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SIEMENS 

Thermistor skyline 
Whatever your thermistor 
application ... 
the fascinating variety of NTC/PTC 
thermistors from Siemens guarantees 
that you do'nt have to bother about 

. restrictions imposed on your design or 
application by a limited selection. 
The skyline spectrum includes both 
precision standard or custom designed 
units that will satisfy the Jdril' 11nal'lf 

applicaliqi 

Thermistors measure, check or control 
temperatures, protect against over­
loads and serve as active heaters. 
Whenever you need a reliable, 
sensitive and ruggedized thermistor 
at the very best price you can 
confidently turn to Siemens. 
We'll supply you with the thermistor 
that will do exactly what you expect it 
to in the desired surface, air/gas or 
~ 

The Siemens world-class name stands 
behind the broad line NTC/PTC thermistor 
we manufacture and our units have 
earned their reputation for quality through 
high volume sales. 
Zoom in on our skyline. Write Siemens AG 
lnfoservice 12/Z064, Postfach 2348, 
D-851 O Furth, West Germany quoting 
"Thermistors". 



Dale has been perfecting the 
elements of partnering for nearly 
three decades. We began with a 
commitment to be the absolute 
best supplier of fixed resistors and 
associated components. The best 
at a technology which many said 
couldn't be improved . But we've 
done it. 

When the industry was ready to 
surface mount. we were ahead of the 
game with the largest selection of 
resistive components available. 
When ship-to-stock came on the 
scene. our ZIP® program was the 
first to eliminate the need for receiving 
inspection while guaranteeing on-time 
delivery. And , since 1972, our inno-

Dale® Can. 

vative electronic data interchange 
(EDI) system has grown into an 
international network. 

Behind this solid supply com­
mitment is a quality structure 
for which perfection is seen as an 
attainable goal. It encompasses 

Dale Electronics, Inc., 1122 23rd Street, Columbus, Nebraska 68601 

everything from Certified Suppliers 
to Quality Circles to fully integrated 
Statistical Process Control. 

Partnering. There's only one 
components supplier with the 
experience, size and commitment 
to make it work to your ultimate 
advantage. Dale can. Contact your 
Dale Representative or phone our 
Corporate Marketing Department 
at ( 402) 563-6359. 

Dale Makes Your Basics Better 
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V.I.P. TM means 
Very Interesting Possibilities 

Maybe you're under some very intense pressure 
because you need to design a very important 
product and it has to have a very impressive (front) 
panel. You've suffered from vacillation, indecision, 
and procrastination. So now it's time to consider 
V.I.P.TM 

V.I.P. is an integrated display/keyboard system. It's 
a virtually ideal product for applications that require 
a "mini-terminal" with an operator interface. 
Because the "slide-in" switch legends can be easily 
customized by the user to suit his or her needs , 
V.I.P. provides some very interesting possibilities. 

• fiEI)aJ 

But that's not all . Just look at the variety of 
invaluable pheatures (sorry): 

• Operates from a single + 5VDC power supply. 

• RS-232 interface 

• Easily seals to the front panel of your equipment 
for operation in dirty or wet environments. 

• Custom artwork/legends are optional. 

So if you need a versatile, intelligent product to 
enhance your front panel, give us a call at IEE 
.where you're always treated like a very important 
person. 

INDUSTRIAL ELECTRONIC ENGINEERS, INC. 
Industrial Products Division 

7740 Lemona Ave. , Van Nuys, CA 91409-9234 
Tel : (818) 787-0311, Ext. 418 • Telex. 4720693 IEE !PD 

FAX" (818) 901-9046 (G2/G3) 
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from 

$11.45 
de to 3GHz 

• less than 1dB insertion loss over entire passband 
• greater than 40dB stopband rejection finding new ways ... 

setting higher standards 
• 5 section , 30dB per octave roll-off 
• VSWR less than 1. 7 (typ) 
• over 100 models, immediate delivery 

c;I Mini-Circuits 
A 0 1v1s1on ol Sc1ent 1f1c Components Corporation 

• 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 (0.4x0.8x0.4 in.) 
• BNC, Type N, SMA available 

LOW PASS Model *LP- 10_7 21.4 30 50 70 100 150 
Min. Pass Band (MHz) DC to 10.7 22 32 48 60 98 140 
Max, 20dB Stop Frequency (MHz) 19 32 47 70 90 147 210 
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 

Pass Band (MHz) 
start, max. 41 90 133 185 225 290 395 

end, min. 200 400 600 800 1200 1200 1600 
Min. 20dB Stop Frequency (MHz) 26 55 95 116 150 190 290 

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 exame_le: PLP-10.7 
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200 300 450 550 600 750 850 1000 
190 270 400 520 580 700 780 900 
290 410 580 750 840 1000 1100 1340 

500 600 700 800 900 1000 
500 600 700 780 910 1000 

1600 1600 1800 2000 2100 2200 

365 460 520 570 660 720 

C105 REV. E 
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3 KHz-800 MHz 
over 50 off-the-shelf models 
from $295 

Choose impedance ratios from 1:1 up to 36:1, 
connector or pin versions (plastic or metal case built 
to meet MIL-T-21038 and MIL-T-55631 requirements*). 
Fast risetime and low droop for pulse applications; 
up to 1000 M ohms (insulation resistance) and up to lOOOV 
(dielectric withstanding voltage). Available for 
immediate delivery with one-year guarantee. 

Call or write for 64-page catalog 

·units are not OPL listed 
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finding new ways ... 
setting higher standards 

O Mini-Circuits 
A Division of Scientific Components Corporation 

PO. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 

C71REVB. 
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On the cover: Denser geometries, proc­
essing innovations, and packaging im­
provements are resulting in power 
MOSFETs and IGBTs (insulated-gate 
bipolar transistors) that have ever­
higher voltage ratings and current­
handling capabilities, as well as volu­
metric power-handling efficiency. See 
pg 128. (Photo courtesy International 
Rectifier) 

'WBPA MP 

EDN January 5, 1989 

SPECIAL REPORT 
Power MOSFETs & IGBTs 128 

The increasing diversity and steadily improving performance 
of available power MOSFETs and IGBTs are making them the 
switching devices of choice in many applications.-Bill Travis, 
Contributing Editor 

DESIGN FEATURES 
Troubleshooting analog circuits-Part 1 147 

In this first installment of a multipart series, one the world's 
leading analog-circuit designers makes the case that a significant 
part of effective troubleshooting lies in the way that you think 
about the problem.-Robert A Pease, National Semiconductor 

Current-feedback am1,>lifiers 
benefit high-speed designs 

161 

Current-feedback amplifiers offer significant advantages over 
conventional high-speed op amps. Like the conventional devices, 
however, they exhibit nonideal behavior, so some circuit configura­
tions require special care. Understanding the circuit topology will 
help you achieve successful designs.-Sergio Franco, San Fran­
cisco State University 

Glossary takes the mystery 
out of DSO terminology 

175 

Specification sheets for digital storage oscilloscopes (DSOs) con­
tain many specialized terms, which can be confusing to the uniniti­
ated. This glossary should solve the terminology problem. 
-Bruce W Blair and Gene Andrews, Tektronix Inc 

PSpice review reveals strengths, 
drawbacks of optional packages 

193 

PC versions of Spice are available from several vendors, and 
more often than not they provide facilities not present in the origi­
nal. One such version is MicroSim's PSpice.-Jonathan B Scott, 
University of Sydney 

Continued on page 7 
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HP's new optically programmable SmartWand barcode 
reader makes it easy to add barcode scanning capability to 
most host systems. 

The SmartWand reader cuts your design-in time to a 
matter of hours. And it eliminates the need for extensive 
decode and debug experience. All it takes is a 5V serial inter­
face. Just plug in the wand and you're in business. 

And since the wand does its own decoding, you can 
easily program it to read seven different barcode symbol­
ogies. Or ask it to convert any of these codes to Code 39 
for decoding by older systems. 

Plus it works in intense artificial light, direct sun­
shine and rain. And it's available in special versions for 
high- and low-resolution applications. All in a low-power 
industrial-wand package with no footprint. 

The SmartWand barcode reader's price is easy to 
read too. Under $250*in 100 quantities. To order, contact 
your authorized HP distributor today. In the U.S.: Almac 
Electronics, Hall-Mark, Hamilton/Avnet, or Schweber 
In Canada: Hamilton/Avnet or Zentronics, Ltd. 

F//0- HEWLETT 
~~PACKARD 

CIRCLE NO 36 
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Continued from page 5 

The VX/ Bus specification will boost 
instrument.ation performance; system­
level software specs, however, remain 
unaddressed (pg 61) . 

EDN n1agazine 
now offers 

Express ~equest, 
a convement way 

to retrieve product 
information by 
phone. See the 
Reader Service 

Card in the front 
for details on how 

to use this free 
servICe. 
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Request., 
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TECHNOLOGY UPDATE 
VXI Bus specifications: Manufacturers tackle 61 
cloudy software issues 

The new VXI Bus specifications provide the instrumentation 
industry with the hardware compatibility that eluded its precursor, 
the VME Bus. But the proposed guidelines intentionally ignore 
issues concerning the VXI's sophisticated software options. 
-JD Mosley, Regional Editor 

RISCs force move to compilers 73 
Reduced-instruction-set computers (RISCs) promise to speed up 

computer systems. That's the good news. The bad news is that 
70% of ED N's readers do the bulk of their embedded-system pro­
gramming in assembly language.-Charles H Small, 
Associate Editor 

SCSI development systems: Tools allow 
debugging of software, firmware 

87 

Compared to a relatively simple hardware design, implementing 
the Small Computer Systems Interface (SCSI) in a host computer 
or a peripheral controller entails a sizable firmware- and software­
development task. Luckily, several companies offer test and devel­
opment tools.-Maury Wright, Regional Editor 

PRODUCT UPDATE 
8-bit microcontroller 
Digital-signal-processing workstation 
Macintosh-based logic analyzer 
Real-time operating system 
Analyzer package 

DESIGN IDEAS 
Circuit eases writing of modifiable code 
Technique maximizes converter efficiency 
Digital potentiometers set biquad filters 
555 timer triggers on millivolt signal 
Dual op amps improve bridge sensitivity 

107 
108 
110 
112 
114 

201 
202 
204 
208 
210 

Continued on page 9 
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LOGIC SYNTHESIS GIVES YOU 
MORE DESIGN CHOICES. 

FutureNet® FutureDesigner™ 
gives you more choices than any 
other design entry software­
choices in how you enter your 
design, in target technologies, and 
in design output. And only Future­
Designer uses logic synthesis to 
automatically turn your input choices 
into your output choices, optimizing 
and streamlining your design for the 
technology you select. 

CHOOSE THE DESIGN ENTRY METHOD. 
Only FutureDesigner lets you 
describe your design in the easiest, 
fastest, most natural way. You can 
enter some functions structurally, 
using DASH schematics. Others can 
be described behaviorally with any 
combination of truth tables, state dia­
grams, or high-level logic equations. 
Interactive verification and design 
rule checking help you catch errors 
up front, as you design. 

CHOOSE THE TARGET TECHNOLOGY. 
FutureDesigner is technology inde-

Choose the platform: FutureDesigner runs on 
80386 and 80286 machines, IBM® personal 
computers, and the Sun-3 Series. 

pendent. After you've described your 
design, you can choose any mix of 
TTLs, PLDs, LCAs, gate arrays, or 
other ASIC devices for implementa­
tion. It's also easy to migrate designs 
from one technology to another-for 
example, from TTL to PLD, PLO to 
LCA, or PLD to gate array. 

CHOOSE THE OUTPUT FORMAT. With 
more than 100 DASH-Partners pro -
viding a broad range of comple-

D•t• 110Corporation 10525Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. 1206) 867-6899/ Telex 15-2167 
D•t• 1/0 Canada 6725 Airport Road , Suite 302, Mississauga, Ontario L4V 1V2 (4l61678-0761 
Oat1 l/O Europe World Trade Center, Strawinskylaan633, l077 XX Amsterdam, The Netherlands + 31 (0) 20-6622866/ Telex16616 OATIO NL 
Data 1/0 J1pan Sumitomoseimei Higashishinbashi Bldg., BF, 2-1-7, Higashi-Shinbashi , M1nato-ku , Tokyo 'I05, Japan 

1031432-6991 / Telex 2522685 DAT AID J 

© 1988 Data 1 / 0 Corporat ion CIRCLE NO 37 

mentary products and services, Future­
Designer's industry-standard format is 
accepted virtually everywhere. When 
you design with FutureDesigner, you'll 
have more choices in technologies, 
CAE systems, foundries, and service 
bureaus. 

CHOOSE FUTUREDESIGNER WITH LOGIC 
SYNTHESIS. With its unique logic syn­
thesis capabil ities, FutureDesigner 
reduces and factors your design, elim­
inating redundancy and improving effi­
ciency. It optimizes for the particular 
technology you 've selected, making 
the necessary speed/size trade-offs. 
Then it generates the schematics, net 
lists, or JEDEC files for programming 
PLDs. Automatically. 

Call us today for more information. 
Find out why FutureDesigner is the 
design entry software of choice. 

1-800-247-5700 
Ext. 148 

Corporation 
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OK ••• so THE TRA 
BUT WHAT ABOUT I 

I 

They're everywhere. Worldwide over a 
thousand Transputer designs are in 
today's marketplace or are entering 
production. Some belong to Fortune 500 
companies committed to using Transputers 
to build their next-generation products. 

Although Transputer applications are 
diverse, the theme for each is the same -
combining the power of individual 
Transputers with the unique 
architectural benefits of 
parallelism to achieve 
results that cannot be 
obtained as economically 
any other way. 

Data Co•preHlon 
Transputers are 

being used in the 
Generic Checkout 
System at the NASA 
Kennedy Space 
Center. 

They are embedded within VME 
based front-end Data Acquisition Modules 
to provide data filtering for the system. 

These modules pre-process data for a 
network of Unix based workstations that 
provide real-time control and monitoring 
of ground and flight equipment, like that 
used by the Space Shuttle. Only 
Transputers offered the degree of 
parallelism needed for this application. 

10 

Mecllcal l•agin9 
University College London is using the 

parallel processing power of Transputers 
to convert CAT, NMR and laser scans into 
rotating 3-D images. These facial, skeletal, 
and soft-tissue images provide accurate 
computerized measurements to assist 
doctors with each step of an operation, 
and are also used by plastic surgeons to 
'rehearse' operations for reconstruction. 

Data Collectlon 
British Steel is implementing an 

intelligent system that is designed to 
dramatically cut its multimillion dollar 
annual energy costs. It is built around T800 
floating point microprocessors which 
process information from a highly complex 
data gathering system. These Transputers 
operate in parallel, condensing enormous 
amounts of data into information which 
helps energy management decide how to 
respond to a plant's changing demands 
for different fuels. 

Data Trans•IHlon 
Kokusai Denshin 

Denwa (KDD), the 
Japanese international 
telecommunications 
company, has devel­
oped an image­
processing video 
telephone using 
Transputers to manipu­
late and condense 
images for transmiss.ion 
over telephone links. 

This image 
communications system 
uses 32 Transputers 
operating in parallel 
for ultrafast image processing. It can be 
connected to PC's to transmit images over 
telephone lines, function as a video phone, 
or be programmed to match the specifica­
tions of other receiving equipment, such as 

Space 

facsimile machines and 
TV monitors. 

The European Space Agency is using 
Transputers to build a light-weight, 
radiation-tolerant, on-board computer for 
spacecraft. Programs which utilize 
Transputers in scientific computing and 
spacecraft control applications are also 
being developed in the U.S. 

Transputers are manufactured on 
epitaxial silicon and have been shown lo 
withstand aggressive tactical radiation 
levels. 

EDN January 5, 1989 



iPUTER'S TERRIFIC, 
.AL APPLICATIONS? 
light Sl•ulatlon 

British Aerospace have used 
ansputers to develop a low-cost 
ght simulator comprising a flat 
orld, ground­
rid, buildings, 
ees and mountains -
ith an optional Head­
p display. Future enhancements 
ill include the addition of undulating 
rrain and a single or triple window 
isplay option. 

American companies are also using 
ransputers to build high-performance 
ight simulators more cheaply. One U.S. 
anufacturer utilizes over one thousand 

'800 processors per system. 

•D Rentlerln9 
Pixar in the US has developed a 

ransputer-based rendering system which 
uickly renders photorealistic images from 
-D models. The system consists of 
ransputer boards for VME and AT-bus 
stems optimized to run Pixar's 

ophisticated rendering software. 

The system holds great promise for such 
applications as architecture, automobile 
styling, package design, simulation as well 
as animation. Pixar's recent computer 
generated film 'Tin Toy' could not have 
been done without using this 
Transputer-based accelerator. 

EDN January 5, 1989 

Syste• Control 
As the number of Transputers in a 

system design are increased, a proportional 
increase in performance can be achieved. 

In West Germany, Parsytec GmbH is 
using this principle in their Megaframe 
Superclusters. Superclusters represent a 
complete series of reconfigurable industrial 
control boards as used in the automotive 
industry, which exploit the Transputer's 
parallel processing capability. 

The basic Model 64, built with T800's, 
has a performance of 640MIPS and 96 
MFLOPS. The Model 256 comprises four 
Model 64 cabinets connected by cables 
and provides 2,560MIPS and 384 MFLOPS. 

Parsytec believes there is no limit to the 
size Superclusters can grow to. Two Model 
256s can be combined easily to realize 
twice the raw performance of one system. 

Roltotlcs 
Transputers are ideally suited for 

robotics applications because their special 
on-chip links make communication 
between control centers naturally easy. 
They are often used in the central control 
area for dumb robots, .in multi-jointed 
robots, and in machine vision systems. 

At the Houston Space Center, NASA 
and Lockheed are using Transputers in the 
development of an intelligent, self­
manoeuvering, voice-controlled robot 
names:! EVA Retriever. EVAR is being built 
to investigate the autonomous retrieval of 
objects and astronauts that become 
detached from the Space Station. 

eo[Ji)mos· 
INVENTING THE FUTURE 

INMOS, PO Box 16000, Colorado Springs, Colorado 80935. Tel : (719) 630 4000 

Orange County (714) 957 6018 Baltimore (301) 995 6952 Boston (617) 229 2550 
Denver (303) 368 0561 Santa Clara (408) 727 7771 Atlanta (404) 242 7444 
Dallas (214) 490 9522 Minneapolis (612) 932 7121 New York (914) 897 2422 
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---------------------------Please send me full information on the INMOS Transputer products range. EON 010589 

Name __________ Title _________ Company _______ _ 

Address ____________________ Zip ____ Tel. ____ _ 
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MIPS Benchmark Norton SI Benchmark 

All benchmarks performed with an Everex Step 286-16 with 0 wait states and a Compaq Deskpro 386S"' with 0 wait states. Both systems running 16-bit DOS and OS/2 software. 
Dhrystone I.I compiled with Microsoft® C compiler with no optimization. Run under DOS 3.31. Norton SI by Peter Norton Computing. Inc. performance reported relative to an IBM PC-XT.® 

MIPS written by Chips and Technologies. Chip cost based on 1000 piece quantity. Product names mentioned herein may be trademarks and/or registered trademarks of their respective companies. 
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Dhrystone Benchmark Chip Cost 

Advanced Micro Devices ~ 
For a benchmark report on the 16MHz 286~M write " 16MHz 286" on your letterhead and mail to: 

Mail Operations. PO. Box 4. Westbury-on:rtym. Bristol BS9 3DS. United Kingdom. 
Bruxelles 102-2) 771 91 42·Ha••overarea10511) 73 60 85 • Ho•g Kong 1518654525 •London area 104862) 22121 • Ma11Chesterarea 10925) 828008 · Mila•o102) 3533241 • Mu•che• 1089) 41 14-0·Osaka106) 243-3250 

Paris 11) 49 75 IO 10 ·Seoul /02) 784-7598 · Si•gapore 165) 225 7544 · Stockholm1081733 03 50 · Sluttgart10711) 62 33 77 · Taiwa•102) 7122066 · Tokyo1031 345-8241 
Latin America. Fort Lauderdale. Florida/U.S.A. Tel : 1305) 484·8600Tix: 1510) 955-4261 amd ft /© 1988 Adva•ced Micro Devices. l•c. 
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It's the best of both approaches; 
the high density (512K with lMB on its 
way), low power and cost-effectiveness 
oflNEPROMs, with the fast in-circuit 
reprogrammability and packaging 
options of EEPROMs. 

The memory density of a UVEPROM. 

In a device that's priced at a fraction 
of the cost of EEPROMs. 

It's the new FLASH EEPROM from 
SEEQ. And along with high density 
and low cost, it delivers the same kind 
of flexibility you need to get your 
design created. And implemented. 

• 

, .. 

The combination of our FLASH cell 
architecture and EEPROM-type erasure 
make possible this chip's fast erase 
speed. The 512K memory array is divided 
into 128 sectors of 512 bytes each. 
And each sector can be individually 
erased and reprogrammed. You can also 
remove the entire memory contents 
with chip erase. Typical erase time is 
2 seconds. And write time is just 
lms per byte. 

You can get our 512K FLASH 
in ceramic and plastic surface mount 
packages, as well as both plastic and 

The electrical erasure of an EEPROM. 

EDN January 5, 1989 



ceramic DIPs. The DIP packages are in 
a 32-pinJEDEC format so you can easily 
upgrade in density from 512K through 
2Mbit with no hardware changes. 

All of which make FLASH perfect 
for hard disc replacement in laptop 
computers and portable instruments, 
program memory in point-of-sale 
terminals and industrial controllers. 

So next time you look at program 

memory, check out our latest FLASH. 
For more information just call us toll 
free at l-800-3EEPROM. Or write 
SEEQ Technology, Inc. , 1849 Fortune 
Drive, Sanjose, CA 95131. 

You'll see that having it both ways 
is the best way. 

seeQ 
EZ is our middle name. 
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Since its introduction five years ago, 
MicroSim's PSpice has sold more copies 
than all other Spice programs 
combined. Now PSpice 4.0 is available 
with the most significant new 
capabilities since the creation of 
PSpice in 1984. 

Mixed Analog/Digital Simulation 

With the Digital Simulation option, 
PSpice can simulate mixed analog and 
digital circuits. The option contains a 
28-state, event-driven, logic simulation 
engine to efficiently process digital 
events. It is easy to use: analog and 
digital devices are included in the same 
netlist file, in the usual SPICE syntax, 
and may be freely interconnected. 
Probe, the graphics post-processor for 
PSpice, can display both analog and 
digital waveforms on the screen at the 
same time with a common time axis. 
PSpice includes a library of over 660 
digital components. 

16 

Analog Behavioral Modeling 

The Analog Behavioral Modeling optio 
allows the user to describe a circuit 
block by giving the block's transfer 
function, either by formula or by table. 
Nonlinear transfer functions make it 
easy tq model unique devices, such as 
Josephson junctions. Linear transfer 
functions are also available that describ 
the device in the frequency domain, 
either by a Laplace transform or by a 
frequency response table. Analog . 
Beh.avioral Modeling helps top down 
design since a circuit block can be 
modeled by its transfer function at the 
beginning of a design and later replace 
by the actual circuitry. 

Extensive Device Libraries 

Included with each copy of PSpice 4.0 i 
an extensive library of over 2,200 analo 
components. The library files are not 
encrypted and may be modified by the 
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Extends the Bounds of Circuit Simt1lation 

ser. We also offer the Parts parameter 
~xtraction program to help you 
-haracterize additional devices. 

nteractive Operation 
On the PC, PSpice 4.0 allows interactive 
operation of the simulator. On-line help 
nd pull-down menus assist one in 
sing the simulator. An on-screen text 
ditor which "knows" about the PSpice 
nput format makes it easy to create or 

odify circuits, or use your favorite 
chematic editor. 

nhancements and Options 
[n addition to the devices included in 
'tandard Spice, PSpice 4.0 includes 
hese: Ga.As MESFET's; BSIM MOS 

odel; non-linear transformers, 
odeling saturation, hysteresis; and 

deal switches for use with, for 
xample, power supply and switched 
apacitor circuit designs. Extra options 
vailable: Monte Carlo analysis, 

including Sensitivity and Worst Case; 
Digital Files inter£ ace to popular logic 
simulators; and Device Equations 
source code for semiconductor devices. 

Choice of Platforms 
PSpice is available on these computers: 
the PC family, including the PS/2, 
under both DOS and OS/2; the 
Macintosh II, the Sun 3 and 4 
workstations; and the VAX/VMS 
family, including the MicroVAX. 

Technical Support 
Each copy of PSpice comes with our 
extensive product support. Our 
technical staff has over 50 years of 
experience in CAD/CAE and our 
software is supported by the engineers 
who wrote it. With PSpice, expert 
assistance is only a phone calf away. 

For More Information . .. 
If you want more information about 
these advanced features and a free 
PSpice demo diskette, please call 
us today at (800) 826-8603 or, in 
California, (714) 770-3022. Find 
out for yourself why PSpice is the 
standard for circuit simulation. 

MicroSim Corporation 
PSpice is a registered trademark of MicroSim Corporation. 
AU other brands and product names are trademarks or registered trademarks of their respective holders. 
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Even though we're the strongest group of 
companies in the electronics industry, there may 

still be a few people who don't know we exist. 

EDN January 5, 1989 
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ITI ElectroMechanical 
Components Worldwide. A collec­
tion of companies with reputations 
unmatched in the industry. You 
know us as ITI Cannon, Schadow, 
Jeanrenaud, Pomona Electronics, MTI 
and Sealectro. 

However, for those few people 
who may not be quite as familiar with 
us, perhaps an introduction is in order. 

It started more than 70 years 
ago, with the creation of the first-ever 
connector. Then, year after year, inno­
vation after innovation, we just kept 
getting stronger. Expanding product 

EDN January 5, 1989 

lines. Developing switches, relays, test 
accessories, fiber optics, connectors 
and cable assemblies. For more and 
more markets. 

The result? 
A worldwide company with the 

resources, experience and expertise 
to help you significantly narrow your 
supplier base. With manufacturing 
facilities, engineering centers and cus­
tomer service representatives in virtu­
ally every part of the world. 

What's more, our systems 
approach to problem-solving means 
that you benefit from having our top 

CIRCLE NO 42 

engineering teams working with you, 
from start to finish . That's just the way 
we do business. 

Chances are, you already know 
about us. But if you'd like some more 
information about all our capabilities, 
drop us a line today. And leave your 
competitors out in the cold. 

1851 East Deere Avenue 
Santa Ana, CA 92705-5720 

Or call (714) 261-5300 

ITT~~ 
Discover our slrengpis. 
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''EDN'S MAGAZINE AND NEWS EDITIONS 
ADDRESS THE WORLDWIDE 

LINEAR IC MARKET WE'RE AFTER." 

"When I buy EDN's Magazine and News Editions, 
I'm buying a powerful worldwide circulation and the 
most prestigious editorial environments available. 
That's a combination that gets results," says Bill 
Ehrsam, Vice President of Marketing for Linear 
Technology Corporation. 

Ehrsam knows industry sales for high-performance 
linear ICs are split between the United States, Western 
Europe, and the Pacific Rim. Says Ehrsam, "It's my job 
to choose media that mirrors the world markets." 

For complete global coverage, Ehrsam places his 
advertising in EDN Magazine Edition and EDN News 
Edition. "Linear Technology Corporation is a strong 
supporter ofEDN Magazine Edition. We rely on ED N's 
targeted coverage of the U.S. and Western Europe. When 
EDN News Edition added Pacific Rim circulation in 
December 1987, we added it to our media schedule." 

For Bill Ehrsam, "EDN's Magazine and News Editions 
form the cornerstone for Linear Technology 
Corporation's media plan now and in the future. " 

Advertising in EDN Magazine and News Editions works for 
Linear Technology Corporation. It can work for you. 

EDN 
Where Advertising Works 
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Vice President of Marketing 
Linear Technology Corporation 



NEWS BREAIZS 
EDITED BY JOANNE CLAY 

TOKEN-RING CONTROLLER CHIP ACHIEVES 16M-BPS TRANSFER RATES 
The $96 (1000) TMS380Cl6 Commprocessor from Texas Instruments Inc (Dallas, 

TX, (800) 232-3200, ext 700) functions in token-ring LANs that operate at data rates 
to 16M bps. This second-generation device performs the functions of three of the 
manufacturer's first-generation token-ring parts-the TMS38010 communications 
processor, the TMS38020/21 protocol handler, and the TMS38030 system interface­
as well as the functions of two additional ASIC components: a PC bus-interface unit 
and a dynamic-RAM memory -expansion unit. 

The company also integrated the functions of the two remaining res in its first­
generation token-ring chip set-the TMS38051 and TMS38052 ring-interface chips­
in the $24 (1000) TMS38053. Thus, the manufacturer has reduced the core chip count 
for a token-ring interface chip set from seven to two devices and boosted the perform­
ance from 4M bps to 16M bps.-Steven H Leibson 

CASE TOOLS SUPPORT EMBEDDED-µP SOFTWARE DEVELOPMENT 
The HP 64000 AxCASE software-development tools support the entire develop­

ment cycle for embedded-microprocessor system designs. Products provide support 
for analysis, design, software construction, software integration, hardware/software 
integration, release , and maintenance of software. Hewlett-Packard (contact local 
sales office) offers the products for more than 40 µPs, including the 68000 and 8086 
families. The cross-development tools run on HP 9000 Series 300 and Series 800 
computers under the HP UX operating system. Some specific tools included in the 
family are Advanced Cross C Compiler Systems, Debug Systems, and Basis Branch 
Analyzers. Prices for these products vary, depending on the number of users and 
the host computer. The cross-compilers cost $2375 to $6650, the debuggers cost 
$2655 to $3835, and the Basis Branch Analyzers cost $1840 to $5330.-Maury Wright 

CACHE RAM OPERATES AT ao MHz 
If you want to simplify the cache memory design in your 80386-based system, 

consider using the V63C328 cache RAM from Vitelic (San Jose, CA, (408) 433-6000). 
The device is internally configurable as one 8k x 16-bit or two 4k x 16-bit memories, 
so you can create a 2-way set-associative cache without additional parts. You can 
also connect two devices in parallel for 32-bit operation. The device provides a direct 
interface to an Intel 82385 cache controller operating at 25 MHz; no additional logic 
is needed. Samples cost $100; volume production is scheduled for the second quarter 
of 1989.-Richard A Quinnell 

CACHE CONTROLLER OPERATES WITH 80286 OR 80386SX 
To add cache memory to your 80286 or 80386SX systems, you can use the 

A28285 controller from Au stek Microsystems (Mountain View, CA, (415) 960-1315). 
The A28285 offers 20- and 25-MHz speeds, a 32k- or 64k-byte cache size, and a 4-way 
set-associative architectur e. It directly controls 16k x 4- or 8k x 8-bit static RAMs. 
Samples will be available during the first quarter of 1989 at a target volume price 
of less than $45 (10,000).-Richard A Quinnell 
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NEWS BREAIZS 
IC PRODUCES BV DC DIRECTLY FROM AC MAINS 

The HV-1205 monolithic ac/dc converter from Harris Semiconductor (Melbourne, 
FL, (407) 724-7800) accepts ac input voltages from 30 to 264V rms with a frequency 
range of 48 to 440 Hz. It produces 5 to 24 V de with a minimum of 50 mA at 5V de. 
Line and load regulation are less than 5%. Manufactured in a high-voltage dielectric­
isolation process, the device allows you to build small, 5 to 24 V power supplies 
without transformers, rectifiers, or voltage regulators. It comes in an 8-pin plastic 
DIP. The Oto 75°C version costs $3.57 (100); the - 40 to +85°C version is $4.80 
(100).-Richard A Quinnell 

SCSI-BASED GRAPHICS CONTROLLER SUPPORTS STANDARDS 
The ScuzzyGraph II intelligent graphics controller from Aura Systems Inc 

(Carlsbad, CA, (619) 438-7730) employs a SCSI (Small Computer Systems Interface) 
host connection. Furthermore, the resident 34010 graphics processor provides sup­
port for the GKS-CGI, Tek41XX, DGIS, and X-Windows graphics standards with no 
host intervention. A 68000 µPacts as a traffic cop, and the 34010 controls an onboard 
frame buffer. The board supports a maximum resolution of 1664X 1280 pixels, and 
eight bits define the color of each pixel. The SCSI port offers transfer rates as high 
as 5M bytes/sec for incoming pixel data. Once the frame buffer is filled, however, 
the local processors perform manipulations on the frame buffer based on commands 
from the host CPU. A ScuzzyGraph II configured for a 1024 x 768 x 4-pixel resolution 
costs $1395 and is available 60 days ARO.-Maury Wright 

12-MIPS WORKSTATION IS BASED Olf RISC CHIP SET 
The Advantedge 2000 workstation from Integrated Solutions (San Jose, CA, (408) 

943-1902) is based on the R2000 RISC chip set from Mips Computer Systems. The 
12-MIPS workstation, targeted at OEMs, system integrators, and value-added resellers 
(VARs), costs $12,000 for a basic system with no monitor. A system configured with 
a lOOM-byte hard-disk drive, a 40M-byte cartridge tape drive, a 16-in. color monitor, 
a keyboard, and a mouse, costs $20,375. The company will sell the product at various 
levels of integration, including the board level, and it will offer custom packaging. 

Standard features include a 32k-byte cache, a 1280 x 1024-pixel graphics controller, 
onboard SCSI and Ethernet controllers, and an 80186-compatible I/O processor. You 
can choose from Mips Computer Systems' RISC/os or Integrated Solutions' Dual Uni­
verse Unix operating systems. The Dual Universe package includes both System V.3 
Unix and Berkeley Unix 4.3BSD.-Maury Wright 

22 EDN January 5, 1989 



Why high performance 
designers are so excited 
about the new PLO 7C330 
State Machine: 

As state machines go, this one goes 
the fastest. With the highest functional 
density available. 

A system that lets you design state 
machines that can execute control 
sequences at a full 50MHz without even 
breathing hard. 

High performance designers are 
excited by the extensive features, led by 
the richness of 256 product terms. 

By this part's ability to deliver twice 
the performance and density of previ­
ous generation PLDs, with about half 
the power. 

By the ease of programming, using 
popular programming languages 
and machines. 

And by the ability to design the high­
est performance state machines, with 
1000 to 1500 gate functionality, using 
reprogrammable PLO technology. 

See for yourself. Bet our Pnwlew Kit. 
Our Preview Kit, with demo floppy 

and technical paper, even includes 
application ideas, like our step-by-step 
design example showing you how t<> 
create a 16 x 4 programmable multi­
plexer using a single CY7C330. 

You'll also get the databook that has 
the information you need on this great 
part, and on ALL our high performance 
parts. 

CMOS high speed SRAM. 
CMOS high speed PROM. 
CMOS high speed PLD. 
CMOS high speed Logic. 

PLO 1C330 Pnwiew Kit and Data­
Boolc. Youa free, for a toll-free call. 
OataBook Hotline: 
1-I00-952-UOO 

bk for Dept. C43 
(32) 2-112-2220 ,,, Europe 
(416) 415-3922111 CattotJa 

_ ........ ~ 
·~·; CYPRESS 
?' SEMICONDUCTOR 

Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134, Phone: (408) 943-2666, Tulex: 821032 CYPRESS SNJ UD, 1WX: 
910-997-0753. C>l988 Cypras Semiconductor. 



NEWS BREAIZS: INTERNATIONAL 

68030-BASl!JD VlDI BUS BOABD SUITS SYSTJ!JM MANAGl!JlDINT 
Incorporating a variety of interprocessor communications interfaces, the CC-112 

68030-based VME Bus CPU card from Compcontrol bv (Eindhoven, The Netherlands, 
FAX 040-120296; in the US, Los Gatos, CA, (408) 356-3817) is suited to system manage­
ment in multiprocessor VME Bus systems. In addition to its message-passing capabil­
ity over the VME Bus, the board can also communicate with other system CPUs via 
the VMS bus (VME serial bus). Onboard RS-232C and SCSI bus interfaces not only 
allow you to connect to terminal and mass-storage devices, but also provide low-and 
high-speed data links, respectively, between the CPU and other computer systems. 
The board's 20-MHz 68030 µP is accompanied by a 68882 math coprocessor, 4M bytes 
of 32-bit-wide dual-ported dynamic RAM, 2k bytes of battery-backed 8-bit-wide static 
RAM, and space for as much as 2M bytes of 16-bit-wide EPROM. The board also 
includes a watchdog timer, a real-time clock/calendar, and optional VME Bus system 
controller functions . The board costs $3000 (100).-Peter Harold 

IBM PC/AT-COMPATIBLl!J VlDI BUS MODULl!J SUPPOBTS OS/8 AND Xl!JlfIX 
Offering full IBM PC/AT compatibility, the PX4010 VME Bus module from 

Philipa's Industrial and Electro-acoustic Systems Div (Eindhoven, The Netherlands, 
TLX 35000; in the US, Mahwah, NJ, (201) 529-3800) allows VME Bus systems to run 
operating systems and application programs that are written for the IBM PC/ AT. 
The module's 10-MHz 80286 µP and l.64M bytes of onboard RAM can support the 
OS/2 and Xenix operating systems in addition to MS-DOS. The module also includes 
a CGA-, EGA-, and Hercules-compatible graphics adapter, onboard hard-disk and 
floppy-disk interfaces, a keyboard interface, a real-time clock, a parallel port, and 
two RS-232C/RS-422 serial I/O ports. VME Bus accesses are transparent to the proces­
sor, so that memory and I/0 on the VME Bus appear as though they are within a 
normal IBM PC/AT environment. 

The board's P2 connector carries an interface that is compatible to the IBM PC/XT 
system bus. By coupling it to a suitable backplane, you can expand the system with 
standard PC-compatible add-in cards. The PX4010 is a 2-board sandwich that occupies 
two VME Bus slots. It sells for approximately gld 7500.-Peter Harold 

JAPAlll!JSl!J Sl!JMICORDUCTOB Vl!JRDOBS PLACl!J 1, a, AND 3 l'OB 1988 
According to Status 1989, a report from Integrated Circuit Engineering 

(Scottsdale, AZ, (602) 998-9780), NEC, Toshiba, and Hitachi were the top three semi­
conductor suppliers of 1988. The companies had estimated sales of $4.65 billion, 
$4.545 billion, and $3.61 billion, respectively. (The three companies ranked in the 
same order in 1987.) Motorola, Texas Instruments, and Intel Corp placed fourth, 
fifth, and sixth, followed by Matsushita, Fujitsu, Philips, and Mitsubishi. 
-Steven H Leibson 
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No Problem! 
The Nicolet 4094C Digital Storage Oscilloscope gives you the maximum 
versatility and value with software solutions beyond locked-in front 
panel functions. 

• Real Time Functions 
Functions such as FFT, MIN/MAX, Summation, Vir­
tual or Exponential Averaging are available with the 
4 180 and 4570 plug-ins , providing you with live, 
real time display of your waveform data. 

• PC Software 
Nicolet also has four software packages available 
which allow you to transfer, display and manipu­
late 4094 data on your PC . There are also over 100 
disk-downloadable programs available for the 
4094. 

• External Control 
With programs like Waveform BASIC, you can even 
create your own custom programs for data manipu­
lation and external control of the 4094C. IEEE 
(GPIB) and RS232 interfaces are included for easy 
communications with a PC . 

• Programming Support 
Nicolet 's application support can make all the dif­
ference . Our application engineers are a phone call 
away and are always ready to help you. 

For more information, call or write: Nicolet Nicolet Test Instrument Division 

5225-2 Verona Road, Madison, WI 53711 • 608/273-5008 or 800/356-3090 INSTRUMENTS OF DISCOVERY 
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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 +1 00°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 l~ak, 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 del ight, 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 

O MAN-1HLN 10-500 
* MAN-1AD 5.500 

supply voltage and you are ready to go. 

The new MAN-amplifiers series ... 
another Mini-C ircuits' 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 OCase 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 

t::1 Mini-Circuits 
A Division of Scientific Components Corporatton 

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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30 
(1,000 qty) 

The opportunity for automated, low-cost assembly is a key 
benefit of surface-mount technology, but is often wiped out by 
the high price of surface-mount components. Now, Mini-Circuits offers a new series of 
mixers to meet the pricing demands of SMT ... only $3.30 in 1,000 quantity ($3.95 ea. in 
quantity of 10) .. . at a cost even lower than most conventionally-packaged mixers. 

The SCM-1 spans 1 to 500MHz and the SCM-2 covers 10 to 1,000MHz. Housed in a 
rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high (maximum dimensions) plastic / ceramic 
package. Spacing between connections is 0.2 in. The mixer is offered with leads 
(SCM-L) or without leads (SCM-NL) to meet a wide range of pc board mounting 
configurations. 
Each SCM is built to meet severe environmental stresses including mechanical shock / 
vibration as weH as temperature shock. The operating and tempera.ture storage range is 
-55°C to +100°C. Each SCM, designed and built to meet today's demanding reliabil ity 
requirements, carries Min-Circuits' exclusive 0.1 % AOL guarantee of no rejects on every 
order shipped (up to 1,000 pieces). 

finding new ways .. 
setting higher standards 

SCM-1L SCM-2L 
SPECIFICATIONS SCM-1NL SCM-2NL 

(typical) (L=with leads) (NL=no leads) 

FREQ. RANGE (MHz) 
LO.RF 1-500 10-1000 
IF DC-500 5-500 

CONVERSION LOSS (dB) 
Midband 6.3 dB 6.5 dB 
Total Range 7.5 dB 8.0 dB 

ISOLATION (dB) 
Low-Band 
Mid-Band 
High-Band 

PRICE 

(L-R)(L-1) 
60 45 
45 40 
40 35 

$3.30 ( 1000 qty) 
$4.25 (1-9) 

Units are shipped in anti·static plastic 
·'tubes" or "sticks'' for automatic insertion. 

(L-R)(L-1) 
45 35 
35 30 
25 20 

$4.15 (1000 qty) 
$5.45 (1-9) 

When you think SMT for low-cost production, 
think of Mini-Circuits' low-cost SCM mixers. 

0 Min~0:,~c~n~~!:!!0!,! 
PO. Box 3501 66. Brooklyn , New York 11235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and Internat ional Telexes: 6852844 or 620156 
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Oki's new PSCC provides automatic 
support for protocols-together 
with great networking flexibility 

The new Protocol Serial Communications 
Controller (PSCC) from Oki Semiconductor is a 
highly innovative VLSI device which automatically 
supports LAPB and LAPO HDLC protocols and saves 
you from having to program and manage them. With 
a speed oflO Mb/s, the PSCC also gives you great 
networking flexibility. 

Integrated functions 
The PSCC combines a full-duplex HDLC 

channel, on-board OMA controller, and 520 bytes of 
internal RAM. It allows you to send and receive 
messages directly from memory and frees system 
intelligence for higher level functions. It automatically 
supports the update and comparison of state variables 
for multiframe transmission. In addition, the PSCC 
supports collision and priority detection. · 

For even greater integration, the PSCC will be 
imbedded in Ok.i's high-performance 16-bit nXP 
microcontroller which will support all seven OSI 
levels of the ISON. 

Great flexibility 
Easy interface is provided to standard 16-bit CPUs 

and to multiplexed buses. The PSCC can be easily 
customized to support different serial communications 
protocols. The high speed of the PSCC allows you 
to create a small inexpensive network, then to expand 
to a LAN, and later move into ISON-all supported 
by Oki. 

OSI Reference 
Model 

You can count 
on Oki 

ThePSCC 
is only one of the 
ways Oki can save 
you timeand 
help you realize 
competitive 
advantages. You 
can also count 
on Oki for exten­
sive experience, 
creative solu­
tions, and proven 

reliability in every aspect of semiconductor device 
design and manufacturing. We invite you to put the 
full resources of Oki Semiconductor to work for you. 

,------------ -----------
! Automatic protocol support from Oki. 
I 
I 
I 
I 

D Please send the complete technical data package on the 
MSM6872, the first member of Oki's Prritocol Serial 
Communications Controller (PSCC) family. 

D Please call. We have immediate requirements. 

I Phone 
I 
I Name 

I Title 

I I Company 

I Attach coupon to business card or letterhead and return to: 
PSCC Customer Service Oki Semiconductor 785 North Mary I Avenue, Sunnyvale, CA 94086. Phone: (408) 720-1900. L ______________________ _ 

OKI 
SEMICONDUCTOR 
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Now you don't have to choose 
between how fast you can go and 

how much you can carry. 
OUR NEW 256-KBIT 

BiCMOS ECL SRAM GIVES 
YOU BOTH HIGH SPEED 

AND HIGH DENSITY 

Finally, you can go all out for 
system performance without 
being forced to use low-density 
SRAMs. This new device has an 
access time of only 15 nano­

seconds. Yet it has the storage 
capacity of four 64-kbit ECL chips 
in one-fourth the space. 
. Its modes~ power consump­

uon ~akes air cooling not only 
possible but practical. It draws a 
maximum of 200 milliamps at 15 
nanoseconds. Longer cycle times 

drop the current down to 
about 120 milliamps. 

In worst-case test­
ing, power dis­

sipation stays 
below a single 
watt. In typical 
applications, it's 
only 600 to 700 
milliwatts. 

BiCMOSIII 
IS THE KEY 

What makes it all 
possible is National's 

proprietary BiCMOS III 
one-micron process, 

which combines the speed 
of pure bipolar with the high 

density, low power, and manu­
facturability of CMOS. 

It gives you the best ratio of 

© 1988 National Semiconductor Corp. 
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NATIONAL MEMORIES 
Volatile 
ECLSRAMs 
CMOSSRAMs 

Non-Volatile 
EPROMs 
EEPROMs 
PROMs 

speed, power and cost per bit. 
. And we designed reliability 
1~to the process from the begin­
rung. In fact, one-third of the 
devel<;>pment team had reliability 
as their sole responsibility. 

The pay-off is a life test failure 
rate less than 50 FITwith more 
than 400,000 device hours. And a 
soft error rate less than 100 FIT 
What's more, latch-up immunity 
is more than 200 mA And ESD pro­
tection is greater than 2,000 volts. 

IT GIVES YOU THE 
PERFORMANCE YOU WANT 

Because of its stable memory 
cell, the 256-kbit SRAM tolerates 
skewed address signals without 
disturbed bits. 

Customers-like Cray Research 
-also report low system noise 
and cleaner, quieter, faster signals. 
This high noise immunity is due 
to on-chip decoupling and 
minimal di/ dt. 

And because of the chip's 10-ns 
write pulse with zero setup and 
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hold, it's easy to design-in in a 
15-ns write cycle. 

Our ECL SRAMs are input/ 
output compatible with existing 
lOK and lOOK ECL parts. Industry­
standard pin-outs enable multiple 
sourcing. 

AND YOU GET 
MORE MODELS TO 

CHOOSE FROM 

In addition to our high-per­
formance SRAMs, we're working 
on a family of specialty ECL 
RAMs and ECL RAMs in advanced 
packaging. 

We also offer you the broadest 
array of memory product families 
of any domestic supplier­
including TTL SRAMs, EPROMs, 
EEPROMs, and fuse-link PROMs. 

This breadth of product line 
helps you minimize the number 
of suppliers you use.While 
National's large-volume manu­
facturing ensures availability. 

CALL FOR OUR 
NEW BROCHURE 

For more information on our 
new 256-kbit SRAM-or any other 
memory product-ask for a copy 
of our new memories brochure. 
Call us toll-free at (800) 252-4488, 
ext. 735. 

~National 
~ Semiconductor 
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single b1 
CPU-37. The workhorse ofVME. 

Now you can harness all the power ofVME and the 68030 with our new, 
low-cost single board computer. 

The new VME/PLUS™ CPU-37 comes with either a 16.7 or 25 MHz 
68030, SCSI and floppy disk controllers, VMEPROM and 1 MB of memory. 
Options include an Ethernet controller and up to 4 MB of memory. 

With the CPU-37, you now have the power of four boards in one. 
Thus reducing your system cost, weight and space requirements. 

In addition, software products such as UNIX, PDOS, VxWorks, OS-9, pSOS, 
VRTX32 and C EXECUTIVE will be available. Plus our Running Start™ 
development package will let you start writing your 
applications quickly-under UNIX, PDOS or MS-DOS. 

So if you need lots of horsepower without the 
thoroughbred price, hitch up with CPU-37. 

v 1988 force Computers. Inc. VME/PLUS and Running Stan are trademarks of FORCE COMPUTERS INC. UNIX is a trademark of AT&T. PDOS is a trademark of Eyring Research Jnstirure. Inc. VxWorks is a trademark of Wind River Systems, Inc. 05.9 is a trademark of 
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to get horsepower in 
d computers. 

CPU-30. The pacesetter ofVME. 
Our new CPU-30 shares all the hardworking virtues of the CPU-37, plus it's 

faster on its feet. 

-

In fact, it offers the highest level of performance and functionality in 
a 68030 single board computer. And just like CPU-37, our single slot 
CPU-30 has multiple configurations that meet your exact needs. 

The real reason the CPU-30 is such a winner is our 280-pin gate array 
with 22,000 gates. It handles interprocessor communication and high speed 

data transfers much more efficiently. The result is significantly increased system 
throughput in multiprocessing applications like factory automation, simulation, 
test and instrumentation. 

It all adds up to the highest VME system performance you can get. 
So if that's what you want, why horse around? 
Call us at (800) BEST-VME for CPU-37 and CPU-30 Data 

Sheets and our 1988 Data Book. Count on Force for your 
total VME solution. 

VME at its best. 
FORCE COMPUTERS INC. FORCE COMPUTERS GmbH 
3165 Winchester Blvd. Daimlerstrasse 9 D-8012 Ouobrunn 
Campbell, CA 95008-6557 Telefon (089) 600 910 
Telephone (408) 370-6300 Telex 524190 fore-ct 
Telefax (408) 374-1146 Telefax (089) 609 7793 

Microwave Systems Corporation. pSOS is a trademark of Software Componenrs Group, Inc. VRTX32 is a trademark of Ready Systems, Inc. C EXECUTIVE is a trademark of JM! Software Consultants, Inc. MS-DOS is a registered trademark of Microsoft Corporation. 
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RLR - "S" level in 
05, 07, 20, 32C. 
Tu!. : 1, 2, 5%. 
TC.: 100 PPM/°C., 
10 ohms to 1 Meg. 

RNC/RNR-
"S" level in 
50, 55, 60, 65 
(Char. "H", "J'1. 
Tu!.: .1, .5, 1%, 
49.9 ohms to 1 Meg. 

CUSTOM SERVICE in­
cludes special burn-in, 
marking test summa­
ries, serialization, X-ray, 
noise screen, ESD pack­
aging and hot solder 
dipped leads. 

OUR 
BOTTOM LINE 

Cost-Effective 
Metal Film Resistors 
Bradford E-Rel met.al film resis­
tors give you broad qualifica­
tion, short delivery times, 
competitive pricing and excel­
lent capabilities for meeting 
special requirements. Our 
strong E-Rel credentials also 
give us an edge in matching 
your standard MIL and com­
mercial needs including low 
value, flameproof and pulse 
withstanding protective styles 
plus thick film networks and 
chips. Phone today for complete 
details. 

IJ__la4mJilDFUCTlllJKitfS 
550 High Street, 'Bradford, PA 16701 
Phone (814) 362-5700 
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SIGNALS & NOISE 
Super Collider will be 
worth the expense 
I disagree with Jon Titus's editorial 
"Spend a lot, get a little" (EDN, 
September 1, 1988, pg 51), in which 
he expresses his opinion that the 
proposed Superconducting Super 
Collider (SSC) proton synchrotron 
is not worth the $5 billion invest­
ment. First of all, Jon seems to feel 
that since, as he says, "the billions 
of dollars of tax money needed for 
SSC must come from other pro­
grams' budgets ... ," the inverse 
must also be true. Namely, that not 
building the SSC will suddenly free 
up these monies for other good pur­
poses such as "refurbishing and re­
juvenating college and university 
laboratories .... " That's not the 
way Washington works, especially 
with current political and economic 
realities (such as budget deficits). 
Like it or not, our politicians will 
always be inclined to spring for 
very expensive "glamour" projects 
(which the SSC admittedly is), but 
will pinch pennies when money is 
tight for the more down-to-earth 
programs that Jon Titus proposes­
programs that are less visible and 
lack political clout. To put it simply, 
if the money isn't spent on the SSC, 
it will probably be lost for other sci­
entific or technological endeavors. 

Jon also overlooks the near-term 
benefits that would result simply 
from building as massive a high­
tech project as the SSC. For in­
stance, the state of the art of super­
conductivity would, no doubt, be 
greatly advanced by the mammoth 
scale of the conductors, the mag­
nets, and the microwave transmit­
ters and waveguides that this huge 
machine will require. Even my own 
field of fo.strumentation and control­
systems engineering could benefit 
from the development of the exotic 
sensors and control elements 
needed for the individual experi­
ments as well as for the SSC itself. 
Most significantly, the sheer size of 
this system will demand factory-

wide automation and integration on 
a scale that, to my knowledge, has 
not been attempted. (In my judg­
ment, the control-engineering field 
is critically weak in large-scale sys­
tems integration.) Best of all, these 
technologies would be readily avail­
able, because of the open and inter­
national nature of research facilities 
such as the SSC will be. 

Having said all that, I believe 
nevertheless that the SSC should 
be judged chiefly by the potential 
value of the SSC physics-its value 
to mankind, not just to "a small 
number of particle physicists." On 
this point I agree with Jon. 

So what is the potential value of 
the SSC physics? Well, what is the 
value of Morley and Michelson's ex­
periments, 100 years ago, which 
showed that the speed of light in 
all directions is the same? (Those 
experiments led Albert Einstein, 
almost 30 years later, to his theo­
ries of relativity.) What is the value 
of Thomson's discovery of the elec­
tron or de Broglie's confirmation of 
the dual (wave/particle) nature of 
photons? (Those events led Heisen­
berg, Dirac, Schrodinger, et al, to 
the revolutionary postulations of 
the Principle of Uncertainty and the 
rest of quantum mechanics.) 

The SSC could be extremely im­
portant to the future of mankind. 
It provides the same potential for 
discovery as that enjoyed by the 
above-mentioned scientists, who 
are now recognized as pioneers in 
their fields. The SSC can provide 
theoretical physicists with the raw 
material for their speculations on 
how the universe works, and ulti­
mately, perhaps, form the techno­
logical and even the philosophical 
framework for the next century. 
What will these discoveries and 
their resultant technologies and 
philosophies be? Who can possibly 
know? How could Albert Michelson 
and Edward Morley have even 
guessed, back in 1887, where their 
disturbing discovery about the 
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RECOVER ISDN/LAN DATA 
-BEYOND 2000 METERS 

That's right! <64kbps to >4Mbps. 
0 to >6,000 ft. PMI's LIU-01 High 
Speed Serial Data Receiver - the 
one chip solution for separating 
clock and data in ISDN, Tl, 
Tl48, TlC, and LAN systems. 
The LIU-01 makes data recovery 
easy! Use it with twisted-pair, 
coax, and even fiber-optic cable. 

• Meets CC 1 TT and A TT specs 
for ISDN 

• >60dB dynamic range 
• Single +5V supply 
• TTL/CMOS outputs 
• 16-pin DIP/SO 
•Low cost - $12 

Get the facts on this data 
communication breakthrough! 
Contact your PMI sales 
representative, circle the 
reader service number below, 
or call 1-800-843-1515 for 
more information now. 

Precision Monolithics Inc. 
A Bourns Company 
Santa Clara, California, USA 
1-800-843-1515 



rranty 

._cal/ or send for your FREE 
Technical Guide 

/Otech ... the choice is easy 
• 

lOtech 
(216) 439-4091 ~:;2:~~3 
25971 Cannon Fk>ad •Cleveland, Ohio 44146 
l.<Jadon (0734) 86-12-87 •Parts (I) 34810178 • Zurkh (01) 821 944 
Milan 02-4120360 • Llnkoplng013 I I 0140 • GorlncMm 018J0..3.S333 
SklMy (2) 452 3831 • Seoul 784·9942 • Munkh and other European. 
Nonh African and Middle East countries not listed (089) 710020. 
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SIGNALS & NOISE 

speed of light would lead in the 20th 
century? 

Do I exaggerate? I don't think 
so. Just consider the profound ef­
fects of general relativity on our 
concept of the universe. And what 
would we electronics engineers be 
doing if not for modern solid-state 
physics, which is based largely on 
quantum mechanics? (We'd all be in 
different lines of work, that's what.) 
How different would our lives be 
without the atomic bomb? Or if sci­
entists in another country or at an­
other time had created it? 

Although it's true that the price 
of the SSC is very high, it's possible 
that the discoveries made in it could 
be priceless to future generations, 
in ways we can't possibly predict. 

We will leave our children and 
their children a tremendous burden 
of debt, the legacy of our profligate 
ways. Perhaps the knowledge made 
possible by the SSC will provide 
something to show for this debt. 
Kenneth C Kmack 
Manufacturing Automation Con­
sultant 
Lilburn, GA 

Errata 
The Technology Update entitled 
"Widespread graphics use spawns 
diversity in data-compression de­
vices" (EDN, September 15, 1988, 
pg 87) incorrectly quoted the speed 
of Tekand Labs' continuous-feed 
scanners as 500 dots x 50 lines/in. 
Actually, the scanners handle 500 
dots x 500 lines/in. 

Also please note that the phone 
number given for Corvallis Micro­
Technology Inc in the New Prod­
ucts section of EDN's October 27, 
1988, issue (pg 360) is not correct. 
You can reach the company at (503) 
752-5456. 

WRITE IN 
Send your letters to the Signals and 
Noise Ed itor, 275 Washington St , 
Newton, MA 02158. We welcome all 
comments, pro or con . All letters must 
be signed, but we will withhold your 
name upon request. We reserve the 
right to edit letters for space and clarity. 

Digital 
Signal 
Processing 
DSP Development Tools and 
Standalone Systems from Ariel 

For the IBM PC: 
DSP-16 •A complete TMS32020 or TMS320C25 
Development System on a single board, with 16-bit 2 
channel data acquisition of up to 50 kHz per channel 
& big buffer. The best DSP board starts at $2495. 

DSP-C25 • The lowest cost full speed TMS320C25 
based card available. Just $595 with parallel and 
serial 1/0 . 14 bit analog 1/0 is just $95! 

PC-56 •A new, low-cost DSP card based on 
Motorola's fast DSP56001. Full speed 24 bit DSP for 
$595! Parallel and serial 1/0 standard, 14 bit analog 
1/0 for $95! 

BUG-56 • Fast, efficient symbolic debugger for the 
PC-56. Macros, windows, the works . $295. Also 
available: Assembler/Simulator, C Compiler and 
TMS320 Code Converter. 

SDI •A complete, 2 track 16 bit digital audio recorder 
with advanced editing capabilities . Real-time 50 kHz 
stereo 1/0 using any PC. 

SYSld • Comprehensive acoustic test instrument. 
Developed by Bell Labs for quick and accurate 
measurements. 

PC-FFT • Fast FFT's on a single card . 

ASM-320 •The fastest TMS320 Assembler. 

PDS-320 • Deluxe TMS320 Program Development. 

FFT-320 • 256 and 1 024 point TMS320 FFT Sub­
routines. Real-time demo program too. 

FIDAS • Digital FIR and llR Filter Design with real­
time implementation on the DSP-16. 

For Hewlett-Packard Series 300: 
FFT-523 •Fast FFT's on a single card. 

DSP-300 ·A 2nd generation DSP56001-based 
coprocessor card . Applications include FFT's of up to 
16K points, user-defined windows, PSD, etc. 

For Motorola's DSP56000ADS: 
ADC56000 • 16 bit, 2 channel analog 1/0 . Sample up 
to 125 kHz. 

For You: 
Ariel Corporation is dedicated to providing you with 
the best values in high performance DSP products. 
Our products are designed, built and maintained in 
the U.S. The best support in the industry is always at 
hand. Ariel's products are sold directly throughout 
North America, and are available worldwide, through 
our international dealer network. 

Ariel Corporation 
433 River Road 
Highland Park, NJ 08904 
Telephone: 201-249-2900 
Fax: 201-249-2123 
Telex: 4997279 ARIEL 

DSP BBS: 201-249-2124 
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----..._ .. -gazelle 
(408) 982-0900 
Call for an information kit. 
Or send your name and 
address to Gazelle, Dept. C, 
2300 Owe n St. , Santa Clara, 
CA95054 

GAZEUE'S NEW HIGH-PERFORMANCE LOGIC DEVICES 

Breakneck Performance at Breakthrough Prices 
There's a race going on. The goal is a 20 MIPS system. The 
qualifying requirement is a 30 ns cycle time. 

So far, the front-runners have one clear advantage in 
common: Gazelle's GA22VP10. 

There's a good reason. 
You can't support a 30 ns cycle time any other way. 
No other user-

configurable support 
logic can compete with a 
setup time (t,) of 3 ns and 
a clock to out time Ctco) of 
6 ns. 

No other can run at 
llOMHz. 

Part No. 

GA22VP10-7 
GA22VP10-10 

GA22V10-7 
GA22V10-10 

IPO 

7.Sns 
10.0ns 

7.Sns 
10.0ns 

Performance 

'· lco 
3.0ns 6.0ns 
3.6ns 7.Sns 

3.0ns 6.0ns 
3.6ns 7.Sns 

And no other can accelerate a SPARC™ chip like the 
GA22VP10. It's simply the flat-out fastest in the industry. 
And the fastest track to market. 

As a superset of our industry standard GA22V10, the 
GA22VP10 offers additional 110 flexibility and an even 
lower cost. Along with all of the other advantages of 

l11u 

110MHz 
90MHz 

110MHz 
90MHz 

our TTL-compatible Ga.As chips: speed, affordability, 
availability and 100% pin and function silicon compatibility. 

The Gazelle GA22VP10. It's not just the fastest way 
through a 20 MIPS system design. It's the only way. 

Volume 
Price 

'88 

$35 
$29 

$37 
$31 

SPARC is a trademark of Sun Microsystems, Inc. Gazelle is a trademark of Gazelle Microcircuils, Inc.© 1988 Gazelle Microcircuits, Inc. All rights reserved. 
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Fujitsu's new RISC • · 
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Breakout! 

Get your computer to market before your 
competitors. 
When you need to be first, nothing helps more than 
getting a head start. And nothing will get you started 
faster than these new SPAR~ devices from Fujitsu. 

Not just a speedy microprocessor-but a complete 
high performance RISC chip-set. One that accelerates 
the development cycle of powerful minis, PCs and 
workstations. And eliminates 
many components plus the 
time it takes to integrate 
them. Yet, offers a high 
degree of design flexibility. 

wide range of hardware and software development tools. 

A proven architecture from a proven supplier. 
SPARC is multi-sourced and proven over time. We first 
implemented it for the Sun 41200 workstation over 
two years ago and have been producing it in volume 
ever since. Using the same Fujitsu manufacturing 
know-how that has made us a world leader in gate 
array and memory production. 

The S-25 chip-set is a third­
generation product 
designed at our Advanced 
Products Division in Silicon 
Valley. Where our 
engineering teams continue 

Mll86901 (IU) MB86911 (FPC) MB86920 (MMU) 
A complete chip-set to 
speed up your product 
de I • 25MHz ve opment. • 40nslcyc1e 

• Single & double precision • 64-entry TLB 

to advance the 
state-of-the-RISC-art-supported 
by the resources of a multi­
billion dollar worldwide 
organization. 

Fujitsu's new S-25™ chip-set • 15M1PS 

includes a 25 MHz, 32-bit 

floafing point arith. • Fully associative 
• ANSI/ IEEE 754-1985 std. • 64-Gbyte physical 
• 64-bit int. data paths address 

Integer Unit (IU) for high-
speed processing. A Memory Management Unit 
(MMU) ideal for the UNIX® environment and tailored 
for SPARC processors. And a Floating Point Controller 
(FPC) that allows interface to the IU and supports 
IEEE single and double precision arithmetic. 

Break outs-without breakdowns! 

In addition, these devices are fully supported by a 

Enjoy the competitive advantage of getting to market 
first! Rely on an architecture and supplier who can 
get you there. On time. On spec. On budget. 

When you want to be first, we're the first ones to call. 
(800) 523-0034 

FUJITSU 

FUJITSU MICROELECTRONICS. INC. 

Advanced Products Division 

50 Rio Robles, Bldg. 3, San Jose, CA 95134-1804 
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SPARC is a trademark of Son Microsystems, Inc. 
S.25 ~a trademark of Fujitsu Microelectronics, Inc. 
UNIX is a rtgisrered 1rademark of AT&T. 
@ Copyriglu 1988 Fuji!Su Microckcuonics, Inc. 



Rom the experience leader in emulation, the widest selection of 
microprocessor development support, hosted on IBM~ PC-XT/AT, 
PS/2™, Macintosh IrM, VAX™, and Sun Workstation~. 

+ C-Thru™ integrated C source-level debugging, including setting 
breakpoints and stepping by source line, tracking variables in 

native format, stack-frame trace-back. 

+ Show-Ty me™ performance analysis by software activity 
distribution and interaction frequencies, with detailed timing 

histograms and advanced breakpointing. 

EZ-PRO Supports •.. 
1802 , 1805, 1806AC, 6303R , 6301Vl, 63701VO , 6301XO, 6303YO , 6303X , 6303Y, 
6309 , 6309E, 64180RO, 64180Rl, (10 MHz) , 647180, 6502, 6503, 6504, 6505, 6506, 
6507, 6512, 6513, 6514, 6515, 6800, 6802, 6808, 6801, 6803, 68HC05C4, 
68HC05C8, 68HC05D2, 68HC05E2, 68HC05E3 , 6809, 6809E, 68HC11A2, 68HC11A8, 
68000, 68008, 68010 , 8031, 805 1, 8032, 8052 , 8344 , 80C515, 8035 , 8039, 
8040, 8048, 8049, 8050, 8085 , 8086 , 80C86 , 8088 , 80C88 , 8096, 8097 , 80Cl96, 
80186 , 80Cl 86, 80188, 80Cl88, 80286, 8X300 , 8X305, NSC800 , Z80 H, 2180 

.. . andmore 

A american automation 
2651 Dow Avenue • Tustin, CA• 92680 •Tel: (714) 731-1661 •FAX: (714) 731-6344 

IBM is a registered trademark of International Business Machines, VAX and MicroVAX are registered trademarks of 
Digital Equipment Corporation, ~cintosh is a registered trademark of Apple Computer, Inc. , Sun Workstation is a 
registered trademark of Sun Microsystems, Inc. 
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CALENDAR 
Real-time System Design: A 
Hands-on Workshop (short 
course), Washington, DC. John 
Valenti, Integrated Computer Sys­
tems, Box 3614, Culver City, CA 
90231. (800) 421-8166; in CA, (231) 
417-8888. January 10 to 13. 

SC Global 89, San Francisco, CA. 
Superconductor Applications Asso­
ciation, 24781 Camino Villa Ave, El 
Toro, CA 92630. (714) 586-8727. 
January 11 to 13. 

OE LASE '89, Los Angeles, CA. 
Society of Photo-Optical Instrumen­
tation Engineering (SPIE), Box 10, 
Bellingham, WA 98227, (206) 676-
3290; in Europe: SPIE, Koblenzer 
Strasse 34, D-5300 Bonn 2, West 
Germany, 49-228-36-15-46, TWX 
172-283-747. January 15 to 20. 

Fifth Annual Computer Graphics 
New York Show, New York, NY. 
Exhibition Marketing & Manage­
ment Co, 8300 Greensboro Dr, 
Suite 110, McLean, VA 22102. (703) 
893-4545. January 17 to 19. 

The 1989 Optical Disk Systems 
Conference: From the Mail Room 
to the Board Room, Phoenix, AZ. 
CAP International Inc, 1 Longwa­
ter Circle, Norwell, MA 02061. 
(617) 982-9500. January 23 to 25. 

ATE & Instrumentation Confer­
ence West, Anaheim, CA. MG Ex­
positions Group, 1050 Common­
wealth Ave, Boston, MA 02215. 
(800) 223-7126; in MA, (617) 232-
3976. January 23 to 26. 

Winter 1989 Unix Technical Con­
ference, San Diego, CA. Usenix 
Conference Office, Box 385, Sunset 
Beach, CA 90742. (213) 592-1381. 
January 30 to February 3. 

Electromagnetic Interference­
Characteristics and Control (semi­
nar), Center for Continuing Engi­
neering Education, University of 
Wisconsin-Milwaukee, 929 N Sixth 
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' MICRO-CAP 111: r 
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 quickAC, 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 

-~ • ,,.,,,.. . ... , •• v ..... .. •• ~ 
::. ,,, .......... ~~ ........ p...,_. "' ... 

Monte Carlo analysis 

CIRCLE NO 139 

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. 

...--- _,,.. ____ ----- -- -- - - - -- - --- ---- ----- --==="5~ "'=~= '== ~= = = 
1021 S. Wolfe Road, 
Sunnyvale, CA 94086 
( 408) 738-4387 

MICRO-CAP /// is a registered tmdemark of Spectrum Software. 
Hercules is a registered trademark of Hermles Computer Tech11okigy. 
!Bill is a registered tradmnark of International Business Machines, Inc. 
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%Computer 

Which means you get exactly 
what you specify when you 

order PITTMAN® DC servo 
motors and gearmotors. Ferrite 

field and samarium-cobalt 
field designs are available in a 
variety of sizes with the relia­

bility and durability necessary 
for superior motion control 

performance. 
Optional, integrally mounted 

© Pittman 1985 

optical encoders facilitate use 
with the latest digital control 
systems. For complete intor -
mation on how PITMO® brush­
commutated motors can 
enhance your design, ca\\ us 
at (215) 256-6601. 

PITIMAN 
HARLEYSVILLE, PA 19438-0003 USA 
A DIVISION OF PENN ENGINEERING & MANUFACTURING CORP 

CIRCLE NO 28 

Selco 's snap-action industrial thermo- models are exact replacements for orig-
stats are fast, positive, reliable , and very inal equipment. 
cost effective. D. In applications requiring interna-

A. Our standard, miniature, industrial t ional certification, Selca has a special 
series includes more than 30 models series that is not only UL and CSA 
available from stock, with set points from approved, but also listed and approved in 
60°F to 325°F. Various terminal and England, Denmark, Finland , Holland , 
bracket configurations, too. Special low Norway, Sweden, Austria , Switzerland, 
prices in OEM quantities . West Germany, France and Australia. 

B. Miniature industrial models are Contacts rated at 15 amps-120 VAC, 
also available with a manual reset feature . and 8.3 amps-240 VAC . 

C. For your HVAC needs, Selca offers Contact us today for an informative, 

23-C 

heavy-duty models rated at 8-page catalog and a FREE 
25 amps for 120. 240, or ~ sample thermostat. Specify 
277 VAC applications. 0 Q style and set point. It 'll make 
A number of thermostat your application a snap-p-p-p. 

PRODUCTS CO . 
7580 Stage Road, Buena Park. California 90621 . 

Phones (213] 921 -0681, (714] 521-8673 , (800] 25-SELCO. Telex 655457. 
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CALENDAR 
St, Milwaukee, WI 53203. (414) 227-
3120. January 31 to February 2. 

Power Electronic Conference '89, 
Santa Clara, CA. Conference Man­
agement Corp, 200 Connecticut 
Ave, Norwalk, CT 06854. (203) 852-
0500. February 7 to 9. 

Software Development '89, San 
Francisco , CA. Miller Freeman 
Publications, 500 Howard St, San 
Francisco , CA 94105. (415) 995-
2471. February 14 to 17. 

Power Supply Design Seminar, 
Tampa, Orlando, and Fort Lauder­
dale, FL; Huntsville , AL. Unitrode 
Corp, 580 Pleasant St, Watertown, 
MA 02172. (617) 926-0404. Febru­
ary 21 to 24. 

Compcon Spring 89 (34th IEEE 
Computer Society International 
Conference), San Francisco, CA. 
Kenichi Miura, Fujitsu America, 
3055 Orchard Dr, San Jose, CA 
95134. (408) 432-1300. February 27 
to March 3. 

Systems Engineering for Inte­
grated Hardware/Software Appli­
cations (short course), Los Angeles, 
CA. John Valenti, Integrated Com­
puter Systems, Box 3614, Culver 
City, CA 90231. (800) 421-8166; in 
CA, (231) 417-8888. March 7 to 10. 

The Executive Forum on Super­
computing, San Jose, CA. Pat Wes­
tly, Westly Enterprises, 3697 S 
Court, Palo Alto, CA 94306. (415) 
494-7115. March 9 to 10. 

APEC '89 (IEEE Applied Power 
Electronics Conference and Expo­
sition), Baltimore, MD. Trey 
Burns, Data General Corp, 4400 
Computer Dr, E213, Westboro, MA 
01580. (508) 870-9182. March 13 
to 17. 
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IT'S IN THE CARDS 

Cutn!bts to 4IJf4, voltaps to.30nY' 
Currents to 5.A, voltagatto 1000\7 
Frequencies to SOOMHz 
Thermocouple cards with < 1µ, V 
offset.and built-in reference 

Special Applications Hall effect, nanovolt switching, 
Kelvin switching, universal 
adapter 

Each of these switching capabilities is referenced in our new Switching 
Handbook 

SYSTEM INTEGRATION 
Keithley switches let you customize applications by mixing cards in two 
or 10-slot mainframes· For larger systems, you can connect up to five 
mainframes and program them at one IEEE-488 address 
Keithley switching further simplifies system integration with digital 1/0, 
triggers in/ out, relay setup memory, inspect mode for determining relay 
configuration, and more 

SYSTEM PERFORMANCE 
Our products are designed for compatibility, and you'll find the proof in 
easier system integration and smoother performance And in addition to 
switching, we also supply the full range of programmable measure­
ment and source instrumentation 
for many test requirements Plus, 
our Application Engineering De­
partment is always available to 
help you select the right instru­
ments and configure them for peak 
system performance 
Keithley Instruments Inc., 28775 
Aurora Road, Cleveland, Ohio, 
44139• (216)248-0400· 
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Anything this system can think of, 
Now there's a family of test systems that will change the way you think 
about Analog VLSI testing. 
The system on the left thinks up new device 
designs so fast that most test systems can't 
keep up with it. Except the one on the right. 

44 

Teradyne's revolutionary ASOO. The only 
system that's ready to test the most complex 
"system silicon" devices as fast as you can 
dream them up. In fact, the ASOO is already 
helping many leading companies cut critical 
product development time and bring their 
advanced products to market faster, and with 
a lower overall cost to test. 
Now, you can test anything from 

· standard linear to mixed-signal AVLSI. 
Teradyne has taken its revolutionary ASOO 
architecture and created two new, compati­
ble systems. The A510, a workstation-based 
standard linear tester, with the lowest cost 
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his system can test. 
to test per test head, and the A520, which 
packs all the performance of an A500 into 
a smaller footprint at a lower capital cost. 
Tera dyne's new A500 family not only gives 
you the capability to test the range of today's 
devices, it's ready to help you test tomor­
row's devices, as well. 
The A500 family shares an architecture 
based on today's ''open systems'' standards­
dual Sun computers, a UNIX operating system, 
powerful C-based IMAGET" software and 
Ethernet TCP /IP networking. In addition, 
each system provides full tester simulation 
on stand-alone workstations, with graphic 
debug and analyzer tools as powerful as any 
CAD I CAE tools. 

