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Advanced Micro 
The next 



Seventeen MIPS with a sing/J2 
32-bit RISC chip. Sustained. 42,000 
dhrystones. In CMOS. On the shelf. 
Complete hardware and software 
development support. Optimizing 
compilers. Assemblers. Debuggers. 
Industry standard operating systems. 
Hardware development tools. 

Documentation, 
training and customer 

support. Now. 
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First True Surface 
Mount Wirewounds. 

i 

Low aspect ratio for easy 
handling and stable 
riibunting. No tipping or 
mlling. Field proven 
for high speed automatic 
pl9cement 

Wrapal'OUl:Jd .:rerminals. 
Hot solder dipped 
copper provides maximum 
~ldeT bond area, 
promot~s efficient heat 
transfer and eliminates 
need for machine 
orientation. 
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Compatible Footprint. 
1-watt model has same 
tootprint .11~ x .337 
as many standard 
chip components. 

Precision in 
Minimum Space. 
Reliable wirewound 
element in molded 
housing. Occupies up to 
30% less space than 
comparable axial 
lead resistor 

Circle No. 1 

DaleWSC 
Wirewound Resistors 
Now you can have all the advantages of 
wirewound resistance in a space-saving 
package. Dale's WSC is totally 
compatible with standard surface 
mounting techniques. It eliminates the 
slowdowns and compromises of products 
merely adapted for surface mounting. 
You get a true SMD-designed from the 
board up to combine fast, economical 
assembly with low values, low TC's, 
close tolerances and high power-to-size 
ratios. It's the breakthrough you expect 
from the industry leader in resistance 
technology. Call your Dale representative 
or Dale Electronics, lnc.1122 23rd Street, 
Columbus, NE 68601. 
Phone (402) 564-3131. 

SPECIFICATIONS 
WSC-1 = 1-watt, 0.10 - 2.38KO 
WSC-2 = 2-watts, .0050 - 10.4KO 
Tolerances: :.05% to :5% 
TC/R: :20, 50, 90 PPM/°C depending 
on value. 
Dimensions: 
WSC-1 =.250Lx.150W x.110Hand 
WSC-2 = .445L x .275W x .162H 
Tape and Reel Packaging: 
WSC-1 = 16 mm and WSC-2 = 24 mm 

Dale Makes Your Basics Better 



850,000 Components 
ZERO rejects! 

Pl![~ Magnetics receives 
IBM® OUTSTANDING QUALITY Award 

We've been saying for a long time that Prem has low prices. We're also very 
proud of the high quality of our competitively-priced components. 

Our sincere thanks to the IBM Corporation for recognizing the achievement of 
our people in delivering over 850 ,000 linearity and width coils to IBM in 1987 
without a single part being rejected. 

Prem is honored to be the only electronics firm to receive this award for quality 
in 1987. 

Roger Liston 
President 
PREM MAGNETICS , Inc. 

CIRCLE NO. 2 

Pl!f~® 
MAGNETICS, 
INCORPORATED 

Send for our catalogs of standard 
components, or information on our 
custom products, today. 

3521 North Chapel Hill Road 
McHenry , IL 60050 
(815) 385-2700 
FAX (815) 385-8578 



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

temperature range, in a rugged package ... that's Mini-Circuits' new MAN-amplifier series. 
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) 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 
500MHz and 0.5 to 1 OOOMHz, and NF as low as 2.8dB. 

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

voltage and current. 

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

MODEL 

MAN-1 
MAN-2 
MAN-1LN 

OMAN-1HLN 

*MAN-1AO 

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

FREQ. 
RANGE 
(MHz) 

fl tofu 

0.5-500 
0.5-1000 
05-500 
10-500 

5-500 

GAIN 
dB 

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

breakthrough. 

MAX. NF DC PWR PRICE 
OUT/PWRt dB 12V. $ ea. 

min flatnesstt dBm (typ) mA (5-24) 
28 1.0 8 4.5 60 13.95 
19 1.5 7 6.0 85 15.95 
28 1.0 8 2.8 60 15.95 

10 0.8 15 3.7 70 15.95 
16 0.5 6 7.2 85 24.95 

ttM1dband 1 OIL to fu;
2

. ± 0.5dB t ldB Gain Compression OCase Height 0.3 In. 

Max input power (no damage) +15dBm: VSWR 1n/ou11 .8:1 max. 
*Active Directivity 18db 

finding new ways .. 
setting higher standards 

O Mini-Circuits 
A D1v1s1on ol Sc1ent1fic Components Corporation 

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

finding new ways .. 
setting higher standards 

de to 4.6GHz trom $32~~) 
Tough enough to pass stringent MIL-STD-883 tests, useable 

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

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

at a blinding 2ns switching speed. 

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

exhibits a typical VSWR of 1.5 in its "OFF" state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 

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

from Mini-Circuits with unbeatable price / performance. 

Connector versions, packaged in a 1.25 x 1.25 x 0.75 in . metal case, 
contain five SMA connectors, including one at each control port to 

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

SPECIFICATIONS 
Pin Model KSW-2-46 KSWA-2-46 

Connector Version ZFSW-2-46 ZFSWA-2-46 
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz 

INSERT. LOSS (db) typ max typ max 
dc- 200MHz 0.9 1.1 0.8 1.1 

200- 1 OOOMHz 1.0 1.3 0.9 1.3 
1-4.6GHz 1.3 1.7 1.5 2.6 

ISOLATION (dB) typ min typ min 
dc- 200MHz 60 50 60 50 

200-1 OOOMHz 45 40 50 40 
1- 4.6GHz 30 23 30 25 

VSWR (typ) ON 1.3:1 1.3 
OFF 1.4 

SW. SPEED (nsec) 
rise or fall time 2(typ) 3( typ) 

MAX RF INPUT 
(bBm) 

up to 500MHz +17 +17 
above 500MHz +27 +27 

CONTROL VOLT. 

O Mini-Circuits 
A D1v1s1on of Sc1en!lf1c Components Corporation 

-5V on. OV off -5V on, OVoff 

OPER/STOR TEMP. -55° to +125°C - 55° to +125°C 

PRICE ( 1-24) $32.95 $48.95 

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

$72.95 $88.95 

C 117 REV. D 
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On the cover: PC-based logic ana~vzm· 
an; assuming Paried guises and ojjh-ing a 
surprising Parietv of fimctions. See R_q 134. 
(Photo comte~v john Flulu Mfg Co Inc) 
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SPECIAL ISSUE: TEST & MEASUREMENT 
SPECIAL REPORT 
PC-based logic analyzers 134 

Logic analyzers that incorporate or depend on pcrsrnul computers 
have added a new twist to selecting the most appropriate instrument 
for a specific application. No longer are performance and cost the only 
issues you must considcr.-Dan Strassbe13, Associate Editor 

DESIGN FEATURES 
Stringent testi~ ensures immunity 
to power-line disruptions 

161 

To be reliable, any equipment that uses mains power needs to pass 
certain tests that prove it's immune to power-line disturbances. 
-Peter Green, Stratus Computer Inc 

Designer's Guide to de/de converters-Part 1 175 
This article, part 1 of a 4-part series, demonstrates the design of the 

ubiquitous 5- to ± l SV de/de convcrter.- ]im Williams and 
Brian Huffman , Linear Technowgy1 Corp 

Designer's Guide to PC-based 
analog pc-board design-Part 1 

195 

Part 1 of th is 2-part series helps you to evaluate PC-based, pc-board 
design tools and presents a checklist of features desirable for analog 
board dcsign .-Kimberley F Quirlt, Engineering SerJJices Group 

Logic simulators exhibit different levels 
of device characterization 

213 

When selecting a logic simulator, you need to evaluate a number of 
criteria. One of the most important is the method that the simulator 
uses to model devices and to characterize their perforn13nce. 
-&chard S Gogesch, OrCAD 5_11stems Corp 

Design innovat ions make 
1553 controller more flexible 

225 

Although MIL-STD-1553 bus controllers reduce overhead for com­
munication over an interface, they can result in I/O boards that arc 
hard to adapt to different systems and sometimes difficult to test . 
-StePen W llidci~ Westinghouse !LSD 

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. 

Ff/pl HEWLETT 
~~PACKARD 

CIRCLE NO 54 

·u. S. list prices 

CG08801 
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TECHNOLOGY UPDATE 
Test and measurement software offers 
more than just another pretty interface 

59 

Vendors of test and measurement software arc offering increasingly 
sophisticated user interfaces for their products as they stri ve to make 
more instruments that arc both adaptable to computers and easy for 
test engineers to use.- ] D Mosley, Regional Editor 

Dielectrically isolated ICs move into 
high-performance applications 

81 

A wide range of high-performance analog I Cs now use diclectric­
isolation techniques. Precision amplifiers, video circuits, analog 
switches, circuits with high input voltages, and even analog ASICs 
currently benefit from dielectric-isolation technology. 
- Richard A Quinnell, Regional Editor 

PRODUCT UPDATE 
CPU card 
STD Bus boards 
Graphics terminal 
16k x 4-bit static RAMs 
STD single-board computer 

DESIGN IDEAS 
Serial port controls parallel device 
Full adders form 7-input carry-save adder 
Algorithm unrolls spectra 
Single MACD performs IIR filtering 
Circuit divides by 2 or 3 

97 
98 

100 
102 
106 

245 
246 
246 
248 
254 

Continued on page 9 
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17 MILLION PLDS A MONTH 
BEGIN WITH DATA 1/0. 

No company supports as many 
programmable logic devices as 
Data 1/0®-virtually every PLO on the 
market. From design, to program­
ming and test, Data 1/0 is the industry 
choice for PLO development tools. 

UNIVERSAL SUPPORT FOR EVERY PLD 
MANUFACTURER. We give you the 
freedom to choose the right PLO 
for your design-from any manufac­
turer. You can use our tools to design 
and program all PLO architectures, 
including PALs, FPLAs, PLEs and 
EPLDs, and all technologies from 
vertical-cell AIM, ECL, and CMOS 
to bipolar. And you can pick any 
package-DIP, PLCC, LCC or SOIC. 

UNIVERSAL DESIGN TOOLS. ABEL'" 3.0, 
Data I/O's high-level design language, 
lets you describe your design with 
any combination of equations, state 
diagrams, or truth tables. For multiple 
PLO design, use the advanced logic 
synthesis capabilities of GA TES™ 
And for complete device testability, 

PLDtest® is our universal tool for 
automatic fault grading and test vec­
tor generation. 

UNIVERSAL PROGRAMMING TOOLS. 
The UniSite™ 40, our most sophisti­
cated programmer, handles all 
devices-memory, logic, and 
microcontrollers-in a single site. 
The modular approach to logic 
programming is the 29B with a 

Data 1/ 0 Corporation 10525 Willows Road N E , P 0 Box 97046, Redmond, WA 98073-9746, U S.A !2061867-6899 / Telex 15-2167 
Data 1/ 0 Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 
Data 1/0 Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31(0120-6622866 / Telex16616 DATIO NL 
Data 1/ 0 Japan Sum1tomose1me1 H1gash1sh1nbash1 Bldg., SF, 2-1-7, H1gash1-Sh1nbash1. M1na to-ku, Tokyo 105, Japan 

(03) 432-6991 / Telex 2522685 DAT AIO J 

© 1988Data1/0 Corporation 
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Logic Pak™ . Or for portable conven­
ience, choose the 60A. 

UNIVERSALLY APPROVED BY PLD 
MANUFACTURERS. With Data 1/0, you 
can depend on the accuracy and reli­
ability of your programmed PLD. We 
work with semiconductor manufac­
turers-long before devices are 
released-to develop, and obtain 
approvals for, our programming 
algorithms. So reliable support will 
always be ready when you need it. 

A CLOSER LOOK AT UNIVERSAL SUP­
PORT. Call us today for more informa­
tion about our complete line of PLO 
development tools and 
qualify for your FREE 
copy of the ABEL 3.0 
demonstration disk. Your 
PLDs will be off to a better 
start and a faster finish. 

1-800-247-5700 
Ext. 317 

Corporation 
EDN October 13, 1988 
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•A MINDLESS MENACE OF NO 
USE EXCEPT FOR SCARING 

HORSES AND SMALL CHILDREN!' 
DETROIT BUSINESSMAN,1907 

The Bellmonn Archive, Inc. 

EDN October 13, 1988 



•A QUESTIONl'aLE ADVANCE 
OF NO PRACTIC•L USEJt l'LL STICK 
WITH MY STANDARD ~UPPLIERP. 

People have always been a little skeptical about 
giving up their old standards. And today, the same 
thing is happening to INMOS Transputers. 

Some system designers continue to use 
traditional microprocessors from their same old 
suppliers instead of capitalizing on the advantages 
of Transputers. What they're passing up is the 
chance to use our T-800. The fastest 32-bit, single 
chip, floating -point microprocessor available today. 

And the T-800 is backed by a complete 
family of products including the pin compatible T 414 
Transputer offering lower costs, 10 MIP performance 
and .75M Whetstones. The 16-bit T212 is an ideal 
high-performance controller and the M212 Disk 
Processor combines disk control hardware and a 
Transputer on a single chip to support both 
Winchester and floppy disks. 

For turbocharging your current system, our 
Link Adaptor IC's allow Transputers to be connected 

DESIGN ENGINEER, 1988 

to other microprocessors and peripherals. The 
C004 Link Switch makes the design of software 
reconfigurable multiprocessor systems simple 
and straightforward . And a ll Transputers are 
manufactured using a CMOS process on epitaxial 
silicon for reduced power consumption and 
latchup immunity. 

While skeptical engineers still use standard 
microprocessors or floating point chip sets, 
Transputers are being utilized to create revolutionary 
systems like NASA's retriever robot. 

So take a close look at INMOS Transputer 
products. You'll see why the ordinary microprocessor 
is quickly becoming a thing of the past. 

TRANSPUTER 

eomJmose 
INMOS, P.O. Box 1600Colorodo Springs, Colorado 80935. Tel. 719-630-4000, Oronge County 714-957-6018, Sonto Claro 408-727-7771, Denver 303-368-0561 , 
Minneapolis 612-932-7121 , Dallas 214-490-9522, Boston 617-229-2550, Baltimore 301 -995-6952, Atlanta 404-242-7444. 

INMOS Transputer e and IMS ore trademarks of the INMOS Group of Companies. 

EDN October 13, 1988 CIRCLE NO 25 11 



The Best Tools 
Now Experience Electronic Design 
As It Was Meant To Be With 
The New Digital VAXstation™ 3000 
Series, And The Full Line Of Valid 
CAE/ CAD Software. 

From Digital Equipment Corpora­
tion and Valid comes the ideal combination for Electronic 
Design Automation. A dynamic system you need to tackle 
todays critical design demands. 

It all begins with the powerful new VAXstation 3000 
Series of workstations from Digital. The VAXstation 3000 

12 

offers you incredible performance and high-speed graphics 
in a package suited perfectly for Electronic Design. 

Next comes the full line of Valid state-of-the-art soft­
ware to address even your toughest Design needs. Included 
are tools for digital and analog design and analysis. As well 
as design and analysis for ICs and PCBs. Plus documentation 
and links to test, and mechanical CAE. 

Digital and Valid are able to bring you this synergy 
through the use of industry standards. Llke the Ethernet™ 
network with DECnet~ TCP/ IP protocols, which let your 
entire design team work together in unison. And VMS™ 

EDN October 13, 1988 



digital 

ForTheJob. 
operating system that allows Valid software to run on all 
VAXstations and VAX computers. 
Working together makes the difference. 

Digital and Valid products work cooperatively to 
ensure that your people can work more productively, more 
creatively, and more efficiently. This offers you the benefits 
of a customized solution that integrates applications, hard­
ware, networking, and support services - providing you 
with a key competitive edge in meeting your engineering 
design needs. The right people with the right tools working 
together. Digital, Valid, and You. 

To find out how Electronic Design was truly meant to 
be with customized application, hardware, networking and 
support services from industry leaders, call 1-800-821-9441 
(outside CA) , or 408-432-9400 ext. 2311 (inside CA), or your 
nearest Digital or Valid Sales Office. 

~DmDDmD
TM Cooper~tive 

I • Marketing 
Program 

O 1988 Valid Logic ~ms, Digital F.quipment Corporation. Valid is a trademark orl'al id Logic ~iems. Digilal logo, VAXstation , 
VI:!., VMS and DECnet are trademarks or Digital F.quipment Corporation. Other brands Of product names are trademarks or 
their respective holders. 

EDN October 13, 1988 CIRCLE NO 26 13 



Wtththe 

14 

Why shop around at different ASIC suppliers when you can get it all 
from Fujitsu. 

But we'd rather you didn't think of us as just another ASIC supplier. Because, 
frankly, we don't want to be your ASIC supplier. We want to be your ASIC partner. 
The only one you'll ever need. 

As the industry's most experienced volume producer of ASIC devices, we 
can provide you with the broadest options in ASIC. 

Like standard and compiled cells. Over 70 types of channeled and 
channeless arrays. And 60 packages. All available now. All from one source. 

You're also assured of the most advanced process and manufacturing 
technologies in the industry. Such as high-speed, silicon-gate 3-layer metal 
CMOS. Advanced ECL featuring 0.5and1.0 micron, 3-layer metal process. And a 
robust LSTIL bipolar process and design. 

We've even taken advantage of our expertise in bipolar and CMOS to 
develop Bi CMOS. A process marriage featuring high-performance ECL and high­
density CMOS. 

All of which means you can always count on getting the optimum solution 
to your VLSI needs. Whether you expand to larger gate counts or migrate from 
arrays to standard cells. 

Take packaging, for example. You can choose from PGAs or DIPs. Ceramic 
or plastic. Through-hole and surface-mount. PLCCs and flatpacks. Even PGAs 
and flatpacks with heatsinks. All designed, built and backed by Fujitsu. 

As your ASIC partner, we expand your design team, providing you with 
coast-to-coast technical resource centers, fully equipped with easy-to-use 
design tools. 

You also get ASIC sales and marketing support to help you smooth out all 
the administrative wrinkles. Plus local training and technical support. And 
twenty-four hour design facilities, so you can work whenever inspiration strikes. 

It all adds up to just one name. Fujitsu. The one ASIC partner you 
need. The only one you 'll ever need. Which, after all, is everything an ASIC partner 
should be. 

FUJITSU 

FUJITSU MICROELECTRONICS, INC. 

Everything an ASIC partner should be. 
Fujitsu Microelectronics, Inc. · 3545 North First Street, Sanjose, CA 95134-1804 · ( 408) 922-9000. 
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ff you want to increase 
the value of your PWB real estate, 

Du Pont can help 
you do it. 

With VACREL ® photopolymer film solder 
mask. The material that enables you to reliably 
encapsulate dense circuitry and tent via holes, 
permitting more electrical functions in less PWB 
real estate; to let you create higher density 
PWBs than ever before. 

Instead of placing vias and components 
on separate areas of the board, you simply design 
vias under the components. And because VACREL 
tents the vias, solder stays only in the places 
where you want it; you avoid bridging, shorts, 
and contamination. It's also easier to clean 
under components. 

In addition, you use less solder, minimizing 
assembly weight, because you 're only covering 
connections. Hole-filling defects are also avoided. 
The bottom line is VACREL can increase 
assembly yields and cut manufacturing costs per 
function allowing you to get the most from your 
PWB real estate. 

If you want more value out of your PWB 
real estate, ask for VACREL photopolymer film 
solder mask It's the right material for PWB 
designs. Just call DuPont at 1-800-237-4357. 
Or write: DuPont Company, Room G-51176, 
Wtlmington, DE 19898. 

DuPont Electronics 
Share the power of our resources. 

~ 
"-<0vs .. r • •"' CJ1T' 
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Control Data has just 
creat.ed a new, separate 
subsidiary called 
Imprimis 'Thchnology 
Incorporat.ed. But you 
can just call us Imprimis. 
It means "in the first 
place:' We think it fits­
because we are. And we 
intend to remain there. 
First in high-perform­
ance, high-capacity disk 
drives. First in quality. 
First in service and 

customer satisfaction. 
We introduced the 

world's first 200 mega­
byte disk drive in a 
3Y2 inch form factor: 
the SWIFT.™ WREN™ 
5V4 inch disk drives were 
the first to break the sub-
20 millisecond seek time 
barrier and they're still 
the fastest 5V4 inch drives 
in the world. The SABRE™ 
8 inch disk drive was the 
first drive of its size to 

JI""' 

offer over 1,200 mega­
bytes of storage. And in 
survey after survey of 
the OEM drive business, 
we ranked first in cus­
tomer service. 

So, just because 
we changed the name 
doesn't mean we're going 
to change our ways. 
We're going to stay the 
world's leading supplier 
of OEM data storage 
products. 

IMPRIMIS 
A Subsidiary of Control Data 
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More Than 50,000 Good Reasons 
To Attend Wescon/~~® 

In addition to the most qualified 
audience you can reach at any show of 
its kind, Wescon gives you: 
• More than 6,000 live product 

demonstrations. 
• More than 1,300 vendors. 
• 12,000 factory experts and engineers. 
• 36 idea-generating technical sessions. 
• 11 incisive and problem-solving tutorials. 
• Electronics Theater featuring state-of­

the-art developments. 

And This Year, Wescon 
Gives You More: 
• New Automated Design Center. 
• New Products and Technology 

Achievement Awards. 
Wescon is an exciting, one-of-a-kind 
opportunity where the engineer and the 
people who will supply him congregate 
for an exchange of new ideas and new 
technologies. It is a place where new 
ideas are introduced and design 
problems are solved. 
There is no better event to enhance your 
professional growth and technological 
awareness than Wescon/88. 

Wescon Is More Than An Event, 
It Is An Investment! 

(][) Wescon/1&1&. 
Nov. 15-17, 1988 
Anaheim Convention Center 
Anaheim, California 

To pre-register, fill out the form below, or for a 
Preview Program, call (800) 262-4208 in California 
or (800) 421-6816 outside California. 

Pre-Registration Fee - $5.00 CIAClf APPUCABU BOXES 

Please PAINT as you 
wan! shown on badge 

Name 

6-90140 

D zx IEEE Member 
D zy ERA Member 
D zz Other Affiliation ____ _ 

FIRST OR IN ITIALS LAST 

Pos111on ·Telephone ~I ~l~l~I ~~l~l~~~I ~1~~1~1-

z 
Q 
~ 
~ 

~ 
< 

~ 

•A Compulei-s. .. CommurucallOl\S 

•c M11ttary/AefOSP1Ce 

•• Aulomol1Ye .. E1eci1omc Components. Devices 

•• 8u51ness Equipment 

OG Medical 

•• Consumef/Entertammen1 ., Consu111n91EdliCltton 

... """" 

ARE A COOE NUMHER (OPT!ONALI 

Company / Organization I I 

Address: Bus or Home I I I I I I I I I I I I I I I 
DE PT or MIS 

C11y , Stale, Zip Code I I I I I I I 
STATE ZtP COO£ 

... Systems Des>gn 

"' 
AO C11cuot Design 

"- AC Packaging. PrOIOlype Onign 
0 

AD Prod1K1'0nlF•br1C1.llOl'I 

~ Al Resea1ch/~nt . AF Purchasing 2 

i AG Erigineerong Ma,,.gemel'll 

AH AOm•nlSttal!On. Mllnagemenl 

~ Al Testmg, OCIOA ., Consulllrtg. EducatlOfl 

A• 011 ... 

~ AL CADtCAE Toots. Systems 

All Computer Soll'ware 

i AM E1ect1on1c Components 

i AD E1ectro-Mec1'111nica1 ComponenlS 

A• P1oduc11on Equipment. Macrunerr 

AO P10duc11on Suppltes. Meie1 .. 1S 

~ AO Consulting Se1vices 

• Al F•bnca!IOf'I SefV>Ce'S 
I!; 

AT Test. hiso . Meesuremen1 Inst 

3 AU Tes11ngSys11tms 

~ AV o .. .,. 

208764 

To receive your badge in advance, please complete this form and mail it along with your check to arrive NO LATER THAN October 28, 1988. 
After October 28 the at-the-door fee applies. If you do not receive your badge prior to Wescon/88, check in a t the advance registration counter 
in the Anaheim Co nvention Center. NO ONE UNDER THE AGE OF 16 ADMIITED. No refunds after November 11, 1988. 

MAIL TO: WESCON/88, P.O. BOX 54760, TERMINAL ANNEX, LOS ANGELES, CA 90054-0760. EDN101388 
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IGBTs. The~mparisons. 
Compare Power 

BIPOLAR 
2000 DARLINGTON 

~10oo i..,...--------~1 
LU IGBT 
(:J 

t3 500 
~ 

200 

MOSFET 

100 ~---~---+--~'---+--~--+' 
10 20 50 100 200 500 1000 2000 

CURRENT !Al 

Compare Speed 
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10
3 10' 10' 10

6 10' 10
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SWITCHING SPEED !Hzl 

Compare Selection 

The choice is now obvious when you 
require both power and switching speed in 
your power systems. Insulated Gate Bipolar 
Transistors (IGBTs) offer both. 

Similar to Bipolar, IGBTs have high 
conductivity with faster switching speeds 
(tf = 0 .5µS typ). And like MOSFETs, IGBTs 
have high input impedance/high speed with 
lower on-resistance (as low as 8mQ). 

So now, for applications like low-noise 
inverters and servo-motor drives, there really 
isn't any reason to compromise. The solution 
you've been looking for is available: IGBT 
The performance combination that doesn't 
make you give up one thing to get another. 

Leading the way, again, this time with 
the broadest line of IGBTs anywhere in the 
wor Id Tc h.b OS I a. 

TOSHIBA AMERICA, INC. 
Semiconductor Products Division 

' 
IGBT (Insulated Gate Bipolar Transistor) Selection Guide 

MAXIMUM RATING 

CIRCUIT SYMBOL VcEs (V) COLLECTOR CURRENT le (Al 

8 15 25 50 75 100 150 200 300 400 

~~ 
GT15H1011 GT25H1011 GT50G1011 

500 1400Vi 

BS MG15H1BS1 MG25H1BS1 MG50H1BS1 MG75H1BS1" MG100H1BS 1 

1000 GTBNIOll' GT15N1011 
MG15N1BS1 MG25N1 BS 1 MG50N1BS1 MG75N1BS1 • 

~ 
500 MG300H1US1 MG400H1US1 

600 MG300J1US 1 ' MG400J1US1' 
us 

1000 MG200NIUS1' MG300N1US1" 

1200 MG20001US1' MG30001US1 • MG40001us1· 

500 MG25H2YS1 MG50H2YS1 MG75H2YS1 MG100H2YS1 MG150H2YS1 MG200H2YS1 

9f?l 600 MG15J2YS1 • MG100J2YSI' MG150J2YS1' MG200J2YSI' 

YS 1000 MG15N2YS1 MG25N2YS1 MG50N2YS1 MG75N2YS1 MG100N2YS1 MG 150N2YS1' 

1200 MG2502YS1' MG5002YSI' MG7502YS1 • MG10002YSI' MG 15002YS I ' MG20002YS1' 

1400 MG25S2YS1' 

~ JS 1000 MG25N1JS1 

--f?L 500 MG50H1ZS 1 
ZS 

1000 MG25N1ZS1 

:m 500 MG15116ES1' 
ES 

~ 

1000 MG8N6ESI ' MG15116ES1' 

!Non Isolated Type TO-JP *Under Development 

TOSHIBA AMERICA, INC. , Semiconductor Products Division Headquarters, 9775 Toledo Way, Irvine, CA 92718 • 17141 455-2000. Regional Sales Offices: 
Western Region, 17141 455-2000; Central Region , 13121 945-1500; Northeastern Region , 16171 272-4352; Southeastern Region , 14041 368-0203 
Distributed by: Marshall Industries, Cronin Electronics, General Components, Inc , Goold Electronics, ITT /Multicomponen ts • RAE Electronics I Canada only I, 
Image Electronics, Ital Electronics, JACO Electron ics, Reptron Electronics, Sterl ing Electronics and Western Microtechnology. 

SPD-88-003 
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NEWS BREAIZS 
EDITED BY JOANNE CLAY 

GaAs aav10 PLD ATTAINS 7.5-N'SEC PROPAGATION' DELAY 
Circuit improvements and a drop to 0.7-µm effective transistor gate lengths 

allowed Gazelle Microcircuits, Inc (Santa Clara, CA, (408) 982-0900) to chop 25% off 
the propagation delay of the GA22Vl0, the company's recently announced 10-nsec, 
laser-programmed, GaAs PLD (see EDN, June 23, 1988, pg 95). The $37 (10,000) 
GA22Vl0-7 sports a 7.5-nsec propagation delay and a 110-MHz max toggle fr equen cy. 
The firm expects the device to cost $16 (10,000) in 1990.- Steven H Leibson 

DSP-BASED MICROCON'TB.OLLER OFFERS 160-N'SEC CYCLE TIME 
The DSC320Cl4 microcontroller from Microchip Technology Inc (Chandler, AZ, 

(602) 345-3287) combines 4k words of ROM, 256 words of RAM, and various I/O 
signals with a DSP320Cl0 DSP µP core ; it executes multiply-accumulate operations 
in a single 160-nsec instruction cycle. The microcontroller's on-chip features include 
16 bit-selectable I/O lines, 15 internal/external interrupt inputs, and 1 nonmaskable 
interrupt signal. The chip also includes four 16-bit general-purpose t imers that 
have 160-nsec resolution. An on-chip serial port operates at 6 .4 MHz synchronously 
or 400 kHz asynchronously. You can also configure the serial port to connect to the 
Bitbus. The chip will be available in a 40-pin DIP, a 44-pin PLCC, and a 68-pin PLCC. 
You can buy samples of the chips for $75; production quantities will be ready in 
the first quarter of 1989. Texas Instruments will act as an alternate source for the 
parts.-Maury Wright 

SEDCO INKS PACTS WITH IBM AND SAE FOR DESIGN'LIBS 
Two recently announced agreements will assist pc-board designers in thei r jobs. 

First, Standard Engineering Data Company (Sedco, Scotts Valley, CA, (408) 438-7885) 
and Systems Effectiveness Associates Inc (SEA, Norwood, MA, (508) 762-9252) have 
agreed to jointly market their advanced-component libraries and analysis capabili­
ties . You can now obtain compatible libraries for pc-board design and thermal , 
reliability, maintainability, and life-cycle analysis tasks . Sedco will provide compo­
nent data libraries, organized by manufacturer's databook, for SEA's thermal and 
reliability programs. Second, Sedco announced that it 's been accepted in IBM's Coop­
erative Software Program: IBM will offer Sedco's DesignLib libraries to its customers 
through the IBM sales organization. DesignLibs provide all the data necessary for 
schematic capture, place and route, and interactive layout on IBM's CBDS system. 
Additionally, DesignLibs supports Computervision, Mentor Graphics, OrCAD, P-CAD, 
Racal-Redac, and Zuken pc-board-design data formats .-Michael C Markowitz 

ROM-BASED BIOS AND OPERATING SYSTEM RUN MS-DOS PROGRAMS 
Award Software Inc (Los Gatos, CA, (408) 370-7979) has combined its BIOS (basic 

I/O system) ROM with an operating system to help system designers incorporate 
MS-DOS compatibility in their products. You can obtain the ROS (ROM operating 
system) package in two versions: One has both software components installed in a 
ROM; the other has the BIOS in ROM and the operating system on a floppy disk. The 
ROM version costs less than $100 (100) , and the dual-media version costs less than 
$80 (500). The ROS BIOS is derived from the company's earlier BIOS products and 
operating system, DR DOS from Digital Research Inc (Monterey, CA). It 's compatible 
with Microsoft Carp's (Redmond, WA) MS DOS 3 .3 . It also includes some enhance­
ments, such as support for disk partitions as large as 512M bytes and both file - and 
record-level password protection.-Steven H Leibson 
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NEWS BREAIZS 
AI DEVELOPMENT SOFTWARE ADDS WINDOWS AND GRAPHICS 

The Goldworks II software package lets expert-system developers include win­
dows and graphics in their applications. This new version from Gold Hill Computers 
(Cambridge, MA, (617) 621-3300) lets you build AI-based applications that interface 
to conventional applications, spreadsheets, databases, and programming languages. 
The program is available for use with Sun workstations, IBM PC-compatible comput­
ers, and Apple Macintosh II computers. The Goldworks II system architecture in­
cludes a menu interface, an external interface, and a developer's interface with 
hooks for Lisp, C, Lotus 1-2-3, dBase III, and Microsoft Windows. The knowledge 
base uses frames to represent problems, forward- and backward-chaining rules for 
reasoning, and object-oriented programming for dividing large problems into man­
ageable subsets. You also get a rule editor, a Multiple Assertion Representation 
System (Mars) inference engine, and the ability to browse through a graphical repre­
sentation of your expert system as you develop it. For those who have Goldworks 
1.1 and a current service contract, the upgrade to Goldworks II is free . For Goldworks 
1.1 owners who don't have a service contract, the upgrade costs $1000. New custom­
ers pay $7500 for the first copy; the price drops to $5995 for two copies and $4995 
for three copies.-J D Mosley 

VIDEO-CONTROLLER BOARD DRIVES FOUR EGA MONITORS AT ONCE 
The $1495 4-0n-The-Floor EGA video-controller card from STB Systems Inc 

(Richardson, TX, 75081, (214) 234-8750) plugs into one IBM PC slot and drives as 
many as four independent IBM EGA (Enhanced Graphics Adapter) or variable­
frequency CRT monitors. The full-length board's _lM-byte video memory allows you 
to put a different display on each monitor in the standard 16-color, 640 x 350-pixel 
EGA format as well as in the enhanced-resolution modes of 752 x 41 O and 640 x 480 
pixels. In addition, you can place a second video-controller board in a PC, allowing 
the computer to use eight monitors as independent information displays. The con­
troller board incorporates firmware that performs monitor activation and switching, 
and the company supplies Microsoft Windows software drivers with the board for 
the enhanced-resolution modes.-Steven H Leibson 

TAPE DRIVE STORES 86M BYTES ON A SIN GLE DC2000 TAPE CARTRIDGE 
Adding to its MCD series of minicartridge tape drives, 3M (St Paul, MN, (612) 

733-1110) now offers the MCD-Series II drive, which can store 86M bytes on a 
DC2000HD cartridge. The drive records data on 32 serpentine tracks by using a GCR 
r ecording scheme. The tape drive owes its storage capacity to its modified QIC-100 
dat a format, which also provides a 98.5k-byte/sec (6M byte/min) data-transfer rate . 
The drive employs a SCSI port and specs an error rate of less than one in 1012 bits. 
You can purchase evaluation units now; production units will be available in the 
first quarter of 1989 for $480 (500).-Maury Wright 

HYBRID SYNCHRO-TO-DIGITAL CONVERTER HAS TWO CHANNELS 
The HSD/HRD1606 16-bit synchro(resolver)-to-digital converter from Nate! Engi­

neering Co (Simi Valley, CA, (805) 581-3950) combines two independent Type-II servo­
loop tracking converters in a 40-pin TDIP. The converter, accurate to 1.3 arc minutes, 
transfers data through two independently enabled 8-bit 3-state outputs. It costs 
$945 .-Margery S Conner 
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Why high performance 
designers are so excited 
about the new PLO 7(330 
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. Get our Preview Kit. 
Our Preview Kit, with demo floppy 

and technical paper, even includes 
application ideas, like our step-by-step 
design example showing you how to 
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 7C330 Preview Kit anti Data­
Book. Yours free, for a toll-free call 
DataBook Hotline: 
1-800-952-6300 

Ask for Dept. C43 
(32) 2-672-2220 In Eumpe 
(416) 475-3922 In Conotla 

tr'-'-· .. ~ ·:a .CYPRESS 
F SEMICONDUCTOR 

Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134, Phone: (408) 943-2666, Tu lex: 821032 CYPRESS SNJ UD, 1WX: 
910-997-0753. Cl l988 Cypress Semiconductor. 
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NEWS BREAIZS: INTERNATIONAL 
ARCNET FINDS SUPPORT AS A FIELD BUS FOR MAP/TOP NETWORKS 

A joint project among Computer Systems Development Ltd (London, UK, TLX 
25122; in the US: Marlboro, MA, (61 7) 460-0330), Cimtel Ltd (Birmingham, UK, TLX 
334535), and Comendec Ltd (Birmingham, UK, TLX 334535) is currently under way 
to develop a computer integrated manufacturing (CIM) system based on the MAP 
(Manufacturing Automation Protocol), TOP (Technical Office Protocol), and Arcnet 
networks. At the MAP/TOP level, the project involves the integration of Computer 
Systems Development's VAX-based MRP-II manufacturing-resource planning soft­
ware with Cimtel's Cimplan process-planning package and preproduction and fac­
tory-scheduling systems. 

Comendec is contributing its Arcnet LAN expertise to provide communication 
between these systems and the shop-floor equipment used in the manufacturing 
process. As part of this task, the company will develop the Arcnet-to-MAP/TOP gate­
ways required to link the networks together. Despite the fact that Arcnet isn't 
currently seeking endorsement by the IEEE-SC65CfWG6 MAP standards committee, 
Comendec believes that it's suitable for use as a field bus for factory automation, 
both because of the low cost and proven performance of Arcnet LANs, and because 
the LAN s' users have accumulated considerable software experience on existing 
commercial and industrial installations (more than 1 million Arcnet nodes have 
been installed worldwide).-Peter Harold 

TOSHIBA BASES 32-BIT PROTOTYPE µP ON TRON ARCHITECTURE 
Toshiba Corp has become the second company (after Hitachi) to announce the 

development of a prototype µP based on the TRON architecture proposed by Tokyo 
University's Professor Ken Sakamura. The chip, the TXl, reportedly operates at 5 
MIPS (Hitachi's previously announced TRON device runs at 6 MIPS). Toshiba expects 
to make the first evaluation samples available by the end of 1988. 

According to reports in the Japanese press, Japanese firms are developing chips 
based on the TRON architecture because US companies such as Motorola and Intel 
are reluctant to license Japanese firms to manufacture their µPs . The Japanese 
companies, therefore, aim to develop their own technology for future-generation 
microprocessors. Hitachi, Fujitsu, and Mitsubishi have reportedly teamed up to 
produce a series of TRON µPs to be named G-Micro. NEC, too, is said to have developed 
a proprietary series of TRON chips called V60 and V70, which have not been applied 
commercially.-Joanne Clay 

77-mW LASER DIODE TARGETS LONG-DISTANCE COMMUNICATIONS 
Mitsubishi Electric Corp has developed a 1.5-µm distributed-feedback-type laser 

diode capable of producing a 77-mW max output-about 11
/2 times the output of 

comparable devices. To create the laser diode, the manufacturer combined MOVD 
(metal organic-chemical vapor deposition) technology and a proprietary method that 
uses a printed-circuit board and a partially inverted hetero structure. 

-Clare Mansfield 
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1m1 

Get the Ultimate in 
Flexibility and Speed! 

• Preview Of Trigger Settings 
• Operate With Independent Trigger 

and Timebase Settings for Each 
Plug-in. 

• 200 MegaSamples per second 
• Real Time Functions 
• Zoom to x256 
• Floppy Disk Storage 
• PC Software 
• Downloadable Software Programs 

Nicolet Test Instruments Division 

e f'ftOHCTfO 

RE CORO 

Flexibility - With Nicolet 's 4180 plug-in and 4094C 
Digital Storage Oscilloscope, you can take the guesswork 
out of triggering. The Trigger View feature gives you a 
graphic representation of trigger slope, level and 
sensitivity superimposed on the actual trigger input signal. 
What this means for you is easy and accurate trigger 
setting. Using the 4094C with two 4180's allows four input 
channels with each two-channel plug-in having its own 
independent time base and trigger settings . That's 
flexibility! 

Speed - Wideband input amplifiers allow you to 
capture signals up to a 1 OOMHz bandwidth at digitizing 
speeds up to 200 MegaSamples per second. 

Support-All this with unequalled factory support. As 
a user, your questions are answered quickly without the 
need for customer account numbers or other qualification. 

Write or give us a call! Nicolet 
5225-2 Verona Road, Madison, WI 53711 608/273-5008 or 800/356-3090 INSTRUMENTS OF DISCOVERY 
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3 KHz-800 MHz 
over 50 off-the-shelf models 
from $2 95 

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 or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 
'unit s are not OPL li sted 
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finding new ways ... 
setting higher standards 

r;;:I Mini-Circuits 
A Division of Scientific Components Corporation 

P.O. Box 350166, Brooklyn, New York 11 235-0003 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 

C71 Rev. A 
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one-piece design defies rough handling !14 !~ 
• Each unit undergoes high-impact shock test 
• Unexcelled temperature stability, .002 dB/°C 
• 2W max. input power (SMA is 0.5W) 
• BNC,SMA and N models (TNC, consult factory) 
• Immediate delivery, one-year guarantee 

• 50 ohms, dB values, 
1,2,3, 4,5, 6, 7, 8, 9, 10, 12, 15, 20, 30, and 40 

• 75 ohms dB values, 3, 6, 10, 15, 20 BNC only 

• Price (1-49 qty.) 
CAT (BNC) $14.95 SAT (SMA) $17.95 
NAT (N) $19.95 

finding new ways .. 
setting higher standards 

r;;:I Min~o:s~c~n~~0~;0!,~ 
P.O. Box 350166, Brooklyn, New York 11 235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

EDN October 13, 1988 

'Freq. Atten. Toi Atten. Change. (Typ.) 
MHz T over Fre . Ran e VSWR Max. 

DC-1000 1000-1500 DC-1000 MHz 1000-1500 MHz 
DC-1500 MHz ± 0.3 0.6 0.8 1.3 1.5 

'DC-1000 MHz (all 75 ohm or 30 dB models) DC-500 MHz (all 40 dB models) 

Model Availability 
SAT (SMA) CAT (BNC) NAT (N) 
Model no. = a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series. 3 dB attenuation. 

Precision 50 ohm terminations only $7.95 (1-24) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (consult factory) 
SMA (model STRM-50), N (model NTRM-50) 

C 92 REV. D 
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Everything you need 
for ASIC success 
from one reliable source 

An ASIC project is a major commitment of your 
budget and man hours. Give yourself the advantage 
of working with a powerful partner. Oki Semiconductor 
has the experience, resources, and commitment you 
can rely on to help ensure your ASIC VLSI success. 

Advanced ASIC products and'technologies 
Oki Semiconductor has complete ASIC capa­

bilities, from full custom to semicustom ICs. Our three 
families of advanced CMOS ASIC products have been 
designed to meet all of today's high-density, high­
speed device requirements. 
~ Sea-of-gates: 
new sea-of-gates channelless arrays provide an avail­
able 100,000 gates and a minimum 40,000 gate circuit 
logic density of 640 picoseconds. 
~ Channelled array: 
new 1.2 µ channelled arrays provide speed in the 
subnanosecond range together with a logic density of 
up to 30,000 usable gates. 
~ Standard cell: 
the new 1.2 µ standard cell family offers density up to 
60,000 gates and an average speed of 600 picoseconds, 
plus memory capability of32K bits RAM and 128K 
bits ROM. 

ATG and logic transparency 
With automatic test-point generation built into 

each of these new products, test programs can be 
generated in a fraction of the time you'd normally 
spend-without sacrificing logic or speed. All three 
product families also use the same cell design library, 
for logic transparency. 

ASIC Market 
Needs 

Complete ASIC 
support 

Working 
with Oki means 
you can draw on 
our vast resources 
and experience 
to back you up at 
any stage of the 
development 
process. We have 
one of the finest 
ASIC teams in 
the industry to 

support you. We also provide the state-of-the-art 
design tools, packaging options, and manufacturing 
capabilities to successfully implement your project. 
With so much on the line, give yourself the security 
of working with Oki-the one source you can rely on 
for all your ASIC needs. 

,------------------------
! Check Oki: your complete ASIC resource. 

Please send complete technical data/~ecs on Oki capabilities in: 
0 Sea-of-gates 0 ChanneUed arrays 
0 Standard cells 0 Full customs 
0 Please call. We have immediate requirements. 

Phone 

Name 

Title 

Company 

Attach coupon to business card or letterhead and return to: 
ASIC Customer Service, Oki Semiconductor,, 785 North Mary 
Avenue, Sunnyvale, CA 94086. Phone: (408) 120-1900. L _ _____________________ _ _ 

OKI 
SEMICONDUCTOR 
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Introducing two ways 
single bo 

CPU-37. The workhorse ofVME. 
Now you can harness all the power of VME 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 sta,rt 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. 

• 1988 forcc(l)mputcrs. In(. \'ME/PLUSand RunrnngSLan arc 1radcmark.sl1I FORCE CO.\ \PlITERS l:\C L'~IX is a trademark l'I AT&T PDVS is a uadcmarklif Eynng Research nsututc. Inc. ,-,works is a trademark of Wmd Ri\'erSystcms. Inc 05·9 isa trademark of 
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to get horsepower in 
ard computers. 

CPU-30. The pacesetter of VME. 
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. 

FORCE COMPUTERS INC. 
3165 Winchester Blvd. 
Campbell. CA 95008-6557 
Telephone (408) 370-6300 
Tele fax (408) 374-1146 

FORCE COMPUTERS GmbH 
Daimlerstrasse 9 D-8012 Ottobrunn 
Telefon (089) 600 910 
Telex 52 41 90 fore-ct 
Telefax (089) 609 7793 

\ hmiwan> systems Cl1rp...irtml1n_ pSVS is a tradcmarll. lil 51.iltwarc (l1mp..1ncms Group. Int. \'RTX32 1s a 1radcmark l,I Ready Systems. lnl. C EXECl 'T\\'E is a tradcmarklil l\11 5'..ilt\\ are Consultants. lnl. \IS-DOS is a rCl!!Stt'red trademark of .\ \1crosoft Corporation. 
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Unparalleled 
Speed. 

RAM Performance and 1E 

High--Density 
Choices. 

You're constantly in need of higher performance, and 
Mitsubishi delivers. First with 35ns, 256K static RAMs, 
Mitsubishi Electronics is now introducing a family of 25ns, 

256KSRAMs. 

25ns And, for even faster systems, we're 
also introducing l Sns, 64 K SRAMs. 

For high density choices and unparalleled speeds, 
Mitsubishi Electronics' technology leadership in SRAM per­
formance can help you take your designs into the future. For 
more information, call or write: Mitsubishi Electronics Amer­
ica, Inc., Semiconductor Division, 1050 East Arques Avenue, 
Sunnyvale, CA 94086. (408) 730-5900. 

With speeds like this, you can start 
making tomorrow's designs a reality. Sooner 

than you thought. MITSUBISHI STATIC RAMS ACCESS TIME (ns) b~~1'6"t?s~ 
Mitsubishi offers not only the speeds ~D-EN-S-ITY-O-RG_A_N_IZA_J_IO_N __ P_A_R_T_N0-.--+-1-5-20-25_35_45_55_7_0_8~5 -100~1-20-1so--+P-D-IP_SO_P_SOJ __ VS0---1P 

you need, but also the packaging options: 16K 16Kx 1 M5M21C67 • • • 

standard DIP and skinny DIP for through- 4Kx4 M5M21C68 • • • 

hole applications, SOJ and SOP for surface 64K x 1 M5M5187 • • • • • • • 

mount applications. B4K 16K x4 M:~~~~ : : : : • • : 

For even higher density, Mitsubishi 8Kx8 ~~~~1~ 
pioneered the Very Small Outline Package 72K 8K x9 M5M5179 

(VSOP) that's less 256K x 1 M5M5257 
than half the size of M5M5260 (OE) 

256K 64K x 4 M5M5258 
the standard SOP. MSMS25S (CS/CS) 
And, right now, 32K x 8 M5M5256 

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

• • • • • • • • 

• 

• • 

• • • 

• • • 
• 

we're introducing 32K x 8 static RAMs in this 
high density package. •po1P: Plastic DIP SOP: Small-Outline Gull-Wing SOJ: Small-Outline J-Lead VSOP: Very-Small-Outline-Package 

Products subject to availabiity 
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Quality Through Commitment. 
• MITSUBISHI 

6' ELECTRONICS 
Regional Offices: 

NORTHWEST, Sunnyvale, CA (408) 730-5900 
SOUTHWEST, Torrance. CA (2 13) 515-3993 

SOUTH CENTRAL, Carrollton, TX (214) 484-1919 
NORTHERN, Minneronka, MN (612) 938-7779 
NORTH CENTRAL, Mt. Prospect, IL (312) 298-9223. 

NEW ENGLAND, \\\:iburn, MA (617) 938-1220 SOUTHEAST, Boca Raton, FL (407) 487-7747 
MID-ATLANTIC, Piscataway, NJ (201) 981-1001 CANADA, St. Laurent, Quebec, (514) 337-0046. 
SOUTH ATLANTIC, Norcross, GA (404) 368-4850 



SIGNALS & NOISE 
DSO reaches 
2G samples/sec 
After reading the August 4, 1988, 
Product Update about the 
Tektronix 2440 digital oscilloscope 
(EDN, pg 90), I feel compelled to 
point out an error. 

I am referring to the alleged 
statement by Tektronix that the 
Model 2440 has "the industry's 
highest real-time sampling rate-
500M samples/sec." 

In November 1986, Hewlett­
Packard introduced the HP 54111D, 
which has a sample rate of lG sam­
ple/sec on both channels. This rate 
is twice the sampling rate of the 
Tektronix 2440. Since the introduc­
tion of the 54111D, HP designers 
have devised a method for multi­
plexing both of the instrument's 
channels so that the instrument 
samples at 2G samples/sec on both 
channels. (Details of this method 
can be found in HP product note 
HP 54111D-1.) 

Considering the importance of 
sampling rate, inasmuch as that sin­
gle specification determines the sin­
gle-shot performance of a digital os­
cilloscope, I think that it would be 
of great service to you and your 
readers to print a correction. 
Thomas E Vos 
General Manager 
Colorado Springs Div 
Hewlett-Packard 
Colorado Springs, CO 

CEd Note: The error was EDN's: 
We inadvertently printed the 
Tektronix spokesman's statement 
out of context. The full statement 
was: "Tektronix believes that the 
2440 has the highest real-time sam­
pling rate of any portable, 8-bit­
resolution DSO in its price class.") 

A µP/memory wish list 
I would like to make an appeal in 
your columns for semiconductor 
manufacturers to get their acts to-

EDN October 13, 1988 

gether. I mean in particular that 
those who specialize in making mi­
croprocessors should coordinate 
more closely with those who make 
memory chips. 

I am sure many designers have 
the same frustrating experience 
when putting together a product 
that has a µP, a small boot ROM, 
and a lot of dynamic RAM, such as 
a personal computer. 

It would be very nice if: 
• 16- or 32-bit µPs could boot 

from a single byte-wide ROM. 
• The same µPs could output 

addresses intended for dy­
namic RAM multiplexed to 
suit those DRAMs. It should 
not be difficult for the code 
that runs the boot ROM to set 
up the multiplexing for the 
present generation of lM-bit 
DRAMs or for future ones of 
greater density. 

• The µP could put out signals 

to time the DRAM address 
strobes (RAS and CAS). 

• The µP could refresh the 
DRAM. 

• The µP could take advantage 
of static-column RAMs, which 
can cycle very quickly 
through addresses on the 
same page. 

It would be nice too if certain 
memory-chip makers could manage 
to reduce the deselect time to match 
that required by present µPs. 

P S--EDN is the only electronics 
magazine that really seems inter­
ested in actual design engineering. 
I think that a section inviting 
"wouldn't it be great if someone 
would make ... " letters would get 
a big response. It might also help 
advance the state of the art. 
David Cockerell 
London, UK 

CEd Note: Signals and Noise is a 

INTEL 
EMBEDDED CON1ROLLERS 

GNEINDUSTRYAHAND 
Now you can give a robot arm the precision that comes with 4.3 
megawhetstones performance on a single chip.With a member 
oflntel's 80960 family.Just call 800-548-4725 (Lit. Dept. 437). 

©1988 Intel Corporation 
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MODEL VFA430 
+5VDC@ SA 
+ 12VDC @ 2.5/4.5A 
24VDC @ 2/4A, isolated 
-12VDC@ 2.5A 

Condor's "V" Series -
agency-approved power 
supplies with high peak 
power for starting 
loads. 
If you're looking for value with quality in a 
D.C. power supply, Condor's got the answer. 
Our "V" Series multiple output switching 
power supplies are designed to meet the 
toughest domestic and international safety 
requirements, and are UL, CSA and 
TUVNDE certified. Condor's "V" Series 
units give you the performance you need, 
too, with peak power levels for starting 
loads ranging from 125 to 140 percent of full 
rated power. 

"V" Series features: 

34 

• 4 power levels - 45 to 125 watts 
• 19 models - 3 to 5 outputs 
• Clean, low-cost, open-frame design 
• Fully protected - adjustable current 

limit, built-in OVP and reverse voltage 
protection 

• Full load burn-in and 2-year warranty 
• High peak current disk drive outputs plus 

closely regulated 3-terminal-type outputs 
• Extremely versatile output configurations 

for tough applications 
• Very high value for your purchasing dollar 
• Isolated outputs can be used for positive 

or negative sources or in series with other 
outputs 

• Pass vibration and shock per MIL-STD 
8100 

For high performance and world-class value 
in switching power supplies, no one offers 
you more than Condor! 

CIRCLE NO 38 

VDE/IEC ~PACING IN TRANSFORMER 

RUGGED 85 °C, LOW ESR, 
COMPUTER-GRADE CAPACITORS 

Send for 
our free 
catalog! 
250 power supplies! 
Switchers and linears! 
Open frame and enclosed! 
Custom capability! 

ONDOR1Nc. 
......... DC POWER WPPUES 

2311 Statham Parkway, Oxnard, CA 93030 
(805) 486-4565 • TWX: 910-333-0681 
FAX: (805) 487-8911 
CALL TOLL-FREE: 1-800-235-5929 (outside CA) 
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INfEL 
FLASH MEMORIES 
KNOWYOUR 1YPE. 

Now, even when the power is off, your laser printer can remember 
type fonts. Cost-effectively Only with an Intel Flash memory 

Just call 800-548-4725 (Lit. Dept. 463). 

©1988 Jntel Corporation 
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SIGNALS & NOISE 

forum for whatever comments read­
ers have about the electronics indus­
try. Readers are invited to send 
their "wouldn't it be great if some­
one would make . . . " letters to the 
Signals & Noise Editor, EDN, 275 
Washington St, Newton, MA 
02158.) 

HC- or AC-type logic 
solves ground bounce 
The problem of ground bounce in 
high-speed CMOS logic is primarily 
due to the speed of the logic driving 
capacitive lines. The inductanc~ of 
the lead from the chip to the ground 
plane is becoming significant in how 
it affects other outputs and perhaps 
inputs. One approach offered by 
some vendors is to offer similar 
parts with different pinouts to re­
duce this inductance. However, 
very few vendors and parts are 
available. 

The problem is exacerbated by 
the adherence to logic levels initi­
ated in the days of TTL (before LS) 
and single-layer boards. An alterna­
tive solution I have not seen in the 
trade literature is applicable to 
boards with GND and V cc planes. 
The solution is to use HC- or AC­
type logic, which has a wide range 
of parts, is easily interfaced, is often 
not any problem, and has a much 
wider noise margin and low logic 
levels. Also, this logic family is bet­
ter for producing logic signals from 
analog waveforms-for example, 
oscillators and phase-locked loops­
or doing other analog tricks. 
Frank W Bell 
World Research Institute for 
Science and Technology 
Long Island City, NY 

Kudos for the 
shirt-pocket DMM 
The Technology Update entitled 
"Inexpensive, shirt-pockect DMMs 
are smaller and handier than ever" 
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SIGNALS & NOISE 
by Charles Small (EDN, June 9, 
1988, pg 77) struck home. I have 
had a Radio Shack Micronta 22-171 
shirt-pocket DMM for about a year 
now. 

tests RS-232C cabling quickly with­
out my having to look at the meter. 

Although it lacks "sophisticated" 
features, the instrument's simple 
controls, autoranging, and attached 
leads make this an extremely valu­
able tool for a mere $25 investment. 
It is now a necessity in my attache 
case, along with a calculator, small 
tools, an ARRL repeater directory, 

The small size and autoranging 
keep the instrument handy for 
quick checks on lithium batteries, 
power supplies, and auto accesso­
ries. The beep-continuity function 

Klll8051 
BUGS FAST. 
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ohau's EMUL5l·PC 
emulatDr and trace board 
make a sophisticated bug­
hunting pair for your 
8031/8051 projects. Plug 
the EMUL51-PC intD your 
PC, XT, AT or compa­
tible and find bugs that 
other emulatDrs can't. 
Our powerful software 
makes it a snap tD use. 

• Source Level Debug­
ging for PL/M-51 and C-51 
• 48 bits wide 16K deep 
trace buffer 
• 20 MHz real-time 
emulation 
• Complete 8051 Family 
support including 
proliferation chips 
•Available in either 
"Plug-in" or "Box" 

configurations 

The EMUL5J.PC comes with a 5-jl. cable, software and 1 year hard­
ware warranty with free software updal.es. Tl-ace board optional. 

CIRCLE NO 41 

CALL TODAY 
FOR YOUR FREE 

VIDEO AND 
SOFTWARE DEMO. 

(408) 866-1820 

WORLDWIDE CALL: 
Austria 02 22 38 76 38-0 
Australia 02 654 1873 
Benelux +31·1858- 16133 
Denmark 02658111 
France 0169 412 80! 
Great Britain 01464 2586 
Israel 03 499034 
Korea 04 784 7841 
Portugal 018356 70 
Scandinavia +46 40 922425 
Spain 03 217 2340 
Switzerland 017404105 
West Germany 08 13116 87 

no Hau 
51 E. Campbell Ave. 
Campbell CA 95008 
( 408) 866-1820 

and other essentials. 
Thank you for the great maga­

zine. 
Courtland G Sandberg 
Project Engineer 
ARMTEC Ind Inc 
Manchester, NH 

Singing the 
big-business blues 
Regarding the editorial "The serv­
ice-economy myth" (EDN, Decem­
ber 10, 1987, pg 53), this swipe at 
small business is unbecoming. I 
have suffered considerable eco­
nomic indignity at the hands of one 
of the world's largest manufactur­
ing enterprises-GM. For the pe­
riod of the warranty on one of its 
vehicles, it replaced failed defective 
parts with known defective parts 
until the warranty expired. Then it 
became my problem. That is outside 
the intent of any honorably drawn 
warranty-and I was unable to hold 
the company accountable. As you 
may have guessed, the company did 
not steal away in the dead of night, 
it simply stonewalled it and refused 
to hear my complaint. 

So how does one hold a mega­
monolith like GM accountable, tell 
me? 
Allen N Wollscheidt 
Columbus, IN 

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

EDN October 13, 1988 



ORANGE COUNTY: (714) 637- 9602, LOI ANGELES: (818) 886-6881 , MILPITAS: (408) 942- 8080, 
DALLAS: (214) 341-1742, CHICAGO: (312) 250-0808. ATLANTA: (404) 263-7995, 
PHILADELPHIA: (215) 675 -7600, BOSTON: (617) 794 -0026 

CIRCLEN042 

Yes, finally! Precision in a small 
package. 

PMI's precision bipolar analog 
and CMOS converter product 
line is now offered in SMD. 
Write for our SMD brochure 
which lists the availability of 65 
devices in various surface 
mount packages. 

PMI's precision SMDs are 
available in commercial and 
industrial temperature ranges. 
The surface mount offerings 
include SO, SOL, LCC, and PLCC 

To get your SMD brochure, 
circle the reader service number 
or call . . . 1-800-843-1515. 

You'll also receive a free copy of 
our new 1988 Data Book! 



WHEN THERE'S 
NO ROOM 

FOR ERROR: 



INTRODUCING TEK'S 
20 GHZ, MULTICHANNEL 

COMPREHENSlllE 
MEASUREMENT SYSTEM. 

Imagine characterizing 
GaAs, ECL, or high-speed 
m circuits with 1 pico­
second repeatability and 
m picosecond sample 
interval. 

Or acquiring not one or 
two, but up to 68 channels of 
wcueform data simultaneously 
All under manual or program 
control. 

Imagine reducing propaga­
tion delay measurements to the 
push of a button. Or perform­
ing single-ended TDR and­
for the first time-true differ-

ential TOR, with unprecedented 
accuracy. 

Nothing else lets you 
wade at the leading edge 
with so much confidence. 
The new Tektronix 11800 Series 
makes previously difficult 
mmsurements routine. Even if 
you use it infrequently, you' II 
find its operation straight­
forward and unforgettable. 

Measurement rmdouts on 
the 11800 Series are continu­
ous-not just mislmding 
"snapshots." Mean and stan­
dard dfNiation statistics on 
each measurement give you a 
true pidure of measurement 
integrity. 

With its maximum 136 
acquisition channels, complete 
programmability, extensive on­
board waveform processing 
and unparalleled accuracy, the 
11800 Series is the clear choice 
for designers and engineers 
working at the lmding 
edge of technology. 

When there3 no roam 
for error, count an Telr. 
For more information on these 
and other Tek scopes, conta1 
your local Tek sales represen­
tative, or rail 1-l1lXNJ35-9433, 
X170. 





Extra! 
Front page protocols. 

Silicon solutions to the most popular 
communications protocols, offer 

simpler network designs. 

Whether you're designing networks to 
go around the world or across the room, 
Motorola has silicon solutions for the pro­
tocols of choice. The most popular pro­
tocols are implemented completely on-chip 
for simpler data communications designs 
and more universal markets, without 
burdening your host. 

Our M68000 Family offers three dif­
ferent protocol controllers to handle your 
data communication needs. Built in our 
proven, low-power HCMOS technology, 
they offer the reliability you've come to 
expect and the advanced designs you 
demand. With the 68000 Family you can 
choose the right protocol to get your system 
designs on line quickly and economically. 

X. 25 Protocol Controller 
CCITT X.25 LAPB. 

The MC68605 Protocol Controller (XPC) 
implements the 1984 CCITT Recommen­
dation X.25 Link Access Procedure 
Balanced (LAPB) for U.S. and European Tl 
applications. By generating link-level com­
mands and responses, the XPC relieves the 
host processor of communication link 
managerial tasks. Its also fully certifiable 
as DON, Telenet, Transpac, and others. 

Our XPC features an optional trans­
parent mode which allows the implemen­
tation of other HDLC-based protocols, 
with user generation of all frames. The XPC 
handles full-duplex synchronous serial 
data rates up to a maximum 10 Megabits 
Per Second (Mbps) for high-speed 
computer links. 

Multi-Link LAPD Controller 
CCITT Q. 920/ Q. 921 LAPD. 

The MC68606 Multi-link LAPD 
(MLAPD) Protocol Controller fully imple­

ments 1988 CCITT Recommendation 
Q.920/ Q.921 Link Layer Access 

Procedure (LAPD) protocol for 
ISDN networks. The MLAPD 

is designed to handle both 
signalling and data links in 

high- performance primary 
rate applications. 

This VLSI device provides a 
cost-effective solution to 
ISDN link-level processing 
with simultaneous support 
for up to 8K logical 
links. 

To get a head start 
on your '606-based 
designs, use the 
M606ESD Eval­
uation Support 
Package. This stand 
alone, MC68020-based 
development tool, 
includes both the hard­
ware and software to get your 
LAPD designs running today. 

Token Bus local area connection. 
The MC68824 Token Bus Controller 

(TBC) is the only single-chip solution to 
implement the IEEE 802.4 Media Access 
Control (MAC), specified by Manufactur­
ing Automation Protocol (MAP). The 
TBC also performs the receiver portion of 
IEEE 802.2 LLC (Logical Link Control) 
type 3 services on-chip to meet the real­
tirne needs of MAP 3.0 in factory-floor 
communications. 

The TBC conforms to the IEEE 802.4G 
standard MAC to Physical layer serial 
interface to support broadband, carrier­
band, fiber optic, and twisted pair 
networks. 

Completing Motorola's portfolio of 
LAN chips are their single-chip moderns. 
The MC68194 Carrierband Modern 
(CBM) and the MC68184 Broadband 
Interface Controller (BIC), provide physi­
cal layer solutions for MAP nodes. In 
proprietary networks, such as low-cost, 
deterministic LANs, the MC68185 
Twisted Pair Modern (TPM) implements 
a very inexpensive token bus node. 

Developing token bus networks is 
faster than ever with real-time assistance 
from the MC68KTBFA Token Bus Frame 
Analyzer Software. This cost-effective 
TBFA sells for about one-tenth the cost of 
existing token bus protocol analyzers. 

One-on-one design-in help. 
Get an engineer-to-engineer update on 

designing in Motorola's M68000 Family of 
protocol controllers. 

1-800-521-6274 
Call toll-free any We' 

weekday, 8:00 a.rn. to re 
4:30 p.rn., MST. If the £nrnur 
call can't cover your • • 
needs, we'll have a es1 n-1 n 
Joe~ applications team. 
engineer contact you. 

@MOTOROLA 

r--------------------------, 
I To: Motorola Semiconductor Products, Inc. I 

I 
I 
I 
I 
I 
I 
I 

P.O. Box 20912, Phoenix, AZ 85036 
Please send me more information on Motorola's Data Communication Products. 

369EDN101388 I 
I 

Name 

Title _____________________ I 
Company __________________ ~ : 

Address ____________________ I 

I City State Zip I 

L------~~~---~-------------J 
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J 400ps 
rise time and 

Because you're 
thinking fast ... 

you need responsive sup­
pliers as well as fast parts . 
Comlinear is tuned in . With 
high quality, high-speed 
products. Assistance from 
R&D-level applications 
engineers to help develop 
your ideas quicker. Sales 
and distribution that get you 
what you need fast. Quality 
product documentation with 
guaranteed specs so you 
don't waste time. In your 
business. time is every­
thing . Count on us for the 
speed you need. 

- 60c1Bc distortion at SOMHz. 
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Suddenly, the buffer gets 
le nterest1• ng' This is a buffer breakthrough! 

CIRCLE NO 45 

e Comlinear introduces the CLCllO 

© 1988 Comlinea r Corporation 

Monolithic Buffer Amplifier for 
phenomenal speed and outstanding 
accuracy all in a single high­
performance part. 

The CLCI JO features a closed­
loop unity-gain design that's so 
unique, it's patented . This buffer 
is fast! The - 3dB bandwidth is 
730MHz (0.5Vpp) and the settling 
time is a mere 5ns to 0 .2%. And 
it's accurate! With very low 2mV 
offset voltage, 20µV/°C drift and 
- 60dBc distortion at 50MHz 
(2Vpp into 1000). 

The CLCI IO is ideal for 
high-speed line driving and video 
distribution . It's also a great 
choice for driving capacitive loads, 
especially in the newest 100 to 
200MSPS flash AID converters; 
its fast 750ps group delay, 800Y/µs 
slew rate and 400ps rise time make 
it excellent for op amp feedback 
loops as well. 

Try the CLCI 10 in your next 
design for both the speed and 
accuracy you need. Without 
compromise . 

~Comlinear 
~Corporation 
Solutions lt'ith .\peed 

4800 Wheaton Drive 
Fort Collins. Colorado 80525 
(303) 226-0500 



If you 're in the market for a smart scope, each includes a standard GP-IB interface 
take a close look at two brilliant performers as well as yes/no functions . 
from Panasonic. The 40 MS/s VP-5720A Each scope also allows for 3 waveforms 
and the 100 MS/s VP-5741 A digital oscillo- to be stored in memory. With an expansion 
scopes share a penchant for hard work option, you can store up to 20 and increase 
and the ability to do a lot of thinking on your your programming ability from 10 programs 
behalf. to 45. And, in the analog mode the VP-5720A 

They have the intelligence to run a 1,000 performs at 50 MHz, and the VP-5741A 
step program and feature built-in math performs at 100 MHz. 
packs that make short work of even the Best of all, the VP-5720A and VP-5741 A 
longest calculations. And to help you see back their brainpower with Panasonic qual-
more of the good work they do, both models ity staying power. And they're engineered 
feature 7-inch CRTs that provide plenty to deliver solid, dependable service over 
of on-screen memory ... up to 10K for the a wide range of applications. So they're 
VP-5741 A and up to SK for the VP-5720A. very smart. And very strong. 

Both scopes are also engineered to For more information or a demonstration, 
handle a wide scope of applications - like contact your local Panasonic representa-
high-speed measurement and analysis of tive or: Panasonic Factory Automation 
electronic components and equipment, Company, Instrumentation Dept., 50 
machines, production line, mechatronics Meadowlands Parkway, Secaucus, 
and for research. For added versatility, NJ 07094. (201) 392-4050. 

Panasonic® fi 
Factory Automation 1 ft 
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Custom quick rotaries. 
Send us your specs and 

we'll prove it - free. 

Our rotary switches' unique carefully control quality as well as 
modular design means we can response time during every step of 
respond fast to your needs at a our production process. 
price you 'II like .. . while giving you a If you need rotary switches that 
circui t configuration that really are custom quick at a reasonable 
works in your design. cost, let us supply you a FREE 

Because our switches are en- sample and quotation for your 
closed, you don 't have to worry specific application. 
about dust, dirt or moisture. Just contact your local Electro-
Damaging solder flow or wicking is switch representative, authorized 
locked out, and lifetime lubri cation distributor or the factory direct at 
is sealed in. P.O. Box 41129, 2510 North Blvd., 

And because our manufacturing Raleigh, NC 27604. Phone: (919) 
facility is vertically integrated, we 833-0707. Fax: (919) 833-8016. 

e ELECTRQSW/TCHsourHERNOPERATIONS 
UNfTOF ELECTRO SWITCH CORP 
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INTEL 
EMBEDDED CONTROLLERS 

DRAW FLIES. 
Now your graphics engine can transform 80,000 vectors per 

second with a single chip. If it's designed with a member 
oflntel 's 80960 family. Just call 800-548-4725 (Lit. Dept. 437). 

intel 
~1988 Intel Corporation 
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CALENDAR 
Worst-Case Circuit Analysis 
(seminar), San Francisco, CA. De­
sign and Evaluation, 1000 White 
Horse Rd, Suite 304, Voorhees, NJ 
08043. (609) 770-0800. October 17 
to 19. 

Troubleshooting Microprocessor­
Based Equipment and Digital De­
vices, Atlanta, GA. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 66032. (800) 247-5239; in KS, 
(913) 898-4695. October 18 to 21. 

Computer Graphics Invitational 
Computer Conference (ICC), Dal­
las , TX. Suzanne Hubner, B J 
Johnson & Associates, 3151 Airway 
Ave, C-2, Costa Mesa, CA 92626. 
(714) 957-0171. October 20. 

OEM Peripheral Invitational 
Computer Conference (ICC), 
Bloomington, MN. Suzanne Hub­
ner, BJ Johnson & Associates, 3151 
Airway Ave, C-2, Costa Mesa, CA 
92626. (714) 957-0171. October 20. 

CASE Benchmarks: A Product 
Comparison Seminar, Boston, 
MA. Digital Consulting Inc , 6 
Windsor St, Andover, MA 01810. 
(508) 470-3870. October 24 to 26. 

Troubleshooting Microprocessor­
Based Equipment and Digital De­
vices, Atlanta, GA. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 66032. (800) 247-5239; in KS, 
(913) 898-4695. October 24 to 27. 

OEM Peripheral Invitational 
Computer Conference (ICC), 
Westlake Village, CA. Suzanne 
Hubner, BJ Johnson & Associates, 
3151 Airway Ave, C-2, Costa Mesa, 
CA 92626. (714) 957-0171. Octo­
ber 25. 

11th Annual Newport Conference 
on Fiberoptics Markets, Newport, 
RI. Kessler Marketing Intelligence, 
America's Cup Ave at 31 Bridge St, 
Newport, RI 02840. (401) 849-6771. 
October 25 to 26. 
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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 quick AC, DC, Fourier 
and transient analysis - right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. _And, using 
stepped component values, rapidly gener­
ate multiple plots to fine-tune your circuits. 

We've added routines for noise, impe­
dance and conductance- even Monte 
Carlo routines for statistical analysis of 
production yield. Plus algebraic formula 
parsers for plotting almost any desired 
function. 

EDN October 13, 1988 

Transient analysis 

Schematic editor 

'""''" ........ ., .. '"~ . ,. "'"' L 1 _,, l ,,...~ ~ .-.. . 1.- ...... 

1IL•l• t .. . _ ... ...... ...... . ._.. .., ... 

Monte Carlo analysis 
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Modeling power leaps upward as 
well, to Gummel-Poon BJT and Level 3 
MOS-supported, of course, bya 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 Ill is a registered trademark of Spectrum Software. 
Herr:u/es is a registered trademark of Hercules Computer Technology. 
IBM is a registered trademark of International Business Machines, Inc. 
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Build Electronic Products 
That Don't Fail From 

Sur e&ESD. 

Accurate, 
repeatable pulses 
to ±15KV. 

For product and 
applications literature on 
surge and ESD hardening, 
call (617) 658-0880. 

KeyTek Instrument Corporation 
260 Fordham Road 
Wilmington, MA 01887 
Phone (617) 658-0880 
TELEX951389 FAX(617)657-4803 

Our patented MiniZap ESD simulator 
will test your product's vulnerability 

to electrostatic discharge. 

Two models starting at $3,290'. 

Test to any popular ESD standard with your 
choice of discharge modules. 

CIRCLE NO 50 . 

One piece, rugged, portable, battery or AC 
operated for in-plant or routine field use. 

TRUE-ESD™ air discharge and 
FR/Cl™ current injection modes 

meet existing and proposed 
IECspecs. 

'USA price lis1 

IN1EL 
FLASH MEMORIES 

HELPYOU SEE 1HE LIGHI 
Now it's easy to reprogram a traffic control system. 
Cost-effectively. Only with an Intel Flash memory. 

Just call 800-548-4725 (Lit. Dept. 463). 

inter 
©1988 Intel Corporation 
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CALENDAR 
Unix Hands-on Workshop (short 
course), Boston, MA. Integrated 
Computer Systems, Box 3614, Cul­
ver City, CA 90231. (800) 421-8186; 
in CA, (213) 417-8888. October 25 
to 28. 

11th Northeast Computer Faire, 
Boston, MA. The Interface Group, 
300 First Ave, Needham, MA 
02194. (617) 449-6600. October 27 
to 29. 

ICALEO '88 (International Con­
gress on Applications of Lasers 
and Electro-Optics), Santa Clara, 
CA. The Laser Applications Con­
gress, 5151 Monroe St, Suite 102W, 
Toledo, OH 43623. (419) 882-8706. 
October 30 to November 4. 

Unix Expo (Unix Operating Sys­
tem Exposition and Congress), 
New York, NY. National Exposi­
tions, 15 W 39th St, New York, NY 
10018. (212) 391-9111. October 31 
to November 2. 

CASE for Data Modeling (semi­
nar), New York, NY. Technology 
Transfer Institute, 741 Tenth St, 
Santa Monica, CA 90402. (213) 394-
8305. November 2 to 4. 

1988 IEEE GaAs IC Symposium, 
Thousand Oaks, CA. John Selin, 
registration chairman, Raytheon 
Co, Equipment Div, MS E21, 430 
Boston Post Rd, Wayland, MA 
01778. (617) 440-5532. November 6 
to 9. 

GOMAC '88 (Government Micro­
circuits Applications Conference), 
Las Vegas, NV. Palisades Institute 
for Research Services, 201 Varick 
St, Rm 1140, New York, NY 10014. 
November 8 to 10. 

Electronica, Munich , West Ger­
many. Kallman Associates, 5 Maple 
Ct, Ridgewood, NJ 07450. (201) 
652-7070. November 8 to 12. 
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~ANALOG a.. DEVICES 

FEATURES 
Very High de Precision 

1511V max Offset Voltage 
o.111vrc max Offset Voltage Drift 
0.3511V P·P max Voltage Noise (0.1Hz to 10Hzl 
8V/11V min Open-Loop Gain 
0.3211VN max CMRR 
111VN max PSRR 
1 nA max Input Bias Current 
1nA max Input Offset Current 

Dual Version Available: AD708 

PRODUCT DESCRIPTION 
The AD707 is a low cost, high precision op amp with statc-of·thc­
art performance that makes it ideal for a wide range of precision 
applications. The offset voltage spec of less than IS11V is out· 
standing for a bipolar op amp, as is the l.OnA maximum input 
offsei cum:nt. The top grade is the first bipolar monolithic op 
amp to offer a maximum offset voltage drift of O. I 11 vrc, and 
offset current drift and input bias current drift are both specified 
at 25pArc maximum. 

The AD707's open-loop gain is 8V/11V minimum over the full 
:t IOV output range when driving a I kO load. Maximum input 
voltage noise is 350nV p-p (0. !Hz to IOHz). CMRR and PSRR 
arc 130dB and 120d8 minimum respectively. 

The AD707 is available in versions specified over commcrcia:I , 
industrial and military temperature ranges. h is offered in 8-pin 
plastic mini-DIP, small outline, hermetic cerdip and hermetic 
T0-99 melal can packages. Chips and Mil Standardfgg3 parts 
arc also available. 

15µV max Offset Voltage 
Ultralow Drift Op Amp 

Vos • S,...v 
ORIFT • lOnVrt 

APPLICATION HIGHLIGHTS 

AD707 I 
+ Vs 

I. The AD707's l3V/11V typical open-loop gain and O. l11VN 
typical common-mode rejection ratio make it ideal for precision 
instrumentation applications. 

2. The precision of the AD707 makes tighter error budgets 
possible at a lower cost. 

3. The low offset voltage drift and low noise of the AD707 
allow the designer to amplify very small signals without 
sacrificing overall system performance. 

4. The AD707 can be used where chopper amplifiers are required, 
but without the inherent noise and application problems. 

5. The AD707 is an impruved pin-for-pin replacement for the 
OP-07, OP-77 and the LTIOOI. 

of precision applications, including instrumentation and 
automatic test equipment. 

If your analog applications demand precision 
performance, then you should demand our new 
AD707 - the world's best de precision op amp. 

The AD707 is the first bipolar monolithic 
to off er a maximum offset voltage drift of only 

0.1µ V /°C, and 15µ V maximum offset voltage. These features, 
combined with its ultra low 0. 35µ V p-p voltage noise, allow the 
AD707 to amplify extremely small signals without sacrificing 
system performance. 

All this precision makes it easy for you to work within 
tight error budgets. And because the AD707 is available at 
a low cost, you can easily work within your design budget, 
too. Versions start at only $1. 25 (in lOOs). 

For an even more accurate description of what 
the AD707 can do for you, call Applications Engineering 
at (617) 935-5565, Ext. 2628 or 2629. 

The AD707 also provides an open-loop gain of 13V Iµ V, 
which is the highest of any precision op amp, and unsur­
passed 140dB CMRR and PSRR. So it's ideal for a wide range 

Or write to Analog Devices, ll ANALOG 
P. 0. Box 9106, Norwood, MA DEVICES 
02062-9106. 

Analog Devices, Inc., One Technology Way, P. 0. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; Cali fornia: (714) 64 1-9391, (619) 268-4621, (408) 559-2037; 
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764 -8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504; 

Belgium: (3) 237 1672; Denmark: (2) 845800; France: (!) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; japan: (3) 263-6826; 
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Gennany: (89) 570050 
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SIGNETICS 
HEADQUARTERS 
Sunnyvale_ CA 
Phone (4081991·1000 

SALES OFFICES 
ALABAMA 
Huntsville 

Phone· 120;1 8304001 
ARIZONA 
Phoenix 

Phone 16011 165·4444 
CALIFORNIA 
Canoga Park 

Phone. 181813401431 
Irvine 

Phone. 17141833·8980 
11131588·3181 

Los Angeles 
Phone. 1113) 670·1101 

San Diego 
Phone 16191560·0W 

Sunnyvale 
Phone· 14031991·3737 

COLORADO 
Aurora 

Phone 13031751·5011 
FLORIDA 
Clearwater 

Phone· 18131 796-7086 
Ft. Lauderda~ 

Phone. 13051486·6300 
GEORGIA 
Atlanta 

Phone. (40415941392 
ILLINOIS 
Itasca 

Phone. 13121150·0050 
INDIANA 
Kokomo 

Phone. 131ll 459·5355 
KANSAS 
Overland Park 

Phone. 19131 469·4005 
MASSACHUSETTS 
Littleton 

Phone. 15081 486·8411 
MICHIGAN 
Farmington Hills 

Phone. 13131 55J.6070 
MINNESOTA 
Edina 

Phone. 16121835·7455 
NEW JERSEY 
Parsippanr 

Phone 1101) 334·4405 
NEW YORK 
Hauppauge 

Phone. 15161 348 7877 
Wappingers Falls 

Phone. 19141 197·4074 
NORTH CAROLINA 
Raleigh 

Phone 19191 781 ·1900 

OHIO 
Columbus 

Phone. 16141888·7143 
Dayton 

Phone. (5131194-7340 
OREGON 
Beaverton 

Phone· 15031 617·01!0 
PENNSYLVANIA 
Plymouth Meeting 

Phone· 12151825·4404 
TENNESSEE 
Greeneville 

Phone. 16151 639·0151 
TEXAS 
Austin 

Phone. 15111 339.9944 
Houston 

Phone. (7131668·1989 
Richardson 

Phone. 11141 644·3500 

CANADA 
SIGNETICS CANADA, LTD. 
Etobicoke, Ontario 

Phone. 14161626·6676 
Nepean. Ontario 

S1gnet1cs Canada. Ltd 
Phone· 16131115·5467 
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ACL 
from Signetics. 

It's logical. 
Utilizing advances in fabrication technology, moving from 

six to three to one micron gate lengths, Signetics CMOS Logic 
now operates in the realm of the most advanced bipolar fam ilies. 
Yet it offers all the acknowledged CMOS benefits. 

That's Advanced CMOS Logic (ACL) from Signetics. With an 
average gate propagation delay of 3 ns ( 150 MHz operation) and 
24 mA output sink/ source capability, Signetics ACL allows de­
signers to implement the CMOS benefits across the whole speed 
spectrum of logic circuitry. 

A new layout for a new technology. 

Traditional IC pin-outs, with supply pins at diagonally 
opposite corners, are a remnant from the days of single-sided 
print boards. They are inherently unsuitable for advanced CMOS 
logic, producing supply and ground noise resulting in a reduc­
tion in system noise margins, loss of stored data and lower sys­
tem speed. Signetics ACL has multiple supply pins at the center 
of each side of the package, the input pins on one side of the 
package, the output pins on the other side and control pins at 
the corners. 

The result is improved system reliability, simplified design 
and reduced board area. 

All Signetics ACL ICs (7'± AC ACTllXXX family) are avail­
able not only in 300 mil wide DIP but also in SO packages, so you 
can use surface mounting techniques to increase PCB packing 
density even further. 

Parts are now available through your local Signetics distri bu­
tor. If you'd like full information on this important logic develop­
ment, call 800/ 227-1817 ext. 983 or call your local Signetics sales 
office. 

For Advanced CMOS Logic, the name is Signetics. 

Signetics Company, 811 East Arques Avenue, P.O. Box 3409, Sunnyvale, 
CA 94088-3409. Attn.: Publication Services MS27. Telephone: 408/ 991-2000 

PHILIPS 
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Only HP can put real teeth into faster 

Test development and execution 
speed. We know they're your top pri­
orities. HP BASIC,* combined with our 
range of controllers and instrumenta­
tion, is the answer. Even if you're 
running on MS™OOS or the UNIX"' 
operating system. And of course, it's all 
backed by HP's measurement expertise, 
and the product reliability you've come 
to count on from an industry leader. 

HP BASIC: Optimized 
for instrument control. 

It's no secret that a critical element 
of automated instrument control is 
fast development time. That's where 
HP BASIC really shines. With power, 
versatility and ease of use. We invite 
you to find a better instrument control 
language. 

A few examples : 
• Fast program development with 
interactive editing, syntax checking 
and the ability to search and replace 
* Someumes called Rocky Moumam BASIC a: BASIC 5 0 

50 

strings, or move blocks of code easily 
• Optimized for I/O with advanced 
constructs to simplify otherwise com­
plex tasks. Interrupts, high speed data 
transfers, automatic data formatting 
and branching on events can all be 
handled easily Since HP BASIC was 
designed for instrument control, these 
capabilities are integral, not tacked on 
as an afterthought. 
• Structured programming lets you 
make your program modular with 
independent subprograms which 
can be re-used in other applications. 
Constructs like CASE statements, 
IF-THEN-ELSE, WHILE, REPEAT­
UNTIL and LOOP are useful for rapid 
program development and invaluable 
for program maintenance. 
• Powerful computation lets you take 
advantage of a full range of matrix 
manipulations such as multiplica­
tion , inversion and scalar operations. 
HP's complex number implementa-

tion allows for powerful arithmetic 
operations. 
• Graphic capabilities are simple to 
program, yet powerful. One program 
statement can draw axes or grids, a 
second will plot your data, a third will 
label your plot and a fourth will provide 
a permanent copy 

HP Controllers : The right 
horsepower for the job. 

Hewlett-Packard provides a wide 
range of instrument controllers and 
operating systems to meet your per­
formance needs, allowing you to 
choose the most cost effective control­
ler for your job. 

Just look: 
• Personal computers; the HP BASIC 
Language Processor allows you to use 
HP BASIC on the world's most preva­
lent operating system, MS DOS. It's 
available for the HP VECTRA or the 
IBM PC-AT. 
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test development. 

• Dedicated controllers up to 4 MIPS, 
HP's Series 300 controllers provide a 
dedicated, high performance system 
for maximum I/O throughput. 
• HP-UX workstations. HP BASIC will 
also be available for use in the Series 

DEDICATED 
CONTROLLER 

300 HP-UX environment. Our imple­
mentation combines the ease-of-use 
and performance of HP BASIC with 
the full networking, multitasking and 
windowing capabilities of the UNIX 
operating system. 

No matter the controller demand, 
HP makes it in the optimum package. 

EDN October 13, 1988 

Trim more time: 
Deal with the pros. 

Our sales, service and support 
team can get your test up and running 
when time is of the essence. With over 

500 instruments, 
HP is the recog­
nized industry 
leader in test and 
measurement. 

Call HP for 
a free video. 
1-800-752-0900, 
Dept215R 

Ask for our free videotape 
on HP BASIC or a brochure on HP 
instrument controllers. Learn how 
Hewlett-Packard can help you cut test 
development time significantly. 

(;> 1988 Hewlett-Packard Co. EI 15814/EDN 
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MICRO POWER SYSTEMS 

\11~~TNV A CODE 

\ V h th Micro Power Systems' 
W MP574A monolithic AID 

converter, you get full use of 12-bits­
for all grades-for highly accurate 
conversions. It stands on its own as a 
full A to D functional block or it may 
be interfaced with a microprocessor. 

Our MP574A converter has 25µ,s 
guaranteed conversion time for faster 
throughput. It also has the linear 

performance 
and low power 
consumption 

TTL- Improves noise immunity 
lOV, 5MA Reference Output­
Easier to use as a system reference 
200 ns Bus Access Time-Works 
with faster microprocessors 

of Bi-CMOS 
technology. No 
special selection 
is needed for 
±12Vto±15 
VDCsupply 
operation. Con­
venient, off­
the-shelf avail­

Onchip Clock, Reference-Requires 
no external components for most 
applications 

Differential Non-Linearity is less than 
± 0.5 LSB over an analog input range of 
0 to IOV: assuring no missing codes. 

ability is also a plus. And Micro Power 
provides added values like application 
assistance and free, on-site, technical 
seminars. 

Additional features include: 
Digital 1/0 Interfaces are True 

3-State Output Buffer-For direct 
interface with 8- or 16-bit micro­
processor bus 

Don't miss out on full 12-bit 
performance. For AID converters 
with the best cost performance, call 
Micro Power Systems' Hotline, 
(408) 562-3615; 3151Jay St., 
Santa Clara, CA 95054. 
And ask about our 
technical seminars. 

SEE US AT ELECTRONICA BOOTH 19813 

• MICRO POWER SYSTEMS 
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EDITORIAL 

Let's make it English 

Jesse H Neal 
Editorial Achievement A wards 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 
American Society of 
Business Press Editors A ward 
1988, 1983, 1981 
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Last year, Senator Steve Symms of Idaho introduced a bill to amend the 
Constitution so that English would be the official language of the US (S 
J Res 13). The bill didn't pass, but it will undoubtedly be reintroduced 
when Congress convenes in '89. It deserves our support. Years ago, Eng­
lish was the only language commonly used in schools and businesses. 
Thus many immigrants were forced to learn a new tongue before they 
could enter the melting pot of American society. In this way, using 
a single language helped unite the people of the United States 
rather than keep them linguistically isolated in separate 
communities. 

Unfortunately, we now face demands by Hispanic groups that we recog- . 
nize the US as a bilingual and bicultural country. However, according to 
former Secretary of Education William Bennett, after 17 years of federal 
involvement and a $1. 7 billion investment in bilingual education, there's 
no evidence that children have benefited. 

Canada provides an example of how bi- or multilingualism can affect a 
country. (Keep in mind, though, that Canada started nationhood as a 
country already deeply divided into English- and French-based cultures, 
so its situation isn't exactly parallel to the US's.) Today, Canadians may 
communicate in either French or English; both are official languages. But 
bilingualism extracts a price. Communities-even those that speak only 
one language-must translate old laws, rules, and regulations so that 
English and French versions are available. Likewise, new official business 
must take place in both languages, and schools must be available for 
instruction in both English and French. Now, other nationalities in Canada 
want the same treatment; they are pressuring national and provincial 
governments for schools that teach in other languages. Such moves further 
divide a country and keep groups separated. 

The Soviet Union provides an example of another kind. In an attempt 
to homogenize its republics, the Communists dictated that Russian would 
be the only official language in the USSR. However, the movement to 
one language was also an attempt to destroy republican customs and 
identities-a move that continues to stir ethnic unrest. 

Adopting an official language in the US doesn't mean destroying ethnic 
groups or cultures. We must recognize our diversity and respect others' 
heritages and cultures. Certainly people can speak any language they 
wish, and they can use it on radio programs and in newspapers and 
magazines. But when it comes to education programs, ballots, law books, 
documents, manuals, data books, and other commercial and official papers, 
spoken and written English should be our official language. 

/J . 
~~ U Editor 
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HP humbly introduces 
the highest performance 
multimeter in the world. 

100,000 readings per second and Cal Lab accuracy. 
Lots of people claim they have the best 
multimeter, but we're 1ust going to let the 
specs do the talking. You 'll see we've created 
a multimeter that doesn't present you with 
a bunch of trade-offs-you can have speed and 
accuracy 

54 

100,000 readings per second at 4% digit 
resolution. If you need 5% digit resolution, 
you'll get it at 50,000 readings per second. 
Remarkable throughput rate - change 
a function and change a range , take 

a measurement and output to the bus 
200 to 300 times per second. 
Calibration standard accuracy and 
8% digits 

• Modest price : $5,900.00* 
To get complete technical specifications 
before you order an HP 3458A DMM for your 
system, call 1-800-752-0900, Dept. A215. 

•u.s. List Price 

©1988 Hewlett-Packa!d Co. 0901802/EDN 
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MAX arrives November 1988. 

©1988, Altera Corporation. 
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~ National 
~ Semiconductor 

In the time it takes other 
graphics engines to draw atew lines ... 

Texas InstrumentsTMS 34010 (2%) AMO Am9SC60 (17%) 

Hitachi HD63484 (20%) Intel 82786 (25%) 

GeoCad perspective drawing courte:,y efRw:lolph Horowitz and Associates, Archliects. 
Simulated perfannance based on maximum pa/terned line-drawing rates in an eight·hit coi<Jr system with a resolution of 1024 by 768. 

Of course, perfonnance ultimately depends on system elements like memory speed. 

EDN October 13, 1988 



ours gives you the whole picture. 
TIIE FIRST FULLY 
PROGRAMMABLE 

GRAPHICS PROCESSOR 
WIIB ON-CHIP 
ACCELERATION 

You can have the fast­
est calculations in the 
world but if your system's 
graphics are slow, your 
system is slow National's 
latest addition to its 
Advanced Graphics Chip 
Set - the DP8500 Raster 
Graphics Processor (RGP) 
- is the fastest graphics 
engine on the market. 

This 20-Mhz CMOS chip fea­
tures a bus cycle time oflOO nano­
seconds on back-to-back vector 
and block operations. 

It gives you blazing speed in 
line drawing, BitBLT, fills, poly­
gons, character drawing, and 
windowing- regardless of the 
number of bit planes. It also 
controls screen refresh. 

COMPLETE FLEXIBILilY 
The RGP gives you the program­

mability of a general-purpose 
processor, so you can optimize 
your system for specific appli­
cations. Or differentiate it from 
your competitors through proprie­
tary algor.ithms. 

The RGP, with our DP8511 BitBLT 
processing unit, is also the only 

© 1988 Nalional Semiconductor Corpora1ion 

Advanced 
Peripherals 
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National DP8500 Raster Graphics Processor 

graphics solution that effectively 
allows you to select either planar­
or pixel-oriented operation on­
the-fly. So you no longer have to 
lock yourself into one architecture 
or the other. 

The RGP handles the very 
highest-resolution CRTs and print­
ers, including laser printers. And it 
supports any type of memory. 

It also gives you the right 
"hooks" and the right architecture 
for moving into 3D and solids 
modeling applications. 

A COMPLETE SET OF CHIPS 
Our Advanced Graphics Chip 

Set also includes 
• two BitBLT processing units 
• four video clock generators 
• four video shift registers 
• three video RAM controllers 
• a growing list of video DACs 
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They're all part of 
National's unique modu­
lar approach - the only 
approach that addresses 
the complete graphics 
pipeline. And the only 
one with the performance 
and flexibility you need 
to carry you into the 1990s. 

COMPLETE 
SUP PO Rf 

We offer a wide range 
of software tools - includ­
ing assembler, debugger, 
librarian, linker, software 

utilities, graphics kernel packages, 
and a C compiler package. 

ova Graphics International is 
providing full support for graphics 
software standards, including 
GKS and CGI. 

Check it all out for yourself with 
the DPSSOEB demo/ evaluation 
board for only $1495. Buy the 
board and we'll include a coupon 
good for ten free RGPs on your 
first order of 100 or more. 

To order today; call National 
Semiconductor at ( 408) 721-5404. 
Or for a copy of our system-level 
comparison brochure, circle the 
reader service number. 

~ National 
~ Semiconductor 
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Satisfy everyone with Yoko's new ultra-compact 
universal input switchers. 

Try us for size! Toko's new MOSFET 
power supplies are the smallest 
switchers in their class- with power 

densities to 2.45 watts per cubic inch and 
15, 30 and 50-watt models that stand a 
miniature 1" high. 

Toko satisfies your need for smaller size 
without sacrificing power. Utilizing our 
broad experience in inductor tech­
nology, we engineered these new 
power supplies with MOSFET switching 
c ircuits and switching frequencies over 
100kHz. 

Additionally, our state-of-the-art 'wireless" 
copper thin film transformer design helps 
achieve lower switching noise, greater 
efficiency, and eliminates the chances 
of an open winding or a short. 

To ensure reliability, Toko features 
105°C electrolytic capacitors and 
20% derating of all 
components. 

