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Self-Timed RAM, I K x 'I 
Latched Input, Latched Output 
28 Pin Side-Brazed Package 

MB86220 DSP Emulation Processor 
fur Engineering Development 

GMICRO 32-bit Microprocessor 
"Super CISC" 

2+bit Floating-Point General Purpose DSP 
1.2 µ CMOS 80 Pin Flat Package 

C2600AV 1.8 µ 2600 Gate 
CMOS Gate Array 

•• 

• •• 
• •• 

Ultra High Speed ECL 
2 - Input, D -Flip-flop 
( 3.0 GHz typical) 

1.2 µ CMOS Sea-of-Gates 
with RAM 7 SK Gate Equivalent 
401 Pin PGA, Cavity Dmm 

•• 

On top of that, our microcomputer products let you choose from 4-bit micro­
controllers, 8-bit to 32-bit microprocessors and SCSI controllers. 

And our wide range of telecommunications products includes digital signal 
processors, prescalers and phase-locked loop devices. 

All of which means that no matter what your needs, you've got the family 
behind you. 

To find out more, call 1-800/642-7616. just tell us you'd like to meet the family. 

FUJITSU 
FUJITSU MICROELECTRONICS, INC. 
Integrated Circuits Division 
3545 North First Street, San Jose, cA 95134-1804. 1-800/642-7616. 

Every step of the way.5M 

CIRCLE NO 1 © 1989, Fujitsu Microelectronics, Inc. 



52-hit IEEE Floating- Point General Purpose DSP 

l+hit Floating-Point General Purpose DSP 
1.2µ CMOS 1.)5-PGA 

Enhanced 68-15 CRT Controller 
Fujitsu Part 10. MB89321 

l.l µ CMOS -i50K Transistors 

I. 5 µ .)000 Gate CMOS Gate Array 

IOOPS IOK Gate ECL Gate Array 
with Pin Fin Heat Sink 

Ultra High Speed ECL 
(1.5 GHz typical ) 

SCSI Protocol Controller 
with On-Chip Drivers, 
48 Pin Plastic Flat Pack 

Getting ahead is always easier when you have the support of your family. 
Which is precisely why the Fujitsu Microelectronics family of ASIC and standard 

memory products gives you all the support you need every step of the way. 
Our wide selection of memory and logic products, for example, is among the 

most complete in the industry. Which means you can choose from every product 
in the book. Including static and high-speed ECL RAMs, ROMs, PROMs and EEPROMs, 
ultra high-speed ECL RAMs, SRAMs and DRAMs. 

When it comes to ASICs, we've got everything you need to develop your own. 
Like powerful workstation software tools. 

A broad ASIC product offering in bipolar, CMOS and BiCMOS technologies. 
And products that includ,e high-speed ECL and BiCMOS arrays. CMOS sea-of­

gates devices with over 100,000 gates. As well as standard cell capability to support 
up to 60,000 gates. 





NOT JUST A BUNCH 
OF INDUSTRIAL COMPUTERS 
Ziatech computers provide distinctive solutions designed 
to put you in control of your application. 

Software 
for fast development and demanding applications 
All liatech computers, from the board to the system level, offer the 
PC-compatible software support crucial to quick product development 
and on-h"ne application needs. This support includes operating systems 
(PC DOS, VRTXJ, development tools (PC-Assisted Virtual System Console/, 
networking software (ViaNet, NETBIOSJ, device drivers and monitoring and 
control packages. 

ModularilV 
for easy configuration and expansion 
Our computers are designed for straightforward configuration and expansion. 
Multiprocessing, mass storage, expanded memory, industrial 110, video 
and networking capabi!tties can be added quickly with minimal 
system reconfiguration. 

Ruggedness 
for reliability in harsh environments 
liatech computers are based on the compact and reliable STD Bus format. 
Designed to operate in extremely harsh environments, they support RAM and 
ROM disks and will operate without a keyboard or display. 

Ziatech QualilV and Suppon 
for your application's success 
Our computers are backed up by on-line application support, first-class 
documentation and system engineering courses. Ziatech is committed to 
the success of every one of its customers. 

Corporate Headquarters 
3433 Roberto Court 

San Luis Obispo, California 93401 USA 
ITT Telex 4992316 

FAX (805) 541·5088 
Telephone (805) 541-0488 

©Copyright 1989 by Ziatech Corporation. All rights reserved. 
Product names of other companies may be trademarks of those companies. Circle No. 101 



Panel Control. 
Cost Control. 

COPYRIGHT© 1989, BOIJRNS, INC. 7/89 

ualityControl. 
Total control is what you get with 

Bourns® Model 50 sealed panel 
controls. 

The new Model 50 will help you 
control manufacturing costs by 
eliminating the extra processing 
expenses normally associated with 
unsealed panel controls. Because the 
Model 50 series is designed to 
withstand harsh soldering and 
boardwashing environments, you can: 

- eliminate costly hand soldering 
- reduce secondary routing and 

handling of board assemblies 
The Model 50 also gives you better 

quality control. By eliminating hand 
processing you get: 

- improved consistency and 
reliability of solder joints 

- reduced potential for board 
contamination and damage 

- lower repair and replacement 
Find out more about the sealed 

panel controls that give you total 
control. Call your local Bourns 
distributor today. 

THERE'S STILL NO EQUIVALENT 

Bourne, Inc., 1200 Cotumbl• Avenue, Rtverakle, C1Hfoml112507; 
(714) 781-5500; Eurapean Headquarters: Zugerstrasse 74, 6340 Baar , 
Swttzer11nd: 042-333333; Beneknc: 070-87«00; France: 01-40033604; 
Gonnany: 0711 ·22930: lrolond: 021 -357001 : Unltod Kingdom: 0276-692392: 
Asia Pacific Headquarters: 1401 Citicorp Centre, 14th Floo<, 18 Whitfleld Roed, 
Hong Kong: (852) ~702171 : Slngoporo: (66) 339-3331 : Koroo: (82) 556-3619: 
Japan Headquarters: 2nd Floor, Time 24 Bulking, #35 Tansu-cho, Shlnljukuku, 
Tokyo, 162, Jopon: (03) 260·1 41 1 

Circle No. 102 

Sealed package 
desi~n (multiple 
sections available) 

PC pin (.100" and .200" 
./""' centers) or solder 
~ lug terminals 

Metal shaft and 
bushing 

PCB mounting 
bracket available 



If you can use these simple tools, 
you can create any waveform. 

The Model 75 Arbitrary 
Waveform/Function 
Generator lets you create 
and edit waveforms which 
it reproduces with digital 
precision. It's easy to do, 
because you use a thumb­
tack and rubberband editing 
system to stretch and shape 
the waveform on the x-y 
axis while you watch the 
results on your oscilloscope. 

No other arbitrary 
generator lets you design waveforms 
from the front panel this way. 

You can also download and 
modify computer-generated 

© Copyright 1988 Wavetek Corporation 
Circle 105 for Literature 
Circle 106 for Demonstration 

waveforms. Or use one of the nine 
built-in functions. The Model 75 
memory provides a grid of 8,000 
horizontal and 4,000 vertical 
points for reproducing signals with 
amazing purity. 

You can see that Model 75 is 
the wave of the future. 
And at less than $3 ,000, 
it's affordable now! 

For literature or a 
hands-on demonstration 
of Model 75 , call 
(619) 279-2200. 

WAVETEK 
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odrives 
Power Mosfets faster, 

at lower power, 
for less? 

The General does. 

Silicon General's new line of dual high speed 
drivers do the job of driving power MOSFETS better 
than anything else on the market today. 

Against 3 out of 4 competitors, the new SG 1626/ 
SG3626 operates 1.5 to 3 times faster. 

Versus the long time industry standard, the 
SG 1626/SG3626 dissipates only half the power at similar 
switching times. 

Compared to another competitor, the SG1626 
is 50 percent faster on 2 critical parameters, TPLH 
(tum-on-delay) and TTHL (turn-off fall time). 

Our prices are low. It's more than a tad unlikely 
anyone will beat them. 

4 

Ideal for switching power supplies and motor control. 
The SG 1626/SG3626 is a dual inverting driver 

ideally suited to drive power MOSFETs and other appli­
cations calling for the conversion of digital input signals 
to high speed outputs to drive large capacitive loads. A 
non-inverting version, the SG1644/3644, is also available. 

These devices use high voltage schottky logic to 
convert TTL signals to high speed outputs up to 18 
volts. Totem pole outputs have 3.0 amperes peak current 
capability so they can drive 2500 picofarad loads in less 
than 40 nanoseconds. 

Pin for pin compatible. 
The SG1626 is pin for pin compatible with 

National's DS0026, Motorola's MMH0026, Teledyne's 
TSC426 and lntersil's ICL7667. 

Call us for samples and data. 
Several packages are available including 8 pin 

plastic, cerdip, ceramic, T0-99, T0-66 and 16 pin 
batwing. Best temperature range is -55° C to 125° C. 
Other parts operate from -25° C to 85° C and 0° C 
to 70°C. 

To arrange shipment of sample quantities and/or 
receive full technical information, please address Silicon 
General, Inc., Semiconductor Group, 11861 Western 
Avenue, Garden Grove, California 92641. Telephone 
(714) 898-8121. TWX: 910-596-1804. FAX (714) 893-2570. 

SILICON 
GENERAL 

CIRCLE NO 2 
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On the cover: No matter which way you 
turn, you can find a suitable high­
resolution Al D converter for your 
specific need. See the Special Report, 
beginning on pg 102. (Photo courtesy 
Analogic Corp) 

WBPA MP ID 
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SPECIAL REPORT 

High-resolution A/D converters 
Higher-resolution AID converters are challenging 

designers to create systems that take advantage of the 
ADCs' increased performance.-Anne Watson Swager, 
Associate Editor 

DESIGN FEATURES 

Troubleshooting analog circuits 
Part 6 

102 

127 

Continuing the previous 5-part series on troubleshooting 
passive parts, this article from the prolific pen of Bob Pease 
presents the opening salvo of a 7-part series on 
troubleshooting active components. Bob begins with the 
simple stuff: diodes and rectifiers, optically coupled devices, 
solar cells, and batteries. Subsequent articles will expose 
the mysteries of more complex active devices. 
-Robert A Pease, National Semiconductor Corp 

Icon lets software tools 
perform special tasks 

145 

If you must analyze numeric data that's already organized 
as tables or sets, or analyze textual data that entails unusual 
kinds of pattern matching, positional analysis, or sorting, 
you'll have a difficult time finding any off-the-shelf software 
tool that does exactly what you want. In that case, you can 
use the Icon language to build your own special-purpose 
tool.-Sandra L Wightman, Allied Signals Companies 

Continued on page 7 
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Raw Speed. 
The world's fastest CMOS PLDs 

are the keys to your high performance design. 
The leader in CMOS PLDs has 

done it again. Lattice's new lOns 
GAL16V8A and GAL20V8A devices 
are the fastest on the track. With 
power consumption only one-fourth 
to one-half that of bipolar PLDs. 

If you need higher functional 
integration, test drive our lSns 
GAL22V10. It's the fastest user­
programmable 22V10 available. 

As if our superior speed/power 
product were not enough, our univer­
sal GAL® architecture makes conven-

GA L is a registered trademark of Lattice Semiconductor Corporation. 
E2CMOS is a trademark of Lattice Semiconductor Corporation. 
PAL is a registered trademark of Advanced Micro Devices, Inc. 

tional PAL® devices-and huge 
inventories-obsolete. The 16V8A 
and 20V8A can replace 42 standard 
PAL devices. 

Best of all, you know you've got a 
winner before you ever use a Lattice 
GAL device. Our proprietary electri­
cally erasable CMOS (E2CMOS™) 
process lets us repeatedly test every 
characteristic before we ship the part. 
Which means 100% programming 
yields. Less board rework. And better 
system reliability. 

Make sure your high-performance 
design has all the right parts. Get the 
fastest CMOS PLDs available. Only 
from Lattice, the leader in CMOS 
PLDs. 

rn~~!!!~ ~ ~orporation TM 

5555 N.E. Moore Ct. • Hillsboro, OR 97124 

Inventors of the E2CMOS PLDsM 

Circle 103 for Literature 
Copyright ©1989, Lattice Semiconductor Corporation. 

Circle 104 for Employment Information 



Continued fivm page 5 

You can transform a PC into a low-cost 
image-processing system that provides 
many of the same capabilities as does 
an expensive, mainframe-based 
imaging workstation (pg 81). 

EDN mag<lzmc 
now ofters 

Express ~eguest, 
a convcment way 

to retrieve produ~t 
information bv 
phone. See th~ 
Reader Service 

Card in the front 
for details on how 

to use this free 
service. 

Exa.ress1 1111~ 
Request., 

EDN August 3, 1989 
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TECHNOLOGY UPDATES 

Fast disk data rates 
spur IPI acceptance 

65 

Although it's some two years later than many industry 
experts predicted, the Intelligent Peripheral Interface (IPI) 
will be this year's interface of choice for high-performance 
110 subsystems. -Maury Wright, Regional Editor 

PCs become low-cost 
imaging systems 

81 

No longer are the fields of image-processing and image­
analysis strictly the domain of expensive dedicated systems. 
New software and hardware products let you put together 
a sophisticated PC-based image-processing system for less 
than $15,000.-J D Mosley, Regional Editor 

PRODUCT UPDATES 
256k-bit static RAM 
Analog/ digital array 

DESIGN IDEAS 
Quadrature oscillator locks to reference 
Generator rumbles at low frequencies 

95 
96 

153 
154 

Continued on page 9 
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Analog CAE Solutions­
from picoseconds to GHz 

EEsof has the high-frequency 

analog CAE tools you need today-

System 
Simulation 

Device 
Characterization 

Call us today for detai Is 
on the wide range of 
high-frequency analog tools 
manufactured by EEsof. 
Our software is supported on 

Time-Domain 
Simulation 

most popular CAE computers and 
workstations, including those from 
Apollo, SUN, HP, and DEC and also 
IBM DOS and OS/ 2 compatibles. 

Nonlinear 
Simulation 

Contact us at EEsof, Inc., 5795 Lindero Canyon Rd. , 
Westlake Village, CA 91362. Phone: (818) 991-7530 
FAX: (818) 991-7109 

CIRCLE NO 3 

EEsof 1s a registered trademark of EE sol. Inc . Apollo is a 
trademark of Apollo Computers, Inc . IBM DOS and OS/2 are 
trademarks ol lnterna11onat Business Machmes. Sun 1s a 
trademark of Sun Computers Inc , VAA 1s a trademark of 01g1tal 
Equipment Corporation 

8 © 1989 EEsot. Inc 

to build the advanced 

hardware of tomorrow! 

Design Environment and Circuit Layout 
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ItSan 
Analog 
World. 

Ultimately, all circuits are analog 
circuits. That's why you should 
step into the analog EDA world of 
Mentor Graphics. 

Here you will find advanced design 
automation that guarantees high quality 
results. Gets you to market sooner. And 

still leaves you time to explore 
creative alternatives. 

Start with AccuSim:M a 
robust analog simulator that 

consistently converges to a 
correct result-even on designs 

containing thousands of transistors. 
Then turn to AccuParts~M This library 

of more than 2,400 discrete and integrated 
components includes a large selection of 
European and Pacific Rim parts. In fact, 
AccuParts is the most complete and accu­
rate analog library available . 

With AccuSim and AccuParts, you 
also enjoy full integration with the far­
reaching Mentor Graphics suite of EDA 
tools. So you have direct links to logic 
simulation, IC and PCB layout, thermal 
analysis and more. 

AccuSim and AccuParts draw you into 
a design environment that is analog at its 
core. So you can depend on the world's 
EDA leader to keep providing the tools 
and support you need. 

For a brochure on the Mentor Graphics 
analog world, dial this digital , toll-free 
number: 1-800-547-7390. 



At AMO we've got all the basic 
ISON functions you need for a terminal 
in a single device: The Am79C30A. 

It's got an S transceiver. a data link 
controller and a codec filter. Everything 
for basic terminal applications. 

Then we give you lots of options 
for enhancing your terminal. If you want 
to add extra data channels. we've got 
three protocol controllers. Thto different 
controllers conform to Vl20 and a third 

12 

that conforms to VllO. Adding a second 
voice channel is easy too. with an extra 
codec filter. 

There's more to terminals than 
great hardware. 

That's why we created AmLink3™ 
development software. 

It makes designing ISON terminal 
applications easy for a change. 

AmLink3 is a full source code 
implementation of 0931 and X.25. It has 

EDN August 3, 1989 



passed AT&T and Nippon Telephone 
compliancy testing so you know it's 
reliable. And the Northern Telecom 
version will be available soon. 

You don't have to be terminally 
nervous. 

All these ISON devices are part of 
a common chip set available from both 
Siemens and AMO so you'll never be 
caught short. 

AMO has a family of 15 jointly sup~ 

ported peripheral devices for ISON 
protocol and transceiver functions all 
designed to the IOM™~2 standard. That 
means they'll work together now and 
in the future. 

Find out more. Make your next 
call to (800) 222~9323. And make your 
next phone with AMD. 

Advanced Micro Devices ~ 
901 Thompson Place. PO. Box 3453. Sunnyvale. CA 94088. 

IOM is a trademark of Siemens AG. Amlink3 is a trademark of Advanced Micro Devices© 1989 Advanced Micro Devices. Inc 
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At a time when supply is 
scarce, we're bringing the 
new Samsung LCD drivers 
to market in serious volume. 

The kind of volume cattle 
came in on huge drives 
across the West. 

Which is as good news 
now as it was back then. 

Furthermore, they are the 
ja.:Jt&:Jt LCD drivers available 
-with dock frequencies of 2 
Mhz, or five times the speed 
of competing parts. We have 

THE FASTEST, MOST AVAILABLE 
LCD DRIVER LSls. 

Device Description Package Applicat ion 

KS0061Ql Common 60 QFP Character 
& segment driver 

KS0061Q2 Common 64 QFP Character 
& segment driver 

KS0062Q Driver & controller 
KSOIO lQ Common driver 

KS0102Q Segment driver 
KS0081Q Common 

& segment d river 

80 QFP Character 
80 QFP Graphic 
100 QFP Graphic 
100 QFP Graphic 

Video LCD interface 80 QFP Graphic 



both character- and graphic­
oriented devices, as well as a 
combination driver and con­
troller. And our KS0061Ql 
part is by far the smallest on 
the market-so it'll save sig­
nificant board space. 

In addition to chips, we 
also have die available, for 
shipment in waffle pack. 

Contact us today at 1-800-
423-8624, ( 408) 922-7754, or 
at LCD Driver Marketing, 
Samsung Semiconductor Inc., 

3725 No. First St., San Jose, 
CA 95134-1708. 

We'll corral as many head 
as you need. 

=8 =~~o~G 



AnalogDevices' new Bi CMOS DA Cs offer the best of both worlds-the speed and precision ofBipolar, combined with 
the low power of CMOS logic. 

Our new BiCMOS DAC family is the most complete offering of full function DACs available anywhere-nine high 
perfonnance, cost effective models with resolutions ranging from 12to18 Bits. 

Each DAC features a precision output amplifier and high-speed bus interface, and most models include a stable 
on-chip reference. Which means there's no need for external amplifiers, references or glue logic. And no need to analyze 
stacks of data sheets or fuss with messy error budgets. Quite simply, our DA Cs are so easy to use, you just plug them in and 
apply power. 

16 



Whatever yotn" application need- smallsize,Jow power, fixed reference or multiplying-our familyof B"'. ~Y4"..,..,. 
_ offers a solution. Andit'll beana:fordable solution, since these DACs start for as littleas$6.10 (1000s) • 

.,H.you'dlike toreadmorea:xluthow our complete function BiCMOS DACs can simplify D ANA 
your aesignprocess, c.all Applicc.tionsEngineering atl-800-ANALOGD. Or write to DEVl~~r,:..~,. n 
Analog Devices, P. Q.Box.9106, Norwood, MA 02062-9106. i'-'lliilW• ··r 

Analog Devices, Inc., One Techoology w_,, P.O. Box 9106, Norwood, MA 02\l62·9106~Headquarters: (617) 329·471)(); California: {714) 641·9391, (619) aiB-4621, (408) 559-2o:tl; 
Coloradb: (719) 590-9952; Maryland: (301) 99~: -1994 · Ohio: !614) 764-8795; Pennsylvania: (215) 643· 7790; Texas: (214)_231·5094~ Wuhill@too: (206) 575-6344; Austri1: (222)885504-0: 

Belgium: (3) 2371672; Denmark: (2) 845800; France: (1)4666·25·25; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2)6883833; Japan: (3) 263-6826; 
' - Sweden: (8) 282740; S~tmlapd : (22) 3151 60; United Kingdom: (932) 232222; West Germany: (89) 570050. 
I 

AJ)784S AD7840 AD1856 

12Bits 14Bits 16 Bits 

210 70 110 

=: 15V :!: 5V :: 5Vto :!: 12V 

Parallel Serial, Byte, Serial 
Parallel 

630 8.93 10.70 

Multiplying ACandDC Audio 
Capability Specifications Applications 

THE 

Bi CMOS 
Complete 0/ A Converters 

AD7846 AD1860 

16Bits 18Bits 

100 110 

:!: 15V :!: 5Vt.o :!: l2V 

Parallel Serial 

16.ZO 13.95 

Multiplying Audio 
Capability Applications 

I 

' ~ 
'I 
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Now, evaluation systems dedicated to 



faster ASIC~ turnaround. Finally, a family of testers to cut 
ASIC development time ... the HP 
82000 IC Evaluation Systems. 
Choose from high-performance or 
low-cost models. Both do prototype 
verification and IC characterization. 
They give you measures of confi­
dence by making sure ASICs 
work right. Or showing you why 
if they don't. 

Performance you weren't 
getting in verification 
systems. 

Here's power to test fast, complex 
devices. Up to 200 MHz. 128 K 
vector depth. 384 true 110 channels. 
And ± 250 ps accuracy. There's 
flexibility, too. True tester-per-pin 
architecture lets you define the 
parameters of each pin ... 
individually. 

Simplicity that ATE 
systems can't match. 

For fast setups, automatic test gen­
eration taps your EDA databases. 
You get characterization of designs 
automatically. High-resolution dis­
plays speed analysis. AndX Windows 
make these the friendliest test 
systems ever. 

Call 1-800-752-0900, ext. 215G, 
today for details on the right model 
to speed your ASICs to market. 
And ask about HP systems for 
parametric process control, mixed­
signal testing and parameter 
extraction too. 

F//'09 HEWLETT 
~~ PACKARD 

CIRCLE NO 8. 



This is why you should 
RISC* it all. 

The Motorola 88000 
microprocessor. 

It's one awesome chip, 
turbocharged by two 
cache memory manage-
ment peripherals. And it's 
designed to make every­
thing from UNIX® multi-user 
business systems to graphics 
workstations to fault­
tolerant on-line transaction 
processing systems several 
times faster and more power­
ful than ever before. 

For instance, at 25MHz, 
the 88000 is as fast and 
powerful as 21 MIPS and 

9 million floating point 
operations per second. 
But that's just for starters. 
By 1991, we'll have an ECL 
version running at a 
blistering 100 MIPS. 

What's more, you can 
accomplish with three 
Motorola chips what 
would take up to 70 chips in 
other RISC systems. And 
you'll do it in less than 
one-eighth the board space. 

So it's no surprise that 
experts are hailing the 88000 
as the definitive RISC solu­
tion. And the one that's well 
on its way to becoming the 
industry standard. 

'Reduced Instruction Set Computer: "Design environments shown above include Data General AViiON workstation, Tektronix DAS 9200 logic analyzer and target board with Macintosh II 
for software development. '"Software Vendors: Absoft, Aitech, AppUed Logic Systems, Diab, Franz, Green Hills/Oasys, Language Processors, Inc., MBP Software, Micro Focus, NKR Research, Silicon 

Valley Software, Tadpole Technology, Telesoft, Translation Systems, Unisoft, Wollongong, Languages: ADA, BASIC, c++, C, COBOL, FORTRAN, LISP, Pascal, PL/M, Prolog, RPG-II, 
All company and product names are trademarks or registered trademarks of their respective holders.© 1989, Motorola, Inc. 
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This is why the 88000 
is no risk at all. 

It comes with a com­
plete RISC design environ­
ment: assemblers, linkers, ~'"""'-= ' 
code simulators, com­
pilers, emulators, logic 
analyzers and more:* 
From companies like 
Green Hills®/Oasys; 
HP,® Language Processors, 
Inc~ and Tektronix; to 
name a few.*** 

The 88000 also comes 
with the full support of the 
88open, a consortium of 
over SO leading hardware 
and software vendors 
devoted to making the 
88000 the RISC micropro­
cessor standard. 

The 88open has already 

- .:ii 

®MOTOROLA 

established a Binary 
Compatibility Standard 
for the 88000 family, and 
has mobilized over 30 
companies who are devel­
oping UNIX application 
software for 88000 
machines. Word Perfect; 
Relational Technology,® 
Frame; Access~ the list 
keeps growing. 

So join the crowd. 
Call or write for more 
information on the 88000 
and the companies behind 
it. Motorola Inc., P.O. Box 
20912, Phoenix, Al 85036. 
1-800-441-2447. 

It's not only the greatest 
RISC you Winn"12r ~M"'?'"'llillrit:< 

1988 Nanonal 

can take. It's A~':fty 
the safest. ,,# 
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Wtlve put CMOS 
ondiSplay. 

If you're looking for the right LED 
display solution, take a look at HP. 
We've got a full line oflow-power, 
easy-to-use alphanumeric CMOS 
displays. 

All featuring an integrated on-board 
CMOS IC. And all designed to pro­
vide you with a better way to meet 
your display requirements. 

Take our eight-character 5 x 7 smart 
alphanumeric display, for example. 
Its the industry's only customizable 
display. With up to 16 user-defin-

22 

able characters and the capability 
to generate foreign characters, 
special symbols and logos. 

Or choose from four-character 5 x 7 
CMOS displays in all four LED colors. 

Smart 16-segment displays with 
built-in RAM, ASCII decoder and 
LED drive circuitry. Which also 
come in a drop-in 5 x 7 dot-matrix 
upgrade. 

And single-character red hexadeci­
mal displays with a 4 x 7 dot-matrix 
display. 

CIRCLE N09 

Best of all, they're from HP. So you 're 
always assured ofHP's commit­
ment to excellence in service, sup­
port and reliability. 

For a free brochure describing our 
full line of CMOS display solutions, 
call 1-800-752-0900 ext. 233H. 
And see how easy it is to shine. 

There is a better way. 

F//~ HEWLETT 
~~ PACKARD 

('GIJH!I02 
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NEWS BREAIZS 
EDITED RY JULI E ANNE SCHOHELD 

µP CONFERENCE TO OFFER A LOOK AT THE FUTURE 
The second annual Microprocessor Forum will offer a look at the future of µP 

technology as well as a look at some of the new µPs slated for introduction later 
this year and in 1990. Scheduled for September 21 to 22 at the Fairmont Hotel in 
San Jose, CA, the conference will provide information about the decisions involved 
in designing these new chips. In addition, designers from such companies as Sun 
Microsystems, Silicon Graphics, Tektronix, and Data General will explain their com­
puter products and justify their choice of µPs . Subscribers to the Microprocessor 
Report can register for $595; the registration fee for nonsubscribers is $795. For 
more information, contact Michael Slater at (415) 494-2677 or reach him by FAX at 
415-494-3718.-Jon Titus 

MOTOROLA AND INTERMETRICS SIGN SOFTWARE-TOOL PACT 
Motorola's Micropr ocessor Products Group (Austin, TX, (512) 891-2030) and Inter­

metrics (Cambridge, MA, (617) 661-1840) have announced that Intermetrics will 
supply a new version of its Intertools software for Motorola's upcoming DSP96002 
digital-signal-processor chip. The Intertools package will comprise an optimizing C 
compiler, an assembler, an XDB debugger, and a utilities library. The 96002 is a 
32-bit, IEEE-standard, floating-point DSP µPin the final stages of development. The 
processor, an architectural superset of Motorola's 24-bit, fixed-point 56001 DSP, 
will be available in the fourth quarter of 1989; Intertools will be available in the 
first quarter of 1990.-Anne Watson Swager 

LOGIC ANALYZERS OFFER IN-CIRCUIT EMULATION FUNCTIONS 
Tektronix's (Portland, OR, (800) 245-2036) newest family of logic analyzers offers 

more functions than do competitive products and for only slightly more money. The 
Prism 3000 series, which begins at $8400, combines logic analysis with many of the 
functions normally associated with in-circuit emulation. These analyzers can per­
form state analysis on systems clocked at 33 MHz, simultaneously handle timing 
analysis at 200 MHz, devote 96 pins to a single µP, and accommodate multiprocessor 
architectures. The Prism 3000 packaging is unusual, too: One unit resembles a stan d­
alone analyzer; two others resemble desktop computers. Each unit accepts at least 
one µP-family-specific application module.- Dan Strassberg 

LOG AMP COMPRESSES DATA OVER A 50-dB DYNAMIC RANGE 
The AD640 from Analog Devices (Norwood, MA, (617) 329-4700) is a fully calibrat ed 

logarithmic amplifier with 50 dB of dynamic range for frequencies from de to 120 
MHz. The AD640 uses a successive-detection scheme to provide an output curr ent 
proportional to the logarithm of the input voltage. You can convert this output 
current to a voltage by using internal resistors and an op amp. The AD640 has 
many instrumentation applications and can provide wideband signal compression 
for signals that are subsequently digitally processed. Such compression relieves the 
burden on the other signal-processing components in a system. The amplifier is 
available in 20-pin ceramic DIPs and LCCs and in versions specified for the - 40 t o 
+ 85°C and - 55 to + 125°C temperature ranges, over which the maximum specs are 
guaranteed. The Arn340 in a DIP and specified for the industrial temperature range 
sells for $60 (100).- -Anne Watson Swager 
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CAD TOOLS UNDER DEVELOPMENT FOR GaAs ASICs 
Seattle Silicon Corp (Bellevue, WA, (206) 828-4422) and Gigabit Logic Inc (Newbury 

Park, CA, (508) 499-0610) have formed an alliance to develop tools for gallium 
arsenide ASICs. These GaAs CAD tools will share the design approach and interface 
of Seattle Silicon's ChipCrafter CMOS tools and will include user-configurable librar­
ies, logic synthesis, automatic place-and-route, timing analysis, and links to sche­
matic capture and simulation. With the toolset, you'll be able to build gigahertz­
range ASICs that incorporate as many as 15,000 gates and feature low power con­
sumption and high radiation tolerance.-Michael C Markowitz 

GRAPHICS BOARD PROVIDES 1024 x 768-PIXEL RESOLUTION 
The ACT3 graphics board is designed for IBM PC/ AT-compatible computers and 

provides 1024 x 768-pixel resolution. Advanced Graphics Technology Inc (Taipei, Tai­
wan, FAX 886-2-564-1775) manufactures the $795 board, which uses an Hitachi 
HD63484-8 graphics processor chip, lM byte of dual-ported video RAM, and an 
IDT75C458 RAMDAC as a color look-up table. The ACT3 also has a 64-MHz dot-clock 
generator and interfaces with noninterlaced analog monitors with 50-kHz horizontal 
and 60-Hz vertical synchronization frequencies . You can select 256 colors from a 
palette of 16.7 million colors and use either a cross-haired or a box cursor. The 
company supplies source listings for software drivers that draw circles, ellipses, 
filled polygons, pies, and arcs.-John Gallant. 

QUAD-PORT MEMORY SOLVES TIMING AND SYNCH PROBLEMS 
You can now use one multiport serial RAM to loosely couple as many as four 

computers, thus solving the contention and arbitration problems that occur when 
multiple computers try to exchange data. Using 4-way-access memory cells, the 
DS2015 chip from Dallas Semiconductor (Dallas, TX, (214) 450-0400) permits simulta­
neous message passing among four independent devices at transmission rates reach­
ing 4M bps. This CMOS IC routes data from a given channel to any of the chip's four 
storage centers, stores the data until the intended recipient is ready for it, distrib­
utes the data, and produces a signal when the message transfer is complete. Available 
as either an 18-pin DIP or a small-outline package, the DS2015 sells for $6.25 (100). 
-JD Mosley 

CAD-TOOL VENDOR SIGNS VHDL-SIMULATION AGREEMENT 
In a move to provide full IEEE 1076 VHDL simulation capability, Silicon Compiler 

Systems (San Jose, CA, (408) 371-2900) has entered into an agreement with CAD 
Language Systems Inc (Rockville, MD, (301) 424-9445) to integrate and remarket 
CLSI's VHDL Tool Integration Platform (VTIP) with SCS's Explorer Lsim simulator. 
As part of this agreement, SCS will add VHDL capability to its existing proprietary 
hardware description language (HDL), M. M has analog and digital simulation capabil­
ity, and as a result of the integration project, you'll be able to include VHDL in both 
pure-digital and mixed-signal designs. Explorer Lsim will directly compile VHDL 
models into optimized binary code to eliminate any potential confusion that might 
result from the translation of the VHDL source code to M. SCS will provide a VHDL 
translator to protect whatever investment you might have made in M-coded li­
braries.-Michael C Markowitz 
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TRW LSI Products -
Bringing the worlds 
of Data Acquisition 
and DSP together. 

with a Twist 
Digitize. Manipulate. Process and display. That's what irnagirg 
system design has come to. And, it's your job. To design the 
image processing system of tomorrow. For a new breed of 
modern artists in imaging, video special effects, medical 
electronics and satellite mapping. 

At TRW LSI Products, we've got your design in mind. Dur 
converters and image processing components provide com­
patible and cost-effective solutions for your design objectives. 
We've got the fundamental functions, complex algorithms, 
processing speeds and resolutions to meet your needs. 

Digitizes Original Image 

TDC 1038: Low-power 1046 ND. 6-bits, 20MSPS 
TDC1048: Industry-standard ND. 6-bits, 20MSPS 
TDC 1058: Low-cost ND. 6-bits, 20MSPS 

Manipulates New Image 

TMC2J01: Resampling Sequencer, 12-bits/side 2D, 
15, 16 and 20MHz 

TMC2J02: Imaging Engine. 24-bits/side 3D, 40MHz 

Processes New Image 

TMC2208: Fixed Pt. MultJAccum .. 6X6-bits, 25MHz 
TMC2246: Image Filter, lO Xll X4-bits, 40MHz 
TMC2249: Video Mixer. 12 X12 X2-bits, 30MHz 
TMC2250: Matrix Multiplier. 10 X12 X 9-bits, 40MHz 
TMCJ211: Integer Divider, 32-bit, 20MHz 

Displays Manipulated and Processed Image 

TDC1018: DIA. 6-bits, 125 and 200MHz 
TDC1J18: DIA. Triple 6-bit, 200MHz 
TDC1012: DIA, 12-bits, 20MHz 
TDC 1112: DIA, 12-bits, 50MHz 

Turn your next design into a work of art 
with imaging solutions from TRW LSI Products. 

TRW LSI Products Inc. 
P.O. Box 2472. La Jolla, CA 92036 
619.457.1000 

In Europe, phone: 
TRW LSI Products Inc. 
Munich, 069.7103.115; 
Guildford IU.K.I. 0463.302364 

11"l.r:."i 
TRW LSI Products Inc. 

C>TRW Inc .• 1989 - 712A0289 

CIRCLE NO 10 

In the Orient. ph-: 
Hong Kori;i. Telman. 3.660629; 
Tokyo. Dia Semicon, 3.467.0366, 

Teksel, 3.461 .5311 ; 
Taipei. Sea Union. 2.751 .2062; 
Seoul, M.S., 2.553.0901 ; 
Siri;iapore, Seamax. 65.747.6155; 
Australia. Email, 613.544.6244 
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0.5 to 1000MHz trom $13~&24qfy) 
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.) requires 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 
1000MHz, NF as low as 2.8dB, and power output as high as + 15dBm. 

Prices start at only $13.95, including screening, thermal shock -55°C to +100C, 
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 all components self-contained. Just connect to a de 

FREQ. 
RANGE 
(MHz) 

MODEL fl tofu 

MAN-1 0.5-500 
MAN-2 0.5-1000 
MAN-1LN 0.5-500 

()MAN-1HLN 10-500 
*MAN-1AD 5.500 

supply voltage and you are ready to go. 

The new MAN-amplifiers series ... 
another Mini-Circuits' price/performance 

breakthrough. 

GAIN MAX. NF DCPWR PRICE 
dB OUT/PWRt dB 12V, $ ea. 

min flatnesstt dBm (typ) mA (10-24) 

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 
16 0.5 6 7.2 85 24.95 

ttMidband 10fL to fu12.±0.5dB tldB Gain Compression ()Case Height 0.3 In. 

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

*Active Directivity (difference between reverse and forward gain) 30 dB typ. 

finding new ways ... 
setting higher standards 

0 Mini-Circuits 
A Division of Scientific 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 12 
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value-

from 

$11.45 
de to 3GHz 

• less than 1dB insertion loss over entire passband 
• greater than 40dB stopband rejection 
• 5 section, 30dB per octave roll-off 
• VSWR less than 1.7 (typ) 

finding new ways .. . 
setting higher standards 

t::I M ini~~js~•~m~n~!! ·over 100 models, immediate deiivery 
• meets MIL-STD-202 

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

·rugged hermetically sealed package (0.4 x 0.8 x 0.4 in.) 
• BNC, Type N, SMA available 

LOW PASS Model *LP- 10.7 21.4 30 50 70 100 150 200 300 450 550 600 750 850 1000 
Min. Pass Band (MHz) DC to 10. 7 22 32 48 60 98 140 190 270 400 520 580 700 780 900 
Max, 20dBStopFrequency(MHz) 19 32 47 70 90 147 210 290 410 580 750 840 1000 1100 1340 

Prices (ea.): Qty. (1-9) P $11 .45, B $32.95, N $35.95, S $34.95 

HIGH PASS Model *HP- 50 100 150 200 250 300 400 500 600 700 800 900 1000 

Pass Band (MHz) 
start , max. 41 90 133 185 225 290 395 500 600 700 780 910 1000 

end, min. 200 400 600 800 1200 1200 1600 1600 1600 1800 2000 2100 2200 
Min. 20dB Stop Frequenc MHz) y( 26 55 95 116 150 190 290 365 460 520 570 660 720 

Prices (ea.): Qty. (1 -9) P $14.95, B $36.95, N $39.95, S $38.95 

* Prefix P for pins, B for BNC, N for Type N, S for SMA example: PLP-10.7 C105 REV. E 
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Think of it. Building the first laptop computer with the speed and graphics of a 
high-end workstation. Now imagine taking it from design to manufacturing in 

months, instead of years. 
ASIC is the only way to do it. And LSI Logic is the only logical choice. 
With an ASIC Design Methodology and in-depth support to help you design more 

ASIC devices across the board: on-chip RISC microprocessors, logic, AID conversion, 
cache memory, everything. 

It's what sets us apart from other ASIC companies: an end-to-end solution that 
combines the highest quality development tools with state-of-the-art IC fabrication 
technologies. 

Like our Modular Design Environment™ software, with more than 400 complex 
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building blocks containing accurate and fully functional timing models. You'll save 
time and money by performing complete simulations of your whole system before 
committing to silicon. 

And our advanced technologies that can replace hundreds of standard devices 
with a single ASIC device: 0.7-micron technologies with up to 200,000 useable gates; 
Channel-FreeT• array and cell-based architectures in CMOS or BiCMOS; integrated 
RISC technologies; three-layer metal; and plastic packaging so advanced you can 
specify up to 524 pins. 

LSI Logic's ASIC Design Methodology. It's more than just a practical approach to 
system design. It's why we outperform other ASIC companies where it matters most. 

Across the board. 

LSI. 

ACROSS THE BOARD 
EDN August 3, 1989 CIRCLE NO 15 29 



Our new 396-pin Qackpllµle 
you from mceptJ.on 

Teradyne's VHSICon UHD™ 
supports you with a complete 
backplane interconnection 
system and thorough up-front 
applications assistance 

Today's advanced military/avionics applications are 
packed with complex electronics. And tomorrow's 

designs will take den­
sity and sophistication 
to even higher levels. 
That's why, when it 
comes to interconnec­
tions, you need more 
than simple solutions. 
You need system sup­

port. That's what you get with Teradyne's VHSICon UHD 
(Ultra-High Density) backplane interconnection system. 



col)Ilector system supports 
to mterception. 

As the world's leader in backplanes, Teradyne pro­
vides up-front design assistance that helps you optimize 
high-speed signal transmission in your application. Plus 
Teradyne's VHSICon UHD gives you up to 396 contacts 
in the Standard Electronic Module (SEM) format, a 
staggered 8-row contact grid for efficient backplane 
trace routing, and surface-mount daughterboard 
connectors. 

Teradyne's custom-engineered multilayer printed 
circuit backplanes contain high-reliability solderless 

press-fit contacts. And our cost-efficient modular archi­
tecture provides connector length flexibility as well as 
options for fiber optics and coaxial contacts. 

To learn more about how to interconnect your advanced 
technology, call Teradyne and see how VHSICon UHD 
can support you. 

