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If you think 
HP board testers areilt 
affordable, think again. 

If you want 
a complete board 
tester that meets 
your needs at a 
price you'll like, 
consider the new 
HP 3065ST. 

It's surprisingly affordable, with 
• many standard features not found on 

other board testers under $100,000. 
You get multi-user capability 

without the headaches of fore­
ground/background systems. 
Automatically generated 
6-wire analog measure­
ment. Analog functional 
testing. A vector appli­
cation rate of 2.5 MHz. 
A high-speed digital 
library with more than 
4,500 devices. 81 mega­
bytes of mass storage. 
And more. All standard. 

There's also com­
plete software and fixture 
compatibility across the 
HP 3065 family. So you can 
start small and easily expand 
as you grow. 

And like all HP board 
testers, the HP 3065ST is 

CIRCLE NO 100 

"Some 
restnctmns 
apply 

available with HP's exclusive 99% 
Guaranteed Uptime program.* 

Call HP today! 
Get into affordable board test 

now. For more information, call 
1-800-634-TEST. In Colorado, call 
collect: 303-669-9325. 
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Metal film resistance. Lots of 
people supply it, bu-t at Dale® we 
have more ways to make it work to 
your advantage. 

From the start, we'll give you more 
alternatives for fine-tuning 
resistance to your application -
right out of the catalog . Low cost 
commercial to ultra precision . 
High power. Ultra high or low value. 
Tight tolerance. Matched sets. 
Thick film chips plus thin film chips 
and networks for surface mounting . 
MIL qualifications from MIL-R-22684 
through MIL-R-122. All guided 

Dale® Can. 

by Statistical Process Control and 
Just-In-Time delivery systems. 

Whether your need is for high 
performance, high volume or both , 
Dale has the products and the 

CIRCLE NO 1 

commitment to meet your exact 
needs for quality and delivery. 
Start saving time right now. 
Contact your Dale representative 
or phone 402-371 -0080. Dale 
Electronics, Inc., 2300 Riverside 
Blvd ., Norfolk, NE 68701. 

Dale Makes Your Basics Better 
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"We brought 19 products into full compliance. 
FCC, DOC, UL and CSA. 50 approvals! 
On time and on budget . 

. Thanks,DS&G!" Gavin Steven, 
British Telecom/ 
Mite/ Datacom 

BRITISH TELECOM CHOSE DS&G 
"A single compliance problem could have crippled our 
introduction and damaged our reputation. We chose the best 
R&D facility to help us'. ' 

''WE KNEW ENOUGH NOT TO GO IT ALONE'' 
Until 1984, British Telecom was itself the telecommunications 
approval authority in Great Britain. They understand the benefits 
of using an independent laboratory solely dedicated to compliance 
approvals and totally familiar with the smallest regulatory details. 

"WE CHOSE THE BEST U.S.R&D FACILITY" 
Dash Straus & Goodhue is much more than the East Coast's largest 
R&D facility specializing in compliance. It actively consults with 
the U.S. government on compliance matters, runs the industry's 
most extensive seminar and training programs, publishes the 
industry's sourcebook, Compliance Engineering, and handles 
world-wide compliance programs. 

BEYOND TESTING TO TOTAL SOLUTIONS 
DS&G can handle every aspect of your compliance program, 
including all paperwork and liason with government agencies. 
DS&G offers initial design assistance, full product safety, emissions 
and telecom testing, and complete retrofit designs. 

LESS WORRY, LESS DELAY, LOWER COST 
Estimated completion dates and prices are given up front . Because 
DS&G engineers and lawyers are compliance experts, most clients 
find costs to be far less, and the company's compliance position 
safer, than with internally run programs. 

TO LEARN MORE, CALL OR WRITE: 617-263-2662 

D S I G 
Dash Straus & Goodhue, Inc. 
593 Massachusens Avenue, Boxborough, MA 01719 
Telex: 317-632 DASH 

Da'h Strau, & Goodhue FC 4Q @15@€ @ 
~Wll&~ Accredited by the National Bureau of Standards for Emissions and Telecommunications Testing 



0.5 to 1000MHz trom $13?s~24qty) 
Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 

temperature range, in a rugged package ... that's Mini-Circuits' new MAN-amplifier series. 
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requ ires about the same 
pc board area as a T0-8 and can take tougher punishment with leads that won't break 

off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
500MHz and 0.5 to 1 OOOMHz, and NF as low as 2.8dB. 

Prices start at only $13.95, including screening, thermal shock -55°C to +100°C, 
fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 

voltage and current. 

Internally the MAN amplifiers consist of two stages, including coupling capacitors. 
A designer's delight, with al l components self-contained. Just connect to a de 

MODEL 

MAN-1 
MAN-2 
MAN- l LN 

OMAN-1 HLN 

supply voltage and get up to 28dB gain with +9dBmoutput. 

FREQ. 
RANGE 
(MHz) 

fl tofu 

0.5-500 
0.5-1000 
0.5-500 

10-500 

GAI N 
dB 

The newMAN-amplifier series ... 
another Mini-Circuits' price / performance 

breakthrough. 

MAX. NF DC PWR PRI CE 
OUT/ PWR t dB 12V, $ ea. 

min flatnesstt dBm (typ) mA (5-24) 

28 1.0 8 4.5 60 13.95 
19 1.5 7 6.0 85 15.95 
28 1.0 8 2.8 60 15.95 

10 0.8 15 3.7 70 15.95 

ttM1dband lOfL to fuh ± 0.5dB t ldB Gain Compression OCase Height 0.3 In. 

Max input power (no damage) +15dBm: VSWR in/out 1.8:1 max. 

find ing new ways .. 
setting higher standard s 

t::I Mini-Circuits 
A 01v1s1on of Sc1en11f1c Components Corporation 

P.O. Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

CIRCLE NO 126 
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liiDY SPOT swiliches 
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absorptive ... reflective 

f1nd1ng new ways .. 

de to 4.6 GHz trom $32~~) 
Tough enough to pass stringent MIL-STD-202 tests, useable 

from de to 6GHz and smaller than most RF switches. Mini-Circuits' 
hermetically-sealed (reflective) KSW-2-46 and (absorptive) 

KSWA-2-46 offer a new. unexplored horizon of applications. Unlike 
pin diode switches that become ineffective below 1 MHz. these GaAs 
switches can operate down to de with control voltage as low as -5V, 

at a blinding 2ns switching speed. 

Despite its extremely tiny size. only 0.185 by 0.185 by 0.06 in .. these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1 dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1 .5 in its "OFF" state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 

conventional assembly techniques. The KSW-2-46, priced at only $32.95, 
and the KSWA-2-46, at $48.95, are the latest examples of components 

from Mini-Circuits with unbeatable price / performance. 

Connector versions. packaged in a 1 .25 x 1 .25 x 0.75 in . metal case. 
contain five SMA connectors. including one at each control port to 

maintain 3n sec switching speed. 
Switch fast ... to Mini-Circuits' GaAs switches. 

SPECIFICATIONS 
PIN MODEL KSW-2-46 
CONNECTOR MODEL ZFSW-2-46 

FREQ. RANGE 

INSERT LOSS (db) 
dc- 200MHz 

200- lOOOMHz 
1-4.6GHz 

ISOLATION (dB) 
dc-200MHz 

200- l OOOM Hz 
1-4.6GHz 

dc-4.6 GHz 

typ max 
0.9 1.1 
1.0 1.3 
1.3 1.7 

typ min 
60 50 
45 40 
30 23 

VSWR (typ) ON 1.3:1 
OFF 

SW SPEED (nsec) 

KSWA-2-46 
ZFSWA-2-46 

dc-4.6 GHz 

typ max 
0.8 1 1 
0.9 1.3 
1.5 2.6 

typ min 
60 50 
50 40 
30 25 

1.3 
1.4 

rise or fall time 2(typ) 3(typ) 

MAX RF INPUT 
(bBm) 

setting higher standards 
up to 500M Hz 
above 500M frlz 

+17 
+27 

+17 
+27 

r;;;1 Mini-Circuits 
A 01v1s1on ol Sc1ent1t1c Components Corpora11on 

P.O. Box 350166. Brooklyn . New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

CIRCLE NO 106 

CONTROL VOLT 

OPER / STOR TEMP. 

PRICE (1-24) 

-5V on. OV off -5V on. OV off 

-55° to +125°C - 55° to +125°C 

$32.95 $48.95 
$72.95 $88.95 

C117REV.C 
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On the cover: Networking softivare can 
unmPel the problems associated with link­
ing heterogeneous netivorks. See pg 102. 
(Photo courtesy Western Digital) 

WBPA i\BP II 
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DESIGN FEATURES 
Special Report: Networking software 102 

&~ 
KEEPING AMERICA 
COMPETITIVE 

Network operating systems, file-sharing 
software, and application-development tools 
simplify the task of designing systems that 
harness distributed processing power. Using 
software products such as these, you can 
even partition an application's executable 
code among heterogeneous systcms.- Maury 
Wr!!Jht, Regional Editor 

Decade 90: The future of system design-Part 1 114 
Designing systems with the next decade's increasingly complex chips 

will require entirely new methodologies and techniques. This article is 
the first in a 5-part series that will explore the changes already taking 
place in system design and extrapolate those changes through the year 
2000.-Steven H Leibson, Regional Editor 

2M-byte diskettes need 127 
special tests for quality control 

The bit density of 2M-byte diskettes is near the theoretical limit for 
longitudinal recording methods. Careful quality-control testing is 
therefore critical to error-free use of these diskettes in computer 
systems.-]erome L Hartke, Media Sciences Inc 

Single-chip µCs 
solve problems in pattern generation 

139 

In many applications, the single-chip µC provides a viable alternative 
to the traditional solutions for pattern-generation problems. The 
equipment required to apply µCs is inexpensive, and the development 
cycle for custom pattern generators is short-an attractive combina­
tion .- Chris Ghormley, ITT Federal Electric Corp 

Modula-2's design simplifies 
programming and compilation 

147 

Designing a computer language is punctuated by a series of tradeoffs 
and compromises. In designing Modula-2, Niklaus Wirth has achieved 
a better set of tradeoffs and compromises than has any other language 
dcsigner.- Brian Anderson, Vancouver Community College 

Continued on page 7 
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The first hermetic optocouplers 
certified to MIL-51 D -1772 
are from HP 

When you 
need hermetic optocouplers, 
consider HP your primary source. 
We are the first company to get U.S. 
Government approval for our hybrid 
optocoupler manufacturing line. Our 
entire family of 8- and 16-pin hermetic 
optocouplers has been line certified 
to meet the new tough DESC require­
ments (MIL-STD-1772) for hybrid 
devices. 

But that's only half of it. 
We deliver high reliability perfor­

mance with carefully engineered fea­
tures that make your products stand 
out from the competition: high speed 
logic gates with data rates up to 13 
MBd; Darlington amplifier detector 
circuits with a current transfer ratio of 
up to 1,5003; a unique logic interface 
with either AC or DC input for voltage 
or current sensing. 

If you would like to know more 
about how to get HP hermetic opto­
couplers, date-coded to reflect their 
line certification, just circle the reader 
service number on the reply card in 
this magazine. 

To order, contact your nearest HP distributor. In the U.S. : Almac Electronics Hall-Mark Hamilton/ 
Avnet, or Sch weber. In Canada: Hamilton/ Avnet or Zentronics Ltd ' ' 

· CG08710 

CIRCLE NO 91 
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Continued from page 5 

You can choose from a variety of 
data-acquisition and -contml boards 
jiw your Macintosh II, but you must 
/mow your requirements thorou,_q/J ~" to 
malte an intcll£qent choice (pg 57). 

EDN magazine 
now oftcrs 

Express ~equest, 
a convemcnt way 

to retrieve product 
information bv 
phone. Sec the 
Reader Service 

Card in the front 
for details on how 

to use this free 
service. 

Ex12.ress11111~ 
Request .,. 
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TECHNOLOGY UPDATE 
Vendors offer a range of data-acquisition 
and -control boards for the Macintosh II 

57 

&~ 
KEEPING AMERIC.\ 
COMPETITIVE 

With the right data-acquisition and -control 
board plugged into o ne of its six Nu bus ex­
pansion slots, the Apple Macintosh II can 
perform almost any data-acquisition and 
-control task you could ex pect of a desktop 
systcm .-Doug Conner, Regional Editor 

In-circuit emulators ease development 
of hardware for 80386-based applications 

69 

Brand new, or significantly improved , 80386 in-circuit emulators arc 
giving designers more to consider when selecting high-performance 
/lPs for their new dcsigns.-Dan Strassbe'i'lf, Associate Editor 

Gallium-arsenide digital ICs 79 
complement ECL families in high-speed applications 

If your designs suffer fro m bottlenecks d ue to the speed limitations 
of ECL, you can advantageously add GaAs compo nents to your ECL 
ci rcui ts despite GaAs's higher costs.- j ohn Gallant, Associate Editor 

PRODUCT UPDATE 
SMD multilayer varistors 

DESIGN IDEAS 
Tachometer measures low frequencies 
Chopper amplifier stabilizes 3-amp system 
Circuit converts pulse train to sinusoid 
Pushbutton sequence disarms burglar alarm 
Program divides 32-bit by 16-bit numbers 

95 

163 
165 
168 
168 
174 

Continued on page 9 
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AUTOMATIC SCHEMATIC. 
FUTUREDESIGNER: DRAW LESS. DESIGN 
MORE. Introducing FutureDesigner™ -
the only advanced design entry work­
station that lets you describe your cir­
cuit in compact, high-level terms and 
create more complex designs faster. 
FutureDesigner's flexible, new tech­
niques encourage creativity and 
experimentation, helping you pro­
duce innovative products quickly and 
more accurately. 

MULTIPLE DESIGN ENTRY MODES FOR 
SPEED AND FLEXIBILITY. Describe 
your circuit with any combination of 
structural and behavioral representa­
tions. Use schematics to enter the 
structural portions of the design, such 
as data paths in a memory array. For 
portions easier to describe behaviorally, 
like sequencers or decoders, simply 
enter equations, truth tables or state 
diagrams using on-screen input forms. 

ADVANCED DESIGN VERIFICATION 
HELPS YOU GET IT RIGHT THE FIRST 
TIME. For the behavioral portions of 
your design, use FutureDesigner as a 
"what if" tool to try different design 
approaches. Immediately verify that 
your circuit works as you intended . For 
the structural portions, design check 
tools detect and help you correct con­
nectivity and other common design 
errors. Together these features signifi­
cantly shorten the design iteration cycle. 

LOGIC SYNTHESIS CONVERTS YOUR 
EQUATIONS INTO SCHEMATICS. Once 
you've entered equations, state dia­
grams or truth tables, FutureDesigner's 
logic synthesizer eliminates redundant 
circuitry and optimizes your design for 
size/speed trade-offs. FutureDesigner 
is the only design entry workstation that 
will then automatically produce the 
correct schematics and integrate them 
with the total structural design. 

Oat11 l /O Corporation 10525 Willows Road N E. , PO. Box 97046, Redmond, WA 98073·9746, U.S.A. 12061881-6444/ Telex 15-2167 
FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311 -7528 !818) 700-0691 / 101ex 910-494-2681 
Oaui 1/0 Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 !416) 678-0761 /06968133 
Data 1/ 0 Europe World Trade Center. Straw1nskylaan 633, 1077 XX Amsterdam, The Netherlands (20! 622866 / Telex 16616 DATIO NL 
Oata 1/ 0 Japan Sum1tomose1me1 H1gash1shmbash1 Bldg, BF, 2-1-7, H1gash1-Shmbash1, M1nato-ku, Tokyo 105, Japan 

1031432·6991 / Tele' 2522685 DATAIO J 

© 1987 Data 1/0 Corporation. CIRCLE NO 101 

MORE CHOICES IN TECHNOLOGIES, 
VENDORS AND SYSTEMS. Future­
Designer is technology independent. 
Choose the most convenient mix of 
TTL, PLDs, gate arrays or other 
AS I Cs from a wide range of semi­
conductor manufacturers. You can 
easily migrate from one technology 
to another without redesign . 

FutureDesigner output is an 
industry standard, widely accepted 
by engineering service bureaus and 
semiconductor vendors. You'll also 
have access to both FutureNet® and 
other CAD systems for simulation 
and PCB layout . 

Call us today and learn how a 
FutureDesigner workstation gives 
you the flexibility and accuracy to 
design innovative products faster. 

1-800-247-5700 
Dept.112 

Future Net 
A Data 1/ 0 Company 
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Board-to-board 
interconnects? 

"Samtec has 
everything you'll 
ever need!" 

Sam Shine, Proprietor 

Machined or stamped, low or high 
profile, standard or micro centerline 
spacing, gold, tin or selective plating 
-you'll find Samtec has the right 
board-to-board interconnects to 
meet your application need. 

Two-piece machined interconnects 

Two-piece .025" sq. interconnects 

Micro-strips on .050" centers 

Low cost .020" diameter interconnects 

''SUDDEN 
SERVICE 
really makes 
Samteca 
different 
breed of cat!" 

WRITE for our complete board-to­
board interconnect brochure. In 
addition, you will receive our 
NEW 100 page full-line catalog of 
interconnect "11,IJ4 
products. ~ ~··· 

EUROPEAN SAMTEC, Ltd., 35 Deerdykes View, 
HEADQUARTERS: Westfield, Cumbemauld, Scotland G68 9HN 

Phone: 02367 39292 FAX: 2367 27113 TU<: 776158 

SUDDEN SERVICE 
WORLDWIDE SAMTEC, INC., P.Q Box 1147, 810 Progress Blvd., 

HEADQUARTERS: New Albany, IN 47150 USA Phone: (812) 944-6733 
TWX: 810-540-4095 TUC: 333-918 FAX: 812-948-5047 

CIRCLE NO a 



It's the some old story. Static RAM suppliers come 
out with new claims base on, what else, speed. 
And with everybody touting speed, they all start 
looking alike. Until you look at reliability. 

That's where INMOS breaks the mold . 
At INMOS weve developed SRAMs that 

give you high performance without compromising 
reliability. 

Weve achieved that reliability with innovations 

like using layered refractory metals to reduce 
electromigrotion and eliminate stress voiding, 
interlevel shorts and to reduce contaminates. 

At the transistor level we use lightly doped 
drains to inhibit hot electron effects, yielding 
transistors that will lost more than a century. 

So if you're tired of the some old line about the 
same old stuff, coll IN MOS. Our 25ns, 64K SRAMs 
will make you look at chips in a whole new way. 

RELIABLE 64K CMOS SRAMs 

eomJmos· 
INMOS, Colorado Springs, Colorado, Tel.1303) 630-4000; Bristol, England, Tel. (0454) 616616, 

Paris, Fronce, Tel. (l) 46.87 22 01; Munich, Germany, Tel. 1089) 319 10 28, Tokyo, Japan, Tel 03-505-2840. 

1nmos, Q and IMS ore trademarks of the INMOS Group of Companies. 
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Omron Has Your Relay 
From industry standard general purpose relays to power PC board 
relays, Omron relays provide low power consumption , high speed 
operation and high reliability to meet your application needs. In 
addition to your standard relay requirements, Omron relays offer 
a wide variety of options, including LED indicators, push-to-test 
buttons, high switching capacity, and more. 

Designed To Meet Customer Needs 
Because there are as many application requirements as there are 
design engineers, Omron backs up its extensive relay line with a 
commitment to product innovation. Many of our best-selling standard 
relays were initially developed to meet specific customer 
requirements in a wide variety of industry applications. 

In Stock Where You Need Them 
Count on your local Omron stocking distributor for assistance and off­
the-shelf delivery of Omron switches and relays. Our commitment to 
customer service has forged one of the 
strongest distributor networks in the 
industry. But don't just take our word for it. 
Contact Omron for more information and 
a distributor list today. 

1 ·800·62·0MRON 
Omron General Purpose Relays 
include our MY, MK, LY and MJ models. 

Shown here are key specifications for some of Omron's most popular power and general purpose relays. 

Power Relays General Purpose Relays 
Model G2R G4W 

Contact 1A. 1C 2A.2C 1A 2A 

Form 
Rated 10A, SA. 15A. 10A, 

Load 25-0VAC/ 25-0VAC/ 230VAC/ 220VAC/ 

~ 30VDC 24VDC 24VDC 
High 
Capacity 
Type 16A, 
25-0VAC/ 
30VDC 

Terminal PCB. QC. Solder PCB, QC, Solder, QC 

Types and PCB 

Coil AC/DC DC 

Types 
Coil AC:0.9VA O.BW 

Power DC:0.53W 

Approved UL, CSA, TUV, VDE, UL. CSA, VDE, SEV, 

Standards SEV, SEMKO SEMKO 

•No/NC contacts 

Responsive Innovation 
EDN March 3, 1988 

G4B G5D G8P 
1A. 1B, 1X 2X 1A 18 1C 
1C 

25A, 30A, 20A, 30A, 15A, 20N 
220VAC/ 25-0VAC 25-0VAC 25-0VAC 25-0VAC 10A", 
24VDC 20A, 10A, 25-0VAC/ 

28VDC 28VDC 28VDC 

QC. QC QC PCB 
and PCB 
(coil) 
AC/DC AC/DC DC 

AC: AC:3.0VA 0.9W 
1.3VA DC:1.9W 
DC: 
1.2W 
UL, CSA UL, CSA, VDE, UL, CSA 

TUV 

CIRCLE NO 87 

MK 
1C 1 2C 3C 

5Al220 3N 
VAC 220 
3N24 VAC 
VDC 2N 

24 
VDC 

High Capacity Type 
10N230VAC 
10N28 VDC 
Octal Pin 

AC/DC 

2.1 VA 
1.2W 

UL, CSA, LR 

MY LY MJ 
2C 1 3C 4C 1C 2C 3C 4C 1C 1 2C 3C 

5N220 3N 15N 10N110VAC 10N110VAC 
VAC 220 110 10N24VDC 10N24VDC 
5N24 VAC VAC 
VDC 3N 15N 

24 24 
VDC VDC 

High Capacity Type 
51V240 VAC 
51V28 VDC 
PCB or Solder/ PCB or Solder/Plug-in QC or Plug-in 
Plug-in 

AC/DC AC/OC AC/DC 

1.2VA 1.2VA 2.0 2.5 2.1 VA 2.5 
0.9W 0.9W VA VA 1.2W VA 

1.4 1.5 1.2 
w w w 

UL, CSA, SEV, LR UL, CSA, VDE, SEV, LR UL, CSA 

OMRON ELECTRONICS, INC. 
One East Commerce Drive 
Schaumburg, IL 60173 
TWX 910-291-0426 
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Experience quick delivery, 
easy operation, fast develop­
ment schedules. EZ-PRO® 
users reap the benefits of the 
C language fully integrated 
with advanced emulation 
tools, including precedence 
triggering, Deep Trace~" 
on-line code revisions, and 
performance analysis tools. 

In addition to IBM® PC-XT/ 
AT, hosts include IBM Personal 

System/2 'M Macintosh II™ 
' ' VAX TM Micro VAX™ and Sun 

' ' Workstation~ 
EZ-PRO users also have the 

advantage of the best post­
sales support in the industry. 

They know that their 
emulators are covered by 

Intel: 8031 Motorola: 6800 Hitachi: 6301R Rockwell: 6502 RCA: 
8032 68800 6301 Vl 6503 

8086 8035 68HC11 A2 6801 6301X 6504 
8088 8039 68HC11A8 6802 6301 y 6505 

80186 8344 688 02 6303R 6506 
80188 8048 68000 146805£ 2 6305V 6507 
80286 8049 68008 6803 63705 65 12 

8050 68010 6808 6309 65 13 Harris: 
8051 688 08 6309E 65 14 

65 15 

Ao a a ---

American Automation's 
5-year limited warranty. 

Experience counts. Now 
with over 10 years experience, 
American Automation has 
designed more emulators than 
anyone. Count on EZ-PRO to 
provide the most cost/effectivE 
development support. 

1802 Zilog: Z80A 
1805 Z80B 
1806 Z80H 

CDP6805C4 Zl80 
CDP6805C8 Z800 1 
CDP68050 2 Z8002 
CDP6805E3 

80C86 NEC: V 20 V40 
80C88 V30 V 50 

8085A 6809 64 180RO 
8085A2 6809E 64 180Rl National: Signetics: 8X300 

8096/97 

14 

68809 
68B09E 

... ANDMORE 

american automation 
2651 Dow Avenue, Tustin, California 92680 (714) 731-1661 

FA X : 714/731-6344 

CIRCLE NO 115 

SC800 8X305 

•Assumes EZ-PRO Development Station 
connected to MSDOS host. 

IBM is a registered t rademark of 
International Business Machines, 

VAX and MicroVAX are registered trademarks 
of Digital Equipment Corporation, 

Macin tosh is a registered trademark of 
Apple Computer, Inc., Su n Workstat ion 

is a registered t rademark of Sun 
Microsystems, Inc. 
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JUST BECAUSE 
YOU'VE MADE IT. •• 



••• DOESll'T MEJlll 
YOU'VE GOT IT MADE. 

With a lot of ASIC vendors, your first 
prototype is just the beginning of a long 
journey into design revisions. And after 
the arduous task of making the thing 
work, you 're still not sure the device can 
be mass produced. 
Unless you're working with Fujitsu. 

Because when we produce your 
prototypes, you can bet they'll meet your 
performance specs. And you can be 
absolutely certain you'll be able to produce 
the device in quantity. And on schedule. 

Here's why. We've taken over 8,000 
designs from concept through mass­
production. And over 99% of them have 
worked the first time. That's right. 
Prototype number one worked as specified. 



You see, we've been refining our design 
tools for the past fifteen years. And 
because they verify your input to worst 
case specs, as well as scrutinize every 
detail from spike analysis to bus con­
tention, all the guesswork is eliminated. 
Our simulations are closely correlated to 
silicon (with a 99% hit rate). Plus, all 
prototypes and wafers are tested exactly 
like production units. So you know what 
you 'II get. Before you get it. 
Mass production. Guaranteed. 

Once you've accepted a prototype from 
Fujitsu, you can put all your production 
worries aside. Our design system drives 
devices to match the production process. 
That's guaranteed by 100% AC testing at 

frequency, in addition to the standard DC 
and functional testing. What's more, all 
wafer fabrication, assembly and testing 
are done in-house. All this means that 
you can count on production units that 
work uniformly. 

Combine these failsafe methodologies 
with our unprecedented quality assurance 
record, and you've got mass production 
with the highest quality available. 
Anywhere. 
The right technology. 

Finally, consider our experience. We 
can deliver the precise technology you 
need to fit your application. Leading edge 
technology from CMOS to ECL. With more 
packaging options than you can imagine. 

So don't listen to promises. The 
proof is in our performance. Simulations 
that match silicon 99.9% of the time. 
Prototypes that perform to spec the first 
time. And devices that work uniformly 
when they're mass produced. 

Call our Custom Products Group today 
at(800) 556-1234, ext. 82; in California 
(800) 441-2345. Because when your 
devices are made by Fujitsu, you've really 
got it made. 

CIRCLE NO 93 

FUJITSU FUJITSU 
MICROELECTRONICS. INC. 

Technology That Works. 
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How To Wring Workstation-Leve 

P-CAD's new Master Designer turns an ordinary PC into a full-fledged PCB workstation. 

When you need to wring every drop of perform- With Master Designer you can tackle the really 
ance out of your next PCB design, you need bigjobs. Board designs with 500 EICs, 32,000 
Master Designer™ software. pins and 2,500 nets are just the beginning. 

Master Designer provides all the horsepower, P-CAD's Master Designer routes multiple 
features and bells and whistles you'd expect layers simultaneously cutting the number of 
only from workstations priced from $SOK, to 1#--_ __,. vias and subnets in hal£ So you'll wring out 
as much as $200K. /I \ cleaner designs and higher completion 

P-CAD®'s price? A tiny fraction of the 
cost of a workstation for the same 
performance. All on a PC! 

/ 0~~~J~~R ~ rates (up to 100%). ,o 

•$' For forward annotation oflogic 
changes and "history independent" 

TYPICAL PC SOFTWARE 

- NUMBER OF USERS -

EDN March 3, 1988 



PCB Designs Out Of Your PC. 

back annotation, Master Designer also has an 
ECO processing option. 

And Master Designer supports all PCB design 
technologies. Including SMT, with a library of 
over 3,300 symbols and 4,600 parts. 

Still not convinced? 

If you're interested in wringing every penny out 
of your PCB design station instead of wringing 
your hands, ring P-CAD. Let P-CAD show you 
how to tum a PC into a high-powered work­
station overnight. 

P-CAD 
1290 Parkmoor Avenue 
Sanjose, California 95126 USA 
Telex: 371-7199 
FAX: 408-279-3 752 

800-523-5207 U.S. 
8~28-8748 CA 
408-971-1300 Hdqtrs. 

P-CAD is a registered trademark of 
Personal CAD Systems, Inc. Master 
Designer is a trademark of 
Personal CAD Systems. Inc. 

CIRCLE NO 129 
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FLUKE AND PHILIPS-THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

IFLUKEI ====® PHILIPS 

Counter--fit 

22 

If you think all low-cost frequency 
counters are inferior imitations of preci­
sion lab instruments, guess again . Fluke 
has a new 120 MHz counter that's a 
perfect fit for test systems, bench tops 
and budgets. 
Honest performance at only $995. 

The Philips PM 6666 counter delivers 
seven full digits of resolution at gate times 
of one second. More than 20 measure­
ment functions. Automatic trigger-level 
setting. And first-rate input protection to 

350V. All packaged in a rugged , shielded 
metal case. 

Add full programmability with the GPIB/ 
IEEE-488 option. A 1.1 GHz input. Or 
Philips' unique mathematically-controlled 
crystal oscillator timebase for precise 
measurements with no warm-up time. 

All this performance is backed up by one 
of the most trusted names in instrumen­
tation : Fluke, with service and support 
that's never more than a phone call away. 

So don't take chances. For genuine 

CIRCLE NO 139 

solutions to fit your test and measurement 
needs, come to Fluke. For more informa­
tion and complete specifications, phone 
1-800-44-FLUKE ext. 77. 

John Fluke Mfg. Co., Inc , P 0. Box C9090, MIS 250C. 
Everett , WA 98206 
US .. (206) 356-5400 CANADA· (416) 890-7600. 
OTHER COUNTRIES. (206) 356-5500 

©Copyright 1987 John Fluke Mfg. Co., Inc. 
All rights reserved Ad No 1071 -P6666. 

l:F:L:U:=K::E::'® 
EDN March 3, 1988 



NEWS BREAIZS 
EDITED BY JOANNE CLAY 

INSTRUMENT COMBINES DIGITAL SCOPE WITH LOGIC ANALYZER 
The Omnilab 9240 from Orion Instruments (Redwood City, CA, (415) 361-8883) com­

bines a 100-MHz digital storage oscilloscope with a 48-channel logic analyzer. As a 
digital scope, the instrument samples at rates as high as 204M samples/ sec with 8-bit 
vertical resolution. For repetitive waveforms, the digital scope has an equivalent-time­
sampling rate of 680M samples/ sec on two channels. 

As a logic analyzer, the instrument can support 48 state or timing channels at a 
34-MHz clock rate. You can use eight logic-analyzer channels at asynchronous clock 
rates reaching 204 MHz. The instrument can trigger on state, range, sequential events, 
and timing or event counters. It permits you to operate 32 logic-analyzer channels and 
two digital scope channels simultaneously. The Omnilab 9240 uses an IBM PC/AT or 
compatible computer for control and display. It sells for $8900.-Doug Conner 

SOFTWARE TRANSLATES DSP DATA INTO ASCII, HEX, AND BINARY 
If you've been looking for a menu-driven PC-based program that can translate and 

transfer data acquired from digital instruments or incompatible data-acquisition pro­
grams, the Universal Translator from HEM (Southfield, MI, (313) 559-5607) may be the 
program you need. This software package translates data to and from digital-signal 
formats such as ASCII floating-point, hexadecimal, condensed hexadecimal, and 
binary formats. According to the manufacturer, the program will work with virtually 
all data-acquisition and -analysis packages for either input or output data. Its menu­
driven format lets you establish input and output parameters. You can store your 
menu selections to automate repetitive translation tasks. The Universal Translator 
costs $195.-J D Mosley 

FAMILY OF 31/a-IN. WINCHESTERS STORES 40M TO l 70M BYTES 
The Prodrive family of 31h-in. hard-disk drives from Quantum Corp (Milpitas, CA 

(408), 432-1100) offers 40M- to 170M-byte capacities. You can specify the drives with 
SCSI (Small Computer Systems Interface), ESDI (Enhanced Small Device Interface), or 
IBM PC/AT-bus interfaces. The SCSI models include a 64k-byte read-ahead disk cache, 
and the IBM PC/AT models have a 16k-byte cache. The drives all have 19-msec average 
seek times. The vendor is shipping the 40M-byte (Model 40S) and 80M-byte (Model 
80S) SCSI drives now; they cost $520 and $845 (2000), respectively. The models with 
the other interfaces and capacities will be available this summer.-Maury Wright 

LCD-DRIVER IC HANDLES AS MUCH AS lOOV 
Designed for dichroic LCDs, the MIC8031 38-bit LCD-driver IC from Micrel (Sunny­

vale, CA, (408) 245-2500) can accommodate as much as lOOV on the drive circuits 
while providing a TTL-compatible CMOS interface to your logic circuits. The driver ac­
cepts serial data, which is loaded into a latch register on command. The IC's chip­
select inputs allow you to use microprocessor control. You can use the on-chip 
oscillator to provide the backplane signal, or you can cascade multiple devices by 
employing a master frequency. The device detects the mode you're using and switches 
its internal dividers accordingly. The MIC8031 comes in a 44-position leadless chip 
carrier (LCC) specified over the military or industrial temperature range, or in a 48-pin 
DIP. Prices range from $54.50 (100) for the military-temperature LCC (MIC8031AQ) to 
$27.90 (100) for the 48-pin DIP (MIC8031CN).- Richard A Quinnell 
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NEWS BREAIZS 
VLSI MEMORY-TEST SYSTEM SPECS 100- AND 200-MHz TEST SPEEDS 

The first commercially available 100-MHz VLSI memory-test system has been in­
troduced by Advantest America (Lincolnshire, IL, (312) 634-2552). The T5381 Memory 
Test System performs both lab and production testing of ASICs and dual-port memory 
devices. With a general-purpose (AG) head in place, the unit provides 100-MHz testing. 
With an ECL (AE) head, it lets you perform 200-MHz multiplexed testing. The AG head 
offers 2-nsec output-transition times at 3V p-p; the AE head specs 0.5-nsec output­
transition times at 0.8V p-p. 

The unit comes with a dual timing generator. The main timing generator provides 24 
timing edges, the other generator (the Sub-TG) provides 16. You can, therefore, assign 
as many as 40 independently programmable timing edges to any pin. The timing ac­
curacy is ±700 psec. The T5381 includes a variety of output waveforms, including 
multiplexed RZ, NRZ, and XOR. By using two test heads, you can simultaneously test 
as many as 16 devices; each test head has 160 pins, and you can fit the heads with as 
many as 12 power supplies and four de parametric test units. The ATE system costs $3 
million to $6 million, depending on the number of heads.-J D Mosley 

SYSTEM AUTOMATES FAILURE ANALYSIS FOR ICs 
The 370 Failure-Analysis System from Tektronix (Beaverton, OR, (800) 835-9433) 

automates failure analysis for multipin semiconductor devices. The vendor claims this 
is the first automated failure-analysis system available for packaged devices with as 
many as 192 pins. In comparison with manual methods, the vendor says, this failure­
analysis system can reduce test times from hours to minutes. The system comprises a 
Tektronix 370 curve tracer, a TSI 8150 test-system interface, a personal computer, ap­
plication software, and a test fixture. You select setups from computer-driven screen 
menus. A 140-pin system, including the personal computer, costs $39,250; delivery is 
12 weeks.-Doug Conner 

SINGLE-OUTPUT 3000W SUPPLY MEASURES S x 8 xl3 1/z IN. 
Bonar Powertec (Chatsworth, CA, (818) 882-0004) offers its Model 9R power supplies 

in 2, 5, 12, 15, 24, 28, 36, and 48V models. Each of these current-mode switchers 
generates 3000W and fits into a 5x8xl31h-in. package, which has the same height and 
width as the industry-standard 1500W package and is only 4 in. longer. To achieve the 
3000W rating, the vendor employs four inverters that operate in parallel. The multiple­
inverter design also provides a level of fault tolerance for the systems the supplies are 
used in. If one of the four inverters fails, the supply can still operate at a reduc_ed 
power level. For example, a 5V, 600A model can produce 500A with only three inverters 
operating. The company is shipping samples of the 9R series now; the single-piece 
price is $1800.-Maury Wright 

RESISTIVE-OVERLAY TOUCHSCREEN FITS PS / 2 COLOR MONITORS 
If you have an IBM PS/ 2 computer with a Model 8513 analog color display, you can 

simplify data entry by adding a resistive-overlay touchscreen from Carroll Touch 
(Round Rock, TX, (512) 244-3500) . Each add-on touchscreen unit has an antiglare 
overlay sensor, a cable, and a controller. Using analog resistive technology, the con­
troller sends the host computer an X/ Y-coordinate pair that identifies the exact con­
tact location. The touchscreens cost $360 (100).-J D Mosley 
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Speed Reading. 

EDN March 3, 1988 

A big book, packed full of record breaking, highest performance, 
lowest power parts. 

Required reading for designers who are building faster systems 
that run cooler, and use less power. 

Read all about: 

CMOS high speed SRAM. From our 7ns lK to our family 
of 25ns 64K SRAMs, with 30 + parts in 

between. 

CMOS high speed PROM. Reprogram­
mable, if you wish. In a family with 

speeds as fast as 25ns and in sizes to 128K. 

CMOS high speed PLO. Including the fast­
est, coolest CMOS 22V10 with 25ns quarter 

power performance, and optional repro­
grammable versions. 

CMOS high speed Logic. Highlighted by our 
30ns 16-bit slice, and our 35MHz FIFO family in 

cool, cool CMOS. 

Anti read about: Our expanding military product 
line. Our QuickPro™ for easy programming and 

diagnostics using any PC-compatible. Our newest 
products. And our applications notes. 

624 pages of parts and ideas you can use to design 
faster, cooler systems. 

Youn fast, for a toll-free phone call. 
1-800-952-6300, ask for Dept. C48 

1-800-423-4440 (In CA), ask for Dept.C48 
(32) 2-672-2220 {In Europe). (416) 475-3922 {In Canada). 

Cypress Semiconductor 3901 North First Street, San Jose, CA 95134. Phone (408) 943-2666. Telex 
821032 CYPRESS SNJ UD, 1WX 910-997-0753. QuickPro is a trademark of Cypress Semiconductor. 
©1987 Cypress Semiconductor. 
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NEWS BREAIZS: INTERNATIONAL 
ETHERNET ANALYZER DETECTS GRADUAL NETWORK DEGRADATION 

By allowing you to pinpoint and repair faults on Ethernet (IEEE-802.3) LANs before 
they cause the network to crash, the NQA network-quality analyzer from Logic 
Replacement Technology Ltd (Reading, UK, TLX 847395) helps minimize system down 
time. The analyzer measures the physical (layer 1) and data-link (layer 2) 
characteristics of the LAN without disturbing normal network traffic. It can also per­
form in-service time-domain-reflectometer tests. 

By correlating the results of protocol analysis and physical-layer testing, the 
analyzer can pinpoint faults on particular network nodes. Unless you install a soft­
ware option, the analyzer doesn't decode an Ethernet packet's data, so network securi­
ty isn't at risk. However, the standard protocol analysis does allow you to build up a 
source/ destination matrix of network activity, monitor individual station 
characteristics, or obtain general network statistics. The instrument has a touch­
sensitive screen, soft-key control menus, and a 360k-byte, MS-DOS-compatible floppy­
disk drive for program or data storage. You can choose an optional 40M- or lOOM-byte 
hard-disk drive. The NQA costs approximately $25,000.-Peter Harold 

ANGLO-AMERICAN AGREEMENT DEVELOPS HIGH-SPEED ECL GATE ARRAYS 
Plessey Semiconductors Ltd (Swindon, UK, TLX 449637; in the US: Irvine, CA, (714) 

472-0303) and Applied Micro Circuits Corp (San Diego, CA, (619) 450-9333) have joined 
forces to develop a new range of high-performance ECL gate arrays. Providing gate 
counts as high as 14,000 gates, these devices are expected to operate at power levels 
lower than any currently available ECL arrays. The arrays will be available as military­
grade parts qualified to MIL-STD-883C and BS9000. Using Applied Micro Circuits' 
design and development expertise and Plessey's 1-µm triple-layer-metal HEl bipolar 
manufacturing process, the initial parts will incorporate transistors with cutoff fre­
quencies (F-T) in excess of 14 GHz. When manufacture is transferred to Plessey's sub­
micron HE2 process, the transistor-cutoff frequencies will increase to 20 GHz. The 
first samples of the gate arrays are expected to be available during the fourth quarter 
of 1988.-Peter Harold 

LASER PRINTERS FOR JAPANESE PCs START AT $1538 
Japan's Mitsui Corp will introduce two laser-beam printers for personal-computer 

systems before the end of 1988. The first model, the LaserMate, can print 11 
pages/ minute. It costs $3615 and is intended for use with NEC's PC98 Series, Fujitsu's 
FMR Series, and Toshiba's J-3100 Series computers, as well as with the AX-format com­
puters (IBM PC/AT-compatible, Japanese-language computers). The company plans to 
introduce the LaserMate in April. The low-end model will cost only $1538 (¥ 200,000) 
and will be available later this year.-Joanne Clay 

TWO CCD IMAGE SENSORS EACH OFFER 2 MILLION PIXELS 
NEC and Toshiba Corp have separately announced the development of high-density 

CCD (charge-coupled device) image sensors having a resolution of 2 million pixels. (The 
highest grade CCD image sensors that are currently available offer 400 ,000-pixel 
resolution.) NEC's sensor uses a conventional silicon substrate; the 16.5xl0-mm chip 
incorporates 1035 vertical and 1920 horizontal effective pixels. The image sensor has a 
63-dB dynamic range and a 74.25-MHz readout speed. Toshiba's device, which employs 
a photoelectric converter layer fabricated from amorphous silicon, has 1920 vertical 
and 1036 horizontal pixels. Its dynamic range is 72 dB; its readout speed is 74.25 MHz. 
Both companies plan to have the devices on the market in two years.-Joanne Clay 
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OWIPS 

the world's largest selection 
2KHz to 4.2GHz from $995 

-I BPS 

With over 150 models, from 2-way to 48-way, O? 90° and 180? a variety of pin and connector pack­
ages, 50 and 75 ohm, covering 2KHz to 4200MHz, Mini-Circuits offers the world's largest selection of 
off-the-shelf power splitter/combiners. So why compromise your systems design when you can 
select the power splitter/combiner that closely matches your specific package and frequency band 
requirements at lowest cost and with immediate delivery. 

And we will handle your 
"special" needs, such as 
wider bandwidth, higher 
isolation, intermixed 
connectors, etc. courteously 
with rapid turnaround time. 

Of course, all units come with 
our one-year guarantee. 

For detailed specs and performance 
data, refer to the Microwaves Product 
Directory, Gold Book, or EEM. Or 
contact us for our free 64-page 
RF / IF Signal Processing Guide. 

C 107-1 REV. ORIG. 

finding new ways ... 
setting higher standards 

Mini-Circuits 
A 01v1s1on of Sc1ent1flc Components Corporation 

P. O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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desi • • 
VlSIOll. 

Enhance your design at any stage with 
RCA CMOS 6805 micros and SPI peripherals. 

Your challenge is to increase system performance and 
capability while reducing board size. 

Not an easy job. But certainly easier when you use our 
6805 and 68HC05 micros and serial peripheral interface 
devices. 

Extend your micro's power. 
Many microcomputers rely on parallel 1/0 ports to 

communicate with peripheral devices. An inefficient 
method at best. 

That all changes with the serial peripheral interface 
incorporated into our 68HC05 microcomputers. 

This three-wire (plus device select) synchronous, full­
duplex, serial communication system contains separate 
lines for input and output data, serial clock and device 
select. You don't have to sacrifice 1/0 ports to communi­
cate off-chip: our 68HC05 micros can communicate with 
our own serial peripherals, the serial peripherals of other 
manufacturers, and even with other microcomputers via 
only three port lines. 

CDP68HC05 
MICROCOMPUTER 

SCK t-----.........,1--+--+--+--1--'I 

DATA IN r3~·W~IR=E~-~'-+--+--t--"-i---t--1 
DATA OUT rS~Pl~B=U~S ---"'--~l-+--_._-+-+-1 

True design versatility. 
The real beauty of the SPI is that it eliminates limita­

tions imposed by microcomputers. 
For example, you can easily extend the amount of 

1/0 or memory with SPI RAMs, 1/0 chips or shift regis­
ters. And the modular SPI bus gives you the ability to 
expand without losing lots of PC-board space. Reduced 
package sizes and minimized interconnect wiring lead to 
reduced board size. 

And since you don't need complex software to 

operate the bus, you save ROM space. 
Right now, we can offer you a versatile family of 

peripheral devices, including 128-byte and 256-byte static 
RAMs, a real-time clock with RAM, an 8-bit program­
mable 1/0 port, and a 10-bit 8-channel A/ D converter. 
And more parts are coming soon, including a digital 
pulse-width modulator and a serial bus interface chip for 
networking microcomputers. These serial peripherals 
are also compatible with other microcomputer types. 

Powerful family of micros. 
We can provide 6805 microprocessors for external 

memory address, but the heart of our SPI system is the 
6805 Series high-speed CMOS microcomputers: 

68HC05 Microcom uters 

Features 68HCOSC4 68HCOSC8 68HC0502 68HC0502A 
Pins 40 40 40 28 
On·Chip RAM (bytes) 176 176 96 96 
On-Chip User ROM (bytes) 4160 7744 2176 2176 
Bidirectional 1/0 Lines 24 24 28 16 
Unidirectional 1/0 Lines 7 inputs 7 inputs 3 inputs 3 inputs 
Timer size (bits) 16 16 16 16 
Prescaler size (bits) 

External timer oscillator no no yes yes 
Serial peripheral interface yes yes yes no 

Serial communications yes yes no no 
interface 

*prescaler fixed as -:-4 

Easy to prototype, too. 
If you need another reason to choose our 6805 fami­

ly, here it is: they're so easy to prototype with our 
Piggyback! We have the 68EM05C4 and 68EM05D2 
Emulators, custom 40-pin packages that contain the 
C4/ C8 or D2 micros with a Piggyback EPROM socket. 

When installed with a 27C64 EPROM, these devices 
together become functionally identical to a 
CDP68HC05C4, CDP68HC05C8 or CDP68HC05D2. 

Two final points: we'll give you fast turnaround, and a 
wide va1·iety of packages. 

For more information, call toll-free 800-443-7364, 
extension 22. Or contact your local GE Solid State sales 
office or distributor. 

In Europe, call : Brussels, (021 246·21 · 11 ; Paris, 111 39-46-57·99; London, (276168-59-11 ; Milano, 12182-291 ; Munich, (089163813-0; Stockholm, (081 793·9500 . 

• GE Solid State 
GE/RCA/lntersil Semiconductors 
Three great brands. One leading-edge company. 
EDN March 3, 1988 31 



'LJ'old on to your seat. 
CJ.. You're about to discover 
an entirely new level of VME 
performance. 

Meet VME/ PLUS. Our new 
family of VMEbus products 
with a host of sophisticated 
features that will 
give 

VMEfPUJS 
your project the 

kind of performance you've 
only dreamed about. 

VME/ PLUS gives you a 
choice of microprocessors, 
including a 68030 running at 
25MHz without wait states. 
Complemented by lMB of local 
memory. There's also a new 
VSB interface on P2. Which 
lets you add lots of local 
memory and 
l/Owithout 

32 

EPLU 
view of 

• ves 
Think about the possibilities 
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you a different 
com etition. 

member of the VME/ PLUS 
family, CPU-32, comes with 

EDN March 3, 1988 

EPROM, so cPU-32 cHARAcreR1sncs the best part -
there's no license PRocEssoR 68030116.7 TO 25 MHz lower total 

CO-PROCESSOR 68882116.7 TO 25 MHz 
required and zERo-wA1T-sTATE system cost. 

SRAM 1M8 
no extra charge. VMEPROM REAL-TIME, And if that's 

CPU 32 l MULTITASKING MONITOR h - a so EPRoM uPT04Ms not enoug , we 
includes full SERIAL 110 ~ ~~~~~~~~NELs also offer a full set 
support for real- sEcoNoARvsus of off-the-shelf 

SUPPORT VSB 

time operating ==========o'.J peripheral boards 
systems and UNIX 5.3. and software. All VMEbus 

What this new technology compatible. And guaranteed 
means for you is unprece- to cut the wait states out of 
dented levels of speed and your design cycle. 
system throughput, excep- So if you're looking for the 
tional reliability and- here's best way to stay ahead of your 

1) 1988 Force Computers, Inc. 

competition and your 
deadline, take a 
close look at 

VME/ PLUS. 
Call us today at 

I (800) BE.ST 
VME, andask 
for our new 
550-page, 1988 
data book. You'll get 
such a great view of 
VME performance, 
you'll never look back. 

VME at its best. 
FORCE COMPlITERS, INC. 
3165 Winchester Blvd., Campbell , CA 95008 
Telephone (408) 370-6300 
Telefax (408) 374-1146 

FORCE COMPlITERS, GmbH 
Daimlerstrasse 9 D-8012 Ottobrunn 
Telefon (089) 60091-0 Telex 524190 forc-d 
Telefax (089) 6 097793 

VME/ PLUS is a trademark of Force Computers, Inc. UNIX 5.3 is a trademark of AT&T, Bell Laboratories. 
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The all new 
SMS™ (surface 

mount sensor) series 
thermistors offer fast 
response. high inter­
changeability and 
long term stability, 
making them ideal for 
both temperature 
sensing and compen­
sation. Hermetic 
design makes the 
SMS™ series more 
durable and resistant 
to cleaning materials. 
The availability of a 
wide range of 
resistance values and 
slopes allows more 
flexibility in designing 
with surface 
mount appli­
cations. 

Shown 
actual 

Phone or 
write for your 
free design data. 

llDWEST 
OMPONENTS 
NC. 

P.O. Box 787 

size 

1981 Port City Boulevard 
Muskegon, Ml 49443 
(616) 777-2602 
TWX: 510-394-4130 

CIRCLE NO 2 

SIGNALS & NOISE 
Behind the scenes 
of the standards process 
The January 7 editorial ("Standards 
aren't always standard," pg 47) 
brought out some interesting points 
about standards and cautions on 
their use. I'm involved in standards 
development within my company 
and the IEEE. The process is fasci­
nating but not without its problems. 

Good standards are necessary but 
tough to produce. Producing a good 
standard requires knowledge of the 
environment in which it's to be used 
and limitations on its complexity. 
Keeping these guidelines in mind, 
systems of standards can be built to 
complement each other and to speci­
fy more complex functionality as it's 
needed. With this approach, indi­
vidual documents remain tractable, 
and worldwide consensus is achiev­
able in a reasonable length of time. 

Good examples of this process are 
the ISO (International Organization 
for Standardization) OSI (Open Sys­
tems Interconnection) 7-layer model 
and the various ISO protocol stand­
ards built around it. Another exam­
ple, and one that I've been involved 
with, is the IEEE-488.2 protocol 
standard that builds on the IEEE-
488.1 bus standard. Yet another 
emerging standard with a lot of in­
dustry interest is the VXI Bus spec­
ification, building on the VME and 
Eurocard standards. 

Another important aspect of 
workable standards is testability. 
Testing doesn't necessarily imply 
that a standard is deficient. It mere­
ly means that the standard has de­
fined a required functionality but 
not a specific implementation. This 
procedure is necessary in order to 
give the standard stability and a 
lifetime that will allow the underly­
ing technology to change. 

It's difficult, if not impossible, to 
completely test a given implementa­
tion against a standard. But com­
prehensive testing can, and does, 
assure a higher probability of suc­
cessful interoperation in the in­
tended environment. Testing is a 

necessary function in the implemen­
tation of standards and has to be 
kept in mind as standard develop­
ment proceeds so that clear, reason­
able, and testable parameters are 
called out. 
Bob Cram 
Tektronix Inc 
Beaverton, OR 

Omission 
MetaLink Corp was omitted from 
the company listing at the end of the 
article, "HLL cross compilers speed 
1-chip software development" (De­
cember 24, pg 126). 

For more information, contact: 
Dave Yeskey 
MetaLink Corp 
Box 1329 
Chandler, AZ 85244 
(800) 638-2423; 
in AZ, (602) 926-0797 
TLX 4998050 

Right product, 
wrong company 
The January 7 Special Report on 
real-time operating systems incor­
rectly identified on page 123 the 
manufacturer of the FlexOS family 
of operating systems. Digital Re­
search makes the FlexOS system. 

The correct address is: 
Digital Research Inc 
4401 Great America Parkway, 
Suite 200 
SantaClara, CA 95054 
( 408) 982-0700 

Digital Equipment Corp 
overlooked 
I read with great interest the Spe­
cial Report on real-time operating 
systems by Charles Small (January 
7, pg 114). I could not help but 
notice his truly well-written and up­
to-date treatment of the subject, 
and his omission of Digital Equip-
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Vos LO 
TCVos 4 

200 

8 mVmax 

20 µV/ °C typ 

10 V/ mV min 
200 nAmax 

The OP-44 is available 
now ... in 883 too. Get the 
high-speed facts from our 12-
page OP-44 data sheet. Circle 
the reader service number or 
call 1-800-843-1515. 



Polaroid's Ultrasonic 
Ranging System 
opens the door 

to new technology. 
It can be found in "non-touch" 
screen computer monitors, AG V's, 
industrial robotics, electronic 
games, tape measures, aids for the 
disabled, loading docks, collision 
avoidance systems for cars, trucks 
and pleasure vehicles. And, yes, it 
even opens doors. 

The Polaroid Ultrasonic Ranging 
System is an accurate, highly sensi­
tive way to detect and measure the 
presence and distance of objects 
from 10.8 inches to 35 feet. 
What's more, accuracy, sensitivity 
and range can all be improved with 
circuit modifications. 
Three of a kind. Polaroid offers 
three ultrasonic transducers for a 
wide variety of applications. You can 
choose the original instrument­
grade transducer, proven in millions 
of SX-70 Sonar Autofocus cameras. 
Or our Environmental Transducer, 
available in a sturdy 
housing to with- • 
stand exposure ~ 
to rain, heat, 
cold, salt spray, 
chemicals, shock 
and vibration. And 
now you can select our newest, 
smallest transducer, developed for 
Polaroid Spectra, the camera of the 
future. All use reliable, accurate and 
sensitive electrostatic transducer 
technology. All are backed by 
Polaroid. 

Get a $2 Million Head Start. Polaroid spent over $2 million developing the Ultra::n;g..__l 
System. But now you can get this technology in our Designer's Kit for only $165*. To order your I 
Designer's Kit, please send a check or money order for $165 for each kit, plus all applicable state I 
and local taxes, to: Polaroid Corporation, Ultrasonic Components Group, 119 Windsor Street, 
Cambridge, MA 02139. Questions? Call Polaroid 's Applications Engineers at 617-577-4681 . I 
__ Please send me __ Designer's Kit(s). 

__ Please send more information. I 

Title ______________ _ 

Company _____________ _ 

Address _____________ _ 

I 
I 
I 
I 

I city state __ z1p •Polaroid I 
L •Pnc1ngsub1ecttochange _______ ---=~0388 _"Polaro~SX·70"®"Spectra·~ _J 
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SIGNALS & NOISE 

ment Corp as a vendor of real-time 
operating systems. 

Digital has been a leading provid­
er of real-time operating systems 
for 15 years. RTS/8, an object-based 
kernel executive for the venerable 
PDP-8 was introduced in 1973 and 
utilized a self-scheduling mechanism 
quite similar to that of Poly Forth. 
RT-11, for the 16-bit PDP-11, was 
also introduced in 1973 and provided 
a single-user, general-purpose real­
time operating system. MicroPower/ 
Pascal, released in 1981, combines 
the ease of high-level language pro­
gramming with a subsettable, ob­
ject-based, real-time kernel for 
board-level, ROMable, PDP-11-
based applications. 

Today VAXELN is Digital's real­
time development tool kit and oper­
ating environment for dedicated 
real-time applications for the 32-bit 
VAX family-including the KA620, 
MicroVAX II-based single-board 
computer. 

All that being said, I must still 
applaud Mr Small for giving your 
readers a well-written and timely 
article on one of the more difficult­
to-understand aspects of real-time 
computing. 
Leslie C Parent 
Principal Software Engineer 
Digital Equipment Corp 
Maynard, MA 

YOUR TURN 
EDN's Signals and Noise column pro­
vides a forum for readers to express 
their opinions on issues raised in the 
magazine's articles or on any topic 
that affects the engineering industry. 
Send your letters to the Signals and 
Noise Editor, 275 Washington St, 
Newton, MA 02158. We welcome all 
comments, pro or con. All letters must 
be signed , but we will withhold your 
name upon request We reserve the 
right to edit letters for space and 
clarity . 
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Just another component. 

Forget those labor intensive 
methods normally required for 
printed circuit board mounting 
of batteries. Our new axial lead 
µPowerCells™ (Lithium Iodine 
2.8V Solid CMOS Backup Cells) 
look like a resistor or capacitor. 
They're about the same size and 
they don't need special handling. 
You can put them on a se­
quenced tape reel for automatic 
printed circuit board insertion. 
And like most other compon­
ents, µPowerCells™ can be wave 
soldered, cleaned and dried us-

ing normal procedures. 
Once they're in place, 

µPowerCells™ are dependable. 
Their Lithium Iodine chemistry 
is the number one choice for 
powering cardiac pacemakers. 
And a performance study of 
over 1 million batteries in use 
shows that a useful life of more 
than 20 years can be predicted. 

At 35 milliamp-hours, the 
axial lead µPowerCell™ will han­
dle most CMOS backup prob­
lems. However, higher capacity 
versions to 1 amp hour are 

available in a new space-saving 
rectilinear package. The Catalyst 
Research line includes modules 
for sensing power loss and 
transferring to battery backup 
as well as clock modules with 
battery built in. 

Best of all, Catalyst Research 
µPowerCells ™ are priced like~ 
other components. _..--

~SIZE 
For more information, call us 

at 301-296-7000 ext. 304. 

L~~::~~1:~1AF~~~~~~9~ 
1421 Clarkview Road Baltimore, MD 21209-9987, USA Telephone (301) 296-7000 ext 304 Telex 898095 CATALYST 
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CMOS LOGIC FROM THE 
MANUFACTURER OF 

-----' , ... _ 

' "\ 

A.l.A8AMA, Milshilll EleclrOl'llCS Group (2051881-9235 M11g111y ElectrOl\IC~ IOI. (4041 393-9666 Repuon EllCtrOl'llCS (404) U6· 1300 ARIWtSAS, Marshall ElectrOOIC' Group (2141233-~ MllQray Electronics, lflC 12141248-1603 Sler~ng EIKIJOl"llCS·Dallas 1214) 243 1600 ARIZONA, Marshall EleClrOlll(S Group 
(6021496-0290 SterltrlgElectfOl'ICS·Phoern.(602)268-2121. CALIFORNIA, lmigetlectfOlllCS 1714)259-0900 (818)707-0911 Mar~ElectronicsGloup t818)407-0101 .t714l4SB39S t4081942 4600 1916)635-9700 (619)578-9600. MernEIKIJOlllCS Inc (4081434-0800 RynoEIKl!ONCS, (619)453-8430.17141637-0200 
Western MicrotecOOology (4081725-1660. COLORADO, Miishill Eleetronics Group (303) 451 -8383 SteillnQ Elect1or.cs. OeMr (303) 796 7338 COMNECTICUT, CrOtlll ElectHlnlCS Inc (203) 265-3134 Maishall Electror.cs Gtoup, (203) 265 3822 Slerllng ElectrOl'ICS·W;iilinQIOfd. [203) 26S-9535 DELAWARE, Genef~ 
ComponenlS Inc . (609) 768-6767 MilShall Elec11onics Group 13011840-!M~ Mligray /Oel;iware v•w Int (609) 983-5010 (80()1257· 7808 (800) 257-7111 Ste•Vog Elecl•Of..:S·St!fllng 1703) 450-2373 lKSTRICT Of COLUMllA, Marshal EleclfOl'llCS Group 1301) 8-40-9'50 M*Jfay Washington Inc ' 1301) 621 ·8169 
(800)638-66!16 S1e11111gE1e<:t10111CS·Sleilll'IQ \703)450·2373, flORIOA, Mill'Sllall EietlrOl'llCS Gioup (305) 767-8585 1813) 5761399 (~1977 4880 Rep\ron (8131855·'6!16 1305) 735 ·1112. GEORGIA, Marshal Elee\rOlllCs Gioup(41M)923·5750 MllQray EleclrOlllCs. Inc . (404) 393·9666. Reptron (41MI 446· 1300 IOAttO, 
Marshal Elecl10l'llCSGioup (801)485· 1551 Westetn MIClotldlnoloQy [503)629·2082 llllMOIS, G8L Goold EIKIJOAICS (312] 593·3220 MarsNll Electronics Group 1312) 490-0155 1314)291 ·8554 MfiWay EIKlrOlllCs Inc [913)236-8800,(3121350-0490 INOIMA, Gal Goold ElectronlCS. (3121593·3220. Marshal EIKtrona 
Group (317) 297·1MBJ M11Qray1Chlu90, Inc 1312)350·0490 IOWA., Dee ElectrOlllCS Inc (319) 365-7551 [80()) 332-5478 [800)553-5421 Milstlal Elect1onics Gioup [6121 559-2211 Milgray ElectrOlllCS lnc . (9131236·8800, UMW, Marshall EleclltlfllCSGloup (913) 492·3121 M1lg.-ay Bect10111Cs. Inc (913) 236-8800 Slerllng 
Elec110111CS Kansb 19131236-5!189, ICUITUClT, Marshal EltetrOlllCsGlou~ [513) 898 4480 Mllgray1CleveUnd In( 12161447 1520. (800) 321 ·0006 LOUISIW. Maisllal Elect10MCStiroop. 12141233·5200 Mllgray EleclrOOICS lnc (2141248 1603 S1erllng Electrooics-Dalas (214f24l-1600. MAINE, Croom Ele<:trOlllCS, Inc 
(6171449-~. Ma1 snil1EleclfOlllCSGIOUll,1617) 658-0810 Sleflino tlectl OfllCS·BoSlon. 16171938·6200, Western MICIOle<:hriology (6171273 2800. MARY WO, MiMSllall Eiectronrc5 Group (3011840·9450. M11g1ay1Wasnmoton, Inc .1301)621·8169, (3011621 ·6169.18001638·6656 StefllllQ ElectrOf'llCSSter~rig [1031450-2373 
MASSACHUSETTS, Croon Ele<:trOlllCS, Inc (617) 449 ·~ M;irsllall EleC!IOfllCSG!OUP (617) 658·0610 S1e1hrig UeC1romcs BoslCMl (6171938-6200 Western MICIOlecllnO!Og~ [617) 273-2800. llllCHIGAN, Calder EleclrOlllCS.1616169&·7400. Marshall ElecllOAICS Group [313) 525·!1850 MINNESOTA. MOillsllallElectrorncsGroup 
(6121559 2211 Rept1on Elect1onics. !612) 938·0000. llllSSISSll'f"I , Ma1shall ElecttOf'llCS Group (2051881-9235. Mligf ay EtectrOlllCS Inc j4IM) 393·9666 MISSOURI. Mar~ ElectrOlllCS Group (913j 492 3121 \3141291-8554 MllgrOf EleclrOfllCS Inc (913) 236·6800 S1erllng Electroncs-KartSaS 19131 236 558!1 NEBRASKA. 
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WORLD'S LARGEST 
CMOS. TOSHIBA. 

But if you don't have our CMOS LOGIC data 
book, how could you know we're that strong? 

Toshiba is a CMOS logic pioneer, 
and in the 16 years since we first 
developed our CMOS logic line, 
we've become the world's largest 
supplier. 

Toshiba offers the most compre­
hensive CMOS logic line available. 
From the standard 4000/4500 series 
up to our new highest speed TC74AC 
series- tomorrow's standard logic 
family. 

With its high noise margin, high 
speed and low power consumption, 
the TC74HC series creates efficient 
device opportunities for designers 
of high speed portable instruments, 
telecommunications equipment, or 
any digital system. 

WE WROTE THE BOOK 
It's all in our Book. Detailed 

specifications on our complete line. 
Our Book is the definitive source 
for the newest and best in CMOS 
logic. If you don't have a current 
copy, get one today. 

And remember, you can order 
Toshiba logic with confidence. 
Confidence that Toshiba can ship 

higher volumes of CMOS logic than 
anyone else. And ship it on time at 
competitive prices. Confidence, too, 
that Toshiba ships only quality 
assured products. 

So when you select logic, talk 
to the people with the power. 
Talk with Toshiba. 

New "Std. C2MOS 
Characte ri s tics/ HS-C' MOS H S-C' MOS (4000/4500 
Logic Families (74 AC Series) (74 HC Series) L STTL Series) 

Prop. De la y Time 3 .5ns 
(typ) GATE (CL = 
15pF) 

8 n s 9 ns 125n s 

Max. Clock Freq. 150MHz 60MHz 45MHz 2M llz 
(typ)J /K F•F (CL= 
15pF) 

Quiescent Powe r 
Diss. (typ) (GATE) 

O.OlµW 0.0lµW SmW O.Ol µW 

Noise Margin 3 .5V/1.5V 3.5 V l l.5V 2 .0VIO.SV 3.5 V l l.5V 
V fll (min)IVIL(max) 

--
Output Current 24mA/24 mA 4mA/4 mA 0 .4mA /4mA 0 .12mA/ 
I 1011I (min)l lOL 0 .36mA 
(min) 

Op. Vol t. Range 2-6V 2-6V 4.75-5 .25V 3-l SV 

Op. Tem p. Range -4o-ss •c -40-85 ° C 0-70 °C -4o-ss •c 
•Data bel ieved to be accurate a nd re presentat ive of each logic fam ily. 

TOSHIBA. THE POWER IN LOGIC. 
l TOSHIBA AMERICA~INC. I 
I Logic Marketing Manager I 

2692 Dow Avenue EDN030388 

I Tustin, CA 92680 I 
Send me your data book detailing the newest and best in CMOS Logic. 