/ ... _ 

AC 
INPUT RATED # INCHES 

SERIES VOLTAGE POWER OUTPUTS H L w 
MK 85-132 l50W l 3.8 6.7 2.4 

MW 85-264 l5W 3 l .0 4.3 2.4 

MW 85-264 30W 3 l .O 5.9 2.4 

MW 85-132/ 50W 3 l.O 6. l 3.7 
MW 70-264* lOOW 4 l .6 7.8 4.4 

•Universal 85-264\/. Input on MW15 and 30 
• 80% Efficiency 
•FCC Class B 
•Designed to Meet UL & CSA 
•Thin, Eurocard. Flex Power Method 

·Jumper selectable. 

I 

/MORE 

Best of all. Toko offers these power sup­
plies at prices so low that they compete 
with larger, conventional supplies. Our 
two-year warranty backs our commit­
ment to high performance. 

More power and less space ... at the right 
price. You really can satisfy everyone with 
Toko's new switchers. For complete details, 
contact Toko America, 1250 Feehanville 
Drive, Mt. Prospect, IL 60056 
(312) 297-0070, FAX (Giii): (312) 699-7864 

r~TOKO 
TOKO AMERICA,INC. 

- ....... 
........ ' ' ' ' ' \ \ 
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POWER/ 
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TECHNOLOGY UPDATE 

Test and measurement software offers 
more than just another pretty interface 
J D Mosley, Regional Editor 

Vendors of test and measurement 
software are offering increasingly 
sophisticated user interfaces for 
their products as they strive to 
make more instruments that are 
both adaptable to computers and 
easy for test engineers to use. And 
in spite of the fact that some purists 
still insist that color graphics be­
longs in video games and not in seri­
ous engineering applications, it 
seems that color, at least for test 
and measurement software, is here 
to stay. Sophisticated options like 
color graphics don't necessarily 
make things more complicated-in 
fact, they can make instruments 
easier to use. But there can be a 
major tradeoff between perform­
ance and pretty pictures. Of course, 
given a powerful enough system 
and the right software, you can 
have it all. 

While most instruments cur­
rently maintain the stand-alone op­
tion, others forgo hardware alto­
gether, creating instruments that 
are purely software. In either case, 
the convenience of central control 
over several instruments at once is 
generally acknowledged, for such 
simplified control can significantly 
streamline your test and measure­
ment tasks. 

Performance isn't glamorous 
One vendor who's opted for high 

performance and a more pedestrian 
interface is Test Systems Strate­
gies, who uses an almost Spartan 
user interface for its Test Develop­
ment Series (TDS) software. This 
program provides an automatic, 
rule-based interface between a de­
sign database and the test equip­
ment by integrating VLSI chip de­
sign with test software. 
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You can work with a waveform imtead of just numbers if you use the Dadi,sp signal­
analysis software from DSP Development Corp. The package also has a windowing 
capability. 

TDS consists of three integrated 
programs: TDS Shell (the user in­
terface), a CAE converter for simu­
lator data input, and a Test Re­
source Allocation Manager for ana­
lyzing a design's testability. You 
can buy a fourth program, Pattern 
Bridge {P-Bridge), for reconstruct­
ing simulation waveforms and syn­
thesizing functional test programs 
for the target equipment. TDS 
costs $15,000; P-Bridge starts at 
$16,000. In addition, a rules checker 
is available for $17,000. 

The TDS Shell interprets a de­
signer's or a test engineer's com­
mand and invokes one or more TDS 
programs that are associated with 
either a test instrument or a CAE 
logic simulator. You supply the pro­
gram with the names of the CAE 
and ATE tools; the software then 
automatically develops the pro­
gramming that links the two tools 
most effectively. And although the 

screen output is no more exciting 
than an oscilloscope's waveforms or 
the text of an error report, the in­
formation is concise and, for those 
accustomed to oscilloscope output, 
it's easy to understand. The pro­
grams run on an Apollo, Sun, or 
VAX host. 

Integrated Measurement Sys­
tems' Characterization and Timing 
Analysis (CTA) software also 
makes chip testing more user­
friendly without resorting to a 
graphics user interface. The CTA 
software has menu-driven routines 
for making ac and de measurements 
of prototype devices and for plot­
ting test results. You can use the 
package to measure the propaga­
tion delay, or to plot the interaction 
of any two device· variables. 

The CTA software collects the re­
sults of any Logic Master verifica­
tion system and compiles those 
measurements in a spreadsheet for-
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TECHNOLOGY UPDATE 
mat. (CTA is based on Lotus 1-2-3, 
so its plots, graphs, and data 
screens are familiar to anyone who 
uses spreadsheets.) If you want to 
create custom analysis routines, 
you can tap more than 30 prepro­
grammed CTA functions to define 
your device and to create a data 
sheet with annotated graphs, ta­
bles, and charts. The CTA also lets 
you order the tests in a sequence 
to develop automated-test pro­
grams. Prices for the PC-based 
package start at $3000. 

Another test and measurement 
tool that uses the spreadsheet for­
mat is DSP Development Corp's 
Dadisp. This package has its own 
windowing capability and combines 
more than 150 functions for display­
ing and analyzing waveforms. It dif­
fers from other packages because 
it lets you work with waveform data 
in graphics windows and later con­
vert the images to numbers, rather 
than forcing you to start with nu­
merical values. 

Dadisp provides data-processing 
functions such as signal editing, 
waveform generation, Fourier 
analysis, and peak finding, as well 
as real and complex signal arithme­
tic and calculus. You can define 
macros and then use them to tailor 
any of the functions. You can also 
create individual signal-processing 
steps by typing a formula into a 
Dadisp window. An optional soft­
ware module called Dadisp-488 lets 
you add the IEEE-488 commands 
to your Dadisp worksheet, so that 
you can control and transfer data 
from IEEE-488 instruments. 

Available for use with Sun work­
stations, the HP 9000 Series 300, 
Masscomp, the Micro VAX II, the 
VAX 2000, and IBM PCs, Dadisp 
ranges in price from $795 to $4995, 
depending on the host computer. 
Dadisp-488 sells for $195. 

Developed by Lotus, who then 
sold the rights to National Instru­
ments, Lotus Measure is a package 
you can run on your PC to take 
readings from IEEE-488 and RS-
232C instruments. You can then put 
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A comparison of the black and white screen of Labview Version 1.0 with the color screen 
of version 2.0 hi.ghli.ghts the enhancements of the later version. Version 2.0 also offers 
compiled run times that are 10 times faster than previous versions could muster. 

the results into a spreadsheet for­
mat. The package costs $495. 

Software makes the difference 
More and more, engineers are 

choosing their hardware based on 
the quality of available software. 
So, rather than continue to leave 
the programming aspects of test 
and measurement to third-party 
vendors, instrument manufacturers 
are now providing hardware and 

software accessories to make their 
units fully adaptable to computers. 
Fluke, for example, sells a $2200 
Helios-I Computer Front End and 
a $295 Helios Toolbox library of Ba­
sic subroutines. If you still want to 
know what's available in third­
party software, the company also 
offers a Helios-I software guide. 

Keithley has adopted a similar 
approach. Better known for its 
hardware than for its software in-
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TECHNOLOGY UPDATE 
terfaces, Keithley does acknowl­
edge that today's test engineer de­
mands extensive software support 
and that instrument manufacturers 
can no longer simply sell hardware 
without such support. The com­
pany's Package 82 Simultaneous 
CV System is a device that can 
make simultaneous high-frequency 
(100-kHz or 1-MHz) and quasistatic 
capacitance-voltage (CV) measure­
ments in a semiconductor sample, 
thus providing greater measure­
ment accuracy and requiring less 
time than separate voltage sweeps. 
The unit comes with menu-driven, 
DOS-compatible software that lets 
you correct for system leakages and 
cabling effects, find the oxide ca­
pacitance and settling time, make 
CV measurements, and analyze the 
CV data. 

You select the right analytical 
routine and set parameters from 
menus; the package then generates 
the appropriate graphs. You also 
have access to the program's source 
code, so you can modify it to suit 
your existing routines or to add new 
routines. And the Package 82 inter­
face makes it easier to configure 
your system if you already use an 
HP controller. This hardware-soft­
ware combination costs $19,995. 

Waveform graphics 
Keithley also offers a program 

called Soft500 that you can use with 
any of the company's data-acquisi­
tion mainframes. Although its 
graphics are limited to waveforms, 
the program outperforms its pret­
tier competitors by taking 50,000 
samples per second with a 16-bit 
resolution across as many as 32 
channels. Soft500 Version 6.0 lets 
you configure your data-acquisition 
system with one command. A cali­
bration feature offers sequential 
calibration for multiple instrument 
cards. If you have an old version 
of Soft500, you can trade it in and 
get version 6.0 for $100. The pro­
gram is free if you purchase a Keith­
ley hardware system or one of its 
AMM2 analog measurement cards. 
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Although its output di-splay i,s rather plain, Keithley Instruments' Soft,500 Version 6.0 
software outperforms its prettier competitors with data-acquisition speeds of 50,000 samples/ 
sec and a 16-bit resolution for as many as 32 channels. 

Gould's Test and Measurement 
Recording Systems Division is also 
making its instruments computer­
adaptable by giving you the option 
of plugging into a computer via an 
IEEE-488 or an RS-232C port. For 
a PC host, the interface is Microsoft 
Windows; for a front-panel control­
ler, it's a similar graphics interface 
that becomes an integral part of the 
controller. 

Gould's 5300 Series Programma­
ble Waveform Recording System, 
for instance, lets you monitor eight 
analog and eight event data chan­
nels at lM sample/sec/channel with 
12-bit resolution. You can use a host 
computer to program the 5300 via 
its RS-232C or IEEE-488 port. Or 
you may order an optional Intelli­
gent Front Panel (IFP) with an 
electroluminescent screen that 
comes with menu-driven software 
for system setup and waveform dis­
play. The IFP attaches to the front 
of any 5300 chassis and has a dedi­
cated bus for controlling as many 
as eight 5300 units. 

Define parameters to capture 
Using a tool called the Event 

Manager, you can define the par­
ticular type of data you wish to cap­
ture (eg, spikes); thereafter you re-

ceive only that captured parameter 
instead of whole waveforms. The 
Event Manager has a 21-input, 
dual-trigger tree system that uses 
logical AND and OR functions to 
discriminate among more than 
500,000 transient events. 

Another software tool called the 
Memory Manager lets you optimize 
the 5300's use of memory. You can 
define the channel depth of its mem­
ory from 256 to more than 2 million 
samples per acquisition in incre­
ments of 256 samples. The 68000-
based 5300 has two independent 
clock functions; you use the unit's 
10-MHz master clock to program 
the two clock functions in 100-nsec 
increments. 

For a more sophisticated user in­
terface, you may want to purchase 
the ACQ5300 software. It simplifies 
the system setup and data acquisi­
tion with interactive, pop-up pan­
els. This program also lets you edit 
all the text, the prompts, the help 
messages, and the colors; you can 
also develop and run macros for 
automatic configuration or for que­
rying a system operator. ACQ5300 
runs on the IBM PC/AT and sells 
for $1200. Pricing for the 5300 be­
gins at $15,000. 

Even more fascinating than soft-
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Access to the Right Technology 

Whatever your application, Raytheon 
can open the door to the appropriate 
ASIC technology. With over 14 years' 
experience in semicustom design, 
Raytheon offers you many choices­
CMOS, low power ECL and digital 
bipolar, as well as linear arrays. 

D CMOS arrays: Raytheon's low­
power CMOS arrays to 20,440 gates 
have a 1.0 µm effective channel length 
and rad hard capability. Both our 
VHSIC-approved and standard families 
have the lowest power consumption in 
the industry. The 2 µm RL7000 array 
is a second source for LS I's LL 7000 
series. Standard cell solutions are 
also available. 
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Raytheon offers you choices 

D Low-power ECL arrays: The ECL 
products availab le from Raytheon have 
densities comparable to 1.5 µm CMOS 
arrays and I/Os compatible with ECL, 
TTL (lOK or lOOK) , and CMOS. These 
ECL arrays also deliver the industry's 
lowest power dissipation per gate. Their 
superior speed/power performance­
< 0. lpJ-provides the ASIC designer 
with state-of-the-art semicustom 
capabilities. 

D Digital bipolar arrays: Our many 
years of experience in ISL array 
design and production give Raytheon 
a solid foundation for expanding 
ASIC technology. 
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D Linear arrays: Raytheon 's bipolar 
macrocell arrays with 8, 12 or 15 gain 
blocks and FET input arrays with 4 or 
12 gain blocks utilize precision thin-film 
resistors. They can be configured into a 
variety of analog functions , including 
voltage references , switches, 
comparators , op amps, and VFCs. 

Let Raytheon open the door to a world 
of ASIC choices, with our proven track 
record in multiple ASIC technologies . 

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

Where quality starts with fundamentals . 
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ware-driven instruments is the idea 
of software-generated instruments. 
National Instruments recently in­
troduced a new version of its graph­
ics-oriented Labview software. 
Lab view 2. 0 runs ten times faster 
on average than previous versions, 
and it has a dazzling color interface. 
This version also provides editing 
features like rubberbanding, graph­
ics controls such as panning and 
zooming, and support for integer 
data elements. Best of all, the com­
pany will give Labview 2.0 free to 
all version 1.2 owners. 

Labview is a colorful, icon-based, 
graphics programming system that 
simplifies engineering and scientific 
programming on Macintosh comput­
ers by permitting you to design in­
struments generated by, and based 
purely in, software. Instead of writ­
ing lines of code, you produce these 
instruments by drawing block dia­
grams that represent test and 
measurement functions. You then 
control these instruments via on­
screen representational images of 
the types of switches, dials, and lev­
ers you would find on hardware ver­
sions of such equipment. 

The rubberbanding feature lets 
wires remain attached to (and move 
with) an icon as you relocate it 

within a block diagram. You can se­
lect multiple objects for group ma­
nipulations. Or you can cut and 
paste icons, front panels, and block 
diagrams from one part of a soft­
ware instrument to another area in 
the same device · or to a different 
instrument. 

Graphics compiler lends speed 
Version 2.0 owes its impressive 

speed to a graphics compiler that 
generates machine code from the 
block diagrams of your software in­
strument. The result is that compu­
tationally intensive applications de­
veloped under the new software 
may run as much as 60 times faster, 
while I/O intensive applications can 
go about three times -as fast as they 
did on the earlier version. (Version 
1.2 interpreted the graphics pro­
gramming language as it ran.) 
Lab view 2. 0 can also run all the ap­
plications you've developed under 
version 1.2. 

To reduce memory requirements 
and to further increase execution 
speed, Labview 2.0 adds multiple 
integer and floating-point data for­
mats to the old version's extended 
precision floating-point data type. 
And for embedded Labview appli­
cations, the manufacturer provides 

For more information ... 

a run-time system for end-user 
functions composed entirely of fixed 
code. The program's object-ori­
ented open-architecture and dy­
namic linking mechanism lets you 
write C code and insert it into 
Labview without recompiling the 
Labview code. 

If you don't have Labview 1.2, 
you can buy version 2.0 for $1995. 
The company also plans to distrib­
ute libraries of Labview instrument 
drivers via its Macnet electronic 
bulletin board and on fourteen 3.5-
in. floppy disks. Access charges for 
Macnet vary from $4 to $8/hour; the 
disks cost $50 each. 

Flowchart programming arrives 
Wavetek's Wavetest is a Win­

dows-based program for automatic 
testing. It runs on an IBM PC/AT 
and uses icons and flowcharts to 
provide you with a text-free pro­
gramming environment. A software 
bus analyzer comes in the package 
as well as an automatic-documenta­
tion feature for your test programs. 
A library of more than 50 instru­
ments is also included, as well as 
an instrument-library generator, a 
test-program generator, Basic, a 
GPIB interface card, a tutorial, and 
reference manuals. The test-pro-

For more information on the test and measurement software described in this article, contact the following manufactur­
ers directly, circle the appropriate numbers on the Information Retrieval Service card, or use EDN's Express Request 
service. 

Asyst Software Technologies Inc 
100 Corporate Woods 

Giluld Inc 
Test and Measurement Div 
3631 Perkins Ave 
Cleveland, OH 44114 

National Instruments Corp 
12109 Technology Blvd 

Test Systems Strategies Inc 
8205 SW Creekside Pl 
Beaverton, OR 97005 
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Rochester, NY 14623 
(800) 348-0033 
In NY, (716) 272-0070 
Circle No 705 

DSP Development Corp 
One Kendall Sq 
Cambridge, MA 02139 
(617) 577-1133 
TLX 324168 
Circle No 706 

John Fluke Manufacturing Co Inc 
Box C9090 
Everett, WA 98206 
(206) 347-6100 
TLX 185102 
Circle No 707 

(216) 361-3315 
TLX 196113 
Circle No 708 

Integrated Measurement Systems 
9525 SW Gemini Dr 
Beaverton, OR 97005 
(503) 626-7117 
Circle No 709 

Keithley Instruments Inc 
28775 Aurora Rd 
Cleveland, OH 44139 
(216) 248-0400 
Circle No 710 

Austin, TX 78727/(512) 250-9119 
TLX 756737 
Circle No 711 

Summation, Inc 
11335 NE 122nd Way 
Kirkland, WA 98034 
(206) 823-8688 
TLX 152219 
Circle No 712 

(503) 643-9281 
TLX 499'l633 
Circle No 713 

Wavetek 
9045 Balboa Ave 
San Diego, CA 92123 
(619) 279-2200 
TWX (910) 335-2007 
Circle No 714 
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NETWORKS MADE SMALLER. 

SPRAGUE MULTILYTHIC~~~YTHIC® CAP AND R c NETWORKS advancedceranlics 

Cu·. T BQ~.l D...; sn"~cE mterconnecffiandgrounE~;r~~~~: 
~ 1£ ~ • cerarruc substrates. Sprague uses these 

CAPSTRATE® substrates with or without trimmed thick-film resistors to manufacture low-profile molded SIP through-hole 
capacitors (Type 424C) and R-C networks (Type 429C), and surface-mount capacitor (Type 806C) and R-C networks (Type 
846C) in standard SOM and SOL gull-wing packages. Sprague CAPSTRATE capacitor and R-C networks are smaller, faster, 
and more reliable than conventional networks using discrete components. Capacitors are available in temperature 
characteristics COG or X7R. Capacitance values range from 22 pF to 0.1 µF. Resistor range is from 10 ohms to 1 MQ. Both 
SIP and surface-mount packages are suitable for use with automatic insertion equipment. Sprague also offers custom 
CAPSTRATE networks at competitive prices. For complete information , write for Catalog RN-126A and Supplements, 
to Technical Literature Service, Sprague Electric Company, P.O. Box 9102, 1P.·~~ SPRftGUE® 
Mansfield, MA 02048-9102. For applications assistance call our Networks Hotline at \~t}J!1 H 
Nashua, NH (603) 883-9774. THE MAllK oF 11Euu1un 
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DADiSP. •. 
Let Your Instruments 
Do The Talking:™ 

Talk to your instruments with 
DADiSP-488. Use over 150 func­
tions to display and an¥yze your 
waveforms, as easy as ~ping a 
name. Run external dati acquisition 
software, on )'OU' own pnalysis 
programs. reate new functions 
with DADiSP Maaos. 

the First Spreadsheet 
designed exclusively for 
Scientists and Engineers. 

(617) 577-1133 
Order our $20 Interactive Demo Disk. 
Ask about DADiSP for IBM-PC/XT/AT, · 
DEC MicroVAX, HP9000, Masscomp 
5000, and Sun Workstations. For further 
information write DSP Development 
Corporation, One Kendall Square, 
Cambridge, MA 02139, (617) 577-1133 
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gram generator lets you set as 
many breakpoints as you need to 
debug your program. You can sin­
gle-step through the program, trace 
variables, and create cross-refer­
ence lists. The package costs $3990. 

Summation's $2950 Testwindows 
3.0 also runs under Microsoft Win­
dows on an IBM PC, but you use 
text rather than graphics to control 
IEEE-488 instruments. This pro­
gram automatically takes advan­
tage of your PC's expanded mem­
ory and offers keyboard control for 
harsh environments or industrial 
applications, where a mouse may 
prove impractical. 

Although you have to learn the 
Testbasic language to run Testwin­
dows, the company's Sigma Users 
Group provides program support 
and a library of Testbasic routines. 
An initial window lets you know 
what modules and instruments are 
available, and a device window 
simulates front panels to simplify 
instrument control. Using the Test­
basic editor, you can cut, paste, 
copy, search, and replace code. 
Once you've completed your pro­
gram, you can save it for later use 
and duplicate it for multiple de­
vices. 

Are Windows too restrictive? 
One drawback ought to temper 

the current fervor for the graphics 
user interface with its icons and 
windows: a lack of flexibility. In 
eliminating any need for program­
ming, a graphics shell also elimi­
nates any chance for adapting the 
shell to a user's particular require­
ments. As a consequence, a number 
of scientific software manufacturers 
borrow features such as pop-up 
menus from the world of Windows, 
but kee·p the flexibility of a menu­
driven interface to increase the end­
user's options. 

Asyst Software Technologies 
sells one such data-acquisition prod­
uct. Asystant GPIB is a scientific 
number-crunching program that in­
terfaces with IEEE-488 instru­
ments. The program can control 

and monitor as many as 12 instru­
ments. It automatically gathers in­
strument data; processes or gener­
ates waveforms; plots, scales, and 
labels your screen graphics; and 
generates tables. The package of­
fers both algebraic and reverse­
Polish notation for real and complex 
arithmetic and trigonometry. 

Asystant GPIB also performs 
polynomial operations, solves dif­
ferential equations, and performs 
statistical analysis (including curve 
fitting). When you issue commands 
to the instruments, you receive 
real-time feedback. Using menus 
and a command line, you can config­
ure instruments, execute bus and 
device commands, and build and 
run GPIB routines. The program 
runs on an IBM PC and costs $695. 

Cognitive instruments are next 
Expert systems may form the ba­

sis for the next generation of test 
and measurement software. Al­
though no AI packages are now 
commercially available for test in­
struments, you can buy field-serv- · 
ice software for remote error analy­
sis that hints of things to come. 
Digital Equipment Corp sells a 
Standard Package for Error Analy­
sis and Reporting (Spear) that can 
identify a cracked read/write head 
in a disk drive, present the probable 
cause of the fault, and offer an ex­
planation for why the problem oc­
curred. Once the same types of 
functions are developed for instru­
mentation, you may be able to com­
pletely automate the analysis of test 
data. EDN 

Article Interest Quotient 
(Circle One) 

High 515 Medium 516 Low 517 
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Wthin months after 
demonstrating the first 
working integrated cir­

cuit 30 years ago, Texas Instruments in­
troduced a commercially available logic 
function, an RS flip-flop. With that 
beginning, Tl established a tradition of 
development and innovation in logic 
that encompasses the industry-standard 
SN54/74 Series TTL and the new 
families of advanced logic described here 
that can add significantly to the value 
and perfonnance of your overall system. 

For example, for systems that require 
off-the-shelf flexibility with a degree of 
customization, Tl's Programmable Logic 
Devices (PLDs) include popular 10-ns 
PAI.!!Cs available in high volume. And, 
to keep pace with today's high-speed 
microprocessors, TI plans to continue to 
drive PLO performance to sub-10-ns 
speeds. 

Tl's Advanced CMOS Logic (ACL) 
supports the design goal of high perfor-

ON THE COVER: SuspenJed above the 
board, proviJed by Rockwell lnrernational, 
Missile Systems Division, are military versions 
of Tl advanced logic devices. 

mance combined with low-power opera­
tion, while Tl's new BiCMOS bus-inter­
face family delivers very high drive cur­
rent at very low power compared to 
bipolar circuits. 

Tl's MegaChip Technologies 
Our emphasis on high-density 
memories is the catalyst for ongoing ad­
vances in how we design, process, and 
manufacnire semiconductors and in 
how we serve our customers. These are 
our MegaChip TM Technologies, and 
they are the means by which we can 
help you and your company get to 

market faster with better products. 

For systems requiring moderate den­
sities and fast prototype cycle times, TI 
offers a new series of one-micron CMOS 
gate arrays. When you need higher levels 
of integration plus increased design 
flexibility, Tl's one-micron CMOS stan­
dard cells provide the means for system 
consolidation. 

And for military applications, TI offers 
a wide choice of high-reliability logic 
functions. 

On the following pages are details of 
what you can expect from Tl's range of 
logic options: 



Contributing ignificantlv to fut address 
decodin11ln sreed-critical ~rhs of rhe 

COMPAQ DESKPRO 386/20 " personal computer 
proceS&lr board are two TIBPALl6L8-10 PAL circuirs 

from Tl (pictured above a segmenr of the board). 

Pl.Ds-are a hmctional alternative to 
standatd logic ICs and gate anays or 
standard cells. 

Because Trs PLDs are off-the-shelf 
items you program yourself, you avoid 
the longer design cycle times of custom 
ICs and move on to market fuster. These 
PLDs olrer very attractive perfunnance 
advantages. OJnsider these: 
•TIBPALt6XX .. tO PAL ICs from TI 

deliver a 10-ns propagation delay and 
are available in quantity. Clock·to-0 
time is 8 ns, and output-registered 
toggle frequency is 62.5 MHz. 
IMPACT-X™ technology gives these 
PAL ICs their superior speed; they are 
well suited fur~ with high-speed 
proceillOl'S ~as the Motorola 68030, 
the lnrel 80386, and RISCbl.5ed ar· 
chi~tures. The 10-ns perfonnance 
~a higher level ci inregration to 
speed-critical pcltN. 

•TI's TIEPAL10H16J>S.6 IMPAcrM 
ECL PAL circuit delivers even faster 
operation: 6-ns propagation delay max. 
You can now streamline-conventional 
EC1 designs by consolidating several 
discrete components into a single cus­
tom function. 

• TI's new 7 ·ns Programmable Address 
Decoder is intended to help you 
squeeze more perfonnance out of 
memory interface systems. By perfonn· 
ing addres.s decoding much faster than 
conventional PAL architectures--in 
7 ns-the TIBPAD16N8-7 allows you 
to take advantage of the new processors 

200 

: 180 
E 

Ji 
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FUTURE SUB-10-NS PAL IC 

\ TIBPAL16XX-10 

,--., •" . ·-· i ....__TIBPAL16XX-15 

TIBPAL16XX-12 

PROPAGATION DELAY (lpd) 

Tl's PAL IC road map shows consistenr power 
and consistently higher speeds, with even faster 
versions on the way. 

to increase overall system perfonnance. 
• TI's 50-MHz Programmable State 

Machines (PSMs), TIB825SI05B (16 
x 48 x 8) and '1678 (14 x 48 x 6), are 
ideal for use in high-pertormance com­
puting, memory interface, telecom­
munications, and graphics. These 
PSMs may be used co implement cus­
tom sequential logic designs such as 
peripheral 1/0 controllers and video­
blanking controllers. 

•The TIBPAL22VP10-20, with a 
20-ns delay, is 20% faster than the 
competition's "A" version and much 
more flexible. A programmable output 
macrocell allows two extra, exclusive 
output configurations, for a total of six. 

•TI's TICPAL16XX Series 20..pin 
CMOS PAL ICs are the cure for 
power problems. They operate at vir· 
tually zero standby power and are reli­
able, high-perfonnance replacements 
fur conventional TfL and HCMOS 
logic. The devices can be erased and 
reprogrammed repeatedly. 

---..112. 
Tum page far more infanni.uion "WV 



Get high speed, low 
power, and low noise with 
Tl's broad ACL family. 
It's an extensive family that includes 
gates, flip-flops, latches, registers, drivers, 
and transceivers. It's a readily available 
family in DIP and SOIC packages. It's 
Tl's high-peiformance EPIC™ ACL 
family, bringing with it an important 
bonus-major reductions in noise. 

Family speed is comparable to ad­
vanced bipolar 54/74F; 24 mA of 

When every nanosecond counts, Tl's new 
high-performance ACL family can help you 
significantly improve system speed. 

sink/soun:e current will drive 50-ohm 
~mis;ion lines; and low power is 
characteristic of Tl's EPIC technology. 
All this with "ground bounce" substan­
tially reduced compared with end-pin 
ACL. The reasons are innovative pack­
aging and a circuit-design technique 
called OEC1

"' (Output Edge Control) 
which softens the transition states that 
ca~ simultaneous switching noise. In 
fact, EPIC ACL noise levels are typically 
10% less than those c:i bipolar devices. 
1be rapidly in~ing customer accep­

tance of Tl's ACL family confirms its 
noise-reduction advantages and its ease 
of~. 

S~tem design advantages 
A unique ''flow-through architecture" 
simplifies board design, layout, and 
ttoubleshooting. Inputs surround power 
pins on one side, outputs on the other, 
and control pins are strategically located 
at the package ends. 

From a systems perspective, Tl's 
anangement offers the lowest-cost design 
when compared to end-pin ACL. 

Because in circumventing noise 
problems, end-pin designs can require 
additional components that take up to 
32% more board area and slow system 
performance. 

lbere are 146 functions, in both AC 
and ACT versions, currently announced 
in Tl's ACL family, including such inno­
vative, highly complex functions as ad­
vanced ttansceivers, line drivers, latches, 
feedback registers, multiplexers, and 
counters. 

This ACL family, developed in 
cooperation with and supported by 
Philips/Signetics, fully meets JEDEC in­
dumy-standard No. 20 specificatiom tOr 
Advanced CMOS logic. 



Cm~NX 
speed or drive, with Tl's 
BiCMOS bus-interface ICs. 
This new family is a simple, effective 
meam to reduce sysrem power COOSUillP' 
tion without compromising advanced 
perfunnance. 

As the BiCMOS name implies, TI 
combines bipolar IMPACT and CMOS 
pmcesmng to achieve switching speeds 
comparable to advanced bipolar products 
and provide the 48/64-mA drive current 
needed for high-capacitive loads and 
backplanes. In particular, family mem, 
hers meet the drive requirements of 

indusny,standard buses such ~ 
Multibus• and VMEbus ™ 

In additioo, TI's BiCMOS devices can 
reduce disabled currents by 95% and 
active currents by 50%-80% compared 
to bipolar equivalents. Result: System 
IC power savings can be more than 25%. 
lhere are more than 60 functions com, 

prising TI's BiCMOS l:u.-inrerface fami, 
ly. Included are 8,, 9,, and 10,bit latches, 
buffers, drivers, and t:ranscei~ wide 
choice that means you can easifV fmd 
what you need to implement high, 
performance blJs,interface desigm. 

Aa innovathe chcait ~in Tl' BiCMOS 
bus-interface lop: help loWer disabled 
current&. Thit iSkey ~veratl powt;r savings 
because in a~ bus netWOdc. only one 
device is enabled au time. 

Tum page for more in{mmalion 



~~ 
integration more confidently 
with TI's new one-micron 
ASIC family. 
Now, you can integrate more of your sys­
tems logic LL5ing Tl's new one-micron 
CMOS ASIC (application-specific in­
tegrated circuit) family-the TGCIOO 
Series gate arrays and the TSCSOO Series 
standard cells. Each offers different 
degrees of design flexibility and Syslml in­
tegration. The result is significantly 
reduced component COllllt which cuts 
board sac and system cost while improv­
ing reliability and performance. 

And TI is suppotting the family with 
comprehensive kits that help minimize 
design cost, risk, and time by providing a 
comfortable, easy-to-use design environ­
ment. 

Efficient logic consolidation 
Using Tis new TGCI 00 Series gate ar· 
rays, you can sweep major chunks of "glue 

logic" inlD a 
single device 
while realizing fust 
design and prototype 
cycle times. Array densities currently 
range t.o more than SK u&tble gates and 
14 2 bond im: the Series will be ex· 
tended to more than 16K u;able gates 
and 216 bond pads in a major production 
release planned for late 1988. Prototype 
delivery ~ typically two to three weeks 
Crom approval of JX)Stlayout simulation 
results. 

The TGClOO Series Design Kit gives 
you complete autonomy and control 
over the design proces5. It is a com· 
prellemive set of the tools required fur 
succesful gate·arny desVt and valid. 
rion (see last pcige fur detoi&). 

Standard paclca8es fur the TGCIOO 
Series range from 28-pin DIPs to 84-pin 
PLCn, with optional packages up to 
144pins. 



480 ps for a two-input NAND gate with 
a fanout of three; flip-flop toggle rates 
range up to 208 MHz. Both series offer 
output and bidirectional buffers with 
variable slew-rate control. And both 
series are fabricated in Tl's high-perfor­
mance EPIC process. 

Apply TI's advanced 
logic to improve the perfor­
mance of military systems. 

Among Tl's broad selection of logic 
devices produced to military requirements 
is a large PAL family. Propagation delays 
as fast as 15 ns are available over the 
military temperature range. The introduc-

tion of a 12-ns, 20-pin PAL circuit is 
planned, as well as military versions of the 
TIB825SIOSB and '167B Programmable 
State Machines. 

TI is offering military counterparts 
selected from its ACL family, as well 
as 54F functions. Soon to come will 
be the BiCMOS fami ly of bus-interface 
functions. 

Included among Tl's lineup of military 
ASICs are versions of the Qme-micron 
TGClOO Series gate arrays discussed at 
left, as well as two-micron standard cells. 

Tl's logic devices are among the more 
than 800 military functions offered com­
pliant to MIL-STD-883C, Class B. Of 
this total, TI provides more than 200 to 

DESC-standard military drawings and is 
qualified to supply 285 J M38510 Class B 
devices (QPL 75). 

THIRTIETH 
ANNIVERSARY 

INVENTION OF 
INTEGRATED 

CIRCU IT 

Milestones in Innovation 
Tl's tradition for milestone innovations 
extends from the infancy of semiconductor 
technology into the MegaChip Era. 
Among the major highlights: 
• First commercial si li con transistor ( 1954) 
• First commercially produced transistor 

radio (1954) 
• First inregrated circuit (1958) 
• First inregrated-ci rcuit computer ( 1961) 
• First.hand-held calculator (1967) 
• First single-chip microprocessor ( 1970) 
• First single-chip microcomputer ( 1970) 
• First single-chip speech synrhesizer ( 1978) 
• First advanced single-chip digital signal 

processor ( 1982) 
• First video RAM (1984) 
• First fu ll y integrated trench memory cell 

(1985) 
• First gallium arsenide (GaAs) LSI on 

silicon substrate ( 1986) 
• First single-chip Artificial Intelligence 

microprocessor ( 1987) 

----~/~ 
Tum page far mare information. 'V 



Comprehensive support from TI helps 
you improve your design performance 
as you improve system performance. 
To enable you to excel in designing the 
logic portion of your system for maximum 
perfonnance, TI has compiled or is 
making available a wide range of design 
tools and aids: 

PLDs: The TI PLO data book ( 472 
pages) contains design and specification 
data for 78 device types. Four application 
notes are incorporated as a reference 
tool. A qualification book is available, 
and a state-machine design kit is 
fo rthcoming. 

ACL and BiCMOS Bus Interface: 
Tl's ACL data book (348 pages) con­
tains detailed spec ifications and applica­
tions infonnation on the members of the 
one-micron ACL family. The ACL 
designer's handbook (299 pages) spells 
out the technical issues confronting 
advanced-logic design engineers and 
describes methods for handling the is­
sues. A qualification book (358 pages) 
features extensive reliability and charac­
terization data, die photos, and applica­
tion derating factors. C ustomer evalua­
tion capability is enhanced by Tl's 
system evaluation board (available for 
demonstration through TI field sales 
offices) and third-party characterization 
boards. 

Data sheets are available on each mem­
ber of Tl's BiCMOS bus- interface family. 

ASICs: The TGCIOO Series Design 
Kit gives you the tools needed to success­
fully complete a gate-array design: A 

Texas Instruments Incorporated 
P.O. Box 809066 
Dallas , Texas 75380-9066 

Yes, please send me the following: 
RY0 I ASIC Information Packet 

Extensive design support avai lable for Tl's systems logic families includes that for the new TGCIOO 
Seri es gate arra ys (ar w/1) , Programmable Logic Devices (ar lefr) , and Advanced CMOS Logic. 

macro library fo r Daisy or Mentor en­
gineering workstations containing the 
graphic symbol and functional and 
simulation models fo r each macro; a 
software library of Tl-specific software 
tools that streamline and simplify the 
design process; a design manual that 
answers "how to" questions about design-

--------1 
SDV0Hl EDK(il \1JC 

ing with the TGC I 00 Series; a two­
volume data manual providing detailed 
specifications for each macro in the 
TGC IOO Series software library; and a 
software user's manual. 

An equally comprehensive design kit 
for the TSC500 Series is currently in 
development. 

For more information on Tl's ad­
vanced systems logic !Cs and their sup­
port tools, complete and return the 
coupon today. Or write: 
Texas Instruments Incorporated 
P.O. Box 809066 
Dallas, Texas 75380-9066 

DZ0 I Programmable Logic Device Data Bmk '" Meg<l Chir. IMPACT (!.illi'J,,nt<·d t,_dvanccJ 
~rn11p1 »ed J echnulugy), IMPACT-X, EP IC 
(~nhanccd f'erfmmance lmrLmteJ CMOS ), OEC , 
M1..·g;1M tldul 1..·, and micnlExpltm: r arc tT<lLk•marb tlf 
TeX<t> Instrument> lncorpnr<ltcJ . COMPAQ 

CA0 I ACL/BiCMOS Information Packet 
COO I BiCMOS Darn Sheet Packet 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY STATE 

AREA CODE TELEPHONE EXT. 

ZIP 

DESK PRO 386/20 is a trademark uf Cumpaq 
Ctunputcr Corpo rnrion . VMEhus is <1 tr;1Jcm<1rk tlf 
Muturoh-1 , Inc. 

® PA L is a rcgisrereJ tmJemark of Monolith ic 
Me mori es Inc. Multihus is a registcrcJ traJe1n c1rk of 
Intel Corporation . Maci ntosh II is a registcreJ 
rradcmark of Appk· Computer, Inc. 