Spend your time testing designs 
instead of designing tests. 
If you want to help your company bring next­
generation products to market faster, pre­
vent premature product rollouts and cut test 
engineering costs drastically, use the system 
on the left. Which can only lead you to the 
system on the right. 
For more thoughtful details, call Beth Sulak at 
(617) 482-2700, ext. 2746. Or call your nearest 
Teradyne sales office or write: Teradyne, Inc., 
321 Harrison 

~~~~~~: "t:liW ·1~ ~a 
Massachusetts ~ 
02118. l# measure quality. 
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AUIAMA, Marshall Eleclrorncs Group, 1205) 681-9235. M1lgray EleclronlCS . Inc., (404) 393 9666 Replron Elect1oncs . (4iM) 446 - 1300. ARKANSAS, MaisNH Electron+cs Groop (214) 233 5200 Mlfgray EleclrnntCS. Inc . {214) 248 1603. Sler1mg Eleclronics·~las . (214) 243 - 1600. ARlZONA, Ma!ShaN 
Elect1orucsGtoup (602) 496 0290. Sterl1119Electromcs·Phoemx. (602) 268 - 2121, CAUFORNIA, Image ElectrOl'Ncs, (714) 259 - 0900, (818) 407 - 8850. MarsNHEleclromcsG1oop. !818) 407 0101 . (714) 458 -5395. (408) 942 4600. (916) 635 9700.1619) 578 - 9600. MentElectron1CS. Inc .. (408) 43' - 0800 
Weslern MICIOfeclM'lolooY. (619) 4!13 8430. (714) 637 - 0200. (408) 725 - 1660. (818) 707 - 03n. COLORADO. Marshlll Electrorucs Group. (303) 451 8383. Sterling Eleclromcs·Oen\'er (303) 792 - 3939 CONNECTICUT, Cron111 EleclfOnics. Inc ., (203) 265 3134, Mars!WI Electroncs Group, (203) 265 3822 
Stef1111g Elec!IOlllCS-Wll~nglo!d , (203) 265 9535; DELAWARE, General Compooen1s. Inc . (609) 768 - 6767. Marshall ElectrolllCS Group, (301) 840 - 9450. M1lgray'Delaware Valley. Inc , (609) 983 5(110. (800) 257 - 7808. (800) 257 7111 . Slerllng Electronics·Ster11ng. (703) 450 - 2373. DISTRICT OF CDWMllA. 
MarsllallEleclromcsGroup. (301) 840 9450. M1lgray/Wiish1119ton, lnc .• (3011621 - 8169, (800) 638 6656, S1erl1noE!ectronics-Ster1109, (703) 450 2373. FLDRtOA. MarshaHE1ectromcsG1oup, (305) 767- 8585.(813) 576 1399. (305) 977 - 4880, ReplronElet\rorncs. (813) 855 4656,(305) 735 1112.GEORGIA, 
Marshall Electronics Group. (404) 923 - 5750. M1lg1ay Elect1omcs, Inc .• (404) 393 9666, Reptron . (404) 446 - 1300. IDAHO, Marshall Eleclromcs Group, (801) 485 - 1551, Western M1crotedinoloOY. (503) 629 2082. M1lgray Elect1omcs. Inc . (801) 272 - 4999. ILLIHCHS, Goold Eleclrorncs, (312) 593 - 3220. Marshall 
Eleclrontcs Group, 1312) 490 0155, (314) 291 - 8554 , Milgray Electrontes. Inc., (913) 236 - 8800. (312) 350 - 0490: INDIANA, GOOid Electronics. (312) 593 3220, MarshaU Electromcs G1oup. (317) 297 0483. M1lgray1Ch1Cago. Inc . (3121 350 - 0490, IOWA, Marshall Eleclromcs G1oup. (612) 559 221 1. Milgray 
EtectrOlllcs. Inc. (913) 236 8800. KANSAS. Marsha" Elettronics Group. (913) 492 - 3121. M1lgray Elect1on1CS, Inc . (913) 236 - 8800. Sterling Electron1CS·Kansas, 1913) 236 5589. KENlUCltY, Marshall Eleclromcs Group. ~513) 898 - 4480. Milgra~ Cleveland. Inc .. (216) 447 1520. (1':>0) 321 0006. LOOISIMA, 
Ma1st1a11 EIKoomcs GIOUP. (2141 233-5200 M11grayEteclronics. Inc .. (214) 248 1603. Sterling Eleclronics-Dallas. (214) 243-1600. MAINE , C1onm Electron1cs. Inc. (617) 449 5000. Marshall Elect1onics Group, (617) 658 - 0810. Steiling Elet1ro111ts·Boston, (6171 938 - 6200. Western M1c1olechnoloov. 
{617) 273 2800 MARYLAHD. MarshaN Elearon1csGroup. (301) 840 9450. M1lgrayrwast11ngton. Inc , (301) 621 - 8169 . (800) 638 6656. S!erlmg Eleclromcs·Slerllflll. (703) 450 - 2373, MASSACHUSETTS, Crornn Eleclronics, loc .. (6171 449 - 5000, Ma1shal!ElectronicsGroup, (508) 658 - 0810, Stertmg Elact1on1CS· 
Boston. (617) 938 6200. \Ne'slern M1crotechoology. (617) 273~2800 . MICHIGAN, Marshall Elect1omcs Group, (313) 525-5859; MINNESOTA, Marshall Ele<:tromcs Group. (612) 559 2211. Replron Electromcs. (612) 938 - 0000. Slarlmg E!ect1onics. (612) 831 2666; MISSISSIPf't , Marshal! Electronics Group. 
(205) 881 9235 M11QrayElectron1CS. Inc . (404) 393 - 9666: MISSOURI, Marshall Elect1omcs Group, (913) 492 3121. (314) 291 8554. M1lgrayEleclronics. Inc . (913) 236 8800. Sterlmg E1ect1on1ciH(ansas. (913) 236 - 5589. NEBRASKA, Marshall Electromcs Group, (913) 492 - 3121 . Milgray Eletlfon1cs. Inc , 
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u ••• Sounds terrific. But are 1bshiba's JGB'JS reliable?" 
''Proven reliable. So they last where it counts. 
In the field:' 

'Just one hitch . . . ~ need them today:' 
''No problem. 1bshiba's got 'em. Jni quantity:' 

If looking for a reliable IGBT Module has been draining your power 
supply, look to Toshiba. You'll get the industry's most complete line of 
IGBTh, which combine the high speed switching of MOSFETs with the 
high conductivity of Bipolar Darlingtons. 

But that's not all. Toshiba has been manufacturing these IGBTs for 
two years. That's longer than anyone else. So they're also the industry's 
most proven module. 

RELIABILITY. IT'S AUTOMATIC AT TOSHIBA. 

What makes Toshiba IGBT Modules the most consistently reliable? 
The answer lies in Toshiba's unique, fully-automated manufacturing 
method. It actually uses an exclusive wire bonding process that allows for 
superior thermal cycling capabilities. As a result, Toshiba IGBTs can be 
used in power supplies for all types of power drive applications, from NC 
machinery to conveyors to compressors. Or for any application requiring 
high power and high frequency above lOKHz. 

This same reliability can be found in Toshiba's complete line of 
MOSFET and Bipolar Darlington Modules. 

TOSHIBA'S OTHER FINE FEATURES. 

In addition to reliability, Toshiba also offers a wide variety of attractive 
features. Including electrodes that are fully isolated from the heat sink 
(2500 VAC), a voltage control characteristic with low saturation voltage, 
and a wide variety of current and voltage ratings - up to 400A or 1200V. 

To wrap things up, Toshiba IGBT Modules come conveniently 
packaged in both the wide T0-240 package and a non-isolated T0-3P 
package within a broad range of ratings. 

So if you've been feeling powerless in your search for a reliable IGBT 
Module, look to Toshiba. And feel the power of proven reliability. For 
complete information call 1-800-888-0848 ext. 517 today. 

TOSHIBA 
TOSHIBA AMERICA, INC. 

ELECTRONIC COMPONENTS BUSINESS SECTOR 

Service is our key component. 
©1989 Tushiba America. Inc. SPD-88--012 

(913) 236 - 8800. SterltAQ ElectfOlllCS·Kansas. (913) 236 - 5589, NEVADA, Mar~l ElecirOlllCSGfovp. (916) 635 - 9700. (602) 496 0290. Slef~l'l!I Eleclronics. !602) 268 - 2121, Western MICl'Olecimology, (408) 725 1660. NEW HAMPSHIRE , Cronin Elettro111cs. Inc ' (617) 449 - 5000. Marsl\all Electronics Group. 
(617) 658 0810. Slerl1ngE1ectromcs-Boston. (617) 938-6200. Wes!ern MJCrorec:hnolOgy (617) 273 2800. NEW JERSEY, GeneralCompontn!S. lnc . {609) 768 6767. MarSl'laHElectron!CSGroup. (201) 882 0320. {609) 234 - 9100. M1lgrayEleclron1CS. Inc !516) 420-9800. (609) 983 - 5010 . {800) 257 7808 
(800) 257 - 71 11 . Sterling Elec1romcs-So Pla1nf1eld. (201) 769 - 7000: NEW MEXICO. Ma1shall Elec!romcs Group. (602) 496 - 0290. Sterling Electromcs-AlbuquerQue. (505) 884 1900. NEW YORK, Marshall Electronics Group. (516) 273 2424. (607) 796 1611, (716) 235 7620. M1lgray Elec1romcs. Im:: .. 
(516) 420 - 9800. (716) 235 - 0830. Rome EleC!IGnlGS. (315) 337 - 5400: NORTH/SOUTH CAROLINA, Marshall Elect1omcs GfOUP. (919) 878 - 9882. M1lgrayE1tc1ron1cs. Inc . (404) 393 - 9666. Resco Raleigh. (919) 781 5700, (704) 5811 1530. NORTttlSOUnt DAKOTA. Marshall Electronics Group. (612) 559- 2211 . 
Reptron Electronics. (612) 938-0000. OHIO. MarYiall Elecliomcs Group. (513) 898 - 4480. (216) 248 1788. (614) 891 - 7580. M1l9ray1C1eWland. Inc (216) 447 1520. (800) 321 0006. Replron Electromcs. {614) 436 6675. {216) 349 - 1415. OKLAHOMA, Marshall EleciromcsGroup. (214) 233 5200 M1lg1ay 

E1ectr0111CS~~'"';;;,·; 'w"',>~":,';.;:';~'°'!·~"~,f~'"";;i:"~""~''~-";"'•r~;1918;f;l 66310~~"',';:.· ",,;."'~·~·~· ·~"!"~""~11:~e1ec11 ~""~'"l'J",,""'i~:O''°,'~l "'::,-~S050;;,~~·.' wi :e1s:te~'"i:": :·~"';"":-~~i':· ';so:3:l~ 629 2082. PENNSLYVAMlA. Genera1Components. tll(: . f609J 768 6767 Mars11a11e1ec1ronicsGroup. (609) 234 - 9100. t412J 963 0.41 M11gray CleYNnd. 
(617)273 
Elect1on1ts, (713) 623 - 6600. (512) 836 1341 . (21 41 243-1600: UTAH , Marshal! ElectrontCS GrOtJll. {801) 485-1551 . Stel1111(1 Elect1on1CS-Dfitvtr. (3031 792 3939 Marshall leclr01MCsG1oup. 16171 658 0810 S1e1lmg 
EleclfOnics-Boston. (617) 938 6200. Western M1crotechnology. (617) 273- 2800. VIRGINIA, Marshall ElectronK:s Group. (301) 840 -9450. M1lgray wash1ng1on Inc - 6656. Resoo Aaleign. (919) 781 !•700. Sterlmg Electronics, (7031 742 8400. {8041 226 2190. WASHINGTON. 
Marshall Elettronics Group, (206) 486 - 5747 , western M1c101ecnnology. (206) 881 6737. WISCONSIN, Goold Electiomcs. (312) 593 - 3220, Marshall Eleclromcs Group, (414) 797 - 8400. M1lgray1Ch1cago. Inc . (312) 350 0490. Reptron Elect10mcs. (612) 938 0000. CANADA, Marshall Eleclromcs G1oup. 
(416) 674 - 2161. ITTMulbcompooents, (604) 291 - 8866. (403i 451 - 4001. (403i 253 - 8575. (306) 933 - 2888. (204) 786 - 8401 (416) 736 1144. (613) 226 7.wfi. (514) 335 - 7697. (506) 857 - 8011. Space Electrorncs Sales Corp . (514) 697 8676. (416) 636-8814, (613) 596 - 5340. (6041294 - 1166 
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Any color. Angled or strai,ght. "Cl'ick ''-it's connected. 
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The smallest package. 
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Pl~ new sales 
appeal into your system 

with DuPont 
Latch-N-Lok™ Shielded 

Assemblies. 
- - ~ -

Improve your syst.em's sales appeal with Du Pont 
Latch-N-Lok modular int.erconnections. - - -· -

Choose from the industry's widest variety 
of compact plugs and receptacles. Straight, 

·-· -
right-angle or combination designs. Latch 
on top, bottom or side. Panels, chassis or board 

~· --
mount.ed receptacles. And cords-coiled or 
straight-in any length, with ~y number of 
conductors, and foil, serve or braid shielding. 
What's more, Latch-N-Lok can use a variety o! .. 
wire gauges (22 to 30 AWG) within an assembly. 

All of these combinations can be customized 
and color-coordinat.ed to your syst.em. Yet 
Latch-N-Lok costs no more than standard 

~ 

assemblies. 
And Latch-N-Lok is the only quick dis-

- - - -
connect pin-and-socket syst.em. With a contact 
design proven over millions of applications. 

-· - - -
For a free sample or our free brochure call 

1-800-237-4357. 
Or writ.e, DuPont Electronics, Room G-51155, 
Wtlmington, DE 19898. 

DuPont Electronics 
Share the power of our resourres. 

<®!ORT> 
~USNT an,o O'' 
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We've Invented the Future of 
Instrumentation Software ... Twice. 

50 

With Words With Pictures 
Acquisition 

Integrated libraries for GPIB, RS-232, A/D-D/A-DIO plug-in cards, 
and modular instruments. 

Intuitive character-based function panels 
that automatically generate source code. 

Front panel user interface with virtual 
instrument block diagram programming. 

Analysis 
Extensive libraries for data reduction, digital signal processing, and 

statistical analysis. 

r.miiiiii~~~~ ~~~=lllil 

Over 100 analysis functions plus all the 
built-in functions of your language. 

Over 250 icons for computation and 
analysis. 

Presentation 
Flexible high-performance graphics and report generation. 

Extensive graphics support for CGA, EGA, 
MCGA, VGA, and Hercules. 

Macintosh Desktop Publishing compatibility. 

The Software is tbe Instrument 

LabWindowsTlf- y. NATIONAL LabVIEW®-

for the DOS-based PC and PS/2, 
with Microsoft QuickBASIC or C. 

CIRCLE NO 144 
, ~~~~~~m 

800/531-4742 512/250-9119 

for the Apple Macintosh 

CIRCLE NO 145 
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EDITORIAL 

Honesty pays 
Recently, I received a letter from Bill Windsor, a strategic market­
ing manager at Analog Devices Inc in Norwood, MA. Bill's letter 
told me that ADI has discontinued the development of its ADSP-
3264, a floating-point math chip that was announced about six 
months ago. Many companies stop product-development projects, 

1~~§ but most don't go out of their way to announce it-least of all to 
Ii members of the press. Usually we discover such announced, but 

undeveloped products when we see an "Advance Information" data 
sheet and call a manufacturer for more information. 

Jesse H Neal 
Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 
American Society of 
Business Press Editors A ward 
1988, 1983, 1981 

EDN January 5, 1989 

Bill and the people at Analog Devices get the editors' cheers for 
being forthright and honest about a product's demise. In the long 
run, such honesty will win friends and customers for ADI. 

Unfortunately, not everyone has such high standards. In fact, 
many companies want to publish product-application articles that 
would appear simultaneously with a product's introduction. It's 
hard to believe that engineers and marketers can develop real 
applications for products before they exist, but they frequently 
do. It's easy to draw a flow diagram of a program or a schematic 
diagram of an imagined circuit and then pass it off as an application. 
When manufacturers are confronted with the absence of any real 
chips or devices, we hear excuses such as, "Well, it worked for the 
earlier version oflhe chip," and, "But we simulated it." 

Applications based on simulations can be misleading because 
simulations can miss problems and bugs. For example, the N ovem­
ber issue of Micr01ffOCessor Report describes the simulation of 
Intel's 80960 microcontroller chip. Although three programs ran 
millions of simulations on the 80960 design, none of them caught 
one remaining bug. It turned out that all three simulator writers 
made the same mistake. The danger of running application articles 
based on simulations alone should be obvious. 

Suppose, though, that a company publishes a promotional appli­
cation article far in advance of a product's existence. Several 
months after the article appears, the company is acquired by man­
agement that decides to end many developments. Now, readers 
have an application article that describes how to use a product 
that never existed-although the readers may think that the prod­
uct's introduction is pending. Whether or not the product ever 
exists, the promotional-application approach misleads people, and 
in my opinion it's dishonest, too. 

Someone once said that honesty is the best policy. It should be 
the only policy. k 

(J'- '·-;,~::::: 
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Introducing the MAX fumily. 
No\V you can pack the functions of 

50 TTL devices on a single EPLil 

The key to MAX is density and speed combined. 
But first, let's do a little cramming on density 
Because of its streamlined Logic Array Blocks, Programmable 

Interconnect Array and advanced CMOS process, MAX delivers 
three times the density of the largest conventional EPLDs. 
With clock speeds up to 50 MHz. 

For instance, the MAX EPM5128 can take the place of 50 
or more TIL devices. Or 20 plus PALS. 

In fact, you can put the entire TIL Data Book on a few 
MAX EPLDs. Because MAX can accommodate exact 
functional equivalents of all popular 7400 type MSI 
and SSI standard-logic parts. 

Which means you can still 
design by The Book, while 
enjoying all the benefits of 
user-configurable logic. 

For exam pie, you can place a 7 4161 counter in the EPM5128. And take up only three percent 
of the available space. 

Or add a 74151, 8-to-1 multiplexer to the same MAX device and consume less than one 
percent of space. 

So now the functions that used to take up an entire board can fit 
easily into one extremely dense MAX part. 

And with our MAX+PLUS™development tools you'll get your most 
difficult designs to market in record time. Logic synthesis makes it 

If you 're used to designing 
with TTL, you don't have to change your 
way of thinking MAX accommodates exact functional 
equivalents of all popular TTL part numbers. 

PAL is a registered trademark of Monolithic Memories. Inc. 
MAX +PLUS 1s a trademark of Altera Corp 

© 1988. Altera Corporation. 
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the most powerful, easy to use EPLD software ever developed. 
Thats why the MAX family is destined to become 
the new standard for logic design. 

For more information call Altera today: 
1-800-545-3377 

And discover how to pack more performance 
into your next system design. 

CIRCLE NO 146 

3525 Monroe Street, PO. Box 58163 
Santa Clara, CA 95052-8163 (408) 984-2800 

53 



WI SPiil 
! 



- ---~ 



WITOOI 





IOWWll 



We predict the big money will be every dot). even though its produced on a 

in hardware. simple desk top printer. 

But only if its of a kind suited to the So what will these materials mean to 

most advanced electronic media. you. the hardware manufacturer. software 

Thats where ICI Imagedata is currently developer or system integrator? 

leading the way, with two very important A great deal. 

developments. Potential markets for both are 

The first is Digital Paper, the data storage enormous ... everything from data networking 

equivalent of traditional paper. Its low cost, and logging, on- and off-line storage and 

indelible and permanent. Yet, unlike paper. recording to publishing, computer graphics 

Digital Paper offers the areal capacity and and business presentations. 

recording advantages of optical disks. ICI lmagedata is already inspiring 

One 12" reel made from this unique new designs of disk drives, tape drives and 

material holds up to two Terabytes of data thermal printers. 

(thats 2,000,000,000 Kbytes). on-line if you like. In fact, ICI spends $2.5 million per day 

OU JAii A SIRIOUS llll Al IHI fllURI If lllCIRDllCS? 
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Whats more, its flexible. We can cut 

Digital Paper into disks of any size (one 51/4'' 

disk provides 1.5 GB of data, fast). Chop it into 

tag form. Or use it as a tape for mass storage. 

Our second development is no less 

impressive. 

It involves a colored ribbon for use in a 

thermal printer, plus a new receiver paper 

which won't tear, scratch, curl or run. 

The process is called dye diffusion 

thermal transfer (D2T2 for short). It produces 

brilliant color images from an electronic 

source (video camera. computer, fax etc.). The 

final picture looks as good as a photographic 

print (with a choice of millions of colors for 
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on research and development. 

But your contribution in electronics 

will further improve the performance 

standards we've set. Thats why we'd like to 

discuss the future with progressive hardware 

and systems developers. 

For a detailed brief on the technology 

and media of the future, call Rick Lamb (D2T2) 

or David Owen (Digital Paper) toll-free at 

1-800-456-3669. 

Or write to us at ICI lmagedata, 
I 

Concord Pike. Wilmington, DE 19897 and 

we'll send in-depth information. 

You'll learn in an hour what's taken us 

considerably longer to develop. 

(?J 1mageda~~ 



Making a Flexible and Reliable 
Device Progratntner is Sotnething Else. 

GANGPRO-S ,., ... an industrial 
grade GANG/SET programmer for high­
volume production. 

32-32 pin or 16-40 pin EE/ EPROM 
capacity. 
Reliable quad redundant design minimizes 
downtime. 
Virtual algorithm code and space memory 
architecture assure upgradeability. 
Extensive error checking operations. 
Minimal operator skill required. 

CUPL TM .. . the first high level, universal 
language for PLDs. 
c Schematic entry, state machine or boolean 

equation design formats. 
c Comprehensive data base support library. 
Cl Compatible with MS-DOS, UNIX and VMS. 

24 hour/7day dial up bulletin board for 
update information. 
Worldwide field support. 

LOGICAL 
DEVICES, INC. 

ALLPRO™ ... the universal device 
programming workstation that grows with 
your needs. 
c Programs over 1800 device types ( PLDs, 

PROMS, Micros). 
Continous device support program by 
floppies. 

a No adapters or plug-in electronics. 
c Totally pin/ software driven. 
IJ Certified by major PLO manufacturers. 
c High performance, menu-driven or macro­

driven user interfuce software. 

1201 NW 65th Place. Fort Lauderdale, Florida 33309. (305) 974-0967. Toll Free 800-EEl-PROM. Telex 383142 
60 CIRCLE NO 150 Cl 1988 Logical Dt:\'ices, Jnc. 



TECHNOLOGY UPDATE 

The VXI Bus 
specifications are 

shaping up, but 
they're still soft in 

the software de­
partment. 

JD Mosley, 
Regional Editor 

EDN January 5, 1989 

VXI BUS SPECIFICATIONS 

Manufacturers tackle 
cloudy software issues 

T
o be sure, the new VXI Bus 
specifications provide the 
instrumentation industry 
with the hardware compati­
bility that eluded its precur­

sor, the VME Bus. But the proposed 
guidelines intentionally ignore issues 
concerning the VXI's sophisticated soft­
ware options, particularly the shared­
memory protocol for communications be­
tween instruments. In trying to main­
tain a balance between the engineers' 
need for standardization and the manu­
facturers' need to distinguish their own 
products, the members of the consor­
tium have created a situation where 
some crucial software standards may be 
established in the marketplace rather 
than the committee room. 

Still under development and revision, 
VXI-which stands for VME Bus Ex­
tensions for Instrumentation-is an ex­
pansion of the VME Bus and is 

One reason for this disregard is that 
the authors of the VXI Bus specifica­
tions come from a group of competing 
instrumentation companies (see box, 
"For more information ... ", pg 68 ). 
Although the consortium belongs to the 
IEEE P1155 committee for modular 
instrumentation and will eventually sub­
mit the guidelines to the IEEE for ap­
proval, the group is still an informal 
collection of competitors, and each com­
pany's intentions are far from altruistic. 

Compatibility is crucial 
These manufacturers are aware that 

some level of compatibility among in­
strumentation devices is necessary to 
encourage a broad acceptance of the new 
specifications. Indeed, the lack of such 
compatibility in the VME Bus domain 
forced these companies to band together 
and extend the standard in the first 
place. But a number of system-level 

specifically designed to 
boost instrumentation 
performance and make 
more efficient use of 
board space in a variety 
of ways. A consortium of 
companies has developed 
clear hardware parame­
ters for the VXI Bus in­
strument-on-a-card archi­
tecture. However, the 
system-level software 
specifications remain un­
addressed, as Tektronix 
and HP are busy prepar­
ing what may become the 
de facto soft ware stan -
dards for this new instru-
mentation bus. 

To provide control panels for those embedded VXI instruments, 
try using the GPIB-VXI inte?face from National Instmments, in 
conjunction with its LabView 2 graphical software inteiface. 
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Only 
Rad stone 
can deliver it now. 
Radstone Technology is the only company in the world that 
delivers proven VMEbus board and ~ystem leve~ products .. 
for every application from commercial to full Military Spec1f1-
cation ... and everything in between. Plus more than 30 
years of solid computer experience-more than anyone in 
the OEM board level computer market. 

Commercial VME ••• highest performance, low cost, 
ready to plug and play. 
Radstone's commercial VMEbus product line includes : 
• 16 and 32 bit processor boards, including a complete family 
of 68030-based boards 

• Memory boards covering all available capacities and 
technologies, CMOS versions and VME/VSB models 

• The world's fastest and most popular SCSI boards; 
parallel, serial and analog 1/0 boards; and much more . 

• Development chassis with peripheral hardware and a wide 
range of advanced operating systems 

Military VME ••• true Mil-Spec VME, not "militarized!' 
All Radstone Mil-Spec VMEbus boards fu lly comply with 
both VME and Military Specifications. These boards 
are bui lt with M IL-STD-883C class B components and 
meet MIL-E-5400, M IL-E-4158 and M IL-E-16400. They 
feature low power CMOS components and conduction 
cooling via an on-board thermal management layer. 
• 68020-based processor boards 
• SCSI and 1553B interface boards 

UK Water Lane, Towcester, Northants, NN12 7JN, (0327) 50312 
USA One Blue Hill Plaza, Pearl River, New York 10%5, (914) 735-4661 
France 'Miniparc; 6 Avenue des Andes, 91940 Les Ulis, (1) 64.46.04.03 
Germany Bahnhofstra[3e 38, D-6090 Riisselsheim (0 6142) 6 80 04 

• MPCC, Ethernet and serial and intelligent 
communications boards 

• Static and dynamic memory boards 
• ATR boxes accommodating 15, 8 or 5 boards 
• Complete software support, including Ada 
• BITE Built-In Test Equipment 

Ruggedized VME for severe environment, 
non-Mil-Spec, applications. 
All Radstone Mil-Spec VME modules are also offered in elec­
trically and mechanically compatible reduced envi ronmental 
spec versions to give you low cost hardware for sev~re - but 
not full military-applications. Even lower cost versions are 
available for off-the-shelf development work. 

Radstone Technology ••• Ultimate VME capability for you. 
Radstone is the only company that produces all its boards in 
mi litary qualified production facilities. And we back up our 
market-matched commercial, ruggedized and Mil-Spec VME 
products with techn ical support services second to none in 
the world. 

A lot of companies claim complete VME capabi lity. 
Only Radstone can deliver it now. 

CIRCLE NO 151 
TECHNOLO G Y 
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VXI Bus specifications 

software-integration issues remain 
unresolved because consortium 
members simply cannot agree be­
yond the hardware register levels 
already defined in the guidelines. 

A closer look at VXI 
At the hardware level, the stan­

dard offers higher system through­
put and more precise timing and 
synchronization in comparison to its 
precursor, the VME Bus. Unlike 
the way some terminology is used 
in connection with the VME Bus, 
"modules" for the VXI Bus refer 
to the physical cards that fit into 
the mainframe (or chassis); "de­
vices" refer to the instrument func­
tions themselves. One module may 
hold several devices. On the other 
hand, one device may require one 
or more modules. 

You can fit as many as 13 instru-

ment modules into each VXI Bus 
mainframe, and address as many as 
256 instrument devices per system. 
It's significant that, by developing 
modules that contain multiple 
instruments (or by using virtual in­
strumentation schemes to expand 
the versatility and functions of each 
module), you could conceivably 
house 256 different types of in­
strument devices in a single main­
frame, and each of those devices 
could have its own logical address. 
In contrast, a VME Bus mainframe 
has 20 slots, but the VME specifi­
cations make no provision for an 
extension chassis or for communica­
tion among mainframes. 

Fig 1 illustrates the specified 
VXI architecture. The hybrid de­
vices include VME Bus devices that 
don't comply with the VXI Bus re­
quirements but can nevertheless 

VME BUS 
DEVICES 

VXIBUS 
DEVICES 

MESSAGE-
BASED 

DEVICES 

MEMORY 
DEVICES 

HYBRID 
DEVICES 

NON­
VXI BUS 
DEVICES 

EXTENDED REGISTER-

DEVICES BASED 
DEVICES 

A16 ONLY 
REGISTER AID 

BASED 

A16/A24 
A16/A32 

REGISTER 
BASED 

Fig I- The four major VXI Bus device classifications are based upon the protocol supported 
by the various types of devices you can use in a VXI Bus system. Hybrid devices are VME 
Bus devices that don't comply with VXI Bus requirements, but can communicate with or 
make use ofVXI Bus devices. 
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communicate with or make use of 
VXI Bus devices. On the tier below 
that, the VXI Bus accommodates 
four types of devices: message­
based, memory, extended, and reg­
ister-based devices. The message­
based devices are the simplest level 
of software communications as de­
fined in the specifications and use 
word-serial protocol. The memory­
device sector is included in the 
specifications but left undefined. 
Extended devices are VME devices 
that have been enhanced to operate 
on a VXI Bus. The register-based 
devices can offer either A16-only, 
or A16/A24 and A16/A32, or all 
three types of control, to run, for 
example, AID or multiplexer func­
tions. 

Slot 0 handles common resources 
The physical VXI Bus system re­

serves one mainframe slot for a Slot 
0 module with a modified P2 connec­
tor for central handling of common 
bus resources, such as backplane 
clocks, MODID (module-identifica­
tion) configuration signals, and 
synchronization signals. The Slot 0 
controller can detect all the modules 
in a VXI Bus system, even if a mod­
ule is inoperative. 

VXI mainframes provide 1.2-in. 
slot spaces between modules to al­
low for individual shielding for each 
device. That specification retains 
the 16-bit Pl connector and the cen­
ter row of the P2 connector, as de­
fined by the VME Bus guidelines, 
but also defines the outer rows of 
P2 for 32-bit data transfers, adding 
functions such as clocks, TTL (and 
sometimes ECL) triggers, a mod­
ule-identification bus, an analog­
sum bus, and extra power and 
ground conductors. Accordingly, 
you can mix VME and VXI modules 
within a single system. The VXI's 
automatic module-identification 
provisions eliminate any need for 
manual system configuration. 
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In addition, the VXI specifica­
tions describe two new modules, C­
anel D-size modules, which are both 
based on the Eurocard format; the 
new modules are more than twice 
as long as the A- and B-size versions 
and thus double the available board 
space per module. The D-size mod­
ule also sports a high-performance 
P3 connector with a 100-MHz clock 
and ECL triggers. 

In the hardware department, the 
new VXI parameters are fairly 
thorough and clear. They spell out 
mechanical, environmental, EMI, 
cooling, and power considerations­
all of which may ultimately reduce 
the cost of modules because the de­
vices can share hardware resources 
like power supplies and timing cir­
cuitry. Such sharing also frees addi­
tional board space so that manufac­
turers can shrink complex instru­
ments to fit on a single card or ex­
pand the number of instruments per 
module. A defined set of configura­
tion and communication registers 
maintain low-level hardware com­
patibility among different manufac­
turers' instrument modules. 

Message-passing techniques vary 
But it's really the intermodule 

communications for synchronization 
and data transfer that makes the 
VXI Bus a superior instrumenta­
tion format. One software module 
that is defined within the VXI Bus 
guidelines is the Resource Man­
ager. You can order this program 
as firmware that can reside either 
on any VXI module or outside the 
VXI chassis on a network or in a 
host computer. The Resource Man­
ager, in combination with the Slot 
0 module , preforms several key 
tasks: It identifies every VXI Bus 
device in the system and configures 
any necessary resources. In ad­
dition, it manages the self-test and 
diagnostic sequences and estab­
lishes the system's address maps. 
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COMMANDS 

DATA .... 
COMMANDER INTERRUPTS SERVANT 

SIGNALS 

Fig 2-The VXJ Bus features a commander/ 
servant hierarchy in which the commander 
controls one or more servants, but each ser­
vant has only one commander to which it 
can send interrupts, signals, and data . 

The program also initiates normal 
operation of the system and deter­
mines the system's commander/ 
servant hierarchy. 

The commander/servant hierar­
chy is the heart of the VXI Bus 
system. Each device that controls 
at least one other device is called a 
commander. Commanders are also 
bus masters (they can gain control 
of the bus when they need it). The 
commanders can have multiple ser­
vant devices to which they send 
either register- or message-based 
communications. As a servant un­
der the control of a commander de­
vice, a device can have only one 
commander and can send signals 
and interrupts to that commander, 
as illustrated in Fig 2. A com­
mander can also be a servant to an­
other commander. 

This hierarchy is based upon a 
layered set of communication proto­
cols (Fig 3). Every VXI device has 
a set of configuration registers that 
are accessible from connector Pl. 
These registers allow the system to 
identify the device, including its 
type, model, and manufacturer; its 
address space; and memory require­
ments. A device that offers only 
this configuration-register set is 
called a register-based device. 

Devices might exchange data 
On the other hand, a message­

based device has communication 
registers, and it also uses specific 

communication protocols to ex­
change data with other devices or 
modules. The VXI Bus guidelines 
describe a word-serial protocol as 
the simplest communications that 
use the data and response registers 
to transfer data between command­
ers and servants in a serial fashion 
along a 16-or 32-bit data path. All 
communications between message­
based devices begin with the word­
serial protocol, and may progress 
to a higher performance protocol­
like a shared-memory protocol-if 
both devices are capable of follow­
ing such a protocol. 

Shared-memory protocols are 
either connection or operational 
protocols. A connection protocol 
establishes a shared-memory com­
munications path; an operational 
protocol does that and more-it de­
termines how communications occur 
through the shared memory. Thus, 

The ability of the VXJ Bus to support multi­
ple CPUs within a single system makes the 
embedded PC in the EPC-2 from Radix Mi­
croSystems as accessible as any of the VXI 
devices in your system. 
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Experience makes the difference 

Raytheon's experience gives you the winning ECL combination 

Raytheon's ECL array family 
performs at a fraction of the power 
of competing ECL technologies. 
Proven ECL logic arrays are denser 
than 1.5 micron CMOS arrays. 

0 Here now: ECL arrays with a 
proven track record. Raytheon's 
extensive experience in design, 
prototype and production devices 
gives you the highest level of 
confidence. 

0 Highest density: CGA 70E18: 
12,800 equivalent gates 
CGA 40E12: 7,752 equivalent gates 

EDN January 5, 1989 

CGA 1ME12: 4,584 equivalent 
gates and 1280 bits of RAM. 

0 Performance: Superior speed/ 
power performance-< 0.1 pJ; 300 
ps delay; 300 mW power dissipation 
(typical gate). 

0 Ease of design: Raytheon's 
contiguous row array topology 
provides a superior design approach 
when compared to fixed position 
cell-based technologies. This 
topology offers greater flexibility 
and ease in macrocell design, 
placement and routing. 

CIRCLE NO 152 

0 Interface capability: I/Os 
compatible with ECL (10 KH or 
100 K) , TTL, CMOS, ETL (mixed 
ECL and TTL) , and ETC (mixed 
ECL, TTL and CMOS). 

The extensive experience and 
support provided by Raytheon 
mean easy, error-free , and cost­
effective ECL design for you. 

Raytheon Company 
Semiconductor Division 
350 Ellis Street 
Mountain View, CA 94039-7016 
(415) 966-7611 

Where quality starts with fundamentals. 
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whereas word-serial communication 
is limited to communication be­
tween commanders and servants, 
shared-memory communication can 
occur between peers at both the 
commander and the servant levels. 
In addition, shared memory allows 
commanders to communicate with 
servants other than their own. 

Memory protocols are vague 
Unfortunately-and this is quite 

significant-the specifications don't 
detail how to use the shared-mem­
ory protocols . Although the Re­
source Manager retains data re­
garding the system configuration, 
the guidelines don't define any way 
for the Resource Manager to con­
trol device access to shared mem­
ory. The specifications also fail to 
describe how shared memory is 
managed or how a device actually 
obtains the right to use a portion 
of memory. 

Manufacturers could decide indi­
vidually to provide controls with 
dual-ported memory or through the 
operating system, but the consor­
tium established no uniform 
method. Accordingly, each manu­
facturer is free to decide how to 
build multiprocessor VXI Bus sys­
tems that can efficiently distribute 
tasks. 

Hewlett-Packard and Tektronix 
are both working on a standard 
communications interface to exploit 
the high-level communications that 
the VXI Bus makes available. At 
present, the addressing scheme is 
a major point of contention. 

The VXI Bus specifications pro­
vide for an interface between the 
IEEE-488 bus and the VXI Bus in­
terface and defines protocols for 
transferring data, clearing the bus, 
triggering signals, serial polling, lo­
cal lockout, and SRQ commands. 
This interface makes communica­
tions between a GPIB controller 
and VXI Bus devices transparent 
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DEVICE-
SPECIFIC 

PROTOCOLS 

DEVICE-
SPECIFIC 

PROTOCOLS 
488.2 

DEVICE-
SYNTAX 

SPECIFIC 
PROTOCOLS SHARED-

MEMORY 488-VXI BUS 

PROTOCOL PROTOCOL 

WORD-SERIAL PROTOCOL 
DEVICE-

SPECIFIC 
PROTOCOLS 

COMMUN ICATION REGISTERS 

CONFIGURATION REGISTERS 

Fig 3-The VXI Bus specifications offer flexibility. Depending upon your system's configu­
ration, you can meet its communication needs within the VXI Bus architecture by selecting 
the required level of sophistication. 

by converting IEEE-488 bus proto­
cols to VXI instrument protocols 
and by translating GPIB addresses 
to VXI logical addresses. But the 
interface doesn't specifically dictate 
a method for address mapping. 

Two-tier addressing is one way 
HP' s recommendation retains 

close similarity with the current in­
dustry-standard GPIB program­
ming environment. The HP solution 
uses a multiple secondary-addrel'ls­
ing scheme that relies upon a pri­
mary address for the VXI Bus sys­
tem and as many as thirty secon­
dary addresses for individual VXI 
devices. Such a 2-tiered approach 
adds another level of communica­
tions to the system, but retains 
compatibility with GPIB addressing 
schemes. it also allows a system de­
veloper to maintain his or her in­
vestment in GPIB software. 

However, this method artificially 
limits a VXI system to 31 devices; 
what's more, you can't employ this 
method in conjunction with any ex­
ternal protocols other than those 

specified in the IEEE-488 stan­
dard. But then, HP did originate 
the GPIB and maintains an interest 
in its continued success. 

Tektronix rejects HP's multiple­
secondary-addressing solution, 
preferring instead a logical-naming 
convention called embedded ad­
dressing. Using compound-com­
mand program headers, the 
Tektronix solution defines the bus 
system as a single address and iden­
tifies each device as a unique logical 
unit. This arrangement permits di­
rect communications between an 
external controller and any of the 
VXI devices (to the 256-device 
limit). However, there is a slight 
decrease in system performance 
due to the extra overhead. The 
company claims only a 1 % increase 
in execution time. 

Tektronix's approach also re­
quires a software interface called 
the VXI Bus C Language I/O Sys­
tem. This I/O system manages all 
VXI-defined communication proto­
cols and relieves you of the task of 
rede fining your device-specific 
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The Bettman Archive Inc. 

Making something very small 
can be truly revolutionary. 

At first people scoffed. Some 
laughed out loud. But the people 's car 

set a new size standard for an 
enti re industry. 

Sizes are still shrinking 
in the micro-miniature 

world of cable and 
connector 

technology at 

Precision Interconnect. We're designing 
the critical link between man and 
machine. These complete interconnect 
systems, usually using 38 AWG con­
ductors, can be terminated to standard 
connectors with flex-strain reliefs or 
contain active devices within custom­
molded housings. 

To make these cable systems 
increasingly smaller, lighter, more 
rugged , and more comfortable to use 
without compromising signal fidelity, 
flex-life, or reliability is a continuing 
challenge presented to us by manufac­
turers of leading-edge medical equip-

ment around the world . 
Our expertise, increasing with 

each unique problem we 

solve, ensures that reliability is 
designed in, built in , and tested. So 
we can solve big problems. With small, 
but revolutionary, innovations. 

,. 
PRECISION 
INTERCONNECT 

16640 SW. ?2nd Avenue, Portland, OR 97224 
(503) 620-9400 

Offices in San Francisco, Boston, 
Wilmington and DUsseldorf 

Neonatal sensor for SensorMedics 
oximeter measures pulse and 

blood gases. 
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application software for use in a 
VXI Bus environment. The I/O Sys­
tem operates on a C functional 
level, uses an embedded real-time 
kernel, and provides a set of I/O 
routines that allow applications to 
communicate across the VXI Bus. 
Low-level drivers let you access 
word-serial protocols and com­
mands, shared-memory protocols, 
signals, and interrupts. 

Two products, one from Radix 
Microsystems and the other from 
National Instruments, illustrate 
some of the variety that companies 
are offering in their VXI Bus de­
vices. The EPC-2 from Radix Mi­
croSystems is a 2-slot C-size VXI 
module that includes an embedded 
PC and uses embedded addressing. 
The EPC-2 comes with a 40M-byte 
SCSI hard-disk drive, a 1.4M-byte 
floppy-disk drive, a VGA controller, 
a GPIB controller, and Slot 0 func­
tions. It sells for $9550 with lM­
byte of RAM, but you can expand 
the RAM to 8M bytes. 

The EPC-2 also comes with soft­
ware, including the Configurator, a 
program that lets you define the 
location and attributes of both VXI 

and VME cards for storage in the 
EPC-2's database. An on-line Re­
source Manager lets you dynami­
cally allocate reusable resources. 
And a message-based system per­
mits an application to communicate 
with any device in the system­
regardless of whether the device is 
a GPIB instrument or even if it's 
located in another chassis. The 
EPC-2 uses several layers of soft­
ware bridges to permit hierarchical 
communications and window-based 
diagnostic functions. 

Another company, National In­
struments, offers a C-size message­
based VXI Bus module called the 
GPIB-VXI (Fig 1). It's an intelli­
gent device with a 68070 µP, which 
has its application program in firm­
ware; the module facilitates commu­
nications between the GPIB and the 
VXI. The GPIB-VXI provides Slot 
0 functions, controls VXI Bus trig­
ger lines and protocols, lets you 
download custom code via the 
IEEE-488 bus, and offers an inter­
face to the company's Lab View 2 
and LabWindows software pack­
ages. 

This latter point is of particular 

For more information ... 

interest, because VXI Bus devices 
lack traditional control panels, and 
the graphical interfaces provided by 
both Lab View and Lab Windows let 
you design a control-panel image on 
your computer monitor. Thus, you 
can provide system operators with 
a simple user interface for control­
ling embedded VXI devices. The 
module has four dual-ported RAM 
options, three ROM options, and 
support for both secondary-address 
mapping and embedded-address 
mapping. Pricing starts at $3000. 
Lab View 2 costs $1995 and the 
standard Lab Windows package 
sells for $495. EDN 
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(512) 250-9119 
FAX 512-250-0382 TLX 756737 
Circle No 410 

Radix MicroSystems Inc 
19545 NW Von Neumann Dr 
Beaverton, OR 97006 
(503) 690-1229 
Circle No 411 

Tektronix Inc 
Box 1700 
Beaverton, OR 97075 
(800) 835-9433 
TLX 151754 
Circle No 412 

Wavetek 
9045 Balboa Ave 
San Diego, CA 92123 
(619) 279-2200 
TWX 910-335-2007 
Circle No 413 
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When size and speed matter, 
Look to Seagate's 
3.5'' ST157 Family 

When 5.25" drives won't fit, or if you just think 
"small is beautiful;' Seagate's ST157 family provides 
less than 30 msec access time for today's generation 
of high-performance personal computers. 

Select from the 21 MB ST125, the 32 MB ST138 
or the 48 MB ST157, all available with either SCSI 
or ST412 interface options. 

With over one million produced, Seagate now 
builds over 8,000 ST157 family drives per day. And 

each one is built with the quality and reliability 
you've come to expect from the first name in disc 
drives. 

For easier installation, you can configure the 
right 3.5" solution by choosing from Seagate's line of 
controllers and adapters for the ST157 family. 

For more information on the small drives that 
are big on speed, contact your authorized Seagate 
Distributor, or call Seagate at 800-468-DISC. 

~Seagate 
The first name in disc drives 
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At 15nsec, OurSRAMs 
ReallyTear UpThe'frack. 
If you've been wondering 
where to find fast 
SRAMs lately, we ·~ 
have good ..,..., .. _. 

newsforyou. , ~,., 
Nowyoucanlook ~ 
to Logic Devices-the 
logical alternative. 

Our new family of 
CMOS SRAMs gives you 
more options for high-end 
applications, where you 
have to match fast CPU 
speeds. They're available in 
speed categories from 15 to 
45 nsec. So even your high­
performance RISC and 32-
bit micro designs can forget 
about wait states. 

Because these parts just 
plain haul access. Butwith­
EDN January 5, 1989 

out making you pay a power 
penalty. Their advanced 
CMOS technology runs as 

lowas340mWin 
active mode, and 

25mWin 
standby. 

Plus they 
feature proprietary 

Auto Powerdown TM 

circuiuy and 2 volt data 
retention, makingthem 
ideal for battery backup 
operation. 

And since these parts 
are plug-compatible with 
indusuy-standard SRAMs, 
you have a clear upgrade 
path to higher performance. 
We've rewed up production 
for delivery today, on all 
popular organizations, 
including 64Kx 1, l 6Kx 4 

CIRCLE NO 44 

and 8Kx 8-in a variety of 
package types. 

For full details, call us 
todaytollfreeat (800) 851-
0767; in California, (800) 
233-2518. Orwrite: Logic 
Devices, Inc., 628 East Evelyn 
Avenue, Sunnyvale, CA 
94086; Telex 172387. 

DEVICES 11\JCORPORATED 
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"If you need prototype 
circuit boards, 
the Board Maker can save you all 
kinds of time;· reports Don Gilley. 

"Most of the boards I makeare 
approximately 3x5 inches. It takes me 
just a few hours to make a board 
with the Board Maker, and that 
beats waiting a week for it to come 
back from a fabrication house. 

"Instant 
gratification. 
The Board Maker definitely 
speeds up the work flow-keeps 
my thought processes on track. You 
can keep going on a project-try 
or discard ideas and keep going on 
it-without waiting a. week and then 
having to get back into it again. What 
it real ly does is provide instant 
gratification. 

"Simple, somewhat 
elegant design. 
The design of the hardware is 
clever. It is simplicity. Somewhat 
elegant in size with a small number 
of moving parts. It's pc-size. so I 
built a small stand for it I just roll 
it out from under my workbench 
and it's ready to work with my 
CAD system. 

"Will pay for Itself 
Ina hurry. 
I use the Board Maker for several 
boards every month. I'm looking at 
payback in the first year. Would 
I recommend it? I would ." 

CIRCLE NO 154 

The BoardMaker makes 
single· and double-sided boards. 
There's a throughplate option. 
And Its milling speed Is faster 
than any other prototyping 
machine. For Instant gratification 
In your circuit board projects 
call 415 883·1717 now or use 
the reader card. 
Instant Board Circuits 
20A Pamaron Way 
Novato, CA 94948 

Instant Board Circuits 
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TECHNOLOGY UPDATE 

RISC technology 
is not without 

its risks. 

Charles H Small, 
Associate Editor 

EDN January 5, 1989 

RISCs force 
move to compilers 

R
duced-instruction-set com­
uters (RISCs) promise to 
peed up computer systems. 

That's the good news. The 
ad news is that 70% of 

ED N's readers do the bulk of their em­
bedded-system programming in assem­
bly language. RISC-compiler writers in­
sist that software engineers will be 
forced to shift to compiled, high-level 
languages if their companies adopt 
RISC processors. 

Adopting RISCs and consequently 
shifting software-engineering methodol­
ogy from assemblers to compilers and 
other ancillary high-level tools would 
force these changes in software develop­
ment: (1) programmers would have to 
abandon assembly language and instead 
write in high-level code, (2) program­
mers would not be able to hand-tune or 
-assemble programs, and (3) debugging 
would be more diffi­
cult than for complex­
instruction-set comput­
ers (CISCs). The adop- . 
tion of RISCs would also 
mandate that software 
engineers undertake an 
extensive compiler-evalu­
ation program and learn 
to use these new tools. 

High-level program­
development tools are 
the rule for native-sys­
tem development. But 
EDN readers, much 
more so than the general 
run of applications pro-

programs for embedded systems differ 
from those of native-system develop­
ment. 

Embedded systems lack the usual 
computer 110 devices, such as CRTs, 
printers, and mass storage. Instead, 
they have system-specific 110. Further, 
embedded systems often must respond 
to asychronous inputs much faster than 
many high-level-language programs and 
operating systems possibly can. Conse­
quently, most embedded-system soft­
ware engineers have stuck with assem­
bly-language programming. 

A good compiler is hard to find 
RISC-processor makers and major 

third-party software vendors are ready­
ing complete suites of high-level tools 
for developing RISC code for both na­
tive and embedded systems. Their first 
products support C + + Fortran; Forth; 

grammers, program em­
bedded systems. The 
challenges of developing 

Development tools for RISCs, such as these from Sun Microsystems, 
link the source code to the program running in the target system. 
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Introducing OrCAD Verification and Simulation Tools 

IL COJ o ~cc § i 1nmJMt ll rarrti COJfm 

Easy to use menu driven commands 
speed and simplify design 

verification. 

OrCAD I VST 
The Next Logical Step 

Introducing OrCAD I VST, a full featured 
verification and simulation tool that is 
designed to place the performa nce of an 
expensive workstation on your PC. 

OrCAD I VST is integrated with the 
popular OrCAD /SDT schematic 
capture package, with easy-to-use menus 
and powerful keyboard macros. Your 
valuable time is used to simulate designs 
without investing the time, money and 
resources to built prototypes. 

With unsurpassed performance on a PC, 
you'll discover that nothing comes close 
to OrCAD's features and price. 
Benchmark the specifications for 
yourself. We guarantee satisfaction, or 
your money back! 

• Event driven, 12-state functional 
simulator 

• Exceeds 10,000 events/sec. on an 8 MHz 
AT without additional hardware 

• Over 14,000 gate capacity 

• Logic analyzer display format. Virtual 
screen displays 50 channels 

• 10 breakpoints can be set as AND/OR 
condition of up to 16 signals 

• User selectable minimum and 
maximum delays 

• Input stimulus is easily defined with an 
integrated pop-up editor 

• Includes component models of TTL, 
ECL, CMOS, Memory devices, and easy 
to use utility for creating custom models 

Contact your local OrCAD Representative for further information 

AUSTRALIA ENGLAND ITALY 
Prometheus ARS Microsystems, Ltd . MicroData Systems 

0 3862 3666 (0276) 685005 0187 966123 

FINLAND JAPAN 

• Of course, OrCAD's excellent support: 
technical staff to answer questions, 1 yea 
of free product updates, and a trained 
sales and support network 

Call or write today for our 
Demo Disk and brochure. 

2~.~~!!·m·· 
1049 S.W. BASELINE ST. SUITE 500 
HILLSBORO, OREGON 97123, USA 

(503) 640-9488 

SWITZERLAND 
Logmatic AG 
056 83 38 38 

AUSTRIA 
Dahms Elektronik Gmbh Elektrotel OY Sotec Company, Ltd. 

WEST GERMANY 
COMPWARE GMBH 
040 - 818074 

0316 640 300 0754 3122 045 (641) 0802 

NETHERLANDS FRANCE SPAIN 

Post Electronics ALS Design Next-For S.A. 

02159 - 41774 (01) 46.04.3047 0261 2415 
OR 8746-A 

DENMARK/NORWAY ITALY SWEDEN 

Nord CAD BRM Italiana Technology Partners 

0 817 3299 (011) 7710010 08156815 
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and, given the Department of De­
fense's insistence upon it , Ada. 
Products supporting other, more 
obscure languages, such as Small­
talk, Cw, Prolog, Lisp, Modula 2, 
and Pascal, are under development . 

Along with the compilers, you 
should look for cross compilers, 
high-level-language debuggers and 
ROM debuggers for embedded ap­
plications. At pre sent , Sun Mi­
crosystems has a ROM debugger 
for its SPARC RISC. Intermetrics, 
showing its embedded-system ori­
entation, has RISC compilers that 
can produce Hewlett Packard-style 
cross-reference files that hardware­
based debugging aids, such as logic 
analyzers and software-perform­
ance analyzers, can use for source­
code debugging. 

Runnable code is no problem 
You can take for granted that, 

except for the usual number of mi­
nor bugs that you find in newly 
minted programs, all RISC compil­
ers generate "runnable" code. But, 
RISC programs, far more so than 
CISC programs, benefit from the 
optional optimization step of compi­
lation. And, you can expect individ­
ual RISC optimizing compilers to 
vary extensively in their ability to 
improve the performance of pro­
grams written in high-level lan­
guages. Potential optimization 
gains are much greater for RISCs 
than for CISCs. Turning on the op-

This evaluation board, the Fujitsu Microelectronics MB86900 EBOO, contains a 16·MHz 
SPARC RISC processor. 

timizer in your RISC compiler can 
shrink the size of a program by one­
half and cut its run time by two­
thirds. 

If you do not use an optimizing 
compiler, the expected performance 
gains of your RISC over a CISC 
could prove illusory. For example, 
experts differ on just how many 
more instructions a RISC program 
needs as compared to an equivalent 
CISC program, but estimates run 
from 30 to 200% more. Without 
optimization, your RISC program 
could be alarmingly overweight and 
disappointingly slow. 

Unfortunately, no easy method 
exists to judge which compiler is 

the best. Software engineers will 
have to rely on extensive evalu­
ations involving the compilation of 
many real programs (as opposed to 
benchmarks) and, possibly, the an­
ecdotal advice of other users to se­
lect the best compiler for their ap­
plication. 

Magazines off the mark 
Embedded-system software engi­

neers will not be able to rely on 
comparisons in third-party sources, 
such as computer magazines, be­
cause these sources do not reflect 
their concerns. For example, compi­
lation speed ranks high in compiler 
evaluations. But, embedded-system 

What makes a RISC different from a CISC? 
RISCs differ significantly from conventional com­
plex-instruction-set computers (CISCs), although fu­
ture CISCs will probably have many RISC-like fea­
tures. In general, the features unique to RISCs are 

• Simple instruction sets that provide only one 
way to perform a given operation 

• No instructions for manipulating or modifying 
data in memory · 

• No internal microcode 

EDN January 5, 1989 

• Large internal register sets 
• Many triple-address instructions that have two 

source registers-not memory locations-and 
a single destination register 

• Few addressing modes for reading and storing 
• Architectures that are so heavily pipelined 

that the processors almost always execute the 
statement after a branch statement, even if 
the branch is taken. 
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programmers are much more in­
terested in issues that are seldom 
mentioned, such as the quality of 
error messages, support for hard­
ware-based debugging tools, ROM­
able-code generators, and the effec­
tiveness of the optimizer. 

Simple instructions hard to use 
On the surface, the assertion that 

RISC processors will force software 
engineers to use compilers and that 
these compilers will produce com­
plex, hard-to-follow program 
threads, seems paradoxical. After 
all, RISCs should, by definition, 
have a simple instruction set. But, 
a simple instruction set alone does 
not guarantee simple assembly­
level programs. 

The purpose of the simple in­
struction sets is not to make RISCs 
simple to program, but to permit 
simple but fast processors that can 
execute instructions in a single cy­
cle and, hence, need no internal mi­
crocode. To achieve their high exe-

cution speeds, RISCs are heavily 
pipelined. This design philosophy 
puts severe strain on a RISC's main 
memory and floating-point unit to 
keep the RISC's pipeline full of data 
and instructions without holding up 
the processor. Because RISC proc­
essors outrun RISC memories and 
peripherals, RISC programs have 
to be modified extensively to make 
up for the speed differential. 

RISC compiler writers maintain 
that the sheer volume of optimiza­
tion needed because of these hard­
ware constraints is too much for 
mere humans to do manually at the 
assembler level. They also say that 
the kind of hand optimization that 
is possible with CISC code-pri­
marily selecting the best instruction 
for a particular operation-doesn't 
work with RISC code because 
RISCs don't offer a variety of re­
lated instructions to do the same 
job. 

Although RISC programs can 
benefit from all the standard opti-

Optimizers fine-tune your program automatically 

mization techniques that compiler 
writers have been using for some 
time with CISC compilers (see box, 
"Optimizers fine-tune your program 
automatically"), RISCs' instruction 
sets and hardware constraints 
change the traditional code-genera­
tion priorities and procedures. 

Some compilers, such as those 
from Language Processors Inc, per­
form optimization at several stages 
during compilation-usually global 
optimization on the intermediate­
level file and one or more passes 
of local, or "peephole," optimization 
on the assembly-level file. Software 
engineers cannot simply submit a 
hand-written assembly-level file to 
an optimizer because, at present, 
no assembly-level optimizers are 
available. 

When writing code for CISCs in 
high-level languages, software en­
gineers can often effectively hand­
tune their compiler's output. This 
hand tuning often takes the form 
of substituting a more efficient 

Optimizers methodically scan and improve your pro­
gram in several ways. An optimizer normally re­
moves all dead code-eode that never gets executed. 
Examples of dead code are subroutines that never 
get called, WHILE loops that never get executed, 
calculations that get performed but whose results 
aren't used or stored, and DO loops that always 
execute only once. In fact, optimizers have been 
known to ruin hardware-setup routines that involve 
repeated writes to the same address; the optimizer 
mistakenly indentifies these setup routines as redun­
dant writes and eliminates the "extra" ones. 

Less obviously, if you have nested WHILE state­
ments, an optimizer jumps directly to the outer 
WHILE when the inner WHILE fails instead of 
jumping first to the inner WHILE's exit point. 
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Optimizers rearrange your code in several ways. 
One way is branch-tail merging, which is the process 
of pulling common statements out of both branches 
of an IF-THEN-ELSE construct and putting just 
one instance of the common statements at the end 
of the construct. An optimizer can also remove re­
dundant jumps. That is, if you have a jump state­
ment to yet another jump statement, the optimizer 
jumps directly to the second statement's destination. 

Another way optimizers can rearrange your code 
is by violating some of the overly restrictive rules 
of structured programming, such as requiring all 
routines to have just a single exit point. An opti­
mized CASE statement has an exit point for each 
clause. 

Optimizers also pull invariant operations out of 
loops, so that the operations are executed only once 
prior to entry into the loop rather than being exe­
cuted once for every pass through the loop. Optimiz­
ers sometimes partially unroll a loop and concatenate 
several passes through the loop into a monolithic 
segment of straight-line code. Such unrolling often 
makes a good tradeoff between increasing the code 
space and lowering loop overhead, thereby speeding 
execution. 
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'~SINGLE AD IN EDN NEWS EDITION 
GENERATED AN INQUIRY LEADING 
TO A $2 MILLION OPPORTUNITY!" 

JohnPoturny 

John Poturny, President 
Poturny & Associates 
Northridge, CA 

Fred Silver, Director of Marketing 
Rantec 
Chatsworth, CA 

Advertising results. Agencies want them. Clients need them. 

"When I was on the client side, I demanded sales results from my 
advertising dollars," says John Poturny, President of Poturny & 
As.sociates. "Today I'm on the agency side, and I expect the same for 
my clients - advertising that generates sales." 

Advertising results. A publication must provide them. 

"After running ads in EDN News Edition, our phones ring and proposal 
activity soars immediately for our military power supplies,'' says Fred 
Silver, Director of Marketing at Rantec, a division ofEmerson Electric. 

Advertising results. For Poturny & As.sociates and Rantec, EDN News 
Edition gets them. 

"We traced prototype orders worth $2 million in sales to a lead 
generated by our ad in EDN News Edition," said Silver. 

Both Silver and Poturny agree about the power ofEDN News Edition, 
"it gets results." 

EDN News Edition works for marketing 
communication partners, Poturny & 

As.sociates and Rantec. It can work for you. 

EDN 
Where Aduertising Works 
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instruction and addressing mode for 
an instruction or group of instruc­
tions chosen by the compiler. This 
scheme doesn't work for RISCs be­
cause of their simple instruction 
sets-you just don't have a lot of 
choices. 

Therefore, RISC compiler writ­
ers assert that their compilers can 
do a better job of optimizing RISC 
code automatically than software 
engineers can do manually. Their 
assertion is based on the observa­
tion that RISC programs benefit, 
to a much greater degree than do 
CISC programs, from two optimiza­
tion techniques that especially suit 
the hardware constraints of RISCs 
processors: instruction shuffling 
("scheduling") and register optimi­
zation. 

RISCs run so fast and are so 
heavily pipelined that they seem to 

If you • 

exhibit what amounts to program­
flow inertia. That is, most RISC 
processors execute the first instruc­
tion following a branch, even if the 
program flow takes the branch. It's 
almost as though the RISC is run­
ning so fast that it cannot swerve 
quickly. 

For a first cut at unoptimized, 
"runnable" code, the compiler can 
simply place a NOP (no operation, 
or dummy instruction) after every 
branch. Such a program will run, 
but could be made more compact 
and swift if the compiler's optimizer 
searches for an instruction that can 
be moved, without harm to the pro­
gram's operation, from its place in 
the program's flow as specified by 
the high-level code and inserted af­
ter the branch instruction. 

An optimizer can further shuffle 
instructions to make sure that the 

RISC processor does not have to 
wait for slow external systems, 
such as main memory or a floating­
point processor, to respond. For ex­
ample, the AMD 29000 takes four 
cycles for a memory store. There­
fore, ifthe optimizer spaces all store 
instructions at least four cycles 
apart, the 29000 will never have to 
wait for the memory system. Note 
that the 29000 will always work 
properly no matter how slow its 
memory is. The pipelines of some 
RISC processors can get corrupted 
if load and store instructions create 
a hazard. 

Instruction shuffling is not a new 
technique, but it has had limited 
application to CISCs. The tech­
nique is especially hard to apply to 
a CISC if, as is the case for the 
68000, the manufacturer doesn't 
publish instruction timing. Without 

all copiers are tl 
Look at guarantees. 
You can look at copiers for days but, in many 
cases, there's no real way to tell them apart. 

Here's our suggestion. Look at copier 
guarantees. That's where you find out if a com­
pany stands behind its copiers. If they're as 
committed as you ·are to keeping your business 
running smoothly. 

Once you look at guarantees, your job will 
be easy. Because Harris/3M copiers come with 
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the best guarantee in the business. Tuke a look 
at our Promise. Compare it to the guarantee on 
your present copier. Then send in the 
coupon. Or give us a call at 
1-800-TLC-COPY. We'll send 
you a free copy of our 8-page 
Consumer Gu1ide to C(J[Jiers. 
Harris/3M copiers have features for all sizes of 
offices. That includes the 6070. Seventy copies a minute, guaranteed. 
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an exact idea of how much time each 
instruction takes, a compiler writer 
cannot write an optimizer that can 
choose the fastest way to accom­
plish a given function. 

Even given exact timing specifi­
cations, instruction shuffling is 
much more complex for CISCs than 
for RISCs. Optimizers for CISCs 
generally only work with a small 
subset of the instruction set; RISC 
optimizers use the entire instruc­
tion set. 

Registers beg for optimization 
The second optimization tech­

nique that particularly suits RISCs 
is register optimization. Because of 
the heavy penalty memory acceses 
exact upon a RISC's performance, 
RISC compiler's optimizers strive 
to keep all data in registers for as 
long as possible. The optimizer can 

For more information ... 

For more information on the RISCs and RISC tools described in this article, 
contact the following manufacturers directly, circle the appropriate numbers 
on the Information Retrieval Service card, or use EDN's Express Request 
service. 

Advanced Micro Devices Inc 
901 Thompson Place 
Box 3453 
Sunnyvale, CA 94088 
(408) 732-2400 
Circle No 399 

Fujitsu Microelectronics Inc 
Advanced Products Div 
50 Rio Robles 
San Jose, CA 95134 
(408) 922-9000 
Circle No 400 

Intermetrics Inc 
733 Concord Ave 
Cambridge, MA 02138 
(617) 661-1840 
Circle No 401 

Language Processors Inc 
959 Concord St 
Framingham, MA 01701 
(508) 626-0006 
Circle No 402 

Sun Microsystems Jnc 
2550 Garcia Ave 
Mountain View, CA 94043 
(415) 960-1300 
Circle No 403 

~ same, dorlt look at copiers. 
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------------------, 
Yes, I'd like to know more about Harris/3M copiers and the I 
Harris/3M copier Promise. Please send my free guide. I 
NAME I 

I 
I 
I 

CITY STATE ZIP I 
I I PHONE#( ) I 

I _I'd also like information on your full line of fax machines. I 
L ____ ____!!arris/3M P.~Box 78~ Dayton, OH 4540~ _ CHNJ89 _ _J 

HARRIS/3M 
Offer is valid for a limited time and other restrictions and limitations apply; see your Harris/3M 
sales representative for details. ©1988 Harris/3M Document Product.I, lnc. Harris is a 
trademark of the Harris Corporation. 3M is a trademark of the 3M Company. 
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try to follow a calculation to its ulti­
mate end and only allow the con­
tents of a register to be written out 
when the calculation is completely 
finished. The optimizer can also en­
deavor to follow data being passed 
between routines and try to pass 
as many parameters in registers as 
possible. Because of the large regis­
ter sets, RISC-compiler writers as­
sert that manual register allocation 
is not nearly as effective as that 
done by an optimizer. 

As an example of one of the many 
things that must be taken into 
consideration when allocating regis­
ters for the AMD 29000, an op­
timizer must try to save base ad­
dresses in registers because this 
RISC, like all RISCs, has no 32-bit 
immediate instructions. Immediate 
values can occupy only a portion, 
or field , of a 32-bit instruction. 

Optimization is not a panacea, 
however. High-level languages and 
operating systems do impose some 
constraints on instruction shuffling 
and register allocation. The compil­
ers must be careful to observe pro­
gram-module boundaries, excep­
tion-handler restrictions, and mul­
titasking partitions. 

Also, optimization has a major, 
deleterious effect on high-level­
language debuggers: Optimization 
confuses and stymies them. Be­
cause the optimizer muddles the 
one-to-one correspondence between 
the high-level code and the corre­
sponding assembler code, high-level 
language debuggers often have just 
as much trouble as humans do when 
trying to follow the execution 
thread in an optimized RISC pro­
gram. 

Software vendors are meeting 

the challenge that optimization pre­
sents to high-level:-language debug­
gers by suggesting that you do all 
your debugging before switching on 
the optimizer. Software engineers 
who have to debug real-time code 
may find this suggestion unaccept­
able because they need to observe 
their pro grams running at full 
speed. EIJlll 

Article Interest Quotient 
(Circle One) 

High 503 Medium 504 Low 505 

SO, IT'S POWER YOU WANT? 

• 5 voe at 70 Amps 
•12 VOe at 15 Amps 
• 12 voe at 5 Amps 
• 24 Voe at 3 Amps 
•5 VOe at 3 Amps 

• 5 voe at 50 Amps 
• 12 voe at 6 Amps 
•12 voe at 6 Amps 
• 24 voe at 3 Amps 
•5 voe at 3 Amps 

• 5 voe at 30 Amps 
• 12 voe at 6 Amps 
• 12 voe at 3 Amps 
• 24 voe at 3 Amps 

Proven, standard product DC Power Systems Cd// or wn'te /brottr free Cdta/og-

SWITCH I NG 
POWER INC 
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•50°C POWER RATINGS 
•SHORT CIRCUIT PROOF 
• UP TO 80 AMPS 
•WIDE RANGE AC INPUT 
•RELIABILITY 
•UP TO 500 WATTS 

•COMPACT 
•VERSATILE 
•UP TO 5 OUTPUTS 

~ 
CIRCLE NO 25 

3601 VETERANS HIGHWAY, RONKONKOMA, NY 11779 
PHONE : 1-800 - 456 - 8118 FAX : 516-981-7266 
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CHOOSE YOUR CERAMIC. 

SPD ~ ~GUE MONOLYTHIC® Multilayer Ceramic Capacitors from Sprague: a complete line of 
~ ceramic caps featuring economy, high-performance and reliability in a variety of 

MONOLYTHIC® CAPS re~~~~::~n~~:a~t;~ti~. 
• • • Get fast delivery on multilayer 

HIGH RELIABILITY, ~=~:.~:,:,=:::~· 
Lo

~ "'I J. COST. high-frequency applications. Sprague ceramic chips are available in bulk 
, l' ' - pack or may be supplied on tape and reel to EIA 481A. Also available: 

• molded-case DIPs and SIPs supplied in plastic carriers. Conformally-coated 
radial-lead capacitors are also available in quantity, supplied in bulk pack or on tape and reel. For technical data, write for 
the new Sprague Catalog WF-100 to Technical Literature Service, Sprague Electric Company, 11<--:·· SPA GUE® 
P.O. Box 9102, Mansfield, MA 02048-9102. ..JJ:! 



Digital scopes with a 

Give up real-time capability for 
storage? Not with Tek! 
That's because analog capability is 
integral to low-cost Tek digital storage 
oscilloscopes. So you need only one 
instrument to make all your measure­
ments efficiently. With no trade-offs. 

It's another Tek advantage: analog 
and digital in one familiar, affordable 
package. 
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__i;;;~ff Select 
either 

·mode 
atthe 

push of a 
button. 
With digital 
storage you 
can capture 
events which 
are difficult if 

not impossible 
to see on con­

ventional scopes. 
Pre and post trigger 

events. Fast transients. 

Copyright © 1988, Tektronix, Inc. All rights reserved. TAD-903A-2 

Single-shot events. 
Elusive glitches. 
Low-speed 
phenomena. 

Four screen photos spliced 
end to end illustrate the 
benefit of full four-screen 
capture using the 2230's 4K 
record length. 

Any waveform can be viewed for 
as long as you like. Or stored in 4K of 
memory for later analysis or com­
parison to other waveforms. And if 
there's a question about a digital 
measurement, just push a button for 
real-time display analysis. 
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real-time advantage. 
-~~~~~~~~~~~~--~~ The affordable portables. 

These are the world 's best-sell ing dig­
ital storage oscilloscopes. And with 
the new 20 MHz Tek 2201 joining the 
family, there's now an even better 
selection-in bandwidth, perform­
ance and price. 

Select for advanced features such 
as 100 ns glitch capture at any sweep 
speed, CRT readout, measurement 
cursors, multiple acquisition modes 
and hardcopy output, plus optional 
GPIB or RS-232-C interfaces and 
software. 

These scopes are perfect for 
first-time digital users. And sea­
soned operators will appreciate 
even more their versatility, con­
venience and value. All backed 

Features 2230 2221 2220 2210 2201 

Bandwidth 

Max. Sam­
pling Speed 

Vertical 
Resolution 

Record 
Length 

Glitch Capture 

CRT Readout/ 
Cursors 

GPIB/RS-232-C 
Options 

Warranty 

Price 

100 MHz 60 MHz 60 MHz 50 MHz 20 MHz 

20 MS/s 20 MS/s 20 MS/s 20 MS/s 10 MS/s 

8-12 bits 8-10 bits 8 bits 8 bits 8 bits 

1K/4K 4K 4K 4K 2K 
Selectable 

100 ns 100 ns 100 ns No No 

Yes Yes No No No 

Yes Yes Yes No RS-232-C 
Hardcopy 

3-years on labor and parts including CRT 

$4995 $3995 $2995 $2395 $1495 

Each scope offers a range of 
capabilities you'd expect to 
find only in much more 
expensive instruments. 

by Tek quality and a 3-year warranty. 
Discover the potential. Let Tek 

show you what you're missing ... with- · 
out making you give up analog to see 
it. That's the real-time advantage of 
Tek digital storage. 

For easy ordering or more infor­
mation call Tek Direct: 

1-800-426-2200 
VIS4 .:J 

COMMITTED TO EXCELLENCE 
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TECHNOLOGY UPDATE 

Anything more 
complicated than 
adding a turnkey 

SCSI host-adapter 
board to a personal 
computer as a disk­
or tape-drive inter-
face requires firm­

ware or software 
development. 

Maury Wright, 
Regional Editor 

EDN January 5, 1989 

SCSI DEVELOPMENT SYSTEMS 

Tools allow debugging 
of software, firmware 

C 
ompared to a relatively sim­
ple hardware design, imple­
menting the Small Computer 
Systems Interface (SCSI) in 
a host computer or a periph­

eral controller entails a sizable firm­
ware-and software-development task. 
Luckily, several companies offer test 
and development tools that allow you 
to functionally and comprehensively test 
firmware and device-driver software for 
such designs. The tools are capable of 
performing passive capture and analysis 
of signal states and bus phases as well 
as active emulation of the host and the 
peripheral. 

When designing a 
SCSI interface , you'll 
find that designing and 
testing the hardware is 
simple. Many companies 
offer intelligent VLSI 
ICs to implement the 
SCSI hardware inter­
face. With the exception 
of a few older first-gen­
eration chips, these ICs 
handle the bus-hand­
shake, -arbitration, and 
-protocol functions. In 
fact, the ICs by defini­
tion conform to the SCSI 
bus hardware specifica­
tion and do not allow vio­
lations of the spec. 

the same manner as other peripheral 
chips, and you can test your pc-board 
design with traditional tools such as 
scopes and logic analyzers. Further­
more, choosing board-level products 
such as host adapters can remove the 
burden of hardware design testing com­
pletely. 

Anything more complicated than add­
ing a turnkey SCSI host-adapter board 
to a PC as a disk- or tape-drive interface 
requires development of firmware or 
software (or both), which means that 
you have to be able to perform testing 
and debugging. 

The VLSI chips suit 
most design applications, 
so you don't usually need 
specialized SCSI hard­
ware-test equipment for 
debugging. The SCSI 
ICs interface to µ.Ps in 

Single-stepping through SCSI bus operations is possible with the 
Rancho Techrwlogy SCSI Byte Grabber. This capability allows you 
to inexpensively debug SCSI firmware. 
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50% Faster than the Industry Standard 

CMOS Flash ADCs From IDT 
Exceed Bipolar Performance 

so 

sNR 
dB 

10 

The IDT75C48 and 75C58 8-bit 
Flash A/D Converters, manufac­
tured using IDT's CEMOS™ process, 
are pin and function compatible 
with the industry standard yet pro­
vide higher speeds, lower operat­
ing temperatures, and greater 
reliability. 

50% Faster. Uses Half the Power 
of Bipolar. The IDT75C48 and 75C58 
run at a record breaking 30MHz. 
The small signal Input bandwidth 
exceeds 100 MHz. And with a 50% 
power savings over bipolar, your 
system runs cooler and more 
reliably. 

Higher Reliability. The IDT75C48 
and 75C58 use IDT's on-chip Error 
Detection and Correction circuitry 
(patent applied for) to ensure that 
your data is not corrupted. No more 
missing codes over all temperature 
and voltage extremes. 

Full-Speed Perfonnance. The 
IDT75C48 and 75C58 signal to 
noise ratio (SNR) at 30 MSPS 
clock rate and 10MHz analog input 
frequency is greater than 40dB over 
the full temperature range and 
power supply extremes. That's more 
than a 1/2 LSB accuracy improve.-
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l·ng Rate 
samP 1 

-PAHZ 

ment over the bipolar industry 
standard. By testing SN R specs 
during production we can guaran­
tee the performance of the final 
product. And that allows you the 
additional freedom to optimize your 
system by operating closer to the 
spec limits. 

Even Easier System 
Integration with the 
IDT75C58 

In addition to the features 
found on the IDT75C48, the 
IDT75C58 offers extra en­
hancements designed to 
ease system integration. 

D Overflow indication ensures that 
the input signal is within range. 

D Three-state outputs ease the use 

Call For More Information 
If you have questions concerning 

price and availability, or need tech­
nical information call our Marketing 
Hotline at (408) 492-8229. 

If you need literature, call (408) 
492-8225 and we'll send you 
a FREE copy of the IDT 
Data Book. It contains 
complete information on 
our other CMOS lines 
including SRAMs • 
FIFOs •Dual-Ports• 
ultra-fast RISC Proces­

sors • Bit-Slice 
Microprocessors • DSP 

Building Blocks • BiCMOS ECL­
Compatible RAMs •CMOS FCT 
Logic • Modules •and much more. 

of multiple Flash ADCs in a When cost-effective performance counts 

system. ~ 
o Power-down mode for ' Integrated 

ultra-low power • 
applications. dt DevJCe lechnology 

Expanded Package Options 3236 Scott Blvd. 
Packages include 28-pin plastic and P.O. Box 58015 

hermetic DIPs, LCCs, and SOICs. Santa Clara, CA 95052-8015 
MIL-STD-883C versions are also Tel. (408) 727-6116 
available. FAX (408) 988-3029 
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In chip-level designs, for exam­
ple, you have to develop firmware 
to control the basic operation of the 
SCSI IC. Peripheral-controller de­
signs typically include a single µP 
to manage the SCSI interface and 
provide the control function. The 
portion of the firmware dedicated 
to the interface responds to bus ac­
tivity and controls the flow of data 
to and from the peripheral. 

Host designs include a dedicated 
µP or, in some cases, the host CPU 
manages the SCSI IC. The firm­
ware handles SCSI transactions 
such as instigating or responding to 
bus activity and completing data 
transfers. 

For both chip- and board-level 
host implementations, you also 
have to develop operating-system 
device drivers. 

The SCSI testing and debugging 
tools available all share one common 
feature-they connect to the unit 
under test via the SCSI bus and 
thus provide true functional test­
ing. Passive tools simply monitor or 
capture and analyze bus activity. 
Active tools actually emulate a host 
or a peripheral device. Some tools 
have both passive and active capa­
bilities. Ultimately your applica­
tion-and your budget-will deter­
mine which tool you choose. 

Which tool to use? 
If you require minimal data­

capture capabilities and don't want 
to spend too much money, the SCSI 
Byte Grabber from Rancho Tech­
nology may fulfill your needs. The 
product functions as the physical in­
terface between a host and a pe­
ripheral. It passively monitors all 
SCSI control and data signals ex­
cept for one-the REQ signal. Be­
cause it has control of this signal, 
the Byte Grabber can control all 
SCSI bus activity and make the bus 
operate in a single-step mode. 
Front-panel LED indicators let you 
monitor the bus's control signals, 
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Analysis and emulation software from Pacific Electro Data allows you to stimulate bus 
actimty, capture all SCSI transactions, and analyze the results. 

and a 2-digit hexadecimal display 
lets you see the data lines. Al­
though limited in capabilities, the 
$380 device offers a low-cost way 
of testing a SCSI design. 

If you need more data-capture 
ability but want relatively low-cost 
testing, consider the Flex star 
FS600 SCSI Bus Monitor. The 
FS600 can passively capture 8k 
bytes of SCSI bus activity, operates 
at SCSI bus speeds of l.5M bytes/ 
sec, and costs $1800. The bus moni­
tor includes a parallel-printer port 
so that you can print the captured 
data. The monitor will output your 
choice of raw control and data sig­
nals and disassembled bus phases 
with or without the captured data 
bytes. 

More analysis is possible 
For more extensive analysis 

needs-and corresponding higher 
cost-Ancot, Pacific Electro Data, 
and Peer Protocols all off er SCSI 
testing tools. Products from all 
three companies allow you to cap­
ture and analyze SCSI bus activity 

based on a variety of conditions. All 
of the tools employ event triggering 
and time stamping; they don't need­
lessly capture data into limited-size 
buffers when the SCSI bus is idle. 
The products use time stamping to 
provide information such as time 
elapsed during a test, time elapsed 
since last event, and time elapsed 
between any two events. 

Ancot's Model DSC-202 analyzer 
includes a 68008 local µP and comes 
in a stand-alone case. You control 
the Ancot product via a terminal 
or a personal computer connected 
via one of two serial ports. The 
other port can connect directly to 
a printer. 

Pacific Electro Data's PED-4000 
Series and Peer Protocols' 2000, 
3000, and 5000 Series each use a 
personal computer as a host for the 
development system. The products 
include an IBM personal-computer­
compatible add-in board and soft­
ware. 

You have a choice of controlling 
the Ancot, Pacific Electro Data, 
and Peer Protocol analyzers via 
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peer protocoh. Inc 

U..r'SMa..ual 

menus or by developing your own 
control programs. The analyzers 
can selectively capture activity 
based on trigger conditions: You 
can choose to capture all data trans­
missions or only selected portions. 
The menu interfaces of all the prod­
ucts allow a fair amount of flexibil­
ity in controlling the capture opera­
tion. Furthermore, because you 
have the option of developing your 
own control programs, you can set 
the products to selectively capture 
almost any conceivable event or 
events. 

......,._. 11 Op#a~ Manu., 

.,..,,_. I. ~"°I"•"""'"' M .. u.i 

..,._. a, Ref•renee r.tanuat 

l 
Peer Protocols' analyzers capture 

bus activity based on bus-phase 
changes. Because several signal 
transitions occur between phase 
changes, some engineers may con­
strue this capture approach as a po­
tential weakness. Not so, says com­
pany president Herbert Silverman. 
He believes that, provided the 
hardware is working, you don't 
need analysis at the individual con­
trol-signal level to debug either the 
software or the firmware. The prod-

Triggered by bus-phase transitions , the Peer Protocols Peer-3000 can analyze bus activity 
and provide tim e stamps with 1-µsec resolution. 
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ucts from Peer Protocols all provide 
1-µsec resolution time stamps cor­
responding to phase changes. 

ity to capture data being trans­
ferred at fast rates. The Peer-2000 
reliably captures data at the l.25M­
byte/sec rate prevalent in many 
SCSI-peripheral designs. 

The $995 Peer-2000 occupies a 
half-slot in a personal computer and 
adequately tests low-end asynchro­
nous SCSI operation. The board 
does not include a dedicated capture 
buffer, and therefore the PC's DMA 
capability limits the product's abil-

The $2995 Peer-3000 and the 
$4995 Peer-5000 feature identical 
analysis capabilities (the higher­
priced Peer-5000 includes a µP that 
improves performance during emu-

Don't ignore other tools for SCSI testing 

The prolific growth in SCSI usage in the computer 
industry has spawned a market for various types 
of specialized test equipment. Tools for debugging 
SCSI software and firmware designs are by no 
means the only ones available to aid engineers. De­
signers can use other test equipment for evaluation 
and acceptance testing of SCSI peripherals, for fac­
tory testing, for evaluating 110 subsystem perform­
ance, and for several others. 

Numerous companies offer test systems specifi­
cally designed to test disk and tape drives, for in­
stance. You'll find test systems capable of testing 
one drive or capable of simultaneously testing as 
many as 4000 drives. These types of units satisfy 
roles such as burn-in and incoming-inspection test­
ing. Companies that offer such products include 
Adaptec (Milpitas, CA), AVA Instrumentation Inc 
(Ben Lomand, CA), Brian Instruments Inc (Fuller­
ton, CA), Cambrian Systems Inc (Westlake Village, 

CA), Flexstar (Milpitas, CA), I-Tech (Eden Prairie, 
MN), JCS Technology Inc (Los Gatos, CA), Peer 
Protocols (Costa Mesa, CA), Santa Cruz Digital 
(Santa Cruz, CA), and Wilson Laboratories Inc (Or­
ange, CA). 

Another company, 110 Xel Inc (Santa Clara, CA), 
sells disk-drive performance-evaluation tools. The 
$1200 SCSI Benchmark, for example, lets you 
benchmark a disk drive's performance. The company 
also recently introduced a multiple-drive real-time 
performance-evaluation tool. 

Despite the proliferation of SCSI chips, a few de­
signers may still be forced to build SCSI-compatible 
interfaces with discrete-logic or semicustom-IC tech­
niques. For these designers, Hewlett-Packard (Palo 
Alto, CA) offers a SCSI-specific add-on, the Prepro­
cessor Interface Module, for its series of logic­
analyzer products. 
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NUMBER ONE FOR ASICS ... AND BASICS 

Super E - line NPN and PNP 
both Darlington and high voltage 

Plessey Semiconductors has it all. 
High -end, low -end and in-between, 
Plessey runs broad and deep. From 
Mosfet transistors to digital signal 
and image processors. From 16,000 
gate ECL arrays to 110,000 gate 50•000 gate MEGAc ELLT• 

CM OS arrays. 1.5 µM standard cell CMOS 

From micro-amp mixed analog/ digital arrays 
to wideband 100 plus MHz analog arrays. 

We have world-class Facilities, like our class 
10 FAB at Roborough, capable of su}}micron on 611 

wafers. Sophisticated products like our new 1.2 
GHz family of ECL arrays. Simple but vital pro­
ducts like the Super E-line in a T092 package. 

High speed? Of course. Low power? Yes. 
High voltage/low voltage? Whichever you want 
Discrete components? Yes. Standard products 
' to go '?Absolutely. 

Semi-CustomASICs? More than any­
one else-We're Number 1 for ASICs. 

And how did Plessey get a product 
line so broad and deep? By spending 

more than the industry average on R&D. 
By concentrating world-wide efforts and 

resources on perfecting process technology 
for ASICs, high speed and mixed signal Bipolar, 
CMOS and more. By having and taking a global 
view and by recognizing that everything is possi­
ble once you know your ASICs. 

We'll send you our free full color 72 -page short­
form brochure 11 Silicon technology is our business 11, 

or if you already know the products you need and 
just want more information: in North America call: 
1- 800-441- 5665 or outside NorthAmerica call 
44- 793-726666. Plessey Semiconductors. For every­

thing ... from basics toASICs. 

PLESSEY Se:nicxlrd..ms OIOCes k:catBd h Auslraia. Auslria, BelgUn, C<via:la. Dermarl<. Fnard, Fram>, Greece, Malaysia. New Zealird. Horg Karg, lt;jy, rda ~. Korea Nelre1ards,l'bway, Scar<tia'1a ~. Soulh 
EastAsia. Span, 9.veden, Tai.van, TLrl<e-/, ltited Kingdom, Urilsd Slates, Wes. Gemiany, Plessey MEGACELL. PLESSEY ardf'e Plessey symtci are ra:lemarl<.s ct 1t'e Plessey ~pie. 
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lation). The products have 128k­
byte RAM buffers and can capture 
asynchronous bus operations at 4M­
byte/sec rates and synchronous op­
erations at 5M-byte/sec rates. 

The Model DSC-202 analyzer 
from Ancot captures bus activity 
based on signal changes rather than 
phase changes. For $5650, you get 
the basic product capable of captur-

ing 32,000 16-bit events, but no 
time-stamping capability. The time­
stamping opt ion costs $1200 and 
makes the trace memory 56 bits 
wide. The analyzer will also capture 

S tate_Analys i s_Sample_Printout 

I 
I : RBSAMCIH1\ : 

i 1 -o:.>-88 

: BUS : I 
I 

: DELTA TI ME : EXTR N: SSETS//EC: DATA BLJ:::; : JD: : l'-IU M : NUM : 1.l NF 
:MM :SS: MILLISEC : 432lO : TYLNGDOQK:P76543210 : HE X: PHASE : c NDTN:I:T:REWs :ACK s :NUM 

·················-··· .... .... .... ........... . ..................... -- -·· -·· .... -· . -------------------------------- . ........... -·· _ .. -·· -· .... ··- -·· -·· ·-· ·-· ·-· .... -- .... ·-· ...... ··- .... -- ··- --
: 00 : 00:000_0010:11111 : ooooooooo:ooooooooo:ooo : Bus CLR 
:oo:oo : oo6.2979:1 1111:010000000 : 010000000 : 00o:ARBTRTN 
:oo:oo:ooo. 0 14s : 1 1 1 11 : 0 11100000 : 010000000:09o : s FLECT 
: oo :00 :000.02JJ : 1 1111 : 001100000:110000001 : 181 : sE LECT 
: oo : 00 : 000.0309 : 1 1 11 1 :011100000:110000001:191 : sELECT 
: 00 :00: 000 _0 119 : 11111 : 0 10100000:110000001 : 181:1N1ER 
:00 :00:000_3423 : 11111 : 010001011:100000000:1oo : coMMAND 
:oo : oo:ooo . 0296 :11 11 1: 01ono1011 :100000000:1oo : coMM AND 
: oo : oo : ooo.06J0 : 1111 1 :0100010 1 1 : 100000000• 1oo:coMMAND 
:00:00:000.0295:1 1 11 1 :010001011: 100000000 1oo: coMMA ND 
:oo : oa:ooo.02Bs : 1 11 1 1 : 01000101 1 :100000000 loo : coMMAND 
:00 :00:000 . 0205:11111 : 010001011:100000000 loo: coMMAND 
:00 : 00:004 .5575 : 11111 : 0 100011 11:100000000 loo: s TATUS 
: 00 : UU: 000 .. ~:.'.60H: 11111: 010011.111 : 100000000 100 : M~>G Il'-1 
:oo : 00:000.0253: 1 1 1 11 : 000000000 : 000000000 ooo:RUS CLR 

(a) 

Phas e _ Ana]ysis _Sample_Printou t 

DELT A TI ME BUS PHASE I NFORM/\TION 
: MM : ~;~:;: MIU r::;Ec: 

: NORM : :0000:0000:0000: 
: l'IORM : : 0000 : 0000 : 0001 
: AT TEN : : 0000:0000 : 0002 
: ATTEN : 7 :o : oooo : oooo:oooJ 
: ATTEN: 7 :o:oooo•oooo : ooo4 
:ATTEN:7:o : oooo 0000:0005 
: NORM : 7 :0 : 0001 OOOl : OOOA 
:NORM : 7:0:0001 OOOl:0007 
: NORM : 7 :0:000 1 0001 : 0008: 
:NORM :7:0 : 0001 OOO l : 0009 : 
: NOR M : 7 : 0 : 0001 000 1: 0010 : 
:NORM : 7 : 0 : 0001 0001 : 00 11: 
:NORM : 7 :0:0000,oooo : oo1 2 : 
: NORM :7:0:0000:0000 : 001 3 : 
:NORM : 0000 : 0000 : 0014 : 

: EXTRN: LHIE : 
I 4:,;210 : NUM : 

------------------------------------------- ----------------------- --- ------ ------ --- -------------- -------· ---
: 00000000 111 1 .1 0000 : :oo:oo:ooo .001::: : e us FREE 

:00:00:006.3124 : ARBITRATION 
'00: 00 : 000. 0 213 : SELECTION 
00:00:000 .3851: COMMAND 

:10000000 Dev ice 7 won_ 
: 10000001 I n itiato r 7,Ta r get Cl. 
'00 Tes t Un it Ready 

ATN 11 111 0 001 : 
ATl' I 1 1 1 1 1 0002 : 

11 11 1 0003 : 
11.11 1 0004: 

: 11 1 1 1 000!:) : 
00:00:00 0 . 0296 : COMM AND 
00:00:004 .7060 : STATUS 
00:00:000.260H: MESSAGE IN 
00:00:000.0253 :BUS FREE 
00:00: 024.9962 : ARBITRATION 

100:00:00 0 . 02 16 : SELECTION 
: oo:00:000.3892 : COMMAND 
:oo:00:000.0282 : COMM AN D 
:oo:00 : 000.3100: CO MMAN D 
:00:00:003.0449 : DA TA IN 
100:00:003. 4 184 : STATUS 

(b) 

00 00 (J(J 00 00 
0 0 - Good Condition 
00 - Comm a nd Complete 
00000000 
10000000 Devi1>~ ? wori _ 
10000001 I n itiator 7, Ta r ge t 0 . 
25 - Read Capac ity 
00 00 00 00 00 00 OU 00 

,oo 
: oo 00 AO 28 00 00 0 2 00 
: oo - Good Condition 

:11 111 10006: 
: 11111 0007 : 

ATN'1111 1 ooci::::: 
1\ Tl'-1 11 11 1 0009 : 

1 1 1 1 1 00 10 : 
l .ll l l 00 .l l : 
1.1 l l l 00 1 ~~ : 
1111 1 001 ::.; : 
11111 0014 : 

Sampk state- and phase-analysis printouts from the PED-4000 derrwnstraf,e the type of analysis SCSI development tools can perform. 
Transitions in the st.aw of SCSI signals generated the dat.a in the st.aw-analysis printout (a). The phase-analysis report (b) depicts dat.a 
gathered based on transitions in bus phases. 
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finally, high resolution time 
interval measurement at an 
affordable price. The SR620 
Universal Time Interval 
Counter offers 4 ps single-shot 
LSD on time intervals, and 11 
digits of frequency resolution 
in one second. With powerful 
arming, gating, and triggering 
modes, the SR620 can mea­
sure time interval, frequency, 
period, pulse width, and phase, 
as well as rise and fall times. 

The SR620 has built-in sta­
tistical functions, including 
mean, min, max, standard 
deviation, and Allan variance 

for up to 1 million samples. 
Results may be displayed on 
the front panel, and graphed in 
histogram or strip chart form 
on an X-Y oscilloscope. Hard­
copy is directly available on a 
plotter, printer, or chart 
recorder. 

With both RS-232 and GPIB 
interfaces standard, the SR620 
is also ideal for ATE applications. 

Whatever your time or fre­
quency measurement needs 
may be, the SR620 is the 
answer. For more information, 
call us at (408) 744-9040. 

SRS STANFORD RESEARCH SYSTEMS 

1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408) 744-9040 FAX 4087449049 TLX 706891 SRS UD 
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The SR620 provides graphic display of 
histograms and strip charts on any X-Y 
oscilloscope. With Autoscale and 
Zoom, graphics can be easily scaled. 
Attach a dot matrix printer or an 
HP-GL plotter and obtain hardcopy of 
any graph. 

Sl620 $3850 
Single-shot resolution 4 ps 
Time interval jitter 20 ps rms 
Maximum time interval 1000 s 

Maximum frequency 1.3 GHz 
Frequency resolution 10-9 Hz 

Phase resolution 0.001° 
Statistics Mean, Min, Max, 

Std. Dev, and Allan Var. 
Sample size 
Analyzer 
Graphics 

Hardcopy 
Interfaces 

1to106 

Display on X-Y scope 
Histogram and 

Strip Chart 
Printer/Plotter 

GPIB and RS-232 

Oven Timebase (5x10·10tday) $950 

93 



TECHNOLOGY UPDATE 
SCSI DEVELOPMENT SYSTEMS 

eight external inputs along with the 
SCSI signals. 

The Ancot analyzer offers 50-nsec 
resolution and can capture asyn­
chronous or synchronous bus opera­
tions at speeds of 4.5M bytes/sec. 
You control the DSC-202 via menus 
stored in its ROM or with C pro­
grams that you can download. 
EEPROM stores current setup pa­
rameters. You can upload, view, or 
print the analyzed data in a struc­
tured Pascal-like format or in either 
hexadecimal or binary formats. 

Pacific Electro Data's PED-4000 
Series of analyzers also captures 
data based on signal state changes. 
The PED-4001 costs $3950 and in­
cludes the personal-computer add­
in board and the state-analysis pro­
gram. The product includes time 
stamping, provides 100-nsec resolu­
tion, includes five external inputs, 
and has a 2k x 32-bit capture buffer. 
You can capture asynchronous or 
synchronous bus activity with the 
PED-4001, but the resolution limits 
the capture of data to about 2.5M­
byte/sec transfer rates. The com­
pany also offers a $295 phase­
analysis program, the PED-4002, 
for the PED-4001. 

The PED-4000 Series includes a 
proprietary procedural program­
ming language that you can use to 
set up complicated test sequences. 
The company has also just begun 
to offer an 'analyzer product with 
50-nsec resolution. The PED-4501 
costs $5950 and includes an 8k x 32-
bit capture buffer. The new product 
employs a user interface and pro­
gramming interface similar to the 
PED-4001. 

Although all of these analyzer 
products offer powerful capabilities, 
your application may demand a de­
velopment tool that actively stimu­
lates bus activity along with moni­
toring it. Adaptec, along with An­
cot, Pacific Electro Data, and Peer 
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An Bk-byte buffer captures SCSI bus activity in the Flexstar bus monitor. The poduct 
includes a parallel-'fl'Y'inter port, so that you can subsequently 'fl'Y'int the data. 

Protocols, offers a number of devel­
opment systems that can actively 
emulate host and peripheral de­
vices. 

Adaptec's marketing philosophy, 
or approach, is different from the 
other three vendors, however. 
Adaptec's analyzers are an adjunct 
to its active-emulation development 
systems, which Adaptec considers 
the basic tools for testing and de­
bugging. Ancot's, Pacific Electro 
Data's, and Peer Protocols' active­
emulation products are software op­
tions to the previously described 
analyzers that the three companies 
sell. 

Both initiator and target emula­
tion packages are available. In real­
world applications, a host computer 
is typically an initiator and a periph­
eral is typically a target. The SCSI 
spec, however, allows any device to 
initiate bus activity and any device 
to respond. 

The emulation products from all 
four companies include a similar set 
of features. The initiator emulators 
include a library of test routines 
typical of host activity or communi­
cation with peripherals such as disk 
and tape drives. You can control the 

emulation via menus. You can also 
use the menus to develop new tests 
based on routines in the library or 
on routines you define at the SCSI 
command level. In fact, the menus 
allow you to set up tests represen­
tative of virtually any SCSI envi­
ronment. 

You can also use programming 
languages to control the emulation. 
Adaptec, Ancot, and Peer Protocols 
offer C; Pacific Electro Data pro­
vides a proprietary procedural lan­
guage. During software testing, 
you will find that the menus offer 
the flexibility to quickly change 
emulation parameters and to create 
new tests. The programming lan­
guages ultimately offer more flexi­
bility, however, and can also be use­
ful to set up standard test se­
quences for testing or evaluating 
peripherals. 

The target emulation packages 
operate in the same manner as the 
initiator emulation products. How­
ever, they include libraries that 
simulate disk or tape drives, and 
you can use the menu interface to 
develop emulations of virtually any 
peripheral. In addition, you can use 
the programming languages to set 
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Everything about it is fast. 
