inquiry Card 

INTELLIGENT COMMUNICATIONS 
CONTROLLER 

SLC-11 is a microprocessor with a syn
thesized voice and vocabulary of over 
300 words . Connecting to an RS-232 
line between computer and terminal , it 
monitors message flow, automatically 
responding t o any of 1 5 prepro
grammed events on each of 4 
channels . It can initiate voice or data 

messages at intervals or on recogni
tion of an event, or respond to phone 
messages originating at a remote ter
minal or a telephone keypad . Features 
include ASCII input/output, touch-tone 
input, printer output, external ampli
fier output, automatic time and data 
entry , built-in battery backup, integral 
auto-dial / auto - answer Bell 103 
modem, and 16k, 32k, or 80k bytes 
of RAM. Digital Pathways, Inc, 1260 
L ' Avenida , Mountain View , CA 
94043 . 
Circle 241 on Inquiry Card 

TEXT TO SPEECH SYSTEM 

SPEECH MACHINE converts uncon
strained English text into audible 
natural speech . Natural English word 
stress patterns and overall phrase 
pitch and stress contours add to the 
system's intelligibility . Vocalization 
and pauses are paced automatically to 
reflect format, content, and punctua
tion of text. Canned utterances and 
symbolic phonetic strings may be 
mixed with unconstrained text on in
put, and will be joined in output. On
board utility facilitates incorporation 
of applications and operator specific 
text and sound rules to accommodate 
exceptions. The unit handles a variety 
of special forms including acronyms, 
money amounts, special punctuation, 
numbers, and other conventional 
codes. Physical ly the machine con-

sists of a single 4" x 7 .5" (10 x 
1 9-cm) printed circuit board . A 
bidirectional 8-bit parallel port pro
vides for passing text, control com
mands, and symbolic phonetic strings, 
all in ASCII code. Power requirements 
are 5 and 1 2 V, with peak consump
tion under 3 W. Yahara Co~p, PO Box 
4 79 , Centerville, MA 02632. 
Circle 242 on Inquiry Card 

VOICE DIGITIZER 

Phoneplex-24 transmits voice com
munications in digital form at 2400 
bits/s; used in conjunction with 
multiport modems, the device allows 
up to 4 simultaneous voice conversa
tions or any combination of voice and 
data communications to share a com
mon facility link. Unit addresses point 
to point and PBX tandem switching ap
plications, and allows digital transmis
sion facilities to be used for voice 
transmission . It also works with 
Datacryptor 11 and CMS 1 ooo and 2000 
communications management series. 
Racal-Milgo, Inc, 8600 NW 41 st St, 
Miami, FL 33166 . 
Circle 243 on Inquiry Card 

GIMIX & MICROWARE present the 6809 PROFESSIONAL TOOLBOX 
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A GIMIX 56KB static RAM 2Mhz 6809 Dual Drive Mainframe 
System with MICROWARE's Multiuser OS9 Pro-Package 
--special combination price $3968.09. This system includes 
the GIMIX Mainframe with 30 amp C.V ferro-resonant power 
supply , SS50/50C Motherboard, 2Mhz 6809 CPU with time 
df day clock and battery back-up, 6840 programmable timer, 
2 serial ports , 56K Bytes of Static RAM , and two 51/4 " disk 
drives and double density controller installed in the GIMIX 
Mainframe with the same brownout protection and power 
supply reliability that GIMIX is famous for . 
MICROWARE's OS9 Pro-Package includes OS9 Level 1, the 
BASICQ9 interactive compiler, Macro Text Editor , Interactive 
Assembler, and Interactive Debugger which gives you the 
necessary tools for efficient structured software development. 

