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When World Class Precision 
and Performance Are Required 

Highest precision available with 10 MV input offset voltage 
from Raytheon. 

Raytheon's RC4077 Series high-precision 
op amp family offers the highest perfor­
mance in the industry. Looking for the 
lowest input offset voltage-Raytheon 
has it. The lowest power dissipation­
Raytheon has it. The 4077 Series can 
upgrade your system to new heights of 
precision and performance. You can 
depend on Raytheon's reliability and 
advanced design techniques to enhance 
your system. 

0 Ultimate pre<;ision: ± 10 µ V maxi­
mum guaranteed input offset voltage, 
delivered in a variety of package types 
including low-cost commercial plastic 
D!Ps, sets the RC4077 series apart 
from other precision op amps. No mono­
lithic op amp-except noisy chopper­
stabilized types-has better Yos perfor-

mance. Additionally Raytheon offers an 
8-lead SOIC specified at ± 25 µ Y. 

0 Well balanced specs: 
18 : 2 nA maximum 
Gain: 5 million minimum 
Power dissipation: 50 mW maximum 
CMRR: 120 dB minimum 
PSRR: 110 dB minimum 

0 Companion product: Rayt heon's 
LTIOOI high-precision, high-perfor­
mance op amp follows RC4077's lead 
with a very low 15 µ V offset voltage. 
The LTIOOJ offers 2 nA offset current 
and ga in of .45 million minimum. 

0 No wait: The RC4077, LTIOOl and 
other members of Raytheon's broad line 
of op amps are avai lable now from your 
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local distributor. The RC4077 with 
10 µ V offset is priced at $3.00 each in 
100-piece quantities. 

Ca ll Rayt heon for access to the right 
operat ional amplifier technology at 
the right price. We offer the precision 
and performance your system needs 
to compete. 

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

Access to the right technology 

Raytheon 



wo sides to this story ... 
' 

· . Side One: , . . 
' ' ' 

Highly integrated 16-bit industrial computer 
Ziatech's NEC VSO-based single board computer, the 
ZT 8816, packages the features of several STD boards into a 
unique, dual-sided surface-mount design. The ZT 8816 
tackles demanding industrial applications with a 16-bit 
data bus, an 832K on-board memory capacity, a real-time 
battery-backed clock, AC/DC power-fail protection, OMA 
controller, an interrupt controller, two serial channels, and 
three counter-timers. 

For the rest of the story ... 
Free Technical Brochure 

Call today for the ZT 8816 Technical Data Sheet and the 24-
page STD DOS Technical Brochure. With more information 
on what the ZT 8816 can do for your industrial application, 
you may start seeing the Ziatech side of the story. 

(805) 541-0488 

IBM AT-compatible industrial computer 
The ZT 8816 is more than just the most advanced STD Bus 
computer hardware on the market today. It is designed to 
operate PC DOS or ROM-based user programs such as the 
VRTX multitasking kernel. Development tools are available 
to provide a large range of target system software architec­
tures. STD DOS VSO on the ZT 8816 delivers IBM AT per­
formance and compatibility with optional networking, 
EGA video, disk and bubble memory subsystems, multi- . 
processing, and a device driver library. Ziatech's exclusive 
Virtual System Console supports easy development 
through a host PC by transparent resource sharing. 

MEMBER 

STllVG 
STD MANUFACTURERS GROUP 

:§1 IZIATECH 
CORPORATION 

3433 Roberto Court 
San Luis Obispo, California 93401 USA 

ITT Telex 4992316 
FAX (805) 541-5088 

Telephone (805) 541-0488 
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WHY VIC? ASK THE 
VME CONSORTIUM. 

"For a bunch of companies 
that don't always agree on 
everything, we sure were 
unanimous on VTC." 

The VME Consortium needed an economical, yet highly 
functional VME bus interface chip, to minimize design time 
. .. and to help raise the VME standard to higher levels. 

"We looked at the leading suppliers," said Joe Ramunni, 
consortium chairman (and president of Mizar), "and VTC came 
out on top. Their CMOS standard-cell ASIC approach gave us 
the high drive capability we needed, optimized for bus inter-
facing. And, it proved much more cost-effective, with higher 
performance, than gate array technology." 

The VME Consortium is made up of such firms as Plessey 
Microsystems, Omnibyte Corporation, Mizar Inc., Ironies Inc., 
Heurikon Corporation, Matrix Corporation, and Clearpoint Inc., 
among others. What did they look for in a supplier? 

"We needed a credible business partner," said Ramunni, "with a 
proven track record, who could provide a turnkey package . . . both 
design and fab. A supplier that could produce in quantity, and provide 
technical support to the market at large. 

"We also needed a firm with an international marketing structure, 
because we expect this chip to be the de facto standard worldwide. 

"But, we needed people we could work with, too. VTC had the right 
'comfort factor'." 

Jack Regula, consortium technical director (and VP-R&D, Ironies) 
added: "Our requirements for high speed, high gate-count, low power 
consumption, and VME bus drive capability were all met well with VTC's 
1-micron CMOS standard cell library. And we were extremely impressed 
with VTC's facilities, its people, and its customer list." 

In the future, the VME bus chip (VIC) will become a standard cell within 
VTC's CMOS library, to allow customers to further customize the chip. 

Shouldn't you be getting to know VTC, too? You'll be in good company 
when you do. Call or write us today, and we'll send you our short-form 
product catalog, which describes our product offerings in linear signal 
processing, high-speed CMOS logic, mass storage ICs, bipolar ASIC, and 
CMOS ASIC. 

VTC Incorporated, 2401 East 86th Street, Bloomington, MN 55420. 
(In Minnesota, 612/851-5200.) Telex 857113. 

CALL 1-800-VTC.VLSI 

VTC Incorporated 
Performance, Pure & Simple'" 

k Regula. 
d Jae 

. rnan (left), an consortiUrTI· 
Rarnunni. ch~E rechnoloQY 

Joseph I director. v 
1echn1ca 
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Side b side comparison of 
our da a logger and theirs. 

Wavetek has brought an 
exciting new dimension to data 
logging-small. Our Series 50 Data 
Logger is a fraction the size and 
considerably less expensive than 
the one on the right. And our data 
logger is light enough to be easily 
carried by mere mortals. When 
you compare the rest of the 
features, the competition drops 
right out of sight. 

For instance, the Series 50 
Data Logger scans 260 channels, 
provides digital and stripchart 
printouts and can operate on its 
internal battery for days, storing 

© Copyright 1988 Wavetek Corporation 

up to 100,000 readings in non­
volatile memory. 

Even more amazing is what 
the Series 50 measures, including: 
• DC Volts and true RMS 

AC Volts 
• Temperatures, 6 Thermo-

couple Types, °C, °F, °K 
• AC/DC Current 
• DC Watts, AC Volt-Amperes 
• dBw, dBm 
• Frequency and Period 
• Pulse Width, Time Interval 
• Events (Counter) 
• Resistance and Continuity 
• Diode Junction Voltage 

CIRCLE 197 FOR LITERATURE CIRCLE 198 FOR DEMONSTRATION 

All are STANDARD FEATURES, 
not options! In addition , there are 
four independent AID converters, 
so you can make four different types 
of measurements simultaneously. 

We could go on for pages, but 
rather than weigh you down with 
specifications, we'd rather show 
you how Series 50 will make your 
job easier. Please call, or write for 
our brochure. Wavetek San Diego, 
Inc. , P.O. Box 85265, San Diego, 
CA 92138. Tel. (619) 279-2200; 
TWX 910-335-2007. 
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Smart power supply 
designers get more with less. 
Five new 
high-voltage 
switchmode ICs 
for more efficient 
high-frequency 
power conversion. 
1to20W at >80% 
efficiency. 

Smart power supply designers want to get more with less. You 
want more power-with less supply current, travelling through 
fewer parts, over minimized board space. That's why we have 
SMARTPOWER solutions such as switchmode devices that con­
vert high-voltage, unregulated DC to low-voltage output. 

Our proprietary D/CMOS process makes it possible to integrate 
all of the active components in a DC/ DC converter. The result­
reduced design cost and increased system functionality. 

The high-performance features of these products are embed­
ded in the Siliconix' SMARTPOWER core architecture. Adapting 
this core to meet specific application requirements, Siliconix can 
meet your power conversion needs. 

DEVICE DESCRIPTION 
Si9100/01 High-voltage (10-70 V) switch· 

mode regulator with on-chip 
150 V, 5 O MOSFET switch 

Si9102 High-voltage (10-120 V) switch­
mode regulator with on-chip 
200 V, 7 0 MOSFET switch 

Si9110/11 High-voltage (10-120 V) switch­
mode controller with high-speed, 
source-sink output drive 

These switchmode 
devices are ideal for 
distributed power 
supplies in telecom 
applications such as 
ISDN and PBX systems, 
as well as industrial 
control equipment 
and avionics 
systems. 

Call 1 (800) 554-5565, Ext. 636 for a free sample. 
Dial our toll-free hot line now! Ask for your free Power 
Conversion Design Kit. It includes your sample, data sheets 
and application notes. 

2201 Laurelwood Road , Santa Clara , CA 95054 © 1988 Siliconix, Inc. 
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DESIGN FEATURES 
Integrated Circuits 
Current-feedback op amps 
ease high-speed circuit design 

84 

Because the( re free from g<1in-band\\'idth limitations, currrnt­
tl:cdback op amps excel in high-frcqurncy and fast-settling circuitn·. 
The latest models also <Khicvc a fair amount of de <lCC Lir<lC \' \\'ithout 
sacrificing speed- an import<lnt considcr<ltion \\'hen vou 'rc designing 
high-frcq urncv circuits such as flash A/D comntcrs.- /'ctcr Hamid, 
Eumpcm1 Editor 

Power Sources 
High-power switching supplies 
stress efficiency 

162 

Manufacturers of high-po\\'cr supplies trnd to cmph.1sizc dticicnC\' 
m ·er other performance considerations. Most of these supplies operate 
at frcqurncics \\'ell belo\\' I 00 kHz and use halt~ or ti.ill -bridge circuits. 
Yet some m<rnufacturcrs arc shifting to higher frcqurncies .rnd to the 
use of po\\'er MOSfEls instead of bipolar transistors.- Dnl'c l'rvcc, 
Associate Editor 

Hardware and Interconnect Devices 
Multilayer backplanes require 
careful design specs 

208 

Dense, mu 1 ti laver backplanes .lrc nccessarv for connecting tmLl\' 's 
hc<wilv populated daughter boards. But to get the highest pert(ir­
m<rncc out of \'our S\'Stcm , ~ ·ou h<ll"L' to keep in mind design consider.1-
tions that reduce noise and pre\·cnt transmission degrad.nion .- J J) 

Moslcv, l?t~rrimm/ l:ditor 

Software 

Integrated tool sets simplify 
software cross-development 

The pre\·aknce of va rious tvpes of \\'orkstations h<1s not onh-

252 

au tom<ltcd some sofrw<lrc-dn·elopmen t tasks- it 's .1lso crc.ued <l nn:d 
for sophisticated cross-dn·clopmcnt tools . Using these p<Kbges, \'Ou 
un no\\' \\'rite software more casih- and dticicnth- for embedded . . 
S\'Stems or for structuralh· dissimilar µPs.-C/Jn~'" 'fri71', ilssocintc Frfitor 

Continued on page 7 

EON · (ISSN 0012-7515) is published 40 times a year (biweekly with 1 additional issue a month , except for July which 
has 3 additional issues) by Cahners Publishing Company, A Division of Reed Publ ishing USA, 275 Washington Street, 
Newton, MA 02158-1630. Terrence M McDermott, President; Frank Sibley, Electronics/Computer Group Vice President; 
Jerry D Neth , Vice PresidenUPublishing Operations; J J Walsh, Financial Vice PresidenUMagazine Division; Thomas 
J Dellamaria, Vice PresidenUProduction and Manufacturing. Circulation records are maintained at Cahners Publishing 
Company, 44 Cook Street, Denver, CO 80206-5800. Telephone: (303) 388-4511 . Second-class postage paid at Denver, 
CO 80206-5800 and additional mailing offices. POSTMASTER: Send add ress corrections to EON ' at the Denver 
address. EON ' copyright 1988 by Reed Publishing USA; Saul Goldweitz, Chairman ; Ronald G Segel, President an<1 
Chief Executive Officer; Robert L Krakoff, Executive Vice President; William M Platt . Senior Vice President. Annual 
subscription rates for nonqualified people: USA, $100/year; Canada/Mexico, $115/year; Europe air mail, $135/year; 
all other nations, $135/year for surface mail and $210/yearfor air mail . Except for special issues where price changes 
are indicated, single copies of regular issues are available for $6, $8, and $10 (USA, Canada/Mexico, and foreign) . 
Please address all subscription mail to Eric Schmierer, 44 Cook Street. Denver. CO 80206-5800. 

5 



Fluke breaks the old mold. 

The Fluke 37. A bold new shape 
emerges with more features for the 
money than any other bench DMM. 
Period. 

Dollar for dollar, the new Fluke 37 is 
unbeatable. In addition to its breakthrough 
design - with built-in handle and storage 
compartment - it has all the high-perform­
ance features of the world 's best, most 
reliable 3% digit DMMs. 

Autoranging, to eliminate guesswork. 
Audible Continuity, so you don't have to 
look at the display. An exclusive analog 
and digital display, for the best view of 
the signal being measured. Superior EMI 
shielding. And user-friendly features like 
auto self-test, auto battery test and auto­
polarity. All this, plus a two-year warranty. 

And, how many other $249 bench 
meters give you these features? Min-Max 
recording, for monitoring signals. 38 
components dedicated exclusively to input 
protection. Relative mode, to help you cal­
culate changes in readings. And Fluke's 
patented Touch Hold, to give you an extra 
set of hands when you're taking critical 
measurements. 

None. Not at $249. Not at any price. 
For your nearest distributor or a free 

brochure, call toll-free anytime 
1-800-44-FLUKE, Ext. 33. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

John Fluke Mlg. Co .. Inc. P. 0 Box C9090. M/S 250C. Everett. WA 98206. Sales (2061356·5400. Other (2061347-6100 
©Copyright 1988 John Fluke Mlg. Co .. Inc. All rights reserved. Ad No 018H37 
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FLUKE37 
$249· 
0.1 % basic de accuracy 
Analog / Digital Display 
Volts. Ohms. Amps, Diode Test 
3D kHz AC bandwidth 
Fused 1DA Range 
Integral handle, storage compartment 
2·year warranty 
•suggested U.S. list price. effective January 1, 1988. 

IFLUKEI =====® 
EDN July 7, 1988 
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PRODUCT UPDATE 
Microcontroller chip 
Sequential-sampling digital scope 

PRODUCT REVIEWS 
Integrated Circuits 
Power Sources 
H ardware and Interconnect Devices 
Software 

DESIGN IDEAS 
Latched bus provides foolproof 110 
State machine controls PLD programming 
Watchdog timer avoids µP overhead 
Flip-flop multiplies input frequency 
Flip-flops arbitrate shared resource 

LITERATURE 
Computers and Peripherals 
Components 
lnstn1ments 
Computer-Aided Engineering 

67 
68 

100 
174 
219 
260 

276 
277 
278 
279 
280 

285 
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289 
291 
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We've Invented the Future of 
Instrumentation Software ... Twice. 

With Pictures With Words 
Acquisition 

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

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

Front panel user interface with virtual 
instrument block diagram programming. 

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

statistical analysis. 

Over l 00 analysis functions plus all the 
built-in functions of your language. 

Over 250 icons for computation and 
analysis. 

Presentation 
Flexible high-performance graphics and report generation. 

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

Macintosh Desktop Publishing compatibility. 

The Software is tbe Instrument 

Lab Windows'"- Lab VIEW®-

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

/or the Apple Macintosh 

Circle No. 68 for Lab view 
Circle No. 69 for Lab windows 

EDN July 7, 1988 
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Another computer m~·rh-that of the p~1pcrless otlice- finallv comes 
to an end. 

PROFESSIONAL ISSUES 
Ho\\' two engineers built- and ne;1rlv lost- their business.- Dcbom/; 
As/nm1d, Associate Editor 

LOOIUNG AHEAD 
Electronic still imaging to gross $540M tn 1992 . .. Demand for T3 
test dn·ices is n peered to boom. 
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315 
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A product-oriented design aid 
·fo s;1n· \ 'OU rime in \'our dforts to keep current, EDN\ editors h~l\'e 
surn:\'ed the ne\\·-product otll:rings from thousands of companies, 
screrning and selecting onlv the most significant of those otkrings in­
troducnl in the bst six months. We present our findings- the best of 
the best- in a format de,·isn1 to make \'our product selection as easy as 
pos~ible . You cm keep this Product Showcase as a rdi.:rence until the 
nnt one that cm·ers these four key product areas appears in December. 
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At Mentor Graphics, 
we know better. And 
so do our customers. 
Skeptical about "systems" electronic 
design automation? 

You should be. Because in many cases, it's a 
triumph of form over content. Look behind the 
facade of so-called "systems" design automation 
tools, and you'll find little substance, if any. 

Buy into this kind of systems design methodol­
ogy, and you're participating in a very costly experi­
ment. With highly uncertain results. 

They preach. We practice. 
There's only one practical yardstick for evaluat­

ing a systems design solution. And that's how 
many successful products it has produced. Apply 
this measure and the field narrows dramatically. 
Essentially, down to a single vendor. 

Mentor Graphics. 
For over five years, our customers have been 

turning out sophisticated board products with our 
EDA tool set. Repeatedly. 

Test their claims. 
Some interesting (and essential) questions you 

should ask potential EDA vendors: 
Does your tool set have a common database 

and user interface? Does it extend from design 
definition through completed PCB 
layout? 

Does your workstation lead the 
industry in ASIC library support? 
Can you include ASICs in board 
simulations? 

Can your tools manage 1000-
page product documentation 
projects? Have you integrated 
mechanical packaging and analysis 
into the electronic design and lay­
out process? 

Anything less than a perfect ~ 

This 32-bit pro­
cessor board was 
designed and 
simulated on 
Mentor Graphics 
workstations by 
Sequent Computer 
Systems for its 
multi-processor 
Symmetry computer 
system . It contains 
over 175 IC compo­
nents including 
80386 processors, a 
14,000-gate stand­
ard cell and two 
10,000-gate arrays. 
By simulating at the 
board level, Sequent 
was able to bypass 
breadboarding and 
proceed directly 
to fabrication 
prototype. 

Experience makes the difference. 
When we speak about systems design automa­

tion, we speak from experience. We have the 
largest customer base in the industry, and with 
good reason. Over 70 % are repeat customers 
who've realized genuine value added from our 
products and seek to expand their competitive 
advantage. 

To be continued. 
So much for the present. We're already develop­

ing new EDA tools for systems design that will 
extend to every dimension of electronic product 
development. From high-level systems descrip­
tions to CASE. It's what our customers expect. It 's 

what we'll deliver. 
It's all part of a 

vision unique to Mentor 
Graphics, the leader in 
electronic design auto­
mation. Let us show 
you where this vision 
can take you. 

Call us toll-free for 
an overview brochure 
and the number of your 
nearest sales office. 

score is a total loss. Perfect means ~ t::::a 
each item must be backed with ~~: .. -
the production-proven per- _ _..~ 
formance only Mentor ~/. z ,~ 
Graphics can provide. · ' ' '/.flf.t.W ~ 

Phone 1-800-547-
7390. (In Oregon, 
call 284-735 7). 

GMmtor. ra..,. .1cs 
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Everyone thought gate arrays 
would be a great solution to their 
semi~custom design needs. Then 
they designed one and discovered 
that "semi~custom" translated 
into ''expensive'.' "time consum~ 
ing" and "risky" 

- ::::---· -

. The solution to the solution. 
Meet the Logic Cell'" Array­

the first Programmable Gate Array 
It's a high density CMOS chip of un~ 
matched technology that's user pro~ 
grammable where it's easiest for you 
to program-in software. 

Your development cycle is cut 
to a week or two instead of six 
months. So you can get your product 
to market that much sooner 
12 

, 

_ _ .. to verify your 
design in hardware. And if you need 
to change your design you can do it in 
a matter of minutes. Not months. And 
you won't have to spend any more 
money 

9000 wa~ to get ahead 
of schedule. 

The Am2000 series has densit­
ies from 1000 to 2000 usable gates 
and the Am3000 series has densities 
from 2000 to 9000 usable gates. With 
those densities (we'll have even high~ 
er densities later), you need fewer 
parts to get the same functions as 

EDN July 7, 1988 



EPLDs or discrete logic. 
There is no other PGA technol-­

ogy available today And over 5000 
designers are already using it. 

Even getting started is easy. 
Your investment is minimal.You 

don't have to finance months of NRE. 
You can get started for the price of a 
PC (which you probably already have) 
and some software. 

PGAs are the epitome of the 
just-in--time product. They are the 
only gate arrays stocked in produc­
tion quantities at your distributor 
And they're programmable instantly 
Which means you can go from design 
to production as fast as you need to 

,,. 

Even overnight. 
See for yourseH. 

Contact us for a free diskette 
that gives you a detailed product 
overview, an interactive session 
where you can plug in your own de-­
sign criteria and find out how PGAs 
can help your design. Part of the PGA 
development software is included so 
you can get started saving time and 
money right away 

Just call (800) 222--9323. Or drop 
us a line. 

Advanced Micro Devices l1 
901 Thompson Place, PO Box 3453, Sunnyvale, CA 94088. 

© 1988 Advanced Micro Devices. Inc Logic Cell is a trademark of Xilinx. Inc. 
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The higQest perfonnance 
development tools. 

Now you can build a high 
performance development environ­
ment around the engineering work­
station you already own. And get 
your embedded microprocessor 
designs completed more quickly 
and with less effort than ever before. 

Your Sun, Apollo or DEC 
workstation has the processing 
power and high resolution graphics. 
Applied Microsystems adds the 
debuggers, utility software and 
excellent emulation you need to 
complete your system. Only Applied 
Microsystems can make all of these 
pieces work together seamlessly. 

Operating Environment Microprocessors/ 
Host Operating System Microcontrollers 

VAX VMS Intel: 
MicroVAX ULTRIX 8048 family, 8051 family 
Apollo UNIX ' 8080, 8085, 8086/8, 
Sun MS-DOS 80186/188 and 80286 
PC Motorola: 
PCXT 68HC11, 6800/2/8, 
PCAT 6809/9E, 68000/08/10 
PC Compatibles and 68020 

Zilog: 
Z80, Z80H, MK 3880/4 
and Z8001/2 
NSC: NSC800 
Hitachi: 64180 

Our ES 1800 Series of emulators provide the most powerful transparent emulation system available anywhere. 

in a closely coupled development 
environment. What's more, VALI­
DATE is supported by a rich library 
of linkers, loaders, compilers and 
assemblers. 

you the largest overlay memory 
capability in the industry. 

Make your workstation work 
even harder. 

Add the real-time, transparent 
emulation capabilities of our ES 

Get full value from your invest­
ment in engineering workstations. 

Software Utilities 
Languages 7bols 

c Compilers 
Pascal Assemblers 
FORTRAN Linkers 
PL/M Locators 
Assembler 
Jovial 
ADA (VERDIX) 

Emulation Link 

ES1800 
(16 & 32-bit) 
EC7000 
(8-bit 
microcontrollers) 
EM Series and 
ELSOO 
(8-bit 
microprocessors) 

Debuggers 

VALIDATE 
and other soft-
ware products 
for source 
and symbolic 
debugging 

Applied Microsystems can 
tum your workstation into the 
heart of a high performance 
microprocessor development 
environment. 

We offer debug and development tools with a difference: they are integrated solutions for virtually any 
development environment. 

To find out more, write 
Applied Microsystems 
Corporation, P. 0. Box 97002, 
Redmond, Washington, USA 
98073-9702. Or call 

(800) 426-3925, in Washington 
Source or symbolic debugging for 
Intel, Motorola, and Zilog. Plus 
the best emulation. 

The VALIDATE family of 
source and symbolic debuggers and 
host control software has been spe­
cifically tailored by Applied Micro­
systems to work with our emulators 
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1800 Series of 16-bit and 32-bit 
emulators, and you have the most 
powerful emulation system any­
where. The high speed SCSI inter­
face option lets you upload and 
download files more than twenty 
times faster than with RS 232. Our 
Advanced Event Monitor System 
lets you precisely control emulation 
with logical statements of system 
conditions. The ES 1800 also gives 
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call (206) 882-2000. 

In Europe contact Applied Microsystems 
Corporation Ltd., Chiltern Court, High Street. 
Wendover. Aylesbury, Bucks. HP22 6EP. United 
Kingdom. Call 44~0)-296-625462. 
UNIX is <i n:WskrL>tl tradcmark c•f AT&T AMC·228 

1111mm 

Applied 
Microsystems 
Corporation 
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Hitachi~ HMCS400 
Series of CMOS Microcontrollers 
The intelligent answer for small system control problems 
The raccoon has a remarkable ability to thrive in 
·any type of environment. His sheer intelligence and 
ingenuity let him adapt to whatever circumstances 
he may find, and prosper with only minimal 
resources at hand. 

Resourcefulness also characterizes Hitachi's 
HMCS400 series of CMOS microcontrollers. These 
sophisticated devices are optimized for real,time 
control tasks and include a great number of 
peripheral functions on,chip. 

This new generation of 4,bit micros is a far 
cry from the old 4, or 8,bit designs youre used to. 
They execute efficient IQ,bit instructions in as little 
as 0.89µs, and include powerful on,chip peripherals 
such as large EPROMs, LCD and vacuum fluorescent 
drives, and multiple serial interfaces. 

For example, our new HD4074408 has an BK 
one,time,programmable EPROM, a 512 x 4 bit RAM, 
58 VO lines, comparator inputs, PWM timer outputs 
and serial interfaces-all in a plastic package. Future 
devices will include AID converters, phase locked, 
loop circuitry, DTMF generators, and much more. 

Most importantly, Hitachi's ZTATTM technology 
gives you Zero Turn,Around Time. The on,board 
one,time user,programmable EPROM eliminates the 
need to wait three or four months for mask ROM 
devices. The very day you finish development, ZTAT 
gets you into production. And, you can implement 
software changes immediately, to stay one step ahead 
of everyone else. 

Put all of Hitachi'.s HMCS400 series resources to 
work for you: Ceramic windowed devices for deve, 



lopment, ZTAT devices for pilot and small-scale 
production, and mask ROM devices for large-scale 
production. And, a full complement of development 
support tools is available for use with IBM-PC*, 
DEC VAX*, and Hitachi systems. 

Plus, when you consider all the on-chip 
integration, you also get the lowest-cost solution for 
your design. The packaging is one of the reasons 
why ZTAT only costs slightly more than mask ROM 
microcontrollers, and is a lot cheaper than ceramic 
reprogrammable devices.--

Clearly, Hitachi's HMCS400 series is right for a 
broad range of today's small systems applications in 
automotive, consumer, handheld instrumentation, 
telecom, and industrial products. 

There's no need to wait. Hitachi is delivering 
the 4-bit all-CMO HMCS400 series right now-

including EPROM-on-chip ZTAT devices. For more 
information, call your local Hitachi Sales 
Representative or Distributor Sales Office today. 

Literature Fast Action: For product 
literature only, CALL TOLL FREE, 1-800-842-9000, 
Ext. 6809. Ask for literature number #SB-106. 

*IBM-PC and DEC VAX are trademarks of International Business Machines 
Corporation and Digital Equipment Corporation, respectively. 

Hitachi America, Ltd. 
Semiconductor and IC Division 
2210 O'Toole Avenue, San Jose, CA 95131 
Telephone: 1-408/ 4 35-8300 

@HITACHI" 
Uk make things possib 



THE SOUND OF A SEIKO THERMAL PRINTER. 
If you need a printer that's very, 

very quiet, here's something to shout about. 
The DPU-411 from Seiko Instruments. It's 
so quiet, you'll forget it's there. So you can 
work while it does. 

And thanks to its small size and 
rechaq~eable battery back-up, it's completely 
portabTe. In fact, at a featherweight 2.2 
pounds, you can take it wherever you need 
a small, ultra-quiet printer. 

With both RS232C and 
Centronics 8-bit parallel 
interfaces standard, the 
DPU-411 will fit easily into 
your system. And you can 
print either a standard 
40 column or condensed 
80 column line. 

Of course, like all Seiko printers, it's 
manufactured for a long life. 

What's more, the only maintenance 
you'll ever need to perform is putting in 
new paper. Which means it won't create 
any noise from people yelling about messy 
ribbons or upkeep. 

It won't cause any noise when you get 
the bill, either. Because the DPU-411 is very 

competitively priced. 
To help keep your office quiet, 

call Seiko today at (213) 517-7770. 
And ask about the thermal 
printer that's quiet, portable 
and affordable. 

SEIKO I e·· 
Seiko Instruments USA 
2990 West Lomita Blvd., Torrance, CA 90505 
(213) 517-7770 · FAX: (213) 517-7792 
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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. RTU™, our real-time enhanced UNIX 
operating system, provides guaranteed 
response plus the flexibility and compatibility 
of SVVS-validated AT&T UNIX System V. 

Scientists, engineers and OEMs can choose 
from a whole family of MC68020/030 
multiprocessor computers, from 3 to 25 
MIPS, designed for high-performance 
applications in data acquisition, measurement 
and control, C3I, GIS, imaging, 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? 

Uil MASSCOMP 
UNIX is a registered trademark of AT&T Bell labs. 
MASSCOMP and RTU are registered trademarks of Massachusetts Computer Corpora/ion. 
VME is a trademark of Motorola Corporation. 

CIRCLE NO 26 

Send in the coupon below for your free copy of 
Understanding Real-Time UNIX, by Prof. John Henize. 

Get your engineers on track with the best 
real-time systems available. 
1-800-451-1824 
(MA 617-692-6200) 

Send this coupon to MA5SCOMP, Dept. 1-NOSAJ 
One Technology Way, Westford, MA 01886 

EDN070788 

0 YES, please send a complimentary copy of 
Understanding Real-Time UNIX. 

0 Send me information on MASSCOMP real-time 
computer systems. 

N~E----------------
TITLE _______________ _ 

COMPANY ______________ _ 

ADDRESS _____ ___ ________ _ 

CITY _______ SThTE ___ ZIP ___ _ 

PHONE _______________ _ 

MY APPLICATION IS:-------------



How to crack 
386 protected mode. 

Unlock selectors and descriptor tables. Break 
open task state segments (TSS) and call gates. 
Microtek's In-Circuit-Emulator (MICE) cracks 80386 
protected mode with real-time, non-intrusive emu­
lation to 20 MHz. 

MICE unravels all the intricacies of the 80386, 
so you harness its full potential. Internal registers, 
including GDTand IDT base values are all directly 
accessible. And MICE also provides decoded access 
to all selector and descriptor bits, like privilege 
level, segment type and page accessed bits. 

Use MICE as a stand-alone device, or integrate it 
into your development environment. MICE easily 
interfaces with the IBM® PC/XT/AT, VAX~ Apollo® 
and Sun® computers. 

And the 80386 emulation system is just one of 
our many embedded software development tools. 

Our Software Analysis Workstation (SAW) deliv­
ers hardware-based, real-time software analysis in a 
source code environment. For source code develop­
ment, our Microtec® Research products provide you 

with C and Pascal cross-compilers, cross­
assemblers and debuggers for many popular 
microprocessors. 

And MicroCASETll backs all of its products with 
solid applications support, both at the local and 
factory level. 

Microtek enjoys a long track record of being first 
to market with quality support for many major 
microprocessors. We were the first alternative for 
80386 emulation. We're first to provide non-pro­
prietary support for 80386 protected mode~ And 
you can count on the same support in the future. 

For more information and product litera­
ture on our full line of MICE, call us at 
(408) 253-5933. 

Crack 80386 protected mode, 
and open the door to exciting 
design possibilities- with the 
best 80386 emulation system now 
available. From 
MicroCASE. 

Micro 
CASEQJ 

' Without the use of a proprietary "bond-out" chip. 

IBM is a registered trademark or International Business 
Machines. \'AX is a trademark or Digital Equipment 
Corporation . ApoUo is a trademark or ApoUo Computer, 
Inc. Sun is a trademark of Sun Micro Systems. Fonnetly Northwest Instrument Sysltms,lnt. 

P.O. Box 1309 • Beaverton, OR 97075 

Processors supported by lllicrotek: 80386, 80286, 80186, 80188, 8086, 8088, 68020, 68010, 68008, 68000, 6809, 6809E, 6502, Z80, NSC800, 8085, 8032, 8051, 8031 8344 

Circle No. 73 for demonstration 8048• 8049• 8050• ZS, SUPERS, 6Sncn, 64180• 80515· Circle No. 72 'for l;terature 



NEWS BREAIZS 
EDITED BY JOANNE CLAY 

ISDN TRANSCEIVER ICs EXCEED ANSI SPECS 

The MC145474 and MC145475 CMOS single-chip ISDN transceiver !Cs have passed 
CCITT and ANSI conformance testing, and are available in sample quantities from 
Motorola Inc (Austin, TX, (512) 928-7944) . These transceivers offer multiframing S­
and Q-channel operation and maintenance-signaling channels. An adaptive receiver 
circuit automatically selects the optimum sampling phase and detection threshold of 
incoming signals, thereby permitting both devices to double the point-to-point range 
required by ISDN's I.430 specification. The 28-pin MC145475 is suitable for use in an 
NTl Star bus configuration. The 22-pin MC145474 costs $17 (1000), and the MC145475 
sells for $18 (1000) . 

Both chips come with selectable NT and TE modes for both line-card and terminal 
applications. An Interchip Digital Link (IDL) interface lets these devices exchange B­
and D-channel information among a variety of ISDN components and systems. Other 
features include loop-back support, activation and deactivation functions, extended­
range operation, and a line driver that can tolerate a 1:1 transformer ratio without the 
need for complex protection circuitry.-J D Mosley 

12-BIT A ID CONVERTER MOVES ONTO ASIC 
Sierra Semiconductor (San Jose, CA, (408) 263-9300) now offers a standard cell for 

an A/ D converter (ADC) that can resolve 12 bits. The ADC12B is a 12-bit-plus-sign, dual­
slope integrating ADC standard cell for the company's CMOS-based analog/ digital 
ASICs. The ADC12B is similar to the standard 7109 ADC; it can resolve a minimum of 
50 µ V and has a typical conversion rate of 10 conversions/ sec. The device requires 1.5 
mA in active mode and 1 µA in power-down mode. The ADC12B is the newest member of 
a cell library that contains 50 analog cells, 300 digital cells, and 20 EEPROM cells. 

-David Shear 

THREE VENDORS OFFER TRANSLATORS FOR GENRAD l 79X PROGRAMS 
The news that ATE vendor GenRad Inc (Concord, MA, (617) 369-4400) will no longer 

be producing the 179X series of board-test systems has prompted announcements by 
two of the firm's competitors as well as by GenRad itself. Both Teradyne Inc (Boston, 
MA, (617) 482-2700) and Schlumberger Technologies (San Jose, CA, (408) 998-0123) 
now offer facilities that permit users of the GenRad systems to migrate to other testers 
without compromising their investment in board-test programs and fixtures . That 
ability is particularly important to defense-electronics manufacturers and armed­
forces repair depots, because they deal with assemblies whose life cycles are longer 
than those of most commercial products. 

Teradyne's l 79X/ L200 Program Translator, which starts at $25,000, creates pro­
grams that run on the company's L200 test systems. These programs support go/ no-go 
testing and guided-probe fault diagnosis; an option converts the programs to the for­
mat of Teradyne's Lasar Version 6 simulator. Schlumberger's CAPS/ ITG, which adapts 
programs to run on the firm's 700 Series testers, includes similar capabilites. In addi­
tion, Schlumberger offers an adapter that lets you use l 79X test fixtures on the 700 
Series. Including the hardware adapter, CAPS/ITG for the l 79X costs under $50,000. 
Meanwhile, GenRad continues to support the 179X Series in several ways. The com­
pany supplies spare parts and maintenance service for the testers . It has also refur­
bished used systems and furnished them to customers who wanted to expand capacity 
without migrating to different equipment, and it may continue to offer that service 
depending on the availability of used machines. Finally, the company offers software 
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NEWS BREAIZS 
(priced from $5000) and fixture adapters to let you run l 79X Series programs on the 
newer 2750 Series.-Dan Strassberg 

MONOLITHIC BUFFER AMPLIFIER ACHIEVES 730-MHz BANDWIDTH 
The CLCllO unity-gain buffer amplifier from Comlinear Corp (Fort Collins, CO, (303) 

226-0500) features a -3-dB bandwidth of 730 MHz with a guaranteed gain flatness of 
better than 1 dB from de to 200 MHz. It thus allows you to buffer very-high-frequency 
signals in circuits such as phase-locked loops and flash A/ D converters. At de, the 
device exhibits a maximum output offset voltage of 13 mV. Packaged in an 8-pin plastic 
DIP, the commercial version of the device (the CLCllOAJP) costs $15.50 (100). 

-Steven H Leibson 

SHORT-DISTANCE OPTICAL LINK CARRIES THREE 40-MHz ANALOG SIGNALS 
A 3-channel, fiber-optic transmission system from Molex Inc (Lisle, IL, (312) 

969-4550) accommodates analog signals with frequencies of 40 Hz to 40 MHz over as 
much as 5m of cable. Inputs require full-scale drive currents of 30 mA p-p, which pro­
duce an output signal of 108 mV p-p riding on a 3.3V de offset. A 3-channel system, 
including transmitters, receivers, and a terminated 2m cable assembly, costs $98. 

-Steven H Leibson 

1-µm CHIP FAMILY IS FASTEST ECL TECHNOLOGY AVAILABLE 
A new family of !Cs that implement standard logic functions represents the fastest 

ECL technology available, according to Sony Corp of America's Component Products 
Div (Cypress, CA). Introduced at the Electro show in Boston (May 10 through May 12, 
1988), the ECL chips feature 1-µm geometry, 60-psec gate delays, and 4-GHz operation, 
which rivals the speed of GaAs devices. The 24 initial offerings cost from $40 to $70 
(1000). They come in metal flat packs; more economical versions in plastic leaded chip 
carriers will be available soon. All the functions are derived from a 200-gate chip that 
will become available in August as a product for custom digital applications. For 
linear-ASIC applications, the company will introduce an EGL-technology analog array 
in October 1988. The array includes 3-GHz npn transistors and 350-MHz vertical pnp 
transistors.-Tarlton Fleming 

SCSI-CONTROLLER CHIP INTERFACES DIRECTLY TO PC BUS 
The 53C400 SCSI controller from NCR Microelectronics Div (Colorado Springs, CO, 

(800) 334-5454) comprises bus-interface circuitry, two 128-byte RAM buffers, address­
decode and interrupt logic, and a 53C80 core cell with high-current SCSI-bus drivers. 
The controller interfaces directly to IBM's PC, PC/AT, and PS/ 2 buses. The $13.51 (1000) 
chip performs SCSI-bus transfers at greater than 2M bytes/ sec and accomplishes 
PC-bus burst transfers at lM byte/ sec.-Steven H Leibson 

CLAMPING AMPLIFIER GUARDS A ID CONVERTERS FROM OVERLOAD 
You can protect circuits from off-scale voltage excursions with the $17 .10 (100) 

CLC501 clamping op amp. The high-speed device features a -3-dB bandwidth of 80 
MHz (at a gain of 32), but unlike conventional op amps, it includes two extra 
clamping-voltage inputs, VH and VL, that you can use to confine its output between two 
voltage levels. One possible way to apply the part would be to use it as a residue 
amplifier in a 2-stage, subranging AI D-conversion system. The op amp's clamping 
action protects the second-stage A I D converter from overload damage. In addition, the 
CLC501 speeds up the subranging AI D-conversion system's recovery rate from 
overloads, because the op amp recovers more quickly than an A/ D converter (the op 
amp typically recovers in 1 nsec).-Steven H Leibson 
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You can oblain the lDC1048N6C at your lllarest Hall-Mark or Hamilto!VAvrm distributor. For full dam sheet or technical assistance, call or 
write our Literature SeNice Departmem at: 

TRVV LSI Products 
P.O. Box 2472 
La Jolla, CA 92038 
619.457.1000 

0 TRW Inc. 1988 - 712A03187 
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In Europe, call or write: 
TRVV LSI Products 
Munich, 089.7103.124; 
Paris, 1.69.82.92.41; 
Guildford jU.K), 0483.302364 
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In the Orient, phone: 
HorJJ KorJJ, 3.880629; 
Tokyo, 03.234.8891; Taipei, 751.2062; 
Seoul, 2.553.0901 

··~·· TRW LSI Products 
23 
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DELTA CODEC MEETS MILITARY COMMUNICATIONS REQUIREMENTS 

Meeting the requirements of the Eurocom Dl-IA8 specification, the FX619 single­
chip CVSD (continuously variable slope delta) codec is suitable for use in a variety of 
military communications equipment. The device is manufactured by Consumer 
Microcircuits Ltd (Witham, UK, TLX 99382; in the US: Mx-Com Inc, Winston-Salem, 
NC, (919) 744-5050). It operates in full-duplex mode, and it includes input and output 
audio filters. An on-chip oscillator clocks the device's on-chip switched-capacitor 
filters and its CVSD modulator and demodulator. The oscillator accepts a crystal or an 
external clock input. 

You can program the device's sampling rate to 16k, 32k, or 64k bps. The chip pro­
vides clock outputs so that you can synchronize external circuitry to the codec. Other 
programmable features include an encoder-enable / disable facility, encoder/ decoder 
idle modes, 3- or 4 -bit companding algorithms, and a low-power standby mode. The 
FX619 is a CMOS device that operates from a single 5V supply and is available in a 
22-pin DIP or a 28-lead surface-mount package. The company expects to sell the chip 
for less than .£20 (1000).-Peter Harold 

X .25 COMMUNICATIONS CARD IMPLEMENTS OSI LAYERS 1 TO 3 

Simplifying the software that you have to write during systems integration, the 
$3675 CC-125 VME Bus X.25 communications card conforms to the X.213 specification 
for communication to layer-4 functions of the OSI model. The card, which is available 
from Compcontrol (Eindhoven, The Netherlands, TLX 51603; in the US: Los Gatos, CA 
(408) 356-3817), implements layers 1 to 3 of the OSI model. 

Layer 1 operates in accordance with the X.21 bis (V.24 / V.28) standard, and layer 2 
conforms to the LAPB (link access procedures balanced) protocol standard. The board's 
layer-3 software handles the X.25 packet-level protocol and imposes flow control to 
prevent the communications link from overloading. Messages are passed between the 
CC-125 and the VME Bus system's layer-4 functions via dual-port RAM on the CC-125. 
The messages, coded according to X.409 recommendations, are transferred to the dual­
port RAM in the form of network-service data units that can be as long as 4k bytes. 
The 68000-based board is suitable for transmitting packet-switched data over public or 
private data networks at bit rates as high as 64k bps.- Peter Harold 

MODULE PUTS IBM PC I AT-COMPATIBLE COMPUTER IN VME BUS SYSTEMS 

The $2500 PX4000 VME Bus module from Philips' Industrial and Electroacoustic 
Systems Div (Eindhoven, The Netherlands, TLX 35000; in the US : (201) 529-3800) 
allows you to implement an IBM PC/ AT-compatible computer in VME Bus systems. The 
2 -board sandwich runs an 80286 µ.P and an optional 80287 math coprocessor at 8 
MHz. It includes all the ports you'd expect to find on a standard PC/AT (for example, 
keyboard, monitor, printer, and floppy-disk interfaces), and it runs the MS-DOS 
operating system. However, the module's video output provides CGA-compatible color 
graphics as a standard feature. In addition to accessing the board's 512k bytes of on­
board dynamic RAM, processor and DMA channels can transparently access additional 
memory via the VME Bus. If you use the µ.P's protected-addressing mode, the µ.P can 
access as much as 16M bytes of memory. The onboard RAM is also accessible to other 
VME Bus masters. A hard-disk-controller board that operates in conjunction with the 
PX4000 is also available.- Peter Harold 
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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 
• Fl-Oppy Disk Storage 
• PC Software 
• Downwadable Software Programs 

Nicolet Test Instruments Division 

SEGMENT 

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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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-1 LN 

OMAN-1HLN 

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

FREQ 
RAN GE 
(MHz) 

IL to fu 

0.5-500 
0.5- 1000 
0.5-500 

10-500 

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

breakthrough. 

GAIN MAX. NF DC PWR PRICE 
dB OUT/ PWR t dB 12V, $ ea. 

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

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

10 0.8 15 3.7 70 15.95 

ttM1dband 1 OIL to fuh ± 0 5dB t ldB Gain Compression OCase Height 0.3 In. 

Max input power (no damage) +15dBm. VSWR in/out 1 8 :1 max 

finding new ways .. 
setting higher standards 

r;;;1 Mini-Circuits 
A D1v1s1on of Sc1ent1!1c Components Corporation 

P.O. Box 350166, Brooklyn , New York 11 235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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one-piece design defies rough handling 1!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,and40 

• 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 Mini-Circuits 
A D1v1s1on ol Sc1ent1!1c Components Corporation 

PO. Box 350166. Brooklyn , New York 11 235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 6201 56 

EDN July 7, 1988 

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

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

·oc-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 suttix 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) 
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H youTe testing complex boards 
You're facing one of test engineering's toughest 
challenges. VLSI boards like this one. But with a 
Teradyne L200 board tester on your side, complex 
test problems can be conquered quickly. 

28 

Stay in front ofVLSl/VHSIC advances. 
Start with the most advanced hardware for analog 
and digital testing. An L200 fires functional test pat­
terns at 40 MHz rates. At up to 1152 test channels. 
Top speed is 80 MHz. That's 4 to 8 times faster than 
any competitor can deliver. 

And the L200 hits test signal timing precisely. 
With up to 32 timing sets for drive phases and test 
windows. Its 250 ps programming resolution with 
zero dead time puts signal edges right where you 
want them. 
Divide and conquer. 
VLSINHSIC boards demand large, complex test 
programs. But the L200's distributed computer 
architecture simplifies matters. 

Testing is controlled by a VAX computer. It sends 
tasks to specialized processors for rapid deployment 
of analog, digital, and memory tests. 

EDN July 7, 1988 



L200 TEST S·iSTE~ 

V E R S I 0 N V X 

here's a simple plan of attack. 
Programmers will appreciate clustered VAX 

workstations. Graphics, like waveforms and shmoo 
plots. make heavy debug and analysis light work. 
Simulation and other tactics. 

High-powered software tools tailor L200 test 
development to modem design techniques and test 

Test Channel strategies. 
Channels Skew Precisely the 

L297 1152 ::t 1.5 ns caliber of 
L293 576 ± 1.5 ns tools you 

1 ns need to get 
L210vx 576 ± 10 ns tests up and 

L200 VLSI board test systems are the performance leaders. running fast. 

Take our LASAR simulator. It works closely with 
the L200 for both cluster and board-level testing. 
LASAR accurately predicts VLSI circuit responses 
and reports test program fault coverage. 

Significantly, LASAR simulates L200 charac-

teristics. So test programs automatically include 
when to test board responses. And what response 
is expected. The result is uncompromising go/no 
go tests as well as precise guided probe or fault 
dictionary diagnosis. 
A powerful ally. 
L200's have proven themselves under fire at hun­
dreds of advanced manufacturing sites worldwide. 
So if you're about to take on a new VLSI/VHSIC 
project, find out how to launch a winning test strat­
egy. Call Daryl 
Layzer at 
(617) 482-2700, 
Ext. 2808 with­
out delay. He measure quality. 

VAX is a trademark of Digital Equipment Corp. 
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Delta or Aorta? Which is Which? 
No problem here because both of these images 
were processed on Raytheon's new TDU-850 
Thermal Display Unit. 

The TDU-850 is the only thermal recorder to 
display true grey levels (not mere halftone 
representations) at such high speeds and 
resolutions. Utilizing 203 dots per inch, the 
unit offers 64 grey levels and can provide 256 
grey levels through the use of super pixels. The 
TDU-850 is your assurance of high quality 
images. Standard units about $5,000. (Slightly 
higher overseas). RS-170 video and IEEE-488 
computer interfaces are available. 

When you must know what you're looking at, 
look for equipment that knows what to look for. 
For details call or write Marketing Manager, 
Recorder Products, Raytheon Company, 
Submarine Signal Division, 1847 West 
Main Road, Portsmouth, RI 02871-1087. 
Phone: (401) 847-8000. 

A. Satellite view of river delta. B. Arterial angiogram. 

Raytheon 

Note: These began as continuous tone images which were processed in black and grey by a 
TDU-850. The TDU-850 images, however, had to be converted to conventional halftones in 
order to be shown in this magazine. Thus the high quality of the original TDU-850 images 
have been obscured. For true results ask to see a demonstration. 
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SIGNALS & NOISE 
IEEE is alive and well 
IEEE membership will pass the 
300,000 mark this year, so the or­
ganization is far from heading to­
ward extinction. With 267 sections, 
over 900 chapters, and over 550 stu­
dent branches all over the world, 
and a steady annual growth in spite 
of editorials such as EDN's ("The 
IEEE faces extinction," EDN, Feb­
ruary 4, 1988, pg 53), it is not hard 
to see that the IEEE is indeed 
meeting the needs and desires of 
many engineers. It is the noisy 
whiners on the sidelines who make 
news sometimes-and apparently 
catch the attention of ED N's editor. 
The literally thousands of volun­
teers who man committees, serve as 
officers in student branches, chap­
ters, subsections, sections, socie­
ties, and the national and interna­
tional boards are dedicated people 
who work for no pay ... just the 

desire to make the IEEE better and 
stronger-and more responsive. 

It really hurts to see an editorial 
like EDN's, because it is obviously 
giving recognition to the few very 
vocal dissidents (who give no volun­
teer effort to the IEEE and who 
have never served in any office), 
while ignoring the thousands of vol­
unteers who are moving the IEEE 
forward through their quiet, dedi­
cated efforts. I hope Jon Titus will 
take a little time to look at the other 
side of the coin. The IEEE is doing 
a lot for the profession! We could do 
even more if the complainers would 
join with the many other volunteer 
workers and help pull the load in 
improving our Institute. 
Robert S Duggan, Jr 
Candidate for IEEE E xecutive 
Vice President (1989) 
IEEE 
Atlanta, GA 

the power in 
DIN 4161Z comectors. 
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Criticism of IEEE 
was undeserved 
In his editorial of February 4 (pg 
53), Jon Titus has indulged a desire 
to create controversy at the expense 
of any reasonable approximation of 
good journalism and attention to 
facts. "Yellow journalism" was the 
term used to describe the type of 
unfounded allegations that abound 
in the editorial. He certainly has a 
right to a biased opinion on the 
vitality of the IEEE and on the 
merit or lack of it of actions taken by 
the IEEE's board of directors. But 
there is a minimum standard of in­
tegrity and factual information that 
should be observed. 

Let me be very specific and to the 
point: 

1. Approval voting. Jon says that 
"the board of directors modified the 
election procedure by changing the 
organization's bylaws, not by asking 

Newest members of the growing 
family of Buchanan electronic 
connectors. Until now, DIN 41612 connectors 
have been limited to low amperage signal 
applications. NOW, NEW BUCHANAN-2E POWER 
DIN CONNECTORS PROVIDE HIGH AMPERAGE 
POWER CONTACTS, making these connectors 
the ideal interface in a wide variety of situations -
especially in power-supply-to-motherboard 
applications. 
Buchanan-2E power DIN connectors give you: 
• A versatile series of 2-piece DIN 41612 connec­
tors with power or power and signal contacts in 
one connector. 
• Variety of high amperage models with 15A 
or 20A ratings - plus the option of adding two 
50A contacts. 
• Full compatibility with DIN/Eurocard standard 
or other 19" rack systems. 
• Wide variety of terminal styles: Quick-connect, 
PC, extended PC, wire wrap, screw, or hand solder. 

Send for Catalog 1/0 300A to select a sample 
that fits your application . 

" 

INDUSTRIAL ELECTRICAL 
PRODUCTS 

amerac•~~~~~~~ 

AMERACE CORPORATION 
INDUSTRIAL ELECTRICAL PRODUCTS 
530 W. MT. PLEASANT AVENUE 
LIVINGSTON, NJ 07039 o (201) 992·8400 
TE LEX: 13·8403 o FAX: 201·992·9416 

® 
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SIGNALS & NOISE 
members to amend the organiza­
tion's constitution," implying some 
sort of violation of proper procedure 
in our action. The facts are that the 
voting method for member election 
of officers and directors of the 
IEEE has not previously been spec­
ified in either the constitution or the 
bylaws; the board of directors felt it 
would be desirable to specify in the 
governing documents of the Insti­
tute the procedure to be followed, 
particularly with the introduction of 
approval voting; and the principle 
stated ~n the IEEE's constitution is 
that " ... methods of nomination 
and election shall be specified in the 
Bylaws." 

The board acted properly in plac­
ing this information in the bylaws. 
It would not, in fact, have been in 
keeping with the guidelines in our 
constitution to have proposed a con­
stitutional change. Of the three gov­
erning documents for the IEEE, the 
constitution is a very general, 

4-page document, while the bylaws 
provide more-detailed guidance and 
are about 50 pages long. Our Poli­
cies and Procedures Manual is still 
longer and provides further proce­
dural information. 

In his criticism of the board's ac­
tion, Jon Titus has also conveniently 
chosen to ignore the fact that the 
new approval-voting procedure of­
fers the best opportunity for a non­
establishment candidate to win, if 
he or she truly represents the inter­
ests of a preponderance of the vot­
ing members. It should be obvious 
that this method gives voting mem­
bers greater flexibility to express 
their views, and helps ensure that 
the winning candidate most closely 
reflects the will of the majority. If 
Jon's point is that he is opposed to 
majority governance, perhaps he 
should come right out and say it, 
rather than leave EDN's readers 
with a false impression. 

2. Professional concerns. Jon 

Capacitor solutions that improve your product 
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Capacitor banks that replace batteries. 
Capacitors that can't plug in back­
wards. Ripple currents beyond 30 
amps that smoke other vendors' parts. 
Demanding life test results like 10,000 
hours at 105°C with virtually no 
change. Special case styles, special 
terminals. High energy discharge 
capacitors for our nation's strategic 
defense initiative. 

The 80 plus years of capacitor know­
how from Cornell Dubilier/Sangamo 
Components is available to you for 
aluminum electrolytic capacitors. With 
60 standard types ranging from 2/10 
inch to 3 inch diameters and voltages 
to 450V, there are few challenges we 
won't meet. 

CIRCLE NO 16 

Titus says that "engineers will ob­
serve no action on tax or pension 
reforms, no action on age discrimi­
nation, and no action on other pro­
fessional concerns. In short, no ac­
tion at all." Perhaps if he took the 
time to look into these areas, he 
might find out what's going on, and 
the extent of the IEEE's role. Pen­
sion-reform legislation has been an 
active target of the IEEE for over a 
decade. The IRA bill owed much of 
its momentum to IEEE work. The 
reduction in tax breaks in the course 
of the overwhelming pressure for 
tax reform in 1986 was fought by 
the IEEE, and we are actively sup­
porting the passage of the newest 
pension-reform bill dealing with 
portability and nonintegration. Can 
Jon point to anyone or any organiza­
tion that is even close to this record? 

Let me go on about other profes­
sional concerns. Who stimulated the 
government guidelines against 
wage busting and other unfair prac-

Put us to the challenge 
Call for the name of your 
nearest representative: 

·Eastern (201) 256-2000 
•Central (315) 488-5822 
•Western (818) 707-3696 
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THERE'S MORE IN STORE FROM SEEQ. 

- ......... ... Giii Ice T• 

2KIB 16Cl6 S111Mas IOOmA 45ns 
bipolar PROM 

4Kxl 16CJ2 Same a& IOOmA 45ns 
bipolar PROM 

2Kxl J8Cl6 IEDEC IOOmA 45ns 
STDE 

4Kxl J8CJ2 IEDEC IOOmA 45ns 
STDE 

All parts ate available In MIL-STD 883. Class B 

O 1988 SEEO'R!chnolotY. Inc . 

T• 

lOns 

JOlll 

lOns 

lOns 

....... 
DIP.LCC 

DIP.LCC 

DIP.LCC 
PLCC 

DIP.LCC 
PLCC 

There was a time when you couldn't consider 
E2PRC>Ms for writeable control-store applications. Be­
cause their speeds couldn't keep up with today's faster 
microprocessors. without introducing wait states. 

But with SEEO's 16K and 32K CMOS parts, that's 
all changed. Their 45-nsec speeds-along with in­
system reprogrammability-are openina up new 
applications in areas like array processing 11'8Phics 
and DSP. High-performance areas where slower E2s 
just can't make it. 

That means your options in fast, non-volatile 
memory just got a lot broader than bipolar PROMs. And 
much more flexible. Because at 350 m'W our CMOS parts 
consume less than half the power of bipolar PRC>Ms. 
While still delivering comparable output drive 
characteristics. 

Available in JEDEC-approved bytewide pinouts, 
these E2s operate over extended and full military 
temperature ranges. 

SEEO high-speed E2PRC>Ms can also replace-and 
outperform-your other traditional alternative. slower 
E2s combined with fast SRAMs. That simplifies designs 
by eliminating the need to load RAM for PfOll'Bm execu­
tion.And. fast E2s cut the number of required devices 
by more than half. 

At. SEEQ, we have a lot more in store. SEEO 
'lechnology, Inc., 1849 Fortune Drive, San Jose, CA 95131. 

IE2 .. Ollr Mlddle 
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tices in service contracts? The 
IEEE. Who called nationwide at­
tention to age-discrimination prob­
lems, cosponsoring a national con­
ference on the aging workforce? The 
IEEE. Who has provided the De­
partment of Labor guidelines for 
determining the admissibility of 
alien engineers and provided engi­
neers with guidelines to evaluate 

fair hiring practices? The IEEE. 
Who is generating the salary infor­
mation to give guidance on proper 
rates to be paid for experience and 
other skill factors? The IEEE. Who 
is in the lead in dealing with these 
and many other professional con­
cerns among all the engineering 
fields? The IEEE. 

3. Publications. The editorial dis-
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SEMICUSTOM ON TIME -
R YOU DON'T PAY* 

To remain competitive in the world of electronics, you have to get your 
product to market without delay. 

To help keep you competitive, Gennum offers the following unique 
guarantee: 

WE WILL DELIVER YOUR LINEAR SEMICUSTOM IC ON TIME AND 
ON BUDGET, OR YOUR NEXT PROTOTYPING JOB WITH US IS 
FREE!* 
It's that simple. 
We offer this unique guarantee because we take the time to find the 

best possible solution to your problem, before we start designing. 
That means fewer trips 'back to the drawing board'. 
That's why companies in 18 countries rely on Gennum IC's. Call or 

write for our free brochure and ask about our SEMICUSTOM DESIGN 
PACKAGE. 
*Details of Gennum's unique Delivery Warranty are included with our Design Package. 

P.O. Box 284 
Buffalo, N.Y. 
14220 

1illlil 1111111p
1 

111111 
Toll Free: 1·800·263·9353 

GENNUM 
CORPORATION 

GENNUM CORPORATION IS AN LTI COMPANY 
We developed the science of listening. 
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P.O. Box 489, Stn. " A" 
Burlington, Ontario 
Canada L7R 3Y3 
(416) 632·2996 
Fax: (416) 632·2055 

misses journals and publications as 
not being at "the heart of a vital 
professional organization." I'm 
aghast! Jon seems unable to grasp 
what constitutes a professional in 
our field. First and foremost is tech­
nical competence. We maintain that 
competence in a variety of ways, not 
the least of which is via access to 
technical journals and publications. 
The only aspect of our professional 
life that he seems to recognize­
that is, the part dealing with the 
working environment-is covered 
primarily by the IEEE's US Activi­
ties Board (USAB). Its activities, 
just a few of which I cited earlier, 
are too numerous and wide-ranging 
to cover adequately in a letter. 

I believe the IEEE has demon­
strated and continues to demon­
strate its value to the profession in a 
great number of areas. We're not 
solely technical and not solely "pro­
fessional" either. We serve both 
these aspects and many others be­
sides. We do not believe that we do 
everything to perfection, and we en­
courage communication from those 
who have constructive suggestions 
on how we can improve. Unfortu­
nately, editorials such as the one I 
have cited are not constructive and 
only mislead the casual reader. The 
engineering community deserves 
better coverage, and I hope EDN 
will accept the challenge to provide 
it. 

Perhaps you recall the old adage 
that it's better to light a single can­
dle than to curse the darkness. The 
IEEE is lighting the candles. 
Russell C Drew 
1988 President 
IEEE 
Sterling, VA 

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 July 7, 1988 



In the ever-changing 
microcomputer business, 

it takes a different 
kind oft · · g 

to stay one step ahead. 
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Four years ago, Chips and 
entered a traditional 

with a very untraditional 

Since then, 
same people have 

recognized its merits. 
Including 80% of the 

AT-compatible market. 

Microcomputers have evolved consider­
ably since we first started out. But market needs 
remain much the same: higher performance at 
lower cost. 

The semiconductor industry has always 
approached these needs from a traditional, discrete­
based point of view. As systems have become 
more powerful and sophisticated, this perspective 
has proven increasingly inadequate. 

More and more, systems-level problems 
call for integrated systems-level solutions. To 
develop them, we've pioneered a dramatic depar­
ture from traditional thinking: a systems approach 
to semiconductors. 

The systems approach. 

Our design process begins with a broader 
perspective-a thorough examination of the 
market trends and advanced technologies that 
affect the future of microcomputing. 

We focus on industry-standard hardware 
architectures and software environments. To ensure 
100% compatibility. And to avoid the kind of short­
sighted silicon implementations that might require 
expensive OEM redesigns. 

We look closely at complex subsystem 
relationships, using sophisticated mainframe 
design techniques to optimize performance. 
Finally we pull it all together, drawing on our in­
house microcomputer design expertise. 

This "tops-down" design process results in 
highly integrated CHIPSets'.'" Providing higher 
system performance, increased functionality and 
100% compatibility. 

CHIPSets TM make better systems. 

CHIPSets solve system-level hardware and 
software design problems in silicon, so you don't 
have to. Which greatly reduces OEM system design 
time. And lowers development costs. 

That means you can get to market faster. 
With systems that offer higher performance and 
longer product life cycles. And are less expensive 
to upgrade. Our systems approach has been so 
successful that in just a few short years, it's changed 
the face of the industry. 



Tuchnologies 
industry 
approach. 

''Since its inception, 
Chips and Techrwlogies has 

piJJneered an unusual cancept 
in the sernicanducw industry, 

involving the salR rwtjust Qf 
silican circuits, but qf' entire 

CHIPSets and design services, 
which incarparaf£ a substantial 
amount Qf persanal camputer 

systems erpertrise." 
Edward Whit£ 

John Hancock Financial Services 
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A chip 
is bound by 

andshori 

"CHIPS offers manufacturers 
of IBM-campatibk persanal 
camputers an esserdially 

campkw solution, even down 
to the layaut of the primed 

circuit board that uses 
CHIPS campanenls." 

J)rewPeck 
Danal,dson, Lufkin & JenreUe 



that merely "clones" 
all the flaws, imperfections 
~omings of the original. 

CHIPSets™ 
transcend these 

limitations. 
In 1985, Chips and Technologies intro­

duced its very first products-the EGA™ CHIPSet 
and the 286/ AT CHIPSet for AT-compatible 
microcomputers. 

Both products outperformed standard 
industry implementations. And dramatically 
reduced OEM manufacturing costs and system 
development time as well. 

The second generation: 
architectural innovation. 

As microprocessors got much faster, 
system performance was being constrained by the 
comparatively slow-moving AT bus. Using our 
systems expertise, we arrived at an ideal solution: 
a mainframe-like asynchronous architecture that 
decouples the bus from the processor and memory. 
Enabling each to run comfortably at maximum 
speed, with no loss in compatibility. 

With this innovation came the first 
CHIPSets for 386 and high-speed 286 processors­
our New Enhanced AT products. Or NEAT,'" 
for short. 

These high-performance CHIPSets incor­
porate advanced microcomputer features, like 
4-way page interleaved memory and shadow RAM. 
They offer OEMs the ultimate in cost-effective 
solutions: the ability to accommodate high-speed 

286 and 386"' processors, with a seamless upgrade 
path from 12 to 25 MHz and beyond. 

That means customers can build 16 MHz 
AT-compatibles based on lower cost 286 micro­
processors. And still run MS-DOS"' software faster 
than most 16 MHz 386-based systems. 

NEAT CHIPSets also off er an extra 
measure of flexibility: automatic mode switching 
between MS-DOS and OS/2'." A real advantage 
for OEMs and end-users alike. 

Unprecedented performance. 

NEAT CHIPSets improve the speed and 
performance of OEM products through architec­
tural innovations that allow faster data communica­
tions between the tightly coupled subsystems. And 
by extending systems logic interface techniques 
throughout the entire microcomputer. 

By implementing mainframe-level tech­
niques in our CHIPSets, we continue to work with 
OEMs to push AT performance and economy to 
new levels. For both desktop and laptop systems. 

In doing this, we've developed the expertise 
to do precisely the same for the PS/2"' market. 



With a micro-mainframE 
proprietacy architecture 
fundamentally change( 

Systems-level thinking 
and mainframe 
expertise are no 
longer optional. 

They're requirements. 
The features that distinguish PS/2 -

mainframe-like architecture, a higher degree of 
functional integration, and close coupling of hard­
ware and software - are a long way from where 
traditional semiconductor companies presently 
find themselves. 

Meeting the new standard. 

While compatibility is only the starting 
point, it's now much more difficult to achieve. 

Chips and Technologies has approached 
the PS/2 market with four years and five million 
CHIPSets of directly applicable experience. 
Systems expertise that has enabled us to achieve 
gate-level compatibility with PS/2 and the Micro 
Channel'" architecture. 

Our PS/2-compatible offerings, CHIPS/250™ 
and CHIPS/280™ CHIPSets, incorporate all the 
innovations we've developed to date. 

Beyond compatibility. 

The CHIPS/250 and CHIPS/280 CHIPSets 
operate up to twice as fast as the industry standard. 

Both are available for high-performance, cost­
effective, desktop configurations, which provide 
Model 80 functionality in a Model 50 chassis. 

We even off er a special CHIPS/280 version 
which supports both cache and page interleaved 
memory systems. Giving OEMs the option to use 
low-cost, slower DRAMs with no reduction in 
system performance. What's more, the matched 
memory technique used in the IBM PS/2 Model 
80 is incorporated into our CHIPS/250 CHIPSet­
dou bling the rate of data transfer over the Micro 
Channel bus for Model SO-compatible designs. 

Our CHIPS/450'"family provides VGA'" 
compatibility down to the gate level as well. Includ­
ing implementation of hidden modes-the only 
real assurance of compatibility. And close coupling 
with our systems logic CHIPSets enables our VGA 
chips to run twice as fast as the industry standard. 
Without the need for special drivers. 

Along with other enhancements in our 
VGA chips, we've also implemented a bus archi­
tecture that's configurable for either AT or PS/2 
environments. So one chip can serve two appli­
cations, with no compromise in performance. 

System design support at every level. 

We furnish extensive technical documenta­
tion and applications support with all our CHIPSets. 

And to help OEMs make the most of our 
products, we offer the most comprehensive Design 
Services Organization in the business. A partner­
ship that can cover the ground from technical 
consultation to the design of an entire turnkey 
microcomputer system. 

It's the kind of support that can make the 
difference in achieving successful entry in the 
advanced AT-class and PS/2 arenas. Markets we 
now serve with a full range of CHIPSet solutions. 



approach and 
the PS/2'" has 
the rules. 

"Ulhen the clone makers 
do line up, they will be talking 

perfarrnance ... so that~ where 
Chips and 1echrwlogi£s ~ 

cancentrating. The goal~ rwt 
mly 100% campatibility, but af;so 
significantly Jaster data rates, 
much greater mass-storage 
capacities, superior graphics 

and a line-up of 
original features." 

St,an Runyrm 
Electrrmics 
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Where we go from here. 

By providing OEMs with the most timely 
and cost-effective microcomputer solutions avail­
able, our CHIPSets have fundamentally changed 
the way systems are designed-creating vast new 
markets in the process. 

And this is only the beginning. We 
continue to enhance standard architectures and 
develop other performance innovations, while 
maintaining compatibility with hardware and 
software standards. 

That's the difference that untraditional 
thinking makes. In CHIPSets. And in the success 
of your products. 

To experience the CHIPSet difference­
in more powerful, cost-effective systems-call 
800-323-4477. Or write Chips and Technologies, 
Inc., 3050 Zanker Road, Department MC-1, 
San Jose, California 95134. 

•••••• •• •• ••••• • •••• ••••••• • • • •••••••••••• 
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chip sets or CHIPSets:M The difference is the difference. 

EGA, VGA, Micro Channel, PS/2. and OS/2 are trademarks of IBM Corporation. 
MS-DOS is a trademark of Microsoft Corporation. 386 isa trademark oflntel Corix>ration. 

CHIPSet, NEAT, CHIPS/250, CHIPS/280 and CHI PS/450 are trademarks of Ch ips 
and Technologies, Inc. 1988 Ch ips and Technologies, Inc. 



Now a network analyzer 
and a spectrum analyzer 
in one box. From HP. 

The HP 4195A Network/Spectrum 
Analyzer. It's the one tool you've been wait­
ing for to make development and production 
testing of your analog devices easier, more 
flexible-and at half the price of equivalent 
dedicated analyzer solutions and less than 
other oornbination units. 

For the first time, you have a oornbi­
nation analyzer with a balanced set 
of specifications for both vector network 
and spectrum analysis functions. And, 
if that weren't enough, you can use it for 
impedance analysis, too. 

The 10Hz to 500MHz range of the 
HP 4195A make it ideal for audio, base­
band, HF, VHF. and IF applications. A 
unique feature is four-channel spectrum 

EDN July 7, 1988 

measurement capability that acoommo­
dates four independent inputs. The unit 
features an internal flexible disk drive, oolor 
CRT, User Math, User Defined F\Jnctions, 
User Programs for customization-and it's 
softkey menu driven, making it extremely 
friendly As usual, HP delivers value. 

Call 1-800-752-0900, Ext. B215. 

Ask for your free data sheet on the HP 
4195A Network/Spectrum Analyzer. Find 
out how we got network and spectrum 
analysis tools with balanced performance 
into one box for half the price. 

© 1988 Hewlett-Packanl Co. El15804/EDN 
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There's an easier way to 



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 

20 

15 

10 

rr u 
0 7 14 

Energy (mJ) Log. Scale 

b .b b...o 
28 56 112 224 448 

• GE 

D 
Comp 1 

llil 
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l!li 
Comp3 

Ci! 
Comp4 

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 different. 
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 

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. 

So you save money. And by simplifying your 
design, you improve system reliability. 

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 Solid State 
USA 

GE/RCA/lntersil Semiconductors 
Three great brands. One leading-edge company. 
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TOSHIBA. THE POWER 

AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., (408) 737-9844; SOUTHWESTERN 
REGION, Toshiba America, Inc., (714) 259-0368; SOUTH CENTRAL REGION, Toshiba America, lnc .. 1214) 480-0470; SOUTHEASTERN REGION, Toshiba America, lnc .. 1404) 368-0203; MAJOR ACCOUNT OFFICE, Fishkill, New 
York, Toshiba America, Inc., (914l896-6500; BOCA RATON, FLORIDA, Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., (205) 830-0498; ARIZONA, Summit Sales, 
1602) 998-4850; ARKANSAS, Ml -REP Associates, 1512) 346-6331; CALIFORNIA (Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager Electronics, Inc., (818) 712-0011 , (714) 957-3367, (San 
Diego County) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Oatcom, Inc .. (203) 288-7005; FLORlbA, Sales Engineering Concepts, 

~
13) 823-6221 , (305) 426-4601, (305) 682-4800; GEORGIA, Montgomery Marketing, Inc .. (404) 447-6124; IOAHO, Components West, (509) 922-2412; ILLINOIS, Carlson Electronic Sales, (312) 956-8240, R.W. Kunz, 

314) 966-4977; INOIANA, Leslie M. De\loe Company, 1317) 842-3245; KANSAS, D.L.E. Electronics, (316) 744-1229; KENTUCKY, Leslie M. DeVoe Company, 1317) 842-3245; LOUISIANA, MIL-REP Associates, (713/ 444-2557; 
AIME, Datcom, Inc., (617) 891-4600; MASSACHUSETTS, Datcom, Inc., (617) 891 -4600; MICHIGAN, Action Components Sales, (313) 349-3940; MINNESOtA, Electric Component Sales, (612) 933-2594; M SSISSIPPI, 
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INMOSICs. 
For years Toshiba has been the power 

in MOS ICs. Leaders in static RAMs, lMB 
DRAMs, ROMs, and gate arrays. The world's 
largest producer of CMOS! A volume pro­
ducer of logic, MPU, and custom products. 
So now who has the experience, the tech­
nology and the production capacity to lead 
the way? The people with the power, the 
# 1 CMOS manufacturer in the world. Toshiba. 

TOSHIBA IS 
MEMORY POWER 

lMB Dynamic RAMs 
We're the world leader in 
volume production of lMB 

DRAMs! First to market! 
If you are thinking powerful 

memory, talk with us. 
Static RAMs in NMOS and CMOS 

We have fast 2Kx8 and 4Kx4 SRAMs at 25ns 
and fast CMOS 16Kx4 SRAMs, with or without 
output enable, and 25ns access times. On 
many high speed statics we can select 
20ns. We're leaders in byte wide memory 
products with the 2Kx8 and 8Kx8/9 fast 
SRAMs' the 32Kx8 (256K) CMOS static and 
pseudo SRAMs, the new lMb pseudo/virtually 
SRAM, and the emerging 128Kx8 CMOS SRAM. 

ROMs in NMOS and CMOS 
In CMOS mask RO Ms, we are producing 

lMB, 2MB and 4MB devices in volume. 
EPROMs in NMOS and CMOS 

Toshiba was first in the world to intro­
duce the 256K CMOS EPROM. And we can 
meet your needs with the high density 
512K and lMB EPROM, that can accommodate 
an entire utility program. 

OTPs 

Toshiba has one of the broadest lines of 
OTPs in the industry - 64K, 128K, 256K and 
512K in DIP or Surface Mount Packaging. 
Available in volume! 
LOS is a trademark of LSI Logic Corporation. ©1988 Toshiba America, Inc. 

TOSHIBA IS 
MPU POWER 

Toshiba is a world leader 
in shipments of 8-Bit Single 

Chip Microcontrollers and 8-Bit Micro­
processors. We also offer Peripherals, 
Speech Products and the powerful new 
Application Specific Standard Products 
(ASSPs) - Microprocessors and Peripherals 
integrated into a single Monolithic Silicon 
Die. In fact, Toshiba has one of the world's 
most comprehensive lines of CMOS MPUs. 

TOSHIBA IS 
LOGIC POWER 

Toshiba has been making 
CMOS logic for over 15 years. 

Toshiba introduced the first high-speed 
CMOS logic series. Today we are the world's 
# 1 CMOS manufacturer. 

Our new 74AC series has typical prop 
delay times of 3ns and maximum clock 
frequencies of 150 megahertz. That's 33% 
faster than the original 74HC series. Toshiba 
CMOS logic meets applicable JEDEC specs. 

TOSHIBA IS 
ASIC POWER 

Toshiba has ample design 
capability at its design centers, 
so with our experience, LDS TM 

software applications staff, you can develop 
your own advanced 50,000 gate, 0. 7ns 
gate arrays and standard cells. Plus new 
1. 5 µ hard megacell custom chips, which 
we have been producing for four years now. 

More importantly, we have the volume 
production capability to meet your needs. 

Toshiba. The power in design, develop­
ment and production. In DRAMs, SRAMs, 
Non-Volatile memory, MPUs, logic, custom 
and semicustom. 

TOSHIBA AMERICA, INC. 
Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744-1229, R.W. Kunz, (314) 966-4977; MONTANA, Components West, (206) 885-5880; NEVADA, Elrepco, Inc., (415) 962-0660; NEBRASKA, 
D.L.E. Electronics, (316) 744-1229; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus-Technology, {201) 947-0151 ; NEW MEXICO, Summit Sales, 
(602) 998-4850; NEW YORK, Nexus Technology, (201) 947-0151 ; Pi-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA, Montgomery Marketing, Inc., (919) 467-6319; NORTH DAKOTA/SOUTH DAKOlA, Electric 
Component Sales, (612) 933-2594; OHIO, Steffen & Associates, (216) 461-83:\3; {4t9) 884-23t3, (513) 293-3145; OKLAHOMA, MIL-REP Associates, (214) 644-6731 ; OREGON, Components West, (503) 684-1671; 
PENNSYLVANIA, Nexus Technology, (215) 675-9600, Steffen & Associates, {412) 276-7366; RHODE ISLAND, Datcom, Inc., {617) 891-4600; TENNESSEE, Montgomery Marketing, Inc., {205) 830-0498; TEXAS, Mil-REP 
Associates, (512) 346-6331 , (713) 444-2557, (214) 644-6731 ; UTAH, Straube Associates Mountain States, Inc., {801) 263-2640; VERMONT, Datcom, Inc., {617) 891-4600; WESTVIRGINIA, Steffen & Associates, (419) 884-2313; 
WASHINGTON, Components West, {206) 885-5880, {509) 922-2412; WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594; WYOMING, Straube Associates Mountain States, Inc., 
{303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, (206) 885-5880; ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 726-1452; QUEBEC, Electro Source, Inc., {514) 630-7421. 
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your PCB projects will stay 

Well-connected 
CADdy integration means one environment for Schematic 
Capture, PCB Layout, Autorouting and beyond. 

CADdy's maturity is reflected in it's screen menus, on-line 
manual and programmable function keys, CAD features like 
unlimited zooms, rubberbanding in both schematics and layout, 
and large designs to 8 MB. Professional features include 
multi-sheet schematics, dynamic symbol placement, 
auto-naming/numbering, BOM/Netlist, auto-ratsnest, board 
pin/gate swapping with schematic back-annotation, and 
interactive routing for analog and multi-layer boards, 
Auto-Artgen to pen plotters, laser printers, Gerber and Excellon. 

SMD-capable Autorouters do simultaneous multi-layer routing 
from gridless pads. There is even 2D/3D Mechanical for 
component drawings and package design. Now available on XT, 
AT, 386, PS/2 with co-processors and graphics from EGA to 
1280x1024. If this integration is what you need, CALL CADdy 
... to help you succeed and stay well-connected. 

CADdy Corporation 
3401 Algonquin, Suite 340 
Rolling Meadows, IL 60008 
(312) 394-7755or1-800-223-3911 

CIRCLE NO 35 

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. 

CALENDAR 
CASE '88 (2nd International Work­
shop on Computer-Aided Software 
Engineering), Cambridge, MA. 
Pamela Meyer, Index Technology 
Corp, 1 Main St, Cambridge, MA 
02142_ (617) 494-8200, ext 1988- July 
12 to 15. 

Principles of RF and Microwave 
Circuit Design (short course), Col­
lege Park, MD. Besser Associates, 
3975 E Bayshore Rd, Palo Alto, CA 
94303. (415) 969-3400. July 25 to 27_ 

Siggraph, Atlanta, GA. Barbara 
Voss, Robert P Kenworthy Inc, 866 
United Nations Plaza, Suite 424, 
New York, NY 10017. (212) 752-
0911. August 1 to 5. 

Midcon, Dallas, TX. Electronic 
Conventions Management, 8110 
Airport Blvd, Los Angeles, CA 
90045. (800) 421-6816; in CA, (213) 
772-2965_ August 30 to Septem -
ber 1. 

Surface Mount '88, Marlborough, 
MA_ MG Expositions Group, 1050 
Commonwealth Ave, Boston, MA 
02215. (800) 223-7126; in MA, (617) 
232-3976. August 30 to Septem -
ber 1. 

Modern Electronic Packaging 
(seminar), Santa Clara, CA. Tech­
nology Seminars, Box 487, 
Lutherville, MD 21093. (301) 269-
4102. September 7 to 9. 

International Test Conference, 
Washington, DC. Doris Thomas, 
ITC, Box 264, Mount Freedom, NJ 
07970. (201) 267-7120. September 12 
to 14. 

Worst-Case Circuit Analysis (semi­
nar), Boston, MA. Design and Eval­
uation, 1000 White Horse Rd, Suite 
304, Voorhees, NJ 08043. (609) 770-
0800. September 12 to 14. 

C Programming Workshop (short 
course), Seattle, WA. SSC, Box 
55549, Seattle, WA 98155. (206) 527-
3385. September 12 to 15. 
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For more information, call our Application Hotline ... 
(800) 421-1865 

or ask for our NEW 
AMPLIFIER HANDBOOK! 
... 176 pages of data and applications 
information on 23 models. 

Describes 65 choices 
including military versions 
and high-performance 
gradeouts. 
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MIL-STD-1750A 
SECS 80 MULTIBUS 
SECS 1750/A BRINGS THEM TOGETHER!! 
MIL-STD-1750A Now, the new TITAN/SESCO offers a non-development item 
(NDI) Single Module Computer (SMC), the SECS 1750/A. This high performance 
SMC integrates a fully compliant MIL-STD-1750A instruction seUarchitecture with 
64K words of on-board memory. The SECS 1750/A uses the Performance Semi­
conductor Pace 1750 CMOS Microprocessor running at 15 MHz and delivers 0.85 
MIPS while consuming less than 20 watts of power. 

SECS 80 COMPATIBLE The SECS 1750/A is also fully SECS 80 MULTIBUS 
and SECS 80 LOCALBUS compatible which Jllakes the balance of TITAN/ 
SESCO's SECS 80 computer product line available to deliver NDI systems solu­
tions to your door. 
The SECS 80 line 
includes 1553 in­
terfaces, serial, 
parallel, analog 
and peripheral 
1/0 modules, 
as well as a 
broad range of 
chassis and 
Ada software 
support. 

Call us now and get more information on the SECS 1750/A and the rest of our 
SECS 80 militarized computer systems, the most comprehensive line of NDI 
computer products in the world! 

.-.. =====.=. a• (800) 423-S 27 - ___ ...._ __ 
- - - -~!B'!lll ""="" II = - =,.. 20151 Nordhoff St., Chatsworth, CA 91311-6273 
SEVERE ENVIRONMENT SYSTEMS (818) 709-7100. Telex 69-1404 
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DID YOU KNOW? 
Half of all EDN's 

articles are staff.·written. 

IEDN 
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CALENDAR 
12th International Fiber Optic 
Communications and Local Area 
Networks Exposition, Atlanta, 
GA. Information Gatekeepers, 214 
Harvard Ave, Boston, MA 02134. 
(800) 323-1088; in MA, (617) 232-
3111. September 12 to 16. 

Connector and Interconnection 
Technology Symposium, Dallas, 
TX. Electronic Connector Study 
Group, 104 Wilmot Rd, Suite 201, 
Deerfield, IL 60015. (312) 940-8800. 
October 3 to 5. 

Autotestcon, Minneapolis, MN. 
Steve Palmer, Unisys, 3333 Pilot 
Knob Rd, Eagan, MN 55121. (612) 
456-2349. October 4 to 6. 

Buscon/88 East, New York, NY. 
Conference Management Corp, 200 
Connecticut Ave, Norwalk, CT 
06856. (203) 852-0500. October 4 
to 6. 

Electronic Imaging Conference 
East, Boston, MA. MG Expositions 
Group, 1050 Commonwealth Ave, 
Boston, MA 02215. (800) 223-7126; 
in MA, (617) 232-3976. October 4 
to 6. 

Power Electronics East, New 
York, NY. Conference Management 
Corp, 200 Connecticut Ave, Nor­
walk, CT 06856. (203) 852-0500. Oc­
tober 4 to 6. 

Frontiers '88: The 2nd Symposium 
on the Frontiers of Massively Par­
allel Computers, Fairfax, VA. 
Frontiers Symposium, Box 334, 
Greenbelt, MD 20770. October 10 
to 12. 

International Electronic Manu­
facturing Technology (IEMT) 
Symposium, Lake Buena Vista, 
FL. Bill Moody, 2529 Eaton Rd, 
Wilmington, DE 19810. (302) 478-
4143. October 10 to 12. 
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12 BIT TIME & FREQUENCY 
FOR$3995! 

TIME OR FREQUENCY AT THE PUSH OF A BUITON. 

The R350isaPC-based12-bit, 2-channel, 500 KHz, real­
time, FFf spectrum analyzer. Sample 2 channels simultane­
ously. 32K data buffers. Autosave spectrums to hard or floppy 
disk. Two modes of spectrum averaging. Fully differential 
inputs. Linear or log amplitude scaling. Amplitude and 
frequency cursor. Display spectrums 5to10 times a second. 
Print, store, retrieve and overlay spectrums. 500 KHz anti­
aliasing filters on each channel, 80db of dynamic range. 

The R3SO is a PC-based 12-bit Digital Oscilloscope. 
Sample 2 channels simultaneously at 1 MHz. 32K data buffers 
per channel. EMI protected metal case with power supply. 
Switchable differential or single ended input impedance. 
Software-selectable gain ranges allow resolution of200 µ, v to 
500 volts. Full analog and 100% digital triggering. Trigger 
adjust potentiometer. Fully differential inputs for signal integrity. 
Vertical waveform zooming. Autosave. Software drivers for 
"C", BASIC, and Turbo-Pascal. 

At Rapid Systems, 12 bit spectrum analyzers 
and digital oscilloscopes are no longer separate 
and distinct instruments, each with its own high 
cost. 

Now you can afford both, in one PC-based 
instrument: the Rapid Systems R350. 

A 12 bit, 1 MHz, 2-channel FFT analyzer 
and digital scope for only $3995. 

PC-based to make you more productive. 
The R350 is PC-based, of course. All Rapid 

Systems instruments are PC-based: designed, 
manufactured and tested to be ready to operate, 
the minute you receive them. 

Plug the R350 into a personal computer, slip 
in the software disk, and you're ready to go to 
work. Totally turnkey. It's that simple and easy 
to use. 

Call now for a demonstration. 
For your free copy of the new Rapid Systems 

catalog, to order, arrange a demonstration, or 
for further information, call or write Rapid 
Systems, 433 N. 34th St., Seattle, WA 98103. 
(206) 547-8311, Telex: 265017UR. 

RAPID SYSTEMS ~ 
...................... lllllllllllllllr"'"~C~h~an==g~in=g~t~he~w:::ay~w=e~t~hink~·~a~bo;::utinstrumen~. 
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When it comes to delivery of 
high-quality, reliable ASICs, S-MOS 
wrote the book. 

We did it in collaboration with 
our manufacturing affiliate, Seiko 
Epson. With 18 years of CMOS 
experience, Seiko Epson is one of 
the world's most advanced CMOS 
IC manufacturers. 

Through Seiko Epson's high-yield 
manufacturing technology, we ship 
millions of ASIC units a month, and 

with a reject rate ofless than .0001 %. 
That's our quality story. 

Now we've added a new chap­
ter on design. At our advanced 
R&D design facility, engineers from 
S-MOS and Seiko Epson are devel­
oping new software to simplify 
circuit design, simulation and the 
creation of new megacells for our 
extensive cell library. 

Of course, you can still take 
advantage of our established design 

tools because S-MOS supports such 
workstations as Daisy, Mentor, 
Calma and PC-based systems using 
FutureNet, OrCAD and ViewLogic. 

Our proprietary LADS simulator 
will speed up the design process. 
The S-MOS engineering team will 
support you from concept to 
production. 

If you are looking for an ASIC 
program that can make your designs 
best sellers, call us. (408) 922-0200. 
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CMOS Gate Arrays 
Up to 38,550 available gates 
• SLA8000 (800 ps)~ 

1.2µ drawn, 1.0µ Leff. 
• SLA7000 (1.0 ns)~ 

1.5µ drawn, f.2µ Leff. 
• SLA6000 (1.8 ns)~ 

2.0µ drawn, f.5µ Leff. 
• SLA700B High Drive 

Output 
• SLAIOOL Low Voltage 

CMOS Standard Cells 
Complexities to 16K gates•• 
• SSCIOOO (1.4 ns)~ 

1.8µ drawn, 1.4µ Leff. 
• Fully migratable from 

S-MOS gate arrays 
•RAM andROM 

blocks available 

TANCELL is a registered trademark ofTa ngcnt Systems. 
•Typical propagation delay of2-input NANO gate driving 2 internal loads with Imm of interconnect. 

••Maximum gate utilization depends on amount of interconnect used. 

The Alternative to Full Custom 
• 1.8µ CMOS process 
• Can utilize dissimilar 

cell geometries 
• 3-button approach 

to custom design 
• Currently over 300 

fully characterized cells 
•Fast 14-week 

implementation time 
•Timing-driven TANCELL® 

place-and-route software 

CIRCLE NO 45 

AA s ,, r-·T~ .... 
~ ~~~- --' _, 

SYSTEMS 
S-MOS SYSTEMS, INC. 
2460 North First Street 

San Jose, CA 95131-1002 
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IEMENS 

Codec Filter PEB 2060: Programmable for worldwide use. 

Put all nations "on board" with SICOFI 

Siemens presents the world's first programmable 
Codec filter device in CMOS technology with digital 
signal processing. This breakthrough is the cornerstone 
for a new generation of digital switching systems : 
Signal Processing Codec Filter (SICOFI) PEB 2060 
SICOFI can handle different international postal speci­
fications. It is programmable for fill systems in fill 
countries. And it is easily adaptable - in its amplifier 
setting, in its input impedance, in its 2/4-wire conversion, 
and in its equalization of frequency response. 

That means greater flexibility and convenience for produc­
ers of switching systems. Manufacturing is simpler and 
more straightforward. One board is enough for all specs. 

54 

And, just look at these performance features of the 
SICOFI PEB2060: 
• Capability for three-party conferencing. 
• 22-pin, low-dissipation package - so 16 instead of 

8 subscribers per module can be serviced. 
And that means dramatic space savings. 

• Simple board structure when used in conjunction 
with Peripheral Board Controller (PBC) PEB2050 -
for reduced outlay in circuit design. 

• Flexible signaling inierface - for ease in connecting 
monolithic sue components. 

• Programmable digital filters control 
• impedance matching • frequency response 
• gain • hybrid balancing 



SICOFI does all this without any extra external compo­
nents. It is one of the most innovative circuits of the big 
telecom IC family from Siemens - the complete IC 
family for the telecommunications of the future and for 
simplicity of design in digital communication systems 
that leads the way. 

Siemens is ready to lead the way for you - with 
experience, know-how, and pace-setting technology. 
And we'll back you with comprehensive support for the 
products you buy. You'll get fully detailed technical 
documentation, training courses, prototype devices, 
and test boards, plus dependable second-sources. 

Europe: Siemens AG, lnfoservice 12/Z072, 
Postfach 23 48, D-8510 FUrth 
USA: Siemens Semiconductor Group, 
2191 Laurelwood Road, Santa Clara, 
CA 95054, mentioning »SICOFI PEB 2060«. 

The Key to digital communication systems 
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If you built your OV\Tn logic analyzer ... 

Why make just an analyzer when 
you could build a complete, flexible 
logic analysis system? A modular 
system with a 400 megasample/s 
digitizing oscilloscope, an interactive 
50 Mbit/s pattern generator, up to 
400 state/timing channels available, 
and a variety of features that make 
it versatile and easy to use. Plus 
a configurable price that you could 
easily justify to the boss. 

Fortunately. you don't have to build 
it yourself to get all this. Just choose 
the modular HP 16500A Logic 
Analysis System. HP has already 
done it for you. 

56 

HP Logic Analyzers: 
the extra measure. 

Like all HP logic analysis tools , 
the HP 16500A delivers an extra 
measure of value. There are four 
different measurement modules to 
choose from. Th maximize your 
investment, configure the HP 16500A, 
using its five mainframe slots, with 
the module combination that best 
matches your budget and applica­
tion. Just imagine the possibilities 
for mixing and matching: 
• 80-channel, 25MHz state/100MHz 

transitional timing module 
(400 channels maximum) 

• 2-channel, 400 megasample/s 
digitizing scope module 
(8 channels maximum) 

. . . it V\TOUld be 
• 50 Mbit/s pattern generator module 

(204 channels maximum) 
• 16-channel, 1 GHz timing analyzer 

module (80 channels maxi.mum) 
If your applications are in 

hardware, powerful inter-module 
cross-domain triggering allows 
high speed waveforms from both 
the scope and analyzer modules 
to be time correlated, giving you 
unmatched analysis capability 
And you 
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more than a logic analyzer. 
ment results for simulation by using 
HP's bi-directional CAE link. 

If you're a software developer, 
the HP 16500A offers complete 
support for popular 8-, 16- and 
32-bit microprocessors. You can also 
develop your own support package 
for use with your custom processors 
or ASICs. 

But we didn't stop there. We 
designed a full set of features into 
the HP 16500A that make it easy 
to use. A touch screen or mouse 
controls functions through pop-up 
menus. Use your choice of a front 
panel knob or screen keyboard 
to change values. Plus, there are 
two built-in disc drives for data 
set-up and storage, HP Auto-Scale, 
EDN July 7, 1988 

and color hardcopy output at 
the push of a button. And the 
proverbial much more. 
Call for your free video! 
1-800-752-0900, Ext. H215. 

See for yourself 
how the modular 
HP 16500A Logic 
Analysis S'fstem is the 
logic analysis tool you'd design 
yourself. Like every logic analyzer 
in the HP family; it delivers the 
extra measure of value you 're 
looking for! 

1988 Hewlett-Packa!d Co. EI5806/EDN 
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Why our high performance 
22VIO PLO is the market 
leader: 

First, all the great architectural 
ftaturesof the standard 22Vl0. 

JndudiAgMacrocell l/O, so one part 
can be ~ed to replace up to ~O 
cWfmnt PLO devices, plus many addi­
tional logic configurations. Inverted 
ornotHnverted, registered or com­
blnati>rial operating modes. As many 
Rlisters as you want-I to IO. Syn­
chronous Preset and Asynchronous 

featum. Configurable with up to 
22 inputs and 10 outputs. A Variable 
Product Term architecture lets you 
easily tailor the 22Vl0 for high perform­
ance in a wide variety of applications, 
without burdening the product term 
sttucture. 

And )'OU get the benefit of easy pro­
~using industry standard 
llfllU8lteSlikeCUPL•or ABEL"', 
standlld programmers, or our handy 
Q(.iic,iPro• programming acces.wry 
i)r PC or PC-compatible. 

In otherwords, you get superb flex­
ibility and ease of use. The 22VIO gives 
~the coll\lellience of PLO design 
bf logic functions in the 500 to 800 
otearraiv oomplexity. But without 
the*5ign complexity of gate arrays. 

Blazing performance, with speeds 
to 25ns combinatorial/33.3MHz 
registered. 

Quarter-Power for cool performance. 
Optional windowed versions for the 

convenience of reprogrammability. 
Skinny DIP or surface mount pack­

aging. Greater than 2000V ESD tol­
erance on every pin, and the ability 
to tolerate ±10% power supply 
fluctuations. 

No wonder this is such a best seller. 
Get the databook that has the infor­

mation you need on this great part, and 
you'll have the information you need 
on ALL our high performance parts. 

CMOS high speed SRAM. 
CMOS high speed PROM. 
CMOS high speed PW. 
CMOS high speed Logic. 

llemlconductor. 3901 North First Street. s.n Jou. CA 95134. Phone: (4081943-.2666. 'Mex: 82103.2 ~ESS SNJ UD, 1WXd cr:;.e'ISS 01988 Cypms Semiconductor. QukkPro is a tr~mark of Cypress Semiconductor. CUPL ts a rqiateRCI trademark ~.ABEL is a trademark of Data 1/0 Corporation. 



EDITORIAL 
The paperless-office myth 

EDN July 7, 1988 

Back at the birth of business computers, various industry prophets 
predicted paperless offices. In those days, when timesharing was a 
computing technique and not a vacation style, people envisioned 
sharing great quantities of information that was stored in a large 
central computer. Thus, they thought, offices would no longer need 
vast quantities of paper or the facilities to store reports and memos. 

Such talk spread panic among paper and office-equipment manu­
facturers. After all, they couldn't survive if offices no longer needed 
paper and file cabinets. It turns out that the words "paperless 
office" have become an oxymoron, much like "plastic silverware" 
and "solid tubing." In fact, developments in the last few years have 
increased rather than decreased the amount of printed material 
that offices create. 

Hardly a day goes by, for example, that I don't receive a 
computer-products catalog in the mail. Over a week or two, those 
catalogs add considerable bulk to the household paper trash. Not 
only that, but many flyers and advertisements entice me to buy 
special paper, labels, envelopes, and forms-more paper. And the 
advent of the personal computer also spawned many, many comput­
er publications, magazine supplements, and newspaper sections­
even more paper. 

These days, people talk about diskless workstations, but it's hard 
to imagine a computer without a printer. In fact, many computer 
stores sell a desktop computer and an inexpensive printer as a 
package deal. On most computers, printer-output ports are stand­
ard, and after all, a word-processing program without a printer has 
little value. 

The laser printer has exacerbated the situation. I receive count­
less newsletters that bear the mark of a laser printer. With a laser 
printer and a desktop-publishing program, anyone can become a 
publisher, editor, and promoter. The equipment can exalt even the 
most modest communications. Instead of just telling people about a 
meeting, for example, you can handcraft a beautiful, printed 
meeting notice. 

Other computer software also beckons me to use more paper. I 
see ads for form-designing software that lets you create a form for 
every possible use. Once hooked on such software, you'll find that 
you need many more forms than you use today-and it becomes easy 
to create them. Now there's no excuse to use a small stick-on note 
when you can design and use a 1-page form instead. We editors are 
guilty, too: It's easy to make profligate use of printouts for revision 
upon revision of an article. 

Now that I have all this wisdom about the paper-full office, I'm 
sorry I didn't invest in paper futures a few years ago. But I'm 
playing it smart by looking for investment bargains among trash­
hauling and paper-recycling companies. It pays to be ready. 

,~~: U Editor 
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Any color: Angled or straight. "Click ''-it's connecf,ed. 
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The smartest package. 

EDN July 7, 1988 

Pl~ new sales 
appeal into your system 

with DuPont 
Latch-N-Lok™ Shielded 

Assemblies. 

hnprove your system's sales appeal with Du Pont 
Latch-N-Lok modular interconnections. 

Choose from the industry's widest variety 
of compact plugs and receptacles. Straight, 
right-angle or combination designs. Latch 
on top, bottom or side. Panels, chassis or board 
mounted receptacles. And cords-coiled or 
straight-in any length, with any number of 
conductors, and foil, serve or braid shielding. 
What's more, Latch-N-Lok can use a variety of 
wire gauges (22 to 30 AWG) within an assembly. 

All of these combinations can be customized 
and color-coordinated to your system. Yet 
Latch-N-Lok costs no more than standard 
assemblies. 

And Latch-N-Lok is the only quick dis-
connect pin-and-socket system. With a contact 
design proven over millions of applications. 

For a free sample or our free brochure call 
1-800-237-4357. 
Or write, DuPont Electronics, Room G-51155, 
Wtlmington, DE 19898. 

DuPont Electronics 
Share the power of our resources. 
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ne. 
FLOPPY DISK DRIVES. 

With our Universal Installation Kit you can easily 
fit our 3.5", 1or2 megabyte floppy in the slot 
where a 5.25" drive used 
to go. But if a 5.25" 
is what you really want, 
then you've got 
plenty of options 
there too. 

- --

--
--

-
OPTICAL DISK DRIVES. 

We shipped the world's first optical 
drive back in 1981. And with our 

choice of 5.25" or 12" WORM drives 
and our half-high CD-ROM, we're still 
light years ahead. 

QUALITY PRODUCTS 
WITH QUALITY SUPPORT. 

Floppy, optical or Winchester, you'll 
find the quality drives you need at 

Toshiba. Along with J.I.T. 
delivery, complete tech-
nical support and full 
service. Because, it's 
doing it all that's made 
us the best single 
source drive 

WINCHESTER DISK DRIVES. supplier around. 
Toshiba Winchester drives are available 
in 3.5", 5.25" and 8" diameters. With the 
speeds, capacities and interfaces for 
almost any application. 

To find out how 
good a source we 
can be for you, call 
us at 1-800-456-DISK. 

EDN July 7, 1988 

In Touch with Tomorrow 

TOSHIBA 
TOSHIBA AMERICA, INC. 

Disk Products Division, 9740 Irvine Blvd., Irvine, CA 92718 
CIRCLE NO 48 



For fast answers, callus at: ___________ _ 
USA Tel :l-800-632-3531.TWX:910-379-6985. Sweden Tel:08-732-8200.Telex:l3839. 

C&C Computers and Communications 
W.Germany Tel:0211-650302.Telex :8589960. France Tel:l -3946-9617.Telex:699499. 
The Netherlands Tel:040-445-845.Telex:51923. Italy Tel:02-6709108.Telex:315355. 



UK Tel:0908-691133. Telex:826791. Singapore Tel:4819881.Telex:39726. 
Hong Kong Tel:3-755-9008. Telex:54561. Australia Tel:03-267-6355.Telex:38343. 
Taiwan Tel:02-522-4192. Telex:22372. CIRCLE NO 49 

The fast young minds behind 
the world's fastest 7 6-bit microprocessor. 
Akira Kuwata and Yasuyuki Hasegawa, 
architecture designers, 
System Design Department, 
Microcomputer Division. 

NEC 



The only VME System Enclosures 
with EMl/RFI Compliance 

With Electronic Solutions VME enclosures you don 't 
have to take any static about FCC compliance . Because 
your VME system can meet or exceed FCC Class A Part 
15 EMl/RFI standards. No other enclosure manufacturer 
can make that statement. 

Here's why: Only Electronic Solutions puts a new face 

cage, backplane, power supply, room for peripherals and 
more. You can get slim enclosures with 3 slots all the way 
up to multi-system enclosures with 40-count 'em-40 
slots. And you buy them ready for your system at a tiny 
fraction of what it would cost to develop your own 
packaging . 

on VME, an outer front panel 
that-with other design fea­
tures - keeps your EMl/RFI 
signals from straying. What's 
more, it hides those 1/0 con­
nectors and dangling cables so 
your system looks a lot cleaner 
and more attractive. 

Electronic Solutions enclo-
f. y~ sures for VME - and 

~<fr,3.f~ Multibus I/ II - come GEMINI enclosures to 40 slots. 
;:t a assembled com- u. 

D._ 1 1 '"+/: plete with card 'i\l G® ·~A"::· 
<f.1d~ v 

SERIES enclosures to 12 slots. 

IEC380 I FCC I 

We'll FAX you 
the facts. 

Want the latest data in a hurry? 
Nothing is faster than Electronic 
Solutions' new " FAX the FACTS" pro­
gram. If you have a FAX machine, just 
call our "800" number, give us your 
FAX number and type of FAX 
machine, and the information you 
need from us. We 'll FAX it to you 
immediately. 

In addition , there are a few 
other agencies besides the 
FCC that can help multiply your 
system 's success. So Elec­
tronic Solutions enclosures 
pass UL, CSA, and TUV/IEC 
380 as well. 

Call today for complete 
details. Because no matter 
what formula you planned to 
use for system packaging , put­
ting your system in our en­
closures is the one that really 
adds up. 

6790 Flanders Drive, San Diego, CA 92121 · (619) 452-9333 Telex ll(TWX): 910-335-1169 

Call Toll Free: (800)854-7086 In Calif: (800)772-7086 
CIRCLE NO 50 



PRODUCT UPDATE 

Microcontroller chip features 
analog and digital 1/0 lines 
Aimed specifically at low-cost appli­
cations in consumer-electronic 
equipment and handheld devices, 
the Z86C08 microcontroller chip 
provides 11 digital I/O lines and 2k 
bytes of internal ROM. Three addi­
tional signal inputs accept either 
digital or analog signals, depending 
on how your software configures the 
chip. The µC chip furnishes 124 
general-purpose 8-bit registers in 
addition to 15 control and status 
registers that control the I/O ports, 
timers, register pointer, and inter­
rupts. The chip also provides a stack 
that saves addresses and data in the 
general-purpose registers. 

The CMOS chip operates with ei­
ther a 12-MHz-max crystal or an 
external oscillator. By turning off 
the clock signals, you'll save power, 
a requirement for low-power appli­
cations. that depend on batteries. 
The software instructions let you 
select one of two power-saving 
standby modes: stop or halt. The 
halt mode stops the chip's internal 
clock, but not the crystal-oscillator 
circuit. The stop mode, however, 
stops both the chip's internal clock 
and its oscillator circuit. You can 
release the µC from either the stop 
or halt mode by generating an ex­
ternal interrupt signal. 

The chip furnishes three inputs 
that you can use to measure analog 
voltages. One input connects an ex­
ternal reference voltage to two com­
parators that monitor two unknown 
voltages-one at each of the two 
remaining pins. When an unknown 
voltage exceeds the reference level, 
the corresponding comparator in­
terrupts the CPU. The CPU pro­
vides as many as six interrupts; four 
from I/O lines, which include the 
comparators, and two from internal 
counter/timer registers. 

EDN July 7, 1988 

If you already program the manu­
facturer's Z8 µP-family chip, you'll 
be able to transfer software to the 
Z86C08 directly, because the new 
chip maintains instruction compati­
bility. The instruction set includes a 
watchdog timer code that refreshes 
a 15-msec timer within the chip. If 
the timer is not refreshed within the 
15-msec period, it resets the CPU. 
The watchdog timer is a maskable 
option, so you must specify whether 
or not you want it when you order 
the chip and specify your masked 
ROM pattern. The µC chip is avail­
able now and costs $1.62 in 25,000 
quantities.-Jon Titus 

Zilog Inc, 210 Hacienda Ave, 
Campbell, CA 95006 . Phone (408) 
370-8000. TWX 910-338-7621. 

Circle No 745 

Carborundum® 
non inductive 
ceramic power 
resistors solve 
tough problems. 
We make three types of noninductive 
ceramic resistors that can solve tough resis­
tance problems, save money and space. 

Regardless of the pulse shape, we have 
the resistor. Our Type SP handles large 
amounts of power from 60 cycles through 
VHF. Type AS can absorb huge amounts of 
energy in millisecond pulses. Type A solves 
high resistance problems in high voltage 
situations. 

For more information on ceramic power 
resistors and our broad line of thermistors 
and varistors, call or write today. 

Standard Oil 
Engineered Materials Company 
Electronic Ceramics Division 
P.O. Box 339 
Niagara Falls, New York 14302 
716 278-2553 

STANDARD OIL 
ENGINEERED MATERIALS 

CARBORUNDUM® ELECTRONIC 
COMPONENTS 

CIRCLE NO 51 
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PRODUCT UPDATE 

Sequential-sampling digital scope has 
2-GHz bandwidth and 1-mV / div sensitivity 
The PM 3340 2-channel digital oscil­
loscope uses sequential equivalent­
time sampling to achieve a 2-GHz 
repetitive-signal bandwidth. Many 
engineers think that this technique 
combines extraordinary bandwidth 
with high resolution, but that it 
takes longer to reconstruct wave­
forms than other data-capture tech­
niques such as random sampling. 
"Not so," says Hans Toorens, prod­
uct marketing manager at John 
Fluke Manufacturing Co, exclusive 
US distributor of Philips' test and 
measurement products. "For cer­
tain simple waveforms, a random­
sampling scope might give you an 
idea of what the picture will look 
like a little sooner but, in general, 
the sequential-sampling instrument 
will present a complete display 
more rapidly." He further points 
out that the economies inherent in 
sequential sampling permit his com­
pany to offer products with a superi­
or price/performance ratio. 

In the PM 3340, the sampling 
gates are right at the input. After 
the gates, the scope's circuits pro­
cess medium-frequency informa­
tion. Most of the instrument does 
not need-or use-costly, high-fre­
quency design techniques. Accord­
ing to Toorens, competitive instru­
ments contain a substantial amount 
of wideband electronics. Whereas 
the PM 3340 delivers a combination 
of 2-GHz signal bandwidth, 2-GHz 
trigger bandwidth, 20-psec/div 
sweep speed, and 1-mV/div sensitiv­
ity, several instruments in the same 
class only offer half the bandwidth 
and l/ioth the sensitivity. Further­
more, the PM 3340 digitizes with 
10-bit resolution-four times what 
some of the competitive units pro­
vide. 

68 

The front panel of the PM 3340 resembles that of an analog scope, but the row of softkeys to 
the right of the screen and the keypad reveal its digital heritage. 

The engineers who designed the 
scope did not overlook the user in­
terface in their effort to provide 
maximum performance. Insofar as 
possible, the scope's controls behave 
like their counterparts on analog 
scopes, which all potential users are 
familiar with. But there are also 
many convenience features that 
users of state-of-the-art digital 
scopes have come to expect. For 
example, menus appear on screen to 
the right of the waveforms; you 
make your selections using a row of 
softkeys to the right of the screen. 
Pressing an "autoset" button 
enables you to quickly obtain a 
trace. Nonvolatile memory can store 
250 control settings. For automated­
test applications, the unit includes 
both RS-232C and IEEE-488 inter­
faces. 

The scope also offers many signal­
processing capabilities. Signal aver­
aging allows enhancement of SIN 

ratios; four memory registers per­
mit waveform comparisons (each 
register stores 4k words-eight 
times the number of samples that 
appear on a full screen); an "eye" 
display mode facilitates jitter meas­
urements; and firmware-based cal­
culation functions let you measure 
amplitude', time, frequency, and 
phase. The instrument can deter­
mine FFTs and amplitude histo­
grams. Moreover, it can add, sub­
tract, multiply, divide, integrate, 
and differentiate. 

Prices for the PM 3340 start at 
$16,000. Delivery is six weeks ARO. 

- Dan Strassberg 
John Fluke Mfg Co Inc, Box 

C9090, Everett, WA 98206. Phone 
(800) 443-5853. 

Circle No 785 
Philips Test and Measurement, 

Bldg HKF, 5600 MD Eindoven, The 
Netherlands. Phone local office. 

Circle No 786 
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The Z84C90: Two serial, three parallel ports 
and a counter/timer on one chip. 

Just think what you can do with it. 
Zilog's Z80 SPCT, Killer Ilo;· gives you a true 

"System on Silicon:"' With all the advantages of CMOS 
technology, Superintegration;· and proven Z80 
performance. Think of it as the door to a whole lot of 
new opportunities. 

The ZBO Family: 
Still growing strong. 

7be Z80 remains the most commo11~v used 8-~I '/ ' 
micro rocessor i11 tbe industry. No ll'Ollder As the.1a1111) 

P 1· ed to de1•e/rih so ha1•e the adl'c/l/tages: the 
bas COii lllU I'• · d t ISi the 
fiamiliaritv of ll'Orking il'ith de11ices you k11011 a11 ~1. . 

. ' I if bein able to use sojlll'are you 'e 
~r::::;~:.;1~;:d~

1 
and. ~course, there's the i111pressil'e 

Z80 pe~;~~~c;~mill' bas e1•0/l'ed tbrougb NMOS .. CMOS. 
. As d bi b-i11tegration our com1111tme11/ 

h1gb-peiformance all dg Ne11 · products hai•e co11ti11ued 
Z80 bas nel'er !l'a1•ere 10 , d L d Besides the 16-bit Z280 and the 11e11· 

to be e1•e ope · fi . realll' ZB.JC90-tbe Killer 110-tbere are a. ell' 11101e ,1v1u . 

ought to Look al: 
... Z84C80181 ZBO-based .IJ'S/ems GW .logic that CCIII be 

used in el'elJ' Z80 appllcatwn . 

.... Z80180 tbe ZIBO 8-bit MPU combines a Z80 CPU .. 
MMU 2 UAR'B. DMA. a C/Ta11d more. 11·1/b 
no ~Ira logic 11eeded for ZBO peripberals 
combines a Z80 CPU ll'itb an on-board 
oscillator 

Lots of 110. 
You're simply not going to get more serial/parallel 

1/0 anywhere. We've put together the most popular 
combination of discrete devices ... two independent 
synch/asynch serial channels, two independent parallel 
ports, an 8-bit programmable port and four counter/ 
timers. And, since they're all fully compatible with 
PIO, SIO and CTC devices, you have the advantage 
of "commonality:• 

Lots of performance. 
Superintegration and CMOS technology mean the 

Z84C90 provides plenty of performance and flexibility. 8 
MHz speed for instance. Plus you've got four independent 
counter/timers and on-chip oscillator to work with. And 
the peripherals can be used in any combination you need. 

Lots of benefits. 
You 're designing with a highly integrated chip. 

And you're working with the familiar software and 
proven performance of the Z80 Family. That's enough 
to make the Killer 1/0 the best choice. But think about 
the lower cost you get from less real estate, lower 
manufacturing cost and reduced inventory. Think about 
improved time to market. Or the higher performance 
and reliability that come with super integration. And it's 
all off the shelf and backed by Zilog's proven quality . 

So whether you're upgrading existing designs or 
looking for solutions in new applications like cellular 
phones, personal computers, industrial control, or data 
communications, you owe it to yourself to contact your 
local Zilog sales office or your authorized distributor 
today. Zilog, Inc. , 210 Hacienda Ave., Campbell, CA 
95008, ( 408) 370-8000. 

Right product. Right price. Right away. Zilog 
ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 885-8080, MA (617) 273-4222, 
MN (612) 831-7611, NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 231-';J090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, 
WEST GERMANY Munich (49) (89) 612-6046, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. R.O.C.: Taiwan (886) (2) 731-2420, U.S. AND 
CANADA DISTRIBUTORS: Anthem Electric, Bell Indus., Hall-Mark Elec.,JAN Devices, Inc., Lionex Corp., Sch weber Elec., Western Microtech ., CANADA Future Elec., S~IAD. 69 
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Making mistakes is not the problem. 
It's where you make them that matters. The most inexpensive and efficient 

place is on a computer, where you can change a design in minutes. Building a 
prototype, on the other hand, can take days. 

You can streamline the process even more by integrating the design steps 
with the rest of the manufacturing operation. So everyone, from engineers and 
draftsmen, to machinists and floor managers, works together more efficiently. 

Stop manufacturing your mistal~es. 



This approach to manufacturing is called Computer Integrated 
Manufacturing ( CIM). And no one is better able to help you start CIM than IBM. 
In fact, we have the hardware, software, support and experience it takes to tie 
your entire business together. 

That's not just a lot of talk, either. We have the successful customers to prove 
it. So instead of paying for your mistakes, catch them before they cost you. Call 
1-800-IBM-2468, ext. 37. We'll help you do it right the first time. 

--------
~~fil® The Bigger Picture 



READERS' CHOICE 
Of all the new products covered in ED N's April 14, 1988, issue, the ones reprinted here generated the most reader 
requests for additional information. If you missed them the first time, find out what makes them special: Just 
circle the appropriate numbers on the Information Retrieval Service card, refer to the indicated pages in our April 
14, 1988, issue, or use EDN's Express Request service. 

.& DSP IN-CIRCUIT EMULATOR 
The 320C25 ICE Pak is a low-cost in-circuit emulator 
for Texas Instruments' TMS320C25 DSP chip (pg 98). 
You can use it with any host computer or terminal by 
plugging it into the host's RS-232C port. 
Memocom 
Circle No 605 

SCIENCE TOOLS 
The Science and Engi­
neering Tools package 
consists of a set of C 
functions for general sta­
tistics, multiple regres­
sion, curve fitting, inte­
gration, FFTs, 
differential and simulta­
neous equations, matrix 
math, complex math, 
and special functions 
(pg 305). 
Quinn-Curtis 
Circle No 607 
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VOLTAGE TRIPLER 
The SL6670 provides voltage tri­
pling without the use of external 
inductors or transformers by em­
ploying charge-pump techniques 
(pg 255). It is programmable via 
an external resistor. 
Plessey Semiconductors Ltd 
Circle No 601 
Plessey Semiconductors 
Circle No 602 

.& CAMERA ASSEMBLY 
You only need to add a chassis and lens to this solid­
state image sensor assembly to produce a black-and­
white video camera suitable for surveillance or ma­
chine-vision systems (pg 270). 
Philips 
Circle No 603 
Amperex Sales Corp 
Circle No 604 

.A TAPE SYSTEM 

The Jumbo 40M-byte tape backup 
system for IBM PC, PC/XT, 
PC/AT, PS/2, and compatible com­
puters can store lOM bytes of data 
for an IBM PC/ AT within five to 
six minutes, according to the ven­
dor (pg 280). 
Colorado Memory Systems Inc 
Circle No 606 
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WITH ALL THIS 
GOING FORYOQ 

Convenient standoffs aid 
cleaning and heat 
dissipation. 

Easy-access probe holes 
speed testing. 

Visual orientation guides 
speed installation. 

Closed-bottom design 
prevents solder wicking­
without troublesome mylar 
covers. 

Highly-reliable GTH™ 
contact system holds chip 
firmly in place-without 
awkward retention clips. 

Low-profile design saves 
space. 

WHY SETTLE FOR 
ING LESS 

IN A CHIP CARRIER 
SOCKEf? 

CHIPAKr"-it's the finest chip carrier socket on the 
market today. And the only one that combines all these 
important features in a single design. 

In fact, everything about our CHIPAK sockets has been 
engineered for maximum reliability and installation ease. 

Our closed-bottom design, for example, eliminates 
the danger of solder wicking-without the trouble­
some mylar covers required in open-bottom 
designs. Our GTHr·" contact system grips the 
chip tightly in place and insures good-as-gold 
performance-without cumbersome chip 
retention clips. 

In short, CHIPAK combines all the 

features you'll ever want or need in a chip carrier socket. 
Low-profile design to save space. Convenient standoffs to aid 
cleaning and heat dissipation. Easy-access probe holes and 

easy-to-spot orientation guides to speed instal­
lation and testing. And finally, an easy-to-use 

chip extraction tool that, unlike others, 
accommodates every socket size-quickly 
and safely. 

With all this going for you, why settle 
for anything less? Available in sizes from 

20 through 84 contact positions. Call or 
write for complete details: Burntly Corporation, 

Norwalk, CT 06856. (203) 852-8337. 

THE BEST CHIP EXTRACTION TOOL IN THE BUSINESS! 
Foolproof. Easy to use. Convenient. One tool does it all . Accommodates full range of chip sizes . 

.O BURNDV V CUSTOMER SATISFACTm COVES!!§'.! 
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WITH VLSrs ASIC IDOLS, YOU CAN 
VLSI Technology's software is the fastest, 

surest way to create successful ASIC chips. 
Our tools accelerate each and every step of 

the design process. 
And our years of experience insure the 

success of your finished ASIC chip. 
EVERYTHING'S FASTER WHEN YOU 

HAVE AN ASSISTANT. 
Our Design Assistant™ tool partitions your 

chip and estimates chip size, power consump-



BLOW RIGHT BY THE COMPE I I I ION. 
tion, and packaging possibilities. In short, it tells 
you the best silicon solution to your problem. 

Simply enter your design in block dia­
grams and global interconnect forms. Design 
Assistant shows you ways to implement it. 

Gate array, standard cell or cell-based. 
You can run dozens of "what if" configura­

tions in a few hours. In no time, you'll have 
the crucial information you used to wait for­
ever for vendors to supply. 



STREAMLINED DESIGN, 
COMPLIMENTS OF OUR COMPILERS. 

Our logic and memory compilers create 
multipliers, PLAs, or super fast SRAM 
memory blocks as fast as 8ns. 

And weve got a couple of "expert" com­
pilers for cell-based or gate array designs that 
think exactly the way you do. 

When you design a datapath, you think 
of it as a linear schematic, right? 

Well, our Datapath Compiler just happens 
to use schematics as input. Complex multi-bit 
datapaths practically pop right out of it. 

When you design state machine and other 
logic blocks, you think in terms of equations. 
Our State Machine Compiler does, too. 

And it even optimizes your equations. 
GET IT TOGETHER. FAST. 

Ready to place and route your cell-based 
design? Just call up our Chip Compiler. 

It provides floor-planning and auto-routing. 
It works with our compilers and standard cell 
libraries to produce an optimized layout. 

It even pours standard cells into the gaps 

between blocks to make sure you use the 
minimum chip area required. 

How fast does it work? Glad you asked. 
A company came to us with a layout that 

took them three months. We did it in two days. 
ID BE FAST, 

YOU HAVE ID BE FLEXIBLE. 
Only our Portable Library lets you choose 

gate array or cell-based, 1.5µ or 2µ, after you've 
completed your logic design. 

It can allow you to do that because your 
library always remains stable. No matter what 
process you use. 

Process obsolescence is now obsolete. 
IF YOU NEED ID GET THERE FAST, 

TAKE THE EXPRESS. 
You can buy VLSI's tools in six configura­

tions. From our quick, easy-to-use Logic 
Express™ to the powerful Design Express~ 

If you'd like to find out how quickly you 
can design successful ASIC chips, give us a 
call at (800) 872-6753. 

Because when you're driving to market this 
fast, it's good to have insurance. 

CONCEPT EXPRESS™: DESIGN EXPRESS™: SILICON EXPREsS™: 

The Concept Express Design Systems 
highly productive logic tools and 
silicon compilers were used to develop 
this very-large-scale ASIC. It incorpor­
ates a 2901 datapath, RAM, ROM, 
and over 3, 400 
gates of 
random 
logic. 

This highly-integrated design combines 
control logic, a register file, a refresh 
counter, and five peripheral chips onto 
a die size of 275 x 315 mils. The logic 
design, layout, and verification were 
completed in 
only 12 
weeks. 

This design integrates all the peripheral 
chips for an AT computer with six 
megacells and control logic. Using the 
Silicon Express Design System, logic 
and physical designs like these can be 
implemented in 
under two 
man 
months. 

VLSI TECHNOLOGY, INC. 



Introducing 100MHz performance for $3465 
in a general purpose digitizing oscilloscope. 
• Instant Hardcopy Output 
• FUii Programmability 
• Automatic Measurements 
• Pushbutton Automatic Set-up 
• Advanced Logic 'Itiggering 
• Easy to Use 

The new HP 54501A Digitizing 
Oscilloscope is, without a doubt, the 
general purpose digitizing oscilloscope 
you've been waiting for. It does what 
most analog scopes will do and it pro­
vides additional performance capabilities 
found in the most expensive digitizing 
oscilloscopes. 

Compare at twice the price. 
The combination of low price, high per­

formance and a full set of features makes 
the HP 54501A the best scope available, 
even when compared feature-for-feature 
to competitive scopes costing up to 
twice as much. 

An intuitive operating interface makes 
the HP 54501A extremely easy to work with. 
And it's packed with features that make set­
ups and measurements a snap-including 
EDN July 7, 1988 

HP Auto Scale, dual timebase windowing 
and four separate set-up memories . 

You get versatile, programmable 
100MHz measurement capability Plus 
there are passive probes and a new 
TV /video pod among a wide selection 
of accessories that make your job 
even easier. 

Call for a free video a nd a discount. 
1-800-752-0900, Ext. K215. 
Free Video: to see 
the HP 54501A in 
action, ask for our 
free application 
demo video that pro­
vides all the details . 
$800 Discount: for a 
limited time, get an $800 
Discount when you buy an 
HP 54501A/HP 8116 Pulse Generator 
combination. Ask for details 
when you call. 

©1988 Hewlett·Packaid Co. E115802/EDN 

F//O'I HEWLETT 
~~ PACKARD 
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Going any less than five 
in our measurements t~ 
of the rest would seem 1 

I I I I I 

0 10 20 30 40 

- ~tb@i1·I§1·l§- -.-. -------~ 
Schlumberger Instruments Schlumberger Instruments 
20 North Avenue , Burlington 50, avenue Jean-Jaures - BP 620-06 
MA 01803 - USA 92542 Montrouge - France 
Tel.: (617) 229-4825 Tel.: (1) 47.46 .67.00 
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times faster 
:1n the best 
) us second-rate. 