I ~~ I 
I Title I 
I Company I 
I Address I 
L c;1y -----~---zi_p _____ _J 

Mai-shall Elect11ncs GIOUfl 19131492-3121 , Milglay Electronics. Inc . 19131236·8800 Slt1111Q Electror-.cs-~ 19131236-55!9. ltfMOA. MarsNI Elecl1onics G/IJU9, {916) 635-9700.16021496-0290, Slerllng Electronics.16021268-2121 . Weslem Mcrolectlnology. (408) 725-1660. llEW KAMPSHIHE, Crcnn ElectrONCS. Inc . 
(617) 449-5000. M11shall ElectrONCS Group. (617) 6S&-0810, Sterlwl!I ElecllO!JCS Boston, !6171938-6200. Weslern M1t101echnology, f6171273-2800. ft"W JERSET' Genet jl Componenls Inc . (609) 768-6767. Maishal EleclrONCS Grout1. /201 I 882-0J20 .1609/ 234-9100. Milgriy EleclrONCS, Inc . f 5161420-9800. /609) 983-5010. 
(800) 257-7808. (800) 257-711 1. SAi, inc . (5161293-2710. Sterling ElecirOIW:S-So Pliinhdd. (2011769-7000. ltEW llEXICO, Maishal ElectrOIW:S Group, (602) 496-0290. SteBntl Electronics-Albuquerque [5051 884-1900. •EW YORI, MarsNI Elec\JOlllCS Group. (5161273-2424, (607) 798-161 I, (716) 235 7620. Mllglay Electronics, 
Inc . (516) 420-9800.(716)235-0830.Rome Eleclronics.(315) 337-5400 Se~tsol Amenu. (5161293-2710. • ORT"ISOUfH CAROllllA, Marshal Elecl1onics Group, (919)878-9882, Mll(lrayElectrONCS, Inc_ (4041393-9666, RescoRalelgh. (7041 ~-1530. (9191781 - 5700. teOftntfSWTH DAKOTA, Maishil Eleci10NCS 
GI0119. !612) 559-2211 . Rept1on ElectrOIW:S. (612) 938-0000. Dtlto, Ma1shal (leclrOl'llCS Group. (513) 898-4480. /216) 248 1788 (614) 891 -7580. MllgriytClevelllld. Inc . (216) 447 . 1520 18001321-0006 Rep\Jon fltclJOAICS. !614) 436-6675. (2161349-1415. Dll.AttOMA. Marshal Elecl10l'llCS Gloup {214) 233-5200. Mllgr~ 
Eleclronics. Inc. (2141248-1603. Sleftng Elec\Jona-Tuls.a. (918) 663 2410, OftEGCNI, Marshal EleclrOlllCS Group. [5031644 ~. Weslern Mlc1otechnoloO'I' (503) 629·2082. l'fNNSYLYU\A. Geoo,i Components. Inc . (6091768-6767, Marshal ElectrOAICS Group. (609) 234-9100. (412) 963-0441 Mll(lf~ Cle'l'elMld Inc 
(216144 7-1520, \800) 321-0006. Mll(lf ayfC>diware Yilley, Inc . (6091983-5010. (800) 257-7808. \800) 257-7111, RHODE ISlMO, C1onin EleclrOlllCS. Inc . !617) 449-5000. Marsh- ElecllOfllCS Gfoup. 1617) 658·0810. Stefllng EleclrOl'llCs-Boslon. (6171938-6200. Westefn M1t1otechnology, (6171273-2800. TE• ESSEf. Marshal 
Elecl1onics Gioup. (205) 881-9235, Mll(lray Elecllon1C5. Inc .. ( 404) 393-9666. Resco Raleql, (919) 781-5700, TEW. Marshal Elecl1on1CS Group, (214) 233-5200. f 9151 593-0706. (713) 895-9200. (5121837 · 1991 , Milgf ay ElectrOOICS, Int . (2141 2•8 1603. SteiW!g EleclrOlllCS. (713) 623·6600. [512) 836-1341. 1214) 243 1600, UTAH, 
Marshal Elecllor.csGroup.(8011485-1551 , S1erllng ElectrOAICS-Oenver . (3031796 ·7338 VERMOJIT, Croom Elet:l100M:S, Inc . (617) 4•9-5000, Marshal Elec11on1ts Group, (617) 658-0810. Ster~ng Electrorucs Boston, (617) 938-6200. Western Mic:rolechnOlogy.(6171273-2800. VIRGINIA, Maishal Elecl10A1CSGroup,f301I840-!M50. 
Milgray/Waslllnglon. Inc .j 3011621 -8169, [800) 638-6656. Resco Raletgh, (919) 781·5700. Stefkng Elet:lrOl'llCS. (703) 450-2373 (604) 226-2190. WASHINGTON. Miirshall Elecl11ncsGroup (206) 747 9100 Western Mic:rotectmology, (2061881 -6737 WISCONSIN, GBl Goold Elec1ronics, (312) 593-3220. Marshal Eleclron1Cs Group, 
14 1~ ) 797-8400 Mtlgray C111taoo. 1nc , (3121350-0490, Replron EleclHMllCS, (6121938·0000. CMAOA. Carsten ElecifOOICS, ll<I . 1613) 726 9250. (4161495-9999. (416) 495-7705.1514) 334-8321 . Space [leclfOOICS Sales COfp . (514) 697 8676 1416) 636-6814, !613) 596-5340. !6041294-1166 
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Fast Quad FET 
Op Amp Settles 
to 0.01°/o In 1.5µs 

Now you can take advantage of 
the space savings and low cost­
per-amp of quads without 
trading off performance. You 
get the speed, precision, and 
bandwidth you need from the 
industry's first D//e'® quad 
op amp. And it's pin-compatible 
with most popular quads so you 
can upgrade your designs 
quickly and easily. Compare 
these specs: 

Settling to 0.01% . . ... . . . .. 1.5µs 
Slew rate.. . . . .. . .. ... . .. 35V/µs 
Bandwidth . . . . . . . . . . . . . 6.4MHz 
Offset voltage .. .. . ±750µV max 
Bias current .. ... . . . . ±4pA ma.x 
Noise at 10kHz . . . . ... 12nV/.JHz 

Ask your Burr-Brown sales 
representative for full details. 

Or contact Applications 
Engineering, 602/746-1111 . 
D//e, 8 Burr-Brown Corporation 

Burr-Brown Corporation, P.O. 
Box 11400, Tucson, AZ 85734. 

BURR-BROWN® 

I• II •I 

CIRCLE NO 4 

DID YOU KNOW? 
Half of all EDN's 

articles are staff-written. 

CALENDAR 
8th Capacitor and Resistor Tech­
nology Symposium and Seminar, 
San . Diego, CA. CARTS, 904 Bob 
Wallace Ave, Suite 117, Huntsville, 
AL 35801. (205) 536-1304. March 7 
to 10. 

Southcon, Orlando, FL. Electronic 
Conventions Management, 8110 
Airport Blvd, Los Angeles, CA 
90045. (213) 722-2965. March 8 to 10. 

Personal Computer Interfacing 
for Scientific Instrumentation Au­
tomation (short course), Blacks­
burg, VA. Linda Leffel, CEC, Vir­
ginia Tech, Blacksburg, VA 24061. 
(703) 961-4848. March 10 to 12. 

Modern Electronic Packaging 
(seminar), San Diego, CA. Technol­
ogy Seminars, Box 487, Lutherville, 
MD 21093. (301) 269-4102. March 15 
to 17. 

Microelectronic Packaging and 
Surface Mounting (seminar), Ful­
lerton, CA. California State Univer­
sity, Office of Extended Education, 
Fullerton, CA 92634. (714) 773-3080. 
March 18. 

10th Annual Conference for Inven­
tors and Entrepreneurs, Denver, 
CO. Rocky Mountain Inventors 
Congress, Box 4365, Denver, CO 
80204. (303) 443-3818. March 18 
to 19. 

Compstan '88 (Computer Stand­
ards Conference) , Arlington , VA. 
James Hall, National Bureau of 
Standards, Technology Building, 
Rm B266, Gaithersburg, MD 20899. 
(301) 975-3273. March 21 to 23. 

Neural Networks for Artificial In­
telligence, Arlington, VA. Technol­
ogy Transfer Institute, 741 10th St, 
Santa Monica, CA 90402. (213) 394-
8305. March 21 to 23. 

NCGA Computer Graphics '88, An­
aheim, CA. NCGA, 2722 Merrilee 
Dr, Suite 200, Fairfax, VA 22031. 
(703) 698-9600. March 21 to 24. 
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MICRO-CAP I l:M 
The CAE tool with fully interactive 

analog simulation for your PC. 
Spectrum Software's MICRO-CAP II® is 
fast, powerful, and feature rich. This fully 
interactive, advanced electronic circuit 
analysis program helps engineers speed 
through analog problems right at their 
own PCs. 

• lhmsient, AC, DC, and FIT routines 

MICRO-CAP II, which is based on our origi­
nal MICRO-CAP software, is a field-proven, 
second-generation program. But it's dra­
matically improved. 

&hemalic &Ii/or 

MICRO-CAP II has faster analysis routines. 
Better resolution and color. Larger librar­
ies. All add up to a powerful, cost-effective 
CAE tool for your PC. 

The program has a sophisticated inte­
grated schematic editor with a pan capa­
bility. Just sketch and analyze. You can step 
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7/"ansient Analysis 

component values, and run worst-case 
scenarios-all interactively. And a 500-type* 
library of standard parts is at your finger­
tips for added flexiblity. 

MICRO-CAP II is available for IBM® PCs 
and Macintosh."' The IBM version is CGA, 
EGA, and Hercules® compatible and costs 
only $895 complete. An evaluation version 
is available for $100. Call or write today for 
our free brochure and demo disk ~·ct like 
to tell you more about analog solutions in 
the fast lane. 

• Integrated schematic editor 
• Fast analysis routines 
• High-resolution graphic output 
• Standard parts library of 500* types 

*IBM versions only. 

CIRCLE NO 133 

• Op-amp and switch models 
• Spec-sheet-to model converter* 
• Printer and plotter* hard copy 

AC Analysis 

------------ -- -- - ---- - --- ---- - ---- --------- -- - ---- ---- -- - -
1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 
(408) 738-4387 

MICRO-CAP II is a registered trademar1c 
of Spectrum Software. 
Macintosh is a trademark or Mcintosh laboratory, Inc. 
and is being used with express permission of its owner. 
Hercules is a registered tndemar1c 
of Hen:ules Computer Technology 
IBM is a registered trademar1c 
of International Business Machines, Inc. 
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The World's 
Broadest Line. 

For high quality and ready availability, 
phone (516) 746-1385 today. 

SPR~GUE 
GOODm~n 

Sprague-Goodman Electronics, Inc.I An Affiliate of the Sprague Electric Company 
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395 

TEL: 516-746-1385•TELEX 144533• TWX: 51o-600-2415•FAX: 516-746-1396 

CIRCLE NO 5 

CIRCLE NO 7 

CALENDAR 
Visualization Science in Engi­
neering and Computing, Arling­
ton, VA. American College of Radi­
ology, Box 2348, Merrifield, VA 
22116. (703) 648-8961. March 30 to 
April 1. 

AFCEA (Armed Forces Communi­
cations Electronics Association)/ 
Northern Virginia Chapter Annu­
al Conference: Forecast to 
Industry, Arlington, VA. Gale 
Nellans, AFCEA/Northern Virgin­
ia Chapter, Box 5267, Springfield, 
VA 22150. (703) 971-9000. March 31 
to April 1. 

Digital Signal Microprocessor and 
Microcomputer Chips and Devel­
opment Systems (seminar), Cam­
bridge, MA. Amnon Aliphas, DSP 
Associates, 18 Peregrine Rd, New­
ton, MA 02159. (617) 964-3817. 
April 4 to 6. 

Worst-Case Circuit Analysis (semi­
nar), Orlando, FL. Design and 
Evaluation, 1000 White Horse Rd, 
Suite 304, Voorhees, NJ 08043. (609) 
770-0800. April 4 to 6. 

Microcircuit Interconnections and 
Assembly Methods (seminar), Ful­
lerton, CA. California State Univer­
sity, Office of Extended Education, 
Fullerton, CA 92634. (714) 773-3080. 
April 7. 

Electrostatic Discharge (ESD): 
Concern or Over-concern? (semi­
nar), Fullerton, CA. California 
State University, Office of Ex­
tended Education, Fullerton, CA 
92634. (714) 773-3080. April 12. 

Hybrid Microcircuit Technology 
(seminar), Fullerton, CA. California 
State University, Office of Ex­
tended Education, Fullerton, CA 
92634. (714) 773-3080. April 18. 

American Power Conference, Chi­
cago, IL. Robert Porter, Chicago 
Institute of Technology, Chicago, 
IL 60618. (312) 567-3202. April 18 
to 20. 
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~ANALOG 
!A DEVICES 

[ 
FEATURES 
LoW Drift - 1.5ppml"C 
Low Initial Error- 1mV 
Pin-Programmable Output 

+ 1ov. +5V. :I: SV Tracking. - 5V. -10V 
Flexible Output Force and Sense Terminals 
High lmped• nce Ground Sense 
Machlne-lnsertable DIP Packaging 
Guar1nteed Long-Term Stability- 25ppm/1000 

Hours 

PIODUCT DESCRlm ON 
Tb• AD588 represents a major advance in the state-of-the-art in 
monolithic voltage references. Low initial error and low tcmpcr­
llllrt drift give tbe AD588 absolute accurocy performance pcevi­
ously not available io monolithic form. The AD588 uses 1 prop­
ricury ion-implanted buried zencr diode, and lascr-wafcr-drift­
trimminc ofhigh stability thin-film resistors to provide outstanding 
pafonnanc< 11 low cost. 

Th< AD588 includes the basic rcfcmice cell and tlua: odditional 
amplifier> which provide pin-programmable outpllt ranges. The 
amplifius arc laser trimmed for low offset and low drift and 
llllinllin the accuracy of the reference. The amplifxn arc confi .. 
prcd to allow Kelvin connections to the lood andloe boosters 
for driring loag Jines or high-current loads, delivering the full 
ICClllOC1 of the ADS88 where it is rcquiml in the applicarioo 
circuit. 
The low initial error allows the ADS88 to be used as a system 
rcfcrt11cc in precision me1surcmcnt applications requiring 12-bit 
1bsolutc accuracy. In such systems, the ADS88 can provide a 
l<no"n YOltage for system calibration in software and the low 
drift allows compcnsatioo foe the drift ol other components in a 
systcm. Manual system calibration and the coot ol periodic 
m:alibntion can therefore be eliminated. Furthcrmorc, the 
mcdlanical instsbdiry of a trimming potentiometer and the 
po1ential for improper calibration can be eliminated by using 
die AD588 and 1utocahbratioo software. 

lmV, 1.5ppm 
Monolithic Voltage Reference 

AD588 I 

AD588 Function•/ Block Diagram 

PRODUCT HIGHLIGHTS 
I. ~ ADS88 offers 12-bit absolute accuracy without any ucr 

od1ustmesus. Optional fine-trim connections arc provided foe 
applications requiring biPcr precision. The 6-trimmins 
does not alter the opcraU.,. conditions of the RDer oe the 
buffer amplifiers and thus does not increase the temperature 
drift . 

2. Lona-term st1biliry is acdlcnt and the CD and TD veniona 
arc 100% tc$ted and ........,teed foe 2S parts-per-million 
stability in a 1000.hour period. 

3. Outp11t noise of the AD588 is very low - typically 6p.V p-p. 
A pin is provided foe odditiooal noioc filtcriog using an manat 
capacitoe. 

-4. A precision ± SV tracJtina mode with ltdvin output coancc­
tioM is anilablc with no tlltcmal components. Ti:ackiug 
error is less tbao ooe millivolt and a fine.trim is anilablc for 
applications requiring euct symmcuy bctwttn the + SV and 
- SV outputs. 

S. Pin strapping capatiiliry allows confisu.ration of a wide YUiay 
of outpUts: ± SV, + SV & + IOV, - SV & - IOV dual oatpUt1 
oe + SV, - SV, + IOV, - IOV single outputs. 

FOR THE WORLD'S M 
ACCURATE MONOLITHIC RE 

REFER TO THIS PIG 

If the voltage references you've been using 
have forced you to choose between low 
initial error and low drift, we'd like to refer 
you to our new AD588. With only Im V of 

initial offset and 1. 5ppm/°C of drift over temperature, it offers 
the best absolute accuracy possible in a monolithic reference. 

All of this is available with typical long-tenn 
stability of 15ppm, with selected versions tested for 
1, 000 hours and certified to be less than 25ppm. And 
you can get the AD588 for about half the cost of similar 
hybrid or in-house designs. Prices start at $12. 75 in 
lOOs, to be exact. 

This exclusive combination provides a range of user­
programmable voltage outputs. You can choose from single 
+ lOV, + 5V, - lOV, and - 5V ranges, simultaneous out­
puts of + lOV and + 5V, or - lOV and - 5V, or even a ± 5V 
tracking range. 

For the most accurate reference on the AD588, call 
Applications Engineering at (617) 935-5565, Ext. 2628 or 
2629. Or write to Analog ll ANALOG 
Devices, P. 0. Box 9106, DEVICES 
Norwood, MA 02062-9106. 

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; 
Colorado: (303) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504; 

Belgium: (3) 2371672; Denmark: (2).845800; France: (I) 4687-34-11; Holland: (1620) 81500; lsrael:·(052) 28995; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826; 
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Gennany: (89) 570050 

EDN March 3, 1988 CIRCLE NO 80 43 



Your next destination: 



The ACL Computer Age. 
The future belongs to computers and peripherals 

built with RCA Advanced CMOS Logic (ACL). 
The pressure is on to make your systems 

smaller, faster, cheaper. 
Some of your competitors are doingjust 

that by incorporating ACL into their new 
designs. If you want to stay on the fast track, 
you can't afford not to consider ACL for your 
new designs. 

The computer of the future. 
Imagine a computer with power dissipa­

tion so low you could eliminate all cooling sys­
tems. Or design a sealed system to prevent 
dust problems. 

And get dramatically improved reliability, 
thanks to the far lower heat generated. As well 
as far smaller system size. 

You'd also be able to use it in a farwider 
operating temperature range (-55°C to 
+ 125°C). Even in high-noise environments. 

FAST* speed, CMOS benefits. 
Advanced CMOS Logic gives you high 

speed (less than 3ns propagation delay with 
our ACOO NAND gate) and 24 mA output 
drive current 

But unlike FAST, it gives you a whole new 
world of design opportunity for computers, 
peripherals, telecommunications and other 
speed-intensive applications. 

ACL dissipates less than 1/8 Watt while 
switching, compared to 1/2 Watt for a FAST 
IC (octal transceiveroperatingat5 MHz). And 
quiescent power savings are even more dra­
matic: ACL idles at a small fraction of the 
powerofa FAST IC. 

* Fr\s·1· isa tr.u le mark ()f Fain:hild St·111in11uh1(1( ff( :(up. 

In addition, ACL offers balanced propa­
gation delay, superior input characteristics, 
improved output source current, low ground 
bounce and a wider operating supply voltage 
range. 

Latch-up and ESD protection, too. 
Latch-up concern is virtually eliminated, 

because ACL uses a thin epitaxial layer which 
effectively shorts the parasitic PNP transistor 
responsible for SCR latch-up. 

And a dual diode input/output circuit pro­
vides ESD protection in excess of2KV. 

A broad and growing product line. 
Our line already includes over 100 of 

the most popular types (SSI, MSI and 
LSI) . More are coming soon. And many 
are available in High-Rel versions. 

All this at FAST prices. 
Our ACL Ii ne is priced comparably to 

FAST. So you get better perfonnance at no 
extra cost Why wait, when your competition is 
very likely designing its first generation of 
ACL products right now? 

Get into the passing lane, with RCAACL 
from the CMOS leader: GE Solid State. Free 
test evaluation kits are available for qualified 
users. Kits must be requested on your com­
pany letterhead. Write: GE Solid State, Box 
2900, Somerville, NJ 08876. 

For more infonnation, call toll-free 
800-44'.~-7%4, extension 24. Or contact your 
local CE Solid State sales oHice or distributor. 

In Europe, call : Brussels, (02) 246-21-11 ; Paris, (1) 39-46-57-99; London, (276) 68-59-11 ; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500 . 

• 
GE/RCA/lntersil Semiconductors 
These three leading brands are now one leading-€dge company. 
Together, we have the resources-and the commitment-
to help you conquer new worlds. 

GE Solid State 
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You do. 
Wedo. 

DRIVF,S 
On one hand, there's your 

drive to find new applications 
and new markets. On the other, 
there's our drive to meet your 
needs. 

And as partners, we both end 
up in the lead. 

A 
LEAJJER? 

You give us the impetus to 
stay a generation or more ahead 
of the competition. And we give 
you the products to do the same. 

Like our high-performance, 
high-capacity Winchester drive 
families, from 85MB to 760MB. 
And our first high-capacity opti­
cal product, a 5!.i-inch, 800MB 
WORM drive. 

46 

So keep pushing us. 
Because the further you drive 

Maxtor, the further we'll drive 
you. 

Maxtor Corporation, 211 
River Oaks Parkway, San Jose, 
CA95134, (408) 432-1700, 
TELEX 171074. 

Sales offices: Atlanta (404) 455-4226, Austin (512) 345-2742, Boston (617) 872-8556, New Jersey (201) 747-7337, 
Orange County (714) 472-2344, San Jose (408) 435-7884, Woking, England (44)/4862-29814, Tokyo, Japan 81-3-431-8940. 

Disoibuted by Anthem Electronics, 1714) 768-4444, 1408) 295-4200, 1617) 657-5170, Future Electronics, 1514) 694-7710, Pioneer Standard Electronics, Inc., 1216) 587-3600, 
1301) 921-0660, Quality Components, Inc., 1214) 733-4300, Storex Corporation, 1617) 769-3400. 

© 1987 Maxtor Corporation 
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GUEST EDI1DRIAL 
BY JIM WILLIAMS, STAfF SCIENTIST, LINEAR TECHNOLOGY CORP 

Should Ohm's law be repealed? 

EDN March 3, 1988 

When I was a kid, I lived near the Stearn family. They had a 
pool, shuffleboard and tennis courts, dogs, and a horse. They 
also had billiard tables, a pinball machine, and a darkroom. 
But what interested me most was what Dr Stearn had in the 
basement. There, sitting on a "scopemobile," next to his 
workbench, was a Tektronix 535 oscilloscope. To say that I 
loved that oscilloscope is an understatement. 

The pure, unbounded lust I spent towards this machine 
probably retarded the onset of my puberty, delaying sexual 
nascency by at least a year. It also destroyed my school 
performance. I read the mainframe manual instead of doing 
homework, and studied the small, easily hidden plug-in book in 
English class. I knew every 535 specification and all its 
operating modes. I lived for the 535, and I studied it. But, best 
of all, I used it. 

Dr Stearn shared his electronics hobby-and his 535--with 
me. Oscillators, amplifiers, flip-flops, modulators, filters, RF 
stages-we circuit-hacked them all with ferocious intensity. 
And with the scope you could see what was going on. You 
shared the excitement Leeuwenhoek felt when he looked into 
his microscope. 

The Tektronix 535 was a sublime masterpiece. In 1956, it 
was vastly superior to its competition. The triggered sweep 
worked unbelievably well, and the calibrated vertical and 
horizontal amplifiers really were calibrated. The scope had an 
astounding 15 megacycles (it was "cycles" then) of bandwidth, 
and it had something called "delayed sweep." The plug-in 
vertical preamplifiers greatly increased the measurement 
capability. Using that scope inspired confidence that bordered 
on arrogance. It would make my circuits work, or so I thought. 

One afternoon I couldn't get a circuit to operate properly. 
The signals looked about right, but the performance was 
shaky, and odd effects abounded. I tested everything, but got 
nowhere. When Dr Stearn came by he listened, looked, and 
thought for a while. Then he moistened two fingers, and 
moved his hand around the circuit, lightly touching points as 
he watched the scope. He noticed effects and correlated them 
to his hand movements. When the scope's display looked good 
he soldered a small capacitor between the last two points his 
fingers touched. To my amazement, the circuit now worked 
properly. I was dumbfounded and, probably because of my 
frustration and embarrassment, even a little angry. 
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GUEST EDIIDRIAL 

The Tektronix 535. Introduced in 
1954, this vastly superior master­
piece made a mockery of competing 
oscilloscopes. I knew it would make 
my breadboard circuits workr-or so 
I thought. 

Dr Stearn explained that my circuit was oscillating at 
perhaps a hundred megacycles, and he suspected he'd damped 
it by loading the right points. His finger dance had surveyed 
suspect points; the capacitor was his equivalent of the finger­
loading capacitance. "That's not fair!" I protested, "You can't 
see 100 megacycles on the scope." He looked right at me and 
spoke slowly. "The circuit doesn't care about 'fair,' and it 
doesn't know what the scope can't see. The scope doesn't lie, 
but it doesn't always tell the truth." He then gave me a little 
lecture that has served me well, except when I'm foolish or 
frustrated enough to ignore it: 

"Don't ever get too attached to a way of solving problems. 
Don't confuse a tool, even a very good one, with knowledge. 
Concentrate on understanding the problem, not applying the 
tool. Use any tool that will help move your thinking along, 
know how these tools work, and keep their limitations in 
mind-it's part of the responsibility of using them. If you stop 
thinking and stop asking questions and simply believe what 
the scope says, you're done for. When you do that, you're not 
listening to the problem, and you're no longer designing that 
circuit. When you substitute faith in an instrument, no matter 
how good it is, for your judgment, you're in trouble. 

"It's a tricky trap; sometimes you don't even know you're 
falling into it. People are very clever at fooling themselves that 
way. We all want things to be simple and to go smoothly, but 
the circuit doesn't know that and it doesn't care." That lecture 
took place 32 years ago, and I'm still absorbing the advice. 

Lately, I've been hearing a lot about CAD systems, 
computer-based workstations, and powerful software-model­
ing techniques. At Linear Technology, we have CAD systems, 
and they save tremendous amounts of time. They're very 
powerful tools, and we're learning to use them efficiently. It's 
a tough process, but the rewards are worth the effort. 

Unfortunately, there are substantive and disturbing differ­
ences between what these tools are, and what some purport 
them to be. Promotional materials, which are admittedly 
suspect, boast of speed, ease of use, and the elimination of 
mundane and odious design tasks. Advertising explains the 
ease of generating ICs, ASICs, board functions, and entire 
systems in weeks, even hours. Reading further reveals the 
paths to this design nirvana-databases, expert systems, 
models, simulators, compilers, emulators, and a lot of other 
intellectual frou-frou. 

Somewhere, such technological manna must coalesce to 
eliminate messy labs, pesky nuts and bolts, and, above all, 
those awful breadboards. Headaches vanish, fingers and the 
lab remain clean, the boss is thrilled, and you have time to go 
fishing. Well, such silliness is all part of the marketing game, 
and it's well known wherever money changes hands. Perhaps 
my acerbic musings are simply the fears of a bench hacker or a 
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MULTIFIUUI 
MAONETWIRE 

Parallel bonded for windings and leads. 

When two or more magnet wires travel 
together, MULTIFILAR magnet wire is an 
excellent alternative. 

This parallel bonded, color-coded magnet 
wire offers more consistent capacitance 
and impedance characteristics when com­
pared to windings using two or more sepa­
rate magnet wires. 

And, it allows for increased layer winding 
speeds, as well as reduced labor and han­
dling. Color-coding assists in conductor 
identification and helps eliminate termina­
tion errors. 

MULTIFILAR magnet wire is custom pro­
duced to guarantee flat, parallel construc­
tion in an array of sizes, 16-52 AWG, with 
up to 20 conductors in some sizes. 

Available constructions include round, 
flat or square conductors. Individual con­
ductors meet NEMA MW 1000, JW 1177, 
temperature classes 105-220°C; single 
through quadruple film builds. Color­
coded conductors are available in most 
insulations with up to 10 different colors 
in some sizes. 

Call or write for your free copy of our 
Technical Data Booklet and Capabilities Bro­
chure. Both contain valuable information 
on all wire produced 
and inventoried by 
MWS Wire Industries. 
Samples of MULTIFILAR 
are available upon 
request. 

Wire Industries 
31200 Cedar Valley Drive, Westlake Village, CA 91362 

CALL TOLL FREE 800 423·5097 
In California 800 992-8553. In L.A., 818 991-8553 

MULTIFILAR9 is a registered trademark of Ml.\S Wire Industries 
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GUEST EDI1DRIAL 

Advertising for CAD tools assures 
you that you can achieve high pro­
ductivity with a minimum amount of 
effort. Becoming the next Thomas 
Edison is only a keystroke away. 

cantankerous computer technopeasant who is confronting the 
Computer Age. But I don't think so, because what I see 
doesn't stop at fast-talking ad copy. 

Some universities are enthusiastically emphasizing 
"software-based" design and "automatic-design" procedures. 
Students and professors have shown me circuits they designed 
on their computers. Some of the assumptions and simplifica­
tions the design software makes are unusual. Some of the 
circuits are unusual, too. 

Such excessively spirited CAD advocacy is also found in 
industry trade journals that have become enamored of CAD 
methods to the point of being cavalier. Articles tell readers 
how easy it is to use CAD tools. At times, you can't distinguish 
editorial copy from advertising. For example, a recent editori­
al entitled "Electronic design is now computer design" informs 
me that: 

"For the most part, the electronic details-the con­
cerns of yesteryear about Ohm's law and Kirchhoff's 
law, transconductance or other device parameters-­
have been worked out by a very select few and embed­
ded in the software of a GAE workstation or buried 
deep within the functionality of an IC. Today's main­
stream designers, whether they're designing a com­
plex board-level product or an IC, don't need to fuss 
with electronics . They're mostly logic and system 
designers-computer designers-not electronics de­
signers" (Ref I). 

Those ideas pave the road to intellectual bankruptcy, and 
they display the kind of arrogance Dr Stearn warned me 
about. CAD is being oversold, and it shouldn't be, because it's 
one of the most powerful tools ever developed for solving 
problems. But if too many users are led astray and disappoint­
ed-as some already have been-CAD-system purchases, ac­
ceptance, and use will slow. Thus, the irresponsible, self­
serving advisories of some CAD vendors and enthusiasts may 
be partially self-defeating. 

The associations being made between CAD tools and the 
actual generation of ideas based on knowledge and thought are 
specious, arrogant, and dangerous. They're arrogant because 
in their determination to streamline technology they simplify 
it , and Mother Nature loves to throw a surprise party. 
Technologically driven arrogance can be hazardous, as any 
Titanic passenger would tell you. They're dangerous because 
it's easy to confuse faith in tools with the true thinking and 
simple sweat that are integral to design. In our rush to design 
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WET TANTALUM 

WET SLUG TANTALUMS 

Style 

CLR-79 
CLR-81 
CLR-65 
CLR-69 
CLR-10/14/17 
CRL-01/02 

Mil Spec 
(or description) 

M39006/22 
M39006/25 
M39006/09 
M39006/21 
Mil-C-39006/18/19/20 
Mil-C-83500 
Silver Tubular 
All Tantalum Module 

MALLORY 
ELECTRICAUELECTRONIC GROUP 

EDN March 3, 1988 

Mallory 
'fype 

TLT 
WIS 
TLX 
TXX 
XT 
Wl3 
MTPH 
TMX 

DESIGNED TO TAKE ON 

THE WORLD'S TOUGHEST 

ASSIGNMENTS. 
Mallory designs and 

manufactures a broad line 

CIRCLE NO 68 

of high-reliability, wet 

tantalum capacitors to meet 

your specific design needs. 

The CLR-79 and CLR-81 

hermetically sealed, all 

tantalum wet slug 

capacitors meet MIL-39006 

requirements with low DC 

leakage, low ESR, high 

ripple current ratings and 

3 volts reverse voltage 

capability. These high and 

extended range capacitors 

maintain quality approval 

up to failure levels R (CLR-

79) and P (CLR-81). 

For your next 

assignment, go with 

the leader. Contact 

your local authorized 

Mallory distributor or 

Mallory today. 

Mallory Capacitor. 

Stronger Than Ever. 

Mallory Capacitor Company 

3029 E. Washington Street 

Indianapolis, Indiana 46201 

Phone: (317) 636-5353 

EMHART 
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GUEST EDIIDRIAL 

The best circuits result from a com­
bination of traditional breadboard 
techniqiws, experience, and CAD. 

circuits and systems efficiently, we will cede the judgmental, 
inspirational, and even accidental processes that constitute 
much of engineering. At the same time, we'll eliminate excel­
lence. 

Most good designs are characterized by how the designer 
deals with the exceptions and imperfections. In my field, 
linear circuits, just about everything is an exception. You know 
about-or think you know about-a lot of the exceptions, but 
you're constantly learning about new ones. Unfortunately, you 
can get circuits to work properly without even realizing the 
exceptions and imperfections that are present. How sad it is 
that you could do better if only you knew what those excep­
tions and imperfections were. The linear-circuit designers I 
admire are those most adept at recognizing and negotiating 
with the exceptions and imperfections. Often they're not sure 
just what the specific design issues will be, but they have a 
marvelous sense of balance. They know when to be wary, 
when to use finesse, when to hack, and when to use comput­
ers. These people use CAD tools to produce superior work 
more efficiently, while others may be tricked into using CAD 
to produce mediocre designs efficiently. 

CAD tools and techniques, although in their infancy, will 
indeed prove to be some of the most useful electrical-engineer­
ing tools ever developed. Although their usefulness in linear­
circuit design is limited at present, they have had an impact on 
digital-IC and -system designs. For now, the best analog 
simulator we have is a breadboard. If you're listening, the 
answer, or at least the truth, is there. 

I'm reasonably certain that breadboardless linear-circuit 
design is a long way off. I suspect the situation is similar for 
most engineering disciplines. The uncertainties, the sur­
prises, and the accidents that yield fruitful results require 
sweat and laboratories. CAD saves time and eliminates drudg­
ery. It can increase efficiency, but it does not eliminate the 
cold realities involved in making something work. 

Where I work we bank on our ability to ship products that 
work properly. We believe in CAD as a tool, and we use it. We 
also use decade-resistor boxes, breadboards, oscilloscopes, 
pulse generators, alligator clips, screwdrivers, Ohm's law, and 
moistened fingertips. Like Dr Stearn back in 1956, we concen­
trate on solving the problem, not on simply using a tool. 

Reference 
1. Williams, Tom, "Electronic design is now computer design," 

Editorial 110 (a Computer Design newsletter), January 1988, pg 1. 
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Good 
as 

Gold 
The 70 Series Multimeters: 
the shining standard by which others 
are measured. 

These multi meters are produced through 
advanced technology that assures you a 
wealth of product features. Giving you solid 
value for your money. 
Security of a 3-year warranty. 

A 3-year warranty reduces your cost of 
ownership. So you don't have to pay the price 
over and over for lesser-quality multimeters. 
More features for your money. 

Choose from either the basic 73 or the 
feature-rich 75 and 77. You 'll find the features 
you need at the price you can afford. Touch 
Hold™ for capturing and holding readings. 
Audible tones to signal you for continuity. 
Autoranging for simple operation. And a 
sleep mode for extending battery life up to 
2000 hours. 
Extra protection built in. 

Features built into every 70 Series multi­
meter help ensure your safety and protect the 
meter, too. High-energy fuses on all current 
inputs, including the 10A range. Overload pro­
tection. An ABS plastic case, and a protective 
holster (77 only) that guards your meter 
against bumps and jolts. 
Made in the U.S.A. 

Like other Fluke products these multi­
meters offer you uncompromised quality 
at competitive prices. So get your hands on 
a 70 Series Multimeter at leading electronics 
distributors nationwide. Or, call toll free 
1-800-44-FLUKE, ext. 33 for a free 
brochure. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 73, 75, 77 
$79, $119, $1 49 2000 + hour battery life 
0.7%, 0.5%. and 0.3% basic de acruracy 3-year warranty 
Analog/digital display Audible continuity (75 & 77) 
\\lits, ollms. lOA. diode test Range hold (75 & 77) 
Fused current inputs Touch Hold function (77) 
Autorange Multipurpose holsler (77) 

IFLUKEI ====® 
John Fluke Mlg. Co .. Inc .. PO. Box C9090, M/S 250C. Everett. WA 98206. Sales: (206) 356-5400. Other: (206) 347-6100. 

©Copyright 1988 John Fluke Mfg. Co .. Inc. A!I rights reserved. Ad No. 1273·F70 
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In your costs. 
If there's one idea that has driven all 

our products since the beginning, it's 
cutting costs without cutting corners. 

And now that idea can drive all your 
design projects. 

Because Altera has expanded 
its original EPLD concept into a 
complete family of inexpensive, 

off-the-shelf, user-configurable parts. 
Which lets you create high-density, 

custom logic without long design 
cycles, high tooling costs or 

dedicated inventory burdens. 
With Altera, you get the broadest 

choice ofEPLDs. Not just general 
purpose, but function-specific devices 
for control and peripheral logic;·even a 
configurable bus interface for the 
IBM Micro Channel:" 

All of them save you time, money and 
board space. 

And all it takes to get going is your 
PC and a desktop. 

And your deadlines. 
Simply put, Altera is f .......... .._. 

the fastest route from 
design to silicon. 

Our CAE develop­
ment system Jets you 
enter your design 
using familiar TTL 
macrofunction as well 
as Boolean and state 
machine approaches. 
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And our new A+ PLUS design 
processor delivers 20 times more through­
put than any other PC-based software. 

So you can automatically fit a typical 
1000-gate design, not in 30 minutes, 
but in 90 seconds or less. And program 
your EPLD even faster. 

That's why designers measure 
our products not just in microns or 
nanoseconds, but in something far 
more important. 

Time-to-market. 

In fact, across the board. 
Board space may be 

the kindest cut of all. 
Our EPLDs can 

integrate dozens 
of parts into a 
single device. 

And Altera has more ways to develop 
more of your real estate. 

Our new EP 610 and 910 devices, for 
example, give you 16 and 24 macrocell 
densities with access times as fast as 
25 nanoseconds. 

And our new EPB 2001 and 2002 
interface chips are opening doors to the 
Micro Channel. 

So call (408) 984-2800 to cut your costs, 
deadlines and space. 

The more we cut back, the more you 
get ahead. 

3525 Monroe Street 
Santa Clara, CA 95051 
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FUJITSU'S FAMILY OF STORAGE PRODUCTS 

Memories 
• 

Our data storage products seem to 
last forever. 

They average 30,000 
hours mean-time between 
failures. For years of 
trouble-free performance. 

A record few others 
can match. 

---· - ----- _""' ··- -.-'' --
. - -·-- --- -- -­- --- . ---

---~·----- . - ---- - -~-·--· ---- -- --You Can Expect the Best. - - - ·-=--- - . - -

We've been designing disk 
drives for over 20 years. And no 
one does more to guarantee 
quality. 

For example, we spend 
millions in R&D, and manu­
facture our own components, 
with quality controls at 
every stage. And we're 
leading the industry with 
interface standards. 

That's why you can count on Fujitsu America 
for the quality and reliability you demand. 

So choose from our complete line of storage 
products. You'll find 1h" cartridge tape drives. 
Streaming and start/ stop tape drives. 31h" and 
StA" flexible drives. Write-once optical disk drives. 
31a" to our famous "Eagle" 10lh" Winchesters. 
And parallel transfer disk drives. 

No Other Company Does More. 
We service here. Deliver from here. And our 

manufacturing complex in Oregon has been 
operating for a full year, matching the rigorous 

c 1987 Fujitsu America, Inc. 

quality standards of Japan's disk 
drive operations. 

So make a commitment to quality. Buy the 
most reliable storage products available. Call 
today (800) 626-4686. Or write Fujitsu America, 
Computer Products Group, 3055 Orchard Drive, 
Sanjose, CA 95134-2017. 

You'll find lasting memories. 

A COMPANY WITH CHARACTER AND DRIVE -FUJITSU -FUJITSU AMERICA 
Computer Products Group 
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TECHNOLOGY UPDATE&~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ KEEPING AMERICA 

COMPETITIVE 

Vendors offer a range of data-acquisition 
and -control boards for the Macintosh II 
Doug Conner, Regional Editor 

With the right data-acquisition and 
-control board plugged into one of 
its six Nubus expansion slots, the 
Apple Macintosh II can perform al­
most any data-acquisition and -con­
trol task you could expect of a desk­
top system. The 68020-based 
system, which comes with a 68881 
floating-point coprocessor, can sup­
port fast data acquisition as well as 
perform rapid analysis of collected 
data. At least five manufacturers 
offer a variety of data-acquisition 
and -control boards and software for 
the Macintosh II. Table 1 gives the 
key specs for a representative sam­
ple of these boards. To choo<;e the 
right board for your application, you 
must know your data-acquisition 
and -control requirements thor­
oughly. 

Sampling and throughput 
One of your first considerations in 

choosing a data-acquisition board 
should be the sampling rate. If you 
require rates greater than 150k 
samples/sec, your choices are lim­
ited to just a few boards. Further, 
even if you do find a board that 
samples at a high enough rate for 
your purposes, your system's 
throughput might suffer if you try 
to maintain a high sample rate for 
millions of measurements. 

The Macintosh II's Nubus allows 
any board to become a bus master, 
having direct access to the IM to 8M 
bytes of memory resident on the 
mother board. This scheme lets the 
system maintain high throughput 
rates even without requiring large 
onboard data buffers, provided that 
the data-acquisition board is capable 
of performing the DMA transfers. 

For high AID-conversion speeds, 
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By plugging as many as three modules into the MacAdios II data-acquisition and -control 
board from GW Instruments, you can add extra AJD converters, DIA converters, filters, and 
analog-input multiplexers . 

consider Data Translation's Pegasus 
Series boards and GW Instruments' 
MacAdios II board.. The Pegasus 
Series boards can provide sampling 
rates as high as 750k samples/sec. 
When you plug an optional high­
speed module into the MacAdios II, 
the data-acquisition board can con­
vert as many as 833k samples/sec. 

(Without the module, the MacAdios 
II converts 142k samples/sec.) Both 
the Pegasus Series and the 
MacAdios II have 12-bit resolution 
and can maintain their speeds while 
transferring data to system RAM, 
but they substantially tie up the 
Macintosh II's computing power be­
cause they lack DMA capability. 
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Make it friendly. 
Touch it. 

Design a system that gives you a 
competitive edge. Make it simple to 
use. Easy to learn. Make it friendly. 
With a touch input system from 
Carroll Touch , the world 's leading OEM 
supplier of touch products. 

Discover the full line of solutions 
Carrol l Touch offers. From infrared to 
overlay touch products. Select from a 
wide range of standard add-on units in a 
variety of sizes. Or from a line of fully 
integrated computer displays equipped 
with touch. Or specify your own unique 
requirements . 

Once you 've chosen the Carroll Touch 
product that's right for your system, you 'll 
discover even more. Exceptional quality 
and ruggedness. High reliability. Low 
maintenance. Making touch more affordable 
and cost-effective than ever. 

Whether it's sophisticated test equipment 
for automotive technicians. Or a medical 
diagnostic system for patient care. Make 
your next system friendly. Touch it. Begin 
by calling 512/244-3500. 

Carroll Touch 
a subs1d1ary of AMP Incorporated 

PO. Box 1309 
Round Rock, Texas 78680 
51 2/244-3500 Telex 881906 



TECHNOLOGY UPDATE 
To free up your computer while 

performing data acquisition, you can 
use National Instruments' real-time 
system-integration bus, which al­
lows you to connect your National 
Instruments data-acquisition and 
-control boards to one of the compa­
ny's DMA boards. The Nubus sup­
ports DMA transfers to 37.5M 
bytes/sec, freeing the Macintosh 
II's processor to perform fore­
ground tasks, even data reduction, 
while data acquisition takes place in 
the background. 

Applications in which you sample 
multiple channels may require that 
the channels be sampled simultane­
ously. In such applications, you'll 
not only need multiple S/H amplifi­
ers; you'll need to be sure they can 
be synchronized. Some applications 
may also require the synchroniza-

tion of digital or analog outputs as 
well as analog inputs. A number of 
the available boards can synchro­
nize functions on a single board. 
National Instruments goes further 
-its real-time system-integration 
bus allows you to synchronize the 
AID and DIA conversions across 
multiple boards in the Macintosh II. 

Getting the accuracy you need 
Once you've determined your 

sampling rate and synchronization 
needs, you'll need to determine the 
resolution and accuracy you require. 
Most data-acquisition and -control 
boards have AID and DI A convert­
ers with 12- to 16-bit resolution, but 
you should examine the boards' ac­
curacy specifications carefully. Just 
because a board uses a 12- or 16-bit 
DIA or AID converter doesn't mean 

that the voltage readings or outputs 
are accurate to these values. For 
example, "16-bit accuracy" means 
that 1 LSB is equivalent to 153 µ V 
on a lOV range. It takes careful 
design to achieve this kind of accu­
racy, and you'll have to exercise care 
to keep noise out of the input signal. 
Not every application will demand 
this much accuracy, but the incre­
mental changes provided by 16-bit 
resolution can be useful in control 
and other applications. 

Most boards require some type of 
calibration to achieve their specified 
accuracy. Ideally, a board should 
use an onboard reference to cali­
brate itself. Some boards allow you 
to check the calibration against an 
onboard reference voltage. In any 
case, the manufacturer should fur­
nish you with a clear method of 

TABLE 1-REPRESENTATIVE DATA-ACQUISITION AND 
-CONTROL BOARDS FOR THE APPLE MACINTOSH II 

A/D CONVERSION 

MAX 
CONVERSION 

RATE 
MANUFACTURER RESOLUTION (SAMPLES/ INPUT 
AND MODEL (BITS) SEC) 

DATA TRANSLATION 12 150k 
OT 2221-F 

GW INSTRUMENTS 12 142k 
MACADIOS II 

NATIONAL 12 91k 
INSTRUMENTS 

NB-MI0-16H 

SCIENTIFIC 12 125k 
SOWTIONS 

LAB MASTER 11-100 

STRAWBERRY TREE 16112 225/2.5k 
COMPUTERS 

ACM2-16·8A 

NOTES: 
SPG=SOFTWAAE·PAOGRAMMABLE GAINS 
SPA =SOFTWAAE·PAOGRAMMABLE RANGES 
SE=SINGLE ENDED 
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RANGES CHANNELS 

JUMPER: 16 SE, 
0TO10V, 8 OIFF 

±10V; 
SPG: 

1, 2, 4, 8 

JUMPER: 16 SE, 
0 TO 10V, 8 DIFF 

± 10V; 
SPG: 

1, 10, 100 

JUMPER: 16 SE, 
OTO 10V, 8 DIFF 

±5V, 
t10V; 
SPG: 

1, 2, 4, 8 

SPA: 16 SE, 
0 TO 10V, 8 DIFF 

± 10V 

SPA: 8 DIFF 
±25 mV, 

OTO 
50 mV, 

±250 mV, 
OTO 

500 mV, 
±5V, 

0 TO 10V 

OIFF=DIFFERENTIAL 
OP=OPEAATING 
NON=NONOPEAATING 

D/A CONVERSION 

SETTLING 
TIME FOR A 

INPUT RESOLUTION FULL-SCALE OUTPUT DIGITAL 
PROTECTION (BITS) STEP (µSEC) RANGES CHANNELS 110 LINES PRICE 

t35V OP, 12 5 JUMPER: 0 2 161/0 $1995 
±20V NON TO 5V, 0 TO 

10V, t2.5V, 
t5V, ±10V, 

± 35V OP, 12 9 JUMPER: 2 8 INPUT, $1290 
± 20V NON 0 TO 10V, 8 

±10V OUTPUT 

t35V OP, 12 40 JUMPER: 2 81/0 $1495 
t20V NON OTO 10V, 

±10V 

±35V OP, 12 5 SPA: 2 24110 $1250 
± 10V NON 0 TO 5V, 

OTO 10V, 
±2.5V, 
±5V, 
± 10V; 

JUMPER: 
4 TO 20 mA 

±50V OP, 12 35 JUMPER: 2 81/0 $1790 
±50V NON, 0 TO 5V, 
±150V FOR 0 TO 10V, 

1 SEC ±5V, 
4 TO 20 mA 

59 



TECHNOLOGY UPDATE 
determining whether a board meets 
its accuracy specification. 

To get the maximum accuracy out 
of an AID converter, you may need 
to scale-amplify or attenuate-the 
signal before conversion takes 
place. Data-acquisition boards nor­
mally have at least one unipolar and 
one bipolar range. These reference 
voltages are usually jumper selecta­
ble. In addition, a software-pro­
grammable gain stage typically pro­
vides gains of 1, 2, 4, and 8 or 1, 10, 
and 100. Unless you'll always be 
using one voltage range, it's a good 
idea to choose a board on which the 
ranges you'll use regularly are soft­
ware programmable. 

If your application requires you to 
change voltage ranges while mea­
suring different channels, you may 
be interested in a channel-and-gain­
list feature, which some of the 
boards available for the Macintosh 
II have. This feature allows you to 
program the hardware to step re­
petitively through a series of chan­
nels and gains. Because the channel 
and gain changes are taking place on 
the fly, you don't have to interrupt 
the data-acquisition process for 
channel or range-change instruc­
tions. 

You may also have to scale the 

A ribbon cable connects the real-time system-integration bus on these data-acquisition and 
-control cards from National Instruments. The bus can link as many as five data-acquisition 
and -control cards, providing synchronization and DMA capability. 

board's analog outputs to meet your 
requirements. In addition, you'll 
need to know what current your 
application requires and what cur­
rent the board can deliver. Most 
boards furnish between 2 and 15 mA 
of output current. If you're using a 
voltage output, but require more 

current drive than the board can 
supply, you'll need to add an exter­
nal power buffer. 

Even if a board does meet your 
current-drive requirements, line re­
sistance may cause an unacceptable 
drop in voltage. Some boards pro­
vide voltage-sense feedback, which 
lets you deliver the correct voltage 
at the load. The voltage-sense feed­
back also allows you to add an exter­
nal power buffer without incurring 
additional voltage-offset errors. 

Most data-acquisition boards pro­
vide multiplexers that allow one 
AID converter to service eight or 16 
inputs. Some vendors offer options 
that allow their boards to accommo­
date more inputs. GW Instruments' 
GWI-Mux plug-in modules, for ex­
ample, allow the company's Mac­
Adios II to accommodate as many as 
112 single-ended or 66 differential 
inputs. Choosing a board that meets 
your needs will allow you to monitor 
a number of external lines without 
having to add external multiplexers. 

Providing general-purpose data-acquisition and -control functions for any of the vendor's 
data-acquisition boards, the Analog Connection Workbench software from Strawberry Tree 
Computers lets you connect icons to build custom setups quickly. 

Most input multiplexers accom­
modate differential inputs, which 
are useful for reducing noise pickup 
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There Will Still Be a Few Uses 
for Conventional ECL ASICs. 

Cold facts: now the highest-density ECL logic array runs at a 
cool 1/10 the gate power of competing devices. 

Raytheon's ASIC design expertise 
and proprietary technology make 
conventional ECL arrays too hot to 
handle. The superior performance of 
the new CGA 70El8 and CGA40El2: 
the ECL logic array family with the 
highest density and the lowest power 
requirement now available. 

D Superior performance: 300 pS 
delay and 300 µ W (typical gate) power 
dissipation deliver the industry's low­
est speed-power product: <O.l pJ. 
Toggle frequency 1.2 GHz (typical). 
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D Highest density: 
CGA70E l8 - 12540 equivalent gates 
CGA40E l2 - 8001 equivalent gates 

D Lowest power: Industry's smallest 
bipolar transistors result in power dis­
sipation that is a fraction of conven­
tional ECL at comparable propagation 
delays. Typical chip power dissipation 
of 3W to SW. 

D Et cetera: Interface TIL, ECL 
(!OK, lOKH , IOOK), ETL. Customer 
access to proven, fully integrated 
CAD system. Commercial and mili­
tary operating ranges. 
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Call Raytheon for access to the right 
ECL technology. We're not blowing 
any smoke, and neither should your 
system's performance. 

Raytheon Company 
Semiconductor Division 
350 Ellis Street 
Mountain View, CA 94039-7016 
(415) 966-7716 

Access to the right technology 

Raytheon 
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and ground-loop problems. When 
measuring signals over long lines or 
in noisy environments, you can use 
currents rather than voltages to 
transmit data. Currents are less 
sensitive than voltages to noise pick­
up and resistive drops in a line. A 4-
to 20-mA current loop is the indus­
try standard for this purpose, and 
many current-loop transducers are 
available. An added benefit is that 
the transducers are normally pow­
ered by the current loop, so the 
transducers require only two wires 
for signal and power. If you'll be 
using current-loop transducers, you 
should check whether your data­
acquisition board will accommodate 
the current loop, or whether you'll 
need to use external circuitry to 
perform signal conditioning. 

At $795, the Forerunner data-acquisition board f rom Data Translation includes two 12-bit 
DIA converters and a 12-bit AID converter that samples at 40k samples/sec. 

The type of AID converter that a 
data-acquisition board uses will also 
affect the noise-rejection character­
istics of the board. If your applica­
tion requires a conversion rate high­
er than about lOk samples/sec, you'll 
probably need to choose a board 
with a successive-approximation 
AID converter. Boards that have 
lower conversion rates sometimes 
use integrating AID converters. 

If a board's AID converter is a 
successive-approximation type, any 
change in the input during the con­
version cycle will add directly to the 
conversion error. To avoid this 
error, the manufacturer normally 

places an S/H amplifier in front of 
the AID converter. In contrast, in­
tegrating AID converters can aver­
age voltage changes over the entire 
conversion cycle, so they provide 
excellent noise-filtering perfor­
mance. For example, Strawberry 
Tree Computers' ACM 2-16 board 
has a 16-bit integrating AID con­
verter that lets you filter out 60-Hz 
line noise by converting the signal 
over one power-line cycle. 

Even if the waveform you're sam­
pling doesn't have an appreciable 
amount of noise, it may have fre­
quency components that are too 
high for your sampling rate. Antia­
liasing filters can limit the band­
width of the incoming signal to no 
more than half the board's sample 
rate. If your data-acquisition board 
doesn't supply an antialiasing filter, 

For more information ... 
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For more information on the data-acquisition and -control boards discussed 
in this article, contact the following manufacturers directly, circle the ap­
propriate numbers on the Information Retrieval Service card, or use EDN's 
Express Request service. 

Data Translation Inc 
100 Locke Dr 
Marlboro, MA 01752 
(617) 481-3700 
TLX 951646 
Circle No 716 

GW Instruments Inc 
264 Monsignor O'Brien Hwy 
Cambridge, MA 02141 
(617) 625-4096 
Circle No 717 

National Instruments Corp 
12109 Technology Blvd 
Austin, TX 78727 
(512) 250-9119 
TLX 756737 
Circle No 718 

Scientific Solutions Inc 
6225 Cochran Rd 
Solon, OH 44139 
(216) 349-4030 
TLX 466692 
Circle No 719 

Strawberry Tree Computers Inc 
150 N Wolfe Rd 
Sunnyvale, CA 94086 
( 408) 736-3083 
Circle No 720 

you may need to add an external 
one. 

It's also a good idea to consider 
how you can protect your data-ac­
quisition board from damaging volt­
ages. For analog inputs, the safe 
voltage range is typically ±35V 
when the power is on and ±20V 
when the power is off. Most boards 
come with protection against volt­
ages in that range. If your applica­
tion is likely to involve voltages 
greater than those, it's probably 
worthwhile to invest in additional 
protection to avoid the risk of de­
stroying the board. In extreme 
cases, you may need to provide opti­
cal isolation of inputs. 

If your application calls for digital 
110 in addition to analog signals, you 
might be able to find a board that 
also supports the digital signals. 
Some of the data-acquisition and 
-control boards for the Macintosh II 
have dedicated input or output dig­
ital lines; others have program­
mable 1/0 lines. 

Some manufacturers configure 
their data-acquisition boards to 
make certain measurements easy, 
and some offer options that help you 
complete a measurement setup 
quickly. For example , Strawberry 
Tree Computers produces a number 
of data-acquisition boards that al­
ready have cold-junction compensa­
tion and linearization for 10 thermo­
couple types. In addition, the 
company offers an optional isother­
mal terminal block, which reduces 
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NETWORKS MADE SMALLER. 

SPRAGUE MULTILYTHIC&~{fc~~YTHIC® CAP AND R c NETWORKS advancedceramics 

CUT Bo~,\ D-.; SB•A ~cE inter~nnecffiandgroun~~=~!q~=~i::: 
~ ~ • ceramic substrates. Sprague uses these 

CAPSTRATE® substrates with or without trimmed thick-film resistors to manufacture low-profile molded SIP through-hole 
capacitors (Type 424C) and R-C networks (Type 429C) , and surface-mount capacitor (Type 806C) and R-C networks (Type 
846C) in standard SOM and SOL gull-wing packages. Sprague CAPSTRATE capacitor and R-C networks are smaller, faster, 
and more reliable than conventional networks using discrete components. Capacitors are available in temperature 
characteristics COG or X7R. Capacitance values range from 22 pF to 0.1 µF. Resistor range is from 10 ohms to 1 M.Q. Both 
SIP and surface-mount packages are suitable for use with automatic insertion equipment. Sprague also offers custom 
CAPSTRATE networks at competitive prices. For complete information , write for Catalog RN-126A and Supplements, 
to Technical Literature Service, Sprague Electric Company, P.O. Box 9102, 1.'~•'~~ SPRnGUE® 
Mansfield , MA 02048-9102. For applications assistance call our Networks Hotline at \!!JJ!1 H 
Nashua, NH (603) 883-9774. THE MARK oF RELIABILITY 
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The 
STD 8088 

of Choice ... 
helps you design and 
install your system in 

only 6 weeks. 

Today, the 8088 is overwhelmingly 
chosen for STD BUS systems. It's 
powerful. It's IBM-PC compatible. But 
it's not simple technology. 

That's why Micro/ sys has developed 
a 3-point plan to make sure you don't 
lose 6 weeks just gening up the learning 
curve: 

• Complete, affordable hardware. 
At $295, qty 1, our SB8088 CPU 
gives you RAM, ROM, RS232, 
parallel, 8259A interrupts, 8087 
socket, and timers. 

• "Forget-the-details" software cools. 
BASIC or C source files in. Com­
piled, ROM'able, stand-alone HEX 
files out. Or choose our DOS 3.2 
BIOS. 

• Experienced technical support. Our 
engineers have been in STD BUS 
since it's beginning, and they're part 
of your team. 

Call today to discuss your system 
needs. And ask for your free copy of 
our 90 page data book. 

*IBM-PC trademark IBM Corp. 

~ MICRO/SYS 
1011 Grand Central Ave. 

Glendale, CA 91201 
(818) 244-4600 
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UPDATE 
thermocouple errors where the 
leads connect. 

If you use a data-acquisition 
board that's made to work directly 
with the types of signals or trans­
ducers you'll be using, you'll not 
only avoid adding external circuitry 
but you may find that the board 
manufacturer has already developed 
the application software you need. 
For example, GW Instruments of­
fers the MacSpeech Lab II software 
for the MacAdios II. The software 
lets you perform such operations as 
FFTs and spectrograms, and it pro­
vides other analysis tools tailored 
specifically for speech analysis. 

When considering data-acquisi­
tion boards, don't forget to pay care­
ful attention to the available soft­
ware. You may end up spending 
more money on the software than on 
the board itself. If you can find an 
application program that meets 
your needs, you'll spend a lot less 
time getting your data-acquisition 
and -control task running. GW In­
struments, National Instruments, 
and Strawberry Tree Computers all 
off er application software for their 
boards. 

Fortunately, the Macintosh II 
forces anyone who writes applica­
tion programs to conform to a num­
ber of standards in order to use 
Apple's Toolbox software-develop­
ment tools. These standards mean 
that all application programs for the 
Macintosh II will have many simi­
larities, so you won't need an inordi­
nate amount of time to become fa­
miliar with them. If you can't find 
an application program that meets 
your needs, you'll have to write your 
own program, using 110 routines 
supplied by the manufacturer of the 
data-acquisition board. In that case, 
you must make sure that the manu­
facturer's 110 routines are compati­
ble with the language you're using. 

Article Interest Quotient 
(Circle One) 
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NEW COMBINATION 
MODEM/UART CHIP 

FOR INTEGRAL 
BUS APPLICATIONS 

• Modem/ UART comblnotlon 
optimized for Integral bus 
applications 

• Stand-alone mode allows full 
modem and UART control from CPU 
bus, with no dedicated JJP required 

• Dual-port mode suits conventional 
designs using local JJP for 
transparent modem operation 

• Complete modem functions for 
1200 BPS (Bell 212A, V.22) and 
0-300 BPS (Bell 103, V.21) operation 

• Fully compatible 16450/ 8250 UART 
with 8250B or 8250A selectable 
Interrupt emulation 

• CMOS chip operates from single 
+ 5V power supply; draws only 
75 mW (15 mW with power down) 

Silcon Systems· new K222U 
combines the performance and 
features of the SSI K222L 1200 BPS 
single-chip modem with on industry 
standard B250/l6450 UART function 
in o single 40-pin chip. 

The new modem/UART chip is 
optimized for MS-DOS bus integral 
intelligent modem applications such as 
portable or lop-top personal computers. 
In the stond-olone mode, the modem 
functions con be fully controlled 
through the 8250 interface, with the 
main CPU performing both doto 
communication and modem control 
without the need for on odditionol 
dedicated microcontroller. 

For conventional plug-in cord 
applications, the dual-port mode permits 
using a dedicated local microcontroller 
with the modem, allowing the modem 
function to be transparent to the main 
CPU. The 8250 section con also be used 
independent of the modem function, 
providing on added serial port at no 
extra cost when the modem function is 
disabled. The modem portion of the 
K222U provides all analog functions 
needed for on intelligent modem 
compatible with 212AN.22N.'2l Bell 
and CCITT standards. 

For more information on the new 
K222U, or the complete K-Series family 
of compatible modem IC's, contact: 
Siiicon Systems, 14351 Myf ord Rood, 
Tustin, CA 92680, 
Phone: (714) 731-7110, Ext. 575. 

Jilwn Jl frmJ INNCNAW~mKAA'KX-< 
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"WE DESIG#ED THIS CHIP IOI YOU." 
How Our Modem/UART Chip Can Simplify 
Your New Integral Modem Designs. 'With our 
experience as the industry leader in single chip 
modem IC's, we knew we could integrate a 
UART with a modem, but we asked you 'who 
needed it?' Your answer was-all the designers 
wanting to put the modem inside their pro­
ducts -especially designers of lap-top PC's, 
portable terminals, and other bus-oriented 
products. 

"You told us you wanted a modem chip 
that connects directly to the computer bus with 
no additional IC's-a chip compatible with 
popular bus standards but flexible in use. And 
you wanted it to run from a single +5 volt 
supply with the lowest possible operating 
power. So we developed the SSI K222U-the 
industry's most highly integrated combination 
modem and UART. And here's what our new 
chip does for you. 

"It operates off the system microprocessor 
without the need for a separate controller chip. 
It frees up board space for other purposes by 
putting the modem, the UART, and system 
related functions all in one 40-pin DIP. It pro­
vides you with all the modem functions you 
need for world-wide operation at 300, 600, 
and 1200 bps rates for Bell and CCITT stan­
dards. And it gives you a UART interface that is 
completely compatible with the industry stan­
dard 8250A/16C450 devices used with IBM PC 
compatible products. Our unique design also 
allows you to use the UART independent of the 
modem function , giving you an additional 
serial port. All of this in a low-power CMOS 
device that operates from a single +5V supply. 
In short, irs a chip that we designed for your 
application:· 

Call Now! 
(714) 731- 7110, Ext. 575 

For more information on the SSI K222U, 
or the complete K-Series family of com­
patible modem IC's, contact: Silicon Systems, 
14351 Myford Road, Tustin, California 92680. 

JilkonJl rJfrmJ" INNOVATO~NTEGRATION 
"Where we design to your applications:' 

Circle 147 for Career Info, 
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CONTl/ClJ 
CHAMP insulation displacement contacts offer 
four-point gas-tight interface with conductor. Rear 
slot provides added strain relief. 

Available in cable-to-cable. cable-to-panel , and 
cable-to-board styles, shielded or unshielded. 
Fastening hardware includes screw-lock, 
bail-lock, integral spring lock, or 

Selective gold over 
nickel plating in 

, contact area 

CHAMP-LOK styles. 

1&1--::~r--Contacts available for insulation 
diameters to .055" 

Contacts available for 28 AWG to 
22AWG wire. solid or stranded 

Cable connectors feature insulation-displacement 
contacts and a variety of fastening hardware. Styles 
for pcb mount are available in ve~ical, edge-mount. a~d 
right-angle versions. and are designed for wave solde~ng 
(except edge-mount). ACTION-PIN connectors are available 

for press-fit application. 
Fully intermateable 

with similar 
designs 

Edge-mount versions available 

Our offering starts with our CHAMP 
connector family. 

JDC termination, 28 AWG to 
22 AWG, insulation diameters to 
.055 ': Shielded versions designed to 
shield, with solid characteristics out 
to 1 GHz. 

Basically, an industry standard. 
But the proof of connector perfor­
mance starts with supplier performance 
our response to your needs, from 

getting product to simply getting some 
answers. 

Test our reflexes. 
Our real job is to be the kind of com­
pany you want to do business with. 

So we take availability seriously, 
and make AMP products available the 
way you need them. From worldwide 
manufacturing and stocking to our 
nationwide network of AMP Autho­
rized Distributors, we offer the source 
that suits you. 

Buyer 
You sometimes need parts in a 

rush. We've done something about 
that, too. We've taken our popular 
industry standard products-including 
CHAMP connectors-and stocked 
up, nationwide. 

Your Immediate Shipment 
Catalog is ready. 

For thousands of products from 
switches to sockets, terminals to coax, 
and more, our Industry Standard 
Products Catalog is almost as good 
as a warehouse around the comer. 
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Specials: 
SO-position connectors with crimp cab~e 
clamps for high-volume cable assemblies 

SO-position multiple-wire connectors 

Wear adapters, back-to-back 
connectors, gender menders 

IEEE-488 Bus connectors, 
SCSI connectors, 

standard parallel 
printer interface 

Shields allow one-shot 
overmolding, or use 

snap-on covers 

friendly. 

Contact stabilizer retracts 
when inserted in pcb 

Heavy, die-cast shells, front or rear 
mount, choice of fastening hardware 

Vertical and right angle pcb 
versions, insulation 

displacement panel 
mount versions 

Snap-in board lock eliminates hold-down 
hardware, provides effective pcb grounding 

Shielded CHAMP connectors are designed for EMl/RFI 
protection, not just as metal-she!~ connectors, and 

offer predictable characteristics to 1 GHz. 

Two-piece, precision 
formed internal -'"-'-...:;:.,,p'""'-'-­

EMI shield 

90~ 180~ and 
back-to-back versions 

No-crimp ferrule 
accepts braid 

or foil 

And you can get your copy just 
by calling our lnfonnation Center and 
asking for it. 

One number to call. 
We've consolidated our infonnation 
systems into a single toll-free number, 
with hours to cover the business day, 
coast to coast. 

Any question we can't answer, 
any problem we can't solve on the 
spot, will get priority attention. It 
doesn't matter if your concern is a big 
one or a little one. Your business 
matters to us. 

For the name and location of your 
nearest AMP Authorized 

Distributor, call the 
toll-free number. 

We want to be your supplier. 

Call us. We can supply product 
literature. Answer technical questions 
about any of our catalog products. 
Guide you to the closest AMP 
Authorized Distributor. 

EDN March 3, 1988 
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vs. 
owins? • 

· Wheri choosing bet\veen the two leading 32-bit processors, don't let 
emulator support slow you down. NWIS is the exclusive U.S. source of 
Microtek in-circuit emulators for both. And for all their other family 
members as well, like the 68010, 68000, 80286, 80186 and 8086. And 
many others.* · 

In fact, Microt~k emulators have a long track record of being 
· first to market with quality support for every major microprocessor. 
Which gives you shorter time-to-market and an assured expansion 
path for product upgrades. . . 

Every Microtek emulator can be used as a stand-alone device, or 
as part bf an integrated system. All use simple command structures 
and include a symbolic debugger for rapid insight into your software's 

· real-time behavior. And each communicates with the IBM" PC/ XT / AT, 
V&..7 MicroV&..~ Apollo and Sun computers. 

Our Software Analysis Workstation (SAW) brings you hardware-based, 
real-time software analysis in a source code environment. Including 
performance analysis, time-aligned dual processor trace, code cover­
age analysis, and Context Trace;· which lets you trace high-level 
events and related assembly-level code at the same time. 
. And for source code development, our Microtec® Research prod­

µcts provide you with C and Pascal cross-compilers, cross-assemblers 
and debuggers for the same wide range of popular processors. 