Like a workstation, Tek's new 
4211 Graphics Netstation 
delivers 40,000 clipped and 
transformed 20 vectors per 
second. Blazing 32-bit 
power from the Intel 386SX 
and a dedicated graphics 
processor. Plus connect-in­
minutes direct Ethernet LAN 
and RS232-C hookups, as 

well as IBM coax. 
Flexible, too. Like a termi­
nal, the Netstation lets you 
jump between DEC and 
IBM sessions in a spl it sec­
ond. Provides access to 
hundreds of existing soft­
ware packages in a wide 
range of applications, 
without the annoyance of 
porting. And frees you 

from administrative and 
data security hassles. 
With the performance of a 
workstation and flexibility of 
a terminal , the 4211 Graphics 
Netstation practically 
guarantees a boost in your 
personal and CPU efficiency. 
And all for the lowest price 
in the fast lane. To learn more, 
call 1-800-225-5434. 



TECHNOLOGY UPDATE 
SCSI DEVELOPMENT SYSTEMS 

up emulations. 
The initiator and target emula­

tors provide a vehicle to simulate 
a working product and test your de­
sign in the early debugging stages. 
The emulators also allow you to 
fully test your finished product. For 
example, you can have a target 
emulator generate selective bus­
parity errors and ensure that your 
host software handles those errors 
properly. In fact, the ability of the 
emulators-both initiators and tar­
gets-to generate improper condi­
tions is of more importance than the 
simulation of working products in 
many testing applications. 

Ancot's active-emulation package 
includes target and initiator and 
costs $3100. The product supports 
asynchronous data transfers of 
l.5M bytes/sec. The menus allow 
you to select from standard test 
routines stored in EPROM. You 
can store test routines that you de­
sign in EEPROM, too. 

Peer Protocols sells its initiator 
and target emulation packages 
separately. Each program costs 
$500 and will work with any of the 
company's analyzer boards. The 
Peer-5000 includes a local µP and 
doesn't require host intervention to 
execute an emulation; the product 
can therefore simulate the opera­
tion of fast peripherals with little 
SCSI command overhead. 

To add initiator and target emula­
tion to Pacific Electro Data's PED-
4001, you have to pay $795 for each 
capability. The PED-4001 can 
t r ansfer data asynchronously at 
l.5M bytes/sec. The company cur­
rently doesn't offer an emulation 
package for the PED-4501, but it 
expects to introduce one during the 
first quarter of 1989. The product 
will include a second add-in board 
and software. 

Adaptec's line of SCSI develop­
ment tools are the most extensive 
of any of the manufacturers- in-
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Function Pick Window 

'"'~" ""] readcap (0, OxOOOOOOOO, 0) 
readr (OxOOOO,OxOOOO) 
reset () 

--> seek (OxOOOO) 
sense (OxOOOO) 
testur () 

.._, End, PqDn, ; Enter,Esc,a .. z,~Group 
Test Sequence Edit INSERT MOD E -..., 

begin ( 
reset () 

> readcap (0, OxOOOOOOOO, 0) 

) end 

Tools such as the SCSI Program Generator from Adaptec prOV'ide easy program creation 
and execution by allowing you to pick from a list of more than 300 test functions . The 
program then places these functions into an executable test program. 

eluding analyzer and active-emula­
tion products. You can choose from 
the $10,500 SDS-1, $14,500 SDS-2, 
or $18,500 SDS-3 system. All of the 
products require a host IBM-com­
patible personal computer; as an op­
tion, Adaptec offers the products 
bundled with Compaq and Wyse 
computers. 

The SDS-1 offers target emula­
tion only and supports asynchro-

nous data transfers. The SDS-2 and 
SDS-3 include both initiator and 
target emulation. The former can 
only handle l. 8M-byte/sec asyn­
chronous data transfers, whereas 
the latter can transfer data either 
in asynchronous (l.8M bytes/sec) or 
synchronous (5M bytes/sec) modes. 

The $4950 SDS-210 analyzer 
board is an accessory for the SDS-1 
or the SDS-2; the SDS-3 accepts the 

For more information ... 
For more information on the SCSI test and development products dis­
cussed in this article, contact the following manufacturers directly, circle 
the appropriate numbers on the Information Retrieval Service card, or 
use EDN's Express Request service. 

Adaptec Inc 
691 S Milpitas Blvd 
Milpitas, CA 95035 
( 408) 945-8600 
FAX 408-262-1845 
TWX 910-338-0060 
Circle No 351 

Ancot Corp 
1755 E Bayshore Rd, Suite 18A 
Redwood City, CA 94063 
(415) 363-0667 
FAX 415-363-0735 
Circle No 352 

Flexstar Corp 
606 Valley Way 
Milpitas, CA 93035 
(408) 946-1445 
Circle No 353 

Pacific Electro Data Inc 
14 Hughes, Suite B205 
Irvine, CA 92718 
(714) 770-3244 
Circle No 354 

Peer Protocols Inc 
3176 Pullman, Suite 101 
Costa Mesa, CA 92626 
(714) 662-1929 
FAX 714-662-1437 
Circle No 355 

Rancho Technology Inc 
8632 Archibald Ave , Suite 109 
Rancho Cucamonga, CA 91730 
(714) 987-3966 
TLX 362087 
Circle No 356 
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SCRAMs are Static CMOS Random 
Access Memories from Performance 
Semiconductor. At 15ns address access 
time these 64K's and 1 BK's are the 
world's fastest. SCRAMs are manufac-
tured in Performance's six inch class 1 
fabrication facility using PACE II 0.7 
micron gate length technology which has 
set the standard for memory speed. 

There is immediate availability of 
15ns 64K and 1 BK bit SCRAMs 
compatible with JEDEC standard pinouts. 
Also available from stock are 17. 20 
and 25ns speed versions. 

15NS SCRAM PRODUCT GUIDE 

PART CONFIG. SPEED AVAIL. 
P4C164 BK x 8 15ns NOW 
P4C188 16Kx4 15ns NOW 
P4C198 16Kx4 15ns NOW 
P4C198A 16Kx4 15ns NOW 
P4C1982 16Kx4 15ns NOW 
P4C1981 16Kx4 15ns NOW 
P4C168 4K x 4 15ns NOW 
P4C169 4Kx 4 15ns NOW 
P4C170 4Kx 4 15ns NOW 
P4C1682 4K x4 15ns NOW 
P4C1681 4K x4 15ns NOW 
P4C116 2Kx8 15ns NOW 

FAST, COOL, & AFFORDABLE 
For further information or to order 15ns 
SCRAMs call or write: 
Performance Semiconductor 
610 E. Weddell Drive. 
Sunnyvale, CA 94089 
Telephone: 408 734· 9000 

CIRCLE NO 164 
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24-hr solenoid & switch prototypes 

Lucas Ledex stocks over 500 solenoids and switches 
for prototype applications. We can ship today! 

Designing devices using solenoids 
or switches? The quickest way to 
build a breadboard or prototype is to 
order stock units. Since we offer a 
representative selection of every size 
and type, you will probably find 
something close to your requirements. 

l -.1ypes of solenoids and 
switches. Look at all these ready to go: 

Rotary: over 200 stock models, 
- torques to 117 lb.lin. at 1120 

duty. 

Magton® rotary: 4 sizes, torques 
to 3.28 lb.lin. life tested over 
100 million cycles. 

Series 20 tubular: push or pull, 3 
sizes, force to 5.5 lb. (. 25" stroke) 
at 1110 duty. Also magnetic 
latching tubular solenoids. 

Low profile: push or pull, 7 
sizes, force to 30 lb. (.30 " stroke) 
at 1110 duty. 

Soft Shift® solenoids: 5 sizes. 
Variable positioning stroke, force 
to 30 lb. at 1110 duty. 

Stepping: 42 stock models, 
uni- and bi-directional, 12, 18, 
24, or 36 positions. 

Proportional: 8 models, 2 sizes, 
to 50 lb. force. 

Open frame: 55 standard 
models, pull force from 15.4 to 
8.8 lb. (stroke to 1"). 

Switches on the shelf: 
Stepping-up to 24 position, 
9 poles. Packaged-up to 40 
pole, 2 throw. Pushbutton­
individual or ganged, board or 
panel mount, clear or color 
caps, lighted or unlighted, 
to 16amps. 

2 l>ythe ...i thing. Wcas Lecrex 
solenoids and switches are affordable 
even in prototype quantities. So it makes 
sense to get evaluation samples (typically 
less than $50 each) as design tools. 

Our catalog outlines design 
procedures, but to really understand 
mounting and cooling requirements, 
there's nothing like hands-on 
experience. 

3 FAX your prints to us. For 
rapid application assistance, FAX us a 
print of your product and requirements. 
Often we can help you through the next 
step in a brief, informal telephone 
conversation. Cut delay and red tape. 

4 New Solenoid catalog. This tuu­
line solenoid catalog will help you select 
the right product and design to control 
motion, actuate, or position your 
application. 

Want to know more? 
Request catalogs. 

Lucas Ledex Inc. 
P.O. Box427 
Vandalia, Ohio 45377-0427 U.S.A. 
Phone: 513-898-3621 
FAX: 513-898-8624 

1-800-999-0009 
for name of your local sales office 

Lucas Ledex .k' 
helpful motion control technology 

CIRCLE NO 24 
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UPDATE 

$4950 SDS-310 analyzer. All of 
these analyzers can capture 64k 
bytes of data and include a set of 
features similar to the products 
from Ancot, Pacific Electro Data, 
and Peer Protocols. The SDS-3 sys­
tem also includes support for SCSI-
2 features such as command queue­
ing. Another key feature of the 
SDS-3 is its menu-driven Program 
Generator for developing test pro­
grams. 

The Adaptec products also all in­
clude capability for testing differen­
tial SCSI operation, in addition to 
being able to test the more popular 
single-ended operation. SCSI speci­
fies a choice of single-ended or 
differential bus transceivers. Even 
though the other products don't in­
clude this capability, you can buy 
single-ended-to-differential convert­
ers, which typically cost $200 to 
$500, so that you can attain this 
capability. 

Adaptec's prices also include two 
days of training (in Adaptec's facil­
ity) in the use of its SCSI develop­
ment tools. As more designers ad­
dress SCSI for the first time, this 
type of training will certainly ease 
the learning process. Peer Protocols 
has also perceived a need for cus­
tomer training, and the company of­
fers a 2-day training class (for' as 
many as three people) for $1200. 

Article Interest Quotient 
(Circle One) 

EDN 

High 509 Medium 510 Low 5ll 
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outs. In addition there is immediate 
availability of Performance's proprietary 
Cache-Tag 1Kx4 SAAM, P4C151, with 
user features including two cycle (flash) 

SCRAMs are the world's fastest Static 
CMOS Random Access Memories at 

chip clear and 4-bit compare. 
10NS SCRAM PRODUCT GUIDE 

PART 
P4C187 
P4C147 
P4C148 
P4C149 
P4C150 
P4C151 

CONFIG. 
64Kx 1 
4Kx 1 
1Kx4 
1Kx4 
1Kx4 
1Kx4 

SPEED 
10ns 
10ns 
10ns 
10ns 
10ns 
10ns 

64K and 4K bit densities. SCRAMs are FAST, COOL & AFFORDABLE 

AVAIL. 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 

manufactured in Performance's PACE II For further information or to order 10ns 
0.7 micron gate length technology which SC RAMs call or write: 
has set the standard for memory speed. Performance Semiconductor 

There is immediate availability of the 610 E. Weddell Drive 
1Dns 64Kx1 and all 4K bit versions Sunnyvale, CA 94089 
compatible with JEDEC standard pin- Telephone: 408 734-9000 

-AfZ!!!!!!!c"!!!'2" 
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This is the AMPMODU System 50 
connector. 

Definitely worth getting close 
enough for a good look. 

It comes in a comprehensive 
system. Everything you need for a 
0.050" x 0.100" grid. Board-to-board, 
stacking, or mother/daughter. FFC 
to board. 0.050" CL flex etched 
circuitry to board. 0.025 "CL 
ribbon cable to board. 

AMP and AMPMOOU are trademarks of AMP lncorporaled. 

Special design innovations (such 
as putting the latch hardware on the 
cable side) shrink our System 50 

Comprehensive high-density 
interconnect system: 
0.050" x 0.100" connectors in 
a range of styles, including 
parallel and right-angle 
board-to-board configurations. 

line to the least board space of 
any connector in this class. Even 
0.050" x 0.050" types. 



s no small idea. 

Example: 2x25 
position shrouded 
headers occupy 
1.5" x 0.284" of 
board surface. And parallel boards 
mount with inside faces a mere 0.450" 
apart. 

Along with density, 
you also get the 
productivity you 

expect from AMP: 
simple mass termination, 

robotic handling features, high-temp 
housings, selective gold plating. 

EDN January 5, 1989 

And of course, outstanding quality 
and reliability. 

AMPMODU System 50 connectors 
are available in selected sizes of 4 
through 30 single row positions, 
8 through 100 in dual 
row, with shrouded 
or unshrouded 
headers. With all 
those variations, you could do 
almost anything your design requires. 

Which is our whole idea. 

Call the AMP 
Information 
Center at 
1-800-522-6752 
to ask about our AMPMODU 
System 50 line. For characterized 
backplane assemblies, contact 
AMP Packaging Systems Inc., 
P.O. Box 9400, Austin, Texas 78766, 
(512) 244-5100, or your AMP 
Sales Engineer. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

AIVI P Interconnecting ideas 
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Now, what about 
the other 95% 
of your design? 

© Copyright 1988 North American Philips Corporation 
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It takes more than a microprocessor to improve 
product performance. 
At Signetics, we haven't developed proprietary 
MPUs. Instead we've concentrated on the other 95% 
of your system. We call it "the guts'.' 
That's why we're known as your dependable, world­
wide supplier of quality I Cs. Producers of devices 
that are processed with leading-edge technology and 
supported with customer-oriented service. 

the guts! 
We provide everything essential to the total 
performance of your design. And we make it easy 
for you to get it. From one vendor. In less time. 
With less paperwork. For less cost. 
We're Signetics. We've got the guts! Make us prove it. 
Call (800) 227-1817, ext. 982 and ask for our new 
capabilities brochure. 

One standard. 0 defects. 

Signetics 
a division of North American Philips Corporation 

PHILIPS 
CIRCLE NO 167 
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How THE WORID'S FASTEST 31/z-INCH HARD DISK DRIVE 

CAN GIVE YOU THE COMPETITIVE EDGE. 

It's a simple fact of systems life: your system is only as fast as 

it's slowest component. 

So if your disk drive is slow, your system is slow. 

And in today's competitive marketplace, every millisecond 

counts. No matter how fast your microprocessoz; your customers just 

won't accept a system that bogs down in disk access. And neither 

should you. 

That's why you should know about the ProDrive SeriesN ofhigh­

performance disk drives from Quantum. 

ProDriveN offers you the fastest seek time of any 31/z-inch hard 

disk drive available today: 19 ms in the 42- and 84-megabyte models. 

And with Quantum's exclusive DisCache'" data buffet; you can 

cut that 19 ms to 12 ms or less, depending on your application. 

But speed is only half the ProDrive advantage. Because speed is 

useless if your drive can't deliver it when you need it That's why we 

built ProDrive with the highest MTBF on the market 50,000 hours. 

No one offers you higher performance with higher reliability. 

Seek Time (ms) 
Buffer Size (bytes) 
Buffer Management 
Transfer Rate (MB/sec) 

AT-Bus 
SCSI Sync 
SCSI Async 

MTBF (hours) 

~ 
~ 

@f& 
~# 
19** 
64K 

DisCache'" 

4 
4 
2 

50,000 

4 

2 
30,000 

•These are the best individual specifications of competitive 
drives. (This is not a real product.) 

•·Average seek time with DisCache is 12 ms in typical applications. 
(All specifications subject to change.) 

And no one offers it to you in a broader range of products. In 42- and 84-megabyte formatted capacities 

with SCSI and AT-Bus interfaces available now. And in capacities up to 168 megabytes with SCSI, AT-Bus, and 

ESDI interfaces available soon. And all at competitive prices. 

But find out for yourself how the ProDrive Series can give you the competitive edge in your market 

Call Quantum today. 

A few minutes on the phone with us will save you a few milliseconds on your system performance specs. 

And that could earn you a lot of dollars on your bottom line. 

So we suggest you hurry up. Because your customers won't wait And you can't afford to. 

Quantum 
CIRCLE NO 81 

Quantum Corporation, 1804 McCarthy Blvd., Milpitas, CA 95035 Western Region (408) 980-8 555 Eastern Region (603) 893-2672 
Etll'Ope (49) 69-666-6167 Authorized Distributors : Arrow (800) 777-ARROW Marshall (800) 522-0084 

ProDrivt and Pn:JDril't' sma are tmdemarlu, and~ is a~ tradnnarlt of Q!lantum Corporation. 0 1988 Quantum Corporation. 105 



Don't settle for 
anything less than 
fully proven 
386SX perform­
ance. NEATsx™ 
CIIlPSets ™ for 
386SX AT-com­
patibles are based on 
the only AT architecture 
field-proven to run at 20 
MHz-the NEAT™ 
CIIlPSet from Chips and 
Technologies. 

386SX™solutions. 
Go for proven 
performance. 

NEATsx is fully optimized for 
maximum 386SX performance. Speeds of up to 20 MHz and 
beyond. Page interleaved memory architecture. On-chip support for 
OS/2™ and LIM EMS 4.0. With hardware hooks to EMS mapper 
chips for up to 512 page registers. Fast shadow RAM for quick BIOS 
execution. And a host of software configurable features to help 
differentiate your product at the high performance end of the 
386SX market. 

NEATsx provides the only fully integrated system solution for 
386SX designs. Tightly-coupled subsystems for VGA graphics, mass 
storage and communications provide optimum systems integration 
and performance. And NEATsx is backed by CIIlPS' unparalleled 
systems expertise and technical support, proven in more than 5 million 
microcomputers.Why settle for anything less than maximum per­
formance? For full NEATsx information, call 1-800-323-4477, Ext M-8. 

•••••• •• •• ••••• • •••• ••••••• • • • •••••••••••• 

\.Mit':, 
chip sets or CHIPSetsT.M The difference is the difference. 

Chips and Technologies, Inc. 3050 Zanker Road, Dept. M-8, San Jose.f.A 95134. 386SX is a trademark oflntel Corporation. VGA and OS/2 
are trademarks oflntemational Business Machines Corporation. CHl r :>et. NEAT and NEATsx are trademarks of Chips and Technologies, 
Inc. 1989, Chips and Technologies, Inc. 

CIRCLE NO 174 
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PRODUCT UPDATE 

8-bit microcontroller incorporates 
a slew of peripheral functions 
If your embedded-control applica­
tions require speed and a host of 
functions, consider the H8/532. This 
8-bit microcontroller is packed with 
more than 25 built-in analog and 
digital peripheral functions. The in­
ternal structure and the memory ca­
pacity enable the device to support 
high-level languages. 

The device is built around a CPU 
with a dual ALU structure. The 16-
bit-wide internal data path enables 
the CPU to operate at 10 MHz and 
to execute most instructions in 200 
to 400 nsec. It can multiply two 16-
bit values in 2.3 µsec and divide a 
32-bit value in 2.6 µsec. 

The H8/532 provides plenty of 
memory space-32k bytes of 
EPROM for program storage and 
lk byte of RAM. It allows you to 
access external memory either with 
or in place of the internal memory. 
You have a choice of five operating 
modes, which you specify during re­
set. You can use the internal mem­
ory, the internal and the 64k-byte 
or IM-byte external memory, or 
either of the external memory ca­
pacities. 

A 10-bit AID converter, an 8-
input multiplexer, and four 16-bit 
registers that buffer the data are 
also included. The built-in con­
verter has its own sample and hold 
circuit and offers a 13.8-µsec con­
version time. You can use the AID 
converter to dwell on a single chan­
nel or to automatically scan through 
as many as four channels. When the 
data is ready, the AID converter 
generates an interrupt to the CPU. 

The H8/532 also provides a num­
ber of digital data paths, including 
a serial-communications interface 
(with a baud-rate generator) and 
nine I/O ports. The serial interface 

EDN January 5, 1989 

This 8-bit microcontroller features a number of onboard peripherals, including an 8-
channel AID converter, several timers, serial and parallel 110 ports, and programmable 
memory. 

handles either synchronous or asyn­
chronous communications at a data 
rate of 2.5M bits/sec max. The I/O 
ports include 57 bidirectional lines 
and eight input-only lines. 

The interrupt, wait-state, and 
data-transfer controllers simplify 
program control. The interrupt con­
troller handles three external and 
19 internal interrupt sources. You 
can assign each interrupt to one of 
eight priority levels. The wait-state 
controller simplifies the use of slow 
memory and peripherals by letting 
you delay the CPU's operation un­
der either software or external con­
trol. Further, the data-transfer con­
troller frees the CPU from the task 
of moving data between memory 
and I/O ports. 

A variety of timing functions are 
available with the H8/532. Three 
free-running 16-bit timers let you 
generate output waveforms or 
measure incoming waveforms. Ad-

ditionally, you can select an 8-bit 
general-purpose timer, a watchdog 
timer, and three PWM timers with 
0.4% resolution. 

The H8/532 is available in win­
dowed-EPROM and one-time-pro­
grammable versions, and it comes 
in either an 84-pin plastic leaded 
chip carrier or an 80-pin quad flat 
pack. It costs $59 (100). Samples are 
currently available; full production 
is scheduled for March 1989. 

-Richard A Quinnell 
Hitachi America, Ltd. 2210 

O'Toole Ave, San Jose, CA 95131 . 
Phone ( 408) 435-8300. 
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PRODUCT UPDATE 

Digital-signal-processing workstation 
performs algorithmic verification 
The Signal Processing WorkSystem 
(SPW) does for signal-processing 
design what schematic capture did 
for logic design. Starting from soft­
ware descriptions of primitives, you 
can interactively capture DSP sys­
tem algorithms. You can then apply 
stimuli to your algorithm's inputs 
and tweak the system to verify and 
optimize performance. 

The menu-driven SPW features 
a Block Diagram Editor (BDE) that 
supports hierarchical design. You 
use the BDE to focus on DSP algo­
rithmic design. Because the editor 
has revision control and offers 
transparent location and relocation 
of design data on a network of 
workstations, you can partition the 
design effort among a team of engi­
neers. 

The components you use to con­
struct and simulate a DSP system 
come from the Function Block Li­
brary (FBL). The library contains 
about 100 software-coded function 
blocks. If you need a function that 
doesn't exist in the library, you can 
write source code in C or in Fortran 
and create a custom block. While 
the simulation is running, FBL lets 
you view signals, modify simulation 
parameters, and observe the re­
sults. 

The Simulation Program Builder 
takes the signal-flow block diagram 
from the BDE and converts it into 
a program that simulates the signal­
flow behavior of an entire DSP sys­
tem. Your design can incorporate 
multiloop, nested, and hierarchical 
feedback paths. 

The Block Diagram Editor lets you design a digital-signal-processing workstation such 
as this LMS adaptive-filter noise canceller (bottom); the Signal Processing WorkSystem's 
Signal Display Editor ( top) displays the signals. 

108 

The Signal Display Editor cre­
ates, edits, displays, and analyzes 
signals within your DSP system. 
The editor's interactive commands 
let you cut and paste signals, 
thereby decreasing the the amount 
of time you devote to signal con­
struction and analysis. 

Because the library elements are 
software-coded functional models, 
designing and verifying an algo­
rithmic DSP system doesn't guaran­
tee that you can actually build the 
hardware. However, algorithmic 
development is a significant portion 
of DSP design, and the vendor is 
developing library elements that 
have hardware equivalents. 

The Signal Processing Worksta­
tion costs $25,000 and runs on both 
DEC VAXstation 3000 and Apollo 
DN3000/4000 workstations. The 
SPW will be available on the Sun 
3 in the second quarter of 1989. 

- Michael C Markowitz 
Comdisco Inc, 101 California St, 

38th Floor, San Francisco, CA 
94111. Phone (415) 421-1800. 
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SONY'S ECL GATE 
ON GAAs SPEED. 

INTRODUCING SPECL~M 
SONY'S HIGH-SPEED, 200-GATE 

ECL GATE ARRAY FAMILY 
What matches GaAs gate-array speed, is lots 

easier to design-in, and costs far less? 
Sony SPECL™ ("special") E3G200. Our all­

new family of ultra high-speed, 200-gate, ECL 
gate array. 

With Sony SPECL™E3G200, you're ready 
to benefit with 150 psec/gate speed. In either 24 
or 32-pin configurations. 

Each featuring amazingly low-power dissipa­
tion (typically less than one watt). ECL lOOK 
compatibility. And DC logic level supply voltage. 

All based on the proven one-micron, ECL-3 
process thafs made our ECL Logic Family so 
successful. 

SONY SPECL PERFORMANCE CHARACTERISTICS 

Process technology 1.2 µm rule 

Number of metal layers 2 

Number of equivalent gates 210 (3 gates per one internal 
basic cell) 

Supply voltage -4.5 v ± a.av 

1/0 interface ECL lOOK compatible 

Output driveability 50o to-2v 

Typical internal gate delay 150 ps/gate at IEF=400µ A, 
L=l mm, fanin= 
fanout=l 

Maximum toggle 2.5 GHz 
frequency of D- FF 

Typical internal 3.6 mW for 2-9 input 
gate power dissipation OR/NOR normal output; 

8.1 mW for OFF with 
normal output 

Typical output buffer 40.5 mW 
power dissipation 

Typical chip power 1.0 W (70 ORl3D's, 14 
dissipation BUF2Y's) 

Operating case temperature 0-85°C 

And if thafs not enough, Sony also offers 
you free access to our 150-cell library. Augmented 
by our customer design support center, where we 
custom design ECL gate-array routines on the 
Mentor Graphics® system. Complete with rapid 
turn-around-typically just eight weeks. 

Sony's SPECL™ E3G 200 is backed by the 
quality, reliability and responsive support you 
expect from any Sony product. 

So when your designs require ultra high 
speed, don't specify just any gate array. Specify 
Sony's SPECL ™ E3G200 ECL gate array. For 
GaAs speed. And ECL low-cost and convenience. 

For complete information, call (714) 229-4190 
today. Or write Sony Corporation of America, 
Component Products Division, 10833 Valley 
View Street, Cypress, California 
90630. FAX s 0 N" 
(714) 229-4271. .1 ® 

Sony is a registered trademark of Sony Corporation of America. 
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PRODUCT UPDATE 

Macintosh-based logic analyzer samples 
at 1 GHz and can expand to 384 channels 
Last October, when EDN published 
a special report on PC-based logic 
analyzers (October 13, 1988, pg 
134), there were no products based 
on Apple Computer Inc's Macintosh 
family. Now there is one, and it's 
a lot more than just another logic 
analyzer based on a personal com­
puter. The CLAS 4000 configurable 
logic-analysis system can have as 
many as 384 channels and can ac­
quire data at 1 GHz on as many as 
64 channels. Heretofore, PC-based 
logic analyzers were limited to 320 
channels and could acquire data at 
a maximum of 500 MHz-except 
when using equivalent-time sam­
pling, which is valid only with re­
petitive signals. 

The base model of the CLAS 4000 
system includes a Macintosh SE, 
and the higher-performance version 
includes a Mac II with a 13-in. color 
monitor. The logic analyzer and the 
Mac communicate via the com­
puter's SCSI bus, allowing you to 
configure systems with several 
logic-analyzer mainframes. When 
you order one mainframe, the ven­
dor supplies a Mac with 2M bytes 
of RAM and a 20M-byte hard disk. 
Systems with multiple mainframes 
run under Apple's Multi-Finder op­
erating system; they have more 
RAM and a larger hard disk. Al­
though Multi-Finder is not a true 
multitasking OS, the intelligence in 
the analyzer mainframes allows 
each mainframe in a multiple-main­
frame configuration to operate un­
impeded. 

Using several mainframes is one 
approach to debugging multiproces­
sor systems, but with the CLAS 
4000 it is not the only method. Each 
mainframe accommodates from one 
to four logic-analyzer modules. Cur­
rently, there are two varieties of 
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Incorporating a Macintosh II or Macintosh 
SE , Gould's CLAS 4000 provides perform­
ance arui ease-of-use f eatures heretofore un­
available in PC-based logic analyzers . 

modules: a 200-MHz unit that ac­
cepts 96 inputs when operating at 
50 MHz and a 1-GHz unit with two 
levels of Trace Control and event 
recognition. The 1-GHz module 
handles 16 channels. You can use 
the modules as several independent 
but closely coupled instruments or, 
with the help of software, configure 
them as a single analyzer. Both 
types of modules time-stamp data 
to correlate information acquired by 
different modules. 

The 200-MHz module, which the 
vendor calls the "pyramid" unit, op­
erates in both state.- and timing­
analysis modes. It also offers a 
mode that automatically captures 
data before and after the inputs sat­
isfy the trigger conditions. Addi­
tionally, you don't have to move 
probes to continue viewing the ac­
tivity on selected signal lines as the 
module achieves sampling rates be­
yond 50 MHz by multiplexing chan­
nels. Instead, the supplied software 
lets you specify which channels you 
want to view, and relays within the 
analyzer module disconnect the sig­
nals that you are willing to forego 
viewing. 

The relay-switching capability 
also lets you use a single set of 

probes with a pair of analyzer mod­
ules to simultaneously acquire state 
and timing information. Moreover, 
any group of eight or fewer chan­
nels can act as the external clock 
input to one or several analyzer 
modules. 

The system conforms to Macin­
tosh human-interface guidelines. It 
lets you manipulate graphics sym­
bols to control complex functions 
such as probe reassignment, trig­
gering, and external clocking. You 
can simultaneously display as many 
as 16 windows that contain such in­
formation as the system configura­
tion, status, and time-correlated 
data. Because the software uses 
color sparingly, systems based on 
a Macintosh SE, which has a mono­
chrome display, can perform the full 
range of functions. 

Prices for the CLAS 4000 system 
with a single analyzer mainframe 
and a computer range from $19,950 
to $50,270. Delivery is 90 days 
ARO. The vendor also offers disas­
semblers and pods for popular 
µPs.-Dan Strassberg 

Gould I n c, 19050 Prun eri dge 
A ve, Cupertino, CA 95014. (800) 
538-9320. TWX 910-338-0509. 
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The real challenge 
is to keep it busy 
for that long. 



PRODUCT UPDATE 

Real-time operating system assists in 
development of DSP-chip applications 
The powerful 32-bit DSP chips that 
are now available can accomplish 
tasks that used to require both a 
DSP chip and a host µP. In the 
past, the task was partitioned so 
that the DSP chip handled the 
math-intensive operations, and the 
µP did everything else. Although 
the DSP chips were very fast at 
math functions, they were awkward 
to use in general-purpose applica­
tions. The new wave of 32-bit DSP 
chips, however, are beginning to 
look like very capable general­
purpose 32-bit µPs. The Texas In­
struments' TMS320C30, for exam­
ple, has enough flexibility and 
power to take on many applications 
without a host µP, and you can now 
use these new 32-bit DSP chips for 
an entire task. 

SPOX, a real-time operating sys­
tem/development environment for 
the TMS320C30, is available to as­
sist you in the development of these 
applications. As a real-time operat­
ing system, SPOX provides a ker­
nel that contains the executive and 

modules for memory management, 
stream I/O, and DSP math func­
tions. 

The kernel performs the task 
handling, scheduling, and message 
passing; consumes only 2k words of 
memory; and can switch a task in 
only 10 µsec . The stream I/O mod­
ule provides real-time device-inde­
pendent stream I/O to ease the ac­
quisition of data. The kernel, mem­
ory-management module , and 
stream I/O module can all fit within 
the internal 4k-word memory on the 
TMS320C30. 

SPOX also includes various math 
functions and the hooks that allow 
any C program to use these func­
tions. These math functions also al­
low you to easily perform most com­
mon DSP applications. 

As a development environment, 
SPOX interacts with a host com­
puter. You can write your algo­
rithms in C, then test them on the 
host computer. You can use this 
same code to create the application 
code for testing on the host com-

puter, using a simulator that also 
simulates the operation of SPOX to 
verify timing and memory require­
ments. Once the code has been 
proven with the simulator, you can 
then test it in the target environ­
ment. 

You can run SPOX in a C envi­
ronment on an IBM PC or on a Sun 
workstation to develop and evalu­
ate your application code. The IBM 
PC version costs $1000, and the Sun 
workstation version sells for $2000. 
It's also available bundled with the 
Texas Instruments XDS develop­
ment system where you can run 
your application, using native code 
in real time. The development sys­
tem is priced at $16,000 with no ad­
ditional costs. Later in 1989, SPOX 
will be available as a linkable li­
brary for production use at a nego­
tiable price.-David Shear 

Spectron Microsystems Inc, 600 
Ward Rd, Suite B-2, Santa Bar­
bara, CA 93111. Phone (805) 967-
0503. 
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I 2.0k-WORD CODE SPACE I I 10 ,..SEC TASK SWITCH I 
I I 
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[ PROCESSOR MEMORY PERIPHERALS l 

J 
HARDWARE 

The SPOX real-time operating system for the TMS320C30 includes modules for memory management, DSP math, and stream 110. The 
development environment included with SPOX permits simulation and time/space analysis from the beginning of the project and allows 
much of your code to be reusable. 
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16-bit Performance Boost 
for 6502 Designs 

Upgrade with Ease. With the 16-bit G65SC816 you can 
design embedded control using what you already know. It is 
fully software compatible with a performance boost of 16 
megabyte addressing, 24 addressing modes, 91 instructions 
and 255 op codes. All built on a fami:iar base-easy to use 
without compromising functionality. 

Flexibility. Both G65SC02 and G65SC816 code can be run 
by switching from Emulation mode to Native mode through 
software control. Coprocessors supported through both soft­
ware and signal pins. 

Performance. High performance CMOS for low power con­
sumption, high noise immunity and high speeds. 

Compatibility. The world's most popular 8-bit microprocessor 
family of peripherals is completely compatible and available 
for immediate delivery. And, if pin-for-pin and software com­
patibility are key, the G65SC802, with internal 16-bit architec­
ture, is ready for plug-in upgrading. 

Performance Products From a Performance Company. 
We're solid and fully resourced, including microprocessor 
families, telecom devices and thin film resistor networks. We 
offer services in wafer fabrication, ASIC design and packaging 
technologies. You're invited to see our performance first hand. 

Call Steve McGrady, Marketing Manager at (602) 921-6526. 

California Micro Devices Corp. 
Microcircuits Division 
2000 West 14th Street • Tempe, AZ. 85281 
(602) 921-6000 •FAX (602) 921-6298 • TLX 187202 

©Copyright California Micro Devices Corp. 1988 
1900-8011 
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Watts In s· x a· 
a.GIMd Package 

• 155,000 Hrs. Demonstrated 
MT8F 

F Hot PIUQ:ln 
~ULT TO[ERANT 

(N+1) POWER SYSTEMS 

• Two to Six Supplies 
• Expandable, 300to1800 Watts 
• Internal Isolation Diodes (Option) 

POWERTEC 
The Power in Power Supplies 

20550 Nordhoff Street Chatsworth, CA 91311 
(818) 882-0004 •FAX (818) 998-4225 
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PRODUCT UPDATE 

Analyzer package features 
test-fixture accessibility 
The DFA (design for accessibility) 
Analyzer is a member of the Test­
bridge family of design-for-test 
products, running in the vendor's 
Allegro pc-board design system. 
The analyzer allows you to incorpo­
rate access for automatic-test­
equipment (ATE) test fixtures 
when you place and route compo­
nents on your board. 

Using the DFA Analyzer, you 
can evaluate the accessibility of sig­
nals on boards with fine-line tech­
nology, including micro vias and 
blind/buried vias. You also have the 
option of examining for accessibility 
those boards with surface-mount 
devices on both sides, for either 
clamshell-type fixtures or for fix­
tures that probe only one side of 
the pc board. 

The analyzer lets you automati­
cally identify existing via holes and 
pads that meet test-fixture require­
ments. If your text fixture uses 
test-probe nails in a 100-mil grid 
pattern, the software will limit test 
points to only those locations where 
the fixture has probes. In addition, 
the software inserts test points on 
the proper grid for those nets on 
the board that don't have a readily 
accessible test location. You have 
the option of introducing test rules 
that guide the selection and inser­
tion process via an accessibility 
rules form, or you can use the ven­
dor's default rules. 

The numerically controlled (NC) 
drill-hole marking feature of the 
DFA Analyzer generates NC drill 
and route tapes of test-point loca­
tions to physically drive the equip­
ment that produces custom test fix­
tures. Further, the software gener­
ates the pc-board documentation 
that uses the design database, re-

The DFA Analyzer automatically selects 
existing test points that meet selection crite­
ria. An automatic insertion routine adds ad­
ditional test points for complete accessibility, 
and it adds net-name cross-references and 
target figures for document generation. 

duces transcription errors, and pro­
vides revision control. 

The DFA Analyzer runs on Sun 
3 and 4 workstations and DEC 
VAX-stations. Prices for Allegro 
start at $20,000. 

-Michael C Markowitz 
Valid Logic Systems, 2820 Or­

chard Parkway, San Jose, CA 
95134 . Phone (408) 432-9400. 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

IFLUKEI ====® ·PHILIPS 

Before it. could exceed 
your expectations, 
it had to exceed ours 

The new Fluke 5700A Calibrator 
The most complete muhifunction calibrator ever made 

You have always expected more from fluke calibrators. 
'More fsatures. More performance. More innovation. 
Youexpectalol And here it is: theall-new5700A Calibrator. 

'igh performance that is easy to use 
You will find the 5700A surpnsingly easy to use. 

'Enter the desired VBlues on the calculator-style keyboard. 
View menu selections and interpret status and error 

'/IS quickly through plain language displays. Use 
of the many convenience features to perform tedious 
tions automatically. 

~'fl/dN.· ''Nlsupport with Artifact Calibration 
The 5700A is elJSll to suppon. You need only three 

ifact Standards - a TO V direct voltage standard, and 

1 0 and TO k 0 resistance standards - to calibrate all 
ranges and functions of the calibrator. Front panel 
messages prompt you through the process. And it all 
takes just over en hour. Internal Check Standards and the 
Cal Check feature enhance your confidence in the 5100A's 
performance between calibrations. 

Covers your complete OMM workload 
The 5700A will calibrate virtually every dmm in your 

workload. It outputs direct voltage to 1100 V. Alternating 
voltage from 220 µ.V ta 1100V110 Hz to 7.2 MHz). Cardinal 
resistance from JO to TOO M 0 in xi and xJ.9 decades, 
plus a short. And direct and alternating current to 2.2A 
Tb calibrate higher current ranges or high ac voltages at 
high frequencies, select the companion 5725A Amplifier. 
Tb extend the 5700A's calibration workload coverage to 

RF voltmeters, order the Wideband Voltage option. 

Co11Jpatibility that protects your investment 
The 5700A protects your irrvestment in existing fluke 

instruments, S'!Stems and procedures. 5220A and 5205AI 
52!5A amplifier interfaces are standard. So are IEEE488 
and RS-232 capabilities. There 1s even a 51008 emulation 
mode. 

The fluke 5700A Calibrator. It will exceed your 
expectations. 
for further informa11on, call your local supplier: 
Austri8 1022216010/-/ll 2, 8/l/gillm (021 525 6$92/94, Ot!mnMk 1011 
512 222, Finland (01502 6371, France Ill 4942 8080, Gsmranr 189196 050, 
Great Britain 19231240 511, Ireland Ill 952 501, Italy (039) J6J5240/819, 
Netherlands (!JJ 352 455, Spain (/14042200, Swtldln 18} 703 /000, 
Switt""'1d f/1488 2390. 
for count11es not lisred, write to Phillps/&£, T&M Oepar1men1, 
Building HKF, 5600 MO Eindhoven, The Netherlands. 

FLUKE ANO PHILIPS. CONFIDENCE IN CALIBRATION. 

PHILIPS 



WHY YOU SHOULD CO 
386 SYSTEMS, DESPITE THEIR 

0 ur new 386"-based systems are priced 

about 350/o less than co~parable 

systems-like Compaq's . Which 

may make you wonder if we've left something 

important out. Like high performance. 

Well we haven't. 

In fact, these are among the fastest 386-based 

systems available. With more advanced features 

than you'd get in systems that list for up to 

$3000more. 

Like Compaq's. 

For instance, our 20 MHz System 310 offers you 

the most extraordinary value available in any 386-

based system. It's the machine that PC Magazine 

(6/ 14/ 88) described as "fast enough to burn the 

sand off a desert floor." 

.ANn IF THAT SouNns FAST, 
WAIT TILL You SEE OuR NEw 25 MHz 

386-BASED SYSTEM. 

At 25 MHz, our new System 325 offers you the highest pos­

sible performance in a 386. 

Like the System 310, it utilizes the very latest technology, 

including the Intel. 82385 Cache Memory Controller, 

advanced 32-bit architecture and high performance drives. 

And of course, both systems are fully IBM. PC compatible. 

But speed isn' t the only reason to buy from Dell. Or 

even the best. 

STANDARD F EATURES : • Intel. 80386 microprocessor running at 25 MHz. • I MB of RAM" 
expandable to 16 MB using a dedicated high speed 32-bit memory slot. •Advanced lntd

0 

S2385 Cache 
Memory Controller with 32 KB of high speed static RAM cache. • Page mode interleaved memory 
architecture.• VGA systems include a high pcrfonnance 16-bit video adapter. • Socket for 25 MHz Intel 
80387 or 25 MHz WEITEI< 3167 math coprocessor. • 5.25" 12 MB or 3.5" l.44 MB diskette driV<. 
• Enhanced IOl·key keyboard. • I parallel and 2 serial ports. • 200-watt power supply. • 8 industry 
standard expansion slots. 

HLtast for as /wJ as 
$2521 Month. 
The DeU System 325 is an 
FCC Class A dLvice, intemf. 
td for business ust onfp. 

SYSTEM 325 
Hard Disk DriV<S 

150MB-18ms ESDI 
322MB-18ms ESDI 

Wrra MoNITOR &:: ADAPTER 
VGA Mono VGA Color Plus 

$6,999 $7,299 
$8,999 $9.299 

THE FIRST PERSONAL COMPUTER 
THAT's TRULY PERSONAL. 

When you order from Dell, we custom configure a system to 

your exact personal specifications. After evaluating your busi-

All prices and specifications are subject to change without notice. Dell cannot be responsible for errors in typography or photography . .. Payments based on a 36·month open-end lease. 
•Service in remote locations will incur additional travel charges. 6for the complete terms ofour On-Site Service Contract, Satisfaction Guarantee, Warranty and leasing plans, write: Dell Computer 
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IDER THE NEW DELL 
~USPICIOUSLY LOW PRICESO 

rANDARD FEA TIJRES: • Intel 80386 microprocessor running •t 20 MHz. • I MB of RAM• 
pandable to 16 MB using• dedicated high speed 32-bit memoiy exponsion slot. •Advanced Intel 
385 c.che Memory Controller with 32 Kil of high speed stab< RAM ache. • i-.ae mode inter­
•-'memory .rulltecturc. •VGA systems include a high peiform.tnce 16-bit video adapter. • Soclcct 
r20 MHz Intel 80387 or20 MHz WEITEK3167 moth coprocessot. • 5.25" l.2 MB or 3.5" 1.44 MB 
;kette driv.. •Enhanced 101-kev lceyboanl. • I parallel and 2 serial ports. • ZOO.watt "°""'' supply. 
, industry standard expansion slots. 

•f.lll#forllS/or,llS s 
48/MOlllb. 

>STEM 310 W1111 MONITOR" ADAl"Tl!R 
Han! Disk on,.,, VGA Mono VGA Color Plus 

40MB-28ms $4,099 $4,399 
90MB-18msESDI $4,899 $5,199 

150MB-18ms ESDI $5,399 $5,699 
322MB-18ms ESDI $7,399 $7,699 

S-005 "'"ions with disk acbe and other utilities. • Dell Enh•nced MS• OS/2. ~ KB is 
ailable fur programs md data. The "'maining 384 KB is "'served fur use by the system to enhance 
rfonnancc. 

ness needs, we will help you select the features that are right 

Tau-FREE SuPPORT AND ON-SITE 
SERVICE INCLUDED IN lllE PRICE. 

Every Dell system includes a complete set of diag­

nostic tools. So troubleshooting is easy. In fact, 

most problems can be resolved over our toll-free sup­

port line. It's staffed by Dell's own expert techni­

cians from 7 AM to 7 PM (CT) every business day. 

To ORDER, PlEAsE CALL 

800-426-5150 
IN CANADA, CALL 800-387-5752 

And if your system requires hands-on service, 

a technician will be at your location the next 

business day. At no cost to you. o 

Included in the price of your system is a full 

year of on-site service. 

But that's not all. You're also protected by our 30-day money­

back guarantee. And our one-year limited warranty on parts 

and workmanship.6 

AND IF You STILL THINK You GET 
WHAT You PAY FoR, CoNSIDER Tms. 

When you buy from Dell, you buy directly from our manufacturing 

facility in Austin, Texas. Which means we eliminate dealer mark­

ups, allowing us to give you a lot more 386 for less. We can even 

design a custom lease plan for your business, which gives you 

for you. After your system unit is custom built, 

we bum-in everything to make sure the entire DELL 
another way to save. 

So go beyond your suspicions. Call us at (800) 

426-5150 and order the system that's right for you. system works perfectly. COMPUTER 
CORPORATION 

Corporation, 9505 Arboretum Blvd., Austin, Texas 78759-7299. In Canada, configurations and prices will vaiy. Microsoft, MS and MS· DOS are registered trademarks owned by Microsoft Corp. 
Signifies trademarks of entities other than Dell Computer Corporation. ©1988 DEll COMPUTER CORPORATION. AD CODE NO. IACA9 
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READERS' CHOICE 
Of all the new products covered in EDN's August 18, 1988, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, use EDN's Express Request 
service, or refer to the indicated pages in our August 18, 1988, issue. 

SOFTWARE PACKAGE 
Combining communications and software development, 
the Unibridge package links Unix host systems to OS-
9-based real-time target systems (pg 107). 
Microware Systems Corp. 
Circle No 601 

DISK DRIVE 
The Model 1325 Floptical disk drive is a removable-disk 
storage system in a 31/2-in. format that provides 25M 
bytes of unformatted disk capacity and 20.8M bytes 
of formatted memory (pg 117). 
Insite Peripherals. 
Circle No 602 

INDUCTORS 
Model 8RBC fixed inductors are designed for noise­
filtering and trapping applications (pg 240). 
Toko America Inc. 
Circle No 603 

16-BIT AUDIO ADC 
The PCM78P 16-bit successive-approximation AID con­
verter has a typical total-harmonic-distortion-plus­
noise (THD + N) spec of - 88 dB ( - 82 dB max) at full 
scale (pg 258). 
Burr-Brown Corp. 
Circle No 604 

FFT ANALYZERS 
The battery-powered PL21 single-channel and PL22 
dual-channel FFT analyzers are suitable for a variety 
of field and lab test applications in mechanical, struc­
tural, acoustic, and electrical engineering (pg 274). 
Diagnostic Instruments Ltd. 
Circle No 605 

5 Good reasons you should use YSI 
thermistors to measure temperature. 
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1. High sensitivity. YSI thermistors have a wider re­
sponse to temperature changes than other types of 
sensors. One of our typical thermistors changes 1,290 
ohms/°C at 25°C, which produces highly accurate 
measurements. 
2. light tolerances. YSI thermistors offer standard 
interchangeabilities of ± o.2°c and ± 0.05°C. 
3. Ruggedness. YSI thermistors are working deep 
under the ocean and on a mission to Mars. 
4. Hermetic seal. In severe moisture environments, 
YSI glass-encapsulated thermistors typically drift an 
insignificant 0.60°C at 200°C in 100 months. 

5. Flexible packaging. Order YSI thermistors un­
mounted, select complete assemblies from 41 stan­
dard packages, or have us build you custom probes. 

Find out all the good reasons for specifying YSI by 
asking for our catalog and Application Notes. Call 
toll-free 800 343-HELP (or 513 767-7241). 

YSI Incorporated 
Yellow Springs, Ohio 45387 USA 

• 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

='P::L:SUEK:E:I® PHILIPS 

GHz measurements, MHz simplicity 
PM 3340 2 GHz advanced 
digitizing oscilloscope. 

Now, PM 3340 makes advanced 
gigahertz measurements as simple as 
those in the megahertz range. With 
Autoset, clear on-screen menus and 
softkey function selections, advanced UHF 
capabilities are right at your fingertips. 

With its full 2 GHz bandwidth, PM 3340 
has an ultra-fast 175 ps risetime for 
successful acquisition, storage and 
display of the fastest signal phenomena. 
Plus full-bandwidth triggering that allows 
this instrument's advanced performance 
to be used to the full. 

Comprehensive measuring functions 
are provided as standard, for instant, 
numerical read-out of amplitude, time and 
many related parameters. As well as 
mathematical and analytical functions to 
provide clear data on test system 
performance. 

Performance like this opens-up many 
leading-edge applications in fields like 
digital communications and other high­
frequency technologies. Giving you the 
power you need, with the simplicity to 
make it accessible. 

Fat fun,., lfllor11111/llJ(I, c8' )Ulll lacal lllfl(Jlter: 
Allrtnit' 12221629141, ..... (2/ 52561J!J21!/4. o.-t• (/I 512222, 
Fillltti' IOI 5028311. ,_ (1/ 4!JIMJ80. ,.,_,, /561J !iOlJ, 6lelt 
BliUitl /91312.fD511. "*""' 952501, /Illy' (3913635240/8/9. 
,,,,.,,,,,,. 1131352455, ,,,,_,. f2161lJ2W, ,,,,,.,.,. (1/ 683121, 
•• t11022W. S....f81182111XJ. Swit-*"'f/14882211. .,,,,,..,,,,,..,.,,,. 
forCt111111Tin 1111t """1, wrirr to: Phi/ip6 l&E, T&M {)epattm8nt, 
&MngHKf 561XJMOE~. Thfl Nlt,_,IBnda. 

ADVANCED TECHIOLOGY 
MADE TO MEASURE 

PHILIPS 
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ITEM 

TRANSFORMERS 
Toroidal 

Pot-Core 

Laminate (power) 

CONNECTORS 
Military panel 

Flat/Cable 

Multi-pin circular 

PC (2-piece) 

RF/Coaxial 

Socket 

Terminal blocks 

Edge card 

D-Subminiature 

Rack & panel 

Power 

PRINTED CIRCUIT BOARDS 
Single sided 

Double sided 

Multi-layer 

Prototype 

RESISTORS 
Carbon film 

Carbon composition 

Metal film 

Metal oxide 

Wirewound 

Potentiometers 

Networks 

FUSES 
SWITCHES 
Pushbutton 

Rotary 

Rocker 

Thumbwheel 

Snap action 

Momentary 

Dual-in-line 

WIRE AND CABLE 
Coaxial 
Flat ribbon 

Multiconductor 

Hookup 

Wirewrap 

Power cords 

POWER SUPPLIES 
Switcher 

Linear 

CIRCUIT BREAKERS 
HEAT SINKS 
BATTERIES 
Lithium coin cells 

9V alkaline 

Real-time clock back-up 

RELAYS 
General purpose 

PC board 
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LEADTIME INDEX 

7 15 64 14 0 

8 15 46 31 0 

10 50 25 15 0 

0 44 33 23 0 

25 45 20 10 0 

14 36 36 14 0 

21 43 29 7 0 

18 58 18 6 0 

15 60 20 5 0 

29 47 18 6 0 

13 33 47 7 0 

27 36 27 10 0 

15 46 31 8 0 

13 40 27 13 7 

0 65 35 0 0 

0 59 36 5 0 

0 26 63 6 5 

0 87 9 4 0 

24 37 29 10 0 

32 36 32 0 0 

19 48 33 0 0 

23 39 38 0 0 

35 24 35 6 0 

13 50 33 4 0 

21 47 26 6 0 

56 27 11 6 0 

22 39 30 9 0 

6 53 29 12 0 

21 32 36 11 0 

0 56 31 13 0 

7 29 57 7 0 

14 43 36 7 0 

14 50 29 7 0 

29 47 19 5 0 
35 43 22 0 0 
41 27 27 5 0 

50 31 19 0 0 

38 31 31 0 0 

38 29 25 8 0 

8 30 31 31 0 

7 27 39 27 0 

23 38 23 16 0 

24 46 24 6 0 

15 38 38 9 0 
40 40 20 0 0 

30 40 30 0 0 

43 28 19 10 0 

30 45 5 20 0 

Percentage of respondents 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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% 
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'
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7.7 8.2 

8.9 11.5 

5.8 8.5 

7.5 9.6 

4.4 4.2 

6.1 9.7 

4.6 7.3 

4.1 7.4 

4.1 3.8 

3.7 4.8 

5.8 5.9 

4.7 4.1 

5.1 8.1 

7.1 6.0 

4.7 5.3 

5.4 6.2 

8.0 6.8 

3.9 3.4 

4.9 3.4 

3.6 3.8 

4.0 4.1 

4.2 4.9 

4.4 5.2 

4.7 5.2 

4.4 4.3 

2.6 2.2 

4.9 4.5 

5.7 7.8 

5.5 5.8 

6.1 9.0 

6.5 7.3 

5.2 5.7 

4.9 6.2 

3.7 4.0 

3.0 3.3 

3.7 4.3 

2.4 3.0 

3.4 3.7 

4.1 4.2 

8.1 8.6 

8.1 6.1 

5.4 7.9 

4.2 4.5 

5.5 7.0 

2.8 3.4 

3.6 7.4 

3.9 6.6 

ITEM 

Dry reed 0 

Mercury 14 

Solid state 39 

DISCRETE SEMICONDUCTORS 
Diode 42 

Zener 36 

Thyristor 19 

Small signal transistor 26 

MOSFET 14 

Power, bipolar 33 

INTEGRATED CIRCUITS, DIGITAL 
Advanced CMOS 15 

CMOS 33 
TIL 52 

LS 52 

INTEGRATED CIRCUITS, LINEAR 
Communication/Circuit 29 

OP amplifier 29 

Voltage regulator 40 

MEMORY CIRCUITS 
DRAM 16K 22 

DRAM 64K 11 

DRAM 256K 8 
DRAM 1M-bit 0 

SAAM 4K x 8 0 

SAAM BK x 8 6 

SAAM 2K x 8 14 

ROM/PROM 8 

EPROM 64K 29 

EPROM 256K 25 
EPROM 1M-bit 0 

EEPROM 16K 10 

EEPROM 64K 18 

DISPLAYS 
Panel meters 20 

Fluorescent 11 

CRT 12-inch monochrome 8 

LED 37 

Liquid crystal 8 

MICROPROCESSOR ICs 
8-bit 13 

16-bit 0 
32-bit 11 

FUNCTION PACKAGES 
Amplifier 23 

Converter, analog to digital 7 
Converter, digital to analog 8 

LINE FILTERS 25 

CAPACITORS 
Ceramic monolithic 32 

Ceramic disc 36 

Film 30 
Aluminum electrolytic 28 
Tantalum 31 

INDUCTORS 0 

64 9 27 0 0 6.8 7.2 

57 0 15 14 0 7.6 7.5 

38 6 17 0 0 4.2 7.1 

23 19 16 0 0 4.6 5.2 

28 16 20 0 0 5.2 5.6 

37 19 25 0 0 6.5 8.0 

42 16 16 0 0 5.0 4.3 

43 14 29 0 0 6.9 7.6 

42 8 17 0 0 4.5 6.1 

35 35 15 0 0 6.1 7.0 

33 25 9 0 0 4.3 5.4 

22 13 13 0 0 3.7 4.3 

24 14 10 0 0 3.3 4.6 

36 21 14 0 0 4.9 6.8 

29 29 13 0 0 5.2 6.0 

35 10 15 0 0 4.1 5.8 

44 0 22 12 0 7.7 15.0 

56 0 22 11 0 7.8 13.1 

25 17 33 17 0 11.5 15.1 

20 40 30 0 10 11 .5 18.9 

13 25 62 0 0 11 .9 10.6 
12 12 46 12 12 15.2 14.3 
15 14 57 0 0 10.4 13.1 

50 9 33 0 0 7.3 9.1 

7 35 29 0 0 7.5 7.1 

9 33 33 0 0 8.0 8.5 

38 13 49 0 0 9.7 10.9 

20 20 50 0 0 9.9 9.7 

27 19 36 0 0 7.9 10.9 

27 33 13 7 0 7.2 8.8 

23 33 33 0 0 8.4 10.0 
42 17 33 0 0 7.7 7.3 

31 16 16 0 0 4.6 6.8 

23 38 31 0 0 8.5 7.2 

31 13 43 0 0 8.6 5.6 

40 20 40 0 0 8.9 6.6 
23 22 44 0 0 9.2 10.3 

16 38 23 0 0 7.0 6.0 
14 43 36 0 0 9.4 6.7 
17 42 33 0 0 8.9 6.8 

13 25 37 0 0 8.1 5.4 

31 23 14 0 0 4.9 5.2 
19 27 18 0 0 5.5 5.8 

30 20 20 0 0 5.5 5.8 
32 24 16 0 0 5.3 7.3 
31 19 19 0 0 5.3 5.5 

43 44 13 0 0 6.8 9.0 

0 4.8 7.3 Source: Electronics Purchasing Magazine's survey of buyers. 
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KEY AUDIO PRECISION H·P 
PERFORMANCE SPECS SYSTEM ONE 8903B 

Flatness 20-20kHz, gen/analyzer 0.03/0.03 dB 0.06/0.2 dB1 

Amplitude accuracy, gen/analyzer 0.1 /0.1 dB 0.2/0.2 dB 
Generator amplitude range + 30to -90dBm + 17 to - 68 dBm 
System THO + N 20-20kHz, 80 k BW 0.0015% 0.01% 
Min. amplitude for THO+ N function 25 microvolts 50millivolts 
Residual noise (80 kHz BW) 3.0µV 15 µV 
Analyzer stereo separation @ 20 kHz 140 dB function not avail. 
Common mode rejection ratio 70 dB, 50·20kHz 60 dB, 20-1 kHz 
Speed, THO function (autorange) 10 sec 16-pt sweep 1.5 sec to 1st rdng 
Speed, amplitude function (autorange) 1 O sec 30-pt sweep 1.5 sec to 1st rdng 

(2 chan simultaneous) (1 channel) 

PRICE (U.S. DOMESTIC) 

Computer-interfaceable instrument $6950 $5800 
Software package included none available 
Typical controller $600-$30003 $57504 

1 Analyzer flatness not specified separately; analyzer accuracy 0.2 dB 20 Hz-20 kHz 
2 Total system THO + N not specified; generator THO plus analyzer distortion specs added together equal 0.0018% 
3 Personal computer. Interface c ard included in instrument price. 
• H-P Model 310M IEEE-488 compatible 
s Personal computer plus IEEE-488 interface card 
6 Total of instruments, software, Tek 404114205 IEEE·488 controller 
Competitive data compiled from H-P 1988 catalog, S-T data sheet 3000A 1987, Tektronix 1988 catalog. 

S·T TEK 
3100/3200 AA5001/SG5010 

0.1 /0.1 dB 0.05/0.1 dB 
0.2 dB/no spec 0.2/0.3dB 
+ 30.6 to - 90 dBm + 28 to - 72 dBm 
0.0018%2 0.0032% 
30 millivolts 60 millivolts 
4.0 µV 3.0 µV 
100dB function not avail. 
100 dB @ 60 Hz 50 dB, @ 50/60 Hz 
2.5 sec to 1st rdng 2.5 sec to 1st rdng 
1.3 sec to 1st rdng 2.0 sec to 1st rdng 
(per channel) (1 channel) 

$9985 total 
$575-$1220 system 
$1000-$34005 $164906 

For a much more complete comparison of these and other audio test sytems, call or write Audio Precision. 

S stem 
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Compromises are finally over. ing in high internal heat radia-
Our new polyester carbonate tion. 
Apec~ provides the solution, Apec meats the task. 
while offering both quality Speciality types have success-
and economy. fully passed our stringent tests 
Take for example, highly load- and are now available for you. 
ed thennoelectrical industrial Our Technical Service De-
lamps. partment is also ready to an-
Because the covers must be swer your specific problems 
unbreakable, waterproof, as quickly and efficiently. 
well as dust-protected, they Please do not hesitate to con-
have been constructed with- tact us if you want assistance. 
OUt Ventilation Slits, result- " registered trade mark Bayer AG 

CIRCLE NO 88 
COUPON····················································· 

Please mail the 
Apec brochure. 
I am interested 
in speaking to your 
specialist. 

Bayer AG, 
WE-lnformationsvermittlung 
Postfach 800149, D-5000 Koln 80 

If you need immediate 
advice please call 
Mr. Amolds-
Telephone: 0214-30-34-25. 

KU 3983e. i. 

I Bayer EB! 
544/1 .89 



Power 

MOSFETs 
I GB Ts 
Your choice of a switching element in high­
current applications depends on the required 
speed and switching efficiency, cost factors, 
and volumetric considerations. The increas­
ing diversity and steadily improving per­
formance of available power MOSFETs 
and IGBTs are making them the switching 
devices of choice in many applications. 

Bill Travis, Contributing Editor 

The quest for the perfect switch proceeds re­
lentlessly. This switch will have zero on-resistance and 
infinite off-resistance, and will require no activation 
power. Further, the switch will commutate instanta­
neously and will be capable of switching at an infinite 
repetition rate. Electromechanical switches, of course, 
provide the closest approximation to the ideal on-and 
off-resistances. For fast switching speeds and high rep 
rates, though, you're obliged to use a solid-state solu­
tion-thyristors, bipolar transistors, MOSFETs, or 
IGBTs (insulated-gate bipolar transistors). MOSFETs 
and IGBTs are rapidly supplanting thyristors and bipo­
lar transistors in fast-switching applications. 

High speed, ease of application, and switching effi­
ciency are three of the factors that endear power 
MOSFETs and IGBTs to designers. Further, the 
steadily growing number of MOSFET suppliers is nur­
turing keen competition, in both price and perform­
ance. As a result, the once-significant cost advantage 
that bipolar transistors have traditionally had over 
MOSFETs is dwindling. Speaking of cost, you must 
consider total system cost when you're choosing a 
switching device. In many cases, the less-complex 
drive circuitry needed to control a MOSFET (compared 

128 

Plastic power packages from Philips-Amperex come in a variety 
of sizes and styles to suit the application. 

with that needed to control a bipolar device) more 
than offsets the MOSFET's higher purchase price. 

Denser geometries, processing innovations, and 
packaging improvements are resulting in power 
MOSFETs that have ever-higher voltage ratings and 
current-handling capabilities, as well as volumetric 
power-handling efficiency. The same holds true for 
IGBTs. In addition to making steady improvements 
in voltage and current ratings, manufacturers are add-
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MOSFETs and IGBTs are rapidly sup­
planting thyristors and bipolar transistors 
in fast-switching applications. 

ing various features that bear on the devices' surviv­
ability, ease of use, and-in some cases-their "smart­
ness" (for example, overtemperature protection). Be­
fore considering these peripheral improvements, it's 
useful to get an overview of the technological trends 
in raw voltage and current ratings. 

Resistance fighters battle ll>S(on) 

The current-carrying capabilities of a power 
MOSFET are, naturally, related to the device's on­
resistance, or rns(on)· The conducted current times this 
resistance represents the on-state power, and this 
power is the limiting factor for the transistor. You can 
easily determine the maximum allowable current for 
a given MOSFET by using the specs for the junction­
to-case or junction-to-ambient thermal resistance 
(RuiJC or RuiJA) of the device. You'd use the former 
spec in systems that have perfect heat sinking; the 
latter, in systems without any heat sinking. 

The criterion for determining a MOSFET's maxi­
mum allowable current is the 150°C limit on junction 
temperature. If the case (and junction) temperature 
is 25°C at no power, the allowable junction-tempera­
ture rise when power is applied is 125°C. Consider the 

NORMALIZED ON·RESISTANCE VS TEMPERATURE 

3.0 ----~--.---~-----.-----. 

w 
u 

lp a 13A 

z 2.4 l---+---t--+--+---+--------1 
~ I/ 
~ ...!' 
~ o 1.8 1---+---+-+--+-+--+---+-....,..L"-t-v-+--t 
~~ I./' 
~ ~ IL...J 
o::;: V 
<11 f5 ~ 
~ ~ 1.2 1---+---+-+--+-+7"'+---+--+--+-+--t 

~ v 
0 Jf J 0.6 "'"1...-1~c.-i_,~,......--+-'-+-+--+-~-+--+-+--! 

Vos=10V 0.0 ,___.___._...____,__.....__.___._...__ ___ _, 

-60 -40 -20 0 20 40 60 80 100 120 140 160 

TJ JUNCTION TEMPERATURE ("C) 

Fig 1-The positive temperature coefficient of rns(on) in a '{KYWer 
MOSFET makes it necessary f,o derate O'perating currents at elevated 
temperatures. That requirement can be benefici,al; it prevents ther· 
mal runaway. (Courtesy International Rectifier) 
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These hermetic packages from Motmola resemble the plastic T0-
220 and T0-247. These housings let you replace the old, bulky T0-3 
in environments requiring hermeticity. 

calculation for the ubiquitous IRF450, a 500V device 
that was developed by International Rectifier (IR) and 
is now available from many vendors. Its rns(on) is 0.40., 
and its RuiJC is 0.83°C/W. This figure produces a maxi­
mum-allowable-power spec of 150W. When you use the 
equation P = I2R and work backwards, you apparently 
obtain a current limit of 19.4A. 

Note, however, that the 0.40. rns(on) is valid at 25°C 
only. Fig 1 shows the typical variation in rns(on); at a 
150° junction temperature, the on-resistance is 2.2 
times the 25°C value, or 0.880.. A new calculation 
yields a 13A current limit, the value given by the manu­
facturer. Most data sheets do specify the maximum 
allowable current; the point of this calculation exercise 
is to allow you to determine this current in situations 
in which the heat sinking is less than perfect. The 
important thing to know is the case temperature in 
any given application. 

This said, consider the state of the art in terms of 
rns(on) for available power MOSFETs. Starting with 
50V devices, Siliconix and SGS-Thomson both offer 
T0-220-packaged power MOSFETs that spec 23-mO. 
max on-resistance. The secret to getting the resistance 
down is to pack as many parallel-connected cells as 
possible onto a die. For example, the $1.30 (OEM qty) 
STVHD90 from SGS has a density of 2.3 million cells/ 
in2. Such packing densities don't come without a 
price-the input capacitances (Ciss) for the mentioned 
types are 3500 and 3000 pF max, respectively. By 
contrast, 50V devices having 0.10. on-resistance have 
Ciss specs lower than 1000 pF. 

IXYS and Siliconix offer IOOV devices that spec the 
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lowest l"DS(on) figures in the industry. The $17.50 (50) 
IXTH75N10 from IXYS has 20-mO max on-resistance, 
handles 70A, and comes in a plastic T0-247 (also called 
T0-3P) package. Its 4200-pF typ Ciss is indicative of 
the high-density architecture used in the company's 
process, dubbed MegaMOS. Housed in a hermetic T0-3 
package, Siliconix's 25-mO, 75A SMM70N10 costs 
$14.40 (100). And remember the VLSI nature of these 
powerhouses-Siliconix uses a Class-1 wafer-fabrica­
tion facility for the devices. To keep prices to a reason­
able level, the company fabricates the parts on 6-in. 
wafers. 

For applications requiring somewhat lower current­
handling capabilities, Siliconix has recently introduced 
two companion devices housed in the venerable T0-220 
plastic package. The SMP40N10 and SMP30N10 have 
rns(on) specs of 40 and 60 mO, respectively. Again, 
Ciss inversely tracks the on-resistance-the transistors 
spec 3000 and 1500 pF typ, respectively, and cost $9.60 
and $4 (100). 

lOOOV MOSFETs proliferate 
Bipolar transistors have always been available with 

very high voltage ratings, and those ratings don't carry 
onerous price penalties. Achieving good high-voltage 
performance in power MOSFETs, however, has been 
problematical, for several reasons. First, the rns(on) 
of devices of equal silicon area increases exponentially 
with the voltage rating. To get the on-resistance down, 
manufacturers would usually pack more parallel cells 
onto a die. But this denser packing causes problems 
in high-voltage performance. Propagation delays across 

Vos 

(a) 

a chip, as well as silicon defects, can lead to unequal 
voltage stresses and even to localized breakdown. 

Manufacturers resort to a variety of techniques to 
produce lOOOV, low-rns(on) power MOSFETs that offer 
reasonable yields (and therefore, affordable prices). 
Advanced Power Technology (APT), for example, devi­
ates from the trend toward smaller and smaller feature 
sizes in its quest for low on-resistance. Instead, the 
company uses large dies to get rns(on) down. The ra­
tionale is twofold. First, the relatively large geome­
tries make the chips more tolerant of defects than are 
VLSI-based devices, and this tolerance manifests itself 
in higher yields. Second, the company claims the large 
chip sizes provide for efficient heat transfer to package 
headers. 

A striking example of APT's large-die power 
MOSFETs is a lOOOV device that uses a 388 x 588-mil 
chip. The $177.65 (1000) APT5010FN specs 0.50 
rns(on), a figure that gives the device a 22.5A usable­
current rating. According to Terry Bowman, APT's 
marketing and sales manager, this high current rating 
makes it easy to design with this part, because it re­
duces the number of parallel MOSFETs required in 
high-power systems. 

Housed in a hermetically sealed F-pack (called 
"Mighty MOS" by APT), the APT5010FN can dissipate 
595W at 25°C case temperature. The package measures 
1.5 x 2 x 0.325 in. It's impressive for its power-handling 
capability, but also for the fact that it provides four 
leads for the MOSFET connections. A source-sense 
lead allows you to maximize switching speed. Fig 2a 
shows a traditional 3-lead connection. Here, a voltage 

Vos 

Lo 

c ... 

T,=0 
Zo=O I 

i Ls· 
I L----------------------

(b) 

Fig 2-A source-sense terminal speeds the operation of a JHJWer MOSFET. When you use a 3-Umninal MOSFET (a), the inductance in 
the source line degrades switching performance. In b, the fourth Umninal allows the full potential of the driving source t-0 develop between 
the gate and the source. 
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You must consider total system cost when 
choosing a switching element. Low-cost bipo­
lars often require complicated) costly drive 
circuits. 

Lsdildt appears at the source, effectively reducing the 
gate-drive potential. In Fig 2b, the added source-sense 
lead provides fer an essentially floating gate drive. 
The resulting full gate-drive potential improves the 
device's fall time. 

Other F-pack units from APT, rated from 400 to 
800V, have corresponding roscon) specs ranging from 
0.07 to 0.30. The maximum Ciss for these large 
MOSFETs is 6300 pF. A number of less-expensive 
lOOOV devices can still provide impressive roscon) fig­
ures , because they use smaller silicon dies. The 
IXTH12N100 from IXYS Corp, for example, comes 
in a plastic T0-247 or a hermetic T0-3 package and 
specs 10 on-resistance. The unit has a Ciss of 4500 pF 
max and costs $26. 71 (50). 

Speaking of large MOSFETs, note that a family of 
huge-die units (available in die form) from APT is 
poised to hit the market. These range from the lOOOV/ 
43A APT10020DN to the 350 and 400V/120A 
APT3503DN and APT4003DN. These giants, con­
nected in a full-bridge configuration, allow designers 
to break the 4-device, 2-kW barrier (in fact, to 10 kW). 

Even lower in price than IXYS's IXTH12N100 is 
the company's 20, 2800-pF IXTM5N100A, which 
comes in a plastic T0-247 or a hermetic T0-3 package 
and costs $14.06 (50). Note that APT, too, offers 
smaller-die units in T0-3 packages; the parts spec on­
resistances from 1 to 3.50. APT claims its process 
yields Ciss figures lower than those for other equiva­
lent-rated units in the industry. Its 1 and 20 units, for 
example, spec 2450 and 1750 pF, respectively, while 
the IXYS devices-with the same ratings spec 4500 and 
2800 pF. Note that International Rectifier, the univer-

VARY Ip TO OBTAIN 
REQUIRED PEAK IL 

(a) 

Vos 

om 

This relative behemoth of a package from Advanced Power Tech­
rwlogy dissipates 595W and can accommodate chips larger than 
1 inf!. 

sally acknowledged leader among MOSFET suppliers, 
introduced 2 to 11.50 lOOOV MOSFETs last year. Fi­
nally, watch for the imminent announcement of a 0. 70, 
lOOOV device from SGS-Thomson. 

Ruggedness catches on 
Some years ago, General Electric (Syracuse, NY) 

introduced the concept of "ruggedness" specs to the 
MOSFET world. Ruggedness, for a MOSFET, is the 
ability to withstand an avalanche current (at the break­
down voltage) caused by the flyback effect that an 
undamped inductive load produces. A MOSFET's rug­
gedness is certainly of interest to designers, because 
it determines whether or not a given application will 
need external protective circuitry. 

BVoss 

Vos 
I- Ip -j 

Voo 
Voo 

_____,., 
IL" / 

""'vi I 
----. I I .....__ _ __....____ 

I \ 
I \ 

/ I ------- \ _________ _ 
WosR= ( LI~ ) ( BVoss ) 

2 BVoss - Voo 

(b) 

Fig ~An unclamped inductive Wad proves a MOSFET's ruggedness. The inductance, L, in a, causes a fly back action (b) when the falling 
input signal tries to shut the MOSFET off Avalanche energy is a function of the peak drain-source current, the voltage levels, and the 
inductor value. 
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Fig 3a shows the unclamped, inductive switching 
test circuit that appears in !R's power-MOSFET data 
sheets. With minor variations, it's the same circuit 
adopted by most MOSFET manufacturers. The timing 
diagram in Fig 3b shows what happens when the input 
pulse falls and tries to turn the device off. The flyback 
effect of the inductor sustains the MOSFET current 
at IL, and the MOSFET undergoes avalanche at its 
breakdown voltage, BVoss. The equation in Fig 3 
gives the avalanche energy in Joules. 

shutoff) at 14A. The repetitive energy (the duty cycle 
is <1%) listed in the IR sheet is 18 mJ. Further, that 
spec sheet gives a curve of avalanche energy vs start­
ing junction temperature. For its identically rated 
IXTH12N50, IXYS specifies only the nonrepetitive 
avalanche energy (it's 800 mJ). For its ruggedized 
IRF450R, RCA specs the energy at 860 mJ and gives 
the inductor value (9.2 mH) for the test circuit. 

Among several manufacturers, ruggedness specs are 
becoming an integral part of power-MOSFET data 
sheets. What's needed are standardized test methods 
and conditions. According to IXYS marketing director 
Rich Fassler and other authorities, DESC will soon 
issue such standards. To see an example of how rugged­
ness specs vary from manufacturer to manufacturer, 
consider the IRF450 workhorse (a 500V/13A part) and 
the IRFP040 (a 50V/40A device). 

In the data sheet for its 50V/40A MTM50N05E, Mo­
torola specifies nonrepetitive energy at 55 mJ with the 
conditions IL= 160A and Voo =25V. Further, the 
sheet lists the energy in a repetitive test as 100 mJ 
at a 25°C case temperature (IL=50A), and as 35 mJ 
at a 100°C case temperature (IL= 20A). For its same­
rated IRFP040, IR specs IL at 4.3A and gives no en­
ergy figures. These examples illustrate that, at the 
moment, it's somewhat difficult to compare the rugged­
ness of devices from different manufacturers. The situ­
ation will change with the advent of the DESC stan­
dards. For both devices, International Rectifier specifies 

the nonrepetitive avalanche energy at 760 mJ and the 
avalanche current (the value at the time of attempted 

Another object of scrutiny by the military establish­
ment is commutating safe operating area (CSOA). This 

"Die" and other atrocities 
How many times have you seen 
the word "die" used as a plural? 
"Company X offers a full range 
of power MOSFET die," people 
have been heard to say. Well, the 
plural of the singular word "die" 
is "dies." To point out this incor­
rect usage might seem like 
nitpicking, but I'm convinced that 
there are those among EDN's 
readership who object to our in­
dustry's systematic massacre of 
the English language. After all, 
would you say "I bought three 
new shirt last week"? 

Consider, for example, "ver­
bizing"-the art of creating new 
verbs from nouns. (Of course, 
there's no such word as "to ver­
bize;" it's the editorial world's 
contribution to the massacre.) In 
the electronics industry, verbiz­
ing is rampant: "You can input 
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the signal to pin 1, you can inter­
face the data to the bus, you can 
leverage the stock deal-there's 
an inductive load, let's freewheel­
diode the output." Sometimes it's 
easier to use such nouns as verbs, 
and difficult to come up with the 
correct equivalent phrase, but 
that's no excuse for incorrect 
grammar. 

Finally, note the industry's 
propensity for obfuscation, the 
fine art of using jargon either to 
hide the fact that you don't know 
what you're talking about, or to 
make sure the reader or listener 
will never be able to figure out 
what you're trying to say. This 
art-born, nurtured, and per­
fected in Washington, DC-is 
catching on like wildfire in high­
tech circles. The following exam­
ple is taken from an interview 

that appeared in another publica­
tion (we'll leave it unnamed here): 

Q: Can you give us an ex­
ample of how such total in­
tegration might be achieved 
using expert systems? 
A: Let's look at a hypotheti­
cal greenfield situation. To 
begin with, the integration 
process will have to be both 
top-down and bottom-up. In 
other words, it will involve 
incremental expansion of 
the corporate-level knowl­
edge infrastructure at the 
same time that individual 
expert systems are being 
developed and put on-line to 
provide productivity solu­
tions at the level of the 
component life-cycle phases. 

I rest my case.-BT 
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Besides improving MOSFET~ and IGBTs) 
voltage and current ratings) manufacturers 
are adding survivability) ease of use) and 
((smartness.)) 

area is bounded by the recovery characteristics (dV/dt) 
of the intrinsic source-drain diode. Motorola, for exam­
ple, gives CSOA curves in its MOSFET data sheets. 
The rectangular areas in the curves impose limits on 
drain current and drain-to-source voltage with the con­
dition of a specified maximum rate of change of the 
source current. Motorola's product-marketing man­
ager, Bob Bailey, states that JEDEC specs for dV/dt 
will appear this year. 

One example of the emphasis MOSFET manufactur­
ers are placing on the ruggedness issue is IR's introduc­
tion of 400 and 500V devices this year; the product 
announcements stress avalanche and dV/dt ratings. 
The $6.69 (1000) IRFP448, a 500V/11A MOSFET, 
specs the nonrepetitive and repetitive avalanche en-

This hermetic power package from Omnirel provides isolation and 
accommodates large power-semiconductor chips. 
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ergy at 550 and 17 mJ, respectively, and gives peak 
diode-recovery dV/dt as 3.5V/nsec. The $23 (1000) 
IRFP360 is a 400V/25A device; its corresponding rug­
gedness specs are 980 and 30 mJ and 4V/nsec. Finally, 
be aware that, for its 30, 40, and 70A MOSFETs, 
Siliconix specs the repetitive avalanche current at 30, 
40, and 70A (continuous). 

Fast-recovery diodes 
Speaking of dV/dt, manufacturers are devoting a lot 

of development effort to improving the recovery char­
acteristics of the intrinsic source-drain diode. For ex­
ample, the 1.2-µ.sec max recovery time for the 
IRF450's diode places a severe limitation on the attain­
able repetition rate in inductive-load applications, and 
often creates the need for external snubbers and 
clamps. A number of available devices address the di­
ode-recovery issue. 

As for Siliconix's 30, 40, and 70A MOSFETs, note 
that these devices spec respective recovery times of 
130, 120, and 125 nsec typ. For its TMOS IV Series 
ruggedized MOSFETs, Motorola specs low (70 to 300 
nsec typ) diode-recovery times. SGS's 50V/52A 
STVHD90 specs a recovery time of 70 nsec typ. 

Siemens started the fast-recovery ball rolling some 
years ago by introducing its line of FREDFETs (fast­
recovery epitaxial-diode FETs). Philips-Amperex has 
joined the fray by offering the BUK600 Family of 
FREDFETs. These devices spec ratings to 400V/14A 
and 1000V/9A. 

Sensing makes sense 
The technique of current mirroring for source­

current-sensing purposes, which was introduced a few 
years ago, involves connecting a small fraction of the 
cells in a power MOSFET to a separate sense terminal. 
The current in this terminal is a fixed fraction of the 
source current feeding the load. This Kelvin-like con­
figuration is useful for monitoring and in closed-loop­
feedback applications. It's also valuable if you must 
squeeze the maximum switching speed from a 
MOSFET. For example, you can use the sense terminal 
as described in Fig 2 to eliminate the effects of source­
lead inductance in high-speed switching applications. 

A couple of examples of such sense-terminal 
MOSFETs come from IXYS's recent line of Mirror­
FETs. Housed in a T0-247 package, the 
IXTH39N08MB specs 80V/39A and costs $9.26 (50). 
Also in a T0-247 package is the IXTH20N60MB, which 
handles 600V/20A and costs $18.53 (50). IR, Motorola, 
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LOGIC LEVEL 
HEXFETe 

APPLICATION 
+5V 

TTL DRIVE 

Vs 48V 

Logic-level MOSFETs from /nt,ernatiorw,l Rectifier derive drive di­
rectly from TTL or CMOS logic. 

and Philips-Amperex also offer a wide variety of 
source-sensing power MOSFETs; they're called 
HEXSense, SenseFETs, and SensorFETs, respec­
tively. 

Another subdivision of the rapidly diversifying 
power-MOSFET market is a class of devices called 
logic-level FETs. Before the advent of these units, 
drive circuitry had to supply gate-source turn-on levels 
of lOV or more. The logic-level MOSFETs accept drive 
signals from CMOS or TTL !Cs that operate from a 
5V supply. Suppliers of these types include IR, GE, 
IXYS, Philips-Amperex, and Motorola. 

Some recent offerings from IR exemplify what's 
available in logic-level MOSFETs. One family of T0-
220-packaged units, for example, has voltage ratings 
of 60 and lOOV, and handles continuous currents from 
5. 7 to 35A. In keeping with the present spirit of rug­
gedness, IR specifies avalanche and dV/dt parameters 
for the devices. The parts' prices range from $0.34 to 
$2.39 (1000). 

A recent series of units from Philips-Amperex 
rounds out the company's 50, 100, and 200V logic-level 
product line. The new devices increase continuous­
current ratings from 8.5 to 40A for 50V units, and 3.5 
to 12A for 200V MOSFETs. Motorola's logic-level line 
spans the range from 60V/15A to 150V/10A. Speaking 
of these two companies, something's afoot in the way 
power MOSFETs will be specified in the future. The 
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Philips-Amperex devices are specified for operation at 
a 175°C junction temperature vs the classical 150°C. 
Motorola plans to specify all its <250V MOSFETs the 
same way. And note that certain of !R's HEXSense 
devices are also specified at 175°C. 

This increase in allowable junction temperature al­
lows you to squeeze about 10% more current out of a 
MOSFET of a given die size. Motorola's Bob Bailey 
attributes the spec loosening to improvements in mold­
ing compounds; earlier plastics suffered a glass transi­
tion and became brittle at approximately 165°C. 

The way to make logic-level MOSFETs is to reduce 
the thickness of the gate oxide. This reduction, of 
course, makes the gate more susceptible to voltage 
breakdown. Motorola ensures the breakdown-proof 
properties of its power MOSFETs by using what the 
company dubs the "Bullet-Proof' process. To guaran­
tee gate-breakdown integrity, Motorola applies a 200-
msec pulse to the gates of all its production units. The 
amplitude of the pulse is 60V for ~400V devices, 40V 
for <400V units, and 20V for logic-level MOSFETs. 

Killing two birds with one stone, IXYS both achieves 
logic-level operation in its LIMOFET line and lowers 
input-drive requirements by incorporating two chips 
in a single package. An internal CMOS driver has a 
totem-pole output section that can switch the Mega­
MOS chip at rates as high as 500 kHz. A side benefit 
of the 2-chip solution is the low input capacitance­
about 50 pF vs thousands of picofarads for large, unas­
sisted MOSFETs. Note that although the input of the 
tandem operates from TTL levels, the driver requires 
a separate 7 to 15V supply. These are big devices; 
packaged in large, hermetic packages called Z-Pacs, 
they span the range from 100V/67A to lOOOV/llA. 
They cost $118. 78 to $163 (10). 

Making MOSFETs spaceworthy 
Some military and space applications require that 

their electronic parts be immune to radiation. Al­
though, thanks to the physics of their technology, 
power MOSFETs are relatively immune to the effects 
of radiation exposure, they do tend to undergo self­
enhancement in the presence of large doses. To coun­
teract this self-turn-on tendency, you need to supply 
a negative gate-source bias voltage in your application. 
There are also some parts from GE/RCA and IR that 
don't have this proclivity for self-enhancement. 

Rad-hard MOSFETs from IR, first announced last 
year in T0-3 packaging, have voltage ratings of 100, 
250, and 500V, and respective current ratings of 38, 
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Dense geometry) new processes) and more 
efficient packaging have raised the voltage 
and current capabilities of both power 
MOSFETs and IGBTs. 

19, and lOA. A series of units housed in T0-254 (her­
metic T0-220) packages, which the company announced 
shortly thereafter, have identical ratings. These 
MOSFETs are guaranteed to be immune to radiation 
doses as high as lM rad (Sj). Further, they can survive 
short-term doses as high as 1012 rad (Si)/sec. The T0-3 
devices cost $493.84 to $609. 78 (1000); the T0-254 units 
sell for $519.83 to $576 (10). 

Similar rad-hard MOSFETs are available from GE/ 
RCA. Rated to withstand steady doses as high as lM 
rad, they're available in lOOV (14 and 38A) and 200V 
(9 and 30A) versions. These T0-3-packaged units, too, 
display survivability to 1012 rad (Si)/sec. In addition, 
their data sheets claim they can survive exposures of 
2 x 1012 neutrons. 

These rad-hardened MOSFETs could be considered 
specialty items. To a lesser degree, you could also 
consider p-channel power MOSFETs to be specialties. 
Although a healthy market exists for them, it pales 
in comparison with the market for n-channel devices. 
It takes so much more silicon to achieve a given rating 
in a p-channel device, that first, equally rated units 
cost much more; and second, in a given package, the 
current limit for a p-channel MOSFET is usually 1

/2 to 
% of the limit for n-channel devices. As a result, design­
ers often resort to quasicomplementary output struc­
tures, and-when the need exists for a high-side 
switch-they resort to charge-pump techniques to gen­
erate the necessary gate drive for an n-channel 
MOSFET. 

Nevertheless, most of the manufacturers cited here 
do make p-channel MOSFETs to complement their n­
channel devices. New-product announcements are few 
and far between, however. One exception, and a recent 
one, is Siliconix's family of MOSFETs housed in 
JEDEC T0-254 (hermetic T0-220) packages. Desig­
nated 2N7071 through 2N7080, the series comprises 
eight n-channel and two p-channel MOSFETs. The n­
channel units have ratings of 100V/24A and 100V/30A; 
200V/16A and 200V/28A; 400V/9A and 400V/15A; and 
500V/7A and 500V/13A. The two p-channel devices 
have ratings of 100V/17A; and 200V/9.5A (minus signs 
are omitted for clarity). Prices range from $48.37 to 
$75.60 (100). 

Another exception to the paucity of p-channel an­
nouncements is a series of low-cost devices from Mo­
torola, appropriate as complements to the company's 
(and many others') 3055-type n-channel MOSFETs. 
The MTD/MTP Series is rated at 60V /12A, and costs 
$0.60 (1000). The parts are available in a surface-mount 
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These row-resistance JOOV MOSFETs from Siliconix have 25-, 40-, 
and 60-m!l on-resistance specs. 

or insertion-mount miniature plastic package called the 
D-Pack, or in a T0-220 package. 

A final specialty item worthy of note is a series of 
temperature-protected power MOSFETs from 
Siemens. These products each contain a power­
MOSFET chip and a temperature sensor having a thy­
ristor (SCR) characteristic. When the MOSFET's junc­
tion temperature exceeds 150°C, the sensor places a 
short circuit across the gate and source, thereby shut­
ting the MOSFET off. To reset the device, you bring 
the gate to OV, then reapply the gate signal. 

The BTS Series of temperature-protected MOSFETs 
covers the range from 50V at 12, 14, 25, 27, and 58A; 
and 60V at 24A. The 50V /58A device comes in a T0-218 
package; all the others are housed in T0-220 packages. 
In addition to these n-channel units, a 50V/8A p­
channel device in a T0-220 package is available. 

Finally, although they're somewhat beyond the 
scope of this report (because they're !Cs, and not dis­
crete devices or assemblies thereof), some "smart" 
power devices are worthy of mention. The BTS412A 
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Introducing the IR2110 F/F This is powerful 
high-voltage, bridge driver. LEVE stuff. Each output 
The high side and co can drive up to 2A. 
the low side. With its dv/dt 
Without the HI IN ~- TO LOAD immunity 
down side. Low 1N ./-, , making it 

~tworks ~/--- / ~0:imost~de-off-line, any- ._ - - - - - - - - - - - - - - - _, struct1ble. 
where worldwide. Inputs are LSTTL All at frequencies well above lMHz ! 
and CMOS compatible. With two Of course you won't be needing 
independently controlled outputs transformers, optical isolation or 
to drive upper/lower HEXFET® 60% of your drive components. 
and IGBT power supply and motor That's the beauty and simplicity of 
control circuits. this 500V bridge driver. Just add a 
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diode, a resistor, a capacitor and 
the design's complete. 

The IR Revolution has reached 
the bridge. The bridge between 
control and power. 

Cross over. Call us at (213) 
607-8899 and ask about the 
IR2110 Bridge Driver. 

I 
l:roallNTERNATIONAL RECTIFIER 
233 Kansas Street, El Segundo, CA 90245 
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The migration to a 17 5°C maximum per­
missible junction temperature allows you to 
obtain about 10% more current from a 
MO SF ET. 

from Siemens and the MPC1510 from Motorola, for 
example, are 30V/12A high-side power switches that 
incorporate such features as short-circuit and overtem­
perature protection and a charge-pump circuit to pro­
vide gate drive for the output stage. 

For motor control, medium-frequency (50 kHz or so) 
switching power supplies, and other applications re­
quiring a low-loss switch, IGBTs (insulated-gate bipo-

lar transistors) are a viable alternative to bipolar tran­
sistors and power MOSFETs. Their MOS-like input 
characteristics and bipolar-like output traits would 
seem to make them attractive indeed to designers. 
However, their slow fall times (several microseconds) 
and their propensity to latch when overcurrent condi­
tions occur have seemingly proved an impediment to 
their popularity in the marketplace. 

Manufacturers of power MOSFETs and IGBTs 
For more information on power MOSFETs and IGBTs of the types discussed in this article, contact the following 
manufacturers directly, circle the appropriate numbers on the Information Retrieval Service card, or use EDN's 
Express Request service. 

ABB Semiconductor Gentron Corp Powerex Inc Silicon General 
2150 W 6th Ave 6667 N Sidney Pl Hillis St 11861 Western Ave 
Broomfield, CO 80020 Milwaukee, WI 53209 Youngwood, PA 15697 Garden Grove, CA 92641 
(303) 469-1883 (414) 351-1660 (800) 451-1415 (714) 898-8121 
FAX 303-469-8394 TLX 26881 In NY, (315) 457-9334 FAX 714-893-2570 
Circle No 357 Circle No 364 Circle No 371 Circle No 377 

Advanced Power Technology Hitachi America Ltd Powertec Inc Siliconix Inc 
405 SW Columbia St 2210 O'Toole Ave 20550 Nordhoff St 2201 Laurelwood Rd 
Bend, OR 97702 San Jose, CA 95131 Chatsworth, CA 91311 Santa Clara, CA 95054 
(503) 382-8028 (408) 942-1500 (818) 882-0004 (408) 988-8000 
FAX 503-388-0364 Circle No 365 TLX 277483 FAX 408-727-5414 
Circle No 358 Circle No 372 Circle No 378 

International Rectifier 
Fairchild Semiconductor Corp 233 Kansas St Samsung Semiconductor Supertex Inc 
313 Fairchild Dr El Segundo, CA 90245 3725 N First St 1225 Bordeaux Dr 
Mountain View, CA 94042 (213) 772-2000 San Jose, CA 95134 Sunnyvale, CA 94086 
(415) 962-4011 Circle No 366 ( 408) 434-5538 (408) 744-0100 
Circle No 359 FAX 408-434-5650 Circle No 379 

IXYS Corp 
Circle No 373 

Ferranti Electric Inc 2355 Zanker Rd Tokin America Inc 
87 Modular Ave San Jose, CA 95131 Sanyo Semiconductor Corp 2261 Fortune Dr 
Commack, NY 11725 (408) 435-1900 7 Pearl Ct San Jose, CA 95131 
(516) 543-0200 FAX 408-435-0670 Allendale, NJ 07401 (408) 432-8020 
Circle No 360 Circle No 367 (201) 825-8080 FAX 408-434-0375 

TLX 135138 Circle No 380 
Circle No 374 

Fujitsu Components Motorola Semiconductor Products 
3320 Scott Blvd 5005 E McDowell Rd Toshiba America Inc 
Santa Clara, CA 95054 Phoenix, AZ 85008 SGS-Thomson Microelectronics 2692 Dow Ave 
(408) 562-1000 (602) 244-6900 1000 E Bell Rd Tustin, CA 92680 
Circle No 361 Circle No 368 Phoenix, AZ 85022 (714) 832-6300 

(602) 867-6100 Circle No 381 

GE/RCA Solid State Omnirel Corp 
Circle No 375 

Route 202 205 Crawford St 
Somerville, NJ 08876 Leominster, MA 01453 Siemens Semiconductor Group 
(201) 685-6000 (508) 534-5776 2191 Laurelwood Rd 
Circle No 362 FAX 508-537-4246 Santa Clara, CA 95054 

Circle No 369 ( 408) 980-4500 

General Instrument Corp 
Circle No 376 

600 W John St Philips Components 
Hicksville, NY 11801 Amperex Div 
Circle No 363 George Washington Hwy 

Smithfield, RI 02917 
( 401) 232-0500 
Circle No 370 
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odrives 
Power Mosfets faster, 

at lower power, 
iorless? 

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 SG1626/ 
SG3626 operates 1.5 to 3 times faster. 

Versus the long time industry standard, the 
SG1626/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. 
EDN January 5, 1989 

Ideal for switching power supplies and motor control. 
The SG1626/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 SG 1644/3644, 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 Intersils 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 
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Only a few years ago) manufacturers had 
a very limited list of options for packaging 
MOSFETs; now) that situation has 
changed dramatically. 

Well, they're improving, and the improvements are 
coming from companies outside of the original IGBT 
three (GE with its IGT, RCA with its COMFET, and 
Motorola with its GEMFET). The companies that are 
announcing the improved products are International 
Rectifier, SGS-Thomson, Philips-Amperex, and IXYS. 

!R's recent IRG Series, for example, is a 600V/11 
to 30A family that carries on the company's policy of 
specifying avalanche energy (as high as 100 and 12.5 
mJ nonrepetitive and repetitive, respectively) in un­
clamped inductive-switching situations. Housed in a 
T0-220 package, the parts dissipate 74W and exhibit 
3V max saturation voltage at rated current. The fall 
time is a respectable 420 nsec typ. The IRGBC20, -30, 
and -40 spec current ratings (at 25°C) of 11, 18, and 
30A, respectively, and cost $3.60, $5.10, and $9.40 
(1000). Also watch for !R's imminent announcement 
of the industry's first 1200V IGBT. 

Also extending its IGBT voltage ratings is IXYS, 
which now offers lOOOV units. Housed in T0-247 pack­
ages, the parts spec 25°C currents of 20, 40, and 50A. 
The fall time is 500 nsec typ, 1 µsec max. The 40A 
IXGH20NlOOA and 50A IXGH25N100A come in T0-
247 packages and cost $9.98 and $14.98 (1000). The 20A 
IXGPlONlOOA, in a T0-220 package, costs $4.99 
(1000). The company also offers 800 and 900V versions 
of the devices. 

As with its power-MOSFET line, IXYS offers high­
density IGBTs, dubbed MegaMOS IGTs. These parts 
have higher current-handling specs than those of the 
company's standard line of IGBTs. For example, the 
600V IXGH40N60A handles 75A (by comparison, the 
IXGH30N60A offers 60A). The fall time is 0.8 µsec, 
and the saturation voltage is 3.2V at rated current. 
Housed in a T0-247 package, the device costs $15.84 
(10). 

Both IR and IXYS claim their IGBTs provide latch­
free operation. That claim is substantiated by the data 
sheets, which guarantee enormous peak-current capa­
bilities for the devices. For instance, IXYS's 
IXGH40N60A IGBT can withstand 150A at a 150°C 
junction temperature without latching. And !R's 600V 
family specs 72A peak-current capability. 

Also housed in a T0-220 package, SGS-Thomson's 
STHI Series has ratings of 500V/7A and 500V/10A. 
The STHI07N50 and STHl10N50 spec a 2. 7V max 
saturation voltage at rated current, and a 1.5-µsec 
max fall time. Finally, although details are sketchy, 
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Philips-Amperex has an IGBT family in the offing. The 
BUK800 family will comprise 500, 800, and lOOOV de­
vices, and will be available in various packages. 

New packages proliferate 
Just a couple of years ago, MOSFET makers had a 

very limited list of options for packaging their high­
power devices. The list included the hermetic T0-3 
(which has since been renamed "T0-204" for reasons 
unknown), the plastic T0-218 and T0-247 (also called 
T0-3P) for high-wattage devices, and the venerable 
T0-220 for medium-power chips. Unfortunately, the 
only workable hermetic package was the bulky, diffi­
cult-to-mount T0-3. 

Now, the situation has changed dramatically. Her­
metically sealed equivalents exist for both the T0-247 
and the T0-220. The T0-258 replaces the T0-218 (or 
T0-247), and the T0-257 is a hermetic T0-220. Another 
hermetic package, the T0-254, lies between the T0-257 
and T0-258 in terms of dimensions. In addition to these 
standard package types, several manufacturers have 
developed special packages to accommodate their dies. 
Especially striking is the advent of very large, high­
current packages that accept very large dies or multi­
ple chips. 

Consider, for example, Advanced Power Technol­
ogy's Mighty MOS package, also called the F-Pack. 
This 4-lead, isolated package handles 595W (the noniso­
lated T0-3 is limited to about 250 or 300W). As a 
bonus, the F-Pack has an enormous cavity that accom­
modates chips whose total area exceeds 1 in2. Another 
large hermetic package is IXYS's Z-Pac, which occu­
pies roughly the same area that a T0-3 package does. 
This 300W housing has five axial leads that egress from 
opposing edges of the package. Another example of 
power packaging is SGS-Thomson's IsoTop, which also 
occupies about as much space as a T0-3 does. It holds 
as many as four chips and accommodates currents as 
high as lOOA. Philips-Amperex also produces power 
products in the IsoTop. 

A specialist in plastic packaging, Motorola offers its 
MOSFETs in the small, surface-mountable D-Pack. 
This package measures about 240 x 260 mils and ac­
cepts chips as large as 112 x 112 mils. Although it's 
much smaller than the T0-220, the D-Pack can dissi­
pate nearly 80% as much power. IR also produces a 
wide range of MOSFETs in the D-Pack. Another plas­
tic package from Motorola is the isolated, metal-backed 
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IcePack. This 12-lead package accommodates multiple 
chips for such applications as H-bridge drivers (for 
example, the MPM3002 H-bridge power module). 

Motorola is also making progress with its hermetic 
packaging. The MO-78 is a 5-pin hermetic package that 
resembles the T0-257 and T0-258. And, in a symbiotic 
relationship with Omnirel, a hybrid-circuit manufac­
turer and packaging specialist, Motorola is developing 
a larger version of the D-Pack-a surface-mountable 
replacement for the T0-220. Further collaboration with 
Omnirel will help Motorola expand its penetration of 
the military/high-reliability MOSFET market. This col­
laboration involves standard T0-257 and T0-258 pack­
ages, as well as large, multipin packages for power 
hybrids. 

Finally, note that virtually all the companies men­
tioned here are producing power modules. These mod­
ules combine power-MOSFET chips, rectifiers, and 
other devices in such configurations as half or full H­
bridges. Omnirel takes power-module manufacture one 
step further by hermetically sealing all its large power 
packages. Gentron is another company that produces 
high-power, hermetically sealed modules; it also makes 
a broad line of large plastic power modules. Yet an­
other manufacturer is ABB Semiconductor (formerly 
Brown Boveri), which combines IGBTs, for example, 
in sextuples in a large plastic package for a 3-phase 
motor drive. EDN 

Article Interest Quotient (Circle One) 
High 494 Medium 495 Low 496 
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"EDN MAGAZINE'S PRODUCT MART 
SECTION IS HELPING US BECOME 

A LEADER IN OUR MARKETPLACE." 

As Vice President of Marketing, Ray Schnorr 
is responsible for marketing ACCEL Technologies' 
affordable, professional software that meets the design 
needs of electrical engineers. He operates on a fixed 
budget and demands restilts. "When it comes to buying 
media, I'm interested in two things: performance and 
price. With EON's Product Mart section, I pull high­
volume sales leads and meet my budget,'' says Schnorr. 

In nineteen months, ACCEL has sold 5000 software 