I I I I I 

60 70 80 90 100 

Schlumberger Instruments is ahead of the game in more ways than one. Take our new range of Optical Time 
Domain Reflectometers, for instance. They allow optical fibers as long as 70 km to be verified in a mere two 
minutes. The best of our competitors takes ten. This concern with optimizing measurement speed and ease 
of use is typical of our approach. We spend long hours building time-saving solutions into our instruments ... 
like application-specific software, and memories for post-processing. 
Solutions like these have placed Schlumberger Instruments in the forefront of a field as demanding as 
telecommunications. But in aerospace, mechanical analysis, radio test and electronics service, our 
customers also appreciate our winning ways. 
After all, time is of the essence. And at Schlumberger Instruments, our customer's time is every bit as 
precious as our own. 

Born to set tomorrow's standards in measurement reliability. 

Schlumberger Instruments 
124 Victoria Road, Farnborough 
Hampshire GU14 ?PW - England 
Tel.: (0252) 544433 
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Schlumberger MeBgerate GmbH 
lngolsti:idter StraBe 67a 
8000 Munchen 46 - West Germany 
Tel.: (089) 31889-0 

CIRCLE NO 56 

Schlumberger 
Instruments 

Schlumberger Sistemi Spa 
Divisione Instruments 
Via Mecenate 90 
20138 Milano - Italia 
Tel.: (02) 502294/502278 
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INTEGRATED 
CIRCUITS 

Current-feedback 
op amps ease 
high-speed circuit design 

Because they're free from gain-band­
width limitations, current-feedback op 
amps excel in high-frequency and fast­
settling circuitry. The latest models also 
achieve a fair amount of de accuracy 
without sacrificing speed-an important 
consideration when you're designing 
high-frequency circuits such as flash 
A/ D converters. 

Peter Harold, European Editor 
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F or high-frequency applications-for instance, 
high-speed AID and DIA converters, video driv­
ers, pulse amplifiers, and radar and IF pro­

cessors--<!urrent-feedback op amps offer particular ad­
vantages, such as a very wide bandwidth that's 
independent of closed-loop gain. They also provide a 
fair degree of precision, sparing you the painful choice 
between speed and precision that conventional voltage­
feedback op amps usually require you to make. Cur­
rent-feedback op amps (or transimpedance amps) settle 
quickly, provide a linear phase response, and are gener­
ally free from stability problems. And although they 
might at first glance seem more expensive, they could in 
fact save you money: Unlike a conventional op amp, a 
current-feedback type doesn't require any individual 
tweaking to meet performance requirements in high­
speed or high-frequency applications. 

Unlike a conventional op amp, a current-feedback op 
amp can achieve high speed without a huge sacrifice in 
de performance. Models with bandwidths of over 100 
MHz are available with input offset voltages as low as 
0.3 mV typ and input-offset-voltage temperature coeffi­
cients of 5 µ V/° C. In addition, because current-feed­
back op amps aren't subject to the gain-bandwidth­
product restrictions of conventional op amps, you can 
alter the closed-loop gain of the current-feedback de-
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100-MHz, low-offset-voltage op amp ( Arwlog Devices I nc) 

vices without affecting their frequency response. 
Although many analog-signal-processing applica­

tions, such as video- and IF-signal amplifiers, require 
high-bandwidth op amps, it's today's trend towards 
processing analog signals in the digital domain that 
places the greatest demands on op-amp performance. 
Almost by definition, digital-signal-processing (DSP) 
systems start off by capturing a real-world analog 
input, and more often than not, they end up with an 
analog output in the form of drive waveforms for a CRT 
display. Therefore, you'll almost certainly find an AID 
converter at the front end of a DSP system, and a D/A 
converter at the back end. To accurately model the 
system's analog input in the digital domain, this AID 
converter must satisfy the requirement of Nyquist's 
sampling theorem. This theorem requires that the AID 
converter sample the input signal at twice the frequen­
cy of the signal's highest frequency component that has 
an amplitude greater than the ADC's least significant 
bit . . 

To digitize the output of a high-resolution video 
camera, for example, you'll need to digitize the camera's 
analog output signal at around 15M to 20M samples/sec. 
To buffer and scale this signal to suit the input of an 
8-bit AID converter, you'll need an op amp that can 
settle to within 0.5 LSB (0.2%) in well under 50 nsec. 
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This settling time is not outside the capabilities of a 
conventional high-speed op amp (especially if you can 
operate it at a gain close to 1, where it has optimum 
settling performance), but it would require some fairly 
clever compensation circuitry. That settling time is, 
however, well within the capabilities of a low-cost, 
general-purpose current-feedback op amp. By using a 
suitable current-feedback op amp, you can also be sure 
that you won't need to tweak the individual AID con­
verters during production to ensure their consistent 
performance. 

Current-feedback op amps outperform conventional 
types in applications that require further increases in 
speed or resolution. A 12-bit flash AID converter, for 
example, often uses a 2-pass subranging technique to 
achieve its 12-bit resolution. On the first pass it typical­
ly digitizes the input signal to only 7-bit resolution. 
During the second pass, it feeds back this 7-bit result to 
the input via a 7-bit DIA converter whose output is 
accurate to 12 bits. At the input, the D/ A converter's 
output voltage is subtracted from the input signal so 
that the AID converter can digitize the residue to 
obtain five more bits of resolution. In such an AID 
converter, the residue must be scaled to the full input 
range of the AID converter: In this case, it must 
operate at a gain of 32. To aggravate matters, the op 
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Settling to 0.2% accuracy in under 50 
nsec is within the capabilities of even a 
low-cost, general-purpose current-feed­
back op amp. 

amp must be able to drive the highly capacitive input of 
the flash converter's comparator chain. 

Because conventional op amps are subject to a gain­
bandwidth limitation, operating a conventional op amp 
at a gain of 32 will reduce its closed-loop bandwidth by 
a factor of 32 (as compared to its closed-loop bandwidth 
at unity gain), seriously impairing its settling time. Not 
so for a current-feedback op amp: They're not re­
stricted by the gain-bandwidth product (see box, "Cur­
rent-feedback defies gain-bandwidth limitations"), and 
their closed-loop bandwidth and settling times, there-

fore, remain relatively unchanged over the gain range 
of 1to20. Even at higher gains, the bandwidth falls by 
only about one third when you increase the gain to 
around 40. As a result, a current-feedback op amp is the 
ideal choice for the residue amplifier in subranging flash 
AID converters. 
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Comlinear Corp had this application in mind when it 
designed the CLC501, its latest current-feedback op 
amp. The relevant specifications for this device pertain 
to a gain of 32, where it has a typical bandwidth of 80 
MHz for a 5V p-p output signal, and typically settles to 

Current feedback defies gain-bandwidth limitations 
A current-feedback op amp owes 
its ability to maintain its band­
width over a wide range of 
closed-loop gain settings to its 
internal architecture. Unlike a 
conventional op amp, which re­
lies on feedback to drive its in­
verting and noninverting inputs 
to the same potential, the cur­
rent-feedback op amp's 
noninverting and inverting in­
puts are linked by a unity-gain 
buffer. As a result, the op amp's 
inverting input automatically as­
sumes the same potential as the 
noninverting input and has a 
very low input impedance, to or 
from which current can flow. 

The output stage of the cur­
rent-feedback op amp is a 
transimpedance amplifier with 
high gain (A1, 1) that senses the 
current flowing in the op amp's 
inverting input and generates a 
corresponding output voltage. 
As you can see from the accom­
panying figure. the current that 
flows at the op amp's inverting 
input (I1Nv) is given by the 
equation 

IINv = I1 - I2 
V2 _ V0 - V2 (A) 
R1 R2 

However, V0 =IINvXA1, 1 and 
V~=V1. 

When you substitute these 
equations into Eq A, you obtain 
the equation 

which rearranges to 

Letting 

as you would for a conventional 
op amp with the same feedback 
configuration, gives you 

(B) 

When you compare Eq B with 
the closed-loop gain equation for 
a conventional op amp, you ob­
tain 

which shows that the ideal 
closed-loop voltage gain for the 
two types of op amp (that is, 
when the op amp has an infinite 
A1,>) is the same and is equal to 
G. 

(C) 

However, in reality A<s> is a 
polynomial function of frequency 
with zeros and poles. In other 
words, 

Substituting N1s/D1, 1 for A,,> in 
Eqs B and C yields a closed-loop 
gain for the current-feedback op 
amp: 

For a conventional op-amp, the 
substitution yields a gain of 

By comparing these two equa­
tions, you can see that in the 
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0.05% in 12 nsec. The op amp also incorporates another 
important feature that makes it suitable for use as a 
residue amplifier-it has programmable output-voltage 
clamping, and it recovers from the condition in which 
the output is clamped in 1 nsec typ ( <3 nsec max). The 
output clamping protects the AID converter's input 
during the transients that can occur when the residue 
amplifier is switched in and out of the signal path, or 
when it's subjected to the full input signal before the 
feedback has been applied. 

The device's clamping function should suit it to other 

V1 

CURRENT FEEDBACK 

applications that require fast overload recovery-for 
example, radar equipment and optical transducers. You 
can set separate positive and negative clamping levels 
by applying de voltages to two of the device's pins. A 
simple resistive 'divider is all that's necessary to estab­
lish these voltage levels. Alternatively, because the 
clamping-voltage inputs have their own 3-dB band­
width of 50 MHz, you can drive them dynamically at 
high frequencies to achieve functions such as pulse­
height modulation. 

Text continued on pg 90 

conventional op amps. For exam­
ple, the bandwidth of a typical 
current-feedback op amp that 
has a 3-dB bandwidth of 220 
MHz only falls to around 180 
MHz when you increase the 
closed-loop gain from 4 to 40. 
For the same gain change, a con­
ventional op amp's bandwidth 
would fall to around 20 MHz. 

The approximate, de closed­
loop gain equations for a cur­
rent-feedback op amp are the 
same as those for a conventional 
voltage-feedback op amp. For 
most current-feedback op amps, 
the feedback resistor, which usu­
ally has a value of between 1 

current-feedback op amp-unlike 
the conventional op amp-the 
position of the poles (contained 
within D(s)), and hence the band­
width of the current-feedback op 
amp, is not dependent on the 
closed-loop gain. Provided that 
you keep R2 constant, you can 
change the closed-loop gain of a 
current-feedback op amp-with-

out affecting the op amp's pole 
positions or the circuit band­
width-by changing R1. 

and 2 kO, is integrated in the 
device. The device's ac specifica­
tions all assume this internal 
feedback resistor is being used. 
Therefore, unless you wish to 
deliberately restrict (or try to 
improve) the device's bandwidth, 
you should use the internal feed­
back resistor whenever possible. 
If you use an external feedback 
resistor, you must take particu­
lar care in laying out the circuit 
in order to to minimize the ca­
pacitance to ground at the op 
amp's inverting input. 
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In practice, second-order ef­
fects do result in some degree of 
bandwidth limitation as you in­
crease the closed-loop gain of a 
current-feedback op amp, but 
these are slight compared to the 
gain-bandwidth limitations of 
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REPRESENTATIVE CURRENT-FEEDBACK OP AMPS 

' FREQUENCY-DOMAIN PERFORMANCE 

3-dB BANDWIDTH 
FULL-POWER DISTORTION 

MANUFACTURER DEVICE (MHz) 
BANDWIDTH 

LEVEL (dB), FREQUENCY 
(MHz) 

HARMONIC (MHz") 

ANALOG DEVICES 46 AT AV=-1 
ADB46 31 AT AV=-10 6.B AT 20V p-p 0.0002% THD 100 kHz 

15 AT AV=-30 

100 AT AV=-1 
AD9610 95 AT AV=-10 - -55, THD 20 

75 AT AV=-20 

-54, 2ND 
AD9611 >2BO AT AV =-5 210 AT 3V p-p 60 

-5B, 3RD 

APEX WA-01 150 AT vouT= 
MICROTECHNOLOGY WA-01A 4V p-p AND 40 AT 20V p-p - -

IOUT =50 mA 

COM LINEAR 170 AT AV= ±4 -4B, 2ND 
CLC103A 150 AT AV= ±20 BO AT 20V p-p 20 

130 AT AV= ±40 -4B, 3RD 

100 AT AV= ±4 -52, 2ND 
CLC200A 95 AT AV= ±20 25 AT 20V p-p 20 

90 AT AV= ±40 -5B, 3RD 

100 AT AV= ±4 -52, 2ND 
CLC201A 95 AT AV= ±20 50 AT 20V p-p 20 

90 AT AV= ±40 -SB, 3RD 

180 AT AV= ±4 -55, 2ND 
CLC203A 160 AT AV= ±20 60 AT 20V p-p 20 

130 AT AV= ±40 -55, 3RD 

190 AT AV= ±4 -57, 2ND 
CLC205A 170 AT AV= ±20 100 AT 10V p-p 20 

120 AT AV= ±40 -68, 3RD 

200 AT AV= ±4 -59, 2ND 
CLC206A 180 AT AV= ±20 70 AT 20V p-p 20 

90 AT AV= ±40 -67, 3RD 

200 AT AV= ±4 -5B, 2ND 
CLC220A 190 AT Av= ±20 100 AT 10V p-p 20 

160 AT AV= ±40 - 62, 3RD 

200 AT AV= ±4 -58, 2ND 
CLC221A 170 AT AV= ±20 130 AT 10V p-p 20 

120 AT Av = ±40 -62, 3RD 

165 AT AV=± 1 -55, 2ND 
CLC231A 165 AT AV= ±2 95 AT 10V p-p 20 

120 AT AV= ±5 -59, 3RD 

105 AT AV= ±4 - 48, 2ND 
CLC300-A, -B 85 AT AV= ±20 45 AT 20V p-p 20 

70 AT AV= ±40 -48, 3RD 

220 AT AV= ±1 -60, 2ND 
CLC400 200 AT Av= ±2 50 AT 5V p-p 20 

60 AT AV= ±8 -60, 3RD 

180 AT AV= ±7 -45, 2ND 
CLC401 150 AT AV= ±20 100 AT 5V p-p 20 

75 AT AV = ±50 -60, 3RD 

120 AT AV=20 -45. 2ND 
CLC501 80 AT 5V p-p 20 

80 AT AV=32 -60, 2ND 

ELANTEC 50 AT Av =1 
EL2020 7.95 - -

30 AT AV=10 

EL2022 165 AT Av=2 - - -

PRECISION OP260-A, -E, 8 MIN AT AV = 
MONOLITHICS -F, -G 1TO 50 

5 MIN AT - - -
AV=100 

NOTES: 
• EXCEPT WHERE SPECIFIED OTHERWISE 

1. ALL VALUES QUOTED ARE TYPICAL VALUES AT 25"C UNLESS OTHERWISE STATED, 
AND SHOULD THEREFORE ONLY BE CONSIDERED AS A GUIDE IN COMPARING OP AMPS 

2. WHERE APPLICABLE, ALL SPECIFICATIONS ASSUME THE OP AMP'S INTERNAL 
FEEDBACK RESISTOR IS BEING USED 

TIME-DOMAIN PERFORMANCE 

SLEW RATE SETTLING TIME STEP 
RISE/FALL 

STEP 
INPUT OFFSET 

(V/µJSEC) (NSEC) SIZE 
TIME 

SIZE 
VOLTAGE 

(NSEC) {mV') 

BO TO 0.1% 
450 10V 10 10V 25 µV 

110 TO 0.01% 

1B TO 0.1% 
>3500 5V <3.5 5V ±0.3 

30 TO 0.02% 

13 TO 0.1% 1.3/1.5 1V 
1900 16 TO 0.05% 3V ±0.5 

INTO 500 LOAD 1.4/1.6 3V 

(-01) ±4 
4000 20 TO 0.1% 10V 312.5 20V 

(-01A) ±2 

2.3 sv 
6000 10 TO 0.4% 10V 10 

4 20V 

1B TO 0.1% 3.6 2V 
4000 10V 10 

25 TO 0.02% 4 20V 

18 TO 0.1% 3.6 2V 
4000 10V 0.5 

30 TO 0.02% 4 20V 

2.5 sv 
6000 15 TO 0.2% 10V 0.5 

4 20V 

22 TO 0.1% 2.2 2V 
2400 10V 3.5 

24 TO 0.05% 4.8 10V 

19 TO 0.1% 2.0 2V 
3400 10V 3.5 

22 TO 0.05% 7 20V 

8 TO 0.1% 1.9 2V 
7000 5V 10 

15 TO 0.02% 2 5V 

15 (TO 0.1%) 
6500 SV 2.1 2V 0.5 

18 (TO 0.020/o) 

12 (TO 0.1%) 5V 2 2V 
3000 1 

15 (TO 0.05%) 2.5V 5 10V 

4 5V 
3000 20 (TO 0.80/o) 10V 10 

7 20V 

1200 10 (TO 0.10/o) 1.6 0.5V 
700 (AT AV 2V 2 
= o TO 2) 12 (TO 0.050/o) 6.5 5V 

2.5 2V 
1200 10 (TO 0.01%) 2V 3 

5 5V 

4.3 2V 
1200 12 (TO 0.050/o) 2V 1.5 

5 5V 

500 
50 (TO 10/o) 

25 (FOR 
90 (TO 0.10/o) 10V 1V 3 (INTO 4000) 
INTO 4000 

AV=10) 

1900 22 (TO 0.10/o) 2.5V 2.1 2V 1 
4.3 10V 

(-A, - E) 8 MAX 
300 - - - - (-F) 9 MAX 

(-G) 10 MAX 

3. PRICE QUOTED IS FOR THE LEAST EXPENSIVE VERSION 
4. ABS MAX=ABSOLUTE MAXIMUM VALUE 
5. THD=TOTAL HARMONIC DISTORTION 
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DC PERFORMANCE 

OFFSET OUTPUT DRIVE QUIESCENT TEST CONDITIONS 

VOLTAGE DRIFT SUPPLY CURRENT CLOSED-LOOP SUPPLY LOAD PACKAGE PRICE (100) COMMENTS 
(µV/'C.) CURRENT (mA) VOLTAGE (mA, NO LOAD) GAIN VOLTAGE ({!) 

(-J, -S) 2 8-PI N T0-99, 
±50 MIN ± 10V MIN 5 -1 ±15V 500 $4.50 TO $18.75 HIGH PRECISION 

(-K) 1 8-PIN DIP 

±5 ±50 MIN ±10V 21 -10 ±15V 200 12-PIN T0-8 $49.88 TO $79 LOW OFFSET AND DRIFT 

70 AT 5V 
±5 ±50 ±JV -5 ±5V 100 12-PIN T0-8 $84 TO $125 LOW OFFSET AND DRIFT 

74 AT -5V 

(-01) 15 ± 11V AT 0.4A (WA01) $107.20 
(-01A) 10 ±400 ABS MAX ± 12V AT 0.1A 25 - ±15V FULL LOAD 8-PIN T0-3 (WA01A) $139.40 HIGH POWER 

50 ±200 ABS MAX 
±11V MIN 

30 20 ±15V 100 24-PIN DIP $128 HIGH OUTPUT CURRENT 
NO LOAD 

35 ± 100 ABS MAX ± 12V NO LOAD 29 20 ±15V 200 12-PIN T0-8 $92 GENERAL PURPOSE 

5 ± 100 ABS MAX ± 12V NO LOAD 29 20 ±15V 200 12-PIN T0-8 $99 LOW OFFSET AND DRIFT 

5 ±200 ABS MAX 
±11V MIN 

30 20 ±15V 100 24-PIN DIP $135 HIGH OUTPUT CURRENT 
NO LOAD 

11 ±50 ± 12V NO LOAD 19, 5.6 AT 5V 20 ±15V 200 12-PIN T0-8 $56 
LOW POWER, OVERDRIVE 

PROTECTED 

11 ±100 ± 12V NO LOAD 29, 8.7 AT 5V 20 ±15V 200 12-PIN T0-8 $56 OVERDRIVE PROTECTED 

l 35 ±50 ABS MAX 
± 10V MIN 

30 20 ± 15V 200 12-PIN T0-8 $105 GENERAL PURPOSE 
NO LOAD 

5 ±50 ABS MAX 
± 10V MIN 

30 20 ±15V 200 12-PIN T0-8 $112 LOW OFFSET AND DRIFT 
NO LOAD 

10 ± 100 ABS MAX ± 12V NO LOAD 18 2 ± 15V 100 12-PIN T0-8 $56 
LOW-POWER BUFFER FOR 
LOW-GAIN APPLICATIONS 

l 25 ± 100 ABS MAX ± 10V 24 20 ±15V 100 24-PIN DIP 
(-A) $39 

(-B) $29.50 

8-PIN DIP, 
LOW-POWER OP AMP FOR 

I 
20 ± 70 ±3.SV AT Av=5 15 2 ±5V 100 

NAKED DIE 
$15.50 USE AT GAINS BETWEEN 

±1 AND ±8 

8-PIN DIP, 
LOW-POWER OP AMP FOR 

20 ±70 ±3.5V 15 20 ±5V 100 $15.50 USE AT GAINS BETWEEN 
NAKED DIE 

±7 AND ±50 

PROGRAMMABLE OUTPUT 
10 ±70 ±3.5V 18 32 ±5V 100 8-PIN DIP $17.10 CLAMPING; RECOVERS 

FROM OUTPUT CLAMPING 
IN 1 NSEC TYP 

-15 TO 
±32.5 INTO ± 13V INTO 

8-PIN DIP, 
LOW POWER , ENABLE 

+15 mV OVER 
400{! 400!1 

9 10 ±15V 100 20-LEAD PLCC, $4.95 
INPUT 

TEMPERATURE 20-PAD LCC 

10 ± 100 ABS MAX ± 12V NO LOAD 18 2 ± 15V 100 12-PIN T0-8 $65 TO $97 LOW POWER 

(-A. -E) 25 MAX ± 12V MIN 11 MAX FOR 8-PIN DIP, 
DUAL OP-AMP; OFFSET 

±20 MIN - ±15V - $7.95 VOLTAGE MATCHING TO 1 
(-F) 30 MIN 1-kf! LOAD BOTH OP AMPS T0-99 

mV; LOW POWER 
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Micrograph of low-cost, 50-MHz op amp 
(E/a11tec Jue) 

The settling-time performance of current-feedback 
op amps makes them equally attractive as an output 
stage for high-speed DIA converters. As a bonus, if you 
use the op amp in an inverting gain mode, the low input 
impedance of the op amp's inverting input effectively 
shorts out the output capacitance of the DIA converter, 
reducing the effect that this capacitance has on the 
overall settling time. 

As you increase the resolution of high-speed AID and 
DIA converters, you'll also need to improve the de 
performance of the front and back-end amplifiers. In 
particular, an op amp's input-offset voltage and drift 
will become critical. For example, for a 12-bit AID 
converter with a lOV input range, you'll require the op 
amp's output offset (input offsetxgain) to be less than 
1.25 m V (0.5 LSB). A number of recently introduced op 
amps are capable of such performance. Analog Devices' 
AD-9610 and -9611 and Comlinear Corp's CLC-201A, 
-203A, and -221A, for example, all spec an input offset 
voltage of 0.5 m V or less and an offset voltage drift of 
5µ V/°C. At the same time, they provide small-signal (2 
to 4V p-p depending on the device) bandwidths of 100 
MHz or more at low gain values, and they settle to 0.1 % 
or better in under 20 nsec. (Note that these numbers 
are all typical values at 25°C, so unless you're prepared 
to test and select op amps for specific parameters, make 
sure you check the devices' absolute maximum specifi­
cations over the required temperature range before 
committing to a design.) 

Commensurate with these op amps' low input offset 
voltages are their input bias currents and input-bias­
current drifts, which are both relatively low compared 
to those of other current-feedback types. The inverting 
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Even when operated at high gain levels, 
current-feedback op amps don't suffer 
from restricted bandwidth. 

input of the AD9610 specs ±5 µA and ±70 nA/° C; the 
noninverting input specs ±15 µA and ±30 nA/°C. For 
the AD9611, those figures are ±1 µA and ±140 nA/°C 
and ±1 µA and ±75 nAl° C, respectively. For both 
inputs of the Comlinear devices, the numbers are 5 µA 
and 50 nA/° C. (The numbers given are all typical values 
at 25 ° C.) You'll note from these figures that in a 
current-feedback op amp, the bias currents and bias­
current drifts are not always as well matched at the 
inverting and noninverting inputs as they are in a 
conventional op amp. 

What's more, for some devices you can't always 
guarantee that the temperature drift at both inputs 
will be in the same direction. As a result, you can't 
always mimimize bias-current errors by driving both 
inputs from the same source impedance as you would 
with a conventional op amp. Because the value of the 

High-speed, 400-mA-output op amp (Apex Microteclmology Corp) 
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SERVING WORLD-WIDE NICHES 
WITH WORLD-CLASS IC PRODUCTS 

What Is a niche? 

To many companies, a niche is a market segment targeted 
by the sales department. At Silicon Systems, a niche is a 
segment of the market in need of specialized products and 
services, a segment not well served by the large general­
purpose companies. We target such niches at the highest 
level of our company-well in advance of the actual market 
needs. In th is way, we have brought forth some of the 
industry's most innovative products. 

The Mlcroperlpheral Niche. 

While pioneering the development of single-chip read/write 
amplifiers for disk drives, we very early recognized the need 
for a family of highly integrated disk drive IC's. Today, as 
the leading supplier of read / write amplifiers, we also offer 
the Industry's most complete line of integrated circuits for 
every other major function In disk drive electronics. 

The Telecommunications Niche. 

In 1979, when we were first to fully integrate a complete 
duol tone multiple frequency (DTMF) circuit on a chip, we 
also selected telecommunications as yet another Important 
niche in need of special products and services. Today, 
Silicon Systems leads the industry with its highly-integrated, 
pin-out and register-compatible, K-Series family of modem 
IC's to serve operating modes world-wide. 

The Custom/Semlcustom Niche. 

And because we started life as a custom design house, 
superior design and engineering shall always remain 
paramount at Silicon Systems. It's a superiority that allows 
us to create and produce complex analog and digital 
designs on the same chip, to create special bipolar and 
CMOS monolithic circuits that other companies are unable 
to produce. It is a capability key to our success-a capability 
available to you for your most demanding custom ond 
semlcustom designs. 

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

For more information on our company, our products or our 
capabilities, contact: Silicon Systems, 14351 Myford Road, 
Tustin, CA 92680. 

JiliconJl rsfrmJ'· JNNOVATO~NT[GRATION 
"Where we design to your applications:' 
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SUMMING 
NODE 

1k I 0.033 µF 

Fig I-This composite op-amp circuit combines the low offset and 
drift of the OP-27 op amp with the high speed of the CLC231 
current-feedback op amp to produce a circuit that settles to O .1 % in 17 
nsec, yet maintains high de accuracy. The OP-27 maintains the 
summing node at an accurate virtual earth potential; the CLC231 
takes over at high frequencies to provide good ac performance. 

input and feedback resistors used with high-speed op 
amps is low (usually 2 kfl or less), and because the 
devices are usually operated at fairly low gain, bias­
current errors tend to be reduced. However, in applica­
tions that require high accuracy, you'll almost certainly 
have to add offset- and bias-current compensation cir­
cuitry to these op amps. One way to achieve very low 
input offset and drift over a wide temperature range 
while maintaining a high ac bandwidth is to combine a 
current-feedback op amp with a high-precision conven­
tional op amp, as shown in Fig 1. 

You might also consider using Analog Devices' 
AD846, which specs a typical 25°C input offset voltage 
of only 25 µ V and is available in two versions having 
input offset voltage drifts of 2 or 1 µ V /° C. The absolute 
maximum values for input offset over 0 to 70°C are 400 
µ V for the 2-µ V/° C version and 250 µ V for the 1-µ V/°C 
version. Although the input bias current at the 
noninverting input of the AD846 is a modest 10 µA typ, 
its all-important inverting input specs a typical bias 
current of only 75 nA that drifts at 6.5 nA/°C. In 
addition, the device has an open-loop transimpedance of 
500 MU-much higher than that of most current­
feedback op amps-which reduces the closed-loop gain 
error due to open-loop gain to a mere 0.0005%. 

The AD846's common-mode rejection ratio (CMRR), 
specified at 125 dB, is also considerably better than the 
50 to 60 dB typical of most other current-feedback op 
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Although they can't match conventional 
precision op amps, current-feedback op 
amps are available with low offset and 
drift characteristics. 

I 

. · I ----+-1--+1-----+--+---~;-.._~---1+4--l 
I 
' 

200-MHz, ±5V-supply op amps (Comli'liear Corp) 

amps. Inevitably, you must make some tradeoff in 
bandwidth to achieve this high de accuracy, but the 
part specs a typical small-signal 3-dB bandwidth of 46 
MHz, and has typical lOV-step settling times, to 0.1 % 
and 0. 01 %, of 80 and 110 nsec, respectively. A commer­
cial-grade version in a plastic DIP costs $4.50 (100). 

Digital signals need analog performance 
There are also good reasons for using current-feed­

back op amps to process digital signals. As these 
signals propagate along transmission lines, their pulse 
waveforms are degraded by imperfections in the line 
and by external interference. To recover the signal and 
retransmit it to the next section of cable, therefore, you 
must often place repeaters at strategic points in the 
line. Because a current-feedback op amp's internal 
stages are almost entirely symmetrical, the device has 
very well-matched output rise and fall times. When 
used as comparators to detect when the input signal 
crosses a threshold, these op amps can generate highly 
symmetrical pulse waveforms. In addition, many of the 
current-feedback op amps on the market can deliver 
output currents of 100 mA or more, so they can directly 
drive low-impedance coaxial cables. Although Com­
linear Corp's CLC501 has a recommended output cur­
rent that's limited to ±50 mA, the device has particular 
advantages in pulse-recovery applications, because it 
enables you to clamp the output at the required logic 
levels, even though the input signal may saturate the 
amplifier. 

Apex Microtechnology Corp's WAOl current-feed­
back op amp is especially suited for applications that 
require a high-speed, high-current drive capability. 
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YOUR DESIGN 
ENGINEER MAY BE 
OVERWHELMED BY 
THE SELECTION. 
Go ahead. Indulge yourself. 
Philips offers the broadest 
selection of low-cost, high 
performance ceramic Pyro­
electric Infrared (PIR) sensors. 
From $2.75 to $595. No matter what 
your application, Philips has a PIR 
sensor with the performance you need, 
at a price you've been looking for. 
Pick your application. We've got you 
covered. From the top-of-the-line T0-5 
standard package to the "flatpack" series: 
KRX-10 (with filtered window for 
simplifying circuit design) and KRX-11 
(with un-coated window for lower cost). 

WRITE YOUR IR 
APPLICATION HERE: 

Then mail this coupon and we'll 
send you technical publications 
and data sheets on Philips PIR 
sensors. Also included: a free 

samples offer. 
Name: ________ _ 

Title, _________ _ 

Company ________ _ 

Address, _________ _ 

I City/State/Zip. ______ _ 

Telephone/ext. _______ _ 

I Your application:. _______ _ 

I Your specific interest: ______ _ 

Mail to: Amperex Electronic EDN0101aa I Comp;iny, 1 Providence Pike, I 
SlatersviUe, RI 02876 

LATTENTION: Marketing Communications J --------
OPTOELECTRONIC PRODUCTS GROUP 

PHILIPS 

NOTE: Only Philips 
combines a "flat­

pack" design that cuts 
costs with a patented 

process that boosts signal output. The 
result: range and performance that are 
much more than you'd expect...at a 

price you wouldn't. Also note that 
products are normally supplied 
~ in "bandolier" packaging 
~ for compatibility with 

automatic insertion 
equipment. 
IR sensor applications 

are growing. You need a reliable 
supplier, a high quality product, 
and a full product range to meet 

all your needs. Think Philips. We have 
a low cost, high quality PIR sensor for 
any and all applications. And our large 
in-place capacity guarantees on-time, 
promised deliveries. 

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, Ontario M1B 1M8 (416) 292-5161 



Even when delivering 400 mA at 20V p-p, the op amp 
achieves a typical power bandwidth of 40 MHz; with a 
4V p-p, 50-mA output, its typical bandwidth is 150 
MHz. The op amp is available in two grades that have 
input offset voltages of ±4 and ±2 m V and offset­
voltage drifts of 15 and 10 µ V/°C, respectively. 

The WAOl provides balance pins so that you can null 
the amplifier's input offset with an external potentiom­
eter. The WAOl is pin compatible with the industry­
standard 3554 wideband op amp, but offers superior 
performance at low gain values: It has more than four 
times the 3554's bandwidth at a gain of 10, provides 
over three times the 3554's slew rate, and settles 
around six times faster. Further, it doesn't require any 
compensation capacitors. The WAOl targets such appli­
cations as video-signal distribution, input or output 
drivers for flash AID and DIA converters, and sample/ 
hold-circuit drivers. Its high output-current capability 
also makes it suitable for use as a pin driver in high­
speed ATE equipment. 

Because current-feedback op amps don't require 
phase-degrading circuitry such as ac feedforward com­
pensation to maintain stability, they exhibit a very 
linear phase response. As a result, the propagation 
delay through the amplifier is the same for both the 
fundamental and harmonic components of the input 
signal, leading to a high degree of waveform fidelity at 
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For more information .. . 
For more information on the current-feedback op 
amps described in this article, contact the following 
manufacturers directly, circle the appropriate num­
bers on the Information Retrieval Service card, or use 
EDN's Express Request service. 

Analog Devices Inc 
Box 9106 
Norwood, MA 02062 
(617) 329-4700 
TWX 710-394-6577 
Circle No 360 

Apex Microtechnology Corp 
5980 N Shannon Rd 
Tucson, AZ 85741 
(602) 742-8600 
Fax (602) 888-3329 
Circle No 361 

Comlinear Corp 
4800 Wheaton Dr 
Fort Collins, CO 80525 
(303) 226-0500 
TLX 450881 
Circle No 362 

E lantec Inc 
1996 Tarob Ct 
Milpitas, CA 95035 
(408) 945-1323 
TWX 910-997-0649 
Circle No 363 

Precision Monolithics Inc 
1500 Space Park Dr 
Santa Clara, CA 95052 
(408) 727-9222 
TWX 910-338-0218 
Circle No 364 

Combining a current-feedback op amp 
with a conventional op amp can give 
you the best of both worlds-both high 
speed and precision. 

REF LEVEL / DIV 
0 . OOOdB 1. OOOdB 

ST ART 0 . OOOHz 
.t.MPTO 0 . OdBm 

STOP 200 000 000 .000Hz 

200-MHz, overdrive-protected op amps (Comlinear Corp) 

the output. Most current-feedback op amps exhibit 
phase nonlinearity of around 1 ° typ (at 25 °C, from de to 
approximately half of their small-signal bandwidth). 
However, you'll find versions for which that figure is an 
absolute maximum rather than a typical value. Also, 
because their internal bipolar transistors operate as 
current amplifiers rather than voltage amplifiers, they 
introduce very low levels of harmonic distortion: Their 
second and third harmonic-distortion levels are typical­
ly between -50 and -70 dB at 20 MHz for the 
Comlinear op amps. At lower frequencies, that parame­
ter translates to very low levels of distortion indeed (for 
its AD846 op amp, for example, Analog Devices quotes 
a total-harmonic-distortion figure of 0.0002% at 100 
kHz, which should make for some impressive hi-fi 
equipment). 

Op amps for all seasons 
Finally, most of the current-feedback op amps on the 

market are available in versions that suit the industrial 
temperature range (-25 to +85°C) and the military 
temperature range (-55 to + 125°C). You'll also find 
devices that are tailored for ±5V supplies, low power 
dissipation, or low cost, as well as devices that feature 
output-short-circuit or input-overdrive protection. 
However, because current-feedback op amps rely on 
bipolar transistors to achieve their high-frequency per­
formance, you won't find a CMOS version. EDN 

Article Interest Quotient (Circle One) 
High 476 Medium 477 Low 478 
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Tapped or Tapless? 

Get Your Data Fast-or Faster 
with D Series Photodiode Arrays 
When your need for speed is 
great, our tapped D Series 
charge-coupled photodiode 
arrays will provide parallel 
output at up to 240 MHz. If 
your clock ticks slower, one of 
our untapped arrays providing 
serial output at 20 MHz will 
meet your needs. Seven linear 
devices offer a range of 256, 
512, 1024, and 2048 element 
configurations which provide: 

• Blooming suppression 

• Diode reset feature 

• Data rates up to 240 MHz 

• Wide dynamic range 
(up to 10,000:1) 

• Smooth, broad spectral 
response 

• Low noise 

All the tapped and untapped 
photodiode arrays in the D Series 
meet Reticon's high reliability 
standards and are backed by 
Reticon's commitment to technical 
support. 

For low noise, high-speed readout 
charge-coupled arrays, the price/ 
performance figures for the 
D Series are unbeatable. 

EG&G Reticon 's high quality 
products are supported by 
technical expertise. Questions? 
Contact a sales office. 

Western Region 
So. California 
Central Region 
Eastern Region 
Japan 
England 
West Germany 

408 245-2060 
714 583-2250 
312 640-7785 
617 745-7400 
0423 33-8111 
0734 788666 

089 92692-666 

J~~'ilflsf!N lll~Zl£qf:f 
345 Potrero Avenue Sunnyvale, California 94086-4197 
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This is the stuff reputations are blocks, including 16 and 32-bit micro-
built on. processor cells and industry-standard 

A cell design with 100,000 gates. processor and peripheral functions; 
More than 1000 library elements. the longest list of SSI and MSI func-
2MB of memory. And sub-micron tions; and memory compilers to 
HCMOS technology. develop exactly the 

You can search high RAM or ROM your chip 
and low, but there's requrres. 
only one place in the And if your applica-
world you can find a chip tion calls for lower 
of such staggering densities, that's covered, 
complexity. too. Because LSI Logic 

LSI Logic. has more cost-effective 
Designs like this cell-based solutions than 

· 1 h ' High complexity Cell-Based AS/Cs • • are preCISe y W y We re require advanced tools like the MDE chip YOU can tmagme. 
the # 1 domestic ASIC floorplanner to optimize delays and No matter what kind 
supplier with more than verify performance prior to layout. of Cell-Based ASIC you 
4,000 working cell and array-based build, LSI Logic will deliver a fully-
designs in the field. tested prototype in as little as 4 weeks. 

And why our Modular Design All in the production quantities 
Environment (MD Et software is the you want, thanks to our advanced 
best foundation for building killer worldwide wafer fabrication, assem-
cells. bly, and test facilities. 

MDE is the industry's most So find out more about LSI Logic's 
advanced design software for ASICs. Cell-Based ASICs by calling the sales 
It arms you with the capability to office nearest you. 
build today's most sophisticated cell- After all, we can help you make 
based designs. Easily. And with the a killing. 
smallest possible die size. 

Besides MDE, LSI Logic delivers 
more than 400 LSI and VLSI building 

LSI 

LSI Logic Sales Offices and Design Resource Centers: Scottsdale, AZ 602-951-4560, Milpitas, CA 408-433-8000, San Jose, CA 408-248-5100, Jrvine, CA 714-553-5600, 
Sherman Oaks, CA 818-906-0333, Denver, CO 303-756-8800, Altamonte Springs, FL 305-339-2242, Boca Raton, F L 305-395-6200 , Norcross, GA 404 -448-4898, Chicago, IL 
312-773-0111 , Bethesda, MD 301-897-5800, Waltham, MA 617-890-0161, Ann Arbor, MI 313-769-0175, Minneapolis, MN 612-921-8300, Bridgewater, NJ 201 -722-7522 , 
Poughkeepsie , NY 914-454-6593, Raleigh, NC 919-783-8833, Worthington , OH 614-438 -2644, Beaverton, OR 503-644-6697, Trevose, PA 215-638-3010, Austin, TX 
512-338-2140, Dallas, TX 214-788-2966, Bellevue, WA 206-822-4384, Calgary, Alta 403-262 -9292, Paris, France 33-1-46212525, ls rael 972-3-403741/6, Milan , Italy 
39 -39-651575, Tokyo, Japan 81 -3-589-2711, Seoul , Korea 82-2-785-1693, Nidau/ Biel, Switzerland 032 -515441, Bracknell , United Kingdom 44-344 -426544 , Munich, West 
Germany 49-89-926903-0. IC 1988 LSI Logic Corporation. Modular Design Environment and MDE are trademarks of LSI Logic Corporation. 
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Launch your design with 
· 100°/o factory testable 

GALS thatemulate21 different PLDs. 
New Generic Array Logic (GAL) E2CMOS 

devices from SGS-THOMSON Microelectronics 
can save you time and money at every 
stage: design, testing, modification and 
even inventory control. 

For starters, GALs are 100% tested at our 
factory for 100% guaranteed programming 
and functional yield at your site. 

Equally impressive, our 16V8, 20-pin GAL 

polarity in less than 5 seconds using 
standard programming tools. 

GALs' 15ns access time and 66 MHz 
operating speed mean high performance. 
E2CMOS means 50% less power consump­
tion than comparable speed bipolar 
devices. 

A 64-bit electronic signature lets you 
store design information, socket locations, 

is instantly repro­
grammable to any of 
21 common PAL* pat­
terns. Think of inven­
tory simplification 
and savings. Plus, 
changeover from 
older power-eating 
PALS IS simple 
because replacement 
is pin-for-pin 
compatible. 

FREE GAL DEMO DISK 
pattern IDs and more. 
Plus, a unique secu­
rity cell protects 
proprietary designs 
by preventing logic 
copying. 

A complete PC compatible introduction to the 
capabilities of SGS-THOMSON 's GALS. 

• Remarkable socket capability ------.. 
with full-function , fuse 
map, parametric capability. 

• 100% testability means 
100%yield 

• 100% instantly repro­
grammable to any of 21 
common PAL patterns 

• 50% less power consump­
tion than comparable speed 
bipolar devices 

• 64 bit signature stores 
user-defined data 

0 
0 

• Wide support from popular design and programming tools 
No more expensive 

quartz window pack­
ages. No more UV 
lamps, either. GAL devices can be com­
pletely erased and reprogrammed to any 
pattern, device architecture or output 

With our 16V8 GAL 
on board, your pro­
gramming logic will 
always be right on 
course. But .5efore 
you launch your 
design, contact the 
Winning Team and 
we'll send you a FREE 

GAL DEMO DISK: Call 602/867-6259, 

•offer valid while quantities last, and in U.S. only. Limit one per inquiry. 

'GAL is a registered trademark of Lattice Semiconductor Corp. 
'PAL is a registered trademark of Monolithic Memories, Inc. 

© 1988 Copyright SGS-THOMSON Microelectronics. 

or write SGS-THOMSON Microelectronics, 
1000 E.Bell Road, Phoenix, AZ 85022. 



Join The Winning Tham 
Launch your design with the 16V8. With 

SGS-THOMSON Microelectronics technology 
behind you, you'll always be on the Winning 
Team. The advanced design capabilities 
of SGS-THOMSON, coupled with 
the inherent high-density potential of 
CMOS, means GAL devices with as 
many as 10 outputs and 39 inputs 
are just over the horizon. For a 
FREE DEMO DISK and data 
sheet, call 602/867-6259 or 
write SGS-THOMSON 
Microelectronics, 1000 E. 
Bell Road, Phoenix, 
AZ85022. 
CIRCLE NO 60 



Integrated Circuits 

Enhanced Z80 microprocessor 
can address IM byte of memory 
The Z80180 is an enhanced version 
of the company's Z80 microproces­
sor. It incorporates an on-chip mem­
ory-management unit (MMU) that 
can address as much as lM byte of 
memory and support 64k bytes of 
logical I/O space. The µP contains 
two direct-memory-access (DMA) 
channels for transferring data from 
memory to memory and memory to 
I/O. 

In addition to supporting the Z80 
instruction set, the chip uses seven 
additional high-level instructions, 
including multiply. Other features 
include an on-chip wait-state gener­
ator, a programmable dynamic-

RAM refresh controller, two full­
duplex asynchronous serial­
communications (UART) channels, a 
clocked serial-I/O port, two 16-bit 

programmable timers, an on-chip 
clock oscillator, and an interrupt 
controller. The CMOS chip comes in 
a 64-pin plastic DIP and a 68-pin 
plastic leaded chip carrier. When 
operating at 8 MHz from a 5V sup­
ply, the chip dissipates 200 mW; in 
system-standby mode, it dissipates 
less than 50 mW. It operates over 0 
to 70°C. The 8-MHz part sells for 
$11.45 (100). A 6-MHz version costs 
$8.55 (100). Delivery is 10 to 12 
weeks ARO. 

Zilog Inc, 210 Hacienda Ave, 
Campbell, CA 95008. Phone (408) 
370-8000. TWX 910-338-7621. 

Circle No 410 

I-chip, 64-bit floating-point processors 
achieve a peak rate of 20M flops 
The WTL 3164 and WTL 3364 are 
64-bit floating-point processors. The 
single-chip devices contain a 64-bit 
floating-point multiplier, a 64-bit 
floating-point ALU, a divide and 
square-root unit, and a register file 
that contains thirty-two 64-bit 
words. The register file is accessible 
through six independent, internal 
ports. 

The processors' functions include 
single- and double-precision float­
ing-point, integer, shift, logical, and 
min/max instructions that operate 
at a peak rate of 20M flops for the 
100-nsec grade. You can use the 
3364 in applications, such as vector tionally intensive, but the I/O band­
and array processors, that require width requirement is of secondary 
high throughput rates. The 3164 importance. The 168-pin 3364 has 
suits applications that are computa- three 32-bit ports; a bidirectional, 

100 

an input, and an output port. You 
can use the ports in that configura­
tion, or you can combine the input 
and output ports to connect to a 
64-bit bidirectional bus. The 144-pin 
3164 is functionally identical to the 
3364 except that it has a single 
32-bit bidirectional bus. Both chips 
have a single-cycle throughput for 
all multiplier and ALU operations. 
Register-to-register operations take 
two cycles. Double-precision divide 
and square-root operations take 17 
and 30 cycles, respectively. The 100-
nsec 3164 costs $829 (10). 

Weitek Corp, 1060 E Arques Ave, 
Sunnyvale, CA 94086. Phone (408) 
738-8400. 

Circle No 411 
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And at I/20th the input bias 
current, too! PMI's new OP-97 beats 
even JFET op amps at + 125°C! 
OP-97 drops directly into existing 
OP-07 sockets immediately saving 
power and delivering greater 

OP-97 OP-07 

Vos 
TCVos 
Avo 
IB @25°C 
IB@ 125°C 
Isy @±15V 

I 

25 
0.6 

300 
±100 
±250 

600 

If it's precision you need, PMI wrote 
the book. Circle the reader service 
number or call 1-800-843-1515. 

Precision Monolithics Inc. 
A Bourns Company 
Santa Clara, California, USA 
408-727-9222 

25 
0.6 

300 
±2,000 
±4,000 

4,000 

µVMax 
µV/°C Max 
V/mV Min 
pAMax 
pAMax 
µAMax 



Integrated Circuits 

GaAs programmable logic device 
has propagation delay of 10 nsec 
The GA22V10 is a programmable 
logic device built with gallium arse­
nide technology. It has TTL-com­
patible I/O lines and is functional 
and pin compatible with the silicon 
version of the 22V10. The propaga­
tion delay between an input signal 
and a nonregistered output is 10 
nsec max for the commercial ver­
sion, 12 nsec max for the military 
version. 

The commercial version of the de­
vice can run at 90 MHz max; its 
military counterpart can be clocked 
at 71 MHz. The chip provides 22 

power-up reset command, a syn­
chronous preset command, and an 
asynchronous reset mode for state­
machine applications. To prevent 
unauthorized access to the internal 
configuration, a security link disa­
bles the pattern-verification func­
tion and the preloading of the regis­
tered outputs. The PLD costs $55 
(100). 

Gazelle Microcircuits Inc, 2300 
inputs and ten 3-state outputs that Owen St, Santa Clara, CA 95054. 
you can program for registered or Phone (408) 982-0900. Fax 408-982-
combinatorial data with active-high 0222. 
or active-low polarities. It also has a Circle No 416 

256k x 1-bit dynamic RAMs offer 
access times as low as 70 nsec 
The V53C256 and the V53C258 are 
families of 256kx 1-bit dynamic 
RAMs. Each family contains four 
models offering row-access times 
(RAS) of 70, 80, 100, and 120 nsec, 
respectively. All the inputs of these 
CMOS devices are TTL compatible. 
When operating in fast-page mode, 
the 70-nsec-RAS version of the -256 
RAM lets you randomly access as 
many as 512 bits within a row at a 
cycle time of 50 nsec. If you keep the 
RAS line active while applying suc­
cessive column-access strobes 
(CAS), the device retains the row 
address internally, so you don't 
need to reapply it on each cycle. 
During fast page-mode operation, 
the RAM lets you perform Read, 
Write, Read-Modify-Write, or 
Read-Write-Read operations. The 
part also provides a sustained data 
rate of 19 MHz. 

The -258 family offers a similar 
mode called the static column mode; 
for the 70-nsec-RAS version of the 
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-258, that mode lets you randomly 
access 512 bits within a row at a 
cycle time of 45 nsec. In this mode, 
the device acts as a static RAM for 
multiple-column accesses within a 
row so that you can mix read and 
write cycles. The chip provides a 
sustained data rate of 22 MHz. The 
RAMs ara available in 16-pin DIPs, 

16-pin ZIPs (zigzag in-line pack­
ages), and 18-pin PLCCs. The 70-
nsec versions of both devices cost 
$7.87 (100). 

Vitelic Corp, 3910 N First St, San 
Jose, CA 95134. Phone (408) 433-
6000. TLX 3719461. Fax 408-433-
0331. 

Circle No 414 
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When You 
Wcmtfust 

lMbEPROMs. 
Mitsubishi delivers with a family of 150ns, CMOS 

I megabit UV EPROMs. Available now. And, for applications 
requiring even higher performance, 120ns versions are on 
the way. 

Now, you can combine the advantages of fast access 
times and low power CMOS operation in the organizations 
and pin-outs you need. 

There's a 128K x 8 that's pin-compatible with I Mb 
mask ROMs for easy conversion when you reach high volume 
production. Another device offers the JED EC-standard pin­
out allowing easy upgrade from lower density EPROMs. Plus, 
there's a 64K x 16, ideal for applications requiring wider data 
paths. And, they're all available in 150ns speeds. From 
Mitsubishi. 

MITSUBISHI EPROMs 
Access Time (ns) 

Dens tty Organization Part No. 100 120 150 170 200 250 

128K 16K x8 MSM27C128K • • • 
256K 32Kx8 MSM27C256K • • • 

CMOS 512K 64Kx8 MSM27C512AK • • • 
1Mb 128Kx8 M5M27C100KIMSM27C101 K • • • 64Kx16 MSM27C102K • • • 
64K 8Kx8 MSL2764K • • 

128K 16K x8 MSL27128K • • NMOS 
256K 32Kx8 MSL27256K • • 
512K 64Kx8 MSL27512K • • • 

Prodtx:ts subject to avalabiity. 
CIRCLE NO 63 

EPROM Performance and hnology; 

When You Wcmt 
Cost,Eflective 

Packaging Options. 
If you want all the advantages of Mitsubishi EPROMs, 

but don't need to reprogram, Mitsubishi's lMb, 200ns CMOS 
OTP ROMs provide cost-effective alternatives for volume 
production. 

And, for maximum flexibility, Mitsubishi's I Mb OTP 
ROMs are available in PDIP and PLCC packages, with SOP 
available soon. 

For fast EPROMs, or cost-effective packaging options, 
call or write: Mitsubishi Electronics America, Inc., Semicon­
ductor Division, 1050 East Arques Avenue, Sunnyvale, CA 
94086. (408) 730-5900. 

MITSUBISHI OTP ROMs 
li~) Package Package 

(CEA DIP) Density Organization Part No. 200 250 Options 

28pin 256K 32Kx8 MSM27C256 • 28 pin PDIP and SOP 

28pin 1 Mb 128K x8 MSM27C100 • 32 pin PDIP, PLCC and SOP 

28pin CMOS 1 Mb 128K x 8 MSM27C101 • 32 pin PDIP, PLCC and SOP 

32 pin 
1 Mb 64K x 16 MSM27C102 • 40 pin PDIP and 44 pin PLCC 40pin 

28pin 64K 8K x8 MSM2764 • 28pinPDIP 

28 pin 
NMOS 

128K 16K x8 MSM27128 • 28pinPDIP 

28 pin 256K 32K x8 MSM27256 • 28 pin PDIP and SOP 

28 pin 51 2K 64K x8 MSM27512 • 28 pin PDIP and SOP 

Quality Through Commitment. 
• MITSUBISHI 

;... ELECTRONICS 
Regional Offices: 
NORTHWEST, Sunnyvale, CA (408) 730-5900 
SOUTHWEST, Torrance, CA (2l3) 515-3993 

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

NEW ENGLAND, %burn, MA (617) 938-1220 SOUTHEAST, Boca Raton, FL (305) 487-7747 
MID-ATLANTIC, Piscataway, NJ (201) 981-1001 CANADA, Sr. Laurent, Quebec, (514) 337-0046. 
SOUTH ATLANTIC; Norcross, GA (404) 662-0813 



Integrated Circuits 

Power MOSFETs can carry 
drain currents as high as 22A 
The 23 new members of the Power 
MOS IV line of power MOSFETs 
offer a range of current-handling 
capabilities and come either in T0-3 
packages or in die form. An example 
of the T0-3 devices is the 
APT4020AN, which has a drain-to­
source voltage (Vos) rating of 400V, 
a drain-to-source on-resistance­
Ros (on)-of 0.200, drain-to-source 
current (I 0 ) rating of 22.0A, and 
2400-pF input capacitance (C1ss). 
Another example, the APT6035AN, 
has a Vos rating of 600V, an Ros (on) 
of 0.350, an Io rating of 17.0A, and 

a C1ss of 2400 pF. You can also 
obtain units with 800-pF C1ss, 
180-pF output capacitance (Coss), or 
60-pF transfer capacitance (CRss). 
The dies for hybrid applications 

Multiple-bus exchangers act as 
digital crossbar switches 

have similar specifications; however, 
their drain-current specifications 
depend on the package you use. The 
devices' large die sizes lower their 
thermal resistance and increase 
their thermal capacity. The 
APT6035AN costs $28.86 (100); the 
APT4020AN is $22.65 (100). 

Advanced Power Technology, 
405 SW Columbia St, Bend, OR 
97702. Phone (503) 382-8028. Fax 
503-388-0364. 

Circle No 417 

The Am29C982 and the Am29C983 
are multiple-bus exchangers that act 
as digital crossbar switches. Both 
chips are fabricated with CMOS 
technology. You can select each of 
the four bidirectional, 4-bit ports on 
the Am29C982 independently to 
connect to any of the other ports. 
This organization permits data rout­
ing and multiple-bus communica­
tions. The device comes in a 28-pin 
DIP, leadless chip carrier (LCC), or 
plastic leaded chip carrier (PLCC), 
and it exhibits typical port-to-port 
delays of 7 nsec. 

The Am29C983 is a similar device 
except that the four ports are each 9 
bits wide. In addition, each I/O port 
has an input latch and an output 
latch to capture incoming and outgo­
ing data, respectively. Each latch 
has an independent latch-enable 
input. The chip has independent 
output-enable lines that can place 
the output drivers in a high-imped-

System Memory 8 
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ance state. All the I/O lines go to a 
high-impedance state upon power­
down. The device is available in a 
68-pin PLCC or LCC, and it exhib­
its typical port-to-port delays of 9 
nsec. The ports for each of these 
devices are TTL compatible and can 
sink 48 mA of output drive current. 

The 28-pin DIP version of the 
Am29C982 costs $8.50 (100); the 
68-pin PLCC version of the 
Am29C983 costs $24.50 (100). 

Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 
Phone (408) 732-2400. TLX 346306. 

Circle No 413 
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Plug the performance gap: 
our plug -in A/D Converters offer 
50 kHz to 125 kHz performance. 

Upgrade without redesigning. 
Our family of 12-bit ADCs provides a good/ 
better /best selection of conversion speeds 
and performance features - so designers can 
meet system requirements without over­
specifying, and increase system speeds 
without redesigning. 

All three pinout-identical models are com­
plete 12-bit ADCs with reference and clock, 
incorporating 8-, 12-, or 16-bit microprocessor 
bus interface with 150 ns bus access time. All 
guarantee break-before-make action, 
eliminating bus contention during read 
operations. 

Conversion times: Model HI-574A, 
20 µs ... Hl-674A, 12 µs ... Hl-774, 8 µs. 

The HI-77 4 features a smart successive ap­
proximation register; its digital error correc­
tion circuitry improves dynamic accuracy and 
throughput rate. All three ADCs can operate 
under control of the processor, or in a stand­
alone mode. Models come in commercial and 
military temperature ranges - including MIL­
S TD- 883. Packages: 28-pin Cerdip and 
leadless chip carriers (LCCs). 

For information call 1-800-4-HARRIS, Ext. 
1405. In Canada, 1-800-344-2444, Ext. 1405. 
Or write: Harris Semiconductor Products 
Division, P.O. Box 883, MS 53-035, 
Melbourne, Florida 32902-0883. 

"Fast Harris ADCs 
compensate for slower 
components." 

I 
© 1988, Harris Corporation 

4l~ ._,~~~ 
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Integrated Circuits 

16-bit microcontroller executes 
within 400 nsec after an interrupt 
The RTX 2000 is a 16-bit microcon­
troller for embedded real-time ap­
plications. The chip, which is de­
signed around the company's 
Forth-based RISC (reduced-in­
struction-set computer) core proces­
sor, can begin an instruction se­
quence within 400 nsec after an 
interrupt. While running at 10 
MHz, the chip can execute a maxi­
mum of 40 million Forth operations/ 
sec and can typically operate at a 
sustained rate of 10 million opera­
tions/sec. It also features a dual­
stack architecture; each stack is 256 

words long. The parameter stack 
stores data temporarily and passes 
data between subroutines. The re­
turn stack stores the return address 
when the microcontroller calls sub-

routines. The chip has an on-chip 
16x 16 multiplier that can execute in 
a single cycle; an on-chip interrupt 
controller; and three general-pur­
pose, 16-bit timers. An ASIC bus 
lets you attach ASIC devices to the 
chip. The CMOS device comes in an 
84-pin PGA (pin-grid array) pack­
age and costs $190 (1000). 

Harris Corp, Semiconductor 
Sector, Box 883, Melbourne, FL 
32901. Phone (305) 724-7418. 

Circle No 418 

Dual switched-capacitor filters operate 
to 150 kHz 
The ML2111 consists of two inde­
pendent switched-capacitor filters 
that operate to 150 kHz and have a 
Q of 20. Each filter can approximate 
second-order transfer functions for 
lowpass, bandpass, highpass, notch, 
and allpass filters . The device re­
quires an external clock and resis­
tors that let you build Butterworth, 
Chebyshev, Bessel, and Cauer fil­
ters. The product of the center fre­
quency and the Q can range as high 
as 5 MHz. A control pin allows you 
to select a clock-to-frequency ratio 
of 50:1 or 100:1 or to hold the last 
output sample. The vendor offers 
two versions of the ML2111: The -B 
version has a center-frequency accu­
racy of ±0.4% and a Q accuracy of 0 
to -4% max; the -C version's cen­
ter-frequency accuracy is ±0.8% 
max, and its Q accuracy is 0 to 
-8.0% max. Each filter consists of a 
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low-offset (15-m V max) voltage am­
plifier, a voltage summer, two inte­
grators, and control logic. The fil­
ters maintain their specifications 
when operating from ±5V supplies 
with ±10.0% tolerances. The device 
can also operate from a single 
5V±10% supply at a maximum 
operating frequency of 100 kHz. An 
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ML2111ina20-pin DIP costs $6.95; 
in a 20-pin SOIC package, it's 
$7.15. 

Micro Linear Corp, 2092 Con­
course Dr, San Jose, CA 95131. 
Phone (408) 433-5200. TLX 275906. 

Circle No 415 
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"'ANALOG 
m..DEVICES 

FEATURES 
Fast Settling : 

500ns to 0.01% for 10V Step 
1.5µs to 0.0025% for 10V Step 

Slew Rate : 75V/µ s 
Total Harmonic Distortion (THO) : 0.0003% 
> 1000pF Capacit ive load Drive Capability with 

10V/µs Slew Fl.ate 

Input Offset Voltage: 0.25mV max 
Input Offset Drift: 3µ Vr c max 
Open loop Gain: 250V/mV min 
Noise: 4µV p·p maK, 0.1Hz to 10Hz 

PRODUCT DESCRIPTION 
The AD744 makes a breakthrough in <he high speed BiFET 
market by offering guaranteed maximum sculing to 0.01% in 
750ns. It also offers the excellent de characteristics of the AD711 
BiFET family with enhanced slew rate, bandwidth and load 
driving capability. 

The single-pole response of the AD744 provides fast scttljng; 
500ns to 0 .01% typically , and 750ns maximum. This feature, 
combined with high de precision, makes the AD744 suitable for 
use as a buffer amplifier for 12·, 14- and 16-bit DACs and ADCs. 
Furthermore, the AD744's low total harmonic di1uortion (THO) 
level of 0.0003%, low noise and gain bandwidth product of 
13MHz make it an ideal amplifier for demanding audio applica­
tions. It is also an excellent choice for high speed i.ns1rumcntaJ.ion 
amplifiers and for use in active fillers. 

The AD744 offers optional custom compensation for addilional 
design flexibil ity . This external compensation allows the AD744 
to drive capacitive loads up to 2000pF and greater with full 
stability, m;aking the AD744 outstanding for use as a coaxial 
cable driver. Alternatively, external decompensadon may be 
used to increase the gain bandwidth of the AD744 to over 200MHz 
at high gains. Thi• makes the AD744 ideal for use as an ae 
preamp in digital signal processing (DSP) front cods. 

500ns Settling 
BiFET Op Amp 

AD744 I 

s 
AD744 Settling Characterlstics0to + IOVStep 

PRODUCT HIGHLIGHTS' 
I. The AD744 offers exceptional dynamic response. It settles to 

0.01% in 500ns and has a 100% tested minimum slew rate of 
SOV/µs. 

2. The combination of Analog Devices' advanced processing 
1cchnology, laser wafer drift trimming and well-matched ion­
implantcd JFETs provide outstanding de precision. Input 
offset vohagc, input bias current and input offset current are 
specified in the warmed-up condition and arc 100% tested . 

3. The AD744 has a guar.untcd and tc5ttd maximum voltage 
noise of 4µ V p-p, 0. l to lOHz. 

4. The A0744 is a high speed BiFET op amp that offers excellent 
pcrfonnance at competitive prices. It outperforms the OP42/44, 
OPA602, LF3S6 and LF400. 

A lot of companies say they have fast­
settling, high-perfonnance BiFETamps. But 
our AD7 44 settles to 0. 01 % in 500ns and to 
0.0025% in l.5µs-makingit the world's 

cap load while maintaining a slew rate oflOV I µs. 

fastest-settling, highest-performance BiFET. 
This superior settling, combined with excellent de 

performance, makes the AD7 44 unbeatable for active filters, and for 
buffering DA Cs and ADCs up to 16 bits. 

The AD7 44, with a total harmonic distortion of just 0. 0003%, 
low noise, a clean pulse response, and a gain bandwidth product of 
up to 200MHz, is also ideal for digital signal processing and audio 
applications. 

If you work in communications, you'll appreciate the AD7 44's 
ability to drive loads greater than 2000pF with full stability. And 
you'll also appreciate the fact that the AD7 44 can drive a lOOOpF 

The AD7 44 isn't our only outstanding BiFET, either. The 
AD711 single, AD712 dual, and soon the AD713 quad, settle in 1 µs 
with the same high resolution as the AD7 44. If low power with pre­
cision is critical, try our AD548 single or AD648 dual. 

Whichever BiFET your application requires, you'll find 
our products deliver excellent performance at an excellent price. 
For example, the AD7 44 starts at only $2. 25; the AD711 at$. 80; and 
the AD548 at$. 75 (lOOs). 

If you'd like to see more proof on why we can say we make the 
best BiFETs, call Applications Engineering at (617) 935-5565, ext. 
2628 or 2629. Or write to 
Analog Devices, P.O. Box 
9106, Norwood, MA 
02062-9106. 

r.ANALOG 
WDEVICES 

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; 
Colorado: (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) 2371672; Denmark: (2) 845800; France: (1) 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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Op amp offers a lOOOV /µsec slew rate 
and a 1-GHz gain-bandwidth product 
The EL2038 is a monolithic op amp 
with a gain-bandwidth product of 1 
GHz and a lOOOV/µsec slew rate. 
The device is stable for gains of 
20V/V or greater and is pin-compat­
ible with the HA2539 and NE5539 
op amps. Operating at a gain of 
20V/V, it provides a 50-MHz band­
width when driving a 4000 load. 
When operating from ±15V sup­
plies, it can deliver a ± 11 V output 
signal and can source and sink 25 
mA into a 4000 load. This output­
drive capability lets the device drive 
capacitive loads as high as 25 pF at 

the lOOOV/µsec slew rate. You can 
power the device from supplies 
ranging from ±5 to ±17V. Other 

specifications include a 2-m V max 
offset voltage, a 17-mA max power­
supply current, an 80-dB open-loop 
gain, and a high-power bandwidth of 
15. 9 MHz typ. The military version 
complies with MIL-STD-883 revi­
sion C; the vendor performs a burn­
in test at 125°C before delivery. The 
commercial-grade device costs $3.90 
(100); the MIL-STD-883 device sells 
for $32.40 (100). 

Elantec Inc, 1996 Tarob Ct, 
Milpitas, CA 95035. Phone (800) 
821-7429; in CA, (408) 945-1323. 

Circle No 419 

High-speed op amps offer overdrive 
and short-circuit protection 
The CL205 and CL206 are op amps 
that employ current-feedback tech­
nology. When you set its voltage 
gain to 20V/V, the CLC205 has a 
3-dB bandwidth of 170 MHz. It set­
tles to 0.05% of final value in 24 
nsec. It consumes 570 mW when 
operating from ± 15V, and 56 mW 
when operating from ±5V. The op 
amp's output swing can be ±12V 
with a 50-mA output current. For a 
voltage gain of 20V/V, the CL206 
has a 3-dB bandwidth of 180 MHz. 
It settles to 0.1 % of its final value in 
19 nsec, and its output drive current 
is 100 mA. The part features a slew 
rate of 3400V/µsec, which provides 
a full-power 3-dB bandwidth of 70 
MHz for a 20V p-p output swing 
when the op amp is operating at a 
voltage gain of 20V/V. 

The op amps self-limit the input 
currents when the outputs are satu­
rated. You can use diode-clamp cir­
cuits on the inputs when the input 
signal level exceeds the maximum 
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differential input voltage (±3V) or 
common-mode input voltage 
(± V cc -1 V). You can protect the 
outputs from the effects of short 
circuits by using output-current­
limiting techniques. Industrial ver­
sions of the op amp cost $56 (100) 
and are available from stock. Mili-

~ .. ... ... 
STOP 200 000 000 . 000Hz 

tary versions are $138 (100); they're 
available for delivery within six 
weeks ARO. 

Comlinear Corp, 4800 Wheaton 
Dr, Fort Collins, CO 80525. Phone 
(303) 226-0500. TLX 450881. Fax 
303-226-0564. 

Circle No 412 
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NCR keeps 
raising the standards 

for SCSI. 
Finally, a cure for 

SCSI overheadaches. 
A big, well­

connected family. 
NCR's 53C90 is the only chip 

that can give you fast, fast, fast relief 
from overheadaches. Using com­
bination commands, dedicated 
sequential logic and dual-ranked 
registers for command pipelining, 
the 53C90 is quickest on and off 
the bus . Plus NCR implements 
complex bus sequencing in hard­
ware, not time-wasting software. 

SCSI Bus P11ase !M111eads NCR's family goes back to the 

Transfer rates? NCR's 53C90 
delivers the SCSI bus maximum of 
5. 0 MBytes/sec synchronous and 
3MBytes asynchronous at 25MHz 
for the full length of the bus . 

How to get zap­
resistance, latch-up 
protection and the 
blessings of the FCC. 

It's easy. 

SCSlllul -I 
Waillor 
Seloctilld -l 
I 

ll!selednl 
T~ 

I 
L 

lllllSCSI 
lus~llme 

The NCR 5380 and 53C90 
families give you ESD protec­

tion up to 10,000 volts on the SCSI 
bus. NCR also provides controlled 

fall times to reduce the undershoot that 
could cause other CMOS chips to 
latch-up. Controlled assertion rates 
also reduce generated RFI, an impor-

tant factor in winning FCC approval 
for the final product. 

*Electronics Magazine August 20, 1987 Pg. 65 
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"Mayflower" of SCSI controllers with 
the 5385 in 1982. The most recent 
offshoot-the high-performance 
53C90A. Other family members 
include a single chip host bus adapter 
(53C400), an integrated buffer con­
troller (53C300) and even an ASIC 
supercell for circuit designers. Plus 
we'll be there with SCSI II. 

83C/2. 

Raise your standards. 
Because our chips have an edge in technology, they 

can help give you an edge in the market. So don't settle 
for the standard, call NCR today. 

For documentation call our hot line 1-800-334-5454. 
Or write to, NCR Microelectronics, SCSI Products, 
1635 Aeroplaza Drive, Colorado Springs, CO 80916. 

For technical assistance, call 1-800-525-2252, 
Telex 452457. 

NCR Microelectronics Division 
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Integrated Circuits 
Dual op amp offers low noise 
and low input offset voltage 
The OP-270 is a dual op amp that unity voltage gain, it settles to 
boasts a voltage-noise specification 0. 01 % of final value in 5 µsec typ. 
of 5 n V /YHz max at 1 kHz. Its input The op amp also has a typical output 
offset voltage is 74 µ V max; its slew rate of 2.4V/µsec. Its open-loop 
offset-drift spec is <1 µV/°C over gain is 1500V/mV min into a 10-kn 
the military and industrial tempera- load, and its CMRR is 106 dB min. 
ture ranges. The device is stable at The device draws a maximum of 6.5 
unity gain; its gain-bandwidth prod- mA when operating from ± 15V sup­
uct is 5 MHz typ. When operating at plies. The available packages in-

elude an 8-pin DIP and a 20-pin LCC 
package. Industrial-grade devices 
start at $4.50 (100); military-grade 
parts cost $10.50. 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 562-7384. TLX 
713719541. Fax 408-727-1550. 

Circle No 420 

Analog-digital arrays include 
high-fT transistors, ECL, and 12L 
The five members of the Polyuse-J 
family of analog-digital semicustom 
arrays range in complexity from 400 
to 2300 components. Each array 
provides small-signal npn and pnp 
transistors, power Darlingtons, and 
FL and ECL elements. In addition 
to their customizable components, 
the arrays have standard analog­
function circuits, including an RC­
or quartz-controlled oscillator, a 
bandgap reference, a high-frequen­
cy op amp, a 6-bit DIA converter, a 
voltage reference, and an ECL ref­
erence. 

The array's npn transistors have 
an fT (transition frequency) of 3 
GHz, so they let you implement 
high-performance, small-signal cir­
cuitry. You can design power stages 
by using the array's 200-mA npn 
Darlingtons and 30-mA pnp transis­
tors. The ECL elements have multi­
ple emitters, which let you imple­
ment stacked logic. You can operate 
the ECL circuitry at speeds as high 
as 200 MHz, and you can configure 
its inputs and outputs to be either 
ECL- or TTL-compatible. The FL 
gates operate at frequencies as high 
as 2 MHz. 

You can customize the arrays 
with two metal layers, using the 

vo 

first level to route macrocells and 
the second to interconnect them. 
The vendor offers VAX-based and 
IBM PC-based CAD tools to sup­
port IC design with the arrays; it 
also offers kits of individual compo­
nents and macrofunctions that you 
can use to make breadboards of your 
design. Nonrecurring engineering 
charges for prototyping are around 
$10,000, and engineering for volume 
production costs about $10,000. The 

arrays cost $2 to $4, depending on 
quantity. 

SGS-Thomson Microelectronics, 
Via C Olivetti 2, 20041 Agrate 
Brianza, Italy. Phone (039) 65551. 
TLX 330131. 

Circle No 430 
SGS-Thomson Microelectronics, 

1000 E Bell Rd, Phoenix, AZ 
85022. Phone (602) 867-6100. TLX 
249976. 

Circle No 431 
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SIEMENS 

Announcing a 27 Billion Dollar backer 
for your Siemens ASIC team. 
Siemens, a proven winner in elec­
tronics with $27 billion in sales, just 
entered the U.S. ASIC market. And our 
team is geared for the ASIC circuit. 
With our first effort, we've combined 
EGL and CML technology in one gate 
array family. This means you can now 
design-in the ideal combination of 
super EGL speed with economical, 
high-density CML performance on 
one chip ... everytime. You no longer 
must compromise the speed you 
need for the power you don't. In 
addition, speed/power programming, 
as well as I/Os designed for both EGL 
10K/100K and TIL interfaces give you 
the flexibility you need. 

And that's just the start. Coming 
down the home stretch are more 
Siemens entries ... 1.5/1 .2 micron 
CMOS standard cells and 1.211 .0 
micron CMOS sea of gates arrays. 
Use our sea of gates CMOS family 
for quick turn logic and memory 
on one chip or design your 
high- performance, 
cell-based ASICs 
utilizing the common 

ADVANCELLTM ASIC library and 
guarantee yourself compatible 
second sources. 

The Siemens ASIC team's responsive 
service and technical innovation 
provides you with the winning edge. 

For more information on how to put 
your design into high gear write to 
Siemens Components, Inc., ASIC 
Marketing, 2191 Laurelwood Road, 
Santa Clara, California 95054. 
Or call ASIC Marketing at 
408/980-4568, and see for 
yourself how Siemens is 
making the difference 
on the ASIC circuit. 

Siemens ... 
your partner for the future. 
© 1988 Siemens Components, Inc. 
ADVANCELL Is a trademark of Siemens AG, or 
licensed from Toshiba or General Electric Co., USA 
in certain countries. CG/2000-460 WLM 795 
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MIL-STD-1553 bus controller 
supports multiple protocols 
The UT1553 BCRTMP is a bus con­
troller that supports the protocols 
for MIL-STD-1553A and -1553B. In 
addition, it supports the protocols 
for the McDonnell-Douglas A3818B, 
A5232, and A5690 and the 
Grumman Aerospace SP-G-151A 
specifications for the 1553 bus. The 
monolithic chip stores and retrieves 
1553 messages through a host inter­
face. The interface is either a DMA 
channel that must arbitrate for the 
host's bus or a pseudo-dual-port 
handshake that uses buffer regis- face has an address range of 64k 
ters to separate the message RAM words. When operating in the re­
from the host bus. The host inter- mote-terminal mode, the chip can 

store as many as 128 messages and 
can relocate data blocks to any sub­
address. When operating in the bus­
controller mode, it uses a memory 
scheme that allows the host to chain 
messages. The device comes in ei­
ther a 144-pin PGA or a 132-lead 
flatpack, and it complies with MIL­
STD-883 revision C. It costs $1047. 

United Technologies Microelec­
tronics Center, Military Standard 
Products Dept, 1575 Garden of the 
Gods Rd, Colorado Springs, CO 
80907. Phone (800) 645-8862 or 
(303) 594-8259. 

Circle No 421 

On-chip write-pulse generator 
improves ECL RAMs' cycle time 
The members of this family of ECL 
Self-Timed Rams (STRAMs) fea­
ture latched or registered 110 lines 
along with an on-chip write-pulse 
generator. A clock signal triggers 
the write-pulse generator. The tim­
ing of the internal write pulse to the 
memory cells minimizes the setup 
and hold times. As a result, the 
RAM automatically controls the 
critical relationship between the 
clock-pulse width and the write-en­
able timing. One member of the 
family, the MBM10486LL-13, is a 
4kx4-bit RAM having a cycle time 
of 13 nsec min and an address-access 
time of 10 nsec max. It is compatible 
with lOK ECL devices. Another it's compatible with lOOK ECL 
member, the MBM100476LL-9, is products. The devices come in 
organized as a 1024 X4-bit RAM; it 28-pin ceramic DIPs. The lk x 4-bit 
has a 9-nsec min cycle time and a units cost $55 (1000); the 4k x4-bit 
1-nsec max address-cycle time, and devices sell for $75 (1000). 
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Fujitsu Microelectronics Inc, 
Marketing Communications, 3545 
N First St, San Jose, CA 95134. 
Phone (408) 922-9000. 

Circle No 422 
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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 just 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 

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

EDN July 7, 1988 

a measurement and output to the bus 
200 to 300 times per second. 
Calibration standard accuracy and 
BY2 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-Packard Co. 0901802/EDN 
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·Phone IC automatically compensates 
for loudness of phone user's voice 
The TEA1064 speech/line-interface 
IC, for use in telephone sets, fea­
tures dynamic gain limiting, which 
reduces distortion in the transmit­
ted speech signal and reduces the 
transmitted side tone to a comfort­
able level. The device meets the 
performance requirements of all the 
major PTTs (post, telephone, and 
telecommunications authorities) in 
Europe, the USA, and the Far East. 
Because it can operate from a line 
voltage of 1. 7V, it allows several 
phones to operate in parallel on the 
same subscriber line. 

The speech circuit amplifies the 
voice signal received over the tele­
phone line and provides a single­
ended or differential drive for a va­
riety of earpiece types. The 
earpiece amplifier generates only 
-85 dB of noise, even when oper­
ated at a gain of 31 dB. The micro­
phone circuit is suitable for use with 
dynamic, magnetic, piezoelectric 
and electret microphones. 

The IC has an interface for a 
dialer, and it produces an earpiece­
confidence tone during DTMF dial­
ing. A Mute input allows you to 
disable speech transmission during 
DTMF or pulse dialing. The DTMF 
amplifier has a typical gain stability 
of ±0.2 dB over the device's -25 to 
+75°C operating-temperature 
range. It also has automatic gain 
control, which allows you to operate 

the device with various values of 
exchange supply resistor and vari­
ous voltages. The IC also generates 
a 3-mA supply from the line voltage 
for peripheral circuitry. 

During normal operation, the 
TEA1064 works with line currents 
of between 11 and 140 mA. At a 
reduced-performance level, it oper­
ates at line currents as low as 2 mA 
and at a line voltage of 1. 7V. Its 
maximum continuous line voltage is 
12V. The device comes in a 20-pin 
DIP or a small-outline surface­
mount package. It costs around gld 
3 in high volume and is available for 
delivery within eight weeks ARO. 

Philips, Components Div, Box 
523, 5600 AM Eindhoven, The 
Netherlands. Phone (040) 757189. 
TLX 51573. 

Circle No 428 
Signetics Corp, 811 E Arques 

Ave, Sunnyvale, CA 94088. Phone 
( 408) 991-4571. 

Circle No 429 

Error-detection and -correction units 
come in four speed grades 
The P7 4PCT632CC is a family of 
CMOS error-detection and correc­
tion units (EDACs). The EDACs can 
detect and correct single-bit errors 
in a 39-bit word that consists of 32 
data bits and 7 modified-Hamming­
code check bits. In a typical applica­
tion, when the system writes to 
memory , the EDAC reads the 32 
data bits on the data bus and gener­
ates 7 check bits to produce a 39-bit­
wide word to be stored in the sys­
tem memory. 
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During a read operation, the chip 
reads all 39 bits from memory in 
order to detect any errors. If the 
chip detects a single-bit error, it 
corrects the data and sends the cor­
rected data to the host and memory. 
If the chip detects a double-bit 
error, it notifies the host processor 
of the existence of the error. It can 
also detect and flag gross error con­
ditions, such as all-zeros or all-ones 
conditions. The family comprises 
four models, which have error-de-

tection time delays of 30 nsec, 25 
nsec, 20 nsec, and 16 nsec max, 
respectively. Each chip operates 
from a -5V supply and comes in a 
52-pin DIP. The 16-nsec version 
costs $138 (100). 

Performance Semiconductor 
Corp, 610 E Weddell Dr, Sunny­
vale, CA 94089. Phone (408) 734-
8200. TWX 650-271-5784. Fax 408-
734-0258. 

Circle No 423 
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LIS Band Power 
GaAsFETs: 
A New Era In 
Power Amplifiers. 

Power amplifier technology has come a long way. 
Just consider NEC's new LIS band power 
GaAs FETs. 

There's the NE345L-10B LIS-band GaAs 
FET with lOW of linear power or the NE345L-20B 
L-band GaAs FET with 20W of linear power. 

PJdb GL 
Part (TYP) (TYP) 

Elf. 
(TYP) 

NE345L-10B 40 dbm 9 db 40% @2.3 GHz 
NE345L-20B 43 dbm 10 db 40%@ 1.5 GHz 

With MTBF's that are orders of magnitude better 
than TWT's, no warm-up time, and no heavy 
power supplies, these parts are ideal replacements 
for TWT's in existing systems. 

The NE345L series' excellent linear gain, 
high performance, and hermetically sealed ceramic 
packaging also make them the perfect choice for 
many applications: such as phased array radars, 
airborne navigation systems, studio/ transmitter 
links, educational TV, and mobile satellites. 

Contact CEL for more information, data 
sheets, or application support. Then see how your 
power amplifiers can truly come of age. 

California Eastern Laboratories 
3260 jay Street, Santa Clara, CA 95054 ( 408) 988-3500 
Western (408) 988-3500 Eastern (301) 667-1310 
Canada (613) 726-0626 
Europe NEC Electronics GmbH 0211/650301 
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Hard-disk-controller chip integrates 
formatter, buffer manager, and bus controller 
The CL-SH260 is a hard-disk-con­
troller chip for the IBM PC, PC/XT, 
and PC/ AT and compatible comput­
ers. The single CMOS chip inte­
grates formatter, buffer-manager, 
and bus-controller functions. The 
formatter can handle NRZ disk data 
rates as high as 20M bps. It consists 
of a serializer/deserializer, a RAM­
based track sequencer, and selecta­
ble 16-bit CCITT CRC (cyclic re­
dundancy check) or 32-bit AT ECC 
(error-correction code) circuitry. 
The hardware also generates a 
56-bit ECC polynomial. The format­
ter supports 1:1 interleaves and can 
be used with interfaces to ST506/ 
412, ST412HP, ESDI, and SMD 
disks. The buffer manager can ad­
dress as much as 64k bytes of RAM 
and can support a throughput rate 
as high as 6M bytes/sec to or from 
the buffer memory. The bus control­
ler has on-chip registers that emu-

SYSTEM BLOCK DIAGRAM 

DRIVE CONIBOL 

LOCAL PROCESSOR 

DRIVE STATUS 

4----.t ENCODER/--~S=ER~IA=L=rDl=SK=D~AT~A--. 
DECODER 

BUFFER 
MEMORY 

late the IBM Task File for the 
PC/ AT and the IBM Command 
Descriptor Block for the PC/XT. 
The chip can sustain a 2M-byte/sec 
transfer rate to the disk and a 4M­
byte/sec transfer rate on the host 

VOLTAGE-
CONTROLLED i----~ 
OSCILLATOR 

bus. It sells for $30 (OEM qty). 
Cirrus Logic Inc, 1463 Centre 

Pointe Dr, Milpitas, CA 95035. 
Phone (408) 945-8300. TLX 171918. 
Fax 408-263-5682. 

Circle No 425 

Family of 8-bit microcontrollers 
offers EEPROMs as an on-chip option 
The TMS370 is a family of 8-bit 
microcontrollers fabricated in 
1.6-µm CMOS. The parts' on-chip 
options include 256 bytes of 
EE PROM for data memory, 4k 
bytes of ROM or EEPROM for pro­
gram memory, an 8-bit AID con­
verter, a serial communications in­
terface, and an expansion bus. 
Besides the six standard configura­
tions that are currently available, 
the company offers 16 special-func­
tion modules for custom designs. 
Each of the standard µCs contains a 
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serial peripheral interface, a watch­
dog timer, a 16-bit timer (on three of 
the units, two timers are standard), 

and either 128- or 256-byte data 
registers. The units use a single 5V 
supply and can function with a 
20-MHz clock. They operate over 
-40 to +85°C. Chips packaged in 
28-pin plastic DIPs or PLCCs cost 
$3 to $7, depending on quantity. 
Parts housed in 68-pin PLCCs range 
in price from $4.50 to $10. 

Texas Instruments Inc, Semi­
conductor Group , SC-828, Box 
809066, Dallas, TX 75380. Phone 
(800) 232-3200 ext 700. 

Circle No 426 
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THE ONLY THING FASTER THAN 
ROCKWELL'S MODEMS IS MARSHALL'S SERVICE. 

At 14,400 bits-per-second, 
Rockwell's high-speed modems 
are a full generation ahead of 
the competition. 

This new 14. 4 Kbps modem 
family is the latest in Rockwell 's 
leading R-series modems. The 
Rl44DP is the V.33N.29 product 
offering which complements their 
R%DP and R48DP/208 high-speed 
modems. And the Rl 44HD features 
are compatible to the R%F, the 
standard for facsimile modems. 

(*Authorized Locations) 
AL Huntsville (205) 881-9235° 
AZ Phoenix (602) 496-0290° 

Tucson (602) 790-5687° 
CA Irvine (714) 859-5050° 

Los Angeles (818) 407-4100· 
Sacramento (916) 635-9700° 
San Diego (619) 578-9600° 

San Francisco (408) 942-4600• 
CO Denver (303) 451-8383° 
CT Connecticut (203) 265-3822° 
FL Fl. Lauderdale (305) 977-4880° 

Orlando (305) 767-8585° 
Tampa (813) 576-1399° 

GA Atlanta (404) 923-5750' 

Which is why Rockwell modems 
can be found in high-speed network 
controls and multiplexers, personal 
computers and terminals, custom 
modems, facsimile, and desktop 
publishing equipment around the 
world. In fact , Rockwell is the 
world's leading supplier of original 
equipment manufacturer modems. 

And for the fastest delivery 
of the world's fastest modems, call 
Marshall Industries. At Marshall, 
we're dedicated to customer service 
When you call, we'll quickly find 

CIRCLE NO 75 

IL Chicago (312) 490-0155' 
IN Indianapolis (317) 297-0483° 
KS Kansas City (913) 492-3121· 

Wichita (316) 264-6333° 
MA Boston (617) 658-0810° 
MD Maryland (301) 840-9450° 
Ml Michigan (313) 525-5850° 

MN Minneapolis (612) 559-2211' 
MO St. Louis (314) 291-4650' 
NC Raleigh (919) 878-9882' 
NJ N. New Jersey (201) 882-0320° 

Philadelphia (609) 234-9100· 
NY Binghamton (607) 798-1611' 

Long Island (516) 273-2424' 

the part you need with our exten­
sive inventory tracking system, 
then speed your order to you by 
shipping same day 

So if you need to communi­
cate at rates up to 14,400 bits-per­
second, and need to do it in a 
hurry, call Marshall today 

Where you'll always get speedy 
service, but not a lot of fast talk. 

marshal I 

Rochester (716) 235-7620° 
OH Cleveland (216) 248-1788° 

Dayton (513) 898-4480° 
Westerville (614) 891-7580° 

OR Portland (503) 644-5050° 
PA Pittsburgh (412) 963-0441° 
TX Austin (512) 837-1991° 

Brownsville (512) 542-4589° 
Dallas (214) 233-5200· 
El Paso (915) 593-0705• 
Houston (713) 895-92(J()0 

San Antonio (512) 734-5100· 
UT Salt Lake City (801) 485-1551° 
WA Seattle (206) 747-9100· 
WI Wisconsin (414) 797-8400° 
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Nonvolatile flash memories 
offer 1-sec chip-erase times 
The 27F256 and 28F256 are 256k­
bit, nonvolatile, read/write flash 
memories. The chips, which are 
based on a proprietary ETOX 
(EPROM tunnel oxide) process, es­
sentially add electrical chip-erasure 
and reprogramming capabilities to 
EPROM technology. The vendor's 
Quick-Erase algorithm typically 
erases all the memory cells simulta­
neously in 1 sec. The Quick-Pulse 
Programming algorithm re­
programs the flash memories in less 
than 4 sec. The 28-pin 27F256 multi­
plexes the write-enable line and the 
A14 address line to maintain pin 
compatibility with standard 
EPROMs. The 32-pin 28F256 has a 
nonmultiplexed pinout, which eases 
the interface to the CPU and accom­
modates as many as 2M bytes of 
memory. The CMOS devices offer 
170-nsec max access time and 

100-µA max standby current. The 
devices also exhibit a failure rate of 
less than 0. 01 % for 100 erase/pro­
gram cycles. They sell for $19.90 
(10,000). 

Intel . Corp, Literature Dep t, 
W-424, 3065 Bowers Ave, Santa 
Clara, CA 95051. Phone (800) 548-
4725. 

Circle No 424 

Printer/display processor features 
32000 µP instruction set 
The NS32CG16 is a member of the 
Series 32000 processor family. This 
32-bit CMOS chip, which is de­
signed for advanced printer and dis­
play applications, runs the 32000 
instruction set plus 11 specific 
graphics instructions. The proces­
sor can perform bit-block transfers 
(BitBlts) with 6 on-chip logical oper­
ators. When supported by a DP8510 
BitBlt-processing unit, the chip can 
transfer data at 18M bps and can 
transfer a matrix of 32 x 54 charac­
ters at 4700 characters/sec. 

A 15-MHz version of the pro­
cessor can draw a horizontal line at 
9M bps, a long horizontal line at 
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60M bps, and a vertical line at 400k 
bps. It can clear memory at 60M 
bps. The processor also features a 
16M-byte linear-address range; sup­
port for high-level languages, such 
as C, Pascal , Fortran, and Ada; 
floating-point support for outline 
fonts; and built-in binary compres­
sion or expansion instructions for 
font storage in RLL format. The 
chip comes in a 68-pin PLCC. A 
10-MHz version costs $20 (10,000). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-3219. TLX 346353. 

Circle No 427 
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• Ziltek continues to meet the growing needs of 
technology with the ICE-ENGINE series real-time In­
Circuit Emulator. 

• The ICE-ENGINE series completely support 8 bit, 16 
bit and 32 bit microprocessor's hardware/software 
development. 

outside u.s. & Canada, contact: 

ADTEK SYSTEM SCIENCE CO., LTD. 
1-16-6 Tennocho, Hodogaya-ku, Yokohama, Kanagawa 
240 JAPAN 
Telephone: 81-45-331-7575 FAX: 81-45-331-7770 

*Available Soon: 

AXION 
A new concept In-Circuit Emulator. 

Supports a variety of 8 - 32 bit CPUs 

by simple module exchange. 

* Now Zlltek Supports: 
Z80A,Z80B, Z80C,Z80H,8085, 80C85, 8035,8039,8040, 8048,8049, 
8050, 8748, 8749, 8750, 8031, 8032, 8051, 8052, 8751, 8752, 80C31, 
80C32, 80C51, 80C52, 87C51, 87C52, 85C154, 6809, 68A09, 
68B09,6809E, 68A09E, 68B09E, 64A180ROP. 648180ROP. 64180ROF, 
64B180ROF, 64A180ROCP. 64B180ROCP, 64180Z, Z180, 8086, 8088, 
80C86, 80C88, 80186, 80C186, 80C188, V20, V30, V40, V50, 68000, 
68008, 68010 

* coming soon: 
6301V, 6301X, 6301Y, 6303R, 6303X, 6303Y, 63701V, 63701X, 63701Y, 
68HC11, 80C186·16, V25, V35, 80286, 80386-16/20 

* Planning 
I Z8, Super 8, 68HC05, Z280, 80286-16, 68030, V60 

ZI LTEK CORPORATION 
A subsidiary of Adtek System Science Co., Ltd. 

1651 E. Edinger Ave., Santa Ana, CA 92705 
Telephone : (714) 541-2931 FAX : (714) 541-2933 
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Expand your 



desi • • 
VlSIOll. 

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

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

ot an easy job. But certainly easier when you use our 
6805 and 68HC05 micros and serial peripheral interface 
devices. 

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

communicate with peripheral devices. An inefficient 
method at best. 

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

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

CDP68HC05 
MICROCOMPUTER 

SCK 1----~'-+-+----1~-+-+-1 
DATA IN t-=3-'--W'-"IR=E-----.-+--+-1--"---+-~ 

DATA OUT '°"S_Pl~B~US~--~...,....+-<----+-+-1 

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

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

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

And since you don't need complex software to 

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

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

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

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

68HC05 Microcom uters 

Features 68HC05C4 68HC05C8 68HC05D2 68HC05D2A 
Pins 40 40 40 28 

On-Chip RAM !bytes) 176 176 96 96 
On-Chip User ROM !bytes) 4160 7744 2176 2176 

Bidirectional 1/0 Lines 24 24 28 16 

Unidirectional 1/0 Lines 7 inputs 7 inputs 3 inputs 3 inputs 

Timer size I bits) 16 16 16 16 

Prescaler size lbits) 
External timer oscillator no no yes yes 

Serial peripheral interface yes yes yes no 
Serial communications yes yes no no 

interface 
*prescaler fixed as -;4 

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

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

When installed with a 27C64 EPROM, these devices 
together become functionally identical to a 
CDP68HC05C4, CDP68HC05C8 or COP68HC05D2. 

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

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

In Europe, call : Brussels, 1021 246-21 -11; Paris, 111 39-46-57-99; London, 12761 68-59-11 : Milano, 121 82-291 : Munich, 1089163813-0; Stockholm, 1081793-9500 . 

• GE Solid State 
USA 

GE/RCA/lntersil Semiconductors 
Three great brands. One leading-edge company. 
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Sk x 8-BIT EE PROM 
The XL46HC64 SpeedPROM, an 
8kx8-bit EEPROM with a read ac­
cess time of 35 nsec, is pin compati­
ble with many bipolar PROMs and 
EPROMs. When operating at 10 
MHz. the chip typically draws 40 
mA. You can erase the entire chip in 
10 msec and reprogram each byte in 
1 msec; reprogramming the entire 
64k-bit memory takes 8 sec. Users 
can read and verify each memory 
location, as well as program a data 
subset and then test the enti r e 
memory. You can also have a signa­
ture row of bits coded before ship­
ment with identification data such 
as product codes or manufacturing 
lot number. This row does not take 
up any usable data space. The IOL 
(low-level output current) specifica­
tion is 16 mA for TTL compatibility. 
$33 (100). 

Exel Microelectronics Inc, Box 
49007, San Jose, CA 95161. Phone 
(108) 132-0500. FAX 408-434-6444. 
TWX 910-338-2116. 

Circle No 610 

P-CHANNEL FETS 
The VP0610 and TP0610 p-channel 
models complement the company's 
2N700 and 2N7002 enh ancement­
mode MOS FETlington transistors. 
They allow you to connect comple­
mentary pairs of n- and p-channel 
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FETlington transistors to drive 
CMOS logic devices. The transistors 
have a maximum drain-to-source 
voltage of GOV de and a channel 
on-resistance of lOfl. The VP0610 
and TP0610 have thresholds of 3.5 
and 2.4V, respectively, and operate 
directly from low voltage supplies. 
Both devices are available in sur­
face-mount SOT-23, and hermetical­
ly sealed T0-52 and T0-92 pack­
ages. F r om $0.44 to $1.61 (100). 
Delivery, four to eight weeks ARO. 

S iliconix Inc , 2201 Laure/wood 
Rd, Santa Clara, CA 95054. Phone 
(800) 554-5565; in CA, (408) 988-

White Technology Inc, 4246 E 
Wood St, Phoenix, AZ 85040. 
Phone (602) 437-1520. TWX 910-
951-4203. 

Circle No 612 

8000. 64kx 16-BIT RAM 
Circle No 611 The EDI8Ml664C high-speed 

80C31 HYBRID µC 
The Model C8-P31 hybrid µ C com­
b ines an 80C31 µC , 32k bytes of 
EEPROM, 8k bytes of static RAM, 
a logical control unit , and a 7.3728-
MHz crystal clock oscillator. The 
totally CMOS hybrid comes in a 
40-pin DIP with standard 300-mil 
centers. It operates over the temp­
erature range of -55to+ 150°C and 
is designed for hostile environ­
ments. 

The 32k-byte EEPROM is divided 
into an 8k-byte section for code only 
and a user-defined 24k-byte section 
for either code or data. The 8k bytes 
of static RAM is for data only. The 
hybrid µC can address 64k bytes of 
external memory for both data and 
program for a total of 128k bytes of 
external memory. It draws 35 mA 
from a 5V supply and has a sleep 
mode, which consumes 2 mA. $1000 
(100). Delivery, 8 to 10 weeks ARO. 

CMOS static RAM module contains 
four 32kx8-bit RAMs organized as 
two banks. Each bank is a 32kx 16-
bit unit that produces a 64k x 16-bit 
RAM in a single IC. The lower-byte 
control line selects the lower bytes 
(DQO-DQ7), and the upper-byte 
control line selects the upper bytes 
(D Q8-DQ15). The unit operates 
from a 5V supply, and all inputs and 
outputs are TTL compatible . 

The access times of the commer­
cial and military versions measure 
60 and 70 nsec, respectively. A 100-
nsec access time is also available for 
both versions. The military version 
complies with MIL-STD-883C, test 
method 5004, Class B. The 
EDI8M1664C comes in a 600-mil­
wide, 40-pin DIP. Commercial ver­
sions: 100 nsec, $249; 60 nsec, $445. 
Military versions: 100 nsec, $496; 70 
nsec, $860 (100). Delivery, six weeks 
ARO. 

Electronic Designs Inc, 42 South 
St, Hopkinton, MA 01748. Phone 
(617) 435-2341. TLX 948004. 

Circle No 613 

MOTION CONTROLLER 
The LM628/LM629 NMOS motion 
controller for servo systems lets a 
host processor communicate with 
the chip through a parallel 8-bit 
asynchronous I/O port. The host 
generates a trapezoidal velocity pro­
file and programs an on-chip digital-
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The discreet alternative 
to discrete protection. 
Introducing Siemens BTS 412A. .. the world's first fully-protected Smart SIPMOS® device. 
Now you can be indiscrete with your system protection 
designs. Because instead of assembling a network 

For more information, call 1-800-FET-APPS (in California 
call 1-800-422-FETS). Or contact your nearest 

of bulky discrete devices, you can plug-in a single 
integrated solution! It's a revolution in protection ... 
called the Siemens BTS 412A. 

This fully protected, power MOSFET Smart SIPMOS 
device eliminates the problems of multi-chip solutions. 
It's big on reliability. Small on space. And quick to alert 
you of potential problems, thanks to its integrated 
status feedback intelligence. Best of all , it gives you 
the comprehensive protection that once required an 
army of discrete devices. Now that's discreet protection! 

Siemens BTS 412A. It's the world's first intelligent, 
fully-protected Smart SIPMOS device ... and it's 
available now. 

Siemens distributor or local sales office. 
Siemens National Distributors: Hall·Mark and Marshall 
Siemens Regional Distributors: Advent Electronics, Inc., 
Almo Electronics, Insight Electronics, Quality Components, Summit and 
Western Microtechnology. 
Siemens Regional Sales Offices: 
Eastern Region Central Region Western Region 
Littleton, MA Rosemont, IL Orange, CA 
(617) 486·0331 (312) 692·6000 (714) 385-1274 
Princeton, NJ Columbus, OH 
(609) 987-0083 (614) 433-7500 

Norcross, GA Dallas, TX 
(404) 449-3981 (214) 620-2294 

Siemens ... 
your partner for the future. 
© 1987 Siemens Components, Inc. 
SIPMOS is a registered trademark of Siemens AG cG12000-441A wLM772 
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compensation filter. An on-chip ve­
locity-profile generator then calcu­
lates a 32-bit word for the required 
trajectory in either a position or a 
velocity mode of operation. 

The quadrature incremental-posi­
tion feedback signal interfaces to 
the chip through two quadrature 
inputs and an index pulse input. A 
feedback processor calculates a 
32-bit position word and subtracts it 
from the profile word. The resultant 
error signal passes through the 
compensation filter to an 8-bit out­
put port. The output of the LM628 
is designed to drive an 8-bit DAC; 
the LM629 has eight PWM outputs 
for driving H-switches. The state of 
the feedback encoder can be cap­
tured at a 750-kHz rate. The device 
requires a 6-MHz clock and is avail­
able in a 28-pin DIP. $30 (100). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 749-7421. TLX 346353. 

Circle No 616 

AJD CONVERTER 
Exhibiting a conversion rate of 500 
kHz, the AM40016/AM40116 16-bit 
AID converter has a built-in S/H 
amplifier. The AM40016 is available 
with 0 to lOV unipolar inputs, and 
the AM40116 comes with ±lOV bi­
polar inputs. The unit features a 
108!1 input impedance, a differential 
linearity of ± % LSB , an integral 
linearity of ±0.003%, a de offset 
error of ±5 mV max, and shielding 
against electromagnetic and electro­
static interference. The selectable 
coding formats for the digital out­
puts are binary, offset binary, or 2's 
complement. The converter re­
quires ±15, 5, and -6V supplies, 
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and operates in the 0 to 60°C temp­
erature range. It comes in a 
3x5x0.44-in. module that is pin 
compatible with the ADAM826-1 
converter. $849 (100). Delivery, 12 
weeks ARO. 

Analogic Data Conversion Prod­
ucts Group, 360 Audubon Rd, 
Wakefield, MA 01880. Phone (617) 
246-0300. TLX 949307. 

Circle No 615 

LASER DRIVER 
The ALD30010 laser-diode current 
driver has a frequency response 
from 10 kHz to 3 GHz. It features an 
on-chip 180° phase splitter that per­
mits single input drives. The chip 
can deliver 60 mA min of peak bias 
current. The voltage-controlled 
input can modulate the current over 
a 0- to 30-mA-min range. An input 
signal level of 0 dBm achieves the 
maximum modulation current. An 
input amplifier has an 8-dBM third­
order intercept point and a 1-dB 
compression point of 1 dBm. The 
large-signal rise and fall time is 100 
psec typ with a typical propagation 
delay of 100 psec. The input return 
loss is 20 dB typ, and the reverse 
isolation is 30 dB typ. The device 
requires a -7V supply and a 60-mA 
supply current. 8-pin metal-ceramic 
flatpack, $65; die, $43.50 (1000). De­
livery, stock to 90 days. 

Anadigics Inc, 35 Technology 
Dr, Warren, NJ 07060. Phone (201) 
668-5000. TWX 510-600-5741. FAX 
201-668-5068. 

Circle No 622 

6-BIT ATTENUATOR 
The CDG4460J 6-bit digitally con­
trolled attenuator can attenuate an­
alog signals with frequencies as 
high as 40 MHz. It consists of 3 
CMOS/D-MOS integrated circuits 
and 11 laser-trimmed resistors 
mounted on a thick-film ceramic 
substrate. The attenuation range is 
0 to 15. 75 dB in 0. 25-db increments. 
When operating in a 75!1 system, 
the unit displays constant input and 
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output resistance over the entire 
resistance range. An onboard data 
latch lets you set predetermined at­
tenuation settings. It operates with 
power supplies ranging from ±6 to 
±15V and dissipates 0.5 µW typ. 
The 16-pin hybrid package occupies 
1 sq in. of board space. $39.50. 

Topaz Semiconductor, 1971 N 
Capitol Ave, San Jose, CA 95132. 
Phone (408) 942-9100. TWX 910-
338-0025. 

Circle No 614 

CMOS GATE ARRAYS 
RVG CMOS gate arrays incorporate 
rad hardening and have 5670 to 
20,440 2-input gates. Representa­
tive arrays include the 5670-gate 
RVG5, the 10,360-gate RVGlO, the 
14,640-gate RVG15, and the 20,440-
gate RVG20. The 2-input NAND 
gate has a delay of 0. 95 nsec with a 
fan-out of 2; its typical power dissi­
pation is only 8 µW/MHz. The gate 
arrays feature symmetrical switch­
ing and edge delays, operate at 250-
MHz flip-flop frequencies, and are 
TTL/CMOS compatible. Each I/O 
interface includes protection circuit­
ry for a 2000V electrostatic dis­
charge and is user programmable as 
an input, output, or bidirectional 
signal connection. You can select 
from an extensive macrocell library 
of SSI, MSI, and LSI functions. 
Military and commercial NRE (non­
recurring engineering) costs, from 
$35,000; military devices, from $150 
(1000/year); commercial devices, 
from $65 (10,000/year). 

Raytheon Co, Semiconductor 
Div, 350 Ellis St, Mountain View, 
CA 94043. Phone (415) 968-9211. 

Circle No 636 
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NOTHING TAKES EVERYTHING YOU CAN DISH OUT LIKE 
MICRO/Q® 2000 CAPACITORS. 
For applications in severe condi­
tions, nothing can take whatever 
the environment dishes out 
like Rogers new Micro/Q 
2000 Flat Ceramic 
Decoupling Capacitor. 

plify design. Supplied in anti­
static tubes. 

Nothing is as effective at reduc­

Tust results for MIL-C-39014D 
and MIL-STD-202F are avail­
able. Call or write a Rogers 
Micro/Q application engineer 
today for test results, free sam­
ples and technical information. 

Nothing takes the heat 
or cold or humidity like 
Micro/Q 2000 with its 
unique molded construc­
tion and X7R dielectric. 

ing voltage noise 
spikes. Only 
Micro/Q 2000 pro­
vides the low­
inductance and 

Another ME KTRON" interconnection component. 

. impedance levels 
Fits under IC to save space. necessary to reli-

Nothing takes up less space 
because only the Micro/Q 2000 
fits under DIPs to save valuable 
board space. Retrofitable to sim-

able high-frequency decoupling. 

The new Micro/Q 2000 from 
Rogers. Nothing you can design 
with works or fits like it-even 
in the harshest environments. 

0 ROGERS 
Rogers Corporation 
Circuit Components Division 
2400 South Roosevelt St. 
Tempe, AZ 85282 
Tel: (602) 967-0624 
Fax: (602) 967-9385 

OUTSIDE THE U.S. CONTACT: Europe: Mektron NV, Ghent, Belgium Japan: Rogers Inoue Corp., Nagoya 
Brazil: Rogers Coselbra, Sao Paulo Singapore, Hong Kong, Taiwan: Dynamar 
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DIGITAL CONVERTERS 
The 278A300 series digital convert­
ers translate the outputs of L VDT 
(linear variable differential trans­
former) and RVDT (rotary variable 
differential transformer) transduc­
ers into an 11-bit, offset-binary dig­
ital code. They employ a type II 
seTvo loop to generate an error sig­
nal between the reference input and 
transducer inputs. The reference 
frequency ranges from 400 Hz to 10 
kHz. 

A change equivalent to 1 LSB in 
the input signal initiates a conver­
sion; the converters then issue a 
1-µsec output busy command when 
the output code changes. An inhibit 
line provides a simple method of 
transferring the data to a computer. 
The inhibit command locks an inter­
nal up-down counter for reading. 
During a busy interval, the convert­
ers ignore the inhibit command. An 
overrange signal indicates whether 
the input signal exceeds the normal 
range. The units come in 
2x2x0.395-in. modules and require 
±15 and 5V. $230. Delivery, stock 
to 10 weeks ARO. 

Control Sciences Inc, 9509 Vas­
sar Ave, Chatsworth, CA 91311. 
Phone (818) 709-5510. 

Circle No 617 

MOS IGBT MODULES 
Based on the company's high-volt­
age MOS IGBTs (MOS Insulated 
Gate Bipolar Transistors), the MOS­
Block IGBT-module family consists 
of dual IGBTs in a phase-leg config­
uration with internal fast-recovery 
diodes across each IGBT. The con­
tinuous current ratings for the mod­
ules range from 25 to lOOA in 600 
and lOOOV versions. The peak 
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pulsed (1 msec) current ratings 
range as high as 200A. They are 
capable of switching rates as high as 
30 kHz. The modules come in stan­
dard Japanese-style bipolar Dar­
lington packages in two outlines: 
94 x 34 and 95 x 62 mm. They exhibit 
a typical V CE<SAT> of 3.2 volts at a 
current of 50A. The current fall 
time is 800 nsec max for all devices. 
25A, 600V device, $45.04; lOOA, 
lOOOV device, $129.41 (100). 

IXYS Corp, 2355 Zanker Rd, San 
Jose, CA 95131. Phone (408) 435-
1900. 

Circle No 623 

RF AMPLIFIER 
The LH4200 RF amplifier can oper­
ate over the 500-kHz to 1-GHz fre­
quency range. It utilizes a GaAs 
input stage for high-frequency per­
formance followed by two bipolar 
transistor stages. You can use series 
feedback for gain stabilization and 
control the gain via a control input. 
The amplifier features a 38-dB gain 
at 100 MHz, an AGC range of 60 dB 
at 100 MHz, an input impedance of 1 
MO, and a noise figure of 3 dB for a 
500 source impedance. The gain 
falls to 0 dB at 1 GHz. It has a 
typical 1-dB gain compression point 
of 14 dBm when operating at 100 
MHz. The amplifier has internal by­
pass capacitors; however, it is rec­
ommended that an external capaci­
tor of 10 µF be used to prevent 
low-frequency instabilities. The de­
vice comes in a 24-pin ceramic DIP. 
$54 (100). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 749-7421. TLX 346353. 

Circle No 627 

FLASH CONVERTER 
The ADC-303 100-MHz flash AID 
converter has an input-signal band­
width of 40 MHz and operates on 
analog input signals in the 0 to -2V 
range when the reference voltage is 
set at -2V. The digital inputs and 
outputs are ECL compatible. The 

8-bit parallel outputs are buffered 
and have open-emitter arrange­
ments. The chip dissipates l.2W 
and has an integral and differential 
linearity of ± % LSB over its operat­
ing range. You can select one of the 
following output codes: binary, com­
plementary binary, 2's complement, 
and complementary 2's complement. 
The chip operates with an external 
clock and reference source, and 
comes in a 42-pin DIP. Its operating 
temperature ranges from -20 to 
+ 100°c. $550. 

Datel Inc, 11 Cabot Blvd, Mans­
field, MA 02048. Phone (617) 339-
3000. TLX 951340. 

Circle No 618 

MOTOR-CONTROL ICs 
Three custom !Cs are available for 
designing proprietary motion-con­
trol systems. The MC3A is a 16-bit 
internal, 8-bit external, data-bus 
µP. It has 8k bytes of mask-pro­
grammed ROM that holds the servo 
algorithms and an abbreviated com­
mand set for minimum-performance 
systems. Working with the MC3A is 
the Motion-LSI chip, which has four 
channels of A/B quadrature encoder 
decoding. Internal registers permit 
software selection of various encod­
er operating modes. 

Six digital outputs from the Mo­
tion-LSI chip provide PWM signals 
for the control of 2-, 3-, or 4-phase 
brushless de, ac-induction, or step­
per motors. The SMCC chip is a 
27256 EPROM with a 12k-byte pro­
gram that extends the command set 
beyond that contained in the MC3A 
µP. The 27256 chip comes with the 
first trial chip set. Thereafter, you 
must make your own duplications. 

Text continued on pg 135 
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Capture 
signals 
competitors 
can't. 
Complete 
confidence 
in results. 

ONII FROM TEK. 
The new Tek 2440 Digital Oscillo­
scope is the only portable offering 
a 500 MS/s sampling rate-on 
two channels simultaneously. 

You can digitize, store and process 
single-shot phenomena to 200 
MHz and repetitive signals to 300 
MHz. At the touch of a button. 

This is a scope built for solving 
tough problems fast. 

Exclusive Tek digital features let 
you capture glitches as short as 
2 ns with continuous sampling; 
automatically catch intermittent 
failures in babysitting applica­
tions; and see waveform changes 
virtually as they occur thanks to 
the high update rate. 

With the 2440's 500 MS/s 
sample rate, 8-bit vertical resolu­
tion, and 0.0015% crystal-con­
trolled timebase accuracy, you'll 
have complete confidence in the 
accuracy of your waveform data. 
You'll know what you're seeing is 
what's actually happening in your 
circuit. 

The 300 MHz 2440 and 2432 
along with the 150 MHz 2430A 
drive like the scopes you're us~d 
to. They feature a familiar front 
panel and simple, one-level 
menus. 

Built-in automation simplifies 
operation even more. The scopes 
set up at the touch of a button. 
And you can characterize wave­
forms instantly: press another but­
ton and read out your choices 
from 21 different measurements. 

On the design bench, the 2400 
DSOs are effective standalone test 
systems. Full GPIB program­
mability, pass/fail testing and 
time-saving measurement 
sequencer make them equally 
powerful system components. 
With off-the-shelf software you 
can fully automate measurements 
and extend waveform analysis. 

Don't settle for less. Get the 
total performance package only 
Tek delivers, feature for feature 
spec for spec. ' 

A digital 
family you 
already know 
how to use. 

Powerful 
system 
components. 
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The standard 
of excellence 
in portable 
scopes. 

Answers 
at the touch 
of a button. 
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No matter what you measure, Tek 
measures best. 

Analog or digital, standalone or 
automated, no other portables 
match Tek 2400 Series 
Oscilloscopes for sheer breadth of 
line, range of performance and 
wide choice of options. 

Their proven reliability and 
built-in versatility are a result of 
Tek's dedication to superior wave­
form acquisition tailored to indi­
vidual needs. 

Six four-channel analog oscillo­
scopes combine pushbutton sim­
plicity and leading-edge perfor­
mance. They bring unprecedented 
efficiency to your design lab, pro­
duction line or field service site. 

The top-of-the-line 2467 with 
Tek's patented microchannel plate 
CRT even makes single-shot 
pulses to 350 MHz visible-
at the touch of a button. 

A complete range of options 
further extend each scope's 
capabi I ities. 

Scope for scope, feature for 
feature, Tek has the best solution 
for your measurement needs. 

Ask your Tek representative for a 
demonstration. With the 2440 
joining the family, there's an even 
better selection-in sample rate, 
performance and price. For more 
information, please return the 
reply card or call Tek direct: 
1-800-426-2200. 

COMMITTEO m EXCELLENCE 

Cal/Tek 
for details. 
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MC3A µP and Motion-LSI chip, 
$210 (100). 

Delta Tau Data Systems, 21119 
Osborne St, Canoga Park, CA 
91304. Phone (818) 998-2095. 

Circle No 648 

AMPLIFIER 
Operating over the 2- to 6-GHz fre­
quency range, the HMM-10620 
GaAs monolithic microwave IC am­
plifier runs from an 8.5V supply and 
draws a maximum of 100 mA (65 mA 
typ). Two FET gain stages with 
negative feedback provide 11.5 db of 
gain and a gain flatness specification 
of ±0.5 dB over the frequency 
range. The 1-dB gain compression 
point is + 13 dB typ, and it has a 
typical noise figure of 5.5 dB. Input 
and output VSWRs are specified at 
1. 75:1 max. The device's internal de 
blocking lets you cascade it with 
other units. The chip measures 
37x70 mils and thermal-compres­
sion wedge bonding is recom­
mended. $45 (1000). 

Harris Microwave Semiconduc­
tor Inc, 1530 McCarthy Blvd, 
Milpitas, CA 95035. Phone (408) 
433-2222. TWX 910-338-2247. FAX 
408-432-3268. 

Circle No 619 

450V OP AMP 
The PA85 op amp operates with 
power supplies ranging from ± 15 to 
±225V. It can also operate from a 
single supply ranging as high as 
450V. The output can swing 430 V11_11 

with a slew rate of 1000 V/µsec. It 
can deliver as much as ±200 mA of 
continuous current. A built-in ther­
mal shut-off circuit prevents over­
heating and the safe operating area 
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has no secondary breakdown limita­
tions. A dual J-FET input stage 
provides a differential offset voltage 
of ±2 m V max and a differential 
offset current of ± 100 pA max. The 
device achieves a full power band­
width of 500 kHz with a 3.3-pF 
compensation capacitor. It comes in 
an 8-pin T0-3 package and dissi­
pates 35W at the current rating. PA-
85, $99.50; PA85A improved offset 
version, $129.35 (100). Delivery, 10 
weeks ARO. 

Apex Microtechnology Corp, 
5980 N Shannnon Rd, Tucson, AZ 
85741. Phone (800) 421-1865. 

Circle No 629 

VOLTAGE REFERENCE 
The Ref-43 precision voltage refer­
ence provides a 2.5V output with a 
maximum tolerance of ±0.05%. It 
operates from a supply voltage of 
4.5 to 40V, and the output voltage 
changes less than 178 µ V over the 
supply range. It can provide 10 mA 
of output current with more than a 
10 ppm/mA load regulation. It re­
quires 450-µA-max quiescent cur­
rent, thus minimizing drift due to 
self-heating. The temperature coef­
ficient is specified as 10 ppm/°C 
max. The unit also has a tempera­
ture output that provides an analog 
output sensitivity of 1.9 mV/° C. It 
comes in an extended industrial 
temperature range of -40 to 
+85°C, as well as military versions. 
MIL-STD-883 versions will be avail­
able in the 3rd quarter of 1988. 
Ref-43GP, from $3. 75 (100). 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 562-7346. TLX 
713719541. 

Circle No 630 

OP AMPS 
The LT1078 dual and LT1079 quad 
op amps can run from a 5V supply or 
from dual supplies ranging as high 
as ±15V. Theyfeaturea50-µA-max 
supply current for each amplifier, 
an offset voltage of 70 µ V max, a 

250-pA-max offset current, 0.4 
µ V/°C offset voltage drift, a 200-
kHz gain-bandwidth product, and a 
0.07V/µsec slew rate. The l/f corner 
of the voltage noise spectrum is 0. 7 
Hz. This low frequency corner per­
mits a voltage noise specification of 
0.6 µ V P-P and a current noise specifi­
cation of 3 pA11_11 over the 0.1-Hz to 
10-Hz frequency range. The outputs 
can source and sink 5 mA of load 
current. LT1078, $2.80; LT1079, 
$3.50 (100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (800) 637-5545; in CA, 
(408) 432-1900. 

Circle No 620 

PSI~lll. SWITCH 0££!CIU!1CER 

SWITCH DEBOUNCER 
The PSI-01 IC interfaces electrome­
chanical switches with digital cir­
cuits. It provides switch debouncing 
without any external components 
for as many as eight independent 
spdt switches. The reading is 32 
msec both for the typical output 
delay after activating a switch, and 
for the maximum output delay after 
releasing a switch. The chip pro­
vides either a strobe output pulse or 
a toggled output that are user selec­
table. The outputs are TTL compat­
ible and can source and sink 4 mA. 
The chip operates on voltage sup­
plies ranging from 3 to 25V with a 
supply current drain of 5 mA. The 

Text continued on pg 138 
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chip comes in a 20-pin DIP. $2 
(1000). 

Precision MicroDevices Inc, 711 
Charcot Ave, San Jose, CA 95131. 
Phone (408) 432-3077. 

Circle No 621 

RISC µP 
The S-25, a member of the Spare 
32-bit RISC µP family, achieves an 
average sustained processing rate of 
15 MIPS at a clock rate of 25 MHz. 
A register file, consisting of 120 
32-bit registers, stores frequently 
used variables to reduce program 
execution overhead. This triple-port 
register file can fetch two operands 
and write to a destination simulta­
neously in a single cycle. The chip 
has separate 32-bit address and data 
buses; it can directly address 4G 
bytes and can indirectly address 256 
pages of 4G bytes. 

The instruction set has five opera­
tor categories: load and store, arith­
metic/logical/shift, control transfer, 
read/write control registers, and 
floating-point and coprocessor func­
tions. It uses a single-length format 
and fixed field positions. Optimizing 
C, Fortran, and Pascal compilers 
are available for software develop­
ment. The chip comes in a 179-pin 
pin-grid-array package. $325 
(5000). 

Fujitsu Microelectronics Inc, 
Advanced Products Div, 50 Rio 
Robles, San Jose, CA 95134. Phone 
( 408) 922-9649. 

Circle No 624 

SMPS ICs 
Operating on a master-slave princi­
ple, the TEA 2170 and TEA 2164 
ICs provide all the regulation and 
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protection functions required in iso­
lated switchmode power supplies 
with output powers as high as 
200W. They are optimized for use in 
low-cost power supplies for consu­
mer equipment such as TV receiv­
ers, video recorders, and audio 
equipment. The devices allow you to 
isolate the secondary side of the 
supply from the line input with a 
low-cost transformer. 

The TEA 2164's ±l.5A output 
can directly drive power transistors 
at switching frequencies as high as 
60 kHz. In critical applications, you 
can synchronize the switching to an 
external frequency. The TEA 2164 
contains oscillators, a start/stop 
pulse shaper, a switching transistor 
driver, and a safety processor, as 
well as current-limit V cc supervi­
sion and repeated overcurrent de­
tection circuitry. The TEA 2170 
contains an error amplifier, a volt­
age reference, a master oscillator 
with synchronization input, a pulse­
width modulator, and a pulse driver 
for the isolation transformer. Soft­
start circuitry is also included. Ap­
proximately $1.46 (1000). 

SGS-Thomson Microelectronics, 
Via C Olivetti 2, 20041 Agrate 
Brianza, Italy. Phone (039) 65551. 
TLX 330131. 

Circle No 650 
SGS-Thomson Microelectronics, 

1000 E Bell Rd, Phoenix, AZ 
85022. Phone (602) 867-6100. TLX 
249976. 

Circle No 651 

OPTOCOUPLER 
The SFH620 optocoupler contains 
two back-to-back GaAs infrared 
emitters so that it can remain in the 
On state during both the positive 
and negative half-cycles of an ac­
input waveform. The device is 
tested to an isolation voltage of 5.3 
kV and incorporates a special ion 
screen that provides added protec­
tion against electrostatic field ef­
fects. The optocoupler's emitter and 
detector have an internal separation 
of 0.8 mm, allowing the company to 

seek approval for the device to 
VDE-0884 safe electrical-operation 
specifications. The SFH620 is sub­
jected to in-process testing and 
burn-in before being shipped. DM 
0. 79 (10,000). 

Siemens AG, Zentralstelle filr 
Information, Postfach 103, 8000 
Munich 1, West Germany. Phone 
(089) 2340. TLX 5210025. 

Circle No 652 
Siemens Components Inc, 2191 

Laurelwood Rd, Santa C Lara, CA 
95054. Phone ( 408) 980-4500. 

Circle No 653 

ANALOG MULTIPLEXERS 
Fabricated in CMOS, the HI-506A, 
HI-507A, HI-508A, and HI-509A 
are analog muliplexers that have 
transfer accuracies of more than 
0.1 % at sampling rates to 200 kHz. 
The analog inputs of the devices can 
withstand an overvoltage to 70 VP_P, 
and feature break-before-make 
switching. The four multiplexer 
models each provide the following 
number of channels: HI-506A, 16 
single-ended; HI-507 A, 8 differen­
tial; HI-508A, 8 single-ended; and 
HI-509A, 4 differential channels. 

The input signal range for all de­
vices is ± 15V, and crosstalk is lim­
ited to 0.005% of the voltage level 
when the channel is off. The multi­
plexers are packaged in ceramic or 
plastic DIPs, specified for 0 to 75°C 
or -55 to + 125°C. Prices start at 
$13.50 for the HI-506A/HI-507A, 
and $7.35 for the HI-508A/HI-509A 
(100). 

Burr-Brown, Box 11400, Tucson, 
AZ 85734. Phone (602) 746-1111. 
TWX 910-952-1111. 

Circle No 649 
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FFT Detailed distribution of noise and harmonic distortion vs. 
input signal. Measurement of sample and hold and ZAD2716 ND 
converter only. Computer analysis receives digital information 
from AID converter (to avoid DAC reconstruction distortion). 