Best of all, NWIS backs all these products with solid applications 
support, both at the local and factory level. 
So let us become your single source for 
emulators and other microprocessor 
Computer-Aided Software Engineering 
(CASE) tools. 

1-800-547-4445. Microtek emulators are just one part of NWIS's complete line of 
embedded microprocessor software development tools. 

Pioneering Microprocessor CASE 

. ~~ 
NORTHWEST INSTRUMENT SYSTEMS, INC. . 

. P.O. Box 1309 • Beaverton, OR 97075 • J-800-547-4445 

IBM is a registered trademark of International Business 
Machines. VAX and MLCROVAX are registered trademarks of 
Digital Equipment Corporation. Microtec is a registered 
trademark of Microtec Research Inc . 

* Processors supported by Microtek: 80386, 80286, 80186, 80188, 8086, 8088, 68020, 68010, 68008, 68000, 6809, 6809E, 6502, Z80, NSC800, 8085. ao32, 8051 , 8031, 8344, 8048, 8049, 8050, Z8, SUPERS, 68HC11, 64180, 86515. 
Circle 116 for Demonstration Circle n for Literature 



TECHNOLOGY UPDATE 

In-circuit emulators ease development 
of hardware for 80386-based applications 
Dan Strassberg, Associate Editor 

Brand new, or significantly im­
proved, 80386 in-circuit emulators 
(ICEs) are giving designers more to 
consider when selecting high-per­
formance µPs for their new designs. 
Hardware designers, in particular, 
use ICEs to debug the circuits and 
microcode in target systems that 
surround µPs. Until now, however, 
some manufacturers have felt that 
the capabilities of the available 
80386 ICEs have compared unfavor­
ably with those of ICEs used with 
the 68000 series. These vendors feel 
that the new, more capable 386 em­
ulators, together with the perva­
siveness of 80386-based personal 
computers (which, they claim, make 
ideal development platforms for 386-
based products), will greatly in­
crease the percentage of dedicated 
32-bit applications using the 386. 

If you use the number of sockets 
filled as the measurement of suc­
cess, Intel Corp's 80386 is currently 
leading the pack of high-perfor­
mance µP chips. The 386's lead is 
the result of its overwhelming popu­
larity in high-end personal comput­
ers and low-end workstations. But, 
if you look at the number of design 
starts for dedicated systems where 
unit volumes are usually modest, 
Motorola's 68020-and now the 
68030-are out in front. 

Is it a 386 or a fast 8086? 
Unless you just want to use it as a 

faster version of the 16-bit 8086, you 
need to take advantage of the 386's 
protected mode. This mode can 
allow you to address more than IM 
byte of memory while avoiding seg­
mentation of memory into 64k-byte 
chunks, and it even lets you tap the 
chip's full 32-bit power by utilizing 
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This 80386 in-circuit emulator, the Hyperlce-386 from Microcosm, features a probe built with 
surface-mount technology to achieve low profile. Trigger circuits in the probe are realized with 
custom CMOS gate arrays. 

all of the new instructions and built­
in support for multitasking. 

Until recently, Intel was alone in 
offering an 80386 in-circuit emulator 
with protected-mode support-the 
ICE-386. What was the only other 
386 ICE, Microtek International's 
Mice-32/80386, has, until recently, 
supported only the 386's real mode. 
That mode allows the 386 to handle 
but a single task. (Microtek ICEs 
are distributed exclusively in the 
US by Northwest Instrument Sys­
tems (NWIS). 

Designers of high-performance 
systems can now base their prod­
ucts on the 386 knowing that they 
can turn to several sources for devel­
opment tools that support the full 
range of the µP's features. The 
short list of 80386 ICEs recently 
grew with the announcement of a 
new competitor, the Hyperlce-386 
from Microcosm, a company that 
has been building ICEs since 1982. 

Microcosm says that in June, the 
Hyperlce-386 will support pro­
tected mode. 

In addition, Microtek has an­
nounced that its 386 ICE now sup­
ports the chip's protected mode. 
The protected-mode upgrade, in­
cluded in all units shipped since Feb­
ruary, involves replacing two pc 
boards and retesting the emulator. 
Installation takes less than a week, 
and NWIS will perform it free for 
US customers who return older em­
ulators. 

During 1988, other vendors of 
ICEs and development systems will 
announce products that support the ~ 
386. Because designers want to use 
more of the 80386's capabilities than 
they can in the chip's real mode, you 
can expect new 386 in-circuit emula­
tors to support protected mode at 
their introduction, or very shortly 
afterward. 

Intel offers 386 chips in versions 
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Analog Emulation for 
Real-World Problems 

Here's what makes the Data 2020 so good: 

Disk Drive Read Signal 

The Data 2020 Polynomial 
Waveform Synthesizer 
emulates any real-world sig­
nal to provide unprecedented 
problem-solving capabilities 
for applications that deal 
with unique or complex 
waveforms. 

• High speed waveform generation-up to 25 
or 100 megapoints per second at 12 bits, and 
optional 800 megapoints per second at 8 bits 

70 

Sonar Burst 

Neuron Impulse 

lDRAN-C Burst 

Within the Data 2020 lies a world of impres­
sive capabilities: the real world. It's there ... at 
your fingertips ... waiting for a simple formula 
to create the waveforms you need to solve the 
real-world problems you face. 

From math equations entered directly from 
the easy-to-use front panel or a remote source 
such as the Data 6100 Universal Waveform 
Analyzer, the Data 2020 can create any 
desired waveform. The instrument then 
allows you to modify ideal waveforms to add 
distortion, noise, or glitches. You can also 
simulate degraded rise times, phase shifts, and 
other real-world situations. Just as important, 
the Data2020's impressive memory lets you 
store the waveforms you create for further 
work or analysis at your convenience. 

• Large waveform output memory-up to 
512k points, combined with non-volatile 
storage for hundreds of waveform 
equations 

• Standard Functions-sine, square, triangle 
with variable symmetry, plus white noise 
which can be summed with any signal 

• Arbitrary Mode including point entry, 
tablet draw, and downloading of 
a previously acquired waveform to deliver 
unprecedented flexibility 

• Digital Pattern Output 
• Full programmability for ATE via 

lEEE-488 or RS-232 interface 
• Prices start at under $6000 with two week 

delivery 

The Data 2020 has already proven its value 
in applications as diverse as vibration stimu­
lus, voice recognition, semiconductor testing, 
radar signal simulation, disk drive testing and 
as a stimulus in the biomedical and telecom­
munications fields. We'd be happy to demon­
strate how its capabilities and ease of use can 
make a real difference in your real world. 

Find out how good the Data 2020 really is. 
Call us today for a demonstration at 
(617) 246-1600. 

Al\IALCGIC®• The World Resource 
~ for Precision Signal Technology 
~-DATA PRECISION 

DKI'A PRECISION, Division of Analogic Corporation, Electronics Avenue, Danvers, MA 01923. Tel: 617-246-1600. Telex: 6817144. 
ANAl.OOIC, Ltd., The Center, Weybridge, Surrey, England KTl38BN. Tel: 0932-56011. Telex: 928030 ANALOG G. 
ANAl.OOIC GmbH, Daimlerring 2, 6200 Wiesbaden-Nordenstadt, W Germany. Tel: 06122-70060. Telex: (17) 6122969 ANA D. 
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TECHNOLOGY UPDATE 
spec'd for operation at three maxi­
mum clock frequencies-12.5, 16, 
and 20 MHz. There have been per­
sistent rumors that Intel would an­
nounce a version spec'd for opera­
tion with a 24- or 25-MHz clock, but 
as of this writing, the only available 
chips in this range have been "man­
ufactured" by performance-hungry 
users who have selected "hot" chips 
from lower-speed production lots. 

Because of the unavailability of 
bona-fide faster-than-20-MHz chips, 
ICE manufacturers must use se­
lected chips to prove that their prod­
ucts do indeed support clock rates 
above 20 MHz. Microtek and Micro­
cosm, however, have taken different 
approaches to this verification ques­
tion. Microcosm simply states that 
its emulator supports 25-MHz oper­
ation. Microtek claims that although 
it designed its units for 24 MHz, it 
won't guarantee 24-MHz perfor­
mance until it can conduct tests 
using parts Intel specs to operate at 
the higher speed. 

Who was that masked bit? 
It's no mean feat to design an 

in-circuit emulator that can perform 
real-time monitoring of the memory 
and 110 transfers of a µP clocked at 
or near 25 MHz. (Real time-in 
ICE man parlance-means without 
inserting µP wait states.) 

If, during debugging, a processor 
must drive a cable it doesn't normal­
ly drive, connecting an ICE can cre­
ate its own set of problems. One 
such problem is "ground bounce." If 
a large number of processor 1/0 
lines go low simultaneously, the 
sudden change in current flowing 
through the inductance of the probe 
cable's ground conductors can cause 
spikes with an amplitude of several 
volts on the µP's ground pin. If an 
emulator connects a µP to chips that 
do not also "see" the spikes, the 
system will probably misbehave, 
and device damage may occur. 

To head off cable-related prob­
lems, vendors are using more active 
circuits in the probe, the part of an 
ICE that plugs into the target µP 
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KEY SPECS FOR THREE IN-CIRCUIT EMULATORS 
FOR THE INTEL 80386 µP 

INTEL MICROTEK(1) MICROCOSM 
ICE-386 MICE-32/80386 HYPERICE-386 

SPEED (MHz) 
MAX DESIGN 16 AND 20 24 25 
MAX TESTED 16 AND 20 20 25 (2) 

WAIT STATES 
(AT MAX TESTED SPEED) 
WITH TARGET MEMORY 0 0 0 
WITH OVERLAY MEMORY 6 2 0 

HARDWARE PIPELINE MODE y y y 

µ.P RESOURCES USURPED DEBUG REGISTERS NONE (3) 

PROBE HEIGHT ABOVE 1.2 IN . 1.375 IN . 1.05 IN. 
TARGET SOCKET 

HOST REQUIREMENTS IBM PC/AT, 1M TERMINAL OR TERMINAL OR 
BYTE ABOVE BD COMPUTER (4) COMPUTER 

OVERLAY OR EMULATION 
MEMORY (BYTES) 
BASIC 12Bk 256k 12Bk 
MAX 12Bk 1M 1.6M 

TRIGGERING 
HARDWARE BREAKPOINTS 4 6 16 
SOFTWARE BREAKPOINTS 16 (5) 1024 
NO OF COUNTERS 2 2 B 
STATE MACHINE? y y y 
NO OF LEVELS 4 3 4 

ACTIVITY MONITORED 
ADDRESS (BITS) 32 32 32 
DATA(BITS) 0 32 32 
STATUS (BITS) 0 B 16 
LOGIC PROBES (BITS) 0 B 16 
REGISTER CONTENTS? N (6) y 

TRACE 
WAIT STATES ADDED AT 

MAX TESTED SPEED 1/CODE BRANCH 0 0 
BUFFER DEPTH (FRAMES) 2k 2k Bk 
NONINTRUSIVE? N y y 
BUFFER WIDTH (BITS) 32 104 134 

ITEMS RECORDED (BITS) 
ADDRESS 32 32 32 
DATA 0 32 32 
STATUS 0 B 16 
LOGIC PROBES 0 B 16 
TRACE CONTROL (7) NONE 6 
TIME STAMP (B) 24 (9) 32 

PIPELINE DEQUEUE y N y 

LANGUAGES SUPPORTED ASM, PLM, C NONE ('D) ASM, PLM , C 

US PRICE WITH PROBE $16,000 (11 ) $17,000 $17,500 

NOTES: 
1. NORTHWEST INSTRUMENT SYSTEMS IS THE EXCLUSIVE US DISTRIBUTOR FOR 

MICROTEK EMULATORS. 
2. 25-MHz VERSIONS OF THE 80386 ARE CURRENTLY OBTAINED BY CUSTOMER SELEC­

TION . WHEN INTEL SHIPS 24- OR 25-MHz PARTS THEY MAY OR MAY NOT PERFORM 
IDENTICALLY WITH THE SELECTED DEVICES. 

3. NONE AT 16 MHz. ABOVE 16 MHz, DEBUG REGISTERS. 
4. RS-232C OR PARALLEL INTERFACE. 
5. HARDWARE EXECUTION BREAKPOINTS PERFORM SAME FUNCTION BUT WORK IN 

ROM AS WELL AS RAM. 
6. YOU CAN TRIGGER ON REGISTER CONTENTS BY WRITING A MACRO AND OPERATING 

THE EMULATOR IN SINGLE-STEP MODE. 
7. VIA RECOGNIZABLE CONDITIONS (TRACK POINTS) IN SOFTWARE 
8. 1 TO 65,536 CLOCK CYCLES. START/STOP WHEN BRANCH, JUMP, OR TASK SWITCH 

CHANGES PROGRAM FLOW. 
9. CAN RESOLVE TIME INTERVALS FROM 10 µSEC TO 4.4 HOURS. 

10. DOES NOT SUPPORT HIGH-LEVEL-LANGUAGE DEBUG DIRECTLY, BUT UNIVERSAL 
SYMBOLIC DEBUGGER SUPPLIED IS COMPATIBLE WITH OBJECT FILES CREATED 
FROM HIGH-LEVEL SOURCE. 

11. OPTIONAL PROTECTIVE MODULE AVAILABLE. 
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TECHNOLOGY UPDATE 
socket. Placing a µP close to all of 
the devices it communicates with 
eliminates the effects of ground 
bounce by equalizing the ground 
potentials on all of the communicat­
ing chips. 

In fact, Microcosm has placed 
overlay memory (also called emula­
tion memory) in its probe and makes 
extensive use of surface-mount tech­
nology to limit the probe size. Mi­
crocosm points out that in most tar­
get systems, headroom above the 
board containing the µP is re­
stricted by an adjacent board. Plac­
ing the processor board on an ex­
tender to gain room for a tall ICE 
probe can be impractical because 
high-speed logic boards are notori­
ously intolerant of the additional 
capacitance and inductance that ex­
tenders introduce. 

An in-circuit emulator from Intel , the lce-386, consists of a control unit with RS-232C cable, 
power supply, user cable assembly, signal-access board with rerrwval t.ool, optional isolation 
board, and a stand-alone self-test unit. 

Arrays add flexibility 
Another feature of the Microcosm 

probe is its custom, 8000-gate, high­
speed CMOS arrays which imple­
ment the trigger logic. These de­
vices permit considerable flexibility 
in qualifying trigger conditions. For 
example, among the things that Mi­
crocosm claims the Hyper Ice-386 
can do is bypass the 386's internal 
debug registers. Programmers will 
frequently use these registers dur­
ing normal system operation even 
though they are not supposed to do 
so. According to Microcosm, com­
petitive emulators don't operate cor-

rectly if the target system program 
uses the debug registers, whereas 
the Hyper Ice-386 does. 

At clock speeds as high as 16 
MHz, the Hyper Ice-386 also allows 
you to set breakpoints and halt emu­
lation on the contents of registers-­
an extremely handy capability dur­
ing debugging. 

Hardware spoken here 
In their current state of develop­

ment, 80386 in-circuit emulators ap­
pear to be best suited for use by 
designers with a good grasp of both 
the hardware and software disci­
plines. Though the symbolic debug­
gers that accompany the ICEs sup­
port object code compiled by several 

For more information ... 
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For more information on the 80386 in-circuit emulators described in this 
article, contact the manufacturers directly, circle the appropriate numbers 
on the Information Retrieval Service card, or use EDN's Express Request 
service. 

Intel Corp 
3065 Bowers Ave 
Santa Clara, CA 95051 
( 408) 987-8080 
Circle No 700 

Microcosm Inc 
15275-E Koll Parkway 
Beaverton, OR 97006 
(503) 626-6100 
TLX 759527 
Circle No 701 

Microtek International Inc 
6 Industrial E Rd 3 
Science-Based Industrial Park 
Hsinchu, Taiwan 30077 ROC 
(035) 772155 
TLX 32169 
Circle No 702 

Northwest Instrument Systems Inc 
Box 1309 
Beaverton, OR 97075 
(503) 690-1300 
Circle No 703 

compilers from source code written 
in high-level languages, and al­
though you can control the emula­
tors with macros or procedures rem­
iniscent of those in C, effective use 
of the debuggers requires an under­
standing of assembly language as 
well as an appreciation of what the 
hardware is supposed to be doing. If 
you program only in a high-level 
language and never concern yourself 
with the contents of specific memo­
ry locations, be prepared to work 
yourself up a steep learning curve 
when you first use an 80386 ICE. 

Source-level debugging in high­
level languages is on the way, 
though it is unclear when it will 
arrive or how complete a solution it 
will offer. Because the kind of de­
bugging you do with an ICE is very 
dependent on the target-system 
hardware, it's hard to imagine de­
bugging with tools that completely 
isolate you from the hardware. 

It's a new ball game 
To minimize the amount of memo­

ry consumed by their code and to 
maximize execution, designers of 
dedicated applications using older, 
less capable chips frequently inte­
grated the operating-system and 
application-program functions. The 
designers of the 80386 clearly envi­
sioned application programs run-
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IF YOU'RE 
WASTING TIME 

LOOKING FOR THE 
BROADEST LINE OF 

SMD® PASSIVES, 

CUT IT OUT! 
•••••••••••••••••••••••••• 
• Mail to: Mepco/ Centralab, Inc., Attn: Corp. Advertising 
• 2001 W. Blue Heron Blvd., Riviera Beach, FL 33404. 

• Mail this coupon today to request your personal copy of the new Mepco / Centralab 
Surface- Mount Device Catalog, containing important design, performance and speci-

• tying data on America's broadest line of SMD® passive components: 

• 
• Tantalum and monolithic ceramic chip capacitors Name • 
• Aluminum electrolytic capacitors ---------------

• • Thick-film and precision metal -fi lm resistors Title • 

• Power resistors 
II • High-performance trimmers Company II 
• Or ask for our valuable data book on leaded resistors Dept./ Div. • 

and capacitors. Address / MS 

• Please send me these specification guides: City • 
• D 1987 Surface-Mount Device Catalog • 

D Resistor / Capacitor Data Book State / Zip 

• DNJ/3 • 

............... = .............. ~ .... ~ .. ~--~----~~~"'~~~~ : 
THE ACTIVE LEADER IN PASSIVE COMPONENTS 

· SMD is a service mark of North American Philips Corporation . 
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UPDATE 

Using an active probe, Microtek's Mice-321 
80386 permits operation of the wrget system 
with a 20-MHz clock. It operates in several 
modes, without inserting additional wait 
states. 

ning under an operating system 
(Ref 1). Already the number of 
multitasking operating systems for 
the 386 exceeds the number of 386 
ICEs. Because of their generality, 
most 386 operating systems con­
sume lots of memory, and if you use 
them the way their architects in­
tended, you may not be able to 
realize all of the speed built into the 
386. 

Using a complex chip like the 386 
in a dedicated application gives you 
unprecedented power. At the same 
time, it can complicate the design 
process by placing a bewildering 
array of features at your command 
and requiring you to make critical 
decisions in areas where there are 
few precedents. The new, more 
powerful 386 ICEs may help you 
meet your project deadlines, but 
they can't substitute for a lot of 
thoughtful preplanning, months be­
fore you start debugging. EDll 

Reference 
1. Small, Charles H, "Real-time opera­

ting systems," EDN, January 7, 1988, 
pg 114. 
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It's something no other copier 
company in the world can offer. 
We call it the Harris/3M promise. 
And it guarantees, in writing, that 
your copier will be up and running 
when you need it. But that's only 
part of what we offer you. 

1rade in now for up to $1000 ! 
Give us a call or send in 

this coupon and we'll tell you how, 
for a limited time, you can save 
up to $1000 on a new Harris/3M 
copier. We'll also send you two free 
booklets to help you evaluate 

that your next copier should be a 
Harris/3M. We guarantee it. 
1 -Call 1-800-TLC-COPY - 1 
I Or send in this coupon to receive information I 
I on our trade- in offer plus two FREE booklets I 
I to help you evaluate your copier needs. I 

r•:=~~~;;::l.:J your copier needs. 
Get all the facts 

I D I'd also like information on your full line of I 
fax machines. 

I Name I 
I Company Name I 

on the Harris/3M 
promise and our 
valuable trade-in 
offer soon. You'll 
be convinced 

I Address I 
I City State I 
I Zip Tulephone I 
I Mail to Harris/3M Document Products, Inc.. I 
L PO. Box 785, Dayton, OH454~ _ CN388FP J 

HARRIS/3M 
Get more than a copier. Get a commitment. 

Offer is valid at participating U.S. dealers for a limited time and other restrictions and limitations apply; sec your Harris/3M sales representative for details. Free loaner offer is valid if copier is installed within 50 miles of an 
authoriwd Harris/3M service facility. ©1988 Harris/3M Document Products, Inc. Harris is a trademark of the Harris Corporation. 3M isa trademark of the 3M Company. 
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Launch your desi~ with 
a 40MHz FIFO that 

can be accessed in 15ns. 
Make waves with your design. Launch 

it with the MK4505 BiPORT'" FIFO from 
SGS-THOMSON Microelectronics, the 
Winning Team. 

At 15ns, the MK4505 is one of the fastest 
single-chip FIFOs in the world. 

The MK 4505 enables you to go full 
speed ahead now-without extra registers, 
extra buffers or extra costs. 

Our FIFO's blazing 15ns access speed 
and 25ns cycle time come from a unique 
combination of advancements including: 
1.2µ full-CMOS technology, an eight­
transistor BiPORT"' memory cell and 
1 K x 5 pipelined architecture. 

Separate rising edge-triggered read and 
write clocks 
assure transfer MK4505-25 

of data between cycle 1ime 40 MHz 

two totally Access 1ime 

asynchronOUS Almost full & Almos! empty 
Sla!US nags Yes 

Systems. Free-running clock inputs 

A full comple- Separale read & write 
ment of status enable inputs 

t5ns 

Yes 

Yes 

flags lets you oepth 

know how much width 

1024 

5-bit 

iS-Or iSn 't- Width & depth expandable 
wilh no support logic 

available, before Fully aulhori zed second 
it's too late. - so-ur.cinlillg _____ Yi_es-

Yes 

© 1988 Copyright SGS-THOMSON Microelectron ics. All rights reserved. 

Unrivalled speed and performance capa­
bilities, couplea with ultrathin 300 mil DIP 
IJackaging make the MK4505 BiPORT FIFO 
the logica1 design-in choice for applications 
like digitized viaeo and audio, image proc-

essing, high 
Ma1rFu11 performance 

graphics, 
Al m:~l:~~ S AF MF AE S Amos! Empty microwave 

!:_ff _EQF DataOul and FOOi, 
Fu ll Flag Empty Flag 

Input Ready DR QV Output Valid RADAR return 
Write Enable RE Read Enable Sampling and 

Clock CKR Clock cache Write 
buff eririg. 

REsEr Two models 
are available: 

a Master (MK4505M) and a Slave 
(MK4505S). The MK4505M gives you all 
the control signals necessary for reliable, 
full speed width and/or depth expansion 
without adding extra logic. 

Get your design right on course, right 
from the start with tfte MK4505, just one 
member of our complete family of FIFOs. 
Join the Winning Team-SGS-THOMSON 
Microelectronics. 

Call or write for more information: 
1000 E. Bell Road, Phoenix, 
Arizona 85022. 602/867-6259. 
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Join The Win 
The MK4505 FIFO is just one example of 

how SGS-THOMSON MICroelectronics IS 
working to exceed your expectations. Our 
semiconductor expertise covers every­
thing from simple transistors to complex 
digital signal processing systems to 
full service apJ?lication-specific 
capabilities. Jom The Winning 
Team. Launch your design with 
SGS-THOMSON Microelectron-
ics. You'll be a winner, too. 
For your free copy of our 
product literature pack­
age, call 602/ 
867-6259. Or write 
SGS-THOMSON 
Microelectron­
ics, 1000 E. 
Bell Road, 
Phoenix, 
AZ85022. 



Design Concept 
TJ;rough 
Fabrication 

in just 5 Days! 
That's fast. But are there any 

surprises? Certainly! Uni layer II starts 
with a pre-manufactured universal board 
module and adds computerized discrete 
wiring , zero-profile contacts, and 100% 
continuity testing . And - here's t~ 
surprise! - there's no drawn-out design 
cycle, no time-consuming artwork 
generation, no lengthy manufacturing 
process. That's why it's so fast. 

Lean and Mean 
Tooling Costs! 

How lean? Tooling charges for 
Uni layer II are typically 90% less than 
multilayer. And , since the discrete wires 
are laminated to pre-built board 
modules. there's no artwork to be 
generated. That means minimum up­
front charges and rapid-fire delivery with 
Unilayer II . 

Plug In Your 
Components! 

Stuffing your board is a breeze. All 
Unilayer Il boards are provided with 
zero-profile Holtite contacts, so you can 
plug your IC's directly into the board , 
without soldering and without creating a 
higher profile. Just plug in your 
components for smooth skating. 

Rollin 
Your Database 
Electronically! 
It's easy - just have your computer 

talk to our computer. Your schematic 
can be transmitted directly via modem 
from your CAE workstation to our VAX® 
computers. So implementing your 
Unilayer n design can be as simple as 
dialing a phone. 

Want to 
know more? 

Send tor the 
Unllayer II 

Product and 
Design Gulde 

<Al/tor a 
process Video 

®INTERCONNECTION 

Demo or 
additional 

Information 
(Ask for Unllayer) 

SYSTEMS 
VAX is a registered trademark of 
Digital Equipment Corporation 

40 Perry Avenue, P.O. Box 1037, Attleboro, MA 02703 
(617)222-2202 FAX (617)226-5257 TWX 710-391-0644 

78 See us at SOUTHCON 
March 3-10, Booths 1029-33 
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TECHNOLOGY UPDATE 

Gallium arsenide digital ICs complement 
ECL families in high-speed applications 
John Gallant, Associate Editor 

If your designs suffer from bottle­
necks due to the speed limitations of 
ECL, you can advantageously add 
GaAs components to your ECL cir­
cuits despite GaAs's higher costs. 
Most digital GaAs devices provide 
input and output ports that are volt­
age compatible with popular ECL 
product lines (see box, "Take care 
when evaluating GaAs/ECL com­
patibility"). 

Gallium arsenide, with its intrin­
sic high electron mobility and semi­
insulating properties, has long held 
promise as a high-speed digital tech­
nology. For much of the past 20 
years, however, digital GaAs !Cs 
had remained R&D curiosities be­
cause of manufacturing difficulties. 
But digital LSI/MS! GaAs devices 
became commercially available in 
1984, and the number of products 
continues to grow. In addition, man­
ufacturers are providing standard 
cells, gate arrays, and foundry serv­
ices for producing custom devices. 

Most GaAs devices find use in 
military applications, such as elec­
tronic warfare and radar systems. 
Such a system usually consists of an 
RF front end that converts received 
signals to baseband frequencies for 
digital signal processing. Because 
GaAs devices operate at frequencies 
that extend into the gigahertz re­
gion (silicon bipolar devices, such as 
ECL, are limited to about 500 
MHz), the basebands can have very 
wide bandwidths. In fact, a GaAs 
system's high-bandwidth baseband 
can eliminate the need for an IF -
conversion stage-and such a 
stage's cost. 

Not all GaAs digital devices find 
their way into military products. 
The Cray III supercomputer (de-
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GaAs digital /Cs come in a variety of package types, as these examples from Vitesse's product 
line illustrate. 

signed for better than lOG-flops op­
eration-more than eight times the 
performance of the l.2G-flops, sili­
con-based Cray II) employs custom 
GaAs logic cells (fabricated at a Gig­
abit Logic foundry). In addition, 
GaAs laser-diode drivers are provid­
ing gigahertz bandwidths in fiber­
optic communication circuits. 

Diverse logic blocks 
In 1984 Gigabit Logic and Harris 

Semiconductor introduced the first 
GaAs SSI circuits for the commer­
cial market. Since these introduc­
tions, these vendors' GaAs offerings 
have evolved into standard MSI 
logic families. Devices in these fami­
lies have loaded gate delays ranging 
from 100 to 150 psec and clock and 
data rates exceeding 2 GHz. 

For example, the $150 (100) 
HMD-11016-1 IC from Harris is a 
binary counter that provides divide-

by-2, -4, and -8 outputs when oper­
ating with clock frequencies from de 
to 2 GHz. The ECL- and GaAs­
compatible device has an asynchro­
nous master clear and enable func­
tion, which permits the chip to be 
used as a down counter. The device 
comes in a 32-pin metal flatpack 
package and operates from -55 to 
+85°C. 

Gigabit Logic continues to add 
MSI and LSI devices to its Pico 
Logic family. The 35-member family 
uses depletion-mode MESFETs in a 
source-coupled FET logic (SCFL) 
configuration similar to ECL. 

One recent addition is the 16G040 
clock- and data-recovery circuit, 
which interfaces with Gigabit's 
10G041 time-division demultiplexer 
IC. The $194 (500) 16G040 contains 
the analog and digital circuitry nec­
essary to implement a complete 
phase-locked loop for clock extrac-
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C&C Computers and Communications 

Simplify your system 
withV25 

The most powerful single-chip 
16-bit CMOS microcomputer 

Forfurth11rlnfunnallon,p/11ase&ontact: 
USA Tel :1·800·632·3531. In Calllomla: Tel:1-800·632-3532. TWX:910-379-6985. w. Gennany Tel : 0211-650302. Telex:8589960. 
The Netherlands Tel:IU0-445-845. Telex:51923. Sweden Tel:OS-732·8200. Telex:13839. France Tel :l-3946-9617. Telex:699499. 
ltalyTel :02·6709108. Telex:315355. UK Tel:0908·691133. Telex:826791. Hong Kong Tel:3-755·9008. Telex:54561 . Taiwan Tel: 
02-522-4192. Telex:22372. Singapore Tel:4819881 . Telex:39726. Australia Tel:03·267-6355Telex: 38343. 

Less is more. It's an engineering axiom. 
And the elegant proof is NEC's single-chip 
microcomputer: the 16-bit CMOS V2 5. 

Features? The V2 5 has more than we 
can list. Check these for a preview. 

0 High integration: two full-duplex UARTs, 
2-channel DMA, programmable inter­
rupt controller, 2-channel serial and 
24 parallel 1/0 ports, comparator, three 
16-bit timers, time base counter, etc. 

0 High speed: 16/3 2-bit temporary 
register/shifter. 16-bit loop counter, 
program counter and prefetch pointer. 
plus dual 16-bit data bus for simulta­
neous fetching of two operands. 

0 Enhanced interrupt handling: 8 pro­
grammable priority levels. hardware 
context switching for 8 register banks, 
8-channel macro service controller. 

0256-byte RAM, 16K-byte ROM on-chip; 
ROM-less version available. 

01\vo stand-by modes: halt and stop. 
0 Package: 84-pin PLCC. 
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TECHNOLOGY UPDATE 
tion from an NRZ data stream, and 
it contains the circuitry necessary 
for data retiming and regeneration 
(Fig 1). 

The chip requires an external res­
onator (such as a lh-wavelength tun­
able microstrip stub) for the on-chip 
VCO. The device comes in a C­
leaded or leadless chip carrier for 
data rates to 800M bps. An unpack­
aged die operates to 2.4G bps, as 
does a hybrid module containing all 
external components and tuned to a 
specific user frequency. 

Other additions are the $59.50 
(100) lOGlOO, a 1.3-GHz expandable 
4-bit adder, and the $55.00 (100) 
10Gl01, a 1.4-GHz carry-look-ahead 
generator. These devices can per­
form 16-bit addition in 2.06 nsec. 
The devices operate from 0 to 85°C 
and come in 40-pin leaded or lead­
less chip carriers. 

Tachonics Corp serves as an alter­
nate source for Gigabit's Pico Logic 
line. In addition, Tachonics is devel­
oping several of its own products, 
which integrate digital and MMIC 
products on the same chip. A pre­
scaler, a comparator, and a switch 
driver are under development. 

Triquint Semiconductor and NEC 
are also supplying standard GaAs 
logic ICs. Triquint's Q-Logic stand­
ard product line, which uses deple­
tion-mode GaAs MESFETs, in­
cludes a 3-GHz, 4-stage ripple 
counter; a 1-GHz, 4-stage synchro­
nous up/down counter; a 2-GHz, 4/5 
dual-modulus divider; several 2-GHz 
multiplexer and demultiplexer de­
vices with 4:1, 8:1, and 16:1 multi­
plexing capabilities; and 1.2-GHz, 
12:1 multiplexer and demultiplexer 
devices. The devices use a BFL 
(buffered FET logic) configuration 
and interface with the lOK and 
lOOK ECL families. They come in 
either IC flatpack or surface-mount 
packages. Prices range from $81 
(100) for the dual/modulus divider to 
$298 (100) for the 12:1 demultiplexer. 

NEC's standard GaAs product 
line, which uses depletion-mode 
GaAs MESFETs, includes a 3-GHz, 
3-input NOR/OR gate; a 3.2-GHz 
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Fig I-This clock- and data-recovery circuit, the 16G040 from Gigabit Logic, can operate at 
2.4G-bps data rates. 

D-type flip-flop; a 4.5-GHz T-type 
flip-flop; a 2-GHz, 4-stage ripple 
counter; 4:1 multiplexer and demul­
tiplexer devices that operate to 2.5 
GHz; and a 2G-bps decision circuit 
that consists of an amplifier followed 
by a D-type flip-flop on the same 
substrate. The ECL-compatible de­
vices come in hermetically sealed 
ceramic packages. Prices start at 
$160 for the NOR/OR gate, $170 for 
the T-type flip-flop, and $180 for the 
D-type flip-flop. 

Multiplexers and demultiplexers 
that operate at speeds to 2G bps in 
optical transmission equipment are 
becoming available from Oki Semi­
conductor, which plans to have 2:1 
and 4:1 multiplexer and 1:2 and 1:4 
demultiplexer devices available in 
the spring. A 2-chip set will cost 
about $1250. 

Anadigics also offers MSI GaAs 
parts. Its 4:1 frequency divider, the 
ADV3040, operates from 1 to 4 
GHz. That device boasts a -130 

dBc/Hz single-sideband phase-noise 
spec at a 10-kHz offset from the 
carrier. Prices range from $50. 75 to 
$184 (100), depending on commer­
cial or military grading. 

LSI conserves real estate 
GaAs digital ICs are not just lim­

ited to SSI and MSI logic functions. 
Many products with LSI complexity 
are available. For instance, Vitesse 
Semiconductor Corp sells a 4-bit 
µP, a microcontroller, and a static 
RAM. The devices use an enhance­
ment/depletion-mode (EID-mode) 
MESFET process (see box, "GaAs 
logic uses E MESFETs and D MES­
FETs"). 

The Vitesse µP is the $50 (100) 
VE29G01; it has a 14-nsec read/ 
write cycle and is functionally 
equivalent to the Am2901C from 
Advanced Micro Devices (Sunny­
vale, CA). The VE29G01 consists of 
a 16-word x 4-bit dual-port RAM and 
a 4-bit ALU with associated shift-
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TECHNOLOGY UPDATE 
ing, decoding, and multiplexing cir- compatible with lOOK ECL signal 
cuitry. levels and have V REF inputs for ad-

puts that are compatible with lOOK 
ECL drive levels , and it requires 
only a single -4.5V power supply. 
It operates from -55to+125°C and 
comes in a 24-pin DIP that's pin 
compatible with the 100422 ECL 
RAM. A 5-nsec access-time version 
costs $83 (100). 

Vitesse's $90 (100) VE29GlOA mi- justing to lOK and lOKH ECL sig­
crocontroller, which achieves a 12- nal levels. The devices use a single, 
nsec min clock-cycle time, is func- -2V power supply and come in ei­
tionally equivalent to AMD's ther a 52-pin leaded or leadless chip 
Am2910A. It contains a 9-word x 12- carrier. 
bit stack and can address as much as The $165 (100) VS12G422E is a 
4k words of microinstruction. 256 X4-bit static RAM with 3-nsec GaAs RAMs are available from 

Gigabit Logic as well as from Vit-The VE29G01 and VE29G10A are access time. It has inputs and out-

Take care when evaluating GaAs/ECL compatibility 
You can employ GaAs devices along with such ECL ECL parts require that the input voltage (Vrn) be 
devices as those in Motorola's (Phoenix, AZ) no more positive than -0.6V; therefore, you might 
MECL lOK and lOKH families and National's have to use some voltage-level shifting scheme 
(South Portland, ME) lOOK line. These families, when interfacing such parts with the Pico Logic 
whose general characteristics are shown in Table family. 
A, contain devices that range from SSI logic func-
tions to MSI functions such as registers, adders, 
multipliers, multiplexers, and RAMs. Level trans-
lators provide interfaces to TTL and CMOS fami-
lies. (Introduced last year, Motorola's Eclips ECL 

VOH(MAX) 
family, whose flip-flop toggle rates reach 600 MHz, -y includes versions that are compatible with lOKH or w VOH (MIN) 

c 
lOOK devices.) ~ :..I 

The drive voltage levels (Fig A) of these families §! 

are similar, but not identical, and you must heed 
... 
::i 

the differences when attempting to mix and match ~ VOL (MAX) 
0 J ~ technologies or families. For example, some GaAs ~ 

products purport to be ECL compatible but leave VOL (MIN) 

it up to you to determine which ECL family 
they're compatible with. V11.(MIN) V11.(MAX) V111 (MIN) VIH (MAX) 

Moreover, you'll have to consider more than sig-
INPUT VOLTAGE 

nal swing when evaluating compatibility. For ex-
ample, Gigabit Logic's Pico Logic family furnishes 
output signal swings that exceed the input levels 10K 10KH 100K 

required by any ECL family. However, certain VOH(MAX) -810 -810 -880 

VOH(MIN) -960 -980 -1025 

TABLE A- CHARACTERISTICS OF 
THREE ECL FAMILIES VOL (MAX) -1650 -1630 -1620 

FAMILY 10K 10KH 100K VOL (MIN) -1850 - 1950 -1810 

GATE 1.5 TO 2 1 0.75 
V11.(MAX) 

PROPAGATION -1475 -1480 -1475 

DELAY (nSEC) 

OUTPUT 2 .5 TO 3.5 1 1 V11. (MIN) -1850 -1950 -1810 

TRANSITION 
TIME (nSEC) V1H(MAX) -810 -810 -880 

FLIP-FLOP 125 TO 200 250 400TO 500 
TOGGLE VOH(MIN) -1105 -1130 -1165 
SPEED(MHz) 

GATE 25 25 40 NOTE: ALL LEVELS IN MILLIVOLTS 

POWER (mW) 

SPEED-POWER 37 TO 50 25 3 Fig A-The transfer characteri.stics of the most popular EGL 
PRODUCT (pJ) logic f amilies have diff erences that must be accounted for when ,_ 

you interf ace them to GaAs devices. 
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The first good reason in 5 years 
to buy new 8-bit development tools. 

SPECIFICATIONS 
• Emulation at fully rated clock 
speeds of CPUs. 
• Less than 5 ns signal skew at 
probe tip. 

• Full use of all interrupts and 
memory. 

• Advanced real time events quali­
fied by address/range, data; status, 
delay/pass counts. 

• Control of state transitions from 
event to event 

• Two complex input and two 
complex output triggers. 

• 64K to 1 M of real time address 
breakpoints qualified as read, write, 
or either read/write. 

• Full symbolic debug. 

• EL-800 supports 64180, Z80H. 
EC-7000 supports 8051 and 68HC11 
families. EM supports 8080, 8085, 
8048 family, 6800/2/8, 6809/E, 
280, MK3880 and NSC-800. 

We asked design engineers to 
describe the ideal 8-bit development 
system. Then we designed it 

Introducing the EL-800: real-time 
transparent emulation, the most power­
ful event system available plus lots of 
trace memory ... all for under $5000. 

The second good reason. 
The EL-800's triggers and break­

points let you quickly identify complex 
bugs. Our powerful Advanced Event 
System controls emulation with a com­
bination of address, data, status, 
counters and logic fields. And you can 
specify up to 1 Megabyte of overlay 
memory. 

But we didn't stop there. 
The EL-800 also comes with 

symbolic debug as well as a quick and 
easy way to define up to 1 million 
breakpoints. And it provides closely 
coupled interfaces to high level debug­
gers ... all for much less than you'd 
expect to pay for an Applied Micro­
systems emulator. 

What's more, the new modular 
design makes it easy to add additional 
capabilities and new processors without 
switching to a new operating environ­
ment or discarding your emulator. 

Ask us about our plans to develop 
a library of options for the EL-800, per­
formance analysis, post processing of 
real-time trace, and software develop­
ment tools. And let us show how we can 
extend support to your particular 8-bit 
microprocessor or microcontroller. 

To find out more, call 1-800-426-
3925 (in WA, 206-882-2000). Or mail us 
the coupon below. --------------------------Applied Microsystems Corporation, P.O. Box 97002, Redmond, WA 98073-9702 

To learn more about the new EL-800 emulator, I'd like to receive: 
D Free literature DA free demonstration DA free demo disk 
D Free application note on cross-triggering with 8- and 16-bit emulators 
D Free 10 day evaluation EDN03038e 

Name~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Title~~~~~~~~~~~~~~~~~~~~~~~~~~­

CompanY~~~~~~~~~~~~~~~~~~~~~~~~~ 

Address~------------------------
City ___________ State ____ Zip _____ _ 

CIRCLE NO 86 

1 tim111~ 
Applied 
Microsystems 
Corporation 



TECHNOLOGY UPDATE 

esse, and Ford Microelectronics has 
a 64xl-bit dual-ported static RAM 
under development. 

either a 40-pin leadless or C-leaded 
chip carrier. 

Many companies that offer stand­
ard GaAs product lines also offer 
standard-cell libraries for custom 
and semicustom designs. The stand­
ard-cell libraries consist of basic 
logic functions (inverters; NAND, 
NOR, and OR gates; latches; and 
flip-flops, for instance) and 110 cells 
that provide GaAs, ECL, CMOS, 
and TTL compatibility. The HMS 

standard cell library from Harris 
has approximately 40 cells. The cells 
use depletion-mode MESFETs in 
the company's BFL configuration. 
The customer can use CAE/CAD 
tools, based on software from Sili­
con Design Automation (San Jose, 
CA), which are portable and func­
tion on all major Unix-based engi­
neering workstations. A 1-µm GaAs 
process, called Digi-2, provides gate 
propagation delays of 120 psec min 

Available now is Gigabit's 
12G014, a 256X4-bit static RAM 
that specs a 2.5-nsec read/write 
cycle time. Designed for high-speed 
cache applications, the device has 
pipelined input and output latches. 
The $99 (500) device requires three 
power supplies (nominally 5V, 
-3.4V, and -5.2V) and comes in 

GaAs logic uses E MESFETs and D MESFETs 

84 

Gallium-arsenide process technology has pro­
gressed since the first GaAs digital !Cs were intro­
duced commercially in 1984. The more mature 
products are fabricated with depletion-mode (D) 
MESFETs. The basic FET consists of a metal gate 
placed between a source and a drain region. The 
transistor is formed in two ion-implantation steps: 
One places a shallow implant below the gate region 
to form the channel, and the other forms the 
source and drain regions. An n-doped depletion 
region under the gate of a D MESFET allows 
current to flow between the source and drain when 
no voltage is applied to the gate. Therefore, the 
device is normally on. A negative gate voltage 
causes the depletion layer or channel to narrow, 
reducing current flow until a gate voltage is 
reached at which current flow is pinched off. 

In an enhancement-mode (E) MESFET, the re­
gion under the gate is doped so that the channel is 
pinched off when no voltage is applied to the gate. 
A positive voltage applied to the gate initiates cur­
rent flow. D MESFETs have advantages over E 
MESFETs in that they can handle more current, 
tolerate larger signal voltages, and provide faster 
speeds. However, they use more power than E 
MESFETs because they are normally on. E MES­
FETs are more complicated and expensive to fabri­
cate, but their lower power consumption makes 
them attractive. 

Manufacturers of digital GaAs devices are now 
fabricating devices with D MESFETs and E MES­
FETs on a single chip to take advantage of the 
properties of each device. These devices are known 
as enhancement/depletion (EID) MESFET devices. 
Chip designers use the two MESFET configuta­
tions to maximize the performance of logic blocks. 

Some typical logic blocks are shown in Fig A. 
The buffered FET logic (BFL) scheme (a) uses D 
MESFETs exclusively to create a 2-input NOR 

Voo 

(c) 

KEY: 

Voo 

~ ~ D MESFET 

~ ~ E MESFET 

(d) 

Yoo 

Voor 

Vss 
Voo 

Voor 

(SOURCE: ITT GALLIUM·ARSENIDE 
TECHNOLOGY CENTER) 

Fig A-Four 2-input NOR-gate configurations-the BFL (a), the 
CBFL (b), the DCFL (c), and the LPFL (d)-for GaAs logic 
circuits exhibit tradeojfs between speed, power, and manufactura­
bility. 

logic cell. The diode is necessary to level-shift the 
output voltage to drive succeeding logic cells. In 
the capacitor-buffered FET logic (CBFL) scheme 
(b), a reverse-biased large-area diode is placed 
across the level-shifting diode to act as a speed-up 
capacitor. The direct-coupled FET logic (DCFL) 
scheme (c) places two E MESFETs at the source 
of a D MESFET to create a 2-input NOR gate. The 
scheme takes advantage of the positive and nega­
tive thresholds of the respective FETs so that lev­
el-shifting diodes are not required. The low-power 
FET logic (LPFL) scheme (d ) uses an E MESFET 
and a level-shifting diode as an output buffer. 
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The tape on the left 
will c~ the Wl\Y~U look 

at multilayer circuitry. 
So will the one on the right 

Introducing the Green Tupe System• from DuPont. 

And a free videotape that shows what this new mwti-
----

layer circuit technology can do for you. 

Green Tupe is a low-temperature, co-fireable 

ceramic based system that combines the design flexibility 
of thick film systems with the manufacturing ease of 

co-fired alumina systems. 

Green Tupe eliminates the multiple firing steps 

required with traditional thick film technology. And 

unlike co-fired alumina, where extreme firing tempera-

tures destroy high conductivity metals such as gold 

and silver, the Green Tupe System is perfectly compatible 

with precious metal circuitry. 

Now you can design innovative multilayer circuitry 

using Green Tupe. It can be fired in an air atmosphere and, 

like thick film equipment, requirements are simple. 

This allows for in-house prototyping and manufacturing 
which means very quick turn -around times. And there's 

no known limit to the number of dielectric layers that 
can be fired at one time. Think of the possibilities. 

If you think the Green Tupe System sounds good, 

wait'll you see how it can help you improve your multi-

layer circuitry. Call for your free videotape: 1-800-341-4004. 
•DuPont's trademark for dielectric tape, inner layer and via fill conductors. 

DuPont Electronics 
Share the power of our resource& 
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and chip speeds from I to 1.5 GHz. 
In addition to SSI cells, Gigabit 

Logic's SCI GaAs standard-cell li­
brary contains a number of MSI 
cells, such as a 3:8 decoder, a 4-
stage synchronous counter, and a 
4:I multiplexer. The cells have 
loaded gate delays from 50 to I50 
psec and operate efficiently from I 
to 2 GHz. (Tachonics will become 
the second source for this library; its 
first SSI cells should be available by 
the end of this month.) 

The SCI cell family is compatible 
with the Pico Logic family so that 
users can convert breadboard de­
signs to standard cells. Engineering 
workstations sold by Mentor 
(Beaverton, OR) and VLSI Technol­
ogy Inc (San Jose, CA) support the 
cell libraries. A delivery of final 
prototypes occurs I6 to 26 weeks 
after the company receives schemat­
ics. Gigabit quotes a typical NRE 
cost of $75,000 for a IOOO-gate, 
I-GHz prototype. 

Triquint's Q-Logic standard cells 
also contain MSI functions such as 
encoders/decoders, multiplexer/de­
multiplexers, counters, dividers, 
and prescalers. Users can design 
and simulate ASIC !Cs on Daisy 
(Mountain View, CA) and Tektronix 
(Beaverton, OR) CAE workstations. 
A development schedule from de­
sign completion to delivery of proto­
type parts is typically 10 to I4 
weeks. Prices are typically less than 
$250 (1000) each. Typical stand­
ard-cell NRE charges range from 
$55,000 to $65,000 for single circuit 
designs. 

Shortening development time 
Some manufacturers of digital 

GaAs products offer gate-array 
packages that give the designer 
flexibility along with shorter turna­
round times and lower NRE costs 
than do standard-cell implementa­
tions. Vitesse Semiconductor has 
two GaAs gate arrays that allow the 
user to develop designs on either 
Mentor or Daisy workstations. 

One array, the VSCI500, features 
I500 2-input NOR equivalent gates. 

86 

A 16-bit, 2-nsec adder residing on a Gigabit 
Logic 90GUPB prototyping board makes use 
of the 10G100, a 1.3-GHz expandable 4-bit 
adder , and the 10G101 , a 1.4-GHz carry­
look-ahead generator. 

A structured-cell approach com­
bines both high-speed logic cells and 
low-power cells, which lets the user 
obtain an optimum speed-vs-power 
tradeoff. A macro library defines 
the cell-interconnection patterns for 
a D flip-flop, with a 2-GHz toggle 
rate, that dissipates 45 mW or a D 
flip-flop, with a 500-MHz toggle rate 
that dissipates 4. I mW. The array 
contains 84 high-speed cells and 592 
low-power cells. Its 22 ECL inputs 
and 20 ECL outputs are compatible 
with IOOK and lOKH signal levels. 
The array requires -5.2V and 
-2.0V power supplies. 

The other gate array from 
Vitesse, the VSC4500, contains 
4500 2-input NOR equivalent gates. 
D-type flip-flops with I-GHz toggle 
rates dissipate 1.8 mW, and NOR 
gate delays are typically I60 psec. 
The array's I20 I/O cells can inter­
face with either TTL or ECL signal 
levels. The chip's ECL I/O levels are 
compatible with lOOK and lOKH 
levels, and the device requires only 
a -2V power supply when interfac­
ing with ECL only. Both of the 
Vitesse gate arrays come in 0 to 
70°C and -55 to + I25°C versions. 
The VSCI500 and the VSC4500 cost 
from $200 to $300 (1000). NRE costs 
range from $55,000 to $70,000 for IO 
prototype units. 

Gain Electronics Corp offers a 
GaAs gate-array family with I 700, 
3500, and 6000 2-input NOR equiva­
lent gates: the GFLI 700, GFL3500, 
and GFL6000, respectively. The 

GFL3500 features 864 internal logic 
cells and I40 I/O buffer cells. Each 
of the internal cells can be config­
ured as four 2-input NOR equivalent 
gates. A macro cell library can in­
terconnect the cells to configure a 
J-K flip-flop that clocks at I GHz 
and dissipates less than 6.9 mW. 
Unloaded gate delays are typically 
I50 psec for NOR functions. 

A design cycle, from logic entry 
to final mask tape, can be performed 
on an Apollo (Chelmsford, MA) or 
Mentor workstation. The output 
cells are compatible with ECL, 
TTL, and CMOS levels, and the 
device only requires a -2V power 
supply when interfaced with ECL 
devices. Typical NRE costs to devel­
op customer-designed prototypes 
are $35,000, $50,000, and $75,000 
for the GFLI 700, GFL3500, and 
GFL6000 arrays, respectively. 

Triquint's TQ3000 gate array is a 
3000-equivalent-gate array for de­
signs with clock rates to I GHz. The 
company designs and develops 
ASICs that meet a customer's de 
and ac specs. Typical designs have 
500 to 2500 logic gates and as many 
as 64 I/O lines. Typical engineering 
development cost for customer-de­
signed prototypes is $77,000. 

Ford Microelectronics Inc has a 
GaAs gate array consisting of 56I 
internal NOR gates that can be con­
figured with one, two, three, or four 
inputs. Fabricated in a GaAs EID 
process, the 2IG06 gate array uses 
diode-FET-logic (DFL) circuitry. 
Thirty-four IOOK EGL-compatible 
I/O pins can be configured as input, 
output, or bidirectional cells. A de­
sign kit is available for Daisy work­
stations. The array comes in a 
48-pin ceramic leadless chip carrier 
that operates from 0 to 70°C. The 
gate array costs $540 (IOO) with a 
typical NRE charge of $75,000 for 
IO prototype units. 

Ford has designed some standard 
products with its gate array that 
are available in 48-pin packages. 
The 2IG06-0003 consists of an inde­
pendent 8:I multiplexer and a I:8 
demultiplexer. Multiplexing and 
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1Wo good reasons to buy 
Fujitsu's pen plotter. 

Now t~eres a pen plotter that, 
can improve your companys 

image and bottom line. The new 
ImageGraph™pen plotter from Fujitsu. 

Its 100% compatible with the 
HP-7475~ but with some big differences. 
Like a price thats 35% less, and 
performance unmatched by any other 
pen plotter in its class. 

In fact, to get the colors, resolution 
and versatility of ImageGraph in any 
competitive system, you 'd probably 
have to spend an extra $1000. 

Reports, proposals, transparencies. 
Just about any kind of presentation will 
be more effective with ImageGraph. 
Its six pens and 0.025mm resolution 
will make your companys ideas look 
brilliant. On a variety of paper types. 
And in sizes from postcards to ll'h by 
32 inches. Not bad for a machine 
thats quieter and takes up half the 
desk space of the HP-7475. 

ImageGraph works with all popular 
software packages, including spread­
sheets, business graphics and CAE/ 
CAD programs. And it runs these 
programs faster and easier than any 
comparable plotter. 

So take a closer look at what 
ImageGraph can do for your companys 
image, and budget. For a free 
brochure and location of your nearest 
distributor, call us today. You 'll find 
it doesn't have to cost a lot of money 
to put on a really great show. 
1-800-556-1234, Ext. 238. 
Inside California call 
1-800-441-2345, Ext. 238. 

~FUJITSU 
- COMPONENT OF AMERICA . INC 

DISTRJBlJIURS: 
Badger Electronics ITT - Canada Schweber Electronics 
Cypres.s ElectrOnics Marshall Industries Western Microtechnology 
Future El ectronics Marsh Electronics 
Glynn Electronics Milgray El ectronics 

ID 1987 Fuj itsu Component of America, Inc. 
JmageGraph is a trademark of Fujitsu Component of America, Inc. 
IIP-7475 is a trademark of Hewlett-Packard Co. 

CIRCLE NO 83 



TECHNOLOGY UPDATE 

For more information ... 
For more information on the GaAs digital logic circuits described in this article, contact the manufacturers directly, 
circle the appropriate numbers on the Information Retrieval Service card, or use EDN's Express Request service. 

Anadigics Inc 
35 Technology Dr 
Warren, NJ 07060 
(201) 668-5000 
TWX 510-600-5741 
FAX (201) 668-5068 
Circle No 704 

Gigabit Logic Inc 
1908 Oak Terrace Lane 
Newbury Park, CA 91320 
(805) 499-0610 

NEC-California Eastern Lab Inc 
3260 Jay St 

Triquint Semiconductor Inc 
Group 700 

TLX 6711358 
Circle No 707 

Santa Clara, CA 95054 
(408) 988-3500 
TLX 346393 
Ci rcle No 710 

Ford Microelectronics Inc 
10340 State Hwy 83 N 
Colorado Springs, CO 80921 
(800) 824-0812 

Harris Microwave Semiconductor 
1530 McCarthy Blvd 

Oki Semiconductor Inc 
650 N Mary Ave 
Sunnyvale, CA 94086 
(408) 720-1900 

Milpitas, CA 95035 
(408) 433-2222 
TWX 910-338-2247 TLX 296687 

(303) 528-7600 
Circle No 705 

Circle No 708 FAX 408-720-1918 
Circle No 711 

Gain Electronics Corp 
22 Chubb Way 
Somerville, NJ 08876 
(201) 526-7lll 

ITT Gallium Arsenide Techno logy Center 
7670 Enon Dr Tachonics Corp 

Box 580 Roanoke, VA 24019 

FAX 201-525-7321 
Circle No 706 

(703) 563-8600 
FAX 703-563-8696 
Circle No 709 

demultiplexing speeds range from 
de to 700 MHz. The $225 (100) de­
vice dissipates 0.8W max. The 
21G06-0002 is an 8-bit flow-through 
multiplier that yields a 16-bit result 
in 8 nsec in a data-setup mode and in 
10 nsec in a synchronous mode. The 
$250 (100) device dissipates 1.1 W 
typ. 

Foundry services 
Customers seeking a viable GaAs 

vendor for fabrication of their own 
designs can employ various vendors' 
foundry services. When using the 
foundry service that Harris pro­
vides, for example, customers can 
use the supplied HMS cell library, 
circuit models, and layout rules. If 
you prefer to design your own stan­
dard cells or do a full custom layout, 
a MESFET model and circuit simu­
lator are available through use of a 
Harris version of Spice called Slice. 
Alternately, customers may use a 
compliant FET model of their own 
choice. Once the design is com­
pleted, the customer prepares a 
tape for mask making. Harris then 
manufactures the device using ei­
ther its Digi-1 or Digi-2 process. A 
full range of MIL-spec screening 
and radiation testing is available. 

Gigabit's foundry services include 
training seminars, which allow cus-
88 

107 Morgan Lane 
Plainsboro, NJ 08536 
(609) 275-2508 
Ci rcle No 712 

tomers to structure a design to 
meet their requirements. Custom­
ers have four process options to 
choose from: the depletion-mode 
MESFET (D-MODE), the low-pow­
er depletion-mode MESFET (LPD), 
the enhancement/depletion-mode 
MESFET (EID), and the high-mar­
gin enhancement/depletion-mode 
MESFET (EID). When a design is 
complete, the circuit layout data 
stored on magnetic tape or the actu­
al masks are sent to the company for 
device fabrication. 

Vitesse Semiconductor and Ford 
Microelectronics have agreed to 
provide alternate sourcing for foun­
dry production of custom LSI, EID 
GaAs ICs. Ford provides a set of 
layout design rules with informa­
tion on layer definitions, mask po­
larities, and critical dimensions for 
designing with its EID process. The 
company employs a circuit simula­
tor, called Gassim, that runs under 
VAX/VMS version 4.2 or later and is 
based on Spice2G.5. The GaAs 
MESFET model is based on the 
Curtice (Ref 1) MESFET model 
with modifications to allow gate and 
channel current flow in either direc­
tion. 

ITT's Gallium Arsenide Technolo­
gy Center (GTC) offers foundry 
services to selected customers who 

Box 4935 
Beaverton, OR 97076 
(503) 629-4227 
TLX 4742021 
FAX 503-645-8067 
Circle No 713 

Vitesse Semiconductor Corp 
741 Calle Plano 
Camarillo, CA 93010 
(805) 388-3700 
FAX 805-987-5896 
TWX 510-601-4636 
Circle No 714 

are experienced in GaAs design 
techniques. GTC produces a range 
of GaAs chips and modules for mili­
tary applications. The facility fo­
cuses on applications where both 
analog and digital functions are 
combined on the same chip. EDN 

Reference 
1. Curtice, Walter R, "A MESFET 

Model for Use in the Design of GaAs 
Integrated Circuits," IEEE Transac­
tions on Microwave Theory and Tech­
niques, Vol MTT-28, No 5, May 1980. 
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SCIENTIFIC CALCULATOR 
.. ~=..~..:.....------;;.-~--:::""\!.-~-..... sm;~.~-------~~~~~......,,~~ 

128 formulas at the speed of light. 
The Casio FX-SOOOF 

Formula Calculator. To save 
you the time and trouble of looking 
up or memorizing many of the 
most important mathematical and 
scientific formulas, we put 128 of 
them in our FX-5000F Formula 
Calculator. And you can call them 
up in a flash. 

The formulas are numbered 
and cover the fields of math, 
statistics, physics, electronics and 
mechanics. Plus you can input 
12 of your own. Just key-in the 
appropriate number and the for-

mula you need appears instantly. 
The alpha numeric display with 
10 digit mantissa plus 2 digit expo­
nent is easy to read and scrolls 
to over 70 characters. Its two-line 
display shows both the formula 
and the answer simultaneously. 

And it doesn't stop there. 
Once you've recalled the formula, 
the calculator prompts you to input 
the values of the variables and 
automatically calculates the result. 

The FX-5000F's 675 Qf 
program mory allow you 
er< pretty sizeable pro-

· , lnqJ;:onsumer Products Division: 570 Mt. Pleasant Aw~. Dowr. NJ 07801 

CIRCLE NO 119 

grams and store them until needed. 
While an instant replay feature 
lets you review and edit formulas 
at the touch of a button. 

Adding to its usefulness are 
an additional 160 powerful func­
tions, for a combined total of 288 
functions and formulas. 

To get the list of 128 formulas, 
as well as more information about 
how the Casio FX-5000F delivers 
them with the speed of light, call 
1-800-626-2916 Ext. 82 
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1th ourso are d 
the question of reli() 

It's just a fact of life. 
Somewhere in the depths of even 

the simplest embedded microprocessor 
system design is the risk of a timing­
dependent bug. Or two. And not even a 
million years of conventional testing 
can catch them all. 

And that's the way it's always been. 
Suppose, though, that there was a 

software development system that would 
free you from time-dependent errors 
by design. 

90 

Sound too good to be true? 
It isn't. It's VRTX7 our real time software 

development system. 
VRTX provides a comprehensive set 

of universal functions for handling 
interrupts, 1/0, file management, and 
more. Using these functions eliminates 
application-killer timing errors because 
you don't have the chance to design 
them in, in the first place. 

You can use VRTX as the foundation 
of even the most complex applications, 
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evelopment 
bili 1s a dea~ 

stem, 
• issue. 

including those requiring multiprocessors. 
And by building your application this 

way, you'll save time, money, and most of 
all, a lot of worry. Because VRTX has 
been proven in everything from traffic 
lights to underwater robots to F-14's. 

You won't get trapped in a technological 
comer, either. 

VRTX works with eveiy member 
of eveiy major microprocessor 
family, which we support with 
Ada® and C compilers. Plus 

high level language libraries for other 
standard compilers, and a multi­
processor debugger. 

So why not put out a feeler? Call us 
at (800) 228-1249, or (214) 661-9526 from 
Texas. Or write Ready Systems, 449 
Sherman Ave., P.O. Box 61029, Palo Alto, 
CA 94306-9991. 

And start your next software develop­
ment project with a leg up. 

~READY 
SYSTEMS 

Real Time for the Real World. 

VRTX is a registered trademark of Ready Systems. © 1987 Ready Systems Corporation. 
Other brands or product names are trademarks or registered trademarks of their respective holders. 
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"Whats he doitul with ~ "Going head-first 

-~I~~~-~ 

92 EDN March 3, 1988 



Their reliable operation turns every island into- paradise. 
It's a simple fact: to do more in factory automation, give your local islands of autema­
tion the ability to do more ... with Harris industrial-grade 80C86 microprocessors 
and peripherals. _ . - . . 

The Harris 80C86 family is designed and bu.ill for industrial, ftiII-temperature range "' 
operation (.-40°C to +85°C) :-- not cherry-pickedlrom commercial product. They thrive 
in the toughest·conditions - shock,.-heat, vibration, e.-Ontaminaots pnd more. Their high ·• 
performance under these adverse conditions increases system reliability, 
factory throughput and your competitiveness. 

Our proven static circuits give you the flexibility to design the lowest-power systems 
possible by running the system at the speed you need and only when you need it. .. from 
the maximum operating frequency to a complete stop. 

And low power means low system operating temperatures, no fans, smaller power 
supplies and sealed enclosures, preparing your system to meet the rigors of the 
factory floor. For space-critical applications, choose plastic leaded chip carriers (PLCCs) 
to reduce board and system size even more. For package count reduction, use our 
semicustom cell library to combine 80C86-family peripheral circuits with glue logic 
on a single chip. 

Harris low-power static 16-bit and 8-bit CMOS CPUs and peripheral circuits will 
transport your system to new levels of function and flexibility, whether you're building 
robots, data acquisition systems, process and numerical controllers or advanced 
instrumentation. 

Harris 80C86 and 80C88 CMOS µPs and support circuits: the smart choice for im­
proving performance and reliability in intelligent factory automation. 

Contact your Harris Semiconductor travel agent and get started on your trip to para­
dise. In U.S. phone 1-800-4-HARRIS, Ext. 1275. In Canada: 1-800-344-2444, Ext. 1275. 

© 1987, Harris Corporat ion 
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If this is how you see 
LEDs, the ad is over. 

The popular myth goes something like this : 'f\n LED, is an LED, is an LED." Or: "If 
you 've seen one, you 've seen them all." And of course: "LEDs? They're commodity products." 

Notions we at Dialight, steadfastly reject. And once you 're familiar with our products, 
you'll know why. 

Take our Circuit Board Indicators. Single or multiple discretes aligned in a sturdy 
plastic housing, complete with their own current limiting resistor. The entire assembly 
polarity-keyed to guarantee correct insertion. 

Each unit is 100% tested-ready to insert for wave soldering. No leads to bend, trim, or 
break. No time wasted fumbling with discretes. 

Dialight pioneered the concept more than fifteen years ago to satisfy the OEM need for 
fast and reliable circuit board installation of LEDs. And we've been 

perfecting it ever since. Developing hundreds of standard and custom 
designs. A heritage of technological advance you can see in our new 
super-bright gallium aluminum arsenide units. 

All meticulously engineered with the understanding 
that the failure of a "jelly bean product" can cost thousands 

in end-user downtime, and who-knows-what in 
customer loyalty. 

The same understanding might bring you 
to call 201-223-9400, or write Dialight Company, 
1913 Atlantic Ave., Manasquan, NJ 08736, 
and ask for our catalog or a product sample. 
At the very least, it's brought you to the real 
end of our ad. 

DIALIGHTcOMPANY ~~:~i:~~~~an Philips 

DIALIGHT ·KULKA· HHSMITH 
Engineering is the only commodity we sell. 
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SMD multilayer varistors 
absorb 200A surges 
Though small in size, the ML V mul­
tilayer varistors can protect sensi­
tive 110 signal lines from voltage 
spikes caused by ESD, lightning, 
nuclear-electromagnetic pulse, or 
other transient phenomena. Precise 
control of the device's zinc oxide 
grain size and structure plus multi­
layer construction create devices 
with well-defined, repeatable 
breakdown voltages determined by 
design instead of by lot selection 
and testing. 

The vendor offers varistors with 
two voltage ratings, with typical 
breakdown voltages of 7.8 and 
18.5V and maximum clamping volt­
ages of 15.5 and 30V, for logic and 
automotive applications, respective­
ly. You can obtain the product in two 
case styles: a 1206 surface-mounta­
ble package and a conformally 
coated, axial-lead device. Varistors 
of either voltage rating absorb peak 
currents of 200A. The 1206 SMD 
absorbs 0.45J, and the axial-lead 
component absorbs 0.8.J. Both pack­
age styles exhibit inductances of 1. 7 
nH. The SMD style exhibits 3.0 nF 
of capacitance, and the axial device 
exhibits 1.5 nF. 

Though a 7.8V breakdown volt­
age may seem high for protecting 
5V logic signals, most IC inputs and 

outputs incorporate ESD protection 
circuits that withstand transients of 
500V or more. So limiting voltage 
transients to less than 16V keeps 
these spikes well below the devices' 
safety margins. In addition, the var­
istor safely dissipates very high en­
ergy levels, which could destroy an 
IC's ESD-protection circuits 
through heating effects. 

The company says that the ML V's 
characteristics compare favorably 
with comparable protection devices, 
namely single-layer, metal-oxide 
varistors (MOV s) and zener diodes. 
In particular, the 1206-sized MLV 
can absorb four and a half times 
more energy than an 1812-sized 
MOV and about the same amount of 
energy as an 1812-sized zener diode 
with similar breakdown voltages. 
The ML V's 200A peak current rat­
ing greatly exceeds the MOV and 
zener diode ratings of 25A and 
62.5A, respectively. 

