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In todays highly competitive marketplace, it takes more than 
technology and tools to meet your ASIC needs. It takes a long-term partner 
you can count on. One who's ready to help you turn your hot idea into 
an even hotter new product. 

At Fujitsu Microelectronics, we believe that the only way we can 
achieve our goals is to help you achieve yours. So we've committed our 
technical , financial and human resources to providing you with the ASIC 
technology, tools and trust you need to meet your objectives. From design 
support through volume production of your advanced VLSI I Cs. The heart 
of your new products. 

When you shake hands with Fujitsu, you get more than just a 
business deal. You get the industrys most experienced volume producer 
of ASIC devices as a working partner. 

We become an extension of your ASIC design team, providing 
you with a nationwide network of field application and technical 
resource engineers, ready to offer local technical support on both products 
and tools. 

You also get ASIC sales and marketing support to help you 
smooth out all the administrative wrinkles. 

Plus coast-to-coast technical resource centers, fully equipped 
with easy-to-use design tools. And local training and twenty-four hour 
design facilities, so you can work whenever inspiration strikes. ·· 

All supporting the most advanced process and manufacturing 
technologies in the industry~ including CMOS, ECL, Bi CMOS and LSTIL. 

All of which is structured for the fast design input-to-prototype 
turnaround, design security and timely delivery of volume production 
you need to get to market faster. 

It all adds up to a partnership that works. Which, after all , 
is everything an ASIC partner should be. 

FUJITSU 

FUJITSU MICROELECTRONICS. INC. 

Everything an ASIC partner should be . 
. 1545 North Fi rst Street. Sanjose. CA 951.)4-1804 (408) 9n-9000 
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More than a work­
station, Ziatech's 

new ZT 1000 
provides an . 

innovative solut10n 
for many levels ?' 
factory automat10n. 

Multi-Talented 
The ZT 1000 can operate as a cell controller, a low cost PLC, and as a 
stand-alone control/el It can perform these tasks simultaneously with 
add-in intelligent control processor cards. 

Trustworthy 
The ZT 1000 is based on the STD Bus, designed for reliability under harsh 
industrial conditions. 

Compatible 
The ZT 1000 runs IBM PC software on Ziatech's PC-compatible single 
board computers, which feature IBM PC DOS and Ziatech's industrial 
BIOS in EPROM 

Well-Connected 
The ZT 1000 comes with industrial networking options fully supported 
by Ziatech. 

Ruggedly Handsome 
The ZT 1000 is tough enough for the factory flool Its ~ " anodized front 
panel meets NEMA 4112 standards for protection from water, dirt, dust 
and non-corrosive /iqwds. 

Friendly 
The ZT 1000 is designed for easy operation by non- technical personnel. 

In Good Company 
Ziatech also offers integrated systems for rack-mounting as well as a 
wide selection of STD and GPIB board-level products. 

IBM PC DDS 1s a trademark of International Business Machines. CIRCLE NO. 116 

Easy to Get 
to Know 

For a free ZT I 000 brochure, 
including specifications, 

configuration guide and price 
list, call liatech today. 
805-541-0488 

Corporate Headquarters 
3433 Roberto Court 

San Luis Obispo, California 93401 USA 
ITT Telex 4992316 •FAX (8051 541 ·5088 

Telephone (8051 541 ·0488 
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The Bright Decision 
Futaba, a world leading manufacturer of vacuum fluorescent displays, 
offers a wide assortment of display tubes in many sizes and formats. Also, 
Futaba offers display modules with all the electronics required to refresh the 
display and easily interface with host system. 

GRAPHIC DISPLAY 
Both front glass phosphor, which provides maximum viewing angle and 
uniform surface appearance, and conventional back glass phosphor, with 
optimum brightness and software dimming capabilities, are available. All 
Futaba graphics modules offer complete drive electronics, bit mapped 
control with a DC/DC converter. All active components are surface mounted 
onto a single board. 

DOT MATRIX MODULES 
Utilizing Futaba's dot matrix displays, a completely intelligent line of "dot 
modules" is available. Each includes all drive, power supply and micro­
processor components surface mounted onto a single board. Surface 
mounted technology results in higher reliability and allows for a smaller 
overall package and lower cost. All dot modules require only a 5V DC power 
source and can accept parallel or 8 possible serial baud rates. 

GRAPHIC DISPLAYS/MODULES 
Futaba Futaba Pixels Brl~ness Module 
01se1!1 Module {Row X Char.} { -L} Dimensions {In.} 
GP1013A GP1013A02 64X34 200 3.35X2.95XO. 7 
GP10058 GP1005803 128X64 400 7.28X3.35X1.77 
GP10108 GP1010801 176X16 200 7.32X2.16X1 .70 
GP10098 GP1009803 240X64 200 6.2X2. 76X1 .57 
GP10068 GP1006804 256X64 200 9.84X3.35X1. 77 
GP1002C GP1002C02 320X240 100* 7.10X6.30X1 .60 
GP1018A GP1018A01 400X240 40 7.10X6.30X1 .61 
GP1004C GP1004C03 640X400 30 9.65X7.3X1 .85 
GP1019A GP1019A03 640X400 35 7.10X6.70X2.56 

*Different Versions Avall1ble 

DOT MATRIX/CHARACTER DISPLAY MODULES 
Futaba Futaba Char. 
01se1~ Module XRow 
16LD03G M16LD038 16X1 
16SY03Z M16SY038 16X1 

20SD01Z M20SD01 20X1 
20SD42Z M20SD42 20X1 
40SD02Z M40SD02 40X1 
40SD42Z M40SD42 40X1 
202SD03Z M202SD03 20X2 
402SD04Z M402SD04 40X2 
MANY OTHER NEW MODULES 
DISPLAYS AVAILABLE SOON 

711 E. State Parkway 
Schaumburg, IL 60173 

Dot Char. 
Format Ht. {In.} 
5X7 0.433 
14SEGMENT 0.200 
ALPHANUMERIC 
5X7 0.200 
5X12 0.344 
5X7 0.200 
5X12 0.344 
5X7 0.200 
5X7 0.200 

Telephone: (312) 884·1444 
FAX: (312) 884-1635 

CIRCLE NO. 117 

Module 
Dimensions {In.} 
8.90X1 .95X.98 
4.92X1 .32X.83 

6.3X1 .97X.75 
7.1X2.16X.88 
9.45X2.16X.88 
9.45X2.16X.88 
6.7X2.56X.90 
10. 43X2.56X. 90 

Compact, flat panel graphic displays and modules 
present clean, sharp images, whether for text or full 
graphics application. 

• • ... 'l <".! l ..1 :-i ~ "·i:'~Q·-2 .. ,. 

••"AA~,J~~~•llll•ll 

2 x 40 character (display) 
.,,.,..,.-~--~~~--. 

2 x 40 character (module) 

Pattern flexibility and pleasing appearance are offered by 
Futaba in dot displays and modules. 

Futaba also offers a complete catalog of alphanumeric, 
segmented displays. 

Futaba supports its products with design engineering 
and system integration assistance. Call or write today. 



If you were stranded on a desert island, 
this is the function generator you'd want. 

Who knows what impedances 
you'd run into, the untrained 
personnel you might have. Or 
where the nearest calibration lab 
would be. 

Obviously, you'd need the 
most versatile, rugged and easiest 
to use function generator available. 

The Model 288 programmable 
function generator. 

It has a 2 mHz to 20 MHz 
output, up to 30 Vpp, that can be 

© Copyright 1988 Wavetek Corporation 

balanced or unbalanced with 
selectable impedances from 50 to 
600 ohms. 

No matter what kind of equip­
ment washed ashore, you'd be set 
to test it. With variable symmetry, 
synthesized frequency accuracy, 
and AM, FM, Sweep and Phase 
Lock modes. 

You say the manual was lost in 
the storm? No problem. Model 288 
has dedicated buttons for each 
mode, making it very easy to use. 

CIRCLE NO 108 

No need for a calibration Jab, 
either. Two built-in AutoCal modes 
are standard. 

So whether you 're stuck on a 
desert island, or buried alive in 
test projects, you need the Model 
288 by your side. 

For more information call 
(619) 279-2200 today. 

Circle 79 for Literature 
Circle 80 for Demonstration 

W.AVETE~ 
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Two ways to extend the 
battery life of portable 
test equipment. 

When you're designing portable test equipment, you want to 
create a system that is reliable and capable of operating without 
frequent battery replacement. 

Siliconix' new low power (<35µW) CMOS quad analog 
switches are just what you need to improve system reliability and 
operational durability. 

These SPST switches are ideal upgrades for DG211 devices for 
applications requiring reduced linearity errors and lower noise 
levels. Rugged 4000Y ESD protection. Easy to design single 12V 
operation. Improved dynamic accuracy via reduced charge 
injection. And available now in 16-pin DIP and SO packages. 

These silicon-gate 
PERFORMANCE METAL-GATE SILICON-GATE performance specifi-
SPECIFICATION CMOS (DG211) CMOS (DG444) cations are optimal 
ON -Resistance 1750 850 for sample and hold, 
OFF Leakage 5nA 0.5nA data acquisition, ATE 
Turn-ON Time 1000ns 250ns and audio switching 

Power Dissipation 20.4mW 0.035mW applications. 

Don't wait for a charge. Dial our toll-free hot line now! 
Call 1-800-554-5565, Ext. 943 for your DG441/2/4/ 5 Design Kit 
with free sample. 

2201 Laurelwood Road , Santa Clara , CA 95054 © 1989 Siliconix inc. 

Siliconix' rugged 
new silicon-gate 
quad analog switches. 
Design reduced 
power dissipation, 
lower leakage and 
faster operating 
speeds into your 
battery operated 
systems. 

EDN February 16, 1989 
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On the cover: Dot-matrix display mod­
ules continue to be popular for a wide 
variety of applications. And with manu­
facturers incorporating different tech­
nologies and more and more onboard 
intelligence, the devices' future remains 
promising. See pg 108. (Photo courtesy 
Siemens) 

WBPA i\BP gg 
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SPECIAL REPORT 
Dot-matrix display modules 108 

Although most of the trade-press coverage of digital displays 
has concentrated on design activity involving high-resolution flat­
panel devices, many applications don't need 25-line x SO-character 
capability. For these applications, dot-matrix display modules 
suffice.-Tom Ormond, Senior Editor 

DESIGN FEATURES 
Troubleshooting analog circuits-Part 4 127 

Earlier installments of this series have described a good analog 
troubleshooter's mindset, armamentarium of test equipment, and 
requisite knowledge of resistors, inductors, and transformers. 
Now, ace troubleshooter Pease reveals some ·of the secrets of an 
often-underestimated class of components-eapacitors. And much 
of what you need to know to troubleshoot capacitor-related prob­
lems is not in any book-it's not even in data sheets. 
-Robert A Pease, National Semiconductor Corp 

A simple analysis helps to 147 
clarify a DSO's performance specs 

The relationship between a digitizing oscilloscope's sample rate 
and the analog bandwidth of the ·waveforms it displays is not 
always obvious. In today's world, you need to understand these 
concepts.-Robert A White, Hewlett-Packard 

Continued on page 7 
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Instead, we'll help you along the path 
to higher productivity. 

Through high-volume, high-yield 
technology, our manufacturing affiliate 
Seiko Epson Corp. produces millions 
of ASIC devices each month. 

S-MOS backs up that production 
with a dependable design program that 
provides back annotation simulation 
and fault grades every chip to help your 
designs succeed. 

To keep costs low, there are no CPU 
simulation charges. 

6 

Our full line of ASICs are migratable 
from gate arrays into standard cells and 
beyond to our Compiled Cell Custom 
cell-based designs. 

Our ASIC solutions span from 513 
to 38,550 gates with technologies down 
to 1.2 micron (drawn). 

To save you time, we can use your 
existing arrays as future building blocks. 

Most ASIC products are available 
in plastic quad flat packs, pin grid arrays, 
plastic leaded chip carriers, small out­
line packages and plastic dual-in-line 
packages. 

CIRCLE NO 36 

So if you're looking for an ASIC 
program that will get you out of the 
woods, ca ll us. 

(408) 922-0200. 

S 
...... -..... -
• • , r . 

v ' & .­
~ · ~ \ ~-=-- .... . " . .. ' ----- ..... -· 

SYSTEMS 
S-MOS Systems, Inc. 

2460 North First Street 
San Jose, CA 95131-1002 

EON February 16, 1989 



Continued fi vm page 5 

PLCC-to-PGA adapters can provide the 
answer to your specific design needs 
(pg 63) . 

EDN magazine 
now offers 

Express ~eguest, 
a convement way 

to retrieve product 
information by 
phone. See the 
Reader Service 

Card in the front 
for details on how 

to use this free 
service. 

Ex12.ress1 11 •1• 
Request If 

EDN February 16, 1989 
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TECHNOLOGY UPDATE 
Make C programs more portable 55 

It's now much easier to make your C programs widely portable 
to different microprocessors and computers. You can choose from 
a number of new compiler families that employ techniques for 
enhancing program portability, but you must still program with 
care.-Chris Terry, Associate Editor 

PLCCs adapt to through-hole use 63 
You no longer need to jury-rig plastic leaded chip carriers 

(PLCCs) to pc boards for testing or manufacturing purposes. A 
number of off-the-shelf alternatives promise to solve PLCC­
mounting problems faster and without causing you aggravation. 
-Michael C Markowitz, Associate Editor 

Crosspoint-switch ICs 
enter digital domain 

75 

When you hear someone refer to a crosspoint-switch IC these 
days, don't assume that they are speaking about an analog IC. 
-Anne Watson Swager, Associate Editor 

PRODUCT UPDATE 
Debugging tool 
Wideband ac power sources 
Data-acquisition board for PC bus 
PLD design-tool enhancement 

DESIGN IDEAS 
Equations yield hysteresis values 
Current mirror enhances DAC 
Buffer prevents metastability 
Shunt regulator does two jobs 
Variable-capacitance diode sparks VCO 

89 
90 
92 
94 

153 
153 
156 
156 
158 

Continued on page 9 
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D American Baby D and Modern Bride. 

7 



iiililliiiliiilA field-use fiber optic 
connector so tough, you could 
roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 

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

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

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

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

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

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

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

ITT Cannon 
A11 rrT EltttroMttha11 i("a/ Com/xmn1ts Hbrldwid'• O>mJ>a"J' 

Discover our strengths. 
CIRCLE NO 106 
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EDITORIAL 51 

Many companies should be planning new products and attacking 
new markets. Instead, they' re trying to maximize quarterly profits. 

NEW PRODUCTS 
Components & Power Supplies 
Computers & Peripherals ... 
Integrated Circuits . . . . . . . 
Test & Measurement Instruments 
CAB & Software Development Tools . 

LOOKING AHEAD 
Thermal printing technique improves resolution . 

DEPARTMENTS 
News Breaks . . . . . . 
News Breaks International . 
Signals & Noise 
Calendar .... 
Readers' Choice 
Leadtime Index 
Literature . . . 
Business/Corporate Staff . 
Career Opportunities 
Advertisers Index . . . . . 

163 
184 
195 
203 
208 

239 

21 
24 
31 
40 
96 
98 

212 
218 
228 
236 
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Mentor Graphics 
lets you simulate 
an 80386-based 
motherboard in 
only 4.3 minutes. 

You're designing a complete 32-bit PC 
motherboard. And you're running out of time. 

Your only hope is to bypass the time-con­
suming breadboard phase and debug directly 
through simulation. Which means simulating 
32 110 write cycles that program the board's 
peripheral chips for normal operation -
27,942ns of execution time, including a mem­
ory refresh. 

So you turn to Mentor Graphics' QuickSim™ 
logic simulator and run the design file-21 
sheets in all, including an Intel 80386 micro­
processor and 155 other IC packages, each 
represented by a SmartModel™ from Logic 
Automation, Inc. 

The result? Simulation completed in just 
4.3 minutes. 
Introducing the soft breadboard. 

With Mentor Graphics, you have a produc­
tion-proven way to create and debug 
systems designs-in software. During 
simulation, design schematics can 
be displayed, probed, modified, 
and resimulated. And to comple­
ment your simulation, QuickPath™ 
rapidly checks your design for criti­
cal path timing problems. All in a 
single, interactive work 
environment. 

Your debug operations stay 

modeling technologies. And that 's precisely 
what we deliver. Like Behavioral Language 
Models (BLMs), which transcend basic func­
tionality and deliver features such as automatic 
error detection and reporting. And QuickParts:M 
which combine maximum speed with mini­
mum memory requirements-and produce 
timing behavior identical to the data book. 

There's also our Hardware Modeling 
Library, TM which provides modeling for VLSI 
parts, including the latest microprocessors. 
Plus unparalleled support for ASIC libraries, so 
you can include your ASIC directly in your 
board simulation. 

Once design and analysis is complete, other 
Mentor Graphics tools follow your design 
through PCB layout, mechanical packaging, 
thermal analysis and documentation. 

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

developing new EDA tools for systems design 
that will extend to every dimension of elec­
tronic product development. From high-level 
systems descriptions to CASE. 

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. 

Phone 1-800-547-7390 
(in Oregon call 284-7357). 

right on your Mentor Graphics ~ _ 
workstation, where engineer- ~ t::a 
ing ~hanges a!e fast, simple ~~ .. ..... 
and mexpens1ve. 4._~ 

Modeling is the key. ~ffff!I/~~ 
Systems simulation , , Men~r 

:.::::.~~:~~.:::~:::., .... , / Grapn~@ 
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AD840 

Gain Bandwidth 400MHz 
Min Stable Gain 10 

Seuling Time lOOns 
(IOV Step) to0.01% 

Slew Rate 400V/µ.s 

Quiescent 
Current (max) 12mA 

Comments HA2540 
Improved 
Replacement 

AD840 Series 

AD841 AD842 AD843 AD844 

40MHz 80MHz 35MHz 60to430MHz 
Unity 2 Unity Unity 

llOns lOOns llOns lOOns 
to0.01% to0.01% to0.01% 100.05% 

300V/µ.s 37SV/µ.s 300V/µs to 2,000V /µs 

12mA 14mA 12mA 6.SmA 

50mAmin JOOmAmin FET-lnput, Current Feedback, 
Output Output Replaces FET~ 2nV/VHz Noise 
Current Current Input Hybrids at lkHz 

HE REVOLUTION IN 
STARTS RI 

Introducing our AD840 Sene en new op 
amps- and the start of a revolution. Because now you 
can go to just one vendor and get more high speed op 
amps with higher precision and lower power than from 
anywhere else. 

The AD840 Series, which includes high accuracy, 
low noise, low cost, FET-input and current-feedback 
amps, is the result of a major breakthrough we've made 

12 EDN February 16, 1989 



AD845 AD846 

16MHz 46to600MHz 

Unity Unity 

350ns IOOns 

100.01% to0.01% 

!OOV/µs 4SOV/µs 

12mA 6mA 

FET-lnput, Current Feedback, 

Drives Cap 75µ. V max Offset 

Loads Voltage 

AD840 Series 

AD847 AD848 

SOM Hz 17SMHz 
Unity s 

120ns lOOns 
to0.1% to0.1% 

300V/µs 300V/µs 

S.7mA S.7mA 

Excellent Stable into 
Flash ADC any Cap Load 
Buffer 

High Speed Op Amp 
Selection Guide 

AD849 

7SOMHz Gain Bandwidth 
25 Min Stable Gain 

80ns SeulingTime 
to0.1% (lOV Step) 

300V/µs Slew Rate 

Quiescent 
5.7mA Current (max) 

Low Noise Comments 
Pre-Amp 

HIGH SPEED OP 
GHTHERE. 

11is of power. all competitively priced. 

•, 

'~ 
'• l 

I 

In fact, each AD840 product consumes 25-50% less power 
than comparable amps, without sacrificing load drive cur­
rent. Plus all parts operate with ± 15V or ± 5V supplies. 

The high performance doesn't come at a high cost, 
either. You'll find that whether you use the AD840 Series 
op amps to bring a new standard of performance to your 
designs, or as replacements for industry standards, they're 

If you'd like more information on why the AD840 
Series makes us the new revolutionary leader in high speed 
op amps, call Applications Engineering at (617) 935-5565, 
ext. 2628 or 2629. Or write 
to Analog Devices, P. 0. 
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) 237 1672; Denmark: (2) 845800; France:(!) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826; 
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050 
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he New 
Harris Semiconductor. 
f xpanding your 
horizons in signal 
processing and control. 

Today, signal processing and control means much more to you than 

it did just a few years ago. Increasingly sophisticated applications are blurring 

the boundary between signal processing-both analog and digital-and data 

processing. And your future designs are certain to require further integration 

of these functions . • For The New Harris Semiconductor-a company 

combining the strengths of Harris, GE, RCA and lntersil-signal processing 

and control is both our heritage and our future . • We understand the 

myriad requirements of designing products for the real world. That's why we 

specialize in providing both performance and application oriented solutions to 

your design problems. At many levels of integration from discrete semi­

conductors to systems on a chip. • No matter what your signal processing 

and control requirements-from DC to microwave frequencies, from low 

power consumption to high speed operation. from precision input to high 

power/high voltage output-The New Harris Semiconductor has what you 

need. With a full range of amplifiers, switches, opto-isolators, discrete power. 

smart power. data acquisition. logic, digital signal processing. microprocessors 

and microcontrollers. And our expertise in analog and digital lets us put them 

both together to meet your most complex system requirements . • In 

signal processing and control. The New Harris Semiconductor is what your 

vision of the future demands. Today. • For more information and a free 

1989 calendar call, toll-free. 1-800-4-HARRIS, Ext. 1989. (In Canada. 

1-800-344-2444. Ext. 1989.) 

HARRIS RCA 6E INTERSIL 

What your vision of the future demands. Today. 
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Chassis-Mount Modular 
Power From 50 to 600 Watts! 
In single or multiple output applications, 
Vicor's family of chassis-mount, power 
building blocks provide flexible and predic­
table solutions to virtually any power 
system requirement. 

Vicar's family of chassis-mount, off-line front 
ends, combined with the Mega and Master Module 
families of chassis-mount DC-DC converters, allow 
the power system architect to quickly and predic­
tably customize expandable single or multiple out­
put power systems with output power from watts 
to kilowatts. Modular power building blocks get 
you up and running in less time, at less cost, while 
Vicar's unprecedented levels of power density and 
efficiency result in less wasted space and heat. 

Off-Line Front Ends 
Chassis-mount front ends are available in out­

put power ratings of 250, 500, and 750 watts and 
are designed for direct connection with Vicar's 
Mega Module and Master Module Series of DC/DC 
converter modules. 

FRONT END SELECTION CHART 

MODEL 

Vl -FKE6-CUX 

Vl -FKE6-COX 

Vl-FKE6-CMX 

NOM 

110 

220 

OUTPUT POWER 

250W 500W 

OPERATING PARAMETERS (ALL MODELS) 

INPUT VOLTAGE (VAC) 

750W 

LOW HIGH TRANSIENT (1 SEC) 

90 

180 

135 

270 

150 

300 

Strappable to provide operation from 90 VAC 
to 270 VAC lines, the front ends feature conducted 
EMI/RFI filtering to VDE/FCC A & B, 50 msec 
holdup, active in-rush limiting and a BUS-OK 
status output. An opto-isolated AC-OK output is 
provided for advance warning of DC BUS dropout 
due to AC line failure . 

DC/DC Converter Modules 
Vicar's Mega Module and Master Module Series of 

single and multiple output DC-DC converters provide 
the power system designer with a cost effective, high 
performance, off-the-shelf solution for applications that 
might otherwise require a custom supply. These mod­
ules incorporate standard Vl-200 Series converters in 
a rugged, chassis-mount package. 

Single Output 

• Single output available from 
50 to 200 watts. 

• 2.5" x 4. 9" x 0.62". 

Single and Dual Outputs 

• Single output available from 
100 to 400 watts 

• Dual outputs from 50 to 200 
watts each 

• 4.9" x 4.9" x 0.62". 

Single, Dual and Triple Outputs 
• Single output available from 

150 to 600 watts. 
• Dual outputs with the first 
• output from 100 to 400 watts, 

and the second output from 
50 to 200 watts. 

• Triple outputs frnm 50 to 200 
watts each. 

• 7.3" x 4.9" x 0.62". 

Specify your configuration by picking any com­
bination of Vicar's standard output voltages (5, 12, 15, 
24, 48 VDC) at the power levels you need. Vicar does 
(he rest. If standard output voltages don't meet your 
needs, Vicar can provide semi-custom outputs any­
where in the range of 2 to 100 VDC! For complete 
details and applications information, please refer to 
the Mega Module and Master Module sections of the 
Vicar Product Catalog. 

To Receive A Complete Catalog, Including Information 
On Vicor Products, Applications And Accessories, 
Call Vicar Today At (508) 470-2900, or write to 
23 Frontage Road, Andover, MA 01810. 

Component Solutions 
For Your Power System 
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Now, evaluation systems dedicated to 



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

Performance you weren't 
getting in verification 
systems. 

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

Simplicity that ATE 
systems can't match. 

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

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

Ff/OW HEWLETT 
~e. PACKARD 
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MicroCASE support5 the 68030 
with 25 MHi emulation. 

Step right 
up to the 

MicroCASE 68030 
PROBE'" In-Circuit Emulator. The 
first, the fastest, the best 68030 
support of its kind. 

The 68030 PROBE incorporates 
the same unique features as our 
highly successful 68020 PROBE'" 
- the debugging tool chosen by 
hardware and software engineers in 
a wide variety of leading high tech­
nology equipment manufacturers 
world-wide. 
Pre-fetch pipeline dequeueing 

The 68030 PROBE provides in­
circuit emulation - at speeds up 
to 25 MHz. PROBE also features 
pre-fetch pipeline dequeueing, 
so it's easy to figure out which 

68020 PROBE and 68030 PROBE are trademarks 
or the Atron Division or MicroCASE. VAX. is a 
registered trademark or Digital Equipment 
Corporation. IBM is a registered trademark or 
International Busiccss Machines. 

20 

instructions actually execute, and 
which bus cycles relate to those 
instructions. 

And by merely changing the 
probe tip, the 68030 PROBE also 
supports the 68020. 
'Ihle source-level debugging 

The 68030 PROBE provides 
on-line debugging of high-level 
language software. Real source 
statements are displayed, elimi­
nating lengthy translations from 
assembly language to your high­
level language. 

PROBE uti­
lizes an IBM® 
PC AT as 

its instrumentation chassis, so 
you can get compiled code to its 
target via Ethernet, VAXNet, SUNNet, 
SCSI or RS-232. Whether you 
compile on a PC, a workstation 
or VAX,® MicroCASE supports more 
object code formats than any 
other vendor. 

No need to wait any longer. Real­
time emulation and dequeueing 
for the 68030 and 68020 are avail­
able now. From the number one 
supplier of hardware-assisted soft­
ware debuggers for the 68000 series. 
The Atron Division of MicroCASE. 

If you'd like more information, 
or a short product demonstration, 
call us today at 408-253-5933. 
Or circle the number on the 
reader service card. 

Mr~lO Saratoga Office Center 

CAS
'9EJ=:: 12950 Saratoga Avenue 

~r,;: Saratoga, CA 95070 
~ 408-253-5933 

ATRON DIVISION 
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NEWS BREAIZS 
EDITED BY JOAN MORROW 

CUB.llENT-LOOP RECEIVER HAS ± 40V COJDION-MODE INPUT RANGE 
Using the monolithic RCV420 current-loop receiver IC, you can convert a floating, 

4- to 20-mA analog signal to a ground-referenced Oto 5V analog signal with an 
accuracy of better than 0 .1% of full scale. The device, from Burr-Brown (Tucson, 
.AZ, (602) 746-1111), accepts signals within a common-mode signal range of ±40V 
while introducing no more than l.5V of drop in the signal loop. It also features an 
86-dB common-mode rejection rating. Plastic- and ceramic-packaged versions of the 
receiver cost $4.50 and $7 (100), respectively.-Steven H Leibson 

ENHANCED DBAM-CONTROLLER FAMILY MATES WITH 28-MHz µ.Ps 
National Semiconductor Corp (Santa Clara, CA, ( 408) 721-5943) has boosted the 

speed of its DP8420 family of dynamic-RAM controllers and has added features to 
the devices. The new devices, designated by an "A" suffix, will operate with µPs 
running at clock rates as high as 25 MHz, which represents a 25% increase in speed 
in comparison with the company's earlier parts. The dual-ported DP8422A handles 
dynamic RAMs as large as 4M bits, and the single-ported DP8421A and DP8420A 
accommodate lM- and 256k-bit devices, respectively. All three dynamic-RAM control­
lers incorporate address latches, bank-select logic, a programmable wait-state genera­
tor, and a refresh counter. 

In addition, the chips support memory interleaving, burst- or nibble-mode dy­
namic-RAM access, and page-or static-column-mode access. The company sells the 
DP8422A, DP8421A, and DP8420A for $23.50, $17.97, and $12.50, respectively. 
-Steven H Leibson 

6M-WHETSTONES COPROCESSOR ANNOUNCED FOR 68020/68030 
The Abacus-3168 numeric coprocessor from Weitek Corp (Sunnyvale, CA, (408) 

738-8400) , when teamed with a Motorola (Phoenix, A'Z) 25-MHz 68030, is expected 
to deliver 6M Whetstones (double-precision) and l.5M-flops Linpack (double­
precision) performance. The coprocessor consists of a full floating-point multiplier, 
an ALU, and a divide/square-root unit . Green Hills Software Inc (Glendale, CA) pro­
vides compiler support for the C, Fortran, and Pascal languages. 

Although Weitek won't be offering samples of the IC until July, samples of daugh­
ter boards that are hardware and software compatible with the IC will be available 
for shipment in April. The 25-MHz Abacus-3168 daughter boards cost $995 (100) . 
The vendor expects to price the 25-MHz, 121-pin IC at $499 (2500).-Doug Conner 

VHDL TOOLS TO BE INTEGRATED WITHIN A POPULAR EDA SYSTEM 
Mentor Graphics (Beaverton, OR, (503) 626-7000) has announced an implementa­

tion of IEEE-STD 1076, or the VHSIC hardwar e description language (VHDL), that 
integrates a VHDL analyzer and interactive source-code debugger with the graphical 
interface and database of the company's existing design tools . The product , System 
1076, will also feature a graphical editor for architectural design. This complete 
design system will permit you to mix VHDL models with other modeling methodolo­
gies in your designs and let you execute VHDL models dir ectly in Mentor's QuickSim 
logic simulator. 
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NEWS BREAIZS 
The architectural graphical editor, due in the second release of the software, will 

automatically generate code that describes VHDL connectivity when blocks are se­
lected for inclusion in a design. A templating editor will speed the entry and editing 
of text. Prices for the System 1076 will start at $24,900, though the ability to run 
a compiled VHDL model will be a free enhancement for any of the vendor's Idea 
workstations. The first release of System 1076 is scheduled for the third quarter of 
1989; the second release is scheduled for early 1990.-Michael C Markowitz 

l:M- AND 2M-BIT HYBRID SRA:Ms AND EEPRO:Ms FIT IN 32-PIN DIPS 
Hermetically sealed, 32-pin DIPs house White Technology Inc's (Phoenix, AZ, (602) 

437-1520) family of 128k x 8-bit and 256k x 8-bit hybrid static RAMs and EEPROMs. 
The ceramic DIPs are 0 .6 in. wide. The static RAMs feature 120-nsec access times; 
the EEPROMs feature 150-nsec access times. Deliveries of all devices will start in 
April. The 128k x 8-bit (WS-128K8-120CM) and the 256k x 8-bit (WS-256K8-120CM) 
static RAMs cost $275 and $506 (100), respectively. The 128k x 8-bit (WE-128K8-
150CM) and 256k x 8-bit (WE-256K8-150CM) EEPROMs cost $1200 and $2280 (100), 
respectively. The "M" suffix on these part numbers denotes military versions of 
these devices and a - 55 to + 125°C operating-temperature range. The company also 
offers commercial-temperature ( - 40 to + 85°C) versions of the four devices. 
-Steven H Leibson 

8-BIT, 9-T"AP FIR FILTER ACHIEVES 40-MHz DATA RATE 
The L64243 digital FIR filter from LSI Logic Corp (Milpitas, CA, ( 408) 433-8000) 

operates at 40-MHz data-throughput rates and integrates nine taps, each consisting 
of a multiplier and an accumulator. Therefore, it has an aggregate speed of 360 
million operations/sec (each operation takes the form "a=a*b+c"). Two on-chip 
multiplexers allow you to configure the device as a I-dimensional, 9-tap filter for 
signal-processing applications or as a 2-dimensional, 3 x 3 filter for image-processing 
applications. The device accepts 8-bit data and coefficients in either unsigned or 
two's complement formats, and it has a 20-bit output to prevent loss of precision. 
Coefficients enter the device through one 8-bit port, but the tap coefficient registers 
are double-buffered, so you can load new coefficients at a leisurely rate and then 
activate all of them simultaneously. The 20-, 30-, and 40-MHz versions of the FIR 
filter cost $117.80, $247.50, and $272.50 (100), respectively.-Steven H Leibson 
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Stay Generations Ahead 
in Video/RF 12-Bit ADLl 
When it comes to the industry's 
highest perfonnance 12-bit, 
10 MSPS converters, TRW 
LSI can keep you out front. 
Whatever your data acquisition 
problem, TRW LSI's IBC1200 
Series provides the solution. 

Take the IBC1201 : It's completely 
self-contained, including track/hold 
and all timing circuitry. Signal in, data 
out, all in a 46-pin hennetic DIP. Standard 
± l.OV input range, ± l SV and 
± SY supplies, TfL interflce and 
synchronous data output make this the 
easiest part of your system design. 

Really cramped for space? Try the 
IBC1202. You get the same leading­
edge performance as the mc1201 , 
but in a 40-pin package that's 40% 
smaller. And, as an extra bonus, you 
can dump that - l SV power supply. 
And accommodate bipolar or unipolar 
input signals. That's not all . . . 

If you have signals down in 
the mud, our mc1200 is 
the solution. It offers a 
full scale input range of 
± 167 millivolts. That means 
you won't need that extra low-

TIIC1201 

noise gain stage. But, the whole 
world doesn't speak softly, so the 

IBC1200 has a gain switch that gi\ei 
you a ± 2.SV input range. That's a gain 
shift of l SX, extending the dynamic 
range by over 23dB. 

Need more? Give us a call. We have 
many other leading-edge conversion 
products on the drawing board. Or 
we'll do one just for you. 

Even if you have already solved your 
12-bit acquisition problem, talk to us. 
Remember, we guarantee full-spec 
perfonnance. Plus, we can show you 
how to save time, space, power and 
money - and obtain multiple-source 

security without a redesign. 

TIIC1202 

TRW LSI Products -
Bringing the worlds of 
Data Acquisition and DSP 

together to keep you 
generations ahead. 

1 

± 1 I , 
~ _}_ 

I'"' I'll.I 
'""" 
~ IY\..., '""" \W 

0 0.5MHz/ div 5.0MHz 

Analog 
Part Input Package 

Number Range Sryle Area Power 
_M (Sq. In.) (W) 

THC1202 ± 1.0 40·Pin 2.3 
DIP 

THC1201 ± 1.0 46-Pin 3.8 
DIP 

THCl200 ±2.5 46-Pin 3.8 
and DIP 

±0.167 

TRW LSI Products Inc. 
P.O. Box 2472, La JoUa, CA 92038 
619.457. 1000 

In Europe, phone: 
TRW LSI Products Inc. 
Munich, 089.710311 5; 
Paris, I.69.82.92.41; 
Guildford (U.K.), 0483.302364 

In the Orient, phone: 
Hong Kong, 3.880629; 
Tokyo, 3.487.0386; 3.461.5121; 
Taipei, 2. 75 1.6856; 
Seoul, 2.553.0901; 
Singapore, 65.747.6155 
Australia, 613.544.8244 

TRW LSI Products Inc. 
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NEWS BREAIZS: INTERNATIONAL 

COLOR-VIDEO CONTROLLER INTERFACES TO TV SETS OR MONITORS 
The IMS-G300 color video controller from Inmos Ltd (Bristol, UK, TLX 444723; in 

the US, Colorado Springs, CO, (719) 630-4000) can drive a variety of video displays 
ranging from TV sets to high-resolution color monitors. The device, which is pack­
aged in an 84-pin pin-grid array or quad flatpack, incorporates a 256 x 24-bit color 
look-up table, a 32-bit pixel data port, three 8-bit video D/A converters, a programma­
ble video timing generator, and a phase-locked loop. The 32-bit pixel port can operate 
as four multiplexed 8-bit ports, which allow the device to access video RAM at 
one-quarter the pixel rate. In this mode, the color look-up table allows you to display 
256 colors from a palette of 16 million colors. Alternatively, you can enter 24-bit 
pixel data and route it directly to the D/A converters; this scheme enables you to 
display all 16 million colors simultaneously. 

The on-chip phase-locked loop generates appropriate video clocks from a 6- to 9-MHz 
external clock source . The timing generator can free-run or synchronize to an exter­
nal synchronization signal. It can also produce separated or composite synch outputs 
and an interlaced or noninterlaced video output. You can program the IMS-G300 
with any suitable µP. Engineering samples of the device are available for $175. 
Production parts cost $101.14 (1000).-Peter Harold 

COMMAND LANGUAGE CONTROLS INTELLIGENT PERIPHERALS 
Targeted for use in backplane bus systems, the Clip control language allows you 

to control intelligent peripheral boards by using high-level commands. The language, 
which was developed jointly by Arcom Control Systems Ltd (Cambridge, UK, FAX 
0223-410457) and British Telecom's Microprocessor Systems Div (Ipswich, UK, FAX 
0473-642824), uses English-language-type commands, which are processed by a resi­
dent interpreter on each peripheral board. The language includes commands that 
allow you to interrogate and pass data between a CPU and an intelligent peripheral. 
Both companies will provide suitable interpreters with their STE Bus boards. Al­
though the language is currently implemented in STE Bus products, it is suitable 
for use in other computer systems. The two companies will retain the copyright, 
but the specification will be supplied for a nominal charge (£15) to anyone interested 
in using it.-Peter Harold 

SPACEWORTHY COMPUTER HAS AUTOMATIC ERROR CORRECTION 
Mitsubishi has developed a high-reliability computer for use in outer space, accord­

ing to Japanese news reports. The system can quickly detect and eliminate errors 
caused by radiation. The 14.5 x 20 x 7.8-cm computer, which consists of three boards 
and a power supply, weighs 1.6 kg and consumes only 7W. To harden the computer 
against space radiation, the company used a gate array that can withstand as much 
as 1 million rads. To achieve automatic error detection and correction, the company 
used redundant data circuits, which discard bad data, and connected an additional 
error-correction circuit to the memory. The computer can execute 200,000 to 300,000 
commands/sec. The company is currently developing a version that will be able to 
execute 1 million commands/sec.-Joanne De Oliveira 
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No Problem! 
The Nicolet 4094C Digital Storage Oscilloscope gives you the maximum 
versatility and value with software solutions beyond locked-in front 
p anel functions. 