Teradyne Connection Systems, Federal Systems 
Group, 44 Simon Street, Nashua, NH 03060 

~~~~1~:~-5156 .. J 9 j~ I '~~e 
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SIGNALS & NOISE 
Free enterprise 
is at stake 
I enjoyed Jon Titus's editorial 
"Manage innovation, not money" in 
the February 16, 1989, issue of 
EDN (pg 51). As a gray-haired en­
gineer and an investor, and a loyal 
American, I was warmed by his 
valid and conscientious alarm about 
the state of innovation in the United 
States. The creativity of men's 
minds has gone to the area of "suck­
ing value" from companies that to 
a large extent have been built by 
engineers. This "value-sucking" 
process reflects itself in leveraged 
buy-outs, acquisitions, mergers, 
and sales of whole companies to the 
enormous profit of individuals and 
groups, and, of course, investors. 

What is being tested here is not 
whether people should resist in­
vesting in short-term value-suck­
ers, but whether people should be 
more idealistic and limit their in­
vestments to long-term strategi­
cally planned companies. Alas, I 
fear that the great American sys­
tem of total free enterprise is at 
stake here, not a localized situation. 
Long-term strategic planning is 
done by every smart person in the 
world-smart, yes, but rich, not 
necessarily. Is it more important to 
contribute to the growth of some­
thing through work and intrinsic 
contribution, or is it more impor­
tant to suck value from the efforts 
of those who did make intrinsic con­
tributions? That is the issue at 
hand, and it is one that Americans 
must think about seriously. We are 
on the brink of serious disaster; we 
are giving our country away by hav­
ing a weak currency; we are de­
stroying our industry by the value­
sucking endeavors of hot-shot 
money men; we are destroying the 
moral consciousness of our people 
by rewarding people for the wrong 
activity. That is one way of looking 
at it. 

Another way of looking at it is 
that the free-enterprise system and 
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democracy are being tested. They 
are being tested by the very greed 
implicit in the system itself. If the 
free democratic system is any good, 
it will survive these incursions, as 
people see what they are doing. One 
implicit assumption behind the suc­
cess of these systems is moral integ­
rity. If it is lost, then we had noth­
ing anyway. It is a broad issue that 

'I believe will be resolved by our 
free-enterprise system. We will go 
through new growing pains as we 
suffer through the sale of our assets 
and the loss of power, prestige, and 
influence in the world. 

Today, America is still a mecca 
for the unfortunate, a symbol of 
what fairness and decency can offer 
all mankind. This is our great 
strength, the moral fiber of our peo­
ple, and this will prevail over every 
value-sucking activity. We have le­
gions of strategic-thinking compa­
nies, and they will survive and grow 
in the environment of freedom. 
J Van Horn 
Wassenaar, The Netherlands 

Low power shouldn't be 
confused with micropower 
Peter Harold's article, "Micropower 
op amps hit new lows" (EDN, April 
27, 1989, pg 117), was aimed at a 
target that it all but missed. It con­
fused low power with micropower, 
and as a result scattered its shots 
at devices that lie outside the tar­
get. The generally accepted defini­
tion of micropower op amps in­
cludes op amps with a supply cur­
rent of 100 µA or less. These op 
amps are intended to balance mini­
mum power consumption with 
maximum achievable precision. The 
article included op amps with a sup­
ply current as high as 500 µA; these 
op amps are generally called "low 
power" in the industry. 

Had the article really restricted 
itself to the accepted definition of 
micropower and included real meas-

ures of precision, it would have of­
fered designers a useful comparison 
among available devices. 

Peter's article, however, ignored 
the usual definition and pinned 
roses on devices such as the OP-97 
(which, by the way, is not original 
but a second source for Linear's 
LT1012 precision op amp, and in 
any case is not a micropower de­
vice) and as-yet unavailable chop­
per-stabilized op amps that fall out­
side the article's own definition of 
micropower. As a result, the illus­
trations weren't pertinent, and the 
table ended up comparing apples 
with anchovies. 

Noise, a critical parameter for 
precision, isn't even mentioned in 
the discussion or the table. Like­
wise, where pulldown resistors are 
required, many of the devices listed 
lose their micropower rating. The 
LT1078/9 and LTll 78/9, which 
were included in the table but not 
mentioned in the text, have lower 
voltage noise than any other micro­
power op amps. In fact, they have 
lower noise than other op amps with 
10 times their supply currents, and 
they require no pulldown resistors 
to go to ground. 

I'd like to see EDN revisit this 
topic as soon as possible, but with 
much closer attention to true micro­
power op amps and to precision per­
formance so designers can make 
more meaningful comparisons 
among the devices. 
Willian A Ehrsam 
Vice President, Marketing 
Linear Technology Corp 
Milpitas, CA 

Oops 
MicroPlot Systems was inadver­
tently omitted from the list of ven­
dors of graphing-software packages 
in Jon Titus's April 13, 1989, Tech­
nology Update on that subject 
(EDN, pg 53). The company can be 
reached at 1897 Red Fern Dr, Co­
lumbus, OH 43229; (614) 882-4786. 
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PCs and ·scopes-"N ever 
the twain shall meet" 
Dan Strassberg's article, "Units 
transform PCs into DSOs" (EDN, 
May 11, 1989, pg 95), recalled my 
experiences with [my former em­
ployer, a major instrumentation 
manufacturer]. 

After what was touted to be a 
revolutionary idea-using [a per­
sonal computer] for a host of test 
equipment devices-the company 
set upon rebuilding one of its plants 
to manufacture modules to adapt 
[its PC to instrumentation tasks]. 
It rebuilt the facility, expending 
some $5 million, made hundreds of 
Beta-site models, advertised heav­
ily, and subsequently shut the pro­
gram off for lack of sales. 

As I recall the scenario, [users 
refuse to] tie up a $5000 computer 
to do a $150 VTVM [vacuum-tube 
voltmeter] task, or they use a 
$10,000 scope with a $5000 PC that 

SIGNALS & NOISE 

produces only half the value of a 
dedicated scope. 

When you begin to rationalize 
what is being tied up, also consider 
the $500 to $2000 adapters. Oh yes, 
[PC-based instruments] can do lots 
of things in a 1-man shop, [which 
may need] only one piece of test 
equipment, but consider [what hap­
pens when you try to construct mul­
titasking systems; for example, to 
monitor] power supplies (as many 
as six at once), a couple of oscilla­
tors, pulse generators, current me­
ters, voltmeters, or recorders. 

Does Dan's article attempt to re­
vive a dead horse? Or is there an­
other purpose? Check the demise 
of this "pioneer" effort and see [that 
one major company] went "east­
ward" rather than "westward ho." 
Bill Steckowich 
Sparta, NJ 

(Ed Note: EDN's coverage of PC-

based instruments is not indicative 
of any nefarious plot to revive a 
dead horse. The price of PCs has 
been coming down, and PCs' capa­
bilities have been increasing. Tasks 
that didn't make sense for PC-based 
instruments a few years ago often 
do make sense now. PC-based in­
struments may never displace con­
ventional instruments entirely, but 
PCs seem destined to assume a role 
of growing importance in instru­
mentation systems. Just ask the 
large number of vendors of PC­
based instruments, many of which 
are listed in the box entitled "For 
more information . . . " in the May 
11 article.) 

Those plastic bags 
have to go 
I was very glad to see the letter, 
"Chief Seattle Speaks," following 
Jon Titus's editorial, "Waste not, 

Surface Mount 
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Pot Core Inductors 

DALE ELECTRONICS, INC • 
• • • a VISHAY Company 
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A PERSPECTIVE ON ANALOG SYSTEM DESIGN 

Next-generation analog: 
Advanced Linear ICs 
A new breed of linear chips, born of leadership processing at 
Texas Instruments, can help you design superperfonnance systems. 

T h"m•n brain h" rep•rate 
but dependent left and right sides. 
Similarly, an electronic "brain" or 
system has separate but dependent 
parts, one digital, one analog. De­
signers accustomed to the spec­
tacular performance gains made in 
digital chips are now demanding 
comparable improvements in 
analog devices so that both parts of 
their systems can function to full 
potential. Leading the analog evolu­
tion: Advanced Linear circuits 
from Texas Instruments. 

These new chips are called 
advanced for one or more reasons. 
They are more highly integrated 
than ever before, often combining 
digital and analog functions on a 
single chip. They offer higher per­
formance and greater flexibility. 

Sophisticated design and simulation tools shorten development cycles of Tl's Adva nced Linea r 
!C s, helping you get to market faster. By using these tools, Tl can offer as standard circui ts many 
designs that previously would have h ad to have been customized. 

They are often the result of 
advanced processing that may 
merge two or more technologies. 

Better parameters 
from better processing 
Because advanced analog system 
requirements for performance and 
flexibility vary greatly, a single 
workhorse technology typically 
can't do the job any longer. Nor 
can creative circuit designs alone . 
We at TI are convinced the key to 
driving the linear evolution lies in 
the excellence of our processing 
technologies. 

TI is committed to developing 
and implementing a range of leader­
ship wafer-fabrication processes (see 
descriptions on back page). The 

result: Tl 's Advanced Linear 
devices are already helping system 
designers link digital brains to 
advanced ana log worlds more effi­
ciently and with greater ease in 
many applications. Here are a few 
examples. 

Advanced Linear: 
Displaying greater brilliance 
Out of our pacesetting LinEPIC '"' 
processing comes our high-perfor­
mance Color Video Palette, operat­
ing at 125 MHz with a very high­
reso lution 1024 x 1024 pixel count. 
Because of one-micron C MOS 
processing, power consumption is 
reduced more than 40% compared 
to other CMOS implementations. 
Additionally, the device is pack-



IN THE ERA OF MEGACHIP"' TE C H NOLOG IE S 

... the key to driving 
the linear evolution lies 
in the excellence of 
processing technologies. 

aged in reliable, economical plastic . 
LinEPIC has also produced such 

high-speed, high-density interface 
chips as our Flash A/D and our 
Video DAC for use in graphics dis­
plays, imag ing systems, monitors, 

chips are idea l fo r use in automo­
tive antilock brak ing systems, 
electronic transmiss ions, and active 
suspens ion systems. 

Either technology can produce de­
vices with low-side drive, high-side 

High-density Analog Interface Circuit chips demonstrate the grea ter integration achieved by Tl's 
innovative linear processing technologies. The;e DSP interfaces allow you to alter circuit configu­
ration under software contro l witho ut external adjustments. 

and cameras. Both devices require 
about five times less power than 
bipo lar equ iva lents. 

Advanced Linear: Intelligent 
power for every car 
C hips fab ricated with our Power 
DMOS-based BIDFET"' processing 
are replacing electromechanica l 
relays in many automotive applica­
tions, such as driving head lamps 
and motors. Power BIDFET allows 
us to minimize power loss in the 
switch and add high-complexity 
logic functions. 

Multi-EPI bipolar processing, a 
very cost-effective technology, is 
used to produce chips hav ing 
inherent reverse battery protection 
and high operating voltages. Such 

dri ve , or H-bridge configurat ions. 
In the future, these developments 

may lead to multiplexed systems 
for cars, replacing bulky wiring 
harnesses. 

Advanced Linear: Enhancing 
modems and facsimiles 
Tl's dual driver/receiver is a good 
example of the integration 
achieved with adva nced processing 
technologies. LinBiCMOSn' 
processing has enab led us to put 
the dr ivers and rece ivers needed fo r 
RS-232 voltage levels on the same 
chip with the charge pump -
required to generate the necessary 
split rails from a ingle 5-V suppl y. 
You eliminate external power sup­
plies and get a device that's easier 

to design with-it is ava ilable in 
our LinASIC"' cell library fo r 
integration with digital ASICs. 

A new fam ily of Analog Inter­
face C ircuits (AI Cs) is emerging 
from our Advanced LinC MOS"' 
processing. The voice-band AICs, 
designed for modems and fax equip­
ment, combine high-performance 
analog functions-14-bit A/D and 
D/A converters and switched 
capac itor filters-with digital 
functions such as control c ircuit ry, 
program registers, and DSP inter­
face. The usual clutter of resistors, 
capacitors, and pots is eliminated . 

High-speed A ICs are available 
fo r use in servo controllers and 4 

hard-disk-drive applications. 
These A!Cs are also high-perfor­

mance members of our LinASIC 
standard-cell li brary. Based on Tl 's 
proven digital ASIC method­
ologies, the LinASIC library has 
allowed us to develop complex, 
semicustom chips in as li ttle as 
16 weeks. 

Advanced Linear: Boosting 
instrumentation accuracy 
Even one of the most basic analog 
building blocks, the operational 
amplifier, is benefiting from Tl's 
Advanced Linear technologies. 
Our Excalibur op amp fami ly com­
bines low power consumption with 
a SX speed improvement while 
reta ining low offset voltages. Offset­
voltage drift has been cut from 
300 µ V to 60 µ V to reduce your 

· ca li bration, test, and measurement 
expenses. 

For high-accuracy applications, 
Advanced LinC MOS is making 
possib le Chopper Stabilized Op 
Amps with chopping frequencies 
I 0 times higher than previously 
ava il able (10 kHz). Noise levels are 
the lowest on the market. 

The evolution in ana log dev ices 
has only begun. Dramatic progress 
li es ahead throughout the 1990s. 
As the Advanced Linear leader, 
Texas Instruments is pledged to 
remain at the forefront, supplying 
you with new ways to link digital 
brains to advanced analog worlds. 

For suggesrions on choosing a linear s11pplier, 
wm die /xige. 



A PER SP ECTIVE O N ANALOG SYSTEM DE S I GN 

Circuits combining analog functions with digital logic will soon be widespread in ASIC chip 
designs . Tl is taking a leade rship role with the developmem of its LinASIC methodology. 

Checkpoints for choosing an analog 
supplier in the 1990s. 
Questions and answers with Tom Engibous, Vice President, Semiconductor Group, 
and Manager, Linear Products, Texas Instruments Incorporated. 

Q. What is the first thing to look 
for in choosing a linear supplier? 

A. Product perfonnance is defini te­
ly the first priority. Our customers 
are asking for ever-increas ing linear 
device performance. At TI, we 
believe creative circuit designs 
alone won't meet the challenge. 
Advanced process technologies­
note the plural-are becoming the 
keys to success in linear dev ice 
performance of the '90s. 

Q. What else should a designer 
look for? 

A. Whether o r not the supplier has 
experience with digital as well as 
analog devices. These two worlds 
are merging (see chart above). Func­
tions once performed by analog are 
now done digitally, and a growing 
percentage of our Advanced Linear 
devices combines analog and digi­
ta l circuitry on one chip. 

At Tl, we've leveraged our 30 
years of digital expertise into the 
development of our Advanced 
Linear products and processing 
with highly satisfactory success. 
This has been especially noticeable 
with our LinASIC methodology. 

Q. Do you expect ASICs to play a 
major role in your linear future? 

A . Very definite ly, as they already 
do today. Cell-based designs wi ll be 
the rule in both user-specified func­
tions and highly integrated stan-

dard products. Digita l ASIC 
methodologies are also the key to 
cutting system design cycles. As our 
d igital experience proves, supp liers 
who have advanced process tech­
nologies and fast, accurate design­
automation tools will be the best 
equipped to deliver single-chip 
so lutions. 

Today, we have customers doing 
their own LinASIC designs using 
our advanced processes and design­
automation tools. 

Q. What role does manufacturing 
capability play in picking a 
supplier? 

A . It is always a factor, and the 
need for efficient worldwide 
manufacturing faci lities such as TI 
has in place will become even more 
important. Today's semiconductor 
market is global in nature. You 
can 't serve worldwide customers 
from a single plant-you have to be 
"multi local." This is particularly 
true with ASICs. 

Q. Any other important factors? 

A . Yes, I'd suggest that, in choosing 
a linear supplier, the designer find 
one he can live with for a long 
time. Close suppli er-customer 
re lationships are essential to the 
development of products that will 
provide the highest performance 
and lowest cost systems. 

Tl's Leadership Linear 
Processing Technologies 

LinBiCMOS-Combines Ad­
vanced LinCMOS, digital ASIC 
CMOS, and up to 30-V bipolar 
technologies to allow the integra­
tion of digital and analog standard 
cel ls and handcrafted analog 
components on a monolithic chip. 

LinEPIC-One-micron CMOS 
double-level metal, double-level 
polysilicon technology which adds 
highly integrated, high-speed 
analog to the high-performance 
digital EPIC process. 

Advanced LinCMOS-An 
N-well, silicon-gate, double-level 
polysilicon process featuring im­
proved resistor and capacitor struc­
tures and having three-micron 
minimum feature sizes. 

Power BIDFET-Merges stan­
dard linear bipolar, CMOS, and 
DMOS processes and allows inte­
gration of digital control circu itry 
and high-power outputs on one 
chip. Primarily used for circuits 
handling more than 100 V at cur­
rents up to 10 A. 

Multi-EPI Bipolar-A very cost­
effective technology that utilizes 
multiple epitaxial layers instead of 
multiple diffusion steps to reduce 
mask steps by more than 40%. 
Used to produce intelligent power 
devices that can handle loads as 
high as 20 A and voltages in excess 
of 100 V. 

Excalibur- A true, single- level 
poly, single- level metal, junction­
isolated, complementary bipolar 
process developed for high-speed, 
high-prec ision analog circuits 
providing the most stable op amp 
performance avai lable today. 

Our just-published Advanced Linear 
Circuits brochure examines more fully 
the changes taking place in analog sys­
tem design and their impact on linear 
devices. The brochure also describes 
Tl 's leadership processing technologies 
and explains the performance improve­
ments that result. For your copy, call 
1-800-232-3200, ext. 3407, today. 

TM Trademark of Texas Instruments Incorporated 
© 1989 Tl 08-84 59 
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We created today's standard 
Stepper Motor ICs. 

And we're still in the lead. 

Ericsson Components is a leading manufacturer of 
Stepper Motor Driver ICs; for disk drives, 
printers, industrial instrumentation and 
robotics. 
We were the first to develop the chopper type 
stepper driver IC - now th re's a whole multi-source 
industry, with Ericsson still in the lead. 
Our latest designs are based on what you, the 
customer, wants - cost-effectiveness, low power 
dissipation and long-term reliability. 
And they are all available in a power-capable 
PLCC package for dense, surface-mounted 
applications. 
Contact us for more information. 

We're in the lead 

Ericsson Stepper Motor IC Family. 

* PBL 3 717. The original chopper­
driver IC with 800mA max. output. 

* PBL 3 717 / 2. Improved version with 
1000mA continuous output, plus 
half- and micro-stepping capability. 

* PBL 3770A. New world-leader, drives 
all kinds of stepper motors, with 
1500mA continuous, 1800mA peak output. * PBL 3771 Dual Driver+ PBM 3960 Dual 
DI A Converter. The industry-standard 
micro-stepping IC set. 

ERICSSON 
Ericsson Components Inc. 
403 International Pkwy 
Richardson, TX 75085-3904 
Telephone (214) 480-8300 
Telefax (214) 680-1059 
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SIGNALS & NOISE 

However, it's a sad irony that you 
chose to send your very next issue 
in nonbiodegradable plastic bags. I 
truly hope you will abandon this 
practice. Let your actions reflect 
your words-find a more environ­
mentally acceptable means of mail­
ing your publication. 

try's best publication. I wouldn't 
mind in the least having to read an 
issue with a slightly soiled front 
page. On the other hand, I do mind 
having to rip off that plastic cover 
and throw it in the garbage, adding 
to the many tons of needless waste 
we generate daily. 
Michael D Sullivan 

---------------------------~ Design Engineer 

want not" (EDN, May 11, 1989, pg 
51). It's about time we realize that 
everyone, including those of us who 
are in the electronics industry, must 
start taking a more responsible atti­
tude concerning protection of our 
environment. I commend all of you 
at EDN for taking a stand on this 
very vital topic. In my opinion, EDN is the indus-

40 

Dual Power Op Amp 
Delivers SA 

From +40V Supplies 

Our OPA2541 gives you 
more power in less 
space at lower cost. 
Two monolithic op 
amps in a single T0-3 
provide unmatched 
performance and 
functional density. 

10 100 
vs - VOUT (V) 

• precision FET inputs 
• av I µS slew rate 
• ±0.25mV offset 
• low distortion class 

NB outputs 
• -25/+85°C and 

-55/+125°C ranges 
• full /883 military 

models 
• from $29.55* 

Ca 11 1-800-548-6132 For Immediate Assistance 
Burr-Brown Corp., 
P.O. Box 11400, Tucson, AZ 85734 

'U.S. p<lces only. In 100s. 

BURR - BROWN ® 

I II I 
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EG&G Energy Measurements 
Los Alamos, NM 

Errata 
Our apologies go out to our readers 
and to Tim Lyons, whose article, 
"Chirp-Z transform efficiently com­
putes frequency spectra," appeared 
in EDN's May 25, 1989, issue with 
a few errors. 

On pg 167, in section (a) of Table 
1, replace "nSEC" with "mSEC" in 
the first and second lines of the 
tabular data. And on pg 168 in Fig 
6, Eq 1, the exponent of the first 
term to the right of the " =" sign 
contains an extra factor of "n" in its 
numerator, and the exponent of the 
last term should have "2N" in its 
divisor rather than "2n." 

Address update 
Hitachi America Ltd has moved 
from San Bruno, CA, since Maury 
Wright wrote his Special Report, 
"Winchester disk drives" (EDN, 
May 25, 1989, pg 134). The com­
pany's new address is 

Hitachi America Ltd 
2000 Sierra Point Pkwy 
Brisbane, CA 94005 
(415) 589-8300. 

Sorry, wrong number 
In the April 13, 1989, Technology 
Update on dual-port static RAMs 
(EDN, pg 83), the listing on pg 89 
for Fujitsu Microelectronics in­
cluded an incorrect phone number. 
The correct number is (408) 922-
9000. 

EDN August 3, 1989 
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Some dffiigQers 
.already take encl 

very seriously. 

EDN August 3, 1989 

If you don't, maybe you should look at the enclosure 
system that can add superior quality and protection to 
your ideas. 

For example, are you insisting on the right solutions 
from your "packaging " supplier concerning: unique 
aesthetics, unlimited flexibility, perfect (100%) cost 
eff iciency at the highest quality levels? 

Do you get engineered solutions for thermal dynamic 
conditions, EMl/RFI shielding or any national or 
international approval? 

You will get it all from RITTAL. 
If you aren't already familiar with RITIAL, take just a 

minute and give us a call at 1-800-637-4425. We'll send 
you our full -line handbook of enclosure systems and 
intelligent components. It's free, but the information 
could change your mind about the importance of 
enclosures ... forever. 

Take your design all the way to perfection ... 
switch to RITTAL. 

1-800-637-4425 

RITTAL Corporation 
P.O. Box 1284 
3100 Upper \a lley Pike 
Springfield. OH 45504 
Phone:(513) 399-0500 
Fax: (513) 390-5599 
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Oki takes the pressure off 
'With coniplete 
ASIC design support. 

OKI 
SEMICONDUCTOR 

EDN August 3, 1989 

ASIC design opens a world of exciting 
possibilities for reducing size, improv­
ing system performance and increas­
ing reliability, while lowering costs 
and power requirements. Make the 
most of this potential-and eliminate 
the stress-by working with Oki Semi­
conductor. Oki's unusually high level 
of design support will help you avoid 
the pitfalls and maximize the advan­
tages of working with AS/Cs. 

Complete ASIC design capabilities 
Oki offers complete capabilities for channeled 

gate arrays , sea-of-gates, and standard cells , 

using advanced CMOS technology. We offer 
density to usable 40K gates and performance 

of < 0.46 ns. In addition, we support full cus­
tom design in high-voltage CMOS, BiCMOS, 

and bipolar technologies. 

Experienced ASIC team at your service 
Whether you're an ASIC design pro or tackling 

your firs t project, Oki's team of experienced 
design engineers is ready to assist you. We 
understand the pressures you're under. And 
we'll help you shorten development time, 
improve testability and manufacturability, 
and achieve first-time design success. 
We'll work with you to optimize your circuits 
or develop special cells. From start to finish , 
we'll do whatever it takes to help you succeed. 

So. Calif. Boca Raton, FL Boston, MA 
(I rvine) 407 /394-6099 (Stoneham) 
7141752-1843 Atlanta , GA 617/279-0293 

(Sherman Oaks) (Norcross) Detroit, Ml 
8181990-3394 404/ 448-7111 (Livonia) 

No. Ca lif. Chicago, IL 313/464-7200 

(San Jose) (Rolling Meadows) New York, NY 

Comprehensive set of design tools 
Oki has a full set of powerful mainframe 
design tools which ensure that your design 

will work, be efficient to manufacture, and 

perform reliably: logic, timing and fault simu­

lations, automatic layout, detailed checking 
of design rules , and automatic test program 

generation. We support many popular work­
stations. Our large cell library includes many 
highly complex macrofunctions. 

Flexible interlace capabilities 
We'll support your own design efforts with 

training, local field engineers, design kits , 

manuals , and libraries. Or you can work in our 

state-of-the-art design centers-independ­
ently or with our resident engineers-where 

we offer 24-hour access to private, secure, 
fully equipped work areas. And Oki can 
interface at any input level , from schematics 

to a simulated net list. In addition, we offer 
a variety of packaging options, including 
through-hole and surface mount, and we 

deliver reliable volume manufacturing. 

At Oki, we can 't promise an island paradise 

-but we can give you everything else you 
need for stress-free ASIC design. To get all 
the facts, call for our free brochure detailing 
Oki 's ASIC capabilities. 

Philadelphia, PA 
(Horsham) 
215/674-95 11 

Dallas , TX 
(Richardson) 
214/690-6868 

408/244-9661i 312/870-1400 (Poughkeepsie) EDN080389 
91414 73-8044 
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PPD-56 Series 
PROGRAMMABLE PULSE 
DISCRIMINATOR 

Unit Can Be Programmed To 
Dlgltalty Discriminate: 

• All pulses below a certain 
pulse-width. 

or 
• All pulses above a certain 

pulse-width. 
or 

• All pulses other than a pulse­
width window. 

= 11111111 
Train 

Selected 
Output 

data YK_® 
delay o 
devices. inc. 

Specifications: 

• Microprocessor compatible 
• Input signal: Schottky TTL 
• Output load: TTL Schottky loads 
• No.bits: & 
• Pulse width increment 0.5 NS to 

10NS 
• Operating temperature: ()" to 70"C 

(-55°C to + 125°C on request) 
• Temperature coefficient: 

100PPMrc 
• Power supply: 5 Vdc 

Select Low Freq 
Pulses Only 

Data Delay Devices • 3 Mt. Prospect lwe., Clifton, N.J. 07013 • (201) n3-2299 
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Air Flow Protection 
If you're using outmoded vane, flapper 

or air pressure sensors, you're lowering the 
standards of your high tech equipment. 

/-,,,.,,..,.7~-' · ~I= .. 

Warren GV's new solid-state airflow sensors, for 5.0 VDC applications, 
make "vane:· "flapper" and "sail" switches obsolete. Some of our features 
include: 

• Versatile mounting-PC board, socket or bracket mounting. 

• Small size-Low profile T03 can. 

• Ambient compensated-monitors air velocity independent 
of temperature. · 

• Not position sensitive-fault-free operation. 

• Hermetically sealed models available. 

Bring your fan monitoring devices up to date with Warren's state-of-the­
art solid-state airflow sensor. For complete technical data call or write us 

today. Warren GV l Apollo Drive 

A U•i T Of (,INIHAl GNAL % 

WARREN G·V 

Whippany, NJ 07981 
(201) 386-1200 
CABLE WARRENCOM LVON 
FAX 201-386-9331 

Air sensors for other voltages and special applicatons available. 
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CALENDAR 

Basic Integrated Circuit Technol­
ogy Seminar, Sunnyvale, CA. Inte­
grated Circuit Engineering Corp, 
15022 N 75th St, Scottsdale, AZ 
85260. (602) 998-9780. FAX 602-
948-1925. August 15. 

Data Communication Concepts 
(seminar), Los Angeles, CA. Tech­
nology Transfer Institute, 741 10th 
St, Santa Monica, CA 90402. (213) 
394-8305. August 23 to 25. 

11th Quartz Devices Conference 
and Exhibition, Kansas City, MO. 
Electronic Industries Association, 
1722 Eye St NW, Washington, DC 
20006. (202) 457-4981. August 28 
to 31. 

International Test Conference 
1989, Washington, DC. Interna­
tional Test Conference, Box 264, Mt 
Freedom, NJ 07970. (201) 895-5260. 
FAX 201-895-7265. August 29 to 31. 

Surface Mount '89, San Jose, CA. 
MG Expositions Group, 1050 Com­
monwealth Ave, Boston, MA 02215. 
(800) 223-7126; in MA, (617) 232-
3976. August 29 to 31. 

Real-time Structured Analysis & 
Design (short course), Washington, 
DC. John Valenti, Integrated Com­
puter Systems, 6053 W Century 
Blvd, Los Angeles, CA 90045. (800) 
421-8166; in CA, (213) 417-9700. 
FAX 213-410-2952. August 29 to 
September 1. 

Midcon/89, Rosemont, IL. Midcon/ 
89, 8110 Airport Blvd, Los Angeles, 
CA 90045. (213) 772-2965. Septem­
ber 12 to 14. 

Aerospace & Electronics '89 (con­
ference), Santa Clara, CA. National 
Computer Graphics Association, 
2722 Merrilee Dr, Suite 200, 
Fairfax, VA 22031. (703) 698-9600. 
FAX 703-560-2752. September 12 
to 15. 

Expo SMT International, Las 

EDN August 3, 1989 



·How to e 
your 386 system 

scream. 
20 

15 

MIPS 

10 

5 

1986 87 88 

Introducing the PEAK™ Architecture. 
The architecture of the 1990s. And the first 

technology to let you exploit the full potential of 
ISA microcomputers. 

The PEAK/ 386 CHIPSet supports 20, 25, 33 
and tomorrow's anticipated 40 MHz clock speeds. 
With the added performance of the industry's 
only integrated 128K byte cache. 

What we're delivering here is raw, unadulterated 
computing power. With the highest level of inte­
gration ever achieved in a 3 6 chip set. 

CPU, cache and DRAM control are integrated 
onto one VLSI chip. Bus and peripheral control 
functi9ns are integrated on two other VLSI devices. 

These three chips integrate virtually all of the 

89 90 91 92 

motherboard system logic. Making it the most 
cost-effective solution on the market. 

The PEAK/386 CHIPSet also tightly couples 
with Qur new 82C 480 Graphics Controller which 
is 100% functionally compatible with the IBM® 
8514 I A Display Adapter. So your system can take 
full advantage of the new graphical interfaces like 
Presentation Manager and Windows™ software. 

Find out more about the PEAK/ 386 CHIPSet. 
Call 1-800-323-4477, Dept. M-9 today. 

We promise you it'll be a real scream. 

•••••• •• • • ••••• • •••• «I 
••••••• •• I •••••••••••• 

\.tii,.:, 
The CHIPSet is the system. 

O 1989. Chips and Techno~es. Inc. 30~\0 lanker Road. SanJ~. CA 95 134 IBM 1s a reg1s1ertd trademark of lmemarional Business Machines Corporation. Windows 1s a irademark of Microsof1 Corpor.mon 
CHI PS 1s a registered crademarkand PEAK 1s a trademark of Chips and Technologies. Inc 
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FREE 
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From simple to complex ... 

Stamping 
assemblies 

Now you can outsource stamping assemblies including secondary operations such as 
custom fastener installation, spot welding, plating, painting and silk screening. Apply 
our 60 years of short run stamping experience for increased product reliability. 

CAD in a high-tech environment, supported by EDI, can fulfill all your stamping 
assemblies needs, from 25 units and up. Call 612/871-2471 for information or FAX 
your print and specifications to: 612/871-2646. 

2824 - 13th Avenue So., Minneapolis, MN 55407 

Minneapolis, MN• Rochester, NY• St. Petersburg, FL 
• Columbus, OH •Arlington, TX • Eugene, OR • Van Nuys, CA 
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A Breakthrough 
in STD Bus 
Computer 

Graphics . .. 
. . . the new XYZ ACG-1 (Ad­
vanced Color Graphics) card for 
the STD Bus features the 
Hitachi 63484 ACRTC (Ad­
vanced Cathode Ray Tube Con­
troller) chip to minimize the soft­
ware burden on the host pro­
cessor. Designed for inclusion 
in real time and multi-tasking 
systems, full memory manage­
ment is included for up to 256K 
of graphics memory (128K in­
stalled). This memory does not 
use, replace or interfere with 
normal system memory, making 
this board ideal for even the 
smallest system. Resolution is 
up to 640 x 400 (128K memory). 
Programmable resolution and 
sync rates can be tailored to 
almost any application including 
CGA and EGA monitors. 

Call or write for information! 

Ill '""' '°""' .... , • .,, 
ELECTRONICS INC. 
Rural Route 12, Box 322 
Indianapolis, IN 46236 
Tel. Indiana 317-335-2128 
Toll Free 800-852-6822 
(except Indiana) 
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CALENDAR 

Vegas, NV. Expo SMT, Box 1869, 
Los Gatos, CA 95031. (408) 354-
0700. FAX 408-354-1036. Septem­
ber 25 to 27. 

Diskcon, San Jose, CA. Julie Sun­
seri, 710 Lakeway, Suite 170, 
Sunnyvale, CA 94086. (408) 720-
9352. FAX 408-736-2523. Septem­
ber 26 to 27. 

IEEE International Conference 
on Computer Design (ICCD '89), 
Cambridge, MA. Giovanni De 
Micheli, Center for Integrated Sys­
tems, Room. 129, Stanford Univer­
sity, Stanford, CA 94305. (415) 725-
3632. October 2 to 4. 

Electronic Imaging Conference 
East, Boston MA. MG Expositions 
Group, 1050 Commonwealth Ave, 
Boston, MA 02215. (800) 223-7126; 
in MA, (617) 232-3976. October 2 
to 5. 

20th Korea Electronics Show, 
Seoul, Korea. Joseph Burke, US 
Department of Commerce, Wash­
ington, DC 20230. (202) 377-5014. 
October 7 to 12. 

Systems 89, Munich, West Ger­
many. Gerald G Kallman, Kallman 
Associates, 5 Maple Ct, Ridge­
wood, NJ 07450. (201) 652-7070. 
FAX 201-652-3898. October 16 
to 20 . 

Northcon/89, Portland, OR. North­
con/89, 8110 Airport Blvd, Los An­
geles, CA 90045. (213) 772-2965. Oc­
tober 17 to 19. 

Supercomputing World, San Fran­
cisco, CA. MG Expositions Group, 
1050 Commonwealth Ave, Boston, 
MA 02215. (800) 223-7126; in MA, 
(617) 232-3976. October 17 to 20. 

Unix Expo '89, New York, NY. 
National Expositions Co, 15 W 39th 
Street, New York, NY 10018. (212) 
391-9111. FAX 212-819-0755. No­
vember 1 to 3. 
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There is only one way to design a system 
with more speed and power than a PEAK/386 
based system. 

Introducing the PEAK/486 CHIPSet. The first 
and only chip set that takes full advantage of 
the new 486 microprocessor. Which means you 
can design a system that literally wails through 
DOS and unleashes the full power of UNIX® 
Right now. Setting the performance standard for 
PC workstations. 

The PEAK/486 and PEAK/386 CHIPSets are 
based on the same architecture. 

And like all our CHIPSets, they come with 
the most comprehensive technical support in 
the industry. 

88 

JJ MHz 

28 
~ 25 MHz 
~ 

i 

89 90 91 92 

Our Design Services Organization will help 
you with everything from technical consultation 
to the design of a turnkey microcomputer system. 

And our Integrated Software organization 
will ensure system compatibility by providing 
BIOS and system software drivers specifically 
for your PEAK"' system. 

To find out more, call 1-800-323-44 77, Dept. 
M-10 today. 

And design a system that will take you through 
the top of the charts. Period. 

•••••• • • •• 11111 "II"" 

Ci ii~S 
The CHIPSet is the system. 

V 1989. Chips and Technolog1es. lnc. 305(1 lanker Road. Sanjose.CA 95 134 UNIX is a registered trademark of AT&T CHI PS is a registered trademark and PEAK LS a 1rademark of Chips and Technologies. Inc 
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Communication solutions from Rockwell. 

The assignment was demanding. The 
integral modem for the company's new 
Laptop would have to be compact and 
inexpensive. With the complete '88 AT 
command set, plus the lowest possible 
power consumption. 

"The features they packed into 
the worlds first single-device 
V.22bis modem blew us away." 

Fortunately, the engineers already 
know who to call: Rockwell International. 

They're aware that no matter what 
the application, Rockwell's new 

V.22bis family provides 
capabilities nobody else 
can supply. 

They've read how Rockwell 
stunned the industry with its 

RC224AT-the world's first 
fully integrated single­
device modem solution. 
And how this one compact 
component offers CCITT 
V.22bis and V.22, as well as 
Bell 212A and 103 com­
pliance, plus value-added 
features such as power­
saving Automatic Sleep 
Mode. Not to mention the 
assurance of a five-year 
warranty. 

Their call to Rockwell 
also reveals how the 
V.22bis family can help 
with future projects. 
They learn about the 
capabilities of Rockwell's 
RC2324DP chip set. 



They hear how it provides HDLC/ 
SDLC framing for implementing MNP 
5 ™, X.25, LAPM and V.42 protocols, 
while offering unprecedented pro­
gramming flexibility for custom and 
country-specific applications. 

'And then we met the rest of 
the family." 
A Rockwell technical advisor explains 
that it's the only chip set with Quad 
capability that meets CCITT .~'1~. 
V.22bis, V.22A/B, V.21 and V.23 
requirements, as well as Bell 
212A and 103 standards. He 
adds that the RC2324SME 
offers capabilities optimized 
for Europe, including MNP 
5™ and V.25bis. 

In no time, the Laptop 
project is ready for produc­
tion. To management, the 
results-as well as the engi­
neers responsible-couldnt 
look better. 

Call the leader in rnodem 
technology. Rockwell is 
solutions. 

'!' Rockwell International 
... where science gets down to business 

Aerospace/Electronics/Automotive 
General lndustries/A-B Industria l Automation 

CIRCLE NO 27 

Semiconductor Products Division 
Rockwell International 

P. 0. Box C, M. S. 501-300 
Newport Beach, CA 92658-8902 

(800) 854-8099 
In California, (800) 422-4230 
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In the electronics industry, if you don't get your prod­
uct to market first, you might as well get there last. 

That's why more elec­
tronics manufacturers, from 
makers of sound systems 
to makers of aerospace 
assemblies and printed circuit 
boards, are turning to Prime. Our 
ability to integrate design and 

engineering-to get teams of people working simultan­
eously on a single project-helps our customers minimize 

development time, and get their ideas to market first. 
Total solutions are the key. We provide a wealth of 

tools to help our customers design better circuits, build 

them, and get them into their electronics products fast. 
Tools like Autoboard; a powerful, UNIX-based PCB 

design package that produces designs that take less time to 
create, cost less to develop, and are easy to manufacture. 

And Schematic Design, a powerful electronics circuit 
design system that comes with a comprehensive library 
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THE SPEED OF SOUND. 
of thousands of parts and simulation models. 

And Design Verification Manager, an electronics work­
bench that lets you easily integrate the simulation tools 
of your choice. 

And CADDS® 4X software, one of the most power­
ful 3D modeling packages available. It will facilitate 
the packaging of your electronics products quickly 

and easily. 
The list goes 

on. In fact, 
nobody offers 

you more CAE/CAD/CAM solutions 
than Prime. Maybe that's why we're one 
of the largest suppliers to the electronics 
industry. 

For more information on how 
we help our customers get to 

market first, call 1-800-343-2540 
(in Canada call 1-800-268-4700). Or write to us at 
Prime Computer Inc., _ ft • 
100 Crosby Dr., Bedford, rr1me 
Massachusetts 01730. = ® 
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TEXAS INSTRUMENTS REPORTS ON 

_[LITY IN PIA 
IN THE ERA OF MEGACHIP"' TECHNOLOGIES 

Introducing the 
CMOS Of P team in plastic 
that beats the heat, 
the humidity ... 
and the competition. 

W hen your designs call for 
read-only memories, don't 

waste time wondering whether to use 
ROMs or ceramic EPROMs to assure 
reliability and performance. Make Tl's 
plastic CMOS one-time-programmable 
(OTP) PROMs your first-round draft 
choice. Put to the test, they score the 
overall highest marks for reliability and 
moisture resistance (see chart opposite 
page). You'll maintai 
performa -
s 



STIC 

Our chips sport 
the right equipment 
TI solved the moisture problem with 
innovative multilevel ox ide and do ble­
layer passivation oxide processes. T he 
result is an overcoat which protects the 
chips from contamination and cor­
rosion. The test results speak for 
themselves. 

It's only natural that TI should come 
up with the solution to an industry-wide 
problem. After all, we were a pioneer in 
plastic packaging. We have more than 
25 years of experience in this packaging 
technology, and we are the largest U.S. 
supplier of plastic DRAMs. 

Big scores on savings 
Our OTPs in plastic packages can save 
you money in more ways than one . 

If your design calls for high volumes, 
say 5,000 to 10,000 or more a month , 
the savings with plastic quickly mo nt 
up to a sizable figure. 

Independent research shows that 
about 85% of all EPROMs are only pro­
grammed once. So if you are presently 
specifying ceramic EPROMs for the ir 
reliability, chances are you are paying 
for more programmabi li ty than you 
need. Specify our OTPs and save. 

Another savings: Our plastic OT Ps 
(32K to 512K) in D!Ps and space-saving 
surface-mount PLCCs can be used with 
automatic insertion equipment to 

rn TraJemark of Texas lnsrnimcms lncorp.mueJ 
© 1989Tl 08-9079 
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PROMs 

Tl VS. COMPETITOR OTPs MOISTURE RELIABILITY COMPARISON 
(PERCENT DEFECTIVE AT HOURS OR CYCLES) 

Tl A B c D E 
HOURS PC256 P256 P256 P256 P256 P256 

TEST OR CYCLES (CMOS) (NMOS) (NMOS) (NMOS) (NMOS) (NMOS) 

85°C/85% Humidity 1,000 Hours 0.0% 5.0% 0.0% 14.0% 1.0% 2.0% 
Moisture Test 

Pressure Cooker 240 Hours 0.0% 32.5% 0.0% 26.0% 10.0% 0.0% 
Test 

-65°C to 150°C 1,000 Cycles 0.0% 2.5% 24.0% 12.0% 92.0% 6.0% 
Temperature Cycle 

Grueling heat and humidity tests prove the high reliability and superior moisture resistance provided 
by a proprietary plastic and wafer protective overcoat system used in Tl's OTPs. Devices tested were Tl 
256K CMOS OTPs and 256K NMOS OTPs from five other leading U.S. and Japanese manufacturers. 

improve manufacturing throughput and 
efficiency. 

Whichever package you choose, our 
CMOS OTPs are direct replacements 
for EPROMs in like packaging and are 
pin- and upgrade-compatible with mask­
programmed MOS ROMs. 

No trades on performance 
Performance of our high-speed, 
one-time-user-programmable PROMs is 
comparable to that of NMOS counter­
parts. Because these are CMOS devices, 
power dissipation is very low, reducing 
power-supply burden and enhancing 
chip reliability. 

Quick programming 
at your home base 
You can quickly program our OTPs 
in-house to any code you like. 

In fact, Tl's new SNAP! Pulse algo­
rithm speeds you through programming 
in less than one-tenth the time of ear­
lier algorithms. For example, you can 
program one of our 256K OTPs in less 
than four seconds compared to the 132 
seconds required by earlier algorithms. 

CIRCLE NO 29 

GIVE OUR TEAM A 
TRYOUT. CALL 

1-800-232-3200, EXT. 3606. 
We've put together a kit of vital statis­
tics on our plastic-packaged OTPs. It 
contains the form you need for specify­
ing and ordering free samples. Also 
included are our CMOS OTP PROM 
Family Product Bulletin and our 
Quality and Reliability Bulletin. 

Order your "Tryout Kit" today. It's 
yours by calling 1-800-232-3200, ext. 
3606, or by completing and mailing the 
attached reply card . 

You'll want your free OTP samples as 
soon as possible so you can prove to 
yourself why Tl's plastic OTPs will be 
your most valuable players . 

TEXAS~ 
INSTRUMENTS 
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25ns 
16Kx32SRAM 
Module 

Our 1989 data book 
sets new marks for 
high performance. 

So call for a copy. 
Arm yourself with the in­

dustry's outstanding selection 
of very fast, very cool circuits. 

RISC. SRAM. PROM. PLD. 
Logic. SRAM Modules. ECL. 

Seven families of circuits 
that can speed up your 
current designs. 

Or give you significant 
new performance options for 
your next design. 

If you are designing for 
performance, we have the 
speed you need. 

*1-800-387-7599 In Canada. (32)2-672-2220 In Europe. ©1989 Cypress Semiconductor, 
3901 North First Street, San Jose, CA 95134 Phone: (408)943-2600, Telex 821032 CYPRESS 
SNJUD, TWX 910-997-0753. 
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EDITORIAL 
No more ~tuick fixes 

Jesse H Neal 
Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 

American Society of 
Business Press Editors Award 
1988, 1983, 1981 
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Recently, the American Electronics Association reported to the US Senate 
on a plan to re-establish a US-based television industry. The AEA wants 
an industry that would develop and produce high-definition television 
(HDTV) equipment. In short, the AEA proposes an equal split of research 
and development costs between industry and government, an industry-led 
advisory group, loans and loan guarantees, and research-and-development 
tax credits. The AEA would also like to see a reduction in capital gains 
taxes and the cost of money. 

The AEA is headed in the right direction, but we've got to take a 
broader, longer-term approach to solving HDTV-type problems. Other­
wise, the electronics industry's executives will spend more and more time 
begging for government assistance as competing businesses-and coun­
tries-leave us in the dust. 

Let's be clear that the main problem really isn't competitiveness. If 
we let it, the US electronics industry can be very competitive. Unfortu­
nately, most US companies are shackled by a financial community that 
wants fast returns on investments and by the government's tangle of 
rules, regulations, and taxes. So, instead of debating how to jump-start 
a US-based TV industry, we should discuss the broader issues that will 
affect many industries and new technologies. 

Here are a few ideas to start you thinking: 
1. Congress or an independent advisory board could identify emerging 

technologies and markets, such as HDTV, high-temperature fusion , and 
bioengineering. Any new company that devoted at least 80% of its efforts 
to commercially developing one of those technologies would be exempt 
from taxes for a set number of years. This measure would encourage 
investment in new, small companies, which is where most of today's inno­
vations arise. 

2. New laws already make it easier for companies to gather in a coopera­
tive research group or consortium. If several companies wish to combine 
manufacturing, they're now subject to antitrust laws. It might be worth 
selling antitrust waivers-or trading them for future tax gains-so that 
companies can combine production skills and facilities without government 
interference. Again, the antitrust provisions would be in effect for a set 
time. This move would encourage large companies, such as AT&T, Zenith, 
and IBM, to form small dynamic joint ventures to tackle tough manufac­
turing problems. 

3. It may be time to let banks invest a small amount of their assets 
directly in businesses. Although banks can make loans, they cannot own 
shares of a company. The close relationships between banks and businesses 
in Japan helps reduce the cost of capital. Japanese banks take a long-term 
approach to growth and will settle for less than the astronomical gains 
sought by venture-capital groups. Fostering a long-term bank-industry 
relationship in the US seems worthwhile. 

4. Today, capital gains are taxed as ordinary income. Let's restructure 
our capital-gains tax so that it again penalizes short-term speculation and 
rewards long-term investment. Also, to encourage long-term investments, 
we could exempt from taxes dividend and interest payments from invest­
ments held longer than 10 years. Further, dividend payments should be 
exempt from corporate income tax, a double taxation that hurts US busi­
nesses and investors. 

5. I've said before that companies should consider issuing stock that 
requires at least a 6-month ownership before the owner can vote in corpo­
rate matters. It's still a good idea to get investors looking at long-term 
returns. 

k ~ JonTitm U Editor 
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Hitachi Brings You Fast Memory Devices 
In All Types and Sizes 
Cats-regardless of size-are built for speed. Each 
member of the cat family demonstrates an 
extraordinary degree of grace and quickness. 
Whether it's a tiger running down prey, or a 
house cat playing with a toy, their common 
heritage is unmistakable. 

Now, Hitachi offers you an unmatched 
variety of memory devices: fast DRAMs, TTL 
1/0 SRAMs, ECL 1/0 SRAMs, and EPROMs. 
Their common heritage ... high-speed 
performance combined with Hitachi quality. 

The fastest of these advanced memories are 
built with our Hi-BiCMOS™ process for ECL-like 
speed with CMOS power consumption. You can 
take full advantage of today's higher clock-speed 
microprocessors, so your whole system will run 
faster. 

If you design PC-based systems, our fast 
memories can eliminate W.t\.IT states and 
increase your throughput, while maintaining 
cost-effectiveness. If you design control storage 
systems, image processing, CAD/ CAM 
equipment, mainframes or simulators, our high­
speed memories will keep up with the fast 
hardware in the rest of your system. 

New design possibilities open up with Hitachi~ 
fast memories. Our Hi-BiCMOS IM DRAMs 
deliver a fast 45ns access time with low power 
consumption. Higher speeds available soon. 
They're available in IM x I and 256K x 4 
organizations, and in cost-effective plastic 
packages. 

Hitachi Hi-BiCMOS SRAMs come in a 
wide variety of densities, with both TTL and 
ECL 1/0. Our TTL SRAMs deliver I2ns access 
times in 64 K densities, and 20ns access times in 
256K densities, with x I and x4 organizations. 
Hitachi ECL SRAMs are even faster: 64K/IOns 
and 256K/ I5ns versions are available. 

Hitachi's newest IM EPROMs are among 
the fastest available anywhere: 85ns for our 
64K x I6 device, and IOOns for our I28K x 8. 

When you need really fast memories, there's 
only one solution: Hitachi's agile family. For 
more information, call your local Hitachi Sales 
Representative or Distributor Sales Office today. 

Literature Fast Action: For product 
literature only. CALL TOLL FREE, I-800-842-9000, 
Ext. 6809. Ask for literature number MIL 

Hitachi America, Ltd. 
Semiconductor & LC. Division 
Hitachi Plaza 
2000 Sierra Point Pkwy., Brisbane, CA 94005-18I9 
Telephone 4I5/ 589-8300 

@HITACHI® 
Our Standards Set Standards 
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7:05 am: Breakfast 
Suddenly, between bites, 

the answer to that new system 
design jumps right into your 

brain. But how to make it work 
in silicon? Use an Actel field 
programmable gate array! 

62 

8:50 am: Design 
You warm up the design 

program on your 386 and put 
in the final touches. Then a quick 
rule check and 25 MHz system 

simulation with the Action 
Logic System software. 

• uct10 

ll:OOam:Pla<e & Route 
You watch the system place 

and route all 1700 gates (out 
of 2000 available) in under 40 
minutes. 100% automatically! 

A final timing check.Then think 
of something to do until lunch. 

12:00pm:Lun<h 
Remember lunch? Normal 

people actually stop working 
and hove a nice meal- right in 

the middle of the day! With 
Actel 's logic solution, this 
could become a habit. 

They're a feast for your 
imagination. 

Actel's ACT™ 1 

ACTELF1ELD 
PROGRAMMABLE 

GATE ARRAYS 
arrays bring you a com­

pletely new approach to logic integration. 
Not just another brand ofEPLD, PAL, or 
LCA™ chips. But true, high density, desktop 
configurable, channeled gate arrays. 

They're the core of Actel's com­
prehensive design and production system 
for creating your own ASICs. Right at your 
desk. On a 386 PC or workstation. With 
familiar design tools like Viewlogic~ OrCAD™ 
and Mentor.™ 

And do it in hours instead of weeks. 
Even between meals. 

How? With features like 85% gate 
utilization. Guaranteed. Plus 100% automatic 
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l:ISpm:Program 
You load the Activator"' 

programming module with a 
2000-gate ACT 1020 chip and 

hit" configure'.' Take a very 
quick coffee break while your 

design becomes a reality. 

1:2Spm:Test 
You do a complete, 

real-time performance check, 
with built-in test circuits that 

provide 100% observability of 
a ll on-chip functions. Without 
generating any test vectors. 

placement and routing. Guaranteed. 
So you finish fast, and never get 
stuck doing the most tedious part 
of the job by hand. And design 
verification is quick and easy, 
with on-chip Actionprobes™ 
that work with 
your logic ana­
lyzer to provide 
100% observability 
of internal logic signals. Guaranteed. 

All this is made possible by Actel's 
invention of the revolutionary PLICE™ 
antifuse programming element. Developed 
specifically for logic integration, PLICE 
antifuses and Actel's gate array architec­
ture let you pack more functionality into 
much smaller spaces. No more splitting 

4:00pm: Production 
Your pride and joy is 

designed, created, tested, and 
off to the boys in Production. 

And you're finished way ahead 
of schedule! Better think of 

something to do until 5:00. 

6:00 pm: Dinner 
Remember dinner? Normal 

people actually go home and 
eat with their families. On your 
way, start thinking about how 
Actel's logic solution con help 
you be brill iant tomorrow. 

equations across multiple PLDs. 
Or being short on flip flops. Or 
running out of connections halfway 
through routing. 

Every Actel part is fully tested 
at the factory, and each antifuse 
is verified during programming. 
So you don't have to give up 
testability for convenience. 

You can be brilliant right now 
with 1200- and 2000-gate devices, and 
6000-gate parts are on the way. 

Call 1-800-227-1817, ext.60 today for 
a free demo disk and full details about the 
whole Actel logic solution. 

It could 
make your 
whole day. 

Cl 1989 by Actel Corporation, 955 E. Arqun Av• .. Sunnyvol•, CA 9408ti. ACT, Action Logic, Activator, Actionprob. ond PUCE or. trademor6c1 of Actel Corp. PAL is a registered trademark of AMO Corp. LCA i1 a trademark of Xilinx Corp. Viewloglc 11 a 
trademark of Vlawloglc Sy1,.m1, Inc. OrCAO is a trademark of OrCAD Systems, Inc. Mentor b a trademark of Mentor Graphia Corp. 
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liliJiiiilii1liilA field-use fiber optic 
connector so tough, you could 
roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 

These are but a few 
innovations in interconnections 
from ITT Cannon. But we couldn't 
have done it without you. Because 
success throughout our company 
relies on a thorough knowledge 
of your company's environment. 

Take strategic partner­
ing, for example. We don't create 
a custom solution by shaking your 
hand and jotting down a few notes. 
When we design-in, we get inside 
your environment. 

Then there's Cannon's 
near-zero defect rate. It got that 
way, and stays that way, because we 
test each product in a carefully 
simulated environment. 

As for delivery, we built 
a dependable system by studying 
the needs and scheduling realities 
of our customers' business environ­
ments worldwide. 

And Cannon stays price 
competitive by always asking the 
question, "How will this connector 
be used?" Considering the connec­
tor's ultimate environment has taught 
us that keeping quality high ends 
up costing our customer less. 

So if you'd like a part­
ner who will take the time to learn 
about your environment, take a 
moment to contact ITT Cannon 
at (714) 261-5300. 

Worldwide Headquarters 
1851 East Deere Avenue 
Post Office Box 35000 
Santa Ana, CA 92705-6500 

ITT cannon 
A11 /IT EltttroMttha11iNJJ Compo11n1ts Htwldwid~ t;omparry 

Discaver our strengths. 

CIRCLE NO 33 



TECHNOLOGY UPDATE 

!PI-based I/O 
subsystems hold 

the promise of 
data-transfer rates 
in excess of SOM 

bytes/ sec, but you 
have few IC or 

board products to 
build such 

systems now. 

Maury Wright, 
Regional Editor 
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Fast disk data rates 
spur IPI acceptance 

A
lthough it's some two years 
later than many industry ex­
perts predicted, the Intelli­
gent Peripheral Interface 
(!Pl) will be this year's inter­

face of choice for high-performance I/O 
subsystems. Disk drives with data chan­
nels faster than 3M bytes/sec are now 
available with IPL Designers finally 
have at least a few options for IPI VLSI 
!Cs and boards. 

The IPI standard is made up of a num­
ber of specifications that define a modu­
lar layered interface. The interface con­
sists of a physical layer (IPI-0 and IPI-