© I 988 Tl SDVR\!) 75 08-8055 
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Simple as ... 
~~~A~! 

• 

DESIGN ASIC ENGINEER 

CSP ICE PLO 

HILO LAYOUT 

I ntergraph makes electronics CAE 
easy. We offer interactive graphics 

solutions that do it all - from product 
concept and design through 
implementation - solutions that 
support hierarchical designs for PCB, 
ASIC, or hybrid applications. Using a 
common interface, you can capture 
schematics and verify both digital and 
analog designs with graphical 
waveform editors. 

At one workstation ... 

Push a button and you 're doing 
hierarchical schematic design with 
Intergraph ' s Design Engineer.* Push 
again for analog circuit simulation or 
digital systems simulation using 
Intergraph's CSPICE or the 
industry-standard HILO. Select ASIC, 
PLD, or IJ.YOUT for a wide choice of 
vendor libraries and design tools, 
supporting a variety of technologies. 

Using our 5-MIPS CLIPPER workstations 
and servers, you can pass data via 
Ethernet and other industry-standard 
networks. Intergraph supplies the 
common database and all the 
application tools you need to control 
the entire development and revision 
process - and to get your products to 
market faster. 

*For a low-cost solution to design 
entry, ask about Intergraph 's 
Design Engineer PC. 

Intergrating CAE solutions .. . 
Call Intergraph ... 800-826-3515 or 
205-772-2700. CAE really is as simple 
as pushing a button. 

CIRCLE N063 

Intergraph and f;UPPER are r~ tradero1tks and 
Design Engineer is a trademark orlnt~ph 

\ Corporation. HILO ls a tradem"{k of1ienRad Inc« . I) 



LET THIS NEW MODEM CHIP 
MAKE LIFE EASY FOR YOU 

The Only 5-Volt, 2400 BPS, 1-Chip 
Modem For Low-Power Applications 
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 will 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. 

~~!!ftff!!!:f ~· 
"Where we design to your applications." 

Circle 3 for career information See us at Electronica Hall 18, Booth 18E5 Circle 4 for product information 



Balancing mechanical and electrical 
requirements keeps us on the leading 

edge of interconnect technology. 
What a challenge: making cable systems smaller, 

lighter, and more flexible without compromising signal fidelity, 
flex-life, or reliability. Af Precision Interconnect we do it r:Nery 
day, for leading electronic equipment manufacturers all 
over the world. 

Working with a variety of mechanical requirements, 
plus strict electrical parameters, we custom-design and produce 
complete interconnect systems. Micro-miniature cables, 
usually using 38 AWG and smaller conductors, 
can be terminated to standard or micro 
connectors and protected with flex-strain 

Interconnect assembly tor Medical Oynamir:S 
hand-held surgical camera is sealed against 
sterilization solutions. 

reliefs. Custom overmolds and sealing designs have been 
dr:Neloped to protect interconnect systems in harsh 
environments. These cable assemblies provide the critical link 
in hand-held applications on diagnostic instruments, sensors, 
and medical and surgical devices. 

Our expertise, increasing with each j~I 
unique problem we solve, ensures that 
reliability is designed in, built in, and tested. 

So we can keep our balance. And 
assure a great performance PRECISION 

fNery time. INTERCONNECT 

16640 S.W. 72nd Awnue 
Portland, OR 97224 
(~) 62(}-9400 

CIRCLE NO 153 



"At LTX we evaluated a lot 
before we chose Vicor." 

"As the leading manufacturer of automatic test 
equipment for linear integrated circuits, we had 
unique power supply requirements for Hi.T, our 
new linear test system. Given its advanced 
resource per pin architecture, we needed new 
solutions. So we went to the experts. And Vicor 
delivered. 

They delivered a DC power module which lets 
us achieve low system noise, thus allowing our 
test equipment to measure signals down to 
microvolts. 

The high power density of Vicor' s modules 
provides us more space for instrumentation. Our 
systems are smaller, and we can more easily 
distribute power supplies throughout the 
system. 

They delivered a power system that's modular, 
flexible and reliable. We can add new features to 
our testers without having to redesign the power 
distribution system. And high reliability is 
especially important to us since we offer a limited 
lifetime warranty on our test systems. 

At LTX, our test systems are designed to be 
flexible. To stay competitive, we're prepared to 
test semiconductors that are not yet designed. 
The flexibility of Vicor's power supply is an 
important ingredient in LTX's role in meeting 
tomorrow's test challenges." 

- Phil Perkil1s, Staff Scie11tist, 
Co-Fo1111dcr, LTX Corporatio11 



ol power supply solutions 

Distributed Power 
Advanced system manufacturers are taking 

advantage of the inherent benefits associated 
with distributed power systems. Through the use 
of component level power converter modules, 
designers are able to effectively decentralize 
the traditional power system by 
providing onboard power 
conversion at the 
sub-assembly 
level. 

The Benefits: 
• Maximum cost effectiveness 
• Minimum time to market 
• Minimum inventory 
• Reduced size 
• Efficient power busing 
• Modularity 
• Flexibility in system configuration 
• Enhanced reliability 

Rear panel of the Hi. T system 

The Component 
The building block for distributed power is 

the Vicor VI-200 series of "zero-current­
switching", component 
level, DC/DC 
converters. 

... 

To discuss 
your power system 

requirements, call Vicor today 
at (508) 470-2900, 23 Frontage Road, 

Andover, MA 01810. 



The "Look and Feel" CAE Users Have Been Looking For 
On-Screen Prompt line makes 
it easy to find the feature 
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 color graphics. 

Action Button selects 

Menu Button toggles 
between menu and 
graphics. 

Pan Button Redraws 

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: 

µl!f:£'!£~l>I 
Box 1337 
S-181 25 LIDINGO, Sweden 
Tel: +46 8 7679205 
Fax: +46 8 7318118 

EE Designer III sets the price­
perfonnance standard for 
tAE software. 

• Supports L/l/M EMS 
Memory for Expanded 
DatabaSe Capabilities 

• On-Line Netlist Capture 
• Forward and Back­

Annotation of Multipage 
Schematics 

• Anal<_>g and Digital Circuit 
Simulation 

• Full SMT Support 
• 1 mil Grid Resolution 
• 45° Memory AutoRouting 
• Fabrication/ Assembly 

Drawing Support 

CIRCLE NO 200 

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: 
- ~ - _-; - _-:,;;;;;;;;: - _-;_-;® .. -- ----· -- -" ... ~ ... v, .... .,~ 
CORPORATION 

343 Gibraltar Drive 
Sunnyvale, CA 94089 
(408) 745-1551 1-800-553-1177 
Telex: 346352 Fax: (408) 734-9012 



TECHNOLOGY UPDATE 

Dielectrically isolated I Cs move into 
high-performance applications 
Richard A Quinnell, 
Regional Editor 

A wide range of high-performance 
analog !Cs now use dielectric-isola­
tion techniques. Precision amplifi­
ers, video circuits, analog switches, 
circuits with high input voltages, 
and even analog ASICs currently 
benefit from dielectric-isolation 

technology. These !Cs can boost the 
performance of your most demand­
ing systems. 

Dielectric isolation, which was 
first introduced commercially in the 
1960s by Harris Semiconductor, 
was originally developed to improve 
the radiation tolerance of !Cs. 
Three other companies-Burr­
Brown, Elantec, and Sipex's Da-

You can see the isolation barrier as dark rings around the transistors in this quad transistor 
array from Elantec. The glass forms a cup underneath the transistor, separating it from the 
substrate. 
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taLinear Div-have since joined 
Harris in the ranks of suppliers of 
dielectrically isolated !Cs. In fact, 
two of the four entered the field 
only very recently: Elantec began 
producing the devices in 1985, and 
Sipex began offering standard prod­
ucts in January 1988. 

DI benefits high-speed ICs 
From its origin in radiation­

hardened devices, dielectric-isola­
tion technology expanded to high­
speed circuits (see box, "Dielectric 
isolation yields performance advan­
tages"), for which it offers several 
advantages over junction isolation. 
One advantage is that dielectrically 
isolated devices have relatively low 
parasitic capacitance: It's typically 
one-tenth that of junction-isolated 
devices. This fact translates into 
both a higher frequency response 
and lower power consumption. In 
other words, less time and current 
are needed to charge the capacitors. 

Advances in digital technology 
are the principal reason that dielec­
trically isolated !Cs are moving into 
high-performance applications. It's 
now the analog portions of systems 
that are the limiting factor in sys­
tem performance. System designers 
are therefore demanding higher 
performance from analog circuits, 
and one of the ways that IC manu­
facturers are responding is to de­
velop new dielectrically isolated 
devices. 

At present, however, the pre­
mium you pay for dielectric isola­
tion-the price is at least 30% more 
than that of comparable junction­
isolated devices-restricts its use in 
less-demanding applications. That's 
the bad news. The good news is that 
the additional cost is principally due 
to the manufacturing process, and 
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manufacturers are already making 
efforts to lower the cost of manufac­
turing the !Cs by improving the 
process. 

High-speed devices such as the 
popular Harris 2500 Series op amps 
were the first type of analog IC to 
benefit from dielectric-isolation 
technology. Both Sipex and Elantec 
are alternate sources for many of 
the products in the series, including 
the 2500/02/05, the 2510/12/15, and 
the 2520/22/25. 

Precision and speed 
Op amps that combine speed and 

precision were the next type of de­
vice to adopt dielectric-isolation 
technology. Two recent examples 
are the Harris HA-5147A and the 
Burr-Brown OPA-602P. The HA-
5147A has a slew rate of 35V/µsec. 
Its gain-bandwidth product is 120 
MHz, its minimum stable gain is 10, 
and its output settles to 0.01 % of 
the final value within 400 nsec. 

The HA-5147A's speed doesn't 

require you to sacrifice precision. 
The device's offset voltage is 10 µ V; 
its typical bias current is ± 10 nA. 
It consumes only 3.5 mA of supply 
current, and it costs $6.21 (100). 

The Burr-Brown OPA-602P also 
offers a combination of precision 
and speed. This part is unity-gain 
stable and has a bandwidth of 6.5 
MHz and a slew rate of 35V/µsec. 
Its offset voltage is ± 1 m V typ and 
its bias current is 1 pA. It sells for 
$2.80 (100). 

Circuits for video 
Speed is not the only advantage 

that dielectrically isolated !Cs can 
offer for your applications. For ex­
ample, these ICs' capacitance is in­
dependent of the strength of the 
signal, a feature that's advanta­
geous for high-quality video appli­
cations. 

One recent dielectrically isolated 
device that's specifically intended 
for video applications is the Harris 
HA-2544, which offers a typical dif-

Dielectric isolation yields performance advantages 

ferential gain of 0.23% and differen­
tial phase of 0.05° for a load resis­
tance of 1 kO. It also features a 65° 
phase margin and a gain-bandwidth 
product of 50 MHz. The device's 
slew rate is 150V/µsec, and it set­
tles to 0.1% in 120 nsec. It costs 
$4.83 (100). 

Another video device that capi­
talizes on the advantages of dielec­
tric isolation is the Elantec 2003 
video line driver. '.This unity-gain 
device offers a 100-MHz bandwidth 
and can handle as much as ± 100 
mA of output current with resistive 
loads. It features a typical slew rate 
of 1200V/µsec for a 1-kO load, dif­
ferential gain of 0.1 %, and differen­
tial phase of 0.1°. 

Isolation and high voltage 
The glass insulator used in dielec­

tric-isolation techniques contributes 
to the isolation between channels in 
the Harris HI-222 video switch. The 
switch features 350 on-resistance, 
and its typical leakage current is 

The key to understanding the performance of dielec­
trically isolated ICs is to examine the processes that 
produce them. Although the different manufactur­
ers' processes vary somewhat, the companies all use 
the same four basic steps (Fig A). 

takes t ime and care to grow the layer and at the 
same time make sure it doesn't curl up like a 
potato chip. 
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The first step is to etch the silicon to produce 
islands. The angle and depth of the etching deter­
mines the size of the transistors that can be pro­
duced and their spacing. 

The next step is to oxidize the surface of the sili­
con. This oxide becomes the insulator that isolates 
the transistors from the substrate and each other. 
It also accounts for the high voltage tolerance of 
dielectrically isolated devices: Because it's made of 
glass, rather than a semiconductor junction, the bar­
rier undergoes breakdown at several hundred volts 
instead of several tens of volts. 

The third step is to grow polysilicon on top of the 
oxide layer. The new polysilicon layer is as thick 
as the original wafer. This layer will serve as the 
substrate for the final circuit; it must be rugged 
enough to tolerate handling after the silicon layer 
has been removed. Much of the extra cost of dielec­
tric-isolation technology comes from this step-it 

The fourth step is to flip the wafer over and re­
move silicon until the bottoms of the etched wells 

Fig A-Dielectric isolation includes four preliminary steps that 
other semiconductor processes don't use: You etch the silicon 
(a), oxidize its surface (b) , grow a polysilicon layer on t<rp of the 
oxide layer (c) , and finally mill away the original silicon (d) . 

EDN October 13, 1988 
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0.2 nA at 25°C. The isolation be­
tween channels is 84 dB; the off­
isolation is 72 dB at 5 MHz. The 
device also features a 200-MHz 
bandwidth and exhibits differential 
gain of 0.02% and differential phase 
of 0.02°, specs that tailor it for video 
applications. 

The presence of an insulator 
around the transistors allows di­
electrically isolated devices to toler­
ate much higher input voltages than 
junction-isolated devices can; the 
oxide's breakdown voltage is typi­
cally greater than 800V. This toler­
ance allows the Harris HC-5502B 
subscriber-line interface circuit 
(SLIC) to interface directly with 
the bell-ring signals, which are typi­
cally over IOOV, without needing an 
external transformer. It also helps 
to protect the device from surge 
voltages, which commonly occur in 
telephone lines. The device can 
withstand surges as great as IOOOV. 

Dielectrically isolated !Cs' ability 
to tolerate high voltage on the in-

This dielectrically isolated precision op amp (the OPA-602 from Burr-Brown) features a 
35Vlnsec slew rate, a 6.5-MHz bandwidth, and a 2-pA bias current. The device is available 
in a plastic DIP for $2.80 (100) . 

are exposed. What were pillows of silicon covered 
with glass are now tubs of glass filled with silicon. 
The precision with which the manufacturer performs 
this fourth step determines the depth of the silicon 
tubs and the yield of the wafer. If the milling is not 
parallel to the original wafer surface, too much of 
the material will be removed from one edge of the 
wafer. The accuracy of the milling depth is impor­
tant, too. This accuracy determines how shallow you 
can make the tubs and still get an acceptable yield. 
The size of the tubs determines the transistor 
density. 

The remainder of the process for dielectrically iso­
lated chips is the same as for chips fabricated in 
other technologies. The most commonly used tech­
nique is bipolar processing, which produces struc­
tures containing both npn and pnp transistors. Un­
like junction-isolation techniques, dielectric-isolation 
techniques allow manufacturers to fabricate both 
types of transistors with equal facility, so dielectri­
cally isolated devices can use a complementary 
structure made from high-speed vertical transistors. 
Junction-isolation devices either use slower planar 
transistors for one of the types or use designs having 
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only one transistor type. Either technique exacts a 
speed and performance penalty. 

Separating the transistors with an oxide layer has 
many other advantages as well. An isolation junction 
is, essentially, a reverse-biased diode. This diode 
allows current to leak to the substrate and presents 
a parasitic capacitive load at the collector. The leak­
age current increases with temperature and under 
irradiation, causing the circuit to fail at high tem­
peratures and radiation levels. The parasitic capaci­
tance increases the power dissipation at high fre­
quencies, limits the frequency response, and varies 
as a function of the signal voltage, causing signal 
distortion. 

A dielectrically isolated device has no isolation 
diode. Its substrate's parasitic capacitance is only a 
tenth that of junction-isolated circuits and is virtu­
ally independent of the signal level. Its leakage cur­
rent is almost nonexistent, and it's unaffected by 
radiation and temperature. Because an insulator 
surrounds every transistor, the performance of a 
dielectrically isolated device is comparable to that 
of a hybrid circuit with discrete transistors mounted 
on a ceramic substrate. 
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puts is also proving useful in many 
new applications. In November 
1988, Harris plans to release a 
monolithic power converter fabri­
cated with the dielectric-isolation 
process; you can actually plug the 
IC into the wall. This device gener­
ates 100 mA at 5V de directly from 
120V ac power. It requires no ex­
ternal components. 

DI arrays for ASICs 
You can also take advantage of 

dielectric isolation's advantages in 
the analog ASICs you create. Sipex 
offers the SP-1104 dielectric-isola­
tion array, which has more than 400 
transistors and a variety of resis­
tors, capacitors, and buried zener 
diodes in a 4 x 4 matrix of tiles. 

Each tile of the SP-1104 gives you 
24 small-geometry transistors-12 
pnp and 12 npn types. The pnp tran­
sistors offer a 13 of 150 and a transi­
tion frequency (fT) of 600 MHz. The 
npn types have a 13 of 200 and an 
fT of 1 GHz. The array offers tran­
sistors in four sizes. Their collector 
currents range from 10 nA to 100 
mA, and you can obtain complete 
Spice models for the transistors. 

The other components lie be­
tween the transistor tiles. You have 
a choice of three capacitor sizes-5, 
8, and 18 pF -and enough clear 
field area for 800 kn of thin-film 
resistors. You tailor both the thin­
film resistors and the capacitors 
during fabrication. 

For more information . 

This analog ASIC array uses dielectric iso­
lation to off er both npn and pnp transistors 
with cutoff frequencies of greater than 600 
MHz. Besides including more than 400 tran­
sistors of varying sizes, the Sipex SP-1104 
gives you programmable capacitors and 
thin-film resistors, zener diodes, and pinch 
resistors, so you can create a variety of de­
signs without using external components. 

The array also offers low-preci­
sion pinch resistors for applications 
that require higher resistance; for 
example, you can use them as 
bleeder resistors. These resistors 
offer a 20% tolerance and a break­
down voltage of 8V. There are 36 
of these resistors, in groups of six, 
each with a nominal value of 35 kn. 

Integration support 
You can use either CAD tools or 

manual layout techniques to com­
plete your design, then submit it 
to Sipex for integration. The com­
pany's integration service includes 
a design review, layout verification, 

For more information on the dieleCtrically isolated ICs 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. 
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Burr-Brown Corp 
Box 11400 
Tuscon, AZ 85734 
(602) 746-1111 
TLX 666491 
Circle No 700 

Elantec Inc 
1996 Tarob Ct 
Milpitas, CA 95035 
(408) 945-1323 
TLX 917835 
Circle No 701 

Harris Semiconductor 
2401 Palm Bay Rd 
Palm Bay, FL 32905 
(407) 724-7418 
Circle No 702 

Sipex Corp 
DataLinear Div 
491 Fairview Way 
Milpitas, CA 95035 
( 408) 945-9080 
Circle No 703 

testing, packaging, and delivery of 
25 functional prototypes, and it 
costs $19, 750. You can obtain addi­
tional prototypes at $1000 for 25 
units if you order them with the 
integration service. 

Future dielectrically isolated de­
vices may cost less than current 
ones. The premium, you must cur­
rently pay for dielectrically isolated 
devices is due to the special process­
ing steps the technology requires. 
Manufacturers are actively investi­
gating ways to cut the cost of such 
process steps as polysilicon deposi­
tion and milling. 

For example, the manufacturers 
are examining alternatives to poly­
silicon deposition, because the poly­
silicon layer takes time to grow, and 
because it sometimes causes the wa­
fer to curl up like a potato chip 
rather than remaining flat. An eco­
nomical alternative to polysilicon 
deposition is wafer bonding, the 
technique of attaching a second wa­
fer to the first to provide silicon 
support. 

Manufacturers are also examin­
ing ways to improve the accuracy 
of their milling techniques. The best 
milling accuracy they've achieved 
so far is ± 3 µm, which leaves be­
hind an average of 25 µm of the 
original silicon. To produce finer ge­
ometries for dielectrically isolated 
ICs will require milling accuracies 
closer to ± 1 µm. EDN 

Article Interest Quotient 
(Circle One) 

High 518 Medium 519 Low 520 

EDN October 13, 1988 



Chips tO control 
your head. 

A Three Chip Set For High-Performance Servo Electronics 
Now you con cut head-positioning elec­
tronics in high-performance Winchester 
disk drives down to size- using Silicon 
Systems· new Servo Chip Set. The 
32H567 Servo Demodulator, 32H568 
Servo Controller, and 32H569 Servo 
Motor Driver provide all of the functional 
bui lding blocks required in a servo 
channel. 

At your finger tips ore advanced 
features like PLL synchronization, offset 
cancel lation, on-track window compor-

Circle 19 for career information 

EDN October 13, 1988 

otors, motor protection, automatic head 
retract, and a microprocessor interface 
that puts you in control. Couple this with 
our Servo Lob Software and Develop­
ment Platform, and you con design your 
servo system in less time and effort 
than your competition 

The Servo Chip Set breaks down 
the major obstacles in the development 
of high-performance Winchester disk 
drives. With its high level of integration, 
it provides superior performance and 

Jificon_JsfonJ· 

design features for lower power, re­
duced board space, and lower cost. 

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

For more information on this exciting 
Servo Chip Set and other Microperipherol 
Products, contact Silicon Systems or 
your local representative or distributor 
today. Silicon Systems, Inc., 14351 
Myford Rood, Tustin, CA 92680. 

See us at Electronica Hall 18, Booth 18E5 

Circle 20 for product information 
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What made a company great 40 years ago 
would ltill it today. 

Forty years ago, mass production was the answer. 
There were mistakes made, of course, but they could always be corrected 

in the next run. Do things that way today and the competition will kill you. 
Today the leader listens to customers' needs and can make changes easily 

and quickly by integrating the manufacturing process with design. 
With Computer Integrated Manufacturing (CIM) from IBM, a product 

can be quality proven and changed before it's released to the shop floor. 

86 EDN October 13, 1988 



Courtesy of the National Automotive History Collect100 of the Detroit Public Library. 

Marketing, Engineering, Production, and Finance work together. Time 
is saved. Efficiency is improved. Returns are minimized. Customers are happy 
and profits go up. 

Nobody is better at CIM than IBM. No one has the hardware, software, 
support and experience. All of which adds up to the bigger picture from IBM. 
Call 1-800-IBM-2468, ext. 45. Because to be a great company tomorrow you 
need the best help you can get today. 

--------- - - --- - -- - ---- - - ----------- ·- '" The Bigger Picture 
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w»111~• aiL - go-OD the fast track. The MK 4505 is 
lfte first FIFO to support two inde­

:noeira, asynchronous free-running clock 
tt)l1U11$with a full complement of status flags, 
G•h the need for extra registers and 
Mrets: Plus, you can get all that speed and 
1)el1l0t'lloance in an ultrathin space-saving 
300.inil DIP. The SGS-nlOMSON Master 
andSlave concept- another first-allows 
si ~ more economical width and depth 
expansion. 

\Wilt bidirectional FIFO performance? 
n)rthe MK45264/5, a unique combination 

of two PIFOs on a single chip, for fully asyn­
chronous operation .. .again an SGS-~ 

With surface mount packaging, co1lllltlleatlal 
military grade devices, it's easy to 
$GS-THOMSON is the industry lead~ 





Promises, Promises. 
Everybody promises, but nobody delivers a real­

time, emulator-based C-debug environment like Arium's 
ECHO. 16-bit, true multitasking and UNIX~ based, 
ECHO gives you more power, speed and menu-driven 
features to handle the 68000 and other µPs better than 
the HP 64000, or anything else. 

Prove it to yourself. Read the screens below. Then ask 
any other development system-standalone or host 
control-to match them. We'll wait. 

Now you know a few reasons (and there are plenty 
more) why ECHO should be your emulation tool for 
today's increasingly complicated software debugging. 

Just words, you say, promises like all the rest? 

Code Preview™ lets you see where your code 
is going. You can follow calls and branches 
(to 99 levels) on the screen, to select the 
source line on which to trigger, then set and 
break in one keystroke! The highlighted 
trace display (in source) and stack trace 
window show the path your program took. 

Stack-Relative Trigger lets you trigger on 
the addresses and values of stack-relative 
variables-a "must" for effective C-debug 
where the address of an automatic variable 
is different each time the function is called 
and is determined at execution. Here, a read 
of the local variable "nrecur" is included in 
the trigger sequence. 

For a demonstration call 
800/862-7486 CCA 714/978-9531) 
See us at Wescon booth #3069 

UNIX is a registered trademark of AT&T. 
1931 Wright Circle, Anaheim, CA 92806 

CIRCLE NO 68 

SirUIJ ,C : i 
El sflm1lll.1 = c::::=:!!J 
Et sturiljJCll.str = :str11t J" 
Fl sl1tri11l1l.c " '•' 
F21h1ru1Ul.1 = +28 
' tu 1 I : " tr1 2" 

TimeStamp™ and variable display are two 
further features that are a must for real-time 
C-debug. Note the display of two instances 
of a structure in array "starray." The contents 
of these structures, as for any C variable, 
can be changed right on the screen. 





That was then. 

Oscilloscopes!!? Fluke can get you almost any test and meas­
urement gear you need, but sorry, we just don't sell scopes. 



FL U K E AND PHI L IP S - T H E GLOBAL ALL I ANCE I N TEST & MEASU R EMENT 

FLUKE PHILIPS 

• 
ISOOW 

Fluke's line of Philips oscilloscopes represents a 50 year record of progress and 
innovation in oscilloscope technology. Today, Philips makes over 20 different models: 
real-time, analog storage, digital storage, and digitizing-from 20 MHz to 2 GHz 
bandwidths; for benchtop, systems and portable use. 

PM 3340 2 GHz repetitive signal digitizing oscilloscope wirh.full range t:riggen'ng, 
I mV!div inpur sensirivi{Y and!. 6 V qynamic rangeJor signal derail 

PM 3050 60 MHz. dual channel, s1'ngle rimebase oscilloscope 

PM 3010 100 MHz, dual channel plus third-channel 
t:riggerview, delqyed ainebase oscilloscope wirh clever cursors 

and ZOOM.function 

. - .. ,...,,.,. ,...rlll'll'" "iiiBri 
9,. • .,. re;;e ----­• • • • • 
• • • • • • 

. ' . . ' ,.· ' . -:. ; ~ \, 
~ .. -----•':~..-A\ 

PM 3296A 400 MHz OSC17loscope 
wirh AUTOSET, subnanosecond riseaine, plus irJ/rcH-ed 

remore control and IEEE 

PM 3055 60 MHz. dual channel. rhird-channel 
oiggerview, delqyed rime/Jase osci7loscope 

PM 3256 15 MHz. compacrjield oscilloscope 

PM 3320A S1'ngle evenr digiral srorage oscilloscope 
wim 250 MS/s sampling (carches 3 nsglirches). 200 MHz 

bandw1drh and 10 bir vertical resoluaon 

PM 3065 100 MHz, dual channel. rhird-channel 
t:riggerview, delqyed timebase oscilloscope 

PM 3350 Full performance analog and digiral srorage 
oscilloscope with JOO M51s sampling speed on borh channels, 

AU705ET and deep reference memory 

PM 3286A 200 MHz oscilloscope 
wirh AUTOSET, subnanosecond risetime. plus 

iefra-red remore control and IEEE 



PM 6666 Programmab e 
Timer/Counter 

you. 
- - - - -- --. - ---

~ - :·- - - ' - . - - --- ~ . .. - - .. ---
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PM 5193 Programmahle f(ynthesizer/ Function Generator 
-- - -- -- - 732A dV ReJerence 

Standard 
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6062A 2 GHz f(ynthesized RF Signal Generator 

2176 Benchtop 10-lnput Digital 
Thennometer 

--· 
.. -;.. . -

80i-KW 
Current! 
fbwer 
Probe 

8506 61/i - Digit Precision Thennal RMS Multimeter 

. . . . . -. . . .. -

. .. ... -
, • • c • ,; 

5786 2 nS Pulse Generator 

-- - - - - --
: : : : .... = 
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8920A Thie RMS Digital Voltmeter 

The Fluke and Philips product line 
includes 299 instruments and hardware 
products, 36 software packages and 319 
accessories. We also have a challenge for 
you. See if you can pass this test: 
1. I would evaluate test and measurement 
equipment from a new supplier that 
offered better performance and value. 
D True D False 
2. I am aware that Fluke now sells, serv­
ices and supports Philips test and meas­
urement equipment in North America. 
D True D False 
3. I don't buy out of habit, or because the 
salesman bought me a terrific lunch . 
D True D False 
If you answered true to these three ques­
tions, you're ready for our challenge: Try 
something new. Take a look at the Fluke 
and Philips products you may not have 
considered before. You'll find them in 
the new Fluke catalog, along with all the 
technical data you'll need to make an 
intelligent comparison, before you buy. 
Call your local Fluke sales office, or 
1-800-44-FLUKE for your free 
catalog, today. 
Go ahead. We can meet the challenge. 
Can you? 

FREE Fluke and Philips Catalog 

Osci1/oscopes Multimeters 
Signal Generators Logic Analyzers 
Countersminers Calibrators/Standards 
Board ll!sters Data Acquisition 
Thennometers Operator Interfaces 
Plotters f(ystems 

FLUKE 
John Fluke Mfg. Co .. Inc., P. 0. Box C9090, M/S 250C 
Everett, WA 98206 
U.S.: 206-356-5400 Canada: 416-890-7600 
Other Countries: 206-356-5500 

© Copyright 1988 John Fluke Mfg. Co., Inc. All rights 
reserved. Ad no. 0882-CORP. 



Now Fluke has 29~ 
And one challenge for er 

5700A Multi;function Calibrator 

Application 
SoJtware ftlckages 

PM 3655 100 MHz Logic Ana{yzer (up to 96 channels) 

• ·--
77 311z - 23 311z -

Digit Handheld Digit 
DMM Handheld 

DMM 

PM 8155 Multicolor Digital PenPlouer 
1050 Series Color Tbuch Control Screen 

7457 
Automated 
Calibranon 

:fystem 

--------- --­
~ - -- -- ---ff - - - - - - ·~ 

PM 82 72 XY and smp Chart Recorder 

.. 

9/00A Senes Digital ll!st :fystem 9100Senes110 Module 
PM 3350 High-Speed Digital plus A.nalog Oscilloscope 

PM 8238 Multi-point Data Recorde. 

742A-/OK 
Resistance 
Standard 

I> 

- -...== 

Hellos-I Computer Front End " 

• 

8522 511z - Digi, 



And here's the ul · ate challenge: 
Try to find a coqipany that gives 
you better se ce and support 

than fluke. 
When you buy Fluke or Philips products, you can count on getting more 
than the hardware you order. 
Because we also deliver Fluke service and support. We stand behind 
every Fluke or Philips instrument we sell, and we challenge you to find 
anyone in the industry who consistently backs up their gear better than us. 

PRODUCT SUPPORT: 
• The Best Service warranty in 
the Industry: We warrant the entire 
instrument after we service it-not 
just the repaired portion. 
• Repair and Calibration Serv­
ices. Complete certification and 
reporting is standard with Fluke 
Service. Services meeting MIL-STD-
45662 and NRG standards are also 
available. 
• Standard Price Service. Select 
the service you need and pay a fixed 
price for a one-time repair or 
calibration. 
• Extended Warranty Service. 
Provides routine calibration at regu­
lar intervals, repairs whenever they 
are needed, or both. 
• On-Site Service. For those cus­
tomers with large systems or special 
service needs. 
• Emergency 48-hour Service. 
A priority service when downtime 
is critical. 
• Module Exchange Program. For 
customers who wish to do their own 
board level repairs. 
• Blanket Service Agreements. 
A volume discount program for cus­
tomers with large numbers of differ­
ent products. 
• Replacement Parts for Serv­
ice. A complete inventory of Fluke 
and Philips replacement parts, sub­
assemblies and modules for custom­
ers who do their own repair. 
• Update Kits to upgrade your 
existing instruments to newer per­
formance specifications. 
• Pick-up and Delivery (at 
selected Fluke Technical Service 
Centers). 
• Product Reliability Data, 
Manuals, and Product Change 
Notices are available on Fluke and 
Philips products. Base sets of prod­
uct change notices on Fluke products 
are also available on microfiche, as 
is an annual subscription service. 
*Certain Limitations. 

APPLICATION SUPPORT: 
• System Consulting and Inte­
gration assistance on any Fluke and 
Philips product you are considering. 
• Applications Software Pro­
gramming with a complete factory 
staff of seasoned programmers. 
• Third Party Support. More than 
20 authorized, trained companies to 
assist in programming and integra­
tion for specialized industries and 
disciplines. 

TRAINING SUPPORT: 
• Product Application and Main­
tenance Courses and Technol­
ogy Principles Seminars. Choose 
from 28 specialized courses on Fluke 
and Philips products, conducted reg­
ularly around the U.S. and Canada. 
• Customized and On-Site Train­
ing when and where you need it. 
TECHNICAl SERVICE 
CENTER LOCATIONS: 
Fremont, CA 
(415) 651-5112 
Irvine, CA 
(714) 863-9031 
Denver, CO (Aurora) 
(303) 659-1171 
Orlando, FL 
(305) 896-4881 
Palatine, IL 
(312) 705-0500 
Boston, MA (Billerica) 
(508) 663-2400 
Rockville, MD 
(301) 770-1576 
Paramus, NJ 
(201) 599-9500 
Dallas, TX 
(214) 869-2848 
Everett, WA 
(206) 356-5560 
Ontario, Canada 
(416) 890-7600 

In fact, we've invested millions in facilities, people, training and replace­
ment parts. To provide you with the support you need in over 60 Tech­
nical Service Centers worldwide. 
Here's a quick rundown of all the extras you can depend on when you 
buy from Fluke. 

SALES OFFICE AREAS: 
AL, Huntsville 
(205) 837-0581 
Al, Phoenix 
(602) 438-8314 
*AZ, Tucson 
(602) 790-9881 
*CA, San Diego 
(619) 292-7657 
*CA, Irvine 
(714) 863-9031 
*CA, Burbank 
(213) 849-7181 
CA, Fremont 
(415) 651-5112 
CO, Denver 
(303) 695-1000 
CT, Hartford 
(203) 659-3541 
DC, Washington 
(301) 770-1570 
*FL, Clearwater 
(813) 799-0087 
FL, Orlando 
(305) 896-4881 
*FL, Tampa 
(813) 251-9211 
GA, Atlanta 
(404) 953-4747 
IL, Chicago 
(312) 705-0500 
IN, Indianapolis 
(317) 875-7870 
*LA, New Orleans 
(504) 455-0814 
MA, Boston 
(617) 663-2400 
*MD, Baltimore 
(301) 792-7060 
Ml, Detroit 
(313) 522-9140 

MN, Minneapolis 
(612) 854-5526 
MO, St. Louis 
(314) 993-3805 

NC, Greensboro 
(919) 273-1918 
NJ, Paramus 
(201) 262-9550 
*NM, Albuquerque 
(505) 881-3550 
NY, Rochester 
(716) 323-1400 
OH, Cleveland 
(216) 234-4540 
*OR, Portland 
(503) 227-2042 
*OK, Oklahoma City 
(405) 236-2977 
*OK, Tulsa 
(918) 665-3530 
PA, Philadelphia 
(215) 647-9550 
*PA, Pittsburgh 
(412) 261-5171 
*TX, Austin 
(512) 459-3344 
TX, Dallas 
(214) 869-0311 
*TX, El Paso 
(915) 533-3508 
*TX, Houston 
(713) 240-5995 
TX, San Antonio 
(512) 340-0498 
WA, Seattle 
(206) 881-6966 
Canada (Ontario) 
(416) 890-7600 
*Tie line to another area. 

FLUKE 
John Fluke Mfg. Co .• Inc., P.O. Box C9090, MIS 250C 
Everett. WA 98206 
U.S.: 206-356-5400 Ganada: 416-890-7600 
Other Countries: 206-356-5500 

© Copyright 1988 John Fluke Mfg. Co .• Inc. All rights 
reserved. Ad no. 0882- CORP. 



Angular displace­
ment measurement is 
more accurate and 
economical with the 

----· RSYN™ and RVIT™ . .. 
our new family of AC and DC rotary 
position sensors. Both offer greater 
performance and application versatility 
than similar transducer types ... and 
at lower cost. 

Measuring DISPLACEMENT, PRES­
SURE, ACCELERATION, FORCE/ 
WEIGHT, SLOPE/TILT, or VELOCITY? 
For nearly half a century, we 've dem­
onstrated our commitment to sensor 
technology with products for a variety 
of measurement applications. 

For complete information on the RSYN 
or RVIT rotary position sensors, write 
Schaevitz, U.S. Route 130 & Union 
Ave., Pennsauken, NJ 08110 or call 
our Hot Line: 609/662-8008. 

CIRCLE NO 159 
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PRODUCT UPDATE 

CPU card adds 1/0 channel 
to VME Bus systems 

The VSC020 CPU card provides a bridge 
between the VME and STE Buses. By imple­
menting industrial 110 on the STE Bus , you 
can dramatically reduce 110 costs. 

The VSC020 CPU card features 
both VME Bus (IEEE-1014) and 
STE Bus (IEEE-1000) interfaces, 
allowing you to use STE Bus boards 
to implement low-cost industrial I/O 
in VME Bus systems. Compared to 
using VME Bus I/O cards, an I/O 
subsystem based on STE Bus cards 
reduces I/O costs by as much as 
50%. You can also use the CPU card 
simply to add 32-bit processing 
power to an STE B·1s system. Be­
cause both VME and STE Bus 
cards are based on Eurocard foot­
print boards with DIN-41612 con­
nectors, it's easy to integrate both 
buses into the same packaging. 

The CPU card includes a 12.5- or 
16-MHz (or, optionally, a 20-MHz) 
68020 µP, IM or 4M bytes of on­
board dynamic RAM, two serial I/O 
channels, and a 16-bit counter/ 
timer. The 32-bit VME Bus inter­
face, which occupies the card's Pl 
connector and the center row of 
pins on the P2 connector, allows the 
CPU to operate in a multiprocessor 
VME Bus environment. 

The STE Bus interface occupies 
the two outer rows of pins on the 
card's P2 connector. The IM byte 
of STE Bus memory space and 4k 
bytes of STE Bus I/O space appear 

as fixed locations in the 68020's ad­
dress map. The CPU can send or 
receive interrupts on the STE Bus 
Attention Request signal lines and 
has a control register that allows 
you to mask out unwanted inter­
rupts. The CPU can also perform 
STE Bus Vector Acknowledge cy­
cles to accept an interrupt vector 
from an interrupting device. 

An onboard STE Bus arbiter al­
lows you to add additional bus mas­
ters on the STE Bus. For mailbox­
type communication between the 
CPU and other STE Bus masters, 
you can use a 16k-byte area of the 
CPU card's dynamic RAM, which 
is dual-ported to the 68020's local 
bus and to the STE Bus. The base 
address of this 16k-byte area is pro­
grammable. In addition, the board 
has STE Bus system controller 
functions, including STE Bus clock 
generation, power-on or software­
controlled system-reset generation, 
and a bus time-out function. 

The company supports the CPU 
card with the OS-9/68k real-time 
multitasking operating system and 
supplies software drivers for its 
wide range of STE Bus I/O cards. 
The VSC020 comprises a VME Bus 
CPU card manufactured by Io Inc 
(Tucson, AZ) and a daughter board 
that carries the STE Bus interface. 
However, the CPU and daughter­
board combination still fits into a 
single VME or STE Bus slot. £1380. 

-Peter Harold 
Arcom Control Systems Ltd, 

Unit 8, Clifton Rd, Cambridge CB1 
4WH, UK. Phone (0223) 411200. 
TLX 94016424. FAX 022-341-0457. 
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PRODUCT UPDATE 

STD Bus boards provide IBM PC/ AT 
compatibility for industrial applications 
Touted by the manufacturer as the 
first STD Bus controller to offer full 
IBM PC/ AT compatibility with 18 
times the performance speed of a 
standard PC/XT, the STD-AT com­
prises a set of three plug-in boards 
that meet the standard 4.5 x 6.5-in. 
STD Bus form factor for card cages. 
The LPM-286AT card contains an 
80286 CPU that runs as fast as 16 
MHz, with a 20-MHz version sched­
uled for release next month. The 
LPM-Video card provides both 
monochrome and color video proc­
essing, and the LPM-Disk board 
controls your system's hard- and 
floppy-disk drives. 

The LPM-286AT is actually a 
tightly coupled 2-board set that is 
joined by a local bus, and if you 
don't require video and mass-stor-

age capability, it can function inde­
pendently. Its µPis buffered to the 
STD Bus, and a dynamic bus-sizing 
feature automatically determines 
whether an 8- or a 16-bit signal 
transfer should occur. An asynchro­
nous 1/0 bus controller ensures sys­
tem compatibility with slower I/O 
cards. 

The LPM-286AT is compatible 
with STD Bus 110 boards, and it 
comes with 512k bytes of zero-wait­
state RAM, Chips and Technolo­
gies' New Enhanced AT (NEAT) 
chip set, two RS-232C ports, a Cen­
tronics parallel port, a battery­
backed real-time clock, a keyboard 
controller, an 80287 coprocessor 
socket, three 16-bit timer/control­
lers, a BIOS (basic 110 system) 
ROM with a setup program, and a 

Providing 80286-based PC/AT compatibility on STD Bus cards, the 16-MHz STD-AT regis­
ters an 18. 7 performance index relative t.o an IBM PCIXT computer, based on the Norton 
benchmark speed test. 
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speaker. The 20-MHz version will 
have 2M bytes of RAM. 

You get 256-color VGA compati­
bility with resolution as high as 
800 x 600 pixels when you add the 
LPM-Video card to your system. 
Supporting a variety of monitors, 
including monochrome, color, TTL 
analog, PS/2, and multifrequency, 
this video controller comes with 9-
and 15-pin interfaces and also meets 
the EGA, CGA, and Hercules stan­
dards. 

The LPM-Disk card lets the sys­
tem control rack-mounted mass 
storage devices storing as much as 
lOOM bytes of data, including 31/2-

and 5114-in. floppy-disk drives. You 
can also add other high-capacity 
disk drives to your system by con­
necting them externally. 

These boards require a 5V power 
supply and operate over a 0 to 70°C 
temperature range. Presently 
available with a 10-, 12-, or 16-MHz 
CPU, the LPM-286AT pricing be­
gins at $1495. The LPM-Video 
board costs $525, and the LPM­
Disk card sells for $295. 

-J DMosley 
WinSystems Inc, Box 121361, Ar­

lington, TX 76012. Phone (817) 274-
7553. FAX 817-548-1358. 
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INTRODUCING SPECL~M 
SONY'S HIGH-SPEED, 200-GATE 

ECL GATE ARRAY FAMILY 

What matches GA.As gate-array speed, 
is lots easier to design-in, and costs far 
less? 

Sony's SPECL ("special"). Our all-new 
family of ultra high-speed, 200-gate, ECL 
gate array. 

With Sony SPECL, you're ready to 
benefit with 150 psec/gate speed. In either 
24 or 32-pin configurations. 

Each featuring amazingly low-power 
dissipation (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. 

And if thafs not enough, Sony also 
offers you free access to our 150-cell 
library. Augmented by our customer 
design support cente~ where we custom 
design ECL gate-array routines on the 

Mentor Graphics™ system. Complete 
with rapid tum-around- typically 

just eight weeks. 
Sony's SPECL gate array is backed 

by the quality, reliability and responsive 
support you expect from any Sony product 

So when 
your designs 
require ultra 
high speed, 
dorit specify 
just any 
gate array. 
Specify 
Sony's SPECL 
200-gate, 
ECL gate 
array.For 
GA.As speed. 
And ECL 
low-cost and 
convemence. 

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 - 4.5V ± 0.3V 

1/0 interface ECL lOOK compatible 
Output driveability 50nto - 2v 

Typical internal gate delay 150 ps/gate at IEF= 400 A, 
L = 1 mm, fanin= 
fanout= l 

Maximum toggle frequency 2.5GHz 
of o- FF 

Typical internal gate 3.6 mW for 2-9 input 
power dissipation OR/NOR normal output; 

8.1 mW for DFF with 
normal output 

Typical output buffer 40.5mW 
power dissipation 

Typical chip power 1.0 W (70 ORl3D's, 14 
dissipation BUF2Y's) 

Operating case temperature 0-85°C 

For full details, call (714) 229-4197 
today. Or write Sony Corporation of Amer­
ica, Component Products Division, 10833 
Valley View Street, Cypress, California 
90630.FAX SON" 
(714) 229-4271. X @ 
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PRODUCT UPDATE 

Graphics terminal offers RS-232C, TCP /!P­
hased LAN, and IBM coax interface options 
The Model 4211 Graphics N etsta­
tion includes a dedicated graphics 
engine and can interface to host 
computers via RS-232C ports, a 
TCP/IP-based (Transmission Con­
trol Protocol/Internet Protocol) 
Ethernet LAN, or an IBM 3270 co­
axial connection. The graphics en­
gine features a redraw rate of 
40,000 transformed and clipped 2D 
vectors/sec. You can specify your 
choice of a 15- or a 19-in. color moni­
tor for the graphics terminal. 

The Graphics N etstation employs 
a dual-processor architecture to at­
tain the graphics performance and 

the flexible connectivity it offers. 
A TI TMS34010 µ.P and three gate 
arrays handle the graphics-process­
ing tasks. The gate arrays imple­
ment functions such as dedicated 
transformed and clipped ALUs. An 
Intel 386SX µ.P handles 110 and 
data-management tasks. 

Although it offers a fivefold in­
crease in redraw rate compared 
with the company's 4111 terminal, 
the 4211 maintains compatibility 
with the older product. Therefore 
you can use the Graphics N etstation 
with more than 100,000 software 
applications developed for 4111 and 

A redraw rote of 40,()()() vectors/sec and the flexible connectivity scheme make the 4211 
graphics terminal as functional as many workswtions. 
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4200 terminals. 
The graphics terminal runs appli­

cations from the company's Plot 10 
family and from many third parties. 
For hardcopy output, the terminal 
supports all of the company's inkjet 
and thermal wax printers, the HP 
Laserjet and Thinkjet, and Epson 
printers. 

The basic configuration includes 
three RS-232C ports, a parallel 
port, a keyboard, and 0. 75M bytes 
of RAM. The standard 15-in. moni­
tor features a 1024 x 768-pixel reso­
lution. The terminal can display 16 
colors from a palette of 4096 and 
offers four dedicated dialogue 
planes. 

The communications options cost 
$750 each and come packaged on 
modular plug-in boards. With the 
IBM 3270 coaxial-cable option in­
stalled, the terminal can manage 
five 3270 sessions and one ASCII 
host session simultaneously. The 
LAN option consists of a TCP/IP­
based Ethernet interface. The TCP/ 
IP implementation includes the 
Telnet virtual-terminal facility. 
And , you can use the LAN­
equipped 4211 as a terminal to any 
TCP/IP-based host on a network. 
The basic configuration sells for 
$6495, and an optional 19-in. moni­
tor costs $1500. Volume shipments 
are scheduled for November. 

-Maury Wright 
Tektronix Inc, Box 14689, Port­

land, OR 97215. Phone (800) 225-
5434. 
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Worl<s Uke 3 Chips in 1 ! 

A4Kx16CMOS 
Plus a Whole Lot More 

The core of the IDT71502 is a 4Kx16 
CMOS static RAM. But surrounding 
that core are features that will make 
your mouth water. Features that make 
the IDT71502 work like 3 chips in 1. 

It's a Writable Control Store 
The IDT71502 SAAM is ideal for 

microprogram writable control store 
use. There are on-chip features like 
width and depth expandability plus 
high-speed serial load and readback. 
A pipeline register with selectable 
flow-thru bits. There's a parity genera­
tor for better system reliability. And a 
breakpoint comparator coupled with 
IDT's Serial Protocol Channel (SPC™) 
that allows in-system debug and 
diagnostics. All these features com­
bined with a 35ns clock set-up time 
make the IDT71502 a one-chip solu­
tion to your control store design. 

It's a Data Recorder 
In its data acquisition mode, the 

IDT71502captures16 bits of data at a 
fast 20MHz clock rate. Simply clock 
the on-chip address generator and 
store up to 4K sequential samples. 
Block data recording is a piece of 
cake. And you can monitor sys­
tem performance in real-time. 

It's a Logic Analyzer 
Want to include logic 

analysis capability in your 
system? With the IDT71502 
it's a simple matter to perform 
diagnostic bus monitoring 
combined with real-time stop-on­
event system analysis. And SPC with 
the on-chip comparator 
lets you preset addresses or 
data breakpoints. 

Call For More Information 
If you have questions concerning 

price, availability or technical issues, 
call our Marketing Hotline at 
(800) 544-SRAM. 

If you need technical 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 • 
Fl FOs • Dual-Ports • 
ADCs • DACs • ultra-fast 

RISC Processors and Bit­
Slice ALUs • DSP Building 

Blocks • ECL RAMs • TIL Logic • 
Modules• and much more. 

Our expertise in the writable con­
trol store product area also allows us 
to offer you a wide range of high­
speed module solutions: the 
IDT7M6032 (16Kx32), the 
IDT7MB6042 (8Kx112), and the 
IDT7M6052 (4Kx80). 

Packaging 
Package options include 

48-pin plastic or side-brazed 
DIPs, a 48-pin LCC and a 
52-pin PLCC. MIL-STD 883C 
versions are also available. 

~ ~;;;~s Futuffi 

~Device Technology 
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3236 Scott Blvd. 
P.O. Box 58015 
Santa Clara, CA 95052-8015 
Tel. (408) 727-6116 
FAX (408) 988·3029 
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PRODUCT UPDATE 

SRAMs' on-chip address and data latches 
boost throughput in pipelined systems 
You can easily place the TR9C1640 
and TR9C1643 16k x 4-bit static 
RAMs (SRAMs) into your existing 
designs, because they are compat­
ible with the operation of unlatched 
SRAMs and employ industry-stan­
dard pinouts. However, these 
SRAMS also incorporate address 
and data latches that enhance the 
system performance of the memo­
ries. The integral address latch 
frees the system address bus after 
the device has been enabled, and 
the transparent data latch gives 
your system extra time to accept 

A1 

A2 

A3 

A4 

A9 

A10 

A11 

A12 

DOO 

D01 

D02 

D03 

/E 

IW 

previously fetched data while the 
SRAM executes a new read cycle. 

Both SRAMs employ a common 
bus for the four DQ data 110 lines. 
The TR9C1640, packaged in a 22-
pin DIP, has two control lines: E 
(enable) and W (write). The falling 
edge of the enable signal initiates 
a memory cycle and freezes the ad­
dress in the SRAM's address regis­
ters. After this falling edge on the 
E input, your system can change 
the state of the address lines with­
out affecting the current memory 
cycle. Pipelined memory systems 

ROW 

frequently need this extra latitude 
on address-line t iming. 

During a read cycle, the write 
control line remains high, which 
turns on the SRAM's data output 
drivers. When the read cycle ends, 
the data retrieved during the cycle 
is latched in the device's output 
data latch by the rising edge of the 
E signal. Note in Fig 1 that the 
enable line has no control over the 
SRAM's data output drivers. Thus, 
the data lines will stay valid even 
after the read cycle completes. This 
extra hold time eases data-bus tim-

~ vcc 

ROW ~ ADDRESS MEMORY ARRAY vss 
SELECT 

REG 

COLUMN DO 
LE 

INPUT CIRCUITS OUTPUT 
DATA DATA 

CONTROL 
COLUMN ADDRESS 

LATCH 

LATCH 

AO A5 A6 A7 AB A13 

Fig I- Integral address and data latches on a pair of SRAMs ease timing problems in high-speed, pipelined applications. 
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The General brings 
designers everywhere from 

everywhere the latest arrays of PWM's for 
an ever growing list of applications. 

Newest PWM's include the SG1844/1845 
Current-Mode PWM Controller, SG 1528/1530 High 
Speed CurrentNoltage Mode Controller, SG1526B and 
SG1529 Regulating PWMs, and SG1825 high-speed 
current mode PWM. 

Silicon General PWM's are offered in voltage 
mode, current mode, and voltage and current modes. 
They are available in ceramic, plastic and surface 
mount. The General processes PWM's and supervisory 
circuits to 883B, Rev. C and S Level. All standard 
package types are offered including SOIC, PLCC, 
LCC, and flat pack. 

Quality? You bet. And in very high volume 
too. MIL-M-38510 approval has been granted for our 
plant to produce JAN parts. 

es 
aces? 

oes. 

A TRULY FINE FAMILY 
Military Temp Range Commercial Temp Range 
( - ss·c to 125°C) (0°C to 70°C) 

SG l524 
SGl524B 
SGl525A 
SG!526 
SG l526B 

SGl527A 
SGl529 

SG l825 
SGl842 
SGl843 
SGl844 
SG 1845 
SG l846 
SG l847 

Voltage Mode 

C urrent Mode 

SG3524 
SG3524B 
SG3525A 
SG3526 
SG3526B 
SG3526A 
SG3527A 
SG3529 

SG3825 
SG3842 
SG3843 
SG3844 
SG3845 
SG3846 
SG3847 

Current and Voltage Mode 

SGl528 ' 
SGl530' 

'Available January 1989 

SG3528' 
SG3530' 

Prompt Delivery. 
More Information. 

Sample units 
available for evalua­
tion. Because of our 
unique manufactur­
ing technology, 
quantity delivery is 
fast. Complete tech­
nical information 
yours for the asking. 
Please address Silicon 
General, 11861 West­
ern Avenue., Garden 
Grove, CA 92641. 
Phone (714) 898-8121. 
TWX 910-596-1804. 
FAX 893-2570. 

SILICON 
6ENERAL 
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UPDATE 
ing in high-speed systems. 

Both the enable and the write 
control lines can initiate or termi­
nate a write cycle. The last falling 
edge on either E or W starts the 
write operation. Likewise, the first 
rising edge on E or W terminates 
the write cycle. Data set-up and 
hold times are referenced to the sig­
nal edge that terminates the write 
operation. 

During a TR9C1640 write cycle 
initiated by the write control line 
(E is asserted first), the SRAM will 
drive the DQ lines until W is as­
serted. The assertion of W causes 
data-bus conflicts in some systems, 
so the TR9C1643 adds a G control 
line that gives you an extra way 
to shut off the SRAM's output driv­
ers. Because the G output enable 
adds an extra pin, the TR9C1643 
is packaged in a 24-pin DIP. 

The company offers both the 
TR9C1640 and the TR9C1643 in 
25-, 35-, and 45-nsec versions for ----------

1
-NfE----L-----------' $15.75, $12.75, and $9.25 (1000), re-

spectively .-Steven H Leibson 

EMBunoun GO;l\. rro~olLERS Triad Semiconductors, Inc, 5575 

TAIPEI , TAIWAN, R.O.C. TEL: 886-2-7359136 TAIPEI HSIEN, TAIWAN, R.O.C. 
FAX: 886-2-7032353 TELEX: 16584 MAHANCO TEL: 886-2-9015130 FAX: 886-2·9051227 

CIRCLE NO 138 

1.i:J '.C 1 ~ 1.l~ Tech Center Dr, Suite 120, Colo-

ARE GOOO FORplANTS rado Springs, CO 80919. Phone 
• (719) 528-8574. FAX 719-528-8875. 

Now you can drive a factory control system with a fraction of the Circle No 726 
processors. If it 's designed with a member of Intel 's 80960 family 

Just call 800-548-4725 (Lit. Dept. 437). 

~1988 Imel 
Corporation 

CIRCLE NO 235 
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42 favorite PLD 
flavors. Now in 

two 12 ns GAL, parts. 
It's not uncommon to crave 

extra speed from a standard PLO. 
But until now it's been nearly 
impossible to find a device in your 
favorite flavor with the speed you 
really need. 

That's why Lattice Semicon­
ductor offers the GAL16V8A and 
GAL20V8A. Together they give 
you 42 standard PLD types, 
including most PAL® devices. 
All at 12 ns. The largest selection 
of high-speed PLDs. 
Bipolar speed at half power. 

These two GAL devices don't 
just give you 12 ns gate delays. 
With Lattice's E2CMOS™ technol­
ogy, they give you 12 ns at half the 
power of bipolar PLOs. 

Lattice GAL devices also help 
you reduce inventory-without 
sacrificing design options. Stock­
ing two flexible GAL devices is 
like stocking 42 standard PLOs. 

This unique flexibility comes 
from Lattice's proprietary Generic 

For Literature Circle 13 
For Employment Information Circle 14 

E2CMOS is a trademark of Lattice Semiconductor. 
GAL is a registered trademark of Lattice Semiconductor. 
PAL is a registered trademark of Monolithic Memories, Inc. 

Array Logic (GAL) architecture. 
With output logic macrocells 
(OLMC), it's an architecture that 
lets you configure outputs to 
emulate a wide variety of PLOs. 
Near-perfect quality. 

Unlike other PLOs which are 
statistically tested, Lattice tests 
every characteristic on every part. 
Repeatedly. As a result, function­
ality, AC/DC performance, pro­
grammability and specifications 
are guaranteed. 

The benefit of all this testing is 
near-perfect quality. Combined 

with GAL device programmabil­
ity and reuseability, this signifi­
cantly reduces the cost of PLO 
ownership. 
Standard tool support. 

Since GAL devices are pin-for­
pin compatible with standard 20 
and 24 pin PALs, you can continue 
using the same fuse maps you've 
used all along. And standard 
programming tools as well. 

So order your free copy of the 
Lattice GAL Data Book today. 
Then, next time you need fast 
PLOs, be sure to specify GAL 
devices. In just two parts you'll 
discover 42 favorite flavors . 
From Lattice Semiconductor, of 
course. With more fast PLOs than 
anyone else. 

[JJLattice 
Semiconducwr 
Corporation TM 

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

The GAL Revolution Starts HeresM 

Copyright © 1988. Lattice Semiconductor Corporation. 



PRODUCT UPDATE 

Single-board computer for the STD Bus 
combines IBM PC features and ROM Basic 
The XT-7 card set brings IBM-PC 
compatibility to the STD Bus by in­
corporating into its design several 
ICs originally created for IBM-PC­
clone mother boards. The $795 
XT-7 CPU card features an NEC 
V20 µP running at 7.15 MHz, two 
serial ports, a parallel printer port, 
128k bytes of static RAM (SRAM) 
with room for an additional 128k 
bytes, a standard PC keyboard in­
terface, a real-time clock, and a bat­
tery to maintain the state of the 
RAM and clock when the system 
is turned off. You can build an STD 
Bus system using just the XT-7 
CPU card or you can replicate the 
entire repertoire of IBM PC fea­
tures by plugging in the $495 XT-7 
support card, which adds a floppy­
disk controller, a color-graphics­
adapter (CGA) video controller, 
128k bytes of battery-backed 
SRAM, and room for an additional 
256k bytes of SRAM .. 

A chip from Western Digital (Irv­
ine , CA) supplies the XT-7 CPU 
card with components of the IBM 
PC mother board, including the 
keyboard interface, interrupt and 
DMA controllers, timers, and clock 
generator. A second IC, from Chips 
and Technologies Inc (San Jose , 
CA), adds the serial and parallel I/O 
ports and the real-time clock. These 
two ICs are commonly used by a 
variety of manufacturers to build 
IBM PC-clone mother boards. 

Both XT-7 cards employ only 
CMOS devices to minimize power 
consumption- the CPU card dissi­
pates l.8W and the support card 
only l.4W. In addition, the com­
pany offers a 31/2-in. floppy-disk 
drive that requires only 1 W, bring­
ing the total power dissipation of 
an XT-7 system to 4.2W. This low 
power consumption brings two key 

106 

/Cs created for clone mother boards and a standard BIOS ROM allow this 2-card computer 
for the STD Bus to use any software developed for the IBM PC. 

benefits: it boosts component reli­
ability by reducing the system's op­
erating temperature, and it allows 
you to place the XT-7 card set in a 
sealed enclosure without creating 
heat problems. 

Phoenix Software Associates Ltd 
(Norwood, MA), a company that 
specializes in BIOS ROMs for IBM 
PC-compatible machines, supplied 
the BIOS (basic I/O system) soft­
ware for the card set. Phoenix ac­
commodated the addition of the 
STD Bus interface with only minor 
changes to its standard software 
package. The standard hardware 
and BIOS incorporated into the 
XT-7 CPU card allows the company 
to offer the following guarantee of 
software compatibility: it will re­
fund your money if your software 

runs on an IBM PC/XT but won't 
run on the XT-7. 

The XT-7's ROM also contains 
STD Basic III, the company's latest 
incarnation of its extended Basic 
language for industrial-control ap­
plications. STD Basic III inc9rpo­
rates a disk operating system that 
is compatible with the MS-DOS file 
structures and several specialized 
statements for applications that re­
quire real-time control. For exam­
ple, the STD Basic III function "In­
terval" returns the time interval be­
tween successive pulses and works 
with any bit of any input port in 
the system. The function can return 
the value of this period as a fre­
quency (Hz), a tachometer reading 
(RPM), or as a pulse width. 

The language also implements 
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ANOTHER GREAT OFFER FROM 
THE EMPLDYEE-OWNERS* OF AVIS, INC. 

The employee-owners of Avis want 
you to experience the elegance of a 
Cadillac Sedan de Ville or similar 
luxury-group car at a very economical 
rate. With SuperValue Rates and fast 

• .-----"----- service, we're trying 

rive 
a day 

harder than ever to give 
you what you want in a 
rental car. 

Cadillac Sedan de Ville 

To get this low rate, 
here are some things 
you should know. This 
rate includes a free 
mileage allowance, but 

,...~-----------..-. 

•Employees at all corporate locations. © 1988 Wizard Co., Inc. 
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there's an additional charge per 
mile thereafter. The rate is available 
at all participating U.S. locations, . 
and is higher in the metro N .Y area. 
It is non-discountable and may 
change without notice. These cars 
are subject to availability, and 
blackout periods and additional 
seasonal charges may apply. There 
is no refueling charge if you return 
your tank full . For renters under 
25 and additional drivers, there are 
extra charges. The car must be 
returned to renting location. Taxes 
and optional Collision Damage Waiver 
($9.95/day, higher in certain areas) , 
Personal Accident Insurance, Personal 
Effects Protection and Additional 
Liability Insurance are extra. 

To drive this elegant bargain, 
call Avis at 
1-800-331-1212) 
or call your 
travel consultant. 

AVIS 
® 

We 're trying harder than ever. sM 

Avis features GM cars. Cadillac Sedan de Ville. 
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• Fluorescent backlighting and 
Supertwist technology combine 
to create the brightest and 
most dynamic graphic liquid 
crystal display available today. 

• Long life 20,000-hr. fluorescent 
tube emits a bright, even light. 

• Supertwist LCD produces a 
high contrast display with a 
wide viewing angle. · 

• Available in 3 sizes: 400x640, 
200x640 and 128x256. 

• Available in positive or negative 
images with white, yellow or 
blue background. 

• Thin package with CMOS 
drivers. 

• Controller cards available. 

oc 
DENSITRON 
CORPORATION 
2540 West 237th Street 
Torrance, CA 90505 
(213) 530-3530 
FAX: G2/G3: 213-534-8419 
TllEX II: 910-349-6200 
Europe/UK: (0959) 76600 

CIRCLE NO 97 

I NIEL 
FLASH MEMORIES. 

A FORCE FOR CHANGE. 
Now you can update a cash register with the latest prices. 

Cost-effectively Only with an Intel Flash memory 
Just call 800-548-4725 (Lit. Dept. 463). 

©1988 Imel Corporation 
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UPDATE 
hardware-interrupt-driven routines 
and event-driven multitasking. A 
hardware interrupt causes STD Ba­
sic III to set a software flag. You 
link interrupts to flags with a pro­
gram statement. If a flag is set at 
the completion of a line of code, 
STD Basic III executes the ap­
propriate interrupt subroutine. You 
write the subroutines in Basic. 

Event-driven multitasking 
switches execution from one sub­
routine to the next if preset condi­
tions, which you define in an 
"Event" statement, occur. Once 
you define an event condition, STD 
Basic III polls the status of the 
events after executing a user-de­
fined number of lines of program 
code. If an event occurs, program 
execution jumps to the designated 
routine. The company claims that 
event-driven multitasking produces 
far more efficient multitasking pro­
grams than time slicing, because 
only tasks that require service con­
sume processor time. 

In addition to the STD Basic lan­
guage, you can write programs for 
the XT-7 using any MS-DOS pro­
gramming language designed to run 
on an IBM PC. You can store your 
program on a floppy disk, using the 
floppy controller on the XT-7 sup­
port card, or put your program into 
ROM, using the STD-DOS utility 
routines supplied with the XT-7 
CPU card.-Steven H Leibson 

Octagon Systems Corp, 6510 W 
91st A ve, Westminster, CO 80030. 
Phone (303) 426- 8540. 

Circle No 725 
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Others promise 
100% registe~level · 

compatibility. 
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Only the CHIPS/4SO™ family gives you 
VGA™ compatibility at the gate level. 

Everyone claims their VGA-compatible 
chips offer 100% compatibility with the 
industry standard. Which only means they've 
implemented VGA functions at the register 
level, right out of the IBM® reference manual. 

But to achieve real VGA compatibility, it 
takes a much sharper focus. Down to the 
individual silicon gates used to build each and 
every register. Only one family of VGA 
CHIPSets™ does that: CHIPS/450. 

That's why only the CHIPS/450 family 
can guarantee 100% VGA hardware compati­
bility, including implementation of hidden 
modes and other functions not thoroughly 
described in IBM's PS/2®Technical Reference. 
110 

Features like a high-resolution mode, special 
zoom functions and readable CPU latches. 
Features that IBM and software developers 
might make use of in the future. Sending your 
design back to the drawing board if your ''VGA­
compatible" chip set isn't gate-level compatible. 
Leave others at the starting gate. 

Besides uncompromising compatibility, 
the CHIPS/450 family gives you gate-crashing 
graphics performance. Especially when tightly 
coupled with our industry leading system logic 
CHIPSets. Both our VGA and Super VGA 
controllers off er a proprietary 16-bit interface 
and fast VGA cycles-delivering twice the per­
formance of the industry standard. Both include 
enhanced backward compatibility with all the 
popular video modes, and special protection 
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We give you the gate. 
for sensitive VGA video control registers. 
Get set for the future. 

The CHIPS/450 family gets you ready 
to meet the performance challenges of today. 
But more important, CHIPS gives you a 
seamless upgrade path to tomorrow's 
standard: the OS/2™ Presentation Manager:" 

Our Super VGA incorporates additional 
hardware enhancements that maximize Pres­
entation Manager performance. Features like 
a hardware cursor to reduce windowing over-

head. A paged memory interface that increases 
bandwidth. And since our VGA is pin com­
patible with our Super VGA, you can upgrade 
quickly to next-generation products. While 
protecting your original VGA investment. 

So if you're checking out VGA chip 
vendors, get in touch with the only one that 
offers gate-level compatibility and high-level 
performance. Call us at 1-800-323-4477 for 
details on a hardware/software path that's 
not going to fence you in. 

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

\.tii,.:t 
chip sets or CHIPSets'.'" The dillerence is the dillerence. 

Chips and Technologies, Inc. 3050 Zanker Road, Dept. M-3, San Jose, CA 95134. IBM, PS/2, OS/2 and VGA are registered trademarks or trademarks of International Business Machines 
Corporation. Presentation Manager is a trademark of Microsoft Corporation. CH IPSet and CHIPSl450 are trademarks of Chips and Technologies, Inc. t:> 1988, Chips and Technologies, Inc. 
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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. 

112 

~~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, Teklrooix, Inc All righls reserved. TAD·903A 

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. 

EDN October 13, 1988 



real-time advantage. 
The affordable portables. 
These are the world's best-selling dig­
ital storage oscilloscopes. And with 
the new 50 MHz Tek 2210 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-232C 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 

Bandwidth 

Max. Sam­
pling Speed 

Vertical 
Resolution 

Record 
Length 

Glitch Capture 

CRT Readout/ 
Cursors 

GPIB/RS-232-C 
Options 

Warranty 

Price 

2230 2221 2220 2210 

100 MHz 60 MHz 60 MHz 50 MHz 

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

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

4K 4K 4K 4K 

100 ns 100 ns 100 ns No 

Yes Yes No No 

Yes Yes Yes No 

3-years on labor and parts including CRT 

$4995 $3995 $2995 $2395 

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 
VISA, MasterCard 

COMMITTED TD EXCELLENCE 
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HARTING I Austria , Vienna, Tel 0222-68 6818·0 HARTING I Belgium, Relegem, Tel 02-4654240 · HARTING I France, Fontenay-sous-Bois Ced ex, Tel ( 1) 487706 26 
HARTING I Great Britain, Biggin Hill, Tel (09 59) 71411 HARTING / Italy, Pioltello (Milan}, Tel 02-92100 847 HARTING I Japan, Yokohama , Tel 045-931.5718 
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A SINGLE WHITE 
ELEPHANT CAN 

PRODUCE 
AN OPERATIONAL 

DISASTER. 
Elephants may not be the smartest, 
but hundreds or even thousands of 
them can link up to cover immense 
distances as a perfectly coordinated 
entity. They can do it with an effi ­
ciency that's often lacking in modern 
industry. Because, in nature and in 
industry, a single white elephant can 
produce an operational disaster. 

That's why we at HARTING produce 
a complete line of connectors for 
virtually all applications found in the 
electronics industry. Electronic controls 
and instrumentation, telecommunica­
tions, robotized production technology 
and industrial automation are typical 
areas involving state-of-the-art 
technology where users of high-tech 
electronics equipment and systems 
can't afford white elephants. Especially 
when it comes to connectors. 

HARTING's HAN® Industrial Connectors, 
IDC Connectors, 

D-Sub Connectors 
and PCB 

Connectors are all 
designed and 

engineered 
to cover a wide 

range of high-tech applications, but 
we also use the latest high-tech production 
methods and equipment ourselves to produce 
our connectors. After all, we 

make sure that each connector that 
leaves. our plant delivers on the job what it 

promises on the 
drawing board. 

World headquarters: 
HARTING ELEKTRONIK GmbH 

P. 0 Box 1140 0·4992 Espelkamp 
West Germany 

"J: (05772) 47 ·1 l1xJ 972310·11 he d 

CONNECT UP WITH QUALITY -
WITH HARTING. 

HARTING 
HARTING/Netherlands, AM Etten-Leur, Tel. 01·608·3 54 OD HARTING/Norway, Oslo, Tel. 02-64 75 90 ·HARTING/Sweden, Spanga, 
lei. (08) 76179 80 · HARTING/Switzerland, Schwerzenbach, Tel. 01·8 25 5151 · HARTING /USA, Chicago, Tel. (312) 519-7700 
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Announcin another 1 •. ·· , 

an another 1 
• · , 

and another · · · · 
and another , · · · 
and another .. ,. 
and another ·:: · , · 
andanother 
and another 1 ·: • • 

and another -·'.· ·· · · 
and another 1,.~~ · · • 

and another• 
and another• 
and another ,' · · · 
and another ;; · ,. · 
and another ~ .. .. · , · · 
and another ... :: · · 
and another. 

AMO is introducing 17 low power 
CMOSFIFOs. 

Call us at (800) 222-9323. Ask 
for the Specialty Memory Data Book 
and find out about your favorite FIFO. 
And another and another and another 

They come in a broad range of 
speeds and densities. Even architec­
tures for specialized applications. 

And they're all available now 
Advanced Micro Devices ~ 
901 Thompson Place, PO Box 3453, Sunnyvale, CA 94088. 

© 1988 Advanced Micro Devices. Inc. 
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So , no checks 
for Intel ICE. 

.... Supports the new 16 MHz 80Cl86 and 80Cl88 as well as other Intel CPUs 
at full speeds with no wait states 

.... VALIDATE/Soft-Scope is a complete in-circuit source level debugger that 
shows variables, data structures and assembly instructions 

.... VALIDATE/Soft-Scope has in-circuit source level debug capability in 
286 protect mode 

.... Tool chain supports Microsoft C 
(Also other versions of C and Pascal, FORTRAN, PL/M, Assembler, Jovial) 

.... Add processor support by merely adding emulator board and probe module 

.... Has unlimited breakpoint capability 

.... Over a megabyte of overlay memory is available 

Just because you've bought one 
of those great Intel chips is no reason 
to buy Intel development tools. 

Why? Because Applied 
Microsystems is better. That's a fact. 
Our checklist proves it. 

Intel chips are state-of-the-art, 
but their development tools aren't 
Compared to ours, Intels ICE is lim­
ited, slow and awkward. 

If you want to design, debug 
and integrate your target system faster, 
easier and more completely, you need 
to tum to Applied Microsystems. Ifs 
the only comprehensive solution in 
the business. Which includes not only 
the most complete and most reliable 

tool chain, but also all the help you 
need from our field applications engi­
neers and sales engineers. 

What's more, we keep adding 
more checks to our list. Like dynamic 
trace that lets you review performance 
while the target is still running. And 
we use an SCSI interface that down­
loads code at disk speeds 20 times 
faster than RS232 connections. We 
offer performance measurement 
capability without making you spend 
an extra $10,000. 

As you can plainly see, theres 
only one development environment 
really worth checking out. 

To find out more, call toll free 

In Europe contact Applied Microsystems Corporation Ltd .. Chi Item Court. High Street. Wendover. Aylesbury. Bucks. HP22 6EP. Un ited Ki ngdom. 
Call 44~0~296-<;25462. 
In Japan contact Applied Microsystems Japan, Ltd .. Ni hon Seimei Nishi-Cotanda Building, 7-24-5 Nishi-Gotanda Shinagawa-K U. Tokyo T 141 Japan. 
Call 03-493-0770. 

CIRCLE NO 66 
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AMC Intel 

y' 

~ 
(800) 426-3925. (In Washington 
(206) 882-2000.) Or write Applied 
Microsystems Corporation, P. 0. Box 
97002, Redmond, Washington, USA 
98073-9702. 

~-~--

1111 11~111 
Applied 
Microsystems 
Corporation 
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READERS' CHOICE 
Of all the new products covered in EDN's June 23, 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: 
J ust circle the appropriate numbers on the Information Retrieval Service card, refer to the indicated pages in 
our June 23, 1988, issue, or use EDN's Express Request service. 

OPTICAL-DISK DRIVES 
The 31/2-in. Fiji disk drive and the 
51/4-in. Tahiti I disk drive employ 
erasable magneto-optic recording 
technology and store 160M and lG 
bytes of information, respectively 
(pg 98). 
Maxtor Corp. 
Circle No 601 

A HANDHELD DMMs 
The DM Series handheld autoranging digital multime­
ters comprise four models that provide 4- or 41/2-digit 
resolution (pg 258). 
Grundig AG. 
Circle No 605 
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-11111 INDUCTORS 
RL5118 Series controlled-saturation toroidal inductors 
are available in five core sizes that range from 1 to 
5600 µH with current ratings of 2 to 22A (pg 188). 
Renco Electronics Inc. 
Circle No 602 

A PRECISION OP AMPS 
The dual LT1078 and quad LT1079 
op amps operate from a 5V supply 
and consume only 50 µA per ampli­
fier (pg 222). 
Linear Technology Corp. 
Circle No 603 

A TOUCHSCREEN DRIVER 
Touch WindowsDriver lets you use 
a touchscreen instead of a mouse 
to operate any software that runs 
under Microsoft's Windows 
(pg 244). 
Micro Touch Systems Inc. 
Circle No 604 
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AMO and Siemens have signed an 
agreement to work together on ISON. They' II 
codevelop. manufacture. and offer support 
for a line of COJ1lponents for terminals and 
switching appli~ations. All the parts are sec~ 
ond sourced. And that should make y0ur life 
a lot easier. 

ISON for ~pie who aren't 
professional gamblers. 

One of the most important things 
about any system is the right standard. 
agreed? 

And any company can develop a 
standard. · 

But Siemens and AMO will meet the 
IOM™~2 standard. IOM~2 is Siemens· imp!~ 
mentation of the General Communications 

.. 

Interface. It gives you a cost effective way of 
interconnecting chips into any ISON applica~ 
ti on. 

This interface was jointly defined and 
supported by lots of system manufacturers 
including companies like AlcateL ItalteL Pie~ 
sey. and of course. Siemens. 

And it's a safe bet none of these com~ 
panies make a decision lightly. 

Besides representing a widely accep~ 
ed standard our devices are proven. The 
majority of the ISON designs in the field or in 
progress are based on components from 
either Siemens or AMO. 

And this is the first complete line of 
ISON components with second sourcing. So 
you'll flever have to worry about finding parts. 



We're ready when you are:e.;:~----~ 
Today, we're offering fifteen proven 

her switches in the works. 
u can even get the source c 

for Am inkl ISON devices for terminal and switching de~ 
signs. With more to come soon. 

And this family of devices is moduJa[ 
Future advances will fit right into your systems 
without redesigns. 

Reach out and touch some 
development tools. . 

We have a complete range of jointly 
supported hardware and software develo~ 
ment tools. too. For example, we've got 
AmLink3,™ ISON development software. 
AmLink3 is a full implementation of 0.931 and 
X.25. And it's operating system independent. 

AmLink3 has passed AT&T complian~ 
cy testing. And we have versions to support 

Our human resources are abundaht. 
too. We have an army of experienced Field 
Application Engineers worldwide. 

With all that Siemens and AMO have 
to offer; this might be one phone message 
you should answer Here's a number where 
we can be reached. 800~222~9323. And if you 
can't call. write. 

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

IOM is a trademark o f Siemens AG. AmLink3 1s a trademark of Advanced Micro Devices. Inc. 
© 1988 Advanced Micro Devices Inc. 
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Hitachi's Hi--BiCMOS™ Process Makes High--speed, 
Energy--efficient Performance a Reality 
Hummingbirds are light, agile, and incredibly fast. 
They consume energy efficiently as they dart from 
flower to flower, beating their wings faster than the 
human eye can follow. This kind of high-speed, 
power-efficient performance has not been available in 
a semiconductor-until now. Finally, no compromises. 

Hitachi brings you second generation Bi-CMOS­
Hi-BiCMOS-the advanced process technology that 
delivers ECL-like speed with power consumption com­
parable to CMOS. Hi-BiCMOS transcends generic 
Bi-CMOS by intermixing bipolar and CMOS 
structures at the basic cell level, for power-efficient, 
high-speed performance. 

Hitachi has more than three years' experience 
fabricating Hi-BiCMOS parts. We've refined 

Hi-BiCMOS into a reliable, high-yield process. 
You're assured of a dependable supply of devices, in 
production quantities-all with Hitachi's legendary 
quality. 

A broad variety of mainstream devices, with 
leading edge performance, is now available as a result 
of Hitachi's Hi-BiCMOS process. Hitachi's newest 
IM DRAMs use Hi-BiCMOS to achieve a fantastic 
35ns access time. These fast memories feature high­
performance with non-multiplexed addressing. They 
come in cool-running plastic packaging, and 
perform at half the access time of standard high­
speed DRAMs. 

Hitachi's Hi-BiCMOS SRAMs deliver 256K 
densities, with TTL 1/0 and 20ns access speeds. 



That's enough density to build large cache memory 
arrays with unusually high hit rates. Plus, you have 
the product to support super system performance. 
And, we have 256K, lSns ECL 1/0 devices now, 
with lOns available in the near future. 

Hitachi's Hi-BiCMOS gate arrays use advanced 
1.3-micron structures with LO-micron effective 
lengths. On a system level, Hi-BiCMOS densities 
reduce chip count delays for performance com­
parable to ECL, but without ECrs power and heat 
penalties. The HG29M100 gives you: fast 400 ps 
gate delays with CMOS power consumption levels, 
advanced capabilities with 10,000 gates, 4.6K bits of 
on-board RAM and up to 220 I/Os. The HG21T30 
offers you 3,000 gates and 90 I/Os with both ECL 
and TTL interfaces. 

Hitachi's Hi-BiCMOS technology helps you 
eliminate frustrating design compromises. You can 
count on Hitachi's Hi-BiCMOS process to deliver 
the speed, density, and low-power performance in 
reliable, quality parts. For more information, call 
your local Hitachi Sales Representative or 
Distributor Sales Office today. 

Hitachi America, Ltd. 
Semiconductor and IC Division 
2210 O'Toole Avenue, San Jose, CA 95131 
Telephone 1-408/ 4 3 5-8300 

@HITACHI" 
\\-e make things possible 
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ITEM ~ 1J, \ \ \ \ ~(O ~t'O ITEM ~ \ \ \ \ \ ~ .. ~ 
TRANSFORMERS Dry reed 0 22 56 22 0 0 8.5 7.2 

Toroidal 0 34 33 33 0 0 8.7 8.3 Mercury 0 17 33 50 0 0 10.8 7.6 

Pot-Core 0 13 61 13 13 0 10.5 8.1 Solid state 9 10 36 45 0 0 10.1 8.7 

Laminate (power) 0 18 64 18 0 0 8.4 9.5 DISCRETE SEMICONDUCTORS 
CONNECTORS Diode 26 32 26 16 0 0 5.5 6.1 

Military panel 0 0 83 17 0 0 9.2 12.9 Zener 25 37 19 19 0 0 5.5 5.4 

Flat/Cable 10 50 30 10 0 0 5.4 6.6 Thyristor 14 36 29 21 0 0 6.6 6.8 

Multi-pin circu lar 13 13 48 13 13 0 9.5 11 .3 Small signal transistor 33 33 7 27 0 0 5.7 7.7 

PC (2-piece) 0 60 20 20 0 0 6.4 7.8 MOSFET 25 17 25 33 0 0 7.6 8.7 

RF/Coax ial 0 33 58 9 0 0 7.0 6.5 Power, bipolar 30 20 20 30 0 0 6.8 7.4 

Socket 8 38 38 16 0 0 6.6 6.3 INTEGRATED CIRCUITS, DIGITAL 
Terminal blocks 20 40 33 7 0 0 4.9 3.6 Advanced CMOS 21 7 43 29 0 0 8.1 9.0 

Edge card 8 46 38 8 0 0 5.6 6.7 CMOS 11 32 46 11 0 0 6.3 7.5 

D-Subminiature 21 50 21 8 0 0 4.4 5.2 TTL 35 18 41 6 0 0 4.7 6.7 

Rack & panel 11 33 23 33 0 0 7.9 8.4 LS 29 24 41 6 0 0 4.9 7.1 

Power 22 44 12 22 0 0 5.6 6.3 INTEGRATED CIRCUITS, LINEAR 
PRINTED CIRCUIT BOARDS Communication/Circuit 0 44 23 33 0 0 8.2 7.5 

Single sided 0 60 40 0 0 0 4.9 5.3 OP amplifier 8 15 46 31 0 0 8.9 6.2 

Double sided 0 50 50 0 0 0 5.4 5.9 Voltage regulator 19 31 25 25 0 0 6.8 5.7 

Mult i-layer 0 20 80 0 0 0 6.9 8.5 MEMORY CIRCUITS 
Prototype 0 94 6 0 0 0 3.3 3.2 DRAM 16K 0 20 0 80 0 0 12.9 13.3 

RESISTORS DRAM 64K 0 13 0 87 0 0 13.8 12.1 

Carbon film 29 35 24 12 0 0 4.8 4.2 DRAM 256K 0 8 0 54 23 15 19.1 15.2 

Carbon composition 35 24 29 12 0 0 4.9 5.4 DRAM 1M-bit 0 12 11 22 44 11 19.2 17.9 

Metal film 33 27 33 7 0 0 4.5 4.6 SRAM 4K x 4 0 17 17 33 33 0 15.3 16.7 

Metal oxide 33 22 33 12 0 0 5.1 5.0 SRAM BK x 8 0 9 15 38 23 15 17.8 18.6 
Wirewound 25 13 49 13 0 0 6.3 6.4 SRAM 2K x 8 0 13 0 74 13 0 15.1 16.1 
Potentiometers 22 17 44 17 0 0 6.6 6.5 ROM/PROM 0 14 0 86 0 0 13.7 12.5 
Networks 14 50 21 15 0 0 5.5 6.2 EPROM 64K 8 25 17 50 0 0 9.8 13.3 

FUSES 25 44 31 0 0 0 3.8 3.6 EPROM 256K 0 15 15 62 8 0 13.2 15.3 

SWITCHES EPROM 1M-bit 14 15 0 57 14 0 12.8 18.5 

Pushbutton 7 53 33 7 0 0 5.3 5.8 EEPROM 16K 0 17 17 66 0 0 12.0 15.8 

Rotary 15 38 31 16 0 0 6.1 7.5 EEPROM 64K 0 15 14 71 0 0 12.5 16.9 

Rocker 0 58 33 9 0 0 5.7 5.9 DISPLAYS 
Thumbwheel 10 50 20 10 10 0 7.1 8.6 Panel meters 0 20 50 20 0 10 10.8 8.9 

Snap action 0 43 43 14 0 0 6.9 6.2 Fluorescent 0 13 38 49 0 0 11 .0 11 .1 

Momentary 11 56 22 11 0 0 5.1 6.1 Incandescent 0 25 25 50 0 0 10.4 5.3 

Dual-in-line 0 56 33 11 0 0 6.0 6.1 LED 14 43 22 21 0 0 6.3 5.9 

WIRE AND CABLE Liquid crystal 10 10 40 40 0 0 9.6 8.1 

Coaxial 0 58 42 0 0 0 5.1 3.7 MICROPROCESSOR ICs 
Flat ribbon 13 67 20 0 0 0 3.6 3.5 8-bit 0 50 20 30 0 0 7.7 8.2 

Multiconductor 13 53 27 7 0 0 4.8 3.4 16-b it 13 37 13 37 0 0 7.8 9.4 

Hookup 29 47 24 0 0 0 3.3 2.4 32-bit 0 22 33 33 12 0 11.4 13.3 

Wirewrap 36 36 28 0 0 0 3.3 4.1 FUNCTION PACKAGES 
Power cord s 18 29 41 12 0 0 6.0 4.7 Amplifier 0 25 37 38 0 0 9.5 7.1 

POWER SUPPLIES Converter, analog to digital 0 18 55 27 0 0 9.1 8.6 

Switcher 0 40 40 20 0 0 7.4 10.4 Converter, digital to analog 0 25 37 38 0 0 9.5 8.6 

Linear 0 44 44 12 0 0 6.6 7.8 LINE FILTERS 8 54 15 23 0 0 6.3 6.6 

CIRCUIT BREAKERS 9 45 18 18 10 0 8.1 7.1 CAPACITORS 
HEAT SINKS 33 25 25 17 0 0 5.3 5.8 Ceramic monolithic 24 29 29 18 0 0 5.9 7.3 

BATTERIES Ceramic disc 18 29 29 24 0 0 6.9 7.0 

Lithium coin cells 18 36 36 10 0 0 5.5 5.1 Film 27 27 13 33 0 0 6.9 6.5 

9V alkaline 27 37 36 0 0 0 3.9 3.6 Aluminum electrolytic 19 25 19 37 0 0 8.0 8.4 

Real-time clock back-up 0 33 67 0 0 0 6.3 7.6 Tantalum 17 22 27 28 6 0 8.6 7.8 

RELAYS INDUCTORS 8 30 31 31 0 0 8.1 9.3 

General purpose 13 47 20 20 0 0 6.1 6.2 

PC board 0 44 25 31 0 0 8.1 8.6 Source: Electronics Purchasing Magazine's survey of buyers. 
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.PLESSEY 

We're eliminating 
the competition 
with something 

everyone else seems 
to have forgotten 

you need ... 
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Plessey - Unsurpassed 
Process Technology 

As system design becomes more and 
more challenging, and product life 
cycles become increasingly shorter, 
design flexibility and getting it right the 
first time have become critical factors 
in gaining and maintaining that max­
imum performance edge you've been 
looking for. 

Plessey's investment in advanced 
process technology is unequaled in the 
industry. Successive reductions in 
feature size and continued improve­
ment in process techniques are at the 
heart of leading-edge Plessey products. 

PLESSEY and the Plessey symbol art tt>demark.! of the Plessey Com· 
pany, PLC. 
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Plessey - The Ultimate in 
ASIC Technology 

Our broad range of ASIC products 
has grown to the point where we are 
now able to meet all the needs of ASIC 
users. We offer a full ASIC product 
range with a variety of options for 
digital, analog and mixed analog/digital 
applications, in gate arrays, standard 
cells, and full-custom. Advanced, state­
of-the-art processes in fine geometry, 
high-density CMOS, bipolar and ECL 
technologies give you the highest levels 
of performance and system integration 
available today. 

Plessey - Unparalleled 
CAD Support 

The Plessey Design System (PDS) is a 
comprehensive suite of software em-

bracing the design, simulation and im­
plementation of gate arrays, standard 
cell and compiled ASICs in CMOS and 
bipolar technologies. 

Customers who want to use their 
own CAD workstations or simulators 
are accommodated by flexible design in­
terfaces at various stages into PDS. 

Plessey - Standard Products 
And Discrete Components 

Plessey's standard product family of­
fers the highest performance product 
range available in the world today. 
Capabilities range from CMOS DSP 
devices operating in excess of 20MHz to 
the world's most advanced 1.3GHz 
monolithic log amplifier. 

High performance solutions are also 
offered in radio communications, digital 
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frequency synthesis, data conversion, 
telecommunications, data communica­
tions and consumer products. 

Complementing the standard IC 
family , Plessey manufactures a com­
plete line of discrete components in­
cluding FETs, transistors and diodes 
available in SOT-23 and T0-92 
packages. 

Plessey - Over Two Decades 
Of Quality Commitment 

For more than 20 years, Plessey 
Semiconductors has been commited to 
supplying the latest technology, highest 
quality, and highest performance 
semiconductor products in the in­
dustry. With our unique combination 
of CAD support, major advances in pro­
cess technology, and the most advanc-
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BIPOLAR 
DESCRIPTION ft EMITTER METAL 

WIDTH LAYERS 

Industry standard 400MHz 14µm 
High voltage 200MHz 20,.m 
High speed linear 4.5GHz 4,.m 
High speed digital 6GHz 3,.m 
Ultra-high speed 14GHz 0.6µm 

MOS 
PROCESS FAMILY !CLOCK MINIMUM VSUPPLY 

FEATURE 

KC Industry standard CMOS 20MHz 4µm 3-10V 
JG Double SiGate NMOS 10MHz 6µm 9-18V 
VB High speed CMOS 40MHz 2µm 3-5V 
VJ Very fast CMOS 50MHz 1.5µm 3-5V 
VO Ultra fast CMOS 75MHz 1.2µ 3-5V 

BIPOLAR (CDI) 
EMITTER 
WIDTH/ GRID MAX. MAX. MIN. 

FEATURE SIZE PITCH SPEED POWER POWER 

5µm 
3.75µm 11 .5µm 10ns 2.4pJ 1.5pJ 
2.5µm Bµm 4ns 1.2pJ O.BpJ 

Geometry chlnge (uUllzlng multi-level dlllerenllll laglc·DML) 

COi FAB llb B,.m BOOps O.BpJ 
6µm 400ps 0.4pJ 

4.5µm 200ps 0.2pJ 

ed research facility in the world, 
Plessey Semiconductors is , today , a 
totally commited leader in the industry. 

For further information you can write 
to us at one of the following addresses: 

To learn more 
on how Plessey can 
help you achieve 
the maximum per­
formance that 
gives you the 
edge, send for 
our new comp­
rehensive, full 
color, 72-page 
short form 
brochure, 
or call Plessey 
Semiconductors today. 

In North America call 1-800-441-5665. 
Outside North America call 44-793-726666. 

CIRCLE NO 154 

Plessey Semiconductors 
1500 Green Hills Road 
Scotts Valley , CA 95066 
U.S.A. 

Plessey Semiconductors Ltd. 
Cheney Manor, Swindon 
Wiltshire SN2 2QW 
United Kingdom 

9PLESSEY 
f!tff'3 
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FLUKE AND PHILIPS - THE GLOBAL 

FLUKE 

enew 
Ruke5700A 

Calibratot 
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ALLIANCE I N T E S T & M E A S U R E M E N T 

PHILIPS 

Before it could exceed 
our expectations, 
ad to exceed ours. it 

The most complete multifunction 
calibrator ever made. 

You've always expected more from Fluke 
calibrators. More features. More perform· 
ance. More innovation. You expect a lot. And 
here it is: the all-new 5700A Calibrator. 

Precision performance that is 
easy to use. 

You will find 
the 5700A sur­
prisingly easy to use. Enter the desired val­
ues on the calculator-style keyboard. View 
menu selections and interpret status and error 
messages quickly through plain language dis­
plays. Use one of the many convenience fea­
tures to perform tedious functions auto­
matically. 

You might 
expect an in­
strument with the accuracy of the 5700A to 
be difficult to support. But it 's not. You need 
only three Artifact Standards - a 10V direct 
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voltage standard, and 1 o and 10ko resis­
tance standards - to calibrate all ranges and 
functions of the calibrator. Front panel mes­
sages prompt you through the process. And it 
all takes just over an hour, compared to the 
eight hours or more you'd expect for such a 
calibrator. Internal Check Standards and the 
Cal Check feature enhance your confidence 

in the 5700A's performance between 
calibrations. External verification 
may be extended to two years. 

Covers your complete DMM workload. 
The5700Awill 

calibrate virtually 
every DMM in your , 
workload. It outputs 
direct voltage to 
1100V. Alternating 
voltage from 220µV 
to 1100V (10 Hz to 
1.2 MHz). Cardinal resistances from 10 to 
100 MO in x1 and x1 .9 decades, plus a short. 
And direct and alternating (10 Hz to 10 kHz) 
current to 2.2A. To calibrate higher current 
ranges or high ac voltages at high frequen­
cies, select the companion 5725A Amplifier. 
To extend the 5700A's calibration workload 
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coverage to RF voltmeters, order the 
Wideband Voltage option. 

Compatlblllty that protects 
your investment. 

The 5700A protects your investment in 
existing Fluke instruments, systems and pro­
cedures. 5220A and 5205A/5215A amplifier 
ports are standard. So are IEEE-488 and 
RS-232 capabilities. And 51008 emulation 
mode allows you to update a system with min­
imal changes to your existing procedures. 

Send for a free demonstration video. 
Call 1-800-44-FLUKE today for more infor­

mation, and ask for a copy of our free 5700A 
demonstration video. It will give you a 
closer look at its features and functions in 
action. The Fluke 5700A Calibrator. It will 
exceed your expectations. 

John Fluke Mfg., Inc. P. 0. Box C9090, M/S 250C,,~verett , 
WA 98206. U.S. (206) 356-5400. Canada (416) 8...,.7600. 
Other countries: (206) 356-5500. ©1988 John Fluke Mfg. 
Co .. Inc. All rtghts reserved. Ad no. 0881-F5700. 
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SPECIAL REPORT 

Logic analyzers that incorporate or depend on 
personal computers have added a new twist to 

selecting the most appropriate instrument for a 
specific application. No longer are performance and 
cost the only issues you must consider. Now, you 

need to factor in who will be using the analyzer, how 
often, and for what purpose. 

Dan Strassberg, Associate Editor 

I
f the term "PC-based logic analyzer" conjures up 
an image of a low-eost instrument on a card, per­
haps you aren't aware of the varied guises that 
a PC-based logic analyzer can assume. To be sure, 

many analyzers that can't function without a personal 
computer-or that incorporate a fully functional PC­
are available as plug-in boards for less than $2000 (a 
figure that's only half the cost of low-end stand-alone 
units). But there's also a collection of expensive, spe­
cialized products with features you'd be hard pressed 
to find in non-PC-based instruments. The least expen­
sive PC-based analyzers, BitWise Design's Logic-20/8 
and Advanced Microcomputer Systems' PCLogic 108, 
sell for $495. At the other end of the spectrum, Gould's 
K450M, configured with an awe-inspiring 40M words 
of data memory on 64 channels (the equivalent ofnearly 
YaG bytes of RAM), carries a price tag of $287,000. 

Although there are plenty of suppliers of PC-based 
logic analyzers to choose from, you may be surprised 
by the logic-analyzer vendors that don't currently offer 
PC-based products. In this latter group, you'll find the 
industry's major players, Hewlett-Packard and 
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Tektronix. You'll also find Arium Corp of Anaheim, 
CA, a company whose low-cost, stand-alone units have 
helped to transform logic analyzers from intimidating, 
infrequently used departmental resources to tools that 
many logic designers routinely employ. You should be 
aware, however, that Arium's most recent offering, 
the ML4400, albeit not designed to depend on a PC, 
can team up with a PC if you so desire. 

They've put PCs inside logic analyzers 
Stand-alone analyzers that incorporate PCs-like 

Fluke/Philips' PM 3655 and Kontron's PLA-286-02-
may appear to offer the advantages of both worlds, 
but only you can evaluate how well their performance, 
features, and price meet the needs of your application. 
(Actually, PC-based logic analyzers trace their roots 
to antecedents of the Fluke/Philips and Kontron prod­
ucts. For a brief look at the history of PC-based analyz­
ers, refer to the box, "PC-based logic analyzers: past 
and present," and for a glimpse of what may be in 
store, see the box, "Make way for Mac-based analyz­
ers.") 
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The PC's open architecture and the mix-and-match 
versatility it engenders provide a partial insight into 
the reasoning behind the development of PC-based 
logic analyzers-and other PC-based instruments. 
First of all, every logic analyzer includes a microproces­
sor and memory; every logic analyzer requires some 
sort of keyboard or panel controls; and every logic 
analyzer needs a display with alphanumeric and 
graphic capabilities. Because these items are part of a 
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PC, they are "free" to designers of PC-based instru­
ments. 

A PC also includes a power supply, which may or 
may not prove adequate for powering a logic analyzer. 
And, it incorporates one or more disk drives that can 
be useful for storing and recalling data. In addition, 
most PCs' real-time clocks can, with appropriate soft­
ware, record the time at which you acquire a block of 
data. For communication with other computers, 
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Bundling a logic analyzer on a PC bus card 
with a "luggable" PC, as Dolch does with its 
Cobra-PA480, creates a portable system with 
lots of expansion potential. 

whether for postprocessing of files or for archival stor­
age, personal computers have RS-232C ports and, op­
tionally, IEEE-488 ports. All of these features are 
ones that users of logic analyzers often request. 

Help is on the way 
PCs don't just represent a collection of useful hard­

ware. From a user's point of view, PC-based software 
also possesses often-sought-after ease-of-use features. 
Context-sensitive help, for instance, is a characteristic 
of much software that runs on PCs. 

Because the earliest logic analyzers were anything 
but easy to use, they acquired-and have never really 
been able to shake off-a reputation for user hostility. 
Manufacturers of PC-based logic analyzers believe that 
built-in context-sensitive help screens are the key to 
helping infrequent logic-analyzer users quickly feel at 
ease. The vendors also believe that the PC-based ana­
lyzers' user friendliness, coupled with generally low 
prices, will create a mushrooming demand for the prod­
ucts. They envision increasing numbers of engineers 
losing their fear of logic analyzers and requisitioning 
units for their own lab benches. 

Vendors of stand-alone units, on the other hand, 
assert that a PC isn't necessary to display context­
sensitive help screens. They back up their contention 
with the fact that several stand-alone logic analyzers 
contain such help facilities in their firmware. 

Software that was developed for purposes quite dif­
ferent from engineering has also played a role in the 
acceptance of PC-based instruments. PCs are, without 
a doubt, invaluable for writing reports, making calcula­
tions, and developing software. In system-debugging 
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applications, your collection of notes documenting ex­
actly what you did to achieve a specific result are also 
invaluable. With a PC-based logic analyzer, you can 
use many TSR (terminate-and-stay-resident) notepad 
programs to jot down test conditions and save them 
to disk-alongside the files that contain the actual data. 
You can make the TSR utilities pop up on screen at 
the press of a "hotkey" (ALT-F7, for example), and 
dispense with your trusty 81/2 x 11-in. lab notebook. 

You should bear in mind that the amount of memory 
you have available in your PC can affect your ability 
to use memory-resident TSR programs with your logic 
analyzer's software. A few PC-based logic-analyzer 
vendors say that their software requires considerably 
less than the 640k bytes of RAM that MS-DOS nor­
mally supports (an amount that nearly all MS-DOS­
based PCs now possess), but many require the full 
640k bytes. Very little of the logic-analyzer software 
in Table 1 can make use of memory beyond 640k bytes. 

There are two standards that enable MS-DOS to 
support more than 640k bytes of RAM: the exWnded­
memory schemes of PCs based on 80286 and 80386 
µPs, and the expanded-memory schemes that all MS­
DOS-based PCs can use. To use either of these stan­
dards, however, the memory must be present and the 
software must support it. The current standard that 
governs the design of expanded memory and the way 
that software accesses it is LIM EMS 4.0 (Lotus/Intel/ 
Microsoft expanded memory specification version 4.0). 
The earlier standard that formed the basis for LIM 
EMS 4.0 was EEMS (enhanced expanded memory 
specification). 

Of course, context-sensitive help screens and pop-up 
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The rationale behind some companies' decisions not 
to offer PC-based logic analyzers is significant-as is 

that of the companies that do offer them. 

PC-based logic analyzers: past and present 
The name "logic analyzer" is, of 
course, a misnomer. Like most in­
struments whose names contain 
the word "analyzer," a logic ana­
lyzer doesn't do the analysis­
you do. The instrument provides 
you with the data you need in a 
form you can (you hope) inter­
pret. 

The idea of combining a per­
sonal computer and a logic ana­
lyzer really isn't new. In 1981, 
Kontron offered a logic analyzer 
combined with a personal com­
puter that used the CP/M operat­
ing system. Today, however, as 
a class of product, PC-based logic 
analyzers are still probably only 
at the same stage of evolution as 
were PC-based analog data-ac­
quisition systems two years ago. 
In the last two years, the PC­
based architecture has begun to 
dominate data-acquisition tech­
nolgy. The jury is still out on 
whether something similar will 
occur with logic analyzers. 

In fact, instrumentation ven­
dors and users may even witness 
the coalescence of several trends 
into a new class of multifunction 
instrument that could cause sin­
gle-function logic analyzers to dis­
appear: It is the rule rather than 
the exception to use a logic ana­
lyzer in conjunction with other in­
struments. Often, an oscilloscope, 
a digital pattern generator, a 
voltmeter, and a frequency 
counter (and sometimes an analog 
waveform generator) sit on a lab 
bench beside the logic analyzer. 
Such a large collection of stand­
alone, single-function instru­
ments is both bulky and 
expensive. 
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A not-too-distant forebear of K@tron's PLA-286-02 was the first PC-based logic ana­
lyzer. This unit runs under MS-DOS. Seven years ago, the operating system was CPIM. 

To address this problem, many 
of the analyzers listed in Table 1 
of the accompanying article pro­
vide additional built-in or optional 
capabilities. Indeed, Orion In­
struments has combined all of the 
often-needed, previously de­
scribed instruments as well as an 
RLC (resistance/inductance/ca­
pacitance) meter with a 48-chan­
nel, 34-MHz-sampling logic ana­
lyzer. The $4800 Omnilab 9420A 
is expandable to 96 channels and 
can, in multiplexed mode, oper­
ate to 204 MHz. It measures just 
15 x 11.5 x 5.4 in. 

In theory, if you begin with 
many of the PC-based logic ana­
lyzers listed in Table 1, and add 

the right instrumentation cards, 
you should be able to devise your 
own multifunction instrument. 
However, in many cases, the soft­
ware will force you to use the dif­
ferent functions one by one; it will 
deny you simultaneous access. 

One of the beauties of the Om­
nilab is its user interface. The 
windowed display, developed 
completely by in-house program­
mers, allows simultaneous access 
to multiple functions. You can, 
for example, view dynamically 
changing analog waveforms in 
one window while the logic ana­
lyzer's state or timing displays 
appear in another. 
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Stand-alone analyzers that incorporate PCs appear 
to be ideal, but compare them against other analyzers 

to see if they are the best choice for you. 

TSR notepad programs aren't the only kinds of soft­
ware available to simplify the use of PC-based logic 
analyzers. Setting up a logic analyzer, for instance, 
especially for timing analysis, can be a rather painful 
experience. Connecting a large number of probes to 
the correct circuit nodes is a time-consuming, error­
prone operation. Outlook Technology, whose T-lOOA 
timing analyzer is one of the specialized PC-based in­
struments listed in Table 1, recently introduced its 
Logic Probe software (Ref 1). Using Logic Probe, you 
can obtain a lot of information about the probe setup 
at a glance. Logic Probe's goal is to reduce setup time 
and to minimize setup errors, particularly those you 
don't discover until you start to review your data­
after you think you've completed data acquisition. 

Unfortunately, one of the tools that helped to make 
PC-based analog data acquisition so popular is not yet 
available for PC-based logic analysis. Asyst Technolo­
gies' (Rochester, NY) Asyst and National Instruments' 
(Austin, TX) Lab Windows are examples of third-party 
software that controls the acquisition of data and proc­
esses it afterwards. To the best of this author's knowl­
edge, there aren't any logic-analyzer vendors who offer 
software packages for postprocessing 01' logic-analyzer 
data that has been captured in disk files. 

Putting a 40-channel logic analyzer on a single PC bus card is 
no small feat, as BitWise Designs' LAC shows. You can add RAM 
to capture 64k-word samples and add cards to achieve as many as 
320 channels. 

vendors would respond. 
According to Hewlett-Packard, logic-analyzer users 

at this point in time simply aren't demanding prepack­
aged postprocessors. If users did want such software, 
they'd have a problem. Each logic-analyzer vendor uses 
a different file format for storing data on disk. Such a 
lack of standardization inhibits third-party software 
development, even though, if the demand were strong, 

When deciding whether a PC-based logic analyzer 
is right for your application, you can't just think about 
the advantages that the software offers. Packaging can 
be very important to an instrument's usability. For 
example, if you're likely to use the analyzer for debug­
ging physically large systems in a production test area, 
you should be concerned about size and portability. 

Make way for Mac-based analyzers 

Judging from the popularity of 
the Macintosh, you'd expect that 
there would be Macintosh-based 
logic-analysis products for sale. 
Inexplicably, such is not the case. 
Out of the more than 60 compa­
nies surveyed for this report, 
none was willing to talk for attri­
bution about Mac-based logic ana­
lyzers. But early in 1989, the situ­
ation should change. 

There are two obvious ways to 
build a logic analyzer based on a 
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Mac. One approach would be to 
package the analyzer in an exter­
nal box that talks to any Macin­
tosh via its RS-422 port. The 
other approach-placing the ana­
lyzer or a proprietary analyzer in­
terface on a Nubus I/O card­
would work only with the Macin­
tosh II and any slotted Macs in­
troduced in the future. 

Because the Macintosh line is 
popular with many users of low­
end electronic CAE, there ap-

pears to be a ready-made market 
among these individuals for 
Macintosh-based logic-debugging 
tools. If this hypothesis is cor­
rect, a year from now Macintosh­
based logic analyzers will be 
starting to proliferate. Neverthe­
less, you probably still won't find 
as many Macintosh-based logic 
analyzers as ones based on IBM 
PC- and PS/2-compatible ma­
chines. 
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A PC allows the addition of artificial intelligence to a logic ana­
lyzer. Array Analysis' Expertest 1000 "learns" how to diagnose 
faults in boards. · 

Even though most logic analyzers-stand-alone or PC­
based-use pods that connect to the instrument via a 
ribbon cable, you can think of a stand-alone logic ana­
lyzer as consisting of a self-contained portable unit. 
When housed in a conventional desktop PC, even logic 
analyzers residing on a single PC bus card aren't port­
able. 

You can put a logic analyzer in your PC 
You may, however, be able to house such card-level 

instruments in a sewing-machine-size "luggable" PC 
having an LCD or an electroluminescent display. You 
need to check with the logic-analyzer vendor to make 
sure that you can procure software driver modules for 
the type of display you want to use. Most flat-panel 
displays of this type have resolutions different from 
those of the standards to which MS-DOS-based PCs 
conform when driving CRT displays. 

If you buy the logic analyzer and the portable PC 
as a single package, you should be able to forget about 
such potential incompatibilities. Dolch American's Co­
bra-PA480 and BitWise Design's System-40 are good 
examples. 

Fluke/Philips, with its PM 3655, and Kontron, with 
its PLA-286-02, take a somewhat different tack in re­
solving PC-based logic-analyzer packaging issues. In­
stead of designing their logic analyzers to mount in 
existing PCs, Kontron and Philips designed fully func­
tional, MS-DOS-based PCs with expansion slots to 
spare around their logic analyzers. (In the world of 
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MS-DOS, a fully functional PC is one that can run a 
specific ensemble of programs, thus verifying the com­
patibility of the hardware with commonly used soft­
ware.) With this approach, Kontron and Philips have 
more room for the logic-analyzer circuitry. They can 
size the power supply and the enclosure's cooling to 
accommodate the logic analyzer rather than designing 
the logic analyzer to work with the PC's power supplies 
and fans. And, they can more easily shield the analyzer 
against the rather hostile, noisy environment within a 
PC. 

If your department decides to opt for a single-unit 
logic-analyzer-cum-PC and use it not only for logic 
analysis but also for conventional PC tasks (word proc­
essing or manipulating spreadsheets, for example), the 
problem of contending for use of the instrument will 
surface. The issue of who gets to use the shared re­
source is not confined to PC-based logic analyzers pack­
aged as single units, though. Unless a PC-based logic 
analyzer is housed in an enclosure separate from the 
PC's and is connected to the computer through a stan­
dard port (such as an RS-232C port), or unless you're 
willing to disassemble the PC to liberate a single-card 
logic analyzer or a proprietary logic-analyzer interface 
card buried inside, you won't be able to use the ana­
lyzer while someone else is using the PC. And even if 
you can free up the analyzer, you'll need to connect it 
to another PC to make it work. Table 1 indicates how 
each logic analyzer interfaces to its host PC. 

Although perceptions may be changing, several ven­
dors have expressed the opinion that many of their 

Text continued on pg 142 

PC-based logic analyzers such as Gould's K450M can accommodate 
40M 64-bit words of RAM. 
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TABLE 1-REPRESENTATIVE PC-BASED LOGIC ANALYZERS 

140 

CAN USE TYPE OF jsUPPORTED 

BASE MAX 
~RIGGER 

RAM PAST INTERFACE DISK 

PRICE 1c\NCWDES BASE MAX PRICE OPTIONAL 640k (ANALYZER ~GRAPHICS FORMATS HARD DISK 

COMPANY MODEL (US) OMPUTER? HAN NELS _lc::t!ANNELS (US) PODS LEVELS CPU• BYTES? TO CPU) UPPORTED' (BYTES) .l!_EQUIRED? 

ARRAY JiX"P~~ $8725 NO 32 192 114,155 NONE 14 8 MHz NO IEEE-4811. EGA, HGC 360, 720k NO 

AIW.Ylll 1000 R8-232C 

BITWISE LOGIC-20/8 $495 NO 8 8 $495 20-MHz DSO, 1 512k NO PC BUS CGA, EGA, 360, 720k, NO 

DESIGNS $395 BYTES HGC 1.21 .44M 

LOGIC-20 $1295 NO 16 32 $2190 8-CHANNEU 1 512k NO PC BUS SAME AS SAME AS NO 
14o:MHz, $225; BYTES 16 CHANNELS: ABOVE ABOVE 
20-MHz DSO, 1 SLOT; 
$395; 25-MHz p2 CHANNELS: 

DSO, $450; 2 SLOT 
DISASSEM-
BLY, $395 

LOGIC-100 $1745 NO 16 32 $2895 4-CHANNEU 1 512k NO SAME AS SAME AS SAME AS NO 
100 MHz IS BYTES ABOVE ABOVE ABOVE 
STANDARD 

LAC $2400 NO 40 320 $67,200 1-GHz SEE YES PER PC BUS CGA, EGA, SAME AS SUG-
~QUIVALENT- TEXT EMS 4.0 HGC, VGA ABOVE GESTED 
TIME SAMP- SEE TEXT) 
LING, $1800 

SYSTEM-40 $2995 YES 40 120 $7800 THE SYSTEM 40 IS THE MODEL LAC PACKAGED IN A SEWING-MACHINE-SIZE PORTABLE COMPUTER WI~ 

DOLCH COBRA· $39o40 YES 48 48 $3490 8- OR 18-BIT 16 8MHz YES PC BUS CGA, EGA 1.2M NO 
AMERICAN PM80 DISASSEM-

BLY, $495; 
GENERAL 
PURPOSE 

EL TORO PC-29 $749 NO 24 24 $749 NONE 1 320k NO PC BUS MDA, CGA, 360, 720k, NO 
SYSTEMS BYTES EGA 1.2M 

PC-52 $1299 NO 24 24 $1299 NONE 1 320k NO PC BUS SAME AS SAME AS NCI 
BYTES ABOVE ABOVE 

PC-27100 $1599 NO 24 96 $6396 NONE 16 320k NO PC BUS SAME AS SAME AS NO 
4 BOARDS BYTES ABOVE ABOVE 

IN 1 PC 

JOHN FWKE PM 3655 $4500 YES 24 96 $9500 DI SASS EM· 4 4.718 MHz; NO PCIS HGC 360k NO 
MFG/PHILIPS BLY PODS: 2561< WITHIN 

8-BIT, $1000; BYTES ANALYZER 
18-BIT, $2000 

GOULD K450M j$104,000 YES 32 64 ]$287,000 NONE 14 10 MHz NO CUSTOM EGA 1.2M 130M-BYTE 
INCLUDED 

HEATH/ ST""800 $2850 NO 18 32 $3800 NONE 1 3llOk NO PC BUS CGA 3llOk NO 
ZENITH BYTES 

HILELVEL DT3700 $9475 NO 16 256 $89,500 N/S 16 NO IEEE-488, CGA, EGA 360k NO 
RS-232C, 

PARALLEL 

KONTRON PLA-286-02 $9900 YES 48 112 $15,500 HIGH 14 ~r-iHz, NOT FOR PC/AT HGC 720k NO 
IMPEDANCE, RO-WAIT LOGIC BUS 

TTL '288 ANALYSIS 

~ $14,495 NO 84 84 $17,495 N/S 14 NO KONTRON NIS 360k, YES, 
KPI, $1000 1.44M 10M-BYTE 

LINK LA 27100 $1299 NO 24 72 $3597 NIS 16 384k NO PC BUS MDA, CGA, 360k NO 
COMPUTER BYTES EGA, HGC OTHERS ON 

REQUEST 

LA 27200 $1899 NO 24 72 $5247 N/S 16 384k NO PC BUS SAME AS SAME AS NO 
BYTES ABOVE ABOVE 

METIWIYTE PCIB-DLA $1295 NO 16 ~AN NEU 1 512k NO PC BUS CGA, EGA, 360, 720k, NO 
CORP Hz, $225 BYTES HGC 1.2, 1.44M 

MICROCASE• LAW-SIU $6450 NO 48: 16 96 $9370 µP-SPECIFIC, 15 NO MICROCASE CGA 360k NO 
TIMING; $495 TO PARALLEL 
32 STATE $2865 INTERFACE 

INCLUDED 
THE LAW-161U (BASE PRICE $7985) IS SIMILAR TO THE LAW-SIU EXCEPT THAT THE BASE CONFIGURATION INCLUDES 48 STATE-ANALYSIS CHANNELS. THE LAW-32~ 

NCI PMSO $1595 NO 48 96 $4310 GENERAL 16 NIS PC BUS CGA, EGA, 360k NO 
AND µP· HGC 

~CIFIC, 
TO $795 

OMNILOGIC 2020C $1995 NO 16 32 $2845 TTUCMOS, 7 NO RS-232C CGA, EGA, 360k, 1.2M NO 
INC $275; VARI· HGC 

ABLE, $375; 
RELAY· 

LOGIC, $375 
4000B $1995 NO 32 64 $3450 SAME AS NO PC BUS CGA, EGA SAME AS NO 

ABOVE ABOVE 
ORION 921QA $4800 NO 48 96 $8200 VARIABLE 4 '286 SUG- YES, EMS, PC BUS EGA,HGC 1.2M SUG-

8-CHANNEL, GESTED EEMS GESTED 
$190 

9420A $8900 NO 48 96 $12.300 SAME AS 4 SAME AS SAME AS PC BU~ SAME AS 1.2M SAME 
ABOVE ABOVE ABOVE ABOVE 

OUTLOOK T-100A $32,500 NO 16 32 $34,700 FIXED- AND 3 TO '286 N/S PC/AT EGA 360k, 1.2M YES, 
TECHNOLOGY VARIABLE- 500 MHz BASED BUS, 20M-BYTE 

LEVEL IEEE-488 
PATTERN 

GENERATOR 
RAPID R3000 $2195 NO 16 32 $4495 CMOS, $275; N/S NIS RS-232C CGA 360k NO 
SYSTEMS TTL, $275; 

iatATTERN 
ENERATOR, 

$995 
R3200 $1995 NO 24 24 $1995 NONE 4 2561< NIS PC BUS MDA, CGA, 360k NO 

BYTES EGA 
R3400 $1995 NO 32 STATE; 32 SllllTE; S1995 NONE 16 NO PC BUS CGA, HGC, 360, 720k, NO 

6 TIMING 8 TIMING EGA, VGA, 1.2, 1.44M 
MCGA 

STEP STEP-40 $25,000 NO 32 512 $60,000 N/S 16 '286 YES, PARALLEL MDA, CGA, 360k, 1.2M YES, 
ENGINEERING BASED NEEDS 1.5· INTERFACE EGA 20-BYTE 

BYTE EMS INCLUDED 

STEP-50 $14,000 NO 80 80 $14,000 N/S 4 SAME AS SAME AS SAME AS CGA, EGA SAME AS SAME AS 
ABOVE ABOVE ABOVE ABOVE ABOVE 

KEY: N/A • NOT APPLICABLE; N/S • NOT SPECIFIED 
NOTES: 1. M!UOR ATTRIBUTES OF THE COMPUTER SUPPLIED, IF APPLICABLE, OR THOSE OF THE MINIMUM-ACCEPTABLE COMPUTER, IF THE ANALYZER VENDOR DOES NOT SUPPLY THE COM· 

PUTEA. UNLESS NOTED, ALL UNl'IS WILL FUNCTION WITH AN 8068-BASED CPU OPERATING AT 4.n MHz AND POSSESSING 640k BYTES OF RAM. IF THE COMPUTER HAS NO HARD DISK, 
IT SHOULD HAVE TWO FLOPPY -DISK DRIVES. 

2· ~~~CUL~n~~~?c~Ec~~6~~o~~';:f~~~irAMCG~o:o~u~~l~~ig~ ~~~~~~s ~i~AY ENHANCED GRAPHICS ADAPTER (COLOR); VGA = VIDEO GRAPHICS ARRAY (COLOR); HGC • 
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MAX jMAX POSSIBLE THRESHOLD MEMORY DEPTH iCHANNELS MAX GLITCH CAPTURE NO. OF µPo 
SAMPLE SAMPLE jcOM""TIBILITYl!_flANSI- .. iWiJADfil_ USABLE ITIMING~!N WIDTH REDUCES ~~DUCES DIMEN- VENDOR SUP-

RATE' RATE (MHz)/ AND VARIABLE TIONAL WITH MAX SKEW CAPTUREDFHANNELS MEMORY SIONS ADDITIONAL PORT WITH DIS-
(MHz) CHANNELS RANGE (V) !TIMING? BASE MAX MEMORY (nSEC) (nSEC) USABLE? DEPTH? (IN.)' FUNCTIONS PERFORMED ASSEMBLERS 
50 (25 200/1921 m,ECL, NO 1k 2k 96 1 3 YES NO 15x14.2x SCOPE; Pia-TERN AND 24 PLUS 

WITH 192 -310 3 16.6 WAVEFORM GENERl'JOA. 3 BUSES 
CHANNELS 

20 20/8 TTL, CMOS NO 255 255 8 1 50 NO NO 3x4x0.75 SCOPE (WITH ANALOG NONE 
POD). 

20 40/8 WITH SAME AS NO 256 512 8 1 25 WITH NO NO 3x5x0.75 ~2k-WOAD MEMORY DEPTH 6 FAMILIES 
40-MHz POD ABOVE WITH 40-MHz FOR LOW-SPEED 

40-MHz POD ACQUISITION. 
POD 

25 100/4 SAME AS NO 256 1024 4 1 10 NO NO SAME AS SAME AS ABOVE. SAME AS 
ABOVE ABOVE ABOVE 

25 WITH 40 12518 SAME AS YES 4k 64k 8WITH 2 8 NO NO 5x6x1 TIME STAMPING; MORE NIS 
CHANNELS; ABOVE 320k FUNCTIONS DESCRIBED 
20WITH320 WOADS IN TEXT. 
CHANNELS 

DUAL FLOPPY-DISK DRIVES. PRICES INDICATED ARE FOR SYSTEMS WITH 4k WOADS OF ANALYZER MEMORY. DESKTOP VERSIONS AND UNITS WITH DEEPER MEMORY ARE AVAILABLE. 

25 100/12 -510 5 NO 4k 16k 12 2 5 NO NO N/S SCOPE; Pia-TERN AND 
WAVEFORM GENEAAlOA; 

LINE MONllOA. 

50 50/24 TTL NO 1k 1k 24 2 NIA NIA NIA 3 PODS: NONE 
3x4 

25 100/6 -6 TO 10 NO 1k 4k 6 2 NIA NIA NIA 4x 5 NONE 

50 100/6 -10 TO 13 NO 4k 16k 6 2 NIA NIA NIA 3 PODS: NONE 
3x4 

100 100/96 TTL, ECL, NO 2k 2k 96 3 5 NO NO ~~ii~ IEEE-488, AS-232C PORTS 
-6.3 TO 6.3 jAAE INCLUDED; TWO HALF 

TANCE IS LENGTH AND TWO FULL-
> 4 FT LENGTH PC BUS SLOTS. 

100 200/32 -9.910 9.9 NO 25M 40M 64 1 5 NO NO 5-FT-HIGH NONE 
RACK 

50 50l32 TTL NO 4k 4k 32 N/S NIA NIA NIA 65x2.25x NONE 
9.7 

STATE ONLY STATE ONLY TTL, ECL. NIA 4k 16k 256 1 NIA NIA NIA 7x23x18 PE AFOA MANCE 
-3.510 6.4 ANALYZER ; PATTERN-

GENEAAlOA INTERFACE. 

20 200l8 m. ECL, -5.0 NO j41cSfArE; SAME 96 STAl"E; 4 5 NO NO APPROX- Pia-TERN GENEAAl"OA. 
10 12.5, HIGH- 8k AS 16TIMING IMATELY 

IMPEDANCE TIMING BASE 1x2x05 

50 100l32 -12.710 12.7 YES 2k 16k 32 2 5 YES. x1/2 YES, x10 17.3x19.3x ~='l_A6~'r~~~~ 7 

50 100/6 TTL, ECL, YES 4k 16k 18 2 NIA NIA NIA 3 PODS: NIS 
-8 TO 14 3x4.25x 

~J5; 32 1N . 
CABLE 

50 200/6 SAME AS YES 4k 16k 18 2 N/A N/A N/A SAME AS NIS 
ABOVE ABOVE 

211 <IG'8 WITH TTL, CMOS NO 256 ~~~ 8 1 25 WITH NO NO 3x5x0.75 fl2k·WOAD MEMORY DEPTH 
40-MHzPOO 40-MHz FOR LOW-SPEED 

POO 
100TIMING; 100/16 TTL, ECL, YES 508 TIMING 80 STATE; 5 

10 STATE -5.5 TO 55 4k ST/UE 16 TIMING 

(BASE PRICE $9370) INCLUDES 80 STATE-ANALYSIS CHANNELS IN ITS BASE CONFIGURATION. 

25 100/12 TTL, -5 TO 5 NO 

20 20/16 TTL. 010 15 NO 

25 100/16 SAME AS NO 
ABOVE 

34 211418 TTL, YES 
-3 TO 3 

34 211418 SAME AS YES 
ABOVE 

500. 2000/4 TTL, ECL, YES 
- 10 TO 10 IN 
10-mV STEPS 

211 TTL, CMOS NO 

25 10MI TTL, ECL, NO 
-10 TO 10 

25 100/8 TTL NO 

SYNCHRO- 512125 TTL NO 
NOUS ONLY 

- STATE 
ANALYZER 
SAME AS 80/20 TTL NO 

ABOVE 

:l WITHOUT REDUCING NUMBER OF USABLE CHANNELS. 
4. PORTION EXTERNAL TO COMPUTER. 
5 USING EQUIVALENT-TIME SAMPLING. 
6. FORMERLY NORTHWEST INSTRUMENT SYSTEMS. INC. 

4k 16k 12 2 

1k 1k 16 ±1 
INTER-

VAL 

Bk Bk 16 SAME 

4k 96k 6 1.5 

4k 96k 8 1.5 

4k 32k 4 0.1 

1k 1k 32 35 

2044 8176 8 10 

21147 8118 8 2 

4k 16k 512 

4k 4k 80 

POD 

5 NO NO 13x7.5x 15 

5 YES NO 35x7.5 

10 NO NO 6x8x 14 

NIA NIA NIA 2.5x16x 15 

5 YES. BY 1 NO 15x115x 
CHANNEL 5.4 

5 SAME NO SAME AS 
ABO\/E 

1.5 SEE NO 7x16.75x 
NITTE 7 25 

10 NO NO 8x8x18 

NIA NIA N/A 6.Sx3 

6 SEE NO ~1x6,Pll_J~ 
NITTE 8 6 PODS: 

4x2 

N/S NIS NIS 15x22x9 

NIS NIS NIS 19x 25x 5 

7. THERE ARE TWO GLITCH-CAPTURE MODES: "'GLITCH-ONLY"" REDUCES CHANNELS BY 112; " GLITCH + DATA'" DOES NOT REDUCE CHANNELS. 
6. ANALYZER SUPPORTS GLITCH DETECTION ON FOUR CHANNELS WHILE SAMPLING EIGHT CHANNELS. 
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ACQUISITION. 
PATTERN GENEAAlOA. 

DIGITAL STORAGE SCOPE. 

SIGNATURE ANALYZER; 
20-MHz PATTERN 

GENEAAlOA OPTIONAL. 

PATTERN GENEAAlOA. 

FREQUENCY COUNTER; 
ALC METER; WOAD 

GENEAIUOR 
SAME AS ABOVE PLUS 

DIGITAL SCOPE AND 
FUNCTION GENERATOR. 

250-MHz PATTERN GENER-
ATOR; SETUP-AND-HOLD 
VIOLATION DETECTOR; 
16-GHzSYNCHRONOUS 
HARMONIC SAMPLING 
PATTERN GENERATOR. 

ERFOAMANCE ANALYZER; 
ROM/PROM EMULATION; 

BIT-SLICE SUPPORT; 
CLOCK CONTROL. 

SAME AS ABOVE EXCEPT 
FOR CLOCK CONTROL. 

tu LEAST 7 

NONE 

NONE 

NONE 

10 N/S 

NONE 

NONE 

USER-
DEFINABLE 

DISASSEMBLY 

14 

29 PLUS 1 BUS 

NIS 

NIS 

6 FAMILIES 

29 

14 

J 
N/S 

NIS 

OVER 150 

SAME 

NONE- TIMING 
ANALYZER ONLY 

NONE I 
J 

N/S i 
10 

USER-DEFINED 
DISASSEMBLY 

(SEE TEXT) 

SAME AS 
ABOVE 
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The open architecture and "mix-and-match" 
versatility of the PC provide only a partial insight 
into the reasoning behind the development of PC­

based logic analyzers. 

It's possible to design a PC around a logic 
analyzer, as Philips has done with the PM 
3655-sold in the US by John Fluke Mfg Co: 

customers view logic analyzers as insurance. If you 
regard a logic-analyzer purchase as a type of insurance 
policy, you should buy as much capability as you can 
afford, regardless of what you think you need right 
now: Beware of foregoing insurance that you may well 
need for future perils. If you consider the spectrum 
of instruments that qualify as PC-based logic analyzers, 
you can probably find one that meets your performance 
requirements, no matter how demanding they are, 
without going over your department's budget. 

Nonetheless, when evaluating logic-analyzer specifi­
cations, you should understand the techniques that 
marketers employ to make their products look good 
on paper. This caveat applies to all logic analyzers-not 
just PC-based ones. 

For example, data sheets generally list a maximum 
acquisition speed and a channel capacity. Be sure to 
find out how many channels you can use when you are 
acquiring data at the maximum rate. To sample data 
at speeds higher than their normal maximum, many 
analyzers multiplex channels. Invoking an analyzer's 
multiplexed mode reduces its channel capacity. (By 
the way, most logic-analyzer vendors express their in­
struments' sampling rates in MHz. Technically, MHz 
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is the wrong unit, and Megasamples/sec is correct. A 
logic-analyzer sampling-rate spec expressed in MHz 
isn't likely to cause confusion, however. This is in con­
trast to digital-oscilloscope specs, where both sampling 
rate-translated into Megasamples/sec-and analog 
bandwidth-correctly expressed in MHz-are perti­
nent.) 

If you want glitch-capture capability 
Logic analyzers are sampled-data systems, and 

therefore they will miss events that occur between the 
instants when they sample. Glitch capture enables an 
analyzer to recognize spikes of a specified minimum 
width regardless of the sampling speed. If you're in 
the market for a logic analyzer with glitch-capture ca­
pability, find out if you can use all the channels or all 
the memory wqen using that feature. The use of glitch 
capture may force you to sacrifice channels or memory 
depth. Moreover, the way the analyzer displays the 
presence of a glitch can be misleading (Ref 2). 

When it comes to evaluating the sampling rate, take 
note of the instrument's specs in both state- and timing­
analysis modes. Very often, you'll find that, when an 
analyzer is performing state analysis, it can only ac-
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SECURITY 

The Dr3700 is specifically 
designed as a standard answer to 
testing problems considered by 
ATE systems designers to be too 
big for anything but custom logic 
state analyzer solutions. Real-time 
problems like: 

Testing a phased array radar; 
Validating the performance of an 
embedded flight computer; 
Improving the efficiency of 
super-computers; or 
Simultaneously triggering across 
more than 200 channels. 

Proven in over 200 applications 
involving speed-critical ATE and 
software development systems, the 
Dr3700 offers up to 256 trace 
channels at SOMHz; 4K, 16K or 
continuous data capture with 16 
levels of unrestricted triggering; 
and four match patterns per level. 

If you need proven performance, 
and a wide choice of trace, trigger 
and breakpoint controls that 
expand failure isolation power, 
specify the HILEVEL Dr3700. It's 
a small price to pay for absolute 
peace of mind. 

CONTINUOUS 
DATA CAPfURE 

DIAL 10LL FREE: 
1-800-HILEVEL 

In California, 1-800-541-ASIC 

HI====== - ------ ~ -~---- ------------------TECH N 0 L 0 G Y, INC . 

At The Leading Edge 
Of Logic Analysis 

31 Technology Drive 
Irvine, CA 92718 

(714) 727-2100 

Circle 17 for literature only 

©Copyright 1988, HILEVEL Technology, Inc. 

Circle 18 for demonstration 



Vendors believe that the PC-based analyzers' user 
friendliness, coupled with generally low prices, will 

create a mushrooming demand for the products. 

An external cabinet housing Microcase's Logic-Analysis Worksta­
tion (LAW) Series connects to the PC bus thrcmgh a proprietary 
parallel interface. 

quire data at a small fraction of its maximum rate. 
This limitation doesn't apply to all logic analyzers, how­
ever; you'll find both low-cost and high-performance 
units that sample just as rapidly in the state mode as 
in the timing mode. 

In addition to reading between the lines of an ana­
lyzer's data sheet, you'll also need to evaluate your 
need for specialized techniques and extra-cost options. 
Transitional timing, for instance, is a technique that 
some analyzers use to increase their effective memory 
depth without increasing the amount of memory they 
use. Instead of storing the logic state of each channel 
at each sampling point, an analyzer that employs tran­
sitional timing identifies and stores only those samples 
of a signal where a state change occurs. Not only does 
transitional timing reduce the amount of memory an 
analyzer requires to store samples of a given depth, 
it also reduces the size of the disk files that store the 
captured data. 

You'll uncover many analyzers that can recognize 
words and trigger-on complex word sequences. Some 
analyzers can also filter data-that is they can avoid 
storing data that is of no interest. This ability, in effect, 
increases an analyzer's memory. It also allows the ana­
lyzer to display only relevant data and thus simplifies 
the interpretation of the displayed information (espe­
cially in the state-analysis mode). The number of trig­
ger levels listed in Table 1 is, for all intents and pur-
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poses, the number of states that the trigger-control 
state machine can assume. 

Some analyzers-BitWise Designs' LAC and Sys­
tem-40, for example-use a RAM-based state machine 
rather than one based on a counter. At any state, a 
counter-based state machine can only hold its current 
state, move to the next state, or reset. A RAM-based 
state machine, on the other hand, can hold its state 

TABLE 2-NUMBER OF 
STATE-ANALYSIS CHANNELS 

(WORD WIDTH) 
FOR 

PROCESSOR DISASSEMBLY ADDITIONAL RECOMMENDED 

INTEL 
8085 19 7 26 
8086 22 11 33 
8088 22 11 33 
80186 26 22 48 
80286 42 9 51 
80386 73 12 85 

MOTOROLA 
6800 25 6 31 
6809 26 5 31 
68000 51 2 53 
68010 51 2 53 
66020 76 6 62 
68030 78 21 99 

ZILOG 
Z80 26 5 31 
Z8001 28 11 39 

(COURTESY OF JOHN FLUKE MFG CO AND PHILIPS TEST ANO MEASUREMENT) 

Thi.s briefcase-size unit may prOV'ide a glimpse of PC-based logic 
analyzers' future . Orion's Omnilab 9420A contains, besides the ana­
lyzer, a scope, an RLC meter, a pattern generator, and an arbitrary­
waveform generator. 
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LEASAMETRIC. 
IN TOUCH WITH 
T FUTURE. 
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Leasametric has everything you want 
in your test-equipment leasing company. 

Our inventory-representing more 
than 20,000 units, approaching nearly 
$100 million-is the best maintained in 
the industry. We offer state-of-the-art 
equipment from more than 80 top 
manufacturers. 

If we don't have the equipment you 
want, we'll make every effort to get it for 
you. And we'll usually deliver within 24 
hours. 

Plus, we guarantee the equipment 
you rent works when it gets there. Best 
of all, our full range of financing alter­
natives make renting or leasing a sound 
business decision. 

Now-and in the future-get the best 
names in the business. From the best 
name in the business. Leasametric. 

LEASAJV\ETRIC 
Instrument Rental Division 

1164 Triton Drive 
Foster City, California 94404 

Count on us. 
CIRCLE NO 125 145 



Because the earliest logic analyzers were difficult to 
use, the instruments acquired-and have never really 

shaken off-a reputation for user hostility. 

or branch to any other state. Vendors of analyzers 
that contain RAM-based triggering logic claim that 
their trigger schemes offer greater flexibility than do 
those that do not. 

options, and the cost can be significant. Sometimes the 
pods perform rather sophisticated functions-for exam­
ple, flushing pipelined instructions that fail to execute 
or demultiplexing address and data onto separate sig­
nal lines-capabilities that come in especially handy 
for state analysis. Most vendors bundle disassemblers 
with the pods; you'll find that the disassemblers' capa-

Many vendors provide pods that simplify the chore 
of interfacing their logic analyzers to specific micro­
processors. These pods are almost always extra-cost 

Manufacturers of PC-based logic analyzers 
For more information on PC-based logic analyzers such'as those 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. 
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Advanced Microcomputer Systems 
1321 NW 65tb Pl 
Fort' Lauderdale, FL 33309 
(305) 97&-9515 
FAX 30&-97&-9698 
Circle No 650 

Array Analysis Inc 
200 Langmuir Lab 
Brown Rd 
Ithaca, NY 14850 
(607) 257-6800 
FAX 607-257-2445 
Circle No 651 

BitWise Designs Inc 
297 River St, Suite 501 
Troy, NY 12180 
(518) 274-0755 
TWX 710-110-1708 
Circle No 652 

Dolch Logic Instruments 
2029 O"l'oole Ave 
San Jose, CA 95131 
(408) 43&-1881 
TWX 910-338-2003 
Circle No 653 

El Toro Systems 
23702-B Birtcher Dr 
El Thro, CA 92630 
(714) 770-1474 
TWX 910-240-7216 
Circle No 654 

Gould Design and Test Div 
19050 Pruneridge Ave 
Cupertino, CA 95014 
(408) 988-6800 
FAX 408-988-1647 
Circle No 655 

Heath/Zenith Electronics Inc 
Hilltop Rd 
St Joseph, Ml 49085 
(616) 982-3721 
Circle No 656 

Hilevel Technology Inc 
31 Technology Dr 
Irvine, CA 92718 
(714) 727-2100 
TLX 655316 
Circle No 657 

Kontron Electronics 
630 Clyde Ave 
Mountain View, CA 94039 
(415) 96&-7020 
TWX 910-378-5207 
Circle No 658 

Link Computer Graphics Inc 
4 Sparrow Dr 
Livingston, NJ 07039 
(201) 994-6669 
TWX 910-240-9305 
Circle No 659 

MetraByte Corp 
440 Myles Standish Blvd 
Taunton, MA 02780 
(508) 880-3000 
TLX 503989 
Circle No 660 

MicroCase Inc 
(formerly Northwest Instruments) 
Box 1309 
Beaverton, OR 97075 
(503) 690-1300 
TLX 469558 
Circle No 661 

NCI 
Box 11025 
Huntsville, AL 35814 
(206) 837-6667 
FAX 205-837-5221 
Circle No 662 

Nobel Systems 
Box 13083 
La Jolla, CA 92038 
(619) 452-3208 
Circle No 663 

OmniLogic Inc 
350 Sunset Blvd N 
Renton, WA 98055 
(206) 271-2000 
Circle No 664 

Orion Instruments 
702 Marshall St 
Redwood City, CA 94063 
(415) 361-8883 
TLX 530942 
Circle No 665 

Outlook Technology 
200 E Hacienda Ave 
Campbell, CA 95008 
( 408) 37 4-2990 
TLX 350479 
Circle No 666 

Philips Test & Measuring 
Instruments 
Bldg HKF 
5600MD, Eindoven 
The Netherlands 
Phone local office 
Circle No 667 
In the US: 
John Fluke Mfg Co Inc 
Box C9090, MS 250C 
Everett, WA 98206 
(800) 443-5853 
TLX 185102 
Circle No 668 

Rapid Systems Inc 
433 N 34th St 
Seattle, WA 98103 
(206) 547-8311 
TLX 205017 
Circle No 669 

Step Engineering 
661 E Arques Ave 
Sunnyvale, CA 94088 
(408) 733-7837 
TWX 910-339-9506 
Circle No 670 
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Trap tricky hardware and software bugs, precisely. 
Powerful debug commands aren't 
worth much if they're too difficult to 
use. We've designed the SA98 to 
trap bugs based on simple, well 
defined, and detailed commands. 

Quick Change Artistry 
No more running up and down com­
mand trees to change or modify an 
emulator condition. Change com­
mands without stopping the emulator. 
Define in-depth breakpoints. Call up 
help menus and files as you need 
them. And you can go from 8- to 
32-bit microprocessors quickly. 

You Set the Rules 
Define your own soft keys and 
macro commands. With the PC/AT 

CIRCLE NO 1n 

Available for Rent through 
U.S. Instrument Rentals, Inc. 
l-800-874-7U3 

or XT function keys configured for 
emulation functions, you can type in 
and modify commands directly. 

Powerful Commands 
The SA98 command structure is so 
powerful and precise, comparing it 
to other systems is tough on them. 
Let the power of the SA98 trap your 
toughest problems and break out of 
conventional traps. 

More Than Expected 
Call for a demonstration, and see 
how good a trap it really is. You'll 