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

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

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

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

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

5225-2 Verona Road, Madison, WI 53711 • 608/273-5008 or 800/356-3090 INSTRUMENTS OF DISCO\'ERY 
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0.5 to 1000MHz trom $13~Ra 24qN) 
Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 

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

off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
1000MHz, NF as low as 2.8dB, and power output as high as +15dBm. 

Prices start at only $13.95, including screening, thermal shock -55 °C to + 1 OOC, 
fine and gross l13ak, and burn-in for 96 hours at 100°C under normal operating 

voltage and current. 

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

FREQ. 
RANGE 
(MHz) 

MODEL fl tofu 

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

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

supply voltage and you are ready to go. 

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

breakthrough. 

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

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

28 1.0 8 4.5 60 13.95 
19 1.5 7 6.0 85 15.95 
28 1.0 8 2.8 60 15.95 
10 0.8 15 3.7 70 15.95 
16 0.5 6 7.2 85 24.95 

ttMidband 1 Ofl to fu12.±0.5dB t ldB Gain Compression <)Case Height 0.3 In. 

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

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

finding new ways ... 
setting higher standards 

0 Mini-Circuits 
A Division of Scientific Components Corporation 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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30 
(1,000 qty) 

The opportunity for automated, low-cost assembly is a key 
benefit of surface-mount technology, but is often wiped out by 
the high price of surface-mount components. Now, Mini-Circuits offers a new series of 
mixers to meet the pricing demands of SMT ... only $3.30 in 1,000 quantity ($3 95 ea. in 
quantity of 10) ... at a cost even lower than most conventionally-packaged mixers. 

The SCM-1 spans 1 to 500MHz and the SCM-2 covers 10 to 1,000MHz. Housed in a 
rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high (maximum dimensions) plastic /ceramic 
package. Spacing between connections is 0.2 in. The mixer is offered with leads 
(SCM-L) or without leads (SCM-NL) to meet a wide range of pc board mounting 
configurations. 

Each SCM is built to meet severe environmental stresses including mechanical shock / 
vibration as weH as temperature shock. The operating and tempera.lure storage range is 
-55°C to +100°C. Each SCM, designed and built to meet today's demanding reliability 
requirements, carries Min-Circuits' exclusive 0.1 % AOL guarantee of no rejects on every 
order shipped (up to 1,000 pieces). 

finding new ways .. 
setting higher standards 

SCM-1L 
SPECIFICATIONS SCM-1NL 

(typical) (l=with leads) 
FREQ. RANGE (MHz) 

LO.RF 1-500 
IF DC-500 

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

ISOLATION (dB) (L-R)(L-1) 
Low-Band 60 45 
Mid-Band 45 40 
High-Band 40 35 

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

Units are shipped 1n anti-static plastic 
'tubes .. or .. sticks,. for automatic 1nsert1on. 

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

t:::J MinAio:.~1~£0~;0!.~ 

SCM-2L 
SCM-2NL 
(NL=no leads) 

10-1000 
5-500 

6.5 dB 
8.0 dB 

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

$4.15 (1000 qty) 
$545 (1-9) 

P.O. Box 350166. Brooklyn. New York 11 235-0003 (7 18) 934-4500 
Fax (7 18) 332-4661 Domestic and International Telexes: 6852844 or 620156 C 115 REV. B 
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Tandem's powerful 
Nonstop VIJ(TM 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 

WE NEEDED CONNECTION 
TECHNOLOGY AS SOPmsnCATED 
AS OUR DEVICE TECHNOLOGY 

rely on inter­
connection 
specialists: 
Tera dyne 
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 DENSlfY PLUS PROVIDES 

11/E FLEXIB/llTY WE NEED. 
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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 

EDN February 16, 1989 



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
ing with 

choice 
should be 
Teradyne, 
too. To find 
out how we 

can help 
interconnect 
your VLSI 
designs, call 
us today at 
(603) 889-
5156, ext. 

Teradyne WE MADE 
374. 
Or 
just to meet 11IE RIGHT CHOICE. 

future 
interconnection 
requirements:' 

If you want uncom­
promising intercon­
nection performance 
and reliability, your 

EDN February 16, 1989 

write: 
Teradyne 
Connection 
Systems, 44 
Simon St., 
Nashua, NH 
03o60. 

CIRCLE NO 40 

High Density Plus One backplane. 
High density modular connectors. 

A controlled impedance printed 
circuit panel. High current 

power busing. 

Interconnecting problem ... and solution. 

29 
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ARE YOU ABOUT TO WRITE A BAD CHECK? 
TEAR IT UP AND CHECK OUT MAXI/PC INSTEAD ••• JUST $995! 

" We almost wrote a $3,500 check 
for PCB CAD software that couldn't 
compare with MAXI/PC." 

Capabili ties 

Hierarchical 
Des ign 

Back 
Annota tion 

Automatic 
Place me nt 

Autom.atic 
Gate & Pin 
Swap 

Au tomatic 
Component 
Rename 

Data 
Migra tion 

Price 

BO B T ILDEN, S 1: N IOR ELECTRON IC Dt:SIG Nl:R 

P HYSICS RES l:.Al<C ll G ROUI', 

NO RTHW ESTl:.R N U NJVJ:J6 1TY 

EE Designer 111* PADS- PC B* OrCAD* 

v' 
v' .I 
.I .I 

.I 

$3,995 $3,600 $1,990 

Prices and features are those ava 1l uble at tnne of pubhcat1on , \/89. 
*Trademark 
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How can the world's largest PCB CAD 
vendor offer you so many advanced 
capabilities for such an affordable 
price ... MAXI/PC $995? It's simple. 
We took proven software from our high­
end workstation systems and designed 

MAX I/PC 

./ 

./ 

./ 

./ 

./ 

./ 
$995 

it to run on the PC. 
MAXI/ PC is schematic cap­

ture/PCB layout software offer­
ing interactive and au tomatic 
capabilities such as automatic 
gate and pin swapping, auto­
matic component rename, and 
back annotation to name a few. 
With features like these, you'll 
be able to tackle the toughest 
boa rds . . . dual in- line and 
multilayer designs, as well 
as double-sided and surface­
mount designs. 

And MAXI /PC is software 
you can grow with . Data can 
be migrated upward to our mid-

CIRCLE NO 109 

range PC-based CA DSTAR 1 M system 
and from there to our engineering 
workstation-based Visula 1 M system. 

So, before you make out a bad check, 
check out MAXI/PC's impressive fea­
tures and unbelievable price. We don't 
offer demo disks. We do one better. 
Order MAXI /PC today and you get a 
full 30-day money-back guarantee if 
you're not satisfied . 

1-508-692-4900 

MAXI/PC 
PCB CAD SOFTWARE 

RACAL·REDAC 
238 Littleton Road , P.O. Box 365 

Westford, MA 01886-9984 

We accept check/money order, Visa and MasterCard . 

CADSTAR and Visu la are trademarks of Raca l-Redac, Inc. 
©Copyright 1989 Racal-Redac, Inc. 
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SIGNALS & NOISE 
SCSI spec allows 
5M-byte/sec transfer rate 
Maury Wright's article on SCSI 
host adapters (EDN, September 1, 
1988, pg 59) perpetuates a common 
myth when it states the maximum 
SCSI transfer rates. Maury quotes 
the SCSI specification (ANSI docu­
ment X3.131-1986) as setting maxi­
mum transfer-rate limits of 1.5M 
bytes/sec in asynchronous mode and 
4M bytes/sec in synchronous mode. 

In fact, the SCSI specification 
never directly sets the transfer 
rate, but rather specifies delays 
such as setup, hold, and skew. The 
55-nsec setup time is the only SCSI 
timing specification that limits 
asynchronous information transfer, 
and cumulative delays equal a mini­
mum of 180 nsec for the synchro­
nous mode. If theory were borne 
out in practice, asynchronous mode 
would be faster than synchronous 
mode! 

Transfer rates in working sys­
tems are limited by a host of fac­
tors , but typically, asynchronous 
mode is slowed dramatically by the 
fourfold effect of cable propagation 
delay. In this mode, each byte is 
transferred with a 4-edge hand­
shake and waits during the cable 
propagation delay each time. The 
oft-quoted 1.5M bytes/sec is a pessi­
mistic estimate even for a 6m cable 
with today's protocol controllers. 

The maximum synchronous mode 
rate that SCSI allows could be cal­
culated from 11180 nsec, resulting 
in about 5.56M bytes/sec, but a 
practical maximum is about 5M 
bytes/sec, allowing for guard bands 
on the 90-nsec assertion and nega­
tion periods specified for the re­
quest and acknowledge signals. 

SCSI-2, scheduled to be for­
warded for public review at the De­
cember 1988 ANS X3T9.2 SCSI 
Committee meeting, contains Fast 
SCSI, a method of doubling the syn­
chronous-mode transfer rates. A 
caution, however: This mode has 
been tested only with the differen­
tial-transceiver option. You 
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shouldn't expect to obtain these 
rates from protocol chips containing 
single-ended transceivers-yet. 
Jim Schuessler 
SCSI Committee member 
National Semiconductor Corp 
Santa Clara, CA 

Learning English doesn't 
deny foreign heritage 
I totally agree with Jon Titus's 
opinion in the editorial "Let's make 
it English" (EDN, October 13, 
1988, pg 53). My grandparents im­
migrated to the United States dur­
ing the 1920s and did not know one 
word of English. They felt it was 
their duty to learn English and to 
become active members of the com­
munity. They learned English with 
the help of their relatives and 
friends, and by reading the local 
newspapers. They were very proud 
of their heritage and never felt as 
though they lost any part of it by 
learning to speak English. 

Both of my grandparents held re­
spectable jobs. My grandfather re­
tired from the Erie Lackawanna 
Railroad after 35 years of service, 
and my grandmother worked part­
time as a custodian at Alfred Uni­
versity for many years. When I was 
growing up, my grandparents 
would tell me stories about their 
lives in Germany. My grandmother 
would translate old German tales 
into English for me, and it was an 
experience that I will never forget . 
Chuck Faisst 
Avon, NY 

Foreign competition isn't 
necessarily unfair 
Having been raised in a laboratory 
where the consensus was that only 
HP equipment was good enough for 
us, I was very interested to read 
that HP was offering a unique sci­
entific/engineering calculator, and I 
bought it soon after. Immediately, 

Low Cost 
8051 Tools 

This Real-Time ICE is the lowest cost 
and smallest sized full speed 8051 in­
circuit emulator. Full access to hard­
ware I/O. Includes all debugging fea­
tures of Sim and dICE below. Fits in 
shirt pocket. 

This reduced-speed in-circuit 8051 
debugger provides full access to I!O 
but will not run real-time. With the 
same user interface features as 
Sim8051 below, dICE-51 generates 
execution profiles during reduced 
speed execution. (CMOS and MIL 
also available.] 

eue , ,1 c 
81~1 •;•i 11 .lool oo, 
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eeo . , i.o.1z 

• 8&1CjO "fl •1 .V•I" • · 
881f11.l•.11 

0. 1'1 
HSl•ov•1.A 

::~~ ~~ . 1 ~· ~ ~~~~: :"'· 
•. • 1eee111srerr cc nre 

11 81 !SMPI YI (1171 1 PD H88 
l l l \ I~ 11 n IF Ci f OH AC 87 
UHHt\Pl fl Cl lHIH PS U 

0• \IAA I 
l • tl • l Del 1o.0 1. 1111 1 1.1.,.. ,1 

Sim8051 $395 
This software Simulator/debugger 
allows 'no-circuit' , debugging of 8051 
code on IBM-PCs. All Cybernetics 
8051 debug tools offer multi-window 
source code displays, symbolic ac­
cess to data, single key commands, 
breakpoints, trace, full speed and 
single step execution, execution pro­
filer, and more. 

Other 8051 tools include: 
Cross Assembler 
8751 Programmer 
Debugger Demo Disk 

$195 
$195-$345 

$ 39 

Cybernetic Micro Systems 
Box 3000 • San Gregorio, CA 94074 
(415] 726-3000 • Tel ex : 910-350-5842 
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SIGNALS & NOISE 
I found that the 128k bytes of mem­
ory praised in the press reviews is 
mainly ROM, and only 2k bytes is 
available to the user. When you use 
the IFTE statement, the stack fills 
up so fast that after a limited num­
ber of loops, there is no memory 
left. I have not yet found a way to 
limit the number of stack levels. 
The handbook laconically tells you 
to delete programs or expressions 
in memory in this case, which is lit­
tle comfort, particularly because no 
card reader is available. 

In short , I am somewhat disap­
pointed with my 28C, but I was in­
furiated to read in EDN's J anuary 
7, 1988, issue that HP is now offer­
ing a new version of the 28C that 
has 32k bytes of user memory. I 
must conclude that for my $235 I 
have been serving as one of the "sci­
ent ists and engineers that make the 
28C for scientists and engineers," 
and I am supposed to spend another 
$235 to (maybe) get what I want. 

I hope you agree that this type of 
practice is one of the reasons that 
people prefer Japanese calculators: 
They're less expensive and more re­
sponsive to the needs of the cus­
tomer. Japanese competition should 
not just be dismissed as unfair. 
F Muller 
NATO HAWK Management Office 
Rueil-Malmaison, France 

Address correction 
The article "PC-resident analog-VO 
cards" by Bill Travis (September 
15, 1988, pg 150) listed an incorrect 
address and phone number for the 
Markenrich Corp. The company's 
correct address and phone number 
are as follows: 
The Markenrich Corp 
1812 Flower Ave 
Duarte , CA 91010 
(818) 359-5223 

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

Pick of the Chips 
Dale 1hick Film Chip Resistbrs 
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Dale can match your surface 
mount needs from the country's 
most comprehensive line of thick 
film chip resistors. Commercial. 
Industrial. Military. l / 10 to 
l watt, .47 ohms to 22 
megohms. All are manufac­
tured under strict Statistical 
Process Control guidelines to 
ensure unvarying dimensional 
and electrical characteristics. 
Most styles provide 60/ 40 tin­
lead terminals to permit lower 
reflow temperatures for reliable 
mounting and protection of active 
components. And, they're available 
fast from factory or distributor stock in 
all popular sizes and values. Contact your 
Dale representative or phone (402) 371-0080. 

CIRCLE NO 2 

SPECIFICATIONS: 
Military: MIL-R-55342/2, 13, 14, 15, 16; (New / 7, 

18, and /9 avai lable soon) 
Value: 5.6fl-1 Meg.; Toi.:± 1%- 10%; 
T.C: ± 100, 300 PPM/ 0 C. 

Industrial: Power: .08, .10, .15, .20, .25, .35, .40, .60, 
.80, 1.0 wall; 
Value: .47n - 20Meg.; Toi.:± 1%-20%; 
T.C. : ± 100, 200, 300 PPM/°C. 

Commercial: Power: 1110, 1/8, 1/4, 1/2, 1 watt; 
Value: 3fl-22 Meg.; Toi .: ±.5%-20%; 
T. C. : ± 100, 200, 300 PPMl°C. 

1/ew~ 1/•w~ 1h~ 
Chip Resistor Design Kits: Available in a choice of 74, 30 

or 15 popular values. Write 0< phone foc more inlocmotion. 

~ 
Dale Makes Your Basics Better 

Dole Electronics, Inc ., 2300 Riverside Blvd., Norfolk, Nebraska 68701 
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You've always known about 
Hitachi's well-deserved reputation 
for high quality, high reliability 
disk drives. Now, there's more 

good news. It's the super-high --:-=~---;:~ 
density DK515-78 780MB 5.25-inch drive, 
the latest addition to Hitachi's comprehensive 
selection of Winchesters, magnetic tape subsystems and 
ultra-high density optical disk drive subsystems. 

The performance you want. 
Our new DK515-78 5.25-inch drive has it all. It features a 

full 780MB of storage capacity, lightning fast 16ms average 
access time, and a blazing 2.4MB/ sec. data transfer rate. Plus, 
it offers a choice of SCSI or ESDI interfaces. 

The reliability you demand. 
When you specify Hitachi, you get more than high per­

formance. You get unbeatable Hitachi reliability. Our 
DK515-78 is designed and manufactured to use our own 
motors, heads, microprocessors and LSis. In-house design 
and production of all these major components and the most 
stringent quality assurance program in the industry, gives the 
DK515-78 a remarkable 40,000 hour MTBF. 

EDN February 16, 1989 

The partnership you can trust. 
Do business with Hitachi, and 
you won't get stuck with yester­
day's news. You'll get a reliable 
business partner who can 
deliver the drives you need, 
when you need them. Next 
time, specify Hitachi. 

Fast Action: 
To get information or product 

literature immediately, CALL lDLL FREE 1-800-538-8157, 
Ext. 877. In California, 1-800-672-3470, Ext. 877. Ask for 
literature number APB-002. 

Regional Sales Offices: Waltham, MA 617 /890-0804, 
Dallas, TX 214/991-7983, Brea, CA 714/ 993-1610, San 
Bruno, CA 415/ 872-1902. 

Hitachi America, Ltd. 
Computer Division 
950 Elm Avenue, Suite 100 
San Bruno, CA 94066 

@HITACH I® 
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WHEN THERE'S 
NO ROOM 

FOR ERROR: 



INTRODUCING TEK'S 
20 GHZ, MULTICHANNEL 

COMPREHENSNE 
MEASUREMENT SYSTEM. 

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

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

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

ential TOR, with unprecedented 
accuracy 

Nothing else lets you 
wall< at the leading edge 
with so much confidence. 
The neN Tektronix 11800 Series 
makes previously difficult 
measurements routine. Even if 
you use it infrequently, you'll 
find its operation straight­
forward and unforgettable. 

Measurement readouts on 
the 11800 Series are continu­
ous-not just misleading 
"snapshots." Mean and stan­
dard datiation statistics on 
each measurement give you a 
true picture of measurement 
integrity 

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

When theres no room 
for enor, count on Tek. 
For more information on these 
and other Tek scopes, contact 
your loca.l lek sales represen­
tative, or ca.111-800-835-9433, 
X170. 
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Everything you need 
for ASIC success 
from one reliable source 

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

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

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

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

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

Complete ASIC 
support 

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

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

,--------------------------
Check Oki: your complete ASIC resource. 
Please send complete technical data/specs on Oki capabilities in: 
D Sea-of-gates D Channelled arrays 
D Standard cells D Full customs 
D Please call. We have immediate requirements. 

Phone 

Name 

Title 

Company 

Attach coupon to business card or letterhead and return to: 
ASIC Customer Service, Oki Semiconductor 785 North Mary 
Avenue, Sunnyvale, CA 94086. Phone: (408) 720-1900. EDN021689 L _________________________ _ 

OKI 
SEMICONDUCTOR 
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GUARD AGAINST A 
BREACH OF SECURITY WITH 
ULTRON's CRYPTO-ENGINE ® 

If sensitive data ls compromised, capabilities - even Intentions -
can be determined. Armed with this intelligence. an enemy would 
have the edge In a situation of conflict. 

1be embeddable CryptA>-Englne• (CE) secures sensitive data with 
the most advanced and cost-effective cryptographic system avail­
able in the world today. 

IF THI: SPl:C:S DON'T Mt' Ill.TRON, 

Ultron Labs Corporation 
A IUblldl8ry of Tracor, Inc. 

4423 ForUWI Court 
SM JoM, C8111omia 15134 
~ 408:1145-1112 
FAX: (408)412-0147 
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CALENDAR 
Selling in Japan and the Pacific 
Rim: New Developments and New 
Strategies (seminar), Washington, 
DC. Electronic Industries Associa­
tion, 1722 Eye St NW, Washington, 
DC 20006. (202) 457-4930. February 
21 to 22. 

The Computer-Aided Software 
Engineering Symposium (CASES), 
Dallas, TX. Elizabeth C Barnaby, 
Digital Consulting Inc, 6 Windsor 
St, Andover, MA 01810. (508) 475-
6990. February 21 to 23. 

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

Semiconductor User and Applica­
tions Industry Conference, San 
Francisco, CA. Dataquest, 1290 
Ridder Park Dr, San Jose, CA 
95131. (800) 624-3282. February 27 
to 28. 

Digital Signal Processing, Single­
Chip DSP Processors, Develop­
ment Systems-Theory, Designs 
and Applications (seminar), 
Anaheim, CA. Dr Amnon Aliphas, 
DSP Associates, 18 Peregrine Rd, 
Newton, MA 02159. (617) 964-3817. 
February 27 to March 1. 

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

Commercially Available Reduced­
Instruction-Set Computer Proces­
sors (seminar), Anaheim, CA. Dr 
Amnon Aliphas, DSP Associates, 
18 Peregrine Rd, Newton, MA 
02159. (617) 964-3817. March 1to3. 

Systems Engineering for Inte­
grated Hardware/Software Appli­
cations (short course), Los Angeles, 
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At Last, a Truly Industrial 
PC AT System for the OEM 

Easy to mount Eurocard 
hardware with optional 
power supply. Can be rack 
mounted or bolted into any 
embedded system . 

100% 
compatible---~ 
EGA color 
d isplay and 
AT keyboard 
interface. 

Genuine 
Intel 80286, 
10 MHz CPU, 
for true AT 
performance. 

512K of fast 
access RAM, 
Clock/calendar, 
dual communi-
cation part 
and optional 
80287 Arithmetic 
Unit on a very 
high density, 
two layer 
PC board . 

Compo ct 
single height 
Eurocard 
board format 
(100 x 160 mm) 
that doesn' t 
flex or bend 
and withstands 

L ! 
-1 

~ l 
- l 

l•: 
~ 

•• 

the toughest shock 
and vibrations. 

_I :JI [ 
JI 
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Three side mechanical bond into 
the card cage, yet easy to access 
for simplified maintenance. 

Full 32-bit expansion bus 
for easy syste m expansion 
and customization with 
up to 20 slots. 

J 

96-pin DI N 
pin-in-socket 

for a gas-tig ht 
connection 

guaranteed 
to last forever. 

Unprecedented selection of inexpensive 1/0 
functions, from the simplest parallel and serial 
1/0, to high performance networking, X.25, 
motor control and imaging . 

ar= 
USA-CANADA 
50 West Hoover Ave. 
Mesa, Arizona 85210 
Tel. (602) 962-5559 
Fax. (602) 962-5750 
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Introducing the first PC AT system 
originally designed to be embedded 
into your machinery or instrumentation. 

With the GESPAC AT system, 
"ruggedized PC" no longer describes 
a desk top PC in a stronger black 
box. Rather it is an architecture made 
to last by design, with such features 
as small and robust board format, 
and ultra-reliable pin-in-socket 
DIN connector. 

What's more, the GESPAC System 
is built for performance with Intel's 
original 80286 processor and 80287 
Arithmetic Unit - In fact this system is 
the most compact implementation of 
the 286 in the market today. 

The powerful G-64 bus interface 
lets you customize your AT system 
with any of the 200-plus system com­
ponents available from GESPAC, to 
match virtually any system requirement. 

Take advantage of GESPAC's 10 
years of experience in serving the 
OEM marketplace. Call today to 
receive your free data sheet and our 
new 116 page catalog of board level 

microsystem 
products. 

Call Toll Free 1-800-4-GESPAC 
or call (602) 962-5559. 

FRANCE 
Z. I. des Playes 
83500 La Seyne 
Tel. 94 30 34 34 
Fax. 94 06 30 56 

INTERNATIONAL 
3, Chemin des Aulx 
CH-1228 Geneva 
Tel. (022) 713 400 
Fax. (022) 713 834 
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PULL A LIGHT SWITCH. 

FROM THIS... TO THIS. 
Durel'" Electroluminescent (EL) lighting eliminates 
the wasted space, energy, and heat of incandescent bulbs. 

EL is light years ahead: No catastrophic failure. No filament 
to break. Immune to shock and vibration. 

Uniform surface brightness and color: A single Durel lamp 
can replace a group of individual incandescent bulbs and costly 
light pipes. 

Low power consumption: Typically less than 2mA per sq. in. at 115V, 
400Hz. Ideal for battery power and low-current drain applications. 

Thin: Nominal thickness of 0.024" (0.6mm) for space-efficiency. 

Pliable: Flexibility permits bending to fit unique shapes. 

High visibility in smoke/fog: Ideal for emergency lighting. 

Call or write for information. 

DUREL CORPORATION 
TM AN 1\rl 11 IAJ[ Of I\\ ,\i",.D W:OC.ER \ ( OH:POIMT IO' 

645 WEST 24TH ST. · TEMPE, AZ 85282 • 602· 731-6200 
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DID YOU KNOW? 
Half of all EDN's 

articles are staff-written. 

CALENDAR 
CA. John Valenti, Integrated Com­
puter Systems, Box 3614, Culver 
City, -CA 90231. (800) 421-8166; in 
CA, (231) 417-8888. March 7 to 10. 

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

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

C Programming Workshop, Seat­
tle, WA. Specialized Systems Con­
sultants Inc, Box 55549, Seattle, 
WA 98155. (206) 527-3385. March 
13 to 17. 

Modern Electronic Packaging 
(seminar), San Diego, CA. Technol­
ogy Seminars Inc, Box 487, Luther­
ville, MD 21093. (301) 269-4102. 
March 20 to 22. 

DCA Forecast to Industry (semi­
nar), Tyson Corner, VA. Janie Her­
ring, AFCEA NOVA Chapter, The 
BDM Corp, 7915 Jones Branch Dr, 
McLean, VA 22101. (703) 848-6944. 
March 27 to 28. 

IBM Personal Computer Interfac­
ing for Scientific Instrument 
Automation (workshop), Blacks­
burg, VA. Linda Leffel, Donaldson 
Brown Center for Continuing Edu­
cation, Virginia Tech, Blacksburg, 
VA 24061. (703) 961-4848. March 27 
to 29. 

1989 Technical Symposia on Aero­
space Sensing, Orlando, FL. The 
International Society for Optical 
Engineering (SPIE), Box 10, 
Bellingham, WA 98227. (206) 676-
3290; in Europe: SPIE, Koblenzer 
Strasse 34, D-5300 Bonn 2, West 
Germany. (49228) 361546. TWX 
172-283-747. March 27 to 31. 
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Introducing OmniLab 9240. 
Totally Integrated Scope-Analyzer-Stimulus. 

• Combine a 100 MHz digital oscilloscope 
with a time-aligned, 200 MS/ s 48-channel 
logic analyzer. Next add synchronized analog 
and digital stimulus generators. Then a 
remarkable new triggering system. What you 
have is the 9240 - a whole new class of 
instrumentation. Expressly designed to speed 
challenging analog and digital analysis. And 
get you from concept to product faster. 

• The 9240 is based on an innovative 
new instrument architecture that merges 
high-speed universal hardware and seamlessly­
integrated software to create high-perfor­
mance capabilities not available in separate 
instruments. Analog and digital traces are 
always time-correlated in a unique, single 
screen display. SELECT™ triggering bridges 
scope and analyzer techniques. And OmniLab's 
stimulus generators can playback captured 
or edited signals. 

• At the heart of the 9240 is SELECT 
triggering, the most straightforward and 
complete solution ever to triggering dilemmas. 
It's one system, operating with synchronized 
analog and digital views of your data. By 
combining conventional oscilloscope and 
analyzer triggering with powerful RAM truth 
tables - plus min/ max time qualification as 
needed - SELECT triggering helps you analyze 
hardware, debug software, and integrate 
systems more easily. 

• Omni Lab'" is a generation ahead of con­
ventional digital scopes that often hide rarely 
occurring faults because they only show you 
a few cycles out of millions. With its con­
tinuous monitoring, you can use SELECT 
triggering to quickly catch every occurrence 

. "' DCM m:mil DD ai.:ime II :O.===-
•• 
11~=.J...==== DD 

Omni lab display demonstrates capture of an 
imbedded analog glitch (in top trace) with time-aligned 
presentation of the waveform's digitized bit values 
(center) and numeric states. 

of rare events Like metastable states, bus 
contentions, missing pulses, and buried noise 
glitches. 

• The 9240 is like having a complete 
bench top of instruments integrated with your 
PC/ AT or compatible. Which you can easily 
customize for digital development, analog 
development, or a combination of both. 

• With OmniLab, your productivity will 
soar. Because you achieve results with fewer 
instruments. And in fewer steps than ever 
before. By no means least, the 9240 delivers 
the best price/ performance you'll find any­
where, costing just $8900 fully outfitted. 

· And most importantly, without compromising 
a single high-performance spec. Not a one. 

NO-COMPROMISE 9240 SPECIFICATIONS 
• For more information, call toll free 

800/245-8500. In CA: 415/ 361-8883. 
Or write for complete literature. DIGITAL OSCILLOSCOPE 

Digitizers: Two. Obit 
Bandwidth: lOOMHz 
Single-Shot Digitizing: 34 S/s to 204 MS/s 
Repetitive Sampling: 680MS/s 
Scale Factor: 5 mV/divto lOV/div 

in 1-2-5 sequence 
Record Length: 4K {16K. 64K optional! 

AIALOG STIMULUS 

Output: 8mV to 8 V peak-to-peak. 8 bit 
Cycle Length: 4 to 4K samples 116K optional! 
Clocking: 34S/sto34MS/s 
Functions: Record. edit and playback 

EDN February 16, 1989 

LOGIC ANALYZER 

Inputs: 48. timing and state 
Asynchronous Clocking: 34 MS/son 48 inputs; 

204 MS/son 8 inputs 
Repetitive Sampling: 680 MS/son 48 inputs 
Synchronous Clocking: Oto34MS/s 
Acquisition Memory: 4K samples {16K. 64K optional! 
Disassembly Options: Over 150 microprocessors 

DIGITAL STlllULUI 

Outputs: 24, 74F tri-slate drivers 
Cycle lenglh: 4 to 4Ksamplest16K optional) 
Tuning: 345/s to 34MS/s 
Functions: Record, edit and playback 

CIRCLE NO 41 
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INSTRUMENTS 

702 Marshall Street, Redwood City, CA 94063 
TELEX: 530942 FAX: 415/ 361-8970 

Computer Integrated Instrumentation 

•omniLab, and SELECT arc trademarks of Orion 
Instruments, Inc. 
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VME LEADERSHIP VIEWPOINT #6 , ,~,~,,, 
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"Q · ty is not 
a Illeasure of products. 

ItS a Illeasure of 
COillpanieS:' 
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Tom Beaver, 
Vice President and General Manager, 
Motorola Microcomputer Division 



Many companies still believe that quality is a 
matter of manufacturing tolerances and reject rates. At 
Motorola, we're convinced that to remain the leader in 
VME boards and systems, we must achieve new standards 
of quality in every aspect of our business-in our prod­
ucts, in our services, in every function of our company's 
management and operations. 

Our commitment to Six-Sigma quality. 
In 1987, our microcomputer division, with 

responsibility for manufacturing both VME boards 
and systems, 

began 

implementing a comprehensive effort to bring both our 
manufacturing and service to a Six-Sigma level of quality 
-a statistical measure that translates to 99.99966% 
perfect.That's a tall order, considering that we're making 
over 200 complex, high-performance VME boards and 
system level products, and supporting, each of them with 
large amounts of techn.ical services. 

A dramatic leap in manufacturing quality. 
We totally reorganized our manufacturing process, 

our quality information systems and our thinking. And 
in just two years, weve cut manufacturing errors by 70%. 
The same process is taking place in customer service, 
technical support and every other area of the company. 
This rapid and dramatic increase in quality is already 
being recognized in our industry ... and beyond. 

A milestone in quality achievement. 
In November 1988, Motorola was presented 

with the Malcolm Baldridge National Quality Award for 
manufacturing, the United States Government's highest 
award for quality achievement. This award, presented for 
the first time in 1988 by the U.S. Department of Com­
merce, acknowledges that Motorola has already become 

· . one of the highest quality manufacturers in the U.S. 

Our ultimate goal. 
Motorola believes that VME leadership requires 

nothing less than perfect performance and total customer 
satisfaction. So we'll continue to do whatever is necessary 

to achieve Six-Sigma, 99.99966% per£~ect, ~ 
the highest standard of manufacturing M•"".m"~"•' 

li h . th ld Th , Nanonal qua ty anyw ere m e wor . ats Quality 
what being the leader means. Award 

,,# 
MOTOROLA Microcomputer Division 
Approaching our technology from your point of view. 
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For reprints of this series, call 1-800-556-1234, Ext 230; 
in California, 1-800-441-2345, Ext. 230. Or write: 

Motorola Microcomputer Division, 
2900 South Diablo Way, 

Tempe, AZ 85282. 



TOSHIBA AMERICA'S PRINCIPAL ELECTRONIC COMPONENTS • MOS INTEGRATED CIRCUITS: DYNAMIC RAMS - DRAMs, Video RAMs, Memory Modules. STATIC RAMS - Pseudo/Slatic SRAMs, High-Speed SRAMs. 
NON-VOLATILE MEMORY - EEPROMs, EPROMs, OTPs, Mask ROMs. MOS LOGIC ICS - Standard C'MOS Logic Series: 4000/4500, 74HC/HCT, 74AC//>CT, New 74BC BiCMOS series. MICROCOMPUTERS - Microcontrollers, 
Microprocessors, Microperipherals, Development Support Systems. ASIC - Gate Arrays, Slandard Cells, Megacell, Full Custom. SPECIFIC APPLICATIONS - Speech LSls, Telecom Devices, Disk Chips, Graphics Products. 
DISCRETE DEVICES AND BIPOLAR ICS: SMALL SIGNAL DEVICES - Transistors, Diodes. POWER DEVICES - Power Transistors, Power MOS FETs, Insulated Gate Bipolar Transistors (IGBD. Giant Transistor (GTR) modules, 
Rectifiers. Gate Turn-Off Thyristor (GTO). OPTOELECTRONIC DEVICES - LED Lamps, Displays, Modules, Laser Diodes, Opto Couplers. BIPOLAR ICS - LSls. Voltage Regulators, OP AMPs. Timers. Motor Controllers and IC 
Drivers, lntertace Drivers. CHARGE-COUPLED DEVICES - Linear Image Sensors. ELECTRON TUBES & DEVICES: ELECTRON TUBES - Cathode Ray Tubes. Color Picture Tubes. Color Display Tubes. Monochrome Display 
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''I've been doing some research. 1bshiba may be able 
to help:' 

"1bshiba? How are they going to get us out 
from under all this paperwork?" 

"Well, let me put it this way: 95% of the electronics 
we need, they make:' 

"So, what's the bottom line?" 
"1bshiba lets us reduce the costs of a broad supplier 
base, and actually improve quality at the same time:' 

"That's the answer I've been looking/or:' 

There's no reason to go looking all over the map for components. 
Not when a phone call to Toshiba can deliver most, if not all, of the high 
quality components you need. 

TI1anks to Toshiba's CMOS expertise and standardized design and 
manufacturing processes, qualification time, money and paperwork 
can be dramatically cut by "family quals'.' And Toshiba is a step ahead 
in electron tube and display technology, where R&D efforts are second 
to none. 

No matter what your systems needs are, Toshiba has probably got 
the solution. Whether you make electronic data processing, automotive, 
consumer, telecommunications or industrial equipment, Toshiba is 
there. The second largest manufacturer of semiconductors in the world, 
Toshiba specializes in Memory products including Standard ICs, ASICs, 
Logic and Processors. Plus, Toshiba also specializes in Display Devices 
(LEDs to LCDs and CRTs to Monitors) . And Discrete Devices including 
Opto Couplers and Laser Diodes, all with Toshiba quality designed in. 

With Toshiba's breadth and depth of products, you can feel confi­
dent of your supplier. You'll know where you stand on product availabil­
ity and delivery, and you'll have all the advantages of a single, reliable 
business relationship with a ·company you trust. 

To receive technical literature on any of Toshiba's electronic compo­
nents, just call 1-800-888-0848 ext. 517 today 

Tushiba Electronic Components. We're the answer you've been 
looking for. 

TOSHIBA 
TOSHIBA AMERICA1 INC. 

ELECTRONIC COMPONENTS BUSINESS SECTOR 

Service is our key component. 
© 1989 Toshiba America. Inc. HDQ-88-011 

Tubes. MAGNETRONS. MEDICAL TUBES - X-Ray Tubes, Image Intensifier Tubes. MONITORS - Monochrome/Color Monitors and Chassis. LIQUID CRYSTAL DISPLAYS. OPTICAL DEVICES - Laser Diodes, Fiber Optic Links 
(TOSLINK). SAW DEVICES - Filters, Resonators. MAGNETIC MEDIA - Bafe Floppy Disk Media. TOSHIBA AMERICA'S PRINCIPAL ELECTRONIC COMPONENTS· MOS INTEGRATED CIRCUITS: DYNAMIC RAMS - DRAMs, 
Video RAMs, Memory Modules. STATIC RAMS - Pseudo/Static SRAMs, High-Speed SRAMs. NON-VOLATILE MEMORY - EEPROMs. EPROMs. OTPs, Mask ROMs. MOS LOGIC ICS - Standard C'MOS Logic Series: 
4000/4500, 74HC/HCT, 74AC/ACT, New 74BC BiCMOS series. MICROCOMPUTERS - Microcontrollers. Microprocessors. Microperipherals. Development Support Systems. ASIC - Gate Arrays, Standard Cells, Megacell, Full 
Custom. SPECIFIC APPLICATIONS -; Speech LSls, Telecom Devices, Disk Chips, Graphics Products. DISCRETE DEVICES AND BIPOLAR ICS: SMALL SIGNAL DEVICES - Transistors. Diodes. POWER DEVICES - Power 
Transistors, Power MOS FETs. Insulated Gate Bipolar Transistors (IGBT), Giant Transistor (GTR) modules, Rectifiers. Gate Turn-Off Thyristor (GTO). OPTOELECTRONIC DEVICES- LED Lamps, Displays, Modules. Laser Diodes, 
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State Machine 
SO MHz 
Page470 

RISC 
20M/PS 
Page65 

few high performance 
ighlights from our 
ritabooks: 
t to see more? 

Call for our CMOS Data Book. 
has 229 different high perliJrm­
ce parts for logic, EPLD, SRAM, 

ROM, and more. 
Thinking RISC? You'll want 

our new RISC Factors Brochure 
that details our SPARC"' family, 
with 20 MIP Integer Unit, Float­
ing Point, Cache Tug, Cache RAM 
and Cache Control/Memory 
Management. 

These are essential resources 
for high performance system de­
signers, because nobody delivers 

•J-800-387-7599 Jn Canada. 132) 2-672-2220 In Europe. 

high perfomance IC solutions like 
Cypress Semiconductor. 

Either, or both, are yours for a 
fast, toll free phone call. 

Data Book 
HotHne: 

l-800-952-/J300 
Ask for Dept. 

C44* 

Cypress Semiconductor, 3901 North First Strtet, San Jose, CA 95134, Phone: (408) 943-2666, Telex 821032 
CYPRESS SNJUD. 1WX 910-997-0753. ~1988 Cypress Semiconductor. SPARC is a trademark of Sun 
Microsystems Incorporated. 



EDITORIAL 

Manageinnovation,notntoney 

Jesse H Neal 
Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 
1977, 1976 , 197S 
American Society of 
Business Press Editors Award 
1988, 1983, 1981 
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In a capitalistic economy, every seller tries to maximize his profit, but 
within the last 20 years, we've lost sight of many long-term goals­
competitiveness, new technologies, research, and development-and 
concentrated on making quick profits instead. Today, over 75% of the chief 
executive officers polled by Research & Development magazine agree that 
we're concentrating too much effort on short-term goals. 