1), a time-dependent device-level layer 
(IPI-2), and a time-independent device­
generic I/O system bus layer (IPI-3) 
(Ref 1). The committee that developed 
the IPI standard consisted of system 
manufacturers who needed a new high­
speed I/O bus and system and disk 
manufacturers who recognized the need 
for a native disk inter­
face that was faster 
than serial interfaces 
such as SMD (Storage 
Module Drive). 

formation on the status of the various 
IPI specs, see box, "!PI-yesterday, 
today, and tomorrow.") 

More than two years ago several 
mainframe manufacturers, led by IBM, 
adopted IPI-3 as a standard system I/O 
channel. Mainframe prices often justify 
the use of an IPI channel with or with­
out VLSI !Cs. The IPI standard meets 
the performance requirements of main­
frames, and the interface supports dual 
porting at the host adapter, controller, 
and drive levels. The dual-porting capa­
bilities of the IPI make it a natural 
choice in system applications such as 
mainframes where fault tolerance is im­
portant. 

The IPI has been slow to catch on in 
smaller system designs. The SCSI bus 
can serve the system I/O needs for most 
nonmainframe systems. However, an 
IPI channel might be a better choice for 
many applications. Furthermore, 

The IPI specification 
initially defined a 16-bit 
parallel physical inter­
face that could operate 
as fast as lOM bytes/sec. 
The latest (although not 
published) version of 
the specification allows 
for 50M-byte/sec trans­
fers over a 50m cable 
using 16 bits. You can 
transfer data even 
faster using wider data 
paths or shorter cable 
lengths. (For more in-

By including the Buspacket Interface and MACS/ software interface, 
Interphase made the VMEbus Cougar IP/ board a faster plug-and-play 
replacement for its ESDI and SMD poducts. 
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TECHNOLOGY UPDATE 
Intelligent Peripheral Interface 

manufacturers of disk drives, con­
trollers, and systems have managed 
to increase the transfer rate of the 
SMD interface to 3M bytes/sec. 
This rate matches the typical maxi­
mum data rates of available drives. 

tain the high rate. You can expect 
other drive vendors to follow with 
dual-channel drives. 

51/4-in. drives. Drives featuring the 
smaller form factor nearly match 8-
in. offerings in capacity, perform­
ance, and reliability, but they cost 
far less. Simulex, using its VLSI 
technology, has demonstrated its 
ability to build a 51/4-in. !PI control­
ler. Once again, expect Imprimis to 
lead the industry with the first IPI-
2-based 51/4-in. product. The com­
pany is rumored to be planning a 
lG-byte, 5%-in. drive, which might 
be introduced later this year. The 
drive will feature a faster rotational 
speed (5400 rpm) and a 3M-byte/sec 
transfer rate. 

Most observers agree that drives 
with data rates that exceed 3M 
bytes/sec will necessitate the use of 
a parallel device-level interface. 
IPI-2-based I/O subsystems can 
serve applications ranging from 
high-end workstations and imaging 
systems to supermicrocomputers 
that require high data rates and a 
native drive interface. 

In the coming year, most manu­
facturers of 8-in. drives plan to ship 
single-channel products that trans­
fer data at 4.5M bytes/sec. The 
drives will most likely maintain the 
3600-rpm rotational speed common 
in drives available now, but will fea­
ture bit-density increases that pro­
vide storage of 75k bytes/track. 
IPI-2 will be the only device-level 
interface offered for 4.5M-byte/sec 
drives because the SMD or ESDI 
(Enhanced Small Device Interface) 
interfaces can't match the data rate. 
You may, however, also see manu­
facturers offer the drives with em­
bedded IPI-3 or SCSI controllers. 

Imprimis recently announced a 
6M-byte/sec 8-in. disk drive that 
employs IPI-2 as its native inter­
face. The Imprimis drive employs 
dual read channels--each channel 
services half of the platters-to at-

The final boost to the use of IPI-2 
will come from manufacturers of 

Drive vendors have offered IPI-2 
drives for two years, but these 
products have been SMD drives 
retrofitted with IPI-2 interfaces for 
evaluation purposes. During the 
same two years, vendors have 
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IP I-yesterday, today, and tomorrow 

The idea for the Intelligent Peripheral Interface 
(!PI) originated in 1978, serious development 
started in 1981, and today ANSI committee X3T9.3 
continues to add to and enhance the standard. The 
committee originally envisioned a layered master­
slave interface with one or more modular specifica­
tions defined for each layer. The approach has en­
abled the committee to update, enhance, and define 
new specifications in an orderly manner. 

However, the layered-interface concept creates a 
problem-you have to constantly keep up with the 
status of several different specifications. An update 
on the activities of ANSI committee X3T9.3 follows. 

The first portion of the !PI spec published, labeled 
X3.129, defines the physical layers know as IPI-0 
and IPI-1. IPI-0 refers to the electrical and mechani­
cal characteristics of the physical interface. IPI-1 
refers to the bus states and sequences that define 
the use of the physical interface. Originally pub­
lished in 1986, X3.129 defined a synchronous 5-MHz, 
16-bit data transfer that resulted in a maximum 
!OM-byte/sec rate. 

Recently, the committee completed work on an 
enhanced version of the physical interface. The new 
spec is under public review and should be published 

within six months. It includes the option of using 
current-mode, voltage-mode, or ECL drivers and 
receivers. At a maximum cable length of 50m, cur­
rent mode will reach a transfer rate of approxi­
mately 25M bytes/sec, voltage mode will also reach 
25M bytes/sec, and ECL drivers and receivers will 
reach 50M bytes/sec. You can make the interface 
run even faster by shortening the cable length. 

In addition, point-to-point implementations can 
operate at approximately double the usual rates. 
(Most !PI installations daisy chain a cable to several 
devices.) The spec provides for the use of wider 
data transfers. A 32-bit single-cable interface can 
double the transfer rate. You can use a 2-cable im­
plementation to ensure downward compatibility 
with 16-bit devices. You can even continue to add 
more cables. Each will add 16 bits to the data path. 

The committee plans to add a physical layer based 
on fiber optics. In fact, the committees that work 
on the !PI, SCSI, and HSC (High Speed Channel) 
standards have agreed to adopt an identical fiber­
optic-based physical interface. The new interface 
will be called the Fiber Channel. Fiber optics gives 
you the luxury of connecting peripheral interfaces 
with very long cables. You can expect the addition 
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promised controller products when 
fast drives become available. 

Now both drives and controllers 
are available. Drive companies such 
as Imprimis offer IPI-3 to IPI-2 con­
trollers, and Interphase and Xylo­
gics recently introduced IPI-2 con­
trollers for the VMEbus. No compa­
nies offer IPI-3 host adapters for 
the VMEbus or other open buses 
yet, but you can expect products 
late this year. You can buy IPI test 
and development equipment now 
from Simulex. 

However, the lack of commer­
cially available IPI VLSI !Cs will 
continue to slow the acceptance of 
IPL Drive manufacturers originally 
funded Simulex to design two !Cs 
for IPI-2 disk drives, and it has 
since designed four more !Cs. Fir 
1 shows the Simulex !Cs and where 

A lOM-bytelsec IPI tramfer rate and 35M-byt,e/sec VMEbus transfer rate make the SV6800 
and SV7800 IPI-2 boards from Xylogics suitable for 110 subsyst,em use in applications such 
as RISC-based syst,ems. 

of the Fiber Channel to the spec to take more than 
two years. 

The committee also defined a device-specific, tim­
ing-dependent logical layer to be placed above its 
physical layer. Its specs define logical commands 
relative to device-unique components, such as heads 
and cylinders for disks. The published IPI-2 spec, 
labeled X3.130, defines a set of logical commands 
to control magnetic disk drives. The committee plans 
to start work on a revision to X3.130 soon. The 
revision will add features such as spindle synchroni­
zation capability and provisions for drives with mul­
tiple data channels. The committee has also devel­
oped an IPI-2 spec for tape drives. It is under public 
review and should be published within six months. 

IPI-3 layer specs define device-generic, timing­
independent command sets, such as the read/write 
logical block command. The third layer is essentially 
a system-level I/O bus. IPI-3 and IPI-2 both use the 
same physical layer. You can have IPI-3 slaves that 
include embedded controllers or IPI-3 slave stand­
alone controllers. The stand-alone controllers bridge 
IPI-3 host interfaces to IPI-2 or other device-level 
interface peripherals. Most IPI tape drives include 
an embedded IPI-3 controller. Disk subsystems tend 
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to use bridge controllers. 
ANSI spec X3.132 defines an IPI-3 magnetic- and 

optical-disk interface. ANSI spec X3.147 defines an 
IPI-3 tape interface. The committee has also com­
pleted a spec for communication devices that is un­
der public review and should be published within 
six months. 

The IPI physical-layer spec makes provisions for 
layers 4 and 5 as well. Layer 4 will be data specific 
(random, sequential, input, output), and layer 5 will 
require file structure and organization to be embed­
ded in the slave. However, the details of the spec 
have yet to be defined. 

You can obtain copies of the IPI specs in two 
ways. You can buy individual copies of ANSI specs 
from Global Engineering, Irvine, CA (phone (800) 
854-7179). You can also contact the Computer and 
Business Equipment Manufacturers Association in 
Washington, DC, at (202) 626-5741 for information 
about becoming an observing member of X3T9.3. 
Members can purchase an annual subscription and 
receive all revisions of the various specs. 
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Here's something that will help everyone 
sleep better. Except our competition. 

At UPS, we have something that will help 
assure you a restful night's sleep when it comes to 
overnight delivery. 

It's guaranteed UPS Next Day Air:" 
Fbr some time UPS has been the only company 

fast and reliable enough to deliver overnight to 
every single address coast to coast. And we guaran­
tee it, or you don't pay for it. 

What's more, we'll even guarantee delivery in 
•Sec our currml Next Day Air Service Explanauon md Air Service Guide fo r complete gua rantee deta ils. 

the morning to the vast majority of people across 
the country. 

And because of our efficiency, we're still able to 
do all of this for up to half what other companies 
charge. I Sf I 

All of which is guaranteed to give our ~ 
competition a restless night's sleep. U pS 

And you a comfortable one. ® 

We run the tightest ship in the shipping business. 
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they fit in an IPI subsystem. But 
Simulex is the only company that 
has designed a complete set of IPI 
chips, and it is not an IC vendor. 

Simulex does sell licenses to its 
IC technology. The licensee can 
then buy parts from a semicustom­
IC vendor. Licensees can also build 
the ICs themselves or modify the 
designs and build the !Cs, but only 
for their own internal use. Simulex 
hopes to offer the ICs commercially. 
Currently, however, demand 
doesn't support such an effort. 

A number of other companies 
have designed IPI !Cs, but none 
currently offers the ICs commer­
cially. Gould (Fort Lauderdale, FL) 

HOST 
SYSTEM 

BUS 

SX1640 
IPl-3 

MASTER 
INTERFACE 

CONTROLLER 

IPl-3 MASTER 

IPl-3 
INTERFACE 

IPl-3 
INTER~ACE 

designed an IPI IC for use in its 
systems, and Gould/ AMI (Pocatello, 
ID) briefly offered it for sale as a 
standard product. Fujitsu and 
Siemens have contemplated selling 
ICs developed for internal use but 
have yet to announce their plans. 
Xylogics will license or sell an IC 
it developed for its VMEbus board 
on a limited basis. lmprimis may 
license several of its IPI !Cs but 
has no plans to market them. 

The complexity of the IPI has dis­
couraged traditional semiconductor 
houses from designing IPI !Cs. Un­
like SCSI that uses a peer-to-peer 
interface, the IPI specs define a 
master/slave interface, and inter-

PROCESSOR 

SX1630 
IPl-3 SLAVE 

SLAVE DEVICE 
INTERFACE BUS 

CONTROLLER 

IPl-3 SLAVE 

IPl-2 

face ICs for master and slave de­
vices differ. Furthermore, IPI-2 
and IPl-3 devices have different re­
quirements. Time-critical level-2 in­
terface ICs must decode and re­
spond to commands embedded in 
bus-protocol octets. Time independ­
ent IPI-3 devices receive commands 
in packets following the octets. A 
single interface IC can't do for IPI 
products what the relatively simple 
NCR 5380 did for SCSI drives, con­
trollers, and host adapter products. 

Simulex has designed a wide vari­
ety of ICs to serve an entire IPI 
subsystem. Its first chips targeted 
IPI-2 disk drives. The SX1601 in­
terface protocol circuit handles the 

DISK 
INTERFACE 

SX1630 
IPl-3 

SLAVE 
INTERFACE 

CONTROLLER 

SX1630 
IPl-3 

SLAVE 
INTERFACE 

CONTROLLER 

SX1602 SERIAL 
SERDES RAW 

FO~~~TER DATA 

DUAL-PORT IPl-2 DISK DRIVE 

Fig I-The lagered /Pl supports dut1l porting and as many as eight slave devices for each master. As the diagram shows, you can mix 
and match controllers and devices with embedded controllers. The diagram also illustrates the diversity of IP! !Cs required to implement 
the master and slave sides IPI-2 and IPI-3. The Simulex !Cs shown are available through licensing agreements. 
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Of course, 
there are a few cages 
we don't build. 

But there aren't many. 
When it comes to VME card 
cages and enclosures . .. 
we build them all ... 
any shape and any size. 

From 2 to 21 
You need a two-slotter? 
We've got it. A twenty-one 
slotter? We've got that too. 
along with any size in be­
tween! And our card cages 
and enclosures can be 
mounted any way you want. 
Table mount. rack mount. 
panel mount. or hanging 
mount ... just say the word. 

Cool Power 
Power ... we've got that too! 
From 1 OOW to 700W and 
beyond. And with our unique 
integrated air-flow system, 
you've got the coolest power 
around. 

Peripherals 
Floppy or hard drives. 3 1/z" 
or 51/4" .. . our cages and en­
closures can come with these 
and tape as well . Shoot! Our 
disk subsystems even include 
the SCSI/Floppy controller. 

Need Something Special? 
We'll work with you to con­
figure anything you need. 

CIRCLE NO 75 

We even build enclosures to 
meet FCC EMl/RFI specs and 
NEMA ratings. 

So Call Us Now. 
And if you really need a bird 
cage, we'll get you one. 

1203 New Hope Road 
Raleigh , NC 27610 
Phone: (919) 833-2000 
FAX: (919) 833-2550 
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slave side of the IPI-2 int1irface. 
The SX1602 Serdes/Formatter chip 
handles serialization of data and 
performs all required disk-control 
functions. A single SX1602 can arbi­
trate between two SX1601s for 
dual-port operations. You can li­
cense the chips for $50,000 each. 
The ICs will cost about $10 each. 

Recently Simulex completed 
work on the SX1610 IPI-2 disk con­
troller circuit and the SX1620 pro­
grammable ECC circuit. They were 
designed for use in IPI-2 master 
disk controllers. For example, the 
ICs can fit in IPl-3 to IPI-2 bridge 
controllers or VMEbus-based IPI-2 
controllers. The SX1610 supports 
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eight IPI-2 disk drives, includes all 
of the IPI-2 master-bus-interface 
functions, and supports 12M-byte/ 
sec transfers. 

The SX1620 ECC chip can pro­
tect data fields as long as 128k 
bytes. It includes five ECC algo­
rithms ranging from a 2-byte cyclic 
redundancy check to 16-byte dou­
ble-burst Reed-Solomon codes. The 
IC supports corrections on the fly 
and can operate at a 12M byte/sec 
!PI data rate. Prototypes of both 
the SX1610 and the SX1620 are 
available now. Simulex licenses the 
SX1610 for $85,000 and the SX1620 
for $65,000. Expect prices in the 
$20 to $25 range for the SX1610 and 

$10 to $15 range for the SX1620. 
lmprimis has also designed a 2-

chip set for IPl-2 master-disk-con­
trol applications. The set includes 
an IPI-2 interface combined with an 
ECC circuit on one chip and an 110 
processor on the other. The inter­
face chip automatically handles bus 
sequences and includes a 96-bit 
Reed-Solomon ECC. The chip han­
dles all disk control functions, in­
cluding read, write, and defect 
management. 

The 110 processor, essentially a 
fast and simple ALU, controls the 
IPI protocol chip. lmprimis also 
provides code for the 110 processor 
that allows the chip set to control 

PROGRAMMABLE LINEAR FEEDBACK NETWORK 
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K r- XFO 
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~ ECC ERR 

Fig 2-CRC, computer generated, and Reed-Solomon ECC codes-selectable via software-make the SX1620 ECG IC fro:n Si~ulex 
suitable for IP! disk control applications. You can use the IC in embedded controllers, in IPI-3 to IPI-2 bridge controllers, and m dedicated 
bus-resident IPI-2 controllers. 
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its IPI-2 disk drives. Imprimis 
doesn't quote a set price for a li­
cense. It negotiates each one based 
on factors such as other existing li­
censing agreements and vendor/ 
customer relationships. 

Currently, no company even of­
fers licenses for IPI-3 chips. Impri­
mis intends to have an IPI-3 master 
chip set finished by the fourth quar­
ter of this year. It plans to license 
the chips, and it's also interested 
in joint ventures for chip develop­
ment. 

IPI-3 ICs available this year 
Simulex has designed the SX1630 

IPI-3 slave interface controller cir­
cuit and the SX1640 IPI-3 master 
interface controller circuit, but the 
products won't be available until 
the end of the year. The company 

plans to license the chips for $75,000 
each, and expects the ICs to cost 
from $15 to $20. Both the SX1630 
and SX1640 will execute all IPI-3 
bus sequences without CPU inter­
vention and will support 15M-byte/ 
sec transfer rates. 

After several years of closely fol­
lowing the development of the 
specification and the marketplace, 
Xylogics and Interphase recently 
began shipping IPI-2 disk-control­
ler boards. Both companies offer 
VMEbus-compatible boards that 
give system vendors a quick and 
clean approach to implementing fast 
disk subsystems. 

VMEbus IPI-2 disk subsystems 
are suitable for several applica­
tions. For example, they can be 
used in high-end workstations and 
workstation file servers that re-

quire disk drives with fast data 
rates, as well as in graphics and im­
aging systems that require fast 
rates to load and store bit-mapped 
images. In addition, many systems, 
such as supermicrocomputers that 
employ proprietary system buses 
that operate at 200M bytes/sec or 
faster, employ the VMEbus to han­
dle I/O subsystem chores. 

Controller handles 16 drives 
Xylogics offers two new IPI-2 

disk controllers-the SV6800 and 
the SV7800. The boards cost $3995 
and $4995, respectively. The 
SV6800 can control eight IPI-2 disk 
drives. The dual-port SV7800 can 
control 16 drives. Both boards sup­
port !OM-byte/sec transfers over 
the IPI, and can sustain VMEbus 
data rates as fast as 35M bytes/sec. 

THERE'S AN ART TO ESTABLISHING 
BUSINESS ROOTS IN TOKYO. 

To establish a strong rapport 
with your Tokyo contacts 
takes time, patience, insight 
ana more time. A country 
that considers a 300 year­
old bonsai tree an art form 
takes a little time to 
understand. 

pronunciation and cases 
where English capabilities 
are limited. Study the card 
you receive, repeating the 
surname, the first name on 
the card, to be sure you quality of the ham­

burgers is superb. 
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EXCHANGING MEISHI 
(business cards) is an 
important formality in 
establishing a relation­
ship. You go first, with a bow 
or handshake,and then, your 
card, presented Japanese 
side up to assist with 

have the right pronunciation. 
Treat cards with the respect 
you would bestow upon 
their owners. 

WHERE TO GET YOUR 
BASIC BURGERS 
There's a Hard Rock 
Cafe in Tokyo if you 
have the wild craving 
for fries, and the 

LOOK TO US~NORTHWEST AIRLINES 

DO IT YOUR WAY 
The nightclub can be 

more important than a 
meeting, so you'll probably 
be invited to one. The hot­
test thing is "Kara-oke '.' Music 
and images play on a video 
system and you sing along 
into a microphone. Do not 
decline an invitation to sing 
or you'll be rejecting your 
host. Most songs are Japan­
ese, but don't panic-"My 
Way" is always available . 
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Xylogics' Universal Bus Silicon 
controller architecture enables the 
company to design products based 
on different buses, such as Multibus 

or VMEbus, as well as products 
that serve different interface stan­
dards, such as ESDI, SMD, SCSI, 
and IPL Therefore, the architec-

For more information ... 

ture guarantees that there will be 
little or no impact on operating sys­
tem driver software. 

Xylogics believes its IPI-2 design 

For more information on the IPI products discussed in this article, circle the appropriate numbers on the Information 
Retrieval Service card or use EDN's Express Request service. When you contact any of the following manufacturers 
directly, please let them know you saw their products in EDN. 

Imprimie TKhnoloCY Inc 
12701 Whitewater Dr 
Minnetonka, MN 56343 
(612)931~ 
Circle No 700 

VOTE .... 

Interphue Corp 
29'l6 Merrell Rd 
Dallas, TX 75229 
(214) 35().9000 
FAX 214-352-4124 
Circle No 701 

Simulex Corp 
2832-C Walnut Ave 
Tustin, CA 92680 
(714) 730-1500 
FAX 714-730-7176 
Circle No 702 

Xylogic1 Inc 
53 3rd Ave 
Burlington, MA 01803 
(617) 272-8140 
FAX 617-273-5392 
Circle No 703 

Please also use the Information F:etrieval Service card to rate this article (circle one): 
High Interest 512 Medium Interest 513 Low Interest 514 

So before you go, dig 
out some of your old 
records and practice up. 

NORTHWEST NOTES. In 
addition to nearly 60 
flights a week to Tokyo from 
over 200 U.S. cities, a spa­
cious Executive Class, a First 
Class with all the luxury 
and comfort you deserve­
we give you something no 
other U.S. airline can offer 
-the knowledge, insight 
and information that come 
after 40 years of helping 
people do business in Asia . 

NORTHWEST ASIA SERIES . 
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U.S. RESERVATIONS 1-800-225-2525, INTERNATIONAL RESERVATIONS 1-800-447-4747 
© 1989 Northwest Airlines, Inc. 
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New 
CY545 

~ Only $75 each 
~\. . ($25/lOOOs) 

Accelerate your 
Stepper Motor 

to27,000 
Steps/second! 

Travel 16 
Million Steps 

and back. 
Is your molar earthbound by sluggish 

. controllers that 
:1 . ;• can't give you the 

, performance you 
- need? Look at 

what you get with the new CY545 
single chip stepper motor controller: 

• 40-pin, CMOS, + 5v chip 
• Speeds up to 27K Steps/sec 
• 16 Million steps per motion 
• Programmable start rate, 

accel/decel, slew rate 
• Pulse and Direction Output 
• Separate Limit Switches 
• Jog operation 
• Home seek command 
• ASCII or binary commands 
• Parallel or Serial interface 
• 8 General Purpose 1/0 lines 
• External memory control 
• LCD & LED Display interface 
• Thumbwheel Switch interface 

Break the single chip speed barrier 
and the high performance price bar­
rier. You can't afford to pass up this 
lalesl innovation from the company 
that, ten years ago, brought you the 
fi rst stepper motor controller on a 
single chip! Order by «'. 
Fax or phone or call . . . 
today for free info. . 

Cybernetic Micro Systems 
Box 3000, San Gregorio, CA 94074 
Tel: 415-726-3000 Fax: 415-726-3003 
Telex: 910-350-5842 
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can be scaled up to higher IPI 
transfer rates. It chose to use the 
SX1620 ECC chip from Simulex, 
but implemented its own IPI-2 mas­
ter interface chip. According to sen­
ior vice president Chap Cory, the 
ECC chip from Simulex filled the 
needs of the Xylogics controller, 
but the company designed its own 
interface chip to better fit the Uni­
versal Bus Silicon architecture. 

IC may serve two masters 
Interphase chose to build its IPI-

2 disk-controller boards without 
either of the Simulex ICs. Accord­
ing to director of product marketing 
Ernest Godsey, Interphase de­
signed a programmable !PI-master 
interface IC that can serve in IPI-2 
and IPI-3 applications. Interphase, 
like Xylogics, employs an architec­
ture that simplifies the develop­
ment of operating system software. 
All Interphase VMEbus boards use 
the Buspacket Interface that trans­
fers data at speeds as fast as 36M 
bytes/sec. In addition, Interphase's 
MACSI (Multiple Active Command 
Software Interface) architecture 
provides a common software inter­
face for a number of controller 
boards. 

Interphase is currently sampling 
its V/IPI 4260 Cougar ($4995) that 
can control eight IPI-2 disk drives. 
It has also announced the dual-port 
Model V/IPI 4460 Griffin IPI-2 con­
troller board ($4850) in a 9U (Sun­
compatible) VMEbus package. Al­
though the company introduced the 
standard-size (6U) Cougar first, it 
expects to ship production units of 
the Griffin before the Cougar. 

IPl-3 host adapters available soon 
Both Xylogics and Interphase are 

interested in marketing IPI-3 host 
adapters. Most IPI tape drives em­
ploy an embedded IPI-3 controller. 
IPI-3 to IPI-2 bridge controllers 
will connect the fast IPI-2 disk 

drives to IPI-3 host adapters. In ad­
dition, a board could act as a master 
to both an IPI-3 tape drive and an 
IPI-2 disk drive because both specs 
utilize the same physical interface. 

Interphase's Godsey says that 
the protocol IC designed by Inter­
phase will enable the company to 
build an IPI-3 host adapter with an 
architecture similar to the IPl-2 
disk controllers. Neither Inter­
phase nor Xylogics, however, will 
commit to a date for an IPl-3 prod­
uct introduction. 

In the next year or two you can 
expect to see boards that mix IPI 
implementations with other periph­
eral interfaces. VMEbus boards 
that mix ESDI and SCSI are avail­
able now. In the future a very at­
tractive product would be a board 
that includes an IPI-2 interface for 
high-speed disk transfers and a 
SCSI connection to other slower pe­
ripherals such as tape, optical disks, 
communication devices, printers, 
and scanners. EDN 

Reference 
1. Wright, Maury, "Intelligent Pe­

ripheral Interface standard permits 
data-transfer rates of lOM bytes/sec," 
EDN, January 8, 1987, pg 105. 
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World's first logic <4ns 
We set the standard three years 

ago with our FCT-A logic family. 
Thday we are announcing a speed 
breakthrough and setting a new 
standard with our FCT-C logic 
family which is up to 30% faster 
than FCT-A logic. By using FCT-C 
logic, 33MHz high-performance 
microprocessor systems can realize 
a 10% increase in timing margin 
safety factors. 

The need for speed 
You need the fastest TTL logic to 

optimize system performance and 
lower system cost. Our FCT-C 
buffers and transceivers operate at 
3.7ns, eliminating speed bottlenecks 
to achieve significantly higher 
system performance. FCT-C is the 
best TTL solution for 25MHz and 
33MHz RISC- and CISC-based 
systems. 

FAST is a trademark of National Semiconductor Corporation. 
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Good, better, best- IDT 
has the fastest logic 

Our CMOS products have 
established IDT as the industry's 
speed leader, and today we have the 
fastest TTL logic you can buy. Our 
FCT family matched FASTfM 
specifications; the FCT-A family was 
40% faster. Now our FCT-C family is 
over 55% faster than the best bipolar 
devices! 

FCT-C devices offer 64mA output 
drive for heavy capacitive loading 
and better signal quality. And all the 
benefits of low CMOS power levels, 
at less than one-third the dynamic 
power consumption of equivalent 
bipolar logic. 

FCT-C devices are pin and 
function compatible with other 
high-performance TTL logic 
products, but offer superior 
performance levels not found 
elsewhere. 

llillilediate availability 
You don't have wait to break the 

speed barrier. The FCT-C family of 
TTL logic is available today in 
high-density SOIC packages for 
improved packaging density. Plastic 
and hermetic DIP, LCC, and 
Cerpack packages will be available 
in late 1989. 

CIRCLE NO 36 

You can count on us 
We'd like to tell you more about 

how you can use FCT-C TTL logic to 
improve your system speed. Call 
(408) 492-8550 today for more 
information on FCT-C logic. Or call 
(408) 492-8225 for your copy of the 
FCT data sheets and the 1989 IDT 
Data Book Supplement with details 
about our current line of CMOS 
products. 

IDT offers a full range of other 
high-performance building blocks 
including RISC processors, SRAMs, 
multi-port and FIFO memories, 
standard and complex logic, and 
RISC subsystems and modules. 

IDT, P.O. Box 58015, 3236 Scott 
Blvd., Santa Clara, CA 95052-8015, 
FAX 408-492-8674. 

When cost-effective performance counts 

lldt 
Integrated 
Device Technology 
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ntodent leaders 

like Silicon Systents' 
IC solutions. 

Advanced Single-chip Products and Custom Solutions 
Some leading modem manufacturers come to 
us for new custom developments. Others pre­
fer choosing chips from our established family 
of single-chip modems. And some leaders 
come to us for both. 

It's not surprising. Silicon Systems offers 
the only complete family of highly-integrated 
single-chip modems. These fully-compatible 
modems cover all the primary operating 
modes- both domestic and foreign-from 
Bell 212A/l03 through V.21, V.22, V.22 bis, and 
V.23.And this family also includes the lowest­
power 5-volt products available. 

But beyond the standards-Silicon 
Systems stands as the custom modem IC 
leader who has shown the industry how to 
put analog and digital functions, including 
DSP, on the same chip. So bring your communi­
cations problems to the leader. Together, we 
can develop innovative custom IC designs -

to give your company's present products the 
competitive edge, or to blaze the way for a 
whole new generation of your products. 

If your company manufactures modems, 
PC's, pay phones, facsimile systems, or other 
related communications equipment-you can 
have the modem technology of tomorrow by 
connecting with Silicon Systems today. 

Call Now! 
(714) 731- 7110, Ext. 3575 

For immediate product information, contact 
your local representative or distributor, and for 
the complete modem story, contact: 
Silicon Systems, Inc., 
14351 Myford Road, Tustin, CA 92680. 
Phone: (714) 731-7110, Ext. 3575. 
European Hdq. U.K. Ph : (44) 7983-2331. 
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Every so often, nature 
throws your system a 
surge. And whether it's 
lightning, static or a 
simple crossed line, it 
can destroy the most 
expensive system with 
a single blow. 

About 40<t is all it 
takes to protect your 

~ design from this cruel 
~' fate. Thanks to the 
~ ine of surge 

suppression devices 
~ from Harris. 

~ ~ 
Wheth~' 
you're designing consumer 
products or aerospace 
systems, high-rel military 
or industrial controls, 
Harris has a surge 
suppression solution for 
you. Because if one of 
our varistors isn't right 
for the job, one of our 
Surgector'" devices will be. 

EDN August 3, 1989 

_owsatyou. 

All the Right MOVs. 

Harris offers the 
broadest line ofMOVs 
in the industry. From SV 
to 3500V. Up to 70,000 
peak amps. And up to 
10,000 joules. 

They're widely used 
for incoming AC 
protection and 
clamping circuits. And 
they're available in a 
wide range of 
packaging-axial 
leaded, radial leaded, 
leadless surface mount, 
high-energy modules 
and connector-pin 
configurations. 

Inventor of 
Surgector. 

Surgector devices 
combine a thyristor and 
a zener into one reliable 

perfect for protecting 
expensive components 
from all kinds of 
transients. Lightning 
strikes, load changes, 
switching transients, 
commutation spikes, line 

cost-effective 
device. At low 
voltages the Sur­
gector device is 
off. But the 

'~ 
crosses-all the 
things nature 
throws your 
system's way. 

instant its clamping volt­
age is exceeded, the 
Surgector turns on. 
Within nanoseconds, the 
surge is shunted safely to 
ground, protecting your 
circuit from sure 
destruction. 

Because Surgector 
devices respond so 
quickly and can shunt 
lots of energy away from 
the circuit, they're 

v 

We'll Help You 
Choose. 

Which technology is 
right for you? Just give us 
a call at 1-800-4-HARRIS, 
Ext. 1452 (in Canada, 
1-800-344-2444, Ext.1452). 
Or call your local Harris 
sales office or distributor. 

What your vision of the 
future demands. Today. 

m ~0~1T!?. 
HARRIS RCA GE INTERS IL 
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TIIE WESTCOR STAKPAK™. NEW 
GENERATION 250 TO 1200 WATT 
SINGLE OR MULTIPLE OUfPUf OFF­
LINE SWITCHER. 3.2 X 5.5 X 11.4 INCH 
CASE. FAN-COOLED. 

Stack the odds in your favor by design­
ing-in Westcor's 6 watt/cubic inch high 
power megahertz switcher. Capitalizing on 
patented and proven megahertz module 
technology and innovative thermal man­
agement techniques, the StakPak provides 
up to 1200 watts of power at 50°C with 1 to 
8 isolated and fully regulated outputs. 

For existing designs the StakPak's small 
size and low profile allow system enhance­
ment without mechanical redesign. Simply 
replace your open frame switcher with up 
to 1200 watts of StakPak power or replace 
your "box switcher" with 2 StakPaks and 
realize up to twice the power without 
losing additional space. StakPak power 
factor correction provides 850 watts of 
output power from a standard 115 VAC 
wall outlet. In new designs, more space can 
be devoted to functionality or the system 
can be downsized. 

REDEFINED 
The StakPak's 8 module output section 

can be factory configured in virtually an 
infinite number of voltage, current and 
power combinations. Special models 
providing between 250 to 1200 watts and 
outputs from 2 to 95 VDC are available. 

Other features include outstanding elec­
trical performance; UL, CSA, VDE safety 
agency approval (in process); variable 
speed fan option for low ambient noise 
enviroments and 3 phase or DC input op­
tions. Indeed, with unprecedented power 
density, versatility and new features, the 
StakPak redefines power packaging. Please 
contact Westcor for a data sheet, pricing 
and additional infonnation. 

STANDARD 1200WATTSTAKPAKMODEL5 
(110/220 V AC input) 
Model Output Voltage (VDC) and Maximum Current 

(amperes) per Channel 
~ ~ ~ ~ rj 

Single Output 
SPl-1801 2@240 
SP I-1802 5@240 

Total output power may not exceed SP I-1803 12@ 100 
SP I-1804 15@80 

1200 watts for any model, single 
or multiple output. Lower power 

SPI-1805 24@50 StakPak models are available. 
SP I-1806 28@42 Ple-Jse contact the factory. 
SP l-1807 48@ 25 

Dual Output 
51'2-1801 2@ 120 5@ 120 
SP2-1802 5@ 120 5@ 120 
SP2-1803 5@ 120 12@66 
51'2-1804 12@66 12@66 
SP2-1005 15@53 15@53 

Triple Output 
SP}l801 5@ 180 12@ 16 12@ 16 
SP}I802 5@ 150 12@33 12@ 16 
SP}l803 5@ 180 15@ 13 15@ 13 
SP} I804 5@ 150 15@26 15@13 

Quad Output 
SP4- I801 5@ 150 12@ 16 12@16 5@ 30 
SP4-1802 5@ 150 15@ 13 15@ 13 5@30 
SP4- I803 5@ 150 12@ 16 12@ 16 24@8 
SP4-1804 5@ 150 15@ 13 15 @ 13 24@8 

Five Output 
SP'i-1801 5@ 120 12@ 16 12@ 16 5@30 24@8 
SP'i-1802 5@ 120 15@ 13 15@ 13 5@30 24@8 

WESTCOR CORPORATION • 485-100 Alberto Way • Los Gatos, CA 95032 • (408) 395-7050 • FAX (408) 395-1518 

W · b ·ct· f ~ .. VIGOR estcor 1s a su s1 1ary o y coAPOA•noN 
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The latest crop of 
imaging hardware 

and software, 
when combined 

with high-perform-
ance PCs, reaps 

sophisticated fea­
tures and impres­
sive performance. 

JD Mosley, 
Regional Editor 

EDN August 3, 1989 

PC-COMPATIBLE IMAGE-PROCESSING 
BOARDS AND SOFTWARE 

PCs become low-cost 
• • tmagmg systems 

N 
o longer are the fields of im­
age-processing and image­
analysis strictly the domain 
of expensive dedicated sys­
tems. New software and 

hardware products let you put together 
a sophisticated PC-based image-process­
ing system for less than $15,000 that 
includes a full-color frame grabber 
(video-image digitizer), analog RGB 
monitor (your standard EGA monitor 
will not suffice), and image-processing 
software that will suit such applications 
as multispectral analysis, machine vi­
sion, and photographic enhancement. 

Admittedly, such a PC-based configu­
ration is no contender for a dedicated 
high-resolution virtual-imaging or com­
plex scientific-analysis system; what you 
can accomplish in milliseconds using a 
dedicated workstation may take you 
several minutes when using a PC-based 
equivalent. However, if your applica­
tions don't demand the 172-MIPS proc­
essing speed and 32k x 32k-pixel 
resolution offered by to­
day's mainframe-based 
imaging workstations, 
you'll find that you can 
replicate virtually any of 
the capabilities provided 
by the high-end systems 
in a PC-based configura­
tion at a fraction of the 
cost. 

your PC imaging station. You'll find that 
certain manufacturers' lists of supported 
devices are carved in stone; substituted 
items can actually cause damage to 
other pieces of equipment. Use extreme 
caution when assembling untested com­
ponents to ensure that your system will 
operate as planned. Input devices, moni­
tors, frame grabbers, software, and 
your computer's present video card 
must all function in concert-unfortu­
nately, no industry-standard specifica­
tions exist to simplify the match-making 
task. 

In addition, you have to decide 
whether to let software or hardware de­
termine which components you'll use to 
build your image-processing system. If 
you anticipate manipulating only mono­
chrome or pseudo-colored images, you 
should select a software package that 
suits your application and purchase 
hardware that the program supports. 

On the other hand, if you intend to 
work with full-color images, the 

As usual, cost versus 
performance is the ulti­
mate tradeoff, but in­
compatibilities among 
the hardware and soft­
ware currently available 
may also force you to 
compromise as you build 

Capable of turning your PC into a sophisticated image-analysis 
system, BioScan's Optimas Image Analysis software performs auto­
matic image vectorization, measurement, and classification. 
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hardware currently available will 
dictate the support devices and 
software you should purchase. In 
addition, vaporware is a very real 
problem in the PC realm of image 
processing, so make sure that the 
board you select is actually in distri­
bution and not merely a figment of 
the manufacturer's specifications. 

Finally, the type of PC you select 
significantly affects your imaging 
system's performance. A high-per­
formance 33-MHz 80386-based 
IBM-compatible PC from such 
manufacturers as Compaq and Dell 
Computers will give you the fastest 
access to your application software 
and frame grabber. However, using 
a standard 80386-based PC from 
IBM will prevent any system-in­
compatibility problems that could 
arise when the host computer is not 
strictly IBM-compatible. But, for 
the purpose of this article, I used 
a 3-year-old, nondescript, 10-MHz 
80286-based PC clone without any 
major hardware or BIOS conflicts. 

Plug-and-play exists! 
Of the PC-based imaging boards 

reviewed for this article, the $2235 
Oculus-300 from Coreco was the 
easiest to get up and running; the 
board came with everything needed 
to make it work flawlessly the first 
time I plugged it into my PC clone. 
The basic Oculus-300 is a frame 
grabber that can digitize a 
512 x 1024-pixel image at a rate of 
12.5 million pixels per second with 
8 bits-per-pixel resolution. You se­
lect from internal or external signal 
synchronization and use as many as 
four cameras for video input. For 
full-color digitization at a resolution 
of 24 bits per pixel, you can add 
an optional $2975 color-expansion 
daughter board to the Oculus-300 
and boost the basic board's 512k 
bytes of video RAM to IM byte. 
Without the expansion card, a 
pseudo-color mode lets you work 
with 256 colors from a palette of 
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Demonstrating capabilities beyond those offered by PCs, dedicated image-processing sys­
tems like the V!Tec Image Computer can perform such functions as three-dimensional ray 
tracing and animation for applications such as flight planning and terrain reconstruction. 

16. 7 million colors, or view images 
in 256 shades of gray. You can also 
add a $420 double-input LUT (DI­
LUT) processor that enables the 
Oculus-300 to perform real-time im­
age averaging, addition, subtrac­
tion, division, and multiplication; 
for 256 x 256-pixel images you can 
accomplish any of these operations 
in 8.3 msec, and perform image dila­
tion, erosion, and 3 x 3-pixel convo­
lutions in 83 msec. 

With a library of four software 
modules available in a consistently 
well-documented format, software 
support for the Oculus-300 is, like 
the board itself, orderly and func­
tional. The board comes with the 
FG3 Macro Programming Tool, 
which includes an interpreter for in­
teractive control of board opera­
tions, commands for 75 image-proc­
essing functions that you can call 
from the C language, macro defini-

tions for controlling instruction se­
quences, source code, and test pro­
grams for the Oculus-300. System 
integrators will want to order the 
$995 Oculus Kernel System (OKS), 
which includes drivers and inter­
faces that simplify programming, 
porting, and interfacing software 
for all of the manufacturer's imag­
ing boards. 

Media Cybernetics' Image-Pro II 
software costs $1500. This module 
provides a menu-driven program 
for performing image editing, en­
hancing, digitizing, annotating, ar­
chiving, scaled measuring, contour 
following, object tracking and 
counting, and motion analysis. The 
fourth module, also menu-driven, is 
the $1195 Industrial Inspector, 
which provides subpixellation gaug­
ing and character recognition. 

Matrox Electronic Systems sup­
plied three boards that offered a 
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wide range of image processing, in­
cluding the ability to overlay video 
and graphics for professional-look­
ing presentations of the digitized 
images you have enhanced and ana­
lyzed. Using the Matrox VGO-AT 
overlay board in conjunction with 
either the Matrox Vision Processor 
MVP-AT board or the Matrox Pro­
fessional Image Processing (PIP) 
board, you can genlock a standard 
National Television System Com­
mittee (NTSC) signal from a video 
camera or video-tape recorder and 
superimpose 640 x 480-pixel EGA 
graphics or text onto the video im­
age. 

The $1545 VGO-AT board re­
places your PC's EGA monitor card 
and provides separate outputs for 
NTSC and RGB monitors. A Micro­
soft Windows driver lets you use 
this board in 640 x 480-pixel and 
720 x 480-pixel resolution modes. 
You can use the VGO-AT with a 
$295 program called Video Titler 
from Entropy Engineering (Rock­
ville, MD, (301) 770-6886) to create 
broadcast-quality characters that 
roll across your screen, fade in and 
out, or wipe on and off, thus giving 
your final presentation the polished 
look of a professionally developed 
production. 

The MVP-AT sells for $5495 and 
comes with the hardware necessary 
to accomplish real-time logical-im­
age and statistical-image processing 
at speeds reaching 12 million pixels 
per sec-speeds resulting from an 
onboard Arithmetic Logic Unit 
(ALU) and a statistical processor. 
This double-board unit contains 
four 512 x 512 x 8-bit image buffers 
for color and monochrome frame 
grabbing. A 2:1 and a 4:1 hardware 
zoom on the input, and a 2:1, 4:1, 
and 8:1 zoom on the output allow 
you to perform independent, non­
destructive image manipulation. 

For an additional $4000 y u can 
add a Neighborhood Process r (NP) 
daughter board to boost the MVP-
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Using a 32-bit T9506 DSP for processing speeds stated in nsecs, Toshiba's 9506 PC/AT 
Image Processor Board, scheduled for full production in the third quarter of 1989, may 
demand attention. 

AT's image-processing speed to 576 
million pixels per sec by simultane­
ously processing 12 pixels in paral­
lel. As a result, in binary mode the 
board can perform 12 x 8-pixel pat­
tern matches on a 512 x 512-pixel 
frame buff er in 1/1sth of a second. 
Panning and scrolling are also ac­
complished in hardware. Two sepa­
rate pan, scroll, and zoom windows 
let you view one part of a frame 
buffer while the board digitizes an­
other part. The NP board also per­
forms line thinning, connectivity 
analysis, convolutions, inter-image 
arithmetic, real-time frame averag­
ing, and color processing. 

Software support for the MVP­
AT includes Matrox's Imager-AT 
and Imager-AT/NP programs, 
which give you access to more than 
150 library routines that are call­
able from Microsoft C compilers. 
Using either of these programs sim­
plifies your OEM programming task 
by providing subroutines for ero­
sion, dilation, graphic overlays, 
ALU functions, bus transfers, win­
dowing, LUT manipulations, and 
complex convolutions. Media Cy­
bernetics also sells a version of Im­
age-Pro for the MVP-AT. 

The PIP board is an 8-bit flash 
frame grabber that provides 

1024 x 1024-pixel digitization at 7.5 
Hz. You use one PIP to display in 
one of 256 colors or shades of gray, 
or you connect three PIP boards to 
manipulate true-color images. The 
$1645 Matrox PIP-512B also works 
with BioScan's Optimas image-proc­
essing and -analysis software, a 
$3995 Microsoft Windows-based ap­
plication program that can perform 
such sophisticated imaging func­
tions as automatically tracing the 
shape of an object, manipulating the 
LUT using hyperbolic cuberoot and 
logarithmic functions for improved 
image contrast, posterization for 
displaying binary thresholds, colori­
zation of a gray-scale image, and 
customized complex convolutions. 

Software completes the picture 
Optimas comes with filters for 

3 x 3-pixel and 5 x 5-pixel convolu­
tions, dilation, erosion, vertical and 
horizontal-edge detections, Laplace 
highlighting, Roberts Edge high­
lighting, and jitter elimination. The 
software also provides electronic­
image retouching with airbrush 
tools, scaling regions of interest, 
creating multiple mirror images, 
and contrast controls. Threshold, 
classification, editing, sorting, 
tracking, data extraction, and cali-
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Get the most out of your system 
with the best performing Video 
DAC available. 

Blistering Speed 
The built-in 256 x 18 bits high­
speed RAM pipelines a 65-MHz 
pixel rate output in only three 
clock cycles. And, you have a 
6-bit DAC per gun with an RGB 
analog output. 

256 Colors 
The LD1104 operates in a high­
speed analog and digital video 
interface environment that provides 
256 possible colors. The display 

© 1988 Si licon Logic, Inc. 
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color can be changed to handle 
animation, flashing or overlay 
objects with a single write cycle. 
This is all done using the pixel 
word mask capability without 
having to modify the look-up table. 

Improved Reliability 
Designing-in the LD1104 gives you 
more than increased performance. 
You increase system reliability. And, 
CMOS makes your circuit run cooler. 

24-Hour Samples 
We mean business. We'll turn your 
sample requests around within 24 
hours. And the call's on us. 

CIRCLE NO 40 

Call Toll Free 

1-800-2 72-8866 
The Enhancement IC Specialists 

CON 
1c™ 
~ ' 

550 E. Brokaw Road 
San Jose, CA 95161-9048 
Tel: 408-441-1615 
Fax: 408-954-0727 
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bration tools round out the Optimas 
processing and analysis algorithms. 
You can also export your image 
data to such programs as the Micro­
soft Excel spreadsheet. 

Optimas is compatible with sev­
eral manufacturers' imaging 
boards, including the $2495 full­
color Spectrum NTSC image-digi­
tizing board from Redlake Corp. 
You can connect the Spectrum 
NTSC to a VGA monitor card for 
800 x 600-pixel resolution overlays. 
However, Optimas performs image 
processing and analysis only in gray 
scale. Other boards supported by 
Optimas include Truevision's Targa 
M8, and Imaging Technology's Se­
ries 100 and PCVision frame grab­
bers. 

Targa M8 is a plug-in module that 
provides real-time, true-color cap­
ture and display. It offers 256 colors 
per screen from a palette of 16 mil­
lion colors, and comes with 256k 
bytes of RAM that support a screen 
resolution of 512 x 482 pixels and 8 
bits per pixel. Alternate screen 
resolutions give you 2 pages of 
512 x 256-pixel or 4 pages of 
256 x 256-pixel screen resolution. 
Also, the board comes with hard­
ware capabilities that let you mix 
and overlay images from as many 
as four video sources. Other stan­
dard features include a zoom func­
tion, horizontal and vertical pan­
ning, input and output LUTs, a 
field index, and a raster counter. 

The PCVision Plus and Series 100 
boards also offer real-time digitiza­
tion and image processing for PCs. 
PCVision Plus is a frame grabber 
with a 1024 x 512 x 8-bit frame 
memory that can store multiple im­
ages; it also lets you pan, scroll, and 
zoom in hardware with individual 
bit-plane write-protection, eight in­
put LUTs, and 24 output LUTs. 
You can plug three PCVision Plus 
boards into your PC to operate in 
true-eolor. 

The single-board Series 100 is a 
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Taking a modular approach to image processing, Coreco's Oculus-300 lets you add a 
true-color daughter board and a double-input LUT (DILUT) processor to the basic video­
digitizer board. 

real-time digital-image processor 
that offers true-color processing 
with a resolution of four bits per 
color. Alternatively, you can strap 
three Series 100 boards together for 
24-bit, true-color resolution. The 
board's Advanced Frame Memory 
Architecture (AFMA) permits you 
to randomly access individual pixels 
from the frame memory or move 
and manipulate groups of pixels in 
a single operation. You can config­
ure the frame buffer as a 1024 x 512-
bit or a 1024 x 1024-bit space. A 
software-selectable dual-scan mode 
lets you access and display different 
portions of the board's frame mem­
ory. 

The Series 100 also offers vari­
able-scan digitizing rates that ex­
tend to a maximum frequency of 14 
MHz for interfacing the board with 
nonstandard image sensors. A 12-
bit digital-input port accepts pre­
digitized video signals to reduce 
noise and eliminate pixel jitter. 

Specifying image-processing 
speeds that are 250 times faster 
than those of an ordinary IBM PC/ 
AT, Data Translation sells a $1995 
DT2851 Frame Grabber and a $1895 
DT2858 Auxiliary Frame Processor 

board. The DT2851 contains enough 
video RAM for two 512 x 512 x 8-bit 
images for parallel processing of 
multiple images. Eight input and 
eight output LUTs let you display 
in either pseudocolor or 256 levels 
of gray. A full-screen hardware cur­
sor lets you use a cross hair to locate 
the X, Y coordinates of specific pix­
els. 

The DT2858 can calculate a 3 x 3-
pixel convolution on a 512 x 
512 x 16-bit image frame in 0.85 sec. 
Its pipelined arithmetic performs 
2.5 million additions or multiplica­
tions per sec and 700,000 divisions 
per sec. The board performs hard­
ware zooming in 2:1, 4:1, and 8:1 
ratios, as well as hardware pans and 
scrolls. A read/write conversion ta­
ble and a 16-bit ALU process the 
image data before it is written to 
memory. Standard board functions 
include computing convolutions, 
generating histograms, and averag­
ing frames. Six consecutive 16-bit 
I/O registers control the board's 
data-flow operations. The DT2858 
and DT2851 communicate via their 
I/O ports for data-transfer rates 
that are faster than the AT bus's. 
In addition, Data Translation·mar-
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kets DT-IRIS, a $995 image-proc­
essing software package that in­
cludes a tutorial segment and a li­
brary of subroutine functions that 
you can call from Basic, Pascal, C, 
Fortran, and assembler programs. 

For those who want to investi­
gate the realm of image processing 
for less than $2000, consider Atron­
ics' $995 512 x 256-pixel Profes­
sional Image Board (PIB) or the 
$1295 512 x 512-pixel PIB + board. 
Both boards will output to a stan­
dard television and video-tape re­
corder, thus eliminating any need 
to purchase an analog RGB moni­
tor. However, there is an analog 
RGB output on the board for 
higher-resolution viewing. The PIB 
also lets you connect your EGA or 
CGA monitor card to the imaging 
board so that you can use a single 
multisync monitor for both the PC 

and the PIB display. You will also 
need either a Microsoft or a Lo­
gitech mouse to run the PIB's appli­
cation software. My computer's 
Mouse-Trak trackball from Itac 
Systems was not recognized by any 
of the software supplied for this re­
view, although the same trackball 
works flawlessly with Microsoft 
Windows and other mouse-driven 
application programs. 

The PIB boards come with PIB 
Image software for image capture, 
storage, retrieval, and printing; 
PIB Tools for system development 
and integration; Halovision III soft­
ware for image editing and printing; 
and VImage software for generat­
ing EGA and VGA image. It's inter­
esting to note that the list prices 
for the bundled software amount to 
more than the price you'll pay for 
the PIB. For an additional $495, 

you can order a program called 
dBimage, which lets you associate 
images with dBase records, thereby 
adding pictures to your dBase III + 
applications. Another available pro­
gram is the $195 PIB Compress, 
which lets you reduce the file size 
of captured video images for effi­
cient and compact disk storage. 

In addition, the PIB works with 
software from at least fifteen differ­
ent third-party developers, includ­
ing VideoCAD from Mathematica, 
which lets you combine AutoCAD 
drawings with video images. An­
other program, the $3995 Chro­
matic Color Image Analysis System 
from Leading Edge, lets you per­
form feature discrimination by 
pointing to a region of interest. The 
program creates a white graphic 
overlay to highlight the detected ar­
eas, and you can then process the 

REPRESENTATIVE IMAGE-PROCESSING AND IMAGE-ANALYSIS BOARDS 
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TRUE 
COLOR 

MANUFACTURER BOARD NAME OUTPUT MONOCHROME 

ATRONICS PROFESSIONAL NO YES 
IMAGE BOARD 

PROFESSIONAL YES YES 
IMAGE 
BOARD-PLUS 

CORECO OCULUS-300 NEEDS YES 
OC300-TE 

DATA DT2851 NO YES 
TRANSLATION DT2858 NO YES 

IMAGING PCVISION PLUS NO YES 
TECHNOLOGY SERIES100 YES YES 

lllMJRAPH IMAGE32 YES YES 

MAT ROX VGO-AT YES YES 
ELECTRONIC PROFESSIONAL NO YES 

IMAGE 
PROCESSING 

MVP-AT YES YES 

flEDLAKE SPECTRUM YES YES 
NTSC 

TOSHIBA IP9506 YES YES 
AMERICA 

TRUEVISION TARGAM8 YES YES 

TARGA32 YES YES 

"SOFTWARE LEGEND: 
C = CHROMATIC IMAGE ANALYSIS SYSTEM 
D =OT-IRIS 

I= IMAGE PRO 
M = MATHEMATICA 
0 =OPTIMA$ H n HALOVISION 

VIDEO 
RAM 

(MAX) 

258kBYTES 

512kBYTES 

1M BYTE 

512kBYTES 

512kBYTES 

1M BYTE 

1MBYTE 

4MBYTES 

256kBYTES 

1M BYTE 

1M BYTE 

258kBVTES 

4MBYTES 

258kBYTES 

1MBYTE 

NUMBER 
RESOWTION H/WZOOM OF 

(MAX) RATIO INPUTS SOFTWARE" PRICE 

512x256, NIA 1 C.H '895 
32kCOLORS 

512x512, NIA 1 C, H '12116 
32kCOLORS 

1024x 512x8 N/A 4 I $2235 

512x512x8 NIA 1 D $1985 

512x512x16 2:1, 4:1, 8:1 1 D $1895 

1024x512x8 2:1 2 1,0 

1024x1024x12 2:1, 4:1, 8:1 4 1, 0 

1024x1024x24 1:11016:1 1 H, 1 18985 
(+8) 

720x480 NIA 1 EGA $1545 

1024x1024x8 N/A 1 1,0 $1645 

1024x1024x8 N/A 1 I $5495 

800x800 2:1,4:1 1 I '2495 

1280x1024x24 1:110 16:1 1 I $5995 
(+8) 

512x512x8 2:1, 4:1, 8:1 4 H,l,M, 0 $1996 

512x512x32 2:1, 4:1, 8:1 4 H,l,M,0 '49115 
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Sprague cap takes tantalum price/performance lead. 
Sprague takes the price/perfor-· 

mance lead with Type 2380 
Tantalex® capacitors. This new 
tantalum-based metal-case 
capacitor features exceptional CV 
efficiency and a 1-volt reverse 
capability at +85 °C. Reliability 
and high performance are 
achieved through rugged construe-

EDN August 3, 1989 

tion, a hermetic anode seal , and 
use of a tantalum-based metal 
case, which eliminates metal 
migration. Standard ratings range 
from 2200 µF at 6 WVDC to 39 
µF at 150 WVDC. Mil-qualified 
units (CLR75) are manufactured to 
meet the requirements of 
MIL-C-39006/26. 

CIRCLE NO 41 

For Data Sheet 3706, write to 
Technical Literature Service, 
Sprague Electric Company, 41 
Hampden Rd., P.O . Box 9102, 
Mansfield, MA 02048-9102. 

<iO) SPR~GUE . 
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TECHNOLOGY UPDATE 
PC-based image processing 

overlaid area by erosion, dilation, 
outlining, void filling, and fusion. 
Using the overlay as a template, 
you can measure features using 
area, perimeter, density, and edge 
parameters. 

The Chromatic Color Image 
Analysis System also lets you con­
vert image data files to DIF format 
for export to spreadsheet or statis­
tical graphics programs. You can 
organize a sequence of menu opera­
tions into a command-program file 
for automatic operation. 

For $8995 you can purchase one 
of the newest boards to enter the 
PC-based image-processing arena, 
the Image 32 board from Imagraph. 
Using IM-bit video RAM chips and 
a Hitachi ACRTC HD-63484 graph­
ics coprocessor, this 32-bit imaging 