see fast, well defined solutions. 
Call Toll-Free Today 
1-800-824-9294 (U.S.) 
1-800-824-6706 (CA) 

~ans .. 
Dedicated to MDS/ICE Support 

U.S. & European Heaclquarten1: 
Sophia Systems 
3337 Kifer Road 
Santa Clara, CA 95051 (408) 733-1571 
Corporate Headquarteni: 
Sophia Systems Co., Lid. 
NS Bldg. SF 
2-4-1 Nishisbinjuku, Sbinjuku-ku 
Tokyo 160 03-348-7000 

©1988 Sophia Systems 
Sophia Systems is a registered trademark of 
Sophia Systems Co., Lid. 
ICE is a registered trademark ol Intel Corporation. 
MDS is a registered trademark of 
Mohawk Data Science Corporation. 
IBM PC/Kr and XT are registered trademarks 
of International Business Machines Corporation. 



To Serve 
The Global Market 

CMS and CMS SignMax now offers its world­
wide customers over 40 years of experience 
producing the highest quality Molded-On 
products. Unleash the full potential of your 
products with Molded-On® 
Cable assemblies from CMS 
and CMS SignMax. 

Component Manufacturing Services, Inc. 
One Component Park 
West Bridgewater, MA 02379 
FAX: 508-559-9893 

CMS 
~ 
c)tf!: :~~uay 

Dublin 2, Ireland 
FAX: 01-719002 

CIRCLE NO 90 

CV 
... lconomy Swltdlen 

Compare to LH Serles TMF I 
More power! Better specs! Better prices! 

• Safety & EMI .r!) «!® 1'\ • 42 models 

• Form & function equal • 1-5 outputs 

• 2 year warranty • 5-48V, to 120A 

• Direct from stock 

Now for a limited time - purchase 
small quantities @ 100 piece price! 

Call Toll Free 1·800-523-2332 

D~lt.· llPO BOX 1369 • WISSAHICKON AVENUE. NORTH WALES. PA 1945' •IN:. PHONE 2151699·9261 TWX · SI0/66F-8061 
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bilities vary widely. When you evaluate logic analyz­
ers, you obviously need to know whether an instrument 
has (or can expand to contain) enough channels to han­
dle the processors you are using or are likely to use. 
Table 2 contains a partial listing of processors and the 
number of channels that they require. In addition, you 
must find out if the vendor can furnish pods and disas­
semblers for the processors you have in mind; or, if 
not, if there's a configurable disassembler that you can 
customize for your needs. 

Until the day arrives when logic designs produced 
on CAE workstations perform flawlessly the first time 
you build them (and every subsequent time), debug­
ging tools will be an important part of a digital design 
engineer's arsenal. Although a logic analyzer often 
won't get you to the bottom of a problem without the 
help of additional instruments, it's a very important 
tool. A PC-based logic analyzer may or may not be the 
best solution for you, but if performance, versatility, 
and economy are what you're looking for, you owe it 
to yourself and your company to take a close look at 
PC-based analyzers. EDN 

References 
1. Stra8sberg, D, "Software tool for logic timing analyzer 

eliminates setup confusion," EDN, June 9, 1988, pg 88. 
2. Schweitzer, W, "Proper glitch capture requires knowl­

edge of logic-analyzer limits," EDN, January 7, 1988, pg 157. 
3. The ABCs of Log'ic Analysis, John Fluke Mfg Co Inc, 

Everett, WA, and Philips Test and Measurement, Eindoven, 
The Netherlands, 1988. 

Article Interest Quotient (Circle One) 
High 497 Medium 498 Low 499 

EDN October 13, 1988 



How to shrink a high power 
switcher and be SELV* 

* " SELV" stands for "Safety Extra Low Voltage". 

Start by using FETs that switch at 150 KHz. 
To qualify, a power supply has to meet strict VDE/IEC standards. 
(The 48V models are, of course, not SELV) 

Then use your own 
advanced ferrite , TDK­
H7C4, in your power 
transformer. This is a 
material that can handle 
150 KHz with very little 
loss . Then you can take 
advantage of the higher 
frequency, and make your 
power transformer smaller 
and lighter and still meet 
the SELV requirements of 
VOE 0806. The power 
transformer in our new 
300-Watt RAX 5-60K is just 
1.63"H x 1.84"W x 175"0. 

~KEPCO'" 
- THE POWER SUPPLIER '" 

Your forward 
converter choke will 
also be smaller with 
advanced materials. 
For example , the 1500 Watt 
switcher uses a new 
amorphous-core output 
choke . 

Use a low noise d-c fan to keep 

Save a lot of 
space with 
your own 
custom-made 
hybrid 
microcircuits, 
employing advanced surface mount technology. 
These hybrids also add to reliability by cutting 
parts population . 

things cool. 
Even at 80% 
efficiency a 300W 
power supply has to 
dissipate 75 Watts . 
Everyone 's does. 
Ours just keeps its 
cool! 

Shown: 
300-Watt Model 
RAX 24-12K 
(24V/12A), 
supplied fully 
enclosed for 
industrial 
applications . 

If you also want to meet the 
strict conducted EMI limits of 
FCC Class A and the leakage 
current of VOE 0806, install a 
dual-choke input EMI filter 
(which also uses the new 
advanced ferrite). 

t&E."11 
~ KEPCO/TDK INDUSTRIAL GRADE 150KHz 

FEY-BASED SWITCHING POWER SUPPLIES, SERIES RAX 
146-1616 



Model Number 

Output Volts 5V 12V 15V 48V 

Adjustment Range 4.0- 5.5 8.4- 13.2 12.0- 16.5 16.8- 26.4 32 .6- 52.8 
Input Current (at 25°C, with nominal 

Max. Output 50°C 10.0/50 4.2/50 3.4/50 2.1/50 1.0/50 input voltage, power rating at 50°C), 
Ratings 60°C 7.0/35 2.9/35 2.4/35 1.5/35 0.7/35 115/230V a-c input: 
Amps/Watts 71 °C 4.0/20 1.7120 1.4/20 0.8/20 0.4120 • typical - 1.2/0.6A 

Current Limit (Amps) 10.5- 11 .0 4.5- 4.8 3.6- 3.9 2.3- 2.5 1.1- 1.3 • maximum - 1.6/0.BA 

OVP Setting (Volts) 6.0- 6.9 13.7- 15.7 17.0- 19.5 27.0- 30 .5 55 .0- 63.0 
•input fuse value - 3.15A 

Ripple and Noise (mV, p-p) 
• typical surge current: First: 17 A/34A; 

Second: 5A/3A 
source (typ) 5mV 15mV 15mV 25mV 35mV •Leakage current: UL method, 120V: 0.5mA; 

(max) 10mV 30mV 30mV 40mV 90mV UL/VDE, 240V: 0.75mA 

switching (typ) 25mV 25mV 25mV 25mV 25mV Typical efficiency: 75% 

(max) 40mV SOmV SOmV 60mV 60mV 
Size : 1.8'Wx4.3"H x 7.5"D/45x 110x 190 mm 

spike noise (max) 100mV 170mV 200mV 290mV 530mV 
Weight: 1.5 lb./0.7 kg. 
Price : $199 

Model Number 

Output Volts 12V 15V 24V 

Adjustment Range 4.0- 5.5 8.4- 13.2 12.0- 16.5 16.8- 26.4 32.6- 52 .8 Input Current (at 25°C, with nominal 
Max. Output 50°C 20 .0/100 8.3/100 6.6/100 4.2/100 2.0/100 input voltage, power rating at 50°C), 
Ratings 60°C 14.0/70 5.8170 4.6/70 2.9/70 1.4/70 115/230V a-c input: 
Amps/Watts 71 °C 8.0/40 3.3/40 2.6/40 1.7/40 0.8140 • typical - 1.8/0.9A 

Current Limit (Amps) 22 .0- 24.0 9.1- 10.0 7.3- 8.0 4.7- 5.1 2.3- 2.5 
• maximum - 2.5/1 .3A 

OVP Setting (Volts) 6.0- 6.9 13.7- 15.7 17.0- 19.5 27.0- 30.5 55 .0- 63.0 
• input fuse value - 5.0A 
•typical surge current: First: 17A/34A; 

Ripple and Noise (mV, p-p) Second: 12A/10A 
source (typ) 5mV 15mV 15mV 25mV 35mV •Leakage current: UL method, 120V: 0.5mA; 

(max) 10mV 30mV 30mV 40mV 90mV UL/VDE, 240V: 0.75mA 

switching (typ) 25mV 25mV 25mV 25mV 25mV Typical efficiency: 78% 
Size: 2.6'Wx4.3"H x 7.9"0/65x110x 200 mm 

(max) 40mV 50mV 50mV 60mV 60mV 
Weight: 2.4 lb./1.1 kg. 

spike noise (max) 100mV 170mV 200mV 290mV 530mV Price: $289 

KEPCO , INC. · 131-38 SANFORD AVENUE· FLUSHING, NY 11352 USA· (718) 461-7000 ·TWX #710-582-2631 ·FAX: (718) 767-1102 



Model Number 

Output Volts 5V 12V 15V 24V 48V 

Adjustment Range 4.0- 5.5 8.4- 13.2 12.0- 16.5 16.8- 26.4 32.6- 52 .8 Input Current (at 25°C, with nominal 
Max. Output 50°C 35 .0/175 14.0/175 11 .0/175 7.2/175 3.6/175 input voltage, power rating at 50°C), 
Ratings 60°C 24.5/122 9.8/122 7.7/122 5.0/122 2.5/122 115/230V a-c input: 
Amps/Watts 71 °C 14.0170 5.6/70 4.4170 2.9170 1.4170 • typical - 3.4/1. 7 A 

Current Limit (Amps) 36.8- 38.5 
• maximum - 4.2/2.2A 

14.7- 15.4 11 .8- 12.1 8.0- 8.3 4.3- 4.5 
• input fuse value - 6.3A 

OVP Setting (Volts) 6.0- 6.9 13.7- 15.7 17.0- 19.5 27 .0- 30 .5 55 .0- 63 .0 •typical surge current: First : 17N34A; 
Ripple and Noise (mV, p-p) Second: 20N15A 

source (typ) 5mV 15mV 15mV 25mV 35mV •Leakage current: UL method, 120V: 0.5mA; 

(max) 10mV 30mV 30mV 40mV 90mV UL/VDE, 240V: 0.75mA 

switching (typ) 25mV 25mV 25mV 25mV 25mV 
Typical efficiency: 79% 
Size: 3.9"W x 4.3"H x 8. 7"0/100x11Ox220 mm 

(max) 40mV 50mV 50mV 60mV 60mV Weight: 3.3 lb./1.5 kg. 
spike noise (max) 100mV 170mV 200mV 290mV 530mV Price: $380 

Model Number 

Output Volts 5V 12V 15V 24V 48V 

Adjustment Range 4.0- 5.5 8.4- 13.2 12.0- 16.5 16.8- 26.4 32 .6- 52 .8 

50°C 60 .01300 25 .01300 20.0/300 12.0/300 6.0/300 
Input Current (at 25°C, with nominal 

Max. Output input voltage, power rating at 50°C), 
Ratings 60°C 42.0/210 17.5/210 14.0/210 8.4/210 4.2/210 115/230V a-c input: 
Amps/Watts 71 °C 24 .0/120 10 0/120 8.0/120 4.8/120 2.4/120 •typical - 4.6/2.8A 

Current Limit (Amps) 65.0- 70.0 28 .0- 30 .0 22 .0- 24 .0 13.2- 14.4 6.8- 7.4 • maximum - 6.0/3.6A 

OVP Setting (Volts) 6.0- 6.9 13.7- 15.7 17.0- 19.5 27.0- 30 .5 55 .0- 63 .0 •input fuse value -10A 

Ripple and Noise (mV, p-p) 
•typical surge current: First: 20N40A; 

Second: 15N10A 
source (typ) 5mV 15mV 15mV 25mV 35mV •Leakage current: UL method, 120V: 0.5mA; 

(max) 10mV 30mV 30mV 40mV 90mV UL/VDE, 240V: 0.75mA 

switching (typ) 25mV 25mV 25mV 25mV 25mV Typical efficiency: 77% 

(max) 40mV 50mV 50mV 60mV 60mV Size:5.1"Wx4.3"Hx8.7"D/130x110x220mm 

spike noise (max) 100mV 170mV 200mV 290mV 530mV 
Weight: 4.8 lb./2.2 kg . 
Price : $520 

Model Number 

Output Volts 5V 24V 48V 

Adjustment Range 4.0- 5.5 8.4- 13.2 16.8- 26.4 32 .6- 52 .8 
Input Current (at 25°C, with nominal 

Max. Output 50°C 300 .0/1500 125.0/1500 65 0/1500 30.0/1500 input voltage, power rating at 50°C), 
Ratings 60°C 210 0/1050 87.5/1050 45 .5/1050 21 .0/1050 115/230V a-c input: 
Amps/Watts 71 °C 120.0/600 50 .01600 26.0/600 12.0/600 •typical - 25/16A 

Current Limit (Amps) 315.0- 350 .0 130.0- 140.0 68.0- 72 .0 32 .0- 35 .0 •maximum - 32/18A 

OVP Setting (Volts) 6.0- 6.9 13.7- 15.7 27.0- 30 .5 55 .0- 59 .0 
• input fuse value - 50A 
•typical surge current: First : 20N40A; 

Ripple and Noise (mV, p-p) Second: 130N160A 
source (typ) 5mV 15mV 25mV 35mV •Leakage current: UL method, 120V: 1.0mA; 

(max) 20mV 30mV 40mV 90mV UL/VDE, 240V: 2.0mA 

switching (typ) 50mV 60mV 60mV 70mV Typical efficiency: 80% 

(max) 
Size:8.0'Wx4.3"Hx12.6"D/203x110x320mm 

120mV 150mV 150mV 150mV 
Weight: 16.5 lb./7.5 kg . 

spike noise (max) 200mV 250mV 300mV 500mV Price : $1450 

KEPCO , INC.· 131-38 SANFORD AVENUE· FLUSHING , NY 11352 USA· (718) 461-7000 ·TWX #710-582-2631 ·FAX: (718) 767-1102 



Input 
Characteristics 
Source Voltage: 85-132V a-c 
or 170-264V a-c, jumper 
selectable. 

Source Frequency: 
50/60Hz single phase. 

Brownout Voltage: 
80-160V a-c. 

EMI (conducted): 
Meets FCC Class A 

Holding Time: For the 
nominal input voltage and 
50°C loading current -
30 msec typical , 
20 msec minimum. 

1500-Watt RAX model 
showing low noise d-c 
self-monitoring dual cooling 
fans to maintain optimum 
temperature for high reliability. 

Output 
Characteristics 
Current Limit: Fixed by an 
internal resistor with the 
threshold of the current limit 
within the tabulated limits. 
Recovery is automatic. 
Current limit change is less 
than 10% for rated changes in 
temperature and source 
voltage. 

Recovery Characteristics: 
A step load change from 50% 
to 100% produces less than 
4% output excursion. 
Recovery to within 1 % of 
original setting occurs within 
1.0 msec. 

Derating 50. 100. 175W (Convection Cooled) Models 

100%1------~ 

110mmD 

VERTICAL 
INSTALLATION 

OUTPUT 80 1-------<. 

CURRENT 70 
60 
55 

HORIZONTAL 
INSTALLATION 

40 I-------+--+_,,_,, CJ 
30 
20 

Stabilization 
INFLUENCE 
QUANTITY 

Source effect (mini-max) 

Load effect (10%-100%) 

Temp. effect (0 . 71 °C) 

Combined effect envelope 

Time effect (0 .5-8 hr.) 

110mm 

50 60 71 (' C) 

AMBIENT TEMPERATURE 

50 , 100, 175, 300W Models 

Typical Maximum 

0.8% 1.5% 

0.8% 1.5% 

1.0% 2.0% 

2.0% 4.0% 

0.1 % 0.5% 

1500W Models 

Typical Maximum 

0.2% 1.0% 

0.3% 1.0% 

0.7% 1.5% 

1.2% 3.0% 

0.1% 0.5% 

General 
Ambient operation 
temperature range: 0-71 °C 
(see model table) 

Storage temperature range: 
- 20 to + 75°C 

Isolation: 
Input to case: 2KV a-c for 
1 minute. 
Input to output (Y-capacitor 
removed): 3.75KV a-c for 
1 minute. 
Output to case: 500V a-c 
for 1 minute. 
Insulation resistance, 
output to case: 100 
megohms minimum at 
500V d-c. 

Vibration: 5-10 Hz: 10mm 
amplitude, 3 axes, 10-55 Hz: 
2g, 3 axes. 

Shock: 20g, 3 axes (11 ms ± 
5 ms pulse duration). 

Safety: Under evaluation to 
become UL 478 recognized , 
CSA bulletin 1402 certifif?.d , 
VOE 0806 certified by TUV 
Rheinland and IEC 380 
certified by TOV Rheinland. 

Case material: Aluminum . 
1500W: Ni-plated steel. 

Mounting: 8-32 threads. 

Certified to meet 
MIL STD 8100 
Environment: 
500.1 Procedure I 
Low pressure 
501.1 Procedure I, 11 
High temperature 
502.1 Procedure I 
Low temperature 
503.1 Procedure I 
Temperature shock 
504.1 Procedure I 
Temperature - altitude 
507.1 Procedure I 
Humidity 
508.1 Procedure I 
Fungus 
514.2 Procedure I, X 
Vibration 
516.2 Procedure I, Ill 
Shock 

.KEPCO® 
- THE POWER SUPPLIER ™ 
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KEPCO/TDK 
SERIES 

RAX 
SWITCHING 

POWER 
SUPPLIES 

IN 
ACTION: 

Actual scope 
photos of new 
Kepco/TDK 

175-Watt 
Model 

RAX 48-3.6K 
(48V/3.6A) 

Data subject to change without notice 
© 1988 KEPCO, INC. Litho in U.S.A. 

SWITCHING 
WAVEFORM 

See how the fast rise and fall time of 
FETs contribute to the 79% 
efficiency of this 175 Watt model. 

TURN-ON DELAY 

Turn-on occurs without any 
overshoot. 

HOLDING TIME 

Power continues undiminished for a 
minimum of 20 milliseconds (30 ms 
typical) after loss of a-c power. Test 
sample measured for this photograph 
held up for more than 50 ms. 

TRANSIENT 
RECOVERY TIME 

The fast switching frequency allows 
recovery within 1.0 msec. 

REMOTE 
TURN-ON/ 
TURN-OFF 

No delay at turn-on, no holding at 
tum-off. This remote control (RC) 
feature allows the output to be cycled 
on and off with TTL logic signals 
without any input current surges. 

SWITCHING 
RIPPLE 

25mV typical, 60mV maximum. 

SOURCE RIPPLE 

35mV typical, 90mV maximum. 

SURGE LIMITING 
CIRCUIT 

Limits turn-on current to a safe 17 A 
at 11 SV a-c, 34A at 230V a-c. 



These new single output a-c to d-c modules take full advantage of all the 
benefits conferred by 150KHz switching, advanced technology, and hybrid 
microcircuitry using the latest surface mount technology: greater power in 
smaller sizes ; higher efficiency; and lower parts count , hence higher MTBF. 

They also offer loads of features, including: 

- power-on LED. 

- remote on/off: TTL compatible signal applied to the optically isolated 
"RC" terminals . 

- selectable 115/230V a-c input. 

- active (triac) soft start circuit: limits a-c turn-on surge. 

- remote error sensing: compensates for voltage drops up to 0.4V per 
wire (0.25V in 5V models). 

- voltage adjustment: see model tables. 

- undervoltage protection in 300W and 1500W models: if output 
voltage falls below 70% of normal for any reason (including overload) 
and stays there for 20 seconds, power is shut off. 

- overvoltage protection: if output voltage is forced beyond the OVP 
threshold , power is shut off. 

- current balance, in the 1500W models: allows up to 3 units to be 
paralleled. Current range is 20-90%. 

- holding time 20msec min., 30msec typ.: allows for orderly shutdown 
of logic circuits if a-c power is lost. 

- fan cooling in 300W and 1500W models: monitor circuit maintains 
optimum temperature. 

- EMI filters: meet conducted noise requirements of FCC Class A 
(industrial products). 

- safety: All models are under evaluation to become recognized by UL, 
certified by CSA, approved by TUV Rheinland to VOE 0806/IEC 380, 
and are certified to meet the MIL STD 8100 Environment. 

Achieving a high MTBF takes more than 
simply keeping parts population low. It also 
takes good thermal design, which means an 
open, uncluttered layout. We met this goal in 
all the RAX models, most ingeniously in the 
300-Watt models with two PC boards, as 
illustrated. (Cover removed to reveal details). 

KEPCO , INC . · 131 -38 SANFORD AVENUE· FLUSHING , NY 11352 USA· (718) 461-7000 
TWX #710-582-2631 ·FAX: (718) 767-1102 



ANNOUNCING: The EuroBus Conferences 
The European Bus/board Conferences and Expositions 

EuroBus/89 - Germany 
8-10May1989 

Munchen Sheraton 
Munich 

EuroBus/89 - UK 
4- 6September1989 

Novotel Hotel 
London 

WHY THE EuroBus CONFERENCES? 
That rapidly-developing bus architectures are playing an 
increasingly important part in board-level microcomputer, 
sub-system, and systems development is a welcome fact of 
business life. Nowhere is this more true than in the 
European community, with emphasis added as Europe 
looks to the trade barrier changes due in 1992 and American 
companies turn to foreign trade for a competitive window. 
And , board-level marketing is becoming increasingly 
competitive, as new buses enter the picture (e.g. , Futurebus, 
VXI , PiBus, and NuBus) and others contemplate the 
possibil ities of 64-bit architecture and higher (the "Super­
bus"?) 
Perhaps even more so than in the U.S., Europe will be the 
"proving ground" for the various new and time-tested 
approaches. Certainly it is the best arena for applications 
comparisons. 

WHAT ARE THE EuroBus CONFERENCES? 
The EuroBus Conferences mean to be the information 
transfer vehicle bringing all of the architectures together 
under one roof, at one time, in a concentrated atmosphere 
of serious board-level customers, whose attention is not 
diverted by the sprawling mass of products found in 
horizontal trade shows. 
The EuroBus Conferences are technical meetings with 
relevant exhibits. Meaningful sessions and seminars are 
designed to attract those who seek the information needed 
to make buying/specifying/design decisions. The educa­
tional environment will not only foster understanding among 
the user community, but also enhance the sharing and 
escalation of technology advances among academic and 
industry participants. 
Direct contact with a full range of manufacturers of bus­
oriented boards, systems and peripherals will precipitate 
on-the-spot responses from engineers and buyers. And, 
recognizing that not all European attendees can attend a 
given conferences in a specific location, the EuroBus/89 
Conferences will be run in two sections - Germany and the 
UK - to maximize attendance potential , increase market 
exposure, and acknowledge the need for bus/board 
information from Israel to Spain to Scandinavia. 

WHO SHOULD EXHIBIT? 
Board and Systems Manufacturers * Manufacturers of Card 
Cages, Connectors, Packaging, Software * Manufacturers 
with Products in Bitbus, Exorbus, Fastbus, Futurebus, G-64 
and 96, Multibus I and II , NuBus, PC Bus, QBus/Bibus, 
S-100, SCSI, STE/STD, Versabus, VME, VXI. 

Produced by: 
MultiDynamics, Inc. 

13762 Newport Ave. #204 
Tustin, CA 92680 
714/669-1201 

FAX 714/669-9105 

(In London) 
Roger Sherman 

London House 
243-253 Lower Mortlake Rd. 
Richmond TW9 2LL England 

01 /940-4625 

FAX 01/948-1442 

WHAT ABOUT THE TECHNICAL PROGRAMME? 
Under the direction of noted industry expert, Dr. Paul Borrill 
(National Semiconductor), as Conference Coordinator, with 
able support from UK and German-based computer profes­
sionals, the seminar/session programme will be 
organized in four advanced-education tracks: 

*Board-Level Design: 

*System-Level Design: 

32-Bit Buses, Multibus I 
and II , VMEBus, VXI 
Instrumentation, 
Futurebus Applications, 
NuBus Report 
Intelligent Peripheral 
Buses, System Packaging , 
Crate to Crate Communi­
cations, High Performance 
Architectures, Develop­
ment Tools for RISC, 
Stepwise Debugging, 
Bitbus. 

*Application Development: Real-Time Systems, 
Communications Technol­
ogy, Real-Time Software, 
Designing for the Military, 
Real-Time Graphics, 
Industrial Networks 

*Electives: ASIC, Testability, Market 
Forecast, Transputer 
Technology, Ada, Surface 
Mount, Benchmarks. 

And more as bus/board technology unfolds. 
If your company would like to organize a session , present 
a paper or conduct a seminar, please contact Anne 
Weber at 714/669-1201 in the US (fax 714/669-9105) or 
Roger Sherman in the UK at 44-1-940-4625 (fax 01 948 
1442). A Programme Call will be sent to you at once. 

TO: Roger Sherman, London House 
243-253 Lower Mortlake Rd. 
Richmond TW9 2LL England 

Please send me information on : 

D Exhibiting D Attending the EuroBus/89 Conferences 

Name _________________ _ 

Title _________________ _ 

Company _______________ ~ 

Street Address ______________ _ 

City/Province ______________ _ 

Country _ __ _ P.C. _ _ __ Phone ____ _ 
EDN101388 
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Total Contract 
Electronic 

Manufacturing 
Has A New 

Name: 

PHILIPS 
CIRCUIT 

ASSEMBLIES 

PHILIPS e 
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You ' ve known us for years as Mepco/ 
Centralab Circuit Systems, North American 
Philips SMD®Technology Center, and Inter­
conics - building networks, custom printed 
circuits and ceramic hybrid circuits, and pro­
viding surface -mount, through-hole and 
mixed -technology assembly services. 

Now, we've joined together as a fast-growing 
division of North American Phi Ii ps Corporation: 

Philips Circuit Assemblies 
It's easy to .say. And it says a lot. 

Philips Circuit Assemblies offers America's 
broadest range of contract electronic 
manufacturing and packaging capabilities -
to help reduce the time to bring your products 
to market. Immediate services available to you 
are : computer aided design, engineering, 

worldwide purchasing , manufacturing 
assembly and test. Philips' capital investments, 
production efficiencies and world class quali ­
ty will meet all of your requirements. 

Broad-line Assembly 
Technologies 
Philips Circuit Assemblies can meet your 
technology needs from commercial to high ­
reliability military applications. Capabilities in­
clude through-hole and surface -mount circuit 
assembly, surface -mount ceramic assembly, 
as well as chip -and-wire assembly and custom 
networks. Computer -controlled automatic 
placement machines, plus infrared and vapor ­
phase reflow systems and state -of -the -art 
wave soldering, provide optimum manufactur­
ing flexibility and efficiency. 

State-of-the-art 
Materials Management 
Philips Circuit Assemblies achieves planned 
throughput and meets critical JIT delivery 
schedules by using a proven MRPll (Manufac­
turing Resource Planning) program. This pro­
vides total material control and tracking 
through the entire manufacturing process. 

Engineering Support 
The Philips Circuit Assemblies engineering 
team can work with you from the outset of 
your project to answer key questions about 
layout, placement and testing . We optimize 
your designs for peak manufacturing efficiency 
and performance. And provide size reductions 
at the lowest cost. 

Quality Control 
The Total Quality Control (TQC) program at 
Philips Circuit Assemblies is based on building 
products right the first time. All employees 
receive ongoing training aimed at developing 
their skills to meet Philips ' high standards of 
quality workmanship. 

In addition, SPC (Statistical Process Control) 
systems monitor, plot and analyze trends in 
manufacturing variables to prevent problems 
before they occur. 

Full-service Test and Repair 
Philips Circuit Assemblies performs in -circuit, 
functional, burn -in and stress testing. Custom ­
designed hardware/software are provided 
through our experienced test engineers. Test 
engineers and technicians offer worst -case 
analysis and recommendations for improving 
circuit performance. 

At the 26,000 square -foot Custom Repair 
Center, electronic and electromechanical 
diagnostic and repair functions are per­
formed on in -warranty, out -of -warranty and 
third -party circuit card assemblies or finished 
products. 

Flexible Automated 
Assembly Systems 
Through Philips Circuit Assemblies you can 
upgrade your own assembly line with re ­
nowned Philips MCM Modular Placement 
Systems. Philips Placement Systems are the 
world's standard for flexible, cost -effective 
automation of SMT circuit assembly. 

Far East SMT Production 
In Singapore, Philips Circuit Assemblies' sister 
company, SMT Circuit Assembly, provides 
contract assembly services and leading -edge 
technology to support your manufacturing 
operations in the Pacific Basin. 

Worldwide Components 
Purchasing 
The international procurement leverage of 
Philips assures you greater economy and 
availability of materials from established sup­
pliers around the world. 

Nothing even comes close to the total elec­
tronic manufacturing services from Philips 
Circuit Assemblies . To put Philips Circuit 
Assemblies to work for you, call 1-800 -
522 -7752 (in Wisconsin, 4141785-6359). To 
receive our Capabilities Catalog, write to: 
Philips Circuit Assemblies, Corporate Adver­
tising, 2001 W. Blue Heron Blvd., P.O. Box 
10330, Riviera Beach, FL 33404. 

PHILIPS CIRCUIT A5SEMBLIES 
SMD"' is a service mark of North American Philips Corporation A Division of North American Philips Corporation 
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Not too long ago, when people were 
predicting that new technologies 
would lead to the demise of the 
rotary switch, Grayhill responded 
by starting to re-design it for today's 
and tomorrow's needs. Here's what 
we're doing-

Prm:ess-campalihle 
designs. 
Today's technology demands 
process-sealing so your switches 
withstand wave soldering and 
cleaning processes. We offer 
process-sealed PC mount switches, 
single or multi-deck, with a growing 
range of choices of position, angle of 
throw, rating, circuitry and features. 

Mare than just 
run al the MIL. 
We've torture-tested and QPL-d 
them to provide the industry's 
broadest selection qualified to 
MI L-S-3786/04/13/20/35/39 ! 
Military versions are available for 
every major Grayhill series, 
W' and 1", single and multi-deck. 
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Keep the quality, 
cul the cast. 
Extensive re-tooling and retro-fitting 
of "old" products-extensive review 
of materials and methods-extensive 
analysis of real-world applications­
allowed us to reduce cost without 
compromising performance. For 
example, we've developed still higher 
reliability switches with lower cost 
materials, where long shelf life and 
low cycle life are required. 

Shorter lead limes. 
Using interlocking parts instead of 
insert molding is just one way we've 
cut the production cycle on custom 
switches. Your custom switches 
come more quickly, your standard 
switches virtually immediately (from 
local distributor stocks if you prefer) . 

We keep advancing 
the slate-al-the-art. 
Our rotary line is never static ... see 
box for the latest forward develop­
ment in rotary switch technology. 

CIRCLE NO 103 

Grayhill makes ralary 
swib:has right and makes 
lham easy la huy. 
Technical specifications in the 
switch specifier's bible, the Grayhill 
Engineering Catalog, are detailed 
enough to guide you completely. 
Application assistance is as near as 
your phone, and delivery as near as 
your closest distributor. Call today 
for complete data on rotary switches 
for the nineties and beyond-from 
Grayhill! 

~yJ,fll 
561 Hillgrove Avenue, P.O. Box 10373 

LaGrange, Illinois 60525-0373 USA 
Phone: (312) 354-1040 FAX: (312) 354-2820 
TLX or TWX: 190254 GRAYHILL LAGE 
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Some of the most sensi­
tive components in satel­
lites and telescopes are 
shipped and stored in 
reusable containers we 
custom-design. So before 
they travel the vacuum of 
space, they travel the earth 
in Hardigg. 
Proven protection. 

Protecting these com-
ponents in an extremely 
dry environment, that 
could also withstand shock 
up to 30g's, were two of 
the stringent requirements 
Hardigg containers met 
and exceeded. And just 
one of many problems 
we've solved for customers 
over the last 20 years. 

All Hardigg containers 
are custom-engineered 
inside and out. To meet 
all critical specs including 
humidity and temperature 
extremes. Every container 
one-piece rotationally 
molded for superior 
strength and wear. Just 
like the one we designed 
specifically for a delicate 
diagnostic component 
to a CAT Scan system. 
Proven 
performance. 

Nearly 200 off-the-shelf 
sizes are easily customized 
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Before they travel at 1isoo MPH, 
they travel in Hardigg containers. 

by a top-flight staff of shock- So before you send your 
mitigation and environ- next product on a jour-
mental engineering i:cS~S~ ney-across the 
specialists. With country or around 
state-of-the-art the world-call the 
equipment and container company 
facilities that allow that's a 
us to control every proven 
aspect of the manufac- traveler, 
turing process-from Hardigg. 
mold making to tooling, 
metal working to plastic 
fabrication. 
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-- PROTECTION BY DESIGN 

P.O. Box201 
North Main Street 
South Deerfield, MA 01373 
(413) 665-2163 
Facsimile (413) 6654801 
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KIRK MOSEL 
Design Engineer 

~kL..M_~ 
" 
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IN VANCOUVER, WASHINGTON, 
WE'VE JUST ISSUED PERMITS 

TO BREAK SPEED LIMITS. 
How do you keep The purpose of all 

ninety of the country's this? To aggressively 
hottest design engineers carve a niche for our-
happy? First, selves by 
give them creating a 
permission to select line of 
pull OUt all the Sharp'snewLH5225264kx4SRAM high-speed 
stops. Then give them a chips. Like the new 
place to do it. Sharp LH52252, our 

That's exactly what 64k x 4 SRAM 

now at Marshall, Milgray, 
Western Microtechnol­
ogy, Space Electronics, 
and Added Value. 

If you have specific 
questions, we invite you 
to call Sharp at (201) 
529-8757. Especially if 
moving at 35 ns or faster 

we've done at our new 
Sharp Microelectronics 
Technology Center in 
Vancouver, Washington. 
There we've provided 
our outstanding staff 
with the most advanced 
CAD systems available. 
And we've backed them 
with a world-class 1.2 
micron production facil­
ity in Japan, along with a 
national network of sales­
people and distributors. 

that operates 
at 35 ns cycle 
time and con­
sumes just 100 
microamps in 
standby mode. 
It's the first of 

SHARP'S NEW HIGH-SPEED CMOS SRAMs 
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DEVICE" ORGANIZATION ACCESS TIME AVAILABILITY 

LH52252 

LH52259 

LH52251 

LH52256 

LH5261 

LH5262 

many high per­
formance products you 
can expect from our new 
design center. And it's 

64k x 4 35 ns/45 ns/55 ns Immediate 

32kx 9 35 ns/45 ns/55 ns 301988 

256k x 1 35 ns/45 ns/55 ns 301988 

32kx8 70 ns/90 ns/120 ns Immediate 

64kx 1 25 ns/35 ns 101989 

16k x4 25 ns/35 ns 401988 

sounds appealing. Be­
cause if you like breaking 
speed limits, Sharp has 

available right SHAR~ just the ticket. 
ELECTRONIC COMPONENTS DIVISION 

IF IT'S SHARP, IT'S CUTTING EDGE."' 
© 1988 Sharp Electronics Corporation . Sharp Plaza, Mahwah. N.J. 07430. 
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Design Feature 

Stringent testing 
• • ensures nnmumty to 

power-line disruptions 

To be reliable) any equipment that uses 
mains power needs to pass certain tests that 
prove i~s immune to power-line distur­
bances. And to be accurate) such tests should 
use rigorous test methods in a tightly con­
trolled test setup. 

Peter Green, Stratus Computer Inc 

When equipment that uses mains power must be com­
pletely reliable, you need to be able to test the system 
thoroughly for its tolerance to power-line disturbances. 
But you need to know how and why these disturbances 
occur before you can set up a good test and develop 
some rigorous methods for qualifying your system. You 
also need to take international standards into account. 
What's more, you ought to customize your test to a 
particular system, so you need to know how your par­
ticular system tolerates disturbances. 

Disruptions in power lines can damage your elec­
tronic system in several ways, including component 
failure, computer crashes, memory loss, program dam­
age, and media destruction. Studies done at Stratus 
engineering labs have recorded over 30 power-line 
disturbances per year (including surges and low lines) 
during the last two years in a suburban area of Massa­
chusetts. Daily voltage fluctuations of ± 15% of the 
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nominal line voltage are common, even daily, occur­
rences in most European countries. Testing for power­
line disturbances is a necessary part of the develop­
ment of any system where you can't afford to lose data 
during a power disturbance. 

Disruptions in power lines have four main causes: 
geography, heavy-machinery operation, power-line 
switching, and accidents. Table 1, "Power-line distur­
bances defined," outlines the spectrum of possible dis­
ruptions. Actual disturbances usually consist of vari­
ations and multiple occurrences of these phenomena. 

Many power-line disturbances stem from geographic 
considerations. Severe weather, such as blizzards, 
thunderstorms, tornadoes, and hurricanes, can disrupt 
power lines in many ways. Geological events like earth­
quakes or volcanic activity contribute to power-line 
disturbances. And heavily populated areas where large 
businesses place varying, sometimes seasonal, de­
mands on the power lines create their own problems. 

The second most common cause of power-line distur­
bances is heavy machinery operating in the immediate 
area of your system. The machinery might be an eleva­
tor, large manufacturing machinery, or another large 
system using the same power line as your system. 
Heavy machinery turning on and off produces both a 
sag (brownout) in the line and an inductive kick (surge). 

Power-line switching causes the third type of power 
disturbance. Such switching is a common practice of 
power utilities for sharing loads by switching power­
station grids during lull or peak loading hours. Power­
line switching results in deformed wave shapes arising 

161 



Severe weather) such as blizzards) thunder­
storms) tornados) and hurricanes) can dis­
rupt power lines in many ways. 

from frequency and voltage changes, or from high­
frequency, EMI disturbances. 

The fourth category, accidental causes, is a mixed 
bag. Their causes can be a vehicle striking a power 
pole or a worker switching off the wrong breaker while 
reconfiguring another system in the general area of 
your system. This category normally results in local 
blackouts. 

Generally, power-line disturbances don't last very 
long. A study done by Stratus Computer's field-service 
group determined that 90% are less than 90 seconds 
in duration. Despite the frequency with which power­
line disturbances occur, most have no effect because 
systems usually incorporate enough internal capaci­
tance into their de supplies for uninterrupted opera..:' 
tion. The internal capacitance in the Stratus computer, 
for example, can continue to power the computer for 
20 msec-or 2112 cycles-before the computer calls on 
the backup battery for help. 

Simulating the real world in lab 
A clean, controlled setup is essential for consistent 

power-line-disturbance test results because the power 
received from a wall plug is itself susceptible to the 
entire spectrum of power-line disturbances. Testing 
with such power gives unreproducible results. 

A common test for simulating brownouts, for in­
stance, uses a variac to manually vary the voltage 
supplied to a device under test. A variac is fine for 
bench-testing power supplies and devices but cannot 
yield reproducible, real-world tests. Manually attempt­
ing to time brownouts or blackouts using a variac is 
therefore imprecise. 
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TABLE 1-POWER-LINE 
DISTURBANCES DEFINED 

VOLTAGE IMPULSE 

VOLTAGE SURGE 

OVERVOLTAGE 

UNDERVOLTAGE 

POSITIVE AND NEGATIVE 
SPIKES, 2500V, < 50 /LSEC 

1.5xLINE VOLTAGE, < 0.16 SEC 

10% OVER LINE VOLTAGE, > 10 
SEC 

10% UNDER LINE VOLTAGE, 16.6 
mSEC TO 5 MINUTES 

BROWNOUT > 10% UNDER LINE VOLTAGE, 
16.6 mSEC TO 5 MINUTES 

CYCLE DROPOUT OV, 8.3 mSEC TO 10 SEC 

BLACKOUT OV, > 10 SEC 

FREQUENCY FLUCTUATION ±5% NOMINAL LINE 
FREQUENCY 

Furthermore, manual variac swings and power-line 
disturbances have different characteristics; power-line 
disturbances are not linear. Their rates are related to 
a particular frequency (50 or 60 Hz). For example, a 
true brownout starts and finishes in a half cycle, not 
on a gradual decline or rise as achieved with a manually 
operated variac. 

Pulling the plug doesn't always fill the bill 
Another simple, but inadequate test method, is the 

one that attempts to simulate a blackout by manually 
pulling the system under test's ac plug. Although this 
method is acceptable for blackouts of durations greater 
than four seconds, it cannot produce consistent results 
for outages of less than four seconds. For example, it 
can't simulate the commonly encountered half-cycle 
dropout. 

Manual power-line-disturbance testing can't mimic 
the complexity of normal power-line disturbances. 
Surges normally follow brownouts and blackouts. 
Power-line disturbances have different variations and 
multiple effects. Frequently, power lines fail, return 
for a few seconds, then fail again. 

The electronics market is international, and many 
power standards exist. To develop a comprehensive 
test setup, you must understand power standards and 
power needs throughout the world. You must test ap­
proximately 10 to 15 power configurations to validate 
a given system's suitability for worldwide applications 
(see Table 2, "International power standards"). There­
fore , a test setup must provide different voltage and 
frequency test stimuli. In addition, a power-line­
disturbance test setup must provide different voltages 
for a main chassis and a peripheral cabinet, as well as 
test all components simultaneously. 

To provide clean power, precise timing, characteris­
tic testing, and various power configurations, you need 
a test setup and software specifically tailored to the 
job (Fig 1). To do this, you must first understand the 
hardware and software that make a particular system 

TABLE 2-POWER STANDARDS BY COUNTRY 

100V, 50 AND 60 Hz 
120V, 60 Hz 
200V, 50 AND 60 Hz 
208V, 60 Hz 
220V, 50 Hz 
240V, 50 Hz 
240V, 60 Hz 

JAPAN 
USA, CANADA 
JAPAN 
USA, CANADA 
EUROPE 
EUROPE 
USA, CANADA 
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FEEDBACK LOOP-2-WAY COMMUNICATION 

HP-61062AA 

l 
IEEE-488 -~INTERFACE PACIFIC POWER SOURCE 

360GCT OR RS-232C 

HP-3314A 390GCT ~ COMMUNICATION 

FUNCTION PORT 
TEST 

I- GENERATOR PACIFIC POWER SOURCE 
MENU AND 8037 SYSTEM ....... FEEDBACK ........, 

TRANSIENT ~ UNDER 
INFORMATION GENERATOR TEST 

r---i t---, 

.... POWER IN 

208V (DLTA) OR 

~ PC L 120V (WYE) 
AT 100 AMPS 

Fig 1-This test setup provides clean power, precise timing, characteristic testing, and simulates various worldwide power configurations. 

fault-tolerant. Proper handshaking between software 
and hardware is critical for system recovery. Consider, 
for example, the Stratus Model 50. The basis for its 
fault-tolerant architecture is redundant logic. Its 
power-line-disturbance tolerance and recovery 
schemes guarantee that no data loss occurs, no proc­
esses are destroyed, and no hardware fails during or 
after power-line disturbances. 

In the chassis of the Model 50, its duplicate, redun­
dant components are separated into odd and even slots. 
Even its ac power comes into the even and odd ac bulk 
supplies on separate line cords as an option. The ac 
bulk supplies are the source for the de power supplies, 
which power odd and even slots in the main chassis. 
In this main chassis, all CPUs, memory units, I/O pe­
ripheral controllers, and peripherals (excluding tape 
drives) are duplicated. 

In addition to redundancy, the Model 50 architecture 
has three other safeguards against power-line distur­
bances: EMI suppression, voltage tolerance, and tim­
ing tolerance. These features are built into the ac and 
de bulk power supplies. The ac bulk power supplies 
are the system's first line of defense against power-line 
disturbances. They monitor the voltage level of the 
ac line and notify the CPUs if that level drops below 
83% of nominal. The ac bulk supplies also provide surge 
suppression. Line filters suppress conducted EMI and 
low-energy spikes. (High-frequency radio or television 
transmissions generally cause these low-energy 
spikes.) 

The ac bulk power supplies step down the mains 
voltage to 24V ac and control power-on and -off se­
quencing for the peripheral cabinets. That sequencing 
prevents local brownouts and surges that occur when 
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you try to power up all the chassis at once. In this 
way, the ac bulk supply prevents self-induced line dis­
turbances. 

Constant-voltage transformers are pivotal 
The greatest electrical protection against power-line 

disturbances are the ac bulk supplies' step-down con­
stant-voltage transformers (CVTs). The CVTs are fer­
roresonant transformers that hold their secondary volt­
ages constant in the face of input-line fluctuations be­
tween ± 20%. The ferroresonant transformers also 
have a low primary-to-secondary capacitance and a 
high inductance that act as good surge and noise sup­
pressors. 

The ferroresonant transformers have tertiary wind­
ings that lie between the primary and secondary wind­
ings for load regulation. If input fluctuations exceed 
20%, the ferroresonant transformers saturate. In this 
mode, they shut down their secondary outputs, taking 
the de power supplies off line. The power supplies 
then smoothly handle the power-line disturbance with­
out internal damage. If the resulting voltage surge 
lasts for less than a few cycles, the system's internal 
capacitance holds the de levels constant. If, on the 
other hand, a brownout occurs, an input relay discon­
nects the transformers after an approximately 17% 
drop. The supplies then send an ac-fail signal to the 
CPUs, which activate the system's battery backup. 

Another aspect of the design anticipates the power 
fluctuations that occur after a power-line disturbance. 
The system waits for two seconds after the ac-fail sig­
nal is inactive before turning the input relay back on. 
That interval allows adequate time for the power line 
to settle, and protects the CVTs from surges that often 
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In electronic systems) power disruptions can 
cause component failure) computer crashes) 
memory loss) program damage) or media 
destruction. 

BROWN OUT 

POWER RETURN 

NOTE: FREQUENCY IS 60 Hz. 

Fig 2-Fault·tolerant systems need to wait for the power line to 
settle before resuming mains power to protect themselves from surges 
that often occur at the end of many power-line disturbances. 

occur at the end of power-line disturbances (Fig 2). 
The two de bulk power supplies receive 24V ac, con­

vert it to 24 V de, communicate with the CPU, and act 
as a rudimentary UPS (uninterruptable power supply). 
The logic built into the de bulk supplies monitors the 
ac-line voltage, backup-battery, and fan status. The 
CPUs can command the de bulk supplies to change 
their state in response to various events. A 5-part state 
machine controls the bulk supplies' power-fail sequence 
(Fig 3). The supplies' five states are: 

• Run-normal operation 
• Store-ac failure of less than 6 seconds (ride­

through) 
• Hold Memory-ac failure of greater than 6 sec-

onds 
• Battery Lasted-ac recovery successful 
• Off-ac recovery unsuccessful, shutdown. 
The de bulk-supply state machine involves handshak­

ing between the hardware and software. The state 
machine's design allows for two lengths of power fail­
ures. The system can survive a 6-sec interruption with­
out any change in state. Therefore, if the power re­
turns within 4 secs (leaving a 2-sec safety margin), the 
system remains uninterrupted. This type of power-line 
disturbance recovery is known as a system ride­
through. It allows the system to handle 20% of all 
real-world power-line disturbances without interrup-
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ti on. If, however, the power remains bad for more 
than 4 secs, a more extensive power-recovery routine 
is needed. Note that the power-line-disturbance soft­
-ware must be able to handle the repetitive power-line 
disturbances that occur during system initialization or 
power-line-disturbance recovery. 

Power-down should be orderly 
The state machine's operation includes several steps. 

After the system detects a power-line disturbance, the 
de bulk supplies switch the backup battery on line so 
that it can power the entire chassis. The system also 
makes a transition from the run state to the store­
machine state. When that transition occurs, the bulk 
supplies set the ac-fail signal. This signal goes to the 
CPUs in the odd and even slots. The bulk supplies 
remain in the store state, waiting for the CPU to com­
plete its power-fail routine or for the line voltage to 
return. One advantage to this method is that the bulk 
supplies provide battery power for the entire chassis 
throughout the ride-through period, which means that 
the 110 controllers need not be reinitialized when 
power returns; the system only needs to restart any 
ac-powered peripherals (eg, disk drives). 

If the line disturbance continues for a longer period 
than the ride-through time-out, the system goes into 
a full power-failure condition. In this mode, all CPUs 
get notified of the power-failure and they then save 
their current machine state. All except one designated 
CPU now halt, and then the designated CPU branches 
to the power-fail entry point in its PROM. 

CPU generates record 
Part of the designated CPU's power-failure routine 

entails generating a table of the current CPU and mem­
ory configuration. This table, along with certain infor­
mation on the current virtual-memory mapping, gets 
stored in physical memory. The CPU then commands 
each on-line memory to put itself into the battery­
backup mode (a mode where power goes only to the 
RAM chips and their refresh circuitry). 

Then the CPU commands the bulk supplies to switch 
from supplying power to the entire chassis to supplying 
power only to the memories in the battery-backup 
mode. After issuing this command, the CPU loses 
power and cannot continue processing, although mem­
ory is maintained . . 

When the power-line disturbance ends, assuming the 
disturbance was not long enough to completely drain 
the battery, the bulk-supply state machine switches 
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LOW 
BATTERY 

GREEN LIGHT AND 
POWER SWITCH ON 

POWER SWITCH OFF 

TIME OUT 

LOW BATTERY 

AC GOOD 

AC GOOD 

AC BAD CPU BATTERY MODE 

GREEN 
LIGHT 
AND AC 
GOOD 

Fig J.-This state machine controls the operation of the fault­
tolerant computer. 

to the "battery lasted" state, and the bulk supplies 
start supplying de power to the entire system once 
more. 

Upon regaining its power, the designated CPU 
starts running its start-up code from its PROM-a rou­
tine similar to its normal power-up procedure. During 
this bootstrap process, all I/O controllers are reset and 
onboard self-tests run. Prior to initializing the RAM 
chips, the CPU checks the bulk supplies' status; if the 
bulk supplies are in the "battery lasted" state, the 
CPU PROM branches to its power-fail recovery proce­
dure. 

Checking the system as it starts to run 
During the PROM power-fail recovery procedure, 

the CPU checks selected memory locations to verify 
that no errors exist within the memory (any errors 
would indicate that the memory did not survive the 
power failure). The CPU tests each memory against 
the memory and CPU configuration table that it built 
(and stored) prior to losing power. The CPU then re­
configures the memories to match their conditions prior 
to the power-line disturbance. If no memory error ex­
ists, the memory configuration remains unchanged. 

At this point in the sequence, the virtual-memory 
mapping information gets restored, and the CPU then 
returns to the operating system. Upon receiving con­
trol, the operating system starts up all of the disk 
drives. The disk controllers have built-in routines to 
enable primitive I/O operations to start the disk drives 
and perform file-system read operations. This primitive 
disk firmware is necessary to begin power-line distur­
bance recovery and system restarts. 

Once the disk drives are operating, each I/O control­
ler is reloaded with its respective drivers and are noti­
fied of the power-failure. This notification allows the 
I/O controllers to perform any cleanup work necessary 
as the result of the power failure. All additional CPUs 
now restart, and they all have access to the internal 
information that was stored during the power failure. 
The system is now back running in normal mode once 
more. 

Testing a machine such as the System 50 is compli-
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cated because the system has both software and hard­
ware for power-line-disturbance recovery. To get a 
complete picture of the system's tolerance to power­
line disturbances, you need to test isolated components 
as well as the system as a whole; furthermore you 
need to be able to simulate system usage and diagnose 
the status of the system at any given time. 

Power-line-disturbance testing should first test the 
peripheral cabinets and the main chassis individually. 
After you run these individual tests, you can test the 
complete system. Isolation testing is important because 
different power circuits are wired throughout the same 
lab. Often power-line disturbances affect a particular 
chassis because loading or an accident occurs on a par­
ticular circuit. 

You should define both maximum and minimum con­
figurations for all modular components of the system, 
but testing the maximum configuration is more impor­
tant. In CPUs, for example, testing the system with 
its maximum number of CPUs means testing bus activ­
ity and various other processes very thoroughly. Fur­
thermore, testing the maximum memory configuration 
also tests the ability of the battery to maintain data 
integrity for a specified power-line-disturbance dura­
tion. 

Avoid data loss at all costs 
Testing maximum configurations is particularly im­

portant for peripheral and communications devices be­
cause these devices are the most susceptible to power­
line disturbances-they must survive without a glitch, 
or data losses could result. And data loss in a fault­
tolerant system is a contradiction in terms. 

Another important aspect of power-line-disturbance 
testing is simulating normal system usage during test­
ing. Diagnostic tests running on the system under 
test's CPUs should exercise all major system compo­
nents, such as the CPU, bus, disks, network, and mem­
ory. System activity exercises the operating-system 
software's and hardware's ability to recover under ad­
verse conditions. 

In addition to diagnostic software that runs on the 
system under test, you also need software for the 
power-test equipment so that the transient generator 
and the system under test can communicate. The soft­
ware should do three things: 

• It should provide a flexible test script that can 
simulate the full spectrum of power-line distur­
bances. 

• The software should be able to detect system-
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Heavy machinery operating in the immedi­
ate area of your system can disturb the 
power. 

under-test inconsistencies or defects. links the system under test and the personal computer. 
• The programs should also permit the operator 

to intercede if necessary for isolating problems 
that routine, automated tests don't uncover. 

The PC program generates the power-line distur­
bance-waveform envelopes. This program sends the 
specific time and voltage functions to the HP-3314A 
function generator via the HP-61062AA PC controller. 
The HP-3314A function generator in turn outputs ± 5V 
de signals that the 8037 transient generator uses to 
create a specific power-line disturbance. 

Macro init iates test ing 
To start the diagnostic tests, you use a macro that 

runs under the operating system of the test-system 
computer and that initiates the diagnostics (see box, 
"Creating your own universe of predictable power"). 
One such diagnostic program monitors the system un­
der test's battery status, ac failures, and board configu­
rations. The macro also controls data files from which 
it produces power-line-disturbance test sequences for 
the power-test equipment. A communications package 

When the test is over, control returns to the com­
mand macro. It waits a specified amount of time for 
the unit under test to recover. The power-line­
disturbance diagnostic program, which runs on the sys­
tem under test's computer, monitors the test system 
during its recovery period. 
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The power-line-disturbance diagnostic program de-

Creating your own universe of predictable power 

The ac-line test setup used at 
Stratus requires a 390GCT or 
360GCT programmable power 
supply and an 8037 Transient 
Generator , which are both manu­
factured by Pacific Power Source 
Corp (Huntington Beach, CA), 
and an HP-3414A function gen­
erator. With this setup, you can 
qualify products under all forsee­
able power conditions. It also im­
proves troubleshooting of field 
problems because adequate test­
ing of the system has already 
been done. Fig 1 shows the 
power test system's setup. 

The 390GCT ensures reliable 
voltage and frequency. It also 
provides all specified interna­
tional voltages simultaneously 
(see Table 2). In addition, the 
390GCT allows variable fre­
quency for normal operation from 
47 to 500 Hz. For maximum­
configuration testing, it's capable 
of 13.8 kVA. 

The 8037 Transient Generator 
allows manual control of voltage 
and frequency outputs. Its exter­
nal mode features a ± 5V pro-

grammable interface for voltage 
or frequency. In conjunction with 
an HP-3414A function generator, 
the transient generator can cre­
ate power-line disturbance wave­
forms via the IEEE-488 bus and 
an IBM or compatible PC. 

The power test setup used at 
Stratus has two parts. The first 
part regulates voltage and fre­
quency, and the second utilizes 
the programmable features and 
feedback from the unit under test 
to inform the test program after 
recovery. 

The 390GCT generates the de­
sired voltage and frequency, pro­
vides clean power, and ade­
quately powers a main cabinet 
with two full peripheral cabinets. 
The 8037 transient generator is 
wired to the 390GCT cabinet. The 
transient generator creates cycle 
dropouts, brownouts, and surges. 
A ± 5V de signal controls the pro­
gramn:iable 8037 transient gen­
erator. The Pacific Power Source 
transient generator does not pro­
duce spikes-other test equip­
ment does. 

An HP-3314A function genera­
tor drives the programming input 
to the PPS 8037 transient genera­
tor. The HP 3314A can create a 
± 5V de output wave with 150 
variations. Each variation (or 
test vector) can be at a different 
de level, and thus a given set can 
create complex power-line distur­
bances when applied to the tran­
sient generator. 

You can program the HP-
3314A via the IEEE-488 bus. 
You can load a series of test vec­
tors into the 3314A's local mem­
ory. An IBM PC compatible with 
an HP 61062AA IEEE-488 inter­
face card and command library 
loads the test vectors into the HP 
3314A. The PC also monitors the 
unit under test via an asynchro­
nous port (RS-232C) and rec­
ognizes when the unit under test 
has recovered from a power-line 
disturbance. The PC and its sys­
tem software accomplish the pro­
grammable portion of this power 
test setup. 
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Before you buy ASICs, you should be 
aware of some of our hang ups. 
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Sure, we've got a lot of hang ups at 
UTMC. And we're proud of every 

one of them. Because each one 

shows you our commitment to the 

military and aerospace marketplace. 

Like our JAN QPL listing. It tells 

you we're the first supplier in the 

industry to have gate arrays that 

meet this tough standard. And our 
rad-hard process will take you 
beyond mega-rad for your most 
demanding strategic applications. 
We've even got a hang up that tells 
you all of our circuits are manufac­
tured in a DESC-certified facility. 

What our credentials also tell you 

is that we've invested a great deal of 
time and resources to guarantee you 

the highest quality ASICs. And 
we've designed entire product lines 
to meet your specific needs. 

Our four-member um 1.5µ gate­

array family is built using UTMC's 
patented continuous-column archi-
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tecture. The um handles design 
complexities up to 11 ,000 equivalent 

gates with auto placement and rout­

ing. The rad-hard version of this 

family, the Um-R, easily meets 

total-dose tolerance of 1 x 106 

rads (Si). 
UTMC's five-member UTB 3µ 

gate arrays are DESC-certified and 
listed on the MIL-M-38510 JAN 
QPL. Like the 1.5µ family, it's 
designed to be more efficient than 
other gate array architectures by 
reducing the number of wasted 
transistors common on conven­
tional structures. 

Our VAX®-based HIGHLAND® 

Design System is certified as part 

of our JAN qualification and is 
available to assist you with design 

tasks ranging from design concept 
through layout and test generation. 
Additionally, our HIGHLAND 
system supports ASIC design on 
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popular workstations such as 

Daisy~ Mentor~ and Valid~ The 

HIGHLAND workstation tool kits 

give you the ability to capture and 

simulate your design in a familiar 

environment. Or, if you prefer, a 

UTMC applications engineer can 
take your concept and create a 

complete design for you. 
So when you're looking for 

semi custom products to enhance 
your systems, look to UTMC. We 
manufacture products specifically 
for military and aerospace systems. 
And we've got the hang ups to 
prove it. 

1-800-MIL.UTMC 

1575 Garden of the Gods Road 

Colorado Springs, CO 80907 
HIGHLAND is a registe red trademark of 
United Technologies Microelcc1ronics Ccmcr. Inc. 

UNITED 
TECHNOLOGIES 
MICROELECTRONICS 
CENTER 
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tects changes in controller and peripheral configura­
tions or in the system's internal registers that are nec­
essary to power-line disturbance recovery. These con­
trol signals monitor the battery, fan, and ac status. 
Battery status is checked because if the battery is not 
charged, successful recovery from the power-line dis­
turbance is impossible. If no fans are running, a melt­
down may occur. The ac status is important for the 
operating-system control; the test system must be sig­
nalled if the system under test did not properly recog­
nize the power failures. If any error exists in these 
three areas, the diagnostic program signals the com­
mand macro running on the PC to stop the test se­
quence. 

Direct intervention is a necessary option 
You need to be able to intervene directly and you 

also need to log errors in order to recognize and diag­
nose various system failures during power-line distur­
bances. Even if your test setup is totally automated, 
only the human eye can receive the messages from the 
power supplies and the system console. Understanding 
the hardware and software allows you to interpret fail­
ures. 

Disk peripherals, for instance, can be in the act of 
reading or writing as a power-line disturbance occurs, 
and disk-read and -write errors can result. These er­
rors are acceptable as long as the disk recovers and 
registers a CRC error; if not, you must note that the 
disk failed to log the error. EDN 

Author's biography 
Peter Green is a supervisor in the Tools 
Group of the System-engineering Divi­
sion at Stratus Computer Inc 
(Marlboro, MA) . In that position, he 
deals with power architectures and sig­
nal-integrity issues. Before joining 
Stratus, Peter worked for Onkilogic 
(formerly Mosaic Technologies) and 
Digital Equipment. He graduated from 
Blackstone Valley Vocational Techni-
cal school and the University of Massa-
chusetts, and sits on the Blackstone 
Valley Advisory Committee. Peter is 
married and has one daughter. His hob-
bies include gardening and cars. 
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Microtec Research has done a little genetic engineering on the 
cross-software development industry. Sure, our quality and 

customer support have become the industry cross-development 
standard. And what other company has the confidence to 

actually publish all fixes and ECOs for all products, for 
everyone to see? But our real legacy to you, our customer, is 

our commitment to providing the same cross-development 
software from more host processors to more target 

systems. From pSOS to VRIX to MS-DOS to UNIX to 
VMS. From assembler to C to Pascal to Fortran. From 

Motorola to Intel to Hitachi to AMD to Zilog. From IBM 
to DEC to HP to Apollo to Sun. From crossassemblers 
to cross compilers. From source debuggers running on 

hosts that are simulating target systems to the advanced 
in-circuit emulators from HP, TEK, Atron, Applied 
Microsystems, Sophia, ZAX and Taiwan's Microtek. 

All of which means you can spend your valuable 
time creating new silicon wizardry, rather than 

learning new cross-development user interfaces. 
Call Microtec at 800-551-5554 today 

( 408-733-2919 in California). So you can do 
some genetic engineering on a competitor's 

physiology tomorrow. 

D MICROTEC® 
~II RESEARCH 

f Microtec. The other companies mentioned own numerous registered trademarks. 
Adv. by TRBA 
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All the speed you need for clearer signals, more 
resolution. Picture this: one source for all the high­
speed op amps you'll ever need. Look ... it's Harris. 

We offer a broad performance range of monolithic 
ICs - all developed with our high frequency Dielectric 
Isolation process. And all optimized for the bandwidths, 
slew rates, and low noise that accurate signal repro­
duction demands. 

Harris' new HA-2544 combines high slew rate, wide 
bandwidth and low supply current to produce exceptional 
color video signals. It's a superior performer in almost any 
imaging or display application. 

Fast Harris one-chip op amps are the versatile and 
reliable alternative to discrete designs and expensive 
hybrids. Use them as building blocks for radar, guidance 
systems, CATV and video CCTV and signal conditioning 
in other applications - data acquisition, communi­
cations, medical electronics. 

Our op amps come in a variety of popular packages, 

© 1988, Harris Corporation 

including PLCCs, and 
temperature ranges from 
commercial to military. All 
devices are available screened 
to MIL-STD-883. 

Ask For our Wall Chart 
Of Analog/Digital Solutions. 

It's Free. 

~--------

High-speed Harris Op Amps 
PART NO. S.R.* G.B.P." PART NO. S.R.* G.B.P." 

HA-2539 600 V/µS 600 MHz HA-2542 350 V/µS 120 MHz 

HA-2540 400 V/µS 400 MHz HA-2544 150 V/µS 33 MHz 

HA-2541 300 VlµS 40 MHz HA-5190 200 V/µS 150 MHz 
·s1ew Rate .. Gain Bandwidth Product 

Harris op amps: when speed is what you need. 
For more information, contact Harris Semiconductor 
Products Division. 

In U.S. call 1-800-4-HARRIS, Ext. 1780. 
Incanada: 1-800-344-2444, Ext. 1780. 

HARRIS 
SEMICONDUCTOR SECTOR 
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Portable Problem Solver 
Ultra-compact Digital 
Stora_ge Oscilloscope­
Multimeter. 

Easily carried in a tool kit or attache 
case-powered by batteries or supplied 
ac adaptor-this 2-in-1 lightweight is 
always ready for hand-held action. 

Multi-function, 
200-kHz DSO. 

Just flip the switch from DMM to 
SCOPE and the performance of a pro­
fessional Digital Storpge Oscilloscope is 
at your fingertips. Lets you capture and 
analyze single-shot and very slow phe­
nomena. Stores up to three waveforms, 
and has such top-of-the-line features as 
auto-ranging time base setting, pre-trig­
ger, roll mode, and on-screen readout of 
setting conditions. Low-power indicator 

alerts you when batteries need recharg­
ing, while a separate back-up system 
protects memory. 

Full-function 
3 Yz-digit DMM. 

Precise measurement of ac/dc volt­
age, current and resistance is easy to 
see on the large, high-contrast, display. 
Automatically selects range which pro­
vides greatest accuracy and resolution . 

Perfect for many 
applications. 

LCD-100 is a unique combination in­
strument that can confirm that its DMM 
is measuring a desired signal. Better by 
far than a DMM alone ... more useful in 
the field than any benchtop DSO in this 
bandwidth, LCD-100 is ideal for servic-
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ing a broad range of electromechanical , 
electrical and electronic systems. 

Call toll-free 

1-800-645-5104 
In NY State 

(516) 231-6900 
Ask for an evaluation unit, our latest 
Catalog, more information, or the name 
of your "Select" Leader Distributor. 

For fiirofessionals 

k~i~l!tt!;.3,ij 
difference. 

380 Oser Avenue, Hauppauge, New York 11788 
Regional Offices: 

Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. (416) 828-6221 
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make sure it's rugged. 
Order GE/RCA Rugged MOSFETs, the only 
ones with an "R" on the label. Because the 

wrong device can ruin your creation. 
Two years ago an independent testing com­

pany compared GE Ruggedized MOSFETs 
with all leading competitive units. The results 
were even better than we expected. 

IRF 140 Ruggedness 

Surviving 
Units 
25 • GE 

20 0 
Comp1 

15 Comp2 

Comp3 

of rugged PowerFETs in the industry. 
And the benefits are considerable. 

Why you need Rugged FETs. 
Our Rugged MOSFETs are fast. But they're 

not fragile. 
They' re designed, tested and guaranteed to 

withstand a specified level of circuit-induced 
electrical stress in breakdown avalanche 
mode. 

When you design with our Rugged devices, 
you can eliminate zener diodes, snubbers and 
other costly circuitry. 

10 
0 
Comp 4 

So you save money. And by simplifying your 
design , you improve system reliability. 

n b b b ti D 
0 7 14 28 56 112 224 448 

Energy (mJI Log. Scale 

In this test conducted by Associated Testing Laboratories, 
Inc., the ruggedness of 25 GE I RF-series MOSFETs was com­
pared with 25 devices from each of four competitors . As you 
can see, the GE parts significantly outperformed the others. 

Today, the situation is d ifferent. 
Because our MOSFETs are more than twice 

as rugged as they were then. Yet our rugged­
ized MOSFETs cost no more than competi­
tors' standard MOSFETs. 

A powerful combination. 
We've achieved this by combining the 

rugged technology of GE products with the 
outstanding manufacturing, quality control 
and cost-effectiveness of RCA power 
MOSFETs. So we can bring you the best line 

Just as important, these devices give you a 
margin of error. 

Because you can never be sure when your 
system will be subjected to voltages beyond 
what you expected. 

And if you're designing for applications 
that routinely have to handle surges and tran­
sient voltages, these devices are perfect. 

A wide selection of drop-ins. 
We have more than 200 parts in distributor 

stock. And they're drop-in replacements for 
virtually any N-channel devices. 

So why take chances, when you can 
improve your system performance and relia­
bility at no added cost? 

For more information, contact your local 
GE Solid State sales office or distributor. Or 
call toll-free 800-443-7364, extension 28. 

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

GE/RCA/INTERSIL 
SEMICONDUCTORS 
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THREEVASf IMP.ROVEMENTS 
IN ANAIDG ASICS: 

SPEEQ PREeISION, AND 
SIPEX. 

Forget everything you know about 

analog ASICs and consider the 

performance you'll gain from 

our DataLinear Division's 

new SP1104 analog array: 

speed, precision, and density 

all in one chip. 

The SP1104 uses our DI (Dielectric 

Isolation) process, so you can forget about par­

asitic junction-isolation effects like latch-up. You 

can also forget about the design limitations 

imposed by low performance PNPs. Our SP1104 

uses full-complementary, high-bandwidth, 

vertical NPN (FT=l GHz) and PNP (FT=600 

MHz) transistors, both without collector­

connection restrictions. 

And forget about the problems of tem­

perature tracking and precision. Our SP1104 uses 

low temperature-coefficient (100 ppm/°C), ni­

chrome, thin-film resistors and they're even 

laser-trimmable, down to . 01 % ratio 

matching, for that extra 

/ measure of precision. All 

this with a max voltage up 

to 35V. 

And forget about the 

tedium of transistor-level designing. 

Our growing macro-cell library already 

includes op-amps, comparators, references, and 

transimpedance amplifiers. And finally, forget 

about another expensive software investment. We 

interface with industry-standard simulation pack­

ages, like P-SPICE and H-SPICE, and our layout 

package can run on any CDS II compatible 

workstation. 

For a detailed description of the SP1104 

and a copy of our 1988 product catalog, call l-800-

272-1772. In Massachusetts, call (508) 663-7811. 

Or write Sipex Corporation, DataLinear Divi­

sion, 491 Fairview Way, Milpitas, CA 95035. 

Ci~" Dotolinear 
'111 L.A..A. Division 
~pcx=~ -
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Precise converter 
designs enhance system 

performance 
DC/DC converters find application in a wide range of 
systems, from battery-driven circuitry to ac-line­
powered systems. This article, part 1 of a 4-part series, 
demonstrates the desi,gn of the ubi,quitous 5- to ± 15V 
de/de converter. Parts 2 through 4, respectively, will 
show how to use instrumentation to desi,gn micropower 
quiescent-current converters, how to desi,gn de/de con­
verters for power conservation, and how to replace in­
ductors with switched-capacitor approaches in dcldc­
converter designs. 

Jim Williams and Brian Huffman, 
Linear Technology Corp 

When evaluating de/de converters, designers often 
place far too much emphasis on efficiency and size. 
Although these parameters are significant, they are 
often of secondary importance. Other system-oriented 
requirements-low quiescent current, wide allowable­
input ranges, reduced wideband output noise, and cost 
effectiveness-are more urgent. With the procedures 
presented here, you can design cost-effective 5 to 
± 15V de/de converters that have low current drain 
and low noise. 

The case for 5 to ± 15V converters 
Logic supplies (5V outputs) have been popular since 

the introduction of diode transistor logic (DTL) over 
20 years ago. Preceding, and during, DTL's infancy, 
modular-amplifier manufacturers made ± 15V rails 
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standard. Following tradition, early monolithic amplifi­
ers also ran from ± 15V rails. The 5V supply offers 
process, speed, and density advantages for digital !Cs; 
the ± 15V rails provide a wide signal-processing range 
for the analog components. Because of these divergent 
needs, 5 and ± 15V supplies have also become standard 
for mixed digital-analog systems. 

In systems with large analog-component popula­
tions, the ± 15V supply was, and still is, usually de­
rived from the ac line. This scheme, however, is defi­
nitely undesirable in predominantly digital systems. 
The inconvenience, difficulty, and cost of distributing 
analog rails in such systems makes local power genera­
tion attractive. The 5 to ± 15V de/de converter fills 
this need. 

Fig la is a conceptual schematic of a typical con­
verter. The 5V input provides the source for a self­
oscillating configuration made up of transistors, a 
transformer, and a biasing network. The transistors 
conduct out of phase, switching each time the trans­
former saturates. The transformer saturation develops 
a fast, high-current spike at the transformer's base­
drive winding, which switches the transistors. The 
transformer current drops abruptly and then rises 
slowly until saturation again forces the transistors to 
switch. This alternating operating sets the trans­
former's duty cycle at 50%. The transformer's secon­
dary signal is rectified, filtered, and regulated to pro­
duce the ± 15V outputs. 

This configuration has a number of desirable fea­
tures. The complementary, high-frequency (typically 
20 kHz) square-wave drive makes efficient use of the 
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In systems that are heavily populated with 
digital circuitry) it makes sense to generate 
+ lSV for analog circuits locally. 

transformer and reduces the size of the filter capaci­
tors. The self-oscillating primary drive tends to col­
lapse under overload, providing desirable short-circuit 
characteristics. The transistors switch in a saturated 
mode, improving efficiency. 

This scheme of hard switching, in combination with 
deliberate transformer saturation, does have one draw­
back, however. The significant, high-frequency current 
spike developed during the saturation interval devel­
ops noise at the converter outputs. The spike also 

I 

-: 

(a) 

A 

B 

c 
(b) 

INPUT FILTER 

I 

POWER 
SWITCHING 

c, R2 
R, 

BASE BIASING 
AND DRIVE 

draws significant current from the 5V supply-a minor 
disturbance, because the converters' input filter par­
tially smooths the transient, and because 5V supplies 
are typically noisy anyway. The noise spikes at the 
output (typically 20 m V high) are a more serious prob­
lem. Fig lb clearly shows the relationship among the 
transformer current (trace B), the transistor collector 
current (trace A), and the output spike (trace C). 

As the transformer current rises, the transistor be­
gins to come out of saturation. When the current 

OUTPUT 

TRACE VERTICAL 

A 10V/DIV 
B 2NDIV 
c 10 mV/DIV 

LINEAR 
REGULATORS 

15V 

OUTPUT 
COMMON 

_ ........ __ 
- 15V + ___ .... 

l 

HORIZONTAL 

500 nSEC/DIV 
500 nSEC/DIV 
500 nSEC/DIV 

Fig I-Although its efficiency and short-circuit characteristics are good, this converter (a) suffers from poor rwise performance. The 
waveforms (b) show that a current spike (trace CJ generated during the switching sequence is the problem source. 
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reaches a high enough level, the circuit switches and 
generates the characteristic noise spike. The second 
transistor's concurrent switching complicates the prob­
lem, causing both ends of the transformer to conduct 
current to ground. You can use certain design tech­
niques, including the proper selection of transistors 
and output filters, to reduce spike amplitude, but this 
converter's output is inherently noisy. 

Spike-related noise troubles analog systems 
Such noisy operation can cause difficulties in preci­

sion analog systems. IC power-supply rejection at the 
high-harmonic spike frequency is low, and it frequently 
causes analog-system errors. A 12-bit successive­
approximation AID converter is a good candidate for 
spike-related noise problems. Sampled-data !Cs (such 
as switched-capacitor filters and chopper amplifiers) 
often show apparent errors that are induced by spikes. 
Even simple de circuits can exhibit baffling instabilities 
that are actually spike-related problems masquerading 
as de shifts. 

The drive scheme creates another problem-high 
quiescent-current consumption. Base biasing always 
supplies full drive, ensuring that the transistors will 
saturate under heavy loads, but wasting power at 
lighter loads. Adaptive bias schemes can minimize this 
problem, but they increase circuit complexity, and this 
type of converter rarely employs them. 

The noise problem is the main drawback in this ap­
proach to 5 to ± 15V conversion. Careful design tech­
niques can minimize the converters' noise problem, but 
they can't eliminate it. One technique (Fig 2), for ex­
ample, uses a bracket pulse to warn the host system 
when a noise spike is about to occur. The host system 
ceases any noise-sensitive operations during the 
bracket-pulse interval. The bracket pulse drives a de­
layed-pulse generator, which triggers the flip-flop. The 

OVERLAP-PULSE OUTPUT 

OVERLAP­
PULSE 

GENERATOR 

DELAYED 
PULSE 

-;- 2 
FLIP-FLOP 

flip-flop's output biases the switching transistors in 
such a way that the noise spike occurs during the 
bracket-pulse interval. Clocked operation can also pre­
vent transformer saturation, thereby reducing noise 
even further. This scheme works well, but presumes 
that the host can tolerate periodic intervals of inactiv­
ity when it is performing critical operations. 

Low noise is important for analog circuits 
The converter in Fig 3 supplies a ± 15V output from 

a 5V input. Its wideband noise measures 200 µ V p-p-a 
100% reduction over that of typical designs---and its 
efficiency for a 250-mA output equals 60%. The circuit 
achieves its low-noise performance by minimizing high­
speed harmonic content in the power-switching stage. 
This result requires that you make the tradeoff in effi­
ciency noted earlier, but the penalty is small in com­
parison with the benefit. 

The 74C74 flip-flop divides the 74C14-based, 30-kHz 
oscillator into a 15-kHz, 2-phase clock. The 7 4C02 gates 
and the lOk/0.001-µF delay networks condition this 
2-phase clock into a nonoverlapping, 2-phase drive at 
the emitters of Qi and Q2 (traces A and B, respectively, 
in Fig 3b). These transistors act as level shifters to 
drive emitter followers Qa and Q,i. The 1000/0.003-µF 
filters loading the emitters of Qa and Q,i slow the drive 
to output MOSFETs Qs and Cb;. The filter's effects 
appear at the gates of Qs and Cb; (traces C and D, 
respectively). 

Qs and Cb; are configured as source followers. There­
fore, the gate terminal's filtered slew rate limits the 
transformer's rise time, resulting in well-controlled 
waveforms at the sources of Qs and Cb; (traces E and 
F, respectively.) The complementary, slew-limited 
drive source for Ti eliminates the high-speed harmonics 
normally associated with this type of converter. After 
rectification, filtering, and regulation, Ti's output be-

5V 
TO 
RECTIFIERS, 
FILTERS, 
AND 
REGULATORS 

Fig 2-By sending an over/,ap pulse to indicate an impending noise pulse, this circuit allows the system being powered to stop any critical 
operations, avoiding converter noise-related problems. 
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Quiescent current) all(JWable input range) 
wideband output noise) and cost are impor­
tant issues in converter design. 

comes the converter's final output. The 4700/0.001-µF 
damper in Ti's secondary winding maintains loading 
during switching to enhance low-noise performance. 
The ferrite beads in the gate leads of Qs and Q6 elimi­
nate the parasitic RF oscillations associated with fol­
lower configurations. 

The source-follower configuration makes it easy to 
control Ti's edge rise times, but complicates gate bias­
ing. You'll require special design steps to turn the 
MOSFETs fully on and off. Source followers Qs and 
Qs require voltage overdrive at the gates, because the 
5V primary supply can't provide the lOV gate-channel 

22k 
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I µF 
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NONOVERLAP 
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CK 74C74 
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<11 
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POINT A LT1054 
(SEE TEXT) 5 
BOOST 
OUTPUT 
= 17V DC 

BOOST 

I 0.001 µF 

8 

bias necessary for saturation. Similarly, you must pull 
the gates well below ground to turn the MOSFETs 
off, because Ti's behavior pulls the sources negative 
when the devices turn off. 

The negative side of Qs's source waveform provides 
turn-off bias. Qa and Cl1 pull down to the - 4V level 
developed by Di and the 22-µF capacitor. A 2-stage 
boost loop generates the turn-on bias. The 5V supply 
feeds to the LT1054 switched-capacitor voltage con­
verter via D3. The LT1054, configured as a voltage 
doubler, initially provides about a 9V boost to point 
A at turn-on. When the converter begins operating, 

1N5817 

1N4001 
D3 

.____,~----~1----ri 5V1N (4.5V TO 5.5V) 
+ 

47 I 
':' 

-4V DC 

1N5817 
02 

10 µF 

15V 
+ OUT 

249"l10 µF 
9, OUT 

rfrCOMMON 

2.74k' 

I 0.003 µF 

(a) 

NOTES: 

m = ±15V COMMON 
~ = 5V GROUND 

· = 10/o FILM RESISTOR 
FET = MTP3055E-MOTOROLA 
PNP = 2N3906 
NPN = 2N3904 
L1 = PULSE ENGINEERING INC 'S #61592 
0 = FERRITE BEAD, FERRONICS. #21-llOJ 

2.74k' 

I + 22 µF 

Fig 3-By minimizing high-speed harmonic content in the power-switching stage, this converter design (a) achieves a 1oox reduction 
in wideband output noise. As the waveforms (b) show, all the switching transitions are clean. The output noise (c) is only 200 µ.V p-p. 
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Ti produces a turbo-boost output at pins 4 and 6. D2 
rectifies this output, which raises the LT1054's input 
voltage and further increases the boost at point A to 
approximately 17V. 

These internally generated voltages allow Qs and 
Qi> to receive the proper drive, minimizing losses de­
spite the source-follower connection. An ac-coupled 
trace of the converter's 15V output (Fig 3c) shows 
200-µ V p-p noise at full power (250-mA output). The 
converter's switching characteristics compare in ampli­
tude to the noise characteristics of linear regulators. 
You can reduce switching-related noise even further 

A 

B 

c 

D 

E 

F 

(b) 

(c) 

TRACE 

A 
B 
c 
D 
E 
F 

VERTICAL 

20V/DIV 
20V/DIV 
20V/DIV 
20V/DIV 
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10V/DIV 

VERTICAL 

100 µV/DIV 
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HORIZONTAL 

20 µSEC/DIV 
20 µSEC/DIV 
20 µSEC/DIV 
20 µSEC/DIV 
20 µSEC/DIV 
20 µSEC/DIV 

HORIZONTAL 

5 µSEC/DIV 

by slowing the rise times of Qs and Q6. To slow the 
rise times, however, you must reduce the clock rate 
and increase nonoverlap time to maintain available 
power and efficiency. The arrangement shown in Fig 
3 represents a favorable compromise among output 
noise, available power output, and efficiency. 

Satisfy high-resolution circuits' needs 
Residual switching components and regulator noise 

set the performance limits for the converter in Fig 3. 
Analog circuitry operating at the very highest resolu­
tion and sensitivity levels may require a converter with 
even less noise. Fig 4's converter uses a sine-wave 
transformer drive to reduce harmonics to negligible 
levels. The transformer drive combines with special 
output regulators to produce less than 30 µ V of output 
noise. This value is also seven times lower than that 
of the previous circuit, and, in comparison with conven­
tional designs, it approaches a 1000 x improvement. 
If you use this circuit, you'll have to make a couple of 
tradeoffs, however: In comparison with Fig 3's circuit, 
Fig 4's circuit will be more complex and will sacrifice 
some efficiency. 

IC1 of Fig 4 is configured as a 16-kHz Wien-bridge 
oscillator. The design uses a special bias level to pre­
vent IC1's output from saturating at the ground rail. 
Returning the undriven end of the Wien network to a 
de potential derived from the LT1009 reference estab­
lishes this bias. IC1's output is a pure sine wave (trace 
A in Fig 4b) biased off ground. To maintain the sine­
wave output, IC2 compares IC1's rectified and filtered 
positive output peaks with an LT1009-derived de refer­
ence. IC2's output biases IC1 and servocontrols its gain. 
The 0.22-µF capacitor provides temperature compen­
sation for the loop, and the thermally mated diodes 
minimize errors caused by rectifier temperature drift. 
These provisions stabilize IC1's ac and de output terms 
against supply and temperature changes. 

IC1's output ac-couples to IC3. The 2-k0/8200 di­
vider rebiases the sine wave, centering it inside IC3's 
input common-mode range even with supply shifts. IC3 
drives a power stage consisting of Q2 through Qs. This 
stage's common emitter outputs are biased to provide 
a 1 V rms drive for Tg---even for a supply voltage of 
4.5V. With full converter loading, the power stage 
delivers 3A peaks, but the waveform is clean (trace 
B) and shows little distortion (trace C). 

The 330-µF coupling capacitor strips de voltage from 
the power-stage output, so T3 has a pure ac input. The 
~ and Qs collectors provide a feedback signal for IC3. 
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Analog circuitry operating at very high lev­
els of resolution and sensitivity may require 
the lowest possible converter-noise levels. 

The 0.1-µF capacitor at the feedback source point sup­
presses local oscillations, and the RC network in T3's 
secondary winding adds additional high-frequency 
damping. 

Without quiescent-current control, the power stage 
will experience thermal runaway and destroy itself. 
IC4 measures the de output current across Qs's emitter 
resistor and servocontrols ~ to establish quiescent 
current. A divided portion of the LT1009 reference 
sets the servo point at IC4's negative input, and the 
0.33-µ.F feedback capacitor stabilizes the loop. 

T3's rectified and filtered outputs drive regulators 
designed for low-noise operation. IC5 and IC7 amplify 

0.01 µF 
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270 
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SEE TEXT) 

NOTES: 

lk 

0.22 µF 

3.lk 

16-kHz 
OSCILLATOR 

O.Dl µF 
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200k 

L, , L2 = PULSE ENGINEERING #92100 * = 1N4148 
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UNMARKED NPN = 2N3904 

' = 1% METAL-FILM RESISTOR 

+ = THF337K006P1G-MALLORY 

..._ = +5V GROUND 

(a) m = ± 15V COMMON 

the LT102l's filtered lOV output to 15V, and IC6 and 
ICs provide the -15V output. The LT1021/amplifier 
combination provides better noise performance than 
do 3-terminal regulators. The zener diode eliminates 
overvoltages caused by start-up transients. L1 and L2 
combine with their respective output capacitors to 
minimize noise problems. These inductors are outside 
the feedback loop, but their low copper resistance 
doesn't significantly degrade regulation. Trace D, the 
15V output at full load, shows less than 30 µ. V (2 ppm) 
of noise. The most significant tradeoff in this design 
is efficiency. The sine-wave transformer drive exacts 
a substantial power loss. At full output (75 mA), the 

5V 

2k 

820 

1k' 

20k 

POWER AMP 

1N4001 

68 

02 
2N2219 50 

5V1N (4.5 TO 5.5V) 

+ 
I22µF 

330 µF :,;:y-

Fig 4-To improve noise performance by J()()() x over that of conventianal designs, this converter (a) uses sine-wave transformer drive to 
reduce harmonics to negligible levels. As the wavefQr/'YI.$ sh-Ow (b), the 15V output (trace DJ has less than 30 µ.V of noise at full load. 
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efficiency is only 30%. 
Before operating the converter, you should trim the 

circuit for lowest distortion (typically 1 % ) in the sine 
wave at the input of T3. You can perform this trimming 
by selecting the resistance value indicated at IC1's 
negative input. The 2700 value shown is nominal and 
can vary by ±25%. The sine wave's 16-kHz frequency 
represents a compromise between the op amp's avail­
able gain/bandwidth, magnetics size, audible noise, and 
wideband harmonic levels. 

Simplicity and economy are other important consid­
erations in 5 to ± 15V converter designs. In these con­
verters, the transformer is usually the most expensive 

-19V 
UNREG 
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19V 
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T 220 

rf7µF 

1N5260B 

330 

L, 
25 µH 

15Vour 

l 
COMMON 

10k' 

component. The unusual drive scheme in Fig 5's con­
verter leads to significant cost savings-it uses a simple 
2-terminal inductor in place of the usual transformer. 
The design tradeoffs are the loss of input-to-output 
galvanic isolation and lower power output. In addition, 
this circuit's isolation technique develops about 50 m V 
of clock-related output ripple. 

Fig 5's circuit operates by periodically and alter­
nately allowing each end of the inductor to fly back. 
The resulting positive and negative peaks are rectified 
and filtered. Controlling the number of flyback events 
during the respective output's flyback interval regu­
lates the converter. 
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Simplicity and economy are important con­
verter-design goals; you can achieve both by 
using a simple inductor to replace the trans­
former. 

Inverter IC2A develops a 20-kHz clock signal (trace 
A in Fig 5b), which feeds a logic network composed 
of additional inverters, diodes, and the 74C90 decade 
counter. The counter output (trace B) combines with 
the logic network to present alternately phased clock 
bursts (traces C and D) to the base resistors of Qi and 
~· When <l>i (trace B) is inactive, it resides in its high 
state, and it biases Q2 and Q-i on. Q-i's collector effec­
tively grounds the bottom of Li (trace H). During this 
interval, <1>2 (trace A) sends clock bursts into Qi's base 
resistor. If the -15V output is too low, servocompara­
tor ICiA's output (trace E) is high and Qi's base can 
receive pulsed bias current. 

If the converse is true, the comparator's output will 
be low and will gate the bias away through Qi's base 

LT1070: The inside story 

diode. When Qi is open to a bias input, Qa switches 
and produces a negative-going flyback event at the top 
of Li (trace G). The flyback event is rectified and fil­
tered to develop the - 15V output. ICiA regulates the 
number of clock pulses that switch the Qi/Qa pair. The 
LT1004 serves as a reference. 

The ac-coupled -15V output (trace J) shows the 
effect of ICiA's regulating action. The output stays 
within a small error window set by ICiA's switched 
control loop. As input-voltage and loading conditions 
change, ICiA adjusts the number of permissible clock 
pulses to bias Qi/Qa and maintain loop control. 

When the <l>i and <!>2 signals reverse state, the opera­
tional sequence reverses. Qa's collector (trace G) pulls 
high, and ICrn's servo action controls Q~Q-i's switching 

The LT1070 is a current-mode 
switcher whose duty cycle is con­
trolled directly by switch current 
rather than output voltage (Fig 
A). The switch turns on at the 
start of each oscillator cycle and 

turns off when the switch current 
reaches a predetermined level. 
The output of a voltage-sensing 
error amplifier sets the current 
trip level to control the output 
voltage. 

This technique has several ad­
vantages. First, unlike ordinary 
switchers, which have notori­
ously poor line transient re­
sponse, the LT1070 responds im­
mediately to input-voltage vari-

i82 

1.24V 
REFERENCE 0.15V 

16V 

DRIVER 

ANTISATURATION 

SWITCH 
OUT 

5A, 75V 
SWITCH 

0.02 

Fig A-The LT1070 i8 a current-mode switcher wlwse duty cycle is controlW directly by switch current rather than CYUtput voltage. 
Unlike ordinary switchers, which have notoriously poor line transient response, it responds to input-voltage variations immediately. 
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to produce similar output waveforms. Traces F, H, 
and I illustrate ICrn's output, Qb collector signal (Li's 
bottom), and the ac-coupled 15V output, respectively. 

Although the two regulating loops share the same 
inductor, they operate independently, so no perform­
ance degradation is caused by asymmetrical output 
loading. The inductor sees irregularly spaced shots of 
current (trace K), but is unaffected by this multiplexed 
operation. Clamp diodes prevent Qa and Q-i from re­
verse-biasing during transient conditions. The circuit 
provides ± 25 mA of regulated current at 60% effi­
ciency. 

ceptably high for many low-power systems. Fig 6's 
converter design supplies ± 15V at 100-mA outputs 
while consuming only 10 mA of quiescent current. The 
LT1070 switching regulator (see box, "LT1070: The 
inside story") drives Ti in a flyback mode; the damper 
network clamps excessive flyback voltages. Half-wave 
rectification and filtering of Ti's secondary signals pro­
duces positive and negative output across the 47-µF 
capacitors. 

A simple loop regulates the positive 16V output. 

Reduced quiescent current is another aspect of 5 to 
± 15V converter design. Typical coverters draw 100 
to 150 mA of quiescent current-a value that's unac-

Comparator ICiA balances a sample of the positive 
output with a 2.5V reference voltage from the LT1020. 
When the 16V output (trace A in Fig 6b) is too low, 
ICiA switches high (trace B) and turns off the 4N46 
optoisolator. Qi turns off, and the LT1070's control pin 

ations. Second, the current-mode 
configuration reduces the 90° 
phase shift in the energy-storage 
inductor at middle frequencies. 
This reduction greatly simplifies 
closed-loop frequency-compensa­
tion tasks under widely varying 
input-voltage or output-load con­
ditions. Finally, the current­
mode technique can use simple 
pulse-by-pulse current limiting to 
provide maximum protection for 
the switch under output-overload 
or short-circuit conditions. 

A low-dropout internal regula­
tor provides a 2.3V supply volt­
age for all of the LT1070's inter­
nal circuitry. Because of this low­
dropout design, input-voltage 
variations from 3 to 60V have vir­
tually no effect on the LT1070's 
performance. 

A 40-kHz oscillator serves as 
the basic clock for all the 
switcher's internal timing. The 
oscillator uses the logic and 
driver circuitry to turn on the 
output switch. Special adaptive 
circuitry monitors the output 
switch and instantaneously ad-
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justs the driver current to limit 
switch saturation. 

A 1.2V bandgap reference bi­
ases the error amplifier's positive 
input. The amplifier's negative 
input is available at a pin on the 
package, so you can use it for out­
put-voltage sensing. This feed­
back pin has a second function: 
When it's pulled low by an exter­
nal resistor, the pin programs the 
LT1070 to disconnect the main 
error-amplifier output and con­
nects the flyback amplifier's out­
put to the comparator input. The 
LT1070 then regulates the value 
of the flyback pulse with respect 
to the supply voltage. 

This flyback pulse is directly 
proportional to the output volt­
age in the traditional trans­
former-coupled, flyback-topology 
regulator. By regulating the 
flyback pulse amplitude, you can 
regulate ·the regulator's output 
voltage with no need for a direct 
connection between the input and 
the output. The output is fully 
floating for values as high as the 
breakdown voltage of the trans-

former windings. A special delay 
network in the LT1070 improves 
output regulation by ignoring the 
leakage-inductance spike at the 
leading edge of the fly back pulse. 

The error signal developed at 
the comparator input comes out 
to an LT1070 terminal. This V c 
pin provides four different func­
tions-frequency compensation, 
current-limiting adjustment, soft­
starting, and total regulator shut­
down. During normal regulator 
operation, the V c pin sits at a 
voltage between 0.9V (low output 
current) and 2V (high output cur­
rent). Since the error amplifiers 
are current-output types, you can 
clamp V c externally to adjust the 
current limiting. A capacitor­
coupled external clamp will pro­
·vide a soft-start capability. 

If you pull the V c pin to ground 
through a diode, the switch duty 
cycle will go to zero and put the 
LT1070 in an idle mode. Pulling 
the V c pin below 0.15V causes 
total regulator shutdown. 
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Fig 5-For circuit simplicity and economy, the drive scheme in this converter (a) uses a 2-terminal inductor in place of the usual 
transformer. The waveforms (b) show that although the inductor sees irregularly spaced shots of current (trace K), the multiplexed operat'ion 
has no effect on the inductor's performance. 
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Fig 6-To satisfy the needs of many low-power systems, this converter design (a) supplies ±15V outputs at 100 mA while consuming 
only 10 mA of quiescent current. As trace D of the scope photo (b) illustrates, the converter has a 40-kHz switching frequency. Compared 
to conventional designs, this converter's efficiency (c) is f ar superior at light loads. 
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(V c) goes high (trace C). This action generates full­
duty-cycle, 40-kHz switching at the V sw pin (trace 
D). The resulting energy into T1 forces the 16V output 
to ramp quickly positive and turn off IC1A's output. 
The 20-MO resistor, combined with the slow response 
of the 4N46 (note the delay between ICiA•S going high 
and the V c pin transition) provides about 40 m V of 
hysteresis. 

The LT1070's on/off duty cycle is load dependent, 
so it saves a significant amount of power when the 
converter operates with a light load. This characteristic 
is largely responsible for the 10-mA quiescent-current 
figure. 

The optoisolator preserves the converter's input-to­
output isolation. The LT1020, a low-quiescent-current 
regulator, further regulates the 16V line to develop 
the 15V output. This linear regulation eliminates the 
40-m V ripple and improves transient response. 

The - 16V output tends to follow the regulated 
-16V line, but the regulation is poor. The RC damper 
at pin 5 allows the LT1020's auxiliary onboard com­
parator to function as an op amp. This op amp linearly 
regulates the - 16V line. MOSFET Q2 provides low­
drop-current boost and sources the - 15V output. The 
op amp stabilizes the -15V output by comparing it 
with the 2.5V reference via the 500k/3M summing re­
sistors. The 1000-pF capacitors frequency-compensate 
each regulating loop. Fig 6c plots this converter's effi­
ciency versus that of a conventional design for a range 
ofloads. Although the results are similar for high loads, 
the low-quiescent-current circuit is superior at light 
loads. EDN 
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Low-force contacts for MIL-C-55302 qualified connectors, still going strong after100,000 
connect/disconnect cycles, should be good news for high life-cycle applications. 

Electrical repeatability that improves with use; edging down from 5 milliohms contact 
resistance and levelling off at 3, may be even better for add-on memory, firmware, por­
table disk drives, tempest systems and other low-resistance requirements. But what if you 
need it all? 
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You've got it. Our KA Series connectors, with patented Hypertac · contacts, set new parameters for low force, long life 
and low resistance . . . plus high reliability vs. shock and vibration. We've tested them beyond 5K cycles-but customers 
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The 
catalog 
is free. 
The dialogue is priceless. 
And both are a.s dose as 
1-800-552-lllS. 

First is a comprehensive new guide 
to all of Keithley's hardware, soft­
ware, and systems for data acquisi -
tion and control. In its 80 pages, 
you'll find the proven performers as 
well as the latest innovations. Like 
the rugged new SOOA acquisition 
system and rack-mount mechanical 
package. The new AMM2 analog 
card with higher speed and resolution 
- SOkHz and 16 bits. And expanded 
dynamic range - from a high of 10 
volts to a low of 30 microvolts. A 

EDN October 13, 1988 

new portable DC system. And new 
software to make it all play. 

Second is a comprehensive new 

CIRCLE NO 123 

corps of highly specialized and ob­
jective experts called the "PC TEAM" 
(That's T-for-Test, E-for-Equipment, 
A-for-Analysis, and M-for-Mea.sure­
ment. PC means PC.) 
These pros will help you coordinate 
and integrate the complex selection 
of compatible hardware, peripherals, 
and software. That's all they do. 
They do it well. 

To get our book or talk with the 
Team, just call l..S00-552-1115. The 
value is excellent. 

Data Acquisition & Control Divi­
sion, Keithley Instruments, Inc. 

l<EITHLEY 
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SIEMENS 

The applications base 
Our 8051-family integrate digital and analog functions - wherever they're needed 
Siemens microcontrollers from the 
8051 family are engineering favorites. 
They control, regutate, check - precisely 
and reliably, and in a broad range of 
applications. 

• In telecom: 
With their low consumption, i.e. 
powe1-saving mode, large ROM area 
and flexible 1/0 structure, 8051XX are 
the right base for powerful stations. 

• In automotive engineering: 
With an integrated AID converter, 
watchdog timer, flexible 1/0 and timer 
structure, 8051XX manage transmis­
sion and engine control or regulate 
the airconditianing. Siemens micro­
controllers govern the anti-skid 
braking. 

• In motor control : 
With their integrated AID converter 
and compare timer, our controllers 
give motors a soft start and smooth 
acceleration. 

• In copiers and printers: 
With digital and analog 1/0 and 
flexible timer functions. 8051XX make 
user gui.dance more than straight­
forward. 

•In Industrial controls: 
With a powerful interrupt system, 
high-speed AID converters and timer 
functions, our 8051XX are really cut out 
for realtime needs. 

• In data engineering: 
With versatile, digital and analog 
110 functions plus clock and timing 
generation, our 8051XX make up 
complex peripheral controllers. 

Siemens microcontroller optimize 
your syslam. Wllh 8051XX~ enhance 

costs.And your system gets more relia­
bility. 

Siemens 8051 family includes the SAB 
8051 , SAS 8052, SAS 80512, SAS 
80513 and the SAS 80515. 

Like to know more? More about the 
countless apllications in your field? 
More about continuous new develop­
ments in the successful 8051 family? 
If so, just write: 

EuroQe: Siemens AG, 
lnfoservice S-Z070, Postfach 2348, 
D-8510 Furth 

USA: Siemens Semiconductor Group 
2191 Laurelwood Road, Santa Clara, 
CA 95054, mentioning "8051 micro­
controllers". 

• iii iii iii iii iii Ii I 

Top Tech Components : 
Siemens 
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n erters­
Lo erPower, 
Lower Prices 
New, improved 12-bit microprocessor­
compatible AID converters run coo er, 
last longer, cost less 
than ever before. 

Burr-Brown's new ADC574A/674A 
AID converters have been redesigned 
for greater economy and reliability. 
They are complete devices, with 
+10V buried-zener reference~ internal 
current-controlled clock; 8, 12, or 16-
bit µprocessor interface; and three­
state output buffers. 

Key ADC574A/674A Features 
• 12-bit resolution 
• ±1/2LSB max linearity error 
• 450mW max power dissipation 
• 150ns max bus access time 
• 28-pin ceramic or plastic DIP 

packaging 
• no missing codes guaranteed for 

0/+75°C and-55/+125°C specified 
temp ranges 

• $15.75 in 1000s (U.S. List Price) 

Ask your Burr-Brown sales representative 
for complete details and evaluation 
samples, or call Applications 
Engineering, 602fl46-1111. Burr-Brown 
Corp., P.O. Box 11400, Tucson, AZ 
85734. 
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The problem with most real-time operating systems is 
simple, they're not an integrated solution. You end up dealing 
with a multitude of suppliers for languages, compilers, debug­
gers and other important development tools. And w hen 
something does go wrong, it can be a frustrating experience 
trying to straighten out the mess. 

Modularity Lets YOU Choose Just What You Need. 
The modular design of OS-9 allows our Operatihg System 

to adapt as your requirements change. OS-9 can support a 
complete spectrum of applications - from embedded ROM­
based code in board-level products all the way up to large­
scale systems. 

Why Not Try the 
Microware One-Stop 
Total Solution? 

The OS-9 Success Kit 
Support is Part 
of the Package. 

A Total Integrated Solution for Your Next Project Microware is proudly setting 
the industry's standard for cus­
tomer support. You'll fi nd pro­
fess ional and comprehensive 
technica l documentation and a 
Customer Hot l ine staffed by 
courteous and authoritative soft­
ware engineers. 

Microware's OS-9 Real-Time 
Operating System is a total inte­
grated software system, not just 
a kernel. We offer an extensive 
set of development tools, lan­
guages, 1/0 and Kernel options. 
And this total integrated solution 
is entirely designed, built and 
supported by the same expert 
Microware team. 

Microware is a registered trade mark of 
Microware Systems Corporation. 
05-9 ia a trademark of Mic roware . 
UNIX is a trademark of AT&T. 

Development Tools: Languages: 
C Source Level Debugger 
Symbolic Debugger 
System State Debugger 
uMACS Text Editor 
Electronic Mail 
Communications 
Super Shell 

Kernel Options: 
MMU (Security Protection) Support 
Math Coprocessor Support 

•Resident or UNIX versions available 
''VAX hosted 

c· 
Basic 
Pascal 
Fortran 
Ada" 
Assembler· 

I IO Options: 
SCSI , SASI & SMD Disks 
3-. 5- , 8-inch Diskettes 
Magnetic Tape 
Ethernet - TCP I IP 
Arcnet - DS-9 I Net 

So stop messing with sim­
ple kernels and independent 
suppliers. Call Microware today 
and find out more about the 
"One-Stop Integrated Solution" 
w ith OS-9! 

VAX is a trademark of DEC. ,,_, 
Microware Systems Corporation 
1900N.W.114thStreet 
Des Moines, Iowa 50322 
Phone: 515/224-1929 

Western Regional Office 
4401 Great America Parkway 
Santa Clara, California 95054 
Phone: 408/980-0201 
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are 
Theyre easy to design.Theyre ready on time . 

And first-time success is virtually 100%. 

You've heard all about the excitement of 
ASICs. 

They improve performance, lower costs 
and make many new designs possible. 

But, unfortunately, youye probably also 
heard about one big potential problem: while 
many ASICs pass the tests specified by the 
designer, they don't always work in the real 
world. And that causes excitement you can do 
without. 

How to get first-time success. 
It starts with our Design Simulation Software. 

It's been rated the best in the industry by the 
people who should know-designers who 
have used it. Within three days, you can be up 
to speed, working at any of the major worksta­
tions in the industry, creating and revising 
your ASIC with ease. 

The standard cell advantage. 
You'll really appreciate the power of our 

standard cells, which allow you to integrate a 
whole system, including macros, memories, 
logic and peripherals, onto a single chip. 

We have cells with effective gate length as 
small as 1.5µ (.9µ coming soon). And double­
level metal for higher-density chips that can 
handle higher clock speeds. 

You can choose from a wide range of 
Supercells, including the leading-edge 
RS20C5 l core micro, RAMs, analog functions , 
bit-slice processors, HC/ HCT logic, Advanced 
CMOS Logic, and high-voltage cells. 

If they aren't enough, we can even generate 

Supercells to your specs. 
And we're also in the forefront of silicon 

compiler technology. So we can offer you the 
ability to create designs that are heavily BUS­
structured, with your ROMs, RAMs, PLAs and 
ALUs compiled right into the design. 

We also bring you the resources of some 
very powerful partners, than ks to our alternate­
source agreements with VLSI on standard 
cells; WSI on macrocells and EPROMs; and a 
joint-development agreement with Siemens 
and Toshiba on the Advancell® library of 
small-geometry cells. 

Gate arrays, too. 
If gate arrays are better for your design , 

you' ll be able to choose from our full line up 
to 50,000 gates, with effective gate length as 
small as 1.2µ and sub I ns gate delays. 

These gate arrays use "continuous gate" 
technology for up to 75% utilization. They 
are an alternate source to VLSI Technology 
arrays. 

yYe also alternate source the LSI Logic 5000 
sen es. 

And we have a unique capability in high-rel 
ASICs, including SOS. Our outstanding pro­
duction facilities here in the U.S. produce 
high-quality ASICs in high volume at very low 
costs. 

It almost sounds exciting for something so 
boring, doesn't it? 

For more information, call toll-free today 
800-443-7364, ext. 25. Or contact your local 
GE Solid State sales office or distributor. 

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

GE/RCA/INTERSIL 
SEMICONDUCTORS 
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No "boomerang effect" 
at 1fend Circuits. 

Less than 1% of our protocype 
boards ever come back 

F 
ast turnarounds in 
prototype circuit 
boards are great -

but not when the boards 
circle back again and again 
because of poor quality. 

That "boomerang effect" 
costs precious time in prov­
ing your concepts and can 
end your chances to meet 
critical market windows. 

We deliver speed 
and quality. 

Speedy turnarounds don't 
count for much if proto-
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types don't work. At Trend 
Circuits, we're specialists in 
rapid production of prototype 
boards that work first time 
out. That's because we're 
people who understand 
your language, your objec­
tives and your pressures. 

Further, fully one-third 
of our people are involved in 
inspection. We begin with 
incoming artwork, where 
we can quickly identify 
common design errors. And 
we continue with double­
and triple-checking right 
through to completion. 
As a result, less than a scant 
1% ever come back. And 
that's good for both of us. 

Now for speed. On a regu­
lar basis, we deliver double­
sided boards within 24 
hours, and multi-layer 
boards within five days. In 
fact , we're completing no less 
than 82% of all our work 
within five days. 

800/448-0550 (nationally) 

800/448-0440 (in California) 

CIRCLE NO 194 

Check our references. 
You can verify our facts 

easily enough by talking to 
our customers. Simply phone 
and we'll put you in touch 
with people who've decided 
they won't accept compro­
mise in quickly moving from 
design to finished prototype. 
They'll tell you why we're 
their logical choice for "no­
boomerang" boards. And why 
we should be yours. 

i:=t5ni> Ci=rcUiO 
PROTOTYPE BPECIALIBTB 

44358 Old Warm Springs Bl vd. 
Fremont . CA 94538-6148 

415/651-1150 



PC-based analog 
pc-board design 

Part 1 

Choosing a PGbased 
CAD pacl<age requires 

careful scrutiny 
Designing analog pc boards poses special 
problems that some CAD tools don)t handle 
well. Part 1 of this 2-part series helps you 
to evaluate PC-based) pc-board design tools 
and presents a checklist of features desirable 
for analog board design. Part 2 will offer 
some techniques for circumventing the ana­
log deficiencies of PC-based software. 

Kimberley F Quirk, Engineering Services Group 

If you're a digital designer, you can buy inexpensive 
software that runs on inexpensive hardware and that 
will automatically place and route your multilayer 
board without requiring you to think much about the 
process. Unfortunately, most companies have been 
writing CAD software with only the digital user in 
mind; consequently, many of the problems associated 
with analog board design have not yet reaped the bene­
fits of computerization. 

Before the introduction of computer-aided design 
tools, all the artwork required for pc boards was cre­
ated manually with tape on Mylar. As digital circuitry 
became more and more complex, it seemed only natural 
to make computers create this artwork because of their 
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ability to do tedious work fast and accurately. Although 
expensive at first, hardware and software for CAD 
have now come within the financial grasp of small com­
panies and individuals and have made a digital de­
signer's task relatively easy. 

The same does not hold true for an analog designer, 
however, and even for a digital designer, complications 
may still arise. For instance, what happens if an engi­
neer slips something new into the circuit? A little ECL, 
say, or a high-frequency oscillator? What about an in­
put AID converter, a telephone-line interface, or RF 
circuitry? In these cases, the board design will require 
some thought. Certain incoming traces may require 
shielding, and extra grounds may prove necessary. 
Perhaps a full ground plane may need to be added-or 
even a split ground plane (distinct ground planes for 
analog and digital residing on the same layer). 

For the purposes of this article, "digital" will refer 
to circuits that operate at relatively slow speeds: less 
than 20 MHz. TTL circuits are typical examples. "Ana­
log" will mean everything else. The reason for this 
simplified definition is that there are some analog con­
cerns in almost any circuit today. Speeding up a digital 
circuit or trying to meet FCC requirements may man­
date more complicated grounding or guarding tech­
niques, which once were needed only for microvolt­
level analog signals. 

When evaluating any software package, it's impera­
tive to first determine your own needs and priorities. 
Don't let a salesperson make these decisions for you 
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Speeding up a digital circuit may force you 
to consider better grounding or guarding 
techniques) which once were needed only for 
microvolt-level analog signals. 

because most salespeople don't have a strong enough 
background in analog board design. Furthermore, dem­
onstrations and sales literature usually don't paint an 
accurate picture of a system's analog capabilities. Some 
sales reps will promise you the world without fully 
understanding what you need. When you get the sys­
tem in house, it may be incapable of generating the 
artwork you desire. On the other hand, you may find 
software vendors who don't understand the full capa­
bilities of their product. A vendor may say that its 
software · can't create unusual ground planes, yet, if 
you get a chance to work with the program, you may 
discover that you can make it do what you want with­
out too much difficulty. 

Until a much greater emphasis is placed on the needs 
of analog designers (including sales, marketing, and 
technical support), you should be wary of salespeople. 
Instead, try to find analog designers who use the soft­
ware. Their comments will provide insight into a prod­
uct's true capabilities and deficiencies. 

Don't sacrifice features of digital software 
The design packages traditionally used for digital 

design provide many valuable features that you 
shouldn't have to sacrifice because you want a package 
with an analog specialty. You shouldn't have to lower 
your standards or make too many tradeoffs to achieve 
the analog features you want. The box, "Software 
checklist for analog users" (pg 200), should help you 
ascertain which features you do or do not need and 
should ensure that you don't overlook any important 
capabilities. Although your personal preferences may 
diverge from items on this checklist, the list will serve 
as a starting point for your evaluation. And you can 
modify it to suit your own practices. 

One digital option that you should probably avoid 
is the autorouter. An autorouter can be helpful on 
some digital boards or some sections of boards, but it's 
not very adept when it comes to analog designs. Don't 
let someone talk you into this option unless you're 
convinced you have enough digital circuitry on the 
board to make it worthwhile. 

One of the first limitations you'll find when you begin 
evaluating software is the limit on the number of parts 
that you can include in a design. The reason is that 
analog boards require many more physical parts than 
digital ones. You can cram five or six discrete parts 
into the space occupied by one 14-pin IC and many 
more into the space of a 48-pin microprocessor. Thus, 
you may very well run into memory limitations on an 
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analog board much sooner than you would on a digital 
one. However, most analog boards don't need nearly 
as many physical connections per component as a digi­
tal board. 

If you plan to design only small- to medium-size 
boards, you may never encounter problems with mem­
ory limitations. However, if you plan to design any 
large boards at all, make sure the software can make 
use of extended or expanded memory. 

Another possibility is to break the board into sec­
tions that you can recombine before or during photo­
plotting. It's improbable that you would even consider 
such a procedure for a digital board; usually many 
traces run between any two areas. On an analog board, 
though, you may find it very easy to determine a sepa­
ration line across which only a few signals pass. 

You may want drawing/copying capabilities 
Drawing capabilities may be very important to you 

if you like interesting silkscreen shapes or if you need 
strangely shaped pads. A freehand-drawing feature , 
for instance, allows you to define a pad in the shape 
of a strip-line inductor so that you can assign to it the 
attributes of a physical part. You could then store this 
part in the library and treat it like all the other compo­
nents for parts-list generation and design-rule check­
ing. 

Most pc-board programs give you a choice of pad 
shapes but don't allow you to define them. Make sure 
that all the pad shapes you want to use are available 
in the software package you have in mind. 

You may also be interested in area-copying capabili­
ties. Area-copying capabilities permit you to define 
an area of parts and traces to be copied as a group 
rather than as individual items. For example, having 
laid out 1 of 15 AID channels, you could save a good 
deal of time by copying the entire channel 14 times. 
Be aware that you'd almost certainly have to manually 
change the reference designators and signal names in 
each new copy of the channel to ensure correct informa­
tion in the net lists and the design-rule checks. 

Some aspects of analog design require that you meas­
ure a trace length or width. Even in a digital design, 
situations may arise when you want to know the dis­
tance between two components. It's a great help if the 
software provides a measure of absolute distance or 
relative X and Y coordinates. 

Unlike IC chips, discrete analog parts (inductors, 
transformers, capacitors) do not use standard 100-mil 
spacing between leads. A basic rule for analog CAD 
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software is that it must allow you to specify grid spac­
ing with a resolution as fine as 1 mil (or better), and 
this rule applies to the definition of parts as well as 
the routing of traces. To design some of the most com­
mon connectors, a 1-or 2-mil grid is necessary. 

In addition, you should have the ability to define 
trace widths to the same resolution as the grid. Some 
inexpensive software packages give you a choice of 
only five or six different widths. For instance, my per­
sonal preference is to use 20-mil traces for many analog 
signals, but 8, 12, 50, 80, 100, 150, and even 200 mils 
are necessary for some applications. Defining an induc­
tor or coupling coils in etch would require a custom 
trace width as well. Fig 1 shows an inductive trace 
between resistors Rl and R2. A good rule of thumb 
is to use a width of 8 to 12 mils for digital signals. Fig 
2 shows a 12-mil trace between pins 5 and 6 of U2 
(which has standard 60-mil pads), as well as two 8-mil 
traces between pins 7 and 8 of the same chip. 

You may also need to be able to change the width 
of a trace in midstream. To illustrate this, Fig 2 shows 
a 50-mil trace that narrows down to 20 mils in order 
to pass between Rl and R2 on the way to U3. 

Finally, be sure you can create whatever angles 
you'll need when routing a trace. Some systems may 
allow only 90° and 45° angles, whereas others will allow 
any angle. If most of your traces will be routed along 
45° angles, verify that the system will allow a default 
setting of 45 so you don't have to set it for each trace-­
or worse, guess by looking at it. 

For analog engineers, probably the most important 

• -®-
RI R2 

c{] ? 
UID 0

1

00 IU 

CD ? 
U2D 

u. 
U5 wD 

CID? 
U6 

JI 
J1 

Si1M~re,e,ilo2 

Fig ]-(;rounded copper areas and guarded traces can help to 
eliminate noise problems in analog circuits. 
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characteristic of a CAD software package is its ability 
to handle grounding and guarding signals. You have 
a choice of three types of grounding schemes: creating 
copper areas of any size or shape; creating full-layer 
ground planes that also include signal traces; and creat­
ing customized or split ground planes. 

The capability to add copper areas is vital if you like 
(or need) to fill in open spaces with as much ground 
as possible after routing the signal traces. You may 
also want to guard sensitive signals by running ground 
traces on both sides of each such signal trace. Fig 1 
shows an example of copper added in a user-defined 
shape as well as a guard around the signal coming off 
Q2's pin 3. 

Some CAD packages allow only certain shapes of 
copper; other packages do not have the ability to add 
extra copper at all. With many packages, you'll be 
able to add arbitrary ground shapes but you'll be lim­
ited as to the amount of copper you can lay down. In 
digital designs, you don't usually need to add much 
extra copper, so software vendors don't allocate much 
memory for this purpose. Every software package has 
made tradeoffs regarding the way it allocates a limited 
amount of memory to various functions. Techniques 
to circumvent memory limitations may exist, but be 
aware that you might run into problems if you tend 
to reinforce ground or power traces and to add extra 
copper for shielding. 

Creating power and ground planes is important in 
digital designs as well as analog-they are usually the 
first things a digital engineer adds when a design ex-
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Fig 2-Analog circuits usually require a greater variety of trace 
widths than digital circuits. The trace from the top end of RI was 
narrowed to pass between the pads for RI and R2. 
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Don)t let a salesperson determine your needs 
and priorities: Most salespeople don)t have 
a strong enough background in analog 
board design. 

ceeds two layers. For this reason, some of the good, 
inexpensive software packages today can handle a sim­
ple ground plane quite well. Other, less-desirable types 
of software packages require you to define new library 
parts that include thermal relief pads for each ground­
or power-plane level. If the design uses standard digi­
tal chips, you can rely on a standard pin (7, 8, or 10, 
for example) being connected to a ground plane, and 
the diagonally opposite pin (14, 16, or 20) being con­
nected to a power plane. But this approach doesn't 
take into account your standard resistor. You may find 
that every analog part you create must come in at least 
two versions-one with thermal pads and one without. 
This requirement also implies that you must modify 
(or at least inspect) a schematic-capture-program net 
list to be sure that it calls out the correct version of 
the resistor in question. 

Oftentimes, an analog design will have only two lay­
ers, one of which must be the ground plane. In such 
a situation, you may discover that it's necessary to run 
signal traces on the ground plane as well. Ask the 
software vendor's advice on how you can achieve this­
and don't be too surprised if no one completely under­
stands what you're talking about. To the best of this 
author's knowledge, no software packages are available 
that can easily incorporate signals on ground planes. 

Even if the vendor doesn't know how to run signals 
on ground planes, however, you may be still able to 
do so by persevering. It just takes some work and 
planning. 

In a number of situations, customizing a ground 
plane is critical. Perhaps you have a 4-layer board 
with a fairly even mix of digital and analog circuitry. 
You'd probably want to use two layers to route all the 
signals and two other layers for the power and ground 
planes. If you split the ground plane into an analog 
side and a digital side, you can separate the grounds 
while keeping them as heavy as possible, something 
that is very important in certain circuits. Fig 3 is a 
split-ground plane. The left side is a digital ground 
plane (note that pin 7 of each chip is grounded), and 
the right side is the analog section, with some connec­
tions to that plane. 

As another example, suppose you have a mostly ana­
log circuit that you want to lay out on two layers (one 
of these being the ground plane). In this case, it may 
be necessary to define an area on the plane as "not the 
ground plane" where you run the digital signals. Many 
different combinations of ground planes with and with­
out signals may be important to you, depending on 
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Fig 3--You shoul,d be able to create a split ground plane that 
isolates the analog and digital grounds and provides maximum 
grounding capabilities. 

your application. Bear these requirements in mind 
when evaluating a software package. 

If you do decide that you want or need custom 
planes, you'll need to be able to check your work before 
committing it to photoplotting or artwork generation. 
At present, you won't find any software package that 
will let you see a negative image, or a composite nega­
tive and positive image, on the screen. Most packages 
will let you print or plot each layer individually as 
positive images, however. 

Many vendors provide error-checking facilities with 
their packages-that is, a way to check the spacing 
between pads and traces as well as a way to match 
net-list input to net-list output. Nevertheless, these 
packages fall short when it comes to automatically 
checking added copper or to checking ground planes 
against traces, pads, and net lists. Most software ven­
dors do not view these deficiencies as problems, either. 
They may very well be mystified as to why you would 
want or need customized planes at all. Realistically, 
then, the only feasible method of checking fancy de­
signs is by eye, and for that you need time and pa­
tience. 

Report generation is a must 
In choosing CAD software for pc-board design, look 

for programs that take full advantage of the computer's 
ability to handle tedious and repetitive tasks such as 
generating lists, bills of materials, and other reports 
useful for purchasing, fabrication, and manufacturing. 
Most CAD software provides, at the very least, the 
ability to generate a net list and a parts list from a 
completed board design. Other helpful reporting fea-
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~~=,~ 128 fonnulas at the speed of light. 
The Casio FX-SOOOF 

Formula Calculator. To save 
you the time and trouble of looking 
up or memorizing many of the 
most important mathematical and 
scientific formulas, -we put 128 of 
them in our FX-5000F Formula 
Calculator. And you can call them 
up in a flash. 

The formulas are numbered 
and cover the fields of math, 
statistics, physics, electronics and 
mechanics. Plus you can input 
12 of your <>Nn. Just key-in the 
appropriate number and the tor-

mula you need appears instantly. 
The alpha numeric display with 
10 digit mantissa plus 2 digit expo­
nent is easy to read and scrolls 
to aver 70 characters. Its two-line 
display shows both the formula 
and the ans-wer simultaneously. 

And it doesn't stop there. 
Once you've recalled the formula, 
the calculator prompts you to input 
the values of the variables and 
automatically calculates the result. 

The FX-5000F's 675 of 
ory allcm you 

CRill•••pretty sizeable pro-
mer Products Division: 570 Mt. Pleasant Awnue, Doller, NJ 07801 

Ltd .. 2100 Ellesmere Road, Suite 240, Scart>qiaudl, Ontario M1H3B7 
CIRCLE N085 

grams and store them until needed. 
While an instant replay feature 
lets you revif'NV and edit formulas 
at the touch of a button. 

Adding to its usefulness are 
an additional 160 powerful scientific 
functions, for a combined total of 
288 functions and formulas. 

Get your hands on a Casio 
FX-5000F and flash through a 
ff'NV formulas. You'll find it very 
illuminating. 
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An autorouter can be helpful on digital 
boards, but it doesn't handle analog designs 
very well. 

Software checklist for anaJog users 

Analog Concerns 

l2l Memory limitations 
_ Number of parts 
_ Amount of free standing copper 
_ Uaer-allocatable memory 
_ Expandable memory 

l2l Drawing and copying facilities 
_ Limited pad sizes 
_ Limited access to layering scheme 
_ Copy, delete, rotate by area or individual parts 

l2l Relative X, Y positioning 
l2l Trace and grid sizes 

_ 1-mll grid for defining part shapes 
_ 1-mll resolution for trace widths 

l2l Grounding 
_ 1-mll grid for laying down copper 
_ Any ahjipe for copper grounds 
_ Ease of creating ground planes 
_ Signals on ground planes 
_ Split and custom ground planes 

l2l Routing 
_ Ability to change trace width in the middle of a route 
- 45° cornet'S 
_ Rounded traces (no corners) 

l2l Checking 
_ Ground-plane-checking features 
_ Copper-to-trace checking 

tures relate to job statistics (equivalent ICs and board 
area, number of holes, number of vias, number of 
routed and unrouted traces), bills of materials, and 
ECOs (engineering change orders). 

The program you choose should automatically gener­
ate fabrication, drilling, and photoplotting information 
jn the appropriate formats. A computer can count holes 
faster and more .accurately than a person can. If the 
progr.am doesn't make it easy to get a hole-count or a 
table -0f hole sizes (for fabrication dr.awings), be wary. 
Many software packages can generate information in 
the Excellon drill format , which is becoming an in­
dustry-wide standard for transferring drill-size and 
hole-location information to fabrication houses. In the 
photoplotting tlomain, Gerber has defined a standard. 
Virtually every CAD software vendor offers this for­
mat, but it may cost extra. 

Another task that computers do very well is deter­
mining the spacing between traces and pads. Find out 
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la Input 
- la modification of net liet llllqUiled ...... 

It can be U88d? 

l2l Reporting featuJeS 
- Net list from pc bollld 
- Parts llst/8111 of ........... 

l2l Fabrication dnnringa 
- s,.wm statl8tk:a(tnelllOIJ ..,....) 
_ Cha'9-0ftler lnfonnalion 

l2l Output 
- Dot-matrix printer 
_ Plotters 
_ Quality .nwork~ 
- Fabldrlll dlJIWings 
- Gerber fllea 
- Drill tape (Excellon~IM) 

l2l Checking feakns 
- Schematic net list vs ..... net ... 
- Spacing checkl 

l2l Other 
_ Ea8e of lnteracJive routing 
- Eaae of parta pla(:ement 
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_ Library management 
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Nothing Captures Today's Solutions Like Schema. 

0 mation, originators of the most 
popular design entry software 

SCHEMA II, presents an integrated 
solution to printed circuit board design. 

Now you can enter a schematic 
using SCHEMA II, and then produce 
a finished printed circuit card with 
SCHEMA PCB and SCHEMA ROITTE. 
From start to finish in one easy step. 

The integration, complete with 
automatic backward and forward anno-

EDN Oct ober 13, 1988 

tation, makes the process simple and error 
free. All sa-IEMA products operate on 
IBM personal computers or compatibles, 
yet they offer all the features of CAE work­

stations costing $50,000 for 
a fradzon of the cost. 

CALL TODAY 
aml ask for our 
free demo disk. 

CALL.: 1-800-553-911.9 
Cl.RCLE NO 146 

As akays, each member of the 
SCHEMA family of products comes with 
a 30-Day Money &ck Gt1arantee. 

Capture your solutions by calling 
us Toll Free: 1-800-55.1-9119 (in Texas, 