packages to 3000 sites. "Our %i-page Product Mart ads 
in EON magazine are allowing us to reach our target 
audience. '' And Schnorr sees more for EON and 
ACCEL. "We have significant growth plans for ACCEL, 
and running bigger ads in EON will be part of the 
strategy to get there. 

"The power and prestige of EON is helping us grow 
into a leading design software company." 

EON magazine works for 
ACCEL Technologies. It can work for you. 

EDN 
Where Advertising Works 
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Theftrst 200 
MB 31A" disk drive 

The Swift disk drive sets the standard for small 
drive performance with a blazing 15 ms average 
seek. Its 1-to-l interleave allows read /writes of a 
full track in one revolution. 

With models from 100 to 200 MBs and interface 
options including AT, SCSI, ESDI, and ST506/412, 
there is a model for every PC application. Shock 
resistant design, low power consumption, voice 
coil actuator and a special motor mean Swift is 
designed for reliability. 

TM 

5-!4" disk drives are 
peiformance leaders 

The Wren family of drives includes both full- and 
half-height models with capacities from 50 to 760 
plus MBs. Wren's wide range of capacities make it 
a product your system can grow with. 

Wren's claim to fame is its blazing speed. A 
unique, patented straight-arm actuator provides 
average seek times as low as 14.5 ms, making Wren 
the performance leader in its class. 

II"" 

SABRE
TM 

Theftrst 8" drive 
with a gigabyte plus 

The Sabre Series of disk drives offers capacity 
from 386 MBs to 1.23 gigabytes. Designed for 
heavy-duty use, the Sabre sets the standard for 
rugged duty. Designed for performance with a 16 
ms average seek time and transfer rates from 14.5 
to 24 MHz, Sabre is the ideal choice for larger 
multi-user, multi-tasking systems. , 

A new two-head parallel model with a 6 MB 
per second transfer rate is ideal for high- speed 
graphics applications. 
Made by Jmprimis Technology Incorporated 
Imprimis is a Control Data subsidiary. And while 
we have a new name there is one thing we don't 
intend to change: our commitment to quality. It's 
how we intend to remain the world's leading supplier 
of high-performance, high-capacity data storage. 
Sales and Service available worldwide 
Distributed in the U.S. by Arrow Electronics; 
call 1-800-777-ARROW For large volume (OEM) 
quantities call us direct at 1-800-828-8001, ask 
for operator 82 or write Imprimis, Sales Support 
Services, 12501 Whitewater Drive, Minnetonka, 
Minnesota 55343, U.S.A. 

IMPRIMIS 
A Subsidiary of Control Data 
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Stored waveforms can be 
magnified up to 100 times 
at trigger point 

Reference 
memory 1, 
voltage 
range and 
time base 
settings 

CH-1 , 
voltage 
range 
setting 

Type of 
Interpolation 

CH-2, voltage 
range setting 

Reference memory 2, voltage 
range and time base settings 

Main time 
base setting 

DIGITAL 
STORAGE 
OSCIU.09COPE 

30600 

,-HORIZ DISPLAY ---
A ALT 8 8 TlllG'D-

---;1e.AAIGB 
A YAll~ TlllE/DIV 
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New full-time digital 
storage oscilloscope 
grabs fast events! 

Perfect for freezing fast and slow 
events, the Model 30600 performs as a 
40MS/s digital storage oscilloscope 
and 60-MHz real -time scope. 

With high-speed digitizing and CRT 
readout with cursors, you can capture 
and easi ly analyze single-shot events, 
fast transients and slowly occurring 
phenomena. 

Expand stored waveforms up to 100 
times and interpolate them; store four 
waveforms in the 2k word/2-channel 
memory for immediate or later evalua­
tion, and send fully documented 
waveforms to a plotter. 

Plus, calibrated delay sweep, pre­
trigger functions, p-p auto triggering, 
sine and pulse interpolation, autorang­
ing time base ... etc. And for computer 
control , GPIB is standard . 

The 30600 is backed by a 
TWO-YEAR WARRANTY, and factory 
service depots on both coasts. 

Look at Leader and see the differ­
ence. Phone now for our catalog, an 
evaluation unit, and the name of your 
nearest "Select" Leader Distributor. 

Call toll-free 

1 800 645-5104 
In NY State 

516 231-6900 
Leader Instruments Corporation 

380 Oser Avenue, Hauppauge, New York 11788 
Regional Offices: 

Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. 416 828-6221 

LEADER 
FOR PROFESSIONALS WHO KNOW 

THE DIFFERENCE 



Analog 
Circuits 

PART 1 

Troubleshooting is 
more effective with 
the right philosophy 

In this first installment of a multipart series, one of 
the world's leading analog-circuit designers makes the 
case that a significant part of effective troubleshooting 
lies in the way that you think about the problem. The 
next installment will cover the equipment you should 
buy-and build-to help you diagnose problems, and 
future installments will illuminate some of the more 
subtle and elusive characteristics of passive and active 
components and the pc boards and cables that intercon­
nect them. 

Robert A Pease, National Semiconductor Corp 

If you recall that the most boring class in school was 
a philosophy class, and you think this article will be 
boring that way, well, WRONG. We are going to talk 
about the real world and examples of how we can re­
cover from mistakes, goofs, and all the nasty problems 
the world tries to inflict on us. We are talking about 
Trouble with a capital T, and how to overcome it. 

Here at National Semiconductor, we decided a cou­
ple of years ago to write a book about switching power 
supplies. Within the applications and design groups, 
nearly all of the engineers volunteered to write chap­
ters, and I volunteered to do a chapter on troubleshoot-

EDN January 5, 1989 

ing. At present, the status of the book is unclear. 
But, the troubleshooting chapter is going strong, and 
EDN readers are the first to benefit. 

Although I am probably not the world's best analog­
circuit troubleshooter, I am fairly good; and I just hap­
pened to be the guy who sat down and put all these 
stories in writing. (Ed Note: For a better insight into 
how Bob happened to tackle this assignment, see box, 
"Who is Bob Pease, anyway?") Furthermore, the tech­
niques you need to troubleshoot a switching power 
supply apply, in general, to a lot of other analog circuits 
and may even be useful for some basic digital hard­
ware. You don't have to build switchers to find this 
article useful-if you design or build any analog cir­
cuits, this article is for you. 

Perhaps EDN readers who are more knowledgeable 
than I am about computers, microprocessors, and soft­
ware will contact the editors about contributing articles 
on troubleshooting those types of products. If you don't 
have enough troubleshooting ideas to produce a full­
length article but do have some good tips that you 
don't see in this series, send them to the Design Ideas 
editor at EDN. No doubt, EDN will print some of 
them. (Be sure to include a copy of the design entry 
blank included in each issue's Design Ideas section.) 

Why are we interested in troubleshooting? Because 
even the best engineers take on projects whose re­
quirements are so difficult and challenging that the 
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Troubleshooting should resemble fencing 
more closely than it resembles wrestling. 

circuits don't work as expected-at least not the first 
time. I don't have data on switching regulators; but I 
read in an industry study that when disk drives are 
manufactured, the fraction that fails to function when 
power is first applied ranges from 20 to 70%. Of course, 
this fraction may occasionally fall as low as 1 % and 
rise as high as 100%. But, on the average, production 

engineers and technicians must be prepared to repair 
20, 40, or 60% of these complex units. 

Switching-regulated power supplies can also be quite 
complex. If you manufacture them in batches of 100, 
you shouldn't be surprised to find some batches with 
12 pieces that require troubleshooting and other 
batches that have 46 such pieces. The troubleshooting 

Who is Bob Pease, anyway? 

For the record, Bob Pease is a 
senior scientist in industrial lin­
ear-IC design at National Semi­
conductor Corp in Santa Clara 
CA; he has worked at National 
since 1976. He is also one of the 
best-known analog-circuit design­
ers in the world-,-he's been creat­
ing practical, producible analog 
products for fun (his) and profit 
(both his and his employers') and 
writing about analog topics for 
over a quarter of a century. 

As you might expect, though, 
there's a lot more to Bob Pease 
than his impressive credentials. 
Following untrodden paths to dis­
cover where they lead is one of 
Bob's avocations. He's done it on 
foot, on skis, and on a bicycle­
sometimes by himself and some­
times with his _wife a~d two 
sons-mostly along abandoned 
railroad beds throughout.the US. 
Aside from th~ peace and quiet 
and the thrill of the journey itself, 
the reward for t_hese wanderings 
is observing vistas of America 
that few people have seen. The 
curiosity that motivates Bob's ex­
ploration of old railroad routes is 
reflected in many of his other ac­
tivities both at and away from 
work. 

For example, another of Bob's 
hobbies is designing voltage-to­
frequency converters (VFCs). 
Most people who design VFCs do 
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it as part of a job. Although Bob 
sometimes designs VFCs for use 
in National products, he often 
does it just for fun and because 
he finds the activity educational 
and challenging. A while ago, on 
such a lark, he put together a 
VFC that used vacuum tubes. 
The device proved that the com­
pany where he spent the first 14 
years of his career, George A 
Philbrick Researches, (now Tele­
dyne-Philbrick of Dedham, MA) 
could have gone into the VFC 
business in 195~ight years be­
fore Pease received his BSEE 
from MIT. Fifteen years after he 
designed it, one of Bob's first 

solid-state VFCs, the 4701, con­
tinues to sell well for Teledyne­
Philbrick. 

Pease pontificates prolifically 
Bob also loves to write-he 

clearly enjoys communicating to 
others the wisdom he has ac­
quired through his work. He has 
published 46 magazine articles 
(not including this series) and 
holds eight patents. Bob takes 
great delight in seeing his ideas 
embodied in the work of others . 

. For example, one of his proudest 
accomplishments is a seismic 
preamplifier that hedesigned for 
an aerospace company during his 
coffee break. After many years 
of service, the amplifier is still at 
work on the moon, amplifying 
and telemetering moonquakes. 

National has taken advantage 
of Bob's penchant for providing 
ideas that others can use. In his 
role of senior scientist, Bob's re­
sponsibilities-besides designing 
voltage references and regula­
tors, temperature sensors, and 
VFC !Cs-include consulting 
with coworkers, fielding applica­
tions questions that have 
stumped other engineers, and re­
viewing colleagues' designs. In a 
similar vein, Bob is a long-time 
EDN contributing editor who re­
views design-idea submissions in 
the analog area.-Dan Strassberg 
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-Peer review is often effective for wringing problems out of designs. 
Here, the author gets his comeuppance from colleagues who are not 
as familiar with his circuit layout as he is . 

may, as you well know, be tough with a new product 
whose bugs haven't been worked out. But, it can be 
even tougher when the design is old and the parts it 
now uses aren't quite like the ones you once could 
buy. Troubleshooting can be tougher still when there 
is little documentation describing how the product is 
supposed to work and the designer isn't around any­
more. If there's ever a time when troubleRhooting isn't 
needed, it's just a temporary miracle. 

You might avoid troubleshooting . . . for a while 
And, what if you decide that troubleshooting isn't 

necessary? You may find that your first batch of prod­
ucts has only three or four failures, so you decide that 
you don't need to worry. The second batch has a 12% 
failure rate, and all of the rejects have the same symp­
toms as those of the first batch. The next three batches 
have failure rates of 23, 49, and 76%, respectively. 
When you finally take the time to study the problems, 
you will find that they would have been relatively easy 
to fix if only you had started a couple of months earlier. 
That's what Murphy's Law can do to you if you try to 
slough off your troubleshooting chores-we have all 
seen it happen. 

If you have a bunch of analog circuits that you have 
to troubleshoot, well, why don't you just look up the 
troubleshooting procedures in a book? The question is 
excellent, and the answer is very simple: Almost noth­
ing has been written about the troubleshooting of such 
circuits. The best write-up I have found is a couple 
pages in a book by Jiri Dostal (Ref 1). He gives some 
basic procedures for looking for trouble in a fairly 
straightforward little circuit: a voltage reference/ 

EDN January 5, 1989 

regulator. As far as Dostal goes, he does quite well. 
But, he does not offer much advice, and there is much 
to explain beyond what he has written. Another book 
that has several pages about the philosophy of 
troubleshooting is by John I Smith (Ref 2). Smith ex­
plains some of the foibles of wishing you had designed 
a circuit correctly when you find that it doesn't work 
"right." What's missing, though, is general informa­
tion. 

You'll probably use general-purpose test equipment 
What equipment can you buy for troubleshooting? 

I'll cover that subject in considerable detail in the next 
installment. For now, let me observe that if you have 
several million dollars worth of circuits to troubleshoot, 
you should consider buying a $100,000 tester. Of 
course, for that price you only get a machine at the low 
end of the line. And, after you buy the machine, you 
have to invest a lot of time in fixturing and software 
before it can help you. Yes, you can buy a $90 tester 
that helps locate short circuits on a pc board; but, in 
the price range between $90 and $100,000, there isn't 
a lot of specialized troubleshooting equipment avail­
able. If you want an oscilloscope, you have to buy a 
general-purpose oscilloscope; if you want a DVM, it 
will be a general-purpose DVM. Now, it's true that 
some scopes and some DVMs are more suitable for 
troubleshooting than others (and I will discuss the dif­
ferences in the next part of this series), but, to a large 
extent, you have to depend on your wits. 

Your wits: very handy to use-your wits-but, then 
what? One of my favorite quotes from Jiri Dostal's 
book says that troubleshooting should resemble fencing 
more closely than it resembles wrestling. When your 
troubleshooting efforts seem most like wrestling in the 
mud with an implacable opponent (or component), then 
you are probably not using the right approach. Do you 
have the right tools, and are you using them correctly? 
I'll discuss that in the next issue. Do you know how a 
failed component will affect your circuit, and do you 
know what the most likely failure modes are? I'll deal 
with components in subsequent installments. Ah, but 
do you know how to think about Trouble? That is to­
day's main lesson. 

One of the first things you might do is make a list 
of all the things that could be causing the problem. 
This idea can be good-up to a point. I am an aficionado 
of stories about steam engines, and this story comes 
from the book, Master Builders of Steam (Ref 3). A 
class of new 3-cylinder 4-6-0 (four little wheels in front 
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The breadboard that launched a million 
chips, including National's LM 131. Pease's 
breadboards are legendary. 

of the drive wheels, six drive wheels, no little wheels 
in back) steam engines had just been designed by Brit­
ish designer WA Stanier, and they were "perfect stink­
ers. They simply would not steam." So the engines' 
designers made a list of all the things that could go 
wrong and a list of all the things that could not be at 
fault; they set the second list aside. 

The designers specified changes to be made to each 
new engine in hopes of solving the problem: "Teething 
troubles bring modifications, . . . and each engine can 
carry a different set of modifications." The manufactur­
ing managers "shuddered as these modified drawings 
seemed to pour in from Derby (site of the design facil­
ity-the Drawing Office), continually upsetting pro­
gress in the works." (Lots of fun for the manufacturing 
guys, eh?) 

In the end, the problem took a long time to find 
because it was on the list of "things that couldn't go 
wrong. " Allow me to quote the deliciously horrifying 
words from the text: "Teething troubles always pre­
sent these two difficulties: that many of the clues are 
very subjective and that the 'confidence trick' applies. 
By the latter I mean when a certain factor is exoner­
ated as trouble-free based on a sound premise, and 
everyone therefore looks elsewhere for the trouble: 
whereas in fact , the premise is not sound and the exon­
erated factor is guilty. In Stanier's case this factor 
was low superheat. So convinced was he that a low 
degree of superheat was adequate that the important 
change to increased superheater area was del(.l.yed far 
longer than necessary. There were some very sound 
men in the Experimental Section of the Derby Loco 
Drawing Office at that time, but they were young ... 
and their voice was only dimly heard. Some of their 
quite painstaking superheater test results were disbe­
lieved." But, of course nothing like that ever happened 
to anybody you know-right? 

Another thing you can do is ask advice only of "ex­
perts." After all, only an expert knows how to solve 
a difficult problem-right? Wrong! Sometimes, a major 
reason you can't find your problem is because you are 
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too close to it-you are blinded by your familiarity. 
You may get excellent results by simply consulting 
one or two of your colleagues who are not as familiar 
with your design; they may make a good guess at a 
solution to your problem. Often a technician can make 
a wise (or lucky) guess as easily as can a savvy engi­
neer. When that happens, be sure to remember who 
saved your neck. Some people are not just lucky-they 
may have a real knack for solving tricky problems, for 
finding clues, and for deducing what is causing the 
trouble. Friends like these can be more valuable than 
gold. (For more on clues, see box, "Learn to recognize 
clues.") 

At National Semiconductor, we usually submit a 
newly designed circuit layout to a review by '.mr peers. 
I invite everybody to try. to win a Beverage of Their 
Choice by catching a real mistake in my circuit. It's 
fun because if I give away a few pitchers of brew, I 
get some of my dumb mistakes corrected-mistakes 
that I might not have found until a much later, more 
painful, and more expensive stage. Furthermore, we 
all get some education. And, you can never predict 
who will find the little mistakes or the occasional real 
killer mistake. 

You can make Murphy's Law work for you 
Murphy's Law is quite likely to attack even our best 

designs: "If anything can go wrong, it will." But, I can 
make Murphy's Law work for me. For example, ac­
cording to Murphy's Law, if I drive around with a fire 
extinguisher, I will make sure that I never have a fire 
in my car. When you first hear it, the idea sounds 
dumb. But, if I'm the kind of meticulous person who 
carries a fire extinguisher, I may also be neat and 
refuse to do the dumb things that permit fires to start. 
Similarly, when designing a circuit I leave extra safety 
margins in areas where I cannot surely predict how 
the circuit will perform. When I design a breadboard, 
I might tell the technician, "Leave 20% extra space 
for this part because I'm not sure that it will work 
without modifications. And, please leave extra space 
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around this resistor and this capacitor because I might 
have to change those values." When I design an IC, I 
leave little pads of metal at strategic points on the 
chip's surface, so that I can probe the critical nodes 
as easily as possible. To facilitate probing when work­
ing with 2-layer metal, I bring nodes up from the first 
metal through vias to the second metal. Sometimes I 
leave holes in my Vapox passivation to facilitate prob­
ing dice. 

for large digital circuits, but the underlying ideas of 
design for testability are important regardless of the 
type of circuit you are designing. You can avoid a lot 
of trouble by thinking about what can go wrong and 
how to keep it from going wrong before the ensuing 
problems lunge at you. By planning for every possibil­
ity, you can profit from your awareness of Murphy's 
Law. Now, clearly, you won't think of every possibility. 
(Remember, it was something that couldn't go wrong 
that caused the problems with Stanier's locomotives.) The subject of testability has often been addressed 

Learn to recognize clues 
There are four basic questions 
that you or I should ask when 
we are brought in to do 
troubleshooting on someone 
else's project: 

• Did it ever work right? 
• What are the symptoms 

that tell you it's not work­
ing right? 

• When did it start working 
badly or stop working? 

• What other symptoms 
showed up just before, just 
after, or at the same time 
as the failure? 

As you can plainly see, the 
clues you get from the answers 
to these questions might easily 
solve the problem right away; if 
not, they may eventually get you 
out of the woods. So even if a 
failure occurs on your own pro­
ject, you should ask these four 
questions-as explicitly as possi­
ble-of yourself or your techni­
cian or whoever was working on 
the project. Similarly, if your 
roommate called you to ask for a 
lift because the car had just quit 
in the middle of a freeway, you 
would ask whether anything else 
happened or if the car just died. 
If you're told that the headlights 
seemed to be getting dimmer and 
dimmer, that's a clue. 
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The telephone is sometimes a good 
troubleshooting t.ool; at other times, how­
ever, it is just another wretched part of 
the problem. 

When you ask these four ques­
tions, make sure to record the an­
swers in a notebook. As an old 
test manager I used to work with 
would tell his technicians, "When 
you are taking data, if you see 
something funny, record the 
amount of funny." A few signifi­
cant notes can save you hours of 
work. Clues are where you find 
them; they should be saved and 
savored. 

Ask not only these questions 
but also any other questions sug­
gested by the answers. For ex­
ample, a neophyte product engi­
neer will sometimes come to see 
me with a batch of ICs that have 
a terrible yield at some particular 
test. °I'll ask if the parts failed 

any other tests, and I'll hear that 
nobody knows because the tester 
doesn't continue to test a part af­
ter it detects a failure. A more 
experienced engineer would have 
already retested the devices in 
the RUN ALL TESTS mode. 

Likewise, if you are asking an­
other person for advice, you 
should have all the facts laid out 
straight-at least in your head­
so that you can be clear and not 
add to the confusion. I've worked 
with a few people who tell me 
one thing and a minute later start 
telling me the opposite. Nothing 
makes me lose my temper faster! 
Nobody can help you trouble­
shoot effectively if you aren't 
sure whether the circuit is run­
ning from + 12V or ± 12V and 
you start making contradictory 
statements. 

And, if I ask when the device 
started working badly, don't tell 
me, "At 3:25 PM." I'm looking for 
clues, such as, "About two min­
utes after I put it in the 125°C 
oven,'' or, "Just after I connected 
the 4-0 load." So just as we can 
all learn a little more about 
troubleshooting, we can all learn 
to watch for the clues that are 
invaluable for fault diagnosis. 
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It is important to get the papen!1ork scrupu­
lously correct) or the alligators will surely 
circle back to vex you again. 

A large collection of used components in 
good condition, such as the group of capaci­
tors shown here, forms one part of an experi­
enced analog troubleshooter's /iardware ar­
mamentarium. 

But, a little forethought can certainly minimize the 
number of problems you have to deal with. 

Recently, we had so many nagging little troubles 
with band-gap reference circuits at National, that I 
decided (unilaterally) to declare myself, "Czar of Band 
Gaps." The main rules were that (a) all successful band­
gap circuits should be registered with the Czar so that 
we could keep a log book of successful circuits; (b) all 
unsuccessful circuits, their reasons for failure, and the 
fixes for the failures should likewise be logged in with 
the Czar so that we could avoid repeating old mistakes; 
and (c) all new circuits should be submitted to the 
Czar to allow him to spot any old errors. So far, we 
think we've found over 50% of the possible errors, and 
we're gaining. In addition, we have added Czars for 
start-up circuits and for trim circuits, and we are con­
sidering other czardoms. It's a bit of a game, but it's 
also a serious business to use a game to try to prevent 
expensive errors. 

I haven't always been a good troubleshooter, but 
my "baptism of fire" occurred quite a few years ago. 
I had designed a group of modular data converters. 
We had to ship 525 of them, and some foolish person 
had bought only 535 pc boards. When less than half 
of the units worked, I found myself in the troubleshoot­
ing business because nobody else could imagine how 
to repair them. I discovered that I needed my best­
triggering scope and my best DVM. I burned a lot of 
midnight oil. I got half-a-dozen copies each of the sche­
matic and the board layout. I scribbled notes on them-
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of what the de voltages ought to be, what the correct 
ac waveforms looked like, and where I could best probe 
the key waveforms. I made little lists of, "If this fre­
quency is twice as fast as normal, look for Q47 to be 
damaged, but if the frequency is 1/10 normal, look for 
a short on bus B." I learned where to look for solder 
shorts, hairline opens, cold-soldered joints, and inter­
mittents. I diagnosed the problems and sent each unit 
back for repair with a neat label of what to change. 
When they came back, did they work? Some did-and 
some still had another level or two of problems. That's 
the Onion Syndrome: You peel off one layer, and you 
cry; you peel off another layer and cry some more . . . 
By the time I was done, I had fixed all but four of the 
units, and I had gotten myself one hell of a good educa­
tion about troubleshooting. 

After I found a spot of trouble, what did I do about 
it? First of all, I made some notes to make sure that 
the problem really was fixed when the offending part 
was changed. Then I sent the units to a good, neat 
technician who did precise repair work-much better 
than a slob like me would do. Lastly, I sent memos 
to the manufacturing and QC departments to make 
sure that the types of parts that had proven trouble­
some were not used again, and I confirmed the changes 
with ECOs (engineering change orders). It is important 
to get the paperwork scrupulously correct, or the alli­
gators will surely circle back to vex you again. 

I once heard of a similar situation where an insidious 
problem was causing nasty reliability problems with a 
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ANY WAY YOU CONFIGURE IT, 
PHILIPS ISOTOP PAC~ MORE POWER. 
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Clues are where you find them; they should 
be saved and savored. 

batch of modules. The technician had struggled to find 
the solution for days. Finally, when the technician went 
out for lunch, the design engineer went to work on the 
problem. When the technician came back from lunch, 
the designer told him, "I found the problem; it's a 
mismatch between Q17 and R18. Write up the ECO, 
and when I get back from lunch I'll sign it." Unfortu­
nately, the good rapport between the engineer and the 
technician broke down: there was some miscommunica­
tion. The technician got confused and wrote up the 
ECO with an incorrect version of what should be 
changed. When the engineer came back from lunch, 
he initialled the ECO without really reading it and left 
for a two-week vacation. 

When he came back, the modules had all been 
"fixed," potted, and shipped, and were starting to fail 
out in the field. A check of the ECO revealed the 
mistake-too late. The company went bankrupt. It's 
a true story and a painful one. Don't get sloppy with 
your paperwork; don't let it happen to you. 

Troubleshooting by phone-a tough challenge 
These days, I do quite a bit of troubleshooting by 

telephone. When my phone rings, I never know if a 
customer will be asking for simple information or sub­
mitting a routine application problem, a tough problem, 
or an insoluble problem. Often I can give advice just 
off the top of my head because I know how to fix what 
is wrong. At other times, I have to study a while 
before I call back. Sometimes, the circuit is so compli­
cated that I tell the customer to mail or transmit the 
schematic to me. On rare occasions, the situation is 
so hard to analyze that I tell the customer to put the 
circuit in a box with the schematic and a list of the 
symptoms and ship it to me. 

Sometimes the problem is just a misapplication. 
Sometimes parts have been blown out and I have to 
guess what situation caused the overstress. Here's an 
example: In June, a manufacturer of dental equipment 
complained of an unacceptable failure rate on LM317 
regulators. After a good deal of discussion, I asked, 
"Where did these failures occur?" Answer: North Da­
kota. ''When did they start to occur?" Answer: In Feb­
ruary. I put two and two together and realized that 
the climate in a dentist's office in North Dakota in 
February is about as dry as it can be and is conducive 
to very high electrostatic potentials. The LM317 is 
normally safe against electrostatic potentials as high 
as 3 or 4 kV, but walking across a carpeted floor in 
North Dakota in February can generate even higher 
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voltages. To make matters worse, the speed-control 
rheostat for this dental instrument was right out in 
the handle. The wiper and one end of the rheostat 
were wired directly to the LM317's ADJUST pin; the 
other end of the rheostat was connected to ground by 
way of a 1-kO resistor located near the IC. 

The problem was easily solved by placing the resistor 
in series with the !C's ADJUST pin and relocating it 
to the instrument's handle. By moving the resistor and 
connecting the rheostat wiper to ground, much less 
current would take the path to the ADJUST pin and 
the diffused resistors on the chip would not be damaged 
or zapped by the current surges. 

A similar situation occurs when you get a complaint 
from Boston in June, "Your op amps don't meet spec 
for bias current." The solution is surprisingly simple: 
Usually a good scrub with soap and water works better 
than any other solvent to clean off the residual contami­
nants that cause leakage under humid conditions. 

When computers replace troubleshooters, look out 
Now, let's think-what needs troubleshooting? Cir­

cuits? Television receivers? Cars? People? Surely doc­
tors have a lot of troubleshooting to do-they listen 
to symptoms and try to figure out the solution. What 
is the natural temptation? Letting a computer do all 
the work! After all, a computer is quite good at listen­
ing to complaints and symptoms, asking wise ques­
tions, and proposing a wise diagnosis. Such a computer 
system is called an expert system-part of the general 
field of artificial intelligence. But, I am still in favor 
of genuine intelligence. 

I won't argue that the computer isn't a natural for 
this job; it will probably be cost effective, and it won't 
be absent minded. But, I am definitely nervous because 
if computers do all the routine work, soon there will 
be nobody left to do the thinking when the computer 
gives up and admits it is stumped. I sure hope we 
don't let the computers leave the smart troubleshooting 
people without jobs, whether the object is circuits or 
people. 

My concern is shared by Dr. Nicholas Lembo, the 
author of a study on how physicians make diagnoses, 
which was published in the New England Journal of 
Medicine . He recently told the Los Angeles Times, 
"With the advent of all the new technology, physicians 
aren't all that much interested (in bedside medicine) 
because they can order a $300 to $400 test to tell them 
something they could have found by listening." An 
editorial accompanying the study commented sadly: 
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''A career as an 
EDN editor offers 
you great variety 
and flexibility." 
EDN Editor David Shear 

Just over a year ago, David Shear held an engineering 
position much like yours. Today, as an EDN editor, he 
is extending his engineering experience. 

David is enthusiastic about his new career: "I'm acquiring 
a broader understanding of engineering than was possible 
as an engineer and the work is more varied. Also, the 
writing challenges me to translate my knowledge and 
experience into useful information for our readers." 

He also eajoys the recognition and visibility that come 
with being an EDN editor. As David says, "I cover develop­
ments, breakthroughs, new technologies, and product intro­

ductions across the entire spectrum of electronics. 
I'm at the forefront." 

You too can turn your electrical or 
electronic engineering background 

into an exciting opportunity with 
EDN. All you need are a B.S. in 

electrical engineering, at least 
two years of design experience, 
and an ability to write clearly. 

Salaries are commensurate 
with engineering experience. 

If you're interested, please 
call Toll Free 1-800-521-1127 

x733 and ask for Michelle 
Clarke in Human Resources. 
Or send your resume to her 

at Human Resources Dept., 
275 Washington Street, 
Newton, MA 02158-1630. 

David Shear is glad he 
did. You will be too. 
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And call 
us in the 

• morning. 
For math-intensive processing, Logic Devices offers a whole 
range of innovative architectural solutions, including these low­
power CMOS functions. So if your application is pushing data 
rates of 25MHz and beyond, check out our real-time solutions. 
Call toll free 1-800-851-0767 (in California, 1-800-233-2518) for a 
product catalog, which includes our MIL-STD-883C compliant 
parts. Or write: Logic Devices, Inc., 628 East Evelyn 
Avenue, Sunnyvale, California 94086. Telex 172387. 

16-bit ALU UC381 
• 16-bit cascadable ALU, with 26ns. flow-through add time . 
• Includes optional pipeline registers. 
• Implements add, subtract, accumulate, two's complement, 

pass and logic operations. 

16-bit multiplier LMU18 
• 16xl6 multiplier, with 35ns. multiply time. 
• Non-multiplexed 32-bit output port. 

32-bit barrel shifter/normalizer LSH32 
• 32-input, parallel shifter with 32ns. prop. delay. 
• Implements left, right, or circular shifts, 0 to 32 positions; 

automatically calculates optimum scaling value for maximum accuracy. 
• Separate external shift distance inputs for block floating-point 

applications. 

12-bit multiplier-summer (AxB)+C LMS12 
• 12x12 multiplier, plus 26-bit adder in one package. 
• Cascadable to form 25MHz video filter with broadside coefficient load. 

DEVICES INCORPORATED 
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"The present trend . . . may soon leave us with a 
whole new generation of young physicians who have 
no confidence in their own ability to make worthwhile 
bedside diagnoses." Troubleshooting is still an art, and 
it is important to encourage those artists. 

No problems? No problem ... just wait 
Now, let's skip ahead and presume we have all the 

necessary tools and the right receptive attitude. What 
else do we need? What is the last missing ingredient? 
That reminds me of the little girl in Sunday School 
who was asked what you have to do to obtain forgive­
ness of sin. She shyly replied, "First you have to sin." 
So, to do troubleshooting, first you have to have some 
trouble. But, that's usually not a problem; just wait a 
few hours, and you'll have plenty. Murphy's Law im­
plies that if you are not prepared for trouble, you will 
get a lot of it. Conversely, if you have done all your 
homework, you may avoid most of the possible trouble. 

I've tried to give you some insights on the philosophy 
of how to troubleshoot. Don't believe that you can get 
help on a given problem from only one specific person. 
In any particular case, you can't predict who might 
provide the solution. Conversely, when your buddy is 
in trouble and needs help, give it a try-you could 
turn out to be a hero. And, even if you don't guess 
correctly, when you do find out what the solution is, 
you'll have added another tool to your bag of tricks. 

EDN 
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ATlcTfrom 
HAMILTON/AVNET 

WE DIDN'T 
INVENT POWER, 
ONLY THE MOST 

AFFORDABLE WAY 
TO REGULATE IT 

AJ&T SOLID STAJE RELAYS 
AVAILABLE THROUGH 

ALL 58 LOCATIONS 
Benjamin Franklin may have discovered 

electricity, but AT&T and Hamilton/ Avnet 
have found an inexpensive way to regu­
late it with high-voltage. solid state relays. 

These multi-purpose, bi-directional 
switches can replace mechanical relays 
for audio and de applications, such as 
telephone switchhooks, high voltage 
testers. industrial controls. modems and 
fax machines. 

AT& T's relays provide low on-resistance 
and can be controlled by TIL levels. The 
relays feature 1500 Vrms of input/ output 
isolation and are available in 6-pin and 
8-pin plastic DIPs. 

What's more. they're pin-for-pin com­
patible with the industry standard and 
far less costly. 

Switch to Hamilton/ Avnetfor AT&T Solid 
State Relays. and you'll get fast delivery 
plus. immediate access to ATILAS (AT&T 
Local Area Sales). our exclusive. free. 
technical assistance service. 

For the Hamilton/ Avnet location nearest 
you. call toll free: 1-800-442-6458 (1-800-
387-6879 in Canada; 1-800-387-6849 in 
Ontario and Quebec). 

AT&T and Hamilton/ Avnet- the power 
behind your best ideas. 
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'Pujitsu's plasma displays. 

You have to see it to believe it. Just compare 
Fujitsu's brilliant, high-contrast plasma displays to 
any other plasma screens around. The advantages 
are obvious. 

They start with Fujitsu's 20: 1 contrast ratio (about 
twice the contrast of most other brands). It makes 
our plasma displays about twice as easy to read 
under any kind of lighting, and at any viewing angle. 

Then we add four very distinct levels of gray scale. 
For better representation of all kinds of graphics, 
from business charts to CAD/CAM. 

Saves space, saves power, lasts longer 
The advantages don't end there. Our CRT­

compatible 640 x 400 dot FPF8050HR series 
and 640 x 480 dot FPF8060HR series are 

also 10°/o thinner and require about 20°/o less 
power than competitive models. 

And, like all Fujitsu products, they' re 
built to last. Up to 50,000 hours -
nearly 70°/o longer than the com­
petition. 

Take a close look at other plasma 
displays. Then compare Fujitsu's brilliant, 

flicker-free, high-contrast displays. We think the 
differences will jump out at you. 

FUJITSU MIKROELEKTRONIK GmbH: 
Lyoner StraBe 44-48, Arabella Center 9. OG./A, D-6000 Frankfurt N1ederrad 71, F.R. Germany Phone: 069-66320 Telex: 0411963 Fax: 069-6632122 
FUJITSU COMPONENT OF AMERICA, INC.: 
3330 Scott Blvd., Santa Clara, California 95054-3197, U.S.A. Phone: 408-562-1000 Telex: 910-338-0190 Fax: 408-727-0355 
FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 
805, Ts1m Sha Tsui Centre, West Wing, 66 Mody Road, Kowloon, Hong Kong Phone: 3-7320100 Telex: 31959 FUJIS HX Fax: 3-7227984 
FUJITSU LIMITED (Electronic Components International Sales Support Div.): 
Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan Phone: National (03) 216-3211 lnternalional (lnt'I Prefix) 81-3-216-3211 
Telex: 2224361 Fax: (03) 216-9771 
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CHIPLOC ES Delivers Up To 80% 
More Static Protection Than 
The Leading Surface Shielding Bag. 
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Capacitive probe tests 
show that CHIPLOC* ES 
static shielding and dis­
sipative packaging from 
Dow has up to 80% more 
shielding capability than the 
leading surface shielding 
bag on the market. 

CHIPLOC ES has a thin, high-quality con­
ductive metallized layert designed specific­
ally to minimize the penetration of electric 
fields from highly charged objects. It pro­
vides superior Faraday cage protection of 
the most sensitive electronic devices. 

It is reusable, too, because of the exclusive 
"buried shield" construction used in 
CHIPLOC ES. Two layers of static dissipative 
film protect the metallized layer against 
abrasion, tears and punctures. Such dam­
age, more common in bags with surface 
metallized layers, can dramatically reduce 

tManufactured of STllTICUllF static dissipative films. 
ttTest results available upon request. 
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shielding effectiveness. In fact, teststt show 
that after just eight simulated use cycles, 
competitive exposed-film bags retain 

only 52% of their shielding ability. 
CHIPLOC ES retains 92%. 

Free Samples 
For the complete CHIPLOC story, 

including free samples and a copy of the 
brochure "Two New Solutions to ESD 
Problems," call 1-800/ 258-2436, Extension 
32/ CHIPLOC. Or write: The Dow Chemical 
Company, Packaging and Industrial Foams 
Dept. , 2020 Willard H. Dow Center, 
Midland, MI 4867 4. 

Advancing 1he Science 
of Electronics 

•rrademark of The Dow Chemical Company 
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Design Feature 

Current-feedbacl( 
amplifiers benefit 

high-speed designs 

Current-feedback amplifiers offer signifi­
cant advantages over conventional high­
speed op amps. Like the conventional devices) 
however) they exhibit nonideal behavior) so 
some circuit configurations require special 
care. Understanding the circuit topology 
will help you achieve successful designs. 

Sergio Franco, San Francisco State University 

Amplifiers based on the current-feedback topology are 
now more widely available than ever. They offer de­
signers of high-speed systems some key advantages 
over conventional op amps (Ref 1). First, you can inde­
pendently vary their gain and bandwidth; second, they 
have a virtually unlimited slew rate. The absence of 
slew-rate limiting not only allows for faster settling 
times, but also eliminates slew-rate-related nonlineari­
ties such as intermodulation distortion. Thus, current­
feedback amps are attractive for use in high-quality 
audio-amplifier applications. 

These two advantages are the result of the amps' 
current-mode operation, which has long been recog­
nized as inherently faster than voltage-mode operation. 
The effects of stray inductance in a circuit are usually 
less severe than those of stray capacitance (or the 
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Miller effect), and bipolar transistors can switch cur­
rents much more rapidly than voltages. Current ampli­
fiers must still have a voltage output, however, and 
op-amp designers sidestep some of the problems associ­
ated with voltage-mode operation by using gain con­
figurations such as common-collector and cascode con­
figurations, which provide immunity to the Miller ef­
fect. Further, thanks to manufacturing processes that 
ensure symmetrical npn- and pnp-transistor switching 
characteristics, manufacturers can now create mono­
lithic op amps that achieve high speeds that were previ­
ously available only from hybrid devices. 

In many ways, current-feedback amps are very simi­
lar to their conventional op-amp counterparts (Ref 2). 
For a standard circuit configuration, you derive the 
transfer functions for current-feedback amplifiers in 
the same way that you do for conventional op amps. 
However, if you're going to use a current-feedback 
amp in your design, you'll have some other considera­
tions to make. For example, you'll have to decide how 
to use reactive feedback elements, which cause oscilla­
tion when connected directly from output to input. 
Thus, before designing with current-feedback amps, 
you need a thorough understanding of the current­
f eedback architecture. 

The easiest way to understand the advantages of 
the current-feedback topology is to compare it with 
the architecture of a conventional op amp (Ref 3). The 
conventional op amp consists of a high-input-impedance 
differential stage followed by additional gain stages, 
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Current-feedback amps don)t involve a 
gain-bandwidth tradeoffi and they have 
virtually no slew-rate limiting. 

the last of which is a low-output-impedance stage. The 
op amp's transfer characteristic is: 

(1) 

where V OUT is the output voltage; Vo= V p- V N is 
the differential input voltage; and a(jf), a complex func­
tion of frequency (f), is the open-loop gain (Fig la). 
Connecting an external resistor network as shown in 
Fig lb creates a feedback path; the voltage signal de­
rived from the output is applied to the noninverting 
input. You can solve for Vo to obtain 

By substituting Eq 2 for Vo in Eq 1 and solving for 
the ratio VouTIVIN, you obtain the familiar closed-loop 
transfer characteristic for a noninverting amplifier: 

. VouT ( R2) 1 
A(jf) = VIN = 1 + R1 1 + 1/T(jf)' (3) 

where 1 + R2/R1 is the ideal gain value, and 

v,. + 

Vour 

R2 
":' 

1 
R, 

(b) ":' 

Fig 1-The circuit model of a conventional op amp includes a 
differential input stage and a gain stage (a); resistive feedback con­
figures the op amp as a noninverting amplifier (b). 
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T(jf) = a(jf) 
1 + R~R1 (4) 

represents the loop gain. The denominator of the loop­
gain expression is called the noise gain. In this case, 
it's equal to 1 + R2/R1. Note that in this example, the 
noise gain just happens to be equal to the ideal closed­
loop gain. It's important not to confuse the two. 

Loop gain determines stability 
Eq 4 represents the loop gain, because if you break 

the loop as shown in Fig 2a and inject a test signal 
(Vx) with Vrn suppressed, the circuit will first attenu­
ate V x to produce V N = V x/(1 + R2/R1), and then am­
plify VN to produce VouT= -aVN. Hence, the gain 
that a signal experiences when it goes around the loop 
is VouTIV x = - a/(1 + R2/R1). The negative of this ratio 
represents the loop gain, T. 

The loop gain provides a measure of how close A is 

>----- -u Vour 

R2 

R, Vx 

(a) ":' 

GAIN (dB) 

ao -----

f (DEC) 

(b) 

Fig 2-You can find the loop gain by injecting a signal Vx with 
Vm grounded and solving for Vour!Vx (a); the loop gain is, graphi­
cally, the difference between the open-loop curve and the noise-gain 
curve. 
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to the ideal value of 1 + R2/R1. The larger the value 
of T, the better. To help the user achieve high loop 
gains over a wide range of closed-loop gains, op-amp 
manufacturers strive to make the open-loop gain (a) 
as large as possible. Consequently, Vn will assume 
extremely small values, because VD= V ouT/a (see Eq 
1). As the value of the open-loop gain approaches infin­
ity, Vn approaches zero; that is, the value of VN ap­
proaches that of V p. This fact is the basis of the familiar 
op-amp rule: When it's operated with negative feed­
back, an op amp will ideally provide whatever output 
voltage and current are needed to force V N to equal 
Vp. 

Op amps require a familiar tradeoff 
In practice, op amps can physically realize large 

open-loop gains only over a limited frequency range. 
Beyond this range, the gain rolls off with respect to 
frequency because of the op amps' internal frequency 
compensation. Most op amps are designed for a con­
stant rolloff of - 20 dB/decade, so the open-loop re­
sponse can be expressed as 

a(jf) = 1 + J(f/f.)' 
(5) 

where ao represents the de gain and fa is the - 3-dB 
frequency of the open-loop response. 

By substituting Eq 5 for a(jf) in Eq 4 and then substi­
tuting Eq 4 for T(jf) in Eq 3, and recognizing the fact 
that (1 + R2/R1)/ao<l , you can obtain 

. 1 + R2i'R1 
A(jf) = 1 + j(f/fA) ' (6) 

where 

(7) 

represents the closed-loop bandwidth and ft= aofa rep­
resents the open-loop unity-gain frequency-that is, 
the frequency at which laJ is equal to 1. For instance, 
the 741 op amp has an ft equal to 1 MHz. 

Eq 7 reveals the familiar gain-bandwidth tradeoff. 
As you raise the R2/R1 ratio to increase the closed-loop 
gain, you decrease its bandwidth. Moreover, the loop 
gain also decreases, leading to a greater closed-loop­
gain error. 

You can see this tradeoff by plotting the frequency 
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Vee 

J\_ 

Vee 

Fig 3-As shown in this simplified slew-rate model, there is limited 
current to charge and discharge C when the transconductance stage 
saturates . 

response on a graph. From Eq 4, rI\rn =la~rn -(1 + R2/ 
Rl)dB· Thus, you can think of the loop gain as the 
difference between the open-loop gain and the noise 
gain (Fig 2b). The intersection of the two curves is 
the crossover frequency or - 3-dB point, at which T 
has a magnitude of 1 and a phase shift of - 90°. 

As you increase the closed-loop gain, the noise-gain 
curve shifts upward, thus reducing the loop gain. Also, 
the intersection point will move up the laJ curve, thus 
decreasing the closed-loop bandwidth. Clearly, the cir­
cuit with the widest bandwidth and the highest loop 
gain is also the one with the lowest closed-loop gain. 
This circuit is the voltage follower, for which R2/R1=0, 
so A=l and fA =ft. 

Slew-rate limiting is also a factor 
To fully characterize the dynamic behavior of an op 

amp, you also need to know its transient response. In 
many applications, the dynamic parameter of greatest 
concern is the settling time, a characteristic in which 
slew-rate limiting plays an important role. If you apply 
a small voltage step to an op amp connected as a unity­
gain voltage-follower, the amp's dynamic behavior will 
be similar to that of an RC network. The input step, 
AV IN, will cause the output to undergo an exponential 
transition with a magnitude of AV o = AV IN and a time 
constant of T = l/(21Tft). For the 7 41 op amp, T = 1/ 
(27T x 106)= 170 nsec. 

The rate at which the output changes with time is 
highest at the beginning of the exponential transition, 
when its value is AVouTIT. Increasing the step magni­
tude increases this initial rate of change, until the latter 
saturates at a value called the slew rate (SR). This 
fact is due to the limited ability of the internal circuitry 
to charge and discharge the compensation capacitor 
as well as capacitive loads. 

The input stage of a typical op amp is a trans­
conductance block consisting of differential pair Ql-Q2 
and current mirror Qg-Q4 (Fig 3). The remaining 
stages, considered together, comprise an integrator 
block consisting of an inverting amplifier and the com-
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Before designing with current-feedback op 
amps) you should thoroughly understand 
their architecture; some circuits require spe­
cial attention. 

pensation capacitor, C. Slew-rate limiting occurs when 
the transconductance stage saturates, so all the current 
available to charge and/or discharge C is the bias cur­
rent (I) of this stage. 

For example, for the 741 op amp, I =20 µA and 
C=30 pF, so SR=I/C=0.67 V/µsec. The step magni­
tude corresponding to the onset of slew-rate limiting 
is such that ~ V rn!T =SR; that is, ~VIN = SR x T = (0.67 
V/µsec)x (170 nsec)=ll6 mV. As long as the step is 
less than 116 mV, a 741 op amp configured as a voltage 
follower will respond with an exponential transition 
governed by T=170 nsec, whereas for a greater input 
step the output will slew at a constant rate of 0.67 
V/µsec. 

Current-feedback-amp architecture 
The architecture of the current-feedback amp differs 

from the conventional op amp in two respects (Fig 4). 
First, the current-feedback amp's input stage is a 
unity-gain voltage buffer connected across the inputs 
of the op amp. Its function is to force VN to follow 

Vp 

Vour 

VN 

(a) 

V1N + 
Vour 

":" 1 R, 

":" 

R, . 

(b) ":" 

Fig 4-The circuit model of a current-feedback amp includes a 
unity-voltage-gain input buffer and a transimpendance block (a) . 
Connected as a noninverting amplifier (b) , the current-feedback 
amp looks identical to its conventional-op-amp counterpart. 
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Vp, very much as negative feedback forces VN to follow 
Vp in a conventional op amp. However, because of the 
low output impedance of this buffer, current can easily 
flow in or out of the inverting input. During normal 
operation, this current is extremely small. 

Second, a current-feedback amp has a transimped­
ance amplifier, which senses the current delivered by 
the buffer to the external feedback network and pro­
duces an output voltage V OUT such that 

(8) 

where z(jf) represents the transimpedance gain of the 
amplifier and IN represents the output current of the 
inverting input. 

To fully appreciate the inner workings of the current­
f eedback amp, you need to examine the simplified cir-

Vp 

(a) 

Vp 

(b) 

v •• 

CURRENT 
MIRROR 

le 

>---'--<> v. ~._-'-----4..---i 

CI 
.----~* I' ,__....__._.,. 

CURRENT 
MIRROR 

VouT 

Your 

Fig 5-When you look into the actual circuit inside a current­
feedback amp, you'll find both push-pull and Darlington transistor 
configurations at the input (a) (diagram courtesy Comlinear Corp) . 
The block diagram of the circuit (b) shows the current-feedback 
amp's basic f eatures. 
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cuit diagram of Fig 5a. The input buffer consists of 
transistors Qi through ~. Qi and Q2 form a low output­
impedance push-pull stage. Qg and ~ provide V BE 
compensation for the push-pull pair and have a Darling­
ton function, which raises the input impedance. 

Summing the currents at the inverting node yields 
Ii - 12 =IN, where Ii and 12 are the push-pull transistor 
currents. Two Wilson current mirrors, consisting of 
transistors Q9 through Qn and Q13 through Qi5, reflect 
these currents and recombine them at a common node, 
whose equivalent capacitance to ground is designated 
"C" in Fig 5. 

A closer look at the internal circuit 
By mirror action, the current through this capaci­

tance is le= Ii - 12; that is, le= IN. The voltage devel­
oped by C in response to this current is then conveyed 
to the output by a second buffer, which consists of Qs 
through Qg. Fig 5b's block diagram summarizes the 
salient features of the current-feedback amp. 

When the amplifier loop is closed, as in Fig 4b, and 
an external signal attempts to imbalance the two in­
puts, the input buffer will begin sourcing (or sinking) 

+ 

Vour 
":' 

R2 

R, 

(a) ":' ":' 

!l (DEC) 

Zo 

(b) f (DEC) -

Fig 6--As with conventional op amps, you can use this test circuit 
(a) to determine the loop gain. The loop gain is represented graphi­
cally as the difference between the open loop gain, 121, and the noise­
gain curve, R fl (b). 
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an imbalance current, IN, to the external feedback 
network. The Wilson mirrors convey this imbalance 
to C, causing VouT to swing in the positive (or nega­
tive) direction until the imbalance is neutralized via 
the negative feedback loop. Thus, IN plays the role of 
error signal in the system. 

To obtain the closed-loop transfer characteristic, re­
fer again to Fig 4b. By summing the currents at the 
inverting node, you obtain 

(9) 

Because the buffer ensures that V N = V p =VIN, you 
can rewrite Eq 9 as: 

(10) 

which confirms that the feedback signal, V ouTIR2, is 
now in the form of a current. By substituting Eq 10 
for IN in Eq 8, and solving for the ratio VouTNIN, 
you obtain 

. VouT ( R2) 1 
A(jf) = VIN = 1 + R1 1 + 1/T(jf)' (ll) 

where A(jf) represents the closed-loop gain of the cir­
cuit, and 

(12) 

represents the loop gain. As for a conventional op amp, 
this terminology is derived from the fact that if you 
break the loop as shown in Fig 6a, and inject a test 
voltage (V x) with VIN suppressed, the circuit will first 
convert Vx to IN= -Vx/R2 and then convert IN to 
VouT=zlN, so T=z/R2, as expected. 

To ensure that the circuit will have substantial loop 
gain, and, therefore, minimal closed-loop gain error, 
manufacturers strive to make z as large as possible in 
relation to the expected values of R2. Consequently, 
because IN= VouT/z, the inverting-input current will 
be very small, even though this input is a low­
impedance node because of the buffer. As a current­
feedback amp's open-loop gain (z) approaches infinity, 
its IN approaches 0, so the amplifier will provide what­
ever output voltage and current are needed to drive 
IN to zero. Thus, the conventional op-amp conditions, 
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The magnitude of an op amp)s loop gain 
determines the closed-loop-gain error) and 
its phase detennines stabiti-ty. 

V N = V p and IN= Ip= 0, hold for current-feedback where 
amps as well. 

No gain-bandwidth tradeoff 
The transimpedance gain of a practical current­

feedback amp rolls off with frequency according to 

z(jf) = 1 + J(flf.) ' (13) 

where zo is the de value of the transimpedance gain 
and fa is the frequency at which rolloff begins. For 
instance, the data sheets of Comlinear's CLC401 cur­
rent-feedback amp state that zo=710 kn and fa=350 
kHz. 

By substituting Eq 13 for z(jt) in Eq 12, and then 
substituting Eq 12 for T(jt) in Eq 11, and recognizing 
the fact that R2/zo<l, you obtain 

. 1 + Rz/R1 
A(jf) = 1 + j(f/fA) , (14) 

GAIN 

A=100 

A=10 

A=1 

(a) 

GAIN 

A=100 

A=10 

A=1 

(b) 

Fig 7-The most significant advantage that current-feedback amps 
have over conventional op amps can be seen in this simple frequency­
response plot. Note the gain-bandwUlth tradeoff for conventional 
op amps in a and the absence of such a compromise in b. 
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(15) 

represents the closed-loop bandwidth. When R2 is in 
the kilohm range, fA is typically in the 100-MHz range. 
The noise-gain curve is now simply R2, and f A can be 
represented graphically as the frequency at which the 
R2 curve meets the lzl curve (Fig 6b). 

These closed-loop-gain expressions are formally iden­
tical to those for the conventional op amp Eqs 6 and 
7. However, the bandwidth now depends only on R2 
rather than on the closed-loop gain 1 + R2/R1. Conse­
quently, you can use R2 to select the bandwidth and 
R1 to select the gain. Fig 7 highlights these frequency­
response differences between current-feedback amps 
and conventional op amps. 

The other major advantage of current-feedback amps 
is their inherent absence of slew-rate limiting. This 
feature is due to the fact that the current available to 
charge the internal capacitance at the onset of a step 
is now proportional to the step, regardless of its size. 
Indeed, applying the step !::i. VIN induces, according to 
Eq 10, an initial current imbalance IN=!::i.Vrn/(R1TR2), 
which the Wilson mirrors then convey to the capacitor. 
The initial rate of charge is, therefore, 

Ic/C=IN/C 
= !::i. V rn/((R1TR2)C) 
= (!::i. Vrn(l + R2/R1))/(R2C) 
= !::i. v ouTl(R2C), 

which indicates an exponential output transition in 
which the time constant, T, is equal to R2C. Like the 
frequency response, then, the transient response is 
governed by R2 alone, regardless of the closed-loop 
gain. When R2 is in the kilohm range and C is in the 
picofarad range, T will be in the nanosecond range. 

The rise time is defined as the amount of time, tr, 
that it takes for the output to swing from 10% to 90% 
of the step size. For an exponential transition, 
tr=TXln(0.9/0.1)=2.2T. For example, the CLC401 has 
a tr equal to 2.5 nsec for a 2V output step, indicating 
an effective T of 1.14 nsec. The time it takes for the 
output to settle to within 0.1 % of the final value is 
ts =T x In 1000, which is approximately 7T. For the 
CLC401, therefore, ts is approximately 8 nsec, which 
is in reasonable agreement with the data-sheet value 
of 10 nsec. 
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Fig ~By using the more real-world circuit model in a, you can 
determine the effects, shown in b, of Ro (curve 1), feedback capaci­
tance (curve 2), and input capacitance (curve 3). 

So far, this analysis indicates that once R2 has been 
set, the dynamics of the amplifier are unaffected by 
the closed-loop-gain setting. In practice, you'll find that 
a current-feedback amp's bandwidth and rise time do 
vary somewhat with gain, though not as drastically 
as do those of conventional op amps. The main cause 
of this nonideal behavior is the input buffer's nonzero 
output impedance (Ro), which alters the loop gain and, 
hence, the closed-loop dynamics. 

As Fig 8a shows, the circuit first converts V x to a 
current, IR2 = Vx/(R2 + RrrRo), and then divides IR2 
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to produce IN= - IR2R1/(R1 +Ro). Finally, it converts 
IN to the voltage VouT= VN. Eliminating IR2 and IN 
and letting T equal - V ouTN x yields T = z/Z2, where 

(16) 

Thus, the effect of Ro is to increase the noise gain 
from R2 to R2(1 + Ro/(R1TR2)) (Fig 8b, curve 1.) Conse­
quently, both the bandwidth and the rise time will be 
reduced by a proportional amount. 

You can replace R2 in Eq 15 with Z2 from Eq 16, 
and, after simple manipulation, obtain 

(17) 

where ft = zofa/R2 represents the extrapolated value 
off A in the limit Ro~o. Eq 17 indicates that the band­
width reduction caused by Ro will be more pronounced 
at high closed-loop gains. For example, suppose a cur­
rent-feedback amp has Ro=50n, R2=1.5 kn, and 
ft = 100 MHz, so fA = 108/(1+(50/1500)Ao)=108/(1 +Ao/ 
30), where Ao= 1 + R2/R1. Then, the bandwidths corre­
sponding to Ao=l , Ao=lO, and Ao=lOO are, respec­
tively, 96.8 MHz, 75.0 MHz, and 23.1 MHz. Note that 
these values still compare favorably with those of a 
conventional op amp, whose bandwidth would be re­
duced, respectively, by 1, 10, and 100. 

If you wish, you can predistort the external resis­
tance values to compensate for the bandwidth reduc­
tion at high gains. By solving for R2 in Eq 17, you can 
obtain the required value of R2 for a given bandwidth 
(fA) and gain (Ao), which is 

(18) 

while the required value of R1 for gain Ao is 

(19) 

For example, suppose you want the above amplifier 
to retain its 100-MHz bandwidth at a closed-loop gain 
of 10. When R2=1.5 kn, this device has a zofa/R2 
equal to 100 MHz, so it · follows that 
zofa = 108x1500=1.5 x 1011n x Hz. Then, Eqs 18 and 
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In current-feedback amps) you can use one 
of the feedback resistors to set the gain) and 
the other to set the closed-loop bandwidth. 

19 yield R2 = (1.5 x 1011/108)- (50 x 10)=1 kn, and 
Rl = 1000/(10-1) = 1110, respectively. 

Current-feedback amps have higher-order poles 
In addition to the dominant pole at fa, the open-loop 

response of a practical current-feedback amp also has 
poles above the crossover frequency. As Fig 8b shows, 
the effect of these poles is to cause a steeper gain roll off 
at higher frequencies, further reducing the closed-loop 
bandwidth. Moreover, the additional phase shift caused 
by these poles decreases the phase margin somewhat, 
thus causing a small amount of peaking in the fre­
quency response and creating some ringing in the tran­
sient response. 

Like the real current-feedback-amp bandwidth char­
acteristics, the transient response also strays from the 
ideal. The rise time of a practical current-feedback amp 
increases somewhat with the step size, primarily be­
cause of the transistor's current-gain degradation at 
high current levels. For instance, the rise time of the 
CLC401 changes from 2.5 to 5 nsec as the step size 
changes from 2 to 5V. Despite their second-order limi­
tations, current-feedback amps provide dynamics supe­
rior to those of conventional op amps. 

Consider other feedback configurations 
This discussion has focused so far on the noninverting 

configuration, but you can use current-feedback amps 
in most other resistive feedback configurations, such 
as the inverting amplifier, the summing and difference 
amplifier, current-to-voltage and voltage-to-current 
converters, and KRC active filters (Ref 3). 

You should take special care, however, with circuits 
in which the feedback network includes reactive ele­
ments, whether they're intentional or parasitic. Con-

R2 

Fig 9-To implement an integrator, you must use circuit configura­
tions that involve indirect feedback, such as this actively compen­
saU!d current-feedback inwgratnr. 
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sider first the effect of feedback capacitance (C2) in 
parallel with R2 in the basic circuit of Fig 8a. By 
replacing R2 in Eq 16 with Z = R2T(l/sC2), you obtain 
a noise gain of Z2 = Z(l + Ro/(R1TZ)). After expanding 
the equation (and performing some algebraic manipula­
tion), you'll find that the noise-gain curve now has a 
pole at fp = 1/(2'1T R2C2), and a zero at fz = 11 
(2'1T(RoTR1,.R2)C2), as curve 2 of Fig 8b shows. 

This new pole and zero move the crossover frequency 
or intersection point into the region where the loop 
gain, T, will have increased negative phase shift (re­
member that there are higher-order poles in the open­
loop transfer function). It is the phase shift of the 
loop-gain curve at the crossover frequency that deter 
mines amplifier stability. If the overall shift reaches 
- 180° at that frequency, then T = - 1, and the circuit 
will oscillate. Even if the phase shift fails to reach 
-180°, the closed-loop response may still exhibit intol­
erable peaking and ringing. Hence, when you use cur­
rent-feedback amps, you must avoid applying direct 
capacitive feedback between the output and the input. 
To minimize the effect of stray feedback capacitances, 
manufacturers often provide R2 internally. 

Use unique integrator topologies 
To synthesize the integrator function in current­

feedback form, you must use configurations that don't 
have direct capacitance between the output and the 
inverting input. (The integrator function provides the 
basis for dual-integrator-loop filters and oscillators as 
well as for other popular circuits.) One possibility is 
to use the Deboo integrator (Ref 3), which belongs to 
the class of KRC filters. It has a drawback, however: 
If you desire lossless integration, you must make sure 
the circuit resistances are tightly matched. 

The alternative circuit shown in Fig 9 provides indi­
rect feedback and also features active compensation, 
a highly desirable feature for coping with Q-enhance­
ment problems in dual-integrator-loop filters (Ref 3). 
By using standard op-amp-analysis techniques, you can 
see that the unity-gain frequency of this integrator is 
fo = (R2/R1)/(2'1T RC). The availability of current­
feedback amps in dual monolithic packages, such as 
the OP-260 from Precision Monolithics, makes this cir­
cuit cost-effective. 

Compensate for stray input capacitance 
Next, consider the effect of input capacitance (C1) 

in parallel with Rl in the basic circuit of Fig 8a. By 
replacing Rl in Eq 17 with Z, and letting Z=R1T(l! 
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Beware of the instabili-ty problems that di­
rect capacitive feedback and stray input ca­
pacitance can cause. 

sC1), you obtain a noise gain of Z2 = R2(1 + RO/(Z-rR2)). 
After expanding the equation and performing more 
algebraic manipulation, you find that, as curve 3 of Fig 
8b shows, the noise-gain curve now has a zero at 

Again, recall that T is equal to lzl in decibels minus 
the noise gain in decibels. Likewise, the phase of T is 
equal to the phase of Z minus the phase of the noise­
gain curve. So, the positive phase shift contributed 
by the new zero in the noise-gain curve looks like nega­
tive phase shift to T. If C1 is sufficiently large, the 
phase of T at the crossover frequency will again ap­
proach -180°, placing the circuit on the verge of insta­
bility. This fact is of particular concern in current­
mode-DAC output buffering, where C1 is the output 
capacitance of the DAC, typically in the range of a few 
tens to a few hundreds of picofarads, depending on the 
DAC type. 

As with a conventional op amp, you can stabilize the 
current-feedback amp by using feedback capacitance 
(C2) to introduce sufficient negative phase shift in the 
noise-gain curve (positive phase shift to T), thus com­
pensating for the effect of the input capacitance (C1). 

UNCOMPENSATED 

f -
(a) 

For a phase margin of 45°, choose the value of C2 so 
that the noise-gain pole, fp = 1/(2 R2C2), coincides with 
the crossover frequency, fA (Fig lOa). Using linearized 
Bode-plot reasoning (Ref 3), also known as straight­
line approximation, you find that: 

where fz = l/(2'TT(Ro-r R2)C1). Setting fp = f A yields 

(20) 

To cope with impractically low values of C2, it's con­
venient to drive C2 with a voltage divider as in Fig 
lOb; this action will scale the value of C2 to a more 
practical value: 

(21) 

(Note that this circuit configuration will provide an 
additional zero in the noise-gain curve that lies to the 
right of the compensation pole, f A, in (Fig lOa). 

(b) 

For this technique to be effective, Rs must be much 

R2 

+ 
Vour 
-

1 

Fig 10-To compensate for input capacitance, you should add a pole atfA (a) that will add positive phase shift to the loop gain, thereby 
stabilizing the circuit. Use the circuit in b to achieve practical compensation-capacitor values. 
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less than R2. For example, suppose that a DAC in 
which C1 equals 100 pF feeds the current-feedback 
amp considered earlier. Eq 20 yields: 

'h C2=(50x100x10-12+(2'TTx1.5x103x1.5x1011)) 
=1.88 pF. 

To scale C2 to a more practical value, you can use 
RA=50il and Ra=500il (Ref 4). Eq 20 then yields 
Cc= (1+500/50) x 1.88 pF = 21 pF. You may need to 
fine-tune this estimate to optimize the transient re­
sponse. EIJll 
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Design Feature 

Glossary tal(es 
the mystery out of 
DSO terminology 

Specification sheets for digital storage oscilloscopes 
(DSOs) contain many specialized terms) which can 
be confusing to the uninitiated. This glossary should 
solve the terminology problem and allow you to take 
full advantage of the benefits afforded by DSOs. 

Bruce W Blair and Gene Andrews, Tektronix Inc 

DSO manufacturers have not estab­
lished a cast-in-concrete set of 
terms, thus creating confusion. The 
following definitions are designed to 
help alleviate this confusion, but in 
no way do they presume to be the 
final word on terminology. 

ACCURACY-Specifies how close 
a measurement is to an absolute 
standard. Do not confuse accuracy 
with resolutior1r--they are not inter­
changeable. 
ACQUIRE-The total process of 
transferring an analog-type signal 
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into acquisition merrwry in digital 
form. Steps in the acquire process 
vary from DSO to DSO. 
ACQUISITION MEMORY-Any 
memory that stores new waveform 
data points after they've been con­
verted to digital form. 
AID CONVERTER-A device that 
transforms a continuous range of in­
put voltage levels into a discrete set 
of digital codes. 
ALIASING-Occurs when the ana­
log-signal frequency content ex­
tends above the DSO's Nyquist fre­
quency. In the time domain, under­
sampling leads to aliasing. 
ANTIALIASING-Preventing or 
minimizing aliasing. Antialiasing fil­
ters, for example, remove signal 
components greater than the 
Nyquist frequency before the sam-

pling process. 
APERTURE WIDTH-Sometimes 
called the effective aperture width, 
it is a measure of the interval dur­
ing which the DSO's acquisition 
sample/hold circuit samples a wave­
form. The aperture width is a key 
contributor to a DSO's overall fre­
quency-response specification: the 
longer the aperture width, the 
lower the bandwidth. 
APERTURE TIME-A measure of 
a DSO's absolute data-sample time. 
Often, the aperture width is errone­
ously ref erred to as the aperture 
time. 
AVERAGED WAVEFORM-The 
eventual output of the averaging 
process. 
AVERAGING-A means of sup­
pressing noise or signal variation, 
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averaging techniques estimate the . -
mean of repetitive waveforms. The 
averaging process depends on the 
DSO implementation. Some DSOs, 
for example, acquire new waveform 
record points at random time points 
in the waveform record, and averag­
ing occurs point by point as the 
scopes obtain the new data. On the 
other hand, a DSO with a scan con­
verter gets a complete waveform re­
cord at one time, so each acquire 
and averaging event occurs at one 
time for the entire waveform. For 
sequential sampling, a DSO can col­
lect all the points at one equivalent­
time point for a given av.erage be­
fore going on to collect the data for 
the next point. If the waveform is 
a completely repetitive waveform, 

DIGITAL FILTERING-Any fil­
tering done on data that have been 
converted to digital form. Smooth­
ing and interpolation are two exam­
ples of digital filtering. 
DIGITIZER-The subsystem or 
instrument that generates digital 
data to represent the incoming ana­
log signal. Examples include such 
devices and processes as flash con­
version, scan conversion, CCD 
FISO (charge coupled device, fast 
in, slow out), and successive ap­
proximation . 
DIGITIZING INTERVAL-The 

the averaging technique doesn't time between AID conversions that 
change the resulting output. How­
ever, time-varying aspects of the 
waveform can cause the averaging 
technique to influence the outcome. 
Averaging is not employed to filter 
or reduce the bandwidth of a wave­
form. But, when the trigger points 
are not synchronous with respect 
to the qualifi ed trigger events , 
smoothing occurs. 

CODING-The process in AID con­
version that consists of translating 
an amplitude's n quantizing levels 
into a digital word. For an 8-bit con­
version, typical coding produces in­
teger values between 0 and 255 
(28 - 1) for positive binary coding 
and -128 to 127 for 2's complement 
coding. 
COMPLETELY REPETITIVE 
WAVEFORM-A repetitive wave­
form that does not have waveform­
to-waveform variations. 
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produce new wavefo rm record 
points. 
DIGITIZING RATE-The fre-
quency at which AID conversion for 
new waveform record points takes 
place. The digitizing rate is the in­
verse of the digitizing interval. 
DYNAMIC RANGE-The useful 
range of a control or signal input. 
In amplifiers, the dynamic range is 
the ratio of the largest signal to the 
smallest signal. The largest signal 
is usually limited by some distortion 
level; the smallest signal by noise 
level. In AID converters, the dy­
namic range is often specified as the 
number of bits. For example, an 8-
bit digitizer has a dynamic range 
of 256 to 1. 

ENVELOPE MODE-A DSO 
mode that produces a waveform re­
cord representing the accumulated 
maxima and minima of the signal 

at or between each pair of wave­
form record points. The term "min­
max" is sometimes applied to this 
mode, although min-max is often 
used to describe single-event enve­
lope acquisition. To accomplish sin­
gle-event enveloping, a DSO's sam­
ple rate must be greater than the 
waveform point rate or an analog 
peak-detect circuit must be used 
prior to sampling. The DSO exam­
ines the analog signal or digitized 
samples for the minimum and maxi­
mum values and transforms them 
into waveform record points for the 
envelope waveform record. In con­
trast, multiple-event enveloping 
can compare successive waveform 
record points that represent the 
same waveform time and then use 
these comparisons to select the new 
min or max value. The single- and 
multiple-event operations record 
signal content that would otherwise 
be lost from signals that are higher 
than the Nyquist frequency. These 
modes let you capture narrow 
glitches and envelopes of burst fre­
quencies, and they also detect ali­
asing. 
EQUIVALENT-TIME SAMPLING 
-A type of sampling in which a 
DSO composes a waveform record 
using samples obtained from multi­
ple occurrences of a repetitive wave­
form. Equivalent time sampling is 
used to obtain waveform point in­
tervals that are much smaller than 
the smallest real-time sample inter­
val (see sequential sampling and 
random sampling). 

FAST IN, SLOW OUT (FISO)-A 
data acquisition device, such as a 
CCD operating as a shift register, 
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that accepts analog samples at its 
input and shifts them through to its 
output. During the input phase of 
operation, data shift as quickly as 
possible to obtain high sample 
rates. When the device is filled with 
data, the shift rate slows down to 
match the rate of downstream de­
vices, such as an AID converter or 
a memory. 
FLASH CONVERTER-An AID 
converter that presents a digital 
word at its output for each clock 
cycle (Fig 1). Typically, a flash con­
verter contains an input signal com­
parator for each quantization level, 
followed by coding logic to produce 
the output data. An 8-bit flash con­
verter, for example, has 256 quanti­
zation levels and 255 comparators, 
followed by logic to convert the out­
put of the comparators to 8-bit re­
sults for each sample taken. 
FULL-SCALE VOLTAGE RANGE 
-The voltage range that repre­
sents all of the DSO's quantizing 
levels. For example, if the nomi­
nal LSB size in a 9-bit digitizer is 
1 mV, the full-scale voltage range 
is 512 mV. 

HOLD-OFF INTERVAL-The 
time the system takes to accept two 
successive qualified trigger events. 
The holdoff interval helps to stabi­
lize triggering and obtain nonover­
lapping waveform data. 

INTERPOLATION-A method of 
approximation used to obtain addi­
tional data values between samples 
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DECODER BINARY 
t---<'I OUTPUT 

Fig I-High speed is the key feature of the flash-conversion techni,que for transforming 
analog signals to digital outputs. Basically, a flash converter consists of a binary resistive 
divider and a number of comparators equal to the binary resolution. 

or waveform record points. DSOs 
use various approximation meth­
ods; the simplest is linear interpola­
tion. For waveforms that are sam­
pled so that all frequencies are be­
low the Nyquist frequency, an ideal 
low-pass filter provides ideal inter­
polation. Sin xix-type digital filters 
with a cutoff at the Nyquist fre­
quency approximate the ideal low­
pass filter and provide excellent re­
sults for band-limited waveforms. 
For some waveforms, such as a step 
with no samples on the rise or fall, 
the sin xix-type interpolation pro­
duces preshoot and overshoot 
glitches around the step that might 
not be part of the input signal. This 
estimate of the input waveform rep­
resents the waveform that has no 
samples on the rise or fall and also 
satisfies the band-limited assump­
tion of the interpolator. Linear in­
terpolation does not produce the 
preshoot/overshoot glitches, but it 
produces significant errors on fre­
quency components near the 
Nyquist frequency. 

JITTER-In oscilloscopes, · the 
term "trigger jitter" typically de­
scribes the horizontal spreading of 
the trace at the trigger point on the 
displayed waveform. If the trace at 
the trigger point is sharp but be­
comes fuzzy away from the trigger 
point, the jitter indicates frequency 
variations of the input signal or 
problems in the DSO's horizontal 
circuits. A fuzzy trace on a de signal 
indicates noise in the vertical cir­
cuits. Note that jitter is usually a 
combination of all the above, includ­
ing variation or noise in the input 
signal. 

LINEARITY-A measure applied 
to systems, such as amplifiers and 
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AID converters, where the system 
response over its input-signal range 
is compared with a straight line. 
Vertical linearity in an oscilloscope 
is typically measured by comparing 
the amplitude of a 2-division square 
wave at center screen with its am­
plitude when positioned at the top 
and bottom of the display. Circuits 
with poor linearity produce dis­
torted output images of the input 
signal. 

NYQUIST FREQUENCY-Equal 
to half the DSO's sample rate in 
real-time sampling or half the eff ec­
tive sampling rate developed during 
equivalent-time sampling. False 
data, or aliasing, crops up at fre­
quencies above the Nyquist fre­
quency because the DSO cannot dis­
tinguish the signal content from 
that in signals below the Nyquist 
frequency. 

POST-TRIGGER-The section of 
a waveform record that follows the 
trigger point. 
PRETRIGGER-The section of a 
waveform record that precedes the 
trigger point. 

QUALIFIED TRIGGER EVENT 
-A trigger event that a DSO associ­
ates with a specific waveform re­
cord. A DSO might require many 
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qualified trigger events to construct 
a full waveform record, ,especially 
in equivalent-time sam pling and 
other methods involving fast repeti­
tive-signal processing. 
QUANTIZING-AID conversion 
that consists of splitting an analog 
signal into n levels (Fig 2). 

VOLTAGE 

4 
3 .5 

LLI 
3 

(!) 2.5 

~ 2 
0 1.5 > 

1 
0 .5 
0 

TIME 

Fig 2-As the analog voltage increases, it 
crosses the transitions, or decision levels, 
represented by the dotted lines, which 
causes the AJD converter to change states. 

QUANTIZING ERROR-Equal to 
± 1

/2 the quantizing level for an ideal 
quantizing process. For example, 
using rounding techniques to con­
vert a real number to an integer 
produces -0.5000 to +0.4999 error 
between the real number and its in­
teger representation. Similarly, an 
ideal A ID converter produces inte­
ger values at the output for the 

continuous range of signals at the 
input. 

RANDOM SAMPLING-One of 
the two categories of equivalent 
time sampling. In random sampling 
(Fig 3), the DSO determines the 
time relation between the sample 
and the trigger event after it takes 
the sample. The timing of the ran­
dom sample can be either signal in­
dependent or an estimate developed 
by using previous trigger points to 
predict the time for taking the pre­
sent sample. Random sampling can 
also obtain multiple points for each 
trigger event. With random sam­
pling, it's possible to obtain pretrig­
ger records without using a delay 
line. 
REAL-TIME SAMPLING-The 
second main sampling category 
(Fig 4). In real-time sampling, suc­
cessive samples or sets of samples 
become successive waveform record 
points in the waveform record. 
RECORD LENGTH-The number 
of waveform record points in a com­
plete waveform record. 

-----· r . .\ 
FIRST PASS ----------'n'----------=~~~-= 

SECONDPASS------' '----------------~ 

THIRD PASS-------------------' ~----

NTH CYCLE 

Fig 3-ln random sampling, the DSO acquires signals in a random sequence in relation 
to where they are stored in memory. These sample acquisition points are referenced in time 
to the trigger point. This equivalent-time sampling technique retains pre- and post-triggering 
capability and minimizes the effects of normal trigger jitter. 

EDN January 5, 1989 



REAL TIME 

/ • • • • • 

\. • • • • 
ONE CYCLE 

Fig 4-You only need a single pass to reconstruct a waveform with real-time sampling. 
However, the sample rate must be high enough to acquire sufficient data points to reconstruct 
the waveform. 

RECORD TIME-The waveform 
time interval required for the wave­
form record. The record time equals 
the waveform point interval multi­
plied by the record length. 
REPETITIVE WAVEFORM-A 
waveform that occurs repeatedly 
and has little or no variation from 
one occurrence to the next. 
RESOLUTION-In an n-bit AID 
converter, the resolution equals one 
part in 2n; thus, an 8-bit converter 
has a resolution of one part in 256. 
Resolution is not a measure of accu­
racy, but it does limit the achiev­
able measurement accuracy. For 
example, a DSO might have a 2% 
accuracy specification for its verti-

cal system. If the DSO employs an 
8-bit AID converter, the resolution 
is about 0.4%. For 6- and 10-bit AID 
converters, the resolution is 1.5% 
and 0.1 %, respectively. The resolu­
tion directly affects measurement­
to-measurement repeatability. 
ROLL DISPLAY-A DSO wave­
form presentation that locates each 
new waveform record point at the 
right-hand edge of the screen. Pre­
vious waveform record points shift 
to the left as new points are dis­
played. In roll display, the wave­
form scrolls through the waveform 
record in real time. Some DSOs can 
terminate data acquisition in re­
sponse to a trigger event. The roll 

SEQUENTIAL EQUIVALENT TIME 

--· --t._/ \..____. 
FIRST CYCLE n ______ _ 

SECOND CYCLE _IL__ 

THIRD CYCLE _fl__ 

NTH CYCLE 

Fig ~In sequential sampling, the DSO samples one point on the waveform for every 
acquisition cycle. This sampling occurs sequentially and is repeated itntil enough points 
are acquired to fill the memory. If the memory is 1000 points long, it will take 1000 passes 
to acquire the wavef orrn. 
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display closely mirrors that of the 
window view in a strip-chart re­
corder, with the pen at the right­
hand edge of the window and the 
chart moving out of view to the left . 

SAMPLE-The acquired and 
stored signal information resulting 
from the sampling process. Samples 
may go through some processing 
before becoming waveform record 
points. 
SAMPLE/HOLD (S/H)-A circuit 
that operates in two modes under 
the control of a strobe signal. Dur­
ing the sample mode, the circuit's 
input couples through to the output 
to capture a new sample value. The 
input disconnects from the output 
during the hold mode, and the out­
put maintains the amplitude of the 
previous sample. 
SAMPLE INTERVAL-The time 
between successive samples. The 
reciprocal of the sample interval is 
the sample rate. 
SAMPLE RATE-The real-time 
frequency at which a DSO acquires 
waveform samples. 
SCAN CONVERTER-A CRT­
based device that uses an electron 
beam to store a waveform as a 2-
dimensional pattern on a target. 
The target is usually a phosphor-or 
video-format imager. AID conver­
sion often takes place as part of the 
reading operation. 
SCROLL MODE-A display mode 
in which a DSO simultaneously dis­
plays multiple repetitive waveforms. 
Operationally, the DSO scrolls the 
display up or down and replaces the 
oldest previous waveform with the 
newest waveform. All waveforms 
usually have a common trigger posi­
tion. 
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What's Missing 
on this LCD? 

(answers below] 

3.f \ 

CY325 

... ~ •-J I 

•-JIC' --· 
If you peeked at the answers, then you 
know it's Motion. In the actual LCD 
every one of the windows is in motion. 
Think for a minute how you would 
make six or seven unique motions 
simultaneously with the low level 
LCD controllers that you have seen. 
No way! Now think what your instru­
ment or new systems could do with 
dynamic text and graphics. Tests show 
that programmers can achieve anima­
ted presentations in only hours using 
the CY325. 

The CY325 LCD 
Windows 

•' Controller Chip 
lets you: specify any of 

250 built-in windows, or cre­
ate your own with a single 

command; manage text and graphics 
with automatic cursor control; wrap 
or scroll text with window relative 
pixel plotting and clipping; read an 
ND and write the waveform into the 
window; drive up to 6 1/0 pins with 
logic waves, or use the ' soft-key' fea­
ture of the CY325 for menu manage­
ment. Only $75 each ($20/1000) 

Answer: 
Motion is missing in each of the win­
dows. Text actually scrolls up in the 
top left window above, and ... 

Loglo ~ ... 1~ 11~ I flow right ,_____ 
to left. J== 
Boy and 
girl wink, 
smile, and 
flirt . 

Counter 
counts and 
sine wave 
advances. 

Pseudo 
random 
patterns 
change. 

.... ~I ··JI: I I -JI: 
:11:. • -JI: •• __ • • •:II: 

The next move is yours . . . 

Call today for information on the 
CY325 LCD Windows Controller Chip 
or Fax your address to (415) 726-3003. 

Cybernetic Micro Systems 
Box 3000 • San Gregorio, CA 94074 
(415) 726-3000 •Telex: 910-350-5842 
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SEQUENTIAL SAMPLING-One 
of the two categories of equivalent­
time sampling. In sequential sam­
pling (Fig 5), the sample timing sig­
nals lock onto the trigger events. 
The trigger event controls the sam­
ple-taking sequence. One waveform 
point interval increments succes­
sive samples forward to gather the 
points for each new waveform re­
cord. Because this method depends 
on the trigger to initiate sampling, 
a DSO without a delay line in its 
vertical data acquisition path can­
not use sequential sampling to col­
lect pretrigger data. 
SMOOTHING-A method of band­
width filtering and noise suppres­
sion. Typically, a DSO combines a 
set of waveform record points that 
represent different instants in time 
to produce the smoothed waveform. 
Numerous smoothing algorithms 
exist. In sequential sampling, the 
smoothing operation employs a fil­
tering technique that uses the expo­
nential decay of the data of previous 
points. Another algorithm relies on 
a square-pulse convolution, where 

INPUT _ 
VOLTAGE 

v 

I 

I 
I 
I 
I 
I 

I I 
COMPARISON 

VOLTAGE 
FROM DAG 

I I 
I I 

each data point in the smoothed re­
cord represents the average of se­
lected points from the source wave­
form record. This convolution pro­
duces a frequency response that 
closely mirrors that of a sin xix fil­
ter. It's possible to smooth single­
event waveforms; averaging, on the 
other hand, applies only to repeti­
tive waveforms. 
SUCCESSIVE-APPROXIMATION 
CONVERTER-An AID converter 
that generates an n-bit digital word 
after n + 1 clock cycles (Fig 6). 
Typically, this converter contains a 
single input signal comparator, a 
logic register to store the result, 
decision logic, and a D/ A converter 
that feeds back the register's value 
to the input comparator. On each 
clock cycle after the start of a con­
version cycle, the converter makes 
a decision about one bit and contin­
ues to work toward the least signifi­
cant bit. Successive-approximation 
con version is much slower than 
flash conversion but requires much 
less circuitry. 

COMPARE 

TIME ·I 

'---:---'--~o _ _.__-:---'--o:----'---o,----'---,--"'---___..T 

RESULT 
OF 

COMPARE 

Fig ~Average speed and high accuracy contribute to the popidarity of the successive­
ap'jJ'T'oximation converter. Note that the time to convert the analog signal to a digital number 
is directly 'fJ'T'Oportional to the achieved resolution. 



HP AND TEKTRONIX CAN'T DO THIS! 

• OnlyORION 
delivers next-generation 
high performance 
integrated digital scope· 
logic analyzer with ... 

• Time-aligned analog 
and digital traces. 
Our 9240 is a whole new class of 
instrument that vastly simplifies 
development. It lets you watch 
precisely time-correlated digital and 
analog signals from the same 
circuit-on the same screen at the 
same time. 

• SELECT™ triggering 
for swift sure capture 
of rare events. 
SELECT triggering bridges the gap 
between scope and analyzer tech­
niques . So you can simultaneously 
trigger on digital and analog signal 
abnormalities. With the 9240's deep 
trace buffer you can scroll back and 
forth in time, observing every fault­
causing condition, every after effect. 

• Customizable 
instrument configurations. 
The 9240' s general-purpose hardware 
allows you to configure and imple­
ment numerous application-specific 

Omnil1b display demonstrates capture of an 
imbedded analog glitch (in top trace) with time-aligned 
presentation of the waveform's digitized bit values 
(center) and numeric states. 

instruments on the screen of your AT 
or PS I 2, via simple pull-down menus. 
Then save the setups for future use. 
It 's like having a benchtop of instru­
ments in one. 

• And with the 9240, you can 
troubleshoot in fewer steps than ever 
before-without compromising a 

NO-COMPROMISE 9240 SPECIFICATIONS 

Output: 
Cycle Length: 
Clocking: 
Functions: 

........... 
llo,Bbil 
ftlOMlti 
34S/slll204MS/J 
IBOMS/1 
511¥/M lOV/11¥ 
ln1-2~ ........ 
4K 11Br.&4K oplianell 

AIALOI SflMULUS 

BmV ID 8 V peak-to-peak. 8 bit 
4 lo 4K samples (16K optional) 
34S/sto34MS/s 
Raconl. edit and playback 
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Inputs: 
Asynchronous Clocting: 

llapelitive Sampling: 
Synchronous Clocking: 
Acquisition Memory: 
Disassembly Options: 

48, timing and state 
34 MS/son 48 inputs; 
204 MS/son 8 inputs 
680 MS/son 48 inputs 
Oto34MS/s 
4K samples 116K. 64K optional) 
Over 150 microprocessors 
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single high performance spec. 
Result: you 'll pinpoint faults faster 
and easier, get your designs to market 
quicker. 

For more information, call toll free 
800/245·8500. In CA: 415/361·8883 . 
Or write for complete literature. 

• Available for rent from 
U.S. Instrument Rentals, Inc., 
800/824·2873 

I NS TRUMEN T S 

7 0 2 Marshall Street 
Redwood City, CA 94063 
TELEX: 530942 FAX: 415 /361-8970 
Computer Integrated Instrumentation 

*SELECT triggering is a trademark of Orion Instruments. 
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• MOSFET 
Technology 

• 450 Volts 

• 1000V/µsec 
Slew Rate 

• 900V/µsec 
• 4A/±40V 
•Thermal 

Shutoff 

TRIGGER EVENT-Each signal 
occurrence that the DSO's trigger 
circuits detect. 
TRIGGER POINT-An identified 
waveform record point that occurs 
at the same time as a qualified trig­
ger event. The qualified trigger 
event might occur between two of 
the actual waveform record points 
and generate a time uncertainty 
equal to half of a waveform point 
interval. A waveform record doesn't 
require a trigger point. In a roll dis­
play waveform record, for example, 
no qualified trigger event occurs. 
TRIGGER POSITION-The loca­
tion of the trigger point in time­
either within or relative to the 
waveform record. 

WAVEFORM POINT INTERVAL 
-The time between adjacent 
points in the complete waveform re­
cord. 
WAVEFORM POINT RATE­
The effective sample rate of data 
stored in acquisition memory. Re­
ducing the sample rate lets you ac­
quire longer time windows in acqui­
sition memory. You can reduce the 
sample rate by slowing down the 
AID converter or by saving only se­
lected data values. For example, to 
see a 5-times longer time interval 
in a record, save only every fifth 
data point from the AJD converter. 
WAVEFORM RECORD-A set of 
waveform record points that in­
cludes a full waveform in digital 

WAVEFORM RECORD POINT 
-A digital word that represents an 
analog input voltage at one instant 
in time. EDN 
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When you're serious about quality circuit design 
NATIONAJ llECTllONIC PACKAGING ANO Pg(){)UCTION CONfElllNCE 

--~ ......... ............. 
Jl-llliiliiiiiii-9 WEST '89 

Conference: Morch 6-9, 1989 
Exhibition : Morch 7-9, 1989 
Anaheim, California 

Competition is tough. To stay on top, 
you've got to be serious about design for 
manufacturability. NEPCON West '89 has 
the technology, the people, and the solu­
tions to help you meet the challenge. 

• Find design solutions at the premiere 
of EPCAD Center-the Electronic Packag­
ing Computer Aided Design Center, featur­
ing suppliers of automated design tools to 
make your job easier. EPCAD is a first at 
NEPCON West. 

•See 275,000 square feet of exhibits 
featuring equipment, tools, materials, 
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and packaging ,-----------, CLIP AND MAIL TO: 
NEPCON West '89 Registration 

Cohners Exposition Group 
1350 E. Touhy Ave. P.O. Box 5060 

Des Pla ines, IL 60017-5060 

PLEASE SEND ME PRE-REGISTRATION 
MATERIALS FOR NEPCON WEST '89. 

NAME 
TITLE 
COMPANY 
ADDRESS 
CITY 
STATE ZIP 

D My company is interested in exhibit­
ing at future NEPCON events. 
Call me at _______ _ 

L _ - - - - - - _EDN~1058.!J 
© 1988 Reed Publishing (USA) Inc 
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components and technologies for circuit 
and systems design, packaging, board 
fabrication, assembly, and test. 

• Discover your industry's most com­
plete SMT resource, with 40 percent of 
NEPCON exhibitors showing products for 
surface mount technology. 

•Sign up for the expanded Conference 
Program with over 300 distinguished speak­
ers leading complete tracks on Design, 
Packaging, Printed Circuit Board Fabrication, 
Assembly, Test, and Management. 

When you 're serious about keeping up 
with new technology and applications in 
circuit design and packaging, go directly 
to NEPCON West '89. 

Use the coupon to request pre­
registration materials that entitle you to 
free admission to the exhibits, including 
the EPCAD Center. 
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The "Look and Feel" CAE Users Have Been Looking For 
On-Screen Prompt line makes 
it easy to find the f ea tu re 
you're looking/or. 

Command Line displays 
selected function. 

Hierarchical Menus eliminate 
keyboard commands. 

EE Designer III supports workstation-quality 
graphics up to 1280 x 1024 resolution, or uses 
standard VGA, EGA, or CGA co/,or graphics. 

Menu Button toggles 
between menu and 
graphics. 

Pan Button Redraws 
screen around 

EE Designer III takes 
advantage of all 3 mouse 
buttons for maximum 
operating speed and 
throughput. 

Introducing EE Designer III™ 
The first ergonomic PC-based CAE software system 

The fact is that today's CAE 
software systems have a lot of 
features. The problem is that 
you have to read a huge manual 
or go to a HELP screen to find 
the feature you need. 
Finally, an integrated desktop CAE 
software system with all the features 
you need plus an ergonomic user 
interface that lets you easily find 
and access them. 

EE Designer III combines on-screen 
function prompts with a graphic­
based hierarchical menu structure. 

Outside North America Contact: 

-;z!U.fL'f£f!llf 
Box 1337 
S-181 25 LIDINGO, Sweden 
Tel: +46 8 7679205 
Fax: +46 8 7318118 

EE J?esigner m sets the price­
Petfo:rmance standani fOr 
tAE software. 

Supports L/l/MBMS 