Using an Audio Precision system, a sine wave is digitized by 
the ZAD-2716, then reconstructed by the ZDA-1801, and filtered 
by Apogee's 944S linear phase filter. Graph shows combined 
total harmonic distortion and noise vs. frequency. 

Introducing the world's finest professional 
16-bit stereo digitizing subsystetn and 18-bit 
deglitched reconstruction DAC. 

Want to position yourself at the leading edge of digital audio? Then hear this. 
Analog Solutions gives you a new family of professional audio products with confirmed "Golden Ear" performance using the 

industry's two most powerful test criteria. The eye. And the ear. 
If seeing is believing, you'll be impressed by the harmonic distortion and noise plots of our ZAD2716/ZSH202 digitizing 

subsystem (left) and ZDA1801 deglitched reconstruction DAC (right). Nobody's ever seen plots like those before. 
But there's more to the story than a good plot. 
The ZAD2716-2 coupled with the ZSH202 Dual Sample-Hold can provide stereo digitizing 

at a 50 kHz sampling rate per channel. The ZSH202 allows simultaneous sampling of both 
channels within± 2 nsec with guaranteed -96 db/channel separation. And there's no sacrifice 
of phase linearity or sin xix. In fact, we guarantee sin xix performance of O.OldB and phase 
linearity of 0.1 (degree) over 0 to 20 kHz. (Performance that brings a smile to any Golden Ear) 
Cost savings are significant on a per channel basis, because you only need one converter 
for two channels. 

Our ADC is also available in a ZAD2716-1 model with integral sample and hold amplifier 
and 100 kHz sampling speed for 2X oversampling applications. 

Your needs extend over the entire audio spectrum. And that's how our products are 
tested . We test the way they're used. So we can guarantee signal-to-noise plus harmonic distortion of 92 dB over the entire 
0-20 kHz audio range. 

We maintain the same outstanding performance at the back end of your system with the ZDA1801. This 18-bit DAC, with a built-in 
deglitcher operating up to 200 kHz for up to 4X oversampling, offers guaranteed signal-to-noise plus harmonic distortion of 94 dB 
over the full audio range. 

In short, we've raised digital audio to new levels. 
Which should be music to your ears. 
And to every Golden Ear in the business. 
Find out more about our growing line of professional audio products. And learn how 

we can help plot your success in a growing industry. 
Please address Analog Solutions, 85 West Tasman Drive, San Jose, CA 95134. 

Phone (408) 433-1900. FAX (408) 433-9308. CIRCLE NO 84 
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AUDIO PREAMP 
Suitable for consumer audio equip­
ment, the TEA 6300 audio preampli­
fier incorporates a signal source se­
lector; volume, bass, treble, and 
stereo balance controls; and a quad 
fader to control the front and rear 
speaker amplifiers in surround­
sound systems. A break in the sig­
nal path between the signal selector 
and the preamplifier's control cir­
cuits allows you to insert additional 
signal conditioning circuitry-that 
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is, a compander, a booster amplifier, 
an equalizer, or a noise-reduction 
circuit. 

The preamplifier's built-in IIC 
Bus interface allows you to digitally 
control the preamplifier from a mi­
crocontroller. You can adjust the 
volume and fader in 2-dB steps, and 
the bass and treble controls in 3-dB 
steps. The device doesn't generate 
any audible noise when you adjust 
its controls. The preamplifier also 
incorporates a mute function. 

The preamplifier has a frequency 
response from de to more than 20 
kHz, an overall gain of 20 dB, and an 
input sensitivity for full output of 50 
m V typ. It has a signal-to-noise 
ratio of 80 dB, a typical channel 
separation of 70 dB, and typically 
introduces 0.05% total harmonic dis­
tortion at full output power. The 
TEA 6300 operates from a 7 to 
13.2V supply and is housed in a 
28-pin DIP or a surface-mount mini­
pack. Approximately gld 8.50 

(10,000). The TEA 6310, a similar 
device without the source selector, 
but with a fader disable input, is 
also available. 

Philips, Components Division, 
Box 523, 5600 AM Eindhoven, The 
Netherlands. Phone (040) 757189. 
TLX 51573. 

Circle No 654 
Signetics Corp, 811 E Arques 

Ave, Sunnyvale, CA 94088. Phone 
(408) 991-4571. 

Circle No 655 

AID ASICs 
A library of 66 analog cells, 66 digit­
al macrocells, and 28 I/O cells sup­
ports the TSGSM Series mixed AID 
standard-cell ASICs. High-level an­
alog cells in the library include 8-
and 12-bit AID converters, 8- and 
12-bit DIA converters, twelfth-or­
der switched-capacitor filters, 120-
nsec comparators, and LCD driver 
circuitry. Where necessary, you can 

..d atch Apple's new Macintosh 

II do for color computing 

what the original Macintosh 

did for black & white. Our 

RAMDAC enables Macintosh 

II to display some of the finest 

quality graphics available 

in a personal computer. 
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----------------------------------
bias circuits from current or voltage 
bias generators, and include pro­
grammable current mirrors. You 
can also introduce grounded shield­
ing around analog circuitry to im­
prove its power-supply rejection 
ratio. 

The digital cell library contains 
hard macros, but you can use them 
to generate your own soft macros 
for compiling more complex digital 
devices such as counters, shift regis­
ters, or dividers. All the library 
cells are fully characterized for op­
eration from 3 to lOV supplies. CAD 
support for the series comprises the 
company's TCAD2A software. This 
CAD package includes H3Spice for 
analog simulation and allows you to 
perform mixed AID simulation by 
modeling the analog functions. To 
design switched-capacitor filters, 
you can use the company's FilCAD 
software, and then import these fil­
ter designs into TCAD2A. The typi­
cal NRE (nonrecurring engineer-

EON July 7, 1988 

ing) charges are $55,000. Depending 
on die size, from $1 to $8 (OEM qty). 

SGS-Thomson Microelectronics, 
Via C Olivetti 2, 20041 Agrate 
Brianza, Italy. Phone (039) 65551. 
TLX 330131. 

Circle No 659 
SGS-Thomson Microelectronics, 

1000 E Bell Rd, Phoenix, AZ 
85022. Phone (602) 867-6100. TLX 
249976. 
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QUAD OP AMP 

Circle No 660 

The CA5470 BiMOS-E general-pur­
pose quad op amp combines high­
speed CMOS and bipolar transistors 

on a single chip. It is specified for 
5V single-supply and ±7.5V dual­
supply operation over the military 
temperature range of -55 to 
+ 125°C. You can operate the unit 
from supplies ranging from 3 to 16V 
unipolar or from ± 1.5 to ±8V bipo­
lar. It has a unity-gain-bandwidth 
product of 12 MHz and a slew rate of 
5 V/µsec. The amplifier has protec­
tion against ESD voltages as high as 
2000V. The unit comes in a 14-lead 
plastic surface-mount package or 
plastic DIP. Plastic DIP, $1.21 
(1000). 

GE Solid State, Rte 202, Somer­
ville, NJ 08876. Phone (201) 685-
6652. 

INQUIRE DIRECT 

DSP CHIP 
The PDSP16116 complex multiplier 
can multiply together two 16-bit 
complex words to produce a 32-bit 
complex-word result every 100 nsec. 

Text continued on pg 145 

® 

e 
Macintosh II. 640x480 resolution, 
displays 256 colors simultaneously 
from a 16.8 million color palette. 

81453. Triple 8-bit 40 MHz RAMDAC 
with 256 color lookup table. 
Monolithic CMOS. 

Brooktree Corporation, 9950 Barnes 
Canyon Road, San Diego, California 
92121. 1-800-VIDEO IC or 1-800-

422-9040, in California. 

Apple~ and Macintosh"" II are trade­
marks of Apple Computer Corporation . 

CIRCLE NO 85 
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THEIMSAIOO 
CASCADEABLE SIGNAL PROCESSOR 

Using pulse compression to improve range resolution, a 
modern radar system compares signals transmitted to and 
reflected from a target. 

A typical system may use a pattern 512 samples long, 
collected at a data rate of 2.5 MHz. 

This requires more than a billion multiplications a second! 
Yet the INMOS AlOO Cascadeable Signal Processor 

enables a pulse compressor with this capability to fit a circuit board 
half the size of a typical PC card and dissipates less than 30Watts. 

A combination of performance, low power. dissipation and 
reduced board area that means significant reductions in systems 
costs. Equally impressive results are found in applications such as 
beamforming, filtering and image processing. 

Whatever DSP area you are in the INMOS IMS AlOO 
processor is the only serious contender. 

The following features show why the IMS AlOO signals a 
whole new era in DSP. If you would like more information, clip the 
coupon today. 

• Full 16 bit, 32 stage, transversal filter • 36 bit internal precision 
• Block floating point support • Complex number support 
• Easy to control from most ordinary and DSP microprocessors 
• Data throughput to 10 MHz • Power dissipation l.5 Watts 
• Fully static CMOS implementation • 84 pin Ceramic PGA 
and Cerquad Packages • MIL-STD-883C processing available 

ORDINARY DSP I BIT 1 MICROS MICROS SLICE 

IMSAlOO 100 x IMS AlOO 

SATE LLITE CO MMUNI< ATIONS 

RY.,DAR AN D SONAb 

IMAGE PROCES~ ING 

0.1 1 10 100 1.000 10.000 100.000 
MILLION MULTIPLICATIONS P E R SECOND 

90ITT)mos· 
INMOS, Colorado Springs, Colorado 80935. Tel.17191 630-4000. 

Orange County-714-957-6018 
Baltimore -301-995-6952 

Boston - 617-229-2550 

Denver- 303-368-0561 Dallas- 214-490-9522 
Santo Claro - 408-727-7771 Minneapolis -612-932-7121 

Atlanta -404-242-7444 New York - 914-897-2422 

r.---------------------, 
I 

Please send me information on the JN MOS DSP family. My main area of interest is 

Sonar Comms Rodar Imaging Other I please specify! I 
I D D D D I 
I EDN070788 I 
I Nome Title I 
I Company Address I 
I Zip Tel I 
L---------------------~ 
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Elude the Perils of PLO 
Ordinary programmable 

logic devices ( PLOs) solve 
problems, but they create 
some as well . That's 
why ICT combined CMOS 
and E2 technologies to 
make PEEL™ (Program­
mable Electrically Eras­
able Logic) devices.PEEL 
devices elude the perils 
of PLO. 

"Sizzling Silicon" 
Bipolar PLOs are 

power-hungry and run red­
hot. Our low-power CMOS 
PEEL devices play it cool 
resulting in higher reliability 
and minimized power supply 
requirements. 

"Illogical Limitations" 
Instead of limited architectures, PEEL devices offer design 

flexibility, with programmable macrocells, independent output 
enables, and more product terms. They emulate most 20- and 
24-pin PAL~ EPLO and FPLA devices, and allow over a hundred 
new configurations as well . This means more logic in every 
package and a way out of those tight spots. 

PEEL Device Pins Tro Icc*2 Supersets 

PEELl8CV8' 1 20 25ns, 15ns 20mA, 60mA PAL, EPLD 

PEEL20CGIO 24 25ns 45mA PAL, EPLD 

PEEL22CVI0' 1 24 25ns 45mA PAL, EPLD 

PEEL 153/ 253 20 30ns 35mA FPLA 

PEELl73/ 273 24 30ns 35mA FPLA 

* 1 Zero Power versions also ' 2 Standby, add - 0.7mA/MHz for active 

All ICT products are exclusively distributed through 
Marshall Ind us tries. 

PEEL and APEEL are trademarks of fnternational CMOS Technology. Inc. 

PAL is a registered trademark o f Monolithic Memories, Inc. 

"Horror-Story Inventory" 
Unlike other PLOs, PEEL devices offer a risk-free inventory. 

No more worry, waste, or wait due to design changes and pro­
gramming mistakes. PEEL devices are quick-to-the-rescue 
with instant reprogrammability. Since PEEL architectures 

also can replace many standard PLOs, fewer part types 
need to be inventoried. 

"Questionable Quality'' 
Most PLOs have limited factory 

testability, leaving it up to you to com­
plete the test. Electrically-Erasable 

PEEL devices are JO(flo factory tested 
for programmability, function and AC/ DC 

performance. This means higher quality, 
eliminating program and test fallout, as well 

as board-level rework. 

"Costly Development Tools" 
Instead of expensive development software, we 
offer a free PEEL development kit. This PC/ XT/AT­

based package includes the APEEL™ logic 
assembler and PLO-to-PEEL file translator for 
instant conversion of existing designs. And, 

if you don't have a PLO programmer, our PEEL 
Development System provides everything you 
need for only $795.00. 

The Time Is Now 
Elude the perils of PLO and call us 
today. We'll send you a PEEL packet and 
information on our High-Speed Erasable 
PRO Ms and Serial EEPROMs, too. 
Contact: International CMOS Technology, 

Inc., 2125 Lundy Avenue, San Jose, California 
95131 (408) 434-0678. 

INTERNATIONAL CMOS 
TECHNOLOGY, INC. 
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You can use the device in conjunc­
tion with two of the company's 
PDSP1601 ALUs, and two of its 
PDSP16316 complex accumulators 
to produce a block floating-point 
butterfly processor for evaluating 
FFTs. In combination with a single 
PDSP16316, you can create a 
10-MHz 16x 16-bit complex multipli­
er-accumulator. 

Internally, the PDSP16116 con­
tains four 16x 16 array multipliers, 
two 32-bit adder/subtractors, and 
control logic that provides fully au­
tomatic block floating-point opera­
tion. The device also includes trap 
logic to prevent -1 x -1 products 
from leading to erroneous results. 
In addition, you can cause the device 
to complex conjugate either input to 
ease the implementation of complex 
correlators. A single pipeline delay 
through the device makes it suitable 
for use with recursive algorithms. 
The PDSP16116 is available in both 
military and industrial temperature 
ranges. Industrial version, £331.43 
(100). 

Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wilt­
shire SN2 2QW, UK. Phone (0793) 
36251. TLX 449637. 

Circle No 656 
Plessey Semiconductors, 9 Par­

ker, Irvine, CA 92718. Phone (714) 
472-0303. 

Circle No 657 

LOGIC ARRAY 
The GAL39V18 program­
mable-logic array is designed with 
electrically erasable CMOS technol­
ogy. It provides 10 output-logic 
macro cells along with 8 internal 

EDN July 7, 1988 

state-logic macro cells. In addition, 
it has 10 input logic cells and 10 I/O 
logic macro cells. The true or com­
plement macro-cell outputs feed an 
AND array consisting of 75 product 
terms. Sixty-four of these terms 
serve as inputs to an OR array with 
36 sum-term outputs. You can pro­
gram all of the input and I/O signals 
into the array as registered, 
latched, or direct inputs. The regis-

ters are D-type flip-flops with sepa­
rate clock enables and common or 
separate clocks. Total delay through 
the device is 30 nsec max and the 
clock-to-output delay is 15 nsec 
max. 24-pin plastic DIP, $21.10 
(100). 

Lattice Semiconductor Corp, 
5555 NE Moore Ct, Hillsboro, OR 
97124. Phone (505) 681-0118. 

Circle No 631 

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 I 151 quadrant 

J rd 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, MlB lMB, (416) 292-5161. 

CIRCLE NO 89 145 



Integrated Circuits 
---------------------------------

DATA MANAGER 
The Am95C85 Content Addressable 
Data Manager (CADM) is a CMOS 
peripheral chip for sorting and ma­
nipulating data, and stores data in 
an internal lk-byte memory. The 
stored data is collated into records 
consisting of a key field and a point­
er field. The chip uses the values in 
the key field to sort and search 
records. The content-addressable 
feature lets the host retrieve data 
without calculating physical ad­
dresses. The chip generates the ad­
dresses for memory access, and it 

14G 

can search an 8-byte field in less 
than 10 µsec. A stack-mode opera­
tion lets the user delete records by 
popping the records out of memory, 
and lets the user insert records by 
pushing the records into memory. 
You can cascade as many as 256 
chips for applications that require a 
large storage area. The CMOS de­
vice comes in a 44-pin plastic leaded 
chip carrier. 12-MHz verion, $49.20; 
16-MHz version, $66.50 (100). 

Advanced Micro Devices Inc, 
Box 3453 Sunnyvale, CA 94088. 
Phone (408) 732-2400. 

Circle No 634 

COPROCESSOR 
The VL82C389 message-passing co­
processor for Multibus II systems 
offloads the task of managing the 
iPSB (Parallel System Bus) arbitra­
tion from the local CPU. It also 
handles the bus transfers and excep­
tion-cycle protocols, and supports 

• • 

CIRCLE NO 90 

dual-memory systems that coexist 
with message-passing architec­
tures. The chip can handle all func­
tions of the central service module 
(CSM). 

The CSM features slot identifica­
tion, arbitration identification, bus­
clock generation, and bus time-out 
(watchdog) control. The CSM must 
reside in slot 0 of the Multibus II 
backplane, and its local microcon­
troller assigns slot and arbitration 
IDs to each module. No DIP 
switches are required. Once the 
module sets the system configura­
tion, the CSM monitors the iPSB for 
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Before you buy ASICs, you should be 
aware of some of our hang ups. 

M~,1-R!~ 
MENT 

CEtrnllCATE Of ACHIEVEMENT 

Ul.\1\C 
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ltcsCENT£R e Mil'IT1.W~ilm'!: 
/ 
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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-

EDN July 7, 1988 
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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-MJL.UTMC 

1575 Garden of the Gods Road 

Colorado Springs, CO 80907 
HIG HLAND is a registe red trademark of 
United Tcchnoloi::ies Microelectronics Center, Inc 

UNITED 
TECHNOLOGIES 
MICROELECTRONICS 
CENTER 
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Because you're 
thinking fast ... 
count on us for the 
speed you need. 

Now, 19ns 
settling op amps 
that survive 
saturations and 
shorts ... 
Comlinear's two new high-speed op 
amps bring you built-in protection 
against saturation. Plus simple short­
circuit protection. That means easy 
solutions for fast input and output 
amplifiers in systems where signal 
level or load can't be controlled. 

use as little as 57mW ... 
Our new l 70MHz CLC205 offers 

fast dynamic performance and power 
consumption down to 57mW (with 
±SV supplies). A settling time of 24ns 
to 0.05% is complemented by the drive 
performance of a ±12V output swing 
and ±SOmA output current. 

or drive up to ± lOOmA. 
For higher drive, call for our 

180MHz CLC206 which will drive up 
to ±lOOmA and settle in just 19ns (to 
0.1%). It is coupled with a high slew 
rate of 3400V/µs and delivers a large­
signal bandwidth of 70MHz at 20Vpp. 

Both of these new op amps give you 
saturation and short-circuit protection 
pl us tested and guaranteed performance 
at half the price of other high-speed 
amps. Now you can be safe at high 
speed. 

CIRCLE NO 92 

~Comlinear 
~Corporation 
Solutions with speed 
4800 Wheaton Drive 
Fort Collins. Colorado 80525 
(303) 226-0500 
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error conditions such as non­
responding nodes in order to pre­
vent blocked transfers between 
functional modules. $175 (100). 

VLSI Technology Inc, 8375 S 
River Parkway, Tempe, AZ 85284. 
Phone (602) 752-6200. FAX 602-752-
6000. 

Circle No 625 

ANALOG DELAY LINE 
Suitable for television, video, radar, 
or sonar equipment, the WA1101 
programmable CCD analog delay 

, line allows you to select signal de­
lays of 4, 5, 10, or 14 clock periods 
by using a 2-bit control code. By 
selecting a suitable clock frequency, 
you can arrange for the device to 
delay an analog signal between 100 
nsec and 10 msec. 

The device has both a signal and 
reference input that normally result 
in an output which is inverted with 
respect to the signal input. If you're 
willing to accept a slight degrada­
tion in linearity, you can inter­
change the signal and reference in­
puts to avoid this output inversion. 
An on-chip S/H circuit reconstitutes 
the analog waveform at the output. 
The WA1101 has a typical dynamic 
range of 68 dB and a TTL-compati­
ble clock input. It draws approxi­
mately 15 mA from a 15V power 
supply. Commercial-grade device, 
approximately $28; high-reliability 
version, approximately $65 (1000). 

Walmsley Microsystems Ltd, 
Aston Science Park, Love Lane, 
Birmingham B7 4BJ, UK. Phone 
021-359 0981. TLX 334535. 

Circle No 658 

GRAPHICS CHIP 
The HD63487, known as the MIVAC 
(Memory Interface and Video At­
tribute Controller), can control 
graphics memory, move images to a 
CRT screen at a rate of 33M pixels/ 
sec, and perform horizontal 
scrolling and zooming. You can use 
the chip with the company's ACRTC 
controller and lM bit of dynamic 

RAM, arranged as 256kx4 bits, to 
build a graphics system in a space 
about the size of a business card. 
Such a system can draw images into 
its memory at 2M pixels/sec. Ad­
justable parameters include resolu­
tion, number of colors, pixel shift 
rate, and frame buffer size. The 
BiCMOS chip supports the hard­
ware window feature of the ACRTC 
controller. It runs from a 5V supply 
and draws 120 mA max of supply 
current. It comes in a 68-pin sur­
face-mount plastic leaded chip carri­
er or a 64-pin plastic DIP. $25 
(5000). 

Hitachi America Ltd, Semicon­
ductor & IC Div, 2210 O'Toole Ave, 
San Jose, CA 95131. Phone (408) 
435-8300. TLX 171581. 

Circle No 626 

16-BIT MULTIPLIER 
The µIC16MP high-speed parallel 
multiplier produces a 32-bit product 
from two 16-bit operands in less 
than 20 nsec. The operands may be 
either 2's complement, unsigned 
magnitude, or mixed mode. The de­
vice, which operates from a single 
clock that has separate enables for x 
and y registers, can generate prod­
ucts at a rate of 50 MHz. A proprie­
tary pipehold mode disables the 
clock enables for both registers and 
also reduces the current to less than 
30 mA at 50 MHz. 50-MHz version 
in plastic leaded chip carrier, $112; 
in a pin-grid-array package, $136 
(100). 

Micro Integration Corp, 2833 
Junction Ave, Suite 209, San Jose, 
CA 95134. Phone (800) .541-3425; in 
CA (408) 943-0344 . 

Circle No 639 
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EON July 7, 1988 



I 

EDI-First from the Start 
Since 1983, when EDI introduced the first Military 64K SRAM, the company 
has been first in the race to market with the latest generation, highest 
density, CMOS MIL-STD 883 devices. 

With a new family of fast 256K Monolithics, DESC qualified devices, and 
a new JEDEC standard Megabit Module, EDI is maintaining its' leadership 
position with the widest array of Military CMOS Static RAMs available today. 

EDl's 256K Gold Medalists 
256Kxl 35, 45, 55ns 
64Kx4 35, 45, 55ns 
32Kx8 45, 55, 60ns 

And, all are available in a variety 
of ceramic. JEDEC standard 
DIP and LCC Packages. 

~EDI 
The future . .. today. 

Electronic Designs Incorporated 
Corporate Headquarters: 42 South Street, Hopkinton, MA 01748 USA (617) 435-2341 , TFX: (617) 4356302, TLX: 948004 

Electronic Designs Europe Ltd., 
Shelley House, The Avenue, Lightwater, Surrey GU18 5RF United Kingdom, 0276 72637, TFX: 0276 73748, TLX: 858325 
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allas Semiconductor clock/calendars are so efficient that they give personal com­

put.ers virtually permanent timekeeping, yet eliminat.e 19 components from 

the assembly ofIBM AT or PS/2 compatible comput.ers. The DS1287 Real Time 

Clock reduces to a single component all timekeeping functions. 

It is packaged in a 24-pin DIP with the same footprint as the 

MC146818 so that current production runs can realize 

immediate cost savings based on component 

count. Our CMOS circuitry is frugal enough in 

power consumption that a built-in energy source can 

supply power longer than the useful life of equipment. An 

int.ernal lithium source lasts for more than 10 years in the 

absence of syst.em power. The DS1287 is factory calibrated for accuracy -

within one minut.e per month-benefiting both manufacturers and end users. 

The Real Time Clock counts seconds, minutes, hours, days, day of week, dat.e, 

month, year and even compensates for leap year. 

NOW ANY COMPUTER CAN TW TIME 
Keeping track of human time hasn't been easy for com­

put.er syst.ems, until now. The SmartWatch DS1216 and 

DS1216E from Dallas Semiconductor reports the hour, day, 

month and year, down to the one hundredth of a second. With 

the SmartWatch any syst.em can teIJ time. A CMOS timekeeping 

circuit is embedded in a JEDEC byt.ewide 28-pin DIP socket that accepts a 

RAM or EPROM. This design saves space and components compared to other 

1/0 int.ensive approaches. Our SmartWatch has some rather startling side 

benefits. The DS1216 circuitry and self-contained lithium energy source do 

more than maintain calendar time. Data contained in a CMOS RAM mated 

with the socket is preserved for more than 10 years. And wherever an 

EPROM is used, the DS1216E retrofits perfectly. The address space of the 

mated RAM or EPROM is left undisturbed because time information is 

made available through a phantom int.erface on software demand. 

A WATCH• THAT GUARDS YOUR COMPUTER 
The ultimat.e chronomet.er is the DS1286. It has a train­

able watchdog that barks if the computer's mast.er 

stays away too long, thus guarding against com­

put.er malfunction . Preset at the factory for accuracy, the 

DS1286 WatchDog has a 400 year calendar that also corrects for 

leap year. This 28-pin DIP matches the pin out and exactly mimmicks the 

specifications of a byt.ewide SRAM. In addition to timekeeping, 50 byt.es of 

nonvolatile SRAM are included for extra storage. Just set the WatchDog's 

programmable alarm, and it will mark a special occasion like January l, 2000. 

4350 Beltwood Pkwy. S. 
Dallas, Texas 75244-3219 

Clll us f1lr • easier line. 
North America !14-450·0400 
Eurape 44(0)!1-745-8!5! 
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Integrated Circuits 

MOTOR DRIVERS 
In the output stages, the UDN2931/ 
2906 series 3-phase brushless de 
motor drivers can provide 15V and 
±2A of continuous current. At 
these ratings, the maximum output 
saturation voltage (V CE<SAT>) is 1.3V. 
The peak start-up currents can be 
as high as ±3.5A. The series oper­
ates from a 15V supply to d-rive 12V 
brushless de motors. The chips con­
tain high-current clamp and flyback 
diodes to suppress inductive tran­
sients. 

They also have a thermal shut­
down feature with hysteresis that 

triggers at a chip temperature of 
165°C. The UDN2931 contains logic 
circuitry, which is optimized for 
PWM current control. The chips 
also have one input that disables all 
the source drivers and another input 
that turns all source drivers on and 
all sink drivers off. The UDN2906 
has the same output structure, but 
lacks the predrive logic features. 
Both devices come in a 12-pin DIP. 
UDN2906W, $2.95; UDN2931W, 
$3.10 (1000). Delivery, 8 to 12 weeks 
ARO. 

Sprague Electric Co, Semicon­
ductor Group, Box 2036, Worcester, 
MA 01613. Phone (800) 247-2077; in 
MA, (800) 247-2076. TWX 710-340-
6304. 

Circle No 628 

RISC FAMILY 
The 88000 family features 20-MHz 
reduced-instruction-set computer 
(RISC) chips that deliver a 14 to 17 

VAX MIPS performance. It has an 
88100 RISC µP and an 88200 Cache/ 
Memory Management Unit 
(CMMU). The µP employs fine­
grain parallelism, using four pipe­
lines that execute concurrently. 
Most of the 51 instructions operate 
in one machine cycle. It integrates 
an integer and two floating-point 
units to deliver 7M to 12M flops. It 
has a 32-bit combinatorial multiplier 
and separate 32-bit data and data-

Highly reliable Nippon Ceramic IR sensors, 
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flat packs and modules from PACE Electroni~: 

Custom designed robotic assembly system 
for Nippon Ceramic IR detectors 

Exclusive robotic as.5embly insures consistent quality 
Nippon Ceramic IR products, distributed now in the US by PACE 

Electronics. They're the world's only opto-electronic components entirely 
as.5embled by robotics, virtually eliminating the reliability problems of 
hand as.5embly. 

The SDA02 IR sensor has twin detector elements and 6-7 µm low-end 
cutoff. Typical SIN ratios exceed 31. Other T0-5 detectors with different 
cut-offs and element configurations are available. 

Small, inexpensive, hermetically-sealed flat packs offer a variety of 
cut-offs, high sensitivity and excellent SIN, making them ideal for cost 
conscious occupancy, proximity and dispensing designs. 

The as.5embled sensor module detects and responds to IR radiation 
emitted by the human body from approximately 6 feet away maximum, 
without lens. It features low current drain, user-specified on-times and a 
choice of operating modes in a tiny package. 

If you'd like to get your hands on some highly reliable IR detectors or 
modules, call PACE now for complete specs, pricing and evaluation samples. 

IPA.fttil 
PACE ELECTRONIC PRODUCTS 
34 Foley Drive 
Sodus, NewYork14551-0067 
Telephone 800-228-7223 
Facsimile 315-483-9480 
Telex 200806 

CIRCLE NO 95 
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§upertexinc. 
Leadership In CMOS! DMOS Technologies 

Pushing the leading edge of display technologies, the Supertex family of HVCMOS* drivers 
permit major breakthroughs in electroluminescent, gas plasma, LCD & vacuum fluorescent 
displays. This advanced smart power technology also opens up a wide range of applications in 
medlcal ultrasound imaging, robotics, telecommunications, test systems, high performance 
printers, power supplies, motor controls and solid-state relays. 

The Supertex high density HVCMOS drivers, listed below, feature high speed with low 
power consumption to produce bright, high- resolution images. Investigate HVCMOS . . . a most 
attractive alternative to cumbersome boards or hybrids. 

For more information or custom designs, write or call: Supertex, Inc., 1225 Bordeaux Drive, 
Sunnyvale, CA 94088; Tel. 14081 744-0100; Telex 6839143 SUPTX and FAX 14081 734-5247. 

HV03 & 05 220 & 300V 
HV04 & 06 60 & BOV 
Hvos·· 60V 
HV10 -18 140 & 160V 
HV30 180V 
HV41 & 42, HV45 & 46 -220 & -300V 
HV51 & 52. HV55 & 56 220 & 300V 
HV53 & 54, HV57 & 58 60 & BOV 
HV500 & 501 100V 
HV6810•• BOV 
AN01, AP01, HT01 160 to 400V 
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64 Channel, Serial to Parallel Converters with N-Channel Open Drain Outputs 
64 Channel, Serial to Parallel Converters with Push-Pull Outputs 
24 Channel, 16 Gray Shade Level Driver with Source Follower Outputs 
4 & 8 Channel Bilateral Analog Switches 
7 Segment Decoder with Open Drain Outputs 
32 Channel, Serial to Parallel Converters with P·Channel Open Drain Outputs 
32 Channel, Serial to Parallel Converters with N-Channel Open Drain Outputs 
32 Channel, Serial to Parallel Converters with Push-Pull Outputs 
32 Channel, AC Plasma Driver with Push-Pull Outputs 
10 Channel, Vacuum-Fluorescent Driver with Push-Pull Outputs 
3 Chip Set for 8 Channel Level Translation with Low Leakage Push-Pull Outputs 

*HVCMOS Is a registered trademark of Supertex, Inc. 
**Available 2nd Quarter, 1988 



Integrated Circuits 

address buses. In addition, it con­
tains a separate 30-bit instruction 
address bus and a separate 32-bit 
instruction bus. 

the 3rd quarter of 1988; OEM quan­
tities will be available in the 4th 
quarter of 1988. The 88100 will sell 
for $495 (100), and the 88200 will 
cost $795. The CMMU provides two logical­

address spaces of 4G bytes each. It 
also provides a 4-way 16k-byte 
cache memory for instruction or 
data storage. General sampling of 
the HCMOS products will begin in 

Motorola Inc, Microprocessor 
Products Group, 6501 William 
Cannon Dr W, Austin, TX 78735. 
Phone (800) 441-2447. 

Circle No 633 
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H~er Performance 
ACross the Board. 

'l'opazintroduces 
the next generation in 
performance with the first 
digital-control attenuator capable of low phase shift 
for all frequencies up to 40 MHz. 

Our new CDG4460J with on-board data latch is 
designed for 75-olun systems. Applications include 
video and 10. 7 MHz gain control. The attenuation 
range of 0-15. 75 dB can be controlled in increments 
of0.25dB. 

Call us for details on our new CDG4460J and 
original eight-bit CDG4469J attenuators. For all your 
board-level needs, from DMOS FETs to high-fre­

quency analog switches, turn to Topaz. 

TCIPA.% 
SEMICONDUCTOR 

Topaz Semiconductor, 1971 N. Capitol Avenue, Sanjose, CA 95132-3799 
TEL (408) 942-9100 TWX 910-338-0025 FAX (408) 942-ll74 

CIRCLE NO 97 

DIGITAL FILTER 
The PBA-3265 lowpass filter oper­
ates as a band-limiting, antialiasing 
filter in digital audio systems with 
48- to 50-kHz sampling rates. The 
device exhibits a frequency re­
sponse that is flat within 0.1 dB 
from de to 20 kHz. Its stopband 
attenuation is 80 dB min from 24 to 
100 kHz. The PBA-3266 matching 
delay equalizer corrects the filter's 
phase response. The resulting 
group-delay variation is constant 
within ±30 µsec for frequencies to 
19 kHz. You can employ its built-in 
sin xix compensation network in 
combination with the filter/equaliz­
er to act as a reconstruction filter 
following a D/A converter. The sin 
xix section is designed for a 
48-kHz sampling-rate system. Each 
circuit comes in a single in-line pack­
age. PBA-3265, $11; PBA-3266, 
$15.50 (100). 

Rifa Inc, Box 853904, Richard­
son, TX 75085. Phone (214) 480-
8300. FAX 214-680-1059. 

Circle No 635 

CODEC/FILTER 
The M5913 CMOS codec/filter IC 
provides the AID and D/A conver­
sion and the transmit and receive 
filtering required to interface a full­
duplex voice circuit to a time-divi­
sion-mutiplexed PCM digital tele­
phone system. The device is 
compatible with AT&T's D3/D4 
standard and with applicable 
CCITT standards. It has a power­
supply rejection ratio of -40 dB 
from de to 150 kHz. You can operate 
the codec at either a fixed data-rate 

EDN July 7, 1988 



MOVE UP TO 2400 BPS WITH 
EXAR'S MODEM ICs 

EXAR's full featured V.22 bis chip set is 1003 CCITI 
& Bell compatible 
The XR-2401 digital signal processor and the XR-2402 analog front 
end form the perfect engine to your modem. The chip set was 
designed to interface directly to such popular microcontrollers as 
the 8051 and Z8. The XR-2400 chip set features: 

• Low power CMOS- 450 mW max 
• Two separate TX carrier wave shaping 
• On-chip ASYN/ SYN buffer with over speed buffer option 
• Parallel TXD option for MNP implementation 
• Analog loopback 
• Local and remote digital loopback 
• V.22 bis, V.22,212A compatible 

Aexible architecture allows enhancements 
Our modular architecture allows you to differentiate your product 
from your competitors. Since the XR-2401 & XR-2402 provide 
the complete modem function, and the command set is imple­
mented separately in the microcontroller, you can easily incorporate 
your own customized 'Y\T" command set to enhance your modem. 

System design support 
When you use EXAR's 2400 BPS solution, you are not only getting 
a versatile solution, but also a decade of modem design expertise. 
Since introducing the market's first monolithic modem solution 
EXAR has supported customers with system design. Today, to 
facilitate your design EXAR has a low cost XR-2400ES evaluation 
system consisting of: 

• A fully tested stand-alone modem 
• A system design manual 
• A complete ';.\T" command set with documentation and 

source code. 

And should you require further assistance, our experienced appli­
cation staff is but a phone call away. 

Call EXAR today and find out why we have achieved a reputation 
for service the world over. 

The XR-2401 & XR-2402 are in full production now! 
With the XR-2400 chip set in production since last year, you can be 
confident that you will go to production with the same ICs you 
designed with. You won't have 
to worry about the ICs going 
through any redesigns, or 
being unable to meet your 
production commitments. 

The XR-2401 & XR-2402 are 
in production and available 
from stock TODAY! 

D Rush me the XR 2400 Datasheet EDN070788 

Company _____________ Dept. _____ _ 

Address ____________________ _ 

City _____ State(Country,__ _____ ZipCode ____ _ 

Phone ( __ ) Ext. ______ _ 

Application _____________ _ _ _____ _ 

EXAR OR Call us at ( 408) 434-6400 

2222 Q.ime Dr., P.O. Box 49007, San Jose, CA 95161-9007 
Tel. (408) 434-6400 FAX (408) 943-8245 
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Messy thermal grease and fragile mica 
are no match for Sil-Pad thermally 

conductive insulators. Discover how Sil­
Pads significantly reduce installed cost 
and offer unmatched performance. 

PERFORMANCE 

mica can cause shorting. Sil-Pads com­
bine engineered materials to provide 
maximum heat transfer, cut-through re­
sistance and dielectric strength. There's 
a Sil-Pad specifically designed for virtu­
ally every application. Whether you need 
protection from high thermal degradation 
or a dependable thermally conductive in-

Mica and grease perform reliably only if sulator for less demanding applications, 
installed properly. Poor grease coverage Bergquist can match a Sil-Pad to your 
affects thermal transfer. Fractures in requirements. 

Call today 1-800-328-3882 for your FREE Sil-Pad Design Guide. 
When Performance Counts 

5300 Edina Industrial Blvd. BE .. RQUI ~T 
Minneapolis, MN 55435 •u ::::::. (612) 835-2322 

TWX 910-576-2423 
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• ERG DC-DC CONVERTERS. 
Inputs from 5 to 48 VDC. Outputs from 5 VDC to 1500 
VDC. Single, dual, center-tap(+/-) outputs. Regulated and 
unregulated. Ask about our New Step-Down converters for 
battery-powered loglc and other applications! 

• SMART FORCE™ INVERTERS FOR EL LAMPS! 
Smart Force DC-AC Inverters extend the useful life of 
Electroluminescent lamps. Power EL to backlight LCDs 
and membrane switches, and more! Ask about our New 
miniaturized P Package Inverters! 

Call today for complete product information and pricing: 

r..I.• "Tim Endkott Research Group.Inc. 
l • lllli... ~ .-- 2601 Wayne Street P.O . Box 269 Endicott. NY 13760 
......: ... ~ ® 607-754-91 87 TWX 510-252--0155 r.!Jliiil 
FAX: 607-754-9255 C1986 ERG, Inc. =--

CIRCLE NO 100 

I Cs 
or in a variable data-rate mode. To 
ensure the integrity of the PCM 
highway, the unit contains power­
on-reset circuitry and circuitry that 
permits detection of an interrupted 
clock. The device operates from 
±5V supplies and has a typical ac­
tive power dissipation of 60 mW. 
Approximately $6 (1000). 

SGS Microelectronica SpA, Via 
C Olivetti 2, 20041 Agrate Brianza, 
Italy. Phone (039) 65551. TLX 
330131. 

Circle No 637 
SGS Semiconductor Corp, 1000 E 

Bell Rd, Phoenix, AZ 85022. 
Phone (602) 867-6100. TLX 249976. 

Circle No 638 

12-BIT QUAD MDAC 
The CMOS HS-7584 contains four 
multiplying DACs, each having two 
current outputs and a separate ref­
erence input and feedback resistor. 
The double-buffered input structure 
accepts 12-bit parallel data or 8-bit/ 
4-bit data, and interfaces with a µP. 
The use of thin-film resistors en­
sures 12-bit accuracy, and each DAC 
is laser trimmed for linearity and 
gain matching. The device's cur­
rent-output settling time is 3 µsec 
max. The converter operates from a 
single 5V supply and draws 1 to 10 
mA of current, depending on the 
input logic levels. The device comes 
in a hermetic 40-pin ceramic DIP or 
40-pin ceramic LCC. HS7584C, $62; 
HS7584B, $120 (100). Delivery, six 
to eight weeks ARO. 

Hybrid Systems, 22 Linnell Cir­
cle, S uburban Industrial Park, 
Billerica, MA 01821 . Phone (617) 
667-8700. TWX 710-347-1575 . 

Circle No 641 
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TheURimate 
16-bit slice •.. 

It's your choice! 
If you need speed, choose 
the CMOS 2-bus IDT49C402 
• Two-bus 2901-type architecture 
• Fastest: 37ns RAM address to output 
• 1 Ons set-ui:>-Direct D-bus to RAM 

andQ 
• Independent RAM & Q shifts 

64 deep register file. Provides 
you with more on-chip working space 
for your high-speed multi-tasking 
algorithms. 

Eight new destination functions. 
New operands now can be brought into 
the register file during ALU operations; 
ideal for address generation. 

Now in plastic packages. Low­
cost, compact, 68-pin plastic pin grid 
array and surface mount PLCC. 

Upgrade your existing 2901 
design. 2901 instruction set compatible 
so it is easy to upgrade. D Higher 
performance: 50% faster than 2901 C. 
D Reduced board space: 68 pins vs. 
176 pins (5 parts). D Lower power dis­
sipation: 1 watt vs. >5 watts (bipolar). 

EDN July 7, 1988 

If you need flexiblility and high 
bandwidth, choose the CMOS 
3-bus IDT49C403. 
• Three-bus 2903-type architecture 
• Fast: 50ns RAM address to 

output delay 
• Expandable register file 
• Byte as well as word operations 
• SPC™ diagnostics logic 

Expandable register file. Can 
be expanded to provide even more 
working space for complex digital 
signal processing algorithms. 

Three-bus architecture. For high 
bus bandwidth. Can perform high-speed 
integer functions while fixed/floating 
point multipliers perform the matrix 
calculations. Ideal for graphics. 

On-chip SPC diagnostics. 
Provides on-chip diagnostic support for 
design debug, production board level 
test and field diagnostics. 

The IDT CMOS Microslice™ Solution 
Fastest Sequencers-for microinstruction execu­

tion control-49C410, 16-bit sequencer 
and 39C10, 12-bit sequencer (=2910A) 

NEW Writable Control Store RAM-­
for microprogram memory-71502, 
4Kx16 Registered RAM 

Fastest Register Files-for 
expanding your 49C403-

39C705/7 (=29705!7) 

Fastest Multipliers & MACs--for 
number crunching graphics-7216!7, 

16-bit multipliers, 20ns 0 721264/5 - 32-/64-bit 
IEEE floating point multiplier and ALU, 33.4/25 
MFLOPS 

Fastest Bus Interface Logic-49FCT818, 8-bit 
Register with SPC 0 49FCT618, 16-bit register with 
SPC 0 54/7 4FCT8008 30% faster than 29800A 
0 54f74FCTxxxA 30% faster than FAST™ 

Fastest 4-bit slic:es--'39C01 /03/203 = 2901/03/203 
039C09/11 =2909/11 

Call 408-492-8314 for your free copy 
of our new 1800 page, 1988 high­
performance CMOS DATA BOOK. 
Or call your local IDT representative. Upgrade your existing 2903/203 

system. 2903/203 instruction set com­
patible. Performs BCD arithmetic and 
word and byte operations. D Better~ 
performance - 40% faster than Integrated 
2903A. D Reduced board space • 
-108 pins vs. 208 pins (5 parts). dt Device lechnology 
D Lower power dissipation - -------------
1 watt vs. >5 watts bipolar. 3236 Scott Blvd. 

Santa Clara, CA 95054-3090 
SPC and MICROSLICE are trademarks of ( 408) 492-8314 
Integrated Device Technology 
FAST is a trademark of Fairchild Semiconductor Company FAX: 408 727-2328 
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There's a new name in analog signal processing 

that stands for excellence: Sipex. We've combined 

the strengths of Hybrid Systems, DataLineai~ and 

Dielectric Semiconductor to ere- ~ 
ate a new leader in high­

performance, analog signal 

processing products. From 

super-fast data acquisition 

systems to output op amps ... from 

industry-standard to ASIC or fullcustom 

... from industrial-grade to MIL-STD-883 and 

Class S, our products are second to none. 

Consider our SP-2500/2600 op amps-a 

family of second-source products so good it ought 

to be your first choice. Slew rates to 280V/µsec, 

gain-bandwidth products of 120 MHz-all with 

improved settling characteristics. 

Our sample and hold amps range from 

our 16-bit hybrid, the ultimate in accuracy-to our 

high-speed monolithics with 12-bit accuracy and 

acquisition times ofless than 1 µ sec. 

Within our extensive line of 8 to 16-bit 

ADCs are today's leaders in fast-digitizing, low­

power consumption products. Our lightning-fast 

flash-packs-with support circuitry included-are 

smaller than most flashes alone. 

If it's DACs you're afte1~ Sipex is the only 

name you need to remember. We have over 

36 monolithic and hybrid devices ranging from 

8 to 18 bits, including quads , µp-compatibl e, 

vo ltage-output , and current-output 

components. 

We also offer a full 

family of performance­

leading, DI-based linear 

array ASICs that will push the 

envelope of your design. If you 

need even more peiformance, our full custom 

capability will fill the bill. And most important, 

you can integrate all of these Sipex products into 

your applications now. 

Call toll free (800) 272-1772 for a copy of 

our 382 page 1988 catalog. In Massachusetts 

call (617) 663-7811. Or return the coupon below 

to: Marketing Department, Sipex Corporation, 

Six Fortune Drive, Billeiica, MA 01821. 

r-----------------------------------------------
I'm looking for high-performance across the board. 
Please send a free copy of the 1988 Sipex catalog. 
Name: ______________ _ 

Title: _______________ _ 

C ompany: --------------
Street: ______________ _ 

City: ___________ State: __ _ 

Zip: _______ Phone: ______ _ 

0 Please have a salespe rson contact me . 
EDN070788 

Send to : Marketing Department, Sipex Corporation , 
Six Fortune Drive , Billerica, MA 01821. 

SIGNAL PROCESSING EXCELLENCE 
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!the OKI DSP 22-bit Floating Point 
flexibility, on a single CMOS chip. 

+ Expanded on-board BAM and BOM + Powerful instruction expansion 
+ High-speed cycle times + Unique application ease. 

OKI gives you a big lift in Digital Signal 
Processing. With the fastest-growing family 
of CMOS devices and high-level support 
tools on the market today. Only OKI now 
offers true floating point CMOS DSP 
solutions, because we target our system 
technologies to customer needs. 

rhe OKI DSP chips. 
Now joining our widely-applied 6992 DSP: 
the new code-compatible OKI 699210, 
setting new benchmarks in both price and 
performance. A 1.5 micron CMOS design, 
the new 210 significantly expands your DSP 
capabilities-at a significantly lower cost. 

rheOKIDSP 
support. 

EMULATION 

EMU92 
EMU92L 

All our device-family innovations are 
enhanced by OKI's complete family of DSP 
support tools. These cover every develop­
ment and programming function involved 
in any DSP design effort. Quickly, simply 
and cost-effectively. 

Your total development process is PC­
based, using OKI's own DSP hardware and 
software tools. Plus you can assemble in 
high-level mnemonics, with our Interme­
diate Language Assembler. Makes 
programming easier since the pipeline 
is invisible, while still producing very 
efficient code. 

We built in twice as much internal 
memory: 512 x 22-bit words of data RAM; 
2K x 32-bit words of instruction ROM. 
210 instructions have been expanded to 
include a power-down mode, save and 
recover modes, as well as the ability to 
inhibit post-normalization. Plus program­
mable wait states for interfacing with slow 
memory. 

Both single-chip DSPs, 6992 and 210, 
can be configured for floating point 
format, fixed data format or logical 
data format. Both offer lOOns instruction 
cycle times. And any code written for the 
6992 can be run on the 210. 

We've made debugging easier too. With 
SIM92/210 software for simulation, and 
the EVA92/210 board for evaluation. 'lb 
handle emulation, we can supply an ICE 
for realtime development. Or use our 
special PC-AT cards. The first is a digital 
card for ICE-less emulation. The other 
provides 12-bit ADC-DAC conversion, with 
programmable sampling rates and anti­
aliasing filter. 
It's all here: high-level math processors 
plus a high-level development process. 
True DSP solutions, simplified by the 
industry's most committed system 
technologies. 

r------------------· I op DS - Set yourself up! 
I Please send complete DSP 
I technical dat.a. package for : 
I D OKI 6992 - 22-bit Floating 

Point CMOS DSP. 
I D OKI 699210 - 22-bit Floating 
I Point CMOS DSP. 

I 
I 
I 

D Call me . I have immediate 
requirements. 

Tel:(_ ) -------

I NamefTitle, _____________ _ 

OKI 1
1 

Company, ___ _ 
EDN070788 

SEMICONDUCTOR 
I Please clip coupon to business card or letterhead and return to: 

CIRCLE NO 103 

DSP Customer Service, OKI Semiconductor, 
I 650 N. Mary Avenue, Sunnyvale, CA 94086. (408) 720-1900. 

I 
I 



POWER SOURCES 

High-power 
switching supplies 
stress efficiency 

Manufacturers of high-power supplies 
tend to emphasize efficiency over other 
performance considerations. Most of 
these supplies operate at frequencies well 
below 100 kHz and use half- or full­
bridge circuits. Yet some manufacturers 
are shifting to higher frequencies and to 
the use of power MOSFETs instead of 
bipolar transistors. 

Dave Pryce, Associate Editor 
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Efficiency is one of the biggest problems manufac­
turers of high-power switching power supplies 
(500W and up) face. For this reason as well as 

others, high-power supplies almost always use half- or 
full-bridge switching circuits rather than the single­
transistor flyback converter or forward converters nor­
mally found on low-power supplies. And most of them 
operate at frequencies between 20 and 80 kHz and use 
the traditional bipolar transistors. Furthermore, al­
though power MOSFETs are used in some high-power 
switchers because of their simpler drive requirements 
and their ability to operate in parallel, their fast switch­
ing times offer no advantage at low frequencies. The 
typical 20- to 30-nsec fall time of a power MOSFET is 
better utilized at switching frequencies in the range of 
300 to 500 kHz. 

Basically manufacturers of high-power supplies, 
which are used for products like superminicomputers, 
telecommunications devices, and laboratory and auto­
mated industrial equipment, don't gain much by reduc­
ing the size and weight of their products because 
portability is far less important in such applications 
than it is in low-power PC applications. 
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Semicustom high-power switching power supplies that use GAE (Power Components) 
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Power supplies in the SOOW-and-up cat­
egory generally use half-bridge or full­
bridge switching circuits. 

One benefit of using bridge configurations in high­
power switchers is that the corresponding transistors 
need only about half the blocking rating (V CEv) that's 
required for the transistor in a flyback or forward 
converter. This characteristic is particularly important 
for supplies operating from 220V ac lines because a 
t1yback converter needs a transistor with a V cEv rating 
greater than 850V. Bridge circuits, on the other hand, 
turn on and off from the de bus and never see more than 
the peak line voltage. In these latter circuits, V cEo is 
the important transistor parameter-a 450V rating is 
sufficient. 

Bridge circuits also offer other advantages: The 
primary winding of the transformer is driven in both 
directions , which results in better transformer-core 
utilization and makes the use of a full-wave output filter 
feasible. And, because the input-filter capacitors are 
located in series across the rectified 220V line, you can 
use them to double the voltage on a 120V line. In either 
case, the transformer continues to work from a nominal 
320V bus. Finally, a bridge circuit allows the use of 
diode clamps across each transistor to minimize switch­
ing transients. 

Qualidyne Systems has found that bridge circuits 
bolster the efficiency of its 400 to 1500W modular power 
supplies considerably. The bridge circuits not only 
enhance core utilization, they also facilitate the t1ow of 
huge amounts of current through the transformer while 

A 600W supply that uses a separate assembly for a 150-kHz minimizing losses in the switching devices. The compa­
converter (Kepco Inc) ny has found it much easier to reduce these losses by 

+ + 
Your 

Cc 

(a) (b) 

Fig 1-Most high-power switching supplies use either a half- or a full-bridge configuration. The half-bridge circuit (a) is the rrwst popular 
for transistor currents to about 20A. At higher currents, designers usually switch to the full-bridge circuit ( b), which nearly doubles the power 
output. Bridge circuits can use transistors that have about half the breakdown-voltage rating required for flyback or 'fYllsh-pull circuits . 
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500W open-frame switcher (Todd Products Corp) 

operating at lower frequencies; thus, although these 
units contain FETs, they don't use them to reach a 
higher frequency. In fact, they operate at only 30 kHz. 
Qualidyne has also found that using a single turn of 
copper foil rather than several turns of copper wire for 
the 5V high-current main output also reduces losses. 
Lower frequency combined with the single turn of foil 
actually decreases both resistance and heat losses. 

The Qualidyne designs emphasize efficiency over and 
above such parameters as dynamic response, regula­
tion, inrush current, and noise and ripple, and they do 
so for a very good reason. A 2000W supply that is 70% 
efficient, for example, loses 600W in heat. An improve­
ment of only 5% in the efficiency rating decreases the 
loss by lOOW-and lOOW, which must be otherwise 
dissipated in the form of heat, can make a big difference 
to a circuit designer faced with overheating problems. 

Qualidyne offers several series of high-power switch­
ing supplies ranging in power from 500 to 2000W and 
packaged in various case sizes. The Case-23 series 
provides power from as many as 7 fully regulated 
outputs. They come in low-profile 3x5x14.25-in. cases 
and typically cost less than $0. 70/W (OEM qty). The 
maximum total power is 600W. The efficiency rating is 
typically 75%. The main channel on these supplies is 
5V/100A; other channels, which are limited to a com­
bined total of 240W, have 12, 15, or 24V outputs with 
current ratings in the 5 to lOA range. One model in this 
series provides a single 48V/13A output for use in 
telephone systems. Like most power supplies, all units 
operate from a selectable 90 to 132V or 180 to 264 V ac 
input range. The line and load regulation is 1 %; a 
typical holdup time is 16 msec. Other features include 
overload protection, thermal protection, and remote 
sensing. 
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Power Components, a subsidiary of Vanguard Elec­
tronics, makes custom and semicustom supplies, includ­
ing a number of semicustom multi-output switchers 
with power ratings to 600W for open-frame types and 
lOOOW for encased supplies. The mechanical design of 
these supplies permits a standard board to accept T0-3 
or T0-220 devices, discrete postregulators, and pre­
wound power transformers. The manufacturer estab­
lishes the output ratings during the final assembly 
stages when it adds the appropriate transformer, post­
regulators, and a few passive components. If you have 
an unusual mechanical configuration, the company will 
generate a new pc board to accommodate it. Power 
Components uses bipolar transistors that operate at 25 
to 40 kHz in either a half-bridge (below 700W) or 
full-bridge configuration. 

Common core moderates magnetic flux 
One unconventional feature of the Vanguard switch­

ers is the use of a single, common core for all the output 
filter chokes. Because of this construction, the magnet­
ic flux within the core is proportional to the combined 
power demand from all of the outputs, not just the main 
output. As a result, the switching-control circuit func­
tions equally well with either a lightly or heavily loaded 
main output. Transient response also improves because 
sudden changes in auxiliary loading immediately are 
reflected to the control circuit. All Power Components 
switchers meet CSA, UL, and VDE isolation require­
ments. Instead of using the more common optocouplers, 
which place the control loop across the input-output 
isolation boundary, the manufacturer incorporates iso­
lation transformers. A typical 4-output, 550W open­
frame switcher sells for $385 (1000). 

Computer Products' Power Conversion Group in­
cludes two organizations that participate in the high­
power market: Boschert Inc and the group's Power 
Products Division. Both offer switching supplies in the 
500 to 1500W range that are suitable for applications 
like minicomputers, CAD/CAE workstations, main­
frame hard-disk systems, test equipment, industrial 
systems, and automated office equipment. 

Although the Power Products Division uses 100-kHz 
switching frequencies and power MOSFETs for their 
low-power supplies, their high-power models use bipo­
lar transistors switching at 20 kHz in either a half­
bridge or full-bridge circuit. Both single-output and 
quad-output models are available. Typical of the single­
output models is the 158, a 1500W unit in a standard 
5x8xll-in. case; it sells for $1250. Available output 
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Bridge circuits reduce the voltage stress 
on the switching transistors and also 
provide better transformer-core 
utilization. 

Low-profile 600W switcher (Qualidyne Systems Inc) 

ratings include 5V/300A, 12V/125A, 15V/100A, 24V/ 
62A, 28V/53A, and 48V/31A. Standard features include 
protection against no load, overload, overvoltage, and 
thermal overload. The supply also incorporates remote 
sensing, current sharing, and a soft-start function. 

Small package can pack power, too 
Lambda Electronics, a long-time supplier of both 

linear and switching power supplies to industrial users 
and OEMs, has a new series of high-power switchers 
that pack a lot of power into a relatively small package. 
The LFS-49, for example, comes in a 
4.875x7.375xll.5-in. case and can provide 1500W. If 
you can accommodate a slightly longer (12.875-in.) case, 
the LFS-50 model can deliver 2000W. These single­
output switchers are available with the standard out­
put voltages of 2, 5, 12, 15, 20, 24, 28, and 48V. The 
LFS-49 and LSF-50 cost $900 and $1100 (100), respec­
tively. 

Innovative circuit boasts high efficiency 
Instead of using bridge circuits for switching, the 

LFS series uses two alternately conducting forward 
converters. Each converter operates at 50 kHz and 
contains a MOSFET driver and two bipolar transistors, 
which are connected in parallel and which drive the 
primary of the switching transformer. The secondaries 
of the two transformers connect to a common full-wave 
rectifier that doubles the frequency to produce the 
100-kHz switching rate. This dual-circuit configuration 
requires just a low-voltage MOSFET driver; it also 
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Fan-cooled 3-kW supply in a 5x8x15-in. package (Powertec Inc) 

reduces the operating frequency of the high-voltage 
bipolar transistors. The efficiency of these supplies 
attests to the effectiveness of this unusual circuit ar­
rangement: Both the LFS-49 and LFS-50 have a mini­
mum efficiency of 75% for their 5 through 15V models, 
and 80% for their 20 through 48V models. Line and load 
regulation is 0.1 %, and the minimum holdup time falls 
between 16. 7 and 20 msec (depending on model). These 
supplies also feature in-rush current limiting and over­
voltage protection. 

In what may be the most power yet stuffed into a 
5x8x15-in. case, the 9R5-600-381 from Powertec pro­
vides a 5V/600A output at 50°C. The 3-kW supply uses 
a combination of hybrid and monolithic ICs, low-noise 
miniature capacitors, and 100-kHz power MOSFET 
switches. Other standard models in the 9R series 
provide outputs of 2, 12, 15, 24, 36 and 48V. The 
supplies operate from a nominal 220V (165 to 265V) ac 
input, either single-phase or three-phase. They can also 
be de-to-de converters from a 200 to 375V de input. 
Standard features include current sharing, soft start, 
remote sensing, and thermal shutdown. Each switcher 
contains a ball-bearing de fan. Four power inverters, 
which operate at different intervals in time, reduce the 
ripple current and minimize the stress on the input and 
output capacitors. Approvals are pending for UL, CSA, 
IEC, and VDE specifications. The 9R5-600-381 sells for 
$1890. 

Another vendor who is adopting MOSFETs is Power 
Ten Inc. Its rack-mounted 4600 series, for example, 
uses MOSFETs in a full-bridge configuration that 

EDN July 7, 1988 



Rack-mounted 5-kW supply (Power Ten Inc) 

switches at 60 kHz. Operating from a 3-phase ac 
supply, the 5-kW 10500 model delivers lOV at 500A and 
sells for $2700. Other voltages from 7.5 to 80V are 
available within the 4600 series as are power levels of 
2.5 kW and 3. 75 kW. Modular in construction, the 5-kW 
·models use 4 field-replaceable units that deliver 1.25 
kW each. The outputs from the modules are displaced 
slightly in time; this regulation of the outptl.ts lightens 
the burden of filtering the rectified de. 

Power Ten has chosen to use the MOSFETs because 
of their relatively low prices. The drive circuitry is also 
quite simple in comparison to bipolar devices. Because 
MOSFETs are simpler and because they can function 
efficiently at frequencies of 500 kHz (and higher), the 
company projects power densities of 15 to 20W/in3 

within the next several years. Right now, 3 to 5W/in3 

densities are available. 

Higher frequencies create losses 
Operating at a frequency of 150 kHz, the RBX 

(600W) series from Kepco Inc uses MOSFET power 
switches in a half-bridge configuration. Because of the 
high-frequency operation, Kepco manages to pack the 
600W of power into a package measuring 
3. 74x7.87X8.66 in. Switching frequencies in the range 
of 150 kHz and higher, however, produce three kinds of 
major losses. The first two involve power losses in the 
choke and the transformer cores, which increase with 
frequency, and copper losses in the transformer wind­
ings from the skin effect. The company solved the first 
problem with a low-loss ferrite core; it corrected the 
second by using separately insulated strands of wire 
called litz wire to increase the surface area of the 
windings. 

The third problem arising at higher frequencies is the 
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loss of filtering efficiency caused by the equivalent 
series resistance (ESR) and the equivalent series induc­
tance (ESL) of the output filter capacitors. To overcome 
this problem, Kepco stacks 39 capacitors (all in parallel) 
on either side of the converter's output chokes. For a 5V 
output, each of these capacitors has a value of about 220 . 
µF. Capacitors of this value have much lower ESR than 
do 5000-µF devices, for example. The short parallel 
connections also reduce the ESL. As a result of these 
compensations, the efficiency of the RBX 600W sup­
plies approaches the state of the art: 80% for the 5 and 
12V models and 85% for the 24 and 48V units. 

The RBX series uses heavy-duty, chrome-plated bus 
bars to carry the 120A of current available at 5V. The 
bus bars not only handle output currents to 120A; they 
are also part of the mechanical framework that holds 
the main power section together. Other features of 
these supplies, which sell for $675, include remote 
voltage control, current limiting, remote on/off control, 
remote error sensing, and a selectable 115/230V ac 
input. 

Todd Products Corp offers a variety of power sup­
plies targeted for specific market segments; it sells 
different supplies for the computer market, for exam­
ple, and for the telecommunications segment. The com­
puter series B MAX-503-0512 provides a maximum of 
500W from outputs of 5V /80A, 12V /lOA, and - 12V I 
lOA. The MAX-500 series comes in a 2.5x5x 11.5-in. 
package, which is substantially smaller than the 
5x8xll-in. package usually used for 500W supplies. 
The extensive use of surface-mount components con­
tributes to the small size. 

Todd also improved its current-fed inverter design, 
which now allows the supply to handle 500W of power 
with the same amount of cooling as a 400W switcher. 
The open-frame design of the MAX-500 uses system air 
for cooling, eliminating the need for a power supply fan. 
Priced at $431 (100), the MAX-500 series meets inter­
national safety standards for SEL V applications, and 
the Class A RFI requirements of the FCC and VDE-
0871. 

Battery-backup saves data 
If your computer system needs both a significant 

holdup time to save data and an orderly shutdown in the 
event of an ac power-line failure, consider the 750W 
H754 from J eta Power Systems. The output rating for 
the main channel is 2 to 28V at 120A (600W max). 
Auxiliary channels 1, 2, and 3 are respectively rated at 
2 to 28V at 20A (240W max), 2 to 28V at 5A (75W max), 
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Many high-power supplies still use bipo­
lar transistors in converter circuits that 
switch at only 20 to 30 kHz. 

A 1500W modular supply ( }Jower-One) 

and 2 to 48V at lA ·(48W max). 
A 48V backup battery provides full power during a 

line failure , making it an uninterruptible power system. 
The holdup time depends upon the battery rating-a 
5-Ahr battery provides 4 minutes of full-power opera­
tion. If the line power fails, the switch to battery power 
is automatic. A built-in, constant-current battery 
charger maintains battery power. During battery oper­
ation, a 100-kHz converter provides 300V de for the 
main power stage. The de/de converter uses power 
MOSFETs and current-mode control for protection 
against transformer saturation. The main power supply 
is a half-bridge circuit operating at 20 kHz and using 
bipolar transistors. The outputs and the backup battery 
are fully isolated from the input. The entire power 
supply (including the battery) is contained in a 5 x 8 x 13-
in. package. The H754 design meets UL, CSA, and 
VDE regulations. It costs $981 (100). 

One modular power system that you can configure for 
your specific needs comes from Power-One. The SPM5 
series has 5 slots that can hold 5 plug-in modules. The 
12 available single-output modules range in power from 
70 to 780W; voltages extend from 2 to 48V (with the 
usual steps at 5, 12, 15, and 24V). You can plug in 2 
modules with power ratings of 300W and higher. Dual­
output modules rated at 240W are available with volt­
age ratings of ±12V, ±15V, and ±24V. A lOOOW 
uninterruptible power supply battery-backup model 
operates from a 48V battery. 

Designed for international use, the SPM5 can supply 
1500W of de power from a selectable ac input of 90 to 
132V or 180 to 264V at line frequencies from 47 to 440 
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Hz. You can also operate the supply from a 300V de 
source. The SPM5 modules use power MOSFETs in a 
current-mode switching circuit that allows parallel op­
eration of the modules for higher output current, or 
series operation for · higher output voltage. The 70 to 
240W modules use half-bridge circuits switching at 120 
kHz; the 750W modules use full-bridge circuits switch­
ing at 60 kHz. 

The SPM5 comes in an industry-standard 5x8x11-in. 
case. The supply includes protection against short 
circuits, reverse voltages and overtemperature condi­
tions. Standard control functions include remote sens­
ing, current sharing, and remote voltage adjusting. 
The supply signals when the input power fails. The 
SPM5 meets VDE, IEC, CSA, and UL safety specifica­
tions, as well as FCC and VDE EMI specifications. 
Pricing varies according to the modules selected. A 
system configured with one 750W and two 240W mod­
ules costs $922; a system with two 750W modules costs 
$857 (100). 

Multi-output units extend to 2000W 
HC Power Inc offers switching power supplies in the 

500 to 2000W range with from 1 to 5 outputs. The units 
use a modified forward-converter construction that 
eliminates saturation of the inverter transformer core 
and also permits the use of lower-voltage MOSFETs. 
The converter switches at 147 kHz and uses current­
mode control to achieve a transient response to load 
changes of under 50 µsec. Models are available in 
ratings of 500, 750, 1000, 1500 and 2000W. Output 
voltages for multi-output models range from 2 to 24V; 
for single-output models, the range is 2 to 48V. The 
supplies meet all specifications for UL, CSA, IEC and 
VDE. They are available with 1- or 3-phase ac inputs or 
with a 48V de input. The base price for single-output 
switchers is $890 (lOOOW), $1277 (1500W), and $1550 
(2000W). Quad-output supplies cost $1205 (lOOOW) and 
$1661 (1500W). 

A line of high-power switches from Deltron Inc 
provides power outputs from 500 to 1750W. The VF 
series is available with from 1 to 5 outputs at voltages 
of 5, 12, 15, 18, 24, or 48V. The VF series of switchers 
operate from 90 to 132 or from 180 to 264V with a 47- to 
63-Hz ac line. A factory option for 400-Hz line operation 
is available. These units convert at 80 kHz and have a 
typical efficiency of 80%. The triple-output VF3C 
lOOOW model provides outputs of 200, 300, and 500W 
and comes in a 5x6x13-in. case and costs $608 (1000). 

Introduced at Electro/88, Deltron's DVF series is 
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In a Navy test, a Tomahawk cruise 
missile exploded into a concrete building. 
When the dust settled, little remained but 
gravel and fragments of casing. 

And the Abbott model C28D0.8 you 
see here. 

Its aluminum baseplate and an adjust­
ment cap were ripped off in the blast. 
But reconnected on a workbench, the 

CIRCLE NO 104 

unit still provided a steady .8 amp of 
DC current - just as it was designed to. 

Abbott Transistor Laboratories, Inc. 
2721 South La Cienega Blvd., 
Los Angeles, CA 90034. (213) 936-8185 



Transformer design becomes critical at 
high currents. High operating frequen­
cies only add to this problem. 

similar to the VF series except that the newer supplies 
operate from a 40 to 60V de source and have slightly 
different ratings. The available output voltages for the 
DVF series are 2, 3.3, 5, 12, 15, 18, 24, 28 and 48V. 
Efficiency is 75% typ. The triple-output DVF3C lOOOW 
units with output of 200, 300, and 500W costs $672. 

500W open-frame units have 3 outputs 
Valor Electronics Inc makes 500W open-frame 

switchers with output voltages of 5, 12, 15, and 24V. 
The 5K series is convection cooled. It's designed for use 
in workstations, superminicomputers, and test sys­
tems. All units use a half-bridge configuration with 
bipolar transistors. The supplies have a minimum effi­
ciency of 75%. Other specifications include load and line 
regulation of 0.15%, a transient response of 500 µsec , 
and maximum ripple and noise of 75 m V (p-p at full 
load). Standard features include overvoltage protec­
tion, foldback current limiting, and remote sensing. All 
5K models meet UL, CSA, and VDE safety require­
ments; they also comply with FCC and VDE Class-A 

For more information ... 

specifications for conducted noise. They cost $510 in 
small quantities and $300 in quantities of 1000. 

Numerous other manufacturers offer lines of power 
supplies with a variety of options. Among the most 
significant are ACDC Electronics, Hewlett-Packard, 
LH Research, and Pioneer Magnetics. Each offers a 
variety of products in the 500W and up range. 

ACDC Electronics, for example, has four different 
series in the high-power range: The RSF series has 
500W models with 1 to 4 outputs and costs $598. The 
REV line has 800 and lOOOW models with 2 to 4 
outputs; the 800W models start at $1014. The JF series 
includes 750, 1000, and 1500W single-output versions; a 
lOOOW model costs $751. The JFM line has 1600W 
models with 3 to 5 outputs and starts at $1595. 

Hewlett-Packard's HP6030 series is a group of five 
power supplies in the 840 to 1200W range; they are 
designed for laboratory applications. These autorang­
ing power supplies have DVMs and offer 12-bit pro­
gramming and readback of both output voltage and 
output current, self-documenting programming codes, 

For more information on the high-power switching supplies described in this article, contact the manufacturers 
directly, circle the appropriate numbers on the Information Retrieval Service card, or use EDN's Express Request 
Service. 
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ACDC Electronics 
401 Jones Rd 
Oceanside, CA 92054 
(619) 757-1880 
Circle No 391 

Computer Products 
Boschert Inc 
1331 California Circle 
Milpitas, CA 95035 
( 408) 942-1600 
Circle No 392 

Computer Products 
Power Products Division 
2981 Gateway Drive 
Pompano Beach, FL 33069 
(305) 974-2442 
Circle No 393 

Deltron Inc 
Box 1369, Wissahickon Ave 
North Wales, PA 19454 
(215) 699-9261 
Circle No 394 

HC Power Inc 
1801 E Carnegie Ave 
Santa Ana, CA 92705 
(714) 261-2114 
Circle No 395 

Hewlett-Packard Co 
Inquiries Manager 
19310 Pruneridge Ave 
Cupertino, CA 95014 
Call local office 

Jeta Power Systems Inc 
2675 Junipero Ave 
Signal Hill, CA 90806 
(213) 427-0095 
Circle No 396 

Kepco Inc 
131-38 Sanford Ave 
Flushing, NY 11352 
(718) 461-7000 
Circle No 397 

Lambda Electronics 
515 Broad Hollow Rd 
Melville, NY 11747 
(516) 694-4200 
Circle No 398 

LH Research 
14402 Franklin Ave 
Tustin , CA 92680 
(800) 547-2537 
Circle No 399 

Pioneer Magnetics 
1745 Berkeley St 
Santa Monica, CA 90404 
(213) 829-6751 
Circle No 400 

Power Components 
1480 W l 78th St 
Gardena, CA 90248 
(213) 323-8120 
Circle No 401 

Power-One 
740 Calle Plano 
Camarillo, CA 93010 
(805) 987-8741 
Circle No 402 

Powertec Inc 
20550 Nordhoff St 
Chatsworth, CA 91311 
(818) 882-0004 
Circle No 403 

Power Ten Inc 
486 Mercury Drive 
Sunnyvale, CA 94088 
( 408) 738-5959 
Circle No 404 

Qualidyne Systems Inc 
3055 Del Sol Blvd 
San Diego, CA 92154 
(619) 575-1100 
Circle No 405 

Todd Products Corp 
50 Emjay Blvd 
Brentwood, NY 11717 
(516) 231-3366 
Circle No 406 

Valor Electronics Inc 
6275 Nancy Ridge Drive 
San Diego, CA 92121 
(619) 458-1471 
Circle No 407 
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"U/timati' ... simply defined. it means the best! Without 
equal! And in the case of POWER-ON E's I 500W Power 
System. we think you'll agree the description fits. 
Specify Up Th 15 DC Outputs ... From Stock. Fully 
modular design allows the user to specify a proven multiple 
output power system from a wide selection of single. dual and 
triple output power modules. Virtually any combination of output volta 
and current ratings. including UPS capabilities. can be delivered from 
stock. No more time consuming and costly custom designs to contend 
Industry's Highest Power Density. POWER-ONE's International H 
Power Series represents the most compact multiple output power 
systems available today. Up to 1500 watts of multiple output power in 
an industry standard 5 x 8 x 11 inch fan-cooled package. 

rPlllllll!?.l"'!-1111~ 11...I:- ,.lllllC'r-!!! ___ ._,,le'_ 
1....-Y-&:AN.A"TIC>N.AL.. &&Rll!!S 
SWITC::HINO PC>WEFI SUIPPL"V 

/ -f 1 

(800)235·5943 Ext.113 
From California: 
(800)421·3439 Ext.113 

On·Board UPS Capability. Only POWER-ONE offers a completely 
self-contained on-board Uninterruptible Power System module providing 
unlimited battery back-up of up to I 000 watts of DC output power. Available 
off-the-shelf. these standard UPS modules mount entirely within the "Innouatora In Power Supply Technologyw 

~~~efnclosure of any POWER-ONE International High Power Series 8P1J•er-11ne 
A True World Market Power System. The International High Power /LC. ,,..T SllPl'LleS 
Series meets the toughest safety requirements of VOE. IEC. UL and CSA. 
plus the EMI limits of VOE and FCC. Along with worldwide AC input capa· 
bilities. it is the clear choice for products marketed not only in the U.S .. 
but internationally as well. 
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POWER-ONE D.C. POWER SUPPLIES 
740 Calle Plano· Camarillo. CA 93010-8583 
Phone: {805) 987·87 41 • {805) 987-3891 
TWX: 910-336-1297 ·FAX: {805) 388-0476 
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Ge RECTIFIERS: 
Fast recovery, low Vf. 

Germanium, as a semiconductor material, characteristically 
exhibits low energy loss at high current. 
Fast recovery Ge rectifiers are now available with Vf as low 
as 0.4V and current ratings from 5 to SOOA, in case styles 
D013, D04, DOS, T03, DOB, D09; plus hockey puck. 
The GPD catalog contains information on devices designed 
for low-voltage power supplies; for use as isolation 
rectifiers in battery back-up and solar systems; or as 
oring diodes in redundant power supplies; and a lot more. 
Germanium Power Devices Corporation, 
PO Box 3065, Andover, MA 11810, USA. GPD 
617 475 5982. Tx 947150. Fax 617 470 1512. 

CIRCLE NO 106 

Design a PCB The Easy Way 
FOR LESS THAN $US1000.00 

Designs can be completed very quickly when using anyone of 
PROTEL's family of low cost software for Printed Circuit Board 

layout. 

Choose from PCB-SCHEMATIC-ROUTE-TOOLBOX programs. 

When used together they form a powerful end to end design system. 
The PCB accepts OrCAD'" and SCHEMA'" netli sts. 

For IBM PC/XT/AT/ PS2 hardware. Demo packages are available. 

PROTEL software is marketed in the Americas as TANGO'" software. 

In those countries without a distributor we accept 
Visa . Bank or Mastercard transactions. 

PROTEL TECHNOLOGY PTY LTD 
Incorporated 1n Tasmania 

TECHNOPARK OOWSINGS POINT. 
HOBART. TASM ANIA AUSTRALIA. 7010 

POSTAL GP 0 BOX 536F. HOBART 7001 

TELEX AA 58260 CATEC 

A Member Company of Cri tec Corpora11on 

PHONE NAT IONAL C002l 730100 
INTERNATIONAL +6102 730100 

FACSIMILE NATIONAL (()()2) 731871 
INTERNATIONAL +6102 731871 
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programming error detection, and readback of all pro­
grammable functions. The series offers a complete 
solution to automated-system power requirements. 
Base prices range from $2575 to $3400. 

Four different lines of high-power switchers from LH 
Research give you several options: The MMA series 
provides 500 to 1500W with 1 to 9 outputs and sells for 
$630 to $1295. The SM line has 750 to 1500W supplies 
with 1 to 4 outputs and costs $680 to $1295. The SMA 
supplies provide a single output from 600 to 2000W; 
prices range from $1325 to $1600. The MGA switchers 
include 500 and lOOOW models with single or multiple 
outputs; they are part of a high-reliability series and 
are guaranteed for five years; prices begin at $945 and 
run to $1613. 

Pioneer Magnetics has more than a dozen kinds of 
high-power switchers at various levels in the 500 to 
2000W range. Both single- and multi-output models are 
available. You can choose from models that operate 
from a 48V de source. A battery-charging option is 
available for one of the 1400W models. Single-output 
versions cost from $500 to $1250. Multi-output models 
run from $695 to $1450 (OEM qty). 

Power-hungry applications such as those in super­
minicomputers, large-scale computerized test systems, 
and telecommunications equipment have created a 
large and various market for high-power switching 
supplies that are required to perfrom as efficiently as 
possible. Beyond efficiency, these supplies reveal a 
trend, albeit a gradual one, toward switchers with 
higher frequencies and the consequently reduced size 
and higher component density. This trend promises to 
soon produce high-power switchers that will offer a 
three- to fourfold improvement in power density-at 
higher efficiency ratings and lower costs. EDN 

Article Interest Quotient (Circle One) 
High 497 Medium 498 Low 499 
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The Honeywell Visigraph printer/plotter 
offers easy interface setup and page 
formatting, as well as: 

• Lightweight compact construction • Built-in 
self-test• Simple, clean loading 

•Programmable video interface (up to 1280 
x 1024, 60 Hz noninterlaced) • 8-bit parallel 
interface (V-80) • A,B,A3 and A4 size draw­
ings • 300 dpi monochrome thermal transfer 
printing• Fast plots (8 .5 second A size) 

Contact Bruce Norikane for more informatior 
Honeywell Test Instruments Division 
Box 5227 . Denver, CO 80217-5227 
(303) 773-4745 

Prices Starting From $6,180. 
OEM Terms Available. 

Together. we can find the answers. 

Honeywell 
" Vc r~a t ec i!-i a trndcmark of Ver:-;atcc. Inc. CIRCLE NO 108 © 1988 Honeywell Tesl Instruments Division 



Po"Wer Sources 

Precision board-mountable module 
delivers lOW of localized power 
The 910AP1 power module precisely 
regulates its output to within 1.3% 
of nominal voltage despite changes 
in load, line, and temperature. This 
miniature de/de converter delivers a 
5V /2A output from a 40 to 60V de 
input. An overvoltage-protection 
circuit that uses a totally indepen­
dent control loop limits the module's 
output to 7V de. 

Surface-mount technology keeps 
the module's parts count low and 
improves its reliability. The 910AP1 
operates over 0 to 70°C without 
requiring forced-air cooling or a 
heat sink. Its typical conversion effi­
ciency is specified at 80%. 

Complete input- and output-filter 

circuits located inside the module 
maintain the module's output ripple 
(from de to 20 MHz) at 100 m V p-p 
max. The product needs no external 
components to attain this perfor­
mance. The input and output sec­
tions of the 910AP1 are completely 

Low-profile, enclosed switchers 

isolated from each other, so users 
can choose any polarity and ground­
ing configuration. The converter's 
current-limiting circuitry automati­
cally returns the output to normal 
levels when any fault condition is 
removed. 

The 910AP1 meets UL specifica­
tions. It comes in a nonconductive 
l.7 x2.7-in. case that's ready for pc­
board mounting and costs $37 
(1000). 

AT&T, Dept 51AL23030, 555 
Union Blvd, Allentown, PA 18103. 
Phone (800) 372-2447. 

Circle No 452 

offer parallel capability for all outputs 
The enclosed switchers in the 250W 
PPM Series and the 400W PFS Se­
ries offer parallel capability (cur­
rent sharing) for both main and aux­
iliary outputs. The vendor claims 
this feature meets stringent re­
quirements for single-point failures 
in redundant-power-system applica­
tions. 

The supplies offer a host of stand­
ard features, including a remote 
on/off control, margining, a power­
good signal, thermal warning and 
protection, overload and overvolt­
age protection, an input line filter, 
inrush-current limiting, soft-start 
capability, and a switch-selectable 
115/230V ac input. Various options 
are also available to satisfy almost 
any power-supply requirement. 

All units in both series are UL 
recognized, CSA certified, and 
TUV approved. The supplies fea-

174 

ture a modular design that provides 
one to seven outputs. Their line- and 
load-regulation performance is 0.2% 
or 10 m V max, and their switching 
frequency measures 100 kHz. The 
units' efficiency figures range from 
70 to 85%. The maximum ripple and 
noise specs (for a 20-MHz band­
width) are 1 % or 50 m V for the main 

output and 1.5% or 75 m V for auxil­
iary outputs. A 5V /80A model sells 
for $432 (100). 

Computer Products, Power Con­
version Group, 2900 Gateway Dr, 
Pompano Beach, FL 33069. Phone 
(305) 974-5500. TWX 510-956-3098. 

Circle No 453 
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Your ferrites 
could be 
in a little 
better shape. 
Ferroxcube can put your business 
in many small shapes. Or, for that 
matter, any small shapes. 

Now you can get small ferrite 
cores for the production of custom 
miniature inductive components 
in any shape. Our current tooling 
offers you many standard config­
urations and sizes of rods, tubes, 
slugs, sleeves and coil forms . 
They may be easily adapted to 
fit many applications. 

Bring us your design . 
For simple parts , extruding 
is the typical technology. 
For more complex parts, 
Ferroxcube offers you injec­
tion molding. But whatever the 
method , we can deliver custom 
parts in high volume to meet 
your needs. 

Nobody else can match 
Ferroxcube's combination of 
quality, batch-to-batch 
consistency, distribution, 
experience and techni­
cal support. 

For immediate help, 
give us a call . We're 
ready for your biggest 
problem. And your 
smallest shape. 

Ul ~!~!!!:'?i!~~!!! 
5083 Kings Highway 
Saugerties, NY 12477 
914-246-2811 TWX: 510-247-5410 

• 
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Po"Wer Sources 

Fully isolated, lOOW de/de converters 
feature wide operating range 
The KZ 400 Series lOOW de/de con­
verters offer as many as three out­
puts. The converters are protected 
against a variety of fault conditions, 
and they operate over -40 to 
+85°C. 

The converters are available in 
models that accommodate input 
ranges of 20 to 60V de or 36 to 72V 
de. Models KZ 431, 432, and 433 
provide 5V/20A, 12V/8.3A, and 
15V/6.7Aoutputs, respectively. The 
triple-output converters in the se­
ries supply 5V and ± 12 or ± 15V, 
and they provide 15A on the main 
output and IA on the auxiliary out­
puts. On the auxiliary outputs, 1.5A 
capability is optional. 

The converters' accuracy is speci­
fied at ± 1 % for the main output and 
±2% for auxiliary outputs. You can 
adjust the main output over a ±5% 
range. The ripple and noise specs 

(over a 20-MHz bandwidth) are 1 % 
and 2%, respectively. The switching 
frequency is 200 kHz, and the con­
verters' typical efficiency is 80%. 
The line- and load-regulation specs 
are ± 1 % for the main output and 
±5% for the auxiliary outputs. 

Overvoltage protection for the 
main output is standard, as is re­
verse-polarity and short-circuit pro­
tection, which features automatic 
recovery. Thermal protection and 

input-overvoltage protection are op­
tional. 

The KZ 400 Series converters sell 
for $140 to $175 (100) and are housed 
in a package that features 6-sided 
shielding. A side-mount model is 
available to satisfy low-profile appli­
cations. 

Intronics Inc, 57 Chapel St, 
Newton, MA 02158. Phone (617) 
964-4000. TLX 200095. 

Circle No 454 

Single-output, current-mode power supply 
packs 3000W into a 5x 8 xl5-in. package 
Series 9R power supplies include 2, 
3, 5, 12, 15, 24, 28, 36, and 48V 
units. Each of the current-mode 
supplies generates 3000W and fits 
into a 5X8X15-in. package, which is 
only 4 in. longer than the industry­
standard package for a 1500W sup­
ply. 

The supplies typically operate at 
75% efficiency when running from a 
230V ac source. When operating in 
the 0 to 50°C range, they supply 
100% of their rated load, although 
the 2V unit can supply only 1400W 
because of output-bus-bar and recti­
fier-diode current-carrying limita­
tions. 

Other key specs include 5 m V or 

F6 

0.1 % (whichever is greater) line reg­
ulation, and 10 m V or 0.2% (which­
ever is greater) load regulation; dy­
namic response of 4% max for a 
25%-step load change; 200-µsec out­
put recovery to within 1 % of nomi-

nal; and thermal regulation of 
±0.02%/°C. 

Current limiting and overvoltage 
protection are standard features of 
the supplies. You can also specify an 
SCR-crowbar feature for additional 
overvoltage protection. The units 
have terminals for remote sensing, 
and you can remotely control their 
outputs to within ± 10% of nominal. 
The supplies also include indicators 
for valid outputs and for input-pow­
er failure. They cost $1800. 

Bonar Powertec, 20550 Nordhoff 
St, Chatsworth, CA 91311. Phone 
(818) 882-0004. TLX 277483. 

Circle No 450 
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Here's the shock-safe fuseholder 
family that puts the right replace­
ment fuse at your fingertips. 
That eliminates the aggravating 
search for a misplaced fuseholder 
cap. And that ends the risk of 
accidental live terminal shock. 

That's good news for everyone 
from design and production 
engineers, to the consumers of 
your products. 

Because only the Littelfuse 
family of 2AG, 5x20mm, and 
3AG Flip-top™ Shock-safe fuse­
holders are UL Recognized, CSA 
Certified and have been designed 
to meet or exceed IEC Shock­
safe Standards 65 and 257. 

But best of all, these low profile, 
panel-mount fuseholders are 
affordable, easy to install, and are 
as quick and safe to service as 

push, pull, flip and snap. 
For your free product bulletin, 

samples, pricing and delivery 
dates, talk to your local Littelfuse 
representative or distributor. 

Littell us1f Tracor 
a WESTMARK company 

800 E. Northwest Highway • Des Plaines, IL 60016 
(312) 824-1188 

Talk to Littelfuse. 

EDN July 7, 1988 

2AG Fuse 
.177"x .580" 

5x20rnm Fuse 
.197"x .787" 

CIRCLE NO 110 

3AG Fuse 
.250"x 1.250" 

©1988 Littelfuse Tracor 
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Po\Ver Sources 

Open-frame switching supplies 
handle drive-surge requirements 
Among the SQM International Se­
ries switchers are models that off er 
a 150 to 350W continuous-output 
capability. All the units feature 
peak-power capabilities to accom­
modate the initial turn-up/spin-up 
loads required by peripherals such 
as disk or tape drives and printers. 

The switchers feature main 5V 
outputs with current capabilities of 
20 to 50A. Auxiliary 5, 12, 15, and 
24V outputs are available with as 
much as 16A of peak current. All 
the units are available with as many 
as four outputs. 

The supplies accept a variety of 
input voltages and offer overvoltage 
protection for their transformers' 
primary windings. Other standard 

features of the switchers are built-in 
line filtering, 3750V ac safety isola­
tion, shielded power transformers, 

Modular system produces 
semicustom power supplies 
The AMPSS modular power-supply 
system provides a semicustom ap­
proach to power-supply design. 
Each supply consists of an 8x5x11-
in. mainframe that contains line­
input rectification and smoothing 
circuitry and accepts de/de-convert­
er modules. The mainframe oper­
ates from 90 to 135V or 180 to 270V 
line-input supplies and accepts pow­
er-supply modules having outputs 
as high as 1600W. It comes in ver­
sions that accommodate as many as 
eight lOOW de/de-converter mod­
ules, four lOOW modules and one 
800W module, or two 800W mod­
ules. Smaller mainframes are avail­
able to house 600W max supplies. 

The de/de-converter modules cur­
rently available include lOOW units 
with output voltages of 5, 12, 15, or 
24V; an 800W unit that generates a 
5V output; and a 50W unit with -5 

and -12V outputs. Except for the 
2-output version, whose line- and 
load-regulation spec is 1 %, the mod­
ules feature 0.3% typ line and load 
regulation. The units' output ripple 
is 1 % of output (max) over a 20-MHz 
bandwidth. The single-output mod­
ules can share current when operat­
ing in parallel. 

All the outputs feature short-cir-

built-in overload and overvoltage 
protection, overtemperature shut­
down, remote-sensing capability, 
vacuum-impregnated magnetics, 
and fixed-frequency pulse-width 
modulation. You can opt for a power­
valid indicator and for TTL-high or 
TTL-low power-fail-detection cir­
cuitry. 

All the units meet VDE, IEC, 
UL, CSA, FCC, and VDE specifica­
tions for safety isolation and EMii 
RFI emissions. The supplies cost 
$266 to $358 and are available for 
delivery from stock to 10 weeks. 

Switching Systems Internation­
al, Box 1599, Placentia, CA 92670. 
Phone (714) 996-0909. 

Circle No 455 

cuit and overvoltage protection. An 
optional housekeeping module pro­
vides remote on-off facilities, over­
temperature and input-under­
voltage protection, ac-input-failure 
indicators, a 5V standby supply, a 
12V fan supply, and semiregulated 
supplies for external circuitry. The 
supplies are designed to meet the 
relevant UL, CSA, and VDE re­
quirements. A typical 400W version 
with a housekeeping module costs 
around £430 (100). 

Astec E urope Ltd, BB Portman 
Rd, Reading, Berkshire RG3 1EA, 
UK . P hone (0734) 509411 . TLX 
848047. 

Circle No 456 
Astec USA (HK) Ltd, 2880 San 

Tomas Expressway, S uite 200, 
Santa Clara, CA 95051. Phone 
(408) 748-1200. TLX 6839191. 

Circle No 457 
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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! 

EDN July 7, 1988 

ARNOLD MAGNETICS CORPORATION 
4000 Via Pescador, Camarillo, California 93010-5049 

Phone: (805) 484-4221•TWX910-343-6468 •FAX: (805) 484-4113 
CIRCLE NO 111 179 



Po\Ver Sources 

High-current, low-profile switcher 
offers significant size advantage 
The quad-output MAX-750 provides 
750W of power in a package measur­
ing 2. 6 x 5 x 13. 5 in., which is signifi­
cantly smaller than the typical 
5x8xll-in. shoebox switcher. The 
supply comes with a cover/fan as­
sembly for self-cooling and features 
a thermal-cutoff system that pro­
tects the supply should the cooling 
system fail. 

The supply's main output pro­
vides 5V at 120A. The three auxilia­
ry outputs provide 12, -12, -5.2, 
and 24V in various combinations. A 
magnetic, switching postregulator 
holds the line and load regulation to 
1 % on the auxiliary outputs. A cur­
rent-fed inverter that operates at 50 
kHz achieves an efficiency rating of 

CIRCLE NO 112 
~80 

80% min, the vendor claims. The 
unit specs 0.2% rms max ripple and 
noise. 

The switcher's standard features 
include user-adjustable outputs 
(±5%), remote sensing on the 5V 

output, overload protection on all 
outputs, overvoltage protection on 
the main output, and the capability 
to inhibit the output remotely. An 
ac-power-failure indicator is option­
al. 

According to the vendor, the 
MAX-750 meets international safe­
ty standards, including UL 478, 
CSA 22.2, IEC 380, IEC 435, and 
the Class A RFI requirements of 
FCC and VDE 0871. It also meets 
SELV requirements for creepage 
and clearance. It costs $589 (100). 

Todd Products Corp, 50 Emjay 
Blvd, Brentwood, NY 11717. 
Phone (516) 231-3366. TWX 510-
227-4905. 

Circle No 451 

VSERIES 

SWITCHING POWER SUPPLIES ----- ----------
Engineered and Manufactured 

by Perfectionists! 

I: - .. .__ ., r·H1 

.____s_im_u1_a11_on_s_by_s_P1_cE_-+ __ s1_ab_lli-'-ty_by_H_P1_vE_N_AB_LE_-i o ® 

Sheet Metal by AMADA Auto Insert by UNIVERSAL 

Testing by ZEHNTEL Burn In by CENTIGRADE Service by PHILLIPS 

Call Toll Free 1·800·523-2332 

...,~_ If' ., . ". h .... , ... ,' "'"""h·<I '" .,,. &.1el't!:Pd.1nc;J . ·,i '"''". ~· .• , • 
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High performance power, 
in a low profile package 

Ericsson's new triple output, 15 Watt DC/DC converter 
is only 8 · Smm high with In-Card@ mounting! 

When you need high performance and a low 
profile in a DC/DC converter, Ericsson's new 
I SW PKC series has the answer. 

The PKC's advanced mechanical design 
offer5 two mounting options, Using conven­
tional "On-Card" pcb mounting results in a 
heightof0 · 42" (10·7mm). 

Where profile is critical our In-Card 8 
mounting provides the unique capability of 
recessing the supply into the pcb providing a 
heightofO · 33"(8 · 5mm)! 

Allowinginputsof24V (18-36V) and 
48V (36-72V) the PKC series provides 5, 12 
and I 5V de outputs in single, dual and triple 
output configurations. A high reliability 
magnetic feed back loop ensures that all 
outputs are regulated to within 2 · 5%. Each 
model is fully isolated to 500V de and all 
outputs are overvoltage protected. 

A:lvanced technology, including the use 
of highly automated surface mount manufac­
turing and 300kHz switching frequency results 
in the PKC's exceptional MTBF of over 
200years. 

SMD components are assembled onto a 
thick film ceramic substrate to give excellent 
thermal characteristics. As a result, efficiency is 
85% and the unit operates without derating 
over the temperature range of -45°C to 
·r85°C! 

~82 

The PKC takes up no more pcb space than a credit card. 

Choose from On.Card or ln-Card 8 mounting. 
Dimensions (Given as maxtffil.XTI values 1n mm unless a.herwise stated) 

On-Card version 

P1nspac1ngliguresare nominal±O · 1M 1M= 2 ·54mm(0 · 1 inch) 

CIRCLE NO 115 

No extra components/. filters or heatsinks 
are required to meet VDE, ~cc or CISPR 
regulations with respect to RFI specifications or 
high temperature environments. 

Paralleling units for higher output 
requirements or redundancy configurations is 
easily accomplished by a simple connection. 

To find out more about the world's most 
advanced 15W DC/DC converter, contact 
Ericsson today. 

ERICSSON 

RIFAlnc. 
PO Box 853904, RICHARDSON, 
TEXAS 75085-3904 USA 
Tel: 214480-8300 Fax: 214 680-1059 
Telex: 735389 ERICS RCHN 

Ericsson Components AB 
Power Products, S-16481 KISTA-STOCKHOLM, 
SWEDEN 
Tel: +468 757 5000Fax: +46 8 75748 84 
Telex: 109 48 POWERI S 

EDN July 7, 1988 
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COMPACT 250 & 400 WATT SWITCHERS 
FEATURE FOUR-OUTPUT PARALLELING 

The PPM and PFS Series 250 and 
400 Watt cased switchers incorporate 
a unique closed-loop current sharing 
control circuit which permits 
simultaneous paralleling of up to four 
outputs, each with remote sensing. In 
addition, a single-point failure 
protection circuit assures that a 
single failure in a redundant power 
system will not cause the power 
bus to fail. 
The series can provide as many as 
seven outputs. 

Low profile 
cases only 5" wide by 
2.75" high permit convenient stack­
ing of the supplies. Power density is 
up to 2.4 Watts per cubic inch, and all 
models are efficiently cooled by a 
miniature internal ball bearing 
DC fan. 
These switchers employ a bridge­
driven forward converter using 
lOOkHz MOSFET switching. The aux­
iliary outputs have either linear or 
magnetic amplifier regulation and are 

©Computer Products Incorporated, 1988 

incorporated in three plug-in 
modules. Control circuitry is 
fabricated on a single circuit board 
using surface-mount technology. 
Standard features include switch 
selectable 115/230 VAC input, input 
line filter, remote on/off, power good 
signal, remote sensing, thermal pro­
tection with warning signal, overload 
protection, overvoltage protection, 
soft start and inrush current limiting. 
Optional features include current 
sharing, OVP crowbar and DC OK 

signal on main output, current 
monitor signal and 

others. 

There are 
25 stocked standard models in the 
250W and 400W series. The models 
are UL recognized, CSA certified, and 
TUVapproved. 
Key Specifications: 

Line Regulation ......... 0.2% 
Load Regulation ......... 0.2% 
Holdup Time .. .. 30 msec. min. 
Efficiency .......... 70 to 85% 
Oper. Temp. Range ... . 0° to 65°C 

From Computer Products/Power 
Products Cinle No. I 

Your Partner in Power 

NEW 4.5 WATT DC/DCs 
NEED ONLY HALF THE SPACE 

The AF Series DC/DC 
converters produce 
4.5 Watts of DC power 
in half the space 
of previous industry­
standard units. 

With 
a case size 
of only 1.0 x 2.0 x 
0.375 inches, they 
replace standard 
2 x 2 inch converters, yet 
have the same pinouts. 
This series is fabricated with 

surface-mounted components 
on a miniature thick-film sub­
strate to achieve 6 watts per cubic 
inch power density and efficiencies 
up to 66%. Available in single (+5, 
+ 12 or + 15V) and dual (±12V or 

±15V) outputs, the input voltage can 
be either +5 or + 12VDC 
Other key specifications include 
±1.0% line regulation, 0.5% load 
regulation, and 40mV p-p ripple and 
noise. These converters are ideal for 
board-mounted applications in com­
puters, 1/0 boards, telecommunica­
tions, process control and scientific 
instruments. The AF Series is on 
distributor shelves now. 
From Computer Products/ 
Stevens-Arnold 
CinleNo. 2 



UNIVERSAL INPUT 
SWITCHERS OPERATE 
FROM 85 TO 264 VAC 

Operate from any line voltage from 85 
to 264 VAC without changing jumper 

wires or switches. Computer 
Products/Boschert's new N FS40, 

NFS50 and NFSllO 

line voltage 

Universal Input 
Series open 

frame switchers 
eliminate 

worldwide 

selection problems and offer system 
design flexibility. 
On the low end, the NFS40 
series of single and multiple output 
40 watt switchers measures a tiny 5" 
x 3" x 1.2". These switchers provide 
more than 2.2 watts/cubic inch, and 
will fit into very small spaces. 
The N FS50-7608 50 watt switcher 
directly replaces the industry stan­
dard 6.3" x 3.9" 40 watt unit. No need 
to mechanically redesign. Just drop it 
in and enjoy the benefits of universal 
input, plus 10 additional watts for 
any system extras. 

For small to medium systems, check 
out the N FSllO series 110 watt 
switchers. The + 12V output will 
deliver up to 9 amps to start disk 
drives. The small 7.0" x 4.25" x 1.8" 
size delivers more than 2.0 watts per 
cubic inch. 
All of these switchers will operate 
reliably with no load on the output, 
making them ideal for expansion 
systems. Also, each output is fully 
regulated. NFS40 and NFSllO 
evaluation units are now available. 
NFS50 is in distribution. 
From Computer Products/Boschert 
CirdeNo. 3 

POPULAR DC/DC CONVERTERS 
HAVE NEW LOW PRICES 

Design in high performance and 
r-..~~ reliable operation at new low 

prices. The ES, EA and H series 
have filled a lot of PC boards to 

date but never so economically. Prices 
have been reduced by 10% for the ES 
series and 15% for the Hand EA series. 
Also, the Hand EA series are available 
in new 1.0 x 2.0 x 0.38 inch non­
conductive packages. Check the table 
below and send for the latest data on 
our top performers. Or better yet, call 
your distributor for these low cost 
solutions. 

Output Output 
Series Power Type 

Input 
Veltage Output 

Here's why: 
Field-Proven Building 
Blocks. The quickest, 
least expensive way to 
build a custom switcher 
is using existing 
circuits. Computer 
Products/Boschert has 
hundreds of building 
blocks, field proven over 
our 15 year history. We 
understand their use and 
limitations. Your custom 
design is predictable, 
economical and virtually 
risk-free. 
Appropriate Topology. 
Using the wrong 
topology is either costly or 
unreliable. Since we understand 
and build virtually every type 
of switcher, there is no need to 
squeeze your custom needs 
into our favorite topology. You get the 
correct topology for your power 
requirement. 
Experience. Your supply is built by 
a company exclusively dedicated to 
switchers for 15 years. Our ability to 
integrate electrical, mechanical and 
thermal designs is exceptional. Our 
new medium power designs deliver 
more than 2 watts/cubic inch. The 

result is a highly compact 
switcher that meets or exceeds 
your system requirements. 

1 Watt Single 5, 254v, 48V ±5V@200mA Safety Approval. UL and 
EA 1.8 Watts Dual ±12 or ±15V@ 60mA 

ES 15 Watts Triple 12, 24, 48V +5V & ±12\/ c.sAh usuaklly taFkell vnoDEmorert~f~an 

H 

+5v & ±15v e1g twee s. u ce 1 1ca-
±5v ~r +12\/ tion usually takes only 12 to 16 

From Computer Products/Stevens-Arnold weeks after your final pr?totype 
Cinle No. 4 approval. TUV approval 1s 

TAKING THE RISK OUT 
OF CUSTOM OPEN 

FRAME SWITCHERS 

Computer Products/Boschert 
can take the risk out of 
custom switcher development. 
You get a predictable, highly reliable 
switcher, based on our well-known 
standard circuits. 

also available. 
Manufadurability. Every supply 
we make is designed with manufac­
turability in mind. We use a common 
parts base, with well characterized 
components that meet our conser­
vative stress derating guidelines. 
Check for further information on 
custom switchers. 
From Computer Products/Boschert 
CinleNo. S 



LINEAR POWER MODULES 
MEET UL544 MEDICAL 

REQUIREMENTS 

For UL544 approval you can rely on 
Computer Products/Power Products 
new MED 300/500 Series 
of AC/DC encapsulated power 
modules. They meet or exceed the 
stringent UL544 requirements for 
medical equipment. These supplies 
are recommended for use in non­
patient contact medical, dental and 
laboratory applications where high 
isolation and low leakage are critical. 
The MED 300/500 series is provided 
in single, dual and triple output 
models offering 63 different output 
voltage and current variations. 
The units are linear 
regulated and have 
output power from 
one to 15 watts with 
popular output 
voltages of 
5, 12, 15, 
24, ±12, 

±15 VDC, 
plus others 
available. Standard 
protection features such as 
overtemperature, overload and short 
circuit protection are included. 
The power modules incorporate a 
split-bobbin wound transformer 
which provides high isolation be­
tween primary and secondary with 
low coupling capacitance. This 
results in 2500 VAC isolation voltage 
and less than lOuA leakage current. 
The units are available in either 
printed circuit mountable or chassis 
mountable packages. In addition 
to UL544 approval the series 
is CSA certified. 
From Computer Products/ 
Power Products Cinle No. 6 

100 WATT DC/DC 
CONVERTERS HAYE LOW 

PROFILES, HIGH EFFICIENCIES 

Designed primarily for telecom and 
computer applications, 
the newWS 
Series from 
Computer 
Products/ 
Stevens­
Arnold 
offers 100 
watts with 
single, dual, 
and triple 
outputs. The converters are packag­
ed in a low profile case (3.5 x 5.5 x 

0.91 inches) producing a power 
density of 5.7 watts per cubic 
inch. Available in chassis 
mount with screw termina­
tions or printed circuit board 
mounting. The PCB mount 
version is supplied with a 

heat sink (adds 0.35 inches to 
height) which allow for conven­
tional cooling with no special 

mounting required. 
The WS Series has an efficiency of 

84% minimum and a 2:1 input range 

No.l 

of either 18 to 36 VDC or 36 to 72 VDC 
Output ranges supplied are single (+5, 
+12 or +15V), dual (+5 and +12V), 

or triple ( +5 and ±12V, 
+5 and ±15V). 

Other 
important features include 
500 VDC isolation, input surge pro­
tection , reverse voltage protection 
and remote on/off control with idle 
currents down to lOmA. 
Key Specifications: 

Line Regulation ... ... ±0.5% max. 
Load Regulation .. 2.0% (to no load) 
Ripple and Noise . . lOOmV p-p max. 

This series is available through 
distribution. 
From Computer 
Products/Stevens-Arnold 
CinleNo. 7 
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UP TO 59!.t900 HOURS MTBF 
WITH OPtN FRAME LINEARS 

Step up to higher standards of 
reliabilty with the World-Standard 
Series of open frame Ii nears. 
The aluminum frames and power 

receive a four-hour burn-in before 
shipment. 
Other features include cu rrent­
limiting short circuit protection 
on all outputs, overvoltage 
crowbar on 5V outputs, 
remote sensing on single 

.------,-YPK- AL_c_aL-cu_LA_n_1 MT-,,.----~ outputs and the 
Output Current MTBF' 5V Output Of triples, Output Voltage' 

5V 
12V 
15V 
24V 

JOA 591,533 hrs reverse voltage 
6.SA 411,240 hrs protection on all out-
6 OA 420, 943 hrs 
4SA 321,191 hrs puts, and operation 

5V/±12V 3A/±LOA 261,201 hrs from O°C to 50°C with no 
' Consult factory for additional models. 
2 Calculations per MIL-HDBK-217E@ 100% load; 115 VAC line; 25° C 
ambient temperature; ground, ben ign 

derating. The World­
Standard Series 
(PL Series) are UL 

ratings of the World-Standard Series 
are form, fit, and function 
replacements for all other open frame 
linear power supply manufacturers. 
With four different AC input line 
voltage ranges, these supplies can be 
connected for use in any country of 
the world. 
These units have a VOE construction 
power transformer with 
enclosed split- bobbin 
windings and 3750 VAC 
minimum isolation. 
The designs are 
conservative with efficienci~-.o:=.· 
up to 60% and all power supplies 

recognized, CSA certified, 
and TUV approved. 
Custom versions of this series 
are also available with outputs from 
2 to 32VDC and output power levels 
of 15 to 150 watts. Your local 
Computer Products distributor has 

units available now. 
From Computer 
Products/Power 
Products 
CirdeNo. 8 

If reply card is missing, please ci rcle reader service number. 
Consult 1987188 EEM, page 643 for local sa les office or call (305) 974-5500, Ext 7514. 
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PLEASE SEND: 
I. PPM/PFS Series 5. Custom Switchers 9. Mil-Spec Catalog 
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3. NFS 40/50/110 Series 7. WS Series 11. Have an Applications Engineer Call 
4. ES/ENH Series 8. World-Standard Series 12. Have a Sales Person Call 

Name ______________ Title ____ _ 

Company DepUMS ___ _ 

Street ___________________ _ 

City _ _________ State _____ Zip ___ _ 

Telephone EDN 

No.1 

MIL-SPEC POWER SUPPLIES 
FOR RUGGED ENVIRONMENTS 

From missiles to submarines 
Computer Products/ 

Tecnetics has been solving 
Mil-Spec problems for over 
thirty years . 

Specialists in Mil-Spec AC/DC 
power supplies and DC/DC 

converters, Computer Products/ 
Tecnetics has participated in 

many major military programs 
including F-16, Tomahawk, 
EA-68, MSE and E2-C. 
From state-of-the-art topologies 
to advanced package design, 

every attention is paid to cost­
effective custom designs for 
demanding environmental 
requirements. Let us modify an 
existing standard product or develop 
a totally new design to meet 
your system specifications. We 
are certified to manufacture 
to Mil-Q-9858A and 
conform to the guideline 
of NAVMAT P4855-l. 
Send for you free copy 
of our Mil-Spec Power 
Supply catalog. 
From Computer Products 
Tecnetics Cinle No. 9 

-.rsupp1y 
Englneemg Handbook FREE! 

Send for your free 
copy of our Power 
Supply Engineering 

...=:::= ~" Handbook pro-
viding specifica­

ions for our complete line of power 
supplies with power ranges from 112 
Watt to 1500 Watts. 
Cinle No. I 0 
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PDWER canVER5tDn 

(305) 974-5500 
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DC/DC CONVERTERS 
Housed in a 1x2 x 0.4-in. package, 
ITS Series isolated 2W de/de con­
verters accommodate input voltages 
of 18 to 70V de to cover 24, 36, 48, 
and 60V batteries or to compensate 
for long input-line drops in telecom­
munications applications. The con­
verters are available with single or 
dual outputs of 5, 12, or 15V. 

Each converter features a 500V 
isolation spec, protection against 
continuous short circuits and output 
overvoltage, and a typical efficiency 
of 80%. An integral input 1T filter 
suppresses all noise from the source 
-RFI input current measures a low 
30 mA p-p. 

Full power is available over a -25 
to +71 °C ambient range (-25 to 
+91 °C case). Each unit features a 
shutdown pin for remote control of 
the output. $68.50 (100). Delivery, 
stock to eight weeks ARO. 

Melcher Inc, 10 Cochituate St, 
Natick, MA 01760. Phone (617) 
653-9979. TWX 510-100-3830. 

Circle No 712 

DC/DC CONVERTERS 
The vendor offers WS Series lOOW 
de/de converters in chassis-mount 
and pc-board versions. Housed in a 
3.5x5.5x0.91-in. case, they feature 
a 5. 7 W/in. :: power density. 

The converters accommodate 
input voltages of 18 to 36V and 36 to 
72V de. They come with a 5, 12, or 
15V output; 5 and 12V dual output; 
and 5 and ± 12 or ± 15V triple out­
put. All models spec 82% efficiency 
min. 

- Circle 116 for COMPUTER PRODUCTS 

Power Sources 
The key features include ±0.5% 

max line regulation and 1 % load 
regulation on the primary outputs 
for a full to 0.25% load change and 
2% load change from full to no load. 
The ripple and noise measures, for a 
20-MHz bandwidth, are 75 mV p-p. 
The devices also provide input 
surge, output short-circuit, and 
overvoltage protection. They also 
off er remote sensing on the primary 
outputs and remote on/off control. 
$260 to $295. 

Computer Products Inc, Power 
Conversion Group, 2900 Gateway 
Dr, Pompano Beach, FL 33069. 
Phone (305) 974-5500. TWX 510-
956-3098. 

Circle No 714 

SWITCHING SUPPLY 
The F350 single-output switching 
power supply provides 350W of con­
tinuous power at 82% typ efficiency. 
In order to satisfy the needs of 
drives, printers, and other periph­
erals that have high peak-power de­
mands, the supply features as much 
as 450W. 

The supply provides 5V at 70A, 
12/15V at 30A, 24/30V at 15A, or 
48/60V at 7.5A output. The selecta­
ble inputs are 95 to 132, 180 to 264, 
or 250 to 370V ac. 

Some of its feature s include 
±0.02% line regulation for 5V mod­
els and ±0.05% for other versions. 
Load regulation, for a 10 to 100% 
load change, ranges from ±1 to 
±4%. Overcurrent, overvoltage, 
thermal protection, and a power-fail 
indication are standard. The sup­
ply's conducted RFI is specified 
with VDE0871 Curve A. You can 
also obtain a version of the device 

that provides Curve B. $343 (500). 
Powerline Inc, JO Cochituate St, 

Natick, MA 01760. Phone (617) 
655-7987. TWX 510-100-3630. 

Circle No 715 

LITHIUM BATTERIES 
Units in the CSC line of lithium 
power cells feature no voltage delay 
and are suited for applications re­
quiring immediate power on de­
mand. With an open-circuit voltage 
of 3.395V, the cells provide an oper­
ating range of -32 to +93°C. Their 
capacity ranges from 0. 75A/hour for 
the 112 AA size to 30A/hour for the 
DD size. 

The cells have a 304L stainless­
steel case and a header assembly 
that features a glass-to-metal her­
metic seal for high reliability and 
safety. You can order the batteries 
in custom versions that configure 
the cells in series or in series-paral­
lel to provide the energy density 
necessary to satisfy a range of appli­
cations. Some of the options are 
internal fusing, protection circuitry, 
and insulation. $14. 95 to $42. 50 
(100). 

Electrochem Industries, 10000 
Wehrle Dr, Clarence, NY 14031. 
Phone (716) 759-2828. TLX 91386. 

Circle No 713 

DC/DC CONVERTERS 
Available in chassis-mount pack­
ages, DCE and DCF Series de/de 
converters output 100 and 150W, 
respectively. Their efficiency ranges 
to 90%. 

You can order units that provide 
outputs of 5, 12, 15, 24, and 48V de 
from nominal inputs of 12, 24, 48, 
and llOV de. These convection-

187 



Single Output Up To 400A 

RELIABLE SYSTEM 
POWER. PERIOD. 
Case10 
750 to 2000 Watts 
5"x B"x 11" 
N + 1 Redundancy 
AC and DC 
Inputs 
1 to 5 Outputs 
50A Auxiliary Mag 
Amp Output Ch 2 

For 5x8x11 "slot" switching power 
supplies from 750 to 2000 Watts, 
the Qualidyne Case 10 is all you 
need to know. MTBF of 150,000 
hours. Single or multiple (up to 5) 
fully regulated outputs from 2 to 48 
VDC. Precision paralleling for N+1 
redundancy. AC and DC input volt­
ages. Safety listings from UL, CSA 
and TUV. Compliance with IEC 
380 & VOE 0806. FCC 20780 
Class A filtering. Nothing fancy, 
just reliable slot power-period. 

THE SWITCHER FIT FOR YOUR NEEDS 

Qua/idHne 
Qualidyne Systems, Inc. 

3055 Del Sol Bou levard, San Diego, CA 92154 
(619) 575-11 00 Telex: 709 029 FAX: 619 429 1011 

(800) 445-0425 In Calif. (800) 237-6885 

CIRCLE NO 117 

POWERLINE-A FULL LINE OF SWITCHING 
POWER SUPPLIES FROM 30-1500 WATTS 

188 

PX Series 
• Low Cost 40-150 Watt 
• 1 -4 Outputs 

NSeries 
• UL. CSA, IEC, BSI. VDE 
• FCC Approved 
• 55-350 Watts. 1-5 Outputs 

S, SM, C, M Series 
• 3U HIGH Eurorack Mounting 
• 11 Inputs DC & AC 
• 13 STD Outputs 5-110 VDC 

F/ER Series 
• 200-550 Watt • 1-5 Outputs 
• 24 and 48 VDC Inputs 
• 110/220 VAC Inputs 

LOW COST 
CUSTOMS WELCOMED 

[JJIJ POVVERLINE 
10 Cochituate Street 

Natick, MA 01760 
TEL: (508) 655-7987 
FAX: (508) 655· 7984 

CIRCLE NO 118 

Sources 

cooled units are housed in brushed­
aluminum cases and are specified for 
full output at temperatures to 50°C. 
The line and load regulation figures 
spec at 0.8 and 0.9%, respectively. 

All models feature adjustable out­
puts-± 10%, input filter, overvolt­
age protection, and short-circuit 
protection. Also, remote-sense and 
disable features are standard. DCE 
Series, $219; DCF Series, $319. De­
livery, stock to eight weeks ARO. 

International Power Sources 
Inc, 10 Cochituate St, Natick, MA 
01760. Phone (617) 651-1818. TWX 
510-100-3630. 

Circle No 716 

SUPPLIES 
The MK line of 75W high-voltage de 
modules features two models with 
outputs that range from 0 to 3 kV at 
0 to 25 mA, to 0 to 60kV at 0 to 1.2 
mA. These air-insulated units are 
housed in a package that measures 
53/16X 4%X ll in. 

Using a circuit, you can monitor 
true current accurately, 1 % of read­
ing plus 0.05% of rated current , 
with respect to ground without 
breaking the common-ground con­
nection. The laboratory-grade fea-

EDN July 7, 1988 



The only power supplies that: 
source and sink power in both directions; 

produce stabilized voltage or current, 
positive or negative, a-c or d-c; 

and get on the bus without fuss ... 

Kepco BOP Power ManagersM now 
have dazzling new speed! 

For years, now, people 
who have wanted a voltage 
that was equally agile 
above zero, below zero, 
and above and below zero, 
have counted on Kepco 
BOP (bipolar) Power Man­
agers. 

Well, now Kepco has im­
proved the BOP. That same 
model can now make that 
same leap in 20µ,sec-a 
fivefold gain, and its band­
width is 22KHz in the volt­
age mode, lSKHz in the 
current mode. 

There's just nothing else 
like a BOP. Nothing else 
that can jump from, say, 
plus lOOV to minus lOOV, or 
from minus 20 Amps to 
plus 20 Amps in micro­
seconds, passing through 
zero without a glitch. 

Two groups of BOP Power Managers are availab le: ¥<-rack 100- and 
200-Watt models (top), and full -rack 400-Watt models. 

Furthermore Kepco has 
been able to speed up the 
BOPs without sacrificing 
stability-or anything else. 
They still do all the wonder­
ful things they've always 
done. They just do it faster. 
Incidentally, acquiring daz­

There's also nothing else that can produce rock-steady 
positive or negative voltages in the face of wildly fluc­
tuating current-or vice versa. There's certainly nothing 
else that can operate not only as a source, but also as a 
sink, i.e., absorb 100% of its rated voltage or current 
when its voltage polarity and current direction are out of 
phase, or when its load suddenly turns around and 
becomes a source. 

On top of all that, the BOPs 
have also been pretty fast per­
formers . Their bandwidths have 
ranged from 1.8 to 4.SKHz, their 
slewing rates from I to 2V I µ.sec. 
Our model BOP I00-2M, for 
example, had a bandwidth of 
3KHz in both the voltage and 
the current mode, and could 
jump from - 1 OOV to + 1 OOV 
in 100µ,sec. 

0 

zling new speed isn't the only thing that's been happen­
ing to the BOP series. It's also acquired a new model , the 
±200V, ±1 Amp BOP 200-lM.Also,modelsBOP SOOM 
(±SOOV/80mA) and BOP lOOOM (± lOOOV/40mA) have 
had their noise levels significantly improved. Maximum 
p-p noise on the BOP SOOM was SOOmV, is now lOOmV. 
The total range of the BOP SOOM is 1000 Volts-from 

0 

minus SOOV to plus SOOV and 
lOOmV noise in a lOOOV p-p sig­
nal is 100 ppm. That's an 80dB 
signal-to-noise ratio! 

BOP can interface with the 
IEEE-488 bus using a selection 
of external controllers, or an op­
tional built-in interface card. 

To find out more, call or write 
Dept. JYF-12. 

Reproduction of a IOKHz square wave by a Kepco bipolar 
Power Manager Model BOP 50-2M , which actua lly has a 

20KHz bandwidth in the voltage mode. 

~KEPCO,. 
_ THE POWER SUPPLIER '" 

KEPCO, INC. · 131-38 SANFORD AVENUE· FLUSHING , NY 11352 USA· (71 8) 461-7000 ·TWX #710-582-2631 ·FAX: (718) 767-1102 

CIRCLE NO 119 
189 



T 10/5 A 250 V 

·12.11V f4A) 

S.07 V (45Al 

+12.11 v (101\) 

Plug-in power for·vME! 
Here's a fully featured 400-watt, triple­
output power system that's configured 
for direct connection to the motherboard 
in your VME bus system. It's a standard 
MOSFET switcher that includes all the 
features you've come to expect from NCR 
Power Systems. 

Switching frequency is 80 kHz, and the 
unit has protection against overvoltage, 
overcurrent, and input surges. It meets 
the stringent safety and EMI requirements 
established by UL, CSA and TUV (VDE). 
Packaging complies with the Eurocard 
standards defined in DIN-41494 and IEC-
297 for plug-in attachment to the mother­
board. Precise (±0.4%) line and load 

regulation and 75% efficiency make the 
unit ideal for data communications and 
processing applications. 

Standard units can be modified by 
NCR for precise conformance to cus­
tomer requirements. 

For detailed specifications and price 
quotation, contact NCR Power Systems, 
3200 Lake Emma Road, Lake Mary, FL 
32746-3393; Telephone 800/327-7612 or 
in Florida, call 407/323-9250. 

CIRCLE NO 120 



Sources 
tures include a voltage regulation of 
better than 0.005% for line and load, 
0.05% max current regulation from 
short circuit to rated voltage, and a 
ripple of less than 0.03% rms at 
rated voltage for a full load. 

You also get TTL enable/disable 
capability, interlock capacity, a lOV 
reference source, constant-current/ 
constant-voltage operation, voltage 
and current monitoring and pro­
gramming, and a shielded output 
cable. From $850. 

Glassman High Voltage Inc, Box 
551, Whitehouse Station, NJ 08889. 
Phone (201) 534-9007. TWX 710-
480-2839. 

Circle No 717 

150W SUPPLY 
MK-150 Series 150W switching 
power supplies provide a 2.45W/in.:: 
power density and efficiencies rang­
ing from 77 to 84%, depending on 
output voltage. 

The supplies have outputs of 5, 
12, 15, and 24V. The input voltage is 
either 85 to 132V ac or 110 to 175V 
de. The total regulation equals 
±3%. The switching frequency is 
250 kHz. 

These convection-cooled units op­
erate over a 0 to 60°C range. They 
use 105°C electrolytic capacitors to 
ensure reliability. Other compo­
nents are derated by 20% to provide 
an added safety margin. 

All supplies feature overcurrent 
and overvoltage protection and are 
available in open- or closed-frame 
designs. A 5V open-frame model, 
$188. 

Toko America Inc, 1250 Feehan-

EDN July 7, 1988 

''FAll!'ISA 
FOUR-LEI IER WORD. 

When you snap a Christie power supply 
on, you get results not excuses. 

Extreme reliability and extended life are 
the pedigree of rNery Christie product. 

HEAVY DUTY Our MAGAMP Series of 
DC SUPPLIES power supplies offers 

a good example. 
These workhorses meet and exceed Mil 
and industry specs. Outputs range from 
40A to 1500A, with up to 500% intermit­
tent load current capability. 

Thousands of MAGAMPs around the 
globe just keep on keeping on. 

R£CHARGEAB1.E Christie makes 
BAT1IRY SUPPORT the World's 

most reliable 
and sophisticated charger/analyzer/ 
reconditioners. 

These remarkable systems charge 
batteries up to 90% quicker, keep 
them many degrees cooler, and 
charge to over 100% of rated 
capacity. 

And they can literally 
rejuvenate worn-out 
NiCads! 

Our RF80H is the fastest aircraft battery 
charger around. 

And the incredible CASP/2000 
microprocessor-based charger/analyzer/ 
reconditioner is user-programmable to 
handle all your rechargeable batteries, 
automatically 
OtRISllE You can punish Christie 
FOR lOlJ Power Products with heat, 

cold, fog, salt, 
sand, dust or 
fungus. But they 
won't. .. Sorry 
We nrNer use 
that dirty word. 

Call or write 
Christie Electric 
Corp., Torrance, 
CA 90509-2872. 

Phone: 
(213) 320-0808. 

FAX: 
(213) 618-8368. 

CHRISTIE 
Since 1929 

© Copyright 1988 by Christie. AU rights reserved. 
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Toroidal 
Transformer 
Problems? 

Spang Supplies Solutions ... Fast! 
At Spang, we"re more than just a winding 
house, and our extensive experience proves 
it. Our engineers will detail the best overall 
design to meet your exact requirements. 

So if you need to resolve a toroidal trans­
former problem fast, call the experts at Spang 
Power Control. Or, write for our free toroidal 
transformer brochure. 

ia • f hf .j Power Control 
TM 

Custom Engineered Toroidal Transformers 
Sandy lake, PA 16145 • (412) 376-7515 • FA>C: (412) 376-2249 
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ville Dr, Mount Prospect, IL 
60056. Phone (312) 297-0070. TLX 
724372. 

Circle No 718 

AC/DC SUPPLIES 
Although they measure 
l.5xO. 75x0.375 in., these miniature 
PS Series ac/dc supplies are suited 

Power Sources 

for pc-board mounting. Input volt­
age capabilities of 90 to 264V ac lift 
the units to worldwide require­
ments. 

The single-output power modules 
are available in 5, 12, and 15V mod­
els. The current capabilities are 150, 
65, and 50 mA, respectively . The 
line regulation equals 0.05% for all 
versions; the load regulation is 0.8% 

Today's Advanced 
Technology Demands 
Batteries With A Future 

Innovative research and design enables 
Eagle-Picher to consistently provide highly 
reliable power sources for today's high­
technology products. 

The Carefree® and Carefree TM Magnum 
series represent the most flexible lines of 
maintenance-free, rechargeable, sealed, lead­
calcium batteries in the world. 

The electro chemistry of the Keeper fl® 
Uthium series ensures up to 10 years of 
dependable service in standby applications 
where long-life memory back-up is required. 

Eagle-Picher Industries, Inc. 
Box 130 • Bethel Road • Seneca, MO 64865 

Phone: (417) 776-2256 • TWX-62864271 

Circle 187 for Keeper Battery 

192 

Circle 188 for Carefree Battery 

for the 5V versions and 0.5% for 12 
and 15V models. 

The supplies' metal cases provide 
6-sided shielding. The operating 
range, with no derating, spans -25 
to +70°C. $39.50 to $43.50 (100). 

Knightfire Technology, Box 
8761, Coral Gables, FL 33075. 
Phone (305) 344-3682. 

Circle No 719 

The PS310, PS325, and PS350 pro­
vide 1.25, 2.5, and 5 kV, respective­
ly, with 25W of output power. Their 
voltage regulation equals 0.001 % for 
a ±10% line-voltage change, and 
their ripple is less than 0.002% of 
FS. 

The units have two 4-digit dis­
plays that give continuous readout 
of current and voltage. A third 
readout displays the parameter 
being entered. You can set hard and 
soft current limits, and output volt­
ages to 1 V resolution. 

Arc and short-circuit protection 
are standard. The devices feature 
connectors for remote voltage set­
ting/ramping, and for current and 
voltage monitoring. The supplies 
will store and recall as many as 10 
instrument settings. An optional 
GPIB port allows you to program 
input settings, and read output and 
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I want to learn more about Sorensen power 
supplies. 
0 Please have a representative contact me. 
0 Please send me your full line catalog. 

rm interested in : 
• SCG 750W-1 kW, 50kHz for high power densities 
• SMK '20W-200W, precision multi-output supplies 
• SHF 30W-300W, compact single output, 100kHz 
• SMT 75W. 3 output. high power densities 
• STS 300W, 6 output 

Telephone ( 
Mall To: Marltetlng Communications Dept., 
Sorensen Company 
5555 N. Elston Avenue 
Chicago, IL 60630 



instrument settings. $995. 
Stanford Research Systems Inc, 

1290D Reamwood Ave, Sunnyvale, 
CA 94089. Phone (408) 744-9040. 
TLX 706891. 

Circle No 720 

DC/DC CONVERTERS 
NWD Series 15W dual-output de/de 
converters have no min load re­
quirements. The converters use cur­
rent mode-control topology to ac­
commodate inputs with 2:1 voltage 
ratios-9 to 18, 18 to 36, and 36 to 
72V. 

The modules operate at 100 kHz 
and provide efficiencies of 80 to 
83%. Each features remote on/off 
capability and an LC input filter. 
Outputs of 5/12V, 12/12V, and 
12/15V are available. Their line and 
load regulations are 1 %. All units 
will withstand long-term output 
short-circuit conditions. 

They offer voltage accuracy of 

Power Sources 

better than 2%. For a 20-MHz band­
width, the ripple and noise equal 
100 m V p-p. And for a 50% load 
change, the transient response is 
less than 500 µsec. The temperature 
coefficient measures ±0.02%/° C. 

The converters are encapsulated 
in 6-sided metal cases to eliminate 
noise radiation. $111. Delivery, 
stock to six weeks ARO. 

International Power Devices 
Inc, 155 North Beacon St, Bright­
on, MA 02135. Phone (617) 782-
3331. TLX 989752. 

Circle No 721 

If You're Fed Up With Outdated 
DC/DC Converter Technology, 

DC/DC CONVERTERS 
VMEC Series de/de converters are 
designed for VME Bus applications. 
They come in 40 and SOW versions. 
Both are housed in 3U-high pack­
ages that are 1 and 1.4-in. wide, 
respectively. 

Models are available with single 
and dual outputs ranging from 2 to 
48V de. The temperature coefficient 
measures 0.02%/°C, the switching 
frequency equals 125 kHz, and the 
ripple and noise spec at 1 % or 50 
m V, whichever is greater. 

Their standard features include 

Get It Out Of Your System • 

194 

..... 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 solution: 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 noise, a wider 
input range, and the widest temperature range compared to the "competition'.' Consider 
these facts : 

• IWR Series (I 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 

• ISR5 & ISR I 0 Series 
(5 & 10 watts) 

-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. 

IOCochituateStreet, Natick, MAOl760 
(508) 653-9979, TELEX 5101003630, 
FAX (508) 655-7984 

.Ackerstrasse 56 
CH-USTER 8610 
01-944-8111 (FAX) 01-940-5838 
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NEW AC INPUT I MODULE EVALUATION BOARD 
Incorporating an on-board 750 
watt AC front end, the VI-MEB­
AC Module Evaluation Board is 
designed specifically for evalua­
tion of Vicar converters in off­
line applications. The front end 
features input surge protection, 
removable line cord, a visible 
power indicator, and provides 
easily accessible ON/OFF and 
110/220 V AC range select swit­
ches. 

Up to three 300 volt-input Vicar 
converters can be plugged into 
the assembly for evaluation of 
single, dual or triple output 
applications. Independent ac­
cess to all converter interface 

pins allows for easy con­
figuration of virtually a ny 
multiple-output or array ap­
plication with a total power out­
put of up to 600 watts. The 10.5" 
x 12" assembly comes complete 
with module sockets, strappable 
heavy-duty output lugs, output 
measurement jacks, and provi­
sions for accessing the Gate, trim 
and sense connections on each 
converter. Module inputs are in­
dividually fused and on-board 
sockets are provided for adding 
Vicar Phased Array controllers. 
A detailed user's manual is pro­
vided which covers measure­
ment techniques and useful 
applications information. 

Vicor's "component level" 
megahertz converters allow 
power systems designers to focus 
on system solutions instead of 
circuit details. The benefits: fast, 
predictable design cycles; predic­
table field performance; and 
smaller, simpler, high reliability 
power assemblies with signifi­
cantly reduced component count. 

CallVicortodayat(617) 
470-2900, 23Frontage 
Road, Andover, MA 01810 for 
the Module Evaluation Board 
data sheet and put Vicor 
modules to the test! 

Component Solutions For Your Power System 
CIRCLE NO 126 
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A COMPLETE LIST OF 
SWITCIIlNG POWER SUPPLY COMPANIES 

LARGER THAN ASTEC. 
We've sold over 14 million 

switching power supplies in the 
past 10 years. More than any 
company. Anywhere. Not to 
mention largest market share. 
So says a recent industry study.* 

Yet some people still draw a 
blank when they hear the name 
Astec . 

Until now. 

Your Standards Will Never be 
the Same. 

The long list of Astec standard 
power supplies comes from proven 
OEM designs that have put us in 
our place atop the market. 

Ranging from 30 to 1500 watts, 
our standards give you power to be 
your best. Without the costs and 
delays of designing your own. 
196 

And with our large local stock 
and quick distribution, most models 
are only hours away- thanks to 
our manufacturing capabilities that 
can turn out 4 million power sup­
plies a year. Each undergoing tough 
computer testing and 100% burn-in 
to ensure over 200,000 hour MTBF. 

Get a Taste of Foreign 
Customs. 

When you need switching 
power supplies, Astec's overseas 
operation keeps costs down and 
quality up. 

So all you supply is the need . 
And we'll supply the power. Exactly 
what you want. 

Which won't be a problem, since 
our U.S. headquarters provides 
sales, engineering and service 

CIRCLE NO 127 

around the nation. 
To learn more about The 

Real Power or to locate the 
distributor nearest you, call Astec 
now: 800-7AS-TEC7, ext. 11. Or 
write: Astec USA, 2880 San Tomas 
Expressway, Santa Clara, CA 
95051 ; (408) 748-1200. 

We look good on paper. And 
better in your designs. 

'Study done by Venture Development Corporation. 

t/H/) 
ASTEC 
The Real Power 
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isolated outputs, EMI filtering, re­
mote sensing, and overvoltage and 
overload protection. The line regu­
lation equals ±0.1 %, and the load 
regulation equals ±0.2%. 40W ver­
sion, $127; SOW version, $169. 

Power Pac Inc , Box 777, Nor­
walk, CT 06856. Phone (203) 866-
4484. 

Circle No 722 

DC/DC CONVERTER 
The PWS726 de/de converter fea­
tures an oscillator, a driver circuit, 
de switches, a transformer, internal 
filter capacitors, and a rectifier 
housed in a 32-pin DIP. It supplies 
±7 to ± 18V de outputs at ±40 mA. 

The galvanic input/output isola­
tion is 100% tested at 800V de and 
guaranteed to 2500V rms continu­
ous, 3500V rms momentary. Other 
features include a 1.2 µA leakage 
current and a 9-pF leakage capaci­
tance. A separate synchronous con-

Power Sources 
nection lets you frequency-synchro­
nize as many as eight converters, 
while an enable input provides flex­
ible control over outputs for power 
conversion and sequencing. 

In order to protect the switches 
and prevent high-inrush current 
during the turn-on stage, a soft 
start/driver design ensures that the 
oscillator is fully operational before 
either MOSFET driver turns on. 
Input current sensing protects both 
the converter and the load from 
thermal damage by limiting the out­
put fault currents. $27. 70 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 
746-1111. TWX 910-952-1111. 

Circle No 723 

POWER SUPPLY 
The quad-output Model 524EU 
power supply employs a 50-kHz 
MOSFET design with independent 
magnetic amplifiers in the secon-

dary windings. The supply outputs 
are 5V at 20A, 12V at 3A, -12V at 
2A, and 24V at 2A (for disk-drive 
applications). 

The secondary windings are ad­
justable to 15V at 2.5A and -15V at 
l.5A. You can select input ranges of 
105 to 130 or 198 to 265V ac. All 
outputs are current limited and 
have continuous overload, short-cir­
cuit, and overtemperature protec­
tion. Self-recovering overvoltage 
protection is provided on all out­
puts. 

VOLGEN'S NEW HIGH SPEED SWITCHING 
BEYOND 500 KHz 

Tauber and Varta. Your 
Source for New, Improved 
Lithium Batteries. 
Varta's lithium/chromium-oxide (LiCrOx) 
batteries provide over 70% more energy 
density than conventional lithium/ 
manganese-dioxide (LiMn02) batteries. thus 
providing much longer life in use. LiCrOx 
batteries last up to 10 (not 5) years. Available 
in 1 /2 AA ( i ,000 mAh) and AA (2.250 mAh) 
sizes. 

VARTA Batteries, Inc. 
· World-renowned battery specialists. 

490 I Morena Blvd., ste. 314 
San Diego. CA 619-274-7242 
FAX 619/274-2220; LA 213/416-9000 
OC 714/667-0177; N.CA 408/737-9408 

EON July 7, 1988 CIRCLE NO 128 

SERIES 

Matching Lightness, 
Thinness and High 

Efficiency 

Electronic Products 
have become smaller, 

lighter and thinner­
Volgen developed 

HIGH-SPEED 
LOW COST SWITCHERS 

to motch 

UH-UHi • 500 KHz ULTRA HIGH SPEED-SUPER MINI SIZE 

EX • 200 KHz HIGH SPEED-Very competitive price. 

HS-EL • High Wattage-High Reliability for Medical & 
Telecommunication. (1.5 KW) 

• UL/CSA/VDE 

Volgen America Inc. 39650 Liberty Street, #325, Fremont, CA 94538 
PHONE (415) 498-5950 FAX (415) 498-5954 
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The supply has no minimum load 
requirements and has an input pro­
tection that meets the IEEE-587 
voltage-transient test. Power-fail 
and logic-inhibit signals are avail­
able as options. From $395. 

DC/DC CONVERTERS 
XC Series de/de converters accept 
input voltage between 24 and 72V 
de and provide one of three outputs: 
5V at 3A, 12V at 1.25A, or 15V at 
lA. All three converters have an 
80% min efficiency, even for 20% 
load levels. 

RO Associates Inc, 246 Caspian 
Dr, Sunnyvale, CA 94088. Phone 
(408) 744-1450. TWX 910-339-9304. Their key specifications include 

0.2% line and load regulations, 

198 

Circle No 724 

YOU TELL US WHAT YOU 
NEED YOUR LITHIUM 
BATTERY TO DO. 

WEtL TELL YOU WHICH 
ONE OF OUR THOUSANDS 
OF CONFIGURATIONS DOES IT. 

THE CELLECTION™ PROCESS 
WEVE DEVISED IS SO SIMPLE, 
YOUtL WONDER WHY OTHER 
PEOPLE HAVENT DONE IT TOO. 
Call or write for your CELLection Starter Kit. Our 
technical specialists will contact you to address your 
specific requirements. 
A variety of lithium-based cell chemistries is available to 
meet the needs of specific applications. A broad range of 
sizes, terminations and pack configurations is available. 

l •I ELECTROCHEM 
INDUSTRIES 

DIVISION OF WILSON GREATBATCH LTD. 
10,000 WEHRLE DRIVE 
CLARENCE, NEW YORK 14031 
(716) 759-7330 TELEX: 137-084 
FAX: (716) 759.7390 

CIRCLE NO 130 

30-m V output noise p-p, 500V de 
isolation, and -25 to +80°C operat­
ing range. The internal circuitry 
supplies 8 hours min short-circuit 
protection, and an internal thermal­
limit circuit shuts the converters 
when the case temperature exceeds 
the specified limit. They restart au­
tomatically when the temperature 
returns to normal. 

Filter circuits provide conducted 
noise protection for input and out­
put. A 6-sided shielded case mini­
mizes RFI problems. $120. 

Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. 
Phone (415) 932-3911. TLX 338506. 

Circle No 725 

DC/DC CONVERTERS 
Models in the NMA line of de/de 
converters accept inputs of 5, 12, 24, 
or 48V de. The units provide an 
output of ±5, ± 12, or ± 15V with 
750 mW of power. 

The converters come in single in­
line packages and in DIPs-both 
will deliver the full rated output. 
Their efficiency ranges to 80%. Over 
the operating range of -25 to 
+80°C, the converters require no 
heatsinking. With a 0.18-in. 2 real 
estate requirement, the converters 
are adaptive to applications where 
space constraint is a factor. 

The converters' isolation figure is 
500V de. Both the single in-line and 
DIP versions are encapuslated in 
epoxy and thereby meet UL 94V-O 
requirements. $19.50. Delivery, 
stock to eight weeks ARO. 

International Power Sources 
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RUGGED, 105 °C HIGH.:rEMPERATURE, 
LOW ESR OUTPUT CAPACITORS 

MODEL SDM80A 
+5VDC@ 9A 
+ 12VDC @ 3/5A 
-12VDC@ 2A 
-5VDC@ 0.6A 

Condor's SOS and SOM 
Series power supplies 
meet FCC/VOE Level B 
and have agency safety 
approvals! 
Want a tough, versatile, well-Oesigned power 
supply for your next application? Try a single 
(SOS) or multiple (SOM) output model from 
Condor! 

Every Condor SOS or SOM power supply 
meets the toughest domestic and interna­
tional safety requirements, and is UL, CSA 
and TUVNDE certified. All units also meet 
FCC 20870 Level B and VOE 0871 Class B 
above 150KHz. 

SOS/SOM Series features: 
• 5 power levels - 45 to 200 watts 
• 20 single and 29 multiple-output models 

200 

~!llii-.r----------VDE/IEC SPACING IN TRANSFORMER 

INPUT FILTER MEETS 
FCCNDE LEVEL B 

(up to 5 outputs) 
• Clean, low-cost, open-frame design 
• Fully protected - adjustable current limit, 

built-in CNP and reverse voltage protection 
• Full load burn-in and 2-year warranty 
• LED "on" indicator 
• Powerfail signal and logic inhibit on 140 

and 200W levels 
• 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 

Call us today and find out how a Condor 
SOS or SOM world-class power supply 
can meet your most demanding design 
requirements! 

CIRCLE NO 132 

___ COPPER HEAT SINK FOR LOW 

SEMICONDUCTOR TEMPERATURE 

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

ONDOR1Nc. 
... __ DC taOWER Wl'PUES 

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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Power Sources 
Inc, JO Cochituate St, Natick, MA 
01760. Phone (617) 651-1818. TWX 
510-100-3630. 

Circle No 726 

DC/DC CONVERTER 
The PKA 4411 PIL isolated de/de 
converter provides a 5V/8A output 
from a pc-board-mount package that 
measures 3x3x0.78 in. Because the 
package extends only 0. 78-in. above 
the pc board, you can mount the 
units on boards that have 6TE 
(1.2-in.) spacing. 

The converter accepts de input 
voltages ranging from 39 to 64V and 
has an input-to-output isolation to 
500V de. Its predicted MTBF, at an 
ambient temperature of 45 °C, is 
more than 200 years. The converter 
operates from -45 to +65°C. 

However, you can obtain the 
PKA-4411-PI model, which has an 
integral heat sink that extends the 
operating range to 85°C. This other 
version also has a 3X3-in. footprint, 
but it is 1.39 in. high. A chassis­
mount version with fast-on termi­
nals is also available. Approximate­
ly 811 Swedish Krona (100). 

Rifa AB, Power Products Div, 
16381 Stockholm, Sweden. Phone 
(8) 757-5000 TLX 10948. 

Circle No 727 
Rifa Inc, Greenwich Office Park 

3, Greenwich, CT 06836. Phone 
(203) 625-7300. 

Circle No 728 

POWER SUPPLIES 
SMS600 Series single-output, fan­
cooled, switch-mode power supplies 
provide a 600W output. They are 
available with nominal output volt­
ages of 12, 15, 24, or 50V. The 12 
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and 15V outputs are provided by a 
single model, which employs a po­
tentiometer for output selection. 
The 24 and 50V versions have a 
potentiometer, which gives you ap­
proximately ±10% control over the 
output voltage. 

The line regulation is less than 
0.25%, for a ±15% change in the 
input voltage, and the load regula­
tion is better than 0.5%, for a 10 to 
100% load change. At normal oper­
ating loads, the supplies have an 
80% efficiency. 

Some of the key features include 
remote output sensing, and signals 
that either indicate that the devices 
are fully operational or notify you 
that a power failure occurred in the 
output fan. The output is protected 
against overcurrent and overvoltage 
conditions. The supplies meet major 
safety and RFI standards. £275 
(100). 

Weir Electronics Ltd, Durban 
Rd, Bognor Regis, Sussex P022 
9RW, UK. Phone (0243) 865991. 
TLX 86543. 

Circle No 729 
Weir Inc, 418 3rd St, Annapolis, 

MD 21403. Phone (301) 268-0122. 
Circle No 730 

DC/DC CONVERTER 
By employing surface-mount tech­
nology on a ceramic substrate, the 
type 3T switch-mode de/de convert­
er produces an output power of 50W 
from a pc-board mount single in-line 
package that measures 
2.0 x l.l x 0.16 in. It can provide full 
output power over a 0 to 70 °C 
temperature range without addi­
tional heatsinking. You can program 
the converter with shorting links so 
that it produces an output voltage of 

ULTRA 
LOWPROFH 
WIDE INPUT 
25W. DC/DC 
CON 

-·-

Got an "on card" power distribution 
problem? Not enough real estate for a 
big modular supply? Don't want to use 
two card slots for any of the readily 
available "high profile" converters? 

Well, Power General has the 
LP-310/ 315 solution. These compact 
converters utilize surface mount manu­
facturing, high frequency design and 
unique thermal management techniques 
to achieve performance features 
such as: 

• 0.375 inch height 

• 25 watts output power 

• ) 500,000 hour MTBF 

• 2:1 input range 

• 500 VDC input/output isolation 

• Industry standard Pin-out 

• Full five year warranty 

Power General, utilizing the latest 
technology to provide complete, in­
novative solutions to your power needs. 

FREE HANDBOOK! 
Call for your free 
1988 Power Supply 
Handbook 

Put 
Power General 
To Work For You! 

POWER 
GENERAL 
A SUBSIDIARY OF UNrn:KJOE CORPORATION 
152 Will Drive, P.O. Box 189, Canton. MA 02021 
(617)828-6216 TWX: 710-348-0200 
FAX: 617-828-3215 
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5, 12, 15, 18, or 24V. At 12V, it 
achieves an operating efficiency of 
around 94%. 

The converter accepts a de input 
voltage of between 11 and 40V; you 
can also configure the device so that 
it operates as an ac/dc converter. 
Zero to full-load output regulation is 
0.5% for an output voltage of 5V and 
1.0% for all other output voltages. 

Power Sources 

The line regulation over the 11 to 
40V input range is 1 % for a 5V 
output and 2% for other output volt­
ages. For ± 10% input changes, how­
ever, the line regulation for all out­
put voltages is only 0.2%. The 
maximum output current is 3A, but 
you can add external power transis­
tors to provide greater output cur­
rents. £10 (100). 

CIRCLE NO 134 
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Bicc-Citec Ltd, Westmead, 
Swindon, Wiltshire SN5 7YT, UK. 
Phone (0793) 487301. TLX 449112. 

Circle No 738 

CONVERTER 
Ibek-48-ITS-2 Series 2W de/de con­
verters feature 18 to 70V de input. 
They are available with one or two 
outputs that provide 5, 12, or 15V 
and that feature an active-low inhib­
it input that turns all the outputs 
off. With the outputs inhibited, the 
converters draw a maximum input 
current of 2 mA. All the outputs are 
protected against continuous short 
circuits. 

The converters achieve a typical 
operating efficiency of 80% and re­
quire no derating over their entire 
-25 to +71 °C operating tempera­
ture range. They are housed in 10.5-
mm-high DIL packages that are 
suitable for pc-board mounting. SFr 
83 (100). 

Melcher AG, Ackerstrasse 56, 
8610 Uster, Switzerland. Phone 
(01) 9413737. TLX 828554. 

Circle No 739 
Melcher Inc, JO Cochituate St, 

Natick, MA 01760. Phone (617) 
653-9979. TLX 510-100-3630. 

Circle No 740 

SWITCH-MODE SUPPLY 
RL150 Series power supplies deliver 
150W of output power from a pack­
age that measures 8.4x2.4x4.6 in. 
All versions of the supply have a 5V 
main output that can deliver a maxi­
mum continuous current of 15A. 
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The Maxell Super Lithium Battery.• 
Good for a decade, these lithium thionyl 
chloride batteries 
are hermetically 
sealed for super 
safety plus long 
shelf and service 
life. And at 3.6 
volts, they 
supply the 
high energy 
density you're looking for. 
Specify Maxell Super Lithium 
Batteries for critical 
applications where a safe 
battery is imperative. 

Specify Maxell Super 
Lithium Batteries for quality 
and a name you can trust. 
When you need power 
and you need it safe, 
look for Maxell . 

maxelle 
Maxell Corp. of America 
22-08 Route 208 
Fair Lawn. NJ 07410 

·Recognized under the 
Component Program 
of Underwriters 
Laboratories. 
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The secondary outputs are either 
±12V and 12V, ±12V and 24V, 
±12V and -5V, or ±15V and -5V. 
You can trim the output voltages by 
±5%. The supplies will operate with 
a main output load of as little as 
l.2A with all other outputs un­
loaded, and they can cope with the 
high peak current requirements of, 
for example, disk drives. Other fea­
tures include 75-kHz FET switch­
ing, warm- and cold-start inrush 
current control, and line input fail­
ure signaling. 

The load regulation for a 40% 
change on a 60% load is ±0.5% for 
the main output, ±2% for the split 
positive and negative supplies, and 
±0.5% for the single supply secon­
dary. The supplies operate from ac 
line input voltages of 99 to 132V or 
187 to 265V and have a line regula­
tion of ±0.1 % for a ± 15% line input 
change. They meet the relevant 
IEC, CSA, VDE, UL, and BS relia­
bility standards as well as the re-

Power Sources 
quirement of NATO standard 
AQAP4. 

Coutant Electronics Ltd, Kings­
ley Ave, Ilfracombe, EX34 BES, 
UK. Phone (0271) 65656. TLX 
46310. 

Circle No 741 
Qualidyne Systems Inc, 3055 Del 

Sol Blvd, San Diego, CA 92154. 
Phone (619) 575-1100. TLX 709029. 

Circle No 742 

SWITCH-MODE SUPPLY 
The SMM1500-0000 is the part of a 
series of single- and multiple-output 
power supplies, which are capable of 
delivering 1500W of de power from 
an industry-standard 1lx8x5-in. 
package. This initial version has five 
outputs. Its fully floating main out­
put can deliver 5V at 200A and has 
remote sensing that can compensate 
for a voltage drop of 0.25V in the 
power connecting leads. You can 
parallel the main outputs of two or 

more power supplies to increase the 
5V output's current capability. The 
four auxiliary outputs share a com­
mon OV terminal and provide out­
puts of ±12V, -5.2V, and +24V. 
The combined load rating of the 
auxiliary outputs is 500W. 

All outputs are protected against 
overcurrent and overvoltage condi­
tions, and the fan-cooled supply is 
protected against overtemperature 
conditions. The supply has a remote 
shutdown input. The unit's power 

the low profile answer 
to the high power question • • • 
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Introducing our new 100 Watt triple 
output, low profile DC/DC converter. 

The KZ 400 Series does the job of 
three single output converters 
in a much smaller area-saving 
you valuable board space. It costs 
significantly less than individual 
converters and saves time and money 
on installation and inspection. 

Designed primarily for the telecommuni­
cations, computer and instrumentation 
markets, the KZ 400 is metal encased 
with six-sided shielding and comes with a 
number of standard features. With 20 standard 
single and triple output models to choose from, it 
boasts a wide input range of 20-60 VDC and 36-72 VDC. 

@ lntronies 
· A Powerful Profile ... 

CIRCLE NO 136 

The KZ 400 delivers an impressive 
80% typical efficiency and has a fixed 

switching frequency of 
200 KHz. Line/load regulation 

specifications are ± 1 % main 
channel and ± 5% auxiliaries. The 

unit is available in PC board 
and side mount models. 

Get all the power you need at a lower 
cost-while increasing valuable board 

space. And at lntronics, you 
also get dependable service and 

product support. Call Intronics 
today at (617) 964-4000 about the 

new 100 Watt KZ 400 triple output DC/DC 
converter-the answer to your high power needs. 

57 Chapel Street, Newton, MA 02158 
617-964-4000 TWX 710-335-6835 

TELEX 200095 INTL UR 
FAX 617-527-3310 
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AIR ... 
Plus. a few components. Together. they comprise the 

most sophisticated high voltage DC power supply you 
can buy. 

Because air is the primary insulating medium for all 
Glassman power supplies. they are lightweight. small. 
and low cost. Their conservative design margins give 
you long component life. And keeping the units free of 
oil and potting compound makes it easy to service them 
if something finally does wear out. 

But compactness and durability are not all you get in 
Glassman's advanced designs. Inherent in each model is 
exceptionally tight regulation (better than 0.005%. both 
line and load. on most models). low ripple. and excep­
tional efficiency resulting in low internal dissipation and 
high reliability. 

And you get choice. If your high voltage DC power 
requirements fall somewhere between 0-1 kV and 
0-600 kV. up to 15 .000 watts. one of our more than 300 
standard models will probably meet your requirements. 
Plus. our standard options give you the possibility of 
thousands of alternate models. If none of these are what 
you need. our staff will work with you to create a unit to 
meet your project goals. 

For a closer look at what's inside a Glassman power 
supply. call John Belden at 201-534-9007 . 

Innovations in high voltage power supply technology. .J. ~ 
~~~~~~m P~~~~x5~~i~~~~~n. ~~~9 "U' 