board occupies only one slot in your 
PC/ AT's chassis, although an op­
tional piggyback board lets you 

stuff the Image-32 with 4M bytes 
of video RAM. The Image 32 spec 
sheet boasts a drawing speed of 1.3 
million pixels per sec and 32,500 
vectors per sec, assuming an image 
resolution of 40 pixels per vector. 
Dual-port memory access lets you 
transfer data at a rate of 3 million 
8-bit pixels per sec. Graphic instruc­
tions include pattern fill, 16:1 zoom­
ing, bit block transfer), hardware 
clipping, and Boolean read/modify/ 
write commands. Compatible soft­
ware includes AutoCad and Media 
Cybernetics' Image-Pro. 

An expected newcomer is 
Toshiba's $5995 IP 9506 PC/AT im­
age-processor board. Announced in 
April, the manufacturer expects to 
begin shipping production quanti­
ties of the board during the third 
quarter of 1989. Featuring To­
shiba's proprietary T9506 DSP chip 
and 3M bytes of RAM, this unit can 

For more information ... 

perform imaging math functions in 
200 nsec, compute a 1024-point 32-
bit complex FFT in 4 msecs, and 
rotate an image as quickly as 200 
nsec per pixel. Media Cybernetics 
is porting its Image Pro software 
to the IP 9506, and Toshiba plans 
to offer a 70-function subroutine li­
brary. EJllll 

Acknowledgment 
Special thanks to Alan McConnell of 
Everest Technologies (Houston, TX), 
and to Bill Morris and Scott Harmon 
of Visual Information Technologies 
(Plano, TX) for their assistance in offer­
ing background material, technical ob­
servations, and market information in 
the areas of high-performance image 
processing and analysis. 

Article Interest Quotient 
(Circle One) 

High 515 Medium 516 Low 517 

For more information on the image-processing and -analysis products discussed in this article, circle the appropriate 
numbers on the Information Retrieval Service card or use EDN's Express Request service. When you contact any 
of the following manufacturers directly, please let them know you saw their products in EDN. 
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Atronics International Inc 
1830 McCandless Dr 
Milpitas, CA 95035 
( 408) 942-3344 
FAX 408-942-1674 
Circle No 704 

BioScan Inc 
170 W Dayton, Suite 204 
Edmonds, WA 98020 
(800) 635-7226 
(206) 775-8000 
FAX 20&-775-3640 
Circle No 705 

Coreco Inc 
6969 Trans-Canada Hwy, Suite 113 
Ville St-Laurent, Quebec 
Canada H4T 1V8 
(800) 361-4997 
(514) 333-1301 
TLX 7601120 
Circle No 706 

Data Translation Inc 
100 Locke Drive 
Marlboro, MA 01752-1192 
(508) 481-3700 
FAX 508-481-8620 
Circle No 707 

Imaging Technology Inc 
600 W Cummings Park 
Woburn, MA 01801 
(617) 938-8444 
FAX 617-938--1757 
Circle No 708 

lmagraph Corp 
11 Elizabeth Dr 
Chelmsford, MA 01824 
(508) 256-4624 
FAX 617-938-8582 
Circle No 709 

Leading Edge Pty Ltd 
28 University Way 
Bellevue Heights 
S A 5050 Australia 
(08) 370-2392 
FAX 618-278-8450 
Circle No 710 

Mathematica Inc 
Box 3537 
Lakeland, FL 33802 
(813) 682-1128 
Circle No 711 

Matrox Electronic Systems Ltd 
1055 St Regis Blvd 
Dorval, Quebec 
H9P 2T4 Canada 
(514) 685-2630 
TLX 05822798 
Circle No 712 

Media Cybernetics 
8484 Georgia Ave 
Silver Spring, MD 20910 
(800) 992-4256 
(301) 495-3305 
FAX 301-495-5964 
Circle No 713 

Rediske Corp 
15005 Concord Circle 
Morgan Hill, CA 95037-5494 
(800) 543-6563 
( 408) 779-6464 
FAX 408-778-6256 
Circle No 714 

Toshiba America Inc 
Industrial Electronics 
Business Sector 
9740 Irvine Blvd 
Irvine, CA 92718 
Phone (714) 583-3000 
Fax 714-583-3134 
Circle No 715 

Truevision Inc 
7351 Shadeland Station, 
Suite 100 
Indianapolis, IN 46256 
(800) 858-8783 
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ROS(ON) - Q 

From-To 

0.021 - 0.21 

0.04 - 0.40 

0.20 - 1.30 

0.30 - 2.40 

0.65- 4.20 

Ciss ·PF 
Min. -Max. 

Die Size 
Inches (No.) 



Selection Guide: N-Channel Enhancement Mode MOSFETS (Tc= 25°C) 
* lo (Amps) vs Package Style 

MODULE F-PACK 
[SAE ][HBE J [AF ] - [DF ] Ciss Og **DIE 

BVoss Ros(ON) T0-3 T0-247 T0-254 [HCE ][PBE J T0-257 [GJ Po pF nC NO. ***APT 
Volts Ohms [AJ [BJ [C] [PCE J T0-258 [H] Watts (Max) (Max) [DJ PART NO. 

1000 0.110 76.0[PCE] 1560 26000 1350 108 10011PCEN 

1000 0.200 41 .0[P8E] 800 13000 740 107 10020P8EN 

1000 0.210 39.0[HCE] 40.0[DF] 830[F] 780[HCE] 13000 675 108 10021 [ ] N 

1000 0.400 20.5[SAE] 24.5[CF] 595[F] 400[SAE] 6500 370 107 10040 ( ]N 

1000 0.400 20.5[H8E] 400[H8E] 6500 370 107 10040 [ ]N 

1000 1.100 9.5 10.5 9.5[H] 310[8] 250[H] 2950 180 106 1001R1 [ ]N 

1000 1.300 8.5 10.0 9.0[H] 230[A] 2950 180 106 1001R3 [ ] N 

1000 2.000 6.0 7.0 5.5 240[8] 198[A] 1800 105 105 1002R [ ]N 

1000 2.400 5.5 6.5 5.0 150[C] 1800 105 105 1002R4 [ ]N 

1000 4.000 3.9 4.4 3.6 3.3[G] 180[8] 150[A] 950 55 104 1004R [ ]N 

1000 4.200 3.5 4.0 3.3 3.0[G] 125[C] 1 OO[G] 950 55 104 1004R2 [ ]N 

900 0.110 76.0[PCE] 1560 26000 1350 108 9011PCEN 

900 0.200 41.0[PBE] 800 13000 740 107 9020P8EN 

900 0.210 39.0[HCE] 40.0[DF] 830[F] 780[HCE] 13000 675 108 9021 [ ]N 

900 0.400 20.5[SAE] 24.5[CF] 595[F] 400[SAE] 6500 370 107 9040 [ JN 
900 0.400 20.5[HBE] 400[H8E] 6500 370 107 9040 [ ]N 

900 1.100 9.5 10.5 9.5[H] 310[8] 250[H] 2950 180 106 901R1 []N 

900 1.300 8.5 10.0 9.0[H] 230[A] 2950 180 106 901R3 [ ] N 

900 2.000 6.0 7.0 5.5 240[8] 198[A] 1800 105 105 902R [ ] N 

900 2.400 5.5 6.5 5.0 150[C] 1800 105 105 902R4 [ ]N 

900 4.000 3.9 4.4 3.6 3.3[G] 180[8] 150[A] 950 55 104 904R [ ] N 

900 4.200 3.5 4.0 3.3 3.0[G] 125[C] 1 OO[G] 950 55 104 904R2 [ ] N 

800 0.080 91 .0[PCE] 1560 26000 1350 108 80M80PCEN 

800 0.150 47.0[P8E] 800 13000 740 107 8015P8EN 
800 0.160 45.0[HCE] 47.0[DF] 830[F] 780[HCE] 13000 675 108 8016 ( ] N 

800 0.300 23.5[SAE] 29.0[CF] 595[F] 400[SAE] 6500 370 107 8030 ( ] N 

800 0.300 23.5[H8E] 400[HBE] 6500 370 107 8030 [ ] N 

800 0.750 11 .5 13.0 11.5[H] 310[8] 250[H] 2950 130 106 8075 [ ] N 

800 0.900 10.5 12.0 10.5[H] 230[A] 2950 130 106 8090 [ ] N 

800 1.200 8.0 9.0 7.0 240[8] 198[A] 1800 105 105 801R2 [ ] N 

800 1.400 7.5 8.5 6.5 150[C] 1800 105 105 801R4 [ ] N 

800 2.400 5.0 5.5 4.5 4.3[G] 180[8] 150[A] 950 55 104 802R4 [ ] N 
800 2.800 4.5 5.0 4.0 4.0[G] 125[C] 1 OO[G] 950 55 104 802R8 [ ] N 
750 0.080 91 .0[PCE] 1560 26000 1350 108 75M80PCEN 
750 0.150 47.0[P8E] 800 13000 740 107 7515P8EN 
750 0.160 45.0[HCE] 47 O[DF] 830[F] 780[HCE] 13000 675 108 7516 [JN 
750 0.300 23.5[SAE] 29.0[CF] 595[F] 400[SAE] 6500 370 107 7530 ( JN 
750 0.300 23.5[H8E] 400[H8E] 6500 370 107 7530 ( JN 
750 0.750 11 .5 13.0 11 .5[H] 310[8] 250[H] 2950 130 106 7575 ( JN 
750 0.900 10.5 12.0 10.5[H] 230[A] 2950 130 106 7590 ( JN 
750 1.200 8.0 9.0 7.0 240[8] 198[A] 1800 105 105 751R2 [ JN 
750 1.400 7.5 8.5 6.5 150[C] 1800 105 105 751R4 [ JN 
750 2.400 5.0 5.5 4.5 4.3[G] 180[8] 150[A] 950 55 104 752R4 [ ] N 

750 2.800 4.5 5.0 4.0 4.0[G] 125[C] 1 OO[G] 950 55 104 752R8 [ ] N 

600 0.045 122.0[PCE] 1560 26000 1350 108 60M45PCEN 
600 0.085 64.0[P8E] 800 13000 740 107 60M85P8EN 
600 0.090 61 .0[HCE] 63.0[8F] 830[F] 780[HCE] 13000 675 108 60M90 [ ] N 

600 0.170 32.0[SAE] 39.0[AF] 595[F] 400[SAE] 6500 370 107 6017 [JN 

600 0.170 32.0[H8E] 400[H8E] 6500 370 107 6017 [JN 

600 0.400 15.5 18.0 16.5[H] 310[8] 250[H] 2950 130 106 6040 [ ] N 
600 0.450 14.5 17.0 15.5[H] 230[A] 2950 130 106 6045 [ ] N 

600 0.600 11 .5 13.0 10.5 240(8] 198[A] 1800 105 105 6060 ( ] N 

600 0.700 10.5 12.0 9.5 150[C] 1800 105 105 6070 [ ] N 

600 1.300 6.5 7.5 6.5 5.5[G] 180[8] 150[A] 950 55 104 601R3 [ JN 
600 1.600 6.0 6.5 5.5 5.0[G] 125[C] 1 OO[G] 950 55 104 601R6 [ JN 

Notes: 
*Package style is defined by letters in brackets (to be included in APT part number) . 
The only available package styles are those shown with specific values for lo (amps) ; loM = 4 X lo. 

**Die products are offered in individual die and whole wafer forms. Maximum continuous current (lo) for dice depends on packaging conditions (thermal resistance) . 
***Complete part number requires "APT" prefix and package style, i.e., APT1001R3BN (for package style [B] ). 



* lo (Amps) vs Package Style 

MODULE F-PACK 
[SAE][HBE] [ AF ] - [ DF] Ciss Q g **DIE 

BVoss Ros(ON) T0-3 T0-247 T0-254 [ HCE][PBE J T0-257 [ G ] Po pF nC NO. ***APT 
Volts Ohms [ A ] [ B J [ C J [ PCE J T0-258 [ H J Watts (Max) (Max) [ DJ PART NO. 

'- I 

550 0.045 122.0[PCE] 1560 26000 1350 108 55M45PCEN 

550 0.085 64.0[P8E) 800 13000 740 107 55M85P8EN 

550 0.090 61 .0[HCE] 63 0[8F] 830[F] 780[HCE] 13000 675 108 55M90 [ JN 

550 0.170 32.0[SAE] 39.0[AF] 595[F] 400[SAE] 6500 370 107 5517 [ JN 

550 0.170 32.0[H8E] 400[H8E] 6500 370 107 5517 [ JN 

,·1 550 0.400 15.5 18.0 16.5[H] 310[8) 250[H] 2950 130 106 5540 [ JN 
r 550 0.450 14.5 17.0 15.5[H] 230[A] 2950 130 106 5545 [ JN 

550 0.600 11 .5 13.0 10.5 240[8) 198[A) 1800 105 105 5560 [ JN 

550 0.700 10.5 12.0 9.5 150[C] 1800 105 105 5570 [ JN 

550 1.300 6.5 7.5 6.5 5.5[G] 180[8) 150[A] 950 55 104 551R3 [ JN 

550 1.600 6.0 6.5 5.5 5.0[GJ 125[C] 100[GJ 950 55 104 551 R6 [ ] N 

500 0.030 152.0[PCE] 1560 26000 1350 108 50M30PCEN 

500 0.055 80.0[P8E] 800 13000 740 107 50M55P8EN 

500 0.060 76.0[HCE] 78.0[8F] 830[F] 780[HCE] 13000 675 108 50M60 [ ] N 

500 0.110 40.0[SAE] 49.0[AF] 595[F] 400[SAE] 6500 370 107 5011 [J N 

500 0.110 40.0[H8E) 400[H8E] 6500 370 107 5011 [ JN 

500 0.250 20.0 23.0 21 .0[H] 310[8) 250[H] 2950 130 106 5025 [ ] N 

500 0.300 18.0 21.0 19.0[H] 230[A] 2950 130 106 5030 [ ] N 

500 0.400 14.5 16.0 13.0 240[8] 198[A] 1800 105 105 5040 [ ] N 

500 0.500 13.0 14.0 11 .5 150[CJ 1800 105 105 5050 [ JN 

500 0.850 8.5 9.5 8.0 7.0[GJ 180[8] 150[A] 950 55 104 5085 [ JN 

500 1.100 7.5 9.0 7.0 6.5[G] 125[C] 1 OO[G] 950 55 104 501R1 [ ] N 

450 0.030 152.0[PCE] 1560 26000 1350 108 45M30PCEN 

450 0.055 80.0[P8E] 800 13000 740 107 45M55P8EN 

450 0.060 76.0[HCE] 78.0[8F] 830[F] 780[HCE] 13000 675 108 45M60 [ JN 

450 0.110 40.0[SAE] 49.0[AF] 595[F] 400[SAE) 6500 370 107 4511 [ ] N 

450 0.110 40.0[H8E] 400[H8E] 6500 370 107 4511 [ JN 

450 0.250 20.0 23.0 21 .0[H] 310[8] 250[H] 2950 130 106 4525 [ JN 

450 0.300 18.0 21 .0 19.0[H] 230[A] 2950 130 106 4530 [ JN 

450 0.400 14.5 16.0 13.0 240[8) 198[A] 1800 105 105 4540 [ JN 

450 0.500 13.0 14.0 11 .5 150[C] 1800 105 105 4550 [ JN 

450 0.850 8.5 9.5 8.0 7.0[GJ 180[8] 150[A] 950 55 104 4585 [ ] N 

450 1.100 7.5 9.0 7.0 6.5[GJ 125[C] 1 OO[GJ 950 55 104 451R1 [J N 

400 0.021 183.0[PCE] 1560 26000 1350 108 40M21PCEN 

400 0.040 95.0[P8E] 800 13000 740 107 40M40P8EN 

400 0.042 92.0[HCE] 95.0[8F] 830[F] 780[HCE] 13000 675 108 40M42 [ JN 

400 0.080 47.0[SAE] 58.0[AF] 595[F] 400[SAE] 6500 370 107 40M80 [ ] N 

400 0.080 47.0[H8E) 400[H8E] 6500 370 107 40M80 [ ] N 

400 0.200 22.5 26.0 23.5[H] 310[8] 250[H] 2950 130 106 4020 [ JN 

400 0.250 20.0 23.0 21 .0[H] 230[A] 2950 130 106 4025 [ JN 

400 0.300 17.0 18.5 15.0 240[8] 198[A] 1800 105 105 4030 [ JN 

400 0.400 14.5 16.0 13.0 150[CJ 1800 105 105 4040 [ JN 

400 0.650 10.0 11 .0 9.0 85[G] 180[8] 150[A] 950 55 104 4065 [ JN 

400 0.800 9.0 10.0 8.0 7.5[G] 125[C] 1 OO[G] 950 55 104 4080 [ JN 

350 0.021 183.0[PCE] 1560 26000 1350 108 35M21 PCEN 

350 0.040 95.0[P8E] 800 13000 740 107 35M40P8EN 

350 0.042 92.0[HCE] 95.0[8F] 830[F] 780[HCE] 13000 675 108 35M42 [ ] N 

350 0.080 47.0[SAE] 58.0[AF] 595[F] 400[SAE] 6500 370 107 35M80 [ JN 

350 0.080 47.0[H8E] 400[H8E] 6500 370 107 35M80 [ JN 

350 0.200 22.5 26.0 23.5[H] 310[8] 250[H] 2950 130 106 3520 [ ] N 

350 0.250 20.0 23.0 21 .0[H] 230[A] 2950 130 106 3525 [ JN 

350 0.300 17.0 18.5 15.0 240[8] 198[A] 1800 105 105 3530 [ ] N 

350 0.400 14.5 16.0 13.0 150[CJ 1800 105 105 3540 [ JN 

350 0.650 10.0 11 .0 9.0 8.5[G] 180[8] 150[A] 950 55 104 3565 [ JN 

350 0.800 9.0 10.0 8.0 7.5[GJ 125[C] 1 OO[G] 950 55 104 3580 [ JN 

200 0.011 257.0[PCE] 1560 26000 1350 108 20M11PCEN 

200 0.020 137.0[P8E] 800 13000 740 107 20M20P8EN 

200 0.021 131 .0[HCE] 780[HCE] 13000 675 108 20M21 [J N 

200 0.040 68.0[SAE] 83.0[8F] 595[F] 400[SAE] 6500 370 107 20M40 [ ] N 

200 0.040 68.0[H8E] 400[H8E] 6500 370 107 20M40 [ JN 



APT Package Styles (Maximum Outline Dimensions in Inches, Excluding Leads) 

[A] [B] [C] [G] [H] 
T0-3 (T0-204AA) T0-24 7 T0-254 T0-257 T0-258 
1.54 x 1.050 x 0.360 0.845 x 0.640 x 0.208 0.800 x 0.545 x 0.255 0.655 x 0.420 x 0.185 0.800 x 0.695 x 0.255 
Steel, Non-Isolated Plastic, Non-Isolated Hermetic, Isolated Hermetic, Isolated Hermetic, Isolated 

[AF] 
F-PACK (350-600V) 
1.506 x 2.006 x 0.360 

Hermetic, Isolated 

[BF] 
F-PACK (350-600V) 
1.506 x 2.006 x 0.360 

Hermetic, Isolated 

[CF] 
F-PACK (750-1000V) 

1.506 x 2.006 x 0.360 
Hermetic, Isolated 

[OF] 
F-PACK (750-1000V) 

1.506 x 2.006 x 0.360 
Hermetic, Isolated 

[PBE] [HBE] 
3.70 x 1.34 x 1.38 
Plastic, Isolated 
[HCE] [PCE] 

4.25 x 2.44 x 1.457 
Plastic, Isolated 

[SAE] 
2.11 x 1.44 x 1.11 
Plastic, Isolated 

APT Power MOSFETs Provide the Most Efficient EledricaVMechanical Designs 
Comparisons of SOOV APT and "IRP' Standard Parts for Ros(ON) vs Ciss, Q9, trr, and ROjc 

Note: Data extracted from current manufacturers' data sheets. 
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90-132/180-264VAC, 47-63Hz, 
WITH AUTOMATIC SELECTION 

UUCSA/TUVNDE APPROVALS 

FULLY ENCLOSED - VIRTUALLY 
ELIMINATES UUCSA/TUV 

TESTING OF YOUR SYSTEM 

MODEL PAC 150-01 
+5VDC@ 16A 

+ 12VDC @ 5/SA 
12VDC @ 3/4.5A, isolated 

-12VDC @3A 
-5VDC@ 0.5A 

FAN PROVIDES SYSTEM COOLING 

Power, approvals and 
cooling - Condor's ne N 

"PAC" Series enclosed 
switching power suppU.!s 
have it all! 
Want to save a lot of time on your m~xt 
project? Just bolt a "PAC" Series power 
supply in place, plug into its mating amp 
connector and you're ready to go! 

All "PAC" models feature fans for system 
cooling, and inside the system, they mount 
to an outside surface and include on/off 
switches, IEC 380 AC input plugs and air 
exhausts, all on that surface. Best of all, thny 
automatically switch from 115 to 230VAC! 

"PAC" Series features: 
• 17 models, 4 power levels - 85 to 185 

watts 
EDN August 3, 1989 

• Multi-output - up to 5 outputs 
• Fully protected- factory-set current limit, 

built-in CNP and reverse voltage protection 
• Full load burn-in and 2-year warranty 
• Powerfail signal at 15<JN and 185W levels 
• High peak current disk drive outputs as 

well as closely regulated 3-terminal 
outputs 

• Extremely versatile output configurations 
for tough applications 

• Isolated outputs can be used for positive 
or negative sources or in series with other 
outputs 

• Pass vibration and shock per MIL-STD 
8100 

The entire "PAC" Series is fully approved 
by CSA, UL, and TUVNDE, and tested for 
compliance with VDE 0871 Level Band FCC 
Class B. 

Why not try Condor's "PAC" Series power 
supplies for yourself? Call us today for a free 
30-day evaluation unit! 

CIRCLE NO 42 

Send for 
our free 
catalog! 
250 power supplies! 
Switchers and linears! 
Open frame and enclosed! 
Custom capability! 

ONDORINC. 
... __ OCl'OWER WPPUES 

2311 Statham Parkway, Oxnard, CA 93030 
(805} 486-4565 • TWX: 910-333-0681 
FAX: (805) 487-8911 
CALL TOLL-FREE: 1-800-235-5929 (outside CA) 
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he New Harris 
Semiconducto[ 
Wherever theres 
no second chance, 
we're number one. 

Whenever there's no second chance for your 

circuit designs. you need the reliability and 

experience of the semiconductor leader in military 

and aerospace. The New Harris Semiconductor. 

Our recent integration of three semi­

conductor leaders-Harris, RCA, and GE-focuses 

even greater resources on our long-standing expertise 

in harsh environments. We have a complete division 

dedicated to military and aerospace 

semiconductor design and develop­

ment-giving you the assurance 

of program management. 

parts control, design, 

documentation and 

manufacturing optimized for 

your unique needs. II We serve 

your needs by meeting virtually every military standard. 

Our MIL Certifications M38510, BS9000, and S19500, both 

Class Band Class S facilities and products. and OML 

1 . 1 • • beta site status help you meet reliability 

,, , ~hV requirements on your total bill of materials. And 

• . -~ give you the confidence of a partner whose exper­

ience extends from the space shuttle 

Columbia to the space station 

Columbus. from Voyager to 

Magellan, from the F-16 to ATA/ATF. 

from AMRAAM to SADARM and far beyond. 

In fact. for projects such as SINCGARS, we supplied 

everything from power, ASICs, digital, microprocessors, 

to COMSEC components . II A single vendor 

now does it all , giving you the full breadth of rad-hard products 

and technology. Over 246 functions from 

power transistors to microprocessors, 

from logic to analog, from memory 

to ASICs . For every 

application 

from 3K-rad 
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tactical to mega-rad space and 

- strategic systems. II 
~'.3lll 

Harris has built its reputation 

on custom circuits, with rad-hard 

capabilities designed in. No wonder we offer some 

of the most complete custom and semi custom 

capabilities in the industry-including 

analog, digital, and smart power. 

We offer a full complement of design 

tools and simulators for all phases of 

the design process. Our rad-hard and 

mil temp libraries speed your time to 

market. And our worldwide design 

centers work with you to ensure 

ASICs that work first time, 

on time. II Moreover, 

our custom, semicustom and 

standard products offer a range 

of technologies unequalled in 

the industry-DI bipolar, CMOS, 

SOS/SOI, biCMOS and GaAs. 

II As inventors of 

CMOS, we offer a full line 

of low-power, high-noise 

immunity products 

ideal for signal 

processing and 

control. And a full line 

of logic devices from 

the CD4000 to the 
54HC and 54AC with 

advanced CMOS logic for replacing power-hungry TIL. 

We give you the power to control your designs, 

too. Including over 60 OPL MOSFETs, 

and bipolar transistors, 

and N/P channel rad-hard 

MOSFETs at up to 500V. 

And we also can 

provide over 50 MDV 
SMD/DESC drawings. 

II And for "real 

world" analog problems, 

our dielectric isolation process 

offers products with unprecedented 
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performance; such as high­

speed op amps with slew 

rates to 1000 VI µsec, and 

multiplexers with active 

overvoltage protection. We 

have high-speed analog 

switches and precision/low-power amplifiers, too-all 

designed for and guaranteed to military specifications. 

And in GaAs, we provide both 0.5 micron and 1 micron 

processes with 0.25 micron in development. Plus 

we're MIMIC program participants, offering 

both custom and standard products 

through our domestic turnkey 

in-house manufacturing. 

Moreover, 

we're expanding our 

facilities at Melbourne, 

Florida to 

continue our 

commitment .. 

to world­

class, 

mil spec IC 

production. Our ongoing 

SPC and TOC programs provide 

you with levels of reliability unavailable just a few 

years ago. And our RHAP '" (Rad-Hard Assurance Program) 

gives you guaranteed rad-hard standard products for tactical 

applications. II So wherever there's no second chance, 

look to number one. The New Harris Semiconductor. II 
Write or call .1-800-4-HARRIS today for our free quick reference 

guide to all our military and aerospace capabilities. Or our 

digital and analog military data books. II At the New 

Harris Semiconductor, 

you'll find whatever 

your vision of the 

future demands. 

Today. 

~ HARRIS 
...., SEMICONDUCTOR 

HARRIS · RCA GE · INTERSIL 

What your vision of the future demands. Today. 
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Anyone looking for the best Electronic Design Automation (EDA) solutions 

would undoubtedly consider Mentor Graphics, Racal Redac, Cadence or VlSI 
Technology Four companies whose superior applications and powerful capabilities 
place them squarely at the forefront of their markets. 

Likewise, when these four industry leaders went looking for the best hardware 
on which to develop and run their software, they chose Apollo. Discovering that our 
Series 3Soo:M Series 4500™ and Series lOOOO™ workstations provided ideal platforms 
for everything from IC layout to full system design. 

What appealed to them were the same things that appeal to the thousands of 
engineers who've come to depend on our machines. They liked our open network-
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ing and advanced UNIX® operating system. Qualities that make it easy for develop­
ers to work together productively, allowing them to access all the information and 
processing power needed to get a job done. 

They appreciated a complete family of compatible workstations that starts as 
low as $5490. Assuring solutions to applications as familiar as simulation or as for­
midable as microwave design. 

And they admired system administration features so efficient that even a net­
work with hundreds of users can be managed by just one person. 

As you can see, if you're looking for the perfect EDA workstation, you have lots 
of options. And fortunately all of them are built by Apollo. 

apollo 
A subsidiary of 
F/,;JI HEWLETT 
~/.:a PACKARD 

For more information , call 1-800-323-1846 (in MA: 1-800-84 7-1011) or write Apollo Computer Inc., 2 70 Billerica Road , Chelmsford, MA 01824. 
Series 3500, Se1ies 4500 and Series 10000 are trademarks of Apollo Computer Inc. UNIX is a registered trademark of AT&T. 
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The VME Volksclosure. 
$995. Ready to Run. 

Finally. The economies of mass production catch up 
with VME and Multibus II enclosures. 

Introducing the Volksclosure, Electronic Solutions' 
economy model enclosure with turbo performance. All 
you do is add cards and peripherals for a complete, 

You do get a choice between two multiple-output power 
supplies: 190 Watts with 19A at + 5V or 270 Watts with 
30A at+ 5V. You can also choose aJ2 backplaneforVME 
extended addressing or iLBX II for a Multibus II system. 

Most important, while the Volksclosure costs less, you 
attractive desktop computer. 

With the Volksclosure (also known 
as our Model One) everything comes 
standard: six VME or Multibus II slots, 
space for three half-height 51/4" disk 
drives, and a high-performance 
six-layer backplane all in a highly 
tooled enclosure with our handsome 
front panel that hides those ugly 
connectors and cables. 

We' II FAX you the facts 
Want the latest data in a hurry? Nothing is faster 
than Electronic Solutions' new " FAX the FACTS " 
program. If you have a FAX machine, just call our 
" BOO" number, give us your FAX number and 
type of FAX machine, and the information you 
need from us. We 'll FAX it to you immediately. 

don't get less. It fully reflects Electronic 
Solutions' commitment to quality and 
performance. For example, ~1" Yl-t 
it meets UL and CSA ~~<#><\ 
safety standards and ~ j; 
FCC Class A EM l/RFI \) " ~ 
specs to the letter. •..t .rra 1" + 

The New Volksclosure. How 
to get a lot more mileage from your 
packaging budget. Call right now 
for complete details. 

6790 Flanders Drive, San Diego, CA 92121 · (619) 452-9333 Telex ll(TWX): 910-335-1169 

Call Toll Free: (800)854-7086 In Calif: (800)772-7086 
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PRODUCT UPDATE 

256k-bit static RAM has 
35-nsec access time 
Although, with the help of Toshiba, 
Motorola has recently re-emerged 
as a domestic dynamic-RAM 
(DRAM) supplier, the-company, 
along with most other us· suppliers, 
virtually abandoned the DRAM 
market several years ago. Instead 
of beating its head against the wall 
of below-cost selling prices offered 
by the market-share-driven .Japa­
nese, Motorola elected to focus its 
resources on becoming a world 
leader in fast static RAMs. Witness 
the latest addition to its broad line. 

Organized in a 32k x 8-bit con­
figuration, the 256k-bit MCM6206 
static RAM features a maximum ac­
cess time of 35 nsec. Designed for 
use in high-speed main-memory or 
cache-memory applications in desk­
top personal computers and work­
stations, the MCM6206 is particu­
larly suited for use with 32-bit µPs 
that require larger and faster 
memories than their predece. sors. 
In most cases, the MCM6206 allows 
the µP to operate with no wait 
states. Personal computers can also 
take advantage of the MCM6206's 
32k x 8-bit configuration for their 
byte-wide organization. 

The MCM6206, which operates 
from a 5V supply, is fully static-no 
clock or timing strobes are neces­
sary. Other features include an 
automatic power-down function 
that reduces power requirements, 
an output-enable function that al­
lows 15-nsec access to the memory 
contents, and 3-state outputs. 

Fabricated in the company's 1.2-
µm silicon-gate HCMOS technol­
ogy, the MCM6206 is available in 
either a 28-pin plastic DIP or a 28-
lead space-saving SOJ surface­
mount package for $60 (1000). 

According to the company, future 
members of the 256k-bit family will 
attain even faster performance with 
1-µm processing. For example, the 
64k x 4-bit MCM6208 and MCM-
6209, as well as a sister device, the 
256k x 1-bit MCM6207, will operate 
at 20 nsec. The company expects 
to have these products available for 
sampling in the fourth quarter of 
1989.-Dave Pryce 

Motorola In c, MOS Memory 
Products Div, Box 6000 , Austin, 
TX 78762. Phone (51 2) 928-6700. 
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Avail.able in 28-pin DIP and 28-lead SOJ packages, the MCM6206 32k x 8-bit static RAM 
has a maximum access time of 35 n'·ec, which allows rrwst microprocessors to operate at 
designed speeds with no wait states. 
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• Free Canpult11111M011111i• 
• Training 
• 2 year warnnty 
• 30 day money back guanntee 

Call for FREE Catalog 
(800) IEEE-488 • (512) 794-0100 

lllTllllAL 
mlfllllllillfl ® 
TIN Sofl-rfl la - /ru'"'-' TM 

12109 Technology Blvd. 
Austin, Texas 78727-6204 
Japan (3) 788-1921 • Frana: ( l) 486-S3370 

Unlttd Klnplom (06) 355-23545 • West Gnmaay (89) 80-7081 
Italy (2) 984-91071 -2-3 • Tbt Ndherlancl.'i (7) 099-6360 
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SUNRISE ELECTRONICS, INC. 

A WHOLE NEW WAY TO 
PROGRAM EPROMs, 

PLDs, and MCUs 
In-circuit Programming lets you 

program your EPROMs atter they have 
been installed in your circuit carcL It is 
the most efficient and most reliable way 
to program. It simplifies your 
manufacturing process and reduces your 
documentation. It also eliminates sockets, 
labeling and insertion related failures. 

Our programmers can program 
multiple data files into different cards 
simultaneously. In addition we test the 
cards automatically atter they are 
programmed. 

Best of all, we do alt the work for you. 
Sunrise in~ircuit programmers can be 
delivered as complete turnkey systems, 
or you can develop your own interface 
using the built-in self guided menu driven 
software. 

~ 
T-8000 HIGH VOLUME 
IN-CIRCUIT PROGRAMMER 
• Program 48 or more cards at a time 
• 40 MB hard disk, dual floppy drives 
• 660 Wans of programming power 
• MS-DOS compatible 

T-6000 
BRIEF CASE 
PORTABLE 
IN-CIRCUIT 
PROGRAM· 

MER 

• Optional litt out UV board size eraser 
• Program several beards in one pass 
• 3.5 inch, 1.2 MB floppy 
• Rugged , shock mounted case, water 

tight 

T-5000 TRANSPORTABLE 
MS·DOS BASED IN-CIRCUIT 
PROGRAMMER 
• Program several boards in one pass 
• 20 MB hard disk, 3.5 inch floppy 
• Rugged, shock mounted construction 

T-4000 LOW COST 
IN-CIRCUIT PROGRAMMER 
• Customer supplies IBM AT or 

compatible 
• Program whole circuit cards in one 

pass 
• Supplied turnkey or develop your own 

interface using built-in self guided, 
menu driven software 

See our complete llne of Universal 
end Gang programmers 

. SUNRISE ELECTRONICS, INC. 
524 S. Vermont Ave, Glendora, CA 91740 

(818) 914-1926 
FAX (818) 914-1583 
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PRODUCT UPDATE 

Analog/ digital array 
is rated at 350V 
Combining high-voltage DMOS and 
PMOS linear devices with low­
voltage CMOS logic, the ALA501 
semicustom array from AT&T is 
suitable for use in a wide range of 
applications, including bidirectional 
analog switching, display driver, in­
dustrial control, automotive, and 
telecommunications. Using dielec­
tric isolation in the fabrication proc­
ess, the ALA501 is free from para­
sitic latch-up problems that some­
times plague junction-isolated tech­
nologies. 

Using its CMOS logic and 350V­
rated DMOS/PMOS devices, the 
AL501 accepts TTL or CMOS logic 
inputs-such as those from a micro­
processor-and interfaces to a high­
voltage load, such as a motor or a 
solenoid. The ALA501 mixed-mode 
array can interface directly with 
high-voltage power supplies or with 
an ac power line. As a result, the 
ALA501 can perform functions tra­
ditionally reserved for discrete 
high-voltage FET devices. 

The monolithic array, which con­
sists of four identical high-voltage 
tiles and four logic tiles, contains a 
wide variety of uncommitted active 
and passive components. The high­
voltage section contains eight large 
DMOS transistors, eight small 
DMOS transistors, eight small 
PMOS transistors, and eight di­
odes. The large DMOS transistors' 
typical on-resistance is 650 at 10 
mA. 

The control circuitry devices in­
clude eight p-channel FETs, four 
26V zener diodes, 16 8V zener di­
odes and 104 polysilicon resistors. 
The resistors range in value from 
10 to 800 kD and have a 30% toler­
ance . 

The logic section features 35 
equivalent gates of 5-µm CMOS 

The ALA501 semicustom analog/digital ar­
ray combines 350V DMOS transistors with 
CMOS logic. The monolithic chip also con­
tains zener diodes and polysilicon resistors. 

logic in a cellular arrangement. 
Each cell contains five PMOS and 
five NMOS devices from which it 
is possible to construct 2.5 equiva­
lent logic gates. Also contained on 
the array are 36 ESD-protected 
bonding pads and a thermal shut­
down circuit. 

AT&T's design kits include Spice 
models, kit parts for breadboar­
ding, a technical design guide, and 
layout plots. Using this kit, custom­
ers can design and lay out a proprie­
tary circuit. AT&T then does a de­
sign review, develops test proce­
dures for the device, and returns 
functioning prototypes to the cus­
tomer within six to eight weeks af­
ter design acceptance. Pricing for 
the ALA501 is $6 in die form and 
$7 in a plastic DIP (10,000). 

- Dave Pryce 
AT&T Microelectronics, Dept 

50AL330240, 555 Union Blvd, Al­
lentown, PA 18103. Phone (800) 
372-2447; in Canada, (800) 553-
2448. 

Circle No 730 

EDN August 3, 1989 



z I L 0 G 

The next standard. 
A new generation of high perf onnance SC Cs. 

Zilog's universal serial communication controller, the 
USC (Zl6C30'"), provides higher th roughput than any gen­
eral purpose sec. And it does it while reducing the CPU 
workload 60%. 

Superintegratian'" and 
the communicationS Market~ 

to tlJe demand for more '.nte~ 
Developed as an answer . , .1 's Superintegration 

gration tban AS/Cs could proVlp~l;~':!wingfamily of appli· 
k!C/JnO/ogy bas resulted in'::: 15 ( ASSPs), also known as 
catiOn specific standard p . uc CB/Cs Working CPU 
cell-based ;nregraled circu1ts,l~rb ve ~combined and 

nd l'r!rlpberals cores and ce a bey use the same 
~need for specific apndpl~::~;!!t~ts you 're already 

ven architectures a. ins 
pro working WJlh. des( nersfor the communications 

SystemSded slcs with more speed. But 
market nee . >erformance away from 
that ml!4nl tailing Jftbal was not acceptable. 
tbe CPU. A trade·oj · tegration 

7be use, first of a family 01:;1:",'~nced 
SCCs, is a soJutiOn tbal proVI "der 

perj{Jrmance and relialJility. Consi. Jearfior even 
. betU!&ts Nou the way is c 

tbe far-feacbing ~· · lo be developed. 
more bi&bly integra~ ~· bas a more complete 

And ConsUJer tbis. t:' CONJ; system cells, or // O bolt· 
1"""" of proven~!ie;::ic bell•~ qualified to de11elop 

tl»n Zllog. NIJUfM.Y IS • 
::, deliver Superintegratwn ,'Jarts. 

More speed. 
The USC is four times faster than any general purpose 

SCC. You get guaranteed data rates of 10 Mbits/ sec. But speed 
is not the only USC advantage. 
More CPU power. 

The USC requires less attention from the system CPU. 
That means more power for the system. The USC's lower 
overhead is due to easy initialization, auto-sequencing word 
transfers from deep FIFOs, fly-by OMA control, and reduced 
latency from an efficient, chained interrupt structure. 
More flexibility. 

You've got two completely independent channels, as well 
as multi-protocol capability. Because the USC has two BRGs 
per channel you can transmit and receive at two different bit 
rates. And the USC's universal bus interface means you can 
cut the cost of GLU logic and expensive board real estate. 
More performance. 

CMOS and Superintegration·· bring more CPU power and 
higher data throughput. The USC carries a 12.S MByte/ sec bus 
bandwidth punch. Straight OMA connect and 32-byte FIFOs 
make the USC's systems simple, elegant and fast. Very fast. 
More reliability. 

With the USC you get Zilog's proven quality and 
reliability. Unique built-in testability features allow acces.s to 
nodes and registers for testing program fu nctionality in real 
time. Find out more about the USC or any of Zilog's growing 
family of Superintegration products. Contact your local Zilog 
sales office or your authorized distributor today. Zilog, Inc., 
210 Hacienda Ave ., Campbell, CA 95008, ( 408) 370-8000 

Right product. Right price. Right away. ~ Zilm 
ZILOG SALES omcES, CA (408) 370·8120, (714) 838·7800. (818) 707-2160. co (303) 494·2905. FL (813) 585·2533. GA (404)923·8500. IL (312) 517·8080, MA (617) 273-4222, MN (612) 831·7611 , 
NJ (201) 288·3737, OH (216) 447-1480. PA (215) 653-0230. TX (214) 987·9987. CANADA Toronto (416) 673·0634, ENGLAND Maidenhead (44) (628) 39200. 'II'. GERMANY Munich (49) (89) 612-6046, 
JAPAN Tokyo (81) (3) 587·0528, HONG KONG lowloon (852) (3) 723-8979. KOREA (82) (2) 552-5401, TAl'll'AN (886) (2) 741·3125, SINGAPORE 65·235 7155, DISTRIB UTORS, U.S. Anthem Electric, 
Bell Indus., Hall-Mark Elec., JAN Device~ Inc., Li mex Corp .. Schweber Elec .. Western Microtech. CANADA Future Elec .. SEMAD, LATIN AMERICA Argen lina-Yel. -( 1) 46-2211, Brazi l- Digibyte (011) 241· 
3611 , Mexico-Semioonductores Profesionales (5) 536-1312. 
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OKI SYSTEM TECHNOLOGIES. 

With OKI SYSTEM TECHNOLOGIES we bring it 
all together, an advanced ASIC family, system­
oriented flexibility and comprehensive technical 
support. Oki gives you a full range of solutions. 
And we do our best from start to finish to ensure 
they precisely match your design objectives and 
total system needs. 

ASIC technology doesn't stand still 
To cover today's wide range of needs, Oki has already 
introduced 1.2µ standard cells, 1.2µ high-speed gate 
arrays and 1.5µ Sea-of-Gates gate arrays. Because tech­
nology never stops, as the 1990s draw near Oki is ready­
ing a next-generation of CMOS ASIC families based on 
advanced 0.8µ technology. 

High-performance f a11lt coverage 
The ultimate test of an ASIC design is final in-product 

operation. Oki is ready to help you pass that one the 
first time around. 

Introducing Automatic Test Generation (ATG), a 
powerful system for automatic test program generation 
that achieves more than 95% fault coverage with little 
loss of space or performance. You'll find ATG running 
on mainframes at Oki design centers. 

Meeting c11stomers more than half waJ' 
Total customer satisfaction is at the core of OKI SYS­

TEM TECHNOLOGIES. That's why we not only 
maintain large teams of field engineers, but staff and 
operate design centers across the U.S., Europe, Asia and 
Japan. Oki provides total project assistance, from ASIC 
design, testing, packaging and manufacturing to system 
components and modules. And, of course, technology 
assistance is available at any development stage. 

Oki Electric Industry Co., Ltd. Oki Semiconductor Group 
Electronic Devices Group 785 North Mary Avenue, Sunnyvale , 
Overseas Marketing Group CA 94086, U.SA 
7-5-25 Nishishinjuku, Shinjuku-ku, • Tel:408-720-1900 • Fax:408-720-1918 
Tokyo 160, Japan • Telex:296687 OKI SUVL 
• Tel : 3-5386-8100• Fax : 3-5386-8110 
• Telex :J27662 OKIDENED 

Oki Electric Europe GmbH 
Hellersbergstr. 2, D-4040Neuss1 , 
West Germany 
• Tel:2101-15960 • Fax:2101-103539 
• Telex:8517427 OKI D 
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Oki Electronics (Hong Kong) Ltd. 
Suite 1801 -4, Tower 1 
China, Hong Kong City, 33 Canton Road ., 
T.ST KLN, Hong Kong 
• Tel:3-7362336 • Fax:3-7362395 
• Tel ex:45999 OKI HK HX 

OKI 
Oki Electric Industry Co., Ltd. 
Tokyo, Japan 99 
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EDN SPECIAL REPORT 

-
High-resolution 

A/D converters 

EDN August 3, 1989 

Anne Watson Swager, Associate Editor 

D esigners' seemingly in­
satiable appetite for higher resolution and faster con­
version speed has spawned a new generation of AID 
converters that provide a flexibility not previously 
available. The new 22-bit converters combine high ac­
curacy, an extremely wide dynamic range, and micro­
processor compatibility in a modular package. These 
features make them an attractive alternative to bulky 
benchtop DVMs. In addition, new oversampling tech­
niques have significantly reduced the cost of 16- to 
20-bit converters over those using more traditional 
techniques. 

Three manufacturers currently offer oversampling 
(also known as sigma-delta and delta-sigma) converters 
and others are planning to enter the market soon (see 
box, "Converters couple analog and digital filtering"). 
Many of the manufacttirers of high-resolution products 
are mainstream players in the data-converter market­
place. Analog Devices, Analogic, Burr-Brown, and Mi­
cro Networks all have experience designing high-reso-
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The oversampling 
architecture achieves high-resolu­

tion at a low cost. 

lution ADCs. However, Thaler Corp's first converter 
is a 20-bit high-accuracy ADC, and Motorola has en­
tered the field with an oversampling converter. Prema 
Precision Electronics, a West German manufacturer 
of precision multimeters, produces a 25-bit ADC that 
is the highest-resolution converter available. These 

high-resolution converters are dedicated ADCs, not 
products that include internal ADCs and DACs and 
function as analog interface circuits. 

According to many ADC manufacturers, the main 
reason for the movement toward higher and higher 
resolution is that data-acquistion-system designers 
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Converters couple analog and digital filtering 

The fundamental function of 
oversampling converters, also 
called delta-sigma or sigma-delta 
converters, is to perform a sim­
ple, low-resolution conversion 
and reduce the resulting quanti­
zation noise with analog and digi­
tal filtering. To accomplish this 
task, these converters utilize an 
analog modulator and a digital fil­
ter. The modulator simultane­
ously samples the analog signal 
and shapes the large amount of 
quantization noise. 

A simplified model of a first­
order modulator (Fig A) illus­
trates the noise-shaping princi­
ple. The summing node to the 
right of the integrator represents 
a comparator. It's here that sam­
pling occurs and quantization 
noise is injected into the model. 

The signal and noise transfer 
functions that correspond to this 
block diagram, also shown in Fig 
A, illustrate the modulator's main 
action. As the loop integrates the 
error between the sampled signal 
and the input signal, it low-pass 
filters the signal and high-pass fil­
ters the noise. In other words, 
the signal is left unchanged as 
long as its frequency content 
doesn't exceed the filter's cutoff 
frequency, but the loop pushes 
the noise into a higher frequency 
band. Grossly oversampling the 
input causes the quantization 
noise to spread over a wide band-

SIGNAL TRANSFER FUNCTION: Y(S) = [X(S) - Y(S)Ji 
(WHEN N(S) = 0) _! 

.'!'{§) = _ S_ = - 1- : LOWPASS FILTER 
X(S) 1 + _! S + 1 

s 

NOISE TRANSFER FUNCTION: Y(S) = -Y(SJ-§ + N(S) 
(WHEN X(S) = 0) • 

21fil = _ 1_ = _ S_ :HIGHPASS FILTER 
N(S) 1 + _! S + 1 

s 

Fig A-A simplified model of a first-arder sigma-delta modulator and its carrespond­
ing signal and noise transfer functions illustrate the modulator's main purpose: to 
high-pass filter the quantization noise and to push it into a higher-frequency band. 
(Diagram courtesy M otorola) 

width and the noise density in the 
bandwidth of interest to signifi­
cantly decrease. 

Filtering noise is the primary 
purpose of the digital filtering 
stage. Its secondary purpose is 
to take a 1-bit data stream that 
has a high sample rate and trans­
form it into a 16-bit data stream 
at a lower rate. This process is 
known as decimation. Essen­
tially, decimation is both an aver­
aging function and a rate reduc­
tion function performed simulta­
neously. The output word rate 
will be some ratio of the internal 
sampling rate. 

Fig B is a spectral representa­
tion of the sigma-delta conversion 
process. Note that a delta-sigma 

ADC doesn't provide noise rejec­
tion in the region around integer 
multiples of the sampling rate. If 
system noise exists in these 
bands, you can usually remove it 
at the converter's input with a 
simple, single-pole RC filter. 

Although all sigma-delta con­
verters perform the same func­
tions, each does them with its 
own, generally proprietary cir­
cuit. For instance, the modulator 
stage can be second order, such 
as in Crystal's CS5317 and 
CS5503; third order, as in Mo­
torola's 56ADC; or fourth order, 
as in Crystal's CS5326. The ratio 
of the internal sampling rate to 
the input signal's maximum band­
width can also vary. The CS5317 
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want to make use of every bit of their transducers' 
resolution. They feel that if there has to be a limiting 
factor in the system it should be the transducer, not 
the ADC. Another reason is that higher-resolution con­
verters can provide additional and often critical details 
about a set of data. 

(a) 
5 kHz 
f_3dB 

(b) 5 kHz 

(C) 5 kHz 

(d) 5 kHz 

SHAPED 
QUANTIZATION 
NOISE 

ANALOG·INPUT SPECTRUM 

SPECTRUM REPEATS AT 
OVERSAMPLING RATE 

MODULATOR IGITAL-OUTPUT SPECTRUM 

NO NOISE REJECTION 
AT INTEGER MULTIPLES 
OF OVERSAMPLING RATE 

DIGITAL FILTER RESPONSE 

(BEFORE DECIMATION) 

SPECTRUM OF INTEREST 

DIGITAL FILTER-OUTPUT SPECTRUM 

TIMING 
LOGIC 

Many 16-bit products are complete data-acquisition systems. 
Sipex's 9488 has an instrumentation amplifier, a user-selectable 8-or 
16-channel mux, and a 16-bit successive-approximation ADC. 

2.5 MHz 
t, 

2.5 MHz 

2.5 MHz 

2.5 MHz 

samples at 2.5 MHz-500 times 
the input bandwidth of 5 kHz. 
The 56ADC samples at 6.4 MHz, 
which is equivalent to 64 times 
the converter's output rate. A 
converter's S/N ratio and distor­
tion specs are derived from the 
combination of oversampling rate 
and modulator order. You 
shouldn't judge an oversampling 
converter exclusively on either 
one of these internal-architecture 
features. 

Fig B-The delta-sigma conversion proceBB takes place in two major steps: oversam­
pling and modulation (b), and digital filtering (d). (Di.agram courtesy Crystal Semi­
conductor) 

There are many advantages in­
herent in this new converting 
technique. Digital filtering re­
moves the need for external an­
tialiasing filters. Because this fil­
tering resides behind the AID 
conversion, noise injected during 
the conversion process, such as 
power-supply ripple, voltage-ref­
erence noise, or noise in the ADC 
itself, is rejected. Because of the 
high sampling rate and the low 
precision AID conversion, an S/H 
circuit is not needed. Sigma-delta 
converters are inherently linear 
and don't suffer from appreciable 
differential nonlinearity; the S/N 
ratio is independent of the input 
signal level. The last, but cer­
tainly not the least, consideration 
is cost. Attaining a high level of 
performance at a fraction of the 
cost of hybrid and modular de­
signs is probably the greatest ad­
vantage of all. 
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As communica­
tions applications for high-resolution 

converters proliferate, more manufactur­
ers are dynamically specifying their 

high-resolution products. 

Ensuring the accuracy of this data is a very tough 
design task. Even a small amount of system noise can 
corrupt a high-resolution converter's data. The usual 
solution to this problem is careful layout and ground­
ing, which will improve system accuracy to the limits 
of the ADC. However, it's difficult to find a truly accu­
rate 16-bit converter. Many 16-bit converters, for in­
stance, have only 14 bits of accuracy. This level of 
accuracy is especially true of many of the successive­
approximation types. Although a converter's integral 
nonlinearity may be 14 bits (equivalent to ± 0.003% 
FSR), it may still provide no-missing-codes perform­
ance at 16 bits. Note that the linearity of some 14-bit 
ADCs matches that of many of the 16-bit products. 

Sigma-delta converters are well suited for 
many signal processing applications. Mo­
torola's entry into this market, the 56ADC, 
easily interfaces with many digital signal 
processors. 

106 

The world of high-resolution AID converters is some­
what fragmented. Many converters are intended for 
very specialized markets. The successive-approxima­
tion converters serve many general-purpose data-ac­
quisition systems. Other converters are closely tied 
to specific applications. Fortunately, every converter 
fits into one of two general classifications: those de­
signed for the highest-possible de accuracy in the de 
sense, and those designed for signal processing and 
good ac specs. Two general applications are associated 
with these categories: precise measuring systems and 
DSP applications. 

Many oversampling converters are intended for sig­
nal-processing applications, therefore their data sheets 
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usually quote complete dynamic specifications. But this 
trend isn't confined to oversampling converters. As 
DSP applications proliferate, so does the number of 
high-resolution converters specifically aimed at these 
applications. To help designers evaluate and compare 
converters' ac performance, many new converters are 
fully tested and specified for dynamic characteristics 
such as S/N ratio and THD. 

Table 1 gives you an idea of the variety of high­
resolution products available. For applications that re­
quire the highest possible dynamic range, take a look 
at the high-resolution integrating converters. These 
high-accuracy converters are a world unto themselves. 
ATE, process control, and weighing systems are typi­
cal application areas for them. These ultrahigh-resolu­
tion converters are also used in medical and scientific 
instrumentation that must be able to distinguish ex­
tremely small differences in element or chemical con­
centrations. 

Achieving high resolution and high accuracy 
Prema Precision Electronics' 25-bit converter with 

its 0.001 % nonlinearity and typical temperature coeffi­
cient of 0.5 ppm/°C suits weighing systems and precise 
data collection. The converter utilizes a patented multi­
ple-ramp method that continuously integrates the 
measured signal to cancel interference. In order to use 
this ADC you must develop your own microprocessor 
control. For integration times of 20 msec, 200 msec, 2 
sec, and 20 sec, you can achieve a 15-, 18-, 21-, and 
25-bit result, respectively. The software also controls 
the handling of gain and offset adjustments. A key 
feature of the ADC 5601 is its compact 2 x 2 x 0.4-in. 
size. 

Analog Devices' 22-bit ADll 75 was designed for 
data-acquisition systems that had relied on DVMs and 
DMMs to make dedicated measurements. Its resolution 
and accuracy compete with 6.5-digit DVMs. The 
AD 1175 data sheet quotes a wide dynamic range of 
133 dB. This range is higher than what 222 indicates 
because the part's accuracy iB guaranteed for inputs 
to 10% above the nominal full-scale input range. 

Unlike Prema's ADC 5601, the AD1175 is a complete 
microcomputer-based measurement subsystem. It con­
sists of three major elements: a linearized, autozeroed 
integrator, a single-chip microcomputer, and a custom 
CMOS controller/bus interface chip. 

You don't need any external components for the 
ADll 75, and all its digital inputs and outputs are 
LSTTL compatible. The analog input is a high-imped-
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With its 133-dB dynamic range, ± 1-'fY!YYYL maximum inU!gral non­
linearity, and modular package, Analog Devices' AD11 75 competes 
with 6.5-digit DVMs. 

ance, 1-GO, high-CMRR, true differential-input pair. 
The AD1175 interfaces to any microprocessor-based 
system via an 8-bit data bus. Analog Devices recently 
announced a PC-compatible evaluation card for the 
ADll 75 priced at $495. This card comes with simple 
Basic software that allows you to send commands to 
the ADll 75 and test its performance. 

The ADll 75 utilizes a multislope-integrating princi­
ple that's similar to the classic dual-slope technique. 
The input signal is integrated during an integer num­
ber of line cycles, then the ADC makes a digital meas­
urement of the time required for a known reference 
voltage to drive the integrator output back to zero. 
You can select the integration time for maximum line­
frequency noise rejection at either 60 or 50 Hz. Internal 
autozeroing occurs at every conversion, without reduc­
ing the throughput rate. During each autozero cycle, 
the device offsets and low-frequency noise of the con­
verter's main elements are acquired and held; they 
will be cancelled in the conversion. This circuitry holds 
the AD1175's input-offset drifts to less than 0.5 µ V/°C. 

High accuracy requires stability 
The ADClOO is Thaler's first entry in the AID con­

verter market. Their design focus in the past has been 
reference technology. Like the ADll 75, the ADClOO 
has an onboard microprocessor that controls all internal 
functions, and a PC evaluation card for it will be avail­
able soon. You need two external parts to apply the 
ADClOO: a 25-MHz crystal and an integration capaci­
tor, both of which Thaler supplies. The company quotes 
the ADClOO's analog-input impedance as 200 GO. 

Thaler's ADClOO has some advantages over the 
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TABLE 1-REPRESENTATIVE HIGH-RESOWTION CONVERTERS 

DIFFERENTIAL 
NONLINEARITY INPUT POWER 

MANUFACTURER RESOWTION THROUGHPUT OR (NMC =NO INTEGRAL VOLTAGE SUPPLY 
AND MODEL (BITS) CONVERSION RATE ARCHITECTURE MISSING CODES) NONLINEARITY RANGE M 
ANALOG DEVICES 

ADADC72 16 50µSEC SUCCESSIVE NMC to 14 BITS ±0.003% FSA ±2.5, ±5, ±10 ±15,5 
APPROXIMATION 0105, 

01010, 
01020 

AD376 16 17 µSEC SUCCESSIVE NMC 10 14 BITS ±0.003% FSA ±2.5, ±5, ±10 ±15, 5 
APPROXIMATION OT05, 

010 10, 
01020 

AD1170 18 50 INTEGRATING ±0.0008% FSA (TYP ±0.001%FSR ±5 ±15, 5 
CONVERSIONS/SEC FOR 60-Hz INTE (TYP) 

GRATION TIME) 

AD1175 22 20 INTEGRATING ±0.5 LSB ±1 PPM ±5 ±15, 5 
CONVERSIONS/SEC 

AD1376 16 16µSEC SUCCESSIVE NMC 10 14 BITS ±0.003% FSA ±2.5, ±5, ±10 ±15, 5 
APPROXIMATION 0105, 

01010, 
01020 

AD1377 16 10µSEC SUCCESSIVE ±0.003%FSR ±0.003%FSR ±2.5, ±S. ± 10 ±15 ,5 
APPROXIMATION OT05, 

01010, 
01020 

AD1380 16 14µSEC SUCCESSIVE NMC 10 14 BITS ±0.003%FSR ±2.5, ±S. ±10 ±15, 5 
APPROXIMATION 0105, 

01010, 
01020 

ANALOG IC 
ADAM-846 16 333kHz 3-PASS ±0.75 LSB 0.003%FSR 01010 ±10 ±15, 5, -6 

SUBRANGING 

ADC-4201/02/03 16 86kHz SUCCESSIVE NMC 10 16 BITS ±0.003%FSR 0105 ±5 
APPROXIMATION ±0.0015% FSA ±5 

AM40516 16 200/125 kHz 3-PASS ±0.75 LSB NMC ±0.003% FSA ±15, ±5 ±5 
SU BRANG ING OVER TEMP 

AM40016/40116 16 500 kHz 3-PASS ±0.75 LSB NMC ±0.003% FSA 01010, ±10 ±15, ±5 
SUBRANGING OVER TEMP -6 

AM40316 16 200kHz 3-PASS ±0.75 LSB NMC ±0.003%FSR 01010, ±5 ±15, 5 
SUBRANGING OVER TEMP 

AM41016/41116/ 16 SOOkHz 3-PASS ±0.85 LSB MAX ±0.003% FSA 01010 ±10, ±15, 5, -6 
41216 SUBRANGING NMC OVER TEMP ±5 

AH30217 17 300 INTEGRATING ±0.2PPMFSR ±7.5 PPM ±10 ±15, 5 
CONVERSIONS/SEC 

ANALOG 
SOWTIONS 

ZAD2716 16 100kHz 3-PASS ±0.5 LSB ±0.002%FSR ±5 ±15, 5 
SUBRANGING 

ZAD2846 16 300 kHz 3-PASS ±0.75 LSB ±0.003%FSR ±5 ±15, 5 
SU BRANG ING 

BURR-BROWN 
ADC71 16 56.7 µSEC SUCCESSIVE ±0.003% FSA (TYP) ±0.003%FSR ±2.5, ±5, ±10 ±15, 5 

APPROXIMATION OT05, 
01010, 
01020 

ADC72 16 56.7 µSEC SUCCESSIVE ±0.003% FSA (TYP) ±0.003%FSR ±2.5, ±5, ±10 ±15, 5 
APPROXIMATION 0105, 

01010, 
01020 

ADC76 16 17 µSEC SUCCESSIVE ±0.003% FSA (TYP) ±0.003%FSR ±2.S. ±S. ±10 ±15, 5 
APPROXIMATION 0105, 

01010, 
01020 

NOTES: NS = NOT SPECIFIED. 
NA = NOT APPLICABLE. 
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PACKAGE 

32-PIN 
HYBRID DIP 

32-PIN 
HYBRID DIP 

1.24x2.5x 
0.55-IN. 

MODULE 

3.7x5.2x 
0.53-IN. 

MODULE 

32-PIN 
HYBRID DIP 

32-PIN 
HYBRID DIP 

32-PIN 
TRIPLE-
WICJTH 

HYBRID DIP 

3x5x 
0.44-IN. 

MODULE 

40-PIN 
MONOLITHIC 

DIP 

3x4x 
0.44-IN. 

MODULE 

3x4x 
0.44-IN. 

MODULE 

3x5x 
0.44-IN. 

MODULE 

3x5x 
0.44-IN. 

MODULE 

40-PIN 
HYBRID DIP 

3x4x 
0.44-IN. 

MODULE 

3.8x4.5x 
0.56-IN. 

MODULE 

32-PIN 
CERAMIC 
HYBRID 

32-PIN 
METAL 
HYBRID 

32-PIN 
CERAMIC 

PRICE 
(100) 

$175 

$223.90 

$98 

$495 

$103 

$140 

$126 

$574 

$80/$137/ 
$156 

$249 

$846 

$425 

$853 

$153 

$231 

$656 

$60.40/ 
$74.70 

$172.33-
$193.65 

$1()0.$231 

AD 1175 in offset and gain stability. Although the 
ADClOO has lower accuracy and throughput, it is fully 
specified for operation from - 25 to + 85°C. The 
AD1175's range is 0 to 70°C. In addition, the ADClOO's 
maximum offset and scale-factor error of 0.1 and 0.5 
ppm/°C compare favorably with the AD1175's ± 0.5 
µ V/°C and ± l-ppm/°C errors. The ADClOO's onboard 
microprocessor performs autozeroing automatically at 
start-up, but Thaler recommends that you repeat it 
after the ADC is fully warmed up to ensure maximum 
accuracy. 

Thaler stresses that you must take temperature ef­
fects into account when calculating system accuracy 
(Ref 1). The company warns that even in a standard 
laboratory environment, temperature effects can sig­
nificantly degrade a system's accuracy. In order to 
calculate the accuracy, you must take both the con­
verter's and the internal or external reference's gain 
error into account. The maximum error over tempera­
ture is the converter's linearity error plus the product 
of the combined gain TC and the temperature. 

V/F converters can also offer high resolution. A V/F 
converter coupled with a counter/timer IC allows you 
to trade resolution for conversion time and vice versa. 
Dymec's 2824 instrumention AID converter and the 
5024 programmable counter/timer ($15) together form 
an AID system that supports both frequency-counting 
and period-averaging measurement techniques. At 10 
conversions/sec this ADC achieves a sensitivity of 10 
µ V, which is the equivalent of 20 bits of resolution in 
a lOV signal. For a conversion time of 1 sec, the sensi­
tivity of this system is 1.1 µ V or 23 bits. The analog 

Manufacturers now provide dynamic specifications for many high­
speed converters. The ADC701 and SHC702 pair (Burr-Brown) fea­
ture a spurious-free dynamic range of 107 dB with an input of 20 
kHz. The conversion rate extends from de t,o 500 kHz. 
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TABLE 1-REPRESENTATIVE HIGH-RESOWTION CONVERTERS (CONTINUED) 

DIFFERENTIAL 
NONLINEARITY INPUT POWER 

MANUFACTURER RESOWTION THROUGHPUT OR (NMC •NO INTEGRAL VOLTAGE SUPPLY 
AND MODEL (BITS) CONVERSION RATE ARCHITECTURE MISSING CODES) NONLINEARITY RANGE M 

ADC700 16 17,.SEC SUCCESSIVE NMC 10 14 BITS :t0.003% FSR :t2.S. :t5, :t10 :t15, 5 
APPROXIMIUION 0105, 

01010. 
01020 

ADC701 16 500kHz 3-PASS NMC 10 16 BITS :t0003%FSR :tS. :t10,0105, :t15, :t5 
SUBRANGING 01010 

PCM75 16 17,.sEC SUCCESSIVE :t0003% FSR NS :t2.5, :t5 :t 10 :t15, 5 
APPROX I MIU ION (TYP) 

PCM78 16 5µSEC SUCCESSIVE NMC 10 14 BITS :t0.003%FSR ±3 :t510 
APPROXIMATION ±15. 5 

CARILLON 
TECHNOLOGY 
Cfl/DBX 

F410ID20C10/ USER CONFIG- 48kHz OVERSAMPLING 0000000019% NS NS 5, 9 
A1520 URABLE1020 

CRYSTAL 
SEMICONDUCTOR 

CS5101 16 100kHz SUCCESSIVE NMC 10 16 BITS :t0.oo3% FSA :tS.0105 :t5V 
APPROXIMATION 

CS5102 16 10kHz SUCCESSIVE NMC 10 16 BITS :t0.003% FSR :tS. 0105 :t5V 
APPROXIMATION 

CS5317 16 20kHz DELTA-SIGMA NMC 10 16 BITS NS :t5 ±5 

CS5326 16 301050kHz DELTA-SIGMA NMC 10 16 BITS NS ±3.68 ±5 

CS5501 16 4kHz DELTA-SIGMA NMC 10 16 BITS ±00015% ±2.S. 0102.5 ±5 

CS5503 20 4kHz DELTA-SIGMA NMC 10 19 BITS ±00003% FSA ±2.5, 010 2.5 ±5 
(TYP) 

DAT EL 
ADC-800 15 +SIGN 2.5 INTEGRATING :t0.5 LSB 2LSB ±3.27 ±5 

CONVERSION8.ISEC 

ADC-974 16 2.5µSEC 2-PASS ±0003% FSA ±0.003%FSR :t5 ±13, ±5 
SU BRANG ING 

DYMEC 
2824 USER PRO- USER PROGRAM- V/F 0.1 PPM :t0.0S% FSA 01010,0101 ±15, +5 

GRAMM ABLE MABLE 100 NSEC 10 
1024 BITS 16SEC 

MAXIM 
MAX1331134 ±334 DIGIT 20 INTEGRIUING 5COUNTS :t10COUNTS ±400rrW10 ±5. 9 

CONVERSION8.ISEC ±4000V 

MICRO NETWORKS 
MN5280/82 16 100 µSEC/50 µSEC SUCCESSIVE NMC 10 14 BITS :t0006%FSR ±2.5, ±5. ± 10 ±15, 5 

APPROXIMIUION OVER TEMP 0105, 
01010. 
01010 

NOTES: NS " Nor SPECIFIED. 
NA s Nor APPLICABLE. 
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PACKAGE 

28-PIN 
HYBRID 

40-PIN 
METAL AND 
CERAMIC 
HYBRID 

32-PIN 
CERAMIC 
HYBRID 

28-PIN 
PLASTIC 

MONOLITHIC 

j4a-PIN MONO 
DIP, 40-PIN 

DIP 

28-PIN 
MONOLITHIC 
DIPORPLCC 

28-PIN 
MONOLITHIC 
DIPORPLCC 

18-PIN 
MONOLITHIC 

DIP AND 
SOIC 

28-PIN 
MONOLITHIC 

DIP 

20-PIN 
MONOLITHIC 

DIP AND 
SOIC 

20-PIN 
MONOLITHIC 

DIP AND 
SOIC 

40-PIN 
MONOLITHIC 

DIP 

6x4x 
0.375-IN. 
MODULE 

2x3.25x 
0.4-IN. 

MODULE 

40-PIN 
MONOLITHIC 

ORPLCC 

32-PIN 
HYBRID DIP 

PRICE 
(100) 

$74-$179 

~563-$653 

$93.18-
$106.03 

$32.50 

$130 
(SET) 

$57.60 

$39.80 

$29.40 

$70.60 

$18 

$27.70 

$24.75 

$899(50) 

$199 

$11 

$169/$187 

front end is completely isolated from the rest of the 
system. This isolation guarantees that the ADC is free 
of ground loops and digital noise in the analog section, 
two absolute requirements if the system is to achieve 