As a result, we're not spending enough time or money on developing 
the next generation of technologies, which in turn leads to a new generation 
of advanced products. Instead, managers waste time trying to please 
shareholders by increasing stock prices, improving quarterly profits, and 
staving off takeover attempts. The need for more innovators is crucial, 
yet the path to fame and fortune seems to require an MBA instead of a 
degree in engineering or science. The job market reinforces this view. 
Although engineers develop the products that keep a company in business, 
they usually earn less than the managers who track quarterly results. 

Managers aren't always short-term thinkers. These days, they must 
face the considerable long-term corporate debt they've accumulated, either 
while leading a takeover fight, or while repulsing one. But many of them 
would be aghast at the suggestion that an equivalent amount spent on 
R&D could have made their present position much stronger. 

Many managers ignore long-term investments in R&D, thinking that 
the best way to develop new products is to buy companies along with the 
technologies they've developed. Such an approach .is risky. R&D acquisi­
tions often stifle creativity within the acquiring company, and they reduce 
loyalty, too. After all, why should an employee pour his effort into an 
underfunded and unappreciated R&D effort if the company is willing to 
spend a great deal of money quickly to acquire technology elsewhere? 

Getting people to renew their concentration on long-term goals­
innovation, research, development, competitiveness-is a long-range goal 
itself. But we'll get there faster if we take managers' minds off the need 
to make a short-term profit. We need a national change in attitude, and 
there are several things we can do. 

First, we can make stocks appeal only to long-term investors. Making 
investors hold their shares for six months before they're allowed to vote 
at stockholders' meetings might be a way to start. Also, we could make 
any stock sold within six months of its purchase subject to a 20% profit 
surcharge. Eliminating quarterly reports would also help. Detailed finan­
cial reports issued at 18-month intervals could take their place. 

Second, you can tell the people who invest your money-in retirement 
funds, mutual funds, investment plans, etc-that you want your money 
invested for long-term growth, not quick income. If they can't or won't 
comply, start looking for an investment outlet that believes in the long­
term potential of our technical industries. 

Now, you may be inclined to think that solving this problem is up to 
somebody else. Considering the vagaries of the stock market, you'd rather 
invest your money for short-term profit, thank you, and let somebody 
else worry about getting the US back on the track of technological innova­
tion. Let me suggest that that attitude is the one that got the US into 
this mess in the first place. Solving the problem is going to be up to all 
of us. The managers and CEOs of large companies aren't going to change 
their methods until the stockholders stop demanding quick profits. 

Ultimately, everybody who participates in the economy will be better 
off if US investors support long-term growth. Waiting for long-term goals 
to come to fruition is a mature attitude, it's true, and such attitudes are 
none too popular these days. But maybe it's time we grew up. 

Jon Titus 
Editor 
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Hitachi's Hi--BiCMOS™ Process Makes High-speed, 
Energy-efficient Performance a Reality 
Hummingbirds are light, agile, and incredibly fast. 
They consume energy efficiently as they dart from 
flower to flower, beating their wings faster than the 
human eye can follow. This kind of high-speed, 
power-efficient performance has not been available in 
a semiconductor-until now. Finally, no compromises. 

Hitachi brings you second generation Bi-CMOS­
Hi-BiCMOS-the advanced process technology that 
delivers ECL-like speed with power consumption com­
parable to CMOS. Hi-BiCMOS transcends generic 
Bi-CMOS by intermixing bipolar and CMOS 
structures at the basic cell level, for power-efficient, 
high-speed performance. 

Hitachi has more than three years' experience 
fabricating Hi-BiCMOS parts. We've refined 

Hi-BiCMOS into a reliable, high-yield process. 
You're assured of a dependable supply of devices, in 
production quantities-all with Hitachi's legendary 
quality. 

A broad variety of mainstream devices, with 
leading edge performance, is now available as a result 
of Hitachi's Hi-BiCMOS process. Hitachi's newest 
lM DRAMs use Hi-BiCMOS to achieve a fantastic 
35ns access time. These fast memories feature high­
performance with non-multiplexed addressing. They 
come in cool-running plastic packaging, and 
perform at half the access time of standard high­
speed DRAMs. 

Hitachi's Hi-BiCMOS SRAMs deliver 256K 
densities, with TTL 1/0 and 20ns access speeds. 



That's enough density to build large cache memory 
arrays with unusually high hit rates. Plus, you have 
the product to support super system performance. 
And, we have 256K, lSns ECL I/O devices now, 
with lOns available in the near future. 

Hitachi's Hi-BiCMOS gate arrays use advanced 
1.3-micron structures with LO-micron effective 
lengths. On a system level, Hi-BiCMOS densities 
reduce chip count delays for performance com­
parable to ECL, but without ECL'.s power and heat 
penalties. The HG29M100 gives you: fast 400 ps 
gate delays with CMOS power consumption levels, 
advanced capabilities with 10,000 gates, 4.6K bits of 
on-board RAM and up to 220 I/Os. The HG21 T30 
offers you 3,000 gates and 90 I/Os with both ECL 
and TTL interfaces. 

Hitachi's Hi-BiCMOS technology helps you 
eliminate frustrating design compromises. You can 
count on Hitachi's Hi-BiCMOS process to deliver 
the speed, density, and low-power performance in 
reliable, quality parts. For more information, call 
your local Hitachi Sales Representative or 
Distributor Sales Office today. 

Hitachi America, Ltd. 
Semiconductor and IC Division 
2210 O'Toole Avenue, San Jose, CA 95131 
Telephone 1-408/ 4 3 5-8300 

@HITACH I" 
We make things possible 
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"If you need prototype 
circuit boards, 
the Board Maker can save you all 
kinds of t ime;· reports Don Gilley 

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

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

See us at Nepcon West, An aheim 
March 7-9, Booth 2348 

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

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

CIRCLE NO 55 

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

Instant Board Circuits 
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TECHNOLOGY UPDATE 

Merely writing 
your programs 1n 
C doesn't guaran­
tee they'll be port­

able. New com­
piler families and 

techniques can 
help, but you must 

still program 
with care. 

Chris Terry, 
Associate Editor 

EDN February 16, 1989 

Make C pro ams 
more portab e 

I
t's now much easier to make your 
C programs widely portable to 
different microprocessors and 
computers. First, you can choose 
from a number of new compiler 

families that employ techniques for en­
hancing program portability. Then, you 
can take certain programming precau­
tions to minimize the amount of recoding 
you need to do to target programs for 
different machines. 

The C programming language was 
originally used only in Unix systems 
that ran on VAX computers. Today, 
however, C compilers exist for almost 
every known CPU architecture, and the 
operating system doesn't have to be 
Unix. The machines all have different 
instruction sets and different ways of 
storing and manipulating data. 

Further, users of C programs are in­
creasingly demanding that those pro­
grams be portable to many different ma­
chines. It's not as easy as you might 
think to make a C program portable, 

because some features of the language 
work in an implementation-dependent 
manner. It's often necessary to recode 
portions of programs that manipulate 
pointers, for example, which may be in­
terpreted differently by the various 
compilers. 

If you want your C programs to run 
reliably on many different machines, 
you need to pay a great deal of attention 
to how you use some of these implemen­
tation-dependent features. Non Unix 
systems, for example, may have very 
different ways of interpreting the status 
code associated with something as sim­
ple as the exit() system call. 

Fortunately, helpful standards are 
emerging in some areas-the interim 
Federal Information Processing Stan­
dard, based on the National Bureau of 
Standards P1003.1 standard, is an ex­
ample. Other documents, such as the X/ 
Open Portability Guide (XPG), can also 
assist you in programming for portabil­
ity. Version 3 of the XPG will encom-

Illustrations by Bruce Gilfoy 
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TECHNOLOGY UPDATE 
Make C programs portable 

pass the Posix 1003.1 standard, and 
if you conform to the XPG guide­
lines, your C software will work 
properly on any machine manufac­
tured by any member of the X/Open 
group. 

Cross-development considerations 
If you're designing software for 

embedded systems, you'll probably 
do all your development work on a 
host computer, such as a worksta­
tion or a machine of the IBM PC/AT 
or PS/2 class. Software vendors of­
fer many cross-development pack­
ages for these hosts; typical exam­
ples come from Intermetrics, A vo­
cet Systems, and Archimedes Soft­
ware. 

For any specific programming 
language, each of these vendors 
supplies a family of cross-compilers, 
cross-assemblers, linkers, and sym­
bolic debuggers that use the same 
building blocks for the machine­
independent processes, supple­
mented by machine-specific build­
ing blocks that match the particular 
host and target machines. You have 
to order the package for a particular 
host and target machine, but if 
you're developing an application for 
embedded systems of several differ­
ent architectures, the building 
blocks that the packages have in 
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common ensure that much of your 
application will be directly port­
able-you'll only have to recode the 
target-specific portions. If you're 
using a single host, the cost of such 
recoding will be minimal. Intermet­
rics' compilers for the PC/ AT, for 
instance, cost $1000 each. Similar 
assemblers cost $800 each, and de­
buggers sell for $1500 each. A vo­
cet's prices are even lower-its C 
cross-compiler for PCs and compa­
tibles costs $895; its macroassem­
blers cost from $349 for 8-bit tar­
gets to $750 for a 68030 target µP. 

Archimedes Software concen­
trates on C cross-development tools 
for microcontrollers such as Intel's 
8051 and 8096 families, Motorola's 
6301 and 6811 families, Zilog's Z80 
and Z180, and Hitachi's 64180. To 
increase program portability, the 
Archimedes compilers use the Ker­
nighan and Ritchie language defini­
tion (Ref 1) with extensions that 
are compatible with the proposed 
ANSI standard for C. In addition, 
the company's "float" data type con­
forms to the IEEE 32-bit single­
precision format. 

Another feature that makes for 
portability relates to the exten­
sions. In order to enable the exten­
sions, you have to use a special com­
piler option (you add "-e" to the 

command line). To ensure that a 
program will be portable, you can 
check your source code to see if you 
used the "-e" option. If so, you can 
take away the extensions and mod­
ify the associated code to adhere 
strictly to the Kernighan and 
Ritchie standard; it will then be 
completely portable. The Archi­
medes compilers start at $995 for a 
PC-hosted compiler; other tools 
from this vendor include symbolic 
debuggers and the Simcase series 
of simulators. 

Retargetable compilers 
If you're designing system soft­

ware for a completely new reduced­
instruction-set computer (RISC) or 
bit-slice architecture that requires 
microcode, you may be able to use 
a retargetable compiler-that is, a 
compiler that first generates output 
in an intermediate language, and 
then uses files containing a defini­
tion of the target machine to trans­
late the intermediate language to 
executable code and optimize it for 
the target machine. 

Portability of code is built into 
such compilers, because when you 
start development, you use the defi­
nition files to modify not only the 
compiler, but all of the associated 
tools such as the linker, symbolic 
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debugger, and simulator. The value 
of such a retargetable tool set is 
that it lets you generate optimized 
microcode for the target system, 
yet retain the advantage of writing 
in high-level code. Further, you can 
generate microcode for any machine 
for which you can create appropri­
ate definition files. For example, 
you could use the tool set to create 
software for a machine that uses 
RISC processors in parallel and has 
a bus width of 100 or more bits. 
The project would consume only a 
fraction of the time that it would 
take to develop the program in mi­
crocode. 

Quantitative Technology's Soft­
ware Foundry is the only user­
retargetable tool set of this kind 
that is currently available, largely 
because of the difficulty of making 
the optimizing functions, simulator, 
and symbolic debugger retarget­
able. Retargetable cross-compilers 
have been available for mainframes 
for several years, but complete tool 
sets have not. The Software Foun­
dry costs $50,000 for workstations 
and $90,000 for VAX machines. 

Yet a third aid in writing portable 
C programs is the interpreter. An 
interpreter is especially valuable in 
developing a prototype quickly. If 
your objective is to use an algo-
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rithm correctly or to develop a user 
interface, you don't want to have 
to worry about bookkeeping issues. 
While you're still learning to under­
stand the algorithm or interface, 
you can tolerate the slow execution 
time of an interpreter, because it 
allows you to make corrections 
quickly and to rerun the program 
without going through the tedious 
edit-compile-link-run cycle. Once 
you've got the program working 
correctly, you can use your compiler 
facilities to tune the program and 
optimize it for the target processor. 

Some interpreters are intended 
for only one type of system-a per­
sonal computer or a workstation, 
for example-and work only with 
a particular compiler. Other inter­
preters, however, are available for 
several different types of machines 
and their compilers. 

Typical of the single-machine 
packages are Borland Interna­
tional's $99. 95 Turbo-C and Micro­
soft's $99 Quick-C, both of which 
include incremental compilers. The 
packages run on the IBM PC family 
of computers, and they also work 
with Microsoft's C compiler version 
5.0. They are designed to take ad­
vantage of the segmented architec­
ture of Intel's 8086 µP family. Cata­
lytix's Safe C is a package that con-

tains a stand-alone interpreter and 
a number of analytical utilities. It 
runs under a variety of operating 
systems, including MS-DOS, VAX/ 
VMS, and Unix. The interpreter 
produces identical results, regard­
less of the type of host, so the pro­
grams you develop with this pack­
age are usually completely port­
able. Prices range from $1000 to 
$8000, depending on the host ma­
chine. 

C sees a byte stream 
An innate feature of C is that it 

views a file and 110 operations as 
nothing more than a stream of 
bytes. This viewpoint has a number 
of advantages: It hides the distinc­
tion between binary files and text 
files from programs that don't need 
to interpret the data in the files , 
and it frees the programmer from 
having to specify dozens of parame­
ters in order to, say, use the open() 
function to open a file. Moreover, 
the 110 interface for a byte stream 
is very simple. On the other hand, 
stream-based 110 destroys all clues 
to individual read or write opera­
tions-and in some applications it's 
necessary (or at least desirable) to 
retain such clues. In general, 
stream-based 110 is an inappropri­
ate model for files that are primar-
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ily record based (such as database 
files), yet the stdio functions alone 
don't handle record-based files well. 
You should familiarize yourself with 
the other I/O models so that you 
can pick the most appropriate one 
for your project. You may even 
have to create your own library of 
I/O functions to handle the data­
in tensive domains common in 
graphics, database, and CAD appli­
cations. 

Macros require special care 
If you intend to optimize code for 

maximum execution speed rather 
than minimum size, you'll probably 
make liberal use of the C preproces­
sor to define macros. Upon compila­
tion, these macros generate fast in­
line code, but because each call to 
a macro generates the same amount 
of code, the program size will natu­
rally increase. However, you should 
take certain precautions to ensure 
that your macro will always work 
the way you intended. 

Unix consultant Ken Arnold sug­
gests four basic guidelines for using 
the preprocessor correctly (Ref 2). 
First , he notes, you should be 
aware that not all preprocessors 
will tolerate a space between the 
"#" sign and the directive. Using 
the space makes for more readable 
code, but if you're writing for differ-
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ent compilers on different ma­
chines, it's safer to omit the space. 

Second, Arnold advises that you 
use parentheses liberally around 
the parameters that you pass into 
and out of a macro. An incoming 
parameter may consist of a fairly 
complex expression whose built-in 
operators could change the prece­
dence of the operators in your 
macro. 

Third, you should be sure to re­
member that the macro definition 
does not include the terminating 
semicolon. If you erroneously ter­
minate a macro with a semicolon, 
you may find that the expansion 
drops an extra semicolon into the 
middle of an expression, with the 
result that the compiler will evalu­
ate some parameter twice (and you 
have no way of knowing ahead of 
time which one will be affected). 

Further, says Arnold, you should 
be aware that some compilers can't 
deal with "newline" symbols that 
occur in the middle of a macro invo­
cation. This limitation is not present 
in the newer compilers, but if you're 
writing for portability and to make 
your code easy for others to use, 
avoid such potentially troublesome 
constructions-you can't know 
what evil still lurks in the hearts 
of other people's compilers. 

Ken Arnold remarks, finally, that 

although the preprocessor can be 
used to make code "readable and 
robust," careless use of it can pro­
duce "the most unreadable pieces 
of code known to humanity." 

When you're planning new appli­
cations, consider the availability of 
the Xenix operating system for 
80386-based machines, which can 
run programs in either 16- or 32-bit 
mode. Microsoft and AT&T are co­
operating to merge Xenix 386 and 
Unix System/V Release 3.2 into a 
Merged Product (MP) that will em­
body all the existing 80286 and 
80386 executable formats common 
to Unix and Xenix on the 80386. 
The product will allow all existing 
80286- and 80386-based applications 
to run on any 80386-based machine. 

In the long run, Microsoft and 
AT&T plan to establish and support 
a binary standard that will allow all 
conforming programs to run on all 
80386-based Unix machines. This 
standard will include a superset of 
the current Xenix System/V 386 
program interface, but will not in­
clude system-call extensions that 
are peculiar to Xenix. If you're 
planning new applications, and 
would like them to be source-code­
compatible with this proposed bi­
nary standard, you should avoid 
these Xenix-specific extensions (for 
a full list of them, see Ref 3). 
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INTRODUCING THE 165 MHz STATE MACHINE 

As a 165 MHz TIL-compatible state machine, Gazelle's 
GA23S8 seque ncer is four times faste r than any othe r. It's 
even faster than discre te logic. 

Its 165 MHz speed lets you cycle your state machine 
at 6 ns time steps for high-resolution timing and control 
signal generation. 

But it 's not only ex­
treme ly fast. It's extre me ly 
flexible. 

Performance 

""' t, 

lco 
fmax1· 

fmax2· 

Inputs 

Upto17 

GA23S8- 7 

7.5ns 

4.0ns 

6.5 ns 

95MHz 

165MHz 

Outputs 

Upto8 

GA23S8-10 

10ns 

4.5ns 

7.5ns 

83 MHz 

150MHz 

Product Terms 

135 

This 20-pin PAL®-based 
sequencer gives you 14 
total registers-enough 
to track over 16,000 states. 
Six of the registers are 
buried to free up your 
VO pins. 

*fmaxt measures the maximum operating frequency using external 
feedback. fmax2 represents internal feedback. 

The GA23S8 even includes four output logic macro­
cells that provide combinatorial o r registered signals with 
selectable polarity. 

As you might have guessed, there 's only one way to make 
a state machine that's this fast, yet practical and affordable: 
TTL-compatible GaA') that's 100% pin and function com­
patible with silicon. 

For a data sheet on the world 's fastest sequence r, call 
us at ( 408) 982-0900. Or send your name and address to 
Gazelle, Dept. D, 2300 Owen Street, Santa Clara, CA 95054. 

The extre me ly fast , extreme ly flexible GA23S8. Perhaps 
it could speed your system to a_ world record of its own. 

PAL is a registered trademark of Advanced Micro Devices, Inc. C 1989 Gazelle Microcircuits, Inc. All rights reserved. 

CIRCLE NO 62 59 



60 

INDUSTRIAL PC 
on 

4.5" x 7" card 
Put PC power into a small pack­
age. Octagon's 8500 STD-X'J'TM 
card answers the need for PC 
compatibility in small, embedded 
control systems. 

STD BUS-PC 
CONNECTION 
Use the 8500 as a stand-alone 
card or as a gateway to more 
than 1,000 industrial peripheral 
cards already available on the 
STD Bus. Write your application 
program in any PC language and 
run it on the STD Bus. Boots from 
on-card ROM disk. MS-DOS™ 
ROM option. 

BARBWIRE FEATURES 
• COMl and COM2 serial ports 
• LPTI printer port 
• Battery-backed, calendar clock 
• 128K static RAM 
• 128K RAM/ROM disk 
• 7.15 MHz V20 CPU 

• Phoenix™ BIOS 
• IBM PC compatible chipset 
• Low power, 100% CMOS 

EXPANDABILITY 
Add up to 16 Mbytes of RAM/ 
ROM disk for reliable operation 
in the industrial environment. 
Floppy, hard disk and video 
optional. 

FROM S84S 

FREE 1989 CATALOG 

0 OCTAGON SYSTEMS 
CORPORATION 

6510 W. 91st Avenue 
Westminster CO 80030 ~ 

(303) 426-8540 ~ 
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For more information . . . 

For more information on the software-development products discussed in 
this article, contact the following manufacturers directly, circle the appropri­
ate numbers on the Information Retrieval Service card, or use EDN's Ex­
press Request service. 

Archimedes Software 
2159 Union St 
San Francisco, CA 94123 
(415) 567-4010 

Borland International 
4585 Scotts Valley Dr 
Scotts Valley, CA 95066 
( 408) 438-8400 

Microsoft Corp 
Box 97017 
Redmond, WA 98052 
(206) 882-8080 
Circle No 719 Circle No 713 

AT&T Unix Software Sales 
Box 25000 

TLX 172373 
Circle No 716 

Catalytix Corp 
Greensboro, NC 27420 
(800) 828-8649 
Circle No 714 

55 Wheeler St 
Cambridge, MA 02138 
(617) 497-2160 

Quantitative Technology Corp 
8700 SW Creekside Pl 
Beaverton, OR 97005 
(503) 626-3081 
Circle No 720 

Circle No 717 

Avocet Systems Inc 
Box 490 Intermetrics Inc 
Rockport, ME 04856 
(207) 236-9055 
FAX 207-236-6713 
Circle No 715 

733 Concord Ave 
Cambridge, MA 02138 
(617) 661-0072 
TWX 710-320-7523 
Circle No 718 

Here's a final caution: Don't as­
sume that any function in your fa­
vorite compiler's library is "stan­
dard"-in other words, don't as­
sume it will be present in other li­
braries or that, if it is, it will work 
in exactly the same way for any ma­
chine. The only universal functions 
are those that are defined (or at 
least described) in the Kernighan 
and Ritchie manual. Beyond those, 
the number and types of functions 
in the library are a function of the 
compiler vendor's generosity. Even 
when the ANSI X3Jll proposal be­
comes a formal standard, it will 
mandate only a "minimal" standard 
library-additional functions may 
be offered at the discretion of the 
compiler vendor. 

Obviously, the more function s 
you have in your library, the less 
code you'll have to write. But to 
ensure that your programs will be 
portable, you'll have to make sure 
that the library functions you use 
don't depend on any machine-spe­
cific characteristics to operate prop­
erly. 

In recent years, compiler writers 
have adopted the convention of us­
ing an underscore as the first char­
acter of the name of any variable 
or function that the compiler uses. 
If you avoid using a leading under­
score when you name your vari­
ables and functions, you'll run less 
risk of duplicating an unfamiliar 
name that's in your library. EDN 

References 
1. Kernighan, Brian W, and D M 

Ritchie, The C Programming Lan­
guage, Prentice-Hall Inc, Englewood 
Cliffs, NJ, 1978, 1988. 

2. Arnold, Ken, "Fun with the Pre­
processor," Unix Review, April 1988, 
pg 73. . 

3. Dunsmuir, Martin, "Programming 
Considerations in Porting to Microsoft 
Xenix System V/386," Microsoft Sys­
tems Journal, January 1988, pg 31. 

Article Interest Quotient 
(Circle One) 

High 515 Medium 516 Low 517 

EDN February 16, 1989 



~EFASI~E 
TO GET 

---E OBDO 
IS TO NOT 

TODO 
RAG N 

Seat-of-the-pants 
guesswork and intuition 
seem to be the major 
tools in debugging . 
386™ microprocessor 
designs. 

But when you guess 
wrong, you have to start over again. 
And again. And again. 

With Intel's new 386 emulator, you 
can quit guessing, and get on with it. 
Our exclusive technology, combined 
with the full symbolics of our compilers, 
give you a more accurate look into the 
mysteries of your 386 microprocessor. 

And the non-intrusive 
emulation to 25 MHz and 

versatile bus event recognition 
make short work of uncovering 

complex bugs. 
Our 386 emulator also supports all 

386 operating modes, so you can finally 
use the full potential of the Intel 386 
microprocessor. 

Quick Call (800) 548-4725 
Dept. BAOl for more information. 

Before you have to start over again. 

inter 
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NUMBER ONE FOR ASICS ·-

Once you know the ASICs, making your designs 
work is a whole lot faster and easier. 

Lef s say you're designing a (something to do 
something), how can ASICs help? Which one? 
Which ones? 

Or you need to make a (something to do som~ 
thing), is there an ASIC for this and how do you 
find it fast? 

From Plessey Semiconductors. From Plessey 
every time, because Plessey has them all. High-end, 
low-end and in-between, Plessey is Number One 
for ASICs. 

At Plessey, we understand design demands, 
trends and timetables and we're out there on the 
leading edge, anticipating your needs. 

You need an ASIC that generates almost zero 
heat? Plessey has it for you.You need an ASIC tha~s 
blindingly fast? Plessey has it for you. 

I I 

You think there's probably an ASIC that meets 
your special needs, but you're not sure if it either 
exists, or where to find it Plessey will help you 
find it -because we're sure we have it 

And how can Plessey be so sure? 
Because at Plessey we spend much more than 

the industry average on R&D. By concentrating 
world-wide efforts and resources on perfecting 
process technology in ASICs Bipolar- high speed 
and mixed signal, CMOS and more. By having and 
taking a global view and by recognizing that every­
thing is possible once you know your ASICs. 

We11 send you ou free 72-page short form color 
brochure ''Technology is our business", or if you 
already know the products you need and just want 
more information: in North America call: 1 -800-
441- 5665 or outside North America call 44- 793 -
726666. Plessey Semiconductors. We11 help you 
know your ASICs. 
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You no longer 
need to jury-rig 

plastic leaded chip 
carriers (PLCCs) 
to pc boards for 
testing or manu­

facturing pur­
poses. A number 

of off-the-shelf al­
ternatives promise 

to solve PLCC­
mounting prob­
lems faster and 

without causing 
you aggravation. 

Michael C Markowitz, 
Associate Editor 
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PLCCs ada t to 
through-ho e use 

S 
urface-mount technology (SMT) 
purports to offer advantages 
over traditional through-hole 
designs. Because SMT gives you 
access to both sides of a pc board 

and features smaller components, it pro­
vides superior component density and 
lower manufacturing costs. Further, it 
allows greater use o( automation, which 
can improve reliability and yields, and 
SMT packages' shorter lead lengths de­
crease inductance, thereby providing 
better high-frequency performance. As 
a result, some IC manufacturers supply 
devices-such as many of the IBM EGA, 
VGA, and PC chip sets-only in surface­
mount packages such as the PLCC. 

Not everyone or every design can 
benefit from this move to SMT, how­
ever. The migration can cause certain 
problems, and the clever solutions you 
come up with may be very time consum­
ing. For example, if you're designing a 
pc board for in-house manufacturing and 
your company doesn't have surface­
mount capability, you may need to jury­
rig a way to use a surface-mount-only 
device. 

Or maybe you've designed your board 
and built several prototypes but don't 
yet have enough stock of a particular 
surface-mount device to test all of the 
boards. Perhaps you want to perform 
incoming inspection on the PLCC IC 
while risking minimal damage to the de­
vice or your supply. 

If you're building a breadboard or a 
prototype, you certainly don't want to 
solder the connections; each circuit 
modification would require desoldering 
and resoldering, which would place 
stress on the component leads and possi­
bly cause heat damage to the chip. 

Alternatively, perhaps you've de­
signed and built a densely populated 
board, and then you find a problem with 
a surface-mount device. The nature of 
SMT devices makes probing difficult: 
Once you find the relatively hard-to­
reach test point, you must struggle to 
avoid shorting two leads, yet maintain 
contact while you read the meter. 

Sockets let FSEs fix boards 
Perhaps your SMT board is large and 

expensive and contains diagnostic rou­
tines that can trace a fault to a particular 
device. Using a PLCC socket would al­
low a field-service engineer (FSE) to re­
place the bad component at the cus­
tomer's site. 

Here's another possible scenario: If 
you've selected a particular programma­
ble device and either a bug or a techno­
logical change requires that you repro­
gram the part after you've shipped prod­
ucts to your customers, what do you do? 
A socketable PLCC adapter could solve 
the problem. 

A kink in each contact locks the PLCCs into these 
AMP sockets and prevents the packages from pop· 
ping free. 
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The Bettman Archive Inc. 

Making something very small 
can be truly revolutionary. 

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

set a new size standard for an 
entire industry. 

Sizes are still shrinking 
in the micro-miniature 

world of cable and 
connector 

technology at 

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

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

ment around the world . 
Our expertise, increasing with 

each unique problem we 

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

PRECISION 
INTERCONNECT 

16640 SW. 72nd Avenue, Portland, OR 97224 
(503) 620-9400 

Offices in San Francisco, Boston, 
Wilmington and DOsseldorf 

Neonatal sensor for SensorMedics 
oximeter measures pulse and 

blood gases. 
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PLCC adapters 

In response to the needs of de­
signers, manufacturers have 
jumped into the market with a class 
of components which, for want of a 
better name, can be called PLCC­
to-PGA adapters (Table 1). In one 
or another of their various incarna­
tions, these adapters may provide 
the answer to your design needs 
and save you from having to resort 
to a kluge. 

Simple PLCC sockets (see box, 
"What makes an IC socket?") can 
serve in many applications, though 

for some uses, other types of adapt­
ers or sockets may be more appro­
priate. In the realm of surface­
mount to through-hole converters, 
simple PLCC sockets are the least 
expensive alternatives, so they're 
the most appealing for high-volume, 
low-margin applications. 

Although you can obviously use 
the sockets to alter surface-mount 
devices for through-hole service (for 
example, if your company only has 
through-hole manufacturing capa­
bility), they could perform just as 

TABLE 1-REPRESENTATIVE PLCC ADAPTERS 

MANUFACTURERS PRODUCT APPLICATIONS 

ADVANCED PLCC ADAPTERS 
INTERCONNECTIONS TO WIRE-WRAP 

PANELS 

PLCC ADAPTERS 

AMP HPT SERIES 

ANTONA ANC-9000 

AUGAT DENSE PAK 

BURN DY CHI PAK 

EMULATION CONVERT-A-
TECHNOLOGY SOCKET 

ADAPT-A-POD 
(GENERIC) 

GLOBAL SURFBOARDS 
SPECIALTIES 

ITT CANNON LCS SOCKETS 

JM NEY TEST AND BURN-
IN SOCKETS 

METHODE SURFACE-MOUNT 
CHIP-CARRIER 

SOCKETS 

LEADED-CHIP-
CARRIER 

ADAPTER PLUGS 

PRECICONTACT SERIES PLCC 
SOCKETS 

ROBINSON NUGENT PLCC-68-PT 

SOCKET EXPRESS PLCC ADAPTER 

NOTES: 
A=THROUGH-HOLE SOCKETING OF SMT DEVICE 
B=PROTOTYPING 
C=TESTING 
D=FIELD REPAIR 
E=REPROGRAMMABILITY 
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A, B, E 

B, D, E 

A, D 

B 

A, B, E 

A, D 

c 

B, C 

B 

A, D 

c 

A, D 

B 

A, D 

A, D 

B 

AVAILABLE 
SIZES COST 

20, 28, 44, 52, 84-LEAD, $19.43 
68, 84, 100, 

124 

20, 28, 44, 52, 68-LEAD, $18 
68, 84, 100, 

124 

20, 28, 44, 52, 68-LEAD, $1 .25 
68, 84 (100,000) 

20, 28, 44, 52, 68-LEAD, $49 
68, 84 

16, 20, 28, 44, 84-LEAD, $15 
52, 68, 84 (500) 

20, 28, 32, 44, 68-LEAD, $1 .68 
52, 68, 84 (25,000) 

20, 28, 32, 44, 20-LEAD, $215 
52, 68, 84 

20, 28, 44, 52, 20-LEAD, $160 
68, 84 

20, 28, 44, 68, 84-LEAD, $39.95 
84 

32, 44, 52, 68, 68-LEAD, $1 .77 
84 (5000) 

18, 20, 22, 28, 84-LEAD, $19.87 
32, 44, 52, 68, (1000) 

84 

28, 32, 44, 52, 84-LEAD, $1 .25 
68, 84 (10,000) 

28, 32, 44, 52, 68-LEAD, $34 
68, 84 (25) 

68, 84 68-LEAD, $2.10 
(5000) 

68 68-LEAD, $1 .99 
(1000) 

44, 68, 84 84-LEAD, $40.35 

easily in other capacities . When 
you're using sockets as test or burn­
in fixtures, their insertion-force re­
quirements are one source of con­
cern; you'll want to minimize the 
risk of damaging the leads when 
you insert and remove the device. 
The other primary drawback to us­
ing the sockets as burn-in or test 
fixtures is their limited operating­
temperature range-most are not 
specified to operate at typical burn­
in temperatures. Simple sockets do 
offer an appropriate solution to the 
problem of field repair, however. 

Most simple sockets offer closed­
bottom designs to prevent solder 
bridging or wicking-a capillary ac­
tion that draws solder up into the 
socket . In addition , all of these 
sockets feature a notch that lets you 
insert a chip-removing tool, and 
each package has standoffs on the 
bottom that facilitate cleaning after 
you've soldered the package to the 
pc board. 

Finally, be aware that JEDEC 
standards allow a range of package 
sizes, so you need to make sure that 
the PLCC you're using fits the 
socket you choose. Most manufac­
turers build their sockets to accom­
modate the entire range of JEDEC 
packages. Understand too, that the 
insertion-force spec offered here is 
only a guide provided by manufac­
turers for a PLCC of unstated size. 

AMP's HPT (high-pressure tin) 
series of PLCC sockets utilizes a 
positive-locking phosphor bronze 
contact design to prevent SMDs 
from popping out of the sockets. Be­
cause of the locking mechanism, the 
typical insertion force for the 84-pin 
socket is, at 60 lbs, higher than that 
of most other sockets. Like most 
simple sockets, the HPT sockets ex­
act a penalty of about 10% of the 
package size. Too, most simple 
sockets spec 200g average normal 
force between the socket contacts 
and the PLCC leads. 

A similar socket type is available 
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••••••••• 
from Precicontact. These sockets 
require an insertion force of about 
24 lbs (11 kg) for a 68-lead socket. 
The contacts are of copper alloy and 
the tin-lead plated leads extend 
0.122 in. below the bottom of the 
package; a good rule of thumb is 
that you need 0.2 in. per wire-wrap 
connection. 

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

•• •• •• •• •• • •• •• •• •• •• •• •• 
The Chipak is a PLCC socket 

from Burntly that has tin-alloy 
plated beryllium-copper contacts. 
Its lead-length is 0.120 in. The in­
sertion force for the Chipak sockets 
is 12 oz per contact. 

(a) 

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

(b) 

You can also procure simple sock­
ets from vendors such as Methode, 
Robinson Nugent, and ITT Cannon. 
Methode's versions offer a socket 
with phosphor bronze contacts; the 
84-pin socket requires an insertion 
force of 30 lbs max. A 68-lead PLCC 
socket from Robinson Nugent has 
phosphor bronze contacts and a low 
profile (0.383 in.). 

Fig 1-PGA sockets come in two varieties. In-line, 0. 1-in.-center sockets (a) seem to f ind 
more use in production environments; staggered 0.1-in.-center sockets (b) are used more 
often in burn-in fix tures. The historical reason for the existence of staggered-contact sockets 
(that they make trace routing easier) is no longer an issue. 

sockets are also low-profile models. 
The 68-pin socket has an insertion­
force requirement of under 12 lbs. 
Cannon offers the socket in both in­
line and staggered-contact versions 
(Fig I); the manufacturer claims 
the staggered-contact type is more 

prevalent in the Far East than in 
the US. 

Although these simple sockets 
make it relatively easy to use 
PLCC-packaged devices on 
through-hole boards, the sockets' 
short leads aren't generally suitable 
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Cannon's copper-alloy contact 

What makes an IC socket? 
Because many PLCC adapters utilize PLCC sockets, 
it's valuable to understand how these sockets work. 
They come with stamped-and-formed contact 
springs that are made of beryllium copper, phosphor 
bronze, or copper alloy. Beryllium copper contacts, 
the most expensive, have the best spring character­
istics over the widest temperature range ( - 65 to 
+ 125°C), so they're best suited for military and com­
puter applications. For industrial purposes, phos­
phor bronze offers good spring characteristics over 
a moderate temperature range ( -65 to + 105°C) at 
moderate cost. Copper-alloy contacts are best suited 
for commercial purposes; their spring characteristics 
work over a limited temperature range ( - 40 to 
+ 85°C), and they are the least expensive of the 
contact-spring alternatives. 

Socket contacts are always plated; usually in gold, 
tin, or a tin-lead alloy. When you put two dissimilar 
metals in contact, you create a galvanic differen­
tial-essentially a battery-that hastens corrosion 
of the contact area. Therefore, because most ICs 
have tin- or tin-lead-plated leads, it's a good idea 

to use either tin or tin-lead alloy as the plating mate­
rial for the socket. A word of caution, however: Tin 
contacts can grow crystalline whiskers that may 
cause shorting problems, so the contacts should be 
made either of reflowed tin or of tin-lead alloy. 

You should also make sure that the insulating 
material (often plastic) that makes up the socket's 
body has a UL 94V-O flammability rating. Addition­
ally, you should inquire as to the operating­
temperature rating of the socket. The hygroscopic 
(water-absorbing) characteristics of the socket are 
also critical. When many insulators, such as plastic, 
absorb water, their electrical resistance can drop, 
causing leakage problems. 

Finally, the socket's size and shape should fit into 
the space you've allotted on your pc board. Standoffs 
on the socket will keep the socket off the board and 
allow you to remove solder flux with cleaning fluid 
after you've completed the assembly. Another fea­
ture that's helpful in a square socket, such as a 
PLCC socket, is an orientation mark that indicates 
how you should insert the IC. 
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The time was ripe. 
Apple®was planning their most advanced 

Macintosh®SE and Macintosh II com­
puters ever. So it was only natural that 
they tum to Motorola's 68030 J{f/$////Ji ~ 
32-bit microprocessor. Twice. , ~ 

Aft:er all, Motorola's 68000 
family has been instru­
mental in helping 
Apple develop its 
consistent, intuitive 
graphics workstyle, which has revo­
lutionized the way people communicate 
with computers. And now, the 030 is making that workstyle 
even more versatile and powerful than ever. 

The new Macintosh SE/30, based on a 16MHz 030 
along with Motorola's 68882 math coprocessor, delivers up 
to 4x the performance, and in floating point calculations 
can deliver up to IOOx the performance, of the Macintosh 
SE. What's more, it features a new expansion slot called, 

astutely enough, "030 Direct Slot;' which 
allows third parties to extend the 
Macintosh SE/30's capabilities with 
a whole range of expansion cards. 

The Macintosh llx also uses the 
68030 and 68882 to great advantage. 
In fact, 030 firsts like on-chip data 
and instruction caches and 
built-in Page Memory Manage­

ment Unit streamline 
the Macintosh Ilx 

architecture, and 
enable every 

Macintosh Ilx to run Apple's AfUX® advanced multitasking 
operating system. 

So if you want to build your most advanced system ever, 
put an 030 at its core. For free benchmarks and more 
information, call or write Motorola Inc., P.O. Box 20912, 
Phoenix, AZ 85036.1-800-441-2447. 

It could be the smartest pick you ever make. 