(201) 534-9007 • TWX-480-2839 •FAX 201-534-5672 
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Power Sources 

factor is internally corrected to a 
value of 0.95 ±0.05 so that it draws 
a sinusoidal current from the line 
supply. 

£1000. 
Weir Electronics Ltd, Durban 

Rd, Bognor Regis, Sussex P022 
9RW, UK. Phone (0243) 865991. 
TLX 86543. The supply meets relevant IEC, 

VDE, CAS, UL, and BS safety re­
quirements. It also meets interna­
tional EMC (electromagnetic com­
patibility) requirements, including 
those of VDE-0871 curve B. Around 

Circle No 743 
Weir Inc, 418 3rd St, Annapolis, 

MD 21403. Phone (301) 268-0122. 
TWX 510-600-7370. 

Circle No 744 

Custom Linear 
Power in less 
than 10 days and 
it's UL recognized. 
You give us the specs ... and 
we deliver the power you 
want... fast! 

Whether you only need a few watts or hundreds of watts ... our 
linear power supplies deliver the performance to get your system 

up and running fast and the reliability to keep it there. 

Thirty-three standard mechanical configurations and 20,000 
pre-assembled regulator combinations mean low prices and 

delivery in as little as 10 working days. 

And because all our power supplies are built with pre- UL 
recognition, you don't have to worry about our power supplies 

holding up your system UL approval. 

Get the full story on worry free linear power from Xentek. Call or 
write today for our free information package. 

Xentek • 
The Heart of Your System 

760 Shadowridge Drive• Vista, CA 92083 • (619) 727-0940 •TWX: 910-322-1155 •FAX: (619) 727-8926 
XENTEK - the first word in Custom Linear, Standard Linear, Custom and Standard Switchers, Extreme 

Isolation Transformers, Line Conditioners and Custom Military Power Conversion Equipment. 
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HVSUPPLY 
To meet the requirements of the 
latest ion implantation equipment, 
Series 1200 high-voltage power sup­
plies are capable of delivering 485 
kV max at currents as high as 2 mA. 

The power supply features inde­
pendent voltage and current control 
with automatic crossover between 
the two modes. The overcurrent 
protection is built into the supply; in 
the event of output arcing, the dam­
age to components is minimized by 
the low level of stored energy in the 
supply's multiplier stack. The sup­
ply features a 0- to full-load output 
regulation of 0.01 %; its output rip­
ple equals 0.1 % of the rated output 
voltage p-p to 200 kV. Above 200 
kV, its output ripple is less than 
0.5%. 

The power supply offers a rack­
mounted converter that operates 
from 108 to 132V or 216 to 264V, 48-
to 62-Hz ac line supplies. It also 
provides a voltage multiplier stack 
whose sections are rigidly joined so 
that you can mount the stack in any 
orientation. Around £19,000 for a 
485 kV model. Delivery, 20 weeks 
ARO. 

Bonar Wallis Hivolt Ltd, Domin­
ion Way, Worthing, Sussex BN14 
8NW, UK. Phone (0903) 211241. 
TLX 877112. 

Circle No 754 
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HARDWARE AND 
INTERCONNECT DEVICES 

Multilayer backplanes 
require careful 
design specs 

Dense, multilayer backplanes are neces­
sary for connecting today's heavily pop­
ulated daughter boards. But to get the 
highest performance out of your system, 
you have to keep in mind design consid­
erations that reduce noise and prevent 
transmission degradation. 

JD Mosley, Regional Editor 
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As electronic components continue to surpass the 
speed specs of previous-generation components, 
the need for transmission networks that can rush 

signals to their destination has forced the continuing 
evolution of backplanes. Along with these increasingly 
sophisticated backplanes has come denser and more­
complex board-to-board connectors. If you don't under­
stand subtle electrical-design considerations when it 
comes time to specify your backplane, you may not be 
able to adequately control the noise that can result. 

The first basic design step, of course, is to define the 
physical characteristics of the backplane, or mother 
board. Count the number of daughter boards you need 
to mate and the type and number of interconnections 
that are required. Determine the connector pitch and 
I/O locations. Estimate the physical size of the back­
plane and the card cage. 

Once you've specified these physical characteristics, 
the remaining design steps have to do with electrical­
design considerations. Preventing excessive noise will 
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Backplane with modular connectors (Teradyne Connector Systems) 

pose the primary electrical-design obstacle. Several 
parameters are critical: reference impedance, signal 
and power leads, system rise time, and your circuit's 
plated through holes, if any. Luckily, you can adjust 
these parameters and thereby decrease the amount of 
noise in your system. Bear in mind that easing the 
impact of one factor may aggravate the problems 
generated by another. 

According to Michael Hayward, president of Hybri­
con Corp, a supplier of VME Bus backplanes, the 
characteristic reference impedance of a typical back­
plane varies between 50 and 1000. To ensure the 
fastest possible rise and fall times and the lowest 
possible crosstalk, he suggests lowering the signal 
density as much as possible and maintaining a low­
impedance ground plane to reduce capacitive crosstalk. 

He also sees power distribution, or the location of the 
power leads, as an important contributor to noise. You 
should carefully assign power-entry points on your 
backplane to produce the most uniform current density 
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possible. And, if the number of voltage drops across the 
board seems excessive, increase the number of entry 
points. You may also want to consider increasing the 
copper thickness if the problem persists. 

A common cause of reflections (and noise) is when a 
signal encounters an impedance level that differs from 
that of the originating transmission line's. Engineers at 
Teradyne Connector Systems know of several tech­
niques that can help you control a mother board's 
impedance level. These techniques include varying fac­
tors such as the grounding of the board stiffener, the 
direction of the signal being transmitted, the connector 
tail lengths, and the density or location of the through 
holes to help alleviate impedance-level imbalances. You 
can use a time-domain reflectometer to measure and 
~valuate the reflection amplitudes as you tweak these 
parameters to attain optimal performance. 

In addition, you can reduce reflection peaks by pro­
viding additional dielectric between the rows of your 
daughter boards. The tradeoff is that you slow the 
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Variations in the density of the conduc­
tors on your backplane can contribute 
to an unevenly distributed plating thick­
ness across the panel's surface. 

MIL-spec backplane meaxuring 42x22 in. (Metliude Electm11ics) 

signal speed and increase the reflection length and 
propagation delay. This approach may also increase the 
capacitive crosstalk between signal paths, so you may 
prefer to provide a local ground shield instead. 

Remember that multilayer backplanes require suffi­
cient resin to fill the core regions between the signal 
traces and the features in the power and ground planes. 
You can determine the minimum dielectric thickness 
needed for your design by multiplying the total thick­
ness of opposing copper layers by a factor of 1 %. 

Because a backplane is thicker than a daughter 
board, its plated through holes offer greater capaci­
tance on the transmission line. For this reason, signals 
travelling from the backplane to the daughter board 
tend to suffer degradation more often than signals 
travelling in the opposite direction. Feed-through con­
nector tails appear to the signal as shunt transmission 
lines and produce successive reflections. You can control 
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the severity of such reflections in the daughter board by 
grounding the contacts to improve impedance matching 
in the circuit. 

The changing rise time of a signal through a circuit, 
when combined with mismatched connector imped­
ances along the transmission line, also contributes to 
connector reflection. Because the circuit acts as a filter, 
you can tweak the L and C values anywhere in the 
circuit to help alleviate reflectance. 

In addition, mismatched transmission-line connectors 
can slow the rising edge of digital signals, because 
these connectors act like lowpass filters in the line. As a 
result, you may also encounter signal absorption or 
delay in the extremely high frequency components of 
the transmitted signals. 

Consider even the board's peripherals 
Aluminum stiffeners, which you'll find on the leading 

edge of many daughter boards and header assemblies, 
can affect a backplane's electrical performance by in­
creasing static discharge to components on adjacent 
boards during insertion or removal. Grounding the 
stiffeners will protect your backplane from transmis­
sion-degradation problems. The use of mounting screws 
offers a convenient means of providing grounding be­
tween a stiffener and the board. 

Depending on your system's I/O requirements, the 
tail lengths of the backplane will differ. Remember, 
though, that the longer the tails, the more capacitance 
you add to your system. By carefully considering what 
the impact of this capacitance has on your system's 
impedance levels, you may want to redesign your board 
and I/O specifications to optimize this factor in a high­
speed system. 

Don't overlook the effects of the capacitive nature of 
the plated through holes in your circuit. You can tune 
the effective impedance associated with the through 
holes by varying the dimensions of the through-hole 
pads and the clearance between the signal and ground 
layers. You may also consider changing the dimensions 
of the traces leading from the through holes. 

Take advantage of experts' advice 
Backplane experts at Teradyne Connector Systems 

have written numerous technical bulletins and tutorials 
that contain suggestions for enhancing the manufactur­
ability of your backplane and ensuring that your design 
is cost effective. According to Teradyne, for example, 
you should specify your mother-board design so that 
the finished product makes maximum use of the avail-
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able real estate. For a final panel size of 12x12-in., for 
instance, the optimal working area you can expect is 
10x10 in.; for an 18 x 24-in. panel, the final working 
area is 15x21 in. 

The backplane design team at AMP Packaging Sys­
tems recommends that you specify gas-tight press-fit 
connectors to prevent damage to plated through holes. 
The company claims that its Action Pin connectors 
make the board manufacturing process less costly by 
allowing a greater tolerance (0.034 to 0.043 in.) in hole 
size. These contacts require less than 40 lbs of insertion 
force. Furthermore, you can remove and replace dam­
aged press-fit connectors because the connectors never 
cut through the· walls of the plated area, and the spring 
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properties of the contacts help prevent damage to the 
hole upon removal. 

AMP also offers the ad vice that variations in the 
density of the copper-wire conductors on your back­
plane can contribute to uneven plating thicknesses 
across the surface of the panel. To rectify this problem 
and achieve a uniform current density of evenly electro­
deposited copper and tin lead, you can add nonfunction­
al connectors to your design in sparsely populated 
sections of the panel-a technique called thieving. 

You also have to keep in mind the commercial safety 
standards for spacing the copper-wire conductors in a 
printed circuit. Agencies such as Underwriters Labora­
tories and the International Electrotechnical Commis-
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Aluminum stiffeners on the daughter 
boards' leading edges may increase the 
danger of static discharge to compo­
nents on adjacent boards. 

TRADEOFFS TO CONSIDER WHEN 
DESIGNING A BACKPLANE 

Increasing the number of conductors per routing decrease the number of signal layers, but in-
channel will . crease crosstalk and decrease controlled-

impedance-design flexibility 

Decreasing the conductor spacing between con- increase crosstalk. 
nectors will . 

Reducing the conductor widths and increasing reduce design flexibility in controlled-impedance 
the number of conductors will . designs. 

Increasing the thickness and width of the cop- increase the current-carrying capacity of the con-
per printed-circuit connectors and increasing the nectars. 
acceptable high-temperature limit will .. 

Specifying a large printed-circuit panel size decrease labor cost per unit-area-processed, but 
will . will increase problems regarding dimensional 

stability and registration. 

Specifying nonplated through holes smaller than prevent increased manufacturing costs resulting 
0.187 in. will . from the need to plug larger nonplated holes 

prior to electrodeposition, or the need to drill 
them a second time, which results in reduced 
registration accuracy. 

Using heavy-weight copper foils in your power minimize current variations in high-power and high-
and ground planes will . . current applications. 

Specifying heat-relief pads in copper layers of 2 ensure the complete fusion of the through-hole 
oz or less wi ll . solders. 

Distributing multiple voltages (either by using decrease noise. 
multiple voltage planes, by dividing the voltage-
distribution plane into voltage zones, or by utiliz-
ing externally applied bus bars) will . 

sion make recommendations to which your system may 
need to adhere. 

Backplanes with modular connectors 

Teradyne offers modular backplane and daughter­
board connectors to provide you with maximum flexibil­
ity for your system design. The High Density Plus 
modules contain three to six rows of contacts and offer 
electrical compatibility with high-speed VLSI circuits. 
The field-repairable backplane connectors have low­
insertion-force sockets and compliant, press-fit con­
tacts. They include low-inductance grounding, multi­
voltage power distribution, and controlled-impedance 
printed-circuit panels. An integral daughter-board 
stiffener is standard. You can select from several modu-
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lar formats of power buses. The price for a complete 
backplane ranges from $0.20 to $0.26 per mated-signal 
contact pair; delivery is 8 to 12 weeks ARO. 

For even more design convenience, you can order a 
mother board already mounted in an industrial card 
cage. RLC Enterprises offers its STD Bus BP-300 with 
this option. A 4-slot mother board, it carries signals 
from 8-MHz µPs. It also contains onboard passive 
terminations on all signal lines and has a ground plane 
for noise reduction. The connectors have gold contacts 
and are located on 0.6-in. centers. 

The card cage is made of gold-irridited aluminum 
with an ti vibratory, shock-dampening, spring-loaded 
card guides . You can order it in either a side- or 
rear-mounting style or in a 19-in. rack-mount version. 
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Alone, the BP-300 costs $94. If you order it mounted in 
a card cage, it will cost $144. If you order it with a 5V at 
6A, 12V at 2A, -12V at 200-mA optional power supply, 
it will cost $279. The company also offers 6-slot, 8-slot, 
and 12-slot versions of the BP-300. 

Monolithic backplane reduces noise 
Exhibiting an 11 to 56% improvement in crosstalk 

specs compared with earlier models, Bice-Vero Elec­
tronics' new monolithic backplane for VME Bus sys­
tems features an 8-layer, press-fit construction. Ac­
cording to the manufacturer, this type of construction 
guarantees controlled impedance even when the board 
is fully populated with connectors and components. The 
board has two V cc planes and three ground planes; the 
outer planes contain extra copper to reduce ground 
shift and protect the integrity of signals travelling 
through the inner layers. 

In one 5.5-mm-thick board, the 21-slot backplane 
accommodates both Jl and J2 standards for the VME 
Bus system. The board contains press-fit connectors, 
multiple power taps, and through-board pins that let 
you make bus and jumper connections from either side 
of the mother board. Terminations are located at the 

Monolithic back­
plane with press-fit 
co11.~tructio11 ( B icc­
Vern Eleclrunics) 

jumpers from the front of the board. Among the board's 
five available power options is an external power-bus 
system. Prices range from $1000 to $1100, depending 
on the power option you choose. 

If your design has to meet military standards, you 
may want to consider the MIL-C-28754 aluminum back­
planes and components that Methode Electronics of­
fers. These mother boards have drilled 6061-T6 alumi­
num per QQ-A-250/11, individually replaceable fork 
contacts of heat-treated beryllium copper per QQ-C-

back of the unit, so you can access terminations and STD Bus backplane and card cage (RLC Enterprises) 
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Industrial • Military • Commercial 
• Prototype through Production 

CRT SOCKETS 
•For high resolution CRTs used in Aeronautics, CAD/ 
CAM, Sonar, Radar, Medical and Measurement lnstru· 
ments and Information Displays. 
• Mate with most JEDEC and other base configurations. 
• Tube neck retaining clamp available on most sockets. 
• PC, solder tab and wire lead connections. 
• With or without Spark Gaps. 
• In-line resistors, chokes and capacitors. 

SOCKETS 
•Tube/Relay: 4 , 5 , 7 , 8 , 9 , 10, 11 , 12, 14, 16, 20, 22 and 
other pin configurations. PC, solder tab and chassis 
mount. Molded and laminated constructions. Metal or 
molded saddle, top or bottom mount. 
•Transistor: T03, 5 , 9, 11, 12, 18, 33, 39, 40, 46, 52 , 60, 
66, 72 , 104 and others. 
•Crystal: For .486" centers (HC6/U, MIL-S-12883/4). 
.273" , .192" (HC25) centers and others. 

AUDIO & RF CONNECTORS 
• Sockets, plugs and cable assemblies. 
• PC, chassis or free standing mounting options. 
• Vertical and right angle. 
• UHF and VHF. 

BATTERY CONNECTORS 
AND SOCKETS 
•Industrial , Military and Commercial grades. 
• Molded and laminated constructions. 

PLUGS 
• Industrial , Military and Commerical grades. 
• Mate with many of our sockets. 
• Molded and laminated constructions. 
• Molded Boots. 

OTHER INTERCONNECTING DEVICES 
• Wyrlok~ molded quick connecting device. 
• Molded and laminated connectors. 
• Laminated receptacles. 
• Fuse holders. 

STANDARD, CUSTOMIZED AND 
NEW DESIGNS 

ZERO DEFECTS QUALITY 
For samples and quotes, call our 
engineers at 3121539-3108 or 

TWX 910-221-6059 
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Manufacturer of Innovative, Quality American Made Connectors I 
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533, individually replaceable nylon insulators per MIL­
M-20693, and a standardized military polarization sys­
tem. Another configuration, which may better 
counteract excessive noise, consists of an aluminum 
backplane with separate ground and voltage planes, 
provided by laminating multiple electrically isolated 
aluminum plates. Other Methode MIL-spec boards are 
also available, including a 42x22-in. model coated with 
polyurethane or acrylic and processed to MIL-1-46058. 

Article Interest Quotient (Circle One) 
High 473 Medium 474 Low 475 

For more information ... 
For more information on the backplanes discussed in 
this article, contact the following manufacturers di­
rectly, circle the appropriate numbers on the Infor­
mation Retrieval Service card, or use EDN's Express 
Request service . 

AMP Packaging Systems Inc 
700-E Jeffrey Way . 
Round Rock, TX 78664 
(512) 244-5100 
FAX (512) 244-5112 
Circle No 351 

BICC-Vero Electronics Inc 
100 Sherman A ve 
Hamden, CT 0<1514 
(203) 288-8001 
TWX 510-227-8890 

Methode Electronics Inc 
7444 Wilson Ave 
Chicago, IL 60656 
(312) 867-9600 
Circle No 355 

RLC Enterprises 
4800 Templeton Rel 
Atascadero, CA 93422 

I (805) 466-9717 
Circle No 356 

EDN 

Circle No 352 Teradyne Connection Systems Inc 
44 Simon St 

BICC-Vero Electronics Ltd 
Flanders Rd , Hedge End 
Southampton S0 3 3LG, UK 
(0703) 266300 
TLX 477984 
Circle No 353 

Hybricon Corp 
Box 149 
Ayer, MA 01432 
(617) 772-5422 
TWX 710-347-0654 
Circle No 354 

Nashua, NH 03060 
(603) 889-5156 
Circle No 357 
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Tandem's powerful 
Nonstop VIJCfM com­
puter systems are 
packed with pro­
prietary technology: 
Including bi-polar and 

CMOS gate array logic 
designed with Tan­
dem's own CAD sys­
tem. When it came to 
connecting it all, how­
ever, Tandem chose to 

W'E NEEDED CONNECTION 
TECHNOLOGY AS SOPmSf/CATED 
AS OUR DEVICE TECHNOLOGY. 

rely on inter­
connection 
specialists: 
Teradyne 
Connection 
Systems. 

"We needed con­
nection technology 
every bit as sophisti­
cated as our VLSI 
technology," says 
Larry Laurich, V.P. of 
the Transaction Sys­
tems Division at Tan­
dem. "And Teradyne's 
High Density Plus™ 
backplane system 
solves many of the 

11/E MODULAR DESIGN OF 
mGH DENSf/Y PLUS PROVIDES 

11/E FLEXIB/LfJ'Y W'E NEED. 

216 

High Performance, High Density: 
700+ equivalent signal contacts 
help Tandem interconnect 
advanced VLSI circuitry. 

problems associated 
with interconnecting 
VLSI. Everything from 
controlled impedance 

and low inductance 
to preserve signal 
integrity, to high 
contact density 
and solid power 

and ground returns:' 
"On top of all that, 

Teradyne's modular 
design provides the 
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flexibility we need to 
tailor our backplanes 
to each application:' 

Now, nearly 1,000 
backplane systems 

The Tandem Nonstop VLXTM system. 

later, is Tandem still 
completely sold on 
Teradyne's High Den­
sity Plus? "We made 
the right choice with 
Teradyne. And we 
look forward to work­

choice 
should be 
Teradyne, 
too. To find 
out how we 

can help 
interconnect 
your VLSI 
designs, call 
us today at 
(603) 889-
5156, ext. 

374. ing with 
Teradyne 
to meet 
future 

W'EMADE Or 
1HE RIGHT CHOICE. just 

interconnection 
requirements:' 

If you want uncom­
promising intercon­
nection performance 
and reliability, your 

EDN July 7, 1988 

write: 
Tera dyne 
Connection 
Systems, 44 
Simon St., 
Nashua, NH 
03o60. 
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High Density Plus One backplane. 
High density modular connectors. 

A controlled impedance printed 
circuit panel. High current 

power busing. 

Interconnecting problem ... and solution. 
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MULTI FILM 
MACNETWIRE 

Parallel bonded fOr windings and leads. 

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

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

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

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

Available constructions include round, 
flat or square conductors. Individual con­
ductors meet NEMA MW 1000, JW 1177, 
temperature classes 1os-220°C; single 
through quadruple film builds. Color­
coded conductors are available in most 
insulations with up to 10 different colors 
in some sizes. 

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

Mr MWS T Wire Industries 
31200 Cedar Valley Drive, Westlake Village, CA 91362 

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

MULTIFILAR" is a registered trademark of MWS Wire Industries 
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Closed-loop air-to-air heat exchangers 
off er corrosion protection 
The HE-11 and HE-15 air-to-air 
heat exchangers cool equipment in 
enclosures sealed against entry of 
outside air. Each unit has two blow­
ers. One of them circulates air with­
in the equipment enclosure and 
sends heat to a heat-core pipe that 
conducts it outside the enclosure. 
There, the second blower forces out­
side air past the heat core, dispers­
ing heat into outside air by convec­
tion. 

Two sizes are available: The 
HE-11 measures 5% x 51/s x 11 o/16 in. 
(5% in. outside the cabinet) . Its 
mounting flange is 6% in. square. 
When this unit is operating, the 
temperature of the air inside an 
enclosure rises an average of 1°F 
above the ambient temperature for 
each 7W of power dissipated by the 
equipment contained in the enclo-

cabinet). It has approximately four 
times as much cooling capacity. 

Both heat exchangers can operate 
at ambient temperatures as high as 
155°F. Quarter-turn fasteners facil­
itate disassembly and cleaning of 
the external portion of heat ex­
changers. You can order heat cores 
made of special materials to with­
stand specific corrosive atmos­
pheres. Each unit has a gasket that 
keeps your enclosure sealed. Stan­
dard units operate from 50- or 60-Hz 
power sources. You can order mod­
els for 115 or 230V. The vendor can 
also supply de-powered units. From 
$273. 

McLean Midwest, 4000 83rd Ave 
N, Brooklyn Park, MN 55443. 
Phone (612) 561-9400. TLX 290883. 

sure. The HE-15 measures FAX 612-569-0533. 
71/sx 77/sX 15 in. (7 Y2 in. outside the Circle NQ 435 

Small connector lets linked boards 
pivot for adjustment and service 
This hinged connector places mated 
pairs of 0.06-in.-thick pc boards on 
0.36-in. centers, and lets you pivot 
one of the boards 90° to gain access 
to otherwise inaccessible compo­
nents. You can also mount the con­
nectors in a way that lets you rotate 
your boards into a coplanar position; 
when you use the connectors in this 
way, you can move the boards to 
within 90° of each other. The vendor 
has demonstrated that the connec­
tors withstand 50 rotational cycles 
and 30 mating/unmating cycles. 

The contacts are tin-plated phos-

EDN July 7, 1988 

to retain the connectors during sol­
dering; they are arranged in a stag­
gered pattern to reduce the likeli­
hood of solder bridging. The 
glass-filled polyester dielectric has a 
94V-O UL rating. The line includes 
units with even numbers of contacts 
from 4 to 20. $0.054/circuit. Samples 
of 14- and 18-contact units are in 
stock; production quantities, seven 
to eight weeks ARO. 

Molex Inc, 2222 Wellington Ct, 
phor bronze; they are on 1.25-mm Lisle, IL 60532. Phone (312) 969-
centers and are rated for 125V and 4550. TLX 254069. 
IA max/circuit. The tails are kinked Circle No 438 

219 



Hard\Vare and Interconnect Devices 

Electrically insulated cold plates 
remove 1.5 kW from components 
These liquid- and air-cooled plates 
have a ceramic coating with high 
thermal conductivity as well as good 
electrical insulation. The manufac­
turer uses a proprietary process for 
applying ceramic coatings to a metal 
base~an approach that provides 
lower thermal resistance than other 
insulation techniques do. The proc­
ess also permits the application of a 
solderable copper coating over the 
ceramic layers. The solderable cop­
per coating lets you mount several 
power semiconductor devices on a 
common heat sink. You can make 
connections to those devices and 
electrically isolate them from each 
other without using special hard­
ware. 

Part number 180-10-6, for exam­
ple, is a 3x6-in. plate, with 0.01-in.­
thick ceramic pads cooled by water. 
When the attached components are 
dissipating 400W, and the water is 
flowing at 1 gal/minute, the plate's 

temperature increases 40°C. If you 
increase the water-flow rate, you 
can lessen the temperature rise (or 
raise the dissipation while maintain­
ing the temperature rise). This type 
of water-cooled plate is suitable for 
cooling devices that dissipate 200W 
to 1.5 kW. 

You can get some configurations 
from stock, but the manufacturer 
expects that most orders will be 
custom ones. From $35. 

EG&G Wakefield Engineering, 
60 Audubon Rd, Wakefield, MA 
01880. Phone (617) 245-5900. TWX 
710-348-6713. 

Circle No 436 

PS / 2 cards speed fast prototyping 
of computer add-ins 
These prototyping boards are suit­
able for use in IBM PS/2 Model 50 
and 60 computers. They are avail­
able as fully drilled pc boards etched 
with the company's Microboard in­
terconnect pattern, or as boards 
fully populated with Speedwire ter­
minals. 

Adjacent to the Micro Channel 
connector, the boards have an addi­
tional edge connector that's compat­
ible with the IBM PS/2's video ex­
pansion interface. In addition, you 
can mount a miniature D-connector, 
with as many as 37 pins, on the rear 
edge of the board. 

The 4-layer boards contain inter­
nal power planes for +5V, -5V, 
+ 12V, and -12V supplies, and a full 
copper ground plane. To ensure that 
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all ground and signal connections 
are made before power is applied to 
the board, the 5V edge-connector 
fingers are reduced in length so that 
they are the last to make contact. 
All the edge connectors are gold 
plated. 

Each board is supplied with a 
card mounting kit that contains a 
plastic card pusher, a handle and 

card guide, and a stainless-steel 
bracket with a cutout for a 37-pin 
D-connector. An extender board, 
which allows you to work on the 
cards above the computer's chassis, 
is also available. Microboard 
protoyping card, around £40; 
Speedwire prototyping card, 
around £100. 

Bice-Vero Electronics Ltd, Flan­
ders Rd, Hedge End, Southampton 
S03 3LG, UK. Phone (0703) 
266300. TLX 477984. 

Circle No 439 
Bice-Vero Electronics Inc, 1000 

Sherman Ave, Hamden, CT 06514. 
Phone (203) 288-8001. TWX 510-
227-8890. 

Circle No 440 
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liiiiiliiilililA field-use fiber optic 
connector so tough, you could 
roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 

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

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

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

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

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

So if you'd like a part­
ner who will take the time to learn 
about your environment, take a 
moment to contact ITT Cannon 
at (714) 964-7400. 

Worldwide Headquarters 
10550 Talbert Ave. 
Fountain Valley, CA 92708 
Or call (714) 964- 7400 
CIRCLE NO 143 

ITT CANNON 
We're making progress. 

Not excuses. 
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Connectors have redundant contacts 
on 0.050-in. centers 
The RN Pak 50 series is a family of 
2-piece connectors for mating pc 
boards to one another, to input/ 
output connections, and to flat ca­
bles. The cables can have a conduc­
tor pitch of 0.025 in., and you mass 
terminate them through IDC (insu­
lation-displacement crimping). The 
connector's halves have identical 
contacts. Pairs of contacts posi­
tioned on a 0.05-in. pitch permit 
high-density interconnections. You 
can mix them with older connectors 
by terminating a pair of 0.05-in.­
center flat cables to a single IDC 
connector. 

Both straight-through and right­
angle styles are available to mount 

on pc boards. You can order 30-, 40-, 
50-, or 60-pin versions of either style 
with as many as 200 contact posi­
tions. On pc-mounted connectors, 
alternate pairs of tails are staggered 
by 0.075 in. The insulators have 
clips to keep the connectors on the 
boards before soldering. 

The devices use flat-beam, cop­
per-alloy contacts. To improve relia­
bility, each mated pair touches at 

35 Years of Total Dedication to 
cooling Electronic Circuits 
WIDE SELECTION 
Over 3,000 heat dissipaters and 600 
hole patterns. 

PROVEN QUALITY 
Quality control in conformance to 
Military Standard (MIL-1-45208!. 

ON-TIME DELIVERY 
A history of meeting delivery 
commitments - including 
':Just-in-time". 

FREE HEAT 
DISSIPATOR CATALOG 
36 pages featur-

TECHNICAL SUPPORT 
Engineering assistance available 
upon request. 

COMPETITIVE PRICING 
Dedication to providing quality 
products at a competitive price. 

FREE HEATSINK/ DISSIPATOR 
PRODUCT AND THERMAL 
MANAGEMENT GUIDE 

two points. Selective gold-over-nick­
el plating covers the actual area of 
contact; tails are solder plated. The 
contacts can carry 0.5A; mated 
pairs have a maximum resistance of 
25 mn. The rated, glass-filled-nylon 
insulation has a 94 V-0 UL rating 
and withstands 650V rms for 1 min­
ute. Insertion force is approximate­
ly 3.4 oz/contact position; withdraw­
al force is about one-fifth of 
insertion force. $0.10/mated pair 
(OEM qty). 

Robinson Nugent Inc, BOO E 
Eighth St, New Albany, IN 47150. 
Phone (812) 948-0564. TWX 810-
540-4082. 

Circle No 437 

ing over 125 types ~-----.. 
of aluminum heat =: 

152 pages of performance data 
on hundreds of 
heat dissipaters ,. ....... ~ .. ...,.19 CALL OR WRITE TODAY 

d issi pa tors for 
popular semi­
onductor case 
types. Includes 
photos, outline 
drawings and 
specifications. 
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---- and heat sinks. =....-=:.."':" .. 
Includes a compre- • • 
hensive section on .W.• 
practical application • 
criteria and 
selection of heat 
dissipater devices 
for semiconductors . .___ __ 

CIRCLE NO 144 

FOR COMPLETE DETAILS 

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION 
a subsidiary Of Dynamics corporation of America 

Facility Address: 135 w. Magnolia Blvd., Burbank, CA 91502-9990 
TELEX II: 910-498-2206 • FAX: 818-848-8872 
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Think SAE Stanford Applied Engineering 

--· 
EDN July 7, 1988 

For 25 years OEMs have selected SAE to manufacture their backplanes, PCBs. 
connectors, and card cages. Now they are using us as their manufacturing 
partner. We take total responsibility to design, fabricate, test and deliver a 
complete " engineered assembly.' ' This allows the OEM to concentrate all their 
time and monies on marketing and developing new products - not on new and 
expanded manufacturing facilities and personnel. 

Here's why our customers think of us for all phases of their OEM products: 

• Engineered Assemblies backplane, wire wrap. card cage, connectors, PCBs, 
wiring, filters. power supplies. fans, mounting hardware. peripherals, and 
accessories; complete design, fab and test - ready for your functional test. 

• Military MIL-28859/28754 backplanes, NAFI headers; PCBs to MIL-P-55110D. 

• Commercial VMEbus. VERSAbus. S-100, DEC, STD, Multibus backplanes; 
PCBs, OPL to 16 layers, UL to 4 mils. 

• Assembly and Test components, wiring and system. 

• Connectors commercial and military. 

• Filters EMl/RFI, emission test lab. 

• Magnetic Components transformers. modules and filters . 

• Card Cages custom, kits, and accessories. 

• Wire Wrap semi and automatic. numerous formats and test. 

Call, write or FAX for our " engineered assembly" brochure and your local 
representative/distributor ... Think SAE! 

Stanford Applied Engineering 
3520 De La Cruz Blvd .. Santa Clara. California 95054 • Ph: (408) 988-0700 • Fax: (408) 727-6438 
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Pushbutton-operated devices are much 
more marketable when the buttons respond 
in satisfying ways to the user's touch. 

So we made our new SLP control panels 
a touch more responsive. 

We increased button travel to a more 
comfortable .050'~ 

And we incorporated an enhanced con-

r------1 
I 

ductive rubber 
pad, tested to ten 
million operations, 
that rewards the 
finger with a satis­
fying snap back 

Acluatorlravelof0.050" ismore when a button iS 
than twice that of conventional low-
projile keypads. actuated. 

The result is a control panel that 
adds to a user's comfort and confidence, for 
about the same price as those that generate 
feelings of vagueness and uncertainty. 

enabling the 
panel to guide a 
user through 
a sequence of 
operating steps. 

These new 
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Panels are avail- Selective but/on lighting helps guide 
a user through a sequence of 

able off-the-shelf operating steps. 

6 

in several standard arrays, or in custom 
packages with microprocessors, visual dis­
plays, special enclosures, or attachment 
cable included. 

Making controls more responsive is just 
one of the many ways we can help you 
build competitive advantages into your 
products. 

To make your designs easier to sell, 
more satisfying to use, or more cost-

But that's not the only bright feature ....... 

efficient to pro­
duce, call us at 
815-235-6600. 

of these new controls. 
You can also get them in full­

face, LED lighted versions that 
show up unmistakably, even in broad 
daylight. 

And each button can be made to light 
independently of its on/off status, 

EDN July 7, 1988 

Together, we can find the answers. 

MICRO SWITCH 
a Honeywell Division 
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Please send me BEND/flex 
technical information and samples. 

______ Zip ______ _ 



Hardware and Interconnect Devices 

TERMINAL POSTS 
These tin-plated brass, screw-termi­
nal posts solder to pc boards at four 
points to resist rocking and rota­
tion. 

You can specify a model that ac­
cepts wires inserted perpendicular 
to the board (you secure them using 
a screwdriver held parallel to the 
board plane) or a model whose wire 
entry is parallel to the board (in 
which case, you secure the wires 
with a screwdriver held perpendicu­
lar to the board). 

The terminals' steel 6-32 binding 
screws accept solid or stranded wire 
from 14 through 22 AWG; they also 
accept crimped-on terminals and 
lugs. From $0.075. 

Keystone Electronics Corp, 49 
Bleeker St, New York, NY 10012. 
Phone (212) 475-4600. TLX 353700. 

Circle No 665 

0.025-IN PITCH CABLE 
This "ribbon" cable contains wires 
spaced 0.025 in. center to center­
which amounts to twice the density 
commonly found in ribbon cables. 

You can use it with female-socket, 
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transition, and D-subminiature in­
sulation-displacement-terminated 
connectors that have 0.05x0.05-in. 
grids. Such connectors provide four 
times the density of more common 
interconnection devices. 

Standard versions of the cable 
feature from 26 to 100 single-strand , 
30-AWG, bare copper wires; the 
vendor can also supply the cable 
with stranded 32-AWG copper wire. 
The gray PVC insulation is marked 
for polarity along one edge, UL 
listed, and rated for operation from 
-20 to 105°C. One version of the 
cable includes a copper-mesh shield 
and drain wire; another is jacketed 
as well as shielded; and a third is 
round and features a jacket and 
shield. This last version includes flat 
sections for termination . From 
$82.66/100 ft for 50 conductors (in 
1000-ft rolls). 

Amphenol/Spectra-Strip, 720 
Sherman Ave, Hamden, CT 06514. 
Phone (800) 572-2253; in CT, (203) 
281-3200. 

Circle No 666 

POWER INLET 
The F15352 EMI filter attenuates 
transients generated by switching­
regulated power supplies; it in­
cludes an IEC ac inlet connector, an 
on/off switch, a fuse, an indicator 
lamp, and an IEC ac outlet. The 
unit snaps into a 3.10X2.32-in. panel 
cutout without the use of screws, 
extra holes, or mounting brackets. 

It is rated to carry lOA in the US 
(6A in Europe) at 115V to 250V ac 
50 or 60 Hz. The line-to-ground 
leakage is 0.25 mA max at 115V 60 
Hz and 0.05 mA max at 250V 50 Hz. 
The test voltages are 2250V de from 
line to ground and 1450V de from 

line to line. According to the ven­
dor, the filter complies with UL, 
CSA, and TUV interference re­
quirements. $24.00 (1000). Delivery, 
two weeks ARO for samples and 
eight weeks ARO for production 
quantities. 

Stanford Applied Engineering, 
3520 De La Cruz Blvd, Santa 
Clara, CA 95050. Phone (408) 988-
0700. TWX 910-338-0132. 

Circle No 667 

EMI SHIELD 
According to the vendor, this Cop­
per Cloth material provides excep­
tional shielding. One version fea­
tures 80x80 wires/in. and is 0.011 
in. thick; the other offers lOOx 100 
wires/in. and is 0.0046 in. thick. The 
vendor combines the shielding ma­
terial with 12 types of zippered in­
sulating jackets that you can apply 
to round and flat cables. A continu­
ous copper strap facilitates termina­
tion and grounding of the shield. $2 
to $3/ft. 

The Zippertubing Co, Box 61129, 
Los Angeles, CA 90061. Phone 
(312) 321-3901. 

Circle No 668 

BURN-IN SOCKETS 
These test/burn-in sockets accept 
ICs in plastic-quad flatpacks with or 
without bumpers. One socket, 
which features a hinged cover, ac­
cepts "naked" devices; the other 
serves as a socket/carrier combina­
tion. The carrier-style socket ac-
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Delivers An All-Star Lineup! 

Augat's All-Stars demonstrate real 
team spirit - the concept that the whole 
is greater than the sum of its parts.With 
Augat, you benefit from an integrated 
program that assures you a COMPLETE 
VME solution. Unique advantages like 
nationwide distribution, a comprehensive 
VME Engineering Design Guide and an 
in-depth line of quality products 
combine to give you value that greatly 
exceeds any line of "hardware only." 

Delivery when 
you want it 
-wherever 

you are 
Over 100 distributor locations . 

because one or even several stocking 
locations can never provide the product 
availability and service that 100 savvy 
Augat distribution sites can muster. 

Augat is teamed with national 
distributors whose business depends 
on their ability to supply off-the-shelf 
product and value-added custom 
assemblies "just in time." You can count 
on your Augat distributor and Augat's 
extensive VME product line to give you 
what you want when you want it! 

In-depth technical 
documentation 

always 
at your desk 

Design and systems engineers require 
complete product documentation . 

Augat's VME Engineering Design 
Guide has been prepared to assist you 
in the critical design/specification stage 
of projects that require system-level 
packaging. It focuses on the whole 
system from backplanes to power 
supplies, including a detailed electrical 

characterization of backplanes, and how 
each variation can affect your system. 

So next time you're considering a 
VME approach, buy more than product 
- buy an integrated solution from 
Augat. Work with an All-Star Team! 

Augat's 
VME All-Stars 

include: 
0 Backplanes 
0 Card Cages 
0 Wire-Wrap 

Panels 
0 Unilayer II 

Boards 

0 Multilayer 
Boards 

0 Extender 
Boards 

0 Power Supplies 
0 SMD and PGA 

Adapter Sockets 

40 Perry Avenue, P.O. Box 1037, Attleboro, MA 02703 
(617)222-2202 FAX (617)22&-5257 TWX 671-6047 

EDN July 7, 1988 

INTERNATIONAL OFFICES: Northern Europe Augat Ltd . (0908) 676655/Central Europe Augat Gmbh 089 576 085 
Southern Europe Augat SA 1 46 68 30 90/Japan Augat KK 45 473-7301 
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• . 
cepts devices with 52, 68, 84, 100, 
and 132 leads. The hinged-lid socket 
accepts devices with 84, 100, and 
132 leads. The insulation material is 
polyethersulphone/polyetherimide. 
The contacts are made of beryllium­
copper and feature gold-over-nickel 
plating. 132-pin socket and carrier, 
$92.11 (100). 

Nepenthe, 2471 E Bayshore Rd, 
Palo Alto, CA 94303. Phone (800) 
637-3684; in CA, (415) 856-9332. 

Circle No 669 

ZIP SOCKET 
This socket accommodates devices 
in zigzag in-line packages. Its two 
rows of contacts are on a staggered, 
O.lx0.1-in. grid. They accommo­
date recently introduced RAM de­
vices from manufacturers such as 
Fujitsu and Mitsubishi. The con­
tacts incorporate a screw-machined 
outer sleeve with a closed bottom 
that the vendor claims provides 
complete protection against solder 
wicking. You can specify 16-, 20-, 
24-, or 28-position versions with sol­
der tails or 2- or 3-level wire­
wrappable terminations. 16-pin 
socket, $0.83. 

Electronic Molding Corp, 96 Mill 
St, Woonsocket, RI 02895. Phone 
(401) 769-3800. 

Circle No 670 
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LOW-PROFILE SOCKETS 
M600 DIP sockets project 0.100 in. 
above the board they're mounted on, 
which amounts to 0.070 in. less than 
a standard IC does. By stacking 
them end to end and side to side, 
you can create very dense packages. 
Their black, 94V-O-rated thermo­
plastic, polyester insulators are 
open to facilitate visual inspection 
after soldering. Their beryllium­
copper contacts have three tines to 
achieve high reliability through re­
dundancy, and the contacts' seam­
less, drawn outer sleeves have hol­
low bases to accept 
longer-than-normal device leads. 

You can obtain the sockets with 24 
to 40 positions in three configura­
tions, and can mount them on 0.063-
to 0.093-in. thick boards. You can 
specify contacts with gold-over­
nickel or tin-over-copper plating. 
$0.80 to $1.20. 

Mark Eyelet Co, 63 Wakelee Rd, 
Wolcott, CT 06716. Phone (203) 
756-8847. TWX 510-600-7291. 

Circle No 671 

MINIATURE SHUNT 
You can use these B-type shunts as 
jumpers to set equipment configura­
tions. Their 2.44-mm width allows 
you to position them on 0.1-in. cen-

ters. The shunts are 4.5 mm high, 
which is nearly the same height as a 
standard DIP IC. Their gold-plated, 
phosphor-bronze, double-tuning­
fork contacts have a maximum resis­
tance of 20 mO; they carry 3A and 
fit 0.64-mm square posts. Their 
black, 94 V-0-rated thermoplastic 
PBT insulators are self-extinguish­
ing and 30%-glass filled, exhibit a 
100 MO resistance min, and with­
stand 650V rms at sea level. $0.06. 

Kycon Cable and Connector Inc, 
1887 O'Toole Ave C103, San Jose, 
CA 95131. Phone (408) 435-1110. 
FAX 408-435-1149. 

Circle No 672 

ENCLOSURE 
The ZX-981 enclosure can house a 
Multibus , Multibus II, or a VME 
Bus Hbackplane. Rear-loading ver­
sions accept 15-slot Multibus or 12-
slot VME or Multibus II back­
planes. Top-loading versions accept 
15- or 20-slot Multibus, 12- or 20-slot 
Multibus II, or 12-, 16-, or 20-slot 
VME Bus backplanes. 

The enclosures feature a remov­
able front panel; lift-up top cover; 
front-panel-mounted power, inter­
rupt, and reset switches; and four 
de-powered fans. The vendor can 
supply mounting brackets that ac­
commodate two full-height or four 
half-height storage peripherals. A 
shielded power-supply bay accom­
modates off-the-shelf switching sup­
plies with outputs to lOOOW. 
Troughs and numerous prepunched 
holes facilitate the neat routng of 
cables. You can attach rack slides 
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using holes provided for the pur­
pose. $4500. 

Zendex Corp, 6700 Sierra Lane, 
Dublin, CA 94568. Phone (415) 828-
3000. 

Circle No 673 

TERMINAL BLOCKS 
LP and LPK Series terminal blocks 
mount on pc boards and permit the 
attachment of discrete wires from 
14 to 26 AWG. You secure the wires 
by tightening self-locking and, ac­
cording to the vendor, vibration­
proof screw clamps. The vendor pro­
vides the Dekafix marking system 
for standard- or custom-circuit iden­
tification. The blocks are UL and 
CSA approved for carrying currents 
to lOA at voltages to 300V. The 
blocks have closed bottoms. The 
contacts are spaced 0.2 in. apart, on 
one , two, or three levels. $0.55/ 
point. 

Weidmuller Inc, 821 Southlake 
Blvd, Richmond, VA 23236. Phone 
(804) 794-2877. TLX 828376. 

Circle No 674 

SPEED-SENSING FANS 
These "intelligent" fans sense their 
rotation speed and automatically re­
start after a service interruption. 
You can obtain models that draw 
power from 115V ac and from 12 and 
24V de sources. Though most mod­
els feature ball bearings, some have 
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sleeve bearings. Their diameters 
range from 60 to 164 mm, and their 
free-air delivery ranges from 9.5 to 
180 cfm. $15 to $20 (OEM qty). 

NMB Corp, 9730 Independence 
Ave, Chatsworth, CA 91311. Phone 
(818) 341-0820. TLX 651340. 

Circle No 675 

M10/1&.SF~ 

FUSE BLOCKS 
These fuse terminal blocks snap into 
DIN mounting rails. The M 10/ 
16.SF accepts wire sizes from 18 to 
8 AWG and accommodates standard 
% x 1 %-in. cartridge fuses rated 
from 0.25 to 16A. It is 16 mm thick 
and is UL recognized for operation 
at 600V. You can specify a unit 
containing a blown-fuse indicator­
a neon lamp rated for operation 
from 57 to 480V ac or an LED that 
operates at 24V de. 

Other of the vendor's fuse termi­
nal blocks accept type GMT fuses 
rated from 0.18 to lOA. One model, 

the 13-mm-wide T 7/1, accepts a 
single fuse and incorporates an 
auxiliary contact; the 89-mm-wide 
T 7/8 accepts eight fuses and fea­
tures eight auxiliary contacts. M 
10/16.SF, $8.30; T 7/8, $98.50. 

Entrelec, 2 Tam Ridge Rd, 
Spring Valley, NY 10977. Phone 
(800) 431-2308; in NY, (914) 425-
7460. TLX 996619. 

Circle No 679 

FLEXIBLE CABLE 
You can bend Conformable Coaxial 
Cable sharply without using special 
tools. According to the vendor, its 
copper-tin composite shield pro­
vides 100% shielding. The cable is 
rated for use at 200°C. It is compati­
ble with most noncrimp connectors 
usually used for cable. The standard 
lengths range from 100 to 1000 ft. 
From $295 (500 ft). 

Belden Wire and Cable, Box 
1980, Richmond, IN 47375. Phone 
(800) 235-3364; in IN, (317) 983-
5200. 

Circle No 676 

DIN CONNECTORS 
These connectors comply with DIN 
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It Takes An Unbeatable Combination 
To Score A Technical Knockout. 

ZENITH'S STANDARD SWITCHING POWER SUPPLIES-A DEVASTATING 
1-2 PUNCH OF SUPERB FEATURES AT A COMPETITIVE PRICE. 

It took an industry heavy- •TOUGH. Exceeds 50,000 MTBF for durable performance. 
weight like Zenith to put it • RELIABLE. Comes with 2-year warranry, fully backed by Zenith. 
all together. The kinds of 
options and features you'd -·-"'""'"""" 
have to pay extra for with 
anyone else. Combined with 
competitive pricing. And 
even a smaller footprint 

... ··- ........ 

so you save on space, too. 
It all adds up to a full family of technically superior standard switching 

power supplies. And a value you'll find hard to match. Because we've outclassed 
the other contenders in every round: 
• CERTIFIED. The Zenith series meets international safety requirements of 

UL 478; CSA 22.2, No. 220; IEC 380 & 950; VOE 0806; VOE 0871/B; FCC 
PART J, CLASS B. 

..... .... .... - DC .... DC .... !Wltl:Sl (Mil/Mnl (Mill/M11) (Mil/MUI 

ZPS·2SO.N 250 475/525 351350 !00/155 

ZPS·:KD-N JOO <475/525 451450 1001155 

ZPS-400-N 400 475/525 551550 Kl.D/155 

Test it For 90 Days-Free. 
To find out how you can 
qualify, call today: 

.... 
01111/ MH) 

04/ 40 

"'' 08/80 

"'" 10/100 

"'" 

,,,_ ... _ 
... . ... . 

DC - DC -(Mil/Mu) JMiA/M11l (Mil/ Mu) (Mill/Mui 

100/ 155 04/40 475/5.25 03/30 
PK6 

100/155 08/80 4 751525 04/40 

"'" 100/155 1MOO 4751525 0.6160 

"'" 

'"' l"""I 
50• 

25 •13 
50• 

2.5•13 
60• 

2fH1J 

• REXIBLE. All outputs are independently isolated, mag amp regulated, and 
adjustable. Outputs 2 and 3 can be widely adjusted between IO and 15V. to 
meet different equipment demands-at no extra costl 1-312-391-8700. THE OUAUTY GOES IN BEFDRE THE NAME GOES ON• 

• 1988 Esme of Rocco Marchegiano (A.KA. Rocky Marciano) under license authorization by Curtis Management Group, Indianapolis, Indiana. 
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41612, IEC 603-2, VG 95324, MIL­
C-55302/131-134, and MILC55302/ 
157-158. Types BK, CK, and C can 
have as many as 96 contacts; types 
D, E, and F have 32 or 48 contacts; 
and types Q and R have an inverse 
configuration. You can obtain the 
devices equipped for wire 
wrappable, wave solderable, or 
press fit termination. Type BK with 
48 pins, $2; type BK with 96 pins, $3 
(1000). 

Stanford Applied Engineering, 
3520 De La Cruz Blvd, Santa 
Clara, CA 95050. Phone (408) 988-
0700. TWX 910-338-0132. 

Circle No 677 

%-IN.-HIGH SOCKETS 
The FCN723 2-mm-pitch discrete­
wire connector is 0.256 in. high and 
accommodates wire sizes from 26 to 
34 AWG. According to the vendor, 
board-to-board and wire-to-board 
interconnections made with dis­
crete-wire sockets and board­
mounted headers take up less space 
and permit better airflow than do 
ribbon-cable connections. The ven­
dor also claims that a single connec­
tor can join three pc boards. The 
series includes straight- and right­
angle styles with 2 to 18 pins in a 
single row and 4 to 36 pins in 2 rows. 
30-pin header and socket, $0.80. 

Fujitsu Component of America 
Inc, 3320 Scott Blvd, Santa Clara, 
CA 95054. Phone (408) 562-1000. 
TWX 910-338-0190. 

Circle No 678 
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SOCKETS 
Designed for burn-in service, these 
sockets accommodate 44- and 84-pin 
PLCC (plastic leaded chip carrier) 
devices. They have a locking mecha­
nism that facilitates manual or auto­
mated loading and unloading, pre­
vents damage to delicate leads, and 
ensures positive lead contact. A sim­
ple push seats the PLCC firmly in 
the socket with an audible click. A 
second push ejects the device above 
the socket edge for easy removal. 
Guided entry and alignment ribs 
ease the PLCC into proper orienta­
tion within the socket. An improved 
socket design provides more contact 
area at the top and sides of the leads 
to improve reliability. The sockets 
feature quick visual polarization, 
and its side and bottom vents allow 
increased airflow for heat dissipa­
tion, as well as access for test 
probes. 44-pin unit, $9.98; 84-pin 
version, $15.12 (1000). 

3M, Dept EP87-109, Box 2963, 
Austin, TX 78769. Phone (512) 834-
1803. 

Circle No 680 

IC SOCKETS 
Type 105 and 117 IC sockets are 
designed for surface-mount applica­
tions. Type 105 units have angled 
pins (gull type) that provide easy 
access for in-circuit testing and 
troubleshooting. Type 117 units fea­
ture a floating-contact design that 
compensates for the effects of un­
evenly dispensed solder paste. Both 
types can accommodate most solder­
ing processes that are used for sur­
face-mount fabrication. 

The insulator body is glass-filled 
thermoplastic polyester with a UL 
94V-O flammability rating. The con­
tacts use a 4-finger clip made of 

stamped beryllium copper, gold, or 
tin plate over copper and nickel. The 
pins are screw-machined brass with 
tin plating over copper and nickel. 
Types 105 and 117, with 28 pins and 
tin plating, cost $1. 75 and $1.65, 
(100) respectively. Delivery, four to 
six weeks ARO. 

IEE Inc, Component Products 
Div, 7740 Lemona Ave, Van Nuys, 
CA 91409. Phone (818) 787-0311. 
TLX 4720556. 

Circle No 681 

LCC SOCKETS 
These sockets can accommodate 
68-pin LCC devices in actual-use 
applications-not just in burn-in 
service. They are available with or 
without aluminum heat sinks, in 
versions that mount to either 
JEDEC Type A or Type B ceramic 
leadless chip carriers. Their body 
material consists of polyphenylene 
sulfide, and their cover material is 
made of stainless steel. Their beryl­
lium copper contacts feature gold­
over-nickel plating. The sockets can 
withstand 150°C operating temper­
atures. $4.01 (1000). Delivery, stock 
to six weeks ARO. 

Nepenthe, 2471 E Bayshore Rd, 
Palo Alto, CA 94303. Phone (415) 
856-9332. 

Circle No 682 

DATA LINKS 
Series 5660 analog fiber-optic data 
links consist of a transmitter, a re­
ceiver, and a 50m cable. The trans­
mitter and receiver are housed in 
24-pin DIPs. The devices feature a 
10-kHz bandwidth, ±0.025% FS lin­
earity, an 80-dB signal-to-noise 

EDN July 7, 1988 





Hardware and Interconnect Devices 

ratio, and a lOO-ppm/°C tempera­
ture coefficient. The transmitter 
and receiver FS input and output 
voltages are pin-selectable for 0 to 
1, 0 to 2, ±5, and ±lV. The trans­
mitter and receiver modules operate 
from a single supply of 11.5 to 20V. 
The receiver includes a 3-pole, ac­
tive lowpass filter, which you can 
bypass to suit your application. 
$200. Delivery, six to eight weeks 
ARO. 

Dymec Inc, 8 Lowell Ave, Win­
chester, MA 01890. Phone (800) 
225-1151; in MA, (617) 729-7870. 
TWX 710-348-6596. 

Circle No 683 

INDUSTRIAL NETWORK 
The Efiway industrial control net­
work lets you control as many as 
8064 distributed I/O lines from an 
IBM PC/AT or a Multibus I. The 
token-ring network, which employs 
an optical fiber cable that operates 
at 3.5M bits/sec, can accommodate 
as many as 63 computers or I/O 
stations. 

Communication between a com­
puter and the network occurs via a 
dual-port RAM on the computer's 
network interface card. Automatic 
packet transmission over the net­
work transfers the contents of this 
RAM into remote I/O locations or 
into the dual-port RAM of other 
network computers. In addition, the 
input states of remote input chan­
nels are transferred back into the 
computer's dual-port RAM. These 
transfers occur automatically, with­
out software support from the con­
trol computer; consequently, the 
computer perceives the system as a 

236 

memory-mapped system rather 
than as a network. The vendor esti­
mates the cost of a 5-station net­
work with one intelligent station at 
around FFr 150,000. 

Efisysteme, 21-43 rue de la 
Grande-Charriere, La Boisse, 
01120 Montluel, France. Phone 
78062155. TLX 340821. 

Circle No 708 

INDUSTRIAL NETWORK 
The Signatrans-ZM50 modular in­
dustrial networking system, which 
operates over 2-wire cabling, lets 
you transmit data and commands 
between as many as 256 network 
stations. It is suitable for use in 
data-acquisition and process-control 
applications that employ a range of 
sensors and actuators. 

When the networking system is 
running in its simplest operating 
mode, you don't need an intelligent 
network controller. Rather, you can 
cause the network to automatically 
transfer data from the input to the 
output channel simply by setting 
DIP switches to allocate the same 
address to an input channel and an 
output channel. You can set up as 
many as 128 of these I/O pairs and 
can join input and output channels 
anywhere in the network. 

You can use a handheld program­
ming unit to program the system to 
perform point-to-multipoint trans­
fers, so that the information on one 
input channel automatically appears 
at several output channels. Alterna­
tively, you can add to the network a 
communications processor station, 
which provides terminal control of 
the network as well as a gateway to 
other networks. The network can 
have open-ended or ring topology 
and can be as long as 20 km. A 
typical I/O station, with modules to 
provide analog and digital I/O capa­
bility, costs around DM 2000. 

Funke & Buster GmbH, Lange­
marckstrasse 28, 4300 Essen 1, 
West Germany. Phone (0201) 
22091. TLX 857637. 

Circle No 709 

BACKPLANE 
Suitable for use in 32-bit VME Bus 
systems, V316 Series double-height 
VME Bus backplanes incorporate 
both Jl and J2 connectors. The units 
currently come in 9-, 12-, and 20-slot 
versions, and a 5-slot version is in 
development. The boards feature 
DIN-41612 connectors and passive 
termination networks. They employ 
a tracking arrangement that pro­
vides a ground screen around every 
signal track to reduce crosstalk and 
ringing. 

The units incorporate the bus­
busy signal routing as recom­
mended in the latest revision of the 
VME Bus specification. The boards 
have full copper grounding and +5V 
power planes that extend across the 
Jl and J2 sections of their back­
planes. You make power connections 
to the board via spade connectors. 
£145 (100). 

Dage (GB) Ltd, Rabans Lane, 
Aylesbury, Bucks HP19 3RG, UK. 
Phone (0296) 393200. TLX 83518. 

Circle No 710 
Dage Precision Industries Inc, 

46701 Fremont Blvd, Fremont, CA 
94538. Phone (415) 683-3930. 

Circle No 711 

BREADBOARDS 
X-tra Edge-style solderless bread­
boards feature an extra multiuse 
edge panel for organizing and 
mounting components that don't fit 

Text continued on pg 241 
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Bendix® Connectors -
tomorrow's technology today 

EDN July 7, 1988 

LRM Surface Mount connectors with 
Bristle® Brush® contacts for integrated 
avionics packaging 
Designed to meet the high density needs of today's integrated 
electronic modules, this Straddle Mount connector uses the 
Bendix® Brush® contact which has been proven in military 
avionics packages, is qualified to MIL-C-55302 and is the 
consensus choice for integrated avionics systems. Low mating 
force, extended service life and stable electrical performance of the 
Brush contact provides the high level of performance demanded 
by today's Line Replaceable Module (LRM) applications. 

The Bendix LRM connector is available with 300 or more electrical 
contacts and up to eight MIL-C-38999 style fiber optic termini. 
Optional features include first make/last break grounding for ESD 
protection, EMI shielding, individually replaceable contacts, 
polarized shells, numerous keying combinations and accomodation 
of a wide range of PC board/heat sink combinations. 

MIL-C-38999 Series Ill intermateable 
Composites for weight savings 
and corrosion resistance 
Weight savings are often critical. Bendix® Tri-Start TM Composite 
connectors afford 17% to 40% weight savings when compared to 
standard aluminum product. When compared to stainless steel 
product, these connectors provide weight savings of 55% to 80%. 

Corrosion resistant capabilities surpass that of standard 
aluminum connectors. Composites will withstand extended 
exposure to salt spray with no evidence of corrosion. EMI shielding 
effectiveness capabilities exceed requirements of Military 
Specification MIL-C-38999 Series Il l. 

lntermateable with metal MIL-C-38999 Series Ill connectors, 
Bendix Composites can be designed into new applications or used 
on existing programs where Series Ill requirements exist. 
Commonality continues with the use of standard MIL-C-38999 
Series Ill inserts, contacts and assembly procedures. 

For more information on Bendix® connectors, contact: 

CIRCLE NO 152 

Amphenol Corporation 
Bendix Connector Operations 

40-60 Delaware Street 
Sidney, NY 13838-1395 

607-563-5302 

AMPHENOL corporation 

an,£[!>!£ company 
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earner socket 
that wotit play 

"pop goes the circuit:' 

238 AMP is a trademark of AMP Incorporated. 

Our sockets are designed to get solidly 
into contact and stay in contact. No matter 
what the outside influences. Pop-out is 

simply not a problem. 

Controlled contact 
interface angle 
in AMP HPT sockets 
ensures positive 
chip carrier retention . 
Our exclusive removable 
housing allows direct 
inspection of solder 
joints, and fast 
repair/replacement 
of contacts. 

The contacts are High Pressure Tin, an 
AMP proprietary design which creates 
very high normal forces-a minimum of 
200 grams per contact-for maximum 
retention and reliable interconnection. 
Short-signal-path contacts float in the 
housing to accommodate thermal 
expansion. 

Two basic styles of sockets are avail­
able: square or 32-position rectangular 
EPROM and SO-J. Both come in solder 



tail or surface mount versions and feature 
all the important details. Tin-over-nickel 
plating is applied after the contacts are 
formed, to assure full plating. We've 
built in visual indicators for locating pin 
1, and polarizing to aid correct insertion. 

pc board both fast and simple, ideal for 
hand or tube-loaded robotic insertion. 
And the high pin counts make very 
effective use of real estate. 

Call the AMP Information Center 
at 1-800-522-6752 for literature on HPT 
PLCC Sockets. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

Orientation holes in the 94V-O housing 
floor make registration to the AIVI P Interconnecting ideas 

Seven socket 
sizes are available, 

with carrier extraction 
tools provided for each size. 
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OUR CABINETS 
WITHSTAND mE TOUGHEST 
TESTOFAU-
mE TEST OF TIME 

5chrCJFF® 
As a company dedicated to technical excellence, Schroff helps you 
prepare for the future. So you can be the first to take advantage of it. 
For example, our Eurorack and Minirack cabinets are designed to 
help you meet changing market conditions. They're available in 
more than 45 different sizes, with a wide range of accessories and 
options, including RFl/EMI shielding, full glass doors (a Schroff 
exclusive), and much more. So chances are, you'll always be able to 
offer the features your customers are looking to buy. 
Schroff Eurorack and Minirack cabinets are manufactured in the 
United States. They meet EIA, IEC, VDE and DIN standards. And 
they're made to deliver maximum rigidity and strength. As a result, 
you, and your customers, can be sure these cabinets will last as long 
on the job as they will in the market. 
If your present cabinets can't pass the test of time the way Eurorack 
and Minirack can, it's time you looked at Schroff. 
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into DIP-spaced breadboard socket 
connections. The boards come in 
four models that offer from 810 to 
2940 tie-points. Each model includes 
an area containing both distribution 
and terminal strips that accommo­
date all DIP sizes, lead components, 
and wire gauges of 20 to 29 AWG. 
The phosphor bronze, nickel-plated 
contacts provide a 3-m!l initial con­
tact resistance and a 10,000 in-out­
cycle min lifetime rating. Each 
breadboard features four multipur­
pose binding posts. $16.95 to $59.95. 

Chenesko Products Inc, 21 

-~ b~ 
KYCON 

Uncompromising quality. Ready ava ilabili ty. Versatile component 
choices. Consistently competitive prices. The KYCON product 
line includes: • Custom molded cables • D-sub connectors• Dual­
port D-subs • IDC connectors • M ini-D in connectors • M in iature 
ri bbon connectors• Mini and micro shunts• Modular jack 
connectors• PLCCs 

KYCON Cable & Connector, Inc. 1887 O'Toole Ave. , C103 San Jose, CA 95131 
(408) 435-1 11 0 Outside CA: (800) 544-6941 FAX: (408) 435-1149 

Maple St, Centereach, NY 11720. 1-----------------"'-'-'--'-'='---'-"~~-----------

Phone (516) 736-7977. 
Circle No 684 

HFBR-X400 fiber-optic transmitter 
and receiver modules mate directly 
with both AT&T's ST connector and 
with bayonet-style connectors from 
various manufacturers. You can use 
them in computer-communication 
channels, industrial systems, and 
data-communication links of 3 km or 
less. The modules interface with 
62.5/125-, 50/125-, and 100/140-µm 
multimode fibers. 

The module line includes the 
HFBR-1412, a standard transmit­
ter; the HFBR-1414, a high-power 
transmitter; the HFBR-2412, a 5M-

EDN July 7, 1988 

Design printed circuit 
boards to the size you need! 
Amlan's adjustable 19" card racks 
combine circuit board size flexibility with 
high quality and a handsome appearance. 

Four standard card rack sizes accommodate PCB heights from 1 3/8" 
to 9 13/16". Each card rack accepts board depths from 3 1 /2" to 7 9/32". 

Fabricated with high strength, clear anodized extruded aluminum and 
zinc plated steel parts, these rugged card racks offer vibration resistance 
and ease of assembly. Accessories include aluminum front panels. 

Call today for data sheet and prices. 

High quality products 
at competitive prices. 

97 Thornwood Road 
Stamford, CT 06903 

~[i1)@0 TEL: (203) 322-1913 
FAX: (203) 322-7648 

CIRCLE NO 156 
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baud receiver; and the HFBR-2414, 
a 25-MHz analog receiver. 

Modules, $12.50 to $23 (1000); kit 
(HFBR-0410), $49.95. 

The transmitters and receivers 
come in autoinsertable and wave­
solderable DIPs. When operating at 
40°C, the units feature an MTBF in 
excess of 5 million hours. To ease the 

Hewlett-Packard Co, 1820 Em­
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 

Circle No 685 

evaluation process, you can order a 
kit containing a transmitter, receiv- PROTOTYPE PANEL 
er, and 3m of connectorized cable. The 8136-VME940-03D is a 

242 

The Switch 
Is On .... 
FILM MICROELECTRONICS announces its 
new 1 AMP high voltage DC Switching Hybrid which 
incorporates short-circuit protection and 
optical isolation. ~ 

This new device meets the ""'-, 
requirements of MIL-R-28750 and ~ 
is manufactured in accordance y 
with MIL-STD-883C. Plus, we ~ " 
designed it to be pin-for-pin 
compatible with Teledyne Solid __,, 
State's part numbers M90FS or 
690. ~ 

Film Microelectronics is proud to 
offer this quality solid state 
switching device to you. If you 'd 
like to discuss the details, or have 

_,/"' 

us develop a custom device to suit your 
special requirements .... 

Call Us Today! 

Now 1772 Certified! 

6 FILM 
MICROELECTRONICS 
A Division of Avnet Microtechnologies, Inc. 
An Avnet Company 

108 Centennial Drive• Peabody, MA 01960 
Tel : (617) 531 -8901 •TELEX 94-0461 ·FAX (617) 596-7954 

CIRCLE NO 157 

9U x 400-mm wire-wrappable panel 
for use in VME Bus applications. It 
features 4-layer construction-two 
ground planes and two V c<' planes­
that maximize power distribution. 
Integral surface-mounted decou­
pling capacitors increase distributed 
capacitance and decrease overall im­
pedance, making the panel compati­
ble with high-speed logic devices. 
The panel accommodates as many as 
595 16-pin DIPs when you also use 
the PGA (pin grid array) areas for 
the ICs. The PGA areas withstand 
the high power dissipation that is 
typical of devices in PGA packages. 
$1583. 

Augat Inc, Box 1037, Attleboro, 
MA 02703. Phone (617) 222-2202. 
TWX 710-391-0644. 

Circle No 686 

SOCKET 
The PLCC-068 socket accepts 
68-pin PLCC (plastic leaded chip 
carrier) devices. The socket is 
JEDEC-qualified for type-A carri­
ers and features an 8x8-position 
contact array that places contacts 
on 0.050-in. centers. Its glass-filled 
polyphenylene sulfide insulator car­
ries a 94V-O UL rating, and its 
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New Depths of 
Design Potential in 
Miniature Eyelet 
Parts Production 

• UTI 

UTITEC1 Inc. 
169 Callender Rd ., Watertown, CT 06795 • 203/945-0601 
In Europe: UTI U.K. 983-404049 • Telex: 869441 UTIUK G 

EDN July 7, 1988 

As technology advances in outer space and undersea, 
you will need resources to supply parts and components 
that fulfill the promise of high technology in design, 
materials, quality and cost efficiency. Utitec knows this. 
That's why it applies all the tools of Manufacturing 
Resources Planning (MRP) and Statistical Process Con­
trol (SPC) to the development and production of minia­
ture, deep-drawn tubular parts. 

Parts are fabricated to exacting tolerances and avail­
able in over 40 alloys. Lengths up to 2.5" and outside 
diameters as small as 0.020" can be achieved in length-to­
diameter ratios in excess of 40 to 1. Utitec 's expert 
assembly facility is also available to give you 100% 
assurance from start to finish . 

Explore your potentials with Utitec. Phone toll-free at 
1-800-321-6285. 
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preloaded, stamped-and-formed, 
copper-alloy contacts have a tin-lead 
plating. The socket features a com­
pact low-profile design and perfo­
rated construction to ease board 
cleaning. The socket's design lets 
you probe the chip-carrier pins in 
the circuit. The socket operates over 
-65 to + 125°C. $3 (100). Delivery, 
stock to eight weeks ARO. 

Precicontact Inc, Box 798, 
Langhorne, PA 19047. Phone (215) 
757-1202. 

Circle No 687 

SOCKET SYSTEM 
The CHG wire-mount socket sys­
tem is designed for signal-transmis­
sion and logic-power applications re-

---------------------------~ quiring current ratings between 1 
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PCB PROTOTYPES 

Under One Roof 

Now you can have speed, quality and a total premium service­
under one roof. 

Sun Circuits specializes in prototype printed circuit board fabri­
cation and pilot runs. We're efficient and we're fast. From photoplotting 
to panelization, fabrication, hot air 1-evelling and electrical test, 
Sun Circuits has it all in-house. 

The next time you face a critical deadline or just want it now, call the 
experts at Sun Circuits, toll free, 800-PCB RUSH. 

----

5191 Lafayette Street· Santa Clara, CA 95054 · (408) 727-7784 
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and 3A. Two contact options accom­
modate 22/24 or 26/28 AWG dis­
crete-wire or prenotched ribbon 
cable on a 0.1-in. grid spacing. 

You can select 1- and 2-row sock-
ets containing from 2 to 40 or 4 to 80 
contacts without polarization or 
with center-bump polarization. The 
2-row military and DIN versions 
contain from 10 to 80 contacts and 
are available with or without the 
center bump. The contact plating 
includes a choice of 0.1-µin. tin-lead 
(entire contact) or 10 or 30 µin. of 
gold over 50 µin. of nickel. $0.96 
(1000) for a 1-row, IO-position socket 
with 30 µin. of gold plating and no 
center bump. 

3M, Dept EP7-99, Box 2963, Aus­
tin, TX 78769. Phone (512) 834-
1800. 

Circle No 688 

CARD FRAMES 
HD167 card frames meet MIL-STD-
167 and the IEEE mechanical speci­
fication draft PllOl. The units are 
constructed of %-in. aluminum plate 
and extrusions, which are conduc­
tively finished. Their features in­
clude positive locking bars for card 
guides, which prevent rollover; con­
ductive and nonconductive spacers 
for use in mounting backplanes; and 
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beryllium-copper ground clips to se­
lectively control EMI/RFI emis­
sions on daughter boards. The card 
frames are available in five standard 
sizes to suit buses such as the VME 
Bus, Multibus II, G-64, and 
Futurebus. The card guides can ac­
cept either VIG- or %2-in.-thick pc 
boards with 15%-in. depths. From 
$75. 

Bice-Vero Electronics, 1000 
Sherman Ave, Hamden, CT 06514. 
Phone (203) 288-8001. 

Circle No 689 

The units feature liquid crystal 
polymer housings rated for continu­
ous operation at 200 °C. You can 
obtain them with three types of 
contacts: beryllium copper rated to 
200°C, beryllium copper rated to 

improve heat exchange. Their inser­
tion life specs at 5000 cycles min. 
From $8, depending on model and 
quantity. 

Mark Eyelet Inc, 63 Wakelee Rd, 
Wolcott, CT 06716. Phone (203) 
756-8847. TWX 510-600-7291. 

Circle No 691 

~~o1~~~~~d phosphor bronze rated CONNECTORS 

The contacts feature nickel-boron Mini-Edge pc-board connectors 
platings. The sockets have metal- have 0.35-in. profiles and 0.050-in. 
locking frames that reduce insertion center-to-center pin spacings. Each 
forces, and positive ejection systems of the connectors features 26-con­
that facilitate manual or automatic tacts arranged in two 13-posit ion 

COAXIAL CABLE loading and unloading and that also rows and gold-over-nickel plating on 
This subminiature ribbon coaxial ~--------------------Te_x_t continued on pg 
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cable is highly flexible. You can fold 
the cable upon itself, bundle it in 
rectangular or round sections, or 
group it with other cable for rout­
ing. 

To terminate each signal set, you 
secure the signal conductor and 
companion drain wire to the appro­
priate connector terminals. The 
vendor can provide custom-de­
signed multilayer paddle cards or pc 
boards to eliminate impedance mis­
match. You can order the cable in 
varying lengths, with six to 64 sig­
nal conductors, single or dual drain 
wires, and impedances of 50 to 
130.fl. $1.25/ft (100 ft) . 

Woven Electronics, Box 667850, 
Charlotte, NC 28266. Phone (803) 
963-5131. 

Circle No 690 

BURN-IN SOCKETS 
These low-insertion-force, burn-in 
sockets come in 20- to 68-position 
versions. They accept square, plas­
tic chip carriers with J leads on 
0.05-in. centers. 
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Introducing Radstone Technology, a new 
name with more computer experience 

than any company in the business. 

I f you've been foll?wing ~e ~ommercial or military 
microcomputer mdustnes 111 recent years, you 

know that the hot company has been Plessey Micro­
systems. In YME, for example, we soared from entry 
level to Number 3 worldwide in just a few short years. 

As the management team of Plessey Microsystems, 
we saw an opportunity to go even higher. Our product 
development and technical support progran1s were 
clearly the class of the industry. But still we weren't 
satisfied. So, we decided to position the company 
even better to meet the needs of the commercial and 
military markets we serve. To do this, we bought the 
company from our corporate parent, Plesse)c 

Abrandnew, 
30-year-old company 

Meet Radstone Technology. A 
new name, yes. But a solid, 
well established and fully 
resourced company with 
more board level and com­
puter system expertise than 
any company in the OEM 
microcomputer market. 

Our firsts in the computer industry 
span a 30-year history of breakthroughs­
from developments in core, bubble and 
semiconductor memory technologies to the 
world's first 68030-based VMEbus pro­
cessor board and the world's first and still 
only true mil spec VME product line. 

Today, Radstone Technology means business as 
usual, only better. We've intensified our product . 
development efforts to further accelerate our growmg 
lead in the introduction of advanced products that 
match market needs precisely. 

UK Water Lane, Towcester, Nord1ants, NN12 7JN, (0327) 50312 
USA One Blue Hill Plaza, Pearl River, New York 10965, (~14) 735-4661 
France 6 avenue des Andes, " Le Miniparc", 91940 Les Ults, ( 1) 64.46.04.03 
Germany Bahnhofstra~e 38, 6090 Ri.isselsheim, (061 42) 6 80 04 
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Solid System Solutions 

Radstone Technology is built on a philosophy that 
addresses board level hardware, software and systems 
solutions. We combine the solid technical and market­
ing bedrock of a 30-year industry veteran with the flex­
ibility, innovation and responsiveness of a brand new 
company. A perfect blend: the wisdom and experience 
of age, the enthusiasm and agility of youth. 

For those of you used to dealing with us as Plessey 
Microsystems, look for an increase in the excellence 
you've become accustomed to. For those of you yet to 
take advantage of our proven problem solving 
strengths, prepare to be impressed. 

As for our relationship with our former parent, 
Radstone Technology will continue to be a valued 

supplier of board and system level products to 
Plessey's vast telecommunications and 
defense efforts. We'll also participate in a 
continuing technology transfer with Plessey 
through a cross-licensing arrangement. 
We couldn't ask for a better partner or 
customer...nor they for a better supplier. 

The best is getting even better 

Radstone Technology. System solutions 
through a constantly expanding range of 

YMEbus processor, controller, 1/0 
and memory boards, soft­
ware and development 
systems; full mil spec or 

. . 
ruggedized VMEbus and Mul­

tibus boards, software and packaged 
systems; and bubble memory systems. 

For the full story and what it means to you, call or 
write Radstone Technology. The best is yet to come. 

RADSTONE 
TECHNOLOGY 

Svstem solutions supported worldwide 
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Hardware and Interconnect Devices 

the card-edge contact areas; the in­
dividually replaceable beryllium­
copper contacts apply continuous 
normal force to 0.022-in. plated­
through holes and are arranged in 
pairs to accommodate double-sided 
pc boards. 

The connectors' 94V-0-rated poly­
ester housings resists the high tem­
peratures of flow soldering. Their 
molded-in standoffs facilitate clean­
ing processes. $5.83 (1000). Deliv­
ery, four to six weeks ARO. 

Amp Inc, Box 3608, Harrisburg, 
PA 17105. Phone (717) 564-0100. 

Circle No 693 

FLAT CABLE 
In addition to providing high imped­
ance and low capacitance, the 3751 
PVC flat cable offers full shielding. 
It's designed for applications involv­
ing certain DEC Q Bus- and Unibus­
compatible peripherals. 

The cable helps you comply with 

FCC regulations for EMI/ESD pro­
tection; it features a full 360° wrap 
of extended copper shield. Dielec­
tric PVC material, located above 
and below the cable inside the 
shield, maintains precise shield-ca­
ble spacing, thus providing the 
high-impedance and low-capacitance 
values. 

The cable is available with 26, 40, 
and 50 28 AWG conductors on a 
0.05-in. center pitch . The imped­
ance measures 900 with connectors 
in ground-signal-ground configura­
tion and 1150 in the signal-to­
ground shield configuration. The ca­
pacitance specs at 17.4 pF /ft . 

ofaGJJISlat• mlOUl'IMtl 

$3.20/ft (1000 ft) for 40-conductor 
cable. 

3M, Box 2963, Austin, TX 78769. 
Phone (512) 834-1800. 

Circle No 692 

CONNECTORS 
These Amplimite 15-position sub­
miniature D connectors feature pre­
assembled slide latches and locking 

-, 
and lnsertable bar nuts to make It easy 
for you to finish your chassis installation 
in any standard 19" cabinet Thin design, 
low profile, as well as smooth ball­
bearing action and quick disconnect 
features are pleasant alternatives to the 
cumbersome slip-stick friction slides 
now in use. Get complete information 
on this versatile 75-lb. capacity slide 
series for your own cabinet ... and 
they're off the shelf! 

Jonathan's extensive line of aluminum slides are 
Industry standards In military and aerospace 
application - with load ratings to 800 Iba. 

Jonathan Manufacturing Corporation• 1101 So. Acacia Ave., Fullertol\ CA 92634 • (714) 526-4651 •TWX: 910-592·1241 
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Hardware and Interconnect Devices 
posts that save valuable installation 
time and effort. Compatible with 
the IEEE-802 standard for LAN 
interfaces, these tin-plated, metal­
shell plug and receptacle connectors 
offer a lifetime spec of 500 mating/ 
unmating cycles. The plug shells 
feature grounding indents for EMii 
RFI compatibility. Slide-latch ver­
sion, $2.30; locking-post model, 

$1.44 (1000). Delivery, stock to six 
weeks ARO. 

AMP Inc, Box 3608, Harrisburg, 
PA 17105. Phone (717) 564-0100. 

Circle No 694 

BACKPLANE 
This 12-slot, 9U backplane meets all 
specifications for any Sunbus mod-
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CIRCLE NO 164 

els that require such a configura­
tion. Based on transmission-line 
technology, the backplane is me­
chanically compatible with both 
VME and Sun card cages. It dupli­
cates the Sun backplane and in­
cludes the signal busing necessary 
to implement the Sun proprietary 
P2 bus. The 5-layer combination mi­
crostrip/stripline design provides 
high-performance operation to 40 
MHz. Bus bars facilitate the power 
hookup and disconnection. $1275. 

Dawn VME Products, 47073 
Warm Springs Blvd, Fremont, CA 
94539. Phone (415) 657-4444. 

Circle No 697 

PROTOTYPING BOARD 
The MD12BRD 4-layer universal 
prototyping board provides an easy 
way to evaluate high-speed GaAs 
logic devices. The board, which has 
nine sites for 16-pin flatpack !Cs and 
three sites for 20-pin flatpack ICs, 
offers easy access to power-supply 
and RF interconnections. It is suit­
able for applications reaching im­
pedance levels as high as 50fl and 
clock speeds as high as 5 GHz. The 
unit comes with application and as­
sembly information, as well as a list 
of recommended capacitors, termi­
nation resistors, heat sinks, and RF 
interconnections. $100. 

California Eastern Laboratories 
Inc, 3260 Jay St, Santa Clara, CA 
95054. Phone (408) 988-3500. 

Circle No 696 
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ELECTRIFYING SOLUTIONS! 

130 to 4000 Watts SE LV Magnetics · 2 to 48 Volts · Made in USA · Rugged Packaging · Fully Regulated · Up to 400 Amps 

Thermal Protection · Short Circuit Proof · 50 Degree C Power Rating · 3750 VRMS 1/0 Isolation · Optimum Price/Performance 

3601 VETERANS HIGHWAY 
RON KON KOMA, NEW YORK 11779 
TEL. 516/981-7231 SWITCHING 

POWER INC TWX 5102201528 Ct/// or write fjJr 011r free Ctlta/og-
130 to 4000 watts. 

CIRCLE NO 185 

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. 

EDN 
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First in Readership among Design Engineers and 
Engineering Managers in Electronics. 
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SOFTWARE 

Integrated tool sets 
simplify software 
cross-development 

The prevalence of various types of work­
stations has not only automated some 
software-development tasks-it's also 
created a need for sophisticated cross­
development tools. Using these pack­
ages, you can now write software more 
easily and efficiently for embedded sys­
tems or for structurally dissimilar µPs. 

Chris Terry, Associate Editor 
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Three trends in the computer industry have made 
good cross-development software tools a necessi­
ty rather than a luxury: First, software develop­

ers are now using powerful yet relatively inexpensive 
workstations, with graphics and computational capabil­
ities undreamed of only a short time ago, in large 
numbers. Second, disparate architectures for work­
stations and other processors are increasing. Third, the 
use of embedded microprocessor systems is growing 
rapidly within application areas such as laboratory 
instruments, domestic appliances, and process-control 
systems of all kinds. From these concurrent trends has 
arisen a strong demand for tightly integrated tool sets 
that provide all of the facilities necessary for generat­
ing, testing, debugging, and integrating software that 
will run on some specific target system, which is quite 
different frpm your development machine. 

Early tools were makeshift 
The idea of using the resources and speed of a large 

computer to develop software that can run on a machine 
that lacks development tools is by no means new-some 
cross-development tools appeared as early as 1970. But 
at that time, cross-assemblers were scarce, and symbol-
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A graphics editor for simplifying microcode development (Trimeter Technologies Corp) 

ic debuggers were nonexistent. As for cross-compilers, 
programmers often defined them as "compilers that are 
guaranteed to make their users cross." 

In those early days, the need for cross-development 
tools was felt only at a relatively few large installations. 
Dun & Bradstreet, for example, had IBM mainframes 
at their central database installation and Quotron 16-bit 
minicomputers at their 75 field offices. Because these 
minicomputers had only a rather primitive assembler 
and lacked any high-level-language (HLL) tools, Dun & 
Bradstreet was forced to commission a Fortran cross­
assembler, and later a Fortran cross-compiler, so that it 
could use mainframe resources to develop new applica­
tion programs for its minicomputers within a reason­
able time. Those tools did work, but they were slow and 
awkward to use. 

Modern cross-development tools differ from their 
precursors in several ways. Intensive, long-term stud­
ies of translator principles have yielded algorithms for 
very sophisticated parsing and efficient code genera­
tion. In addition, you can now choose to optimize the 
code either for speed or for the most effective use of 
limited memory (there's usually a tradeoff between 
those two goals). Furthermore, if you're designing 
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software for embedded systems, you can find compilers 
that can generate ROMable code for embedded sys­
tems. Finally, tightly integrated, retargetable tool sets 
are replacing single-purpose compilers for cross-devel­
opment. 

Single-purpose compilers and cross-compilers are 
limited to one language and one target machine. They 
generate either native machine code for the target or 
assembly-language source code. If you obtain the lat­
ter, you use a cross-assembler to assemble it into 
relocatable object code. You can then link that object 
code with routines from the library that the vendor 
generally supplies with a compiler. In either case, the 
compiler produces code for only one kind of target 
processor. Moreover, each compiler vendor tends to use 
a proprietary set of directives and switches for optimiz­
ing code, handling errors, and listing features. So if you 
change compilers, you have to learn a new set of rules 
for using them. 

Cross-compilers translate HLLs 
Any of the new tool sets can provide all the software­

development facilities you need for a number of differ­
ent target processors. The compiler for a given Ian-
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Finally, tightly integrated, retargetable 
tool sets are replacing single-purpose 
compilers for cross-development. 

A typical cross-debu.qger with multiple windows (Appl ied Micro­
systems Corp) 

guage usually consists of a front end that translates 
HLL source code into a processor-independent inter­
mediate language, optimizes the code, and generates a 
symbol table. A symbolic debugger can then use this 
table to display HLL source code while executing the 
corresponding machine code. 

Modular structure makes compilers retargetable 
The addition of a common intermediate language has 

several important advantages. For any given HLL front 
end, the vendor can provide a number of hardware­
specific, back-end modules that translate the intermedi­
ate language into the native machine languages of 
different target machines. Conversely, for any given 
target, the vendor can match the back-end module to 
compatible front-end compiler modules for different 
high-level languages. Thus, a tool set can support 
multiple languages and multiple target types, merely 
by matching the appropriate front-end and back-end 
modules. The process is simple, economical, and ex­
pandable. 

What's more, you can easily call routines written in 
assembly language from any point in the HLL code. 
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Although modern compilers generate faster code than 
their predecessors, you may still need to write the most 
time-sensitive routines in assembly language to obtain 
maximum execution speed-especially for real-time em­
bedded systems. 

From the user's point of view, the biggest ad vantage 
is that the human interface, including all directives and 
switches, is constant no matter how many different 
HLLs and target machines you work with. In this way, 
integrated tool sets can streamline the schedule for any 
large software project significantly and thus cut costs. 

C and Ada prevail 
You can find cross-development tools for a variety of 

programming languages, including C, Pascal, Ada, 
Forth, Modula-2, PL/M, and others, but the predomi­
nant languages are C, for commercial products, and 
Ada, which is mandatory for all projects related to the 
US government. C has become popular because it 
provides good low-level access to the hardware. Unlike 
Basic and Pascal, it hasn't fragmented into numerous 
dialects. Also many programmers learn to work in C on 
a Unix machine in college. Whether C is the ideal 
language for embedded systems is questionable (you 
could start a riot by even suggesting such a heresy to 
Forth, Pascal, or Modula-2 proponents), but it is widely 
accepted , relatively standard, and conditionally porta­
ble . Consequently , commercial tool-set vendors who 
don't wish to support multiple HLLs generally 
choose C. 

The Intertools series from Intermetrics exemplifies 
highly integrated cross-development tool sets. It con­
tains a retargetable cross-compiler for C, or Pascal; a 
run-time library and a librarian for managing program 
libraries; a linker; a locater that closely controls how 
and where data and code are placed in the target 
machine's memory; a ROM processor that automates 
the downloading of initial data values from ROM to the 
target's RAM when the program starts executing in the 
target system; and a source-level debugger that can 
operate in conjunction with a variety of in-circuit 
emulators. Ancillary tools include a cross-assembler for 
the target machine, and a formatter for downloading 
code to the emulator or target. The formats provided 
include Intel hex, Motorola S-records, and other indus­
try standards. 

Intertools is available for VAX/VMS and VAX/ 
Ultrixc computers; Hewlett-Packard , Sun, and Apollo 
workstations; and IBM PCs and compatibles. Its target 
machines include the Intel 8086/186/286 family; Motoro-
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Simulation Implementation 

The major steps i11 the cross-developme11t process ( Integrated 
Syste111 N 1 nc) 

la's 6800, 6809, and 68000 families; Zilog's Z80; NEC's 
V60 and V70; and a variety of 8-bit microcontrollers. 
The company recently added AMD's 29000 RISC pro­
cessor to its target list. Compiler prices range from 
$1000 for a PC host to $7000 for a VAX 8800 host; the 
corresponding debuggers range from $1500 to $8500. 

Intermetrics also sells Ada tools that include a real­
time compiler; it runs on IBM mainframes under MVS 
or VM/CMS. An Ada cross-compiler is also available 
and runs on VAX machines and generates code for 
MIL-STD-1750A processors. 

Some tool sets generate microcode 
If you want to develop systems based on bit-slice or 

other processors for which you have to write the 
microcode, you have a choice of integrated tool sets too. 
Step Engineering sells the Metastep Microprogram 
Language System for $3000. This tool set lets you 
define the microcode you'll use, and develop micropro­
grams on an IBM PC/ AT or compatible. To test the 
software, you also need MicroStep ($3695), which in­
cludes a plug-in interface card, one or more ROM/ 
PROM/RAM pods, and a debug and control package. 
The system supports 25-nsec Writable Control Store 
memories as large as 4k words deep and 128 bits wide. 

Another set, the Microcode Assistant from Trimeter 
Technologies Corp, runs on Apollo workstations and 
lets you create microword formats graphically, con­
struct complete microprograms using these formats, 
and then interactively validate their operation. The 
package has four parts: Using the format editor, you 
can customize the whole tool set for a specific hardware 
architecture. With its microprogram editor, you can 
create and manipulate microcode at the word, block, or 
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macro level. Its mapping format editor maps, with 
bit-mapped graphics, whatever is the most convenient 
logical format into the physical format required by the 
hardware. You can use its multiwindowed simulator to 
interactively test, debug, and simulate your micropro­
grams. The complete package costs $16,100. 

Debugging approaches vary 
For embedded systems, you face the compounded 

problem of trying to write software for still unfinished 
hardware, whose characteristics are not fully tested. 
Therefore regardless of what precautions you take to 
prevent errors in those situations, eventually you must 
marry the software to the hardware and then thorough­
ly test and debug it. An in-circuit emulator is essential 
for running the software and monitoring its perfor­
mance. Usually a high-speed RS-232C serial line (some­
times a parallel data line) links the emulator to the host 
development system. This link allows the debugger, 
running on the host, to pass commands to the emulator 
and to receive from it reports on all aspects of the 
performance. 

There are two schools of thought on how best to 
accomplish the integration of the hardware and soft­
ware. The traditional approach is to supply the design 
requirements both to the hardware designers and the 
software designers and to allow them to work more or 
less independently until the integration phase of the 
project. At that stage the cross-debugger and in-circuit 
emulator provide the first indications of how successful­
ly the two groups have met the design requirements. 

Given two good teams, whose members communicate 
with each other throughout the development stages, 
this approach can work well. If communication in the 
early stages is inadequate, however, the integration 
phase may reveal bugs and incompatibilities that can be 
difficult and expensive to correct. The increasing use of 
CAE and CASE tools is helping both to bring hardware 
and software groups together at an earlier stage, and to 
reduce the time needed to correct any operational 
problems that arise, but t hese tools are only just 
beginning to generate trustworthy code automatically. 

Simulation helps software design, too. 
As hardware costs drop and the computing power and 

speed of workstations increase, simulators are becom­
ing more and more valuable. Hardware designers, 
particularly IC designers, have been using simulators 
for several years. These products can simulate very 
precisely on a computer the operation of a proposed 
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Any of the new tool sets provides all 
software-development fac ilities you need 
for a number of different target pro­
cessors. 

logic design and so detect timing errors and unforeseen 
interactions between logic elements, long before the 
designer is committed to hardware (or silicon). 

Recently, several vendors of software development 
tools have introduced simulators that can execute the 
instruction set for a target machine entirely in software 
on the host computer . Thus you can exercise and debug 
your software at speeds close to real time, and discover 
potential problems long before the target hardware is 
operational. In addition, because you can test a soft­
ware module as soon as it's complete , you can alert the 
hardware designer s to any problems you find. The 
simulator won't eliminate the need for the final integra-

For more information . . . 

tion phase in which you use an emulator and the actual 
hardware, but it can help coordinate the hardware and 
software aspects of designing into a more smoothly 
running process. 

Applied Microsystems offers Validate/Xel, a source­
level cross-debugger and simulator package that sup­
ports target systems based on Motorola's 68000 micro­
processor family. The cross-debugger works with the 
vendor's ES 1800 series of 16- and 32-bit emulators. The 
simulator runs compiled code and provides the same 
debugging facilities as the cross-debugger. Thus you 
have the opportunity to use the newer methods while 
development is underway but to revert to traditional 

For more information on the cross-development tools discussed in this article , contact the following manufacture1·s 
directly, or circle the appropriate numbers on the Information Retrieval Service card, or use EDN's E xpress 
Request service. 
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Applied Microsystems Corp 
Rox 97002 
Redmond. WA 9807:1 
(20(i) X82-2000 
Circle No :lli5 

I ntegratcd Systems Inc 
2!>00 Mission College r.I vd 
Santa Clara. CA !JGO!YI 
(40X) !JH0-1500 
TLX r,r,rnm 
Circle No :J(ifi 

Intermetrics Inc 
7:):{ Concorcl Aw 
CambriclgP, MA 02 1:{1-i 
((i 11J r, w-::21m 
Circle No :lfi7 

Step Engineering 
Box :: )(iii 
Sunnyvale, ('A !J40X8 
( 401-1) ?:{:)-78:l7 
Circle No ~fiH 

Trimcter Technolog ies Corp 
200 Hightrl\\'l'r Hlvcl , Suite 100 
Pi ttsburgh. l'A 1!>205 
(4 12) 787-Xti::O 
Circle No :l(i!J 

In addition, EDN has 
identified the following 
companies as suppliers of 
cross-development tools: 

Archimedes Software 
2159 Union St 
San F'ranci,co, CA 94 12H 
(4 15) 5!i7-4010 
Circle No :1111 

A\'Ocet Systems Inc 
Box 4!JO 
Rock port. ME 048!i(i 
(207) 2: :ti- !JO!,~, 

Circle No :m 

First Systems Corp 
K!i!> Manhalla n Reach Rl vd 
Manhatta n Reach. CA ~102fili 
(2 1:l) :;.J().!j!,KI 
Circle No :;n 

Harri s l'oqJ 
Semiconclu C'(or Sector 
Box~~:; 

Melbourrw. l·' L ::2!!01 
(::o;;) 72,1-1xoo 
Circle No :n:: 

Hewlett -l'acka rd 
1501 Page Mill Rd 
Palo A Ito, CA 94304 
Call local offi ce 
Ci rcl e No :374 

Hunter Systems 
444 Castro St 
Mountain View, CA 94041 
(4 15) 965-2400 
Circ le No 375 

Insignia Solutions Inc 
1255 Post St, Suite 625 
San Francisco. CA 94109 
(415) 771 -7001 
Circle No 376 

Intel Sc ientific Computers 
15201 G1·eenbriar Pkwy 
Beaverton , OR 97006 
(503) 629-7631 
Circle No 377 

Micro Focus 
2465 E Bayshore Rd 
Palo Alto, CA 94303 
(4 15) 856-4 161 
Ci rcle No 378 

Microtec Research 
Box ()0337 
Sunnyvale, CA 94086 
(408) 73;~-29 1 9 

Circle No 379 

National Semiconductor Corp 
Box 58090 
Santa Clara . CA 95052 
(408) 749-7432 
Circle No 380 

Oasys 
230 Second Ave 
Waltham, MA 02154 
(617) 890-7889 
Circle No :JS I 

Oregon Software 
691 5 SW Macadam Ave 
Portland, OR 97219 
(503) 245-2202 
Circle No 382 

Quantitative Technology Corp 
8700 SW Creekside Pl 
Beaverton, OR 97005 
( 503) 626-;{08 l 
Circle No 383 

Ready Systems 
Box 61029 
Palo Alto, CA 94306 
(4 15) 326-2950 
Circle o 384 

Sierra Systems 
6728 Evergreen Ave 
Oakland, CA 94611 
(4 15) 339-8200 
Circle No 385 

SoITech Inc 
460 Totten Pond Rd 
Waltham, MA 02254 
(GI 7) 890-6900 
Ci rcle No 381; 

Sy mbolics Inc 
11 Cambridge Center 
Cambridge, MA 02 142 
((il 7) 621-7500 
Circle No 387 

Telesofl 
l 0639 Roselle St 
San Diego, CA 92121 
(619) 457-2700 
Circle No 388 

Unisofl Corp 
739 Allston Way 
Berkeley, CA 94 710 
(4 15) 644-1230 
Ci rcle No 389 

Whitesmiths Ltd 
59 Power Rd 
We$tford , MA 01 886 
(6 17) 692-7800 
Circle 'fo 390 
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methods for the final check. The package is intended for 
use with Microtec Research's MCC68K C cross-compil­
er. Prices range from $5000 for an IBM PC or compati­
ble host, to $18,000 for a VAX/VMS host. 