~~~ 
On-Line Netlist Capture 
Forward and Back­
Annotation of Multipage 
Schematics 
Anal and Digltal Circuit 
Simulftion 
Full SMT Support 
1 mil Grid Resolution 
45° Memory AutoRouting 
Fabd.cation/ ASilembly 
DrilWing Suppoit 
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So whether you're capturing a sche­
matic or Auto-Routing your printed 
circuit board you can always find 
the function you need. 

The EE Designer series of products 
is distributed worldwide by a com­
bination of Visionics Corporation 
in North America and Betronex 
Group in Europe, Asia, Australia 
and South America. 

Join the family of over 7000 world­
wide users who have found that the 
EE Designer series of products get 
the job done. 

In North America Contact: 
====...==...=.. = ===.==..:::@ -. --. -.. --. -.. ·- . .. ·- ...... ·- -W ,.Al,. Val•,." Al 
CORPORATION 

343 Gibraltar Drive 
Sunnyvale, CA 94089 
(408) 745-1551 1-800-553-1177 
Telex: 346352 Fax: (408) 734-9012 



Design Feature 

PSpice review reveals 
strengths, drawbacl<S 
of optional pacl~es 

Ten years ago) Spice was found only on 
mainframes at universities and la1lJe corpo­
rations. Today) PC versions of Spice are 
available from several vendors) and more 
often than not they provide facilities not 
present in the original. One such version is 
MicroSim)s PSpice. 

Jonathan B Scott, University of Sydney 

Spice, which stands for simulation program with inte­
grated circuit emphasis, is probably the best known 
and most widely used analog simulator. What most 
people don't know is that it is the brainchild of L W 
Nagel, who wrote the first version of Spice as part of 
his PhD thesis when he was at the University of Cali­
fornia Berkeley in the late 1960s. Spice was the first 
program that provided a means of telling a computer 
about the electrical characteristics of electronic compo­
nents such as resistors, capacitors, inductors, and tran­
sistors, and their interconnections in a circuit, and then 
inducing the computer to predict numerically how the 
circuit would perform if and when someone actually 
built it. Such predictions are particularly important in 
IC design because you can't breadboard an IC and the 
first prototype is extremely expensive. Further, "test-
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ing" a circuit by computer simulation lets you perform 
"what if?" experiments in ways that would be economi­
cally unfeasible with a physical prototype. 

Spice was always capable of running on any type of 
computer. However, if you wanted to simulate a great 
number of nodes the program needed a great deal of 
computing power to produce results within a reason­
able period of time. Ten years ago, for example, it 
was found only on mainframes at universities and large 
corporations, and you had to justify the cost of simula­
tion time by citing the cost of IC fabrication. 

Nonetheless, Spice began to be so widely used and 
valuable that the University of California Berkeley 
continued to develop and expand its features. Today 
the most common and trusted version is Release 2, 
Revision G. Although Version 3 is available, and incor­
porates models of GaAs devices, as well as new facili­
ties such as the modeling of switches in circuits, it's 
new and some bugs still exist. 

Berkeley Spice has one major disadvantage from to­
day's standpoint: It doesn't offer any graphics capabil­
ity. It is designed to produce output on a line printer; 
a .plot command produces graphs that come out side­
ways from the printer, that use only printable, alpha­
numeric characters, and that must be either 80 or 132 
characters wide. 

Basically Spice is public-domain software. The Uni­
versity of California Berkeley charges a nominal fee 
for translating the program into a customer's format, 
but it doesn't charge royalties. After all, the university 
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Spice)s performance predictions are especially 
important when you consider that you can)t 
breadboard an IC and that the first proto­
type is extremely expensive. 

is interested in Spice as a research tool, not as a slick 
commercial package. It's encouraging to note that soft­
ware vendors that have produced their own versions 
of Spice have closely followed the University of Califor­
nia Berkeley's conventions and have maintained a re­
markable degree of standardization. 

What's the motivation? 
You may wonder why a commercial house would 

want to write and try to sell a version of a program 
that is available to everyone for a nominal copying and 
shipping charge. The answer is that they hope to cor­
ner the market by offering some or all of the following 
additional features: 

• Code that executes faster and more efficiently 
and thus runs faster on a mainframe or runs in 
the same amount of time on a less powerful ma­
chine. 

• Versions for different or more popular machines, 
such as the IBM PC family or the Apple Macin­
tosh II. 

• Related programs that make using Spice easier 
and more convenient-drivers for graphics de­
vices such as color monitors or plotters are a 
good example. 

• Associated libraries of component models, or pro­
grams that help the user develop new models 
from data sheets. 

• More up-to-date handling of newer devices, such 
as MOSFETs and GaAs JFETs. 

The vendors are also working on the problem of nu­
merical convergence during the simulation of complex 
circuits or of circuits that have feedback mechanisms, 
and they are trying to eliminate as many bugs as possi­
ble. 

Because modern microcomputers have the power to 
run complex analog-circuit simulations within a reason­
able amount of time, several vendors offer PC or 
Macintosh II versions of Spice. MicroSim's (Laguna 
Hills, CA) PSpice is an up-to-date commercial version 
of Spice and can run on a variety of machines, including 
80286-based personal computers in the IBM PC family, 
80386-based machines such as the Compaq and Sun 
386i, and Apple's Macintosh II. It offers 44 statements, 
most of which are Spice2 standard, though some (which 
allow you to model JFETs, GaAs MESFETs, and other 
new devices) are unique. PSpice also has four optional 
packages-Probe, Monte Carlo, Parts, and Device 
Equations-each of which offers a special capability. 

(Ed Note: This review draws on the author's and his 
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University of Sydney colleagues' experiences with 
PSpice running on an IBM PC/AT.) 

The Probe package allows you to plot output wave­
forms and graphs on output devices that have graphics 
capability. The program works with a wide range of 
PC graphics cards, monitors, plotters, and printers. 
It does an impressive job running on PCs that have a 
CGA or EGA card. 

The package is also capable of a number of operations 
that standard Spice can't perform at all. For example, 
Probe can plot one variable against another in oscillo­
scope X-Y fashion; it can determine power dissipation 
as a function of time or ascertain the average. value; 
it can apply a Fourier transform to a plot; it can display 
several graphs simultaneously; and it can overlay a 
number of plots. The overlay facility is very useful in 
conjunction with the Monte Carlo option-in fact, you 
may well find that Probe is essential to make full use 
of the Monte Carlo option. 

Overall, it works fine 
Overall, Probe works well and is a valuable acces­

sory, especially when you consider the execrable qual­
ity of a great deal of commercial software. To use 
Probe, you merely insert a .PROBE statement in the 
PSpice input file. When PSpice runs, it creates a special 
data file that the Probe postprocessor can read and 
process at a later time. Nevertheless, Probe does ex­
hibit some traits that detract from its appeal. 

A minor problem is that Probe always presents a 
menu of options and forces you to choose a number 
from the list. It ought also to accept a mnemonic letter 
or the name of the function you want. If you want to 
rescale the X axis, for example, you have to enter the 
appropriate number- you can't enter "X." You can't 
effectively type ahead: At each menu you have to con­
vert what you want to do into some arbitrary number. 
This quirk is surprising, because at initialization the 
program can accept commands in the form of the Eng­
lish words in the menu-in itself a very useful faci lity. 
The "numbers only" syndrome becomes even more an­
noying in light of the second complaint. 

Probe is sometimes ridiculously slow-so slow in fact 
that you must leave it to do its work as a batch job. 
This seems to be the reason why Probe has the ability 
to execute commands from a file at initialization. For 
example, at the University of Sydney, some simple 
runs generated data files, but it took many minutes 
for Probe to load these and plot them. It would have 
been just as quick to print the original PSpice output 
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on a printer. 
A third detracting trait is that Probe can crash with­

out giving any error indication. The crash itself pre­
sents no great burden because the program doesn't 
generate any data and the crash doesn't destroy any. 
But the Jack of any indication as to the cause of the 
crash can be extremely irritating. 

The Monte Carlo option handles tolerances 
The Monte Carlo option allows you to attach both 

individual component tolerances and lot tolerances to 
parameters in the PSpice input file. You can then per­
form any specified number of repeat runs (limited by 
time and disk-storage space); for each new run, the 
Monte Carlo option changes the values of the tagged 
parameters randomly. Using this method, you can as­
sess the spreads to be expected in production. If you're 
familiar with the difficulty of calculating how far the 
various operational properties of a circuit are sensitive 
to particular component tolerances (particularly in fil­
ter design), you'll appreciate that this option can save 
you a tremendous amount of time and effort. 

For example, you could use the Monte Carlo option 
to find the expected variation in the response of a 
triple-notch canyon filter, and then use Probe to super­
impose the responses of 50 or 100 runs with varied 
component values. Fig 1 shows the result of such a 
test. For any design, the Monte Carlo option can save 
you an enormous amount of time and serious algebra, 
and if you're designing a circuit specifically for produc­
tion in volume, this option can give you a great deal 
of power. 

The hard work-and potential for error-in a Spice 
simulation lies in determining the model parameters 
of special components. For example, what would you 
enter for the Early voltage of a 2N3055 transistor? 
The data sheet doesn't contain any mention of this 
parameter. You can calculate it, however, if your data 
sheet gives you the device's output conductance for a 
known collector current or if there is a graph of le vs 
V cE, and if you have a good textbook to tell you how 
to perform the calculations. 

To help you determine model parameters, PSpice 
comes with a library of standard components such as 
op amps, diodes, MOSFETs, BJTs (bipolar-junction 
transistors), and so on. Unfortunately, the model­
library writers seem to think that only Motorola and 
Texas Instruments make BJTs, and so this standard 
library is all but useless in Europe and Australia, 
where local suppliers carry a large range of devices 
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Fig I-With the aid of the Monte Carro option, MicroSim's PSpice 
produced this prediction of response spreads for a triple-notch filter . 
The plots were superimposed using the Probe option. 

that are far more common than those from Motorola 
and TI. 

Luckily, the Parts option can also produce models 
of diodes, BJTs, and MOSFETs using data that you 
have extracted from data sheets. As long as you have 
a good data sheet for the part you are trying to model, 
you'll meet with reasonable success. However, at a 
number of places you can cause the program to crash 
by entering silly data, and this should not be possible. 
On several occasions we found that the program either 
gave warning that results were out of sensible bounds 
or rejected ludicrous data, but at other times it 
crashed. 

Specs are at fault 
The Parts option's severest limitation-that it must 

use data from the device specifications-isn't really the 
fault of the vendor. Most components are terribly un­
derspecified, and the program either does not attempt 
to estimate the parameters for which the manufacturer 
does not usually supply data, or else it makes a crude 
guess at the values from a few simple pieces of data. 
For instance, using erroneous data you can induce the 
program to tell you that a 2N3055 has a beta of about 
16,000, but as long as you adjust the other parameters 
to equally ridiculous values, the Parts program will 
produce a plot that resembles what is known to be 
correct for hFE· 

What you must take into account is that precise 
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Vendors of PC versions of Spice have closely 
followed University of California Berkeley)s 
conventions and have maintained a re­
markable degree of standardization. 

specification is not necessary-as the manual does in­
deed point out. Nevertheless, the program would be 
much better if it offered to take the results of measure­
ments made on an actual device, and then to give a 
better model, instead of saying (as it does): " ... such­
and-such a parameter is not so important, any­
way .... " 

It would be foolish to expect anyone to be able to 
use Parts successfully without first knowing the signifi­
cance of many of the device parameters. In short, the 
Parts program assumes a lot of knowledge on the part 
of the user. For many designers, an hour or two in the 
lab with a curve tracer and some measuring gear, fol­
lowed by a few minutes with a calculator and a text­
book on device models, would give a far better model 
than Parts and a data book ever would. This criticism 
is less true for op amps, which are significantly harder 
to measure and are generally much better specified. 
Even so, you need to know what you're -doing before 
you can successfully use the Parts program. 

The future may hold promise in this regard, how­
ever. Spice is becoming so widespread that manufac­
turers may one day publish the Spice models of their 
op amps and devices as standard items in their data 
books. 

Device Equations option lets you make changes 
With the Device Equations option, you get the 

PSpice program in partially compiled form so that you 
can make changes to the basic equations of the simula­
tor. This option can be very valuable to a serious re­
search establishment, but it is of no interest to the 
general user. Consider the model of a MESFET. This 
model is still a matter for discussion in contemporary 
publications, and MicroSim periodically updates its 
model in response to published research from major 
institutions; such updates are still somewhat behind 
the state of the art, nonetheless. For example, a local 
designer closely involved with GaAs MESFET IC de­
sign and fabrication evaluated the PSpice's MESFET 
model and found that the temperature-compensation 
equations had been transferred directly from the silicon 
case-which is incorrect. To make the proper correc­
tion, the Device Equations option is necessary. Much 
praise is due to MicroSim for making this option avail­
able despite the limited market for it. 

The consenus at the University of Sydney is that 
PSpice is very up-to-date in comparison with other 
versions; revisions continued to appear even while we 
were reviewing the program. The shortcomings that 
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came to light affect only the most advanced applications 
and will not bother the typical user. We found consider­
ably fewer bugs in PSpice than in other PC versions 
of Spice that we had used, and also fewer bugs than 
in the Berkeley Spice Version 3 that we received at 
about the same time. 

When you run PSpice on a PC/AT with a 10-MHz 
CPU, an 8-MHz math coprocessor, a fast hard disk, 
fast memory, and a full expanded EGA, the program 
executes significantly slower than it does on a VAX 
11/780. Nevertheless, the speed is quite adequate for 
the types of jobs that a small business is likely to be 
interested in running. For small jobs, the speed is quite 
satisfactory even on an IBM PC/XT with 760k-byte 
floppy-disk drives. 

The Probe graphics postprocessor is very good, and 
more than lives up to its sobriquet of a "software oscil­
loscope." Initially, we felt that Probe was unnecessary, 
but the more we used it, the more we found it could 
do. We recommend its purchase to anyone who's pay­
ing for the time of the person using PSpice, and cer­
tainly for anyone who's using the Monte Carlo option. 
We also highly recommend the Monte Carlo option to 
anyone who is contemplating the manufacture (or pub­
lication for others to build) of circuits. 

Our first major criticism of PSpice concerns its copy 
protection. We realize that Spice is a large and rela­
tively costly package, given away virtually free to any­
one who has a mainframe; obviously the temptation 
to copy it is strong. Nevertheless, the copy protection 
is an unmitigated pain in the neck for several reasons. 
First, if PSpice has been supplied with "key disk" pro­
tection, the key disk must be in the A drive every 
time you use the program or any of its options. We 
understand that the vendor will supply a security plug 
(called a "dongle") instead of key-disk protection, but 
you have to have a free port for the dongle, and it's 
still a nuisance, especially on portable and lap comput­
ers. Other reviewers have commented that if you have 
additional dongle-protected application programs, the 
multiple dongles can interfere with each other. Fur­
ther, the disk type of copy protection precludes the 
use of machines that don't have at least one 51/4-in. 
drive that can handle the 360k-byte format. For a PC/ 
AT, you would have to add another expensive piece 
of hardware to your system. 

The second criticism is that PSpice and its four pack­
ages won't run at all without a math coprocessor. If 
anything, this constraint is the more serious defect, 
and little justification exists for it. Coprocessors are 
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FILTER·D 
"Slim Line" 

Sub-D Filter Connectors 
From 500pF to 30,000pF Capacitance. The internal planar ceramic filter 
permits the low profile "Slim-Line" design of the Positronic Filter-D Connec­
tors. HIGH RELIABILITY: MIL-C-24308 and IEC 807-2 materials and con­
formance. CONTACTS: Male, machined brass alloy; female , machined 
high tensile phosphor bronze, gold over nickel, 5 amp. TERMINATIONS: 
Solder 24 AWG (0,25mm' ) and 20 AWG (0,5mm') printed board mount, 
straight and 90°. INSULATORS: DAP glass filled , 5 variants of 9, 15, 25, 
37 and 50 poles. SHELLS: Steel or brass with tin plate (dimpled). MOUNT­
ING: Panel and printed board. COUPLING: Jackscrews and slide lock 
system. HOODS: Metal and plastic. INSERTION LOSS: To 60dB. 

COMBO·D 
Coax, High Voltage, Power & Signal Contacts 

Sub-D Connectors 
18 contact combination variants 
available within shell sizes, 1, 2, 3, 4, 5, 6 

CONTACTS: Machined copper alloy, gold over nickel plating. Coaxial, High 
Voltage and Power contacts removable. Power contacts 10 to 40 amp. 
rated. Signal contacts 5 amp. rated. TERMINATIONS: Solder, printed 
board, straight or 90°. INSULATOR: Polyester glass U.L. 94 VO. SHELLS: 
Steel , zinc, cadmium or tin plated, stainless steel. MOUNTING: Panel and 
printed board. COUPLING: Jackscrews and slide lock systems. HOODS: 
Metal, plastic. NORMS: Conform to IEC 807-2 and ·MIL-C-24308. 

POSITRONIC INDUSTRIES, INC. 
423 N. Campbell • Springfield, Mo. 65801 
Tel. 417-866-2322 • 800-641-4054 ·Telex 436445 ·Fax 417-866-4115 
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expensive, and some machines (particularly lap ones) 
simply don't have any provision for a coprocessor. We 
assume that MicroSim didn't want to be criticized for 
the slow execution that would result from running 
PSpice without a coprocessor. However, we contend 
that they deserve far more criticism for the cimission­
many potential users outside the US on low budgets 
would be willing to wait those few more minutes for 
the results. 

Finally, as far as the cost of the package is con­
cerned, it is high if you're only an occasional user but 
quite reasonable for a large company. PSpice is more 
expensive than any of the other PC versions of Spice 
we've heard of-but then it also seems to be better. 

One feature of PSpice largely offsets all our criticism: 
MicroSim offers a demonstrator package and "wel­
comes" copying. This package allows you to try the 
full range of functions, except the Device Equations 
option, but limits you to the simulation of small circuits 
with no more than 10 transistors. The demonstration 
package runs from any type of disk and does not need 
a coprocessor. We were able to test filters of consider­
able complexity by using half a dozen E cards as op 
amps. We were also able to test models of transistors 
and MOSFETS, to design RF front-end amplifiers, and 
to generally exercise all the facilities of the larger pro­
gram. We strongly recommend this package to anyone 
who's thinking of buying PSpice, as well as to anyone 
who just wants to learn about Spice. EDN 
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''EDN MAGAZINE 
GREATLY ENHANCES OUR 
INTERNATIONAL IMAGE.'' 

Based in England, Bunting Bivolt is a leader 
in high-voltage technology. Yet the company wanted 
to further enhance its international image and gain 
an even greater awareness with engineers and 
engineering managers worldwide. 

What was the answer? 

First, set up a facility in the United States. Then 
support it with an advertising program in EDN 
magazine. Says marketing director Phil Walters, 
"The result has been an utter success. The quality 
of response has helped strengthen our position in 

the United States and 
throughout the many 
countries where EDN 
magazine is circulated.'' 

Phil Walters sees EDN 
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in his worldwide advertis­
ing campaign. "With EDN 
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foundation of Cahners 
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strides in the interna­
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in its dust. G~maximUa 
offset voltage of 5µV. Maximum 
offset voltage drift of 0.05µV/°C 
over the full military temperature 
range. Typical DC to lOHz noise 
voltage is 1.6 µV p-p (guaranteed 
on the ':.\"version). And a typical 
voltage gain of 160dB. 

Our chopper amp features 
a slew rate of 4V/µsec. , and a 
gain bandwidth product of 
2.SMHz achieved with only lmA 
of supply current. 
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both military and commercial ver­
sions. This includes standard 8-pin 
plastic, SO (small surface mount), 
or ceramic DIP configurations. 
Pricing starts at 52.25 each in quan­
tities of 100 up (and a lot less in 
10,000 piece lots) . 

Get your design on a fast track 
with our low-noise, high-perform­
ance chopper amp. For details con­
tact Linear Technology Corporation, 
1630 McCarthy Blvd., Milpitas, 
CA 95035. Or call 800-637-5545. 
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DESIGN IDEAS 
EDITED BY CHARLES H SMALL 

Circuit eases writing of modifiable code 

Paul D Gracie 
The Microdoctors Inc, Palo Alto, CA 

The circuit of Fig 1 adds a new type of instruction to 
a µP's instruction set and thus makes writing self­
modifying code much easier. With this circuit installed, 
the µP can execute the contents of any of its registers 
as if the contents were the next instruction in the 
program. You can process instructions as data or you 
can select and modify instructions before executing 
them. 

To use the circuit, your program first must write 
the register's value out to the Jam register, IC3. The 
system-memory decoder recognizes the specific ad­
dress for the memory-mapped Jam register and, along 
with IC1A, generates the jam-register write-strobe sig­
nal, JWR. This signal performs two functions. It clears 
flip-flop IC2A, which disables the system-memory de­
coder, and it gates the µP's RD strobe signal to both 
the Jam register and flip-flop IC2B. 

When the next instruction fetch occurs, the RD 
strobe signal dumps the contents of the Jam register 
onto the data bus as an instruction that the µP pro­
ceeds to process. Note that, because IC2A has disabled 
the system-~emory decoder, the µP's read request 

ADDR -..-----1 

µP 

SYSTEM 
MEMORY 
DECODER 

EN 

74LS32 

does not fetch an instruction from memory. The RD 
strobe signal also toggles IC2B, which sets IC2A, re­
enabling the system-memory decoder and presetting 
IC2B· The system then returns to normal operation.) 

To operate the circuit, you need software in the form 
of 

• 
• 
MOV B,INST ;LOAD INSTRUCTION IN B REGISTER 

• 
MOVM,B 
NOP 
NEXT 

• 

;MOVE INSTRUCTION TO THE JAM REGISTER 
;INSTRUCTION EXECUTES HERE 
;NEXT INSTRUCTION IN SEQUENCE 

In this sample code, the value loaded to the B register 
gets executed as an instruction. The instruction exe­
cutes in place of the following NOP (no operation). 
After the instruction executes, the program proceeds 
in the normal manner. You should be careful when 
programming multibyte instructions-the second (and 
third) bytes of such instructions will be read from main 
memory at the location following the NOP. EDN 
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Fig 1- This circuit makes writing self-modifying code much easier. The circuit allows you to write a register's contents to an ofjboard Jam 
register, and it then automatically substitutes the Jam register's contents for the next CPU instruction fetch . 
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DESIGN IDEAS 

Technique maximizes converter efficiency 

Roger C Whipple 
Hazeltine Corp, Braintree, MA 

For a designer wishing to use a Linear Technology 
LT1072 switching regulator in the buck mode and being 
forced to deal with high input voltages, achieving the 
highest efficiency possible poses a problem. If, for ex­
ample, you need to convert 20V to 5V at a relatively 
low power level of 1.25W, the quiescent current of the 
device itself (typically 6 mA) will become an important 
part of the circuit's power consumption. Because the 
quiescent current is relatively unaffected by the input 
voltage, the power that the IC consumes is directly 
proportional to its applied supply voltage. If your sys­
tem has an external low-voltage supply available, you 
could run the IC from it-the LT1052 operates down 
to 2.6V. If such an auxiliary supply is absent, you can 
operate the IC from its own output by incorporating 
a switch-over circuit (Fig 1). Adding this feature 
boosts the supply's overall efficiency from 77 to 83%. 

When you first apply power to the supply, the regu­
lator has no output: Rs and D7 hold C6 discharged and 

the gate of MOSFET Q4 at ground. Because Q4 is 
turned off, the rising supply voltage pulls the gate of 
Qg up via R5. As the supply voltage rises, Qg turns 
on, applying the full input voltage to the IC and allow­
ing the regulator to begin operation. 

Once the regulator starts and the output voltage 
rises, C6 begins charging through Rs. When the volt­
age on the gate of Q4 reaches about 2.5V, Q4 turns 
on, pulling the gate of Qg to ground and shutting it 
off. This shutoff removes the input voltage from the 
IC. As C5 discharges into the IC, D5 becomes forward­
biased and supplies voltage from the output to the IC. 

If a power glitch or a momentary short circuit causes 
the output voltage to drop below the minimum that 
the LT1072 needs to operate, diode D7 will rapidly 
discharge c6, allowing the input voltage again to be 
applied to the IC. When the voltage rises again, normal 
operation will resume. EDN 
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Fig 1-This switchover circuit powers the regulator IC from the supply's output after the supply starts up. Running the IC from the 
lower-voltage output instead of the intput raises the supply's efficiency from 77 to 83%. 
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SPECIFICATIONS 

de to 2000 MHz 
amplifier series 

Unbelievable, until now .. . tiny monolithic wide-
MODEL FREQ. GAIN, dB • MAX. NF PRICE $ band amplifiers tor 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 

MHz 100 1000 2000 Min . PWR. dB Ea. Qty. 
MHz MHz MHz (note) dBm 

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 +B o 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 5 0 1.90 (25) 
MAR-8 DC-1000 33 23 19 +10 3.5 2.20 (25) 
NOTE: Minimum gain at highest frequency point and over full temperature range. 

• l dB Gain Compression 
D +4dBm 1 to 2 GHz 

designers amplifier kit, DAK-2 
5 of each model, total 35 amplifiers 

only $59.95 
finding new ways .. 

in the MAR-series otter up to 33 dB gain, O to 
+ 11 dBm output, noise figure as low as 2.8dB, 
and up to DC-2000MHz bandwidth. 

' MAR·8, Input/ Output Impedance is not 50ohms, see data sheet. 
Stable for source / load impedance VSWR less than 3: 1 

Also, tor your design convenience, Mini-Circuits 
otters chip coupling capacitors at 12 cents each.t 

Size Tolerance 
(mils) 
80 x 50 5% 
80 x 50 10% 

120 x 60 10% 

Temperature 
Characteristic 

NPO 
X7R 
X7R 

t Minimum Order 50 per Value 

Value 

10, 22, 47, 68, 100, 470, 680, 100 pf 
2200, 4700, 6800, 10,000 pf 
.022, .047 .. 068, .1µ1 

setting higher standards 

O Mini-Circuits 
A D1v1s1on o f Sc1ent1f1c Components Corporat1on 

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

C113-Rev. D 
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Digital potentiometers set biquad filters 

Nikolay T Tchamov 
High Institute of Mechanical and Electrical 
Engineering, Sofia, Bulgaria 

Digital potentiometers allow you to digitally configure 
biquad filters so that they will retain their setups even 
if you remove power from the circuit. Biquad filters 

Rs 

can have a Q of as high as 100, are easy to tune, are 
stable, and can be cascaded to achieve higher-order 
filters. The digitally configured filter circuits in Figs 
1, 2, and 3 all use Xicor X9503s and suit telephone-band 
applications. 

Fig la is a Butterworth lowpass filter with a cutoff 
frequency of 3000 Hz and a gain of 10 (Ref 1). By 

Vour 

3.6 \ 

3.4 -1---41--+--~-4--+--+---+~ 
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cs 
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Vw 
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Fig 1-The X9503 digital potentiometer makes it possible to tune the cutoff frequency of a telephone-band lowpass f ilter. 
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Fig 2-Similar in operation to Fig 1, this high pass filter relies on its digital potentiometer to set the cutoff frequency. 
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Big 8-bit performance. Tiny 18-pin package. Miniscule price. 
Introducing the smallest ZS microcontroller yet, 

the high-performance MicroSN (ZS6COS).Just imagine 
what you 'll be able to do with all this capability, 
packed into a DRAM-sized chip. For what amounts to 
pocket change. 

The lB Jamily: 
Still setting the standards. 

. !fJUler bas beell one of /be industry~ 
From /be first, the Z8 mic;::o: nee Tbe most ropbislicated 

finest e""mples of simplicity .a e ~w . 
microconJroller family cQTl/intiefis w g n"""" 

0
r mur ~em deve/()pment, 

··- . 70 ~·hflnrt or every,,......., ~ r- ul 'TbdaY, """ e IS,_,, • ..,,,,,, . II with devices )'OU krnJW at 
from protolying to fall producli~~}i;,,g number oj op1W11S atul features 
truSJ, there are new parts wilb ~ . Ound in such diverse uses as fam, 

fior your design. Recently, the . IS fi pla nd biab.performance bard 
doo ntro/lers 11ulucti0n bot tes, a o 

puppy r co . , nd local area ne/l/iQrks (LAN). . 
disk controllers. pnnters, a """"" ts and their importance to the nulustry 

Since demand for ll3 P' ~uc ' . new members of /be Family. Tbe 
co11tinUes to increase, we are dei~w:: big!J.end ll3, and the Micro8 can 
Super8" is now clearly esta/J/isbe. ct on f()w·end ZB applicatiOllS. Among 
be expected to have as. much an impa should be keeping an eye on are: 
the other new ZB Family members you '• . roc011trol/er 

. h ,_.rormance CMOS ROM1t1SS mic 
• ll36C91 H1g ·r··J' . '"OS bas 22110 lines aiul 4K trytes 
• lJ36C10 [IJW cos/ 28-pm c,., ' 

of on-board ROM . 
• ll36C21 BK ROM ll3, bas 32 110 lines, 2 levels of security 

Mighty strong performance 
First of all , the Micros features the high-end ZS 

architecture. Then there's 12S bytes of RAM, two 
counter/ timers, two single-supply analog comparators, 
and low power consumption. Not to mention all the 
advantages of Superintegration ™ and CMOS technology. 
Mighty powerful protection 

The Micros may be tiny, but it 's as bullet-proof 
as they come. You get brown-out protect and a watch­
dog timer, for instance. You get an operating range 
of 3-5. SV. And you get CMOS 1/0 levels and hysteresis 
for noise protection. 
Mighty impressive bit bang for your buck 

The Micros gives everything you want in an 
S-bit microcontroller. In the smallest package you 've 
ever seen. For about a buck and a half. Plus you're 
working with the familiar software and proven 
performance of the ZS Family. And it's all backed by 
Zilog's solid reputation for quality and reliability. 