All GIMIX Boards have gold plated bus con nectors, and are 
burned in and 100% tested before sh ipping . 
And this system is expandable. You can add memory, I/Os, 
video or graphics cards , Arithmetic processors. additional 
drive capacity , and other hardware now or in the future to this 
SS50 bus structured system from GIMIX or other SS50 bus 
compatible manufacturers . MICROWARE has other OS9 soft
ware such as the Stylograph Screen-Oriented Word Processor 
available now, and in the future will be announcing other 
languages and utilities that run under OS9. And coming soon 
from MICROWARE will be OS9 Level 2 that lets you address 
up to 1 megabyte of memory. 
GIMIX & GHOST are trademarks of GIMIX Inc .. Basic 09 . OS9 and 
M1croware are trademarks of Motorola and M1croware Inc. 

CIRCLE 130 ON INQUIRY CARO 

For further info on the best in 6809 Hardware. con tact : 

~Q"'~,~~.~~ 
1337 WEST 37th PLACE, CHICAGO, IL 60609 

(312) 927·5510 • TWX 910·221-4055 

For further info on the best in 6809 Software . contact. 
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Data Acquisition Components 

Monolithic and hybrid data conversion 
products and computer interface 
systems are covered in 566-p hand
book that includes data sheets and 
selection tables. Datel-lntersil, Mans
field, Mass. 
Circle 281 on Inquiry Card 

Data Communications Equipment 

35-p catalog contains descriptions, 
system configurations, photos, and 
circuit diagrams for data traps, test 
sets, modems, and multiplexers. Inter
national Data Sciences, Inc, Lin
coln, RI. 
Circle 282 on Inquiry Card 

Capabilities Guide 

Four-color, 4-p folder describes 6-vol 
reference guide to company's prod
ucts and services. Send written re
quest for document EC-19851 -18/81 to 
Consultant Programs, MS PK 3-1 /K 
21, Digital Equipment Corp, 129 
Parker St, Maynard, MA 01 7 54. 

Operating System Reference 

Reference guide for single- and multi
user OASIS BASIC operating system for 
Z80 microcomputers. Request on com
pany letterhead from Phase One 
Systems, Inc, 7700 Edgewater Dr, 
Suite 830, Oakland, CA 94621 . 
Circle 283 on Inquiry Card 

Synchro/Resolver to Digital 
Converter 

Std features, applications, and specs 
are summarized in booklet on 3-state, 
microprocessor compatible 1 6-bit 
hybrid device; performance graphs 
and circuit configurations are also in
cluded. Natel Engineering Co, Inc, 
Canoga Park, Calif. 
Circle 284 on Inquiry Card 

RFl/EMI Filters 

Illustrated 16-p catalog uses photos, 
flowcharts, and spec charts to 
describe range of devices that meet 
new FCC requirements. Raytheon Co, 
Burlington, Mass. 
Circ_le 28 5 on Inquiry Card 

Interconnection Components 

Features, specs, photos, drawings, 
and cross-references are found in 
288-p catalog that presents full line of 
high current components, intercon
nection systems, connectors and 
wafers, tooling, single- and double
sided edge connectors, switches, and 
sockets. Molex Inc, Lisle, Ill. 
Circle 286 on Inquiry Card 

1 Disc Capacitors 

Eight ceramic disc capacitor types are 
illustrated in 18-p, 2-color catalog 
featuring specs, graphs, and charts. 
TRW Universal Capacitors, Ogallala, 
Neb. Circle 287 on Inquiry Card 

Industrial Process 
Control Systems 

Over 90 DEC LSl-11 compatible devices, 
as well as Intel, Data General, Unibus, 
and Omnibus · related devices, are 
deta iled in complete ordering 
guide/price list. ADAC Corp, Woburn, 
Mass . Circle 288 on Inquiry Card 

Design Guide 

Multicolor, 4-p configurator chart aids 
in selection of specific, DEC compatible 
LAB-DATAX microcomputer peripheral 
system to meet 110 needs. Data 
Translation, Inc, Marlboro, Mass. 
Circle 289 on Inquiry Card 

Diode Laser 

Data sheet on AIGaAs semiconductor 
device describes model OLX3400Z 

TAB-PAC providing operating specs, 
performance curves, and dimensional 
drawings . Optical Information 
Systems, Elmsford, NY. 
Circle 290 on Inquiry Card 