sensitivities of 10 µ V or better. 

500-kHz conversion rates are possible 
These high-accuracy, high-resolution parts represent 

only a segment of the marketplace. There are plenty 
of applications that require the highest speed available. 
High speed, however, is relative. You won't find any 
high-resolution converters with megahertz conversion 
rates. The current state-of-the-art high-speed plus 
high-resolution converters have conversion rates of 500 
kHz. But you'll pay a lot for this speed. Analogic's, 
Analog Solutions', Burr-Brown's, and Datel's high­
speed products cost between $500 to $900. Both Analo­
gic and Burr-Brown introduced 500-kHz converters at 
the beginning of 1989. 

Analogic's AM40016/40116 and AM41016/41116/ 
41216 modular 16-bit converters are based on a multi­
pass flash architecture that includes internal S/H ampli­
fiers. The AM40016 is tailored for the digitization of 
several multiplexed channels, such as in automatic test 
equipment. The AM41016 series features low distortion 
and was designed for frequency domain applications. 
Both converter families have an input impedance of 
1080 and guarantee no missing codes from 0 to 60°C. 

Because the AM41016 series is designed to digitize 
fast, time-varying signals, its data sheets include com-

Modular packaging lets ADC designers put the highest-performance 
subcomponents into one converter. Analogic's AM41016 sampling 
converter features a 500-kHz conversion rate and includes full dy­
namic specifications. 
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TABLE 1-REPRESENTATIVE HIGH-RESOWTION CONVERTERS (CONTINUED) 

DIFFERENTIAL 
NONLINEARITY INPUT POWER 

MANUFACTURER RESOWTION THROUGHPUT OR (NMC =NO INTEGRAL VOLTAGE SUPPLY 
AND MODEL (BITS) CONVERSION RATE ARCHITECTURE MISSING CODES) NONLINEARITY RANGE (V) 

MN5284 SERIES 16 50µSEC SUCCESSIVE NMC 10 15 BITS t0.0030/o FSA 010 -20, ±15, 5 
APPROXIMATION 010 -16.38, 

010 -10, 
010 -8.19, 
±10, ±8.19, 
±5, ±4.09 

MN5290/91 16 40µSEC SUCCESSIVE NMC TO 14 BITS/13 t0.0030/o FSA/ ±2.5, ±5, ±10, ±15, 5 
APPROXIMATION BITS OVER TEMP t0.0060/o FSA 0105, 

01010, 
01020 

MN5295/96 16 17 µSEC SUCCESSIVE NMC 10 14 BITS/13 t0.0030/o FSA/ ±2.5, ±5, ±10, ±15, 5 
APPROXIMATION BITS OVER TEMP t0.0060/o FSA 0105, 

01010, 
01020 

MN6290/91 16 20kHz SUCCESSIVE NMC TO 14 BITS/13 t0.0030/o FSA/ ±5, ±10, 010 10 ±15,5 
APPROXIMATION BITS OVER TEMP t0.0060/oFSR 

MN6295196 16 50kHz SUCCESSIVE NMC 10 14 BITS/13 t0.0030/o FSA/ ±5, ±10, 01010 ±15,5 
APPROXIMATION BITS OVER TEMP t0.0060/oFSR 

MN5420 20 320 kHz FLOATING POINT NS NS ±5 ±15, 5 

MOTOROLA 
DSP56ADC16 16 100 kHz SIGMA-DELTA ±112 LSB t2LSB 0.5-4.5 5 

PREMA PRECISION 
ELECTRONICS 

ADC5601 25 20SEC INTEGRATING ± V2 LSB (TYP) ± 0.00010/o FSA ±2.5, 010 -5 ±15, 5 

SIPEX 
HS9476 25 15µSEC SUCCESSIVE NMC 10 14 BITS ±0.0030/o FSA ±5, ±10, ±15, +5 

APPROXIMATION 01010, 
01020 

HS9516 25 100µSEC SUCCESSIVE NMC 10 16 BITS t0.00150/o FSA ±2.5, ±5, ±10, ±15, +5 
APPROXIMATION 0105, 

01010, 
01020 

HS9576 25 15µSEC SUCCESSIVE NMC 10 14 BITS ±0.0030/o FSA ±2.5, ±5, ±10, ±15, +5 
APPROXIMATION 0105, 

01010, 
01020 

SP9480 25 15µSEC SUCCESSIVE NMC1014BITS ±0.0030/o FSA ±10, 01010 ±15, +5 
APPROXIMATION 

SP9488 25 16µSEC SUCCESSIVE NMC 10 15 BITS t0.0020/o FSA ±2.5, ±5, ±10, ±15, +5 
APPROXIMATION 0102.5, 

0105, 
01010 

SONY 
CX20018/ 25 44kHz INTEGRATING NS NS NS ±5 
CXA1144S 

TELEDYNE 
SEMICONDUCTOR 

TSCSOOA 25 USER INTEGRATING 0.00250/o FSA 0.010/o FSA ±4.2 ±5 
PROGRAMMABLE 

TSCSOO 15 +SIGN 2.5 INTEGRATING t0.5 LSB 2.8 LSB (TYP) ±4 ±5 
CONVERSIONS/SEC 

TSC835 ±19,999 5 CONVERSIONS/SEC INTEGRATING t0.01 LSB (TYP) ±1COUNT ±4V ±5 
COUNTS (15.3 

BITS) 

NOTES: NS = NOT SPECIFIED. 
NA = NOT APPLICABLE. 

112 EDN August 3, 1989 



~ 
...J 

...J ~~ ...J 
c w 
z :Ii II. ...J ...J POWER IC 2rn ...J s 

DISSIPATION w 

~g ~::z:: IC 
(mW) ~in 

>O.. wo 
0(1) (1):::. 

255 • • 

810 TYP • • 

946TYP • • 

1500 • • • • 
1300 • • • • 
6700 • 

400 NA • • 

600 • 

1520 • • • 

1200 • 

1100 • • 

1200 • • • 
1400MAX • • • • 

1700/1200 • 

10 • 

20 • • 

30(MAX) • 

EDN August 3, 1989 

PACKAGE 

32-PIN 
HYBRID DIP 

32-PIN 
HYBRID DIP 

32-PIN 
HYBRID DIP 

32-PIN 
HYBRID DIP 

32-PIN 
HYBRID DIP 

3x4x 
0.625-IN. 
HYBRID 

20-PIN 
MONOLITHIC 

DIP, SOIC 

6x6x 
0.5-IN. 

MODULE 

32-PIN 
HYBRID DIP 

32-PIN 
HYBRID DIP 

32-PIN 
HYBRID DIP 

32-PIN 
HYBRID DIP 

32-PIN 
HYBRID DIP 

28-PIN 
MONOLITHIC 

DIP 

16-PIN 
MONOLITHIC 

DIP 

40-PIN 
MONOLITHIC 

DIP, 60-PIN 
FLAT 

PACKAGE 

28-PIN 
MONOLITHIC 

DIP, PLCC, 
FLAT 

PACKAGE 

PRICE 
(100) 

$249 

$175-$225 

$162-
$261.50 

$180-$270 

$187-$296 

$1295 

$25(1000) 

$290 

~195, $355 

$256, 
$499 

~120, $340 

$240, 
$395 

$430, 
$549 

~19/$22.70 

$3.90 

$18.35 

$4.94 

plete dynamic specifications. The SIN ratio with an 
input of 10 kHz is 88 dB; the peak distortion at 10 kHz 
is -93 dB; the total harmonic distortion at 10 kHz is 
- 89 dB. Analogic provides dynamic testing on most 
of their products, and it publishes a technical note to 
explain the procedure. 

Burr-Brown hopes to capture the market for those 
high-speed, high-resolution applications where small 
size and low power consumption are especially impor­
tant. Burr-Brown's ADC 701 and companion SHC702 
SIH amplifier ($168) are both hybrid designs character­
ized as a ADC-SIH pair. Together, the ADC and SIH 
pair consume 2.8W. The SIH timing is provided directly 
by the ADC. No other timing circuitry is necessary. 
Only two connections are required between the 
SHC702 and the ADC701: the SHC702 analog output 
to the ADC701 input and the digital hold command 
from the ADC701 input. 

Like Analogic's converters, the ADC701 is based 
on a 3-step architecture, and Burr-Brown provides dy­
namic specs for the ADCISHC pair. The SIN ratio 
with an input frequency of 5 kHz is 93 dB. Total har­
monic distortion at 20 kHz is 0.00068%. The spurious­
free dynamic range with a 20-kHz input is 107 dB. 
Two temperature ranges are available: 15 to 55°C and 
Oto 70°C. 

Oversampling technology grows rapidly 
Although these high-accuracy and high-speed con­

verters have advanced the state of the art, there has 
been a tremendous amount of activity in the oversam­
pling converter marketplace. This trend is likely to 
continue. Because of their monolithic construction, 

S igna l 
A mplifu(fe 
Rela tive to 
Full Scale 

Micro Networks MN6290/MN6295 
Wideband, Sampling 16-Bit 

A/D Converters 

OHz 

Input Ft'equency: 2SkHz 
Sampling Rate: 51 .8kHz 

AMS Signal: - 0 .26dB 
RMS Noise : - 84.SOdB 

S I N : 84.2 4d8 
2nd H a rmonic : - 100.32dB 
>"" ~.' a rmonic: - 9 5 .2 4dB 

\"-

Input Frequ enc y 25.9 k H z 

Extended temperature ranges and military screening are available 
far many of Micro Netwarks' converters, including their 629016295 
series. 
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I ntegrating con­
verters dominate the high-precision mar­

ketplace; 3-pass subranging architec­
tures suit high-speed requirements. 

TABLE 1-REPRESENTATIVE HIGH-RESOWTION CONVERTERS (CONTINUED) 

DIFFERENTIAL 
NONLINEARITY INPUT POWER 

MANUFACTURER RESOWTION THROUGHPUT OR (NMC • NO INTEGRAL VOLTAGE SUPPLY 
AND MODEL (BITS) CONVERSION RATE ARCHITECTURE MISSING CODES) NONLINEARITY RANGE (V) 

TSC850 15 +SIGN 40 INTEGRATING ±112 LSB ±2LSB ±3.5 ±5 
CONVERSIONS/SEC 

THALER 
ADC100CA 22 320mSEC INTEGRATING FULLY MONOTONIC 3PPM ±10 ±15, +5 

NOTES: NS = NOT SPECIFIED. 
NA = NOT APPLICABLE. 

these converters are an extremely low-cost, high-reso­
lution alternative. Although they can't compete with 
integrating converters for absolute accuracy, they're 
ideal for high-resolution, mid-range accuracy and sig­
nal-processing applications. 

Crystal Semiconductor, a pioneer in 16-bit oversam­
pling converters, has a variety of new products tar­
geted for specific applications. Motorola introduced its 
first oversampling converter recently, and Carillon 
Technology, a manufacturer of professional audio 
equipment, has also announced a 3-chip set based on 
the sigma-delta architecture. 

One of Crystal Semiconductor's three new delta­
sigma parts is an upgrade of its CS5501. Designated 
the CS5503, it's the first 20-bit monolithic AID con-

Follow advice to control noise 

Many manufacturers strongly recommend that 
you avoid using switching power supplies in your 
system. The frequencies of switching supplies di­
rectly overlap many of the high-speed converters' 
conversion rates. Other design suggestions in­
clude extensive power-supply filtering, separate 
analog and digital grounds that are tied together 
only at the ADC, and timing schemes that syn­
chronize the converter with other switching cir­
cuitry. Certain conversion architectures are more 
immune to noise. For instance, integrating con­
verters tend to have high CMRR, and you can 
choose the integration time to improve 50- and 
60-Hz rejection. 
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verter designed for precision measurement applica­
tions. The CS5503's ± 0.0003% typical linearity error 
and its offset and full-scale errors of ± 4 LSB max 
make this converter, priced at $27.70, an extremely 
low-cost alternative. The CS5503 continuously samples 
at a rate set by a CMOS clock or a crystal. 

The other new products from Crystal, the CS5317 
and CS5326, are aimed at the telecommunications and 
audio markets, respectively. The CS5317 is suitable 
for high-end voice-band applications such as V.32 mo­
dems, speech-recognition systems, telephone-system 
line cards, and high-resolution sonar. This converter 
features an internal PLL, which simplifies clock syn­
chronization in complex data systems. The internal 
PLL makes recovering the master clock transparent 
to the user. The CS5317 has a total harmonic distortion 
of 80 dB across its 10-kHz bandwidth, and intermodula­
tion distortion is less than 84 dB. The CS5326 is a 
stereo 16-bit ADC with a 25-kHz bandwidth. Its output 
word rate is adjustable from 30 to 50 kHz. It has an 
S/N ratio of 92 dB and a total harmonic distortion of 
0.0015%. 

These products from Crystal illustrate the applica­
tion-specific nature of this marketplace. Motorola is 
taking a different approach. Its new 56ADC is a versa­
tile converter, aimed at general signal-processing us­
ers. The 56ADC provides a complete set of analog-to­
digital conversion functions on one chip. It requires a 
single 5V supply. No glue logic is needed to interface 
the 56ADC to Motorola's, Tl's, NEC's, or AT&T's 
DSPs. Its dynamic specs include a 90-dB S/N ratio and 
a 90-dB signal-to-THD ratio for input signals of 0 to 
45.5 kHz. 

The 56ADC's versatility stems from the implementa-

EDN August 3, 1989 



~ 
~ ~Iii 

_, 
POWER I~ 

j 
lg a: 

lg DISSIPATION 
i~ PRICE 

(mW) l!i~ PACKAGE (100) 
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tion of its internal digital filtering. The decimation 
process is split between a comb filter and a FIR filter. 
The outputs of both filters are accessible. Depending 
on which output you choose, the part performs as 
either a 12-bit, 400-kHz converter or a 16-bit, 100-kHz 
converter. This 2-stage design removes the multiplex­
ing restriction. 

Oversampling and muxing seldom mix 
There are some applications for which oversampling 

converters are not well suited. Systems that have only 
one ADC to measure a variety of transducer outputs 
and, therefore, require signal muxing before the ADC, 
can't take advantage of these converters. The oversam­
pling technique involves a long pipeline delay, which 
makes multiplexing between channels impractical. De­
pending on the cost of your system this lack of multi­
plexing capability may not be a significant disadvan­
tage. You could replace an expensive ADC and mux 
with individual oversampling converters. 

Motorola's 56ADC is not suited for a multiplexed 
situation when you need 16 bits of resolution. The pipe­
line delay through the second digital filter is approxi­
mately 325 µsec. However, if 12 bits of resolution is 
enough for your system, you can use the comb-filter 
output. The pipeline delay between the input and the 
comb-filter output is approximately 15 µsec. This con­
version time is competitive with that of other 12-bit 
products, so you can use the comb-filter output in the 
same multiplexing situations. 

Integrating, subranging, and sigma-delta converters 
are usually targeted for either precision de or signal­
processing applications. The rest of the high-resolution 
market is rounded out by a variety of 16-bit successive-
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approximation converters. Successive approximation is 
the workhorse architecture because it provides moder­
ate speed coupled with moderate accuracy. These con­
verters serve the majority of standard data-acquistion 
systems. The many successive-approximation types 
listed in Table 1 feature variations in cost, speed, size, 
power consumption, and internal functions. 

Many of the newer successive-approximation con­
verters, the so-called sampling converters, include in­
ternal S/H amplifiers that are designed for compatibil­
ity with their companion ADC. The advantages of 
choosing a sampling ADC are straightforward: you 
won't have to do as much front-end analog design; the 
joint performance of the ADC and S/H amplifier is 
guaranteed by the manufacturer; and internal S/H am­
plifiers save board space. If your system requires ex­
ternal S/H amplifiers-for example, if you're muxing 
between different amplifiers-it's important to choose 
an S/H amplifier that is compatible with your ADC 
and your system objectives (Ref 2). 

Many successive-approximation converters feature 
self- or autocalibration circuitry. The standard calibra­
tion approach uses laser-trimmed resistors for the in­
ternal DAC. However, Crystal's CS5101 and CS5102 
DACs are composed of an array of binary-weighted 
capacitors. To ensure accuracy, these capacitors are 
calibrated on chip with digital logic upon reset or 
power-up. This calibration enables the converter to 
guarantee 16-bit no missing codes and provides an in­
herent S/H function-the analog input's value is always 

WEIGH'EM CORP 

Designed for measuring low frequency signahl, Crystal Semicon­
ductor's CS5508 20-bit delta-sigma converter features 18 bits of accu­
racy. 
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Manufacturers of high-resolution ADCs 
For more information on high-resolution ADCs such as those described in this article, circle the appropriate numbers 
on the Information Retrieval Service card or use EDN's Express Request service. When you contact any of the following 
manufacturers directly, please let them know you saw their products in EDN. 

Analog Devices Crystal Semiconductor 
2 Technology Way 4210 S Industrial Rd 
Norwood, MA 02062 Aust in, TX 78760 
(617) 329-4700 (512) 445-7222 
FAX 617-326-8703 FAX 512-445-7581 
Circle No 650 Circle No 654 

Analog Solutions Carillon Technology Inc 
85 W Tasman Dr 707 E E velyn Ave 
San J ose, CA 95134 Sunnyvale , CA 94086 
(408) 433-1900 (408) 720-9800 
FAX 408-433-9308 FAX 408-720-0624 
Circle No 651 Circle No 655 

Analogic Corp Date I 
360 Audubon Rd 11 Cabot Blvd 
Wakefield, MA 01880 Mansfield, MA 02048 
( 508) 977-3000 (508) 339-3000 
FAX 617-245-1274 FAX 508-339-6356 
Circle No 652 Circle No 656 

Burr-Brown Corp Dymec 
Box 11400 8 Lowell Ave 
Tucson, AZ 85734 Winchester , MA 01890 
(800) 548-6132 (617) 729-7870 
FAX 602-889-1510 FAX 617-729-1639 
Circle No 653 Circle No 657 

held by at least one capacitor. 
Successive-approximation converters have the high­

est number of internal features, including references, 
clocks, S/H amplifiers, multiplexers, and serial and par­
allel ports. Some newer converters are also microproc­
essor compatible and feature short-cycle capability. 
You can decrease the conversion time if you only re­
quire a 14-bit-accurate result. 

Burr-Brown's ADC700 includes a reference, a clock, 
and an 8-bit microprocessor interface. Sipex Corp's Hy­
brid Systems Div has a variety of 16-bit successive 
approximation hybrid converters. Its newest one is a 
16-bit µP-controlled data-acquistion system, the 
SP9488. It includes an internal multiplexer, an instru­
mentation amplifier, and a 16-bit sampling ADC. The 
mux is user selectable. You can configure the converter 
to accept either eight differential inputs or 16 single­
ended inputs. You can use the 16-bit data bus to read 
the result of a conversion or the status word of the 
ADC, to write control bits to the ADC, and to select 
a new input signal. 

For military and harsh environment applications, 
most manufacturers offer successive approximation 
converters rated for extended temperature perform­
ance. Micro Networks' converters are specified in 
terms of no missing codes over temperature. The com­
pany also produces converters screened to MIL-STD-
883. Its new MN6295/6296 ADC family includes con­
verters rated at four electrical performance grades and 
two operating temperature ranges. The MN6295T/ 
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Micro Networks Sipex Corp 
324 Clark St 6 Fortune Dr 
Worcester, MA 01606 Billerica, MA 01821 
(508) 852-5400 (508) 667-8700 
FAX 508-852-8456 FAX 508-667-3973 
Circle No 658 Circle No 661 

Motorola Inc Sony Corp 
Microprocessor Products Group Box 6016 
6501 William Cannon Dr W Cypress, CA 90630 
Austin, TX 78735 (714) 229-4197 
(512) 440-2039 FAX 714-229-4271 
Circle No 659 Circle No 662 

Prema Precision Electronics Inc Thaler Corp 
4650 Arrow Highway, Suite E-5 10940 N Stallard Pl 
Montclair, CA 91763 Tucson, AZ 85737 
(714) 621-7292 (602) 742-5572 
FAX 714-625-2098 FAX 602-742-9826 
Circle No 660 Circle No 663 

6296T guarantees 14 bits of resolution with no missing 
codes from - 55 to + 125°C and is fully specified for 
dynamic performance. The SIN ratio is 82 dB over 
temperature; the harmonics and spurious noise spec 
is - 85 dB. This dynamic performance is guaranteed 
with an input frequency as high as 25 kHz-the 
Nyquist frequency of the converter. 

There's no doubt that the high-resolution ADC mar­
ket will continue to grow. Future 16-bit converter de­
signs will focus on increasing speed and lowering costs. 
More products will feature 16 to 20 bits of resolution, 
and oversampling converters will continue to provide 
low-cost solutions. The ties between DSP and AID con­
verters will become even stronger, and devices that 
integrate AID and DSP functions may not be far in the 
future. EDN 
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BELIEVE YOUR EYES. 
Now you can have a DMM and Scanner 
in a single half-rack package. 

KEITHLEY 199 SYSTEM DMM/SCANNER 

Start with a full Sl/2-digit 
system DMM. Add the optional 
8-channel switching function. 
For $995 and $395, respectively. 
All in one 31/211 rack case. 

Order them together or sepa­
rately. The option is factory- or 
field-installable. And, like every 
Keithley instrument, they come 
with full-time access to the 
assistance of our experienced 
Application Engineers. 

Call toll-free 1-800-552-1115 
to order or to obtain further 
information. 

Model 199 System DMM 
51/z -digit resolution 
DCV, ACV, DCI, ACI 
2-, 4-wire ohms, dB 
lµV, lmQ, lOOnA sensitivities 
70 ppm 1 year basic accuracy 
150 synchronized readings / sec. 
500-point datalogging memory 
IEEE-488 interface standard 
$995. 

You get just one instrument 
to buy and maintain. There's 
just one instrument to learn, 
program, and control. You use 
just one IEEE address, just one 
rack space. 

And you get the ability to 
switch up to 40 channels per 
second, stock shipment, 30-day 
money-back guarantee, and 
2-year warranty. All for half the 
cost of anything comparable; 
less than the cost of some p lain 
DMMs. 

Keithley Instruments, 
28775 Aurora Rd., Cleveland, 
OH44139. 

Model 1992 Scanner Option 
Eight 2-pole channels or four 4-pole 
channels 

l<EITHLEY 

EDN August 3, 1989 
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<lµV contact potential per contact 
pair 
40 channel / second switching speed 
Factory or field installable 
$395. 
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' 0 1988 Xilinx, Inc, 2069 Hamilllm Aw., San Jose, CA 95125. ~ 44/ Sll!ri)725. 'lbkyo, OS-561-7763. Xilin.cand logi.c Cell are trademarks and The Programmable Gate Array Campany is a seroll:e mark of Xilinx, Inc. 
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Convention says that gate 
arrays often take months to 
develop. 

Convention says that TI'L 
and PLD-based designs sacrifice 
production cost effectiveness. 

Maybe it's time you flaw1ted 
convention. 

With Xilinx Programmable 
Gate Arrays. They give you all the 
benefits of gate arrays, but you 
can program them right at your 
desktop. 

Xilinx Programmable Gate 
Arrays cut months off your devel­
opment cycle and replace boards 
full of TIL and PLDs. 

You don't worry about NRE, 
because there isn't any 

You work with a proven stan­
dard part that has already been 
100% tested down to the last 
transistor. And our standard 
parts are priced the way most 
standard parts are priced. Low 
and getting lower. 

------Ti_m_e t-o M-a-rke_t_____ If all this Sounds too 
Weeks 

Gate Array 

0 
I 

s 10 1s 20 good to be true, consider 
1 1 1 1 the evidence: 

\erification Prototyping Evaluation 

Design engineers are 
using more than 2,500 
of our development 

Programmable 
Gate Array Systems. And this year 

Out up w 15 weeksjrom yaur design schedule. Because Xilinx they11 Create more than 
Programmable Gate Arrays mean rw waiting, and rw risk. 1O,000 designs, guided 

by Xilinx's comprehensive design 
tools and complete technical 
support. 

Production benefits are well 
proven: We've already shipped 
more than a o • ... 

million fully \#-""" 
tested parts. "'"' '""'~ 

So if you're 
tired of working 
the conventional 

l:XILINX 
ICIOI0-70 

m11c 
1011011111 

Proqrammable design cuts yaur rrcpenses, rwt 
yaur opti.ons. Xilinx o.Jf ers yau a broad range Qf 
Logic Cell™ Arrays for erery application. 

way, take a look at Xilinx's Pro­
grammable Gate Array Our new 
data book shows you how to get 
more density with less risk and 
get your ideas to market faster. 

Just call (800) 255-7778. In 
California call ( 408) 559-7778. Or 
contact your local Xilinx distrib­
utor, rep, or sales office and ask 
fora copy 

It defies conventional logic. 
But it makes perfect sense. 

f: XILINX 
The Programmable Gate Array Company"' 

CIRCLE NO 52 
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For the name of your nearest distributor in Europe, call 44-296-625462. Or contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, 
Aylesbury, Bucks HP22 6EP, United Kingdom. In Japan, call 03-493·0770. Or contact Applied Microsystems Japan Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-
Gotanda. Shinagawa-KU. Tokyo T141, Japan. AMC240 
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INTRODUCING THE FIRST 33-60 MHz 
MICROPROCESSOR EMUIA1DR 
FOR THE 68020 AND 68030. 

Put your phone in front of you and get ready. 
You're about to get in touch with the future of high 
speed microprocessor emulation. 

For quite some time Applied Microsystems has 
been designing a radical new concept in 32-bit develop­
ment Now ifs ready. The EL 3200. 

Ifs capable of not only matching current speeds, 
but can efficiently expand to support faster speeds and 
advanced 32-bit microprocessors of the future. 

The news is not just speed, but how the EL 3200 
gets up to speed. 

It runs at full target clock speed-33 MHz for 
68020 and 68030. It fully supports 68030 cache burst 
and synchronous bus cycles. And, since it sits as a node 
right on the trunk of your Ethernet network, the 
EL 3200 can be accessed from any workstation. 

The EL 3200 offers your choice of source level or 
symbolic debugging. Whether you want to work in 
Assembly or C, we can provide the software tools for 
your exact needs. 

The sophisticated breakpoint system has hun­
dreds of real-time access breakpoints, six real-time exe­
cution breakpoints and unlimited software execution 
breakpoints. As an option, you can have up 2MB of no 
wait state overlay memory that runs at full clock speed, 
so there are no restrictions on memory, software or 
interrupts. The 16K deep by 139 bit wide trace provides 
true 32 bit support 

Seeing is believing. For a demonstration or more 
information, pick up your phone. 

Dial full speed ahead and ask forTelemarketing. 
In WA (206) 882-2000. 

Applied Microsystems Corporation, P.O. Box 
97002, Redmond, Washington, USA 98073-9702. 

1-800-343-3659 
f 111111111 

Applied Microsystems Corporation 
CIRCLE NO 53 
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Call PMI - the analog IC supplier 
you can depend on. We promote 

active participation and mutual 
cooperation - from design to production. 
Let us help you select the best analog 
integrated circuit to meet your 
system's needs. On time. Every time. 
PMI is dedicated to ensuring your 
success every step of the way. 

From the folks who pioneered the high 
precision linear market with the OP-07 
and then introduced the industry's best 
selling monolithic DIA converter, 



A Leader On The 
Analog Frontier? 
the DAC-08, you can expect continued 
technological leadership. Even today, 
our leading edge continues with the 
OP-177, the highest precision 
operational amplifier on the market, 
and our extensive line of dual and 
quad DIA converters. And PMI's 
twenty years of experience prove the 
power of partnership as well. New 
on the frontier are PMI's SPICE 
models, the first to accurately 
model high-speed op amps ... 
demonstrated commitment to your 
successful design. The depth and 
breadth of PMI's product line includes 
audio, communications, medical 
imaging, standard industrial, and 
satellite applications. As a proven 
leader in the military market, 

we offer high reliability ICs 
including MIL-M-38510 Level B 
and JAN Class "S" qualified 
products. Our extended industrial 
temperature range and broad line 
of SMD package devices show our 
commitment to high performance 
ICs that meet your needs. 

If you need competitive pricing, 
high reliability and performance, 
wide selection, and committed 
applications assistance, choose a 
leader you can depend on. PMI. 

Precision Monolithics Inc. 
1500 Space Park Drive 
Santa Clara, CA 95054-3434 
800-843-1515 



NOTES FOR POWER SUPPLY DESIGNERS 

.------Now you have a choice -­
for your power supply controller. 

126 

Standard devices for maximum performance. 

D Introducing three new 
single-chip Switch 
Mode Power Supply 

controllers that save space, 
money and time. 

The new 16-pin ML4825 
and ML4823 are improved 
pin-compatible replacements 
for the UC1825 and UC1823. 
A third new controller, the 
ML4809, is packed with extra 
features and functions for bet-

---UC1823·5 PARTIAL FLOAT 50 nS 

Micro Linear/ Unitrode C001parison 

ter compensation, easier start­
ing and synchronization. 

Micro Linear PWM Controllers 
Prwide MaximumPeiformance 
The ML4809 starts with all 

the features of the ML4825, 
then adds even more: 
Synchronization: 
• separate clock I/O pins 

• wide dynamic range VCO 
• toggle flip-flop output and 

preset inputs 
Stability: 
• on-chip programmable ramp 

compensation 
• blanker to reject turn-on 

spike 
• completely independent 

error ramp 
Start-up/Fault conditions: 
• 7V hysteresis on under­

vol tage lockout 
• full reset with programmable 

delay 
If one of these new standard 

controllers doesn't meet your 
special high-frequency system 
needs, Micro Linear can pro­
vide a customized solution to 
your specific applications. 

ASIC devices for maximum flexibility. 

II Announcing the new 
FB3480, the first 
semi-custom array 

specifically designed for high 
frequency Switch Mode Power 
Supply applications. 

Unlike most other semi-cus­
tom I C's, the FB3480 is specif­
ically designed for SMPS con­
trol. This array contains spe­
cially crafted high perfor­
mance "core cells" optimized to 
perform the functions found in 
all PWM controllers. In addition, 
a large area of uncommitted 
components on the chip can be 
configured to your specifica-

tions using Micro Linear's 
library of "soft macros'.' These 
macros implement a full com­
plement oflogic, comparator 

• . 

2A TOTEM POLE I 
· · I~ .. ' · l~ '· 
1

; POWER 01JTP\ITS 

ML3480 Array Enables 
Easy Custom Design 

and other functions which make 
your controller unique. This 
"core cell" and "soft macro" 
design approach provides a 
customized solution with a 
minimum of cost and effort, 
without sacrificing performance. 

For more information on the 
new single-chip standard and 
semi-custom SMPS controllers 
from Micro Linear, call 
( 408) 433-5200, ext. 900. 

Or write: 
Micro Linear, Dept. PWM, 

2092 Concourse Drive, 
San Jose, CA 95131 

0 1989 Micro l.incar 

--~ Micro Linear 
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PART6 

Active-component 
problems yield to 

painstaking probing 
Continuing the previous 5-part series on troubleshoot­
ing passive parts, this article from the prolific pen of 
Bob Pease presents the opening salvo of a 7-part series 
on troubleshooting active components. Bob begins with 
the simple stuff" diodes and rectifiers, optically coupled 
devices, solar cells, and batteries. Subsequent articles 
will expose the mysteries of more complex active de­
vices. 

Robert A Pease, National Semiconductor Corp 

Even the simplest active devices harbor the potential 
for causing baffling troublesh oting problems. Con­
sider the lowly diode. The task of a diode sounds sim­
ple: to conduct current when forward biased and to 
block current when reverse biased while allowing negli­
gible leakage. That task sounds easy, but no diode is 
perfect, and their imperfections are fascinating. 

All diodes start conducting current exponentially at 
low, microampere levels, and the slope of their IN 
curves is given by the equation: g=(38.6 mS/mA) x IF, 
where mS = millisiemens = millimhos and IF= forward 
current. But as the current levels increase, most diodes 
tail off to g = (19 mS/mA) x IF and then the conductance 
per milliampere gets even lower due to ohmic and other 
nonlinear factors. Therefore, a.t a large forward cur-
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rent, a diode's forward voltage, VF• will be consider­
ably larger than predicted by simple theory-and 
larger than desired. Of course, some rectifiers­
depending on their rating~an handle large currents 
from amperes to kiloamperes; but the V Fs of all diodes, 
no matter what their ratings, err from the theoretical 
at high current levels. 

These days, Schottky diodes have smaller V Fs than 
ordinary pn diodes. However, even germanium diodes 
and rectifiers still have their following because their 
low V Fs are similar to the Schottky's. 

High-speed and ultrahigh-speed (sometimes also 
called high-efficiency) silicon rectifiers that are de­
signed for switching-regulator and other high-fre­
quency applications are also available. They don't have 
quite as low V Fs as Schottky diodes and are not quite 
as fast, but they are available with high reverse­
voltage ratings and thus are useful for certain voltage 
and power levels and certain circuit topologies that 
impress large flyback voltages on diodes. 

When you reverse bias these various diodes, ah, 
that is where you start to see wild dissimilarities. For 
example, the reverse-current specification, IREY• for 
many types of diodes is 25 nA max at 25°C. When you 
measure them, many of these devices actually have 
merely 50 or 100 pA ofleakage. But the popular 1N914 
and its close cousin, the 1N4148, actually do have about 
10 or 15 nA of leakage at room temperature because 
of their gold doping. So although these diodes are inex-
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Although 1N914s are inexpensive and 
popular) don)t use them in low-leakage cir­
cuits because they)re much leakier than 
other diodes with the same leakage specs. 

With a solar-cell array, you can make electricity when the sun 
shines. 

pensive and popular, it's wrong to use them in low­
leakage circuits since they're much leakier than other 
diodes with the same leakage specs. 

Why, then, do some low-leakage diodes have the 
same mediocre 25-nA leakage spec as the 1N914? Diode 
manufacturers set the test and price at the level most 
people want to pay because automatic test equipment 
can test at the 25-nA level-but no lower-without 
slowing down. If you want a diode characterized and 
tested for 100 pA, you have to pay extra for the slow­
speed testing. Of course, high-conductance diodes such 
as Schottkys, germaniums, and large rectifiers have 
much larger reverse leakage currents than do signal 
diodes. 

If you want a very low-leakage diode, use a transis­
tor's collector-base junction instead of a discrete diode 
(Ref 1). You can easily find such "diodes" having less 
than 1-pA leakage even at 7V or 10 pA at 50V. Al-
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though this low leakage is not guaranteed, it's usually 
quite consistent. However, this diode generally doesn't 
turn ON or OFF very quickly. 

Another source of ultralow-leakage diodes are the 
2N4117A and the PN4117A, -18A, and -19A. These 
devices are JFETS with very small junctions, so leak­
ages well below 0.1 pA are standard-LO pA max, 
guaranteed, for a $0.40 part. 

"Computer diodes" like the 1N914 are popular be­
cause they turn OFF quickly-in just a few 
nanoseconds-much faster than low-leakage diodes. 
What isn't well known is that the faster diodes not 
only turn OFF fast, they usually turn ON fast. For 
example, when you feed a current of 1.0 mA toward 
the anode of a 1N914 in parallel with a 40-pF capaci­
tance (20 pF of stray capacitance plus a scope probe 
or something similar), the 1N914 usually turns ON in 
less .than 1 nsec. Thus, the VF has only a few millivolts 
of overshoot. 

But with some diodes-even 1N914s or 1N4148s 
from some manufacturers-the forward voltage may 
continue to ramp up past the expected de level for 10 
to 20 nsec before the diode turns ON; this overshoot 
of 50 to 200 m V is quite surprising (Fig 1). Even more 
astonishing, the VF overshoot may get worse at low 
repetition rates but can disappear at high repetition 
rates (Fig lb through d). 

I spent several hours once discovering this particular 
peculiarity when a frequency-to-voltage converter sud­
denly developed a puzzling nonlinearity. The trickiest 
part of the problem with the circuit's diodes was that 
diodes from an earlier batch had not exhibited any 
slow-turn-on behavior. Further, some diodes in a batch 
of 100 from one manufacturer were as bad as the diodes 
in Figs lb and le. Other parts in that batch and other 
manufacturers' parts had substantially no overshoot. 

When I confronted the manufacturers of the faulty 
diodes, they at first tried to deny any differences but 
at length admitted that they had changed some diffu­
sions to "improve" the product. One man's "improve­
ment" is another man's poison. Thus, you must always 
be alert for production changes that may cause prob­
lems. When manufacturers change the diffusions or 
the process or the masks, they may think that the 
changes are minor, but these changes could have a 
major effect on your circuit. 

Many circuits, obviously, require a diode that can 
turn ON and catch, or clamp, a voltage moving much 
faster than 20V/µsec. Therefore, if you want any con­
sistency in, for example, a circuit with pulse detectors, 
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you'll need to qualify and approve only manufacturers 
whose diodes turn ON consistently. So, as with any 
other unspecified characteristic, be sure to protect 
yourself against bad parts by first evaluating and test­
ing and then specifying the performance you need. 

One "diode" that does turn ON and OFF quickly is 
a diode-connected transistor. A typical 2N3904's emit­
ter-collector diode can turn ON or OFF in O. I nsec 
with negligible overshoot and less than I pA of leakage 
at IV, or less than IO pA at 4V. However, this diode 
can only withstand 5 or 6V of reverse voltage, and 
most emitter-base junctions start to break down at 6 
or 8V. Still, if you can arrange your circuits for just a 
few volts, these diode-connected transistors make nice, 

15V 

OUT 

IN914 

(a) 

(c) 

fast, low-leakage diodes. Their capacitance is some­
what more than the IN9I4's I pF. 

If you keep LEDs in the dark, they make an impres­
sive, low-leakage diode because of the high bandgap 
voltage of their materials. Such LEDs can exhibit less 
than O. I pA of leakage when forward-biased by IOO 
mV or reverse-biased by IV. 

Of course, you don't have to reverse bias a diode a 
lot to get a leakage problem. One time I was designing 
a hybrid op amp, and I specified that the diodes be 
connected in the normal parallel-opposing connection 
across the input of the second stage to avoid severe 
overdrive (Fig 2). I thought nothing more of these 
diodes until we had the circuit running-the op amp's 

10x 
PROBE 
TO 
FAST 
SCOPE 

(b) 

(d) 

Fig I-In this diode-evaluation circuit (a), tmnsi.stor Q, simply resets Vx to ground periodically. When the transistor turns OFF, Vx rises 
to about 0.6Vuntil the diode starts conducting. In b, when dVxldt is 8V/µ.sec, this 1N4148 overshoots as much as 140 mV at input frequencies 
below 10 kHz before it turns ON. At hi,gher frequencies-120, 240, 480, 960, and 1920 kHz-.as the repetition rote increases, the overshoot 
shrinks and disan>ears. Maximum m1ershoot occurs whenfJN-57 kHz. Inc, when dVxldt increases to 20Vlµ.sec, this same 1N4148 overshoots 
as much as 450 mV at 7 kHz but only 90 mV at 480 kHz and negli,gibl,e amounts at frequencies above 2 MHz. In d, various diode types 
have different turn-on characteristics. The superimposed, 120-kHz waveforms are all invariant with frequency, except for the bad 1N4148. 
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Always be alert for productwn changes that 
may cause problems. 

voltage gain was falling badly at 125°C. Why? Because 
the diodes were 1N914s, and their leakage currents 
were increasing from 10 nA at room temperature to 
about 5 µA at the high temperature. And-remember 
that the conductance of a diode at zero voltage is ap­
proximately (30 to 40 mS/mA) x !LEAKAGE· That means 
each of the two diodes really measured only 6 kO.. 

Because the impedance at each input was only 6 
kO., the op amp's gain fell by a factor of four, even 
though the diodes may have only been forward or re­
verse biased by a millivolt. When we substituted collec­
tor-base junctions of transistors for the diodes, the 
gain went back up where it belonged. 

You cannot safely assume that the impedance of a 
diode at zero bias is high if the junction's saturation 
current is large. For example, at 25°C a typical 1N914 
will leak 200 to 400 pA even with only one millivolt 
across it. Therefore, a 1N914 can prove unsuitable as 
a clamp or protection diode-€ven at room tempera­
tur~espite having virtually no voltage biased across 
it. 

How can diodes fail? Well, if you were expecting a 
diode to turn ON and OFF, but it does something 
unexpected-of the sort I have been mentioning-that 
unexpected behavior may not be a failure, but it could 
sure cause trouble. Further, you can kill a diode by 
applying excessive reverse voltage without limiting the 
current or by feeding it excessive forward current. 
When a diode fails, it tends to short out, becoming a 

Sk Sk 
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small blob of muddy silicon rather than an open circuit. 
I did once see a batch of 1N4148s that acted like ther­
mostats and went open circuit at 85°C, but such cases 
are rare. 

One of the best ways to kill a diode is to ask it to 
charge up too big a capacitor during circuit turn on. 
Most rectifiers have maximum ratings for how much 
current they can pass on a repetitive and on a nonrecur­
ring basis. I've always been favorably impressed by 
the big Motorola (Phoenix, AZ) books with all the 
curves of safe areas for forward current as a function 
of time and repetition rate. These curves aren't easy 
to figure out at first, but after a while they're fairly 
handy tools. 

Manufacturers can play tricks on you other than 
changing processes. If you expect a diode to have its 
arrow pointing toward the painted band (sometimes 
called the cathode by the snobbish) and the manufac­
turer put the painted band on the wrong end, your 
circuit won't work very well. Fortunately reverse­
marked diodes are pretty rare these days. But just 
this morning, I heard an engineer call the pointed end 
of the diode an anode, which led to confusion and de­
struction. Sigh . . . 

Once I built a precision test box that worked right 
away and gave exactly the right readings until I picked 
up the box to look at some waveforms. Then the leak­
age test shifted way off zero. Every time I lifted up 
the box, the meter gave an indication; I thought I had 

Fig 2-Even though the cllodes in the first 
stage of this op amp are forward or reverse 
biased by only a millivolt, the impedance of 
these diodes is much lawer than the output 
impedance of the first stage or the input im­
pedance of the second stage at hi{lh tempera­
tures. Thus, the op amp's gain drops disas-
trously. 
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Fig 3-The power rating of this compound Zener (a) is that of the 
power transistor. The second compound Zener, (b), is almost the 
same as a but acts as a symmetrical, matched, double-ended com­
pound Zener. 

designed an altimeter. After some study, I localized 
the problem to an FD300, whose body is a clear glass 
D0-35 package covered with black paint. This particu­
lar diode's paint had been scratched a little bit, so 
when I picked up the test box, the light shone under 
the fixture and onto the diode. Most of these diodes 
didn't exhibit this behavior; the paint wasn't scratched 
on most of them. 

To minimize such problems, I recommend the follow­
ing strategies: 

• Have each manufacturer's components specifi­
cally qualified for critical applications. This is usu­
ally a full-time job for a components engineer, 
with help and advice from the design engineer 
and consultation with manufacturing engineers. 

• Establish a good relationship with each manufac­
turer. 

• Require that manufacturers notify you when, or 
preferably before, they make changes in their 
products. 

• Keep an alternate source qualified and running 
in production whenever possible. 

My boss may gripe if I say this too loudly, but it is 
well known that having two good sources is better 
than having one. The argument that "One source is 
better than two" falls hollow on my ears. Two may 
be better than seven or eig t, but one is not better 
than two. 
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Just about all diodes will break down if you apply 
too much reverse voltage, but Zener diodes are de­
signed to break down in a predictable and well-behaved 
way. The most common way to have problems with a 
Zener is to starve it. If you pass too little current 
through a Zener, it may get too noisy. Many Zeners 
have a clean and crisp knee at a small reverse-bias 
current, but this sharp knee is not guaranteed below 
the rated knee current. 

Some Zeners won't perform well no matter how care­
fully you apply them. In contrast to high-voltage Zen­
ers, low-voltage (3.3 to 4. 7V) Zeners are poor per­
formers and have poor noise and impedance specs and 
bad temperature coefficients-even if you feed them 
a lot of current to get above the knee, which is very 
soft. This is because "Zeners" at voltages above 6V 
are really avalanche-mode devices and employ a mecha­
nism quite different from and superior to the low­
voltage ones, which are real Zener diodes. At low­
voltage levels, band-gap references, such as LM336s 
and LM385s, are popular because their performance 
is good compared with low-voltage Zeners. 

Zener references with low temperature coefficients, 
such as the IN825, are only guaranteed to have low 
temperature coefficients when operated at their rated 
current, such as 7.5 mA. If you adjust the bias current 
up or down, you can sometimes tweak the temperature 
coefficient, but some Zeners aren't happy if operated 
off bias. Also, don't test your 1N825 to see what its 
"forward-conduction voltage" is because in the "for­
ward" direction, the device's temperature-compensat­
ing diode may break down at 70 or 80V. This break­
down damages the device's junction, degrades the de­
vice's performance and stability, and increases its 
noise. 

And before you subject a Zener to a surge of current, 
check its derating curves for current vs time, which 
are similar to the rectifiers' curves mentioned earlier. 
These curves will tell you that you can't bang an am­
pere into a IOV, IW Zener for very long. 

If you do need a Zener to conduct a surge of current, 
check out the specially designed surge-rated Zener de­
vices-also called transient-voltage suppressors-from 
General Semiconductor Industries Inc (Tempe, AZ). 
You'll find that their IW devices, such as the 1N5629 
through 1N5665A, can handle a surge of current better 
than most 10 or 50W Zeners. If you need a really 
high-current Zener, a power transistor can help out 
(Fig 3). 

As mentioned earlier, a diode tends to fail by becom-

131 



If you want a really low-leakage diode) use 
a transistors collector-base junction instead 
of a discrete diode. 

ing a short circuit when overpowered, and Zeners can­
not absorb as much power as you would expect from 
short pulses. How dreadful; but, can IC designers ser­
endipitously take advantage of this situation? Yes! 

The Vos of an op amp usually depends on the ratio 
of its first-stage load resistors. IC designers can con­
nect several Zeners across various small fractions of 
the load resistor. When they measure the V 0s, they 
can decide which Zener to short out-or zap-with a 
5-msec, 0.3-to-1.8A pulse. The Zener quickly turns into 
a low-impedance (- lll) short, part of the resistive net­
work shorts out, and the Vos improves. 

In its LM108, National Semiconductor (Santa Clara, 
CA) first used Zener zapping, although Precision 
Monolithics (Santa Clara, CA) talked about Zener zap­
ping first and used it extensively later on. Although 
Zener zapping is a useful technique, you have to be 
sure that nobody discharges a large electrostatic 
charge into any of the pins that are connected to the 
Zener zaps. If you like to Zap Zeners for fun and profit, 
they really do make a cute lightning flash in the dark 
when you zap them. Otherwise, be careful not to zap 
them. 

These Zener zaps are also becoming popular in digi­
tal !Cs under the name of "vertical fuses" or "anti­
fuses." If an IC designer uses platinum silicide instead 
of aluminum metallization for internal connections, the 
diode resists zapping. 
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Once I needed 100 LEDs, so I bought 200 LEDs 
from the cheapest supplier. I hoped to find some good 
ones and maybe just a few units that were weak or 
performed poorly, which I could use for worst-case 
testing. I lost out; every one of the 200 was ofuniformly 
good intensity. In a variation on Murphy's Law, worst­
case parts will typically appear only when you are 
depending on having uniform ones. 

So long as you don't fry LEDs with your soldering 
iron or grossly excessive milliamps of current, LEDs 
are awfully reliable these days. I have a thermometer 
display on my wall, which has 650 inexpensive, plastic­
packaged LEDs. These LEDs have amassed 
30,000,000 device-hours with just one failure . The only 
problem I ever have with LEDs is trying to remember 
which lead is "plus"-! just rederive it, every time. 

Optoisolators 
An optoisolator usually consists of an LED and a 

sensitive phototransistor to detect the LED's radia­
tion. In the course of working with the cheaper 4N28s, 
I've found it necessary to add circuitry to achieve mod­
erate speeds. For example, if you tailor the biases per 
Fig 4, you can usually get a 4N28's response up toward 
50 kHz; otherwise the devices can't make even 4 kHz 
reliably. The trick is decreasing the phototransistor's 
turn-off time by using a resistor from pin 4 to pin 6. 

I've evaluated many different makes and lots of 

5V de 

VouT 

a, 
2N3904 

':" 
(b) 

Fig 4-Adding R1 and R: to the inexpensive 4N28 optnisolatm lets it handle faster signals with less delay-5 µ.sec vs 60 µ.sec . The scope 
photo's bottom trace is an input waveform, the top trace is the circuit's output without R 1 and Rf, and the center trace is the output with 
R1=2 MO and R!=l kll. 
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Maintaining a healthy battery involves careful attention to charg­
ing, d'ischarging, and temperature. 

4N28s and have found widely divergent responses. For 
example, the overall current gain at 8 mA can vary 
from 15 to 104%, even though the spec is simply 10% 
min. Further, the transfer efficiency from the LED 
to the photodiode varies over a range wider than 10:1, 
and the 13 of the transistor varies from 300 to 3000. 
Consequently, the transistor's speed of response, 
which is of course related to 13 and L 3 dB• would vary 
over a 10:1 range. 

If your circuit doesn't allow for gains and frequency 
responses that vary so wildly and widely, expect 
trouble. For example, two circuits, one an optoisolated 
switching regulator (Ref 2) and the other a detector 
for 4- to 20-mA currents (Ref 3), have enough degen­
eration so that any 4N28 you can buy will work. I 
used to have a group of several "worst-case" 4N28s 
from various manufacturers that I would try out in 
prototypes and problem circuits. Unfortunately, I don't 
have the marginal devices anymore, but they were 
pretty useful. 

Also, the data sheets for optoelectronic components 
often don't have a clear VF curve or list any typical 
values; the sheets list only the worst-case values. 
Therefore, you may not realize that the VF of an LED 
in an optoisolator is a couple hundred millivolts smaller 
than that of discrete red or infrared LEDs. Conversely, 
the VF of high-intensity, or high-efficiency, red LEDs 
tends to be 150 m V larger than that of ordinary red 
LEDs. And the VF of DEADs (a DEAD is a Darkness 
Emitting Arsenide Diode; that is, a defunct LED) is 
not even defined. 

Once I was troubleshooting some interruptor mod-
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ules. In these modules, a gap separated an infrared 
LED and a phototransistor. An interruptor-say a 
gear tooth-in the gap can thus block the light. I tested 
one module with a piece of paper and nothing hap­
pened-the transistor stayed ON. What was that 
again? It turned out that the paper could diffuse the 
infrared light but not completely attenuate it. A thin 
sheet of cardboard or two sheets of paper would indeed 
block the light. 

Solar cells 
Extraneous, unwanted light impinging on the pn 

junction of a semiconductor is only one of many tricky 
problems you can encounter when you try to design 
and operate precision amplifiers-especially high­
impedance amplifiers. Just like a diode's pn junction, 
a transistor's collector-base junction makes a good 
photodiode, but a transistor's plastic or epoxy normally 
does a very good job of blocking out the light. 

When light falls onto the pn junction of any diode, 
the light's energy is converted to electricity and the 
diode forward biases itself. If you connect a load across 
the diode's terminals, you can draw useful amounts of 
voltage and current from it. For example, you could 
stack a large number of large-area diodes in series and 
use them for recharging a battery. The most unreliable 
part of this system is the battery. Even if you never 
abuse them, batteries don't like to be discharged a 
large number of cycles, and your battery will eventu­
ally refuse to take a charge. 

So much for the charms of solar energy. It's much 
better to use a solar-powered night-light. Remember 
that one? A solar-powered night-light doesn't need a 
battery; it simply needs a 12,000-mile extension cord. 
To be serious, the most critical problem with solar cells 
is their packaging; most semiconductors don't have to 
sit out in the sun and the rain as solar cells do. And 
it's hard to make a reliable package when low cost 
is-as it is for solar cells-a major requirement. 

In addition to packaging, another major trouble area 
with solar cells is their temperature coefficients. Just 
like every other diode, the VF of a solar cell tends to 
decrease at 2 mV/°C of temperature rise. Therefore, 
as more and more sunlight shines on the solar cell, it 
puts out more and more current, but its voltage could 
eventually drop below the battery's voltage whereupon 
charging stops. Using a reflector to get even more light 
onto the cell contributes to this temperature-coefficient 
problem. Cooling would help, but the attendant compli-
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A diode tends to short out when overpow­
ered) and Zeners cannot absorb as much 
power from short pulses as you would expect. 

cations rapidly overpower the original advantage of 
solar cells' simplicity. 

Lastly, I want to say a few things about batteries. 
The only thing that batteries have in common with 
diodes is that they are both 2-terminal devices. Batter­
ies are complicated electrochemical systems, and large 
books have been written about the characteristics of 
each type (Refs 4 through 9). I couldn't possibly give 
batteries a full and fair treatment here, but I will 
outline the basics of troubleshooting them. 

First, always refer to the manufacturer's data sheet 
for advice on which loads will yield optimal battery life. 
When you recharge a nickel-cadmium battery, charge 
it with a constant current, not constant voltage. And 
be sure that the poor little thing doesn't heat up after 
it is nearly fully charged. If you're subjecting your 
battery to deep-discharge cycles, refer to the data 
sheet or the manufacturer's specifications and usage 
manual for advice. Some authorities recommend that 
you do an occasional deep discharge, all the way to 
zero; others say that when you do a deep discharge, 
some cells in the battery discharge before the others 
and then get reversed, which is not good for them. I 
cannot tell you who's correct. 

Sometimes a Ni Cd cell will short out. If this happens 
during a state of low charge, the cell may stay shorted 
until you zap it with a brief burst of high current. I 
find that discharging a 4 70-µF capacitor charged to 
12V into a battery does a good job of opening up a 
shorted cell. 

When you recharge a lead-acid battery, charge it 
to a float voltage of 2.33V per cell. At elevated tem­
peratures, you should decrease this float voltage by 
about 6 m V l°C; again, refer to the manufacturer's rec­
ommendations. When a lead-acid battery is deeply dis­
charged (below l.8V per cell), it should be recharged 
right away or its longevity will suffer due to sulfation. 

Be careful when you draw excessive current from a 
lead-acid battery; the good strong ones can overheat 
or explode. Also be careful when charging them; be­
ware of the accumulation of hydrogen or other gases 
that are potentially dangerous or explosive. 

And, please dispose of all dead batteries in an envi­
ronmentally sound way. Call your local solid-waste­
disposal agency for their advice on when and where 
to dispose of batteries. Perhaps some can be recycled. 
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OrCAD Systems Corporation, the 
world's largest marketer of PC­
based CAE software, has completely 
upgraded it's popular printed cir­
cuit board layout software. 
Now you can have all the power 
features you need for your board 
designs on the PC you already own. 

Twice the capacity 
OrCAD/PCB II has over double the 
capacity using a flexible, user-defin­
able memory allocation system. The 
product now supports over 270 14-
pin IC equivalent designs, 600 + 
pads, 16,000+ equivalent track seg­
ments. 

Twice the options 
OrCAD /PCB II comes with over 50 
different printer drivers inclu ing 
most popular dot matrix and laser 
printers, over a dozen plotter driv­
ers and over 50 display drivers. We 
conform to your system better than 
anyone. 

Twice the features 
• Improved autorouting strategies 

means a faster route with more 
completions. 

• Design Rule Check available as 
OrCAD /PCB II runs. Parameters 
are user configurable. 

• Via and Track Optimization. 
Minimize vias and improve rout­
ing automatically. 

OR8944 

• On-Line module browsing and 
reading. Call up modules and 
browse through their graphic de­
scriptions. 

• Gerber Viewer generates screen 
version of Gerber file to check out­
put. 

Twice the value 
OrCAD's commitment to you is that 
all of our powerful software will give 
you workstation performance with­
out extra hardware, all handled 
within 640k RAM. 
And the price? The package comes 
complete with autorouter, printer 
and plotter support, excellent docu­
mentation and 
more for only $14 9 5 
The price also includes one year of 
technical support, free product up­
dates and access to our 24 hour BBS. 

Curious? Try it yourself with our 
free demo disk. 
Call for our free demonstration disk 
and information packet. You'll see 
why more designers look to OrCAD 
for their design solutions. 

2~.~~2·· 
1049 S.W. Baseline St. Ste. 500 
Hillsboro, OR 97123 
(503) 640-9488 

Call today for your FREE demo disk 
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If you would like more informa­
tion about this or any other Or­

CAD product, contact your local 
OrCAD representative. 

1. WA. OR, MT, 
ID, AK 
Seltech, Inc. 
(206)746-7970 

9. IN, O H, KY, WV, 
W. PA 
Frank). Campisano 
(513)574-7111 

2. N . CA, Reno NV 10. VA, TN, NC, SC 
Elcor A ssociates Inc. Tingen Technical 
(408)980-8868 Sales 

3. So. CA 
AD G 
(714)897-0319 

4. Las Vegas, UT, AZ, 
NM, CO 
Tusar Corporation 
(602)998-3688 

(919)870-6670 

11. FL 
High Tech Support 