214-231-5167). Ask about our SCHEMA 
Family Demo Evaluation Kit. 

OMATiON 
1no E. Campbell Rd., Suice 100 
Rkbardson, Texas 75081 
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You may ru_n into memory limitations much 
sooner on analog boards than on digital 
boards. Analog boards often require far 
more parts (though fewer connections). 

errors. You may have to hand-eheck the analog section 
of a board, but the program should perform a complete 
and automatic check of any digital seetions. 

Should engineers design their own boards? 
In today's world, it is very important for design 

engineers to get involved in the layout proeess to some 
degree. Most layout hoU:Ses do not employ people who 
can really understand all of the complex issues affecting 
analog and RF circuits. When an outside service bu­
reau does the work, you'll often find, to your dismay, 
that large parts of the design have to be redone. 

In most instances, a service bureau takes your sche­
matic, along with some instructions, and returns to 
you a finished layout. You may then have to remind 
them-again-that they must keep the 80-MHz signal 
away from the sensitive analog input, and they may 
then charge you extra to perform the modification. 

A possible remedy is to educate the pe-board design­
ers as to the electronics and potential parasitics of the 
boards they are designing. Unfortunately, designers 
aren't telepathic and often aren't even engineers. In 
most cases , only the analog design engineer is familiar 
with the very detailed demands of a layout, and there­
fore it is tl1e engineer who must beeome involved in 
the layout. 

From this perspective, a circuit designer who ean 
perform board layout is at a distinct advantage. Never­
theless, pc-board layout is a diffieu1t discipline in its 
own right, and many believe that an engineer's time 
is better spent designing circuits than learning the art 
of pc-board design. As is true when mastering any new 
software program of great complexity, you have to 
devote a significant amount of time to climbing the 
learning curve. 

·Think about .some possible solutions 
One way to work with a service bureau is to set up 

comparable hardware and software in the engineering 
facility (assuming it's not too expensive), thereby al­
lowing some engineer involvement in the layout proc­
ess. The service bureau would install and set up the 
system. making sure that the interfaces work and that 
defaults are set to the same standards they use. The 
design engineers .could then learn enough to lay out 
parts to tlteir individual specifications and to modify 
the work done by the service bureau's draftsmen. 

Such an arrangement would, in all likelihood, be the 
first step toward bringing the entire process in house. 
Although it would require hardware and software ex-

penditures, it might not necessitate the hiring of some­
one full time to run the system. 

The ultimate solution would be to bring a computer 
system in house and to hire someone to run it. Unless 
there's enough work to keep the system manager and 
the system constantly busy, however, most people will 
view this arrangement as too costly. 

In some ways, these inexpensive pc-board design 
programs are giving the world the raise impression 
that all engineers should have board-design software 
on their desks. The low cost of such systems doesn't 
imply simplicity, nor does it imply that engineers 
should, in fact, be designing their own boards. On the 
other hand, many analog engineers end up doing their 
own parts plaeement and much of the layout. so they 
definitely need some basic layout experience. As time 
goes on, more vendors will recognize the number of 
analog users and how best to address the shortcomings 
of the currently available pc-bo.ard-layout software. 
Until that time, engineers need to learn how to over­
come the deficiencies of those products that are avail­
able. The conclusion of this 2-part series will provide 
some tips on how to deal with these imperfections. 

Author's biography 
Kimberley F Quirk is founder and 
prai.dent of Engineering Services 
Group in Wesifonl, MA, a company 
tltat specializes in analog and RF pc.­
board design and amsulting. Kim hol.ds 
an AB from Dartmuufh, College and a 
BSEE and an MSEE from Thayer 
School of Engineering at Dartmoulli 
CoJiege. In her spare time she enjoys 
t.ennis, rat:f/Udball, and musk (both 
el.ectronic and aeoustic). 
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Switching's at the center -
of the system and the solution. 

KEITHLEY HAS THE BROADEST 
VARIETY OF SWITCHING 
CAPABILITY. 

For small bench test and R&D systems, the Model 
705 Scanner's 2-switching card capacity offers up to 
40 channels per mainframe. A Master I Slave con­
figuration enables daisy chaining of as many as 5 
mainframes for extended capacity to 200 channels. 

For larger system capacity, the Model 706 System 
Scanner gives you 10 slots for up to 200 channels 
of scanning or 200 matrix cross points. Chaining 
multiple mainframes expands capability by a 
factor of 5. 

And our latest innovation is your solution to high 
density requirements; the Model 707 Switching 
Matrix. It features six-card capacity with 576 cross­
points per mainframe, expandable to 2,880. 

MATCH YOUR SIGNAL 
REQUIREMENTS 
Here's your choice from the 21 switching cards for 
either the Model 705 or Model 706 mainframe. j 

• 1-, 2-, 4-pole (Kelvin) or matrix switching. ~ 
• Low voltage switching with < 30n V contact • 

potential. : 
• Low current switching with < lpA offset • 

current. 
~ · 

• High voltage capacity to 1,lOOV. ., 
• High current capacity to SA. t.., 
• Thermocouple switching with a built-in 

temperature reference. 
• Wide band (SOOMHz bandwidth) 

switching. 
• Long-life, mercury-wetted relay switching. 

And this is the outstanding performance you can 
gain from the Model 707 and the most flexible type 
of switching - matrixing: 

• Numerous "building blocks": 8x12, dual 
4x12, eight 1x12. 

• 1-, 2-, and 3-pole crosspoints. 
• 2µ V to 200V switching. 
• <lpA to 1A guarded current switching. 
• 30MHz bandwidth, coaxially-shielded 

switching. 



SHORfEN YOUR DESIGN TIME 
With the Models 705 and 706, you can pretest 
switch set-ups using the manual operating or the 
706's Inspect modes. You can mix and match cards 
for the most efficient topologies. And, with the 706 
memory, you can store up to 75 matrix set-ups. 

With the Model 707, you can set up a complex 
matrix configuration, in minutes, right on the 
front panel crosspoint display, using Keithley's 
innovative Light Pen actuator. The mainframe's 
memory can save up to 100 matrix set-ups. And 
the 707's analog backplane eliminates external 
wiring to interconnect rows, so you also reduce 
your assembly costs. 

Ol7I'IMIZE THROUGHPUT 
With the 705 and 706, you can switch channels 
at rates up to 100 per second. You can also control 
testing without tying up a controller by using the 
mainframe's own interval timer, hardware trig­
gers, and external digital I I 0 lines. 

Programmable Source & 
Measurement 
You can generate precise stimuli to the OUT 
(Device-Under-Test) with Keithley DC Voltage and 
Current Sources which provide high resolution 
over wide dynamic ranges (50µ V-lOOV and 
O.SpA-lOA) with 0.05% basic accuracy. They also 
sink power (up to lOOW) as an active load. You can 
program 100 memory steps with output level, 
compliance, and step time duration. 

WIDE RANGING MEASUREMENT 
Measure OUT outputs with one of Keithley's 
economical and versatile system OMMs, including 
the new Model 199 System DMM I Scanner. With 
its optional 8-channel scanner, the 199 may be all 
you need if you're building a small system. 

And the list goes on: we have waveform digitiz­
ing-, temperature measuring-, and frequency I time 
measuring-instrumentation, as well as instru­
ments with lOfA, lOn V and lOµQ sensitivities. 

SOFTWARE TO GET YOUR SYSTEM 
GOING - QUICKLY 
Reduce your start-up time with menu-driven ana­
lytical test software. 

Asystant GPIB eliminates the need for detailed 
knowledge of either the bus or a progamming 
language. 

You can control up to 12 instruments and perform 
detailed analyses using powerful GPIB control, 
graphics, and mathematical operations. 

THE RIGHT CONNECTION 
Address what is often the most critical part of the 
system - the interface to the OUT - with a test 
fixture such as the Model 8007. Even if you plan to 
develop your own test fixture, we can provide you 
with guidelines for shielding, isolation, and noise 
minimization. 
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The three levels of the Keithley Solution 

Products 
Knowledge, 
Assistance 

Expert-to-expert. You're the expert on what you 
need to measure and your system objectives. Get 
together with our expert Application Engineers on 
creating the system to do it. 

Each Keithley switchi ng system is backed by a quality assurance 
program dedicated to ensuring reliable system performance. 
One element of the Q .A. program is the Package 70 Relay Test 
System shown above which is avai lable as a complete system. 

When you work with Keithley, you have one 
source for support - on the hardware, software, 
interfaces, and test fixtures . And, if ever needed, 
we offer a 24-hour Replacement Loaner program. 

Call 1-800~552-ms 
Call between 8 AM and 7 PM Eastern time to 
discuss a Keithley solution to your measurement 
needs with our Application Engineers. And be 
sure to ask for both your complimentary copy of 
our new Switching Handbook, a comprehensive 
guide to the design of switching systems, plus 
specifications on any or all of our products. 

l<EITHLEY Keithley Instruments Divi sion I Keithley Instruments, Inc. 
28775 Aurora Road I Cleveland, Ohio 44139 I U.S.A. I (216) 248-0400 I Telex: 98-5469 

WEST GE RMANY: Keithley Instruments GmbH I lieiglhobtr. 5 I Munclwn 70 I 089-71002-0 I Telex: 52-12160 I Telefax: 089-7100259 
GREAT BRITAIN: Keithley Instruments, Ltd . I I Boulton Road I Rt•,1d111)1. Berk;hirt• l{G 2 ONL I 0734-861287 I Telex: 847 047 I Telefax: 0734-863665 
FRANCE: Keithley Instrum ents SARL I 3 Allc•e du 10 Rue Ambro1se Crrn1.1t I B.I'. 60 I 91 121 l'a labc,1u / Cedex I 1-6-01 15 155 I Telex: 600 933 I Telefax: 1-6-011 77. 
NETHERLANDS: Keithley Inst rum ents BY I Avehngen We;t 49 / 4202 MS Gorinchem / P.O. Box 5'i9 / 4200 AN Gorinchem / 01830-35333 / Telex :24 684 I Telefax: 01830-30: · 
SWITZERLAND: Keithley In struments SA I Krie,bach,tr . 4 I 8600 Dubendorf I 01 -821 -9444 I Telex: 828 472 I Telefax: 0222-315366 
AUSTRIA: Keithley In strum ents Gesmb H I Dobl111ger Haup,tr. 32 I 11 90 Wien I 0222-314-289 I Telex: 134 500 I Telefa\: 0222-315366 
ITALY: Keithley Instrum en ts S RL I Viall' S. C 1m1gnano 4/A I 20146 Milano I 02-4120360 or 02-415640 I Telefax: 02-4121249 

CIRCLE NO 86 



Some Typical Applications 

Bum-in Testing - Economical and 
Reliable High Density Scanning 
Keithley has the capacity for high density switch­
ing which is essential when large quantities of 
devices must be monitored over long time periods . 
The diagram illustrates a configuration that pro­
vides 200 channels in one mainframe. Such high 
densities offer the lowest cost per channel; a major 
consideration in large systems. 

When maximum system reliability is required, 
we recommend mercury-wetted relays (long life I 
bounce-free contacts). Reliability is further en­
hanced and labor costs are reduced by the use of 
standard multi-pin connectors which mate with 
Keithley accessory cables. 
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IC Testing - Cost-effective Test System 
Modification Using a Matrix 
Fast test development is the name of the game 
where requirements change daily. That's where the 
flexibility of a matrix switching system is most 
advantageous. The Model 707's programming 
light pen and crosspoint display assure system 
designs which can be adapted quickly, visually 
verified, and transferred to the computer for 
tomorrow's run. 

Keithley test fixtures and cables also enhance quick 
adaptability by providing convenient interfaces to 
DIP packages with up to 48 pins. 

Insulation I Contact Resistance 
Testing - Low Resistance Measurement 
and High Resistance Measurement in 
One Economical System 
A low resistance system needs switching cards 
with low thermal offsets and a micro-ohmmeter; 
while a high resistance system has entirely differ­
ent requirements; low offset current switching 
cards and a picoammeter. As independent systems, 
those approaches are good solutions. However, the 
diagram shows one innovative, economical method 
of testing both parameters in one system. Four-
wire switching eliminates errors in the low resistance 
measurements, while the high voltage source gen­
erates sufficient leakage current for measurement 
of a suitable voltage by a DMM. 
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Capacitor Leakage Current Testing -
Maximizing Speed and Throughput 
in a Sensitive Measurement System 
Speed and throughput do not have to be sacrificed 
to make good low level measurements. You cannot 
neglect shielding, low offset current switching, 
and measurement time necessary for accurate pA­
level capacitor leakage measurements. However, 
you can interleave the application of the soak 
voltage, the leakage current measurement, and the 
device handler loading for the highest throughput. 



You are now just one phone call or reply card away 
from an integrated answer to signal switching 
design and implementation. The various prod­
ucts, the specific knowledge, and especially the 
expert assistance you will need are right here, at 
Keithley. 

OUR STOCK IN TRADE 
It's this basic. We work continuously to simplify 
your task. Whether your most critical requirement 
is system sensitivity, signal/noise ratio, or signal 
isolation, Keithley has the capability you need. 
After all, we have been designing and manufactur­
ing precision instruments since 1946, and are a 
world leader in sensitive, low-level instrumenta­
tion. We've built that expertise into our line of 
signal switching instrumentation. 

HOW WE HELP 
We have paid careful attention to those critical 
requirements in designing our sourcing and meas­
uring equipment as well as our signal switching 
instrumentation. That gives you excellent mea­
surements, and produces data you can have 
confidence in. But that's the end result. 

FROM THE BEGINNING 
Our goal is to help from the design definition and 
specification stage. No one in the industry offers 
as comprehensive a guide to system design as our 
new Switching Handbook. And that's only one 
element of the technical and applications literature 
that we provide. 

Consultation is available at any stage of your 
design-build-verify process. Our in-depth knowl­
edge of our products can help optimize aspects of 
your system for signal integrity, throughput, and 
ease of assembly/disassembly. And we gain even 
more expertise by learning about your specific 
application. 

Right there. 

.1JJOI".\ ' 

CALL ON US -1-800-552-ID5 
Get your copy of the Keithley Switching Hand­
book, a comprehensive guide to the theory and 
implementation of automated switching systems. 
Also, ask for detailed literature on the switching 
units and other products you will need for your 
test system. 

But first, take a look inside, to familiarize your­
self with all the elements Keithley provides: The 
products, knowledge, and assistance to complete 
your job. 



Real time Logic State and Performance 
analysis for the 68020 microprocessor 

PMA-020 
The Personal 
68020 Microprocessor Analyzer 
• Logic State Analyzer with increased functionality optimized for the 68020. 

Preconfigured for the 68020 for ease of installation and use. 
• Extremely compact, selfcontained unit with its own processor 

and firmware, operated from a standard ASCII terminal. 
• Two serial ports and a transparent mode 

eliminates need for a separate terminal. 
• Ideal for development of low level software, 

operating systems, data communication etc. 
• Several PMAs linked together provides 

time correlated analysis between CPUs 
in multiprocessors. 

• Provides remote diagnostics of 68020 
systems via modem. 

Logic State analysis 
• 2 K Trace of 88 processor signals plus one 

user defined input. 

• Trace data presented in a decoded, human 
readable form, including coprocessor and 
MMU commands. 

• Disassembler for 68020 program code. 

• Powerful triggers and store qualifiers, 
Trig Output signal. 

• Powerful search in trace memory. 

Perfonnance analysis 
• Address distribution of eigth user 

defined ranges. 

• Cache Hit Rate Indication, total and 
distributed over eigth address ranges. 

• Interrupt levels distribution. 

For more information, 
please contact: 

68020 PROGRAM TRACI , STORl:D ALL CYCLIS 

LI Q I ADDRISS DATA lPL ttODI INSTRUCTlotf 
----- : I ------ - ---- -- - ---- --- -- - ------ ---- ------ ---- --- --- ------------ --- - ------

32 FF0003D8 OC8000000001 1 SP CMP I . L Il l , DO 
33 Ff000301 66000008 SP 8"1 . W IFF000318 
34 FF000312 SP - -- C•che hit ---
35 FF000318 SP --- Cache hit ---
35 J'FOOOllA 60000006 SP BRA . W SFF0003F2 
36 FFOOOlll 60000002 SP IRA . W 1 Fr000Jf2 
37 Fr0003P'2 4Cll2000FFFC SP MOVlt1 . L - S4fA6) .AS 
39 FF0003F8 4151 SP UNLK A6 
39 fF0003FA 4175 SP RTS 
42 Fr0003fC 4IS6rrF4 4 S P LINK A6. I-SC 
47 PF00041C 4A80 4 SP TST. L DO 
47 FF0004U 66000006 " SP 8"1 . W arro00426 
48 4 CPU IACK on l e ve l 4 ( Vec:t.or 108 ) 
4t FF000426 1114 4 SP ttOVE . 8 (A4) , D7 
50 rro00414 00034119 4 SP ORI . B H 89 . DJ 
sl rroo041 B rroo • SP oc . w 

Scroll .• • • • • - Group : l , 2 Ju• p : J Hod• (wit h / WITHOUT data ): M Prlnt : .. P OU1t. :O 
Add at.art. ••rlt : A ll-ov. atart • •rk : R 

•• • • • • • • • • • • V H i T R 0 680 20 HI CRO ANALYZER 

Tr11 poa1tion : START OF TRACE 
S t o re qualifier : NONi 

INSIDE ADDRISS WINDOW (00000000.FFFFFFFF) 

ACTIVITY !100£ • 0 • • • 0 • • • 0 • 

Total I o f aaaple. : 20480 
Ac tivity •ode CACHE 

DATf\ 03 1-000 : XXXXXXXX 

Total cache Hit Rate : 66~ ••• • •••• • ••• •• • • •• •• • •••••••••• • 

0: 00000000-lFFfFFFF 
l : 20000000-JFFP'FFP'F 
2: 40000000-SFFFFFFP' 
J : 60000000-,,,,,,,, 
4 : 80000000-9FFrFFFF 
5 : AOOOOOOO-BFFFl'FFF 
6 : COOOOOOO-DFFFl'FFF 
7 : 10000000- FPFFFFFF 

PHA : ( C0••6nd Line ) 

12~ •• ••• • 
OS 
OS 

151 • • •• • • • 

OS 
25~ •••••• • ••••• 
14~ • •••• •• 

OS 

VMETRO INC. 
2500 Wllcrest, Suite 530 
Houston, Texas 77042 
Telephone (713) 266-6430 
Telefax (713) 266-6919 

UlllETRO VMETRO A/S 
Sognsveien 75 

N-0855 Oslo 8, Norway 
Tel.: (47-2)394690 

Fax.: (47-2) 18 39 38 CIRCLE NO 199 Personal Test Instruments 



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 familiar 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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Extra cache helps. 
New Cache Tag RAMs from Motorola 

enhance any 32-bit :rvIPU's performance. 
Motorola's new MCM62350 and 

MCM623514Kx4 Cache Tag RAMs give 
you the chance to maximize performance 
with any 32-bit microprocessor. 

Even MPUs with Motorola-pioneered 
on-chip cache can be enhanced. This 
new Cache Tag RAM line offers the best 
solution. 

Only from Motorola. 
Now, address four times as much cache. 

And only Motorola's Cache Tag RAMs 
can double as Status Bit RAMs. This 
exclusive innovation lets you set, clear, 
read, write and compare individual 
status bits. 

It's possible, using the '62350-51, to 
duplicate the MC68030 cache architecture 
in which internal caches store four 32-bit 
long words for each tag and still maintain 
a status bit for each long word. 

Both new types feature Exclusive NOR 
(XNOR) and AND-OR-Invert (AOI) 
comparison modes, and address valid 
to match valid times of 25 and 30 ns. 

StilL performance is only part of the 
story. We're the first to make Cache Tag 
RAMs available in the popular SOJ 
package as well as the plastic DIP. In 
addition, Motorola offers the industry's 
first multi-sourced Cache Tag RAM, the 
MCM4180. And there's more. 

Soon more new fast SRAMs will be 
available to boost performance in other 
system cache memory sockets. 

For additional information, call us toll 

free any weekday, 8:00 a.m. to 4:30 p.rn., 

1-800-521-6274 
MST, from anywhere in the US or Canada. 
Or write or send 
the completed cou­
pon to Motorola 
Semiconductor 
Products, Inc., P.O. 
Box 20912, Phoenix, 
AZ85036. 

®MOTOROLA 



MicroCASE support5 the 68o30 
with 25 MHi emulation. 

Step right 
up to the 

MicroCASE 68030 
PROBE T" In-Circuit Emulator. The 
first, the fastest, the best 68030 
support of its kind. 

The 68030 PROBE incorporates 
the same unique features as our 
highly successful 68020 PROBE'" 
- the debugging tool chosen by 
hardware and software engineers in 
a wide variety of leading high tech­
nology equipment manufacturers 
world-wide. 
Pre-fetch pipeline dequeueing 

The 68030 PROBE provides in­
circuit emulation - at speeds up 
to 25 MHz. PROBE also features 
pre-fetch pipeline dequeueing, 
so it's easy to figure out which 

68020 PROBE and 68030 PROBE are trademarks 
of the Atron Division of MicroCASE. VAX is a 
registered trademark of Digital Equipment 
Corporation. IBM is a registered trademark of 
International Business Machines. 

Circle 232 for literature 
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instructions actually execute, and 
which bus cycles relate to those 
instructions. 

And by merely changing the 
probe tip, the 68030 PROBE also 
supports the 68020. 
'Ihle source-level debugging 

The 68030 PROBE provides 
on-line debugging of high-level 
language software. Real source 
statements are displayed, elimi­
nating lengthy translations from 
assembly language to your high­
level language. 

PROBE uti­
lizes an IBM® 
PC AT as 

its instrumentation chassis, so 
you can get compiled code to its 
target via Ethernet, VAXNet, SUNNet, 
SCSI or RS-232. Whether you 
compile on a PC, a workstation 
or VAX,® MicroCASE supports more 
object code formats than any 
other vendor. 

No need to wait any longer. Real­
time emulation and dequeueing 
for the 68030 and 68020 are avail­
able now. From the number one 
supplier of hardware-assisted soft­
ware debuggers for the 68000 series. 
The Atron Division of MicroCASE. 

If you'd like more information, 
or a short product demonstration, 
call us today at 40S-253-5933. 
Or circle the number on the 
reader service card. 

MrfrW'\ Saratoga Office Center 

CASf'9Ej~~ 12950 Saratoga Avenue 
:;;r r, 6 Saratoga, CA 95070 
r...t' 408-253-5933 

ATRON DIVISION 

Circle 233 for demonstration 
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Design Feature 

Logic simulators exhibit 
different levels of 

device characterization 
When selecting a logic simulator) you need 
to evaluate a number of criteria. One of 
the most important is the method that the 
simulator uses to model devices and to char­
acterize their performance. You)ll find 
many dramatically different approaches to 
device characterization. 

Richard S Gogesch, OrCAD Systems Corp 

By eliminating traditional breadboarding, logic simula­
tion offers designers the potential to reduce design 
cycle time. Simulators possess significant differences, 
however, and you'd be well advised to understand and 
evaluate these differences before deciding upon a simu­
lator for your application. The CAE requirements of 
any one engineering department vary as widely as do 
an engineer's preference for a particular design meth­
odology, and simulation tools reflect these differences. 

Categorize the types of logic simulators 
You'll find several logic-simulator types available, 

but the different kinds are not mutually exclusive. A 
gate- or switch-level simulator can also employ func­
tional and/or behavioral models. By convention, a simu­
lator assumes the name -of the lowest level at which it 
operates. 
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For strictly switch-level and gate-level simulators, 
the modeling of components takes the same form. A 
model is specified as the interconnection of the lowest 
level of primitives, the basic modeling elements within 
the simulator-n- and p-channel transistors in a switch­
level simulator and NAND gates, NOR gates, and flip­
flops in a gate-level simulator. 

Some switch-level simulations have the capacity to 
yield a more detailed output than gate-level simulations 
at the expense of design capacity and simulation speed. 
Modeling a particular component requires a greater 
number of switch-level primitives than gate-level 
primitives, and therefore the capacity (simulation de­
sign size) of a switch-level simulator is less than that 
of its gate-level counterpart. Because more primitives 
are processed in a switch-level simulation, a switch­
level simulation runs at a slower speed than that of a 
gate-level one. 

Functional simulations, on the other hand, mimic 
the function of a primitive rather than the actual be­
havior of each of the constituent gates or transistors. 
A functional flip-flop, for instance, is modeled as the 
sum of each of its setup, hold, and propagation-delay 
times rather than a collection of transistors. The disad­
vantage of functional modeling is that there isn't a 
direct correlation of a model to its constituent gates. 

Behavioral simulation allows the designer to simu­
late models created with a high-level programming lan­
guage-Pascal or C, for example. The language may 
have built-in constructs for items such as delays, 3-
state elements, and resistors, which ease the develop-
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Timing-based simulators are useful for 
evaluating the speed of your design; non­
timing-based simulators are better suited 
for fault simulation. 

ment of simulation models. Using behavioral modeling 
gives you the capability to simulate very complex mod­
els, such as controllers and microprocessors, as long 
as the internal states of the model aren't important. 
If you need to use a microprocessor in your design, it 
is an arduous task to completely specify the µP from 
its constituent components. Functional simulators can 
suffer from the same drawback as behavioral simula­
tors-there may not be a direct correlation between 
the model and the gates. 

Because of the increasing need to simulate complex 
models as primitives within a larger circuit, both 
switch- and gate-level simulators are now capable of 
behavioral-language integration. Designers can use be­
havioral models to integrate complex, black-box func­
tions into their designs while otherwise maintaining 
detailed simulation capability. 

Timing-based simulator does verification 
You also have a choice of either a timing or non­

timing-based simulator. Nontiming-based simulators 
are primarily used for fault simulation. Typically, a 
design is fully verified with a timing-based simulator 
prior to the initiation of fault simulation; as a result, 
timing-based fault simulation is unnecessary. 

If you want to try to find timing problems with a 
nontiming-based simulator, you can use a timing ana­
lyzer. If you opt for this approach, then logic verifica­
tion is all that is required of the simulator. The disad­
vantage of using a separate timing analyzer is the addi­
tional step of performing the timing analysis each time 
the design changes. 

Nontiming-based simulators are useful in evaluating 
circuit logic without regard to propagation delays. A 
zero-delay simulator, for instance, is one in which func­
tional simulation is performed without timing verifica­
tion. A unit-delay simulator, in contrast, assigns one 
time-unit of delay to each parameter with an assignable 
delay. The result is, again, a strict logic verification 
of the design without any timing analysis. The unit­
delay simulator offers the advantage of being able to 
detect feedback that would be indistinguishable by the 
zero-delay simulator. 

A primary advantage of timing-based simulators is 
that you can examine critical paths during simulation. 
Timing-based simulators fall into two categories: fixed 
timing and minimum/maximum timing. Fixed-timing­
based simulators assign a selectable, fixed delay to 
each timing parameter that has an assignable delay. 
Minimum/maximum-timing-based simulators assign a 
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range of delays to each parameter. 
Considerable controversy surrounds the merits of 

minimum/maximum-timing-based simulators vs fixed. 
Advocates of minimum/maximum simulation contend 
that these types of simulators allow for a worst-case 
simulation whereas nonminimum/maximum simulations 
do not. Fixed-timing-based advocates argue that, with 
few exceptions, the usage of a maximum fixed delay 
is the worst-case scenario for synchronous designs. The 
argument continues that, for both types of simulators, 
asynchronous design is very difficult to simulate with 
any accuracy; as device manufacturers continue to re­
duce geometries, device characteristics change, 
thereby rendering previously used minimum/maximum 
delays inaccurate. 

Component modeling differs quite a bit 
The approach to component modeling among timing­

based simulators is quite diverse, reflecting differences 
in modeling-language primitives and device characteri­
zation. You'll find the greatest variation in the area 
of primitive-based device modeling because modeling 
languages are developed to optimize the type of primi­
tive used. 

As explained earlier, a simulator may allow modeling 
only at the gate level. In such a case, all models are 
constructed as a combination of gates, buffers, and 
delay elements. In addition, you could use some delay 
elements to properly model parameters like setup and 

TABLE 1-FLIP-FLOP CHARACTERIZATION 
PARAMETERS 

LOW-TO-HIGH PROPAGATION DELAY FROM CLOCK TO OouT 

HIGH-TO-LOW PROPAGATION DELAY FROM CLOCK TO OouT 

SETUP TIME FROM D INPUT TO CLOCK SIGNAL 

HOLD TIME FROM CLOCK SIGNAL TO D INPUT 

MINIMUM PULSE WIDTH THAT CLOCK SIGNAL HAS TO BE LOW 

MINIMUM PULSE WIDTH THAT CLOCK SIGNAL HAS TO BE HIGH 

LOW:r"O-HIGH PROPAGATION DELAY FROM RESET TO OouT 

HIGH-TO-LOW PROPAGATION DELAY FROM RESET TO OouT 

MINIMUM PULSE WIDTH OF RESET SIGNAL (ACTIVE STATE) 

REMOVAL TIME OF ACTIVE-RESET SIGNAL TO CLOCK SIGNAL 
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hold times. This type of parameter modeling is a diffi­
cult and tedious process, so modeling languages often 
resemble programming languages, making it easier to 
define often-used collections of primitives as macro­
definitions. 

Functional simulators typically have a more diverse 
set of primitives than pure gate- or switch-level simula­
tors. A functional simulator might have primitives for 
all types of gates and flip-flops, latches, and even ROM 
and RAM. Because such primitives are at a fairly high 
level, modeling languages are typically net list ori­
ented. Functional models allow a designer to specify 
parameters such as setup and hold times directly with­
out being burdened by the implementation of these 
characteristics. 

Behavioral languages for all simulators are alike be­
cause they resemble high-level programming lan­
guages, but their implementation does differ. The De­
partment of Defense has spearheaded a drive to create 
a standard for behavioral languages, which it calls 
VHDL (VHSIC hardware definition language), and 
which it has mandated for all future DoD designs. Most 
simulation vendors are adopting a subset of VHDL as 
their behavioral language. Anyone selecting a simula­
tor capable of behavioral modeling should only choose 
a vendor who has made a commitment to some form 
of VHDL. 

Device characterization is crucial 
Device characterization involves the operational 

characteristics of the primitives. You'll find that it var­
ies greatly from simulator to simulator. Consider a 
device as simple as a gate, which models propagation 
delay from high to low and low to high. If a signal is 
applied to an input for a period of time greater than 
the propagation delay of the device, all simulators will 
identically simulate the device. However, if a signal 
is applied to an input for a period of time that is less 
than the propagation delay of the device, different 
simulators will characterize it differently. Some simula­
tors will ignore the input. Others will propagate a de­
fined state equal to the glitch width. Another will ana­
lyze the device's high-to-low and low-to-high propaga­
tion delays and propagate the glitch as an undefined 
state for a period of time dictated by the analysis. 
Because this last approach most closely approximates 
the actual performance of a gate, it offers the best 
characterization. For the case of an open-collector gate 
with a high-to-low 5-nsec propagation delay and a low­
to-high 50-nsec delay, an input glitch of 3 nsec would 
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Fig I-Simulators have different ways of propagating an undef ined 
state. On simulator A, an unknown clock state causes the fl ip-flop's 
output to go undefined after a CLK-to-Qour propagation delay . The 
same input condition on simulator B causes the flip-flop's output 
to become unknown only after the CLK signal, which has become 
undefined, has a potential rising edge. 

have no effect on the output if the gate were in a low 
state. If, however, the gate was initially high, it would 
exhibit a glitch 5 nsec after the input spike. 

How an undefined state applied at the input of a 
gate is propagated to the output of that gate also re­
sults in varying device characterizations. Most simula­
tors will propagate an undefined input signal to the 
output only if the logical evaluation warrants the 
propagation, as when an AND gate has all its input 
signals (other than the undefined input) at a logic high 
level. The primary difference in undefined state propa­
gation is the time delay used in processing. Some simu­
lators immediately set the output to undefined. Others 
wait the minimum interval of the low-to-high or high­
to-low delay before setting the output to undefined. 
Another type uses the average of the low-to-high and 
high-to-low delay. A fourth type utilizes either a high­
to-low or low-to-high delay based on the present state 
of the output. A design engineer needs to assess the 
validity of these approaches in light of a particular 
application. 

As you can see from the previous example of the 
gate, device characterizations can have dramatic differ­
ences. The parameters in Table 1 represent what it 
takes to completely characterize a D flip-flop with asyn­
chronous-reset capability. Most simulators characterize 
such a flip-flop with most of these parameters, but 
only a few employ all. Even simulators that model the 
same parameters differ widely in the implementation 
of the characterization, leading to some disparity in 
the output results. 

In the event of a setup- or hold-time violation, most 
simulators will schedule the Q output to an undefined 
state. The time at which the Q output changes to the 
undefined state may vary from simulator to simulator 
because of design considerations similar to those previ-

215 



Some logic simulators consider an undefined 
state to be one whose value is unknown but 
is either a logic one or a logic zero. 

ously discussed for the gate. 
The greatest variation regarding how simulators im­

plement device characterization is evident when you 
consider how they propagate undefined states. In par­
ticular, consider what the result of the clock input 
changing to an undefined state would be (Fig 1). For 
a D flip-flop, some simulators will schedule the output 
to an undefined state upon any occurrence of an unde­
fined input applied to the clock signal present state of 
the clock input to determine if QouT should be sched­
uled to an undefined state. Assuming that the flip-flop 
is a positive-edge device, these simulators will schedule 
QouT to an undefined state only if the initial state of 
the clock signal is low, reasoning that this is the only 
time that the undefined state can generate a positive 
edge (Fig lb). 

This example reflects a philosophical variation in 
simulators. The simulator of Fig la assumes that the 
undefined state could potentially be an oscillation. The 
simulator of Fig lb reasons that an undefined state is 
either a low or a high level. Vendors of both kinds of 
simulators pose credible arguments as to why the ap­
proach they use is the correct one. In this particular 
case, both approaches have some validity. The differ­
ence in the two approaches is the time at which the 
output goes to an undefined state. The more conserva­
tive first case forces the output to an undefined state 
immediately. The second case requires a subsequent 
change of the clock input before it schedules the output 
to an undefined state. It is important to note that both 
methodologies achieve the same result-the detection 
of an error. 

Benchmarks vary from vendor to vendor 

The simulator world offers a num­
ber of good and not-so-good simu­
lator products. Unfortunately, 
though many vendors discuss 
benchmarks, you'll find little con­
sistency among these bench­
marks. You should be aware of 
certain discrepancies while you 
are sifting through the perform­
ance data. 

Most often, when simulator 
vendors discuss gates, they are 
referring to 2-input inverting 
gates, like NAND or NOR gates. 
However, some vendors mean 
single-input inverters when they 
talk of gates. It is critical, when 
comparing simulators, that the 
primitives being used for the 
benchmark are equivalent. A 
simulator benchmark using a sin­
gle-input inverter as its gate defi­
nition would have a higher capac­
ity and greater speed than would 
the same benchmark using a 2-
input NAND gate. 

Running a benchmark on dif­
ferent types of simulators for pur­
poses of comparison is tricky. 
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You should be aware that an in­
cremental simulation, normally 
associated with a unit-delay simu­
lator, will advance the simulator 
engine one time-unit after each 
evaluation pass through the simu­
lator. An event-driven simulator, 
on the other hand, is one in which 
the simulator only processes the 
circuit at times that events, or 
changes, are scheduled. The 
simulator engine time is ad­
vanced from scheduled event to 
scheduled event, ignoring the cir­
cuit when no changes occur. Vir­
tually all timing-based simulators 
are event driven. 

The cause of most of the confu­
sion among both vendors and pur­
chasers of simulators are the two 
benchmarks, events/sec and gate 
evaluations/sec. Almost every 
vendor has its own way of meas­
uring or defining these bench­
marks, and benchmarks between 
vendors are often incompatible 
for purposes of comparison. 

Events/sec is a measure of how 
many times per second the simu-

lator can change the input to a 
gate and propagate the result to 
the output. Some simulators can 
post the change of a gate and re­
schedule the gate in one pass 
through the simulator; others re­
quire two passes to perform this 
function. It is important to recog­
nize that simulators that can post 
and reschedule a gate can be 
tweaked to give unrealistic 
benchmark results. 

Gate evaluations/sec is a meas­
ure of how quickly the simulator 
can evaluate the gates in the cir­
cuit when the inputs do not cause 
a change in the outputs. 

Events/sec is a measure of per­
formance for timing-based simu­
lators, whereas gate evaluations/ 
sec is useful for measuring the 
performance of nontiming-based 
simulators. It should be obvious 
that, because events/sec and gate 
evaluations/sec are different 
benchmarks, comparisons be­
tween the two are meaningless. 
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ChipCrafter™ is the integrated design 
tool that takes your complex CMOS ASIC 
design out of the stone-age and into the 
future. 

High-level compilers, configurable librar­
ies, process independence, and logic syn­
thesis make ChipCrafter designs efficient. 
Automatic place and route, buffer sizing, and 

timing analysis at your Mentor Graphics TM 

workstation makes them easy, and as dense 
as hand-packed. 
FREE. ASIC Estimating Kit. 

What will it take to do your design with our cutting-edge design 
tool? Our free ASIC &timating Kit lets you analyze design trade-offs, 
including performance and cost implications, in a variety of processes. 
Find out how Chip Crafter and Seattle Silicon chip away at design 
restrictions to deliver the next gene_ration of AS/Cs. 
Call for your free kit: l -800-FOR-VLSI ext. 500. 

SEATTLE SILIC®N 
Launching the next generation of ASICs. 

3075-112th Ave N.E., Bellevue, WA 98004, (206) 828-4422. 
Copyright 1988, Seattle Silicon. ChipCrafter is a trademark of Seattle Silicon Corp. 

Mentor Graphics is a trademark of Mentor Graphics Corporation. 
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You) ll find that how a simulator performs 
device characterization will vary greatly 
from product offering to product offering. 

As you can see, device characterization is the most 
important variable when it comes to evaluating a logic 
simulator (for other important features, see box, 
"Don't forget to evaluate other logic-simulator charac­
teristics"). A designer should first determine which 
parameters are characterized and then examine how 
they are characterized. If the simulator doesn't model 
the reset-to-clock-signal removal time, and it is impor­
tant to your design, obviously the simulator won't meet 
your requirements. Nonetheless, because so many dif­
ferent types of simulators are available, it's probable 
that several of these offerings will meet the needs of 
any individual user. It should be the simulation ven­
dor's responsibility to accurately describe the features 
of the product in question, but you'll be better off if 
you're knowledgeable about the specs in question (see 
box, "Benchmarks vary from vendor to vendor"). In 

addition, you, as a prospective buyer, should carefully 
scrutinize the product's capabilities and restrictions. 

Author's biography 
Richard S Gogesch is both director of 
simulation products for OrCAD Sys­
tems Corp (Hillsboro, OR) and presi­
dent of Gogesch Micro Systems Inc 
(Thousand Oaks, CA) . Rich obtained 
his BEEE and MSEE from Youngs­
town (Ohio) State University. When he 
can find some free time, Rich would 
like to become reacquainted with his 
boat and fishing rod. 

Article Interest Quotient (Circle One) 
High 482 Medium 483 Low 484 
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Don't forget to evaluate other logic-simulator characteristics 

Once you've found a simulator 
that meets your device-charac­
terization criteria, the task of 
choosing a logic simulator isn't 
over. Other important considera­
tions remain. The relative impor­
tance of these features depends 
on the specific design and the 
preferences of the engineer or en­
gineering group. 
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• Breakpoints-The ability to 
utilize breakpoints in a 
simulation is useful because 
the detection of a set of 
conditions is oftentimes 
valuable during design de­
bugging. 

• Hierarchy-Because the 
majority of ASIC designs 
are created hierarchically, 
you'll probably want a 
simulator that supports this 
design methodology. 

• Mixed-mode simulator-If 
you need a simulator capa­
ble of evaluating both ana­
log and digital logic within 
the same simulation run, 
you'll want what is called a 

mixed-mode simulator. 
• Modeling language-Simu­

lators that include a model­
ing language allow you to 
create devices not found 
in the vendor-supplied 
library. 

• Platform support-Each 
simulator supports one or 
more platforms. If your en­
gineering group is predis­
posed to a particular plat­
form, either because they 
already have the necessary 
hardware in house or be­
cause of cost considera­
tions, you'll gain an advan­
tage if the simulator you de­
cide upon also supports this 
hardware. 

• PLD support-If PLDs are 
going to be used during the 
design process, an auto­
mated mechanism for the 
generation of simulation 
models should be in place. 
The only universal output 
from PLD compilers is a 
JEDEC (Joint Electron De-

vice Engineering Council) 
file. In these situations, a 
utility that transforms the 
JEDEC fuse map to a tim­
ing-based simulation model 
is a requirement. 

• Test vectors-Most organi­
zations require test vectors 
in an ASCII text-file for­
mat. If this is true of your 
organization, you'll prob­
ably want a simulator that 
accepts ASCII text-file in­
put and generates ASCII 
text-file output in test-vec­
tor format. 

• User interface-Because 
first-time simulation users 
often have difficulty with 
many of the concepts and 
the implementation of simu­
lation, some organizations 
require that both simula­
tion and schematic-capture 
systems employ the same 
user interfaces to shorten 
the learning curve. 
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Can you solve this problem 
with a one-clock telecom tester? 

EDN October 13, 1988 CIRCLE NO 128 

This /SON transceiver requires 
synchronized transmit/ receive 
data at 15.36 MHz and a bus 
interface pattern at 20 MHz. 
Given the tester's single master 
clock, what frequency do you 
program? What integer ratios do 
the dividers need? 
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If you settle for anything less than Synchromaster, the new 
resource-per-pin mixed-signal 
test system from LTX, you're 
going to wind up one clock 
short. In order to produce test 
frequencies of 15.36 MHz and 
20 MHz with a single-clock test 
system, you would have to 
choose integer ratios of 125 and 
96 and set the pattern generator 
at 1.92 GHz - well beyond the 
typical 100-200 MHz range. 
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Only Synchromaster can 
produce the exact combination 
of frequencies this IC requires. 

Its Dual Synchronous timing 
system uses two high-resolution 
generators, so patterns and 
waveforms aren't constrained to 
just ratios of a single frequency, 
as they are in single-generator 
testers. 

We've been through exercises 
like this many times, for many 
years. In fact, no one else comes 
close to L TX in mixed-signal 
testing experience. That's why 
the Dual Synchronous timing 
system is a design fundamental. 
And that's why Synchromaster 
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Need more time? 
Get the tester with two clocks. 

gives you the first total mixed­
signal resource-per-pin design: 
96 pins with complete analog, 
digital and DSP. System-wide 
coherence, eight timing 
markers per pin, on-the-fly time 
set switching, and pattern rates 
up to 80 MHz. And techniques 
for solving the problems of 
jitter, pulse mask testing and 
other telecom measurements ... 
without compromise. 

Send for our White Paper: "Telecom 
Testing Without Hangups, "for the 
details on Synchromaster's Dual 
Synchronous timing system. Better 
yet, use the telephone. Call Carol 
Everett at (617) 461 1000. 

It's why time has run out on one-clock testers. 
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Synchromaster. The new mixed· 
signal tester from LTX. 

I' II { ftespands. 
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The switch is on. 
We offer a very broad capability in analog 

switch solutions, technologies and MIL parts. 
No wonder people are turned on. 

When you need high-quali ty/ high-performance 
analog switches and multiplexers, why not come to 
the people who have more than 600 device types 
and a wide variety of MIL-STD 883B, Rev C, DESC 
Standard Military Drawings and JAN38510 types. 

A small sample of what we can offer: 

Switch Description 
DG200/DG201 CMDS Dual/Quad 
DG21 l /DG212 CMOS Low·cost Quad 
DG300A/303A CMOS TTL Compatible 

DG308A/309 CMOS Quad 
IH5040·1H5047 High-level CMOS 
IH5140·1H5145 Improved High-level CMOS 
IH5148-IH5149 High-Level CMOS 

IH 5341 /5352 CMOS Dual/QuadNideo/RF 
IH6108/6208 CMOS 8-/4-Channel Differential Mux 
IH6116/6216 CMOS 16-/8-Channel Differential Mux 

IH5108/IH5208 CMOS 8-/4-Channel Diff. Fault Protected Mux 
IH5116/5216 CMOS 16-/8-Channel Diff. Fault Protected Mux 

Coming soon: 
DG508A/509A 8-/4-Channel Differential Mux 

DG528/529 8-/4-Channel Differential Mux with Latches 
IH9108 8-Channel High-Voltage Mux with Latches 

DG201A/202 CMOS 44V Quad 

Choose your technology. 
With a selection like ours, you can choose from 

nearly every major technology, including metal 
gate CMOS,JFET, DI CMOS and DMOS. 

And you can choose the cost/ performance that's 
best for your application. From our DG21 l CMOS 
fam ily at 35 cents per channel, to our standard­
setting IH5341 / 5352 video switch family. 

A multitude of multiplexers. 
If it's multiplexers you're looking for, we won't 
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disappoint you. We offer a full fam ily of CMOS 
monolithic multiplexers, including our new 
IH9108 8-channel High-Voltage Mux with Latches. 
It's designed for especially low drain-on , drain-off 
and source off-leakage. 

Tops in military. 
Look at this roll call : more than J 50 switches and 

multiplexers that meet MIL-STD-883B Rev. C. And 
over 90 devices that are on DESC Standard Military 
Drawings and QPL. 

That's more than anyone else in the business. We 
can deliver these parts in volume from our four ce r­
tified Fab flows that are DESC-certified for JAN 
38510 CMOS and bipolar production. 

Switch to solutions. 
Perhaps most important, when you switch to 

Intersil , you switch to solutions. We offer extensive 
applications engineering support. And we' re devel­
oping solutions to the problems you face every day. 

So, to get the widest variety of switches and multi­
plexers, in the widest variety of packages and tech­
nologies, there 's just one thing you have to do: 

Switch to Intersil. 
For information on getting the right switch or 

mux for your military, computer, disk drive , instru­
mentation or communications equipment, contact 
your local GE Solid State sales office or distributor. 
Or call toll-free, 800-443-7364, extension 27. 

In Europe, call : Brusse ls, (02)246-2 1-11 ; Paris, ( I ) '\9-46-57-99; London, (~76) 
68-59-11 ; Milano, (2) 82-29 1; Munich, (089) 638 1'\-0; Stockholm (08) 79<\-9500. 

General Electric Company. U.S.A. 

GE/RCA/INTERSIL 
SEMICONDUCTORS 
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TI high-density power supplies; 
less equa1s tnore. 

VHSIC components ... Surface mount 
packaging ... DoD reliability and supportability 
requirements - These advanced, evolving attributes 
are driving the requirements for high-performance 
Line Replaceable Modules (LRM) for the weapons 
systems of the 1990's. 

Texas Instruments responded to these high­
performance LRM requirements by developing an 
innovative power supply solution, one that will 
match the new computer/processor modules' role in 
future systems. 

The result - a new product family of military­
qualified high-density power supply SEM-E LRM's 
that meets tomorrow's performance and logistical 
requirements today. 

TI high-density power supplies will 
give you: 
• Ten times the power density of 

conventional power supplies 
• Five times less weight 
• 80-85% efficiency 

01-0748-881 
© 1988 TI 

~""""~ ... 

• MTBF of 25,000 hours at worst case conditions as 
in Airborne Uninhabited Fighter (AUF) 

A decentralized power supply concept, using Line 
Replaceable Modules, lets you physically locate the 
power supply within centimeters of the load cards. 
The built-in test circuits allow in-flight operating 
status reporting. And surface-mount packaging, with 
standard military-qualified components, means 
increased producibility through automated 
manufacturing processes. 

Space, weight, reliability, supportability - all 
critical factors in your power supply requirements. TI 
high-density power supplies meet tomorrow's VHSIG 
class electronics system requirements - Today. 

Texas Instruments Incorporated 
Advanced Military Power Supplies 
P.O. Box 655012 MIS 16 
Dallas, Texas 75265 

Tdophon" 214/995-ITEXAS ~ 
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Design Feature 

Design innovations 
make 1553 controller 

more flexible 

Althottgh MIL-STD-1553 bus controllers 
reduce overhead for communication over an 
interface, they can result in I/O boards that 
are hard to adapt to different systems and 
sometimes difficult to test. You can, how­
ever, go beyond the controllers' manufactur­
ers' recommendations to make more versa­
tile and testable boards. 

Steven W Rider, Westinghouse !LSD 

MIL-STD-1553 bus controllers provide an easy way 
to design an interface ranging in capability from a sin­
gl~hannel remote terminal, a dual-channel bus con­
troller/monitor, or another remote terminal. To build 
a flexible, testable system that demands a minimum 
of system overhead, you should venture beyond the 
manufacturers' application recommendations. And to 
best understand how to improve your designs in these 
ways, you must also take a look at them within the 
context of particular applications. 

These bus controllers incorporate two types of CPU 
interfaces: DPMA (dual-port memory access) or DMA 
(direct memory access). Fbr the purposes of this arti­
cle, the DDC Bus-66300/Bus-65600 is a DPMA chip 
set; the UTMC UT1553 Bus Controller/Remote Termi­
nal is a DMA device. (Although both controllers offer 
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DMA and DPMA capabilities, the UTMC UT1553 ex­
ample discussed here uses only the chip's DMA mode 
because its DPMA mode does not handle interrupted 
1553 communications in a way that suits the applica­
tion.) 

DPMAvsDMA 
DPMA, in this context, means that both the CPU 

and the 1553 bus controller can access the memory 
located on the interface (1/0) board. DPMA controllers 
arbitrate CPU access to the interface board's local 
memory. The CPU requests access to the 110 board's 
local memory through either memory or 110 read/write 
cycles, depending on the system architecture. The 1553 
bus controller grants access to the CPU as soon as the 
110 board's local bus is free. 

Thus the major system consideration when designing 
an interface board that has a DPMA controller is the 
available space for either system memory or 110-
addressing. For new systems, either approach is feasi­
ble, but for existing systems, where memory space 
may be at a premium, 1/0 addressing offers the better 
alternative. 

Like DPMA controllers, DMA controllers provide 
the DMA handshake signals necessary to gain control 
of the CPU bus and access to system memory. Unlike 
DPMA schemes, 110 boards using DMA can access the 
system memory directly and lock the CPU out of that 
memory for the duration of the 1/0 operation. 

Therefore, when planning a DMA 110-board design, 
you must consider not only how much memory space 
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You may well want to make your I/O 
boards more versatile than the manufactur­
ers) specifications allow. 

is available in the system but also how the CPU's idle 
time affects the general operations of the system, and 
also whether or not the system can handle DMA at 
all. CPU idle time includes not only DMA transfer 
time but also DMA-handshake delays. When designing 
a new system, these considerations may present few 
or no problems. For existing systems, however, adding 
a D MA interface board could be impractical-or even 
impossible-if the system was not initially designed 
for DMA. 

one thing, the DPMA requires less system overhead 
than does DMA. Furthermore, its only demand on the 
precious system resources is some 110 addressing space 
(110 addressing space is often at less of a premium 
than memory addressing space). 

DPMA is more adaptable 

Although a DPMA interface board is more versatile 
from an application viewpoint than a DMA board, a 
DPMA board using the DDC chip set has a major 
fault: It's hard to test because it is inherently un­
friendly to fault isolation. 

Of the two approaches, then, DPMA is clearly the 
easier one to adapt to various exisiting systems. For 

The Bus-U6300, if configured as recommended by 
DDC (Ref 1), arbitrates CPU access to the 110 board's 
local memory with its IOEN signal (see box, "Signal 
definitions"). This signal is an output from the Bus-

Signal definitions 
DMACK: DMA Acknowledge. 
Active low, this UT1553 (pin 58) 
signal confirms the receipt of a 
DMA Grant; it stays low until 
memory access is complete. 
DMAG: DMA Grant. Active low, 
this input to the UT1553 (pin 57) 
allows the UT1553 to access 
memory. 
DMAR: DMA Request. Active 
low, this signal comes from the 
UT1553 (pin 56) when it requires 
access to memory. It goes inac­
tive following the receipt of a 
DMAG signal. 
HPINT: High Priority Interrupt. 
Active low, this signal comes 
from the UT1553 (pin 70) upon 
the occurrence of events enabled 
in the High Priority Interrupt 
Register. 
INT: Interrupt. Active low, the 
output from Bus-66300 (pin 45) 
provides an interrupt pulse to 
CPU. 
IOENBL: same as IOEN 
IOEN :InpuUOutput Enable. Ac­
tive low, the output from the 
Bus-U6300 (pin 42) to enable ex­
ternal latches or buffers connect­
ing the Bus-U6300 to the CPU's 
address and data buses. 
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IRQ: Interrupt Request. Active 
low, the output to the CPU, G64 
110 pin B16, for requesting a 
CPU interrupt. 
MEMCSO: Memory Chip Select 
Out. Active low, the output from 
the UT1553 (pin 54) to enable 
memory. 
MEMCS: Memory Chip Select. 
Active low, output from Bus-
66300, pin 16, to enable memory. 
MEMWR: Memory Write. 
Read=l, Write=O. The output 
from Bus-66300, pin 57, specify­
ing data-flow direction during 
memory access. 
MEM/REG: Memory/Register. 
Input to Bus-66300 (pin 10) se­
lects memory or register data 
transfer: MEM/REG = O selects 
Bus-66300 registers; MEM/ 
REG= 1 selects memory. 
RDYD: Ready Data. Active low, 
the output from Bus-66300 (pin 
3) that indicates that data has 
been received from, or is avail­
able to, the CPU. 
RDY: Ready. Active low, the 
output from board (G64 110 pin 
A15) used by the CPU to gener­
ate wait states. 
RESET: Reset. Active low, the 

input from CPU (G64 110 pin B14) 
for system reset. 
RWR: RAM Write. Read=l, 
Write= 0. The output from 
UT1553 (pin 52) specifies the di­
rection of the data flow during a 
memory access. 
BR/W: Buffered Read/Write. 
Read=l, Write=O. The input 
from CPU (G64 110 pin Al 7) indi­
cating direction of data flow. 
SELECT: Select. Active low, 
The input to Bus-66300 (pin 1) 
that selects the Bus-66300 for op­
eration. 
STD INTL: Standard Interrupt 
(Level). Active low, the UT1553 
(pin 68) asserts this signal when 
one or more events enabled in the 
standard Interrupt Enable Reg­
ister, RT Descriptor, or BC Com­
mand Block occur. 
STRBD: Strobe Data. Active 
low, the input to Bus-66300 (pin 
41) in conjunction with SELECT, 
indicates a data transfer to or 
from the CPU. 
VPA: Valid Peripheral Address. 
Active low, the input from the 
CPU (G64 110 pin A14) that indi­
cates that the CPU bus-address 
lines contain an 110 address. 
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66300 that enables the external latches or buffers con­
necting the Bus-66300 to the CPU's address and data 
buses. Because the signal is an output from the Bus-
66300, the proper operation of the IOEN signal de­
pends on a variety of conditions. They include the 
health of the Bus-66300, the timing relationships be­
tween CPU-generated inputs (STRED and SELECT), 
the CPU's recognition of Bus-66300 outputs (RDYD, 
INT), the health of the discrete logic circuits that carry 
these signals, and the general design and assembly of 
the board. 

If a failure occurs that inhibits IOEN, the Bus-
66300's data and address buffers remain inoperative, 
preventing CPU access to the I/O board's internal bus. 
Therefore, in the event of any malfunction that pre­
vents the Bus-66300 from granting CPU access to the 
board, the board is electronically isolated from the sys­
tem. Thus, you cannot use just software for fault isola­
tion, and this limitation makes hardware development 
and debugging unnecessarily difficult. 

Adding circuitry for putting the Bus-66300 under 
CPU control lets you verify your design sequentially 
and also debug (Fig 1). You can then diagnose the 
faults that would have isolated the board, if it were 

DATA 
BUSA 

DATA 
BUSB 

DOC 
BUS-29854 

DOC 
BUS-63127 

TRANSCEIVER 

TRANSCEIVER 

12-MHz 
CLOCK 

DOC 
BUS-65600 

set up per DDC's configuration, by placing the board 
under CPU control. At that point, you can test the 
G64 I/0-control circuitry, data and address lines, mem­
ory, and control circuitry independently from the Bus-
66300. 

For new designs, this independence means you can 
test the CPU-interface circuitry without having either 
the Bus-66300 or Bus-65600 installed on the board (you 
must place pullup resistors on Bus-66300 outputs 
MEMWR, MEMCS, IOENBL, INT, and RDYD (pins 
57, 16, 42, 45, and 3, respectively). For normal opera­
tion, the CPU returns board arbitration to the Bus-
66300, but maintains the power, via software or system 
reset, to regain control. 

Fig 1 shows the block diagram for a G64 Bus to a 
MIL-STD-1553 bus-interface board, using the DDC 
Bus-66300/Bus-65600 chip set. The CPU's control lines 
connect to the Bus-66300 via the G64 I/0. But unlike 
DDC's layout, the control lines must first pass through 
the I/O board's CPU-control circuitry. This circuitry 
determines whether the Bus-66300 or the CPU has 
control of the I/O board's local bus and memory. 

Figs 2 and 3 show the details of the CPU control 

4k x 16-BIT 
MEMORY 

DATA 

ADDRESS 

RAM-ADDRESS 
REGISTER 

Text continued on pg 231 

BUFFER DATA 

CONTROL LINES 

CPU 
14-__:B::..::U;.::cS·-=.663=00:....:B:..:;U.=..S .:...:;AN..:..:D;....;.M;.;..;;E;;;..;.M;.;;;.O;.;..RY;....;C:....:0.;..;.NT.;..;.R.;...;;O.;;;;.L _--i,__~ CONTROL 

DOC 
BUS-66300 

CPU BUS AND 
MEMORY CONTROL 

G641/0 

RESET 

R/W 
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VPA 

Ag-Ao 
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Fig I-Adding the CPU-control circuitry to its manufacturer's application recommendations allows the system CPU to set up and test 
the 1553 interface. 
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Fig 2a-The memory-control, bus-enable, CPU-control register, ready, and interrupt circuits of this diagram form the CPU-control 
circuitry, while these data buffers and address demultiplexers form the heart of the design's dual-port memory. 
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Fig 2b--The Bus-66300 and its associated chips can handle 1553-bus transactions to and from local memory. 
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DP MA controllers arbitrate CPU access 
to the interface board)s local memory. 

circuitry and timing, respectively. This circuitry is spe­
cific to the Gespac G64 Bus, the DDC Bus-66300 1553 
controller, and the Electronic Designs 88H04C-35CC 
memory. Furthermore, system specifications require 
110 mapping of the board's local memory and disallow 
hard-wired CPU interrupts. 

During normal operation, a software command or 
system reset (RESET) initializes the board to the 
CPU-control mode. The CPU loads parameters into 
the Bus-66300's internal registers and the 110 board's 
local memory for 1553 data transfers. After the CPU 
enters all parameters, it grants bus arbitration and 
memory access to the Bus-66300. The CPU then com­
mands the Bus-66300 to begin 1553 data transfers. 

When a 1553 data transfer is complete, the Bus-
66300, operating under the assumption that the CPU 
initialized the Bus-66300 in order to generate inter­
rupts, produces an interrupt (INT). The interrupt sets 
the interrupt register (system specifications didn't al­
low using the G64's IRQ line). The CPU polls the inter­
rupt register (110 address 3F6HEx) to check its status. 
When an interrupt occurs, the CPU can then either 
access the Bus-66300's internal registers and the 110 
board's local memory using the Bus-66300 as arbitra­
tor, or the CPU can place the board under its control 
and access the 110 board's local memory directly. 

The CPU-control circuitry includes the bus-enable, 
memory-control, and ready circuitry as well as the 
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ple address 3FOHEX =Load RAM Address, see the 110 
addresses in Table 1). 

When the CPU addresses the 110 board, BD SE­
LECT and one output of the 7 4ALS138 3:8 decoder 
go low. For example, if the CPU initiates a read or 

ADDRESS 
(HEX) 

3FO 

3F1 

3F2 

3F3 

3F4 

3F5 

3F6 

3F7 

ENABLE 

RO SELECT 

MEMSEL, Y4 

CPU CNTRL 

66300 SELECT 

66300 STROBED 

ROY 

I OEN BL 

MEMCS 

MEMWR 

TABLE 1-BUS-66300 BOARD 
1/0 ADDRESSES 

FUNCTION 

LOAD RAM ADDRESS 

READ RAM ADDRESS 

LOAD REMOTE TERMINAL ADDRESS, 
MEM/REG, CPU CONTROL 

READ REMOTE TERMINAL ADDRESS, 
MEM/REG, CPU CONTROL 

RAM MEMORY SELECT 

CLEAR INTERRUPT REGISTER 

READ CONTENTS OF INTERRUPT REGISTER 

NOT DEFINED 

(b l TIMING 66300 CONTROL 

; ADDA 2F4HEX 

;ENABLE 

;OEFAULT = l 

;BUS ENABLE 

;MEMJREG = l 

; READ = 1 

Fig 3-The 110 board's circuitry must meet MIL-STD-1553 timing specifications. 
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If you use a DMPA controller) your only 
major system concern is either the space in 
the system memory or in I/O addressing 
subsystem. 

write memory cycle (I/0 address 3F4HEx), then the 
74ALS138 3:8 decoder's output Y4 (MEMSEL) goes 
low. With CPU CNTRL = 1, 66300 SLCT (input to 
Bus-66300 pin 1, SELECT) remains high, thus pre­
venting the Bus-66300 from generating its data-bus 
and memory-control signals (IOENBL, MEMWR, and 
MEMCS). These signals remain high, and the Bus-
66300 data and address lines go to the high-impedance 
state. Also, the bus-enable circuitry's BUS ENABLE 
signal goes low, enabling both the data buffers and 
RAM-address registers. 

When the CPU sets the Y4 output of the 74ALS138, 
MEMSEL, it enables the I/O board's local memory 
(CE). The CPU also specifies read or write operations 
(WR) by generating R/W. The I/O board's RDY output 
from the ready circuitry remains high, which signals 
the CPU that the I/O board requires no wait states 
to complete this operation. The CPU reads from, or 
writes to, the memory location specified by the con­
tents of the RAM-address registers. 

Normal operation sets CPU CNTRL low 
For normal I/O operation, the CPU relinquishes con­

trol of the I/O board to the Bus-66300 by setting CPU 
CNTRL low. The CPU accomplishes this setting by 
writing 8XXXHEX into the CPU-control register (I/0 

4k x 16-BIT 

address 3F2HEX· The 74ALS138 3:8 decoder's output 
(Y2, LDRT ADDR,) strobes CPU CNTRL low (this 
sequence also sets the CPU-control register's IQ out­
put, (MEM/REG) high, selecting access to onboard 
memory). 

When the CPU requests memory access (I/0 address 
3F4HEx) with the Bus-66300 in control of the board 
(CPU CNTRL = 0), BD SELECT sets 66300 SLCT 
low, selecting the Bus-66300 for operation. RDY goes 
low anticipating the need for the CPU to generate 
wait states. The Bus-66300, responding to the setting 
of its SELECT input via the 66300 SLCT line, stops 
its present task and generates the IOENBL, 
MEMWR, and MEMCS signals (depending on the state 
of the BR/W--0r RD/WR-and MEM/REG lines). 

The Bus-66300's IOENBL sets BUSENABLE low 
via the bus-enable circuitry, enabling the data buffers 
and RAM-address registers. The Bus-66300's 
MEMWR and MEMCS signals generate the memory 
control signals WR and CE, respectively, via the mem­
ory-control circuitry. The contents of the RAM-address 
registers specify the location from which data is read, 
or to which it is written. The Bus-66300 pulls its RDYD 
signal low, driving RDY high and indicating to the 
CPU that the operation can be completed without addi­
tional wait states. 

MEMORY .... -+--..-1---. ~~~I~~~~ .__-+--"D"""AT"""A-~ BUFFER DATA 

DATA 
BUSA 

DATA 
BUSB 

DOC 
BUS-29854 

DOC 
BUS-63127 

TRANSCEIVER 

TRANSCEIVER 

12-MHz CLOCK 

UT1553B 
BC/RT 

UT1533B BUS AND MEMORY CONTROL 
CPU 

CONTROL 

CONTROL LINES 

G641/0 

RESET 

R/W 
ENABLE 

VPA 

Ag-Ao 

ROY 

IRQ 

Fig 4-Like Fig 1, this bU>ck diagram has extra circuitry to transform a DMA bus controller into a DPMA bus controller that can be 
put under CPU control at will. 
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The 4192 and 4193/95 SOOns AID 
converters from Teledyne Philbrick: 
the fastest speed for the most 
demanding applications. 
Whether your device monitors a patient or 
measures electron spin in EMR, nanosec­
onds can make the difference. That's why, 
for any critical application, you should 
specify Teledyne Philbrick-for the fastest 
AID converters in the industry. 

Available in two standard configurations, the 
4192, 4193 and 4195 12-bit converters fea­
ture 500ns conversion time, power consump­
tion as low as 1.7W and tri-state output buffers 
for bus interfacing. 

The 4192 converter lets you select from three 
input ranges: 0 to + 10V, ± 10V 
and Oto + 20V. Factory laser 
trims adjust all parameters, 
eliminating the need for 
external circuitry. Sampling 
dynamic signals at better 
than 1.3MSPS can be achieved 
by combining these devices with the 
4860 Track-Hold amplifier. 

Specifically designed for fast, precise digitizing 
of analog signals, these devices also feature 
low harmonic distortion and excellent signal-to­
noise ratio. 

Qualified to MIL-STD-1772, Teledyne Philbrick 
is a leading manufacturer of high-performance, 
high-reliability standard and custom microcir­
cuits for industrial, medical, military and space 
applications worldwide. Send for complete 
specifications. Or call us toll-free at 1-800-
325-1330 (outside MA). 

MIL-STD-1772 Qualified 

40 Allied Drive, Dedham, MA 02026-9103, Tel : 617-329-1600 Fax: 617-326-6313 

WEST: 
30423 Canwood St. , 
Suite 212 
Agoura Hills 
CA91301 
Tel : (818) 889-3827 
Fax: 818-889-8215 

U.K.: 
The Harlequin Centre 
Southall Lane 
South hall 
Middlesex 
UB2, 5NH, UK. 
Tel : 571 -9596 
Telex: 935008 
Fax: 571 -9439 

JAPAN: 
4th Floor 
Taiko No. 3 Bldg. 
2-10-7 Shibuya-Ku 
Tokyo 542, Japan 
Tel : 797-5251 
Telex : 781 -24335 
Fax: 797-5255 
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You must consider the effects of the CPU 
idle time and also whether or not the system 
can handle DMA at all. 

Note that if the CPU had previously written 
OXXXHEX into the CPU-control register (at address 
3F2ttEx) instead of 8XXXHEX• the CPU-control regis­
ter's MEM/REG output would have been low, and the 
previous cycle of operation would have accessed the 
Bus-66300's internal registers instead of VO-board's 
local memory. 

You can adapt DMA controllers to DPMA 
Although DPMA is a practical-and perhaps the pre­

ferred-method of CPU interfacing, the majority of 
1553 bus controllers perform only DMA .. The control­
lers work well with systems that support DMA devices. 
Configuring a DMA controller to look like a DPMA 
device requires a special design. An onboard CPU 
simulator can make an I/O board with a DMA controller 
look like one that uses a DPMA device. Fig 4 uses the 
UTMC UT1553 Bus Controller/Remote Terminal to il­
lustrate such a design. 

Using CPU control improves the I/O board's testabil­
ity. You can independently verify the workings of the 
CPU interface with or without the UT1553 installed 
on the I/O board. And the CPU can perform better 
software-directed tests of the I/O board's functions. 
With the added circuitry that makes the DMA device 
function as a DPMA device, the I/O board adapts more 
easily to a variety of systems because the only system 
resource it needs is a small range of I/O address space. 

The CPU gains access to the board's bus and memory 
via the CPU-control circuitry (Fig 4). The CPU simula­
tor simulates the DMA-CPU handshake without CPU 
involvement. Upon a DMA request, the UT1553 ac­
cesses on board memory as if it were system memory. 

Fig 5 shows the board's schematic. This circuit's 
CPU-control circuitry is similar to that used for the 
Bus-66300 Fig 3, because the CPU bus, memory, and 
system requirements are identical. The differences be­
tween the two circuits stem directly from the differ­
ences between the UT1553 and Bus-66300 controllers. 

Major system differences 
Some major differences between the two designs re­

sult from the UT1553 being set up as a DMA controller; 
thus this device would normally arbitrate CPU access 
to the I/O board's bus and memory. The UT1553 must 
be set up as a DMA controller because it doesn't oper­
ate as the Bus-66300 does. In the Bus-66300, the CPU 
can access status and control registers; in the UT1553, 
such direct access would interfere with the controller's 
handling of 1553 communication. 

234 

TABLE 2-UT1553 BOARD 1/0 ADDRESSES 

BOARD ADDRESS 
(HEX) FUNCTION 

3F7 BC RT REGISTER SELECT 

3FO LOAD RAM ADDRESS 

3F1 READ RAM ADDRESS 

3F2 LOAD CPU CONTROL, EXT OVA 

3F3 READ CPU CONTROL, EXT OVA 

3F4 RAM MEMORY SELECT 

3F5 CLEAR INTERRUPT REGISTER 

3F6 READ INTERRUPT REGISTER & CPU 
RAM CONTROL REGISTER 

To allow uninterrupted operation of the UT1553 
while the CPU accesses the board, this design adds 
RAM data buffers and modifies the memory-control 
and bus-enable circuitry. These changes allow the CPU 
to access the board at any time, independently of any 
UT1553 operation and without the board being in a 
CPU-control mode. In the Bus-66300-based I/O board, 
the CPU could access the board, independently of any 
Bus-66300 operation, only with the board in CPU­
control mode. 

The CPU-control circuitry includes the memory­
control circuitry, RAM data buffers, and CPU-control 
register. The onboard CPU simulator consists of the 
DMA and DMAG registers, which latch the DMA 
handshake signals used by the UT1553. 

During power initialization, the CPU generates a 
system reset (RESET), which, by default, places the 
board under CPU control (CPU-control register lQ 
output, CPU CNTRL=O; DMA register Q output=O; 
CPU RAM CNTRL=O). With CPU CNTRL=O, the 
DMA and CPU-control simulator circuitry prevents the 
UT1553 from generating its memory-control signals 
(RWR and MEMCSO). 

The CPU communicates with the I/O board by ad­
dressing it as a peripheral device (VPA Valid Periph­
eral Address) at locations 3FOHEX through 3F7HEX 
(see I/O addresses in Table 2. When addressed, BD 
SELECT goes low, enabling the data buffers and set­
ting one output of the 3:8 decoder low. 

If the CPU has initiated a read or write memory 
cycle (I/0 address 3F4ttEx), for example, MEMSEL 
goes low. A MEMSEL signal produces the RAM data 
buffers' enable signal (RAM DATA EN) and memory­
enable signal (CE). The CPU then generates the read­
write signal, BR/W, which produces the onboard­
memory write signal (WR). The CPU can then read 

Text continued on pg 238 
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Introducing a complete system of 
modular hybrid components for military 
SMPS designs. 
What do you do when all the primary electron­
ics are in place, but there's precious little time, 
budget or real estate left for the power supply? 

Call Teledyne Philbrick. We offer a unique, new 
series of complete modular hybrid power com­
ponents that are designed to be customized to 
your exact specifications. 

Just choose the configuration you need. The 
2491 Regulating Pulse Width Modulator pro­
vides all the control functions for the PSU. The 
24 73 is a dual MOFSET switch with high speed 
drivers and current sensing circuitry. And the 
2478 Dual Schottky Bridge Rectifier provides up 
to three output voltages from a single power 
package. 

New modular 
power hybrids 
are ideal for ···-~--~-~ 
missiles, RPVs 
and other mili­
tary systems. 
Combine them 
with a transformer 
and input/output 
filters, and you 
create a complete 
custom power 
supply-in a fraction of the time, and at 
a fraction of the cost, it would take to start 
from scratch. 

Qualified to MIL-STD-1772, Teledyne Philbrick 
is a leading manufacturer of high performance, 
high reliability standard and custom micro­
circuits for industrial, medical, military and 
space applications worldwide. Send for com­
plete specifications. Or call us toll-f~ee at 1-800-
325-1330 (outside MA). 

MIL-STD-1772 Qualified 

40 Allied Drive, Dedham , MA 02026-9103, Tel : 617-329-1600 Fax: 617-326-6313 

WEST: 
30423 Canwood St. , 
Suite 212 
Agoura Hills 
CA91301 
Tel : 818-889-3827 
Fax: 818-889-8215 

U.K.: 
The Harlequin Centre 
Southall Lane 
South hall 
Middlesex 
UB2, 5NH , UK 
Tel : 571-9596 
Telex: 935008 
Fax: 571-9439 

JAPAN: 
4th Floor 
Taiko No. 3 Bldg. 
2-10-7 Shibuya-Ku 
Tokyo 542, Japan 
Tel : 797-5251 
Telex: 781 -24335 
Fax: 797 -5255 
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Fig 5a-The control registers of this design are similar to the ones in Fig 2 except for the added CPU simulator circuitry. 
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Fig 5b--Like the cirucit in Fig 2, this design uses buffers and latches t,o couple the local memory to the system bus under CPU control. 
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Fig 5c-The 1553-bus interface chip performs DMA w local memory instead of system memory. 
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For existing systems, where memory space 
may be at a premium, I/O addressing offers 
the better alternative. 

to or write from the memory location specified by the 
contents of the RAM-address registers. 

CPU releases 1/0 board from its control 
The CPU releases the I/O board from CPU control 

by setting CPU CNTRL high. The CPU sets CPU 
CNTRL high by writing CXXXHEX into the CPU­
control register (I/0 address 3F2HEx; 3:8 decoder out­
put Y2, LD CNTRL WD high). 

Taking the board out of CPU control (CPU 
CNTRL= 1) allows the CPU-control and CPU-simula­
tion circuitry to process memory requests from the 
UT1553. The UT1553 requests memory access by as­
serting its DMA request signal (DMAR) (Ref 2). 

The DMAG register's Q output, DMAG, goes low, 
producing a DMA grant, which in turn allows the 
UT1553 to begin accessing memory. The UT1553 re­
sponds to the DMA grant by asserting a DMA acknowl­
edge (DMACK). The first DMACK sets the DMA reg­
ister's Q output low, indicating to the CPU that a 
DMA has begun. The DMA register's Q output, CPU 
RAM CNTRL, goes high, making the RAM data buff­
ers go to the high-impedance state, and preventing 
CPU access to the memory-control signals (WR and 
CE). The UT1553 asserts TSTCL when it is actually 
accessing memory. A TSTCL signal presets the DMAG 
register (DMAG= 1) in preparation for another DMA 
request. 

CPU retains access 
Although the UT1553 has control of the onboard 

memory, the CPU still retains access to much of the 
I/O board's circuitry. Specifically, it can access the 
RAM-address registers (address 3FOHEX and 
3FlHEx), CPU-control register (address 3F2HEX and 
3F3HEx), and interrupt and DMA registers (l/0 ad­
dress 3F5HEX and 3F6HEx). During UT1553 memory 
operations, CPU access to either memory (l/0 address 
3F4HEx) or the internal registers of the UT1553 (l/0 
address 3F7HEx) is illegal. A high CPU RAM CNTRL 
signal blocks these two operations. 

The UT1553 retains uninterrupted access to memory 
until the CPU places the l/O board back under CPU 
control (writes 4XXXHEX to l/O address 3F2HEx). If 
the CPU requests control during a DMA cycle, CPU 
RAM CNTRL remains high, preventing CPU access 
to memory, until DMACK goes high, indicating the 
end of the DMA cycle. 

During normal operation, a typical operating se­
quence might begin when the CPU initializes the l/O 
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board to the CPU-control mode via a system reset or 
writing to the CPU control register. The CPU loads 
parameters into the UT1553's internal registers and 
memory for a 1553 bus data transfer. Then it grants 
memory access to the UT1553 and commands the 
UT1553 to begin 1553 data transfers. 

The interrupt register latches the interrupts gener­
ated by the UT1553'(STDINTL or HPINT). Upon com­
pletion of 1553 bus data transfers, the UT1553 sets the 
interrupt register (interrupt-register Q output= 1). 
The CPU polls the the interrupt register (I/0 address 
3F6HEx) for status. When an interrupt occurs, the 
CPU places the board into the CPU-control mode, 
reads data from memory, and re-initializes the board 
for more 1553 bus data transfers. EDll 
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Fm ,a.....-. 
connector system 
you can play with. 

Or boom-box with. Or TV-game 
with. Because our unique CT 
(Common Termination) 2mm 
centerline connector system is 
uniquely cost-effective. 

We've started with high-speed 
harness making machinery that 
eliminates the time and expense of 
changing parts when you change 
configurations. Mass-terminate any 
element of the CT connector system, 
in any configuration you need. And 
as many configurations 
as you need. 

The elements are unique as well. 
Our wire-half receptacle (2-12 and 15 
positions) mates to horizontal or 
vertical post header assemblies. 
With self-retaining tails and polari­
zation. And with increased wire 
retention and a design that protects 

against scooping. 

AMP is a trademark of AMP Incorporated. 
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And where you'd nor­
mally solder wire by wire 
for direct-to-the-board con­
nection, now you can 
mass terminate. Our 
special one-piece header 
takes full advantage of 

automatic harness 

I 

machinery and lets you 
plug from 2 to 15 wires 
directly into the board 
for soldering. Also with 
self-retaining tails. 
Also a real time-saver. 

For technical literature 
and infonnation on the AMP CT 
2mm-centerline connector system, 
cal 1-800-522-6752. 
AMP Incorporated, Harmburg, 
PA 17105-3608. 

AIVIP Interconnecting ideas 
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Octagon's new STD-XT™ CPU 
card and XT Support card for the 
STD Bus deliver 100% IBM com­
patibility. If your software runs 
on an IBM, it will run on our 
system, every time. We guaran­
tee it-or your money back. 

Convenience: 
Your compilers, scientific soft­
ware, "C" libraries and debug­
ging tools all work just .....:::iiiilmillliii:~ 
the way they do on 
your PC. 

Compatibility: 
The Phoenix BIOS 
insures that every soft-
ware call is IBM compatible­
Westem Digital and Chips and 
Technologies ASIC chips insure 
compatibility right down to the 
hardware level. No compro­
mises, no exceptions. 

STO-XT and STD BASIC Ill are trademarks of 
Octagon Systems Corporation. IBM PC is a 
trademark of IBM. Western Digital, Phoenix, 
Chips and Technologies are respective trddemarks. 
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Rugged: 
Our STD-XT uses high noise 
immunity CMOS, operates over 
a 0° to 65° C range, and both 
cards require only 3.2 watts. 

Stand Alone Operation: 
The STD-XT card can be used 
alone with a terminal. Applica­
tions can be written in the 
resident STD BASIC IIF'·1, the 
best ROM-based, industrial 

BASIC available. Or you can 
use our optional ROM Disk 
Card and software to ROM 

"C," PASCAL or other software . 

low Cost: 
The STD-XT card is $795 and 
the XT Support card is $695. 
Prices include 256K RAM and 
BIOS and STD BASIC III. 

FREE CATALOG 
available on the STD-XT and 
other STD Bus products. 
CALL (303) 426·8540 

CIRCLE NO 147 

Features: 
STD-XT 
• COMl and COM2 serial ports 
• LPTl printer port 
• 128K battery-backed RAM 

included 
• 192K optional RAM/ROM 
• Battery-backed clock 
• IBM keyboard input 
• 4.77 and 7.15 MHz. 

XT SUPPORT 
• Floppy drive controller for 

3.5"/ 5.25" drives 
• RGB color and monochrome 

monitor port 
• Up to 384K of static RAM 
• Up to 16M on RAM/ROM 

Disk Cards. 

0 
OCTAGON SYSTEMS 
CORPORATION 
6510 W. 91ST Avenue 
Westminster, CO 80030 
(303) 426-8540 
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-

Introducing the NCR 2208. The one, and only 40-
column printer that has the functionality of two. 

And that's twice as good because now one printer 
can handle just about any retail transaction. Three 
print mcxies and 90° font rotation provide horizontal 
receipt printing as well as horizontal and vertical slip 
printing. This makes the 2208 the first printer in the 
world that can handle both EFT and credit 
authorizations with equal ease. 

You also get more design flexibility. The 2208 is 
available in either a standalone unit or as a print 
mechanism only. And both configurations are 
lightweight and off er an extremely small footprint. 

And when you use one printer to do the work of 
two, you can reduce your inventory and 

• 

0 
0. 

service- practically in half. 
The final point of comparison-cost. Obviously 

buying one printer is better than buying two. It's 
like getting one printer free. And that gives you 
either better margins or more aggressive pricing on 
your systems. 

The only thing that could make this printer 
better is that it's from NCR- the world's leader 
in POS products. 

If you're looking for a way to be twice as good 
as the competition, call the NCR Technology 
Marketing Division at 1-513-445-7443 for a 
demonstration. The new 2208 Slip/Receipt 
Printer-only from NCR 

NCR is the name and mark of NCR Corporation. 
© 1988, NCR Corporation. 
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anddramati 
space needed for most applications 
because it contains all switching, 
protection and control circuitry 
on a single chip. 

The LT1CY72 features an internal, 
low saturation l.25A switch and 
offers a wide range of unique oper­
ating advantages. Now you can work 
with supply voltages from 3V to 
60Y, and draw only 6mA quiescent 
current. Our switcher packs a wallop 
by delivering load power up to 15 
watts, while remaining extremely 
efficient at low power levels. 

With the LT1072, you can 
utilize current-mode switching tech­
niques for excellent transient and 
DC load and line regulation, and 
operate in nearly all switching topol­
ogies. As a bonus, the chip draws 
only SOµA supply current in the 
shutdown mode. 
244 

Boost Converter (SV to 12V) 

5V--..J300vvvµH'--

Telecom Converter ( - 48V to' SV) 

GNO 

1 24k 

-20v~t-56v _..._ __ 0
_
22

_"F....____, · REQUIREO IF INPUTLEAOS ,,2· 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 

CIRCLE NO 130 

~illitledbiUtputf, opio-; 
couplers or extra tranaformer 
windings. 

The LT10'72 operates efficiently 
over a broad range of input voltages, 
load currents and switching configu­
rations. The LT1072 comes in both 
mini-DIP or T0-220 versions. Pricing 
for the LT1072CN8 is $2.95 each, 
in quantities of 100 (and a lot less 
in 10,000 piece lots.) Higher current 
switching regulators (2.SA and SA) 
are also available. 

Cut your switcher problems 
down to size with our LT1072, and 
bid farewell to shoehorning forever. 
For a complete data package on 
our high-efficiency switching regu­
lators, contact Linear Technology 
Corporation, 1630 McCarthy Blvd., 
Milpitas, CA 95035. Or call 
800-637-5545. 

EDN October 13, 1988 



DESIGN IDEAS 
EDITED BY CH ARLES H SMALL 

Serial port controls parallel device 

John McGowan 
Advanced Micro Devices , Santa Clara, CA 

The serial-to-parallel converter in Fig 1 can transform 
your IBM PC into a controller. The circuit suits low­
speed applications that require no more than one byte 
of data per second. A simple Basic routine (Listing 
1) writes to the converter by using a PRINT state­
ment. 

LISTING 1 
10 OPEN "COM1:300,N,8,1,CSO,DSO" AS #1 
12 FOR J;O TO 255 
13 A$;CHR$(J) 
20 PRINT #1,A$; 
25 PRINT " just sent # ' :.J " in count sequence .. " 
30 FOR 1;1 TO 100:NEXT I 
40 NEXT J 
50 GOTO 12 

The falling edge of the start bit of the serial data 
triggers half of the LM556 dual timer, which is config­
ured as a one-shot. This one-shot enables the other 
half of the LM556, which functions as a 300-Hz clock. 
The 300-Hz clock serially shifts the 300-baud data from 
the PC into the 74HC164 serial-in, parallel-out regis­
ter. The one-shot's period is just long enough to enable 
nine clock pulses. These nine pulses shift in a full byte 
of data and shift out the start bit. 

The rising edge of the inverted output from the one­
shot latches the parallel data into the 74HC273. The 
circuit has a power-up reset function, which prevents 
the output port from coming up in a random state. 

PC-XT 
COM1 
SERIAL 
PORT 

Tx 

DATA 

SIG GND 

(TIE TO 

v. MC1489A 

SYSTEM GROUND) 

RTS 1---~J.. JUMPERS 

TO 
CTS f4---<X ENABLE 

HANDSHAKE 
DSR 14--- <Y 

100k 

1M 
5V 0-----.JVV'-----I 

1M 

NOTE: 
ALL RESISTORS ARE ±5% . 
ALL POTS ARE MULTITURN. -:-

EDN 
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5V LM556 5V 

1k 1k 

5V 
------1 DISCH 

CONT 
1k 

1
39 µF 

I0----+-----1 TRIG 
TH RES 

10 µF I 

CLK ENABLE 

5V 

A 

L-------+-----~ B 

5V 

1D 

QA 

10 

TH RES 
OUT 

DISCH 

1-SHOT 

74HC164 

74HC273 

5 ' 

2k 

I 1 µF 

~CLK ENABLE 

OH 

SD 

CLR 

80 

PUR 

'~----~v~-----'' 
POWER-UP RESET 

DATA OUT 

OUT 

300-Hz 
CLK 

F ig 1-This serial-to-paraUel converter alwws your I BM PC's serial part to control low-speed (1 byte/sec) processes. 
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Full adders form 7-input carry-save adder 

Shantha Fernando 
Arthur C Clarke Centre for Modern Technologies, 
Katubedda, Sri Lanka 

Building on an earlier design for configuring a 4-bit 
full adder as a dual carry-save adder ("Adders enable 
detection of multiple inputs," EDN, April 28, 1988, 
pg 240), Fig 1 shows two such adders operating as a 
7-bit carry-save adder. Configured this way, the 
74LS283s produce their sum and carry outputs with a 
delay of less than 24 nsec--outperforming the 74LS183 
dual carry-save adder. 

In Fig 1, IC1 adds three bits (a, b, and c) and pro­
duces two single-bit outputs, Sabe and Cabe· Similarly, 
one-half of IC2 generates Sdef and Cdef· The other half 
of IC2 adds these intermediate sum and carry outputs, 
together with the seventh input, g, and generates the 
final outputs, C2, Ci, and S (S is the LSB). EDN 
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B, Ac 83 A, 
I 82 A, 81 A, 

I 74LS283 

Cour I c,. 
I IC1 

s, s, I s, s, 

c""' s""' 

8, Ac s, A, A, I 81 A1 

74LS283 I 
Cour 

r ___ _J 
c,. 

I 1c2 

s, s, I s, s, 

c .. , s .. , 
c, c, s 

3-81T OUTPUT 

Fig I-Cascading two full adders, each one configured as a carry­
save adder, '[YT"Oduces a 7-bit carry-save adder that's faster than its 
monolithic TTL counterpart. / 

./ 

Algorithm unrolls spectra 

Sylvie Renaud 
IXL-ENSERB, Talence, France 

Dynamic testing of AID converters often involves an 
FFT analysis of their output. Aliasing can cause prob­
lems, however, when you attempt to interpret the re­
sulting spectra-particularly at high input frequencies 
that are close to the Nyquist limit. The spectra are 
muddled because each peak comes from the spectra 
translated to Fs, 2Fs, ... , and - F8, - 2F8, .... 
The problem is that these peaks do not occur in the 
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normal ascending and descending sequence that you'd 
expect harmonics to occur in (Fig 1). Analyzing them 
requires long and tedious calculations. 

To avoid these ealculations, you can employ the fol­
lowing simple algorithm. You begin with the file of N 
samples of the ADC's output recorded in chronological 
order. Then you rearrange that file according to this 
rule: 

j =R xi-N x INT(R xi/N), 

EDN October 13, 1988 



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 
•meets MIL-STD-202 

c::J Mini-:~i!~Y"i!!" 
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 70 100 150 200 300 450 
Min. Pass Band (MHz) DC to 10. 7 22 32 48 60 98 140 190 270 400 
Max, 20dBStopFrequency(MHz) 19 32 47 70 90 147 210 290 410 580 
Prices (ea.): P $9.95 (6-49), B $24.95 (1-49). N $27.95 (1-49), S $26.95 (1-49) 

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

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

end, min. 200 400 600 800 1200 1200 1600 1600 1600 1800 
Min. 20dB Stop Frequency (MHz) 26 55 95 116 150 190 290 365 460 520 

Prices (ea.): P $12.95 (6-49), B $27.95 (1-49). N $30.95 (1 -49), S $29.95 (1-49) 

* Prefix P for pins, B forBNC, N for Type N, S for SMA example: PLP-10.7 

EDN October 13, 1988 CIRCLE NO 139 

550 600 750 850 1000 
520 580 700 780 900 
750 840 1000 1100 1340 

800 900 1000 
780 910 1000 

2000 2100 2200 
570 660 720 

C105 REV.D 
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DESIGN IDEAS 

where i is the index into the original file, j is the 
corresponding index into the transformed file, and R 
is an integer. 

Note that you must perform the test with coherent 
sampling. That is, mxFs=NxFIN, where m and N 
are integers and also coprimes. To maintain coherence, 
the integer R must be a submultiple of m. 

In other words, index j is the result of modulo-N 
multiplication between the input index and integer R. 
This somewhat mysterious process has the effect of 
multiplying the number of samples by R, and thereby 
generating an artificial oversampling at an effective 
rate that's R times greater than the actual sampling 

·10 

·10 

·)0 

·10 x 
·SO x· 

·10 

·10 

·10 

·!O 

2\00 llOO 

Fig I-This FFT of an AID converter's output has some spectra, 
X and X', that indicate a bad converter, buried arrwng other, out-of­
order spectra. 

rate. This oversampling enables you to "unroll" the 
spectrum, making it more intelligible (Fig 2). 

In the example in Fig 2, the artificial-oversampling 
algorithm reveals a defect in the AID converter by 
isolating spectral components X and X', which are lo­
cated at (Fs/2 - FIN) and (Fs/2 - 2FIN), respectively. 
In the direct FFT in Fig 1, these components are 
mixed with harmonics and are difficult to detect. 

EDll 
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· 10 

·10 

·lO 

·10 x 
·SO 4 

x· 

·iO 

·10 

·10 

·!O 
·mo moo moo 

Fig 2-Afler performing the arlifical-oversampling transforrrw,tion 
of the AID converter's output, a second FFT unrolls the spectrum 
and isolates the error components clearly. 

Single MACD performs IIRftltering 

Richard H Neubert 
Vernwnt Research Corp, North Springfield, VT 

By concatenating your data vectors, you can program 
the TMS32020 DSP chip to perform an HR-filter calcu­
lation using only one MACD instruction; the IIR filter 
can have an arbitrary number of poles and zeros. You 
need to set up the chip's multiplier, accumulator, and 
repeat counter only once for each execution of the :fil­
ter. Assuming you have preinitialized the CNF, SXM, 
and OVM bits in the status register (you can initialize 
the ARP bit with the CALL instruction), the subrou­
tine in Listing 1 will execute an IIR filter with two 
poles and two zeros in 18 cycles (3.8 µsec at 5 MIPS). 

To use only a single MACD instruction in your filter 
loop, you must make sure the filter output is also the 
feedback value. You can concatenate the two delay 
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vectors in any order; however, you must store the filter 
coefficients in the reverse order of the corresponding 
input-vector elements, because the DMOV operation 
in the MACD instruction addresses them in reverse 
order. Using the order for INPVEC shown in Listing 
1, the DMOV operation on the last word of INPVEC 
overwrites the first word in FBVEC and the first word 
in FBVEC, and then is rewritten after the MACD 
loop. Likewise, the word at the beginning of INPVEC, 
which the last execution of the MACD loop overwrites, 
is rewritten at the beginning of the next filter operation 
with the new input sample. 

The last execution of the MACD loop leaves, in the 
P register, the product of JUNKO multiplied by the 
last word of IIRCFT. Setting the coefficient to 0 con­
veniently clears the multiplier for the next calculation, 
if necessary. If the next calculation is another filter 
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Great code compatibility. 
Terrific performance. Superintegration': 

Zilog's Z80180 • is the CMOS general purpose controller 
with the high performance and the on-board peripherals 
that make it clearly the cost-effective, space-saving choice. 
Whether you're upgrading a Z80 application or designing a 
totally new system . 

Zilog is Superintegrat~~~·s 
tbe obvious answer to 111any of . 

AS/Cs are . roductsforspectftc rises. 
t1enianasfor cusJonrrzed P be deniand for bigber /erie/s 
/Jul it'salso c/eartbat. as l fora neu•approacb 
of integration grows. the needpproacb is Superintegra_lion 
to ASIC ariseS. Tbat new a 

fro111 7:!f!!~gb S11perintegration; Zi~og bass deijir::;~rd 
""v fi ·1 ;r Applrcat1on IJeCI. 

rapidly growing an!' ·~?J,P t ASSPs are working ~res 
Prodru:ts ( ASSPs). Silllyi) ::i;nced for specific applrca­
and cells co111bined and en In fact the ASSPs 
tions. 1be)> are not c11sto111 pa::Cture a~ the sa111e 
u-e develop rise tbe sa111e :,:' r with c0111pared to AS/Cs, 
c;odesyou'rea/reody ~ r~~d no~-recurring eng!~eer­
ASSPs 111ean a lot less~· . led Plus. tigbt 011·srlrco11 
Ing (NRE) cbargesare elr';:,':nce .. And board reol estate 
collfJlins enhances per}' Tbinll wbat all tbis can 111ea11 
is signi}lcant(v reduc.,.,. 
to your tinie-to-marllel. . obod bas a 1110re complete 

And think abf)lll ~ N .-v cores. systen1 cells, 
library of proven. u1orllmg r~ is better qualified to 
or //0 bolt-0ns_,~n Zil~;_;ntegration parts. 
develop-and .,.,.111er-. r,. -

Full software compatibility. 
You 'll be up and running with the Zl80 immediately. 

Because it 's 100% object code compatible with Z80/8080." You 
probably already know the code, so you can port right onto 
the Zl80. Not only that, since Zilog originally developed the 
part jointly with Hitachi , the Z180 is directly compatible with 
Hitachi 's version , the HD64180Z." 

Enhanced performance. 
Of course, the Zl80's CPU core gives you more power and 

speed than discrete CPUs. Besides that, there are several new 
instructions. You also get operating frequencies to 10 MHz. And 
you have the overall performance advantages of CMOS and 
Superintegration .· 
The important peripherals are on board. 

The Zl80's high integration results in impressive savings 
in costs and real estate. The MMU gives you one Mbyte of 
addressing space. You have 2 OMA channels, 2 UART channels, 
and 2 16-bit programmable counter-timers. Plus wait-state 
generators, an interrupt controller, a clock oscillator/generator, 
and a clocked serial 1/0 port. All integrated on the Z180 chip. 

If this isn 't enough to convince you to take a look at what 
the Z180 can do for your design project, here's a little more to 
consider. The full complement of development support tools are 
readily available from industry leaders. And the Zl80 comes to 
you off-the-shelf, backed by Zilog's proven quality and relia­
bility. Find out more about the Zl80 or any of Zilog·s growing 
family of Superintegration products. Contact your local Zilog 
sales office or your authorized distributor today. Zilog, Inc., 
210 Hacienda Ave., Campbell, CA 95008, ( 408) :no-8000. 

Right product. Right price. Right away. Zilog 
ZILOG SAW OFFICES, CA (408) .llll·Kl20. (714) K:ll! ·7KOO. (KIK) J07-l160. CO (.\0.1) i94-l90S. FL (Kl.I) SSS-ll.1.1. GA (40l)'ll_l-K'i00. IL (.I ll) 11 7-KOKO. MA (617) l7.Hlll. MN (Ml) 8.IP611 . 
NJ (201) 21!8-.17.17. OH (216) 447-1480. PA (211) 61.l -Ol.\O. TX (214) 987-9987. CANADA Toronto (416) 67.\.06.14. ENGLAND Maidenhead {<4) ((,JK) .19l00. W. GERMA~V Munich (<91llN)61J.C>(J.16. 
JAPAN Tokyo (K l) (.I) S87·0128. HONG KONG Kowloon (Kil) (.I) 7l.1-INJ9. TAIWAN (1!86) (l) 741-.l lll. SINGAPORE 6\·l .11 7111. DISTlllBUTOR& U.S. Anlhcm Elcclric. 11cll Indus .. llall -Muk t:lec . 
JAN Oevkes, Inc., lionex Corp .. Sch weber Elec .• Western Microtech. CANADA futur<' Elec., SEMAD. LATIN AMERICA A~cntina-Ycl . ~ I } 46·lll 1. 8r.1zil-Oi~ihytc (011 ) l-11-:~(J I I , Mrxic1~St>miomdur111n•s 
Prolesionales (5) 1.16·1.lll. 
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DESIGN IDEAS 
instead of some other DSP operation, concatenating 
its coefficient vector with IIRCFT and its delay vector 
with FBVEC will leave the first product of the next 
filter in the P register. This property is quite useful 
in wideband control applications such as disk-head ser-

vos, where the control effort is the sum of individually 
filtered variables. Note, however, that to accumulate 
the sum of filter outputs this way, you must make 
sure that all but the first filter are FIRs instead of 
IIRs. 
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LISTING 1 

TMS32020 program to perform an !JR with a single MACO loop 
Feedback coeff1c1ents are Cl~. 

0001 
0002 
0003 
000'1 
0005 
0006 0000 
0007 0000 
0008 0001 
0009 OOO'f 
0010 
0011 
0012 0006 
0013 
001'1 

0002 
0002 

0006 
0300 

0005 
0005 

NPOLES ECU 
NZ EROS ECU 

UECPAG ECU 
UECPAO ECU 

OORG 
JUNKO BSS 
JNPUEC BSS 
fBKUEC BSS 
l !RLEN ECU 
UECENO ECU 
JUNKl BSS 

2 lnumber of poles ) 
2 <number of zeros ) 

6 
>300 Internal memory block tll 
0 
1 An internal memory word for 1ast MALU 
NZEROS+l Delay l1ne for input data 
NPOLES Uelay line for feedback data 
S-!NPUEC 
S-1 
1 Catches data UMOU ' d b4 1st MALU . 

0015 Coefficient storage in block tlO <. use THLW to in1t1a11zeJ: 
0016 
0017 
0018 ffOO 
0019 ffOO 
0020 
0021 
0022 
0023 O'fOO 
002'f 

l IRCfT 

0025 0'100 C806 flLTRl 
0026 0'101 6901 
0027 0'102 CAOO 
0028 0'103 AOOO 
0029 O'f O'i CE09 
0030 0'105 0100 

0'106 0305 
0031 0'107 CBOS 
0032 0'108 SC90 

O'f09 f fOO 
0033 O'iOA 690'1 
003'f 
0035 0'108 CE26 

NO ERRORS , NO WARNINGS 

All ens . 

OORG 
BSS 

AORG 

LOPK 
SACH 
ZAC 
MPYK 
SPM 
LRLK 

RPTK 
MACO 

SACH 

REI 

>ffOO Internal memory block tlO 
l IRLEN+l 

llR FILTER SUBROUTINE 

>'100 

VECPAG 
!NPVEC , 1 

Csubrout1ne start address ) 

Call with ARt'•ARl , 5XM , CN~- t' and Overflow Mode . 

ACC , . 0 
0 p ' - 0 
1 Select bit left 
ARl,VECPAO+VECENO shift Cfor ~l'i feedback coeffic i ents J 

I !RLEN 
l IRCfT, • -

fBKVEC,l 

Note, 1 e x tra cycle to accomplish final APAC. 

Store feedback value, replacing data unuv·o 
from !NPUEC. 
Output value returns 1n ACC . 

LISTING 2 
Same subroutine with ClS feedback coeff 1c1ents 
F1rst coeff1c1ent must be reduced by 1. 

0025 0'100 
0026 0'101 
0027 O'f02 
0028 0'103 
0029 0'10'! 
0030 0'!05 

0'!06 
0031 0'!07 
0032 0'!08 

0'!09 
0033 O'fOA 
003'1 
0035 O'f 08 

NO ERRORS , 

0056 ----
0057 
0058 O'!OE 
0059 O'iOf 
0060 0'!10 

0'!11 
0061 0'!12 
0062 
0063 
006'1 
0065 0'!13 
0066 O'fl'f 
0067 0'115 

0'116 
0068 O'fl7 
0069 
0070 
0071 0'!18 
0072 O'f 19 
0073 O'tlA 

NO ERRORS, 

C806 
6901 
AOOO 
2f O'i 
CEOB 
0100 
0305 
CBDS 
SC9D 
ffOO 
690'1 

f ! LTR2 LOPK 
SACH 
MPYK 
LAC 
SPM 
LRLK 

RPTK 
MACO 

SACH 

VECPAG Call with ARt'·ARl . SXM. CNH' and Uverf low Mooe. 
!NPVEC,1 
0 p ' - 0 
fBKVEC,15 ACC ,. 1 • ftlKUECCOJ 
0 Select 0 shift tfor Ql!:J t·eedback coeff i cients .' 
ARl,VECPAO+VECENO 

l!RLEN 
l IRCfT , •-

fBKVEC,l 

Note, 1 e x tra cycle to accomplish final APAC . 

Store feedback v alue , replacing data UMOU ' c1 
from !NPVEC. 

CE26 REI ACC returns output value . 
ND WARNINGS 

2f07 
CB03 
SC90 
ff OS 
6907 

2f03 
CB03 
SC90 
ff09 
6903 

CEO'f 
2f OB 
CE26 
NO WARNINGS 

Second section : 

- uic ·-- -- FBK2 , 1s 
RPTK l!RLE~-1 
MACO l!R2+1,•-

SACH fBK2,l 

ACC , . 1 • fHK~ClJJ 

!IR2~Q~ term already in P from above. Last MACU 
copies output of'"~!tt section to !NP2[UJ. 

Store feedback value, replacing OMOU ' d INt'cllJ . 

First section : 

LAC 
RPTK 
MACO 

SACH 

CNfD 
LAC 
REI 

fBKl, 15 
IIRLEN-1 
IIRl+l,•-

fBKl,l 

fBK3 , 15 

ACC , . 1 • fHKl[OJ 

IIRl[QJ term already in P from above. 

Store feedback value, replacing OMOV ' d INPl[lJ . 

Needed if block HO is used elsewhere fer data . 
ACC : - Output from last section, 

same sczling e..s l!"!.J)ut. 
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WhoS got the button? 

Nobody, but 
nobody, offers 
or delivers more 
rechargeable button cells 
and batteries than Varta . 
The first in NiCd batteries. 

This year, O 
1988, Varta cele- J q;fl/'&! 
brates its 100th c.r- ..4 
year in manufac- ~~ ~ 
turing batteries ~ ~ 
of all types. In ......, ......, 
the 'SO's we led 
the world in com- VARTA 
mercialization of NiCd batteries. 

We invented the mass-plate cell 

(C/100) versus 4-7mA for compe­
tition, so charging power and 
circuitry will be minimized. 
More compact designs. 

Varta mass-plate button cells and 
batteries usually take much less 
space - or let you put up to 40% 
Self discharge comparison at 20°C 

construction which excels over " 20 

~ 40 

sintered nickel-cadmium cells. ~ 

Unique performance advantages. ! : 
In stand-by at ambient tempera­

tures, our mass-plate button cells 
retain 60% capacity after 12 months 
versus about three months for 
sintered NiCd cells, because they 
have much lower internal losses. 
Similarly, they require much lower 
recharging rates, as Iowas 1mA 

0 1 

Sintaaj eel constuction 

2 3 "' s 6 7 8 9 10 11 12 
Storage time t (months) -+ 

more capacity in the same space. 
Better shelf life. 

Cells can be stored in any state of 
charge for over five years without 
significant loss of performance. 

Cost benefits, too. 
With all their advantages, Varta 

mass-plate button cells and 
batteries usually cost less than com­
parable sintered-type cells. 
Many sizes and types. 

Capacities range from 4 mAh to 
1000 mAh. Many flat or stacked bat­
teries can be assembled. Extra high 
temperature ratings and UL list-

ings are available in 
key sizes. For re­
chargeable appl ica­
tions above 1000 mAh, 
Varta also offers a 
complete line of 
NiCd cells and bat­
teries. 

For an introduction 
to Varta's world-leading line of 
rechargeable button cells and bat­
teries, please ask for "Who's Got The 
Button". Call 1-800-431-2504, 
Ext. 260, or write below. 

~VARTA 
VARTA Batterie AG,Am leineufer 51, D-3000 Hannover 21, West Germany, Tel. ( 49) 0511/79031 

VARTA Batte:rie:s, Inc., 300 Executive: Blvd., Elmsford, NY 10523, USA, Tel. 1-800-431-2504, Ext. 260 

VNrrA Batte:rie:s Pte Ud., 1646 Be:dok Horth P.O. Box 55,Singapore: 9146, Tel. (65) 241-2633 
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DP.SIGN IDEAS 
You need not scale FBVEC and INPVEC identi­

cally. However, you must constrain the feedback vec­
tors with scale factors such that the total shift from 
FBVEC back to itself is zero when the vectors are 
shifted with available P modes and output shifts. 

In some applications, such as speech synthesis, de­
signers often cascade lower-order filter sections. If de­
lay is not important, you can easily cascade filter sec­
tions if you use the value moved out of one FBVEC 
(by the DMOV instruction) as the input to the next 
INPVEC (Listing 3). Note that the routine in Listing 
3 initializes ARI and the multiplier only once for the 
chain of filters. Note also that the routine executes the 
!Ow-order filter section in reverse order, and the out­
puts of all but the last section are taken from the ends 
of the feedback delay lines. This arrangement adds a 
propagation delay that's equal to the sample period 
times the total number of feedback taps (minus those 
in the last section), but minimizes execution time per 
sample. The memory requirements for code and data 
space are also minimal. EDN 

In this design, as with any direct form of IIR realiza­
tion, coefficient scaling can be a limitation for filters 
with more than two poles. You may have to add extra 
instruction cycles to handle the integer parts of some 
coefficients in order to scale them for the required 
precision-especially if your filter has low-frequency 
poles. You can reduce a stored coefficient by one if 
you change the ZAC instruction to LAC FBVEC,14. 
This change will effectively add the integer 1 to the 
first feedback coefficient. You can use this trick to 
permit Q15 scaling of feedback coefficients for 2-pole 
filters (Listing 2). Note that in Listing 2, the Q15 
scaling changes the required shift to 15 for the LAC 
instruction. To Vote For This Design, Circle No 750 
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LISTING 3 
Exa mpl e o f c a scad ing 3 IIR filt e r sect i ons 
Feedback coef fic ients are 0 15. 

0001 
0 0 0 2 
0003 
OOO'l 
0005 
0006 
0007 
0 0 08 

000 2 
0001 
0003 
OOO'l 

0 009 0006 
0 010 0300 
0011 0 0 0 0 
0012 000 0 
00 13 0 00 1 
OOl'l 0 0 0 3 
0015 0005 
0016 0 0 07 
0017 0009 
0 0 18 0008 
0019 oooc 
0020 0000 
0021 
0 022 
0023 
002'l 
0025 
0026 FFOO 
0027 
0028 FFOO 
0029 FFO'l 
0030 FFOB 
0031 
0032 FFOC 
0033 
003'l 
0 035 
0036 
0037 O'f 00 
0038 
0039 O'lOO C8 06 
OO'l O O'lOl 6901 
OO'll O'l02 CE07 
OO'f 2 O'f 0 3 CE05 
OO'l3 O'lO'l CE03 
OO'l 'l O'f 05 CE08 
OO'f 5 O'f 06 AOOO 
OO'l6 O'l07 0100 

OO'l7 
OO'f 8 
OO'f 9 

O'l08 030C 

0050 O'f 09 2F08 
0051 O'lOA C8 0'l 
0052 O'f 08 5C90 

O'lOC FFOO 
0053 
005'l O'f 00 6908 
0 055 

For this exa mp l e , numbe r o f po l e s a nd z eros in e a ch s e ction is the same. 
This is not a r e quire me nt. 

NPOLE5 EQU 
N2 ER05 EQU 
N5ECT EQU 
l !RLEN EQU 

UECPAG EQU 
UECPAO EQU 

OORG 
JUNKO ass 
INPl 8SS 
F8 Kl 8SS 
INP2 8SS 
F8 K2 8SS 
INP3 8SS 
F8 K3 8SS 
UECENO EGJU 
JUNKl 8SS 

2 Number o f pole s pe r t-1l ter section 
1 Number o f z eros pe r filt e r sec t. 1on 
3 Nu mb er of f 11 ter sect ions 
NPOLES+NZEROS+l Le ng t h o f each coeff1c1e nt ve ctor 

6 
>300 
0 
1 
N2ER05+1 
NPOLES 
NZEROS+l 
NPOLES 
NZEROS+l 
NPOLES 
$-1 
1 

Interna l me mory block Hl 

An interna l me mory word for l ast MACO 

Ca tches da t a OMOU'd by 1s t MACO . 

Coeffici e nt stora ge in b l ock BO, a ll Ql~. 
Use TBLW to initialize coeffici e nts . Should cl ea r da t a memory a l s a t o 
avoid any l a r ge output tra ns i e n t s on s tartup. 

OORG 

I JR3 8SS 
I IR2 8SS 
l !Rl BSS 

JNKOCF 8SS 

AORG 

FILTR3 LOPK 
SACH 
SSXM 
CNFP 
SOUM 
SPM 
MPY K 
LRLK 

LAC 
RPTK 
MACO 

SACH 

>FFOO 

1 IRLEN 
I IRLEN 
I IRLEN 

>'JOO 

UECPAG 
INPl,l 

Inte rna l memo ry b lock BO 

-be, - b l-1 , a l, au 
-be, -bl-1, a l, a u 
- be, - b 1-1. al, au 

f o r 3rd section 
for ~ml secti on 
t·or 1s t s e ction 

- 0 if desired to cl e ar P reg. uoon completion. 

3 SECTION FILTE~ SUB~OUllN~ 

<subroutine sta rt address J 

Ca ll with A~~-ARl. 
Stare inpu t value in first input ve ctor. 

Ne e ded if b lock 80 i s use d e l sewhe re for data. 

0 Se l ec t 0 s h ift ( for QlS f eedback coe ffi c i e nt s ! 
0 p 0 
ARl,UECPAO+U ECENO 

Start with l a st (3rd) section: 

FBK3 , 15 ACC ,- 1 • FBK3[0J 
IIRLEN Not e , e xtra cycle does final APA~, UMUV ' s cutou t 
IIR3 , • - of 2nd section into 1NP3COJ and initializes 

P reg. t o F8K2[1J • !!~~[OJ. 

FBK3, l Store feedbacK va lue, reol a c1nQ Uf'"IUV ' o 1Nt'3L1J . 
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TEK'S NEW $279516-64 
CHANNEL LOGIC ANALVZER. 

EASY TO START WITH. 
TOUGH TO OUTGROW. 

For $2795, you can have a 
logic analyzer that makes 
things simple when you're 
just starting out. That may 
never make you rummage 
through the manual. But 
that recognizes you won't 
be a rookie forever. 

Starting with 16 channels, 
Tek's new 1230 guides the 
new user through timing and 
state analysis with on-screen 
prompts. We kept keystrokes 
to a minimum, common 
sense to a maximum. 

As you grow more experi­
enced, and your applications 
grow more ambitious, the 
1230 gives you room to grow 
-to 32, 48 or 64 channels 
with 8 and 16-bit micro­
processor debug 
capability-via 

Circle 6 for sales contact 

expansion cards and probes 
you can easily add yourself. 

You can do hardware anal­
ysis and microprocessor sys­
tems integration, using up to 
four 2K deep memo­
ries for reference and 
comparison. You can 
do sophisticated trig­
gering. Acquire and 
compare signals auto­
matically via built-in 
babysitting mode. Or, 
take the 1230 into the 
field: its rugged pack­
age takes rough han­
dling in stride. 

Circle 5 for literature 

Copyright © 1988, Tektronix, Inc. All rights reserved. LAA-551 

No other logic ana­
lyzer is so affordable, 

expandable 
and hassle­
free. For further 
proof of why the 
Tek 1230 boasts 
the shortest 
learning curve 
and the longest 

life expec­
tancy, talk to 
your Tek 
represen­
tative soon. 
Or call (800) 
245-2036. 
In Oregon, 
231-1220. 

~TO EXCEUENCE 
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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, EON 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 EON , 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 July 21 , 1988, issue is 
entitled "Compensate op amps without capacitors," sub­
mitted by Glenn DeMichele of Harris Semiconductor 
(Wooddale, IL). 

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. 

Circuit divides by 2 or 3 

Dinesh Venkat 
Zymos Corp, Sunnyvale, CA 

The circuit in Fig 1 produces a symmetrical waveform 
when dividing by either 2 or 3. The Divide Select input 
controls the division factor. When Divide Select is high, 
flip-flops IC1 and IC2, along with associated gates, 
form the classical divide-by-3 circuit. 

RESET 0------------' 

SYMMETRICAL 
OUTPUT 

Fig 1-ThiiJ circuit produces selectable, symmetrical diV'ide-by-2 
and diV'ide-by-3 outputs . 

When Divide Select is low, however, the output of 
the And gate, IC5, goes low. Consequently, the Nor 
gate, IC4, inverts the feedback signal and passes it to 
the D input of the flip-flop, IC1. Now IC1 acts like a 
toggle flip-flip and produces a divide-by-2 output. 

IC3, which is in effect a negative-edge-triggered flip­
flop, provides symmetrical output signals. When you 
select division by 2 (Divide Select is low), the output 
of And gate IC6 is low, and IC3 simply clocks out the 
divider's output delayed by one clock period. When 
you set Divide Select high, the path to the output 
through the And and Or gates, IC6 and IC7, is enabled. 
This path means that the output goes high on the 
leading edge of IC3's input-not its output-producing 
a symmetrical divide-by-3 output. EDN 

To Vote For This Design, Circle No 746 
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FluorinerlTM Liquids-products that power Fluoronics Resources.* · 

*Fluoronics Resources: 

- An exclusive 3M 
combination of innovative 
products backed by 
research and develop­
ment, manufacturing 
expertise, technical data 
and service assistance 
built on more than 35 
years' experience of pio­
neering in fluorochemistry. 

3M has had a whole generation of 
experience in the development, manu­
facture and refinement of perfluor­
inated liquids. We first introduced 
these versatile liquids to electronics 
design, testing and production profes­
sionals in the fifties. Since then, 
Fluorinert Liquids have become the 
mainstays in electronic cooling, high 
reliability testing and vapor 
phase soldering. 

Fluorinert Liquids. used as a direct 
contact heat transfer medium, offer a 
range of physical properties that make 
them particularly suitable for electronic 
uses. They are non-polar and exhibit 
no solvent action. They are colorless. 
lcm in toxicity, non-flammable and offer 
exceptionally high dielectric strength 
plus thermal and chemical stability. 
Most important, they have almost no 
chemical reactivity and they evaporate 
without leaving a residue on parts. 

Buy the numbers 
Our FC ... numbers- FC-40, FC-70, 
FC-77, etc. - are used to identify 
Fluorinert Liquids that offer certain 
physical characteristics to meet spe­
cific application needs. These FC 
numbers are solely 3M designations 
for various fluorochemical products. 

Fluorinert Liquids are being used 
cost-effectively in cooling, high reliabil­
ity testing and vapor phase solderin~ 
operations. When you are interested in 
applying these versatile liquids in your 
cmn production, 3M can provide an 
abundance of technical information 
and support. 

COMPARATIVE 
HEAT TRANSFER COEFFICIENTS Technical assistance: the main 

benefit of Auoronics Resources ,_ 
3M offers prompt assistance to help =~~~~~~~~~~~~ 
you solve many production and testing ------------ :1-
problems. We provide comprehensive 
technical recommendations for specific -----------..r---1.''t-­
fluids. We consult with you on the 
proper application equipment and ·:~~~~~~~~~~ 
help you evaluate production methods • 
and results. Our service bulletins bring ·==================II= 
you up to date on the most recent •----..-- ---.: 
advances in vapor phase soldering f 
and high reliability testing. Ask us ~ ··~~~~~~~ 
about 3M's audiovisual materials and f :=: 
on-site application training seminars. .----------

Discover Auorinert T1I Liquids' 
heat transfer capability 
What are your needs? A precise de­
gree of temperature control? Fast. uni­
form heat transfer? High dielectric 
strength? Fluorinert Liquids offer the 
broad range of physical characteris­
tics required in most applications. 

Fluorinert Liquids are an effective 
direct contact heat transfer medium 
whether used in a liquid or vapor state. 
Their unique properties enable you to 
use tbem in contact with sensitive 
components and substrates. 

Major differences between the var­
ious products in the Fluorinert Liquids 
family can be seen in their boiling 
points. These can range from 56°C to 
253"C. Should you need products with 
intermediate boilinQ temperatures. the 
3M staff will work With you to fashion a 
product especially for your needs. It's 
an example of hON 3M's Fluoronics Re­
sources provide you with "customized" 
service to solve special problems. 

a 

---
Auorinert T1I Liquids achieve 
accurate high reliability testing 
It's a small world you work in. Where 
time ticks in nanoseconds and dimen­
sion is measured in Angstrom units. 
And as circuitry becomes more com­
plex, a greater demand is placed on 
testing capability- not only in speed, 
but in nigher reliability and accuracy. 

Fluorinert Liquids meet those re­
quirements DJ providing a controlled 
temperature environment and a high 
degree of electrical protection. They 
offer maximum compatibility between 
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the heat transfer medium and the de­
vice under test. Fluorinert Liquids re­
duce testing costs by reducing testing 
time substantially. They do this by rap­
idly reaching test temperature and 
providing precise and uniform tem­
perature control. You'll minimize the 
number of faulty units by detecting de­
fects bet ore they become rejects. 

These liquids provide cost-effective 
tests such as gross leak, thermal 
shock, liquid burn-in, ceramic crack 
detection, electrical environmental, 
temperature calibration and failure 
analysis/short detection. 

Fluorinert Liquids are specified in 
the Mll:STD's for thermal shock and 
gross leak testing. 

THERMAL SHOCK TEST CONDmONS 

Mllltary Standard 883-1011 
Mlllt11y Approved 
Auortnert Liquids 

Test Hot Test Cold Test Hot Test Cold Test 
Condition Step 1 Step2 Step 1 Step2 

A 100"C -O"C Water , FC-40 Water . 
FC-40, FC-77 

B 125'C -55'C FC-40, FC-70, FC-77 
FC-5311 

c 150'C - 65'C FC-40, FC-70, FC-77 
FC-5311 

D 200'C - 65'C FC-70, FC-77 
FC-5311 

E 150"C - 195'C FC-40, FC-70, LiQ. N2 
FC-5311 

F 200'C - 195'C FC-70, LiQ. N2 
FC-5311 

GROSS LEAK TEST CONDmONS 
Mllttary Approved Auortnert Liquids 

Miiitary Indicator Detector Allso~lon 
Standards Fluids Fluids Flu ds 
Mil-STD FC-40, FC-43 FC-72, FC-84 [){)not apply 883-1014 
Mil-STD FC-4-0. FC-43 FC-72, FC-64 FC-43. FC-75. 
750-1071 FC-77 
Mil-STD FC-4-0, FC-43 FC-72, FC-84 Do not apply 202-112 

Discover higher yields in 
vapor phase soldering 
Fluorinert Liquids have been the in­
dustry's fluid of choice since the vapor 
phase reflow soldering (VPS) process 
was introduced in 1975. There are a 
number of good reasons for this uni­
versal acceptance. VPS with Fluorinert 
Liquids produces highly reliable sol­
der joints. The system reduces reiect 
rates, increases production, and low­
ers production costs. With Fluorinert 
Liquids, you can be assured that your 
products will never be exposed to a 
temperature higher than the selected 
liquid's boiling point. (See above) 

You 'll avoid those problems usually 
associated with other systems -
shadowing, uneven heating, and over­
heating. The liquids are non-flamma­
ble. Their low surface tension helps 
them evaporate quickly from the work 
pieces without leaving a residue. 

VPS with Fluorinert Liquids is espe­
cially suited for boards with high mass 
or complex geometries. The liquid va­
pors completely surround the assem­
bly and penetrate remote recesses to 
heat all surfaces evenly. The vapors 
are 15 to 20 times heavier than air so 
they can be contained easily within the 
work area. The system offers an oxy­
gen-free, non-corrosive environment to 
minimize rejects from ox1dat1on 
contamination. 

Some typical applications using 
Fluorinert Liquids in VPS include sur­
face mounted leaded or leadless 
components, through-hole leads and 
wire-wrap pins, lead frame attach­
ment, reflow of electroplated S<?lder or 
tin and miscellaneous metal io1ning. 

VPS SELECTION GUIDE 

Auorinert Liquid BolllngPolnt 'fyplcal Solders 
FC-43 174'C/345'F 70 Sn/18 Pb/12 In 

1001n 
SBSn/42 In 
58 Bi/42 Sn 

FC-70, FC-5311 215'Cl419'F 63Sn/37 Pb 
FC-5312 60Sni40 Pb 

62 Sn/36 Pb/2 fllJ 
FC-71 253'C/487'F 100Sn 

95Sni5~ 
60Pb140 n 

Discover the unique coolin~ 
benefits of Fluorinert™ Liquids 
As the package size decreases, your 
need for more efficient heat dis­
sipation increases in proportion. 3M 
Fluorinert Liquids are very efficient as 
a direct contact heat transfer medium, 
with the added advantage of having 
the high dielectric characteristics 
needed to meet stringent demands of 
the diversified electronics industry. We 
offer 11 liquids with boiling points that 
range from 56°C to 253°C. 

These stable liquids allow you to 
maximize power density and miniatu~­
ize your package. Yet they reduce fail­
ure rates and increase reliability. 

Fluorinert Liquids are used in such 
demanding appl ications as: . 
•Radar transmitters• Power supplies 
•High voltage transformers• Lasers 
• Radar klystrons • Computer modules 
•Computer memories• Fuel cells 

Typical properties of Fluorinert Liq­
uids used in cooling are: 

Auorinert Liquid Vapor 
Liquid FC-n 
(English Units) 

Room Temp. 
(77'F) 

Bolll~Point 
(20 ) 

Bolling Point 
207'F @IATM 

Densit 
1bAt3 111 100 0.85 

Tu:rmal C~ucti~ty 
Btul(hr)(ft ('Fnt) 0.037 0.033 0.006 

Specific Heat 0.25 0.28 0.23 Btul(lb.) ('F) 
~scosity 1.42 0.46 0.02 c.p. 
Coefficient of 

Tu:rmaf Expansion 
lt3/(ft3)('F) 0.0006 O.!XXJ9 0.0015 

Discover heating/curing 
with Fluorinert ™ Liquids 
Because they maintain their vapor 
temperature with absolute precision, 
Fluorinert Liquids can be used in 
many heating and/or curing oper­
ations. They serve as heat transfer 
media in solder mask and polymer 
thick film applications and for poly­
mer processing. The non-corrosive 
vapors will not support oxidation. Ideal 
where solvent flash-off is a problem. 







If your 
Samtec catalog 
looks like this ... 

You're in good 
company. 
Ourcuatomen Ba)' our electronic interconnect catalog 
IB one of the mOBt lnlonnative, eaale.llt-to-uae 
in the induatry. 
And, after a short while, their Samtec catalog often looks as though 
the Samtec tiger had played with it. But there is help on the way. 
Our new enlarged 100-page catalog will make your job easier than 
ever. It has complete specs on every page ... shows what parts mate 
with each other .. .includes more charts to determine board heights 
... has convenion charts as well as a PGA cross reference guide. 
You'll find a full range of DIP sockets as well as the broadest line 
of strip connectors. 

Write or c:all today for a crisp. new 
100-page Santtec catalog. We'll also 
include our New Interconnect Guide that 
provides valuable reference for the latest 
interconnect application& Plus, Samtec's 
International Board-to-Board lnteconnect 
Selector-just off the press. 

CIRCLE NO. 000 

---­........... 
Scrlldlc a dlll'etatl 
6reedolmtl 

DIP Sockets, capac­
itor sockets, adaptor 
plugs. 

.025" sq. terminal 
strips, single/ double 
row shrouded. 

EUROPEAN SAMTEC, Ltd. 35 DeerdytG8s View, 
HEADOUARl'ERS: WeetfMfld, Cumbemauld, Sootlllnd Gee 9HN 

Phone: 02367 39292 FAX:. 02ll7 27113 TU<: 77lt&8 

SUDDEN 
WORLDWIDE SAMTEC, Inc. P.Q 8cJot 1141, 81Q E llvd • 

HEADQUARl'ERS: New Albany, IN 47t50 USA Phone: ~ 
TWX: 810-540-4095 TXL. ~ • 2~ 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

COMPUTER SYSTEMS 
• Run the iRMX II operating sys­

tem on an IBM AT bus platform 
• Applications are upgradable to 

Multibus I and II systems 
Based on the 80386 CPU, the Sys­
tem 120 family runs the iRMX II 
real-time operating system on the 
System 301, an IBM AT bus plat­
form. You can upgrade applications 
developed on the systems to Multi­
bus I- and II-based systems. The 
computers come in either a develop­
ment- or target-system configura­
tion. OEMs sell the target system 

ANALOG 110 
• Board for Motorola's DSP56000 

development system 
• Has two 16-bit analog input and 

output channels 
The ADC56000 analog I/O board for 
Motorola's DSP56000 Application 
Development Module (ADM) fea­
tures two analog input channels 
that feed differential input amplifi­
ers. Each input channel has an ad­
justable gain stage (trimming po­
tentiometer), an optional antiali­
asing filter, and an S/H amplifier. 
The antialiasing filter is an elev­
enth-order elliptic filter with a - 3-
dB cutoff frequency of 20 kHz. An 
analog multiplexer drives a 16-bit 

EDN October 13, 1988 

after developing real-time applica­
tions and adding the appropriate 
peripherals. The development sys­
tem comes with 2M bytes of RAM, 
a 40M-byte hard-disk drive, and a 
360-byte floppy-disk drive. It also 
comes with a developer's tool kit 
consisting of compilers, a debugger, 
and a text editor. Target systems, 
from $3800 (50); development sys­
tems, from $9250. 

Intel Corp, Dept W 464, Box 
58065, Santa Clara, CA 95052 . 
Phone (800) 548-4725. 

Circle No 351 

AID converter with a 5-µsec con­
version time. Two 16-bit DIA con­
verters, which settle in 5-µsec, gen­
erate analog signals for two analog 
output channels. The interface for 
the input and output channels takes 
place through standard phone 

jacks. The board draws lA from the 
system's 5V supply, and it develops 
the ± 15V supplies for the analog 
ICs on board. The 9 x 6-in. circuit 
card connects to the ADM via a 96-
pin right-angle connector. $995. 

Ariel Corp, 110 Greene St, Suite 
404, New York, NY 10012. Phone 
C?12) 925-4155. TLX 4997279. FAX 
212-966-3981. 
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STD BUS SBC 
• Uses the Intel 80C186 CPU run­

ning as fast as l Q MHz 
• Has as much as 51Qk bytes of bat-

tery-backed static RAM 
The CPU-186 single-board com­
puter (SBC) for the STD Bus con­
tains an Intel 80C186 CPU running 
at speeds as high as 12 MHz and 
providing as much as 512k bytes of 
battery-backed static RAM. The 
card also contains space for as much 
as 256k bytes of EPROM that lets 
you download an MS-DOS program 
from a PC. The program can be de­
bugged on the SBC, using the PC 
console. In addition, the board has 
24 parallel I/O lines, 4 RS-422/485 
channels, an SBX interface, a 
watchdog timer, a battery-backed 
real-time clock, and 4 counter/ 
timers. The board uses 100% CMOS 
construction to minimize power 
drain. A daughter board is also 
available with an 8087 math copro­
cessor. $476. 

Computer Dynamics Inc, 107 S 
Main St, Greer, SC 29651. Phone 
(803) 877-8700. 

Circle No 353 
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31/z-IN. DISK DRIVE nism, which hydraulically cushions 
the head and increases reliability. 
A dual operating mode, which uses 
phase-correction circuitry and a 
wide gap-length head, lets you use 
both conventional lM- and 2M-byte 
microfloppy disks. Other features 
include a dust shutter, a density 
sensor to inform users whether lM­
or 2M-byte media is in use, auto-

• Can withstand a nonoperating 
60g shock test for 11 msec 

• The drive uses 1M- or 2M-byte 
microfloppy media disks 

The MD3611 31/2-in. microfloppy 
disk drive can withstand severe 
shock environments. The drive can 
withstand a 60g shock test for 11 
msec. It has an oil-damping mecha-
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IBM PC-AT 

Factory Floor Control Problem 
Solved by CONTEC 

A leading tire manufacturer tracked yield problems to their 
tread extrusion process. Tread quality is a function of both 
density and width, which are controlled by conveyer speed. 
Engineering installed CONTEC's Parallel Input/Output Low 
Voltage Digital Control Boards in an IBM PC-AT. The Pl-32Ls 
collected data from weight sensors and digital cameras along 
the materials path in real-time, while the P0-32Ls transmitted 
control instructions to the conveyor drive system and PLC. 

Result: Quality and yield 
increased by more than 12%. 
CONTEC has a complete line 
of digital, analog, communi­
cations, motion control and 
memory products. Together 
they can solve virtually any 
data acquisition, communi­
cations and control problem. 
All come with an exclusive CONTEC Factory A11tomntio11 So/11t io11s: the P/-32 Series 

technical support hotline. ~ 
3-year warranty and toll-free ~ CQNTEC 

~ MICROELECTRONICS U.S.A. INC. 

Call for a FREE data catalog. FAX (408) 436-0206 

Call Toll-Free 1-800-888-8884 

CIRCLE NO 89 

matic disk rejection, and a dual­
color LED to indicate which mode 
(lM or 2M byte) is in operation. The 
drive uses CMOS circuitry and re­
quires a 5V supply to operate. 
Evalution samples and documenta­
tion, $100. 

Canon USA Inc, Components 
Div, 1 Canon Plaza, Lake Success, 
NY 11042. Phone (516) 488-6700, 
ext 4958. 
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VGA BOARDS 
• Are EGA, CGA, MDA, MCGA, 

and Hercules compatible 
• Can interface with multifre -

quency and analog monitors 
The SuperVGA and the SuperVGA 
HiRes are two video-graphics-array 
(VGA) boards for IBM PS/2 com­
puters. Both cards feature complete 
hardware and BIOS to support 
VGA and EGA operation. In addi­
tion, the cards support the MCGA, 
CGA, MDA, and Hercules stan­
dards. They also have CGA double­
scan capability and come with util­
ity software. Each board has con­
nectors for interfacing with TTL 
multifrequency and analog moni­
tors. They have 10 text modes for 
spreadsheet and desktop publishing 
applications, including 80 x 66, 
100 x 75, and 132 x 60 resolutions. 
The SuperVGA HiRes has a reso­
lution of 1024 x 768 pixels with 16 

Text continued on pg 266 
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.. . Then You Climb Aboard The Real Time Express:M 
And leave behind all the performance limitations of 

traditional microprocessors. 
Harris' Real Time Express™ offers you micro­

controller integration and RISC processor speed 
- 15 MIPS (typical) at 10 MHz - all for a fraction 

of the power dissipation of conventional designs. 
The RTX 2000™ is the first in a family of general purpose, 

application-specific and semicustom products addressing your 
real-time performance requirements: 
• Rapid interrupt response • Predictable timing 
• Fast context switching • Hardware extensibility 

(via ASIC Bus™) • No need for costly in-circuit emulators 
There's more: 

• Dual-stack Ouad Bus™ architecture which eliminates caches 
and pipelines • Programming in a structured high-level 
language (C, Forth, Prolog) • Interactive debugging- at full 
speed - with full symbolic support 

Why wait? Get hardware and software working together 
like never before - and become more productive than ever. 
With the Real Time Express.™ 

RTX. Real Time Express. Quad Bus. RTX 2000 and ASIC Bus are trademarks of Harris Corporation . 

© 1988, Harris Corporation 

Contact us for technical briefs or to reserve a seat at an 
RTX™ seminar near you. 

In U.S.: 1-800-4-HARRIS Ext. 1288 (literature), 
or Ext . 1299 (seminars). 
In canada: 1-800-344-2444 Ext. 1288 (literature), 
or Ext. 1299 (seminars) . 

I - - - - - Train Adventure Giveaway!-EDN101aa;l 

Details at Seminar 
D Send me a seminar schedule and save me a free engineer's cap 
D 'Tell me more about RTX™; send technical literature. 
D Let's talk ... Have an RTX™ specialist contact me soon. 

TITLE ___________________ _ 

COMPANY __________________ _ 