FCC Regulations 

Booklet uses question and answer for
mat to examine FCC emi emission rules 
as applied to digital equipment. Sier
racin/Power Systems, Chatsworth, 
Calif. Circle 291 on Inquiry Card 

Computer Graphics 

Matching color graphics to MIS is ex
plored in 1 2-p pamphlet directed to 
managers involved in statistical 
analysis. Ramtek Corp, Santa Clara, 
Calif . Circle 292 on Inquiry Card 

Indicator Lights 

Full-size photos, dimensional draw
ings, mounting information, and 
technical specs and ratings describe 
off-the-shelf devices. Industrial ' 
Devices, Inc, Edgewater, NJ. 
Circle 293 on Inquiry Card 

Image Array Processor 

Full-color 6-p brochure uses photos 
and flowchart to illustrate capabilities 
of IP85oo. DeAnza Systems Inc, San 
Jose, Calif. Circle 294 on Inquiry Card 

CMOS Microboards 

Color photos and spec charts in 
booklet present detailed information 
on 5 computers, 9 memories, 7 digital 
110 expansion modules, 2 video audio- 1 
keyboard interface modules, and 8 · 
ADCS and DACS. RCA/Solid State Div, 
Somerville, NJ. 
Circle 295 on Inquiry Card 

CMOS 3.9-V Battery Backup 

Catalog contains discharge curves at 
various drain rates and dimensions of 
standard cell sizes, as well as informa
tion on stainless steel cases, termina
tions, hermetic seals, and temperature 
ranges for models BCX72, CSC93, and 
csc150. Electrochem Industries, Inc, 
Clarence, NY. 
Circle 296 on Inquiry Card 

Power Supplies 

Fully illustrated, 28-p catalog features 
specs, diagrams, and graphs covering 
full line of switching and uninter
ruptible power supplies that operate 
on any voltage worldwide. Converter 
Concepts, Inc, Pardeeville, Wis. 
Circle 297 on Inquiry Card 

Precision Measurement and 
Control Devices 

Feature selection charts and specs are 
used in short form guide to provide in- . 
formation on complete line of prod- i 

ucts from 1c op amps to computer I 
based measurement and cont~ol 
systems. Analog Devices, Norwood, 
Mass. Circle 298 on Inquiry Card 
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CAREER OPPORTUNITIES 

COMPUTER DESIGN, your direct link with over 

80,000 

Engineers and Engineering Managers who design computer-based and/or microprocessor systems 

CIRC ATION 
Your job-opportunity message goes straight to over 80,000 engineers, every one qualified within the past twelve months. 
We can tell you who they are, where they are and what they do. It's the largest, most clearly 
documented and concentrated group of computer-based systems design engineers available through any publication in the 
world. 

CLOSING 
DAT R s 

Space reservations accepted through 1 page - $3520 Check for special rates on multiple 
the first week of preceeding month. 213 page - 2640 insertions 
Final copy due by end of third week 1/2 page - 2360 
of preceeding month. Check for (Island) 
special late close page availability. 1/2 page - 2110 Recruitment advertising counts 

1 /3 page - 1410 towards the earned frequency of 
1 /4 page - 1160 regular advertising campaign in 
1 /6 page - 880, COMPUTER DESIGN. 

To reserve space for your ad call the: 

Hardware& 
Software 
Engineers 

Beckman's Clinical Instruments Division, located in South
ern California, is continuing its record growth ... which means 
we have a broad spectrum of ongoing opportunities for Hard
ware and Software Engineers. 

You will have responsibility for circuit, systems or soft
ware design of microprocessor-based medical instrumentation. 
Preferred background includes a BS degree and two years' pro
fessional experience. 

For immediate consideration, send resume with salary history 
to: Jerry Stenger, Dept. ER-7. 