(813)920-7564 

12. MS, AL, GA 
Electro-Cadd 
( 404 )446-7523 

5. ND, SD, MN, W. WI 13. DE, MD, DC, E. PA , 
Comstrand, Inc. NJ, NY 
(612)788-9234 Beta Lambda , Inc. 

(201)446-1100 
6. NE, KS, IA, MO 

Walker Enginee ring 14. CT, RJ, MA, VT, 
(913)888-0089 NH, ME 

7. TX, OK, AR, LA 
Abcor, Inc. 
(713)486-9251 

8. Ml , E. WI , IL 
MacKellar Associates 
(313)335-4440 

DGA Associates 
(617)935-3001 

15. BC, AB, SK, MB 
lnterworld 
Electronics, Ltd . 
(604) 984-4171 

I6. ON, PQ & Ma ritimes 
Electralert , LTD. 
(416)475-6730 
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Next time they boast 
about ad · more 

features to a real-time 
clock, ask to see one first. 

The Harris Way: 
More On-Chip 
Functions And 
Affordable. 

First, we thought about li fe 
two centuries from now. 
Then we built a clock to 
last that long. 

A 128-year calendar 
with automatic leap year 

. . 
co1Tect1ons 1s iust one im-
pressive feature of our 
patented ICM7170 real­
time processor-compatible 
clock. There are many 
more. 

Our CMOS-fabricated 
clock offers more on-chip 
fun ctions th an commodity-

©1989, Harris Corporation 
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quality clocks, including a 
battery backup circuit, 
regu lated power supply 
(assuring stable oscillator 
frequency), on-chip power 
down detector and on-chip 
alarm comparator and 
HAM. It generates alann 
intenupts and seven pro­
grammable periodic 
i ntenupts. 

Eight separate internal 
addressable and program­
mable counters keep time 
from hundredths of 
seconds to years. The 
lCM7170 is easy to use, 
too: no exotic software is 
needed. Latches prevent 
clock roll-over during read 

cycle. And you read it like 
a RAM. 

The 7170's 300 ns ac­
cess time and high com­
patibility make it a perfect 
peripheral for a whole 
range of applications, from 
data logging and portable 
and personal computers to 
industrial process control 
and point of sale systems. 

With its military 
temperature rating and 
883C screening, the 
ICM7170 is already per­
fonning where perfor­
mance counts most - 111 
demanding strategic and 
tactical systems. Packages 
include 24-pin plast ir and 
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ceramic DIPs and 24-pin 
small-outline DJP. 

So if you 're looking for 
a high-performance 
power-saving clock for 
your system, look to 
HatTis' 7170. 

Call for our brochure 
and data sheet: 
1-800-4-HARRJS, 
Ext. 1998. 

What your vision of the 
t'uture demands. Today. 

m HARRIS w SE M I CONDUC T O R 

HAR RIS RC I GE INTER SIL 
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THE BIBBEST HEAD 
The 20 GHz Tek 11800 Series 
Digital Sampling Oscillo­
scope: More sampling 
heads, 30 times more chan­
nels, 1 ps repeatability and 
.01 /IS sample interval are 
way out front in meeting yaur 
uni11ue needs. 

If you re,ally 'Nant to leverage the 
full po"Wer of high-resolution, high­
frequency me,asurements-now 
and in the future- the Tek 11800 
Series is the only re,al choice. 

Only the 11800 offers you more 
than four direct channels of signal 
acquisition, plus TOR. Here, with 
the modularity of the 11800, you 
can expand to 136 channels-

without multiplexing. 
Only the 11800 offers more than 

a handful of sampling he,ads. 
We 've introduced six within six 



months-including optical-to­
electrical convertors, loop-through 
and low-noise heads-with even 
more to follow 

Extensive TDR and the only 
differential TDR capability in 
the business. Other systems 
give you a single TDR channel. 
The 11800 lets you do TDR mea­
surements on every channel in 
your system. And it's the only sys­
tem to do true differential TDR­
on up to 68 channels. 

And for the accurate results you 
need, nothing rivals the 11800's 

1 ps measurement repeatability and 
.01 ps sample interval. 

Let us show you other exclusive 
capabilities of the 11800 Series: its 
automatic statistics, continuous 
display updates and po1Nerful 
waveform processing. Contact your 
Tek sales engineer, or call toll free: 
1-800-426-2200. 
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C&C Computers and Communications 

For fast answers, call us at: 
USA Tel :1·800·632·3531. TWX 910·379·6985. 
W Germany Tel :0211 ·650302. Telex:8589960. 
The Netherlands Tel :040·445·845. Telex:51923. 

Sweden Tel :OB-753·6020. Telex:13839. 
France Tel :1·3946·9617. Telex:699499. 
Italy Tel :02·6709108. Telex :315355. 



UK Tel :0908-691133. Telex:826791. Singapore Tel:4819881. Telex:39726. 
Hong Kong Tel :3-7 55-9008. Telex:54561. Australia Tel o: -26 7-6355. Telex 38343. 
Taiwan Tel 02-522-4192. Telex 22 372_ 

INTRODUCING V53: 
THE MS-DOS-COMPATIBLE, 

16-BIT MICROPROCESSOR WITH 
A 400°/o PERFORMANCE EDGE 

To make a difference In laptop PCs, modems, POS systems or 

ISDN terminals, you need a 16-blt microprocessor that offers 

genuine advantages In performance and Integration. 

The new VS3"' meets your needs with the powerful V33 .. 

CPU - rated four times higher In overall performance than the 

V30"' CPU. The V53 also Integrates all basic peripherals on-chip 

to maximize system speed and minimize circuit board size. 

Other top-end V53 features Include expanded address 

space (up to 16M bytes) and dynamic sizing for 16/8-blt external 

buses. The VS3 facilitates laptop designs with power-saving stop 

and standby modes. In PC appllcatlons, It provides AT perform­

ance, plus XT software-compatibility. 

If you're determined to design an outstanding system, 

choose the 16-blt microprocessor with the courage to stand out. 

The VS3 from NEC. 

CIRCLE NO 58 
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This is ICI Imagedata's Digital Paper. 

A simple enough name, but then it's 

less of a mouthful than "revolutionary 

flexible optical data storage material". 

Our substantial investment resulted 

from a market trend toward the processing 

of images, particularly color images. 

It's flexible, indelible and can be 

produced for a remarkably low cost. 

Since then, !Cl lmagedata has been 

working with hardware manufacturers to 

bring Digital Paper into the workplace. 

In fact this year the first Creo optical 

drives to use tape made from Digital Paper 

WHY DID WE SPEND MllllONS Of DOllARS ON A PIECE Of PAPER? 
What was needed was a way to store 

and print them electronically, so ICI began 

looking for the appropriate technologies. 

Obviously, any potential solution 

would have to take account of the large 

storage capacity needed, as well as 

performance and expense. Nothing short of 

a revolution was required. 

That revolution resulted in Digital Paper. 

One 12 inch reel of tape made from this 

new optical material can store, on-line if you 

want, a whole terabyte of information. That's 

1012 bytes, the equivalent of around one 

billon sheets of typed A4 paper - sufficient 

to store 5 5 ,000 full color images. 

© ICI Americas Inc 1989 
ICl lmagedata is a part o f JCI Films, a business unit of ICI Amencas Inc 
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will be delivered. 

!Cl's research budgetof$2.5 million per 

day has also created a separate technology 

that can print those stored color images. 

Known as D2T2, it can produce a 

photograph-like color print or transparency 

direct from an electronic source. 

With developments like Digital Paper 

to talk about, !Cl Imagedata are keen to 

begin discussions with progressively 

minded drive manufacturers. 

For a complete briefing, call David 

Owen at 302-886 8484, or write to us at 

!Cl lmagedata, Concord Pike, Wilmington, 

DE 19897. 

e lmagedata 
EDN August 3, 1989 



Design Feature 

Icon lets 
software tools perform 

special tasl(s 

The Icon language has many features that 
let you quickly build special-purpose tools 
for manipulating lists) sets) and tables. 

Sandra L Wightman, Allied Signals Cornpan'ies 

If you must analyze numeric data that's already organ­
ized as tables or sets, or analyze textual data that 
entails unusual kinds of pattern matching, positional 
analysis, or sorting, you'll have a difficult time finding 
any off-the-shelf software tool that does exactly what 
you want. You may want to do different tasks than 
the very specific tasks performed by off-the-shelf pro­
grams. In that case, you can use the Icon language to 
build your own special-purpo:;e tool. 

Icon is a very high-level programming language de­
veloped by Ralph Griswold (the creator of Snobol) and 
his colleagues at the University of Arizona. The lan­
guage lets you quickly write ad hoc programs for ma­
nipulating strings, lists, tables, and complex data sets. 
In particular, Icon has built-in facilities for string scan­
ning and for coexpressions (a way of suspending the 
operation of expressions, which resume where they 
left off when reactivated). Icon is extensible: You can 
combine the simpler concepts in the language to create 
more complex commands or functions. And for most 
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computers, the package includes an interpreter for 
easy development and a compiler, which speeds the 
execution of your finished programs. 

You may well ask, "Why should I learn yet another 
programming language? Why shouldn't I write the tool 
in Basic or C, which I already know?" You certainly 
could do so-you can do almost any job in either of 
those languages if you have the expertise and plenty 
of time. But Icon has special features that are specifi­
cally designed for processing lists, tables, and sets, 
and these features make it easy for you to write pro­
grams quickly. Further, you won't have to spend a lot 
of money to sample Icon, because it's in the public 
domain; the box "Icon materials" tells you how to ob­
tain Icon inexpensively. 

Icon has nontraditional features 
Icon has some unusual and powerful features. For 

example, it performs runtime data typing and provides 
a feature called "generators," which allows nonuniform 
control of iteration. Also, the language makes no provi­
sion for Boolean values; instead of returning a Boolean 
value, every expression either "succeeds" or "fails." 
An expression that succeeds generally returns the 
right-hand side of that expression; an expression that 
fails does not return anything. The left-hand side of 
the expression remains unchanged. One advantage of 
this success/failure feature is that, instead of writing 
a complex series of if ... then . .. else conditional 
statements, you can write deeply nested expressions, 
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Icon has features that make it easy to ma­
nipulate strings, lists, tables, and complex 
data sets. 

each depending on the success of the preceding expres­
s10ns. 

Nested success/failure expressions can appear cryp­
tic to the novice, but for readability you can place the 
various expressions on separate lines. As you become 
more familiar with the language, however, you can 
write a single line of code that performs multiple func­
tions and behaves differently under different condi­
tions. 

The simplest example of a success/failure statement 
is the following: 

line " 
write(line := read(input_ file)) 

Line 1 creates an empty string variable called 'line.' 
In line 2, if the system fails to read a line from the 
input file, the left side of the expression remains un­
changed and the variable 'line' remains empty. If the 
system reads a line from the input file , then the whole 
expression 'line : = read(lnput_file)' succeeds, with the 
result that the program first stores the input line in 
the string variable 'line' and then writes the contents 
of 'line' to the standard output stream. 

Nesting allows you to extend the functions of this 
simple statement as follows: 

line := " 
if (line : = read(input file)) then 

write(line[find("The" ,line) :O]) 

Now, if the program can read a line from the input file, 
it searches the new contents of string variable 'line' 
for the word "The." If the search fails, nothing is sent 
to the output; if the search succeeds, the program sends 
the remaining portion of 'line' (starting at the word 
"The") to the standard output stream. 

Generators control program flow 
A "generator" is an operator that manages the flow 

of control to permit iteration through a series of opera­
tions. The generator lets you evaluate the result of 
each operation, and then proceed to the next operation 
or break out of the loop. You can use a generator to 
iterate through a series of patterns-a procedure that 
could be difficult when the loop index must increment 
or decrement uniformly (as in Basie's FOR ... NEXT 
construct). . 

For example, you might need to quickly create a set 
of all the variables having a 3-character prefix (such 
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as VA_ or FL_) that are used in the program modules 
of a large project. You also might need to create a 
similar set of such variables already present in the 
project data dictionary. The generators feature makes 
it very easy to write a program to perform these tasks. 
The program then performs a set-subtraction operation 
to discover the differences between the two lists and 
to ensure that all development changes are reflected 
in the dictionary. 

Icon has a number of built-in generators such as 
"upto" and "find," each tailored to a specific applica­
tion, such as string parsing. Also, to meet more specific 
demands, the language lets you define your own gen­
erators; such definitions are easy to write and seldom 
require more than a few lines of code. 

To see how a generator works in the context of the 
code for the success/failure examples above, suppose 
you want to verify that at least one space exists within 
the first 40 characters of the line read from the file. 
The following line of code searches the string; it returns 
nothing if there are no spaces, and it returns the value 
40 (the right side of the expression) as soon as the 
search encounters a space. 

write((i := upto(' ', line)) < 40) 

If you want to know the actual position of the first 
blank, swap the left and right sides of the expression 
inside the Write statement and put the returned index 
into the variable 'i,' as follows: 

write(40 > (i: upto(" " line))) 

You might also want to know the position of every 
blank that has an index greater than 40. To find these 
positions, combine the "upto" generator with the con­
trol structure 'every ... do ... ': 

every (40 < (i := upto(" ", line))) 
do write("Found a blank at position ", i) 

The above code ignores blanks that have an index of 
less than 40, but it either writes the position of all 
blanks with indices greater than 40, or does nothing. 
This is an example of "goal-directed evaluation"; the 
generator iterates repeatedly in an attempt to make 
the condition succeed. Generation halts upon success 
or exhaustion of all the possibilities. 

You're not restricted to searching for blanks or other 
single characters, however. Combining the 'find' gen-
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erator with the 'every ... do' control structure allows 
you to find the index of every instance of a pattern 
within a string. The code shown below tells you the 
position of every instance of "ado" in the given 
phrase-in this case, the code would return two values: 
6 and 36. And, of course, if you want to search a whole 
file for the pattern, you could add a read operation and 
substitute the variable 'line' for the quoted string. 

every i : = find("ado", "Much ado about 
nothing is too much ado.") do 
write("The value is ", i) 

Another important feature of Icon is the use of alter­
nation, which is activated by the operator "P'. Alterna­
tion allows you to specify a set of prioritized statements 
and to execute the first one that succeeds. To see how 
this works, you can once more use the example of 
searching a string for blanks. If you want the program 
to inform you if it finds no blanks, write a simple 
conditional statement: 

if not write(40 < (i := upto(" ", line))) then 
write("Failed to find desired blank.") 

You can simplify this statement somewhat (and extend 
the operations, if necessary) by using the alternation 
operator instead: 

write(40 < (i upto(" ", line))) I 
write("Failed to find desired blank.") 

Alternation somewhat resembles C's conditional op-

Icon materials 

erator (?:), which acts like an if ... then .. . else con­
struct. The C conditional operator is less flexible than 
Icon's alternation operator because it works only with 
expressions that return a Boolean, numeric, or charac­
ter value. The conditional operator requires exactly 
three operands; the first operand takes the value of 
the second operand if the condition is true, or the value 
of the third operand if the condition is false. In con­
trast, Icon's alternation operator lets you select and 
execute very complex procedures, depending on 
whether the conditional expression succeeds or fails, 
and you can nest multiple conditions. 

In Icon, variables are not associated with any specific 
data type until runtime. Instead , every value is associ­
ated with a data type. For example, the digit 2 is 
numeric unless it's enclosed within quotes ("2"), when 
it becomes a string. As far as possible, the compiler 
or interpreter coerces any specific value to the data 
type required by the expression in which the value 
appears. Of course, a data structure such as a table 
cannot masquerade as a number in an equation, but 
the language allows for very flexible data typing, and 
many people use this feature to their advantage when 
writing in C. 

Runtime data typing makes most variable declara­
tions and memory allocations unnecessary. However, 
Icon does require type declarations for structures such 
as tables, sets , and lists. Runtime data typing makes 
it very easy to manipulate structures and strings, be­
cause you're not restricted to any predefined total size; 
you can dynamically concatenate or reduce these ele­
ments as needed. 

Another strength of Icon is that it has many built-in 

Icon is available for Unix and 
VMS computers and for most 
PCs. The cost is that of duplicat­
ing and shipping. 

PC, and Xenix. Prices range from 
$15 to $20. 

cost $0.50 each, and a complete 
set (no. 1-27) costs $6. The Uni­
versity of Arizona also supplies 
The Icon Programming Lan­
guage ($30) and The Implementa­
tion of the I con Programming 
Language and update ($40). 

Unix versions come in a variety 
of formats and cost $25 to $50. 
The VMS version is available 
only on 1600- or 6250-bpi tape and 
costs $25. 

Icon is currently available for 
the following personal com uters: 
Atari ST, Macintosh/MPW, and 
machines that run MS-DOS, Unix 
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You can obtain Icon disk or 
tape versions from Icon Project, 
Dept of Computer Sciences, 
Gould-Simpson Bldg, University 
of Arizona, Tucson, AZ 85721. 
Request an order form by mail, 
or obtain ordering information by 
calling (602) 621-2018. You can 
order the Icon Newsletter from 
the University of Arizona by call­
ing (602) 621-6613; back issues 

You can obtain several ver­
sions of Icon electronically, at no 
cost, from the Icon Project's bul­
letin board system at (602) 621-
2283. 
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Alternation lets you specify a set of priori­
tized expressions and execute the first one 
that succeeds. 

facilities for processing structures such as lists, sets, 
and tables. These structures are all predeclared as to 
type, but they may change size dynamically. Some of 
the built-in operators associated with them are Push, 
Pop, Insert, Delete, and Sort. An Icon set conforms 
to the classical definition of a set insofar as it has no 
duplicate elements. Therefore, union, intersection, and 
other set operators all behave precisely as a mathema­
tician would expect them to. Tables consist of a number 
of keys that are dynamically expandable, and each key 
is associated with a second field, which may be of any 
type you wish. To assign a field in a table, you need 
only write: 

table_ name[key _name] : = desired_ data 

Icon does have a few disadvantages, however. The 
principal one is that Icon is relatively unsupported, 
because it's public-domain software. Although mem­
bers of the Icon project at the University of Arizona 
are always willing to hear about any bugs that you 
might find, and they are equally willing to consider 
proposed solutions (provided that these are coded in 
C), they don't guarantee that bugs will be resolved 
and corrected immediately. Also, they have no facilities 
for supporting individual users. On the other hand, the 
documentation includes a thorough, well-organized 
book by the Griswolds (Ref 1), an implementation man­
ual, and a newsletter. 

Another potential disadvantage is that, on certain 
systems, it's difficult to integrate system and library 
routines into your programs. Integrating modules writ­
ten in other languages is also a challenge. On the bright 
side, C source code for Icon is readily available, and 
you can modify the existing source code or add new 
procedures to improve the interface between Icon and 
your system or other languages; most compilers let 
you recompile and relink the results of your modifica­
tions. Despite these minor inconveniences, you'll find 
Icon to be extremely valuable as a tool builder in many 
different situations. EDN 
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WHAT'S COMING 
IN EDN 

EDN's August 17 edition is our annual 
military special issue. The staff-written 
Special Report will be devoted to the 
Ada language and real-time Ada devel­
opment systems. This article will provide 
an in-depth look at this language, and 
how you can use it to solve problems 
in both commercial and military software 
projects. Other staff-written military arti­
cles will cover EGL-programmable gate 
arrays and PLDs, and relays for military 
aircraft. This issue will also include 
nonmilitary articles, such as part 7 of 
Bob Pease's troubleshooting analog cir­
cuits series, and our regular depart­
ments. 

In September, look for reports on non­
volatile memories, signal conditioners, 
and 8- and 16-bit microcontrollers. 
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er socket 
that won't play 

"pop goes the circuit:' 

AMP is a trademark of AMP Incorporated. 

Our sockets are designed to get solidly 
into contact and stay in contact. No matter 
what the outside influences. Pop-out is 

simply not a problem. 

Controlled contact 
interface angle 
in AMP HPT sockets 
ensures positive 
chip carrier retention . 
Our exclusive removable 
housing allows direct 
inspection of solder 
joints, and fast 
repair/replacement 
of contacts. 

The contacts are High Pressure Tin, an 
AMP proprietary design which creates 
very high normal forces-a minimum of 
200 grams per contact-for maximum 
retention and reliable interconnection. 
Short-signal-path contacts float in the 
housing to accommodate thermal 
expansion. 

Two basic styles of sockets are avail­
able: square or 32-position rectangular 
EPROM and S0-1. Both come in solder 
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tail or surf ace mount versions and feature 
all the important details. Tin-over-nickel 
plating is applied after the contacts are 
formed, to assure full plating. We've 
built in visual indicators for locating pin 
1, and polarizing to aid correct insertion. 

pc board both fast and simple, ideal for 
hand or tube-loaded robotic insertion. 
And the high pin counts make very 
effective use of real estate. 

Call the AMP Information Center 
at 1-800-522-6752 for literature on HPT 
PLCC Sockets. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

Orientation holes in the 94V-O housing 
floor make registration to the ANI P Interconnecting ideas 

Sevnn socket 
sizes are available, 

with carrier extraction 
tools provided for nach size. 
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EZ·PRO Supports: 1802/05/05AC/06 .. 64180RO/ R1 /Z .. 6301V1 /01X0/63701V0/63701Y 
6303R/03V1 /03X/03Y/03YO 6309/09E . 6502/C02/03/04/05/06/07 / 10/ 12/ 13/ 14/ 15 
6800/02/08 ... 6801 /01 U4/68701 /68701 U4/03/03U4 . 68HC05C4/C8/ D2/ P1 . . 6805 ASIC 
1468HC05E2/ E3 ... 6809/ 809/09E 68HC11AO/A1 /A8/ E1 /E2/E9 ... 68000/ 68008/68010 
8035/ 39/C39/40/ 48/87 48/ 49/87 49/ C49/ 50 . . . 8051 /51 AH/C51 / C51 BH/ C51 FA (80C252) 
8751 /51 H/51 BH/C51 ... 8052/ 52AH/C52/52BH/C52T2 ... 87C52/52BH ... 8031 /31 AH/C31 /C31 BH 
8032/ 32AH/ C32/ 32BH/ C32T2 ... 80C154/83C154/85C154 ... 8344/44AH .. 8053AH/8753H 
80515/ 535 ... 80C152JA/C152JB 80C321 .. 80C451 ... 80C552 .. 80C325 ... 80C452 
8085/8085AH·2/80C85 .. 8086/ 80C86 ... 8088/80C88 ... 8096/ 97 /8396/8397 /8098/80C196 
80186/ 80C186 ... 80188/80C188 . 8X300/305 .. NSC800 ... V20/V30 ... Z80A/Z80B/Z80H 
Z 180 and more. 

A american automation 
EZ ·Pro is a trademark of American Automation Inc. I BM & PS/ 2 are registered 
trademarks of International Business Machines Corporation. XT & AT are 
trademarks of International Business Machines Corporation. Macintosh isa 
registered trademark of Apple Computer, Inc. Sun Micro~ystems is a trade· 
mark of Sun Microsystems, Inc. 

IN-CIRCUIT 
EMULATION 

for 140 devices 
Now 42 versions in the 8051 Family! 

Start with dual level debugging, C­
source and assembly. Add a 4K deep 
trace, powerful performance analyzer; 
breakpoints for simple address, condi­
tional, delayed, ranging, and X before Y 
before Z; plus logic probes, other attri­
butes, other options, and you have EZ­
Pro™, the most versatile microprocessor 
development system in the world. 

IBM® XT, AT, PS/2 , Sun Microsystems 
and Macintosh host EZ-Pro development 
systems. 

EZ-Pro will handle your project, or re­
turn it within 10 days under our zero risk 
Suitability Warranty. 

You may take advantage of the EZ-Pro 
equity rental plan or make a standard 
purchase. Either way, we are ready to 
ship most systems. Call for ET A! 

Your call will expedite prices and specifi­
cations. Or write: Customer Service, 2651 
Dow Avenue, Tustin, CA 92680-7207. 

The enclosed software is the property of American Automati 
and conditions of use, refer to the Software License Agree 

SY ti· 
11()1 .. 1(~ 

(~()(Jl,()N 

] Prices 
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DESIGN IDEAS 
EDITED BY CHARLES H SMALL 

Quadrature <>scillator locks to reference 

John Quinlan 
Biddle Instruments, Blue Bell, PA 

The oscillator in Fig 1 can phase lock to a reference 
over a frequency range of 30 to 1600 Hz. Its output 
level is 8V. You can use potentiometer R7 to adjust 
the phase relationship between the oscillator's output 
and the reference by a constant amount within the 
range of ± 85°. This constant phase difference is inde-

15V 

Vs 

IC1 

AD534 
10 

X I OUT 
8 

1 
X2 

3 
Y1 

4 
Y2 

-= -= - Vs 

5 

-= 
- 15V 

2M 

15V 

-= 

pendent of frequency. 
The circuit comprises two sections: the oscillator and 

the phase shifter. You can find details of the voltage­
controlled, dual-integrator, quadrature-oscillator por­
tion of the circuit in many standard texts and applica­
tions handbooks. R3 and R4 provide feedback to ensure 
oscillation at startup; D1i R1, R2, and the diode bridge 
limit the oscillation's amplitude. IC1 and IC2's Yl pins 
are the VCO inputs. 
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Fig I-This quadrature osciJJaWr M t only can phase lock w an input reference signal, /ml, it can a/,;Jo set tJze phase difference between its 
output and input. 
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DESIGN IDEAS 

Op amp IC3c and comparator IC4 form the sign 
changer. The sign changer first multiplies IC38's out­
put, OUTPUT B, by a constant, (3, which you set be­
tween - 1 and + 1 with potentiometer R7• Comparator 
IC4 compares this signal with the oscillator's other, 
orthogonal output, output A. Note that resistors R8 

and R9 attenuate output A by a factor of 10. 
Fig 2 shows a simplified schematic of the sign 

changer. If the changer's input is cos® and f3 is the 
attenuation factor of R7, then IC3c's output, VA• is 

VA= cos0(2(3 - 1), 

where O::sf3::sl. 
IC4 is a comparator that produces a square wave 

whose transitions occur when VA equals 1/1osin0: 

VA= 1/1osin0 
cos0(2(3 - 1) = 1/1osin0 

tan®= 10(2(3-1) 
e = tan-1(10(2(3 -1)) 

The output of comparator IC4 thus changes state at 
the voltage intersections of its two input waveforms 
with R7 ((3) determining the phase difference between 
the two inputs. The phase shifter feeds the phase de­
tector, IC5, which in turn applies an error voltage to 
the multiplier-integrators to phase lock their oscilla­
tions to the ref ere nee input. 

The values of resistors R5 and R6 linearize the 

20k 20k v. 

1 
1QSIN4> 

Fig 2-This phase shifter can vary its output over a ±85° range. 

arctangent function inherent in the phase shifter. 
These values are derived from the Design Idea "Resis­
tors provide nonlinear pot taper" by Mark Rumreich 
in EDN's July 21 , 1988, Design Idea Special Issue, 
Volume II, pg 69. 

You can obtain other frequency ranges by varying 
timing components Rx and V x; varying D1 will change 
the circuit's output amplitude. If you change the cir­
cuit's frequency range, you may have to change the 
phase detector's loop-filter components, R10 and R11 , 

to ensure adequate response and stability. EDN 

To Vote For This Design, Circle No 522 

Generator rumbles at low frequencies 

Andrew Dart 
Andy's Bureau of Standards, Duncanville, TX 

The random-noise generator in Fig 1 can't top commer­
cial noise generators, whose outputs range from 10 or 
20 Hz to 1000 MHz, but it can beat them at the bottom 
end because you can extend its low-frequency response 
to as close to de as you care to go. Such a circuit would 
be handy for producing theatrical or motion-picture 
sound effects, such as a volcano, an earthquake, or 
thunder; as a random-noise generator to lull a baby 
to sleep; and for generating truly random and unpre­
dictable mechanical vibrations or electrical noise for 
electronic countermeasures, simulation, or testing. 

154 

The heart of the circuit is a noisy zener diode 
(1N964B), which, reversing what is usually good design 
practice, has just enough reverse bias to make it con­
duct. This way, the zener diode produces about 10 
m V of random noise riding on 13V de. A series of 
inverters functions as amplifiers, a Schmitt trigger, 
and a buffer. The output of the last inverter is a rapidly 
changing logic level, much like a very high-speed serial­
data stream but with no pattern in the data, except 
that it contains slightly more logical zeros than ones 
(or vice versa). This raw data goes to a divide-by-two 
circuit, which removes any amplitude-dependent bias 
in the data stream, thus assuring a 50/50 mix of highs 
and lows. 

EDN August 3, 1989 



SPECIFICATIONS 
MODEL FREQ. GAIN, dB 

MHz 100 1000 2000 Min . 
• MAX. NF 

PWR. dB 
PRICE$ 
Ea. Qty. 

de to 2000 MHz 
amplifier series 

Unbelievable, until now ... tiny monolithic wide-

MHz MHz MHz (rote) dBm 

band amplifiers for as low as 99 cents. These rugged 
0.085 in.diam.,plastic-packaged units are 50ohm* 
input/ output impedance, unconditionally stable 
regardless of load*, and easily cascadable. Models 

MAR-1 DC-1000 18.5 15.5 13.0 0 5.0 0.99 (100) 
MAR-2 DC-2000 13 12.5 11 8.5 +3 6.5 1.50 (25) 
MAR-3 DC-2000 13 12.5 10.5 8.0 +80 6.0 1.70 (25) 
MAR-4 DC-1000 8.2 8.0 7.0 +11 7.0 1.90 (25) 
MAR-6 DC-2000 20 16 11 9 0 2.8 1.29 (25) 
MAR-7 DC-2000 13.5 12.5 10.5 8.5 +3 50 1.90 (25) 
MAR-8 DC-1000 33 23 19 +10 3.5 2.20 (25) 

in the MAR-series offer up to 33 dB gain, 0 to 
+ 11 dBm output, noise figure as low as 2.8dB, 
and up to DC-2000MHz bandwidth. 

NOTE: Minimum gain at highest frequency point and over full temperature range. 
• MAR·B, Input/ Output Impedance 1s not 50ohms, see data sheet 
Stable for source /load impedance VSWR less than 3 1 

• ldB Gam Compression 
o +4dBm t 10 2 GHz 

designers amplifier kit, DAK-2 
5 of each model, total 35 ampl ifiers 

Also, for your design convenience, Mini-Circuits 
offers chip coupling capacitors at 12 cents each.t 

EDN August 3, 1989 

Size Tolerance 
(mils) 
80 x5Q 5% 
80 x 50 10% 

120 x 60 10% 

Temperature 
Characteristic 

NPO 
X7R 
X7R only $59.95 t Minimum Order 50 per Value 

finding new ways .. 
• Designers kit, kcap-1,50 pieces of 
each capacitor valve, only $99.95 

setting higher standards 

0 Mini-Circuits 
A 01v1 s1on of Sc1ent1l1c Components Corporation 

P.O. Box 350166, Brooklyn , New York 11235-0003 (7 18) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

CIRCLE NO 63 

Value 

10, 22, 47, 68, 100, 220, 470, 680, 1000 pf 
2200, 4700, 6800, 10,000 pf 
.022, .047, .068, .1µ1 

C113-Rev D 
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DESIGN IDEAS 

Because of a specific application, this circuit has a 
crystal-controlled oscillator; you could use any oscilla­
tor circuit you like. The master-clock signal goes to 
IC4, which generates a 4-phase clock. The 4-phase clock 
eliminates glitches and races in following circuitry. 

The first phase clocks a random high or low into 
IC5A. The second phase enables this random high or 
low to the UP input of counter IC7 via IC6A. The 
counter either counts up or does nothing, depending 
the previously latched state of the random data stream. 
The two remaining pulses of the 4-phase clock perform 
a similar function for the counter's DOWN input. Thus, 
counter IC7 counts up, down, or not at all, in a random 
fashion. 

Finally, an 8-bit AID converter translates the ran­
dom output of the counter into a random analog signal. 
Note that because the 8-bit counter may increment, 
decrement, or remain unchanged for each succeeding 
clock cycle, the count stays unchanged, on the average, 

15V 

half the time. This situation produces a much more 
interesting output signal than if the counter had to 
increment or decrement on every clock cycle. 

In order to prevent abrupt jumps in the analog out­
put, the counter cannot overflow or underflow. You 
prevent overflow by simply connecting the CARRY 
output of the most significant counter stage to the 
LOAD inputs of both stages and leaving all eight preset 
input lines tied high. To prevent underflow, you can't 
simply connect the BORROW line of the most signifi­
cant counter through an inverter to the RESET inputs 
of both stages. You must hold the RESET line high 
from the occurrence of the BORROWoutput until the 
next UP clock pulse. Left-over gates IC6c and IC60 

configured as an SR latch do this job. EDN 

To Vote For This Design, Circle No 523 
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Fig 1-This /,ow-frequency random-noise generator uses the conditioned output of a noisy zener diode to randomly drive an up/down 
counter. An inexpensive AID converter transforms the counter's random output into an audio signal. 
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DESIGN 
NOTES 

Number 25 in a series from Linear Technology Corporation August, 1989 

A Single Amplifier, Precision High Voltage Instrument Amp 

Walt Jung 
George Erdi 

Instrumentation amplifier (IA) circuits abound in analog sys­
tems, in fact virtually any linear applications handbook will 
show many useful variations on the conceptl11. While this may 
be somewhat bewildering to a newcomer, all the variations 
have uses which are differentiated and valuable. A good 
working knowledge of the alternate forms can be a powerful 
tool towards designing cost-effective high performance lin­
ear circuits. 

A case in point is a single amplifier precision qualified high 
voltage IA. This circuit must withstand very high common 

i< 
COMMON 

MOOE 
INPUT 
± 250V 

TYPICAL PERFORMANCE: 

mode voltages at the input, yet it should still be relatively 
simple, while at the same time capable of high performance. 
Whereas dual summing amplifier setups can provide high in­
put-voltage qualifications, a more simple single amp solution 
is often sought. An IA topology which achieves all the above 
objectives is shown in Figure 1, the "Precision High Voltage 
IA." The circuit employs the virtues of two key parts in per­
forming its function; the resistor array and the op amp used 
with it. 

1 

]jOk OPTIONAL 
CMRR 
TRIM 

OUT 

-9V 

R1-R6 VISHAY 444 ACCUTRACT THIN -FILM 
COMMON MODE REJECTION RATIO= 74dB (RESISTOR LIMITED) 

WITH OPTIONAL TRIM= 130dB 
SIP NETWORK 

II] :VISHAY 444 PIN NUMBERS 
OUTPUT OFFSET (TRI M MABLE TO ZERO)= 500µV 

OUTPUT OFFSET DRIFT= 10µV/ °C 
INPUT RESISTANCE= 1 M (CM) 

2M (DIFF) 
BANDWIDTH= 13kHz 

BATIERY CURRENT =370µA 

VISHAY INTERTECHNOLOGY. INC. 
63 LINCOLN HIGHWAY 
MALVERN , PA 19355 

Figure 1. ± 250V Common Mode Range Instrumentation Amplifier (Av= 1) 



Here, the resistor network is a precision high-voltage design 
thin-film system, comprised of R1 through R6. This array, a 
Vishay type 444, is a thin-film SIP with a 250V/100mW input 
rating for R1-R3. This high voltage rating allows direct con· 
nection to AC or DC line shunts for current monitoring, level 
shifting from high voltage DC rails, and other such interfac· 
ing feats normally uncommon to low voltage IC circuits. The 
444 network has a basic common-mode attenuation of 50 
times, thus an op amp with an input voltage range of ± 10V 
would allow a theoretical range at input pins 3-7 of ± 500V. 
So, devices with standard ± 15V supplies are basically com· 
patible with the network operating parameters. While the net· 
work has a CM attenuation of 50 times, the differential signal 
scaling is nominally unity, with an error of ±0.1%. Fune· 
tionally then, the differential mode input signal between pins 
3-7 is referred at the output of this circuit to the local ground 
(pin 5 of the network), with unity gain scaling. 

A second keen application point which is a large determining 
factor towards the overall success of this type of IA is the 
relative precision of the op amp At Indeed, this amplifier is 
the second "key ingredient" towards high overall perform· 
ance. Because the circuit basically amplifies the input offset 
voltage of A 1 by the same factor as the CM attenuation, both 
the initial offset and the drift of A 1 can become limitations, 
as can the CMRR of the device. Here an L T1012A op amp is 
used, a device with a 25µV(max) input offset voltage; the out· 
put offset will then be 1.25mV or less, worst case. The overall 
CMRR of the circuit has two primary sources for errors, the 
basic ratio match of the network halves, and to a lesser de· 
gree, the CMRR of At The LT1012A has a minimum CMRR of 

Li near Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7487 • (408)432·100l 
FAX: (408) 434-0507 •TELEX: 499.J9n 

114dB, while the network is factory trimmed to a 0.02% 
match, corresponding to a 74dB CMRR. For 120dB or more 
CMRR, a 50k trimmer can be substituted for R6. 

While A 1 is shown operating from ± 9V battery supplies (a 
feature possible by virtue of the 370µA quiescent current) the 
LT1012 device family can also be used on standard ± 15V 
supplies, or on lower voltage supplies down to ± 1.2V (with 
reduced CM range, of course). With the 9V supplies shown, 
input ranges of ± 250V or more to the circuit will not tax the 
network. 

For single battery applications (i.e. when pin 4 is grounded), 
the LT1012A should be replaced by a single supply op amp 
such as the LT1006 or the LT1077. These devices can handle 
about - 250mV of negative common mode voltage, while 
maintaining accuracy. Therefore, the 250V positive common 
mode range is unchanged, but the negative common mode 
range is reduced to -12V. 

Using an LT1006, bandwidth and battery current are basically 
unchanged. With the LT1077 micropower op amp, battery cur· 
rent is reduced to 45µA but at the expense of bandwidth 
( = 4.5kHz). Offset voltage and drift specifications are de· 
graded by approximately a factor of two using the LT1006 or 
the LT1077 compared to the LT1012A. 

References 

1. Jung, W.G. /C Op Amp Cookbook, Jd Ed., Ch 7, "Amplifier 
Techniques," Howard W. Sams, Indianapolis, IN 1986. 

For literature on our instrumentation amplifiers 
and precision op amps call (800) 637·5545. For 
applications help, call (408) 432·1900, Ext. 456. 

IM/GP 789165K 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

PARALLEL PROCESSOR 
• Matrix of jumpers for connecting 

Transputer serial links 
• Consists of system unit and ex-

pansion chassis 
The Multicluster Transputer-based 
parallel-processing system consists 
of two enclosures-a stand-alone 
system unit and an expansion chas­
sis. The system unit comes in a 19-
in. rack-mountable enclosure with 
10 card slots. It accepts any combi­
nation of the company's busless 
module family. Its configuration 
matrix at the back of the enclosure 
lets you jumper the serial links be­
tween any of the Transputers' 20M­
bps channels. The links have RS-
422 differential buffers that permit 
data transmission at 20M bps as far 
as 30 ft or at lOM bps as far as 100 
ft. The links separate the ReSetin 
and the ReSetOut lines that allow 

1/0 COPROCESSOR 
• Has a 10-MHz V40 µP 
• Occupies 2k bytes of host mem-

ory space and 1 interrupt l1ne 
Measuring 4.2 x 5.5 in., the 6P21 
I/O coprocessor board for the IBM 
PC/XT bus contains a 10-MHz V 40 
µP that acts as a slave processor 
for VO-intensive applications. It 
communicates with the host 
through a lk-byte dual-port RAM. 
Multiple boards can coexist in a sin­
gle host. Each board occupies 2k 
bytes of the host memory space and 
one interrupt line. The inte rrupt 
line can be shared by several 

EDN August 3, 1989 

you to reset Transputers individu­
ally. The system unit can hold as 
many as 30 32-bit CPUs or 40 16-bit 
CPUs. Also included are a mass­
storage controller; a terminal inter­
face; a 720k-byte, 31/2-in. floppy-disk 
drive; and a 66M-byte SCSI hard­
disk drive. System unit, $8450; ex-

boards. The supplied BIOS pro­
vides full DOS emulation. The I/O 
resources include 8k to 512k bytes 
of RAM, an RS-232C port, 24 digi­
tal I/O lines, six 16-bit counters, a 
400-kHz 8-bit ADC with four in­
puts, and two analog outputs with 
8-bit resolution. Board with 96k 
bytes of RAM, $335. 

Mesa E lectronics, 1329-D 61st 
St, Emeryville, CA 94608. Phone 
(415) 547-0837. 

Circle No 390 

ETHERNET BOARDS 
• Use video DRAMs as global data 

memory 
• Boards' CPUs use dedicated 

memory for Ethernet control 
Using full throughput (FXP) archi­
tecture, which implements separate 
program and data memory, the 
CMC-130 and CMC-135 are Eth­
ernet adapter boards for the 
VMEbus. The boards' CPUs exe­
cute instructions from a dedicated 

pansion chassis, $4750. Delivery, 
four to six weeks ARO. 

Paracom Inc, Bldg 9, Unit 60, 
245 W Roosevelt Rd, West Chi­
cago, IL 60185. Phone (312) 293-
9500. FAX 312-231-0345. TLX 
4974811. 

Circle No 389 

private memory, which eliminates 
any arbitration time with network 
or bus controllers. The FXP archi­
tecture incorporates video dynamic 
RAM as global memory. Video 
DRAM offers a parallel DRAM port 
and a sequential access port, 
thereby eliminating competition for 
data memory between the CPU, 
the network, and the bus control­
lers. The 32-bit parallel-access rate 
is 800M bytes/sec. The CMC-130 
supports the company's TCP/IP and 
OSI networking protocols. The 
CMC-135 includes a link-level soft­
ware driver, which facilitates the 
use of customer-developed soft­
ware. Both boards achieve transfer 
rates of 34M bytes/sec on the 
VMEbus and 10 bps on the Eth­
ernet network. CMC-130, $3195; 
CMC-135, $2695. 

CMC Inc, 125 Cremona Dr, 
Santa Barbara, CA 93117. Phone 
(805) 968-4262. FAX 805-968-6478. 
TLX 240876. 

Circle No 391 
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COMPUTERS & PERIPHERALS 

DISPLAY CONTROLLER 
• Provides 640 x 350-pixel resolu­

tion and 16 colors 
• Contains µP that offloads tasks 

from the host 
The DC3EGA color-graphics dis­
play controller in a stand-alone en-

closure communicates with a host 
via an RS-232C port at baud rates 
ranging from 110 to 38.4k baud. It 
also has an IBM PC/AT-compatible 
keyboard port and a TTL video 
monitor port for IBM EGA dis­
plays. The controller provides a 
screen resolution of 640 x 350 pixels 
with 16 colors. A µP offloads the 
controller tasks from the host. 
ANSI 3.64 terminal-emulation firm­
ware has graphics routines for 
drawing lines, rectangles, poly­
gons, circles, arcs, fills, and double­
wide, double-high, or double-size 
text. The enclosure measures 
4.25 x 9.25 x 1. 75 in. and operates 
from 0 to 65°C with a humidity of 
0 to 95% (non-condensing). DC3-
EGA only, $895. 

Ann Arbor Technologies Corp, 
Box 3083, Ann Arbor, MI 48106. 
Phone (313) 995-1360. FAX 313-
662-3707. 

Circle No 392 

MULTIPROCESSOR 
• Contains four 20-MHz 68020 µPs 

for VMEbus 
• Has 256k bytes of private RAM 

and a 68882 F PU 
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The MPU-2 multiprocessor board 
for VMEbus systems contain:; four 
20-MHz 68020 µPs . Each µP has its 
own 68882 floating-point unit and 
256k bytes of private RAM. In addi­
tion, each processor has 512k bytes 
of RAM for interprocessor commu­
nication. The board uses the com­
pany's Hyper Flo data-flow architec­
ture for multiprocessor operation. 
Each processor can act as a private, 
local, or global master. Because no 
processor maintains a superior posi­
tion, there is a high degree of fault 
tolerance. Its operating system can 
automatically redistribute both sys­
tem- and application-level software 
if a processor fails. The 6U board 
consumes 30W from a 5V supply. 
$6870. 

PC/M Corp, 6805 Sierra Ct, Dub­
lin, CA 94568. Phone (415) 829-
8700. FAX 415-829-9796. TWX 910-
389-6890. 

Circle No 393 

PRINTER 
• Creates typeset-quality symbols 

on adhesive strip 
• High-resolution print mode pro-

duces 240,000 dotslin2 

The 460PC printer for PC users can 
create typeset-quality letters and 
symbols on adhesive-backed tape. 
In a high-resolution print mode, the 
device prints with 400-dpi vertical 
and 600-dpi horizontal resolution, 
producing 240,000 dots/in2

• The 
standard print mode produces 
160,000 dots/in2

• You can rotate im­
ages and condense or expand letters 
vertically and horizontally to fill the 

available space. In addition, you can 
generate special font variations 
such as outlines, italics, bold fill pat­
terns, and superscripts. The printer 
doesn't require a toner. A drop-in 
supply cartridge contains a black­
print ribbon and clear output tape 
for 80 or 150 ft of lettering. The 
thermal printer weighs 10 lbs and 
has a footprint of 15 x 11 1

/4 in. 
Printer and software, $2295. Soft­
ware only, $595. 

Kroy Inc, Box C-12279, 
Scottsdale, AZ 85267. Phone (602) 
948-2222. 

Circle No 394 

INDUSTRIAL PCS 
• Contain a 20-MHz 80386 and a 

16-MHz 80386SX, respectively 
• Have passive backplanes with 13 

IBM PC/AT-compatible slots 
The IS/386 family consists of two 
industrial IBM PC/ AT-compatible 
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computers. The Model 60 contains 
a 20-MHz 80386 CPU, and the 
Model 40 has a 16-MHz 80386SX 
CPU. Both models have passive 
backplanes with 13 16-bit IBM PC/ 
AT-compatible expansion slots. 
Configurations for both units in­
clude a l.2M-byte floppy-disk drive 
and controller; a SCSI hard-disk 
drive with capacities of 40M or 80M 
bytes; and a LynxOS, a Unix-com­
patible, real-time operating system. 
Other features include a Booster II 
board, containing hardware for fast 
context switching, a SCSI control­
ler, two RS-232C ports, and 128k 
bytes of battery-backed disk-cach­
ing RAM; as much as 8M bytes of 
RAM; and a keyboard. The model 
60 also comes with an 80387 copro­
cessor. Options include disk-drive 
capacities as large as 600M bytes 
and an Ethernet controller with 
TCP/IP software. You can mount 
the computers' steel chassis in a 19-
in. rack. Model 60 with lM byte of 
RAM and a 40M-byte hard disk, 
$11,995; Model 40 with same con­
figuration, $6995. 

Lynx Real-Time Systems Inc, 
550 Division St, Campbell, CA 
95008. Phone (408) 370-2233. 

Circle No 395 

DISK EMULATOR 
• Provides as much as BM bytes 

in SIM Ms for IBM PC buses 
• Host can move data every mem-

ory cycle using DMA 
Using SIMMs which are upgradable 
by the user, the Drive 8000 semi­
conductor disk emulator for the 
IBM PC, PC/XT, PC/AT, and com­
patible computers provides from lM 
to 8M bytes of solid-state memory. 
A host system can move data every 
memory cycle using DMA. An Auto 
Format firmware utility configures 
the board in < 1 minute with little 
effort by the user. The board re­
quires no special drivers or pro­
grams. Boot firmware allows you to 
boot a system directly from the 
board. You can install system boot 
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files using DOS commands, SYS or 
FORMAT. Two levels of hardware 
support ensure that the data is non­
volatile. An AC power adapter, 
which is separate from the host 
power source, maintains the data 
when the computer is off. In addi­
tion, onboard batteries supply 
power for at least 4 hours if an AC 
power failure occurs. You can 
physically transfer the board from 
one system to another without loss 
of data. Without SIMMs, $375. 

Kapak Design, 12280 Saratoga­
Sunnyvale Rd, Saratoga, CA 95070. 
Phone (408) 253-5000. 
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DSPBOARD 
• Places AT&T DSP32 chip on 

IBM PCIXT half card 
• Comes with C language and 

Forth development software 
The DSP32-8 development system 
on an IBM PC/XT-compatible plug­
in board uses an AT&T DSP32 chip 
operating at 16 MHz to deliver 8M 
flops. The system includes 128k 
bytes of 70-nsec static RAM and a 
buffered serial I/O port that con­
nects to optional external modules. 
Available modules have either a 
codec, such as AT&T's T7500 and 
T7522, or 12-bit ADCs or DACs. C 
language and Forth development 
software is available for the board. 
An interactive debugger provides 
breakpoint, single-step, and trace 
functions . The debugger also has a 
host server that allows programs 
running on the DSP chip to commu­
nicate with the host. The debugger 
uses several pop-up windows to dis­
play the processor and stack status. 
DSP32-8, $795; C development sys­
tem, including compiler, linker, as­
sembler, and simulator, $1500; 
Forth operating system including 
debugger, $400; debugger sepa­
rately, $250. 

Micro K Systems, 15874 E Ham­
ilton Pl, Aurora, CO 80013. Phone 
(303) 693-3413. 
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(ADVERTISEMENT) 

More quality switching 
components from P&B 

Circuit Breakers 

P&B circuit breakers provide the 
quality you need at a price you can 
afford. Both thermal and magnetic 
types are available, and many are 
UL recognized as supplementary 
protectors and CSA certified as 
appliance component protectors. 

CIRCLE NO 66 

General Purpose Relays 

I 
One of the broadest lines of 
general purpose relays in the 
industry is offered by P&B. Open 
and enclosed styles are available 
with various contact materials, 
contact arrangements, termination 
styles and coil voltages. 

CIRCLE NO 67 

Time Delay Relays 

P&B time delay relays combine 
precision , solid state timing circuits 
with our proven electromechanical 
relays. A wide selection of timing 
functions, timing ranges, degrees 
of precision and package styles 
permits you to select a unit with 
just the features you need. 

CIRCLE NO 68 
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New Models Expand Offering 
Potter & Brumfield's expanded line of printed circuit 
board relays provides the features you need -
whether you 're switching dry circuits or 30A loads. 
New products, trad itional P&B quality and unbeatable 
service combine to help solve your toughest relay 
design-in problems in telecommunications, appliance, 
industrial control and other applications. 

Miniature Relays Switch 1 mA to 1 OA 
New T73 and T74 series min iature P.C. board relays 
join the T70 series as Potter & Brumfield 's low-cost 
SPOT units for general purpose applications. Various 
contact materials permit these immersion cleanable 
relays to switch from 1 mA through 1 OA. Sensitive 
coil models are available. 

Expanded Line of 4,000V Isolation Relays 
Extensions to the line of RK series relays feature 
8mm coil -to-contact spacing for 4,000V isolation . 
SPOT models switch loads to 20A, while DPDT 
models switch up to SA. Both sealed and unsealed 
types are now offered with either AC or DC coils . 

T90 & T91 - 30A Workhorses 
T90/T91 series relays have SPDT contacts for loads 
to 30A. The DC coil T90 is offered as an open-style 

or sealed relay . The T91 is available with a DC coil, 
and it's offered with quick connect terminals for load 
connections. An AC coil T91 will be available soon . 

More Models for Low Signal Switching 
The growing line of P&B low-signal relays features 
units with single or multiple contacts to provide 
dependable switching of 2A and under loads. Both 
polarized and non-polarized units are offered in 
various coil sensitivities. Included are immersion 
cleanable DIP and SIP types. 

Stock Availability 
Many models are available off-the-shelf from your 
authorized P&B distributor. Of course , distributor 
stock is backed by Potter & Brumfield 's extensive 
factory inventory. 

Find Out More 
Contact us today for information on our complete line 
of P.C. board relays. Potter & Brumfield , A Siemens 
Company, 200 S. Richland Creek Drive, Princeton , 
Indiana 47671-0001 . 

Call toll-free 1-800-255-2550 for the P&B authorized 
distributor, sales representative or regional sales office 
serving your area. 

Potter & Brumfield A Siemens company 8905 
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Brushless 
DC motors 
from Lamb 

haveanived 
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The performance and 
endurance of Lamb® 
motors will take you just 
about anywhere. 

Lamb motors utilize electronic 
commutation to give you a 
motor that "flies" a lot further in 
a more compact housing. 

These brushless DC motors 
have been engineered by Lamb 
with a high torque to inertia ratio 
for the superior stop/start capa­
bility required by many of 
today's high tech applications. 
They also minimize the prob­
lems of ripple torque, cogging 
effects, or demagnetization by 
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high currents by utilizing cost 
effective rare earth magnets. 

Only 2" or 3.2" in diameter, 
these motors have stall torque 
ratings up to 84 oz. in., which 
makes them perfect for a wide 
variety of applications, including 
tape cartridge drives, medical 
instruments, robots, pumps, 
compressors, or machine tools. 

For technical data, contact 
AMETEK, Lamb Electric Division, 
627 Lake Street, Kent, OH 
44240. Tel : 216-673-3451. 
Fax: 216-673-8994. 

.\METEK 
LAMB ELECTRIC DIVISION 
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NEW PRODUCTS 

CMOS EPROMs 
• Have 256k-bit density 
• Speed ratings from 70 to 120 nsec 
Organized in a 32, 768-word x 8-bit 
configuration, the CAT27HC256 
and the low-power-version CAT-
27HC256L EPROMs feature high­
speed operation. The 256k-bit de­
vices are available in speed ratings 
of 55, 70 and 90 nsec for commercial 
versions, and 70, 90, and 120 nsec 
for industrial and military versions. 
Typical current requirements are 
60 mA max in the active mode and 
500 µA in the standby mode. The 
programming speed for these 
EPROMs, which use a special algo­
rithm to reduce programming time, 
is 100 µsec/byte. The devices are 
available in 28-pin DIPs and 32-pin 
LCC packages. 55-nsec commercial 
version, $79.50; 70-nsec military 
version, $149.32 (100). 

Catalyst Semiconductor Inc, 
2231 Calle De Luna, Santa Clara, 
CA 95054. Phone (408) 748·-7700. 
FAX 408-980-8209. TWX 51 -601-
7631. 
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GaAs GATE ARRAYS 
• 3000 to 16,000 gates 
• Toggle rates to 1 GHz 
The Fury family of GaAs gate ar­
rays features D flip-flop toggle 
rates to 1 GHz and power dissipa­
tion that is one-third that of compa­
rable ECL gates. The largest mem­
ber of the family, the VSC15K, has 
16,896 2-input NOR gates and is op­
timized to contain 1408 D-type flip 
flops. Packaged in a 256-pin leaded 
chip carrier, the VSC15K can sup-
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port 196 TTL, CMOS, ECL, or 
GaAs I/Os. Other members of the 
family include the VSC3K with 3480 
gates and 92 I/Os, the VSC5K with 
6400 gates and 120 I/Os, and the 
VSClOK with 13,376 gates and 196 
I/Os. The speed-power product of 
the 2-input NOR gate is 0.025 pJ 
typ, and the delay is 90 psec typ. 
Nonrecurring engineering charges, 
$35,000 to $100,000; commercial­
grade products, $0.01 to $0.04/gate 
(OEM qty). 

Vitesse Semiconductor Corp, 
741 Calle Plano, Camarillo, CA 
93010. Phone (805) 388-3700. 
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DIGITAL SYNTHESIZER 
• Provides direct digital synthesis 
• Dual unit operates at 20 MHz 
The Q2334I-20 dual Direct Digital 
Synthesizer (DDS) generates high­
resolution digitized sine waves, us­
ing phase-accumulation techniques 
combined with on-chip sine lookup. 
The single-chip CMOS device pro­
vides two independent DDS func­
tions for use in applications such as 
quadrature oscillators and full-du­
plex systems. A µP interface con­
trols the frequency and mode of op­
eration, and synchronous inputs 
provide phase and frequency modu­
lation of the synthesized waveform. 
The Q2334I-20 operates at a maxi­
mum sampling rate of 20 MHz, 
which allows the synthesis of wave­
forms from de to 10 MHz with a 

resolution of more than 0.005 Hz. 
Available in a 68-pin PLCC, the de­
vice operates over the temperature 
range of - 40 to + 85°C. $69 (100). 

Qualcomm Inc, 10555 Sorrento 
Valley Rd, San Diego, CA 92121. 
Phone (619) 587-1121. FAX 619-
452-9096. 
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4-PORT SRAMs 
• Have 25-nsec speed 
• Bk- and 16k-bit versions 
The IDT7050 lk x 8-bit and 
IDT7052 2k x 8-bit, 4-port static 
RAMs feature access times of 25 
nsec and provide substantial im­
provements in system speed. For 
example, using four IDT7052s to in­