ADDRESS __________________ _ 

CITY __________ STATE ____ ZIP __ _ 

PHONE BEST TIME ______ _ 

Mail to: Harris Semiconductor 
L __ P.O~o..:._883 .~S~3-03~ Melboume~~2902 -0883 __ _J 

m HARRIS 
\.&J SEMICONDUCTOR 
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WARNING: This 81/2 digit DMM will 
replace your present set-up! 

You have been warned ... the 
Model 1281 from Datron is so 
good , it's hard to resist! 

The 1281 is the world 's most 
advanced DMM of its kind ; 
bringing you the ultimate in 
electrical measurement via its 
accuracy, functional capability 
and ease of use. 

Take advantage of user 
selectable resolutions up to 8112 
digits backed up by accuracies 
and repeatabilities to suit the 
longest scale length. And DCV 
performance from 1 OnV to 1 OOOV 
with 1 year specifications to 
±3ppm, coupled with true RMS 
ACV providing 1 year accuracies 
of ± 80ppm. High accuracy 
resistance , current and ratio 
measurements are also yours 
with this superb instrument. 

264 

At the touch of a key, Selfcal , 
Datron's unique, accurate 
method of internal calibration 
enhances the impressive 
instrument specifications while 
providing excellent performance 
outside controlled temperature 
environments. This exclusive 
Datron feature also provides a 
very comprehensive self test. 

If that's not enough to change 
your present set-up consider 
High Accuracy Spot Frequency 
ACV, Low Current Resistance 
measurement for resistance 
thermometry and simultaneous 
Frequency and RMS ACV. The 
1281 incorporates menu control 
which makes it easy to operate 
and built in as standard is 
IEEE-488.2, the way forward for 
test and calibration systems. 

CIRCLE NO 94 

For more information, call us 
today. Our fact filled 1281 bro­
chure will take you through , detail 
by detai 1, specification by specifi­
cation, the world's most advanced 
DMM. 

United States: 
San Diego, Cal. (619) 565-9234 
Clearwater, Fl. (813) 797-1792 
Beech Grove, Ind. (317) 787-3915 
Suffern, N.Y. (914) 357-5544 

United Kingdom: 
Norwich (0603) 404824 
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eecause you're 
th\nk\ng fast ... 
you need responsi\ie sup­
pliers as well as tast parts. 
comlinear is tuned in. With 
high quality. high-speed 
products. Assistance trom 
R&O-level applications 
engineers to help develop 
your ideas quicker. Sales 
and distribution that get you 
wnat you need tast. Quality 

What could 
product documentation witn 
guaranteed specs so you 
don't waste time. In your 
business. time is every­
tning. count on us tor tne 
speed you need. 

you do with a 12ns 
settling op alllP that has 

instantaneous output clamping 
and tns overload recovery'? 

ctober 13 ' 1988 

With clamping performance like 
this-plus an soMHZ bandwidth 
and \2ns settling time to o.oso/o-

Plenty. 
the new CLC50l Clamping Op 
AmP is the residue amplifier 
you' ve been searching for in 
subranging AID applications . 

Its lns overload recover'] rnakeS 
it the op amP you' ve wanted for 
resolving small signals ordinarily 
lost following large , saturating 
signals in radar, optical com­
rnunications, and line testing 

applications . User-settable output clamping 
means it's the on\'J high-speed op 
amP that gives you a simple yet 
flexible solution for protecting 
downstream circuits . 

And its soMHz clamping input 
bandwidth opens up new design 
passibi\ities. Such as rnodu\ating 
a square wave to produce pulse 
amplitude modulation. When 
there's a new concept in op 
amps , there's no telling where 
the applications end . 

Call toda'] for details on the 
op amP designed to tickle your 

irnagination. 
CIRCLE NO 87 

~corn\\neor 
~corporat\on 
Solutions with speed 

4800 Wheaton Drive 
fort Collins. Colorado 80525 
l303) 226-0500 

(>\93& com\i.near cart><>ration 

I 
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HIGH PROGRAMMING 
YIELDS 

LOW PROGRAMMING 
COSTS 

PC-Remote 
Programmers 

• All EPROM's up to 40 pin! 
• P27512 ..... 7 seconds per device! 
• No limit on RAM size ! 

Our Programmer range includes: 
3000 PC based to megabit EPROMs 
4000 Gang EPROM/EEPROM Copiers 
5000 Editing/Remote Set EPROM 
1011 Bipolar PLD (logic) 
1012 Bipolar PROM/EPROM 
1013 Set/Gang EPROM (up to 8 x 32 pin) 
1014 EPLD & CMOS PLD 
1015 Set/GangEPROM(upto8x40pin) 
& Elan 's Universe 1000 (full universal) 
{World 's 1stlntelflash EPROM approval) 

Options cover single chip micros, PLCC, 
IBMNAX remote and Elan Logic compilers. 

Ask for our Demo disks. 
In Europe: 
GB (0293) 510448 
A (0222) 835646 
B (02) 2416460 
CH (0 1) 7414644 
D (089) 780420 
E (0 1) 4054213 

F (0 14) 8632828 
I (02) 61 2004 1 
I (02) 244001 2 
IRL (O I ) 50 1845 
NL (01 720) 43221 
p (0 1) 5490 11 
S (0589) 141 11 

Elan Digital Systems 
2162 North Main Street, 
Walnut Creek, 
CA. 94596 
Tel : (415) 932-0882 
Tel : (800) 541-ELAN ~· 

elan~ 
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colors and 512k bytes of video mem­
ory, and it is compatible with IBM's 
8514 monitor. The Super VGA offers 
640 x 480- and 800 x 600-pixel reso­
lution with 16 colors and 320 x 200-
and 512 x 512-pixel resolution with 
256 colors. The SuperVGA, $445; 
the SuperVGA HiRes, $645. 

Genoa Systems Corp, 75 E Trim­
ble Rd, San Jose, CA 95131. Phone 
(408) 432-9090. TLX 172319. FAX 
408-434-0997. 
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IMAGE SCANNER 
• Provides resolutions from 60 to 

360 dots/in. 
• Scans a document at 18 sec/page 

for 300 dots/in. 
Capable of scanning sheets, cards, 
or books at resolutions ranging 
from 60 to 360 dots/in., the RS320 
desktop scanner can scan a letter­
size document at 18 sec/page with 
300-dot/in. resolut ion. It can scan 
US letter-size and index-card-size 
papers as well as international A4, 
A5, B5 and B6 formats. You can 
designate variable-size scanning in 
either millimeters, or bytes and line 
counts. The unit has a bidirectional 
Centronics interface and a recom­
mended service life of five years or 
30,000 scannings. The unit occupies 
11.4 x 19.5 in. of desktop space, 
stands 3. 7 in. tall , and weighs 13.2 
lbs. $1100. PC Interface Kit, includ­
ing PC software, an interface board 
for the IBM PC computer, and a 
cable, $395. 

Ricoh Corp, 5 Dedrick Pl, West 
Caldwell , NJ 07006. Phone (201) 
882-2077. FAX 201-882-2506. 

Circle No 356 

M~l 24 . •',t•:~~~L 
Two-Stage ·Protection on -a~y data ,.Cf!>J!;!~­
path, protects pins 2, 3 and 7 --, ·"''';'' 
Only $68.00 
Model 27 
Single Stage protection for all 24 pins 
Only $60.00 OEM 
Many other models to choose from 
starting from $23.00. 
Get one before disaster strikes. 

--l. -'ilu--&c C - &C Technology, Inc. 
270 E. Pulaski Road • Greenlawn, NY 117 40 
800-835-3298 • 516-423-3232 • FAX516-385-8184 
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MVME147 SINGLE-BOARD COMPUTER .n,.('~· 

"Their new 030 board 
isiit really a single­
board computer. 

ItS a single-board 
syste~? 

OEMs weren't prepared for the 
level of functionality our new 
MVME147 processor module 
delivers. On one standard VME 
card, it packs virtually all the 
functions you need to build 
a small, multi-user system. 

How? Mainly through ASICs 
like the single-chip VMEbus 
interface and Peripheral Channel Controller. Plus 
high-density on-board DRAM ( 4 or 8 Mbytes), SCSI 
interface and Ethernet chip set. To even come close in 
functionality, it would take as many as five 
conventional modules. 

Besides which, the 14 7 outperforms everything in 
sight. It takes maximum advantage of Motorola's new 
32-bit MPU-the MC68030-coupled with a floating­
point coprocessor. Both running at up to 25 MHz, 

to give you outstanding number­
crunching power. 

And since the 14 7 features both 
UNIX® and real-time operating 
system support, you can plug it 
into your existing 020-based 
architecture and software base. 

So you achieve a level of integration never before 
possible, while protecting your existing investment. 
All of which gives you unprecedented price/ 
performance advantages for just $374 7 in OEM 
quantities of 100. 

To get an idea of what the future of VME looks like, 
call us today-toll free: 1-800-556-1234, Ext. 230; 
in California, 1-800-441-2345, Ext. 230. Or write: 
Motorola Microcomputer Division, 2900 Diablo 
Way, Tempe, AZ 85282. 
UNIX is a registered trademark of AT &:T. 

MOTOROLA Microcomputer Division 
Approaching our technology from your point of view. 
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3112-IN. DISK DRIVES 
• Offer 44M to 110M bytes of for­

matted capacity 
• Come with ST406, AT, ESDI, 

and SCSI ports 
The models 5100, 6100, and 7100 are 
three members of a 5-member fam­
ily of31/z-in. disk drives with ESDI, 
SCSI, and AT ports, respectively. 
They provide 110M bytes of format­
ted capacity on four platters and 
seven recording heads. The drives 
can handle data-transfer rates to 
lOM bps. The 7040 and 4050 are the 
other two members of the family 
with 47M and 44M bytes of format­
ted capacity, respectively. The 7040 

Circuit Breaker 
Inlet - Outlet 
Combination 

has an AT interface and uses two 
platters; the 4050 has an ST506 in­
terface and uses three. All the 
drives have average access times of 
less than 18 msec. The entire head 
disk assembly of each drive, includ­
ing the in-hub spindle, is shock­
mounted to withstand a non-operat­
ing shock of 75G. Each drive has 
an MTBF of 36,000 hours. $650 to 
$1295. 

Microscience International 
Corp, 305 N Mathilda Ave, 
Sunnyvale, CA 94086. Phone (408) 
730-5965. 
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MODEMS 
• Operates full duplex at 19.2k bps 

over a 1500-ft cable 
• Can also operate at 9600 bps over 

a 2500-ft cable 
The 86T/P/C Series short-haul mo­
dems provide full-duplex communi­
cations over a single pair of wires 

or a single coaxial cable. They can 
operate at 19.2k bps over a distance 
as long as 1500 feet. In addition, 
they can operate at 9600 bps over 
a distance as long as 2500 feet. Each 
modem has a DTE/DCE switch that 
allows you to reverse pins 2 and 3 
on an RS-232C connector. The 86T 
has screw terminals for connecting 
a 2-wire line, and the 86P has an 
RJ-11 modular connector. The 86C 
has a coaxial connector that lets you 
use coaxial cable in place of the 
wires. The units receive their oper­
ating power through any available 

Text continued on pg 272 

Polysnap power 
Inlet Modules 
IEC 320 I CEE 22 

CORDS, CORDSETS AND CABLES 

ALL COUNTRIES 
ALL TYPES. ALL CONFIGURATIONS 

I 
·? ·g :' 

Single 
Units 

I 
. I 

• Molded-on Strain Relief . 
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·n:· 
IF THIS ONE ISN'T RIGHT 
WE HA VE ANOTHER 339 

TO CHOOSE FROM l 
OPTIONS INCLUDE A WIDE RANGE 

OF POWER INLETS, ROCKER 
SWITCHES, VOLTAGE SELECTORS, 
FUSEHOLDERS, FILTERS, & RELAYS. 

Worldwide Approved Electrical & Electronic Comoonents 

G GlobTek Inc. 

7700 Marine Rd • N . Bergen, NJ 07047 USA 
Tel : (201 ) 861 -0246 •Telex 755579 •Fax: (201 ) 861 -0740 

CIRCLE NO 15 

• MULTIPLE SAFETY APPROVALS : UL , CSA, VDE, (HAR). BSI , 
SEV , etc. 

• MOLDED CABLE ASSEMBLIES WITH TERMINATIONS, LENGTH , 
HANKING, etc PER CUSTOMER'S SPECIFICATIONS. 
*JUST IN TIME DELIVERY* 

• MANY STANDARD MODELS AVAILABLE FROM STOCK FOR 
FAST DELIVERY 

• AVAILABLE NEWLY DEVELOPED: 
UL/CSA/T-MARK or UL/CSA/VOE 
*ALL THREE APPROVALS IN ONE * 

FAX YOUR SPECS OR CALL NOW FOR PROMPT QUOTE , 
COMPREHENSIVE CATALOG DESIGNER REFERENCE GUIDE , 
AND IMMEDIATE SAMPLE TO: 

Worldwide Approved Electrical & Electronic Components 

G GlobTek Inc. 

7700 Marine Rd • N . Bergen, NJ 07047 USA 
Tel : (201 ) 861 -0246 • Tele x 755579 • Fa x: (201 ) 861 -0740 
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THE ONLY THING MISSING 
FROM THIS 680-PAGE 

LEADED RESISTOR/CAPACITOR 
DATA BOOK IS YOU. 
ORDER YOURS NOW. 

1988-89 
Resistor/ Capacitor Daw Book 

•••••••••••••••••• • ••• 
• Mail to: Mepco/Centralab, Attn: Corp. Advertising EDN101388 • 
• 2001 W. Blue Heron Blvd., P.O. Box 10330, Riviera Beach, FL 33404 • 

• New 680 -page 1988-89 Leaded Resistor /Capacitor Data Book contains • 
valuable performance and specifying data on the complete, broad line of 

• Mepco /Centralab leaded passive components: Name • 

• • Ceramic capacitors ---------------- • 
• Tantalum capacitors Title • 

• • Aluminum electrolytic capacitors 

• : =:~~da~?mv~;~~~~r~a~~~i~~~~orks Company • 

• • Non -linear resistors • 
• Cermet trimmers Dept. /Div. 

• And ask for our data book on America 's • 
• broadest line of SMD® passive Address /MS • 

• components, too! • 
Please send me these specification guides: City 

• 0 New Leaded Resistor/Capacitor Data Book • 
• 0 New Surface -Mount Device Catalog State /Zip • 

• • ............... · ................... ~ ... ~ .. ~---~----~~H~M~~C~ . 
PHILIPS e 

®SMD is a service mark of North American Phi lips Corporat ion. 
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Who isn't? No-one wants a system 
that will soon be withdrawn from 
production because it "doesn't really 
fit into the product line". Or worse, 
an operating system that - from 
today - will no longer be supported. 
How can you avoid this? Not always 
by buying from the big names, as 
practice shows. Instead, try asking 
your colleagues, other engineers, or a 
VMEbus User Group which suppliers 
have a reputation for customer loyal­
ty, reliability, quality, and continuity 
of supply. We are confident this will 
lead you to COMPCONTROL. 
Why not challenge us? We are at 
YOUR service. 

COMPCONTROL 
Member of COMPCONTROL B.V. 

Stratumsedijk31, P.O. Box 193 
5600 AD Eindhoven, Holland 
Telefoon (31)-(40)-124955 
Fax (31)-(40)-120296 

the VMEbus International Trade As90Clation 

CIRCLE NO 93 

l'J~lltm 
COMPCONTROL INC. 
15466 Los Gatos Blvd. Suite 109-365 
LOS GATOS, CALIFORNIA 95032 
Phone: 408-356-3817 
Fax: 408-356-1755 

EDN October 13, 1988 
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control pin on the RS-232C connec­
tor. The modems come in a DB-25 
connector hood, and you can order 
them with a male or female RS-
232C connector. $58 (100). 

VGA CARD 
• VGA register-compatible with 

IBM PC systems 
• Guaranteed software 

compatibility 
Telebyte Technology Inc, 270 E 

Pulaski Rd, Greenlawn, NY 11740. 
Phone (800) 835-3298; in NY, (516) 
385-8080. 

The Tatung VGA card for IBM PC, 
PC/XT, and PC/AT computers is 
100% VGA register compatible, ac­
cording to the vendor. It's compat­
ible with OS/2 and MS-DOS and 
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TOTAL SUPPORT 

No development tools supplier does more to ensure the 

success of your application than Intel. Before, during 

and after development. 

Advanced tools. Application assistance. Telephone 

hotlines. Workshops. Maintenance. And no finger 

pointing. 

Total development support. From the people who 

know Intel architectures best. 

Intel Development Tools. The Short, Sure Path To Success. 

For your free Intel development tools catalog call: 

ARROW/KIERULFF at 1-800-771-ARROW 
\eu lo//-1-ree .\11111/Jer 

provides a resolution of 800 x 600 
pixels with 16 simultaneous colors 
and a resolution of 640 x 400 pixels 
with 256 simultaneous colors. The 
card works with all VGA analog dis­
plays and multifrequency monitors. 
The manufacturer provides a spe­
cifically stated 1-year parts and la­
bor warranty period. The card also 
features 256k bytes of dynamic 
RAM, 16-bit access to memory and 
I/O, and compatibility with the 
EGA, CGA, MDA, and Hercules 
standards. $399. 

Tatung Company of America 
Inc, 2850 El Presidio St, Long 
Beach, CA 90810. Phone (213) 979-
7055. 
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DIAL-UP MODEM 
• Handles 19,200-bps communica­

tion over phone lines 
• Conforms to PEP 2, V.22bis, 

V.22, and Bell 212 specs 
The 736DSP dial-up modem pro­
vides communication between syn­
chronous or asynchronous devices 
over ordinary phone lines. It can 
transmit data at a speed of 18,000 
bps without data compression. It 
also can transmit at 19,200 bps us­
ing the Pacetized Ensemble Proto­
col 2 (PEP 2), which organizes the 
telephone bandwidth into hundreds 
of channels. In addition, the modem 
supports the V.22bis, V.22, Bell 
212A, and Bell 103L protocols. The 
modem has a provision that sup­
ports the SDLC protocol for high­
speed communications over an IBM 
Systems Network Architecture net­
work. The Microm Networking Pro­
tocol from Microcom provides error 
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detection and correction. The unit 
also runs under communication soft­
ware such as Kermit , UUCP, 
Xmodem, and Ymodem. It is avail­
able in either a rack-mount or 
stand-alone version. $1495. 

ITS Inc, 9 Heritage Oak Lane, 
Battle Creek, MI 49015. Phone 
(800) 999-9487. 
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LAN CARD 
• Handles IEEE-802.3 TCP/IP lo­

cally 
• Maximizes dat,a thro-ughput us-

ing dual-port RAMs 
The VLAN single-height, single­
slot VME Bus board provides an 
IEEE-802.3 (Ethernet) LAN inter­
face. The board is based on an AMD 
7990 LAN controller and includes 
an onboard 68000 µP. The 68000, 
which runs the VIOXROM real­
time multitasking operating-system 
kernel, handles the TCP/IP locally. 
Two 64k-byte dual-port RAMs, one 
between the µP and the LAN con­
troller and the other between the 
µP and the board's VME Bus inter­
face, maximize the board's through­
put. Data transfer to or from host 
CPUs on the VME Bus is via a mail­
box facility in the µP/VME Bus 
dual-port RAM. Mailbox interface 
software drivers are currently 
available for the OS-9/68k and 
PDOS 3.3 operating systems. Link­
level access, TelN et, and file-trans­
fer protocol are available as options. 
The board has a 15-pin attachment­
unit interface for connection to the 
LAN. You can add a media-attach­
men t unit for Ethernet or 
Cheapernet. DM 4500 (OEM qty). 

Pep Modular Computers GmbH, 
Am Klosterwald 4, 8950 
Kautbeuren, West Germany. Phone 
(08341) 81001. TLX 541233. FAX 
(08341) 40422. 

Circle No 361 
Pep Modular Computers Inc, 

Carnegie Office Park, 600 N Bell 
Ave, Pittsburgh, PA 15106. Phone 
(412) 279-6661. TLX 6711521. 

Circle No 362 
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COMPUTERS 
• Provide 16- and 32-bit industrial 

µP systems 
• Allow for system expansion us-

ing Eurobus boards 
Using single-Eurocard computer 
boards, the 20800-EDS Series in­
dustrial computers are housed in 
19-in. , 3U-high enclosures. The ba­
sic computers run either a 16.7-

MULTI-LINGUAL 

Intel development tools speak all your f avorite lan­

guages. From macroassemblers to high-level lan­

guages such as PLIM, C, Fortran and Ada. 

Intel languages let you mix and match software 

modules to create your application, and off er a host of 

other unique features to speed.and simplify your soft­

ware development. 

Intel Development Tools. The Short, Sure Path To Success. 

For your f ree Intel de1,elopment tools catalog_ca~ll~: ~'="""""""""="""""'~ 

ARROWIKIERULFF at 1-800-777-ARROW 
\eu ·n,11.rree \11111/Jer 
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Standard solutions ... 
Problem solutions form 

CONVERSION DEVICES INC. 
wealth of experience in 

Power Conversion 
Technology for 

unmatched 
quality, 

reliability and 
performance. Real 

value with an amazingly 
low price and high performance. 

Our LP series, ultra low profile, 
DC/DC converters with single, dual , 
and triple output are surpassing the 

standards! 
SPECIAL FEATURES: 

•All surface mount fabrication •Over 500 VDC input/output isolation 
•0.375" height •Two industry standard pinouts 
•Up to 40W output power • - 30°C to + 750 operating temp. range 
•Wide input ranges •100% burn-in at full load 
•Single, dual & triple outputs •MTBF of over 300,000 hrs. at 25oc 

•Input/output filtering 

------------ .... :--- E-i... CONVERSION _,,.======-"'DEVICES, INC. ---
FOR MORE INFORMATION ON OUR COMPLETE LINE OF DC-DC 

CONVERTER PRODUCTS RANGING FROM 0.5W TO GOW. WRITE OR CALL US. 
101 Tosca Drive. Stoughton. MA Tel. (617)341-3266. TLX 920014 
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CIRCLE NO 238 

DID YOU KNOW? 
EDN is distributed 

at every major 
electronics/ computer show in the 

U.S., France, and Germany. 

COMPUTERS 
& PERIPHERALS 

MHz 68020 32-bit µP and 68881 
math coprocessor or a 12.5-MHz 
68HCOOO 16-bit µP. They contain 
a minimum of 512k bytes of zero­
wait-state RAM, two serial 110 
ports, 40 TTL-level digital 110 
lines, and a SCSI host-adapter in­
terface. Standard mass-storage de­
vices consist of a 40M-byte hard 
disk and a 51/4-in. floppy disk. For 
system expansion the computer has 
an 8-bit IIOC (intelligent I/O chan­
nel) backplane that accepts com­
mercially available I/O boards. The 
OS-9 Professional operating system 
is supplied with the computer. DM 
10,000. 

EKF-Elektronik GmbH, 
Weidekampstrasse la , D-4700 
Hamm 1, West Germany. Phone 
(02381) 12630. TLX 828621. FAX 
(02381) 15067. 

Circle No 363 

MICROCONTROLLER 
•Features a CMOS 64180 µP and 

16k bytes of RAM 
• Contains floating-point Basic in 

ROM 
The Vitrax stand-alone microcon­
troller card for digital control and 
data acquisition features a CMOS 
64180 µP that runs Z80-compatible 
code. The single card contains float­
ing-point Basic in ROM; as much 
as 16k bytes of EPROM for user 
code; 16k bytes of static RAM, 
which is expandable to 32k bytes; 
and a built-in EPROM programmer 
for code generation. In addition, the 
unit has 24 bidirectional I/O lines; 
two full-duplex asynchronous RS-

EDN October 13, 1988 



High performance A/D and D/ A converters for digital 
signal processing and other dynamic applications. 

Now you can transfer signals between 
the turbulent analog world and the 
ordered digital world simply and 
accurately. 

Burr-Brown offers the industry's most 
complete line of precision data 
converters specifically designed and 
tested for dynamic signal processing . 
applications. Use them to obtain peak 

MODEL PCM53P PCM54/55 
Type DI A Converter DI A Converter 

Resolution 16-Bits 16-Bits 

Dynamic Range 96dB 96dB 

Total Harmonic 
Distortion + Noise -%18 -92dB 

Conversion/Settling 350ns (lour) 350ns (lour) 
Time 3µs (Vour) 3µs (Vour) 

Packages Plastic DIP Plastic DIP, SOIC 

Price' $12.15 l $10.90 

·u.s. prices only, in 100s. 

performance from waveform generators, 
FFT-based spectrum analyzers, and 
other designs requiring superior dynamic 
range and spectral purity. 
Millions of units of experience. 
Our PCMs are already the converters of 
choice for compact disc systems, rr.usic 
and speech synthesizers, and 
professional audio equipment 

PCM56P PCM64 PCM78P 
DI A Converter DI A Converter ND Converter 

16-Bits 18-Bits 16-Bits 

96dB 108dB 90dB 

-92dB -100dB -88dB 

350ns (lour) 200ns (lour) 4µs 
1.5µs (Vour) 

Plastic DIP Plastic DIP Plastic DIP 

$12.00 l131 .80 l139.90 

CIRCLE NO 83 

throughout the world. They provide 
exceptional performance and are backed 
by millions of units of design and 
manufacturing experience. Contact your 
Burr-Brown technical rep for complete 
information, or call Appl ications 
Engineering, 602/746-1111 . 
Burr-Brown Corp., P.O. Box 11400, 
Tucson, AZ 85734. 

BURR-BROWN ® 

I• II •I 
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.1-~!!!~!! 
3111 Winona Avenue, Burbank, CA 91504 
(818) 846-1800 • TWX: 910 4982701 
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COMPUTERS 
& PERIPHERALS 

232C channels that can communi­
cate at 18.2k baud; a Centronics 
parallel port; and an 8-channel, 10-
bit CMOS AID converter. The unit 
contains a real-time calendar clock 
and operates from a 5V supply with 
<150-mA current drain. $295 in­
cluding AID converter and manual. 

Sintec Co, Box 410, Frenchtown, 
NJ 08825. Phone (800) 526-5960; in 
NJ, (201) 996-4093. 

Circle No 364 

VGA CARD 
• Has an 8-bit connector that fits 

IBM PC!XTs and PCIATs 
• 256k bytes of dynamic RAM with 

120-nsec access times 
The PII-154A VGA card comes 
with an 8-bit connector that fits 
both the 8-bit and 16-bit slots of the 
IBM PC/XT and PC/AT, respec­
tively. The card is designed around 
the VLSI chipset from Cirrus Logic 
to provide VGA compatibility at the 
register level. In addition to provid­
ing a 640 x 480-pixel resolution and 
a palette of 256k colors, the card is 
backward compatible with the 
EGA, CGA, MGA, MDA, and Her­
cules graphics standards. The board 
comes with 256k bytes of dynamic 
RAM with 120-nsec access times 
and three oscillator chips for the dif­
ferent frequencies of the various 
graphics modes. Interface ports in­
clude a DB-15 connector, a parallel­
printer port, and a light-pen port. 
The board can perform flicker-free 
scrolling and split-screen imaging, 
and it's compatible with Windows, 
AutoCAD, and Symphony graphics 
modes. $375. 

DTK Computer Inc, 15711 E 
Valley Blvd, City of Industry, CA 
91744. Phone (818) 333-7533. 

Circle No 365 

LabWind'ewa, "*' 
ASYSTANT GPIB. TBASIC. 
NC7I'BBOOK. GURU, BZ-TBK. BZ 
SPD, WaveTest, TestWindows, DADiSP 

• FCC Class 8 certified 

• Free Comprehensive Customer Support 
•Training 
• 2 year warranty 
• 30 day money back guarantee 

Call for Free Catalog 
(800)531-4742 • (512)250-9119 

==:w-lllllTI® 
Th Soj'htMre Q ,,,. ""'"'.....,,,, 'I'll 
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12109 Technology Blvd. 
Austin, Texas 78727-6204 

Japan 81 (0~) 788- 192 1 • France (I) 48 65 33 70 
United Kingdom 44-01-549-3444 • Wett Gernuiny 49 89 807 081 

Italy 39-2-98491071-2-3 •The Netherlands 31 070..996360 
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PUBLISHED BY ILC DATA DEVICE CORPORATION OCTOBER 1988 

NEW LOW COST 15538 
REMOTE TERMINAL HYBRID 

DDC is pleased to announce the 
new, low cost BUS-65142 MIL­
STD-1553B Dual Redundant Re­
mote Terminal Hybrid featuring a 
single chip CMOS/ SOS monolithic 
RTU protocol and Bipolar low 
power Mark II transceivers . Incor­
porating small size (1.9" x 2.1 ") 
with low power and high reliability, 
the low cost BUS-65142 is ideal for 
most MIL-STD-1553 applications 
requiring hardware or micropro­
cessor subsystems. 

The BUS-65142 supports 13 
mode codes for dual redundant op­
eration, any combination of which 
can be illegalized by an external 
prom. 

Parallel data transfers are ac­
complished with a DMA type hand­
shaking, compatible with most 
CPU types. Data transfers to and 
from memory are simplified by the 
latched command word and word 
count, outputs. Error detection 
and recovery are enhanced by BUS-
65142 special features. A 14 bit 

BUS-65142 

built-in-test word register stores 
RTU information and sends it to 
the BUS Controller in response to 
the Mode Command Transmit Bit 
Word. The BUS-65142 performs 
continuous on-line wrap-around 
self-test and provides four error 
flags to the host CPU. Inputs are 
provided for host CPU control of 6 
bits in the RTU Status Word. 

The BUS-65142 is pin for pin 
compatible with the BUS-65112 
which has been in production for 
over three years and has success­
fully passed the SEAFAC RT Vali­
dation Test Plan. The only differ­
ence in the parts is that the BUS-
65142 uses a 16 MHz clock for 
decoding. 

The 16 MHz decoders offer im­
proved noise rejection and zero 
crossing detection tolerance. 

The DMA interface is propor­
tionally faster for the BUS-65142 
since it uses a 16 MHz clock instead 
of the 12 MHz used on the BUS-
65112. 

CEJCEJC3 

LOW COST 

LOW POWER 

RAD. TOLERANT 

The components incorporated in 
the BUS-65142 (low power MARK 
II Transceivers and CMOS/SOS 
Protocol Chip have passed the 
SEAFAC RT Validation Test Plan 
as part of the test performed on the 
BUS-61553 (Report Available). 

In addition, since the trans­
ceivers are bipolar technology and 
the protocol chip is CMOS/ SOS, 
this unit has radiation tolerance to 
Tactical Levels and also has ex­
cellent SEU (Single Event Upset) 
tolerance. 

Learn how to improve your reli­
ability with the smallest possible 
size RTU, all at a low cost, with the 
BUS-65142 from DDC. For addi­
tional information caU toll-free 
800-DDC-1772. 0 

mma 
CERTIFIED AND 
QUALIFIED TO 

MIL-STD-1772 
CIRCLE NO 117 

ILC DATA DEVICE CORPORATION 
HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, 516-567-5600 TLX: (310) 685-2203, FAX: 516-567-7358 

WEST COAST (CALIF.~ WOODLAND HILLS, (818) 992·1772, TWX: 910-499-2674; SANTA CLARA, (408) 244-0831 , TLX: 172775; HUNTINGTON BEACH, (714) 840-5723 
WASHINGTON, D.C. AREA: (703) 893·7989, TWX: 910.997-0967; NORTHERN NEW JERSEY: (201) 785-1734, TLX: 130-332 

UNITED KINGDOM: 635-40158, TLX: 85Hl48826; FRANCE: (1) 4·333-5888, TLX: 842-630609 
WEST GERMANY: (08191) 3105, TLX: 841 -527128; SWEDEN: 8-920-635, TLX: 854-10952; JAPAN: (03) 490-0203, TLX: 781 -34158 
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A HIGHER LEVEL OF PERFORMANCE 
INTRODUCING EL2000 SERIES 

Complete AC to DC and DC to DC multi output systems. 

MORE BENEFITS 
Save Space: Completely protected AC-DC systems 

with rugged high density packaging to 8 watts/in3
. 

Less Heat: Efficiencies to over 80% with next 
generation circuitry. 

Higher Reliability: MTBF to 500,000 hours with 
conservative design criteria including NAVMAT 
guidelines. 

MORE CHOICES 
• Up to 8 DC outputs to 500 watts. 
• 10, 3¢ and DC inputs. 
• -55°C to + 85°C operation. 
• Mil-Std-704A-D, 1399 and 1275 input 

surge and spike protection. 
•Meets many provisions of Mil-Std-810D, 

Mil-E-5400 and Mil-E-16400. 

Call or write for our new EL 2000 Catalog today! 

Visit us at ELECTRONICA 
Made in America Pavilion 
Hall 16, stand 14-16 

ARNOLD MAGNETICS CORPORATION 
4000 Via Pescador, Camarillo, California 93010-5049 

Phone: (805) 484-4221•TWX910-343-6468 •FAX: (805) 484-4113 

CIRCLE NO 76 EDN October 13, 1988 



When you want the widest 
rangt; of products possiJ:>le,you 

have only one choice. 
Our new Fiber-DIP series. 

That's right. Our new Fiber-DIP 
series offers the widest range of 

products available. All in a price 
range you can appreciate. And 

each of these fiber optic transmitters 
(HFE4400 series) and receivers 

(HFD3400 series) come equipped with a standard 
optical connector that accepts 905/906 style SMA 
receptacles. ST® style connectors will be available soon. 

Assembled in a new Fiber-DIP plastic housing, the 
Honeywell HFE4400 series are Light Emitting Diodes 
(LEDs) with the highest power and widest range of 
guaranteed output power in the industry for standard 
850 nanometer LEDs. In fact, the HFE4400 series 
ranges from a guaranteed minimum output powers of 
15 µW[ - 18.2dBm]toa50 µW[ - 13dBm]intoa50/125 
micron fiber optic cable at 100 mA forward current. 

The Honeywell HFD3400 series are fiber optic 
receivers assembled in the new Fiber-DIP plastic hous­
ing. Our HFD3400 series also offers a wide product 
selection including: 
• The HFD3401, an analog integrated receiver, DC to 

35 MHz operation with a guaranteed minimum 
responsivity of 4m VIµ W. 

• The HFD3402, a differentiating integrated receiver, 
DC to lOMbit digital data rates with a guaranteed 
sensitivity of 0.6 µW [ - 32 dBm]. The output is an 
inverted TTL level. 

• And the HFD3403, a direct coupled integrated 
receiver, DC to 5Mbit digital data rates with a mini­
mum guaranteed sensitivity of 2.8 µ W [ - 25.5 dBm]. 
Again, the output is an inverted TTL level. 

So remember, not only will you find our new Fiber­
DIP series the one choice for a wide range of fiber optic 
transmitters and receivers-you'll also find us the one 
choice for all your fiber optic needs. That's because 
Honeywell Optoelectronics is one of the world's leading 
designers and manufacturers of fiber optic data com­
munication components. With our proven track record 
and the experience of the over 100 year old, multina­
tional Honeywell corporation you can rest assured we'll 
be there when you need us. Now. And in the future. 

For additional information and data 
sheets of these products contact 
Honeywell Optoelectronics, 830 E. 
Arapaho Road, Richardson, Texas 
75081.0rcall 1-800-367-6786. 
In Texas call 214-470-4271. 

Honeywell 
Helping you control your world 

Simplex (SFR) Style 
Transmitters 
Receivers 
LEDs 
Photo Diodes 

ST isa registered trademark of AT&T. 

EDN October 13, 1988 

SMA Low Profile Style 
Transmitters 
Receivers 
LEDs 
Photo Diodes 

Modems 
Synchronous 
Asynchronous 

CIRCLE NO 112 

SMA 306 Style 
Transmitters 
Receivers 
LEDs 
Photo Diodes 

ST Low Profile Style 
Transmitters 
Receivers 
LEDs 
Photo Diodes 
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ONCE YOU'VE 
SEEN FUJITSU'S AC 
PWMA DISPLAY, 
YOU'LL TAKE A 
DIMVIEWOf 
ANYTHING ELSE. 

The only way our bright new 
8050 display looks anything 

like the others is through a 
pair of sunglasses. 

That's because the 8050 is 
without a doubt the brightest, most 
readable display in its class. 

It's the first 10-inch, AC-memory, flat 
panel display to deliver 640 x 400 resolution 
with an extraordinary 44 foot- lamberts of 
brightness. Along with a contrast ratio of 
greater than 20:1. All in a package just over 
one inch thick. 

In fact, the only thing more impressive 
than these numbers is looking at the display 
yourself. Then you'll really appreciate its 
exclusive solid black background. And the 
brightness and flicker-free clarity of text 
and graphics. 

And what's truly amazing is that you'll 
get this remarkable performance under 
some of the worst possible conditions. Like 
bright sunlight. And viewing angles up to 
120 degrees. 

So if your application calls for the 
clearest images with maximum contrast, 
call us today at 1-800-556-1234, Ext. 238. 
Inside California call, 1-800-441-2345, 
Ext. 238. Or write Fujitsu Component 
of America, Inc., 3330 Scott Boulevard, 
Santa Clara, CA 95054-3197. 

We'll brighten your day. 

~ FUJITSU 
- COMPONENT OF AMERICA.INC. 



NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

POWER SUPPLY 
• Provides rrwre than a dozen func­

tions 
• Is programmable via IEEE-488 

or RS-232C parallel buses 
The BOS/S performs the functions 
of de power supply, electronic load, 
voltage source, power-pulse gen­
erator, current source, power-func­
tion generator, direct-coupled am­
plifier, variable-gain amplifier, fast­
slewing power supply, de amplifier, 
ac power supply, differential ampli­
fier, and signal-invertering ampli­
fier. The current or voltage output 
is controlled via a front-panel mode 
switch. Control may be internal or 
external. A 10-turn potentiometer 
controls the output over a min to 
max range. An external ± 10 source 
provides identical external control. 
An optional digital control board al­
lows you to program most of the 
units' functions via the IEEE-488 
bus or an RS-232C parallel data­
transfer bus. Talk and listen func-

,....;....__:;:;_-_-...;.-.;.;;..;;;-:..... ____ ~ 

CRYSTALS 
• Withstand vapor-phase, JR, and 

wave-solder operations 
• Feature an 8- to 35-MHz fre-

quency range 
The CX-AT-HT, AT-cut, surface­
mountable quartz crystal features 
an extended 8- to 35-MHz fre­
quency range. The units can with­
stand vapor-phase, infrared, and 
wave-solder operations at tempera­
tures to 260°C for 20 sec. Tolerances 
down to ± 0.0005% are available. 
The units have a 5-ppm max aging 
rate and are available in versions 
that operate over - 40 to + 85 and 

EDN October 13, 1988 

tions have 12-bit resolution. Volt­
age and current regulation is 
0.005%. TC is 0.01 %/°C in the volt­
age mode and 0.03%/°C in the cur­
rent mode. RMS ripple equals 3 m V 
in the voltage mode and 0.05% in 
the current mode. Voltage and cur­
rent output changes over 8 hours 
are 0.02 and 0.03%, respectively. 

I 
- 55 to + 125°C. The hermetically 
sealed ceramic package is available 
in 16-mm tape on a standard 7-in. 
reel. The crystal is also available 
in leaded versions. $3.20 to $5.45 
(1000). 

Micro Crystal Div, 35 E 21st St, 
New York, NY 10010. Phone (212) 
505-5340. 

Circle No 371 

KEYPAD LEGENDS 
• System includes numbers, let-

ters, and symbols 
• Feature a wear-resistant design 
This legend label system is avail­
able for the company's Series 89 
keypads. The labels are available in 
sheet form with numbers, letters, 
symbols, and standard key inscrip­
tions. You can easily peel the self­
adhesive, die-cut, legend label from 
the sheet and place it on the se-

Standard features include adjust­
able output limiting, indications of 
mode and remote operation, and 
analog or digital voltage and cur­
rent meters. $1095 to $1995. 

Electronic Measurements Inc, 
405 Essex Rd, Neptune, NJ 07753. 
Phone (201) 922-9300. 

Circle No 370 

lected button area on the keypad. 
Using these labels, you can easily 
develop a customized keypad for 
immediate use to satisfy prototype 
or small-quantity requirements. 
The legends are printed on the la­
bel's second surface to prevent 
wear. $3.50 per sheet. 

Grayhill Inc, Box 10373, La­
Grange, IL 60525. Phone (312) 354-
1040. TLX 6871375. TWX 910-683-
1850. FAX 312-354-2820. 

Circle No 372 
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COMPONENTS & POWER SUPPLIES 

CONNECTORS 
• Available with both solder-cup 

and crimp contacts 
• Feature a shock-proof design 
D02 Series high-density, 12-posi­
tion circular connectors are de­
signed for cable-to-chassis and ca­
ble-to-cable applications. The poly­
carbonate housing can accommo­
date either solder-cup or crimp con­
tacts in a compact 3 x 0.85-in. enve­
lope. The housing features a novel 

282 

push-button-style plug-to-recepta­
cle latching system, which elimi­
nates field problems and reduces 
down time. The pin or socket con­
tacts fit in either the plug or re­
ceptacle. All contacts are shrouded 
to prevent electrical shock. $16 
(1000). Delivery, 12 to 18 weeks 
ARO. 

Hypertronics Corp, 16 Brent Dr, 
Hudson, MA 01749. Phone (800) 
225-9228; in MA, (508) 568-0451. 
FAX 508-568-0680. 

Circle No 373 

RECTIFIERS 
• Feature a 50-nsec reverse recov­

ery time 
• Handle frequencies in excess of 

20 kHz 
The USCllOX and USC130X her­
metically sealed axial-lead power 
rectifiers have 2A and 5A ratings, 
respectively, and 50-nsec reverse 
recovery times. Both are available 

in versions that handle 200, 300, 
and 400V (where X designates 4, 
5, or 6 for 200, 300, or 400V, respec­
tively). The units are specifically 
designed for switching power sup­
ply circuits operating at frequencies 
in excess of 20 kHz. Both lines are 
available in commercial and high­
reliability versions. From $4 (OEM 
qty). 

Semtech Corp, Box 367, 
Newbury Park, CA 91320. Phone 
(805) 498-2111. TWX 910-336-1264. 
FAX 805-498-3804. 

Circle No 374 

ROTARY SWITCHES 
• Available in gull-wing or J-hook 

versions 
• Handle standard soldering and 

washing procedures 
Designed for surface mounting ap­
plications, CS-4-22 dpdt rotary se­
lector switches are available in gull­
wing or J-hook styles in either bulk 

At $995, MAXI/PC is the most power­
ful integrated schematic capture I PCB 
layout package available ... guaranteed! 
Developed by the world's foremost 
supplier of PCB CAD software, 
MAXI/PC offers you the most advanced 
capabilities of our high-end systems, 
designed to run on the low-cost PC. 

MAXI /PC can tackle your toughest 
boards-dual in-line, multilayer designs, 
as well as double-sided, surface-mount 
designs. Powerful features such as auto­
matic component placement, automatic 
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COMPONENTS & POWER SUPPLIES 

or tape-and-reel packaging. The 
units are housed in packages meas­
uring 4.5 x 5 x 2.5 mm. The units 
withstand standard soldering and 
washing procedures, because they 
incorporate an 0-ring seal. The seal 
prevents leakage even when the 
units are immersed in low viscosity 
liquids, such as Fluorinert FC-40. 
A high-temperature housing allows 
the switches to survive infrared and 
vapor-phase soldering cycles as 
long as 3 minutes at 215°C. The con­
tact rating is 0.5 VA for a de resis­
tive load; the contact resistance is 
100 mO max at 1 kHz and 20 mV. 
Maximum voltage and current rat-

gate and pin swapping and automatic 
routing take you from schematic cap­
ture to PCB manufacture faster and 
more cost effectively than ever before. 

MAXI I PC offers you the combined 
Racal-Redac experience of over 20 
years in the EDA field and of more 
than 5,500 proven installations world­
wide. Its high functionality will meet­
even exceed-your requirements today. 
And with its upward compatibility, 
enable you to migrate to one of our 
premier systems as your needs grow. 
EDN October 13, 1988 

ings measure 100 mA and 16V, re­
spectively; and the operating range 
is -25 to + 70°C. Rotational life 
equals 200 cycles min. $1.30 (5000). 

Mepcopal Co, 11468 Sorrento 
Valley Rd, San Diego, CA 92121. 
Phone (619) 453-0332. FAX 619-
481-1123. 

Circle No 375 

POWER SUPPLIES 
• Feature five isolated and floating 

outputs 
• Spec ± 0 .2% line and load regula-

tion 
Featuring ratings to 300W, the 11 
models in the 29D Series all have 
five isolated and floating output 
voltages ranging from 5 to 24V. 
You can develop an N + 1 redundant 
power system by connecting multi­
ple, current-shared outputs in par­
lallel. Standard features include 
field-selectable inputs of 90 to 132 
or 180 to 264V, line and load regula-

30-Day Money Back Guarantee 
MAXI/PC gives you the right power 
and functionality .. . for the right price. 
And guaranteed satisfaction, or your 
money back. It's a no-risk offer you 
can't afford to miss . 

Order Today! 
We accept check /money order, Visa 
and MasterCard. 

1-508-692-4900 
CIRCLE NO 157 

tions of ± 0.2% at 100% rated load 
' current limiting, overvoltage pro-

tection, a fault indicator , and 
overtemperature shutdown. Input/ 
output signals include remote 
sense, input power fail, output 
good , undervoltage, and inhibit (to­
tal or individual output). Isolation 
diodes, active preload, an EMI fil­
ter, and an overvoltage crowbar are 
available as options. $508 (25) for: 
units with automatic preload, isola­
tion diode, and EMI filter options. 

Powertec, 20550 Nordhoff St, 
Chatsworth, CA 91311. Phone (818) 
882-0004. FAX 818-998-4255. 

Circle No 376 

RACAL·REDAC 
238 Littleton Road, P.O. Box 365 
Westford, MA 01886-9984 
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5chraFF® 

-campac 1npac 
campl:ec 

The complete 
electronic case line 

Schroff offers you over 
100 different case 
configurations directly 
from stock. 

Schroffis the industry leader in engineered 
electronic case systems. Cases with fea­
tures that allow economical creativity. 
Cases enhanced by a range of acces­
sories that fill over 70 catalog pages. 
Schroff offers you over 25 years or enclo­
sure design experience. Experience that 
enables us to customize Schroff cases to 
your exact requirements- while meeting 
your budget and lead time needs. 

CIRCLE NO 160 

Please call 1-800-451-87 55 for your 270 
page full line catalog and price list. 

SCHROFF INC. 
MANUFACTURING FACILITIES 
170 Commerce Drive Warwick, 
R. I. 02886 
Telephone (401) 732-3770 
Telefax ( 4 01) 7 38-79 88 

PLEASE VISIT US AT WESCON 
BOOTH 2676/78/80/82/84 



Stepper Motor Drivers. 

Choose RIFA and discover how the 
world's leading family of motor control 
devices gives you more choice, more 
applications, more innovation and much more 
performance for your space and money. 

PBL3717/ 2. 
Latest version of our industry-standard PBL 
3717. Constant current switc h mode contro l 
uprated to 1.0A continuous output current 
from previous 0.8A. High, medium, low (park) 
a nd true zero output; ha lf- and micro-stepping 
capab ili ties; a ll with the utmost efficiency and 
performance. Widely cop ied - come to the 
source for the brightest and best. 

PBL 3770A. 
Our brilliant new star. 1.5A continuous, l.8A 
peak curre nt. Drives all kinds of motors. 
Low heat dissipation, high packing density. 
16-pin DIP version is pin-compatible with 
3717; a lso 28-pin PLCC version. 

PBD 3517. 
Low-cost driver for unipolar motors. 
Economical, reliable, complete - you only need 
one sma ll driver per motor. 

PBL 3771 + PBM 3960. 
The new, sophisticated micro-stepping system. 
Dual precision chopper-driver with dual 
7-bit-plus-sign DI A converter. Output 600mA 
per phase, automatic slow/ fast current decay, 
plus very good low-current linearity - this is the 
universal leader in micro-stepping 
pe rformance. 

Note: All our stepper motor drivers (except 
PBD 3517) are available in DIP or PLCC 
packages. PBL 3717 / 2, 3770A, and 3771 a ll 
have a special lead-frame for heat-sinking 
through ground pins to the pc board copper. 

We're in the lead 

403 International Pkwy 
Richardson, TX 75085-3904 
Telephone {214) 480-8300 
Telefax (214) 680-1059 

ERICSSON ;!E 
RIFA is a member of the Ericsson Group 
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COMPONENTS & POWER SUPPLIES 

RESISTOR NETWORKS 
• Conform to MIL-R-83401 
• Are packaged in surface-mount-

ing chip carriers 
These chip-carrier-packaged resis­
tor networks are available in stan­
dard and custom circuit configura­
tions with resistor values ranging 
from 100 to 1 MO. Absolute resis­
tor tolerance can be as low as 

BREAKOVER DIODES 
THE BROADEST SELECTION OF 

REGENERATIVE TRANSIENT VOLTAGE SUPPRESSORS 

Unlike Zener 
diodes and varistors, 
Philips Breakover 
Diodes are regenerative. 
They collapse, absorb 
the transient, then reset 
to their original state. 
Available in Axial and 
T0-220 packages; in 
Single Asymmetrical, 
Single Symmetrical, or 
Dual Symmetrical; in a 

current f 151 quadrant 

J •d quadrant voltage 

Breakover diodes do not just limit 
the transient. They absorb it. 

range from 100 to 280 volts. All designed for use 
as superior alternatives to any transient surge 
protectors you currently use. 

Test us as your primary, emergency, or 
secondary source supplier. Call (401) 232-0500 
for more information or free samples. 

Amperex® 
DISCRETE SEMICONDUCTOR PRODUCTS GROUP 

PHILIPS e 
Amperex Electronic Company, A Division of North American Philips Corporation, 
George Washington Highway, Smithfield, RI 02917, (401) 232-0500. 
In Canada: Philips Electronics Ltd., 601 Milner Ave., 
Scarborough, M1B 1MB, (416) 292-5161. 

CIRCLE NO 70 

± 0.1 % and relative tolerance as 
low as 0.01 %. The networks' tem­
perature coefficient of resistance 
(TCR) is :s ± 50 ppm/°C, and TCR 
tracking between resistors in the 
same package is 2 ppm/°C. Long 
term stability over a period of 1000 
hours at 70°C and at a power dissi­
pation of 0.5W is less than 0.05%. 
Conforming to MIL-R-83401, the 
resistor networks are packaged in 
16-, 20-, 24-, or 28-pin hermetic or 
non-hermetic chip carriers. They 
have an operating temperature 
range of - 55 to + 150°C. A typical 
network costs around $7 (1000). 

Sfernice, 199 Blvd de la Made­
leine, 06021 Nice Cedex, France. 
Phone 93446262. TLX 470261. FAX 
93862726. 

Circle No 377 
Ohmtek, 2160 Liberty Dr, Niag­

ara Falls, NY 14304. Phone (716) 
283-4025. TLX 710-524-1653. FAX 
716-283-5932. 

Circle No 378 

HEAT SINKS 
• Maximize heat-sink surface area 
• Designed to cool PGAs 
With a fin-ratio (fin height:fin spac­
ing) of 12:1, the 2380 heat sink pro­
vides over 100% more surface area 
than conventional extrusions of the 
same size. Designed to cool 15 x 15-
pin grid arrays (PGAs) in forced 
convection applications, the unit 
measures 1.5 x 1.5 x 1 in. At 400 ft/ 
min airflow, the case-to-ambient 
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WE'LL SHOW YOU WHAT NO ONE 
HAS EVER SEEN BEFORE 

AND WE'LL COLOR IT, T 
With A 3 Hz Filter That Provides 
A New Industry Standard Of 
Resolution For Close-In 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 

Marconi 
lnstrwnents 

EDN October 13, 1988 

+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 135 

With numerous high 
performance display 
functions, dynamic trace, 
limits memory, RGB drive, 
GPIB, plus limits masking. The 2383 
is at your command for demanding 
spectral analysis requirements. 

For a demonstration or details 
contact: Marconi Instruments, 
3 Pearl Ct. , Allendale, NJ 07401. 
• (800} 233-2955 • (201} 934-9050 
• In Canada (514} 341 -7630 
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COMPONENTS & POWER SUPPLIES 

thermal resistance is l.5°C/W. You 
can use epoxy to bond the heat sink 
to the PGA or use the company's 
E-Z mount mechanical attachment 
device. $1.56 (1000). 

Thermalloy Inc, Box 810839, 
Dallas, TX 75381. Phone (214) 243-
4321. TLX 203965. FAX 214-241-
4656. 

Circle No 379 

POWER SUPPLIES 
• Operate on ac inJYUts 
• Feature ±0.05% line and load 

regulation 
Unlike many high-voltage power 
supplies, these units have a 105- to 
125V ac standard input range; 210 
to 250V ac is optional. Outputs 
range from 0 to 1 kV at 30 mA to 
0 to 30 kV at 1 mA. Standard fea-

I 288 CIRCLE NO 242 

tures include constant-voltage/con­
stant-current crossover, remote 
programming of both voltage and 
current, and arc/short-circuit pro­
tection. Line and load regulation 
are each ± 0.05%, and ripple meas­
ures ±0.05% p-p. A flying lead at 
the rear serves as the output con­
nection. All control connections are 
through a pluggable terminal block 
that serves as a connector. The ac 
input connections are on a separate 
terminal strip. Current and voltage 
adjustments are located on the 
front panel. $590 to $890. 

Acopian, Box 638, Easton, PA 
18044. Phone (800) 523-9478. 

Circle No 380 

RF RELAYS 
• Meets MIL-R-39016 require­

ments 
• Features a magnetically latched 

design 
The RF120 T0-5 RF relay features 
a hermetically sealed construction. 
At 1 GHz, the unit has a 0.19-dB 
insertion loss, a 1.2 VSWR, and 42-
dB isolation across the contacts. At 
3 GHz, the respective parameters 
are 0.3 dB, 1.5, and 33 dB. The re­
lay is designed and built to meet 
the requirements of MIL-R-39016. 
The magnetic-latching feature of 
the relay provides a nonvolatile 
memory capability-after the con­
tacts transfer, there are no holding­
power requirements. $96.95 (100). 

Teledyne Relays, 12525 Daphne 
Ave, Hawthorne, CA 90250. Phone 
(213) 777-0077. TWX 910-321-4610. 
FAX 213-779-9161. 

Circle No 381 
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AVIEW 
FROM THE TOR 
At Computer Products, we are committed to 

understanding the needs of our customers. No other 
power supply company is so sensitive to the issues 
that are central to you. And no other power supply 
company is so responsive to those issues. Computer 
Products. Your partner in power. 

©Computer Products Incorporated, 1988 

THE GLOBAL RESOURCE YOU NEED. 
Over 1900 people throughout North America, 

Europe and Asia. $100 million in power supply sales. 
And 187 distributor locations worldwide-the strongest 
distributor network of power supply products in 
the world. 

It means one-stop shopping. It means reliable, 
scheduled delivery anywhere, anytime. And it means 
a resource you can depend on from Minneapolis 
to Munich. 

THE STANDARD AND CUSTOM 
PRODUas YOU WANI. 

A major benefit of Computer Products is that we 
are the source for the industry's widest selection of 
power supply products. 

Open frame linears, open frame switchers, encap­
sulated poyver modules, cased switchers, high-power 
switchers, and DC/DC converters. Including a wide 
selection of Mil-Spec switching power supplies and 
DC/DC converters. 2400 standard models to choose 
from-plus modified standard or custom versions 
which are derived from our proven designs. 



. POWER SU!l!LY TECHNOIOGY 
THltPUTS YOU AHEAD. 

Computer Products coAcentrntes on the big picture 
in power sugply - - --' · 
technofogy. You 
benefitirom 
product~ ~hat 
are prec1s1Dn-

- engineered 
using the most 
advanced and 
rel iabletechnologies 
available. 

- From higb. fr~uency switching 
and high-power densities to the 
industry's most advanced hybrid/ 
surface-mount technology, we are devel­
oping the advanGed power supply 
designs thaly.ou.r:equi.re for the products 
of tomorrow. 

QUALITY AND RELIABILITY 
YOU CAN TRUST._ 

-
It's part of our total company commitment to being 

a world class mar:iufacturer. We believe 
in never-ending improvement in the . 
quality of our products and processes. 

From Statistical Process Control 

Yopr Partner in PowersM 

If reply card is missing please ci rcle reader service number 101 Consult EEM for your local sales office or 
call (305) 974'5!ID. Ext 7514. 
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r.======== Your Pa1tnerin Power =======:::::=:::::;===;i 

INIVEllSAllNPUT SWITCHING POWER SUPPLIES 
Power your system from any worldwide line voltage 
without changing jumper wires or switches. The NFS 
Series universal input switchers provide single or multiple 
outputs for 40 watt, 50 watt,-or 110 watt applications . • -~- ~~=· 
Check out the N FS40 series, which measure a mere 
5" x 3'; x 1.2". The N FS50-7608 directly replaces-the 
industry standard 6.3" x 3.9" 40 watt supply and offers a 
bonus of 10 additional watts for system extras. And' the 
N FSllO series will deliver HO watts-from a smaH- - -
7"x 4.25" x 1.8" package. ts + 12V eutputwill deliver 
up to 9A peak current to start disk..ddves. 

ISOLmD AND REGULAIED DC/DC CONVERTERS 
POWER Dll'I ACQUI aRCUm 

The H, EA and AF Series are isolated and regulated 
. DC/DC converters havin~ the same industry standard 

footprint to provide flexibiliij foryour design. Ideally . -~ 
suited for powering analog and digital circ.ultly s1:1ch:as- ................. .,. 
OP Amps, A/D and D/A converters, IO.>gic and micro- -_­
process9rs. Packaged in 1.0" x 2.0" x0.38" nQn-·"" ~. -. 
conductive cases, these 1 to 4.5.watt converters are _ 
available for a variety of input and output volta~es. All -
units feature isolation of 500V, setting accuioaeies te -'- -
±2% max. and fully regulated output to ± 1% max,.~-'-'--

HIGH EFFICIENCY 100 WAIT-DC/DC CONVERTER 
The WS Series is your logical choice when it comes .. 
selecting high power density DC/DC converters. -
Packaged in a low profile 3.5" W x:.§:.5!1..{: x-0.91" H 
case, these lOOwatt units feature 18-36 and36:7Z -
VDC input ranges, single, dual and triple oufp s, 50{) _ -· 

- VfX'.~ isolation and efficiencies up to 84%. Ideal for~ - - -
telecom and computer applications, aod now a new Elual · 
+5 and + 12 VDC output verston with p§ak curr:enr,==--- -
capability for power disk drives. Chassis mounting "'!ith 
screw terminations or PCB mount wiff\ neat sink­
versions availa51e. 

If reply card is missing please circle reader service number. Consult EEM for your local sales office or call (305) 974-5500. Ext. 7514. 

-------~------------- - -------------~ -

QUICK ACl'ION REPLY CARD 
PLEASE SEND: 
I. NFS 40/50/110 Series 4. Mil-Spec Catalog 
2. H, EA, AF Series 5. Engineering Handbook 
3. WS Series 6. Have a Sales Person Call 

Name _____________ Title _____ _ 

Company Dept/MS ___ _ 

Street ___________________ _ 

Gity ______________ State __ Zip __ _ 

Telephone ( 

EDN 

fl& •.•• Send.foi:-your free copy of.our Power 
Supply Engtneering-Hanebook and separate 
catalogc overing Mil-Spec Power Supplies. All the­
information you neea to make a pawer supply 
declsio . -:- · 

BB!!~~ 
(305) 97 4-5500 

Your Partner in /lower SM 



200% 50% 
MORE POWER 

II . 

.. 
• 

• 
30% 
LESS DO' ' ARS 

The 300 Watt HPD Series Programmable 
DC Power Supply From Sorensen 

Hard to believe? It's true-the 
Sorensen 300 watt Model HPD (High 
Power Density) delivers three times 
more power than most other 1/4 
rack power supplies. And at $1195, 
the HPD is the lowest priced power 
supply in its class. 

The HPD incorporates a linear post 
regulator to achieve 5 mv ripple 
RMS, a typical 500 µsec transient 
response for a ±50% load change, 
and a .02% +4 mV line and load 
regulation. Full rated current avail­
able at all voltages eliminates the 
guesswork associated with power 
curves. The HPD has been certified 
to meet FCC Part 15 subpart J Class 
A for reduced conducted and 
radiated emissions. 

An internal IEEE 488 interface card 
(Option M9) provides overvoltage 
protection (OVP), 12-bit program-

EDN October 13, 1988 

ming resolution, and 8-bit digital 
readback resolution of voltage and 
current, and is priced at $450. An 
alternative option (MS) features 
OVP, remote programming, TTL 
inhibit, rear panel terminals, and is 
available for $150. A standard 19" 
rack adapter is available for one to 
four units, providing up to 1200 
watts of DC power. 
The facts are clear. The choice in 
power supplies is Sorensen. Call or 
write our applications engineering 
staff for additional data on the 
revolutionary HPD series. 

1~-=n 
A Rayllle8ll Company 
5555 N. Elston Ave. 
Chicago, IL 60630 
(312) 775-0843 Ext. 269 

CIRCLE NO 166 

Volts 

Amps 

Sorensen 
Model 

()-1 5V ()-30V IHiOV 

()-20A ()-10A ()-5A 

HPD1~20 HPD3Q.10 HP[)6().5 

Ripple& Noise t--v ___ sm_V_RM_S,_SO_m_v P_·P _ __, 

I 20mAP·P 

Une Regulation >---v ____ .01_'11> '_2_mv _ _ __, 

I .01'11> +1 mA 

Load Regulationt--v ____ .01_% +_2_mv __ -; 

Transient 
Response 

IEEE Interlace 

I .01'11> +1 mA 

+ 50'lli Load changes in range of 25 • lOO'lli 
of rated load in less than 500µ sec. 

12 Bil Resolution Programming V +I 
8 Bil Resolution Readback of V + I 

Size US t---5.2_H_x4_.3 W_x_11_.1 D_s_.B_lbs_. ---1 

llelric 132 mm H x 109 mm W x 297 mm 2.6 Kg 

EON 10-13-88 
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NEW PRODUCTS 

SERVO CONTROL CHIP 
• Generates a velocity pofile 
• Optimizes track-access speed of 

disk drive 
The ML4404 trajectory-generator 
chip optimizes the track-access 
speed of head-positioning servos for 
high-end disk drives. The chip gen­
erates a velocity profile that pro­
duces the optimal velocity for posi­
tioning the Read/Write heads on 
31

/2- and 51/4-in. disk drives. The 
ML4404 features an anticipate func­
tion, which modifies the trajectory 
curve to eliminate the overshoot 

CACHE TAG MEMORIES 
• Feature 17- to 30-nsec operating 

speeds 
• Include parity-checking 9th bit 
The SSL2152 and SSL2154 are 
2k x 9-bit cache address compara­
tors that feature address compare­
to-match output times as fast as 17 
nsec. According to the manufac­
turer, the devices are the fastest 
cache-tag memories available in this 
density and organization and are 
100% functionally compatible with 
the TACT2152/54 from Texas In­
struments Inc. The SSL2152/54 also 
feature a 9th bit to handle parity 
checking, which is gaining popular­
ity in high-performance, 32-bit 
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problem. The chip also provides 
control of the settling time at the 
destination track by means of an ex­
ternal resistor. Designed on the 
company's FB3620 tile-array plat­
form, the ML4404 can be custom­
ized to specific requirements with 
minor modifications to the double­
layer metal masks. The chip is part 
of a four-chip set that is available 
on evaluation boards. $7.40 (1000). 

Micro Linear Corp, 2092 Con­
course Dr, San Jose, CA 95131. 
Phone (408) 433-5200. 

Circle No 385 

CISC and RISC systems. The ICs 
have TTL-compatible inputs and 
outputs and are cascadable in mem­
ory depth and word width. The 
8812152 has a totem-pole output; 
the SSL2154 has an open-drain out­
put. Available packages include 
DIPs and PLCCs. Prices, which de­
pend on the speed selection and 

package, range from $35 to $56 
(100). 

Saratoga Semiconductor, 10500 
Ridgeview Court, Cupertino, CA 
95014. Phone (408) 864-0500. FAX 
408-446-4416. 

Circle No 386 

F IBER-OPTIC CHIPS 
• Available in three-chip sets 
• For 50M- and 200M-bit systems 
Designed for fiber-based LAN s as 
well as standard telecommunica­
tions, the company offers two three­
chip sets for use at data rates to 
50M- and 200M-bits, respectively. 
The 50M-bit set operates as a Man­
chester biphase mark-encoded sys­
tem. The transmitter section in­
cludes an LED driver (SP9960), 
which features drive-current pro­
grammability from 15 to 150 mA. 
The receiver section contains the 
SL9901, a transimpedance amplifier 
that interfaces with a PIN diode, 
and the SP9921 decoder, which per­
forms the functions of clock and 
data recovery. The 200M-bit set op­
erates over the lOOM-to 200M-bit 
spectrum, which includes the FDDI 
(Fiber Optic Distributed Data In­
terface) standard. The SP9954 
transmitter can drive an LED or a 
laser diode and features external­
resistor programming of the operat­
ing current. The receiver consists 
of the SL9904 transimpedance am­
plifier and the SP9944 data-slice cir­
cuit, which converts the output 
from the SL9904 to a true ECL­
level signal. A programmable 
threshold-detect function directly 
supports the requirements of the 
FDDI standard. The 50M-bit chip 
set, $39.03; the 200M bit chip set, 
$60.01 (1000). 

P lessey Semiconductors, 1500 
Green Hills Rd, Scotts Valley, CA 
95066. Phone (408) 438-2900. TLX 
4940840. FAX 408-438-5576. 

Circle No 387 
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The MC88000 RISC Multibus II 
Single Board Computer 

The TP880M from Tadpole 
• The Philosophy• • The Design • 

The TP880M design brings together the outstanding 
performance of the Motorola MC88000 RISC processor set, 
the power of the full Multibusll/iLBX II interfaces, an 
MC68000/684401/0 subsystem with SCSI and Ethernet, and 
the specially designed Tadpole 88000 RISC optimising C 
Compiler. The result is an outstanding product that offers 
users the very best of current SBC technology. 

• The Specification • 
• MC88100 RISC processor (20-33MHz) 
• 16Kb MC88200 cache/MMU instruction cache 
• 16Kb MC88200 cache/MMU data cache 
• 4-16Mb Nibble mode parity-protected DRAM 
• iPSB interface implemented using the Intel Message 

Passing Coprocessor (MPC) 
• iLBX interface and iSBX connector 
• 1/0 Subsystem MC68000/68440 CPU/OMA provides 

SCSI 4 RS232 ports • Up to 128Kb EPROM 
• 64Kb SRAM and optional ETHERNET networking 
• TP-IXV.3.1* 
• TP-CDS/88K advanced C development environment 
• T-Mon 88K Monitor with extensive SCSI support 

• The Evidence • 

T ~~~!;~ l~~~3~~}2s~~ 
Tadpole Technology pie Tadpole Technology Inc Tadpole Technology Inc 

Titan House. Castle Park, Reservoir Place, 2157 O'T oole Avenue 
Cambridge, CB3 OAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose. 

Tel : 0223 461000 Massachusetts, 02154, USA California, 95131, USA 
Fax: 0223 460727 Tel 0101 -617-890-8898 Tel : 0101-408-435-8223 

Fax: 0101 -617-890-7573 Fax 0101 -408-435-8482 

T A D P 0 L 
UNIX is a trademark of AT & T Multibus II, iSBX, iPSB and iLBX are trademarks of the Intel Corporation Ethernet is a trademark of the Xerox Corporation 

VRTX is a trademark of Ready Systems 'TP-/X V.3.1 is derived from UNIX V.3.1 

EDN October 13, 1988 CIRCLE NO 183 
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PRECISION OP AMP 
• Has a 6.5-MHz bandwidth 
• Can drive loads to 1500 pF 
Featuring a 6.5-MHz bandwidth, a 
35V/µsec slew rate and a settling 
time of 1 µsec (to 0.01 %), the 
OPA602P op amp minimizes dy­
namic errors and provides accurate 
signal processing in data conversion 
applications. All dynamic and de 
specifications are rated with a 1-kO 
resistor in parallel with a 500-pF 
load. The OPA602P can drive ca­
pacitive loads to 1500 pF in unity 
gain. Other features include an off­
set voltage of ± 1 m V (max), a bias 
current of ± 2 pA (max), and low 
noise (12 nV/YHz). The OPA602P 
comes in an 8-pin plastic DIP. $2.80 
(100). 

Burr-Brown, Box 11400, Tucson, 
AZ 85734. Phone (602) 746-1111. 
TLX 666491. TWX 910-952-1111. 

Circle No 388 

MATH COPROCESSOR 
• 32-bit chip runs at 33 MHz 
• Breaks two-million Whetstone 

barrier 
The 68882 second-generation, 32-bit 
floating-point math coprocessor has 
a speed of 33 MHz. This high­
performance coprocessor is used 
with the company's 68000 family of 
µP 's. The 68882 conforms to the 
IEEE Standard for Binary Float­
ing-Point Arithmetic and offers 
software- and pin-compatibility 
with its predecessor, the 68881. Ac­
cording to the company, the chip 
is the first to break the two-million 
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Whetstone barrier-a standard 
benchmark that tests a processor's 
ability to perform mathematical op­
erations). $708. Delivery, 60 days 
ARO. 

Motorola Inc , Technical Info 
Ctr, Box 52073, Phoenix, AZ 85072. 
Phone (512) 440-2839. 

Circle No 389 

ANALOG SWITCHES 
• Low on-resistance 
• Fast switching speed 
Fabricated in silicon-gate technol­
ogy, the DG417, DG418, and DG419 
analog switches provide a low on­
resistance of 350 and a fast switch­
ing speed (t0 n) of 175 nsec. In addi­
tion, the devices feature low power­
dissipation of 35 µ W and low leak­
age-current of 250 pA. The devices 
operate from a single supply, which 
eases the design of unipolar sys­
tems. The devices are available in 
8-pin plastic DIPs and small-outline 
packages for industrial applications 
and in 8-pin ceramic DIPs for mili­
tary use. Prices range from $1.45 
to $9.84 (100). 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. 

Circle No 3,90 

CMOS FIFO 
• Features 25-nsec access time 
• Features three flag outputs 
Fabricated in CMOS, the IDT7200 
is a 256 x 9-bit F IFO register that 
features a 25-nsec access time. The 
register offers three flag outputs: 
full, half-full , and empty. The chip's 
9-bit wide data array is useful for 
systems that require byte-wide par­
ity. The device has a re-transmit 
capability, which can re-read data 

from the first read location. You can 
cascade the FIFO in depth and 
width by means of two connections. 
Maximum supply current is 80 mA 
for commercial versions and 100 mA 
for military versions. The IC comes 
in a 32-pin PLCC, a 32-pin CLCC, 
or a 28-pin 300-mil DIP. Prices start 
at $50. 90 (100). 

Integrated Device Technology 
Inc, Box 58015, Santa Clara, CA 
95052. Phone (408) 727-6116. TWX 
910-338-2070. 

Circle No 391 

PREAMPLIFIER 
• Employs hybrid cascode micro­

circuit 
• Delivers high-gain and low-noise 

at -200°C 
The RL-790 charge-sensitive pre­
amplifier can amplify signals at 
- 200°C. It employs a hybrid micro­
circuit utilizing JFETs in a cascode 
configuration to deliver high-gain 
and low-noise performance. The 
RL-790 has a sensitivity of0.2 V/pC 
and an equivalent noise charge of 
240 electrons. The hybrid has an in­
put capacitance of 25 pF and a 10-
nsec rise time with an 950 imped­
ance. The 1.25 x 1.25 x 0.25-in pack­
age withstands liquid argon radia­
tion detectors. You can interface 
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43K+ Dhrystones. 17+MIPS. 7+MF1ops. 
4Mb DRAM. 1 SCSI. One VME Board. 

The TP880V from Tadpole 
• The Philosophy• 

The TP880V isa high performance Single Board Computer for 
VME based systems. Designed round the Motorola 88000 
RISC architecture, the TP880V offers 17MIP, 6MFlop 
performance at 20MHz and provides a very high level of 
integration of processing and 1/0 features on a single card. 
Tadpole's 88K C Compiler was specially developed to take 
full advantage of the 88000 RISC architecture. 

• The Specification • 
• MC88100 RISC processor (20-33MHz) 
• 16Kb MC88200 cache/MMU instruction cache 
• 16Kb MC88200 cache/MMU data cache 
• 4-16Mb Nibble mode parity-protected DRAM 
• 110 Subsystem MC68000/ 68440CPU/DMA 
• 53C90 high performance sync/asynchronous SCSI 
• 2 RS232 Ports • 128Kb-1 Mb EPROM 
• Extensive diagnostics capabilities 
• Full VME Interface Rev C.1 IEEE 1014 
• OTB Master-OTB Slave Syscon interrupter/handler 
• 64Kb SAAM battery-backed RTC 
• TP-CDS/88K advanced C development environment 
• T-Mon 88K Monitor with extensive SCSI support 
• TP-IX* 

• The Design • 

• The Evidence• 

T ~~d~!i~ l~9nh3~~12s~~ 
Tadpole Technology pie Tadpole Technology Inc Tadpole Technology Inc 

Titan House, Castle Park, Reservoir Place, 2157 O'Toole Avenue 
Cambridge, CB3 DAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose, 

Tel : 0223 461000 Massachusetts, 02154, USA California, 95131 , USA 
Fax: 0223 460727 Tel : 0101-617-890-8898 Tel 0101 -408-435-8223 

Fax: 0101 -617-890-7573 Fax 0101-408-435-8482 

T A D P 0 L 
UNIX is a trademark of A T & T *TP-IX V.3.1 is derived from UNIX V.3.1 
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INTEGRATED CIRCUITS 

the unit with vacuum photodiodes 
and all standard semiconductor de­
tectors. $125. 

REL-Labs Inc, 30 Midland Ave, 
Hicksville, NY 11801. Phone (516) 
935-7272. 

Circle No 392 

RESONANT-MODE IC 
• Operates from 1 kHz to 1.2 MHz 
• Varies frequency according to 

load changes 
Designed for resonant-mode switch­
ing power supplies, the GP605 uses 
frequency modulation rather than 
traditional pulse-width modulation 
to control regulation. It holds the 
pulse width constant and varies the 
frequency according to load 
changes. The device reduces power­
supply size, component stress from 
zero-current switching, switching 
losses, and EMI. It features a fre­
quency range from 1 kHz to 1.2 
MHz and a duty-cycle capability of 
60% at 1 MHz. The IC is available 
in commercial, industrial, and mili­
tary versions, and comes in 16-pin 
DIPs and 16-pin small-outline IC 
packages. From $3.19 (1000). 

Gennum Corp, Box 489, Station 
A, Burlington, Ontario, Canada 
L7R 3Y3. Phone (800) 263-9353; in 
Ontario, (416) 632-2996. TLX 
0618525. 

Circle No 393 

FLASH AID CONVERTER 
• Provides 8-bit output 
• Features a 400-MHz bandwidth 
Featuring a flash architecture, the 
monolithic AD770 AID converter 
provides an 8-bit output at 200M 
samples/sec. It has a 250-MHz full­
power bandwidth and a 400-MHz 
small-signal bandwidth. The AD770 

294 

allows low-distortion sampling of 
100-MHz Nyquist-frequency signals 
without an external S/H circuit. 
Two reference inputs set the unipo­
lar or bipolar analog-input range 
within a ± 2V span. Force and 
sense taps allow accurate end-point 
adjustment for these reference volt­
ages. A reference resistor ladder 
provides taps at mid- and quarter­
points. You can use these taps to 
curve the ADC transfer function 
and to improve RF decoupling. 
A proprietary error-correction 
scheme reduces erroneous output 
sparkle codes that are typical of 
flash converters. All digital outputs 
are ECL compatible. The AD770 is 
available in a 40-pin ceramic DIP 
for either the commercial or mili­
tary temperature range. From $175 
(100). 

Analog Devices, Literature Cen­
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 329-4700. TLX 
924491. TWX 710-394-6577. 

Circle No 394 

DATA SYNCHRONIZER 
• Features PLL window control 
• Supports GCR, MFM, and RLL 

codes 
The DP8459 data synchronizer in­
cludes a phase-locked loop that lets 
designers reduce bit-error rate 
through improved window accu­
racy. The device features synchro­
nized window generation and a digi­
tal window-strobe control with 5-bit 

resolution. The IC is capable of ad­
dressing the needs of hard disks, 
floppy disks, optical disks, and 
tape-drive memory systems. The 
DP8459 accomodates the preambles 
used with Group Code Recording; 
Modified Frequency Modulation; 
and 1,7 and 2,7 run-length-limited 
codes. The data-rate range extends 
from 250k bps to 24M bps with 2,7 
code and beyond that range with 
the 1, 7 code. All digital input and 
output signals are TTL-compatible. 
The device operates from a single 
5V supply and is available in a 28-
pin plastic leaded chip carrier. $20 
(1000). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-6725. TLX 346353. 
TWX 910-339-9240. 

Circle No 395 
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FET-INPUT OP AMP 
• Has a 350-nsec settling time 
• Offers harmonic distortion of less 

than 0.0001% 
The AD845 FET-input op amp fea­
tures a typical settling time of 350 
nsec to 0.01 % (for a lOV step) into 
a 500!1, 100-pF load. The op amp 
has a total harmonic distortion 
(THD) of less than 0.0001 %, which 
makes it suitable for driving high­
speed ADCs and DSP-system front 
ends. Dynamic performance in­
cludes a lOOV/µsec slew rate, a 16-
MHz small-signal bandwidth, and 
1. 75-MHz full-power ( ± lOV into 
500!1) bandwidth. The input offset 
voltage is 250 µ V max with drift 
of less than 5 µ V/°C. Open-loop gain 
is typically 250V/mV into a 500!1 
load, the minimum CMRR is 94 dB, 
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68030 UNIX®or VRTX®Multibus II 
Single Board Computer 

The TP33M from Tadpole 
• The Philosophy• 

The TP33M is designed to bring together on a fully configured 
single board computer the outstanding performance of two 
leading edge technologies: INTEL Multibus II and the 16-33 
MHz MC 68030 CISC processor. 

• The Specification • 
• MC68030processor16-33MHz 
• 4-16Mb Nibble mode DRAM 
• Custom 32-bit OMA controller 
• NCR 53C90 OMA-driven synchronous or 

asynchronous SCSI interface 
• AMO Lance IEEE 802.3 Ethernet with OMA 
• 6 x RS232 ports 
• Multibus 11/iSBX/iLBX II interfaces 
• Battery backed-up real time clock 
• 2Kb SRAM • 256Kb EPROM 
• TP-IX'V.3.1 * • VRTX 
• VRTX - TP-IX* communications software 
• Intel transport layer protocol drivers 

• The Design • 

• The Evidence• 

r ~~rd~!i~ l~~~3~~}2s~~ 
Tadpole Technology pie Tadpole Technology Inc Tadpole Technology Inc 

Titan House, Castle Park, Reservoir Place, 2157 O'Toole Avenue 
Cambridge, CB3 DAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose, 

Tel : 0223 461000 Massachusetts, 02154, USA California, 95131, USA 
Fax: 0223 460727 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223 

Fax 0101-617-890-7573 Fax 0101 -408-435-8482 

T A D P 0 L 
UNIX is a trademark of AT & T Multibus II, iSBX. iPSB and iLBX are trademarks of the Intel Corpora/ion Ethernel is a lrademark of the Xerox Corporation 

VRTX is a trademark of Ready Sys/ems ·rP-IX V.3. 1 is derived from UNIX V.3. 1 
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and the maximum peak-to-peak 
noise is 4 µ V from 0.1 to 10 Hz. 

Analog Devices, Literature Cen­
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. TWX 
710-394-65 77. 

Circle No 396 

VIDEO DAC 
• Cont,ains three 6-bit DACs 
• Meets VGA graphics st,andards 
Pin-compatible with the IMSG 176 
industry standard, the DAC0630 
video DAC contains three internal 
6-bit DACs for red, green, and blue, 
along with a 256 x 18-bit color­
lookup table. The VGA-compatible 
IC can select 256 colors from a pal­
ette of 262, 144 choices and supports 
pixel rates to 50 MHz. The 
DAC0630 also provides a fully syn­
chronous µP interface with TTL­
com patible inputs . The device, 
which operates from a single 5V 
supply, includes protection diodes 

DESIGN FOR 
IN-CIRCUIT 
PROGRAMMING 
AND CUT 
PRODUCTION 
COSTS. 

INTEGRATED CIRCUITS 

on each pin that eliminate latch-up 
problems and provide ESD protec­
tion to 2000V. The IC is available 
in 28-pin DIP and CERDIP pack­
ages. From $9 (1000). 

National Semiconductor, Box 
58090, Santa Clara, CA 95052. 
Phone (408) 721-7158. TLX 346353. 
TWX 910-339-9240. 

Circle No 397 

DIGITAL AUDIO ADC 
• Offers 16-bit performance 
• Has a 92-dB dynamic range 
The CSZ5126 is a monolithic stereo 
AID converter for use in digital 
audio applications. The chip fea­
tures 16-bit resolution, a 92-dB dy­
namic range in a stereo mode (95 
dB in 2 x oversampling mode), and 
harmonic distortion of less than 
0.001% in either mode. The chip's 
signal-to-noise-plus-distortion ratio 
is better than 92 dB. An internal 
18-bit self-calibration circuit, which 

Following a few simple 
rules in board design can 
mean tremendous sav­
ings in production. When 
you design for in-circuit 
programming, you can 
easily program devices 
on your circuit boards 
after they are fully 
assembled. 

for surface-mount 

In-circuit programming 
can improve production 
flow, reduce inventory, 
and lower firmware 
update costs- especially 

devices. And Data I/O's 
complete line of in-circuit 
programmers are the most 
reliable, versatile and cost­
effective tools for the job. 

CALL TODAY FOR 
YOUR FREE COPY OF 
"INTRODUCTION TO 

IN-CIRCUIT 
PROGRAMMING." 

1-800-247-5700 
Ext. 953 

DATAl/O 
296 CIRCLE NO 96 

maintains bit weights and ensures 
no missing codes, provides a differ­
ential nonlinearity (DNL) of 0.25 
LSB (typ) over the life of the de­
vice. The CMOS device, which fea­
tures a sleep mode for portable op­
eration, is packaged in a 28-pin DIP 
and dissipates less than 240 mW. 
$27.20 (1000). 

Crystal Semiconductor Corp, 
Box 17847, Austin, TX 78744. 
Phone (512) 445-7222. TLX 910-874-
1352. FAX 512-445-7581. 

Circle No 398 
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68030- VME 
The Real Single Board Computer 

The TP32V from Tadpole 
• The Philosophy • 

Designed for optimum system performance from a single full 
IEE 1014 VME board, the TP32V needs no other cards, piggy­
backs or mezzanines to deliver the full potential of the 16-33 
MHz MC68030. To maximise overall throughput, all the on­
board 1/0 facilities were designed to take advantage of 
hardware transfer buffers, OMA faci I ities and advanced DRAM 
arbitration techniques between competing resources. 

• The Specification • 
• MC6803016-33MHz 
• MC68450 4-channel OMA controller 
• 4Mb multi-ported nibble-mode DRAM 
• AMO Lance IEEE 802.3 Ethernet with OMA 
• Z8530 SCC giving two OMA-driven RS232 sync/ 

asynchronous ports and two further RS232 
asynchrous ports 

• NCR 53C90 OMA-driven synchronous or 
asynchronous SCSI interface • Floppy disk controller 

• Full VME Rev C.1 IEEE 1014 interface 
• 64-512Kb EPROM • Battery-backed RTC/SRAM 
• Ful l debug monitor • Optional MC68881/2 FPU 
• TP-IX/68K version of UNIX V.3.1* • NFS, RFS, TCP/IP 

• The Evidence • 

• The Design • 

T ~2~~i~ l~9n~~~12s~r 
Tadpole Technology pie Tadpole Technology Inc Tadpole Technology Inc 

Titan House. Castle Park, Reservoir Place, 2157 O'Toole Avenue 
Cambridge, CB3 OAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose. 

Tel 0223 461000 Massachusetts, 02154, USA California, 95131, USA 
Fax: 0223 460727 Tel: 0101-617-890-8898 Tel: 0101 -408-435-8223 

Fax 0101 -617-890-7573 Fax 0101 -408-435-8482 

A D P 0 L 
UNIX is a trademark of AT & T Ethernet is a trademark of the Xerox Corporation 

VRTX is a trademark of Ready Systems *TP-/X V.3. 1 is derived from UNIX V.3. 1 
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A lot of companies 
daim complete 
VME capability. 

Only 
Rad stone 
can deliver it now. 
Radstone Technology is the only company in the world that 
delivers proven VMEbus board and system leve~ products .. 
for every application from commercial to full Military Specifi­
cation ... and everything in between . Plus more than 30 
years of solid computer experience-more than anyone in 
the OEM board level computer market. 

UI t: lid 

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 VMENSB 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 

Milt v, .. ri.1 1 - p ' E no ' 1z d' 
All Radstone Mil-Spec VMEbus boards fully comply with 
both VME and Military Specifications. These boards 
are built with MIL-STD-883C class B components and 
meet MIL-E-5400, MIL-E-4158 and MIL-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 

Radstone Technology Corporation 
One Blue Hill Plaza, Pearl River, NY10%5-8541 

Call Toll-Free: (800) 368-2738 
Eastern Region : (914) 735-4661 
Central Region : (81 7) 261-9988 
Western Region : (408) 727-4795 

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 

"u1~a::.::cul d \ r [ r !> et vironment, 
r ~ l ( I S. 

All Radstone Mil-Spec VME modules are also offered in elec­
trically and mechanically compatible reduced environmental 
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 capabilit for you. 
Radstone is the only company that produces all its boards in 
military qualified production facilities. And we back up our 
market-matched commercial, ruggedized and Mil-Spec VME 
products with technical support services second to none in 
the world . 

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

TECHNOLOGY 
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Everyone's talking about it now, but we've been shipping it 
since 1982. And we've continued to set the real-time standard 
every year since. RTUTM, our real-time enhanced UNIX 
operating system, provides guaranteed 
response plus the flexibility and compatibility 
of AT&T System V and 4.2 BSD. 

Scientists, engineers, systems integrators, 
and OEMs can choose from a family of 
MC68030/020-based multiprocessor 
computers, from 3 to 25 MIPS, with VMEbusTM 
and Multibus.™ They're designed for high­
performance applications in data acquisition, 
digital signal processing, imaging, C3!, and 
real-time simulation. 

What's behind the trend to real-time UNIX? 
Want to learn how your real-time application can benefit 
from UNIX power and compatibility? 

[ill MASSCOMP 
UNIX is a trademark of AT&T /Jell Labs. 
MASSCOMP and RTU are trademarks of Massacbusells Computer Corporation. 
VMEbus is a lrademark of Motorola Corporation. Multibus is a trademark of Intel Corporation. 

CIRCLE NO 131 

Send in the coupon below for your free copy of 
Understanding Real-Time UNIX, by Prof. John Henize. 

Get in tune with the best real-time systems 
available. 
1-800-451-1824 
(MA 508-692-6200) 

Send this coupon to MASSCOMP, Dept. 1-DNO, 
One Technology Way, Westford, MA 01886 

D YES, please send a complimentary copy of 
Understanding Real-Time UNIX. 

0 Send me information on MASSCOMP real-time 
computer systems. 

NAME ___ _____________ _ 

TITLE ____ _ _ _ _ ________ _ 

COM~NY _____ __________ _ 

ADDRESS _______________ _ 

CITY _ _ _____ STATE ___ ZIP ___ _ 

PHONE _____ ___________ _ 

MY APPLICATION JS,--------------

EDN101388 
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Purity • Precision • Speed 
• typically 0,0006% (-105 dB) distortion in the audio range 
• ± 0, 1192 mHz frequency accuracy throughout the 0,2 Hz 

to 200kHz range 

• heterodyne synthesis gives "instantaneous" settling 
( < 0, 1 ms) of frequency and amplitude 

• precision attenuator with ± 0,026 dB ( ± 0,3%) accuracy 
across the entire 100 µV to 5 V range 

• memory sweep feature with pre-defined amplitude weighting 
• two models: Sine Generator Type 1051 and Sine/Noise 

Generator Type 1049 
• very fast response time for all functions via IEEE-488 interface 

Bruel & Kjcer + 
Bruel & Kjaer Instruments, Inc. 185 Forest Street · Marlborough, MA 01752 USA · Telephone 617 /481-7000 

WORLD HEADQUARTERS: DK-2850 Naerum ·Denmark · Telephone: +452800500 · Telex: 37316 bruka dk 

Australia (02) 450-2066 · Austria 02235/7550·0 · Belgium 02 · 242-97 45 · Brazil 2468149 ·Canada (514) 695-8225 · Finland (90) 80170 
Federal Replblicol Germany (04106) 4055 · Great Britain (01) 954-2366 · Holland 03402-39 994 · Hong Kong 5-481486 · Italy 

Japan 03-356-1711 · Republic bl K.ol8a 02-793-6886 · Norway 02·787096 · Singapore 2258533 ·Spain (91) 2681000 · Sweden (08) 711 
Taiwan (02) 7139303 ·USA (617>•1 0 · Local representatives and service organisations world-wide 
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NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

HAND-HELD DMMs 
• Provide 3%-digit display 
• Measure frequency, duty cycle 

and capacitance 
The models 83, 85, and 87 meters 
are environmentally sealed, hand­
held units with 3%-digit (4000-
count) liquid-crystal displays. In ad­
dition to de and ac voltage and resis­
tance, the meters measure fre­
quency, duty cycle, and capaci-

tance. The 83's de readings are ac­
curate to within 0.3%; those of the 
85 and 87 are accurate to within 
0.1 %. The meters also provide an 
analog readout in the form of a bar 
graph on the 83 and 85 and a pointer 
on the 87. This readout updates 40 
times each second-60% faster than 
the analog readout on the vendor's 
70-series instruments. For visibility 
in dimly lit locations, the 87 can pro­
vide back lighting for its display. 
The 87 also has a 41/2-digit (20,000-
count) display mode . The units 
withstand lOOOV overloads in ohms 
and diode-test modes. In addition 
to functioning as a normal tilt stand, 
the flexible stand can suspend the 
meters from doors and pipes. 83, 
$189; 85, $219; 87' $259. 

John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 

(800) 443-5853, Ext 33. 
Circle No 400 

Philips Test and Measurement, 
Building HKF, 5600 MD Eindoven, 
The Nether lands. Phone local 
office. 

Circle No 401 

TRANSIENT RECORDER 
• Includes assembly-language 

drivers 
• Two 12-bit ADCs provide simul-

taneous input 
The R1240 hardware/software 
package lets you use your IBM PC, 
PC/XT, PC/AT, or compatible as a 
transient recorder system. It em­
ploys two 12-bit ADCs with a 1-
MHz rate for simultaneous input. 
Using the package, you can analyze 
signals with frequency components 

CONTACT T·MEC TO GET RELIABILITY! 
QUALITY SWITCHES AND 
PffiENTIOMETERS 

LEVER SWITCHES 
PUSH SWITCHES 
SLIDE SWITCHES 
ROTARY SLIDE SWITCHES 
HOTARY SWITCHES 
POTENTIOM ETERS 

CUSTOMER'S DESIGNS 
ARE WELCOME! 
SEND YOUR SPECS, 
T-MEC WILL PROVIDE 
THE BEST YOU NEVER 
GOT BEFORE. 

T-MEC 
TAIWAN MISAKI 
ELECTRONICS 
CO., LTD. 

NO. 88, 
NAN FENG STREET. 
TAOYUAN, TAIWAN. 
R.0.C. 
TEL: 886-3-3S12183/5 
TLX: 34676 TMEC 
FAX: 886-:1-3523889 

~------- -----------------~ 
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Sing it! Say it! Play it! ... now in high fidelity! The new 
enhanced VP620E Voice Processor converts 20Hz to 
7 .0 kHz audio inputs into AD PCM encoded digital data 
for hard disk recording on your PC/XT I AT /386 or 
compatible. Playback flawless, authentic audio when 
and where you want it from background DOS commands. 

Just plug it in, load menu driven software and 29 MB 
will give you 1 hr. of full fidelity digital audio from your 
PC. Its quick, easy and suprisingly affordable. 

Use it for telecommunications, broadcasting, 
robotics, interactive video, process control prompting, 
and other off-screen operator interface applications. 

Call l-800-338-4231 (not Ca.) for facts on the new 
VP-620E 16kHz board that will make your PC sing! 

ANTEX 
ELECTRONICS 

16100 S. Figueroa St.• Gardena, CA 90248 • (213) 532-3092 • FAX (213) 532-8509 
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TEST & MEASUREMENT INSTRUMENTS 

from de to 250-kHz signals. It fea­
tures software-selectable gains 
from 2 m V to 32V, and pre trigger 
and post-trigger capabilities. The 
32k-byte memory/channel-expand­
able to 64k bytes-and the turnkey 
operation of the software provide 
the programming facilities. You ac­
cess the software from C, Turbo 
Pascal, or Basic. The vendor pro­
vides samples of data-acquisition 
and data-display software with 
source code. $2995. 

Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98103. Phone (206) 
547-8311. TLX 265017. 

Circle No 402 

WORD RECOGNIZER 
• Converts scopes into logic-analy-

sis tools 
• Decodes words as wide as 16 bits 
The P6408 word-recognizer/trigger 
probe converts any oscilloscope into 
a logic-analysis tool. The probe 
works with TTL. It has a high 
threshold of 2V and a low threshold 

of 0. 7V, and it gets its power from 
any 5V supply. To use the probe, 
you set dip switches to define the 
word you want recognized. When 
the incoming signals equal the word 
you set up, the probe issues a scope­
trigger signal. If you supply a clock 
signal, the probe will synchronize 
its trigger output with the clock. 
You can attach the supplied grab­
ber tips-which are on 20-cm-long, 
color-coded leads-to circuit nodes 
with centers as close as 0.050 in. 
$350. 

Tektronix Inc, Box 3500, Cl-820, 
Vancouver, WA 98668. Phone (800) 
835-9433, Ext 170. 

Circle No 403 

EPROM EMULATOR 
• Emulates ROMs to 1024k bits 
• Allows program control and trac-

ing as an option 
The E102 EPROM emulator emu­
lates devices with 16 to 512k bits 
of storage; using an optional probe 
assembly, it can emulate 1024k-bit 
devices. You can also expand it to 
emulate four EPROMs simultane­
ously. For file storage and operator 
control, the instrument interfaces 
with IBM PCs and compatible com­
puters via an RS-232C port. An un­
usual feature is the unit's ability­
with an optional breakpoint card­
to break and trace program execu­
tion, a capability normally associ­
ated with in-circuit emulators, not 
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TEST & MEASUREMENT INSTRUMENTS 

with ROM emulators. The trace 
buffer is 4k words deep. The unit 
accesses CPU control signals to al­
low you to define a 256-byte "win­
dow" in EPROM space that· you can 
treat as system RAM. From $825. 

Adams-Macdonald Enterprises 
Inc, 800 Airport Rd, Monterey, CA 
93940. Phone (800) 777-1202; in CA, 
(408) 373-3607. TLX 882141. 

Circle No 404 

WAVEFORM SAMPLER 
• Digitizes to 9 bits at 250M sam-

ples! sec 
• Stores 128k samples 
The 660-1 waveform sampler plugs 
into the vendor's Data 6100 main­
frame. The plug-in unit has a single 
AID converter that digitizes one or 
two channels of analog data. It can 
perform a total of 250-million con­
versions/sec to a resolution of nine 
bits; the unit's RAM can retain 128k 
samples. The memory can store 
data from one or both channels. 
When operating as a 2-channel in­
strument, the unit has single-ended 
inputs. When you use it as a 1-
channel device, you can connect sig­
nals differentially. The instrument 
offers several unusual trigger 
modes. In one of these modes, you 
can define a voltage "window" and 
trigger a sweep when the signal 
either enters or leaves the window. 
For repetitive waveforms, the unit 
has a random equivalent-time sam-

EDN October 13, 1988 

pling mode with a maximum effec­
tive sampling rate of 25G samples/ 
sec and a bandwidth of 125 MHz. 
$7995. Delivery, 60 days ARO. 

Analogic/Data Precision, 8 Cen­
tennial Dr, Peabody, MA 01961. 
Phone (617) 246-0300. TLX 
6817021. FAX 617-531-4502. 

Circle No 405 

EVENT-TRIGGER UNIT 
• Triggers DSOs from events occur­

ring at 18 GHz 
• Allows trigger-point definition by 

level and slope 
The HP 54118A event-trigger unit 
is an accessory to digital-storage os­
cilloscopes (DSOs), such as the ven­
dor's HP 54120T. It allows you to 
trigger the scopes on signals that 
are not continuous waves (CW) and 
whose frequencies lie above the 
normal trigger range. The unit en­
ables stable triggering on radar­
pulse carriers, CW signals with 
large noise components, and radio­
frequency bursts. Countdown syn­
chronizers do not allow stable trig­
gering from such signals. The unit 
allows you to define the trigger 
point based on the trigger signal's 
level and slope as you do when trig­
gering from lower frequency 
sources. The unit covers a 0.5-to-18-
GHz range; it provides hold-off de­
lays of 50 to 200 msec. The output 
jitter is less than 3% of the input­
signal period, and the output delay 
from the trigger edge is 4 nsec. 
$8925, including cables and accesso­
ries for viewing the trigger signal. 
Delivery, six weeks ARO. 

Hewlett-Packard Co, 19310 Pru­
neridge Ave, Cupertino, CA 95014. 
Phone local sales office. 

Circle No 406 
Text continued on pg 306 
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Available Now 
256K 25ns/64K 15ns 

Micron just broke 
the SRAM speed barrier Olpaizaticm ,,., 
with our family of leading 
edge, super high speed CMOS 256K X 1 25ns PDIP, CDIP, SOJ, LCC 
SRAMs. 

We've applied the same state-of- MT5C2564 64KX4 25ns PDIP, CDIP, SOJ, LCC 
the-art design and process technology used MT5C2565 64K X4 OE 25ns PDIP, CDIP, SO], LCC 
for our high quality DRAMs in development of our 
fast static RAMs - with some amazing results. MT5C2568 32KX 8 25ns PDIP, CDIP, SO], LCC 

At an incredible 25ns for 256K and 15ns for 64K, 
MT5C6401 64K X 1 15ns PDIP, CDIP, SOJ our SRAMs are breaking speed records. And we're 

not just sampling product, we're shipping MT5C6404 16K X 4 15ns PDIP, CDIP, SOJ 
production volumes. 

MT5C6405 16K X4 OE 15ns PDIP, CDIP, SOJ Choose from a wide variety of components 
in DIP, SOJ and LCC packages, with densities from MT5C6406/7 16K X 4S.1/0 15ns PDIP, CDIP, SOJ 
16K to 256K and organizations of xl, x4 and x8. 

And like all Micron memory products, our MT5C6408 8KX8 15ns PDIP, CDIP, SO], LCC 
SRAMs are backed by the type of strong sales, 

MT5C1601 16K X 1 15ns PDIP, CDIP, SOJ customer service and technical 
support that keeps you on MT5C1604 4KX 4 15ns PDIP, CDIP, SOJ 
the leading edge. 

MT5C1605 4KX4 OE 15ns PDIP, CDIP, SOJ For additional information on 
how you can break the SRAM MT5C1606/7 4K X 4 S.1/0 15ns PDIP, CDIP, SOJ 
speed barrier, call 208-386-3900. 

MT5C1608 2KX8 15ns PDIP, CDIP, SOJ Micron, it's a name worth remembering . 
""Slower speeds also avai lable. 

MICRON TECHNOLOGY, INC., 2805 E. COLUMBIA ROAD, BOISE, IDAHO 83706 208-386-3900 
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Vos COMPENSATOR 

IMPROVE OP AMP 
ADIUSl'MENI' Wll'HOUI' 

JU.& l'HE l'RI fNGS. 

Bourns Trimpot simplifies the 
whole process of trimming op amp 
circuits . The new OTl offset 
trimming potentiometer improves 
op amp circuit performance. It cuts 
component count. It saves board 
space. There's nothing else like it , 
anywhere! 

Better Circuit Performance 
This op amp offset voltage 

adjustment component isolates both 
op amp power supplies to reduce 
the negative effects of drift. By 
using a center tap design , the OTl 
effectively separates the two power 
supplies, resulting in up to a lOX 
improvement in voltage offset error 
caused by power supply drift. 

FREE SAMPLES 
Try the new OTl in 
your own design at 
no cost. Send for 
this application 
synopsis and 
product guide 
today, which 
includes a 
FREE sample 
offer. Just 
circle the reader 
service number below . 

Parts/Space Reduction 
The OTl cuts component count, 

too. Until now, you needed a 
trimming potentiometer , various 
fixed resistors and diodes to adjust 
most op amp offset voltages 
accurately. Now with the OTl , most 

diodes can be eliminated and 
fixed resistor count can be 

reduced. Circuits can be simplified, 
and board space can be reduced 
while improving the operating 

accuracy of the op amp circuit. 

Application Specific 
The new OTl is the most recent 

example of this Bourns commitment 
to offer products that satisfy real life 
design problems , like yours. 
Application specific products require 
an unending search for ways in 
which to serve you better. We call it 
''Customerized Technology,'' and 
you 'll see the advantages. 

Contact us today for all 
the details. 

BOURNS TRIMPOT 

After 40 years, there's still no equivalent. 
Bourns, Inc. , 1200 Columbia Avenue, Riverside, California 92507; (714) 781-5050: TLX: 676-423; TWX: 910-332-1252: FAX : 714-781 -5700. European Headquarters: Zugerstrasse 
74 . 6340 Baar. Switzerland: 042-333333: TLX: 868722; FAX: 042-319017. Benelux: 070-874400; TLX : 32023. France: 01 -40033604 ; FAX: 01 -40033614 . Germany: 071 1-22930: 
FAX : 0711 -291568. Ireland: 021-357001 : FAX: 021-357443. United Kingdom: 0276-692392 : FAX: 0276-691037. Asia Pacific Headquarters: 1401 Citicorp Centre. 14th Floor. 
18 Whitfield Road. Hong Kong: (852) 5-702171: TLX : 82953 BAPHK HX : FAX: 852-5-664341 : CBL: BOURNSASPA HONGKONG . Singapore: (65) 339-3331: FAX: (65) 339-1116. 
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Brushless Speed control PWM controller 
drive motor (manual model) and power supply 

These new Wind- voe signal from a 
jammer® blowers com- sensor or other device 
bine electronics, motor, will control motor speed 
and fan system in a Compact units feature and adjust airperfor-
compact, cost-effective mance from 0 to 100%. 
package that operates brush less de motors with Or, a second model pro-
from a standard 120 mtegral controller and vides manual speed con-
VAC input. An exclusive variable speed capability trol by means of a po-
Lamb Electric design, they were developed tentiometer located in the blower housing. 
for demanding, limited space applications These blowers also feature low noise 
such as business machines, medical equip- performance and are UUCSA component 
ment and materials handling applications. recognized. Get complete details by 

Just 5.7" in diameter, the blowers have contacting AMETEK, Lamb Electric Divi-
1-, 2-, or 3-stage fans for performance sion, 627 Lake Street, Kent, OH 44240. 
from 50"H20 vacuum at 0 CFM to 110 (216) 673-3451 . Telex: 433-2140. 
CFM at 0" H20. With one version, a 0to10 Cable: LAMETEK. 

.\METEK 
LAMB ELECTRIC DIVISION 
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INSTRUMENTS 

PROGRAMMABLE FILTER 
• Lets you store 10 instrument con­

figurations 
• Features a 1- to 100-kHz fre-

quency range 
Employing programming capabili­
ties, the SR640 dual-channel filter 
Jets you optimize signal-processing 
applications. It features an 8-pole, 
6-zero elliptic filter and a 1- to 100-
kHz frequency range. With a 0.1 
dB/octave roll-off, the filter has an 
80-dB stopband attenuation. It pro­
vides a 60-dB prefilter gain with a 
20-dB postfilter gain. You can by­
pass the filter and leave both the 
prefilter and postfilter gains active, 
according to the vendor. You can 
store a maximum of 10 instrument 
settings in a nonvolatile RAM. All 
µ.P components are optically iso­
lated from the filter. IEEE-488 and 
RS-232C interfaces are standard. 
$2990. 

Stanford Research Systems Inc, 
1290D Reamwood Ave, Sunnyvale, 
CA 94089. Phone (408) 744-9040. 
TLX 706891. 

Circle No 407 

SYNTHESIZER 
• Covers 10 MHz to 18.4 GHz with 

0.4-Hz resolution 
• Switches frequencies in <1 µ.sec 
The FS-2000A-18 direct frequency 
synthesizer covers a 10-MHz-to-
18.4-GHz range with 0.4-Hz resolu­
tion. You can program it by supply­
ing parallel BCD signals. It 
switches between any two frequen­
cies in <1 µ.sec. With the carrier 
frequency set to 18.4 GHz, noise is. 
less than -108 dBc/Hz at a fre­
quency of 20 kHz from the carrier. 
Spurious signals are less than - 70 
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dBc up to 2.3 GHz and less than 
-52 dBc at 18.4 GHz. Frequency 
stability is better than 5 x 10-9/day 
after 24 hours. Output power is 10 
dBm into 500 and is flat within 2 
dB across the frequency range; har­
monics remain less than - 25 dBc. 
The unit occupies 51/4 in. in a stan­
dard 19-in. rack. $89,500. Delivery, 
16 to 20 weeks ARO. 

Comstron Corp, 10 Hub Dr, Mel­
ville, NY 11747. Phone (516) 756-
1100. 

Circle No 408 

DSP EMULATOR 
• Supports TMS320C10 family to 

32 MHz 
• Operates nonintrusively and 

transparently in real time 
The ICE Model E-232-DSP-10 emu­
lates the TMS320C10 family of DSP 
microcontrollers at 32 MHz interac­
tively, nonintrusively, and trans­
parently. According to the vendor, 

competitive instruments cannot 
emulate the full range of processor 
capabilities in real time or they 
usurp target-system resources, 
such as one or more stacks. The unit 
allows you to define three sets of 
events that, when recognized, 
break program execution or control 
tracing. These events consist of rec­
ognition of any 8k addresses or ad­
dress ranges; recognition of data 
that matches, exceeds, or is less 
than a pattern whose length can be 
8k bits; occurrence of CPU opera­
tions such as read, write, I/O, 
DMA, or opcode fetch; and occur-

If You're Fed Up With Outdated 
DC/DC Converter Technology, 

rence of external inputs of program­
mable polarity qualified by pro­
grammable expressions. $5995. 

Signum Systems Inc, 1820 14th 
St, Santa Monica, CA 90404. Phone 
(213) 450-6096. 

Circle No 409 

GENERATOR 
• Produces sine, square, and trian­

gular waves 
• Sweeps 1000:1 ranges from 0.2 

Hz to 2 MHz 
The 3017 sweep/function generator 
produces sine, square , and triangu­
lar waves, as well as CMOS- and 

Get It Out Of Your System. 
~ ...... If you' re a design engineer. you know how frustrating it is to design a system utilizing typical 

P.C.B. mounted converters. Because the market is filled with old technologies that are inef­
ficient, unreliable, bulky, and lack the kind of flexibility you need. 

Melcher has the solutio n: four lines of state-of-the-art units that offer you superior per­
formance in a smaller package size. These units have higher isolation. lower no ise, a wider 
input range , and the widest temperature range compared to the "competition'.' Consider 
these facts : 

• IWRSeries (1 watt) 
-Reliable to 350 ,000 hours 
-Only unit on the market with 4 outputs 

in a 24 Pin-DIP package 

• ITS Series (2 watts) 
-18-70 V input range 
-1"x2" package 

• ISRS & ISR 10 Series 
(5& 10watts) 

-9-33 V input range 
- Adjustable output 
-Exceptionally low output ripple 

• IPS Series (6 watts) 
-2: I input range 
-75% efficiency 

For more information on these superior units, just give us a call . Because when it 
comes to P.C.B . mounted converters, Melcher has the answer. 

10 Cochituate Street, Natick, MA 01760 
(508) 653-9979, TELEX 5101003630, 
FAX (508) 655-7984 
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IT'S IN THE CARDS 
Our line of 18 signal switdiing dltds is the • variety anywhere, so 
you can configure a system to match your signal types without sacrificing 
system performance• 

SIGNAL INTEGRITY 
To get the most from your test system, you must make sure your signals 
are switched without attenuation, distortion or alteration by the switch­
ing and interconnect.Since Keithley has more switching cards than any­
one, you can be assured of signal integrity, no matter what the test& 
Choose from: 

Matrix 
Scan/Multiplex 
Sensitivity 
High Level 
Bandwidth 
Temperature 

Most flexible 
1, 2, or 4 pole switching 
Currents to 40fA, voltages to 30n V 
Currents to SA, voltages to lOOOV 
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, ca&orwrite the Information Center 
our Application Engineering De- more on Programmable 
partment is always available to , Sources, and Measure-
help you select the right instru- nstrumentation. Then find 
men ts and configure them for peak to receive your free copy 
system performance• y's new Switching Hand-

with useful information and 
Keithley Instruments Inc., 28775 tical guidelines on getting 
Aurora Road, Cleveland, Ohio, maximum performance from your 
44139• (216) 248-0400• test system. 
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TEST & MEASUREMENT INSTRUMENTS 

TTL-compatible pulse trains, at fre­
quencies from 0.2 Hz to 2 MHz. Us­
ing an external or internal sweep 
source, you can obtain swept-fre­
quency outputs with a 1000:1 
max:min frequency ratio. The inter­
nal source allows you to set the 
sweep time from 0.5 to 30 sec. The 
unit also contains a de-bias voltage 
source whose output you can add 
to the waveforms. Multiple sets of 
terminals enable you to obtain sev­
eral types of output simultaneously. 
Sinewave distortion is less than 1 %; 
squarewave symmetry (at 100 kHz) 
and triangular wave linearity are 
better than 98%. $319. 

B&K Precision, 64 70 W Cort­
land St, Chicago, IL 60635. Phone 
(312) 889-1448. 

Circle No 410 

ACOUSTIC TESTER 
• Provides chirp, impulse, or tone 

stimulus 
• Records, averages, and analyzes 

system response 
The Sysid is a PC-based acoustic­
measurement system built around 
the vendor's 16-bit DSP board. It 
simultaneously acquires data on 
two channels with 16-bit resolution 
at 50k samples/sec. It also stimu­
lates the system under test with a 
chirp, impulse, or tone, and ana­
lyzes the system response. The 
measurement system makes rati­
ometric measurements and saves 
data on disk or prints it. $2995. 

Ariel Corp, 110 Greene St, Suite 
404, New York, NY 10012. Phone 
(212) 925-4155. TLX 4997297. FAX 
212-966-3981. 

Circle No 411 

IEEE-488 INTERFACE 
• Features data-transfer rates to 

500k bytes/sec 
• Provides 24-bit addressing 
The GPIB-S3/4 kit helps you control 
instrumentation in VME-based, 
multitasking environments. The kit 
consists of an interface board, an 
adapter bracket, a cable , a Unix 
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software handler on a Sun car­
tridge, and documentation. With 
500k-byte/sec max data-transfer 
rates and 24-bit addressing, this in­
terface provides full DMA. You can 
perform several tasks concurrently 
with different devices. The kit pro­
vides IEEE-488 synchronization 
detection. Over 30 IEEE-488 func­
tions and an interactive program 

with a C interface let you 
troubleshoot devices. With an 
adapter bracket and Unix software, 
$2745; without an adapter bracket, 
$1945. 

National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. Phone (800) 531-4742; in TX, 
(800) 433-3488. TLX 756737. 

or 
The thrill of UN1x·con 

True open systems communication. 
That's the excitement of WIN/TCP for 
386 STREAMS software from Wollongong. 

WIN/TCP for 386 STREAMS connects 
your 80386-based systems running popular 
versions of UNIX System V Release 3 to 
other computers supporting the TCP/IP 
suite of protocols. 

Log on to remote systems, transfer files, 
exchange mail, and integrate Network 
Management functions. WIN/TCP for 386 
STREAMS also supports the Remote File 
System (RFS), Network File System (NFS), 
and the R-Series of remote commands. 

Ride the current of true UNIX connec­
tivity. Call 800-872-8649 or 800-962-8649 
(in California), or write The Wollongong 
Group, Inc., 1129 San Antonio Road, 
Palo Alto, CA 94303. 

WOLLONGGNG 
We are the standard:" 
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Code and debug micro· 
controllers in c without 
ever leaving your PC 

310 

Now you can run, debug, and test Archimedes 
Microcontroller C code right on your PC, and you 
don't even need any prototype hardware. Combined 
with Archimedes C, SimCASE allows you to speed 
up software development. You can test-run your 
software ideas before you even commit to a micro­
controller design. It's like having a microcontroller 
built into your PC. 

You'll have every traditional debugging tool at 
your fingertips, including trace, step and break­
points. So you can fully debug microcontroller code 
at the C source level. Of course, you can use 
SimCASE to debug at the Assembly level too, 
if necessary. 

Speed up software development on all of 
today's most popular microcontrollers. 
Archimedes Microcontroller C and SimCASE are 
available for a wide variety of microcontrollers, 
including: Motorola's 6801 and 68H C 11, Intel's 8051 
and 8096/196, Zilogs Z80/Z180, Hitachi's 6301 
and 64180. 

Simulate and test your designs without 
hardware. At the heart of SimCASE is the Micro­
controller Simulator Engine. Use it to simulate every 
part of your chip on your PC. Then use the various 
modules to control and analyze your simulation. 

With the Input Stimulus Generator you can 
simulate real-time I/O intensive applications right 
on your PC. 

Then use the Performance Analysis Tuol to get 
the execution time of every block and line of code 
and identify any performance bottlenecks in your 
design. You can run this assessment for worst-case 
scenarios, including hardware tolerances. 

All before you even 
commit to hardware. 

Get your free demo ~ 
diskette and see _ -_-_- _--:.__ __ 
SimCASE in action. ==----=--_--_ -j --=----
Get a taste of the full - - --

- -- -
speed and power of -=-~ _ u ....... -, 

Archimedes C and Sim- - - - -
CASE. Order your free 
demo diskette and product guide today by calling 
1-800-338-1453. In California call 415-567-4010. 

Archimedes Microcontroller C and SimCASE. 
They set the standard by giving you fast, fully­
featured C compiling, C-source level debugging 
and simulation of real-time microcontroller designs. 

Archimedes Software Inc. 
2159 Union Street 

San Francisco, CA 94123 
415-567-4010 

™ 800-338-1453 
ARCHIMEDES Archimedes, Arch imedes C, Microcontroller C, and 

SimCASE are trademarks of Archimedes Software, Inc. 
SOFTWARE 
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NEW PRODUCTS 
CAB & SOFTWARE DEVEWPMENT 1001.S 

DATA MANIPULATOR 
• Reads and plots an unlimited 

number of daw points/set 
• Can import data from spread-

sheets 
TECH*GRAPH *PAD integrates 
the data-retrieval, data-manipula­
tion, and data-output requirements 
of engineers and scientists. Among 
the major enhancements of release 
3. 0 are a worksheet "browse" mode 
that brings up Lotus 1-2-3, Sym­
phony, or Quattro spreadsheets and 
lets you retrieve data from them; 
an improved user interface; user­
controllable color control for both 
on-screen display and hard-copy 
output; and drivers for HPGL­
compatible laser printers and color 
printers. This release lets you read 
an unlimited number of data points/ 
set; provides error bars, super­
scripts, and subscripts; and can cre­
ate both Lotus and HPGL .PIC 
graphics files that you can use in 
conjunction with word-processing 
or desktop-publishing software to 
integrate text and graphics. The 
program runs on IBM PCs and com­
patibles, PS/2s, Apollo Series 3000/ 
4000 workstations that have an MS­
DOS emulator, and VAX/VMS ma­
chines that have MS-DOS services. 
$395; upgrade for current users, 
$99. 

Binary Engineering, 100 Fifth 
Ave, Waltham, MA 02154. Phone 
(617) 890-1812. 

Circle No 415 

SOFTWARE MANAGER 
• Provides change- and version­

control under Xenix 
• Provides complete audit trail of 

all modifications 
The Aide-de-Camp (ADC) soft­
ware-management system provides 
change-control, version-control, 
configuration-management, and in­
formation-management facilities for 
microcomputer systems, running 
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under the Xenix operating system. 
It can automatically create struc­
tural documentation and build or 
back up a software system from the 
appropriate modules. The system 
provides a complete audit trail of 
all modificat ions to the modules that 
compose a given system. According 
to the vendor, ADC is the only con­
figuration-management system that 
tracks the relationships between 
software entities at each release. It 
stores changes as separate, pro­
gram-related entities that you can 
include in, or delete from, subse­
quent releases; this feature facili­
tates the management of parallel 
versions, and the migration of en­
hancements and bug fixes from one 
program path to another. The sys­
tem has been available for worksta­
tions since 1982, and this version 
for microcomputer systems that run 
under the Santa Cruz Xenix operat­
ing system is now available. Xenix 
version, $2500; workstation and 
minicomputer versions, $5800 to 
$15,200, depending on the host con­
figuration. 

Software Maintenance & Devel­
opment Systems Inc , Box 555, 
Concord, MA 01742. Phone (508) 
369-7398. 
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FAX SOFTWARE 
• Lets you send CAD drawings 

from a PC to a FAX machine 
• Can handle E-size drawings and 

can add a header message 
CAD-Fax is a communications 
package that consists of menu­
driven software and a half-size fax 
modem card that plugs into IBM 
PCs, PS/2s, and compatibles. You 
can transmit any CAD file that is 
written as a plot file in HPGL or 
AutoCAD PRP format. The system 
automatically converts the file to 
CCITT Group III fax format and 
sends it over the PSTN at 9600 bits/ 

The BEST! 
SIMULATOR 

for ANY 

SCHEMATIC 

• 10 picoseconds accuracy 
• over 500,000 gates/sec. 
• 20,000 gates/1 Mbyte RAM 
• runs on PC/AT and 386 
• used for ASIC designs 

SUSIE™ is assy. language based 
simulator that outperforms mainframe 
simulators: 

D multiple PLDs 
D multiple MPUs 
D TTL/EGL/CMOS 
Since SUSIE is interactive, you can 
operate switches, load JEDEC and hex 
files and modify design on-the-fly 
without loosing a single second on any 
compilation. SUSIE displays automatical­
ly all bus conflicts and timing violations. 

• EASY TO LEARN 
• FULLY INTERACTIVE 
• DISPLA VS BUS CONFLICTS 
• SHOWS TIMING VIOLATIONS 

TRY IT !!! 
UNCONDITIONAL 30-DA Y 
MONEY BACK GUARANTEE 

Ask for a free simulator sample! 

(805) 499·6867 
In Europe, contact Philips: 
TEL: 31-40-785-344, 
FAX: 31-40-786-334 

AL DEC 
Automated Logic Design Co. 
3525 Old Conejo Rd., #111 
Newbury Park, CA 91320 

Dealer Inquiries Invited! 
© 1988 by ALDEC Company 
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GOLEM's Plug-In Board and Software Provides 
Your IBM Compatible PC with these Capabilities: 

Digital Storage Oscilloscope 
Spectrum Analyzer 
Front End to 1-2-3 and Other Packages 

Features: 
•Two Channels on Monitor (Hercules, CGA. EGA, VGA) 

· 20 MHz (40 MS/sec)- Single Channel 
10 MHz (20 MS/Sec)-Two Channel 

• Two Independent Cursors 
•All Setups from Keyboard or File 
• Programmable Retrievable Test Routines 
• Trigger Modes: Auto, Ch 1/Ch 2, Ext. TTL 
• Arithmetic, Integration, Differentiation, 

Mean + RMS, FFT-Selectable Windows 
• Output to Standard Printers and as ASCII Files 
•Available with 41<, 161<, 128K Buffers 
• Hot-Line Tech Support 

(800) 942 1441 Call for orders or more information 
• Master Card and VISA honored 

~IJ[£' .. Go1em systems I.II IWI 1526 Holly Ct., Thousand Oaks, CA 91360 
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sec. If line quality is poor, the mo­
dem automatically drops its trans­
mission rate to 7200, 4800, or 2400 
bps to obtain error-free transfer. 
When sending drawings that are 
too large for a fax machine to han­
dle, the system automatically di­
vides each drawing into the appro­
priate number of 81/2-in. strips and 
inserts alignment markers so that 
the recipient can easily reconstruct 
the full-sized drawings. You can 
also prefix each drawing with a cus­
tomized header message of as many 
as 400 characters-no header sheet 
is needed. Because the system 
eliminates the need to cut up draw­
ings at the sending end as well as 
the scanner, it not only saves time 
but takes full advantage of the 200-
dots/in. resolution of the receiving 
fax machine. It produces clean out­
put, unmarred by the spots and 
blurring that you often find on let­
ters received by fax machines. 
Complete hardware/software pack­
age, $1995. 

GammaLink, 2452 Embarcadero 
Way, Palo Alto, CA 94303. Phone 
(415) 856-7421. TLX 4992108. FAX 
415-494-7042. 
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DATA ANALYZER 
• Lets you analyze data as you ac­

quire it 
• Analyzes both single data points 

and waveforms 
SNAP-CALC is a general-purpose 
software package that allows you 
to perform both concurrent process­
ing of data during acquisition and 
postprocessing of data stored in a 
file. You can use postprocessing to 
perform automatic analysis of multi-
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ple files without operator interven­
tion. The software is menu-driven 
to make setup easy. Mathematical 
operations include the calculation of 
arithmetic, trigonometric, calculus, 
logic, correlation, and statistical 
functions. You can analyze single 
data points or as many as eight 
waveforms with as many as 32,000 
data points. The package works 
alone or in combination with the 
vendor's Snapshot Storage Scope or 
Snap-FFT packages. $495. 

MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Phone (508) 880-3000. TLX 503989. 
FAX 617-880-0179. 
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8051 DEVELOPER 
• Lets you program in assembly 

language or Forth 
• Lets you use an IBM PC to de-

velop 8051 software 
chipFORTH 8051 is an interactive 
software cross-development pack­
age that runs on an IBM PC or com­
patible and includes a real-time, 
multitasking executive for embed­
ding in an 8051-based target sys­
tem. The package includes an edi­
tor, a compiler, an assembler, and 
a debugger. You can write pro­
grams for the target system in 8051 
assembly language or in high-level 
Forth and download the executable 
object code to the target system via 
a serial link. A 200-byte removable 
"talker" program also uses the se­
rial link and allows you to execute 
and interact with the software on 
the target, using the host PC as a 
virtual terminal. This talker pro­
gram eliminates the need for an in­
circuit emulator. The real-time ex­
ecutive can handle a virtally unlim­
ited number of tasks; creation and 
assignment of these tasks is under 
complete control of the program­
mer. The executive allows tasks to 
use a real-time clock (if one is pre­
sent in the target system) for tim­
ing events asynchronously. The 
software comes with a Cavendish 
Automation CA-7030-CPU/A proto-
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typing board, which has 16k bytes 
of memory that you can configure 
either as RAM or as EPROM. The 
board also has 8k bytes of static 
RAM and multiple I/O ports. $3750. 

Forth Inc, 111 N Sepulveda 
Blvd, Manhattan Beach, CA 90266. 
Phone (213) 372-8493. 
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RISC DESIGN TOOLS 
• Includes simulator for 

UT1750AR µP 
• Assembler and linker are written 

in Cf or portability 
The UTl 750 design toolkit allows 
you to develop software for the ven: 
dor's UTl 750AR RISC µP on an 
IBM PC or compatible. The RASM 
assembler translates RISC mne­
monic syntax into relocateable 
UTl 750AR machine-language mod­
ules and provides macro facilities as 
well as a full complement of stan­
dard assembler directives (includ­
ing EXTERNAL and PUBLIC). 
You can partition your programs 
into manageable segments and then 
link these to each other and to li­
brary routines to form a complete, 
executable program. The RLNK 
linker lets you declare specific mem­
ory segments as RAM or ROM, pro­
duces a complete table of symbols, 
and converts the output to Intel 
Hex format for downloading to a 
PROM programmer. The RASM/ 
RLNK package also includes a 
monitor that lets you read and 
change the µP 's internal registers 
and external memory via the proc­
essor's built-in serial port. IRSIM 
is an interactive hardware/software 
simulator that allows you to develop 
application software before the tar­
get hardware is available. It per­
forms critical-timing analysis, sym­
bolic disassembly of RISC code, and 
reassembly/relinking of programs 
without leaving IRSIM. The simu­
lator is also available with a debug 
tool that both communicates with 
and controls the target RISC proc­
essor via the chip's built-in serial 
port. RASLN package (RASM, 

DSA-250 .$399 
Digital Storage Adapter 
• Selectable pre-trigger 
• 8 bit resolution 
• Lowprice 

The DSA-250 lets you tum your 
analog oscilloscope into a digital 
storage oscilloscope, allowing you to 
capture information which cannot be 
viewed on a conventional scope. And 
our incredibly low catalog price of 
$399 insures you won't find a better 
deal. Our new catalog also offers a 
large selection of electronics testing 
and prototyping equipment at low 
direct-from-the-factory prices . . . 
proving you really can buy the 
best for less! 

Call TOLL-FREE 

1-800-345-6251 
(1-800-445-6250 in Connecticut) 

To order your DSA-250 at our 
low catalog price simply call our 
toll-free order line, mention this ad 
and have your Visa or MasterCard 
ready. Or send your check with the 
coupon below. 

There's a lot in our new catalog !hat 
will interest you. Send the coupon 
below and we'll put you on our 
mailing list. ·- nYEL© ::: 

FREE §Y.e: 
Catalog,~ r--·--- -~ -, ~ :;==.: 

o Enclosed is my check for the DSA-250. 
(CT and CA res idents include state sales tax.) 

o Please send me your new 
Global Direct Catalog. EDN101388 

arne 

Company 

Address 

City State Zip 

Global Specialties 
Mail Order Division 
P.O. Box 1405 
New Haven, CT 06505 

L-----------
CIRCLE NO 113 
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New Era In High Voltage 

CIRCLE NO 81 

DID YOU KNOW? 
Half of all EDN's 

articles are staff-written. 

CAB & SOFTWARE 

RLNK, and monitor), $1000; IR­
SIM, $1750; SIMDB (IRSIM with 
debug tool), $2195; UTl 750 toolkit 
(RASLN and SIMDB), $2995. 

United Technologies Microelec­
tronics Center, 575 Garden of the 
Gods Rd, Colorado Springs, CO 
80907. Phone (719) 594-8158. 

Circle No 420 

REAL-TIME ADA OS 
• Allows both multitasking and 

multiprocessing 
• Can handle a mixture of CPUs 

in the 68000 family 
MTOS/UX-Ada is a real-time Ada 
executive for embedded systems 
that can run as many as 16 tightly­
coupled CPUs in the same system. 
The CPUs can be any mix of 68000, 
68010, 68020, or 68030. The execu­
tive supports all features of Tele­
soft's TeleGen2 Ada system; Ada 
primitives that have real-time as­
pects (Rendezvous, Delay, File I/O, 
Text I/0) are handled transparently 
by MTOS-UX. All other features, 
such as event flags, signals, sema­
phores, memory pools, and vari­
ables used for coordination and syn­
chronization, are available as Ada 
packages. You can also integrate 
application tasks that are written 
in languages other than Ada, such 
as C or assembly language. $45,000 
to $115,000. 

Industrial Programming Inc, 
100 Jericho Quadrangle, Jericho, 
NY 11753. Phone (516) 938-6600. 

Circle No 421 

DATA-SAMPLING TOOL 
• Lets you sample and store 15M 

data points in one stream 
• Allows sampling at rates as high 

as 100,000 samples/sec 
SNAP-STREAM is a menu-driven 
software package that runs on IBM 
PCs and compatibles and can sam­
ple, and store to disk, as many as 
15 million data points in one con­
tinuous stream. The amount of free 
space on the storage device (hard 
disk, RAM-disk, or floppy disk) de-
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DUAL-PORT VARIANTS: 9, 15, 25, 29, 37 and 50 poles, male 
or female. FULLY OR PARTIALLY POPULATED CONNEC­
TORS: Contacts selectively positioned to order. RS 232, RS 
449. MOUNTING: Rapid insert Push-on fastener, fixed to panel 
and printed board in one maneuver. CONTACTS: Male, 
machined brass alloy; female, machined high tensile phosphor 
bronze, gold over nickel, 5 amp. INSULATOR: Nylon resin. 
SHELLS: Steel or brass, tin plated (dimpled) ; zinc c;r cadmium 
plate with dichromate seal. COUPLING: Jackscrews and slide 
lock system. NORMS: Conforms to MIL-C-24308 and IEC 
807-2, U.L. recognized. 

POSITRONIC 
INDUSTRIES , INC. 
432 N. CAMPBELL AVE. · SPRINGFIELD. MO 65806 
TEL 417-866-2322- 800-641 -4054 - TELEX 436445-FAX 417-866·4115 

CIRCLE NO 150 

DID 
YOU 

KNOW? 
You can obtain 

EDN designer's guides to 
semicustom integrated 

circuits, CMOS ICs, and 
innovative linear circuits. 

EDN October 13, 1988 

76% CONTACT DENSITY INCREASE: U.L. and CSA 
recognized. CONTACTS: Removable, machined copper alloy, 
5 amp. rating, female contact "open entry" style. TERMINA­
TIONS: Crimp, solder, printed board straight or 90° mount. 
INSULATOR: Polyester glass, U.L. 94VO, 6 contact variants 
of 15, 26, 44, 62, 78 and 104 poles. SHELLS: Steel or brass 
with tin or cadmium plating (Dimpled). MOUNTING: Panel or 
printed board. COUPLING: Jackscrews, slide lock and blind 
mating systems. HOODS: Plastic and EM I. CRIMPING 
MACHINES: High speed, strip and crimp. 

[Ml) ~~Q~!1~-~=~ ... 

Detecting 
solder 
voids and 
solder balls 
under lead/es 
carrier ina 
surface 
mount 
device. 

CIRCLE NO 151 

CATCHES DEFECTS 
OTHERS MISS 

LIXl'~~~ater [ii] ~ B~a~:dN"N" 
magnification X-ray system 
and higher ._ does not 
resolution show all the 
images all solder balls. 
the solder balls in this surface mount device. 

Send us a defective sample. We'll send you a picture of 
the defect as seen through LIXI X-ray system. 

Lixi, Inc. (312)620-4646 
1438 Brook Drive Telex: 6871077 DKROB 

Downers Grove, IL 60515, USA Telefax: (312)62().7776 
e 1988 Llxi, Inc. LIXI Is a trademark of Llx l, Inc. 
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CAE & SOFTWARE DEVEWPMENT TOOLS 

termines the upper limit on the 
number of data points acquired. 
Automatic sensing predicts and dis­
plays the probable disk-throughput 
limit, which depends on the proces­
sor speed and storage efficiency of 
the disk drive. This limit is maxi­
mized if the free space is contigu­
ous; fragmentation caused by de­
leted files may considerably reduce 

it. If the selected sampling rate ap­
proaches the predicted maximum, 
the program pretests the actual 
streaming rate to ensure that the 
system will perform satisfactorily 
and to avoid overrun errors and loss 
of data during the run. The package 
includes a disk optimizer utility that 
packs existing files so that all free 
space is contiguous. To run the pro-
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SWITCHING SYSTEMS 

IEEE 488 BUS 

AUTOMATIC TEST, 

INSTRUMENTATION, 

COMMUNICATIONS AND CONTROLS 

Assemble the optimum ATE Systems from your choice of 
Instruments interconnected to the UUT with a Switching 
Matrix from CYTEC Corporation, the switching specialists 
offering 25 years of switching experience and an extensive 
range of Switching Products. 

•SIGNAL SWITCHING INTEGRITY from DC to 100 MHz, Pico­
amps to Amp and Microvolts to 1000 volts. 

• MATRIX CONTROL from IEEE 488 BUS, RS232Serialor16 Bit 
Parallel with Optional Front Panel Controls. 

• EXPANDABLE SYSTEMS to any size Matrix by adding Switch 
Modules and Expansion Chassis. 

SPECIAL CYTEC FEATURES 
• LED DISPLAY of Selected Switches on Front Panel. 

• STATUS FEEDBACK of Selected Switches to Controller. 

• SELF CHECK and DIAGNOSTIC Modes of Operation. 

FIELD PROVEN RELIABILITY and 3 YEAR WARRANTY. 

For TECHNICAL ASSISTANCE call 1-800-346-3117 

VTEC 
2555 Baird Road, Penfield, NY 14526 

716-381-4740 
CORP. 

CIRCLE NO 206 

gram you need an IBM PC or com­
patible that has at least 640k bytes 
of RAM, the vendor's SNAPSHOT 
Storage Scope software, and an 
Analog Devices I/O board in the 
RTI-800/815 or RTI-850/860 series. 
SNAP-STREAM and SNAPSHOT 
together, $840; SNAP-STREAM 
alone for SNAPSHOT users, $445. 

HEM Data Corp, 17336 Twelve 
Mile Rd, Suite 201, Southfield, MI 
48076. Phone (313) 559-5607. 
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C CROSS-COMPILER 
• Lets you develop C programs for 

68000-based machines 
• Supports ANSI extensions to the 

C language 
Two C cross-compiler packages let 
you use an IBM System/370 run­
ning VM/CMS to develop software 
for target systems that are based 
on the Motorola MC68000 family of 
µPs. Both packages generate code 
that works with 68000, 68008, 
68010, 68020, and 68881 processors. 
The first package lets you develop 
software that will run on embedded 
systems and consists of the optimiz­
ing cross-compiler, runtime librar­
ies, command driver, and source­
level debugger. You'll need a Mo­
torola-style assembler/linker pack­
age to convert the assembly-lan­
guage output of the compiler to 
executable code. The other package 
is self-contained and lets you de­
velop C programs for 68000-based 
machines that run under the Unix 
operating system. It consists of the 
cross-compiler, a listing cross-as­
sembler, a linker, program-support 
utilities, ANSI libraries, and sup­
port for the Common Object-File 
Format. From $10,000 for the em­
bedded-system package; from 
$15,000 for the Unix package. 

Whitesrniths Ltd, 59 Power Rd, 
Westford, MA 01886. Phone (800) 
225-1030; in MA, (508) 692-7800. 
FAX 508-692-3561. 

Circle No 423 
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EDN 
llllCT Ill 

This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

SCHEMA II 
Schematic Capture 

FREE Demo Disk: 1-800-553-9119 
SCHEMA's success is the talk of the CAE industry 
and thousands of satisfied SCHEMA owners know 
why. Incredible speed, ease of use, and power have 
made SCHEMA a bcst·selling schematic capture pro­
gram for engineering professionals the world over. 

- Now, SCHEMA II is available. 
~=~ SCHEMA II sells foe $495 and sup­
~ ~ ports most common IBM PC{XT/ 
=.. ..= AT configur.uions. Please call today 

foe a free SCHEMA II demo disk. 

OMATiON 
/11 TtxaJC..fl(214)2Jl -HG7 

CIRCLE NO 325 

CABINETS, ENCLOSURES 
& POWER SUPPUES 
For any need, Top Quality 

On-Time, On-Budget 
• Complete line of enclosures 

& power suppli es fo r single & dual 
- 31/2" & 51/4 floppy dis k 
- ha lf & full height hard disk 

• Complete line of power suppl ies 
to match your needs 

• Reliability of an industry leader 
• All production done in house 

JMR 
Electronics 

Ask us worlr 
About custorn cs' 

To vourspe . 

the HUSKY™ 

EPROM 

PLD 

MICRO 

GAN G 

SET 

PC based PROG RAMMER 
$599.00* 

• modules noc included. 

From A Name You Can Trust 

LOGICAL DEVICES, INC. 

The hlldiest !P 
V111've ever uoou. 
The Tek T202 with a traditional oscilloscope 

interface and T201 with a calculator-like interface 
are loaded! 

• Compact, lightweight. hand­
held • 20 MS/s sample rate 

with 50 ns resolution • 
2 MHz single-shot bandwidth; 
5 MHz for repetitive signals • 

Two channels with independent 
time-bases • Automatic setup, 

digital readouts • Standard bat­
tery pack and probes • To find 

the Tek distributor in your 
area, call 

1---835-9433, Ext 7405 
Tek1romx . Inc . Delivery S1a1100 02-048 

PO Box 500 , Beaverton OR 97075-9959 

CIRCLE NO 327 

MONOLITHIC CRYSTAL FILTER 

QUARTZ CRYSTALS 

BLANKS 

SEALED 
CRYSTALS 

• Processed blanks without base plating 
• Blanks cuslom base plated with Sliver, aluminum, go!d or chrome gold 

for clock oscillat0<s and miniature filter apphcatioos 

1201 N.W. 65th Place, Ft. Lauderdale, FL 33309 

Inc. Call (BOO) 635-5555 1-800-331-7766 (305) 974-0967 h@""'q' .... 311 NoRTH LINDEHWOOODAIVE I OUTHE.KAHSAS 66062 
18543 Parthenia St. 1• PHONE: 1!13) 764-4544 o mu: 910-743-0029 
Northridge.CA91324 lnCA(818)993-4801 Telex 383142 Fax (305) 974-8531 ·-·-----·~ ... FAXllJ.764-6409 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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UNIVERSAL E(E)PROM 
PROGRAMMER $495 (Kits from $165) 

• No personality modules; Menu driven device selection. 

• Built-in Eraserffimer option ($50) ; Conductive foam pad. 

• Direct technical support; Full 1 year warranty. 

• Stand alone duplication & verify (27XX parts) . 

• Quick pulse algorithm (27256 under 60 sec) . 

o 27xx. to 1 Mbit; 25xx; 68xx; CMOS; EEPROMS. 

• 8741,-2,-4,-8,-8H,-9,-9H,-51,-CSJ,-52,-55, 9761 & more. 

• IBM-PC, Apple, CPM or Unix driver; Autobaud RS232 . 

• Offset/split Hex, Binary, Intel & Motorola 8,16,32 bit. 

• Manual with complete schematics. 
VISA MC AMEX Call today for datasheets I! 

B&C MICROSYSTEMS 

355 WEST OLIVE A VE. SUNNYVALE, CA 94()86 

PH: (408) 730-5511 FAX: (408) 730-5521 TELEX: 984185 

CIRCLE NO 331 
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PC485D $95 
[RS 485/422 INTERFACE] 

• Meets the EIA RS-485 standard for multipoint bus trans-
mission and the EIA RS-422A standard. 

• Can be configured as COMI or COM2. 
• Line terminators are jumper selectable . 
• High speed differential drivers allow fast data transfer over 

long cables (over 4,000 fl). Max. Baud rate 56KB/115KB . 
• Tri-state line drivers permit implementation of LANs. 
• Two wire (half duplex) operation. DB9 or phonejack. 
• Sample communication software available. ($50) 

PC488A $145 
[IEEE-488 INTERFACE] 

• Includes INSTALLABLE DOS DEVICE DRIVERS and soft­
ware support for BASIC. 

• Optional language support for C, PASCAL, FORTRAN and 
ASSEMBLY - $50. 

• Selectable base 1/0 address, IRQ and DMA. 
•CONTROLLER /TALKER I LISTENER capability. 
• Customer support via dedicated 24 hours B&C Micro­

systems BULLETIN BOARD. 
• Compatible with most IEEE-488 Software Packages for the 

IBM-PC (e g. ASYSTANT GPIB, Lotus Measure, etc.). 
• Hardware compatible with Ni 's GPIB-PCllA. 

PC488B $345 
(IEEE-488 CARD WITH] 

[BUILT-IN BUS ANALYZER] 
• GPBASIC package complements IBM I Microsoft BASIC in­

terpreter and compiler to create a programming environ­
ment similar to HP desktop computers. 

• Additional libraries of over 20 high level 488 dedicated func­
tions for e, Pascal or Fortran available ($50) . 

• Powerful menu-driven bus analyzer, which can run in the 
foreground or in the background while 488 programs or 
commands are executed, features program stepping, 
break points and real time bus data capture (4k circular 
buffer) . 

• lnstanttoggling between foreground and Analyzer screen. 
• Complete Talker I Listener I Controller capability. 
• Dipswitch selectable Base Address , IRQ, DMA. 
MC/VISA/ AMEX Call today for datasheets! 

B&C MICROSYSTEMS INC. 
355 West Olive Ave ., Sunnyvale, CA 94086 

PH: (408)730-5511 FAX: (408)730-5521 TELEX: 984185 

CIRCLE NO 337 

To advertise in 

t:.C. AFFORDABI! 
t:.\t~~ ENGINEERING 
l" CATAlOG SOFTWARE 
AND APPLICAllONS GUID_:, PC/ MSDOS-Macintosh-CP/ M 

ACNAP - 1125.00 LCFIL - 195.00 
AC Network Anotysi\Component LC Fillet' Oesign/ Anolys1S/ SVnlhe$ls 

'oc;oro,..NAP· .Moc-K>S.AUIOhec.:5.00 ISP - 195.00 
-.. y logic C11cuit Oesign/ Smulotion 

OC Net.Yotk Anolysls,Componenl 
librones. Moc1os, AUTO Execuie RIGHTWRITER - 195.00 
SPP - s12s.oo =s~= 
~~~~1~~.'~~rxJ PDP - $95.00 
PLOTPRO - 172.95 ~~~":""-om 
ScE<>lilcG<epn P•m"ng TEKCALC - 195.00 
PCPLOT3 - 195.00 Prog>cmmob!e Sc"°""' 
Hign Resolution Engineering Caleulot01/ Stotistics/ Cu1Y0-litflng 