B ECKMAN 
CLINICAL INSTRUMENTS DMSION 
200 S. Kraemer Blvd., Brea, CA 92621 
Equal Opportunity Employer MI F 

220 CIRCLE 137 ON INQUIRY CARD 

COMPUTER DESIGN Recruitment Hotline Toll Free at: 
(800) 225-0556 (in Massachusetts (617) 646-7872 

John G. French 
Classified Advertising Manager 

FOR FURTHER 
CAREER 

OPPORTUNITIES 
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Engineers Co Inputer 
Sciences 

Corporation 

IF C3 IS YOUR CHAIJ£NGE, 
WE'RE YOUR COMPANY 

C~mputer Sciences Corporation is growing to meet the C3 challenges of the 80's. We're expanding our 
engineering/technical capability to help the U.S. Navy acquire the communications to command and 
control strategic and tactical submarines-SSBNs and SSNs. Our sophistication and quality have at
tracted clients from business, industry and government. Our atmosphere has attracted the finest profes
sionals in their fields. If you're interested and skilled in any of the following areas, please contact us. 

ELECTROMAGNETIC TRANSMI~ION SYSTEM ENGINEERING 
• Extremely low frequency through 

visible light 
• Blue-green laser 
• Transmitters, receivers, antennas 
• Adaptive HF 

• Shore, Air, Submarine 
• Modulation & Signalling 

Techniques 
• Analog and Digital Signal 

Processing 

ME~AGE PROCE~ING SYSTEM ENGINEERING 

• Information encoding/ decoding 
• Preparation, display, routing, filing 

• Message recognition, correction, 
combining 

COMPUTER SCIENCES 
• Software/Firmware Development, Verification & Validation 
• Computer Application to Communications Systems 

CSC offers competitive ·salaries and an excellent benefits program. If you have skills in these or related 
areas and are interested in joining a team of outstanding professionals dedicated to improved national 
security, write: S. Snook, Department Manager of our Navy Communications Systems Engineering 
Department OR call (703) 533-8877, Ext. 6160. 

The only funitations are the ones you bring with you. 

csc 
SYSTEMS DIVISION (M/C 218-102) 

6565 Arlington Blvd. 
Falls Church, VA 22046 

An Equal Opportunity Employer. M/FYH. 
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RS232 DATA SWITCHING MATRIX 
· Implements every possible connection be- LOGIC ANAL YZER-32 CHANNELS ON A 
tween Tx Data and Rcvd Data for eight 1/0 BUDGET 
ports. SBC 80 COMPATIBLE 32K PROM Only $ 3600, the Pl-532C 32-channel logic 
· Manual Control and connection monitoring BOARD analyzer includes all probes and a self-study 
via built in key array and 8 x 8 LED display. The PROM-32 accepts sixteen 2 71 6 course. Standard features are a 32-bit-wide 
·Non-volatile memory for 1 6 connection ar- E-PROMS. The base addresses of the memory by 2 50-word-deep memory, a separate 
rangements. fall on 1 6K boundaries and are settable to reference memory, 21 triggering modes, 
· 20 ma, RS232, or TTL may be mixed. 0000, 4000, 8000 and COOO Hex. Any 2K demultiplexing and choice of displays: stand-
. Remote selection via parallel TTL interface. memory block may be deselected. 3 Year alone or using a scope or video terminal. 
$995 (1-4, USA only), DIGITAL Warranty. $295 (Qty 1-9) Stock. ELEC- PARATRONICSINC.,2140BeringDrive,San 
LABORATORIES,600 Pleasant St., Water- TRONIC SOLUTIONS, 5780 Chesapeake Ct, Jose, CA 95131, 800-538-9713 (Toll-Free 
town, MA 02172. (617)924-1680. San Diego, CA 92123 Tel: (800)854-7086. I Outside California), 408/263-2252. 

t-----------S,!tl,S!;~~+l~!!!~!!_c!!!_~~~L-._SI~~~~---------- CIRCLE 527 
-..........._ 