terface with a 32-bit µP or DMA 
devices results in an effective bus 
bandwidth of 640M bytes/sec, which 
is 10 x faster than other interpro­
cessor communications methods. 
Featuring independent asynchro­
nous-address data and control lines, 
each of the four ports communicates 
via a standard SRAM interface that 
can access any location in memory 
simultaneously and asynchro­
nously. The 4-port chips are ex­
pandable in depth and width to fit 
a variety of word sizes and memory 
needs. In 108-pin ceramic packages, 
IDT7050, $212.50; IDT7052, 
$297.50 (100). 

Integrated Device Technology 
Inc, 3236 Scott Blvd, Santa Clara, 
CA 95052. Phone (408) 727-6116. 
FAX 408-988-3029. 
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With the YM7109, the solution to your Group 3 FAX 
design is suddenly no bigger than a 40-pin DIP or 64-
pin QFP. And, FAXSIM can cut weeks, even months 
off your design time. Because FAXSIM allows you to 
sidestep thick manuals and detailed T.4 or T.30 
documentation. There's no need to 
interpret chip specs and study 

T~~~ 
---0..:~~-:tt_ 

~m~ LSI, Systems Technology Divis~ion-.- ,-..::-.-
1 1989. Yamaha LSI, Syslems Technology Division 
and the 'l&lmaha logo are registered trademarks 
of Yama~tion of America FAXSIM is a 
trade~rk of Yamaha Corporalic>Qof America 

It takes so lltle power. 
The YM? 109 typically consumes 
only 200mW ± 25mW, so 

batteries will last longer. And, the YM7109 needs only 
one +5V supply. DTMF detect for remote control or 
security, flag pattern detect. selectable cable equal­
ization, receive signal monitoring, programmable 
receive level adjust and auto equalization are all in 
the chip. Of course, the YM71 09 meets CCITT V.29, 
V.27ter, V.21 channel 2, V.23 backward channel, V.21 
and Bell 103 standards. It's compatible with industry­
standard chip sets and has been tested on both 
domestic and international telephone lines. 

Get the FAX. Just call 1-800-543-7457 

YAMAHK .. ~1 
Systems Technology Division 
3051 North First St .. San Jose, CA 95134 
(408) 433-5260 FAX (408) 433-5230 
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SENSOR INTERFACE 
• Has eight inputs 
• Eliminates contact bounce 
The 74HC10490 sensor-interface IC 
merges sensor-signal debounce cir­
cuitry with interrupt masking and 
generation. Because of its built-in 
power-on initialization circuitry, 
you can use the 74HC10490 in both 
µP-based and non-µP-based moni­
toring and control systems. The IC, 
which is 8-bit bus oriented and can 
monitor as many as eight sensor in­
puts, provides the usual bus-control 
input signals such as RESET, RIW, 
CS, as well as an INT output signal 
that you can connect to other simi­
lar interrupt signals. An input clock 
signal sets up the debounce period 
for the eight sensor inputs and an 
internal clock input divider can fine 
tune the debounce characteri tics of 
individual sensor input groups. 24-
pin DIP, $4. 72 (1000). 

Corporation SONEET, Box 
4612, Huntsville, AL 35815. Phone 
(205) 883-5411. FAX 205-883-5436. 

Circle No 380 

LATCHED SINK DRIVER 
• Drives dot-matrix print heads 
• Has 3-bit serial input 
The UCN5929B uses BiMOS tech­
nology to merge low-power CMOS 
logic with high-voltage, high-cur­
rent bipolar output drivers on a sin­
gle chip. The IC has three diode­
clamped, open-collector npn bipolar 
output drivers, each capable of 
sinking 1. 7 A continuous (2A peak) 
and sustaining load voltages to 80V. 
The CMOS logic includes an exter­
nally clocked, serial-input 3-bit shift 
register and an externally strobed 
data latch for each driver. Thi3 com­
bination supports both serial and 
parallel data output and allows op­
eration with most µP- and LSI­
based systems. This flexible inter­
face allows cascaded operation 
when driving 9-, 18-, and 24-wire 
print heads as well as 66- and 132-
wire line printers at rates to 2.6 
MHz. On-chip protection includes 
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high-current clamp diodes for each 
output driver and internal shut­
down circuitry. 16-pin DIP with a 
copper lead frame, $2.21 (1000). De­
livery, 12 to 14 weeks ARO. 

Sprague Semiconductor Group, 
Box 15036, Worcester, MA 01615. 
Phone (508) 853-5000. FAX 508-
853-5049. 
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MOTOR DRIVERS 
• For use with stepper motors 
• Feature PW M current control 
Suitable for full-step, half-step and 
microstep applications, the 
UC3770A and UC3770B offer 
higher maximum current (1.8A) and 
lower saturation voltage (1.3V at 
lA) than do the previous UC3717 
and UC3770 types. Featuring an H­
bridge power-output stage, the 
UC3770A/3770B offer LSTTL-com­
patible logic inputs, current sense, 
a monostable circuit, and thermal 
shutdown. The 3770A/3770B are 
identical except for the current­
sense thresholds. The thresholds 
for the 3770A are identical to the 
older 3717, permitting drop-in re­
placement where high-side diodes 
are not needed. The thresholds for 
the 3770B are tailored for micro­
stepping applications where current 
levels of 50%, 71 %, and 100% are 
desirable. Both devices operate 
from a motor-supply voltage of 10 
to 45V and feature PWM current 

The most serious cases of data indigestion 
in computer systems are brought on by 
damaging spikes and surges which cause 
system data loss and catastrophic damage 
to equipment. 

TransZorb"' suppressors from General 
Semiconductor Industries provide high surge 
capability, extremely fast response time and 
low clamping voltage . 

Ask for the broad range of modular 
assemblies (1201<232, CPP52-SP CPP52-PP, 
CPE80, MB80, 4228, 422E, 2328, 232E) or 
transient voltage suppression diodes like the 
5-volt-and-up ICTEs. 

You can't totally isolate your system from 
the kind of menus that make you feel queasy. 
But you can do the best job of protecting 
sensitive microprocessor-controlled ~ 
systems with protection from GSI. J\:?7A"~ 

Call GSI today for Applications -rp.. l'lt "'r" 
assistance at (602) 968-3101 . T · 

fz: 
©1989 General Semiconductor Industries, Inc. 
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Now1esting Is 
Seven Times Easier. 
1. End Blown Fuses. 
The new 200 Series multimeter is 
protected from excess voltage or surges 
with a self-resetting fuse. 

2. KeeR Your Eyes On Your Work. 
Quickly probe a circuit board listening 
for audible tone changes that pinpoint 
the problem without glancing at 
the LCD. 

3. Detect Intennittents. 
Hear a distinctive crackling sound 
when an intermittent occurs. 

4. Find Dead CaRacitors. 
Capacitor voltage build-up or 

~~ 
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bleed-off is heard loud and clear with 
the 200 Series' Audible Readout. 

5. Find Logic Stuck-Ats. 
Using standard leads, a fast Logic 
Pulse Detector lets you easily detect 
pulses down to 50ns. 

6. Adjust Voltage Levels. 
When adjusting audio or video 
response, an audible tone that changes 
pitch as measured signals increase or 
decrease permits faster and easier 
adjustments. 

7. StoR Third Hand Problem. 
Tilt stand and Skyhook;"' auto-ranging, 

and Audible Readout allow you to 
spend less time fiddling with your 
meter. 

FEATURES 222 223 
Audible Readout • 
Logic Pulse Detector • 
Fast Auto-Ranging • • 
Self-Resetting Fuse • • 
Auto-off Battery Saver • • 
DC Voltage Accuracy 0.5% 0.25% 
Warranty 2 years 2 years 
Price $129.00 $149.00 

The 200 Series. Multimeters that 
take the work out of work. Call 
or write for complete information. 
1-800-227-9781 Inside California. 
1-800-854-2708 Outside California. 

BecknJan Industrial™ 
An Affiliate of Emerson Electric Co. 

Instrumentation Products Division 
3883 Ruffin Road, San Diego , CA 92123-1898 
(619) 495-3200 • FAX (619) 268-0172 • TLX 249031 

CIRCLE NO 74 
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control. 16-pin DIP, $1.98; 28-pin 
PLCC, $2.85 (1000). 

Unitrode Integrated Circuits 
Corp, 7 Continental Blvd, Merri­
mack, NH 03054. Phone (603) 424-
2410. 
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PHASE DETECTOR 
• Compares signals to 200 MHz 
• TTL, CMOS, or EGL logic 
The AD9901 phase/frequeney de­
tector can compare signals a high 
as 200 MHz and can operate with 
either TTL, CMOS, or ECL logic 
levels. Unlike similar !Cs, the 
AD9901 exhibits no "dead zone" in 
the middle of its phase-detection 
range, thereby eliminating exces­
sive phase noise. Useful in phase­
locked-loop applications, the 
AD9901 produces a variable pulse­
width output signal, which varies 
in width according to the pha:3e/fre­
quency difference between two in­
put signals. Key specifications in­
clude a linear phase-detection range 
of 360, 320, and 270° at 40 kHz, 30 
MHz, and 70 MHz, respectively. 
Output current is from 1 to 10 mA 
with a programmable voltage swing 
to l.8V p-p. The AD9901 is avail­
able in a choice of two temperature 
grades and two packages. From $8 
(100). 

Analog Devices, 7910 Triad Cen­
ter Dr, Greensboro, NC '.~7409. 
Phone (919) 668-9511. 
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GaAs MMIC 
• Operates from 2 to 16 GHz 
• Has 14-dB gain at 4 GHz 
Designed for use as a wide-band 
gain stage in the 2- to 16-GHz 
range, the MGA-62100 high-per­
formance, monolithic-microwave IC 
amplifier comes in unpackaged chip 
form for use in thin- or thick-film 
hybrids. Typical characteristics in­
clude a gain of 14 dB, a noise figure 
of 2.5 dB, and linear output power 
of 12.5 dBm at 1-dB gain compres­
sion at 4 GHz. The amplifier com­
bines a 2-FET cascade with feed­
back around the output stage to 
provide an output that is matched 
to 500. The user must provide the 
input match externally. An internal 
resistive network and ac-grounded 
sources allow biasing from a single 
positive power supply. The source 
grounding-capacitor for the input 
stage is an external element that 
allows extended low-frequency per­
formance. $34 (100). 

Avantek Inc, 481 Cottonwood 
Dr, MS M82, Milpitas, CA 95035. 
Phone ( 408) 943-3038. 
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VOLTAGE REFERENCE 
• Has 1 OV ± 0. 0025V output 
• Maximum drift is 2.5 ppm!°C 
Designed for use as a master refer­
ence in multichannel data-acquisi­
tion and test-and-measurement ap­
plications, the REF102 provides a 
precision 10.000V output. The drift 
is laser trimmed to 2.5 ppm/°C over 
the - 25 to + 85°C temperature 
range. The REF102, which 
achieves an accuracy of ± 2.5 m V 

There's a defense against electronic­
crippling transients. It's the immediately 
available, full range of MIL-standard , high-rel 
transient voltage suppression (1VS) diodes 
and megadiodes from General Semiconductor 
Industries. 

The "General" has been serving defense 
industries for many years with 1VS protec­
tion devices that deliver high surge capability, 
extremely fast response time and low 
clamping voltage. 

Ask for GSI TransZorb"'megadiodes 
(PHP, 704, 60KS and 90KS) and JAN, JANTX, 
JANTXV TVS diodes in 00-13 packages. 

Call GSI today for Applications assistance 
at (602) 968-3101 . And keep the * 
forces of nature from making _N "'1... 
a preemptive strike on your ,,..,.. ~ 
sensitive electronics equipment. ))f · 

f:: 
<;)1989 General Semiconductor Industries, Inc. 
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How to cut the cost of ESD control 
without cutting any comers 

Static dissipative treatment 
provides reliable charge dissipation 
down to 12% relative humidity. 

Buried shield design sandwiches 
metallic shielding layer between 
two static dissipative film layers. 

Wide Track, static dissipative 
zipper closure eliminates need 
for mechanical fasteners. 

No carbon coatings to slough 
onto component surfaces. 

Faraday cage performance. Meets 
specification EIA-541 for static 
shielding/ dissipative packaging. 

*Trademark of The Dow Chemical Company 

~ 
Dow Plastics 
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New CHIPWC CT electrostatic 
shielding and dissipative 

packaging gives you top-quality 
protection for less 

Compared to the cost of not guard­
ing against ESD-related damage, 
what you spend on ESD control 
might seem like a bargain. But it's 
no bargain if you're paying for more 
protection than you need. 

That's why we've developed 
the new CHIPLOC* CT protective 
bag. Now you can choose economi­
cal-yet truly static shielding­
protection for static sensitive compo­
nents and assemblies. 

Quality features at a 
competitive price 

We've taken features that make our 
reusable CHIPLOC ES bag so 
popular in demanding military and 
aerospace applications, and put them 
in a bag especially designed for 
storing and shipping static sensitive 
parts in applications where extensive 
reusability and total humidity 
independence aren't required. 

The result? A toIHiuality 
shielding bag that provides all the 
static protection you may need, and 
all the features you want, for less 
than you're probably paying for your 
current bag. 

Find out more about 
CHIPWC CT and the family 

of CHIPWC products 

For more information about how the 
family of CHIPLOC products can 
help you cut the cost of ESD control, 
and the name of an authorized 
distributor near you, call toll-free 
1-800-258-2436. 

The family of CHIPLOC 
packaging includes shielding bags­
the ES, ESP, and CT products-as 
well as static dissipative bags, 
CHIPLOC DP. Each bag is available 
in a variety of sizes. 

PACKAGING & INDUSTRIAL FOAMS 
THE DOW CHEMICAL COMPANY 
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without the use of a heater, has a 
maximum quiescent current of only 
1.4 mA. Other key specs include 
low noise of 5 µ V p-p from 0.1 to 
10 Hz, and line and load regulation 
of 1 ppm/V and 10 ppm/mA, :respec­
tively. The REF102 operates from 
a single supply over a range of 11.4 
to 36V de. The REF102 comes in a 
T0-99 package and an 8-pin DIP. 
From $2. 75 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746-
1111. TWX 910-952-1111. FAX 602-
889-1510. 
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STEREO 16-BIT ADC 
• Uses delta-sigma conversion 
• Features 64 x oversampling 
Designed for digital-audio applica­
tions, the CS5326 high-perform­
ance, stereo 16-bit ADC uses delta­
sigma conversion over a 25-kHz 
bandwidth. The device incorporates 
on-chip dual ADCs, digital antiali­
asing filters , digital decimation, a 
voltage reference, and sample-and­
hold circuits. The IC has two com­
pletely independent channels and 
achieves a dynamic range of more 
than 94 dB. Harmonic distortion is 
<0.0015%, and the S/N ratio is 
more than 92 dB over a lO··Hz to 
22-kHz bandwidth. The CS5326's 
delta-sigma design uses an over­
sampling ratio of 64 x , and the an­
tialiasing filter exhibits <0.001-dB 
passband ripple and more than 86-
dB stopband rejection. 28-pin plas­
tic DIP, $48 (1000). 

Crystal Semiconductor Corp, 
Box 17847, Austin, TX 78744. 
Phone (512) 445-7222. TWX 910-
874-1352. FAX 542-445-7581. 

Circle No 386 
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ADC SUBSYSTEM 
• 12-bit resolution 
• Subranging architecture 
Designed for high-performance ap­
plications, the CLC926 features 12-
bit resolution (one part in 4096), an 
update rate of lOM samples/sec, and 
a spurious-free signal range of 75.8 
dB at 404 kHz and 67.2 dB at 4.996 
MHz. The hybrid AID converter 
subsystem includes an input ampli­
fier , a 2V reference, a low-jitter 
track-and-hold circuit, a 12-bit 
quantizer with error correction, and 
output latches. Other features in­
clude an SIN ratio of 67.5 dB at 404 
kHz and 66.7 dB at 4.996 MHz; a 
bipolar/unipolar input range of 2V 
p-p; and TTL outputs. The com­
plete converter is packaged in a 40-
pin, 2.8-in2 side-brazed ceramic 
DIP. Power dissipation is 5.lW. 
Industrial-temperature-range ver­
sion, $925 (100). 

Comlinear Corp, 4800 Wheaton 
Dr, Fort Collins, CO 80525. Phone 
(303) 226-0500. TLX 450881. FAX 
303-226-0564. 
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14-BIT ADC 
• Has 2.4-µsec speed 
• Features low-power operation 
The ADC-914 hybrid, 14-bit AID 
converter has a conversion time of 
2.4 µsec and a power dissipation of 
925 mW. Based on a digitally cor­
rected subranging architecture, the 
ADC-914 contains an internal clock 
and an internal reference that can 
supply lOV at 1.5 mA externally. 
All digital inputs and 3-state out­
puts are CMOS/TTL eompatible. A 
pin-programmable feature allows 
analog-input selection of either 0 to 
lOV unipolar or ± 5V bipolar in­
puts. The ADC-914 comes in a 24-
pin double DIP and operates from 
15 and 5V supplies. From $219. 

Datel Inc, 11 Cabot Blvd, Mans­
field, MA 02048. Phone (508) 339-
3000. FAX 508-339-6356. TLX 
174388. 

Circle No 388 

In a world that runs on communications, 
inferior system protection is no answer. That's 
why leading datacom and telecom system 
manufacturers specify products with transient 
voltage protection devices from General Semi­
conductor Industries. 

Long the leader in transient voltage 
suppression (1VS) board and system level 
protection , GSI offers TVS diodes in low 
voltages (5.0V to 50V) and assemblies like 
the 120KMP1 and the MP11 and MP45. All 
designed specifically for datacom and telecom 
protection. 

GSI TransZorb® TVS protection devices 
deliver high surge capability, extremely fast 
response time and low clamping * 
voltage. .Jb.. ~ 

Call GSI today for Applications 71-M t.q""" 
assistance at (602) 968-3101 . T 

+cs 
©1989 General Semiconductor Industries, Inc. 
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Application-Specific 
Hybrid Packaging 
Solutions. 

Our engineering staff can convert your circuit schematics or ex­
isting printed circuit boards into a thick -film or PCB-based hybrid 
circuit ... which, when vertically integrated, increases your 
system functionality and reliability. 

Our flexible, alternative hybrid packaging solutions can save you 
the hassle of ordering, testing, stocking and assembling com­
ponents. You gain in overall system reliability, through fewer 
discrete components and fewer connections. 

Philips Circuit Assemblies' hybrid circuits arrive 100% func ­
tionally tested and ready to integrate into your board -level 
product. 

No capital investment. 
When Philips Circuit Assemblies handles your total hybrid pro­
duction, you get today's technology today ... without long-term 
capital investments in process development and equipment. 
To meet your system size and cost reduction goals with higher 
circuit reliability and fewer hassles, turn to America's largest 
supplier of custom thick -film hybrids - Philips Circuit 
Assemblies. 

To get started, just call 1-800-522-7752 (in Wisconsin, dial 
414/785-6359). 

For our Capabilities Catalog, write to: Philips Circuit Assemblies, 
A Division of North American Philips Corporation, Corporate 
Advertising, 2001 W. Blue Heron Blvd., P.O. Box 10330, Riviera 
Beach, FL 33404. 

Philips Circuit Assemblies 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

HEAT SINKS 
• Hold two devices 
• Designed for plastic devices 
Model 6260B and 6261B heat sinks 
are designed to cool plastic devices. 
Each will handle two devices-one 
on each side. Thermal resistance is 
8.5°C/W for the 6260B and 7.5°C/W 
for the 6261B at 75°C temperature 
rise above that of the mounting sur­
face. The 6261B is available with 
solderable studs to ensure ecure 
retention in the pc board. Alterna­
tively, you can obtain positive pc­
board retention by mounting the 
heat sinks, using solderable bifur­
cated mounting tabs. Spring clips 
are available to help you save time 
assembling the transistor and heat 
sink. Model 6260B, $0.41 (1000). 

Thermalloy Inc, Box 810839, 
Dallas, TX 75381. Phone (214) 243-
4321. FAX 214-241-4656. TLX 
203965. 

Circle No 357 

I/O BOARD 
• Conserves space 
• Accepts as many as eight IiO 

modules 
The Model PB-8SM digital I/O 
board measures only 3.5 x 6.4 in. 
and occupies 20% less area than 
standard PB-8 racks. The board can 
accommodate as many as eight Gor­
dos SM Series I/O modules and in­
cludes LED indicators, 3.3 kn pull­
up resistors, load fuses, fiel wir­
ing, power-supply barriers, and a 
gold-plated card-edge connector. 
Available options include detach-

EDN August 3, 1989 

able barriers, vertical or horizontal 
header connectors, and a hold-down 
bar to accommodate harsh environ­
ments. $40. 

Gordos, 1000 N Second St, Ro­
gers, AR 72756. Phone (800) 643-
3500. 

Circle No 358 

RESISTOR NETWORK 
• Compatible with automated in­

sertion equipment 
• In bused, isolated, or dual-termi-

nator circuits 
The Model 4120R resistor network 
is housed in a 20-pin molded DIP 
that's compatible with all popular 
automated insertion equipment. 
The network is available in bused, 
isolated, or dual-terminator con­
figurations. Standard resistance 
values range from 10n to 10 Mn, 
and resistor tolerance equals 2%. 
Per-resistor power rating equals 

250 mW at 70°C, and the tempera­
ture coefficient of resistance is 100 
ppm/°C. From $0.50 (1000). Deliv­
ery, stock to eight weeks ARO. 

Bourns Inc, 1200 Columbia Ave, 
Riverside, CA 92507. Phone (714) 
781-5500. TWX 910-332-1252. 

Circle No 359 
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Which LED cluster illuminators are 

Data Display Products provides the answer you've been 
looking for. The first LED illuminators actually brighter than 
equivalent incandescent lamps. 

The MX400 series is totally plug compatible and allows 
operation at selectable voltages. Avai lable with normal or wide 
angle configurations. In 4 colors (red, amber, yellow and green). 

Make the brilliant choice. Call Data Display. TOLL-FREE 
(800) 421-6815. Within California, call (213) 640-0442. 
Free catalog. 

DATA 
DISPLAY 

PRODUCTS 

P.O. Box 91072, Los Angeles, CA 90009 
(213) 640-0442, FAX 213-640-7639 

INTERNATIONAL REPS: Artt11tlna YEL SAL, PH: 1 46 2211 , FAX: 1 452551 • Altatnill1 Ampec, 
PH: 2 689 3522, FAX: 2 633 5448 • l1l9h1m/Holland l<laasing Elc, PH: 1620 81600, FAX: 01620 
56500 . Otitmlft Radio Parts, PH: 1 3-4 34 11 , FAX: 1 342232 . ffHCt A Jahnlchen, PH: 1 4780 
6001 , FAX: 1 47861601 • ltrHI R.C.M. Computers, PH: J 5447885, FAX: 3491S.2 • ltll' Microdata, 
PH: 187 938182. FAX: Q\87 988322 • S.ulll Alrl<I liberty Elec .. PH: 52 7537, FAX: 52 892 2208 • 
Sptln Betatron , PH: 1 694 2511 , FAX: 1 693 7384 • U1llH lh1ptm Marl tnn, PH: m 52430, 
FAX: 0229 55155 · Wist G1nnuy/Au1tr11 Kuhn GmbH, PH: 6235 5662, FAX : 6 235 81955 
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COMPONENTS & 
POWER SUPPLIES 

DC/DC CONVERTERS 
• Have a lOOW output 
• Operate at 82% efficiency 
UWT Series triple-output de/de 
converters develop a lOOW output 
and operate at 82% efficiency. The 
units operate from inputs of 18 to 
36V or 36 to 72V, and output 5 and 
± 12 or ± 15V. The converters fea­
ture a 100-kHz switching fre­
quency. Voltage accuracy is more 
than 1 %, and ripple and noise 
equals 100 m V p-p. Additional stan­
dard features include reverse-volt­
age, short-circuit, and overvoltage 
protection; remote sensing; and 
thermal shutdown. The converters 
are housed in 6-sided shielded cases 
to reduce noise-radiation problems. 
$200 (100). 

International Power Devices 
Inc, 155 N Beacon St, Brighton, 
MA 02135. Phone (617) 782-3331. 
FAX 617-782-7416. TLX 989752. 

Circle No 360 
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The show and conference for design, test and manufacturing engineers, buyers 
and technical management. Largest in the Midwest. 

Bring the Entire Design Team to MIDCON/89 
Do you have a need to know about the latest 
developments in semiconductors and compo­
nents? Test, measurement and inspection 
instrumentation? Automated design tools? 
Production equipment? 

Do you have a need for current information 
on RISC? Networks? Production Technology? 
Computer Systems? ASIC Technology? 
Inspection and Test? 

Then you must come to MIDCON. 

MIDCON, the largest design-oriented elec­
tronics show in the Midwest, will present 
three days of new products, new ideas and 
new technologies. 

Thousands of factory experts will be on hand 
to answer your questions. Not Blue Sky 
theory, but real, practical, useable informa­
tion. You'll return to work with real, practical 
information that will make you more valuable 
to your organization. 

Reap the benefits of billions of dollars in 
research and product development for • 
circuit design • system design • package 
design • manufacturing engineering • test, 
measurement and inspection. 

MIDCON has it all! 

For a complete Preview Program detailing 
ALL the benefits of attending MIDCON /89, 
call 1-800-421-6816 outside Calif., or 1-800-
262-4208 inside Calif. 

~idcom'@~ 
Sept. 12-14, 1989 
Rosemont / O'Hare Exposition Center 
Rosemont, Ill. 

Sponsored by Regions 4 and 5; Chicago and Dallas Sections of the Ins titute of Electrica l and Electronics Engineers~ 
and Central U.S. Council, Chicagoland and Southwest Chapters of the Electronics Representatives Association .E!f~ 
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COMPONENTS & POWER SUPPLIES 

LED SOCKET 
• Compatible with surface assem-

bly operations 
• Accepts a variety of lead styles 
The SMD 330 is a horizontally con­
figured socket specifically designed 
for the solderless installation of an 
LED in surface-mount assemblies. 
It features a UL-rated plastic body 
and tin-plated phospher-bronze con­
tacts. You can mount the LED from 
either end of the socket. The sock­
ets feature specially formed con­
tacts, which automatically adjust to 

varying sizes and shapes of LED 
leads such as round, rectangular, or 
square as long as the leads are on 
0.1-in. centers. Additional features 
include polarity identification, 
standoffs, and a lock-type vibration 
security system. The sockets are 
available in bulk or on tape and reel. 
$0.25 (10,000). 

Visual Communications Co Inc, 
7920-G Arjons Dr, San Diego, CA 
92126. Phone (619) 549-6900. 

Circle No 361 

DIP SWITCHES 
• Available in shorting and non-

shorting versions 
• Switch lOW loads 
Series 07 DIP switches are avail­
able in BCD, hexadecimal, and 
Gray code versions. Featuring 
shorting or nonshorting operation, 
the switches come with screwdriver 
or shaft-type controls. The switches 

accommodate loads of 0.2A at 50V 
max. Contact resistance measures 
500 max, and insulation resistance 
equals 10110. The units have a 
10,000 cycle-switching life expec­
tancy and operate over a - 40 to 
+ 85°C range. The switches are 

Faster fasteners for 
access panels. 

wN~« 
\%% . ~·•~•~•e•t•~•~•~ -

Dual Lock™ brand Reclosable Fasteners Scotchmate™ brand Hook and Loop Reclosable Fasteners 

Wrth 3M's reclosable fasteners, access panels and 
doors simply pull open and push shut. These 
fasteners have a strong, pressure sensitive adhesive 
backing for immediate attachment and long-term 
performance. They replace cumbersome and 
unsightly conventional fasteners, eliminating the 
need to drill holes and refinish surfaces. So produc­
tion is faster, manufacturing costs less and access 
is easier. 
© 1989 3M. "Scotchmate" and "Dual Lock" are registered trademarks of 3M. 

I FREE SAMPLES. For ~re informatio;;-;;nd fr;-samples of 3M fasten;;;;, - I 
I mail to 3M Industrial Specialties Division, 3M Center Bldg. 220-?E-01, I 

St Paul, MN 55144-1000. 

I Name I 
I I 
I Company Phone I 
IM~ I 
I City State __ Zip I 
L D Pl~ ha~ sale~prese~tative call~· ____ ~N080389 _J 

3M 
Circle 107 for Sales Assistance 
Circle 108 for Information 
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fully sealed to withstand hoard­
washing operations. From $3.50 
(100). 

Elma E lectronic Inc, 41440 
Christy St, Fremont, CA 94538. 
Phone (415) 656-3400. FAX 415-
656-3783. 

Circle No 362 

RECTIFIER CHIPS 
• Designed for high-speed appli-

cations 
• Have 10-nA leakage current 
Process JZA and JPA full-wave rec­
tifier bridge chips employ dielectric­
isolation processing to achieve typi­
cal parasitic leakage of only 1 nA. 
The JZA chip features a 50-nsec 
switching response. Reverse leak­
age for the JPA equals only 10 nA 
max. Key JZA specs include a l.5V 
forward voltage at 100 mA, 5-nA 
reverse current at a reverse voltage 
of 40V, and an 85V breakdown at 
a reverse current of 100 µA. The 
JPA chip figures are a forward volt­
age of 0.9V at 20 mA, a reverse 
current of 3 nA at a reverse voltage 
of 50V, and a reverse breakdown 
voltage of 80V at 100 µA. Mechani­
cally identical, the chips measure 
0.03 x 0.03 in. and share the same 
isothermal thermal layout for tem­
perature-stable operation. $0. 77 
(1000). Delivery, four to six weeks 
ARO. 

Sprague, 70 Pembroke Rd, Con­
cord, NH 03301. Phone (603) 224-
1961. 

Circle No 363 

POSITION SENSORS 
• Triangulation scheme yields con­

sistent measurements 
• Have 500-operationlsec switch-

ing speed 
This line of photoelectric sensors 
has range-detection capabilities 
ranging from 0.5 in. to 7 ft. They 
employ an optical triangulation 
range-measurement principle to 
provide consistent range measure­
ments regardless of the color, mate-
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rial, or surface condition of the ob­
ject under detection. The measure­
ment techniques also minimize the 
degradation effect of soiled lenses 
because detection is based on light 
angle rather than light intensity. 
The units work within a preset 
sensing region so background 
movement has no effect on meas-

urement accuracy. The sensors 
have a maximum switching speed 
of 500 operations/sec. $100 (100). 

Aromat Corp, 629 Central Ave, 
New Providence, NJ 07974. Phone 
(800) 228-2350; in NJ, (201) 464-
3550. FAX 201-464-8513. 

Circle No 364 

ingle board VME solution to Ethernet™ and 
ThinNet connectivity 
Our HK68N30XE single board computer stands by 
you through your most challenging UNIX™ or 
Real-Time applications • With 68030 performance 
• On-card Ethernet and ThinNet Support 
• Quad-Channel DMA Support for On-card SCSI 
Interface, Ethernet, and 2 Serial Ports 

Connect Now! Call: 1-800-356-9602 

HElRIK8N 
OPEN SYSTEMS :: OPEN TOOLS 
Ethmiet •~-Trademark of Xerox Corp L'NIX"' - Trademark of AT&T Bell labol'lltories 
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~ MICRO-CAP 111: /fl 

THIRD-GENERATION INTERACTIVE 
CIRCUIT ANALYSIS. MORE POWER. 

MORE SPEED. LESS WORK. 
MICRO-CAP m;· the third generation 

of the top selling IBM® PC-based interac­
tive CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. 

The program's window-based opera­
tion and schematic editor make circuit 
creation a breeze. And super-fast SPICE­
like routines mean quick AC, DC, Fourier 
and transient analysis - right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. And, using 
stepped component values, rapidly gener­
ate multiple plots to fine-tune your circuits. 

We've added routines for noise, impe­
dance and conductance- even Monte 
Carlo routines for statistical analysis of 
production yield. Plus algebraic formula 
parsers for plotting almost any desired 
function. 
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Transient analysis 

Schematic editor 

Monte Carlo analysis 
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Modeling power leaps upward as 
well, to Gummel-Poon BJT and Level 3 
MOS- supported, of course, by a built-in 
Parameter Estimation Program and 
extended standard parts library. 

There's support for Hercules~ CGA, 
MCGA, EGA and VGA displays. Output for 
laser plotters and printers. And a lot more. 

The cost? Just $1495. Evaluation ver­
sions are only $150. 

Naturally, you'll want to call or write for 
a free brochure and demo disk. 

------------ -- -- --- -- --.::::-=~~~"== ~= ! ! 

1021 S. Wolfe Road, 
Sunnyvale, CA 94086 
( 408) 738-4387 

MICRO-CAP Ill is a registered tmdemark ofSpectrom Software. 
Hercules is a registered tmdemark of Hercules Computer Technology. 
IBM is a registered trodemark of International Business Machines, Inc. 
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NEW PRODUCTS 
CAE & SOFTWARE DEVELOPMENT TOOLS 

PSPICE FOR 80386 
• Provides combined analog/digi­

tal simulation 
• Uses extended memory for simu-

lation software and circuit data 
PSpice-DOS/16M is a new version 
of the vendor's PSpice that runs in 
protected mode on Intel 80286- and 
80386-based machines (and will 
eventually run on 80486-based ma­
chines), using extended memory 
with the aid of the DOS/16M mem­
ory extender from Rational Sys­
tems Inc (Natick, MA). In addition 
to allowing much larger analog cir­
cuits than the original PC-DOS ver­
sion of PSpice, the new version lets 
you use the Digital Simulation Ex­
tension (DSE) that was previously 
available only for OS/2 machines, 
workstations, and VAX machines. 
This new version also lets you sus­
pend the simulation by a keyboard 
command and, with the aid of the 
Probe viewer, view all the wave­
forms generated up to that point. 
You can use the pause as often as 
you wish, and can continue the 

SIMULATION BUS 
• Allows multiple simulator to 

work on parts of the same design 
• Common user interface controls 

tools within design framework 
The MultiSim modular software 
package lets you select the most 
suitable tools to simulate specific 
portions of your design and inte­
grate these tools with existing tools 
and libraries of simulation models. 
The package also provides links to 
CAD tools, such as schematic-cap­
ture and layout programs, as well 
as to databases and software for 
automatic test equipment (ATE). 
MultiSim currently runs on Sun 
workstations, and it works with the 
Aida and Vanguard design systems 
and the Lasar simulation system. 
Other versions will become avail­
able for a variety of workstations, 
design tools, and simulators. Pric­
ing depends on system configura-
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simulation or abort it after you've 
analyzed the waveforms. This fea­
ture can substantially reduce the 
time needed to explore "what 
if ... ?" design changes. PSpice­
DOS/16M, $1450; the optional tools 
Probe, Parts, Monte Carlo, Analog 

tion and optional tool selection; 
prices for the user interface and 
simulation bus start at $10,000. 

Teradyne EDA, 5155 Old Iron­
sides Dr, Santa Clara, CA 95054. 
Phone (408) 980-5200. FAX 408-
748-7761. 

Circle No 352 

TIMING TOOL 
• Lets you create stimuli and dis­

play simulation results 
• Closely integrated with the ven-

dor's digital-IC-timing simulator 
Time View is a graphical tool set 
that works with the vendor's 
Timemill digital-IC-timing simula­
tor. Time View consists of a stimu­
lus tool, a hierarchy manager, and 
an output tool. The stimulus tool 
provides a window that lets you cre­
ate and analyze waveform-simula­
tion stimuli for the rapid develop-

Behavioral Modeling, and Digital 
Simulator cost $750, $750, $550, 
$550, and $1950, respectively. 

MicroSim Corp, 20 Fairbanks, 
Irvine, CA 92718. Phone (714) 770-
3022. TLX 265154. 

Circle No 351 

ment of test vectors. You can com­
bine existing test vectors with 
those you create graphically with 
aid of Time View; when you've com­
pleted the task of stimulus creation, 
you can run the simulation from 
within the tool set. The hierarchy 
manager ensures design integrity 
by recognizing changes you've 
made to the schematic and auto­
matically updating the simulation 
net list. The output tool lets you 
display and analyze the simulation 
results. You can view, swap, 
search, and zoom in on particular 
areas of the waveform to obtain a 
comprehensive and detailed picture 
of the results. To make analysis eas­
ier, the tool lets you display input 
waveforms next to the correspond­
ing simulation results for detailed 
comparison. The tool set runs on 
Sun-3 and Sun-4 workstations, and 
also on VAXstations and DECsta-
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tions. Timemill +, which includes 
Time View and Timemill, costs 
$35,000; current users of Timemill 
can obtain Time View separately for 
$7500. 

Valid Logic Systems Inc, 2820 
Orchard Pkwy, San Jose, CA 95134. 
Phone (408) 432-9400. FAX 408-
432-9430. 
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TRANSPUTER OS 
• Provides multitasking, multiuser 

facilities 
• Allows reduced operation rate af-

ter a µP failure 
Helios is a multiuser, multitasking 
operating system (OS) for Trans­
puter-based processing structures. 
The OS is based on a client/server 
model, in which application tasks 
request services from server tasks. 
These server tasks may reside on 
any number of available processors, 

although each processor must run 
at least a name server that identi­
fies the location of other services. 
Such servers include file handlers, 
window managers, data servers, 
spoolers, and other system-re­
source managers. All servers re­
spond to a general server protocol, 
which is designed so that servers 
are stateless and hence unaffected 
by crashes and losses of communica­
tions. Helios is a true distributed 
operating system that has no cen­
tral services upon which the whole 
system must rely. The failure of any 
one processor will not cause the 
whole system to crash; the system 
will continue to operate at some­
what reduced efficiency. Applica­
tion programs do not need to know 
the location of a particular service, 
because each processor contains a 
processor manager that creates, 
runs, and dismantles tasks. If a lo­
cal manager has insufficient re-

MIL-STD-883C 
NOTICE 8 

Methods 1011 & 1014 

sources to satisfy a request, the re­
quest is passed up the tree of man­
agers to the next immediate super­
visor until the request can be satis­
fied. Helios supports XWindows, C, 
Fortran, Modula-2, and Pascal. Oc­
cam will also be available soon. 
From $1680 for a single-user PC 
version. 

Paracom Inc, Bldg 9, Unit 60, 
245 W Roosevelt Rd, West Chi­
cago, IL 60185. Phone (312) 293-
9500. FAX 312-231-0345. 
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IC DESIGN TOOL 
• Automatically places and routes 

standard cells and custom blocks 
• Handles analog and mixed ana-

log/digital designs 
Compose 2.0 is an IC-design tool 
that automatically places and routes 
both standard cells and custom 
blocks simultaneously. The auto-

~ed leak rate. Measured leak rate (Ri_) is defined as the leak rate of a given 
3e as measured under specified conditions and employing a specified test 
n. Measured leak rate shall be expressed in units of atmosphere cubic 
neters per second (atm cc/s). For the purpose of comparison with rates 
nined by other methods of testing, the measured leak rates must be converted 
Jivalent standard leak rates. 

3lent standard leak rate. The equivalent standard leak (L) of a given 
3e, with a measured leak rate (Ri_), is defined as the leak rate of the same 
3e with the same leak geometry, that would exist under the standard 
tions of 1-1a. The formula (does not apply to test condition 8) in 3.1.1.2 
sents the L/R ratio and gives the equivalent standard leak rate (L) of the 
3e with a measured leak rate (Ri_) where the package volume and leak test 
tioning parameters influence the measured value of CR1 ). The equivalent 
3rd leak rate shall be exoressed in units of atmosohere cubic centimeters oer 

Military Language. 
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matic routing features accommo­
date variable-height standard cells, 
mixed blocks and cells, and rectilin­
ear blocks. An interactive routing 
feature lets you make incremental 
engineering changes without hav­
ing to rip up and reroute the entire 
design. Interactive editing com­
mands let you closely control cell­
to-cell and signal-to-signal spacing 
in a manner that minimizes noise 
and crosstalk. Interactive floorplan­
ning features let you specify a 
group of analog cells that the pro­
gram will automatically place to­
gether in a designated area of the 
chip; for example, you can desig­
nate separate areas near the pe­
riphery of the chip that the auto­
matic-placement routines will use 
for analog components. The tool 
handles a variety of IC technolo­
gies, including high-speed ECL and 
gallium arsenide devices. Compose 
runs on Sun-3 and Sun-4 worksta-

~u-.c:c.;.J 

tions. The base price of $50,000 in­
cludes the block placer, block 
router, compactor, interactive edi­
tor, footprint generator, and for­
eign-net-list translator. The $15,000 
option package consists of the stan­
dard-cell placer and global router. 

Valid Logic Systems, 2820 Or­
chard Pkwy, San Jose, CA 95134. 
Phone (408) 432-9400. FAX 408-
432-9430. 
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ASIC DESIGN TOOLS 
• Let you evaluate floorplans be­

fore implementing them 
• Verify routability, density, and 

performance of a floorplan 
Gate Assistant generates floorplans 
for the vendor's large channelless 
gate arrays, such as the 1-µm 
VGT300 and 1.5-µm VGT200 de­
vices. Chip Assistant creates 
floorplans for cell-based designs in 

~ ':'4. ll.J! 

Use for all thermal shock testing. 

If the new Military Standard 883C Notice 8, 
Test Methods 1011and1014 rules are a little 
hard to understand, here 's the transla tion. 

Now, for Test Method 1011 for thermal shock 
testing , you simply use new FC-6001 and 
FC-6003 fluids from 3M. 

And for Test Method 1014 for hermetic seal 
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Plain English. 
testing , you simply use our new FC-6046 
and/or FC-6047 fluids. 

Simple. 
These new fluids have been formulated 

specifically to meet all the military standards. 
And since they can be used to replace all 
other fluids, your confusion about what to use 
is eliminated . 

CIRCLE NO 82 

the high-performance VSC300 1-µm 
family and high-density VSC120 
1.5-µm family. The timing criteria 
supplied to the floorplanners are 
documented in the schematic or net 
list. You can then generate a capaci­
tance file that will verify the timing 
of acceptable floorplans before you 
commit them to silicon. After physi­
cal implementation of the floorplan, 
the system extracts RC tree infor­
mation for back annotation; the out­
put from the Assistants and from 
the RC tree extraction can be used 
by the vendor's Timing Verifier or 
Simulator. The Assistants run on 
VAX, Apollo, HP9000 Series 320, 
and Sun computers. Each tool costs 
$20,000. 

VLSI Technology Inc (GC­
TOOL), 565 Sinclair Frontage Rd, 
Milpitas, CA 95053. Phone (408) 
434-3000. FAX 408-263-2511. 

Circle No 356 

Use for all hermetic seal testing. 

We 've even added some improvements. The 
useful life of FC-6001 and FC-6003 is 10 times 
greater than the fluid s they replace. 

For specifications and information on these 
new FC-6000 series fluids, write 3M Industrial 
Chemical Products Division, Dept. RAM, 
3M Center Bldg . 223-6S-04, St. Paul , MN 
55144-1000. © 19893M. 
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NEW MICROLITHIUM'" BATTERY SERIES 
JOINS THE DURACELL® XL'" 

POWER FAMILY! 
Today Duracell is your 
best source far all your 
lithium battery needs. 

First with high-power 
consumer-replaceable lithium 
batteries, Duracell now introduces 
the MicroLithium Battery Series 
for long-life, low-drain applica­
tions. These new lithium/ 
manganese dioxide cells have 
the same quality 
and dependability 
as our popular 
High Power 
Series, but have 
been optimized 
for micropower 
equl.pment. UL ou23A - First 3-volt, 

high-power consumer-
recognized, replaceable lithium batteries. 

they're available in a wide-range 
of coin and cylindrical sizes, with 
or without pin terminations. 

Our sales engineers 
listen ta your engineers. 

World-wide, you can count 
on our field sales engineers for 

Assorted cell sizes and PCB pin types. Shown are 
DL2450; DL2032 with chip-straddle pins; DL113N. 

expert applications assistance, 
battery samples, and test infor­
mation, when you need it. From 
form-fit evaluation to component 
sourcing, we can help match the 
optimum lithium cell to your 
requirements. 

182 

Custom assemblies . .. 
standard solutions. 

Our national network of 
Authorized Value-Added Assem­
blers can 
supply you 
with special 
terminations 
and battery 
packs. And 
Duracell will 
coordinate the 
effort and 
assist in the 
design 
work 
too! 

Popular-size cylindrical configurations: DL112AAL; 
DL2NSE; and DL2/ 3AL. 

SPECIAL 10% INTRO· 
DUCTORY DISCOUNT! 

We want you to try the new 
DURACELL XL MicroLithium 
Series of batteries. That 's 
why we're offering a 
special discount on 
all orders placed 
and shipped 
before September 
30, 1989.* 

Duracell ... 
so very easy 
ta work with. 

The Duracell Team is just 
a phone call away to help you 
in fulfilling your battery require­
ments, from technical information 
to competitive pricing and quick 
deliveries. With Duracell, satisfy­
ing your lithium battery needs is 
easier than ever! 

Call us today at one of the 
toll-free numbers listed below 
and lock in your 10% introduc­
tory discount. 
•Discount applies to cells with and without PCB pins 

purchased directly from Duracell: DL2450; DL2430; 
DL2032; DL2025; DL2016; DLAAL; DL2/3AL; 

DL1/2AAL. 

DUR CELL INC. 
OEM Sales and Marketing Group 
Berkshire Industrial Park 
Bethel, CT 06801 

Dl.213AL with single pins (polarized pins available). 

FOR INFORMATION AND TO GET YOUR 10% DISCOUNT CALL: 
East 1-800-423-5962 
Central 1-800-525-8457 
West 1-800-331-3923 

CIRCLE NO 80 

(In Connecticut, 
203-264-3935) 
(In Illinois, 
312-954-2714) 
(In California, 
800-225-1962) 

©1988, Ouracell Inc. 
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Model 
ATE 15-25M 

Model 
ATE 6-25M 

Model 
ATE 100-1 M 

146-1668 

Model 
ATE 6-100M 

Kepco unipolar linear programmable power supplies 
Kepco ATE Power Managers are unipolar linear programmable power supplies ; offering full external 

control over both voltage and current , with automatic crossover. Panel-mounted meters 
monitor both channels. Front panel LEDs (and optically isolated flags accessible through the user 

port) show which channel is in charge. Local control is by panel-mounted 10-turn rheostats . 

OUTPUT EFFECTS VOLTAGE MOOE OUTPUT EFFECTS CURRENT MOOE OFFSETS 1• > 
INFLUENCE QUANTITY Typ. Max. Typ . Max. 6E1 .1.11 

SOURCE VOLTAGE (min .- max .) : < 0.0005% E max . 0.001 % E max. max. < 1 µV < 1 nA 

LOAD (no load-full load): < 0.001% E max. 0.002% E max. 

TIME (8-hour drift) : <0.005% E max. 0.01% E max. max . < 20 µV < 1 nA 

TEMPERATURE, per °C: < 0.005% E max. 0.01 % E max. max. < 20 µV < 2 nA 

RIPPLE and NOISE"' rms : < 0.1 mv 0.3 mV 

(Slow Mode) p-p: " ' < 1 mV 3 mv 

RIPPLE and NOISE " ' rms : < 1 mV 3 mV 

(Fast Mode) p-p : '" < 10 mV 30 mV 

INPUT: User Selectable 104, 115, 208 , 250V a-c 47-65Hz single phase 

<•>For models with output current rating of 50A and higher, the load effect is 2 mA typical and 5 mA maximum. In slow mode, the 
leakage current through the output capacitor adds approximately 0-6 mA to the current mode load effect . 

(2l One terminal must be grounded for this measurement, or 
connected so that common mode current does not flow through the 
load or, in current mode, through the current-sensing resistor. 

1a> Peak-to-peak ripple is measured over a 20 Hz to 1 O MHz bandwidth . 
<• >Uncommitted amplifier offsets. 

ftKEPCO .. 
- THE POWER SUPPLIER .• 



ATE MODELS• QUARTER• HALF• THREE-QUARTER• FULL RACK 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OUTPUT OUTPUT IMPEDAN CE VOLT AGE MOOE OUTPUT IMPEDANCE CURRENT MOOE 

0'J 
MODEL RANGE SERIES SERIES INDUCTANCE(J) SHUNT(2) SHUNT CAPACITANCE (4) 

VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE 6-5M 0-6 0-5 24 µll 0.5 µH 5 µH 12 kll 1,000 µF 1 µF ~ T 

ATE 15-3M 0-15 0-3 100 µll 0.5 µH 5 µH 30 kll 450 µF 0.4 µF 

0-55°C No Derating ATE 25-2M 0-25 0-2 250 µll 1 µH 10 µH 50 kll 250 µF 0.25 µF 

ATE 36- 1.5M 0-36 0-1 .5 480 µll 1 µH 10 µH 72 kll 200 µF 0.2 µF 

ATE55- 1M 0-55 0-1 1.1 mil 2 µH 20 µH 110 kll 150 µF 0.15 µF . ATE 75- 0.7M 0- 75 0-0.7 2.15 mil 2 µH 20 µH 150 kll 110 µF 0.1 µF 

ATE 100- 0.5M 0- 100 0-0 .5 4 mil 4 µH 40 µH 200 kll 50 µF 0.05 µF 

ATE 150- 0.3M 0-150 0-0 .3 10 mil 4 µH 40 µH 300 kll 55 µF 0.02 µF 

Size: 57/32" H x 45/32" W x 171/e" D (132.6mm H x 105.6mm W x 435.0mm 0)111 Net Weight : 14 lbs. (6.4 kg.) 

0-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MOOE OUTPUT IMPEDANCE CURRENT MOOE 

jJ_(ili MODEL RANGE SERIES SERIES INDUCTANCE SHUNT(2) SHUNT CAPACITANCE 
VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE 6-10M 0-6 0-10 12 µll 0.5 µH 5 µH 12 kll 1,800 µF 2 µF ,.. 
ATE 15- 6M 0-15 0-6 50 µll 0.5 µH 5 µH 30 kll 1000 µF 0.8 µF 

0-55°C No Derating ATE 25- 4M 0- 25 0-4 125 µll 1 µH 10 µH 50 kll 500 µF 0.5 µF 

ATE 36- 3M 0-36 0-3 240 µll 1 µH 10 µH 72 kll 350 µF 0.4 µF 

ATE 55-2M 0-55 0-2 0.55 mil 2 µH 20 µH 110 kll 200 µF 0.3 µF 

: ATE 75- 1.5M 0- 75 0-1 .5 1 mil 2 µH 20 µH 150 kll 110 µF 0.2 µF 

ATE 100-lM 0-100 0-1 2 mil 4 µH 40 µH 200 kll 80 µF 0.1 µF 

ATE 150-0.7M 0-150 0-0.7 4 mil 4 µH 40 µH 300 kll 55 µF 0.04 µF 

Size : 57/32" H x 45/32" W x 171/e" D (132.6mm H x 105.6mm W x 435.0mm 0)111 Net Weight : 17 lbs. (7.7 kg.) 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MOOE OUTPUT IMPEDANCE CU RRENT MOOE 
MODE L RANGE SERIES SERIES INDUCTANCE SHUNT(2) SHUNT CAPACITANCE 

VOLTS AMrS RESISTANCE SLOW FAST RES ISTANCE SLOW FAST 

ATE 6-25M ()-6 ()-25 4.8 µ!1 0.5 µH 5 µH 12 kfl 11,000 µF 5 µF 

ATE 15-15M ()-15 ()-15 20 µ!1 0.5µH 5 µH 30 kfl 5,800 µF 2 µF 

ATE 25-10M ()-25 ()-10 50 µ!1 1 µH 10µH 50 kfl 2,900 µF 1.25 µF 

ATE 36-8M ()-36 ()-8 90 µ!1 1 µH 10 µH 72 kfl 2,400 µF 1 µF 

Al E 55-5M ()-55 ()-5 0.22 mn 2 µH 20 µH 110 kfl 1,400 µF 0.75 µF 

ATE 75-3M ()-75 ()-3 0.5mn 2 µH 20µH 150 kfl 850 µF 0.5 µF 

ATE 10G-2.5M ()-100 ()-2 .5 0.8 mn 4 µH 40µH 200 kfl 375 µF 0.25 µF 

ATE 15()-1 .5M ()-150 ()-1 .5 2 mn 4 µH 40 µH 300 kfl 275 µF 0.1 µF 

ATE 325-0.8M ()-325 ()-0.8 8.1 mn 100µH 1 mH 650 kfl 180µF 0.01 µF 

Size: 57/32" H x 8" /32" W x 179,54" D (132.6mm H x 211 .9mm W x 435.4mm D)l1J Net Weight : 35 lbs. (15.9 kg.) 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MOOE OUTPUT IMPEOANCE CURRENT MOOE 
MOOEL RANGE SER IES SERIES INDUCTANCE SHUNT (2) SHUNT CAPACITANCE 

VOLT S AMPS RES ISTANCE SLOW FAST RES ISTANCE SLOW FAST 

ATE 6-50 M 0-6 0-50 2.4 µll 0.5 µH 5 µH 12 kll 12 .000 µF 10 µF 
ATE 15-25M 0-15 0-25 12 µll 0.5 µH 5 µH 30 kll 8,000 µF 4 µF 

ATE 25-20M 0-25 0-20 25 µll 1 µH 10 µH 50 kll 5.800 µF 2.5 µF 
ATE 36-15 M 0-36 0-15 48 µll 1 µH 10 µH 72 kll 4,900 µF 2 µF 
ATE 55-10M 0-55 0-10 0.11 mil 2 µH 20 µH 110 kll 2,900 µF 1.5 µF 
ATE 75-8M 0-75 0-8 0.19 mil 2 µH 20 µH 150 kll 1,200 µF 1 µF 

ATE 100-5M 0-100 0-5 0.4 mil 4 µH 40 µH 200 kll 600 µF 0.5 µF 

ATE 150-3 .5M 0- 150 0-3.5 0.86 mil 4 µH 40 µH 300 kll 440 µF 0.2 µF 

Size: 57132" H x 1217/32'' W x 179/54" D (132.6mm H x 318.3mm W x 435.4mm D)l11 Net Weight: 43 lbs. (19.5 kg.) 

The full rack model is supplied with brackets for direct mounting in a standard 19-inch rack. 

0-C OUTPUT OUTPUT IMPEOANCE VOLTAGE MODE OUTPUT IMPEDANCE CURRENT MOOE 

.11®~ 
MODEL RANGE SERIES SERIES INDUCTANCE SHUNT(2) SHUNT CAPACITANCE 

VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

I~ I [,, ATE 6-100M 0-6 0-100 1.2 µll 0.5 µH 5 µH 12 kll 22 ,000 µF 15 µF 

ATE 15-50M 0-15 0-50 6 µll 0.5 µH 5 µH 30 kll 12 ,000 µF 6 µF 

0-55°C No Derating ATE 25-40M 0-25 0-40 12.5 µll 1 µH 10 µH 50 kll 11 ,000 µF 4 µF 
ATE 36-30M 0-36 0-30 24 µll 1 µH 10 µH 72 kll 9,500 µF 3 µF 
ATE 55-20M 0-55 0-20 55 µO 2 µH 20 µH 110 kll 5,200 µF 2.25 µF 
ATE 75-15M 0-75 0- 15 0.1 mo 2 µH 20 µH 150 kll 3,400 µF 1.5 µF 
ATE 100-lOM 0-100 0- 10 0.2 mil 4 µH 40 µH 200 kll 1,200 µF 0.75 µF 

ATE 150-7M 0-150 0-7 0.42 mil 4 µH 40 µH 300 kll 1,050 µF 0.3 µF 

Size: 631/32" H x 161/2'' W x 201/54" D (177.0mm H x 419.1 mm W x 508.4mm D)l1J Net Weight: 87 lbs. (39.5 kg.) 

17JAdd 2•12'' (63.5mm) for connector protrusion. 12!Based on 0.5 mA load effec t in FAST mode. 
(3J For determining dynamic impedance in voltage mode. (4) For determining dynamic impedance in current mode. 

For complete specifications send for Power Manager Catalog 146-1570 Data subject to change without notice. ©1989 KEPCO, INC. Litho in U.S.A. 

KEPCO, INC.• 131-38 SANFORD AVENUE· FLUSHING , NY 11352 USA· (718) 461-7000 ·FAX: (718) 767-1102 • Easylink (TWX): 710-582-2631 
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NEW PRODUCTS 

TEST & MEASUREMENT INSTRUMENTS 

V40N50 EMULATOR 
• Supports both V40 and V50 with­

out extra pods or modules 
• Dequeues prefetched instructions 

during trace 
The V 40/50 Icealyzer is an in-circuit 
emulator for NE C's V 40 and V50 
µPs. It supports both chips without 
extra pods or personality modules. 
During trace operation, the emula­
tor decodes prefetched instructions, 
and by simulating the processor's 
operation, places only those instruc-

tions actually executed into the 
trace buffer. As a result, the unit 
correctly disassembles trace data. 
Breakpoints operate to 12.5 MHz 
without the addition of wait states, 
and a pass counter lets you delay 
program breaks for as many as 216 

cycles. The unit includes 64k bytes 
of overlay RAM, which you can ex­
pand to 256k bytes and map any­
where in the CPU's address space. 
A real-time performance analyzer 
monitors the µP's address bus and 
provides histograms of the portion 
of time spent executing code resi­
dent in various regions of memory. 
$4995. 

Softaid Inc, 8930 Rte 108, Co­
lumbia, MD 21045. Phone (800) 433-
8812; in MD, (301) 964-8455. FAX 
301-596-1852. TWX 650-265-2092. 

Circle No 365 

Sampling A/Ds 
DATEL's video speed sampling AID converters 
give superior dynamic performance, to bring 

ooth harmonic oistortion and 
signal-to-noise ratios to new lows. 

For complete information call (508) 339-3000 

Sampling Effective Bits rno•at Power Price 
Model at Nyquist Nyquist Package Rate Frequency Frequency Dissipation 11-9) 

ADS-112 !MHz 11.0 -73 dB 1.3watts 24-pin DOU' $259 

ADS-132 2MHz 11.0 -73 dB 2.9watts 32-pin TDD' $346 

ADS-131 SMHz 10.6 -69 dB 4.2watts 40-pin TDD' $549 

ADS-130 IOMHz 10.6 -69 dB 4.Swatts 40-pin TDIP $775 

INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION 
DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3000 

EDN August 3, 1989 
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803X/805X EMULATOR 
• Allows programs to run at 12 

MHz 
• Includes 48-channel logic 

analyzer 
The Pro-32 is an in-circuit emulator 
for µPs from the 803X and 805X 
families operating in the external­
memory mode. The unit consists of 
a card that plugs into the IBM PC 
bus and an emulator pod that plugs 

CIRCLE NO 85 185 
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The Versatile Bi-Polar 
Power Supply That 
Outperforms Them All 

The BOS/Splays four major rolls . .. 
bi-polar supply, operational supply, 
sourcing supply and sinking supply 
. .. performing over a dozen acts 
including : 
• 100W-200W-400W DC Power 

Supply 
• Electronic Load 
• Voltage Source 
• Power Pulse Generator 
• Current Source 
• Power Function Generator 
• Direct Coupled Amplifier 
• Variable Gain Amplifier 
• DC Amplifier 
• AC Power Supply 
• Differential Amplifier 
• Fast Slewing Power Supply 
• Signal Inverting Amplifier 
Performances unmatched in the 
industry. 

The BOS/S is a star in a variety 
of standard or custom configurations. 
For information, call TOLL FREE 
1-800-631-4298. 

~ ELECTRONIC 
\!jlMEASUREMENTS 

INC. 

CIRCLE NO 86 

405 Essex Road, Neptune, New Jersey 07753 
Toll Free: 1-800-631-4298 
(In NJ, HI, AL and Canada-201-922-9300) 
FAX: 201-922-9334 
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~ ELECTRONIC 
~ MEASUREMENTS 

INC. 

SINGLE 
PHASE 
TCR 
• 4power 
levels 600 W-
1,000 W -

1,800 W-2,800 W 
• DC outputs variable over full range of 0 to 7.5 

V DC through 0 to 2,500 V DC 
• Regulated and metered ry and A) 
• CV/CC with automatic crossover 
• Fully programmable and remote sense 
• Complies with VDE 875-N and VDE 871-A 
• 5-year warranty 

THREE 
PHASE 
TCR 
• 3power 

ranges 
2,500W-
5,000W-

---· 10,000W 
•DC outputs 

variable over range 
from 0 to 6 V DC through 0 to 600 V DC 

• Regulated and metered ry and A) 
• CV/CC with automatic crossover 
• Complies with VDE 875-N and VDE 871-A 
• 5-year warranty 

EMS HIGH FREQUENCY 
SWITCHING DC POWER 
SUPPLY 

• 48 models 600 W to 1,000 W to 2,500 W to 
10,000W 

•Voltages from 7.5 V DC through 1,000 V DC 
•High density packaging- up to 3.1 W/cubic 

inches at 5 kW 
• Regulated and metered fY and A) 
• Fully programmable and remote sense 
• CV/CC with automatic crossover 
• 5-year warranty 
• U/L recognized 

ELECTRONIC MEASUREMENTS, INC. 
405 Essex Rd., Neptune, NJ 07753, Dept. EM 
TOLL FREE: 800-6314298 

CIRCLE NO 87 

TEST & MEASUREMENT INSTRUMENTS 

into the target system. The unit in­
cludes 8k, 32k, or 64k bytes of 
writeable control store (WCS) 
memory that you can use to store 
instructions or data. A 2k-frame 
trace buffer stores addresses, in­
structions, and 110 data from ports 
1 and 3. You can insert as many as 
64k breakpoints anywhere in the 
target processor's address range. 
Pro-32 with WCS: 8k-byte version, 
$495; 32k-byte version, $595; 64k­
byte version, $695. 

Advanced Microcomputer Sys­
tems Inc, 1321 NW 65th Pl, Fort 
Lauderdale, FL 33309. Phone (800) 
972-3733; in FL, (305) 975-9515. 
FAX 305-975-9698. TWX 910-250-
4806. 

Circle No 366 

DMMs 
• Offer basic de accuracy to 0.3% 
• Two of three models measure 

temperature 
The HP E2373A, E2377 A, and 
E2378A are 31/z-digit (3200-count) 
handheld DMMs that offer basic de 
accuracy of 0. 7, 0.3, and 0.3%, re­
spectively. The HP E2378A case is 
gasketed and water resistant. All 
units offer audible continuity verifi­
cation and maximum input levels of 
lOOOV de, 750V ac, and lOA ac or 
de. The ac measurements use the 
average ac/dc conversion technique 
and have a basic accuracy of 2% to 
500 Hz on the HP E2373A and 1 % 
to 1 kHz on the other two models. 
All units carry a 3-year warranty. 
HP E2373A, $99; HP E2377 A, 
$169; HP E2378A, $189. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone local office. 

Circle No 367 

JI'ITER DEBUGGER 
• Presents timing and voltage his­

tograms 
• Runs on graphics-capable IBM 

PCs and compatible computers 
To assist in analyzing noise and jit-

ter, a software package called i-Pat­
tern works with the vendor's digi­
tal-storage oscilloscopes and wave­