G<Opn~•Pockoge COMCALC - 172.95 
LOCIPRO - 195.00 Convrnncotio<U"-'Co<ulo"" 
Root Locus Slobilrty Analysis and Spfeodsheel Ptogrom 

Mult•Ole.-ledl<X>Il' XFER - 195.00 
ACTFIL - 195.00 ''"""""""'"""'"""""' 
Active Fi~e1 Design. Anotvs1s, Syn1t1es1s and Cwcl.Mf Syn1t1es1s 

MICR0-3 - 1125.00 SPANNER - 195.00 
Design & Anatvze Mic:rostrip Circurts. lntegioted WOid Ptocessor. HP11C 
Filloo. Hybirds. Couplers, Tronsfon'ners Cok:ulo!OI, and Sc.enlflc Gioptiics 

mTJ Engineering • ~ 
~ Professional Software (714) 781-0252 

2023 Chicago Ave., Suite 8·13, R1ver<;ide, CA 92507 U.S.A., TELEX·3089864 
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MINIATURE TELEVISION CAMERA. 
Clica Inc. presents a full feature high resolution monochrome 
solid state camera, size 2" high, 1.5" wide and 3. 75" long. 
You can select manual/auto gain, internal/external sync and 
gamma value. Output for optional auto-iris lens. 610x488 
pixels resolution . Standard RS170 video output. Comes with 
lens and power supply. 1-10 unit price $950. 