MOSTEK STD BUS MICRO RUNS CP/M 

HEWLETT PACKARD 98458/C & 
9835A BINARY UTILITY PROGRAMS 
Binary programs to enhance program editing 
capabilities and provide new keyboard commands 
are now available. • SEARCH & REPLACE Provides 
a program-global facility to change names of labels, 
functions, variables and subprograms on BASIC pro
grams in memory . • SYMBOL FINDER Searches 
BASIC program for identifiers and reports defining 
line number and all occurrences. • MEMORY 
MAPPER Prints memory map to help programmers 
write BASIC programs which execute faster and use 
less memory. • CROSS REFERENCE An invaluable 

From Addmaster Corporation - a self- aid in preparing documentation. Produces a cross 
The XM800 includes dual 8" drives, 16 slot reference table to show all identifiers and line 

S D Bus d contained paper tape punch which makes numbers where they occur. • DUMP ALPHA Copies card cage, and Mostek T car s in a 
5, 6, 7 or 8-level tapes at speeds up to 50 the CRT display to the internal printer or an external 

single all metal attractive enclosure, 11" x cps . Parallel data keyboard inputs, manual hardcopy device . • COMMENT STRIPPER Removes 
17" x 22". Complete system with 64k RAM TL I comments from BASIC programs to reduce memory 
and CP/M 2.2 from $4000; less user supplied back space, tape low lamp, T leve com- requirements and improve execution speed. 
cards, drives and software $995 Multibus patible , 5-8 level (ANSI) , optional RS232C • OEMSEC Enciphers BASIC programs to prevent 

J/0 serial port are< features . Maximum 8" listing, tracing or interrogation of program variables. 
and Eurocard versions also available. Avail- lnsu es th t 1 ·th d t d t b d ' d reel, standard hub. (1000 feet) . Optional r a a gori ms an ra e sec re s em o 1e 
able Mostek MD cards 30% off. STD proto in programs remain secure. • NODUP Prevents 
systems also available . For full STD product attachment for standard fanfold tape. duplication of the program media. Works with tape , 

Contact Addmaster Corporation, 416 Juni- floppy, or hard disc based systems. 
catalog, contact QC Microsystems, 9861 STRUCTURED SOFTWARE SYSTEMS INC B 
Chartwell Dr., Dallas, TX 75.243. Phone pero Serra Drive, San Gabriel, CA 91776· 1072, Irick Road, Mt . Holly, NJ 0806~~ 
(214)343-1282. CIRCLE528 Telephone: (213) 681-3098 CIRCLE 529 (609)267-1616 CIRCLE 530 

~--------------;---------------~-------

' -S-100 TO IEEE-488 INTERFACE 
THE P&T-488 INTERFACE BOARD lets your 
S-100 computer be a talker, listener, or con
troller on the IEEE-488 instrumentation bus. 
Software packages allowing high level 
language access to the 488 bus are available 
for CP/M, COOS, North Star DOS/BASIC, as 
well as for direct assembly language 
programming. Price of the P&T-488, 
assembled and tested with one of the soft-

APPARA T ANNOUNCES PROM 
BLASTER FOR THE TRS-80 OR APPLE 
Apparat's Prom Blasting system (A.P.B.) will 
program model 2704, 2708, 2716, 2732, 
2508, 2516 and 2532 EPROMs. The packT 
age comes complete with interface card, a 
complete set of personality modules, soft-
ware on disk and a detailed instruction 6801 MICRO CONTROL SYSTEM 
manual. The cost of the A.P.B. system is 
$149.00. TRS-80 versions require the Ap
parat Bus-Extender at $ 7 9 . 00 to $ 1 6 9. 00, or 
a user supplied power supply and cable. 