The SMD and axial-leaded ver­
sions of the ML V cost $0.49 and 
$0.54 (10,000), respectively. 

-Steven H Leibson 
AVX Corp, Box 867, Myrtle 

Beach, SC 29577. Phone (803) 448-
9411. TWX 810-661-2252. 
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Available in either 1206-sized SMD or axial-Lead packages, the MLV multilayer varistor 
protects signal lines by clamping transient voltages and absorbing as much as ZOOA of 
transient current. 
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The Ultimate 
Programmer: 

• 
• !003 Software Configured. 

• 12-20 bit DACs for both voltage and 
current control (4,000 to over 100,000 

steps of resolution, not just 256); 
plus subnanosecond timing 

resolution. 
• High voltage -

high current pin drivers 
can program and test single 

I Cs or fully loaded PC boards. 

• 1600+ part library 
with room for 20,000 
additional devices. 

• ATE and MIL Spec 
screening options. 

• Small, portable and 
plug compatible with over 350 different 
computers and operating systems. 

• Free library updates for 2 years. 

The OMNI. With prices that start at 
just $3,250, why settle for anything less? 

Oliver Advanced Engineering, Inc. 
320 West Arden Street 
Glendale, CA 91203 
(818) 240-0080 
(800) 828-0080 
(800) 423-8874 in California. 
TWX (510) 600-8099 FAX (818) 240-6131 
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READERS' CHOICE 
Of all the new products covered in ED N's December 24, 1987, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, use EDN's Express Request 
service, or refer to the indicated pages in our December 24, 1987, issue. 

DEBUGGING TOOL 
When you plug the VBAT VME Bus-anomaly trigger 
board into an unused slot in a VME Bus-based sys­
tem, it can monitor all activity on the bus (pg 76). 
Ultraview Corp. 
Circle No 601 

DSP DESIGN TOOL 
The DSPlay software package runs 
on an IBM PC or compatible com­
puter that's equipped with at least 
256k bytes of RAM and a CGA or 
equivalent color-graphics board 
(pg 143). 
Burr-Brown. 
Circle No 603 

Going to MOSFETs? 
Go with the Sale Driver! 
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DION.cs 65 Rushmore Street, Westbury, NY 11590 
(516) 997-7474 •Outside N.Y. 1-(800) DIONICS 

Name --------------0 Please 
Send 

Company Literature 

Address --------------0 Please 
---------------- Telephone 

Telephone No. ( EDN030388 

CIRCLE NO 25 

ACCELEROMETERS 
Model 3021 piezoresistive, full­
bridge, silicon-based sensors moni­
tor acceleration, vibration, and 
shock (pg 110). 
IC Sensors Inc. 
Circle No 602 

SECURITY SYSTEM 
The DS1207 Timekey is a postage-stamp-size security 
system that enables software developers and publish­
ers to lease their products for a predetermined time 
period (pg 163). 
Dallas Semiconductor. 
Circle No 604 

RS-232 TO 
RS-485 CONVERTER 

MODEL 66 
• Implements Low Cost LAN 
• Supports 32 Users 
• ·single Twisted Pair Required 
• Programmable Contention 
• Selectable Termination 

--·-~u--1c .. c1&a- &c 
A PUBLIC COMPANY 

Remark Division • Telebyte Technology, Inc. • 270 E. Pulaski Rd. 
Greenlawn, NY 11740 • (516) 423-3232 800-835-3298 

See us at Interface '88 Booth #1948 
CIRCLE NO 26 

EDN March 3, 1988 



If you're designing tactical military systems, it's more logical than ever to come to GE 
Solid State for all your High-Rel logic needs. Because we've just introduced well over 50 
ACL logic devices that give you the speed of F ASTt plus all the benefits of CMOS. These 
d~vices, fully compliant to Mil-Std-883 Rev C, are available in both AC and ACT 
(TTL-compatible) versions. 

Call toll-free, 800-443-7364 ext. 23 
In Europe, call : Brussels, (02) 246-21-11 ; Paris, (1) 39-46-57-99; London, (276) 68-59-11 ; Milano, (2) 82-291 ; Munich, (089) 63813-0 ; Stockholm (08) 793-9500. 

Two Hex Inverter/Buffers* 
Three Quad 2-lnputs* 
Three Dual Flip-Flops 
Two 3- to 8- Line Decoder 

Demultiplexers* 
Two Quad 2-lnputs Multiplexers 
•standard Military Drawings available 

t FAST is a trademark of Fairchild Semiconductor Corp . 

• 

Reporting for Duty 
One 4-Bit Full Adder with Fast Carry 
Two 4-Bit Binary Counters 
Two Synch 4-Bit Binary Up-Down Counters 
Two Octal Buffer Line Driver 3-State * 
Two Octal BUS Transceiver 3-State* 
One Quad 2- to 4- Line Data Selector 

GE/RCAl/ntersil Semiconductors 
Three great brands. One leading-edge company. 

One 9-Bit Odd/Even Parity Generator/Checker 
Three Octal Buffer Line Driver 3-State (Inverting)* 
One Octal Transparent Latch 3-State 
One Octal D-Type Flip-Flop 3-State * 
One Octal Transparent Latch 3-State(lnverting) 
One Octal lnvertingTransparent Latch 3-State 

GE Solid State 
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LEADTIME INDEX 

ITEM 

TRANSFORMERS 
Toroidal 

Pot-Core 

Laminate (power} 

CONNECTORS 
Military panel 

FlaUCable 

Multi-pin circular 

PC (2-piece} 

RF/Coaxial 

Socket 

Terminal blocks 

Edge card 

D-Subminiature 

Rack & panel 

Power 

7 363621 

0 33 47 20 

0 403030 

0 ·05337 

10 55 20 15 

7 14 43 36 

8 23 54 15 

17 44 28 11 

17 52 22 9 

14 50 23 13 

5 523310 

9 57 26 8 

7 43 36 14 

0 72 14 14 

PRINTED CIRCUIT BOARDS 
Single-sided 

Double-sided 

Multi-layer 

Prototype 

RESISTORS 
Carbon film 

Carbon composition 

Metal film 

Metal oxide 

Wirewound 

Potentiometers 

Networks 

FUSES 

SWITCHES 
Pushbutton 

Rotary 

Rocker 

Thumbwheel 

Snap action 

Momentary 

Dual in-line 

WIRE AND CABLE 
Coaxial 

Flat ribbon 

Multiconductor 

Hookup 

Wire wrap 

Power cords 

POWER SUPPLIES 

0 68 21 11 

0 56 37 7 

0 29 58 13 

4 79 8 9 

26 45 23 6 

35 34 24 7 

20 4532 3 

12 59 13 6 

4 31 31 34 

7 44 41 4 

10 40 35 15 

30 40 20 10 

17 48 13 22 

4 50 33 13 
15 50 20 15 

6 44 19 31 

0 56 28 16 

5 58 16 21 

0 50 36 14 

17 63 12 8 

11 48 30 11 

14 52 29 5 

43 3221 4 

38 25 31 6 

13 54 12 21 

Switcher 4 44 26 26 

Linear 0 41 35 24 

CIRCUIT BREAKERS 
6 35 29 30 

HEAT SINKS 
15 50 23 12 

RELAYS 
General purpose 19 43 14 24 

PC board 20 30 20 30 

98 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Percentage of respondents 

~ .... 
'?o 
~ 
~­
Ill 

~\ ~l'l 
~ ~ (9~ 
~~ ~~ 
~(9 ~(9 

0 7.3 5.7 

0 7.8 8.2 

0 8.3 7.8 

0 10.8 12.2 

0 5.6 5.3 

0 9.4 8.0 

0 7.4 8.0 

0 5.3 8.1 

0 4.7 6.0 

0 5.4 5.4 

0 5.7 6.3 

0 5.1 6.6 

0 6.4 8.6 

0 5.5 11 .2 

0 5.4 4.7 

0 5.8 6.0 

0 7.5 7.4 

0 4.3 3.4 

0 4.2 3.0 

0 4.0 4.3 

0 4.4 4.3 

0 4.6 5.2 

0 8.8 7.2 

0 6.1 5.2 

0 6.3 6.6 

0 4.4 1.8 

0 5.8 3.9 

0 6.1 5.5 
0 5.4 5.5 

0 7.7 5.7 

0 6.5 5.3 

0 6.3 5.0 

0 6.6 7.8 

0 4.2 2.8 

0 5.5 3.8 

0 4.6 3.5 

0 3.2 2.9 

0 4.2 2.2 

0 5.9 10.8 

0 7.4 7.2 

0 7.7 6.6 

0 8.0 8.3 

0 5.1 4.7 

0 6.1 4.3 

0 7.2 5.7 

ITEM 

RELAYS 
Dry reed 

Mercury 

Solid state 

0 

0 

0 

46 15 39 0 

43 14 43 0 

36 29 35 0 

DISCRETE SEMICONDUCTORS 
Diode 37 15 27 12 6 

Zener 32 25 18 14 7 

Thyristor 12 29 24 29 6 

Small signal transistor 24 19 33 19 5 

MOSFET 12 29 18 29 6 

Power, bipolar 6 47 13 20 7 

INTEGRATED CIRCUITS, DIGITAL 
Advanced CMOS 10 19 33 33 5 

CMOS 11 36 36 14 3 
TTL 29 17 38 12 4 

LS 24 36 24 12 4 

INTEGRATED CIRCUITS, LINEAR 
Communication/Circuit 15 23 31 23 8 
OP amplifier 25 33 21 17 4 

Voltage regulator 

MEMORY CIRCUITS 
RAM 16k 

RAM 64k 

RAM 256k 

RAM 1M-bit 

ROM/PROM 

EPROM 64k 

EPROM 256k 

EPROM 1M-bit 

EEPROM 16k 
EEPROM 64k 

DISPLAYS 
Panel meters 
Fluorescent 

Incandescent 

LED 

Liquid crystal 

15 40 20 20 5 

15 25 25 20 15 

13 35 22 17 13 

12 18 35 23 12 

8 17 17 42 16 

7 27 20 33 13 

5 38 19 29 9 

9 30 26 26 9 

7 13 33 34 13 

6 24 29 29 12 
11 17 33 22 17 

8 501725 0 
11 45 11 22 11 

22 45 0 33 0 
15 30 25 25 5 

0 29 29 35 7 

MICROPROCESSOR ICs 
8-bit 22 17 39 17 5 
16-bit 11 17 39 28 5 
32-bit 7 26 47 20 0 

FUNCTION PACKAGES 
Amplifier 20 30 30 20 0 

Converter, analog to digital 13 20 40 20 7 

Converter, digital to analog 17 17 33 25 8 

LINE FILTERS 
0 45222211 

CAPACITORS 
Ceramic monolithic 22 37 22 19 0 

Ceramic disc 22 44 19 15 0 

Film 32 41 9 18 0 

Aluminum electrolytic 30 ·41 18 7 4 

Tantalum 28 31 21 17 3 

INDUCTORS 
0 40 30 20 10 

Source: Electronics Purchasing magazine's survey of buyers 

0 8.6 7.5 

0 9.1 4.4 

0 8.9 6.5 

3 7.0 3.8 

4 7.3 4.7 

0 8.8 7.2 

0 7.4 4.3 

6 10.2 7.0 

7 9.3 6.4 

0 9.6 6.8 

0 7.1 6.4 

0 6.5 5.8 

0 5.9 5.2 

0 8.7 6.7 

0 6.3 7.1 

0 7.2 6.6 

0 9.7 7.8 

0 8.8 7.7 

0 10.0 9.5 

0 12.5 11 .8 

0 11 .0 8.2 

0 9.5 7.8 

0 9.3 8.4 

0 11 .6 9.4 

0 10.6 8.3 
0 10.9 8.3 

0 6.7 6.0 

0 8.5 11 .1 

0 6.5 8.8 

0 8.1 5.6 

0 10.5 11 .3 

0 7.6 6.5 

0 9.3 6.7 

0 7.6 7.1 

0 6.4 6.4 

0 8.6 8.2 

0 9.2 8.0 

0 9.4 6.8 

0 5.8 5.5 

0 5.1 5.6 

0 4.8 6.0 

0 4.8 6.4 

0 6.2 5.9 

0 9.3 7.7 
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PHILIPS IR LED'S 
SPEED AND ENDURANCE 

,...,, -~ .. ~ ... - .. , "' • ~ .. ~"" • - "'"' . ,t.,..... • 

, - . ,,:.«u;: ~. • - · ':I.: .- - • 

I~ ~~1:.._~'-r f+~ 

INTRODUCING THE FASTEST, LONGEST LASTING INFRARED LED EVER MADE. 
Still going strong after 10,000 hours. Philips 
brings you the world's first infrared LEDs based on 
a single heterojunction gallium aluminum arsenide 
technology. A new technology that allows them to 
operate at 80% of their initial intensity after 10,000 
hours of continuous operation. When you get that 
kind of longevity in your remote controls, why settle 
for anything less? 
New technological advantages; Faster response 
(50ns). Complementary technology for use with 
existing circuits. Ability to operate at low and high 
currents makes them well suited to carrier frequen­
cies up to lMHz. 830nm emission wavelength for 
standard photodiodes and transistors, 740nm for 
integrated photoreceivers. Available in 3mm, 5mm 
and flat pack packages. In stock now. 

~I G';;;7t,;;;;;;,;E;T;N,I 
Call (401) 232-0500, ext. 267 or write for informa- I I tion on how to obtain free product samples and 

I 
specifications on our new heterojunction GaAlAs I 
infrared LEDs. EDNo3o3aa 

I Name I 
1 m~ I 
I Company I 
I Address I 

City State __ Zip ___ _ 

I Telephone/ext. .JI L-----------
I I I I [I 

OPTOELECTRONIC PRODUCTS GROUP 

PHILIPS 

Amperex Electronic Corporation, George Washington Highway, Smithfield, RI 02917, (40H232-0500. 
In Canada: Philips Electronics Ltd., 601 Milner Ave., Scarborough, Ontario M1B 1M8, (416) 292-5161 
EDN March 3, 1988 99 
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NOWORKING STARTS HERE 

High performance 
networks begin 

with intelligent cabling 
systems which link main­
frames to work stations, 
PBXs to telephones, head­
quarters to branch locations. 

A well-conceived 
cabling system not only 
permits system integration, 
it can also cost less to install 

and cause less cable 
congestion later. 

No one knows 
more about the 
meticulous mixing 

and matching of cable compo­
nents into customized cabling 
systems ... than Brand-Rex. 
Weve brought data and 
voice together in C:J 

literally thou- g cJ 
sands of miles o Cl 
of IBM Cabling Cl 0 
System. Today 
we're designing 
and manufac­
turing custom 
systems for 
some of the 
leading U.S. 
corporations, 

EDN March 3, 1988 

universities and institutions. 
No matter which route your network 

is taking ... broadband, baseband, Ethernet, 
or Token-Ring ... start with us. We'll 
take our approved network compo­
nents-cables, connectors, fiber-
optic hardware, patch panels and 
accessories-test 
them as a sys- __.,~ 
tern, and 
assemble 
them into 
a network you can call your own. 

Start your network by start­
ing with Brand-Rex. For more 
details call us at 1-800-848-4400, 
Ext. 274, or write to BRlntec 
Corporation, Brand-Rex Cable 
Systems Division, 1600 West 
Main Street, Willimantic, CT 
06226-1128. 

NETWORKING 
STARTS WITH 
BRAND-REX 

----Inflec® -------- - - Corporation 

BRAND-REX CABLE SYSTEMS DIVISION 
1600 West Mam Street 
Willimantic , CT 06226-1128 
203 456-8000 

CIRCLE NO 114 
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SPECIAL REPORT 

Networlcing 

//mad_ha1ter 
//tu. 
Task completed by //od1 
Task completed by //lo 
Task c-0mpleted by //ro~· 
Task eompleted by Ilse 
Task completed by //di 
Task completed by //mil 
Task completed by //bu j 
Task· completed by //ma, 
Tuk completed by //te K; 
Tuk completed by //pe 
Tuk completed by //tel1 
Elapsed time 96 

Networking software and interprocess-communication schemes 
allow designers to devise systems capable of running 
transparent distributed-processing applications. 
(Photo courtesy Apollo Computer) 
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so 
Network operating systems) file-sharing 
software) and application-development tools 
simplify the task of designing systems that 
harness distributed processing power. Using 
software products such as these) you can 
even partition an application)s executable 
code among heterogeneous systems. 

Maury Wright, Regional Editor 

Networking software now offers designers the tools 
necessary to implement networked systems that sup­
port the distribution of processing tasks among net­
work resources. Products resulting from the ISO's 
(International Standards Organization) network-stan­
dardization effort may be years away, but products 
available today offer bridges to future ISO-based net­
works. You can implement networks that distribute 
tasks among heterogeneous systems in addition to 
simplifying the implementation of departmental net­
works. 

This software includes network operating systems, 
network file-system software, and network application­
development tools. The products offer compatibility 
with de facto standard networking protocols such as 
TCP/IP (Transmission Control Protocol/Internet Proto­
col) for he,terogeneous systems and NETBIOS for de­
partmental networks. 

Net worked computer systems can provide users with 
two levels of connectivity. At the minimum level, they 
let you share files, use electronic mail, and share 
hardware resources such as disks and printers. At this 
level, any single application program can execute on 
only one computer on the network, but the program can 
access data from either its host system or from other 
network resources. 

At the higher level, different computers on the net-

EDN March 3, 1988 

work can execute different portions of code that, to­
gether, make up a single application program. In this 
type of distributed-processing environment, not only 
do different applications run on different nodes on the 
network, but one application can run partially on one 
node and partially on another. An application program­
mer allocates tasks to network resources and matches 
the processing-power requirements of a task with an 
appropriately powerful computer system on the net­
work. At the end-user level, task execution is trans­
parent. 

Task allocation matches computing power 
A distributed-database application serves as a good 

example of an environment that can exploit the capabil­
ities of this type of distributed processing. In such a 
scenario, users access the database with a personal 
computer, and the PC furnishes the application soft­
ware that lets the computer-and you-access the data. 
A minicomputer or mainframe, however, runs the data­
base program that processes database queries. Like­
wise, in scientific applications, programmers can trans­
fer computation-intensive tasks from a relatively slow 
workstation to a supercomputer. 

Setting up a network that connects all IBM systems 
-from personal computers to mainframes-is a simple 
task. You simply buy IBM's networking software, 
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Software based on layered protocols such as 
TCP /IP gives designers a way to imple­
ment heterogeneous networks now and con­
vert to ISO-compatible protocols later. 

which encompasses the entire product line. Digital 
Equipment Corp (Maynard, MA) offers similar capabili­
ties for its systems. Other companies, such as Bridge 
Communications Inc (Mountain View, CA), Excelan Inc 
(San Jose, CA), Micom-Interlan Inc (Boxboro, MA), 
3Com Corp (Santa Clara, CA), and Ungermann-Bass 
Inc (Santa Clara, CA) offer bundled hardware and 
software packages to ease the task of connecting specif­
ic, unlike systems. 

The unfortunate reality is that off-the-shelf net­
working systems are available for only a limited combi­
nation of computer systems. In many instances, you 
may need to adapt network software to a system your 
company has designed, or an off-the-shelf system may 
not include features you require. 

So, to implement your own network for heterogene­
ous systems, you must take into account two software 
issues. First, you have to implement software that 
connects like and unlike systems. And then, to achieve 
distributed processing, you have to devise an interproc­
ess-communication scheme. Hardware-independent 
networking software with layers corresponding to the 
OSI (Open Systems Interconnection) model can simpli­
fy the design of a networking environment (for more 
information on the ISO/OSI model, see box, "Existing 
networks fit the ISO/OSI model"). 

Several companies have concentrated their operat­
ing-system software-development efforts on personal­
computer departmental networks. In truth, literally 
hundreds of vendors offer file- and printer-sharing 
software for MS-DOS-based personal computers. How­
ever, only a handful, such as Novell, Banyan, Western 
Digital, and Microsoft, offer hardware-independent 
software capable of supporting distributed processing, 
and only a handful are working on expanding their 
products to run on heterogenous systems. 

Personal-computer LANs lack standards 
Novell has captured the largest part of the market for 

network operating systems with Netware. This operat­
ing system costs $2195 and employs a client/server 
communication scheme. Such a scheme requires that 
one or more computers on the network be declared . a 
dedicated file server. The client machines on the net­
work access the server's files and resources. 

Banyan Systems also takes a client/server approach 
with its network operating system, called Vines (virtu­
al networking system technology). This OS costs $1895. 
Both Netware- and Vines-based systems offer connec­
tivity to IBM SNA (Systems Network Architecture) 
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and X.25 wide-area-network systems. Novell and Ban­
yan have also devised proprietary methods for inter­
process communications on their network operating 
systems. In addition, both systems use proprietary 
network- and transport-layer protocols. 

Western Digital's Vianet Professional and Microsoft's 
Networks operating systems employ the NETBIOS 
network- and transport-layer protocols that IBM uses 
in its personal-computer LAN products. (Microsoft 
sells its networking software on an OEM case-by-case 
basis.) Networks based on NETBIOS use a peer-to­
peer communication scheme: You don't have to desig­
nate any of the computers as a dedicated file server, and 
thus any networked system can share resources with 
any other system without having to bother with a file 
server. Banyan and Novell do offer add-on packages 
that allow NETBIOS software to run on their net­
works, however. 

No one has yet applied any of these four operating 
systems extensively to achieve the high level of connec­
tivity described earlier. A few application-development 
tools, such as the Oracle (Menlo Park, CA) relational 
database, are compatible with Netware's protocols, but 
primarily users run MS-DOS applications on their 
networked system and simply share files and resources. 

Vendors plan open systems 
Each of the four vendors wants to promote the use of 

its products for implementing distributed-application­
processing systems, however. And, each vendor is 
developing plans to accommodate the new OS/2 operat­
ing system, which will include networking software for 
distributed processing. 

As an option to its OS/2 operating system, Microsoft 
will offer a program called LAN Manager as well as 
MS-DOS-based software compatible with the LAN 
Manager. The LAN Manager will have enhanced capa­
bilities for interprocessor communications; Microsoft 
calls these enhanced capabilities Named Pipes. The 
Named Pipes facility will operate on the NETBIOS 
transport layer. It could be a year before Named Pipes 
is available, however. 

In contrast, IBM has announced plans to use its 
APPC (advanced program-to-program communication) 
interprocessor communication scheme in its version of 
OS/2. Novell intends to support IBM's APPC scheme, 
but hasn't set a product-availability date yet. The 
vendor will integrate its proprietary client/server tech­
nology with the peer-to-peer operation of APPC. In 
fact, Novell says that it plans to support an open-
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protocol technology with its file-server software, but 
has yet to announce any products. 

Although neither Banyan nor Western Digital have 
published any definite plans concerning OS/2 support, 

Western Digital does plan to use the NETBIOS trans­
port protocol. And, both companies are planning to 
adapt their network software to operating systems 
other than MS-DOS. Banyan, for example, has demon-

Existing networks fit the ISO/OSI model 

For several years, the Interna­
tional Standards Organization 
(ISO) has been working on a set 
of standards for networking 
based on the OSI (Open Systems 
Interconnection) model. The 
standardization effort promises 
to simplify, for the computer en­
gineer, the task of connecting 
and distributing files and appli­
cations among heterogeneous 
systems. But the ISO hasn't 
completed the standardization 
process, and software based on 
the standards may be five years 
away. Nonetheless, emerging 
products such as TCP/IP (Trans­
mission Control Protocol/ 
Internet Protocol) software fit 
the ISO/OSI model. 

The ISO/OSI model defines a 
networking environment based 
on seven layers of hardware and 
software. Each layer of the 
model builds upon the layer 
below it, and has a defined inter­
face with adjacent layers above 
and below. Although listed many 
times before, the seven layers 
are described below in hierarchi­
cal order. 

1. The Physical Layer defines 
the mechanical and electrical 
characteristics of the physical 
connection between the comput­
er and the network. 

2. The Data Link Layer de­
fines how network-interface 
hardware packs/unpacks bits 
into/out of groups called frames, 
for transmitting and receiving 
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messages. 
3. The Net work Layer defines 

how computers route packets of 
information over the network. 
The packets consist of a group of 
data frames combined in a for­
mat that is also specified by this 
layer. 

4. The Transport Layer de­
fines how a computer combines 
packets to form messages, and 
how it addresses and connects to 
different devices on the network. 
This layer also defines protocols 
that ensure reliable message 
transfer between nodes. 

5. The Session Layer defines 
how network application soft­
ware sets up, manages, and ter­
minates communications on the 
network. The definition includes 
concepts that allow the applica­
tions to interface to network de­
vices with names rather than 
physical network addresses. 

6. The Presentation Layer de­
fines how network application 
software converts between the 
application's data format and 
syntax, and the way data is 
transferred over the network. 

7. The Application Layer de­
fines how network application 
software provides services such 
as file sharing, terminal support, 
and electronic mail. 

The ISO/OSI model allows for 
flexibility in network implemen­
tations. For example, two net­
works can have different applica­
tion layers and yet use the same 

lower six layers. Likewise, a net­
work can have a single group of 
upper layers that can connect to 
different networks via multiple 
versions of lower layers. 

Currently, networks based on 
the TCP/IP protocol can connect 
a variety of heterogeneous sys­
tems. And the protocol fits the 
ISO/OSI model. The TCP soft­
ware is the transport layer, and 
IP software is the network 
layer. In general, vendors also 
include software that addresses 
layers 5, 6, and 7 when they 
claim a package to be TCP/IP 
compatible. For example, the 
FTP (File Transfer Protocol), 
Telnet (virtual terminal utility), 
and SMTP (Simple Mail Transfer 
Protocol) applications have be­
come standard in TCP/IP net­
works. 

The TCP/IP protocol evolved 
from the Department of Defense 
and has become a de facto stan­
dard in the US. Net works based 
on the protocol operate over a 
variety of physical media. Al­
though the ISO hasn't chosen 
the TCP/IP protocol, the proto­
col also provides users with a 
bridge to products that will 
evolve from the ISO standardiza­
tion effort. ISO-based session-, 
presentation-, and application­
layer software will be adaptable 
to the TCP/IP transport and 
network layers, and TCP/IP­
based applications will be porta­
ble to ISO transports. 
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New application-development tools simplify 
the task of spreading application code 
among distributed network resources. 

strated Vines on a DEC VAX and plans to offer the 
operating system on DEC and Unix-based systems, but 
will not commit itself to specific product-introduction 
dates. 

Western Digital already offers Vianet for some Unix­
and Xenix-based environments. Moreover, Vianet's 
peer-to-peer software allows you to link personal com­
puters and Unix systems. The company sells Vianet for 
MS-DOS systems for $150/node; pricing for Unix and 
Xenix systems is based on OEM agreements only, and 
depends on how you obtain the operating-system li­
cense and whether you port Vianet to your system or 
whether Western Digital does. 

All of these four companies, well-versed in imple­
menting departmental networks for personal comput­
ers, are well on their way to implementing heteroge­
nous systems, but vendors familiar with DoD networks 
based on the TCP/IP protocol are further along in 
linking both departmental and heterogenous networks. 
Granted, each of the four vendors offers TCP/IP-com­
patible software that can act as a gateway, but a 
gateway server isn't adequate for heterogenous-system 
distributing-processing applications: It only provides a 

means of transferring data between the two kinds of 
networks. 

The TCP/IP protocol corresponds to the OSI's net­
work and transport software (as does NETBIOS), but 
users have come to expect TCP/IP software packages 
to include file-transfer, electronic-mail, terminal-emula­
tion, and other functions. You can buy TCP/IP software 
for virtually any hardware/operating-system combina­
tion (see box, "Macintoshes adapt to heterogeneous 
networks"). 

FTP Software offers TCP/IP-compatible software for 
IBM PCs and compatibles. The FTP Software TCP/IP 
package costs $400/station, and the programming li­
brary costs an additional $500. You can use the library 
to develop software for distributing applications across 
the network. Net work Research Corp and The Wollon­
gong Group also offer TCP/IP software for personal 
computers at a rate of $350/station and $395/station, 
respectively. In fact, the three companies (and other 
companies in the network industry) are also working on 
a NETBIOS interface for TCP/IP software. Such a 
product would make it possible for NETBIOS-based 
software to operate on TCP/IP networks. 

Macintoshes adapt to heterogeneous networks 
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Since its inception, the Apple 
Macintosh has included an inter­
face to the Appletalk network as 
a standard feature, but connect­
ing the Macintosh to other sys­
tems has not been so straightfor­
ward. Several companies offer 
products t hat allow IBM PCs 
and compatibles to share files 
and printers with Macintosh sys­
tems on the Appletalk network 
using Appletalk-compatible soft­
ware. Now you can also config­
ure networks that connect Unix 
systems to IBM and Apple per­
sonal computers. 

Apple offers a $399 Appletalk 
interface card for IBM PCs and 
compatibles and plans to offer 
software that will allow such 
computers to become "clients" 
on an Appletalk network. The 

Tops operating system (Tops is 
both the company's name and 
the name of its network operat­
ing system) can connect Macin­
tosh computers, IBM and com­
patible personal computers, and 
Unix systems, such as work­
stations from Sun Microsystems 
and Pyramid Computers. 

The Tops software costs $189 
for Apple or IBM PCs and $895 
to $2495 for Unix systems, based 
on the number of users. The 
software lets the different sys­
tems share files and printers. 
For IBMs and compatibles, you 
must also buy an Appletalk in­
terface card , such as the Tops 
$239 Flashcard or a card from 
Tangent Technologies (Norcross, 
GA). And to connect your Unix 
systems, you must use an 

Appletalk-to-Ethernet bridge 
such as the one that Kinetics 
(Walnut Creek, CA) offers. You 
can connect Nubus-based Macin­
tosh systems to Ethernet with a 
Kinetics board also. In a Tops­
based network, IBM PCs and 
compatibles and Unix systems 
can provide the Macintosh with 
gateways to other networks. 

Tops also offers TCP/IP soft­
ware called Tops Terminal. The 
$189 software provides a full 
TCP/IP implementation for Mac­
intosh, and allows you to connect 
the Macintosh to any computer 
in a TCP/IP-compatible network. 
You must have an Appletalk/ 
Ethernet bridge or an Ethernet 
board to use the software. 

EDN March 3, 1988 



Network Research Corp and The Wollongong Group 
offer TCP/IP software for other environments as well, 
including CAE workstations and supercomputers (Fig 
1). VAX TCP/IP software, for example, which is avail­
able from both companies, costs $6000/station and 
$8000/station, respectively. Both vendors will also ne­
gotiate source licenses so you can adapt TCP/IP soft­
ware to any system. 

In addition, you can use de facto standard software to 
add to the functionality of TCP/IP networks. For in­
stance, Sun Microsystems' NFS (network file system) 
provides transparent remote access to file systems on 
heterogeneous systems (Fig 2). Sun ships NFS with its 
workstations and also offers a version of the software 
for IBM PCs and compatibles. 

In addition, Sun has made public the NFS protocols 
and sample source code for libraries that handle remote 
procedure calls (RPCs) and external data representa-

tions. Approximately 30 computer manufacturers have 
put NFS on their systems. The file system is capable of 
running on Berkeley Unix, AT&T Unix, and DEC Ultrix 
and VMS, as well as others. Many major universities 
have adopted NFS. 

Programmers can develop distributed applications on 
NFS-based systems using the RPC facility, but the 
applications are dependent on a given network configu­
ration. Apollo Computer's recent introduction of its 
NCS (network computing system) simplifies the task of 
developing distributed applications on TCP/IP and 
other networks. 

The NCS software includes an RPC facility , a loca­
tion broker, and the NIDL (network interface definition 
language) compiler. The location broker controls a 
database of services available throughout the network. 
The RPC run-time facility allows a local program to 
make procedure calls on remote nodes in the network. 

USER-DEFINED 
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FILE REMOTE REMOTE NETWORK NRC 

HOST-TO­
BOARD 
MAILBOXES 

TRANSFER LOG-IN COMMANDS MANAGEMENT MAIL 
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INTERFACE 

t 
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PRESENTATION TERMINAL 

PROTOCOL 
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HOST APPLICATION 
---------- --- --- ---+-- --- --- ---
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XNS 

I ISO (FUTURE) I t:. PROPRIETARY j 
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SOCKET MANAGER 
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DATA LINK 
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Fig I-This TCP/JP-based network operating system from Network Research Corp runs on a variety of systems including personal 
computers, Unix-based systems, and DEC and IBM mainframes. 
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Network operating systems are available 
for personal computers) but the systems lack 
standard methods of handling interproces­
sor communications. 

The NIDL compiler generates code that allows local 
programs to call remote routines, and it generates the 
code that allows remote nodes to service those calls. 

Apollo has announced NCS ports to systems from 
Ridge Computer (Santa Clara, CA), Cray Research 
(Mendota Heights, MN) Alliant Computer Systems 
Corp (Littleton, MA), Multiflow Computer Inc (Brand­
ford, CT), Convex Computer Corp (Richardson, TX), 
DEC, Sun Microsystems, and to IBM PCs and compati­
bles. You can purchase the source code to the NCS 
software for a 1-time license fee of $1000. 

Netwise Inc has similar application-development 
tools to offer. The company calls its code-generation 
tools the PDU (protocol data unit) and the RPC. The 
PDU compiler generates procedures that translate data 
into machine- and operating-system-independent for­
mats. The RPC compiler generates source code for 
making remote procedure calls over the network. 

The vendor has begun shipping TCP/IP-based soft­
ware for systems from Cray Research, Convex Corp, 
Elxsi Ltd (San Jose, CA), Silicon Graphics Computer 
Systems (Mountain View, CA), IBM, Sun Microsys­
tems, and DEC. The price of the PDU ranges from 
$1800 for a version compatible with the IBM PC to 
$60,000 for a Cray Research version. The RPC ranges 
in price from $1500 to $48,000 for the same systems. 
Netwise plans to continue to port the software to new 
machines. In addition, you can expect to see versions of 

MAIL RCP RLOGIN ASH 
7 APPLICATION 

FTP NFS VP TELNET 

6 PRESENTATION XOR 

5 SESSION RPC 

4 TRANSPORT TCP UDP 

3 NETWORK IP (INTERNETWORK) 

2 DATA LINK ETHERNET 
POINT-TO-

POINT 

1 PHYSICAL ETHERNET 
POINT-TO-

POINT 

D SUN'S NATIVE ARCHITECTURE (SS) FUTURE ADDITIONS 

Fig 2-The application-layer NFS software (layer 7) that Sun 
Microsystems offers has become a de facto standard for file services 
among heterogeneous systems. 

the software for SNA/APPC, OSI, OS/2, and DEC's 
Decnet networks. The PDU and RPC compilers already 
generate code compatible with the ISO's stand­
ardization work. EDN 

Article Interest Q uotient (Circle One) 
High 485 Medium 486 Low 487 

Manufacturers of hardware-independent networking software 
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For more information on hardware-independent networking software products, contact the following manufacturers 
directly, circle the appropriate numbers on the information Retrieval Service card, or use EDN's Express Request 
service. 

Apollo Computer Inc FTP Software Inc Network Research Corp Tops 
330 Billerica Rd Box 150, Kendall Square Branch 2380 N Rose Ave 2560 Ninth St 
Chelmsford, MA 01824 Boston, MA 02142 Oxnard, CA 93030 Suite 220 
(617) 256-6600 (617) 864-1711 (805) 485-2700 Berk•dey, CA 94710 
TWX 710-343-6803 Circle No 653 TLX 297579 (415) 549-5900 
Circle No 650 Circle No 656 Ci rcle No 659 

Microsoft Corp 
Apple Computer Inc Box 97017 Novell Inc Western Digita l Corp 
20525 Mariani Ave Redmond, WA 98073 122 E 1700 South 2445 McCabe Way 
Cupertino, CA 95014 (206) 882-8080 Provo, UT 84601 Irvine, CA 92714 
(408) 996-1010 TLX 328945 (801) 379-5900 (714) 474-2033 
Circle No 651 Circle No 654 Circle No 657 TWX 910-595-1139 

Circle No 660 
Banyan Systems Inc Netwise Inc Sun Microsystems Inc 
115 Flanders Rd 4745 Walnut St 2550 Garcia Ave The Wollongong Group Inc 
Westboro, MA 01581 Boulder, CO 80303 Mountain View, CA 94043 1129 San Antonio Rd 
(617) 898-1000 (303) 442-8280 (415) 960-1300 Palo Alto, CA 94303 
TLX 361283 Circle No 655 TLX 287815 (415) 962-7200 
Circle No 652 Circle No 658 TWX 910-373-2085 

Circle No 661 

EDN March 3, 1988 





A leader's work is never 
done. 

No sooner do we invent 
the Programmable Gate™ 
Array and with it a whole 
new category of logic 
devices, than we're already 
outdoing ourselves. 

By adding a brand new, 
more powerful family of 
Programmable Gate Arrays, 
the 3000 series. 

What's new and 
different? 

They're faster 
and denser, 

Xilinx Programrnabl.e Gate Arrays lzaw dert.sities up t.o and including 9()()() hanest gates. 
H(JW dense can you get? f# aim t.o keep finding oul 

with more gates than 
anybody ever thought a pro­
grammable logic device 
would ever have. 

And, are you ready? 
Cheaper to use than con­
ventional gate arrays. 

Which makes them more 
ideal than ever. 

THE PROGRAMMABLE 
GATE ARRAY, IMPROVED. 

The 3000 series has a 
second generation Logic 
Cell™ Array architecture that 
turns a 40 MHz system 
clock rate. 

That's enough speed to 
run with the highest per­
formance microprocessors 
you can name. 

Of course, our patented 

Are the zebraS stripes white-on-black ar black-on-white? Shou/£i you buy the Proqrammabl.e Gate Array far its cost-(}ffectiwness, 
shart de/£loprneni cycl.e, off- the-shelf amil,abilily, ar its I 00% testability? Yes t.o both questi!Jns. 
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LOGIC DEVICE. AGAIN. 
architecture is also respon­
sible for gate counts that 
range from 1200 in the 
XC 2064 to 9000 in the 
XC3090. 

Enough density for just 
about any logic application 
you can name. 

Plus more flexibility 
in routing and gate util-

With their new architec­
ture, you'll have the speed 
you need, plus the density to 
get all your logic on one 
device. 

A device with advantages 
no other technology can 
match. 

-. 
ization than you'll know 
what to do with. ,'·· :· ·>' .. . 

THE ONLY 
LOGIC DEVICE YOU MAY 

EVER NEED. 
Like all Xilinx Pro­

grammable Gate 

.. ~ . . . ·. 

.. ~ - .·.. .. . . 
. . 

. . ·.-,, · ... · .... •. ··: · 
. . ... ···.· .. .. ; .. 

... ... 

So much less it isn't even 
funny. At least, not to them. 

We can prove it, too. 
We've prepared a study 

that lays out the cost com­
parison data in detail and, 
needless to say, we'd love 
to send you a copy. (There's 

also a nice thick data 

Arrays, our 3000 series 
offers the same advantages 
you've come to know and 
love: 

Want to see haw fast our new 3000 series i.s? Want to see it again? 

Gate array density. 
User-programmability 

with unlimited reprogram­
mability. 

No NRE or inventory 
risk. 

100% tested parts. 
Low cost gate array type 

design tools. 
And a development cycle 

that fits between paychecks. 
Our Programmable Gate 

Arrays also make it simple 
to choose a logic device. 

They simply make every 
other logic device obsolete. 

Now stop and ask your­
self, "Why should I use 
anything else?" 

Good question, isn't it? 

THE PRICE 
IS RIGHT, TOO. 

We've told you about our 
improved speed. 

And our increased 
density. 

But we've saved the best 
news for last. 

Using a Xilinx Program­
mable Gate Array costs 
!ess than using a conven­
tional gate array. 

book for those of you who 
are already true believers.) 

Just call us toll-free at 
(800) 255-7778. 

In California, ( 408) 
559-7778. Or contact your 
local Xilinx sales repre­
sentative or distributor. 

The Programmable Gate 
Array from Xilinx. It's 
everything you've ever 
wanted. Again. 

i:XILINX 
The Programmable 

Gate Array Company"' 
Xilin:r,Logi.cCellArrayXACTandProgrammahleGatearetrademarksandTh.eProgrammah/eGat.eArrayCompanyisaservicemarkofXilin:r, lnc. 

© 1987 Xilin:r, Inc., 2069 Hamiltan Aw., San Jose, CA 95125, (408) 559-7778. 
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Now you can unleash all the raw 
power of the 80386 for real-time applica­
tions. All you need is our new iRMK"' 
real-time multi-processor kernel. It's 
the lean, clean core of a full-featured 
operating system. 

112 

Its blazing speed lets you keep up 
with the most demanding applications. 
Average interrupt response time is less 
than 10 microseconds. That's incredibly 
fast. 

But more important is the iRMK 

EDN March 3, 1988 



kernel's feature set.Which includes 
interrupt management, time manage­
ment, mailboxes, semaphores, multi­
tasking, and preemptive, priority-based 
scheduling. 

And if you want more power, the 
iRMK kernel lets you use more pro­
cessors. It's the only kernel that delivers 
multiprocessing support for the MULTI­
BUS® II Message Passing Co-processor. 

Besides running fast, your application 
will also run right. Because we offer 

operating systems are solidly in touch 
with the rest of the real-time world. Our 
OpenNET"' Network connects it to VAX/ 
VMS and even PC DOS compatibles. 

REAL TIME COMPARISON 

Interrupt Development 
Latency Host Regions 

iRMK 10 µsec. PC-DOS yes 
iRMX286 13 µsec. self hosted yes 
VAXELN 33 µsec. VAXNMS no 

more reliability features than any other What's more, iRMK and iRMX are 
real-time kernel. Like user-defined easy to get started with. Because they 
objects. And priority adjusting sema- run on our industry standard family 
phores (regions) to avoid deadlock. of open system MULTIBUS hardware. 

And if your application requires Including our new 20 MHz 80386 
features beyond MULTIBUS I and II boards.We 
what a kernel can even offer complete systems 
deliver, we offer for OEMs like our new 
the iRMX®286. 80386-based System 320. 
A complete real- And we top it all off with 
time operating re-entrant co1npilers, debug-
system that runs gers, utilities, customer 
onthe80386with- training and consulting. 
out modification. All designed to make 

In addition your design task 
to basic kernel .. easier and faster. 
functions, it So why waste any 
has reprogrammability, a human inter- more time? For a real-
face and on-target development. tilne response from Intel, call our 

iRMX 286 and the iRMK kernel are toll-free number: (800) 548-4725, and 
the latest developments in an operating ask for Literature Department W-392. 
system family we've been refining We'll mail a complete information 
since real-time began for micro- packet within one working day. 
processors. Currently, there are over And you'll see how quickly time flies 
half a million CPUs running iRMX, when Intel is on your side. 
making it the most popular real-time • if' _ I® 
O/S family in the world. 1n 'e' 
MCITT:~~"~~~:~e:.~oo~~~~~~:~~~"ili-;oo .,~,.,~~-;oo 
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The worW's smallest FETs, having feature sizes smaller than 0.1 µm, undergo testing at IBM's T J Watson Research Center. 
Devices such as these minuscule transistors promise to revolutionize system design by making it possible to design /Cs 
incorporating as many as 1 billion transistors per chip. 
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PART ONE 

DErAIJE 

v~--1 
The fut:u.-e of 

5y5t:em de5ign 

Advanced ICs 
portend radical changes 

in system design 

Designing systems with the next decade)s 
increasingly complex chips will require en­
tirely new methodologies and techniques. 
This article is the first in a 5-part series 
that will explore the changes already taking 
place in system design and extrapolate those 
changes through the year 2000. 

Steven H Leibson, Regional Editor 

Electronics occupies a unique engineering niche. Next 
year's jets won't fly twice as high or use half as much 
fuel, and except for the pinstriping, next year's cars 
wo~'t differ markedly from this year's. But semiconduc­
tor technology, the driving force behind most of today's 
electronic design, rides upon a wave of ever-increasing 
capabilities. 

Today, just 40 years after the invention of the transis­
tor and 15 years after the appearance of the first 4- and 
8-bit µPs, manufacturers have found a commercially 
practical way to put 1 million transistors on a single 
chip. Some industry experts predict that by the year 
2000, engineers will be working with billion-transistor 
chips, which represent a thousandfold increase over 
today's device density. Recent achievements in creating 
extremely small semiconductor devices indicate that 
these predictions will probably come true. 
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Although shrinking transistor geometries are al­
ready making increasingly complex systems possible, 
engineers are finding that the current design methods 
can't manage the complexity of the new chips. To 
develop systems with the next decade's denser chips, 
designers will have to take a completely new approach 
to system design. 

Many forces are driving the development of greater 
and greater device densities. Data-processing applica­
tions seem to have an inexhaustiple appetite for memo­
ry and processing speed. Space and military applica­
tions continue to need devices that combine increased 
functionality and reliability with reduced size and 
power requirements. Many earthbound systems, such 
as medical equipment, require as much reliability as do 
designs intended for space, and engineers currently 
achieve this reliability by using redundant circuits. 
Faster, more complex, better, and more reliable de­
signs all require denser circuitry. 

VHSIC program drives semiconductor technology 
The Department of Defense initiated the VHSIC 

(very-high-speed IC) program in 1980 to ensure the 
ongoing development of faster, denser circuits for mili­
tary projects. Phase I of the 9-year, billion-dollar 
VHSIC program prompted contractors to perfect 
1.25-µm processes, based on optical lithography, at a 
time when 2- or 3-µm geometries were the state of the 
art. The VHSIC program requires participants to 
commercialize the technology they develop. 

Meanwhile, many semiconductor vendors that didn't 
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Fig 1-0nly 32 of the 40 available 4k-byte blocks must be good for !nova to create a fully functional 128k-byte static RAM on its S128K8 die. 
A laser isolates bad blocks in the first layer of metal interconnection before the second layer links the remaining good blocks. 

participate in the VHSIC program boosted their inter­
nally funded research on process development, in part 
to keep up with the growing capabilities of the VHSIC 
contractors. Many advanced commercial parts available 
now employ the 1.25-µm optical-lithography processes, 
which have resulted in ICs that achieve unprecedented 
heights of complexity and speed of operation. 

Some IC vendors already offer parts, such as static 
and dynamic RAMs, manufactured with these ad­
vanced optical-fabrication processes. For example, the 
S128K8 from Inova (Santa Clara, CA) is a 55-nsec, 
128k-byte static RAM that packs more than 4 million 
transistors onto one silicon die. It employs 1.2-µm 
geometries as well as redundant design to provide 
acceptable yields (Fig 1). The S128K8's design places 
40 4k-byte blocks (which Inova calls slices) on t~e chip. 
A fully operational RAM requires only 32 functional 
slices. After the company has applied the first layer of 
metal interconnection, it performs wafer testing to 
identify bad slices, and disconnects them with a laser. 
The second layer of metal joins the remaining good 
blocks into a functional device. 

Advanced process technologies benefit all ICs 
Memories are not the only electronic components to 

benefit from the advancements in semiconductor-proc­
essing technology. Both Motorola (Phoenix, AZ) and 
LSI Logic (Milpitas, CA) will start producing gate 
arrays built with 1-µm drawn geometries this year. 
The largest member of LSI Logic's LCAlOOK family of 
gate arrays, the LCA100237, contains 236,880 gates. At 
four transistors per gate, the array holds 947,520-
nearly 1 million-transistors. Motorola's HDCOOO Max 
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family of gate arrays includes the HDC105, which 
contains 104,832 gates-or more than 400,000 transis­
tors-and can operate at system frequencies exceeding 
100 MHz. 

Although the demise of optical lithography has long 
been prophesied, continual improvements allowed the 
technology to carry the semiconductor industry 
through its first 40 years. Today, optical lithography 
allows manufacturers to fabricate chips with much 
smaller geometries than many people predicted it 
would. However, the 0.7- to 0.8-µm processes used to 
build the current crop of leading-edge, commercial ICs 
have finally pushed conventional mercury-vapor lithog­
raphy to its true limits. (After all, the wavelength of 
blue light is about 0.5 µm.) To achieve geometries 
smaller than about 0. 7 µm, manufacturers must turn to 
exposure methods that employ shorter wavelengths. 

Beyond optical lithography 
In fact, the Department of Defense revamped Phase 

II of the VHSIC program by reducing the minimum 
feature size for VHSIC II chips to 0.5 µm (the pro­
gram's second phase originally specified 0.8-µm geome­
tries), thus forcing contractors to develop alternative 
lithographic techniques. Researchers are busily creat­
ing a bevy of exotic lithographic techniques for half­
micron chips. 

In conjunction with TRW (Redondo Beach, CA), 
Motorola developed a 0.5-µm CMOS process for the 
VHSIC Phase II program. The process uses direct­
write electron-beam (e-beam) lithography for two mask 
steps (Fig 2). Motorola built a lk-bit static RAM as the 
first test vehicle for this process, and ICs from the 
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Fig 2-The 0.5-µm CMOS process developed by Motorola in con­
junction with TRW for a VHSIC Phase II contract produces line 
widths as small as 0.25 µm. 

device's initial manufacturing run worked. By itself, 
Motorola's 0.5-µm process dramatically boosts the num­
ber of devices you can put on an IC. Circuit density 
increases by a factor of 14. 7, although feature sizes are 
reduced by only a factor of 2.5 in comparison with the 
feature size obtained from the 1.25-µm process (Fig 3). 

TRW plans to develop this 0.5-µm process much 
further as its part of the VHSIC Phase II contract. 
Using the 0.5-µm design rules on a piece of silicon 
measuring approximately 2x3 in. on a side will allow 
the company to build a "superchip" containing approxi­
mately 34. 7 million transistors (Fig 4). TRW says it 
will build the first superchips before 1989. 

Engineers at TRW abandoned conventional IC-de­
sign practices for the superchip project. The company 
doesn't expect to manufacture many superchips that 
have 34. 7 million perfect transistors because of the !Cs' 
extremely large size; defect densities on the raw silicon 
wafers make such an event unlikely. Instead, the com­
pany incorporated systems-level features, including ex­
tensive redundancy, in the superchip's design to cir­
cumvent defective regions on the device. Each time 
power is applied to the superchip, built-in self-test 
circuitry identifies the working modules and constructs 
a fully operational device from the properly functioning 
blocks. 

An on-chip tool box 
The superchip also carries the equivalent of tools and 

spare parts to repair itself. If a module on the superchip 
fails during operation, the self-test circuitry on the 

EDN March 3, 1988 

Fig 3-Shrinking minimum feature sizes and design rules on an IC 
from 1.25 to 0.5 µm increases circuit density by a f actor of 14. 7. 
(Photo courtesy Motorola Inc) 

device can repair the damage by switching in a spare 
block. The company estimates that the superchip's 
self-healing capabilities give the component an expected 
life span of 50 years on Earth-orbital platforms. System 
specifications and applications often change over such a 
long lifetime, and engineers can also use the superchip's 
software-configurable architecture to build systems 
that reconfigure themselves for new applications. 

Although direct-write e-beam lithography is the pro­
cess of choice for today's experiments with half-micron 
chips, most IC vendors agree that production lines for 
0.5-µm devices will probably use other lithographic 
processes. Even with the new photoresists developed 
for e-beam processes over the past few years, e-beam 
writers still take enormous amounts of time to draw the 
tiny lines on an IC. 

GCA Corp (Andover, MA) has already shipped a 
wafer stepper that uses an excimer laser as the illumi­
nation source. The wafer stepper can fabricate 0.5-µm 
circuits. Other stepper vendors are close behind GCA. 
Some IC manufacturers are considering x-ray lithog­
raphies for half-micron (and smaller) devices. Further, 
one of the goals of the Department of Defense's MMIC 
(Monolithic Microwave IC, pronounced "mimic") pro­
gram is to make ICs with 0.25-µm geometries manufac­
turable. The MMIC program is expected to bear fruit in 
the early 1990s. Semiconductor manufacturers show no 
signs of abandoning their quest for ever-smaller geome­
tries and denser !Cs. 

As research~rs continue to shrink device geometries, 
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Fig 4-Using a piece of silicon about the size of a credit card (shown 
in mock-up f orm on the right), TRW's "superchip" contains approxi­
mately 34.7 million transistors, dwarfing a conventional IC . The 
superchip incorporates redundancy and built-in self-tesUself-config­
uration circuits that allow the device to circumvent inoperative 
circuitry. 

the mathematical models describing transistor opera­
tion start to fall apart. Scientists at IBM's T J Watson 
Research Laboratory in Yorktown Heights, NY, have 
fabricated !Cs containing NMOS transistors built with 
0.07-µm geometries in an attempt to discover whether 
such small devices would operate as transistors (Fig 5). 
About 75% of the structures on the test chips were 
operational. 

Because of their tiny feature sizes, the 0.07-µm 
transistors operate from a 1 V power supply and are 
cooled by liquid nitrogen to combat thermal noise. The 
thin gate oxide-it's less than 50 A (or fewer than 20 
atoms) thick-necessitated the low power-supply volt­
age in order to prevent destruction of the oxide by high 
electric-field stresses. Although IBM's researchers de­
signed their devices for cryogenic cooling, they see no 
fundamental reason why FETs with 0.1-µm gate 
lengths can't operate at room temperature as well. 

The mathematical models for transistor operation 
suggested that devices scaled to such small geometries 
wouldn't function. However, IBM's transistors not only 
worked, but also exhibited excellent transconductance 
characteristics. The company claims that its e-beam 
lithographic process can write patterns as small as 0.02 
to 0.05 µm onto a silicon wafer. IBM continues to 
conduct research on such small structures. 

The device density in the TRW/Motorola CMOS 
process increased by a factor of 14. 7 when geometries 
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Fig 5-Built with a minimum feature size of 0.07 µm, (which is 
about 10 times smaller than the geometries of today's commercial 
!Cs), this NMOS FET developed at IBM's T J Watson Research 
Center exhibits excellent transconductance characteristics, proving 
that such small devices are indeed f easible. 

shrank from 1.25 to 0.5 µm (a linear scaling of 2.5). A 
further reduction in linear feature size from 0.5 to 0.07 
µm (a reduction of a little more than 2.52

) could there­
fore produce an additional density increase of about 216 
(14. 72). Apply that increase to the TRW superchip's 
transistor count of 34. 7 million and you arrive at a 
phenomenal 7.5 billion transistors on one 2x3-in. piece 
of silicon! 

Giga-scale integration 
So, by the end of the 90s, the combination of sub­

micron geometries, expanding silicon die size, and 
redundant IC design promise to put billions and billions 
of transistors on a chip. However, few engineers are 
thinking about such giga-scale integration (GSI) today. 
Such tremendous !Cs won't find their way into every 
system-many designers will probably make do with a 
few million transistors per chi~but you should consid­
er now how GSI will affect your designs and your 
design methods over the next decade. 

According to Mel Thomsen, associate director of 

EDN March 3, 1988 



For the first time, you can test 
your VLSI prototype design at 
real world operating speeds. 

Thoroughly and easily. Across the 
entire cycle. Without compromise. 

Topaz is a totally-integrated ASIC 
verification system that reduces 
prototype characterization and fault 
analysis time, while offering these 
exclusive advantages: 
• Full Data Formatting to 50 MHz 

-for quick measurement of set­
up times and propagation delays. 

• 256 110 Channels at Speed, 
Without Multiplexing-for max­
imum performance and flexibility. 

• Programmable Pattern Gener­
ation to 50 MHz-for initiation 
of loops, branching and data 
control . 
ASIC design requires painstaking 

accuracy. Verifying that design has 
been neither fast nor easy. The time 
available to get today's increasingly­
complex ASICs to market continues 
to contract, and the price of an 
undetected error can be incredibly 
costly. 

With Topaz, you 'll know your 
design is right, and you 'll know it 
faster. CAE- LINK™ software permits 
easy translation of simulator vectors 
into ready-to-use test vectors. And, 
our exclusive Meta-Shmoo™ soft­
ware allows you to quickly sweep 
voltages and times at 500ps incre­
ments across an entire cycle, with­
out programming . 

It acquires data with a minimum 
of effort; and its ability to do graphic 
error-bit mapping and multi-level 
triggering gives it unequalled per­
formance in failure analysis. 

Topaz is a cost-effective solution 
to today's high speed ASIC verifica­
tion needs, and the even higher 
speeds you'll require tomorrow. Call 
for complete details or your per­
sonal demonstration. 

HI====== - ___. - _, ___. -- --- -~----- ---------- --------- ---TECHNOLOGY, INC. 

18902 Bardeen , Irvine, CA 92715 
Phone: (714) 752-5215 
DIAL TOLL FREE 1-800-HILEVEL 
(In California 1-800-752-5215) 

CIRCLE 78 for Demonstration 

Circle 117 for Literature Only 



120 

Just in time 
delivery 

on over 100,000 
electronic hardware parts. 

We've been cutting our customers' inventory 
costs with "JUST IN TIME DELIVERY" for 
ten years. We stock over 80% of our items 
for immediate shipment to your scheduled 
delivery dates. Non-catalog or out-of-stock 
parts are shipped within a few weeks. 

We manufacture our own parts to 
ensure consistent high quality. When you 
need special hardware, we custom­
man"ufacture to your blueprint in any 
quantity, from small lot to high volume. 

For quality, selection, competi­
tive pricing, and "JUST IN TIME 
DELIVERY," depend on RAF. Write or 
call today for our free catalog, or a 
quotation. 

RAF 
Electronic Hardware, Inc. 
95 Silvermine Road • Seymour, CT 06483 

(203) 888-2133 • FAX (203) 888-9860 

CIRCLE NO 12 

• Virtually eliminates 
line conducted EMI 
from data lines 

• 12 dBm attenuation 
from 3 to 500 MHz 

• Frequencies 
below 100 kHz 
pass unattenuated 

• Available in 8-line 
or custom versions 

• Low cost, standard 
DIP package 

PART ONE 

DErAllE 

11~:1 
The fut u.-e of 

system design 

Dataquest's (San Jose, CA) Semiconductor Industry 
Service, 1 billion transistors on a chip will let you build 
128M bytes of RAM, 1000 DEC VAX superminicom­
puter CPUs, 20 Cray 2 supercomputer CPUs, 10 com­
plete VAX systems with memory, or %0 of a complete 
Cray 2. 

That is, you could put such systems on silicon if you 
had the proper tools. Most system designers don't have 
the tools necessary to build such incredibly complex 
!Cs. TRW uses a combination of purchased and inter­
nally developed tools for the superchip project. Because 
even a GSI-level device couldn't incorporate all of the 
circuitry of today's most complex systems, such as the 
Cray 2, it's likely that at least some future systems will 
incorporate several GSI devices. Current CAE tools 
simply can't handle systems of that complexity, and 
today's design methodologies aren't capable of address­
ing such a monumental task. In addition, the test 
philosophies currently employed by most electronics 
companies virtually guarantee that systems built from 
such sophisticated components will be untestable, as 
will the components themselves. Today's chip- and 
system-level packaging schemes seem equally unable to 
cope with GSI devices. 

All these inadequacies place electronics designers at 
a crossroads. They must choose whether to keep today's 
design methods, which will limit them to today's level of 
system complexity, or adopt new tools and technologies 
to progress to the next decade's level of system com­
plexity. Current system-design techniques just will not 
work with tomorrow's IC complexity. Companies that 
plan to design future systems with the techniques they 
use now risk being left in the dust over the next decade. 

The tools and methodologies that will allow engineers 
to create electronic systems from extremely complex 
components are already starting to appear in prototypi­
cal form. Although they're not yet ready to tackle GSI 
components or systems that incorporate them, these 
developments suggest the system-design trends of the 
1990s. The remaining articles in this series will explore 
these emerging methods, technologies, and trends. 

EON 

Reference 
1. Meindl, James D, "Chips for Advanced Computing," 

Scientific American, October 1987, pg 78. 

Article Interest Quotient (Circle One) 
High 497 Medium 498 Low 499 
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What do you need to build 
on a rough application concept? 

·' 





onents a success. 
Whether you 're building a 
visionary home-or a 
breakthrough product or 
system-getting from con­
cept to completion demands 
more than bricks and 
mortar, or metal and silicon. 

There are other compo­
nents that can make a 
critical difference in meet­
ing your market window 
on time, and on budget. 

We call them the 
components of success­
ready for immediate 
delivery from AJ&T 
The component of 
commitment: here today, 
here tomorrow. 
AJ&T is in the components 
business to stay. We have 
formed a separate unit, 
AJ&T Microelectronics, 
to bring our more than 100 
years of electronic compo­
nents experience to the 
marketplace. And, we have 
the capital, people, and 
technical savvy to meet our 
commitment to the future. 
The component of 
innovation: AT&T Bell Labs. 
Count on Bell Laboratories 
to help make your 'blue-sky' 
designs a reality. With 
everything from DSPs and 
optical data links, to custom 
designed products such as 
ASICs, multilayer boards, 
and power supplies. And 
throughout planning and 
manufacturing, count on 
AJ&T to keep your product 
up to the minute with the 
latest Bell Labs advances. 
The component of quality. 
Through our Integrated 
Quality System, Bell Labs 
engineers work with our 
quality professionals to 
meet customer-defined 
criteria. At A1&T quality is 
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our history- and our future. 
The component of 
management involvement. 
AJ&T Microelectronics gives 
you total support, right 
up to its president, Bill 
w.trwick. If our solutions 
aren't on the money, 
call him at 1201 771-2900. 
The component 
of quick response. 
With 12 plants and an exten­
sive network of design 
centers and sales offices 
worldwide, A1&T is ready to 
meet your volume demand 
for components. Ready with 
everything you need to get 
ideas off the ground and in 
the market-successfully. 

To learn why A1&T is 
more than ever the right 
choice, just give us a call. 

DIAL 1800 372-2447 

AT&T Microelectronics 
Major Product Lines: 
AS!Cs 
Digital Signal Processors 
Communication !Cs 
32-bit Microprocessors 

and Peripherals 
Solid State Relays 
Multilayer Circuit Boards 
HI Cs 
Optical Data Links 
Fiber Optic Components 
Power Products 
Transformers and Inductors 
Wound Film Capacitors 

Q 1987 A'Jl!<T 

-

AT&T 
The right choice. 
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We've mixed analog 
with digital to help you 
make it small in ASIC. 

NATIONAL INTRODUCES 
OP AMP, COMPARATOR, 
ANALOG SWITCH, AND 

BAND GAP REFERENCE CELLS 
DESIGNED ID CUT YOUR 

ANALOG REAL ESTATE 
DOWN TO SIZE 

Now you can bring the fin est in 
analog perfo rmance right into th e 
heart o f your digital cell -based 
design . 

Because now, th e people who 
wrote the book on linear offer you 
industry-standard function s in 
analog cells. 

With all the quality and reliability 
you've come to expect from ational. 
Plus all the design and high-yield 
manufacturing expertise it takes to 
ensure you get the cells you need 
when you need them. 

EIGHTCELLSYOUCAN 
BUILD ON 

Our cell library now includes 
three general-purpose op amp cells, 
based on o ur popular LM324, witl1 
gain bandwidths ranging from .75 
MHz to3MI-lz. 

We've also developed the A021 
andA022 Comparato rs, which fea­
ture two different input common 
mode ranges. Both cells are similar 
in performance to o ur industry­
standard LM339. 

Our A241 Analog Switch is 
designed to handle signal voltages 
equal to , or less than ,VDD while 
exhibiting a lower on-resistance than 

<!:> 1988 National Semiconductor Corporation 
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NATIONAL'S CELL LIBRARY 
INCLUDES: 

Op Amps 
• Wide input common mode ( 0.3Y to 

VDD - 1.5Y) 

• Up to 3 MHz gain bandwidth product 

Analog Comparators 
• High input common mode range ( l.5V 

toVDD - 0.5Y) 

• Low input common mode range ( 0.3Y 
toVDD - 1.5V) 

• Less than 70nS response time 

Voltage Reference 
• 2.5Y Band Gap Reference 

• Tempco under 100 ppm/ ° C 

Analog Switch 
• Analog signal range OY to YOO 
• Low on-resistance 100 ohms 

All are available in military, commercia4 
and industrial temperature ranges and 
in a variety of high-density surface­
mount packages. 

most switches in o ur AH50XX, LM, 
or LF families. 

As you'd expect, we've also added 
a 2.SVVoltage Reference, plus resis­
tors.And all our analog cells oper­
ate at the standard 5V 

PROVEN CELLS YOU CAN 
WORK WITH 

We're already working with digital 
ASIC designers who need basic 
analog functions without making 
basic analog trade-offs in size, weight 
and performance. 

One major automo tive sub ­
system manufacturer, for example, 
is currently testing o ur op amp and 
comparator cells in a revolutionary 
anti-skid braking system under 
severe environmental conditions. 

CIRCLE NO 110 

Wherever there's a need for mixed 
digital and analog solutio ns that 
improve efficiency and reliability by 
eliminating bulky, power-hungry 
multi-chip configurations, there's a 
need for analog cells from National. 

FUTURE CELLS YOU CAN 
COUNT ON 

All o ur analog cells are fabricated 
in o ur proprietary M2CMOS process. 
Which guarantees you three impor­
tant competitive advantages: out­
standing low-power performance, 
noncopyable functional imple­
mentatio n, and a steady stream of 
other proven ational analog prod­
ucts into o ur cell library 

The result? Your decision to go 
with National's analog solutions will 
continue to pay off long after the 
decision is made. 

CELL EXPERfS YOU CAN 
TALK ID 

We can show you how a little 
analog functionality can make a big 
difference in your digital ASIC 
design. For details, call o ur Applica­
tions Hotline at (408) 721-6247, 
or write: 
National Semiconductor 
ASIC Solutions 
M/ S23-200 
PO. Box 58090 
Santa Clara, CA 95052-8090 

~National 
~ Semiconductor 
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Real-Time In 
No Time. 

883Bs Now Available! Call 617-667-8700 

CIRCLE NO 97 

Our HS 1068 ADC combines a 
flash converter with all the 
necessary analog support 
circuitry into one unit so that 
you can access real-time 
capabilities insttlntly. 

f 1ash converters broke through the time barrier 
in AID conversion. Now, Hybrid Systems shatters 
the barriers to fast, convenient flash converter 
integration. 

Our HS 1068 takes an industry-standard flash 
converter; adds a voltage reference, input buffer, 
and tri-state output; and places them all on one 
hybrid that's actually smaller than a package con­
taining a flash converter alone. Yet the HS 1068 
offers all these features : 

• 20MHz minimum sampling rate 
• No spurious codes-7MHz, 13MHz typ. 
• No missing codes-to lOMHz typ. 
• Aperture jitter of 60ps. 
• Aperture error of lLSB at 20MHz input-

no sample/hold required for input frequencies 
lower than IOMHz. 

• Signal-to-noise ratio of 46dB-true 8-bits 
• 100 % dynamic testing 

FFT of HS 1068 at An • 2.234MIU Fs - 20MKz 

- 10 

- 201--++----+--+---+---
- 30 

~ 
' 

i 
~ - SO 

- 60 --+-+--+--s 

Most important, you can integrate the HS 1068 
into your applications in no time ... no kidding. 

With full MIL-STD-1772 Certification , Hybrid 
Systems can process the HS 1068 to the most 
stringent military and commercial specifications, 
including MIL-STD-883C. 

The Hybrid Systems HS 1068: for video 
digitizing, radar, EW systems, high speed signal 
processing and all other applications that demand 
real-time AID conversion, it 's a component whose 
time has come. 

For more information , call or write us today. 
22 Linnell Circle, Billerica, MA 01821 617-667-8700 

Ci ~V Hybrid Systems 
'111 LA...A. Division 
~par=# -
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2M-byte diskettes 
need special tests 

for quality control 

The bit density of 2M-byte diskettes is 
near the theoretical limit for longitudinal 
recording methods. Careful quality-control 
testing is therefore critical to error-free use 
of these diskettes in computer systems. 