®MOTOROLA 

All names followed by® are registered trademarks of their respective manufacturers.© 1989, Motorola Inc. 
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TECHNOLOGY UPDATE 
PLCC adapters 

for development work. Prototyping 
and breadboarding with surface­
mount components can be difficult 
to impossible unless you have some 
way of mounting the IC while main­
taining interconnection flexibility at 
the same time. You can use a num­
ber of products to obtain this flexi­
bility before committing the designs 
to production. 

Adapters from Antona, for exam­
ple, take the form of a simple socket 
mounted on a small pc board. 
Traces on the board carry the I/O 
signals between the PLCC and the 
labeled wire-wrap posts mounted 
on the pc board. To provide access 
for a logic probe, Antona seats the 
numbered wire-wrap posts so that 
a short segment extends above the 
pc board's surface. On the other 
end, the tin-plated pins extend 0.6 
in. beyond the prototype when you 
use a 0.062-in. card. Standard 
adapters that hold PLCCs having 
20 to 84 pins are available from 
stock at a cost ranging from $18 to 
$58. The company has a 100-pin 
adapter under development. 

A similar adapter is available 
from Socket Express. In addition 
to having wire-wrap posts, all of 
these adapters have numbered nubs 
protruding from the socket side to 
facilitate probing. Methode, too , of­
fers a similar part that lets you in­
sert PLCC devices in high-density 
or universal prototyping boards. It 
features an onboard, pin-side 
ground plane for noise reduction. 
The 68-lead part comes in versions 
with 0.3-and 0.1-in. spacing. 

Another approach to breadboar­
ding or prototyping conveniently 
sidesteps the problem of trying to 
wire-wrap a surface-mount device. 
Global Specialties' Surfboards are 
PLCC sockets that mount on a pc 
board by means of two nondestruc­
tive, solderless breadboarding 
strips. Traces on the pc board con­
nect the socket to the strips; num­
bers on the pc board show which 
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Because the contacts are exposed at the tops of the sockets, you can easily probe the 
surface-rrwunt packages in these Precicontact sockets. 

PLCC pin you're trying to wire. 
Making modifications is as simple 
as moving a wire from one location 
on the breadboard strip to another. 
The Surfboards come with a life­
time guarantee. 

Testing sockets' LIF requirements 
After you've developed your de­

sign and are ready to concern your­
self with producing and testing the 
circuit, you should consider using 
sockets that function best in these 
capacities. The small-footprint test 
and burn-in sockets from J M Ney 
allow you to build dedicated burn-in 
fixtures for your PLCC-populated 
circuit boards. The test and burn-in 
sockets-made of glass-fortified 
polyphenylene sulfide with beryl­
lium copper contacts-are specified 
to operate at temperatures as high 
as 150°C. With upgrades of both the 
contact material and the socket 
plastic, the sockets can operate to 
200°C. The sockets have open tops 
that allow "dead-bug" loading (load­
ing the device with the leads up), 
which lets you more easily probe 
the PLCC. The sockets require an 
insertion force of 40g per contact­
about 6 lbs for a 68-lead PLCC. The 

normal force between the socket 
and the package leads is nominally 
45g per contact. Each of the sockets 
has a staggered-contact footprint. 

The Convert-A-Socket from 
Emulation Technology converts 
production sockets to test/burn-in 
sockets or vice versa. These sock­
ets, made from two pc boards in a 
sandwich arrangement, come in 
many different configurations, in-

A closed-bottom design prevents solder 
bridging or wicking on these sockets from 
Burndy. 
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PCD Electrocon ... 
the smart connections 
from wire to board 
for process control 
and plant automation. 

PCD ElectroCon screw barrier/ 
edgecard connectors join the 
electrical world to the electronic with 
more reliability and in the tightest 
spacing around for individual or 
gang wire-to-board termination . 
Now, PCD has expanded its 
ElectroCon connector system to a 
complete family of the smartest 
connectors available for plant auto­
mation, programmable /process 
controllers, instrumentation 1/0 and 
other discrete wire-to-board inter­
connect applications. 

ElectroCon connectors are now 
available with contact spacings of 
. 375", .200" and . 156"-in a variety 
of configurations. PCD has even 
designed special ElectroCon 
connector systems to .100". And 
whether its a standard model or 
something special , every member 
of the ElectroCon family gives you 
better board contact, with better 
wire termination, than any other 
screw barrier/edgecard connector. 

EDN February 16, 1989 

PCD: the connector connection 
PCD is, and always has been , a 
connector company. We know what 
it takes to make a good connection. 
And it shows in the ElectroCon's 
design . These connectors feature 
precision-engineered , high normal 
force beam contacts , and more reli­
able, more durable board contact. 

The selectively plated ElectroCon 
beam contact provides more con­
sistent board contact and el iminates 
possible board damage inherent in 
tuning fork contacts. It provides 
reliable contact over the entire 
range of board thicknesses and 
after repeated insertion /withdrawal 
cycles. 

The ElectroCon/375 features a sep­
arate steel wire retention nut for 
greater wire termination strength 
and reliability while eliminating the 
possibility of thread stripping . The 
ELD/200 and ELB/156 models · 
employ a new floating vise clamp 

CIRCLE NO 45 

that assures direct, high-pressure 
interconnection between contact 
and wire. And since the rotating 
captive screw doesn't contact the 
wire , there's no possibility of strand 
damage. 

Make smarter connections 
If you 're looking to use connectors 
smarter, PCD's ElectroCon family 
offers you high reliability, high 
density, isothermal equalization and 
cold reference junction capability__..:. 
all in the same compact connector. 
You can 't beat the performance or 
economy. Call or write PCD, Inc., 
2 Technology Drive, Centennial Park, 
Peabody, MA 01960. (508) 532-8800 . 
FAX (508) 532-6800. 

PRECISION CONNECTOR 
DESIGNS, INC. 

The smart connector company 
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TECHNOLOGY UPDATE 
PLCC adapters 

For development work, adapters (such as 
this one from Antona) offer a temporary 
home for a PLCC package and long terminal 
posts for wire wrapping. 

eluding PLCC-to-PGA adapters. 
You can request versions that con­
vert from PGA, PLCC, or LCC 
(leadless chip carrier) to PGA, 
LCC, PLCC, or staggered-row 
PGA configurations. Additionally, 
you can specify a custom-wired 

board to modify the converter pin­
out. The sockets are available in 
both in-line and staggered foot­
prints. For test applications, you 
should specify the ZIF (zero inser­
tion force) version; for production 
purposes, the LIF (low insertion 
force) socket is more appropriate. 
Though the manufacturer suggests 
the sockets for use as burn-in sock­
ets, they're rated to operate only 
to 125°C, which severely restricts 
their application in that area. 

Emulation Technology's Generic 
Adapt-A-Pod is useful for convert­
ing emulator pods to accept devices 
having different pin counts. Like 
their cousins, the Convert-A-Sock­
ets, the Adapt-A-Pods are two pc 
boards that can create an interface 
between a PLCC-, LCC-, or PGA­
configured emulator pod and PGA, 
LCC, or PLCC sockets. 

Although it's often useful to con­
vert a design from surface-mount 

For more information ... 

Development tools with a twist are these 
adapters from Global. They socket a surface­
mount package and let you make connec­
tions to the part by using solderless bread­
boarding strips. 

to through-hole technology, such 
conversion may not solve all your 
test, manufacturing, and repair 
problems. Consider, for example, 
an EPROM that needs to be repro-

For more information on the PLCC-to-PGA adapters discussed in this article, contact the following manufacturers 
directly, circle the appropriate numbers on the Information Retrieval Service card, or use EDN's Express Request 
service. 

Advanced Interconnections 
5 Energy Way 
West Warwick, RI 02893 
(401) 823-5200 
FAX (401) 823-8723 
TWX 910-240-3454 
Circle No 700 

AMP Inc 
Box 3608 
Harrisburg, PA 17105 
(800) 522-6752 
FAX (717) 561-6179 
Circle No 701 

Antona Corp 
16431

/2 Westwood Blvd 
West Los Angeles, CA 90024 
(213) 473-8995 
Circle No 702 

Augat Interconnection Products Group 
33 Perry Ave 
Attleboro, MA 02703 
(508) 222-2202 ext 2403 
TWX 710-391-0644 
Circle No 703 
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Burndy Corp 
Richards Ave 
Norwalk, CT 06856 
(203) 838-4444 
Circle No 704 

Emulation Technology Inc 
2368B Walsh Ave, Bldg D 
Santa Clara, CA 95051 
( 408) 982-0660 
FAX (408) 982-0664 
TLX 981866 
Circle No 705 

Global Specialties 
Box 1405 
70 Fulton Terrace 
New Haven, CT 06505 
(800) 345-6251 
In CT, (800) 445-6250 
Circl~ No 706 

I'IT Cannon Components Div 
1851 Deere Ave 
Santa Clara, CA 92705 
(714) 261-5300 
Circle No 707 

JM Ney Co 
Ney Industrial Park 
Bloomfield, CT 06002 
(203) 242-2281 
FAX (203) 242-5688 
Circle No 708 

Methode Electronics Inc 
Backplane Div 
7444 W Wilson Ave 
Chicago, IL 60656 
(312) 867-9600 
Circle No 709 

Precicontact Inc 
835 Wheeler Way 
Langhorne, PA 19047 
(215) 757-1202 
Circle No 710 

Robinson Nugent 
800 E Eighth St 
New Albany, IN 47150 
(812) 945-0211 
Circle No 711 

Socket Express 
301 N Harrison St, Bldg B/154 
Princeton, NJ 08540 
(609) 921-6969 
Circle No 712 
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WINNING •\NSWERS "Flat earth" designers are all that's holding the Allen-Bradley 
Molded Circuit Device (MCDTM) technology back. Sure, all your professional life as a design 
engineer you've been taught to think of printed circuit boards as flat. They no longer have 
to be. Now you can combine electronic interconnections with mechanical functions in the 
same piece while lowering part count and saving assembly costs. The MCD™ technology 
for injection molded circuit boards offers design freedom through three-dimensional 
packaging. For a free test board call (800) 447-7334. · 

~ ALLEN-BRADLEY 
"111111111" . A RO CKW E L L INT E R NAT ION A L COMPA N Y 

1414 Allen-Bradley Drive• El Paso, Texas 79936-6415 • In Canada: (800) 541-4880 
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TECHNOLOGY UPDATE 
PLCC adapters 

This 2-pc-board sandwich with a socket on 
top is Emulation Technologies' Convert-A­
Socket. It's available in a standard pin con­
figuration or can be customized to your 
specification. 

grammed after it's connected to a 
board. You can't reprogram the de­
vice while it's still connected to your 
system, and, unless both your pro­
grammer and your system boards 
have PLCC sockets, you'll have 
trouble mounting PLCCs on them. 
Two solutions directly address the 
need to move surface-mount PLCCs 
quickly between two circuits. 

First, you could use a pc board 
that has leads to which you mount 
your PLCC package. Densepak is 
a pc-board adapter from Augat that 
comes either in a surface-mount 
socketed version into which you 
drop your PLCC, or as an SMD­
ready board to which you solder the 
PLCC. You can insert the adapter 

If you surface-mount a PLCC directly w 
an Advanced Interconnections adapter, such 
as the ones slwwn, you can easily move the 
device and adapter from socket to socket for 
test, reprogramming, or repair. 
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in a motherboard via numbered 
through-hole pins. Densepak is pri­
marily intended for adapting 
PLCCs to universal-pattern pc 
boards with 0.3-in.-center through 
holes. The Densepak adapter typi­
cally comes without a socket; how­
ever, you can also purchase an 
adapter/socket pair for about $2 to 
$8 more than the cost of the socket 
alone. Advanced Interconnections 
sells a similar adapter. 

Another adapter from Advanced 
Interconnections allows you to sur­
face-mount a PLCC part directly to 
a daughter board that's only 
slightly larger than the PLCC it­
self. You can then plug the adapter 
into a PGA socket to connect the 
device to your circuit board. If you 
need to reprogram the chip, simply 
unplug the adapter, plug it into 
your programmer, and reprogram 
and replace the chip. Advanced In­
terconnections will solder your 
chips to the adapter for an addi­
tional $1.80. 

Depending upon your particular 
application, you can find numerous 
solutions for your PLCC-mounting 
problems. In fact, many PLCC­
socket manufacturers offer similar 
solutions for the frustrations caused 
by other surface-mount packages. 
These off-the-shelf products can 
spare you the four or five hours 
you'd spend in the shop building a 
kluge as well as the hour or two 
you'd need to test and debug it. 

EDN 
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ASC Presents First Class Film Capacitors 
And Technical Support, Seconcl To None. 

When you buy high technology film capacitors from 
ASC, you get all the support you need, absolutely free. 

It begins with a fully computerized sales and 
customer service department authorized to provide 
extremely competitive prices on volumes large 
and smal I. It means you get the highest level of 
technical support from a nationwide team of 

engineers prepared to help you with applica­
tion specific solutions over-the-phone or at 
your own facility. And, when it comes to custom 
or "special orders," well, it's just standard 
procedure with us. All this, plus " just in time" 

deliveries that go out on 
time. 

Since our acquisition 
of TRW's film capacitor 
division, ASC has acquired 
a reputation for service 

and support , second to 
none. By combining 
strong engineering know­
how, and an even stronger 

commitment to technical 
support, ASC has emerged as the fastest 

growing film capacitor manufacturer in the U.S. 
In fact, you ' ll find we offer one of the most complete 

lines of high quality, cost effective film capacitors 
in the world , including: polyester, polycarbonate, 
polypropylene and polystyrene dielectrics, both metal-
1 ized and non-metallized, plus oil filled capacitors 
for lighting and motor run applications. 

So, when you want an award winning performance 
in both product and personnel, call ASC. We'll show 
you why business is better when it's done right, at 
home. Ca l l us today at 81 8/710-8555. 

CDASC® 
Sales & Marketing, Canoga Park, California 

Engineering& Manufacturing, Ogallala , Nebraska 
ASC , 21541 Blythe Street , Canoga Park, CA 91304 
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TIIE WFSfCOR STAKPAK™. NEW 
GENERATION 250 TO 1200 WATT 
SINGLE OR MULTIPLE OUTPUf OFF­
LINE SWITCHER. 3.2 X 5.5 X 11.4 INCH 
CASE. FAN-COOLED. 

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

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

REDEFINED 
The StakPak's 8 module output section 

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

Other features include outstanding elec­
trical performance; UL, CSA, VDE safety 
agency approval (in process); variable 
speed fan option for low ambient noise 
enviroments and 3 phase or DC input op­
tions. Indeed. witl1 unprecedented power 
density, versatility and new features, the 
StakPak redefines power packaging. Please 
contact Westcor for a data sheet, pricing 
and additional information. 

STANDARD 1200WATTSTAKPAKMODELS 
(110/220 VAC input) 
Model Output Voltage (VDC) and Maximum Current 

(amperes) per Channel 
tj ~ ~ ~ tj 

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

T O!al output power may not exceed SPl-1803 12 @ 100 
SPl -1804 15 @80 

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

SPl-1805 24@50 StakPak models are ava ilable. 
SPl-1806 28@42 PleJse contact the factory. 
SPt-1807 48@25 

Dual Output 
SP2-1801 2@ 120 5@ 120 
SP2-1802 5@ 120 5@ 120 
SP2-1803 5@ 120 12@66 
SP2-1804 12@66 12 @66 
SP2-1805 15@53 15@ 53 

Triple Output 
SP3-1801 5@ 180 12@ 16 12 @ 16 
SP3- 1802 5@ 150 12@33 12@ 16 
SP3-1803 5@ 180 15@ 13 15@ 13 
SP3-1804 5@ 150 15@26 15@ 13 

Quad Output 
SP4- 1801 5@ 150 12@ 16 12@ 16 5@30 
SP4- 1802 5@ 150 15@ 13 15@ 13 5@30 
SP4- 1803 5@ 150 12@ 16 12 @ 16 24@8 
SP4- 1804 5@ 150 15@ 13 15@ 13 24@8 

Five Output 
SP5-1801 5@ 120 12@ 16 12@ 16 5@ 30 24@ 8 
SPS-1802 5@ 120 15@ 13 15@ 13 5@30 24 @B 

WESTCOR CORPORATION • 485-100 Alberto Way • Los Gatos, CA 95032 • (408) 395-7050 • FAX (408) 395-1518 
W · b ·ct· f Al~ VIGOR estcor IS a SU SI 1ary 0 1rcooeo0MoON 
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TECHNOLOGY UPDATE 

Crosspoint-switch 
I Cs are easiest to 

separate along 
those old familiar 

lines: analog vs 
digital. 

Anne Watson Swager, 
Associate Editor 

Fig I-Crosspoint switches are 
typically found in telephone 
switching systems such as 
PBXs. They provide the switch­
ing flexibility necessary to con­
nect multiple lines going to mul­
tiple destination8 (diagram 
courtesy NEC Electronics) . 
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Crosspoint-switch ICs 
enter digital domain 

en you hear someone Fe­
fer to a crosspoint-switch 
IC these days, don't as­
sume that they are 
speaking about an analog 

IC. Certainly the most common type of 
crosspoint, or crossbar, switch is the 
analog one, but new digital crosspoint 
switches are emerging that provide effi­
cient ways to switch or reroute digital 
data. 

In general , these programmable 
switches connect one of many inputs to 
one or more outputs. Initially, cross­
point-switch ICs were developed to re­
place electromechanical switches (re­
lays) in electronic telephone-switching 
systems such as key exchanges-sys­
tems with 20 to 30 lines-and PBXs (Fig 
1). However, the applications for these 
devices are no longer limited to tele­
phone networks. You'll be surprised to 
find them in unexpected places such as 
parallel-processing, industrial-control-

SUBSCRIBER 
LINE IC (SLIC) 
TRANSCEIVER 

PBX 

routing, and data-communications sys­
tems. _ 

In the telecommunications field, ana­
log switches are still more cost effective 
for key-exchange systems, but digital 
switches are becoming more and more 
popular for larger systems. For in­
stance, some digital crosspoint switches 
have characteristics that make them 
particularly well suited for communica­
tion networks such as ISDN (Integrated 
Services Digital Net work). In addition, 
the need for higher-speed devices to 
serve fiber-optic communications appli­
cations has also spawned high-frequency 
digital switching systems. In describing 
crosspoint-switch ICs, it's easiest to 
separate them along those old familiar 
lines: analog vs digital. 

Analog crosspoint switches consist of 
an array of analog switches fabricated 
on one IC. What distinguishes a cross­
point switch from other analog switches 
or multiplexers is its matrix architecture 

sue 
TRANSCEIVER 

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

386SX'"solutions. 
Go for proven 
performance. 

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

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

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

'-"i,.~ 
chip sets or CHIPSets:-' The difference is the difference. 

Chips and Technologies, Inc. 3050 Zanker Road. Dept. M-8. San Jose, CA 95134. 386SX is a trademark oflnt el Corporation. VGA and OS/2 
are trademarks of International Business Machines Corporation. CHIPSet, NEAT and NEATsx are trademarks of Chips and Technologies, 
Inc. 1989, Chips and Technologies, Inc. 
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(Fig 2a). The block diagram of the 
NEC µPD22100C 4 x 4 crosspoint 
switch includes the basic building 
blocks that all analog crosspoint 
switches have in common: the 
switch array itself, an address de­
coder, and the control memory or 
latches. For any n x m crosspoint 
switch, n equals the number of in­
puts, m equals the number of out­
puts, and the IC consists of n times 
m distinct switches. 

You'll find IC array sizes ranging 
from 4 x 4 to 16 x 8, with 16 to 126 
switches per IC, respectively. The 
size of the package depends on the 
array size; Table 1 lists crosspoint 
switches that reside in packages as 
small as 14-pin DIPs all the way 
up to 40-pin DIPs and 44-pin 
PLCCs. Although most switches 
are manufactured in CMOS, SGS 
Thomson's M079, M089, and M093 
are NMOS. Some of the arrays are 
symmetrical-that is, they have an 
equal number of inputs and out­
puts-but others are not. Some are 
designed to switch balanced tele­
phone lines; examples are the 
2 x 2 x 2 M079 switch and Ray­
theon's 4 x 4 x 2 RC4444. 

Programming an analog cross­
point switch is quite straightfor­
ward. The procedure varies only 

slightly from IC to IC. The timing 
diagram for the NEC µPD22100C 
is representative of a switch's pro­
gramming requirements (Fig 2b). 
To turn a particular switch on, you 
must first select that switch's ad­
dress by applying the correspond­
ing logic levels to the address in­
puts. You then specify a closed 
switch by applying a high logic level 
to the Data In line while you hold 
the Strobe line high. 

Because analog crosspoint 
switches are designed primarily to 
deal with analog voice signals, not 
high-frequency or low-level analog 
signals , their performance specs 
can't compete with devices intended 
for precision switching. It is the 
analog crosspoint switch's unique 
architecture, rather than its specific 
performance characteristics, that 
makes it useful. 

Nonetheless, the salient specs for 
crosspoint switches are the same as 
those for analog switches in gen­
eral. As you might expect, the 
specs of most concern to designers 
are on-resistance (R0N), crosstalk, 
frequency response, and the maxi­
mum analog signals you can pass 
through the switch (V P-P). One 
specification that is unique to ana­
log crosspoint-switch !Cs (and oth-

ers containing multiple switches) is 
LiR 0w This spec represents the 
variation in R

0
N between switches 

in the same IC package. 

Specs have wide variation 
The analog crosspoint switches' 

specifications vary widely from 
switch to switch and from manufac­
turer to manufacturer. The specs 
are particularly difficult to tabulate 
or compare because each manufac­
turer uses a different set of test con­
ditions. Table 1 is intended to give 
you a general idea of the range of 
some available products and their 
characteristics. You should realize 
that most of the manufacturers 
listed make more than one cross­
point-switch type. When choosing 
an analog crosspoint switch, you 
should consult each individual prod­
uct's data sheet, and determine the 
switch's performance under your 
anticipated circuit conditions. 

Fortunately, you can deduce 
some rules of thumb about the 
switches' specs. For instance, the 
R

0
N of each switch in a package var­

ies depending on operating con­
ditions such as temperature, power­
supply voltage, and input-signal 
level; R

0
N increases as temperature 

increases and as supply voltage de-

TABLE 1-REPRESENTATIVE ANALOG 
CROSSPOINT-SWITCH ICs 

CROSSTALK 
ARRAY PACKAGE MAX ANALOG (AT 1=1 kHz UNLESS PRICE• 

VENDOR PART NO• SIZE STYLE TYP RoN (!l) TYP ARON (!l) INPUT (Vp_p) OTHERWISE SPECIFIED) (1000) 

HARRIS 74HC22106 8x 8 28-PIN DIP 64 AT Vcc=4.5V 25 AT Vcc=4.5V Vcc'2 -110 dB $4.13 
(FORMERLY GE (VIN =2Vp_p) 
SOLID STATE) 

MITEL MT8812 8x12 40-PIN DIP 70 AT vDD =10V 10 AT vDD =14V vDD -90 dB $5.10 
OR 44-PIN (VIN =2Vp_p) 

PLCC 

NEC l'PD22100C 4x4 16-PIN DIP 80 AT vDD=12v 18 AT vDD =12V vDD -110 dB AT f=0.1 kHz $0.95 
(VJN. NOT SPECIFIED) 

SGS THOMSON M3494 16x8 40-PIN DIP 40 AT vDD =10V 6 AT VDD =10V 8 -95 dB $5.50 
OR 44-PIN (VIN =1Vp_p) 

PLCC 

SILICON 78A093A/B 12x8 40-PIN DIP 28 AT vDD =12v 15 AT VDD=12V 6 -97 dB $5.93 
SYSTEMS OR 44-PIN (VIN =1Vp.p) 

PLCC 

NOTES: 
1. ALL THE SWITCHES LISTED ARE MANUFACTURED IN CMOS TECHNOLOGY. 
2. PRICES LISTED ARE FOR DIP PACKAGES. 
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creases. Most manufacturers quote 
R

0
N for at least three voltage lev­

els-typically 5, 10, and either 12 
or 15V. You can't easily generalize 
about the effect of input-signal lev­
els on R

0
N; this relationship is some­

times nonlinear and also depends on 
the supply voltage. 

A switch's frequency response 
depends on the peak-to-peak level 
of the analog-signal inputs; the 
larger the signal, the lower the 
bandwidth. With input signals of 
around 2 V P-P' most switches have 
a response of approximately 40 to 
50 MHz. 

Of course, you aren't restricted 
to using only analog data with ana­
log switches. You can certainly 
switch digital data through analog 
switches as long as you take into 
account the lowpass-filtering effect 
of R

0
N and the parasitic capaci­

tance, and as long as you ensure 
that your TTL or CMOS signals 
don't exceed the switch's maximum 
V P-P' Some analog crosspoint 
switches specify that their inputs 
are TTL or CMOS compatible. Fi­
nally, don't forget about the LlR

0
N 

DATA 
STROBE IN 

A 

B 

c 

D 

Xo x, x, 

spec; it signifies that the filtering 
of each digital signal line will be 
slightly different. 

Now consider digita l types 
The newer digital crosspoint 

switches, like the analog switches, 
are available in a variety of matrix 
sizes. In general, they are larger 
and more highly integrated than 
their analog counterparts. For in­
stance, Sierra Semiconductor 
makes a 32 x 32 digital switch, and 
SGS Thomson makes a 256 x 256 
switch array. As is true of analog 
crosspoint switches, digital 
switches require you to load a value 
into a register to specify the 1/0-
channel connection. 

One distinction between analog 
and digital crosspoint switches is 
that the digital types are not bidi­
rectional. The digital switches have 
dedicated inputs and outputs, as op­
posed to the analog types' simple 
resistive connection. The architec­
ture of the digital switches includes 
internal building blocks such as in­
put registers, multiplexers, and 
output buffers. 

STROBE n 
Yo 

DATA IN 
v, 

v, 
ADDRESS DON 'T 

ADDRESS 1 CARE 

Y3 

ON 

SWITCH 1 

X3 
OFF 

ON Gl ANALOG SWITCH 
SWITCH 2 

(a) (b) OFF 

The digital switches do have cer­
tain features in common. For in­
stance, most digital cr osspoint 
switches are nonblocking: They al­
low you to connect any input to any 
output, even if that input has al­
ready been assigned to another out­
put. Many have 3-state outputs that 
allow you to cascade mult iple ICs 
to create large switching matrices. 

Digital types vary 
Each digital switch does have its 

own part icular attributes, however. 
Digital switches exhibit differences 
in architecture, programming fea­
tures, timing requirements, and 
speed. In addition, some switches 
are designed to be compatible with 
a specific communication protocol. 
It's best to consider a digital cross­
point switch according to the appli­
cation that it serves. 

If your applicat ion requires a 
general-purpose digital crosspoint 
switch, the recently announced Si­
erra Semiconductor SC11320 mono­
lithic CMOS 32 x 32 switch IC may 
suit your needs. The SC11320 has 
a straightforward digital architec-

DON 'T 
ADDRESS 2 DON'T 

CARE CARE 

nJl 

Fig 2-Analog crosspoint switches have the same basic architecture and programming requirements. The NEC µP D22100C is representative. 
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New 12·Bit, 10MHz 
Samplin A/D Converter 
Maximum 
RF/Video 
Performan1~~ 

Small Hybrid 
Package 
The hybrid ADC603 packs 
outstanding performance 

Applications 
• RF and Digital Signal 

Processing Systems 

• lnfraed Imaging Systems 

• Radar Signal Analysis 

• FFT Spectrum Analysis 
• SIGINT, ECM, EW Systems 

• Digital Oscilloscopes 

in a very small space. Its ~~a ''~~qip~q~,,~~r~,~~~,-----
metal-<.md-ceramic 46-pin 3 ..... 

4 

Whatever vyo~u~·~re~d~o~in~g~--t:.J,r,~:~:~~~-
now in hig_b 
processing, ADC603 will 
help you do it faster and 
cleaner. ADC603 is a 

DIP measures only ~F="=_,.~~""""=~""""'"'l'r!TI 
2.4" x 1.6". The device is 
offered in both 0/+70°C 
and - 55/+125°C speci­
fied temperature ranges. 
A full-military "/883B" ver­
sion is also available from 
our MIL-STD-1772 DESC­
certified Military Products 

high performance 12-bit 
analog-to-digital converter 
capable of digitizing 
signals at any rate from 
DC to 10MHz. lrs a com-
plete two-step subranging 
ADC subsystem and in-
cludes a sample/hold 
amplifier. ADC. precision 
voltage reference. digital 
error corrector, and 
timing circuitry. 

Unmatched 
Spurious-Free 
Dynamic 
Range 
ADC603's unique design 
and careful laser-trimming 
minimize noise and 
distortion and result in 
exceptional dynamic 
performance. 
• high spurious-free 

dynamic range 
• high 68.2dB signal-to­

noise (5MHz SNR) 

• very low -69.6dBC 
harmonic distortion 
(5MHzTHD) 

• low-77.7dBC 
two-tone IMD 

• 70MHz analog input 
bandwidth 
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• complete dynamic 
and static test results 
are available at no 
charge (for KH and 
SH models) 

Signal 
Input 

Sample/ 
Hold 

MSB 
Flash 

Encoder 

Division. 

Digital-to­
Analog 

Converter 

Intermodulation Distortion. 
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..... -80 

-90 

- 100 

- 110 

Temp. At 
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-6.884 dB 
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4.003 

LSB 
Flash 

Encoder 

Digital 
Error 

Correcto 
(Adder) 

Digital 
Output 

I 

Other key ADC603 
features include a 
±1 .25V input range; TTL 
logic; low 6.1W power 
dissipation; no missing 
codes guaranteed; 
trimmable offset and 
gain; selectable pipeline 
delays ( 1. 2. or 3 ); priced 
from $995" (JH). 
Contact your Burr-Brown 
sales engineer for techni­
cal information or call 
Applications Engineering. 
602/746-1111 . Burr-Brown 
Corp .. P.O. Box 11400. 
Tucson. AZ. 85734. 
' U.S. prices only (500) 
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ture (Fig 3). It can independently 
connect each of its 32 CMOS-com­
patible inputs to one or more of its 
32 outputs in a nonblocking fashion. 
The input-signal frequency can be 
as high as 50 MHz; the maximum 
signal skew from input to output is 
2 nsec. 

The SC11320 chip consists of 
thirty-two 32:1 multiplexers, one 
for each output. Each of the outputs 
also has an associated 6-bit register. 
The logic levels that you store in 
the first five bits of the register de­
termine which input channel is con­
nected to that particular output. 
You can put the output channel's 
driver into either the high-imped­
ance or the driving state by loading 

a 0 or a 1 into the sixth bit of the 
register. 

In addition to these programming 
features, the IC has a built-in diag­
nostic function that allows you to 
monitor the state of the 32 regis­
ters. You reconfigure a switch's 
output by placing its address on the 
address bus (A bus) and then ma­
nipulating the control lines. The 
time required from when you apply 
control to when an output bus 
changes is 85 nsec. The chip comes 
in a 120-pin pin-grid array and costs 
$81.57 (100). 

Switch speed is a crucial consid­
eration in applications involving 
switching systems for fiber-optic 
communications. Gigabit Logic's 

GaAs 8 x 8 10G050 and 16 x 16 
10G051 digital crosspoint switches 
are capable of passing 1-GHz and 
1.3-GHz signals, respectively. The 
architecture of these switches in­
cludes dual address registers. The 
10G050 and 10G051 achieve switch 
reconfiguration times of 1 and 1.8 
nsec by transferring the serially 
loaded contents of one register into 
the second in a parallel fashion. 

If you're not sure which of the 
two switches is appropriate for your 
application, the manufacturer offers 
an easy rule of thumb. If the num­
ber of inputs and outputs falls be­
tween 9 and 16, Gibabit Logic rec­
ommends the 10G051. In all other 
cases, it recommends that you use 

1, -1"---------. ~--------1_s_us ________ _,/ 
z, 

0 0 - 0 5 _______ ~ 
D, 

E -------~ 

32:1 
MULTIPLEXER ~---i>--- z

1 

D, 

32:1 
MULTI PLEXER H--__,I >---

cs 
MULTIPLEXER 

Ao - A, -~-~...._ DECODE 

Fig ~Unlike analog crosspoint switches, digital crosspoint switches don't have a common architecture, though this block diagram of the 
Sierra Semiconductor SC11320 32 x 32 digital switch contains many blocks common to the other digital types: multiplexers and registers. 
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With BiCEMOS From IDT 
Now you can design fast ECL 

memory access times without the 
heat of bipolar. Announcing the 
new BiCEMOS™ 64 K x 1 ECL 
SRAMs from IDT. 

At speeds of 10 ns and faster, 
our growing family of ECL RAM 
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bipolar ECL speeds. The IDT 
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the 10G050, which has an architec­
ture that provides for array expan­
sion with its Expand Data Output 
lines and Expand Data Input lines. 
Both switches are compatible with 
ECL and Picologic signal levels, 
and both can drive 250 loads. The 
switches are available in either 68-
pin PLCCs or unpackaged die form. 
The 10G050 and 10G051 sell for 

$251.80 and $266.10 (100), respec­
tively. 

Parallel-processing applications 
require connections between proc­
essors, memory , and I/O ports; 
crossbar switches offer an alterna­
tive approach to the other types of 
bus management such as time­
shared buses and multiport memo­
ries. The TI SN74AS8840 bipolar 

0 

0 
I 

QI!? M 

0 I 

QI!! 

"' 

digital crossbar switch, for exam­
ple, is completely flexible (Fig 4). 
You can connect any input to any 
combination of 15 outputs, or the 
input itself can become an output 
when you operate it from its own 
data register. 

The switch has 16 separate, 4-bit 
bidirectional ports and is nonblock­
ing. Data transfers take a maximum 

o, , D 
0 

Fig 4-Digital crossbar switches are often used in parallel-processing systems to provide flexible connections between processors , memory, 
and IIO ports. The TI SN74AS8840 provides this flexibility with sixteen 4-bit ports that you can use as inputs or outputs. 
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iVen 
compatibility for 

SXdes~· ~ 

You either have it 
or you don't. 

Why risk your 
386SX system de­
velopment invest­

ment on anything 
less than fully proven 

compatibility? Especially 
when you have the NEATsx™ 

CHIPSet™ from Chips and 
Technologies. NEATsx is based on 

the only high speed AT architecture 
proven fully compatible in close to a million 

systems already in the field-the NEAT™ CHIPSee 
Only NEATsx is fully integrated and SX-specific, delivering the 

full range of386SX™ performance with no loss of compatibility. 
Speeds of up to 20 MHz and beyond. On-chip support for LIM EMS 
4.0 and OS/TM Tightly-coupled subsystems for the most advanced 
VGA™ graphics, mass storage and communications. All designed to 
provide total system compatibility. 

With NEATsx, you get systems expertise that's been proven in 
more than 5 million microcomputers.With BIOS support. System 
design services.And the technical field applications support you need 
to get your product up and running in the marketplace. 

Don't take chances with compatibility. Call 1-800-323-4477, Ext. 
M-7, for NEATsx product information. 

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

\.tii,.:» 
chip sets or CHIPSets:M The difference is the difference. 

Chips and Technologies, Inc. 3050 Zanker Road, Dept. M-7, San Jose, CA 95 134. 386SX is a trademark oflntel Corporation. VGA and OS/2 
are trademarks oflntemational Business Machines Corporation. CHtPSet. NEAT and NEATsx are trademarks of Chips and Technologies, 
Inc. ©1989, Chips and Technologies, Inc. 
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of 25 nsec. Each multiplexer group 
can handle four bits of real-time 
data or four bits of registered data; 
you have a choice of passing either 
type of data to the common data 
bus. The SN74AS8840 has both 
hardwired controls and optional 
programmable control lines that 
you can use to specify data paths 
through the switch. 

The 8840 does have a disadvan­
tage. It needs two supply voltages: 
5V for the logic and 2V for the 
switch array. If your application 
can't tolerate this requirement, you 
may want to consider the TI 
SN74ACT8841 CMOS switch. It 
has the same basic architecture as 
the bipolar 8840, but requires only 
one 5V supply. The 8840 and 8841 
are not pin-for-pin compatible; the 
8841 has six additional control in­
puts. Both are packaged in 156-pin 
pin-grid arrays; they cost $70.20 
and $48 (1000), respectively. 

Many digital crosspoint switches 
are designed to be compatible with 
specific communication networks 
such as ISDN. Mite!, for example, 
has developed the ST-Bus (serial 
telecom bus), a synchronous TDM 

(time division multiplexing) serial 
busing scheme. It operates with 
2048k-bps data streams configured 
as thirty-two 64k-bps channels. 
This rate and channel structure 
makes the ST-Bus scheme compat­
ible with all narrowband ISDN 
transmission bit rates. 

Switches work with ISDN 
Mite! offers a variety of ST-Bus­

based products, among which are 
the MT8980/81 nonblocking digital 
crosspoint switches. The MT8980/ 
81 switches can switch PCM-en­
coded voice or data under micro­
processor control. The MT8980 can 
switch eight serial inputs to eight 
serial outputs. Each serial input ac­
cepts 32 channels of digital data, 
and each of the 32 channels contains 
an 8-bit PCM-encoded word-en­
coded voice, for example. Because 
the device deals with 8 inputs x 32 
channels' worth of information, the 
manufacturer refers to the MT8980 
as a 256 x 256-channel switch; it ac­
tually contains 65,536 crosspoints. 

The MT8981 is a 128 x 128-chan­
nel switch with four serial inputs 
and four serial outputs, and it con-

For more information . . . 

sists of 16,384 internal crosspoints. 
You can put individual channels into 
a high-impedance state to create 
larger switching matrices. 

Both switches require an 8-kHz 
frame pulse and a 4.096-MHz clock. 
If you're not familiar with TDM 
schemes, think of them in this way: 
At every frame pulse of 125 µsec 
(8-kHz sync rate), information from 
thirty-two 8-bit channels is clocked 
into the crosspoint switch. The per­
channel bit rate is 8 bps x 8 kHz, 
or 64k bps. Because there are 32 
channels of 64k-bps information, 
the actual bit transfer rate is 
32 x 64, or 2048k bps. Note that the 
switch's required clock rate is twice 
the bit rate, or 4.096 MHz. 