Analog and Power Control 1/0 ..... in a Single 
Board Computer, 6801 or 68701 MPU with 
2K ROM or EROM, 128 RAM, timer. 8 12-bit 
analog inputs, 8-bit analog output, 8 AC or DC 
inputs or outputs, serial 1/0, digital 1/0, watch-

For details on the A.P.B. system, contact AP
PARAT, INC, located at 4401 S. Tamarac 

ware packages, is $450. Parkway, Denver, Colo, 80237 or call Ap- · dog timer, power supply. WINTEK CORPORA-
PICKLES & TROUT, Box 1206, Goleta, CA parat's technical/service department at TION, 1801 South St, Lafayette, IN 4 7904; 

U~~8~L2,.6~~3~----~~~~1..&.~~~-.1!~~----..£1~!;!,2~e_wll·~,L,7~,;i42_8 CIRCLE 533 
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Mierow are' s OS-9TM 
speaks 

your languagefsJ 
Microware's multilingual OS-9 ™Multiuser/ 
Multitasking Operating System can be quickly 
installed on almost any 6809 microcom
puter. This Unix*-like Operating System has 
become the industry standard due to its 
reliability, versatility, and supurb perfor
mance. And it is supported by the most
wanted languages: BASIC.09, COBOL, 
PASCAL; and software tools: Stylograph 
Word Processor, Macro Text Editor, 
Assembler, and more. Additional 
languages and applications programs are 
available for OS-9 rM from many other soft
ware houses. For information on attrac
tive OEM licensing plans, contact: 

MICROWARE® 
5835 Grand Avenue, Des Moines, Iowa 50312 • (515) 279-8844 

"Unix is a trademark of Bell Telephone Laboratories. BASIC.fl9 is a trademark of Motorola, OS-9 is a trademark of 
Motorola and Microware. Australia, Semcon Microcomputers, Ltd., Sydney, Tel. 02 848-0800. England, Dialogue 
Marketing, Ltd. , Tel. (06285) 29222,Tlx. 848080 MICRO G. Germany, Prodata, Schriesheim, Tel. 0 62 21 I 86 04 26, Tix. 
465008 WEISS D. South Africa, Eagle Electric Co. (Pty) Ltd., Capetown, Tel. 45-1421 , Tix. 57-20713 SA. Switzerland, 
Digicomp AC, Zurich, Tel. 01 66 12 13, Tix. 812035 DIG! CH. 
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CIRCLE 132 ON INQUIRY CARD 

Available in nine different comblnatlons of motor length 
(41, 48 and 55 mm) and voltage (6, 12, 24 V) this new series 

features extremely low electrical noise, very high efficiency, 
long service life, smooth operation and low mechanical noise. 

• Starting torques from 280 to 500 g-cm 
• Maximum efficiency as high as 65% at 24 Volts. 
• Varistor ring and high quality brush material. 
• 7 bar armature for smooth operation. 
•Available with AC tach, gearheads and AMP 110 terminals 

For complete 
technical information: 

Ca11011 
Canon U.S.A. , Inc. 
Electronic Components Division 

One Canon Plaza 
Lake Success, L.I .. N.Y. 11042 

Tel.(516)488-6700 
Telex 96-1222 
Cable - Canon USA LAKS 

CIRCLE 133 ON INQUIRY CARD 

HOME OFFICE 
Director of Marketing 
Gene Pritchard 
Direct Marketing Sales Mgr 
Maureen Sebastian 
Classified Advertising Mgr 
John G. French 
11 Goldsmith St. 
Littleton, MA 01640 
( 617) 486-8944 

NEW ENGLAND AND 
UPSTATE NEW YORK 

Regional Sales Manager 
Carol E. Fountain 
11 Goldsmith St. 
Littleton, MA 01460 
( 617) 486-8944 

MIDDLE ATLANTIC 
STATES1 LONG ISLAND 
AND SOUTHEASTERN 
STATES 

DICK BUSCH, INC 
Richard V. Busch 
6 Douglass Dr., R.D. #4 
Princeton, N .J. 08540 
(201) 329-2424 

MIDWESTERN 
STATES AND COLORADO 

BERRY CONNER 
ASSOCIATES 
Berry Conner, Jr. 
88 West Schiller St. 
Suite 2208 
Chicago, IL 60610 
(312) 266-0008 