Jerome L Hartke, Media Sciences Inc 

The floppy-disk drives supplied with IBM PS/2 and 
similar computers provide storage capacity of 2M bytes 
(1.44M bytes formatted) on 31h-in. diskettes at a densi­
ty of 17,000 bpi. At this density, which is not far below 
the theoretical limit for longitudinal recording on co­
balt/ferric oxide media, certain performance character­
istics have become critical. Thus, the quality-control 
departments of manufacturers and large-volume users 
need to develop effective methods of testing the disk­
ettes in order to ensure error-free operation of the 
computers that use them. 

Noise-a generic property of diskette subsystems-­
is classed as either random or systematic. Random 
noise originates mainly in the low-level electronics of 
the drive and competes with data signals recovered by 
the read/write head. At lower densities, standard de­
sign techniques yield adequate signal-to-noise (S/N) 
ratios. However, to provide a resolution of 17,000 bpi, 
the magnetic medium has to be very thin , and the 
read/write heads must have very small head gaps. 
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These requirements reduce the amplitude of both the 
recorded signal and the recovered signal. 

The problem is aggravated by the systematic (non­
random) noise produced by unavoidable minor imper­
fections in the disks' very thin magnetic coatings, and 
by further variations in thickness produced in the 
coating and burnishing operations. In double-density 
diskettes, these variations are unimportant, because 
they are only a very small fraction of the coating 
thickness. In high-density diskettes, however, these 
variations produce a significant amount of noise. The 
SIN ratios and bit-error rates of high-density diskettes 
are therefore not as good as those of the double-density 
(720k bytes, formatted) diskette subsystems of the 
PC/ AT and compatible machines. 

Test standardization is urgently needed 
You can specify (and measure) noise in three different 

ways: as broadband analog noise, narrowband analog 
noise, and digital noise. However, there are no standard 
test methods, nor is there a standard reference materi­
al relating to the noise testing of diskette subsystems. 

To ensure adequate performance of high-density sub­
systems, both users and manufacturers must agree on 
specifications and methods for noise testing. These 
specifications and methods will have to take into ac­
count not only the type of noise to be checked, but 
several other factors that can affect the test results. 

For example, the drive used for testing is critical. A 
drive with a poor high-frequency response can mask the 
effects of noise. Also, the use of factory-preset write 
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Variations in coating thickness are unim­
portant in standard diskettes but become a 
significant source of noise in high-density 
diskettes. 

currents for the drive, instead of the ANSI-specified 
test recording current, can yield misleading test re­
sults, as well as cause test-interpretation problems. 
Confusion occurs because of the difficulty of correlating 
actual results to those expected with the ANSI-speci­
fied write current. The drive's head compliance can also 
influence results, because this compliance is a measure 
of how well the head and the medium "marry." Incor­
rect head pressure can cause poor compliance and thus 
yield incorrect and misleading test results. 

Broadband analog noise 
Broadband analog noise is the summation of all noise 

sources within the bandwidth of the drive electronics. 
You can specify noise either as an rms value or as a 
peak-to-peak value. The peak-to-peak value is the more 
meaningful one for diskette testing, because you nor­
mally sample the data at the peaks of the analog output 
signals from the read/write head. 

You can readily measure this value with any commer­
cially available tester that embodies a peak-to-peak 
detector. A good approach is to measure the broadband 
noise averaged over an entire track that has been 
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Fig I-Noise characteristics of 2M-byte diskettes closely approach 
the ANSI-specified limit, whereas 1 M-byte diskettes provide a greater 
safety margin. 
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erased by de. You'd then fill the same track with data 
and measure the average value of the recovered signal. 
For this measurement, you'd normally use track 79, 
which has the highest bit density and the lowest signal 
amplitude. The ratio of the two values provides a 
convenient figure of merit for the diskette. 

Another approach to broadband-noise testing is the 
"extra-bit" test, for which there is an ANSI specifica­
tion. You normally perform this test on every track to 
detect physical or magnetic anomalies, but it also 
happens to be an effective noise test. 

To perform the test, you first write to a track at 
maximum bit density and measure the amplitude of the 
recovered signal. You then de-erase the track and probe 
each bit location to find the highest residual signal. 
Because this measurement senses the worst area on 
each track, the resulting noise values are usually higher 
than broadband-noise values that represent an average 
over the entire track. 

The proposed ANSI diskette specifications allow 
residuals, or extra-bit levels, as large as 20% of the 
previously recorded signal. You'll see from Fig 1, 
however, that although residual levels on double-densi­
ty diskettes seldom exceed IO% of the previous signal, 
noise associated with the new high-density diskettes 
consistently does, and it occasionally reaches a value 
between I5 and I8% of the previous signal-very close 
to the proposed limit. 

Narrowband analog noise 
Narrow band analog noise is defined as the total 

amount of noise present in a narrow, controlled fre­
quency range that is centered upon a particular fre­
quency. One test of narrowband noise, for which an 
ANSI specification exists, is the overwrite test. 

To perform this test, you first write a minimum­
density, I25-kHz signal (called a IF data pattern) on 
track 00 (the outermost track), and then measure the 
amplitude of the recovered signal. Without erasing, you 
then write a maximum-density, 250-kHz signal (called a 
2F data pattern) onto the same track. Then you mea­
sure the amplitude of the residual IF signal, using a 
narrowband filter to reject the much larger 2F signal 
now present. The overwrite value is the ratio of the 
residual IF signal amplitude to the initial value of that 
signal (before you write the 2F pattern). 

You can use this same technique to measure narrow­
band noise. You first write a IF pattern and measure its 
amplitude. Then you de-erase the track and, using the 
same narrowband filter as for the overwrite test, 
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Fig 2-The slight jogs in extra-bit and broadband noise levels that 
occur between tracks 43 and 44 are related to internal changes in the 
bandwidth of the drive electronics. 

measure the residual level of the lF frequency. The 
ratio of the residual lF noise to the initial lF signal 
level provides a relative measure of diskette or drive 
performance. This ratio is independent of the band­
width limitations of amplitude detectors and extra-bit 
detectors in the test equipment, and is also independent 
of the characteristics of any lowpass filters in the test 
system. 

Digital noise 
Digital errors consist of data pulses from the diskette 

that are displaced from the expected center of the bit 
cell. In the timing or phase-error specification, the 
amount of the displacement is expressed as a percent­
age of the full data window. For a 2M-byte, high­
density diskette, the bit cell is 2 µsec wide, and the 
data window extends ±500 nsec from the center of the 
cell. Thus, a disk pulse that is displaced 500 nsec from 
the cell center constitutes a 100% window or phase 
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error. Because the digital data pulses are related to the 
peaks in the analog waveform generated by the read/ 
write head, amplitude noise distorts the waveform and 
changes the position of the peaks within the cell. You 
can see, therefore, that analog and digital noise are 
interrelated. 

Another type of digital error results from the interac­
tion of the densely packed magnetic flux changes on the 
diskette. These interactions also modify the analog 
waveform and give rise to the effect known as peak 
shift. Adjustments to the drive could exactly compen­
sate for peak shift if the magnetic properties of the 
diskette were perfectly uniform and if the interaction 
with the drive were consistent. However, because nei­
ther of these ideals can be realized in practice, the jitter 
resulting from peak-shift effects leads to phase errors. 

Although either phase-noise or peak-shift testing is 
possible, peak-shift testing provides only a track-aver­
age value. Phase-error testing, on the other hand, 
detects the worst error on each track and is therefore 
more effective. 

Although no standards yet exist, two test methods 
are in current use. One of these is the phase-error test. 
You perform this on each track by first filling the track 
with a 2F worst-case, 16-bit pattern consisting of the 
hexadecimal digits B6DB (binary 1011 0110 1101 1011 
1011 0110 1101 1011 ... etc). The pairs of ls ensure 
that as many bit locations as possible are tested; the 
occurrence of an extra 1 at every fifth pair averages out 
the effects of any asymmetry in the head windings. 
After writing the pattern, you read the track and 
capture the largest phase error for display as a percent­
age of the 500-nsec window. You can think of this 
phase-error test as a digital equivalent of the extra-bit 
analog test. 

The second test method is the phase-margin test. 
Again, you write a 2F worst-case, B6DB test pattern 
over the entire track. You then measure the bit-error 
rates that result from varying the width of the data 
window. If you plot error rate vs window size, both the 
threshold and shape of the curve can provide valuable 
information. 

Practical applications of the tests 
The method you choose for digital-noise testing will 

largely depend on your goals. If you want to test 100% 
of the diskettes in each outgoing (or incoming) batch, 
the phase-error method is probably preferable. It is 
fast enough to test every track and is adequate for 
initial qualification of the diskettes. To perform a more 
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Both users and vendors must agree on spec­
ifications and methods for noise testing of 
high-density diskettes. 

rigorous test on selected samples, you can use phase­
margin testing, which provides results that directly 
correlate with system performance. It is time consum­
ing, however-it can take more than an hour to test all 
160 tracks of a high-density disk. You'd therefore prob­
ably test only track 79 of your samples (the innermost 
track, which is most vulnerable to errors of all kinds). 

Media Sciences Inc conducted tests of high-density 
diskettes manufactured by Fuji, Kao, Maxell, Sony, 
TDK, and Verbatim, using the Media Logic Model 2000 
Evaluation System in conjunction with three different 
high-density drives: the Sony MP-F73W-OOD, the Sony 
MP-F73W-01D, and the Teac FD-35HFN-22. Except 
where noted, use of either the factory-preset value of 
write current, or the ANSI Test Recording Current, 
yielded comparable results. 

Although the tests revealed differences among drives 
and among diskettes from the sources mentioned above, 
these differences were often less than the variations 
between different samples from the same vendor. Con­
sequently, the results that follow reflect the average 
level of performance that is now available. If you wish 
to rank diskette vendors, you should take into account 
not only the performance of evaluation samples, but 
also the spread, or distribution in performance, of each 
vendor's products when delivered in quantity. 

Analog noise performance 
Fig 2 shows the typical analog-noise performance of 

the products tested. Track 79 is clearly the proper track 
for worst-case noise tests. Fig 2 also shows that 
extra-bit noise levels are higher than broadband-noise 
levels, because of the differences in detector band­
widths noted above. Narrowband-noise levels are the 
lowest, because the test uses a filter with a bandwidth 
of 6.5 kHz centered on 125 kHz. Overwrite is negligible 
compared to extra-bit and broadband noise. 

Even though they cover different bandwidths, extra­
bit, broadband, and narrowband tests all measure the 
same noise source. You would, therefore, expect the 
results of the three tests to differ only by scaling 
factors. The correlation displayed in Fig 3 verifies this 
assumption and establishes any one of the three tests as 
valid, provided that the bandwidth is properly con­
trolled. 

Narrowband analog noise measurements are the 
most readily controllable, because the bandpass filter is 
an integral part of the Model 2000 Evaluation System 
and is unaffected by changes in drive bandwidth. For 
this reason, the narrowband noise test is an effective 
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Fig 3--Results of narrowband and broadband analog noise tests 
correlate to extra-bit tests , but you must tightly control test band­
widths if this correlation is to be predictable. 

track-79 test for quality-assurance or media-evaluation 
purposes. It is, however, too time consuming to be 
economically feasible as a production test on all tracks. 
On the other hand, extra-bit tests are already a part of 
production certification and can also serve as a noise 
test if the system bandwidth is at least 300 kHz. 

Digital noise performance 
Fig 4 shows the results of phase-error tests for 

digital noise, and Fig 5 shows the phase-margin tests. 
You'll see that in both cases, the results depend on the 
write current, which, because it influences peak shift, 
also affects phase delay. 

Both of these digital-noise test methods are valuable 
in a laboratory for accurately assessing error risk. The 
phase-margin test is particularly useful because it pre­
dicts error risk in a readily understandable format. A 
phase-error test on all tracks is potentially valuable as a 
100%-inspection test, if the need for a high level of user 
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Fig 4-Digital phase-error noise is greatest on track 79. The step 
between tracks 43 and 44 is caused by internal bandwidth changes in 
the drive electronics. 

confidence justifies the time and cost. 
The noise values reported here reflect the current 

industry average rather than the permissible limits. 
They do, however, constitute a basis on which to build a 
suite of generally agreed-upon noise specifications and 
test methods for high-density diskettes. Proposed in­
dustry specifications embody a 20% (maximum) limit 
for extra-bit errors. This limit would serve as an 
effective noise specification ifit were supplemented by a 
specification of the bandwidth to be used for the test. 
Further, a narrowband, track-79 noise specification 
would be a valuable addition to the existing specifica­
tions for amplitude, resolution, overwrite, and modula­
tion parameters. 

Phase-error and phase-margin tests conducted at the 
ANSI Test Recording Current are important to both 
quality-assurance and vendor-qualification programs, 
but you'll have to negotiate the precise specifications for 
each individual case, pending the issuance of a badly 
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needed industry-wide standard. The appearance of 
such a standard, coupled with the availability of suita­
bly equipped production certifiers, would support 100% 
phase-error testing and would significantly enhance 
user confidence in high-density diskettes. 

What's to come 

Diskette technology is clearly moving in the direction 
of greater storage capacity, and the specification and 
measurement of noise will become even more important 
for future products. The means by which we'll economi­
cally achieve greater capacity is still unclear, but sever­
al different approaches are in their experimental phase, 
and some show commercial promise. 

The linear bit densities of 17, 000 or more bits per inch 
currently employed in high-density, 31/z-in. diskettes is 
near the theoretical limit for longitudinal recording on 
cobalt-doped ferric oxide particles. Vertical-recording 
techniques have successfully increased bi~ densities , 
but practical difficulties and cost considerations have 
not allowed vertical recording to progress much beyond 
the laboratory environment. 

Two approaches to increasing diskette capacity, how­
ever, show promise. One is to increase track density 
beyond the current value of 135 tpi, and the other is to 
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Phase-mar.gin testing prwides results that 
directly correlate with system performance. 
It is also time consuming. 

use new magnetic media that permit linear bit densities 
as great as 51,000 bpi. To increase track density, a 
closed-loop servo system for head positioning is a neces­
sity. One popular technique is to define each track on 
the disk by means of a prerecorded pattern. This 
method requires users to purchase disks on which the 
servo patterns have been written by the manufacturer 
or bulk vendor. 

Iomega was a pioneer of this embedded-servo tech­
nique with its Bernoulli Box. The Bernoulli effect is the 
creation of a partial vacuum between head and disk. 
This vacuum, caused by the high-speed rotation of the 
disk, is strong enough to pull the head close to the disk, 
while leaving a cushion of air between them that 
prevents damage. !omega's present 20M-byte (unfor­
matted) product stores data at a density of 21,000 bpi; a 
plastic shell encloses the 5%-in. diskette, which spins at 
1800 rpm. 

Eastman Kodak and Data Technology Corp have 
jointly announced 12M-byte drives and diskettes. Em­
bedded-servo techniques achieve 333 tpi on the 5%-in., 
cobalt ferric oxide diskette. The diskette spins within a 
hard plastic case at approximately 600 rpm-lower than 
the speed at which the Bernoulli effect occurs. A 
variable-speed drive maintains the 22,000-bpi recording 
bit density almost constantly over all tracks. 

Konica's !OM-byte product also uses a closed-loop 
servo system to achieve a track density of 480 tpi. The 
Konica diskettes have a soft jacket and operate at 
densities less than 18,000 bpi. NEC has announced a 
31h-in., 6M-byte flexible diskette that uses a servo 
sampling system. 

Manufacturers are also using new magnetic materials 
such as barium ferrite and metal powders. Toshiba 
offers a 3112-in., 4M-byte diskette and drive using bari­
um ferrite to achieve a density of 35,000 bpi. Sony 
recently unveiled a 2-in., 2M-byte disk and drive that 
employ metal powders to achieve densities as great as 
51,000 bpi. Neither the Toshiba nor the Sony product 
requires closed-loop servos, but the Sony product, 
derived from that vendor's still-frame video project, 
spins the diskette at 3600 rpm to use the Bernoulli 
effect. 

New techniques can't eliminate noise 
However successful new techniques may be in cram­

ming more data into less space, noise will always be the 
principal limiting factor. Thus, the search for ways to 
reduce its effects is going on in parallel with the search 
for ways to increase data density. 
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Eastman Kodak has used one promising approach to 
noise reduction in its 47-mm still-frame video system. It 
uses nonlinear pre-emphasis to boost higher-frequency 
and lower-amplitude signals during recording. Play­
back de-emphasis then returns these signals to their 
original state and, in the process, suppresses playback 
noise. Similar but less sophisticated techniques (such as 
Dolby and dbx) have been used for many years in the 
audio and broadcast industries. 

Although the success of new products and technolog­
ies will depend just as much upon cost and multiple 
sourcing as on the technical factors relating to reliabili­
ty and high performance, noise is clearly an emerging 
reliability criterion. Standardized methods for its speci­
fication and measurement must evolve, not only for 
today's 2M-byte diskettes, but also for tomorrow's 
products. EDN 
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Single-chip µCs 
solve problems in 

• pattern generation 

In many applications) the single-chip µC 
pruvides a viable alternative to the tradi­
tional solutions for pattern-generation 
problems. The equipment required to apply 
µCs is inexpensive) and the development 
cycle for custom pattern generators is short 
-an attractive combination. 

Chris Ghormley, ITT Federal Electric Corp 

By using nothing more than one IC and some input 
switches, you can develop circuits that provide highly 
functional simulation capabilities. Moreover, you can 
readily simulate missing portions of a system and 
thereby validate a design's performance. Although the 
following design examples might seem rather special­
ized, the operational principles involved are general 
enough to allow you to apply them in the solution of a 
number of pattern-generation problems. 

The rationale for using a µC 
The µC, readily available and low in cost, allows you 

to quickly design simulator instrumentation that you 
can adapt to specific applications merely by making 
program alterations. The simulation instruments fea­
ture simple designs and low component counts, so they 
are highly portable and draw little power. In fact, you 
can often power them from the circuit under test. 
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Although µCs can't handle fast signals, they do 
accommodate low-kilohertz signals. When speed is not 
the primary criterion, the µC can produce patterns 
that are not only useful but interactive. By employing 
simple input-control devices (such as DIP switches), 
you can use the µC to generate patterns from selected 
tables or to compute new patterns that depend on 
switch-selected input parameters. Of course, the input 
to the µC-based simulator can come from other sources, 
such as a host µP system. This host-µP capability 
allows you to invoke high-level commands for a distrib­
uted-processing-type pattern-generation application 
that requires multiple microcomputers. 

Several manufacturers produce prototype or small­
production-run types of single-chip µCs that incorpo­
rate EPROM instead of the masked ROM used in 
high-volume µC applications. Some of these units in­
clude piggyback sockets to accommodate an external 
EPROM; others, such as the Motorola 68705P3, incor­
porate the reprogrammable memory on the same die as 
the µC itself. Today, a number oflow-cost development 
tools (ranging from simulator/debuggers to cross­
assemblers) are available for the 6805 µC family. 

So much for why you should use a µC-based simula­
tor. It's time to look at some examples of how you can 
use the µC. 

Positioning an object 
The flexible control structures of single-chip µCs 

allow you to easily program the devices to generate 
cyclic-type patterns. Optical-encoder simulation is one 
example of an application that can take advantage of 
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When speed is not the primary design cri­
terion) the µC can produce patterns that 
are both useful and interactive. 

this pattern-generation capability. Many systems in a 
wide variety of industries use incremental optical en­
coders to determine the position and velocity of physical 
objects. For example, these encoding devices might 
measure a conveyor's belt speed or they might be part 
of a closed-loop control system for a robotic arm. 

When you're developing a physically large system in 
the lab, you can manipulate a real encoding device to 
simulate the portion of the system that uses the optical 
encoder. If you use this brute-force type of simulation, 
however, it is difficult to accurately simulate a precise 
velocity or to cause the encoder to rotate through an 
exact number of revolutions. This shortcoming can 
cause problems when you have to generate precise 
patterns to ensure that the detector/demodulator por-

tion of the system is immune to false detection and 
responds to phase reversals correctly. 

Well-logging instrumentation trucks illustrate an ap­
plication requiring a simulator that provides precise 
pattern generation. These trucks use optical encoders 
to totalize the amount of cable payout and to measure 
the direction and velocity of the cable's movement. The 
simulator must produce two differential digital signals 
in quadrature at a rate of 600 cycles/ft of wire-line 
displacement. 

Fig la illustrates one implementation of an encoder 
simulator. The phase relationship between the two 
output signals (Fig lb) contains direction information; 
the velocity is directly proportional to the frequency of 
the waveforms. The circuit generates waveforms 
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having frequencies as high as 6 kHz and provides 11 
discrete speeds whose accuracy is better than 0.5%. 
The circuit provides this performance by using the 
onboard counter/timer to generate phase-transition in­
terrupts. ·Most µCs incorporate some type of counter/ 
timer that's useful for generating such rate-critical 
patterns. 

Offers multiple operating modes 
The circuit provides both continuous and pulse oper­

ating modes. The continuous operating mode maintains 
speed very accurately and allows you to introduce phase 
reversals by simply changing the state of the direction 
switch. The pulse operating mode allows you to gener­
ate a precise number of bidirectional pulses-perfor­
mance that's analogous to rotating the shaft of an 
optical encoder exactly n times. The circuit's totalizer 
output makes it easy to test the decoding system's 
displacement accuracy. There's a very compelling ra­
tionale for using the µC-based simulator in this pattern­
generation application-it offers a quick, straightfor­
ward firmware solution in place of a potentially 
time-consuming, multichip hardware design. 

Couple a µC with a UART and you'll wind up with a 
very powerful serial-data simulator (Fig 2). The µC in 
this circuit operates in two modes. In one mode, it 
analyzes the data-frames output from a jet-engine's 
control unit; in the second mode, the µC uses four 
integral test patterns to simulate the same control unit. 
In the analysis mode, five indicators can display format 
characteristics and signal conditions. 

If you select a µC that has onboard serial-communica­
tions capability (like the MC68701), you can implement 
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CONTROL 

BAUD 
CLOCK 

RECEIVER/TRANSMITTER 
DIFFERENTIAL 

AC1A 
(UART) CONTROi. 

4-7 

this circuit without using the UART. Units that incor­
porate peripheral functions, such as a full 8-bit UART 
or a multichannel 8-bit AID converter, just increase the 
applicability of the single-chip µC to specialized pat­
tern-generation problems. 

A single-chip µC's capability doesn't stop with serial­
type pattern generation. Such a µC can also be quite 
useful in other applications. 

Some cases require parallel-type data patterns; two 
good examples are simulation of the discrete outputs of 
an instrumented high-power amplifier and the genera­
tion of test vectors for programmable logic circuits. 
Many such applications do not require at-speed pattern­
generation. Fig 3 illustrates a µC-based circuit that 
simulates a bus master for a Motorola 110 Channel bus. 
Because the 110 Channel is an asynchronous bus, the 
network can serve as a functional, although slow, bus 
master. 

Fig 3's circuit can perform diagnostics on as many as 
four peripherals in a single test session. The 
MC68705G2 µC incorporates four 110 pins that can sink 
enough current to drive LED displays directly. This 
drive capability permits the convenient display of diag­
nostic information without requiring the use of addi­
tional hardware. By using a low-cost µC to exercise the 
bus for burn-in and peripheral testing on the production 
line, you avoid the need to dedicate expensive VME 
CPU cards to such tasks. 

Parallel data-stream simulation is another application 
that's well suited for the µC . You can, for example, 
replace the front end of a data-acquisition system with 
a µC that uses look-up tables containing typical or 
test-pattern data. This type of simulator is especially 
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Fig 2-The µC in this serial-data simulator operates in two rrwdes. In one, it analyzes the data frames outJYUtfrom a jet-engine control unit. 
Jn the second rrwde, the µ.C generates four test patterns to simulate the same unit. 
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A µC)s capability doesn)t stop with serial­
type pattern generation-the µC can also 
be quite useful in other applications. 

useful when the data-acquisition system is measuring a 
random-type quantity-a situation often encountered 
in the measurement of differential pulse-height spectra 
in nuclear-instrumentation tools. In such cases, you can 
quantify the system's functionality and accuracy by 
substituting fixed patterns for the random data to track 
data flow from the AID converters to the final log. 

As an example of such data-acquisition applications, 
Fig 4 shows how a µC-based simulator can replace two 
AID converters in a spectral Litho-Density tool. Here, 
the data itself (rather than the relative speed of acquisi­
tion) is the important factor for test and development 
purposes. The simulator provides six different switch­
selectable parallel data patterns that you can select by 
using a DIP switch. Each pattern is designed to high-

light a particular fault in the data-processing circuitry. 
You can use code to generate four of the outputs 

because the patterns are quite simple; you must use 
data tables to generate the remaining two patterns. 
The LED indicates the completion of a frame of data for 
any given pattern. For applications involving short 
periods of data collection, the LED's off time allows an 
operator to merely count a few frames of simulation. 
The circuit lets you connect a totalizer to document 
longer periods of data collection. This design is very 
simple, takes little time to fabricate, and is most useful 
in the laboratory. After circuit development is com­
plete, you can employ this simulator in the manufactur­
ing department for use in production-line troubleshoot­
ing and quality control. 
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In many cases) you can readily move your 
µC-based simulator tool from the develop­
ment lab to the production floor. 
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Fig 4-When intrinsic data is the important factor, rather than the relative speed of acquisition, µC-based simulators can be especially 
useful. This circuit illustrates how you can use a µCw replace two AID converters in a spectral litho-density tool. 

In high-speed applications, pattern generators, such 
as Hewlett-Packard's 8175A or the 9100 system from 
Tektronix, may provide the most effective solution for 
design analysis. Both instruments are excellent tools 
that can produce very fast data rates for demanding 
applications. Unfortunately, this type of equipment is 
not available in many laboratories. 

Couple an IBM PC (or a compatible computer) with a 
parallel I/O card and provide some programming, and 
you have an excellent pattern-generator/analyzer tool 
that's especially useful when you have to graphically 
display high-speed data. If the project cannot bear the 
programming costs, several reasonably priced, menu­
driven pattern generators are available for the PC; 
these generators are easy to configure. If this option is 
still too expensive, you can design an all-hardware 
system to generate high-speed patterns. The all-hard­
ware design usually has a moderate parts count; unfor­
tunately, it may also consume much of your design 
time, especially when system data rates approach 25 
MHz. EDN 
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(Ed Note: US readers may obtain pogram listings for 
an optical encoder simulator and a spectrum simulator 
by sending a self-addressed, stamped envelope ($0.39 
postage) to Software Listings Editor, EDN, 275 Wash­
ington St, Newton, MA 02158). 

Author's biography 
Chris Ghormley is a senior engineer at 
ITT Federal Electric Corp (Vanden­
berg Air Force Base, CA), where he 
designs µP-based control systems for 
high-power command transmitters. In 
his spare time, Chris enjoys building 
and flying radio-controlled model air­
craft. 

Article Interest Quotient (Circle One) 
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Then call Hall-Mark, your hi-rel source of Texas Instruments military /Cs. 

With one call to Hall-Mark . you can put 
Texas Instruments' broad line of military and hi-rel ICs to 
work - on the double. Tl has one of the industry's 
broadest hi-rel product lines. More than 800 functions. 
And the most complete screening capabilities. 

Tl's military processing flows include JAN-B, 
JAN-S, and MIL-STD-883C (Class B) . You can choose from 
more than t90 new DESC military-drawing devices. And 
your ceramic package options range from DIPs, PGAs and 
flat placks to leaded and leadless chip carriers. 

Tl's military logic families range from TTL 
and 54S to LS, ALS, AS, HC, and HCT. Even 54F. Program­
mable logic: standard and high-performance IMPACTT" 
PAL® devices. Linear and interface: bipolar and LinCMosrn 
op amps, comparators and timers. A/D converters, too. 

Call one of Hall-Mark's 33 locations today 
for a quote. and we'll put Tl's broad family of military ICS to 
work for you. We're committed to your success. 

Plus high-voltage BIDFETT" drivers for EL and plasma 
displays. MOS memories: NMOS DRAMS and CMOS 
EPROMs. VLSI devices: VLSI 320-family DSPs. The VLSI 
AS888 bit-slice family. And the military-bred SBP9989 and 
SBR9000 uPs. 
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These High-Rel SRAMs offer you all these benefits: 
• 100 ns access time at 25°C 
• Low standby current: I mA typical 
• Full Mil temperature range 
• 32Kx8 organization 
• 28 Terminal DIL Package 
• Screened to Mil-Std-883 Class B.* So they're perfect for 

use in a wide range of military systems. And, as you'd 
expect from the leaders in High-Rel CMOS, we have a 
full line ofSRAMs, including 64K (8Kx8) and 16K(2Kx8). 

Tops in Rad-Hard RAMs, too. 
If you need rad-hardness, remember that we offer lK, 4K 

and 16K CMOS/ SOS RAMs as well. 
Our Rad Hard 16Kxl CMOS/ SOS RAM has an access 

time of 125 ns at 25°C and is available for immediate delivery 
to Class S type specifications. 

CMOS/ SOS is the ideal technology for rad-hard applica­
tions because: 

• It's latch-up free under transient radiation 
• It's highly tolerant to single-event upset caused by radia-

tion (typically2xl0-9 errors/ bit/day) 
• It has total dose tolerance from IOOK RADs to "MEGARAD." 

We know, because we invented CMOS/ SOS. 
So whatever your needs in SRAMs, aim high, and call the 

Top Guns today. For additional information, call toll-free 
800-443-7364, extension 20. Or contact 
your local GE Solid State sales office or 
distributor. *Rev. C. Parnb'rnph 1.2.2 

GE Solid State 
GE/ RCA/ lntersil Semiconductors 
These three leading brands are now one lead1ng-€dge company. 
Together, we have the resources-and the commitment-
to help you conquer new worlds. 

In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291 ; Munich, (89) 63813--0. 
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Modula-2's design 
simplifies programming 

and compilation 
Designing a computer language is punctu­
ated by a series of tradeoffs and compro­
mises. In designing Modula-2) Niklaus 
Wirth has achieved a better set of tradeoffs 
and compromises than has any other lan­
guage designer. 

Brian Anderson, Vancouver Community College 

Modula-2 gives you the same ease of programming and 
readability as Pascal, all of the power of C, most of the 
power of Ada, and more consistent syntax than any of 
them. Whether you're working on large applications 
programs, operating systems and utilities, or embed­
ded microcomputer controllers, Modula-2 can easily 
provide the facilities that you need. 

A persistent myth haunts the computer industry: the 
belief that it is possible to design a computer language 
that is all things to all people. Ada is one product of this 
myth-its designers have added so many fancy features 
to the language that compiler construction is difficult, 
validation is even more so, and gaining a good command 
of the whole language is virtually impossible. 

The magic of Modula-2 is that it encompasses most of 
the strengths of Ada without overburdening either the 
programmer or the computer system. Modula-2 is a 
small language with a consistent yet elegant structure. 
Because it has facilities for creating separate compila-
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tion units (modules) and also has good low-level and 
multitasking capabilities, you can use the language to 
handle a remarkably diverse set of problems with 
relative ease. 

Develop a taste of Modula-2 
Developing a program written in Modula-2 is a bit 

like designing a complex electronic system, say for the 
VME Bus, from several simpler circuit boards. You'd 
like, where possible, to use off-the-shelf VME circuit 
boards because they are cost effective-they need no 
development time and are already well debugged. Al­
though, in special cases, you might have to design your 
own VME board from scratch, a large part of the 
hardware-design effort involves choosing and integrat­
ing existing circuit boards. In the same way, you build 
every Modula-2 program from one or more modules, of 
which there are four kinds: definition and implementa­
tion modules (which together make up a global module); 
program modules; and local modules. 

The global module is like the sample hardware circuit 
board; it can come already designed and debugged by 
the compiler supplier (or other third party), or you can 
create your own specialized modules. A global module 
comes in two parts: the definition module and the 
implementation module. The definition module is like a 
specification sheet-it describes exactly what the mod­
ule does, and it may also define the data on which the 
module operates. It contains no code. The implementa­
tion module does the work; it contains the code, and it 
may contain additional data definitions. The compiler 
will detect inconsistencies between the definition and 
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Modula-2 gives you the readability of Pas­
cal1 the power of C1 and more consistent 
syntax than either of them. 

implementation modules, and will not compile any 
implementation that does not adhere to the specifica­
tions given in the definition module. 

The other two kinds of building blocks are program 
modules and local modules. Every Modula-2 program is 
a program module. The hardware analogy would be the 
mother board in your electronic system. IMPORT 
statements "plug" global modules into your program 
module. Each global and program module must reside 
in a separate file so that it can be separately compiled. 

A local module, on the other hand, has most of the 
same characteristics as a global module, but doesn't 
reside in a separate file; instead, it's embedded into 
either a program or implementation module. The clos­
est hardware analogy to the local module would be a 
daughter board; and, like daughter boards, local mod­
ules are of limited use. 

A simple example will suffice 
The program module in Listing 1 follows Kernighan 

and Ritchie's example: It displays "Hello, World!" on 
the standard output device (usually a video screen) and 
then halts. The keyword MODULE identifies this as a 
program module, with the programmer-chosen name 
Hello (which must be repeated at the end of the 
module). The IMPORT statement accesses a global 
module called InOut, which provides rudimentary con­
sole and file input/output functions in a portable, stand­
ardized manner. Wirth originally described the InOut 
module, and it comes as part of all Modula-2 systems. 

Understanding the design philosophy helps 
Modula-2 has only 40 keywords; consequently, it's 

easy to learn. The syntax borrows heavily from Pascal, 
but is much more consistent and often more elegant. 
The core language contains no input/output functions of 
any kind, but delegates that task to individual global 
modules. Wirth included language features in Modula-2 
that make ad hoc language extensions virtually unnec­
essary, because a properly designed global module can 
easily provide any facility that you may desire-the 
language itself remains intact. 

The only real impediment to software portability is 
some variation between the libraries of global modules 
provided by different compiler vendors. This concern is 
minor; I developed a 68000 crossassembler on a Z80 
Modula-2 system (see Dr. Dobb's Journal , April, May, 
and June 1986), and was then able to adapt the crossas­
sembler to two new environments (MS-DOS and Atari­
ST) in only a few days. 
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LISTING 1- EXAMPLE OF A PROGRAM MODULE 

MODULE Hello; 

FROM InOut IMPORT 
WriteString, WriteLn; 

BEGIN 
WriteString ("Hello, World!"); WriteLn; 

END Hello. 

Every Modula-2 compiler comes with a library of 
precompiled global modules, mainly for input/output, 
common mathematical, file-management, data-conver­
sion, and other system functions. The kernel of this 
library consists of several modules that Wirth postu­
lated in his book describing the language; the other 
modules may vary from compiler to compiler. Several 
international groups are now cooperating to establish a 
standard library, however. 

An example of how to create a global module will be 
helpful at this point. Assume that you require a module 
to compute geometric functions-the volume of a 
sphere, the area of a square, etc. The definition module 
will specify the functions that you need. You should 
write this part of the global module first; actually, the 
compiler won't allow you to compile the implementation 
module unless you've successfully compiled the defini­
tion module. 

The structure of the definition module (Listing 2) is 
very similar to that of the program module (Listing 1), 
but it has two distinguishing characteristics: the use of 
the keyword DEFINITION and the lack of executable 
statements. The definition module merely specifies to 
the compiler (and to the programmer) just what func­
tions the module will perform. Each procedure heading 
indicates first what parameters the function will use, 
and then what type of value the function will return. 
The compiler will insist that the corresponding proce­
dure in the implementation module adhere to this 
specification. Although the comment line-enclosed by 
(* and *)-has no meaning to the compiler, it ought to 
help you understand just what the associated function 
does. 

Notice that, unlike Pascal, Modula-2 does not use the 
keyword FUNCTION. If the procedure is to return a 
value, that value's type follows the parenthesized pa­
rameter list. The EXPORT statement specifies which 
procedures or data will be available for use by other 
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modules. The latest Modula-2 definition has dropped 
this redundant feature and automatically exports 
everything in the definition module; however, many 
compilers still require an explicit export statement. 

Before the module can do any useful work, you must 
write the implementation part (Listing 3). The struc­
ture of the implementation module mirrors that of the 
definition module, except that it uses the keyword 
IMPLEMENTATION and includes executable state­
ments. Notice that the definition and implementation 
modules must have the same name; they reside in two 
different files that both carry the module name, but 
have different file extensions (in this example, the files 
are GEOMETRY.DEF and GEOMETRY.MOD). 

Inside the implementation module 
The Geometry module, though simple, introduces all 

of the important features of a global module. Although 
it would be possible to use a constant declaration for pi, 
calculating pi will illustrate the use of import lists and 
provide an introduction to a module body (or initializa­
tion). 

The body of an implementation module (between 
BEGIN and END) is executed only once, before the 
main program begins execution-you could say that the 
compiler causes it to start automatically. If there are 
several global modules, the body of each is executed in 
an order determined by the compiler. The module's 
body is often referred to as the initialization part, 
because it establishes the starting conditions for the 
module-in this example, setting the value of pi. To 

calculate pi, the Geometry module needs the arctan­
function PROCEDURE, which therefore has to be 
imported from the math library (MathLibO). This li­
brary also contains other trigonometric and logarithmic 
functions, as well as functions to convert real numbers 
to and from integers. 

One major role of modules is to encapsulate proce­
dures and variables. Variables declared within the 
module (like pi) are static-that is, they exist as long as 
the program is running. Their value does not change 
between invocations of the procedures within the 
module. 

Modules also provide visibility walls. Objects defined 
within a module are not available outside that module 
unless they are exported, as was done in the definition 
module. Similarly, no external objects are available 
inside the module unless they are imported (as arctan 
was imported into the implementation module). 

This visibility wall solves two problems associated 
with large software projects. First, it decreases the 
likelihood of name clashes (accidentally using the same 
name in two different contexts), because the scope of 
each module is separate. Second, a wall makes it 
impossible for another programmer to deliberately use 
your data in some way that you never intended. If an 
object (procedure or data) is not exported, it cannot be 
used outside the module in which it is defined. If you 
happen to use the same name in two different modules, 
the compiler will keep the associated objects separate. 

It's possible to export a data type without revealing 
any details of its nature; such types are declared 

LISTING 2-EXAMPLE OF A DEFINITION MODULE 
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DEFINITION MODULE Geometry; 

EXPORT QUALIFIED 
AreaSquare, AreaCircle, VolumeCube, VolumeSphere; 

PROCEDURE AreaSquare (side : REAL) : REAL; 
(* Given length of a side, return the area of a square *) 

PROCEDURE AreaCircle (radius : REAL) : REAL; 
(* Given the radius, returns the area of a circle *) 

PROCEDURE VolumeCube (side : REAL) : REAL; 
(* Given length of side, return volume of a cube *) 

PROCEDURE VolumeSphere (radius : REAL) : REAL; 
(* Given radius, return volume of a sphere *) 

END Geometry. 
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Modula-2 encompasses most of the 
strengths of Ada without uverburdening ei­
ther the programmer or the computer 
system. 

OPAQUE, and the process is called opaque export. You 
can create variables of this type in another module, and 
pass them as parameters, but you can only use these 
variables with the procedures exported from the mod­
ule where the type was defined. A common example of 
an opaque export is the FILE type, which is usually 
implemented as an FCB (file control block). You'll need 
to refer to the FCB when you want to open, read, or 
write to the file, but you don't need to know the FCB's 
internal structure. Opaque export ensures that you 
can't unwittingly corrupt the components of the FCB. 

though they are usually embedded into program or 
implementation modules, they may even be embedded 
into procedures. I have found little use for this feature, 
but will present the classic application-a random­
number generator. This example is from the Hochstras­
ser compiler manual. 

Local modules act much like global (library) modules, 
except that they don't reside in a separate file. Al-

A random-number generator processes a seed to 
generate the pseudorandom number that it will return. 
This pseudorandom number then becomes (or is used to 
derive) a new seed. You should be able to guarantee 
that the seed will not be altered by other procedures 
within your program, and that the seed will continue to 
exist between invocations of the random-number gener-
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LISTING 3-EXAMPLE OF AN IMPLEMENTATION MODULE 

IMPLEMENTATION MODULE Geometry; 

FROM MathLibO I MPORT 
arctan; 

VAR 
pi : REAL; 

PROCEDURE AreaSquare (side : REAL) : REAL; 
(* Given length of a side, return the area of a square *) 

BEGIN 
RETURN (side* side); 

END AreaSquare; 

PROCEDURE AreaCircle (radius : REAL) : REAL; 
(* Given the radius, returns the area of a circle * ) 

BEGIN 
RETURN (pi* radius* radius) ; 

END AreaCircle; 

PROCEDURE VolumeCube (side : REAL) : REAL; 
(* Given length of side, return volume of a cube * ) 

BEGIN 
RETURN (side* side* side); 

END VolumeCube; 

PROCEDURE VolumeSphere (radiu s : REAL) : REAL; 
(* Given radius, return volume of a sphere *) 

BEGIN 
RETURN (4. 0 I 3.0 * pi * radius * radius * radius); 

END VolumeSphere; 

BEGIN (* module initialization *) 
pi : = 4. 0 * arc tan ( 1. 0) ; 

END Geometry. 

EDN March 3, 1988 



ator. A local variable in a procedure will hide the seed 
from other procedures, but its value becomes undefined 
when the procedure finishes executing. A global varia­
ble retains its value, but other procedures may inad­
vertently change it. However, because the module's 
structure defines the lifetime of variables independent­
ly of their scope, a local module can give the seed an 
ongoing lifetime but a scope that is limited to the 
module. 

The initialization part (Listing 4) sets the value of 
the seed before the main program starts executing. 
Because the variable rand is declared outside the 
Random procedure, it isn't a local variable. Variables 
declared in local modules are just like other global 
variables, except that they are not available outside the 
module unless there is an explicit export statement. In 
this example, the EXPORT statement gives you access 
only to the procedure that returns the next pseudo­
random number in the sequence; there is no way that 
you can alter the seed, which remains hidden within the 
local module. 

Data types extend the language 
As you would expect, all of the data types available in 

Pascal are also available in Modula-2, including INTE­
GER, CHAR, and BOOLEAN, along with data-struc­
turing facilities such as ARRAY, RECORD, SET, and 
POINTER types. Modula-2 also includes some new data 

types that extend the language in several ways. For 
example, there is an unsigned-integer data type called 
CARDINAL. More important, however, are the new 
types that allow low-level access to the computer hard­
ware. Besides these new data types, Modula-2 provides 
many additional facilities for manipulating these types. 

The BITSET type allows you to treat the contents of 
a memory location as a collection of bits, and is a small 
but significant extension to Pascal's set facility. The 
Modula-2 syntax for sets (and BITSET) more closely 
follows standard mathematical notation: For a 16-bit 
computer, a BITSET with the least significant bit 
(LSB) and most significant bit (MSB) set to 1 would be 
expressed as 15, 0. You can alter BITSETs by means of 
the standard procedures INCL and EXCL. INCL (b, 5) 
sets bit 5 of the BITSET b; EXCL (s, 3) clears bit 3 of 

SET UNION {15, 1, O} + {14, 2, 1} - {15, 14, 2, 1, O} 

SET DIFFERENCE {3, 2, 1, OJ - {OJ -{3. 2, 1J 

SET INTERSECTION {15, 1, OJ {14, 2, 1J - 111 

SYMMETRIC {15, 1, OJ {14, 2 , 1J -{15, 14, 2, OJ 
SET DIFFERENCE 

Fig J-Modula-2 allows you to perform logical operations on 
individual bits of a computer word, a feature that can make low-level 
access to the hardware much easier than in Pascal. 

LISTING 4-EXAMPLE OF A LOCAL MODULE 

MODULE Main 

MODULE RandomNumberGenerator; 
EXPORT Random; 

(* Local to Main * ) 
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VAR 
rand : CARDINAL; 

PROCEDURE Random() 
CONST 

BEGIN 

inc = 7227; 
rng = 1 71 7; 

CARDINAL; 

(* Increment *) 
(* Range *) 

rand : = (rand + inc) mod rng; 
RETURN rand; 

END Random; 
BEGIN (* Module Initialization *) 

rand := 123 4 ; (* seed *) 
END RandomNumberGenerator; 

BEGIN (* Main Program *) 
(* use random number generator *) 

END Main. 
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You build every Modula-2 program from 
four kinds of modules called definitwn) im­
plementatwn) program) and local modules. 

the BITSETs. BITSETs can be manipulated by Boole­
an operators, characterized in Modula-2 as set union 
(OR), set difference (mask), set intersection (AND), 
and symmetric set difference (XOR). Fig 1 shows an 
example of each of these operations. 

integer variable i as a collection of bits, which you can 
then set or test in subsequent statements. 

The utility of BITSETs is further enhanced because 
Modula-2 allows the relaxation of the usual type check­
ing by way of so-called type-transfer functions. Type 
transfers force the compiler to interpret data in a 
different way. The statement BITSET (i) interprets the 

Every Modula-2 compiler includes a module named 
SYSTEM that specifies any low-level, hardware-depen­
dent features. Two examples of such hardware-depen­
dent features are the ADDRESS and WORD types, 
which let you define the number of bits in a memory 
address and the width of a computer word, respec­
tively. 

All Modula-2 compilers have some basic definitions in 
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An annotated Modula-2 bibliography 
There's no dearth of books on 
Modula-2; indeed, if you're a 
newcomer to the language, you'll 
find too many to make an easy 
choice. The following list distin­
guishes the reference works 
from the tutorials and may help 
you to find the book that best 
suits your purpose. All the books 
listed assume some previous pro­
gramming experience, which is 
unfortunate, because Modula-2 is 
an excellent first programming 
language. You should be able to 
find most of these books in any 
bookstore that has a respectable 
computer section. 

Wirth, Niklaus, Programming 
in Modu/,a-2, second and third 
editions, Springer-Verlag, New 
York, NY. This authoritative 
language definition, includes 
good coverage of programming 
generally and Modula-2 specifi­
cally. It also contains many use­
ful example programs. This book 
is a must for everyone who is 
serious about learning Modula-2. 
The index is poor. The third edi­
tion covers revisions and clarifi­
cations to the original language, 
but is otherwise identical to the 
second edition. Many commercial 
compilers have not implemented 
the third-edition changes, or 

have implemented only some. 
Kaplan, Ian, and Mike Miller, 

Moduw-2 Programming, Hay­
den Book Co, Hasbrouck 
Heights, NJ. This beginner's 
text is probably the easiest book 
from which to learn the lan­
guage. All the basics are cov­
ered; advanced topics such as 
multiprocessing, low-level facili­
ties, and advanced programming 
concepts are omitted. 

Knepley, Ed, and Robert 
Platt, Modula-2 Programming, 
Reston Publishing Co, Reston, 
VA. This introduction to Modula-
2 is intended for the experienced 
programmer and lacks the step­
by-step approach needed by 
those new to programming. The 
topical organization is fairly 
good, and the coverage is bal­
anced. It uses a simple word 
processor as an extended 
example. 

Ogilvie, John W L, Modula-2 
Programming, McGraw-Hill, 
New York, NY. This excellent 
introduction to Modula-2 for the 
experienced programmer covers 
all aspects of the language, in­
cluding the clarifications, 
changes, and extensions from 
the third edition of Wirth's 
book. It contains many exam-

pies, and it has five appendixes, 
a glossary, and an index. 

Gleaves, Richard, Modu/,a-2 
for Pascal Programmers, 
Springer-Verlag, New York, NY. 
This book is short, well organ­
ized, and lives up to its title 
quite well. All new concepts are 
explained with the aid of exam­
ples. It is based on Volition Sys­
tem's compilers (which I believe 
are now sold by Pecan), and it 
contains a fair index. 

Sale, Arthur, Modula-2 Disci­
pline & Design, Addison-Wesley, 
Reading, MA. This solid text­
book approach to learning 
Modula-2 from scratch is a fairly 
thorough and even treatment of 
all aspects of the language and 
includes a description of several 
compilers. It stresses program 
design through step-wise refine­
ment, formal correctness proofs, 
and the analysis of language 
construct semantics. 

Kaare Christian, A Gume to 
Modul,a-2, Springer-Verlag, New 
York, NY. This is the best book 
on Modula-2 for programmers 
with a reasonable amount of ex­
perience with Pascal or C. The 
author provides many insights 
into the power of the language 
through useful examples. The 
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the SYSTEM module. In addition, the language defini­
tion allows compiler implementors to put additional 
machine-specific features in the module, such as gaining 
direct access to the CPU registers. Another candidate 
for the SYSTEM module would be a CODE procedure 
that allows in-line machine code; the preferred ap­
proach to integrating assembly language routines, how­
ever, is to use the standard assembler and then link the 
resulting object modules in the program module. 

tees portability problems. However, if you want direct 
access to the hardware, you usually have no other 
option. You should restrict your use of such non portable 
features to one module of your program, and then 
clearly label that module as machine specific. 

Modula-2 includes all of Pascal's loop and decision 
constructs, but with a more consistent syntax. 
WHILE, REPEAT, and FOR allow loops to be termi­
nated at the top or bottom only; a new LOOP state­
ment, with an optional EXIT, allows infinite loops as Using the facilities of the SYSTEM module guaran-

book covers all aspects of the 
language, including systems pro­
gramming and hardware. 

Ford, Gary A, and Richard S 
Wiener, Modula-2-A Software 
Development Approach, John 
Wiley & Sons, New York, NY. 
This book takes a more rigorous 
approach than many of the vol­
umes listed above, and empha­
sizes software engineering. It 
provides very good coverage of 
the entire language and includes 
many useful examples. 

Schildt, Herb, Advanced 
Modula-2, Osborne/McGraw­
Hill, New York, NY. There is 
nothing particularly advanced 
about this book. This volume re­
ally is, in fact, a good collection 
of standard algorithms cast in 
Modula-2 code. It includes sort­
ing/searching, queues/stacks/ 
lists/trees, and simple statistics. 

Ward, Terry A, Advanced 
Programming Techniques in 
Modula-2, Scott, Foresman and 
Co, Glenview, IL. This is a col­
lection of code fragments (with 
text) taken from several maga­
zines. It contains several exten­
sive bibliographies, and it also 
describes the complete Modula-2 
syntax through a series of lists 
and tables. 
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Wirth, Niklaus, Algorithms & 
Data Structures, Prentice-Hall 
Inc, Englewood Cliffs, NJ. This 
is Wirth's famous 
Algorithms+ Data 
Structures=Programs, re-cast in 
Modula-2. The coverage of 
standard algorithms includes 
searching/sorting, re<;ursion, 
queues/stacks/lists/trees, and 
hashing. Besides presenting and 
explaining the code, it often 
gives detailed mathematical anal­
yses and results of empirical 
tests. Although Wirth has up­
dated some sections based on re­
cent discoveries, I feel this book 
is worthwhile only if you don't 
have his earlier (Pascal-based) 
volume. 

Sincovec, Richard F, and 
Richard S Wiener, Data Struc­
tures Using Modula-2, John 
Wiley & Sons, New York, NY. 
Although this book seems to 
mirror Wirth's book (see above), 
the emphasis is very different; 
these authors look at real appli­
cations of the algorithms. For 
example, polynomial arithmetic 
and sparse matrices are devel­
oped as examples of linked list 
applications. Under stacks and 
queues, you'll find an example of 
adaptive numerical integration 

using the trapezoid method and 
Simpson's method. 

Wiener, Richard, and Richard 
Sincovec, Software Engineering 
with Modula-2 and Ada, John 
Wiley & Sons, New York, NY. 
This book isn't on Modula-2 and 
therefore doesn't cover the lan­
guage itself, but it does give ex­
cellent insights into using 
Modula-2 on large programming 
projects. The book presents its 
main topics (software engineer­
ing, specification, design, style, 
methodology, and testing) in the 
context of Modula-2 and Ada. A 
simple spelling checker serves as 
a programming example. 

Pomberger, Gustav, Software 
Engineering and Modula-2, 
Prentice-Hall International, En­
glewood Cliffs, NJ. Although 
this book covers the complete 
Modula-2 language (including a 
descriptive chapter and reprint­
ing Wirth's Modula-2 report), its 
main focus is software design. 
Some of its topics include choos­
ing a language, the software life 
cycle, modular programming and 
team-software development, and 
project management. It's a well­
organized and thorough presen­
tation. 
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Modula-2 is a small language that con­
tains only 40 keywords; consequently, it's 
easy to learn. 

well as loops that terminate in the middle. Listing 5 
shows an example of each type of loop. Note that 
Modula-2 does not use the keyword BEGIN in these 
loops; however, the END statement is always required 
(whether there is one statement or many in the loop). 

In Modula-2, the IF-THEN-ELSE statement also 
has an optional ELSIF part, which prevents multiple 
ELSE IF statements from marching off the right side 
of the page. Again, these constructs don't use BEGIN 
but do require END statements. The Modula-2 CASE 
statement, too, includes an ELSE part-something 
that standard Pascal lacked. Listing 6 shows examples 
of these constructs. 

When students start to program in Pascal, one of the 
first things they learn is that a semicolon separates one 
statement from the next. Nevertheless, they often have 
trouble determining what constitutes a statement. Stu­
dents have come up with variations of the following in a 
nonfunctioning program when they dutifully put a 
semicolon between each "statement": 

IF <condition> THEN; 
BEGIN 
<some statements> 
END; 

Of course, the statements are always executed (regard­
less of the condition), because the semicolon after the 
THEN terminates the IF statement. This problem 
could not occur in Modula-2, because only an END can 
terminate an IF statement. In the example below, the 
compiler interprets the semicolon as just another (null) 
statement and ignores it. 

IF <condition> THEN; 
<some statements> 
END; 

Summing up Modula-2's salient features 
Modula-2 has many desirable characteristics, of 

which the most important is the ability to decompose a 
problem into separately compilable modules. The lan­
guage provides strict control over data typing and 
access to data items. Furthermore, the compiler pro­
vides cross-module checking (a feature not available in 
C or Fortran) to ensure that each module passes the 
correct number and type of parameters to the next 
module. And finally, Modula-2 provides the flexible 
access to hardware often needed for systems program­
ming and for embedded-controller applications. 

Before buying a compiler, you'll want to know some­
thing about the products available. The remainder of 

LISTING 5-EXAMPLES OF LOOP STRUCTURES 
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WHILE x > epsilon DO 
x := x - y[i]; 
INC (i); (*built in function replaces i := i + 1 *) 

END; 

REPEAT 
x := x * factor; 

UNTIL x >= y; 

FOR i := 20 TO 0 BY -1 DO 
x(i] := 0.0; 

END; 

LOOP 

(* If BY omitted, assumes 1 *) 

Readint (x); (* Read an I nteger from Console * ) 
IF x < 0 THEN 

EXIT; 
END; 
sum := sum + x; 

END; 
(*could also use INC (sum, x); *) 
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this article consists of some observations that I have 
gradually collected as I tried to choose the best systems 
to work with-they do not constitute a detailed review 
of the available microcomputer implementations of 
Modula-2. For books about Modula-2, refer to the box, 
"An annotated Modula-2 bibliography." 

You'll find three classes of Modula-2 compilers. The 
first class is based on the original 4-pass compiler, 
which Wirth's group at ETH (Eidgenossische Tech­
nische Hochschule, Zurich, Switzerland) developed. 
This compiler was first implemented on the PDP-11, 
and later on Lilith and many other microcomputers. 
The 4-pass compilers are very reliable and produc;e very 
good code; they are, however, a bit slow. 

The second class is based on Wirth's 1-pass compiler, 
also from ETH. Naturally, these compilers are faster, 
but some compromises were necessary to allow compila­
tion in one pass over the source code (for example, you 
need FORWARD declarations for mutually recursive 
procedures). The original 1-pass compiler was· imple­
mented on Lilith (Wirth's bit-slice microcomputer). It 
was fast, compact, and produced tight code. Moving 
this design to other computers has not always been 
wholly successful; for instance, when ETH ported it to 
the 68000, the object code of the compiler increased 
from 26,050 bytes to 83,450 bytes, and execution times 
were proportionately longer. Although Wirth con­
cluded that the 68000 architecture is ill-suited to run­
ning compilers, it may be that the 1-pass compiler is too 
heavily dependent on the special features of the Lilith. 

The third class includes what can only be described 
as "everything else." The majority of commercial com­
pilers are ports of one of the ETH designs; however, a 

LISTING 6-IF ... THEN ... ELSE STRUCTURE 

IF x = y THEN 
done := TRUE; 

ELSIF x = 0 THEN 
underflow := TRUE; 

ELSE 
x := x * delta; 

END; 

CASE code OF 
1 Process; 
2 Repeat; 
3 Abort; 

ELSE 

Error; 
END; 
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few companies have elected to design their compilers 
independently. It's impossible to generalize about 
these. 

A compiler should adhere completely to the language 
definition (Programming in Modula-2, by Niklaus 
Wirth, second or third edition). Wirth did provide for 
extensions in two ways: extra library modules and 
extensions to the internal pseudomodule, SYSTEM. 

· You shouldn't tolerate other extensions because of their 
adverse effect on portability. A compiler should also 
produce code that is compact and executes quickly. It's 
an added bonus if the compiler itself is also fast. The 
compiler manual should provide a description of the 
language as implemented, as well as a description of all 
library modules that come with the system. Table 1 
contains a summary of evaluations (including a Sieve 
benchmark) based on the previous criteria. 

Compilers for the IBM PC 
The MS-DOS compiler from Logitech Inc (Redwood 

City, CA) is a solid implementation of the ETH 4-pass 
compiler. Even the stripped-down version for $89 is 
very complete. For a few dollars more, you can have 
useful utilities and 8087 support. The Logitech compiler 
produces reasonably good code and seems to be essen­
tially bug free. The package includes one of the best 
programming editors that I have used-it is fast and 
has all of the features that programmers need. The 
manual is well organized and complete, but the index is 
poor. The Logitech compiler is the best one in its class. 

The company has recently released the third version 
of this compiler, which brings it into line with Wirth's 
third-edition changes. A further enhancement is an 
intelligent linker, which links in only those procedures 
that are referenced (not a complete library). This 
feature should reduce the size of executable files. Un­
fortunately, Logitech did not respond to my request for 
a review copy, so I cannot judge how successful the 
changes are. However, the Logitech compiler has al­
ways been a solid product, and there is no reason to 
believe that the latest version would be anything less. 

Modula Corp's (Provo, UT) port of Wirth's 1-pass 
compiler is a disappointment to me. Although this 
MS-DOS compiler is fast (linking is fast, too), the 
generated code size is at least 50% larger than that of 
the Logitech product. Being a new product, this compil­
er contains a few bugs-after one week of use, I 
uncovered a bug that Modula Corp hadn't seen before. 
The accompanying manual is excellent. If you're in a 
hurry and don't mind the $300 price tag, buy this 
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All of the data types available in Pascal 
are also available in Modula-2) along with 
some new data types for low-level access to 
the computer hardware. 

compiler; if you want the best results (smallest code and 
fastest execution) at a reasonable price, choose 
Logitech. 

The Modula-2 Software Development System 
(M2SDS) from Interface Technologies (Houston, TX) is 
a complete MS-DOS programming environment, in­
cluding clock, calculator, ASCII chart, editor, compil­
er, linker, and other utilities. M2SDS includes a syntax­
directed editor, which responds only to special control 
codes: If you want a FOR loop, type Alt-F; if you want a 
PROCEDURE call, type Alt-P (and then fill in the 
blanks). If you're an experienced programmer or a good 
touch typist, you probably won't want this system-the 
syntax-directed editor is just too restrictive. For the 
beginner, however, it's perfect. 

The editor acts as the first compiler pass. The compil­
er and linker are fast and produce tight code which, 
however, may execute very slowly. The Sieve runs very 
quickly (second fastest of all MS-DOS compilers), but a 
program to strip the high bit from all characters of a 
Wordstar file took 10 times longer than the same 

program compiled by the Logitech compiler. (I suspect 
that Interface Technologies isn't making proper use of 
buffering, but rather is calling the operating system on 
each read/write request.) 

The fatest release has corrected many of the bugs 
from which earlier versions suffered; nevertheless, the 
system often crashed when I used the back-tab key to 
move through the source text. I haven't seen the latest 
manual because it was being revised and reprinted 
when the company sent me the new evaluation disks. 
The original manual was fairly good, but could benefit 
from a better index and some reorganization. 

The 2-pass MS-DOS compiler from Farbware (Wil­
mette, IL) implements the complete Modula-2 lan­
guage, with some nice extensions. The compiler is 
reasonably fast (faster than Logitech's, but slower than 
Modula Corp's or Interface Technologies'), but several 
problems make this package unacceptable. First, the 
manual is incomplete (half of it is on disk) and not well 
organized. Second, the system uses the DOS linker, 
which means that you have to specify all object files. I 

TABLE 1-MODULA-2 COMPILER SUMMARY 
IMPLEMENTS SUPPLIES EXECUTION CODE COMPILE AND 

STANDARD STANDARD SPEED SIZE LINK SPEED 
LANGUAGE LIBRARY (SIEVE) (SEC) (SIEVE) (SIEVE) (SEC) 

LOGITECH YES YES 20 13k 50 
MODULA YES YES 23 19k 10 
CORP 

INTERFACE YES NO 18 10k 23 
TECHNOLOGIES 

FARBWARE N01 N06 42 26k 35 

FTL (MS·DOS) NQ4 NOS 9 5k 11 

HOCHSTRASSER N02 NO• 16 5k 114 

TURBO N03 NOS 9 10k 30 

FTL(CP/M) N04 NO• 15 10k 47 

TOI YES YES 6 6k 130 

MAC METH N05 YES 8 24k 19 

NOTES: 
1. INCLUDES SEVERAL EXTRA DATA TYPES. 
2. OMITS SUPPORT FOR PROCESSES AND INTERRUPTS (SUPPLIED VIA NONSTANDARD MODULES). 
3. USES AUTOMATIC REGISTER VARIABLES TO SPEED EXECUTION-PREVENTS STANDARD ADR PROCEDURE FROM BEING USED ON 

SIMPLE VARIABLES. 
4. INCLUDES SEVERAL DUBIOUS EXTENSIONS; OMITS SUPPORT FOR PROCESSES AND INTERRUPTS (SUPPLIED VIA NONSTANDARD 

MODULES). OMITS MONITORS. 
5. ALTERS OR OMITS SOME LOW-LEVEL FACILITIES. 
6. DUE MOSTLY TO NONSTANDARD FILE MODULES. 

STANDARD LANGUAGE MEANS NO EXTENSIONS OR OMISSIONS THAT DO NOT CONFORM TO WIRTH. THE STANDARD DOES PERMIT EXTEN­
SIONS TO THE SYSTEM MODULE. 

STANDARD LIBRARY TO INCLUDE AT LEAST TERMINAL, INOUT, FILESYSTEM, AND MATHLIBO AS DEFINED BY WIRTH. 
HARDWARE: IBM PC/XT WITH 20M-BYTE HARD-DISK DRIVE. 

Z80 S100 WITH 1.2M-BYTE 8-IN. FLOPPY-DISK DRIVES. 
ATARI 520-ST WITH 800k-BYTE 3.5-IN. FLOPPY-DISK DRIVES. 
MAC PLUS WITH 800k-BYTE 3.5-IN. FLOPPY-DISK DRIVES. 

~ 

~i 
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NOW YOU CAN DRIVE 
OUR SUBCOMPACTS. 

Seagate's family of 3112" hard disc drives. 

As computers 
grow smaller, 
the demand for high-quality 
drives grows larger. But if you're 
looking for 31/211 drives for your 
small computer systems, you 
don't have a lot to choose from. 

Except at Seagate. 
We off er six 3 1/z'' drives with 21, 

32 and 48 MB formatted capacities. 
You also have a choi ce of interfaces: 
SCSI or ST412 with RLL or MFM encoding. 
All with 28 msec access time. 

Our 3 1/211 drives use Seagate's field-proven, 
proprietary stepper motors to achieve fast access 
times normally found only with more expensive 
voice coil actuators. 

Seagate's 3 1/ 211 

drives are not only fast 
- they're power savers, 

using as little as 8 watts. 
And for added data integrity, 

the drives feature autopark with 
a balanced positioner. 
All of Seagate's 3 1/2

11 dri ves are 
built with the precision and quality that 

have made us the world's lead ing inde­
pendent manufacturer of 5 1/ 4

11 full-height 
and half-he ight hard disc dri ves. 

Only Seagate has the world-
wide, high-volume manufacturing 

effi ciency to meet the 
growing demand for 
3 1/z'' drives. 

When you're ready to go for a little drive, 
give us a call. 800-468-DISC. 

&5> Seagate 
The first name in disc drives. 
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Every Modula-2 compiler includes a mod­
ule named SYSTEM that specifies any 
low-level, hardware-dependent features. 

found that I was constantly getting UNRESOLVED 
REFERENCE errors because I had forgotten that 
module X imports module Y, which imports module 
Z . . .. Other Modula-2 linkers find all the files for you 
from the import lists. Third, the code produced is both 
too large and too slow. There is considerable potential 
here, however, and the company plans to improve both 
the manual and the compiler. 

Workman & Associates (Pasadena, CA) offers FTL 
Modula-2 for IBM PCs and compatibles. FTL stands for 
"faster than light," which is a claim that this compiler 
can usually fulfill. This nicely integrated system con­
sists of an editor, a compiler, and a linker. Compiling 
and linking can both be done from the editor; if either 
the compiler or the linker detects an error, it will 
return you to the editor with the cursor positioned at 
the source-code line that caused the error. 

The original FTL Modula-2 was written for the CP/M 
operating system, and the MS-DOS version suffers 
from that lineage in at least two ways. First, the library 
was rather hastily ported from the CP/M version, and 
the haste shows. Second, the manual consists of two 
separate booklets: One of these is generic and covers 
both versions of the compiler; the other is an MS-DOS 
supplement. Neither booklet contains the definition 
modules for the library-an omission that I find unac­
ceptable, considering how often you need to consult 
these modules when you're coding. 

FTL Modula-2 contains some dubious extensions that 
can only hamper portability; it also has a few omissions 
that may frustrate advanced users. Although the com­
piler does produce very good code (fastest and smallest 
code generated by any MS-DOS compiler), there is no 
disk buffering in the Files library module. 

Because of this restriction, a program to convert a 
Wordstar file to plain ASCII took more than eight times 
longer to execute than the same program compiled with 
the Logitech compiler. When I rewrote the program to 
do its own disk buffering, the performance improved by 
a factor of 16. This compiler would have great promise if 
the vendor were to improve the library and the user's 
manual and were to adhere more closely to the lan­
guage definition. The current version is limited to the 
small-memory model; a version for the large-memory 
model is reportedly coming soon. 

Workman & Associates also offers a CP/M version of 
FTL Modula-2, which isn't as fast as the MS-DOS 
version. The CP/M version is a 1-pass compiler devel­
oped independently in Australia. It is fast, but the 
necessary linking step is quite slow. The manual suffers 
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from the same deficiencies as does the MS-DOS version 
(split into reference manual and CP/M supplement and 
lacking library definitions). The package includes a 
fairly decent programming editor (available in Modula-
2 source code for an extra charge). When I tried to 
compile a large program (which compiled properly on 
Hochstrasser's compiler), FTL froze up solid after an 
OUT OF MEMORY message. The latest version is little 
changed from the one I purchased 18 months ago-the 
company seems to be concentrating on the MS-DOS 
version. 

Hochstrasser Computing AG (Rebhaldenstrasse 27, 
8704 Herliberg, Switzerland) offers a solid implementa­
tion of the ETH 4-pass compiler. In some ways (module 
size, procedure size), it is less restrictive than the 
Logitech compiler. It produces excellent code (often 
better than Turbo Pascal) and is very complete­
including source code for the library-but implements 
processes and interrupts in a slightly nonstandard 
(though quite usable) fashion. This is the first Modula-2 
compiler that I used, and is still the one that I prefer for 
CP/M. It follows the second edition of Wirth's book. 
The manual, though not as comprehensive as Modula 
Corp's, is well organized and complete. 