. Simulator acts as real-time embedded system 
Integrated Systems Inc offers a simulation tool that 

is available separately but is a part of a complete CASE 
system called Autocode. The system is a complete set of 
design tools for real-time embedded systems, one of 
which is a module called the Graphical Programming 
Environment, and the others are a simulator and an 
automatic code generator. The simulator imitates not 
only the proposed hardware/software target system, 
but also the peripheral signals the system responds to 
and controls. The automatic code generator accepts 
input from the database of the graphical programming 
environment, and generates optimized, real-time 
source code in C, Ada, or Fortran. The source code is 
ready for compilation or cross-compilation with stand­
ard tools. Prices start at $10,000 for each code genera­
tor, $19,000 for the graphical programming and simula­
tion tools, and $29,000 for the complete package. 

Richard C. Jensen, vice president of Product Devel­
opment at Applied Microsystems Corp, notes that CAE 
tools have given design engineers, manufacturing and 
test engineers, and personnel in auxiliary services, a 
common language that improves communication be­
tween departments considerably. He looks forward to a 
time when CAE and CASE tools will similarly lead to 
closer collaboration between the hardware and soft­
ware designers. Simulators can certainly play a signifi­
cant role in achieving that goal. EDN 
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Turn Good 
Ideas Into 

Good 
Articles 
With EDN's FREE 

Writer's Guide! 
Would you like to get paid for sharing 
your clever engineering ideas and 
methods with your professional col­
leagues? If so, then send for EDN's 
new FREE writer's guide and learn 
how. 

You don't need the skills and 
experience of a professional writer. 
And you don't need to know publishing 
jargon. All you do need are a little per­
severance, your engineering skills, and 
the ability to communicate your ideas 
clearly. 

Our new writer's guide takes the 
mystery and intimidation out of writ­
ing for a publication. It shows you 
how to write for EDN using skills you 
already have. Plus, it takes you step-by­
step through the editorial procedures 
necessary to turn your ideas into 
polished, professional articles. 

Get your FREE 
copy of EDN's 
writer's guide by 
circling number 
800 on the Infor­
mation Retrieval 
Service Card 
or by calling 
Sharon Gildea at 
(617) 964-3030. 
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because it's my job. But I buy 
the product because it's my career." 

WHAT YOU SHOULD KNOW ABOUT THE NEW PRODRIVE 

SERIFS™OF 31h-INCH HARD DISK DRIVES FROM QUANTUM. 

The numbers are the easy part. Either a product has them or 

it doesn't. 

But you can't build a system out of specs. 

You also need dedicated product-support people who will sit 

down and help you solve some tough engineering problems and put 

those specs to work 

Quantum is ready to deliver both. 

Our new Pro Drive Series of 3 V2-inch hard disk drives offers you the broadest range 

of capacities in the broadest range of interfaces in the industry 42 and 84 megabyte formatted 

with embedded SCSI interface right now. And later this year; up to 168 megabytes, in SCSI, 

ESDI, and AT-Bus. Ten new drives in all. 
With access times of 19 ms or less. 

With synchronous data transfers to the SCSI bus of 4 megabytes per second, and 

asynchronous data transfers of 2 megabytes per second. 

With an MTBF of 50,000 hours. 

And with DisCache~ Quantum's unique 64 kilobyte data-buffering scheme that 

can make our 19-ms intelligent drive perform like a 12-ms drive-or even fastet; depending 

on your application. 

But Quantum also offers you the people who can help you put those numbers to 

work in your own system. A dedicated team of engineering professionals who understand 

the particular needs of the systems designer-and can help meet those needs quickly, 

efficiently, cost-effectively. 

The new ProDrive Series. The specs you want. The support you need. 

That's what Quantum delivers. 

Quantum 
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INTRODUCING THE 
PRODRIVE SERIES 

• 3'fi -inchfom1factor 
• 42,84, 103, 120, 145, 

168 MBsfonnatted 

• SCSI, ESDI, AT-Bus 
• 19 ms or faster 

average access time 

• 64 KB buffer with 
exclusive DisCache'" 

• 50,000-hour MTBF 
• 42, 84 MB SCSI 

units in mass 
production now 

• 42, 84 MB AT-Bus 
units available early 
summer '88 

Qµantum Corporation 
1804 McCarthy Blvd. 
Milpitas, CA 95035 

ProDn"iie and DisCaclre are 
tmdenu1rks o/Qzumtum Corporation 
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SoftW"are 

Test-program generator with AI 
diagnoses populated circuit boards 
The DES (diagnostic expert system) 
employs artificial-intelligence tech­
niques to quickly generate debug­
ging routines for the firm's line of 
analog/digital test systems costing 
under $10,000. Test programs devel­
oped with DES prompt the operator 
to check nodes, tweak adjustments, 
and replace components in popu­
lated pc boards under test. 

Instead of using traditional step­
by-step programming, the test-pro­
gram generator learns to recognize 
fault conditions in your boards. You 
create a fault dictionary by either 
simulating failures in software or 
adding fault conditions to the dictio­
nary as they occur during normal 
testing. You expand the software's 
database of error patterns and their 
associated causes by simply typing 

in the cause of new errors as you 
encounter them. 

Using a graphics editor, you can 
manually enter analog and digital 
test vectors, reference data, and tol­
erance guard bands. Alternatively, 
the software can learn these param­
eters from the system under test by 

Unix utility converts 8086 code 
into executable 68020 code 
XDOS converts binary-code pro­
grams written for the IBM PC to 
binary images for Unix computers. 
This Unix utility program for 68020-
based computers includes a binary 
compiler that performs the code 
conversion and an emulator for 
MS-DOS. It permits the end user to 
simultaneously execute multiple, 
converted, IBM PC programs in 
Unix windows. 

In a two-stage conversion pro­
cess, XDOS converts MS-DOS pro­
grams without modifying them. 
First, the binary compiler analyzes 
instruction flow and generates a 
proprietary, intermediate data for­
mat. Then, the optimizing compiler 
generates executable code for the 
target system. 

After the compiler has performed 
the conversion, the end user can 
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XDOS COMPILER 

directly execute the program on the 
Unix system, because the XDOS 
utility maps MS-DOS, MS-DOS 
BIOS, and hardware system calls to 
Unix calls, and also manages calls 
that invoke MS-DOS data struc­
tures. 

Programs converted with XDOS 
are not affected by the MS-DOS 
limit of 32M-byte disk volumes and 
can therefore use the full Unix disk 
capacity. The programs can read 

analyzing a statistically valid sam­
ple of known-good boards. With 
proper format-conversion routines, 
the software can also accept test 
vectors from software circuit simu­
lators. 

The software can also capture a 
sequence of manually executed test 
steps, store the sequence as a 
macro, and then later execute the 
macro automatically. DES costs 
$1985, and test systems start at 
$6669. A DES demo disk is free. 

Array Analysis Inc, 200 
Langmuir Lab, Brown Rd, Ithaca, 
NY 14850. Phone (607) 257-6800; in 
NY, (800) 451-8514. 

Circle No 444 

and write Unix files because the 
package maps the MS-DO'S files 
onto Unix files. XDOS also provides 
a Unix utility that reads MS-DOS 
files. End-user pricing ranges from 
$425 to $2000, depending on the 
number of users the Unix system 
supports. 

Hunter Systems, 444 Castro St, 
Mountain View, CA 94041. Phone 
(415) 965-2400. 
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SoftW"are 

PLD design software accepts designs 
as schematics, waveforms, or tables 
The 74150A PLD Design System 
software accepts PLD design speci­
fications as Boolean equations, sche­
matics, waveforms, and state-tran­
sition or truth tables. The software 
runs on the company's Model 9000 
Series 300 workstations. It takes 
your design, minimizes its equa­
tions, simulates its operation, 
checks for glitches, selects target 
PLDs, partitions the design to fit in 
one or more PLDs, and generates a 
PLD fuse map and test vectors. 

The software's waveform editor 
allows you to define a PLD using 
timing diagrams. For synchronous 
circuit design, you can create state­
transition diagrams (STDs) with a 
special STD editor that shows indi-

victual states as boxes linked with 
state-transition arrows and pop-up 
state-transition tables. 

The software accepts designs 
without regard to a target PLD. 
You can also ask the PLD Design 
System to select the most appropri­
ate device automatically from its 

PLD library, and you can specify 
vendor-type, inventory, or power­
consumption parameters. The PLD 
library contains devi~es from 
Altera, AMD, Intel, Lattice, Mono­
lithic Memories, NEC, Ricoh/ 
Panatech, Signetics, and VTI. 

The PLD Design System can ex­
change circuit and simulation data 
with the other software tools in the 
company's Electronic Design Sys­
tem for complete board-level design 
entry and simulation. The PLD De­
sign System costs $8000 to $14,500. 
Delivery is 12 weeks ARO. 

Hewlett-Packard Co, 1820 E m­
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 
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Real-time operating system runs at 
twice the speed of other systems 
According to its maker, the BSO/ 
Realtime Craft real-time operating 
system (RTOS) runs at least twice 
as fast as any other 16- or 32-bit 
RTOS. The system is written in 
assembly language for Intel 8086/ 
286 (286 real mode only), Motorola 
68000/20, and National Semiconduc­
tor 32000 µPs. Compiler interfaces 
are available for Intel C and Pascal, 
Microsoft C, Alsys Ada, and all of 
the manufacturer's compilers. 

Running on an 8-MHz 8086 or 
68000 µP, the system performs a 
complete context switch in 110 µsec; 
each of the system executive's 28 
primitives requires between 25 and 
60 µsec for execution. The applica­
tion program makes all operat-
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ing-system calls via software inter­
rupts. 

The system comprises four mod­
ules: the real-time executive, an in­
put-output supervisor, a file-man­
agement system, and a debugger. 
BSO/Realtime Craft comes burnt 
into a PROM. The executive, for 
example, occupies less than 3k bytes 
of PROM space. 

The input-output supervisor pro­
vides hooks for user-written device 
drivers and allows for dynamic allo­
cation of RTOS objects such as 
tasks, programs, semaphores, and 
mailboxes. It also manages the dy­
namic allocation of memory. Drivers 
for some common peripherals are 
available. Each real-time task can 

dynamically specify the size of its 
memory buffers. 

The file-management system 
works with the 110 supervisor to 
provide cached disk I/O, and it can 
read Unix files. The maker claims 
that you can always read your files 
even in the event of a system crash 
or after a power failure. BSO/ 
Realtime Craft costs $6300 to 
$16,000, depending on the number 
of modules licensed. 

Boston Systems Office Inc, 128 
Technology Ctr, Waltham, MA 
02254. Phone (617) 894-7800. TWX 
710-324-0760. FAX (617) 642-5762. 
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Software package merges Unix 
and real-time executives 
Based around the Unix System V 
operating system and Ready Sys­
tems' VRTX32 real-time executive, 
VXCEL provides an integrated en­
vironment for the development and 
supervision of real-time multipro­
cessor VME Bus applications. The 
package is compatible with the com­
pany's range of VME Bus boards, 
and allows both a processor running 
Unix and processors running real­
time applications to coexist on the 
same VME Bus backplane without 
compromising system performance. 
VXCHIP, a ROM-resident multi­
processor executive with built-in 
communications channels to the 
Unix host processor, accompanies 
each real-time processor. 

The Unix host environment al­
lows you to use a wide range of 
commercially available software 
tools for program generation. 
VXCEL's command interpreter, 
VXSHELL, then allows you to in­
teract with multiple target boards 
to download, debug, and execute 
your real-time program code. The 
debugger displays the VXCHIP 
status, as well as data structures 
such as queues, event flags, sema­
phores, and mailboxes that exist on 
each of the system's real-time pro­
cessors. 

In addition to providing a multi­
tasking executive, VXCHIP in­
cludes facilities for I/O manage­
ment, file management, distributed 
processing, Unix host communica­
tions, and integrated debugging. 
Local disk facilites include an MS­
DOS-compatible file system. 

A message-passing scheme, 
which uses a shared VME Bus mem­
ory architecture, supports distrib­
uted processing. This architecture 
allows task-to-task or task-to-group 
communications between proces­
sors. If system facilities are not di-

rectly available on one processor, 
you can access them by executing a 
remote procedure call to another 
processor. In addition, a name serv­
er allows you to make local or global 
objects visible to other processors in 
the system. License charges for 
VXCEL range from $6000 to 
$12,000, depending on the system 
configuration and the software mod­
ules. 

Plessey Microsystems Ltd, 
Water Lane, Towcester, Northants 
NN12 7JN, UK. Phone (0327) 
50312. TLX 31628. 
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Plessey Microsystems, 1 Blue 

Hill Plaza, Pearl River, NY 10955. 
Phone (914) 735-4661. TWX 710-
541-1512. 
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Flex OS™ 
Systems Software Solutions 

for Top to Bottom Integration 
Integrating Man and Machine .. 

--~~~~~~~~~-

TM 

Real-time . . . multitasking . . . networking ... graphics . . . protected file system 
FlexOS-a full-feature software platform from Digital Research® 

Real-time performance and raw computing power are 
only part of the mix needed to build integrated 
solutions. Managing data acquisition, alarm detection 
and annunciation, real-time trending, and on-line 
calculations requires a full-featured software platform 
that can quickly respond, dynamically process, securely 
store, and intelligently display data. 

FlexOS is a modular operating system with a full set of 
real-time process and device management features -
features that reduce your program development effort 
but don't get in your way when you need the 
performance. 

Asynchronous 1/0 with two-tiered interrupt 
management for the development of systems with 
predictable real-time response 

Fast multitasking kernel with pre-emptive, event­
driven dispatcher and priority scheduler for versatile 

process management 

ISO-model network interface with dynamic device 

mapping for application-transparent, peer-to-peer connectivity 

Multitasking graphics interface for easy-to-learn and -use 
control panels and displays 

Protected file access for secure distributed file systems 

Hardware independence for application portability across 
CPUs ... across busses ... across devices ... across networks 

Modular architecture for building-block flexibility and easy 
configuration 

Whether you're building a discrete data acquisition 
application or an integrated multiprocessor plant management 
system, the FlexOS product family gives you maximum 
flexibility with optimum performance. For more information 
on FlexOS™ 186, FlexOS™ 286, FlexOS™ 386, FlexNET™, 
and Multibus II™ Driver Pack call (800) 4434200 or write 

FlexOS Customer Service 
Digital Research Inc. 
Box DRI 
Monterey, CA 93942 

[j]] DIGITAL 
RESEARCH" 

FlexOS, the FlexOS logo and FlexNET are trademarks and Digital Research and the Digital Research logo are registered trademarks of Digital Research Inc. Integrating Man and Machine is a 
service mark of Digital Research Inc. Other product names are trademarks or registered trademarks of their respective owners. Copyright © I 988, Digital Research Inc. All rights reserved. 
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SIMULATOR 
The Libra harmonic-balance simula­
tion program combines linear analy­
sis in the frequency domain with 
time-domain analysis of nonlinear 
elements. The package includes the 
vendor's Touchstone frequency-do­
main simulator for linear simulation. 
By extending the file to include ap­
propriate models, you can add non­
linear-analysis capabilities. The 
simulator will show you time-depen­
dent voltage waveforms at any 
node; time-dependent current into 
any nonlinear device; power density 
and total power; frequency-selective 
power; and frequency-selective volt­
age and current, including phase 
response. 

You can transfer all of the data 
from a simulation to a disk file. If 
you need steady-state response to 
sinusoidal waveforms, the package 
lets you obtain solutions based on 
the vendor's library of microwave 
components. A new large-signal and 
small-signal model for GaAs FET 
transistors improves the precision of 
nonlinear simulations of microwave 
active networks. The program cur­
rently runs on VAX/VMS work­
stations, Apollo Domain-IX work­
stations, and HP 9000, Series 300 
computers under the HP-UX oper­
ating system. From $20,000. 

EEsof Inc, 5795 Lindero Canyon 
Rd, Westlake Village, CA 91362. 
Phone (818) 991-7530. TLX 384809. 
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NEURAL-NET TUTORIAL 
Netwurkz introduces you to associa­
tive-memory concepts and their im­
plementation by means of a neural 
model. This model consists of pro­
cessing elements, analogous to neu­
rons, that use rules such as the sum 
of products to produce an output 
from multiple inputs. The output of 
one neuron can form part of the 
input to other neurons to produce an 
aggregate (a neural net), which can 
learn complex patterns and recall 
patterns correctly, even when the 
input is not an exact match. 
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Software 
The associative-memory demo 

comes with a PL/D compiler that 
lets you add new Data statements in 
the demo or modify existing state­
ments. The example uses approxi­
mately 50 neurons, and you can ex­
pand the net to a maximum of 1000 
neurons. To run the program, you'll 
need an IBM PC, PC/XT, or PC/AT 
that's equipped with at least 192k 
bytes of RAM and MS-DOS version 
2.0 or later. Netwurkz, $79.95; 
PL/D compiler, $124.95; both pro­
grams, $154.95. 

DAIR Computer Systems, 3440 
Kenneth Dr, Palo Alto, CA 94303. 
Phone (415) 494-7081. 
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SOFTWARE TOOL 
This version of the chipForth soft­
ware-development system allows 
you to write and debug software for 
Intel's 8051/8031 family of microcon­
trollers without using an in-circuit 
emulator. Instead, chipForth pro­
vides you interactive program de­
velopment, using only the on-chip 
RAM of the µ C and a ROM emula­
tor. You can write programs that 
use only the on-chip RAM and ROM 
of the µC or programs that use the 
805l's 64k bytes of external data 
and program space. You can also 
implement systems with overlap­
ping data and program space. 

The development system uses the 
Forth programming language, 
which combines an editor, an assem­
bler, and a compiler. This develop­
ment software runs on an IBM PC, 
PC/XT, or PC/AT linked to the tar­
get system via a serial port. The 
Forth multitasking kernel that's 
supplied uses as few as 40 bytes/ 
task. It imposes no overhead on the 
µC' s interrupt handling and does 
not affect its bit-handling capabili­
ties. £1800. 

Computer Solutions Ltd, Canada 
Rd, Byfleet, Surrey KTl4 7HQ, 
UK. Phone (09323) 52744. TLX 
946240 (Request ref 19012265). 
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IEEE-488 DEVICE DRIVER 
The NI-488 MS-DOS device-driver 
software package helps you develop 
instrument-control software on 
IBM PC and PS/2 computers. The 
enhancements to the package sup­
port Version 4 of Microsoft's Quick­
Basic. They also include an applica­
tions monitor that gives you 
program-tracing facilities and a spe­
cial interrupt service request, using 
the Basic On Pen statement. This 
feature eliminates the need for con­
tinuous polling to capture instru­
ment service requests. 

The package includes a Quick­
Basic language-interface library 
and a BasicA library . You can in­
struct the monitor to install break­
points that show the details of the 
most recently executed IEEE-488 
call on a pop-up screen. The display 
can also show you a listing of as 
many as 255 of the preceding IEEE-
488 calls. This feature obviates in­
serting debugging statements in the 
instrument-control source code. The 
package is included with the ven­
dor's GPIB-PCII, $395; GPIB­
PCIIA-2, $495; and MC-GPIB,$495 
interface boards. Current users of 
these products may upgrade to the 
new package at nominal cost. 

National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. Phone (800) 531-4742; in 
TX, (800) 433-3488. TLX 756737. 
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DATABASE ANALYZER 
IXL: The Machine Learning System 
combines statistical methods, sym­
bolic data analysis, induction, and 
deduction to explore and reveal pre­
viously unknown data interdepend­
encies and relationships in very 
large databases. You can specify the 
level of error you are willing to 
accept, the kind of rules that the 
program should use , and the con­
cepts (both exact and inexact) that 
the program should use in con­
structing the rules. 

The program presents its results 
in the form of the percentages of 
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MICRO·LOGIC ll~M 
The CAE tool with a 10,000·gate 

digital simul~r for your PC. 
(~~\ h) 
\~ ~~ )I 

Spectrum Software's MICRO-LOGIC II® puts 
you on top of the most complex logic design 
problems. With a powerful total capacity of 
10,000 gates, MICRO-LOGIC II helps engi­
neers tackle tough design and simulation 
problems right at their PCs. 

MICRO-LOGIC II, wWch is based on our 
original MICRO-LOGIC software, is a field­
proven, second-generation program. It has 
a high-speed event-driven simulator which is 
significantly faster than the earlier version. 

Timing Simulator 

The program provides you with a top-notch 
interactive drawing and analysis environ­
ment. You can create logic diagrams of up 
to 64 pages with ease. The software fea­
tures a sopWsticated schematic editor 
with pan and zoom capabilities. 
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(..;.:!f~c;-

Shape Editor 

A 200-type library of standard parts is 
at your fingertips . And for a new high in 
flexibility, a built-in shape editor lets you 
create unique or custom shapes. 

MICRO-LOGIC II is available for the IBM® 
PC. It is CGA, EGA, and Hercules® com­
patible and costs only $895 complete. An 
evaluation version is available for $100. 
Call or write today for our free brochure 
and demo disk. We'd like to put you in 
touch with a top digital solution. 

• Total capacity of 10,000 gates 
• Integrated schematic editor 
• Fast assembly language routines 
• Standard parts library of 200 types 
• Event-driven timing simulator 

CIRCLE NO 175 

• Built-in shape editor 
• Multiple delay models 
• Printer and plotter hard copy 

Schematic Editor 

----------- - -- -- - - - -- - --- ---- - - - -- --===":~~~'== ~= = = 
1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 
( 408) 738-4387 

MICRO-WGIC II is a registered trademark 
of Spect rum Software. 

Hercules is a registered trademark 
of Hercules Com puter Technology 
IBM is a registered trademark 
of International Business Machines, Inc. 
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data elements that conform to each 
rule, with a confidence factor based 
on the variations in the database 
contents. The user interface is menu 
driven; it prompts you for all the 
information it needs, so you don't 
need any programming experience 
to use the program. To run the 
program, you'll need an IBM PC/XT 
or PC/AT that's equipped with at 
least 512k bytes of RAM and a hard 
disk. $490. 

IntelligenceWare Inc, 9800 S 
Sepulveda Blvd, Suite 730, Los An­
geles, CA 90045. Phone (213) 417-
8896. 
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MONTE CARLO ANALYSIS 
Monte Carlo Plus runs on the IBM 
PC and performs risk and sensitivi­
ty analyses of data contained in a 
Lotus 1-2-3 spreadsheet; it provides 
both risk and sensitivity results in 
the form of tables and graphs. The 
program prompts you to supply 
high- and low-accuracy limits for 
key variables, and then estimates 
the statistical probability that a par­
ticular result computed by the 
spreadsheet will exceed or fall short 
of the predicted value. You can also 
use the program to determine the 
effect of independent variables on a 
dependent result; the program iden­
tifies the variables that have the 
least and the greatest effect on the 
result. $89. 

Suntex National Corp, Box 
772868, Houston, TX 77215. Phone 
(713) 783-9059. 
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DSP SIMULATORS 
The AVSIM321 and AVSIM322 are 
software simulators/debuggers for 
the Texas Instruments 32010 and 
32020 families of digital signal-proc­
essing chips. They run on an IBM 
PC or a compatible computer, and 
interactively execute object code 
under the control of a full-screen 
symbolic debugger. The screen dis­
play shows you the current instruc-
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tion stream and the contents of reg­
isters, flags, and areas of data 
memory. You can examine and mod­
ify these at any time; by using an 
Undo key, you can back up, one 
instruction at a time, through re­
cently executed instructions to de­
termine where an error occurred. 
You can issue commands either from 
a menu structure or from a com­
mand line. $379 each. 

Avocet Systems Inc, Box 490, 
Rockport, ME 04856. Phone (207) 
236-9055. 
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EUREKA FOR MAC 
Eureka: The Solver is a mathemati­
cal tool that lets you use your Macin­
tosh to solve mathematical prob­
lems, including simultaneous linear 
equations in multiple variables. You 
enter an equation in the text-editor 
window, and the program searches 
for the variables and finds a solu­
tion. You can then verify the solu­
tion, plot it, or send a report to the 
printer or to a disk file. The pro­
gram can use the Macintosh II's 
60881 math coprocessor and color 
capabilities. $195. 

Borland International Inc, 4585 
Scotts Valley Drive, Scotts Valley, 
CA 95066. Phone ( 408) 438-8400. 
TLX 172373. 
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ON-LINE MANUALS 
The Norton On-Line Programmer's 
Guides provide reference material 
for 8088 assembly language as well 
as for the Basic, Pascal, and C lan­
guages. You load a RAM-resident 

access program, which occupies 65k 
bytes, and a language database; 
while you're running an application 
program, pressing Shift and Fl 
puts the language-database menu 
on the screen. You can call up the 
detailed reference entry or short 
definitions; or you can search for a 
key word or look for related cross 
references. 

In the resident mode, you load the 
access program and guide before 
running any other program, and 
they remain available until you un­
install them. In the pass-through 
mode, you load the guide on the 
same command line as your applica­
tion; when your application termi­
nates, the access program is auto­
matically uninstalled, freeing the 
memory for other programs to use. 
Access program and one language 
database, $100; additional language 
databases, $50 each. 

Peter Norton Computing Inc, 
2210 Wilshire Blvd, Suite 186, 
Santa Monica, CA 90403. Phone 
(213) 453-2361. TWX 650-226-1869. 
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REAL-TIME OS 
You can use the UniFlex/RT multi­
user, multitasking operating system 
for VME Bus systems based on the 
68020 processor with the Macintosh 
II. The real-time features include 
fast message exchanges, a named 
enqueue/dequeue mechanism, and 
shared data pages and text seg­
ments. The OS runs on a minimal 
Macintosh II computer that has at 
least lM byte of main memory, 20M 
bytes of disk storage space free, and 
the 68851 memory-management 
chip. If you have a larger hard disk, 
you can partition the disk so that 
you can use the Mac OS as well as 
UniFlex/RT. 

The system comes with the utili­
ties for real-time, assembly-lan­
guage software development, in­
cluding a relocating macroas­
sembler, a linking loader, a library 
generator, and a symbolic debug­
ger, as well as file- and system-
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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 when 
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 Par t 
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 find pro­
fess ional and comprehensive 
technica l documentation and a 
Customer Hotline staffed by 
courteous and authoritative soft­
ware engineers. 

M icroware's 05-9 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 trademark of 
Microware Systems Corporation. 
05·9 ia a trademark of Microware . 
UNIX is a trademark of AT & T. 
VAX is a trademark of DEC. 

Development Tools: 
C Source Level Debugger 
Symboiic 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 

Languages: 
c· 
Basic 
Pascal 
Fortran 
Ada .. 
Assembler• 

I/ 0 Options: 
SCSI , SASI & SMD Disks 
3- , 5- , 8-inch Diskettes 
Magnetic Tape 
Ethernet - TCP /IP 
Arc net - DS-9 / Net 

So stop messing w ith sim­
ple kernels and independent 
suppliers. Call Microware today 
and find out more about the 
"One-Stop Integrated Solution" 
with OS-9! ,,_, 

Microware Systems Corporation 
1900 N.W. 114th Street 
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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Microware Japan Ltd. 
41-19 Honcho 4-Chorne 
Funabashi City 
Chiba 273, Japan 
Phone: 0474 (22) 1747 
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maintenance programs. You can ob­
tain such options as a System 
V-compatible C compiler, X-Win­
dows, a screen editor, or a text 
processor. $750. 

SCHEMATIC CAPTURE 
Spice_Net is a schematic-entry pro­
gram that runs on an IBM PC and 
generates an ASCII file for input to 
a Spice simulator program. You 
draw your schematic with the aid of 
a mouse; a single keystroke can 
place symbols representing parts 
that are included in the vendor's 
subcircuit and model libraries. The 

Technical Systems Consultants 
Inc, 111 Providence Rd, Chapel 
Hill, NC 27514. Phone (919) 493-
1451. TWX 510-920-0540. 
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FULLY INTEGRATED 

Intel development tools work together-and with the 

components-as an efficient, fully integrated family. 

Languages, emulators, debuggers and utilities. 

You spend your time productively developing appli­

cations, not tinkering with tools. So you complete 

development faster. 

It's that simple. 

Intel Development Tools. The Short, Sure Path to Success. 

For more information and a catalog of Intel development tools, call toll free: 

ARROW ELECTRONICS. l-B00-77ARROW. 
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symbol library contains drawing in­
formation, connectivity, and param­
eter-evaluation data for each part. 

Once you have placed a symbol, 
you can move, rotate, or flip it with 
the aid of the mouse. You can also 
add labels to assign component val­
ues and display reference designa­
tions. A symbol editor is always on 
line, so that you can create custom 
symbols at any time. In addition, a 
built-in text editor allows you to add 
simulation-control directives. When 
you leave the program, it automati­
cally generates a net-list file and 
sends the drawing to a file or to an 
output device such as a dot-matrix 
printer or a plotter. $295. 

I ntusoft, Box 6607, San Pedro, 
CA 90734. Phone (213) 833-0710. 
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MATH SOFTWARE 
The Math View Professional stand­
alone, interactive mathematical 
package lets you evaluate and tabu­
late several variables simultaneous­
ly. You can plot as many as 10 func­
tions simultaneously in Cartesian or 
polar coordinates; plot parametric 
relationships and raw data sets; and 
plot surfaces in 3-D, with the option 
of removing hidden lines. 

The package can solve linear sys­
tems of equations or eigenvalues for 
symmetric matrices, compute direct 
and inverse FFTs, and perform ex­
tensive matrix operations. It can 
also solve nonlinear systems of 
equations , using either Newton's 
method or the Broyden algorithm; 
solve ordinary and partial differen­
tial equations; and compute inte­
grals by various methods. 

In addition to providing a compre­
hensive set of descriptive statistical 
functions, the package lets you de­
termine series coefficients and 
Chebyshev, Legendre, and Bessel 
elliptic functions. To run the pack­
age, ·you need a Macintosh equipped 
with at least 512k bytes of RAM, 
128k-byte (or larger) ROMs, and 
two 800k-byte floppy-disk drives or 
a hard disk. $249.95. 
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Brainpower Inc, 24009 Ventura 
Blvd, Suite 250, Calabasas, CA 
91302. Phone (818) 884-6911. 
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RF SIMULATION 
You can use the enhanced simulation 
program Touchstone version 1. 6 for 
the design, analysis, and optimiza­
tion of microwave/RF circuits. A 
new sparse-admittance matrix-re­
duction feature permits this version 
of the simulation program to use 
computer memory more efficiently 
than did earlier versions and speeds 
up the analysis of large, complex 
circuits. You can include as many as 
250 variables and equations in a 
circuit file. Other added features 
and capabilities include a sweep 
progress indicator, print- and plot­
interrupt facilities, and the ability 
to make VSWR measurements and 
to simulate stripline-cross and 
stripline-curve elements. 

The network-analyzer interface 
works with the Wiltron 360 vector 
network analyzer, as well as with 
HP network analyzers. The pro­
gram runs on IBM PCs, VAXs, HP 
9000 Series 300 machines, and Apol­
lo and Sun workstations. From 
$9900. 

EEsof Inc, 5795 Lindero Canyon 
Rd, Westlake Village, CA 91362. 
Phone (818) 881-7530. 
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CROSS-DEVELOPER 
The ST Universal Cross-Develop­
ment Kit runs on Atari 520, 1040, 
and Mega-ST computers. The pack­
age includes a text editor with 
which you can write assembly-lan­
guage programs for a wide variety 
of 4-, 8-, and 16-bit µPs and micro­
controllers. The table-driven cross­
assembler translates the source 
code into the target machine's na­
tive code. The cross-assembler con­
tains tables for 20 µPs, including 
the HD64180, Z80, 6502, 68000, 
8048, 8051, 8085, 8086/88, and 8096. 
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Software 
When you've assembled your pro­

gram, you can download the object 
code to the EPROM emulator, 
which plugs into the target ma­
chine's EPROM socket. The emula­
tor is compatible with EPROMs in 
the 2716 through 27256 families. 
The access time for the emulator is 
150-nsec. For downloading pur­
poses, both the cross-assembler and 

the EPROM emulator can handle 
Intel Hex, Motorola S-record, and 
simple binary formats. Most serial 
EPROM programmers can operate 
with at least one of these formats. 
$575. 

Memocom, 1920 Arbor Creek Dr, 
Carrollton, TX 95010. Phone (214) 
446-9906. 
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HEAD START 

Support for new Intel microprocessors and microcon­

trollers is always available first from Intel. Lan­

guages, emulators, debuggers and utilities. Plus a 

wide range of support services to assist you during 

every phase of development. From start, to market. 

Team up with Intel and get a running start on your 

application. And a head start on your competition. 

Intel Development Tools. The Short, Sure Path to Success. 

For more information and a catalog of Intel development tools, call toll free: 

ARROW ELECTRONICS. l-B00-77ARROW. 
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CAE FOR MAC 
The EDS-I electronic-design soft­
ware system runs on the Apple 
Macintosh II. The schematic-cap­
ture module lets you generate sche­
matics, using both standard and 
user-defined component libraries , 
and automatically produces a net 
list and a parts list. The layout mod­
ule can handle pc-boards as large as 
32x32 in. and provides zoom and 
pan features, auto-tooling extrac­
tion, multilayer editing, and Gerber 
photoplotting files. The autorouting 
module accepts the net list and 
parts list as input, lets you define 
routing parameters and options as 
well as keep-out areas, and lists 
unfinished nets. 

The Gerber translator module lets 
you convert Gerber files created by 
other systems into the electronic 
design software's internal format , 
or Gerber files produced by the soft­
ware into PostScript files for use by 
high-resolution graphics printers in 
the Linotronics 300/500 series so 
you can check the photoplot draw­
ings before committing them to film. 
You can order modules separately. 
Full system, $1500. 

Vamp, 6753 Selma Ave, Los An­
geles, CA 90028. Phone (213) 466-
5533. TWX 650-262-3069. 
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CASE TOOLS 
The C Documenter and C Scan utili­
ties for the IBM PC aid in docu­
menting and examining programs 
written in the C programming lan­
guage. Where such programs are 
subdivided into separate subsys­
tems, C Documenter generates a set 
of four reports containing cross-ref­
erence information, such as which 
modules or functions are called by 
other modules or functions. You can 
use the reports to define the inter­
face between two program subsys­
tems-even those written by differ­
ent programmmers. 

When you examine your pro­
grams, C Scan lets you use symbolic 
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names to locate and display portions 
of code, regardless of the source­
code file in which they're contained. 
By keeping a record of your pro­
gram's files, C Scan lists the type of 
items in the program, such as func­
tions, global variables, structures, 
and union members; upon your se­
lection of an item, C Scan displays 
all items of that type in your pro­
gram and lets you locate them. You 
can obtain the utilities separately or 
as part of the C Dev cross-develop­
ment tool set, which includes a C 
cross compiler, a mimic simulator, 
and a cross-assembler. C Scan, 
£195; C Documenter, £195; C Dev, 
approximately £2000. 

R eal Time Systems Ltd, Viking 
House, Nelson St, Douglas, Isle of 
Man, UK. Phone (0624) 26021. TLX 
94011289. 
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FAX PACKAGE 
The PC FAX package allows you to 
use an IBM PC/XT, PC/AT, or com­
patible computer to send or receive 
FAX messages to or from any Inter­
national Group III FAX machine. 
You can also use it to send telex or 
electronic mail. The package can 
transmit or receive any word-pro­
cessed document, desktop publish­
ing image , or paint-box system 
image. 

You can generate input from the 
PC's memory or keyboard, from an 
optional digitizer tablet, or from a 
hard-copy scanner or an existing 
FAX machine. In addition, the FAX 
software can capture and transmit 
drawings generated by CAD pack­
ages. In normal mode, the package 
provides 202x98-pixel FAX, but you 
can select a fine mode that increases 
resolution to 204x196 pixels. 

Although the standard software 
operates to International Group III 
CCITT FAX standards, you can up­
grade it to Group IV. The transmis­
sion software includes a directory of 
FAX numbers, and automatic dial­
ing and redialing facilities. You can 
also program the software to trans-

mit messages during cheap-rate pe­
riods , and to poll other FAX or 
communications systems to check 
for any FAX messages programmed 
for transmission to your PC's num­
ber. 

The PC can receive FAX mes­
sages while you're using it for other 
tasks. When incoming FAX mes­
sages are automatically saved to 
disk, you are alerted by audible and 
on-screen prompts. You can then 
recall messages to the PC's screen, 
zoom in on them to examine fine 
detail, or output them to a printer 
or plotter. An optical character rec­
ognition (OCR) package that can 
learn new character fonts is option­
ally available. The PC-FAX pack­
age, including the telephone-line in­
terface hardware, costs £895. The 
OCR package costs £395. 

Softech Professional Systems 
Ltd, 9 Tonbridge Chambers, Pem­
bury Rd, Tonbridge, Kent TN9 
2HZ, UK. Phone (0732) 362688. 
FAX (0732) 770263. 
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IEEE-488 SOFTWARE 
This IEEE-488 management soft­
ware package allows a VME Bus 
computer system to control an 
IEEE-488 instrumentation bus via 
the company's CC-91 IEEE-488 in­
terface card. It allows you to imple­
ment IEEE-488 talker, listener, 
and system controller functions. 
The software comprises an IEEE-
488 manager and an IEEE-488 de­
vice driver, running under the OS-9/ 
68k operating system, and allowing 
you to write application programs in 
C or Pascal. 

Running as a background task, 
the manager configures and initia­
lizes the IEEE-488 bus, and arbi­
trates all communication between 
the IEEE-488 device-driver soft­
ware and the application program. 
To execute an IEEE-488 bus opera­
tion, the application program passes 
a command-parameter block, speci­
fying the device name and address, 
the action required, and the source 
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Only Xicor can deliver fast 
64Ks in volume today. 

With processor speeds on 
the increase, it takes faster 
E2PROMs to accelerate your 
designs. That's why you'll 
want to start tracking our 64K 
E2PROMs. Because at 70 nsec, 
they're going fast. 

EDN July 7, 1988 

But speed reading is just 
one of the reasons you'll like 

2 X2864H 70 nsec, 90 nsec 90nsec 
working with our 64K E PROMs. >------+-------+--------< 

Another is fast writing. In 32- X2864B 
120 n:,~!nsec, 120 n:~!cnsec, 

byte page mode, they give 
you an effective byte write 
time of 95 JJSec. Which means 
you can write the entire mem­
ory in less than 750 msec. And 
with our DATA Pol Ii ng feature, 
that number can be reduced, 
by detecting the early com­
pletion of a write cycle. 

In E2PROMs, though, fast 
only counts if you can get 
them fast. And now you can, 
in volume--from Xicor. We've 
got parts in JEDEC-approved 
28-pin DIPs, and 32-lead LCC 
or PLCC configurations for sur­
face mounting. And they come 
in commercial, industrial and 
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military temperature ranges. 
Plus we back them all with on­
site technical design support. 

So if you need fast, full­
featured 64K E2PROMs in vol­
ume, come to Xicor. We're the 
only supplier today who can 
give you a license to speed. 
Call (408) 432-8888 or write: 
Xicor, Inc., 851 Buckeye Court, 
Mi I pitas, CA 95035. 

MAKll IT MIMORABLI 
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and destination of transferred data 
via the manager to the device driv­
er. A device descriptor provides the 
driver with information about the 
addressed device's IEEE-488 capa­
bilities. The manager also includes a 
time-out monitor to detect excessive 
delay in an instrument's response. 
Sample device descriptors, a menu­
driven system test program, and 
sample application programs are in­
cluded in the software package. Ap­
proximately $750. 

Compcontrol bv, Stratumsedijk 
31, 5600 AD Eindhoven, The Neth­
erlands. Phone (040) 124955. TLX 
51603. 
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Compcontrol Inc, 15466 Los 

Gatos Blvd, S uite 109-365, Los 
Gatos, CA 95032. Phone (408) 356-
3817. T WX 510-601-2895. 
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DIAGNOSIS TOOL 
The TestBench software package 
uses artificial intelligence tech­
niques to build expert systems for 
the diagnosis and repair of malfunc­
tions in complex machines and pro­
cesses. It consists of three modules: 
TestBuilder, TestBridge, and Test­
View. The TestBuilder expert-sys­
tem development system, which 
runs on a TI Explorer, helps you 
acquire an expert technician's 
knowledge of the diagnostic and re­
pair procedures for a complex ma­
chine or process, and builds a knowl­
edge base that combines this 
information with documentation 
and rules of thumb. When you have 
completed the knowledge base, a 
less expert technician can run the 
expert system and receive guidance 
in troubleshooting and repairing the 
target equipment. 

TestBridge translates the infor­
mation captured by the develop­
ment system into a form that Test 
View can use, a similar expert sys­
tem that runs on an IBM PC/ AT or 
compatible. Thus, you can develop a 
diagnostic expert system on the Ex­
plorer and distribute it to several 
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repair stations that can run it on the 
much less expensive PC/AT. Com­
plete TestBench package, including 
one week of training and one year of 
software maintenance, $42,000. 

Texas Instruments Data S ys­
tems Group, Box 2909, Austin, TX 
78769. Phone (512) 250-6314. 
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Carnegie Group Inc, 5 PPG 

Place, Pittsburgh , PA 15222. 
P hone (412) 642-6900. TLX 
4970240. 
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VME BUS FORTH 
The Poly Forth V 4000 software-de­
velopment system suits VME Inc's 
V 4000 VME Bus CPU board. The 
V4000 board uses NCR's NC4016 
µP, which executes high-level Forth 
code as its native instruction set. 
The NC4016 chip runs at 8 MHz; at 
this speed, according to the vendor, 
Forth programs execute 19 times 
faster than do compiled C programs 
running on a 10-MHz 80286. 

The software package includes 
complete source code, an optimizing 
compiler, clock/calendar manage­
ment facilities, and utilities. You can 
create ROM-resident Forth pro­
grams as large as 64k bytes for 
embedded applications. At addition­
al cost, you can obtain libraries of 
mathematical and database-man­
agement routines. Software only , 
$2950; software and CPU board, 
$5745. 

Forth Inc, 111 N Sepulveda 
Blvd, Manhattan Beach, CA 90266. 
Phone (213) 372-8493. TLX 275182. 

Circle No 545 

LANGUAGE 
PC-Simula is a version of the Simula 
object-oriented programming lan­
guage that you can run on IBM 
PCs. The language can run under 
MS-DOS, Xenix, or OS/2 operating 
systems. An 80386-based version is 
under development. 

The company recommends that 

the MS-DOS version for standard 
IBM PC/XT and PC/AT computers 
have at least 640k bytes of RAM. It 
has tested the Xenix version under 
Santa Cruz Operation's Xenix Sys­
tem-V and under Microsoft Xenix. 
It has also tested the OS/2 version 
on an IBM PC/ AT running Micro­
soft OS/2. When you run the lan­
guage under Xenix or OS/2, the 
company recommends that your 
computer have at least l.5M bytes 
of RAM, a math coprocessor, and a 
hard disk. 

Cross-compilers to transfer pro­
grams between MS-DOS and Xenix, 
and between MS-DOS and OS/2 are 
available. Single-user license for the 
MS-DOS version, 10,000 Norwegian 
Kroner; for the Xenix and OS/2 ver­
sions, 15,000 Norwegian Kroner; 
and for the cross-compilers, 20,000 
Norwegian Kroner. 

Simula as, Box 4403, Torshov , 
0402 Oslo 4, Norway. Phone (2) 
156710. FAX (2) 156051 . 
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NEURAL NET 
The Awareness software package 
runs on IBM PCs and consists of 
programs that demonstrate four 
neural-network paradigms. The 
generalization paradigm uses a gen­
eralized learning rule and demon­
strates that a layered neural net­
work can solve the exclusive-OR 
function. The associative paradigm 
exhibits many of the computational 
capabilities of neural networks, such 
as preferential learning, fault toler­
ance, differentiation, and associa­
tion. 

The optimization paradigm is an 
example of a neural network that 
can produce solutions to combinato­
rial optimization problems. The self­
organization paradigm is an exam­
ple of a nearest-neighbor classifier 
that behaves as an optimal signal 
processor in the presence of noise. 
The documentation contains intro­
ductory material on neural net­
works, together with the equations 
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1-800-422-3525 

CONTROL YOUR HOME OR BUSINESS 
FROM YOUR IBM*PC OR PC/AT COMPATIBLE 

This card is what you need to TURN ON & OFF lights, machinery, and other electrical or 
electronic equipment. 

IBM PC* DATA 
ACQUISITION AND 
CONTROL ADAPTER 
& DISTRIBUTION 
PANEL provides the 
capability to control 

and 

monitor processes 
within a sensor base 
system. 

IBM PC*DATA 
ACQUISITION 

AND CONTROL 
ADAPTER 

provides an easy to 
use interface for 

accessing the 
ANALOG and 
DIGITAL 110. 

Integrates analog, 
binary and time/ 
counter devices on a 
single adapter card. 

Up 10 loor IBM DAT A ACQUISITION 

ANO CONTkOL ADAPTERS can be 
a11ached to an md1v1dual PC or AT 
Compatible 

THIS IS AN ORIGINAL IBM* PRODUCT 111 

• The Adapler has 
• Four analog input cnannels 02· b•I resoluhon) 
. Two analog output cnannels I 12· b•I resOluhonl 
• 16-channel d191tal input pc>rl 

• 16-channel d1g1tal ou1pu1 pon 
• Programmable sampling rates provided by a 

32-b1t t1mer 

• Event counter . programmable rate generator or 
programmable hme delay provided by a 16-b•I user timer / 
counter 

• The 01s1r1bu11on Panel rias 
- Screw 9ermnals Pf<Mded to attach 

devices IO lhe dtstnbuhon panel 
· Muft1ple grounds tor lwtsted pair 1erm1na11ons 
• Shielded construc11on to m1n1m1ze noise 

1nlerlerence 

•USES 
Ctuomalograpl'ly. Elec1rochem1stry, Energy management. fie<;. 

tronic: 1es11ng. Process convol. Data 1ogg1ng. Robotics. 
Some paramelers commonly monitored or contrOlled include 

Pressure. Flow. Otsplacement . Voltage. Light mtensrty. Rotallonal ..... 
Some 1ns1ruments or devices that may uhhze the Adepter lfe 

ChrOtNtogr8C)hs. Spedroptw:ilorneters. Ptessure gages. Retay controls. 
Thermocouples, Gas analyzers. Humtd•ly sensors. Valve actuators. 
Level gauges. Load cells. Conduct1v1ty cells . ph Meters · 

•TECHNICAL DATA 
ANALOG INPUT: The 81'\alog input !unctions ol tl'le adapter oper · 

ate 1n t11gher programed Of 1nlerruphng mode The analog tnput 
lunctlOf'ls provide 12· btt relattve accuracy 

RESOLUTION . 12 bits 
tNPUT CHANNELS- lou1 d1tferent1al 

OUR LOW! 

INPUT MODES -

INPUT RANGES 
umpOlar 

OUTPUT MOOE 
umpolar 
bipolar 

INPUT IMPEDANCE 

INPUT CURRENT 

INPUT VOLT AGE 
NOfmalmoCle 

Common mode 

COMMON MODE 
Re1ec11on ratio 
lnteg raltineanty 

error 
DIFFERENTIAL L1nea11ty 

Error 
Slabtltty 

GAIN 
Erro1 

Stability 
OFFSET 

Error 
Unipolar stabiltly 
Bipolar stab1hty 

MONOTONICllTY 
THROUGHPUT to memory 

unipolar Of btpolr . 

user-seleclable 

OTO!. 10vOl1S. 
user·selec11ble 
!SanCI ! 10volts 
user ·selectable 

straight binary 
offset binary 
> 100 megohms with 100 p1colar1Cls 

hm1teCI to less lhan ! 4 mA 

!. 30 volts maximum. without damage 
power on or power ott 
! 11 volts maximum 

72 db 

! 1 LSB ma .. 1mum 

! ' 'I LSB maximum 
:t.S ppm/ degrees Col FSA (max ) 

:t. O 1G.., belween ranges (mllJll any range 
ad1ustable to O 
.!. 32 ppm /degrees Col FSA (ma•) 

ad1ustable to O 
.!.24 ppm /degrees C of FSA ~maK) 
.!.24 ppm/degrees Col FSA tmax) 
0 l o 50 degrees C 
15.000 convers1onst second min 

LOW! PRICE FOR 

Tne analog output !unctions of tne adapter operale m programed 

110 mode Tne analog ootput lunc11ons provide 12-bf1 relative accu · 

'"'' RESOLUTION 12·MS 
Number ol oulpu\ channels 2 
OUTPUT modes unipolar or bipolar. user .selectable 

OUTPUT ranges 
Un1p01ar 
Bipolar 

INPUT CODE 
Unipolar 
BtpOlar 

OUTPUT Current 

OUTPUT Impedance 

CAPACITIVE loading 

GAIN 

""'" 

OfFSET 
Etrorur.polar 
Etrorblpolal' 
Unrpolarstabllrty 
Btpolafstabtllly 

MONOTONICITY 
SETIUNGTIME 

PROTECTION 
OVERSHOOT 
THROUGHPUT 

fJom memory 

010 ! IOvo"s user·selectable 
! 5 anCI ! • 10 vOlls. user .selectable 

s1ra19hl binary 
ollset binary 
• S m1ll1amps. min with normal 
loadtoO and protectlOn trom cjamaQe 
with the OUlp\Jt $h0r'led to common 
2ohm. mu 
0 S mtCfofarads. max 

0 1 betweem ranges (max l 
sny r#lge ad1ustable too 
! ppml deqrees C °' FSA4tna.1I 

:325mtll!Yollmait 
ad1ustabletoO 
!.8 ppm/degrees Cot FSA Imai. ) 
:t. 24 ppm/degrees C or FSA tmaxl 
010 50 ()egrees C 
10microsecond:sm8JI. lo wrttwiO 1' 
FSRlora10vottstep"""'l'l1000 
of load 
Pt-Olected tor Shor't 10 common 
:t.1 % 0IFSRmu 

BOTH UNITS 

IBM* DATA ACQUISTION AND CONTROL ADAPTER 

INCLUDES TURBO PASCAL 

1 9 5 
DEMO SOFTWARE W/SOURCE 

CODES, ADDRESSES, 
ANALOG & BINARY 

p;~o;~;um 
#6451502 ORGINAL COST $1275 

IBM* ADAPTER DISTRIBUTION PANEL 
#6451504 ORGINAL COST $245 

Shipping & Handling $6.50 

MENDELSON'S ADVANCED DEMO IN TURBO PASCAL AVAILABLE FOR $25 Part No. #200-108 Demo Turbo 
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"MATHCAD IS THE 
BEST THING TO HAPPEN 

TO THE ENGINEER 
SINCE THE 

POCKET PROTECTOR." 
- PC Magazine 

For problems involving engineering calculations or scientific analysis, 
the answer 1s MathCAD~ 

~athCAD is the only PC-based software package specifically designed ta 
give technical professionals the freedom to follow their own scientific intuition. 
You decide how to solve the problem - MathCAD does the " grunt work." 

• Ends tedious programming and debugging. 
• Displays instant answers as you change variables. 
• Generates quick plots to help you view results. 

MathCAD includes such built-in features as: 
• Matrix operations • Automatic unit conversions 
• Simultaneous equation solver • Greek character set 
• Real and complex numbers • Fast Fourier Transform 
• Dynamic error flagging and much more 

TC? find out what MathCA_D can do for you, call us today for a free demo 
disk: 1-800-MathCAD (in MA, 617-577-1017). Or write to MathSoft, Inc., 
One Kendall Square, Cambridge, Massachusetts 02139. 

Requires IBM0 PC or compatible. 
512KB RAM , g raphics card . Math So ft 

i:+ ../ -=xf+o 
Softwae bi<; frr CaWatiYJ Mms 
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X.25 Software 
Before you make a decision, make a 
phone call. 

• C source code license 
• Rsys "' PAD option 
• Certified-Telenet, Tymnet, DDN, 

European PTTs 
• Multiple X.25 line capability 
• On-line configuration 
• Runs on any hardware for which a C 

compiler exists 

One phone call can save you tens of thousands of dollars and 
cut many months off your product development schedule. Let us 
give you more details on the benefits of Geom X.25 and show you 
how affordable superior data communications software can be. 
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Geom, Inc. 
Specialists in Computer Communications 
41 E. University 
Champaign, IL 61820 
Phone (217) 352-4266 
Telex: 910-240-1477 

CIRCLE NO 182 

Software 
and references from the original pa­
pers that describe each paradigm. 
To run this software, you'll need an 
IBM PC that has a graphics card 
and at least 256k bytes of RAM. A 
math coprocessor is recommended 
but not essential. $250. 

Neural Systems Inc, 2827 W 43rd 
Ave, Vancouver, BC V6N 3H9, 
Canada. Phone (604) 263-3667. 

Circle No 546 

CROSS-COMPILER 
The LMI Forth metacompiler runs 
on an IBM PC or PS/2 and gener­
ates ROMable native code for Texas 
Instruments' TMS34010 graphics 
processor. The Forth metacompiler 
provides multipass, table-driven 
compilation; allows local labels and 
conditional compilation directives; 
and permits optional generation of 
"headerless code" to conserve mem­
ory in the target system. The pack­
age is compatible with the Forth-83 
standard and lets you build applica­
tions in layers, using incremental 
compilations. You can create either 
ROMable or disk-based applica­
tions. 

To make programming easier, 
both the compiler and the cross­
assembler accept byte addresses, 
automatically translating these into 
the bit addresses required by the 
TMS34010. The package includes a 
loader program that not only up­
loads a compiled image into the 
RAM on a TMS34010 development 
board , but also provides communi­
cation between the development 
board and the host PC. You'll need a 
host that has at least 320k bytes of 
RAM and runs under DOS 2.0 or 
later; because the source files for 
the TMS34010 target system re­
quire 400k bytes of disk space, the 
vendor recommends a hard disk. 
$1000. 

Laboratory Microsystems Inc, 
Box 10430, Marina del Rey, CA 
90295. Phone (213) 306-7412. 
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a 
Introducing SimO\SE 

hqssle free WJY to debug 
Illlcrocontroller c code 

Now you can run, debug, and test Archimedes 
Microcontroller C code right on your PC, without 
any prototype hardware. 

All you need is SimCASE, the new microcon­
troller simulator that's making Microcontroller C 
more powerful and more versatile than ever. With 
SimCASE you can debug your C-source level code 
quickly and easily, then test-run your software 
ideas before you even commit to a microcontrol­
ler design. 

C-source level debugging speeds software 
development. Write code with Archimedes 
Microcontroller C and you'll cut your software devel­
opment time in half. Add SimCASE and you'll 
reduce your development time even more with true 
C-source level debugging. 

With SimCASE, you'll have every traditional 
debugging tool a~ your fingertips, including trace, 
step and breakpomts. So you can fully debug micro­
controller code at the C level. Of course you can use 
SimCASE to debug at the Assembly l~el too 
if necessary. ' 

Simulate and test your designs without 
hardware. At the heart of SimCASE is the Micro­
controller Sim~tor Engine. Use it to simulate every 
part of your clrip on your PC. Then use the various 
modules to control and analyze your simulation. 

With the Input Stimulus Generator you can 
simulate real-time 1/0 intensive applications right 
on your PC. 

Then us~ th~ Performance Analysis Tuol to get 
the execut10n tune 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. 
Get a taste of the full 
speed and power of 
Archimedes C and Sim­
CASE. Order your free 

- AftC_MIM~DES 
- ~ .. ,._ .. _. --II 

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. 

.A_ Archimedes Software Inc. 
.A 2159 Union Street 

• 

San Francisco, CA 94123 
415-567-4010 

TM 800-338-1453 
A R C H I M E O E S Archimedes, Archimedes C, Microcontroller C, and 

SimCASE are trademarks of Archimedes Software, Inc. 
SOFTWARE 
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DESIGN IDEAS 
EDITED BY C HARLES H SMALL 

Latched bus provides foolproof 1/ 0 

Samuel C Creason 
Beckman Industrial Corp, La Habra, CA 

You can reduce the time necessary to interface a 
µP-controlled system to parallel I/O devices (ADCs, 
DACs, etc) if you adopt a standard I/O bus comprising 
latched-I/0 lines (Fig 1). Such a bus provides several 
benefits: It eliminates I/0-device timing problems; it 
partitions your design task into smaller, independent 
tasks; and it produces an easily modifiable design. 

The only disadvantage of this latched-I/0 bus is that 
accesses are slower than they would be if you tied the 
devices directly to the µP 's system bus. For example, 
instead of requiring just a single instruction, writing to 
a device requires four instructions: one each to write 
bytes to the address and data ports, and two to toggle 
the data-transfer strobe on and off. Reading from an 
external device also requires four instructions. Fortu­
nately, this extra overhead is not significant for any but 
the most I/0-intensive systems. 

In Fig 1, the circuit elements to the left of the dashed 
line are conventional I/O ports. In fact, you could 
replace them, during development, with any personal 
computer that has parallel I/O ports. IC1 is an octal, 
3-state, positive-edge-triggered D-type flip-flop, and 

SYSTEM 
DATA BUS 

..... B_L_ 

74LS374 

~ 
~IC, 

J ljl_ 

74LS244 

IC2 is an octal, 3-state buffer/line-driver/receiver; to­
gether, they form an 8-bit, bidirectional 1/0 data bus. 
IC3 and IC4 are both octal, D-type flip-flops. IC3 drives 
the I/O address bus; IC4 simply acts as a data-transfer 
strobe. Note that IC5, a dual 2- to 4-line decoder/ 
demultiplexer, gates ICi, IC2, IC3, and IC4 during read 
and write operations. 

This scheme has an unusual aspect: I/O address lines 
Ai through A1 from IC3 drive IC6 and IC1 (3- to 8-line 
decoder/demultiplexers). IC6 and IC7 provide eight 
input and eight output strobes, respectively. (I/0 ad­
dress lines Ao, Ai, and A2 are available for other uses.) 
Note that address line A7 also controls IC1's 3-state 
output. Because this circuit requires a high signal to 
disable IC1's 3-state output, input devices must have an 
I/O address of 80HEx or higher. 

Using IC3 and IC4 to generate the input and output 
strobes directly might seem to be a simple way to 
reduce chip count and µP overhead. However, if you 
employ such a scheme, a glitch in your software could 
easily enable more than one I/O device at a time. The 
scheme in F ig 1 trades µP overhead for foolproof I/0. 

EON 
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I _L 7- 0 -0 

l I 
j ADC O R OTHER ] -q DAG OR OTHER J 

I 
l INPUT DEVICE OUTPUT DEVICE 

110 D 
110 DATA BUS 

I L STROBE "1.r 9 
STROBE 

k> e I 4 
G -" 

I r-- .;:;. 

~ I IC6 t- 74LS138 l 7 READ 
STROBES Lr 

SYSTEM RD" 

SYSTEM W A" 

SYSTEM cs· 

SYSTEM A1 

SYSTEM AO 

~ 

0-
..... 
~ I 
..... 
;:. 
~ 

2 

1'!..rj 

~ I Cs 
~ 74LS155 

3 

13 

1c2 

_i1 _)' 19 

74LS374 

-ffi?-
L'-,.IC3 

J 11 ~ 1 

74LS374 

11 -ffi?-
5 IC, 

L'-.. 
10 

J 11 T 1 
h. 9 
....... 

I ~ 
I a n. -0 
I Ys 
I BIT7 4 

4L 
G ")? 

BIT6-3 T 7 x 1c, · 
-2 BITS2-o l 

74LS138 

~ 
G" 1( l 7 WRITE 

STROBES -U-

BIT7 js 

~ 
110 A, _o 

-" 110 ADDRESS BU S 

"BIT 6 CONNECTS TO PI N 6 (G ,) . 
BIT 5 CONNECTS TO PIN 3 (C) . 
BIT 4 CONNECTS TO PIN 2 (B). 
BIT 3 CONNECTS TO PIN 1 (A). 

Fig 1-By adopting this foolproof, latched-110 scheme as a standard for µP-based systems that must handle parallel 110, you can quickly 
adapt it to different tasks. 
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State machine controls PLD programming 

V Lakshminarayanan 
Sneha Corp, Bangalore, India 

The 5P8 PAL and the 74273 octal flip-flop in Fig 1 form 
a finite-state machine that functions as a programming­
wa veform timer for numerous Monolithic Memories' 
PALs (5P8, 5P8A, 8P4, 8P8, 9P4, 9P8, 10P4, 10P8, 
11P4, 11P8, 12P4, 12P8, 9R8, 10R8, 11RA8, and 
11RS8) and generates the timing diagram of Fig 2. The 
Boolean statements in Fig 3 reduce to the Boolean 

5PB 5V 

Bo 1 ..xJ 1-+---.l 
B1 2 & 
:: t 
B, 5 & 

ANDI 
OR 

ARRAY 

_/"1.... 15 E !'ID-+--- ENABLE 

13 A3 

12 A, 

11 A1 TVCC 6 & 
TE 7 ~~=::::i::=t-_J+._-_,---t-1D_Ao+--++-h t GND 1 A 9 co 

5V I . /RESET 

w CLR Vee 
20 

2 D Oa 19 
'-+-t-+-+++-----::-13 a: Da 18 

'-+-t-+-++--+---t4 02 07 17 

r+---5-1 o, 74273 o, 16 
.-+-+--6-1 o, o, 15 

'-+-+-+-+--+-+-+----17 D, D, 14 

'-+-++-+-+-+----ts D, Ds iE--
....+-+-+---9-1 0 , Os~ 

r~G-N-D-----C-LK_i2!---i 

1-MHz CLOCK -------' 

CONTROL 
SIGNALS { 

TVCC .__...J 
TE ­
CO ---------' 

Fig 1-A state machine consisting of a 5PB PAL and an octal 
fl ip-flop generates programming-timing control signals for program-

equations in Listing 1. A Boolean-equation compiler 
such as Palasm can produce a fuse-map program for Fig 
l's 5P8 PAL. 

The 5P8 develops the three control signals necessary 
to program PLDs: TVCC controls the application of 
supervoltages to the target PLD's supply pin; TE is the 
timing signal for enabling the target PLD; and CO 

LISTING 1-MINIMIZED BOOLEAN EQUATIONS 

ADD AO A1 A2 A3 A4 
DAT BO B1 B2 B3 B4 TVCC TE CO 

;NEXT STATE GENERATOR 

BO = /A4 ' /AO + A4 • /A3 • /A2 ' /AO ;INCREMENT LSB 

B1 = /A4 ' /A1 'AO + /A4' A1'/AO + /A3 ' /A2 • /A1 • AO 
+ /A3' /A2' A1 • /AO ;INCREMENT BIT1 

B2 = /A4 'A2'/A1 + /A4 'A2' /AO + /A4' /A3 '/A2' A1 'O 
+ /A4 • A3 ' /A2 'A1'AO ;INCRE MENT BIT2 

B3 = /A4 • A3 '/A2 + /A4 • A3 • /A1 + /A4 • A3 • /AO 
+ /A4 ' A3 • /AO + /A4 • /A3 'A2' A1' AO ;INCREMENT BIT3 

B4 = /A4 ' A3 • A2 • A1 • AO + A4 • /A3 • /A2' /A1 
+ A4 • /A3 • /A2 • /AO ;INCREMENT BIT4 

;TIMING WAVEFORMS 

TVCC = /A4 '/A1 'AO + /A4 ' A1 '/AO + /A4 • /A3 ' A1 
+ /A4 'A2 '/A1 + /A4 ' A3 ' /A2 ;TIMING FOR VCC 

TE = /A4 '/A3 '/A2' /A1 + /A4 • A3 • A2 • AO 
+ /A4 • A3 ' A2 ' A1 + /A4 ' /A3 ' /A2 • /AO ;TIMING 

;FORE 

CO = /A4 '/A3' A1 + /A4 'A2 '/A1 
+ /A4' A3 '/A2 ;TIMING FOR OUTPUTS 

V1H~ ~ ADDRESS 
V 1L ·>----------------· 

Vee 
Veep /r----- --.

1 Vecv--- . 

°"""i; ! ! 11 1--..---! --' I 

E v"-1 I I 11 ILJI I I I ~,~-...--;-___,........,___,_-...,.---,---.,....--.....,1----!n~,...._1 _ 
I t0 I t0 I I lo I lPW I to I lo I I to I '0 I ' o I ~ ...................................... . 

t-ol •1------PROGRAM----•""""°l •1---VERIFY---.j 

ming common PALs. Fig 2-The state machine in Fig 1 generated these waveforms. 
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controls the application of supervoltages to the target 
PLD's outputs. 

If you apply a 1-MHz clock signal to the circuit , it will 
generate a t 0 (delay time between programming steps) 
of 1 µsec; a tpw (programming pulse width) of 10 µsec; 

and a tvcc (V cc supervoltage-application time during 
programming) of 14 µsec. EDN 
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;STATE NEXT STATE TIMING WAVEFORMS 
;AAAAA BBBBB TVCC TE co 
LLLLL LLLLH L H L ;DISABLE CHIP 

LLLLH LLLHL H H L ;AFTER TD DELAY 

JAKE VCC TO VCCP 

LLLH L LLLHH H H H ;AFTER TD DELAY 

;APPLY VOP TO THE OUTPUT 

LLLHH LLHLL H L H ;AFTER TD DELAY TAKE 

;E TO VIL FOR A PERIOD TPW 

LLHLL LLHLH H L H 

LLHLH LLHHL H L H 

LLHHL LLHHH H L H 

LLHHH LHLLL H L H 

LHLLL LHLLH H L H 

LHLLH LHLHL H L H 

LHLHL LHLHH H L H 

LHLHH LHHLL H L H 

LHHLL LHHLH H L H 

LHHLH LHHHL H H H ;AFTER A PERIOD TPW 

;DISABLE THE CHIP 

LHHHL LHHHH H H L ;AFTER TD DELAY 

;REMOVE VOP FROM THE OUTPUT 

LHHHH HLLLL L H L ;AFTER TD DELAY 

;REMOVE VCCP 

HLLLL HLLLH L L L ;LOOP 

HLLLH HLLHL L L L ;HERE 

HLLHL HLLHH L L L ;UNTIL RESET 

Fig 3-Developi ng the program for the 5PB PAL i n F ig 1 begins with Boolean equations derived f rom the waveforms in Fig 2. 

Watchdog timer avoids µP overhead 

Shen-Feng Hwang 
Norfin International Inc, Seattle, WA 

A simple pair of retriggerable one-shots can function as 
a watchdog timer while eliminating the programming 

278 

overhead and dedicated output line associated with 
conventional watchdog timers. In a typical system, the 
µP periodically pulses an internal watchdog timer. If 
the µP's software malfunctions, the µP will fail to reset 
the timer. When the timer times out, it triggers the 
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µP's nonmaskable interrupt (NMI), thereby restarting 
the µP . 

The circuit in Fig 1 accomplishes the same task but 
doesn't require that the µPreset the watchdog timer. 
IC1 gates all of the µP-generated input-enable signals 
to IC2, a retriggerable one-shot. In this circuit, the 
enable signals are active low. Any active-low signal to 
IC 1 will retrigger the one-shot. The one-shot's time-out 
period equals 1. lR2C2. You should set the time-out 

OTHER DEVICES' 0- - 1 
ENABLE SIGNALS 0- L 1 
(ACTIVE LOW) l._2 

KEYBOARD­
ENABLE SIGNAL 
(ACTIVE LOW) 

4 
o-.r-5 

14 

IC1 
'12 SN7420 

1----
6 

R, 
47k 

IN4148 
2 

6 

IC, 
112556 

7 

period longer than the longest expected time between 
two consecutive input-enable signals from the µP. 
Thus, if the µP fails to enable the inputs at the proper 
rate (indicating that the µP will not respond to inputs 
and is, in effect, going deaf), the one-shot will trigger 
the µP 's NMI. EDN 

14 

5 
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R, 
680k 

12 

8 

13 

+ c, 
1 3.3 µF 

10 

IC, 9 
112556 

11 

Vee 

R3 R• 
2.7k 10k 

c. 
0.01 µF IC3 µP 

NMI 
(OR RES 
OR INT) 

Fig 1-This watchdog timer saves µP overhead and eliminates a dedicated output line . It uses the µP's input-enable signals to retrigger its 
one-shot rather than employing a specific watchdog-timer command. 

Flip-flop multiplies input frequency 

Paul D Gracie 
The Microdoctors Inc, Palo Alto, CA 

The output frequency of the classical flip-flop circuit of 
Fig la is twice the clock input frequency. Although the 
circuit generates a narrow, positive pulse at each edge 
of its Clock input, you cannot cascade the circuit to 
further multiply the input frequency without some 
modifications. 

Assume that the clock's signal and the flip-flop's Q 
output are low to begin with. The rising edge of the 
Clock input passes through the XOR gate unchanged 
and triggers the flip-flop, causing its Q output to go 
high. The flip-flop's Q output feeds back to the XOR 
gate, transforming it into an inverter. The XOR gate 
then truncates the Clock signal, resulting in a narrow 
positive pulse at the flip-flop's clock (CK) input. When 
the Clock signal goes low, the XOR gate inverts it, 
triggering the flip-flop again. This retriggering gener­
ates a second pulse at the flip-flop's CK input, causing 
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(a) 
DELAY= 4 x 74L04 

(b) 4 MHz 

D Q 

DELAY= 2 x74L04 DELAY =0 

STAGE 
2 

8 MHz 

STAGE 
3 

16 MHz 

Fig 1-A simple circuit can dO'ltble the clock input frequency (a). 
However, yoii cannot cascade siich doublers unless you insert appro­
priate delays in the feedback paths as in b. 
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its Q output to go low. 

The width of the pulses at the flip-flop's CK input 
depends on the propagation delay of the XOR gate and 
the flip-flop. For 74LS devices, this combined delay is 
about 30 nsec. Because the input Clock signal must stay 
high until the pulse to the flip-flop's CK input is 
completed, you can not cascade this basic circuit unless 

you lengthen the pulse. Fig lb shows inverters placed 
in the feedback path of the first and second stages of a 
3-stage clock-frequency multiplier. This circuit achieves 
a 16-MHz output from a 2-MHz input signal. EDN 
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Flip-flops arbitrate shared resource 

Aditya Dua 
Kanazia Digital Systems, Bombay, India 

The simple arbitration circuit of Fig 1 allows two 
masters to share a common resource. The circuit, 
consisting of a pair of back-to-back flip-flops , provides 
one pair of request lines and one pair of grant lines. 

In operation, either master can request access to the 
shared resource by first pulsing the appropriate re­
quest line (either REQ1 or REQ2). If the resource is 
available, the requester will receive an active-low au­
thorization signal on its respective grant line (GNT1 or 
GNT2) . If the resource isn't available, the requester 
must repeatedly pulse its request line and poll its grant 
line until the grant line goes low. When a master 
relinquishes control of the shared resource, it must 
pulse its request line one last time to clear the way for 
subsequent requests from either itself or the other 
master. 

4 

SV 

2200 

13 

For example, when the second master requests con­
trol of the shared resource (pulsing RE~, the clock 
input of IC2), IC2's D-connected output, 2Q, toggles 
from high to low provided its preset line, 2PR, is 
inactive. This low output serves as both the grant signal 
to the second master, GNT2, and serves to force the 
output of IC 1 high. If the first master tries to toggle its 
flip-flop, ICi, it will fail until the second master toggles 
its own flip-flop one more time. 

Note that if both masters try to gain control of the 
shared resource simultaneously, only one of them will 
succeed. Also note that, upon power up, the circuit is in 
an indeterminate state. You must either initialize the 
circuit with a power-up initialization routine or add an 
AND gate (Fig lb). EDN 
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1PR 
2 1D 10 

5 12 
2CLR 9 

20 IC
2 

20t--+--- GNT2 
112LS74A 

r ----, 
1 I rv .----1-i1 1>2CLK 20 

8 

2PR 
REO , (1f) 

10 

I 3 . A 
SYSRST I 2 I 
(POWER-ON RESET) ~·~~ - -- J 

(a) 

r- A 

: 2200 SV I 
L _ _ _______ J (b) 

Fig 1-A pair of back-to-back flip-flops can arbitrate access to a shared resource. A master requesting access will be blocked until the second 
master relinqitishes control because each resource-grant flip-flop, when active, engages the other flip-flop's preset input. The AND gate in b 
forces the circuit to a predetermined state upon power up. 
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The Casio fx-7000G $89.95. It's the 
world's first programmable scientific 
calculator with a graphic display. It can 
give form to your figures, instantly draw­
ing graphs that depict your formulas 
and calculations. 

With a screen 
measuring 16 charac­
ters by 8 lines, the 
fx-7000G can display 
enough information 
for some of your big­
gest ideas. And you 
can store graphs and 
formulas, then bring 
them back for an 
instant replay. 

With its 422 step memory and 193 
functions-including linear regression, 
standard deviation and computer 
math-the fx-7000G lets you perform 
computer functions, without acquiring 

computer knowledge or incurring 
computer costs. 

For additional capa­
bilities, there's the 
fx-7500G ($109.95). It 
has a larger memory 
capacity, with 195 
functions, 4,006 mem­
ory steps, instant graph 

enlargement or reduction 
feature, plus a convenient 

horizontal folding format. 

If you need even more power, 
our fx-8000G ($119.95) techs you 
even higher, with 1,446 memory 
steps and 225 functions. And when 
hooked up with our optional FA-80 
interface, it works with most parallel 
dot matrix printers or plotters in­
cluding Casio's own models. 

If you have any doubts as to 
who's the leader in high-tech calcu­
lators, just pick up an fx-7000G, 
fx-7500G or fx-8000G and draw 
your own conclusions. 

CASIO® 
Where miracles never cease 

Casio, Inc. Consumer Products Division: 570 Mt. Pleasant Avenue, Dover, NJ 07801 
Casio Canada Ltd., 2100 Ellesmere Road, Suite 240, Scarborough , Ontario M1 H3B7 
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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 by 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 from the April 14, 1988, issue 
is entitled "XOR gate doubles counting frequency," sub­
mitted by Andrew Gorajek of Adelaide Microelectronics 
Centre (Technology Park, The Levels, South Australia). 

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. 

EDNINFO 
CARDS 

The Fastest, 
Most Cost-Effective Way 
to Generate Sales Leads! 

For further information, 
contact Lauren Fox, 
EDN Info Cards Manager, 
at (203) 328-2580. 
*Numbers represent actual 
responses 

EDN NEWS 
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DESIGN 
NOTES 

Number 12 in a series from Linear Technology Corporation July, 1988 

An LT 1013 and LT 1014 Op Amp SPICE Macromodel 

Walter G. Jung 

With the advent of low cost and powerful desktop computers, 
present day op amp circuit designs can mature more quickly 
with good simulation tools. One such tool since its inception 
has been SPICE, the standard analog circuit simulator. 
However, while PCs and workstations may now be present 
on more and more desks, a potential bottleneck towards 
effective simulation has been SPICE models for the more 
popular parts. 

The macromodel approach to simulation of an op amp is 
viable for many designs, with the great asset of simulation 
speeds far faster than that of a full device-level circuit. With 
this design note, Linear Technology Corporation introduces 
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op amp macromodels to its applications library. It is hoped 
that eventually most op amps in the product line will be de· 
veloped as macromodels and made available to customers. 

The LT1013 and LT1014 devices are popular single supply LTC 
op amps, and are thus logical candidates for macromodels. 
While existing macromodels for the generic 358 and 324 
types might suffice for some applications, circuit designs 
which take advantage of the unique precision and functional 
features of the LT1013 warrant a model which reflects those 
features. The schematic diagram of the LT1013 and LT1014 
macromodel is shown in Figure 1, and is applicable to one 
channel of either device. 
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Figure 1. LT1013 Op Amp Macromodel 



Key op-amp specifications for the commercial device are: 
offset voltage= 50µ.V (offset is not simulated) 
bias current= 8nA 
gain= 1000000 
slew rate= 0.4V/µ.s 
bandwidth= 0.8MHz 
Also, the model simulates the input common mode range 
(which includes ground) and the output characteristics of 
swinging to ground while sinking current. 

This macromodel acts very much like the real LT1013 or 
LT1014 device which incorporates input common mode 
clamping, to prevent the sign-reversal errors common to the 
358/324 types. For example, comparison responses for the 
LT1013 and the 358 are shown in Figure 2. The common 
conditions of this test are for an overdriven, + 5V single· 
supply follower. In both instances, the input signal is V1N, 
a - 20V to 20V sweep fed through 10k, while the output 
isV(5). 

Note that with the 358, the output reverses sign when the in· 
put is overdriven below ground. In contrast, the LT1013 model 
is well behaved, simply clamping the overdrive at ground 
level ... just like the real LT1013 device does! 

The model itself is listed on this page, and can be entered by 
typing it in (carefully!). Registered users of MicroSim's 
PSPICE simulator will automatically receive this macromodel 
as part of the model library update with version 3.07. Inter· 
ested readers may contact MicroSim at the address or phone 
number listed at the end of this note for further information. 

This LT1013/LT1014 op amp macromodel is being supplied to 
users as an aid to circuit designs. While it reflects reasonably 
close similarity to the actual device in terms of performance, it 
is not suggested as a replacement for breadboarding. Simula· 
lion should be used as a forerunner or a supplement to tradi· 
tional lab testing. 
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Figure 2. LT1013 Test Circuit: Single·Supply ( + SV), Overdriven 
Follower 

Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7487 • (408) 432·19'.Xl 
FAX: (408) 434-0507 •TELEX: 499-3977 

This more complete macromodel has been adapted from the · 
Parts program generated LT1013/LT1014 model. This version 
features closer fidelity to the real part, with input common 
mode clamping and compensated output clamping. It can be 
used for large signal and/or single supply applications, where 
the inputs can potentially be overdriven. 

SPICE List for LT1013 Macromodel 

connections: non-inverting input 

* I inverting input 

* I I positive power supply 

* I I I negative power supply 

* I I I I output 

* I I I I I 
.subckt LT1013 1 2 3 4 5 

* 
* 

c1 11 12 8.661E·12 
c2 6 7 30.00E-12 
de 8 53 dx 
de 54 8 dx 
dip 90 91 dx 
din 92 90 dx 
dp 4 3 dx 
egnd 99 0 poly(2) (3,0) (4,0) O .5 .5 
lb 7 99 poly(5) vb vc ve vlp vln O 

2.475E9 - 2E9 2E9 2E9 - 2E9 
ga 6 0 11 12 113.1E-6 
gem 0 6 10 99 225.7E-12 
iee 3 10 de 12.03E·6 
hlim 90 0 vlim 1k 
q1 11 102 13 qx 
q2 12 101 14 qx 
rb1 2 102 400 
rb2 1 101 400 
dcm1 105 102 dx 
dcm2 105 101 dx 
vcmc 105 4 de 0.4 
r2 6 9 100.0E3 
rc1 4 11 8.841E3 
rc2 4 12 8.841E3 
re1 13 10 4.519E3 
re2 14 10 4.519E3 
ree 10 99 16.63E6 
ro1 8 5 80 
ro2 7 99 25 
ip 3 4 328E-6; supply current 
vb 9 0 de 0 
VC 3 53 de 1.610 
ve 54 4 de .61 
vlim 7 8 de 0 
vlp 91 0 de 25 
vln 0 92 de 25 
.model dx D(ls=800.0E·18) 
.model qx PNP(ls = 800.0E-18 Bf= 400) 
.ends 

PS Pl CE simulator is available from: 
MieroSim 
23175 La Cadena Drive 
Laguna Hills, CA 92653 

JD ~770-3022J800J 826-8603 

For LT1013/14 literature call 800·637·5545. For help 
with an application call (408) 432-1900, Ext. 361. 
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LITERATURE: COMPUTERS & PERIPHERALS 

• 
{'\ -, ELECTRO 
L_;j STANDARDS 

C•talctg Prieelist 
S.pl~r 1987 

Computer and datacomm 
products categorized 
This product catalog can help you 
plan a new network installation, or 
maintain or expand existing net­
works. It contains the vendor's line 
of RS-232C breakout boxes; cable 
adapters; line drivers; modem elimi­
nators; surge protectors; computer 
and printer switches; data, bulk­
data, and personal-computer cables; 
and twin-axial interface products. 

Electro Standards Laboratory 
Inc, Box 9144, Providence, RI 
02940. 

Circle No 770 

How to connect plotters 
to personal computers 
The 4-color brochure, Versatec puts 
power in personal-computer plot­
ting, tells you how to receive hard­
copy information on your IBM PC or 
compatible or about your Macintosh 
personal computer. Its diagrams 
show the configurations, including 
software, interface or rasterizer, 
and plotter. Besides dis{!ussing the 
advantages of using electrostatic 
and thermal-transfer plotters, the 
folder contains a product table to 
help you select the right plotter for 
speed, size, and high-quality out­
put. 

Versatec, 2710 Walsh Ave, Santa 
Clara, CA 95051. 

Circle No 772 

EDN July 7, 1988 

Monograph series reports 
on computer memory 
Memory Pointers, the vendor's 
newsletter, analyzes current techni­
cal developments in the add-in com­
puter-memory market and analyzes 
the various computer memory offer­
ings of Apollo, Sun, Hewlett-Pack­
ard, and other computer manufac­
turers. It provides regular features 
such as a question-and-answer col­
umn and a new-product section. 

Clearpoint Inc, 99 South St, 
Hopkinton, MA 01748. 

Circle No 771 

Listing of 
computer/electronic products 
The vendor's 1988 illustrated cata­
log lists more than 5000 items. The 
product lines feature a variety of 
items from computer kits and pe­
ripherals to integrated circuits. An 
8-pg insert highlights IBM, Apple, 
Commodore, and Tandy computer 
peripherals. Also included is a 6-pg 
insert of pin-out data. 

Jameco Electronics, 1355 
Shoreway Rd, Belmont, CA 94002. 

Circle No 774 

Multibus I and 
II boards cataloged 
This 35-pg catalog covers a complete 
line of Multibus I boards and acces­
sories, and four new Multibus II 
products. It contains photographs, 

descriptions, and specifications for 
more than 30 Multibus I, Multibus 
II, and VME Bus board-level prod­
ucts. Among the devices it describes 
are a Multibus II communications 
controller, a SCSI controller, a flop­
py-disk controller, an SBX single­
board computer, and an intelligent 
prototype board. 

Central Data Corp, 1602 Newton 
Dr, Champaign, IL 61821. 

Circle No 773 

Computer printers displayed 
This fold-out brochure illustrates 
the vendor's full line of computer 
printers suitable for business, scien­
tific, or personal applications. Be­
sides listing the printing speeds, 
performance capabilities, and spe­
cial features of each printer type, it 
presents the options, accessories, 
and supplies that are available. 

Seikosha America Inc, 1111 
MacArthur Blvd, Mahwah, NJ 
07430. 

Circle No 775 

The 
Designer's Guide 

to Add-In Memory 
·n..:~~T,.. .... ~o1"41-lnt.~ 

Guide to 
memory requirements 
The 1988 Designer's Guide to 
Add-In Memory describes a broad 
range of memory products from the 
very technical to the management­
oriented. The 80-pg catalog contains 
information about buses currently 
in use; DEC's latest offerings; 
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where to find the best price and 
performance for memory products; 
and a survey of performance and 
memory options available from 
IBM. Also included are the features 
for the HP-9000 and the MIPS and 
number of megabytes that are avail­
able for the Sun 4/2XX and Apollo 
DN 4000. 

Clearpoint Inc, 99 South St, 
Hopkinton, MA 01748. 

Circle No 777 

STD µCs and IEEE-488 
interfaces categorized 
The 200-pg Technical Data Book de­
tails the vendor's complete line of 
STD-8088 industrial computer sys­
tems and IEEE-488 interfaces of 
microcomputers. The new-products 
section focuses on industrial-net­
working products, IBM-compatible 
STD DOS systems, interfaces for 
the IBM PS/2, single-board comput­
ers, STD and IEEE-488 drive pack-

LITERATURE 

ages, and bubble-memory systems. 
The catalog provides application ex­
amples, a system designer's guide 
to 8088-based STD Bus systems, 
and the complete STD-8088 Bus 
specification. It also includes specifi­
cations, configuration guidelines, 
and ordering information. 

Ziatech Corp, 3433 Roberto Ct, 
San Luis Obispo, CA 93401. 

Circle No 778 

Publications feature 
VME Bus and VME/Plus 
The 560-pg VME Data Book 1988 is 
the vendor's second edition of its 
data book on VME Bus products. 
Published simultaneously, the tech­
nical brochure on VME/Plus exam­
ines several growth-oriented archi­
tectural features. The data book 
contains nine chapters with numer­
ous photos and illustrations. A prod­
uct-selection matrix arranged in col­
umns introduces each chapter. 

Tight Schedule? Complex Project? Tough Problems? 

Add MicroDimensions 
to Your Team 

Let MicroDimensions assist you - with complete 
hardware and software development services. 

·We can help you with part of a project you prefer not to handle - or 
all of the job from start to finish 

·Hardware design facilities include a complete electronic design lab 
including CAD design tools & PC layout 

·Software development capability in a wide range of languages, 
environments, including VAX/VMS, and the 68xxx family 

•System integration services include system design, prototyping, 
assembly and testing 

•Our specialties include VME, MAP, communications, and process 
control. We have extensive servo experience 

•We are proud of our proven record of performance -
on schedule, within budget 

•A prestigious client list including many Fortune 100 companies 

MicroDimensions, Inc. 
7345 Production Drive 
Mentor (Cleveland), Ohio 44060 
Phone: (216) 974-8070 •FAX: (216) 974-1648 

CIRCLE NO 184 

Further, a product guide helps you 
locate the products you are looking 
for easily and quickly. The brochure 
features the most recent VME/Plus 
32-bit devices. It also contains pre­
views of products in the design 
stage scheduled for release this 
year. 

Force Computers Inc, 3165 Win­
chester Blvd, Campbell, CA 95008. 

Circle No 779 

System components and 
reference data categorized 
This 80-pg, pocket-sized catalog 
lists versions of the PC Bus, Multi­
bus, VME Bus, and Q Bus, as well 
as computers that are 100% compat­
ible with IBM PCs. It provides de­
scriptions and specifications for 
each product. Further, the applica­
tion-information and reference-data 
sections contain useful features, 
such as application maps. 

Diversified Technology, Box 748, 
Ridgeland, MS 39158. 

Circle No 776 

Brochure sums up 
PC-to-mainframe transfers 
The 6-pg publication Mag Tape 
Power for Your PC presents three 
different approaches to processing 
bulk data transfers between PCs 
and mainframe computers. It in­
cludes software solutions for DOS 
and Xenix, based on PC systems. It 
also describes Filetran for selective 
file-based backup, as well as hard­
ware solutions, using three differ­
ent tape systems. 

Telebyte Technology Inc, 270 E 
Pulaski Rd, Greenlawn, NY 11740. 

Circle No 781 
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LITERATURE: COMPONENTS 

Booklet discusses 
specialty lubricants 
Lubricants for Electric Contacts 
and Connectors is the vendor's cata­
log of specialty oils and greases. It 
covers four application areas: 
greases for sliding electric contacts, 
as in electric switches; oils for slid­
ing contacts and potentiometers; po­
tentiometer greases; and lubricants 
for stationary separable electric 
connectors. The catalog describes 
lubricant properties and operating­
temperature ranges, and discusses 
lubricants you can use to help sup­
press arcing conditions. 

William F Nye Inc, Box G-927, 
New Bedford, MA 02742. 

Circle No 560 

Optoelectronics 
guide and data book 
The two publications, Optoelectron­
ics Selector Guide (SG87/D) and Op­
toelectronics Data Book (DL1181D), 
are divided into products sections: 
emitters/detectors, isolators, slot­
ted switches, and fiber-optic compo­
nents. The data book contains 65 
new products and their applications, 
as well as a new section on optoelec­
tronic chips or die. Both books con­
tain an industry cross-reference and 
a reliability section. 

Motorola Inc, Technical Informa­
tion Center, Box 52073, Phoenix, 
AZ 85072. 

Circle No 561 

EON July 7, 1988 

Application note defines 
common voltage terms 
The DPM-10 application note helps 
clarify your questions about several 
common terms and problem areas, 
such as isolated and nonisolated sig­
nal-source inputs, common-mode 
voltages, and safety precautions for 
wiring primary line power to any 
device. The note provides wiring 
diagrams and standard formulas for 
component selection in voltage di­
viders, attenuators, and shunt cir­
cuits. The publication also helps you 
measure high- and low-level volt­
ages and signals from resistance 
bridges , solid-state temperature 
sensors, and similar devices. 

Acculex, 440 Myles Standish 
Blvd, Taunton, MA 02780. 

Circle No 563 

Antennas and accessories 
The vendor's 1988 catalog features 
antennas and accessories for EMii 
RFI testing, and a product- and 
antenna-selection guide in the form 
of a 20x30-in. calendar. In addition 
to product information, the catalog 
features FCC and VDE regulations, 
tables that help you make a selec­
tion, and a list of formulas. 

EMCO, Box 1546, Austin, TX 
78767. 

Circle No 564 

Folder introduces 
absorption material 
This introductory packet includes a 
folder and a sample of Poron prod­
ucts, the vendor's high-density cel­
lular urethanes. It describes five 

simple tests that you can conduct at 
your desk. The tests indicate ener­
gy absorption, resistance to impres­
sion, self-healing after puncture, re­
siliency, and resistance to long-term 
compression set. 

Rogers Corp, 1 Technology Dr, 
Rogers, CT 06263. 

Circle No 565 

Comprehensive catalog 
heralds upcoming products 
This 520-pg catalog summarizes 
products from the vendor's Signal 
Processing Technologies division. It 
also features preliminary reports 
about devices in production, as well 
as application notes for switched 
capacitor filters, flash converters, 
and video DIA converters. The cata­
log's component data sheets and 
technical descriptions help you se­
lect the signal-processing products 
you need for designs. 

Honeywell Inc, Signal Pro­
cessing Technologies, 1150 E Chey­
enne Mountain Blvd, Colorado 
Springs, CO 80906. 

Circle No 567 

App notes address 
interfacing problems 
The publication Real World Inter­
fac ing Application Notes contains 
12 application notes that shed light 
on common interfacing problems in 
the laboratory and in industry. It 
provides tips and expounds on use­
ful circuits for interfacing thermo­
couples, thermistors, solid-state 
temperature sensors, pH probes, 
and piezoresistive pressure trans-
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ducers to personal computers. The 
publication also deals with solid­
state relays to activate llOV ac 
lines; sensing incident light; and se­
lecting an appropriate method of 
AJD conversion. These notes do not 
provide solutions for a particular 
interfacing problem, but rather 
guide you in the right direction. 
They provide sample circuits, and 
list references and companies for 
further information. 

Real Time Devices Inc, Box 906, 
State College, PA 16804. 

Circle No 566 

Brochure deals with 
thermostats 
This 4-pg folder provides you with 
information about the vendor's line 
of surface and immersion-sensing 
snap-action thermostats. It includes 
low-profile, grounded, isolated-con­
tact, and sealed and hermetically 
sealed units. 

Airpax Corp, Husky Park, Fred­
erick, MD 21701. 

Circle No 569 

Buyer's guide 
to French components 
The French Electronic Passive 
Component Industry Catalog 1988/ 
89 lists over 10,000 products from 84 
French component manufacturers in 
both English and French. Product 
categories include, capacitors, resis­
tors, printed circuits, connectors, 
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keyboards, switches, ferrites, coils 
and transformers, quartz filters , an­
tennas, fans, hybrid circuits, cable 
accessories, enclosures, fiber-optic 
components, protection devices, and 
microwave components. 

Syndicat des Industries de 
Composants Electroniques 
Passifs, 11 rue Hamelin, 75783 
Paris Cedex 16, France. 

Circle No 574 

Publication presents 
range of components 

The technical data and drawings 
that fill the vendor's 80-pg catalog 
help you select fuse and fuse-holder 
variations, as well as power-entry­
module combinations over a range 
from ac connector and line switch to 
ac connector. The publication also 
features rotary voltage selector 
switches and a state-of-the-art cir­
cuit breaker that combines the func­
tions of a time-lag overload and 
short-circuit release device with 
those of an on/off line switch. 

Schurter Inc, Box 750158, 
Petaluma, CA 94975. 

Preferred product 
catalog 

Circle No 568 

This 700-pg Preferred Type Range 
Catalog 1988 spotlights the compo­
nents that appeal to the majority of 
the vendor's customers. The catalog 
provides type numbers, catalog 
numbers, selection guides, and brief 
technical information about this pre­
ferred product range. Components 
that meet CECC (Cenelec Electron­
ic Components Committee) require­
ments are listed at the end of those 
product sections in which they are 
described. The catalog has six major 
sections that cover integrated cir­
cuits, semiconductors, electron 
tubes, capacitors, resistors, materi­
als, and other products. 

Philips, Components Div, Box 
523, 5600 AM Eindhoven, Nether­
lands. 

Circle No 575 

-BASED LED LAMPS 
FOR 

DIRECT INCANDESCENT REPLACEMENT 

T1 SUA MIDGET T1 MIDGET FLANGE 
T:J, MIN BAYONET T-4 CANDELABRA f2 
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Publication details 
based LED lamps 
This 46-pg catalog describes the 
company's submidget flange, screw, 
groove, wedge, and bipin LEDs. It 
also details miniature bayonet 
LEDs, and candelabra cluster and 
telephone slide lamps that come in a 
selection of sizes. The catalog also 
features application notes and a 
cross reference to incandescent 
bulbs. 

Ledtronics Inc, 4009 Pacific 
Coast Hwy, Torrance , CA 90505. 

Circle No 572 

Chart your way through 
"magnetic phantoms" 
This wall chart of inductor applica­
tions helps design engineers rid 
their circuits of the "phantoms of 
magnetics," and it helps specifiers 
understand how to use inductive 
components to solve circuit-design 
problems. The chart covers compo­
nent descriptions, diagrams of typi­
cal circuits, and brief design appli­
cation notes for 11 inductor styles: 
molded inductors, variable induc­
tors, and tunable coils; chip and 
surface-mount magnetics; wideband 
chokes; noise filters; toroids; pot 
cores; air coils; delay lines; high­
current chokes; and balun chokes. 

Inductor Supply, 15204 Transis­
tor Lane, Huntington Beach, CA 
92649. 

Circle No 573 
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LITERATURE: INSTRUMENTS 

B SUMMATION' 
1988/89 ATE Product Guide 

ATE described 
The vendor's 136-pg 1988/1989 cata­
log presents its line of automatic 
test equipment. The volume covers 
the vendor's inventory and services 
in these areas: configured ATE sys­
tems, test frames, accessories, test 
fixtures, computers, software, ATE 
networks and services, and digital-, 
analog-, and custom-function mod­
ules. The publication features a sub­
ject index, model-number index, 
and an ATE configuration guide. 

Summation, 11335 NE 122nd 
Way, Kirkland, WA 98034. 

Cirde No 755 

Pamphlet describes 
simulator/analyzer 
This 6-pg, 4-color document details 
the features and options of the 
TE820A DSl/Tl frame simulator/ 
analyzer. It describes applications 
including testing and evaluating, 
troubleshooting, simulation, analyz­
ing, and field testing. A listing of 
additional options is included. 

Tekelec, 26540 Agoura Rd, Cala­
basas, CA 91302. 

Circle No 758 

Applications for 
dual-channel analyzers 
The 32-pg booklet A World of Appli­
cations deals with 12 applications 
where you can use a dual-channel 
analyzer to identify and help you 

EDN July 7, 1988 

solve engineering problems. In the 
area of acoustics, it focuses on 
sound-intensity measurements and 
architectural acoustics. The section 
on electroacoustics reviews trans­
ducer measurements and sound-re­
inforcement systems. It also pro­
vides an analysis of servo systems 
and materials. Finally, it outlines 
how dual-channel analyzers can as­
sist you in college courses. 

Brue) & Kjaer Instruments Inc, 
185 Forest St, Marlborough, MA 
01752. 

Circle No 756 

How to use a scope 
to find video digital signals 
The application note See Digital 
Controlled Video Signals and Make 
Precision Timing Measurements 
Using the 2467 Portable Scope (38W-
6797) explores a wide range of mea­
surement techniques from basic 
video to digital/frame-rate timing. 
It reports on the measurement of 
pulses as narrow as 50 nsec and 
explains how you can see them in 
full detail on an MCP (microchannel 
plate) CRT scope. The note provides 
several illustrations of this wave­
form-viewing feature. 

Tektronix Inc, Box 1700, Beaver­
ton, OR 97077. 

Circle No 765 

Reference for 
microwave and RF engineers 
The 61-pg brochure Microwave 
Datamate deals with topics such as 
microwave applications by frequen­
cy, waveguide parameters, connec­
tions, transmission lines, power 
measurement, and scalar network 
analyzers. Following the first sec­
tion on general information is an 
explanation of satellite and terres­
trial telecommunications systems. 
Another section examines wave­
guide parameters and has a wave­
guide data chart. Among the sub­
jects examined in the final section 
are IEEE-488 programming, a sta­
tus and message-exchange over-

view, S-parameters and transforma­
tions, and scattering parameter 
relationships. 

Marconi Instruments, 3 Pearl 
Ct, Allendale, NJ 07401. 

Circle No 761 

Comprehensive guide 
categorizes test equipment 
The Test Equipment Reference 
Guide 198711988 is a 375-pg catalog 
that contains technical specifica­
tions and prices for more than 4000 
reconditioned test instruments, as 
well as new instruments, power sup­
plies, coaxial components, wave­
guides and waveguide components, 
and a line of technical books. Many 
items are available for short-term 
rental or lease. The equipment cate­
gories include amplifiers, analyzers, 
avionics and telecommunications 
test equipment, frequency measur­
ing instruments, generators, 
bridges, calibration and standards, 
meters, oscilloscopes, power sup­
plies, RFl/EMI, and microwave 
components. 

Tucker Electronics Co, Box 
461966, Garland, TX 75046. 

Circle No 759 

Guide to instrumentation 
The vendor's 1988/1989 product 
guide covers more than 5000 differ­
ent models from major manufactur­
ers of electronic test and measure­
ment instruments, data-processing 
equipment, and telecommunications 
test devices that you can rent, lease, 
or buy. The 400-pg reference book 
contains specifications, descrip-
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tions, photos, and other technical 
data. Included in its listings are 
analyzers, CAE/CAD equipment, 
generators, meters, recorders, os­
cilloscopes, signal modifiers, micro­
computers, and general telecommu­
nications test equipment. 

A catalog of 
microwave products 
The vendor's 1988 92-pg, 4-color cat­
alog highlights microwave measure­
ment components, instruments, and 
systems in the de to 60-GHz range. 
General information before each 
major product group helps you to 
make the best choice for your partic­
ular needs. The book also features 

US Instrument Rentals, 2988 
Campus Dr, San Mateo, CA 94403. 
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Turn Good 
Ideas Into 

Good Articles 
With EDN's FREE Writer's Guide! 
Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN's new FREE 
writer's guide and learn how. 

You don't need the skills and experience of a profes­
sional writer. And you don't need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 
ideas clearly. 

Our new writer's guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn your ideas into polished, 
professional articles. 

Get your FREE copy of 
EDN's writer's guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
Sharon Gildea at 
(617) 964-3030. 

complete specifications for precision 
measurement components; the K 
Connector coaxial product line, 
which operates to 46 GHz; and a 
new line of 40-GHz fixed attenua­
tors. Other new products include 
vector network analyzers, scalar 
network analyzers, swept-frequen­
cy synthesizers, sweep generators, 
and RF analyzers. 

Wiltron Co, 490 Jarvis Dr, Mor­
gan Hill, CA 95037. 

Circle No 757 

App note helps you 
calibrate DP transmitters 
Application Bulletin P-80 tells you 
how to calibrate differential-pres­
sure (DP) transmitters on site, thus 
eliminating the task of having to 
remove the DP cells and take them 
back to the shop for calibration. It 
also describes three calibration de­
vices and provides illustrations. 

Rochester Instrument Systems 
Inc, Test & Calibration Products, 
255 N Union St, Rochester, NY 
14605. 

Circle No 768 

Scope details 
The vendor's 10-pg brochure de­
scribes its SAS-812A digitizing os­
cilloscope with which you can ob­
serve and analyze ultrahigh-speed 
waveforms. It discusses features 
such as jitter reduction, an autotrig­
ger function, and remote control 
with an external controller via RS-
232C and IEEE-488 STD inter­
faces. Detailed descriptions, includ­
ing illustrations, provide more 
information about applications and 
the evaluation of wide-bandwidth 
differential amplifiers. The publica­
tion also includes an overview of the 
display screen, as well as specifica­
tions and options for the scope. 

lwatsu Instruments, 430 Com­
merce Blvd, Carlstadt, NJ 07072. 

Circle No 767 
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LITERATURE: COMPUTER-AIDED ENGINEERING 

THE 
CAD/ CAM 

jOl 

Journal for 
Macintosh users 
The CAD/CAM Journal for the 
Macintosh Professional surveys 
Macintosh advancements in comput­
er-aided design and computer-aided 
manufacturing. The publication cov­
ers the expanding field of CAD/ 
CAMICAE applications and features 
stories about evaluations of 2-D and 
3-D drafting and design software, 
communications and CAD, hard­
ware evaluations, and the most re­
cent CAD/CAM/CAE products. $20 
(six issues). 

The CAD/CAM Journal, 16 Bea­
ver St, New York, NY 1004. 

INQUIRE DIRECT 

Publication spreads 
CAD news 
The CAD Educator publicizes edu­
cational opportunities, new prod­
ucts, activities, and applications in 
the world of AutoCAD. For exam­
ple, in the March 1988 issue, Joe 
Oakey's column notes the transfor­
mation of the former Manuals and 
Tutorials List (renamed In Print) 
into an updated list of text and sup­
port materials for the vendor's 
products; the lead story reports on 
advanced AutoLisp training offered 
by a joint venture of Gold Hill and 
AutoCAD training centers; and a 

EDN July 7, 1988 

feature story focuses on the applica­
tion of AutoCAD for numerical con­
trol. The quarterly also lists upcom­
ing trade shows. 

AutoDesk Inc, 2320 Marinship 
Way, Sausalito, CA 94965. 

Circle No 753 

Computer-integrated 
manufacturing ideas 
The 12-pg publication The Role of 
Automated Information in Com­
puter-In tegrated Manufacturing 
presents the company's philosophy 
toward computer-integrated manu­
facturing-that is, to unify all pro­
duction, administrative , and engi­
neering functions in one computer 
system. The vendor's goals include 
improved productivity and higher 
quality. The brochure also presents 
major concepts involved in integrat­
ing management information and 
plant-floor information. 

Allen-Bradley Response Ctr, 

Dept 5234, Box 92846, Rochester, 
NY 14692. 

Circle No 752 

Scientific- and engineering­
software aids discussed 
Lif eboat, a scientific- and engineer­
ing-software guide , describes 100 
packages designed for use in solving 
equations, analyzing data, breaking 
down numbers, and designing 3-D 
CAD/CAM. The products are listed 
side by side to make it easier for you 
to compare them and make a selec­
tion. The product categories include 
circuit design, embedded systems, 
data acquisition/signal analysis, lan­
guages/utilities, Basic, C, cross-as­
semblers, and Fortran. 

Lifeboat Associates Inc, 55 S 
Broadway, Tarrytown, NY 10591. 

Circle No 751 

Looking for a 
job doesn't have 

to be one. 
EDN's Career Opportunities 
section keeps you informed 

of current job openings 
from coast-to-coast 
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HARTING I Austria, Vienna, Tel. 0222-68 6818-0 · HARTING I Belgium, Relegem, Tel. 02-465.42.40 · HARTING I France, Fonte nay-sous-Bois Ced ex, Tel (1) 487706 26 
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A SINGLE WHITE 
ELEPHANT CAN 

PRODUCE 
AN OPERATIONAL 

DISASTER. 
Elephants may not be the smartes 
but hundreds or even thousands of 
them can li~k 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, 
I DC Connectors, 

0-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 

"JO" (05772) 47 -1· lhl 972310-11 he d 

CONNECT UP WITH QUALITY -
WITH HARTING. 

HARTING 
HARTING/Netherlands, AM Etten-Leur, Tel. 01-608-3 54 00 ·HARTING/Norway, Oslo, Tel. 02-64 75 90 ·HARTING/Sweden, Spanga, 
Tel. (08) 76179 80 · HARTING/Switzerland, Schwerzenbach, Tel. 01-8 25 5151 · HARTING/USA, Chicago, Tel. (312) 519-7700 
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A Wide lineup Builds Quality and Reliability 
From small to large sizes, from character to 

graphic displays, Toshiba has a wide lineup of LCDs 
with high quality and superior readability. The 
employment of H-TN offers you easier reading. And 
built-in controllers enable easy operation. There's 
even a module that accepts an EL backlight So 
when you look for an LCD - look for Toshiba. 

Character Display Type with Built-in Controller 
High character height and easy-to-read display. 
Easy-to-use design thanks to high contrast TN. 

Model name Nwnber of Oulllne dimensions 
cheractars mm 

TLC-671 

TLC-241 

TLC-491 

TLC-731 

TLC-501 

TLC-721 

TLC-691 

TLC-771 

TLC-601 

TL.C-591 

TLC-1001 

16 x 1 

16 x 1 

16 x 2 

16X4 

20 X2 

20X4 

24 x 1 

24 X2 

40 x 1 

40X2 

40 X 4 

80.0 x 36.0 x 12.0 

80.0 x 36.0 x 12.0 

80.0 x 36.0 x 12.0 

87.0 x 60.0 x 12.0 

116.0 x 37.0 x 12.5 

98.0 x 60.0 x 12.0 

126.0 x 36.0 x 12.0 

118.0 x 36.0 x 12.0 

182.0 x 33.5 x 13.0 

182.0 x 33.5 x 13.0 

221 .0 x 76.0 x 12.5 

Graphic Display Type with Built-in Controller 
Clear display thanks to high contrast TN. 
Easy-to-use C/G, RAM and ROM built-in types. 

I 11oc:1e1 name Number of Oullne dlmenliol• ... J.mnt...l 
TLC-1021 120 x 64 85.0 x 70.0 x 20.0 

TLC-682 160 x 64 125.0 x 50.0 x 18.0 

TLC-711A 240.X 64 180.0 x 65.0 x 12.0 

TLC-1013 160 x 128 129.0 x 104.5 x 14.0 

TLC-1091 240 x 128 241 .0 x 125.3 x 12.0 

I TLC-1101 160 x 32 140.0 x 40.0 x 12.0 
·w e provide many options. 

Conlroller] 
T6963C 

T6963C 

T6963C 
T6963C 

T6963C 

T6963C 

Graphic Display Type 
·w e can meet the need for customized products. 

Clear display through employment of high contrast TN. 
Capable of displaying large-size letters and special letters. 

l Model name 
Number of OUlllne dimensions ... J.mm.l 

TLC-612 640 x 32 320.0 x 48.0 x 14.0 

[ n.c-m 640X 64 320.0 x 47.0 x 14.0 

TLC-341AK 128 x 128 93.2 x 86.6 x 12.0 

[ Tl.C-531A 128x128 132.2x111.0 x 13.0 

TLC-972 480 x 128 274.0 x 114.4 x 20.0 

Controler J 

(T6963C) 

(T6963C) ] 

(T6963C) 

(T7755) 

(T7755) 
): Recommended controller ICs. 

In Touch with Tomorrow 

TOSHIBA 
Toshiba America, Inc., Chicago Office: 1101A Lake Cook Rd., Deerfield, IL 60015 Tel: 312-945-1500 Northwestern Area Office: 2021 The Alameda, Suite 220, San Jose, 
CA 95126 Tel: 408-244-4070 Eastern Area Office: 67 South Bedford Street, Suite 200W, Burlington, MA 01803 Tel: 617-272-4352, 5548 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

Schematic and PCB Software 
Create and revise schematics and PCBs quickly and 
simply with HIWIRE-Plus"' and your IBM PC. Use 
symbols from HiWIRE-Plus 's extensive library, 
modify them, or create your own quickly and pain­
lessly. Nellis!, bill-of-materials, and design-checking 
utilities are included. HiWIRE-Plus is $895 and 
comes with a thirty-day money-back guarantee. 

Wintek Corp. 
1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 

CIRCLE NO 325 

THE BEST PERSONAL PROGRAMMER 

Design a PCB The Easy Way 
FOR LESS THAN $US1000.00 

Designs can be completed very quickly when using anyone of 
PROTEL's family ol low cost software for Prmted Circui t Board 

layout 

Choose lrom PCB-SCHEMATIC-ROUTE-TOOLBOX programs 

When used together they form a powerful end to end design system 
Tile PCB accepts OrCAD'" and SCHEMA •• nethsts 

For IBM PC/ XT/ATI PS2 hardware Demo packages are available 

PAOTEL sollw•re rs marketed in the Americas as TANGO~ soltware 

In those counrr.es without a dost11bulor we eccepl 
Visa e.n• or Masr&tt:ard tr1tnsactt0ns 

CIRCLE NO 326 

STEPPING MOTOR 
CONTROLLERS 

Ready-to-Use; just Plug-In & GO! 
PC Compatible -or- Stand Alone 

LEADLESS CHIP 
TO WIRE WRAP ADAPTERS 

Save prototyping time, these LCC, PCC and PGA socket 
adapters provide the designer with a labeled test point for 
each pin and are available for 44, 52, 68 and 84 pin chips. 
WW pins are on .3" centers . Unit pricing for the 68 pin ver­
sion is $49.00 delivered from stock. 

Antona Corporation 
1543112 Westwood Blvd ., L.A., CA 90024 

(213) 473-8995 

CIRCLE NO 327 

the HUSKY™ 

EPROM 

PLD 

MICRO 

GANG 

SET 

PC based PROGRAMMER 
$599.00* 

SHOULD BE SMALL ENOUGH TO CAAAY IN YOUR BRIEFCASE. 

POWERFUL ENOUGH TO SATISPI YOUR APPLICATION NEEDS. 

HAVE ONE PROGRAMMING SITE TO FIT ALL DEVICES. 

SOFTWARE UPDATEABLE TO KEEP UP WITH YOUR GENIUS. 

AND YOU MUST BE ABLE TO AFFORD IT. 

No assembly required! The MC-2 (above) sup­
plies all the logic and electronics needed for 
coordinated control of up to 4 motors from 25 
to 3000 oz/in . Easy to use move commands in­
clude automatic ramping . Execute control pro­
grams from MC-2's memory -or- from your PC 
via RS-232. Includes on-board mini-BASIC. 
From $985! 

•modules not included. 

THE BEST PERSONAL PROGRAMMER IS THE ONE THAT CAN 

BE PERSONALIZED. 

SOMETHING TO THINK ABOUT. 
CIRCLE NO 328 

CALL OR WRITE 

Centroid Corp. 
Box 739, State College, PA 16804 

1-800-346-0178 
CIRCLE NO 329 

From A Name You Can Trust 

LOGICAL DEVICES, INC. 
1201 N.W. 65th Place, Ft. Lauderdale, FL 33309 

1-800-331-7766 
Telex 383142 

(305) 974-0967 
Fax {305) 974-85 31 

CIRCLE NO 330 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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20W DC/DC CONVERTERS, 
2100 SERIES BREAKTHROUGH 

IN SIZE/PERFORMANCE 
• Dense power for great value • 13.3W/ln3 power 

density • 9-72VDC input range 
• -2s 0 cto +71 •c 

ambient operation 
• 2" x 2• x .375" shielded 

case 
• Short circuit current 

limiting 
• 100% Burn-in @ FL 

• Single/dual output 
• - ss •c to +as•c 

optional extended 
• No heat sink required 
• Remote ON/OFF Control 
• $129 (1-9) Del. 3-4 wks. 

ARO 

CONVERSION DEVICES, INC. 
101 Tosca Dr., Stoughton, MA 02072 

Tel : (617) 341 -3266, TU<: 920014 

CIRCLE NO 331 

Aow 
Charting II+ 
The New Plus 
for Fast 
Flowcharting 

FL.OW 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: • Vertkal 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: 

PATRJN&PATRJN 
So l!w are Corpo1at1on 

1-800-525-0082. Outside California 

408-629-5376, California/ International 

CIRCLE NO 334 

GP-IB, HP-IB CONTROL FOR YOUR PC, 
PC/AT and IBM PERSONAL SYSTEM/2 '" 
• Control instruments, plotters, and printers. 
•Supports BASIC,C,FORTRAN and Pascal. 
•Fast and easy to use. Thousands sold. 
•Software library. Risk free guarantee. oca Capital Equipment Corp. 

99 South Bedford St. 
Burlington, MA. 01803 

FREE demo disk. Call (617) 273-1818 

CIRCLE NO 337 

To advertise in 
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ELIMINATE DECOUPLING CAPACITORS 

I I I I I "~ "' 'l"l "''#'0:"'" 1 "'f I I I I 

CAP-BUS® CAPACITOR/BUS BAR 
Eliminate the decoupling capacitors and the 
power ano ground traces from your PC B for 
more reliab i li ty . CAP-BUS® has a d istributed 
c apacitance of .05 mic ro-farads per l in . in ., .at 
50 voe with low inductance and lo w im­
pedance. The capacitor and the bus bar have 
been joined together for CAP- BUS®; a more 
eff icient c apac it ive decoupled power d is­
tr ibution system. inc reasing IC density on a 
two sided board . 

ELDRE COMPONENTS, INC. 1500 Jefferson Rd. 
Rochester. NY 14623 
(716) 427-7280 

CIRCLE NO 332 

POWER SUPPLIES, high voltage low current for Avalanche 
Photodiodes, Radiation Detectors and Pulsers, etc . To 
1000V, positive or negative. 
PREAMPLIFIERS, wideband for communications and in­
strumentation applications. Integral T/E cooled detector/ 
amplifier packages. 
LASER/LED drivers, 1 Amp at up to 125 Mp/s, in a TIE cooled 
package. 

WRLJTEC 
nco po o ed 

Santa Barbara, California 
805-563-2322 

CIRCLE NO 335 

Analog Circuit Simulation 
NEW 

fc IS_SPICE/386 
$386-00 

Runs on 386 PC's in 
protected mode 
with DOS 3.1 & up. 
Uses 287, 387 or 
W1 167 coprocessor 

• IS SPICE, $95.00: Performs AC, DC and Tran­
sient analysis ; runs on all 80?86 PC's in real mode. 

•PRE_ SPICE, $200.00: Adds Monte Carlo Analy­
sis, Sweeps, Optimization , libraries and algebraic 
parameter evaluation . 

• lntu_Scope, $250: A graphics post processor 
works like a digital oscilloscope. Easy to use with 
all the waveform operations you will ever need. 

• SPICE_NET, $295: Schematic entry for any 
SPICE simulator. Automatically makes a SPICE net 
list and places lntu_Scope waveforms on your 
schematic. 

• 30Day 
Money Back 

intusoft 
Guarantee (21 3) 833-0710 

P.O. Box 6607 
San Pedro, CA 

90734-6607 

LCD WINDOWS CONTROLLER 
The CY325 supports LCDs up to 128x240 pixels 
(16x40 char) with easy-to-use high-level commands 
and Para llel or Serial interlace to host computer. The 
256 bui lt-in w indows (or make your own) support 
window-relative text, graphics, plott ing, ba rgraphs, 
waveforms, scroll/wrap/clip, etc. Read from an N D 
and W ri te into W indow! Separate text and graphic 
planes can be written or erased in any window. Eight 
pins support a variety of functions (soft-keys, wavefomis) 
or can be used for GP 1/0 . Icons or special fonts can be 
user defined. Giant character mode, etc . Save mon ths 
of design time with the CY325. $75 CMOS $20/ 1 OOOs. 

, Cybernetic Micro Systems Inc . 
P.O. Box 3000 • San Grego rio. CA 94074 • USA 
Phone: (415) 726-3000 • Te lex: 910-350-5842 

CIRCLE NO 333 

A Lot 
For A Little 

Reach 137,000 
specifiers of electronics 

components, equipment , 
and systems for 

only $780. 

• EON Product Mart 

CIRCLE NO 336 

ZB0,000™ AT-BUS SBC (ATZBOK) 
Zilog 's new Z320™ 32-bit pipelined CPU/MMU/CACHE unit 
is the heart of this PC-/AT™ coprocessor, passive-back­
plane master, or stand-alone SBC. Get 2.5 to 6 MIPS per­
formance at 12 MHz with 1 M or 4M 32-bit burst-mode no­
wait-state RAM, 4 32-pin EPROM/EEPROM sockets for up to 
512K 32-bit burst-mode no-wait-sate non-volatile storage , 
2 RS-232 ports , 24110 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. 
20045 Stevens Creek Blvd ., Cupertino, CA 95014 

(408) 253-0250 
ZB0,000 & Z320 are trademarks of Zilog 
PC-AT is a trademark of IBM 

CIRCLE NO 338 CIRCLE NO 339 
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$125 87C51 PROGRAMMER 
The UPA87C51 converts general purpose 
programmers into 8751/C751 programmers. 
Select 2732A on your programmer, plug in the 
UPA, and you have an 8751/87C51 program­
mer. With the UPA87C51 you can also pro­
gram the 8751 and 87C51 security bits and the 
87C51 encryption array. It's very simple and 
VERY cost effective. 
Price $125 including UPS ground shipping . 
Adapters are also available for the 63701VO, 
63705VO, and 8751 and are priced at $65-$95. 

LOGICAL SYSTEMS 
6184 Teall Station, Syracuse NY 13217 USA 

(315) 478-0722 Telex: 6715617 LOGS 

CIRCLE NO 340 

SGUP-85 
UNIVERSAL PROGILUDIER 

IC Manufacturer Approved! 
• Patterned Software conflgurated 

pin driver system 
•Support-PAL, RAL, GAL, FPLD, 

EPLD, E/EPROM, PROM, MPU, 
EPL, PEEL, IC TEST 

Oversea Agent Wanted: 

IS 
SYSTEM-GENERAL corporation 
3F, N0.6, LANE 4. TUN HWA N, RD., 
P.O.BOX 53-591 TAIPEI TAIWAN R.0.C. 
FAX: 886-2-721-2615 

TEL: 886-2-721-2613 TLX: 13810 SYSGEN 

CIRCLE NO 343 

PCM ASCOT 
Real-Time Multitasking 

Kernel for your PC/XT/AT 
Save development time utilizing this sophisticated software . 
Numerous applications including Data Aqu isrtion, Process 
Control, Instrumentation, Communications. plus many more. 

......... 

$795 binary license 
$50 demo I manual 

No Royalties 

FEATURES: • Supports MASCOT design methodology 
• Preemptive, priority-based scheduling • Interrupt management 
• Synchronization and mutual exclusion • Shared data areas 
• Intertask communications • Extensive debugging facilities 
•Various language interfaces • Runs a standard DOS program 
A highly qua~fied team of consultants can provide further services 

to assist you in applying PCMASCOT to your application. 
Andyne Computing Limited 
544 Princess Street, Sutte 202 
Kingston, Ont. , CON K7L 1C7 
(613) 541-4355 1·tl001 267-8665 

Great Designs Start With 
Tango-Schematic:· Just $495. 
Designs quickly come to life wi th Tango-Schematic's easy­
to-use drawing editor and extensive component libraries. 
Features four line types, four text sizes, repeat and block 
functions, unique built-in word processor. Includes DRC , 
BOM, Wire List, Net List outputs and crisp plots, prints, or 
laserprints. The perfect front end to our popu lar 
Tango-PCB and Tango-Route board design systems. 

For IBM PC/XT/AT/PS2. just $495. Full-function Demo 
Package: $10. Order toll-free 800 433-7801. VISA/MC. 
Thirty-day money back guarantee. 

ACCEL Technologies, 7358 Trade St., San Diego, CA 92121 
Outside N., S. America contact HST Technology (Australia) 
Phone: 6t-02-34·8499 FAX: 6t·02-23-8771 

CIRCLE NO 341 

Microsoft C™ to ROM; 
Easily! 

C...JhnL.ROM is the ooe tool to take your Micro­
soft C application from initial coding, through debug­
ging, and into the final ROMs. C--1hnLROM includes 
a remote debugger, a locator, the C startup code, and 
additional instructions for ROMing Mi= ft C. 

Get the bugs out fast with source level debugging on 
your target system. You can debug at any level, source, 
assembly, or Mixed, and view public, local, static, 
register variables. 

Start off with complete startup code that takes your 
pr~r from a cold start and sets up the stack heap, 
segment regs, and floating point math. · 

Locate your application anywhere in 8086 
memory! Produce the program load file in Intel Hex, 
Intel Absolute OMF, or binary format 

Call toll rree at 1~221~ today! 

DATALIGHT 
t7505 -68th Avenue NE. Suite #304 
Bothet~ Washingtoo 98011 USA 

(206) 486-8086 

Now with gold , nickel or tin plated current 
carrying brass parts. Captive thumbnuts 
have positive stop to allow connection yet 
limited to reduce possibility of contact 
with electrically " hot" surfaces. Plastic 
parts either Lexan or nylon in blue. red , 
green , black, yellow or white. Ratings 15 
to 30A, 1000V work ing. UL recognized. 
Limited opening fluted or hex nut. min ia­
ture, grounding, double assembly and MIL 
SPEC Ml L-P-55149/1 B types. Request 
Bulletin EC779-1. 

Glide Through PCB Design. 
'IOngoPCB ,. Create the toughest board designs 
with powerful layout software that's a snap to use. 
Function-rich Tango-PCB supports eight layers, I mil 
grid, OrCAD • or Schema· netl ist input, print/plot/ 
photoplot output, and more. 

'IOngoRoufe '"Get impressive completion rates 
and remarkable speed with Tango-Route, a four layer, 

eleven pass autorouter. Just $495 each. 
For IBM PC/XT/AT/PS2. Compare features and you'll buy 
Tango. Or try full-function Demo Package, just $IO. 
Order toll-free: 800 433-7801. VISA/MC. Thirty-day 
money back guarantee. 
ACCEL Technologies, 7358 Trade St., San Diego, CA 92121 

CIRCLE NO 341 

WE PROVIDE SOLUTIONS TO 
MANY INTERCONNECT PROBLEMS ... 