Clica Inc. 
288 E. Maple, Suite 102 

Birmingham, Michigan 48011 
(313) 423-1137 

CIRCLE NO 335 

EXPERIENCED TEST EQUIPMENT 
U.S. Instrument Rentals has overstocked equipment for sale. 
We have over 5,000 models of warranted equipment includ­
ing MDS, analyzers, oscilloscopes, GAE/CAD workstations, 
power sources, meters, controllers, and recorders . Immedi­
ate delivery and financing available. For a free catalog of 
products and prices write or call 

U.S. INSTRUMENT RENTALS, INC. 
2988 Campus Drive, San Mateo, CA 94403-2563 

(800) 824-2873 

CIRCLE NO 333 

8051/52 

• Source level debug for PUM-51 and C-51 
• IBM-PC/XT/AT/386 windowing interface 

with EGA 43-line, color, and mouse support 
• Complex Hardware real-time breakpoints 
• Hardware Trace Buffer with filtering control 
• Program performance analysis 
• 8 level hardware sequencer, Pass Counters 
, NO PC PLUG-IN Boards 

SIGNUM SYSTEMS 
1820 14th St., Santa Monica, CA. 90404 

(213)450-6096 telex: 362439 

CIRCLE NO 336 

25MHz 48 CHANNEL PC-BASED 
LOGIC ANALYZER $1595.00 

48 Channels @25MHz x 4K word deep 
16 Trigger words/16 trigger sequence 

PORTABLE DISC DRIVE CONNECTOR Automatic set-up and loading of symbol tables 
L Series Rack & Panel Connectors provide in excess Storage and recall of trace data to disk 
of 100,000 cycles with excellent electrical repeatability. 65K Pass/Delay Counter 
The rugged blind matable float design and low insertion 16 Channel Waveform Display 
force contacts provides the performance needed in 12 Channels @ 100 MHz Pod Available 

Affordable $1595.00 + Pod Price 
removable disc drives. Crimp and solder style contacts Disassemblers available for: 
for 8, 15, 25 and 50 amp use are available. Meets per- 8088 68000 8085 6801 8031 
formance requirements of MIL-C-28748A. 8086 Z80 6502 6303 6809 

HYPERTRONICS CORPORATION NCI 6438 UNIVERSITY DRIVE 
16 Brent Drive, Hudson, MA 01749 HUNTSVILLE, AL 35806 

(508) 568-0451 (205) 837-6667 

CIRCLE NO 338 CIRCLE NO 339 

Product Mart, call Joanne Dorian , 212/463-641 5 
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HIGH DENSITY CIRCULAR PROCESS AND 
MEDICAL EQUIPMENT CONNECTORS 

D Series 7. 9 and 12 contact cable to cable and chassis con­
nectors provide MIL quality contacts in impact resistant 
polycarbonate housing. Keyed simple push button lock 
minimizes use problems. Solder cup or crimp contacts are 
useable in either housing . 

HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson. MA 10749 

(508) 568-0451 

CIRCLE NO 340 

smARTWORK®PCB Software. In a fraction of the time hand 
taping requires. you can create double-sided printed-circuit 
boards with smARTWORKandyourlBM 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 3G-day money-back guarantee. Credit cards ac­
cepted. Write or call 

Wintek Corporation 
1801 South Street, Lafayette, IN 47904 

(800) 742-6809 or (317) 742-8428 

CIRCLE NO 343 

FREE CATALOG OF 
ELECTRONIC INSTRUMENTS 

FOR RENT 
1988-89 Rental 
Catalog is available 
from Genstar 
Rental Electronics, 
Inc. New equip­
ment from major 
manufacturers 
include analyzers, 
meters, generators, 
oscilloscopes, 
recorders, and 

more. Rental terms and conditions are 
included as well as toll free numbers 
of the U.S. inventory centers. 

~ c::::r c 
LrU&~/51!2@~0~ 

6307 De Soto Avenue. Ste. J 
Woodland Hills, CA 91367 

(800) 227-8409 
(800) 331-3440 (in CA) 

INDEPENDENT, DUAL OUTPUT, 
HYBRID CLOCK OSCILLATOR 

This innovative clock oscillator provides two distinct frequen­
cies from two independent quartz crystals mounted in a 
standard 14 pin metal DIP. Note the following beneficial 
features : 
• Two independent outputs from 4MHz to 60MHz. 
• High speed CMOS output with full nL compatibility . 
• Saves board space. 
• Can cost less than two single output clock oscillators. 
• Saves purchasing , inventory, and assembly costs. 
Six models are available depending on desired over-all fre­
quency stability (100ppm to 25ppm) with an operating 
temperature range of 0 to 70"C . 

PLETRONICS INC. 
9026 Roosevelt Way N.E. . Seattle, WA 98115 
Phone: (206) 523-9395 FAX (206) 525-2350 
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E 

PRECISION SWITCHES CATALOG 
56 pages: Engineering drawings and specs, 
operating characteristics and ordering 
information, electrical life charts and 
terminology. Photos of vertically integrated 

manua&o;DT• 

CHERRY ELECTRICAL PRODUCTS 
3600 Sun5'!t Avenue•Waukegan, IL 60087•312-360-3500 

CIRCLE NO 344 

LOWEST PRICEO ANO BEST VALUE NETWORK ANALYSIS 
PROGRAM AVAILABLE ANYWHERE 

11 has been said lhat the Etron RF Notes 4 Network Analysis design 
aid computer program for the IBM PC and MS DDS machines is 
the best value in Network Analysis programs available today. 
PRICED ATDNLY $179.00, this power packed program allows you 
to design, analyze, save and retrieve circuits with up to 30 ele­
ments. Data output is presented in tabular a~d graphical form and 
includes Freq, IL, VSWR, Rho, real and imaginary Zand more. 
Circuits designed with the other Etron RF Notes series of programs 
can be retrieved . analyzed and modified. 
Etron programs are no longer copy protected. Write or call for 
FREE information. CGA is required. 

8JiRoN 
P.O. Box 4042, Diamond Bar, CA 91765 

714-594-87 41 

·'' . 
The Best 

Programming Site 
Money Can Buy. 

BYTEK's 135 GANG and SET (E)EPROM Multipro­
grammer™ with optional Universal Device support 
capabilities, makes obsolescence obsolete. It sup­
ports more Devices than any other production pro­
grammer (virtually all (E)EPROMs up to 32-pin). It 
has options to program 40-pin EPROMs, Program­
mable logic Devices, 40-pin MICROs and Bipolar 
PROMs. On board memory is expandable to 2 Mega­
Byte. The 135 comes with 12 Months FREE updates 
plus an 18 Month Warranty. And, 4 operating modes 
plus Data 110· protocol compatibility mean un­
matched flexibility. 

Prices from $995.00 (U.S.) 

BYTEK, the leader in low cost/high 
performance technology. CALL NOW! 

800-523-1565 
In Fl: (407) 994-3520 

FAX: (407) 994-3615 TELEX: 4998369 BYTEK 

BYTEK Corporation, Instruments Systems Division 
508 NorthWest 77th Street 

Boca Raton, FL 33487 

"DATA 110 is a registered Trademark of DATA 1/0 Corporation . 

CIRCLE NO 345 

TODD --SIJl'l'U6 Riii OE/Ill_,,,,. 

TODD'S NEW SWITCHING POWER SUPPLY CATALOG 
28 page catalog details new switchers. Includes specs per­
formance information. mechanicals, pinout and mounting 
diagrams, application information and prices for almost 100 
standard models multi-output for 160W-750 Watts; single 
output from 5V @ 20A to 48V@ 20A; single & multi-output 
DC-DC switchers. 
Todd Products Corp. 
50 Emjay Blvd ., Brentwood, NY, 11717 
1-800-223-TODD; 516-231-3366 
FAX 516-231-3473; TWX 510227-4905 

CIRCLE NO 346 CIRCLE NO 347 CIRCLE NO 348 
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Features: 

32K x 7 byte Trace Memory 
SO osec Time-Stamp Resolution 
Async & Sync Tracing 
Single-end & Diflerent1al 
Easily readable "SC'il English" disptay 

Gives a quick, clear and precise view of SCSI protocol. 

[ ANCDT j ~(415) 363-0667 
CORPORATION 

1755 E. Bayshore Road, 18A, Redwood City, CA 94063 

CIRCLE NO 349 

Send for the latest 40-page Solenoid Valve catalog from 
Deltrol •Packed with useful information on full range of 2 & 
3-way solenoid valves for most liquids and gases • Direct 
actin9 normally open and normally closed models with 
plastic-molded coils , brass or stainless bodies . 

DELTROL Milw;i:;e sv.11g~~i,15 
fJOITliPOIS / O Phone 414 1671-6800 

Telex 2-6871 
DIVISION OF DEL TROL CORP. 

CIRCLE NO 752 

Taiwan Samarium 
Cobalt Magnets 

PMI now offe rs RARE-EARTH COBALT 
M AGNETS, t he SmCo5 and the 
Sm2Co17. In addition to our w ide 
se lect ion of high energy products , P M I 
o ffers perfect performance and th e 
most c ompetitive price to m e et all your 
req uirements. 

PMI CAN HANDLE ALL YOUR OEM REQUIREMENTS. 

.. . ' 
M"XIM!.N UG0o 
tNl:MGY 'IHl-•1.J11n• 

ll!ft\ POWER MAGNET INDUSTR Y CO., LTD. 
~ OFRCE: FACTORY: 

9TH Fl., PRINCE BUILDING NO. 18, SHIH WEI ROAD 
NO. 19 CHANG CHUN ROAD HSIN CffJ INOUSTRIAL DISIBICT 
TAIPEI, TAIWAN, R.O.C. HU KOU, HSIN CHU 
TE~ (02) 562-8333 (5 LINES) TAIWAN, R.0.C. 
FAX: 1186-2-542..a:!!I 
nx: 16196 YSFANG 

Analog Circuit Simulation 
NEW IS_SPICE/386 On 386 PC's, $386 

Outperforms 

Workstations 

Increases Speed 

by 200- 600% 

C ircuit Size 

nearly Unl im ited 

Supports 287, 387, 
Weitek 1167/31 67 

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 
simulaiOr. 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 

availa~ Please Write or Call 

~ P.O. Box 6607 (213) 833-0710 
• ,- ft San Pedro, CA 30 Day Money 
In USO 90734-6607 Back Guarantee 

C IRCL E NO 350 

87C51 PROGRAMMER $125 
The UPA87C51 converts general purpose program­
mers to 8751/87C51 programmers. Select 2732A on 
your programmer, plug in the UPA, and you have an 
8751/87C51 programmer. With the UPA87C51 you 
can also program the 8751 and 87C51 security bits 
and the 87C51 encryption array. It's very simple and 
VERY cost effective. 
Price $125.00 including UPS ground shipping. 
Adapters are also available for the 63701VO, 
63705VO and 8751 and are priced at $65.-$95. 

Logical Systems Corp. 

PO Box 6184 Syracuse NY 13217-6184 USA 
(315) 478-0722 Telex 6725617 LOGS 

FAX (315) 475-8460 

CIRCLE NO 753 

TTC OFFERS HIGH QUALITY 
BUT LOW COST PRODUCTS. 

Edge Card 
Connector 

terminal 

PLCC 

SIMM Socket 

SIMM is a Trade Mark 
of Wang's 

Laborotories. 

1. SIMM Socket (Special disign) -Signle Row & 
Double Rows (Vertical & Angle) All can be stacked. 

2. PLCC Socket -28p. 32p. 44p. 52p. 68p. 84p 
3. Edge Card Connector; -6p. 36p. sop. 60p. 62p. 80p. 

86p. 98p. 1 OOp. 104p. 
4. 1.C Socket -8p. 14p. 16p. 18p. 20p. 24p. 28p. 40p. 

34p (16p & 1 Sp can be changeable)-4 Rows 
5. Shunts (Mini Jumpers)-Open entry, close entry. 
6. pin Headers: 2p-40p (Single Row or Double Rows 

Straight or right Angle) 

TTC Shih H sin Precision Corp. 
Address No 234 JUN SHINN STREET SHU-LIN 

. TOWN TAIPEI TAIWAN R 0 C 
TEL 886·2-6894655 6894656 
TELEX 33210 TTCCO FAX 886-2-6894657 

This real time 
MULTITASKING KERNEL 

simplifies real llfe 
product development 

• No royalties • • Dynamic memory 
• Full source code included allocation 
• ' C interface • • Event Manager 
• Preemptive scheduler • • Semaphore Manager 
• Intertask messages • • Resource Manager 
• Terminal Handler • • Buffer Manager 

AMX 63000 opentlH on any 63000110120 1yolam 

Manual only $75 US 
AMX 68000 $1100 US 
• Options - ask for pnce list 
(Sh1ppmg/handhog e.1r1) 

Also a1f11/1ble for 8080. Z80. 
fKJ86111JtJl 286 

tt KADAK Products Ltd. 
206 - 1847 W Broadway 
Vancouver . BC Canada V6J 1YS 

Telex 04-55670 
Fax (604) 734-8114 

Telephone (604) 734-2796 

CIRCLE NO 751 

.--------- wcmahe 

~ 

Cutler-Hammer 
subminiature PC switches. 
The hidden performers 
Inside the unit or on the front panel, this unique line of 
toggles, rockers and pushbuttons is the designers 
choice for long life and high reliability. Designed 
specifically for printed circuit board mounting and 
wave soldering, this line of switches features a simple 
two-piece mechanism for extra long mechanical life. A 
variety of tenninal lengths and configurations is also 
available. 
Eaton Corporation, Aerospace/Commercial Controls 
Division, 4201 N. 27th St., Milwaukee, WI 53216. 

•.:.T•N 
CIRCLE NO 754 

IBM COMPATIBLE RS232/488 
3% x 5 V." FLOPPY DATA STORAGE 

& TRANSFER SYSTEM 

lnformalion Transfer to/from Non IBM Compatible Systems to/from 
IBM & Compalibles: (Over RS·232 or 488 lnlerface). 

• Reads & Writes MS DOS Disks 
• RS-232/488 1/0 
• Rugged Portable Package/battery option 
• ASCII or Full Binary Operation 
• Baud Rate 110 to 38.4K Baud 
• 360K/720K RAM Cartridge Opti on 
• Price $895 in Singles-OEM Qtys. $495. 

28 other systems with storage from 100K lo 42 megabytes. 

ANALOG & DIGITAL PERIPHERALS, INC. 
251 South Mulberry St. , Troy. Ohio45373 
P.O. Box 499 TWX 8101450·2685 
513/339-224 t FAX 513/339-0070 
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"D" SIZE PWTIER 
sz29500 
RETAIL 

s 169500 
INTRODUCTORY 

OFFER 

• Repeatability .001 " 
• Speed at 7" Per Second 
• Vacuum Paper Hold Down 
• High Resolution Circles: Suitable for 

PCB Artwork 

(415) 490-8380 ZER/CON 
STEVENSON BUSINESS PARK 
BOX 1669 • FREMONT, CA 94538 

CIRCLE NO 758 

Wideband Noise Generator 

Model CNM-2000 
APPLICATIONS FEATURES 
• Precision noise testing • 15 kHz to 430 MHz ±1 dB 
• Wideband communications • New design technique 

system assessments eliminates aging problems 
• RF gain and bandwidth tests • Low deviation from ideal 
• Receiver noise figure gaussian shape 

measurements • son output impedance 
• Intermodulation tests • 24 Pin Hermetic Package 

M odule: $149, Evaluation Kit : $169 

CALNET ELECTRONICS INC. 
P.O. Box 1311 3 
Kanata, Ont. 

K2K 1X3 
Ph: (6 13) 83 1-0424 

Fax: (613) 83 1-1936 

CIRCLE NO 761 

EASY TO LEARN - EASY TO USE 
• Edit and compile while debugging in the IBM, PC/AT/XT 
• Access, display and modify variables with zero speed 

impact on 8096/196 microcontrollers. 
• Symbolic debugging with ASM96, PU M96 & C96 
• Multiple hardware breakpoints. 

_.Annapolis Micro Systems, Inc. 

61 2 Third St., Annapol is, Maryland 21403 

(301) 296-8096 

MOUSE-TRAK 
The Stationary Alternative 
For Precision and Comfort! 

This new space saving inpul device emulates both Microsoft and Mouse Systems 
AS-232 mice. With MOUSE-TRAK you can watch your screen and not your mouse 
runmng off your desk. 
Wi th a single connection to your computer, no power supply or mouse pad is 
necessary. 
MOUSE-TRAKs ergonomic design with soft wrist pad puts complete control of 
cursor and input at your fingertips . 
Special features include speed control, allowing the user to toggle the resolullon with 
a 4: 1 ratio. User definable input keys offers added versatility and comfort 

Pricing - $139.00 - $179.00 
For further information: 

ITAC SYSTEMS, INC. 
3121 Benton Drive, Garland, Texas 75042 U.S.A. 

1-800-533-4822 Fax 214-494-4159 

CIRCLE NO 759 

$91.00* 
Single Boar~ .. ~9.e"'.'Puter 

CIRCLE NO 762 

ANALOG 1/0 and DSP 
ideal for PC based 

Measurement/Test, Control, 
Acoustics, and Signal Processing 
PC-DMA12 •12-bit AID & 0 /A with 1/0 to 100KHz, dual­

channel OMA logics for concurrent analog 
1/0 operation.programmable H/W timer for 
zero t iming jitter. 110 filters, programmable 
gain and offset amplifier. 16-channel auto­
scan multiplexer, 8-bit digital 110. $1250. 

PC-OMA 16 • Features compatible to PC-OMA 12, with 
16-bit AID and dual 16-bit DIA. $1650. 

PC-DSP22 • Floating point DSP board for PC, for high 
speed DSP of PC-OMA analog signals. 

PC-MHZ12 • 12-bit analog 1/0 to mega Hertz sample 
rate , 64K sample onboard storage and 
programmable t imer for arbitrary funct ion 
generator capability. 

CANETICS offers complete software support and H/W 
accessories for the above board level products, inclu­
ding data analysis package. Sample-Edit S/W for hard 
disk recording, playback, scan, etc. , high speed digital 
1/0 interface board, external mult iplexer for up to 256 
channels, preamplifiers,etc. 
CANETICS otters real-time Work Station Instruments 
for multi-channel acoustics Spectrum Analyzer, Auto­
matic Tester. and Digital Signal Processor. 

CANETICS, Inc. 
P 0 Box 70549, Pasadena, CA 91107 

TEL (818)584-0438 • FAX (818)584-0439 

Our Multitasking Industrial Basic runs as fast as BASICA on 
the IBM PC/ATI. It can also handle interrupts, frequency 
inputs, bit manipulation , datalogging and more. The hard­
ware includes 4 channels of Analog with 12-bit resolution , 
32 digital 1/0 lines, battery-backed calendar clock, keypad and 
display ports. 2 RS-232C serial ports, 96K RAM, EPROM and 
EEPROM programmers, autorun mode, low power CMOS 
circuitry, 8 MHz 280 CPU. Only 4.5" x8 ". Stand-alone or 
expandable. Low cost optional software turns your IBM PC 
into a program development workstation. FREE CATALOG 
describes other models and accessories. Call 3o3-426-BS40 
for same day response. 

0 OCTAGON SYSTEMS 6510 W. 91 st Ave. 
CORPORATION Westminster, co 80030 

CIRCLE NO 760 

Flow 
Charting II+ 
The New Plus 
for Fast 
Flowcharting 

FLOW CHARTING 
is new! It's now 

Flow Charting II+, with more speed 
+ more functions + more printing options; 
• I 0 text fonts: 26 shapes; • Line mode can stop 
at a shape; • Backspace key can erase a 6ne to 
its origin; • Free text entry anywhere. or select auto­
centering; • Vertical or horizontal printing; one 
chart or multiple charts. 

Used by Fairchild, Bechtel and more than 
500 other major corporations. Edit quickly 
and accurately - even major edits - with 
Flow Charting II+, the Specialist. 
See your retail store or call: 

MITON &MITON 
So f tware Corpora11on 

1-800-525-0082, Outside California 
408-629-5376, California/ International 

CIRCLE NO 763 

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: 

Precision Echo, Inc. 
3705 Patrick Henry Drive, Santa Clara, CA 95054 
4081988-0516 

"Where unique data recording/storage solutions are expected." 
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EPROM PROGRAMMER 
$349 

THE EP-1 's A GREAT VALUE & HERE'S WHY: 
•READS, PROGRAMS. COPIES OVER 300 EPROMS AND EEPROMS 

FROM 29 MANUFACTURERS INCLUDING 2716-27513, 2B04·2B256, 27011 
•READS & WRITES INTEL, MOTOROLA, STRAIGHT HEX AND BINARY 
•OPTIONAL HEADS PROGRAM INTEL B74X, 8751 , 87C51 , 8755 
•MENU-DRIVEN CHIP SELECTION BY MFG & PIN; NO MODULES 
• FAST. SLOW, QUICK PULSE PROGRAMMING ALGORITHMS 
• SPLITS FILES BY BASE ADDRESS AND ODO/EVEN (16&32 BIT) 
•ALL INTELLIGENCE IN UNIT; Z80 MICROPROCESSOR BASED 
• 5, 12.5, 21 , 25 VOLT PROGRAMMING FOR CMOS AND ·A SUFFIX PARTS 
•FREE PC-DOS SOFTWARE •RS232 TO ANY COMPUTER 
•GOLD TEXTOOL Zif SOCKET • 8 BAUD RATES TO 38,400 
• SAME DAY SHIPMENT • GENERATES, CHECKS CHECKSUMS 
•ONE YEAR WARRANTY •TWO FREE FIRMWARE UPDATES 
•MONEY-BACK GUARANTEE •UV ERASERS FROM $34.95 

CALL TODAY FOR MORE INFORMATION 

BP~ 
800/225-2102 7131461-9430 TELEX 1561477 
10681 HADDINGTON #190 HOUSTON, TX 77043 

CIRCLE NO 767 

5W to BOW DC/DC Converter 
• Compact size. low ripple & noise 
• 1/0 isolalion, min. 500VDC 
• Single/dual/Iriple/quad oolpul 
• High Ell. up lo 85% 
• Excellent output regulation 
• Over current & short current protection 

Portable Computer Power Supply 
• Compact size 
• Universal input from 90-260 VAC continue 
• AC/DC, DC/DC, battery charge, all in one 
• Application for LCD/Plasma/EL portable computer 

SPECIAL DESIGN ORDERS ARE WELCOME!! 

KENSMAR INTERNATIONAL ENTERPRISE CO., LTD. 
)fl· t , No. 160, S.c. 5, Nan-King E. Rd., Taipei, Taiwan, AOC 
Tel: 10217636651 IREPI P.O.Box 67-822 
Tix: 29805 KENSMAR Fn: 886-2-7678763 

CIRCLE NO no 

Make l-COM yow lingle llOUlc:e 
ol .,pply for al IEEE-488 lnllr· 
connedon product nMda. 

The best GPIB Cables mooey can buy. 4 
LX:::t;:;:;;:::H~i"' shields meet or exceed IEEE-488 atringenl 

shielding requiremenla. Our design oflera 
improved ftexibility and reduced cooneclor 
tear probability. Try one, abu• I~ and be 
coovinced ol oor oupe<iOf leaturea and 

-~!J!f;i!Kf :I quality. Ask for L-COM'a premium 0824 
r Series wilh casl melal cooneclort. Stan­

dard molded types are also available. 

'"' ' '''••• "" "" O•T< M., 11(;" "0~0\>T '"". 
'" 01>(< ... 

1••ow f •~!lllM '"oGu ..... r ~ 

EPROM DUPLICATOR WITH RS-232 
The Model 98 has stand alone program, verify for N­
MOS and C-MOS 2716, 2732, 2732A/B, 2764/A, 
27128/A, 27256, and 27512 EPROMs and 2816A, 
2864A EEPROMs. Silicon identifiers are supported 
for Intel, AMD, and Tl EPROMs. Software driver for 
the IBM PC/XT/AT includes: Program, verify , 
checksum, split-byte, conversion of Intel, Motorola 
S19 to HEX, and full screen HEX editor. $650. Stock. 

Optimal Technology 
Earlysville, VA 22936 

804-973-5482 

CIRCLE NO 768 

ZB0,000™ AT-BUS SBC (ATZ80K) 
Zilog 's new z32or• 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 MHz With 1Mor4M 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-bitcounter/timers, an 8-bit 
DIP switch, and an SBX connector. Debugger, assembler, 
and C available. 
Call or write for more information. 

Single Board Solulions, Inc. 
2DD45 Stevens Creek Blvd ., Cupertino, CA 95014 

(4D8) 253-025D 
ZS0,000 & Z320 are 1rademarks of Zilog 
PC-AT is a trademark of IBM 

100 MHz Wavefonn 
Digitizer 

The fastest AID boards for 
your data acquisition needs. 
• transient rates of 25, 32, and 100 MHz at a bits 
• time equivalent sampling rales up to 800 MHz 
• bus interface allows 1.5 MHz throughput rates 
• many trigger modes; 64K memory per channel 
• XT, AT & 386 compalible; prices from $1750 
• free drivers and digital oscilloscope software 
• perfect for radar, ultrasound, ATE, robotics . 

SONOTEK 
8700 Morrissette Drive, Springfield, Virginia 22152 

703·440-0222 • Telex 910-250-5257 • Fax 703·440·9512 

SuperCAD"' 
Schematic entry 

Software 
for the IBM®PC & 

Compatibles 
ONLY 

COMPLETE PACKAGE 

* Easy-to-use schematic entry program for circuit 
diagrams. visible on-screen and pulldown menus 

* Supports popular graphic standards. mouse and printers 

* Powerful editing and drawing commands. including 
automatic drawing of digital bosses 

* Extensive digital. analog and discrete part libraries 

*In-depth, readable instruction manual has many 
examples and illustrations 

* Software includes part building. netlisting and 
ASCII edi1or 

Write or call for demo disk: 

MENTAL AUTOMATION,,Nc.Cf c 

ORDERS/ INFORMATION: 
Send check or money orders to: 

Mental Automation. Inc.. Dept. S-9, 5415 136th Place S.E., 
Bellevue, WA 98006 or call (206) 641·2141 
Yiu/MasterCard ordc:n accc:pted1 
Dealer Inquiries wekomc:d. 

CIRCLE NO 769 

Join Forces 
Combine your 
larger ads with 

EON Product Mart ads 
for a total 

marketing program. 

• EON Product Mart 

CIRCLE NO n2 

Menu-driven software 
package for your PC 

JUNIOR· $125 
Take, store, retrieve, print data· perfect for Design 
Engineers 
LEVEL 2+ • $549 
Data acquisition plus: experiment control, data analysis. 
The complete package. 
FREE Demo Disk. Money-back guarantee 

Unkel Software inc. 

62 Bridge St. Lexington, MA 02173 (617) 861 -0181 
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DATA ACQUISITION 
DIGITAL 1/0, A/D, D/A, IEEE-488 / 

MODULAR DATA ACQUISITION 
• 72 line digital 1/0 card 
• 24 bit buffered 1/0 card 
• 12 bit A/D. D/ A modules 
• 8 bit A/D, D/ A modules 
• Counter/ Timer module 
• Signal Acquisition card 
• IEEE-488 Controller card 
• Waveform Synthesizer card 

~GUATECH TOLL FREE: 1 ·800-553·11 70 
~ INCORPO RATED 

Leaders In Peripheral Technology 

478 E. Exchange St. Akron, Ohio 44304 
(216)434-3154 TLX: 5101012726 FAX: (216)434-1409 

11111111111111 1111 

IEEE-488, PARALLEL, and SERIAL 
PORTS PLUS 4M BYTES of MEMORY 

• Control any instrument. RS232 or '488. 
• 4Mbytes of extended/expanded memory. 
• Software library and memory manager. 
• High speed OMA. Risk free guarantee. 

r~ Capital Equipment Corp. 
~~ ~~ 99 South Bedford St. 

Burlington, MA. 01803 
FREE demo disk. Call (617) 273-1818 

CIRCLE NO ng 

INDUSTRIAL l/D CARDS 
lab, Industrial , and Engineering ltO cards for IBM PC/XT/AT 

High Performance Data Acquisition Card (Model 718) 
- emulation of many traditional instruments like digital oscilloscope. X·Y recorder . 
strip chart recorder, dala logger, programmable controller, e1c. Functions include: 
A/O converter (16 single-ended or 8 differential input channel , 12 bit resolution , 60.000 
samples/sec. various input range), DIA converter (20/A channels), Digital 1/0 (16 
input & oulpul channels . rTL compatible level) , Counter/Timer (lnlel 8254 , 16 bit 
programmable counter).(Metrabyte S/W compatible . optiooal\100,000 samples/sec.) 
$895 

Other Lab Cards are available. 
12 bit Multl-lab (Model 712) ; AID, D/A, DIO, Counter $295 
14 bit Super·lab (Model 714); AID. DIA. DIO, Counter $495 
Prototype Development Card (Model 750); 3290 holes. $70 
built-in basic circuit, independent memory. 1/0 jumper 
tEEE-488 Interface Card (GPIB) (Model 748) $395 
On board RAM working space. BASICA & BASIC supported . Powerful 
easy-to use software command set. C & Pascal optional. 
We also have Digital l/O & Counter Card . Relay Actuator & 1solaled Oil Card , RS-422 
Card . Stepping Motor Controller Card , XT/AT Slot Extension kits , AMP/MUX Board. 
and more and more. 
Call us for details and turn-key application S/W package works with 
above data acquisition cards. (TEL) 408-727·6995 

(Technical) 

473 SAPENA CT. #24 "' ELT E II 1-800·541·1975 
SANTA CLARA, CA 95054 j\ l\_ (Orders only, outside CA) 
VISA OR M/C (FAX) 408·727·6996 · 

CIRCLE NO TT7 

TJllno '" _I_~ ~o~':!.!e~h ~~~I~~ 
and crisp output have brought tens of thousands of boards 
to life, quickly and 
affordably. 

Start-to-finish design tools include: 

Tango-Schematic With l.ibmry ~ tanager. $495 
Tango-PCB t mil Grid. 9 I.ayers. Gerber Output. $495 
Tango-Route Autoroutes 90+ %. Fast1, $495 
Tango-Tools 8 Money-Saving Utiliti es, $295 
Let's discuss;vur design needs Toll-Free, or order a full 
function Evaluation Pkg, just $10. VISM>1C. 

800 433 7801 6t9/695-2000 
- I ~ Satisfaction guaranteed. 

ACCEL Technologies, 7358 lhlde St. , San Diego, CA 92121 

CIRCLE NO 780 

Macintosh II, SE, Plus 
Universal Cross-Assembler$299. 00 
---.- 111e "i"iii ~e•rr 1--ai'P •Ul nmuow\ oru 'i\111 

jii"i ............ ~--~~tm~m~r~,.~w.F..,~•i .. i!iiii!ii!jr=;,oooooooc~~W..ri0~1,':,',: d,;?~, 
0000 C601 lDPt:, ?., ~..,,.,, 

0001 C£07 '>'>Xfl !OM IOOOCOOOOOOlffHt-Oll,·::ioo11 
0002: 55'}9 l. Rttf' 1 10< '' ~fl()0600ECAl) l t>(l1'..CM.'110'f-

0003 0!000100 lRU HR1,ill :~~l(-1l~~~~~~~:i~:~:· 
0005C001 RPU 
0006 ('.Off() '" ooo·t "tS611 LflRf> 
0006 l'."000 LARI'. 
0000 ooo 1 rr H LAL• 
nout.i c.ooc Sl'ICL 
Of)()(' noo110M Lfllf 

1 
• ·PAO 
0 
Al'!O.O 
DfFFFh 
negone 

''°°" 

10MS00-01 ?0e68! 100C» :r l 11e1 
IOl}(l6000JCOf){IO?tEl • ill1.,1 .lf · 
100'11000101 J(.0~111. (l(lfH[ 11 
10006000t:i009.::00lll}O'iQ•)(!'ih•'1 
!()l)OQOOQ•(}{Jf!1~•61 ~·~fpptf 

I 000!<00000'5!. ~0IQft A.·r ;-11,JOi.•. 't 

~~~6~V6'-'SM•e1•.r''"' c 1•, 

Includes editor and unrversal cross-assembler with 
instruction tables and example source programs for ALL of 
the following MPU's, MCU's, and DSP's: 
32010 320C25 68000 64180 8086 
6301 ft51 6805 1802 65816 
fN&ERB n°PBOO ftl'2.wso ma 91j 

68HC11 
6502 

B?::rs 
Generates intel hex, Motorola-S records, and straight binary 
output compatible with most EPROM programmers and 
in-circuit emulators. 

Available for MS-DOS systems and the ATARI ST series. 
•Inquire about our MEMULATOR In-Circuit EPROM Emulators. 

MEM0COM 
DEVELOPMENT 
T 0 0 L S 

t301 Denton Drive 
Carrollton, Texas 75006 
(214) 466-9906 

ppUed D~u Sytlerm.ln<. 

SMART CARD EXTENDER 
EASY ON s 19500 - PC/XT 

Asmartcardextenderfo, s22s00 -AT 
PC/XT /AT and compatibles 

• Allows card 
insertion and 
extraction with­
out power on/ 
off cycles 

• Saves time by 
eliminating DOS 
re-boots 

• Reduces wear 
and tear on hard 
disk drives 

• Extends host interface for hardware and soft­
ware development and test 

• A single switch controls the conneaion of all 
signals to and from the computer bus 

• Patent pending 

DPROM 
RS232 Downloadable PROM 

s175oo 32K x 8 
s195oo 64K x 8 

RS232 

• Eprom emulator for 2716 - 27512 
• Supports 8. 16, or 32 bit wide busses 
• Non-Volatile memory standard 
• Up to 19200 Baud 
• Accepts Intel Hex and Motorola S 

formats 
• lSOns access time standard 

VectorScan 512/640 s975oo 
Graphic Controller with RS-232 Interface 

• Interfaces over RS-232 ports 
• Drives CGA, EGA, and Multiscan 
• Resolution of 512x480 to 640x350 
• 4 Bits/Pixel up to 4,096 colors 
• Maintains 4 separate images 
• Internal 512K byte frame buffer 
• PC Version available 

Applied Data Systems can customize 
a product to your specifications. 

30 DAY NO RISK EVALUATION 

APPLIED DATA SYSTEMS 
409A East Preston Street 
Baltimore, MD USA 21202 

For more information call 800-541-200.S 
Outside USA (301) 576-0335 

CIRCLE NO 782 CIRCLE NO 783 CIRCLE NO 784 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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Feed this to your PC 
and it'll think it's an 

HP BASIC workstation. 

324 

Finally, there's a way for serious technical 

computer users to get the power and features of 

HP BASIC on a PC. The answer is HTBasic, a real 

engineering BASIC that turns your PC into an 

HP 9000 series 200/300 BASIC workstation­

at a fraction of the cost. 
Like HP's Rocky Mountain 

BASIC, HTBasic from 

TransEra is a state-of-the-art 

BASIC that gives you all the capa­

bilities you need for complex 
engineering applications. Plus you get 

important advanced features you wont find 
with any other PC BASIC. Like the complete set of 

HP graphic commands. Integrated HPIB (GPIB) 
syntax for intelligent instrument control. The 

advanced I/O Path System. And built-in matrix math. 

In fact, all the optional HP binaries are built in. There's nothing 

else to load. You even get the full screen program editing and 

debugging environment. 

Discover the new solution 
for cost-effective technical work- HIBasic 
stations. HTBasic from TransEra. 11 1 ~ 11 r l' l 11 11 .1 , I c 
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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-

l!fllllll9 ii - -~ l!fllllll9 ~ ~ 
~·· i ...... ~.....,. i 

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 M enu 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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NOTHING THIS FAST EYER LOOKED SO GOOD 
Looking for a line thermal printer that's fast 

and provides the highest resolution available? 
Take a good look at the LTP Series from Seiko 
Instruments. 

They're fast, printing from 200 to 400 
characters per second. That makes them perfect 
for applications such as medical instrumentation, 
point-of-sale systems, and test and measure­
ment equipment. 

The LTP Series produces near­
photographic print quality with 3 to 8 
dots per millimeter, so you can use 
them for high-resolution graphics 
and video printouts. We have dedi­
cated interfaces for these printers 
with parallel, serial, and NTSC 
Composite Video input 
formats available. 

But, that's not all. Seiko 
Instruments line thermal 
printers are renowned for 

their quiet-as-a-feather operation. Since the 
entire LTP Series is small and compact, requir­
ing less power than the competition, they're 
ideal for mobile applications, and fit easily into 
your most space-saving designs. 

Finally, Seiko Instruments has a well-earned 
reputation for building in quality. With only one 
moving part, the platen, these printers have the 

highest reliability of any line thermal 
printers. 

We can make you look good with 
your next test, measurement or com­
munications equipment design. Call 
Seiko Instruments today at (213) 517-

7770, and ask about the line 
thermal printers that are fast, 
easy to read, quiet and 
affordable. 
Seiko Instruments, USA, Inc. 
Electronic Components Division 
2990 West Lomita Blvd. 
Torrance, CA 90505 
(213) 517-7770 FAX (213) 517-7792 

Seiko Instruments 
326 

Visit us at WESCON-Booth #s 1521, 1523, 1525 
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IEEE announces 
advanced 488 standards 
Digital Interface for Programmable 
Instrumentation (ANSI/IEEE Std 
488.1) and IEEE Std 488.2 Stan­
dard Codes, Formats, Protocols, 
and Common Commands for Use 
with ANSI/IEEE Std 488.1-1987 
(ANSI/IEEE Std 488.2) offer 
higher productivity, improved test 
quality, reduced costs, and more 
flexible performance and configura­
tion of the test system. The first 
document updates the 1978 IEEE-
488 Standard, specifying the basic 
communications link between as 
many as 14 devices and a controller, 
such as a personal computer. The 
other publication covers the syntax 
and protocols of messages sent be­
tween the devices and the control­
ler in an IEEE-488 bus system and 
explains how to handle status, error 
reporting, and high-level program­
ming. ANSI/IEEE Std 488.1, non­
members, $30; members, $21. 
ANSI/IEEE Std 488.2, nonmem­
bers, $52; members, $36.40. 

The Institute of Electrical and 
Electronics Engineers Inc, Stan­
dards Office, 345 E 47th St, New 
York, NY 10017. 

INQUIRE DIRECT 

Sub-nanas«ond Sing1c-sbo1 Digitizing 
Using the HP S<llllD 

2 Giguamplet per .r.erond Digitizing iVtt 

Sampling analog data 
at a 2G-sample/sec rate 
The vendor's Product Note HP 
54111D-1 explains how to sample 
analog data at a rate of 2G samples/ 

EDN October 13, 1988 

LITERATURE 

sec, using the HP 54111D digitizing 
oscilloscope. After introducing the 
device in a general description, the 
note describes how to implement 
the HP 54111D, using Basic soft­
ware. A section on theoretical per­
formance goes on to explore what 
level of performance can be ex­
pected from interleaving two chan­
nels. The publication concludes with 
a description of the typical perform­
ance you can expect when you use 
this instrument. 

Hewlett-Packard, 19310 Pru­
neridge Ave, Cupertino, CA 95014. 

Circle No 426 

Note documents data 
acquisition/control system 
In addition to providing program­
ming examples, Product Note 3852-
3 describes how the multitasking 
features of the HP 3852A data ac­
quisition/control system let you 
space time-critical decisions in rela-

Prvdm·t ~ote 3852·3 
\ti.l1a1nki"I 
J..1 lllr hP.l'J~.!A 
lllta<\((pu•!U'l.'CunlfUl t;ni( 

tion to the application. It explains 
how you can prioritize, download, 
and run tasks independently under 
four different conditions. The note 
examines each of these conditions 
and gives examples of how you can 
implement the programs. 

Hewlett-Packard Co, 19310 Pru­
neridge Ave, Cupertino, CA 95014. 

Circle No 427 

We put our filters and 
delay lines to the test. 

How can you be sure each 
filter or delay line you order 
from us is made exactly to 
specifications? Because we test 
each and every one to make 
sure it is within the physical 
and electrical parameters 
specified . Better yet, you 
pay nothing either in time 
or money for this extra 
"insurance". Our prices are 
competitive and our delivery is 
the fastest in the industry. 
To get our Delay Line and/or 
Filter catalog , call or write 
today. If you need help with a 
specific application, call 
516-248-8080 to talk with one 
of our engineers. 

ALLENAVIONICS, INC. 
224 East Second Street, Mineola, NY 11501 

516-248-8080 ·FAX 516-747-5481 

CIRCLE NO 229 
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I MHz PROGRA 

114114ABLE FILTER/ IUIJIPS 

Up to 16 channels, 
100 Hz to 1 MHz. 

HP, LP, TD. 
80 dB/ octave. 
1 ° phase match. 
Pre and post gain. 
Differential input. 
Calibration input. 
Output monitor. 

All in 7" 
mainframe. 

Only With System Friendly 
Just one of hundreds of programmable hardware 

building block configurations possible with our oper­
ating system. Just one of hundreds of exclusive 
possibilities that make Precision 6000 truly System 
Friendly now and easy to update in the future. Call 
(607) 277-3550 for brochure. Or write. 

CIRCLE NO 152 

DID YOU KNOW? 
EDN is distributed 

at every major 
electronics/ computer show in the 

U.S., France, and Germany. 

SAVE Development 
and Debugging Time 

of Embedded 
Microprocessor Systems! 

• INTROL-C Cross-Compilers 
• INTROL-Modula-2 Cross­

Compilers 
• INTROL Relocating Macro 

Cross-Assemblers 

COMPILER PACKAGES INCLUDE: 
Compiler• Assembler• Linker 
• Runtime library, including 
a multi-tasking executive • 
Support utilities • Full year's 
maintenance 

TARGETS SUPPORTED: 
6301/03. 6801/03. 6809. 
68HC11•68000/08/10/12 • 
68020/030/881/851 • 32000/ 
32/81/82 

AVAILABLE FOR FOLLOWING 
HOSTS: Vt\X and MicroV!\X; 
Apollo; SUN; Hewlett-Packard; 
Macintosh; Gould Power­
Node; IBM-PC, Xl Al and 
compatibles 

INTROL CROSS-DEVELOPMENT 
SYSTEMS are proven, accepted 
and will save you time, money, 
and effort with your develop­
ment. All INTROL products are 
backed by full, 

meaningful. l!j 
technical support. O 
CALL or WRITE 1NTROL 
for facts NOW! ~ 

INTROL 
CORPORATION 

647 W. Virginia St. 
Milwaukee, VV1 53204 

414/276-2937 FAX: 414/276-7026 
Quality Software Since 1979 

CIRCLE NO 115 



New 
Instruments 

µP-based Programmable 
Ell de Calibrator 

Model 520/A 
The Model 520/A is micro-processor based and 
is compatible with I EEE-488, (GP-IP). 

The height is only 3 V2 inches, features current 
mode outputs from 10 nanoampers (nA) to 110 
milliampers (mA), in 2 ranges, with extraordi­
nary compliance of 100 Vdc. Even with this 
power, ideal for transducer instrument test-
ing (4-20 and 10-50 mA), the accuracy is 
± 0 .005%! 

The voltage mode has 3 ranges with outputs 
from 100 nV to 110 Vdc and optional to 1100 
Vdc. Compliance current is 100 mA. The one 
year accuracy is ± 0.002%. 

Al I ranges and both modes resolve to 1 ppm. 
A crowbar zero provides a reference for this 
essential value. 

Availability: 60 days. 
Price: $3, 150. lOOOV option $595. 

Engineering Contact: Bob Ross 
Tel: (617) 268-9696 
FAX: (617) 268-6754 CIRCLE NO 11 

AC Voltage Reference System 
Remotely Controlled Multiple Output 

•. 

System 408 
1to8 AC Voltage outputs independently and 
remotely controlled, variable and simultaneous 
in a single 5V4" high chassis. 

A phase angle of 0° and 180° is also 
programmable. 

All functions programmed via IEEE-488 
(GP-IB) interface bus. 
Some applications: Synthesize linear veloci ty 
sensors, simultaneous calibration of multiple 
instrumentation and data logging systems with­
out multiplexing delays. Simulation of trans­
ducers. For design, evaluation and cal ibration 
of accelerqmeters, amplifiers, AI D converters, 
digital and analog meters. 

Specifications include: Range : 10 mV to 30 Vac 
resolved to 1 mV. The compliance current is: 
50 mA. The accuracy is: ± (0.05% of setting 
+ 15 mV). Output frequency (synchronized to 
an external sine wave stimulus) : at a se lected, 
fixed frequencies between 10 Hz and 400 Hz. 

Price: Main frame: $3 ,995 
Output modules: $895/each 

Engineering Contact: Bob Ross 
Tel: (617) 268-9696 
FAX: (617) 268-6754 CIRCLE NO 12 

ELECTRONIC DEVELOPMENT CORP. 
11 Hamlin St., Boston, MA 02127 
Tel : (617) 268-9696 
TLX: 951596 (ELECDEVCO BSN) 

EDN October 13, 1988 
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Simplify selection of ICs 
and discrete semiconductors 
The vendor continues to release its 
complete line of five integrated­
circuit and five discrete-semicon­
ductor digests. The improved for­
mat design helps to simplify the de­
vice-selection process. These refer­
ences off er the following features: 
consistent device pinout informa­
tion; product identification by func­
tion, generic part number, and spe­
cific manufacturer's part number; 
electrical characteristics for every 
part number in each of the five di­
gests; discontinued device identifi­
cation; and alternate sources for 
every device. Each IC Digest, $110 
annually; optional quarterly up­
dates, $60; total annual subscription 
with quarterly updates, $170; each 
Discrete Semiconductor Digest, 
$100 annually; optional semiannual 
updates, $25; total annual subscrip­
tion with semiannual updates, $125. 
The digests are also available on 
magnetic tape. 

DATA Business Publishing, Box 
26S75, San Diego, CA 92126. 

INQUIRE DIRECT 

Disk describes 
C support tools 
This demonstration disk presents 
the Micro/C programming-language 
support tools for single-chip µCs. 
It also details MS-DOS-based cross­
compilers for the S051 and the ZS 
and Supers processors. The disk 
spotlights standard and enhanced 
features of C. Further, it provides 
examples of Micro/C support for 
memory maps, interrupts, and on-

PEARSON 
Wide Band, Precision 

CURRENT 
MONITOR 
With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo­
amperes, in any conductor or beam of 
charged particles, including those at 
very high voltage levels. 

This monitor is physically isolated from 
the circuit. It is a terminated current 
transformer whose output voltage pre­
cisely follows the current amplitude and 
waveshape. A typical model gives an 
amplitude accuracy of + 1 %, - 0%, 20 
nanosecond rise time, droop of 0.5% 
per millisecond, and a 3 db bandwidth 
of 1 Hz to 35 MHz. Other models fea­
ture 2 nanosecond rise time, or a droop 
as low as 1 % per second. 

Whether you wish to measure current 
in a conductor, an electron device, or a 
particle accelerator, it is likely that one 
of our off-the-shelf models (ranging 
from W' to 103/4' ID) will do the job. We 
also provide custom designs to meet 
individual specifications. 

Contact us and we will send you 
engineering data. 

PEARSON 
ELECTRONICS, INC. 
1860 Embarcadero Road 
Palo Alto, Calif. 94303, U.S.A. 
Telephone (415) 494-6444 
Telex 171-412 ·FAX (415) 494-6716 

CIRCLE NO 148 
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IF YOU WRITE IN C, TIIEN 
YOU SHOUID DEBUG INC 

Supported Processors: 

8051 Fam ilv 
68HC11 . 

zso 
6809 

64180/ZlSO 
68000 Family 
8085 

Sun 'Xbrk.st:.l.lon.s is ~ 'tM.. Sun Microsystems, Inc. IBM 
is reg. tM., ln1enudonal Busines.s Machines, Inc. Unix is 
reg. TM., Bell Laboralorlcs, Inc. 

IHMll 

The ultimate in time savings is 
obtained when vou debug your 
code in the same language it was 
wrinen. Code development is accel­
erated as constant program prinL­
oucs are no longer necessarv. Al l 
displays of vour program, including 
the real-time trace buffer, are in the 
form you specify, with options for 
Source only, Source and assembly or 
assembly only. Use your favorite C or 
PL/M compiler with our emulation 
svstem and SourceGate'" co enhance 
productivity of your engineering 
department. If you are working with 
differenL microprocessors, 
SourceGace provides the same imer­
face for each, so learning curves are 
almost nonexistent when switching 
between projects or processors. 

HMI enhances this software 
capabi lity with the most advanced 
line of in-circuit emulators on the 
market codav. SourceGate runs on all 
IBM PC familv computers, Sun Work­
stations and many Unix systems. 

For complete details, contact: 
Huntsville Microsystems, Inc. 
P.O. Box 12415, 4040 South Memorial Parkway, Huntsville, AL 35802 
(205) 881-6005 TWX: 510-600-8258 FAX: 205-882-6701 

CIRCLE NO 111 
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EDN serves 
electronic engineers and 

engineering managers in more than 
100 countries worldwide. 

LITERATURE 

chip peripherals; sample C and as­
sembly-code listings are included. 

Micro Computer Control, Box 
275, Hopewell, NJ 08525. 

Circle No 429 

Source book categorizes 
DPMs and printers 
This 48-pg industrial source book 
highlights numerous applications, 
wiring diagrams, 4- to 20-mA proc­
ess loop schemes, suggestions for 
use , and prices for a wide variety 
of products. A listing of an ex­
panded line of digital panel meters 
includes a battery-operated high­
speed counter, a portable LCD volt­
age-input DPM, and a micro-size 
RTD-input DPM. 

Acculex, 440 Myles St andish 
Blvd, Taunton, MA 02780. 

Circle No 430 

Pamphlets detail SCRs 
These two brochures highlight the 
features of the company's zero- and 
phase-fired SCRs. These features 
include digitally controlled firing 
circuits, variable-time-base control, 

EDN October 13, 1988 



phase-locked-loop synchronization, 
and P Series control options. Di­
mensional drawings and tables, 
model tables with output power rat­
ings, and ordering information com­
plete the publications. 

Halmar Electronics Inc, 900 N 
Hague Ave, Columbus, OH 43204. 

Circle No 431 

Industrial Products 
1987·88 Buyer-'$ Gulde 

Buyer's guide focuses on 
industrial products 
The vendor presents its 10th anni­
versary issue of the Industrial 
Products 1987-88 Buyer's Guide. 
The 170-pg catalog contains listings 
with specifications and prices for a 
wide selection of industrial thermo­
plastics, pipes, fittings, and valves. 
Other listings include flow and ana­
lytical instruments, recorders, and 
metering pumps. 

M&T Plastics Inc, 6715 Joy Dr, 
East Syracuse, NY 13057. 

Circle No 432 

P ublication features 
scientific software 
The 6-pg brochure, Asystant, The 
Scientific Number Cruncher, dis­
cusses the capabilities of the menu­
driven scientific software for data 
analysis and graphics. It describes 
data file I/O and processing, array 
and matrix operations, statistics, 
waveform and signal processing, 
polynomials and differential equa­
tions, curve fitting, built-in utili-

EDN October 13, 1988 
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ties, and graphical presentation. 
The illustrated pamphlet also lists 
system specifications. Descriptions 
of the vendor's products and sup­
port services complete the bro­
chure. 

Asyst Software Technologies 
Inc, 100 Corporate Woods, Roches­
ter, NY 14623. 

Circle No 433 

It's laster 
than phoning! 
Before phoning a supplier to get their new catalog, reach for your 
1988 Thomas Register. Because in its Thomcat Catalog File Sec­
tion, you'll have instant access to 9,128 pages of the latest catalog 
data from 1,430 manufacturers. 

You could save days-or even weeks of time-and increase your 
options enormously. 

If you don't have the latest Thomas Register in your department, 
just use the reader service card for subscription details. Or call 
toll-free: 1-800-535-3232 Ext. 99. (Sorry, we can't make that any 
faster than phoning.) 

Thomas Register of American Manufacturers 

CIRCLE NO 191 
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~National 
~ Semiconductor 

LM6161 /LM6261 /LM6361 
High Speed Operational Amplffler 

General Description 
n,. LM6f8f 1amt1y o1 hogh-.peed a~-xtwt>it9 an••· 
C.1'°'1f ~..powm prodUCI 10 deJNeonQ 300 V / ,..._. and 
50 MHz unity gain •lab#ity Wtth onty S mA of 9UJ)91y ourrent. 
Furthet powet .av,ng9 and appkation oonventeooe are 
por9~ by taking advan1a99 of the wkN dynamk:: ranqe in 
opwafJng 9UPPfY voftage WhfCh ext«Kf9 an the way ctown to 
+5V . 
These ampUI-• are bufU wrch Nahooal' • rMJW v1p r~ (V..U-. 
Cally lntegratod' PNP) P'~ wttrk:h provld09 , •• , PNP Cran· 
*1ot• that are uue ~ni. io thct already last NPN 
device.. This aavaoc«J juncf'.on-dlOfat.O pr004N'• deflvcw• 
h"1h speed perl0tmance wff.l"IOVt the rl98d for compfe• and 
cncpeo.ive dfet9'CfrrC '9ofatiorl 

Typical AC Characteristics 

Step ffe9f'O" .. ; Av - + 1 

Features 
• Hiogt't -.ew rato 
• ~11 unity gaJf'I freq 
• LOW .uppty CUfT9nl 

• Fast eetuing 
• LoW differentlat gain 
• Low dftf.,oowu phaee 
• Wde~ranve 
• Stab'e with unJtmtted capflcitwr 
• Welt t>eNlved: easy to appto 

PRELIMINARY 
.)utMl1987 



Everything you need 
to design-in high-speed op amps. 

For the price of a stamp. 
OUR NEW VIP™ 

OP AMPS MAKE DESIGNING 
EASIER 

Built with National's exclusive 
vertically integrated PNP (VIP) 
process, these new amplifiers 
couldn't be easier to design with -
even for the novice. 

You can use them to develop 
new designs never before practical. 
Or to enhance old designs for ve1y 
little cost - in do llars, power, or 
real estate. 

And we'll send you everything 
you need to get staited - including 
·a free sample. So you can see for 
yourself just how easy it is. 

HIGHER SPEEDS, LESS POWER 

These new op amps feature 
slew rates of 300 V/µs and gain­
bandwidth products up to 750 MHz. 

And they do so without complex, 
expensive, and power-hungry 
die lectric isolation techniques. 

© 1988 National Semiconductor Corporation 

October 13, 1988 

VIP op amps require no more 
power than traditional op amps.You 
can even use the same type of 
circuit-building techniques-with 
very little supply bypassing. 

Because of their unique low 
power dissipation, you can easily 
fit them into predominantly digital 
systems witho ut special analog 
power supplies. 

Our exclusive VIP process and 
device layout give them excellent 
stability. They'll drive a 330 pF 
capacitive load - or any other 
size- with no oscillation. 

The LM6361 is unity gain stable, 
the LM6364 stable for gains above 5, 
and the LM6365 for gains above 
25. We also offer two VIP buffers. 

LOWER COST 

Not only are VIP op amps easier to 
design with than comparable de­
vices but they cost less than a fourth 
as much.They ai·e not made with 
expensive processes. Nor are they 
packaged in expensive packages. 

Instead ofT0 -3s, they are pack­
aged in ordinaiy 8-pin mini-DIP 
or surface-mount packaging. 

They're ideal for video o utput 
stages, data communication sys­
tems, graphics systems, local area 
networks, and sample-and-hold 
circuits. 

MORE CHOICES 

In addition to VIP, National o ffers 
no less than four other major op 
amp processes - bipo lar, BI-FET~ 
CMOS, and hybrid. And each 
category contains many variations 
and subprocesses, so that you 
can choose the optimum building 
blocks for your application. 

SEND FOR YOUR 
FREE SAMPLE KIT 1DDAY 

All you have to do to get your free 
VIP sample kit is to return the cou­
pon below Or - if you don't have 
the price of a stan1p - simply give us 
a call , toll-free, at (800) 252-4488, 
ext. 732. 

~National 
~ Semiconductor 

CIRCLE NO 241 

Please send me my free VIP sample kit with comprehensive data. 

Name Title 

ComRanx·-----------~Pl~1o~n~e'-----------~ 
Address 
Ci!)' ____________ ---'S'""ta""te ______ Zip ____ _ 
ADTL03 FK12000 EON 

Mail to National Semiconductor C01poration, lnqui1JI Processing Center, 
PO. Box6458, Torrance, CA90504 ·9953. 

EDN101388 
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The message at StorageTek 
is loud and clear 

The Future 
is at Hand. 

Storage Technology Corporation is moving forward 
as a determined competitor in the information stor­
age and retrieval industry. We are financially 
healthy. We know our market. We are a leader in 
providing complete solutions to our customers' 
needs. Currently, we are seeking : 

Software Engineers 
Join the motivated team at StorageTek to architect, 
design and develop advanced software elements 
of new StorageTek products. Requirements include 
a BSEE/BSCS and two or more years experience 
in assembly language, " C" , or other block level 
languages. Positions are available in the follow-
ing areas : 

• Functional microcode running in advanced RISC 
engines to operate high performance caching 
disk controllers. 

• Diagnostic microcode that directly exercises 
hardware to determine proper operation and 
evaluate faults. 

• Functional microcode to operate the IPI interface 
of a caching tape controller. 

• Software to interface engineering workstations, 
workstations software and integrated mainframe 
design automation applications. 

• IBM mainframe software running under MVS/ XA 
and MVS/ESA that does functional and perform­
ance tests of 1/0 equipment. 

• Simulation and modeling software written in a 
generalized simulation language (such as GPSS) 
to model operation of 1/0 subsystems. 

Logic Design Engineers 
Design and develop advanced intelligent caching 
disk controllers or high speed intelligent tape/ disk 
controllers. 

To qualify for these design positions you should 
have a BSEE and 2 years experience in logic 
design and/or CMOS gate array design of micro­
programmed tape and/or disk controllers. A sub­
system architecture background is desirable as 
is knowledge of high performance mainframe 
storage systems. 

Power System Engineer 
Join the team who 's developing the next generation 
Data Storage Control Unit. Responsibilities include 
the architecture, specification , design and devel­
opment of the entire power system. Experience in 
linear and switching power supplies, DC power dis­
tribution , redundant and battery back-up systems. 
three phase AC power distribution and protection 
required . Knowledge in power system packaging 
and UL/CSAllEC/FCC requirements also a must. 

The ideal candidate should have a BSEE and 
9 years experience in power systems design 
including a minimum of 5 years in tape or disk 
controller or computer power systems. 

Please send your resume to Jim Meadows. Storage 
Technology Corporation , Department ED59, 2270 
South 88th St., Louisville, Colorado 80028-3159. 
We are an equal opportunity employer. 

The Information Storage 
and Retrieval Company. 

CAREER OPPORTUNITIES 

1988 Editorial Calendar and Planning Guide 

Issue Recruitment EDN 
Date Deadline Editorial Emphasis 

Nov. 10 Oct . 20 Programmable Logic Devices, 
Integrated Circuits, Test & 
Measurements, Wescon '88 
Show Issue 

Nov. 24 Nov. 3 Microprocesso r Technology 
Directory Graphics, CAE 

Dec. 8 ov. 16 Product Showcase-Vol. I, 
Power Sources, Soft ware 

Dec. 22 Dec. I Product Showcase-Vol. 11 , 
Computers & Peripherals, 
Test & Measurement 

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 

EDN News 

Closing: Oct. 2 7 
Mailing: ov. 17 

Closing: Nov. 21 
Mailing: Dec. 15 

TECHNICAL WRITERS 
NATIONAL OPENINGS 

TO $55,000 
Commercial Writers 

Opportunities exist for HARDWARE & SOFTWARE WRITERS exp'd 
writing user, application , program , operating system, maintenance, 
or installation documentation for any of the following: 

Mainframes 
Compilers 
Workstations 
PC's 

UNIX 
·c· 
VAX 
Databases 

LAN 
SNA, X.25 
Telephony 
CAD 

Military/Government Writers 
Pubs Supervisor-15+ writers/instructors, military communica­
tion systems. Reviews, salary/budget plans 

Lead SW Writer-technical manuals, sw data items, sw proposal 
sections. Mgmt ability needed, seed person for new pubs group 

SW Writer - sw development docs. , application manuals 

HW Engineering Writers - exp documenting communication 
systems, fire control, avionics, simulation, radar, etc 

Call Michael Dunn (collect) at (215) 667-noo or send resume to 

JUDGE, INC. 
Suite 402 , 150 Monument Rd . 

Bala Cynwyd, Pa . 19004 • All positions are DIRECT CAREER OPPORTUNITIES with all fees and interviewing ex­
penses paid by client companies 
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AtComp~q 
a first-place finish 

is only tlie beginning. 
When you're setting the pace, you 
don't stop to rest. 

Our people have taken us farther; faster 
than any company in history. Now Compaq 
is the industry leader in 80386-based personal 
computers for business. In 1987, we became 
the fastest company to reach $1 billion in 
annual sales. And our sprint to the Fortune 
500 turned in a record time as well. 

But getting out in front wasn't easy. Staying 
there is even tougher. It takes the careful 
planning and hard work of a team of talented 
professionals. 

Our phenomenal growth has created a 
variety of new openings for professionals 
at our Houston world headquarters. Your 
degree and computer industry experience 
can put you on our winning team. 

Compaq people are individual achievers. 
At the same time, they participate as part 
of a team. As a Compaq professional, you'll 
hit the ground running. Your voice will be 
heard and you'll share in the big picture. 

CAE System Engineers: 
You'll bring on-line new design 

methodologies, develop and execute 
benchmarks and install new software/ 
hardware. Your experience should include 
simulation accelerators, fault grading and 
scan technology. modelling techniques, and 
mainframe and/or super minis. Exposure 
to ASIC and/or UNIX environments is 
desirable. You'll need a BSCS or BSEE, MSCS 
or MSEE preferred, and five years' CAE 
development experience. 

Packaging Engineers: 
As a Compaq Fackaging Engineer, you'll 

help improve the quality of Compaq products. 
You'll need a BS in Packaging Engjneering 
or equivalent degree, plus three to ten years' 
experience in a computer or electronic com­
ponent manufacturing environment. Your 
expertise should include shock and vibration 
testing as well as evaluation of packaging 
cushioning materials. International packaging 
and project management experience 
is desired. 
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Software Audit/Test Engineers: 
Put your design and development expertise 

to the test improving structural software. 
You'll help increase the reliability of PC 
systems and operating systems software. 
With a BSEE or BSCS and five years' software 
quality assurance or testing experience, 
the challenge is yours. Knowledge of 'C' 
and 8086/286/386 Assembly language 
is essential. 

Microprocessor Logic and 
ASIC Design Engineers: 

Challenge your expertise in high-speed 
logic design and/or microprocessor system 
design using flow charts and timing diagrams 
for digital design and detailed design analysis. 
Your experience should include vendor 
libraries, test vector generation, simulation 
checkout, and TIL emulators for gate array 
standard cell design. Familiarity with Cex 
systems used in logic design, test vector 
generation, simulation checkout, and docu­
mentation is also necessary. You must have 
five years' related experience plus a BSEE 
or equivalent degree; and MSEE degree 
is preferred. 

Electrical Design Engineers: 
Responsibilities mclude development and 

evaluation of new mass storage products, 
principally flexible drives. You will perform 
specification, design review, test , failure 
analysis and product support functions. In 
addition, you will monitor and assist as 
required, the start-up phase of vendors pro­
duction line to assure process controls, test 
capabilities, etc. Requirements include a 
BSEE and five to seven years of experience. 

Systems Software Engineers: 
Evaluate, design, and develop firmware, 

operating systems, device drivers, and utility 
software for PC systems. You'll need a BSCS, 
BSEE or equivalent degree with four years' 
related experience in PC software develop­
ment, 8086/286/386 Assembly/'C' language 
programming in MS-DOS, OS/2, and/or 
UNIX/XENIX operating systems. 

Systems Architects: 
Design new products by investigating 

and evaluating system compatibility and 
performance of design alternatives and new 
technologies. You'll develop hardware 
compatibility tests and performance 
analysis tools. 

Qualify with a BSEE, MSEE preferred, 
and three years' hardware background with a 
knowledge of microprocessor-based systems 
software. In addition, experience with CPUs/ 
memory/bus architecture, numeric co­
processors, file subsystems, network/ 
communications, graphic subsystems 
and state machines is required. 

Electrical R&D Engineers: 
Develop and evaluate new mass storage 

products, principally Winchester drives. 
Strong knowledge of all phases of Winchester 
disk drives design, especially Interface, Read/ 
Write, Servo, and Mechanical are necessary. 
Familiarity with MS-DOS, Assembly, and 'C; 
along with a BSEE and five years' experience 
are required. 

Can you run with the leader? 
You won't know until you try. At Compaq, 

the freedom of our unique corporate environ­
ment helps foster the greatest creativity and 
highest levels of personal satisfaction. A 
career with Compaq means you'll have 
room to run. You'll play an important role 
and be recognized for your accomplishments. 

Compaq offers competitive salaries, 
comprehensive benefits and an unequaled 
work environment. In addition to our 
engineering positions, we have a variety of 
ongoing opportunities for select professionals 
in manufacturing, operations, marketing, 
sales, finance and human resources. 

Please submit your resume, salary require­
ments and the position for which you wish 
to be considered to: 
Compaq Computer Corporation, 
Dept. EDN1088-MW, P.O. Box 692000, 
Houston, Texas 77269-2000. Compaq is 
an affirmative action employer; m/f/h/v. 

t'DIRPAQ 
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ALL MIS, DATA PROCESSING, ENGINEERING, 
COMPUTER & SALES PROFESSIONALS 

Explore your career opportunities at leading companies. Talk with more potential employ-
CCC Career Conventions - in Los Angeles. ers in two days than you'd normally see in a whole 

Find your way through the job market jungle by year. Career opportunities that haven't even been ad-
attending the most complete career conference for vertised are waiting for you! 
experienced MIS, Data Processing, Engineering, There'll also be a FREE resume evaluation 
Computer Science, Programming, Technical Sales service on-site in the exhibition hall and FREE copies 
and Marketing Professionals. of Datamation and NOT JUST The Classifieds. 

Two full days of FREE Career Development This window of opportunity to see your future will 
Seminars will guide you along the fast track to only be open FRIDAY, NOVEMBER 4 and SATUR-
getting the right job offers. Learn what they never DAY, NOVEMBER 5 at the Long Beach Convention 
taught you in school - How to Win the Interviewing Center. Friday's exhibit hours are 12:30pm to 
Game, The Art of Networking: One-on-One, Inside 6:00pm, with seminars beginning at 11 :00 am. Satur-
Tips on the Employment Process, How to Make a day's exhibit hours are 9:30am to 2:00pm, with 
Career Change, and much, much more! seminars beginning at 8:30am. Call for your FREE 

Visit an open-house exhibi- Admission Tickets and 
tion featuring hiring managers ~ r I I Seminar Schedule 
fromover40ofthenation's I 01\.. e a NOW! (213)45/Nl831 

Good Look 
at 

Your Future. 
All canponlol 1re direct EqUll Clppollunlty Enoployln. 
U.S. CHlzonshlp required for 101111 pooltlono. 

w .... no1 .. ~-· No..-. 

CCC Career 
Conventions 
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nterthe Ey_ 
of the Ston. 

It's easy for companies to see what's going on around them. 
Market trends. New product developments. Competitive activities. 

What sets Motorola 's Semiconductor Products Sector apart 
is focus on our internal force. The power of a strong partnership 
with our people. People who are the source of innovation. 

It is this 
unwavering belief in employee participation and recognition that 
is the foundation of our technical achievement. That invites our 
continued growth and success. 

When you enter Motorola 's 
Semiconductor Products Sector. you enter a storm of activity that 
excites the imagination of the designing and discriminating mind. 

Specific needs for development and support of our 88000, 
68000 and 56000 product lines has created a world of 
opportunities in Motorola's High-End Microprocessor design 
organization in Austin, Texas for: 

MASK LAYOUT DESIGNER 
Work with schematics. logic diagrams and engineering notes to plan and 
execute topological design of VLSI MPU circuits. Support revisions of 
existing design and direct design staff. Requires Associate Degree and 
2-5 years related experience. 

CIRCUIT DESIGN ENGINEERS 
Perform design and analysis of high speed CMOS circuits related to micro­
processors and peripherals. and assist test/product engineers. Requires 
BSEE and 2 + years experience with knowledge of microprocessor 
functionality and characteristics. 

32-BIT PRODUCT MANAGER 
Responsible for the success of the 32-bit Product Line. Duties include 
forecasts. price strategy, competitive analysis. cost analysis. new product 
introduction. first level technical contact with customers and intra company 
representation. Requires BSEE and 3+ years experience in computer 
systems: MBA helpful. 

PRODUCT ENGINEERS 
Responsible for yield/cost management and improvement. characterization 
of products to support design. manufacturing and quality improvements. 
and customer interface. Requires BSEE and 1-5 years experience with 
knowledge of microprocessor functions and characteristics. 
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SOFTWARE ENGINEERS 
Design. implement and maintain operating 
systems. compilers. assemblers. simulators 
and run-time support packages for the 
M68000. M88000 and DSP 56000 product 
families. Requires BSCS. BSEE or equiva­
lent and programming experience in a 
UNIX C environment and/or Graphics. 

CAD/CAE ENGINEERS 
Design. develop and maintain the 
CAD/CAE tools for integration to design 
engineering system. Requires strong 
knowledge of related tools and standards. 

SYSTEMS DESIGN ENGINEERS 
Responsible for definition/development of 
16/32 bit microprocessor and peripheral 
elements/various combinations and 
development of design methodology for 
ASIC based design. Requires BSEE/BSCS 
and 3-5 years experience or MSEE/MSCS 
and 1-3 years experience including strong 
background in computer architecture and 
High Level Language. Experience in ASIC 
software tool development is a plus. 

In addition to the highly competitive 
salaries and benefits of Motorola. our 
desirable Austin location offers rolling 
hills. clear blue lakes. affordable housing 
and warm Tuxas hospitality. Explore one 
of these opportunities now. Send your 
resume to the attention of Brett Rodgers. 
Motorola Semiconductor Products 
Sector, 1112 W. Ben White Blvd., Suite 
200, Austin, TX 78704. 

@ 
MOTOROLA 
Semiconductor Products Sector 
An Equal Opportunity/Affirmative Action Employer 
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"THIS YEAR WE'RE FACED 
WITH HUNDREDS OF HIRES. 
WE'LL FIND THEM THROUGH 

EDN MAGAZINE AND EDN NEWS.'' 

-

Jeff Champion 
Recruiting Programs 
Manager 
GE Syracuse 

As recruiting programs manager f or GE Syracuse, 
Jeff Champion could rely solely on executive search firms 
and local newspapers to recruit the sonar, acoustics, and 
software engineers he's after. 

But when it comes to hiring qualified engineers for GE 
Syracuse, a major supplier of sonar and radar systems to 
the military, Jeff Champion knows better. "We get a much 
higher qualification rate from EON magazine and EON 
NEWS. In fact, we rely heavily on the two publications." 

That's why the major portion of Jeff's budget is devoted to 
advertising in EON magazine and EON NEWS. As he says, 
"They work well together, with next to no duplication in 
response. In 1988, we'll run monthly in either one, or both, 
of the two publications and build from there." 

' ' ' ti'), 
( 

"' 

Advertising in EON magazine and EON NEWS 
works for GE Syracuse. It can work for you. 

EDN 
Where Advertising Works 



in Clearwater 

Focused on the Future 
We have a vision at Honeywell Avionics , one that only human creativi­
ty can impact. We see the future of space technology as the catalyst 
for discovery in the future and we are firmly committed to helping 
shape that future. Our experience in the areas of onboard data pro­
cessing, guidance, navigation and control , including applications of 
VHSIC, GaAs and ring laser gyros on complex ICBM , strategic defense 
and Space Station projects, has prepared us well. Now we are in­
volved with meeting the challenge of the Advanced Tactical Fighter, 
the National Aerospace Plane and other space projects that will re ­
quire high levels of creativity and innovation . If you would like to par­
ticipate, consider one of the following immediate opportunities: 

• Senior Software Engineers 
• Component Application Engineers 
• Design and Development Engineers 
• Senior Reliability Engineers 
• Software Engineers 
• Senior Systems Engineers 

The positions listed above require a BSEE /MSEE or a BS degree in 
physics, math or computer science with five to ten years of related 
experience. 

As an industry leader, Honeywell offers the opportunity to impact 
the future. For immediate consideration , please send a resume to 
Ann Sherman, (EDN-F30C), Honeywell Avionics, MS 120-1, 
1 3350 U.S. Highway 19 South, Clearwater, FL 34624. An equal 
opportunity employer, m/f/h/v. 

Honeywell 
HELPING YOU CONTROL YOUR WORLD 
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arranty 

• II or send for your FREE 
Technical Guide 

/Otech ... the choice is easy 

• 

lOtech 
(216) 439-4091 ~~0(2~~~~~0~~3 
25971 Cannon Road •Cleveland, Ohio 44146 
London (0734) 86-12-87 • Paris ( I) 34810178 • Zurich (01) 821 944 
Milan 02-4120360 • Llnkoplng 01 3 11 01 40 • Gorinchem 01830-35333 
Sidney (2) 452 383 1 •Seoul 784-9942 • Mun ich and other European, 
North African and Middle Eas1 countries nm liued (089) 710020. 

340 CIRCLE NO 116 

Multi-Channel Filter for 
Data Acquisition Systems 

The Model 9016 makes filtering easy 

Expandable-Up to 16 channels 
Configurable-Choice of filter trans­

fer functions 
• Butterworth 
• Elliptic 
• Bessell 
• Linear phase 

Simple- Menu driven operation 
Agile-Fine tuning from 0.1 Hz 

to 102.4 kHz 
Adaptable- Pre- and post gain 

to 40 dB 

For more information, 
please call us at 
617-374-0761. 

Efficient- Non-volatile memory 
stores up to 8 set ups 
per channel 

Conversational-SO character dis­
play for front panel 
operation, and 
HELP messages 

Programmable-By keypad or 
bus-standard 
parallel or 
IEEE-488 

FREOUEnCY 
DEVICES '" 

CIRCLE NO 234 

Be An Author! 
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 electronics 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 publications-please circle number 800 on the Information 
Retrieval Service Card. 

First in Readership among Design Engineers and Engineering Managers in 
Electronics. 



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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Design tips to simplify actuation 

Heat sink bracket improves 
solenoid actuator 
performance. See below. 

These tips make solenoids more 
attractive than ever for designing high 
quality, reliable, long life actuators: 

1 Specialized types. For example, 
we offer rotary solenoids with or 
without axial movement, with 

standard life from millions to hundreds 
of millions cycles. Extremely high 
speed/high force models extend 
yesterday's limits. Soft Shift'" solenoids 
allow precise variable speed control. 

9 sizes of Lucas Ledex LD 
rotary solenoids. 
Torque output to 117 

lb-In~. 

. 

4 sizes of Magton 
rotary solenoids. No 
axial displacement. 

42 standard open 
frame and D frame 
solenoids for high 
volume OEM. 

Short, medium, and 
long stroke linear 
solenoids. 

2 Controllable characteristics. 
Virtually every parameter can be 
optimized, either by selection of 

the right model, or by solenoid design 
optimization. Low cost digital controls 
are easily applied. For example, to 
maximize quiet operation a digital 
current ramp generator makes a Soft 
Shift solenoid practically noiseless. 

3 Versatility unlimited. Any rotary, 
linear, or combination motion 
can be achieved using a 

solenoid and linkages to change stroke 
length or direction. For example, here 
are two locking mechanisms, of many. 
Lucas Ledex can suggest approaches, 
or furnish the whole package. 

Armature 
lever 

Shaft bar 
link 

Lever A 
Advantage " '< :0 

0 

4 Design actuators faster. Want to 
develop breadboards and 
prototypes faster? Choose 

solenoids because you can get working 
hardware fast, by phone if you're in a 
rush. We stock hundreds of types and 
models, and our applications staff can 
help you select. Compared with some 
actuators, solenoids are relatively 
low in cost. 

5 Mounting cools solenoid. 
Solenoids can concentrate a lot 
of electrical energy in a small 

package. Plan to mount the solenoid on 
a heat sink, such as an aluminum plate 
or bracket for best performance. 

Want to know more? 
Request catalogs. 

1-800-999-0009 
for nearest sales office 

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

Lucas Ledex ~" 
helpful motion control technology 
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Our new 256Kxl and 64Kx4 Mighty Memory 
CMOS SRAMs are ready to take on your heavy­
weight advanced architecture design projects. 

Perfect for high performance applications 
such as 
Military 1750, 
DSP,AW, and 
other 32 bit 
micro designs, 

our Mighty Memories are available now in DIP and 
LCC. Both devices feature speeds to 35ns in 
standard and low power versions, MIL-STD-883 
Class B screened. 

EDI is also listed as an approved source on 
256Kxl and 64Kx4 DESC-SMD drawings. 

High density. High speed. low power The new 
Mighty Memory 256K Static RAMs from EDI, the 
high performance military Static RAM leader 

EDl's last new 256K CMOS Static RAMs, 
available now In 256Kx1 and 64Kx4 with 
JEDEC standard plnouts, DIP and LCC. CIRCLE NO 100 

~EDI 
The future ..• today. 

ELECTRONIC DESIBNS INC. 42 South Street Hopkinton, MA 01748, USA, (511J) 435-2341, TFX: (508) 4356302, TELEX 948004 
ELECTRIJNIC OESIBNS EURIJPE, Shelley House, The Avenue. lightwater. Surrey GU18 5RF. United Kingdom, Phone: 0276 72637 TELEX 858325 



Well-bred hybrids. 
Mizar's Hybrid Server combines noble blood lines. 

The Marriage of Real-Time and UNIX® 
Mizar's Hybrid Server™ system unites the features 
of UNIX with real-time performance. Each Hybrid 
Server couples a UNIX front-end from Sun Micro­
systems with a high performance Mizar real-time 
subsystem. Based upon Wind River Systems' 
VxWorks™ Real-Time Operating System, the real-time 
subsystem offers an embedded multitasking kernel , 
interprocessor communications, file management 
facilities, a choice of processors including SPARC™, 
68010, 68020, and 68030, and a variety of peripheral 
options. Each Hybrid Server is fully integrated in a 
single enclosure and ready for your application. 

Advanced Real-Time Networks 
To supplement these features, Mizar's Hybrid Server 
includes options for networking. Through Ethernet™ 
and VxWorks, you can assemble networks of 
windowing Hybrids for sophisticated real-time 
management and control. Mizar servers can 
even reside in Sun networks with capa-
bilities for remote login to Sun work­
stations and network file access. 

Hybrid Server is a trademark of Mizar. Inc. 
Sun logo is a registered trademark of Sun Microsystems. 
SPARC is a trademark of Sun Microsystems. 
UNIX is a registered trademark of AT&T. 
'h!Norks is a trademark of Wind River Systems, Inc. 
Ethernet is a trademark of Xerox Corp. 

Mizar. 

Exceptional Systems Development 
To simplify application development, use your Hybrid 
Server to create the most complete real-time devel­
opment system available. Each Hybrid includes all 
the tools you need to develop code for your real-time 
targets. Develop under UNIX, download over the 
VME backplane, and debug using advanced real-time 
software. You can even choose an optional source 
level debugger. 

Experience the power and flexibility of a Mizar 
Hybrid Server. Call today. 

1-800-635-0200 

The shortest distance between 
concept and reality. 

MIZAR 



LOOIGNG AHEAD 

Contamination control 
crucial for IC manufacturers 
To achieve any kind of sustained 
growth, US semiconductor manu­
facturers must work closely with 
semicond uctor-eq ui pm en t and 
-materials suppliers in addressing 
and solving the problem of contami­
nation in the the fab area, according 
to The Information Network (San 
Francisco, CA). Contamination and 
particulates in the fab area signifi­
cantly affect the production yield 
for semiconductors. What's more, 
as device dimensions decrease, the 
issue of particulate contamination 
grows even more significant. 

The researchers recommend the 
goal of a zero-contaminant environ­
ment for US manufacturers . 
Achieving this goal would require 
stringent clean-room standards, 
and managers would have to en­
courage their employees to be dili­
gent in promoting the cause. Com­
panies should also scrutinize their 
suppliers. Another problem to be 
solved is the lack of standards. The 
Information Network points out 
that a lack of standard guidelines 
creates confusion in the industry. 
Class 10 clean-room air, for exam­
ple, contains 0.00035 particles 
larger than 0.2 µm per ml. On the 
other hand, standard-grade proc­
essing chemicals contain 100 to 
100, 000 particles larger than 1. 0 µm 
per ml. Low-particulate chemicals, 
which can cost four times more, con­
tain 10 to 500 particles per ml. 

The cost of R&D-and of the 
equipment necessary to properly 
test and then correct faulty condi­
tions-mandates management in­
volvement. The cost of a Class 1 
clean room, for example, entails a 
substantial commitment: One 
15,000-sq-ft clean room with a ca­
pacity of 15,000 6-in. wafers per 
month and located within a 60,000-
sq-ft fab building costs $15M­
unequipped. 

Purification methods must be the 
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best available. Current methods in­
clude catalysis, chromagraphy, dis­
tillation, electrostatic precipitation, 
and molecular sieve. And the kind 
of testing equipment usually found 
only in the research laboratory 
should be used in the manufacturing 
process. Manufacturers should test 
incoming chemicals and materials 
on a lot-by-lot basis. 

The Information Net work recom­
mends that manufacturers bench­
mark their suppliers. Pricing, for 
one thing, involves more than the 
bottom line. To find the best buy, 
manufacturers should rate the full 
price-support package, including 
field support, process support, and 
supplier stability. 

Manufacturers should also con­
sider each supplier's attitude and 

Color-copier market to see 
$860M in revenues in 1992 
As the use of color hard copy in­
creases, so does the need to repro­
duce multiple copies of color origi­
nals. Consequently, within the next 
few years, full-color copiers will be­
come standard equipment for of­
fices, predicts CAP International 
Inc (Norwell, MA). It projects that 
the total color-copier market will 

look at the reputation of the com­
pany, its willingness to negotiate, 
and its repeat-customer base. The 
benchmarking process should also 
include checking out how respon­
sive the supplier was to proposed 
changes during the beta testing of 
its system, and whether the com­
pany has the staff to make its prom­
ises of support into a reality. 

Understanding the sources of 
contaminants-such as the particu­
lates a machine can generate-is 
crucial to understanding lower de­
vice yields. Finally, in addition to 
sophisticated monitoring and rigor­
ous calibration methods, a simula­
tion of the production mode for mul­
tiple wafer processing is necessary 
for complete testing and control. 

reach $860 million by 1992, a dra­
matic rise from the 1987 figure of 
$65 million. CAP predicts that elec­
trophotographic copiers will be the 
fastest-growing segment of the 
market during the forecast period. 
More and more electrophotographic 
color copiers are entering the mar­
ketplace with improved speeds and 
lower prices. 

MARKET FOR COLOR COPIERS 
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From power supply to 
power distribution, Molex makes 
the connection. 

Molex, the industry leader, 
now offers the most complete line 
of pin and socket connectors 
available. From standard wire-to-wire 
and wire-to-board versions, to the 
new high-performance "Mini-FitJr." 

Mini-Fit Jr. meets 
today's demand for miniat:uriud 
design components. 

With current handling 
capability of up to 9 amps per 
circuit, and a connector mating 
force of only 1.54 pounds per 
circuit, the Mini-Fit Jr. offers the 
ideal solution to your high current 
and high density interconnection 
requirements. 

e: 
~ ,.,. 

~ 
! •~!--+--#---+' ---- -+--+-+--+~ 
~ 

2a11GU1T 
16ClllCUIT -

Molex is THE source 
for immediate delivery of 
pin and socket products. 

Molex has factory stock and 

Mini-Fit Jr. is our new generation 
power connector for your panel-to­

wire, w ire-to-wire, and board-to­
wire applications. 

distributor inventory around the world. Our pin and socket 
connectors meet full UL, CSA, VDE, and EAMCL standards. 
Features include silo protected terminals, positive lock, and pull 
tabs. They're available in brass or phos-bronze, with tin or selective 
gold plating for low cost and high performance. 

Molex has the pin and socket connector you need, in the size 
and configuration you need, for every discrete wire application . 

Service To The 
Customer ... Worldwide 

r:'\I ® mo ex 
'---./ 

Corpomte He,adquarters: 2222 Wellington Ct., Lisle, IL 60532 USA, (312) 969-4550 • European He,ac/quarters: Munich, West Gennany, 49-89-4960937 
Northern Asia He,ac/quarters: Tukyo, Japan, 03-487-8333 • Southeast Asia He,adquarters: Jurong Town, Singapore, 65-265-4755 
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We build anonymous modems 
for our famous friends 

Some of our best OEM customers 
don't want to be identified; we 
understand. They're among the 
world's leading suppliers of com­
puters, intelligent terminals, 
graphics and engineering work­
stations and other equipment 
that requires built-in data 
communications capability. 

These well-known companies 
have selected UDS as their modem 
supplier because we provide front-

Created by Dayner/Hall , Inc., Winter Park, Florida 

running technology, superb manu­
facturing capability, unmatched 
customer support ... and discretion. 
In a word, UDS modems give their 
products the kind of reliability 
they like to claim as their own. 

UDS has a broad selection of 
OEM "standard" designs on file; 
we also offer industry-leading 
capability for the development of 
custom boards. Combined, these 
two approaches have already 

placed more than 3,000 modem 
designs into active field service. 

If you're one of the big boys 
- or if you want to solve data­
comm problems the way the big 
boys do - find out what UDS 
recommends as a cost-effective 
solution for you. Contact Universal 
Data Systems, 5000 Bradford 
Drive, Huntsville, AL 35805. 
Telephone 205/721-8000; 
Telex 752602 UDS HTV. 

Universal Data Systems 
® MOTOACX.A INC. 
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The cost advantages of using 
flat cable are well known. Unfor­
tunately, flat cable applications 
have been somewhat limited 
due to the lack of sophisticated 
shielding and cable design. 
Until now. The same advanced 
technology which has made 
Belden a leader in round cable 
has now been successfully inte­
grated in flat configurations. 
From the simplest form of lami­
nated cables to sophisticated 

I designs utilizing combinations 
of foil and braid shielding, 

There is no equai:M 

Copyright © 1985, 1987 Cooper Industries, Inc. 

BELDEN 
REDEFINES 

FLAT 
CABLE 

TECHNOLOGY 
-Belder:Wntegfates-the 

cost-effectiveness of flat cable 
with new design sophistication. 

nate traditional design conflicts 
with innovative solutions. That's 
why There is no equal. For more 

Belden offers one of the most 
comprehensive flat cable 
product lines. Shielded or 
unshielded, twisted or straight, 
jacketed or unjacketed, PVC or 
FEPTeflon*-all Belden® flat 
' DuPont trademark 

See our catalog in EEM 

cable is made to the same 
uncompromising level of 
quality. 

Flat cable and connectors from 
Belden: we're helping you elimi-

CIRCLE NO 78 

information on 
Belden Flat 
Cable and Con­
nectors, request 
our Master 
Catalog 885. 
Belden Wire 
and Cable, 
P.O. Box 1980, 
Richmond, IN 47375. 

1-800-BELDEN-4 

~ BELDEN 
COOPER 
INDUSTRIES 