form digitizers. The unit runs on 
IBM PCs, PS/2s, and 100% compat­
ible machines equipped with at least 
512k bytes of RAM and any com­
mon type of graphics adapter. The 
software stores waveform data in 
computer memory and allows you 
to select regions of interest for de­
tailed display and analysis. You can 
display data as an X-Y plot and use 
color to denote intensity, or present 
data in three dimensions as a "wa­
terfall" or solid-fill waterfall. You 
can also view as many as 40 ac­
quired waveforms in a variable-per­
sistence mode. The software also 
calculates many waveform statistics 
and indicates the number of sam­
ples that fall within a value region 
that you can specify. $850. 

Tektronix Inc, Box 1700, Beav­
erton, OR 97077. Phone (800) 835-
9433, ext 170. 

Circle No 368 

8031/8051 EMULATOR 
• Supports expanded-memory 

mode 
• Downloads program via inde-

pendent serial link 
The Dry Ice in-circuit emulator for 
8031 and 8051 µPs works at clock 
speeds to 12 MHz with target sys­
tems that utilize the µPs' external 
memory mode. The product is 
housed on a 3.5 x 6-in. pc card and 
receives power from your 5V sup­
ply (500 mA for the standard ver­
sion; 100 mA for the CMOS ver­
sion). The emulator interfaces to a 
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New 
Instruments 

DC Current and Voltage 
Calibrator Model cR-10J1J 

s; ;F: ~ ;? ~!••!•·· • 
Model CR-103/J is comprised of two complete 
instruments. DC voltage section is an ultra­
stable, chopper stabilized amplifier with selec­
table precision resistors in the feed-back loop. 
The temperature compensated , aged zener 
diode is the reference. DC current section is 
the same configuration plus a precision , refer­
ence resistor. HIGH STABILITY-LOW NOISE 
Features Current Mode 
Variable Constant: Two Ranges ± lOnA to 
± lOOmAdC 
High Resolution : ± 0.0001 % (1 PPM) 
Minimum selectable setting 10 nAmps 
High Accuracy (1 Mode): ± 0.005% of setting 
+ 0.005% of range) 
Compliance (Power): ± 100 volts 
Noise : 2 u Amps 
Calibration cycle : 12 months 
Features Voltage Mode 
Variable Constant: Three Ranges: ± lOOnV to 
± 10 Vdc 
High Resolution : 0.0001% (1 PPM) 
Compliance (Power): 50 mAmps 
Noise: 5 uV 
"Crowbar" (Zero) Ref. 
Price: $2,095 
Engineering Contact: Bob Ross 
Tel : (617) 268-9696• FAX: 268-6754 

CIRCLE NO 88 

µP-based Programmable 
E/I de Calibrator Model s21 

Ii•, ~atHH;,se£S(_~·1 ! 
The new Model is a micro-processor based , 
I EEE-488 (GP-I Bl control led, Voltage and Cur­
rent DC Calibrator. One of its important applica­
tions is an imbedded standard as used in Data 
Acquisition and Process Control Systems. 
An important feature of the new micro­
processor that has been installed is that the 
programming of this instrument is transpar­
ent with respect to the programs written for the 
earlier 520, 520/A and even the older 501 /J 
(GP-I B version). 
The height is only 3 Y2',' and features current 
mode outputs from 10 nanoamperes (nA) to 
110 milliamperes (mA), in two ranges, with 
extraordinary compliance of 100 Vdc. Even 
with this power, ideal for transducer instru­
ment testing (4-20 and 10-50 mA), the accu­
racy is ± 0.005% of setting. 
The voltage has three ranges with outputs from 
100 nV to 100 Vdc and optional to 1100 Vdc. 
Compliance current is 100 mA. The one-year 
accuracy is ± 0.002% of setting. 
All ranges and both modes resolve to 1 ppm. 
A crowbar zero provides a reference for this 
essential value. 
Price: $3, 150. 
Engineering Contact: Bob Ross 
Tel : (617) 268-9696• FAX: 268-6754 

ELECTRONIC DEVELOPMENT CORP. 
11 Hamlin St., Boston, MA 02127 

CIRCLE NO 89 
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INSTRUMENTS 

terminal or PC using a dedicated 
RS-232C link, which automatically 
selects its data rate from 75 to 19.2k 
bps. An 8k-byte static overlay 
memory is standard; it expands to 
32k bytes. You download your pro­
gram code in Intel hexadecimal for­
mat; optional nonvolatile RAM 
stores the program even when you 
remove power. $199. 

HiTech Equipment Corp, 9400 
Activity Rd, San Diego, CA 92126. 
Phone (619) 566-1892. FAX 619-
530-1458. 

Circle No 369 

•••• •••• •••••• •••••• --•-
HDTV GENERATOR 
• Has variable-aspect ratio and 

resolution 
• Is programmable to adapt to a 

wide range of proposed standards 
The Astro VG-814 programmable 
video generator can simulate a wide 
variety of Japanese, US, and Euro­
pean HDTV (high-definition televi­
sion) standards. The unit produces 
analog and TTL RGB (red/green/ 
blue) output with virtually any pro­
posed resolution, aspect ratio, 
frame rate, and bandwidth. Pixel­
by-pixel control over the 
2048 x 1280-pixel graphics plane al­
lows creation of special test pat­
terns. You can create as many as 
40 tests with different picture con­
tent, color balance, and average 
level, store them, and quickly recall 
them from the front panel or via 
an RS-232C interface. If you define 
15 such patterns at the time of or­
der, the factory will install them 
prior to shipping your unit. $5650. 

Team Systems, 2934 Corvin Dr, 
Santa Clara, CA 95051. Phone (800) 
338-1981; in CA, (408) 720-8877. 
FAX 408-720-9643. TLX 297584. 
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Features: 
• 50 ns Time Stamp 
• Sync and Async Tracing 
• 32K Event Trace Memory 
• Initiator and Target Emulation 
• Custom Routines Programmable In C 
• Easily Readable "SCSI English" Display 
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1755 E. Bayshore Road, 18A 
Redwood City, CA 94063 
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INSTRUMENTS 

WAVE SYNTHESIZER 
• Includes 16k points of waveform 

memory 
• Produces predef~ned or arbitrary 

waves to 10 MHz 
The R4000 arbitrary waveform syn­
thesizer and function generator 
works in conjunction with an IBM 
PC or compatible computer. It can 
generate a wide variety of standard 
waveforms in continuous, sweep, 
and burst modes. The standard rep­
ertoire includes sine, square , and 
triangular waves; ramps; pulses; de 
levels; and white noise. It can also 
download ASCII files describing ar­
bitrary waveforms into its 16k­
point waveform memory. The ven­
dor supplies software drivers that 
work with C and Turbo Pascal. 
$2495. 

Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98103. Phone (206) 
547-8311. FAX 206-548-0322. 
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THERMOMETERS 
• Use K-type thermocouples 
• One model includes integral 

probe 
The Model 900 thermometer is a 
compact digital temperature meter 
with an integral probe. The 910 is 
a single-input, handheld tempera­
ture meter, and the 920 is a dual­
input, handheld unit that lets you 
read the temperature at either of 
its probes and lets you select either 
0.1 or 1° resolution. The 900 reads 
from - 58 to + 302°F with its inte­
gral probe and from - 58 to 1500°F 
with an optional external probe. 
The other two models read from 
- 58 to + 1999°F . All units use type 

EDN August 3, 1989 

SWITCHING POWER SUPPLIES 

AC 110/220V (selectable) 
EM/: FCC/VDE 0871 class "B" 
Switches at 100 kHz 
2 year warranty 

• 20, 30, 50, 70, BOW dual and triple outputs • Line regulation 0.4% 

• Typical operating efficiency 72.% • Load regulation 0.8% 
• Minimum hold up time: 20 milliseconds no load to full load 

VOE approved SOW dual and triple models available (VSK Series) 
·20 and 30 watt models designed to meet UUCSA standards 

Volgen America Inc. 39650 Liberty Street, #325. Fremont CA 94538 
(415) 498-5950 FAX (415) 498-5954 
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... and we'll 
back it 

u 

750 WATT 
Multiple output 
battery backup 

eeEEM 
pages DI 785-1797 

• ••• •• ••• 
At JETA, we back up all our power supplies w ith full two-year guarantee. 
After we beat them up and burn them in. we' re confident that you'll . 
receive the finest high-current power supplies built. For sing le and multiple 
output power supplies from 500 to 2500 watts. manufactured under 
Statistical Process Control fSPCJ , contact JETA. We back them up. 

-0 POWER SYSTEMS, INC. 

JI: I A 2675 Junipero Avenue • Signal Hill, CA 90806 
...,. 1213) 427-0095 • FAX: 2134262417 
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Waveform generator to lOMHz. 

Arbitrary 
or standard 
waveforms: 

$2495. 
Our new R4000 creates wave­

forms so many ways it's like having 
a synthesizer, function generator 
and ARB all in one instrument. 

Waveforms from acquired real-life 
transients. 

You can download real-life tran­
sients stored on disk in any ASCII 
file to the R4000, and then output 
the arbitrary waveform. 

Waveforms from extensive library. 
Resident in the software are a 

number of standard waveforms, in­
cluding sine, square, triangle, 
ramp, pulse, DC and white noise, 
which can be varied in amplitude or 
duration. 

Waveforms to lOMHz. 
The R4000 outputs in sweep, 

burst or continuous modes, and 
provides a 16,000 point waveform 
memory, 12 bit DI A resolution, 
and choice of keyboard or mouse 
interface. Internal, external and 
gated trigger modes. 

For arbitrary and standard wave­
form generation at one low price, 
call or write Rapid Systems, 433 N. 
34th St., Seattle, WA 98103. (206) 
547-8311. FAX (206) 548-0322. 

RAPID SYSTEMS 
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TEST & MEASUREMENT INSTRUMENTS 

K thermocouples or probes based 
on type K thermocouples. 900, $55; 
910, $80; 920, $110. 

B&K Precision, 6470 W Cort­
land St, Chicago, IL 60635. Phone 
(312) 899-9087. 
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E-BEAM ANALYZER 
• Adds logic analysis to vendor's 

electron-beam probers 
• Provides a standard logic-ana-

lyzer interface 
The Logic Analyzer Tool is a hard­
ware and software product that 
adds logic-analysis capability to the 
vendor's IDS 4000/5000 electron­
beam probers, which enable non­
contact probing of internal nodes on 
complex IC chips. The tool employs 
multiple beam pulses for each test­
pattern repetition, and a pipelined 
memory and signal-processing ar­
chitecture to permit the use of test 
patterns two orders of magnitude 
longer than the previous patterns. 
It increases data-acquisition speed 
and lets you interactively manipu­
late large volumes of data. These 
capabilities permit diagnosis of in­
termittent failures. The tool's user 
interface is similar to that of con­
ventional logic analyzers. $45,000; 
retrofitted onto an existing system, 
$50,000. Available in October 1989. 

Schlumberger Technologies, 
ATE Div, 1601 Technology Dr, San 
Jose, CA 95110. Phone (408) 437-
5000. FAX 408-453-0137. 
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WAVEFORM DIGITIZER 
• Acquires data at rates w 200M 

samples/sec 
• Stores 512k samples 
The IQ300 system offers plug-in op­
tions that permit it to simultane­
ously acquire signals at rates from 
lOOk to 200M samples/sec on a 
maximum of 248 channels. Data 
memory can hold 512k samples, and 
the unit sports a 9-in. CRT that can 
display as many as eight channels. 

To increase waveform storage and 
to store setup configurations, you 
can configure the system with a 
hard drive or an MS-DOS-compat­
ible floppy-disk drive. All units in­
clude two RS-232C ports and an 
IEEE-488 port, as well as a clock 
to time/date-stamp acquired data. 
The unit also calibrates itself. 
$9950; channel electronics from 
$1400/channel. Delivery, 30 to 45 
days ARO. 

Hi-Techniques Inc, 152 Owen 
Rd, Madison, WI 53716. Phone 
(800) 248-1633; in WI, (608) 221-
7500. FAX 608-221-7509. 
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PROGRAM ANALYZER 
• Supports 680XO family 
• Filters out insignificant informa-

tion during trace 
The PMA-030 real-time program 
analyzer supports the 680XO series 
of µPs, including the 68030. To op­
erate, the unit requires only an 
ASCII terminal. In addition to a 92-
channel logic state analyzer, which 
performs synchronous sampling at 
25 MHz, the instrument offers sev­
eral additional capabilities; for ex­
ample, full coverage of 68030 sig­
nals with ability to detect synchro­
nous and burst-memory cycles; a 
2k-frame trace buffer, which stores 
only useful data and permits 
searches for significant occurrences; 
time-tagging of trace data; and real­
time determination of interrupt­
level distributions, event counts, 
and cache-hit rates. The unit also 
includes enough battery-backed 
RAM to store 30 test routines. 
$6990. Target adapters: 68030, 
$500; 68020, $400; 68010/000/008, 
$300. 

Vmetro Inc, 2500 Wilcrest, Suite 
530, Houston, TX 77042. Phone 
(713) 266-6430. FAX 713-266-6919. 
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/ OUR SMALL SOLUTION 
[)J~LIVERS A MOUNTAIN OF RESULTS 

CLIMB To THE PEAK OF PERFORMANCE WITH GRAYHill'S MINI 1/0 MODULES 
With Versatility-
This space-saving series of Mini I/O Modules cuts your prob­
lems down to size! They t.ake 4" off the length of a 16-module 
rack, yet ret.ain plug compatibility. They plug in to any Grayhill 
mounting rack without screws, saving time and labor. 

Grayhill Mini I/O Modules outperform the com­
petitive quad pack format, providing a lower 
profile, superior immunity to false triggering, 
complete isolation, and the economic benefit 
of no "idle" modules. And they draw 30% less 
power than their big brothers. 

All the mini-module advant.ages ... combined with 
Grayhill "peak performance" quality. 

With Reliability-
It's Grayhill's SMT construction that gives you 
this superior performance. Our Mini I/O Module 
Quality and Reliability Report summarizes the 
results of our electrical noise testing, environ­
ment.al testing, accelerated life testing, and 
physical stress testing. Ask for your copy. 

With Guaranteed Value-
Since Grayhill test results prove the unrivaled quality and 
reliability of these mini-modules, we are confident they will 
perform for the life of the product you inst.all them in. 

If a Graybill module ever fails , we'll send you a 
new one at no charge! 

With Multiple Choices-
Conventional-size VO modules and a choice of 
racks are also available, all off-the-shelf from 
your authorized Grayhill distributor. For custom 
product, a Grayhill represent.ative is nearby to 
guide you through the design process. 

That's a mount.ain of advant.ages in one small 
package ... so st.art your climb to the top. 

Call or write us for I/O Module literature and a 
free test sample. 

la ~rJ 561 Hillgrove Avenue, P.O. Box 10373 

~ 
• LaGrange, Illinois 60525-0373 USA 
•· Phone: (312) 354-1040 FAX: (312) 354-2820 

_, ' Area Code 708, Effective November 11 , 1989. 
At the Peak of Performance TLX or TWX : 190254 GRAYHILL LAGE 
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Packet describes 
Ada solutions 
A 5-pg folder and three technical 
data sheets provide information on 
Ada software. Hard Deadline 
Scheduling in Ada looks at research 
conducted at Carnegie-Mellon Uni­
versity and how it will affect the 
Ada programming language. Ada 
Software Engineering Environ­
ment for VAXNMS examines vari­
ous development tools to solve Ada 
software-engineering problems. 
Real-Time Performance for BO X 86 
Ada Applications analyzes how to 
enhance hardware performance and 
minimize software development and 
cost. 

DDC-I Inc, 9630 N 25th St, Suite 
118, Phoenix, AZ 85021. 
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Guide to buying your 
CAD/CAM tools 
The Engineer's CAD/CAM Pur­
chase Checklist can help you make 
the best decision when you're in the 
market for a new system. The guide 
tells you how to double-check your 
current setup, talk to vendors, 
check out a component or a periph­
eral, and look for new applications. 
In addition to these and other help­
ful hints, the book offers checklists 
on training aids; database manage­
ment; accounting and cost control; 
hard-copy and communications 
needs; system and user environ­
ment; vendor experience; N/C mill 
programming; electronic design; pc-

192 

LITERATURE 

board layout; mold analysis pro­
grams; and plant design. $29.95 or 
free with new $154 1-year subscrip­
tion to Computer A ided Design Re­
port. 

CAD/CAM Publishing Inc, 841 
Turquoise St, Suite D, San Diego, 
CA 92109. 

INQUIRE DIRECT 

Abundant offering of 
measurement accessories 
RF, Microwave & Millimeter Wave 
Measurement A ccessories Catalog 
(Literature 5953-2346) presents 
more than 500 products, including 
an economy spdt coaxial-switch se­
ries; 11-, 70-, and 90-dB step attenu­
ators for 40 GHz; and a family of 
planar-doped-barrier coaxial detec­
tors. Selection guides and 18 prod­
uct sections cover fixed and step at­
tenuators; adapters, detectors, 
power sensors, probes, and 750 
components; and test accessories 
and calibration kits for scalar and 
vector network analyzers. You will 
also find waveguide and flange 
data, coaxial-connector information, 
band designations, and applica­
tions-literature listings. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. 
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Report discusses 
effect of logic synthesis 
The Impact of Logic Synthesis on 
Design Automation answers ques­
tions such as why logic synthesis 
is the most popular design technol­
ogy since design simulation, how 
logic synthesis differs from silicon 
compilation, and how much design 
time logic-synthesis tools can save. 
The publication forecasts the mar­
ket for various CAE/CAD tools and 
projects the impact in dollars that 
logic synthesizers will have on the 
1989-1993 CAE market. It reviews 
the background of logic synthesiz­
ers, as well as currently available 
products and major companies in to­
day's market. $985. 

Electronic Trend Publications, 
12930 Saratoga Ave, Suite Dl, 
Saratoga, CA 95070. 

INQUIRE DIRECT 

Kit features 
logic-analysis system 
The vendor's packet contains two 
brochures and four data sheets that 
describe the CLAS 4000 configur­
able logic-analysis system. The 4-
color brochures deal with "perspec­
tives" and "performance." The Per­
spectives brochure discusses chal­
lenges, configurability, the man/ 
machine interface, the crosspoint 
switch, and graphics selections. The 
Performance brochure describes 
the system, pyramid module sam­
pling and pyramid module trace 
control, the magnifying-glass mod­
ule, the system controller, and con­
trol specifications. The four data 
sheets summarize information 
about the four different models of 
the probe adapter. Photos, dia­
grams, tables, and figures illustrate 
the publications. 

Gould Inc, Test and Measure­
ment, 19050 Pruneridge Ave, Cu­
pertino, CA 95014. 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

• Programs f.FJEPROMt. PAl.6.G..U.., lrt.s,EPl.J>., MICR01, BIPOl..ARJ. 
• Sonw.rt drivt• pl• drhtn. D/A penlN prognimming voltages. 
• Upt:nd"'bl• Jot 1'1 r1 eally uy flllan procnm1111 blt dffifn up to 40 pin1. 
• Sclf-s11bl.istent operation. No additional modulo or plua·in adaptel'I required. 
• lndude$ user friendly MF.MO RY BUtTER FULL SCREEN t:DITO R. 
• Friendly Mm•·Drivn interface. Device i.clection by P{N and manufu1unr. 
• Supporu &'102 bit wonl, lntdligent I & II, Quid: Pulse programmin&-
• fHdlo.,.J tnll •&. Repter-Prdo1d, nlSEMAP EDITOR for logic: dcvkies. 
• File fomuits .:ttpttd: l•lel H112 NIM. TW.b Ila. Motorol1 S, JE.DEC. 
• Oistometlollppo11 Yi.I voice line, •hdkal" RBSOI' ru.. f'•ll I yeUWll rT'Hly. 
• Basepriceindudeslnterf-c:ard.c:able. MtaOl'}'dcvicelibraiyandlyo1. 
freeupdatei.Addillonal~ Ubnrffs(Loslc. Micnos, RlpOlars)StSn. 

• Libraries updalu available every 6 mo. and c:an be recciwd vii ftO!l'PY or BBS. I PC BASED 8-SOCKET 
GANG PROGRAMMER $595 1 
• Handles 1ll•,111ory devlttttoJ2 pl1a.(Ugradcableuptol mtpbltparu). 
• ruu. SCREEN BUFF'ER EDITOR plus all applicable features from above. 
• Cmomer 5Uppon via voice line, dedicated BBS or fu. f ull I yur wunnty. 
• In.eludes PC Interface card, Memoty device Hbraiy and I J""r f}-ff updalf'$. 

MC I VISA I AMEX Call today fo r datashttU! 

B&C MICROSYSTEMS INC. 
355 WEST O UYE A.VE., SUNNYVALE, CA '4086 

TEL: (408) 7Jl.5!1 I FAX: <*l 730-5!21 
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IEEE-488 
$210 

•FOR IBM PC/XT/AT OR COMPATIBLES 
• USES DMA FOR HIGH SPEED OPERATION 
• EASY TO USE DEVICE DRIVER COMPATIBLE WITH 

DeJS, BASIC, C, & OTHER HIGH LEVEL 
LANGUAGES 

•LINKABLE ASSEMBLY LANGUAGE & C 
INTERFACES INCL. 

• TRUE SRO CAPABILITY 
•ALL SOFTWARE SPEED OPTIMIZED 
• 30 DAY MONEY-BACK GUARANTEE 

REFLEX INSTRUMENTS 
708 S. Church, Olathe, KS 66061 

913-791-2550 

68HCll 
PC-based emulator for 68HC11 

• PC plug-m or RS-232 box. • 48 bit wide 16K deep 
• Pull-down menus with trace. All functions usable 

full window support , without disturbmg emu-
combined with command- lat1on. Time stamping. 
driven User Interface. Two level trigger. 

• Up to 3.3mHz real time • Symbolic and C Source 
emulation Level Debugging, includ-

• No intrusions to the ing m-line assembler 
68HC11's resources. and disassembler. 

PRICES: 64K Emulator and pod $2590; 
4K Trace $1995. 

CALL OR WRITE FOR FREE DEMO DISK! 

nDHau 
1

51 E. Campbell Avenue 
Campbell , CA 95008 

CORPORATION FAX (408) 378-7869 
(408) 866-1820 

·us only 
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3.5/4.S Digit LED & LCD 
Digital Panel Meters 

• Low Power Consumption (1 Watt, typ} 
• Fast, Unique Mounting Arrangement 
• User Selectable Decimal Point Placement 
• Very Low Cost 
•Auto-zero 
• Full Differential Input 

ACCULEX 
A METRABYTE COMPANY 

440 Myles srandisll Bl11d. 
Taunron. MA O:Z780 

(508} 880·:!1660 TLX: 503989 

TanQ!>. Now More Than Ever, 
The _Best Value in PCB Design. 
Take a look at the all new Tango Series II . Our pop-up menu 
interface sets a new standard for ease-of-use and productivity. Lay 
out simple prototypes or complex, multi-layer, SMT designs with 
over 100 new features including user-definable tracks, pads, and 
grids. 

For IBM-PCs and compatibles, Tango-PCB Series II , just $595. 
Tango-Route Series II autorouter, just $495. Both include one 
year's updates, free tech support, 30-day money-back guarantee. 

call today . • FREE EVALUATION PACKAGE 

800-433-7801 619·" """' 

ACCEL 'Jl-chnoloJ.:1c•., 6 H.!'5 Fl:mdt:rs Or , !'o;m Dkj-10. CA 9.2121 
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6809 
Single Board Computer _. .......... , ... , . • ·4. 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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High Power 7lkHz 
Power Amplifiers 

(Master/Slave System) 
Model 220/230 

• Highest freq. 71 kHz 
• Lowest noise .. . pure DC output 
•Performs like a linear amplifier 
• Master/slave design ... power from 

1kW to 30kW at 150 volts 
•DC output eliminates RFI 

CoplC\' 375 Elliot Street 
Controls Newton, MA 02146 

Corp. ;~~~~ii~~ii~~5 
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DG24 • 24 line digital VO: 10 MHz 8255. $95 
AD500 • 8 channel 12·bit (plus sign) integrating AID: prog. 
gains or I. 10 & JOO: 7 digital VO lines. $239 
AD I 00 • Single channel version or ADSOO: IO digital VO 
lines. Same programmable gains. 700 meg input Z. $149 
ADIOOO • 8 channel 12-bit AID: 25 uS: sample & hold: 3 5 
MHz timer/counters: 24 digital VO lines. $295 
ADA300 • 8 channel B·bit 25 us AID: single DIA sample & 
hold: 24 digital VO lines. $239 
AD200 • 4 channel ti.bit t25 uS AID: 3 5 MHz timer/ 
counters: 24 digital VO lines. $239 
DA600 •Fast settling dual bipolar DIA. $179 
PD200 • Prototype board w/ address decoder: manual $99 

Ail boards indude BA5JC. Pascal. C. and Forth dri1>ers. 
30 day return; I year warran(p. Call for "Ilea/ World 
Interfacing" application notes. 

Real Time Devices, Inc. 
P.O. Box 906 State College, PA 16804 

(814) 234-8087 

CIRCLE NO 334 

PLD PROGRAMMER 

$798 
• Programs, reads, 

duplicates, tests 
and secures over 
875 20· and 24· 
pin logic devices 
tram 19mfa's 

• Approved' by llP!M¥IQj 

manufacturers .:Wiiimliiiiiiiilllr 
• Connects ta IBM • 

campa~ble via parallel printer part 
• UP,dalable via flopP.y disk (two coupons free) 
• Edits fuse maps anil test veclars 
• Toll·free tech supf':Drf • Same day shipment 
• 23 Universal Rin drivers • JEDEC file input/ output 
• Unconditional 30-day ""?OOY back guarantee 
• $798 Includes: cantral software, cable, user's 

manual, one-yeor warranty, 2 free update coupons 

The Engineer's Programmer™ 
CALL FOR FREE DEMO DISK 

800/225-2102 
713/461-9430 FAX 713/461-7413 

BP~ 
10681 Haddington , #190, Houston , TX 77043 

See us at Midcon #955 

CIRCLE NO 337 

To advertise in 
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c:,\ltc\t>.\. PHOTOPLOT 
offt\\ ,....A_,_U_T_O_R_O_U_T_E..........-'....., 

SCHEMA PCB 

Mainframe PCB layout features for 
your PC ... + FREE, ongoing, 1-800 
support ... + our 30 Day Money Back 
Guarantee! ...-.... --- ---
FREE DEMO KIT 
1-800-553-9119 QMATiON 
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QUICK 'N STABLE 

R02800 (TM) PWB Laminates from Rogers. 
Low effective dielectric constant 
(2.8) improves electrical performances 
in high density, very high speed 
digital systems. Coefficient of 
thermal expansion , matched to copper 
improves plated thru-hole reliability 
and dimensional stability. Rogers 
Corp. , Rogers , CT 06263 203/774-9605 

CIRCLE NO 335 

MINIATURE 70 WATI DC-DC CONVERTER 
lnterpoint announces the addition of the MFW series of 
5().70 watt DC·DC converters to its line of Hl·REL devices. 
Up to 88% efficient, these converters are avail in 5, 12, 15 v 
single, dual & triple output configurations. For MIL & other 
Hl·REL applications, 125 'C Tc is possible with derated 
power output. Additional environment screening is avail. 

lnterpoint, 10301 Willows RD., Redmond , WA, 98052, 
800/822·8782. 

Cross-32 
Meta Assembler 

Table based macro cross-assembler using the 
manufacturer's assembly mnemonics. 

Includes manual and MS-DOS assembler disk 
with tables for qi( of the following processors: 

~ 

1802 64180 65C02 65816 
6801,._ 6805 6809 68HC11 
680X0"' 80X86 COP400 tOP800.,g 
8048 8051 8085 8096 
TMS320 TMS370 Z8/Z80 •.. MORE 

Users can creaiehbles foi' other pr~esfors!> 

Generates listing, symbol table ;md binary, 
Intel, or Mosorola bexcode. 

Free worldwide ;irrnail shipping &"handling. 

Check: US$199.00 - VISA, MC: CN$249.00 

Universal Cr0ss-Assemhlers 
POB 384, Bedford, NS 

Canada B4A 2X3 
(902) 864-1873 
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MULTIBUS'" AT-COMPATIBLE SBC 
Multibus I is now IBM PC/AT™ compatible with MAT286~" our newest 
single board solution. MAT286 inckJdes all of the functions of a 10 MHz 
AT motherboard. plus 2 serial ports, a parallel port. two SBX expansion­
module interfaces. up to 512K EPROM/EEPROM/SRAM , and up to 4M 
of parity·checked . dual-ported ORAM. Apiggy·backcard , MATxSYSIO, 
adds EGA. floppy, and SCSI interfaces. Embed all the guts of an AT, two 
SBX modules, and more. into two Multibus slots! 
Phone (408) 253-0250 or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd, Cupertino, CA 95014 

Mu1t1bus is a regrslered trademark ol Intel Corp 
MAT286 and MATxSVSIO are trademarks of Smgle Board Solutions. Inc. 
IBM and PC/AT are trademarks of International Busmess Machines Corp 

CIRCLE NO 336 

INDUSTRIAL CONTROL - DATA ACQUISITION 
for IBM PC/XT/ATs, 386 ATs 

•Low Cost A/D-D/A Card (Only $99) 
• 12-bit & 16·bit AID, DIA, A/D-D/A Cards, uses high quality 

BURA·BROWN, ANALOG DEVICES chips 
• 8255 Industrial Control ($95) 
• IEEE 488/GPIB Call 
• RS-422 boards Call 
• 4·Serial 1-Parallel Multi-1/0 Card ($195) 
•Diagnostic/Utility Software, Technical Manual, Sample 
ASSEMBLER/BASIC programs included 

CALL TODAY FDR FREE PRODUCT CATALOG 
OEM/Reseller/Dealer Enquiries welcome 

SINGULAR TECHNOLOGY CORPORATION 
2115 W. Crescent Ave., Suite 221 , Anaheim, CA 92801 
Phone: (714) 491 1088 FAX: (714) 491 -3517 

CIRCLE NO 338 CIRCLE NO 339 
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•TESS™ simulates modems, radios, & other systems 
•Built-in FFT spectrum analyzer, plus over50 models: 

fi lters, mixer, VCO, logic & PAL's, BERT and test eqmt 
•Capture schematics graphically with OrCADBl & PCAD:Bl 
•Add your own models to TESS easily using MOD GEN 
•Call for 3-disk demo kit • TESS is not co rotected 
TESS Simulator $495 
MOOGEN1"Mode1Generator $245 
OrCAD/SDT II® Part Library $145 
P-CAOO Part Library $225 

TESOFT PO BOX 305 
Roswell GA 30077-0305 
'11'404-751-9785 FAX404-664-5817 
VISA, MasterCard, PO's accepted 

CIRCLE NO 340 

MADE 
IN 

U.S.A. 

Reiia ble general purpose , magneti c­
latching , and time-delay relays Light , 
medium and heavy duty power load s. 

DELTROL 
COntif'OIS 

0 DIVISION OF DEL TROL CORP 

4527 

Send for 
Engineering 

Manual or Call 
414/671-6800 

Fax: 671-680:9 

CIRCLE NO 343 

UNIQUE NEW SAMTEC 
LCD CONNECTOR 

New LCD connec1or is a hybrid. combining the advantages of pin and 
socket connectors and "elastomeric" connectors, without tile dis­
advan1ages. One standard connector accommoda1es a wide variety of 
LCD designs. It handles LCD's up to 4" in length, any desired width. 
Snap-s1rip feature allows shor1er length connectors in any multiple of 
.100" (2,54 mm) so that there is no wasted board space, no custom 
connector charges. Elastomeric provides a " cushion" for high vibration 
and 1hermal/physical shock. This new LCD Series connector features 
''zero insertion force" which eliminates insertion/withdrawal d3mage 
to the display and connector. 

Samiec, Inc. 
P.O. Box 1147, New Albany, IN 47150 

Telephone 812/944-6733 Fax 812/948-5047 

$345-595 
• "'•'""" F.FJEProt11J, •lu~F.pro•>. Zl'Ruu, 1nttl Ml...,., Mom..., Card •. 
• Slond-AloRo Modt for EEIEPtom 1rKI M•IOOI)' Card Duphcation / Venfy 
• All2"'28132pin•'.FJEP.......ow4MBi1>(upgradC!lblt1oll ,.tpbit•) 
• Mk""':R741/A.·2/A. ... -8.•'il,·51,·01.·C'i1 FA/B.·52.-53,-5S.-C521 ,·CS4 1,9161. 
• M •lllOI')' f"•rd•·S..iko/E~n.Fuji1w,Mit•ub1"'1 (l•lfVlttd A<bptu lnth1dtd) 
• Mno.Jular1k.,.1n;Firmwa,.co.<ilyupg1ad .. blc:'"°"kc1Gan1mn<hilc1""ilahlc 
• On-llo.rdf'rorniMMl•1••P"hllily:Cu•1omintcrfattmodulc.•ava1lable 
• U..,r frierully Mn u-Drh·•n lnterfatt Proer1m fru 18),f .f'(: and ~h<inl.,,k. 
• Canl>topcrotcdwnh1rryroml"'tercon111ni11&1n ltS-1.U .. rhlporL 
• Opiiooat huih·in r.n .. rmM•• rnod11lc \SW):Top C'()V<r ..,.,d~<ll•• roon1 pod 
• OEMol"'nbo>.rdprogramrne•conligumiomavailable(frornS'24S) 
• Cu~1omcr \upporl .,,,. mitt line. dtdin ltd II RS or fa.; F"ll 1 yur """""'Y· 

'INTELLIGENT PC $
395

1 
1ROM EMULATOR . 

• Emul••c, l71• throughl75 1lEl'rom•(2ktu64kbyt<>)w11ha"ngk:unit 
• Con~C!•tntllesraJldllld~rallclprimcrpon.Uonstandardprin!e•c:il>le 
• lntc!h1cn1 fu1uru mcludc· R•HI 01tput, Addr-n• c-pa~ Add .... , Sui>' 

shot. Tri11K<r lnput.M•"'ot)'bw1T .. tditin1npablli1y.Selee11blcworib1Z.,. 
• U.1<r friendly >.Oliw11e. Command.1<t 1nduOO: Load. Wril•, Oi~play, Mun, 

Typo. l'dll. •111, RP•·Commud-Alo, M.,.11or. P1>r1. Ruot. ll• lp, C.lculolor. 
• FAST d11al~ingV11~r1Jktlpr1ntc•J>Qn(6Skbyl1N1nlcuth1n10.1<rond>) 
• Cund•bl• up lo I nll!.lndudcs in1erface cablt '""h Tnggc1 ind Re.-.1 d1po.. 
• CMOS ••ni"" wi1h .iandard •v hot~ry h.ochp available ($-195). Aftor <k!wn· 

lwdm1 !he pr<>Jram fmm 1hc t.n.1 compu1c r. 1hc CMOS emula!or •<r<ioo 
conhcdi""""n<ctedandw.1<din•land.1 I011•mndcf0<firmwarcle•!lf111 

•l'ilcformar.~p!cd: Bin1ry, l•l.tll H. MOlorob S. 

MC / VISA / AMEX Call todayfordat1shttu! 

U 1--,,-, 8-_!_,,-C-:-u-'v~-R,-~.-~-s:-.,-~:-,~-"-';-,':,...-· -
~ TH.:(+113)7.l0-5!11 FAX:(+o3)130.5521 

CIRCLE NO 341 

FREE UV ERASER 
WITH DATA VO'S 201 
EPROM PROGRAMMER. 
For $995 the 201 gives you 
• Support for EPROMs 

and EEPROMs 
upto512K, 

• Full after-sale 
support from 
Data 1/0' 

Order a 201 today and 
get a FREE UV eraser - a $40 value. The 
Datarase II erases up to 4 EPROMs in 
3 minutes. 

1-800-247-5700 
Ext. 870 

DATAl/O 
Corporation 

CIRCLE NO 344 

(E)EPROM Multiprogrammer™ 

DAT A 1/0 212* Performance 

For Only $995. 
l~.1 .. 100% USA 

• Supports 
(E)EPROMs 

I 

up to 40-pins. 
•. Stand-alone or Remote. 

40-pin Micros Opt. 

l
e: SET/GANG4(E)EPROMs0pt. 

Parallel port for Fast Up/Down Load. 
256K bytes. expandable to 16 megabits. 

mlamm 1-800-523-1565 
In Florida (407) 994-3520 
Fax: (407) 994-3615 

·DATA 110 is a registered trademark of DATA 110 Corporation 

T-1600 
CANC/SET 
PROGRAMMER 

• PROGRAM 16 AT ONCE-SAME OR SET 
• 24, 28 OR 32 PIN EPROM'S 
• STAND ALONE AND MS-DOS DRIVEN 
• INTELLIGENT DEVICE SELECTION 
• SIMPLE OPERATION 
• QUICK FLIP LCC AND SMT ADAPTERS 

5E 
SUNRISE ELECTRONICS, INC. 

524 South Vermont Avenue, Glendora, California 91740 
(818) 914-1926 

CIRCLE NO 342 

CPU CARDS 
PC/AT & DOS Compatible 

Hardware•Software•Support 

OEM's Stop Re-inventing the Wheel! 
Buy proven, inexpensive, off the shelf technology. 

e KS -5 : VSO CMOS CPU. AT Bu s, 5 serial ports , 1M RAM, 512K 
ROM , 6.9"x4 .5" , 2.5 w e KS -3 : AU CMOS card, 3 serial ports , 
5Sx4", 0 .5 walis • Expansion cards with floppy, SCSI , printer 
ports • PCIAT Backplanes • KBIOS firmware to run MS-DOS 
• Monitor firmware • Utilities software 

KS-5 Base Price ,, 
!Jtull&J 
.s "' s·r1-:. "'1 s 

(1 ser;a1 . no memory) $299 

(303) 444-7737 
FAX (303) 786-9983 

655 Hawthorne Ave Boulder. CO 80304 

CIRCLE NO 345 

PAL/PROM Programmer Adapters 
• Any EPROM programmer designed for DIPs can be 
converted to accept LCC, Pl.CC, and SOIC sockets in seconds! 
• To program, just insert an Adapt-A-Socket'" between the 
programmer's DIP socket and the circu~ to be programmed. 
• Designed to fit all types of EPRDM programmers, including 
Data l/D 120/121 A, Stag, Logical Devices, etc. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: Er 
Emulation Technology, Inc. 
2368-B W31sh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

CIRCLE NO 346 CIRCLE NO 347 CIRCLE NO 348 
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CIRCLE NO 349 

IBM COMPATIBLE RS232/488 
3V2 x 5Y4" FLOPPY DATA STORAGE 

& TRANSFER SYSTEM 

Information Transfer to/from 'Non IBM Compatible Systems to/from 
IBM & Compaljbfes: (Over RS·232 or 488 Interface). 
• Reads & Writes MS DOS Disks 
• RS-232/4881/0 
• Rugged Portable Package/battery option 
• MS DOS Driver for '' Plug & Run ' ' RS-232 

External Operation 
•Baud Rate 110 to 38.4K Baud 
• 360K/720K RAM Cartridge Option 
• Price $895 in Singles-OEM Qtys. $495. 
28 other systems with storage from 1DDK to 42 megabytes. 

ANALOG & DIGITAL PERIPHERALS, INC. 
251 Sou1h Mulberry St .. Troy. Ohio 45373 
P.O. Box 499 TWX 8101450-2685 
5131339-2241 FAX 5131339-0070 

CIRCLE NO 752 

Analog Circuit Simulation 
lsSpice/286 Breaks the DOS Barrier 

Run Unlimited 
Size Simulations 

on Your PC 

lsSPicE/286 $210, a 
complete SPocE pro­
gram that runs on 
80286 based PC's 
in ex1ended mem­

--------- ory. Circuit size is 
only limited by the amount of extended memory. Simu­
lates over 700 components per megabyte of RAM. 
lsSPicE/386 $386, The fastest PC based SPICE program 
1000 components per megabyte of exiended RAM. 
lsSP1cE $95, Runs on any PC . AC. DC, and Transient. 

Special Graphics Turn Your PC Into a Workstation 

SP1cENET $295, Schematic editor for any SP1cE 
simulator. Generates a complete SPICE netlist. 
INruScoPE $250, Graphics post processor that 
performs all the functions of a digital oscilloscope. 
PRESP1cE$200, Ex1ensive model libraries, Monte Carlo 
analysis and parameters sweeping. 

.:=-- P.O. Box 6607 (213) 833-0710 
.= San Pedro, CA 30 Day Money 

intusoft 90734-6607 Back Guarantee 

CIRCLE NO 755 

To advertise in 

9-T rack Tape Subsystem 
for the IBM PC/XT I AT 

Now you can exchange data files between 
your IBM PC and any mainframe or mini­
computer using IBM compatible 1600 or 
6250 BPI 9-Track tape. System can also be 
used for disk backup. Transfer rate is up 
to 4 megabytes per minute on PCs and 
compatibles. Subsystems include 7" or 101/2" 
streaming tape drive, tape coupler card 
and DOS compatible software. For more 
information, call us today! 

OLJRLSTRR; 
9621 lrondale Ave. , Chatsworth, CA 91311 

Telephone: (818) 882-5822 

WE'RE BENDING THE RULES FOR CIRCUIT DESIGNERS 

BEND/FLEX™, the bendable board 
material flexible enough to bend into 
any multi -plane shape. El iminates 
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. 

CIRCLE NO 753 

PROTOTYPE 
P.C. BOARDS 

Send your CAD File on a disk or 
by Modem for fabrication. 

•PADS-PCB 
• EE Designer 
•Tango 
• Design Computation 
• AutoCAD 
• Smartwork 
• Protel Autotrax 
• ProCAD 
•etc ....... 
Call for price li st. 

DIGITAL 
VOICE 

MODULE 
'VOICE WARNING 'VOICE MEMO 'VOICE GUIDING 

Have Your Systems Right To 

"TALK" 
• Multi Channel 
•Low Cost 

'DRAM . SAAM . EPROM 
• Best Quality 

Your #1 source for voice products ' 

MINC 
Eng1neenng & Products. Inc 

515 S. Palm Ave., "'5, Alhambra, CA 91803 
Tel: (818) 570-0058 • Fax: (818) 576-8748 

Schematic and PCB Software 
Create and revise schematics and PCBs quickly and 
simply with HiWIRE-Plus®and your IBM PC . Use 
symbols from HiWIRE-Plus's extensive library, 
modify them, or create your own quickly and pain­
lessly. Netlist, bill-of-materials, and design-checking 
utilities are included . HiWIRE-Plus is $895 and 
comes with a thirty-day money-back guarantee. 

Wintek Corp . 
1801 South St ., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 

CIRCLE NO 754 

ClortheBOSI 
Compare: 
Benchmark Results -Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with 1/0 and interrupt handling. 

Archimedes 
ICC51 MCC51 FRANKLIN 
v2.20A v1 .2 C51 v2.1 

Compilation time 12 sec ~ 18 sec 17 sec 
Linkage time 29 sec 9 sec 6 sec ./ 
Execution time 11.45 sec 9.00 sec 0.88 sec ./ 
Total code size 5318 bytes 3798 1726 ./ 
Sieve module 736 1021 541 ./ 

size 

Call now for your free DEMO disk. 

FRANKLIN 
PRECISION ETCHING LABORATORY, INC. SOFTWARE. INC . 

1205 Generals Highway Crownsville, MD. 21032 888 Saratoga Ave. #2 • San Jose, CA 95129 
(301) 987-4023 (408) 296-8051 • FAX (408) 296-8061 

CIRCLE NO 756 CIRCLE NO 757 
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CAREER OPPORTUNITIES 
1989 Editorial Calendar and Planning Guide 

Issue Recruitment EDN News 
Dare Deadline Editorial Emphasis Edition 

Sept. Aug. IO Test & Measurement , Closing: Aug. 18 
Integrated Circuits Mailing: Sept. 7 

Sept. 14 Aug 24 lnduscrial Product Showcase, Closing: Aug. JO 
Digi tal !Cs Mailing: Sept. 21 

Sept. 28 Sept. Integrated Circuus, Closing: Sept. 15 
Computer Peripnerals Mailing: Oct. 5 

Ocr. 12 Sept. 21 DSP Chip Directory, Closing: Sept. 28 
Integrated Circu its Mailing: Oct. 19 

Ocr. 26 Ocr. 5 Test & Measurement 
Special Issue 

Computers & Peripherals Closing: Oct. 27 

Nov. 9 Oct. 19 CAE, In tegrated Circuits Mailing: Nov. 16 

Nov. 2J Nov. 2 16th Annual µP!µC Directory, Closing: Nov. 9 
Integrated Circuits Mailing: Nov. JO 

Dec. 7 Nov. 16 Product Showcase -
Volume I, Closing: Nov. 22 
Power Supplies Mailing: Dec. 14 

Dec. 21 Nov. JO Product Showcase -
Volume II , Com ponents 

Call today for recruitment advertising 
information: 

East Coast: Janet 0. Penn (201) 228-8610 
West Coast: Paula Compton (714) 851-9422 
National: Roberta Renard (201) 228-8602 

ELECTRONIC ENGINEER (EE) Florida Medi­
cal Electronics Manufaturer seeking experi­
enced circuit designer/product develpment 
engineer with 5-10 years experience and 
hardware/software applications engineer. 
Send confidential resume to : 

Cahners Publishing Company 
103 Eisenhower Parkway 

Roseland, NJ 07068 
Attn : JOP-889 

FIND YOUR 
CAREER 

• 

nlC H e 
IN 

IE[))N"''\I<'""' Ed1hon 

""-""' Ed.11011 

EON August 3, 1989 

INTERNATIONAL 
MARKETING 

REPRESENTATIVE 
DUTIES: Tran slate technical 
literature, user manuals and 
advertisements from English to 
German . Contact German speak­
ing customers by phone and mail . 
Develop marketing plan for Ger­
man speaking countries. 

REQUIREMENTS : B.A. with 
emphasis in Marketing and fluen­
cy in reading , writing & speaking 
German . 
SALARY: 24,000.00 per year 

SEND RESUMES TO: JOB SER­
VICE , Attn : Leslie Hintze, 1234 
South Main Street, Salt Lake City, 
UT 84111 
Job Order #3922525 

Software 
Development 
Manager 

Extend your expertise 
extending the power of 
our PC product line. 
Surround yourself with the challenges and rewards 
of NCR's Personal Computer Division. Backed by 
a $6-billion computer industry leader, we have the 
strengths and resources to build a powerful soft­
ware fu ture on one of the broadest and best 
established PC lines. 

In this highly important position, you will 
organize, supervise, deve lop, enhance and release 
PC software to expand the values of our offerings . 
We are especially inte rested in results driven , goal­
oriented leaders experienced in mainframe software 
development for customer applicat ions. You must 
have a BS and MS degrees in Computer or Elec­
trical Engineering or in Computer Science com­

bined with JO yea rs' software development ex­
perience. Knowledge of operating system and 
microcode fo r the Intel 8086 famil y of micro­
processors would be ideal. Proven application 
development , project management and acceptance 
in the marketplace will be considered . 

Our di vision is loca ted near Clemson University in 
the beautiful foothills of the Blue Ridge Mountains 
in South Carolina. To find out more about how you 
can extend your impact with a rapidly growing 
company that offers generous compensation and 
benefit s, send your resume complete with salary 
history to : 

Manager, Personnel Resources 
Dept. 78W 
NCR Corporation 
Personal Computer Division 
1150 Anderson Drive 
Liberty, SC 29657 

NCR ... people working together to create value. 

An equal opportm1ity employer. 
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Ex1111d Your 
Sphere DI 
lnllu111ce 

For over 20 years. AMO has led the way 
in the design and manufacture of inte­
grated circuits. Today. our "spheres of in · 
fluence"-those areas where AMO will 
have a major impact on the market­
place-encompass proprietary products 
ahead of the technical curve. 

We're developing the next-generation 
family of CMOS products; advancing the 
art of process technology through our 
membership in Sematech; bui lding a state­
of-the-art .35 submicron facility; and con­
tinuing our leadership in ISON and 
FDDl-World Network'" technology, 
32-bit RISC technology in embedded 
microprocessors and 1 Mb EPROMs. 

And now we're inviting you to in­
crease your sphere of influence with 
a billion-dollar technology leader. 
Consider the exceptional oppor­
tunities awaiting your expertise. 

OPPORTUNITIES IN 
AUSTIN, TEXAS 
Low cost of living, no state income tax , 
great recreational and educational activi­
ties are just a few of the amenities avail­
able at AMO in Austin, Texas. And you'll 
be able to afford a beautiful home located 
just minutes away from our world-class 
CMOS fab and design center. one of 
America's fastest -growing high-tech 
centers. 

PRODUCT OPENINGS IN 
TELECOMMUNICATIONS 
GROUP: 
- ISDN - SLIC/SLAC 

ISON IC Design Engineers 
Analog H/W Applications Engineers 

Software Communications 
Protocol Applications Engineers 

Telecommunications Product 
Marketing Engineers 

Product/Test Engineers 

MANUFACTURING OPENINGS: 
Technical/Operations Training Manager 
Automation Engineers 

(Manufacturing Technology) 
CAM Systems Integration Engineers 
CAM Engineer (INGRES 

Database, "C") 

Software Applications Engineers 
(CAM/EIS) 

Defect Density/Yield 
Enhancement Engineers 

Device Engineers 
Section Manager (thin films) 
Process Engineers/Technicians 
Equipment Engineers/Technicians 
Product Engineering Section 

Manager/Product Engineers 
iCMOS- SRAMs. LOGIC) 

Facilities Engineersrr echnicians 
Production Supervisors 

FOR MANUFACTURING OPENINGS 
SEMICONDUCTOR EXPERIENCE 
REQUIRED. 

PRODUCT OPENINGS IN 
MICROPROCESSOR GROUP: 
- 32-BIT RISC MICROPROCESSOR 
- AMO 29000 FAMILY 

Sr. VLSI Logic Design Engineers 
PC Product Planning Engineers 
PC Hardware Designers 
CAD/VLSI Design Engineers 
Product/Test Engineers 
Technical Marketing Engineers 

(Graphics) 
Technical Marketing Engineers 

IT elecom/LA N) 
Technical Marketing Engineers 

116 Bit Controllers) 
Technical Marketing Engineers 

i Laser Printers) 
Sr. Software Applications Engineers 

For the Texas positions. semi your resume 
to: Advanced Micro Uevices, Depart­
ment MS-556-EDN, 5204 East Ben 
White Blvd., Austin, Texas 78741. You 
may also call toll free 1-(800) 531-5202, 
Ext. 5355, or FAX your resume tu (512) 
462-5108. For manufacturing line open­
ings. ask for Pamela May or Ed Moure; 
for product line openings. ask for Paul 
Maack or John O'Hara. 

OPPORTUNITIES IN 
SUNNYVALE/SANTA CLARA 
Join us in the heart of Silicon Valley 
where we began our success. and where 
we're currently building our Submicron 
Development Center. We have exciting 
opportunities for professionals in MIS; 
Test, Product, Process, Quality, Soft­
ware, Design, Applications, and Fab 
Equipment Engineering; Sales and 
Technical Marketing; and hcilities 
Engineering. We also have openings for 
Process, Product and Fab Equipment 
Technicians. 

For the California positions. send your 
resume to: Advanced Micro Devices, 
P.O. Box 3453, MS-935, Dept. EON, 
Sunnyvale, CA 94088 or call TOLL 
FREE 1-(800) 538-8450, Ext. 88527. 
You may also FAX your resume to 
AMU at (408) 235-8636. We are an 
equal opportunity employer. 

EDN August 3, 1989 



Add your engineering expertise 
to the team the experts are 

talking about. 
In an industry where one's success depends 

on the ability to produce breakthrough inno­
vation, Compaq has excelled. Just ask the 
experts. They know our products represent 
some of the most advanced PCs in the world. 

There's a story behind that success: the value 
of our products reflects the personal values of 
our people . Compaq engineers work together 
toward common goals. Their teamwor , crea­
tivity and commitment, fostered by a free 
and open environment, have made us one of 
the world's leading manufacturers of high­
performance business PCs. As well as the talk 
of the industry. 

EDN August 3, 1989 

As a Compaq OEM Sustaining Engineer, 
you'll help support our manufacturing 
operations. You'll troubleshoot and resolve 
peripheral-related issues in conjunction with 
our Design and Quality Engineers. Experience 
with hard, floppy or tape drives, power sup­
plies, keyboards or monitors is preferred. 

PCB Sustaining Engineers 
Your experience in a high-volume PCB 

manufacturing environment could put you on 
our winning team. You'll troubleshoot and 
develop PCB specifications for new and 
existing products. A thorough knowledge 
of surface mount technology and raw 

boards is essential. 

OEM Vendor Quality 
Engineers 

As a Compaq Vendor Quality 
Engineer, you'll help ensure the 

highest standards of quality by provid­
ing strong supplier relations. You should 
be familiar with vendor selection, SPC 

Talented individuals, 
the Compaq team 
creates some of the 
industry's most 
innovative PC 
products. 

and JIT. A technical 
background in hard , 
floppy and tape 
drives, keyboards, 
power supplies and 
monitors is essential. 

Functional Test Engineers 
Help support new product development in 

our dynamic design environment. You should 
be familiar with digital and analog fixture 
design, and knowledgeable in 'C' and Assem­
bly languages programming. A background in 
memory board test and familiarity with 286/ 
386-based PCs is preferred. 

In-Circuit Test Engineers 
You'll develop fixtures and diagnostic test 

software for testing 286/386-based PCs. Your 
BSEE should be complemented with three 
years' related experience. A strong memory 
board test background is desirable. 

Be part of a remarkable team. 
Now's your chance to see what all the talk 

is about. Compaq offers competitive salaries, 
comprehensive benefits and an environment 
that inspires creativity and personal satisfaction. 
If you're interested in one of these opportunities, 
simply submit your resume along with the posi­
tion for which you wish to be considered to: 
Compaq Computer Corporation, 
Dept. EDN83-BY, P.O. Box 692000, 
Houston, Texas 77269-2000. 
© 1989 Compaq Computer Corporation.© 1989 Accent Software. Inc. 
All rights reserved. All products are registered trademarks or 
trademarks of their respective manufacturers. 
Compaq is an affirmative action em ployer, mlffh/v. 

romPAa 
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Tune up your resume, bring it to BPI TECH FAIR and watch it perform. 

You'll meet recruiters and top line management from the nation's top 
technical companies. You'll discover fresh, new professional challenges. And you'll 
learn what you're really worth in today's job market. 

Representatives from leading corporations will be on hand to interview 
qualified candidates at the following BPI TECH FAIR locations: 

July 24-25, Breckenridge Frontenac Hotel, St. Louis, MO 
August 14-15, Huntsville, AL 
August 21-22 , Wichita , KS 
August 28-29, Boston , MA 
September 11-12 , Houston, TX 
September 18, Columbia, MD 
September 19-20, Washington, DC 
September 25-26, Denver, CO 
September 27 , Colorado Springs, CO 
October 2-3 , Dallas , TX 
October 16-17 , Los Angeles , CA 

October 18, Woodland Hills, CA 
October 23-24, Minneapolis, MN 
November 7, Milwaukee, WI 
November 8-9, Chicago, IL 
November 13-14 , Boston, MA 
November 15, Braintree , MA 
November 20-21 , Washington, DC 
December 4, Ft. Lauderdale, FL 
December 5, Melbourne , FL 
December 6, Orlando, FL 

So come to the next BPI TECH FAIR in your area. It's the job fair that puts 
you in the driver's seat. 

THE NATION'S #1 JOB FAIR FOR ENGINEERING, SYSTEMS & SOFTWARE DEVELOPMENT PROFESSIONALS 

• 

~ • 2985 Multifoods Tower • 33 South Sixth Street • Minneapolis, MN 55402 • (612) 370-0550 

EDN August 3, 1989 



• 
Introducing IJrawingMast;er™ 

red colors. 

High speed­
Up to 3.5 ips. 

Quiet 
operation. 

We draw on your imagination and DrnwingMtL<;ler are CaJCon p trndrmarks. ©198~ Ca!Conw Int 
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This one-of-a-kind raster plotter from CalComp 
breaks all the rules-making it our total output 
solution for your every design requirement . 

In one word, performance. With four modes of 
operation to choose from , this dynamo will 
produce A to D size plots in no time at all. 

Sharp, clean plots and unattended operation in 
any environment increases your productivity. 
Add to that shared resource plotting with a 4 to 
1 mux and you've got complete versatility. 

Top it off with quick installation, the reliability 
of virtually no moving parts, and you'll agree-
it 's the only one-of-a-kind you'll ever need. 

With DrawingMaster also comes CalComp's 30 
years of expertise, support and service, complete 
with an 800 helpline, which, because of the solid 
performance of DrawingMaster, you'll probably 
never need. 

Like more on this no-fuss wonder? 
Call 1-800-CALCOMP or write us at CalComp, 
PO. Box 3250, Anaheim, CA 92803. 
In Canada, call (416) 635-9010. 

Wedrawon 
your imagination:· 

-.}/Ca/Comp 
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Most likely, if you need SNA com­
patibility, you'll buy the software :;ource 
code from one company and hardware 
from another. Then you'll spend 5ev­
eral months desperately working out 
the integration. 

Or worse, you'll design it from 
scratch. 

Systech knows you've got better 
things to do with your time. So we've 
created a way to cut down that l~ngthy 
process. With OneStep.T" 

OneStep is a complete SNA/DCP 
board package. Which makes it the 
quickest and easiest off-the-shelf solu­
tion for IBM communication. In fact, 
with our help, the OneStep can be 
up-and-running in just five days. 

To make this unique integration 
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work, we teamed up with the most 
reputable and experienced company 
in IBM compatibility around­
Systems Strategies, Inc. With their 
superb emulation software and 
Systech's modular design, OneStep 
gives you the wide-area links you need 
for VME and Multibus systems. What's 
more, the OneStep takes a load off 
your CPU That way, you have more 
power and improved system perfor­
mance overall. 

Systems Strategies, Inc:s extensive 
variety of popular protocols includes 
SNA 3270, RJE and LU6.2. BSC 3270 
and RJE. Plus, X.25 and QLLC. All 
thoroughly tested and successfully 
ported to Systech's hardware. 

Along with easy installation, the 
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OneStep will keep your up-front costs 
down. And its modularity makes it 
easy to maintain and upgrade. 

Most importantly, with the experi­
ence and expertise of Systech and 
Systems Strategies, Inc., you'll be in 
step with the latest software and hard­
ware developments. And you'll always 
be OneStep ahead of the competition. 

For a demonstration or more infor­
mation, call Systech at (619) 453-8970. 
Or write: Systech Corp., 6465 Nancy 
Ridge Dr., San Diego, CA 92121. 

SYSTECH 
WE OPEN UP A LOT OF POSSIBILITIES. 

OneStep is a trademark of Systech Corporat ion. 
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2.5KHz to 500MHz 250mWanty $199 
POWERFUL up to +23dBm undistorted output 

FLAT within 1dB over the entire band. 2.5KHz to 500MHz 

UNCONDITIONALLY STABLE regardless of load 

DAMAGE-RESISTANT built-in current regulator; supply 
voltage 24V, 0.35A 

RUGGED operates from -55 to +85° C, withstands 
shock and vibration, ground equipment 

COMPACT only 3.75 by 1.8 by 2.6 in. 

Packed with these super performance features, 22dB flat gain 
and a typical VSWR of 1.3 to 1, the ZHL-6A amplifier is ideally 
suited for your latest broadband systems designs. And where 
space is critical, its height can be cut in half, to only 0.9 in., by 
removing the heat sink and attaching the unit to your chassis. 

Running tests in your lab or on the production line covering all 
or segments of the 2.5KHz to 500MHz range and need more 
output from sweep or signal generators? It's not necessary to 
purchase and connect/disconnect an assortment of amplifiers 
when the ZHL-6A does it all. .. at an attractive price of only $199. 

For a super price/performance amplifier, order a ZHL-6A, 
available for immediate delivery with a one-year guarantee. 

finding new ways ... 
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setting higher standards 

0 Mini-Circuits 
A Division of Scientific 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 
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Gate stress T0-220 time to failure HEXFET IRFSJO under avalanche Electrical defects (PPM) 

As IR HEXFETs® hold their lead in power in the industry. In AOQLs you can take right past 
MOSFETs, our competitors become bolder and incoming inspection to your production line. 
bolder in attempting to duplicate our success. And in our Generation III HEXFET process 

They're using our part numbers. And in some that's optimizing cell density and providing 
cases, they've even put "IR" in front of them. unparalleled performance per square inch. 
They've thought of everything. Except performance, The bottom line: If you're bu~ng 
ruggedness and reliability. FETs, make sure they're IR, as in 

The numbers in the ch ans tell the story. You'll International Rectifier. Or you 
find them in our guaranteed avalanche ratings. Our just might get a signed and 
quarterly reliability reports, the most comprehensive numbered copy. 

l r~~RllNTERNATIONAL RECTIFIER 
WORLD HEADQUARTERS: 233 KANSAS ST. , El SEGUNDO, CA90245, U.S.A. (Z/3) 77Z-2000. 7WX9/0-348-629/, TELEX 412-0403 
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREYRH89BB, ENGLAND TELEPHONE (0883) 113215, TElEX95219 
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"BUYING ANYTHING ELSE 
IS A WASTE OF TIME!' 

" I've used expensive schematic capture 
systems. I've tried the bargain packages. 
If it were coming out of my paycheck, 
I'd buy FutureNet DASH. It's been 
around for six years, and it's still the best. 

I USE DASH FOR EVERTIHING. I can do 
board-level design, PLDs, LCAs and 
gate arrays, all with the same package. 
I even draw my project schedules with 
it. And when drafting wants a netlist, 
document control wants a schematic, 
and manufacturing wants a parts list, 
I can give them the output they need. 

BECAUSE DASH IS A STANDARD, IT 
GIVES ME LOTS OF OPTIONS. Thou­
sands of symbols and a long list of 
interfaces are available. So I can use 
the technology I want, and choose the 
PCB and simulation system that's best 
for me. And if I need to use a service 
bureau for board layout or wire wrap, I 
know they'll accept my DASH drawings. 

DASH SAVES ME TIME BECAUSE IT 
THINKS LIKE I DO. Depending on 
where I put my cursor, DASH immedi­
ately understands what I want to do. 
When it's on a symbol, DASH knows 
I either want to move, copy or delete. 
I can toggle between those three 
choices by clicking the mouse. 

I spend most of my time editing, 
and DASH lets me get it done faster. 
Most of the time, I use my mouse 
and the 'fast edit' mode and bypass 
the menus and keyboard altogether. 

DASH Lm ME DO THINGS MY WAY. 
It gives me lots of flexibility so I don't 
have to make compromises and I 

Data 1/0 Corporation 10525W1llows Road N E, P 0 Box 97046, Redmond, Wt- 98073-9746, U S A (206) 867 6899/ Telex 15-2167 
Data 1/0 Canada 6725 Airport Road, Su11e 302, Mississauga, Ontario L4V 1V2 (416) 678 0761 
Data 1/ 0 Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31(Ol20-6622866/ Telex16616 DATIO NL 
Data 1/ 0 Japan Sum1tomose1me1 H1gash1shinbash1 Bldg., BF, 2-1 7, H1gash1-Sh1nbash1, Minato-Ku, Tokyo 105, Japan 

1031432-6991/ Telex 2522685 DAT AID J 
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can make my drawing look exactly the 
way I want. For example, I can name 
signals on a bus whatever I want -
like CLK_32_M HZ. It's easier to read 
and debug the drawing, because 
the names mean something. 

I TRUST DASH TO HELP ME GO IT 
RIGHT. If my drawing runs through the 
Design Rule Check without any e, rors, 
I know it's right. I don't have to waste 
my time checking the netlist by hand. 

DON'T TAKE MY WORD FOR IT. TRY IT 
YOURSELF. Once you've used DASH, 
you won't be satisfied 
with anything less." 

CALL TODAY FOR A 
FREE MURENET DASH 
EVALUATION PACKAGL 

1-800-247-5700 
Ext. 202 
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