•Test Adapters (Socketed LCC/PLCC/PGA) 
• Test Clips (Surfaced Mounted SOIC/PLCC) 
• 150 Types of Prototyping Board Adapters 
• 125 Types of Programming Socket Converters 
• Many Types of Emulator Pod Converters 
• PGA/PLCC Extraction/Insertion Tools 
•And Much, Much More ... 

IErr 
Emulation Technology, ine. 

- - - STATE OF THE ART VLSI and SURFACE MOU NT ACCESSORIES - - -

2368-B Walsh Ave . • Bldg. D • Santa Clara , CA 95051 
TEL: (408) 982-0660 • FAX: (408) 982-0664 

GANG/SET 
Model 135-E, 1995oo· (E)EPROM 

MULTIPROGRAMMERS™ 
• BYTEK's 135 is o SET Programme r, GANG 

Duplicotor, & UN IVERSAL Device Pro.9rommer. 
• Programs virtually oll 24 , 28, & 32-pin (t)EPROMs. 
• RAM expendable to 2MegoByte. 
• Optional support for 40-pin EPROMs, Bipo lar 

PROMs, 40-pin Micros, & IE)PLD/GAUFPLA 
Devices . 

• 18-Month FREE WARRANTY and also 
12-Month FREE DEVICE UPDATES. 

.. 1-800-523-1565 
, ® s~~~!:!!!e~~.~~O~~:S r:1mg~;;;dB~~~~::~~=:O 

Call 203/582-8098 WU aw 508 N.W. 77th St., Boca Roton, FL 33487 
Division of The Superior Electric Company ® FAlC 14071994-3615 Telex: 4998369 BYTEK 
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MICRO/Q 11 
FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 
ROGERS MICRO/O® 2000 
Rogers Corp., 2400 S. Roosevelt, 
Tempe, AZ. 85282. 602/967-0624 

CIRCLE NO 349 

SCHEMATIC TO PC LAYOUT 
$500 
includes 

AUTOROUTER 

SCHEMATIC CAPTURE . . . . . . . . . . ... . .. S100 
• A through D size drawing 
• 3 levels of zoom 
• Users keyboard and or mouse 

• User expandable library has 
over 1000 parts 

• Prints bill of material. net list 

PC BOARD LAYOUT . . .... . .... ..... S250 
• Board size 36 x 36 
• 256 layers include silkscreen & 

solder mask 
• User definable pad and hole 

shape sizes 

•Trace width .001 inch to 
0.255 inch 

• Accepts schema. ORCAO, 
Futurenet, EOIF, & Smartwork 
Net List 

UTOROUTER . . . . . . . . . .... .... .... . . S250 
• Routes mutli-layer board two layers at a time 
• User selectable grid, line width & pad shape 
All packages support IBM PC with CGA, EGA & HGA graphics 
cards IBM, Epson, Okidata printers and Hewlett-Packard, 
Houston instrument and all other plotters Demo Disk$ 10 
(305) 975-9515 800-aPC-FREE 

ADVANCED MICROCOMPUTER SYSTEMS, INC. 
1321 NW 65th Place 

Ft. Lauderdale, FL 33309 

CIRCLE NO 752 

UNIVERSAL E(E)PROM 
PROGRAMMER $495 (Kits from $165) 

• No personality modules; Menu driven device selection. 
• Built-in Erascrffimer option ($50); Conductive foam pad. 
•Direct technical support; Full I year warranty. 
•Stand alone duplication & verify (ZIXX parts) . 
•Quick pulse algorithm (27256 under 60 sec). 

• Tin to 1 Mbit; 25xx; 68xx; CMOS; EEPROMS. 
• 8741,-2,-4,-8,-8H,-9,-9H,-Sl,-C51,-52,-55, 9761 & more. 
• IBM-PC, Apple, CPM or Unix driver; Autobaud RS232. 

• Offscl/split Hex, Binary, Intel & Motorola 8,16,32 bi1. 
• Manual with complete schematics. 

VISA MC AMEX Call roday for datasheets I! 

B&C MICROSYSTEMS 

355 WESTOLIVE AVE. SUNNYVALE, CA 94086 
PH: (408) 730-5511 FAX: (408) 730-5521 TELEX: 984185 

CIRCLE NO 755 

To advertise in 
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IPC WIDE BAND CURRENT MONITOR 

IPC's current monitors measure AC and 
fast pulsed currents in physical isolation 
from the conductor , thus eliminating 
ground loops and interference noise. 
Many standard designs are available with 
a sensitivity from .001 to 1 V/A. Peak cur­
rents up to 100,000 AMPs and higher for 
special models. 
For further information, write or call : 

ION PHYSICS CORPORATION 
323 Andover Street 
Wilmington, Mass. 01887 
Tel. (617) 658-6030 
Telex 5106006134 

CIRCLE NO 350 

TOROIDAL POWER TRANSFORMERS 
Custom design using proprietary software -
Fast prototyping - Quick deliveries and split 
orders - Compliance with UL, CSA, VOE as 
required - More than 100 Standard design 
transformers available "off the shelf". 
Also: Toroidal Isolation and Audio Transformers. 

@._F MANUFACTURING INC. 
250 Wildcat Rd., Downsview, ON M3J 2N5 

Tel . (416) 667-9914, Fax. (416) 667-8928 

CIRCLE NO 753 

FREE Demo Disk: 1-800-553-9119 
SCHEMA's success is the talk of the CAE industry 
and thousands 0£ 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. 

11==~ SCHEMA II sells for $495 and sup­= ~ ports most common IBM PC{XT/ 
_ _ AT configurations. Please call today 

for a free SCHEMA II demo disk . 

OMATiON 
!11 Tcw C.U (214) '1JJ -'167 

IBM COMPATIBLE RS232/488 
3V2x51/4'' FLOPPY DATA STORAGE 

& TRANSFER SYSTEM 

Information Transfer to/from Non IBM Compatible Systems to/from 
IBM & Compatibles (Over RS-232 or 488 Interface) 

• Reads & Writes MS DOS Disks 
• RS-232/488 110 
• Rugged Portable Package/battery option 
• ASCII or Full Binary Operation 
• Baud Rate 110 to 38.4K Baud 
• 360K/720K RAM Cartridge Option 
•Price $895 in Singles-OEM Otys. $495 . 

28 other systems with storage from 100K to 42 megabytes. 

-

ANALOG & DIGITAL PERIPHERALS. INC. 
251 South Mulberry St .Troy,Oh•o45373 
P 0 Box 499 TWX 8101450-2685 
5t31339-224 t FAX 5131339 0070 

CIRCLE NO 751 

CIRCLE NO 754 

ELECTRIC COMPANY 
I 1583 E. 31st St. , Cleveland, OH 44114...J 

L...-----------CIRCLE NO 756 CIRCLE NO 757 

Product Mart, call Joanne Dorian, 212/463-6415 
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PC488A $145 
LOW COST PC{JIT/AT INTERFACE 

FOR IEEE-488 (GPIB/HPIB) 

•Includes INSTALLABLE DOS DEVICE DRIVERS 
and software support for BASIC • ~:.s1s1D&~ ~uf!(frt for C, PASCAL, FORTRAN 

• Selectable base IJO admess, IRQ and OMA 
• CONTROILER I TALKER I LISTI:NER capability 
• Customer support via dedicated 24 hours B&C Miaosy­

stcms BUUETIN BOARD 
• Quantity discounts available 

VISA MC AMEX Call today for datashtttll 

B&C MICROSYSTEMS 

CIRCLE NO 758 

Small Space 
Advertising 

For Big 
Results 

• 
EON Product Mart 

CIRCLE NO 761 

DATA LINK ANALYZER 

Turn your personal computer into an ASYNC DATA 
LINK ANALYZER at a fraction of the cost of buying 
one. 
•Operates on IBM PC/XT/AT or compatibles 
• Configurable to all standard PARITY, STOP BITS, and 

BAUD RATES up to 9600 baud each way, full duplex 
• Programmable trigger sequences 
• Can store and display up to 32k characters 
•Totally passive - no insertion effect 
• Data can be stored as DOS files. Use standard utilities 

to manipulate and process the data-orwrite your own 

LINK-VIEW: $125.00 

PC488B $445 
IEEE-488 INTERFACE CARD WITH 

BUILT- IN BUS ANALYZER 
• GPBASIC package com,P.lcments IBM/Microsoft BASIC 

interpreter and compiler to create a programming 
environment similar to HP desktop computers. 

• Additional libraries of over 20 high level 488 dedicated 
functions for C, Pascal or t'ortran available ($50) . 

• Powerful menu-driven bus analyzer, which ca n run in 
the fo reground or in the background while 488 programs or 
commands are executed, features program stepping, break 
points and real Lime bus data a plure (4k cucular buffer). 

• Instant toggling between fortgl"'Of.lnd and Analyzer scrttn. 

: iif;~~~~ !T!~;~s~=r~Cd°dr~l~~Q.~~~Y· 
VISA MC AMEX C.01/todayfordatashttt!! 

B&C MICROSYSTEMS 

m (~~~k8J\~e F~~~·(JiJ~f1f• T~~X:~~ 

CIRCLE NO 759 

MOUSE-TRAK 
The Stationary Alternative 
For Precision and Comfort! 

This new space saving input device emulates both Microsoft and Mouse Systems 
RS-232 mice. With MOUSE-TRAK you can watch your screen and not your mouse 
running off your desk. 
With a singte 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 mput at your fingertips. 
Special features include speed control, allowing the user 10 taogle the resolution 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 762 

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 271 6-27513. 2804-28256, 27011 
•READS & WRITES INTEL, MOTOROLA. STRAIGHT HEX AND BINARY 
•OPTIONAL HEADS PROGRAM INTEL 874X. 8751. 87C51 , 8755 
•MENU-DRIVEN CHIP SELECTION BY MFG & PIN: NO MODULES 
•FAST, SLOW, QUICK PULSE PROGRAMMING ALGORITHMS 
•SPLITS FILES BY BASE AODRESS ANO ODO/EVEN (1 6&32 BIT) 

Occupying less than .41 inl, this popular Integrated Circuits, 
Incorporated DC-DC power converter uses a flyback switch­
ing topology to provide +5, ± 12or±15Voutputs from a 16 
to 32V input range (24V nominal). This unit also features: 
• Up to 4 watts output • Metal packages ideal for 
•Up to 75% efficiency military, aerospace, and other 
• 500 VOC isolation HI-REL applications 
• Short circuit protection • Lid height only .350 inch 
• Single. dual or triple outputs • -55"C to + 125"C storage 
• TIL compatible inhibit function temperature range 
• Additional environmental 

screening available 

These units are available from stock and are priced at $170.00 
each (100 qty.). For more information. contact Integrated 
Circuits Incorporated at 10301 Willows Road, Redmond , 
WA, 98052, or call 1-800-822-8782. 

CIRCLE NO 760 

SMT LAND PATTERN HANDBOOK 
A collection of over 80 completely dimensioned land 
patterns which have been proven in a manufacturing 
environment. This document of easy to locate land 
·patterns will save the designer many hours when 
building the SMT parts library. 

cm c.., .. J SMT PWS, INC. 

CIRCLE NO 763 

""]g;t•·-· ,.. 
· n~~~, l>•z an a qusa -- .. _ -- - ··- . 
.;&OliA.:~WuXi1' r > • 

l .. ..:t::?J~!5!1' -i..:, • 

2216 Lundy Avenue 
San Jose. CA 95134 

(408) 943-0196 

: ~~~~T,~~~~5E~g~~~~T~1~M~~g~~~~ii~:a ~S:FFIX PARTs 6800-Famlly Development Software 
: ~ti ~~cii~~~n :~~~J~"Ws%M:;: Combine our software and your editor for a powerful develop-
•SAME DAY SHIPMENT • GENERATES, CHECKS CHECKSUMS ment system. Our C-Compilers feature a complete implemen-
• ONE YEAR WARRANTY • TWO FREE FIRMWARE UP1JATES tation (excluding bit fields) of the language as described by 
• MONEY-BACK GUARANTEE • UV ERASERS FROM $34.95 Kemigan & Ritchie and yields 3(}.7()% shorter code than Other 

CALL TODAY FOR MORE INFORMATION compilers. Our Motorola-compatible Assemblers feature 

Bprl......f"""lJl macros and conditional assembly. Linker and Terminal 
MICROSYSTEMS Emulator are included. Wlntek Corporation, 1B01 

11 1_:/j(.~1 Syltel Information Systems, Inc. South St. , Lafayette, IN 47904. (800) 742-6809 or 
t:t~ • 560 Broadhollow Rd. Suite 309 800/225-2102 713/461 -9430 TELEX 1561477 
·L - Melville, NY 11747 516(756-9220 10681 HAOOINGTDN #190 HOUSTON, TX 77043 (317) 742-842B. 

CIRCLE NO 764 CIRCLE NO 765 CIRCLE NO 766 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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CIRCLE NO 767 

BREAKOUT DEVICE FOR DIP ICs 
Wasting t ime cutting traces, bending leads? 
Speed debugging with the DIP ISOLATOR'.M 
Isolate IC pins quicky and easily. Use jumpers 
on test point headers to make circuit changes. 
Send for appl ication note and data sheet. 
Sizes from 6 to 64 pins. ZIF or hi-rel sockets. 
Prices from $22. 75. 

Beta Automation Inc. 
3541 Old Conejo Rd . 

Newbury Park, CA 91320 
805/499-5785 

CIRCLE NO 768 

SYNCHRONOUS/ASYNCHRONOUS 
Rs-422, RS-485, RS-232, CURRENT LOOP 

SYNCHRONOUS COMMUNICATION 
• 1 Mboud data transfer rote 
• DMA facility 
• Byte sync. SDLC. HDLC 
• Rs-422, Rs-485, RS.232 

ASYNCHRONOUS COMMUNICATION 
• Single/ dual port option 
• Selectable interrupt 
• Address selectable 
• Current Loop, Rs-422, Rs-485, RS.232 

~GUATECH 
~ INCORPORATED 

leaders In Communlcotton Technology 

No WAITING FOR COMPLETE, Low 
PRICED, CHIP COMPONENT KITS 

CC-1 C8pacrtor Kit contains 365 pieces, 5 ea. of ewry 
10CM:i value from 1pf to .33µ.f. CR-1 Resistor Kit contains 
1540pieces; 10 ea.ofevery5%value from 100to 10meg0. 
Sizes are 0805 and 1206.. Each kit is ONLY $49.95 and 
available for Immediate One Day Delivery! 

Order by loll-free phone, FAX, or mail . We accept 
VISA, M C, AMEX, COO orders, or company P.0.'s with 
approved credit. Call for free detailed brochure. 

ClltfMUNICATKMS SPECIAUSTS, INC. 
426 West Tall Avenue • Or . CA 92665·4296 
l.JX:al (71-41996-3021 · FAX (~974-3420 

Entire U.S.A. 1-800-854-0547 

TOLL FREE: 1·800-553·1170 
478 E. Exchange St. Akron, Ohio 44304 

(216)434-3154 TLX:5101012726 FAX:(216)434-1409 
CIRCLE NO n1 

GAE/CAD Integrated Software Package 
for IBM PC/XT /AT /PS2 

Weigh Cost Against Performance 
When you balance cost and performance, EE Designer Ill gives 
you more features per dollar than any other electronic design 
software package. You get full-featured PCB layout plus sche­
matic capture, analog/digital circuit simulation. support for 
EMS memory, 45 degree aulorouting, and full postprocessing 
functions. EE Designer packages start at $995. 

30 day money back guarantee. Full purchase price refunded 
if not completely satisfied. Call l -800-553-1177 today to order 
your package. Bank cards welcome. 
;~;.-;;-~:~;--;r. e 

F l;:'ilii1"ilf,;:'/; 343 Gibraltar Drive 
c o R P o R A r / o N Sunnyvale, CA 94089 

I 
E & H Field 

Probes 
$495 

EON " Readers Choice" (6 /25/87) 

Makes finding E & H Field emissions easy• 

Use with any o-scope or spectrum analyzer. Set in­
cludes three H and two E field probes, extension 
handle, case, documentation, two year warranty. Pre· 
amp with battery charger. optional. Call, write to order 
or for brochure. 

1-800-253-3761 
PO Box 1546 Austin, TX 78767 

CIRCLE NO 769 

Introduce 
new products 
and literature 

• Build 
awareness in 

the marketplace 
• Supplement 

your advertising 
campaign 

• 
EON Product Mart 

CIRCLENOm 

"D" SIZE PWTIER 
sz295oo 
RETAIL 

s 1695 00 
INTRODUCTORY 

- OFFER 

• Repeatability .001" 
• Speed at 7" Per Second 
• Vacuum Paper Hold Down 
• High Resolution Circles: Suitable fo r 

PCB Artwork 

(415) 490-8380 ZERICON 
STEVENSON BUSIN ESS PARK 
BOX 1669 • FREM ONT, CA 94538 

CIRCLE NO m CIRCLE NO n4 CIRCLE NO n5 
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PROFESSIONAL ISSUES 

How two engineers built 
-and nearly lost­

their business 
Mike Wells and Jack Hancock started their company with plenty 
of technical know-how but no business experience. Together, they 
made every mistake in the book. After a series of near-disasters, 
which gave them an intensive on-the-job business education, 

they expect $8 million in sales this year. 

T hey make the oddest of couples. 
Mike Wells is 32 years old. 
After college, he spent only two 

years in the engineering work place 

Deborah Asbrand, 
Associate Editor 

enue Service was demanding pay­
ment of $30,000 in witholding taxes. 
Local banks refused them credit, 
and representatives of one bank rec­
ommended liquidation. A year later, 
the situation was even worse. The 
loss of a major contract forced them 
to lay off nearly half of their employ­
ees, and the corporate infrastruc­
ture-what there was of it-was 
about to cave in. 

ballast is no doubt a function of the 
differences between Mike Wells and 
Jack Hancock. "The brashness and 
risk-taking innate to Mike are for­
eign to Jack," observes one of their 
colleagues, Bob McKeown. "And 
Jack's solidness and conservatism 
are foreign to Mike." Wells serves as 
Arnet's president and supervises its 
long-range growth and market 
plans. Hancock is the company's 
chairman and oversees investments, 
stock transactions, and export activ­
ities. 
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before he became disillusioned with 
corporate attitudes and fled. Jack 
Hancock is a 67-year-old mechanical 
engineer who worked for the same 
employer for 31 years. Somehow, 
the two men strike a perfect balance 
as business partners. 

In 1985, however, two years after 
they founded Arnet Systems, the 
company's equilibrium was anything 
but balanced. The prospects for suc­
cess looked grim. The Internal Rev-

EDN July 7, 1988 

Luckily, Arnet Systems was able 
to regain its equilibrium. Part of the 

The two men first met in 1972. 
When Wells was 16 years old, Han-

Mike Wells: "The PC 
market was easy to enter 
and attracted lots of 
young people with no 
credibility -like me." 
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Jack Hancock: "I'd 
always toyed with the idea 

[of starting a business], 
but I never got serious 

about it until Mike 
came along." 

cock, a 51-year-old divorced father 
of two, married Wells' mother, 
Betsy. The men's early relationship 
was tenuous at best. "We just kind 
of avoided each other for a while," 
Hancock recalls. Eventually, they 
became friends, and when Wells 
went off to Vanderbilt University, 
he chose to study electrical engi­
neering, a decision both men now 
attribute to Hancock's influence. 

In 1980, Wells graduated from 
Vanderbilt with a master's degree 
in electrical engineering. He went 
to work for Merrick Corp, a Nash­
ville company specializing in robotic 
arc welding. Shortly afterwards, 
the owners sold the business to a 
large, Houston-based company. Im­
mediately it became apparent that 
the new managers had little under­
stanrling of engineering and little 
interest in preserving Merrick's 
small-company atmosphere. 

Morale in the engineering depart­
ment, where Wells and about a 
dozen others worked, quickly deter­
iorated. 'We were behind, and the 
managers came in and told us that 
the products had to ship on the 
scheduled day," Wells remembers. 
"We told them that the products 
weren't ready, that they weren't de­
bugged. They said 'ship them any­
way.' Twenty units were shipped, 
and every one of them came back. It 
was the beginning of their demise. 
It ruined their reputation." 

Feeling disenfranchised by the 
302 

business's bottom-line philosophy, 
Wells left after two years. He re­
turned to Vanderbilt to earn a doc­
toral degree in electrical engineer­
ing. After one year back on campus, 
however, he grew restless. 

Around the same time, Hancock 
was considering an early retirement 
from E I du Pont de Nemours, 
where he worked as a senior re­
search engineer in the company's 
textile-fiber division. Hancock saw 
his early leavetaking as an oppor­
tunity not to sit in a rocking chair 
but to try something new. "I didn't 
really want to retire," he recalls. 
"I'd always toyed with the idea [of 
starting a business], but I never got 
serious about it." 

Hanging out a shingle 
In April 1983, Wells and Hancock 

agreed to give entrepreneurship a 
try. The plan, albeit a bit fuzzy, was 
to set up a consulting business spe­
cializing in industrial-control equip­
ment. Hancock would draw on his 
expertise in machine design, and 
Wells would contribute his knowl­
edge of microprocessors. 

The chances were slim that the 
two business novices would make it 
in the rough-and-tumble electronics 
industry. For Wells and Hancock, 
the past few years have been any­
thing but easy. Like many small 
businesses, Arnet's growth has 
been a wild roller-coaster ride of 
highs and lows, but what saved the 

company from going out of control 
was its founders' quickly learned 
lessons and a rare candor in admit­
ting their mistakes. 

The two men capitalized the busi­
ness themselves, retaining full own­
ership, and, as they would later 
come to realize, full responsibility. 
Hancock took out a second, $15,000 
mortgage on his home, and Wells 
kicked in his $2000 in savings. They 
rented a small office in downtown 
Nashville. They named the business 
Arnet Systems because "the theory 
was to have a business that started 
with the letter 'A' so we'd be first in 
the consultants directory. We also 
wanted something that sounded 
high tech." After a series of friendly 
disputes, Wells and Hancock settled 
on Arnet, which is the latter's mid­
dle name. 

Neither man enjoyed consulting. 
They both disliked making cold 
sales calls and designing products 
that clients might or might not mar­
ket. Even worse, they weren't mak­
ing any money. "We always under­
estimated how much time we 
needed on a project-probably by 
about 50%," Wells says. "Usually we 
got negotiated down and wound up 
working for $10/hour rather than 
the $45/hour that we'd planned on." 
The handful of small contracts that 
they managed to scare up brought in 
little money. The first year Arnet 
lost $6000. 

The consulting effort, though, 
EDN July 7, 1988 



was part of a larger plan that Wells 
and Hancock had hatched. They en­
visioned consulting as a stepping 
stone to the business they wanted to 
build. Wells was one of the legions of 
people attracted to the potential 
gains of the burgeoning personal­
computer industry. "For a while I 
thought we would make a standard 
product in the industrial-control 
area," he says. "But the area didn't 
seem to be growing. And, because it 
was stable, it was hard to enter. The 
PC market was easy to enter and 
attracted lots of young people with 
no credibility-like me." 

Choosing a standard product 
To transform their struggling 

consulting practice into a full­
fledged business, Wells and Han­
cock needed a standard product. In 
December 1983, they got their op­
portunity. A local company was 
planning to enter the personal-com­
puter market with a software pro­
gram that monitored telephone 
switchboards. The company was 
dissatisfied with the design of the 
4-port RS-232C card that a Minne­
apolis vendor had developed for it, 
and agreed to let Arnet Systems 

EDN July 7, 1988 
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redesign the card and implement 
new features on it. 

"Because we were so small and 
unknown, they had absolutely no 
faith in us,'' Wells says. For this 
reason, the deal they struck re­
quired Arnet to absorb the design 
costs and committed the client to 
purchase a maximum of only 50 
boards. In return, Arnet retained 
full ownership of the product. 

Within four months, Wells and 
Hancock demonstrated a printed­
circuit-board prototype for their cli­
ent. Not only did the company pur­
chase the required 50 boards, but it 
continued to buy them at a rate of 50 
each month. With that contract 
earning Arnet $25,000 a month in 
revenue, Wells and Hancock could 
begin plowing some of their earn­
ings into the development of their 
own products. Fortuitously, they 
got the idea of enhancing the pc 
board and making it the long­
awaited product they had been look­
ing to build a company upon from 
another vendor's product brochure. 

The two men also decided they 
could now afford to hire another 
full-time engineer. Wells turned to 
Bob McKeown, a colleague from his 

days at Merrick. McKeown, like 
Wells, had chafed under Merrick's 
new owners' attempts to impose 
strict rules on the engineering de­
partment. The new manager "felt 
we lacked commitment because we 
lacked discipline," McKeown re­
members. "His way of making us 
disciplined was to institute a dress 
code and to rigidly enforce working 
hours." 

One experience, in particular, ce­
mented McKeown's belief that the 
new management's policies were 
largely misguided. The day after a 
memo instructed all male employees 
to wear ties at work, McKeown ar­
rived wearing blue jeans-and no 
tie. His action, he says, carried no 
message of defiance. To McKeown, 
it was simply keeping in line with 
Nashville's southern casualness. "I 
wore my best dressy jeans and 
didn't think of it as rebellious." 

An enlightening ride 
His new manager did. He asked 

McKeown to accompany him for a 
drive to his ranch 20 miles outside of 
Nashville. There, the manager 
pointed to the livestock and ex­
plained that there were two kinds of 

Bob McKeown: "I still 
live vicariously through 
the engineering depart­
ment." 
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Just days before the IRS planned to pad­
lock Arnet's doors, the company found 

a bank willing to lend them money. 

cattle-those that accepted nurtur­
ing and were allowed to go on pro­
ducing, and those that wound up on 
dinner tables. What kind of cattle, 
the supervisor wanted to know, was 
McKeown? 

McKeown's memory of the inci­
dent is vivid. "I thought he was a 
lunatic," he says. "I started looking 
for a job and took the first one I 
got." A year later, when Wells con­
tacted him about joining Arnet, he 
jumped at the chance. 

McKeown began working on 
some of the company's existing con­
tracts, and Wells began looking 
around for other product niches. 
The issue of copy-protection 
schemes for personal computers was 
attracting a lot of attention at that 
time, and Wells got the idea to de­
sign protective devices. "I'd read in 
a databook about using PAL chips to 
protect software. We started think­
ing maybe this could be a standard 
product for us." It was a market 
different from the add-in one that 
the company was hoping to pene­
trate with its expansion board, but 
it seemed to hold promise. Wells and 
Hancock had no idea that venturing 
into two disparate markets would 
nearly cause the company's down­
fall. 

Mounting a marketing effort 
In the spring of 1985, Arnet Sys­

tems was ready to release both the 
copy-protection device, which it 
called Gardware, and the upgrad­
able IBM PC expansion board, 
which it called Multiport. There was 
no extra capital to fund the salary of 
a sales and marketing professional, 
so Wells, already working hard as 
head of new-product development, 
assumed the responsibility for as­
sembling a marketing campaign. He 
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checked a dozen books out of the 
library, pored over all of them, and 
became a self-taught product pro­
moter. He wrote press releases, ar­
ranged for photo shoots, concocted 
direct-mail packages, and worked 
on company and product brochures. 

Times were improving 
By August, the company's efforts 

began to show results. Multiport 
and Gardware were selling well. 
Gardware, in particular, was gener­
ating a great deal of revenue for the 
young company, thanks to a lucra­
tive contract with ·Computervision, 
a Bedford, MA, CAE company that 
was buying thousands of units each 
month. Arnet had eight employees 
and was growing rapidly, and the 
7-day workweeks were beginning to 
pay off. 

Any sense of accomplishment, 
however, was fleeting. Despite 
steady product sales, the business 
needed a cash infusion to provide 
working capital and, more impor­
tant, to pay the IRS $30,000 for 
back payroll taxes. Wells and Han­
cock briefly considered venture-cap­
ital sources, but instead opted for 
more homegrown financing meth­
ods. The trouble was they had near­
ly reached their personal-financing 
limits. Hancock's home was mort­
gaged to the hilt, and he had run up 
large credit-card debts by taking 
out cash advances. 

That fall, Wells and Hancock 
began offering their employees own­
ership stakes in the company. 
McKeown remortgaged his house 
for $11,000. In return, he received 
10% ownership in the company. Lisa 
Ernst, Arnet's controller, contrib­
uted her savings and became a 6% 
owner. The company pitch was also 
heard by miscellaneous aunts, un-

cles, and other relatives with un­
tapped bank accounts. 

At the same time, Hancock, 
Wells, Ernst, and Elaine Floyd, an 
Arnet sales representative, were 
also giving the team pitch to area 
banks in the hopes of securing a loan 
or a line of credit. Complicating 
matters was pressure from a local 
bank through which Arnet had a 
Small Business Administration 
loan. Nervous about Arnet's precar­
ious financial condition, the bank 
sent two representatives to assess 
the company's condition. The men 
(both electronics-industry veterans) 
toured Arnet's facilities and then 
spent several hours with Wells. 
Their verdict was liquidation. "They 
didn't even suggest Chapter 11," 
Wells says, referring to the bank­
ruptcy-law provision that offers a 
company protection from its credi­
tors while it reorganizes its fi­
nances. "They advised us not to 
compete in the add-in market and to 
go back to consulting." 

Wells refused to comply. "They 
had the 'you can't compete with the 
big guys' mentality," he says. 
Wells's tenacity was a critical moti­
vating force for the others. "Mike 
just wasn't going to give up," says 
Ernst. The group continued 
meeting with other bank officers, 
and just days before the IRS 
planned to padlock Arnet's doors, it 
found a bank willing to advance the 
necessary funds. 

Although Wells, Hancock, et al 
thought they had orchestrated a re­
prieve, they had already committed 
a near-fatal mistake that was soon 
to become apparent. Without realiz­
ing the danger of it, Arnet's manag­
ers had allowed the company to be­
come dependent on the revenue 
from the Computervision contract. 
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PROFESSIONAL ISSUES 

Arnet nicknamed its 6-week effort "Rambo marketing" 
and assigned every available staff member 

"We had built up the company based 
on revenues from one customer, and 
we failed to realize how vulnerable 
we were," recalls Ernst. 

A bird in the hand ... 
In early 1986, a Gardware 

EEPROM began failing in the field. 
Arnet lacked the resources to trace 
the problem and rectify it, and Com­
putervision, which had purchased 
more than $600, 000 worth of the 
EEPROM, grew concerned about 
quality control. "What was really 
going on was that between Multi­
port and Gardware, we were going 
crazy with customer support," ex­
plains Wells. Arnet decided to forgo 
further development of Gardware. 
It did plan to continue providing 
support for its existing customers, 
however. 

Abandoning further development 
irked Arnet's biggest customer. 
Computervision cancelled its con­
tract and gave its business to Rain­
bow Technologies, Arnet's closest 
competitor. "Our income dropped 
50% overnight," Wells says. To 
make up the badly needed revenue, 
the company mounted an all-out 
campaign to increase sales of Multi­
port. Arnet nicknamed the effort 
"Rambo marketing" and assigned 
every available staff member to fol­
low up on sales leads that had come 
in over the past few months. 

The intensive 6-week effort 
brought in some extra revenue, but 
not enough. Without drastic mea­
sures, the company would be forced 
to close its doors. "It got scary," 
remembers Ernst. "There was a lot 
of pressure, and we knew our survi­
val depended on laying people off." 
An emergency meeting in June de­
termined that 9 of the company's 22 
employees had to be let go. Most of 
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to follow up on sales leads. 

these had been hired within the 
previous six months, and they came 
from a variety of departments with­
in the company. Wells and Hancock 
met with the soon-to-be-laid-off em­
ployees, explained the company's 
status, and offered them an admit­
tedly meager severance package­
two weeks' pay and the preparation 
of their resumes. 

A favorable out look-again 
While Arnet limped along, the 

company's sales efforts gradually 
began to show results. Sales of 
Multiport started to climb. The 
company was inching back from the 
precipice-or so it seemed. To oper­
ate efficiently and avoid repeating 
past mistakes, however, Arnet had 
to synchronize its inner workings. 
As president, director of R&D, and 
company marketing representative, 
Wells had assumed responsibility 
for many of the company's key func­
tions. As Arnet grew, he was 
stretched ever thinner and was 
slowly grinding Arnet's progress to 
a halt. "The company was moving 
along but there was no way for 
people to sit down and plan together 
and get a feeling for what was going 
on," says Ernst. "Mike was so in­
volved with the marketing that it 
was as if we had no leader." 

Finally, Ernst took Wells aside 
and minced no words in describing 
the business's status. Looking 
around the company, Wells says, he 
knew she was right. The problems 
were genuine-and acute. Among 
other things, the company was con­
stantly running out of inventory and 
was slow to fill orders. Members of 
the engineering department were 
unsure of their direction. "I was 
making lots of decisions in a vac­
cuum," Wells concedes. A short 

time later, he hired a sales and 
marketing manager and turned his 
attention to working full-time as the 
company president and new-product 
director. 

Rounding the corner 
For a while, the new organization 

worked. But even after passing on 
the sales and marketing responsibil­
ities, Wells remained overextended. 
By early 1987, the pressure had 
become too much. At a staff meeting 
one January morning, he lost his 
cool. "Everything was behind 
schedule, and there seemed to be 25 
problems to solve. I seemed to be 
the only one concerned. No one 
seemed to be taking any initiative or 
getting fired up. 

"I screamed and called [the man­
agers] wimps." Fuming, Wells 
stormed out of the meeting and left 
the office for the day. "I wanted to 
quit." His ego got the best of him, 
he admits. He almost wanted to 
leave for a month and see the com­
pany crash and burn. "On the other 
hand," Wells says, "I was begging 
for help." Several days of introspec­
tion ensued. "My ego had definitely 
become a problem," he continues. "I 
didn't understand how I could be 
president and not be in charge of 
everything." 

Among the first remedial steps 
Wells took was to distribute some of 
his responsibilities. To relieve him­
self of day-to-day management du­
ties, he created the position of chief 
executive officer. "I needed to find 
someone who liked managing," 
Wells says. "I hated it all-the 
meetings, the performance reviews, 
all the details." 

Ernst became chief executive offi­
cer, and Wells promoted McKeown 
to executive vice president. 
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INFO CARDS 

The Fastest, Most Cost-Effective 
·way to Generate Sales Leads! 

,,...T'-R S SOR 

RUSH ME YOUR FULL COLOR 
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With EON Info Cards, you can tum a small investment into high-quality 
sales leads. 

Issued six times per year in loose-deck packs, EDN Info Cards are delivered 
to EDN magazine's U.S. circulation of 121,500 specifiers and buyers. Which 
means they deliver results! In fact, the average card in a deck pulls literally 
hundreds of prospects. 

You'll enjoy this steady, dependable source of qualified leads for less than 
l 1/2¢ per name. And because all inquiries come directly back to you, the 
faster you respond, the faster you get results. 

Used as an adjunct to an advertising/promotion campaign or all by them­
selves, EON Info Cards will generate the qualified leads you need to sell 
your products. 

For further information, contact Lauren Fox, EDN Info Cards Manager, 
at (203) 328-2580. 
*Numbers represent actual responses. 

McKeown realized that it was a po­
sition of prestige, but it also meant 
leaving behind his engineering 
tasks. "I had to do a lot of soul 
searching to decide if it was the 
right thing for me," McKeown says. 
"My specialty was never micro­
processor technology, so the compa­
ny had really evolved out from 
under me. But the excitement of 
being part of this organization had 
always been enough compensation 
for me." 

He takes pride in the fact that one 
of his board designs recently re­
ceived a top rating from Infoworld 
magazine, and he adds, "I still live 
vicariously through the engineering 
department." Now ensconced in ad­
ministrative work, McKeown com­
memorates his days at Merrick with 
a painting of a cow, which hangs on 
his office wall. 

As another measure to further 
diffuse the decision-making process, 
Wells and Hancock created an exec­
utive committee to make decisions 
by consensus. Besides the compa­
ny's founders, Ernst and McKeown 
became board members. 

Arnet now has 35 employees, 15 of 
whom own stock in the company. In 
1988, Wells and Hancock expect to 
double their fiscal 1987 profits. 
They've continued to expand their 
product line and now produce four 
communications boards. In April, 
the Nash ville Business Journal be­
stowed its Small Business of the 
Year award on Arnet. Buzz Heid­
tke, a member of the judging panel, 
visited the company and came away 
impressed both by Arnet's come­
back and by the atmosphere it has 
created. As Heidtke says, "They got 
some good contracts and were a bit 
too successful too early. Now, they 
seem to really work on quality." 

Article Interest Quotient 
(Circle One) 

EDN 

High 518 Medium 519 Low 520 
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ED N's 
CHARTER 
EON is written for profession­
als in the electronics industry 
who design, or manage the de­
sign of, products ranging from 
circuits to systems. 

EON provides accurate, de­
tailed, and useful information 
about new technologies, prod­
ucts, and design techniques. 

EON covers new and develop­
ing technologies to inform its 
readers of practical design 
matters that will be of concern 
to them at once or in the near 
future. 

EON covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough detail 
to permit practical appli­
cation 

• for which accurate price 
information is available. 

EON provides specific " how 
to" design information that our 
readers can use immediately. 
From time to time, EDN's tech­
nical editors undertake special 
"hands-on" projects that dem­
onstrate our commitment to 
readers' needs for useful infor­
mation. 

EON is written by engineers for 
engineers. 
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CAREEROPPO 

Issue Recruitment 
Date Deadline Editorial Emphasis EDN News 

Aug. 4 

Aug. 18 

Sept. 1 

Sept. 15 

Sept. 29 

July 14 

July 28 

Aug. 11 

Aug. 25 

Sept. 8 

Sensors & Transducers, Analog ICs, Graphics 

Military Electronics Special Issue, Displays, Military ICs 

Instruments, Op Amps, Computers & Peripherals 

Data Acquisition, Data Communications, Digital ICs 

DSP, Graphics, Optoelectronics 

Closing: July 21 
Mailing: Aug. 11 

Closing: Sept. 
Mailing: Sept. 22 

Oct . 13 Sept622 Test & Measurement Special Issue, Instruments, Computers & Peripherals 
Closing: Sept. 2 9 
Mailing: Oct . 20 Oct. 27 Oct. 6 CAE, Computers & Peripherals, Integrated Circuits, Wescon '88 Show Preview 

Nov. JO Oct. 20 Programmable Logic Devices , Integrated Circuits, Test & Measurements, Wescon '88 Show Issue 
Closing: Oct. 2 7 
Mailing: Nov. l 7 Nov. 24 Nov. 3 Microprocessor Technology Directory Graphics, CAE 

Dec. 8 Nov. 16 Product Showcase-Vol. I, Power Sources, Software 

Dec. 22 Dec. l Product Showcase-Vol. 11 , Computers & Peripherals, Test & Measurement 

Closing: Nov. 21 
Mailing: Dec. 15 

Call today for information: 
East Coast: Janet 0. Penn (201) 228-8610 
West Coast: Ellen Sherwood (213) 826-5818 
National: Roberta Renard (201) 228-8602 

SOFTWARE 
ENBINEERINQ 

At the Collins Defense Communications Division of 
Rockwell International Corporation, we are unmatched in 
the design and development of advanced communications 
systems that have long-range potential. From shipboard and 
airborne systems to fixed transportable and satellite applica­
tions, we are meeting the communications challenge of the 
military and governments worldwide. Take the challenge ... 
the following positions are available for candidates with a BS 
degree in either Computer Science, Physics. Math or 
Engineering and varying levels of related experience: 

Embedded Processor Applications 
Software Systems Engineers 

Software Quality Control 
Software Configuration Management 

Computer System Management 
Message Switching Applications 

Rockwell International offers an excellent salary and com­
plete benefits package. Please send resume with salary 
history to: Rockwell International. Collins Defense Com­
munications, Staffing Department# I 287, 3200 E. Renner 
Road, Richardson, Texas 75081-6209. Equal Opportunity 
Employer M/F. "!' Rockwell International 

... where science gets down to business 
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.....---- TECHNICAL WRITERS ------. 
NATIONAL OPENINGS 

TO $55,000 
COMMERCIAL WRITERS 

Direct, career oriented positions exist nationwide for technical 
writers experienced in writing application , end user, operating 
systems, maintenance, installation or theory of operations 
manuals on any of the following topics. 

UNIX Mainframes LAN 
CAD Compilers PC's 
'C ' Databases MSDOS 
VAX Datacom Graphics 

ENGINEERING WRITERS 

SNA, X.25 
Telephony 
Fiber optics 
Modems 

MILITARY SPECIFICATIONS 
Publications Supervisor - 15+ writers/instructors, govt 
communication syst (mp based) . Reviews, salary/budget 
plans 
Engineering Writer - software (VAX) , ECO's signal pro· 

cessing 
- software development documents 
(1679A) 
- aircraft engines; Airframe, 
Powerplant 
- mp based military communication 
systems 
- hardware, work from engng source 
docs 

Please call Michael Dunn (collect) at 609-424-8600, or 
send resume to: 

-
JUDGE INC 

1930 East Route 70 
Suite B-10 

Cherry Hill, NJ 08003 

Positions listed are DIRECT CAREER OPPORTUNITIES with all fees and inter· 
viewing expenses p"iiiCll5Y"Client companies . 
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Join The American Team 
At Micron, we're committed to making 
American-made memory products the 
standard of the industry, and as part of our 
team, you'll work on the leading edge of 
sub-micron, multi-megabit technology. 
Located in the beautiful foothills of Boise, 
Idaho, Micron offers a state-of-the-art 
environment - both on and off the job -
and a quality of life, and diversity of 
recreational opportunities, that equals the 
quality of our products. Make a memorable 
career move and choose Micron - the team 
that makes great American memories. 

Engineering Opportunities 

Research & Development Projects 
• Planar Sub-Micron Contacts/Vias 
• Sub-Micron CMOS Transistors 
• Reliable Metal Interconnect 
• Source, Drain and Poly Self-Aligned Silicide 
• Local Interconnection 
• E-Beam Direct Exposure Systems 
• Aggressive N +IP+ Space 
• High Pressure Oxidation 
• Rapid Thermal Processing 
• Multi-Level Metalization 
• Ultra-Clean Technology 
• Advanced Metrology 
• Hi-Energy Implantation 
• Ultra-Thin Dielectric Technology 
• 30 Technology 
• z.ero SER Technology 
• Facility A~on. 



Varian Associates, a R:>rtune 500 electronics innovator, is expanding 
the GaAs processing capabilities of our 111-V Device Center in Santa 
Clara. Our new lab is devoted to state-of-the-art GaAs CCDs built 
for critical defense applications. We are seeking qualified profes­
sionals with GaAs and/or semiconductor experience to support 
this advanced technology. 

Test Manager 
You will be responsible for planning, organizing, and directing DC 
and AC testing of CCD wafers and/or packaged devices. Super­
vising personnel in manufacturinQ and engineering test area will 
also be part of your duties, along with managing the test data base, 
participating in the testing activities and analyzing results. Quali­
fied individuals must have a BSEE/Physics or equivalent plus 7 
years experience including demonstrated ability to direct a team 
effort. 

Test Engineers 
You will support DC and AC testing of CCD wafers and/or pack­
aged devices. You will be responsible for test software, maintain­
ing the test data base, and performing analysis of test results. This 
is a position requiring a BSEE, or equivalent, plus 2-4 years auto­
matic test equipment experience. A solid knowledge of electronic 
circuit theory and physics is a must. Familiarity with BASIC and 
other test software languages a must. 

Reliability Engineers 
Support reliability testing and analysis of CCD devices plus direct 
appropriate tasks for test technicians. You will provide feedback 
to Fab regarding device performance and support burn-in opera­
tion of packaged devices. Qualified individuals must have a 
BSEE/Physics plus 5-7 years experience in GaAs semiconductor 
reliability engineering. 

Packaging Engineer 
You will be responsible for developing assembly processes for CCD 
devices. You must be familiar with all semiconductor packaging 
processes such as wire bond, die attach and sealing. You will pre­
pare procedures and ensure that products meet Varian's quality 
standards. Qualified applicants will possess a BSEE or equiva­
lent plus 2-4 years directly related experience. 

Implant Engineer 
Be responsible for processing engineering in CCD wafer fab cover­
ing ion implantation, anneal , and CVD processes. You will set up 
and analyze process controls in lab and participate in statistical 
process control methods. We require a BSEE/Physics plus 2-4 
years experience with knowledge of ion implantation, rapid ther­
mal processing and plasma CVD processes. 

Varian offers an excellent salary and benefits package which in­
cludes cash profit sharing and a 401(k) retirement savings plan . 
R:>r immediate consideration, forward your resume including salary 
history to Becky Fullerton, Varian Associates, Solid State 
Operations-California, 3251 Olcott St., Santa Clara, CA 95054. We 
are an equal opportunity employer. 

• var1an@ 
Innovative People 

Making Technology Work 

We're At 
The Point 
Of Every 

ASIC Solution . 
• VLSI TECHNOLOGY, INC. 

VLSI Technology recognizes the fact that more and more 
customers are turning to ASIC technology. This has allowed us 
to grow from $50 million in 1984 to $173 million in 1987. Our 
highly energetic atmosphere of dedicated, self-motivated 
individuals made this possible. Our continued growth and 
expansion has created career opportu nities for the following: 

TECHNOLOGY TRANSFER 
ENGINEER 
You will serve as technical liaison for the transfer of our state­
of-the-art technology to ou r major U.S. partner company . This 
position requires an understanding of military design, including 
MIL-SPEC 883C, 38510, etc. Experience with Rad Hard 
technology is ideal, plus experience with CAE workstations and 
ASIC design. You will learn complex and changi ng software 
and library systems and associated methodologies, teach our 
partner how to use it, and serve as their technical contact. In 
addition, you will be responsible for facilitating the transfer of 
suitable technologies back to VLSI. BSEE/CS with minimum 3 
years' software development experience necessary; US citi zen­
ship required. Strong communication skills and customer 
support orientation a must. Some travel may be required. 
(Dept. #M2080) 

SOFTWARE DEVELOPMENT 
ENGINEER 
We are looking for a Software Engineer to enhance our efforts 
in the area of test program generation to assist in our develop­
ment of an integrated VLSI design and test environment. The 
task will involve developing and supporting state-of-the-art 
vector conversion and test program generation software tools. 
The function will include new technology development, 
engineering investigative work and troubleshooting. The 
successful candidate will have a BSEE/CS and a minimum of 
1-2 years' experience in design and/or test. This position also 
requires excellent written and ora l communication ski ll s. 
(Dept. #M2121) 

FOUNDRY PRODUCT 
ENGINEERING SECTION MANAGER 
You will manage a team of intensely involved Product 
Engineers working with process compatibility evaluation and 
design verification for custom chips. You will eva luate 
prototypes to en,ure specifications, provide technical support to 
marketing and sa les, and transfer new designs to ma11u­
facturing. You will also manage yield enhancement and cost 
reduction programs fo r products and operations. Excellent 
communication skills are required, as you will be working with 
customers, design groups, marketing and sales, as well as fab 
facilities. BS/ MSEE, 6-8 years' experience in the semiconductor 
industry and 3-4 years' supervisory experience required. 
(Dept.# M 1167) 

DESIGN TECHNOLOGY CENTER 
ENGINEER 
We are seeking Design Engineers for our Technology Centers 
in Boston, Boca Raton, Princeton, Irvine , Dallas and Ch icago. 
At these facilities, our Engineers work with customers' technical 
engineering teams to provide design expertise and software 
support in the design of custom AS!Cs. Our design tools are 
widely regarded as leaders in the industry, and our world-class 
sub-micron Fab Facility in San Antonio, Texas put us in the 
forefmnt of ASIC suppliers. Candidates must have a BSEE/ CS, 
solid knowledge of ASIC design and / or software development. 
Strong communications and technical skills arc required for 
extensive customer contact and support . Familiarity with 
SPICE, U IX*, FORTRAN and / or PASCAL a plus. 
(Dept. #M61XX) 

For more information on what a VLSI opportunity can mean 
to you, please send your resume, indicating appropriate Dept.# 
to: VLSI T echnology, Inc., 1109 McKay Drive, Dept.#, 
MSO l, San Jose, CA 95131. An Equal Opportunity 
Employer. 

"UNIX is a trademark of AT&T. 
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UCAL METBOPOUTAN ENGINEERING 
SALARY SURVEY 

All new 1988 Metropolitan Salary Survey 
Call 1-800-362-3600, ext. 206 

What are firms paying engineering professionals in Boston? 
Dallas? Chicago? Los Angeles? Or, other metropolitan areas 

where engineers live and work? 

Now you can find out exactly what you're worth-in each 
geographic area - by reading our new Salary Survey. 

New Titles Never Before Surveyed! 
Salaries for every known position are covered in each geographic 
area - including many titles never before surveyed. Data is reviewed 
both by position title and years of experience. A great way to 
pinpoint exactly what your skills and experience are worth­
almost right down to the exact dollar and cents! 

Expanded Engineering Salary Survey 
Covers Nearly 50 Titles in 11 Cities 

In all, our new, expanded Survey covers almost 550 different salary 
levels; including titles in digital and analog systems design/ 
development, semiconductors, robotics, board and component 
testing, quality assurance, military engineering, manufacturing, 
engineering sales, management and more. Nearly 50 different 
titles and responsibilities in all. So, you'll instantly learn whether 
you're making more-or less-than your local area peers. 
EDN July 7, 1988 

This Comprehensive Survey is FREE 
As a service to the profession, Source is making the new Survey 
available without charge. Source Engineering is the nation's 
largest non-franchised recruiting firm that specializes exclusively 
in the engineering profession. 

You deserve to make the most of your career and Source can help. 
Each of our 50+ professionals is a degreed engineer with an 
average of eight or more years of engineering experience. That 
experience as an engineer and daily contact with managers who 
hire engineering professionals allows us to understand career 
goals, the current marketplace and paths to success. 

Call 1-800-362-3600, ext. 206 
Call anytime 24 hours a day, 7 days a week for a free copy. Or, 
write to the address below. (Residents of Nebraska, please write.) 
Either way, your copy will be mailed to you free. 

Department NB09 
P.O. Box 7573 
San Mateo, CA 94403- 7573 

311 



?12 

0 

0 
Professional Profile 

0 Announcing a new placement service for professional engineers! 

0 
To hllp you 1dv1nce your c1rnr. Pl1cem1nt 
Services, Ltd. h11 r .. mtd lh1 EDll D1t1b1nk. 
Whit la the D1llb1nk? It Is 1 camputerlzed 

• The campullr lllVll' forgets. When your 
type of lob ce11n up, It r••b1rs yeu'r1 
qu1llHld. 
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0 
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0 !IDENTITY I !PRESENT OR MOST RECENT EMPLOYER! 
Name---------------

Parent Company ____________ _ 

0 
Home Address: ____________ _ 

YourCllvislonOf llUbsldiary: -----------
l.oc8tion(Clty, State) ___________ _ City ______ State: ____ Zip: __ _ 

Home Phone(include area code): --------- BusinessPhonellO.K. touse: ----------

0 !EDUCATION I Major F1eld GPA Year Degree College Of UnMl9ity 
Earned 

Degrees (List) 

0 

0 !POSITION DESIRED! ----------------------
0 

1 EXPERIENCE 1-~-esen-ttPosition-Of-~os-t __ Fr_om_: --li-o: ___ Tltle_: ---------

Duties and Accomplishments: Industry or Current Employer: 

0 

0 
Reason for Change: 

0 !PREVIOUS POSITION: I 
JobTotte: _______________________________ ~ 

0 Employer: ________ From: __ To: ___ City: ______ State: _______ _ 

Division: Typeorlndustry: --------Salary: ----------

Duties and Accomplishments:---------------------------

0 !COMPENSATION/PERSONAL INFORMATION 

0 
Years Experience Base Salary Commission Bonus Total CompensatiOn Asking CompensatiOn Min. Compensation 

Date Available IWHI Travel 

0 Light 0 Moderate 0 Heavy 
D lownmyhome.Howlong? ___ lrentmyhome/apt.0 

0 O Employed 0 Sell-Employed 0 Unemployed 0 Married 0 Single 

LIMll or Security Clearance 0 U.S. Citizen 0 Non-U.S. Citizen 
My Identity may be releaMd to: 0 Any empq.r 

0 All but present employw 

0 0 WILL RELOCATE 0 WILL NOT RELOCATE 0 OTHER----------

0 

0 A DIVISION OF PLACEMENT SERVICES LTD., INC. 
265 S. Main Street, Akron, OH 44308 216/762..0279 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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~ . EXPERIENCE CHICAGO TECHNOLOGY TODAY... ~ 
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So. if you are ready to break away from the mold of traditional Engineering, and possess a minimum of 2 years 
experience In these areas, consider the following exciting new challenges in next generation telecommunications: 

SOFTWARE DESIGN 
ENGINEERS 
BS/MS in Computer Science or Electrical Engineering and 
previous experience with · 'C' ·. RMX operating systems. 
Intel microprocessors. data communications protocols -
(specifically HDLC) and real-time applications. 

HARDWARE DESIGN 
ENGINEERS 
BS/MS in Electrical Engineering and previous experience 
with digital circuitry/firmware design. analog circuit 
design. PCM-channel bank and line/trunk interface design 
or circuit design simulation. ASIC background is a definite 
plus as well as Intel microprocessor experience. 

SYSTEMS ENGINEERS 
BS/MS in Computer Science or Electrical Engineering and 
previous experience in digital loop carrier systems. 
system configuration. system level problem resolution 
and automated system testing. 

APPLICATIONS ENGINEERS 
BS/MS in Electrical Engineering or Mechanical Engineering 
and previous experience in telecommunications systems 
applications design. digital loop carrier and lightwave 
transmission . Responsibilities include creating 
standardized/specialized systems for customer 
applications. 

MECHANICAL ENGINEERS 
BS/MS in Mechanical Engineering and previous 
experience in electronics equipment packaging in order 
to apply these skills to custom metalwork and custom 
plastic design. Background in Computer Aided Design is 
a must with experience in Computervision helpful. 

Qualified Telecommunications Engineers shouldn 't 
struggle with a decision on opportunity. or make trade­
offs in location or size of a company in order to realize the 
technological challenge and opportunity you deserve. 
Rockwell Communication Systems is making bold 
moves to maintain their technical leadership in this 
dynamic field . creating significant professional 
opportunities for you to see your work result in our next 
generation of digital loop carrier products. We will offer 
you the kind of compensation/benefits package expected 
of an organization like Rockwell Communication Systems. 

For more information. please send your resume to: 

Rich Skelnik, Rockwell International. Dept. 860 I , M/S 
401-152, P.O. Box 10462, Dallas, Texas 75207. Equal 
Opportunity Employer M/F. 

Rockwell International 
... where science gets down to business 

LIVE AND WORK IN DALLAS TOMORROW 
EDN July 7, 1988 313 



ADVERTISERS INDEX 
Abbott Transistor Labs Inc ........ . ... 169 
ACCEL Technologies Inc . .. ..... 297 
ADPI . . . . . . . . . . . ... 298 
Advanced Micro Devices ........... 12-13 
Advanced Microcomputer 

Systems Inc . . . . . . . . . . . . . . . .... 298 
Amerace Corp . . . . . . . . . . . . ....... 31 
Amlan Inc . . . . . . . . . . .. 241 
AMP .... 238-239 
Amperex Electronic Corp' . . . 93, 145 
Amphenol . . . . . . . . . . . . . . . . .... 237 
Analog Devices Inc . . . . . . . . . . . . 1207 
Analog Solutions . . ............ 139 
Andyne Computing .......... . ..... 297 
Antona Corp ..... 295 
Apex Microtechnology Corp .... 49 
Applied Microsystems Corp ....... 14-15 
Archimedes Software' . . ...... 275 
Arnold Magnetics Corp .............. 179 
Arrow Electronics ...... . . 268, 269 
Astec USA ........................ 196 
Augat-lnterconnection Systems .. 229 
B&C Microsystems ............. 298, 299 
Bergquist Co . . . ........... 156 
Beta Automation Inc ..... 300 
BP Microsystems ............ . ..... 299 
Brooktree Corp ................. 140·141 
Burndy Corp . . . . . . . . . . . . . . ..... 74 
Bytek Corp . . ............... 297 
CADdy Corp ....... . . ....... 48 
California Eastern Labs Inc ........... 115 
Capital Equipment Corp ..... 296 
Casio Inc . . .... 281 
Centroid .......................... 295 
Chips and Technologies .... 35·42 
Christie Electric . . . 191 
Comlinear Corp . . .. 148 
Communications Specialists Inc ....... 300 
Computer Products Inc ........... 183-186 
~~or ...... ~ 
Connector Corp . . . . . . . . . . . . . . .... 214 
Conversion Devices Inc ..... . . . ..... 296 
Cornell-Dubilier Electronics 32 
Cybernetic Micro Systems ..... 296 
Cypress Semiconductor .............. 58 
Dallas Semiconductor . . .. . ...... 150-151 
Data 1/0 Corp .................. C4 
Datalight ...... 297 
Dawn VME Products . . .. 215 
Deltron Inc ... 180 
Digital Media Inc . . ...... 295 
Digital Research Inc ....... . ........ 263 
Du Pont Electronics ......... 60-61 
Eagle Picher ...................... 192 
EG&G Reticon ...................... 95 
Eldre Components Inc ... 296 
Electrochem . 198 
Electro-Mechanics ... 300 
Electronic Designs Inc . . . . . . . . . . 149 
Electronic Solutions ................ 66 
Emulation Technology Inc . . ... 297 
Endicott Research Group ... 156 
Ericsson Components ............... 182 
Ferroxcube . . ...... 175 
FMI Inc . . . . . . . . . . . . . . ... 242 
GCOM Inc . . . . . . . . . . ..... 274 
GE Solid State ......... 44-45, 120-121 
Gennum Corp . . .... 34 
Germanium Power Devices . . .. 172 
Glassman High Voltage Inc .......... 205 
Harris Semiconductor Products ....... 105 
Harting Electronics .. . .. 292·293 
Hewlett-Packard Co ...... 43, 56-57, 81 , 113 
Hitachi America Ltd' ............... 16-17 

~14 

Honeywell Test Instrument Div ..... 173 
IBM Info Systems .. 70-71 
IERC . . . . . . . . . . .. 222 
ILP Manufacturing Inc . . . . . . . . . . 298 
lnmos Corp' ............ 142·143 
Integrated Circuits Inc . .............. 299 
Integrated Device Technology Inc ...... 157 
Intel Corp . . ............ 268, 269 
International CMOSTechnology Inc .. 144 
International Power Devices ... 180 
International Rectifier . . ........... C3 
lntronics ................. .. ....... 204 
lntusoft . 296 
Ion Physics Co ...... 298 
ltac Systems Inc .......... . . . . . . ... 299 
ITT Cannon ....................... 221 
ITT Pomona Electronics ... 250 
John Fluke Manufacturing Co Inc . 6 
Jonathan Mfg Co' .................. 249 
KEG Electronics Inc ..... 199 
Kepco Inc . . ...... 189 
KO Sheng" . . . 125 
Kycon Cable & Connector . . ...... 241 
Linear Technology Corp . . .. 283-284 
Littelfuse Inc ...................... 177 
Logical Devices Inc . . . ............. 295 
Logical Systems Corp . . . ....... 297 
LSI Logic Corp . . . . . . . . . ... 96-97 
Marshall . . . . . . . . . . . . . . . ..... 117 
Mascot" . . . . . . . . . . . . . . . 249 
Masscomp . . .. 19 
MathSoft Inc . . . . . . . . . . . . . . .. 274 
Maxell .. .. ... . .... 203 
Mclean Midwest . . . . . . . . . . . . . .. 245 
Melcher . . . . . . . . . . . . . . . .. 194 
Mendelson Electronics .............. 273 
Mentor Graphics Corp ... . .. .. ..... 10-11 
Micro Dimensions Inc . . ..... 286 
MicroCASE ...... 20 
Microswitch ................... 224-225 
Microware Systems Corp ............ 267 
Mini-Circuits Laboratories . . ... 26-27, 316 
Mitsubishi .... 103 
Mueller Electric Co ........ .. . .. .... 298 
MWS Wire Industries .......... . ..... 218 
National Instruments ........ .. . . . ..... 8 
NCR Microelectronics Div . . ...... 109 
NCR Power Systems . . . ........... 190 
NEC Corp ... . . . . . . . . . . . . . .... 64-65 
Nicolet Test Instruments Div ........... 25 
Nova Tran Corp ............... 146 
OKI Semiconductor .............. 160-161 
Omation Inc . . .... 298 
Pace Electronic Products .. 152 
Panduit Corp ........... . .......... 231 
Papst Mechatronic .. . .. .. . . ... 248 
Patton & Patton . . . .... 296 
Philips Elcoma Div" ... . .. ...... ..... 93 
Philips T&M " .... 113, 147 
Power General . . .. 201 
Power Sonic Corp . . . . . . . . . ..... 202 
Powerex Inc . . ............ 136-137 
Powerline . . .... 188 
Power-One Inc .... 171 
Precision Monolithics Inc ....... 101 
Protel . 172, 295 
Pyle-National Co . . 235 
Qua Tech Inc . . .............. 300 
Qualidyne Systems Inc ....... 188 
Quantum Corp ................. 258-259 
Radstone Technology ..... .... ... 246-247 
Rapid Systems ..................... 51 
Raytheon . . . . . . . . . . . . . . . . . .. C2 , 30 
Rockwell International .... . 122-123 

Rogers Corp ... 127, 226-227, 298 
Seiko Instruments ... .. . . .... ...... .. 18 
SGS-Thomson Microelectronics ..... 98-99 
Siemens AG '* ... 16-17, 98-99, 142-143 
Siggraph . . . . . . . . . . . . . . . . . . . 207 
Silicon Systems Inc . . . . 91 
Siliconix Inc ......... . ............. .. 4 
Single Board Solutions . . . .... 296 
Sipex Corp-Hybrid Systems ....... 158-159 
S-MOS Systems* .......... . .. .... 52-53 
SMT Plus . . ........ . .. . ...... 299 
Sorensen Co .. 193 
Stanford Applied Engineering . . . . 223 
Superior Electric Co ................ 197 
Supertex Inc ..................... . 153 
Syltel .. . 299 
System General . . . . . . . . . . . . . ... 297 
Tauber Electronics .................. 197 
TEAC Corp" . . ................... 6 
Tektronix Inc ..... . ....... . ..... 129-134 
Teradyne Manufacturing Systems .... 28-29 
Titan/SESCO . . ......... 50 
Topaz Semiconductor .... 154 
Toshiba America Inc . . 46-47, 62-63 
Toshiba Corp ... . ...... . . .. . . ...... 294 
TRW/LSI Products Div ....... . ....... 23 
United Technologies 

Microelectronics Center ' . . . . . . . . . 147 
Utitec Inc . . 243 
Varta Batteries Inc ...... . .. . . . . ..... 181 
Vicor . . . . . . . . . . . ...... 195 
Visionics Corp . . . . . . .. 300 
VLSI Technology Inc . . . . . . . . . . . . 75-80 
Volgen America ........... . ........ 197 
VTC Inc .. .. .. .... .. . ........ 2 
Wasatch . . ....... . ........... . 20 
Wautec ............... .. ........ . 296 
Wavetek .......................... . . 3 
Winpoint Electric Corp ....... 300 
Wintek Corp ............. 295, 299 
Xentek . . . . . . . . . . . . . . . . . . .206 
Xicor Inc ....... . .................. 271 
Zenith Electronics .... . ... . ..... 233 
Zericon . . . . . . . . . .. 300 
Zilog Inc .......................... 69 
Ziltek Corp ....... . ........... . 119 

Recruitment Advertising .. 308-313 
Judge Inc 
Micron Source Engineering 

*Advertiser in US edition 
'*Advertiser in International edition 

This index is provided as an additional service. The publisher 
does not assume any liability for errors or omiss10ns. 

EDN July 7, 1988 



LOOI<ING AHEAD 
EDITED BY CYNTHIA B RETTIG 

Electronic still imaging 
to gross $540M in 1992 TABLE 1-ELECTRONIC STILL-IMAGING MARKET 
The market for equipment that pro­
duces and processes electronic still 
images, a relatively new commercial 
technology, should flourish during 
the next few years. Estimated at 
$68. 5M for this year, the interna­
tional market for electronic still-im­
age equipment will reach $542.6M 
by 1992, according to Electro-Imag­
ing Advisors Inc (La Jolla, CA). 
Improvements in picture quality, to­
gether with the usual reductions in 
price that accompany a rise in sales 
volumes, will cause the market to 
grow dramatically by 1990. 

(MILLIONS OF DOLLARS) 
1988 1989 1990 1991 1992 

REAL ESTATE $3.6 $5.0 $10.7 $18.6 $24.1 
RETAIL 3.2 4.5 5.5 6.0 8 .1 
PUBLISHING 9.4 14.3 24.2 36.2 36.8 
CORPORATE 14.8 26.8 44.3 60.9 70.3 
LAW ENFORCEMENT 8.6 12.3 17.1 20.2 24.0 
CONSUMER 0.0 0.0 45.6 95.3 192.0 
GOVERNMENT & OTHER 28.9 55.5 112.5 160.6 187.3 

-
WORLDWIDE TOTAL $68.5 $118.4 $259.9 $397.8 $542.6 

A somewhat new approach to pho­
tography, electronic still imaging 
solves the problems involved in ac­
cumulating photos and sending 
them economically to a distant loca­
tion in a short period of time. The 
technology includes the capture of 
images by a sensor-typically of 
heat or light-and the subsequent 
processing, transmission, storage, 
and display of such images in indi­
vidual frames. A charged-couple-de­
vice sensor, a video camera, or an 
electronic still-image camera cap­
tures the images for processing. 

In spite of its youth, the industry 
has some established standards. All 

-
photo 

file -l ...e_hoto 
......,.. 

photo LI 
file 

II 

recording devices use a 2-in. floppy 
disk, and the format for recording 
allows the recording of 25 frames or 
50 fields on each disk. The images 
can be transmitted via a still-frame 
communication unit, or via tele­
phones or satellite. The person who 
receives the images can view them 
on a monitor or on hard copy and 
then store them on a hard disk for 
later reference. 

Demand for T3 test devices is expected to boom 
The digitization of America, fueled million value by 1992. 
by the Bell operating companies and Able defines T3 transmission test 
other, independent telecommunica- equipment as systems that perform 
tions companies, should quadruple separate testing, monitoring, and 
the market for T3 transmission test error-testing functions on T3 lines, 
equipment over the next five years, which feature digital bit streams to 
according to Able Telecommunnica- 44M bps. Interchange carriers, 
tions Inc, a consulting and market large corporations, and other orga­
research company based in Milpitas, nizations that use fiber-based net­
CA. Currently worth $24 million, works are expected to follow the 
that market should attain a $100 telecommunications companies' lead 

EDN July 7, 1988 

(SOURCE: ELECTRO-IMAGING ADVISORS) 

EIA has identified seven key com­
mercial markets. Very large compa­
nies, for example, will use the tech­
nology for presentations, archives, 
artwork and advertising files, com­
munication systems, and security. 
Within five years, corporations will 
have electronic still-imaging sys­
tems in 20 to 25% of their facilities. 

over the next few years. 
In terms of unit sales, the market 

will grow from 3000 this year to 
16, 700 in 1992. At the same time, 
the price of a single test system 
should drop. Right now, T3 test 
systems average $8000 per unit; by 
1992, they should cost about $6000 
each. 
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SPECIFICATIONS 

de to 2000 MHz 
amplifier series 

Unbelievable, until now ... tiny monolithic wide-
MODEL FREQ. GAIN, dB •MAX. NF PRICE$ band amplifiers tor as low as 99 cents. These rugged 

0.085 in.diam.,plastic-packaged units are 50ohm* 
input/ output impedance, unconditionally stable 
regardless of load*, and easily cascadable. Models 

MHz 100 1000 2000 Min . PWR. dB Ea. Qty. 
. MHz MHz MHz (note) dBm 

MAA-1 DC-1000 18.5 15.5 13.0 0 5.0 0.99 (100) 
MAR-2 DC-2000 13 12.5 11 85 +3 6.5 1.50 (25) 
MAA-3 DC-2000 13 12.5 10.5 8.0 +Bo 6.0 1.70 (25) 
MAA-4 DC-1000 8.2 8.0 7.0 +11 7.0 1.90 (25) 
MAR-6 DC-2000 20 16 11 9 0 2.8 1.29 (25) 
MAR-7 DC-2000 13.5 12.5 10.5 8.5 +3 5.0 1.90 (25) 
MAR-8 DC-1000 33 23 19 +10 3.5 2.20 (25) 

in the MAR-series otter up to 33 dB gain, 0 to 
+11 dBm output, noise figure as low as 2.8dB, 
and up to DC-2000MHz bandwidth. 

NOTE: Minimum gain at highest frequency point and over full temperature range. 
• MAR-8, Input/ Output Impedance is not 50ohms, see data sheet. 
Stable for source /load impedance VSWR less than 3: 1 

?16 

• 1dB Gain Compression 
0 +4dBm t to 2 GHz 

designers amplifier kit, DAK-2 
5 of each model, total 35 amplifiers 

Also, tor your design convenience, Mini-Circuits 
otters chip coupling capacitors at 12 cents each.t 

Size Tolerance 
(mils) 
ao xso 5% 
80 x 50 10% 

120 x 60 10% 

Temperature 
Characteristic 

NPO 
X7R 
X7R only $59.95 t Minimum Order 50 per Value 

finding new ways .. 
setting higher standards 

0 Mini~Cojs[•~mynjcl§ 
PO. Box 350166, Brooklyn. New York 11 235-0003 (718) 934-4500 

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

CIRCLE NO 196 

Value 

10, 22, 47, 68. 100. 470, 680, 100 pf 
2200, 4700, 6800, 10,000 pf 
.022, .047 .. 068, .1µf 

C113-Rev. D 



HEXSense, a new HEXFET power MOSFET 
with built-in current-sensing , reduces compo­
nent count and design time - making conven­
tional current-measuring methods obsolete. 

Your circuit designs are simplified in less board 
space. Power and voltage losses disappear. 
Accuracy and bandwidth increase. In the end , 
your system performs better, more reliably. 

It's all made possible by our HEXFET power 
MOSFET's superior quality, faster switching speed , 
built-in avalanche withstand capability, and now, 
current-sensing for control and protect ion . 

In short , now you can design easier and more 
accurate, cost effective current-sensing circuits 
with the quality choice in power MOSFETs. 
Call (213) 607-8842 for technical data. Today. 

International 
in power ~~~~~~! I IC~R I Rectifier 

WORLD HEADQUARTER S : 233 KANSAS Sl El SEGUNDO. CA 90245. US A (2 13) 77l 2000 TWX 910-348-6291 TELEX 472-0403 

EUROPEAN HE A DQUARTER S : HURST GREEN QXT EO SURREY RHB 9BB ENGLAND TELEPHONE (088 33) 3215 4231 TELEX 95219 

Power MOSFETs ·CMOS Power ICs •Commercial/Custom Power Packages· Schottkys 
Rectifiers • Thyristors (SCRs) • Diode Bridges • Molded Circuits • Assemblies 

CIRCLE NO 189 



DASH OPENS DOORS TO MORE 
VENDORS, SERVICES, AND SYSTEMS. 

DASH'" Schematic Designer from 
FutureNet® gives you options no 
other schematic capture package 
can. With more than one hundred 
DASH-Partners providing a broad 
range of complementary products 
and services, DASH's industry­
standard format is accepted virtually 
everywhere. So you won't end up 
with just a schematic. When you 
design with DASH, you'll have more 
choices in technologies, CAE sys­
tems, foundries, and service bureaus. 
DASH is a universal front end design 
tool that has already open~d doors for 
thousands of users worldwide. 

AN OPEN DOOR TO ASIC VENDORS. 
DASH has won the support of dozens 
of ASIC vendors, including National 
Semiconductor, Mitsubishi, Motorola, 
LSI Logic, MMI, Hitachi, and Xilinx. 
They provide vendor-specific symbol 
libraries and/or accept DASH netlists 
for simulation so you can design 

DASH runs on 80386 and 80286 machines, IBM® 
personal computers, and the Sun-3 Series. 

ASICs in DASH. Whatever your 
choice of vendor or technology­
PLDs, LCAs, gate arrays, or other 
semicustom devices-DASH is the 
schematic entry software of choice. 

AN OPEN DOOR TO CAD SYSTEMS. 
Translators to a wide variety of PCB 
and simulation systems are available 
from FutureNet and our DASH­
Partners. DASH is the only design 

Data 1/ 0 Corporation 10525 Willows Road N E , P 0 Box 97046, Redmond . WA 98073-9746. U S A. 12001881 6444/T elex 15 2'167 
Data 1/0 Canada 6725 Airport Road, Suite 302, M1sS1ssauga , Ontano l4V 1V2 (416) 678·0761 /Tetex06968133 
Data 1/0 Europa World Trade Center , Suawmskylaan 633, ion XX Amsterdam , Th' Ne1he~ands + 31(Ql206622866/ Telex16616 DATIO N L 
Oata 1/ 0 Japan Sum11omose1me1 H1gash1sh1nbash1 Bldg. BF. 2 1 7, H1gash1-Sh1nbashi , M1no}tO ku, Tokyo 105, Japan 

1031432-6991 / Telex 2522685 DATAIO J 
1 

©1968 Data 1/ 0 Corporation 
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entry tool that can be used through­
out your company, in multiple CAD 
environments, regardless of the mix 
of vendors. 

AN OPEN DOOR TO SERVICE BUREAUS. 
When you don't want to do it all 
yourself, DASH gives you access to 
outside services. Service bureaus 
throughout the world accept the 
DASH netlist as standard input for 
their design, wire wrap, and PCB 
manufacturing services. 

FREE DASH-PARTNERS DISKETTE. Take 
the first step. Call us today for your 
free copy of the DASH-Partners 
diskette of vendors, 
services, and systems 
that ?Upport DASH. 
You're on the threshold 
of new design freedom. 

1-800-247-5700 
Dept. 261 

FutureNet 
A Division of Data 1/0 Corporation 
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When World Class Precision 
and Performance Are Required 

Highest precision available with 10 µ,V input offset voltage 
from Raytheon. 

Raytheon's RC4077 Series high-precision 
op amp family offers the highest perfor­
mance in the industry. Looking for the 
lowest input offset voltage-Raytheon 
has it. The lowest power dissipation­
Raytheon has it. The 4077 Series can 
upgrade your system to new heights of 
precision and performance. You can 
depend on Raytheon 's reliability and 
advanced design techniques to enhance 
your system. 

D Ultimate precision: ± 10 µ V max i­
mum guaranteed input offset voltage , 
delivered in a variety of package types 
including low-cost commercial plastic 
DIPs, sets the RC4077 series apart 
from other precision op amps. No mono­
li thic op amp-except noisy chopper­
stabilized types-has better V0 s perfo r-

mance. Additionally Raytheon offers an 
8- lead SOIC specified at ± 25 µ Y. 

D Well balanced specs: 
18 : 2 nA maximum 
Gain : 5 million minimum 
Power dissipation : 50 mW maximum 
CMRR: 120 dB minimum 
PSRR: 110 dB minimum 

D Companion product: Raytheon's 
LTlOOl high-precision , high-perfor­
mance op amp follows RC4077's lead 
with a very low 15 µ V offset voltage . 
The LT1001 offers 2 nA offset current 
and gain of .45 million minimum . 

D No wait: The RC4077, LTlOO l and 
other members of Raytheon's broad line 
of op amps are available now from your 

CIRCLE NO 1 

local distributor. The RC4077 with 
LOµ V offset is priced at $3.00 each in 
LOO-piece quantities . 

Call Raytheon fo r access to the right 
operational amplifier technology at 
the right price . We offe r the precision 
and perfo rmance your system needs 
to compete . 

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

Access to the right technology 

Raytheon 



Writing a GPIB program 
shouldn't take an eternity. 

You shouldn't have to 
hammer out hundreds 
of lines of BASIC, or 
look up all those 
instrument 

!'-~ commands. All 
0~ you should have to 

5 do is tell the computer what 
kind of test you want to run, what 
instruments to use, and what to 
do with the data. 

Then it should do the rest. 
After all, it is a computer. 

Starting now, that's how it'll 

Circle 8 for Literature 

be, if you have our new WaveTest® 
software. 

Just point to the program 
elements you need, assemble 
them either as a flowchart or a 
string of icons. WaveTest writes all 
the program code, including the 
GPIB commands for more than 
fifty different makes and models of 
instruments. 

You'll be able to take months 
off of test development. Best of all , 
you'll be putting your time into 
the design of the program-and 

Circle 85 for Demonstration 

© Copynghl 1988 Wavetek Corporation I WaveTest is a reostered trademark ol Wavetek Corporation I Microsoft 1s a 1egistered trademark ol Mic1osofl Corporation 

not into tedious code writing. 
WaveTest runs on your PC­
compatible computer and it uses 
Microsoft® Windows and a mouse, 
making it very user-friendly. 

To write another program 
without WaveTest would be a basic 
error. For immediate information, 
call our Applications Department 
at (619) 279-2200. 

Wavetek San Diego, Inc., 
P.O. Box 85265, San Diego, CA 
92138. TWX 910-335-2007. 

WAVETEK 



FFT: Detailed distribution of noise and harmonic distortion vs. 
input signal. Measurement of sample and hold and ZAD2716 ND 
converter only. Computer analysis receives digital information 
from ND converter (to avoid DAC reconstruction distortion). 

Using an Audio Precision system, a sine wave is digitized by 
the ZAD-2716, then reconstructed by the ZDA-1801, and filtered 
by Apogee's 944S linear phase filter. Graph shows combined 
total harmonic distortion and noise vs. frequency. 

Introducing the world's finest professional 
.16-bit stereo digitizing subsystetn and 18-bit 
deglitched reconstruction DAC. 

Want to position yourself at the leading edge of digital audio? Then hear this. 
Analog Solutions gives you a new family of professional audio products with confirmed "Golden Ear" performance using the 

industry's two most powerful test criteria. The eye. And the ear. 
If seeing is believing, you'll be impressed by the harmonic distortion and noise plots of our ZAD2716/ZSH202 digitizing 

subsystem (left) and ZDA1801 deglitched reconstruction DAC (right). Nobodys ever seen plots like those before. 
But theres more to the story than a good plot. . 
The ZAD2716-2 coupled with the ZSH202 Dual Sample-Hold can provide stereo digitizing 

at a 50 kHz sampling rate per channel. The ZSH202 allows simultaneous sampling of both 
channels within± 2 nsec with guaranteed -96 db/channel separation. And there's no sacrifice 
of phase linearity or sin xix. In fact, we guarantee sin xix performance of O.OldB and phase 
linearity of 0.1 (degree) over O to 20 kHz. (Performance that brings a smile to any Golden Ear.) 
Cost savings are significant on a per channel basis, because you only need one converter 
for two channels. 

Our ADC is also available in a ZAD2716-1 model with integral sample and hold amplifier 
and 100 kHz sampling speed for 2X oversampling applications. 

Your needs extend over the entire audio spectrum. And that's how our products are 
tested. We test the way they're used. So we can guarantee signal-to-noise plus harmonic distortion of 92 dB over the entire 
0-20 kHz audio range. 

We maintain the same outstanding performance at the back end of your system with the ZDA1801. This 18-bit DAC, with a built-in 
deglitcher operating up to 200 kHz for up to 4X oversampling, offers guaranteed signal-to-noise plus harmonic distortion of 94 dB 
over the full audio range. 

In short, we've raised digital audio to new levels. 
Which should be music to your ears. 
And to every Golden Ear in the business. 
Find out more about our growing line of professional audio products. And learn how 

we can help plot your success in a growing industry. 
Please address Analog Solutions, 85 West Tasman Drive, San Jose, CA 95134. 

Phone (408) 433-1900. FAX (408) 433-9308. 
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do it all before being tucked 
safely away for the night. VSOP 

Now, with Mitsubishi's 
transportable memory 
cards, you can have the 
flexibility of carrying 32K 
Bytes to 2M Bytes of 
SRAM, OTPROM or 
masked ROM in your 
pocket. That means read/ 
write capability (without a 
disk drive), remote from 
central data storage, plus 
the flexibility to inter­
change memory types 
(SRAM, OTPROM, masked ROM), upgrade and downgrade 
memory density, and change data width (8 bits, 16 bits). All 
with an extremely rugged device that's the size of a credit card 
(86mm x 54mm x 3.4mm). 

The Applications Are Virtually Endless. 
From personal computers to printers, portable equipment to 

telecommunications, the applications are as creative and end­
less as the imagination. Anywhere transportable memory and 
massive data storage are required, Mitsubishi's transportable 
cards offer the highest memory densities available on a device 
this small. 

Save On Systems Design Costs. 
Mitsubishi's transportable memory cards offer standardized 

card connectors and pin assignments for easy memory inter­
change and density upgrade, without designing multiple host 
system models. Plus, future system redesign is simplified or 
eliminated. 

Extremely High 
Density Memory. 

The key to Mitsu­
bishi's extremely high 
density memory 
cards is the VSOP 
{very-small-outline­
package). Pioneered 
by Mitsubishi, the 
VSOP is over four 
times smaller (in 
overall volume) than 
its equivalent pin 

13.8 mm x 8.0 mm x LO mm = ll0.4 mm' 

Chip-On-Board 

15.4 mm x 9.8 mm x LO mm = 150.9 mm' 

SOP 

17.5 mm x 12.2 mm x 2.2 mm = 469.7 mm' 

count, standard surface mount package. In fact, the VSOP is 
smaller than the footprint of the equivalent chip-on-board 
technology making it possible to pack up to 16 memory ICs, 
plus standard interface circuitry on one card. 

"Transportable" Means "Rugged:' 
Mitsubishi designed its memory cards specifically for trans­

portable applications. And, that means cards that are rugged 
and reliable. Even if a card is dropped, loss of valuable data is 
virtually eliminated, due to Mitsubishi's flexible, four-layer 
PCB and enhanced soldering techniques. 

Additionally, the cards are ESD protected to 25K volts, with 
connectors guaranteed for 10,000 insertions. 

If you want to design- in massive, transportable data storage 
with the flexibility to interchange memory types and densities, 
Mitsubishi memory cards give you the maximum memory 
mileage. For more information call or write today: Mitsubishi 
Electronics America, Inc. , Semiconductor Division, 1050 East 
Arques Avenue, Sunnyvale, CA 94086. (408) 730-5900. 

Quality Through Commitment. 
• MITSUBISHI 

... ELECTRONICS 
Regional Offices: SOUTH CENTRAL, Carrollton, TX (214) 484·1919 NEW ENGLAND, W>burn, MA (617) 938-1220 SOUTHEAST, Boca Raton, FL (305) 487-7747 
NORTHWEST, Sunnyvale, CA (408) 730-5900 NORTHERN, Minnetonka, MN (612) 938-7779 MID-ATLANTIC, Piscataway, NJ (201) 981-1001 CANADA, St. Laurent, Quebec, (514) 337-6046 
SOUTHWEST, Torrance, CA (213) 515-3993 NORTH CENTRAL, Mt. Prospect, IL (312) 298-9223 SOUTH ATLANTIC, Norcross, GA (404) 662-0813 
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Sometimes, 
keep· a 

lowpm e 
pays off. 

The survival of today's combat helicopter depends on 
keeping a low profile. Abbott's BCIOO triple output, switch­
ing DC-DC converter helps the Lynx helicopter achieve this 
low profile. 

The BCIOO's low 1.875" profile 
allowed JOO watts to fit into a tight space 
requirement. At the same time, the Lynx 
helicopter was able to take advantage of 
the economy and reliability that come from using a standard 
product, the BCIOO. 

Because the BCIOO meets the requirements of MIL-STD-
810C, and MIL-S-901C, the Lynx program's decision to go 
with Abbott's BCIOO will also pay off in extra survivability. 
Plus the BCIOO features low ripple/noise and EMI within the 
limits of MIL-STD-461B. 

For other applications that call for small yet 
powerful converters, Abbott offers both JOO and 
200 watt models. Each available in single and 
triple configurations. And all with a wide array 
of options available. 

For more information and a copy of our 1988 
Military Power Supply Product Guide, call or write today. 

Abbott Transistor Laboratories, Inc. Power Supply Divi­
sion, 2721 S. La Cienega Blvd., Los Angeles, CA 90034 
(213) 936-8185. Eastern Office: (201) 461-4411, Southwest 
Office: (214) 437-0697, London Office: 0737-82-3273. 

WHEN RELIABILITY lS IMPERATIVE® 

MILITARY POWER SUPPLIES 
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INTRODUCTION 
Every batch of Reader Service cards we receive contains many comments about 
our Design Ideas section. Most often, readers tell us they've found a particularly 
useful circuit that helped them solve a tricky design problem. But readers also 
want to know how they can get a complete set of past circuits and software. Alas, 
such a compendium doesn't exist. But this Design Ideas Special Issue represents 
the next best thing-a collection of 50 of the best Design Ideas published in EDN 
from 1985 through June 1988. 

This collection of designs reflects your needs and not the preferences of our 
technical editors. In fact, you and your colleagues voted for these winning ideas 
by circling the "bingo card" numbers that appear at the end of each Design Idea 
we publish. Of the circuit-design tips in this Design Issue, 29 garnered Best-of­
Issue honors based on reader preference. The remaining Design Ideas received 
the second-highest number of reader votes over the 1985 to 1987 time frame. 

In planning these Design Ideas Special Issues, EDN hoped to be able to 
present a good mixture from the standpoint of design disciplines. Happily, our 
readers' choices made it easy to achieve this goal. This issue contains 21 analog 
circuit designs and 24 digital designs, and the remaining five ideas highlight 
programming tips. To achieve some semblance of order, we've divided the ideas 
into some generic categories and provided an index that lists design and circuit 
categories. Although the index is a handy place to look for a special circuit, we'll 
bet that most readers will want to read the ideas one by one, just to see what 
circuits are available. 

As you read these Design Ideas, remember that each one came from a reader 
who thought someone else might benefit from his or her work. So, if you find this 
issue helpful, thank your fellow engineers who submitted the ideas we've 
published over the years. And the next time you have an interesting and useful 
circuit, consider sharing it with other engineers by submitting it for publication 
in EDN's regular Design Ideas section. 

Besides seeing your name in print and gaining an extra $100, you might find 
your idea has been selected as the issue winner. Each issue winner collects an 
extra $100 also. Keep in mind, too, that ED N's editors also choose a grand-prize 
winner each year. The grand prize includes a check for $1500. Your idea may also 
be selected to appear in a future Design Ideas Special Issue. You'll find an entry 
form in the Design Ideas section in most issues of EDN. 

Our commitment to short, comprehensive design solutions includes two more 
Design Ideas Special Issues in 1988. You'll receive another with your next July 
showcase issue, and we'll publish a third later in 1988. If you enjoy this Design 
Ideas Special Issue and find it useful, we'd like to hear from you. If you have 
suggestions for improvements and changes, we'd like to hear those, too. Just send 
us a note or give us a call. We'd also like to thank all the readers who have 
submitted Design Idea entries over the years. 

Enough introduction. Here are the ideas you've been clamoring for. Good 
reading. 

EDN Design Ideas Special Issue, Vol I 

Tom Ormond 
Senior Editor 
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Big Perfonnance. 
Little Package. 

Rib-Cage connectors deliver 100-
gram normal force in miniature/ 
microminiature int.erconnectors. 

DuPont's RIB-CAGE"' design 
lets you pack 0.100-in. centerline per­
formance int.o 0.050-in. c/l packages. 

Our patented angled-rib design 
creates a contact area large enough t.o 
produce a normal force 
of 100 grams, with 
remarkably high shock 
and vibration resistance. 

And the long contact wipe helps 
assure reliable connections through 
repeated cycles. 

You get inductance, capa-
citance and impedance values 
that are compatible with faster signal 
speeds (thanks to the 0.050 in. 
design), along with high current capa-

city and low circuit 
resistance. 

In addition, RIB­
CAGE connect.ors let 

Actool size of 50-position 0.050-in. (J.27-mm) 
vertical suiface-muunt RIB-CAGE card 

connector and mating male header. 

EDN Design Ideas Special Issue, Vol I 



you increase surface density, since 
they take up only one-eighth the 
volume of 0.100-in. centerline 
connectors, while delivering profiles 
as low as 0.18 in. for special 
applications. 

RIB-CAGE design that can 
work for you. · 

Let us show you how to get big 
perfonnance from a little package. 
For a free sample kit of RIB-CAGE 

connectors, just call 
Whether you 're 

working with through-
CURRENT RATING 1-800-237-4357 (in 

Pennsylvania, call 
mount or surface­
mount technology, 
single or dual-entry 
designs, we have a 

~ 

" ~ 10 

8. 
E 
~ 0 1 2 3 4 5 

Applied Current (Amperes) 
• 40 adjacent pos. 

4 adjacent pos. 

1-800-222-2194). Or 
write: Du Pont Company, 
Room G51117, Wilmington, 
DE 19898. 

1 or 2 adjacent pos. 

DuPont Electronics 
Share the power of our resources. 

EDN Design Ideas Special Issue, Vol I CIRCLE NO 6 
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Any color. Angled or straight. "Click ''-it's connecwd. 
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The smallest package. 
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Pl~ new sales 
appeal into your system 

with DuPont 
Latch-N-Lok™ Shielded 

Assemblies. 

hnprove your system's sales appeal with Du Pont 
Latch-N-Lok modular interconnections. 

Choose from the industry's widest variety 
of compact plugs and receptacles. Straight, 
right-angle or combination designs. Latch 
on top, bottom or side. Panels, chassis or board 
mounted receptacles. And cords-coiled or 
straight-in any length, with any number of 
conductors, and foil, serve or braid shielding. 
What's more, Latch-N-Lok can use a variety of 
wire gauges (22 to 30 AWG) within an assembly. 

All of these combinations can be customized 
and color-coordinated to your system. Yet 
Latch-N-Lok costs no more than standard 
assemblies. 

And Latch-N-Lok is the only quick dis-
connect pin-and-socket system. With a contact 
design proven over millions of applications. 

For a free sample or our free brochure call 
1-800-237-4357. 
Or write, DuPont Electronics, Room G-51155, 
Wilmington, DE 19898. 

DuPont Electronics 
Share the power of our resources. 

~ 
°'llGVl ... T• T"'OI'' 
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DESIGN IDEAS 

Dual op amp forms RS-232C driver/receiver 

Jean-Paul Lambrechts 
National Semiconductor, Santa Clara, CA 

To provide a single interface between an RS-232C line 
and a MOS LSI chip while saving board space and 
power, you can use a dual op amp (Fig 1) in place of the 
traditional 1488-type line driver and 1489-type line 
receiver. Further, the LF353N op amp handles trans­
mission rates as high as 19,000 baud without exceeding 
the EIA's specification for maximum slew rate. 

When node B is high, clamping action of the zener 
diode D2 keeps op amp IC1A in its linear region of 
operation. The 3.3V zener voltage is impressed across 
resistor R3, which injects a constant current (84 µA) 
into node A. The resulting voltage at node A, by a 
Thevenin-equivalent analysis, is l.82V; thus, node Bis 
l.82+3.3=5.12V (7V is the maximum allowed by IC2). 
This 5.12V output at IC1A is stable for all bipolar-low 
levels normally encountered at the RS-232C line input, 
ie , - 2V and below for most terminals. 

R, 
RS-232C 3.3k 
LINE 
INPUT 

R, 
47k 

5V 

R, 
47k 

Rs 
12k 

"!" 

o, 
3.3V 

"!" "!" 

A 

D2 
3.3V 

R3 
39.2k 

1 B 34 

As the line input rises w the high level, the node A 
voltage decreases, causing the current through D2 to 
reverse direction for some input level below l.82V. The 
resulting forward bias across D2 (0. 7V) causes node A 
to drop to 0.85V, yielding 0.85-0.7=0.15V at node B. 
The circuit is actually a Schmitt trigger that behaves as 
a voltage regulator in both stable states. That is, node 
B assumes 0.15V for inputs above 0.91V and assumes 
5.12V for inputs below approximately OV. 

In the line-driver section, op amp · ICIB acts as a 
comparator, with the node A voltage (0.85 or l.83V) on 
its noninverting input. The corresponding serial output 
(SO) of IC2 is 2.4 or 0.4V, so ICIB inverts the SO signal 
as desired. Diodes D1, D3, and D4 provide overvoltage 
protection, and R6 limits the current exchanged with 
the line. EDlll 

SI 

IC2 
NS405 

TERMINAL 
MANAGEMENT 
PROCESSOR 

so 

15V 

- 15V 

RS-232C 
~-..o--A..V--rl LINE 

OUTPUT 

Fig 1-A dual op amp provides a single-channel interface between an RS-232C line and a MOS terminal-management IC. 
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DESIGN IDEAS 
EDITED BY TAR.LTO'.\: i-:LE~ll'.\:G 

Circuit provides controllable resistance 

H H Eck 
Pulse Electronics Inc, Rockville, MD 

The bipolar transistor Qi in Fig 1 presents a linear, 
dependent resistance between nodes A and B. By 
extending the connections from ICi, IC2, and Qi's base, 
you can remotely control a resistance value. 

Nodes A and B may assume any voltage value within 
the output range of op amps IC1 through IC5, provided 
the voltage of node A is more positive than B. You set 
RAB (the resistance between A and B) to its maximum 
value by adjusting Rs to its maximum. RAB can't go to 
zero, but the divider action of RK provides a lower (and 
adjustable) limit for the minimum value for RAB· If Rs 
alone gives enough range, you may eliminate RK and 
IC4. 

RAB remains linear over a range exceeding 20:1. In 
the test configuration in Fig 2, RA8 =0.061R8 ±2% as R8 

varies from 34 to 825 kfl. 
For simplicity's sake, you can assign any convenient 

value to resistors Rand RK (eg, 5 kfl) (Fig 1). To derive 
an expression for RAs, note -that V1=(VA-Vs) , 
V3=(V A-0.6V-V2), and V2= Vi/K, where K is the ratio 
of RK's wiper voltage to V1. Then, 

A 

( 
RAB o, 

\ 
2N3906 

lei 
B 

v. 

NOTE: 
IC1 THROUGH !Cs ARE 741-TYPE OP AMPS . -:-

R 

SV 

Ac >---~ 

Rs 

10k 

Fig 2-In this test configuration, R ,lB=0.061 R s±2o/c as R s l'aries 
.ti·o111 J4 to 825 kn. 

where f3 is the transistor's short-circuit current gain. 
Assuming the transistor's emitter and collector cur­
rents are equal, 

v. 

Re 

v, 

R 
_ VA - Vs _ KRs 

AB - l e - {3 • 

02 
2N3906 

R 

R 

EDN 

R 

V3 

Fig I-Resistance (RAB) between nodes A and B is a Ii near .fiwctio11 of the wiper positions for potentiometers Rs and RK. 
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DESIGN IDEAS 
EDITED BY TAlli.TON REMING 

Linear load dissipates constant power 

Horace T Jones 
Penril Datacomm, Gaithersburg, MD 

The Fig 1 circuit presents a constant-power load to the 
input voltage VIN. For the component values shown, the 
circuit provides a 4W load at a nominal VrN of 13V and 
maintains this power level within ±0.2% for input 
voltages of 9 to 17V. Potentiometer R10 lets you adjust 
the constant-power level. 

Select R4 and R" to produce a voltage V coNTROL of 
approximately 6V at the inverting input of IC1A· Op 
amps IC1A and IC2 form a pulse-width modulator whose 
output duty cycle (X) is a linear function of VrN (X 
equals V coNrnoJV cc). The modulator's nominal 33-kHz 
operating frequency (f) decreases as VIN varies above 
or below its nominal value: 

+ 

A4 
12k 

+ 

Vcc = 12V. 
REG 

As 
10k 

f=X·RD-X) 
RtR1C1 

A1 
62k 

c, 
0.001 µF 

VcoNTROL 

C2 
0.1 µF 

As 
10k 

A3 
62k 

A1 
10k 

12 

The modulator's output signal (pin 6 of IC2) drives the 
analog switch IC3, which in turn drives the linear 
current source formed by op amp ICrn and MOSFET Qi. 
Consequently, IrN is inversely proportional to VIN, so 
the load power PIN is constant: 

v cc v REF'[ R4] 
P IN= VINIIN R11 l+R,, . 

Filter components R8 and Ca suppress voltage ripple 
introduced by the switching action of ICa. This switch­
ing action also limits the control loop's 3-dB bandwidth 
to about 480 Hz. EDN 

+ 

i1N! Ag 
62k 

V1N = 13V 
:': 4V 

16 

IC3 a, 
1hCD4053 SGSP321 

As 

14 20k 

C3 
0.01 µF 

-v •• , = 85.4 mv 

Cs 
0.1 µF A,, 

A10 0.56 
1k 2W 

Fig I-Developed for testing the rectifier/filter section of switching power snpplies, tit is circuit provides a constant 4 W load ( ±0.~%) for V1,v 

in the 9 to 17V range. 
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SIGNETICS 
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ogic Program 
t really perfor 
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RICOH 
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ADAPTER TEST VECTORS 
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REMOTE 

CONTROL 

SUPPORTS JEDEC FORMAT ON BOARD 
20 TO 68 PIN SUPPORT DEVICE LIBRARY 
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ON BOARD 
HELP 

FUNCTION 

SECURITY FUSE 
SUPPORT 

USA: DIGELEC INC., 22736 Vanowen St., Canoga Park, CA 91307, Tel: 818-887-3755, Fax: 818-887-3693Call Toll free 1-800-367-8750 (outside CA) 
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DESIGN IDEAS 
EDITED BY TA lU.TON H .EM!l\'G 

Open-loop servo adjusts shaft position 

Jam es C Smith 
NASA, Greenbelt, MD 

By using digital techniques to control a stepper motor, 
Fig l a's circuit lets you manually adjust the position of 
a remote shaft. (Fig lb shows one possible application 
for the system. Others include the remote positioning of 
flow valves and leveling devices.) 

The ICs and the stepper motor require a 12V supply, 
which also drives a regulator chip (IC2) that supplies 5V 
to a digital potentiometer (not shown). This potentiom­
eter generates 256 pulses for each revolution of its 
adjustment knob , producing the channel A and B 
quadrature square waves. These two signals enable 
flip-flop IGi to decode the potentiometer's direction of 
rotation. 

IC4 generates control signals for the stepper motor, 
and transistors Q1-Q4 supply the necessary dr ive cur­
rent to the motor's windings. (IC4 alone can supply 350 
mA/phase to the motor. If your motor requires more 

(EXTERNAL POWER SOURCE) 

(DIGITAL-POTENTIOMETER 

POWER SOURCE) 

RTN 

c, 
2 µF 

5V n----1-+--......_ _ __, 

R1 
5k 

c, 
2 µF R, 

100 
11.w 

c, 5 
14 0.1 µF 12 

current, use the IC's data sheet to select an Ri value 
that provides base drive appropriate to the external 
transistors you're using.) 

Components R4 and C1 filter the supply voltage, R" 
limits the motor current, and the 5V zener diodes 
(D1-D4) reduce voltage transients by providing a flyback 
path for motor current when a transistor turns off. 
Because the motor steps at the pulse rate of channel B, 
the motor rotation is proportional to the rotation of the 
potentiometer knob-for knob rotation below about 
1 rev/sec. 

Unlike analog servo circuits, this system's positioning 
capability isn't affected by temperature or long-term 
component drift. Precision and resolution are limited 
primarily by the mechanical linkage between the motor 
and its load. EDN 
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=~ 
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0 
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(a) 

NOTE: 
CHANNEL A AND B SIGNALS COME FROM A HEWLETT-PACKARD HEDS 7500 SERIES 
DIGITAL POTENTIOMETER. 

CH-A 
STEPPER-MOTOR 

DIGITAL POT· CONTROL 
ENTIOMETER CH-B ELECTRONICS 

(b).__ __ ..... 
04 

STEPPER MOTOR 
I 1 .8 DEG/STEP) 

MECHANICAL 
LINKAGE 
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> 20.5:1 

11 

WHT /GRN 
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D, D, D, D1 
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cw ../" 0 1 
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Pig I-This shaft positioner converts the output of a digital potentiometer to signals suitable for driving a stepper motor. 
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You can have the best of both 
worlds from just one source. 
Data acquisition and DSP are 
just down the hall from each 
other at TRW LSI. That's good, 
because these functions must 
perform in close harmony in 
your system. We can relate. No 
one understands your total 
system needs better than we do. 

And, no one offers a broader 
range of cost-effective, high­
performance analog and digital 
circuits. Converters up to 200 
MHz. DSP building blocks up 
to 20 MHz. And that's just 
for openers. 
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Data acquisition and DSP are 
on a converging course at TRW 
LSI. Not far beyond these doors 
lies a whole new world of data 
conversion, floating point, 
image processing and graphics 
DSP chips. If that sounds 
like opportunity knocking, 
you're right. 

Our doors are always open. 
Our technical staff is waiting 
to help you. Let us help bring 
your high-performance data 
acquisition and DSP require­
ments together. Contact us at 
619.457.1000 and ask for one of 
our applications engineers. 
We'll help make a world of 
difference in your system 
performance. 
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TRW LSI Products 
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La Jolla, CA 92038 
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In Europe, phone: 
TRW LSI Products 
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Paris, l.69.82.92.41 : 
Guildford (U.K.), 0483.302364 
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Hong Kong, 3.880629: 
Tokyo, 03.234.8891 : Taipei. 75 1.2062: 
Seoul, 2.553.0901 

<> rnw Inc . 1987 - 712A01087 
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DESIGN IDEAS 

Circuit ensures proper RS-232C mating 

Ralph L Adcock 
SKP Electronics, Santa Ana, CA 

Connectors for RS-232C data links aren't keyed, which 
increases the chance that you might plug the connector 
in backwards, reversing the transmit and receive pins 
and disabling a piece of equipment. The circuit of Fig 1 
masks this mistake by automatically swapping the 
transmit and receive signals, allowing you to plug the 
connector in either way. 

The RS-232C transmit and receive signals connect, 
via 1-kO resistors, to optocouplers IC2 and IC3. These 
devices produce a logic zero at their outputs (pin 6) in 
response to an input of either polarity having a magni­
tude exceeding 3.8V. (RS-232C signals are a minimum 
of ±5V.) In turn, the outputs cause the J-K flip-flop's 
output (IC4, pin 5) to set the position of analog switch 
IC1 correctly. 

At power-on, active drivers at each end of the RS-
232C link maintain a voltage on the transmit and 
receive lines-regardless of data transmission. If the 
plug is mated correctly, the voltages cause the opto­
couplers' outputs to each assert a logic zero. Conse­
quently, the flip-flop's output remains unchanged. 

TXD 

RXD 

CLOCK 
sv 
R3 
1k 

s a K 3 

IC, 13 
1h 74LS114 

Rs 
330 6 2 sv a 

o, 
LED 

SV 
R, 
1k 

16 

4 

9 

5 

If you insert the plug backwards, you remove voltage 
from the input of one of the optocouplers, producing a 
logic one output. The flip-flop will then toggle in 
response to the first negative clock transition, toggling 
the switch and restoring the proper RS-232C connec­
tions. (The clock input can be either a pushbutton 
contact closure or a signal of approximately 1 kHz.) The 
optocouplers' 250-µsec response time prevents the cir­
cuit from directing a change of connections during the 
zero-crossings of a data transmission. 

The LED (D1) indicates the direction of the plug 
connection-that is, whether the TXD signal is on pin 2 
or 3 of the RS-232C interface. Also, when you apply a 
continuous clock signal, the LED indicates either that 
there isn't any RS-232C connection or that the power is 
off at the other end; the system will hunt under these 
conditions. A given clock frequency sets a lower limit on 
the baud rate, though. With a I-kHz clock, for example, 
the system can handle 300 to 19.2k baud, but it may 
exhibit false switching at 50 baud. EDN 

IC1 

IH5043 
I 
I 1,3 2 
I 

}"''~' 
I 
I 
I 
I 

8,6 3 

15. 10 R1 
1k 

R2 
1k 

f) 
IC2 

5 
HCPL3700 4 

(H-P) 

':" ':" 

6 
IC3 

5 
HCPL3700 

(H-P) 4 

':" ":' 

Fig 1-lf you i11adverte11tly plug in an RS-232C con11ector backwards (crossing the tran smit and receive signals), this circuit will detect the 
j(utlt and a11to111atically swap the signals ba ck to the proper lin es . 
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DESIGN IDEAS 
EDITED BY TARLTON FLEMING 

Circuit increases frequency to x 1000 

Frank Michele 
Brno, Czechoslovakia 

Using 10 packages of 4000 Series CMOS logic ICs and a 
few passive components, you can translate low-frequen­
cy digital signals to a higher frequency. The circuit 
connections in Fig 1 yield a frequency translation of 
fouT=600xfIN, in which the 600 factor is set by three 
4018 divide-by-n counters between nodes A and B. The 
free-running oscillator IC1c feeds this counter chain 
with a signal of approximately 250 kHz. Meanwhile, the 
4040 binary counter is reset once per cycle of the input 
frequency f1N, allowing the 4040 to measure input 
period in terms of output counts from node B. The input 
period (a 12-bit binary word) is latched by the two 
40174s and fed to the three 4029s, which constitute a 
synchronous modulo-n down counter. Each output from 
this counter generates one fouT pulse, which feeds back 
to reset the 4029s for a countdown of the next period. 

11 
4040 

A, 
47k 1 15 14 12 13 4 

':' 1144093 
Yoo 

t~PF 
IC,. 

1/•4093 c, 14 13 11 6 4 3 

401 74 

':' 15 12 10 7 5 2 

3 13 12 4 

4029 
A, 

4029 

47k 
1 10 

':' ':' 

c, 1/•4093 

220 pFI 

2 

15 

15 

Consider fIN=l.0 Hz, for example. The 4018s divide 
250 kHz by 600 to produce 416.6667 Hz; the 4040 counts 
to 416 before it resets. IC1A and ICIB each generate a 
positive pulse for each cycle of fIN to strobe the 40174 
storage registers and then reset the 4040 counter. The 
4029s count down with a modulus of 416, clocked at 250 
kHz: 4 µsec x 416=1664 µsec , thus yielding 600 Hz. 

You can multiply fIN by any available integer n in the 
range 8 to 1000, where n is the division factor between 
nodes A and B. (You can alter the connections to each 
4018 to provide a division between 2 and 10; odd 
integers require an additional inverter and NAND 
gate.) The minimum frequency for fIN is .about 0.06 Hz 
for the circuit shown, based on a multiplication of 1000 
and the 4040's capacity of 4096 counts. System power 
dissipation with a 9V supply is 100 mW. EDN 
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3 5 6 7 9 
6 

4018 

Yoo 
14 

13 11 6 4 3 13 

40174 

12 10 7 5 2 14 

13 

14 

Yoo 
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9 15 

':' 
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1144093 

Fig I-You can multiply frequency fm from eight to 1000 times by using 10 CMOS /Cs and several passive components. 

20 EDN Design Ideas Special Issue, Vol I 



Full Speed 
Ahead 

How do chip manufac­
turers test their fastest 
circuits? With the fastest 
lateral DMOS FETs 
around, available from 
Topaz Semiconductor. How 
do we know? Because we 
invented them. 

From low-cost plastic discretes to high-performance 
military circuits, Topaz's lateral DMOS products form 
a high-speed performance bridge between silicon and 
gallium arsenide. Applications run the spectrum 
from raster and laser drivers to phased-array radar. 

We offer the widest range of lateral DMOS 
products and packages on the market for high-speed 
analog and digital switching within conventional 
voltages. 

Call us for a data book on our complete 
product line. From DMOS FETs 
to digitally controlled attenuators, 
Topaz leads the way. 

SEMICONDUCTOR 

Topaz Semiconductor, 1971 N. Capitol Avenue, San Jose, CA 95132-3799 
TEL (408) 942-9100 TWX 910-338-0025 FAX (408) 942-1174 
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DESIGN IDEAS 

Divider produces symmetrical output 

Irwin Cohen 
Hewlett-Packard Co, Rockaway, NJ 

In synchronous systems, you must often divide a sym­
metrical clock waveform by an odd integer and obtain a 
symmetrical output (ie, a 50% duty cycle). Unfortu­
nately, J-K flip-flop dividers usually produce a wave­
form (labeled A in Fig l b) in which the high and low 
intervals differ by one period of the input clock. The 
Fig l a circuit corrects this situation by splitting the 
difference-it lengthens the short interval and shortens 

DIVIDE·BY·3 COUNTER 

the long one by half a clock period. The circuit works for 
any odd-integer division producing an asymmetry of 
one clock period; division by 3 is used as an illustration. 

Flip-flop !Ca's Q output is set high when waveform A 
is low; Q goes low with the first positive transition of fIN 
after A returns high (Fig lb). If T1>T2, connect IC18's 
Q output instead of the Q output to !Ca's preset input. 

EDll 

,... .------------------------------------, ..,., 

C J l r 
IC1A Q 5 11 I J 

IC1e Q 
I I 

1 I ~ CLK I I CLK 
I 
I I 

B .i ...... 2 
K a is 121 K a .i 

\J 

l J PR L PR 

1. 74LS113 10 

5V 

- -1 ----------~--------------- f---------

~ IC2J 
1-00soo 

(a) 

f1N 

t:T1 ·I · T2 

A 

(b) four l 

41 A 

PR 
3 J 

I Ca 
1 

CLK 

2 
K 

1k74LS113 

·I 

5 
Q -" ..,., four 

(=f1N/3) 

Fig I-Odd-integer division performed using a divide-by-3 counter (a) produces the asymmetrical waveform (such as the one labeled A in 
part b), but you can add additional circuitry to generate a symmetrical four signal. 
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NEW SIZES & RATINGS. 

4SW-6102 

SPRAGUE Miniature Sprague Type 1730 Tantalex® capacitors, designed for high-performance 
automotive, industrial , and commercial electronic equipment, are now available in five 

H~GH plf.RTIORMA CE differentsizesandexpanded 
~ - ~ _r 1 capacitance ~~lues. Reliable and 

cost-competitive, these rugged TANT ALUMS ARE molded-case caps. fe.atm:e small size, lo~ d-c leakage 
.I.~ .I.~ current and low d1ss1pat1on factor. Maximum 

BVTTER HAN E' 'ER c~pacitance available in the largest case 
~ .I. , l' size ranges from IOµF at 50 volts 

• to 220µF at 6 VDC. Operating temperature 
range is - 55°C to + 85°C . . . and to + 125°C with derating. Precision-molded in flame retardant, thermosetting epoxy resin, 
these capacitors are laser marked for improved legibility. Their chamfered-case provides easy identification of the positive 
terminal. Supplied lead-taped and reeled for use with high-speed automatic insertion equipment. For more information on 
these high-performance tantalum caps, write for Engineering Bulletin 3533 . lOC to Technical ,q,,,._ SPRnGUE ® 
Literature Service, Sprague Electric Company, P.O. Box 9102, Mansfield, MA 02048-9102. qt)J!) H 
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DESIGN IDEAS 

Low-cost regulator converts v+ to - 5V 

Ron Lashley 
ITT Courier, Phoenix, AZ 

The power-supply circuit in Fig la converts a 12 to 15V 
positive supply voltage to -5.2V and delivers 0 to 50 
mA. The parts only cost about $1.25. You should add a 
preregulator circuit (Fig l b) when using an unreg­
ulated 15V supply. 

During operation, the 555 timer's frequency varies 
with load current. The resulting positive output pulses 
(pin 3) have a varying repetition rate but a relatively 
constant duration. Each pulse turns on Qi and rapidly 
charges capacitor C4. When pin 3 pulls the plus side of 
C4 low, the charge on C4 transfers to C3 . . 

Load and line regulation are about 1.5%. C1 charges 
through R1 while pin 3 is high; pin 3 goes low when pin 6 
reaches its % V cc threshold. C1 then discharges through 
R3, ~' and the IC's open-collector discharge transistor 
at pin 7. Transistor ~ stays off as long as the negative 

R, 
10k 4 

2 

R, 
2.2k 

6 

o. 
c, 1N4448 

2200 pF J 5 

R, 7 C2 
4.7k I 0.01 µ F 

7 
7 

(a) 

UNREGULATED n----,__--~r< 
15V 

200 

(b) 

12 TO 15V 

8 

Vee 

3 
IC1 
555 

7 

02 
2N3904 

15.0V 
1N5245B 

output voltage is large enough to turn on the 6.0V zener 
diode D5• When load current discharges C3 enough to 
turn off D5, ~ turns on and begins another discharge of 
C1. The resulting output ripple is about 100 mV. Unless 
load current is light, ripple frequency is above the audio 
range; nonetheless, even if load current varies, ripple is 
inaudible because no chokes or transformers are 
present. 

The output voltage increases slightly with tempera­
ture. You can generate a more negative output voltage 
by choosing a higher-voltage zener diode, but diode 
losses limit the output voltage maximum to about -8V 
at low output current. IC1 should not operate above 
15V, especially at full load. If necessary, you can limit 
the supply voltage by using the preregulator shown in 
Fig l b. EDN 

c. 
2.2 µF 03 

25V 1N4448 

+ -5.2V 

o, c, 
D2 100 µF 

1N5819 
T10V 

7 
7 

Ds 
6.0V 

1N5233B 

NOTE: 
RESISTORS ARE V.W. 5% . 

Fig I-This converter produces -5.2V from a 12 to 15V supply (a). To ensure that the IC doesn't operate above 15V , you might have to use a 
preregulator (b). 
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IT 
All our low-noise current, voltage and crossover sources have built-in memory 
so you can program a sequence of levels Some also feature sensitivity to below 
1 pA; others go to 1 A at 100 V, or 10 A at 10 V 

MEASURING INSTRUMENTS 
Measure currents from 10 aA (10-17) to 10 A, and voltages from 10 nV to 1 kV 
Up to 6Yz digit resolution and speeds up to 100 kHz at 16 bits Measure resistances 
from 10 µOto 10 PO (1016 0) Our measuring instrument line also includes an 
IEEE-488 thermometer and 1.3-GHz counter/timer 

TWO NEW CV METERS 
One is a 100 kHz/1 MHz CV analyzer with sensitivity better than 1 fF, an 
extended range option to 20 nF, powerful math functions and built-in cable 
correction and plotter drive On-board features also include low15 mV rms drive 
voltage, 4Yz digit resolution and internal memory to store front panel setups 
The other is a quasistatic CV meter using a new technique to directly correct for 
background currents and help you find the right sweep rate faster 

CONNECTING INSTRUMENTS 
Programmable switches with 17 different cards to choose from, some specified 
to 500 MHz Other capabilities include matrix, picoamp sensitivity, and up to 
1015 n isolation 

WHAT WE MAKE WORKS TOGETHER EASILY 
Not only do these products perform individually, they are designed to be used 
together in a variety of combinations Evidence: we give you three ways to 
measure Hall effect First, a plug-in card with all needed sensitive amplifiers, 
cables, and switching for use with our low-cost programmable switch Second, 
an instrument package with instructions on how to make your own system; or 
third, a complete turnkey system 
All our products feature compatible hardware, are easy to set up, and use a 
language common to other Keithley instruments That saves you from learning 
a new language for every new instrument Further, the telephone assistance 
provided by the application engineers at our Information Center helps you find 
out specifically how to use Keithley 
instruments to solve your unique semi­
conductor measurement problems 

We've stated that Keithley has the ability 
to do semiconductor measurements 
Now it's time to prove it 

Call the Information Center at (216) 
248-0400, or write Keithley Instru­
ments, 28775 Aurora Road, Cleveland, 
Ohio 44139 
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DP.SIGN IDEAS 

Nonlinear load extends PLL frequency range 

Basel F Azzam and Christopher R Paul 
Coherent Communications, Hauppauge, NY 

A PLL chip such as the 74HC4046 in Fig 1 uses an 
external capacitor and resistor to set the frequency 
range for an internal voltage-controlled oscillator 
(VCO). By replacing the fixed resistor R4 with a nonlin­
ear one, you can extend the VCO's frequency range by 
a factor of 50 or more. For the component values shown, 
when pin 11 connects to R4, the range is 17 to 300 kHz; 
in contrast, when the pin connects to the nonlinear load, 
the range is 2 kHz to 2 MHz. 

Capacitor C1 and the current through pin 11 control 
the PLL's output frequency. Higher current produces a 
higher frequency. When V11 equals 0.5V, for example, 

the high-[3 transistor Qi is off and the resistance from 
pin 11 to ground is R2+ R3. As V11 increases, Qi turns on 
and draws more current from pin 11. Thus, the effective 
impedance, Z, is 

where f3 is the transistor's beta and VBE equals 0. 75V. 
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KEIThlLE~ 

IT'S IN THE CARDS 
Our line of 18 signal switching cards is the widest 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 < lµ 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 
Hand boo 

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 I/O, 
triggers in/ out, relay setup memory, inspect mode for determining relay 
configuration, and more• 

SYSTEM PERFORMANCE 
Our products are designed for compatibility, and you'll find the proof in 
easier system integration and smoother performance• And in addition to 
switching, we also supply the full range of programmable measure­
ment and source instrumentation 
for many test requirements• Plus, 
our Application Engineering De­
partment is always available to 
help you select the right instru­
ments and configure them for peak 
system performance• 
Keithley Instruments Inc., 28775 
Aurora Road, Cleveland, Ohio, 
44139• (216)248-0400• 

EDN Design Ideas Special Issue, Vol I 

all or write the Information Center 
or more on Programmable 
w tches Sources, and Measure­

t instrumentation. Then find 
how to receive your free copy 

Ke1thley's new Switching Hand-
o k with useful information and 
ractical guidelines on getting 
ax1mum performance from your 

est system. 
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DESIGN IDEAS 
EDITED BY TARLTON FLEMING 

IF chip forms audio decibel-level detector 

Robert J Zavrel 
Signetics Inc, Sunnyvale, CA 

The NE604 is a low-power IF chip that includes a 
logarithmic signal-strength output. Fig l's circuit 
draws less than 5 mA from a 6V supply and offers a 
signal sensitivity of 10.5 µ V. Although the chip is 
intended for cellular-radio and other RF applications, 
the log output provides an 80-dB range of response and 
± 1.5-dB accuracy in the 100-Hz to 10-kHz audio range 
(Fig 2). 

You capacitively couple the audio signal to pin 16. 
The log circuit generates approximately 10 µA per 20 
dB of input signal at pin 5; you convert this current to 
voltage by connecting 100 kfl (R2) from pin 5 to ground. 
You can then measure this voltage directly with a 
voltmeter, or buffer and filter the voltage as shown 
using op amps IC2A and IC2B· A standard 0 to 5V meter 
with a linear decibel scale serves to display 80 dB of 
signal level. To measure higher audio levels, add a 
resistive attenuator at the chip's audio input. 

R1 and C1 form a lowpass filter. Specifying 2 kfl for 
R1 provides maximum linearity; you should adjust C1 to 
change the filter's cutoff frequency. A higher value for 
C1 lowers the circuit's output to about 0.6V when no 
audio signal is present (Fig 2). Lowering C1 increases 
the frequency response, but raises the circuit's output 

c, 

o ~--pY 
- 90 - 80 - 70 - 60 - 50 - 40 - 30 - 20 - 10 0 

AUDIO INPUT LEVEL (dB) 

Fig 2-The dotted line indicates the response of Fig J's circuit for 
!lie JOii -Hz lo JU-kHz audio ra11ge; the solid li11e indicates a11 ideal 
1'1'-' /i<>ll se. F11/I 8Cale (0 dB) equa ls JOO 111V p-p. 

when no audio signal is present. The filter R:JC3 pro­
vides a tradeoff between meter damping and ripple 
attenuation. If both a quick response and low ripple are 
required, you must substitute a more complex, active 
lowpass filter. EDN 

~ + 
AUDIO INPUT 

~ 
R1 
2k + 10 µF 

~ 

+ 
10µFl 

~ 

10µF 

16 

+ 
33 µFI 

~ 

IC1 
NE604 

R2 
100k 

6V ~ 

NC 

9 

8 

NC NC NC 

C2 
0.1 µF 

~ 

r 
METER 
OUTPUT 

Fig I-You can measure audio signal levels to ±1.5-dB accuracy usi11g a dual op amp and an FM IF chip (normally usedfor cellular-radio 
1111d oilier RF applica tio11s) . Se11 sitivity is 10.5 µ V; pou•er co11s1rn1ptio11 is JO mW. 
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KEITHLE'r1 

QUALIFIED SOURCE 
If you think there isn't much difference between a source and a power supply, 
then it's time you tried a Keithley source The advantages are many 

SENSITIVITY & DYNAMIC RANGE 
One of the chief benefits is the ability to set the exact range of output values you 
need The key word here is "exact " 
Keithley current sources have outputs programmable from ± 0.5pA to lOA with 
output impedances up to 10140 That's precision no power supply can touch. In 
fact, only precision sources like these meet test requirements in applications 
such as DC parametric testing on devices and materials for semiconductors, 
resistivity studies such as microcrack analysis on new materials, and calibration 
of low current sensing instmmentation 
As further evidence, consider the ±50µV resolution of Keithley's Model 230 
voltage source, necessary to achieve fine levels of control when extracting fam­
ilies of curves on semiconductors Higher voltages to lOOV are available for bias­
ing devices and supplying power to circuits 
For calibration applications that need accurate low current, the Model 263 
sources as low as ± 50a Lastly, for calibration of charge ranges on electrom­
eters and nuclear instruments, the Model 263 will source to 20µC Voltages to 
20V are also available 

THE RANGE OF KEITHLEY SOURCES 

Source Type Output Range Model 
Voltage ±50µV to lOOV 230 
Current ± 0.5pA to lOOrnA 220 
Current ±0.SnA to lOOrnA 224 
Voltage/ ±lmV to lOOV 228 
Current ± lOOµA to lOA 

Calibrator ± 50aA to 20rnA 263 
± 0.5fC to 20µC 

±5µV to 20V 
lkD. to lOOGD. 

FOUR-QUADRANT OPERATION 
Unlike most power supplies, Keithley sources can both source and sink when 
connected to the OUT This four-quadrant operation can either supply power 
to the device or act as a programmable load up to the full rated power of the 
outpu Sink capability can also help reduce transients and dissipate energy 
stored in circuit reactances 

PROGRAMMABILITY 
Keithley sources are simple to in­
tegrate into your IEEE-488 system 
with convenient built-in features 
such as digital I/O, 100-point mem­
ory, dwell times, and in and out 
hardware triggers• Keithley sources 
are easy to learn and operate, since all 
Keithley models use similar device­
dependent commands 

+I 



''At lunch today, I learned to use 
this progratntnable video generator. 

And still had titne to eat.'' 
While other RGB video generators 

take weeks to learn, ours take minutes. 
No digital training needed. No countless 
key combinations to learn. No need to 
use your PC unless you want to . Unlike 
other generators, Leader's have an inte­
gral programmer (LVG-1604A and 
1603A) or are available with a program­
mer unit (1601 A). And you can get any 
of dozens of test patterns simply by 
touching one clearly 
marked key. 

All the 
functions 
you need. 

wide-band video transmission systems. 
Present or future. 

Analog , TTL and ECLoutputs. 125 
MHz. 64-color capability. Storage of up 
to 200 display formats. Wide range of 
raster architectures, and most common 
test patterns with both stock and user­
designed characters. Ability to change 
format conditions. These features are 
easy to learn-but hard to beat. 

Now you 
can choose. 

You shouldn't pay 
for more functions 
than you need. So 
call us for a free 
copy of our full-line 

The LVG-1604A 
lets you test even the 
most advanced high­
resolution CRTs and 

Select a Leader Video Generator 
with all the features you need. 

catalog. Pick the 
video generator 

CIRCLE NO 16 

that's right for you. Then, in just 30 min­
utes, we'll show you how to use it. 
It'll be up and running before you finish 
your lunch. 