Because of the complexity of the 
TDM input and output signals, the 
MT8980 and MT8981 do more than 
just switch data; they also provide 
for ST-Bus device control and inter­
processor communication . The 
switches' architecture includes a mi­
croprocessor interface. The µP can 
read the contents of all of the input 
channels and can write information 
to and read information from all of 
the output channels. You use a con-

For more information on the crosspoint switch ICs discussed in this article, contact the following manufacturers 
directly, circle the appropriate numbers on the Information Retrieval Service card, or use EDN's Express Request 
service. 
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Circle No 722 
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Circle No 723 
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Mountain View, CA 94039 
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Circle No 725 

SGS-Thomson Microelectronics Inc 
1000 East Bell Rd 
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Sierra Semiconductor Corp 
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Silicon Systems 
14351 Myford Rd 
Tustin, CA 92680 
(714) 731-7110 
TWX 910-595-2809 
Circle No 728 

Texas Instruments Inc 
Box 809066 
Dallas, TX 75380 
(800) 232-3200 
Circle No 729 
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SURFACE MOUNT 

45-8116 

SPRAGUE You'll find what you need in state-of-the-art surface-mount passive components at 
Sprague ... the SMD leader. No one offers you a broader choice: TANTAMOUNT® 

HAS IT ALL IN Solid Tantalum Chip Capacitors with the highest capacitance in 
the smallest package in the industry. MONOLYTHIC® Ceramic 

SURE~CE MOUNT 
c.hip Capacitors in gen~ra l purpose, high-voltage , 
high-temperature and high-frequency types, and 
.low-profile chips for IC decoupling. SORN® 

COMPONENTS Small-Outline Resistor Networks - reduce board space 
requirements. CAPSTRATE® Capacitor and R-C Networks -

• smaller and more reliable than conventional networks . 
To build systems for tomorrow, depend on Sprague today ... for rugged, reliable , competitively priced surface-mount 
passive components. All Sprague SMD components are available taped and reeled . For complete 
information , write for our surface-mount data package to Technical Literature Service, 
Sprague Electric Company, P.O. Box 9102, Mansfield, MA 02048-9102. 
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If your 
know how difficult it is to keep up. 
ments. Sensors that require special conditioning. 
programming. 

Not any more. Now the Keithley Model 556 GPIB Meas­
urement & Control System lets you interface a full range 
of transducers to the IEEE-488 bus. Mix any 10 signal con­
ditioning modules from a library of over 25 specialized 
functions. Thermocouples, strain gages, digital and ana­
log I I 0, power control, frequency, motion . . . more. 

Simple yet powerful commands run with the language 
of your choice, and work with Mac, NEC, DEC, HP, or any 
488 controller. On-board intelligence and memory let the 
556 run as a stand-alone datalogger or process controller. 

Best of all, this power and performance start around 
$2500. Check it out, PDQ, with a toll-free call to the PC 
Team at 1-800-552-1115. Or write: Data Acquisition & Con­
trol Division, Keithley Instruments, Inc., 28775 Aurora 
Rd., Cleveland, OH 44139. 

·l<EITHLEY 

CIRCLE NO 6 

UPDATE 
Crosspoint-switch ICs 

nection memory block to specify 
which input path should be con­
nected to what output. The 
switches are available in either 40-
pin plastic DIPs or 44-pin PLCCs. 
The DIP versions of the MT8980D 
and MT8990D cost $11 and $5.85 
(1000), respectively. 

SGS Thomson's M088 has operat­
ing parameters almost identical to 
those of the MT8980D. The 
256 x 256-channel switch also works 
with PCM-encoded serial data 
streams and operates under micro­
processor control. The contents that 
you load into an internal control 
memory determine the connections 
between inputs and outputs. Avail­
able in a 40-pin ceramic DIP, the 
M088 costs $30 (1000). 

If your system requires really 
high integration, you should con­
sider the NEC µ,PD43501R Time 
Division Switch (TDSW) chip. The 
switch operates at 16.384 MHz and 
can switch 16-bit TDM data to any 
sequence on 1024 channels. As is 
true of some of the digital switches 
discussed above, it can be used in 
switching networks such as PBXs 
and the ISDN. The switch is avail­
able for $200 (1000) in a 132-pin pin­
grid array. 

As you can see, crosspoint 
switches range from simple to com­
plex. The great number and variety 
of crosspoint-switch types available 
certainly supply you with many op­
tions for implementing a switching 
system-analog and digital. EDN 

Article Interest Quotient 
(Circle One) 

High 512 Medium 513 Low 514 
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-POWER 

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 with ease. 
Direct interface 
Saves hours of development time with 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 with full symbolic 
debugging. Compatibility with 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., Ltd., NS Bldg. 8F, 2-4-1 Nishishinjuku, Shinjuku-ku, Thkyo 160 03-348-7000 
©1988 Sophia Systems, Sophia Systems is a registered trademark of Sophia Systems Co., Ltd. 
ICE is a registered trademark of Intel Corporation. MDS is a registered trademark of Mohawk Data Science Corporation. 
IBM PC/AT and JCT are registered trademarks of International Business Machines Corporation. 
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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 

Available for Rent through 
U.S. Instrument Rentals, Inc. 
1-800-874-7123. 
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A New VME Enclosure with 
Benefits That Really Stack Up: 

40 Slot Capacity. Big systems in less space. In its 
maximum configuration, MaxChassis has two 20-slot VME 
card cages and two power supplies - two co~plete 20-slot 
VME systems in a single package only 14" high , 26" deep. 
One takes cards from the front, the other from the rear. 

backplanes. Just add your cards. 
Disk drive modularity. The 12 and 32-slot models have 

slide-in peripheral mounting assemblies that hold up to four 
half-height drives. No brackets to design, no harnessing 
to make. 

Match your needs exactly. There are 12, 20, and 32-slot 
systems, too. Tabletop or rack mount. The 12 and 20 slot 

RFI tight. There's a front cover panel that holds RFI in (and 
out) so your system will be looked on approvingly by the FCC. 

models are only 20" deep for VME 
or Multibus II, but you can get triple 
height (9U) cages and card depths 
to 400mm. There are three power 
supply choices from 400 to 800 
Watts. 

Ready to play. All MaxChassis 
come fully wired, complete with 
high-performance VME or Multibus 

We' II 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 " BOO" number, give us your 
FAX number and type of FAX 
machine, and the information you 
need from us. We 'll FAX it to you 
immediately. 

The cover panel covers all those 
cables and connectors on the card 
fronts, so everyone else will look on 
your system approvingly, too. 

So before you stack this maga­
zine, phone for our MaxChassis 
facts right now. And ask for our 
complete catalog of VME, Multibus 
and Multibus II system packaging . 

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 39 



PRODUCT UPDATE 

Debugging tool offers combination of 
modeling, simulation, emulation, and analysis 

The Mesa I in-circuit verifier offers 
a combination of modeling, emula­
tion, simulation, and analysis fea­
tures to ease the verification and 
debugging of designs using the Xil­
inx Logic Cell Array. This debug­
ging tool consists of four parts: a 
logic pod, a probe and cable assem­
bly, an IBM PC/ AT controller 
board, and Microsoft Windows­
based software. 

The Mesa I connects the pro­
grammable gate array (PGA) in 
your circuit in parallel with a second 
PGA, called the shadow, which re­
ceives stimuli as though it were in 
your circuit; however, you can halt, 
interrogate , and reconfigure the 
shadow without affecting your cir­
cuit's operation. For example, using 
scan-test techniques, you can get a 
snapshot view of your design's inte­
rior logic state by halting the 
shadow apd reading out the internal 
states. For a real-time view of inte­
rior nodes, you can configure the 
shadow to bring the internal nodes 
to the output pins, even if all the 
pins are utilized in your design. The 
shadow does not need to generate 
the normal output signals while the 
target device is running your cir­
cuit. 

Because the Mesa I gives you 
complete control over interconnec­
tion between the target PGA and 
the shadow, you can run your test 
utilizing signals from your circuit or 
under software control. You can 
also direct outputs from the shadow 
to replace those from the target; 
this action allows you to test the 
effects of circuit changes in your 
system. 

You can even use the Mesa I 
without a target circuit. This fea­
ture allows you to verify your de­
sign by running test vectors 
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More than just an in-circuit emulator, the Mesa I combines modeling, emulation, simula­
tion, and analysis functions to use with programmable gate arrays. 

through the shadow device. You 
can also single-step the shadow and 
monitor its internal states. The pod 
provides test-probe pins for exter­
nal signals of the shadow and eases 
the attachment of other test instru­
ments. 

The pod and probe come in 68-and 
84-pin versions. The controller 
board supports as many as four 
pods, providing power and interface 
signals to each. 

To use the Mesa I, you need an 
IBM PC/ AT or compatible . The 
computer must have at least 640k 
bytes of RAM, l.5M bytes of hard­
disk space, and an IBM EGA-com­
patible display . You can use a 
mouse, but it's not necessary. 

The Mesa I software is compat­
ible with Xilinx design software, al­
lowing you to extract symbolic in-

formation from the design files and 
permitting you to refer to logic 
blocks by their symbolic names dur­
ing debugging. The software's Win­
dows-based user interface simplifies 
its use. The software also handles 
configuration of the pod. Because 
the pod itself is a Logic Cell Array­
based design, revisions to Mesa I 
are incorporated as software up­
dates. 

Mesa I costs $9390; delivery is 
eight weeks ARO. 

-Richard A Quinnell 
Data 110 Corp, Box 97046, Red­

mond, WA 98073. Phone (206) 881-
6444. TLX 152167. FAX 206-882-
1043. 

Circle No 732 
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PRODUCT UPDATE 

Wideband ac power sources deliver 
70 to 82o/o efficiency across the full output range 

The Titan Series of ac power 
sources consists of the MAC-01, 
MAC-02, and MAC-03 mainframes, 
as well as the MOS-01 manual oscil­
lator module and the EIM-01 exter­
nal input module. By employing 
patented switch-mode, thick-film, 
power-hybrid circuitry, the sources 
realize a 70 to 82% power transfer 
efficiency across the full output 
range. They can deliver a stable 
voltage and current output into any 
reactive load that have a leading 
or lagging power factor of 0 to 1. 

The MAC-01, MAC-02, and 
MAC-03 sources operate without 
excessive heating and shutdown 
problems. They employ soft-start 
circuitry to remove all supply-line 
and power-supply-output current 
and voltage surges. In the event of 
an internal fault, a self-diagnostic 
fault-isolation system shuts down 
the sources to prevent any cata­
strophic failures. Furthermore, the 
thermal-protection circuitry shuts 
down the sources if the ventilation 
is blocked; the circuitry automati­
cally resets the units when they 
cool. All outputs are protected 
against overload and short-circuit 
conditions. 

The mainframes have an output 
capability of 1000, 500, and 165 VA, 
respectively. They have both a 0 
to 130 and a 0 to 260V rms output 
range, which you select via the 
front-panel switch. The output cur­
rents for the two output ranges are 
8.0 and 4.0, 4.0 and 2.0, and 1.4 and 
0.7A for the MAC-01, MAC-02, and 
MAC-03, respectively. 

Although the mainframes' full­
output range is 45 Hz to 15 kHz, 
their usable frequency range ex­
tends to 20 kHz. The units' har­
monic distortion is <1% from 45 Hz 
to 3 kHz and <3% from 3 to 20 
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To attain efficiencies in the 70 to 82% range, the Titan Series ac prnver sources employ a 
patented switch-mode, thick-film hybrid circuit. In addition, the sources feature toroidal 
magnetics in all critical performance areas to increase their bandwidth and decrease their 
size and weight. 

kHz. The output noise is 60 dB be­
low the full-rated output, and the 
gain stability is ± 0.25% over 72 
hours when the line and load regula­
tion and the temperature are con­
stant. 

The MOS-01 module plugs into 
the mainframes and serves as a gen­
eral-purpose sine-wave oscillator 
and a digital-readout monitoring 
system. You can use a single MOS-
01 with as many as four MAC-01 
mainframes to develop a 4-kVA 
power source. The module operates 
over a 20-Hz to 20-kHz frequency 
range in three switch-selectable, 1-
decade scales-20 to 200 Hz, 0.2 to 
2 kHz, and 2 to 20 kHz. You can 
set the front-panel LCD to read the 
frequency, voltage, or current pa­
rameters. Over a full 0 to 50°C oper­
ating range, the amplitude and fre­
quency stability figures equal 
±0.25% and ±0.5%, respectively. 

The EIM-01 external input mod­
ule safely isolates and inputs an ex­
ternal drive signal into the power 
mainframes. The module accepts in­
puts from a laboratory oscillator, a 
programmable oscillator, or an 
MOS-01 oscillator when operating 
in slave mode. The EIM-01, which 
features a 0 to 70°C operating 
range, has a gain stability of± 0.2% 
at temperatures from 25 to 50°C. 

The MAC-01, MAC-02, and 
MAC-03 come in gold, irridite­
plated, steel main chassis and cost 
$1950, $1250, and $889. The MOS-1 
and EIM-01 modules are priced at 
$349 and $59, respectively. All 
items in the series include a 1-year 
warranty.-Tom Ormond 

Compact Power Co, 17282 Or­
ange Dr, Yorba Linda, CA 92686. 
Phone (714) 996-5826. 

Circle No 730 
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Designing with 40-pin ZS parts just got a whole lot easier. 
Introducing the ZS6E21;· Zilog's CMOS one-time pro­

grammable microcontroller for the entire ZS family. It's the 
form , fit and function part you need for all ZS designs and 
short production runs. 

. '" . erintegratwn. 
Zilog is sup ls of integration t 

ndfor bigber leVe ASICs arises. Tha 
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The compatibility. 
The ZS OTP plugs right into your final production board. 

It fits with all 40-pin parts, whether they 're NMOS or CMOS. 
And you can get the package you need . An SK OTPP ROM in 
a 40-pin DIP or 44-pin PLCC package. 
The functions. 

Use the ZS OTP however it best suits your situation. It lets 
you write, debug or verify code. It gives you perfect fit , form 
and function . And it lets you avoid having to resort to a design 
proto-pack, with its required external EPROM, for short-run 
production applications. 
The performance. 

You get everything you'd expect from a ZS OTP. 256 bytes 
of RAM , for one thing. An SK OTP PROM, for another. Then 
there's the full duplex UART and the 32 1/0 lines. And the ability 
to address I 12K bytes of external memory. Plus all the overall 
performance advantages of CMOS and Superintegration '." 
The reliability. 

The ZS OTP comes to you with Zilog's proven quality and 
reliability built in . Off the shelf. At a highly competitive price. 
Find out more about the ZS OTP, or any of Zilog's growing 
family of Superintegration products. Contact your local Zilog 
sales office or your authorized distributor today. Zilog, Inc., 
210 Hacienda Ave., Campbell, CA 9500S, (40S) 370-SOOO. 

Right product. Right price. Right away. Zilog 
ZILOG SALES OFFICES' CA (;08) 370·8120, (71<) 838·7800, (818) 707- 1160. CO (303) 49<·2901. FL (813) 185·21JJ, GA (<<H )'JlJ-8500. IL (.I ll) ;!7·808-0. MA (617) 27.H!ll. MN (612) 8.11 ·7611. 
NJ (201) 288·3737, OH (216) 447-1480, PA (115 ) 653-0230, TX (214) 987·9987, CANADA Toronto (416) 673·06.14 , ENGLAND Maidenhead (4') (628) .19!00, W. GERMANY Munich (49) (89) 612·6046. 
JAPAN Tokyo (81) (3) 587·0128, HONG KONG Kowloon (852) (.\) 723-8979. TAIWAN (886) (2) 741-3125, SINGAPORE 6\.!JI 7111. DISTRIBUTORS, U.S. Anthem Electric. Bell Indus .. llall ·Mark Elec .. 
JAN Devices, Inc., Lionex Corp .. Schweber Elec.. Western Micro1ech. CANADA Future Elec., SEMAD. LATIN AMERICA Argentina-Yel.-( 1)46-2211, Brazil -Di~ihy1e (Oil ) Z4 1·.S611 , Mexico-Semicondurtores 
Profesionales (5J 136·131l CIRCLE NO 99 91 



PRODUCT UPDATE 

Data-acquisition board for PC bus 
processes data in real time with DSP IC 

The DAP 2400 add-in data-acqui­
sition board doesn't need to rely on 
the host PC to process acquired 
data because it has an Intel 80186 
µP on board as well as a Motorola 
DSP56001 DSP µP. The IBM PC's 
µP and the slow response time of 
the MS-DOS operating system can 
often be a bottleneck for a data­
acquisition board that acquires data 
at rates in excess of 150,000 sam­
ples/sec. Although the board ac­
quires data at a high rate, the PC 
can't process the data in anything 
close to real time. 

The company's proprietary 
DAPL operating system runs on 
the 80186 and schedules the access­
ing of concurrent tasks to the DSP 
µP. The DAPL also provides prede­
fined commands for DSP applica­
tions, allowing you to command the 
board to perform DSP tasks such 
as FFTs and finite-impulse-re­
sponse filtering without writing any 
code. 

Because the DAP 2400 can gener­
ate signals at the same time it's ac­
quiring them, it can acquire both 
analog and digital signals at rates 

CHANNEL-LIST/SINGLE-SAMPLE CLOCKING SELECT 

MULTIPLE OAP 1/0 SYNCHRONIZATION 

C~~:~~L EXTERNAL INPUT TRIGGER 

SIGNALS EXTERNAL INPUT CLOCK 

EXTERNAL OUTPUT CLOCK 

OPTIONAL 
EXTERNAL 

DIGITAL 
EXPANSION 

DIGITAL IN INCREMENTS 
SIGNALS OF 64 SIGNALS 

ANALOG AND {3 
DIGITAL 
INPUT 

SIGNALS 

) s 
OPTIONAL 

16.L 
7 

DIGITAL 
INPUT 

16.L_ REGISTER 1~ 
I 7 

/is v 2 

as high as 235,000 samples/sec, and 
concurrently update analog or digi­
tal outputs at rates as high as 
250,000 values/sec. Analog I/O sig­
nals have a 12-bit resolution, and 
digital I/O signals have a 16-bit 
resolution. 

You can software-select the 
board's clock source from two sepa­
rate onboard crystal-controlled 
clocks or an external clock source. 
In the channel-list clocking mode, 
every positive edge of an external 
clock initiates the conversion of a 
software-configured series of chan-

r--... r--... N EXTERNAL 

ANALOG ANALOG 

~ ~ 
1'.L_ EXPANSION 

~AMMABLE-GAIN I 
SIGNALS S12 SINGLE-ENDED ~G A/D 

7 
OR 

c 

2S6 DIFFERENTIAL 
CONVERTER 

SIGNALS IN MULTIPLEXERS AMPLIFIER 
INCREMENTS OF 64 -

Combining an Intel µP and a Motorola DSP µP, the DAP 2400 data-acquisition board offloads signal-'fJ'l"ocessing chores from the host 
I BM PC. The board runs independently of the host under its own operating system, DAPL. 
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PRODUCT UPDATE 

nels. When used with the manufac­
turer's simultaneous sampling 
board (basically a 16-channel S/H 
board), the DAP 2400 can acquire 
multiple analog signals on a single 
external clock edge. 

Connecting as many as seven 
DAP 2400s, you can obtain an ag­
gregate sampling rate of l.64M 
samples/sec. You can configure the 
system so that the sampling and 
output control clocks from a master 
DAP 2400 serve as external control 
clocks to the other boards, or alter­
natively, you can have separate 

32k-WORD 
RAM 

DATA 
24 

ADDRESS 1~ , 

r---i 

IBM 
PC/XT DATA 1 OR T 
PC/AT 

1/0 BUS l ADDRESS 10 

TIMING AND '-----"' TRIGGERING 
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EiC I CHAN~EL-LIST CLOCK 
CLC 

EOG 

OUTIMR SAMPLING 
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INCLK TIMERS 
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1 SAMPLING ~ 

16~ 
CONTROL T 

16.t_ FIFO 
BUFFER 

clock sources for each board. 
All versions of the board have a 

20-MHz DSP56001. The DAP 2400/ 
4, with a 10-MHz 80C186 µP and a 
2k 24-bit static RAM, has an output 
update rate of 156,000 values/sec 
and a sampling speed of 156,000 
samples/sec. It's capable of a 512-
point FFT and sells for $2400. 
Priced at $2800, the DAP 2400/5 
features a 16-MHz 80C186 and 8k 
24-bit words, is capable of a 2048-
point FFT, and has an output up­
date rate of 250,000 values/sec and 
a sampling speed of 235,000 sam-

DSP56001 
2~ 
T DATA 

DATA ~ , 
1~ 
T ADDRESS 

256 x 8-BIT 

~ 
BUS INTERFACE 8 
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~ 
, , 
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16 
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ples/sec. The DAP 2400/6 has the 
same hardware as the 2400/5 ver­
sion, but has 32k 24-bit words of 
static RAM, allowing it to perform 
an 8192-point FFT; it costs $3200. 

~JJfargeryConner 

Microstar Laboratories, 2863 
152nd A ve NE, R edmond, WA 
98052. Phone (206) 881-4286. TWX 
510-601-3473. FAX 206-881-5494. 
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PRODUCT UPDATE 

PLD design-tool enhancement 
simplifies circuit partitioning 

One of the bugaboos of PLD design 
is the question: What is the most 
cost-effective solution to a particu­
lar circuit-design problem? The 
CUPL version 3.0 enhancement ad­
dresses this dilemma by letting you 
compile the entire design without 
concern for the architecture of any 
one PLD. You then perform simula­
tion as a design-verification step. 
After you're satisfied that the de­
sign is correct, CUPL 3.0 creates 
a symbol table that indicates the 
PLD resources you need. You can 
then choose, either manually or 
through a database program, the 
device which best meets your price, 
availability, and performance re­
quirements. 

Highlighting CUPL version 3.0 
are models of large devices having 
as many as one million fuses such 
as the Altera EP1800, Intel 5C180, 
Cypress CYC330-332, and Atmel 
ATV2500. CUPL can also support 
Xilinx/ AMD's LCAs (Logic Cell Ar­
ra~s) and other programmable gate 
arrays and megaPLDs. To prevent 
the appearance of bias toward any 
one PLD supplier, CUPL's design­
ers purposely avoided automating 
the PLD selection process. 

The CUPL version 3.0 enhancement lets you verify your desi,gn, using the graph'ical 
output from the simulator. 

Other enhancements to CUPL in­
clude the ability to accept, as the 
design input, standard EDIF (Elec­
tronic Data Interchange Format) 
output from such graphics entry 
packages as OrCAD-SDT, Omation 
Schema, and Wintek HiWire. 
CUPL's upgraded preprocessor in­
cludes many high-level constructs 
such as single-statement definitions 
of logic structures and repeat com­
mands that allow indexing of equa­
tions. 

To aid in design verification, the 
vendor has added a graphics capa-
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bility to the software to display 
simulation-output results in a wave­
form format. As a result of the soft­
ware's support of buried nodes and 
preload capability for asynchronous 
devices, a waveform generator lets 
you simulate large PLDs that have 
asynchronous architectures. 

The front-end menu allows you 
to move through various phases of 
PLD development with simple cur­
sor movement or menu commands. 
The User Definable Syntax lets you 
make commands that are familiar 
to you. For example, if you are 
more comfortable with the logical 
"AND," represented by "* ," than 
with the default"&," you can make 
that change. At the output, CUPL 
creates a standard JEDEC file. 

Concurrent with the version 3.0 
introduction, CUPL can now run on 
Apollo and Macintosh hardware in 

addition to the previously sup­
ported IBM PC and compatibles, 
DEC VMS/VAX computers, and all 
of the Sun workstations. 

In addition to normal customer­
service hours of 9 to 5, Monday 
through Friday, the company pro­
vides a 7-day-a-week, round-the­
clock bulletin-board system that al­
lows file transfers of PLD designs. 
The software is free for users on 
the vendor's 2-year Maintenance 
and Update Program; an update 
package for existing MS-DOS users 
costs $250; for new users, prices 
start at $1250. 

-Michael C Markowitz 
Logical Devices Inc, 1201 NW 

65th Pl, Fort Lauderdale , FL 
33309 . Phone (800) 331-7766; in FL, 
(305) 974-0975 . TLX 383142. 
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Macro performance 
• • • m anucro size 
Signetics 83/87C751 
microcontroller-the performance 
of an 80C51 packed into a 24-pin 
skinny DIP or SMD 28-pin PLCC. 
Designed around the 80CS1 architecture, our new 
83/87C7Sls let you use your existing instruction set 
and code to gain the enormous benefits of a smaller 
package at a smaller price. 

A lot of guts in a little package. I ts 16 MHz operation 
means you don't have to sacrifice performance. You'll 
appreciate the convenience of EPROMs in UV or OTP. 
Coupled with the flexibility of an FC serial bus port. And 
the efficiency of an 8-bit architecture backed by a complete 
Signetics development system. 

Think of it. Increase the power of your 4-bit applications. 
Or replace your logic blocks. Or lighten your handheld 
designs. All while decreasing system costs. 

Call us for a free '751 Microcontroller Information 
Packet at (800) 227-1817, ext. 991D. For surface mount 
requirements and military product availability, contact 
your local Signetics sales office. 

One standard. 0 defects. 

Signetics 
a division of North American Philips Corporation 

PHILIPS 
©Copyright 1988 North American Philips Corporation 
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READERS' CHOICE 
Of all the new products covered in EDN's September 15, 1988, issue, the ones reprinted here generated the 
most reader requests for additional information. If you missed them the first time, find out what makes them 
special: Just circle the appropriate numbers on the Information Retrieval Service card, use EDN's Express 
Request service, or refer to the indicated pages in our September 15, 1988, issue. 

HALL-EFFECT IC 
The TLE4910K Hall-effect IC produces an output volt­
age that is proportional to the flux density of its sur­
rounding magnetic field (pg 271). 
Siemens AG. 
Circle No 603 
Siemens Components Inc. 
Circle No 604 

LANGUAGE TRANSLATOR 
QPARSER + can automatically 
construct the syntax trees that are 
needed in order to translate from 
one programming language to an­
other and provides a technique for 
the resolution of grammatical con­
flicts (pg 300). 
QCAD Systems Inc. 
Circle No 606 
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~ DSP DEVELOPER 
The Chimera system is a DSP de­
veloper for Tl's TMS320C25. The 
system's mother board provides a 
16k-word memory for programming 
and data storage (pg 287). 
Atlanta Signal Processors Inc. 
Circle No 605 

._ WORM DISK DRIVE 
The full-height, 5%-in., APX-4000 optical WORM 
(write-once, read-many) disk drive stores 244M bytes 
on each side of a 2-sided disk, providing a total storage 
capacity of 488 bytes (pg 125). 
Maximum Storage Inc. 
Circle No 601 

~ PHOTOCOUPLER 
The TLP582 photocoupler's design 
features a 0.5-in.-long optical fiber 
between the emitter and the detec­
tor, which, in essence, increases the 
separation distance between the 
two (pg 255). 
Toshiba America Inc. 
Circle No 602 
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LEADTIME INDEX 
Percentage of respondents 
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ITEM ~ ~ ~ ::;-'° ::;-'° ITEM ~ ~ ~ ::;-'° ::;-" 
TRANSFORMERS Dry reed 0 14 29 57 0 0 11.5 6.8 

Toroidal 0 11 67 11 11 0 10.1 7.7 Mercury 0 20 20 60 0 0 11.4 7.6 

Pot-Core 7 8 57 21 7 0 9.8 8.9 Solid state 0 19 18 45 18 0 13.5 4.2 

Laminate (power) 0 25 67 8 0 0 7.3 5.8 DISCRETE SEMICONDUCTORS 
CONNECTORS Diode 36 24 8 24 4 4 7.3 4.6 

Military panel 0 25 37 13 25 0 12.0 7.5 Zener 39 27 0 28 0 6 7.0 5.2 

Flat/Cable 36 35 29 0 0 0 3.3 4.4 Thyristor 8 16 38 38 0 0 9.4 6.5 

Multi-pin circular 10 20 50 20 0 0 7.6 6.1 Small signal transistor 28 17 17 32 6 0 8.3 5.0 

PC (2-piece) 15 38 38 0 9 0 6.4 4.6 MOSFET 25 17 17 41 0 0 8.2 6.9 

RF/Coaxial 14 36 43 0 7 0 6.3 4.1 Power, bipolar 40 20 20 20 0 0 5.3 4.5 

Socket 21 42 32 0 5 0 5.0 4.1 INTEGRATED CIRCUITS, DIGITAL 
Terminal blocks 15 38 38 9 0 0 5.5 3.7 Advanced CMOS 25 19 37 13 0 6 7.4 6.1 

Edge card 9 36 55 0 0 0 5.4 5.8 CMOS 18 45 9 23 0 5 7.1 4.3 
D-Subminiature 18 55 27 0 0 0 3.8 4.7 TIL 27 36 14 23 0 0 5.7 3.7 
Rack & panel 0 30 60 0 10 0 8.2 5.1 LS 33 39 6 22 0 0 5.0 3.3 

Power 27 18 45 0 10 0 6.6 7.1 INTEGRATED CIRCUITS, LINEAR 
PRINTED CIRCUIT BOARDS Communication/Circuit 22 33 23 22 0 0 6.2 4.9 

Single sided 0 70 24 6 0 0 4.9 4.7 OP amplifier 36 36 7 21 0 0 4.8 5.2 

Double sided 0 59 41 0 0 0 5.0 5.4 Voltage regulator 25 19 19 31 6 0 8.4 4.1 
Multi-layer 0 28 55 17 0 0 7.8 8.0 MEMORY CIRCUITS 
Prototype 0 63 37 0 0 0 4.8 3.9 DRAM 16K 0 29 14 43 14 0 12.2 7.7 

RESISTORS DRAM 64K 0 37 25 25 13 0 10.2 7.8 
Carbon film 43 19 24 14 0 0 4.6 4.9 DRAM 256K 0 38 31 16 15 0 9.9 11 .5 
Carbon composition 48 23 24 5 0 0 3.3 3.6 DRAM 1M-bit 0 19 36 18 27 0 13.1 11 .5 
Metal film 35 30 30 5 0 0 4.0 4.0 SRAM 4K x 8 0 0 40 0 60 0 18.5 11.9 
Metal oxide 14 50 15 21 0 0 5.9 4.2 SRAM BK x 8 0 12 33 22 33 0 14.8 15.2 

Wirewound 12 41 35 12 0 0 5.8 4.4 SRAM 2K x 8 0 0 29 29 42 0 17.5 10.4 
Potentiometers 18 55 18 9 0 0 4.4 4.7 ROM/PROM 0 25 37 38 0 0 9.5 7.3 
Networks 25 45 20 10 0 0 4.4 4.4 EPROM 64K 18 27 18 27 0 10 9.5 7.5 

FUSES 61 22 11 6 0 0 2.4 2.6 EPROM 256K 25 17 25 25 0 8 8.8 8.0 

SWITCHES EPROM 1M-bit 0 0 50 25 25 0 14.2 9.7 

Pushbutton 22 22 50 6 0 0 5.5 4.9 EEPROM 16K 0 17 33 50 0 0 10.8 9.9 

Rotary 13 31 44 6 6 0 6.9 5.7 EEPROM 64K 0 0 43 43 0 14 14.4 7.9 

Rocker 27 27 39 7 0 0 5.0 5.5 DISPLAYS 
Thumbwheel 0 40 40 20 0 0 7.4 6.1 Panel meters 0 23 44 33 0 0 9.3 7.2 

Snap action 0 36 45 19 0 0 7.6 6.5 Fluorescent 0 0 49 38 13 0 13.1 8.4 

Momentary 14 36 36 14 0 0 6.1 5.2 CRT 12-inch monochrome 0 0 50 50 0 0 11.7 7.7 

Dual-in-line 23 16 38 23 0 0 7.0 4.9 LED 7 33 33 20 0 7 8.8 4.6 

WIRE AND CABLE Liquid crystal 0 10 60 30 0 0 9.7 8.5 

Coaxial 35 29 29 7 0 0 4.2 3.7 MICROPROCESSOR ICs 
Flat ribbon 42 32 26 0 0 0 3.0 3.0 8-bit 14 36 21 29 0 0 7.2 8.6 

Multiconductor 30 30 40 0 0 0 4.0 3.7 16-bit 6 35 24 29 6 O' 8.9 8.9 

Hookup 48 38 14 0 0 0 2.2 2.4 32-bit 10 30 30 30 0 0 7.9 9.2 

Wirewrap 45 25 25 0 0 5 4.3 3.4 FUNCTION PACKAGES 
Power cords 29 29 37 5 0 0 4.6 4.1 Amplifier 18 18 27 18 10 9 10.8 7.0 

POWER SUPPLIES Converter, analog to digital 8 17 33 25 0 17 12.2 9.4 

Switcher 14 28 29 29 0 0 7.6 8.1 Converter, digital to analog 10 10 50 20 0 10 10.4 8.9 

Linear 23 23 23 23 0 8 8.5 8.1 LINE FILTERS 8 33 25 25 9 0 9.1 8.1 

CIRCUIT BREAKERS 11 33 33 23 0 0 7.1 5.4 CAPACITORS 
HEAT SINKS 16 47 32 5 0 0 4.7 4.2 Ceramic monolithic 22 26 35 13 0 4 6.8 4.9 

BATTERIES Ceramic disc 37 31 11 16 0 5 5.8 5.5 

Lithium coin cells 21 36 36 7 0 0 5.0 5.5 Film 27 33 7 33 0 0 6.6 5.5 

9V alkaline 70 10 10 10 0 0 2.6 2.8 Aluminum electrolytic 33 29 14 24 0 0 5.7 5.3 

Real-time clock back-up 0 29 57 14 0 0 7.6 3.6 Tantalum 29 38 14 19 0 0 5.2 5.3 

RELAYS INDUCTORS 13 13 42 13 0 19 11.6 6.8 

General purpose 18 24 34 24 0 0 7.1 3.9 

PC board 6 25 31 31 7 0 9.8 4.8 Source: Electronics Purchasing Magazine's survey of buyers. 
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SIEMENS 

Surface mount varistors ... 
technology in 'a new dimension. 

CIRCLE NO 30 

Call 1-800-222-2203 x4546 for 
immediate design or delivery 
information. Or return the coupon 
for our new data sheets. 
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FLASH OF BRILLIANCE 
Tri-Color Excellence in a T1 size from the World Leader in High-Efficiency LEDs. 

For performance 
superiority, space saving 
design and packaging selec­
tion , Data Display's tri-color 
LEDs are your brilliant 
choice. As high-intensity 
red , green and amber light 
indicators, their quality and 
reliability clearly shine 
through in a T1 package. 

The tri-color LED light output is a good 21 MCD 
with wavelengths of 635 for red and 565 green. 
A milky diffused package provides an extra wide 
viewing angle. Also, you're designing in the 
dependability and competitive pricing you can 
expect from a world leader in LEDs. 

Save Space. Two LEDs in One Package. 
All of our tri-color LEDs use a bright idea to 

improve your high density packing . The T1 size 
has 2 LED chips in the same small package. Two­
terminal operation gives red (DC+) , green (DC - ), 
and amber (AC) with current of 20mA. 

Also having the same two-terminal operation 
features is a larger TW4 size. It's ideal for lens 
illumination. Another T13/4 size has three-terminal 
operation with a common cathode. 

Choice of Packages. Shining Support. 
Data Display has a network of sales represent­

atives and distributors to get you the quantities you 
want. Our complete line of LEDs includes a variety 
of packaging options-from PCB mounts including 
our new variable array to panel lights available 
with or without lenses. And we also provide 
engineering support. 

Make the brilliant choice. Call Data Display, 
TOLL FREE (800) 421-6815. Within California , 
call (213) 640-0442. Free catalog . 

Your Brilliant Choice 

DATA 
DISPLAY 

PRODUCTS 

P.O. Box 91072 , Los Angeles, CA 90009 
(213) 640-0442, FAX 213-640-7639 

INTERNATIONAL REPS: Argentina YEL SRL, PH : 1 46 2211 , FAX: 1 452551 - Australia Ampec, PH : 2 689 3522, FAX: 2 633 5448 - Belgium/Holland Klaasing Elc, PH: 1620 81600, 
FAX : 01620 56500 - Denmark Radio Parts, PH : 1343411, FAX: 1 342232 - France A Jahnichen, PH: 147806001, FAX: 147861601 - Israel R.C.M . Computers, PH: 3 5447885 
FAX : 3 491942 - Italy Microdata, PH : 187 988182, FAX: 0187 988322 - South Africa Liberty Elec., PH: 52 7637, FAX: 52 892 2208 - Spain Betatron , PH : 1 694 2511 , FAX: 1 693 7384 -
United Kingdom Marl lnfl, PH : 229 52430, FAX: 0229 55155 - West Germany/Austria Kuhn GmbH, PH : 6235 5662, FAX: 6 235 81955 
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... like you've never 
seen them before . 

Jitrer 

. . . no quantitative data is available from the time-domain view of a radar chirp on the 
left. However, the frequency vs time display of this single-shot event clearly shows 
chirp linearity and frequency 

... a time-domain view of jitter shows only that the jittered data's edge is constantly 
changing with respect to the clock. In the modulation domain , the jitter magnitude 
and periodic content are clear. 



The HP 5371A ... your 
window to the modulation domain. 
As significant a development as 
the scope or spectrum analyzer, 
the new HP 5371A Frequency and 
Time Interval Analyzer is the first 
commercially available instrument 
to make continuous frequency 
measurements and display frequency 
vs time directly. It 's sure to become 
a basic tool in every R&D lab. 

Performance to match 
your measurement needs. 
• de to 500 MHz (500 MHz bandwidth 

at microwave frequencies) 
• 2 GHz to 18 GHz capability 

available with the HP 5364A 

• up to 10 million measurements per 
second 

• 1 ns minimum pulsewidth 
• 150 ps single-shot resolution, 1 ps 

repetitive resolution 
• 2 mV trigger level resolution 

Powerful arming and triggering 
for measurement control. 
• Holdoff by time, events or signal edge 

• Sample by time, events or edge 
• Arm on any of three input channels : 

External, A, or B 

A choice of measurement 
modes and analyses. 
• Frequency, period , phase and time 

interval 

• Positive or negative pulsewidth , duty 
cycle 

• Rise time, fall time 
• Time variation , event timing, histo­

grams, statistics, limit test 

©Copyright 1988 Hewlett-Packa rd Co 

Plus accessories 
and HP-IB compatibility 
Of course you can combine the HP 
5371A with other test instruments 
and computers via the HP-IB for 
enhanced capability. It will also 
drive HP printers and plotters 
directly for hard-copy records. And 
a variety of accessories and options 
are available to match your 
specific application. 

Get there faster 
in the modulation domain 
Like its predecessors - scopes and 
spectrum analyzers - the frequency 
and time interval analyzer is sure 
to give designers greater insight 
into system problems, and provide 
dramatic savings in product devel­
opment and manufacturing. That 's 
the best reason yet to explore the 
modulation domain. So mail the 
attached reply card today. Or, 
better yet, call 1-800-752-0900, 
Ext 2150. Now, it 's up to you 

F//'09 HEWLETT 
~e.. PACKARD 

0201801EDN 



HP introduces the modulation domain. 
Totally new measurement con­
cepts are rare. The oscilloscope 
was one. It brought the time 
domain to voltage measurements. 
Spectrum analysis, which added 
the frequency domain , was 
another. Now, there's a break­
through that puts you in the 
modulation domain . Dynamic 
frequency and time interval 
analysis. 

The new HP 5371A Frequency 
and Time Interval Analyzer gives 
you entirely new ways to view 
dynamic signals. Views that 
simplify and speed analysis of 
transient signals, modulation , 
and frequency stability As well 
as time transients, jitter, and 
timing relationships between 
signals If you ' re designing equip­
ment for communications, radar, 
mass storage, data processing, 
and ATE, the HP 5371A gives you 
new insights for faster trouble­
shooting and characterization. 

... agile radio 
measurements 

that were impossible 
until now. 

Say goodbye to static back-to­
back and "golden unit" testing 
that 's been costing you time 
and money without delivering 
the quantitative measurements 
you need . 