WESTERN STATES 
AND TEXAS 

BUCKLEY /BORIS 
ASSOC ., INC. 
Terry Buckley 
Tom Boris 
John Sabo 
22136 Clarendon St. 
Woodland Hills , CA 91367 
(213) 999-5721 
(714) 957-2552 
Terry Buckley 
Barbara Arnold 
P.O. Box 278 
Campbell, CA 95009 
(408) 866-8735 
(213) 999-5721 

•(TMI 
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CPS-20 
A new dimension in plotter versatility 

Prices start at $3995 

oz ~J 
A choice of 5 interfaces makes the CPS-20 compatible 

with virtually any contputer. 
It took Houston Instrument 

to bring you this kind of flex
ibility in an 11" digital plotter. 
Regardless of what type of com
puter you own, from the 
smallest micro to the largest 
mainframe, the chances are the 
CPS-20 can interface with it. 

Simply specify the type of inter
face for your computer (RS-232-C 
single and dual port, IEEE-488, 
Centronics® compatible, and 
incremental) when you order 
the plotter and we'll ship you 
the configuration you need. 

If you upgrade or change 
computers in the future, a sim
ple change of the interface 
boards in the CPS-20 will 
enable you to interface the plot
ter with the new computer. 

What could be easier ... or 
more practical? 

N!C control, navigation, 
mapping, medical research and 
diagnostics, engineering, 
whatever your plotting needs, 
the CPS-20 is the sensible 
answer for now and for the 
future . 

Centronics® Registered trademark of Centronics Data Computer Corp. Circle 134 for Literature 

•Top mounted touch sensitive 
switches provide instant 
finger tip control 

•Superior damping provides 
quiet operation 

•Pen carrier is attached to the 
hinged recorder lid for easy 
paper loading and unloading 

•Stepper motors provide 
reliable 8 vector movement 

•A choice of 3 intelligent con
figurations is available 

For complete information , contact 
Houston Instrument , One Houston 
Square , Austin, Texas 78753 , 
(512) 837-2820. For rush literature 
requests , outside Texas call toll-free 
1-800-531-5205. For technical informa
tion ask for operator #5.In Europe, 
contact Houston Instrument, 
Rochesterlaan 6, 8240 Gistel, Belgium . 
Phone 059127-74-45. 

0 s ins ru ent 
GRAPHICS DIVISION OF 

BAUSCH & LOMB <j) 
Circle 135 to have a Representative call 



Pro-Log M980 Programmer: 
Best for development. 

Interfaces directly with 
your development system. 

For developing new products 
that use programmable devices, 
save valuable time by downloading 
programs directly to the Pro-Log 
M980 programmer. The M980 
interfaces with popular develop
ment systems, as well as with 
computers and modems, paper
tape readers and TTYs. 

Twenty data formats are key
selectable on the M980. The 
RS232C baud rate is also selectable
from 50 to 9600. And the addresses 
can be off set during downloading 
and uploading. 

Ready for over 450 
programmable devices. 

With the powerful M980 control 
unit and our vendor-approved 
personality modules, you ean 

program, copy, test and edit most 
MOS and bipolar PROMs and 
logic devices. And you're ready for 
new devices as they come along 
. . . including devices as large as 
64K x 16 bits. 

No calibration required. 
Because our programming 

voltages and timing are generated 
using proven designs and precision 
components, the M980 does 
not need 
periodic 
calibration. 

CIRCLE 136 Oft INQUIRY CARD 

So you don't need expensive cali
brating equipment and trained 
personnel, and you don't lose the 
use of your programmer every 
90 days . 

Find out more. 
Pro-Log has provided program

ming leadership since 1973. Over 
9,000 programmers and 20,000 
personality modules are now per
forming reliably worldwide. 

For full details, send for our 32-
page M980 brochure. Or better 
yet, ask for a free demonstration. 

Write or call Pro-Log Corporation, 
2411 Garden Road, Monterey, CA 
93940, phone (408) 372-4593. 
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