The CP/M Turbo Modula-2 from Echelon Inc (Los 
Altos, CA) is a port of Wirth's latest compiler, which 
produces M-code in one pass. A second pass is required 
to produce native Z80 code. Native code is faster than 
M-code, but takes up more room in memory. The 
compiler and linker are quick and produce fast-execut­
ing, tight code. Because it was originally developed by 
Borland, the compiler has many nonstandard exten­
sions, both to the language and to the library; a 
compiler switch allows Turbo Modula-2 to emit a warn­
ing when most nonstandard extensions are used (a few 
extensions do pass unnoticed). When producing native 
Z80 code, the size of the program that it can handle is 
somewhat smaller than the other CP/M compilers. It 
also contains some bugs: HALT won't work from mod­
ule initialization (it acts like RETURN), and mixing 
M-code and native code sometimes causes unpredictable 
results (though the manual says that such a mix is 
allowed). The manual is excellent. 

Compiler for t he Atari 520-ST 
TDI Software Inc (Dallas, TX) offers a good imple­

mentation of the ETH 4-pass compiler, which allows 
access to most of the operating system and graphics 
features of the Atari. This package includes the best 
linker that I've seen; it optimizes by scanning through 
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INNOVATIVE 
HEAT SINKS FOR 

VLSI DEVICE 
PACKAGES 

Increased speeds in high-density VLSI MOS, bipolar, 
or ECL designs? Excessive case temperatures that 
threaten reliability? Match device power demands 
with high-efficiency, omnidirectional heat sinks for 
high lead count chips packaged in ceramic pin grid 
arrays and chip carriers. 

840 Series Heat Sinks for PGAs 
• Pedestal base for direct adhesive bonding to pin grid 

arrays and multichip modules. 

• Lowest cost per watt dissipated . 

• Omnidirectional design for serial and impingement 
airflow and natural convection . 

• Sink-to-ambient thermal resistances as low as 
1.8°C/watt (impingement) . 

• Low pin height for close board-to-board spacing . 

850 Series Heat Sinks tor PGAs 
• For direct bonding to pin grid arrays. 

• Omnidirectional cooling in serial airflow. 

• Dissipates up to 10 watts. 

830 Series Heat Sinks for Socketed LCCs 
• Designed for use with 3M/TEXTOOL JEDEC Type-A 

68-lead sockets for ceramic leadless chip carriers ; 
serving as protective lid and heat sink. 

• Lowest cost per watt dissipated . 

EG&G Wakefield Engineering ... The Thermal Man­
agement Components Supplier. Call our application 
engineering department today-(617) 245-5900. 

n EGc.G 
~'>WAKEFIELD ENGINEERING 

60AUDUBON ROAD, WAKEFIELD, MA01880 
(617) 245-5900 • TWX: 710-348-6713 • FAX: 617-246-0874 
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the object code and removing all unnecessary code. The 
result is fast, compact code. The compiler is particular­
ly slow-partly because of the 4-pass design and partly 
because of the slow Atari disk I/O. TDI includes a good 
editor that is well integrated with the compiler. The 
developer's version includes a debugger (which is poorly 
documented and hard to use), as well as symbol and link 
file decoders (disassemblers). The manual is quite good, 
except that it too often refers the reader to the GEM 
documentation from Digital Research. The compiler has 
a starting price of $69-an excellent value. 

Compiler for the Macintosh 
Macmeth from Modula Corp is another implementa­

tion of Wirth's 1-pass compiler that a team from ETH 
ported to the Apple Macintosh. This development sys­
tem employs the usual Macintosh environment, but is 
not as slick as other Macintosh compilers; for instance, 
after starting the compiler or linker, you receive 
prompts for file name and options in much the same 
manner you would expect if you were operating under 
CP/M. The editor is also crude by Macintosh standards. 
The compiler is fast, as is execution speed of the 
generated code, but, after linking, the code size is far 
too large. It does includes an excellent run-time sym­
bolic debugger. EDN 
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Brian Anderson is an instructor in the 
Electronics Dept of Vancouver Com­
munity C allege (British Columbia, 
Canada) , where he teaches courses in 
telecommunications. He has been in­
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programming sides of the computer in­
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Dobb's Journal and BYTE. In his 
spare time he enjoys playing the gui-
tar and reading. 
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Build Electronic Products That 
Don't Fail From Surge And ESD. 

Surge and ESD are the most common cause of field 
failure in semiconductor-based equipment. And 
with existing protective designs and technologies, 
it's all so unnecessary. 

Every year, lightning, 
switching transients, 
human ESD and other 
"shocks" account for 
billions of dollars in 
downtime and repair 
costs and for untold 
numbers of disgruntled 
customers. 

KeyTek manufactures the broadest line of And we can't help 
surgeandESDtestequipment intheworld. but ask, "WHY?" 

The facts are that, today, well-developed protec­
tive designs and technologies exist. And any computer, 
microprocessor, or semiconductor-based product 
can be made to withstand thousands of volts of surge 
and ESD stress without failure, malfunction or the 
need for user-supplied protection. 

At KeyTek, we offer a comprehensive plan-our 
Protected Electronic Products Program5u (PEPP)­
and the test equipment you'll need to evaluate your 
product's vulnerability to surge and ESD every step 
of the way from prototype design; to the QA/QC 
testing of finished goods on the manufacturing 

floor; to the installation, verification or diagnosis of 
systems in the field. 

Among our customers are the biggest and most 
successful companies in the world-companies who 
manufacture computers, telecommunications 
equipment, manufacturing and process control 
systems, microprocessor-based appliances and 
other consumer goods. 

Their products are resistant to the ravages of surge 
and ESD, and, as a result, they enjoy considerably 
lower after sales costs, happy and satisfied 
customers, a superior competitive position and 

higher profits. 
We'd like to convince you that you 

too can enjoy these benefits. 
Please call your nearest KeyTek 

sales office (listed below) for a free 
literature pack consisting of our 
Surge and ESD protection hand­
books and a brochure about PEPP, 

our comprehensive Protected 
Electronic Products Program. 

,~ Keyli_e_K0 

__ _ 

KeyTek Instrument Corporation, 260 Fordham Road 
Wilmington, MA 01887 Phone: (617) 658-0880 
TELEX: 951389 FAX: (617) 657-4803 

AUSTRALIA, 61-387-34455; CANADA, 416-639-8333; ENGLAND, 44-734-794717; FRANCE, 33-13-947-4140; GERMANY, 49-610-92788; HOLLAND, 
31-171-28942; HONG KONG, 852-570-1332; INDIA, 91-413893; ISRAEL, 972-349-1922; ITALY, 39-292-37212; JAPAN, 81-334-12611; KOREA, 82-754-7432; 
SWEDEN, 46-893-0280; TAIWAN, 886-271-22365; USA, 617-658-0880. 
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in California 

10-25 MHz Crystal Oscillator. 

+5V 

patt 2k 

on a +5V su9Pfy. if 
designed to give you stable 
transitions regardless of 
speed. The LT1016 remains 
oscillation free, even with 
slowly varying input signals. 

10-25MHz 
(AT CUT) 

22n ..--'\.,.,,.,.. ....... _-ta 1---..... 

The ultra-fast LT1016 
is designed to simplify your 
life by eliminating device­
caused problems. The LT1016 
doesn't glitch the power 
supply during transitions. 
It works directly off either a 
+ 5 V or ±5 V supply. Matched 
complementary outputs 
further extend the LT1016's 
capabilities. The compara­
tor has a 2ns response on 
the latch pin for retaining 
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T 820pF +5V 

2k 

r 200pF 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 
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LT1016 
Found 
in 5V, 
Single-

1ISed 
m n apPlications that 
demand lightning-fast runs 
with no messy tracks. Try 
it out on: high-speed A/D 
converters and sampling 
circuits, line receivers, 
extended range V/F convert­
ers , and fast pulse height/ 
width discriminators. 

Shift into high gear and 
enjoy clean, fast comparisons 
with the LT1016CN8 at 
$3.50 each (100-piece price). 
For a technical data sheet 
and a comprehensive 32-page 
application note contact: 
LINEAR TECHNOLOGY 
CORPORATION, 1630 
McCarthy Blvd., Milpitas, 
CA 95035. (408) 942-0810. 
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DESIGN IDEAS 
EDITED BY TARLIDN FLEMING 

Tachometer measures low frequencies 

Ricardo Jimenez-G 
Mexicali Technological Institute, Mexicali, Baja 
California, Mexico 

The Fig 1 tachometer lets you measure heartbeats, 
respiratory rates, and other low-frequency events that 
recur at intervals of 0.33 to 40.96 sec. The circuit senses 
the period of fIN, computes the equivalent pulses per 
minute, and updates the LCD accordingly. (Although 
the decimal readout equals 60fIN, the circuit doesn't 
actually produce a frequency of 60f1N.) The computation 
involves counting and comparison techniques and takes 
0.33 sec. 

To understand the circuit's operation, suppose a reset 
pulse arrives at pin 15 of IC1, setting Q1 and ~ low. 
Then, the first fIN pulse drives Q1 high, which opens the 
IC3A gate and allows 100-Hz pulses to drive the counter 
IC4. The next fIN pulse drives Q1 low and~ high , which 
simultaneously freezes IC4 at a count of N by turning off 
the 100-Hz pulses. The same fIN pulse opens the gate 
ICsA, which allows 18-kHz pulses to drive the IC7 
counter. 

16 

10 10 :-t_ 100 H 

8 
':' 

IC2 
MM5369EST 

':' IC, 
6 20M 5 4040 

1k 

22 pF T I 22pF R 

o sv ':' 
11 

Each time IC7 reaches a count equal to that of IC4, the 
IC5-IC6 comparator produces a pulse that increments 
the display counter IC11 and resets lC7 via !Cao- Thus, 
IC7 counts at a rate of 18 kHz without interruption and 
resets to zero after every N counts. (N is proportional 
to the period of fIN.) This process terminates at 6000 
counts, when the BCD counters !Cg (count of 100) and 
IC10 (count of 60) produce a pulse at pin 11 of ICso that 
resets !Ci, IC4, !Cg, and IC10. The reset at pin 15 of IC1 
drives Q0 (pin 3) high, which in turn resets the display 
counter and updates the display. 

An fIN of 1 Hz, for instance, sets IC4 to a binary count 
of N = 100. Consequently, IC7 counts 60 times from 0 to 
100 during the 6000-count interval, producing a readout 
of 60. Similarly, fIN= 1.25 Hz produces N =80 and sets 
the readout to 6000-:-80=75 pulses per minute. EDN 
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I Cs 
74HC688 
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IC11 
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Fig /-This tachometer circuit generates a readout, in pulses per minute, by measuring the period T of f JN and solving the eqiwtion 
f=-60-7-T. 
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... and doubles 
yourVME 
processing 
power! 

If you've been yearning to double the processing power and 
throughput of your VME system, the wait is over. Once again, 
Plessey Microsystems has taken the lead ... with our new 
68030-based PME 68-32 VME Single Board Computer. 
It puts all the power of the 68030 into the industry's fastest, 
most powerful and versatile VMEbus processor board. And 
we're not talking about a board thats under development. 
The PME 68-32 is here ... right now! 
Doubling Your Processing Power With ... 
• 68030 processor 
• Optional 68882 floating • 
point co-processor 

• 4 Mbytes true dual-ported 
DRAM 

•Cache burst fill capability­
zero wait states 

•Two high-speed serial 
ports-up to 1 Mbit/sec. 

• Remote reset 
• Mailbox interrupts 
•Flexible dual-ported address mapping 
•Complete VMEbus system control functions 

One Blue Hill Plaza, Pearl River, NY 10965-8541 
(800) 368-2738, (914) 735-4661 
Fax (914) 735-9527 

9 Parker, Irvine, CA 92718 (714) 472-2586 
Fax (714) 458-7084 

2000 E. Lamar Blvd. , Arlington, TX 76006 
(817) 261-9988 Fax (817) 861-8730 

Plus the Unique PEX Interface ... 
Our unique on-board PEX {Plessey Extension 
bus) Interface allows you to easily meet even highly 
specialized application requirements. You can put the 
functionality you choose onto the 68-32 because it puts so 
many interface possibilities at your disposal, including SCSI 
and others like parallel 1/0, Ethernet~ floppy disk, additional 
serial 1/0 ... and more! 
. .. And Smooth, Easy Upgrade Paths ... 
The PME 68-32 is part of a complete family of Plessey 
Microsystems processor boards incorporating the 68000 
series of processors. That means minimal-or even zero­
software changes from one product to the next. If you're 
using our 68020-based processors now, you can easily 
upgrade to the PME 68-32 ... now! 

... For Ultimate VME Strength. 
With our 68030-based processors, Plessey continues to 
extend its lead in VME technology. And not just processotS. 
We've got a host of new VME memory boards, 1/0 and 
controller boards, and systems and software. Call or write 
for details and make Plessey's ultimate VME strength your 
systems greatest strength. 

8 PLESSEY 
MICROSYSTEMS 
PLESSEY and the Plessey symbol are registered 
trademarl<s of The Plessey Company pie. 
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DESIGN IDEAS 

Chopper amplifier stabilizes 3-amp system 

Robert Pease 
National Semiconductor Corp, Santa Clara, CA 

A chopper-stabilized amplifier can greatly improve the 
voltage offset and drift for a single op amp, but a 
differential-input stabilizing amplifier-IC4 in Fig 
I-can do the same for a complete 3-amplifier system. 
IC4 forces the system's output offset to zero by sensing 
the input offsets of IC1 and IC3, subtracting a fraction of 
the IC2 offset, and canceling the resulting quantity with 
a servo-adjusted offset at IC3• 

In the system shown, IC1 is the output amplifier for a 
current-output DIA converter, IC2 performs a sample/ 
hold function, and IC3 is an output summing amplifier. 
(This offset-cancellation scheme suits two, three, four, 
or more inverting amplifiers, but the author does not 
believe it is applicable for noninverting amplifiers.) The 
example features inexpensive op amps that spec 10-m V 
max V 0 8, yet the output offset measures 50 µ V. The 
drift is only 0.5 µ V/°C, in contrast with the 30-µ V/° C 
max drift you would obtain using low-temperature­
coefficient LF411As. You can also use lower-drift 

D/A CONVERTER 

10k 6.25k 

v, 

Sk 
0.1% 

ANALOG 
SWITCH 

S2 

Sk 
0.1% 

R, ":'" 

LM607s or µA714s, but these devices settle six times 
more slowly than the quicker, driftier LM347s. 

You may consider drift in the second or third amplifi­
er negligible if your first amplifier has high gain. But if 
the output amplifier is a power device, this stabilization 
approach can improve system accuracy by chopping out 
large offset and thermal errors contributed by the 
power amplifier, along with the drift and offset from 
the other amplifiers. 

Note that the sample/hold circuit in Fig 1 allows you 
to demultiplex the DIA-converter signal to other chan­
nels. (The signal of one such channel reconnects to the 
system at VIN2.) Such an arrangement allows a step 
change at ICi's output while IC2 is in the hold mode (82 
open). Unless you make a provision to freeze IC/s 
output by disabling its clock (81 closed), the resulting 
change in IC2's load current can introduce a substantial 
error in the stabilizing loop. With the clock disabled , 
the output drift consists of about 1 µ V/sec from IC4 plus 
an additional 10 µ V/sec from IC2. 

If your circuit doesn't include a sample/hold function, 
you can use a low-drift LM607 or LMllA op amp in 

V1N2 

10k 
10k 0.1% 4k 

0.1% 0.1% Vour 

V3 

r- - ________ R, __________ 26.ik-:-1%------------------------
v, 75k , 1% 

ANALOG 
SWITCH J s, 

l 0 .1µ~ 

- -

1M 
5% 

I 
I 
I 

0.1 µF I 
R3 R4 I 

1k 
5°/o 

66.Sk -. -. 35.7k I -:-

V2 .__~1 "!.Vo ..__-----+--------------.J1Vo;.V"o -----. !+-ADD-ON 
- I STABILIZING 

---------------------------------------------------:_ __ j CIRCUIT 

Fig I-Addition of the stabilizing circuit (within the dotted lines) eliminates offset at Vour by adjusting the offset at IC., to null the combined 
offsets of IC, and JC,. 

EDN March 3, 1988 165 



The Difference in Performance... The DiHerence in Production ... 
Grayhill DIP switches are the popularity 
leaders, and the number one reason is their 
reliable long-term operation. Talk about 
performance! Our exclusive spring-loaded 
ball contact system provides up to 10,000 
cycles at logic loads, plus these additional 
performance benefits: high contact pressure 
for sure, solid switching ; positive wiping 
action to assure clean contacts throughout 
the switch life; and immunity to shock and 
vibration. 

What's more, you can specify your 
DIP switches as you want them: 
Actuation choice: rockers or slide (raised 
or recessed) , toggles, or side actuated. 
Number of positions: 2 to 12. 
Circuitry: SPST, DPST through 4 PST, 
SPOT, DPDT, BCD and hexadecimal. 
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Top performance in the field goes 
hand-in-hand with ease of handling in 
your plant: 
• Bases are epoxy-sealed; optional 

top seal provides further protection 
during cleaning 

• Our QC reduces yours-we do 
100% electrical inspection, 
100% pin straightening 

• Machine insertable switches available 

The Difference in Procurement ... 
Grayhill DIP switches are not only 
competitively priced, but features that 
are extras elsewhere are standard at 
Grayhill. For even greater purchasing 
convenience, most types are available 
off-the-shelf. Choose your preferred 
source-you can order direct from 
Grayhill or from your local authorized 
distributor. 

The Grayhill difference has made our DIP 
switches the industry's favorite. Make them 
your favorite, too. Start by requesting your 
FREE copy of Grayhill Catalog No. 1 with 
complete specifications. 

CIRCLE NO 121 

Now from Grayhill! 
Machine Insertable 
DIP Switch 
• Compatible with leading T0-116 

IC insertion equipment 
• Cartridge packed for easy loading 
• 4 through 10 station switches 

561 Hillgrove Ave. • PO Box 10373 
LaGrange, IL 60525 USA 
Phone (312) 354-1040• FAX (312) 354-2820 
TLX & TWX 190254 GRAYHILL LAGE 
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DESIGN IDEAS 
place of the 1M669. Although slightly inferior to the 
1MC669 in offset and drift, these amplifiers offer 
advantages: The 1M11A's input offset current is only 
10 pA from 0 to 70°C, and the 1M607, although its 
input offset current is 1 nA, offers considerably lower 
noise in a low-impedance circuit. 

Correct operation of the Fig 1 circuit depends on 
proper values for the gain resistors R1-R4. You can 
calculate the values easily using Eq 7, derived in the 
following algebraic manipulations. 

Referring to the general, simplified schematic of Fig 
2, let 

where R is much greater than Ri, R2, or R3. For each 
amplifier, assume that Is is much less than V 0s/R1 or 
V 0s/R2, etc. Then, the output voltage of each amplifier 
IS 

':" 1k 

0.002 µF 

v, 

Fig 2-You can build low-drift amplifiers such as that of Fig 1 by 
using this simplified schematic and Eq 7 in the text. 

V4 = V1 (K + 1) + (V1 - V3) (K:1) 

V5 = V2 ( 1 + 1 + 
1~2) - 1V 

(1) Noting that 

(2) 

V6 = V3 ( M + 1 + ~) + M:3 (V3 - V1) - MV5, (3) 

where the respective input offset voltages are Vi, V2, 
and V3. By neglecting the signal terms and substituting 
Eq 1 into Eq 2, then Eq 2 into Eq 3 and collecting like 
quantities, you obtain an equation for the output (V6) in 
terms of the input offset voltages: 

The desired condition is V6=0. Therefore, 

(4) 

where 

= M + 1 + M + MR3 _ M1KR1 
a N R R ' 

b = M1 (K + l) + M1KR1 _ MR3 
R R' 

c = M( 1 + 1 + 
1
:

2 
). 

Rearranging Eq 4 yields 

EDN March 3, 1988 

V7 = v1(R4 ! 5 RJ + v 3(R4 ! 4 RJ' (5) 

and 

Vs = V2(R6 ! 7 RJ (6) 

you can see that IC4 nulls the effect of op-amp offset 
voltages by forcing V7 to equal Vs. Simply choose 

R4 =RC: b) 

R5 =RC~ b) 

R7 =RC: b) 

R = R(a + b - c) 6 a+ b 

and substitute into Eqs 5 and 6 to get the desired 
relationship: 

In Fig 1, for example, R1=l0 kn, R2=5 kn, R3=10 
kn, R=lOO kn, K=0.625, 1=1.0, M=0.4, and N=l.0, 
yielding a=l.815, b=0.635, and c=0.85. Therefore, 
R6=65.31 kn, R7=34.69 kn, R4=74.08 kn, and 
R5=25.92 kn. All gain resistors should have a tolerance 
of ± 1 % min for the offset subtraction to work; ±0.1 % is 
even better. EDN 
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Circuit converts pulse train to sinusoid 

Frantisek Michele 
Brno, Czechoslovakia 

The Fig 1 circuit lets you convert a serial pulse stream 
(or sinusoidal input) to a sinusoidal output at %2 the 
frequency. By varying the frequency of Vrn, you can 
achieve an output range of 107:1-from about 100 kHz to 
less than 0.01 Hz. The output resembles that of a 5-bit 
DI A converter operating on parallel digital data. 

Counter IC1 generates binary codes that repeatedly 
scan the range from 00000 to 11111. The output amplifi­
er adds the corresponding XOR gate outputs (V DD or 
ground), weighted by the values of input resistors R1 
through R4. The 16 counter codes 00000 to 01111, for 
instance, pass unchanged to the XOR gate outputs and 

Voo Voo 

16 IC1 14 IC2 

4040 o, 
3 

4030 

03 
5 2 

5 
02 V1N IN 6 6 10 

o, 8 
7 9 

12 
Oo 

9 RES 13 

11 

":" ":" 

cause V ouT to step through the half-sinusoidal cycle 
from maximum amplitude to minimum amplitude. 

Counter output ~ goes high for the next 16 codes, 
causing the XOR gates to invert the Qo through Q..i 
outputs. As a result, VouT steps through the remaining 
half cycle from minimum amplitude to maximum ampli­
tude. The counter then rolls over and initiates the next 
cycle. You can change the R1 through R4 values to 
obtain other VouT waveforms. V DD should be at least 
12V to assure maximum-frequency operation from IC1 
and IC2. EDlll 
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Fig I-This circuit converts an input pulse train to a sinusoidal output, producing a signal similar to that of a 5-bit DIA converter. 

Pushbutton sequence disarms burglar alarm 

John McCluskey 
Jet Propulsion Laboratory, Pasadena, CA 

The alarm circuit of Fig 1 is suitable for use in a vehicle 
or for guarding a residence. To regain entry, you 
disarm the circuit by pressing the pushbutton switches 

168 

81-84 in a programmed 7-digit sequence (one of 16,384 
such sequences). The Abel design file Listing 1 pro­
grams the PLA IC2, which includes a 3-bit state ma­
chine that decodes the disarming sequence. 

Controls include an on/off key switch (85), an arming 
switch (86), multiple door and window switches (8r89, 
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Amplifier Arsenal 
50KHz- 2000MHz, Low Noise 100mW output Gain Controlled trom $69.95 

Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 

The ZFL-2000, flat from 10 to 2000MHz, delivers +17dBm 
output and is priced at only $219. 

Need more output? Our ZFL-1 OOOH, flat from 10 to 
1 OOOMHz, delivers +20dBm output. 

Is low noise a critical factor: Our ZFL-500LN and 1000LN 
boast a 2.9dB NF. 

Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3dBm output with 30dB gain control while 
maintaining constant input / output impedance. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500MHz, delivers +10dBm output 
for the unbelievable low price of only $69.95. Need to go 
higher in frequency? Consider the ZFL-750, from 0.2 to 
750MHz, for only $7 4.95. Or the $79.95 ZFL-1000, spanning 
0.1 to 1000 MHz. 

One week delivery .. one year guarantee. 

SPECIFICATIONS 
MODEL FREQUENCY GAIN, dB MAX. POWER NF PRICE $ 

MHz OUTPUT 
(min.) dBm(typ) dB(typ) Ea Qty. 

ZFL-500 0.05-500 20 +9 5.3 69.95 1-24 
ZFL-500LN 0.1-500 24 +5 2.9 79.95 1-24 
ZFL-750 0 2-750 18 +9 60 74 95 1-24 
ZFL-1000 0 1-1000 17 +9 60 7995 1-24 
ZFL-1 OOOG* 10-1000 17 +3 12.0 19900 1-9 
ZFL- lOOOH 10-1000 28 +20 5.0 21900 1-9 
ZFL- lOOOLN 01 -1000 20 +3 2.9 89.95 1-24 
ZFL-lOOOVH 10·1000 20 +25 45 2 29 1-9 
ZFL-2000 10-2000 20 +17** 70 219.00 1-9 

• 30dB gain control .. +15dBm below lOOOMHz 

f111d1ng new ways 
settmg higher standards 

0 Mini-~lr..~OM~I~ 
PO. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

C101REV.D 

CIRCLE NO 107 
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DESIGN IDEAS 
with which you can connect more switches in series), 
and the combination switches (81-84). You should con­
struct a tamper-proof outside box that contains only the 
combination switches and the red/green status LEDs, 

making sure that a thief (or an engineer!) can't destroy 
the circuit from the outside box. The combination 
switches can withstand 120V ac, 60 Hz. Applying this 
fault voltage to an external-status LED line triggers 

12V 

I 47µF 

IC1 
5V 7805 2 
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12V 

ALARM OUTPUT. 
ACTIVE HIGH 

G 
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ACTIVE LOW ":" 

Vee Vee 

~ 

510 510 

Ss 

f 
ALARM ON/OFF 

(CLOSED: ALARM OFF; 
OPEN: ALARM ON) 

DOOR AND WINDOW 
NORMALLY CLOSED 

MAGNETIC-REED SWITCHES 

Fig 1-This burglar alarm can be deactivated by pressing the correct 7-digit sequence on pushbutton switches S,-SJ. 
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Full 32-bit performance 
for less than $30? Believe it. 

That's right. The Z320~ breaks the buck-a-bit barrier. 
And you don't have to give up a thing. Just think of the 
possibilities. All that performance available for a whole new 
range of applications. Like 
yours. But we know the Z320 
probably sounds a little too good 
to be true. 

What's the catch? 
There isn 't any. The Z320 

gives you everything you 
expect from a 32-bit chip. In 
fact, the Z320 offers plenty you 
don 't get with most of the 
high-priced 32-bit offerings: a 
dual-ported cache for instruc­
tions and data, a demand paged 
virtual memory management 
system, dual execution in 

Die Size (K sq mil) 

Transistors (K) 

Clock Speed (MHz) 

Mil Power (Witts) 

P1ckqe 

MuHiplexad Add/Diii 

Bua Seiling 

Mil Memory Access 
[No Wilt States) 

Prag. W1it Stites 

Perform1nce R1nge 
(MIPS) 

Price Range 

Z320" 

106 

93 

10 

3.5-4 

68 PLCC 

YES 

YES 

200 NS 

YES 

2-5 

$25-50 

And the smaller PLCC package and lower transistor count give 
you savings without giving up crucial performance. In short, 
the Z320's technology offers full 32-bit performance for 

80386 

160 

275 

16 

2.5 

132 PGA 

NO 

NO 

67 NS 

NO 

2-5 

$150-600 

68030 

160 

270 

20 

2-2.5 

124 PGA 

NO 

NO 

45 NS 

NO 

4-8 

$500-550 

the price of the aging 286. 

Why are you doing this? 
The real question is, 

"Why isn 't anybody else pro­
ducing an affordable 32-bit 
microprocessor?" We designed 
the Z320 to open the door 
to 32-bit performance for any 
cost-sensitive applications 
that can use 32-bit engines as 
peripheral processors or as 
embedded, non-programmable 
processors. Laser printers, 
copiers, synthesizers, for 
instance. 

the six-stage pipeline with two 
ALUs, dual-port access to a 
large general purpose register 
file, programmable wait states, 
and bus-width for two areas The choice is clear. 

There's a lot more to tell 
you about the unbelievable 
Z320. But affordable 32-bit per­
formance, off the shelf, backed 
by Zilog's proven quality and 
reliability ought to give you in memory, 1/0 and interrupts, 

bus scaling that allows cost memory, to mention just a few. 

How can you do it so cheap? 
First of all, the Z320's HMOS technology is less expensive. 

something to think about. Contact your local Zilog sales office 
or your authorized distributor today. We'll make a believer 
out of you. Zilog, Inc., 210 Hacienda Ave., Campbell, CA 
95008, (408) 370-8000. 

Right product. Right price. Right away. Zilog 
ZILOG SALES OFFICES: CA (408) 370-8120, (714) 432-9971 , (818) 707·2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 885-8080, MA (617) 273 -4222, 
MN (612) 831-7611 , NJ (201) 288-3737, (609) 778-8070, OH (216) 447-1480, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. 
GERM ANY Munich (49) (89) 612-6046,JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. R.O.C.: Taiwan (886) (2) 731-2420, U.S. AND CANADA 
DISTRI BUTORS: Anthem Electric, Bell Indus., llall-Mark Elec ., JAN Devices, Inc., Lionex Corp., Sch weber Elec., Western Microtech., CANADA Future Elec., SEMAD. 
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DESIGN IDEAS 
the alarm and blows a fuse by driving current through 
one of the zener diodes D1 and D2, thereby protecting 
IC2. 

initiate the armed state by pressing 86 or 84. The 
switch-debouncing networks provide positive feedback 
to the switch inputs. EDll 

To disarm the circuit, enter the combination or use 85 
to turn the alarm off, then on. Either action should 
activate the red (disarmed) status LED. To reset the 
alarm, open 85, close all window and door switches, and To Vote For This Design, Circle No 749 
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LISTING 1- PLA PROGRAM 
modu le ONE_CHIP_ ALARM 
flag ' -r3' , '-T4 ' , ' - W7 , 6, 8, 12, 13 , 14, 15 , 16 , 1 7 , 18, 19 ' 
title 'One Chip Combi nation Alarm, John McCl u s key' 
ALRM device 'Pl6V8R'; "Lattice GAL16 R8V reprogrammable PAL" 
Clk pi n 1; "State mac h ine clock inpu t" 
SWl pin 2; "Switch 1, Active High inpu t" 
SW2 pin 3; "Switch 2, Ac tive Hig h i np ut" 
SW3 pin 4; "Switc h 3, Active High input" 
SW4 pin 5; "Switch 4 , Ac tive High input ." 
ALRMI pin 6; "Alarm input, active h ig h (switc h opens)" 
ALRM2 pin 7; "Alarm input, active high (switch opens)" 
ALRM3 pin 8; " Alarm input, a c tive high (switc h opens) " 
ALARMOFF pin 9; " input, turns alarm OFF, active low" 
OE pin 11; "Output Enable (grounded) " 
ALARMLOW pin 12; " combinatorial output, a c tive low" 
ALARMHI p i n 13; "combinatorial output, active h igh " 
Q2 pin 14; "re gistered output , State machine bit 2" 
Ql pin 15 ; "re giste red output, State machine bit !" 
QO pin 16; "registered output, State machine bit O" 
DISARMED pin 17; "combinatorial output, a c tive high " 
ARMED pin 18; "c ombinatorial output , active hig h " 
CLKOUT pin 19; "combinatorial c loc k o u tpu t (fed back to pin l)" 

SW = [ SW4, SW3, SW2, SW 1] ; " Switch p us h vector " 

Q = [Q2,Ql,QO]; '' state mac h ine vector'' 

SO , S!,S2,S3 , S4,S5,S6,S7 = 7,6,5,4,3,2,1 , 0; " ma c h ine states" 

STEP l 
STEP2 
STEP3 
STEP4 
STEP5 
STEP6 
STEP7 

1 ; 
2; 
4; 
8; 
1 · 
2; 
4; 

equations 

"combination of lock is defi n e d here" 
"each step has 4 possible val ues, 1 , 2, 4 , or 8" 
" so t h e total number of c omb i nation s is 16384" 

"The combination may changed at anyti me by reprogramming" 
"the GAL16V8" 

CLKOUT = swt # SW2 # SW3 # SW4 # !ALARMOFF; 

ARMED= (Q != S7); "These complimentary o u tputs drive a bi-c olor LED" 
DISARMED= (Q==S7); "Which indicates ARMED , DISARMED, or power failure" 

" Th e alarm outputs are programmed as an RS flip flop, to mak e t h e" 
" alarm c ondition self latching when a door/wi ndow switc h is opened " 
" Onc e latched, t he ala rm can be reset only by grounding t h e ALARMOFF " 
" input, or by putting the state machine Q into state S7 (DISARMED) " 

!ALARMLOW 
ALARMH I = 

ALARMOFF & !DISARMED & (ALRMl # ALRM2 # ALRM3 # ALARM HI); 
ALARMOFF & ! DISARMED & ( ALRMI # ALRM2 # ALRM3 # ! ALARMJ.01'. ); 

"The finite state ma c hine Q typi c ally starts from state SO and i s inr r e me nt e d " 
" up to state S7 (the DISARMED state) by ·the c orrec t sequence on the s witc h" 
" ve c tor . Turning th e alarm OFF for ces Q t o s tate S7" 

state_diagram Q 
state SO: c ase ( (SW !=STEP!) & 

( (SW=~ STEP!) & 
( ! ALARMOFF) : S7; 

e nd c as e ; 
state Sl: r Rs e ((SW!= STEP2) & 

( (SW = = STEP2) & 
( ! ALARMOFF) : S7; 

e nd ca s e ; 

ALARMOFF) 
ALARMOFF) 

ALARMOFF) 
ALARMOFF) 

,;t.at P S2: r ase ( (SW ! = STEP :l ) & AT.AR~10 FF ) 

( (SW == STE P:l ) & Al..\RMOFF) 
( !ALARMOFF) : S7 ; 

e ndc ase ; 

SO; 
s I; 

SO; 
S 2; 

S O; 
S ~ ; 
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Higher Production. Im~roved Solderability. 
Easier Inspection. Same Compact CKR06 Size! 

Meeting tough specs like WS6536E (weapons) and DoD 
2000 is as easy as saying KEMET®. 

Our revolutionary new-design CKR06 molded ceramic 
capacitor solves some knotty soldering and inspection 
problems that may have been making military circuits 
a headache for you. 

It features an imaginative molded-in standoff that im­
proves solder flow around the pre-tinned radial leads. 
And lets you easily inspect the critical solder fillet be­
tween circuit board and component case. So you get 
higher production yields with assured reliability. 

Standard II 1111 New ~EMET Case Case with Molded 
Standoffs 

- ~ A 
w 'l!f'" ~.f "?Y 

The new KEMET CKR06 meets all applicable re­
quirements of MIL-C-39014/02 for military components, 
yet maintains the same overall dimensions as standard 
units (.300" x .300" x .100 "). The result: better solderabili­
ty performance and greater productivity, without in­
creasing board space. 

Improve your component on-board placement costs, 
starting now. Ask for specs, pricing and engineering 
samples of our new CKR06 capacitor. KE MET helps you 
get down to business. 

Sales Offices and Dist ributors Worldwide 
In U.S.A: (8031963·6348; Telex 57·0496. 
In Europe: 41·22·396512; Telex 845·911302. 
In Asia: 852·372·31211; Telex 780-45162. 

-----1!1 KEM ET Electronics Corporation 
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DESIGN IDEAS 
LISTING 1- PLA PROGRAM (Continued) 

state S3: 

statP. S4: 

statP. S6: 

case ( (S W ! = STEP• ) & 
( (S h' == STEP4 ) i 
i ' \LAR'IOFF I : S 7; 

endrasP; 
ras<" ( ( S \\' '. = STEP~) & 

( (S h' == STEP5 ) & 
( '. .\IARMOFF I : S7 ; 

e nd casP.; 
rase ( (SW '. = STEPS I !. 

( ( S\\' = = ST F.P6) & 
( '. ·\LAR~10FF) : SI; 

Pnd<"asP; 
ras<" ( (SW '. = STFP7 I & 

( (Sh' == STFP7) & 
( '.\l.AR'10FF) S7; 

endra~P; 

<' :tse ( \l. ,\R'IOFF I 
( ' \l. -IR'IOFF I 

so; 
S.7; 

··Lrl C'R <;t'>'; 

,,nrl o-.::•_ni rl-'_ 11 .. \R'l 

.\LAR~10FF I so; 
Al.ARMOFFJ S4; 

,\L.\R~10FF) SO; 
ALAR'10FF) So; 

,\f..\R'10FF) SO; 
ALAR'10FF) Sf); 

.\L.\Rl10FF) SO; 

.\l.AR'10FF) S7 ; 

"DTSARMED State" 

Program divides 32-bit by 16-bit numbers 

Ashmead Ali 
Caribbean Industrial Research Institute, 
Trinidad and Tobago 

The re-entrant, 8085 assembly-language program 
shown in Listing 1 performs division of 32-bit by 16-bit 
unsigned numbers. Register BCDE (B contains the 
most significant byte) holds the dividend and quotient; 
register HL holds the remainder. Memory locations 

DIVS and DIVS+ 1 (the latter holds the least signifi­
cant byte) store the 16-bit divisor. This program is an 
adaptation of Intel's 16-bit by 16-bit divide algorithm­
see Intel's 8080/8085 Assembly Language Program­
ming Manual, Chapter 6, pgs 6 to 10. EDN 

To Vote For This Design, Circle No 747 

LISTING 1-32-BIT BY 16-BIT DIVIDE ROUTINE 

DIV: LHLD DIVS ; negate the divisor RAL 
MOV A,L MOV D,A 
CMA MOV A,C 
MOV L,A RAL 
MOV A,H MOV C,A 
CMA MOV A,B 
MOV H.A RAL 
INX H ; for two's complement MOV B,A 
SHLD DIVS MOV A,L 
LXI H,O ; initialise remainder RAL 
MVI A,330 ; initialise loop counter MOV L,A 

MOV A,H 
DVO: PUSH H RAL 

PUSH D MOV H,A 
PUSH H POP PSW ; restore loop counter (A) 
LHLD DIVS OCR A ; decrement it 
XCHG ; put divisor into DE JNZ DVO 
POP H ; restore remainder ; shift remainder right and return in HL 
DAD D ; substract divisor (ADD NEGATIVE) ORA A 
POP D MOV A,H 
JNC DV1 ; underflow, restore (HL) AAA 
XTHL MOV H,A 

MOV A,L 
DV1 : POP H AAA 

PUSH PSW ; save loop counter MOV L,A 
MOV A,E ; 6 register shift left with carry RET 
RAL END 
MOV E,A ; CY-E-o-c-s-L-H 
MOV A,D 
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The When you need lots of air from a thor­
oughly reliable, uncompromisingly 

rugged source, trust the Maxiax line 
of 4" to 13.5" vaneaxial fans from the Custom Division 
of EG&G Rotron. With 

airflows between ar 
bE;~!:~~~:::~ tightest specifi- g e 

cations, for use in applications from avionics cooling 
• to personnel 

an e ax 1 a s 2~:~~:}~~:,nt 
blowers and motors built by the Custom Division of 

EG& G Rotron, the Maxiax large vaneaxials are custom-
designed to your precise specifications, 

0 
individually engineered, prototype tested 

and quality control certified. And when 
they're built, they're constructed of the finest 

most expenenced 
manufacturer. The 
high-powered, high-reliability, high-efficiency 

Maxiax line of large vaneaxial 
fans from the Custom Division 

of EG& G Rotron: where 
reliability is a way 

of life. 

~n~EGc.G ROTRON 
Custom Division 
ROTRON INC., Woodstock, N.Y. 12498 
TEL. (914) 679-5201 TWX: 510-247-9033 

For our new Maxiax brochure, call (800) 431-6033. 
In NY State and for technical assistance, 
call (914) 679-5201. 

EDN March 3, 1988 CIRCLE NO 67 175 



176 

DESIGN IDEAS 

Design Entry Blank 
$75 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design 
of each issue, determined by vote of readers. Addi­
tional $1500 Cash Award for annual Grand Prize 
Design, selected among biweekly winners by vote of 
editors. 

To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton , MA 02158 

I hereby submit my Design Ideas entry. 
Name _______________ _ 

Title __________ Phone ____ _ 

Company ______________ _ 

Division (if any) ____________ _ 

Street _______________ _ 

City ______ State ___ Zip ____ _ 

Design Title _____________ _ 

Home Address ____________ _ 

Social Security Number _________ _ 
(Must accompany all Design Ideas submitted by US 
authors) 

Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN , must be 
original with author(s) , must not have been previously 
published (limited-distribution house organs excepted), 
and must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, I agree to abide by the rules 
of the Design Ideas Program. 
Signed _______________ _ 

Date ________________ _ 

Your vote determines this issue's winner. All designs 
published win $75 cash . All issue winn·ers receive an ad­
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate 
number on the reader inquiry card . 

ISSUE WINNER 

The winning Design Idea for the November 26, 1987, 
issue is entitled " Open-loop servo adjusts shaft posi­
tion ," submitted by James C Smith of NASA (Greenbelt, 
MD). 

NEW LOW PROFILE 
PCB SWITCH 
SERIES 96 
WITRPIN 
COMPATIBLE 
TERMINALS ••• 

Oo 
0 

00 

that's also watertight 
The new single or dual Series 96 from EAO has the great 
styling of a low profile control with an important difference: 
it's the only completely sealed, low profile PCB switch with 
pin compatible terminals! Built to IP 67 standards, (similar 
to NEMA 4 and 13), this newest EAO switch remains 
watertight in up to 3 feet of water at temperatures from 
- 25°C to + 85°C. 

Watertight seals aren't all. The Series 96 has gold plated 
contacts with an estimated lifetime of 5 million operations 
mechanical. Rated electrically at 50 VAC I 72 VOC @ 
lOOmA; 3VA maximum. This new PCB switch is available in 
several actuator configurations including nonilluminated, 
illuminated with one or two LED's, momentary or main­
tained action (Form C), four cap colors and a film insert. 

Stop fishing around. Now EAO has a great looking, low 
profile control with the added security of a watertight seal. 
It's your ideal catch! 

Only lrom EAO. 

YOU CAN FEEL THE DIFFERENCE. 

EAO SWITCH 
CORPORATION 

SOUTHCON Booth 1347 EDN March 31 1988 



ANo EASIER, AND CHEAPER, AND ... 

Higher in Performance 
NEC's new CMOS µPD78312 real-time 

controller uses an internal 16-bit bus to give you 
a fast 3.2 µsec multiply, D/A or ND conversion in 
30 µsec, and block transfers more than three 
times faster than the competition. 

Unique functions like multiple register banks, 
context switching, macro service (eliminating in­
terrupt software overhead), and an ANSI-standard 
real-time-control instruction set give you amazing 
flexibility and power to drive your system to 
higher performance. 

Typical Execution Time (µsec) 

1500 

1000 

500 

o~~-'-~-'-~_.__~_._~___.~~...._~ 

8051 8096 µPD78312 

More Highly Integrated 
A comprehensive selection of dedicated on­

chip peripherals can master tough assignments, 
like controlling two independent servos and two 
highspeed stepper motors at the same time. 

Fully Supported 
To get you started, we offer full support for 

fast and easy software development with many 
options, like: a low-cost design and development 
kit (DDK-78310), state-of-the-art standalone ICE, 
third-party tools from Orion Instruments, plus relo­
catable assemblers and C-compilers from Lattice® 
for MS-DOS"' and other operating systems. 

To meet your packaging and production ramp­
up needs, there's monolithic EPROM, CTfP, and 
ROMless versions in your choice of PLCC, 
gull-wing flat, shrink DIP and QUIP packages. 

Highly Available 
Call your local NEC sales office to order the 

78312 Evaluation Kit, documentation, and 
MS-DOS-based software. And, for our Micro­
processor Data Book, call 1-800-632-3531. In 
California, call 1-800-632-3532. Or write, NEC 
Electronics Inc., 401 Ellis Street, P.O. Box 7241, 
Mountain View, CA 94039. 
MS-DOS is a trademarl< of Microsoft Corp. 
" lattice is a registered trademarl< of Lattice, Inc. 

"Copyright 1987 NEC Electronics Inc. 
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NEW PRODUCTS 

CMOS DTMF CHIPS 

• Detect either 12 or 16 standard 
digit tones 

• Operate from a standard 5V 
supply 

CD22202E, 22203E, and 22204E 
dual-tone multifrequency (DTMF) 
receivers are fabricated with low­
power CMOS technology on EPI 
substrates, which greatly reduces 
the possibility of their experiencing 
latch-up problems under normal 
operating conditions. Each of the 
three devices runs off a standard 5V 
supply and requires only an exter­
nal crystal for operation. Suitable 
for telephone-company central-of­
fice use, the 22202E and 22203E 
detect either 12 or 16 standard tones 
and produce either hexadecimal or 

SEMICUSTOM ICs 

• Are bipolar tile arrays 
• Include Schottky diodes 

QuickChip 2K Series semicustom 
!Cs expand the circuit design possi­
bilities of systems requmng 
Schottky TTL buffers, sample-and­
hold circuits, high-speed compara­
tors, fast-recovery amplifiers, and 
active mixers. The new series com­
prises two arrays: the 2K-30, for 

178 
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binary-coded 2-of-8 4-digit output 
code. The 22204E-intended for use 
with workstations, remote teleme­
try, and voice-response systems­
detects 16 DTMF tones and pro­
duces only 4-digit hexadecimal out­
put code. All three devices employ 
switched-capacitor filter technolo­
gy, and thus each have approxi­
mately 40 filter poles for the input 
analog signal. A 3.58-MHz TV color­
burst crystal serves as a frequency 
reference. The 22202E and 22203E 
come in 18-pin DIPs; the 22204E 
comes in a 14-pin DIP. 22202E, 
$4.13; 22203E, $4.29; and 22204E, 
$3. 71 (100). 

GE/RCA Solid State, Box 2900, 
Somerville, NJ 08876. Phone (201) 
685-7106. 

INQUIRE DIRECT 

small, high-performance circuits, 
and the 2K-130, for larger, more 
complex circuits. The addition of 
Schottky diodes to analog bipolar 
arrays enables designers to more 
easily implement functions that 
were previously very difficult to 
achieve, such as switching or clamp­
ing circuits. The QuickChip arrays 
feature two types of Schottky di­
odes: unguarded diodes, for applica­
tions requiring minimum capaci­
tance, and guarded diodes, for cir­
cuits requiring low leakage current 
and high breakdown voltage. The 
2K-30 chip contains two full tiles and 
two half tiles, surrounded by diodes 
and transistors. The 2K-130 chip 
contains ten full tiles and six half 
tiles, which make it suitable for 
larger, high performance circuits. 
2K-30, $2.75 to $3.50; 2K-130, $7.50 
to $9.50. 

Tektronix Inc, Box 500, Beaver­
ton, OR 97077. Phone (800) 835-
9433. 

Circle No 352 

COMPARATOR 

• For high-speed successive-ap-
proximation ADC s 

• 32-nsec propagation delay 

The NE/SE5105 is a precision high­
speed comparator incorporating an 
output latch. It is pin and function 
compatible with PMI's (Santa 
Clara, CA) CMP-05 and Raytheon's 
(Mountain View, CA) RM4805 com­
parators. For a 5-m V input over­
drive, the comparator has a 
propagation delay of 32 nsec. The 
input-offset voltage specification is 
100 µ V, and the input-offset current 
equals 3 nA. The NE5105 has a 
large-signal input resistance of 1 
GO, allowing you to realize a con­
stant input-offset current over the 
device's full differential input volt­
age range. The comparator has a 
voltage gain of 26,000. Its power 
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dissipation is 100 mW. The NE/ 
SE5105's output and its latch-enable 
input are both TTL compatible. Ver­
sions in commercial and automotive 
temperature ranges are available. 
$2.50 (1000) 

P hilips, Components Div, Box 
523, 5600 AM Eindhoven, The Neth­
erlands. Phone (040) 757005. TLX 
51573. 

Circle No 353 
Signetics Corp, 811 E Arques 

Ave, Sunnyvale, CA 94088. Phone 
(408) 991-2000. 

Circle No 354 

LASER DRIVER 

• Suitable for systems that require 
modulation to 600M bps 

• Replaces custom high-frequency 
designs in fiber-optic systems 

Applications for the LDC-600 laser 
driver and controller include digital 
fiber-optic communications, digital 
video, local-area networks (LANs), 

INTEGRATED CIRCUITS 

and optical-signal generation. You 
can also use the device as a stable de 
constant-light controller. When 
used in a subsystem and coupled to 
a compatible laser diode, such as the 
Tektronix LDM-1301, the unit con­
trols and maintains preset optical 
power while providing a current 

source for regulating a thermoelec­
tric heater/cooler. You can mount 
the 1.5X2-in. laser driver on a 
standard circuit board. The unit fea­
tures band-gap-referenced current 
sources that enable it to maintain all 
operating parameters over its rated 
temperature range. A slow start/ 
stop function guards laser systems 
from possible damage when the 
power is suddenly turned on or off. 
$349. 

Tektronix Inc, Electro-Optic 
Components Group, MS 13-810, Box 
500, Beaverton, OR 97077. Phone 
(503) 627-4220. 

Circle No 355 

QUAD OP AMP 

• Features low voltage noise 
• Provides input offset voltage of 1 

mVmax 

The OP-470GP precision quad op 
amp comes in a 14-pin plastic pack­
age and features a noise voltage of 5 

WINS/Streams: The natural solutio 



HIGH PROGRAMMING 
YIELDS 

LOW 
PROGRAMMING COSTS 
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PROGRAMMERS 
A complete range of low 

priced separate products to meet 
your individual specific requirements 
(With device manufacturers' 
approvalsl. 

C41 up to 1 M bit EPROMs 
E9C 8 gang EPROM & editing 
E12C gang/set EPROM 
1011 Bipolar PLD (logic) 
1012 Bipolar PROM I EPROM 
1013 setEPROM(to32/40pln) 
1014 EPLD & CMOS PLD 

Options cover single chip micros, 
simulators, PLCC, IBM/VAX remote 
drivers and ELAN LOG/iC compilers. 
Ask for our DEMO DISKS. 
Prices start at $995. 

1n Europe 
GB 102931 510448 
A 102221 835646 
B 1021 2416460 
D 10991 780420 
E 1011 4054213 
F 10141 8632828 
I 1021 6120041 
I 1021 2440012 

IRI. 101 1 501845 
NL 1017201 43221 
N 1021 846210 
p 101 1 549011 
SF 1001 6926022 
s 105891 14111 
s 1081 7349770 
CH 101J 7414644 

Elan Digital Systems 
California 

Tel: 800-541-ELAN 

CIRCLE NO 17 

INTEGRATED CIRCUITS 

n V/YHz. The device proyides an 
input offset voltage of less than 1 
m V, which eliminates the need for 
offset trimming, and its open-loop 
gain of over 800,000 ensures excel­
lent gain accuracy. The op amp has 
an input bias current of under 60 
nA, which limits errors resulting 
from source resistance. It features 
100-dB min common-mode rejection 
and 105-dB min power-supply rejec­
tion. The device's power consump­
tion equals half that of four OP-27s. 
It is unity gain stable, has a 6-MHz 
gain bandwidth product, and fea­
tures a 2V/µsec slew rate. $5.50 
(100). 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. 

Circle No 356 

r=~r>--cnJ-i: 
I '(] : ~ ! I. 

1 . . I [9"'"",f ~-] I 
• - I : ~ "' L__ !~ ___________ _J 

CMOS ADC 

• Provides 8-bit resolution and ac-
curacy 

• Features 15-µsec conversion time 

Pin compatible with the industry­
standard AD7574, the PM-7574 
8-bit successive-approximation AID 
converter offers µP compatibility 
and a 15-µsec conversion time. In 
addition, the device features ESD­
protection circuitry at all digital in­
puts. The ADC interfaces to µPs as 
a static RAM, using a Write com­
mand to start data conversion and a 
Read command to read the results. 
Alternatively, you can interface the 
device as a ROM, so that a new data 
conversion automatically starts at 
the conclusion of each data read 
operation. The converter's busy 
input can generate µP wait states in 
systems where software economy is 
important. An external resistor and 
capacitor set the device's internal 

clock. An external 550-kHz clock 
provides a 15-µsec conversion time. 
You can order the converter in an 
18-pin plastic or ceramic DIP. Com­
mercial grade, $6 (100). 

Precision Monolithics Inc, 1500 
Space Park Dr, Santa Clara, CA 
95052. Phone ( 408) 727-9222. TWX 
310-371-9541. 

Circle No 357 

12-BIT SEQUENCER 

• Features 33-word stack 
• Provides 50-nsec operating speed 

The CMOS ISP9110 12-bit µP 
sequencer features a 33-word stack 
that increases the onboard pro­
gramming capability of a digital sig­
nal-processing system. The unit is 
compatible with the industry stan­
dard 2910. The chip provides 16 
microinstructions, a 12-bit address 
width, and a 50-nsec speed. You can 
obtain the unit in a 40-pin plastic 
DIP, 44-pin PLCC, 40-pin ceramic 
DIP, or 40-pin side-brazed DIP. 
From $5 (100). 

GE/Solid State, 10600 Ridgeview 
Ct, Cupertino, CA 95014. Phone 
(408) 996-5703. 

INQUIRE DIRECT 

QUAD 12-BIT DAC 

• Features maximum gain error 
of ±5 LSB 

• Provides maximum nonlineari-
ty of ±0.5 LSB 

The AD644 quad 12-bit DAC, which 
provides system-level integration in 
a single monolithic chip, can replace 
as many as 15 discrete ICs. Each 
DAC in the device has ±0.5-LSB 

EDN March 3, 1988 



integral nonlinearity max, 
±0.5-LSB differential nonlinearity 
max, and ±5-LSB gain error max. 
The vendor guarantees the mono­
tonicity of each over its operating 
temperature range. Double-buff­
ered latches permit direct loading 
from 4-, 8-, 12-, or 16-bit data buses, 
as well as simultaneous or individual 
updating of one or all four DACs. A 
bidirectional I/O buffer adds read­
back capability to the device; for 
example, in order to ensure that all 

INTEGRATED CIRCUITS 

four DACs are functional, an ATE 
application can, during calibration, 
read data stored in the DAC latches. 
A reset command returns the DAC 
outputs to zero. The IC operates 
from ±12V and 5V supplies and 
features 400-m W power dissipation 
typ. Industrial grade, in a 28-pin 
DIP, $60.80; in a 44-pin LCC, $70.18 
(100). 

Analog Devices, Literature Cen­
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 329-4700. TLX 
174059. 

Circle No 358 

DUAL DRIVERS 

• Each feature 2A output-current 
capability 

• Provide 5 to 46V output supply 
voltage range 

The industry standard L298 and the 
TLP298, an improved functional re­
placement, are high-current drivers 

Anew 

for either full or half H-bridge appli­
cations. The units are suitable for 
use with inductive loads such as 
relays, solenoids, and de motors in 
positive-supply applications. Both 
the L298 and the TLP298 have 
TTL-compatible inputs and 3-state 
outputs. The totem-pole outputs 
provide bidirectional drive currents 
to 2A at 5V to 46V. You can config­
ure each unit as two, independent, 
full-H reversible drive channels or 
as four half-H channels. The drivers 
have input-protection diodes to 
guard against damage. from ESD. 
The TLP298 consumes as little as 
one-half the output supply current 
of the L298 and switches nearly 
three times more quickly. The driv­
ers come in 15-lead plastic power­
tab packages. $5. 70 (100). 

Texas Instruments Inc, Semicon­
ductor Group (SC-782), Box 809066, 
Dallas, TX 75380. Phone (800) 232-
3200, ext 700. 

Circle No 359 

incremental optical encoder 
with resolution to 524,288 c.p.r. 

CIRCLE NO 18 

EDN March 3, 1988 

BEi's size 60 SVL670 series high 
accuracy incremental encoder is ideal 
for rotary table, rate table and air 
bearing applications. Standard features: 
D Accuracy to 2 arc seconds 
bit-to-bit RMS 
D Single LED optics 
D Zero pulse 
D M IL-STD-8838 parts available 
D Line driver output options 
D Single, thru and 2" ID 
hollow shaft designs 
D Operating temperature range 
-55° to +85°( 

BEi MOTION 
SYSTEMS COMPANY 
Digital Products Division 

P.O. Box 3838 • Little Rock , AR 72203 • (501) 851-4000 

Request Specification 5VL670 
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Carborundum® 
non inductive 
ceramic power 
resistors solve 
tough problems. 
We make three types of noninductive 
ceramic resistors that can solve tough resis­
tance problems, save money and space. 

Regardless of the pulse shape, we have 
the resistor. Our Type SP handles large 
amounts of power from 60 cycles through 
VHF. Type AS can absorb huge amounts of 
energy in millisecond pulses. Type A solves 
high resistance problems in high voltage 
situations. 

For more information on ceramic power 
resistors and our broad line of thermistors 
and varistors, call or write today. 

Standard Oil 
Engineered Materials Company 
Electronic Ceramics Division 
PO. Box 339 
Niagara Falls, New York 14302 
716 278-2553 

STANDARD OIL 
ENGINEERED MATERIALS 

CARBORUNDUM® ELECTRONIC 
COMPONENTS 

CIRCLE NO 19 
182 

INTEGRATED 
CIRCUITS 

8-CHANNEL DRIVER 
• 35V/350 mA per channel 
• Fully protected against output 

faults 

Featuring three forms of self- and 
load-protection, the UDN2987 A 
driver can source 350 mA/channel at 
sustaining voltages to 35V. Each 
channel of the device incorporates 
independent overcurrent shutdown 
and output transient suppression, 
and all channels share a common 
thermal-shutdown protection. Indi­
vidual clamp diodes at each output 
make the device suitable for 

BEYOND 
"STATE OF THE ART" 

"Imagination Is more important than knowledge" 
... Albert Einstein 

Polytronix professionals are using their 
collective imaginations and advanced 
academic qualifications to develop 
new liquid crystal applications. People 
rely on Polytronix for enthusiasm, 
innovation and new solutions. 

IJJJ1/lflllllJlllIIJ51111tall1!1.W#I 
POLYTRONIX, INC. 

805 ALPHA DR. • RICHARDSON, TX 75081 
214/238·7045 • FAX 214/644·0805 

CIRCLE NO 20 
sourcing current to inductive loads f----------------
such as motors, relays, and sole­
noids. An output enable/reset pin 
enables all outputs when high and 
disables all outputs (and resets any 
fault conditions) when low. The 
UDN2987 A comes in a 20-pin plastic 
DIP. $1.30 (1000). Delivery, eight to 
10 weeks ARO. 

Sprague Electric Co, Box 9102, 
Mansfield , MA 02048. Phone (617) 
853-5000. 

Circle No 360 

AUDIO AMP 
• Suitable for use in car radios 
• Features two complementary-

output audio amplifiers 

You can operate the TDA 7350 audio 
power amplifier as a 12W/12W ster­
eo amplifier or as a 24W bridge 
amplifier. The unit has fully comple­
mentary output stages that require 
no bootstrap capacitors; you need 
only add five external components 
to configure a stereo amplifier. The 
bridge amplifier, which does not de­
mand external components for oper-

DID 
YOU 

KNOW? 
ED N's 

editorial staff is 
backed by 182 

cumulative 
years of 
technical 

experience and 
nearly 170 

years of 
journalistic 
experience. 
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ation, runs from 8 to 18V supplies. 
When the unit is operating at 1 kHz 
on a 14.4V supply, either of its am­
plifiers typically delivers output 
power of llW into a 20 load, 8.5W 
into a 3.20 load, or 6. 75W into a 40 
load; in each instance, the maximum 
distortion equals 10%. When oper­
ating at the same supply voltage, 
the unit features 0.04% typ distor­
tion at 1 kHz for a power level of 0.1 
to 4W into a 40 load, and 0.05% typ 
distortion for a power level of 0.1 to 
6W into a 20 load. A muting circuit 
eliminates turn-on and turn-off 
noise, and a standby function lets 
you disable the unit. The unit fea­
tures protection against thermal 
overloads, load-dump transients, 
and open-circuit ground connec­
tions, and its outputs feature pro­
tection against ac and de short-cir­
cui ts to either the ground or 
positive-supply rail. $2 (1000). 

SGS-Thomson M icroelectron­
ics, Via C Olivetti 2, 20041 Agrate 

INTEGRATED CIRCUITS 

Brianza, Italy. Phone (039) 65551. 
TLX 330131. 

Circle No 361 
SGS-Thomson Microelectron­

ics, 1000 E Bell Ave, Phoenix, AZ 
85022. Phone (602) 867-6100. TLX 
249976. 

Circle No 362 

TELEPHONE IC 
• Provides SLIC functions for tele­

phone exchanges or PABXs 
• Cancels longitudinal signals on 

the line to provide 60-dB balance 

When combined with the vendor's 
MV3000 subscriber-line audio cir­
cuit (SLAC), the 81373 subscriber­
line interface circuit (SLIC) pro­
vides a complete interface between 
a telephone line and a telephone 
exchange or PABX. The unit feeds 
power to the line, controls relays for 
ring-tone injection and line testing, 
performs 2- to 4-wire conversion, 

and detects ring-trip and loop condi­
tions, and operation of a ground 
key. You can program these func­
tions to accommodate different tele­
phone networks. The unit provides 
60-dB typ balance by canceling tele­
phone-line longitudinal signals. It 
feeds power to the line via an on­
chip switch-mode regulator. In the 
constant-current feed mode, this 
regulator limits the IC's power dissi­
pation to lW; as a result, you do not 
have to provide heat sinks for the 
unit. £10. 93 (1000). 

Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wiltshire 
SN2 2QW, UK. Phone (0793) 36251. 
TLX 449637. 

Circle No 363 
Plessey Semiconductors, 9 Par­

ker, Irvine, CA 92718. Phone (714) 
472-0303. 

Circle No 364 

Call Tek direct 
for Pacesetter specs! 
1-800-426-2200 

Prires subject to change without notice. 
Copyright .,1988, Tetrtrooix, Inc. All rights reserved. TIA !Oi·A 

COMMITTED TO EXCELLENCE 
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NEW PRODUCTS 
COMPUTERS & PERIPHERAI.S 

MINISTREAMER 
• Can store 250M bytes on a sin­

gle reel 
• Supports the 6250-bpi GCR re-

cording format 

The Ministreamer Model 1260 GCR 
streamer is a desktop 9-track 
streaming tape drive that can store 
as much as 250M bytes on a single 
tape reel. It supports the high-den­
sity, 6250-bpi GCR recording for­
mat. It also incorporates multiple 
operating speeds to maintain a con­
stant data-transfer rate of 80k 
bytes/sec-the maximum speed 
supported by an IBM PC's DMA 
channel. A µP controls all tape mo­
tion, and the self-calibrating reel 
servo system requires no field ad­
justments. A quartz crystal pro­
vides the master speed reference for 
performance at 12.5, 25, or 50 ips. 

I/O CONTROLLER 
• 4-channel serial IIO controller 
• Handles async, bisync, or 

bitsync protocols 

The ATcomm4 is a 4-channel serial 
I/O controller for the IBM PC, 
PC/ AT, and compatibles. A Z8530 
SIO device handles async, bisync, 
and bitsync protocols. Full-duplex 
DMA circuitry for each channel can 
transfer serial data at l.5M bps. A 
10-MHz iAPX-186 µP provides pro­
grammable intelligence for a varie­
ty of serial I/O protocol applications 
including SNA, X.25, SDLC, and 
HDLC. A 512k-byte onboard dy-

184 

The streamer comes with standard 
or buffered Pertee interfaces, or 
with a SCSI, and it can write or 
read data at densities ranging from 
1600 to 6250 bpi. The unit weighs 40 
lbs. Standard Pertee version, $6975; 

namic RAM is accessible from the 
onboard µP, the serial I/O DMA 
channels, and the IBM PC bus or 
the PC/ AT bus. The PC host can 
access the board, using either ex­
tended or expanded addres~ng 

modes. Bidirectional FIFO regis­
ters provide a cross-port interrupt 
mechanism informing the host or 
the board that data is present in the 
shared RAM. $1395. 

Metacomp Inc, 9466 Black Moun­
tain Rd, San Diego, CA 92126. 
Phone (619) 578-9840. TWX 910-
335-1736. 

Circle No 367 

DATA ACQUISITION 
• Board for the IBM PS/2 Models 

50, 60, and 80 has 12-bit ADC 
• 64-sample FIFO and DMA 

transfers data to the host 

The MC-DAS 1612 is a data-acquisi­
tion board for the IBM PS/2 Models 
50, 60, and 80. It contains a 12-bit 
successive-approximation AID con-

SCSI version with 64k-byte buf­
fered interface, $7995. 

Qualstar Corp, 9621 Irondale 
Ave, Chatsworth, CA 91311. Phone 
(818) 882-5822. 

Circle No 366 

verter whose conversion time is 8.5 
µsec. Onboard autocalibration and 
an automatic zeroing process 
achieve 98 dB of common-mode 
noise rejection. The board has a 
64-sample FIFO and performs 
burst-mode DMA transfers as an 
I/O slave. All connections to the 
board are brought out through a 
37-pin D shell connector that's ac­
cessible at the rear of the computer. 
The throughput in single-channel 
and autoscan modes is 80,000 sam­
ples/sec. In the normal mode where 
the board converts noncontiguous 
channels, the throughput is 50,000 
samples/sec. It has two TTL digital-
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COMPUTERS & PERIPHERALS 

input and two TTL digital-output 
lines along with one analog-output 
channel. Four independent 16-bit 
timer/counters let you program in 
either binary or BCD code to count 
up or down. $995. 

Scientific Solutions, 6225 Coc­
hran Rd, Solon, OH 44139. Phone 
(216) 349-4030. TLX 466692. 

Circle No 368 

COMPUTERS 

• Support four to 10 users 
• Use a custom VLSI 32-bit CPU 

Suited to small offices, 210 Series 
32-bit computers run the vendor's 
Office Network Exchange Plus, a 
departmental software system. 
Each of the computers contains 
three custom VLSI chips: a 32-bit 
CPU, a custom-integrated memory 
controller (CIM), and a virtual­
memory-management unit 
(VMMU). The CIM provides data 

1

11111111111-

and address management for the 
CPU; the VMMU organizes the data 
space into segments, which facili­
tates shared access of data. Each 
program can use as much as 2G 
bytes of virtual memory space. The 
Model 211 executes approximately 
0. 7 MIPS; you can configure it with 
an optional 8k bytes of cache memo-

100 MHz sco~e, counter, timer, 
D M M-J.USt $2795 The ultra-ver~tile Tek 2236 

makes measuring everything 
from frequency, period and width to delay time and~ time push-button easy- in 
addition to CRT display, you get digital readout display accurate to 0.001% and 
beyond. Pacesetter performance on a modest budget? Look al the 100 MHz, dual­
lrace Tek 2235 with the best of the basics- just $1575! 

ry to achieve execution of 1 MIPS. 
You can select a 37M-, 68M-, or 
142M-byte fixed-disk storage unit 
for integration into the system. 
$17, 130 for Model 211 with 32-bit 
CPU, 2M bytes of memory, six 
asynchronous communications 
ports, a peripheral controller, a 
37M-byte hard disk, an integrated 
streaming tape drive, and an HVS 6 
Plus operating system . 

Honeywell Bull Inc, 300 Concord 
Rd, Billerica, MA 01821. Phone 
(617) 671-2517. 