Complete characterization of 
hopping radio transmitters is 
easy for the HP 5371A. Its 
dynamic single-shot capability 
captures hopping sequence, 
carrier frequencies, and modu­
lation . Then it displays signals 
in a frequency vs time plot for 
quantitative measurements of 
overshoot and settling time 
(valuable for VCO signals too) . 
You can also examine FM details. 
And, histogram displays give a 
clear picture of channel usage. 

H rad~~ 
characterization in a snap. 
Because the HP 5371A captures 
single-shot events and performs 
fast statistical computations, you 
can simply and inexpensively 
characterize pulse parameters 
that affect target resolution , 
range, and accuracy. 

There's no easier way to 
analyze chirp linearity or phase 
coding than the direct measure­
ments of frequency vs time in 
the modulation domain . And 
histogram plots of pulsewidth 
jitter and pulse repetition fre­
quency give you quantitative 
and reliable measures of system 
performance. Expensive and 
cumbersome delay line discrim­
inators are eliminated ... forever. 

See the back page for more information. 
Call 1-800-752-0900, Ext. 215U, or mail the reply card 
for additional product information and a FREE videotape. 

The HP 5371A's statistical 
analysis and histogram capability, 
combined with time-variation 
plots, give you a valuable new 
tool for quantifying the affects of 
jitter and wander in digital com­
munications, data storage, and 
computer systems. 

Histogram displays and statis­
tics of frequency or time interval 
show you quickly whether jitter 
effects are Gaussian or systematic. 
These results reveal valuable 
information leading to the pre­
diction of bit error rate. And 
modulation domain displays 
give you a useful view of jitter 
periodicity. An FFT of this data 
gives you a jitter spectrum. With 
the HP 5371A, you can trouble­
shoot faster and get better 
characterization of timing jitter 
than ever before. 

F//'09 HEWLETT 
~~ PACKARD 



id away 
kl a monitor 

that will last for 
more than eight years 
between failures. 

The real challenge 
is to keep it busy 
for that long. 

Eight years is a long time, more than 70,000 hours to be exact. In computer terms, it's several generations. 
And the simple truth is, it's hard to come up with a hardware application that won't be obsolete long before 
then. So why did we bother to create a computer monitor with a mean time between failure (MTBF) rating 
in excess of eight years of continual operation? Because we wanted to hold down the ultimate cost of 
ownership. By reducing failures in the field, we reduce service calls, warranty claims and customer 
complaints. Besides, we enjoyed the challenge. Now, it's your turn. For complete details on one of the 
most reliable lines of CRT displays the world has ever seen, call [ 1 0 

'J o·isplayTEK 
DisplayTEK, 1355 Holmes Road, Elgin, IL (312) 931-2100. 
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Now you don't have to choose 
between how fast you can go and 

how much you can carry. 
OUR NEW 256-KBIT 

BiCMOS ECL SRAM GIVES 
YOU BOTH HIGH SPEED 

AND HIGH DENSITY 

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

seconds. Yet it has the storage 
capacity of four 64-kbit ECL chips 
in one-fourth the space. 

Its modest power consump­
tion makes air cooling not only 
possible but practical. It draws a 
maximum of 200 milliamps at 15 
nanoseconds. Longer cycle times 

drop the current down to 
about 120 milliamps. 

In worst-case test­
ing, power dis­

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

BiCMOSIII 
IS THE KEY 

What makes it all 
possible is National's 

proprietary Bi CMOS III 
one-micron process, 

which combines the speed 
of pure bipolar with the high 

density, low power, and manu­
facturability of CMOS. 

It gives you the best ratio of 

© 1988 National Semiconductor Corp. 
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NATIONAL MEMORIES 
Volatile 
ECLSRAMs 
CMOSSRAMs 
Non-Volatile 
EPROMs 
EEPROMs 
PROMs 

speed, power and cost per bit. 
And we designed reliability 

into the process from the begin­
ning. In fact, one-third of the 
development team had reliability 
as their sole responsibility 

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

IT GIVES YOU THE 
PERFORMANCE YOU WANT 

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

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

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

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

AND YOU GET 
MORE MODELS TO 

CHOOSE FROM 

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

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

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

CALL FOR OUR 
NEW BROCHURE 

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

~National 
~ Semiconductor 
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EDN Special Report 

DISF'Lfl~1 PtODllLE.S 
Although most of the trade-press coverage of digital dis­
plays has concentrated on design activity involving high­
resolution flat-panel devices) many applications don)t 
need 25-line x BO-character capability. For these applica­
tions) dot-matrix display modules suffice. 

Tom Ormond, Senior Editor -I he need to display short scrolling messages is a re­
quirement for a plethora of applications-factory net­
works, assembly operations, benchtop instrumenta­
tion, telecommunications equipment, medical appara­
tus, automobile dashboards, appliances, and home­
entertainment systems. Dot-matrix-display manufac­
turers supplying products to satisfy the needs of these 
message-display applications are 
using many different technologies 
and more and more onboard elec­
tronic intelligence to meet the per­
formance needs of their customers. 
The four prevalent technologies are 
LED, LCD, vacuum fluorescent, 
and plasma. 

within the matrix field if your application demands it, 
the LT1441M is essentially a I-character or graphics­
type display unit. Typical luminescence intensities span 
the 120- to 130-mcd range , making the LT1441M ex­
tremely visible and easy to read. The dot-matrix dis­
play's dichromatic LEDs produce red and green­
orange-yellow light. Built-in shift registers, latch cir-

Probably the primary reason for 
the staying power of LED display 
technology, which first made its de­
but over 20 years ago, is its high­
luminance-level output. Aside from 
this attribute, LED displays also of­
fer a good viewing angle: in excess 
of a 150° cone. And they are rela­

Capa,ble of displaying ten 2-in. characters, the Vorne GY2200 module is ideal for applica­
tions where long-distance readability is a prime consideration. The unit can retransmit 
received data as is or convert the data to a diff erent communications standard. 

tively easy to drive. Unfortunately, LED-based dis­
plays do consume a lot of power-typically 50 to 100 
mW per LED-so they're not usually the optimum 
solution for portable applications. 

The Model LT1441M from Sharp Electronics is side­
by-side and end-to-end stackable, which makes it well 
suited for both indoor and outdoor display applications. 
The display is configured as a 16 x 16 LED matrix. 
Although you can develop two 5 x 7 or 7 x 5 characters 

Let your fingers do the talking. A dot-matrix display that incorpo­
rates vacuum-fluorescent and infrared-touchscreen technology sim­
plifies the user/display interface. (Photo courtesy IEE Inc; photogra­
phy by Chuck Piscitello) 

EDN February 16, 1989 

cuits, and low-power CMOS drive circuits control and 
generate the red and green/orange-yellow colors. 

The display module is completely prepackaged­
measuring 6.25 x 6.25 x 2.25 in.-and comes ready to 
plug in, program, and play. To operate, it requires 
only a 5V supply and a serial control input; the operat­
ing range spans -10 to + 75°C. The LT1441M costs 
$545.20. 

Hewlett-Packard's 8-character, 5 x 7-dot matrix 
LED HDSP-211X/212X Series is outstanding for its 
diverse programming options and many capabilities. 
First of all, you have a choice of colors: yellow, high­
efficiency red, or high-efficiency green. Because the 
displays are wave solderable and end stackable, you 
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LED display modules have a wide viewing 
angle) are easy to drive) and have high 
output luminance) but they consume a 
great deal of power. 

can develop displays that satisfy a variety of multidigit 
applications. 

Each smart display features an onboard CMOS IC, 
built-in RAM, a character-set decoder, and LED driv­
ers. The onboard CMOS IC can decode 128 ASCII 
characters (Models -2111/-2112/-2113) or 128 Katakana 
characters (-2121/-2122/-2123) and permanently store 
them in ROM. You can also use the onboard RAM to 
store 16 user-definable and -programmable symbols or 
characters. Seven brightness levels provide some flexi­
bility in adjusting display intensity and power con­
sumption. 

An 8-bit control-word register provides access to the 
following user-programmable functions: self-test, clear, 
individual flashing characters, full-display blinking, 
and multilevel dimming and blanking. The lowest three 
bits control the brightness function. Bits 3 and 4 control 
the flash function and the blink function, respectively. 
Bits 5 and 6 handle the self-test functions, and bit 7 
takes care of the clear function. 

All members of the HDSP-211X/-2'12X line accommo­
date standard µP-interface techniques. The units guar­
antee full TTL compatibility, read/write compatibility, 
and a high degree of ESD immunity. Like the Sharp 
LED display module, these displays also operate from 
a single 5V supply. They have a free-air operating 

Particularly well suited for outdoor applications, the LT144M dis­
play module from Sharp uses a 16 x 16 grid of dichromatic LEDs. 
Onboard electronics allows you to use multiple modules to create 
displays containing a combination of graphics and characters. 
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In addition to an integral character.generator ROM, the 
AND711AST LCD module from AND features an onboard control­
ler, drivers, and Bk bytes of display RAM. 

range of -20 to +70°C. Hewlett-Packard charges 
$39.60 (250) for Series HDSP-212X display modules. 

Segment-type devices are on the way out 
Siemens designed its Domino family of 4-digit dot­

matrix LED displays to replace segment-type devices. 
The newest members of the family, the DLR/DLO/ 
DLG 3416s, feature a 50° cone (X axis) and 75° cone 
(Y axis) viewing angle, and are end stackable. You can 
use any number of DLR/DLO/DLG 3416s to build a 
display system because each digit is independently ad­
dressable. In addition, each digit continues to display 
the character last stored until it's replaced by another 
character. 

All the displays feature a CMOS IC, which contains 
memory, an ASCII ROM decoder, multiplexing cir­
cuitry, and drivers. Data entry is asynchronous. Sys­
tem interconnection is very straightforward. The least 
significant two address bits (A

0 
and A

1
) connect to 

similar inputs of all displays in the system; using four 
chip-enable signals, you can readily interconnect as 
many as four displays without using a decoder. Data 
lines and the write line connect to all DLR/DLO/DLG 
3416s directly and in parallel; each display then be­
haves as a write-only memory. The cursor function 
causes all the dots making up a digit position to illumi­
nate at a 50% brightness level. The cursor is not a 
character, so once it moves the previous digit reap­
pears at the full brightness level. 

To ensure that the modules will function in high­
stress-llssembly and -application environments, the dis­
plays go through a 100% burn-in process. Each display 
has a blanking capability, which allows you to dim the 
display and affords flexibility. A clear function simulta­
neously clears the cursor RAM and the ASCII­
character RAM. The character set consists of 128 
ASCII characters; language options are English, Ger-
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man, Italian, Swedish, Danish, and Norwegian. The 
DLR/DLO/DLG 3416s run off of 5V supplies and with­
stand temperatures of - 40 to + 85°C. The green DLG 
3416 costs $23.60 (1000). 

A display that's easy to see 
Vorne's GY2200, a serial-input alphanumeric LED 

display, is designed to extend user-port capabilities. 
Measuring 20 x 4.375 x 2.4 in., the stand-alone unit 
comprises a highly visible display with large 2-in.-high , 
5 x 7-dot-matrix characters. You can assign as many 
as 98 discrete addresses to individual displays or 
groups of displays for factory-network applications. In­
ternal rotary DIP switches provide for address selec­
tion. The display can retransmit serial data and even 
internally convert data to a different communication 
standard to ease multidrop installation or peripheral 
interfacing. A plug-in communication board establishes 
the status of both the received and the transmitted 
data. In contrast to the majority of LED displays, the 
GY220 requires a 120V ac source. 

You can use the IO-character field to display static 
information or have it scroll through as many as 60 
characters. In the latter mode , the display is capable 
of providing complete messages to prompt or alert op­
erators. By utilizing a continuous field of LED dots, 
the display provides a smooth flow of scrolled mes­
sages. 

The display communicates to the host system via a 
2-wire bus and accommodates TTL, current-loop, RS-
232C, RS-422, and RS-485 formats at data rates of 
300, 1200, 2400, 4800, and 9600 baud. Internal DIP 
switches provide a means of selecting baud rate, data 
bits, stop bits, parity, and line terminators in the field. 
A 9-pin female DB9 connector serves as the data inter­
face. GY2200 modules cost $625 apiece. 

Chrono-log's K Series of dot-matrix LED modules 
are intended to display time and and offer programma­
ble control of equipment throughout a facility. Each 
display has an internal µP. Bright-red, 1.5-in.-high 

To simplify system-integration problems, CU Series vaciium­
fluorescent display modules from Noritake include onboard intelli­
gence: complete control logic, high-voltage drivers, ASCII-character 
generators, refresh RAM, and power-conversion circuitry. 
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If your application involves message-and graphics-type displays , 
you'll want to evaluate the APD-19f2G088-1 plasma panel from Dale. 
The self-contained unit includes a 192-column x 88-row display win­
dow, drive electronics, and a µ?-based controller. 

characters are readable at 50-ft distances, which makes 
the displays fitting for factory applications. 

Via 3-wire, low-voltage RS-422 cabling, the master 
unit transmits the time of day in hours, minutes, and 
seconds to slave displays, each of which can be 4000 
ft apart. The master clock ($770) has a remote display­
driver output that transmits the time five times a sec­
ond. Each slave display ($750) has a retransmitting 
output capable of driving as many as five other displays 
linked in parallel or in a daisy chain. Output connectors 
are hermaphroditic: If you want to bypass or remove 
a display from the system, you just have to plug the 
input and output cables together to preserve continuity 
with the rest of the system. 

Each master and slave unit in the K Series provides 
eight separate contact-closure outputs to control exter­
nal equipment. Front-panel switches enable you to pro­
gram the contact-closure sequences. You can program 
each contact separately; you can specify that it close 
once every 1, 5, 10, 15, or 30 minutes; every 1, 2, 4, 
8, or 12 hours; or at three preset times during the 
day. You also have the option of programing the dura­
tion of the periodic closure times in seconds or minutes; 
you can determine the duration of each of the three 
preset closure times with a preset opening time. Inter­
nal battery backup retains the programmed data. In 
case of a power failure, the battery will keep time in 
the master display for approximately six hours. 

The K Series displays feature an internal DIP 
switch, which selects either a 12- or 24-hour format. 
If the master clock is set for the 24-hour format, the 
slaves have the option of using either 24- or 12-hour 
formats. If the master is set for the 12-hour format, 
all the slaves must use the 12-hour format also. For 
the 8-hour preset rate, a system must use the 24-hour 
format to program contact closures. 

Although the master clock transmits the same time 
throughout the system, with an internal DIP switch 
you can program each display to offset the time in 
hourly increments. This allows you to have several 
remote displays under one roof, each set according to 
a different time zone. 
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-, oday)s message-type display modules offer 
a good deal of flexibility when it comes to 
data rates and data formats. 

Whereas LED-based displays offer advantages such 
as easy visibility and a wide viewing angle, they are 
power hungry. LCDs, on the other hand, are best 
characterized as low-power devices. A 160-character 
unit, for example, typically consumes 60 mW, and as 
such is a good choice for portable applications. LCD 
modules also have good character-capacity capabilities. 
On the negative side, limited viewing angles are typical 
(40 and 80° cones for the vertical and horizontal planes, 

respectively), as are shorter-than-average lifetimes­
in the 50,000-hour range. LCDs also tend to washout 
in direct sunlight and are hard to read in low-light 
environments without the aid of backlighting. 

Hitachi's LCD LMXXX Series consumes a mere 10 
mW. The family consists of 23 modules, ranging from 
the 1-line x 8-character Model LM054 to the 4-line x 20-
character LM044L. Depending on the model, the effec­
tive viewing area varies from 61x15.8 mm to 

Manufacturers of dot-matrix display modules 
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For more information on the dot-matrix display modules such as those described in this article, contact the following 
manufacturers directly, circle the appropriate numbers on the Information Retrieval Service card, or use EDN's 
Express Request service. 

Arnperex Electronic Corp 
Providence Pike 
Slatersville, RI 02876 
( 401) 762-3800 
Circle No 650 

AND 
770 Airport Blvd 
Burlingame, CA 94010 
(415) 347-9916 
FAX 415-340-1670 
Circle No 651 

Astrosystems 
6 Nevada Dr 
Lake Success, NY 11042 
(516) 328-1600 
Circle No 652 

Babcock Display Products Inc 
1051 S East St 
Anaheim, CA 92805 
(714) 491-5121 
Circle No 653 

Cherry Electrical' Products 
3600 Sunset Ave 
Waukegan, IL 60087 
(312) 360-3500 
FAX 312-360-3566 
Circle No 654 

Chrono-log Corp 
2 W Park Rd 
Havertown., PA 19083 
(215) 853-1130 
TLX 831579 
Circle No 655 

Citizen Business Machines 
2299 Overland Ave 
Los Angeles, CA 90064 
(213) 558-0961 
Circle No 656 

Computerwise 
302 N Winchester 
Olathe, KS 66062 
(913) 829-0600 
Circle No 657 

Crystaloid 
Box 628 
Hudson, OH 44236 
(216) 655-2429 
Circle No 658 

Dale Electronics Inc 
Box 609 
Columbus, NE 68601 
(402) 564-3131 
TWX 910-626-8314 
Circle No 659 

Densitron Corp 
2540 W 237th St 
Torrance, CA 90505 
(213) 530-3530 
Circle No 660 

Digital Electronics Corp 
31047 Genstar Rd 
Hayward, CA 94544 
(415) 471-4700 
Circle No 661 

Dixson Inc 
Box 1449 
Grand Junction , CO 81502 
(303) 242-8863 
Circle No 662 

Dotronix 
160 First St 
New Brighton, MN 55112 
(612) 633-1742 
Circle No 663 

Eaton Corp 
MSC Products 
1640 Monrovia St 
Costa Mesa, CA 92627 
(714) 642-2427 
Circle No 664 

EEV Inc 
4 Westchester Plaza 
Elmsford, NY 10523 
(914) 592-6050 
Circle No 665 

Electro-Numerics Inc 
1811 Reynolds St 
lrvine, CA 92714 
(714) 250-1501 
Circle No 666 

Fujitsu America Inc 
918 Sherwood Dr 
Lake Bluff, IL 60044 
(312) 295-2610 
Circle No 667 

Fujitsu Components of America 
3320 Scott Blvd 
Santa Clara, CA 95054 
(408) 727-1700 
Circle No 668 

Futaba Corp 
711 E State Parkway 
Schaumburg, IL 60173 
(312) 884-1444 
FAX 312-884-1635 
Circle No 669 

General Instrument 
3400 Hillview Ave 
Palo Alto, CA 94304 
( 415) 493-0400 
Circle No 670 

Hamlin 
Lake & Grove Sts 
Lake Mills, WI 53551 
(414) 648-2361 
Circle No 671 

Hewlett-Packard Co 
3000 Hanover St 
Palo Alto, CA 94304 
Phone local office 
Circle No 672 

Hitachi America Ltd 
300 N Martingale Rd, Suite 600 
Schaumburg, IL 60173 
(312) 517-1144 
FAX 312-517-1155 
Circle No 673 

IEE Inc 
7740 Lemona Ave 
Van Nuys, CA 91405 
(818) 787-0311 
FAX 818-902-3723 
Circle No 674 

International Instrumentation Inc 
2282 Townsgate Rd 
Westlake Village, CA 91361 
(805) 495-7673 
Circle No 675 

International Instruments 
Box 185 
North Branford, CT 06471 
(203) 481-3450 
Circle No 676 

lnterswitch 
770 Airport Blvd 
Burlingame, CA 94010 
(415) 347-8217 
Circle No 677 
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141.19 x 16. 7 mm; you have a choice of character 
heights ranging from 4.15 to 9.4 mm. All modules oper­
ate from single 5V supplies. 

The series can display alphanumeric and kana sym­
bols as well as graphics. A built-in LSI circuit (the 
HD44780) displays 160 types of 5 x 7-dot-matrix charac­
ter fonts and 32 types of 5 x 10 fonts. The HD44780 
CMOS controller/driver drives the LMXXX modules' 
LCD under control of a 4- or 8-bit µC or µP. The chip 

Ledtronics Inc 
4009 Pacific Coast Hwy 
Torrance, CA 90505 
(213) 676-7996 
Circle No 678 

Modutec Inc 
Box 778 
Norwalk, CT 06856 
(203) 853-3636 
Circle No 679 

NEC Electronics Inc 
401 Ellis St 
Mountain View, CA 94039 
( 415) 960-6000 
Circle No 680 

Noritake Co 
23820 Hawthorne Blvd, Suite 100 
Torrance, CA 90505 
(213) 373-6704 
FAX 213-772-3918 
Circle No 681 

Panasonic Industrial Co 
1 Panasonic Way 
Secaucus, NJ 07094 
(201) 348-7000 
Circle No 682 

Refac Electronics Corp 
Box 809 
Winsted, CT 06098 
(203) 379-2731 
Circle No 683 

Rohm Corp 
8 Whatney Ave 
Irvine, CA 9271 
(714) 855-2131 
Circle No 684 
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Seiko Instruments USA Inc 
2990 W Lomita Blvd 
Torrance, CA 90505 
(213) 530-8777 
Circle No 685 

Sencon Inc 
6385 W 74th St 
Bedford Park, IL 60638 
(312) 496-3100 
Circle No 686 

Sharp Electronics Corp 
Sharp Plaza 
Mahwah, NJ 07430 
(201)529-8757 
Circle No 687 

Shelly Associates Inc 
14281 Chambers Rd 
Tustin, CA 92680 
(714) 669-9850 
Circle No 688 

Siemens Components Inc 
19000 Homestead Rd 
Cupertino, CA 95014 
(408) 257-7910 
TWX 910-338-0022 
Circle No 689 

Sigmatron Nova Inc 
6 Industrial Way West 
Eatontown, NJ 07724 
(201) 542-2909 
FAX 201-542-4137 
Circle No 690 

Staver Co Inc 
41-51 Saxon Ave 
Bay Shore, NY 11706 
(516) 666-8000 
Circle No 691 

includes all the functions necessary to drive the dis­
play. By using an external driver in combination with 
the HD44780, you can increase a module's capacity to 
80 characters. 

Reset function is automatic 
The HD44780 also features circuitry that provides 

an automatic reset function when you power up. In­
struction functions include the following: display clear, 

Taliq Corp 
1277 Reamwood Ave 
Sunnyvale, CA 94089 
(408) 745-0750 
Circle No 692 

TEC Inc 
6101 S Rural Rd, Suite 102 
Tempe, AZ 85283 
(602) 345-8188 
Circle No 693 

Teledyne Microelectronics 
12964 Panama St 
Los Angeles, CA 90066 
(213) 822-8229 
Circle No 694 

Texas Optoelectronics Inc 
714 Shepherd Dr 
Garland, TX 75042 
(214) 487-0085 
Circle No 695 

Thor Electronics 
321 Pennsylvania Ave 
Linden, NJ 07036 
(201) 486-3300 
Circle No 696 

TL Industries Inc 
Atron Div 
2541 Tracy Rd 
Northwood, OH 43619 
(419) 666-8144 
Circle No 697 

UCE Inc 
35 Rockland Rd 
Norwalk, CT 06854 
(203) 838-7500 
FAX 203-838-2566 
Circle No 698 

Vome Industries Inc 
5831 Northwest Hwy 
Chicago, IL 60631 
(312) 775-9440 
FAX 312-775-3854 
Circle No 699 
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L CD modules are a good choice for applica­
tions where low power consumption is a 
crucial parameter. 

cursor home, display on/off, cursor on/off, character­
display blinking, cursor shift, and display shift. In 
quantities of 100, prices range from $12.90 for a 1-
line x 8-character LM054 to $38 for a 4-line x 20-
character LM044L. 

The AND711AST typifies the performance features 
available in AND's line of super-twist LCD dot-matrix 
modules. The intelligent, 240 x 64-dot-matrix device 
contains an LSI-type controller, drivers, and 8k bytes 
of display RAM. All the electronics and the crystal 
display reside on one pc board. The AND711AST inter­
faces to a host computer (or other control source) via 
an 8-bit parallel bus for read/write operations. It is 
capable of operating in a user-selectable 6 x 8- or 8 x 8-
matrix mode for character-display applications, graph­
ics-display applications, or a combination of characters/ 
graphics. When configured for the 6 x 8-matrix mode, 
the display has a 40-character x 8-line capability. 

Viewing angle for the AND711AST ranges from a 
10 to 40° cone; the contrast ratio is 4:1. The display 
can operate from either a 5 or -8.5V supply, and it 
draws 9 and 2 mA, respectively, with all dots on. It 
operates over the 0 to 50°C range, and sells for $106 
(100). The display is also available with integral fiber­
optic-type backlighting. 

Although LCD dot-matrix modules satisfy low­
power applications, if a wide viewing angle and an 
extended operating range are of primary concern, 
you'll have to switch technologies. In these cases, vac­
uum-fluorescent (VF) displays are practicable. VF dis­
plays feature a good 3:1 character-height ratio and a 
character capacity in the 200 to 300 range. Lifetimes 
in excess of 80,000 hours and viewing-angle cones of 
140° are not uncommon. 

Combining a 6·line x 40-character VF di,splay with an infrared 
touchscreen, IEE's 4283-01 display module features 969 switch 
(touch) locations and is immune to fals e triggering by ambient light. 
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In days gone by, high-supply-voltage requirements 
were a '1egative aspect of VF technology. Today, dis­
play manufacturers include onboard power-conversion 
circuitry that allows you to operate VF units from 
single low-voltage supplies. 

Model 4283-01 , for example, is a recent addition to 
IEE's PEP (peripheral entry panel) family of interac­
tive touch-entry display modules. The manufacturer 
has capitalized on the brightness and long life of VF 
technology and integrated a 6-line x 40-character dis­
play with an infrared touchscreen. The combination 
of display characteristics and interactive capability 
make the 4283-01 well suited to menu-driven applica­
tions such as industrial controllers, automated bank 
tellers, point-of-sale terminals, and medical equipment. 

According to IEE, the 4283-0l's infrared touchscreen 
outperforms other touchscreen technologies such as re­
sistive membrane and capacitive and is even superior 
to comparable infrared systems. Unlike other 
touchscreens, the 4283-01 uses no overlays, which 
might impair the appearance of the display. Whereas 
other infrared systems suffer from resolution problems 
and are susceptible to ambient light, the 4283-01 has 
969 active-switch (touchscreen) locations and is immune 
from false triggering by ambient light-even in direct 
sunlight. Because many of the switch locations extend 
beyond the active display area, the 4283-0l's design 
assigns fixed-function switch locations to the area sur­
rounding the display tube. You can identify these 
touch-sensitive switch locations with silkscreened leg­
ends on the display's filter. The vendor will customize 
these legends to suit specific applications. Customized 
filters with user-defined graphics are optional. 

A 5 x 7 dot matrix forms each of the display's 240 
5-mm-high characters. The characters are a bright 
blue-green color that's easy on the eyes in both short­
and long-term viewing applications. Three software­
controlled brightness levels range to 185 fL max. The 
unit can store and retrieve user-programmable canned 
messages. An 8k-byte CMOS RAM accommodates as 
many as 127 messages, and an onboard battery-backup 
circuit retains messages even after you remove power. 
An onboard µP controls all display and touch-input 
operations, the comprehensive self-diagnostic test pro­
gram, and the serial data interface (either RS-232C 
or RS-422C) with the host computer. 

The 4283-01 requires one 5V supply. To ease installa­
tion problems in an existing system, the module comes 
in a single integrated package. The exposed bezel is 
injection-molded polycarbonate with a peripheral 0-
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SIEMENS 

What's intelligent, attractive 
and speaks eight languages? 
Domino Displays ... pin-compatible dot matrix replacements 
for bubble lens LED segmented displays 
You may not realize it, but 
segmented alphanumeric displays 
severely limit your designs. Just 
imagine how much more you can 
accomplish with dynamic new 
Domino Displays ... a breakthrough 
that gives you: 
• Color choices .. . red, orange (HER) 

or green 

• Choice of character heights .. . 15''. 
.20" and .27" 

• 

• Attractive 5 x 7 dot matrix charac­
ters, with flat lens for clear readabili­
ty at wide angles 

• Upper and lower case letters, plus a 
wide assortment of special symbols 

• Characters for English, German, 
Italian, Swedish, Norwegian and 
Danish, with critical ones for 
Spanish and French 

• On-board 128 character 
generator and CMOS drive 
circuitry 

• Fast 120 ns access time 

Best of all, Domino Dis-
plays are pin-compatible 
with virtually all popular 

LED alphanumeric segmented 
displays and they are the 

same package sizes. So you 
can enjoy these unprece­

dented advantages with-
out time-consuming 

design-in. It couldn't be easier 
... just drop them into your 
existing boards or sockets . 

Try One Free! Send us your 
HPDL1414 or HPDL2416 segmented 
display and we'll rush you the revo­
lutionary Domino Display, free! 

Then get ready to explore an ex­
citing new world of design oppor­
tunities. Mail your request to 
D. Fraser-on your letterhead­
and specify color choice. 

Siemens Components, Inc., 
Optoelectronics Division, 19000 
Homestead Road, Cupertino, CA 
95014 (408) 725-3524. 
Dist ributors: Advent Electronics, Inc., Almo 
Electronics, Hall-Mark, Insight Electronics, 
Marshall , Quality Components, Western 
Microtechnology . 

Siemens .. . 
Practical Solutions by Design. 

1988 Siemens Components, Inc CG/2600-043 WLM 835 
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Bl ecause today)s dot-matrix display modules 
require only SV supplies) you can easily 
integrate them into TTL systems. 

ring seal that provides a drip- and splash-proof inter­
face with the system's front panel. Prices start at $800 
(100). 

Targeting the international market 
Futaba's GJ (English font) and GA (Japanese font) 

Series of vacuum-fluorescent display modules offers 1-
or 2-line by 20- or 40-character capacities. The modules 
include an oscillator, a CPU, driver circuitry, and a 
de/de converter. The internal electronic circuitry allows 
you to directly connect the display modules to the host 
system's bus. You can input data in either parallel or 
serial modes at data rates of 1200, 2400, 4800, or 9600 
baud. The internal de/de converter supplies all of the 
necessary power from a 5V supply input. Extensive 
use of surface-mounted components improves display 
reliability and reduces overall module size-the 2-
line x 40-character unit measures only 43 x 240 x 
30mm. 

The 5 x 7 dot matrix produces a 5-mm-high blue­
green character; all units except the 1-line x 20-
character model include a cursor. You can display as 
many as 222 alphanumeric or symbolic characters; the 
viewing-angle cone is 70°. A dimming function allows 
you to control display brightness at four levels over a 
20 to 100% range. The modules' standard operating 
range spans 0 to 50°C, but operation over the - 40 to 
+ 85°C range is available as an option. The 1-line x 20-
character Model M20SD03GJ, a typical member of the 
family, sells for $71 (100). 

Noritake is another manufacturer involved in pro­
ducing VF displays and offers more than a dozen dis­
play-module lines. The 14-member CU Series, for ex-

With characters measuring 1.5 in. high, the time-display modules 
in the K Series from C hrono-log are easily read at distances of 50 ft . 
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Designed to replace segmented-type displays, the DLRIDLOIDLG 
3416 LED display modules from Siemens incorporate a CMOS IC 
that contains memory, an ASCII ROM decoder, multiplexing cir­
cuitry, and drivers. 

ample, includes models with character-display capaci­
ties ranging from 1 line by 16 characters to 8 lines by 
40 characters. All units have a 5 x 7-dot-matrix font; 
characters are available in heights of 5, 9, 9.2, 11.3, 
and 15.1 mm. The displays have a 140° viewing cone. 
Using appropriate filters, you can change the standard 
blue-green characters to blue, green, yellow, or or­
ange. Luminance measures 200 fL typ, 100 fL min. 

The CU Series features all the requisite logic control, 
high-voltage drivers, full ASCII-character generators, 
refresh RAM, and power-conversion circuitry. All 
models can display standard ASCII characters as well 
as international characters; 10 models also provide a 
cursor. Each member of the series includes TTL­
compatible input/output lines and interfaces readily to 
the host system's data bus. Font selection is user pro­
grammable. Reset, blank-display, self-test, and busy­
output control lines are standard. 

The modules require single 5V supplies for opera­
tion, drawing 0.2 to 3.2A. They operate over the -10 
to + 60°C range and can handle relative humidities of 
20 to 85%. The modules' design takes advantage of 
surface-mount technology to improve reliability. A 1-
line x 20-character and a 2-line x 20-character model 
cost $59 and $99 (100), respectively. 

Although VF displays offer good message-display 
capabilities, they aren't your only choice for such appli­
cations. Plasma displays also have good character-
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Like other scientific calculators 
in this price range, the new 
HP-20S offers you all the essen­
tial functions you need to solve 
your problems. 

But, unlike other scientific 
calculators in its class, the 
HP-20S features a library that 
includes six of the most-used 
programs for math, science and 
engineering. 

No need to create and enter 

EDN February 16, 1989 

programs. We've done it for 
you. Root finder, numerical 
integration, complex number 
operations, 3 x 3 matrix 
operations, quadratic equation, 
and curve fitting. 

All of which save you the time 
and effort of creating and enter­
ing each program. 

And all of the traditional 
qualities you expect from HP 
are here. Including a superior 

CIRCLE NO 74 

processor that makes root 
finding and integration faster. 
As well as conditional tests for 
solving more complex problems. 

The New HP-20S Scientific 
Calculator. Andther member 
of HP's proud new family of 
quality calculators. See them 
at your local HP retailer. 

F//~ HEWLETT 
~~ PACKARD 
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sembly we build for you. It begins with 
our 40 years of experience in the design and manufac­
turing of cable assemblies. CMS manufacturing facilities 
feature 100% in-process inspection. From the inspec­
tion of raw materials to the packaging of fi nished goods, 
CMS maintains the highest level of qual ity in the industry 
Call or w rite Component Manufacturing Service, Inc.; 
One Component Park, West Bridgewater, MA 02379. 
Tel. (617) 580-0111 . 

CM is the Molded·On • connector company. -
CIRCLE NO 7 

count characteristics-in the 200 to 300 range. Plasma­
display technology seems to be gaining in popularity. 
Plasma-panel displays are bright red-orange, easy on 
a viewer's eyes, and reliable. Historically, they've suf­
fered on two counts-high cost and driving difficulties. 
Today's plasma displays, however, no longer suffer 
from these problems; improved driving circuitry re­
quires fewer components, thereby reducing both power 
consumption and cost. 

Dale offers an extensive line of plasma-panel display 
modules. The representative APD-192G088-1 is a full­
field dot-matrix display with 192 columns and 88 rows. 
It consists of a de plasma graphics-display panel, drive 
circuitry, and a controller. Chip-on-glass construction 
eliminates hundreds of connections, which increases 
reliability and reduces cost. 

The onboard controller maintains all the refresh 
memory, character generation, and control logic; there­
fore, the APD-192G088-1 can serve as a direct-readout 
device for communication terminals, computer 

- ---------------------------4 readouts, µP-based instruments, or any other system 

CONNECTOR CORPORATION 
6025 N. Keystone Ave. •Chicago, IL 60640-5290 • 312/539-3108 •TWX 910-221-6059 

CIRCLE NO 8 

that requires a self-contained readout. 
You can program the display to operate in either a 

parallel or a serial mode. The parallel interface consists 
of a basic 8-bit configuration with handshaking lines 
and some dedicated control lines. The serial interface 
is RS-232C compatible and accommodates two bit for­
mats; eight selectable data rates span 75 to 9600 baud. 
All module input lines are LSTTL compatible. The 
module uses a de/de converter to generate all the neces­
sary internal voltages from a 12V supply input. 

You can use 1- or 2-byte commands to generate sim­
plified code or to accomplish complex display tasking 
such as scrolling or lines/characters insertion. The char­
acter generator is a 4k x 8-bit EPROM that includes 
256 characters consisting of 128 ASCII characters (in­
cluding control codes) and 128 block-graphics charac­
ters. The -192G088-1 offers the option of factory or 
user programmability for developing alternate charac­
ter sets. 

The APD-192G088-l's viewing area measures 
7.66 x 3.5 in. Respective brightness, color, and view­
ing-angle-cone specs are 80 fL , neon-orange, and 60°. 
It withstands temperatures of 0 to 55°C. The display 
costs approximately $699 (100). EDN 

Article Interest Quotient (Circle One) 
High 497 Medium 498 Low 499 



TOUCH HERE 
- - - -- - - - -

Congratulations, you've just learned how to operate a Carroll Touch input system. Simply touch the screen. That's all there is to it • Touch systems 

from Carroll Touch are reliable. Rugged. Affordable. And, obviously, easy to use.• Touch is used successfully in the medical field. In military 

applications. For point-of-purchase information. Process control. Just about any situation that requires computer interaction.• 'Ne want to tell you 

more about touch technology from Carroll Touch- the world 's leading manufacturer of touch input systems. For a free brochure, just pick up the 

phone. Reach out and touch (512) 244-3500. 

©1989 Carroll Tex.ch 
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TEXAS INSTRUMENTS REPORTS ON 

HIGH--PERFO 
IN THE ERA OF MEGACHIPn1 TECHNOLOGIES 

By any measure, TI responds 
to your design needs with the 
highest highs and the 
lowest lows. 

120 

~as Instruments understands 1 ~!~at process technology - not 
just in nova ti ve di e des ign - is the 
difference hetween parity and a 
precise, high-performance solution for 
yo u. Thar's why we developed unique­
perfnrmance op amp families in three 
prncesses: Enhanced J FET, 
LinCMosn: and bipolar. Each 
ddivers the specs you demand - the 
highest highs and the lowest lows. 
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CEOP 
Our Enhanced JFETs 
achieve a 5X reduction in 
offset-voltage drift - from 
300 µV to 60 µV. 
Tl's enhanced processing yields 
bipolar stab ility with the high slew 
rates and high input impedances you 
expect from a JFET. 

In fact, Tl's precision Enhanced 
J FET family de! ivers slew rates that 
range from 2.9 V/µs to 23.7 V/µs. 

Because Tl's unequaled stab ility is 
maintained over time and temperature 
variat ions (see chart), yo u elimi nate 
the need for trim potentiometers. 
You decrease your costs , end periodic 
adj ustments, and increase system 
re liability and accuracy. 

This remarkab ly low offset-voltage 
stab ility is achi eved without the use 
of a d ie overcoat or specia l assembl y 
techniques. Yet Tl's precision JFETs 
are pin-compatible and functionally 
compatible with industry-standard 
J FETs, so you can read ily upgrade the 
performance and stability of your 
ex isting designs. 

> 
~ 

I 

Input Offset-Voltage Stability 

Maximum observed shift Average observed shift 

Competitor Competitor Competitor Tl052 
A B C 

Tl's Enhanced JFET op amps maintain 
extremely srnbk input offset vo ltage even ;1 fter 
stress . (Unbiased plastic DIP units haked <lt 
I 50 'C fur 24 hours. ) 

Value in two versions 
To meet most commercial, industria l, 
and military appli cat ions, Tl 's 
prec ision Enhanced JFETs come in 
high-speed (TLOSX) and low-power 
(TL03X) versions. Both are offered as 
single, dua l, and quad devices. 
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Every member of Tl 's Enhanced 
JFET family is ava ilab le in econom ical 
plastic D!Ps, ceramic D!Ps, surface­
mount SO plastic packages, and lead­
less chip ca rriers. If you prefer metal 
cans, they are ava il ab le, too. 