Call toll-free 

1 800 645-5104 
In NY State 

516 231-6900 

Leader Instruments Corporation 
380 Oser Avenue, Hauppauge, New York 11788 

Regional Offices: 
Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. 416 828-6221 

LEADER 
FOR PROFESSIONALS WHO KNOW 

THE DIFFERENCE 



DESIGN IDEAS 
EDITED BY ROBERT M CLARKE 

Dual optoisolator detects zero crossings 

Paul Galluzzi 
Dynamics Research Corp, Wilmington, MA 

By using the dual optoisolator shown in Fig la, you can 
build a zero-crossing detector that gives you TI'L-level 
output pulses. You can then use those pulses to drive a 
counter or as an input to a control system. Fig lb 
compares the circuit's input waveform and its output 
pulses. 

This circuit accepts the ± 15V output swing of an 
Inductosyn-driven PLL demodulator. Current through 
R1 into IC1's LED1 (an HP HCPL-2630 dual optoiso­
lator) holds V2 at nearly OV when V1 is at its maximum 

v, 

(•) 

±15V MAX 
INPUT FROM 
DEMODULATOR 

1.4k 1.4k 

D, 
1N4148 

Dz 
1N4148 

ANALOG GROUND 

15V-------

v, 
DEMODULATOR 
OUTPUT 

ZERO-CROSSING PULSE 

ITTL LEVEL! 
(b) 

2 ~ 
3 

,,,z; 

4 
"2/ 

1c1 
HP HCPL-2630 

positive value. Then, when V 1 crosses through zero as it 
heads for its - 15V negative maximum, LED1 ceases 
emitting; this shuts off Qi. Pullup resistor R2 causes V2 
to reach 5V. When V1 goes negative, diode D1 conducts 
to protect LED1. 

The zero-crossing detector's input circuit is symmet­
rical. Resistor Ra provides a wired-OR output connec­
tion. The Schmitt triggers (IC2A and IC28), Ci, and C2 
ensure that a clean pulse results from each zero cross­
ing, resulting in an effective circuit for mediwn-speed 
inputs. EDll 

vtx 8 

R• 

vo, 7 1k 

Voz 6 
c2 

0.1 ,.F 
G 5 

v2 

":' 

! 74LS14 • 

+ 

5V 

10,.F 
25V 

DIGITAL GROUND 
(5V RETURN) 

ZERO-CROSSING 
PULSE 

Fig I-A dual optoisolator and a handful of components make up a circuit that provides a glitch-free pulse for each detected 
zero crossing. 
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DESIGN IDEAS 

PCM filter offers lowpass, bandpass options 

David J Donovan 
Harris Corp, Melbourne, FL 

The Harris HC-5512, 5512A, and 5512C pulse-code­
modulated (PCM) filters are switched-capacitor mono­
lithic circuits that were originally designed for PCM 
codec filtering in systems that sample at 8 kHz. Howev­
er, by taking advantage of the devices' receive lowpass 
filter and transmit highpass filter, you can build a wide 
range of lowpass and high pass filter circuits with cutoff 
frequencies ranging from 200 Hz to 10 kHz (Fig 1). To 
pr.-,gram the filter's cutoff frequency, you simply vary 
the device's input clock frequency. 

The chip's transmit side uses a 200- to 3400-Hz 
bandpass filter, which comprises a fifth-order elliptical 
lowpass filter cascaded with a fourth-order highpass 
filter. The receive side uses a 3400-Hz lowpass filter 
with sinX -:- X correction. Second-order antialiasing fil­
ters precede both the transmit and receive filters . 

To specify a 3-dB cutoff frequency, you first connect 
the chip's CL.Ko input (pin 14) to either V cc, GND, or 
V BB· (These connections result in internal clock fre­
quencies of 2.048, 1.544, and 1.536 MHz, respectively.) 
Vcc's and VBB's nominal values are +5V and - 5V, 
respectively. You then set the filter's cutoff frequency 
by applying an external clock signal to pin 12, whose 
frequency lies between 300 kHz and 5 MHz (the device 
won't work at frequencies out of this range). 

For a 300-kHz external clock frequency, the lowpass 
filter will have a cutoff frequency of 1 kHz, and the 
bandpass filter will have a lowpass cutoff frequency of 
200 Hz and a highpass cutoff frequency of 1 kHz. At 5 
MHz, the lowpass filter will have a cutoff frequency of 
10 kHz, and the bandpass filter will have a lowpass 
cutoff frequency of 5800 Hz and a highpass cutoff 
frequency of 9 kHz. 

Between 300 kHz and 5 MHz, the cutoff frequencies 
for both the lowpass and bandpass filters will vary 
nearly linearly with the programming frequency, with 
some compression occurring at either end of the pro­
gramming frequency's spectrum. The bandpass filter's 
bandwidth will remain constant at 3200 Hz, except for 
some compression at the lower end of the programming 
spectrum. The least amount of compression will occur 
for the highest internal clock frequencies (ie, when pin 
14 is connected to V cc). 

At 3300 Hz, the chip's receive filter provides an 
inherent gain. You can compensate for this gain by 
providing pole-zero compensation at the receive filter's 

32 

p VFX0 

PWR0 . 6 14 
HC 5512/5512A/5512C 

CLK0 

PWR1 5 4 VFR0 8 

50k 

22k 

I 2200 pF 

Fig I- You can program this PCM filter to act as either a lowpass or 
highpass filter. By varying the chip's external clock frequency 
between 300 kHz and 5 MHz, you can select filter cut-of/frequencies 
between 200 Hz and 10 kHz. 

output. For the values shown in Fig 1, the chip uses a 
pole at 1 kHz and a zero at 3300 Hz to provide the 
compensation. The chip's transmit channel provides an 
inherent gain of 3 dB; you can increase this gain to as 
much as 20 dB by adjusting resistors R1 and R2. 

Both the transmit and receive outputs can drive a 
3.2V p-p signal into a 10-kO, 25-pF load. The power­
amp outputs, PWRo + and PWR0 - , can drive a 5V p-p 
signal into a 3000 single-ended load or a IOV p-p signal 
into a 6000 balanced load. llDll 
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HP's perfect balance between price 
and performance in logic analysis. 

The balance is called value! 
And nobody can put more value on your 
bench than HP With the HP 1650A and 
HP 1651A, you get powerful capabilities 
at prices that keep the bottom line where 
you like it-low. 
HP Logic Analyzers: 
the extra measure. 

The exceptional value stems from HP's 
proprietary "logic-analyzer-on-a-chip" 
technology which integrates state analy­
sis, timing analysis and acquisition 
memory on a single IC. You get features 
like 25MHz state/lOOMHz transitional 
timing on all channels and two indepen­
dent analyzers in a single instrument. 

If your application is digital hardware, 
or if you're working with popular 8-bit 
µPs, choose our 32-channel HP 1651A 
at only $3,900. 

For your 8- , 16-, or 32-bit µP develop­
ment applications, choose the 80-channel 
HP 1650A analyzer at only $7,800. It 
offers full support for most popular µPs 
including the Motorola 68020 and the 
Intel 80386. 
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Both analyzers are capable of cross­
domain triggering which lets you simul­
taneously capture and display state and 
timing information with time corre­
lation for powerful cause/ 
effect problem solving. 
Each has a built-in disc 
drive for storage 
of setups and 
measurements. 
And additional 
software tools 
to make your 
measurement 
tasks easier. 
Call HP for your free video! 
1-800-752-0900, Ext. 215V 

Get a hands-on feel for our HP 1650A 
and HP 1651A logic analyzers with our 
demo video and literature. They're free! 

You'll see how we 
balanced price and 
performance-perfectly 

IQ 1988 Hewlett-Packan:I Co. El15711A/EDN 
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DESIGN IDEAS 
EDITED BY TARLTON FLEMING 

Current-folding circuit breaker resets itself 

Shalom Bukimer 
Tadiran, Syosset, NY 

The circuit breaker shown in Fig 1 limits load current 
to 0.5A; if the load is heavy enough (below 1.6!1), it 
further limits load current to about 50 mA. You don't 
have to reset the breaker; it resets itself shortly after 
the overload is removed. A delay introduced by capaci­
tor C1 lets the circuit breaker ignore overloads of brief 
duration. 

An increasing load current creates a voltage across 
R1, which lowers the voltage at comparator IC1A's 
noninverting input. When the R1 drop equals approxi­
mately 0.2V, the comparator output goes low, reducing 
the load current via Qa and Qi. Comparator ICIB moni­
tors the falling load voltage V L as Qi throttles the load 
current, and it turns off Qi when V L reaches approxi­
mately 0.8V. 

14.5V 
SOURCE 

20.0k 

A, 
0.422 

17.Sk 

MANUAL 
SHUT-OFF 

93.lk 

6.65k 

100k 

c, 
0.1 µF 

51k 

lk 

a, 
IRFF121 

Equally important, R2 provides 50 mA through the 
load to enable comparator ICIB to sense a rise in the 
load impedance. When RL rises a few ohms above its 
threshold, ICIB's output goes low, which turns on Qi and 
reconnects the source and load. 

The circuit has the following characteristics: 
• The trip point is well defined and only slightly 

affected by changes in temperature. 
• The circuit breaker makes a fast transition from 

off to on, and it consumes little power in either 
state. 

• Q2 and the LED may be omitted unless you 
require a visual overload indicator. 

• You can manually open the circuit breaker by 
shorting IC1A's noninverting input to ground. 

EDN 

A, 

300 'l>W 

20k 

2N2907A 

G 

1M 

Fig I-Load currents higher than 0.5A trip this e/ecll'onic circuit breaker. The circuit resets automatically when the overload is 
re11101·ed. 
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EDI-First from the Start 
Since 1983, when EDI introduced the first Military 64K SRAM, the company 
has been first in the race to market with the latest generation, highest 
density, CMOS MIL-STD 883 devices. 

With a new family of fast 256K Monolithics, DESC qualified devices, and 
a new JEDEC standard Megabit Module, EDI is maintaining its' leadership 
position with the widest array of Military CMOS Static RAMs available today 

Electronic Designs Incorporated 

EDI'S 256K Gold Medalists 

256Kxl 35, 45, 55ns 
64Kx4 35, 45, 55ns 
32Kx8 45, 55, 60ns 

And, all are available in a variety 
of ceramic, JEDEC standard 
DIP and LCC Packages. 

~EDI 
The future . .. today. 

Corporate Headquarters: 42 South Street. Hopkinton, MA 01748 USA (617) 435-2341. TFX: (617) 4356302, TLX: 948004 

Electronic Designs Europe Ltd., 
Shelley House, The Avenue. Lightwater, Surrey GU18 5RF United Kingdom, 0276 72637, TFX: 0276 73748, TL.X: 858325 
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DESIGN IDEAS 
EDITED BY TA IU.TON FLEMING 

Current monitor uses Hall sensor 

Paul Galluzzi 
Dynamics Research Corp, Wilmington, MA 

The Fig 1 circuit uses a Hall-effect sensor, consisting of 
an IC that resides in a small gap in a flux-collector 
toroid, to measure de current in the range of 0 to 40A. 
You wrap the current-carrying wire through the toroid; 
the Hall voltage V H is then linearly proportional to the 
current (I) . The current drain from VB is less than 30 
mA. 

To monitor an automobile alternator's output cur­
rent, for example, connect the car's battery between 

Ve 
(12 TO 

14V) 

2 

c, 
33 µF 
25V 

+ 

6 v, 

7 

IC1 
REF-02 
(PMI ) 

4 

4 

GND 

IC2 

6 

5 

L, 
680 µH 

VREF MAX 635 
(MAXIM) 

8 v,. 
Vour 

1N4148 

10 mA 

NOTES: 

10mA 

C2 + 
150 µF 0 .1 µ F 

16V 

the circuit's VB terminal and ground, and wrap one turn 
of wire through the toroid, (Or, you could wrap 10 
turns-if they'd fit-to measure l A full scale.) When 
I =OV, the current sensor's (CS1's) V H output equals 
one-half of its lOV bias voltage. Because regulators IC, 
and IC2 provide a bipolar bias voltage, V H and VouT are 
zero when I is zero; you can then adjust the output gain 
and offset to scale VouT at 1 V per l OA. EDN 

5V 

+ 

-5V 

ZERO 
ADJUST 

1k 

1k 
1% 

R1e 
10k 

R,. 
10k 

5.11k 

GAIN 
ADJUST 

5k 

6 

Vour 
(0.1V/A) 

1. C1 and C2 ARE 199D TANTALEX CAPACITORS FROM SPRAGUE . 
2. L, IS A 6860-23 INDUCTOR FROM CADDELL-BURNS. 
3. R,. . R18. AND R1c ARE PART OF A THIN -FILM RESISTOR NETWORK SUCH AS THE CADDOCK T914- 10K 
4 . CS 1 IS A HALL-EFFECT CURRENT SEN SOR (CSLA1CD) FROM MICROSWITCH. 

Fig /-This circuit 's Hall-effect curre11t se11sor CS, enables V, 11 'T tu register de C1U'l'e11t al JV per JOA. 
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© 1987, Harris Corporation 
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• en ca,. 
Harris MU meet 
your rad-hard 
needs in the 
future ... just 
as -we have for 
20 years past. 

"So Harris' rad-hard 
data book is Class-A?" "Yeah, and their rad-hard IC 

facilities are Mll-M-38510 
Class S certified" 
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American ICs for American strength ... That's be our 
commitment since 1965. And today we're the number-one 
supplier of rad-hard ICs for military systems. 

Harris ICs perform in the most critical environments. For 
SDI and the programs requiring state-of-the-art technology, 
we're developing even higher-performance products - in 
both silicon and gallium arsenide. 

Some IC companies have uncertain futures. We don't. We'll 
be here. American-owned and American-run. Providing 
products and product accountability throughout the lifetime 
of your systems. 

We wrote the book on your future needs. It's Harris' 
Rad-Hard/Hi-Rel Data Book: hundreds of pages of informa­
tion on what's here now and what's coming next. Ask for a 
copy. 

Phone Harris Semiconductor Custom Integrated Circuits 
Division. In the U.S.: 1-800-4-HARRIS, Ext. 1911, or 
(305) 724- 7 418. In Canada: 1-800-344-2444, Ext. 1911. 
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DESIGN IDEAS 
EDITED BY ROBERT M CLARKE 

Build a 1-chip, 300-MHz gateable oscillator 

Donald Trimble 
Harris GASD, Melbourne, FL 

Using a Plessey SP16F60DC, you can build the 300-
MHz ring oscillator shown in Fig 1. The oscillator uses 
two ECL OR gates and an optional delay line. Without 
a delay line, the oscillator runs at approximately 300 
MHz. Using a delay line reduces the oscillator's operat­
ing frequency. Fpr example, a 9-ft RG-316/U delay line 
produces 30-MHz oscillations. 

In Fig 1, the two ECL OR gates and a delay line are 
connected as a ring oscillator. Fig 2's timing diagram 
shows the relationship between the inputs and outputs 
of the OR gates. When the oscillator's enable input (pin 

FEEDBACK PATH ,---------------------------, 
I I 
I I 
I I 
I I 
I I 
I LID I 
I I 
I I 
L_ ----------------------- _J 

- 2V SP16F60DC 

Fig 1-Two EGL gates and an optional delay line provide a 
300-MHz gateable oscillator. 

4 T,f--
OSCILLATOR I 
ENABLE -----------------

IC,,.PIN2 

IC1,.PIN3 

IC,,.PIN4 I __ _.! 
--l T, f--

T1 IS THE PROPAGATION DELAY OF IC1A 

T 2 IS THE PROPAGATION DELAY OF IC18 + .lD (ASSUMED TO BE 0). 

Fig 2-The Fig 1 oscillator always starts in the same state. Either 
IC, 8 's internal propagation delay by itself or the delay and an 
optional feedback loop determine the frequency of oscillation. 

42 

7 of IC1A) goes low, the output at IC1A's pin 2 goes low 
and the output at its pin 3 goes high. The signal from 
pin 3 drives a feedback path comprising ICrn and the 
optional delay line. 

ICrn guarantees oscillation by acting as a nonsaturat­
ing differential amplifier. One input of the amplifier is 
tied to an internally generated bias point called V BB· 

The amplifier's other input comes from external pin 13. 
The amplifier compares this input to V BB (Ref 1). 

For IC rn's noninverting (pin 15) output to change 
state, pin 13's input must go sufficiently above or below 
V BB (Ref 2). This noninverting output drives either the 
optional delay line or IC1A, completing the ring. ICrn's 
550-psec typical propagation time allows IC1A to settle 
to an ECL logical low level. 

You can use any of IC1A's unused inputs (pin 7 is used 
in Fig 1) to gate the oscillator. Note that although the 
oscillator always starts in the same state, it can stop in 
either a high or low state, unless you use a counting or 
control scheme to prevent it. Letting all unused inputs 
float low gives you a free-running oscillator. Fig 3 
shows the oscillator's performance. You can obtain 
similar results using lOOK Series ECL parts. EDN 

References 
1. Digital IC Handbook , Plessey Semiconductor, pg 115. 
2. F JOOK EGL User's Handbook, Fairchild Advanced 

Bipolar Div, pgs 2-5. 

Fig 3-The Fig 1 free-running oscillator furnishes a clean output 
that varies between -0.5 and -2.25V. Here, the vertical scale is 500 
mV!div; the horizontal scale, 500 psecldiv. The horizontal line at the 
top of the display represents the zero level. 
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The highest performance and 
hi_gliest inte~tion, ever. 

Togetlier on a smgle 16-bit chip . 
The Z280™ gives you a more powerful CPU and higher 

performance peripherals than you 've ever seen on a 16-bit 
. . . and the glue to tie it all together. 

chip. Think of it as a 
complete microsystem 
on a chip. 

Unmatched 
performance ... 

Start with the most 
powerful 16-bit engine 
available, add on-board Cache, 
MMU and Burst Mode 
memory support - and you 'II 
begin to understand the 
Z280's power and potential. 

... powerful on-board 
peripherals ... 

Imagine the savings in 
cost and board size when 
you have peripherals like 4 OMA 
channels that'll give you 
transfers at 6.6 Mbytes/ sec, and 
a full-duplex UART 

Z280™ 
Package 68-pin 

PLCC/ CMOS 
Typical Power 375mW 
Speed 10-25MHz 
Memory Support 16 Mb Physical 

Paged 
16-bit Registers 12General 
Instruction 256-Byte Assoc. 

Pre-fetch Cache; Burst Mode 
Multiprocessor Local or Global 

Support 
Wait Logic Programmable 
DMA 4 Channels, 6.6 

Mb/s@lOMHz 
Counter /Timers 316-bit 
Serial 1/0 1 Full-Duplex UART 
ORAM Controller 10-bit Refresh 
Price(100) $33 

With a DRAM Controller to support up to I MBit DRAMs and 

80186 
68-pin LCC/ NMOS 

2W 
8-12.5 MHz 
1 Mb Physical 
Segmented 
8General 
6-Byte Queue 

Local only 

Programmable 
2 Channels 
2 Mb/s@ 8MHz 
316-bit 
None 
None 
$43 

68070 
84-pin 
PLCC/CHMOS 
800mW(est) 
lOMHz 
16 Mb Physical 
8 or 128 Segments 
15 Dedicated 
None 

Local only 

Hardwire 
2 Channels, 3.2 
Mb/s@lOMHz 
216-bit 
1 Full-Duplex UART 
None 
$50 

Progmmmable Wait State Logic­
on board- you 're really look­
ing at significant glue reduction. 

Z280: Tiuly a microsystem. 

The choice is clear. 

The Z280 gives you a lot 
more performance. In a lot less 
board space. All off the shelf 
and hacked by Zilog's proven 
quality and reliability. Plus, it's 
binary code-compatible with 
the Z80~ and priced to riv<tl 8-bit 
chips. And all the development 
support tools you need are 
available from industry leaders. 
Contact your local Zilog sales 
office or your authorized dis­
tributor today. Seeing is 
believing. Zilog, Inc., 210 
Hacienda Ave., Campbell, CA 
95008 ( 408) 370-8000. 

~!.£r2.~~~·,~~ .. P,~~~·"~~~~~. Zilog 
GA (•04) 92.l-8500, IL (3 12) 885-8080, MA (617) 273-4222 , MN (612) 83 1-76 11 , NJ (201) 288-3737, (609) 778-8070, an affiliate of 
OH (2 16) ~47- 1480, TX (2 1q) 23 1-9090, CANADA Toronto (4 16) 673-0634, ENGIAND Maidenhead (q4) (628) 781227, 
w. GERMANY Munich (49) (89) 612-6046, JAPAN Tokyo (81) (3) 587-0528, HONG KO NG Kowloon (852) (3l 723-8979. E"'ON Corporation 
R.O.C.: Taiwan (886) (2) 731-2420, U.S. AND CANADA DISTRIBUTORS: Anthem Electric, lleU Indus. , Graham Elec., Hali-Mark Elec. , ,,.._ 
JAN Devices Inc., Lionex Corp., Schweber Elec. , Western Microtech., CANADA Future Elec .. SEMAD. 
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DESIGN IDEAS 

Crystal oscillator sets pulse width 

T G Barnett 
London Hospital Medical College, 
London, England 

You can use the circuit in Fig la to set precise pulse 
widths that are independent of component aging, pow­
er-supply variations, and temperature. The monostable 
multivibrator (IC1) is configured in the nonretrigger­
able mode, and the RC time constant is set wider than 
the desired pulse width. In Fig lb, the time constant is 
set at 15 msec; this value produces an output pulse 
that's 10 msec wide. The pulse width equals RC. The Q 
output of IC1 is connected to the reset pin of the 
programmable oscillator (IC2), and the output of the 
oscillator is inverted and connected to the reset pin 
of IC1. 

TRIGGER u----
INPUT A 

r---• Vss Voo - - ,,,-C-D4_,538BC 

B Co 0 

The programming pins of IC2 are set to give a 50-Hz 
output frequency in the form of a square-wave output 
with equal high and low periods of 10 msec. IC1 is 
triggered by the rising edge of an input pulse (A in Fig 
lb). The Q output goes high, resetting the oscillator. 
The oscillator's output remains low for 10 msec; when 
the oscillator's output goes high, the inverted output 
(Q) resets ICi, and the oscillator's reset pin goes low 
until the next trigger signal on IC1. The PXO 600 OC2) 
can be programmed for 57 different frequencies over 
0.005 Hz to 1 MHz, so you can choose a wide range of 
pulse widths. EDlll 

Pa 

P2 

P1 

Ps 
IC2 

Ps 

p• 

R 

0 

PXO 600 

10-mSEC ...f"1....rl.J" 

OUTPUT PULSE 

~------'n.____ __ 
........... ~~~~~~~~~~~~--'~~,~:~~~~-
~--~n.______ 

10 mSEC/DIV 

(b) 

Fig I-This circuit (a) lets you set precise pulse widths (b) that are independent of component aging, power-supply variations, and 
te111pemt1tre. The monostable nmltivibrator (IC,) is configured in the nonretriggerable rrwde, and the RC time constant is greater than the 
desired pulse width. 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

='F::L::U::K::E::I® PHILIPS 

This tneter has what you need tnost­
Superb accuracy and proven reliability 

The Fluke 8840A is your best choice 
for accuracy, readability and over­
all performance in a 51/2 digit 
multimeter. 
The Fluke 8840A is the world's best selling 
5112 digit DMM. For good reason. Basic de 
accuracy is 0.005% at one year. Basic ac 
accuracy at one year is 0.16%, and one 
year basic resistance accuracy is 0.013%. 
With users discovering their 8840A's typi­
cally exceeding these specs at each one­
year calibration cycle. 

The specs are even better for the 8842A. 
It offers 0.003% basic de accuracy and 
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0.08% basic ac accuracy at one year. Res­
olution is 100 nV on de readings, and 100 
µO resolution on resistance readings. 
Plus a two year calibration cycle and 
warranty. 
Nothing in its class can match the 8840 
Series for field-proven reliability: 60,000 
hours MTBF for the 8842A, and nearly 
70,000 hours for the 8840A. 

And nothing can match the 8840 Series 
for ease of operation. The vacuum fluores­
cent display is the most readable you've 
ever seen. True-RMS ac and IEEE-488 
interface options let you configure the unit 
the way you need, so you aren't stuck with 
features you don't want. 
An adjustable tilt-stand for bench use 
is standard. But rack mounting is quick 
and trouble free. Closed-case calibration 
reduces maintenance time. And through­
put can be set for 2.5, 20, or 100 readings 
per second, making the 8840A the fastest 
in its class. 

CIRCLE NO 21 

Put the world's most popular 5112 digit 
multimeters to work for you today. 
For your nearest distributor call 
1-800-44-FLUKE, ext. 33. 

John Fluke Mfg. Co. Inc., P.O. 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.1271-F8842 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS 
FLUKE 8840A FLUKE 8842A ............................... __ 
0.005% basic de accuracy (1 Yr.) 0.003% basic de accuracy (1 Yr.) 
0.16% basic ac accuracy (1 Yr.) 0.08% basic ac accuracy (1 Yr.) 
0.013% basic ohms accuracy (1 Yr.) 0.008% basic ohms accuracy (1 Yr.) 
Resolution to 1 µV, 10 µA, 1 mO Resolution to 100 nV, 1 µA, 100 µO 
One year warranty Two year warranty 
8840A $795 8842A $995 
8840A-05K IEEE-488 option $170 8842A-05K IEEE-488 option $170 
8840A-09K AC True-RMS option$205 8842A-09K AC True-RMS option$270 
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DESIGN IDEAS 

80m radio transmitter uses power MOSFETs 

Robert G Culter 
Tektronix Inc, Beaverton, OR 

By using power MOSFETs as active elements, you can 
build the 80m amateur-radio transmitter of Fig 1 with 
parts that cost less than $20. The circuit consists of a 
keyed crystal oscillator/driver and a high-efficiency 
final amplifier. 

turns off, current through inductor La causes the drain 
voltage to rise well above the 24V supply (the lOOV 
zener diode D, limits this voltage excursion) and remain 
high for part of the conduction cycle as well. The high 
drain voltage allows the FET to deliver a given amount 
of power with less internal dissipation and hence with 
greater efficiency than if the drain voltage remained 
constant. 

In the oscillator section, an inexpensive color-burst 
TV crystal determines output frequency. In addition, 
the 700- to 1200-pF input capacitance Cw of MOSFET 
'h constitutes an essential part of the oscillator's feed­
back-the oscillator won't operate without (h. Q, re­
tains enough gain for oscillation while driving amplifier 
'h in a 50%-duty-cycle (approximate) switching mode. 

The output impedance-matching network is based on 
(h's drain impedance Ro, which is twice the de value as 
a result of the 50% duty cycle: 

Ro= V cc2/2Po=242/(2x45)=6.40. 

The output stage achieves 84% efficiency rather than 
the 50% you'd expect with a class-C amplifier. When 'h 

12V 
0.25A 

,--------, 
I c, R, I 
1 n 1 
I _l I 
I ~ I 
l _______ _J 

OPTIONAL 
KEY-CLICK 

FILTER 

p 5 pF 

~ 

24V 
2.SA 

© 2k 

I 1/zW 

1/zW, 5% 

0 Y, 

3.5795 
MHz 

G 

R, 
1k 
•lzW,5% 

DRIVE 

D 

KEYED PIERCE 
OSCILLATOR/DRIVER 

F, 
3A 

FAST BLOW 

© 
A. 
30 

I 
L. 
FERRITE 

z, 
FERRITE BEAD 
(AMIDON 
FB-43-801) 

5°/o 
3W 

L, 
FERRITE 
12 ILH 
0.0120 
SA MAX 

(WIRE-WOUND) 

1 mH 
2.120 

a, 
MTP12N10 

T0-220 

R1 
62 
1W 

G 

D 

c~ 
180 ILF -

40V 

h c, ~ 
AMIDON 

IRON-CORE 
TOROIDS 

"' r 
L1 L2 

T68-6 T68-6 
c, 20t #18 271 #20 

0.1 .,.F 2.08 ILH 3.43 .,.H 
100V 

~~;45W 

--.....-- 100V I SOOV ~ 
D, 
1N3044B 
100V 
1W 

OUTPUT MATCHING 
S NETWORK 

SWITCH-MODE 
FINAL AMPLIFIER 

NOTES: 
1. USE ZENER (100V) WITH 100V-RATED Q,. ZENER IS NOT REQUIRED 
WITH MTP8N18 OR SIMILAR HIGH-VOLTAGE PART. 
2. ADJUST DRIVE FOR MINIMUM OSCILLA'rlON DELAY ON KEYING. 

EDll 

Fig I-This 80m amateur-m:fio transmitter includes one MOSFET for the oscillator and a second MOSFET for the.final amplifier. 
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D Coat-savings Compact Design Concepts 
Employ Surface-Mount Technology Parts. 

D User Programmable Fonts. 

D Command-Base 8-Step Dimming Functions. 
D 8-BH Parallel and Serial Inputs (1200 BPS). D Uni-Directional Data Bus. 

D Low Component-Count to Assure High Reliability. D 5V/100mA Power Requirements (typ.). 

WORLDWIDE FOR 

VACUUM FLUORESCENT 
DISPLAYS D MODULES 

Patented and manufactured by 
ISE ELECTRONICS CORP. 

REPRESENTATIVES 
WA, OR: (503) 684-1671 O Components West, Inc. 

N11- r.A, NV: (415) 961-1422 D Westech Sales 
So. r.A: SD (619) 292-1n1 I OC (714) 891-4621 D EL.SCO 

TX, OK, AR, LA: (214) 386-4888 D Norcom, Inc. 
CO, UT: (303) 794-4684 D MRC 

OH, WV, W. PA, KY: (216) 461-6161 0 Arthur H. Baier 
IL, So. WI: (312) • 439-9810 O Coombs Associates, Inc. 
AL, GA, MS, TN: (205) 533-1730 D lnterep Associates 

IN: (317) 844-4842 o Dorsey & Associates 
ND- WI, MN, ND- IA, ND, SD: (612) 536-9512 D Tech. Components 

N.E.: (617) 87{}.1930 o Bay Colony Representatives, Inc. 
PA, MD, DE: (215) 233-0333 D C.H. Newson & Associates 

FL: (813) 576-9900 o Tech-Rep Associates 
NY, NJ: (201) 376-3324 o F.F. Sylvester Associates 

VA: (804) 740-0003 o Glasscock Associates 
NC. SC: (919) 782~100 o KZJ Component Sales 

E. r.ANADA: (416) 671~111 o Gidden Morton Associates 
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· The New itron VFD Family Offers Optimum Flexibility and Performance. 

NO. OF CHAR. INPUT Bl- USER PROG. 
SERIES CHARACTER MODEL NO. LINES HEIGHT (SERIAU DIRECT CURSOR FONTS 

FORMAT X CHAR. (MM) PARAllll) BUS POSITION 
ROM RAM 

14-SEGMENT FU169SCPB-S1A 1x16 9.4 SIP x x 
+COMMA 

+O.P. FU209SCPB-S1A 1 x 20 9.0 SIP x x 

517 DOT CU205SCPB-S1A 1 x 20 5.0 SIP x 1 
SCPB MATRIX 

5 x 7 DOT 
CU20026SCPB 2 x 20 5.0 p x x 5 
-S20A 

MATRIX CU40026SCPB +CURSOR -S20A 2 x 40 5.0 p x x 2 

CU406MCPB 1x40 5.0 SIP x x x 8 
5x7DOT 

·S1A· -S31A J:S31& 

MCPB MATRIX CU20026MCPB 2 x 20 5.0 SIP x x x 8 
+CURSOR -S1A· -S31A J:S31&_ 

CU40026MCPB 2 x 40 5.0 SIP x x x 4 ·S1A; -S31A (·S31A) 

Models shown are available on an Immediate delivery basis. Custom designs can also be economically developed on a fast tum·around 
cycle, to satisfy specific needs. As new models are continuously being Introduced, contact your nearest Norltake Sales Office or Represan­
tallve flrm for details. 

.SALES OFFICES 
NORITAKE CO., INC. 0 Electronics Division 
LA: 23820 Hawthorne Blvd. 0 Suite 100 0 Torrance, CA 90505 

Phone: (213) 373-6704 0 FAX: (213) m-3918 

CHICAGO: 415 E. Golf Rd. 0 Suite 109 0 Arlington Hts., IL 60005 
Phone: (312) 439-9020 0 FAX: (312) 593-2285 0 TLX: 230-206892 

BOSlDN: 263 Winn Street 0 Suite 1D D Burlington, MA 01803 
Phone: (617) 270-0360 0 FAX: (617) 273-2892 0 TLX: 4973468 

NORITAKE EUROPA GmbH 0 Electronlca Division 
EUROPE: Frankfurter Strasse 97-99, D-6096 Raunheim, F.R. Germany 

Phone: 06142-43095/96197 0 FAX: 06142-22799 0 TLX: 4182982dnd 

NORITAKE CO., LTD. D Electronics Division 
JAPAN: 1-36 Noritake Shinmachi, 3 Chome, Nishi-Ku, Nagoya 

Phone: (052) 562-0336 0 FAX: (052) 581-1679 (Giii) D TLX: 59738 
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AIR ... 
Plus. a few components. Together. they comprise the 

most sophisticated high voltage DC power supply you 
can buy. 

Because air is the primary insulating medium for all 
Glassman power supplies. they are lightweight. small. 
and low cost. Their conservative design margins give 
you long component life. And keeping the units free of 
oil and potting compound makes it easy to service them 
if something finally does wear out. 

But compactness and durability are not all you get in 
Glassman's advanced designs. Inherent in each model is 
exceptionally tight regulation (better than 0.005%. both 
line and load. on most models). low ripple. and excep­
tional efficiency resulting in low internal dissipation and 
high reliability. 

And you get choice. If your high voltage DC power 
requirements fall somewhere between 0-1 kV and 
0-600 kV. up to 15.000 watts. one of our more than 300 
standard models will probably meet your requirements. 
Plus. our standard options give you the possibility of 
thousands of alternate models. If none of these are what 
you need. our staff will work with you to create a unit to 
meet your project goals. 

For a closer look at what's inside a Glassman power 
supply. call John Belden at 201-534-9007 . 

Innovations in high voltage power supply technology. J. ~ 
~~#~~~a\:: P~.·~~ 5~~~~~~t~n. ~~oS9 "ii' 

(201) 534-9007 • TWX-480-2839 •FAX 201 -534-5672 
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DESIGN IDEAS 
EDITED BY TARLTON FLEMING 

Use simple circuit to program EPROMs 

Richard Poindexter 
Telex Computer Products, Tulsa, OK 

You can program 21V, 28-pin EPROMs (eg, models 
2764 or 27128) using a circuit that occupies little space 
on a pc board (Fig 1). The signal interface consists of an 
8-bit control word and an 8-bit data bus. 

The switching regulator (!Ca) provides the EPROM's 
programming voltage by stepping the 5V supply to 
21V. The 12-bit binary counter (IC1) simplifies the 
generation of EPROM addresses. After resetting the 
counter to 0 by applying a pulse to pin 11, you can step 

8-BIT 
DATA BUS 

FROM 
8-BIT 
OUTPUT 
PORT 

'"'-.._, 
.._, 

~ .._, 

~ .._, 

-....,. 
,.... 
:::: .._, 
.._, 

.._, 

0 

,... .._, 
,... .._, 

,.... ....,. 

D1 
Ds 

Ds 

D. 

D3 
D2 
D, 

Do 

0, 

Os 
Os 

o. 

03 

02 

01 

Oo 

IC1 
012 

1 
4040 

011 15 
14 10 

CLK 010 
12 a. 
13 a. 4 a, 

11 2 
RESET a. y_sv Os 3 

16 5 
Vee a. 

0.1 µ.F f_ a, 6 
8 7 

J 
GROUND a. 9 

01 
. 

~ 2 v-
'[;? 4 

the EPROM through its addresses by applying pulses 
to the counter's clock input, pin 10. Refer to the 
EPROM data sheet for details on controlling the other 
inputs (Oi, 0 2, and Os to 01). 

You can verify the contents of the EPROM against 
your original object code by the same process of stro­
bing the counter for each address and reading the data 
bus for that address. Again, refer to the data sheet for 
details on reading data from the EPROM. EDlll 
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Fig 1-Progrom EPROMs using a binary counter for address generation and a step-up switching regulator to supply the 21V programming 
voltage. 
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DESIGN IDEAS 

Simpson's rule solves double integrals 

A Cameron 
Defence Research Centre, Adelaide, SA, 
Australia 

Although one generally uses Simpson's rule to approxi­
mate single integrals, you can extend the technique for 
use in solving double integrals. The C language routine 
of Listing 1 contains the required algorithm plus an 
example, demonstrating that you can apply Simpson's 
rule to certain complex double integrals that would 
normally require the application of numerical tech­
niques. In addition, the technique applies equally well 
to integrals of a higher order. 

You can obtain the algorithm by substituting the 
standard Simpson integration formula, 

i= l i= l 

for the double integral's inner integral. Reapplying 
Simpson's rule to the outer integral allows you to 
express the original integral equation in algebraic 
terms. After further simplification, it should be appar­
ent that this technique consists of an integration along 

one axis for each interval on the orthogonal axis, 
followed by an application of Simpson's rule on the 
accumulated results along the orthogonal axis. 

If Sx(y11 ) represents Simpson's rule applied along the 
x-axis as a function of the position Yn on the y-axis, then 

hx*hv SIMPSON = -
9

- (Sx(Yo) + Sx(Yn) + 4<'8x(y,) 

+ 2 * Sx(y~) ... etc), 

where hx and hr represent the increments between 
steps: 

h=(upper limit-lower limit)/(number of steps). 

The example in Listing 1 is a partial solution for the 
total radiated power through a hemispherical surface. 
Two quarter-wavelength monopole antennas, sepa­
rated by a quarter wavelength and fed by signals that 
are out of phase by a quarter wavelength, are the 
source of the radiated power. (The result should be 
3.829042.) EDN 

LISTING 1- C LANGUAGE ROUTINE 

50 

/ *- ------------------------------------
Simpson integr a t ion techn ique for 
evaluating d ou b l e i ntegra l s . 

---------------------------------------*/ 
#inc l ude "math.h" 

fl oa t f xy [l OO)[lO O) , fy [l OO ); 
fl oa t p i; 
ma i n ( ) { 

float f ( ) ; 
float l l x,ll y , u l x ,ul y , x , y ; 
float hx,hy , e f,of, simpson; 
int nos x,nosy ,i, j ; 

/*---------------------------------------
Simp s on i nte gra ti o n c onstants. 

no s - > numbe r o f s trips 
u l - > upper l i mi t of inte grat i on 
11 - > l ower limi t of integratio n 
h -> inc r e me nta l va lue pe r s t rip 

-------------------------------------------*/ 
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Bring us your questions about 
high-density, high-speed backplane 
performance. We have answers. We 
know the technology, and-best of 

Advanced statistical process controls 
provide close computer monitoring of 
production. Bar code system tracks 
individual assemblies in real time. 

EDN Design Ideas Special Issue, Vol I 

all-we can put it to work at the very 
beginning of your design concepts. 

We have the tools to provide 
crosstalk, impedance, and voltage 
drop analysis of your design, and the 
expertise to refine it for characterized 
performance. We work under the 
tightest Statistical Process Control 
system in the industry, and deliver 
1000'/o tested assemblies. And with 
AMP, we bring you a research com-

mitment second to none in design, 
materials, and, of course, connectors. 

We have new ways to see your 
problems. And we offer new solutions. 
Check the Austin connection for high­
tech, fully characterized backplane 
systems. Call (512) 244-5100, or write 
Ed Stefanko, Director of Marketing, 
AMP Packaging Systems, Inc., P.O. 
Box 9400, Austin, Texas 78766-9400. 
FAX (512) 244-5112. 

~NIP PACKAGING SYSTEMS, INC. 
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DESIGN IDEAS 
EDITED BY T ARLTON FLEMING 

Simple circuit tests twisted-pair cables 

Mark D Braunstein 
Contel Information Systems, Fairfax, Va 

Using the system shown in Fig 1, you can quickly test a 
cable containing twisted-wire pairs and detect open or 
reversed pairs, shorted pairs, and shorts between 
unrelated pairs. The tester consists of an active test set 
that plugs into one end of the cable, and a passive 
terminator that plugs into the other end. (An RS-449 
cable is used as an example.) 

through Da) will light. If a twisted pair is open or 
reversed, the corresponding LED on the terminator 
will be extinguished; if a pair is shorted, corresponding 
LEDs at both ends will be extinguished; and if any two 
unrelated wires of different pairs are shorted, all 
intervening LEDs in the strings at both ends will be 
extinguished. For example, if pins 4 and 6 are shorted, 
LEDs DA, Ds, Di, and D2 will not light. 

A battery or a de supply delivers 15 to 24V to the test 
set. The voltage regulator (IC1) is connected as a 
current regulator to supply a nominal 25 mA to the 
LED strings at each end of the cable. The cable in this 
example contains eight twisted pairs, and for a good 
cable, all eight LEDs in the test set (DA through DH, 
which are series-connected segments of a bar-graph 
display) and all eight LEDs in the terminator (D1 

You can add a heat sink to the IC1 regulator as a 
safety precaution, but normal tester operation is well 
within the regulator's power-dissipation limits. Even 
with many shorted pairs, a dissipation of 700 mW would 
cause no more than a 60°C junction temperature, and 
the IC is guaranteed to turn itself off at 160°C. The 
complete tester costs less than $50 to build. EDll 
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----+-
15T024V + V1N VOUT 

4r@C 4 3 
ADJ R, 

DA). 
SEND 

47, 1kW DATA j D, 
22 22 

'~'3 De) 
SEND 
TIMING ) D, 

23 23 

De ). '~'3, DATA 3 
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12~123 
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NOTE' 
J1 AND J2 ARE GC ELECTRONIC 41-2411s OR CINCH DC-375S. 

Fig I-By driving two LED strings from a common current source, you can quickly check a cable of twisted-pair wires for slwrt circuits, 
open circuits, and pair-to-pair slwrts . 
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Interrupt 
Control 

Floating 
Point 
Unit 

Self 
Test 

High Performance 
Core 

Debug 

Control Register 
Oriented Caching 

Instructions 

Now you can go beyond the 
performance limitations of 
existing microprocessors and 
microcontrollers. And get to a 
whole new level of embedded 
control capabilities. 

With the Intel 80960. We 

created its architecture with 
the intelligent use of RISC 
techniques and extensive use 
of parallelism. This will provide 
a level of performance far 
beyond today's microprocessors 
which are scaled to linear 
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clock speed increases. 
The 80960 also supports 

on-board register caching, 
which significantly reduces the 
number of memory accesses 
for every subroutine executed. 
Even more performance is 
gained through the 809~0's 
register.score- ~ 
boarding 
capability that 
allows overlap 
of memory and 
CPU operations 
for maximum possible 
throughput. 

And you can begin 
designing with our 
new 32-bit 
technology 
today.With 
our highly­
integrated 
80960KB 
microprocessor. 
It's a complete CPU sub-system 
on a single chip that delivers 
7-10 VAX* MIPS, with burst rates 
of up to 20 VAX MIPS. 

To make it even better for 
embedded control designs, the 
80960 KB integrates Boolean 
and bit instructions, self-test and 
built-in debug capability.Add 
to that an on-chip instruction 

and register cache, plus a 
4-input interrupt controller. 
And you have the most highly 
integrated single-chip, 4 Mega­
Whetstones floating-point 
solution available. 

Best of all, it's on your 
distributor's shelf today. 

Then there's our 
pin-compatible 80960KA 
without floating point, which 

will be available later 
this year. Or, if 

you require 
a military 

temperature 
range, the 

80960MC mili-
tary version, 

optimized for Ada, 
will be available in Q3 '88. 

Of course, we provide the 
wide range of develop­
ment tools it takes to get 

started on your design today. 
The 80960 architecture can 
easily be evaluated and code 
developed immediately with 
your PC and a Starter Kit that 
includes languages and an 
evaluation board. 

As a result, you'll get to 
market faster. 

What more could a designer 
want? 
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OUR 386'" MICROPROCESSOR 
TECHNOLOGY ADAPTED ESPECIALLY 

FOR EMBEDDED CONTROL. 

Consider the power of 386'" 
microprocessor technology 
controlling a robot arm. Or 
pumping data through a PBX. 
Now, with Intel's new 376'" 
processor it's simple. 

We simplified the Intel386'" 
architecture by eliminating 
the features not necessary for 

embedded control applica­
tions. The result is a full 32-bit 
architecture capable of 
handling high performance 
embedded applications and a 
16-Mbyte address space that is 
easy to use. 

Together with the 82370 
multifunction peripheral, the 
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376 processor offers you a com- even better fit, we produced 
plete CPU and I/O subsystem the 376 chip in an inexpensive, 
with the cost and form factor of plastic surface mount, gull 
16-bit systems.And if you've ever wing, fine pitch package. So we 
worked with other products can offer you 5000 Dhrystone 
from our '86 family, this new performance in a smaller, lower-
376 processor technology will cost package. 
be even easier to work with. And getting the develop-

To make ment support you 
things easier yet, need for the 376 
we simplified processor couldn't 
your I/O sub- be simpler. There's 
system design. a full line of proven 
The 82370 packs 386 microprocessor 
22 chips into software tools that 
one small pack- can be used on the 
age, providing 376 processor. 
eight channels Even for debug-
of16-Mbyte/sec ging.You can use 
DMA transfer established real-
rate. time 32-bit kernels 

Which THE INTEL 376'" PROCESSOR CARD like our 
means IS A COMPLETE 32-BIT SYSTEM iRMK'"kernel. 
you'll have SMALLER THAN 3" x 5~ Of course, we have 
no more problems matching the ICE'"386 in-circuit emu-
DMA memory timing to CPU lator available for the fastest 
memory timing. Or fitting and simplest integration of 
DRAM refresh into the memory hardware and software.You 
controller. Or getting a refresh can even run and debug your 
into long DMA activities. application on any 386 micro-

We also simplified our processor based PC. 
proven 386 microprocessor Simpler control. 
technology and used it in the Isn't that something every 
376 processor. To make it an designer wants? 
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Firmware Update Costs 
Total 
Cost 

EPROM 

0 1 

Until now, the only way 
designers could easily alter 
code in an embedded system 
was to upgrade from low-cost 
EPROM to expensive EEPROM. 

Now, we've invented a way 
to incorporate electrical 

10 100 

Flash Memory 

Number 
of Updates 

erasure into our proven EPROM 
process.We call it ETOX'" 
(EPROM Tunnel Oxide) Flash 
technology. And we think it's a 
major breakthrough in non­
volatile memory technology. 
ETOX Flash memory allows you 
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to cut the cost of code or param- in-system, or at the end of the 
eter changes by over 50%. production line.Without the 

The ETOX process breaks hassle of UV erasure. So after 
through the technology barrier just one update it can be cheap-
between low-density, high-cost er than EPROM. Making it the 
EEPROM and dense, low-cost most cost effective, nonvolatile 
EPROMs. It combines the elec- memory solution for updating 
trical erase capability of an code in advanced embedded 
EEPROM with the single trans- control designs. 
istorcellofEPROM. And Intel's complete family 
And ETOX Flash of ETOX Flash memories is 
technology available now! Our 27F64 
delivers 10,000 and 27F256 28-pin 
cycle endurance flash devices pro-
capability with a vi de pin out and 
reprogramming read compati-
failure rate at or bility with 
below the lif etest equivalent density 
failure rate of other EPROMs, making the flash 
components in memory design-in process 
your system. easy. Our 28F256 device 
Our proven is available in both 32-
EPROM pin CERDIP and 32-
manufacturing lead PLCC 
process ANEWFLASH MEMORY THAT packages 
assures DRAMATICALLY LOWERS THE COST that provide 
unmatched OF EMBEDDED CODE UPDATES. upgrade 
reliability for your embedded capabilities to 2 megabits. So 
control applications. you can start designing Intel's 

With Intel's ETOX Flash memories into your 
new flash 8-, 16- and 32-bit embedded 
memory, you control applications today. 
can execute Cost-effective embedded 
code changes almost instan- code updates in a flash.What 
taneously. Over phone lines, more could you ask for? 
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To help you increase 
control over your de­
signs, we're committed 
to supporting you at 
every stage of the 
development process. 

To begin with, we 
offer a complete line , 
of highly integrated 
development tools. . 
We've designed them -

- --

-; 11'' "J,.,•_.,:i_.,._1')' l,,_T fFiAIJt 

to work with each other, to maximize 
the power and performance of each 
component, and to give you the most 
powerful debug capability available. 

And behind these tools, you'll 
find our design support and training 
teams. With the expertise to help 
you create custom hardware and soft­
ware solutions. 

Our worldwide service organiza­
tion provides hardware maintenance 
and software support for all 960 or 
\ ;...)(is a trademark of Digital Equipment (.orporalioo. 386,376 lntt:l 386. 1RMK. ICE and ElOX are trademarks of Intel Corpor.u1on. 
C 1988 Imel Corporation. 

6p 

376 processor development 
tools. 

Of course, we also 
offer one of the world's 
largest, best trained groups 
of Field Applications Engi­
eers. And engineering 
consulting services to 

help you throughout 
your design cycle. 

All of which helps you get a 
better product to market. Faster. So if 
you're designing advanced embedded 
systems and want more information 
on these new embedded control 
technologies, call us at 800-548-4725 
and ask for our Literature Department. 

We'll give you all the answers 
you want. 
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DESIGN IDEAS 

Isolation amp uses balanced modulators 

Moshe Gerstenhaber, Steve Miller, 
and Chuck Kitchen 
Analog Devices Semiconductor, Wilmington, MA 

The isolation amplifier of Fig 1 can faithfully transfer 
low-frequency information across a potential of 3 kV or 
more. Over the ± lOV VIN range, VouT deviates no more 

15V TR IANGLE -WAVE GENERATOR 
15V - 15V 

than 350 µ V- that is , less than 0.0018%, which corre­
sponds to a linearity of better than 14 bits. Offset­
voltage drift and gain drift are less than 2 ppm and 50 
ppm/°C, respectively. Typical bandwidth and output 
noise are 35 Hz and 1 m V rms. If necessary, you can 
improve these two specs by optimizing the output-filter 
characteristics. 

15V 

~ 
11 8 

JUL. 

~~vu~~~/ 2000 pF 2.2-kH z. 

15V 

IC2 
AD630 

WAVE 

12, 13. R, 
14 51k 

11V-PEAK 
TRIANGLE 
WAVE 15V 

61 

-15V 100k i--__,1v00vk~+-10 9 -----------vvRv3 ~---~ 
- 11k 

220 10k 
- 15V 

v,. 
(- 10 TO + 10V) 

DEMODULATOR 3-POLE OUTPUT FILTER 

15V -15V 

JlJl 
15V 

11 8 

/ 10k 12, 13, 14 100k 

IC1 
AD630 15 

19 
c, 

20 1sv · I'"'' 10k 
':' ':' 

1N4148 

NOTES: 
1. C1 . c,_ AND C3 SHOULD BE MYLAR OR POLYPROPYLENE TYPES. 
2. THE INPUT POWER SUPPLIES MUST BE WELL ISOLATED 
FROM THOSE OF THE OUTPUT SECTION . 

OUTPUT POWER SUPPLIES 

C2 
0.022 µF 

15V 

100k 

6 

C3 

'"''] - 15V 
1 k 

':' 

5k 

20k 
GAIN 
ADJU ST 

':' 

+ 

Vour 

r 
':' 

Fig I-This isolation amplifier employs PWM and optoconpli11g to transfer low:fi·eqnency signals across a barrier of J kV or more. 
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DESIGN IDEAS 
Each balanced modulator (IC2 and IC1) is connected 

as a ±unity-gain block (Fig 2). IC2 and op amp ICa 
constitute a triangle-wave generator that produces a 
2.2-kHz, 11 V pk waveform at the inverting input of 
comparator IC4. With VIN applied to its other input, the 
comparator produces a PWM output in which VrN is 
encoded as a duty cycle. 

This modulated signal passes through the 
optocoupler and, together with lOV from reference ICu, 
directly drives IC1, the second modulator. IC1's ± lOV 
output (Fig 3) has a duty cycle that corresponds 
precisely to VrN· Finally, the 3-pole, lowpass output 
filter reconstructs VrN by extracting the duty-cycle 
waveform's average value. 

Because the isolation amplifier's linearity depends on 
duty-cycle ratios, variations of waveform frequency and 
amplitude have negligible effect on the circuit's accura­
cy. What's more, the precision voltage references (IC1 
and ICu) provide a temperature-stable output. The 
isolation amplifier's transfer function is 

V = VIN(V1rnr2) (l l) 
OUT V REri(R:IR~) . . 

Excessively low duty cycles degrade linearity. So, 

2 .Sk 20 

21------· 19 

.----------! 18 

5k 16 

Fig 3--Looking at these waveforms, you can see how the Fig 1 
circ1l'i/ uses PWM to encode VIN as a d11ty cycle. 

resistors Rt and R3 set the triangle-wave amplitude 
(IC3, pin 6) to 11 V peak, which sets a minimum duty 
cycle for ± lOV inputs. To restore the proper output 
level, you set the filter gain to 1.1 by adjusting the 
20-kfl potentiometer. EDlll 

15V -15V 

11 8 

V 1N n--16=. -'-17--1 

• 1 12. 13. 14 VouT 

MODULATED -------0--0--1 I OUTPUT 
SIGNAL + 

12 

AD630 

Fig 2-This balanced modulator/demodulator is co11.f/gnred as a ±1t11ily-gai11 device. 
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Potter & Brumfield 
solves your design puzzle 
with the industry's 
lowest priced DIP 
SSRsand 1/0 
modules. 

High Quality, Low Price 

Now P&B quality and the lowest prices in the 
industry join to provide the perfect solution to 
your design puzzle. Our DIP solid state relays and 
1/0 modules are the ideal interface between your 
microprocessors or control systems and real-world 
sensors and loads. These hybrid thick film devices 
are optically isolated from input to output and are 
available in standard and surface-mountable 
packages. All models meet applicable UL, 
CSA & VDE requirements. 

Solid State Relays 

The OZ16 SSA series brings P&B quality to your 
SmA to 1A rms switching chores. Input to the 
OZ16 can be either TTL-compatible SV DC or DC 
current. Output circuitry features a zero voltage 
detector and inverse parallel SCRs. And 
output rating is 12 to 280V AC. 

1/0 Modules 

Four different product lines allow 
you to meet a variety of your 1/0 
needs. Input modules provide an 
active low output; output modules 
can be controlled from active low or 
active high logic. AC output modules 
use zero crossover switching to virtu­
ally eliminate transients and generated 

EMI noise. And the IAB series, which occupies 
just half the space of 16-pin models, can act as 
an AC/DC input module or a DC output module. 

Find Out More 

Complete your design puzzle with P&B quality­
and the lowest price in the industry. To find out 
more about the industry's broadest line of solid 
state relays and 1/0 modules, or for a copy of our 
General Stock Catalog, contact us today. Potter & 
Brumfield, A Siemens Company, 200 S. Richland 
Creek Drive, Princeton, Indiana 47671-0001. 

Call toll-free 1-800-255-2550 for the P&B authorized / 
distributor, sales representative or regional sales office // 
serving your area. / ~-
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DESIGN IDEAS 

Standard logic provides interrupts for Z80 

Don Johnson 
Network Sciences Corp, Newport Beach, CA 

The circuit of Fig la implements vectored interrupts in 
a Z80-based system without requiring Z80-peripheral 
devices-a counter/timer circuit (CTC), for example, or 
a serial 110 (SIO) chip. First, configure the Z80 for 
mode 2 interrupt operation. In this mode, the µP 

INTERRUPT 
REQUESTS 

(a) 

Z80 
CLOCK 

INT 

M1 

IORQ 

DATA 
BUS 

(b ) 

,.... 
~ IR1 

I Rs V" 

"-
~ I Rs 
~ 
V' IR4 

IR3 V" 

IR2 0 

IR1 
,.... 
,.... 
V' I Ro 

IORQ V' 

,.... 
~ Ml 

41' 
~ 7 

31' 6 
2 ~ 
1' 5 

1~ IC1 
~ 4 74LS148 

13_,.., 

12"'"' 
3 

'-"' 2 
11 ~ 

1"' 1 
10 '1 .q 0 

fi E1 

-

LAST T STATE 

Eo r-' 
14 

A2 
6 

A, 
7 

Ao 
9 

J IC2 
,.... 'l • LS32 

1 

T1 T2 

OUTPUT OF PRIORITY 
ENCODER LATCHED 

responds to a low level on its INT input by using the 
contents of its 8-bit I register to access a memory-based 
table of interrupt-handler addresses. (You must store 
this table on a modulo-256 address boundary.) During 
the interval when Ml and IORQ are low (Fig lb) , the 
interrupting device supplies an 8-bit vector that 
enables the µP to select an address from the table. 

As shown, Fig la supports eight interrupts. You can 
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10 

4 
20 

7 
30 

8 
40 

13 50 

14 60 

17 70 

18 80 

-= 

1 ~ 
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Fig I-This circuit handles as many as eight interrupts i11 a ZllO-ba:;ed system wilhon/ nsi11g specialized periphernl devices (a}. The ti111i11q 
diagra111 (b) shows that the iutermpli11g device 111nst ide11t\fy ilse(( by snpply ing a11 8-bit vector while Ml a11d KJllQ are luw. · 
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Fluke. First Family of DMMs. 

John Fluke Mfg. Co .. Inc. RO. Box C9090, MIS 250C. Evereu, WA 98206, Sales· (206) 356-5400, Other: (206) 347-6100. 
<C> Copyright 1988 John Fluke Mfg_ Co., Inc. All rights reserved. Ad No. 0821-F70 
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When accuracy, performance and value 
are important, professionals the world over 
look to Fluke - the first family of DMMs. 

Reliable Fluke-quality 31/2- or 41/2-digit 
DMMs fit every need - from design en­
gineering to industrial troubleshooting. 

There's the low-cost 70 Series - the 
most DMM you can get for the money. The 
high-energy protected 20 Series - built 
to survive the toughest jobs. The reliable 
80208 Series - made to withstand the 
rigors of the field service environment. The 
precise 8060A Series - the most power­
ful and complete test and measurement 
system available in a handheld package. 
And, of course, the versatile Bench/ 
Portables that carry on the Fluke tradition 
for precision and durability in lab-quality 
bench instruments. 

Fluke comes in first again with the 
world's largest selection of quality acces­
sories to help extend the capabil ities of 
your DMM even further. 

There's no need to look anywhere else. 
Uncompromising Fluke design and lead­
ing edge technology are the reasons why 
attempts at imitation will never fool the 
millions of professionals that accept noth­
ing less than a Fluke. 

For your nearest distributor or more in­
formation, call toll-free 1-800-44-FLUKE, 
ext. 33. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

Fluke's newest 3'h-digit bench meter. the 37, offers 0.1% basic de 
accuracy, analog/digital display, fused IOA range, MINIMAX 
recording, Touch Hold, and internal storage compartment. 

IFLUKEI ======® 
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DESIGN IDEAS 
increase this number to 16 by adding an LSOO gate and 
another 74LS148; the second 74LS148 uses the first 
74LS148's E 1 input (pin 5, connected to ground in Fig 
la) as a chip-enable input. 

the interrupt signal. Listing 1 contains assembly-code 
fragments for initializing the Z80's I register , for enter­
ing and exiting from the interrupt-handler subroutines, 
and for setting up the interrupt-handler address table. 

The interrupt signal from each interrupting device 
must go low and remain low until reset by the inter­
r upt-handler subrout ine. If the interrupting device 
generates a pulse instead of a level change, you must 
supply an edge-triggered flip-flop to capture and retain 

LISTING 1- CODE FRAGMENTS FOR INTERRUPT SYSTEM 

0000 ' 

0000 

0000 
0002 
0004 
0006 

0007 
0007 
0008 

0009 
OOOA 
0008 
oooc 

3E 01 
ED 47 
ED SE 
FB 

08 
D9 

D9 
08 
FB 
C9 

STARTUP: 

.280 
TITLE 280 INTERRUPT MODE 2 DEMO 
ASEG 

ORG 0 

I Register initialization 

LD 
LD 
IM 
El 

A,HIGH VECTORS 
l,A 
2 

; start at address O 

; get msb bits of vector table address 
; load I register 
; enable interrupt mode 2 
; enable interrupts 

; the rest of the non-interrupt handler code follows 

;----- typical interrupt handler entry and exit code 

IHO: ; interrupt ltO handler entry 
EX AF,AF ' ; save registers {or push on stack) 
EXX 

; body of code goes here including the instructions to reset the interrupt 

EXX 
EX AF.AF ' 
El 
RET 

; restore registers 

; enable interrupts 
; don't need RETI because interrupt 
; acknowledges are not needed 

EON 

OOOD 
OOOD 
OOOD 
OOOD 
OOOD 
OOOD 
OOOD 
OOOD 
OOOE 

IH1 : ; other interrupt handler entry points 

0100 
0100 
0102 
0104 
0106 
0108 
010A 
010C 
010E 

FB 
C9 

0007 
OOOD 
OOOD 
OOOD 
OOOD 
OOOD 
OOOD 
OOOD 

IH2: 
IH3: 
IH4 : 
IHS: 
IH6: 
IH7: 

El 
RET 

;----- interrupt handler address table 

ORG ($/256+ 1)'256 

VECTORS : 
DEFW IHO 
DEFW IH1 
DEFW IH2 
DEFW IH3 
DEFW IH4 
DEFW IHS 
DEFW IH6 
DEFW IH7 

END 

; enable interrupts 
; exit 

; make table address mod 256 

; interrupt handler ltO address 
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The hot 
single shot. 
The HP 54111D digitizing 
oscilloscope has your 
numbers : 1 gigasample/s ;i' 
250 MHz single-shot and 
500 MHz repetitive bandwidth. 
The HP 54111D brings you the blazing 
speed and complex waveform triggering 
you need to capture those elusive glitches 
that cause headaches. 

The HP 54111D is loaded with features 
you can appreciate: simultaneous two­
channel capture; SK memory per channel; 
up to eight bits of vertical resolution; wave­
form math which now includes A vs B, 
Ax B, and integrate; and the advantages 
of HP digitizing technology including 
automatic answers, one-button hard copy 
output, auto-scale, digital storage, and 
HP-IB programmability (waveform cap­
ture and transfer now three to six times 

faster in ATE applications) 
Plus the exceptional reliability you've 

come to expect from HP scopes, and 
extended warranty coverage as well. 

Call HP today! 
1-800-752-0900, ext. 2158. 
We'll send all the 
details including 
Application Note 
Sub-nanosecond 
Single-shot Digi­
tizing Using The 
54111D .. HP 54111D 
Data Sheet, and 
our brochure Feel­
ing Comfortable 
with Digitizing Oscilloscopes Or 
contact your local HP sales office 
listed in the white pages and ask for 
your HP rep. 

~!j:!j""~ HP-18: Not just IEEE-468. but the hardware, documentation and 
svsrEMS support that delivers the shortest path to a measurement system. 

© 1988 Hewlett-Packard Co. El15801/EDN(A) 
*See our Application Note on 2 gigasample/s perfcunan::e . 
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DESIGN IDEAS 

Subroutine plots data from Basic programs 

Brown Porter Jr 
Unisys Corp, Bristol, TN 

Cartesian plane. It gives you scale options of linear, 
semilog (X or Y axis), or log-log (one to five cycles); it 
provides automatic ranging and scaling; and it lets you 
set the Y scale, typically from % to a full page (21/z to 10 
in.). It also prints the title, subtitle, and scale labels in 
text mode, using upper- and lower-case characters. 

Listing 1, a graphics subroutine for the IBM PC, is 
capable of plotting a graph of the data generated by 
your Basic program, using any or all quadrants of the 
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70 

LISTING 1-GRAPHICS SUBROUTINE 

**** PLOTl SIR **** 

HT/.=15 'Set height of graph 
CLS: KEY OFF 
DIM A$(62), 8$(62) 
GOSUB 2120 'Define plot char SIR 
IF <XSCALE$="G") OR <XSCALE$="g") THEN 1080 ELSE 1120 
GOSUB 1790 'Scale X SIR 
IF <YSCALE$= "G"l OR <YSCALE$="g") THEN 11 00 ELSE 1120 
GOSUB 1860 'Scale Y SIR 

--- Find Min and Ma x 
FOR N=l TO AP 

IF N<> l THEN 1160 
XMAX=X ( 1 l : XMIN=X < 1): YMAX=Y < 1): YMIN=Y < 1) 
GOTO 1240 

'Intl regs 

IF XMAX >=X<Nl THEN 1180 
XMAX=X<N> 
IF XMIN< X<N> THEN 1200 
XMIN=X<N> 
IF YMAX >=Y<N> THEN 1220 
YMAX=Y<N> 
IF YMIN<Y<N> THEN 1240 
YMIN=Y(N) 

NEXT N 
FOR I=l TO N 

Y CI) =Y <I l-YMIN 
X<I>=X<Il-XMIN 

NEXT I 

'Find Xma:-: 

'Find Xmin 

'Find Yma:{ 

'Find Ymin 

'Transl ate all X • Y va lues 
'to avoid negative numbers 

XDIV=601(XMAX-XMINl: YDIV=HT'l. l(YMAX -YMIN> 'Calculate scale factors 
XAXIS/.=HT'l.-YMAX*YDIV: YAXIS/.=INT(.5-XMIN•XDIV> 'Locate a xes 
PRINT YUNIT$ 
GOSUB 2050 

--- Build Image Line ---
FOR I=l TO 60 

IF I <>YAXIS/. THEN 1380 
A$< I)="+ " 
GOTO 1390 
LET A$( I l =" " 

NEXT I 
IF HT'l.<> XAXIS/. THEN 1420 
FOR I=l TO 60: A$(I)="-": NEXT I 

FOR I=l TO N 
IF Y<I> <=<HT'l.-.5)1YDIV THEN 1470 
K/.=X <I l *XDIV 
A$(K'l.>=CURVE1$ 
Y (I l =-Y (I) 

NEXT I 
A$(61>=YBORDER$ 
V=YMIN+HT/.IYDIV 

'Print top border 

'Y ax is .,. 
'Yes 

'no 

:ox a xis? 
'Yes 

'Value Y<I> = line v alue? 
'Yes; find X location 
. "*" 
'No 
'Right boundry 

IF <YSCALE$="G") OR <YSCALE$="g"l THEN 1510 ELSE 1520 
GOSUB 1930 
IF HT'l. 15<> INT<HT/.15l THEN 1560 
GOSUB 1970 
PRINT TAB<10); YBORDER$; "-"; 
GOTO 1570 
PRINT TAB<lO>; YBORDER$;" "; 
FOR I=l TO 61: PRINT A$<I>;: NEXT I 
PRINT 
HT/.=HT/.-1 
IF HT'l. >=O THEN 1340 

'Print every fifth line 
'Label axis 
, "I-" 

'Print non label lines 
'Print image line 

'Next line 
'Finished plotting? 
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An MDS/ICE system designed 
for power, growth, and ease of 
operation. 
Ten years of universal development system 
experience shows in the SA98's exceptional 
performance. Performance you've got to 
see to believe. It moves from 8- to 32-bit 
microprocessors \Vith ease. 
Direct interface 
Saves hours of development time \Vith its 
direct bus interface between the SA98 and 
IBM PC/ AT or XT. Plus allows you full 
access to all IBM compatible software and 
hardware available. 

Powerful Command Structure 
The SA98 has the most powerful, detailed, 
and easy to use command structure at 
hand. You'll need fewer commands to 
isolate and solve your debug problems. You 
can even use two SA98's in tandem to 
emulate two microprocessors simultaneously. 
Productivity Booster 
The SA98 is designed to make you more 
productive. Get your hands on an SA98 and 
see the difference. See how fast you can 
zero-in on problems \Vith full symbolic 
debugging. Compatibility \Vith industry stan­
dard symbol table formats. And you can pick 
from a large list of'assemblers and compilers. 

U.S. & European Headquarters: Sophia Systems, 3337 Kifer Road, Santa Clara, CA 95051 (408) 733-1571 
Corporate Headquarters: Sophia Systems Co., Ud., NS Bldg. BF, 2-4-1 Nishishinjuku, Shinjuku-ku, Tokyo 160 03-348-7000 
©1988 Sophia Systems, Sophia Systems is a registered trademark of Sophia Systems Co., Ud. 
ICE is a registered trademark of Intel Corporation. MDS is a registered trademark of Mohawk Data Science Corporation. 
IBM PC/AT and XT are registered trademarks of International Business Machines Corporation. 

CIRCLE NO 28 

See for Yourself 
Get your hands on our SA98 and see how 
simply, and efficiently it gets the job done. 
It simply out performs the others. 

Call Toll-Free Today 
1-800-824-9294 (U.S.) 
1-800-824-6706 (CA) 

SoP-hia 
systems~ 

Dedicated to MDS/ICE Support 



DESIGN IDEAS 
LISTING 1- GRAPHICS SUBROUTINE (Continued) 

161 0 FDR I= l TD 7 'Yes 
1620 PRINT TAB I I*1 0 +21 ; YBDRDER$ ; ' Prin t X a x i s d ivi s i on s 
1630 NE XT I 
1640 GDSUB 20~0 ' Pr i nt bottom border 
1650 FDR I =O TD 6 
166 0 V= XMI N+ I *1 0/X DI V 
1670 IF IXSCALE$=" G"I DR I XSCALE$= "g "I THEN 1680 ELSE 1690 
1680 GDSWB 19 30 
1690 PRINT TAB I I* 10+9 1; ' Print X labe l s 
1700 GDSUB 1970 
1710 NEXT I 
1720 PRINT: PRINT: PRINT TAB l271 XUNIT$ 
1730 PRINT: PRINT: PRINT TAB l27 1 TITLE$: PRINT 
17 40 PRINT TAB l 271 SUBTITLE$ 
175 0 RETURN 
1760 END 
1770 ' 
178 0 LOG SCALE X S / R ---
179 0 FOR I =1 TO AP:X= XI II 
1800 ON SGN IX l+2 GOTO 2 170 , 2 190, 181 0 
181 0 X=LOG l 10 *Xl / LOG l 10 ): IF X<O THEN 22 10 
1820 XII l= X: NEX T I 
1830 RETURN 
1840 
1850 ' --- Log Scale Y S / R ---
1860 FOR I= l TO AP : Y=YIII 
1870 ON SGN IYl+2 GOTO 2 170,2190, 1880 
1880 Y=LOG l 10 *Yl/LOG l 10 1: IF Y<O THEN 22 10 
1890 YI I l=Y: NE XT I 
1900 RETURN 
191 0 , 
1920 - - - Log Sca l e Label S / R - - -
1930 V= 1OAV/10 
1940 RETURN 
1950 • 
1960 ' --- Axes Labeli n g S / R 
1970 IF V<>O THEN 1980 : PRINT V; GOTO 2020 
1980 IF V>99 THEN 20 10 
1990 IF V<0! -99 THEN 20 10 
2000 PR INT USING "11 1111. llll "; V;: GOTO 2020 
2010 PRINT USING "1111. llllA~.~.A u ; V; 
202 0 RETURN 
2030 
204 0 Border S / R 
205 0 FOR I = 1 TO 61: 8$ll l =XBORDER$ : NE XT I 
2060 PRINT TAB l 11 1 ; 

'F i ll t op / bot bor der 

2070 FOR I=1 TO 61: PRINT 8$ I I I ;: NE XT I 
208 0 PR INT 

'Print top / bot border 

209 0 RETURN 
2100 
2110 Plot Char . Table 
2120 XBORDER$=CHR$ 11 96 1 
2 130 YBORDER$=CHR$ 1179 1 
2 140 CURVE1$ =CHR$ 1254 1 
2 150 RETURN 
2 160 

IBM 
• 196 
• 179 
"2 54 

2 170 PR I NT" Negat ive numbers are ill egal on l og s c ales. " 
2 180 GOTO 9 95 
2 190 PRINT"Zero i s i l l e gal o n log scales. " 
2200 GO TO 995 

Star 
241 
2 4 5 
239 

Epson 
133 
13 4 
147 

22 10 PR INT "This progr am wi l l plot log sca l e s down to 0 . 1 wi th pri n ti n g reso lut io 
n . Un i t s smaller t hen 10A- 1 s hou ld be con verted to milli , mi c r o e tc . to p r eser 
v e plott i ng ac cur ac y . " 
2220 GOTO 995 

The subroutine has minimal impact on your main 
program, and it precludes the necessity of writing a 
special plotting routine, or of trying to visualize a curve 
by looking at a list of output data. Listing 2 is an 
example of how the subroutine operates in a short 
program. The program includes a For/Next loop that 
generates discrete points on a continuous, 2-dimension­
al curve called a strophoid. 

provide the title and scale labels (lines 940 to 970). To 
center the titles, add or subtract spaces between the 
quotation mark and the first character. The graph's 
vertical dimension depends on line 1030 (HT%=nn) in 
Listing 1. The variable "nn" lets you size charts for 
inclusion in technical reports; 15 is a good size for 
screen viewing, and 30 is a good starting value for 
printing. 

You establish an X-Y array (lines 30 and 900 to 915), 
select linear or log scales (lines 920 and 930), and then 

72 

As you can see, the subroutine displays the graph on 
a monitor. Using the echo print method, you can make a 
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ORANGE COUNTY: (714) 637-9602. LOS 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 

CIRCLE N029 

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! 



Separate fan 
for motor cooling 

Brush less 
drive motor 

Speed control 
(manual model) 

PWM controller 
and power supply 

Power 
input/speed control 
(remote model) 

Multiple-stage 
centrifugal fan 
system 

Now, high performance vacuum/pressure 
blowers that operate from 120 VAC 

Compact units feature 
brushless de motors with 
integral controller and 
variable speed capability 
These new Windjammer® blowers com­
bine electronics, motor, and fan system in 
a compact, cost-effective package that 
operates from a standard 120 VAC input. 
An exclusive Lamb Electric design, they 
were developed for demanding, limited 
space applications such as business 
machines, medical equipment and 

materials handling applications. 
Just 5.7" in diameter, the blowers have 

1-, 2-, or 3-stage fans for performance 
from 50" H20 vacuum at O CFM to 11 O 
CFM at O" H20. With one version, a Oto 

.\METEK 
LAMB ELECTRIC DIVISION 

CIRCLE NO 30 

1 O voe signal from a sensor or other 
device will control motor speed and adjust 
air performance from Oto 100%. Or, a 
second model provides manual speed 
control by means of a potentiometer 
located in the blower housing. 

These blowers also feature low noise 
performance and are UUCSA component 
recognized. Get complete details by con­
tacting AMETEK, Lamb Electric Division, 
627 Lake Street, Kent, OH 44240. 
(216) 673-3451 . Telex: 433-2140. 
Cable: LAMETEK. 



DESIGN IDEAS 
LISTING 2-SAMPLE PROGRAM 

y 
1. 73 

1.44 

1. 15 

0 .87 

0.58 

0.29 

0.00 

-0 . 29 

-0.58 

-0.87 

-1 . 15 

-1. 4 4 

-1 . 73 

-1.00 -0.50 -0.00 0.50 1.00 1.50 2.00 
x 

STROPHOID 

Ok 
10 >>> STROPHOID <<< 

30 DIM Xl500>,Yl500> : AP=O 
100 FOR X=-1 TO 4 STEP .02 
110 A=C2-Xl/12+X> 
120 IF A<O THEN 915 
130 Y=SQRCX '"·2*A> 
900 AP=AP+l 
902 XIAP>=X 
904 YIAPl=Y 
906 AP=AP+l 
908 XCAP>=X 
910 YIAPl=O-Y 
915 NEXT X 
920 XSCALE$= "L" 
930 YSCALE$= "L" 
940 TITLE$= 
950 SUBTITLE$=" 
960 YUNIT$= "Y 
970 XUNIT$= 
980 
990 GOSUB 1000 
995 END 

STROPHOID 

x 

hard copy by pressing Ctrl and then pressing PrtSc 
(Fn, Echo on the IBM Jr) and then running the 
program. Don't forget to clear the echo mode by 
repeating this key sequence after the printing is fin­
ished. If you don't want or need to preview the graph on 
the screen, change all PRINT statements to LPRINT 
ones, which route the output directly to the printer. 

To use different printers or change the appearance of 
your graph, look up the special characters for plotting 
the curve and borders, which you can find at line 2110 in 
Listing 1. If you're using a printer that doesn't have an 
IBM mode, and therefore inserts unwanted spaces in 
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'LinearlL> or Log(g) 
'Linearll) or Loglg> 

the vertical borders, try adding lines 1052, 1054, and 
1745: 

1052 PRINT CHR$(27);"<1!," 
1054 PRINT CHR$(27);"A";CHR$(6) 
1745 PRINT CHR$(27);"0. " 

'Clear printer presets 
'Print W!O spaces 
'Return printer to text mode 

If this doesn't work, you'll have to consult your printer 
manual for a command that allows printing without 
spaces. EDN 

75 





atlas Semiconductor clock/calendars are so efficient that they give personal com­

puters virtually permanent timekeeping, yet eliminate 19 components from 

the assembly of IBM AT or PS/2 compatible computers. The D81287 Real Time 

Clock reduces to a single component all timekeeping functions. 

It is packaged in a 24-pin DIP with the same footprint as the 

MC14681B so that current production runs can realize 

immediate cost savings based on component 

count. Our CMOS circuitry is frugal enough in 

power consumption that a built-in energy source can 

supply power longer than the useful life of equipment. An 

internal lithium source lasts for more than 10 years in the 

absence of system power. The D81287 is factory calibrated for accur.i.cy -

within one minute per month-benefiting both manufacturers and end users. 

The Real Time Clock counts seconds, minutes, hours, days, day of week, date, 

month, year and even compensates for leap year. 

NOW ANY COMPUTER CAN TRl TIME 
Keeping track of human time hasn't been easy for com­

puter systems, until now. The SmartWatch DS1216 and 

D81216E from Dallas Semiconductor reports the hour, day, 

month and year, down to the one hundredth ofa second. With 

the 8martWatch any system can tell time. A CMOS timekeeping 

circuit is embedded in a JEDEC bytewide 28-pin DIP socket that accepts a 

RAM or EPROM. This design saves space and components compared to other 

1/0 intensive approaches. Our SmartWatch has some rather startling side 

benefits. The DS1216 circuitry and self-contained lithium energy source do 

more than maintain calendar time. Data contained in a CMOS RAM mated 

with the socket is preserved for more than 10 years. And wherever an 

EPROM is used, the D81216E retrofits perfectly. The address space of the 

mated RAM or EPROM is left undisturbed because time information is 

made available through a phantom interface on software demand. 

A WATCHDOG THAT GUARDS YOUR COMPUTER 
The ultimate chronometer is the DS1286. It has a train­

able watchdog that barks if the computer's master 

stays away too Jong, thus guarding against com­

puter malfunction. Preset at the factory for accuracy, the 

DS1286 WatchDog has a 400 year calendar that also corrects for 

leap year. This 28-pin DIP matches the pin out and exactly mimmicks the 

specifications of a bytewide SRAM. In addition to timekeeping, 50 bytes of 

nonvolatile SRAM are included for extra storage. Just set the WatchDog's 

programmable alarm, and it will mark a special occasion like January 1, 2000. 

4350 Beltwood Pkwy. S. 
Dallas, Texas 75244-3219 

Clll US for II easier time. 
Nortll America 214-450-0400 
~ 44(0)21-745-8252 

DALLAS 
SEMICONDUCTOR 
Quali:bt C~rJwvJ~ 
CIRCLE NO 31 



DESIGN IDEAS 
EDITED BY ROBERT M CLARKE 

Pocket calrulator eases filter design 
Arthur Delagrange and Reynold Douyon 
Naval Surface Weapons Center, Dahlgran, VA 

By using this filter-design method and Fig l's circuit, 
you can pick the poles and zeros for a bandpass filter 
and then calculate the corresponding component values 
on a pocket calculator. 

A previous article (Ref 1) described a circuit for a 
floating synthetic inductor that you can use to convert 
any prototype lowpass filter to a bandpass or bandstop 
filter. David C Bidwell (Ref 2) revised the bandpass­
filter design using a more efficient circuit. His conver­
sion, however, entailed "complex polynomial-manipula­
tion procedures requiring extensive computer 
manipulation." 

The method presented here achieves an efficient 
design. It involves tedious calculations, but you can 
perform them on a pocket calculator having square root 
and trigonometric functions. 

The method consists of calculating new poles and 
zeros for the bandpass filter and determining compo­
nent values directly from the poles and zeros. This 
example uses a 3-pole, 2-zero prototype filter that specs 

G 

Fig 1-Vse this building-block circuit to generate the pole-zero pairs 
used in bandpass-filter design. 

10.0k 23.2k 10.0k 

1.25-dB ripple and 39-dB stopband (Ref 3). The proto­
type filter has zeros at 

S=±j2.6003 

and poles at 

S=-0.48307 

and 

S= -0.20690±j0.96264. 

The bandpass transformation makes the substitution 

sz+~ 
s~-s-· 

Substituting for the pole-zero pair at 

S=-A+jB 

and solving by means of the standard quadratic equa­
tion and Euler's formula gives the new poles or zeros: 

_ -A ± jB + _ . . ~(A2 - B2 - 4~)2 (AB)2 S -
2 

_ (cos9 + JSm9) 
4 

+ 
2 

, 

where 

9 = ARCTAN ABfl . 

(A2 - B2 - 4~14 + ~( A2 - B;- 4~r + (~Br 

In this example, w=l. 

10.2k 10.0k 10.2k 

Fig 2-You can achieve a 39-dB stopband and 1.25-dB ripple using this bandpass filter. Scale the capacitor values t.o change its center 
.frequency. 
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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 PreviewT• 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) Jl~c~m 
UNIX is a registered trademark of AT&T. 

1931 Wright Circle, Anaheim, CA 92806 
CIRCLE NO 32 

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. 



DESIGN IDEAS 
This equation gives zeros at 

S=±j0.3398 

and 

S= ±j2.9406. 

It has a real pole at 

S= -0.2415±j0.9704. 

Finally, the equation has complex poles at 

S= -0.05843±j0.6246 

and 

S= -0.1485±jl.5872. 

To build this filter, you need three sections: band­
pass, highpass, and lowpass. The bandpass section can 
be an ordinary Sallen-Key resonator (Ref 4), but the 
highpass and lowpass sections require zeros. Fig l's 

0 

10 

co 20 
~ 
z 
0 

fi 
::> 
i5 30 

~ 
w 
> 

5 
w 
a: 40 

50 

60 

circuit can provide these zeros. Its transfer function 
(omitting the gain factor) is 

82 + [(G[3 + {3 - G)R,C, + (Ga + a ~ G)R2C2 - GR,Cz]S 
(G/3 + /3 - G)R1R2C1C2 

82 + (R,C, + RzC2 - GR,C2)S + 1 
R1R2C1C2 R1R2C1Cz 

+ + (Ga+ a- G) 
(G/3 + /3 - G)R,R2C1C2. 

The lowest frequency zero pair and the lowest fre­
quency pole pair combine to give the highpass-filter 
section. Similarly, the highest frequency pole and zero 
pairs give the lowpass-filter section. For each section, 
you can divide the product of the poles by the product of 
the zeros and write the transfer function in the form 

S2 + D 
S2 +AS+ B" 

Identifying these transfer-function terms with the 

0.1 0.2 0.3 0.4 0.5 0.6 0. 7 0.8 0.9 1.0 2 3 4 5 6 7 8 9 10 

RELATIVE FREQUENCY 

Fig 3-The bandpass filter's performance changes only slightly when you change its center frequ,ency from 1.6 kHz (solid curve) to 16 kHz 
(broken curve) by scaling capacitor values. 
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The Siemens family of ADMA co-processors 
The economical, intelligent ways to manage your data throughput. 

Designers of multi-user systems including LAN, SCSI 
controllers, graphics and CPU boards can travel into the future 
of information management. . .with Siemens intelligent new 
SAB 82258 co-processor and SAB 82257 low cost version. They 
provide an uncommon combination of advanced functions: 

4 4 4 

Multiplexer channels 32 32 

"On-the-fly" operation NO YES YES 

Data Transfer Rate (Mbytes/Second) 8 10 20 

Automatic chaining of command 
and data blocks YES YES 

Package PLCC PLCC 
LCC LCC 
PGA PGA 

• SAS 82258A supports 32-bit data transfers in single-cycle mode 
• Directly interface with SAS 8088/8086/80286-based systems ... 

the SAS 82258A is the ideal choice for 80386-based systems 
• "On-the-fly" feature includes compare, translate, and verify 

operation 
• Stand alone (remote) mode operation in any system 

CIRCLE NO 33 

To solve your data throughput problems, and get your 
FREE ADMA brochure, call (408) 980-4500 ext. 4347. 
Or write: Siemens Components, Inc., IC Standard Products 
Marketing Dept., 2191 Laurelwood Rd., Santa Clara, CA 95054 

Siemens Regional Sales Offices: 
Eastem Region Central Region 
Littleton, MA Rosemont, IL 
(617) 486-0331 (312) 692-6000 

Princeton, NJ 
(609) 987-0083 

Norcross, GA 
(404) 449-3981 

Columbus, OH 
(614) 433-7500 

Dallas, TX 
(214) 620-2294 

Siemens National Distributors: 
Hall-Mark, Marshall 
Siemens Regional Distributors: Advent 
Electronics, Inc., Alme Electronics, 
Insight Electronics, Quality Com­
ponents, Summit and Western 
M icrotechnology. 

Siemens ... 

Westem Region 
Orange, CA 
(714) 385-1274 

Cupertino, CA 
(408) 725-3586 

your partner for the future. 
1987 Siemens Components, lnc. 

CG/2000426 WLM 632 



DESIGN IDEAS 

COMPONENT VALUES FOR SECTIONS WITH ZEROS 
HIGH PASS LOW PASS 

LET ll = 1; C, = C2 = 1 LET a = 1; A, = R2 = 1 

A, = 
(1 - ~) 

C2 = 
(1 - ~I 

A -A-

A2 = ' c, = 
_!__ 

BA 1 A 
BC2 

G= 
(A, + R2 - el G= 

(C, + C2 -~) 
A, C2 

a= G+~ 
ll = 

G+! 
G+1 G"+1 

AseR1Es = 
A, 

CseR1Es = 13c, a 
RsHUNT = 

__&___ CsHUNT = (1 - ll)C, 
(1-a) 

terms in the complete transfer function and solving the 
equation yields the parameters listed in the table. 
Included at the bottom are the values for splitting the 
input resistor or capacitor to give a Thevenin-equiva­
lent voltage-divider ratio a or ~· 

Fig 2 shows the complete filter circuit. You need just 
seven precision resistors and three op amps. The filter's 
output comes from an op amp and doesn't need buffer­
ing. The values calculated for this prototype have been 
scaled up by a factor of 10'1 in frequency (1.6 kHz) and 

104 in impedance (10 kO). Components were selected to 
1 % tolerance, and the first stage's gain and Q were then 
adjusted to equalize the amplitude in the peaks of the 
filter's response (Fig 3). Note that the vertical scale is 
expanded in the passband. The solid line shows the 
response of Fig 2's circuit with a 1.6-kHz center 
frequency. The actual performance is quite close to that 
predicted by theory. The broken line gives the response 
for the same circuit with capacitor values reduced by a 
factor of 10 to give a new center frequency of 16 kHz. 

EDlll 
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Components enhance amplifier's bandwidth 

Eric Filseth 
National Semiconductor Corp, Santa Clara, CA 

Two modifications to the standard hookup for an 

1V/OIV 

(•) 10 nSEC/DIV 

LH0002 current amplifier will boost its 30-MHz fre­
quency response from that shown in Fig la (standard 
performance using ± 5V power supplies) to that of 
Fig lb. 

L _[_ 11_ ill 

1V/OIV ~ 1 lL 
.L .L ~ 

f .\. .1 u ' 1 lL d- 1 b,. I\ 
J 

(b) 10 nSEC/DIV 

Fig 1-These input (top) and output (bottom) waveforms slww the frequency-response improvement that results when you modify the 
LH0002 current amplifier (wlwse response is slwwn in a) by adding the external components in Fig 2. The improvement illustrated in b 
results when Rs= l k!l, RL=50!l , and frequency equals 30 MHz. 
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Conventional rotary 
selector switch 
l·pole, ll·position 

CTS Insert molded 
rotary selector switch 
I-pole, II-position 

It is very apparent that the CTS 
rotary selector switch-with only 
19% as many separate parts as an 
ordinary switch-offers greater 
stability and precision switching 
even under punishing use or 
severe shock and vibration. Insert 
molding locks every CTS terminal 
in place for positive. precise 
switching-even after thousands 
of operations. 

Take another look at this pic­
ture of reliable performance. 
Compare the many tiny. fragile 
pieces in an ordinary switch that 
can become mis-aligned and 
cause problems in the field . 

Remember the simple. solid con­
struction of a CTS rotary. You can't 
make a mistake when you specify 
the switch that's built to be most 
reliable. 

For a complete catalog of reli­
able CTS rotary selector switches­
both stock and custom. call your 
CTS sales engineer or write: CTS 
Corporation. Elkhart Division. l 142 

CTS offers thousands of PC 
board rotary switch variations­
all with insert molded reliability 

W. Beardsley Ave .. Elkhart IN 46514. Select from a wide variety of shorting. 
Phone: (219) 295-3 57 5. West non-shorting or mixed circuitry-as well 
of Mississippi River: CTS Cor- ~ as a range of index assemblies and 
poration.* Paso Robles Divi- •"", wafer con '.itructions for either perpen-
sion . 500 Linne Rd .. Paso \ dicular or parallel PCB mounting. Also 
Robles. CA 93446. Phone: available with AC power switches and 
(805) 2 38-03 50. variable resistors. 
· 1n Calif dba CTS Electronics Corporation I Cati TOLL FREE 1·800-982-0030 I 

CIRCLE NO 34 for name and locatio n of nearest 
CTS Sales Engineer 

CTS@ MEANS RELIABILITY 

Series 288 16 mm 
Electronic Tuner Switch 
Phone: (21 9) 295-35 75 
CIRCLE NO 71 

CTS CORPORATION• ELKHART. INDIANA 

Series 288 16 mm 
Rotary Selector Switch 
Phone: (21 9) 295-35 75 
CIRCLE NO 72 

Series 288 16 mm 
Two-bit Shaft Encoder 
Phone: (219) 295-3575 
CIRCLE NO 73 

Series 288 16 mm 
Spring Return Switch 
Phone: (219) 29 5-35 75 
CIRCLE NO 74 
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DESIGN IDEAS 
First, you increase the input-stage bias currents 

tenfold by adding 5000 resistors RA and Ra to pins 10 
and 6 (Fig 2). The higher bias current increases the 
input transistors' ft and provides more base drive for 
the output transistors. Note that the output devices' 
beta is probably less than 10 at 30 MHz, so each will 
need at least a 3-mA base current to provide the 
required 30-mA output current. Also, higher base 
current provides more drive to the input capacitance of 
these transistors; the increased drive increases the 
amplifier's slew rate. 

Adding RA and Ra increases the quiescent supply 
current, of course, and lowers the amplifier's input 
impedance to about 15 kO. The variation of input 
impedance over the operating bandwidth is less, how­
ever, than for an unmodified LH0002. At high frequen­
cies, the modified circuit's input impedance (particular­
ly the reactive part) is actually greater. The main 

SV 

r---------

advantage, though, is the speed and bandwidth ob­
tained for ±5V applications. (Incidentally, you must 
use the 10-pin DIP version of the LH0002; pins 6 and 10 
offer connections that are not present on the 8-lead 
T0-5 version.) 

The second modification is useful in applications with 
high source resistance, where speed is limited by the 
product of source resistance and LH0002 input capaci­
tance. The input capacitance is mostly collector-base 
capacitance from ~ and ~; you can bootstrap (minimize 
the effects of) this capacitance by adding resistors Rx 
and Rv, and then adding capacitors C1 and C2 to bypass 
the output stage (Fig 2). The amplifier's output .voltage 
now drives its input capacitance via the capacitors. ..,. 

(1 0) -------- (1) -----i 
1 
I 
I 
I 
I 
I 

.--~'N'---e I 

LH0002 

d1 
I 
I 
I 
I 
I 
I 
I 
I 
L---------

-sv 
NOTE: 

a, I 
I 
I 
I 
I 
I 

(8) 

c, 
O.Ql µF 

- ----0 U>-------------U Vo 
I 
I 
I 
I a, I 
I 
I 
I 

(5)-----J 

AL 

C2 
0.01 µF ":' 

NUMBERS IN PARENTHESES INDICATE PINS OF THE LH0002 PACKAGE. 

Fig 2-You can add componentll to extend the bandwidth of an LH()()()ft amplifier. This circuit increases the input-stage bias currents and 
bootstraps the amplifier's input capacitance. 
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High speed, up to 4 GHz. 

-4.5V single supply, ECL-100K 
compatible output level. 

500 to -2V standard load. ----

200-gate array technology, 
starting 2nd half, 1988. 

When you need high-speed 
logic, it really pays to look into 
Sony's ECL logic family. 

Because like GaAs technol­
ogy, you'll find incredibly fast 
process speeds. Up to 4 GHz. 

But unlike GaAs technology, 

a you'll also find 
amazingly low 
costs and design 
simplicity. 

Not to mention 
that our ECL technology, unlike 
most, requires very low power 
Under 1 watt, in many cases. 

Sony's ECL logic family 
is made possible by our unique 
!-micron, 10-GHz, IT process. 
The very process that's made 
our high-speed, 8-bit, 300 MSPS, 
ND converters so popular 

And via our 200-gate array 
technology, we offer a limitless 
range of logic functions. Many 
available in 24 and 32-lead flat 

Al Huntsville (205) 533-1730 
Mobile (205) 478-1036 

AZ. Plloenix (602) 257·9015 

CO Aurora (303) 695-8903 
FL (214) 234-8438 
GA Norcross (404) 449-8680 

Low cost 

SONY'S HIGH-SPEED ECL LOGIC FAMILY 
Par1 
N- Functilft ,,.. 

""'' - l'lcbll 
CXB11000 Quad 3·in OR/NOR 390 ps 1.5GHz 530mW 24 FLAT 
CXB11 01Q Quad 3-in AND/NANO 470 ps 1.5 GHz 700 mW 24 FLAT 
CXB11020 Quad 2·in EXOR/NOR 490ps 1.5GHz 680.mW 24 FLAT 
CXB11030 Quint Line Receiver 410 ps 1.5 GHz 650 mW 24 FLAT 
CXB11040 Dual D Flip Flop 620 ps 3.2GHz 520mW 24 FLAT 
CXB11050 Triple Fan-out 

Buffer 590 ps 1.5 GHz 720 mW 24 FLAT 
CXB11060 4·Staoe Ripple 

Counter 3.4GHz 720mW 24FLAT 
CXB11 07Q Decision Circuit 3.2GHz 430mW 24 FLAT 
CXB11080 Laser Driver 2.0 GHz 740mW 16FLAT 
CXB11090 Quad D-FF with 

Master Reset 620 ps 3.4GHz 790mW 24 FLAT 
CXB11100 16 to 1 Multiplexer 610 PS 1.5 GHz 680mW 24 FLAT 
CXB11110 Look Ahead 

carry Block 58-0 ps 1.5 GHz 610mW 24 FLAT 
CXB11120 Phase Frequency 

Detector 720 ps 0.8GHz 500mW 24 FLAT 
CXB11 13Q 4 to 1 Multiplexer 2.0 GHz 950mW 24 FLAT 
CXB1 1140 1 to 4 Demultiplexer 2.5 GHz 1100mW 24 FLAT 
CXB1 130Q 9,8,4-bit 

Multiplexer 1.6 GHz 730 mW 32 FLAT 
CXB1131Q 9,8,4-bit 

Demultiplexer - r- 1.6GHz 1000mW 32FLAT 
CXB11320 9, 8, 4-bit 

Universal Shitt 
Register - , r- 1.3 GHz 910mW 32 FLAT 

CXB1133Q 22, 15, 7-Stage 
Scrambler - r- 1.6GHz 600mW 24 FLAT 

CXB1134Q 22, 15, 7-Stage 
Descrambler _,_ 1.6 GHz 610mW 24 FLAT 

CXB11350 8·16bit 
Comparator - 1- 1.3GHz 630mW 32 FLAT 

CXB1 1360 8-bit Universll 
Counter 1.2 GHz 730mW 32 FLAT 

CXB1137Q 8·bitShitt 
Matrix 1250 ps 700mW 24 FLAT 

CXB1 1380 4·bit Arithmetic 
Logic Unit 1460 ps 680 mW 24 FLAT 

MD Randallstown (301) 655-2265 
MA Boston (617) 894-8400 
Ml Livonia (313) 844-5222 

NJ Mt. Laurel (609) 866-1234 
NM Albuquerque (505) 345-3591 
NY Jamaica (718) 291-3232 

CA Los Angeles (714) 855-0233 
San Diego (619) 729-9216 
San Francisco (415) 960-3880 

IA Cedar Rapids (319) 393-2232 
IL Chicago (312) 382·3001 

MN Eden Prairie (612) 944-7274 
MO Bridgeton (314) 291-4230 

Syracuse (315) 699-2671 
NC Durham (919) 544-6630 

Huntersville (704) 892-1366 
OH Cincinnati (513) 385-1105 

IN Carmel (317) 844-5222 Raytown (816) 358-8100 
Ft. wayne (2191 486-1912 

CIRCLE NO 35 
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Low power, under 1 watt. 

Advanced 1µ ECL process. 
(Same process as our 8-bit, 300 

MSPS AID converters). 

---Full temperature compensation. 

Continuously upgradable. 

packs. The list you see here is 
only partial. So if you dmit see 
what you need, please inquire 
with your specific requirements. 

Sony's ECL logic family 
is available now, backed by the 
quality, reliability and nation­
wide service you expect from 
any Sony product. 

So get all the information 
on our high-speed ECL logic 
family today. Because when it 
comes to high-speed logic per­
formance, Sony's got the guts 
to deliver 

Just call the Sony repre­
sentative nearest you, or call 
(714) 229-4192. Or write Sony 
Corporation of America, Com­
ponent Products Division, 10833 
Vcilley View Street, Cypress, 
CA 90630. FAX (714) 229-4271. 

Cleveland (216) 261-9705 
OK Tulsa (918) 744-9964 
OR Tigard (503) 620-3280 
PA Pittsburgh (513) 385-1105 
1N Greenville (615) 639-3491 
TX Austin (512) 346-9186 

Dallas (214) 234-8438 

Houston (713) 782-4144 
UT Salt Lake City (801) 264-8050 
VA Sterling (703) 478·2400 
WA Bellevue (206) 455-3460 

Spokane (509) 924-4410 
WI waukesha (4141 542-5352 
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Audio AGC circuit has 40-dB dynamic range 

Norman M Hill 
Zetron Inc, Bellevue, WA 

The automatic-gain-control (AGC) circuit of Fig la 
operates on ±5V supplies and provides good fidelity for 
audio signals over an input range of 40 dB. The circuit 
maintains an output of 0 dBm ( ± 1.1 V) by varying the 
input attenuation from 0.1 to 10 (-20 to 20 dBm). 

JFET Q1 operates as a variable resistor. Qi and 
resistor R1 divide the input signal in response to the 
control voltage on the gate of Qi . Op amp IC1A (with R4 
and R,,) then provides enough gain to accommodate 
input signals of ±20 dBm (Fig lb). 

To ensure low distortion in a JFET, you should add 
approximately one-half the drain-source voltage to the 
gate voltage. The voltage divider (Rt!Ri) and the buffer 

0---) c, 
0 .1 µF 

o, 
MPF-382 1 

Ro 
680 

R, 
47k 

R, 
47k 

Rs 
680 

C2 
1 µF 

R, 
5 lM 

-sv 

R5 
27k 

NOTE: JFET-INPUT OP AMPS ARE LF347s OR EQUIVALENTS . 

(a) 

-30 

(b) 

amplifier (ICrn) provide this gate bias by charging and 
discharging capacitor Ct. RH isolates the gate-source 
diode in Qi. 

The peak-detector amplifiers OC1c and IC111) have a 
gain of 20. Their outputs reside at negative-saturation 
levels when VouT is between 1.1 and -1.1 V; the result­
ing Qi gate voltage (-4V) allows maximum circuit gain. 
When VouT makes an excursion outside this range, one 
of the peak-detector outputs rises in the positive direc­
tion, discharging Ct and driving Q1's gate in a more 
positive direction. Thus, Qi regulates the output by 
increasing the input-signal attenuation. c~ discharges 
through the attack resistor, R1;, until the output level 
returns to 0 dBm. When the input level subsides, Ct 
slowly recharges through the decay resistor, R;. For a 
20-dBm change, the attack time is 5 msec and the 

1N4148 IN4148 

Vour (dBm) 

+20 

+10 

-10 0 

-10 

DEPENDS ON JFET 

+10 +20 +30 

v,. 
(dBm) 

Fi.q 1-Usin,q a J FET to control input attenuation, th is AGC circuit (a) pro vides a dy11a111ic range of ±~U dB111 (b). 
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Memory management in the Era of MegaChip Technologies: 

Memory-management ICs from 
you bring memory arrays up to 

Memory systems are a prime area for 
significant improvements in overall system 
throughput. Read how Tl's memory­
management ICs can get you in and out of 
memory faster no matter which processor 
you choose. 

88 

Y u oan now .,[ve a pmblem 
whose solution has eluded design engi­
neers for years: How to catch memory 
speeds up to CPU speeds. The solution 
lies with Tl's advanced memory­
management circuits, and you can use 
them with whichever processor best 
suits your application. 
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'Iexas Instruments can help 
processor speeds. 

A universal architecture enables 
these TI devices to work with - and 
enhance - virtually any high-speed 
microprocessor or bus structure, even 
custom engines. 

In addition, your component count 
is cut because these are single-chip 
VLSI circuits. Your design time and 
effort are shorter and easier because of 

EDN Design Ideas Special Issue, Vol I 

Tl's comprehensive Memory Manage­
ment Design Kit (see page 4) . 

TI addresses your major 
memory,design concerns 
To immediately improve memory-access 
time, use both main and cache memo­
ries, as shown in the block diagram. 
This approach can produce up to a JX 
increase in system performance. 

Frequently accessed data and instruc­
tions are stored in a few high-speed 
static random-access memories and 
"tagged" by a TI industry-standard 
cache controller (SN74ACT2151/4 ). 
These 2K X 8 CMOS controllers are the 
fastest available and can support deep 
cache architectures of 16K or even 32K. 

T l's MegaChip Technologies 
Our emphasis on volume manufacturing 
of high-density circuits is the catalyst for 
ongoing advances in how we design, 
process, and manufacture semiconduc­
tors and in how we serve our customers. 
These are our MegaChip T• Technologies. 
They are the means by which we can 
help you and your company get to mar­
ket faster with better, more competitive 
products. 

tions on chip to improve flexibility and 
speed and to allow for custom timing 
routines. This controller supports 
nibble- and page-mode access and 
scrubbing-mode refresh to increase 
memory output. 

TMS4C1024 
1MX32 BITS 

H igh-speed memories can be designed with less effort and implemented more cost-effectively by using 
Tl's family of universal memory-management !Cs. These devices, all of which are contained in Tl's 
Memory Management Design Kit, will work with and enhance almost any high-speed processor. 

This scheme is cost-effective because 
slower, less expensive dynamic random­
access memories (DRAMs} can be used 
for main memory. 

When you must assure system integrity, 
use of an error-detection-and-correction 
(EDAC) circuit can improve system re­
liability 500-fold. Since this approach 
is necessary with memory arrays larger 
than half a million bits, TI offers its 
leadership 32-bit EDAC. 

The SN74AS632 detects dual-bit er­
rors and detects and corrects single-bit 
errors while avoiding processor wait 
states. And at 25 ns for error detection, 
it meets your high-performance needs. 

Interfacing between processor and 
main memory gets tougher as speeds 
increase. But TI has the SN74ALS6301 
DRAM timing controller. It can 
handle any DRAM up to 1 Mbit and 
incorporates only the essential func-

Soon to come: An ASIC (application­
specific integrated circuit) solution. 

Reducing over/undershoot is accom­
plished by Tl's 2000 Series buffers and 
drivers - 25-ohm series-damping 
resistors on the output prevent false 
reads at DRAM input. For example, 
the SN74BCT2828 driver can reduce 
undershoot by 40% compared to tradi­
tional approaches. Tl's 2000 Series has 
a high-drive current suitable for VME 
and MULTIBUS® II bus structures. 

You can use any or all of Tl's 
memory-management !Cs to obtain the 
superior performance that marks a mar­
ket winner. And there's no design rule 
that says your memory-management 
chips and your CPU have to come from 
the same supplier. 

.... Tum page for more information. 
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The tools you need to design a 
high-performance memory­
management system 
are between these 
covers: 
At $149, the value of Tl's Design Kit 
far outweighs its cost. In one compact 
file, we've included just about every­
thing you'll need to bring your memory 
array up to speed. Everything, that is, 
except your imagination in creating 
your own unique product differen­
tiators. Here's what you get: 
• All necessary high-performance !Cs, 

including 
-SN74ACT2154 2K x8 Cache 

Address Comparator 
-SN74AS632 32-bit EDAC 
-SN74ALS630116K to 1 Mbit 

DRAM Controller 
-SN74BCT2828 10-bit Buffer/ 

Driver with series-damping resistor 
- TIBPAL16R8-10 and TIB82S105B 

High-speed Programmable-logic 
Devices for user-defined timing 
control 

- TMS4464 256K DRAM 
• Memory Management Applications 

Handbook containing applications re­
ports and briefs that supply valuable 
insights into memory-management 
system design. 

• Data sheets on TI circuits designed 
for efficient memory management. 

• Memory-management-product soft­
ware graphic-symbol libraries and 
supporting documentation for use 
with Futurenet TM or Mentor 
Graphics TM CAE systems. 
For more information on Tl's 

Memory Management Design Kit, call 
1-800-232-3200, ext. 3203, or contact 
your nearest TI field sales office or au­
thorized distributor. 

'" MegaChip is a trademark of Texas Instruments 
Incorporated. 
Futurenet is a trademark of Futurenet Corporation. 
Mentor Graphics is a trademark of Mentor Graphics 
Corporation . 

~MULTIBUS is a registered trademark of Intel 
Corporation. 

27-45108 © 1988 Tl 
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Texas Instruments Incorporated 
P. 0. Box 809066 

SDV063ED800C 

Dallas, Texas 7 5380-9066 
YES, please send me more details on Tl's universal memory­
management ICs. 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY 

AREA CODE TELEPHONE 

CIRCLE NO 36 

STArE ZIP 

EXT. 

TEXAS~ 
INSTRUMENTS 
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DESIGN IDEAS 
decay time is 1 sec. 

For a small sacrifice in audio quality, you can reduce 
the parts count by substituting a simplified peak detec­
tor (Fig 2). The simpler circuit causes a faint buzzing, 
but this noise is audible only with some stereo equip­
ment. 

You can also shift the 40-dBm gain range. Changing 
R4 to 30 kfl, for example, sets the range from -30 to 10 
dBm. (With the higher gain, you need a capacitor in 
series with R" to prevent excessive voltage offset.) 
Because the noninverting input of op amp IC 1A is 
noise-sensitive, it should be physically small and remote 
from the noisy peak-detector outputs. EDN 

sv 

75k 

1N4148 

10k 

1N4148 

10k 75k 1N4148 

-sv 

F'ig 2-You can save parts by nsing this peak detector in the Fig I 
circuit. 

Three-rail power supply uses four diodes 

Luis de Sa 
Universidade de Coimbra, Coimbra, Portugal 

The circuit shown in Fig 1 generates three supply 
voltages using a minimum of components. Diodes D2 
and D3 perform full-wave rectification, alternately 
charging capacitor C2 on both halves of the ac cycle. On 
the other hand, diode D1 with capacitor C1 and diode D4 
with capacitor C3 each perform half-wave rectification. 
The full- and half-wave rectification arrangement is 
satisfactory for modest supply currents drawn from the 

-5 and + 12V regulators (lC3 and IC2). 
You can use this circuit as an auxiliary supply in a 

µP-based instrument, for example, and avoid the less 
attractive alternatives of buying a cµstom-wound trans­
former, building a more complex supply, or using a 
secondary winding (say 18V ac) and wasting power in 
the 5V regulators. EDN 

Fig I-This simple power supply generates three regnlated voltages using a minimnm of components. 
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Vos COMPENSATOR 

IMPROVE OPAMP 
ADJUSl'MENI' Wll'HOUI' 

Jill l'HE 1'111 INGS. 

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: 0711·22930; 
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. 

COPYRIGHT© t987, BOURNS, INC. 9/87 CIRCLE NO 37 



DESIGN IDEAS 

Circuit generates frequency difference 

Steve Momii 
University of Washington, Seattle, WA 

Fig 1 's output pulse rate equals the difference in pulse 
rates of the inputs Fo and F1, where F1 < Fo. (You must 
generate 2Fo, but the duty cycle need not be 50%.) 

The easiest way to understand the circuit's operation 
is in terms of sampling theory. Consider the exclusive­
OR gate IC2 as a modulator, in which F1 modulates the 
carrier frequency Fo. The resulting waveform contains 
the sum and difference of Fo and F1. By using ICrn to 
sample this waveform at 2Fo, you generate an aliasing 
frequency that folds around the Nyquist frequency Fo; 
ie, the output difference frequency becomes 

Fn=2Fo-(Fo+ F1)=Fo-F1. 

Of course, variations are posssible. If F1 = Foln (using 
a divide-by-n counter), then Fn= Fo(l - 1/n). And, if 
F1 =Fo·m/n (using a rate multiplier), then 
Fn=Fo(l-m/n). EDll 

Fo = Fo - F1 

2Fou----------

2Fo 

Fo 

F1 

Fo 

Fig 1-Two /Cs generate the f requency difference between Fo 
and FJ . 

Multivibrator achieves near-50o/o duty cycle 
Edward W Rummel 
R obi11 B ake1 · Associates Ju e, S li 01 ·t H ills, N J 

The 3-component astable mul tivibrator of Fig 1 pro­
vides an output with a near-50% duty cycle. Using this 
circuit , you don't need the additional flip-flop usually 
required to obtain such a duty cycle. What's more, the 
CMOS timer shown costs a penny less than often-used 
equivalent bipolars (100-piece price). 

Three factors contribute to the output sy mmetry. 
The capacitor charges and discharges through the same 
external resist or. An internal resistive divider sets 
accurate switching thresholds wit hin t he chip (the 
bipolar types use dividers as well). And most impor­
tant, IC1's CMOS output stage switches fully between 
ground and Vee, avoiding the errors due to asymmetry 
that are often found in a TTL timer's output. The IC's 
internal switching-threshold tolerances can cause a 
deviation of several percent from the desired 50% duty 

EDN Design Ideas Special Issue, Vol I 

NC u----t 
IC, 

TLC555CP 

5V 

t-----.---o OUTPUT 

NC 

( 160 kHz. 5V P-P 
50°. DUTY CYCLE ) 

10k 

I 330 pF 

Fi.q 1-/Ja.~ed on a CMOS version of a 555 timer, I /t is as l ab le 
11111/li1•i lirator's 011lp11I .~ .1111 11 1 1 e f1 · 11 depe11ds 011 l it e to /erauce of l it e 
i11f erna l s11•ilc lt i11g lh resltolds. 

cycle. To meet a tighter specification, you might have to 
select from a group of ICs. EDN 
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DESIGN IDEAS 

Digital inputs program audio compressor 

Jeffery L Sharp 
Philips Subsystems and Peripherals Inc, 
Knoxville, TN 

With the circuit in Fig 1, you can select one of four 

SIGNAL IN 

~ 
+ 

47k 1 .,.F 

10k 10k 
15 µF 

·y. SIGNAL OUT 

":' 
":' 

120 pF 

12V C> 24k 2.2 .,.F 

12V 

6.2V 

6.2V 110 .,.F 
":' ":' 

":' ":' 

G, 9 
IC, 

G, 
10 CD4052 

12V 130k 
0 

+ 

1 .,.F 2 

3 
12V 130k 

12 
0 

15 
2 

+ 11 
3 

1 .,.F 

different gain-compression slopes (1:1, 2:1, 3:1, or 4:1) 
without changing the circuit's unity-gain point. A com­
pressor is characterized by two attributes of its ampli­
tude transfer function-the slope and the 0-dB gain 
point (Fig 2). 

47k 

12V 

2.2 l'-F 
33k 24k 2.2 .,.F C> 2.2 .,.F 33k 

AG 

15k _....,_ 
13 IC. 

12 + 14 

1.,.FJ10.,.i 

":' 

NOTE: 
IC, = LF347 

16 IC, = NE572 12V 
7 

8 

COM 

COM 

Fig I-With this circuit, you can select gain-compression ratios of 1 :1, 2:1, 3:1, and 4:1 without changing the unity-gain point. By changing 
inputs Go and G, of the analog multiplexer, you control the detector current in each half of the NE572 (IC,), and, therefore, the gain of each 
section. 
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THIS SIGNAL GENERATOR 
SHOOTS DOWN 

ALL THE OTHERS 

MARCONI INSTRUMENTS 10kHz - 1GHz signal generator 2022C 
CARRIER FAEQUENCV 

THE NEW 2022C SIGNAL GENERATOR 
IS LOADED WITH ALL THE OPTIONS ... 

• + 13 dBm• GPIB • 2 YEARW ARRANTY •AND MORE. .. 

The new 2022C FM/ AM Signal 
Generator is a solid, no-nonsense 
value that's loaded with every 
feature you need for manual and 
ATE use. There are no options to 
increase your cost. 

The 2022C takes all the 
advantages of our popular 2022A 
and adds the extra fire-power of 
+ 13 dBm RF output for passive­
component and intermodulation 
testing. You also get the added 
versatility of a built-in GPIB that's 

Marconi 
lnstrwnents 
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there when you need it. Other 
additions inciude external FM 
input to allow dual modulation 
tests on receivers with sub-audible 
tone signalling and a memory­
clear for security in military 
applications. 

If your frequency range is 
between 1 O kHz and 1.0 GHz, 
the 2022C will prove to be a very 
cost-effective solution with all the 
performance you need for AM , FM 
and c?M measurements. 

CIRCLE NO 38 

There's even more you should 
know about the 2022C: 
100 Setting Storage • Reverse 
Power Protection • Accurate and 
Level Output • Calibration and 
Diagnostics in Memory • Choice of 
Calibration Units • 

For a demo or literature contact 
MARCONI INSTRUMENTS, 
3 Pearl Court, Allendale, NJ 07401 . 
1-800-233-2955. (201) 934-9050. 
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The gain of amplifier IC 1A is determined by the 

NE572 variable-gain cells (IC2A and IC2B). Each half of 
the NE572 multiplies the value of the current passing 
through the LlG section by the value of the current 
flowing into the IC's detector section. When gate inputs 
Go and G1 equal 0, the detector currents are constant. 
The gain of IC1A is the same for all input amplitudes, 
resulting in a 1:1 transfer slope. For the other gate­
input combinations (01, 10, and 11), the detector cur­
rents are selected by the 4052 analog multiplexer (!Ca); 
the currents provide gains that are inversely propor­
tional to the second, third , and fourth powers of the 
input-signal amplitude. In all cases, 1 V rms produces 
unity gain. EDN 
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Fig 2-The input/output transfer-function curves of the· circuit in 
Fig I show the four possible signal-compression slopes and the 
unity-gain point for each slope. 

Transducer improves ultrasonic ranging 

Mitchell Lee 
National Semiconductor, Santa Clara, CA 

In an ultrasonic ranging system, a single transducer 

Fig I-The ringing that follows excitation of a piezoelectric trans­
ducer can last for 20 msec, masking the ecfwesfrom targets within 10 
ft of the transmitter. In this photo, scale is 5Vldiv in the vertical axis 
and 200 µ,Sec/div in the fwrizontal axis. 
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often does double duty: First, it behaves like a loud­
speaker while generating the transmit pulse; then­
ideally-it immediately stops ringing and behaves like 
a microphone while listening for the return echo. Piezo-

Fig 2-Ring duration for an electrostatic transducer is less than 
1hoth that of a piezoelectric type, allowing easy recognition of an ecfw 
that occurs 800 µ,Sec after the transmit pulse begins. Here, scale is 
5Vldiv in the vertical axis and 200 µ,Sec/div in the horizontal axis. 
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IGBTs. The~mparisons. 
Compare Power 

BIPOLAR 
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~ 1000~---------.\ 
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Compare Speed 
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SWITCHING SPEED (Hz) 

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 
w o Id Tosh·b r I a. 

TOSHIBA AMERICA, INC. 
Semiconductor Products Division 

' 

IGBT (Insulated Gate Bipolar Transistor) Selection Guide 

MAX IMUM RATING 

CIRCUIT SYMBOL VcEs (V ) COLLECTOR CURRENT le (A) 

8 15 25 50 75 100 150 200 300 400 

~~ 
GT15H1011 GT25H1011 GT50G1011 

500 1400VI 

BS 
MG15H1BS1 MG25H1BS1 MG50H1 BS1 MG75H1BS 1 • MG100H1 BS1 

1000 
GT8N!01!" GTl 5N1011 

MG15N1 BS1 MG25N1BS1 MG50N1BS1 MG75N1BS1 • 

~ 
500 MG300H1US1 MG400H1US1 

600 MGJOOJ1us1· ~1us1· 
us 

1000 MGJOON1 US1' MG200N1USI ' 

1200 MG20001US1 • MG30001US1 • MG40001US1' 

500 MG25H2YS1 MG50H2YS1 MG75H2YS1 MG100H2YS1 MG150H2YS1 MG200H2YS1 

W1 600 MG75J2YS1' MG 100J2YS I ' MGl50J2YS1' MG200J2YS I ' 

YS 1000 MG15N2YS1 MG25N2YS1 MG50N2YS1 MG75N2YS1 MG100N2YS1 MG 150N2YS 1' 

1200 MG2502YS1' MG5002YS1' MG7502YS1 • MG10002YS1 ' MG15002YS1' MG20002YS1 ' 

1400 MG25S2YS1 • 

~ JS 1000 MG25N1JS1 

--fr 
500 MG50H1ZS1 

ZS 

1000 MG25N1ZS1 

m 500 MG15H6ES1' 
ES 

1000 MGBN6ESI ' MGl5N6ES1 ' 

t Non Isolated Type TQ.3p •under Development 

TOSHIBA AMERICA, INC., Semiconductor Product s Division Headquarters , 9775 Toledo Way, Irvine, CA 92718 • 1714) 455-2000. Regional Sales Offices: 
Western Region, 17141455-2000; Central Region , 13121 945-1500; Northeastern Region, 16171 272-4352; Southeastern Region, 14041 368-0203 
Distributed by : Marshall Industries, Cron in Electronics, General Components, Inc ., Goold Electronics, ITT/Multicomponents • RAE Electronics !Canada only), 
Image Electronics, Ital Electron ics, JACO Electronics, Reptron Electronics, Sterling Electronics and Western Microtechnology. 
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ANNOUNCING A 
lDP-DOWN COMMITMENT 
1D FAST AND FACT LOGIC 

From design to delivery, no one 
is doing more than National to meet 
your advanced logic needs. In fact, 
no one even comes close. 

Only we can offer you the 
Fairchild tradition of advanced 
logic technology and applications 
leadership. Plus our own industry­
recognized expertise in manufac­
turing, packaging, and quality & 
reliability All backed by a manage­
ment commitment to supporting 
you with setvice second to none. 

Take a moment to examine the 
logic of our position. 

WE'RE CREATING 
INDUSTRY STANDARDS 

You can expect stepped-up prod­
uct development in both FAST™ (Fair­
child Advanced Schottky TTL) logic 
and FACT™ (Fairchild Advanced 
CMOS Technology) logic.Without 
resorting to padding the lines with 
seldom-used parts impractical for 
high-speed logic designs. 

In FACT, 77 parts are available 
today And we're committing here 
and now to offer you a total of 150 
commercial parts by Januaiy 1. 
Including four LSI functions. 

Now think FAST We've got 135 
parts on the shelf right now, 13 of 
which are LSI functions. 25 new 
parts will be added to stock by 
yeai·end. 

And we've secured Hitachi and 
Motorola as world-class alternate 
suppliers for FACT logic to ensure 
availability in peak demand periods. 

©1988 National Semiconductor Corporation 

FAST (Fairchild Advanced SchottkyrfL) and FACT (Fairchild 
Advanced CMOS Technology) are trademarks of National 
Semiconductor Col]loration 
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Thelog~.c 
in choosing 

National. 

And only National offers you all 
the key logic families. Including 
FACT, HC/ HCT, CD4000 and 74C in 
CMOS. And FAST, ALS, AS, Schottky, 
LS-TTL, STD-TTL and FlOOK ECL 
in bipolar. 

WE'RE SETTING 
THE PACE IN QUALilY 

AND RELIABILilY 

We were the first to implement 
100% AC, DC and function testing. 
Our pioneering use of Statistical 
Process Control techniques from 
wafer fab through assembly enables 
us to ship both lines at defect rates 
ofless than 50 ppm. 

Our gains in reliability have been 
equally significant. For example, 
we process our FACT products with 
epitaxial silicon for improved latch­
up and ESD specifications.The 
result? The industry's first latch-up 
and ESD guai·antees. 

WE'RE LEADING 
THE FIELD IN MILITARY 

APPLICATIONS 

No othe r logic supplier offers 
military customers so many prod· 
ucts specifically designed to meet 
critical mil-specs. Including 77 

CIRCLE NO 40 

MIL-STD-883C, 49 JAN Class B and 
38 JAN Class S FAST parts. And 23 
FACT Standard Military Drawings. 

We can supply radiation-tolerant 
FACT products as well. And we 
even perform our own radiation 
testing with an in-house cobalt 
source. 

WE'RE PROVIDING 
SOLUTIONS IN A VARIElY 

OF PACKAGES 

Our FAST and FACT products 
are available in a full range of 
package options, including PDIP, 
CDIP, SO, LCC, PLCC and Flatpak 
configurations. 

WE'RE MAKING IT 
HAPPEN RIGHT NOW 

With fully trained field sales, 
applications and product specialists 
located in 46 
offices across 
the nation. Ava­
riety of depend­
able delive1y 
programs from 
which to choose. 
And a network 
of 20 distribu­
tors with more 
than 200 total 
branch locations. i........~-.-

For details on the logic in choos­
ing National, call today for our 
latest Advanced Logic Product 
Status Guide. 
1-800-252-4488, ext. 730 

~National 
~ Semiconductor 
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DESIGN IDEAS 
electric transducers, however, have a high Q and can 
continue to ring for 20 msec or more after excitation has 
ceased, thus masking return echoes representing more 
than 10 feet of range (Fig 1). 

Broadband electrostatic transducers, however, lower 
the minimum range by reducing the ring time (Fig 2). 
You can combine an electrostatic transducer with an 
ultrasonic transceiver IC (Fig 3) to build a ranging 
system that senses objects at distances from 4 in. to 
more than 30 feet. 

12V 

100 nF 

18 17 16 

1 nF 
1 2 

NC 

15 14 13 

IC1 
LM1812 

3 4 5 

12 11 10 

6 7 8 9 

NC NC 
4 .7k 

Transducer Y1's broadband characteristic simplifies 
tuning. The secondary of T1 resonates with the 500-pF 
capacitor C1 at a frequency between 50 and 60 kHz. You 
tune L, to this frequency by using an oscilloscope to 
note the maximum echo sensitivity at pin 1. Step-up 
transformer T, provides 150V bias for the transducer. 