Circle No 369 

PC COPROCESSOR 

• Provides 50 MIPS of parallel 
processing power 

• Runs standard compilers and 
raster-imaging software 

The Leonardo add-in coprocessor 
board for the IBM PC/ AT or com­
patibles provides you with five IMS-

Call Tek direct 
for Pacesetter specs! 
1-800-426-2200 

Prices stbjfI:t to cmrge without n00ce. 
Copyright " 1988. leklrornx. Inc. All rigtlls reserved. TIA !m-8 
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COMPUTERS & PERIPHERALS 

T414 or -T800 Transputers. The communicate with the AT Bus via 
Transputers are linked in a pipe an Inmos link adapter and 2k bytes 
topology; each Transputer is linked of dual-port RAM. This interface 
to its immediate neighbor by two can transfer data between the co­
Transputer links. This topology processor board and the AT Bus at 
leaves the Transputers at either end 800k bytes/sec and can generate 
of the pipe with two Transputer host interrupts. You can connect the 
links unconnected to the pipe. The remaining Transputer links at ei­
master Transputer, at the head of ther end of the pipe to other Leo­
the pipe, uses one of these links to nardo boards or to external sys-

186 CIRCLE NO 23 

terns. The master Transputer comes 
with as much as 4M bytes of RAM, 
and each of the four slaves features 
256k bytes of local RAM. The board 
runs Inmos Transputer develop­
ment software; C, Pascal, Fortran, 
and Occam compilers; and the ven­
dor's Pablo raster-to-vector encod­
ing and decoding language for 
scanned graphics. A version with 
five T414 Transputers, lM byte of 
master RAM, and 256k bytes of 
RAM for each slave, $6500. 

Simulation Technology AS, 
Sandakerveien 35B, Torshov, 0401 
Oslo 4, Norway. Phone (2) 156710. 

Circle No 370 

DISPLAY TERMINAL 
• Features a 15-in. fiat screen with 

75-llz rej'resh rate 
• Paper-white display produces 

letter-quality characters 

The HCT is an alphanumeric dis­
play terminal that produces letter­
quality characters on a paper-white 
background. It emulates HP's 
2392/ A and 2394/ A terminals and is 
compatible with HP's 700/9x series 
of computers. Its 15-in. flat screen 
provides approximately 902 in. of 
viewable area and has a 75-Hz re­
fresh rat~ to reduce flicker. The 
detachable keyboard has single­
stroke keys that can activate a dis­
playable calculator, calendar, file 
system, or notepad. A help key re­
trieves instructions for using the 
desktop accessories. The device also 
includes a battery-operated clock, 
16k bytes of nonvolatile memory 
and 16k bytes of display memory, 
which can store 10 to 12 forms in a 
form-cache application. It can dis-
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COMPUTERS & PERIPHERALS 

play either 80 or 132 columns. Com­
munications take place through RS-
232C and RS-422 ports at rates as 
high as 38.4k baud. $795. 

Cumulus Technology Corp, 2650 
E Bayshore Rd, Palo Alto, CA 
94303. Phone (415) 856-8800. 

~ • ·~~\\~\\\\I 
•\\~\\~ 

Circle No 371 

SWITCH/CONCENTRATOR 
• Interconnects as many as eight 

X. 25 lines 
• Concentrator gives six X. 25 

lines access to X .25 trunk line 

The ACS 8250 is a packet switch and 
line concentrator for X.25 network 

communications. When used as a 
switch, the unit interconnects as 
many as eight X.25 lines. When 
used as a concentrator, it permits 
six interconnected X.25 lines to ac­
cess a high-speed X.25 trunk line. It 
concentrates outward-bound pack­
ets and sends them to the packet 
network at 64k bps, and it directs 
incoming network packets to the 
correct local destination. A 68000 
µP handles protocol processing. It 
features a 512k-byte dynamic RAM 
for buffering and routing. The unit 
supports LAPE (link access proto­
col B); a password-protected net­
work-management facility provides 
on-line status and statistics. You can 
link multiple units together via 
Ethernet segments to create a cus­
tomer-premises network. $6500. 

Advanced Computer Communi­
cations, 720 Santa Barbara St, 
Santa Barbara, CA 93101. Phone 
(805) 963-9431. TWX 910-334-4907. 

Circle No 372 

Best-of-class performance at 
$995/$2195 Get the ?aceSetter start in digital storage with Tek's 

NEW 50 MHz 2210. Featuring 20 MS/s per channel 
digitizing, 4K record length per channel plus familiar, full-bandwidth analog operation 
for just $2195. And for pure and simple analog performance with unmatched economy, 
look at the popular, 2-channel Tek 2225- just $995! 

~~~--------~~~...-..;.; ~e\~": , 
'2.~'"' 

8-IN. WINCHESTER 
• 2.SG-byte model fits in same 

space as 10112-in. disk drive 
• Drive has an average access 

time of 18 msec 

The MK-388FA is an 8-in. Winches­
ter disk drive. The basic model pro­
vides 720M bytes of storage. It em­
ploys a head-disk-assembly design 
and a dedicated servo surface. The 
device features an average access 
time of 18 msec and can tr an sf er 
data at 2.4M byte/sec. Extensive 
VLSI chips, a landing zone, and a 
fail-safe autoretract feature help the 

Call Tek direct 
for Pacesetter specs! 
1-800-426-2200 

Prices subject to change without notice. 
Copy11ght C1988, Tektronix. Inc. All rights reserved TIA 906-C 
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COMPUTERS & PERIPHERALS 

drive achieve an MTBF of 35,000 
hours. It has a standard SMD inter­
face with built-in diagnostics. The 
unit is available in a 51/.&-in. high, 
19-in. wide, 2-dr ive rack subsystem 
with a built-in power supply. This 
subsystem provides l.4G bytes of 
storage. Two rack subsystems occu­
py the same space as a single 14- or 
10112-in. disk drive and supply 2.8G 
bytes of storage. Basic unit, $3995; 
rack subsystem, $8335 (OEM qty). 

Toshiba America, Disk Products 
Div, 9740 Irvine Blvd, Irvine, CA 
92718. Phone (714) 583-3108. 

Circle No 373 

RS-232C INTERFACE 

• Provides optical isolation for 
RS-232C lines 

• Retransmits data bidirectionally 
at 19.6k baud 

The IM-232-8 is an 8-line isolating 
interface for computer systems 

using EIA RS-232C and CCITT 
V.24 communications protocols. The 
model provides 1500V optical isola­
tion between input and output ports 
that eliminates common-mode volt­
ages and ground loops. The unit also 
functions as an RS-232C repeater, 
which doubles the length of the com­
munication line. As a repeater it can 
retransmit data bidirectionally at 
rates to 19.6k baud. The unit has 

Rechargeable Lithium 
for Memory Back-up! 

190 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Moli Energy offers two standard MOLICEL® rechargeable lithium 
battery packs specially designed for memory back-up applications in 
computers, process control equipment, and portable devices. The 
packs use MOLICEL® "AA" size cells and can be constant voltage 
charged from any DC power source. 

Reliable long life memory protection: 

• Longer use than lithuim primaries or alkalines - hundreds of cycles 
• No memory effect problems 
• Simple and inexpensive charge circuitry 
• Low self discharge 
• No voltage delay 
• DOT and UL recognition 

CIRCLE NO 29 

• • • • • • • • • • • • 
MOLi Energy Limited 
3958 Myrtle Street 
Burnaby, B.C. 
Canada VSC 4G2 

1-800-663-MOLI 

LEDs that monitor the status of the 
data lines without loading them. It's 
powered from a standard 120V ac 
line and consumes 4W. Packaged in 
an impact-resistant ABS plastic 
package measuring 53/16X6%X21/4 
in., it weighs 3.5 lbs. A surge-pro­
tection option, which absorbs tran­
sient overvoltages, is also available. 
$148. 

Peradata Technology Corp, 17 
Birch St, Lake Grove, NY 11755. 
Phone (516) 588-2216. 

Circle No 374 

IMAGE SCANNER 

• Performs overhead scanning 
• Adapts to ambient light 

The N-205 image scanner provides 
user-selectable resolution to 200 
dots/in. and employs an image sen­
sor that performs overhead scan­
ning of documents. The unit adapts 
to ambient-light conditions. You 

EON 
INFO 

CARDS 

~Re. 

For further information, 
contact Lauren Fox, EDN 
Info Cards Manager, at 

(203) 328-2580. 
*Numbers represent 

actual responses. 
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COMPUTERS & PERIPHERALS 

don't have to obtain additional hard­
ware in order to use it with Macin­
tosh computers or with an IBM PC 
or compatible. It interfaces with 
your computer via an RS-232C port 
that has a switch-selectable 19,200-
baud max data-transfer rate. You 
can also use its Centronics-compati­
ble bidirectional parallel port to 
transfer data. The scanner's 
desktop-publishing software lets 
you input a scanned image, call it up 
on your terminal, edit it, and print 
it. You can purchase the unit with 
Front Page Personal Publisher, PC 
Paintbrush Plus, or optical-recogni­
tion software for use with the IBM 

PC or compatibles, or you can ob­
tain it with Haba Personal Publisher 
software for use with the Macin­
tosh. Scanner without software, 
$695. 

Chinon America Inc, 6374 Arizo­
na Circle, Los Angeles, CA 90045. 
Phone (213) 216-7611. 

Circle No 375 

EVALUATION BOARD 

• Stand-alone board executes 
ADSP-2100 DSP algorithms 

• Board has 2k x 16 bits of data 
memory 

The ADDS-2160 is a stand-·alone 
evaluation board that executes DSP 
(digital-signal-processing) algo­
rithms for the ADSP-2100 DSP 
chip. The board consists of an 
ADSP-2100, 4kx24 bits of program 
memory; and 2kx16 bits of data 
memory. An 8088 µP that runs the 
board provides system debugging. 

The board has both digital and ana­
log interfaces. Two RS-232C ports 
connect the board to a terminal and 
host computer for program develop­
ment. You can use an onboard 
codec, microphone port, speaker 
jack and amplifier, and a 12-bit DIA 
converter for linear predictive cod­
ing and echo cancellation. You can 
also add an AID converter through 
an expansion port. $1950. 

Analog Devices, Literature Cen­
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. TWX 
710-394-6577. TLX 174059. 

Circle No 376 

BEi Motion Systems Company introduces an economical optical encoder that never needs 
alignment. Installation is quick and effortless. 

Design Engineers; you've never seen this before! 
BEi Motion Systems Company introduces their brand new modular optical encoder 

with an installation time so impressive that no shims, set screws, epoxies, 
alignment or oscilloscopes are required! 

T hat's right. A new economical optical encoder that never needs 
alignment. Not a kit , these fully self-contained, modular 

encoders feature quick, effortless installation in less than 60 seconds 
by "untrained" hands! 

Their high acceleration/ low inertia features and reliable performance 
over wide temperature ranges make them truly the latest in 
engineering design. And, best of all, they're priced for the OEM. 

To learn more about optical encoders, send for your copy of 
their new data sheet. You've never seen anything like it before either! 

CIRCLE NO 27 
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am BEi MOTION 
SYSTEMS COMPANY 
Computer Products Division 

1755·8 La Costa Meadows Drive• San Marcos, CA 92069 • (619) 471·2600 

Call Today Toll Free 

1-800-ENCODER 
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Best 
switch 
on earth 
and beyond! 
Shooting for the moon? 

Our rotary switches have been there 
and back. And on almost every NASA 
project since the space program began. 

We make everything from micro­
miniature rotary selector switches to 
totally enclosed explosion-proof 
power selector switches, for major 
airframe and aerospace contractors all 
over the globe. 
And , if we don't have what you need, 
we can design and custom build a 
switch to your exact specifications. 

Even if they're out of this world. 

1;111t:tt 
• An ESOP Corp. 
P.O. Box 3038, 3111 Winona Avenue 
Burbank , CA 91504 (818) 846-1800 

TWX 910-498-2701 FAX (818) 842-3396 

CIRCLE NO 28 

NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

DC/DC CONVERTERS 
• Feature 6.6 Wlin.J power density 
• Spec 500V de 110 isolation 

DPS/DPD Series single- and dual­
output de/de converters comprise 14 
models that deliver 5, 9, 12, ±12, 
and ±15V outputs from 5 and 12V 
inputs. Each of the converters em­
ploys MOSFET technology and fea­
tures input filtering, short-circuit 
protection, 500V de input/output 
isolation, and a -25 to +71 °C 
nonderated operating range. The 
devices' 106-hour MTBF and 80% 
efficiency rating makes them suit­
able for µC, process-control, tele­
communication, and ATE applica­
tions. $24 (OEM qty). 

Semiconductor Circuits Inc, 49 
Range Rd, Windham, NH 03087. 
Phone (603) 893-2330. 

Circle No 380 

PHOTOSENSOR 
• Contains a phototransistor and 

a current amplifier 
• Features 850-nm peak optical 

sensitivity 

The P-1-Darlington miniature 
photosensor assembly measures 
only 1x0.25 in. It combines a high­
sensitivity phototransistor with a 
I-stage optical current amplifier to 
provide an optical sensor that can 
directly drive programmable con­
trollers, industrial computers, or 
most logic families. The photosensor 
has a peak optical sensitivity of 850 

nm, so it is compatible with both 
incandescent and infrared sources. 
It features a 12-ft scanning range, a 
200-µsec response time, an 8° field 
of view, 100-m W max power dissipa­
tion, and a -30 to+ l00°C operating 
range. The sensor has a threaded 
steel body for easy mounting, and 
comes with 6 ft of waterproof, flex­
ible shielded cable. From $40. 

Scanning Devices Inc, 108 Elm 
St, Waltham, MA 02154. Phone 
(617) 891-8991. 

Circle No 381 

f 

SUPPRESSORS 
• Provide transient protection for 

power and data lines 
• Meet all applicable FCC regula­

tions 

Meeting all FCC regulations, the 
Model 120KMP1and120KMP2 sup­
pressors provide transient protec­
tion for both ac power lines and data 
lines using telephone-style modular 
plugs. They are housed in an EMii 
RFI-shielded metal case and oper­
ate to 50k baud. The signal-line por­
tion of the 120KMP1 can accom­
mo~ate two RJ 11 (6-position) modu­
lar plugs, and the 120KMP2 can 
accept two RJ 45 (8-position) plugs. 
The maximum clamping voltage is 
340V peak. This section can also 
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Precision perform­
ance even in limited 
space. Designed with 
a right angle lead exit, 
this ultra compact 

gage head is ideal for measurement 
in miniature fixturings and of small 
inside diameters. AC-powered, it 
features excellent linearity and a 
gaging range of ±0.01 O". 

Measuring DISPLACEMENT, PRES­
SURE, ACCELERATION, FORCE/ 
WEIGHT, SLOPE/TILT, or VELOCITY? 
For nearly half a century , we've 
demonstrated our commitment to 
sensor technology with products for 
a variety of measurement applications. 

For complete information on the ultra 
compact gage head, write Schaevitz, 
U.S. Route 130 & Union Avenue, 
Pennsauken, NJ 08110 or call our 
Hot Line: 609/662-8008. 
Grid Scale: 3/8" x 3/8" 

CIRCLE NO 30 
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COMPONENTS 
& POWER SUPPLIES 

shunt 400A to ground and can han­
dle 1500V transients. Operating line 
requirements are ± 185V at 200 mA. 
In the ac line section, both units 
provide two standard 3-prong fe­
male sockets. The maximum line-to­
neutral clamping voltage is 335V at 
500A and 375V at 3000A. This sec­
tion exceeds the line-surge stand­
ards of IEEE-587, Category B. 
120KMP1, $80; 120KMP2, $87 (100). 

General Semiconductor Indus­
tries Inc, 2001 W 10th Pl, Tempe, 
AZ 85281. Phone (602) 968-3101. 
TWX 910-950-3101. 

Circle No 382 

2805 1000 
OC·oc CONVERTER 

18 54 voe IN PUT 
%5 voe OUTPUT 
+I 100/·900mA ) 

• Six-sided shielded case elimi­
nates RF I problems 

4 

• Features wide-range input oper­
ation 

The Model 28D5.1000 pc-board­
mountable de/de converter accepts 
18 to 54 V de inputs and provides 
isolated ±5V outputs. The output 
currents are 1.1 and 0. 9A. The con­
verter features a shielded trans­
former and a 6-sided shielded case. 
The output stage has protection 
against load feedback-spike dam­
age. Its key specs include a line and 
load regulation of 0.05%, 20 mV p-p 
output noise, 500V de isolation, and 
8-hour min short-circuit protection. 
The minimum efficiency specs at 
60% and the operating range spans 
-25 to +80°C. The converter car­
ries a 5-year warranty. $126. Deliv­
ery, stock to six weeks ARO. 

Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. Phone 
(415) 932-3911. 

Circle No 383 

Turn 
Good 
Ideas 
Into 

Good 
Articles 

WithEDN's 
FREE 

Writer's Guide! 
Would you like to get paid for 
sharing your clever engineering 
ideas and methods with your 
professional colleagues? If so, 
then send for EDN's new FREE 
writer's guide and learn how. 

You don't need the skills and 
experience of a professional 
writer. And you don't need to 
know publishing jargon. All you 
do need are a little perseverance, 
your engineering skills, and the 
ability to communicate your 
ideas clearly. 

Our new writer's guide takes 
the mystery and intimidation out 
of writing for a publication. It 
shows you how to write for EDN 
using skills you already have. 
Plus, it takes you step-by-step. 
through the editorial procedures 
necessary to turn your ideas into 
polished, professional articles. 

Get your FREE copy of EDN's 
writer's gu,ide by circling number 
800 on the Information Retrieval 
Service Card or by calling Sharon 
Gildea at (617) 964-3030. 
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COMPONENTS & POWER SUPPLIES 

CARD FRAMES 

• Meet MIL-STD-167 
• Control EMllRFI emissions 

HD167 card frames meet MIL-STD-
167 and the IEEE mechanical speci­
fication draft PllOl. The units are 
constructed of 1/s-in. aluminum plate 
and extrusions, which are conduc­
tively finished. Their features in­
clude positive locking bars for card 
guides, which prevent rollover; con­
ductive and nonconductive spacers 
for use in mounting backplanes; and 
beryllium copper ground clips to 
selectively control EMI/RFI emis­
sions on daughter boards. The card 
frames are available in five standard 
sizes to suit buses such as the VME 
Bus, Multibus II, the G-64 Bus, and 
Futurebus. The card guides can ac­
cept either Yl6- or %2-in.-thick pc 
boards with 15114-in. depths. From 
$75. 

Bice-Vero E lectronics, 1000 
Sherman Ave, Hamden, CT 06514. 
Phone (203) 288-8001. 

Circle No 384 

POSITION SENSOR 

• Housed in a surface-mount 
package 

t"' > 

r 

. 
. ;, 
I 

• Registers movement to a fraction 
of a millimeter 

The KSY 20 surface-mountable 
GaAs Hall generator features dual 
matched sensors to provide a high 
degree of sensitivity and accuracy. 

EDN March 3, 1988 

The device, which is housed in a 
6-pin package, can scan tiny mag­
netic fields to determine the posi­
tion of a metal object. Operating 
with a constant control current, the 
device emits a voltage in direct pro­
portion to the prevailing magnetic 
field. The sensors register move­
ment to a fraction of a millimeter 
within the scanned magnetic field. 

The device's package has a 0.8-mm 
mounted height. Its operating 
range spans -40 to + 150°C. $15.60 
(100). Delivery, eight to 10 weeks 
ARO. 

Siemens Components Inc, Spe­
cial Products Div, 186 Wood Ave 
South, Iselin, NJ 08830. Phone (201) 
321-3400. 

Circle No 385 

GLOBE MOTOHS 
Stronger Than Ever 

For over 40 years , first as Globe Indus­
tries, then as TRW Motor Division, we've 
maintained a reputation for high quality 
products and responsive customer 
service. Now, as Globe Motors, we 're 
stronger than ever, and ready to help 
you find a solution for any motion appl i­
cation. Whether it involves precision 
movement of a mechanical component, 
instrument, air or fluid , Globe Motors 
has the right device, including a wide 
selection of AC and DC motors/gear­
motors, fans and blowers, pumps, 
limited rotation torquers , and linear and 
rotary actuators . 

Globe Motors - with a vertically integrat­
ed organization capable of everything 
from engineering prototypes to volume 
production - is the one-stop resource for 
all of your electromechanical motion 
needs. 

GLOBE MOTOKS 
A D1v1s1on of Lab1nal Components and Systems. Inc 

2275 Stanley Avenue 
Dayton, Ohio 45404 
Telephone: (513) 228-3171 
TWX : 810-459-1642 
TLX :228224 

CIRCLE NO 31 
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COMPONENTS & POWER SUPPLIES 

LINE FILTERS 240V line supply is typically sup­
pressed to 50V. Apart from sup­
pressing line interference, the filter 
also protects lines from indirect 
lightning strikes. Single-phase and 
3-phase devices are available for 
110, 240, and 440V line supplies. 
The single-phase versions have cur­
rent ratings between 1.5 and 30A; 
the 3-phase delta versions have cur-

• Contain an active filter to sup­
press line interference 

• Available in single- and 3-phase 
versions 

Traksorb line filters contain an ac­
tive filter that detects and sup­
presses line interference. A 4-kV 
spike with a rise time of 5 nsec on a 

No other AC Power Source 
gives you 150°/o of rated 
power - continuously. 
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Behlman does, all day long. Our STD and KB Series AC Power Sources 
are designed to deliver up to 150% of rated power. This means you never 
have to derate a Behlman, or worry about power factors or overloads. And with 
50% more power being available to the load, these models are more cost 
effective, versatile and reliable. 

Our sources are smaller and lighter too. They're perfect for ATE applica­
tions. And Behlman's CllL and IEEE-488 option packages make the KB Series 
a good choice for complex systems integration. 

The KB Series delivers truly independent, simultaneous output measure­
ments while your tests are in progress. With this, and self diagnostics, you 
perform tests faster and eliminate expensive external measurement equipment. 
It's all in one intelligent package. 

Whether you want manual or computer 
controlled AC power, Behlman enhances 
your testing capabilities and effectiveness 
- with power to spare. 

We deliver solutions to AC power 
problems. Call or write today for 
more information. 

(805) 684-8311 
CALL COLLECT 

BEHLMAN 
A Fiskars Company 

1142 Mark Avenue • Carpinteria, CA 93013 
FAX (805) 684-8128 

• 
• • • ·- .) ., 

. ~- ·- · ; L.....J . • . . -:.: .. 
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rent ratings between 3 and 30A. 
The filters are available in packages 
for pc boards or chassis-mounting. 
Single-phase versions, £10.50 to 
£23 .25; 3-phase versions, £23 to 
£45.60 (100). 

Power Conversion Ltd, Fir Tree 
Lane, Groby, Leicester LE6 OFH, 

. UK. Phone (0533) 878881. TLX 
341401. 
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POWER SUPPLY 

• Can drive AID converters, op 
amps, and other analog devices 

• Available with a companion 
mounting kit 

You can order the Model 22-40 dual 
power supply with a compatible 
mounting kit (MK22/08B). The en­
capsulated supply, which is suitable 
for powering analog circuits, has a 
dual tracking output of ±15V at 
±50 mA. It has line and load regula­
tion of ±0.1 %, and a noise and rip­
ple spec of <2 m V rms. It features 
short-circuit-protected output volt­
age that is factory set to within 
0.5% accuracy. You can obtain the 
supply with 100, 115, 220, 230, or 
240V ac inputs. With 50-Hz lines, 
you must derate the ouputs by 50%. 
The supply's case measures 
1. 75 x 2. 25x1 in. and includes a 
molded-in , threaded insert that 
facilitates pc-board mounting . 
Model 22-40, $58; Model MK22/08B, 
$23 . 

Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. Phone 
(415) 932-3911. TLX 269888. 

Circle No 387 
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EDN magazine for technology in depth. 
EDN News for news of products, 
technology, and careers. 
Together, they provide complete coverage 
of electronics for engineers and 
engineering managers worldwide. 

EDN MAGAZINE/EDN NEWS 
Cahners Publishing Company• 275 Washington Street• Newton, MA 02158-1630 • (617) 964-3030 
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NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

µP PROGRAMMER 

• Programs 8748, 8741, 8742, 
8748H, 8749, and 8749H 

• Plugs into PC bus 

The 87 48 MPU programmer fits in 
any I/O slot in an IBM PC or other 
PC bus-based computer. It pro­
grams the following µPs in addition 
to the 8748: 8741, 8742, 8748H, 
8749, and 8749H. It can program 
and verify locations beginning at 
specific addresses in the µP's ROM 
space. Using the menu-driven soft­
ware supplied with the unit, you can 
determine whether a chip has been 
programmed, load data to a buffer 
in host memory from a binary file on 
disk, modify the buffer, and save 
the buffer contents to disk. Also 
accompanying the unit is software 
which converts data in the following 

formats to binary: Intel and Tek­
tronix Hex, and Motorola S record. 
$295. 

Avocet Systems Inc, Box 490, 
Rockport, ME 04856. Phone (800) 
448-8500; in ME, (207) 236-9055. 

Circle No 390 

OSCILLOSCOPE 

• Works as 50-MHz analog scope 
or 20M-samplelsec DSO 

• DSO stores 4k samples/channel 

You can use the 2210 either as a 
conventional dual-trace analog 
scope with 5-m V /div sensitivity and 
bandwidth of 50 MHz or as a digital 
storage oscilloscope (DSO) with 
8-bit vertical resolution, a 20-MHz 
sampling rate, and 4k-point horizon­
tal resolution. In the DSO mode, the 

unit can display low frequency 
waveforms in the roll or triggered­
roll modes, or it can freeze them on 
the screen. An external clock input, 
which accepts frequencies as high as 
10 MHz, allows you to control data 
sampling and to synchronize sam­
pling with occurrences in the equip­
ment under test. You can collect lk 
or 3k samples prior to triggering a 
sweep; in the pretrigger mode, a 
bright dot on the display denotes 

Current Mode Control 
DC/DC Converters 

VSERIES 

SWITCHING POWER SUPPLIES 
~~~~~~~~~~~~~~-

Engineered and Manufactured 
by Perfectionists! 

• 
• 

International 
Power Devices 

155 N. Beacon Street 
Brighton, MA 02135 

CIRCLE NO 33 
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(617)782-3331 

Simulations by SPICE 

Sheet Metal by AMADA Auto Insert by UNIVERSAL 

Testing by ZEHNTEL Burn In by CENTIGRADE Service by PHILLIPS 

Call Toll Free 1-800·523·2332 
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TEST & MEASUREMENT INSTRUMENTS 

the trigger point. $2195. 
Tektronix Inc, Box 1700, Beaver­

ton, OR 97077. Phone (800) 835-9433 
ext 170. 

Circle No 391 

SWEEP GENERATOR 
• Covers 10 MHz to 20 GHz 
• Holds harmonics to -60 dBc 

from 2 to 20 GHz 

The Model 6311 programmable 
sweep generator works with the 
vendor's automatic amplitude ana­
lyzer and autotester to form a scalar 
network-analysis system. The gen­
erator covers a frequency range of 
10 MHz to 20 GHz and, in the fast­
sweep mode, performs a sweep in 15 
msec. When the instrument is pro­
ducing a constant-frequency output, 
its frequency accuracy is typically 
±3 MHz; during sweeps, its accura­
cy is ±20 MHz typ. Its power levels 
are accurate to ±0.5 dB from 0.01 to 

EDN March 3, 1988 

2 GHz. From 2 to 20 GHz, the unit 
holds harmonics and subharmonics 
to -40 and -60 dBc min, respec­
tively. The vendor claims that you 
can calibrate the instrument in 15 
minutes by using a counter inter­
faced to the sweep generator via the 
IEEE-488 bus, and a power meter. 
$21,950. Delivery, 60 days ARO. 

Marconi Instruments, 3 Pearl 
Ct, Allendale , NJ 07401. Phone 
(201) 934-9050. 

Circle No 392 
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DEVICE PROGRAMMERS 
• Feature support programs that 

reside in socketed EPROMs 
• Edit fuse maps in RAM via 

RS-232C port 

The Palpro 2X family of dedicated 
PLD programmers supports 20- and 
24-pin PLDs, EPLDs (erasable 
PLDs), PLAs, and IFL (integrated 
fuse logic) and PAL devices. The 
Palpro 2X Model A supports 20-pin 
devices from Monolithic Memories 
Inc, National Semiconductor Corp, 
and Texas Instruments. The Palpro 
2X Model B supports 20- and 24-pin 
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TEST & MEASUREMENT INSTRUMENTS 

devices from these vendors. The 
Palpro 2X Model C supports 20- and 
24-pin devices from Advanced Micro 
Devices, Lattice, Cypress, and Sig­
netics. The device-support pro­
grams that run on a programmer's 
internal µP reside in a socketed 
EPROM. To add support for a new 
device, you replace the EPROM 
with a new one supplied by the 

vendor. A RAM buffer stores fuse 
maps; you can edit these maps by 
using an ASCII terminal connected 
to the programmer's RS-232C port. 
The units accept JEDEC files and 
are compatible with files produced 
by the following compilers: Palasm, 
Amaze, Help, Plan, Abel, Cast, and 
Cupl. $595 to $995. 

Logical Devices Inc, 1321 NW 

BYTEK's NEW 135 MULTIPROGRAMMER™ 
OFFERS 18/12 PROTECTION PLAN 

THREE PROGRAMMERS IN ONE. 
With the addition of the 135 
MultiProgrammer"' BYTEK has pro­
vided a true Universal Programming 
Site. The 135 is a SET EPROM Pro­
grammer, a GANG EPROM Duplicator, 
and a UNIVERSAL DEVICE Program­
mer, designed for Engineering 
Development, Production and Field 
Service Environments. 

BYTEK's new 135 MultiProgrammer"' 
is a High Performance Instrument set­
ting new standards for Universal 
Device Support and Flexibility at 
affordable prices. 

VERSATILE: With standard 256K 
BYTE of RAM, expandable to 2 
MegaBy1e, the 135 supports more 
devices than any other production pro­
grammer on the market today. The 135 
provides EPROM programming 
capabilities of virtually any 24-, 28-, 
and 32-Pin EPROM and EEPROM 
from 16K to MegaBit Devices. The 135 
can Program SETS of Devices, 16- and 
32-Bit Wide. As a GANG EPROM 
Duplicator, it copies up to eight (8) 
devices from RAM, with options for 16 
Devices. 

COMPATIBLE: The 135 offers Terminal 
and Computer Remote control, Data 
110· compatible+. 

* Data t/O is a Registered Trademark of Data llO Corporation . 
+Some limitations may apply. 

.___..' . 
,· , • .· ,. ' 
,. ' 
' . "·' . ' ' 

FLEXIBLE: The 135 can easily be ex­
panded to program 40-Pin EPROMS, 
Bipolar PROMs, Logic Array Devices, 
EPROM Emulation, and 40 Pin Micro 
Devices. 

18/12 PROTECTION PLAN: BYTEK of­
fers High Performance, unsurpassed 
quality, and product reliability. BYTEK 
is the first to offer a full EIGHTEEN 
MONTH WARRANTY, and TWELVE 
MONTH FREE Device Support 
Updates. 

Call us today at: 
1-800-523-1565 
Mastercard or Visa is accepted 
In Florida call 1-305-994-3520 

BYTEK Corporation 
Instrument Systems Division 
1021 S. Rogers Cir., Boca Raton, FL 33487 
Tel : (305) 994-3520 FAX: (305) 994-3615 

BYTEK International 
511 11th Ave., So. Minneapolis, MN 55415 
Tel : (612) 375-9517 FAX: (612) 375-9460 
Telex: 4998369 BYTEK 
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65th Pl, Fort Lauderdale, FL 33309. 
Phone (800) 331-7766; in FL, (305) 
974-0975. TLX 383142. 

Circle No 393 

FUNCTION GENERATOR 

• Has two waveform memories 
that contain 8k X12-bit words 

• Outputs arbitrary functions at 
100 nsec!point 

The AFG 5101 modular arbitrary­
function generator contains two 
waveform memories, each of which 
has 8k x 12-bit words. Via its DIA 
converters, it can generate a new 
value as often as every 100 nsec or 
as seldom as every 999.9 sec. The 
unit can also produce sine, square, 
and triangular waves to 12 MHz. To 
simplify definition of arbitrary 
waveforms, the generator's perma­
nent memory contains 1000-point 
sine, square, triangular, and ramp 
waveform segments. You can edit 
these segments and position them at 
points of your choosing within the 
waveform memories. If you define 
the end points of waveform seg­
ments , the generator can draw 
straight lines and interconnect 
them. The instrument can also gen­
erate logarithmic, linear, and arbi­
trarily shaped sweeps; you can se­
lect these sweeps and program their 
starting and stopping points and 
rates from the panel or via the 
IEEE-488 interface. $3395. Deliv­
ery, 14 weeks ARO. 

Tektronix Inc, Box 1700, Beaver­
ton , OR 97077. Phone (800) 835-
9433, ext 170. 

Circle No 394 
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TEST & MEASUREMENT INSTRUMENTS 

100-MHz SCOPES 

• Provide cursor-controlled time 
and voltage readout 

• Allow storage and recall of 20 
setups 

The 2245A and 2246A oscilloscopes 
incorporate four 100-MHz-band­
width channels, two of which pro­
vide 2-m V /div sensitivity and 2% 
max amplitude-display error. By 
positioning the cursors, you can ob­
tain on-screen numeric readouts of 
voltage and time. On the 2246A, the 
cursor settings follow changes in 
sensitivity, vertical position, and 
trigger point. Both units offer an 
automatic-setup feature, which puts 
a trace on the screen with a mini­
mum of control manipulation. The 
2246A also provides on-screen 
menus from its internal firmware. 
Further, the 2246A allows you to 
store 20 control-panel setups and 
recall them at the touch of a button. 
2245A, $1795; 2246A, $2395. 

Tektronix Inc, Portable Instru­
ments Div, Box 1700, Beaverton, 
OR 97077. Phone (800) 835-9433, ext 
170. 

Circle No 395 

SCSI-BUS TESTER 

• Emulates SCSI devices and per­
forms synchronous tracing 

• Handles synchronous transfers 
at 4.5M bytes/sec 

You can control the DSC-202 SCSI­
bus analyzer/emulator from an ex­
ternal ASCII terminal or computer. 
The tester can trace activity on the 
SCSI bus without affecting bus op­
eration; it can record 32,000 56-bit-

EDN March 3, 1988 

wide events and display them in 
several formats, including one which 
resembles Pascal source code. You 
can use combinations of strobe and 
control lines to qualify data for stor­
age. For asynchronous mode, the 
maximum data rate is l.5M bps; for 
synchronous mode , it's 4.5M bps. 
With optional firmware, you can 
program the unit to initiate transac-

YOU CAN'T 
BEATTEK 
ATITS 
OWN GAME. 

--

SCSI t1us Ari:;:,ly/~ r 
v~ ~~ ._,-

1 A!'ft;;OT • • 

And 250 MSPS ND 
Converters with 
1 GHz Track and Hold 
is the game. 
Don't settle for sec­
ond best. We have 
what you need now. 

Call Tek direct: 
1 ·800-835-9433 Ask 
for IC Standard 
Products. 

CIRCLE NO 37 
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TEST & MEASUREMENT INSTRUMENTS 

tions on the bus or to receive data 
from it. You can fit several test 
routines into the tester's lk-byte 
EEPROM and retain them after you 
remove power, or you can load test 
programs totaling 30k bytes into 
the unit's static RAM via either of 
the two RS-232C ports. $8950. 

Ancot Corp, Box 1141, Palo Alto, 
CA 94301. Phone (415) 327-1525. 
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DISASSEMBLER 

• Supports DSP56000 family of 
signal processors 

• Fits the vendor's 1240 and 1241 
logic analyzers 

The 12RM99 Option 15 DSP56000/l 
Mnemonics ROM pack plugs into the 
vendor's 1240 and 1241 logic analyz­
ers. It provides instrument setup 
and disassembly postprocessing for 
debugging and code optimization in 
systems that use the Motorola 

POWER PLUS ... 
Quality and 
Support You Can 
Rely On 
The Panasonic® MR Series of 75 Watt 
and MS Series of 100 Watt multiple 
outf)ut Switching Power Supplies. 
Their efficiency and reliability are clear 
from features like these: 

• 4 outputs; jumper selectable dual 
input 

• 3-year limited warranty 
• Off-the-shelf availability 
• Recognized by UL 114, 478; 

certified by CSA; approved 
by TUV for VOE 0806, Class 1 

• Printed circuit board construction 
• 100kHz switching frequency; 

FET circuitry 
• Meets FCC Class B and VOE 

Class B noise regulations 
• OCP/SCP/OVP 

202 

DSP56000/1 digital-signal pro­
cessors running at speeds as high as 
10.25 MIPS. You can use the logic 
analyzers' time-correlated display 
to freeze real-time interactions be­
tween independently clocked sys­
tem modules on the logic-analyzer 
screen. $400. 

Tektronix Inc, Box 12132, Port­
land, OR 97212. Phone (800) 245-
2036. 
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TRANSIENT RECORDER 

• Incorporates MS-DOS computer 
that uses 10-MHz 80286 

• Can include 40M-byte hard disk 

The PSO 5070 is a 40-lb, 4-channel 
digital storage oscilloscope with dif­
ferential inputs, 64k words of mem­
ory for acquired signals, a choice of 
three AID converters, and an 80286-
based personal computer with a 
10-MHz clock rate and 640k bytes of 

• Standard power fail signal 
• Compact and lightweight. Ideal for 

use in computers and computer 
peripherals, avionics and telecom­
munications equipment, scientific 
and medical instrumentation, and 
comparable applications. 

CIRCLE NO 38 
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RAM. The oscilloscope can acquire 
data at 20M samples/sec with 8-bit 
resolution and at 2M samples/sec 
with 10- or 12-bit resolution. The 
computer incorporates a 1.2M-byte 
floppy-disk drive and, optionally, a 
20M- or 40M-byte hard-disk drive. 
Further, the scope can run data­
analysis applications such as Asyst, 
Asystant, and ILS. $8000 to 
$11 ,000. 

Krenz Electronics Inc, 23132 La 
Cadena Dr H, Laguna Hills, CA 
92653. Phone (714) 770-9070. TWX 
910-250-3320. 
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Panasonic 
Industrial Company 
Power Supplies Department 
Two Panasonic Way 
Secaucus, NJ 07094 
(201) 392-4290 

EDN March 3, 1988 



WE'LL SHOW YOU WHAT NO ONE 
HAS EVER SEEN BEFORE 

AND WE'LL COLOR IT, T 
With A 3 Hz Filter That Provides 
A New Industry Standard Of 
Resolution For Close-In Performance ... 

The user friendly Marconi Model 
2383, 100 Hz to 4.2 GHz Spectrum 
Analyzer with built-in tracking gen­
erator establishes a new standard 
of high accuracy, resolution and 
stability of measurements. The 
automatic self calibration routine 
provides exceptional RF level accur­
acy of ± 1.5 dB at 4.2 GHz from 

Marconi 
Instruments 
EDN March 3, 1988 

+27dBmto -130dBm. Close-in per­
formance is unmatched with a 3 Hz 
filter and 1 Hz frequency resolution. 

4.2 GHz Spectrum Analyzer-Model 2383 

CIRCLE NO 123 

With numerous high 
performance display 
functions, dynamic trace, 
limits memory, RGB drive, 
GPIB, plus limits masking. The 2383 
is at your command for demanding 
spectral analysis requirements. 

For a demonstration or details 
contact: Marconi Instruments, 
3 Pearl Ct., Allendale, NJ 07401. 
• (800) 233-2955 • (201) 934-9050 
• In Canada (514) 341-7630 
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NEW PRODUCTS 
CAE & SOFTWARE DEVELOPMENT IDOLS 

RF SIMULATION 

• Offers new sparse-admittance 
matrix-reduction feature 

• Lets you perform VSWR meas-
urements and analysis 

You can use the enhanced simulation 
program Touchstone version 1. 6 for 
the design, analysis, and optimiza­
tion of microwave/RF circuits. A 
new sparse-admittance matrix-re­
duction feature permits this version 
of the simulation program to use 
computer memory more efficiently 
than did earlier versions and speeds 
up the analysis of large, complex 
circuits. You can include as many as 
250 variables and equations in a 
circuit file; other new features and 
capabilities include a sweep prog­
ress indicator, print- and plot-inter­
rupt facilities, and the ability to 
make VSWR measurements and to 
simulate stripline-cross and 
stripline-curve elements. The net­
work-analyzer interface now works 
with the Wiltron 360 vector network 
analyzer, as well as with the HP 
network analyzers supported by 
earlier versions of the program. The 
program runs on IBM PCs and com­
patibles, VAX computers, HP 9000 
Series 300 machines, and Apollo and 
Sun workstations. From $9900. 

EEsof Inc, 5795 Lindero Canyon 
Rd, Westlake Village, CA 91362. 
Phone (818) 881-7530. 
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EDIF INTERFACE 

• Lets you convert any P-CAD 
schematic net list to EDIF 

• Provides property-name and 
character mapping 

NX-EDIF converts a schematic net 
list generated by the vendor's 
P-CAD IBM PC-based products into 
an EDIF file for transfer to ASIC 
vendors, to pc-board service bu­
reaus, or to an HP PCDS (printed­
circuit-board design system) work­
station. The program allows you to 
translate P-CAD attributes (part­
packaging information symbols) into 
symbols that the target system can 
use. You can also remove individual 
P-CAD characters from the output 
file or translate them into different 
characters in the output file. $500. 

Personal CAD Systems Inc, 1290 
Parkmoor Ave, San Jose, CA 95128. 
Phone (408) 971-1300. TLX 3717199. 
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ANALYSIS OPTIONS 

• For RS/1 package 
• Let you read data directly from 

HP test equipment 

QCA, RPL Toolkit, Graphic Writer, 
and CLI are four options for the 
vendor's RS/1 data-analysis pack­
age, which runs on HP 9000 Series 
300 computers. The QCA option 
provides a wide range of quality­
control and ··manufacturing func­
tions, such as control charts, sam-

Three better ways 
to put the 

right amount of 
POWER 

where it's needed. 

1. DP Series 
• 2.4 Watt regulated 5, 9, 12, 15, 

± 12, or ± 15 Vdc output 
• 200 kHz switching frequency 
• 5.0 Vdc filtered input 
• 500 Vdc isolation 
• Continuous short circuit protection 
• 1.25 x 0.8 x 0.4 inches 

2. H Series 
• 7.5 Watt regulated 5, 9, 12, 15, 

± 12, or ± 15 Vdc output 
• Surface mount technology 
• 4.5 to 72 Vdc selectable input 
• 500 Vdc isolation 
• Continuous short circuit protection 
• 2.0 x 2.0 x 0.375 inches 

3. T Series 
• 18 Watt regulated single, dual, and 

triple outputs: 5, 12, 15; ± 12 or ± 15; 
and 5 ± 12; 5 ± 15 Vdc 

• 100-200 kHz switching frequency 
• 9 to 72 Vdc selectable input 
• 500 Vdc isolation 
• Continuous short circuit protection 
• 2.5 x 3.0 x 0.83 inches 

Send for our complete, 
free catalog: 
Bonar SCI, Inc. 
49 Range Road 
Windham, NH 03087 
Telephone: (603) 893-2330 

~=Bonar SCI, Inc. 
_,. A Bonar Power Supplies Company 
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EON 
INFO 

CARDS 

Offer an ideal way to: 
• Introduce new products. 

• Build awareness in the 
marketplace. 

• Supplement your adver­
tising campaign. 

• Promote catalogs, litera­
ture or price sheets. 

• Test an advertising 
message. 

For further information, contact 
Lauren Fox, EON Info Cards 
Manager, at (203) 328-2580. 
*Numbers represent actual 
responses. 

CIRCLE NO 143 
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CAE & SOFTWARE 

pling plans for incoming inspection, 
process-capability studies, and 
trend analysis. The RPL Toolkit 
provides facilities that help RS/1 
programmers develop custom appli­
cations written in the RPL lan­
guage associated with RS/1. Graph­
ic Writer allows you to produce 
technical reports and documents 
that combine text with RS/1 tables 
and graphics. It includes formatting 
functions that let you preview docu­
ments on the screen before you 
print them. The CLI option allows 
you to read data directly from HP 
test equipment into RS/1 files and 
provides an interface to other appli­
cation programs written in the C 
language. From $1000 to $6000. 

BBN Software Products Corp, 
10 Fawcett St, Cambridge, MA 
02238. Phone (617) 873-5000. 
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PATTERN RECOGNIZER 

• Lets you retrieve words and 
phrases from disk files 

• Searches multiple directories 
and subdirectories 

The Golden Retriever version 2.0 
intelligent document- and text-re­
trieval program runs on the IBM 
PC and compatible computers. You 
can search for and retrieve any 
word, phrase, or filename, even if 
you don't know exactly what or 
where the text item is; you supply a 
key phrase and the pattern-recogni­
tion algorithm retrieves near and 
exact matches from any file on a 
hard disk. You can specify the file­
names to search, as well as the mini­
mum threshold score (on a scale of 0 
to 100) for which potential matches 
will be reported. The program 
searches multiple directories and 
subdirectories and accepts wild­
card filenames. You don't have to 
create an index, and you can use the 
program from within a word proces­
sor or other application program. 
When the search is complete, the 
program can display the relevant 

ATTENTION 
HARDWARE 

DEVELOPERS 

WHAT'S NEW FOR 
MAC II & MAC SE 

Open architecture. 

Expansion power: VECTORBORO PLUS.'" 

High speed prototyping boards. 

test extenders and accessories. 

Eight models available now. 

Vector-41 years industry standard. 

• High Density proto 
boards for OIPs and 
PGAs 

· Multilayer power 
and ground planes . 

· SMT caps and 
socket pins installed. 

• Bracket w/ 
expandable 1/0 port 
available separately. 

~r:J,p/4. 
iVi fi1r M~'JI, 11nii 

Call for brochure. 

VECTOR ELECTRONIC COMPANY 
12460 Gladstone Avenue 
Sylmar. CA 91342 
818/365-9661 FAX 818/365-5718 

800/426-4652 In CA 
800/423-5659 Outside CA 120 
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New low cost BoardMaker:TM 

Now 
in-house 

prototyping 
is truly 

affordable. 

Mills and drills circuits 
in minutes. 

There's no reason to waste time 
and money sending out for proto­
type circmt boards any longer. 
With the new BoardMaker, you 
can make your own prototypes in 
your own lab directly from your 
PCB CAD-as fast as you need 
them. 

No delays or rush charges. 
BoardM~ker engraves single and 
double-sided boards, forming con­
ductor lines as small as 5 mil. 
(There is a throughplate option 
too.) 

A 2" x 3" board with medium 
density, for example, takes about 
15 minutes. So you can save a 
week or more at every level of 
design development. You also 
save the money spent on outside 
sources, along with costly charges 
for rush service that can't compare 
with BoardMaker speed. 

No chemicals. 
BoardMaker is totally mechanical. 
There are no chemicals, no fumes, 
and no toxicity problems. 
At $5,000, pays for itself fast. 
BoardM~ker is revol1;1tionary 
because it costs one-sixth the price 
of first generation prototype 
machines-and literally pays for 
itself after about a dozen boards. 
For more information, call (415) 
883-1717 or use the reader card. 

206 

~ 
20A Pamaron Way 
Novato, CA 94948 
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portions of the files containing po­
tential matches and can highlight 
the potential matches. When run on 
a 12-MHz PC/AT, the program 
searches through approximately 
18,000 characters/sec. In order to 
use this program, you must have 
128k bytes of memory available and 
your machine must run DOS version 
2.0 or later. Golden Retriever, $99; 
Golden Retriever Pup, for use with 
floppy disks only, free ($5 shipping 
charge). 

SK Data Inc, Box 413, Burling­
ton, MA 01803. Phone (617) 229-
8909. 
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MACHINE MONITOR 

• Monitors manufacturing equip­
ment in real time 

• Maintains down-time and mal-
function histories 

The TEAM (Technical Equipment 
Analysis Manager) computerized 
maintenance-management system is 
written in C and can run on a varie­
ty of host computers, from IBM 
PC/ATs or compatibles to work­
stations and mainframes. The pro­
gram monitors the operation of a 
plant's equipment and alerts opera­
tors or maintenance staff when a 
unit malfunctions. It also indicates 
the status of other equipment af­
fected by the malfunctioning unit 
and generates a report that can help 
engineers to analyze and correct the 
problem. You can enter commands 
that will cause the program to call 
technicians or supervisors at home 
after hours. The program maintains 
a complete work history on each 
monitored unit of equipment and 
can generate a wide variety of re­
ports to aid in planning maintenance 
schedules, job costing and account­
ing, and material management. You 
can purchase individual modules of 
the program or the complete main­
tenance-management system. 
Prices for the complete system start 
at $10,000 for PC licenses, $28,000 

• 
NEW FROM 
ACADEMIC 

PRESS 
• 

Profe~~ional 
anO 

Technical 
~erie~ 

Academic Press is launching a 
new series of books for high tech­
nology professionals. To write 
these books , we are seeking au­
thors in such fields as: 
• 32-bit microprocessor systems 
• ASIC technologies 
• data acquisition and conver­

sion 
• sub-micron IC technologies 
• semiconductor manufacturing 

and QC 
• test and measurement systems 
• telecommunications and ISDN 
• surface mount devices 
• multiprocessing technologies 
• and similar topics on the lead­

ing edge of electronics. 
For those who can "write the 

book" on hot electronics topics, 
Academic Press will pay generous 
royalties and back their efforts 
with intensive promotion and 
marketing campaigns. Editorial 
guidance and support will be an 
important part of the writing 
process. 

If you are interested in 
being an author, contact: 

Harry Helms, Senior Editor 
Electronics and Electrical Engineering 

Academic Press 
1250 Sixth Avenue, San Diego, CA 92101 

or call (619) 699-6840. 
CIRCLE N043 
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CAB & SOFTWARE DEVELOPMENT IDOLS 

for workstation licenses, and 
$38,000 for mainframe licenses. 

Logic Sciences Inc, 11000 Wil­
crest, Houston, TX 77099. Phone 
(713) 879-0536. 
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ADA SYSTEM 

• Allows development of Ada soft­
ware on Apollo workstations 

• Includes symbolic debugger and 
many utilities 

Domain/ Ada is a set of high-perfor­
mance tools for the development of 
programs written in Ada. It con­
sists of an Ada compiler (derived 
from the Verdix Ada Development 
System), a source-level debugger, 
library-management tools, a run­
time system, and a wide variety of 
program-development utilities. The 
package has been validated by the 
AJPO and fully complies with 
ANSl/MIL-STD-1815A. The pack­
age gives you access to Domain sys­
tem facilities and to user-written 
routines in Pascal, Fortran-77, or 
Domain/C. Compiler error mes­
sages provide concise descriptions 
of errors and offer cross-references 
to the Ada reference manual. A li­
brary of utility packages includes 
complex arithmetic routines, math­
ematical functions, sorting routines, 
and string-handling routines. $6000. 

Apollo Computer Inc, 330 Bill­
erica Rd, Chelmsford, MA 01824. 
Phone (617) 256-6600. 
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DESIGN AID 

• Analyzes transistor-level critical 
paths in ASIC designs 

• Estimates dynamic power con-
sumption 

Ltime identifies transistor-level 
critical paths in an ASIC design, 
optimizes transistor sizes on critical 
paths, and estimates the dynamic 
power consumption of a complete 
integrated circuit. You can identify 
critical paths between inputs and 

EDN March 3, 1988 

outputs, paths through intermedi­
ate nodes, and paths whose delays 
fall within a user-defined interval of 
time. You can analyze paths on both 
sequential and purely combinatorial 
circuits. A special clock-analysis 
mode lets you determine the maxi­
mum permissible clock frequency 
and the critical duty cycle. You can 
purchase the program as a stand-

alone tool or as an adjunct to the 
vendor's GDT (schematic-capture) 
or Lsim (analog/digital simulator) 
products. Stand-alone version, 
$40,000; as an adjunct to GDT or 
Lsim, $25,000. 

Silicon Compiler Systems Corp, 
2045 Hamilton Ave, San Jose, CA 
95125. Phone (408) 371-2900. 

Circle No 406 
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DRAFTING PROGRAM chanical drawings. The program's 
eight symbol libraries contain elec­
trical, electronic, logic, place­
planning, scheduling, hydraulic, and 
piping and instrumentation sym­
bols. When combining symbols, you 
can preview the effect of variable 
radii before committing the results 
to the file. Both modules provide 
block functions, scrolling, and zoom-

• Dual modules create mechanical 
and schematic drawings 

• Libraries include electrical and 
mechanical symbols 

The MGl/CADD3 2-dimensional 
drafting program consists of two 
modules, one for schematic capture 
and one for architectural and me-

Our f a01ily. 
Catalog models available for immediate prototype testing. 

Your features. 
We customize or tailor to your requirements. 

CUSTOM KEYS 
CUSTOM 
EPROM 

PANEL MOUNT 

YOl:JR 
LOGO 

Choose from a wide variety of handheld and panel mount Tenniflex models 
available for immediate delivery. 

It 's easy to connect one as the prototype operator interface 
for the microprocessor-based product you're developing. 

As your product evolves, Tenniflex becomes part of the development family. 
Our engineers work closely with you, helping to specify custom features 

(from special programming to trademark graphics) 
that will precisely fit your application and 

give a strong fami ly resemblance to your product line. 

Then we'll build, test, and deliver production quantities to meet your schedule. 
And when your control/display unit goes out into the world 

with your looks and your name, Tenniflex will be there if service is ever needed. 
Isn't that what families are all about? 

Termiflex Corporation 
316 Daniel Webster Highway 

Merrimack, NH 03054 
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Telephone 603-424-3700 
Fax 603-424-0330 
Telex 595559 

in and zoom-out features. The pro­
gram runs on IBM PCs or compati­
ble computers and on 80386-based 
machines. $1495. 

Microcomputer Graphics Inc, 
13468 Washington Blvd, Marina Del 
Rey, CA 90292. Phone (213) 822-
5258. 
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PC AUTOROUTER 
• Rip-up and reroute algorithm 

achieves 100% routing 
• Optimizing algorithm spreads 

traces evenly over area 

PADS-SuperRouter is a 3-stage pc­
board routing package that runs on 
80286- or 80386-based computers. A 
math coprocessor is desirable but 
not essential. The initial routing 
phase uses a series of passes in 
attempting to find a route for all the 
connections on the board. When this 
phase has completed as many con­
nections as it can, the rip-up and 
reroute phase completes the re­
maining connections, if necessary 
ripping out and rerouting connec­
tions completed by the initial phase. 
However, you can tag critical traces 
for no rip-up. The final phase re­
routes all traces except tagged criti­
cal paths; it takes out many bends 
put in by the obstacle-hugging algo­
rithm, spreads the traces evenly 
over the available area, and removes 
unnecessary vias. The package can 
route as many as 12 layers simulta­
neously, can route different traces 
of different widths simultaneously, 
and allows routing to pads with 
1-mil resolution. It will also handle 
surface-mount connections. The 
amount of memory required by the 
program varies with the complexity 
of the layout; typical requirements 
are 2M bytes for a 2-layer, 100-IC 
board, and 4M bytes for a 4-layer, 
200-IC board. $5000. 

CAD Software Inc, 119 Russell 
St, Littleton, MA 01460. Phone 
(800) 255-7814; in MA, (617) 486-
9521. 

Circle No 408 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

SCHEMATIC CAPTURE TO PCB LAYOUT $695.00 

Before buying EE Designer, FutureNet , 
PCAD, or separate Schematic & PCB editors, 
check our one CAD Total Solution. Schematic/ 
PCB editor supports 15 hierarchy levels, 50 
layer, auto parts package, rat's net, rubber 
banding, 1 mil resolution , unltd trace widths, 
GND plane, etc. Optional Auto-Router, DRC 
and Gerber. $75.00 for full function evalu(!tion 
kit. 

Interactive CAD Systems 
2352 Rambo Court 

Santa Clara, CA 95054 (408) 970-0852 
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PC488 $145 
LOW COST PC/XT/AT INTERFACE 

FOR IEEE-488 (GPIP/HPIB) 
• SHORT CARD FOR PC/'ICT/AT & COMPATIBLES 
• I OF 6 INTERRUPT LEVELS 
o I OF 2 OMA CHANNELS 
• UP TO 4 BOARDS PER COMPUTER 
o CONTROLLER I TALKER I LISTENER 
o INCLUDES SOFlWARE DRIVERS 
• CUSTOM SOFlWARE SUPPORT AV All.ABLE 
e COMPATIBLE WITH MOST IEEE488 SOFTWARE 

PACKAGES FOR THE IBM PC 
o QUANTITY DISCOUNTS 

Call today for datasheet!! 

B&C MICROSYSTEMS 

~~ <:i~~?J:re F1.'1:·<~)~t1f· Tfilx,9=s 
VISA & MC accep1cd. 

PCMASCO 
Real-Time Multitasking 

Kernel for the IBM PC 

APPLICATIONS 
. Data Acquisition 
- Process Control 
- Background 

Communication 

monllor d1spllly 

- $795 binary license 
. No royalties 
- Sources available 

FEATURES - Intertask communication 
- Shared data areas 
- Synchronization and mutual exclusion 
- Built-in debugging facilities 
- Supports DOS function calls 
- Can run a standard DOS program 
- Various language interfaces 
· Supports MASCOT design methodology 
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Smoke a microPipe 
Fast DSP development on a PC-compatible board. 
Two pipelined TMS320C10 DSP's give up to 12.5 
MIPS. 
Add your daughter board for applications in 
acoustics, music synthesis, radar, image process­
ing, graphics, etc. 

Board from $995. 
Development is enhanced by Sarin's macro as­
sembler and window-oriented simulator. 

Software $595. 

Sarin, Inc. 
P.O. Box36065 

Baltimore, MD 21286 
(301 ) 485-9529 

TODD ~~. 

-=--==-""'==-- FREE! 
Switching 
Power 
Supply 
Catalog 

• Complete performance data for 46 multiple output switch­
ers (160 to 700 watts), 16 single output switchers (150 to 
520 watts; 5-48 volts) • Up to 31 % smaller packages with 
power densities to 4 wattsfin3 for design flexibilities • Orga­
nized for easy selection by recommended primary OEM 
product application . 

For your free catalog , call 1-800-223-TODO, 516-231-3366, 
or write: 

TODD 
PRODUCTS CORP. 

50 Emjay Blvd., Brentwood, NY 11 717 

CIRCLE NO 327 

SEE US AT COMDEX SPRING 
MAY 9 12 ATLANTA GA 

CicaRI• r EISI Grammar Engine, Inc. 
.-__.__ 1021 Tipton Coun 
----:::: WesterviUe, OH 43081 

...... 614/882-6366 

VISA •ftd Mu1.,C&td Ac«pled ~is~~~· c:..U 
O.•le1lnq~111HW11<:ome 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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When it comes to value, 
no one comes close. 

DC/DESIGN TM 

The Truly Afford­
able, Feature­
Packed PCB 
Design Package s975 

Created for IBM PCs and compatibles. DC/ DESIGN is 
a high-end CAE/CADdesign tool that's priced forvalue 
and prepared to perform! Features include schematic 
capture. parts placement, full menu prompting option. 
interactive autorouting, surface mount technologysup­
pon., user friendly reference manual. and comprehen­
sive reference manual 

Our professional one-mil, diagonal autorouter is also 
available. 30-day money-back guarantee. Call today to 
order or for more infonnation. Demo disk and data 
sheets available 

•DESIGN 
•COMPUTATION 

Route 33 Sherman Square. Farmingdale, NJ 07727 
12011 938-6661 

-, 
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EPROM PROGRAMMER 
WITH AUTO-PROGRAMMING 

The Model 93 includes automatic selection and pro­
gram/verify with silicon identifiers. RS-232C to 19.2 
KB; Intel, Motorola, Tektronix and extended formats 
with offset, even/odd, byte split, checksum, Quick 
Pulse and standard programming. Full COM1 :­
COM6: support on IBM PC!)CT/AT. CP/M driver. Sup· 
ports 27XXX, 25XX, 67CXXX, 67C257, 66C257 
MCM66764 EPROMs; 6741 - 67C51-6752 MPU ; 
26XXX EEPROMs. $350 

Optimal Technology 
Earlysville, VA 22936 604-973-5462 
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25MHz 48 CHANNEL PC-BASED 
LOGIC ANALYZER $1595.00 

D - Cl 

• 
. 

. ' _''41•1 "" 
46 Channels @25MHz x 4K word deep 
16 Trigger words/16 trigger sequence 
Automatic set·up and loading of symbol tables 
Symbolic disassembly of microprocessors 
Storage and recall of trace data to disk 
65K Pass/Delay Counter 
16 Channel Waveform Display 
12 Channels @1 00 MHz Pod 
Disassemblers available for: 
6066 66000 6065 
6066 Z60 6502 

6601 
6303 

NCI 6436 UNIVERSITY DRIVE 
HUNTSVILLE, AL 35606 

(205) 837-6667 
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SOFTWARE 
VERSION CONTROL 

The POLYTRON Version Control System (Pl/CS) provides 
precise & flexible configuration management for software 
development projects on Personal Computers, PC Lans 
and VAX minicomputers, including: 
•Storage and retrieval of multiple revisions of source code. 
•Maintenance of separate lines of development using branching. 
• Merging of simultaneous changes. 
• Modules can be reviewed by their own revision number, system 

version number, or specified date. 
• Efficient disk storage, PVCS uses a very intelligent difference 

detection technique that minimizes the amount of disk space 
required to store a new version. 

Personal PVCS - Olfers most of the power 
and flexibility of Corporate PVCS. 
Corporate PVCS - Olfers features to main-

$149 
tain source code of very large and complex $395 
projects that may involve multiple programmers. 

Network PVCS - Extends Corporate PVCS 
to use on networks. File locking and security 
levels can be tailored for each project . Call 
(503) 645-1150 for pricing on licenses for more 
than 5 stations. 

VAX PVCS - Call for pricing. 
$995 

Requires DOS 2.0 or higher. Compatible with the IBM PC, XT, 
AT and other MS-DOS PC's. Works with any language. 

TO ORDER: VISA/MC 1-800-547-4000. 
Dept. EON Oregon and outside US call (503) 645-1150. 

Send checks, P.O:s to: POLYTRON Corporation, 
1170 NW 167th Place, Dept. ELD, Beaverlon, OR 97006. 
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SINGLE CARD DATA ACQUISITION 

DSP-16 is a single card for the IBM PC or 
compatibles. Real-time 16 bit data ac­
quisition on 2 input and output channels 
at up to 50 kHz simultaneously. User 
programmable TMS32020 or TMS-
320C25. 512K or 2 Meg buffer. Concur­
rent sampling and anti-alias filters. Com­
plete with software for applications and 
program development , common 
language interfaces. 

Ariel 
110 Greene St., NY, NY 10012 

Call (212) 925-4155 
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CHIP COILS 
DC-DC CONVERTERS 

PULSE TRANSFORMERS 

Our Chip Coils is good for your miniaturization & sur­
face mounting. DC-DC Converters, pulse transformers 
& band pass filters is now complete with excellent func­
tions. We also supply choke coils, power chokes, 
linearity coils, toroidal coils, pulse transformers, coupl­
ing transformers, power transformers and others. Send 

for details today .! 

OEM and Agent -
Inquiries Invited 

ABC TAIWAN ELECTRONICS CORP. 
No. 422, Sec. 1, Yang Fu Ad., Yangmei 32627, 
Taoyuan, Taiwan, R.O.C. 
Tel : (03)4788088, Telex : 32379 ABCEC 
Fax: (03) 4755503 

Send for the latest 44-page Relay Enqineering Manual from 
Deltrol • Packed with useful information on reliable general 
purpose , magnetic-latching , and time-delay relays· Light , 
medium and heavy duty power loads, including Appl iance 
and Industrial-rated units . 

DELTROL 2745 S. 19th St. 
Milwaukee, WI 53215 

cont;po/s I 0 Phone 414 /671-6800 
Telex 2-6871 

4306 DIVISION OF DEL TROL CORP. 
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A Lot 
For A Little 

Reach 137,000 
specifiers of electronics 

components, equipment, 
and systems for 

only $780. 

• EON Product Mart 
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Flow 
Charting II+ 
The New Plus 
for Fast 
Flowcharting 

FLOW CHARTING 
is new! It's now 

Flow Charting II+, with more speed 
+ more functions + more printing options; 
• I 0 text fonts; 26 shapes; • Line mode can stop 
at a shape; • Backspace key can erase a line to 
its origin; • Free text en by anywhere, or select auto­
centering; • Vertical or horizontal printing; one 
chart or multiple charts. 

Used by Fairchild, Bechtel and more than 
500 other major corporations. Edit quickly 
and accurately - even major edits - with 
Flow Charting II+ , the Specialist 
See your retail store or call: 

PATTON & PATTON 

CIRCLE NO 338 CIRCLE NO 339 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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SCULPTURED® FLEXIBLE CIRCUITS 
SAVE UP TO 45% OF TOTAL 

INTERCONNECT SYSTEM COSTS. 
Sculptured flexible circuit terminations from ACT are 
integral to the circuit traces ... not added on! Cost savings 
can be as high as 45%, because added termination hard· 
ware, parts inventory, installation labor and costly in· 
spection procedures are minimized. 
Sculptured flexible circuits are versatile, reliable inter· 
connections requiring limited tooling. Choice of circuit 
design, conductor width, pin shape, density and finishes 
is virtually unlimited. 
For more information, call our toll-free number 
" 800-234-FLEX"orwrite Linda Freisinger-Baird, Direct 
Marketing Coordinator, Advanced Circuit Technology, 
P.O. Box 547X, Nashua, NH 03061 . 
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Analog Circuit Simulation 
NEW 

SPICE_NET 
$295.00 

Make SPICE input 
files from schematic 
drawings using pull 
down menus and a 

mouse to draw and connect parts. Use an IBM PC 
with any UC Berkeley compatible SPICE program. 

Simulation Programs for 

• IS_SPICE, $95.00. Performs 
AC, DC and Transient analysis. 

• PRE SPICE $200.00: Adds 
Monie Carlo Analysis, Sweeps, 
Optimization, libraries and alge­
braic parameter evaluation . 

• lntu_Scope $250: A graphics 
post processor works like a digi­
tal oscilloscope. Easy to use 
with all the waveform operations 
you will ever need. 
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IBM 
PC's 
from 

intusoft 
(213) 833-0710 

P.O. Box 6607 
San Pedro, CA 

90734-6607 

Xentek, a leader in Supplies for 15 years has introduced 56 
models to their power protection line. They now feature 96 
models which includes Extreme Isolation Transformers and 
Line Power Conditioners from 250 VA to 20 KVA. 
According to a study by IBM the average computer is sub-

jected to 128.3 power line disturbances each month. Xenteks 
new product line will eliminate 99.5% of power glitches. 

$91.00* 
Single Board_ .~omputer 

CIRCLE NO 341 

(Heritage Systems Corporation) 
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HSC·6603 ROM Simulator 
Simulates up to 4M bit 8 bit wide 
or BM bit 16 bit wide EPROMS 
150ns access time from Ice 
Motorola and Intel Hex formats 
Hex editing from ANSI Terminal 
Battery backed up memory 
Serial Port links to anr, host 
Baud rate programab e to 38.4K 
Basic HSC·6603 starts at $345 

P .0. Box 10588 
Greensboro, NC 27404-0588 

(919) 274-4818 

CIRCLE NO 344 

Great Designs Start With 
Tango-Schematic;· Just $495. 

This new equipment is designed for use on any mini, micro Designs quickly come to life with Tango-Schematic 's easy-
or mainframe computer. Or, any equipment where clean to-use drawing editor and extensive component libraries. 
power is needed. Features four line types, four text sizes, repeat and block 
Extreme Isolation Transformers start from $175.00and Line functions, unique built-in word processor . Includes DRC, 

Conditioners from $275.00. The units are backed with 2 year BOM, Wire List, Net List outputs and cri sp plots, prints, or 
warranty, UL Listed and CSA Approved. Some models have laserprints. The perfect front end to our popular 
VOE 0550 Certification. Tango-PCB and Tango-Route board design systems. 