Don't let this opportunity drift 
away - get Tl's free design kit 
If you would I ike to put Tl's Enhanced 
J FETs to the test, we've put together a 
helpful evaluation 
and design kit. 

l t's abso lute ly free. 
The kit conta ins a se lect ion of 

plastic-packaged preci sion Enhanced 
JFETs and provides a risk-free oppor­
tunity to see how their stability 
measures up in your app lication. 

To get your complimenta ry design 
kit, complete the return ca rd and mail 
it back today. 

Tl's LinCMOS op amps: 
More good lows and highs 
in precision performance. 
When yo ur design requirements ca ll 
for ultimate low-frequency (de) per­
fo rmance, Tl offers a broad range of 
LinC MOS op amps. 

From low noise to low power or high 
ga in, the newest add itions to Tl's 
LinC MOS family are: 

TM T rademark of Texas Instrumen ts lncorporatcJ 
© 1988 Tl 08-8362 
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•Chopper stabilized op amps feature the 
highest chopping frequency availahlc, 
the lowest noise level ofany chopper 
on the market (TLC2654 ), and the 
lowest off.;ct vol mgc - an unsurpassed 
I µV(TLC2652) . 

•Low-noise op amps (TLC220 l/A ) arc 
the lowest-noise CMOS op amps <lV<lil ­
ablc. They even bea t any J FET. 

• Micropower op amps (TLC 1078/79) 
de liver the highest speed/power rntio 
of any C MOS or bipo lar countcq1art. 
Like our Enhanced JFET family, o ur 

LinCMOS op amps come in <l wide 
cho ice o f packages, including plastic 
D!Ps for the best pos;, ihlc cost/perfor­
mance rntio. 

Ultralow noise in 
bipolar op amps. 
Among Tl's comprehensive bipoL1r 
op amp family arc high-pc rfmmancc 
members offering ultra low noise 
(0.9 nV/ffi) as well as high­
precision dev ices. 

This broad c hoice of functions is 
matched by an equa ll y hrnad pack­
aging choice - metal ca ns, cernmic 
and plastic DIPs, ;md plastic SOs. 

By any measure , the stability, 
performance, packaging , and ready 
ava il ability of Tl 's high-perform ance 
op amps ;1dd up to prec ise and cost­
cffcctivc design solutions. Under­
standing th at your requirements 
for higher pc1formance are evolving, 
Tl is developing innovati ve tech­
nologies and advanced products to 
meet your ana log needs. 

For more information on Tl's 
high-performance Enhanced JFET, 
LinCMOS , and bipolar op amps, 
complete and mail the return ca rd. 
Or ca ll 1-800-232)200 INQ3402, 
or write 
Texas Instruments Incorporated, 
P.O. Box 809066, 
Dallas, Texas 75 380-9990. 

TEXAS . 
INSTRUMENTS 
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t of many comt 

It takes a lot to keep our two-piece 
connector customers happy. Reliability. 
Quality. Availability. 

And enormous selection. 
We're confident we've got one for 

you, too. 
A. Example. Our AMPMODU 

two-piece connectors, 12-200 positions, 
2 row and 30-300 positions, 3 row, in 
horizontal and right-angle versions. 
Our worldly (and world-famous) post 

AMP, AM P-HDI, AMPMODU, and ACTION PIN 
are trademarks of AMP Incorporated . 

and receptacle design-dual cantilever 
beams, anti-overstress, post-stop. 
Clean, elegant, reliable. 

B. Or our high-pin-count con­
tender, the AMP-HDI connector 
group. Available to 684 positions on a 

B. 

0 

0 .100" grid, with four-way contact on 
every pin. Power and miniature coax 
contacts available, too. All in all, hard­
working state of the art. 

C. Or our Box Contact group. 
Same contact design as AMP-HDI-

Out of many comes the pair you need. 

~ 



the pair you need. 

very forgiving of pin angle during 
mating. Very reliable. And available 
on 0.100", 0.075': and 0.050" CLs, 
with rnicrorniniature coax. MIL-C-
55302s available as well. 

D. And Eurocards, compatible 
with DIN 41612 types, available in 
l/2s, reverses, expanded 2 and 3 row 
specials to 150 positions. Made world­
wide by AMP, available nearby. 

All these choices come with options, 
of course-special platings, ACTION-
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PIN press-fit contacts, and more. 
All in the name of having exactly 
the one you need. 

For information on AMPMODU 
Two-Piece Connectors or others in 
our lineup, call the AMP Information 
Center, 1-800-522-6752. For charac-

terized backplane assemblies, contact 
AMP Packaging Systems Inc., 
P.O. Box 9400, Austin, Texas 78766, 
(512) 244-5100, or your AMP 
Sales Engineer. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

AIVI P Interconnecting ideas 
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DEECO SEALTOUCH® DISPLAY SYSTEM. 
SEALS IN PERFORMANCE. 

SEALS OUT DIRT AND MOISTURE. 
If there's one thing you don't need, ifs dirt and moisture Easy-to-use touch software, pop-up menus and 

seeping into your display system and disrupting its perfor- convenient button draw routines make SealTouch easy 
mance. The DeeCO SealTouch display system is the best to design-in and simple to use. The system's program-
solution for your most demanding industrial applications. mable touch sensitivity allows you to easily implement 

Designed especially for harsh environments, SealTouch protection against annoying false triggers. Whats more, 
delivers consistently reliable performance under the most the SealTouch infra-red beam diagnostics continuously 
threatening conditions. monitor system performance, assuring you of consistent 

The SealTouch display system is a 3-part module reliability. 
consisting of flat-panel display and sealed 1-R Touch panel, Don't take chances with any other display system. Call 
mounted on a controller card with VTlOO text emulation ·- or write for full product information. Let Sea IT ouch seal in 
and extensive drawing graphics. All within an absolute performance for your design. a~ CD 
minimum footprint. And seal out dirt and moisture. ~ ® 

Digital Electronics Corporation, 3104 7 Genstar Rood, Hayward, CA 94544-7831 ( 415) 4 71-4 700 
SeaIT ouch and DeeCO are registered lrademarl<saf 0191101 EleclranrcsCorpara hon. 
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PART 4 

A lmowledge of capacitor 
subtleties helps solve 

capacitor-based troubles 

Earlier installments of this series have described a 
good analog troubleshooter's mindset, armamentarium 
of test equipment, and requisite knowledge of resistors, 
inductors, and transformers . Now, ace troubleshooter 
Pease reveals some of the secrets of an often-underesti­
mated class of components-capacitors . And much of 
what you need to know to troubleshoot capacitor-related 
problems is not in any book--it's not even in data 
sheets. 

Robert A Pease, National Semiconductor Corp 

Capacitors are rather remarkable. We consider capaci­
tors, like resistors, to be "passive." But if you charge 
up a good as capacitor to lOV and take a 2-week vaca­
tion, when you come back the voltage may not have 
decreased by as much as 20 or even 10%. The capacitor 
may have stored and retained enough energy to run a 
micropower circuit for hours or to light an LED for a 
shorter interval. Calling components with such excep­
tional properties "passive" is more than a little unfair. 

Ordinary, aluminum, electrolytic capacitors are most 
often used for power-supply filtering and bypassing. 
In the old vacuum-tube days, electrolytic capacitors 
were often used at levels of 150, 300, 500V, or more. 
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There are several basic problems with these old cir­
cuits. First, if the voltage across a capacitor is much 
higher than 350V, the part's reliability is not nearly 
as good as that of devices operated below 350V. Also, 
if a piece of old equipment has not been powered up 
for years, it is advisable to apply the ac power gradu­
ally by cranking up the line voltage slowly with a vari­
able transformer so that the electrolytic film has a 
chance to "form" up. If you hit it with full voltage 
instantly, an old capacitor may fail. Of course, if you 
are hit by high voltage, you may fail, too. 

At this point, I should remind you that when working 
on high-voltage circuits, probe with one hand only and 
keep the other hand in your pocket. A void grounding 
your body at any other place and stand or sit on an 
insulating slab of dry material. These precautions can 
prevent a shock from causing you serious harm. When 
I start work on a high-voltage circuit, I solder a neon 
lamp in series with a 100-kO resistor across the high­
voltage power supply as a glowing reminder that this 
circuit is powered by a voltage much higher than 15V. 

After you operate a high-voltage power supply at 
full voltage, if you turn off the power and decide that 
for safety's sake you should short out the filters with 
a few hundred ohms, be careful. A few minutes later, 
the voltage on the capacitors may come back up to 60 
or 80V and give you a shocking experience. The partial 
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The partial recovery of voltage on a dis­
cha1lJed capacitor is caused by ccsoakage) )) 
which causes the dielectric to aremembeY) 
the voltage it was recently biased at. 

recovery of voltage on a discharged capacitor is caused 
by "soakage," or dielectric absorption, which causes 
the dielectric of the capacitor to "remember" the volt­
age it was recently at. In high-voltage equipment, it 
is wise to install a 2W resistor of a few hundred kilohms 
across each large high-voltage filter capacitor to bleed 
off the charge and decrease the chance of shocks 
(Ref 1). 

The last problem with old vacuum-tube equipment 
is that the heat tends to dry up the capacitors' electro­
lyte, thus causing their capacitance to decrease. This 
decrease is evidenced by excessive ripple, or "hum," 
on various signals and, of course, on the power-supply 
output of unregulated supplies. Although I have pre­
sented these maladies as problems afflicting old equip­
ment, you should consider them even in new designs. 

In modern power-supply designs, it is critical that 
you choose a filter capacitor whose effective series im­
pedance is low at all rated temperatures. Otherwise 
the rms filter current multiplied by the resistive com­
ponent of the series impedance can cause excessive 
self heating. And if the heat can't flow out of the capaci­
tor, the temperature will rise and cause poor reliabil­
ity. Excessive heating is one of the most common 
causes of failure in electrolytic capacitors. 

For instance, at 120 Hz, which is the frequency of 
the ripple current flowing in the filter capacitors that 
follow a full-wave rectifier operated from a 60-Hz ac 
source, some manufacturers rate their capacitors at 
2A rms for each 1000 µF. Because the rms current in 
the capacitor is nearly 2A rms when the de output is 
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lA, this rating is consistent with the rule of thumb for 
an ordinary full-wave bridge rectifier: Provide at least 
1000 µF of filter capacitance for each lA of de output. 
At 20 or 40 kHz, which is the ripple-current frequency 
in many switch-mode power-supply filters , the capaci­
tor will have a higher series resistance. Thus, the ca­
pacitor won't be suitable for handling even lA rms. If 
you insist on using a 120-Hz-rated capacitor as a filter 
in a switch-mode supply, you will probably have to 
contact the capacitor vendor for data or advice. 

Of course , if you install an electrolytic capacitor with 
reversed polarity and apply working voltage, the reli­
ability will be poor and the failure mode will probably 
be dramatic. So, please be careful working with big 
power supplies and big filter capacitors that store large 
amounts of energy. Wear protective goggles or glasses 
with safety lenses for protection because a capacitor 
in a high-energy supply might decide to blow up while 
you are peering at it. In fact, a friend of mine pointed 
out that a 6V electrolytic capacitor of even a few micro­
farads can blow out as explosively as a shotgun blast 
if you apply 6V de of the wrong polarity or 6V ac to 
it. So, again, be very careful with your polar electro­
lytic capacitors. 

Nonpolar capacitors can be a bear 
You can buy nonpolar electrolytic capacitors made 

of either aluminum or tantalum. They are bigger and 
more expensive than ordinary, polar capacitors, so they 
are fairly uncommon. But, have you seen the little 
3-leaded electrolytic types recently brought to market? 

That's funny, it worked just fine the last 
time I tried it. 
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The lead in the center is the positive terminal and the 
other two leads are negative. This configuration not 
only gives you lower inductance but also allows you 
to insert the device into a board two ways-and both 
are correct. 

Tantalum capacitors have many characteristics simi­
lar to those of aluminum electrolytic capacitors; and, 
for the extra price you pay, you can get less leakage 
and somewhat lower series resistance. Designers often 
try out a timing circuit using a tantalum capacitor and 
a high-value resistor. But when they try to buy a tanta­
lum capacitor with leakage guaranteed low enough to 
make the circuit work every time, they get quite angry 
when nobody is interested in selling such a device. Of 
course, if you were a manufacturer of tantalum capaci­
tors and someone asked you to measure the leakage, 
you would refuse the business, too, because testing is 
so difficult. Even though this leakage is usually quite 
low, nobody wants to have to measure it in production. 

Wound-film and stacked-film capacitors cover wide 
ranges, from small signal-coupling capacitors to large 
high-power filters. The different dielectrics are their 
most interesting ingredients. Often a designer installs 
a polyester capacitor (technically, polyethylene tereph­
thalate, often called Mylar-a trademark of DuPont 
Corp) and wonders why something in the circuit is 
drifting 2 or 3% as the circuit warms up. What's drift­
ing is probably the polyester capacitor; its TC of 500 
to 800 ppm/°C is 10 times as high as that of a metal-film 
resistor. 

If you give up on polyester and go to polystyrene, 
polypropylene, or Teflon, the TC gets better-about 
-120 ppm/°C. Polystyrene and polypropylene have low 
leakage and good dielectric absorption-almost as good 
as Teflon's, which is the best (Ref 1). But Teflon is 
quite expensive and much larger in package size than 
the other types. Be careful with polystyrene; its maxi­
mum temperature is + 85°C, so you can damage it 
during ordinary wave soldering. Polycarbonate has a 
TC of 150 ppm/°C but has inferior soakage. 

Foiled again! 
Now let's discuss the difference between a polyester 

foil capacitor and a metallized polyester capacitor. The 
foil capacitor is made of alternating layers of film and 
foil, where both the delicate film and the metal foil are 
just a couple of tenths of a mil thick. This construction 
makes a good capacitor at a nominal price and in a 
nominal size. The metallized-film capacitor is made 
with only a very thin film of polyester-the metal is 
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deposited on the polyester. This construction leads to 
an even smaller size for a given capacitance and voltage 
rating, but the deposited metal is so thin that its cur­
rent-carrying capacity is much less than that of the 
metal in the foil capacitor. If a pinhole short develops 
in the metallized-polyester capacitor's plastic film, the 
metal layer in the vicinity of the pinhole will briefly 
carry such a high current density that it will vaporize 
like a fuse and "clear" the short. 

For many years, metallized polyester capacitors 
were popular in vacuum-tube television sets. These 
metallized capacitors would recover from pinhole flaws 
not just once but several times. However, at low volt­
ages, the energy stored in the capacitors would often 
prove insufficient to clear a fault. Thus, the capacitors' 
reliability at low voltages was often markedly worse 
than it was at their rated voltage. You could safely 
use a cheap, compact, metallized-polyester capacitor 
in a lOOV TV circuit but not in a 2V circuit. Fortu­
nately, there are now classes of metallized-polycar­
bonate, metallized-polyester, and metallized-polypro­
pylene capacitors that are reliable and highly suitable 
for use at both low and high voltages. 

When the old metallized-polyester capacitors began 
to fail in a TV set, the "clearing" of the shorts would 
make the signals very noisy. Likewise, when used as 
audio coupling capacitors, "dry" tantalum capacitors 
would sometimes make a lot of noise as they "cleared" 
their leaky spots. These parts have therefore become 
unpopular for audio coupling. Similarly, you can use 
an electrolytic capacitor with a small reverse voltage­
perhaps 0.5V-with no harm or problems. But a friend 
told me of a time an electrolytic capacitor used as an 
audio coupling capacitor with 2V of reverse bias pro­
duced all sorts of low-frequency noise and jitter. So, 
excess noise is often a clue that something is going 
wrong. 

Extended foil offers extensive advantages 
Another aspect of the film capacitor is whether or 

not it uses "extended-foil" construction. The leads of 
many inexpensive wound-foil capacitors are merely 
connected to the ends of the long strip of metal foil. 
However, in an extended-foil capacitor, the foils extend 
out on each end to form a direct low-resistance , low­
inductance path to the leads. This construction is well 
suited for capacitors that must provide low ESR 
(equivalent series resistance) in applications such as 
high-frequency filters. But if you substitute a capacitor 
without extended foil, the filter' s performance will be 
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It is critical to choose a filter capacitor whose 
effective series impedance is low at all rated 
temperatures. 

drastically degraded. 
So there are several methods of construction and 

several dielectrics that are important for most capaci­
tor applications. If an aggressive purchasing agent 
wants to do some substituting to improve cost or avail­
ability, the components engineer or design engineer 
may have to do a lot of work to make sure that the 
substitution won't cause problems. If a substitution is 
made, the replacement part is a good place to start 
looking for trouble. For example, a capacitor with 
higher-than-planned-for ESR can cause a feedback loop 
to oscillate-for example, when a capacitor without 
extended-foil construction is substituted for one with 
such construction. Substitution of capacitors with 
higher ESR than the designer intended can also cause 
filters to fail to properly attenuate ripple. Another 
consequence of excessive ESR is the overheating and 
failing of capacitors-capacitors may be passive compo­
nents, but they are not trivial. 

Not only does extended-foil construction lower a ca­
pacitor's ESR, it also lowers the component's induc­
tance. As a friend pointed out, "'Pease, you understand 
things really well if they are at de or just a little bit 
faster than de." I replied, "Well, that's true, but what's 
your point?" His point was that in RF circuits, and 
many other kinds of fast circuits, you should use capaci­
tors and other components dressed closely together, 
so that the inductance is small and well controlled. 
He was absolutely right-the layout of a high-speed, 
fast-settling or a high-frequency circuit greatly affects 
its performance. Capacitors for such circuits must be 
compact and not have long leads. Ceramic and silvered­
mica capacitors are often used for that reason. 

r-- --, 
I I 
I ESR I Vee Vee 
I I I 0.1 IC, 0.1 IC2 c, I I µF µF 
I I GND GND 
I I 

I I 
_ ...J 

2 µF 
TANTALUM 

Every year, billions of ceramic capacitors find their 
way into electronic products of all kinds. There are 
basically three classes of these parts: the "high-K" and 
"stable-K" types and the COG or NPO types. 

The high-K types, such as those with a "Z5U" charac­
teristic, give you a lot of capacitance in a small space­
for example, 106 pF in a 0.3-in. square that is 0.15-in. 
thick. That's the good news. The bad news is that the 
capacitance of parts with this Z5U characteristic drops 
20% below the room-temperature value at 0 and 55°C; 
it drops 60% below the room-temperature value at - 25 
and + 90°C. Also, the dielectric has a poor dissipation 
factor, mediocre leakage, and a mediocre voltage coeffi­
cient of capacitance. Still, none of these drawbacks 
prevents capacitors of this type from being used as 
bypass capacitors across the supply terminals of virtu­
ally every digital IC in the whole world. That's a lot 
of capacitors! 

0.1 

These ceramic capacitors have a feature that is both 
an advantage and a drawback-a typical ESR of 0. H1 
or lower. So, when a digital IC tries to draw a 50-mA 
surge of current for a couple of nanoseconds, the low 
ESR is a good feature: It helps to prevent spikes on 
the power-supply bus. However, when you have 10 
ICs in a row and 10 ceramic bypass capacitors, you've 
got a long L-C resonator (Fig 1) with the power-supply 
bus acting as a low-loss inductor between each pair of 
bypass capacitors. When repetitive pulses excite this 
resonator, ringing of rather large amplitude can build 
up and cause an excessively noisy power-supply bus. 

The standard solution is to add 2 µF of tantalum 
electrolytic bypass capacitors or 20 µF of aluminum 
electrolytic capacitors for every three to five ICs. The 

Vee Vee Vee 

0.1 0.1 
µF 

IC3 µF 
1c. 

µF 
IC5 

GND GND GND 

Fig 1-Low ESR in a decoupling capacitor is a 2-edged sword. Though a capacitor with low ESR stabilizes the supply bus when the !Cs 
draw short-duration current spikes, the low dissipation encourages ringing by allowing the decoupling capacitance to resonate with the bus 
inductance. One cure is to place an electrolytic capacitor, such as C1 , across the bus. C/s ESR of approximately JD damps the ringing. 
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ESR of the electrolytic capacitors, typically 1.fl, is es­
sential to damp out the ringing. I have read a few ads 
in which some capacitor manufacturers claim that their 
ceramic bypass capacitors are so good that ringing is 
no longer a problem, but I find the claims hard to 
believe. I invite your comments. 

ESR, friend or foe? 
Specifically, some capacitor manufacturers claim that 

the series resistance, Rs, is so low that you won't 
have a problem with ringing. But low Rs would seem 
to exacerbate the ringing problem. Conversely, I've 
heard that one capacitor manufacturer is proposing to 
market ceramic capacitors whose series Rs has a lower 
limit-a few ohms-to help damp out any ringing. I'm 
going to have to look into that. But if you have bypass 
capacitors with a very low Rs, you can lower the Q 
of the resonator you have inadvertently constructed 
around them by adding a. resistor of 2. 7 to 4. 70 in 
series with each capacitor. Adding resistance in series 
with bypass capacitors might seem a bit silly, but it's 
a very useful trick. 

High-K ceramic capacitors also can exhibit piezoelec­
tric effects: When you put a good amount of ac voltage 
across them, they can hum audibly; if you rattle or 
vibrate them, they can kick out charge or voltage. 
(Other types can do the same thing, but high-K types 
are worse.) Be careful when using these capacitors in 
a high-vibration environment. 

The capacitance of stable-K capacitors, such as X7R, 
typically decreases by 15% from the room-temperature 
value over the - 55 to + 125°C range. These capacitors 
are general-purpose devices and are usually available 
in the 100- to 10,000-pF range; in the larger packages, 
you can get as much as 300,000 pF. However, you can 
buy a 10,000-pF capacitor in either a high-Kor a stable­
K type; and you can't be sure of the kind you're getting 
unless you check the catalog and the part number. 

The last type of ceramic capacitor was originally 
called "NPO" for Negative-Positive-Zero and is now 
usually called "COG." The COG capacitor is really a 
high-grade capacitor with a guarenteed TC of less than 
± 30 ppm/°C. Their dissipation factor, dielectric ab­
sorption, and long-term stability are not quite as good 
as those of Teflon capacitors but are comparable to 
those of other good precision-film capacitors. So, if you 
want to make a S/H circuit usable over the military 
temperature range, you'll find that COG capacitors are 
more compact and less expensive then Teflon parts. 
Many, but not all, ceramic capacitors smaller than 100 
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pF are made with the COG characteristic. You can get 
a 22,000-pF COG capacitor in a 0.3-in.-square package. 

Recently, a customer called me about a drift prob­
lem: His V/F converter had a poor TC, even though 
he said that he had put in a COG 0.01-µF capacitor as 
the main timer. Troubleshooting by phone-it's always 
a wonderful challenge. I asked him, "This COG-ceramic 
0.01-µF capacitor . . . is it . . . as big as your little 
fingernail?" He said, "Oh no. It's a lot smaller than 
that." I replied, "Well, that's too small; it can't be a 
COG." Problem solved. 

One observed failure mode for ceramic capacitors 
can arise when the capacitor's leads are attached to 
the dielectric with ordinary, low-temperature solder. 
When the capacitor goes through a wave-solder ma­
chine, the lead may become disconnected from the ca­
pacitor. If this problem occurs, you'll have to switch 
to capacitors from a manufacturer that uses high­
temperature solder. 

Don't forget silvered mica 
Silvered-mica capacitors have many features similar 

to COG capacitors. They have low ESR and a TC of 0 
to 100 ppm/°C. They can also work at temperatures 
above 200°C if assembled with high-temperature sol­
der. Unfortunately, they have poor soakage character­
istics. 

A major problem with silvered-mica capacitors is 
their marking. The silvered-mica capacitors in old ra­
dios had completely inscrutable markings-six color 
dots. Some of the new ones have such odd codes that 
even if the marking on the capacitor hasn't rubbed off, 
you can never be sure whether "lOCOO" means 10, 
100, or 1000 pF. You really need to use some kind of 
capacitance meter. Similarly, in the old days, some 
ceramic capacitors were marked in an inscrutable way. 
I remember two little capacitors both marked "15K." 
One was a 15-pF capacitor with a 'K' characteristic, 
and the other was a 15,000-pF capacitor-yet they 
were both the same size and had the same marking. 

I must also mention that, in the past, you could buy 
a pretty good capacitor that had never been tested for 
its capacitance. About 99% of the time, they were ex­
cellent, reliable capacitors. But once in a while, some 
of the capacitors came through with a completely differ­
ent value. One time I saw a whole box of "capacitors" 
in which the two leads were still made of one loop of 
wire that had not been snipped apart. Obviously, the 
manufacturer wasn't interested in testing and measur­
ing these capacitors before sending them out the door. 
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A 6 V electrolytic capacitor of even a few 
microfarads can blow out as explosively as 
a shotgun blast if you apply 6V de of the 
wrong polarity to it. 

So, if you are buying capacitors to a 1 % AQL (Accep­
tance Quality Level) and not 0.1% or 0.01%, you should 
be aware that some low-priced parts have not even 
been sample tested. 

Variable capacitors have finite rotational lives 
Variable capacitors are usually made of low-K mate­

rial with characteristics similar to those of COG capaci­
tors. Their performance is excellent. The dielectric 
doesn't cause much trouble, but the metal sliding con­
tacts or electrodes on some types are very thin; after 
only a small number of rotations-hundreds or even 
dozens-the metal may wear out and fail to connect 
to the capacitance. 

In general, capacitors are very reliable components; 
and, if you don't fry them with heat or zap them merci­
lessly, the small-signal ones will last forever and the 
electrolytic ones will last for many years. (Old oil-filled 
capacitors aren't quite that reliable and have probably 
been replaced already-at least they should have been 
replaced.) The only way you can have an unreliable 
capacitor is to use a type that is unsuitable for the 
task. And that's the engineer's fault, not the capacitor's 

But is this really troubleshooting? 

fault. Still, some troubleshooting may be required; and 
if you recognize the clues that distinguish different 
types of capacitors, you've taken a step in the right 
direction. 

What procedures are best for troubleshooting capaci­
tors? I use two basic procedures, the first of which is 
the add-it-on approach. Most circuits are not hopelessly 
critical about capacitor values, as long as the capacitors' 
values are large enough. So, if there is a 0.01-µF ca­
pacitor that I suspect of not doing its job, I just slap 
another 0.01-µF capacitor across it. If the ripple or 
the capacitor's effect changes by a factor of two, the 
original capacitor was probably doing its job and some­
thing else must be causing the problem. But if I ob­
serve little or no change or a change of a factor of 
three, five, or ten, I suspect that capacitor's value was 
not what it was supposed to be. I pull the capacitor 
out and measure it. Of course, the capacitor substitu­
tion boxes I mentioned in the section on test equipment 
can be valuable here; they let me fool around with 
different values. But in critical circuits, the lead length 
of the wires going to the substitution box can cause 
crosstalk, oscillation, or noise pickup; so I may have 

When I passed the first draft of 
this article around to a few 
friends, one guy asked, "Why are 
you telling us all these things 
about weird capacitors? What 
does that have to do with 
troubleshooting?" I gave him the 
same answer I give you here: If 
you had a mediocre coupling ca­
pacitor and you didn't realize that 
it could keep on "leaking" for 
many seconds or minutes longer 
than a good coupling capacitor 
would, you wouldn't look for 
problems traceable to that capaci­
tor. I cannot foresee every prob­
lem you will have in a circuit, but 
I can point out that similar­
looking components can have 
startlingly different charac­
teristics. 

You can't learn about these 
characteristics from looking in 
books, or even in data sheets. So, 
if you get in trouble, I'm trying 
to suggest clues to look for to help 
you get out. Conversely, if you 
study these precautions and think 
about what can happen, you may 
be able to avoid getting into 
trouble in the first place. That's 
even better than being able to 
get out. 

right." If you stand on my shoul­
ders, you may be able to get to 
places that neither of us could get 
to alone. 

I certainly didn't figure out 
every one of these ideas by my­
self. I am passing along many 
ideas that I gleaned from other 
people's experience. Further­
more, I doubt if they invented all 
those ideas themselves. Surely, 
they benefited from other peo­
ples' ideas that they picked up 
along the way. I am just trying 
to pass along insights that are not 
book learning but that I learned 
in the College of Hard Knocks. 
It may or may not be 
troubleshooting, but it's close 
enough for me. 
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In fact, maybe some of the 
warnings I have presented here 
will explain why you once had a 
problem whose cause you could 
never figure out. Every once in 
a while, I learn something that 
stops me in my tracks: "That ex­
plains why the oscillator I made 
two years ago never worked 
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NOTES FOR ANALOG SYSTEMS DESIGNERS 

~New price performance level~ 
attained with algorithmic 

12-bit + sign ND converters. 
Micro Linear now has two 

12-bit +sign AID algorithmic 
converters that incorporate auto­
zeroing circuitry and self-cali­
bration; the ML2230, and the 
ML2233. This approach has no 
trimming and less circuitry, 
resulting in a lower price and 
an AID converter that maintains 
accuracy over time. 

Priced at $15.95 in 100 unit 
quantities, both the standard 
24-pin DIP ML2230, and the 
28-pin DIP ML2233, include an 
internal sample-and-hold and 
an easy to use microprocessor 
interface. 

60 • • COMPE1l11\IEOFFERINGS 

50, • 

~40, • 

i30, • 
~ . 
820 • -

10 
• ML2230C 

Ml.2233C 

• 

100 0 20 40 60 80 
CONVERSION TIME {MS"--__. 

12-bit AID pricelperfomw,nce 
comparison including 
sampk-and-ho/,d cost 

Accuracy and Speed 
Total conversion time is 31 

microseconds, including the 
on-chip sample-and-hold acqui-

EDN February 16, 1989 

sition time. Both devices can 
digitize a - 2.5V.to +2.5V sine 
wave at 12 kHz with a 73 db 
signal-to-noise ratio. Harmonic 
distortion is just 0.01%. 

OUTPUT SPECTRUM 

0 
FREQUENCY (kHz) 

The FF'T plot of the ML2233. 
A two tone, - 25Vto +25V, low 

d'istortirm sine wave input 

All errors of the sample-and­
hold are accounted for in the 
accuracy specification. Integral 
nonlinearity is ±72 LSB or ±1 
LSB, there are no missing codes, 
and full scale and zero errors 
are less than ±1 LSB. This is over 
the temperature range, and 
with ±5% tolerance on +5V and 
- 5V power supplies. 

Versatility and 
Ease of Use 

These 12-bit +sign AID 
converters are designed for ease 
of use. The analog inputs can 
withstand 7V beyond the sup­
plies. The high impedance analog 
input is differential for noise 
immunity and power supply 
rejection. 

~~ Micro Linear 
CIRCLE NO 97 

Cl..K 

ML2230 block dw,gmm 

These devices support several 
interface techniques: interrupt, 
DMA or polling. The ML2230 is 
designed to interface to an 8-bit 
microprocessor bus by outputting 
the data result in two 8-bit 
bytes. Tu interface to a 16-bit bus, 
the ML2233 provides a 13-bit 
data result. Both are designed to 
interface without additional 
components and are fully TTL 
and CMOS compatible. Bus timing 
parameters are compatible 
with the fastest microprocessors 
currently available . 

Call or Write for 
More Information 

If your application calls for 
a 12-bit AID converter or if you 
would like more information 
on Micro Linear's complete range 
of linear devices, please call 
( 408) 433-5200 ext. 900 or 
write: 

Micro Linear, Dept. TB, 
2092 Concourse Drive, 

San Jose, CA 95131. 
Cl 1988 Micro Linear 
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Be careful with polystyrene; its maximum 
temperature is + 85°C) so you can damage 
it during ordinary wave soldering. 

to just "touch in" a single capacitor to a circuit. 
Suppose, for example, that I have a polyester cou­

pling capacitor that seems to be adding a big, slow 
"long tail" to my circuit's response. I don't expect the 
performance with the polyester capacitor to be perfect, 
but a tail like this one is ridiculous! So, I lift up one 
end of the polyester capacitor and install a polypro­
pylene unit of the same value. I expect the new capaci­
tor's characteristics to be a lot better than those of the 
old capacitor. If the tail gets a lot smaller, either my 
plan to use polyester was not a good one or this particu­
lar polyester capacitor is much worse than usual. It's 
time to check. But usually, I'd expect to find that the 
polypropylene capacitor doesn't make the circuit per­
form much better than the polyester capacitor did, and 
I'd conclude that something else must be causing the 
problem. 

For either of these techniques to work, it is helpful 
to have a large stock of assorted capacitors. In our 
lab, we have several cartons of used-but not too badly 
beaten up-components left over from old experi­
ments: One is a box of small mica and ceramic capaci­
tors, one holds various electrolytic capacitors, and one 
is a tray of assorted wound-film capacitors. These 
boxes are extremely valuable because if I need an odd 
type, I can usually fish in one of those cartons and find 
something close. Or I can find some capacitors that 
give the right value if I parallel two or three of them. 
I can use these capacitors per the add-it-on or the 
substitution method to find out what my unhappy cir­
cuit is trying to tell me. In addition, I keep a couple 
of Teflon capacitors in my file cabinet for when I need 
a super-good capacitor. 

A technique that nobody talks about but is as old 
as the hills is a favorite trick of mine. Sometimes it 
drives my technicians wild, but then they learn the 
trick and find it awfully useful. Let's say I want to 
compare a Mylar capacitor with a ceramic capacitor in 
a small, precision circuit. The technician starts to re­
move the Mylar capacitor and install the ceramic one. 
Wrong! Instead , remove one lead of the first capacitor 
and lift it up slightly. Then tack solder one end of the 
second capacitor to the circuit. At this point, neither 
capacitor is actually in the circuit-both capacitors are 
just waving in the breezes. 

After the solder thoroughly cools down, I can use 
the springiness of the leads to let me "touch in" one 
of the capacitors or the other or both, as needed. It 
only takes a second to go from one mode to the other. 
(Of course, I'm assuming there's not enough voltage 
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to "bite" my finger.) If I actually desolder and resolder 
the capacitors and allow enough time for these tem­
perature-sensitive components to cool off, I'll probably 
forget what the difference between them looks like. 
So, this technique can save a lot of time and greatly 
facilitates A-B comparisons-it lets me use my eyeball 
to evaluate the nuances of small performance changes. 

Of course, if I have two or three of these spring­
loaded options at one time and they begin to get wob­
bly, it may be time to tack solder down the ones that 
I am not actively pursuing. In general, though, this 
technique is extremely valuable, and I've never seen 
it in any book. Use it with my compliments. It works 
with diodes, resistors, and transistors, too. Just make 
sure that solder flux doesn't prevent the spring-loaded 
component lead from contacting the conductor. And 
make sure that your finger doesn't add a lot of capaci­
tance, impedance, or noise into the circuit. If you do 
have this problem, push on the component with the 
edge of a fingernail instead of a finger. A fingernail 
adds less than 1

/2 pF. EDN 

Reference 
1. Pease, R A, "Understand capacitor soakage to optimize 

analog systems," EDN, October 13, 1982, pg 125. 

Author's biography 
For more information about Bob Pease , see the box, ''Who 
is Bob Pease, anyway?" in the January 5, 1989, edition of 
EDN. 

Article Interest Quotient (Circle One) 
High 494 Medium 495 Low 496 
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"I need a supplier who 
can design, protot pe, 
build and 
ship cable 
assemblies 

Tough customers 
turn to 3M. 

Turn to 3M for cable assemblies created for your 
specific application. 

We'll help you right up front with design assistance 
to quickly turn your interconnect idea into a prototype. 
Manufacture as many finished assemblies as you need, 
to your most demanding specs. Then deliver everything 
you need-from pressed and molded to high-speed 
transmission line and fiber optic cable assemblies-to 

meet your most 
ambitious production 
schedule. 

You get all the well-known 3M 
quality in assemblies that meet your demanding 
criteria. Without having to cope with rejects or in­
house modifications. You get the reliability you need 
to help eliminate wasted time or field failures. And the 
just-in-time delivery programs that reduce inventory 
and materials handling costs. 

There's only one place tough customers turn to 
no matter what their specs. 3M. For information, dial 
1-800-CALL-EPD. Or call from your modem 1-800-444-
8080 (300-2400 baud, 8 bit, no parity 1 stop bit) and 
enter the access code 3MEPD4 when prompted. Or 
write 3M Electronic Products Division, Department F, 
P.O. Box 2963, Austin, TX 78769-2963. 

3M 
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"We're getting to 
market late because 
prototype revisions 

are killing us." 

EDN February 16, 1989 

"At HP we faced the same 
problem. So we developed 
electronic design automa­
t ion tools that we use to get 
designs right before we build 
expensive prototypes." 

We haven't made prototype revisions 
a thing of the past .. . yet. But HP's 
Electronic Design Automation 
(EDA) tools can catch most prob­
lems while designs are still in their 
infancy. Where you can fix them 
faster. At less cost. 

As part of DesignCenter, HP's EDA 
tools handle the spectrum of tech­
nology for systems design._From 
digital to analog and microwave. 
In designs with ASICs, hybrids 
and PCBs ... even microprocessors. 
From design capture and simula­
tion to layout and enclosure design. 
All the resources you need to make 
sure designs are right before you 
commit to prototypes. 

Once you've built prototypes, HP 
supports you with the industry's fin­
est test and measurement equipment. 
Along with the links to integrate 
design and prototype test. 

But it's not just a question of 
choosing the right tools. It's also the 
right company. You want a company 
that's fully committed to support. 
When you need it. Where you need it. 
A partner you know you can trust 
in electronic design automation. 
That's HP. 

Find out how HP EDA tools and 
support can put you on the com­
petitive track. Call 1-800-752-0900, 
Ext. C215, and ask for your FREE 
EDA "Tuol Kit'.' 

''Let's start a dialogue . .. " 

F//'OW HEWLETT 
a!~ PACKARD 

CIRCLE NO 75 
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IS 

same 
You will never hear 
that from Emerson & 
Cuming , because we know 
that your product is too im­
portant to risk to hit-or-miss 
materials selection. Instead, we 
offer you the industry's broadest 
line of proven materials to 
ensure that you get the right 
product for your process needs. 

With Emerson & Cuming, 
you choose from every major 
adhesive, coating and encapsu­
lating chemistry with packaging 
options that range from drums 
to syringes. Our product line 
contains hundreds of original 
E&C products with extensive 
performance histories and 
applications documentation in 
processes like yours. And if you 
don't find exactly what you 
need, we'll customize our 
materials to fill your specific 
design or performance 
requirements. 

We also give you the 
resources and support you need 

to make the most of any pro­
cess. Our open-lab policy lets 
you bring unique application 
and production challenges into 
our labs where you can work 
out solutions side-by-side with 
our chemists. As part of W.R. 
Grace & Co., we keep you in 
touch with one of the most 
comprehensive R&D networks 
in the business. And our toll­
free technical support line and 
direct personal sales support are 
the.-e to help you anywhere in 
the U.S. 

Learn more. 
To speak with an Emerson 

& Cuming sales representative, 
or to receive a copy of our 
catalog or specific technical 
lite rature, write or call us today, 
toll-free 1-800-832-4929. In 
Massachusetts, 617-938-8630. 