You really ought to see for yourself just what the 
mighty Micros can mean to your design application . 
Why wait? Contact your local Zilog sales office or your 
authorized distributor today. Zilog, Inc., 210 Hacienda 
Avenue, Campbell, CA 9500S, (40S) 370-SOOO. 

Right product. Right price. Right away. Zilog 
ZIWG SALES OFFICES, CA (..OS) .170-8110, (71<) 8,18-7800, (818) 707·l l60. CO (JO.I) 49<-l905. FL (81.\J 585·l55.1, GA (<o-1)9!.l-8500. IL (.I ll) 517-8080. MA (617) l7.Hlll. MN (i>ll ) 8.1 1·7(>11. 
NJ (lOI) l&!-.\7.\7. OH (!16) « 7-H80, PA (!15) 65.i-OHO. TX (l l< ) 987·9987. CANADA Toronto (<16) 6'.l -()(>.i-f. ENGLAND Maidenhead (••) (6l8) .i9l00. W. GERMANY Munich (i'I) (89) 6 1H~H6. 
JAPAN Tokyo (81) (.l) 587·0528. HONG KONG Kowloon (85l) (_;) 7!.1-8979. TAIWAN (886) (l ) 741·.lll5. SINGAPORE 65-135 715S. DISTRIBUTORS, U.S. Anthem Electric. llcll Indus .. llall -Mark Elcc .• 
JAN Dev ices, Inc., Lioncx Corp .• Schwchcr El ec., Western Micrntcch. CANADA Future Elec., SEMAD, LATIN AMERICA Argentina- rel.-( 1) 46-l.l ll . Brazil-Digihytc (011 ) l-t l· .{611 . Mt•x io1- St•mio1nduct1m:s 
Profes ionalcs (5 ) 5.\6 -l.il2 . 
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DESIGN IDEAS 
adjusting the digital potentiometer, you can shift the 
cutoff frequency (fc) by 30% (Fig lb). Replacing Ri 
with a digital potentiometer allows you to control the 
gain digitally as well. 

Fig 2a is a generalized filter circuit based on Ref 
2. A Butterworth highpass filter, it has a 300-Hz cutoff 
frequency and a gain of 10 in its passband. Again, you 
can shift the filter's tuning by 30% via digital control 
(Fig 2b). In this case, replace R4 and R5 with digital 
potentiometers to control the filter's gain. 

Ref 2 also provided the design equations for the 
tunable bandpass filter of Fig 3a, which has a gain of 
10. You can vary the filter's center frequency over a 
6:1 range (Fig 3b) by simultaneously trimming R5 and 

Rs 

10k 

RI; 
VH 

Vw 
X9503 

VL 

c, 8.2 nF 

R2 

1M 
R, 

VIN 100k 

1 
":' 

(a) ":' 

R6. In this circuit, substituting digital potentiometers 
for Ri and R2 allows you to control the filter's gain. 
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TOKIN TECHNOLOGY UPDATE 

More Card Reader, Le 

It's here. The designer's 
dream. A motorized card 
reader so small, so compact, 
so lightweight, you can design 
it into any system you dare 
imagine. 

Tokin's new MCA-1601 
boasts the kind of impeccable 
design that only Tokin, with 
a full half-century of magnetic 
engineering achievements, 
can produce. 

The MCA-1601 overcomes 
card readers' biggest draw­
back- size. Slim ( 46mm) and 
lightweight (700g), it gives 
you the power and flexibility 

to design more compact mag­
netic card systems than ever 
before. 

But Tokin doesn't stop 
there. Our power lineup of 
card readers and writers 
offers the perfect choice for 
a vast range of specifications 

Manual magnetic card reader/writer unit 

[ ...... en....,. 

l m.1JS ISO 3154 Trak I and l 
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I Ill-Ill ISO Jj\4 Trak l 

Motorized magnetic card reader/writer unit 

Tokin Corporation 

and needs. Units like the 
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configuration, and the com­
pact MCS-135/136 with ten­
sion bar to provide improved 
head stability. Each Tokin 
card reader/writer features 
original F2 decoder !Cs and 
exclusive magnetic heads for 
superior performance over a 
range of applications includ­
ing strip card readers for 

-One "'f· doullk uJCk, simull.1n<OU! 1<>ding 

One way, doullk track , simullan<OU! reading 

Magnetic ard insertion sys1cm 

Extmndy lhin and half th< VoiW1lC' 

credit authorization 
terminals, ID checkers 
and POS terminals. 

Whatever you're looking 
for in a card reader/writer, 
Tokin delivers improved 
performance and flexibility, 
and the opportunity to design 
card systems that match your 
most demanding specifica­
tions. Check us out. 
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DESIGN IDEAS 

555 timer triggers on millivolt signal 

John J O'Farrell 
The Tran-Trol Co, Tallahassee, FL 

You can trigger the 555 timer of Fig 1 with a signal 
as low as 15 m V because the signal appears directly 
across the threshold comparator's inputs. Be aware, 
however, that some chips may require a worst-case 
level of 30 m V; no chip maker specifies a value for the 
base current into pin 6 of a 555 timer. Even using 
worst-case inputs, though, the circuit of Fig 1 triggers 
at much lower levels than any other 555 circuit. 

To ensure that the trigger level is independent of 
the chip's de bias, the impedance of C2 should be much 
lower than the resistance of RB + Re. You must clamp 

_I1_J r>t, 3 TO 15V 

Vee 

TO 
GATE 

SOURCE 

the input signal if it would otherwise drive pin 6's 
voltage more than 0.3V below Vo (the input-voltage 
range should be sVcc+0.3V to ~v0 -0.3V). Also, 
for the circuit to operate, R1's impedance must be sig­
nificantly lower than the threshold comparator's 
gigohm-range input impedance. Unless R1 is less than 
150 kO., no signal path will exist from the input to C2. 
In other words, increasing R1 does not increase the 
circuit's sensitivity. 

You can use the standard 555-timer equation, 
T = 1. lRTCT, to determine the 555's output-pulse 
width. You should set the output pulse's width shorter 
than the input pulse's to allow the chip to timeout and 
reset itself before the next input pulse arrives. If you 
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Fig 1-This 555 timer circuit can trigger on signals as low as 15 mV. 
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DESIGN IDEAS 
don't set it to operate in this manner, the timer will 
ignore subsequent input pulses until after timeout and 
reset occurs and may consequently act as a frequency 
divider. 

The values for the external components in Fig 1 
work from approximately 400 to 1800 Hz. The time 
required for CT to recharge to above Ya V cc (the pin 2 
trigger comparator's operating point) determines the 
upper-frequency limit of the timer. The impedance of 
C1 and C2 determines the voltage across R1 and hence 
sets the circuit's lower-frequency limit. Pin 3 of the 
555 timer produces an inverted, amplified version of 
the trigger signal. 

At startup, pin 6 of the 555 timer is low relative to 
pin 5. CT is discharged and pin 2 is momentarily held 
low. This condition trips the internal latch, forcing pin 
3 high, which starts to rapidly charge CT through D1 
until the charge on CT reaches a voltage level above 
1/a V CC· This entire sequence can occur only if pin 4 is 
above the reset level (0. 7V). · 

When a positive-going input signal greater than the 
threshold comparator's limit appears across R1, the 
threshold comparator switches state, forcing pin 3 low 
and grounding the high end of RT. Capacitor CT then 
discharges through RT to Vo until the voltage at the 
junction of RT and CT goes below 1/aV CC· 

If the Reset terminal's voltage is above its operating 
point, pin 3 switches high again, rapidly recharging 
CT to the V cc level. If the Reset terminal's voltage 
is below its operating point, the circuit will latch on, 
with pin 3 low, and it will ignore subsequent input 
signals until it is restored. Pin 7 is available as an 
independent open-collector output, which also conducts 
to Vo while pin 3 is low. 

You can use pin 4 (the Reset pin) to control the timer 
in several ways: 

• Connecting pin 4 to pin 8 will disable the Reset 
function and allow the timer to respond to each 
input pulse. 

• Connecting pin 4 to a gating voltage source will 
tell the timer when to respond to input pulses. 

• Connecting pin 4 to pin 3 or pin 7 via a restore 
switch will force the timer to trigger and latch 
on the first input pulse it senses following a re­
store instruction, thereby forming a single-pulse 
detector. 

You can also combine a pair of these timer circuits 
to achieve a voltage-crossover detector having a very 
narrow window. EDN 
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Dual op amps improve bridge sensitivity 

John Waugh 
Wautec Inc, Santa Barbara, CA 

Using a pair of high-performance op amps, you can 
improve both the sensitivity of a Wheatstone bridge 
and its ability to handle large, off-balance signals with­
out losing linearity. The conventional configuration of 
Fig la employs a single, differential amplifier; the cir­
cuit of Fig lb uses less-expensive, dual transresistance 
amplifiers. 

The output of the conventional Wheatstone bridge 
is expressed as 

kdeIN 
eo 

(k+l)2 (1+ kd )' 
k+l 

where d is the off-balance fractional resistance and k 
is the bridge ratio (k is always less than unity). The 
sensitivity factor is k/(k + 1)2. The (1+kxd/(k+1)) fac-

210 

tor in the output equation accounts for the bridge's 
nonlinearity. 

When k = 1 (the nominally optimal bridge ratio), the 
linear part of the output expression reduces to 
eo = d x ern/4. The fractional nonlinearity is approxi­
mately - d/2, which is, in effect, scale compression at 
large bridge unbalances, thus limiting the range of the 
bridge element's deviation from a specified linearity. 

The dual transresistance bridge amplifier of Fig lb 
has an output signal expressed as 

kdeIN 
eo= k+l' 

where the k + 1 factor is inserted to obtain the same 
total voltage across the bridge. This circuit's sensitivity 
is thus k + 1 times larger than that of the conventional 
arrangement, and the nonlinearity factor is absent. 
For k = 1, the dual transresistance configuration's out­
put is d x ern/2, which is twice the sensitivity of the 
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Ceramics That 'Iravel 
In The Best Circuits. 

Mepco/Centralab Series C SMD® ceramic chip capacitors establish the state-of-the-art in surface mount technology - for all 
types of automotive applications, desktop and engineering computers, telecommunications, testing and industrial 
instrumentation, navigation and avionics systems, and more. 

They're cost-effective, with excellent electrical characteristics - and 
unmatched for quality. You'll find a complete range of standard EIA sizes 
in capacitances from 1 pF to 1.5 µF, for voltages from 25 to 200 VDC. Or 
we'll design to your requirements. With ultrastable, stable and general­
purpose dielectrics, plus a choice of terminations with superior 
solderability to match your application and assembly process. 
In bulk or tape-and-reel for automatic placement. 

Most complete offering of leaded ceramics. ,--------- ---, 
Our leaded multilayer ceramic capacitors offer you 
an unrivaled selection of types, sizes and ratings 
from 10.0 pF to 4.7 µF. Our new Mono-Axial™ con­
formal coated caps are ideal for high -density 
automated insertion. Popular maximum capacitance 
stability Mono-Kap® and Mono-Pak® radial-lead and 
two-pin DIP caps are specifically designed for high­
speed board assembly. High-volume Mono-Glass™ 
caps feature hermetically sealed glass-to-metal con­
struction. General-purpose, stable, and temperature­
compensating disc caps are available in a wide range 
of voltages. And there's more. 

Write for our catalogs and get acquainted with the 
complete line of high-quality ceramic chips and 
leaded capacitors from Mepco/Centralab - the ac­
tive leader in passive components. 
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·DESIGN IDEAS 
conventional, differential arrangement. 

You can effectively use this doubled sensitivity to 
good advantage with piezoresistive, strain-gauge­
bridge pressure sensors having at least one corner of 
the bridge open (several manufacturers supply such 
gauges). Fig 2 shows the basic circuit using an inexpen­
sive Teledyne TSC-914, quad chopper-stabilized op 
amp. The two additional transresistance amplifiers are 
a more economical way of obtaining the differential 
output as compared with the usual instrumehtation 
amplifier that requires three amplifiers to obtain high 
common-mode rejection. 

In this case, the bridge output is expressed as 

4aPern 
eo=1-a2p2• 

where aP, the pressure-induced fractional-resistance 
change, is limited to about 2 x 10-2 by mechanical strain 
in the sensor's silicon diaphragm. The maximum bridge 
nonlinearity is thus 4x10-4, which is much lower than 
the nonlinearity of the conventional differential­
amplifier configuration or the sensor's inherent 
linearity. 

You can take advantage of this twofold increase in 
sensitivity to extend either the low-end pressure sensi­
tivity or the over-range safety margin by making sen­
sors with thicker diaphragms, yet having the same 
low-end sensitivity. EDN 
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Fig 1-The conventional Wheatstone bridge (a) is not as sensitive 
and doesn't handle off-balance signals as well as the dual transresi.s­
tance configuration of b. 

R R 

R 

R 

AMPLIFIERS A=TELEDYNE TSC-914 
R=METAL FILM (1% OR BETTER) 

eo 

Fig 2-Combining a piezores~tive pressure sensor with a dual transresistance amplifier yields a superior strain gauge. 
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How to 
avoid heart failure 

At the heart of every electronic system is the power supply. 

If it fails, everything fails. But, just as with people, a 

reliable heart means longer life, underlining the import-

If you need addc switchers, take a look at the 60 and 100 

Watt PLB series. Using flyback technology to minimize 

size and component count, they have a 300,000 hour 

MTBF and meet international ance of choosing your power 

supply with care. 

Fortunately, electronic heart fai l­

ure can be virtually eliminated 

with Ericsson power supplies. 

/lutJ {JJ@r!l}@fl™ specifications fm RFI and safety. 

And even if none of these units 
----The Reliable Source-

meet your requirements, Ericsson 

can design a high reliability custom unit to order. 

One of the first manufacturers of commercial power units 

to publish reliability figures, Ericsson leads the field in 

long life, flexible power modules for every application. 

Take thick film dddc converters. Available in PKC (15-18 
Watt) and PKA (25-40 Watt) versions, they have an 

MTBF of over 200 years at 45 °C, yet are compact, have 

integral RFI suppression and will operate from -45 to 

+85 °C ambient without derating. 

Avoid heart failure in your product with power supplies 

from Ericsson, the reliable source. 

Ericsson Components, Inc 
P.O. Box 853904, Richardson, Texas 75085-3904 
Tel: (214) 480-8300 
Telex: 735389 ERICS RCHN 
Fax: (214) 680-1059 

Ericsson Components AB 
Power Products, S-164 81 Kista-Stockholm, Sweden 
Tel: +46 8 757 4011 
Telex: 10948 POWER! S 
Fax: +46 8 757 4884 

ERICSSON 
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DESIGN IDEAS 

Design Entry Blank 
$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 

To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 

I hereby submit my Design Ideas entry. 
Name ______ _ _ _ ______ _ 

Title __________ Phone ___ _ _ 

Company ______________ _ 

Division (if any) ____________ _ 

Street ________________ _ 

City ________ State __ Zip ___ _ 

Design Title _____________ _ 

Home Address 

Social Security Number _ _ _ _ ____ _ _ _ 
(Must accompany all Design Ideas submitted by US 
authors) 

Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN , must not be 
patented, and must have no patent pending. Design must 
be original with author(s) , must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested . 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, I agree to abide by the rules of 
the Design Ideas Program. 
Signed _______________ _ 

Date ________________ _ 

ISSUE WINNER 
The winning Design Idea for the September 29, 1988, 
issue is entitled "Software timer adapts to clock speed," 
submitted by Gerald L Kmetz of National Semiconduc­
tor Corp (Santa Clara, CA). 

Your vote determines this issue's winner. All designs 
published win $100 cash. All issue winners receive an ad­
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 

BeAn 
Author I 
When you write for EDN, you earn 
professional recognition. And you 
earn $75 per published magazine 
page. 

EDN publishes how-to design 
application information that is 
read by more than 137 ,300 elec­
tronics engineers and engineering 
managers worldwide. That's an 
audience that could belong to you. 

If you have an appropriate article 
idea, send your proposal and 
outline to: John Haystead, 275 
Washington Street, Newton, MA 
02158-1630. 

For a FREE EDN Writer's Guide­
which includes tips on how to write 
for EDN and other technical pub­
lications-please circle number 
800 on the Information Retrieval 
Service Card. 

EDN 
First in Readership among Design 
Engineers and Engineering Managers 
in Electronics. 
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WE'LL SHOW YOU WHAT NO ONE 
HAS EVER SEEN BEFORE 

AND WE'LL COLOR It TOO! 
With A 3 Hz Filter That Provides 
A New Industry Standard Of 
Resolution For Close-In Perfonnance ... 
The user friendly Marconi Model 
2383, 100 Hz to 4.2 GHz Spectrum 
Analyzer with built-in tracking gen­
erator establishes a new standard 
of high accuracy, resolution and 
stability of measurements. The 
automatic self calibration routine 
provides exceptional RF level accur­
acy of ± 1.5 dB at 4.2 GHz from 

EDN January 5, 1989 

+·27dBmto -130dBm.Close-inper­
formance is unmatched with a 3 Hz 
filter and 1 Hz frequency resolution. 

4.2 GHz Spectrum Analyzer-Model 2383 

CIRCLE NO 120 

With numerous high 
performance display 
functions, dynamic trace, 
limits memory, RGB drive, 
GPIB, plus limits masking. 
The 2383 is at your command 
for demanding spectral analysis 
requirements. 

For a demonstration or details 
contact: Marconi Instruments, 
3 Pearl Ct. , Allendale, NJ 07401 . 
• (800) 233-2955 • (201) 934-9050 

215 



... AND FOR THOSE WHO DO! 
Talk to the Largest ... Dotronix! 

By offering quality products, service and 
support we've quietly grown to be the largest 
U.S. independent display-only manufacturer. 
As a result of this growth we now feature the 
broadest product offering in the industry .. . 

No one offers as many options in display 
size and performance as Dotronix! 

From high resolution, large screen 
monitors for CAD/CAM, Desktop Publishing, 
Computer Graphics, and Medical Imaging to 
banks of small monitors for financial 
institutions, security systems, transportation 
and many other applications. We even make 
monitors for S-VHS playback permitting high 
resolution television viewing. Virtually all 
displays are available in high resolution, color 
and monochrome for most applications. 

It's as simple as this: No one meets your 
monitor needs like Dotronix. 

From broad product offerings to quality, 
service and support, no one gives you more than 
Dotronix. That's why we sell more monitors 
than any other U.S. independent display-only 
manufacturer. And that's why we'll meet your 
needs better than anyone else. 

Call us and talk to an applications specialist. 
Get the straight talk on how we can meet 

your application needs. 

Call: 612-633-1742 FAX: 612-633-7025 

;;;;;;;::;:;;::DDTRDNIX 
DOTRONIX, INC. 
160 First Street S.E. 
New Brighton, MN 55112 
CIRCLE NO 121 

Locations at: Boulder, CO • Eau Claire, WI (VMI) • Minneapolis, MN • Elk River, MN • Hsinchu, Taiwan 
© 1988, Dotronix, Inc. 



NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

2~-in. DISK DRIVE 
• Has 20M bytes of formatted ca­

pacity on two disks 
• Has an integral IBM AT-compat-

ible or SCSI disk controller 
The Prairie 220 2112-in. disk drive 
is designed for laptop and portable 
computers. The drive provides 20M 
bytes of formatted capacity on two 
disks and has an integral IBM AT­
compatible or SCSI controller. It 
requires an average power con­
sumption of l.5W, weighs 9 oz, and 
occupies 30% of the volume of a 31/2-
in. drive. The drive has an average 
seek time of 28 msec and an average 
data-transfer rate of 0.625M bytes/ 
sec. The drive uses a proprietary 
ramp-loading mechanism for load­
ing and unloading the disk heads 
during power-downs and periods of 
inactivity. A standby mode with the 
spindle turned off consumes 0.1 W 

VME 4-CHANNEL sec 
• Combines a 20-MHz 68020 µP 

with two SCC !Cs 
• Supports two 1.544M-bps Tl 

lines or four 1M-bps lines 
The VCOM-4 4-channel serial-com­
munications-controller (SCC) board 
for the VME Bus combines a 20-
MHz 68020 µP with two multiproto­
col 85C30 SCC ICs. Two proprie­
tary gate arrays, Serial Port Micro­
Controller Chips (SPMCCs), handle 
a large part of the workload in man­
aging the serial ports. Each 
SPMCC controls two serial ports. 
Once the CPU initiates communica­
tions, the SPMCCs are responsible 
for completing the data transfers. 
The two SPMCCs provide DMA 
and dual-port access to two 64k­
byte memory buffers. The board 
also uses the company's VME Bus 
interface chip, which conforms with 
the IEEE P1014, Draft 1.2 specifi­
cation. The board can support two 
1.544M-bps Tl lines or four lM-bps 
lines. The device's front-panel se-
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and a power-saving mode consumes 
1.4W with the spindle running. The 
drive reads <1 nonrecoverable er­
ror in 1012 bits. It also boasts an 
MTBF of >20,000 power-on hours. 

rial-debug port uses the 68901 mul­
tifunction peripheral chip. Four 32-
pin sockets are available for 
EPROM, EEPROM, or nonvolatile 
RAM. $2399 (100). 

SBE Inc, 2400 Bisso Ln, Con­
cord, CA 94520. Phone (800) 221-
6458; in CA, (800) 328-9900. FAX 
415-680-1427. 

Circle No 456 

LIBRARY UNITS 
• Can house as many as 152 5114-in. 

WORM cartridges 
• Robotic arm accesses cartridges 

in <13 sec 
The model MW-5Gl-B library unit 
houses as many as 152 double-sided 
51/4-in. WORM optical-disk car­
tridges. The unit has a total format­
ted storage capacity of 90G bytes. 
Sometimes called a "jukebox," the 
unit has a robotic arm that accesses 
and exchanges the cartridges in 
<13 sec. The smaller-version model 
MW-5Gl-A holds as many as 56 car-

$400 (OEM qty). 
PrairieTek Corp, 2120 Miller Dr, 

Longmont, CO 80501. Phone (303) 
772-4011. 

Circle No 455 

tridges with a total formatted ca­
pacity of 34G bytes. This version 
can access the cartridges in <10 
sec. Each cartridge can hold as 
much as 300,000 pages of ASCII 
text. The units come with one of 
the company's high-speed WORM 
drives and provides options for ad­
ditional drives. The MW-5Gl-B can 
accommodate as many as four 
drives, and the MW-5Gl-A can ac-
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The MEGAFRAME/PC acts as a host adapter for 
Paracom's family of bus-less Transputer.boards. It 
allows users to build powerful parallel processing 
systems from their desktop PC/XT I AT machines. 

• Adapts powerful Transputer processing, 
graphics, imaging, disk controller, and special 
1/0 cards to the PC bus. 

• May be used as a stand-alone interface link to 
external Transputer systems up to 100 ft. 
from the PC. , · · · 

• May be cascaded to create massively parallel 
processing structures. 

• Compatible with PARACOM's entire family of 
compilers and software development tools. 

The MEGAFRAME/PC card is currently compatible 
with eleven different Transputer-based modules. 

How it Works: 
Remove the plate on any Paracom bus-less 
card, plug a MEGAFRAME/'PC into.it's_c;:onnector, 
and insert the assembly into a PC/XT I AT slot. 

If your project grows beyond the limitations of 
the PC, detach the bus-less module, re-install 
the adapter in a slot by itself, and use the adap­
ter's external connector to link to the bus-less 
module and additional cards in an extemal 
expansion chassis. 

t1 

,paracom inc 
BLDG. 9, UNIT 60 

245 W. ROOSEVELT RD. 
WEST CHICAGO, IL 60185 

PHONE {312) 293~9500 
FAX (312) 231-0345 

CIRCLE NQ 122 



COMPUTERS & PERIPHERALS 

commodate two drives. Sample 
units are available now; production 
quantities will be available in the 
second quarter of 1989. From 
$31,500. 

Mitsubishi Electronics America 
Inc, Computer Peripherals Div, 991 
Knox St, Torrance, CA 90502. 
Phone (213) 515-3993. 

Circle No 457 

UNIX COPROCESSORS 
• For the IBM PC/XT, PC/AT, PSI 

2 model 30 or 35 computers 
• NS 32532 CPU simultaneously 

runs MS-DOS and Unix 
The models 260PM and 270PM are 
part of the company's 200 Personal 
Mainframe family. The series con­
sists of 32-bit Unix coprocessors 
that reside in IBM PC/XT, PC/AT, 
PS/2 model 30 or 35 computers as 
I/O processors and subsystems for 
workstations and multiuser sys­
tems. The models 260PM and 
270PM use National Semiconduc-

. tor's 32532 µP to provide simultane­
ous use of the MS-DOS and Unix 
System V operating systems. The 
260PM operates at 25 MHz and 
achieves 8.5 MIPS of processing 
speed with 4M to 20M bytes of 
physical memory in a 4G-byte vir­
tual address space. The 270PM op­
erates at 30 MHz and a similar con­
figuration provides 10 MIPS of per­
formance. The boards utilize the 
32381 floating-point processor for 
single- and double-precision IEEE 
format calculations. Model 260PM, 
$6995; model 270PM, $7995; float­
ing-point unit, $895. 

Opus Systems, 20863 Stevens 
Creek Blvd, Bldg 400, Cupertino, 
CA 95014. Phone (408) 446-2110. 

Circle No 458 
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MULTIBUS I SBC 
• Features a 68030 µP having SM 

to 32M bytes of RAM 
• Has two multiprotocol RS-232C 

ports 
The OB68K/MSBC30 single-board 
computer conforms to the IEEE-
796 specification for Multibus I. The 
board features a 32-bit 68030 µP 
and 8M to 32M bytes of onboard 
zero-wait-state RAM with parity. 
It provides a 32-bit access to the 
RAM. In addition, a 68564 dual 
USART creates two multiprotocol 
RS-232C ports and a 68230 parallel 
interface/timer implements two 8-
bit parallel ports. An Omnimodule 
I/O connector lets you expand the 
number of serial ports and parallel 
ports, and add specialized I/O inter­
faces such as a SCSI or an IEEE-
488. You can also add a 68881 or 
68882 coprocessor and a 2-channel 
68442 DMA controller. The board 
has a 2-year limited warranty. 
$5995 . 

Omnibyte Corp, 245 W 
Roosevelt Rd, West Chicago, IL 
60185. Phone (312) 231-6880. TLX 
210070. 

Circle No 459 

VME CPU BOARD 
• Features a 25-MHz 68030 µP and 

4M bytes of DRAM 
• Contains four 28-pin sockets for 

ROM, EPROM, or EEPROM 
The MVME143 single-board com­
puter for the VME Bus features a 
68030 µP with three versions: 16.7, 
20, and 25 MHz. The board also con­
tains a 68882 floating-point coproc­
essor operating at the same speed 
as the CPU. The board has 4M 

bytes of dy:p.amic RAM and four 28-
pin sockets for ROM, EPROM, or 
EEPROM. Using a Z8530 serial 
communications controller, the 
board provides two multiprotocol 
serial ports; it also has an RS-232C 
debug port on the front panel, using 
the MC68901 multifunction periph­
eral (MFP) chip. The MFP also pro­
vides four 8-bit timers. An 
MC68230 parallel interface/timer IC 
supplies a 24-bit timer that can gen­
erate autovectored interrupt to the 
CPU on level 4. Mostek's MK48T02 
provides a battery-backed real-time 
clock and 2k bytes of battery­
backed static RAM. $2995. 

Motorola Microcomputer Div, 
Marcom Dept, DW283, 2900 S 
Diablo Way, Tempe, AZ 85282. 
Phone (800) 556-1234, ext 230; in 
CA, (800) 441-2345, ext 230. 

Circle No 460 

PC ANALOG BOARD 
• Features eight single-ended input 

channels 
• Board provides 8-bit resolution 

for a ± 5V input voltage range 
The DAS-4 8-channel analog input 
board for the IBM PC, PC/XT, PC/ 
AT, and compatibles features an S/ 
H circuit and an AID converter with 
8-bit resolution. The input voltage 
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COMPUTERS & PERIPHERALS 

range is ± 5V, and all inputs are 
protected for overvoltages as high 
as ±30V. The board has an exter­
nal interrupt input that is jumper 
selectable to any of the PC/XT in­
terrupt levels 2 through 7. The ex­
ternal interrupt allows the board to 
sample data based on the timing of 
an external event. The board also 
provides four digital outputs and 
three digital inputs that are com­
patible with TTL and CMOS levels. 
Each output can sink 8 mA of cur­
rent. The board comes with a utility 
software package that contains a 
driver routine in assembly code, ex­
ample programs, and initialization 
and setup routines. $199; STA-U 
optional screw terminal board, 
$115. 

Metrabyte Corp, 440 Myles Stan­
dish Blvd, Taunton, MA 02780. 
Phone (508) 880-3000. FAX 508-
880-0179. TLX 503989. 

Circle No 461 

GRAPHICS CARDS 
• For the IBM Micro Channel and 

IBM PC/AT buses 
• A proprietary 2-chip set provides 

1024 x 768-pixel resolution 
The Verticom RX-Series consists of 
four graphics coprocessor cards. 
Two of the boards, the RX16/AT 
and the RX256/ AT, are compatible 
with the IBM PC/ AT bus; the 
RX16/MC and RX256/MC are com­
patible with the IBM Micro Channel 
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bus. Both the RX16/AT and RX16/ 
MC offer lM byte of memory and 
can display 16 simultaneous colors 
with as much as 1024 x 768-pixel 
noninterlaced resolution. The 
RX256/ AT and RX256/MC provide 
2M bytes of memory and can dis­
play 256 simultaneous colors with 
the same resolution. A proprietary 
2-chip set supports the 8514/ A 
Adapter Interface specification, 
making the boards compatible with 
an IBM 8514/A display adapter. 
The boards also support a VGA 
pass-through mode that permits the 
use of a VGA controller on the sys­
tem bus. The RX-Series comes with 
the following drivers: 8514/A 
Adapter Interface, AutoCAD Rel 9 
and 10, AutoSketch, AutoShade, 
Microsoft Windows 2, and Verticom 
Twin Focus. RX16/MC, $2795; 
RX256/MC, $3795; RX16/AT, 
$2495; RX256/AT, $3495. 

Western Digital Imaging, 800 E 
Middlefield Rd, Mountain View, 
CA 94043. Phone (415) 960-3353. 

Circle No 462 

DOT-MATRIX PRINTER 
• Prints letter quality at 60 cps and 

drafts at 180 cps 
• Comes with 5 resident and 16 op-

tional fonts 
The ExpressWriter311 24-pin dot­
matrix printer performs letter­
quality printing at 60 cps and a 
high-speed draft mode prints at 180 
cps. The printer's five resident 
fonts are Courier, Prestige Elite, 
High-Speed Draft, Condensed, and 
Proportional. The printer has a card 
slot, which accepts 16 of the com­
pany's optional font cards. For soft­
ware compatibility, the printer 
emulates three types of printers: 
Toshiba/Qume, IBM ProPrinter, 
and the Epson LQ Series. A Win­
dows driver supports programs that 
run on Microsoft Windows 2.0/2.1 
or Windows/386. The printer has a 
16k-byte data buffer, and an addi­
tional 32k bytes of memory via a 
RAM card is available. A parallel 

interface is standard and an RS-
232C port is optional. The printer 
operates at <56 dB in normal mode 
and 53 dBA in quiet mode. The unit 
measures 12. 7 x 16 x 4.8 in. and 
weighs 11 lbs. $589. 

Toshiba America Inc, Informa­
tion System Div, 9740 Irvine Blvd, 
Irvine, CA 92718. Phone (714) 583-
3000. 

Circle No 463 

VME ARCNET BOARD 
• 2k-byte buffer holds four 508-byte 

packets 
• Uses SMC's COM 9026 controller 

chip 
The CC-121 VME Bus board pro­
vides a link to Arcnet's 2.5M-bps 
token-passing network. The board 
is based on SMC's COM 9026 con­
troller chip. It contains a 2k-byte 
dual-port RAM with a 100-nsec ac­
cess time for buffering as many as 
four 508-byte data packets. The 
board handles lOM-byte/sec data­
burst transfers on the VME Bus 
and supports a throughput of l.5M 
bps on the Arcnet network, includ­
ing software overhead. It transfers 
data packets to and from a star or 
optionally from a bus topology, us-
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AVAILABILITY: Signal Contacts Types B, C 
and R (Reverse); Power Contacts Type D, 5 ampere 
rated; fype M with Removable Shielded, Power and 
High Voltage Contacts; Reverse Ericcson Type and 
Half-C Type. 
CONTACT VARIANTS: 16 to 96 contacts. SIGNAL 
CONTACTS: formed, copper alloy; female contact "Tulip 
Style," gold over nickel plated contact surfaces. Contact 
terminations offered in Printed Board Mount, Straight 
and 90°, Wrap Post , Press-Fit and Solder Hook. 
Selectively plated solder or gold terminations. REMOV­
ABLE CONTACTS: Type M Connector, machined 
copper alloy. Power, 10 to 40 amperes, Shielded; 50 
ohm, High Voltage, 2800 V (rms). AUXILIARY POWER 
CONNECTOR: eight , 16 ampere rated contacts , 
sequentially mated and designed for use with Euro­
Connectors. INSULATORS: glass filled polyester, UL 
94V-O. POLARIZATION: coding and "Ground before 
Signal Contact" options available. 

POSITRONIC INDUSTRIES, INC. 
423 N. Campbell • Springfield, Mo. 65801 
Tel. 417-866-2322 • 800-641 -4054 •Telex 436445 • Fax 417-866-4115 

CIRCLE NO 16 
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ing coaxial or fiber-optic cables. The 
board operates as a VME Bus slave 
with 8-bit access to the controller 
chip and board registers. The VME 
Bus has 8- or 16-bit access to the 
2k-byte buffer. The VME Bus inter­
fac e has a 7-level interrupt r e­
quester with a software-program­
mable interrupt vector. $825 (100). 

Compcontrol, Stratumsedijk 31, 
Postbus/Box 193, 5600 AD Ein­
hoven, The Netherlands. Phone 
040-124955. TLX 51603. 

Circle No 464 

GRAPHICS CARD 
• Provides 1280x1024-pixel reso­

lution for the IBM PC/AT 
• Uses a TI 34010 processor and 

supports PGL drivers 
The Artist Designer 12 graphics 
controller card for the IBM PC/ AT, 
Compaq 386, and compatible com­
puter s provides 1280 x 1024-pixel 
resolution, using Tl's 34010 graph-
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resolution makes it suitable for solid 
modeling programs such as Auto­
desk's Autosolid software. Because 
the board is compatible with PGL 
and DGIS, it provides access to 
AutoCAD, VersaCAD, Lotus 1-2-3, 
Framework, Symphony, and many 
other professional-level software 
programs. The board operates with 
a horizontal scan rate of 64 kHz and 
a video bandwidth of 108 MHz. The 
frame buffer memory has 1.25M 
bytes of video RAM, and the sys­
tem memory has 512k bytes of dy­
namic RAM. $4495. 

Control Systems, Box 64750, St 
Paul, MN 55113. Phone (612) 631-
7800. TLX 756601. 

ics processor chip. The board sup- Circle No 465 
ports drivers for IBM's PGL (Pro-
fessional Graphics Language) and 
for Graphic Software System's 
DGIS (Direct Graphics Interface 
Standard) via onboard firmware. 
The board displays 256 colors from 
a palette of 16. 7 million colors. Its 
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To EON readers, for consistently votin 
EON your favorite electronics 
publication. --.. 

-· -
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''I'M A TRUE BELIEVER 
IN THE POWER 

OF EDN MAGAZINE." 

Bob Sanders is a pro at marketing materials and 
components for Rogers Corporation, a worldwide leader 
with divisions from Connecticut to Arizona. To do the 
best job, he uses EDN magazine. 

How come? 
"EDN never fails for us. The magazine is targeted to 
markets we want to reach, like industrial controls and 
telecommunications. The result is unsurpassed inquiries 
for sales lead follow-up." 

-. 

Advertising in EDN magazine works for 
Rogers Corporation. It can work for you. 

EDN 
Where Advertising Works 

Rober t E. Sanders 
Manager, Marketing Communications 
Rogers Corporation 



NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

DC/DC CONVERTERS 
• Accept any input between 18 and 

72V de 
• Operate at 78% efficiency 
Designed for 24 or 48V telecom­
munication systems, Models 
48T5.12UW and 48T5.15UW accept 
any input between 18 and 72V de. 
Both models provide a main output 
of 5V at 800 mA; secondary outputs 
are ± 12V and ± 15V for the 
48T5.12UW and 48T5.15UW, re­
spectively. The converters operate 
at 78% efficiency. A shutdown pin, 
which you can toggle on and off with 
an open-collector TTL/CMOS con­
trol signal, allows you to turn off 
the converters when the system re­
quires no power. Key specifications 
include a 0.5% line regulation, a 3% 
load regulation, 20-m V p-p typ out­
put noise, and a 500V de isolation 

600V IGBTs . ,,... .. ~I· " ~ . " ' 

T0-220 SA to 30A T0-3P 

TRANSISTORS 
• Offer continuous current ratings 

from 11 and 30A 
• Single-pulse avalanche energy 

ranges as high as 100 mJ 
The IRGBC20, IRGBC30, and 
IRGBC40 600V IGBTs (insulated­
gate bipolar transistors) have a 
latch-free, repetitive avalanche rat­
ing, and at 25°C, they offer continu­
ous current ratings of 11, 18, and 
30A, respectively. Like power 
MOSFETs, the IGBTs are voltage­
driven, gate-controlled devices. 
The IGBTs provide the added ad­
vantage of a low forward-voltage 
drop, which is 3V at a 25°C junction 
temperature. The devices' single­
pulse avalanche energy ranges as 
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rating. Short-term stability meas­
ures 0.1 % over 24 hours. The con­
verters operate over a - 25 to 
+ 80°C range and provide 8 hours 
min of short-circuit protection. $50 
(OEM qty). Delivery, stock to six 

high as 100 mJ, and repetitive ava­
lanche energy is as high as 12.5 mJ . 
All devices are housed in T0-220 
packages. IRGBC20, $3.60; 
IRGBC30, $5.10; IRGBC40, $9.40 
(1000). Delivery, stock to eight 
weeks ARO. 

International Rectifier, 233 
Kansas St, El Segundo, CA 90245. 
Phone (213) 772-2000. 

Circle No 441 

JUMPER 
• Has a 500 impedance 
• Features 51 signal contacts 
The Invisicon board-to-board 
jumper has a 500 characteristic im­
pedance and terminations that are 
virtually invisible to even fast rise­
time signals. The 4-in.-long jumper 
has 51 signal contacts spaced on 
0.025-in. centers. Hardware at both 
ends of the circuit provides 0.875 
mm of wiping action during assem­
bly. The circuit's cenellated contact 
pads provide scraping edges that 
remove dust particles and noncon-

weeks ARO. 
Calex Mfg Co Inc, 3355 Vincent 

Rd, Pleasant Hill, CA 94523. Phone 
(415) 932-3911. FAX 415-932-6017. 

Circle No 440 

ductive surface contaminants dur­
ing the wiping action. The connec­
tor system combines traces on a cir­
cuit board with a controlled-imped­
ance flexible circuit board. An elas­
tomer with high stress retention 
maintains contact force and accom­
modates any gap tolerances in the 
system. The R02500 material used 
for the system's flexible circuit has 
a 21

/2 dielectric constant, a 0.0025 
dissipation factor, and 0.4% water 
absorption. $105 to $400. 

Rogers Corp, Box 700, Chandler, 
AZ 85244. Phone (602) 963-4584. 

Circle No 442 
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RELAY MODULES 
• Provide outputs rated at either 10 

or 16A 
• Snap-mount onto either DIN-1 or 

DIN-3 rails 
Series 20.000 relay interface mod­
ules simplify the design and packag­
ing of programmable-controller out­
put circuits. Available with 4, 8, or 
16 plug-in relays, the modules snap­
moun t onto DIN-1 and DIN-3 . 
mounting rails. Relay input coils, 
rated for both ac and de voltages, 
operate at 24, 48, 110 to 127, and 
220V. Each relay in the module has 
one spdt output contact rated at 
either 10 or 16A. Built-in LEDs 
provide relay status and indicate 
the ac or de input voltage. 8-relay 
module, $138.32 (5). 

Entrelec, 2 Ram Ridge Rd, 
Spring Valley, NY 10977. Phone 
(914) 425-7460. FAX 914-425-8108. 

Circle No 443 
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OPTOISOLATORS 
• Feature 2500V isolation 
• Provide circuits for linear and 

logic functions 
The CLM50/2 and CLM51/2 optoi­
solators are housed in a 6-pin DIP. 
Both incorporate a GaP light-emit­
ting diode and two photoconductive 
cells, thereby providing separate 
circuits for both linear and logic 
functions. Specifications include a 
250V peak line-voltage capability, 
2500V peak isolation, and a 1 MO 
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min off-resistance. Maximum cell 
on-resistance measures 21/2 kO at 
16-mA drive currents for the 
CLM50/2 and 4% kO at 1 mA for 
the CLM51/2. Input-to-output ca­
pacitance for both devices equals 
1.5 pF typ. Both isolators are UL 
recognized. $1.35 to $1.60 (1000). 

Clairex Electronics, 560 S Third 
Ave, Mount Vernon, NY 10550. 
Phone (914) 664-6602. 

Circle No 444 

RELAY 
• Operates with either voltage or 

current inputs 
• Has programmable ranges 
The Reflex 12M03-00101 is an in­
dustrial-grade relay that senses 
either voltage or current analog in­
put signals. It provides an output 
contact that serves as a turn-on and 
turn-off signal or as an input for 
an alarm. Onboard jumpers allow 
you to program ac or de pickup or 
dropout points. Operating ranges of 
0.1, 1, 10, 100, and 500V de or ac 
are also user-programmable. The 
standard shunt provided with the 
relay accommodates a current 
range of 2 to 25A; an optional 50 
m V shunt will extend the current 
range to thousands of amperes. The 
relay operates from 120V ac single­
phase power lines. Setpoint, differ­
ential, and hysteresis adjustments 
are provided. $212. 

Reflex Inc, Box 1515, Provi­
dence, RI 02901. Phone (401) 941-
4444. 

Circle No 445 

CONNECTORS 
• Feature a quick connect/discon­

nect system 
• Available in cable- and pc-board-

mount versions 
These circular connectors feature a 
self-latching, quick connect/discon­
nect system for use in confined 
places. They are made of polysul­
fone, which improves electrical in­
sulation, heat resistance, and oil 
and chemical tolerance; the connec­
tors can be autoclaved and exposed 
to temperatures from - 100 to 
+ 150°C. The polysulfane material 
has a 94V-O UL flammability rat­
ing. The connectors are available 
with two to nine contact positions 
and come in cable or pc-board­
mount versions. Shell configura­
tions include an in-line plug and a 
front- or rear-panel-mount recepta­
cle. The units feature four keying 
possibilities to ensure keying exclu­
sivity and/or color coding. From 
$20.93 per mated pair. Delivery, 
stock to 12 weeks ARO. 

Lerno USA Inc, Box 11488, Santa 
Rosa, CA 95406. Phone (707) 578-
8811. TLX 340933. 

Circle No 446 

TRANSCEIVERS 
• Meet Ethernet and IEEE LAN 

requirements 
• Feature a switch for heartbeat se-

lection 
CentreCOM 200 Series baseband 
single-port transceivers feature an 
easily accessible on/off switch for 
heartbeat selection. They are avail­
able in a variety of connector con­
figurations that meet the require-
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ments of Ethernet Version 2.0 and lay times are also available. $2.26 
IEEE 802.3 network coaxial cables. (1000). Delivery, stock to six weeks 
The transceivers include a number ARO. 
of diagnostic LED indicators. A 2- PCA Electronic Inc, 16799 
color LED indicates heartbeat Schoenborn St, Sepulveda, CA 
status-amber for heartbeat on, 91343. Phone (818) 892-0761. FAX 
green for heartbeat off. A transmit 818-894-5791. 
LED shows when the terminal is Circle No 448 
transmitting; the LED's frequency 
of illumination and brightness are 
proportional to the network's traffic 
density. A receive LED indicates 
incoming traffic in the same man­
ner. Another LED indicates the 
presence of signal quality error and 
is lit when it detects a collision. The 
transceivers are available for thick­
or thin-net coaxial cable applica­
tions. From $245. 

Allied Telesis Inc, 2672 
Bayshore Parkway, Unit 900, 
Mountain View, CA 94043. Phone 
(415) 964-2771. 

Circle No 447 

DELAY LINES 
• Feature three separate lines in a 

single package 
• Include input and output buffers 
EPA313 Series delay lines provide 
three separate TTL-compatible de­
lay lines in a single 14-pin DIP. 
Each of the delay lines in the 42 
standard units have identical delay 
times ranging from 5 to 250 nsec 
± 5% or ± 2 nsec, whichever is 
greater. Each delay line includes an 
input and an output buffer. Fan-out 
for the output buffer equals 20 TTL 
loads for the high level and 10 TTL 
loads for the low level. Output rise 
time measures 4 nsec max. Operat­
ing range spans 0 to 70°C. Custom 
units with special buffering and de-
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CONNECTOR MODULE 
• Allows three computers to share 

a single printer 
• Requires no external power 
The ScanCube allows as many as 
three personal computers to share 
one printer. The entire device con­
nects directly to the printer's serial 
port and requires no external power 
supply. The ScanCube independ­
ently scans each of its three com­
puter serial ports, locks onto any 
port transmitting data, stays with 
that computer port for a preset 
time-out, and then resumes scan­
ning. The module accommodates all 
existing PC applications and re­
quires no special tools. $149.95. 

Automated Peripheral Systems, 
3131 E Monroe Ave, Orange, CA 
92667. Phone (714) 997-3975. 

Circle No 449 

CHASSIS 
• Provides power and mounting for 

as many as three disk drives 
• Complies with FCC requirements 
The SA-H116/2 chassis provides 
power and mounting for as many 
as three 5%-in. disk drives. Two 
drives that show through the front 
panel allow you to use removable­
media drives such as tapes and opti­
cal and floppy disks. A filler panel 

What do IBM, 
HP, Raytheon and 
others know 
about 80X88 
embedded system 
development you 
should know? 

PHAR LAP TOOLS. 
Keeping pace in today's competitive 
environment starts by keeping up-to­
date on the latest software innova­
tions. Phar Lap offers you the latest 
solutions for ROM-based software 
development. Start with 3861ASM/ 
LinkLoc. This package includes an 
8086/186/286/386 assembler, a linker/ 
locator for embedded targets, a 
librarian, a debugger and 3861 DOS­
Extender. And we also offer high 
level languages like C, Pascal, 
Fortran and others. 

These tools are available for a variety 
of hosts including the IBM PC*, Sun 
and Apollo UNIX workstations, VAX* 
and MicroVAX* systems. 

So, whether your code is written in 
assembler or a high level language, 
our tools will build programs which 
can be downloaded to ICEs, ROM­
based debuggers or PROM program­
mers. Now you know what Phar Lap 
has done for others. Think what it 
can do for you. 
Find out more about our set of 80X86 
tools. Call or write for more informa­
tion: 

(817) 881-1510 
PHAR LAP SOF1WARE, INC. 

60 Aberdeen Ave. , Cambridge, MA 02138 

"THE 80386 SOFTWARE EXPERTS" 
Phar Lap and 3861 DOS-Extender ate trademarks or Phar Lap 
Software, Inc. 
VAX and MicroVAX are registe1ed trademarks or Digital Equipment 
Corporation. 
IBM PC is a trade mark of IBM Corp. 

CIRCLE NO 14 
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covers the unused slot for applica­
tions involving only one drive. The 
third drive also mounts near the 
front of the chassis but is concealed 
behind the front panel. In order to 
meet FCC requirements, the unit 
includes shielded connector data ca­
bles. The standard chassis connec­
tor configuration provides two 50-
pin D subminiature connectors for 

The leader in 
high density connectors 

TX7 Series 

As one of the top five worldwide connector 
manufacturers, JAE-in cooperation with major 
electronics O.E.M.s- has developed a complete 
family of 2 ·piece PCB connectors for small 
computer interface. The TX Series of low 
profile, high density connectors are real estate 
efficient, stackable, and available now. TXJO Series 

JAE has been a leading manufacturer of elec· 
tronic components for over 30 years and has a con· 
nectar for virtually every application. As electronics 
equipment becomes smaller and lighter, JAE con· 
tinues to research and develop connectors to meet 
the changing needs of the industry. The TX Series is 
just one example of how JAE is keeping pace with 
the industry. These high density connectors meet all 
EMI specifications and can be used in a wide range 
of state · of· the · art electronic systems applications. 

Call or write today for information on the TX 
Series and the complete line of JAE connectors. 
JAE ... where the future is now! 

CIRCLE NO 13 
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JAE 
JAE Electronics, Inc~ 
Just about electronics! 
1901-A E. Carnegie Avenue 
Santa Ana, CA 92705 
714 / 250·8770 
800 I JAE · PART (523-7278) 
except CA and AK 
FAX 714/250·8957 

SCSI in and out. Other configura­
tions are available. The H116/2 in­
cludes a 200W power supply and 
two fans. The supply operates from 
either 115 or 230V ac inputs and 
includes an unswitched ac outlet. 
$586. 

Sigma Information Systems, 
3401 E LaPalma Ave, Anaheim, CA 
92806. Phone (714) 630-6553. 

Circle No 450 

TRIMMERS 
• Feature a 1-k V voltage rating 
• Sealed for operation in rugged 

environments 
Designed for CRT adjustment ap­
plications, Model 3386-HVl trim­
mers have a 1-kV max voltage rat­
ing. They feature an 0-ring seal to 
provide reliable operation under 
dusty and humid conditions. Stan­
dard resistance values are 2.5 and 
5 Mn. Key specifications include a 
± 150-ppm/°C temperature coeffi­
cient, a 1 % max contact resistance 
variation, and a 200-cycle min life­
time. Adjustability in the voltage 
divider and rheostat modes equals 
±0.5 and ±0.15%, respectively. 
Standard knobs are available in 
white or blue; red knobs are op­
tional. $1.01 (1000). Delivery, stock 
to eight weeks ARO. 

Bourns Inc, 1200 Columbia Ave, 
Riverside, CA 92507. Phone (714) 
781-5500. TLX 676423. 

Circle No 451 
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TODAY'S TEMPEST 
APPLICATIONS HAVE CHOMERICS 

WRITTEN ALL OVER THEM 
Exterior windows 
incorporate woven 
wire mesh or 
deposited metal 
EMI shields. 

Keyboard 
shield 
prevents 
leakage of 
radiated EMI. 

Clip-on combination double 
or triple layered wire 
mesh and elastomer 
gasket provides EMI 
shielding on cabinet 
doors and panels. 

Molded-in-place 
conductive cover 
gasket provides 

integral EMI shield/ 
environmental seal. 

Whether your TEMPEST require­
ments are in military, institutional, 
or architectural applications, Cho­
merics' extensive experience will 
assure you the most cost effective 
EMI shielding in minimal time and 
with minimal expense. 

At Chomerics we take a com­
prehensive program approach to 
TEMPEST protection. This ap­
proach, called ''TEMPESTITE'', 
starts at the initial system defini­
tion, proceeds through design/ 
development/prototype, and 
ultimately to final TEMPEST 

EDN January 5, 1989 

coverings. 

EMI shielded raceway 
between equipment pro­
tects cables while providing 
easy access. 

Honeycomb vent panel 
provides maximum EMI 
shielding and air flow. 

testing and certification. 
Our unparallelled selection of 

standard TEMPESTITE™ EMI 
products provides the basis of 
most shielding solutions. For 
special situations, we have the 
capabilities to develop, test, and 
document performance of custom 
shielding products. 

If you have a product or system 
that must meet TEMPEST require­
ments, you need Chomerics. 

Circle the number below or call 
617-935-4850 for additional infor­
mation on our TEMPEST services. 

CIRCLE NO 106 

Chomerics CRT and display windows 
combine EMI shie lding and glare reduction . 

<ClHOMlEi~<CS) ~ 
a GRICE company 

LEADER IN EMI SHIELDING 
INNOVATION, DESIGN, AND 
TESTING TECHNOLOGY. 
77 Dragon Court 
Woburn, MA 01888 
Tel: 617-935-4850 
TWX: 710-393-0173 

© Chomerics, Inc. 1987 
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OFF-LINE Modular Power 
From 50 to 600 Watts! 
From AC line in, to highly regulated 
DC out, VICOR naw offers the total 
design solution through a complete 
family of Off-Line Front End and 
DC/DC modular power components. 

The system configuration changes .. . The 
power budget changes ... What do you do about 
the power supply? If you are designing with 
modular power components, configuring the 
most effective power system is as straight for­
ward as changing the mix of components used. 
Configwable Power . .. the most efficient and 
cost effective means to maintain flexibility and 
minimize time to market. 

Off-Line Front Ends 
The Front Ends are available in output 

power ratings of 250, 500, and 750 Watts and 
are designed to deliver an unregulated 300 Volt 
DC bus to Vicar's VI-26X Series of DC/DC 
converter modules. 

FRONT END SELECTION CHART 

MOOEL 

Vl·FPE6-CUX 

Vl-FKE6-CUX 

Vl ·FPE6-CQX 

Vl-FKE6-CQX 

Vl·FPE6-CMX 

Vl·FKE6-CMX 

NOM 

110 

PACKAGE OUTPUT POWER 
PC CHASSIS 

MOUNT MOUNT 250W 500W 

.,. .,. 
.,. .,. 

.,. 
.,. 

.,. 
.,. 

OPERATING PARAMETERS (ALL MODELS) 

INPUT VOLTAGE (VAC) 

.,. 

.,. 

750W 

.,. 

.,. 

LOW HIGH TRANSIENT (1 SEC) 

90 135 150 

·~ '· i::.·:. 220 180 270 300 .,,,..~ .. , _____ ____ .::.._:_ _____ .=.: _ _ 
.,..i~ 

~u1-"" 
·~ ~ trappable to provide operation from 90 

--V-AC to 270 VAC single phase lines, the Front 
... ~ ,.,..... Ends feature conducted EMl/RFI filtering to 

V_EZFCC A & B, 50 msec holdup, active in­
-- -nish limiting and a BUS-OK status output. An 

opto-isolated AC-OK output is provided for 
.g.9vance warning of DC BUS dropout due to 

"''!i '. .-At:Jine.Jfillure. ? -

DC/DC Converters 
The VI-26X Series is Vicor's family of 300 

Volt input, "zero-current-switching," 
component-level, agency approved, DC/DC 
converters. These converters represent the 
state-of-the-art in terms of power density, 
efficiency, noise performance, reliability and 
ease-of-use. Available in 38 standard combina­
tions of power rating and output voltage, the 
VI-26X Series modules in combination with 
!he Froi:tt. Ends, offer unprecedented flexibility 
m prov1dmg off-the-shelf solutions to virtually 
any off-line power requirements. 

CONVERTER/BOOSTER SELECTION CHART 
Shaded modules ava1fabfe as boosters. Change Vt-2XX-XX to Vl-BXX-XX . 

OUTPUT 
OUTPUT VOLTAGE• POWER 

5V 12V 15V 24V 48V (W) 

Vl -261 -CU Vl-262-CU Vl-263-CU Vl -264-CU 200 

Vl-260-CV Vl -261-CV Vl-262-CV Vl-263-CV Vl -264-CV 150 

Vl·260·CW Vl-261-CW Vl-262-CW Vl-263-CW Vl-264-CW 100 

V1·260·CX Vl-261-CX Vl-262-CX Vl-263-CX Vl-264-CX 75 

Vl-260-CY Vl-261-CY Vl-262-CY Vl-263-CY Vl-264-CY 50 
"Olher oulpul vollages lrom 2 lo 100 Valls are available as sem1 -cuslom modules Consul! 
laclory or see page 30 ol lhe V1cor Producl Catalog . 

To Receive A Complete 
Catalog, Including 
Information On Vicar 
Products, Applications 
And Accessories, 
Call Vicar Today At 
(508) 47~2900 
23 Frontage Road 
Andover, MA 01.810. 

Component Solutions For Your Power System 
CIRCLE NO 127 
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NEW PRODUCTS 

BIPOLAR OP AMP 
• Features a 1-GHz unity-gain 

bandwidth 
• Has a 150Vlµsec slew rate 
Suited to video applications and 
high-speed data-acquisition sys­
tems, the HFA-0002 bipolar op amp 
offers a gain bandwidth of 1 GHz 
and a slew rate of 150V/µsec. The 
op amp also features an offset volt­
age of 0. 7 m V and a high gain of 
80V/mV. The HFA-0002 is avail­
able in an 8-lead T0-99 metal pack­
age, an 8-pin side-brazed ceramic 
DIP, or an 8-pin plastic DIP. The 
metal and ceramic packages operate 
over commercial, industrial, and 
military temperature ranges. The 
plastic package is specified for com-

LINEAR SEMICUSTOM IC 
• Contains 20 macrocells 
• Includes 8 high-current transis-

tors 
The Genesis 5000 linear array con­
tains 20 macrocell tiles organized in 
a 4 x 5 matrix. One of these macro­
cells is configured as a bandgap 
voltage reference; you can config­
ure the other 19 macrocells as a va­
riety of standard analog functions. 
The 20,000-mi12 chip also contains 
eight 200-mA npn transistors that 
you can use to implement an octal 
buffer, a dual H-bridge driver, or 
a quad push-pull output stage. You 
can use the low-offset matched npn 
pairs and the substrate pnp pairs 
to implement input stages of op 
amps and comparators. The Genesis 
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mercial and industrial use. From 
$7.05 to $38.15 (100). 

Harris Corp, 1025 W Nasa Blvd, 

5000 contains 314 active compo­
nents and 864 passive components. 
The typical NRE charge is $7200. 
In a 16-pin plastic DIP, $2.30 (50k). 

Cherry Semiconductor Corp, 
2000 S County Trail, E Greenwich, 
RI 02818. Phone (401) 885-3600. 

Circle No 383 

Load Regulation (Both Outputs Loaded) 

DC/DC CONVERTER 
• Accepts from 4 to 1 OV input 
• Provides ±18V and 20 mA 

output 
The LT1026 converts a single input 
to a higher-voltage dual output. For 
example, the chip can convert a sin­
gle 5V supply to a ± 9V output for 
use with op amps. Similarly, the 
chip will convert a 9V battery input 

Melbourne, FL 32919. Phone (407) 
724-7800. 

Circle No 382 

to a ± 18V output. Because the chip 
uses bipolar switched-capacitor 
technology, it does not require an 
inductor. The LT1026 requires 1-
µF charge-pump capacitors and de­
livers a maximum output current of 
20 mA. The IC is available in a plas­
tic or ceramic DIP, a T0-5 metal 
package, or an 8-pin miniDIP. In 
an 8-pin miniDIP, $2.10 (100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (408) 432-1900. 

Circle No 384 

CMOS TIMER 
• Offers an 80-µA supply current 
• Operates at 500 kHz 
The ICM7555 CMOS timer replaces 
the NE/SE555 bipolar device for 
most applications. The supply­
current requirement is 80 µA typ 
and the trigger, threshold, and re­
set currents are 20 pA typ. High­
speed operation is guaranteed to 
500 kHz, and the device operates 
over a guaranteed voltage range of 
2 to 18V. In addition, the ICM7555 
features a normal reset function; 
there is no need to crowbar the sup-
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ply current during output transi­
tions. The 50-mA driver can drive 
TTL/CMOS logic. The ICM7555 is 
available in commercial and indus­
trial grades, and in 8-pin DIPs and 
SO packages. $0.34 and $0.46 (100). 

Signetics Co, Box 3409, 
Sunnyvale, CA 94088. Phone (408) 
991-2000. 

Circle No 385 

WHY WASTE 
ENCLOSURE 
SPACE? 

When placed next to your 
disk drives, Dage's NEW 
13-Slot Backplane provides 
maximum use of space in a 
19-inch rack. 

For maximum power, 
standard input is via press­
fit, threaded studs (spade 
lugs optional). 

And, to meet your specific 
needs, Dage will customize 

INTEGRATED CIRCUITS 

AID CONVERTERS 
• Offer 12-bit resolution 
• Have a 700-kHz throughJYUt rate 
Featuring a digitally corrected 
subranging architecture and an in­
ternal sample/hold circuit, the 
ADS-125 and ADS-126 provide 12-
bit resolution and a 700-kHz 
throughput rate. Both devices have 
a conversion time of 800 nsec max 

to meet your requirements. 

Dage offers both Jl & J2 
multilayer backplanes 
with the following 
exceptional characteristics: 

D Impedence -600 ( ± 2) 
D Capacitance- 77 pF ( ± 3) 
D Crosstalk -<200 mV 

DAGE PRECISION INDUSTRIES, Inc. 46701 Fremont Blvd. 
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Fremont, CA 94538 (415) 683-3930 
CIRCLE NO 12 

and an acquisition time of 395 nsec 
max for sinusoidal inputs. The 
ADS-125 has pin-programmable in­
put ranges of ± lOV and 0 to lOV; 
the ADS-126 has ranges of ±2.5V 
and 0 to 5V. Other features include 
TTL- and CMOS-compatible inputs 
and 3-state outputs. Output coding 
can be in Two's Complement, Com­
plementary Two's Complement, 
Straight Binary/Offset Binary, or 
Complementary Binary/Comple­
mentary Offset Binary. Power re­
quirements are ± 15V and 5V de. 
Packaged in 32-pin DIPs, the de­
vices are available in commercial 
and military temperature-range 
versions. From $250 to $274 (1-24). 

Datel Inc, 11 Cabot Blvd, Mans­
field , MA 02048. Phone (508) 339-
3000. TLX 174388. 

Circle No 386 

MICROCONTROLLERS 
• Come in ROM and EPROM ver-

sions 
• Based on 80C51 architecture 
The 83C751 (ROM) and 87C751 
(EPROM) are 8-bit microcontrollers 
based on the Intel 80C51 architec­
ture. The 83C751 and the 87C751 
are 40% smaller than the 40-pin In­
tel device. They contain 2k bytes 
of ROM and 64k bytes of RAM, as 
well as 19 I/O lines, an I2C serial 
port, a 16-bit reloadable counter/ 
timer, and a fixed-rate timer. In 
normal operation, the devices con­
sume <55 mW of power at 12 MHz. 
The 83C751 ROM version is avail­
able in either a 24-pin DIP or a 28-
pin PLCC. The quartz-windowed 
87C751 EPROM version comes in 

EDN January 5, 1989 



a 24-pin ceramic DIP; it is also 
available as a one-time-programma­
ble version in a 24-pin plastic DIP 
or a 28-pin PLCC. ROM version in 
plastic package, $2.65. 

Signetics Corp, Box 3409, 
Sunnyvale, CA 94088. Phone (408) 
991-2000. 

Circle No 387 

12-BIT CMOS ADC 
• µP compatible 
• Features low transition noise 
Fabricated in CMOS, the ADC-912 
12-bit AID converter has a low­
noise comparator that exhibits <1/s 
LSB of transition noise between 
codes. The ADC-912 has a 90-nsec 
bus-access time and a 12-µsec con­
version time when used with an ex­
ternal 1-MHz clock. Further, it is 
compatible with 8- or 16-bit data 
buses. An external - 5V reference 
sets the 0 to lOV input range. 
Power consumption is 95 mW from 
5V and -12V supplies. Package op­
tions include a 24-pin SOL package, 
a 24-pin DIP, or a 24-pin ceramic 
DIP. From $19.95 (100). 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. FAX 408-
727-1550. 

Circle No 388 

REED-SOLOMON CODEC 
• Has a 15-MHz sustained byte 

rate 
• Offers user-programmable byte 

correction 
According to the manufacturer, the 
AHA4510 is the industry's first sin­
gle-chip forward-error-correction 
(FEC) Reed Solomon codec that op­
erates at a sustained byte rate of 
15 MHz. The chip implements both 
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encoder and decoder functions us­
ing a user-programmable Reed 
Solomon (random error correction) 
code to correct errors from 1 to 5 
bytes. The on-the-fly correction is 
time independent of the error pat­
tern and the number of errors, thus 
eliminating the need for additional 
µPs and software to perform Reed 
Solomon encoding and decoding. 

FEC applications require an 
AHA4510 at both ends of the chan­
nel; memory applications usually re­
quire a single chip. The chip is pack­
aged in a 68-pin PLCC. $100 (1000). 

Advanced Hardware Architec­
tures, Box 9669, Moscow, ID 83843. 
Phone (208) 883-8000. FAX 208-
885-7893. 

Circle No 389 

With Cursor Controls 
from Measurement Systems. 
Incorporate our pointing devices into your graphics display. And 
you'll see cursor control performance that goes well beyond 
anything you've imagined. 

These sophisticated trackballs, force operated joysticks and 
mouse controls make excellent use of a store of knowledge 
amassed over 25 years of research on the interaction of man and 
machine. They're specifically designed for maximum efficiency 
and economy in a broad range of graphics display applications: 
process monitoring, laboratory analysis presentation, CAD 
systems design, commercial data displays and others. 

Draw your own conclusions. Call or write today for our 
free catalog. 

Aal W__ ___ _ 
Measurement Systems, Inc. 

J 21 Water Street, Norwalk, CT 06854 U.S.A. (203) 838-556 J 
CIRCLE NO 11 
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DIA CONVERTER 
• Features 18-bit resolution 
• Offers % LSB accuracy 
The SP9380 18-bit DI A converter 
uses a stable thin-film resistor proc­
ess and a digitally decoded switch­
ing architecture to provide 112 LSB 
accuracy for both differential and 
integral linearity. The SP9380 con­
tains a precision reference, input 

Reliability 
When you want to make your fiber optic systems 

as reliable as possible ... 

When you 're looking for 
total system reliability, 
every component- every 
link in the chain - must 
be as trouble-free as 
technology can make it. 
One sure way to avoid 
potential problems is to 
enhance your system with 
OFT/ precision fiber optic 
connectors. 

:0 The Rell•ble Connector 
OFT! precision connectors are 
designed from the ground up 
for dependability. The right 
materials, the toughest QA, the 
most rigorous testing ensure 
that the products you get will 
perform reliably, and generally 
beyond specs, for years. 

238 

Connect With OFTI 

OFT/'s broad line of precision optical fiber 
connectors, available In both standard and 
custom configurations, can meet the requinr 
men ts of virtually any application. 

•® 
I 

Your Fiber Optic Connection 
5 Fortune Drive, Billerica, MA 01821 

(508) 663-6629 Telex: 943-288 FAX: 663·9351 

CIRCLE NO 9 

-c:> The Rell•ble Service 
Oneofourmostimportantpro­
ducts is the service we provide. 
We work in partnership with 
our customers to solve tech­
nical problems, meet special 
requirements, make J.l.T. 
deliveries and provide total 
support for our products and 
their applications. 

-0. The Rell•bfe Comp•ny 
A stable, technology-based , 
financially-sound organiza­
tion, OFT! is in business for the 
long haul. Our plans are in 
place to continue to lead the 
technology, increase in size 
and scope, and support our 
customers and their needs for 
many decades to come. 

For the strongest links in your 
fiberopticchain ... cal/OFT/ .. . 
your Fiber Optic Connection. 

data latches, and an output ampli­
fier. Voltage-output settling time to 
0.00019% is 30 µsec for a lOV step 
and 50 µsec for a 20V step. Analog 
output-voltage ranges are pin pro­
grammable for 0 to 5V, 0 to lOV, 
±5V, and ±lOV. Differential non­
linearity stability is 1 ppm/1000 
hours at 25°C and 16 ppm/168 hours 
at 125°C. The SP9380 operates from 
± 15V supplies and is packaged in 
a 32-pin hermetic triple-DIP. Four 
product grades are available. From 
$200 to $475 (100). 

Sipex Corp, Hybrid Systems 
Div, 22 Linnell Circle, Billerica, MA 
01821. Phone (508) 667-8700. FAX 
508-667-8310. 

Circle No 390 

DATA ACQUISITION ICs 
• Have 8- to 12-bit accuracy 
• Feature selectable input ranges 
The DAS862 and DAS863 are com­
plete data-acquisition subsystems 
that feature 8-bit accuracy at 45 
kHz and 12-bit accuracy at 33 kHz. 
The chips provide selectable input 
ranges for unipolar or bipolar op­
eration: 0 to lOV, ±5V, and ±lOV. 
The DAS862 and DAS863 contain 
an input multiplexer, an instrumen­
tation amplifier, a sample/hold am­
plifier, and an AID converter with 
a µP interface and 3-state buffers. 
The DAS862 input multiplexer has 
16 single-ended inputs and the 
DAS863 has 8 differential inputs. 
The devices come in 1-in.-square ce­
ramic LCCs or pin-grid-array pack­
ages. Military screening is avail­
able. From $89 (500). 

Advanced Analog, 2270 Martin 
Ave, Santa Clara, CA 95050. Phone 
(408) 988-4930. FAX 408-988-2702. 

Circle No 391 
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MMIC SWITCHES 
• Suited to spdt operation 
• Feature 4- and 12-GHz perform-

ance 
The ASW 40010 and ASW12010 are 
monolithic microwave integrated 
circuit (MMIC) spdt switches de­
signed for operation from de to 4 
GHz and de to 12 GHz, respectively. 
Both switches feature a <2-nsec 
switching time, a 1.6:1 I/O VSWR, 
and a 25-dBm third-order intercept. 
The ASW40010 has an insertion loss 
of 0.8 dB at 500 MHz and 1.0 dB 
at 4 GHz; isolation is 65 dB and 45 
dB at respective frequencies. The 
wider-bandwidth ASW12010 has an 
insertion loss of 2. 0 dB from de to 
12 GHz and an isolation of 30 dB. 
ASW40010, $21.60; ASW12010, 
$53.00 (100). 

Anadigics Inc, 35 Technology 
Dr, Warren, NJ 07060. Phone (201) 
668-5000. FAX 201-668-5068. 

Circle No 392 

OCTAL FLIP-FLOPS 
• D-type W'ith reset 
• Available in two versions 
The CD54/74AC/ACT273 devices 
incorporate 8 D-type flip-flops in a 
single package. Data on the D input 
of each flip-flop is transferred to the 
Q output on the positive-going edge 
of a common clock pulse. A low­
level signal (logic 0) applied to the 
master-reset line clears all flip­
flops, independent of the input 
clock. With a 5V supply and a 50-pF 
load, the minimum propagation de-
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Polaroid's Ultrasonic 
Ranging System 
opens the door 

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

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

Get a $2 Million Head Start. Polaroid spent over $2 million developing the Ultrasonic:nging-1 
System. But now you can get this technology in our Designer's Kit for only $165*. To order your I 
Designer's Kit, please send a check or money order for $165 for each kit, plus all applicable state I 
and local taxes, to: Polaroid Corporation, Ultrasonic Components Group, 119 Windsor Street, 
Cambridge, MA 02139. Questions? Call Polaroid's Applications Engineers at 617-577-4681 . I 
__ Please send me __ Designer's Kit(s) . 
__ Please send more information. I 

I Name _______________ _ I 
I 
I 
I 

I Title _____________ _ 

I Company ____________ _ 

I Address _____________ _ 

I city state __ z1p •Polaroid I 
L•PncingsubJ~change _______ EON 010589_"~o~SX·70"~pectra·:._ _J 
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lntemational
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~=:~Apr8~ 
Power ~® 
Supplies ~ 

UL File No. E104173 
CSA Certification No. LR81336 
TUV License No. R88104-6 

• World·wide AC input capability 
100/120/220/230/240 V AC, 
47-63 Hz. 

• World-wide safety standards. 
• Single, dual, and triple outputs. 
• Tight regulation: 0.05% line 

& load. 
• Built·in OVP on 5V output: 

Optional OVP for 12V, 15V, 24V 
outputs. 

• Overload protection with 
automatic recovery. 

• Remote sense on main outputs. 
• 100% burn-in. 
• Two year warranty. 

If you have a custom 
design, call us. Also ask 
us about our DC-DC and 

switcher lines. 
For further information, contact: 

SOURCE 

240 

ELECTRONICS 
CORP. 

2380 Qume Drive, Suite A 
San Jose, CA 95131 

(408) 434-0877 
Fax # (408) 434-0539 

Telex 279366 

CIRCLE NO 8 
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lay from a clock-pulse input to data 
output is 3112 nsec over the full mili­
tary temperature range. The CD54/ 
74AC version is for all-CMOS sys­
tem designs; the CD54/74ACT ver­
sion is intended to replace bipolar 
TTL devices. In a 20-pin plastic 
DIP, $1.49 (100). 

GE Solid State, Box 2900, Som­
erville, NJ 08876. Phone (201) 685-
6562. 

+SV 

INPUT 
ov 

+SV 

OUTPUT 
ov 

INQUIRE DIRECT 

MICROPOWER OP AMP 
• Operates from single or dual sup­

plies 
• Requires a 40-µ.A max supply 

current 
The ALD-1706 op amp requires a 
supply current of 20 µA typ and 
40 µA max. The chip operates from 
either a single supply of 2 to 12V 
or dual supplies of ± 1 to ± 6V. Be­
cause the ALD-1706 is fabricated 
in silicon-gate CMOS, it has an in­
put bias current of 1 pA typ and 
30 pA max, and an input resistance 
of 10120 typ. When operating from 
a 2Y2V supply, it has a large-signal 
voltage gain of 100,000 and a set­
tling time of 10 µsec within 0.1%. 
Other features include a 400-kHz 
bandwidth and a 0.17V/µsec slew 
rate. The chip, which is internally 
compensated for unity-gain stabil­
ity and does not need a nulling re­
sistor, provides more than 70° of 
phase margin at the unity-gain fre­
quency. The ALD-1706 is available 
in four grades with an 8-pin DIP. 
From $0.89 (10,000). 

Advanced Linear Devices Inc, 
1180F Miraloma Way, Sunnyvale, 
CA 94086. Phone (408) 720-8737. 

Circle No 393 

EDN 
CALENDAR 

OF 

ELECTRONICS 
AND 

COMPUTER 
INDUSTRY 

EVENTS 
Your 12-Month Guide to 

What's Happening Where 

Here it is ... your own 

removable, comprehensive 

guide to national and inter­

national conventions, confer­

ences, seminars, meetings, 

and exhibits in the electronics 

field . 

Just tear the Calendar out 

and tack it up. That way you'll 

have this valuable reference 

source right at your finger­

tips all year long. We've 

included an inquiry reply 

card for your convenience in 

requesting information from 

any of the companies 

featured. 
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1989 CALENDAR 
A Guide to Electronics and Computer Industry Events 

A Wide Lineup Builds Quality and Reliability 

In Touch with Tomorrow 

TOSHIBA 



JANUARY 1989 EDN 
SUNDAY MONDAY TUESDAY WEDNESDAY T H URSDAY FRIDAY SATURDAY 

1 2 3 4 
NEW 
YEAR'S 
DAY 

8 9 10 11 

15 16 17 18 

22 

29 

MARTIN LUTHER 
KING, JR. DAY 

23 

30 

24 25 

31 

·3-5 1989 International Conference on Wafer Scale Integration 
Fairmont Hotel, San Francisco, CA (Prof. Earl Swartzlander, c/o TRW, R212076, 
One Space Park, Redondo Beach, CA 90278, 213/812-0791) 
·5 OEM Peripheral ICC 
Irvine Hilton & Towers, Irvine, CA (Invitational Computer Conferences, 3151 
Airway Avenue, Suite 32 , Costa Mesa, CA 92626, 714/957-0171) 
·3-6 22nd Hawaii International Conference on System Sciences 
Kena Surf Resort, Kailua-Kona, Hawaii (Pamela S. Harrington, University of 
Hawaii, 2404 Maile Way, B-101 , Honolulu , HI 96822, 808/948-7396) 
·16-17 Career Expo 
Columbus OH (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Avenue, Cincinnati, OH 45219, 513n21-
3030) 
•18 Basic Integrated Circuit Technology Seminar 
Hilton, Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, 
AZ 85260, 602/998-9780) 
·18-19 Exploitable UK Research for Manufacturing Industry 
London , United Kingdom (IEE, Savoy Place, London WC2R OBL, United 
Kingdom) 
·18-21 lnternepcon Japan 
Tokyo , Japan (Jean D. Skolnik, Cahners Exposition Group, 1350 E. Touhy 
Avenue , Des Plaines, IL 60017, 312/299-9311 ) 
·19 OEM Peripheral ICC 
Park Hilton Munich, Munich, W. Germany (Invitational Computer Conferences, 
3151 Airway Avenue, Suite 32 , Costa Mesa, CA 92626, 714/957-0171) 
• 19 Status 1989 
Hilton , Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, 
AZ 85260, 602/998-9780) 
•22-26 Energy Sources Technology Conference & Exposition 
Houston, TX (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 212/705-7785) 
·23-26 ATE & Instrumentation Conference West 
Disneyland Hotel, Anaheim , CA (Lisa Palange, MG Expositions Group, 1050 
Commonwealth Avenue , Boston, MA 02215, 617/232-3976) 
·24 OEM Peripheral ICC 
Ft. Lauderdale Marriott Hotel/Marina, Ft. Lauderdale, FL (Invitational Computer 
Conferences, 3151 Airway Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-
01 71) 
•24-26 1989 Annual Reliability and Maintainability Symposium 
Atlanta Peach Tree Plaza Hotel , Atlanta, GA (V. R. Monshaw, RCA, Astro­
Electronics, P.O. Box 800 MS 55, Princeton, NJ 08540, 609/426-2182) 
·25 Basic Integrated Circuit Technology Seminar 
SunBurst Resort, Scottsdale, AZ (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
·25-26 1989 San Diego Electronics Show 
Del Mar Fairgrounds, Del Mar, CA (Harry Schwartz, President, Epic Enterprises, 
Show Management, 3838 Camino Del Rio N., Suite 164, San Diego, CA 
92198, 619/284-9268) 
•26 OEM Peripheral ICC 
II Leonardi Di Vinci, Milano, Italy (Invitational Computer Conferences, 3151 
Airway Avenue , Suite 32, Costa Mesa, CA 92626, 714/957-0171) 

5 6 7 

12 13 14 

19 20 21 

26 27 28 

·26 Status 1989 
SunBurst Resort, Scottsdale, AZ (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
·29 1989 Power Engineering Society Winter Meeting 
New York, NY (Julius G. Derse, 130 Country Club Road, Bedminister, NJ 
07921 , 201 /725-4388) 
·29-Feb. 3 1989 Power Engineering Society Winter Meeting 
New York Penta Hotel, New York, NY (Julius Derse, 130 Country Club Road, 
Bedminister, NJ 07921 , 201n25-4388) 
·30-31 Career Expo 
Melbourne/Orlando, FL (Engineers Expo and Software/Data Processing Career 
Fair, Divisions RSI Group, 2367 Auburn Avenue, Cincinnati, OH 45219, 
513/721-3030) 
•30-Feb. 2 1989 Florida Instructional Computing Conference IX 
Hyatt Orlando Hotel , Kissimmee, FL(Dr. Jan Richardson , ISDT, 1590 Eaton 
Way, Annapolis, MD 21401 , 301 /849-2274) 
·31 OEM Peripheral ICC 
Hotel Sofitel Paris, Paris, France (Invitational Computer Conferences, 3151 
Airway Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-0171) 
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When your eyes need higJi quality displays, 
you need the Tosfilba ST LCD. 