Our Multitasking Industrial Basic runs as fast as BASICA on 
the IBM PC/ATI. It can also handle interrupts, frequency 
inputs, bit manipulation, datalogging and more. The hard­
ware includes 4 channels of Analog with 12-bit resolution , 
32digital1/0 lines, battery-backed calendar clock, keypad and 
display ports. 2 RS-232C serial ports, 96K RAM, EPROM and 
EEPROM programmers, autorun mode, low power CMOS 
circuitry, 8 MHz Z80 CPU. Only 4.5"x8". Stand-alone or 
expandable. Low cost optional software turns your IBM PC 
into a program development workstation. FREE CATALOG 
describes other models and accessories. Call JOJ-426-8540 
for same day response. 

0 OCTAGON SYSTEMS 6510 W. 91st Ave . 
CORPORATION Westminster, CO 80030 

CIRCLE NO 342 

~MPLIFYBOARDLAYOUT 

MICRO/Q ceramic decoupling capacitors 
share board mounting holes with IC pins 
to simplify board design. Now add more 
active devices with increased density 
in the same space, or design the same 
package on a smaller board . 
Rogers Corp., 2400 S. Roosevelt St., 
Tempe, AZ 85282. 602/967-0624 

CIRCLE NO 345 

Glide Through PCB Design. 
'IOngoPCB '"Create the toughest board designs 
with powerful layout software that's a snap to use. 
Function-rich Tango-PCB supports eight layers, I mil 
grid, OrCAD'" or Schema· netlist input, prinVploV 
photoplot output, and more. 

'IOngoRoute '"Get impressive completion rates 
and remarkable speed with Tango-Route, a four layer, 

eleven pass autorouter. Just $495 each. 
Information and free catalog available, contact Bill Smith, For IBM PC/XT/AT/PS2. Just $495. Full-function Demo 

(619) 727-0940. Package: $10. Order toll-free 800 433-780 I . VISA/MC. For IBM PC/XT/AT/PS2. Compare features and you'll buy Xentek. Thirty-day money back guarantee. Tango. Or try full -function Demo Package, just $10. 
The He•rt 01 vou• Sy>tem ACCEL Technologies, 7358 Trade St., San Diego, CA 92 121 Order toll-free: 800 433-7801. VISA/MC. Thirty-day 

760 Shadowridge Drive, Vista, CA 92083 Outside N., S. America contact llST Technology (Australia) money back guarantee. 
(619) 727-0940 TWX: 910-322-1155 FAX: (619) 727-8926 Phone: 6 t ·02-34-8499 FAX: 6t -02-23-8771 ACCEL Technologies, 7358 Trade St. , San Diego, CA 92 121 
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SBXMODULES 

We've upgraded our SBSxSCSI module to support Block­
Mode Psuedo-DMA transfers. That means CPUs without 
OMA can increase transfer speeds by not polling for READY 
on every byte. We've also added an optional Centronics­
compatible printer port (SBSxSCSl/CEN) . If you only need the 
printer port, save money with our low-cost SBSxCEN module. 
We also offer a Floppy-Disk Controller module (SBSxFDC) that 
handles 31/2", 51;. ", and 8" drives with SD, DD and HD 
formats . 
Call or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd. 

Cupertino, CA 95014 
(408) 253-0250 

CIRCLE NO 349 

ZIPPY SWITCHES 
~NO: E91274 

*FUil DETAILS AND SAMPLES 
ON REQUEST 

*OEM ARE WELCOME 

LMTVPESlRIES 

~ 
COIN SWITCHS 

~ 
OM TYPE SEAtES • Mf TYPE SERIES 

SM TYPE SERIES 
PSW·Ol SERIES 

PSW·02 SERtES 

ZIPPY SHIN JIUH CORP. 
P.O. Sox 10184 SHIN TIEN TAIPEI HSIEN. TAIWAN, R.0.C. 
TEL:(02)9188512-5 TLX :33418 ZIPPY FAX:886-2-9155765 

CIRCLE NO 752 

SMART CARD EXTENDER 
EASY ON s16500 - PC/XT 

Asman card extender for S 19500 - AT 
PC/XT I AT and compatibles 

•Allows card 
insertion and 
extraction with­
out power on/ 
off cycles 

• Saves time by 
eliminating DOS 
re-boots 

• Reduces wear 
and tear on hard 
disk drives 

• Extends host interface for hardware and soft­
ware development and test 

• A single switch controls the connection of all 
signals to and from the computer bus 

• Patent pending 

30 DAY NO RISK EVALUATION 
APPLIED DATA SYSTEMS 
9811 Mallard Dr. Suite 203 

Laurel, MD 20708 
For more information call 800-541-2003 

CIRCLE NO 350 

EPROM PROGRAMMER 
$349 

THE EP-1 's A GREAT VALUE & HERE'S WHY: 
• REAOS, PROGRAMS, COPIES OVER 300 EPROMS AND EEPROMS 

FROM 29 MANUFACTURERS INCLUDING 2716-27513, 2804-28256, 27011 
•READS & WRITES INTEL, MOTOROLA, STRAIGHT HEX AND BINARY 
• OPTIONAL HEAOS PROGRAM INTEL B74X, 8751, B7C51 , 8755 
• MENU-ORIVEN CHIP SELECTION BY MFG & P/N; NO MODULES 
•FAST, SLOW, QUICK PULSE PROGRAMMING ALGORITHMS 
•SPLITS FILES BY BASE ADDRESS AND ODD/EVEN (16&32 BIT) 
•ALL INTELLIGENCE IN UNIT; ZBO MICROPROCESSOR BASED 
• 5, 12.5, 21, 25VOLT PROGRAMMING FOR CMOS AND -A SUFFIX PARTS 
•FREE PC-DOS SOFTWARE •RS232 TO ANY COMPUTER 
• GOLD TEXTOOL Zif SOCKET • 8 BAUD RA TES TO 38,400 
•SAME DAY SHIPMENT •GENERATES, CHECKS CHECKSUMS 
•ONE YEAR WARRANTY •TWO FREE FIRMWARE UPDATES 
•MONEY- BACK GUARANTEE •UV ERASERS FROM $34.95 

CALL TODAY FOR MORE INFORMATION 

BP~ 
800/225-2102 713/461 -9430 TELEX 1561477 
10681 HADDINGTON #190 HOUSTON, TX 77043 

CIRCLE NO 753 

DATA ACQUISITION DIRECT TO DISK 

•\,I • • 1 • • J•·- •" 
. ' - . 

DSP 16 f • ' 

=:- -....... . ,) 
• • _,.,_...,,..~ , ?l -,, • 

SDI Signal to Disk Interface for hours of 
real-time signal data storage using an 
IBM PC. Record/playback 2 channels, 16 
bits, up to 50kHz per channel. 50 or 250 
Mbyte Winchester drives, 800 Mbyte 
optical. SCSI interface supports up to 7 
drives! Advanced graphics-assisted cut 
& paste editing. Tape recorder simula­
tion. From $3495. 

Ariel Corp. 
110 Greene St., NY, NY 10012 

Call (212) 925-4155 

CIRCLE NO 751 

Join Forces 
Combine your 
larger ads with 

EON Product Mart ads 
for a total 

marketing program. 

• EON Product Mart 

CIRCLE NO 754 

"D" SIZE PLO'ITER 
$2295°0 

RETAIL 

s 159500 
INTRODUCTORY 

OFFER 

• Model PC 3600 
• Repeatability .001" 
• Speed at 7" Per Second 
• Vacuum Paper Hold Down 
• High Resolution Circles: Suitable for 

PCB Artwork 

(415) 490-8380 ZERICOIV 
STEVENSON BUSINESS PARK 
BOX 1669 • FREMONT. CA 94538 
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Spring Contact Probes 
With more than 10 years' experience 1n manufacturing 

spring contact probes. we have over 100 different 
kinds of contact probes specialized for testing bare 

PCBs We also offer probes for test:ng 1n-circu1t PCBs 
For full details. why not contact us today' 

I c.c.P. contact Probes 
-:$:$~\, lt4 Enterprise co., Ltd. 
~-.. :~: ,= ::=- SF . No 19. Lane 155. Choung Ching Rd .. 
~~·;; ~ Panch1ao 22074. Ta1pe1 Hs1en. Taiwan. 8 0 C 
'/ l/f\~ Tel 1021961·2525 Fax 886·2·9548018 

Telex 32517 CCPROB 

CIRCLE NO 758 

SOLVE DECOUPLING PROBLEMS 
MICRO/Q capacitors with special pinout 
configurations give superior noise 
suppression , design ease. Solve special 
decoupling, routing problems for 8·, 16·, 
or 32-bit microprocessors, EGL devices, 
and many other devices where power 
and ground are not at conventional 
positions. Rogers Corp. , 2400 S. 
Roosevelt St. , Tempe, AZ 85282. 
602/967-0624 

CIRCLE NO 761 

SEALEVEL SYSTEMS INC 

Ml SfALfVfl EA~E~~c1~~41 '\/v (803) 8!1!1-1!181 

NO ENGINEER SHOULD BE WITHOUT ONE 

America's most advanced Personal Programmer 

The Digital Media t0 -280 can program 40 PIN devices. 

The most advanced lirmware conlrolled pm dnver system 

=~~~~~11e:~~g~reo~r i~v:~ h~~:; ~h~~Qrvp~~~~~~P~~i~n~~~~ 
line offers the power and 9eatures comparable to many ol 
the $5,000 programmers. but at a fraction of the costs 

~~~~g)~~f,f~s°eiLi~\loisEF~t~.~~f~4~~~~FP ~:c~~;~ 
Altera. AMO. Atmel, Cypress. Excel. Fa1rch1ld, Fu11tsu. GI. 
H1lach1, Hughes. lnlel. Lat11ce. M1tsub1sh1, Motorola. National. 

~~;;;.b~~~aT:r~g~1~9a;cr~or~ 1e;:~M51S9e: 1860 5o~~TGE~' 
Whatever your need is. 01g1tal Media can help you solve 11 
And you won 't believe how hll!e 11 costs 

Call (714) 751 - 1373 to receive a complete product spec1hcat1on 
package 1mmed1atety 

CIRCLE NO 759 

E & H Field 

Probes 
$495 

l ... 
O;?J1 

EON " Readers Choice" (6/25/87) 

Makes finding E & H Field emissions easy ' 

Use with any o-scope or spectrum analyzer. Set in­
cludes three H and two E field probes, extension 
handle, case, documentation, two year warranty. Pre­
amp with battery charger. optional. Call, write to order 
or for brochure. 

1-800-253-3761 
PO Box 1546 Austin. TX 78767 

CIRCLE NO 762 

FREE Demo Disk: 1-800-553-9119 
SCHEMA's success is the talk of the CAE industry 
and thousands of satis£ied SCHEMA owners know 
why. Incredible speed, ease of use, and power have 
made SCHEM A a best-selli ng schematic capture pro­
gram for engineering professionals the world over. 
.-. Now, SCHEMA ll is available. 

SCHEMA II sells for $495 and sup­
=:"' ~ porrs most common IBM PC[XT/ 
__ __ AT configurations. Please call today 

for a/re< SCHEMA II demo disk. 

OMATiON 
111 Ttx1UC..Ji(2J4)111 -5161 

ALPHACOM 42® 

The ideal printer for MEDICAL, SCIENTIFIC and 
INDUSTRIAL INSTRUMENTATION. 

• Fast - 2 lines I sec. 
• Quiet - Thermal Dot Matrix Printing 
• Low Cost - Less than $125 in 

OEM quantity 
• Plug-In Interface for Serial or Parallel 

Alphacom® is a Trade Name of 
BROWN KELLOGG, INC. 

2108-C Bering Drive 
San Jose, CA 95131 

(408) 436-0801 

CIRCLE NO 760 

$249. TERMINAL 

Featuring · Standard RS 232 Serial Asynch1onous ASCII Communicatt0ns 
• 48 Charac1er LCD Display (2 Lmes ot 24 Each) 
• 24 Key-Membrane Keyboard w1lh embossed g1apt11cs 
• Ten key nume11c ar:ay plus 8 programmable tunc:tlOfl keys 
• Optional RS 422 mult1dlop protocol mode 
•Keyboard selectable SET UP teatures - baud rates, panty. etc 
• Size (5 625"W x 6 9" 0 x 1 75 " H). Weight 1 25 lbs 
• 5 x 7 Dot Matrix loot Wtlh underline cursor 
•Displays 96 Character ASCII Set (upper and lowe1 case) 
• Opllonal Bar Code Wand (shown) 

roillPUTi!ffWfii! . INC . 
302 N Winchester • Olallie , KS 66062 • 800-255-3739 • TELEX 705337 

CIRCLE NO 763 

CMOS 80C88 SINGLE BOARD 
STD BUS COMPUTER 

Features the 16-bit 8088 with 8087 coprocessor 
socket and 1 Mbyte addressing , On-board functions 
include 2 JEDEC 28-pin memory sockets for up to 
128K bytes of RAM . EPROM , or EEPROM. Includes 
one RS-232/RS-422 serial port, 8259A interrupt con­
troller, 3 16-bit counter/timers , SBX connector, and 
Watchdog timer. Available in NMOSITTL or CMOS 
from 

WinSystems, Inc. 
PO Box 121361 

Arli ngton, TX 76012 
817/274-7553 
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IEEE-488, PARALLEL, and SERIAL 
PORTS PLUS 4M BYTES of MEMORY 

• Control any instrument. RS232 or '488. 
• 4Mbytes of extended/expanded memory. 
• Software library and memory manager. 
•High speed OMA. Risk free guarantee. 

r~ Capital Equipment Corp. 
~~~~ 99 South Bedford St. 

Burlington, MA. 01803 
FREE demo disk. Call (617) 273-1818 

CIRCLE NOns 

@L F "Custom Built" 

TOROIDS 

TOROIDAL POWER TRANSFORMERS 
Custom design using proprietary software • 
Fast prototyping • Quick deliveries and split 
orders - Compliance with UL, CSA, VDE as 
required · More than 100 Standard design 
transformers available "off the shelf". 
Also: Toroidal Isolation and Audio Transformers. 

@LF MANUFACTURING INC. 
250 Wildcat Rd., Downsview, ON M3J 2N5 

Tel. (416) 667-9914, Fax. (416) 667-8928 
See Us At SOUTHCON March 8-10 Booth 1047 

CIRCLE NO ng 

ANALOG OUTPUT. 
The RSD7712 has 12 analog outputs with 
12 bit resolution . Several unipolar and bi­
polar voltage ranges. Optional current loop. 
Six programmable modes of operation plus 
3 self test modes. Std Bus compatible. 
Memory or 1/0 mappable. Four and 8 chan­
nel versions also available . 

ROBOTROL CORP. 
16100 Caputo Drive 

Morgan Hill , CA 95037 
(408) 778-0400 

CIRCLE NO 782 

To advertise in 

SYNCHRONOUS/ASYNCHRONOUS 
R~22, RS-485, RS-232, CURRENT LOOP 

SYNCHRONOUS COMMUNICATION 
• 1 Mbaud data transfer rote 
• DMA facility 
• Byte sync. SDLC, HDLC 
• RS-422, RS-465, RS-232 

ASYNCHRONOUS COMMUNICATION 
• Single/ dual port option 
• Selectable interrupt 
• Address selectable 
• Current Loop, RS-422. RS-485, RS-232 

~GUATECH 
~ INCORPORA TEO 

Leaders in Communication Technology 

UNIVERSAL E(E)PRO~ 
PROGRAMMER KITS FROM ~ 95 

• On board power supply (110/220V AC). 

• No personality modules; Device selection by menu. 

• Direct technical support; Full 1 year wa1T&nty. 

• User friendly sortware; Complete help menu. 

•Quick pulse algorithm (27256 under 60 sec). 

• AU 24/28 pin parts to I Mbit; CMOS; EEPROMS. 

• Micros: 8741, 8742, 8748, 8748H, 8749, 8749H & more. 

e IBM-PC, Apple, CPM or Unlx driver; Autobaud RS232. 

• OffseVsplit Hex, Binary, Intel & Motorola 8,16,32 bit. 

• Manual with complete schematics. 
VISA & MC Call today for datasheets !! 

B&C MICROSYSTEMS 
355 WEST OLIVE AVE. SUNNYVALE, CA 94086 

PH: (408) 7.J().5511 FAX: (408) 730-5521 TELEX: 984185 
EPROM PROGRAMMER 

CIRCLE NO 780 

WE'RE BENDING THE RULES FOR CIRCUIT DESIGNERS 

BEND/FLEX™, the bendable board 
material flexible enough to bend into 
any multi-plane shape. Eliminates 
stiffeners, flex-hardboard connectors. 
May reduce cost of two- and three-plane 
interconnect systems by as much as 30%! 

Rogers Corporation. One Technology Dr., 
Rogers, CT 06263. (203) 774-9605. 

TOU FREE: 1-800-553-1170 
478 E. Exchange SI. Akron, Ohio 44304 

(216)434·3154 TLX:5101012726 FAX:(216)434-1409 

CIRCLE NO n8 

CIRCLE NO 781 

smARTWORK®PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program's 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
smARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac­
cepted. Write or call 

Wintek Corporation 
1801 South Street, Lafayette, IN 47904 

(800) 742-6809 or (317) 742-8428 
CIRCLE NO 783 CIRCLE NO 784 
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The role of histograms 
in AID converter testing 
The 4-pg application note AN/L-18, 
Histograms Simplify AID Convert­
er Testing, explains that testing a 
12-bit AID converter for missing 
output codes and differential linear­
ity error requires examining codes 

LITERATURE 

from 4096 data points. After review­
ing the old way of testing, the note 
describes how histograms make 
testing simpler and more accurate. 

ILC Data Device Corp, 105 Wil­
bur Pl, Bohemia, NY 11716. 

Circle No 410 

STD µCs and IEEE-488 
interfaces categorized 
The 200-pg Technical Data Book de­
tails the vendor's complete line of 
STD-8088 industrial computer sys­
tems and IEEE-488 interfaces of 
microcomputers. The new products 
section focuses on industrial-net­
working products, IBM-compatible 
STD DOS systems, interfaces for 
the IBM PS/2, single-board comput­
ers, STD and IEEE-488 drive pack­
ages, and bubble-memory systems. 
The catalog provides application ex­
amples, a system designer's guide 
to 8088-based STD Bus systems, 
and the complete STD-8088 Bus 

specification. It also includes specifi­
cations, configuration guidelines, 
and ordering information. 

Ziatech Corp, 3433 Roberto Ct, 
San Luis Obispo, CA 93401. 

Circle No 411 

Testability treated 
with a sense of humor 
The 12-pg brochure Tales of Testa­
bility provides a light-hearted look 
at the trials and tribulations that 
occur when a manufacturer ignores 
testability features during the prod­
uct-design cycle. The booklet deals 
with testability at three levels: de­
vice, pc board, and system. It de­
fines the three primary testability 
techniques and sets forth the bene­
fits , including shorter prototype 
debut time and shorter test-pat­
tern-generation times, when testa­
bility features are part of the design 
cycle. 

Logical Solutions Technology 

From Layout to Finished Board 
... In Minutes 

Paths of insulation 
around copper traces are 
created by the precision 
router. The LPKF unit 
also performs drilling and 
contour milling to com­
plete the circuit board 
production. 

Now you can use the LPKF circuit board plotter with any 
Gerber CAD files to create a ready-to-stuff circuit board. 
This unique plotter is excellent for prototypes, film 
production, and even front-plate engraving. 

• Mechanically plots double- and 
single-sided boards 

• Boards can take surface­
mounted components 

• Single-sided boards in 10-15 
minutes; complex, dense 
boards in 2 hours or less 

• Compatible with any CAD 
system Gerber output 

• No more waiting for prototypes 
or small runs 

n roYVA2CAD/CAM 
~SYSTEMS, INC. 

LPKF CAD/CAM Systems, Inc. 
18935 Monte Vista Drive 
Saratoga, CA 95070 
FAX: 408-395-5153 
TEL: 408-354-1102 

EDN March 3, 1988 
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Inc, 310 W Hamilton Ave, Camp­
bell, CA 95008. 

Circle No 412 

Catalog of 
thermocouples and RTDs 
The 28-pg Thermocouples and 
RT Ds (resistance temperature de­
tectors) describes two thermocouple 

LITERATURE 

classes: Super-Temp with hard-pack 
mineral insulation and glass-braid­
insulation models. The selection of 
thermocouples includes 10-wire cali­
brations, 13 sheath materials, and 
14 standard sheath diameters. The 
RTD selection lists five resistance 
values and three diameters. Also 
included are thermocouple and RTD 
assemblies, hardware, and accesso-

CIRCLE NO 47 
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SYCON ,> ,~r ' ..______ 
Thermocouples and RTDS 

ries. 
Sycon Corp, Sycon Electronics, 

959 Cheney Ave, Marion, OH 43302. 
Circle No 413 

LOGIC 

SmartModcl., Cahllog 

:\O\cmber J 987 

Software catalog 
available with videotape 
The vendor's SmartModel catalog 
lists the latest models for system 
simulation. A complete listing of 
distributors and representatives ap­
pears on the back cover. To help you 
evaluate the use of simulation for 
design verification, a videotape that 
provides a simulation of the design 
for an 80386 PC mother board is 
available. 

Logic Automation, Box 310, 
Beaverton, OR 97075. 

Circle No 414 
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ED N's 
CHARTER 
EON is written for profession­
als in the electronics industry 
who design, or manage the de­
sign of, products ranging from 
circuits to systems. 

EON provides accurate, de­
tailed, and useful information 
about new technologies, prod­
ucts, and design techniques. 

EON covers new and develop­
ing technologies to inform its 
readers of practical design 
matters that will be of concern 
to them at once or in the near 
future: 

EON covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough detail 
to permit practical appli­
cation 

• for which accurate price 
information is available. 

EON provides specific " how 
to" design information that our 
readers can use immediately. 
From time to time, EDN 's tech­
nical editors undertake special 
" hands-on" projects that dem­
onstrate our commitment to 
readers' needs for useful infor­
mation. 

EON is written by engineers for 
engineers. 

DN 
275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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PROFESSIONAL ISSUES 
Deborah Asbrand, Associate Editor 

Engineering jobs 
in rehabilitation: 

Highly prized and hard to get 

I n 1965, Barry Romich was a 
junior engineering student at 

the Case Institute of Technology in 
Cleveland, OH. In need of a part­
time job, he applied for a position in 
a medical-engineering research pro­
gram. The program's director hired 
him, and Romich went to work de­
signing instrumentation that would 
allow quadriplegics to turn on their 
lamps, radios, and televisions. 

Romich's introduction to what's 
now called rehabilitation engineer­
ing occurred by chance, but his sub­
sequent activities in the field have 
been anything but unintentional. 
While employed full time as a de­
signer of machine-control systems 
and then research instrumentation, 
Romich devoted his evenings and 
weekends to refining the control 
systems he'd worked on in college. 
In 1975, he and his partner, Ed 
Prentke, developed a system that 
allowed a quadriplegic to answer or 
dial a telephone by blowing and 
sucking on a tube. After the Veter-
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ans Administration included the 
system in a demonstration of home 
equipment for the physically disa­
bled, the two men put their new 
contacts to use by launching the 
Prentke Romich Co (Wooster, OH); 
the company specializes in commu­
nication devices for the disabled. 

The appeal of solving difficult en­
gineering problems together with 

Barry Romich holds 
one of the communi­
cation devices that his 
company, Prentke 
Romich, designs and 
rnanufactures. 

the knowledge that he was helping 
people kept Romich focused on his 
goal. "It was an exciting thing to be 
doing," he remembers. "It was a 
technical challenge, and it was also 
satisfying to know that there was 
someone who needed what I was 
working on." 

The growing number of engineers 
designing rehabilitative devices for 
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the more than 35 million disabled 
Americans apparently agree with 
Romich's sentiments. Though the 
opportunities for engineers to work 
directly with patients in clinical set­
tings are few-there are only 15 
federally funded rehabilitation cen­
ters-the jobs are among the most 
sought after in the engineering pro­
fession. 

Two important factors contrib­
uted to the development of rehabili­
tation engineering. In 1973, Con­
gress approved legislation that 
established the Rehabilitation Serv­
ices Administration and funneled 
federal money into handicapped 
services. Disability activists credit 
the 1973 act and its amendments 
with restoring civil rights to the 
handicapped. Equally important, 
the legislation forced rehabilitation 
technology out of the research and 
development laboratories and into 
clinical settings where it could be 
applied. 

Materials development, for exam­
ple, produced synthetics for lighter, 
more comfortable prosthetic devices 
and wheelchairs. But the most dra­
matic improvement resulted from 

the incorporation of electronics into 
aids for the handicapped. 

Not only do electronics systems 
drive wheelchairs, they also free 
people from disabilities that hinder 
their speech and communication. By 
donning a headset and speaking into 
an attached microphone, a Massa­
chusetts man, whose hands shake 
from Parkinson's disease, can dic­
tate memos and other documents. 
The computer in front of him trans­
forms his speech first into digitally 
encoded signals and then into text 
that appears on a screen in front of 
him. 

People who have lost the use of 
their voices but can still turn or nod 
their heads can use special pointing 
devices to operate a computer. Oth­
ers with limited head motion can 
control cursors by blowing into or 
sucking on tubes or mouthpieces. 
Romich's company produces control 
devices that operate when the user 
blinks an eye or raises an eyebrow. 

Rehabilitation technology, which 
generally refers to t he design of 
devices that work outside the body, 
has a sister science in the field of 
bioengineering. Specialists in bioen-

Designers in other sectors can help, too 

gineering work not on rehabilitative 
devices, but on replacement limbs 
and functions. In carefully con­
trolled experiments, researchers 
have successfully automated the 
movement of artificial arms and 
legs. Pushing that technology a step 
further, they've attached electrodes 
to the legs of paraplegics and 
through electronic signals have 
stimulated their limbs into motion. 

A professional melting pot 
Putting technology to work for 

the handicapped requires the pool­
ing of experts from the scientific, 
engineering, and health-care sec­
tors. A common denominator among 
some members of the richly diverse 
rehabilitation profession is an engi­
neering background. Twenty per­
cent of professionals in the field pos­
sess engineering degrees, estimates 
Patricia Horner, executive director 
of the Rehabilitation Engineering 
Society of North America 
(RESNA). 

Successful rehabilitation of peo­
ple with severe disabilities is by 
definition a team effort. Wheelchair 
clients who visit the Stanford Uni-

Although expensive custom equipment is neces­
sary to help profoundly disabled individuals, 
slight modifications in other electronic devices are 
all that's necessary to benefit many other people 
with disabilities of varying degrees. 

"In many cases, high-tech solutions are not nec­
essary for many people," says George Mar­
kowsky, chairman of the computer science depart­
ment at the University of Maine. Markowsky 
points out that in the case of computers, small 
design adjustments would open use of the com­
puter to people with a variety of disabilities. For 
example, volume control of the beeps that com­
puter programs elicit when an error is made 
would allow use by the hard-of-hearing. More­
over, visual error signals such as an LED on the 
front panel of a computer monitor would allow 
deaf users to operate it. 

Simple program commands also often block 
users of special adaptive devices from running a 
program. "Imagine a person who has a mouth­
stick and wants to run Wordstar," says Mar­
kowsky, a 10-year veteran of IBM's Thomas Wat­
son Research Center (Yorktown Heights, NY). 
"They only have one stick to use, so they can't 
utilize commands that call for using the control 
key in conjunction with another key." Yet writing 
a program that acts as if the control key is 
pressed would be an easy task, Markowsky says, 
adding that software makers should consider the 
inclusion of such programs in standard packages. 
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Markowsky and other disability activists hope 
that a new law scheduled to go into effect later 
this year will spawn improvements. That law re­
quires all office products procured by government 
offices to be accessible to handicapped users. 
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versity Rehabilitation Engineering 
Center (Stanford, CA), for example, 
meet with a specialist in seating 
problems, an occupational thera­
pist, and a communications engi­
neer. Sometimes the client's own 
therapist attends the meeting also. 
The group assesses the individual's 
degree of disability and the level of 
assistance required. 

This mandatory teamwork holds 
strong appeal for engineers, for 
whom more conventional work set­
tings often lead to isolation and a 
sense of detachment. Engineers 
often complain that typical design 
positions don't tap the range of their 
skills and relegate them to doing 
piecework. They also say that 
they're often omitted from the deci­
sion-making process. "We have a lot 
of input in seeing projects through, 
and that's something not really 
found in industry," says Mike Bur­
row, a research engineer at the 
Georgia Institute of Technology's 
state-funded Center for Rehabilita­
tion Technology. 

A team effort 
As technology becomes more 

complex, the need for rehabilitation 
specialists to work well together be­
comes more acute. "For a long time, 
technological issues were the pri­
mary issues in this field," says Ro­
mich. "But more recently, the issues 
have become more applications- and 
linguistics-oriented." Designing a 
keyboard with a multimeaning icon 
system, he says, requires many 
months of work by a linguistic spe­
cialist as well as a design engineer. 

RESNA attempts to provide a 
central hub for this assortment of 
specialists. Rehabilitation special­
ists formed RESNA in 1980, and it 
has grown quickly ever since. 
(RESNA has since changed its name 
to the Association for the Advance­
ment of Rehabilitation Technology, 
but plans to retain its former acro­
nym through a transition period.) 

Last year was "a record year for 
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RESNA in every sense," says Hor­
ner. Membership now tops 1000. 
The organization's 1987 conference 
in San Jose, CA, ran for three days 
and attracted 950 attendees from 20 
countries. RESNA's conventions 
have become the premier event in 
the field. Horner expects 2000 at­
tendees at this year's meeting in 
Montreal, Canada. 

Engineers who have managed to 
get into this active field say their 
former jobs pale by comparison. 
Tony Bradshaw worked for three 
years as an industrial designer be­
fore he joined Georgia Tech's Center 
for Rehabilitation Technology in 
1983. As an industrial designer, he 
designed "all sorts of gear" from 
coffeepots to vacuum cleaners. Last 

P utting technology to 
work for the handicapped 
requires the pooling of ex­
perts from the scientific, 

and health-
. . 

engineering, 
care sectors. 

year, he directed the design and 
assembly of a prototype workstation 
that can act as a mechanical assist­
ant to quadriplegics. The worksta­
tion incorporates a mechanical arm 
to retrieve files and notebooks, 
place them on a reading tray, turn 
pages, and replace the materials 
when the user is done. 

His job as a product designer was 
to create something aesthetically 
pleasing. His work at the center 
requires him to take "whatever ca­
pabilities the person has left and 
stretch them to the point where he 
or she can do something that's nor­
mal for an able-bodied person." 

Interest in the field is greater 
than are opportunities. After an ar­
ticle about the Stanford center ap­
pears in print, "we get more calls 

from engineers inquiring about jobs 
than from patients inquiring about 
services," says director of research 
Maurice LeBlanc. Finding engi­
neers who already have the impor­
tant clinical background is difficult, 
and LeBlanc adds, not always nec­
essary. "A rehabilitation engineer 
should be first a good engineer, then 
follow with clinical experience." 

Despite the profession's successes 
and the enthusiasm of its members, 
problems remain to be solved. 
Among the most critical issues is 
the question of who pays for the 
expensive custom equipment and 
training that the severely disabled 
need. For example, Bradshaw esti­
mates that the manufacture of addi~ 
tional workstations will cost more 
than $20,000 each. Most clinical cen­
ters obtain the project money from a 
variety of third-party sources such 
as foundations , private insurance 
companies, and Medicare or Medi­
caid. 

"Reimbursement issues fuel and 
fund the technology," says Tom Rie­
ger, director of the Stanford Reha­
bilitation Engineering Center. 
"Standard health care has standard 
reimbursement methods, and billing 
is easily reconciled. But recognition 
of the disabled is just starting to 
come to light, so the reimbursement 
issues aren't standardized. It's 
changing rapidly, but it's still a 
problem." . 

The high cost of custom devices 
and the complicated funding proce­
dures limit the involvement of pri­
vate-sector companies. But some 
businesses remain undaunted, de­
vising new uses of technology for 
the handicapped. Prentke Romich 
Co, for example, continues to spe­
cialize in keyboard and control de­
vices that help disabled people com­
municate. In Colorado, Johnson 
Engineering Co licensed the tech­
nology that NASA used in the 
Lunar Rover and adapted it for use 
by paraplegics in driving automo­
biles and vans. Kurzweil Artificial 
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Optical encoders are an available 
option for every Pittman® motor and 
gearmotor. Brush-commutated 
motors with continuous duty torques 
from 1.2 oz.-in. to 32 oz.-in. High 
performance ELCOM® brushless 
servo motors with continuous duty 
torques from 6.4 oz.-in. to 52 oz.-in. 
Spur gearheads to 500 oz.-in. -
Planetary gearheads to 125 lb.-in. 

sion shaft positioning with program­
mable acceleration and slew rates 
without lengthy and complex servo 
loop development. 

CaU (215) 256-6601 today. 

PITTMAN 
Mate any of these motor-encoder ~!.~~s:!~!-,!;N:~~~6~!'! assemblies to your choice of a modem 
digital motion controller and get preci- © Pittman. 1986 31-c 

CIRCLE NO 48 

The Versatility of Fligh! 
From its precision American engineering and 
cost efficient manufacturing , Comair Rotron 's 
Flight Series offers one inch fans for the most 
sensitive equipment. 

The low cost fan is available in four 
sizes: 60,80,90 and 120 mm providing 
airflow from 8-95 CFM, with 12&24 
voe for power flexibility. The brushless 

de motor, with stainless steel 
ball-bearings insure a con­
tinuous life of60,000 hours. 
Flight Series joins the world­
standard Muffin , Whisper & 

Sprite in our quality 
tested line of commer­
cial ainnovers, 

Comair Rotron ... 
For literature only call 800-367-2662. 
In NYS and for product or technical 
assistance, call our Application En­
gineering Dept. al (914) 246-3615. 

the first name in 
forced convection 
cooling technology. 

COMAIR B8 ROTRON 
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ISSUES 

Intelligence (Cambridge, MA) mar­
kets a voice-activated word-process­
ing system and has sold 30 of those 
systems to handicapped people. 

The diversity of rehabilitation 
professionals, usually a positive as­
pect of the field, sometimes becomes 
a hindrance as well. "One of the 
problems in the field is that people 
are highly parochial," Romich says. 
Indeed, heated conversation ensued 
at a recent RESNA meeting, when 
engineers said they felt that the 
organization should make a greater 

' 'A h b·1· · · re a I itat10n engi-
neer should be first a good 
engineer, then follow with 
clinical experience." 

effort to meet their needs, as op­
posed to those of occupational thera­
pists, physical therapists, or ortho­
pedic surgeons. Associations 
already exist to represent the inter­
ests of these professionals, the engi­
neers argued, but engineers in the 
rehabilitation field need a home of 
their own. 

Still, the field's generally low 
turnover-at Stanford, 50% of the 
staff members have been there long­
er than five years-indicates the 
high level of personal satisfaction 
that members derive from t heir 
work. Says Romich: "It's hard to be 
down on life when you're working in 
this field." EDN 

Article Interest Quotient 
(Circle One) 
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WESTERN REGION 
SALES MANAGER 

Recruitment 
Advertising 

So. California Office 

Excellent opportunity for highly moti­
vated sales professional to cover West­
ern Territory ( 15+ states) for three pres­
tigious publications in the 
high-technology market -- EDN, EDN 
NEWS, & DATAMATION. This extremely 
demanding position requires heavy 
phone contact to maintain relations 
with client companies as well as to 
develop new business in this large 
sales territory. Travel throughout the 
territory is required . 

Qualified candidates will have a 
proven track record of success in 
advertising sales and/or within a 
recruitment advertising agency. Mini­
mum of 2 years' experience required. 
You must possess excellent telephone 
communication skills in order to initi­
ate and close sales and have the abil­
ity to prepare and deliver client 
presentations. 

EDN, EDN NEWS & DATAMATION are 
published by Cahners Publishing 
Company based in Massachusetts. 
We offer competitive compensation 
packages (base salary plus commis­
sion) and superior benefits including 
medical and dental coverage (pre­
tax deductions), company-paid life, 
accident and disability insurance, a 
401 (k) salary investment plan, and 
pension plan . 

Send resumes and salary history to: 
Roberta Renard 
Cahners Publishing Company 
103 Eisenhower Parkway 
Roseland, NJ 07068 
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CDNDITIDN: 
BATTLE 
THREAT 

Now design a quadruple­
redundancy flight control system 
which will process critical data 

70 times per second. 
This is one of the challenges faced and overcome by 
the engineering teams at Lear Astronics Corp. The result , 
in this case , is a fully fly-by-wire system where 4 
cockpit computers allow the pilot maximum high-speed 
maneuverability. 

As the Free World 's leading supplier of military flight 
controls , Lear Astronics Corp. develops equipment for 
some of the most sophisticated aircraft in existence. An 
industry pioneer, we implement the newest " safety-of-flight " 
technologies, as well as a wide range of other micro­
processor based applications for advanced avionics systems. 

If it 's ahead of its time, it 's Astronics. And if you 're up to 
the challenge , consider these opportunities: 

Flight Control Systems Engineers 
Responsible for definition of fly-by-wire and fly-by-light flight 
control systems. Must be familiar with redundant systems, 
hardware and software system level design, aircraft inter­
faces and busses, and V&V. BSEE and 5 years experience. 

Avionics Systems Project Engineers 
Project engineering efforts for design and development of 
digital , processor based military avionic equipment. 
Responsible for technical, schedule and cost performance 
for engineering programs. 

Reliability/Design Assurance 
Engineers 

Requires BSEE or equivalent, solid electronics knowledge 
and 4 + years reliability/maintainability experience in a 
military environment. 

Advanced Technology Engineers 
Opportunities to expand R&D and new product capabilities 
for experienced engineers with a BSEE and 4 + years 
related experience. Openings in Avionics Systems require 
working knowledge of modern digital avionics and system­
level design experience in both H/W and S/W. Openings in 
Aerospace Product development require familiarity with 
sensing , advanced computers, Al or RF; ability to plan , 
develop, build and demonstrate advanced aerospace 
systems. MS or advanced degree preferred . 

We offer an excellent compensation package, in addition to 
an attractive Southern California location and professional 
relocation assistance. For consideration, send resume and 
salary history to: Chuck Doyle , Dept. H56, Lear Astronics 
Corp., 3400 Airport Ave., Santa Monica, CA 90406. 
(213) 452-6745. Equal Opportunity Employer. 

LEAR 
ASTRONICS 
CORP. 
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AWARD-WINNING TECHNOLOGY 
IN AN AWARD-WINNING ENVIRONMENT. 

We've built an ultra-modern facility for 
our Microelectronics Center because we knew 
that the future of microelectronics technology 
could best be created by giving our technical 
experts access to the latest equipment and the 
best resources in a dedicated facility. We didn't 
expect to win architectural awards . .. but we 
did. More importantly, the environment we cre­
ated helped us win a prestigious award for our 
work: the VHS/C Industry Pioneer Award from 
the Department of Defense. 

This strong commitment to excellence 
and innovation is apparent in every area of the 
Microelectronics Center of Fortune-SO 
Raytheon. Now, we are extending it to a new 
MMIC Center which will advance the leading 
edge in monolithic microwave integrated 
circuits. 

Exceptional involvement in an excep­
tional environment: it's what sets us apart and 
what creates award-winning opportunities at 
both our Microelectronics Center and our MMIC 
Center for the professionals who join us now. 

Raytheon's Microelectronics and 
MMIC Centers are located in historic Andover, 
Massachusetts, only 30 minutes from Boston 
and 10 minutes from New Hampshire. This is 
suburban living at its best with convenient 
access to the 4-seasons recreational, cultural, 
and educational resources that the entire 
New England region has to offer. 

Microelectronics 
Center 
Chartered tc serve all Ray1heon Divisions, we 
specialize in the design, development and man­
ufacture of applications specific integrated cir­
cuits (ASIC) with special emphasis on VLSI and 
VHSIC devices. To support our efforts , we have 
a full range of proven design approaches availa­
ble including gate arrays, standard cell libraries 
and full custom design. We have brought 
together a complete, highly sophisticated VLSI/ 
VHSIC design and production capability includ­
ing CAE, CAD, maskmaking, wafer fabrication, 
test , assembly and MIL screening. 

Combined with the proven expertise of our tech­
nical staff, these resources have allowed us to 
produce devices using 1.0 micron CMOS tech­
nology today and have activities underway to 
reach the 0.5 micron level. 

Computer-Aided 
Design 
CAD Manager 
Design Support 
In this key position, you will be responsible for 
managing all CAE/CAD tools that support all of 
Raytheon's design organizations. These tools 
include MEDS placement and routing systems, 
Silicon Compiler Systems, Mentor Systems, 
and Cal ma Layout Systems with all software run 
on VAX, Apollo , IBM as well as Digital main­
frames. You will supervise four individuals and 
will ensure that all CAE tools operate efficiently. 
To qualify, you must have a BSEE or BSCS, plus 
at least 5 years of directly related experience 
including involvement as a supervisor/ 
manager. 

CAD Manager 
Development 
We seek a proven technical achiever with excel­
lent management skills to specify, evaluate and 
integrate next-generation CAEICAD tools. This 
is a highly visible position that involves heavy 
interface with key individuals throughout the 
entire Ray1heon organization. To qualify, you 
must have an MSEE or MSCS, plus a 10 year 
track record of success as both an individual 
contributor and manager. 

CAD System Engineer 
This is an outstanding opportunity to put your 
expertise and experience to their best use as 
you specify, evaluate, document and train users 
in state-of-the-art placement and routing tools. 
Automatic Layout, Silicon Compilers, Place­
ment and Routing Logic Synthesis, Logic Simu­
lation, and Specification and Integration. To 
qualify, you must have a BSEE or BSCS (Mas­
ter's Degree preferred), plus 5-10 years of 
directly related experience. You will need excel­
lent communications and presentation skills to 
give corporate wide presentations for our CAD 
group. A knowledge of CALMA and MENTOR is 
also essential. 

CAD Specialist 
You will assist in the development of automatic 
placement and routing systems for use in a pro­
duction environment. Tools available to you will 
include MEDS, Gards, MERLIN-G, and 
CALMA. To qualify, you must have an Associ­
ate's Degree in Electrical Engineering (Bache­
lor's preferred) , plus at least 3 years of experi­
ence in a design capacity in the IC field . A 
familiarity with floorplanning techniques and 
the partitioning of VLSI designs is essential. 

Programs 
Management 
Sr. Programs Engineer 
You will be responsible for planning and coordi­
nating our activities in all disciplines for 
assigned programs to optimize the use of our 
VHSIC technology; including classified sys­
tems applications and radiation hardening 
requirements . You will also coordinate RFP's/ 
RFQ's and have extensive contact with various 
customers. BSEE or BSCE with at least 
3-5 years of applicable experience is required . 

Sr. Appllcatlons Engineer 
Yoi.. will serve as a primary interface between 
the Microelectronics Center and Ray1heon Divi­
sions and will be responsible for providing 
VHSIC briefings, applications and engineering 
support. You will also prepare application notes 
on our technology and ensure its optimum use. 
Requires a BS/MSEE, plus at least 4 years of 
technical design and/or applications experi­
ence in VLSINHSIC. A strong customer-ori­
ented background is essential. 

Where quality starts with fundamentals . 

Design 
Sr. Design Engineer 
A significant opportunity to design CMOS cir­
cuits for VHSIC applications including RAM, 
ROM, Arithmetic functions, Modular Process­
ing Elements, Datapath Cells, Standard Cells, 
and Gate Array Cells. To qualify, you must have 
a BSEE with at least 5 years of CMOS design 
experience in some of the areas listed above. A 
familiarity with CAE/CAD IC design and simula­
tions tools, especially workstation environ­
ments, is essential. 

Design Engineers 
Working in such areas of cell design as floating 
point multipliers, memories, and multiproces­
sors, you will do complete design through simu­
lation as well as layout. You will also work on 
such projects as signal processors for ASIC and 
VHSIC and peripheral chips . To qualify, you 
must have a BSEE with at least 2 years of expe­
rience in the complete design process. A famil­
iarity with workstations such as MENTOR is 
essential. 

Monolithic 
Microwave Center 
The Monolithic Microwave Center is a newly­
formed organization dedicated to the design 
and manufacture of GaAs integrated circuits 
(MMIC's) and discrete transistors (FET's). The 
Center occupies a newly-constructed, 123,000 
square foot facility where this rapidly growing 
technology benefits from modern semiconduc­
tor clean rooms, automated assembly and RF 
test equipment, and a networked CAD system 
for accurate device design. 

Manufacturing Manager 
In this high visibility leadership position, you will 
direct the manufacture of GaAs field effect tran­
sistors and IC's from wafer processing through 
assembly and RF test. Specific responsibilities 
include line operations, cost control, problem 
identification, and CAM/CAT application. To 
qualify, you must have a technical degree, plus 
10 or more years of experience in a high volume 
semiconductor manufacturing environment. 

Project Engineer 
You will assist in the development of GaAs IC 
solutions to system requirements in radar and 
EW applications. Duties involve technology 
assessment, program direction and customer 
interface in microwave IC applications leading 
to the production of advanced GaAs compo­
nents. To qualify, you must have a BSEE plus 3 
or more years of experience in GaAs devices. A 
knowledge of microwave amplifier design is 
essential. 

Ray1heon offers excellent salaries and many 
company-paid benefits including a Savings and 
Investment Plan. If interested, please send your 
resume to: 
Don Chantemerle, Rayth-n Company, 
Dept. EDN, 358 Lowell Street, Andover, 
MA 01810. U.S. Cltlzen•hlp required. 
An Equal Opportunity Employer. 
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SOFTWARE/HARDWARE ENGINEERING 

A breath of 
fresh air 
atDECwest. 
Great news from the great 
Northwest. DECwest Engi­
neering Group, located just 
outside of beautiful Seattle, 
Washington, is scouting for 
software experts and an 
electrical engineer with 
device technology back­
ground. We need cream-of­
the-crop pros who can help 
us develop a system that will 
change the way computers 
are used- not just a few 
years from now, but for 
decades to come. 

More good news. When you 
join us, you'll enter an entre­
preneurial environment 
where the commitment and 
considerable resources of 
Digital Equipment Corpora­
tion make innovation 
possible. 

So, breathe easier. An 
unmatched career oppor­
tunity and an incredibly 
inviting change of lifestyle 
could be yours for the price 
of a postage stamp. Send 
your resume today. 

EDN March 3, 1988 

UNIXt Kernel Experts 
You'll need experience in one or more of the following: 

• I/0 and device support 
• Virtual memory systems 
• Symmetric multiprocessing 
• lbreads and lightweight processes 
• BSD and/or System V-based systems 
• Graphics support and graphics devices 

File System Extensions 
We need experienced individuals interested in working on file system imple­
mentation. You'll need experience in one or more of the following: 

• Disk and/ or tape storage organi7.ation techniques and algorithms 
• Experience directly manipulating files with OS primitives 
• UNIX or VMS· file systems 
• Operating system development 
• DBMS access methods internals 

For the above positions, you should also have programming experience in 
high-level languages (in addition to C), a BS or MS in Computer Science, and 
5+ years of experience (or equivalent combination of degree and experience). 
Knowledge of VMS internals is a plus. 

Windowing Software Expert 
You'll participate in the design and development of windows software and 
interact at a detailed technical level with other engineering groups within 
Digital. Ideally, you'll have the following experience: 

• 5+ years' experience in operating systems 
• Understanding of modern distributed user interfaces (i.e. Xwindows, 

MSwindows) 
• Data communications and/or distributed applications 
• Applications programming interfaces to a windowing system 
• User experience with VAX/VMS" , VAX/ULTRIX" , or UNIX 

Electrical Engineer-Device Technologist 
You'll be responsible for technology issues relating to current and future 
programs. 

• Performing applications research 
• SPICE modeling 
• Developing test cases 
Requires a BSEE and 5+ years of experience in VLSI design and/ or applications. 
Background should include at least 2 years of design experience with gate 
arrays, ASICs, and full design or involvement in the selection, specification and 
process of these devices. 

For consideration or more information about the above positions, please send 
your resume to: L Taylor, Manager, Dept. 0303-8820, DECwest Engineer­
ing Group, Digital F.quipment Corporation, 14475 NE 24th, Bellevue, 
WA 98007. Proof of legal right to work in the U.S. is required. 

We are an affirmative action employer. 

"Trademarks of Digital Equipment Corporation 
tTrademarkofAT&T 

digital 
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Don Rothwell 
Office Manager 
Tactical Secure Communications Office 

The professionals of Motorola's Government 
Electronics Group (GEG) have much to say about their 
company because GEG is a place where innovative 
ideas are put into action. The result is leadership in the 
research, development and manufacture of electronic 
hardware for our country's defense, national security and 
space programs. If you have the imagination and skill 
required to extend our technical frontiers, consider the 
opportunities now available. 

Communication Systems Engineers 
Must have experience in design and implementation of 
voice and data communication systems. Experience with 
frequency hopping and spread spectrum techniques also 
required. Knowledge of networking technology and 
packet switching concepts highly desirable. Prefer a 
BSEE and 7 years experience. Contact Kim Hertzmann. 

LSI Design Engineers - Participate in very 
high speed LSI design in next generation encryption 
system. Detailed Bipolar LSI design and test experience 
desirable. Contact Kim Hertzmann. 

RF Design Engineers - various positions in 
the design of HF, VHF and UHF communications systems. 
Seeking experience in the design of multi-loop fast, 
settling frequency synthesizers; high dynamic range, low 
noise receiver front end; or broadback low loss, power 
combiners/dividers. Prefer BSEE with 7 years design 
experience. Contact Kim Hertzmann. 

Radar System Engineers - senior 
engineer with 1 O years experience preferred. Will 
perform hardware design/development, new business 
pursuit; including proposal preparation and manage­
ment. Must be able to translate broad Radar Systems 
requirements to specific hardware and sub-assembly 
designs. Contact Jerry Chadwick. 

1/tem,'' 
Software Design Assurance 
Engineers - Responsible for defining and 
implementing S/W QA programs. Requires thorough 
knowledge of engineering and QA procedures, as well 
as related government regulations (DOD-STD-2167, 
MIL-S-52779A, NSAM 81 -2, NSAM 81-3). Familiarity with 
C, FORTRAN, Assembly, PASCAL languages as well as 
IBM PC 's, HP computers and mini VAX computers. 
Prefer BSEE or BSCS with 3 + years software develop­
ment experience. Familiarity with Yourdon Methodology 
helpful. Contact Kim Hertzmann. 

CADCAM Database Project Leaders 
Seeking individuals with an understanding and a 
willingness to work with CADCAM databases. Duties 
revolve around leadership on CADCAM database 
projects related to Computer Integrated Engineering. 
Requires strong communication skills, experience in 
software design and maintenance. Prefer BS Computer 
Science and 5 + years experience. Contact Bob Eddy. 

Gimbal Systems Design Engineers 
BS/MS Mechanical Engineer with 7 years experience in 
the design, development,.fabrication and testing of 
Gimbal Systems for Tactical Missiles and/or their 
components. Requires conceptualization of solutions 
for mechanical (or mechanism) design and development 
problems with an awareness of producibility require­
ments. Exposure to thermal management, component 
limitations, electronics packaging, radar systems and 
missile grade hardware requirements desirable. Contact 
Jerry Chadwick. 

Join the people of Motorola 's Government Electronics 
Group. The benefits are many. For consideration, 
forward your resume to the appropriate technical 
recruiter at Motorola Government Electronics Group, 
8201 E. McDowell Rd., Dept. B922, Scottsdale, AZ 
85252; (602) 949-3759. An Equal Opportunity/Affirmative 
Action Employer. U.S. Citizenship Required. Principals 
only, please. 

Tfte M!itd to IH1ag1ite 
TH[ SKlll TO ao 

MOTOROLA INC. 

Government Electronics Group 
Advanced electronics for a more productive world. 
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E-SYSTEMS, INC.-, ECI DIVISION 

EDN March 3, 1988 

ST. PETERSBURG, FLORIDA 
At E-Systems, we're pushing back the parameters of present-day technology. Our 
state-of-the-art career opportunities allow visions to be molded into realities. This, 
combined with the pleasant Florida climate makes E-Systems ECI Division a dynam­
ic place for the experienced technical professional. 
If you are qualified and would like a career of accomplishment and satisfaction, ECI 
Division has immediate opportunities in these areas of the design and development of 
military communications systems: 
Satellite Communications 
Systems Engineers 
• Statistical Communications Theory 
• Signal Coding,DesigwError Theory 
• ModulationAJetection Theory 
• RF Satellite Systems Design 
• Millimeter Microwave Component & 

System Performance Studies 

Quality Engineers 
• Program Quality 
• Software Quality 
• Procurement Quality 

Hardware Design Engineers 
• Digital Circuits 
• 'Iransmitter/Receiver RF 
• Modem Design 
• Power Supply Design 
• Antenna Design 
•EMI!I'EMPEST 

• Maintainability/ILS 
•Component 
• Reliability 
• Environmental 'Jest 
• Mechanical Design 
• Fiber Optics 

Manufacturing Engineering 
• Production 'Jest 
• Manufacturing 
• Industrial!MTMIMIL-STD 1567 

Software Design Engineers 
• Computer Systems Architects 
• Systems Integration & 'Jest 
• Am 
• Software Data Networks 

Tuchnical Support 
•Provisioning Specialists 
• Data Management Specialists 
• Tuchnical Writers 

In addition to the chance to make meaningful contributions, you will find E-Systems 
offers one of the best employee stock ownership and relocation programs available. 

If you are attracted to a dynamic work erwironment and have the solid experience 
required for one of the above opportunities, respond immediately by sending your 
resume to: Director of Employee Relations, E-Systems, Inc., ECI Division, Post 
Office Box 12248, St. Petersburg, Florida 33733. 

E-SYSTEMS 
The science of systems. 

Principals Only, Please 
U.S. Citizenship Required 

An F.qual Opportunity Employer, M/F, V. H. 
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E DATA CO-UNICATIONS ENGINEERS~ 
We're COMPUTROL, a division of MODCOMP, an AEG Company 
and a recognized leader at the forefront of the datacommunica­
tions industry. Those who join us enjoy concept-through­
completion responsibilities, openness and participation in all 
decision making processes and a stimulating environment that 
encourages and rewards creativity. Our on-going success and ex­
pansion has created the following career opportunities: 

SOFTWARE 
MANAGERS/ ENGINEERS 

Openings exist at all levels for degreed candidates 
who can push their systems to their performance 
limit. We're seeking engineers with extensive pro­
gramming experience in Assembly language (PDP 
11, VAX, 8086, 68020) and " C" as well as an 
understanding of system arch itectures and 
operating systems (UNIX, VAX/VMS, RSXllM, 
RMX86). Knowledge of distributed processor 
systems desired. 

HARDWARE DESIGN ENGINEERS 
Requires BSEE and 4 years experience in digital 
logic circuit design. You should have extensive ex­
perience in: Motorola micros (68000/20), Intel 
micros (8085, 8086/ 186); MOS, CMOS, TTL, ECL, 
PLD's, AS I C's. Working knowledge of modems; RF 
and Physical Layer interfaces desired . 

COMMUNICATIONS ENGINEERS 
Requires MSEE/CS and 5 years hardware and soft­
ware experience with extensive knowledge of data 
communications protocols. Working knowledge of 
network design is a plus. 

RF/FIBER OPTIC 
ENGINEERS 

RSXllM SOFTWARE 
PROJEQ LEADER 

Use your leadership and technical skills to ensure 
the success of a state of the art project on the 
PDPll running RSXllM. Position requires 3-5 
years experience developing RSXllM software in 
a high performance environment and detailed 
knowledge of RSXllM drivers, internals, memory 
management and Q-BUS operations. Working 
knowledge of microprocessors, UNIX, VAX and " C" 
are desired. 

SYSTEMS ENGINEERS 
Requires BSEE/CS and 3-5 years hardware and 
software experience with microprocessors and 
mini computers, DEC computer systems and 
system integration. 

SENIOR ENGINEERING AIDES 
Requires an Associate's Degree (or equivalent) and 
4 years experience in prototype troubleshooting 
and fabrication plus some experience in: Motorola 
micros (68000/20), Intel micros (8085, 80186), 
and CAE tools (schematic capture), IBM-PC and 
PLD's. 

TEST/QA ENGINEERS 

For all positions, working knowledge of ISO/OSI standards and in­
terfaces is a definite plus. 
We offer a salary fully commensurate with your experience and 
a progressive benefits package that includes tuition refund, in­
vestment and retirement plan, major medical, hospitalization, 
dental, life insurance and more. 
To apply, please send your resume and salary history to: K.L. Hun­
ziker, Personnel Manager, COMPUTROL, 15 Ethan Allen Highway, 
Ridgefield, CT 06877-6297 

---COMPUTROL 
Division of MODCOMP / 

An AEG Company 
Equal Opportunity Employer M/F/HN 

~------...,,, 
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Missile Systems Laboratories 

Raytheon: 
The Standard By Which 
Technical Excellence 
Is Measured. 
What does it take to set the standard in an 
area as demanding as Technical 
Excellence? 

It takes a depth and diversity of involve­
ment in a wide variety of disciplines. It 
takes the drive and ability to advance the 
state of the art. It takes performance ... 
proven on the toughest challenges, dem­
onstrated by an outstanding track record 
of achievement. It takes an organization 
like the Missile Systems Laboratories of 
Fortune-SO Raytheon. 

For over 30 years, the Missile Systems 
Laboratories has set the standard with 
work on some of the world's most impor­
tant defense systems. And we constantly 
attract new programs that offer us ... and 
our talented technical professionals .. . 
new opportunities to achieve and excel. 
As a result, we have openings for those 
who share and meet our high 
standards in the following areas: 

D RF/Microwave System Design 
D Digital Systems Design 
D Real-Time Software Systems 

Design 
D Guidance and Control Design 
D Test Systems Design 
D Radar Systems 
D Reliability/Quality Assurance 
D Electro-Optics Design 
D Missile Guidance Design 

Raytheon 
Where quality starts with fundamentals. 

EDN March 3, 1988 

Raytheon Missile Systems Laboratories 
facilities are located in the suburban 
Boston area where the advanced educa­
tional opportunities and quality of life are 
as outstanding as our tradition of techni­
cal excellence. 

Raytheon offers excellent salaries and 
many company-paid benefits as well as a 
Savings and Investment Plan and liberal 
relocation assistance. Please send 
resume with salary requirements to: 
Manager, Professional Employment, 
Raytheon Company, Missile Systems 
Laboratories, Dept. E, Hartwell Road, 
Bedford, MA 01730. U.S. Citizenship 
required. An Equal Opportunity 
Employer. 
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LOOI<ING AHEAD 

Unix in Europe will move 
full speed ahead 
Within the next few years, Unix will 
experience a boom in Europe, ac­
cording to Dataquest Inc (San Jose, 
CA). Unix is growing faster in Eu­
rope than it is even in the US, where 
the market doubled in 1986. The 
principal factors behind this more 
rapid growth are the X/Open group, 
European governments and interna­
tional agencies, and European uni­
versities. Dataquest forecasts 
183,140 unit shipments in Western 
Europe in 1991, and an installed 
base of 806,980 units. 

X/Open, an industry group that 
advocates and adopts standards for 
application-specific systems, has 
contributed to the development of 
compatible applications programs 
that users can move among various 
computer systems simply by re­
compiling them. X/Open has also 
focused its efforts on the develop­
ment of "international" features 
that facilitate systems, which, al­
though differing in language and 
character set, are identical in func­
tion. 

Though Europe comprises many 
markets bound to the diverse cus­
toms, laws, and languages within 
each country, companies in the vari­
ous European countries have united 
in their support of system integra­
tions that employ standards based 
on Unix technology. This strategy 
strengthens their position vis-a-vis 
the larger US manufacturers. Ven­
dors offering only Unix technology 
can provide a superior list of fea­
tures and products-for example, 
multiprocessors and parallel pro­
cessors, multiple databases, and a 
variety of software and office-auto­
mation systems. 

European governments and inter­
national agencies, then, have played 
an important part in the rise of 
Unix. With the intention of adopting 
X/Open as soon as possible, the 
Netherlands, Sweden, and the EEC 
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ESTIMATES OF WESTERN EUROPEAN UNIX HARDWARE 
1983 1984 1985 1986 

UNITS 2750 7230 12,040 44,120 
SHIPPED 

INSTALLED 3020 10,190 22,080 65,850 
BASE 

REVENUE $59 $161 $295 $781 
(MILLIONS $) 

SHARE OF 4.46% 7.82% 9.75% 16.39% 
WORLD 
MARKET 

(European Economic Community) 
have all accepted standards related 
to Unix. Some German agencies, as 
well as the British Ministry of De­
fense, have also adopted standards 
linked to Unix. 

Although the European academic 
community was initially slow in rec­
ognizing Unix, it's now teaching the 
system to students on a wide scale. 
This development is significant be­
cause it guarantees a steady supply 
of workers trained in Unix and C. 
Furthermore, the universities 
themselves will demand a substan­
tial number of unit shipments. 

Europe should emerge as a princi­
pal consumer of Unix products by 
1990. European manufacturers will 

1987 1988 1989 1990 1991 
104,500 143,440 165,260 177,750 183,140 

168,900 309,050 468,130 636,560 806,980 

$1640 $2599 $3287 $3738 $4063 

23.02% 26.78% 27.51% 26.96% 25.83% 

(Source: Detaquest Inc) 

exploit the X/Open base and their 
local organizations and distribution 
networks in order to combat the 
technological and manufacturing ad­
vantages enjoyed by US and Pacific 
Rim companies. 

The next major development in 
Unix's European ascent will be the 
market-wide availability of applica­
tions using the X/Open system's in­
ternational features and supported 
by various manufacturers and VARs 
(value-added retailers). However, 
because European VARs are tradi­
tionally local, manufacturers of 
X/Open systems will have to resort 
to extraordinary measures to help 
the VARs distribute their software 
across national borders. 

To terminal users, green still means go 
Though long hailed for being de­
signed to meet the needs of the 
human body-that is, for ergonomic 
reasons-amber and white display 
screens have yet to achieve the pop­
ularity of the traditional green 
screen. According to a national sur­
vey of computer-terminal users con­
ducted by Applied Digital Data Sys­
tems Inc, 73% of those who use or 
are responsible for purchasing com­
puter terminals work with and pre­
fer the green screen. Only 21.5% of 
the survey's respondents expressed 
a preference for amber screens, and 
a mere 5.5% said they preferred 
white screens. 

The future seems to hold little 
promise of change. When terminal 
users were asked what color screen 

they would choose to replace their 
present screens, 87% opted to keep 
their current color. 

Although users remain loyal to 
their green screens, less than one­
third of those surveyed felt screen 
color was important. Sixty-five per­
cent indicated that color is not at all 
important to them, whereas 1 % 
found color very important, 3% 
rated it important, and 31 % deemed 
it somewhat important. Of the 35% 
who ascribed some degree of impor­
tance to color, 85% used or had 
chosen to purchase amber-colored 
screens. Thus, among those for 
whom color is a significant factor, 
amber gains markedly, and white 
remains a distant third. 
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Molex ls Making The Connection Between ... 

DURABILITY 
SIMPLICITY 

With the vel'8atile new Molex SEMCONNn' shielded 
electromagnetic connector, cable assembly is easy 
in, easy out. 

Only Molex could design a plug and receptacle 
interconnection system so advanced, yet so simple. 
Positive locking plugs with redundant dual point contacts 
make assembly a snap. Fully shielded against EMl/RFI 
for high speed data busing. And available in both flat or 
round cable plugs. The versatile SEMCONN connector 
system speeds production time and saves money. 

Plug into the world's most reliable, 
1/0 connector system. 

At 500 cycles, you 
can't find a more 
durable connector. 
All SEMCONN cable 
assemblies are 
100% tested so 

SEMCONN pl~s insert 
faster and more securely 
than standard models, 
without the additional 
hardware. 

you're assured of 
reliable, quality 
performance when 
you need it most. 
And Molex utilizes 

Statistical Process Controls and Zero Defects 
manufacturing objectives, so reliability is built into 
every product. 

When your cable assembly needs go beyond the 
standard, there's Molex. 

Whether your application is computers or 
instrumentation, power supplies or business machines, 
Molex has the interconnection 
solution that's right for you. 
Combine 20 years of 
interconnection ingenuity 
and know-how with the proven 
engineering and technical 
support of the Molex trained 
staff, and together, we can 
solve any cable challenge. 

Let Molex put their 
knowledge and experience to 
work for you. For more 
information, call or write 
today for our new SEMCONN 
Technical Catalog. 

Molex's first shielded interconnection 
.syitem, SEMCONN, provides protection 
from electrical noise. Sen.nee To The 
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And when we say fully featured, w 
featured. Requiring +5 and z12V to 
supennlniature device has the same auto<lktl, auto­
answer, audio driver, line diagnostic and self-test 
features formerly found only on larger, heavier, 
more power-hungry and more expensive V.228. 
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HOW TO RACE 
FASTER & LONGER 

DOWN THE DATA HIGHWAY 
The standard in data 
transmission. 
Belden ® Extended Distance 
Data Cables provide faster data 
rates over longer distances, 
while maintaining signal integ­
rity. Whatever your system 
needs, Belden data cables help 
you achieve the highest possi­
ble levels of performance. 

Settling a bit of confusion. 
In general, it's true that low 
capacitance contributes to a 
better computer cable. At 
higher bit rates, however, 
the cable selection process 
becomes dependent on other 
cable parameters such as sig­
nal rise time, impedance match­
ing, attenuation and shielding. 

If data speed and distance set 
limits of superior performance 
for your computer system, "low 
capacitance" alone can no 
longer define your performance 
requirements. You need the 
sophistication of fast rise time 
and advanced shielding tech­
nology in a cable matched to 
your exact requirements. 

There is no equal '." 

Copyright © 1984, 1987 Cooper Industries, Inc. 

Approach lhe Speed of Light 
with Extended Distance 

Data Cables from Belden. 

Rise time and distance 
dependency on wire gage. 
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Comprehensive selection to 
meet every need. 
At Belden, we'll assist you with 
the selection of data cables at 
the onset of your design, help­
ing avoid costly overdesigns. 

tors. Overall foil , individual foil, 
braid, and overall foil/braid 
shields are available, as are a 
variety of insulations to meet 
your requirements. 

Belden's selection of Datalene®, 
polypropylene, polyethylene, 
and semi-rigid PVC insulations 
provide capacitance levels 
ranging from 11 pF/ft. to 
35 pF/ft. 

For extended distance and opti­
mal signal performance in data 
cables, look to Belden; There 
is no equal;" Write or call for 
your free brochure detailing 
Belden's comprehensive line 
of Extended Distance Data 

: ~~ Belden offers a 1iiiiiiiJli~Piiiiiii 
wide selection ~~--~ 1500 , , 
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0-50% Rise Ttme (nanoseconds) 

9250 
(18 AWG) 

9'\41 
(24AWG) 

9804 
(28 AWG) 

of data cables 
in multi-conduc­
tor and 
twisted-pair configurations 
with 28, 24, 22, 20 and 18 
AWG sizes. There are twenty­
six multipair options of up to 50 
pairs, and fifteen multiconduc­
tor options of up to 50 conduc-

CIRCLE NO 88 

Cables. 
Belden Wire 
and Cable, 
P.O. Box 1980, 
Richmond, IN 
47375. 
1 ·800·BELDEN·4 
In Indiana call 
317-983-5200 

See us in EEM 

~ 
COOPER 
INDUSTRIES 

BELDEN 
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