51 

24 

PAI 

470 µF 

I 16V 

....---.,._ TO µP INPUT 

02 
2N2222 

c, T, 

+,--~~~~--ia-~~ 
I 500 pF 
I 
I 
I 
I 
I 
I 
I 

SEC 

D1 D2 

03 

EDll 

~250µSEC 
'---------------,..- Tx/Rx __J L_ 

PARTS LIST 
PART DESCRIPTION MANUFACTURER 

L, 15.8 mH ADJUSTABLE TOKO AMERICA 
#CLN-2A900HM (SKOKIE, IL) 

T, PRIMARY 8 TURNS #24* FERROXCUBE 
SECONDARY 110 TURNS #30 * (SAUGERTIES, NY) 
POTCORE RM8P-A630-3B7 
BOBBIN RMB PCB1 -4 
CLIPS 991-393-00 

x, TRANSDUCER POLAROID 
(CAMBRIDGE, MA) 

Q, D45C6 le = 5A MIN ; NATIONAL SEMICONDUCTOR 
Vceo = 40V MIN (SANTA CLARA, CA) 

"' IF MACHINE WOUND, SLIGHTLY LARGER 
WIRE SIZES MAY BE USED. 

5V PULSE, 1 mA 
- 15 Hz 

Fig 3-This ultrasonic ranging system features an ultrasonic transceiver (IC, ) and an electrostatic transducer (Y,). Its sensing range is 4 in. 
to more than 30 ft. 

1,00 EDN Design Ideas Special Issue, Vol I 



positive adjustable~ 
you1l easily achieve high corrent 
at low dropout voltage with precision 
performance. Low dropout voltage 
allows dramatic reductions in power 
dissipation, or increases headroom 
and operating flexibility. Cut heat 
sink sizes by 50% and enjoy lower 
system costs with our T0-247 and 
T0-220 packages. 

All three regulators are pin­
compatible with existing three­
terminal adjustable devices. They 
are rated 7.SA, SA and 3A, with a 
guaranteed dropout voltage of l.SV 
at maximum output current. This 
makes them the lowest dropout 
regulators in their class. 

Short-circuit and safe area 
protection are included on the chips, 
and these regulators don't need pro­
tection diodes. Unlike most PNP 
low dropout regulators where 10% 
or more of input current flows to 
ground and is wasted, our regulators 
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+ 

lOµF J 

LT1083 SV, 7.SA REGULATOR 

LT1083 

'REQUIRED FDR STABILITY 

OUTPUT CURRENT (A) 

1210 
1% 

3550 
1% 

+ 10µF' J TANTALUM 

10 

LT1083 DROPOUT VOLTAGE VS. OUTPUT CURRENT 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 

CIRCLE NO 41 

aoolold are 0.015% 
and 0.1%, respectively. Current 
limit trimming minimizes stress on 
the power source, since maximum 
current is well controlled. R>r greater 
reliabiiity, all units are subjected 
to 100% thermal limit burn-in. 

Typical applications include 
high efficiency voltage regulators, 
constant current regulators, and 
post regulators for switching power 
supplies. 

Cut your losses with our triple­
threat power regulator family. 
LT1083/ 84 devices are packaged 
in T0-3 metal cans and T0-247 
plastic. The LT1085 is in T0-3 and 
T0-220 plastic, and all are offered 
in MIL-STD-883 versions. Pricing 
begins at $3.70 each, in quantities of 
100. R>r literature contact: LINEAR 
TECHNOWGY CORPORATION, 
1630 McCarthy Blvd. , Milpitas, 
CA 95035. 800-637-5545. 
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Software provides rapid parity check 

Jerold R Thompson 
Sperry Corp, Salt Lake City, UT 

When the need arises to check or generate the parity of 
character codes in software, the programmer must 

MOVE.B 
LSR.B 
EOR.B 

MOVE.B 
LSR.B 
EOR.B 

MOVE.B 
LSR.B 
EOR.B 

LISTING 1 
00,01 
#4,01 
01 ,00 

00,01 
#2,01 
01,00 

00,01 
#1,01 
01 ,00 

usually develop an algorithm because very few micro­
processors have instructions for this purpose. Such 
algorithms involve counting the number of 1-valued bits 
and then testing whether the count is odd or even. 

The algorithm will run faster if its code simulates a 
hardware parity checker such as that of Fig 1. The 
68008 code of Listing 1 emulates the three logic levels 
of Fig 1. After executing this routine, you can test bit 0 
of register DO. The bit will be cleared (0) if the 
character code had even parity, or it will be set (1) ifthe 
parity was odd. EDN 

BITS BIT 

Fig 1-You can quickly test 8-bit character codes for parity by e11111lati11g this hardimre i11 a so.ft1mre routine. 

VCO generates frequencies above 40 MHz 

Doug Farrar 
Apple Computer Inc, Cupertino, CA 

The VCO of Fig 1 is inexpensive , operates from 5V, and 
generates square, TTL-compatible complementary out­
puts. In addition, the circuit lends itself to integration 
because it uses only npn transistors and standard 
digital functions. 

102 

VIN and RT, along with transistor Q1E and its emitter 
resistor, set the input current h . Current-mirror tran­
sistors Qrn and Qm also each sink h. Then, the timing 
capacitor CT works with current-source transistors Q1A 
and Qic to set the output half-cycle interval. Flip-flop 
ICZB buffers the heavily loaded Q and Q outputs of IC2A· 

A high level at IC2A's Q output, for example, forces 
Q1A's base voltage near V cc, which clamps node A about 

EDN Design Ideas Special Issue, Vol I 



Technology Update _ 
SILICON SYSTIMS, TUSTIN, CA (714) 731·7110 --------------------------· 

NEW Tl/CEPT PRIMARY RATE INTERFACE IC'S 
A Transition to ISON 
Silicon Systems offers two new line 
interface transceivers that can pro­
vide an optimum solution to users 
for easing the transition to ISON. 
The new SSI 78P233 conforms to 
the North American Tl standards, 
and the SSI 78P234 conforms to the 
world-wide CEPT standards. 

The new devices can be utilized, 
with the telephone wiring which is 
already in place, as line interface 
transceivers in the verification of 
voice and data transmission into an 
all-digital , high speed ISON com­
munications network . 
Converting DS-1 and CEPT-levels 
to TTL 
The demand for high rates of trans­
mission has intensified the demand 
for what are commonly termed Tl 
interface chips-those IC's which 
provide the interface function s 
necessary to convert OS-1 or CEPT­
level signals to TTL-level and 
conversely for such applications as 
private automatic branch exchanges, 
channel banks, multiplexors, com­
munications processors , digital 
electronics switching systems, and 
Tl network process systems. 

Historically, interface devices 
have had a spotty track record. Older 
designs require manual tuning for 
clock recovery. New designs trade 
off added features for increased 
cost. Some newer devices are only 
available in the form of two-chip 
sets. Other more hopeful entries 
into the marketplace have been 
either untested or lagging, and fac­
simile transmission is accelerating, 
both in North America and overseas. 
High Performance, Low-noise 
Bipolar Transceivers 
The SSI 78P233, conforming to the 
Tl's l.544 Mbps standard trans­
mission rate and the SSI 78P234 , 
conforming to CEPT's 2 .048 Mbps 
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transmission rate, are complete line 
interface chips . As single-chip 
analog front-end devices, they are 
actually transceiver devices con­
sisting of receiver, transmitter, and 
loopback sections. 

Both single chip devices are 
designed in Silicon Systems' low­
noice, high performance bipolar 
technology- best suited to com­
bine high speed functions and low 
cost for dependable equipment line 

interfacing. And both devices are 
available for plug compatibility in 
24-pin DIP and SO packages and 
require only a single 5-volt power 
supply. The SSI 78P234 is addi­
tionally available in the smaller 20 
pin DIP and SO versions. 
For more information, send for the 
SS/ 78P233 data sheet: Silicon 
Systems, 14351 Myford Road, 
Tustin , CA 92680. Phone: (714) 
731-7110. 

78P233 Block Diagram 

-"" 

Irr-+ LIN+ .... 

]II 
.. 
~ 
~ 

BPV 
LSIG 

RXCLK 

RXPOS 
RXNEG 

>- RECEIVE 

>- ~ CLOCK I DATA 
>- < RECOVERY _., 

~ 

LIN· 

LOUT+ 
.oL 

LINE BUFFER/ 
WcT TRANSMIT 

>- EOUALIZA TION 
..... ]II 

LOUT- l l 

The receiver performs clock and data 
recovery on the incoming signal , and then 
converts them to TTL-level. This is accom­
plished through the use of a trimmed analog 
phase locked loop and an external precision 
resistor. No other tunable or precision com­
ponents are required . Easy interfacing to 
deframer circuitry is achieved through the 
use of standard TTL-level receive outputs. 

The transmitter accepts TTL data and 
clock signals to be transmitted , combines and 

CIRCLE NO 42 

~ 
LOOP-
BACK 
MUX i.... 

\+ 
I+- .oL 

I+- .oL 
~ 

I+- --

.... 
~ 

CTfITT15' 
LOCALP 

TXPOS 
TXNEG 

CLKIN 

EOLO 
EOL1 
EOL2 

converts them to alternate mark inversion 
(AMl)-level and then equalizes and shapes 
outgoing pulses according to line length, as 
selected by the user. Featured are six 
different line equalization settings for pulse 
shaping at the DSX-1 level , which eliminates 
the need for off-chip adjustable networks. 

The loopback section is used for test 
and diagnostic operations on the line side or 
local side of the chip. 
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R R 

0 CP CP 0 
Four 

a D D 

s 
IC2s 74F74 IC2• 

R, 
330 

R2 
130 

R4 
130 

Vcc = 5V 

R3 
330 

A-----' s- v •• 

Vrn 

B 

Four __ I 

Fig I-Two /Cs form a volta,ge-controlled oscillator that generates TTL-co111palible, comp/e111 e11fary 011/pnls with 111a.ri111n111.fi·eq11e11cy above 
40 MHz. 

one V BE below V cc- IC2A's Q output is low, so resistors 
Ri and R4 force Q1c's base to about 1. 7V. This . action 
allows node B's voltage to decrease according to a slope 
determined by h and CT. When B reaches the switch­
ing threshold VTH of IC2/s Reset input (about 1.4V), 
the flip-flop changes state. 

Next, QI(' clamps node B near V cc minus V BE, but the 
capacitor (charged to Vcc-VnE-VTH) forces node A to 
2(Vcc-Vm;;)-VTH. Because Q1A is back-biased, node A 
ramps down to the switching threshold of IC2A's Set 
input, which toggles the flip-flop again and renews the 
cycle. 

This description of circuit operation applies to timing 
capacitors greater than 1000 pF. The circuit operates 
properly for smaller values, but the waveforms are 
dominated by parasitics; you must use experimental 
data in place of theoretical predictions of performance. 
The output waveform remains square, however, for 
frequencies to 40 MHz and above. Fig 2 shows mea­
sured values of input current h vs output frequency for 
different values of timing capacitance. 

Small timing capacitors also allow lower excursions 
for the waveforms at nodes A and B. Clamps on these 
nodes ensure that the excursions go low enough to set 
and reset flip-flop IC2A without saturating the current 
sources Qrn and Qw: Resistors R1-R4 bias the transistor 
bases Q1A and Qic (at 1. 7V low) to clamp nodes A and B 
at about 0. 9V min. EDN 
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Fig 2-This graph illustrates how different valnes of Fig l's timing 
capacitor C,. provide differen t 01dp1ltfreq1lenciesfor a given value of 
inpnt current. 
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MICRO-CAP ll:M 
The CAE tool with fully interactive 

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

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

!X:hemalic &Jitor 

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

The program has a sophisticated inte· 
grated schematic editor with a pan capa· 
bility. just sketch and analyze. You can step 
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71-ansient Analysis 

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

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

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

*IBM versions only. 

CIRCLE NO 43 

• 1hmsient, AC, DC, and FIT routines 
• Op-amp and switch models 
• Spec-sheet-to model converter* 
• Printer and plotter* hard copy 

AC Analysis 

------------ -- -- - - --- - --- ---- - ---- --='5="'~~'== ~= = = 
1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 
( 408) 738-4387 

MICRO-CAP II is a registered trademark 
of Spectrum Software. 
Macintosh is a trademark of Mcintosh Laboratory, Inc. 
and is being used wi th express permission of its OW"ner. 

Hercules is a registered trademark 
of Hercules Computer Technology 

IBM is a registered trademark 
of lntemationaJ Business Machines, Inc. 
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E2fOT iso trodemork of Xicor, Inc. 

o.,_ .......... 
IK x I 
64 x 4 

256 x 4 
128 x 8 
512 x 8 

•NCNRAM la Xlcor'a nonw>krtile atallc RAM deYlce. 

Dl'll:r.._.,ClllMIW; P - a.ii ...... 
D Seriol llO l'WWowlGMM 0 NCll!llilMI 
O«MIV64KA'RCW& DI~ 
0256KNMOS~ ..... 

D -tend me a~ XICXlR Dob Booi< 

D - haw)<><-"_..,.;,., g;,., mea coll EON 144 

Name 

Tiiie ~~~~~~~~~~~~~~~~~ 

Companv~~~~~~~~~~~~~~~­

Addreu~~~~~~~~~~~~~~~~ 

o~~~~~~~~-Slate~~~~~~~~-

Telephone Na. 

XICOR, INC., 151 Buckeye Court, MllpltGI, CA 95035 

l'lllrt No. Orpnlmtlon 
256 x 8 
512 x 8 
512 x 8 

X24Cl6 2048 x 8 
16 x 16 

O...CMOSAlllOM...._ ... ,... ............ ............ 
Chances ore, your next-generation 
produds coll for more memory. And 
for less dependence on older, electro­
mechanical devices like disks and 
lope driYeS. So you've been waiting 
for larger semiconductor memory 
to come along that offers a more 
reliable alternative. 

Now it hos. With Xicor's 1 f'.lle<Jo­
bit E2PRG'A modules, there's no more 
waiting to get your next memory­
intensiw produds off the drawing 
board. And out to your customers, 

revenue sooner. 
Comprised of four Xicor-mode 

256K CNOS E2PROMs, these mod­
ules how the future built right 
in. Their 32-pin dual-in -line 
packaging is pin compatible with 
our upcoming monolithic CNOS 
megabit ports. So you'll be able to 
upgrade in the near future without 
any redesign effort. While realizing 
significant cost reductions over our 
already price-competitiw 1 f'.lle<Jobit 
modules. 

Like all Xicor E2PROMs, these 
CNOS modules con shorten design 
ey<:les, too. They're !N only, non­
volatile devices, configured in a 
convenient 128K x 8 organization. 
Plus they include JEDEC-opproved 
SoftlM'.lre Doto Protection, which 
prevents inadvertent writing to the 
device during power-up, power­
down or any unexpected condition. 
This feature eliminates the need 

32K x 8 

for external hordv.ore protection. 
And for help in hitting your 

market window, you con count on 
Xicor. To dote, wffve shipped over 
3J million !N only E2PROM 
products-more than any other 
E2 monufodurer. \Ne bock the mod­
ules with onsite technical design sup­
port. The modules ore available in 
commercial, industrial and military 
temperature ranges. 

So if you're mOYing to the mega­
bit E2PROM level--especiolly for 
low power, portable or harsh envi­
ronment opplicotions--get on early 
start. Coll Xicor at (400) 432-8888 
today, or write: Xicor, Inc. , 851 
Buckeye Court, Milpitas, CA 95035. 
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Serial interface buffers parallel data 

Steve Walker 
ITT Federal Electric Corp, Vandenberg AFB, CA 

The data interface of Fig 1 accepts byte-parallel data 
and transmits it in a bit-serial format. The FIFO 
memory (IC1) performs the parallel-to-serial conversion 
and also accumulates 16 data bytes before initiating the 
serial transmission. The circuit is useful in applications 
that require a slow accumulation of data for subsequent 
transmission in one high-speed burst, or in applications 
in which data transmission on a byte-by-byte basis 
requires too-frequent service from the data source. 

The FIFO memory (32 8-bit bytes) can serialize 
output data or deserialize input data. Each rising edge 
of the Data Strobe signal (pin 18) clocks a byte of data 

CLOCK 
ENABLE 

5V -1 2V 

5V 

PRE 

CLK 

IC2 
'h74LS74 Q 

390 
pF 4 c, 

5 c, 

EN 

into the memory (Fig 2). Following the sixteenth byte, 
the half-full signal (Flag output, pin 19) goes high, 
which sets the flip-flop (IC2,) which in turn activates the 
VCO IC~ . 

The VCO generates .the system's serial clock signal. 
You can vary this signal from 200 to 1000 kHz by 
adjusting the 10-kD. potentiometer, or you can generate 
lower frequencies by connecting a larger capacitor to 
the VCO. (For operation above 500 kHz, however, you 
would have to use the Am2812A FIFO memory instead 
of the Am2812.) 

The FIFO generates an output-ready pulse (OR, pin 
3) for each bit of serial data transmitted. Counter IC5 

counts these pulses and signals the transmission of 128 
bits (16 bytes) by asserting a logic-high signal on its 

5V 

RNG I-"---
SERIAL CLOCK ADJUST 

FREQ t----<10k 200 TO 1000 kHz 

5V -1 2V 

24 FLIP-FLOP 

19 CLR 
'h7 ~~~629 y 

7 

vco 
19 

FLAG 
BLOCK 
RCVD 

PARALLEL 
DATA IN 

7 

17 
SL 

FLAG 

IC, 
Am2812 

FIFO 
MEMORY 

SD 

07 

'"74LS04 

6 t------------------+4-~~~~i >--- --1 SD 
6 

15 

5V 

4.7k 

14 

CLK2 OD2 
8 2 B_j Q 13 _fl 

OD1 
6 3 

CLRl_ 
Q 4 RESET 

CLK1 ~SEC 
CLR1 A 

I Cs 7 IC, 
74LS393 'h 74LS123 

COUNTER ONE-SHOT 

5V 

D, 

22 
Ds 

23 D, 

26 
D, 

27 
D, 

28 D, 

~---t Do 

18 
PL 

IC1 
Am2812 lO 

FIFO O, 
MEMORY 

PD " &;;"EAD 
~STROBE 

4.7k 7 11 
V--VIJV'--<~ OE OR 

MR 

~-<J CLEAR FIFO 
(NORMALLY HIGH ) 

L--------0 ENABLE 
FIFO 

Fig 1- JC 1 provides a 16·byte buffer m.emory for parallel-input data and formats the data for serial transmission to IC ;. IC ; then reorganizes 
the data in byte-parallel format . 
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QD2 output (pin 8). This signal triggers the one-shot 
IC,;, causing it to produce 1-µsec pulses at outputs Q 
and Q. These pulses reset the flip-flop (which turns off 
the VCO), the counter, and the FIFO memory. When 
the data source sees the Clock Enable output go low, it 
can load another 16 bytes into the F IFO memory , 
provided the receiver signals that it is ready. 

A second FIFO memory, IC1, can receive and buffer 
the serial data. Its Flag output indicates reception of a 
complete block of data; you must then clear the device 
by asserting a CLEAR FIFO signal at pin 4. The IC 

DATA STROBE 
(IC, , 18) 

FLAG 
(IC 1 • 19) 

_J !.---MIN 1 µ.SEC. Am2812 I I 2 µ.SEC . Am2812A 

has 3-state outputs controlled by the OE signal at pin 
11, so you can connect the chip directly to a data bus. 

If desired, you can use the one-shot's RESET output 
to interrupt the data source. You can add extra -circuit­
ry to increase the block size to 32 bytes, and you can 
cascade additional F IFO memories to increase the 
buffer memory (in 32-byte increments). EDN 

~~~~~ENABLE ----------------- -"' 

SERIAL CLOCK 
(IC, . 6) 

SERIAL DATA 
(IC1. 15) 

OUTPUT READY 
(IC 1• 3) 

RESET 
(ICo. 4) 

'----------4)-----...P 

-J f-- 1 µ.SEC 

Fig 2-These waveforms for the Fig I circuit illustrate the serial lm11 s111 issio11of011e 16-byte block of data . 

Enhanced op amp delivers lOOV p-p 

Barry Kline 
Technicare _Corp, Solon, OH 

If you need an amplifier that provides more than ±50V 
output swing along with the high gain and low offset of 
a high-performance op amp, consider the Fig 1 circuit. 
It employs a gain stage (Qi-Q.i, R1-R4) to multiply the op 
amp's ± lOV output swing to the desired level. The 
combined op amp and gain stage may be regarded as a 
high-voltage amplifier. 

The gain stage is based on a design by Jerald Graeme 
(Ref 1), but adds current feedback via R4 to achieve 
three performance improvements: reduction of open­
loop output impedance (reduced sensitivity to changes 

108 

in load current); reduction of output current IA from the 
op amp; and increased dynamic range due to a reduction 
in signal voltage across the current-sensing resistors 
R1A and R JB . 

Qi and ~ act as cascode stages for the op-amp supply 
currents IA1 and IA2. Qi and Q.i sense these currents and 
provide amplified output currents 11 and 12: 

R, 
Io1 = IAI x R2 

R, 
102 = I A2 x R 2 

(1) 

Also, because the difference in supply currents is 
equal to the op-amp output current (IA= IA1 - Id, 
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NEW AC INPUT I MODULE EVALUATION BOARD 
Incorporating an on-board 750 
watt AC front end, the VI-MEB­
AC Module Evaluation Board is 
designed specifically for evalua­
tion of Vicar converters in off­
line applications. The front end 
features input surge protection, 
removable line cord, a visible 
power indicator, and provides 
easily accessible ON/OFF and 
110/220 V AC range select swit­
ches . 

Up to three 300 volt-input Vicar 
converters can be plugged into 
the assembly for evaluation of 
single, dual or triple output 
applications. Independent ac­
cess to all converter interface 

pins allows for easy con­
figuration of virtually any 
multiple-output or array ap­
plication with a total power out­
put of up to 600 watts. The 10.5" 
x 12" assembly comes complete 
with module sockets, strappable 
heavy-duty output lugs, output 
measurement jacks, and provi­
sions for accessing the Gate, trim 
and sense connections on each 
converter. Module inputs are in­
dividually fused and on-board 
sockets are provided for adding 
Vicar Phased Array controllers. 
A detailed user's manual is pro­
vided which covers measure­
ment techniques and useful 
applications information. 

Vicor's "component level" 
megahertz converters allow 
power systems designers to focus 
on system solutions instead of 
circuit details. The benefits: fast, 
predictable design cycles; predic­
table field performance; and 
smaller, simpler, high reliability 
power assemblies with signifi­
cantly reduced component count. 

Call Vic or today at ( 617) 
470-2900, 23Frontage 
Road, Andover, MA 01810for 
the Module Evaluation Board 
data sheet and put Vicor 
modules to the test! 

Component Solutions For Your Power System 
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(2) 

Feeding this current imbalance back to the op-amp 
output terminal provides negative feedback for the 
booster stage. Recall that: 

(3) 

In addition, 

14 = 0 01 - 102) - IL = (IA x ~:) - IL. 

But, IA = 13 - 14. 

So, 14 = Oa - 14) x (~:) - h. 
(4) 

Or, 14 ( 1 + ~:) = ( 13 X ~:) - IL . 

Substitute VA for the op amp's output voltage: 

(5) 

65V 

R,. 
1k, 1% 
v .. w 

o, 
15V i 1., 

2k, 1% 

C"\ +sv 'l•W 
v,. 

Therefore: 

VouT- VA(l+R') VAR1 VouT 
R4 R2 = R3R2 - Il-;:- . (6) 

The equation can be solved for voltage gain of the 
booster stage: 

(7) 

Output impedance (R0 ) is: 

(8) 

To calculate the op amp's output current (IA): 

(9) 

The no-load booster gain is obtained by setting RL to 
infinity in Eq 7: 

R,. 
100, 1% 
1W 

o, 

r· 20k, 1% 
'kW 

R, 

1. 1. - sv\...J R,. v. -
...,._ ~ +sav 0 

GROUND~ 

":' 

- 15V 

33, 1/•W o, 

6 
I, i 

R, 
1k, 1% 

h, 

R,o 
1k, 1% 
11 .. w 

1/•W 

R, 
5k, 1% 

1W 

":' 

Voor c;::sov 

r· 
R,o 
100, 1% 

1W 

NOTES: 
ALL NPN TRANSISTORS ARE 2N3439 
ALL PNP TRANSISTORS ARE 2N5416 
ALL DIODES ARE 1N914 

Fig I-Gain stage with current feedback boosts a conventional op amp's output to more than JOOV p-p. 
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nm Difference in Performance... nm Difference in Productian ... 
Grayhill DIP switches are the popularity 
leaders, and the number one reason is their 
reliable long-term operation. Talk about 
performance! Our exclusive spring-loaded 
ball contact system provides up to 10,000 
cycles at logic loads, plus these additional 
performance benefits: high contact pressure 
for sure, solid switching; positive wiping 
action to assure clean contacts throughout 
the switch life; and immunity to shock and 
vibration. 

What's more, you can specify your 
DIP switches as you want them: 
Actuation choice: rockers or slide (raised 
or recessed), to~gles , or side actuated. 
Number of positions: 2 to 12. 
Circuitry: SPST, DPST through 4 PST, 
SPOT, DPDT, BCD and hexadecimal. 

EDN Design Ideas Special Issue, Vol I 

Top performance in the field goes 
hand-in-hand with ease of handling in 
your plant: 
• Bases are epoxy-sealed; optional 

top seal provides further protection 
during cleaning 

• Our QC reduces yours-we do 
100% electrical inspection, 
100% pin straightening 

• Machine insertable switches available 

The Difference in Procurement ... 
Grayhill DIP switches are not only 
competitively priced, but features that 
are extras elsewhere are standard at 
Grayhill. For even greater purchasing 
convenience, most types are available 
off-the-shelf. Choose your preferred 
source-you can order direct from 
Grayhill or from your local authorized 
distributor. 

The Grayhill difference has made our DIP 
switches the industry's favorite. Make them 
your favorite, too. Start by requesting your 
FREE copy of Grayhill Catalog No. 1 with 
complete specifications. 

CIRCLE NO 46 

Now from Brayhilll 
Machine Insertable 
DIP Switch 
• Compatible with leading T0-116 

IC insertion equipment 
• Cartridge packed for easy loading 
• 4 through 10 station switches 

561 Hillgrove Ave. • PO Box 10373 
LaGrange, IL 60525 USA 
Phone (312) 354-1040 • FAX (312) 354-2820 
TLX & TWX 190254 GRAYHILL LAGE 
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(a) 

(b) 

A 

B 

c 

D 

TRACE 
A 
B 
c 
D 

VERTICAL 
SV/DIV 

SOV/DIV 
SV/DIV 

SOV/DIV 

HORIZONTAL 
10 µ.SEC/DIV 
10 µ.SEC/DIV 
10 µ.SEC/DIV 
10 µ.SEC/DIV 

Fig 2-Tlae Fig 1 circuit produce• lOOV p-p sine- and square-wave 
outputs~aand b, respectively. Slew response to the square wave 
is a product of the OP-27 slew rate (2.BVlµ.sec typ) and gain of the 
booster stage (approximately 5.5) . 

VouT = 1 + R4( R1 ) 
VA Ra R1 + R2 ' 

(10) 

Substituting the Eq 10 no-load booster gain into Eq 9 
yields: 

(11) 

The use of current feedback reduces the output 
impedance and the required op-amp output current by a 
factor of R2'(R1 + R2). Also, reducing h reduces signal 
current variations in the supply lines. 

Be careful not to exceed the power-dissipation capaci­
ty of components Q:i, ~. R2, R4, and RL. In addition, 
quiescent current in Q:i and ~ is proportional to the 
current gain Ri/R2, so choose this ratio carefully. EDN 

Reference 
1. Graeme, Jerald G, Designing with Operational Ampli­

fiers-Applications Alternatives, McGraw-Hill, 1977, pg 14. 

112 

Generate bipolar logic 
levels from a 5V supply 
Edward W Rummel 
Robin Baker Associates Inc, Short Hills, NJ 

The circuit in Fig 1 converts serial TIL data to the 
bipolar levels compatible with RS-232C transmission. 
It employs a charge-pump technique to generate the 
necessary negative supply voltage by using an inexpen­
sive 3P2T analog switch (CD4053) and two 10-µF 
capacitors. The circuit saves money in some cases (the 
CD4053 costs $0.87; the ICL7660 de/de converter costs 
$2.40 (100), on the other hand). 

Note that the CD4053 has a built-in level shifter but 
requires a square-wave drive (the ICL7660 includes the 
square-wave oscillator}-you can use a clock signal if 
available, or build a simple RC oscillator (eg, the 
CD40106 in Fig 1). Thus, two sections of the 3P2T 
switch produce the negative supply voltage, and the 
third section shifts the voltage level of the TIL signal 
to produce an RS-232C bipolar format. (You can invert 
this data by swapping the connections to pins 3 and 5 of 
the CD4053.) EDN 

Fig 1-Two inexpensive /Cs convert serial TTL data to a bipolar 
format suitable for transmission on RS-232C lines . 
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Let our PROMs take the 
danger out of going fast 

When it comes to high-speed PROMs, most of us will do anything 
for the speed we need. But that can mean living dangerously. 
ICT's CMOS High-Speed Erasable PROMs will take the danger 
out of going so fast. 

Hold On Tight 
We'll lower your risk, but not slow things down. Our CMOS 

PRO Ms are fast, with speeds from 35 to SSns. The 24-pin 27CX321/ 

Beat The Heat 

322 ( 4K x 8) and 27CX641/642 
(8K x 8) are plug-in-compatible, 
with high-speed bipolar PROMs 
in standard 600-mil and space­
saving 300-mil packages. 

Bipolar PROMs run red-hot. Our /ow-powerCMOSPROMs 
keep their cool at less than one-third the power. This brings oper­
ating temperatures way down to assure reliability and minimize 
supply requirements. 

Cut Your Costs 
Fast PROMs at these densities are not inexpensive. So, even 

development use of one-time-programmable PROMs can cost a 
fortune. Not to mention programming mistakes or design changes 
when in producti9n. Our UV-Erasable PROMs are re-programmable, 
making them cost-effective and convenient. 

Know They'll Work 
Bipolar PRO Ms have limited factory testability. Some may 

not even program. Our UV-Erasable PRO Ms are 100% factory-tested 
to ensure complete programmability, function and AC/ DC 
performance. This means higher quality, and eliminates program 
and test fallout. 

Get the Facts Fast 
If you want to live in the fast lane, be sure to find out how 

to do it safely. Call us now and we'll send you the risk-free facts 
on our CMOS High-Speed Erasable PROMs, and information 

JCT CMOS High-Speed Erasable PROM Selection Guide 

on our Serial EEPROMs and PEEL™ (Programmable Electrically 
Erasable Logic) devices, too. International CMOS Technology, 
Inc ., 2125 Lundy Avenue, San Jose, CA 95131. (408) 434-0678. 

Device 

27CX321 

27CX322 

27CX641 

27CX642 

Pins Package 

24 600mil 

24 300mil 

24 600mil 

24 300mil 

Organization Speed(TAc) 

4K x8 · 35, 40, 45ns 

4Kx8 35, 40, 45ns 

8Kx8 40, 45, 55ns 

8Kx8 40, 45, 55ns 

All ICT products are exclusively distributed through 
Marshall Industries. 

'User-programmable 50Q µA low-power standby mode 

PEEL is a trademark of International CMOS Technology, Inc. 
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INTERNATIONAL CMOS 
TECHNOLOGY, INC. 

Power (Icc) 

40mA' 

40mA' 

60mA 

60mA 
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Basic program linearizes thermistors 

Mick Murray 
Lab-Line Instruments Inc, Melrose Park , IL 

You can reduce the nonlinearity of a negative-tempera­
ture-coefficient (NTC) thermistor (TH-1) by adding a 
series resistor (RS) and a parallel resistor (R). Fig 1 
contains the resulting network, designated R EQ· To 
define optimum values for the resistors, the Basic 
program of List ing 1 uses an iterative process, select­
ing from standard values in data statements 480 
through 560. 

Using a 3-point straight-line approach, the program 
can linearize any NTC thermistor. First, the program 
prompts you for the lowest and highest temperatures of 
interest and the corresponding thermistor resistance 

REO TH-1 

1.07k 130k 20°c 

(which you can find in the manufacturer's data sheet). 
Next, it calculates the exact mid-range temperature 
and prompts you for the resistance at that point as well. 
You divide each resistance value by lk before entering 
it in the program. 

In the example of Fig 1, thermistor TH-1 varies 127 
to 2.64 k.O over the temperature range of 20 to 130°C. 
Resistance change in the lower half of this range (20 to 
75°C) is 9.3 times greater than that in the upper half. 
By comparison, the computer-selected network R EQ 
varies only 1062 to 9770 over the same temperature 
range, but the change in each half of the range is nearly 
equal. (Note, however , that the network's linearity 
error increases as you widen the specified temperature 
range. ) 

20°c 
1.06k 120k 

1.05k 110k 

---------R.-a- (~E~J~~)--1-----

/

REO 1 .~7k DELTA2 (REO) 
1.04k 100k RS 

8.66k 

1.03k 90k 

- 7s•c 
w 1.02k 80k 0 z 
~ 
rJ) 

iii 1.01k 70k 
w 
a: 

1.00k 60k 

0.990k 50k 

0.980k 40k 

-,--------
1 

I I DELTA 1 (REO) 

--~------T--1~~--
DELTA2 (TH-1) 

0 970k 30k 

20k 

75' C - .---
DELTA1 (TH -1) I 

_j_ 13o•c + - ----- -----

10k 

20 30 40 50 60 70 75 80 90 100 110 120 130 140 150 160 170 180 
I I I 

LOW MID HIGH 

TEMPERATURE_( 0 C) 

Fig 1-The Basic program in Listing 1 selects the standard values for resistors R aud RS that provide the most 11early linear relationship 
between R;;q aud tempemture. 
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We've Invented the Future of 
Instrumentation Software . . . Twice. 

With Pictures With Words 
Acquisition 

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

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

Front panel user interface with virtual 
instrument block diagram programming. 

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

statistical analysis. 

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

Over 250 icons for computation and 
analysis . 

Presentation 
Flexible high-performance graphics and report generation. 

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

Macintosh Desktop Publishing compatibility. 

LabWindowsTlf-

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

EDN Design Ideas Special Issue, Vol I 

Tbe Software is the Instrument y. NATIONAL 

, :~~~~~h 
800/531-4742 512/250-9119 

CIRCLE NO 48 

Lab VIEW@-
/or the Apple Macintosh 
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LISTING 1-LINEARIZATION PROGRAM 

10 REM ******************************** 
20 REM 
30 REM THERMISTOR LINEARIZATION PROGRAM 
40 REM COPYRIGHT 1986 MICK MURRAY 
50 REM LAB-LINE INSTRUMENTS, INC. 
60 REM MELROSE PARK, IL. 60160 
70 REM 
80 REM ******************************** 
90 A$=STRING$(70,"*") 
100 FOR T=l TO 24:PRINT:NEXT 
110 INPUT"INPUT LOW TEMPERATURE:";L 
120 INPUT"INPUT LOW TEMP RESISTANCE:";RL 
130 INPUT"INPUT HIGH TEMPERATURE:";H 
140 INPUT"INPUT HIGH TEMP RESISTANCE:";RH 
150 M=((H-L)/2)+L 
160 PRINT"THE CALC:ULATED MIO-POINT TEMPERATURE = ";M; "DEGREES." 
170 PRINT"INPUT THERMISTOR RESISTANCE AT ";M;" DEGREES:"; 
180 INPUT RM:ST=lOOO 
190 REM DE=OELTA, ST=STORE 
200 PRINT A$:PRINT:PRINT 
210 OIM A(96):DIM B(96) 
220 FOR X=l TO 96:REAO A(X):B(X)=A(Xl:NEXT X 
230 FOR I=l TO 96 
240 FOR J=l TO 96 
250 LO=((RL+A(I))*B(J))/(RL+A(I)+B(J)) 
260 MI=((RM+A(I))*B(J))/(RM+A(I)+B(J)) 
270 HI=((RH+A(I))*BIJ))/(RH+A(I)+B(J)) 
280 X=ABS(HI-MI) 
290 Xl=ABS(MI-LO) 
300 DE=ABS(Xl-X) 
310 IF DE<=ST THEN ST DE:RS=A(I):R=B(J):GOSllB 380 
320 NEXT J 
330 NEXT I 
340 IF SD=O THEN GOTO 580 
350 PRINT" END OF C:ALCULATIONS." 
360 PRINT C:HR$(7);:FORP=lTOlOOO:NEXT:GOT0360 
370 ENO 
380 PRINT"BEST SO FAR:" 
390 PRINT"RS =";A(I);"OHMS, AND R =";B(J);"OHt-lS." 
400 PRINT" *** (AT";L;"DEGREES, Rth=";LO;"OHMS.)" 
410 PRINT" *** (AT";M;"DEGREES, Rth=";MI;"OHMS.)" 
420 PRINT" *** (AT";H;"DEGREES, Rth=":HI;"OHMS. )" 
430 PRINT"DELTAl =";X;"OHMS, AND DELTA2=";Xl;"OHMS." 
440 HL=ABS(HI-LO) 
450 PRINT"THE TOTAL CHANGE IN RESISTANCE FROM";L;"TO";H;"nEGREES !S";HL;"OHMS." 
460 PRINT:PRINT A$:PRINT"Workino ... ":PRINT 
470 RETURN . 
480 DATA l.OO,l.02,l.05,l.07,l.lO,l.l3,l.l5,l.l8,l.21,l.24 
490 OATA l.27,l.30,1.33,l.37,l.40,l.43,l.47,l.50,l.54,l.58 
500 DATA l.62,l.li'i,l.69,1.74,l.78,l.82,l.87,l.91,l.96,2.00 
510 DATA 2.05,2.10,2.15,2.21,2.26,2.32,2.37,?.43,2.49,2.55 
520 DATA 2.61,2.67,2.74,2 .80,2.87,2.94,3.0l ,3.09,3.16,3.24,3.32 
530 DATA 3.40,3.48,3.57,3.65,3.74,3.83,3.92,4.02,4.12,4.22,4.32,4.a2 
540 DATA 4.53,4.64,4.75,4.87,4.99,5.ll,5.23,5.36,5.49,5.62,5.7n,5.9 
550 OATA 6.04,6.19,6.34,6.49,6.6S,6.81,6.98,7.l5,7.32,7.5,7.68,7.87 
560 DATA 8.06,8.25,8.45,8 .66,8.87,9.09,9.31,9.53,9.76 
570 REM THE FOLLOWING IS FOR THE SECOND DECADE OF RS VALUES: 
580 SD=l:RESTORE 
5~0 FOR N=l TO 96 
600 READ A(N):B(N)=A(N):A(N)=lO*A(N) 
610 NEXT N:GOT0230 
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ELECTRONICS, INCORPORATED 

A New Power Resistor 
20 Watts in the T0-220 Package 

Another high 
performance 
resistor product 
from 

ELECTRONICS, INCORPORATED 

EDN Design Ideas Special Issue, Vol I 

Type MP Kool-TabTM 
Power Film Resistor-
• Made with Micronox® resistance film 

• 20 Watts at 25°C case temperature 

• Non-inductive 

• Standard resistance range of 1 O ohm to 1 K 

• Standard resistance tolerance of ±1 % 

Call or write for your copy of the Kool -Tab™ data sheet. 

Applications Engineering 
Caddock Electronics, Inc. 
1717 Chicago Avenue 
Riverside, Calif. 92507 
(71 4) 788-1700 

The 22nd Edition of the Caddock General Catalog ..... .... ~. 
includes specifications on over 200 models of high 
performance resistor products. 
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ROHM 
Integrated Circuits 
Another bond to reliability. 

When you need dependable 
industry-standard linear and digi­
tal I Cs, specify ROHM. Reliability 
is built-in. We maintain strict con­
trol over raw materials, we use 
highly automated and efficient 
production systems and we keep 
tight control over our processes­
all under the direction of dedicated 

people using superior statistical 
process control procedures. In 
addition, ROHM is prepared to 
meet your volume needs or your 
requirements for a mask adjust­
ment, process shift or test para­
meter variation. So, when you are 
ready to make your IC decisions, 
whether they be design, develop­
ment or procurement-related, call 
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or write ROHM Corporation, 
8 Whatney, Box 19515, Irvine, CA 
92713; (714) 855-2131. Outside 
California, dial 1-800-854-3386, 
Ext. 29. TWX: 910-595-1721. 
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With each iteration, the program checks the network 

resistance REQ at the low, middle, and high tempera­
tures. It seeks to achieve an equal resistance change in 
the upper and lower halves of the temperature range by 
t rying all combinations of R and RS by substituting 
values from the data statements. It prints a result, 
searches for a better result, prints that, and continues 

(Fig 2). Remember to denormalize the final result by 
multiplying the resistance values by lk. Typical execu­
tion time is about 10 minutes. EDN 

INPUT LOW TEMPERATURE: 20 
INPUT LOW TEMP RESISTANCE: 127 
INPUT HIGH TEMPERATURE: 130 
INPUT HIGH TEMPERATURE RESISTANCE: 2.64 
THE CALCULATED MID-POINT TEMPERATURE = 75 DEGREES. 
INPUT THERMISTOR RESISTANCE AT 75 DEGREES: 12.96 

******************************************* 
BEST SO FAR: 
RS = 1 OHMS, AND R = 1 OHMS. 

* * * (AT 20 DEGREES, Rea= .9922482 OHMS.) 
* * * (AT 75 DEGREES, Rea= .9331552 OHMS.) 
* * * (AT 130 DEGREES, Rea= .7844828 OHMS.) 

DELTA1 = .1486723 OHMS, AND DELTA2 = .059093 OHMS. 
THE TOTAL CHANGE IN RESISTANCE FROM 20 TO 130 DEGREES IS .2077653 OHMS. 

******************************************* • 
• 
• 

(12 ITERATIONS) 
• 
• 
• 

******************************************* 
Working . 

BEST SO FAR: 
RS = 8.66 OHMS, AND R = 1.07 OHMS. 

* * *' (AT 20 DEGREES, Rea= 1.061627 OHMS.) 
* * * (AT 75 DEGREES, Rea= 1.019542 OHMS.) 
* * * (AT 130 DEGREES, Rea= .9774454 OHMS.) 

DELTA1 = .0420962 OHMS, AND DELTA2= .04208481 OHMS. 
THE TOTAL CHANGE IN RESISTANCE FROM 20 TO 130 DEGREES IS .08418102 OHMS. 

****************************************** * 
Working . 

END OF CALCULATIONS. 

Fig 2-This example of Listing / '.~ou tput shows two of the 14 item tio11s that th e progra111 pri11ts i 11 deten11 i11 i11g the R,,.,1 uetwork i11 Fig J. 
R =l .07 kfl a11d RS=8JHi kfl w ·e f/1 e .fl 11 al values . 

Test probe measures 4 to 220V 

Christos S Koukourlis 
Demokritos University of Thrace , 
Xanthi, Greece 

Using inexpensive components, you can fit a simple 
probe circuit (Fig 1) into a pencil-sized enclosure. 

EDN Design Ideas Special Issue, Vol I 

When both LEDs are on, the probe indicates the 
presence of an ac voltage; either LED alone indicates 
the presence and polarity of a de voltage. 

The diode-bridge arrangement allows a 1-way cur­
rent source (Ri, R2, Qi, and~) to light either LED (or 
both) when the probe is activated by a test voltage. 
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Diodes in series with the LEDs provide the necessary 
peak-inverse voltage rating; the four diodes should each 
withstand 300V min. Ra and C1 provide a spike-suppres­
sion network to protect the current-source transistors 
when the probe is connected to a high voltage. (Ed 
Note: The author recommends BF459 transistors. We 
substituted 2N3439 transistors (which are rated 350V 
min collector-emitter sustaining voltage) only for want 

. of data on the BF459.) EDll 

PROBE 

RETURN 
LEAD 

POSITIVE DC VOLTAGE 

(BOTH LEDs ON INDICATES 
AC VOLTAGE) 

NEGATIVE DC VOLTAGE 

Fig I-This simple test probe indicates ac or de voltage over a 4 to 
220V range. The current source (R,, R,, Q,, and Q,) ensures a 
constant current in the LEDs for any acceptable test voltage. 

Wien-bridge filters enhance tone control 

Frederic Boes 
Brugge, Belgium 

Most audio tone controls affect midband gain, and they 
often create booming or hissing sounds when activated. 
You can avoid these problems by using a dual Wien­
bridge filter to provide independent control of the 
treble and bass frequencies. 

V1NO-___ ....,,.._._.._._.,..,.,,.__ ___ ___, 

10k 
100k 

100k 

Fig 1-This audio filter's two Wien-bridge networks provide ±9 dB 
of tone control for treble and bass frequencies . 
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+9 
LOG 

HIGH BASS ---
GAIN o~~--+--~~liil~:.__--+--~:. 
(dB) 

- 91----..::::.. ..... ::::_ _____ __:::.._~ 

- - LOW BASS LOW TR;BLE -- -

Fig 2-The frequency response of the dual-filter tone control (Fig 1) 
slwws little effect at 1 kHz but ±9-dB variation in the treble and bass 
regions. For comparison, the dashed lines slww the response of a 
Boxandal tone control . 

Experiments with equalizers indicate that the opti­
mum center frequencies are about 100 Hz and 8 kHz. 
Using the relation f=(21TRCt1, set the Fig 1 values 
accordingly: 

100 Hz: R1=15 kn; C1 =0.1 µF 
8 kHz: R2=16 kn; C2=1.3 nF. 

Ra and Ca provide stability. You obtain a ±9-dB varia­
tion of treble and bass by adjusting the potentiometers 
R4 and Rs, respectively. The filter's frequency response 
is shown in Fig 2. 

(Ed Note: The LF356 BiFET op amp is a good choice 
for this application: It provides low ls, low noise, and a 
good slew rate.) EDll 
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The Honeywell Visigraph printer/plotter 
offers easy interface setup and page 
formatting, as well as: 

•Lightweight compact construction• Built-in 
self-test• Simple, clean loading 

•Programmable video interface (up to 1280 
x 1024, 60 Hz noninterlaced) • 8-bit parallel 
interface (V-80) • A,B,A3 and A4 size draw­
ings • 300 dpi monochrome thermal transfer 
printing• Fast plots (8.5 second A size) 

Contact Bruce Norikane for more informatior 
Honeywell Test Instruments Division 
Box 5227 , Denver, CO 80217-5227 
(303) 773-4745 

Prices Starting From $6,180. 
OEM Terms Available. 

Together. we can find the answers. 

Honeywell 
*Versatec is a trademark of Versatec. Inc. 
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Variable reference extends converter's resolution 

Leonard Sherman 
National Semiconductor, Santa Clara, CA 

You can increase an AID converter's apparent resolu­
tion by deriving part of its reference voltage from the 
input signal. The resulting input/output relationship, 
however, is nonlinear. In Fig 1, the 8-bit converter's 
sensitivity is 5 m V (10-bit resolution) for small input 
signals, yet the input range is 5V. 

The FET-input op amp IC1A buffers the input signal; 

INPUT 
OTO 5V 

NOTES: 
IC1 IS AN LF412, OPERATING 
ON ± 15V SUPPLIES. 
DIODES ARE 1N914 OR 
EQUIVALENT. 

100 

5V 

ICrn sums the input with a fixed voltage (in this case, 
the 5V power supply). The result is a variable reference 
voltage for the converter, yielding the transfer function 
D=(256x4xV1N)+(3xV1N+5) for the voltage and resis­
tor values shown. D is the digital-output code. Note 
that the ADC0820 will exhibit increased noise and 
nonlinearity for V REF values of less than 1.25V. EDll 

5V 

Vee 0.1 µFI I10µF 

12 
VRe• + 

'::' 
'::' 

ADC0820 

DBo DIGITAL 

11 
TO OUTPUT 

VReF - DB1 

'::' 
13 

) 
cs 

V1N 
8 

RD TO µP 
9 

INT 
7 

MODE 
GROUND 

10 '::' 

":' 

Fig 1-You can increase an AID converter's apparent resolution by combining the input signal with a.fixed reference voltage and feeding this 
sum to the converter's reference input. . 

UART forms RS-232C/Centronics interface 

K S Perianayagam and U K Kalyanaramudu 
Bharat Electronics Ltd, Jalahalli, Bangalore, 
India 

You can use the circuit shown in Fig 1 to create an 
interface between an RS-232C output and a Centronics 

122 

input. Many personal computers contain only RS-232C 
output ports that cannot send information to line print­
ers with Centronics ports. The Fig 1 interface, which 
has parts that cost about $10, is simpler and cheaper 
than adding a Centronics port to a personal computer. 

The CDP-1854 UART (IC1) converts the serial-data 

EDN Design Ideas Special Issue, Vol I 



WITH ALL THIS 
GOING FORYO~ 
Convenient standoffs aid 
cleaning and heat 
dissipation. 

Easy-access probe holes 
speed testing. 

Visual orientation guides 
speed installation. 

Closed-bottom design 
prevents solder wicking­
without troublesome mylar 
covers. 

Highly-reliable GTH™ 
contact system holds chip 
firmly in place-without 
awkward retention clips. 

Low-profile design saves 
space. 

WHY SETTLE FOR 
ING LESS 

IN A CHIP CARRIER 
SOCKET? 

CHIPAKr.11 -it's the finest chip carrier socket on the 
market today. And the only one that combines all these 
important features in a single design. 

features you'll ever want or need in a chip carrier socket. 
Low-profile design to save space. Convenient standoffs to aid 
cleaning and heat dissipation. Easy-access probe holes and 

In fact, everything about our CHIPAK sockets has been 
engineered for maximum reliability and installation ease. 

Our closed-bottom design, for example, eliminates 
the danger of solder wicking- without the trouble­
some mylar covers required in open-bottom 
designs. Our Gfffr.11 contact system grips the 
chip tightly in place and insures good-as-gold 
performance-without cumbersome chip 
retention clips. 

In short, CHIPAK combines all the 

easy-to-spot orientation guides to speed instal­
lation and testing. And finally, an easy-to-use 

chip extraction tool that, unlike others, 
accommodates every socket size-quickly 
and safely. 

With all this going for you, why settle 
for anything less? Available in sizes from 

20 through 84 contact positions. Call or 
write for complete details: Burntly Corporation, 

Norwalk, CT 06856. (203) 852-8337. 

THE BEST CHIP EXTRACTION TOOL IN THE BUSINESS! 
Foolproof. Easy to use. Convenient. One tool does it all . Accommodates full range of chip sizes. 

'° BURNDV V CUSTOMER SATISFACOON COVES!!§! 
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stream from the RS-232C port into a byte-wide parallel 
transfer. You configure the UART by connecting its 
control pins to 5V and GROUND as shown in Fig 1. By 
selecting one of the outputs from the MC14411 bit-rate 
generator (IC2), you match the clock rate of the UART 
to the baud rate of the RS-232C line. The 74LS244 
3-state buffer (ICa) drives the signals from the UART's 
parallel outputs to the Centronics port. 

The 1489A receiver IC converts the serial data from 
the RS-232C connection into TTL format and applies it 
to the UART. When the UART has received eight bits, 
it assembles them into a data byte, drives the byte to 
the 74LS244, and asserts the Data Available (DA) pin. 
The assertion triggers the monostable multivibrator 
(IC4), which delivers a voltage pulse to the strobe signal 
STB, indicating to the Centronics port that data is 

15M 

RS-232C 
PORT 

21 

20 

IC, 

MC14411 

sv 

22 
23 

1 17 2 16 3 15 4 5 7 6 8 13 

GROUND 0,__-....,l 

1/• 1488 

2 

ready at the outputs of ICa. The assertion of DA also 
asserts the CTS through the 1488A line-driver IC. CTS 
inhibits the RS-232C port from transmitting. 

(Ed Note: The values of the components R and C 
determine the length of the strobe STB. Given a mini­
mum specification of 500 nsec for a Centronics port, R 
and C should be 20 kf! and 40 pF, respectively.) 

When the Centronics port has latched the data byte, 
it asserts its acknowledge signal ACK, which is con­
nected to the UART's data-acknowledge input, DAR. 
Asserting DAR causes the UART to deassert DA, 
allowing the RS-232C port to send another eight bits of 
data. EDll 

sv 

Fig 1-The CDP-1854 UART assembles serial RS-232C data into bytes for a Centronics port. IC, provides a baud rate that matches the 
RS-232C transmission rate, and /Cs buffers the data byte to the Centronics port. Signals DA and DAR control the timing of the two 
ports. 
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P Channel MOSFETs simplify circuit designs and 
HT0130 makes driving P Channel MOSFETs easier 
than ever before. 

The diagram shows the simplicity of HTOl 30 high 
voltage level translation, eliminating numerous com· 
ponents. A logic input to the HTO 130 produces an output 
14V below Vpp, which can be as 
high as 300V. This clamped 14V sv TO 1svoo Voe 

differential is ideal for driving Vpp 

P Channel MOSFETs. Eight in· Voe 

dependent channels provide ex· ov LI 
cellent circuit board packing LOGIC 

density. 
Or, consider a simple high 

side switch using only a P Chan· 
net MOSFET and an HT0130. 

INPUT 

-15V 

1/8 
HT0130 

Vo.::.n_o 
ov 

The HTOl 30, used with the wide range ofSupertex 
N & P MOSFETs and arrays, provides the ideal solution 
for next generation designs. Printer and plotter heads, 
motor controllers, solid state relays, and automatic 
test equipment are only some of the applications that 
will benefit. 

Vpp +300V MAX 

1/8 AP0132NA 

OUTPUT 

OV TO Vpp 

1/8 AP0132NA 

OV 

HT0130 is the first in a family of 
High Voltage Level Translators. 
Plastic or ceramic dual inline and 
20-lead surface-mount versions 
are available. Contact us for 
custom designs for your specific 

application. 

§upertex inc. 
Leadership in CMOSI DMOS Technologies 

1225 Bordeaux Drive Sunnyvale, CA 94089 
(408) 744·0100 TWX 910·339·9388 
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Augat's All-Stars demonstrate real 
team spirit - the concept that the whole 
is greater than the sum of its parts.With 
Au gat, you benefit from an integrated 
program that assures you a COMPLETE 
VME solution. Unique advantages like 
nationwide distribution, a comprehensive 
VME Engineering Design Guide and an 
in-depth line of quality products 
combine to give you value that greatly 
exceeds any line of "hardware only." 

Delivery when 
you want it 
-wherever 

you are 
Over 100 distributor locations . 

because one or even several stocking 
locations can never provide the product 
availability and service that 100 savvy 
Augat distribution sites can muster. 

Augat is teamed with national 
distributors whose business depends 
on their ability to supply off-the-shelf 
product and value-added custom 
assemblies "just in time." You can count 
on your Augat distributor and Augat's 
extensive VME product line to give you 
what you want when you want it! 

In-depth technical 
documentation 

always 
at your desk 

Design and systems engineers require 
complete product documentation. 

Augat's VME Engineering Design 
Guide has been prepared to assist you 
in the critical design/specification stage 
of projects that require system-level 
packaging. It focuses on the whole 
system from backplanes to power 
supplies, including a detailed electrical 

characterization of backplanes, and how 
each variation can affect your system. 

So next time you're considering a 
VME approach, buy more than product 
- buy an integrated solution from 
Augat. Work with an All-Star Team! 

Augat's 
VME All-Stars 

include: 
0 Backplanes 
0 Card Cages 
OWire-Wrap 

Panels 
0 Unilayer II 

Boards 

0 Multilayer 
Boards 

0 Extender 
Boards 

0 Power Supplies 
0 SMD and PGA 

Adapter Sockets 

Request Augars '• l"lt!J! .. ~ 
New VME I" 

®1 N TE RCON N ECTION 

Engineering ~·' 
Design Gulde 

or refer to 
Gold Book 

Vol. 3/AUG. 

SYSTEMS 
40 Perry Avenue, P.O. Box 1037, Attleboro, MA 02703 
(617)222-2202 FAX (617)22&-5257 TWX 671-6047 
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INTERNATIONAL OFFICES: Northern Europe Augat Ltd . (0908) 676655/Central Europe Augat Gmbh 089 576 085 
Southern Europe Augat SA 1 46 68 30 90/ Japan Augat KK 45 473-7301 
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Build step-up/step-down regulator 

Jade Alberkrack 
Motorola Semiconductor Products , Phoenix, AZ 

Using a single inductor, a switching-regulator IC, and a 
few external components, you can build the step-up/ 
step-down battery-output regulator circuit in Fig 1. 
The circuit's novelty stems _from its use of a single 
inductor to provide the voltage transformation. The 
circuit combines two basic switching-regulator configu­
rations: a step-up circuit and a step-down circuit. Table 

1 lists the regulator's specifications. 
Fig 2's collection of switching circuits shows the 

evolution of Fig l's circuit. The voltage step-down 
circuit in Fig 2a generates a voltage lower than that 
supplied by the battery. Fig 2b's circuit steps up the 
voltage provided by a battery. By combining the cir­
cuits as shown in Fig 2c and using a switching-regula­
tor IC to provide Qi and 'h, you get the design in Fig 1. 

In Fig 2c's circuit, inductor L stores energy while Qi 
and 'hare on (during ToN). When the transistors are 

TABLE 1-SWITCHING-REGULATOR SPECIFICATIONS 

TEST 

LINE REGULATION 

LOAD REGULATION 

OUTPUT RIPPLE 

SHORT-CIRCUIT CURRENT 

EFFICIENCY 

+ 

a, 
MPS U51 A 

R SC 
0.22 

I 100µF 

R, 
1.3k 

CONDITIONS 

VIN = 7.5 TO 14.5V, lour= 120 mA 

V1N=12.6V, lour=10 TO 120 mA 

VIN= 12.6V, lour= 120 mA 

V1N=12.6V, RL=O.Hl 

V1N=7.5 TO 14.5V, lour=120 mA 

120 mH 

1N5818 

9.1k 

1.25V 
REFERENCE 
REGULATOR 

RESULTS 

ll=22 mV; ±0.11% 

ll=3:0 mV; ±0.015% 

95 mVP-P 

1.54A 

74% 

Fig I-Using a single inductor, a switching-regulator IC, and a few external components, you can build a step-uplstep-doum switching 
regulator. 
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(c) STEP-UP/STEP-DOWN REGULATOR: VOUT $ 2: v,N 

Fig 2-These three switching circuits show the evolution of Fig l's 
circuit. The voltage step-down circuit in a generates a voltage lower 
than that su;>plied by the battery. The circuit in b steps up the voltage 
provided by a battery. By combining these circuits as shown in c and 
using a switching-regulator IC to provide the switching function and 
Q,, you derive the design in Fig 1. 

switched off, the inductor discharges into output capac­
itor Co and into the circuit's load, thus forward-biasing 
diodes D1 and D2. During ToFF, Fig 2c's circuit is 
electrically identical to the basic step-up configuration 
shown in Fig 2b, but the circuit's output voltage results 
only from the inductor's discharge and is relative to 
ground instead of to VIN. Thus, the circuit can provide 
an output voltage greater than, less than, or equal to its 
input voltage. 

Fig 2b's voltage step-up circuit lacks current limit­
ing. If you short or overload the circuit's output, you 
can destroy inductor L or diode D2; they form a direct 
path from VIN to VouT· However, in Fig 2c's circuit, 
transistor Q:i appears in series between VIN and V ouT; 
when you add a control circuit to Q:i, the transistor can 
limit the regulator's output current. EDll 

(Ed Note: The author included the design equations 
(Ref 1) for determining the component values in Fig 1. 
These equations were omitted for the sake of brevity.) 

Reference 
1. Application Note AN-920A, Motorola Semiconductor 

Products Inc, 5005 E McDowell Rd , Phoenix, AZ 85008. 
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Circuit measures 
capacitor's resistance 

Fred Brown 
Consulting Engineer, Lake San Marcos, CA 

To test large numbers of capacitors in production runs, 
use the circuit in Fig la, which lets you use an 
oscilloscope to determine a capacitor's series resistance 
at a glance. You drive the circuit with a square wave. If 
the capacitor has no series resistance, the oscilloscope 
will display a perf~ct sawtooth wave. If the capacitor 
has series resistance, however, the oscilloscope will 
display a sawtooth wave with a square wave superim­
posed on it (Fig l b). The larger the superimposed 
square wave, the greater the series resistance. 

To obtain a quick approximation of the capacitor's 
series resistance, look at the ratio of er to ec. For 
RC>>T, ec=ET+RC, where Tis the square wave's 
period and ec is the voltage across the capacitor. The 
ratio of er to ec equ~ls the ratio of the capacitor's series 
resistance to T+C. For nonpolarized capacitors, you 
can omit the de polarizing voltage. EDll 

-! T l-

'lILI A 

T ¢ 

£3 •c *c t- + l CAPACITOR 

..._ 
SQUARE·WAVE 

GENERATOR UNDER 

h TEST 
r-1-o r •, 

J_ SCOPE 

POLARIZING Q 
.....______. 

(a) 
VOLTAGE 

Fig I-You can quickly determine a capacitor's series resistance by 
using the circuit in a. By looking at the relative magnitudes of e, and 
ec (b), you can decide whether the capacitor's resistance lies within 
.acceptable limits. 
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':A CASE far SUN 
in Computer-Aided 
Engineeringn 

EDN Design Ideas Special Issue, Vol I 

It's a first! CASE Technology now offers 
its new Vanguard CAE Design System, 
a comprehensive set of electronic 
design applications for the system level 
designer-PCB and ASIC-on the SUN 3 
family of engineering workstations. The 
system includes schematic capture, logic 
and fault simulation, circuit simulation, 
and PCB design capabilities. 

The full-featured Vanguard system 
and the SUN 3 workstation represents 
one of the best values available for a high 
performance CAE design system. Using 
Ethernet TCP / IP and NFS, SUN 3 engi­
neering workstations and personal 
computers can be networked together to 
create a completely integrated engineer­
ing environment. 

CASE promotes its flexibility as a 
front-end CAE design tool for users 

CIRCLE NO 55 

concerned with integration of existing 
tools and as a facility solution for those 
interested in a single source for all of 
their CAE needs. 

With more than 3000 installed 
systems worldwide, CASE Technology 
has developed a solid reputation as a 
premier supplier of professional CAE 
design tools. If you haven't seen what 
CASE has to offer, then now is the time. 

CASE Technology Inc. , 2141 Landings Drive, 
Mountain View, California 94043 
Phone ( 415 )962-1440; Telex 506513; 
FAX ( 415 )962-1466. 

CASE 
TECHNOLOGY 
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Use 3-state buffer as PLL phase detector 

Tom Lange 
Rochester NY 

Using a 3-state buffer as a PLL's phase detector, you 
can keep the PLL synchronized with a pulse train­
even when pulses are missing. As Fig 1 shows, the 
circuit is simple: To implement it, just connect the pulse 
source to the buffer's output-enable (OE) input, and 
connect the PLL's VCO output to the buffer's input. 

As the timing diagram in Fig 2 illustrates, when an 
input pulse occurs, the VCO's output is high, the 3-state 
buffer's output is high, and capacitor C is being 
charged. In the pulse's second portion, the VCO's 
output goes low, the buffer's output goes low, and the 
capacitor discharges. Once the pulse ends, it places the 

vco 

Fig I-Using a 3-state buffer as a PLL's phase detector, you can 
keep the PLL synchronized with a pulse train-even when pnlses al'e 
111issi11g. 

vco _J 
OUTPUT 

INPUT 
PULSE 

~----'' 
A -=--=--=-~~]~~~~~~n=============== 

SPEED-------" 

Fig 2-The output of Fig l's YCO is liigh whe11 an input pulse 
occ11l's; si111ulta.11eonsly, the 3-state buffer's output is high , and 
capacitor C charges. Then, the VCO's output goes low, the buffer's 
output goes low, and the capacitor discharges. 

IF (PULSES ) SPEED = IVCO OUTPUT 

Fig 3-Using a PLD with 3-state outputs, you can implement Fig 
l's circuit. Just co11 11ecf the pnlse source to a gate's output enable and 
the VCO's output to the gate's input. Because these PLDs have 
i111'erted outputs, you'll ha ve to invert so111e signals. 

3-i;tate buffer in its high-impedance state, thus causing 
the capacitor's charge to remain at a constant level. 

On the other hand, if the falling edge of the VCO's 
output occurs after the center of the pulse, as it does in 
Fig 2, the net charge on the capacitor increases. Thus, 
the VCO's speed input, and hence VCO operating 
frequency, increases. Conversely, if the falling edge of 
the VCO's output waveform occurs earlier than the 
center of the pulse, the VCO's operating frequency 
decreases. 

If the 3-state buffer receives no input pulse at all, it 
remains in its high-impedance state; the capacitor 
charge remains constant; and the VCO frequency stays 
the same. 

You can also implement this circuit using a program­
mable logic device (PLD) that has 3-state outputs (eg, a 
16L8, 16R4, or 20L10 PAL). To use one, connect the 
pulse source to a gate's output-enable pin and the 
VCO's output to the gate's input. Because these devices 
have inverted outputs, you'll have to . invert some 
signals. ,Fig 3 shows one possible PAL implementation 
of this scheme, including the PALASM equations. EDlll 

Program a sine-wave oscillator's frequency 

Shvalbe Gershon 
Bolon, Israel 

Fig 1 depicts a sine-wave oscillator that produces a 
constant-amplitude, programmable-frequency audio 
signal. You derive the basic timing frequency from a µP 
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and a programmable-interval timer chip. 
The 8748 microcomputer divides its 6-MHz crystal­

clock frequency by 3 and provides the resulting 2-MHz 
signal at pin 1 when the CPU executes an ENTO CLK 
instruction. Pin 1 feeds the signal through a 
noninverting buffer (IC2) to the CLKo input of the 8253 
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FL U K E AN D PHILIP S - T H E GLOBAL ALL I AN C E I N TEST & MEASU R EMENT 

IFLUKEI ====® PHILIPS 

More ways to get in touch. 
We've added a new color screen to 
our full line of touch control operator 
interfaces. 

Fluke gives you more ways to improve 
the operator interface of your com­
puter-based machine. Prompting oper­
ators through the sequence of your 
machine, touch control from Fluke 
reduces both input error and training 
time. Your customers will appreciate 
the value these state-of-the-art inter­
faces add to computer-based products. 
Our broad line spans a variety of mod­
els, from the economical to the most 
sophisticated, from panel mount to 
bench top-and now we've added 
color. The new 1050 gives you a palette 
of 32 brilliant colors-more ways to 
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create effective displays, with the same 
confidence in quality. 
Every Fluke Touch Control Screen 
offers the advantages of an integrated 
subsystem, eliminating costly and time 
consuming integration of touch panel, 
display and logic components. Our 
rigorous quality-control procedures 
ensure that every unit operates reliably. 
And our touch control screens operate 
under the toughest of environmental 
conditions. 
Fluke has been designing and manufac­
turing quality touch control subsystems 
for the past ten years. As an experi­
enced OEM vendor, we understand 
your needs. You 'll find us a reliable 
business partner, ready with the sup­
port you need: competitive discounts, 
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complete documentation, powerful 
software tools and worldwide service. 
When you want to get customers in 
touch with your machine, get in touch 
with Fluke. Contact your local Fluke 
Sales Engineer or call 1-800-44-FLUKE. 

John Fluke Mlg. Co., Inc., P.O. Box C9090, MIS 250C, Everett. WA 98206 
U.S .. 206·356·5400 CANADA. 416-89CJ.7600. 
OTHER COUNTRIES: 206·356·5500. 

© Copyright 1988 John Fluke Mfg. Co., Inc. All rights reserved . 
Ad No. 1173-F!lO. 

THE FIRST CHOICE 
IN TOUCH CONTROL 

IFLUKEI ======® 
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programmable-interval timer (PIT). The PIT includes 
three fully independent, 16-bit counters, but in this 
case it only uses one. By programming the 0 counter 's 
initial state and count, you can obtain a desired frequen­
cy (FcLK) at the Qo output (pin 10). 

The CMOS divider ICs divides FcLK by 100 and feeds 
the result to the input of a fourth-order Butterworth 
lowpass filter (ICs), which extracts the fundamental 
sine-wave frequency. (Filter gain is about Ya; you may 
need an output amplifier, as shown within the dotted 
lines.) The filter realizes a fourth-order response by 
cascading two second-order functions: The A side has a 
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gain of 0.3 and a Q of 0.504, and the B side has a gain of 
1 and a Q of 1.306. 

Because the programmed frequency F CLK also serves 
as the switched-capacitor filter's clock input, the filter's 
output and cutoff frequencies maintain a fixed relation­
ship. Thus, the output remains at a constant amplitude 
for any frequency you program over a 5-decade range. 
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Fig 1-This microcomputer-controlled system produces a constant-am plitude, programmable-frequency audio output. Frequency range 
spans.fi" ve decades to 20 kHz. 
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A COMPLETE PCB SOLUTION 

• Surface Mount Technology 

• High Resolution 

• High Capacity 

• Engineering change orders 

• Large set of libraries 

• Gerber read and edit 

• 3 2 Trace Layers 

• Arbitrary pad shapes 

DESIGN COMPUTATION ANNOUNCES 

DRAFTSMAN~EE VERSION 3 
DC Version 3 supports high 
resolution, surface mount technology, 
and high capacity. It offers 
outstanding performance on PC 
compatible machines including 386's. 
A wide range of graphics standards 
are supported including high 
resolution vector boards. A range of 
packages is available to satisfy your 
current and future needs through 
compatible upgrades. 

Flexible. Easy-to-use. High performance. 
DRAFTSMAN-EE is your quality 
engineering tool for schematic 
capture and all aspects of printed 
circuit board design. DRAFTSMAN-EE 
features all the graphical power and 
capability needed for a highly 
productive design environment. 

SMT Support 
DRAFTSMAN-EE's flexibility allows 
you to take full advantage of the 
latest advances in surface mount 
technology. To complement the pads 
supplied in the library, you can 
define your own through-hole or 
surface mount pads of any shape 
and size. For multi-layer boards. 
pad size and shape may be different 
for inner and outer layers. Also, the 
same surface mount part may be 
used on either the top or bottom 
side of the board. 
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I -MIL, DIAGONAL 
AUTO ROUTING 
DC/ AUTO ROUTER is a true multilayer 
router which works all layers of a 
board simultaneously to find the best 
routing solution using a minimum 
number of vias. Its high-performance, 
I -mil , diagonal autorouting out­
maneuvers competitive routers which 
are often limited to 90 degree turns 
or lose routing opportunities by 
adding 45 degree turns only after 
the primary orthogonal-routing step 
is completed. 

High Capacity 
Bui lt to handle large, complex 
applications, DRAFTSMAN-EE breaks 
the DOS 640KB memory barrier by 
supporting the Lotus/ Intel/Microsoft 
Expanded Memory Specification. 
If a drawing overflows available 
memory, paging to disk is auto­
maticall y used. allowing drawings to 
be virtually any size. 

•DESIGN 
•COMPUTATION 
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Interactive Autorouting 
For PCB design, DRAFTSMAN-EE 
tru ly excels. Using the Hug command. 
you can direct DRAFTSMAN-EE to 
do poi nt-to-point autorouting which 
automatically avoids obstructions 
while followi ng your exact design 
rules. Whether you are routing a 
board manually or finishing the last 
few traces of an autorouted board, 
automatic interactive routing is a 
t remendous time saver. 

PRODUCTS 

DC/ Design $695 

DC/ 810 s 1.395 

DC/ CAD $2,395 

DC/ Design II $1,195 

DC/ 810 II SI .995 

DC/ CAD II $2,995 

DC/ CAD II + $3 ,495 

Sherman Square, Route 33 
Farm ingdale, New Jersey 07727 
(20 1) 938-6661 FAX (201) 938-6662 
TWX 510-601-8352 
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MOSFET circuits yield higher BVnss 

Tosh Mizuno 
Dalmo Victor Co, Belmont, CA 

You can create a composite MOSFET whose BV Dss is 
double that of a single MOSFET by combining two 
devices with a diode and two resistors (Fig 1). Even 
though you can buy an MTPlNlOO MOSFET from 
Motorola that has a lOOOV minimum BV Dss, you may 
need a higher value for use in a gated image intensifier, 
for example, or a TWT grid modulator. 

With a voltage V DD between the composite drain and 
source, V c2 = 1/2 V DD· Therefore, the voltage at P equals 
1h V DD minus Q2's gate-source threshold voltage V GS(THh 

but Vr=1hVDD for large VDD· The 12V zener diode D1 

ensures that the gate of Q2 is sufficiently positive for ~ 
to remain in saturation under all conditions. Thus, Q2's 
on-resistance remains low, and the composite 
MOSFET's electrical characteristics depend only on the 
characteristics of Qi. 

Typical applications of this composite MOSFET in-

Ro 
IOOk 

Ro 
100k 

D, 
1N4106 

D 

s 

D 

Q, 

2Ro 

G 

Q, 

s 

Fig /-Double a MOSFET's BVoss by co1111ecli11g two 1111ifs i11 series. 
Thi.~ co111posite de1•ice beha ves as show11 i11 the eq11iuale11t diagram. 

elude the common-source connection (Fig 2a) and the 
source-follower connection (Fig 2b). For the source 

WHY OUR LOGIC CARDS ARE 
ANYTHING BUT STANDARD. 

Built-in, p_atent-p_ending embedded decou/J.[ing cap_acitors reduce 
costs, time and assure noise-free, high-sp_eed op_eration. 

Easy-to-change Wire Wrap or 
high-speed, low-profile Stitch 
Wire technology. 

Perfect match to 
Standard Logic's com­
plete line of DIN 
based, heavy-duty 
extender cards, 
racks, backplanes 
and sub­
chassis. 

45 DIN-standard Eurocard fonnat cards available in one, two 
or three-connector versions, five depths from 160 to 400 mm. 

Four or optional two-layer 
versions plated only with tin­

lead alloy for long-life, tin­
whisker-free operation. 

Solid interpin copper 
planes on all layers. 

High density universal 
pin patterns with or 

without PGA 

Compatible with VMEbus, Multibus IL IEEE 896 Futurebus and other industry standards. 

Because you need latest technology, high-speed, prototype development needs. And you need it to work 
low-noise, high-density, high-reliability packaging and you need it on time. Call Standard Logic at 
hardware to match your latest designs. 4930 E. La &!TA UDARD 

Yet you need compatibility with the latest bus Palma Ave., ~ lllnl 
interfaces and DIN connectors. Plus flexibility to Anaheim,CA LOGIC INC. 
accommodate DIP ICs, PGAs and SMT devices. 92807. (714) 
And hardware that's easy to change to meet all your 779-2897. Bringing your designs to life. 
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Voo 

Voo 

a, 

a. 

a, 
a, G 

G 

-:-
(•) (b) -:- -:-

Fig 2-You can use the composite MOSFET in conventional high-V oo applications such as common-source (a) and sourcef ollower (b) 
co1111ections. 

follower, you must add capacitor CG to compensate for 
the gate capacitance of (h. Because this gate capaci­
tance doesn't generally equal the sum of Crss and Ciss, 
you must experiment to determine the required com­
pensation value. (For example, you might want to select 

a capacitor that achieves less than - 90° of phase shift at 
the highest signal frequency of interest.) EDll 

Transistor array squares control current 

Burkhard Braach 
Wandel & Goltermann, Eningen, West Germany 

A simple 5-transistor array and a resistor (Fig 1) 
generate a square-law relationship between I IN and 
IouT- The circuit is useful in PLL frequency synthesiz­
ers and other closed-loop systems requiring square-law 
amplification in the feedback path. 

Assume that the transistor base currents are negligi­
ble and that Qi-Cb and Q4-Q:, have negligible base­
emitter offset voltages . These transistor pairs then 
form ideal current mirrors, and their collector currents 
equal the input current: 

(1) 

The Q1 and Q:i collector currents are 

~ ~ 
I 1 = lse KT and L: = lse KT , 

respectively, and their ratio is 

136 
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NOTE: 
27 

01-0s IS A CA3096 IBANSISTOR ARRAY. 

Fig 1-Thi.s transi.stor-arrog circuit per:fonns square-law amplifu;a­
tion of / IN. 
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FINALLY, A SYSTEM THAT MEASURES UR 
THE ID/PM HIGH DENSITY CONNECTOR SYSTEM. 

Now you can get higher density capability help produce the tightest 
and higher performance in all of end-to-end tolerance in the busi-
your board-to-board interconnec- ness. All this while maintaining 
tions. Our XD/P™Extended Den- full signal integrity of fast switch-
sity/Performance two-piece PCB ing logic systems and low inser-
connector system offers you bene- tion/ extraction force (typically 
fits that you just can't get 1.5 oz. /0.5 oz.). You can 
with other connectors. control impedance by 

For example, our Flex-Fif" selecting the length, 
double compliant pin con- type and placement of 
tact provides a solderless, the contacts. 
gas-tight pressure termina- HIGH DENSln PWS HIGH 
tion between pin, multilayer PERFORMANCE 
hole plating and internal The XD/P '' two-piece 
circuits. This means faster high density connector 
installation, reduced assembly system also provides 
costs and front and rear for all types of packag-
repairability. ing/ system designs. 

In addition, our unique Standard designs in-
dual-opposing beam female Flex-Fit" double elude three and four 
receptacle contact provides compliant contact rows of contacts on 
superior contact wipe and depth a .100" grid, in one-, two- or 
engagement. three-cell configurations with as 

New, state-of-the-art materials many as 684 positions. Also 
coupled with superior molding offered are eight contact styles 
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and 16 plating options. 
In addition to pin and recepta­

cle connector assemblies, we 
offer backplane shrouds, hard­
ware, accessories, and a com­
plete application tooling package, 
from simple hand tools to fully 
automated presses. 

The XD/P'' high density con­
nector system lets you expand 
your imagination. See how it 
measures up. To get our new 
XD IP'" system catalog, simply 
write or call: Thomas & Betts 
Corporation, Electronics 
Division, 1001 Frontier Road, 
Bridgewater, NJ 08807; 
(201) 685-1600. 

Thomall&Betts 
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(2) 

where l 8 =saturation current , q =electron charge, 
K=Boltzmann's constant, T=absolute temperature, 
and V nE1 and V nE3 are the base-emitter voltages for 
transistors Q1 and Q:i. 

Because V nE:i= V nE1+ R1CI 1+ 12) , you can write Eq 2 as 

•1<11 +1.,)1:1 
l : = l ie KT 

Substituting IIN from Eq 1 yields 

~ 
l : = I INe KT 

Thus, transistor Q:i provides an exponential function 
that you can expand as a power series in the form of 
e'= l+ x/l !+x2/2!+x:i/3!+ ... to yield 

(3) 

The output current is Iour=li- l :.=l:- I JN . Substitut­
ing for l 1 (Eq 3) eliminates the linear term, so the series 
begins with the quadratic term: 

I ( 2qR1 )12 (2qR1 )
2r:: /2 ('2qR1 )':r• /6 

OUT = KT IN+ KT IN + KT IN + . 

In short , the circuit produces a useful squaring 
characteristic for low 2qR1/KT ratios and low input 
currents. Fig 2 shows the measured and calculated 
results for a CA3096 transistor array and a 27f! resis­
tor. You can extend the 20:1 output-current range by 
using transistor pairs with tighter V BE matching and 

250 

200 

< 
~ 150 

2 

100 

100 200 300 

l1N (l'A) 

Fig 2-These curves illustrate the pe1for111ance of Fig J's circnit. 
Th e cnrve labeled A represents the ideal sqnaring.fimctio11, the curve 
labeled B shows the calcnlatedfimctio11, and th e two curves labeled C 
form an envelope.for the resnlts obtained nsi11gfive dijfere11t CAJ096 
arrays. 

higher betas. If desired, you can reverse the output­
current polarity by inserting a resistor with a value 2R1 
in the emitter of Q4 (remove the Q1-Q2 emitter resistor in 
this case). EDN 

Digital power controller handles 1 kW 

John A Haase 
Colorado State University, Fort Collins, CO 

With this power controller (Fig 1) you can vary the 
power to a load according to a 2-decade BCD word, 
obtained either manually or from a computer. For an 

138 

open-loop system you can deliver at least 1 kW to a 
resistive load, in 1 % increments (0 to 99%). Or, you can 
combine the controller with a sensor and heater, for 
example, to regulate temperature. The controller deliv­
ers an integral number of line cycles every 1.67 sec; 
switching occurs near the zero-voltage crossing so the 
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The "Look and Feel" CAE Users Have Been Looking For 
On-Screen Prompt line makes 
it easy to find the/ eature 
you're looking/or. 

- ·-

Hierarchical Menus eliminate 
keyboard commands. 

Action Button selects 

Menu Button toggles 
between menu and 
graphics. 

Pan Button Redraws 
screen around 

Command Line displays 
selected function. 

Use Visionics' Super Hi-Res graphics board for 
workstation (1284 x 960) graphics on a PC platform, 
or use standard CGA or EGA graphics. 

EE Designer III takes 
advantage of all 3 mouse 
buttons for maximum 
operating speed and 
throughput. 

Introducing EE Designer III" 
The first ergonomic PC-ba5ed 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. 
So whether you're capturing a sche­
matic or Auto-Routing your printed 
circuit board you can always find 
the function you need. 

You'll be hearing a lot about Visionics' 
EE Designer III in the next few 
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At only $3995, no other CAE 
tool can match the features of 
EE Designer III: 

Supports 2 mb of 1/1/M 
EMS memory 
On-line Netlist Capture 
Forward and Back-Anno· 
tation of Multipage 
Schematics 
Analog and Digital 
Circuit Simulation 
Full SMT Support 
1 mil Grid Resolution 
45° Memory Auto· 
Routing 
Fabrication/ Assembly 
Drawing Support 
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months. Everyone knows that our 
EE Designer was the first end-to-end 
CAE tool for under $1000; now the 
new EE Designer III continues 
setting the price-performance 
standard. Isn't it time you found out 
what over 5000 worldwide users 
already know - that the EE Designer 
family of products get the job done. 
The best way to see for yourself just 
how good it feels to make the right 
choice in CAE software is to call 
Visionics today. 

-==--= _-; ;;-~-=-= ~-= ~-=--; ® . .............. .... 
W l.~l.V"•l.11~ 
CORPORATION 

343 Gibraltar Drive 
Sunnyvale, CA 94089 
( 408) 745-1551 1-800-553-1177 
Telex: 346352 Fax: ( 408) 734-9012 
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load current has no de component. 

AC line voltage is regulated to about 7V by IC1 for 
use as a supply voltage (V 8). The zero-crossing detector 
IC2 also takes its supply voltage directly from the line 

via R4 and Rs. In addition, the line drives the 4N26 
optocoupler, producing a 60-Hz clock signal to the rate 
multipliers ICa and IC,. 

The cascaded rate multipliers accept a 2-decade BCD 
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Fig 1-A low-power circuit provUln digital control of 1 kW, or more, in 1% steps. A zero-crossing detector ensures that only an integral 
number of full line cycles reach the load during any 1.67-sec control period. 
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Why talk SCSI with Ciprico? To start 
with, we're the only vendor with a complete line 
of high-performance SCSI host bus adapters 
for Multibus• I, VMEbus, and Multibus II. Each 
board was designed to optimize performance 
with its system bus. And consider our experience. 
Ciprico has over 50,000 boards installed world­
wide. Our design expertise provides you with the 
highest possible performance at the lowest 
possible price. 

But that's not all. Ciprico has 
respondability. We have the largest staff of 
customer support engineers in the industry to 
help you resolve any integration problems. Plus 
software drivers for all major operating systems. 

Our SCSI adapters are all based on 
an 80186 microprocessor, providing a command 
queuing, pass-through SCSI command soft­
ware interface. Each board supports SCSI 
disconnect/reconnect and asynchronous and 
synchronous transfer rates of 2MB/s and SMB/s 
respectively. And a floppy port is optional 
for cost effective system design. 

So if you're currently designing a system 
based on Multibus I, VMEbus, or Multibus IT, 
give us a call to talk SCSI. 

CIPRICO 

RIMF1RE 1500 
SCSI Adapter for 
MuJtibus• I 

Multibus is a registered trademark of Intel Corporation. 
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RIMFIRE 3510 
SCSI Adapter for 
VMEbus 

RIMFIRE 2500 
SCSI Adapter for 
Multibus• U 

CIRCLEN062 

I? 
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word and provide an output (pin 6, ICa) of one-tenth the 
word value times 60 Hz. (In this system, you enter the 
control word manually using the quad switches 81 and 

IC,, PIN 4 

ICse. PIN 4 

_n_n_ 
I 
I 
I 
I 
I 
I 

X! X 
__ _, I -I------- I ---

1 I I 
I I I 

I 
I 
I 
I LINE 

VOUAGE----,,__---+-.;.-----+--'--41--'l----

ICsA. PIN 3 

Fig 2-This circuit is timed to fire the SC& Qz and Q1 (Fig1) so 
that only one full line cycle (highlighted area) is passed to the load for 
each pidse from IC5n, pin 4. 

~.)The shunting effect of Rs ensures that the LED D/s 
on-period is well within a positive half-cycle of the line 
voltage (Fig 2). Consequently, the coUDt-advance 
pulses from IC5A to the rate multipliers occur once per 
line cycle and in advance of the zero crossing. 

Then, for each output pulse via the Schmitt trigger 
IC5B, the zero-crossing detector IC2 emits two pulses at 
pin 4, which are optically coupled to the gates of SCRs 
~ and Q.. As a result, the appropriate SCR turns on 
during two consecutive half-cycles of the line voltage 
(highlighted areas in Fig 2). 

This circuit can replace an autotransformer in many 
applications, offering less weight, less volume, and 
better control resolution. The circuit also has the fol­
lowing characteristics: 

• S:i is an on-off switch-no power to the load in the 
idle position. 

• Brightness of the neon lamp NE1 gives an approx­
imate indication of load power. 

• Power switching is optically isolated from the 
control circuits. 

• No partial- or half-cycles of line voltage are deliv­
ered to the load. 

• Power cycles are uniformly spaced for power-of-2 
control words. Note, however, that other control 
words may cause a noticeable variation in power 
over the 1.67-sec control interval. 

EDll 

Circuit checks remaining battery capacity 

Rolf Zinniker 
Swiss Federal Instilute of Technology, 
Zurich, Switzerland 

The test circuit in Fig 1 gives an indication of the 
capacity remaining in a battery. By noting the time (in 
seconds) that the LED remains on after you depress the 
test switch 81, you can read the remaining battery life 
(in hours) from the curve in Fig 2a. The circuit has 
proven reliable in testing NiCd-, carbon-, and alkaline­
type batteries, all of which have a discharge-vs-time 
characteristic similar to the NiCd curve shown in Fig 
2b. 
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Closing 81 activates the circuit by applying voltage 
from the battery under test. Voltage V1 jumps to a 
value Vo= V RR/ (R2+ R i) when the switch closes (Fig 3) 
and then increases with a time constant T=C1(R2+ R :). 
The divider RJR" fixes V2. The reference circuit IC1 
sets V R to approximately 2.5V. 

The op amp's output remains high (LED on) until V1 
rises to the level of V2, when the LED turns off. You 
calculate the on-time toN as follows: 
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R1 

f 
3k Rs 

500+< 

R, 
250k Ve 

v. v, 

v, 
+ + 

c, -
IC1 100 nF 

LM336 2.5V R, BATTERY 
470k LED (OUT) 

Fig I-This test circuit checks the remaining charge in a battery; 
the charge is proportional to the time the LED remains on after yon 
depress S,. 

The on-time is zero when V2<V0 and infinite when 
V2> V R· By substituting toN fort and V2 for V, in Fig 3, 
you obtain a curve for toN as a function of V2. 

You must choose voltages Vs and VE (Fig 2b) that 
correspond to the desired range for toN· Then, set the 
resistor values as follows: 

You can make Ro a variable resistor for convenience 
in calibrating the circuit. Because the curves of Fig 2b 
and Fig 3 have a similar rate of change over the range of 
interest, the resulting relation (Fig 2a) between toN and 
remaining battery lifetime is quite linear. To use the 
circuit, simply depress S, and hold it. If the LED 
remains on for several seconds, the battery contains 
more than 70% of its rated charge. If the LED remains 
on for only 0.5 sec, for example, the battery is good for 
approximately four hours while loaded as in Fig 2b, 
that is, with 1000. EDN 

6 
UJ 
!12. 
UJ 
::i: 
;:;: 

0.5 z 
0 
0 
UJ .... 

(a) 

5.5 

2 
UJ 
(.') 

~ Vs 
0 5.16 
> 
> a: 

"' .... 
!;; v • ., 

4.8 

4.5 

(b) 

10 

Ve 

0 

5 
LIFETIME (HOURS) 

LIFETIME (HOURS) 

0 

10 

Fig 2-The calculated on-time in seconds for the LED i11 Fig I 
corresponds to the battery's remaining life in honrs, based on a JOO!l 
load (a). The cnrve in b shows the measnred rate of discharge for a 
NiCd battery (fonr Varta RS600 cells loaded with JOO!l). 

v, 

Fig 3--This curve shows the variation of V, follouli.ng clos1tre of S , 
and caused by the chargiug of capacitor C,. 

Simple hardware drives multiple displays 

R Jayapal 
Bharat Heavy Electricals Ltd, 
Trichirappalli, India 

Regardless of the number of digits, each display (Fig 2) 
requires only two signals, Clock and Clear. This ap­
proach includes less hardware and fewer interconnec­
tions than are found in the more conventional multi­

In Fig 1, one 8-bit port drives five displays, each of plexing and serial-communications methods used in 
which can include any reasonable number of digits. microprocessor-based systems. 
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----------------------------, 
I 

o, I 
.l. 8205 o, 

r--- CE 
1-0F-8 o, 

DECODER o, 
o, 

A, A, A, 

CLOCK CLOCK CLOCK CLOCK CLOCK 

Po P, P, [DISPLAY 1] [DISPLAY 2] l DISPLAY 3 J l DISPLAY 4J l DISPLAY 5 J 
8085 CLEAR CLEAR CLEAR CLEAR CLEAR 
CPU 

A BUS_...... SYSTEM P, )I 8-BIT P, 
.... ~ ~ .. PORT 

P, 

INTERRUPT P, 

(7.5) P, 

-
BUS 

Li\ 
L-.-,1 8253 

TIMER 
OUT 

CLK 

CLOCK }--100 kHz 

Fig 1--0ne 8-bit port drives five displays, each with an arbitrary nnmber o.ldigits. Each display requires only two signals, Clock and 
Clear. 

CLOCK 

LSD 

LED DISPLAY 

7-SEGMENT 
DECODER 

BCD 
COUNTER 

74LS90 

BUFFER 

LED DISPLAY 

7-SEGMENT 
DECODER 

BCD 
COUNTER 

74LS90 

CLEAR < >--...-----------------~ 

LED DISPLAY 

7-SEGMENT 
DECODER 

BCD 
COUNTER 

74LS90 

BUFFER 

MSD 

LED DISPLAY 

7-SEGMENT 
DECODER 

BCD 
COUNTER 

74LS90 

5V 

Fig 2-A typical display in Fig 1 includes a digit display, i -1>eg111ent decoder, and BCD counter for each digit. 

Port bits Po, P i, and P2 select the display to be grammable-interval timer for BCD counting and load it 
updated: 000 for Display 1, 001 for Display 2, etc. These with the decimal number to be displayed. After loading 
bits should be 111 when the displays aren't being Po-P2 with 000 and starting the timer, the CPU can 
updated. continue with other processing. When the 8253's count 

To load Display 1, first clear it by issuing a software- reaches the desired value, the 8253 issues an interrupt 
generated pulse on P3• Next, initialize the 8253 pro- to the CPU. 
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'11~TELEDYNE PHILBRICK 
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 
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CIRCLE NO 63 

SPECTACULAR DISPLAYS 
OF SPEED. 

Introducing video driver hybrids 
from Teledyne Philbrick. 

High-resolution graphic displays require quick 
response. That's why Teledyne Philbrick has com­
bined all the driver ICs and transistors you need in 
one powerful space-saving package. 

Where discrete components fall short, new 1900 
Series Video Display hybrids come on strong as 
high speed trans-conductance amplifiers with high 
voltage, open collector outputs. They accommodate 
standard RS-170 or RS-343 interfaces. And accept 
differential or single-ended inputs with a common­
mode input voltage range of +3V. 

The 1901 is capable of driving up to SOV pp swings 
into 6pF loads with bandwidths of over 146MHz. 
Combining an output buffer stage with the 1901, the 
1902 provides up to 100V pp swings in 20pF 
loads. These specifications provide flexibility in CRT 
selection and ease of mechanical mounting in 
projection and high brightness displays. Both the 
1901 and the 1902 eliminate 
the need for pre-amps, 
ensure rise times of 2-4ns 
and provide easy thermal 
management 

Altogether, the 1900 Series 
gives you a powerful, new 
edge in designing sophisti­
cated, compact imaging 
systems for CAD, avionics and large screen 
applications. 

Qualified to MIL=STD-1772, Teledyne Philbrick is a 
leading manufacturer of high performance, high 
reliability standard and custom microcircuits 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 
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The interrupt service routine simply loads Po-P2 with patterns required at the 8-bit por t for handling each of 

000, P3-P; with 00000, and returns. Thus, Display 1 the five displays. EDN 
reads the desired value, and you use a similar proce-
dure to update the other displays. Table 1 gives the bit 

TABLE 1-BIT PATTERNS 
PORT BIT PATTERN 

OPERATION 
P, p6 Ps p• P3 P, P, Po 

HEX REMARKS 

1. NO OPERATION/ 0 0 0 0 0 1 1 1 07 COUNTERS STOP COUNTING 
INTERRUPT 
SERVICE 

2. LOAD DISPLAY 1 
(a) 0 0 0 0 1 1 1 1 OF CLEAR DISPLAY COUNTER 1 
(b) 0 0 0 0 0 0 0 0 00 DISPLAY COUNTER COUNTS 
(C) LOAD AND START TIMER 

3. LOAD DISPLAY 2 
(a) 0 0 0 1 0 1 1 1 17 CLEAR DISPLAY COUNTER 2 
(b) 0 0 0 0 0 0 0 1 01 DISPLAY COUNTER 2 COUNTS 
(c) LOAD AND START TIMER 

4. LOAD DISPLAY 3 
(a) 0 0 1 0 0 1 1 1 27 CLEAR DISPLAY COUNTER 3 
(b) 0 0 0 0 0 0 1 0 02 DISPLAY COUNTER 3 COUNTS 
(c) LOAD AND START TIMER 

5. LOAD DISPLAY 4 
(a) 0 1 0 0 0 1 1 1 47 CLEAR DISPLAY COUNTER 4 
(b) 0 0 0 0 0 0 1 1 03 DISPLAY COUNTER 4 COUNTS 
(c) LOAD ANO START TIMER 

6. LOAD DISPLAY 5 
(a) 1 0 0 0 0 1 1 1 87 CLEAR DISPLAY COUNTER 5 
(b) 0 0 0 0 0 1 0 0 04 DISPLAY COUNTER 5 COUNTS 
(c) LOAD AND START TIMER 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

SMT LAND PATTERN HANDBOOK 
A collection of over 80 completely dimensioned land 
patterns which have been proven in a manufacturing 
environment. This document of easy to locate land 
patterns will save the designer many hours when 
building the SMT parts library. 

QD c..,1!1 1 SMT PWS, INC. 
-~-

CIRCLE NO 325 

2216 1.unctyAYenUe 
San Joee, CA 95134 

(408) 943-0196 

MINIATURE DC-DC POWER CONVERTER 
FOR HI-REL APPLICATIONS 

Occupying less than .41 inJ, this popular Integrated Circuits, 
Incorporated DC-DC power converter uses a flyback switch· 
ing topology to provide +5, ± 12or±15Voutputs from a 16 
to 32V input range (24V nominal). This unit also features: 
• Up to 4 watts ou!ptJt • Metal packages ideal for 
• Up to 75% efficiency military, aerospace. and other 
• 500 VOC isolation HI-REL app~cations 
• Short circuit protection • lid height only .350 inch 
• Single, dual or triple outputs • -55"C to + 125"C storage 
• TTL compatible inhibit function temperature range 
• Additional environmental 

screening available 

These units are available from stock and are priced at $170.00 
each (100 qty.). For more information, contact Integrated 
Circuits Incorporated at 10301 Willows Road, Redmond , 
WA, 98052, or call 1·800-822·8782. 

POWER SUPPLIES, high voltage low current for Avalanche 
Photodiodes, Radiation Detectors and Pulsers, etc. To 
1000V, positive or negative. 
PREAMPLIFIERS, wideband for communications and in­
strumentation applications. Integral T /E cooled detector/ 
amplifier packages. 
LASER/LED drivers, 1 Amp at up to 125 Mp/s, in a T/Ecooled 
package. 

WRLJTEC: 
1n co rp or at e d 

Santa Barbara, California 
805-563-2322 

CIRCLE NO 326 

THE BEST PERSONAL PROGRAMMER 
SHOULD BE SMALL ENOUGH TO CARRY IN YOUR BRIEFCASE. 

POUJERfUL ENOUGH TO SATISPI YOUR APPLICATION NEEDS. 

HAVE ONE PAOGRAMMING SITE TO RT ALL DEVICES. 

SOFTWARE UPDATERBLE TO KEEP UP WITH YOUR GENIUS. 

AND YOU MUST BE ABLE TO AFFORD IT. 

THE BEST PERSONRL PAOGRAMMER IS THE ONE THAT CAN 

BE PERSONALIZED. 

SOMETHING TO THINK ABOUT. 

LEADLESS CHIP 
TO WIRE WRAP ADAPTERS 

Save prototyping time. these LCC, PCC and PGA socket 
adapters provide the designer with a labeled test point for 
each pin and are available for 44, 52, 68 and 84 pin chips. 
WW pins are on .3 •centers. Unit pricing for the 68 pin ver­
sion is $49.00 delivered from stock. 

Antona Corporation 
16431/2 Westwood Blvd. , L.A., CA 90024 

(213) 473-8995 

GANG/SET 
(E)EPROM Mode11Js-E, '995 ... 
MULTIPROGRAMMERS TM 

• BYTEK's 135 is a SET Programmer, GANG 
Duplicator, & UNIVERSAL Device Programmer. 

• Programs virtually oll 24, 2B, & 32-pin (tJEPROMs. 
• RAM expandable to 2MegoByte. 
• Optional support for 40-pin EPROMs, Bipolar 

PROMs, 40-pin Micros, & (E)PLD/GAUFPLA 
Devices. 

• 18-Month FREE WARRANTY and also 
12-Month FREE DEVICE UPDATES. 

1-800-523-1565 
In Florida: 1-407-994-3520 

r:tmgam ~~~a':, Roton, FL 33487 
~U aw FAX, (407)994-3615Tele"'4998369BYTEK 
' IU S Pnce< onlyl ® 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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WE PROVIDE SOLUTIONS TO 
MANY INTERCONNECT PROBLEMS ... 

•Test Adapters (Socketed LCC/PLCC/PGA) 
•Test Clips (Surfaced Mounted SOIC/PLCC) 
• 150 Types of Prototyping Board Adapters 
• 125 Types of Programming Socket Converters 
• Many Types of Emulator Pod Converters 
• PGA/PLCC Extraction/Insertion Tools 
•And Much, Much More ... 

IBrr 
Emulation Technology, inc. 

--- STATt:Of"THf.· AllTvtSlendSUllFACfMOUNTACCESSOl'UlS ---

2368-B Walsh Ave. •Bldg. D •Santa Clara, CA 95051 
TEL: (408) 982-0660 • FAX: (408) 982-0664 

CIRCLE NO 340 

PCM ASCOT 
Real· Time Multitasking 

Kernel for your PC/XT/AT 
Save development time utilizing this sophisticated software. 
Numerous applications including Data Aquis~ion . Process 
Control, Instrumentation, Communications, plus many more. 

$795 bllllfY license 
$50 demo I mmull 

No Royllties 

FEATURES: • Supports MASCOT design melhodology 
• l'roemptille, prilrity-based schedulinq • Interrupt naiagement 
• Synchronization and mutual exctusm • Shared data areas 
• Intertask communications • Extensive debuouino facilities 
•Various language interlaces • Runs a standanfOOS program 
A l"igNy qualfied team of consultants can provide fUrther services 

to assist you in applying PCMASCOT to your application. 

Andyne Computing limited 
544 Princess Street. Suite 202 
K<lgston, Onl, COfj K7l 1C7 
(1131 54M3ll5 1-(1111 217-

CIRCLE NO 343 

E & H Field 

Probes 
$495 

I . -
C01 

EON " Readers Choice" (6/25/87) 

Makes finding E & H Field emissions easy• 

Use with any a-scope or spectrum analyzer. Set in­
cludes three H and two E field probes, extension 
handle, case, documentation, two year warranty. Pre­
amp with battery charger, optional. Call, write to order 
or for brochure. 

1-800-253-3761 
PO Box 1546 Austin. TX 78767 

PC488B $445 
IEEE-488 INTERFACE CARD WITH 

BUILT- IN BUS ANALyzER 
• GPBASIC pllCbcit: complements IBM/Microsoft. BASIC 

interpreter and compiler to crcale • ,,,..........i. 
mvirollmmt slm.llar to HP desktop <01111puttts. 

• Additional libraries of over 20 high be.I 488 dedicated 
functioos for C, Pascal or Forlrall availabtc (150). 

• Powerful mu•-clrivm bus ....,_..., wbicb. can run in 
the fe<cgJound °' in the bactgJound while 488 "'ognms °' 
commands arc executed, features pr'OIJ"alll skppjaa. bttak 
poiab and real lime bus data aphlft (4k circular buffer). 

• lastaat teallaa between ronaroud and ~yxr scrtt11. 
• Complete Ta.lbr/Usttnt:rfController capability. 
e Dipswitcb setcctablc Base AddreM, IRQ, OMA 

VISA MC AMEX C«U today joniat.a.shttt!! 

B&C MICROSYSTEMS 

m (~%>.~\ic F~·c..i)='lf·~:= 
CIRCLE NO 341 

Now with gold, nickel or tin plated current 
carrying brass parts. Captive thumbnuts 
have positive stop to allow connection yet 
limited to reduce possibility of contact 
with electrically "hot" surfaces. Plastic 
parts either Lexan or nylon in blue. red, 
green, black, yellow or white. Ratings 15 
to 30A, 1000V working. UL recognized. 
Limited opening fluted or hex nut. minia­
ture, grounding, double assembly end MIL 
SPEC MIL-P-55149/1B types. Request 
Bulletin EC779· 1. 

• ~~~:.~!!e~~~~!~:s 
Calf 203/582-8098 

Division of The Superior Electric Company 

CIRCLE NO 344 

IPC WIDE BAND CURRENT MONITOR 

IPC's current monitors measure AC and 
fast pulsed currents in physical isolation 
from the conductor, thus eliminating 
ground loops and interference noise. 

Many standard designs are available with 
a sensitivity from .001 to 1 V/A. Peak cur­
rents up to 100,000 AMPs and higher for 
special models. 

For further information, write or call: 

ION PHYSICS CORPORATION 
323 Andover Street 
Wilmington, Mass. 01887 
Tel. (617) 658-6030 
Telex 5106006134 

SCHEMATIC TO PC LAYOUT 
$500 
includes 

AUTOROUTER 

SCHEMATIC CAPTURE S100 
• A through O size drawing 
• 3 levels of zoom 
• Users keyboard and or mouse 

• User expandable ~brary has 
over 1000 parts 

• Prints bill of material, net ~st 
(Futurenet. EDIF) 

PC BOARD LAYOUT S250 
• Board size 36 x36 
• 256 layers include silkscreen & 

solder mask 
• User definable pad and hole 

shape sizes 

•Trace width .001 inch to 
0.255 inch 

•Accepts schema, ORCAO, 
Ful\Jrenet, EDIF, & Smartwork 
Net list 

AUTOROUTER S250 
• Routes mutli-layer board two layers at a time 
• User selectable grid, line width & pad shape 
All packages support IBM PC with CGA, EGA & HGA graphics 
cards IBM, Epson, Okidata printers and Hewlett-Packard, 
Houston instrument and all other plotters Demo Disk S 10 
(305) 975-9515 800-9PC-FREE 

ADVANCED MICROCOMPUTER SYSTEMS, INC. 
1321 NW 65th Place 

Ft. Lauderdale, FL 33309 
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Analog Circuit Simulation 
NEW 

IS_SPICE/386 
$386.00 

Runs on 386 PC's in 
protected mode 
with DOS 3.1 & up. 
Uses 287, 387 or 

,.._.;...:..:,....;_...:,:,;;;;;;;;;;;;J W1167 coprocessor 

•IS SPICE, $95.00: Performs AC, DC and Tran-
sient analysis ; runs on all 80?86 PC's in real mode. 

•PRE_ SPICE, $200.00: Adds Monte Carlo Analy­
sis, Sweeps, Optimization, libraries and algebraic 
parameter evaluation . 

a lntu_Scope, $250: A graphics post processor 
works like a digital oscilloscope. Easy to use with 
all the waveform operations you will ever need. 

• SPICE_NET, $295: Schematic entry for any 
SPICE simulator. Automatically makes a SPICE net 
list and places lntu_Scope waveforms on your 
schematic. 

• 30Day 
Money Back 

intusoft 
Guarantee 1213) 833-0710 

P.O. Box 6607 
San Pedro, CA 

90734-6607 

CIRCLE NO 345 

BREAKOUT DEVICE FOR DIP ICs 
Wasting time cutting traces, bending leads? 
Speed debugging with the DIP ISOLATOR!w 
Isolate IC pins quicky and easily. Use jumpers 
on test point headers to make circuit changes. 
Send for application note and data sheet. 
Sizes from 6 to 64 pins. ZIF or hi-rel sockets. 
Prices from $22.75. 

Beta Automation Inc. 
3541 Old Conejo Rd. 

Newbury Park, CA 91320 
805/499-5785 

CIRCLE NO 346 CIRCLE NO 347 CIRCLE NO 348 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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EPROM PROGRAMMER 
$349 

THE EP-1 's A GREAT VALUE & HERE'S WHY: 
• READS, PROGRAMS, COPIES OVER 300 EPROMS ANO EEPROMS 

FROM 29 MANUFACTURERS INCtUOING 2716-27513, 2804-2S256, 27011 
• READS & WRITES INTEL, MOTOROLA, STRAIGHT HEX ANO BINARY 
•OPTIONAL HEADS PROGRAM INTEL S74X, S751 , S7C51 , S755 
•MENU-DRIVEN CHIP SELECTION BY MFG & PIN; NO MODULES 
•FAST, SLOW, QUICK PULSE PROGRAMMING ALGORITHMS 
•SPLITS FILES SY BASE ADDRESS ANO ODO/EVEN (16&32 Sin 
•ALL INTELLIGENCE IN UNIT; ZSO MICROPROCESSOR BASED 
• 5, 12.5, 21 , 25 VOLT PROGRAMMING FOR CMOS ANO ·A SUFFIX PARTS 
•FREE PC-OOS SOfTWARE •RS232 TO ANY COMPUTER 
•GOLD TEXTOOL ZIF SOCKET • S 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 713/461-9430 TELEX 15614n 
10681 HADOINGTON #190 HOUSTON, TX n043 

CIRCLE NO 349 

IBM COMPATIBLE RS232/488 
3Y2 x51/.i" FLOPPY DATA STORAGE 

& TRANSFER SYSTEM 

Information Transfer to/from Non IBM Compatible Systems to/from 
IBM & Compatibles: (Over RS-232 or 488 Interface). 

• Reads & Writes MS DOS Disks 
• RS-232/488 1/0 
• Rugged Portable Package/battery option 
• ASCII or Full Binary Operation 
•Baud Rate 110 to 38.4K Baud 
• 360K/720K RAM Cartridge Option 
• Price $895 in Singles-OEM Qtys. $495. 

28 other syslems with storage from 100K to 42 megabytes. 

ANALOG & DIGITAL PERIPHERALS, INC. 
251 South Mulberry St .. Troy, Ohio45373 
P.O. Box 499 TWX 8101450-2685 
5131339-2241 FAX 5131339-0070 

CIRCLE NO 752 

GP-IB, HP-IB CONTROL FOR YOUR PC, 
PC/AT and IBM PERSONAL SYSTEM/2'" 
• Control instruments, plotters, and printers. 
• Supports BASIC,C,FORTRAN and Pascal. 
• Fast and easy to use. Thousands sold . 
• Software library. Risk free guarantee. 

r~ Capital Equipment Corp. 
~ ~ ~~ 99 South Bedford St. 

Burlington, MA. 01803 
FREE demo disk. Call (617) 273-1818 
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EON 
INFO CARDS 

The Fastest, Most Cost-Effective 
Way to Generate Sales Leads! 

RUSH ME YOUR FULL COLOR 
6 PAGE BROCHURE 
Name _ . 
Title 

Company 
Address 

----.Jlll C•tv c:: ...... 

Today's best sourcebook on 
optoelectronic components is yours ... 

:::.."¥:::::::. .. -~hu~l .. Aod ftJ'W'l, II 
mt;! t:oc~ l!Wtltr.k!yol# Ind 

:w .. ~===-1~~ • ,.,.,.,. 
T1t1e: 

Send me the new Thennau 

'EAT_S!~!RATALOG 
M ~ ~_., • 

»r: ... ~;i-""';"' 
Hinh f:..it-.:inint' 
ltt,..1:.1."'"S)~ 
\~ ... ~-<'() 

\41\~ 
OJMS)_., 

"'' --
'" 

FASfORt:. 
!OJt.iJ.t-\ 9'75 

~''JI c., 
~Jflloi~-

r, ... 

With EON Info Cards, you can turn a small investment into high-quality 
sales leads. 
Issued six times per year in loose-deck packs, EON Info Cards are delivered 
to EON magazine's U.S. circulation of 121,500 specifiers and buyers. Which 
means they deliver results! In fact, the average card in a deck pulls lite~ally 
hundreds of prospects. 
You'll enjoy this steady, dependable source of qualified leads for less than 
11/2¢ per name. And because all inquiries come directly back to you, the 
faster you respond, the faster you get results. 
Used as an adjunct to an advertising /promotion campaign or all by them­
selves, EON Info Cards will generate the qualified leads you need to sell 
your products. 
For further information, contact Lauren Fox, EON Info Cards Manager, 
at (203) 328-2580. 
*Numbers represent actual responses. 
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Nicolet 
* INSTRUMENTS OF DISCOVERY 

As the demand for scientific information grows, only the imaginative and resourceful development of high tech­
nology instrumentation can provide the answers. Nicolet is in the forefront of companies providing this instru­
mentation for: Chemical Analysis and Research , Neurological Monitoring and Evaluation , Electronic Test and 
Measurement, and instruments and devices for the hearing-impaired health care market. 

Nicolet, an innovative and progressive market leader in the field of high-tech computerized instrumentation 
presently has outstanding opportunities for experienced and dedicated professionals in a variety of areas: 

PRODUCT MANAGER 
Responsible for developing and implementing marketing plans for audiological instruments, primarily Nico­
let's AURORA. Experience in sales and/or marketing of instruments a plus. BS degree in audiology preferred . 

ENGINEERING PROJECT MANAGER 
You will manage a product development team and participate in the design of hardware and software develop­
ment for a new data acquisition product line. Successful candidates will have BSEE or BSCS with 5 to 7 years 
industry experience. Strong knowledge of the PC world required . Experience with data acquisition systems 
preferred. 

DSP SOFTWARE APPLICATIONS ENGINEER 
You will be responsible for designing a digital signal processing software package for a state-of-the-art data 
acquisition system. You will also evaluate VME DSP hardware and existing software. Candidates should have 
a BSEE or BSCS with an understanding of DSP theory and applications. Knowledge of " C", Forth , and/or 
Microsoft11

' windows a plus. 

MACHINE VISION/APPLICATIONS SOFTWARE ENGINEER 
You will develop software for factory inspection of electronic components. You 'll create machine vision al­
gorithms to recognize specific image features. A BSEE or BSCS with 3 to 5 years experience in production 
software development in a C/UNIX environment necessary. Working knowledge of morphological image anal­
ysis is required . PCB fabrication/assembly industry experience a plus. 

SOFTWARE ENGINEERS 
Candidates must have 2 years experience working with UNIX and " C". A Computer Science degree or a de­
gree in a related field is necessary. Software design will include user interface, application specific graphics, 
porting algorithms, and writing communications between the host, DSP processor and analog control circuits. 

SENIOR MECHANICAL ENGINEER 
Responsible for design , fixtures, probes and other electronic packaging. Also, successful candidates will have 
selected and worked with outside vendors in metals and plastics. BSME required . Prefer 5 years design expe­
rience. Plastic processing design a plus. 

RELIABILITY ENGINEER 
This person would provide independent evaluation of product reliability using FMEA, reliability predictions and 
analysis of defects and failures in production . BSME or EE. 4 years minimum experience in formal reliability 
engineering function . 

Madison, situated on 3 lakes, offers a high quality of life including a world class Big 10 university. Nicolet offers 
an outstanding employment opportunity in a beautiful environment with on-site fitness center. This fitness com­
plex is complete with raquetball and basketball courts, weight room and aerobics center. 

Send resume with current salary to: Marc Bigelow, Nicolet Instrument Corporation , P.O. Box 4370, Madi­
son, WI 53711-0370. 

Nicolet is an Equal Opportunity Employer M/F/H/V 
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So. if you are ready to break away from the mold of traditional Engineering. and possess a minimum of 2 years 
experience In these areas, consider the following exciting new challenges in next generation telecommunications: 

SOFTWARE DESIGN 
ENGINEERS 
BS/MS in Computer Science or Electrical Engineering and 
previous experience with · 'C' ·, RMX operating systems. 
Intel microprocessors. data communications protocols -
(specifically HDLC) and real-time applications. 

HARDWARE DESIGN 
ENGINEERS 
BS/MS in Electrical Engineering and previous experience 
with digital circuitry/firmware design, analog circuit 
design. PCM-channel bank and line/trunk interface design 
or circuit design simulation. ASIC background is a definite 
plus as well as Intel microprocessor experience. 

SYSTEMS ENGINEERS 
BS/MS in Computer Science or Electrical Engineering and 
previous experience in digital loop carrier systems. 
system configuration. system level problem resolution 
and automated system testing. 

APPLICATIONS ENGINEERS 
BS/MS in Electrical Engineering or Mechanical Engineering 
and previous experience in telecommunications systems 
applications design, digital loop carrier and lightwave 
transmission . Responsibilities include creating 
standardized/specialized systems for customer 
applications. 

I 

MECHANICAL ENGINEERS 
BS/MS in Mechanical Engineering and previous 
experience in electronics equipment packaging in order 
to apply these skills to custom metalwork and custom 
plastic design. Background in Computer Aided Design is 
a must with experience in ComputerVision helpful. 

Qualified Telecommunications Engineers shouldn 't 
struggle with a decision on opportunity. or make trade­
offs in location or size of a company in order to realize the 
technological challenge and opportunity you deserve. 
Rockwell Communication Systems is making bold 
moves to maintain their technical leadership in this 
dynamic field . creating significant professional 
opportunities for you to see your work result in our next 
generation of digital loop carrier products. We will offer 
you the kind of compensation/benefits package expected 
of an organization like Rockwell Communication Systems. 

For more information. please send your resume to: 

Rich Skeinlk, Rockwell International, Dept. 8600, MIS 
401-152, P.O. Box 10462, Dallas, Texas 75207. Equal 
Opportunity Employer M/F 

Rockwell International 
... where science gets down to business 

LIVE AND WORK IN DALLAS TOMORROW 
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We believe the only real limit to 
telecommunications and business commu­
nications technology is the ability to imag­
ine the future. 

At BNR (Bell-Northern Research), 
we have that imagination. More impor­
tantly, we also have the innovation and the 
talent to lead our industry into that future. 

Our research and development 
work has helped make Northern Telecom 
the world's leading producer of fully digital 
telecommunications systems. And, our 
continuing work in the most advanced 
products and services for network switch­
ing, business communications, hardware 
technology and transmission is dedicated 
to maintaining this leadership position. 

At BNR, we know how to succeed, 
because we know who to hire. People like 
you. 

We offer a stimulating environment, 
a rewarding salary and benefits package, 
and the opportunity to make a real differ­
ence in the future of telecommunications 
technology. If you would like to see how far 

your career can go in one of the follow­
ing positions, contact BNR 

Networking 
ISDN 

Common Channel Signaling 
Cellular Software Development 

Primary Rate Access 
International Switching 

Operator Services 
Interexchange Carrier Switching 

IBM SNA, X.25, VRTX 

Send your resume to: BNR Inc., 
Professional Staffing, Dept. EDN714, 
1150 East Arapaho Road, Richardson, 
TX 75081. An equal opportunity em­
ployer. 

BNR4• 
WHERE FINE MINDS MANAGE INNOVATION 
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ELECTRIFYING SOLUTIONS! 

130 to 4000 Watts · SELV Magnetics · 2 to 48 Volts · Made in USA · Rugged Packaging · Fully Regulated · Up to 400 Amps 

Thermal Protection · Short Circuit Proof • 50 Degree C Power Rating · 3750 VRMS 1/0 Isolation · Optimum Price/Performance 

SWITCHING 
POWER INC 

3601 VETERANS HIGHWAY 
RON KON KOMA, NEW YORK 11779 
TEL. 516/981-7231 
TWX 5102201528 

CIRCLE NO 83 

Be An Authorl 
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 
137,3~ 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. 

EDN First in Readership among Design Engineers and 
Engineering Managers in Electronics. 
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When you're looking for input on raster plotters, take a look at some major CalComp 

output. 1Wenty-four different versions from the fastest growing raster family in the world. 
(With more family members arriving soon.) 

Every raster plotter incorporates more industry firsts, more choices. From simple, colorful 
business graphics to the complexity of super-dense integrated circuit design, mapping, etc. 

The 5800 and 5700, our color and black-and-white electrostatic plotters, deliver speed, 
superior resolution, multiple configurations and A to E size plots. 

For CAD graphics, PlotMaster™ produces quick-check "!\' size presentation-quality color. 
Or plug ColorMaster® into your PC and through CalCompatibility, you can run the most 

popular business presentation graphics software. 
ColorMaster is a registered trademark of CalComp. © 1987 CALCOMP 
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This index is provided as an additional service. The publisher 
does not assume any liability for errors or omissions. 

........ y. 
The first family? You bet. First in high-resolution 400 DPI color. First in pin-point 

accuracy with electronic registration. First in embedded controllers to save space. First 
with convenient ROM pack firmware. First with flexibility of over 2,000 line and area fill 
colors. And too many more firsts to talk about here. 

There's also a national 800 helpline, 425 trained service 
persons, 46 service centers nationwide, 32 international 
field offices, and on-site service. And a single supply source. 

Don't be the last to learn about the first family. Call 
1-800-CALCOMP or write CALCOMP, P.O. Box 3250, 
Anaheim, CA 92803. In Canada, call ( 416) 635-9010. -jca1comp 
We Draw On Your Imagination and PlotMaster are trademarks of CalComp. A Lockheed Company 
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CHARTER 
EON is written for profession­
als in the electronics industry 
who design, or manage the de­
sign of, products ranging from 
circuits to systems. 

EON provides accurate, de­
tailed, and useful information 
about new technologies, prod­
ucts, and design techniques. 

EON covers new and develop­
ing technologies to inform its 
readers of practical design 
matters that will be of concern 
to them at once or in the near 
future. 

EON covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough detail 
to permit practical appli­
cation 

• for which accurate price 
information is available. 

EON provides specific " how 
to" design information that our 
readers can use immediately. 
From time to time, EDN's tech­
nical editors undertake special 
" hands-on" projects that dem­
onstrate our commitment to 
readers ' needs for useful infor­
mation. 

EON is written by engineers for 
engineers. 
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Your imagination. 
It's limited only by practical considerations. Materials. Technologies. Costs. That's why 
coming to Fall Design can make a crucial difference. 

You'll expand your knowledge - and save time, too. Because Fall Design 
puts you in touch with more technical experts, and more new products 
than you could evaluate in months at your office. 

You can further increase your expertise with courses at the 
ASME-sponsored Conference. 

Spend a day at Fall Design and you'll come away stimulated. 
Refreshed. Equipped with the information you need to fuel 
your imagination. So that you can tum design projects into 
successful products. 

XE 
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Full 32~bit performance 
for less than $30? Believe it. 

That's right. The 2320 N breaks the buck-a-bit barrier. 
And you don 't have to give up a thing. just think of the 
possibilities. All that performance available for a whole new 
range of applications. Like 
yours. But we know the 2320 
probably sounds a little too good 
to be true. 

What's the catch? 
There isn 't any. The Z320 

gives you everything you 
expect from a 32-bit chip. In 
fact , the 2320 offers plenty you 
don 't get with most of the 
high-priced 32-bit offerings: a 
dual-ported cache for instruc­
tions and data, a demand paged 
virtual memory management 
system, duai execution in 

Die Size (K sq mil] 

Transistors (K) 

Clock Speed (MHz] 

Max Power (Watts) 

Package 

Multiplexed Add/Data 

Bus Scaling 

Max Memory Access 
(No Wait States) 

Prog. Wait States 

Performance Range 
(MIPS] 

Price Range 

Z32D" 

106 

93 

10 

3.5-4 

68 PLCC 

YES 

YES 

200 NS 

YES 

2-5 

$25-50 

And the smaller PLCC package and lower transistor count give 
you savings without giving up crucial performance. In short, 
the 2320's technology offers full 32-bit performance for 

80386 

160 

275 

16 

2.5 

132 PGA 

NO 

NO 

67 NS 

NO 

2-5 

$150-600 

68D3D 

160 

270 

20 

2-2.5 

124 PGA 

NO 

NO 

45 NS 

NO 

4-8 

$500-550 

the price of the aging 286. 

Why are you doing this? 
The real question is, 

"Why isn 't anybody else pro­
ducing an affordable 32-bit 
microprocessor?" We designed 
the 2320 to open the door 
to 32-bit performance for any 
cost-sensitive applications 
that can use 32-bit engines as 
peripheral processors or as 
embedded, non-programmable 
processors. Laser printers, 
copiers, synthesizers, for 
instance. 

the six-stage pipeline with two 
ALUs, dual-port access to a 
large general purpose register 
file , programmable wait states, 
and bus-width for two areas The choice is clear. 

There's a lot more to tell 
you about the unbelievable 
2320. But affordable 32-bit per­
formance, off the shelf, backed 
by 2ilog's proven quality and 
reliability ought to give you in memory, l/O and interrupts, 

bus scaling that allows cost memory, to mention just a few. 

How can you do it so cheap? 
First of all , the 2320's HMOS technology is less expensive. 

something to think about. Contact your local 2ilog sales office 
or your authorized distributor today. We'll make a believer 
out of you. 2ilog, Inc., 210 Hacienda Ave., Campbell, CA 
95008, ( 408) 370-8000. 

Right product. Right price. Right away. Zilog 
ZILOG SALES OFFICES: CA (408) 370-8120, (714) 432-9971, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 885-8080, MA (617) 273-4222, 
M:'< (612) 831· 7611, NJ (201) 288-3737, (609) 778-8070, OH (216) 447-1480, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. 
GERMANY Munich (49) (89) 612-60<6, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. R.O.C.: Taiwan (886) (2) 731-2420, U.S. AND CANADA 
DISTRIBUTORS: Anthem Electric, Bell Indu s., Hall-Mark Elec ., jA~ Devices, Inc., Lionex Corp ., Schweber Elec., Western Microtech ., CANADA Future Elec., SEMAD. 
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