Once again Tosh iba has made a breakthrough in display quality. Clear and beautiful displays are achieved with the ST LCD. 
The LCD for the new age. And for your eyes. Now, by employing a new operating mode, this module provides excellent readability 
from a viewing angle perpendicular to the LCD panel. This was difficult to achieve with conventional LCDs. The aim was to make our · 
LCD easier on the eyes. We succeeded with the ST LCD. Just another improvement in the man-to-machine interface by Toshiba. 

ST LCD Module Specifications 

Model name Number of dots Dot pitch (mm) Outline dimensions Recommended Built-in EL module (mm) controller 
TLX-1181 640 x 400 0.35 x 0.35 276 x 168 x 12 T7779 TLX-1181-EO 

TLX-1181-G3B 640 x 400 0.35 x 0.35 276 x 168 x 12 T7779 * 
TLX-561 640 x 200 0.35 x 0.49 275 X1 26 X 14 T7779 TLX-562-EO 

TLX-1342-G3B 640 x 200 0.35 x 0.49 275 x 126 x 14 T7779 * 
TLX-932 640 x 200 0.375 x 0.375 293 x 97.6 x 14 T7779 -

TLX-1241 480 x 128 0.48 x 0.48 277 x 86 x 14 T7779 -

TLX-1301V 240 x 128 0.70 x 0.70 241 x 125.3 x 12 (T6963C) -

TLX-1013 160 x 128 0.60 x 0.60 129 x 104.5 x 14 (T6963C) TLX-1013-EO 
-

TLX-711A 240 x 64 0.53 x 0.53 180 x 65 x 12 (T6963C) TLX-711A-EO 

TLX-1021 120 x 64 0.48 x 0.60 85 x 70 x 20 (T6963C) TLX-1021-EO 

TLX-1391 128 x 128 0.43 x 0.43 85 X 100 X 14 (T6963C) TLX-1391-EO 

TLX-341AK 128 x 128 0.45 x 0.45 93.2 x 86.6 x 12 T6963C -

TLX-761 640 x 64 0.38 x 0.42 320 x 47 x 14 T6963C -
( ): Built- in controller, • :B-ST, built-in EL module 

In Touch with Tomorrow 

TOSHIBA 
Toshiba America, Inc., Chicago Office: One Parkway North, Suite 500 , Deerfield, IL 60015-2547 Tel: 312-945-1500 Western Area Office: 2021 The Alameda, Suite 220, 
San Jose, CA 951 26 Tel : 408-244-4070 Eastern Area Office: 25 Mall Road, 5th Floor, Burl ington, MA 01803 Tel: 617-272-4352 
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FEBRUARY 1989 EDN 
SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 

1 2 3 4 

5 6 7 8 9 10 11 

ASH WEDNESDAY 

12 13 14 15 
LIN-
COLN'S 
BIRTH-
DAY 

19 20 21 22 

WASHING1DN'S 
BIRTHDAY 

26 27 28 

•1 Basic Integrated Circuit Technology Seminar 
Hyatt Regency, Dallas, TX (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 6021998-9780) 
·2 Computer Reseller ICC 
Stouffer Waverly Hotel, Atlanta, GA (Invitational Computer Conferences, 3151 
Airway Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-0171) 
·2 Status 1989 
Hyatt Regency, Dallas, TX (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 6021998-9780) 
•5-7 Safecon/89 
Fairmont Hotel, San Jose, CA (Anne Weber, MultiDynamics, 13762 Newport 
Avenue #204, Tustin, CA 92680, 714/669-1201) 
•6 Computer Graphics ICC 
Red lion Inn, San Jose, CA (Invitational Computer Conferences, 3151 Airway 
Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-0171) 
·6-8 Communication Networks 1989 
Washington Convention Center, Washington, D.C. (Hajar Associates Inc., Suite 
1, 45 Walpole Street, Norwood, MA 02062, 617/769-8950) 
·6-10 1989 Integrated and Guided Wave Optics (IGWO '89) 
Houston Convention Center, Houston, TX (IEEE Headquarters, 345 East 47th 
Street, New York, NY 10017) 
•1 Semiconductor Packaging 
Hilton, Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 15th Street, Scottsdale, 
AZ 85260, 602/998-9780) 
·7-9 Buscon West 
Santa Clara Convention Center, Santa Clara, CA (CMC, 200 Connecticut 
Avenue , Norwalk, CT 06856, 203/852-0500, x232) 
•8 Basic Integrated Circuit Technology Seminar 
Hyatt Regency, Dallas, TX (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
·8-10 Practical Integrated Circuit Fabrication Seminar 
Hilton, Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, 
AZ 85260, 6021998-9780) 
·9 Status 1989 
Le Meridian, Newport Beach, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
·9-12 14th West Coast Computer Fair 
Moscone Center, San Francisco, CA (lntertace, 300 First Avenue, Needham, 
MA 02194, 617/449-6600) 
·12-16 Saudi Elenex Riyadh '89 
Riyadh Exhibition Centre, Riyadh, Saudi Arabia (Gerald G. Kallman, Kallman 
Associates, Five Maple Court, Ridgewood, NJ 07450, 201 /652-7070) 
·13-14 Career Expo 
St. Louis, MO (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 513/721 -3030) 
•15 Basic Integrated Circuit Technology Seminar 
Omni Parker House, Boston, MA (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale , AZ 85260, 6021998-9780) 
•15 Computer Graphics ICC 

16 17 18 

23 24 25 

Boston Marriott Hotels Newton, Newton, MA (Invitational Computer 
Conferences, 315 1 Airway Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-
0171) 
·16 Status 1989 
Omni Parker House, Boston, MA (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 6021998-9780) 
•21 OEM Peripheral ICC 
Hyatt Regency Bellevue, Bellevue, WA (Invitational Computer Conference, 3151 
Airway Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-0171) 
•21-23 CSC 89 - Computer Science Conference 
Commonwealth Convention Center, Louisville, KY (Arthur Riehl , Department of 
Engineering , Mathematics & Computer Science, University of Louisville, 
Louisville, KY 40292) 
•22 Basic Integrated Circuit Technology Seminar 
Hotel International, Zurich, Switzerland (Patricia Fruscello, ICE, 15022 N. 75th 
Street, Scottsdale, AZ 85260, 6021998-9780) 
•22-25 Expo Hospital 
El Pres. Chap. Hotel, Mexico City (MIC, P.O. Box 4749, Arlington, VA 22204, 
703/685-0600) 
•23 Status 1989 
Hotel International , Zurich, Switzerland (Patricia Fruscello, ICE, 15022 N. 75th 
Street, Scottsdale , AZ 85260, 602/998-9780) 
·27-28 Career Expo 
Cincinnati, OH (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 513/721-3030) 
·28-Mar. 2 NetWorld '89 
Hynes Convention Center, Boston, MA (Annie T. Zdinak, H. A. Bruno, Inc. , 385 
Sylvan Avenue, Englewood Cliffs, NJ 07632, 201 /569-8542) 
·28-Mar. 2 Uniforum 
Moscone Center, San Francisco, CA (Patricia Fruscello, ICE, 15022 N. 75th 
Street, Scottsdale, AZ 85260, 6021998-9780) 
·28-Mar. 3 MEXICO ComExpo 
National Auditorium, Mexico City (MIC, P.O. Box 4749, Arlington, VA 22204, 
703/685-0600) 
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Q u a 1 i ty, delivery and worldwide 
support-the winning combination for 

arl your OEM po . r supply needs. 
There's just too much at stake for you to gamble 
with your system power supply. So choose 
Qualidyne and cash in on all the benefits of deal­
ing with one of the world's largest producers of 
OEM power supplies- the $400 Million 
UNITECH Group. Benefits like international 
technical support ; world-wide service and prod­
uct availability from manufacturing facilit ies in 
North America , the United Kingdom and 
Western Europe. And Qualidyne offers 
the widest range of high current switch 
mode power supplies available 
anywhere. 

For power requirements from 750 
Watts to 3000 Watts, your best bet is 
the Qualidyne Case 10: Classic 5" x 8 " 

profile. Off-the-shelf availability of 

~ 
~· 

~-ii• 

standard models. AC and DC input models. With 
one to five fully regulated , fully adjustable and 
independent outputs. Precision paralleling for 

N + 1 redundancy. Margining. Electronic pre­
loading. Plus auxiliary mag amp outputs that 

deliver up to 50A. 
The Qualidyne Case 10 is a proven win ­

ner, too. With over 50,000 units in service 
today in systems the world over, the Case 10 

has racked up an impressive 150,000 
hour MTBF. And the Case 10 carries UL, 

CSA and TUV safety listings plus com­
pliance with FCC and VOE Class A 

EMl /RFI standards. 
Quality. Delivery. World -wide 

Support. The smart money is on the 
Qualidyne Case 10. 
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•1 Live Videoconferences Via Satellite Network - Self Testing of ICs 
(Jeff Mathuran, Videoconference Services , The Learning Channel , 1525 Wilson 
Boulevard, Suite 550, Rosslyn , VA 22209, 800/346-0032) 
·1-3 1989 Topical Meeting on Photonic Switching 
Santa Fe, NM (IEEE/LEOS IEEE Service Center, 455 Hoes Lane, P.O. Box 
1331 , Piscataway, NJ 08855, 201 /562-5564) 
•2 Computer Reseller ICC 
Boston Marriott Cambridge, Cambridge, MA (Invitational Computer 
Conferences, 3151 Airway Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-
0171) 
·6-9 FOSE '89, FOSE Software '89, FOSE Computer Graphics '89 
Washington Convention Center, Washington , DC (Linda Carter, National Trade 
Productions, Inc., 2111 Eisenhower Avenue, Suite 400, Alexandria, VA 22314, 
800/638-8510) 
·7-9 Nepcon West 
Anaheim Convention Center, Anaheim, CA (Jerry Carter, Cahners Exposition 
Group, 1350 East Touhy Avenue, Des Plaines, IL 60017, 31 21299-9311) 
·7-9 8th International Zurich Symposium and Technical Exhibition 
on Electromagnetic Compatibility 
Zurich, Switzerland (Prof. Dr. T. Dvorak, ETH Zentrum-IKT, 8092 Zurich , 
Switzerland, 411 /256-2790, Fax : 411 /690-943) 
•7-9 SEMICON/Europa 
Zuspa Convention Center, Zurich , Switzerland (SEMI , 805 East Middlefield 
Road, Mountain View, ·cA 94043, 415/964-5111) 
• 7-9 Statistical Process Control Workshop 
Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, AZ 
85260, 602/998-9780) 
·9-10 The Executive Forum on Supercomputing 
Fairmont Hotel, San Jose, CA (Pat Westly, Westly Enterprises, 3697 South 
Court, Palo Alto, CA 94306, 415/494-7115) 
·10-1 2 Technology Executives Conference 
Denver, CO (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 1 001 7, 21 21705-7785) 
•1 3-14 1989 International Conference on Microelectronic Test 
Structures 
Caledonian Hotel, Edinburgh, UK (Professor Anthony Walton , Dept. of Electrical 
Engineering, Kings Building , Edinburgh University, Edinburgh EH9 3JL, 
Scotland, 031 /667 1081 (ext. 3261 ) 
·13-15 House World Expo 
Jacob K. Javits Convention Center, New York, NY (Interface, 300 First Avenue, 
Needham, MA 02194, 617/449-6600) 
•13-16 Interface '89 
Jacob K. Javits Convention Center, New York, NY (Interface, 300 First Avenue, 
Needham, MA 02194, 617/449-6600) 
•13-17 1989 IEEE Applied Power Electronics Conference and 
Exposition - APEC '89 
Baltimore Convention Center, Baltimore, MD (Ann Ryland, Courtesy Associates, 
655 15th Street, N.W., Suite 300, Washington, D.C. 20005, 2021347-5900) 
•14-1 5 Failure Analysis/Avoidance of Integrated Circuits Seminar 
SunBurst Resort, Scottsdale, AZ (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
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National Exposition Center, Birmingham, England (Jean D. Skolnik, Cahners 
Exposition Group, 1350 East Touhy Avenue , Des Plaines, IL 60017, 312/299-
9311 ) 
•14-16 Semiconductor International U.K . 
National Exposition Center, Birmingham , England (Jean D. Skolnik, Cahners 
Exposition Group, 1350 East Touhy Avenue, Des Plaines, IL 60017, 312/299-
9311 ) 
·16 OEM Peripheral ICC 
Red Lion Inn , San Jose, CA (Invitational Computer Conferences, 3151 Airway 
Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-0171 ) 
•20-21 Career Expo 

Huntsville, AL (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 5131721 -3030) 
·20-23 1989 IEEE Particle Accelerator Conference 
Hyatt Regency Hotel, Chicago, IL (Dr. Francis T. Cole and Donald Young , Fermi 
National Accelerator Laboratory, P.O. Box 500, MS #347, Batavia, IL 60510, 
312/840-3801 ) 
•27-28 Career Expo 
Indianapolis, IN (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 5131721-3030) 
•28 OEM Peripheral ICC 
Omni Europa Hotel , Chapel Hill, NC (Invitational Computer Conferences, 3151 
Airway Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-0171 ) 
•28-30 Southcon/89 
Georgia World Congress Center, Atlanta, GA (Alexes Razevich , Electronic 
Conventions Management, 8110 Airport Blvd., Los Angeles, CA 90045, 
213/772-2965) 
•28-31 lntermag '89 
Mayflower Hotel , Washington, DC (Ralph W. Patterson, Hewlett Packard, 1501 
Page Mill Road, Palo Alto, CA 94303, 415/857-1 501 ) 
·29-30 1989 IEEE/AESS National Radar Conference 
Sheraton Park Central Hotel & Towers, Dallas, TX (Russell Logan, Chairman, 
Texas Instrument, P.O. Box 801 , Mail Station 8045, McKinney, TX 75069, 
214/952-3151 ) 
•29-31 WCC - World Congress on Computing 
McCormick Place, Chicago, IL (Interface, 300 First Avenue, Needham, MA 
02194, 617/449-6600) 
•30-Apr. 1 lnternepcon/Semiconductor Korea 
Seoul, Korea ((Jean D. Skolnik, Cahners Exposition Group, 1350 East Touhy 
Avenue , Des Plaines, IL 60017, 312/299-9311 ) 

EON CALENDAR OF ELECTRONICS AND COMPUTER INDUSTRY EVENTS 



MULTIFILAfl 
MAONETWIRE 

Parallel bonded fOr windings and leads. 

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

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

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

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

Available constructions include round, 
flat or square conductors. Individual con­
ductors meet NEMA MW 1000, JW 1177, 
temperature classes 1os-220°C; single 
through quadruple film builds. Color­
coded conductors are available in most 
insulations with up to 10 different colors 
in some sizes. 

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

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

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

MULTIFILARC> is a registered trademark: of M'NS Wire Industries 
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•2·4 Solar Energy Conference, International 
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San Diego, CA (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 21 2/705-7785) 
•2-7 International Offshore Mechanics and Artie Engineering 
Conference 
Hague, Netherlands (The American Society of Mechanical Engineers, 345 East 
47th Street, New York, NY 10017, 2121705-7785) 
•3-7 1989 IEEE International Conference on Control and 

.Applications 
Hyatt Regency Hotel, Jerusalem, Israel (Jurgen Ackermann, DFVLR, 
Oberpfaffenhofen, 8031 Wessling, West Germany, 40/8513 281) 
•6 Live Vldeoconferences Via Satellite Network • Robotic Devices 
(Jeff Mathuran, Videoconference Services, The Learning Channel, 1525 Wilson 
Boulevard, Suite 550, Rosslyn, VA 22209, 800/346-0032) 
·7-11 SEMICON/Beijing 
Beijing Exhibition Center, Beijing, China (SEMI, 805 East Middlefield Road, 
Mountain View, CA 94043, 415/964-5111 ) 
·9-12 Southeastcon '89 
Swearingen Engineering Center, Univ. of South Carolina, Columbia, SC (Dr. 
Joseph M. Bienbach, University of South Carolina, Swearingen Engineering 
Center, Columbia, SC 29208, 803/777-6693) 
•10-12 1989 International Workshop on Industrial Applications of 
Machine Intelligence and Vision 
University of Tokyo, Tokyo, Japan (Prof. Mitsuru lshizuka, Institute of Industrial 

· Science, University of Tokyo, 7-22-1 Roppongi , Minato-ku, Tokyo 106, Japan, 
81 /3-402-6231) 
Detroit, Ml (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 5131721-3030) 
·10-13 1989 International Reliability Physics Symposium 
Hyatt Regency Phoenix, Phoenix, AZ. (Alfred L. Tamburrino, RADC/RBRP, 
Griffiss AFB N.Y. 13441 , 315/330-2813) 
•10-13 Comdex Spring 
McCormick Place, Chicago, IL (Interface, 300 First Avenue, Needham, MA 
02194, 617/449-6600) 
·10-13 Electronic Imaging Conference West 
The Pasadena Center, Pasadena, CA (Lisa Palange, 1050 Commonwealth 
Avenue, Boston, MA 02215, 617/232-3976) 
·10-13 Semiconductor China 
Shanghai/PRC (Jean D. Skolnik, Cahners Exposition Group, 1350 East Touhy 
Avenue. Des Plaines, IL 60017, 31 2/299-93 11 ) 
•11-12 Training Workshop for Visual Inspection of ICs and Hybrids 
Hilton, Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, 
AZ 85260, 6021998-9780) 
•11-13 Electro/89 
Jacob K. Javits Convention Center, New York, NY (Alexes Razevich, Electronic 
Conventions Management, 811 O Airport Blvd., Los Angeles, CA 90045, 
2131772-2965) 
•11 -13 MELECON '89 • Mediterranean Electrotechnical Conference 
Forum Picoas, Lisbon, Portugal (Prof. Manuel de Medeiros Sil, CEAUTL, 
Institute Superior Tecnico, Avenida Rovisco Pais, 1096 Lisbon, Portugal, +351 
1 80 06 37, Telex : 63423 ISTUTL P) 
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•17·20 NCGA '89 
Philadelphia Civic Center, Philadelphia, PA (Sharon Sutton, National Computer 
Graphics Association, 2722 Merrilee Drive, Suite 200, Fairfax, VA 22031 , 
703/698-9600) 
·18·20 Statistical Process Control Workshop 
Boston, MA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, AZ. 
85260, 602/998-9780) 
•20 Computer Reseller ICC 
Hotel International Zurich, Zurich , Switzerland (Invitational Computer 
Conferences, 3151 Airway Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-
0171) 
•24 OEM Peripheral ICC 
Sheraton Tara Hotel, Nashua, NH (Invitational Computer Conferences, 3151 
Airway Avenue , Suite 32, Costa Mesa, CA 92626, 714/957-0171) 
·24-25 Career Expo 
Chicago, IL (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 5131721 -3030) 
•24-26 American Power Conference 
Chicago, IL (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 2121705-7785) 
•24-26 Illinois Institute of Technology American Power Conference 
Palmer House, Chicago, IL (Interface, 300 First Avenue, Needham, MA 02194, 
617/449-6600) 
•24-27 lnfocom '89 
Westin Hotel, Ottawa, Canada (Celia Desmond, Telecom Canada, 483 Bay 
Street, 5th Floor So., Toronto, Ontario, M5G-2E1 Canada, 416/581 -2318) 
•24-27 Spring National Design Engineering Conference & Show 
Chicago, IL (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 1001 7, 2121705-7785) 
•25-27 CITEX • Computer Industry Trade Exposition 
Georgia World Congress Center, Atlanta, GA (Annie T. Zdinak, H. A. Bruno, Inc., 
385 Sylvan Avenue, Englewood Cliffs, NJ 07632, 201 /569-8542) 
•25-27 IMTC '89 • 1989 IEEE Instrumentation and Measurement 
Technology Conference 
Key Bridge Marriott Hotel, Arl ington, VA (Robert Myers, 1700 Westwood Blvd., 
Suite 101, Los Angeles, CA 90024, 213/475-4571) 
•25-27 BEW • British Electronics Week 
Olympia, London, England (Evan Steadman Ltd., The Hub, 9 Emson Close, 
Saffron Walden, Essex, CB10 1HL, 0799 26699, Telex: 81653 alb INFORM G) 
•25-28 Worker In Transition 
Chicago, IL (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 21 21705-7785) 
·26 Computer Reseller ICC 
London Hilton on Park Lane, London, England (Invitational Computer 
Conferences, 3151 Airway Avenue, Suite 32, Costa Mesa, CA 92626, 714/957-
0171 ) 
·30-May 4 Conference on Human Factors In Computing Systems 
Stouffer's Austin Hotel , Austin, TX (Claudia Raun, MCC, 9390 Research Blvd., 
Kaleido II #328, Austin, TX 78759) 

EON CALENDAR OF ELECTRONICS AND COMPUTER INDUSTRY EVENTS 



Our power supply 
is built to 

outlast the tank. 

history books, today's Abbott power supplies will still 
be operating reliably. 

Outfitted for Enhanced Reliability, for example, our 
new 60 Watt triple-output switching DC-DC converter 
achieves an MTBF rating up to 600,000 hours; more than 
68 years. A single-output model is rated even longer.* 

Yet this compact package is fully self contained. It meets 
the tough EMI limits of MIL-STD-461 C. And the punishing 
environmental specs of MIL-STD-810C and MIL-S-901C. 

While the BC60 is brand new, this is no "developmental" 
power supply. Its topology is identical to our field proven 
BC100 and BC200 models. Its design integrity is verified 
through rigorous ESS testing. 

We're delivering power supplies for projects critical to 
America's defense, including MILSTAR, the EH101 heli­
copter, the TOW missile, INEWS and the F/A-18 Hornet. 

For a copy of our 1988 Military Power Supply Product 
Guide, write us at 2721 S. La Cienega Boulevard, Los 
Angeles, CA 90034. (800) 556-1234 XT9; CA (800) 
441-2345 9. "MTBFFIGURES CALCULATED PER MIL-HDBK-217E GROUND. 

CIRCLE NO 57 

Versatile new 60 Watt switcher 
measures 5 x 4 x 1.5 inches. Provides 
outputs of 5, 12, 15, 24 or 28 V de, from 
inputs of 18 to 36 V de. Operating tem­
perature from -55°C to +100°C. 
Overvoltage protection & short circuit 
protection standard. 

E'f!'?mD 
WHEN RELIABILITY IS IMPERATIVE.™ 
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•1-4 Offshore Technology Conference 

24 

31 

Houston, TX (The American Society of Mechanical Engineers, 345 East 4 7th 
Street, New York, NY 10017, 2121705-7785) 
•1-5 Power Industry Computer Applications Conference 
Sheraton & Towers Hotel, Seattle, WA (J. H. Spare, Philadelphia Electric Co., 
2301 Market Street, Philadelphia, PA 19101 , 215/841-4785) 
•2-5 Command, Control, Communications and Management 
Information Systems 
Bournemouth International Conference Centre, UK (Conference Services Dept. , 
IEE, Savoy Place, London, WC2R OBL, UK, 01 /2401871 , Telex : 261176 IEE 
LONG) 
•2-5 Design of Experiments Workshop 
Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale , AZ 
85260, 602/998-9780) 
•3 Live Videoconterences Via Satellite Network - Integrated Product 
Processing for Engineers: A New Challenge 
(Jeff Mathuran, Videoconference Services, The Learning Channel, 1525 Wilson 
Boulevard , Suite 550, Rosslyn , VA 22209, 800/346-0032) 
•8-11 1989 IAS Industrial & Commercial Power Systems 
Conference • l&CPS '89 
Palmer House, Chicago, IL (Dennis Lamont, Weldy-Lamont Assoc., 1008 E. 
Northwest Hwy., Mt. Prospect, IL 60056, 3121398-4510) 
·8-12 Compeuro '89 • "VLSI and Computer Peripherals" 
Hamburg, Federal Republic of Germany (Prof. W. E. Proebster, IBM Laboratory, 
P.O. Box 80 08 80, 0-7000 Stuttgart 80, Federal Republic of Germany, 
07031 /16 39 29, Telex : 7265 705 IBM D) 
·9·11 1989 International Symposium on Circuits and Systems • 
ISCAS '89 
Portland Hilton, Portland, OR (Dr. Tran Tong, Tektronix, inc., P.O. Box 500, M.S. 
50-370, Beaverton, OR 97077, 503/627-6109) 
·9-11 EDS • Electronic Distribution Show and Conference 
Las Vegas Hilton Hotel, Las Vegas, NV (Janet Thelen, Market Communication 
Associates, 230 East Ohio Street, Chicago, IL 60611, 312-648-1140) 
•9·11 3rd Annual National FinCom 
Jacob K. Javits Convention Center, New York, NY (Annie T. Zdinak, H. A. 
Bruno, Inc., 385 Sylvan Avenue, Englewood Cliffs, NJ 07632, 201 /569-8542) 
•9·12 AUTOMAN • International Advanced Manufacturing Systems 
Exhibition and Conference 
National Exhibition Centre , UK (Jean D. Skolnik, Cahners Exposition Group, 
1350 East Touhy Avenue, Des Plaines, IL 60017, 3121299-9311 ) 
•9·12 Venezuela ComExpo 
Hilton Hotel, Caracas, Venezuela (MIC, P.O. Box 4749, Arlington, VA 22204, 
703/685-0600) 
•14-19 AEA Wharton/School Business Management Program 
Philadelphia, PA (Mary Horngren Frost, AEA, 5201 Great America Pkwy., Santa 
Clara, CA 95054, 408/987-4285) 
•15-18 1989 Cement Industry Technical Conference 
Fairmont Hotel, Denver, CO (Elroy D. Cook, Southwestern Portland Cement 
Company, P.O. Box 8789, Lyons, CO 80540, 303/823-6685) 

4 5 6 

11 12 13 

18 19 20 

25 26 27 

•15-18 1989 Custom Integrated Circuits Conference • CICC '89 
Town & Country Hotel, San Diego, CA (Laura A. Hayward, 1100 East Avenue, 
Rochester, NY 14601, 716/473-7515) 
•15-18 Midwest Electronics Exposition 
St. Paul Civic Center, St. Paul, MN (Lisa Palange, MG Expositions Group, 1050 
Commonwealth Avenue, Boston, MA 02215, 617/232-3976) 
•15-19 1989 International Conference on Robotics and Automation 
The Registry Resort, Scottsdale, AZ (Dr. George A. Bekey, University of 
Southern California, The Robotic Institute, Los Angeles, CA 90089) 
•17 Compl.lter Graphics ICC 
Frankfurt Sheraton Hotel, Frankfurt, W. Germany (Invitational Computer 
Conference, 3151 Airway Avenue. Suite 32, Costa Mesa, CA 92626, 714/957-
0171 ) 
·17-20 AEA Executive Marketing Forum 
Monterey, CA (Susan Puleo, AEA, 5201 Great America Pkwy., Santa Ciara, CA 
95054, 408/987·4251) 
·22-23 1989 Electronics Components Conference - ECC '89 
Westin Hotel, Houston, TX (Peter J. Walsh, Electronic industries Assoc., 2001 
Eye Street, Washington, D.C. 20006, 2021457-4932) 
•22-25 SUPERCOMM '89 
Anaheim, CA (Telecommunications Industry Association, 150 North Michigan 
Avenue, Suite 600, Chicago, IL 60601 ) 
•23 CQmputer Graphics ICC 
Hotel Sofitel Paris, Paris, France (Invitational Computer Conference, 3151 
Airway Avenue , Suite 32, Costa Mesa, CA 92626, 714/957-0171 ) 
·23-24 Career Expo 
Dayton, OH (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 513/721-3030) 
·23·25 1989 IEEE Electromagnetic Compatibility Symposium - EMC 
'89 
Denver, CO (Mr. John W. Adams, 1435 Gillaspie Drive, Boulder, CO 80303, 
303/497-3328) 
·23-25 SEMICON/West 
San Mateo Fairgrounds, San Mateo, CA (SEMI , 805 East Middlefield Road, 
Mountain View, CA 94043, 415/964-5111) 
•31-June 2 43rd Annual Frequency Control Symposium 
Denver Marriott Hotel, City Center, Denver, CO (Frequency Control Symposium, 
P .0 . Box 826, Belmar, NJ 07719) 

EON CALENDAR OF ELECTRONICS AND COMPUTER INDUSTRY EVENTS 
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The 16-bit sensation from 

CaC Computers and Corrmunications 

For fast answers, call us at: _________ _ 
USA Tel:l-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 Tet:l-3946-9617. Telex:699499. 
Italy Tel :02 -6709108. Telex:315355. 



the DSP pioneer. 

New 16-bit DSP offers twice the speed, 
more than twice the memory of the 77C20A. 

You've made NEC a part of your modem designs 
for years. Because we've led the industry with 
a whole series of pioneering devices - the 7720, 
7720A, and 77C20A. Now our latest DSP power­
house surges to the head of the 16-bit line. 

The enhanced 77C25 gives you twice the 
performance of the 77C20A. We mean that 
literally. You get twice the speed -122ns. And 
more than twice the memory capacity - 2K x 24 
instruction ROM; 1K x 16 data ROM; 256x16 
data RAM. 

You can replace two 77C20As with one 77C25. 
There's almost no need to modify peripheral 
circuits. Power consumption is a mere 0.25W max. 

The 77C25 comes in a 28-pin DIP or 44-pin 
PLCC. It's pin- and software-compatible at the 
source level with the 77C20A. Development tools 
are available off the shelf. 
NEC also offers a choice of programmable versions: 

D EPROM in CerDIP with 
window: 77P25D. 

D OTP in plastic DIP: 
77P25C. 

D OTP in PLCC: 
77P25L. 

In addition, we supply socket adaptors 
(PA-77P25C/PA-77P25L) for programmers. 

Whatever your modem design calls for, NEC's 
DSP family has the answers. From 1,200 to 
19,200bps and everywhere in between, the DSP 
powerhouse has you covered. Call us on it, today. 

UK Tel :0908·691133. Telex:B26791. Singapore Tel:4819881. Telex:39726. NEC Hong Kong Tel :3-755-9008. Telex:54561. Australia Tel :03-267-6355_ Telex:38343_ 
Taiwan Tel :02-522-4192. Telex:22372. 
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20 
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London Hilton on Park Lane, London, England (lnvttational Computer 
Conferences, 3151 Airway Avenue, Sutte 32, Costa Mesa, CA 92626, 714/957-
0171) 
·1-2 1989 IEEE Pacific Rim Conference on Communications, 
Computers and Signal Processing 
Empress Hotel, Victoria, B.C. (Dr. W. D. Little, Department of Electrical and 
Computer Engineering, University of Victoria, P.O. Box 1700 Victoria, B.C., V8W 
2Y2, 6041721 -7211) 
·4-8 International Gas Turbine and Aeroengine Congress and 
Exposition 
Toronto, Canada (The American Society of Mechanical Engineers, 345 East 
47th Street, New York, NY 10017, 2121705-7785) 
·5-8 The 1989 AllM Show 
Moscone Center, San Francisco, CA (Betty Garren. The Association for 
Information & Image Management, 1100 Wayne Avenue, Suite 1100, Silver 
Spring, MD 20910, 301 /587-8202) 
·6-9 1989 IEEE IAS Pulp & Paper Industry Conference 
Hyatt Regency, Dallas, TX (Alex Dean, The Rockbestos Co., 2995 LBJ Frwy., 
Suite 130, Dallas, TX 75234, 214/484-1077) 
•11-14 1989 IEEE International Conference on Communications 
Sheraton Boston, Boston, MA (Ed Elowe, lnfocorp International, P.O. Box S, 
Brunswick, ME 04011 , 207/833-5403) 
•12-13 Career Expo 
Albuquerque, NM (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 5131721 -3030) 
•12-14 1989 7th IEEE Pulsed Power Conference 
Monterey, CA (Bernard Bernstein, Physics International Co. , 2700 Merced 
Street, San Leandro, CA 94577, 415/577-7236) 
•12-15 Nepcon East '89 
Bayside Exposition Center/World Trade Center, Boston, MA (Janet Schafer, 
Cahners Exposition Group, 1350 E. Touhy Ave., Des Plaines, IL 60017, 
312/299-9311) 
•14-16 International Microwave Symposium & Workshops 
Hyatt Regency Hotel, Long Beach, CA (C. W. Swift, C. W. Swift and Associates, 
15216 Burbank Blvd., Van Nuys, CA 91411 , 818/873-4778) 
·18-22 Summer Annual Meeting/The American Society of 
Mechanical Engineers 
Pittsburgh, PA (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 2121705-7785) 
•19-22 ATE & Instrumentation Conference East 
World Trade Center, Boston, MA (Lisa Palange, MG Expositions Group, 1050 
Commonwealth Avenue, Boston, MA 02215, 6171232-3976) 
•20-22 2nd Annual National CASEcon (Computer Aided Software 
Engineering Conference & Show) 
Jacob K. Javits Convention Center, New York, NY (Annie T. Zdinak, H. A. Bruno, 
Inc., 385 Sylvan Avenue, Englewood Clitts, NJ 07632, 2011569-8542) 
•20-22 7th Annual PC EXPO in New York 
Jacob K. Javits Convention Center, New York, NY (Annie T. Zdinak, H. A. Bruno, 
Inc .. 385 Sylvan Avenue, Englewood Cliffs, NJ 07632, 201/569-8542) 

1 2 3 

8 9 10 

15 16 17 

22 23 24 

29 30 

·21-23 1989 American Control Conference 
Pittsburgh Hilton and Towers. Pittsburgh, PA (H. Vincent Poor. Universtty of 
Illinois at Urbana-Champaign, 1101 West Springfield Ave., Urbana, IL 61801, 
217/333-6449) 
·25-28 1989 ACM/IEEE 26th Design Automation Conference 
Las Vegas Convention Center, Las Vegas, NV (P.O. Pistilli, MP Associates, 
7366 Old Mill Trail , Boulder, CO 80301 , 303/530-4562) 
•26-27 Career Expo 
Cleveland. OH (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 5131721-3030) 
•26-30 1989 IEEE Antennas and Propagation Society International 
Symposium and National Radio Science Meeting 
Red Lion Inn, San Jose, CA (Ray J. King, Lawrence Livermore Nat'I Lab, L-156, 
P.O. Box 5504, Livermore, CA 94550, 415/423-2369) 
·27-30 Design of Experiments Workshop 
Boston. MA (Patricia Fruscello, ICE. 15022 N. 75th Street, Scottsdale, AZ 
85260, 6021998-9780) 
·29-July 1 SEMICON/Osaka 
lntex Center, Osaka, Japan (SEMI, 805 East Middlefield Road, Mountain View, 
CA 94043, 4151964-5111) 
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•9-12 3rd Joint ASCE/ASME Mechanism Conference 
San Diego, CA (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 212/705-7785) 
•9-14 AEA/Santa Clara University Management Development 
Program 
Santa Clara, CA (Mary Healy, AEA, 5201 Great America Pkwy., Santa Clara, 
CA 95054, 408/987-4229) 
·9-14 Power Engineering Society Summer Meeting 
Long Beach, CA (Ed Solorzano. L.A. Dept. of Water & Power, 111 North Hope 
Street, Room 1236, Los Angeles, CA 90051 , 818/352-7864) 
·11-12 Manufacturing Excellence Workshop 
Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, AZ 
85260, 602/998-9780) 
•11-14 PetroExpo 
National Auditorium , Mexico City (MIC, P.O. Box 4749, Arlington , VA 22204, 
703/685-0600) 
•16-21 AEA Manufacturing Strategy Program 
Santa Cruz , CA (Stephany Nickel, AEA, 5201 Great America Pkwy., Santa 
Clara, CA 95054, 408/987-4293) 
·17-18 Career Expo 
Melbourne/Orlando, FL (Engineers Expo and Software/Data Processing Career 
Fair, Divisions RSI Group, 2367 Auburn Ave., Cincinnati , OH 45219, 513/721-
3030) 
•23-27 Pressure Vessels and Piping Conference 
Honolulu , HI (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 212/705-7785) 
·24-25 Career Expo 
Columbus, OH (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 513/721-3030) 
•25-28 lnternepcon/Semiconductor Malaysia 
Kuala Lumpur/Malaysia (Jean D. Skolnik, Cahners Exposition Group, Cahners 
Plaza, 1350 E. Touhy Avenue, Des Plaines, IL 60018, 312/299-9311) 
·30-Aug. 2 Computers in Engineering Conference and Exposition, 
International 
Anaheim , CA (The American Society of Mechanical Engineers, 345 East 47th 
Street. New York, NY 10017, 212/705-7785) 
•31-Aug. 4 Siggraph '89 
Hynes Auditorium, Boston, MA (Chris Herot, Javelin Software Corp., One 
Kendall Square , Bldg. 200, Cambridge , MA 02139) 
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·6·9 National Heat Transfer Conference and Exhibition 
Philadelphia, PA (The American Society of Mechanical Engineers, 345 East 
47th Street, New York, NY 10017, 212/705-7785) 
•6-18 AEA/Stanford Executive Institute 
Stanford, CA (Mary Horngren Frost, AEA, 5201 Great America Pkwy ., Santa 
Clara, CA 95054, 408/987-4285) 
·8 Basic Integrated Circuit Technology Seminar 
SunBurst Resort, Scottsdale, AZ (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
·9 Mid-Term 1989 Seminar 
SunBurst Resort, Scottsdale, AZ (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
·15 Basic Integrated Circuit Technology Seminar 

WEDNESDAY 

Hilton, Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, 
AZ 85260, 602/998-9780) 
·16 Mid-Term 1989 Seminar 
Hilton, Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, 
AZ 85260, 602/998-9780) 
•22 Basic Integrated Circuit Technology Seminar 
Red Lion Inn, Costa Mesa, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
•22-23 Manufacturing Excellence Workshop 
Boston, MA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, AZ 
85260, 602/998-9780) 
•23 Mid-Term 1989 Seminar 
Red Lion Inn, Costa Mesa, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
·26-28 Buscon East 
World Trade Center, Boston, MA (CMC, 200 Connecticut Avenue, Norwalk, CT 
06856, 203/852-0500, x232) 
·28 Basic Integrated Circuit Technology Seminar 
Omni Parker House, Boston, MA (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 6021998-9780) 
•28-29 Career Expo 
Cincinnati, OH (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 513/721-3030) 
•28-31 Surtace Mount '89 
San Jose Convention Center, San Jose , CA (Lisa Palange, MG Expositions 
Group, 1050 Commonwealth Avenue, Boston , MA 02215, (617) 232-3976) 
•29 Mid-Term 1989 Seminar 
Omni Parker House, Boston, MA (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
•29-31 International Test Conference 
Washington, D.C. (Amy Gold, Advantest America, Inc. , Parker Plaza, 400 Kelby 
Street, Fort Lee, NJ 07024, 201 /886-0300) 
•30-Sept. 2 lnternepcon/Semiconductor Hong Kong 
Hong Kong (Jean D. Skolnik, Cahners Exposition Group, Cahners Plaza, 1350 
E. Touhy Avenue, Des Plaines, IL 60018, 312/299-9311) 
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It Takes An Unbeatable Combination 
To Score A Technical Knockout. 

ZENITH'S STANDARD SWITCHING POWER SUPPLIES-A DEVASTATING 
1-2 PUNCH OF SUPERB FEATURES AT A COMPETITIVE PRICE. 

~ - !! -• ~-~ ............ 
) ~ .. r l ,· - - · __ ..... -· 

f • I 

' -
It took an industry heavy­
weight like Zenith to put it 
all together. The kinds of 
options and features you'd 
have to pay extra for with 
other manufacturers. Com­
bined with competitive 
pricing. And even a smaller 
footprint, so you save on 
space, too. 

It all adds up to a full family of technically superior standard switching 
power supplies. And a value you'll find hard to match. Because we've outclassed 
the other contenders in every round: 
• CERTIFIED. The Zenith series meets international safety requirements of 

UL 478; CSA 22.2, No. 154; !EC 380; VOE 0806; VOE 0871/B; FCC PART J, 
CLASS B. 

• TOUGH. Exceeds 100,000 MTBF for durable performance. 
• RELIABLE. Comes with 2-year limited warranty, backed by Zenith. 

-·-""""'-Mu -- .. _ 
"""" - -- DC - DC - fWlllJ) (Mil/Mui !Miii/Mu) (Mill/Mn) 

Z?S-250-N 250 4.7515.25 3.5/35.0 10.0/ 15.5 

ZPS-»J.N 300 4.7515.25 -tS/45.0 10.0/15.5 

ZPS_,. 400 <t.7515.25 5.S/55.0 10.0/15.5 

ForOPliooalstfl!looversubslltute·CJor ·N11modellUllber. 

Test it For 90 Days-Free. 
To find out how you can 
qualify, call today: 

-{Min/Mui 
0.4/4.0 

''" 0.8/8.0 

"'" 1.0/10.0 

"'" 

,,,_ ... _ - -DC - DC -{MllVMu) (MM/Mu) tMlll/ IAu:) (Mkl/Mul 
10.0/15.5 0.4/4.0 4.7515.25 0.3/ 3.0 

PK6 
10.0/15.5 0.8/8.0 4.7515.25 0.4/4.0 

"'" 10.0/15.5 1.0/10.0 4.7515.25 0.616.D .... 

... ,_) 
5.0• 

2.5113 
5.01 

2.5113 
6.01 

2.5113 

• REXIBLE. All outputs are independently isolated, mag amp regulated, and 
adjustable. Outputs 2 and 3 can be widely adjusted berween 10 and ISV. to 
meet different equipment demands-at no extra cost! 1-312-391-8700. THE OUAUlY GOES IN BEFORE THE NAME GOES ON" 

• 1988 Esme of Rocco Marchcgiano (A.KA. Rocky Marciano) under license authorization by Cunis Management Group, Indianapolis, Indiana ZV3 
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SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRI DAY SATURDAY 

3 4 

LABOR 
DAY 

5 6 

10 11 12 13 

17 18 19 20 

24 25 26 27 

·5-7 GUADALAJARA ComExpo 
Exhibition Center, Guadalajara (MIC, P.O. Box 4749, Arlington, VA 22204, 
703/685-0600) 
·6-7 The Federal Microcomputer Conference and Exposition 
Convention Center, Washington , DC (Linda Fitzgibbon, National Trade 
Productions, Inc., 2111 Eisenhower Avenue, Suite 400, Alexandria, VA 22314, 
703/683-8500) 
·7-9 lnternepcon Osaka 
Osaka/Japan (Jean D. Skolnik, Cahners Exposition Group, Cahners Plaza, 
1350 E. Touhy Avenue, Des Plaines, IL 60018, 3121299-9311) 
·11 -1 2 Career Expo 
Long Island, NY (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati , OH 45219, 513/721-3030) 
•11 -13 PCIC '89 - 1989 Petroleum & Chemical Industry Conference 
Del Coronado Hotel, San Diego, CA (R. M. Jackson, Union Oil Company of CA, 
P.O. Box 7600, Los Angeles, CA 90051 , 213/997-6417) 
·12-14 Midcon '89 
O'Hare Exposition Center, Rosemont, IL (Alexes Razevich , Electronic 
Convention Mgmt. , 811 O Airport Blvd ., Los Angeles, CA 90045, 2131772-2965) 
·12-14 NetWorld 89 Dallas (4th Annual) 
lnlomart, Dallas, TX (Annie T. Zdinak, H. A. Bruno, Inc., 385 Sylvan Avenue, 
Englewood Cliffs, NJ 07632, 201 /569-8542) 
•12-14 Semlcon/East 
Hynes Convention Center, Boston, MA (SEMI , 805 East Middlefield Road, 
Mountain View, CA 94043, 415/964-5111) 
·12-14 Statistical Process Control Workshop 
Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale , AZ 
85260, 602/998-9780) 
•16-17 1989 39th Annual Broadcast Symposium 
Washington Hotel , Washington, DC (Steve Crowley, A. D. Ring & Associates, 
1140 19th Street , N.W., Suite 500, Washington, DC 20036, 2021223-6700) 
·17-20 Mechanisms Conference 
Montreal, Canada (The American Society of Mechanical Engineers, 345 East 
47th Street, New York, NY 10017, 212/705-7785) 
·17-20 Vibrations Conference 
Montreal, Canada (The American Society of Mechanical Engineers, 345 East 
47th Street, New York, NY 10017, 212/705-7785) 
•18-20 1989 35th IEEE Holm Conference on Electrical Contacts 
Chicago Marriott Downtown, Chicago, IL (Registrar, IEEE Headquarters, 345 
East 47th Street, New York, NY 10017, 2121705-7405) 
•18-21 OCEANS '89 
Seattle Sheraton Hotel & Tower, Washington State Convention & Trade Center, 
Seattle, WA (Ken W. Mohn, Honeywell Inc., Marine Systems Division, 6500 
Harbour Heights Pkwy., Everett, WA 98204, 206/356-3000) 
·19-21 Assembly Technology Expo 
O'Hare Expo Center, Rosemont, IL (PEMCO, 2400 East Devon Avenue, Suite 
205, Des Plaines, IL 60018, 312/299-3131) 
·19-21 Automated Manufacturing Expo 
O'Hare Expo Center, Rosemont, IL (PEMCO, 2400 East Devon Avenue, Suite 
205, Des Plaines, IL 60018, 312/299-3131 ) 
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·19-21 Fall National Design Engineering Conference and Show 
New York, NY (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 2121705-7785) 
•1 9-22 AEA Executive Forum for Senior HR Professionals 
Monterey, CA (Diane Mcintyre, AEA, 5201 , Great America Pkwy., Santa Clara, 
CA 95054 , 408/987-4227) 
•20-21 1989 California Electronics Show 
Pasadena Center, Pasadena, CA (Harry Schwartz, Epic Enterprises, Show 
Management, 3838 Camino Del Rio North , Suite 164, San Diego, CA 92108, 
619/284-9268) 
·20-24 ELENEX TURKEY 89 
Istanbul Hilton Convention & Exhibition Centre, Istanbul , Turkey (Gerald G. 
Kallman, Kallman Associates, Five Maple Court, Ridgewood, NJ 07450, 
201 /652-7070) 
•25-26 Career Expo 
Detroit, Ml (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 513/721-3030) 
•25-28 AUTOTESTCON '89 
Adams Mark Hotel, Philadelphia, PA (Fred Liguori, 38 Clubhouse Road, Brown 
Mills, NJ 08015, 201 /323-2842) 
·25-28 Buscon East 
World Trade Center, Boston, MA (CMC, 200 Connecticut Avenue, Norwalk, CT 
06856, 203/852-0500, x232) 
·26 Semiconductor Packaging 
Hol iday Inn, Boston , MA (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 6021998-9780) 
•27 Live Videoconferences Via Satellite Network - Neural Networks 
(Jeff Mathuran, Videoconference Services, The Learning Channel, 1525 Wilson 
Boulevard, Suite 550, Rosslyn, VA 22209, 800/346-0032) 
•27-29 Practical Integrated Circuit Fabrication Seminar 
Holiday Inn, Boston , MA (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 6021998-9780) 
·30-0ct. 4 1989 International Conference on Computer Design 
Rye Town Hilton, Rye Brook, NY (ICCD 1989, 1730 Massachusetts Ave., NW, 
Washington, DC 20036, 202/371 -0101 ) 
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End the connector 
• comprorruse ... 

Only Hypertronics ends the compromise in multi­
pin connectors-for heavy-duty power/signal 
applications-by replacing low wipe Zero Insertion 
Force (ZIF) contacts and expensive cams with low­
force, high-cycle reliability. 

Our N Series housing design accommodates 
80 to 700 removable contacts, in a variety of types 
and terminations. And the wipe action of each 
Hypertac contact maintains electrical continuity 
under corrosive conditions and extremes of shock 
and vibration ... ending the intermittance problems 
of ZIF contacts. 

This design provides Low Insertion Force 
(LIF)-less than 45 pounds for a 700 contact 
connector-that eliminates the need for cams. 
A simple jack screw affords a more reliable and 
economical closure. 

Now you can have it all. .. in connector& for 
power & signal applications in test equipment 
requiring up to 700 contacts. End the connector 
compromise by calling 1-800-225-9228, toll free. 

HYPERTAC®: 
Inserting pin into hyperboloid sleeve. 

HYPERTRONICS CORPORATION 
"New Horizons in Connectors" 

16 Brent Drive, Hudson, MA 01749 (617) 568-0451Telex 951152 FAX 617-568-0680 
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HALLOWEEN 

·1-4 MEXICON IEEE of Mexico 
(MIC, P.O. Box 4749, Arlington , VA 22204, 703/685-0600) 
·1-5 1989 Industry Applications Society Annual Meeting 
Hotel del Coronado, San Diego, CA (Ronald Jackson, Union Oil Co. of 
California, P.O. Box 7600, Los Angeles, CA 90051 , 213/977-6417) 
·1 -6 Object Oriented Programming Systems, Languages & 
Applications 
Hyatt New Orleans, New Orleans, LA (George Bosworth, Digitalk, 9841 Airport 
Blvd., Los Angeles, CA 90045) 
·2-5 Electronic Imaging Conference East 
Hynes Convention Center, Boston , MA (Lisa Palange, MG Expositions Group, 
1050 Commonwealth Avenue, Boston , MA 02215, 617/232-3976) 
·3-4 Failure Analysis/Avoidance of Integrated Circuits Seminar 
Embassy Suites, Scottsdale, AZ (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
·3-5 4th Annual PC Expo in Chicago 
McCormick Place North , Chicago, IL (Annie T. Zdinak, H. A. Bruno, Inc., 385 
Sylvan Avenue, Englewood Cliffs, NJ 07632, 201 /569-8542) 
·4-6 1989 IEEE Ultrasonics Symposium 
Le Grand Hotel, Montreal, Quebec, Canada (Herman van de Vaart , Allied­
Signal , Inc., P.O. Box 1021R, Morristown, NJ 07960, 201 /455·2482) 
·9-10 North American Power Symposium 
University of Missouri-Rolla, Rolla, MO (E. F. Richards, University of Missouri­
Rolla, Electrical Engineering Dept. , Rolla, MO 65401 ) 
•13-15 RAINBOWfest 
New Jersey (Ira D. Barsky, Development Coordinator, Falsoft, Inc., 9509 U.S. 
Highway 42, Prospect, KY 40059, 502/228-4492) 
·15-17 Internal Combustion Engine Technical Conference 
Dearborn , Ml (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 212/705-7785) 
·15-1 8 Industrial Power Conference 
Hartford , CT (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 212/705-7785) 
•15-20 AEA Manufacturing Strategy Program 
Boston , MA (Stephany Nickel , AEA, 5201 Great America Pkwy., Santa Clara, 
CA 95054, 408/987-4293) 
•16-19 Tribology Conference, Joint ASME/ASLE 
Ft. Lauderdale, FL (The American Society of Mechanical Engineers, 345 East 
47th Street, New York, NY 10017, 2121705-7785) 
·17-19 Northcon/89 
Portland Memorial Coliseum, Portland , OR (Alexes Razevich, Electronic 
Convention Mgmt., 8110 Airport Blvd ., Los Angeles, CA 90045, 213/772-2965) 
·17-20 Design of Experiments Workshop 
Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale , AZ 
85260, 6021998-9780) 
·17-20 Supercomputing World 
Civic Auditorium , San Francisco, CA (Lisa Palange, MG Expositions Group, 
1050 Commonwealth Avenue, Boston , MA 02215, 6171232·3976) 
·18-19 SEMICON/Southwest 
lnfomart , Dallas, TX (SEMI , 805 East Middlefield Road , Mountain View, CA 
94043, 4151964-5111) 

·18-20 International Professional Communication Conference 
Garden City Hotel, Long Island, NY (Richard Robinson, General Chairman, 
Grumman Corp., Mail Station C39-05, Bethpage, NY 11714, 516/575-5472) 
·21-28 Personal Publishing 
McCormick Place, Chicago, IL (PEMCO, 2400 East Devon Avenue, Suite 205, 
Des Plaines , IL 60018, 312/299-3131) 
•22-25 1989 IEEE GaAs Integrated Circuits Symposium 
Sheraton Harbor Island Hotels, San Diego, CA (Kenneth J . Sleger, Naval 
Research Laboratory, Code 6852, Washington, DC 20394, 2021767-3894) 
•22-26 Joint Power Generation Conference 
Hyatt Regency Hotel, Dallas, TX (Marisa Scalice, ASME, 345 E. 47th Street, 
New York, NY 10017, 2121705-7053) 
•23-24 Career Expo 
Dayton, OH (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati , OH 45219, 5131721 ·3030) 
•23-28 International Waste Management 
Kyoto, Japan (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 2121705-7785) 
•26 Live Videoconferences Via Satellite Network - RISC 
(Jeff Mathuran, Videoconference Services, The Learning Channel , 1525 Wilson 
Boulevard, Suite 550, Rosslyn, VA 22209, 800/346-0032) 
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Early warning device from 
Motorola 
and 
Hall-Mark. 

Call Hall-Mark for the 
Motorola undervoltage sensing 
circuit and save your boards from 
power struggles. 

The Motorola undervoltage 
sensing circuit acts as a single device 
reset controller in microprocessor- . 
based systems to save your boards and save your customers' headaches. 

Called the MC34064, it's an electronic match for the MC68HC 11 microcomputer. The 
MC34064 is a silicon monolithic IC that requires only one external resistor to operate. It features a 
guaranteed reset operation with 1.0 volt input and low standby current, and it's offered in 10-92 and 
surface mount packages for design flexibility. 

To find out more about this economical solution, call your nearby Hall-Mark sales center. 
They're ready with answers for questions from designers, manufacturing engineers and purchasing 
experts. Hall-Mark is also the one to call for samples and accurate shipping schedules. 

If you have an application in appliances, automotive, consumer and industrial products you '11 
want to know more about Motorola's circuit insurance-the undervoltage sensing circuit. 

(j,MLl:ttall{) Not just parts, solutions. 

Hall·Mark Electronics Corp. • Dallas, Texas 

Alabama 
Huntsville (205) 837-8700 

Arizona 
Phoenix (602) 437-1200 

California 
Bay Alu (408) 432-0900 
Orange County (714) 669-4100 
Sacramento (916) 624-9781 
San Diego (619) 268-1201 
San Fernando Valley (818) 773-4500 

Colorado 
Denver (303) 79().1662 

e 1988 Hal-Mark Eleclronic:sCol'pJ400-3087 

Connecticut 
Connecticut (203) 271-2844 

Florida 
Ft. Lauderdale (305) 971-9280 
Orlando (407) 830-5855 
Tampa Bay (813) 530-4543 

Georgia 
Atlanta (404) 447-8000 

Illinois 
Chicago(312) 860-3800 

Indiana 
Indianapolis (317) 872-8875 

Kansas 
Kansas City (913) 888-4747 

Maryland 
Baltimore (301) 988-9800 

Massacbusttts 
Boston (617) 935-9m 

Mkbigan 
Detroit (313)462-1205 

Minnesota 
Minneapolis (612) 941-2600 

Missouri 
St. Louis (314) 291-5350 
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New Jersey 
Fairfield (201) 575-4415 

New York 
Long Island (5 16) 737-0600 
Rochester (716) 244-9290 

North Carollna 
Raleigh (919)872-0712 

Ohio 
Cleveland (216) 349-4632 
Southern Ohio (614) 888-3313 

Oklahoma 
Tulsa (918) 2~110 

Ftnnsylvlllla 
Philadelphia (215) 355-7300 

'!ms 
Austin (5 12) 258-8848 
DalllS (214) 553-4300 
Houston (214) 781~100 

Utah 
Salt Lake City (801) 972-1008 

Wisconsin 
Milwaukee (414) 797-7844 
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·6-7 Career Expo 
Huntsville, AL (Engineers Expo and Software/Data Processing Career Fair, 
D;,isions RSI Group, 2367 Auburn Ave., Cincinnati , OH 45219, 5131721 -3030) 
·7-11 Productronica '89 
Munich Trade Fair Centre, Munich , West Germany (Gerald G. Kallman. Kallman 
Associates, Five Maple Court, Ridgewood, NJ 07450, 201 /652-7070) 
·9-10 Training Workshop for Visual Inspection of ICs and Hybrids 
Holiday Inn, Boslon, MA (Patricia Fruscello, ICE, 15022 N. 75th Street, 
Scottsdale, AZ 85260, 602/998-9780) 
•9-16 1989 International Test Conference 
Sheraton Washington, Washington, DC (Doris Thomas, ITC, P.O. Box 264, Mt. 
Freedom, NJ 07970, 201/895-5260) 
·13-14 Career Expo 
Dayton, OH (Engineers Expo and Software/Data Processing Career Fair, 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 5131721-3030) 
•13-17 Comdex Fall 
Las Vegas Convention Cenler, Las Vegas, NV (Interface, 300 First Avenue, 
Needham, MA 02194, 617/449-6600) 
•14-1 6 Nepcon Southeast '89 
Orange County Convention Center, Orlando, FL (Janet Schafer, Cahners 
Exposition Group, 1350, E. Touhy Ave., Des Plaines, IL 60018, 3121299-9311 ) 
•14-16 Wescon/89 
Moscone Convention Cen1er, Brooks Hall and Civic Auditorium, San Francisco, 
CA (Alexes Razevich, Electronic Conventions Mgmt. , 8110 Airport Blvd., Los 
Angeles, CA 90045, 2131772-2965) 
·27-30 1989 Global Telecommunications Conference 
Loew's Anatole Hotel , Dallas, TX (Harold Sobel , Rockwell International Corp., 
P.O. Box 10462, Dallas. TX 75207, 214/996-5881 ) 
•28-Dec. 1 1989 Conference on Magnelism and Magnetic Materials 
Sheraton Boston, Boston, MA (Courtesy Associates, Inc., 655 15th Streel NW, 
Suite 300, Washington, DC 20005, 2021639-5088) 
·29 Live Videoconferences Via Satellite Network - Machine Vision 
(Jeff Mathuran, Videoconference Services, The Learning Channel , 1525 Wilson 
Boulevard, Su ite 550, Rosslyn , VA 22209, 800/346-0032) 
•29-Dec. 1 SEMICON/Korea 
Korea Exhibition Center, Seoul, Korea (SEMI, 805 East Middlefield Road, 
Mountain View, CA 94043, 415/964-51 11) 
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17 

24 
31 

18 

25 

CHRJSTMAS 
DAY 

19 20 

26 27 

·3-6 1989 IEEE International Electron Devices Meeting 
Washington Hilton, Washington, DC (Melissa Widekehr, clo Courtesy 
Associates, Inc., 655 15th Street NW, Suite 3000, Washington, DC 20005, 
202/347-5900) 
•4-5 Career Expo 
Dayton, OH (Engineers Expo and Software/Data Processing Career Fair. 
Divisions RSI Group, 2367 Auburn Ave., Cincinnati, OH 45219, 513/721 -3030) 
·10-15 Winter Annual Meeting - The American Society of 
Mechanical Engineers 
San Francisco , CA (The American Society of Mechanical Engineers, 345 East 
47th Street , New York, NY 1001 7, 212/705-7785) 
•12-13 Manufacturing Excellence Workshop 
Sunnyvale, CA (Patricia Fruscello, ICE, 15022 N. 75th Street, Scottsdale, AZ 
85260, 602/998-9780) 
·12-14 Winter National Design Engineering Conference Show 
Anaheim, CA (The American Society of Mechanical Engineers, 345 East 47th 
Street, New York, NY 10017, 2121705-7785) 
•13-15 1989 289th IEEE Conference on Decision & Control 
Hyatt Regency-Tampa, Tampa, FL (Prof. Leonard Shaw, Department of 
Electrical Engineering and Computer Science, Polytechnic University, 333 Jay 
Street, Brooklyn, NY 11201 , 718/260-3802) 
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LET THIS NEW MODEM CHIP 
MAKE LIFE EASY FOR YOU 

The Only 5-Volt, 2400 BPS, 1-Chlp 
Modem For Low-Power Appllcatlons 
If modem chips have a place in your com­
pany's products, here's how a new low­
power single-chip modem from Silicon 
·Systems can make life easier for everyone. 

Now your product designers can put 
this new 1-chip 2400 BPS modem into their 
designs and replace three or more old­
style modem IC's. The K224L draws less 
than 120 mW from a single 5-volt supply, 
eliminating the need for additional power 
supplies and making integration of the 
modem function possible in lap-tops, 
portable terminals, and other battery­
operated applications. 

Your marketing department wii'l·be 
happy to know that this single chip fully 
supports all the world-wide operating 
modes-V.22 bis, V.22, V.21, and Bell 212A/ 
103. They'll like the competitive edge that 
state-of-the-art single-chip modem tech­
nology can give to your company's products. 

And, of course, your management 
team can only be proud of an engineering 
and marketing group that has the good 
sense to make the most of such innovative 
components that enhance the features 
of your products, reduce costs, and boost 
company sales. 

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

For more information on the new Silicon 
Systems 73K224L, or any of SSi's fully 
compatible K-Series 1-chip modems, 
contact: Siiicon Systems, 14351 Myford 
Road, Tustin, CA 92680. 

i~!j{ff!!!:L" 
"Where we design to your applications." 

circle 51 for product information 



NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

DSO SPEED BOOSTER 
• Increases effective sample rate to 

2G samples/sec 
• Doubles display memory to 16k 

samples 
The HP 54114A test set connects 
to the front of the vendor's 54111D 
scope; it doubles the scope's effec­
tive sampling rate to 2G samples/ 
sec-a value that the vendor be­
lieves is the highest available in 
general-purpose DSOs that use ran­
dom equivalent-time sampling. 
(Scopes shipped before the intro­
duction of the 54114A require you 
to install an upgrade to use the test 
set.) The test set works by allowing 
the scope's two channels to sample 
a single waveform; it positions each 
channel's samples midway between 
the other channel's. In the process, 
it allows the use of the second chan-

INTERVAL ANALYZER 
• Performs 800k measurements/sec 
• Resolves time intervals to 1 nsec 
The TIA 2001A performs a series 
of time-interval measurements, logs 
how often each interval value has 
occurred, and displays the results 
as a histogram. It can also compute 
such statistical measures as mean 
and standard deviation. The instru­
ment can make as many as 800k 
measurements/sec and can resolve 
interval durations to 1 nsec. Its pri­
mary uses are in analysis of serial­
data quality, for example, in meas­
uring the bit shift, margin error, 
and rate performance of disk drives. 
Its triggering capabilities enable it 
to handle data at rates to lOM bps 
and suit it to use with drives that 

EDN January 5, 1989 

nel's waveform memory to augment 
that provided for the first channel's 
data and thus doubles the number 
of samples of a single waveform 
that the scope can store. $1625; 

conform to such standards as ESDI 
and SCSI. $15,000; upgrade of 
model TIA 2001 to 2001A, $1195. 

Odetics Inc Kode Div, 1515 S 
Manchester Ave , Anaheim, CA 
92802. Phone (714) 758-0400. TLX 
3716642. 

Circle No 661 

lOOM-SAMPLE/SEC DSO 
• Achieves analog bandwidth of 

350 MHz 
• Stores SOk samples in nonvolatile 

memory 
The 9420 2-channel digital-storage 
oscilloscope makes lOOM samples/ 
sec-%th the rate of the vendor's 
recently introduced 9450-so it is 
less expensive. Nonetheless, both 
scopes have the same 350-MHz ana­
log bandwidth and 50k-sample­
deep , battery-backed waveform 
memory. The reduced sample rate 
of the 9420 forces it to revert to 
equivalent-time sampling (ETS) at 
some fast sweep speeds where the 
9450 can sample in real time; hence, 
the 9420 cannot capture single-shot 

$2625 for older 54111Ds. 
Hewlett-Packard Co, 19310 Pru­

neridge Ave, Cupertino, CA 95014. 
Phone (800) 752-0900. 

Circle No 660 

transients as short as those ac­
quired by the 9450. In ETS mode, 
however, both scopes sample at a 
maximum effective rate of lOG sam­
ples/sec; therefore, their 350-MHz 
analog bandwidth becomes the lim­
iting factor. Furthermore, at any 
sweep speed, the 9420 can detect 
glitches as brief as 2.5 nsec. The 
analog-scope "feel" of the 9420 is 
identical to that of the 9450, as are 
the triggering and automatic pulse 
parameter measurement modes. 
$14,900. Delivery, six to eight 
weeks ARO. 

LeCroy Corp, 700 Chestnut 
Ridge Rd, Chestnut Ridge, NY 
10977. Phone (914) 425-2000. TWX 
710-577-2832. 

Circle No 662 
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TEST & MEASUREMENT INSTRUMENTS 

DEFECT ANALYZER 
• Performs as stand-alone tester 

for simple pc boards 
• Screens complex boards to mini-

mize test time 
The Midata 520 manufacturing­
defects analyzer screens pc boards 
for problems such as open circuits, 
solder-flow and copper-etch defects, 
incorrectly loaded components, and 
damaged components. The system 
addresses as many as 4096 circuit 
nodes, each of which is actively 
guarded; it performs component­
level tests on resistors, capacitors, 
inductors, diodes, and transistors. 
It also detects whether ICs have 
been loaded and determines if IC 
orientation is correct. The system 
can log fault information on a high­
speed ticket printer or write it to 
a fault database. A high-speed 
switching matrix allows the unit to 
test a board in 1 to 5 sec, rather 
than the 20 to 30 sec required by 
other testers. From $55,000. Deliv­
ery, 90 days ARO. 

Marconi Instruments Inc, 3 
Pearl Ct, Allendale, NJ 07401. 
Phone (201) 934-9050. 
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80386 DISASSEMBLER 
• Is on a pc board that plugs into 

logic analyzer 
• Lets you plug µP into personality 

adapter 
The PM 8858/80 is a pc board that 
plugs into the vendors' PM 3570 
logic analyzer. ROMs on the board 
contain two disassemblers for Intel 
Corp's 80386 32-bit µP. For easy 
connection to the 80386's pin-grid­
array package, the vendor also of-

266 

fers the PM 8817/41 personality 
module. You plug the µP into the 
personality module, plug the per­
sonality module into the target sys­
tem, and also connect the personal­
ity module to the logic analyzer. 
One disassembler displays all 80386 
instructions (including virtual pro­
tected-mode instructions) on a sin­
gle line along with the correspond­
ing mnemonics and addresses. You 
can select 16- or 32-bit operation of 
the µP in virtual protected mode. 
The second disassembler displays 
code bytes. Disassembler board and 
personality module, $500 each. 

John Fluke Mfg Co Inc, Box C-
9090, Everett, WA 98206. Phone 
(800) 443-5853, ext 77. TLX 185102. 

Circle No 664 
Philips Test and Measurement, 

Building HKF, 5600 MD Eindoven, 
The Netherlands. Phone local sales 
office. 
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ASIC VERIFIER 
• Holds cost down by sharing re­

sources 
• Locates all pin electronics on one 

board in test head 
The LV 500 ASIC-verification sys­
tem can fit on a benchtop and holds 
down its purchase price by using a 
shared-resource architecture. Yet, 
according to the vendor, it achieves 
flexibility in generating and dy­
namically modifying timing sets 
that was available heretofore only 
in much larger and more expensive 
systems intended for high-volume 
testing. Virtually all of the system's 
pin-related circuits are on a single 
pc board in the test head. The sys-

tern can accommodate 64 to 256 
channels with 64k words of pattern 
memory. It operates at speeds to 
50 MHz with 500-psec timing reso­
lution and provides 16 clock phases. 
It permits you to select drive and 
comparison levels and to separately 
control the timing, data format, and 
function of each pin. The software 
offers you many ways to present 
acquired data, including schmoo 
plots. $55,000 to $172,000. 

Tektronix Inc, Box 12132, Port­
land, OR 97212. Phone (800) 245-
2036. 
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ASIC VERIFIER 
• Stores 463k vectors 
• Dynamically alters 110 direction, 

masking, and inhibiting 
The Topaz-V L ASIC-verification 
system handles devices with 32 to 
256 pins and with propagation de­
lays of 500 psec or more. In a 32-pin 
configuration, the system can store 
463k vectors. You can upgrade the 
system to the performance level of 
more expensive members of the 
product family. This system has a 
50-MHz max test rate and a 1-nsec 
pin-to-pin timing skew, but like its 
higher performance brethren, it 
uses resource-per-pin architecture 
that provides dynamic control of VO 
direction, data format, masking, 
and device-output inhibit functions. 
The system permits you to vary 
logic levels and · the comparison 
threshold. $67,000 to $220,000. 

Hilevel Technology Inc, 31 
Technology Dr, Irvine, CA 92718. 
Phone (800) 445-3835; in CA, (800) 
541-2742. TLX 655316. 

Circle No 667 
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THE SIMPSON 560 MENU DRIVEN MULTIMETER. 

SOMETHING NEW ON 
THE MENU. 

From microvolt transducer meas­
urements to high voltage work, 
Simpson's new Professional 
Series Model 560 Digital Multi­
meter is designed to quickly give 
the answers you need-without 
elaborate signal conditioning. 
Diagnostic functions such as 
MIN/MAX Hold and Peak Hold 
let you find and display transient 
amplitudes, while the bar graph 
continues to monitor the incom­
ing signal. Programmable data 
logging on any range or function 
and a built-in 500 KHz frequency 

Simpson Professional Series 
products are made 1n USA. 

counter, further expand the 
acquisition capabilities of the 
Simpson 560. 
What's more. it's now possible 
to speed up routine tests-saving 
only the measurements of inter­
est-because the 560 offers real-

time comparison to stored test 
limits. Permanent records of the 
captured data can be generated 
by computers or printers connect­
ed to the optional interfaces 
(Centronics, RS-232 or IEEE-488) . 
Displayed menus make it quick 
and easy to set the measure­
ment parameters. And ultra-fast 
autoranging inputs instantly 
calculate the proper scale. 
Order from our menu. The 
Simpson 560 Menu Driven 
DMM. You'll agree that it's 
done quite tastefully 

Simpson Electric Company 853 Dundee Ave .. Elgin. Illinois 60120-3090 312/697-2260 FAX: 312/697-2272 
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InterTools ™ 

Time Saving Software 
For Embedded System Development 

68000/010/020, 8086/186/286 
68HC11, Z80, V Series 

C Cross Compilers 
• Global Optimization • Utilities include 

Features Linkers, Locators, 
•Produce Re-entrant, Formatters, and Unique 

ROM-able Code ROM Processor 

Cross Assemblers 
• Full Macro Capabilities 
• Include Complete 

Utilities Set 

• Support Relocatable, 
Combinable, and 
Absolute Segments 

XDB Cross Debuggers 
• Debug at C or Assembly • Powerful Assertion, 

Source Code Level Breakpoint Commands 
•User-Friendly Interface •Direct Command 

and Command Set Interface to Emulator 

InterTools are available 
for VAX, SUN, Apollo, 
HP, IBM PC, and other 
engineering computers. 

Demo Disks available. 

Intermetrics, Inc. 
Software Products Division 
733 Concord Avenue 
Cambridge, MA 02138 
(617} 661-0072 
Toll-Free: 1-800-356-3594 

.......................... 111111111111111111111111111111 •• •• Intermetrics 
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INSTRUMENTS 

DRAFTING PLOTIERS 
• Handle drawing sizes to D and E 
• Support the HP-GL language 
The Draftpro DXL and EXL draft­
ing plotters handle D- and E-size 
media. Both feature pen accelera­
tion of 2g as well 0.0005-in. resolu­
tion and 0.2% accuracy. A pen­
sorting capability reduces plotting 
time by minimizing the number of 
pen changes. The units store their 
pens in an 8-pen carousel; they cap 
pens not in use to prevent them 
from drying out. You can use both 
liquid-ink and fiber-tip pens. The 
units incorporate an RS-232C inter­
face and, optionally, an IEEE-488 
interface. They use HP-GL (Hewl­
ett-Packard Graphics Language); 
hence, they are compatible with the 
same software as are the vendor's 
other pen plotters. Draftpro DXL, 
$4995; EXL, $6495. 

Hewlett-Packard Co, 19310 Pru­
neridge Ave, Cupertino, CA 95014. 
Phone local office. 
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IEEE-488 INTERFACE 
• Plugs into MicroVAX 3000's Q 

Bus 
• Performs DMA transf ers to 250k 

bytes/sec 
The GPIB-MV3000 kit provides an 
interface between the Q Bus in 
Digital Equipment Corp's Mi­
cro VAX 3000 series computers and 
the IEEE-488 bus. The controller 
board in the kit performs DMA 
transfers at 250k bytes/sec with a 
maximum block length of 64k bytes/ 
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TEST & MEASUREMENT INSTRUMENTS 

transfer. The kit includes source 
code for a multiboard handler com­
patible with the Micro VAX's VMS 
operating system. The handler im­
plements more than two dozen func­
tions related to management of the 
IEEE-488 bus and control of instru­
ments attached to it. The vendor 
can furnish the software on floppy 
disk, on tape cartridge, or on 9-
track tape. $2095 to $2195 depend­
ing on software-distribution me­
dium. 

Na ti on al Instruments Corp, 
12109 Technology Blvd, Austin TX 
78727. Phone (800) 531-4742; in TX, 
(800) 433-3488. TLX 756737. 
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PA'ITERN GENERATOR 
• Provides 32k X4-bit patterns at 

2.5 GHz 
• Achieves 150-psec typ rise and 

fall times 
The PG-2500 is a digital pattern 
generator that produces 32k x 4-bit 
patterns at 2.5 GHz or 16k x 8-bit 
patterns at 1.25 GHz. You can in­
terconnect as many as eight units 
to obtain wider patterns. In the 
standard unit, outputs conform to 
the specs of lOOK-series ECL and 
are series terminated with 500 at 
the sending end; you must provide 
a 500 termination at the receiving 
end of the output cable. As an op­
tion, you can obtain outputs that 
you can program over the range of 
-2 to +2V, with a 2V p-p max 
amplitude. You can shift output 
timing over a range of ± 2 nsec with 
10-psec resolution and 100-psec ac­
curacy. You can load patterns from 
a host computer via the IEEE-488 
bus in several formats. You must 

ONE WEEK TURN AROUND 
ON OUR PCB DESIGN SERVICE OR IT'S FREE! 

National Design, Inc. Is the only PCB 
designer you'll see that can make this 
Incredible offer . How can they do It? 
Simple . NDI has : 

• Senior level designers and 
electrical engineers on staff 

• State-of-the-art Cadnetlx' s 
workstations and routing 
engine on site 

• Gerber photoplotter 

• Custom designs of up to 
1400 IC's on a single 
circuit board. 

- Fortune 100 references available on request -

National Design 

•Specializing In high speed printed circuit board design" 

National Design , Inc. • 9171 Capital of Texas Hwy. North 
Houston Building, Suite 230 • Austin, Texas 78759 

Phone (512) 343-5055 • FAX (512) 343-5053 • Modem (512) 343-5054 

• Applies to digital c ircuits only. NET LIST Input must also be provided. 

270 CIRCLE NO 6 

supply an 80286- or 80386-based 
computer with 640k bytes of RAM, 
a lOM-byte hard disk, a floppy-disk 
drive that can read 360k-byte disks, 
an EGA (enhanced graphics 
adapter) card, a high-resolution 
color monitor, and a National In­
struments Corp PC 2A IEEE-488 
interface card and cable. With fixed 
output levels, $60,000; with vari­
able output levels, $75,000. 

Outlook Technology Inc, 200 E 
Hacienda Ave, Campbell, CA 
95008. Phone (408) 374-2990. TLX 
408-37 4-9273. 
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IEEE-488 CONTROLLER 
• Sends strings in response to 

1-character commands 
• Buffers 32k characters 
The Micro488A allows you to con­
nect IEEE-488 devices to an RS-
232C or RS-422 port that operates 
as fast as 57.6k bps. The unit can 
act as a talker or a listener on an 
IEEE-488 bus as long as 4000 ft 
that connects as many as 14 de­
vices. To minimize traffic through 
the relatively slow serial interface, 
the unit can output stored character 
strings in response to I-character 
commands. You can define as many 
as 100 of these "macros." The unit, 
which uses Hewlett-Packard pro­
gramming syntax, can also buffer 
32,000 characters. $695. 

IOTech Inc, 25971 Cannon Rd, 
Cleveland, OH 44146. Phone (216) 
439-4091. TWX 650-282-0864. 

Circle No 671 
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THE FUTURE OF THE BUS/BOARD 
INDUSTRY IS HERE NOW ... AND IT'S 

AT BUSCON/89-WEST 

~ 

There's something exciting going on in the bus/board 
industry these days ... the future. 

Whether you're interested in NuBus, VME, Multibus or 
other bus/board architectures, you'll find more products, 
services and solutions at BUSCON than ever before. 
Because the BUSCON Show and Conference has 
grown right along with bus/board technology to become 
the industry event. In fact, BUSCON has doubled in size 
in the last two years alone. 

New chips. New products. New technology. And ever­
increasing choices. There's a world of difference 
between the bus/board industry of today and the one of 
tomorrow ... a world that's waiting for you at 
BUSCON/89-West. 

GET A FIRST-HAND VIEW OF THE FUTURE ... 
PLAN NOW TO ATTEND BUSCON/89-WEST! 
Sponsoring Publications: Computer 
Design, Computer Technology Review, 
Control Engineering and the 
Microcomputer Interface Group, EON, 
ECN, EETimes, Electronic Buyers' 
News, Electronic Design, Electronic 
Products, ESD, IAN, l&CS, lnfoBus 
Report, SuperMicro, UNIX World, 
VMEBus Systems Magazine, VME 
News, Embedded Systems 
Programming. 

Association Sponsors: VITA, MMG, 
STDMG, STEMUG, PDOS. 

lo YES!1a::er:: i:;en:; - - - - ~-1 
BUSCON/89-West, the bus/board industry event. 

I D I am interested in exhibiting. Please send me more 
information. 

BUSCON/89-WEST I 
Name FEBRUARY 7· 9, 19a9 

---------------sANTA CLARA CONVENTION CENTER 

1 Title/ Position SANTA CLARA, CA 

Company 

1 Address 

City _____________ State ___ Zip I 
Phone( __ ) _ _ _________________ BW1 1 

~E~N ~ c~ 2~o~ic~e~N~k,~06~4~2~52~0._J 
EON 010589 
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Signal processing, when you come right down to 
it, is multiplication, addition, subtraction and stor­
age. Doesn't sound very exciting. 

But put together a set of building blocks that do 
those simple operations with almost unimaginable 
digital speed and precision. Then add A/ D con­
verters that bring in information from the world 
around you. Plus DI A converters that restore the 
digitally processed signals to a form your senses 
can understand. 

And you've built a signal processing system that 
will enable you to do things that couldn't be done 
before, see things that couldn't be seen before and 
understand things that could never be understood 
before. 

That 's exciting. And we can help make it happen. 

Complete systems solutions. 
Our approach to signal processing is simple. 

272 

We've taken our unparalleled experience in data 
conversion and added to it a set of signal 
processing chips that perform operations that used 
to require entire circuit boards. 

Here's a sample of what they can do for you: 
ISP 9110 12-Bit Microprogram Sequencer: expanded 

33 word stack, 50 ns minimum cycle time. 
ISP 9119 FIFO RAM Controller: uses standard 

RAMs to build FIFOs up to 64K deep, 15 MHz 
operation. 

ISP 9128 FIR Filter Controller: implements 16--bit 
filters to 128 Taps, 128 Tap sampling rate of 
lOOkHz. 

ISP 9210 16xl 6 Multiplier Accumulator: innovative 
high-speed architecture (65 ns commercial, 75 ns 
military) , low-power operation. 

ISP 921616x16 Multiplier: low-power, industry­
standard compatible to AM29516 and MPY016. 

ISP 9520/21 Pipeline Register: high-speed access, 
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output selectable from any register. 
With devices like these, we can give you a total 

integrated signal processing solution. Plus the 
added benefits of single-vendor support and pack­
age pricing. 

Position yourself for the future. 
Signal processing is changing every day. 
That's why you need more than a signal proces­

sing supplier who has a few good parts. 
You need a long-term partner who has a commit­

ment to signal processing, and the resources in 
every area that signal processing calls upon. 

For example, the chips of tomorrow will very 
likely combine signal processing, data conversion 
and high-speed logic. When you work with us, 
you'll get our Intersil expertise in processing and 
conversion. Plus our RCA Advanced CMOS Logic 
capabilities. Plus the more than 20 years of GE 

experience in radar, sonar, medical imaging and 
other demanding DSP applications. 

If worries about complexity and cost have 
deterred you from taking the exciting step into 
digital signal processing, call us. Together, we'll 
step into the future. 

For more information, call toll-free today, 
1-800-4-HARRIS, ext 30. 
In Canada: 1-800-344-2444, ext. 30. 
In Europe, call: BruSllels, (02)246-21-11 ; Paris, ( I ) 39-46-57-99; London, (276) 

68-59-11; Milano, (2) 82-291; Munich , (089) 63813-0; Stockholm (08) 793-9500. 

~ H.4RRIS w SEMICONDUCTOR 

HARRIS RCA GE INTERSIL 
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Leads could lift due to a steep 
bulge on the board. 

Highly localized bulge in this 
component. 

~ large, nat bulge from three well 
defined heat sources. 

Thermally induced failures? 
See them easily with Holographic NDT 
A powerful solution 
In seconds anyone can produce an 
image of minute deformations and 
view them as they evolve. Newport's 
holographic systems provide the 
power of holographic interferometry, 
with push button ease. 

Interpretation is easy 
The crisp lines on the PC board 
form a topographic map of its 
deformations, with the elevation 
between successive contour lines 
being precisely 10 micro inches. Our 
system allows you to resolve tightly 
spaced contours even on variable 
contrast objects like this PC board, so 
you never miss a detail. 

714/965-5406 
Newport Corporation 
18235 Mt. Baldy Circle 
Fountain Valley, CA 92708 
Europe: Newport GmbH, Ph. 06151-26116 
U.K.: Newport Ltd., Ph. 05827-69995 
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Failure identification 
Failures are easily understood when 
you can watch the board or compo­
nent deform during its power-up 
cycle. As the board heats up, closely 
spaced fringes indicate large board or 
component deformation, which can 
indicate too much heat, or perhaps 
excessive stress on the leads of a 
high reliability component. 

Easy operation 
Operation is simple and easy: the 
system is completely electronic, and 
it takes only 10 seconds from expo­
sure to viewing. 

CIRCLE NO 132 

Call us and we'll be happy to discuss 
the solution to your problem. 

The HC-1034 
Holographic system 
is a completely 
enclosed, self­
contained, stand­
alone unit. This 
and other systems 
are featured in our 
catalog. Call for 
your free copy 
today. 

l'\jevvport 

©1988 Newport Corporation 
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NEW PRODUCTS 
CAE & SOFTWARE DEVEWPMENT IDOLS 

CAD TRANSLATOR 
• Converts motion into servo com­

mands 
• Permits CAD control of rrwtion 

systems 
The CAD-to-DMC (digital-motion 
controller) software translates an 
Autocad or a DXF (Data-Exchange 
Format) file into servo motion and 
links IBM PC-based CAD software 
with a motor controller. You use 
CAD software to draw the motion 
that you want to implement, and 
the translator converts the CAD­
DXF file into a set of DMC com­
mands. The commands travel to the 
controller, which moves the motors 
along the motion path. You can de­
fine motion in the XY plane and use 
as many as 256 arc and straight line 
segments to define your path. By 
specifying continuous motion be­
tween segments, you can achieve 
smooth contouring. Vector speed 
varies from 2 to 500,000 counts/sec. 
The software includes the CAD-to-

MULTISOURCE ASIC KIT 
• Allows vendor-independent 

ASIC design 
• Includes twelve software tools 
The Design Kit enables users of 
IBM PC-based workstations to de­
sign an ASIC and compare its per­
formance in alternative gate-array 
or standard-cell technologies before 
committing the design to a vendor. 
Working within the Viewlogic CAE 
workstation environment, the kit 
allows you to reimplement a design 
in an alternate ASIC technology, 
resimulate, and compare the de­
sign's performance and gate utiliza­
tion. Vendor technology files pro­
vide the data that the software tools 
use to verify a design's perform­
ance. The library contains 109 logic 
and I/O cells. The verification tools 
generate delay values that match 
the vendor's mainframe simulation 
numbers. The Design Kit checks for 
spikes, setup- and hold-time viola-
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DMC translator, Autosketch CAD 
software, and the DMC controller 
executive. Software, $1500; control­
ler, $1495. 

tions, and release-time and pulse­
width errors. To operate the sys­
tem, you need an IBM PC/ AT or 
compatible with at least 640k bytes 
of RAM, an IBM CGA or EGA 
graphics board, and both a serial 
and a parallel port. The package in­
cludes the generic library, twelve 
software tools, and a choice of two 
technology files. $9950. Additional 
technology files, $1200. 

Custom Silicon Inc, 600 Suffolk 
St, Lowell, MA 01854. Phone (508) 
454-4600. FAX 508-458-4931. 
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NEURAL SOFTWARE 
• Tutorial software for neural­

circuit design 
• Emulates a small section of the 

human brain 
The Brain Simulator is an MS-DOS 
program that implements an array 
of 1200 neurons, using a digital 

Galil Motion Control Inc, 1054 
Elwell Court, Palo Alto, CA 94303. 
Phone (415) 964-6494. 
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model of the human brain neuron 
developed by the Neural Network 
Laboratory. The CRT represents a 
network of neurons; when a neuron 
fires, its CRT location flashes. Us­
ing a mouse to indicate a particular 
neuron, you can display the existing 
synaptic connections and modify 
sample networks or define new 
ones. To establish initial conditions 
or to emulate the input of a visual 
image, you can force neurons to 
fire. The Brain Simulator package 
includes simple switching, memory, 
and pattern-recognition-circuitry 
examples. An accompanying book­
let explains the operation of biologi­
cal neurons and describes how the 
program emulates biological neu­
rons. $99. 

Abbot, Foster, & Hauserman 
Co, 44 Montgomery St, Fifth Floor, 
San Francisco, CA 94104. Phone 
(800) 562-0025. 

Circle No 422 
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GRAPHICS DESIGNER 
• Integrates vector and raster 

graphics with text/table creation 
• Runs on Sun-3 workstations 
Leonardo software allows you to 
prepare business forms, presenta­
tion materials, and graphics in a va­
riety of formats, using the system's 
constrained drawing, freehand 
drawing, and raster editing tools. 
You can use Leonardo as a stand­
alone tool or as a complement to 
other software packages. The soft­
ware comes with the LaserWriter 
Plus fontload of 35 typefaces and 

can output directly to PostScript 
printers. It provides support for 
SunRaster and encapsulated Post­
Script formats; support for IGES is 
optional. $1200. 

Qubix Graphic System Inc, 1255 
Parkmoor Ave, San Jose , CA 
95126. Phone (408) 292-4000. FAX 
408-295-7485. 
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LOGIC SIMULATOR 
• Runs on IBM PCs and compa­

tibles 
• Features tabular logic display of 

status 
Lice is a low-cost, menu-driven 
logic-circuit emulator program. The 
simulator has three main menu se­
lections: a logic-default editor, 
which initializes circuits and sets up 
the tabular output display; a TTL­
family-component dictionary list­
ing; and a logic-circuit entry, which 
accepts keyboard or diskfile sche-

35 Years of Total Dedication to 
coo/Ing Electronic Circuits 
WIDE SELECTION 
Over 3,000 heat dissipators and 600 
hole patterns. 

PROVEN QUALITY 
Quality control in conformance to 
Military Standard {MIL-1-45208). 

ON-TIME DELIVERY 
A history of meeting delivery 
commitments - including 
''.Just-in-time". 

FREE HEAT 
DISSIPATOR CATALOG 
36 pages featur-
ing over 125 types .---....-fiii1::.- _...., 

TECHNICAL SUPPORT 
Engineering assistance available 
upon request. 

COMPETITIVE PRICING 
Dedication to providing quality 
products at a competitive price. 

FREE HEATSINK/DISSIPATOR 
PRODUCT AND THERMAL 
MANAGEMENT GUIDE 
152 pages of performance data 
on hundreds of 
heat dissipators 
and heat sinks. ==.:.."=" .. 

matics. Lice requires DOS 2.0 or 
higher with an IBM CGA or equiva­
lent and needs 256k bytes of RAM. 
It comes with a tutorial manual. 
$49. 

BSoft Software, 444 Colton Rd, 
Columbus, OH 43207. Phone (614) 
491-0832. 
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STORAGE SOFTWARE 
• Provides data security 
• Supports most networks and in-

terfaces 
FileSafe Software 4.5 provides en­
hanced and full transparent support 
of all network requirements on 
Novell, IBM's Token Ring, 3Com, 
and most other networks. The soft­
ware provides backup to any drive 
on the network to a specific station 
and supports more than 100,000 
files per backup. The package ful­
fills the requirements of the Novell 
network operating system, includ-

CALL OR WRITE TODAY 
FOR COMPLETE DETAILS of aluminum heat 

dissipators for 
popular semi­
onductor case 
types. Includes 
photos, outline 
drawings and 
specifications. 

Includes a compre- • 
hensive section on 1111. .. 
practical application • 
criteria and 
selection of heat 
dissipator devices 

...................... (213) 849-2481 
INTERNATIONAL ELECTRONIC RESEARCH CORPORATION 

for semiconductors . .__......__ ..... 

CIRCLE NO 5 
276 

a subsidiary of Dynamics corporation of America 
Facility Address: 135 w. Magnolia Blvd., Burbank, CA 91502-9990 

TELEX II: 910-498-2206 • FAX: 818-848-8872 
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ing backing up user rights and trus­
tee lists, the N et$bind. sys and 
Net$bval.sys files, owner ID num­
bers, file-creation dates, last-access 
dates, last-modified dates, and all­
file attributes. The software pro­
vides backup of on-line servers; you 
don't have to halt the network. File­
Saf e supports a range of tape 
drives, includng QIC-40, QIC-24, 
QIC-150, and SCSI-based tape­
drive systems. The software utilizes 
Lotus/Intel/Microsoft expanded­
memory specification and virtual 
disk support. $99. 

Mountain Computer Inc, 240 
Hacienda Ave, Campbell, CA 
95008. Phone (408) 379-4300. FAX 
408-379-4302. 
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GRAPHICS DATABASE 
• Includes drawing and picture 

graphics as a field type 
• Allows as many as 200 fields 
DataSketch is a database system 
that includes drawing and picture 
graphics as a field type as well as 
numeric, character, date, multiline, 
and sound fields. The built-in art 
capability allows you to paint solid 
or cross-hatched figures and create 
circles, lines, rectangles, dots, text, 
and arcs. You can rotate, duplicate, 
move, and zoom sections of a field 
and then save the data to disk for 
future recall. DataSketch has an 
English-like programming language 
with extensions for graphics fields 
and variables. For example, you 
can list all the records that contain 
circles or add up the lengths of all 
the lines in a file. You can create 
and modify drawings interactively 
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or under program control. Data 
Sketch can index without convert­
ing fields to the same data type. 
The pc-based database requires a 
DOS with 512k bytes of RAM and 
an IBM CGA or EGA, or a Hercules 
display. $99. 

Tarbell Electronics, 1082 E Ar­
tesia Blvd, Suite C, Long Beach, 
CA 90805. Phone (213) 422-7081. 
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C-CODE CASE TOOL 
• Produces C source code from 

graphics specification 
• Generates code for IBM PC ap-

plications 
MicroStep is a CASE tool that pro­
duces 100% C source code and 
executable programs directly from 
graphics specifications. The tool 
features an interactive graphics­
design environment, automatic 
specification analysis, generation of 
executable code, and production of 
technical documentation. You can 
interactively create a system speci­
fication using five sets of seamlessly 
integrated tools to build the data 
flow diagrams, specify the data 
structures, layout the screens, for­
mat the reports, and describe the 
applications computations and proc­
essing logic. Additionally, you can 
copy and store elements in the data 
dictionary for use in other specifica­
tions. Currently, MicroStep accepts 
.DBF and both fixed and delimited 
ASCII files. It runs on IBM PCs 
and compatibles running DOS 3.1 
through 3.3. $5000. 

SysCorp International, 9420 Re­
search Blvd, Suite 200, Austin, TX 
78759. Phone (512) 338-0591. 
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PC-BASED PCB CAD 
• Offers 1-mil resolution 
• Can place and route 16 signal 

layers 
Cadstar 4 is a moderately priced 
tool in the vendor's trio of pc-board 
design packages. Cadstar 4 accom­
modates complex boards with sur­
face-mount devices on both sides of 
the board and handles multiple 
power and ground planes. It pro­
vides autoplacement routines that 
let you interactively optimize con­
nections during component move­
ment for higher density and shorter 
track lengths. The software can 
handle as many as 1023 components 
and 3500 connections per design. 
Cadstar 4 runs on IBM PC/ ATs and 
compatibles as well as on 80386-
based systems. $4850. 

Racal-Redac Inc, Box 365, 
Westford, MA 01886. Phone (508) 
692-4900. 
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SCREEN MANAGER 
• Works with WordStar Profes­

sional Releases 4 and 5 
• As many as 25 screen sizes avail-

able 
ScreenExtender is a screen man­
ager for WordStar that provides 
more than 25 rows and 80 columns 
of screen text. From WordStar's 
opening menu or while editing a 
file, you can change the number of 
screen rows and columns and zoom 
in and pan out on demand. Screen­
Extender lets you see the entire 
width of a proportionally spaced 
document while editing; previously, 
you had to use horizontal scrolls to 
see the "hidden" portion of propor­
tionally spaced documents. You can 
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increase the viewing area to as 
many as 58 rows, which is a whole 
screen. The number of screen sizes 
that ScreenExtender will support 
depends on the graphics standard 
you employ. However, an IBM 
EGA/VGA has 21 sizes, an IBM 
CGA/MCGA has 11 sizes, and a 
Hercules display has 25 screen 
sizes; all have 25 rows and 80 col­
umns as their default. ScreenEx­
tender features screen colors, nor­
mal or reverse video, and hot-key 
definitions. It also lets you save 
your option choices so you can begin 
a session with your defaults. $59.95. 

Stairway Software Inc, 700 Har­
ris St, Suite 204, Charlottesville, 
VA 22901. Phone (804) 977-7770. 
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TOUCHSCREEN SYSTEMS 
• For the vendor's 1030 and 1050 

series Touch Control Screens 
• Run on IBM PCIXTs, PCIATs, 

or compatibles 
ScreenBuilder and IconBuilder soft­
ware packages simplify program­
ming of display screens for custom 
applications. ScreenBuilder, a 
screen development tool, allows you 
to develop application screens. To 
position a touchkey or to specify its 
visual and feedback characteristics, 
you fill in the blanks on the 
ScreenBuilder's questionnaire. 
IconBuilder allows you to create 
custom characters to display com­
mon symbols, circles, and static 
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graphics on an IBM PC for down­
loading into one of the Touch Con­
trol Screen's programmable 128-
character sets. Both packages elimi­
nate high-level programming. $95. 

John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 
(800) 453-5853. 
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Philips Test and Measurement, 

Building HKF, 5600 MD Eind­
hoven, The Nether lands. Phone lo­
cal office. 
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EDITOR BUILDER 
• Lets you create drawing editors 
• Runs on Apollo, Sun, DEC, HP, 

and other workstations 
The Editor Construction Kit lets 
you build tailored editors with gra­
phical object-manipulation capabil­
ity. The kit provides a graphical in­
terface, which allows you to interac­
tively create objects and define 
their control points. In addition, it 
gives you control over the interac­
tive appearance of the editor and 
the ability to extend and constrain 
editing activities. The Editor Con­
truction Kit permits you to write 
less code to set up the editing ses­
sion and spend more time perfect­
ing the interface. $4000. 

VI Corp, Amherst Research 
Park, Amherst, MA 01002. Phone 
(413) 253-3482. 
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CASE TOOL 
• Allows you to structure your own 

CASE environment 
• Interfaces and integrates other 

tools 
Sylva Foundry MS/DOS is an IBM 
PC-based workbench that contains 
tools for creating and modifying 
techniques, interfacing open archi­
tecture with other tools, and gener­
ating diagrams from external data. 
Once you create modeling objects, 
you can store them in technique­
specific Icon Drums for use in creat­
ing system models. A diagram edi­
tor provides a rule-based drawing 

capability through an intuitive in­
terface. The Foundry Diagram Gen­
erator lets you generate diagrams 
from external data, and the Foun­
dry Screen Maker lets you create 
active menus and panel-to-panel re­
lations, and control other screen 
functions. An optional Starter Kit 
enables you to modify or blend De­
Marco Data Flow, Gane and Sarson 
Data Flow, Ward-Mellor Control 
Flow, Entity Relationship, State 
Transition, Constantine Structure, 
and three other techniques. $8500. 
Starter Kit, $3000. 

Cadware, 869 Whalley Ave, New 
Haven, CT 06515. Phone (800) 223-
9273; in CT, (203) 397-2908. 
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C DEVELOPMENT KIT 
• Facilitates C code generation for 

parallel and embedded applica­
tions 

• Supports features specific to the 
Transputer 

The Transputer Toolset provides a 
complete C and assembly language 
development environment for the 
INMOS Transputer family. The 
toolset works with a single 
Transputer or in a Transputer net­
work. The toolset offers optimiza­
tion facilities and close conformance 
to the emerging ANSI C standard. 
The Transputer Toolset includes a 
C compiler, an assembler, a linker, 
a librarian, and both a single proc­
essor and a network loader. The 
compiler supports in-line assembly 
language and can generate in-line 
code for the C functions, which map 
into the Transputer instruction set. 
The compiler can generate code for 
the 64-bit/32-bit ANSI floating­
point model, or the 32-bit only float­
ing-point model. The toolset is port­
able across MS-DOS, Apple Mac II, 
and SYS5/BSD4.3 Unix systems, 
including Apollo, Sun, and DEC. 
$995. 

Logical Systems, Box 1702, 
Corvallis, OR 97339. Phone (503) 
753-9051. 
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YOU'LL FIND THE ANSWERS TO 
YOUR TOUGHEST 

POWER SOURCE PROBLEMS AT 

The Power Electronics 
Conference '89SM 

February 7-9, 1989 
Convention Center • 

Santa Clara, CA 
The applications conference and exposition for those who 

make, sell, specify, buy, test, and use power sources. 

MAIL THE COUPON FOR 
YOUR FREE 

PROGRAM BROCHURE! 

PEC '89 is the only West Coast conference and 
exhibition focused exclusively on the needs of 
OEM users of power sources in electronic 
applications - whether you buy off-the-shelf 
power supplies, hire a custom manufacturer, or 
build it in-house. 

A high-quality seminar program addresses the 
tough practical questions, and the exhibit hall 
allows you to collect the necessary data and 
compare first-hand all the possible solutions for 
your specific power supply problems. 

r - - - - - - -;;N0~9 1 

PEC '89 will be the most exciting and productive 
event you'll attend all year! Send for your FREE 
brochure today! 

power sources 
manufacturers association 
the leading industry association 

PEC '89 is sponsored by the Power Sources 
Manufacturers Association, the industry's leading 
trade association. This vital group is providing the 
full support of its leadership and membership to 
make PEC '89 the most exciting and productive 
event you will attend on the West Coast this year! 

I .~' .. f t%~/:i,[~99J[l·nics 
I ~ 

February 7- 9, 1989 
Convention Center • I Santa Clara, CA 

D YES! Send me my free Program Brochure 
just as soon as it's off the press! 

D I want exhibit information. 

I Title 
Company ___________ ~ 

I Address ____________ _ 

I City 
State _______ Zip _____ _ 

Phone( PW3 -'------'----------
MAIL TO: PEC '89/CMC 

P.O. Box 4990 

L _ -
Norwalk, CT 06856-4990 

J 
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Conference Management Corporation, 200 Connecticut Avenue, Norwalk, CT 06856-4990 
(203) 852-0500 • FAX (203) 838-3710 
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NEW SURIKE MOUNT OUTUNE. 

-i 
SOT-223... EAL lW 

SMD PERFORMANCE ON 
PRINTED CIRCUIT BOARDSI 

Now you can benefit from SMD technology in a 
wider range of applications with the new Philips 
SOT-223 surface mounted package. 

The SOT-223 gives performance of 1 W on PCBs 
and 2W on ceramic substrates without extra cool­
ing. It enhances the performance of small signal 
devices currently available in other surface mounted 
packages. Plus, it's equally compatible with reflow 
and wave soldering techniques. 

Devices now available in SOT-223 include switch­
ing, high voltage, darlington and driver transistors, 
RF broadband transistors up to 7.5 GHz and P and 
N Channel DMOS-FETs. 

But that's just the start. SOT-223 offers you 
power-plus an impressive list of board mount­
ing benefits. 

• Design ensures level mounting which eliminates 
hot spots and also allows visual inspection of 
solder joints. 

• Supplied on standard 12mm tape for speed and 
simplicity of automated placement. 

• Formed leads absorb thermal stress, preventing 
damage to die. 

• Accepts extensive range of die up to 2.5mm square. 
• Tab position leaves base free to be glued for 

wave soldering. 
• Can be mounted on the same solder pad design 

as the DPAK outline. 
Benefit from this breakthrough now! 
For designers in consumer electronics, automotive, 
telecommunications, EDP industries, etc., SITT-223 
is a major advance in SMD technology. Get the full 
facts fast. Call or write today. 

Amperex· 
DISCRETE SEMICONDUCTOR PRODUCTS GROUP 

PHILIPS 

Amperex Electronic Company, George Washington Highway, Smithfield, RI 02917 (401) 232-0500 
Jn Canada: Philips Electronics Ltd., 601 Milner Ave., Scarborough, Ontario M1B 1MB (416) 292-5161 
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w;ff This advertising is for new and current products. 
} 

Please circle Reader Service number 
for additional information from manufacturers. 

NETOPT I NETSIM ANALOG CIRCUIT ANALYSIS 
AND OPTIMIZATION SOFTWARE 

NETSIM analyzes circuits in both time and frequency do­
mains, performs Monte Carlo , tolerance/worst case analysis 
and extracts poles/zeros and transfer functions. • Produce 
yield estimates and sensitivity analysis of your analog designs 
• NETOPT includes all features of NETSIM and adds sophis­
ticated optimization capabilities • Compensate for circuiU 
device parasitics. generate non-standard responses and 
center designs for maximum yields. • NETSIM is available for 
IBM PC®($850) and VMS"'/UNIX®($1700.00)/NETOPT is 
$1995.00 for the PC and $3995.00 for the VMS/UNIX version. 

RLM Research 
P 0. Box 3630, Boulder, CO 80307-3630 

(303) 499-7566 
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NEED CIRCUITi 
PROTECJ'ION? 

E-T-A has "THE RIGHT STUFF!" 
• Commercial, Mil & Low Cost Types • Magnetic 
or Thermal • 0.05 to 400 A, 250V AC or 28V DC 
• ON/OFF SwitcM!reaker Combination • PC 
Board & Snap-in Mounts 

rnclfc& 
CIRCUIT BREAKERS 
7400 North Croname Road, Chicago IL 60648 • 3121647-8303 

Now Available! 

Self-Protected Squib Driver 
This high power 20 amp hybrid is equivalent to a power 

transistor with overload protection . It's one of over 50 
power hybrids produced by CTI for military and space 
applications. 

Key features of the squib driver: 
• Packaged in standard T0-3 package 
• Protected against short circuit 
• Low saturation (1.8 volts) 
• High current gain (800) 

Call or write for full specs and pricing . 

CTI Circuit Technology, Inc. 
160 Smith Street, Farmingdale, NY 11735 
(516) 293-8686 FAX (516) 293-8622 
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LOW COST 
INTERFACE 

CARDS FOR 
PC/XT/AT 

95 
: ~e:~ !~~t~~~~~ 1B~~~2~ission) and RS-4llA standards. 

• Jumper selectable line terminatol'5. Two wire (hair duplex) operation. 
• Max1mum Baud Rate 56KB/l 15K8 . Differenlial dnvel'5 to 4,000 ft . 
• 0 89 or honej ack. Sam le communication software available $50 . 

IEEE-488 Card [PC488A] . -

programs or commands are executed; Features 
poi nts, real time bus data capture (4K buffer), instant screen toggling. 

• Dips~i teh selectable Base address, interrupts (I RQs) and OMA. 
• Complete Controller / Talker I Ustener cap:ibility. Based on Tl's TMS.9914. 
• NEC-7210 based card (compatible with Nat. Instruments PCll!PCllA) • $445. 

MC / VISA / A.MEX C4JltodayfOTdaJashttts! 

B&C MICROSYSTEMS INC. 
355 West Olh·e Ave, Sunnyvale., CA 94086 
TEL.: (408)730-551 I FAX: (408)730-5521 

PCB STIFFENERS 
150,000 psi flex strength 

Solid %-in. square 
glass epoxy rods 
meet UL94V-1 and 
el i mina te sag , 
vibration , and 
electrical shorts . 
Slotted for e dge 
mount or dr i lled 
for c enter board 
mounting. 

GOLD FINGERS GLOVE 
Protects circuit boards from damage 

Reu s eable g l ass 
lam i nat e d epo x y 
155°C" U"channels 
protec t gold con ­
tacts during assembly 
and soldering. Gloves 
fit .062" boards with 
fingers up to .531 " 
long in strips to 18" . 

STEVENS PRODUCTS INC. 
1 28 North Park SI East Orange NJ 0701Y 

Established 1937 . 201 1672 2140 
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ISDN " S" INTERFACE 
TRANSFORMERS 

Tokin America has introduced a line of transformers 
designed for the Integrated Services Digital Network. 
These miniature units meet the requirements of 
CCITI 1 .430 and support 28 + D channels at a total 
line rate of 144 kbps to 192 kbps. A number of wind­
ing ratios are available as standard. Applications 
include telephone, terminal , computer, or any other 
high speed digital transmission equipment. 

Tokin America 
155 Nicholson Lane, San Jose, CA 95134 

408-432-8020 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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smARTWORK"' PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program's 
features include continual design-rule checking , automatic 
pad shaving, a silkscreen, and text for all three layers. 
smARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac­
cepted . Write or call 

Wintek Corporation 
1801 South Street, Lafayette , IN 47904 

(800) 742-6809 or (317) 742-8428 
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ZB0,000™ AT-BUS SBC (ATZBOK) 
Zilog's new 2320™ 32-bit pipelined CPU/MMU/CACHE unit 
is the heart of this PC-/AT™ coprocessor, passive-back­
plane master, or stand-alone SBC. Get 2 to 5 MIPS per­
formance at10 MHzWith 1M or 4M 32-bit burst-mode no­
wait-state RAM, 4 32-pin EPROM/EEPROM sockets for up to 
512K 32-bit burst-mode no-wait-sate non-volatile storage, 
2 RS-232 ports , 241/0 lines, 316-bit counter/timers, an 8-bit 
DIP switch , and an SBX connector. Debugger, assembler, 
and C available. 
Call or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd., Cupertino, CA 95014 

(408) 253-0250 
ZB0,000 & Z320 are trademarks of Zilog 
PC-AT is a trademark of IBM 
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MF Receiver 
Industry 
Standard 
Pinout 

M-988 Tone Receiver detec 1 MF tele­
phone trunk signals for many applications. 
A high quality, cost-competitive module. 
• Meets AT&T, Bellcore, and CCITT 

standards 
• Needs only + 5V and -5V power 

supplies 
• Low power consumption 

For more info call : 1-800-426-3926 
(In Washington State: 206-827-9626) 

U:EL"'CDNE® 
10801-120th Avenue NE, Kirkland, WA 98033 

Analog Circuit Simulation 
NEW IS_SPICE/386 On 386 PC's, $386 

Outperforms 
Workstations 

Increases Speed 
by 200- 600% 

Circuit Size 
nearly Unlimited 
Supports 287, 387, 
Weitek 1167/3167 

IS_SPICE runs on all 80x86 PC's for only $95.00: 
Performs Complete AC, DC, and Transient Analyses. 

SPICE_NET, $295: Schematic Entry for any SPICE 
simulator. Automatically makes a Complete SPICE 
netlist. Easy to use Menu Drive program included. 

PRE_ SPICE, $200: Monte Carlo Analysis, Parameter 
Sweeping and evaluation. Extensive Model Libraries. 

lntu_Scope, $250: A graphics Post Processor that 
works like a digital oscilloscope. Easy to use with the 
most comprehensive set of waveform operations 
available. Please Write or Call 

~ P.O. Box 6607 (213) 833-0710 
• ,- ff San Pedro, CA 30 Day Money 
In USO 90734-6607 Back Guarantee 
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~PROM' PROGRAMMER 

• Pmgrnms ""°" '"'"'""""' I ;::-1 
2764m8sec _ 

• Reads, pro­
grams, 
copies over 
475 devices 
from35 tf"4 BP""'~ 
mfg's: 2716-
27513, 27011, 
68764, 68766, 
2804-28256, etc 

• Optional microcontroller heads support 874x and 87C51 series 
• Improved design now programs over twice as fast 
• Connects via RS-232 to any computer: PC, XT, AT, PS/2, Mac, etc 
• Supports XMODEM / XMODEM CRC protocols&: ASCII file xfers 
• Supports Intel, Motorola, hex-space, straight hex and binary files 
• 30-day money-back guarantee • Collates 16 & 32-bit data 
• Engr support team for fast updates • Gold Textool ZIF IC socket 
• One-year warranty (parts and labor) • 8 baud rates to 38,400 
• Toll-free technical support • Same day shipment 
• Thousands of satisfied customers attest to the EP-l 's great value 
• Low price of $349 includes IBM compatible communications pro­
gram, user's manual and two free firmware update coupons 

C \I l TODA\ l OR MORI l '.\I 0 1·800·12'\-2!02 

BP~ 
10681 Haddington #190, Houston, TX 77043 

(713) 461-9430 FAX (713) 461-7413 

CIRCLE NO 335 

~•tures : 

32K x 7 byte Trace Memory 
50 nsec Time-Stamp ResOlulion 
Async & Sync Tracing 
Single-end & Differential 
Easily readable "SCSI English" dlsplay 

Gives a quick, clear and precise view of SCSI protocol. 

I ~~Dc;;;:AQ:I I ~.~:!~!.!~~!~7 
1755 E. Bayshore Road , 18A, Redwood City, CA 94063 

WIDEBAND 
INSTRUMENTATION 
RECORDER/REPRODUCERS 
CATALOG 

Airborne, shipboard and laboratory 
magnetic tape and disc recording/stor­
age/reproducing systems for military 
and industrial applications are described 
in a new comprehensive catalog. For a 
free copy contact: 

Precit ;on Echo, Inc. 
3105 Patrick Henry Drive, Santa Clara, CA 95054 
4081988-0516 

"Where unique data recording/storage solutions are expected." 

CIRCLE NO 333 

C-D 
$1695 

A-D 
$2295 

A-E 
$2695 

• Multiple Media Sizes 
• Speed - 10" per Second 
• Repeatability .004 
• Vacuum Paper Hold Down 
CALL NOW FOR A FREE SAMPLE PLOT 

(415) 490-8380 

ZEFllCOIV 
40491 Encyclopedia Circle, Fremont, CA 94538 

CIRCLE NO 336 

• For IBM & Compatibles 
• Flexible and Inexpensive 
• Money Back Guarantee 
• Free Technical Support 

Fast Delivery 

478 E. Exchange St . Akron OH 44304 
(216) 434·3154 TLX: 5101012726 

CIRCLE NO 337 CIRCLE NO 338 CIRCLE NO 339 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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tr-:·c:rcommunications Spccial1ie~. Inc. 9 
u....:J1 Conuna~t. New YQrk 

SCREEN SENDER" A 
TR,ONSMITTER ' 

• 
REMOTELY LOCATE YOUR COMPUTER MONITOR 
Your computer's monitor can now be located up to 1000 feet 
from your computer with SCREEN SENDER'"· Works with 
any TIL monitor, color or monochrome. The Transmitter 
connects to your computer's monitor port and the Repeater 
can be located up to 1000 feet away using multi-paired cable. 
Repeaters can be daisy chained for connecting multiple 
monitors to one computer. Great for factory automation, 
public displays, training environments, and remote monitor­
ing. Transmitter and Repeater pair is only $495.00. Call to­
day for more information. 

@:]Communications 
[7]lJ:?§~ecialties, Inc. 

TEL (516) 273-0404 FAX (516) 273-1638 

CIRCLE NO 340 

• Jon~ BELL 

E~GI~F.EH.I~G, I~c. 

CATALOG #IO 

Free Catalog of DIGITAL and 
ANALOG Interfaces for the IBM­
PC,XT,AT and VME bus and Apple 
Ile computers. John Bell Engineering, 
Inc. 400 Oxford Way, Belmont, CA 
94002 

PORTABLE DISC DRIVE CONNECTOR 
L Series Rack & Panel Connectors provide in excess 
of 100,000 cycles with excellent electrical repeatability. 
The rugged blind matable float design and low insertion 
force contacts provides the performance needed in 
removable disc drives. Crimp and solder style contacts 
forB, 15, 25 and 50 amp use are available . Meets per­
formance requirements of MIL-C-28748A. 

HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson , MA 01749 

(508) 568-0451 

32010 
32020 

320C25 
SIMULATOR/ 
DEBUGGERS 
• Call today for information • 

ZTECH SYSTEMS 
2520Voorhies Ave.• Brooklyn, NV 11235 

(718) 403-4755 
CIRCLE NO 341 

THE BEST COMPETITOR 
TO OATA/10 

EPROM· 1 PROGRAMMER ANO SMOL· I AUTOMATIC HANDLER 

• Devices Programmed: All standard 5 volt EPRDMs to 1024K 
• RS232C interface for compkite control from aU standard computer 
• EPROM· 1 Programmer does blank check-program-verify in very fast 

speed, e.g. 27256/4.5 sec. 
• SMOL-1 Handler can interface EPROM-1 Programmer to program 

automatically and confirm good or bad after programming. 
• U.P.H: 1,500 ea./hr 127641 
• Price: EPRDM· 1 PROGRAMMER : US$1 ,000.DD/ea 

SMOL· 1 AUTOMATIC HANDLER : US$7,000.00/set 

sm®l SMOL 
~ENTERPRISE CO., LTD • 

NO. 11 , ALLEY 36, LANE 250, SEC. 5, 
NANKING E. RO .. TAIPEI, 
TAIWAN, R.D.C. 
TEL: 886·2·7652848, 
7608658, 7628526 
TLX: 24343 GEMNENT 
FAX: 886-2-764-765 

~ 
~'~ _"'S!!,~ 

CIRCLE NO 344 

UNIVERSAL PROGRAMMER 

ONLY 
$585 

COMPLETE 
(Menu-driven S/W, 
PC Interface Card, 
Cable included.) 

UNIVERSAL PROGRAMMER 
• programs E(E)PROMs (up to I Meg Bit) , PAL, FPL , Bipolar PROM, 

8748 & 8751 series. 
• tests Static and Oynamic RAMs. TTL and CMOS logic chips. 
• All of above functions are performed only on single unit without 

any additional module . 
INDIVIDUAL PROGRAMMERS are also available . 
(E(E)PROM programmer (1,4,8,16 sockets), PAL programmer, 
BIPOLAR programmer, 8748 series programmer, 8751 series program· 
mer, Memory IC & TTL tester.) 

XELTEK 
473 SAPENA COURT •24 ORDER TOLL FREE 
SANTA CLARA CA 95054 1·800·541-1975 1•iuts1d8 CA1 
TEL 14081727 6995 . ISA MASTER AMEX 
FAX 14081 727 6996 ~CCEPTEO 

EMULATOR CABLES 
&ADAPTERS 

EMULATOR 
products allow ac­
cess to both LCC 
and PLCC sockets. 
Cables are avail­
able in all standard 
pin counts. Rigid 
adapters are avail­
able to convert 
from one package 
to another. 

ADAPTERS allow PLCC, LCC. or PGA 
sockets to interface with a variety of high 
density and universal format prototype 
boards. 

METHCXJE ELS~.INC. 
Backplane Division 

7444 West Wilson Avenue • Chicago, IL 60656 
312/867-9600 • 800/323-6858 

TWX: 910-221-2468 • FAX: 312/867-9130 

CIRCLE NO 342 

E(E)PROM, MICRO & MEMORY 
CARD PROGRAMMER •.••• $345 - $595 

• No personality modules for E(E)Proms & lntel Micros. 

• All 24/213132 pin EPr oms to l MBit (upgradeable to32MB) 

e 8741,-2,-40 8,.8H,-9,-9H,.51,.C5l,.52,.55, 9761. EEPROMS. 
• Memory Cards: Seiko/Epson, G I. Flash Eproms. On-board 

Programming capability. Easy FfW upgrades. Modular design. 

• Stand-alone E(E)Prom & Memory Card Duplication I Verify. 

• User friendly menu - driven driver for IBM-PC & Macintosh. 

• Autobaud RS232 to any computer. Hex/BinarynnteVMotorola. 

• Built-in Erasertnmer option ($50). Gang-Module ready. 

• Direct technical support . Full I year warr.mty. 

MCNJSNAMEX Call today for datasheets! 

B&C MICROSYSTEMS INC. 
-::':3s"°'s ""w""Es"'T""o""LIVE=A,.,VE~. s""u~N:-::NYV~AL:':E'"', c"°'A..,,94086.,,,,,.,. 

TEL: (408)730-SSll FAX: (408) 730-5521 

CIRCLE NO 345 

Real Time 8051 ICE 
d2ICE-51 is lowest cost Full Speed 8051 
ICE. Hi-level multi-window source code 
debugging. Powerful user interface. No 
Slots! Uses IBM-PC COM1/2. Portable. 
Fits in shirt pocket. $995 

Cybernetic Micro Systems 
Box 3000 • San Gregorio, CA 94074 
(415) 726-3000 • Telex: 910-350-5842 

CIRCLE NO 346 CIRCLE NO 347 CIRCLE NO 348 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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IBM COMPATIBLE RS232/488 3V2 "-5V•" FLOPPY 
DATA STORAGE & TRANSFER SYSTEM 

~ ---""' 
Information Transfer to/from Non IBM Compatible Systems 
to/from IBM & Compatibles: (OVer RS-232 or 488 Interface) 
• Reads & Writes MS DOS Disks 
• RS-232/488/1/0 
• Rugged Portable Package/battery option 
• MS-DOS Driver for " Plug & Run" RS232 External Operation 
• Baud Rate 100 to 38.4K Baud 
• 360K/720K RAM Cartridge Option 
• Price $895 in Singles - OEM , Qtys. $495 
28 other systems with storage from 100k to 42 megabytes 

ANALOG & DIGITAL PERIPHERALS, INC. 
251 South Mulberry St. Troy, Ohio 45373 
PO Box 499 TWX 810/450-2685 
513/339-2241 FAX 513/339·0070 

CIRCLE NO 349 

R5·422 
Communications Board 

• For IBM-PC/AT/XT and 
compatibles 

j 
I 

• Dual RS-422/RS-485 interface 
• Differential drivers to 4000 ft. 

Ii\ Fast Delivery 

W QUA TECH, INC. 
478 E. Excha nge St. Akron OH 44304 

(216) 434-3154 TLX: 5101 012726 
800-553-1170 

CIRCLE NO 752 

DG24 • 24 line digiial 1/0; 10 MHz 8255. $95 
AD500 • 8 channel 12-bil (plus sign) integrating AID; prog. 
gains of I, 10 & 100; 7 digiial 1/0 lines. $239 
AD I 00 • Single channel ver.;ion of AD500; I 0 digiial 1/0 
lines. Same programmable gains. 700 meg input Z. $ 149 
ADIOOO • 8 channel 12-bil AID; 25 uS; sample & hold; 3 5 
MHz timer/counter.>; 24 digiial 1/0 lines. $295 
ADA300 • 8 channel 8-bi1 25 uS AID: single DIA sample & 
hold: 24 digiial 1/0 lines. $239 
AD200 • 4 channel 12-bil 125 uS AID; 3 5 MHz timer/ 
counter.;; 24 digiial 1/0 lines. $239 
DA600 • Fast settling dual bipolar D/A. $179 
PD200 • Prototype board w/ address decoder; manual $99 

All boards i11clude BASIC, Pascal, C. and Forth drivers. 
30 day re/um: I year urma11IJ•. Call far "'Real World 
lnterfaci11g'' application notes. 

Real Time Devices, Inc. 
P.O. Box 906 State College, PA 16804 

(814) 234·8087 

Diiiy a S11eclallzad M•ulacturer Could Prorlde 
Versatile and Economic Products 

e GENERAL SILICONES CO., USA 
650 W Duarte 305, A!Clldla CA 91006, U.S.A. 
Tel: (818) 445-6036. Telex: 3716189 GSCUI. 
Fax: 818-4456084 

CIRCLE NO 350 

FREE SCHEMATIC CAPTURE 
DEMO DISK 
SCHEMA II+: 

Capture More Than Ever 

Incredible speed, ease of use and power have 

made SCHEMA a best-selling schematic capture 

program for engineering professionals the world 
over. Now, SCHEMA II+ sells for $495 and 

- supports most common IBM 
.="""'= PC/XT/AT/PS2 configurations. 

OMATiON 
111 Teiw ~Uf114J 2JJ .JJ67 

FREE Demo Disk: 1-800-553-9119 

CIRCLE NO 753 

• Sottware driven and 
upgradable 

• Direct control by IBM PC/ 
XT/AT/PS2 eliminates time 
consuming downloading 

• Automatic batch/macro file 
support 

• Virtual memory ·· requires 
no RAM modules even for 
megabit devices . 

SAILOR-PAL: Universal pin drivers support PALs, GALs. 
PLDs, EPLDs, PEELs, ECLs. EPAOMs, PAOMs, FPLAs, 
FPLSs and MICAOs. Accepts JEDEC files from CUPL, 
AMAZE, ABEL. etc. $1095 - $1895 

SAILOR-2,-8: 2 and 8-socket seUgang high speed 
EPROM programmers. to Mbit devices. $545/$975 

• 

ADVIN SYSTEMS INC. Sunnyvale. CA 94086 
(408) 984-8600 • FAX (408) 736-2503 

Please call for lree demo disk. 

THE 
REAL BARGAIN 

IN PLD 
PROGRAMMING 

FOR 
$2495. 

The 60A Logic Programmer delivers : 
• Support for 350 PLDs 
• Additional PLCCs and EPROMs 
• Manufacturer-approved algorithms 
• On-going updates and support 

Cal l today for more information. 
HI00-247-5700 

Ext. 757 

DATAl/O 
Corporation 

CIRCLE NO 751 

The MicroTracker'" can significantly reduce the 
cost or your next real-time product development 
project. Advanced features speed software devel­
opment and enhance quality assurance. 
FEATU RES 
• 2K or BK Trace Memory 
• Interval Timer 
• Performance Analysis 
• Instruction Disassembly 

for ZBO , 8085, 6502, 
6802, and 6809 

• RS-232 Interface 
• IBM PC Software 
• Symbolic Disassembly 
• Low Cost from $1295. 
Send for a Free Brochure 
VISA and MC accepted . 

~
"'A I 52 W. HENDERSON RD., 
"""41. COLUMBUS, OHIO 43214 

I DVAN CES (614) 267-4405 

6800-Family Development Software 
Combine our software and your editor for a powerful develop­
ment system. Our C-Compilers feature a complete implemen­
tation (excluding bit fields) of the language as described by 
Kernigan & Ritchie and yields 30-70% shorter code than other 
compilers. Our Motorola-compatible Assemblers feature 
macros and conditional assembly. Linker and Terminal 
Emulator are included . Wlntek Corporation, 1801 
South St ., Lafayette, IN 47904. (800) 742-6809 or 
(317) 742-8428. 

CIRCLE NO 755 CIRCLE NO 756 CIRCLE NO 757 
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HMC 
HUB Ma- Company 

O.in control of your 
soldering operation! 
~1 rt11W.oldlttlng~ .. M1!0f*d~ tM- hlgl\~IY 
.0 .... o-41~ IMtlnolo(ly rllJll,:'.ftMf')' kl meet toclly'I Mil-iptef.. 

Guide helps you 
select electronic tools 
The 32-pg buyer's guide entitled 
Gain control of your soldering op­
eration! lists electronic tools, test 
equipment, and supplies used for 
manufacturing, assembling, and re­
pairing electronic equipment. The 
publication describes and illustrates 
test instruments, soldering/ 
desoldering systems, tool kits, 
lamps and magnifiers, antistatic 
products, and precision hand tools. 
Comparison charts and color-coded 
specification charts complete the 
catalog. 

HMC, Box 526, Canton, MA 
02021. 

Circle No 650 

Directory of electronic 
measuring devices 
The company's 1988/89 Electronic 
Measuring In struments catalog 
provides a comprehensive listing of 
14 instrument categories, including 
oscilloscopes, logic analyzers, signal 
generators, modulators, wow and 
flutter meters, analog and digital 
voltmeters, and frequency count­
ers/timers. The 213-pg catalog in­
troduces the VP-5516A, a 100-MHz, 
4-channel, 10-trace analog oscillo­
scope featuring a 3-D video display 
for analyzing complicated wave­
forms; and the VP-5741A, a DSO 
featuring a 100-MHz sampling clock 
and three 10,000-word memories for 

EDN January 5, 1989 

LITERATURE 

high-speed transient signals. Di­
vided into product categories that 
contain general product descrip­
tions, the publication lists specifica­
tions and cross references. Dia­
grams illustrate specific functions. 

Panasonic Industrial Co, 50 
Meadowlands Parkway, Secaucus, 
NJ 07094. 

Circle No 651 

Broad range of computer 
kits, peripherals, and ICs 
The vendor's 1989 catalog presents 
a wide variety of electronic prod­
ucts, from computer kits and IBM 
PC/XT-, PC/ AT-, and Apple-com­
patible peripherals to ICs. It intro­
duces several new products, includ­
ing AMI 80386, 16- and 20-MHz 
mother boards and the New En­
hanced AT (NEAT) mother board. 
The 76-pg, 4-color publication also 
features a 2-pg insert of useful TTL 
and µP pin-out data. 

Jameco Electronics, 1355 Shore­
way Rd, Belmont, CA 94002. 

Circle No 652 

Direct purchase service 
for test instruments 
The Tek Direct Catalog for Instru­
ments , Accessories, and Services is 
a quarterly, 4-color publication. De­
scribing a sampling of test-instru­
ment products, this catalog tells 
you how to make direct purchases 

of the vendor's highest volume 
products. Products highlighted in 
the latest edition are the vendor's 
200 and 2200 Series portable oscillo­
scopes, the 1205 logic analyzer, ac­
cessories, software, and training 
aids. 

Tektronix Inc, Box 500, Beaver­
ton, OR 97077. 

Circle No 653 

VERIFICATION 
SOLUTIONS 

A Guide to 
Design Verification and lest 

Using a prototype hardware 
verification of ASICs 
The 118-pg book, Verification Solu­
tions: A Guide to Desi,gn Verifica­
tion and Test, helps you with IC 
design and test, as well as proto­
type hardware verification of 
ASICs and semiconductor parts. 
The paperback book explains how 
prototype verification bridges the 
steps between computer-aided de-
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Your Source for 
Hi- I Discrete 

Power emiconductors. 
NPN Bi-Polar Switching Transistors Unitrode Unitrode Part Number SSDI Replacement Case Style VCEO(V) lcAVG. (A) PD(W) fT(MHz) 

UPT311 - UPT315 SFT6800 TO - 5 400 3.0 5.0 25 can't deliver 2N3418 - 2N3421 SPT5333 TO - 5 120 5.0 15 70 
2N3996 - 2N3997 2N3996 - 2N3997 TO - 111 80 5.0 40 80 
2N6676 - 2N6678 2N6676 - 2N6678 TO - 3 400 15 175 50 what we can. 2N5038 - 2N5039 SFT5671 - SFT5672 TO - 3 140 30 150 50 

UBT430 SFT430 TO - 3 120 15 150 30 
U2T301 (Darlington) SFD5390 TO - 5 80 5.0 15 40 

PNP Bi-Polar Switching Transistors You're in a line-down situation. 
You're committed. 

Unitrode Part Number SSDI Replacement Case Style VCEO (V) le AVG. (A) PD(W) fT(MHz) 

You need delivery. Not only 
NONE SSDI has a full line of PNP transistors that are complimentary 

to our NPN transistors above. delivery, but quality and perfor-

Silicon Controlled Rectifiers 
mance as well. 

We're committed, too. 
Unitrode Part Number SSDI Replacement Case Style VDRM lrAVG. (A) PD(W) tgt(ns) Committed to the delivery of 

GA200,A - GA201,A 2N3027 - 2N3032 T0-18 100V 0.4 0.6 20 the quality devices you need, when 
2N3027 - 2N3032 2N3027 - 2N3032 T0-18 100V 0.5 0.6 100 you need them. 

AA 100 - AA 118 2N3027 - 2N3032 T0-18 400V 0.5 0.6 100 All of the items listed here 10100-10106 2N3027 - 2N3032 T0-18 400V 0.5 1.2 100 
2N2323 - 2N2329 SPT2323 - SPT2329 T0-5 500V 1.5 3.5 400 can be supplied to TX, TXV, and 
2N5724 - 2N5728 2N5724 - 2N5728 T0-5 400V 1.6 2.5 400 Space Level. 
AD100 - AD118 SPT2323 - SPT2329 T0-5 400V 1.6 2.5 1JLS 
10200 - 10203 SPT2323 - SPT2329 T0-5 200V 1.6 2.5 1JLS To give you some idea of our 
10300 - 10301 SPT2323 - SPT2329 T0-5 400V 1.6 2.5 1JLS experience and capability-we 

GB200,A - GB201,A SPT200A - SPT201 A T0-59 100V 6.0 25 100 pioneered the first Ultra-Fast diodes GB300,A - GB301,A SPT300A - SPT301 A T0-59 100V 6.0 25 100 
NONE STX2381 T0-3 600V 50 75 400 and rectifiers in the early 1970's. 

GA300,A - GA301,A 2N3027 - 2N3032 T0-18 100V 100 0.6 20 What's more, all of our products Peak 

Ultrafast Centertap Rectifiers 
are built in accordance with MIL-
STD-19500. We have been specializ-

Unitrode Part Number SSDI Replacement Case Style BVR (V) lo(A) ROJC(W/° C) t,.(ns) ing in Standard and Custom military 
SCHOTTKY ~~·--..--....... ~:;• 

USD245 SPD245 T0-5 45 4 12 3.0 power tran- ~;z-$ ., '"· ; •. ·: .4 . .. 11 .. · J 
SD241 SPD241 T0-3 45 30 1.4 3.0 sistors, !.·-ft' · _. t\~ .{ 

USD320C SPD320C T0-3 20 60 1.4 3.0 
(j 

.,_ . 

USD335C SPD335C T0-3 35 60 1.4 3.0 
USD345C SPD345C T0-3 45 60 1.4 3.0 <, ::"., 

rectifiers, _, 
PLANAR . 

UES2601 - UES2603 SHA2604 T0-3 200 30 1.0 35 ,
1

_, .. · and bridges 
UES2604 - UES2606 SHA2604 - SHA2607 T0-3 500 30 1.0 35 · for over 20 years. 

SES5601 C- SES5603C SHA2604 - SHA2607 T0-3 500 30 1.0 35 
Delivery? You've got our name 

PIN Radiation Detector Diodes on it. For samples and pricing 
Unitrode Part Number SSDI Replacement Case Style BVR(V) lp(mA) CJ(pf) t,.(ns) call (213) 921-9660, 

UM9441 SPD1511-1 T0-18 90 50 10-17 250 1WX (910) 583-4807, ~51t» II 
UM9441 SPD1511-2 T0-5 90 50 10-17 250 FAX (213) 921-2396. 

These and many more are available. 

Solid State Devices, Inc., 14830 Valley View Avenue, La Mirada, CA 90638 
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sign and production test. It illus­
trates each step in the hardware 
verification process with examples 
of specific tasks and solutions. 

IMS, 9400 SW Gemini Dr, Beav­
erton, OR 97005. 

Circle No 654 

Brochure presents 
troubleshooting system 
This 4-color brochure describes the 
company's Tracker 5100DS com­
puter-controlled troubleshooting 
system. Noting that the Tracker 
5100DS is the most advanced mem­
ber of the Tracker family, the publi­
cation discusses the device's ability 
to examine a known-good board and 
then store the signature informa­
tion in a PC database for recall at 
a later time. 

Huntron Instruments Inc, 15720 
Mill Creek Blvd, Mill Creek, WA 
98012. 

Circle No 655 

LITERATURE 

Synchro-conversion 
product selection 
The 1988189 Synchro-Conversion 
Product Selection Guide focuses on 
the vendor's line of synchro-conver­
sion components and instruments. 
The booklet presents synchro/re­
sol ver-to-digi tal and digital-to­
synchro/resolver converters, and 
synchro/resolver instruments such 

as the L200 dynamic-angle synchro/ 
resolver simulator. The publication 
includes a reader service card for 
ordering product data sheets or for 
inquiries. 

Natel Engineering Co Inc, 4550 
Runway St, Simi Valley, CA 93063. 

Circle No 656 

Handbook features 
data-acquisition interfaces 
The vendor's product handbook No 
19 surveys the complete line of 
data-acquisition, industrial-control 
and monitoring, signal-condition­
ing, and communications products 
for IBM PC/XT, PC/AT, PS/2, Ap­
ple II, and VME Bus computers. 
The 260-pg publication also features 
application notes, selection guides, 
and price information. 

MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 

Circle No 657 

CONTACT T-MEC TO GET RELIABILITY! 
QUALITY SWITCHES AND 
POTENTIOMETERS 

Contact less 
de-soldering and soldering 
with the Leister-Labor''$'' Hot Air Tool 
Electronic Temperature Adjustment from 20 to 
600°C. Electronical Air Volume Adjustment from 
1 to 150 litres per minute. 

LEVER SW ITCHES 
PUSH SWITCHES 
SLIDE SW ITCHES 
ROTA RY SI.Im~ SWITCHES 
HO'l'AHY SWl'l'CllES 
POTEN'l'IOME'n;ns 

CUSTOMER'S DESIGNS 
ARE WELCOME! 
SEND YOUR SPECS, 
T·MEC WILL PROVIDE 
THE BEST YOU NEVER 
GOT BEFORE. 

T-MEC 
TAIWAN Jl'IISAKI 
ELECTRONICS 
CO., LTD. 

NO. 88, 
NAN FENG STREET. 
TAOYUAN, TAIWAN, 
R.0.C. 
TEL: 886-3-3612183/5 
TL'\: 3~6i6 TMEC 
FAX: 886-3·3623889 

EDN January 5, 1989 CIRCLE NO 3 

For contactless de-soldering and soldering of 
SMD- and DIP-components in 2-4 seconds. 

Ask for free brochure UW87 

Brian R. White Co. Inc., 313 Henry Station Road 
Ukiah, CA 95482 phone: (707) 462-9795 
Farmingdale, NJ 07727 phone: (201) 938-2700 

CIRCLE NO 4 289 



IMMEDIATE 
OPENINGS 
AT CONTEL 

CONTEL Federal Systems is proud to announce the acquisition of 
the IMS Division of Eaton Corporation . 

In our quest to conquer new horizons, the Springfield, VA based 
IMS Division's Intelligence Support Systems is following a strategy 
that calls for a high degree of creative engineering and sophisti­
cated software applications. 

This strategy has created IMMEDIATE OPENINGS forthe following : 

M204 SOFTWARE ENGINEERS 
DBMS implementation and support. These positions require 
3-9 years software engineering experience with a minimum of 
2 years data base design and coding using CCA M204 DBMS. 

SOFTWARE ENGINEERS 
Requires 3-12 years experience in software design, development, 
testing and integration, plus a working knowledge in one or more 
of the following areas: Assembly language, HOL (Fortran, "C") 
MACRO II and UNIX, Micro Windows, ORACLE, Networking, or 
AMHS, MS/DOS, PC workstations. Fourteen positions available. 

FIELD SERVICE TECHNICIANS 
There are MULTIPLE OPENINGS in NORTHERN VIRGINIA or MARY­
LAND for Computer Hardware Maintenance Technicians. These 
positions require 1 or more years troubleshooting DEC's PDPNAX 
minicomputer systems and peripherals or similar systems experi ­
ence coupled with an Electronics degree or applicable military 
background. 

CONFIGURATION MANAGEMENT 
ANALYST 

Responsible for change control procedures, baseline identification, 
status reporting, version releases, acceptance testing and document 
control. Working knowledge (3-6 years direct involvement) of DoD 
and military standards, strong background in CM principles and 
procedures, and knowledge of quality assurance principles and 
theories are required. 

CONTEL Federal Systems offers an outstanding compensation and 
benefits package. Send your resume with salary history to W.F. 
Smith, Manager, 31717 La Tienda Drive, Box 5027, Westlake Village, 
CA 91359-5027. Applicants only please. U.S. Citizenship and DoD 
clearance may be required. Equal Opportunity Employer. 

~....-.... ----­~~----­~~~-- - ----- - -- -­~~~-- - -----~~=1': = ===® 
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Federal 
Systems 

The Navy's major air weapon development and test facility 
is seeking candidates with BS or advanced degree in 
engineering, physics, computer science, mathematics, and 
at least two years of professional experience to work in the 
following areas: 

Weapons/Avionics Integration 
Tactical Embedded Software 
Faclllty/Slmulatlon Software 
Air Combat Susceptibllity/Vulnerabllty 
Electronic Warfare Systems 
Radar, Laser, EO-IR Targeting Sensors 

Located in the California high desert, 150 miles north of 
Los Angeles, with excellent access to outdoor recreation. 
Competitive benefits and salaries up to $53,000. 

To apply or request information send resume to: 

Naval Weapons Center 
Code 22202 
Announcement No. 222-31-89-1 
China Lake, CA 93555-6001 

U.S. Cit izenship Required/An Equal Opportunity Employer 

EDN 
CAREER OPPORTUNITIFS 

Call today for information: 

East Coast: Janet 0. Penn (201) 228-8610 

West Coast: Mary Beth West (213) 826-5818 

National: Roberta Renard (201) 228-8602 
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We're hot. 

And the competition's bothered. 
At LSI Logic, we're already the ASICs company. 
Now we're looking beyond today's achievements. 
To become the premier supplier of RISC and 
RISC/ASIC solutions. And we're closing in fast. 

So it 's no wonder the competition's bothered. 
Instead of offering one high performance RISC 
alternative, we provide two: MIPS'" and SPARC" 
And our acknowledged expenise lets us do it in 
months. Not years. This means you can pursue 
a lucrative niche from all angles-MIPS, SPARC 
and ASIC. 

Either way you look at it, we've got the jump on 
the rest of the industry. As they struggle to follow, 
we're aggressively pursuing tomorrow's milestones. 
Join us now, and take the lead- in one of the 
hottest areas of technology. 

ASIC PRODUCTS 
Applications Design Engineers 
CAE Support Engineers 
ASIC Memory Circuit Design Engineers 
Design Engineers/ Modeling 
*UNIX® Systems Programming Manager 
Logic Designers 
Technical Writers 
Software Engineers 
Data Communications Engineers 
UNIX Systems Programmers 
For these Milpitas positions, please forward your 
resume to Job #EDN/RM3 at LSI Logic 
Corporation, 1551 McCarthy Blvd. , Milpitas, 
CA 95035. 

Yield Enhancement Engineer 
Process Engineers 
• Plasma Etch • Thin Film • Photolithography 
For these Milpitas positions, please forward your 
resume to job #EDNIJE3 at LSI Logic 
Corporation, 1551 McCarthy Blvd., Milpitas, 
CA 95035. 
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Test/Prototype Engineer 
Process Engineers 
• Diffusion • Ion Implant 
• Reticle • Photolithography 
R&D Process Development Engineers 
• BiCMOS • Process Integration 
• Photolithography • Multichip 
For these Santa Clara positions, please forward 
your resume to Job #EDNIGM3 at LSI Logic 
Corporation, 3115 Alfred Street, Santa 
Clara, CA 95054. 

Test Engineers 
TAB Engineers 
Packaging Engineers 
Assembly Supervisor 

Production Supervisor 
Production Trainer 
Visual Engineer 

For these Fremont positions, please forward your 
resume to job #EDNILE3 at LSI Logic 
Corporation, 48580 Kato Road, Fremont, 
CA 94539. 

Quality Assurance Reliability/Quality 
Engineers Assurance 

Test Engineers Engineering Director 
Product Engineers Test Engineering 
Program Managers Manager 
For these Milpitas positions, please forward your 
resume to Job #EDN IBS3 at LSI Logic 
Corporation, 1551 McCarthy Blvd., Milpitas, 
CA 95035. 

LSI 

Customer Training Engineers 
Product Marketing Engineers 
• Software • Analog/Digital • Engineering 
For these Milpitas opportunities, please forward 
your resume to job #EDN /RS3, LSI Logic 
Corporation, 1551 McCarthy Blvd., Milpitas, 
CA 95035. 

MICROPROCESSOR 
PRODUCTS 
Microprocessor Engineering 
• Logic Design Engineers (SPARC & MIPS) 
• Applications Engineering Manager 
• Applications Engineers 
• Software Development Engineers 
• Training & Support Manager 

Microprocessor Marketing 
• Product Marketing & 

Tactical Marketing Engineers 
-SPARC -0/S and Compilers 
-MIPS -Development Systems 

• Development Tools Manager 
•Real Time O/S Manager 
•Technical Publications Manager 
• Computer Business Manager 
For the Microprocessor Engineering and Marketing 
positions, please forward your resume to Job 
#EDN/BR3 at LSI Logic Corporation, 1551 
McCarthy Blvd. , Milpitas, CA 95035. 

By identifying the most favorable benerits and 
investment programs, we're able to pro\-ide a 
well·rounded employment package which includes 
relocation assistance, medical/dental/life insurance, 
vision care, a 40l(k) plan, stock option and stock 
purchase plans, and tuition reimbursement . An 
equal opportunity employer. Principals only, please. 
.\ UPS is a trademark of .\UPS Computer Systems. 
SPARC 1s a 1rademark of Sun ).\icros\"stems. Inc. 
• l'NIX ! is a registered trademark of :-\T&T Bell Labs. 

EDN January 5, 1989 



THE REWARDS O F WORKING TOGETHER 

@§IF 
~rating system 

of the future. 

''Trademark of Digital Equipment Corporation 
tTrademark of AT&T 

EDN January 5, 1989 

As a founder of OSF, 
Digital indicated to the 
industry its corporate 
support for open systems. 
Now, we are investing 
heavily to ensure that 
Digital's customers get the 
highest quality, best cost­
performance open systems 
available. 

Digital's VAX/VMS':­
operating system is an ac­
knowledged leader among 
proprietary operating sys­
tems. We're aggressively 
developing OSF-compliant 
software which will be of 
equivalent stature. 

The recent industry 
developments in open 
systems software have 
created a ground-floor 
opportunity. Digital's 
Seattle Software Engineer­
ing Group is now seeking 
outstanding architects and 
developers to help us de­
velop leadership operating 

system software. Those 
who join us now will 
participate in the estab­
lishment of a new soft­
ware dynasty. 

You'll need 8-10 years of 
experience m one or more 
of the following: 

• Major operating sys­
tems, especially UNIXt 

• OLTP 
• Distributed systems, 

client server model 
• Architectural design 
• Compilers 
• Modern development 

environment 
• Database systems 
• I/O design 
• Security, secure systems 

For consideration, or 
more information about 
this exciting opportunity, 
please send your resume 
to: L. Taylor, Manager, 
Dept. 0201-9800, Digital 
Seat tle Engineering 
Group, Digital Equipment 
Corporation, 14475 N E 
24th, Bellevue, WA 98007. 
Proof of legal right to 
work in the U.S. is 
required. 
We are an affirmat ive 
action employer. 

Digital 
lias 
it 

now. 
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Thj)' N:~y's major research, development, test and 
evaluation activity, the Naval Weapons Center, 
China Lake, has openings in design, test and 
evaluation in the following areas: 

Microwave and RF Circuits and Subsystems 
Microwave RF Missile Guidance 
Microwave Antennas 
Digital Analog Slgnal Processing 
Missile Test Equipment 
Target Signature, Modeling and Reduction 

Salaries to 51,354 
Applicants should have a Bachelor's degree in 
Electronic Engineering or Physics with at least two 
years of experience in one or more of the above areas. 
Advanced degrees are highly desirable. 

Interested candidates should apply to: 
Naval Weapons Center 
Code 22202 
Announcement 222-39-8 •• 

China Lake, CA 93555 .nc 
An Equal opportunity Employer/ 
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US Citizenship required 

If You're Looking 
For a Job, 

You've Come to 
The Right Place. 

EON CAREER 
OPPORTUNITIES 

EDN 

1989 Editorial Calendar and Planning Guide 

Issue Recruitment EDN EDN News 
Date Deadline Editorial Emphasis Edition 

Jan . 5 Dec. 15 Power Semiconductors, 
Computer Peripherals Closing: Dec. 20 
Software Mailing: Jan . 12 

Jan . 19 Dec. 29 Computer Boards, Closing: Jan . 6 
Analog ICs Mailing: Jan . 26 

Feb. 2 Jan . 12 Semicustom !Cs, Closing: Jan . 20 
Computer Boards Mailing: Feb. 9 

Feb. 16 Jan . 26 Display, Analog !Cs Closing: Feb. 3 
Mailing: Feb. 23 

Mar. 2 Feb. 9 Digital !Cs, Closing: Feb. 16 
CAE Mailing: Mar. 9 

Mar. 16 Feb. 23 CAE, Closing: Mar. 3 
Analog !Cs Mailing: Mar. 2 3 

Mar. 30 Mar. 9 Integrated Circuits, Closing: Mar. 1 7 
Computer Boards Mailing: Apr. 6 

Apr. 13 Mar. 23 Test & Measurement, Closing: Mar. 31 
Digital !Cs Mailing: Apr. 20 

Apr. 27 Apr. 6 Communications Technology 
Special Issue Closing: Apr. 13 

Communication !Cs Mailing: May 4 

May 11 Apr. 20 Analog Technology 
Special Issue Closing: Apr. 28 

Computer Peripherals Mailing: May 18 

May 25 May 4 Digital !Cs, 
Computer Peripherals Closing: May 25 

June 8 May 18 Components, Mailing: June 15 

Digital !Cs 

June 22 June 1 Semicuscom !Cs, Closing: June 9 
Computer Boards Mailing: June 29 

July 6 June 15 Product Showcase - Closing: June 22 
Volume I, Power Supplies Mailing: July 13 

July 20 June 29 Product Showcase -
Volume 11 , Components Closing: July 21 

Aug. July 13 Integrated Circuits , Mailing: Aug. 10 

Computer Boards 

Aug. 17 July 27 Military Electronics 
Special Issue Closing: Aug. 4 

Military Software Mailing: Aug. 24 

Sept . 1 Aug. 10 Test & Measurement, Closing: Aug. 18 
Integrated Circuits Mailing: Sept. 7 

Sept . 14 Aug. 24 Industrial Produce Showcase, Closing: Aug. 30 
Digital !Cs Mailing: Sept. 21 

Sept. 28 Sept . Integrated Circuits , Closing: Sept . 15 
Computer Peripherals Mailing: Oct. 5 

Oct. 12 Sept. 21 DSP Chip Directory, Closing: Sept. 2 8 
Integrated Circuits Mailing: Oct . 19 

Oct. 26 Oct . 5 Test & Measurement 
Special Issue 

Computers & Peripherals Closing: Oct. 27 

Nov. 9 Oct. 19 CAE, Integrated Circuits Mailing: Nov. 16 

Nov. 23 Nov. 2 16th Annual ,,Pl/LC Directory, Closing: Nov. 9 
Integrated Circuits Mailing: Nov. 30 

Dec. 7 Nov. 16 Product Showcase -
Volume I, Closing: Nov. 22 
Power Supplies Mailing: Dec. 14 
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ED N's 
CHARTER 
EDN is written for profes­
sionals in the electronics in­
dustry who design, or man­
age the design of, products 
ranging from circuits to sys­
tems. 

EDN provides accurate, de­
tailed, and useful information 
about new technologies, 
products, and design tech­
niques. 

EDN covers new and devel­
oping technologies to inform 
our readers of practical de­
sign matters that will be of 
concern to them at once or 
in the near future. 

EDN covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough de­
tail to permit practical 
application 

• for which accurate price 
information is available. 

EDN provides specific "how 
to" design information that 
our readers can use immedi­
ately. From time to time, 
EDN's technical editors un­
dertake special "hands on" 
projects that demonstrate 
our commitment to readers' 
needs for useful information. 

EDN is written by engineers 
for engineering professionals. 

EDN 
275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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LOOIZING AHEAD 

Digital paper may reshape 
US mass-storage market 
Digital-paper drives have the po­
tential to provide as much as 1000 
times the capacity of existing drives 
at a fraction of the cost. This latest 
development in optical storage me­
dia could revolutionize the US 
mass-storage market, according to 
Venture Development Corp (Na­
tick, MA). The technology is cur­
rently available in two drive 
forms-one for driving digital-pa­
per disks and the other for process­
ing digital-paper optical tape. The 
first drives might be available in the 
third and fourth quarters of next 
year. 

Digital paper is actually a thin 
flexible film that is manufactured 
in large rolls. It can be cut into vari­
ous sizes and shapes. Using laser 
beams, the digital-paper drives etch 
data into an infrared-sensitive dye 
on the film. Once etched, the media 
can retain the data for 15 years­
and the data is tamper-proof. These 
characteristics, VDC points out, 
make it attractive for archival pur­
poses in large data-collection agen­
cies such as governments, insurance 
companies, research laboratories, 
and hospitals. 

A disk drive that uses lG-byte 
disks is now in development and of­
fers an access time of 40 msec, a 
figure that challenges other types 
of optical drives and some magnetic 
drives as well. VDC projects that 
WORM-drive manufacturers will 
suffer the most from digital paper's 
arrival in the marketplace. The 
digital-paper drives outperform 
WORM drives and undercut them 
in price. 

A digital-paper optical-tape re­
corder has also been announced. It 
can hold lOOOG bytes (1 terabyte) 
on a 12-in. tape reel. This form will 
be aimed at the mainframe storage 
market and will offer a $5/gigabyte 
media cost. The digital-paper tape 
can store the equivalent of 5000 
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magnetic tapes, 1666 CD ROMs, 
1000 WORM disks, 3 million floppy 
disks, or 1 billion sheets of typed 
text on a single 2900-ft reel. 

VDC forecasts that digital-paper 
drive shipments will increase at an 

average annual rate of 270% be­
tween the years 1989 and 1993. 
Sales of the disk drives are ex­
pected to reach $94.5 million in 
1993. 

ISDN IC market to reach $759M in sales by 1992 
The Information Net work (San 
Francisco, CA) projects a 263.3% 
compound annual growth rate for 
Integrated Services Digital Net­
work (ISDN) !Cs between 1989 and 
1992. The ISDN represents an in­
ternational effort to convert the 
world telephone network to all­
digital operation. It promises to re­
duce the operating costs of telecom­
munications and improve telecom­
munications performance at the 
same time (see "Integrated Serv­
ices · Digital Network," EDN, Nov 
12, 1987, pg 118). 

The Information Net work ana­
lyzed the growing demand for 
ISDN services in the US, Canada, 
Europe, and Japan. A total of 
97, 060 access lines will be installed 
in 1989. The largest number of the 
access lines will convert existing 
PBX lines to ISDN lines. From 
1989 to 1992, this sector alone will 
grow from 33,600 lines in 1989 to 
3,834,000 in 1992. A large number 
of the US installations will come 
from field trials by the regional Bell 
operating companies, but independ-

ent companies and nonaffiliated 
suppliers are also contributing to 
the market's growth. 

On the European front, France, 
West Germany, Italy, and the UK 
all have wide-ranging plans to test 
and install an ISDN network that 
will be compatible for all of Europe. 
France began commercial ISDN op­
erations in 1987 with a trial network 
of 300 small businesses and profes­
sional organizations in Britain. 
West Germany launched a pilot pro­
gram in 1986 for 800 subscribers; 
this year, 8 switches will serve 8000 
users in that country. That figure 
is expected to grow to 85,000 by 
1990. 

Japan's NNT is in the process of 
installing a commercial ISDN serv­
ice between Tokyo and Osaka (it's 
been conducting field tests since 
1983). In Canada, Bell Canada 
serves federal agencies in Ottawa 
that intend to use DMS-100 digital 
switches from Northern Telecom 
for six ISDN applications, including 
wide-area networking and digital 
telephony. 
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From through-holeteehnology 
to surface-mount technology, 
Molex makes the connection. 

Molex is working to help 
today's manufacturers develop SMT 
products that utilize less space and 
assemble with greater efficiency. 
Components such as our SIMM sockets 
are currently helping major manufacturers 
utilize innovative SIP technology to 
achieve denser circuit board packaging Upgradable 

and increased RAM capacity. And, SIMM sockets 
systems such as our automated robotic are a'Oailable in 

wrtica~ low profile, and 
PCB assembly equipment are speeding right a~le <oersi.ons in si~le 
production time and reducing labor costs. and dual row cmifigurations. 

--~~~~~~_,..,. .......... ~--~ 
We take a systems approach to help make 

your bottom line more productive. 
Molex goes beyond quality SMT products to bring 
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: i - ---
11 -== 
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you problem-solving 
systems for greater 
productivity. Molex 
helps you put new 
technology to work in 
real world manufacturing 

Mole:JCSIMMsocket <•) takesupdmmatioolly situations. From design 
less board than l)/P · · and development to 
manufacturing and delivery, you can depend on Molex for 
interconnection technology that gives you a competitive edge. 

Connecting technologies worldwide. 
Our multi-national organization offers you interconnection 

design, manufacturing, and technology from around the globe, 
with dependable supply and local service. 

Call or write today for our new 16-page 
SIMM Technology Handbook 

s1~1 ~1T• is ::1 registered trodemark of the Wang C.Orpomtion. 

Service To The 
Custamer ... Worldwide 

~, ® mo ex 
'-___/ 

Corporate Headquarters: 2222 Wellington Ct. , Lisle, IL 60532 USA, (312) 969-4550 • European Headquarters: Munich, West Germany, 49-89-4960937 
Northern Asia Headquarters: Thkyo, Japan, 03-487-8333 •Southeast Asia Headquarters: Jurong Town, Singapore, 65-26~755 
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V.32 
Stripped to the Bare Essentials 

ONE EUROCARD is all it takes to 
accommodate the fully featured 
V.32 data pump from Universal 
Data Systems. 

The device is a true V.32. It is 
fully compliant with the CCITT 
standard for 9600 bps, full-duplex 
data communications. It operates 
on dial-up, two-wire private or 
four-wire private circuits. It 
handles synchronous or asyn-

Created by Dayner/Hall, Inc., Winter Part<, Florida 

chronous data. It offers auto 
dialing through the AT command 
set, auto answer and adaptive 
line equalization. To preserve data 
integrity under degraded line con­
ditions, it even has a trellis coded 
mode. An impressive set of diag­
nostics is also on board. 

While the data pump is func­
tionally identical to the industry 
standard UDS V.32 modem, it has 

been stripped of its on-board power 
supply and DAA. These functions 
can be easily imported via the 
board edge connector. 

For the bare facts about tech­
nical details and quantity pricing, 
contact Universal Data Systems, 
5000 Bradford Drive, Huntsville, 
AL 35805. Telephone 205/721-8000; 
Telex 752602 UDS HTY. 

Universal Data Systems 
@ MOTOAO&.A INC. 
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At Signal, getting through customs 
is a standard procedure. 

One of the big headaches in the export 
business is wrestling your product 
through customs. If your magnetic 
components don't meet UL, CSA, VDE 
and IEC international standards, you 
can get left at the dock. 

That's why it makes solid business 
sense to specify high quality Signal 
Transformers from our VDE certified 
International Series. 

Engineered to meet all domestic and 
international standards. these high 
power transformers are like a pass­
port to almost anywhere ... Germany. 
France. The U.K. Japan. You name it. 

American-built Signal transformers 
combine worldwide acceptance with 
world-class performance and depend­
ability. For example, our PC board 

An 
Insilco 
International 
Specialty 
Company 

mount ONE-4-ALL '" and chassis mount 
ALL-4-0NE '" transformers feature 
dual bobbins, an insulating shroud to 
provide 4000V RMS test voltage and a 
range from 2.5 to 175 VA. Our space­
saving MORE-4-LESS '" transformers 
feature dual bobbins and an insula­
ting shroud as well, while also provid­
ing 4000V RMS test in a range from 300 
to 1000 VA. 

All of these are in-stock and ready to 
ship direct - without a middleman or 
mark-ups. And we can ship them to you 
in quantity within 24 hours. thanks to 
our unique PRONTO service. 

Signal's transformer experts are 
ready to support you with leading­
edge thinking and tot~! engineering 
support . 

So, if you've got your eyes on the 
international market. arm your pro­
ducts with Signal's off-the-shelf VDE 
certified International Series of high­
quality, high-power transformers . With 
Signal on your side, you'll be ready 
to take on the world. 

For more information or a free cata­
log, contact: Signal Transformer, 500 
Bayview Avenue , Inwood, NY 11696. 

BUY DIRECT 
(516) 239.5777 

Signal 
Transfor11,er. 
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