Emerson & Cuming, Inc. 
77 Dragon Court 
Woburn , MA 01888 

EMERSON 
&CUMING@ 

a GR.ACE company 

'' 
' 

Making today's products better. Making tomorro~'s products possible. 

©1989, Emerson & Cuming, Inc. 

CIRCLE NO 98 EDN February 16, 1989 



KEPCO'S 
SERIES ATE™ 
VOLTAGE 
STABILIZERS 
DO MORE 
THAN 

.KEPCO® 
THE POWER SUPPLIER , •. 

THEY'LL ACCEPT 
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J'.l 
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POWER ff 
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A magnetic field stabilizer 
controlled by a Hall-effect sensor 

... SUPPLY 
STABILIZED VOLTAGE 

t 

0.001% voltage stabilizer 

THEY'RE PROGRAMMABLE 
IN VOLTAGE MODE. 

A voltage stabilizer controlled 
by a 0-10V d-c signal 

THEY'LL FUNCTION 
AS AN AMPLIFIER ... 

"' ~ ~ 

POWER 
MANAGER 

A self-powered oversized 
op-amp 

.... 

146-1635 

AND CURRENT. 
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0.005% current stabilizer 

THEY'RE PROGRAMMABLE 
IN CURRENT MODE . 

KEPCO _nJ inn• 
[ POWER Jat 6lL. MANAGER 

I-~ 

~ 
_l 

HIGH i r ,,. 
STC @L la, 

I-rl-
L 

'""' 
A current stabilizer controlled 
by a high impedance source 
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A servo amplifier to drive 
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ATE MODELS• QUARTER• HALF• THREE-QUARTER• FULL RACK 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OU TPUT OUTPUT IMPEDANCE VOLTAGE MODE OUTPUT IMPEDANCE CUR RENT MOOE 
MODEL RANGE SERIES SERIES INDUCTANCE SHUNTl21 SHUNT CAPACITANCE 

I VOLT S AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

,..- T AT E 6-5M 0-6 0- 5 24 µ!l 0.5 µH 5 µH 12 k!l 1,000 µF 1 µF 

ATE 15-3M 0-15 0-3 100 µ!l 0.5 µH 5 µH 30 k!l 450 µF 0.4 µF 

0-55°C No Derating ATE 25-2 M 0-25 0-2 250 µ!l 1 µH 10 µH 50 k!l 250 µF 0.25 µF 

ATE 36-1 .5M 0-36 0- 1.5 480 µ!l 1 µH 10 µH 72 k!l 200 µF 0.2 µF 

ATE 55-1M 0-55 0- 1 1.1 mn 2 µH 20 µH 110 k!l 150 µF 0.15 µF 

ATE 75-0.l M 0-75 0-0.7 2.15 mn 2 µH 20 µH 150 k!l 110 µF 0.1 µF 

ATE 100-0.5M 0-100 0-0 .5 4 mn 4 µH 40 µH 200 k!l 50 µF 0.05 µF 

ATE 150-0.3M 0-150 0-0 .3 10 mn 4 µH 40 µH 300 k!l 55 µF 0.02 µF 

Size : 57132" H x 45132" W x 171/e'' o (132.6mm H x 105.6mm W x 435.0mm 0 )111 Net Weight: 14 lbs . (6.4 kg .) 

D-C OUTPUT OUTPU T IMPEDANCE VOLTAGE MOOE OUTPUT IMPEDANCE CU RRENT MOOE 

1JCW 
MOO EL RANGE SERIES SERIES INDUCTANCE SHUNTl21 SHUNT CAPACITANCE 

VOLTS AMPS RESISTANCE SLOW FAST RES ISTANCE SLOW FAST 

AT E 6-10 M 0-6 0-10 12 µ!l 0.5 µH 5 µH 12 k!l 1.800 µF 2 µF T -y 

AT E 15-6M 0-15 0- 6 50 µ!l 0.5 µH 5 µH 30 k!l 1000 µF 0.8 µF 

0-55°C No Derating AT E 25-4M 0-25 0-4 125 µ!l 1 µH 10 µH 50 k!l 500 µF 0.5 µF 

ATE 36-3M 0-36 0-3 240 µ!l 1 µH 10 µH 72 k!l 350 µF 0.4 µF 

ATE 55-2M 0-55 0-2 0.55 mn 2 µH 20 µH 110 k!l 200 µF 0.3 µF 

ATE 75-1 .5M 0-75 0-1 .5 1 mn 2 µH 20 µH 150 k!l 110 µF 0.2 µF 

ATE 100-1 M 0-100 0-1 2 mn 4 µH 40 µH 200 k!l 80 µF 0.1 µF 

ATE 150-0.7M 0-150 0-0 .7 4 mn 4 µH 40 µH 300 k!l 55 µF 0.04 µF 

Size : 57/32'' H x 45/32'' W x 171/s" 0 (132.6mm H x 105.6mm W x 435.0mm 0 )111 Net Weight : 17 lbs. (7.7 kg.) 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OUTPUT OUTPUT IMPEDAN CE VOLTAGE MOOE OUTPUT IMPEDAN CE CU RRENT MODE 
MODEL RANGE SERIES SERIES INDUCTANCE SHUNT 121 SHUNT CAPACITAN CE 

VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE &25M 0-6 0-25 4.8 µ!l 0.5µH 5µH 12 kfl 11 ,000µF 5µF 

ATE 1f>-1 5M 0-15 0-15 20 µ!l 0.5µH 5µH 30 kfl 5,800 µF 2µF 

ATE 2f>- 10M 0-25 0-10 50 µ!l 1 µH 10µH 50 kfl 2,900 µF 1.25µF 

ATE 3&8M 0-36 0-8 90 µ!l 1 µH 10µH 72 kfl 2, 400 µF 1 µF 

ATE 5f>-5M 0-55 0-5 0.22 mn 2 µH 20µH 110 kfl 1,400 µF 0.75 µF 

ATE 7f>- 3M 0-75 0-3 o.5mn 2µH 20µH 150 kfl 850 µF 0.5 µF 

ATE 100-2.5M 0-100 0-2. 5 o.8 mn 4 µH 40µH 200 kfl 375 µF 0.25 µF 

ATE 150-1.5M 0-150 0-1 .5 2 m0 4µH 40µH 300 kfl 275 µF 0.1 µF 

ATE 32f>-0.8M 0-325 0-0.8 8.1 mn 100µH 1 mH 650 kfl 180µF 0.01 µF 

Size: 57132" H x 8"132'' W x 179/54" 0 (132.6mm H x 211 .9mm W x 435.4mm 0 )11 1 Net Weight : 35 lbs. (15.9 kg .) 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MOOE OUTPUT IMPEDANCE CURRENT MOOE 
MODEL RANGE SERIES SERIES INDUCTANCE SHUNT(2) SHUNT CAPACITANCE 

VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE 6-50M 0-6 0- 50 2.4 µ!l 0.5 µH 5 µH 12 k!l 12 ,000 µF 10 µF 
ATE 15-25M 0-15 0- 25 12 µ!l 0.5 µH 5 µH 30 k!l 8,000 µF 4 µF 

ATE 25-20M 0-25 0-20 25 µ!l 1 µH 10 µH 50 k!l 5,800 µF 2.5 µF 
ATE 36-15M 0-36 0- 15 48 µ!l 1 µH 10 µH 72 k!l 4.900 µF 2 µF 
ATE 55-10M 0-55 0-10 0.11 mn 2 µH 20 µH 110 k!l 2.900 µF 1.5 µF 
ATE 75-8M 0-75 0-8 0.19 mn 2 µH 20 µH 150 k!l 1.200 µF 1 µF 

ATE 100-5M 0-100 0-5 0.4 mn 4 µH 40 µH 200 k!l 600 µF 0.5 µF 
ATE 150-3.5M 0- 150 0-3. 5 0.86 mn 4 µH 40 µH 300 k!l 440 µF 0.2 µF 

Size: 57/32" H x 1211/32" W x 179/64'' o (132.6mm H x 31 8.3mm W x 435.4mm 0 )111 Net Weight : 43 lbs. (19.5 kg.) 

The full rack model is supplied with brackets for direct mounting in a standard 19-inch rack. 

D-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MOOE OUTPUT IMPEDANCE CURRENT MOOE 

.mlfil 
MODE L RANGE SERIES SERIES INDUCTANCE SHUNTl21 SHUNT CAPACITANCE 

VOLTS AMPS RESIST ANCE SLOW FAST RES ISTANCE SLOW FAST 

ATE 6-100 M 0-6 0-100 1.2 µ!l 0.5 µH 5 µH 12 k!l 22 .000 µF 15 µF 1.-V ic~ 
ATE 15-50M 0-15 0-50 6 µ!l 0.5 µH 5 µH 30 k!l 12.000 µF 6 µF 

0-55°C No Derating ATE 25-40M 0-25 0-40 12 .5 µ!l 1 µH 10 µH 50 k!l 11 ,000 µF 4 µF 

ATE 36-30M 0- 36 0- 30 24 µ!l 1 µH 10 µH 72 k!l 9,500 µF 3 µF 

ATE 55- 20 M 0-55 0-20 55 µ!l 2 µH 20 µH 110 k!l 5.200 µF 2.25 µF 

ATE 75- 15M 0-75 0-15 0.1 mn 2 µH 20 µH 150 k!l 3,400 µF 1.5 µF 

ATE 100-10M 0-100 0-10 0.2 mn 4 µH 40 µH 200 k!l 1,200 µF 0. 75 µF 

ATE 150-7M 0-150 0-7 0.42 mn 4 µH 40 µH 300 k!l 1,050 µF 0.3 µF 

Size : 631/32" H x 161/2'' W x 201/54" 0 (177.0mm H x 419.1 mm W x 508.4mm 0 )111 Net Weight : 87 lbs. (39 .5 kg.) 

(1!Add 21/i' (63.5mm) for connector protrusion. (2! 8ased on 0.5 mA load effect in FAST mode. 
(3!For determining dynamic impedance in voltage mode. (•! For determining dynamic impedance in current mode. 
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.•. To get any of these functions, 
buy a KEPCO ATE Power Manager™ 
Your Kepco ATE Power Manager, like most conventional power supplies, is delivered with 

large output and feedback capacitors connected. This equips it to give you a rock steady 
voltage in the face of varying load currents. 

The ATE, however, is no conventional power supply. The thing that makes it unconventional 
is the 50-terminal user port at the rear. 

By simply (1) pulling out the mating connector, (2) rewiring it, and (3) putting it back, you 
can in a matter of minutes obtain access to a host of control functions . You can, for example, 
cut out the output and feedback capacitors and configure your ATE* to give you a steady 
current against a varying voltage. Better yet, buy a blank connector (they're only $18 apiece) 
and wire it up in the current stabilizer configuration. Then, you can make the transformation in 
moments. 

What the Kepco user port does is give you the ability to connect any element in the ATE's 
control assembly with nearly any other. So the way you wire it determines the nature of the 
ATE. One configuration lets you control the voltage channel with a 0-10V analog d-c signal (or 
a digital signal via a Kepco SN or TLD digital interface) ; another lets you control the current 
channel with a 0-1V signal. Other configurations let you control voltage or current with a 
2-terminal resistance, or a high impedance source; others turn your ATE into a self-powered , 
oversized op amp or a servo amplifier. And still others let you use the uncommitted amplifiers 
we've included in the ATE's control assembly, to sum, scale, invert, or integrate control 
signals. The possibil ities are limited only by your imagination. 

50-terminal connector, supplied as 
PC-13, prewired for local control , slow 
mode, of 1/4-rack models, and as 
PC-14 for 1/2-, 3/4-, and full-rack 
models. Available unwired as PC-1 2. 

*On Size E models, you must also remove a link from the rear barrier strip. 

Rear view, 
Kepco Power Manager 

ATE75-3M 



ATE POWER MANAGER 'M SPECIFICATIONS 

OUTPUT EFFECTS VOLTAGE MOOE OUTPUT EFFECTS CURRENT MOOE OF FSETS 1•> 

INFLUEN CE QUANTITY Typ. Max. Typ. Max. .o.Ei .0.110 

SOURCE VOLTAGE (min .-max .): <0. 0005% E max . 0.001 % E max. < 0.002% I max. 0.005% I max . < 1 µV < 1 nA 

LOAD (no load-full load) : <0.001 % E max. 0.002% E max. < 0.5 mA'" 1 mA' " 
TIME (8-hour drift): < 0.005% E max . 0.01% E max . < 0.01 % I max . 0.02% I max. <20 µV <1 nA 

TEMPERATURE, per °C : < 0.005% E max. 0.01% E max. <0 .01 % I max. 0.02% I max . <20 µV <2 nA 

RIPPLE and NOISE"' rms : <0.1 mV 0.3 mV < 0.01 % I max. 0.03% I max . 

(Slow Mode) p-p : "' <1 mV 3 mV 0.3% I max. 

RIPPLE and NOISE"' rms : <1 mV 3 mV <0.01 % I max. 0.03% I max . 

(Fast Mode) p-p : '" < 10 mv 30 mv 

<1 > For models with output current rating of 50A and higher, the load effect is 2 mA typical and 5 mA maximum. In slow mode, the 
leakage current through the output capacitor adds approximately 0-6 mA to the current mode load effect. 

<2> One terminal must be grounded for this measurement, or connected so that common mode current does not flow through the 
load or, in current mode, through the current-sensing resistor. 

(J) Peak-to-peak ripple is measured over a 20 Hz to 1 O MHz bandwidth . 
1•> Uncommitted amplifier offsets. 

GENERAL 
Crowbar trigger time: 
Slow mode - 50µsec . 
Fast mode - 500µsec delay, to 
avoid false triggering . 
DVPaction: 
1) Short output with SCR . 
2) Trip a-c circuit breaker. 
3) Generate optically isolated 
flag signal. 
Series operation: 
To the 500V limit of the 
isolation voltage ; master/slave 
operation is possible . 
Parallel operation: 
Master/slave operation , and 
redundant connections , are 
possible. 
Isolation: 
Output may be floated up to 500V 
off ground . Common mode current 
- 5µA rms , 50µA peak to peak, 
at 115V a-c. 
Temperature: 
Storage - - 40°C to 85°C. 
Operating - 0°C to + 55°C 
( derate to 90% of rated 
current at + 65°C.) 
Cooling: 
Built-in fan (2 in full-rack 
models) exhausts air to 
rear. 

D-C output terminal (Rear): 
1/4-rack models - barrier strip. 
1/2- and 3/4-rack models -
binding posts . 
Full-rack models 
- compression studs. 

Meters: 
1/4- and 1/2-rack models: 
Two 1'12'', 3% 
3/4- and full-rack models: 
Two 21/2", 2% 

Source voltage: 
User selectable , 95-113 , 105-125, 
190-226, or 210-250V a-c , 
50-65 Hz, single phase ; do 
not use on 400Hz. 

Source current: 
See Table 1. 
Output current: 
Continuously adjustable or 
programmable , 0-100%. 
Control voltage: 
Local -10-turn rheostat on 
front panel. 
Remote - 0 to 10V signal. 
Control current: 
Local -10-turn rheostat on 
front panel . 
Remote - 0 to 1V signal. 
Remote error sensing: 
Provision made for 4-termi­
nal connection to load; 
static drop of 0.5V/lead may 
be compensated , and an extra 
volt is provided for this 
purpose . 
Program speed {programming 
time constant, ['T]: 
Slow mode - [T] = R, x Gout 

(see model tables) . 
Fast mode - see Table 2. 

Current recovery for 
a step load voltage: 
Exponential with programming 
time constant , (T] . 

Mode Indicators 
Voltage - green LED , front 
panel. 
Current- amber LED , front 
panel. 
OVP - red LED , front panel . 
Mode flags 
TTL logic signals delivered 
to rear connector as optically 
isolated outputs . 

- THE POWER SUPPLIER'" 

DVP control: 
Local - trimmer adjustable . 
Remote - 0-10V signal , or 
may be set to track output 
voltage . 
Remote trigger: 
Optically isolated "trigger-in " 
port allows overvoltage tripping 
by remotely generated pulse , so 
that OVPs of several power 
supplies can be interconnected 
or sequenced or simultaneous 
shutdown . Lower limit for OVP is 
3V, adjustable to 110% E0 . 

Minimum threshold adjustment: 
0.5V or 2%E0 , whichever 
is greater. 

Table 1 Source Current 
(Measured , worst case, at 125V a-c 

source voltage) 

Size A-1.4A max. 

Size B-2 .4A max . 

Size C-6 .0A max. 

Size 0-11 .0A max . 

Size E-20 .0A max. 

Table 2 Dynamic Specifications 
Programming 

Time 

Output Bandwidth Constant 

Voltage ( - 3dB) KHz (µsec) 

Ratings Min . Max. 

6V 16.0 10.0 

15V 10.6 15.0 

25V 8.0 20.0 

36V 6.4 25.0 

55V 4.0 40.0 

75V 3.5 45.0 

100V 2.5 65.0 

150V 1.7 95.0 

325V 0.94 170.0 

Voltage recovery: For step load 
change between 10°(0 and 100% 
10 maximum < 50 µsec typ., 
< 100 µsec max. to recover 

within 10mV 
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Kepco ATE Power Managers are unipolar linear programmable power supplies that give you 
full external control over both voltage and current, with automatic crossover. They have panel­
mounted meters for monitoring both channels , and front panel LEDs (and optically isolated flags 
accessible through the user port) to tell you which channel is in charge. Local control is by panel­
mounted 10-turn rheostats . 

ATE CAN SUM 
INPUT CONTROL SIGNALS 

A current stabilizer controlled 
by the difference between 

two signals 

"Power Manager," "ATE Power Manager," 
"BOP Power Manager" and "Kepco Power Manager" 
are Trade Marks of Kepco, Inc. 

ATE POWER SUPPLIES 
50 Watts to 1000 Watts 

... BE DRIVEN BY 
AN ANALOG FUNCTION 

, µ:: , KEPCO 
J::{ [}: POWER ~ 
't-J7 MANAGER i- 1 
~,~t;~~-+--+-t ,___,_,...---+-_._, 
f-GEN K /1.T~ rJ 

]7 

A voltage stabilizer controlled 
by a signal generator 

8,KEPCO. 
THE POWER SUPPLIER '" 

... 

OR INTERFACE TO 
THE DIGITAL WORLD 

(See back cover). 

KEPCO 
POWER 

1-l---+ihillW -H MANAGER 

A voltage stabilizer controlled 
by a passive resistance 

decade box 

Data subject to change without notice. 
© 1989 KEPCO, INC. Litho in U.S.A. 
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Kepco's Series ATE power supplies are "MATE-verified" for use 
in Modular Automatic Test Equipment that is addressed in 
the (CllL) Control lnterf ace Intermediate Language. 

Kepco's TLD 488-16 
interactive digital 
interface is an 
IEEE-488-driven 
talker-listener that 
has been verified 
as a TMA (Test 
Module Adapter) 
for Kepco's 
ATE and BOP<1> 
power supplies. 

On October 1, 1987 Kepco's TLD officially achieved "MATE-verified" status. 
The certificate shown was issued by the MATE program office, Kelly AFB, Texas. 

The TLD 488-16 responds to commands in CllL (Control Interface Intermediate Language) over the IEEE-488 
bus from your computer or digital controller, and passes them along to the Power Managers under its control. It 
can control up to 16 Kepco ATE and/or BOP Power Managers at once, and if one of them cannot obey a 
command , it sends back a flag which the TLD 488-16 translates into CllL and passes along to the controller as 
an "error message." Among the error messages it can send are "crowbarred ," "overload, " "voltage comparison 
error," and "current comparison error." 

You can give your commands to the TLD 488-16 directly in Volts and Amps, because it knows the voltage and 
current ranges of every Power Manager under its control and can calculate what percentage of full scale a given 
voltage or current setting is. 

(1) BOP are Kepco Bipolar Power Supplies . Please see brochure 146-1636. 

Kepco Series ATE power supplies may be listener-addressed 
using a selection of 1-, 4- and 8-channel digital interfaces. 

SN 488 works with the 
IEEE-488 bus, and SN 500 
works with buses using bit­
parallel data transfer, but 
they're otherwise identical. 
They're both available with 
one channel or with two 
isolated channels, and if you 
buy a single channel model , 
you can buy a field­
installable second channel 
any time you need it. 

SNR488-4 and SNR 488-8 
are card cages into which 
you can plug four to eight 
dual channel programming 
cards. 

Output of all SN cards is 
Oto ±1Vor0to ± 10V 
selectable, and all offer 
models that accept data in 
12-bit hex or 3 digit BCD. 

- THE POWER SUPPLIER .• 

TYPE SN STAND ALONE INTERFACE 

TYPE SNR 488-4 
(Addresses up to 4 ATE 
power supplies) 

TYPE SNR 488-8 
(Addresses up to 8 ATE 
power supplies) 

SNR Housings 
MODEL HOLDS 

SNR 488-4 4 Cards 

SNR 488-8 8 Cards 

Interface cards 
DATA 

MODEL FORMAT RESOLUTION 

SN 488-B Hex 12-bit binary 

SN 488-D Decimal 3-digit BCD 

MODEL 

NUMBER OF 
CHANNELS 

INPUTDATA 

SINGLE AND DUAL CHANNEL 
PROGRAMMERS. 'l•·RACK SIZE 

SN488· SN500· 
121 122 031 032 121 122 031 032 

2 2 2 

CODING Hex Decimal Hex Decimal 
FORMAT 

RESOLUTION 12 Bit 3 Digit 12 Bit 3 Digit 

KEPCO, INC.• 131-38 SANFORD AVENUE• FLUSHING , NY 11352 USA· (718) 461-7000 ·FAX: (718) 767-1102 • Easylink (TWX): 710-582-2631 





NEED BROAD-BAND COAXIAL RELAYS? 
FROM 2 TO 24 THROW, MATRIX HAS THE ANSWER 

Our versatile 7000 series of 
coaxial relays have band-widths 
from DC up to 800 MHz. They're 
available from 2 to 24 throw. 
And by using our 9000 series 
cross-straps, switching matrices 
of any size can be configured. 

Why have Matrix broad-band 
relays become the industry 
standard? Because we construct 
them of precision machined 
anodized aluminum alloy, all 
signal shield paths are silver 
plated, and basic switch ele­
ments are hermetically sealed 
in nitrogen filled gas enveropes 
with rhodium plated contacts to 
insure non-stick operation. 

146 

The end result is extremely 
low crosstalk, EMI and VSWR. 
Another plus, all switchpoints 
are individually field replaceable. 

The units are plug compatible 
with Matrix 6100A and 1600 
Series Logic Modules for com­
patibility with RS-232, RS-422 
and IEEE-488 Interface busses 
as well as 16 bit parallel. 

Non-blocking Matrix configu­
ration may be easily assembled 

SYSTEM S CORPORATION 

..._ .......... ~ 5177 NORTH DOUGLAS FIR ROAD 

....... .-....-............ CALABASAS. CALIFORNIA 91302 

CIRCLE NO 134 

using our self-terminating relays 
and 5100A series power dividers. 
Built-in Video/RF amplifiers 
allow zero insertion loss designs. 

So if you're looking for broad­
band relays, it pays to deal with 
Matrix. After all, we've been 
designing state-of-the-art reed 
relay and semiconductor switch­
ing systems for over 18 years. 

Our customers include gov­
ernment agencies, defense 
contractors, the TV industry, 
ATE and telecommunications 
companies-and more. 
Phone: 818-992-6776 
TWX: 910-494-4975 
FAX: 818-992-8521 

EDN February 16, 1989 



Design Feature 

A simple analysis 
helps to cl · a 

DSO's performance specs 

The relationship between a digitizing oscil­
loscope)s sample rate and the analog band­
width of the waveforms it displays is not 
always obvious. In today)s world) you need 
to understand these concepts. 

Robert A Witte, Hewlett-Packard 

As digital signal-processing techniques become more 
common, engineers are familiarizing themselves with 
the concept of sampling. But this familiarity does not 
mean that the characteristics of the various digitizing 
oscilloscopes are well understood. Fundamental differ­
ences distinguish the various scopes, and these differ­
ences are obscured if you look only at the scopes' digi­
tizing rates. 

Modern digitizing oscilloscopes use one or more of 
three types of sampling: real-time sampling, sequential 
sampling, and random-repetitive sampling (Fig 1). 

The most straightforward type of sampling is real­
time sampling-the type commonly described in digital 
signal-processing textbooks. This type is the most in­
tuitive form of sampling and is what most engineers 
think of when discussing sampled signals. Real-time 
sampling digitizes the signal at a sample rate greater 
than the Nyquist rate to produce a sampled waveform. 

Briefly, the Nyquist criterion states that you can 
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characterize a band-limited baseband signal if you sam­
ple it at greater than twice its highest frequency com­
ponent. For most practical applications, however, you 
need higher sample rates if you are to make any sense 
of the displayed digitized data points. The real-time 
digitizing scope captures an entire waveform upon a 
single trigger event; therefore, it is capable of captur­
ing even a transient, or single-shot, event. Unfortu­
nately, this method requires a relatively expensive, 
fast, AJD converter to meet the Nyquist criterion. 

Fig 2 shows the block diagram of a scope which uses 
only real-time sampling. In this case, the input ampli­
fier feeds directly into the input of a flash AID con­
verter, though it can also feed into a scan converter 
or a charge-coupled device. The AJD converter must 
be fast enough to sample significantly above the 
Nyquist rate. The scope stores the output of the A/D 
converter in memory (which also must be very fast in 
the case of flash converters) and displays the waveform 
on its screen. 

Real-time digitizing oscilloscopes use a digital recon­
struction filter after their AJD converters to produce 
an accurate waveform. If the filter's cutoff is too steep, 
the pulse response of the scope will be poor because 
of overshoot distortion. If the filter's response rolls off 
more slowly, the scope will require a higher sample 
rate than the scope that has a sharp cutoff. These 
design tradeoffs are complex and beyond the scope of 
this article. The important point is that for a given 
reconstruction scheme, the ratio of sample rate to 
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For a given reconstruction scheme, the ratio 
of sample rate to bandwidth is constant. 

REAL-TIME SAMPLING SEQUENTIAL SAMPLING RANDOM-REPETITIVE SAMPLING 

Fig 1-The numbers on each sample point indicate which trigger the sample was acquired on. Sequential sampling and random-repetitive 
sampling require many triggers to acquire a complete waveform. 

bandwidth is constant. Hewlett-Packard real-time 
scopes generally use a sample rate that is 4 times the 
bandwidth. 

Sequential-sampling oscilloscopes offer an advantage 
compared with real-time sampling scopes: A much 
slower-and hence less expensive-AID converter is 
sufficient. Sequential sampling digitizes a signal by tak­
ing samples, with a sample-and-hold or track-and-hold 
circuit, from many different cycles of the signal. When 
a trigger event occurs, the instrument acquires a new 
sample at a certain time interval after the trigger. The 
instrument increases this time delay by a fixed amount 
after each sample, thereby sampling a different point 
of the signal, until it has digitized the entire signal. 
You can use sequential sampling as long as the follow­
ing two conditions are met: 

• The waveform is repetitive 
• A stable trigger is available. 
Random-repetitive sampling is similar to sequential 

sampling except that the time difference between the 
trigger point and the sample point is random. The 
technique requires the same two preconditions as se­
quential sampling: a repetitive signal and a stable trig­
ger. As the instrument takes a sample, it measures 
the sample's time relationship to the trigger point. 
This measurement allows the scope to place the sample 
point at the proper location on the display. A stable 
trigger is important because it provides the time refer­
ence for collecting the waveform samples. 

Scope makers sometimes quote an "effective sample 
rate" for sequential or random-repetitive sampling os­
cilloscopes. An effective sample rate is more impressive 
than a scope's actual sample rate because it is much 
faster than the sample rate of the scope's AID con-
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verter. The effective sample rate is the reciprocal of 
the minimum time between the repetitively acquired 
sample points. The only limit to the effective sample 
rate is how accurately the scope can place the samples, 
in time, relative to the trigger. Of course, the scope's 
input analog bandwidth determines the actual upper 
limit of the scope's response. 

Random-repetitive sampling has an advantage over 
sequential sampling: A portion of the sample points 
occurs before the trigger; these samples allow you to 
view waveform information preceding the trigger. A 
disadvantage of this technique is the reduced display 
update rate for small timebase (time/div) settings. 

Fig 3 shows the display results of a random­
repetitive sampling scope. Using a sample rate of only 
lOM samples/sec, the scope accurately measures a 30-
nsec repetitive pulse. The width of the pulse is smaller 
than the AID converter's conversion period (100 nsec), 
but the random-repetitive timebase circuitry provides 
a timing resolution of 100 psec. 

Fig 4's block diagram is that of a random-repetitive 

INPUT 
ATIENUATOR AMPLIFIER MEMORY 

ADC 

SAMPLE CLOCK 

Fig 2-A real-time digitizing scope uses an AJD converter that can 
sample at a rate higher than the Nyquist rate. 
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scope. Note that the diagram shows a sampler (either 
a track-and-hold or sample-and-hold circuit) in front 
of the AID converter. One of these circuits is necessary 
because the AID converter usually operates at a rate 
that is much slower than the Nyquist rate, and there­
fore the signal can vary significantly during the analog­
to-digital conversion. Thus, the sampler must acquire 
the sample with minimal time jitter and hold the sam­
ple's voltage level long enough for the AID converter 
to perform the conversion. Such a system has high 
bandwidth in front of its sampler, but a much lower 
bandwidth after it. Thus, it too can use a slower, more 
economical-or more realizable-AID converter and 
memory. 

rate has no fixed relationship to the scope's bandwidth. 
(In a real-time scope, fs = n(BW), where fs is the sam­
ple rate and n is typically between 2.5 and 4, depending 
on the reconstruction filter.) In fact, a random-

T 

-36 . 000 ns 14 . 000 ns 
10 . 0 ns/ OI Y 

j 
64 . 000 ns 

1 2 . 00 V/ rJ1 v 
off set =- 675 . 0 • V 

1. 000 · 1 CI C 

Random-repetitive and sequential sampling scopes 
generally do not use a reconstruction filter as real-time 
scopes do and, hence, their AID converters' sample 

Fig 3--This random-repetitive sampling scope display clearly 
shows this repetitive 30-nsec pulse, even though the sample rate of 
the scope's AJD converter is only 10M samples/sec. 

Exercise your newfound scope-selection powers 

You never know for sure if you've 
understood the underlying con­
cepts of an article until you try 
to apply that knowledge. The fol­
lowing miniquiz is intended for 
those interested in trying out 
their newfound knowledge. 

You have the following scopes 
available: 

• a 100-MHz repetitive scope 
with a !OM-sample/sec sam­
ple rate 

• a 1-GHz repetitive scope 
with a !OM-sample/sec sam­
ple rate 

• a 100-MHz real-time scope 
with a 400M-sample/sec 
sample rate. 

1. You must measure the am­
plitude and frequency of a nomi­
nal 5-MHz sine wave. Which of 
the three scopes can perform this 
measurement? 

This is clearly a repetitive ap­
plication; the sine wave is pre­
sumably continuous. Because 5 
MHz is well within the bandwidth 
of all of the scopes, you could use 
any one of them to make this 
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measurement. 
2. A 100-nsec-wide transient 

pulse occurs every time you reset 
a µP at power-on. Which scope 
can accurately characterize this 
pulse? 

This measurement is a single­
shot one and requires a scope 
with a single-shot bandwidth fast 
enough to capture the pulse. The 
100-MHz single-shot scope, with 
its 400M-sample/sec sample rate, 
acquires a sample every 2.5 nsec. 
This bandwidth and sample rate 
should be more than adequate to 
capture a 100-nsec pulse. 

3. An emitter-coupled logic sig­
nal has a period of 12 nsec and a 
positive pulse width of 5 nsec. 
Which digitizing scope can accu­
rately acquire this signal? 

The signal is periodic and 
therefore the measurement is re­
petitive. The 12-nsec period im­
plies a fundamental frequency of 
83 MHz. A 100-MHz repetitive 
bandwidth would barely measure 
the fundamental frequency and 
none of the harmonic energy (the 

pulse will have significant fre­
quency content above 100 MHz). 
However, the 1-GHz repetitive 
scope has adequate bandwidth to 
include the twelfth harmonic of 
the signal in its measurement. 

4. You must capture the turn­
on transient of a power supply. 
If the output of the power supply 
is band limited to 25 kHz, which 
scope can you use to acquire this 
signal? 

Clearly this is a single-shot 
measurement, which requires 
real-time sampling capability. 
However, digitizing scopes using 
random-repetitive sampling also 
provide some real-time capabil­
ity. This is a trick question: Both 
repetitive scopes have a sample 
rate of lOM samples/sec, which 
provides a 1-MHz single-shot 
bandwidth. Because the power­
supply output is band limited to 
only 25 kHz, any of the three 
scopes can perform this measure­
ment. 
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Sequential and random-repetitive sampling 
scopes have some inherent real-time capa­
bility. 

repetitive or sequential sampling scope could have an 
extremely slow A/D converter-say 1 sample/sec­
along with a 1-GHz bandwidth as long as the scope's 
sampler could hold the voltage constant for a second. 
Of course, such an instrument would be impractical 
because the throughput to the display would suffer 
dramatically. A more reasonable example is the 
HP54501A digitizing oscilloscope, which has a 100-MHz 
analog bandwidth, despite the A/D converter's sample 
rate of only lOM samples/sec. 

Confusingly, sequential and random-repetitive sam­
pling scopes have some inherent real-time capability. 
These scopes can, after all, digitize some signals in 
real time as long as the signals' frequencies are lower 
than the scopes' digitizing rates. The effective real-time 
bandwidth of a sequential or random-repetitive sam­
pling scopes depends, again, on how many data points 
you need to define a waveform. Because sequential 
and random-repetitive scopes generally have no recon­
struction schemes to aid you in visualizing a capttµ·ed 
waveform, HP specifies the real-time (single-shot) 
bandwidth of its random-repetitive scopes as fs/10-­
which gives 10 samples per cycle of a sine wave. So, 
by HP standards, a sequential or random-repetitive 
scope sampling at lOM samples/sec has a single-shot 
bandwidth of 1 MHz. 

To relate the information in this article to the practi­
cal problem of choosing the right type of scope for 
your job, you must determine whether the measure­
ment is single-shot or repetitive. This determination 
sounds easy, but scope users often confuse the two. 
For example, capturing a fast glitch on a digital signal 
may look like a single-shot measurement because of 
the short time period of the glitch. A single, nonrepeti­
tive glitch does indeed imply a single-shot measure­
ment, but if the glitch occurs periodically-say once 
every 10 µsec-the measurement is actually a repeti-

Right name for right attribute 

Unfortunately, some scope makers still murkily 
specify both bandwidth and sample rate in hertz, 
leaving an engineer to wonder if a 100-MHz scope 
has a 100-MHz bandwidth or a 100-MHz sample 
rate. Most manufacturers, primarily at the urging 
of the editors of EDN magazine, now specify band­
width in megahertz and state the sample rate in 
megasamples/sec. 
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ATTENUATOR AMPLIFIER SAMPLER MEMORY 

ADC 

SAMPLE 
CLOCK 

Fig 4-A random-repetitive digitizing scope uses a sampler f.-0 ac­
quire and hold the voltage while the AJD converter digitizes it. 

tive one. Analog scope users will recall that a nonstor­
age analog oscilloscope can only display repeating sig­
nals. True single-shot events are but a brief flash across 
the screen. If a nonstorage analog scope ·can make the 
measurement, the measurement is repetitive. 

If the measurement is truly single-shot-occurring 
only once or repeating so slowly that a repetitive meas­
urement would take too long-you need a scope that 
has sufficient real-time bandwidth, which really means 
a sufficient sample rate. If the measurement is repeti­
tive, however, you don't need to worry about the A/D 
converter's sample rate or the single-shot bandwidth 
of the scope. In this case, the repetitive bandwidth 
and timing resolution of the scope are important. 

Author's biography 
Robert A Witte i,s an R&D 'f)TOject man­
ager at Hewlett-Packard's Colarado 
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ing oscilloscopes. He has been with HP 
far 10 years. Robert obtained a BSEE 
at Purdue University and an MSEE 
at Colarado State University. He is 
a member of the IEEE and in hi,s 
spare time enjoys hiking, skiing, and 
camping. 
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All too unwittingly, you can create changes made in design, layout, or 
a monster You can spend upwards manufacturing while notifying the 
of $100,000 to get a board designed other design tasks to modify their data 
and the preproduction unit fabri- Making it all but impos.5ible to design 
cated. Only to learn it doesn't work boards that cannot be manufactured. 

Or, you can stop getting eaten So if you're wondering how to 
alive. You can deploy our Prisma sell competitively in the next year 
software on Sun® workstations. The or next decade, think about that 
first "real time~ really integrated $100-grand monster we can help 
CAE, CAD, and CAM software for you avoid. Call us at (714) 863-1700. 
printed circuit board design. And find out how Prisma can help 

Its semantic database you blaze new trails with-
instantly stores all of the /I '7=J/ P~ out breaking the bank 

© 1989 Calay Systems, Inc., 16842 Von Karman Ave., Irvine, CA 92714. 
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Easy, logical, quick access_... 

That's what you need 

Call us toll-free 
and qualify for a FREE 

D.A.T.A. DIGESTs User's Guide Diskette. 
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DESIGN IDEAS 
EDITED BY CHARLES H SMALL 

Equations yield hysteresis values 
Art Vaughn 
Ajax Magnethermic Corp, Warren, OH 

Most often, data sheets for IC comparators list equa­
tions that yield hysteresis-voltage levels in terms of 
the comparator's external-component values. For Fig 
l's comparator circuit, the analysis equations are: 

VRH (R1Ra+ R2Ra)XVn+ R3RNc 
R1Ra+ R2Ra+ R1R4+ R2R4+ RaR4 

VRL RaR4VcE+ R2RaVn 
RaR4 + R2R4 + R2Ra 

VoH= V RH+(V c- V RH) x R1~2R2 . 

Recasting the equations to yield component values 
in terms of hysteresis-voltage levels, however, proves 
much more useful to designers: 

Vo Ve 

R2 

Fig I-Solving the usual data-sheet hysteresis-level equations for 
the hysteresis-network component values lets you design such a 
network easily. 

where V CE is the comparator's low output-saturation 
level. 

To design a hysteresis network, choose your desired 
high and low hysteresis levels, V RH and V RL" If either 
level is below ground, VD must be a negative supply; 
otherwise, V c and V 

0 
can be any available positive 

supply. You then choose a suitable value for R1 and 
your desired high output level from the comparator, 
V oH" You can easily calculate the remaining resistor 
values. EDN 

To Vote For This Design, Circle No 748 

Currentntlrrorenhancesil.AC 
Alfred P Neves 
Precision Monolithics Inc, Sanf,a Clara, CA 

By adding a Wilson current mirror to the output of a 
complementary DIA converter, you can extend the con­
verter's application range to include designs that re­
quire that it both sink and source current. The circuit 

EDN February 16, 1989 

in Fig 1 generates ± 2 mA amd maintains linearity 
well within 1 LSB ( ± 2 mA/256=15.6-µA resolution). 

The circuit uses a DAC-08 that's configured for a 
2-mA full-scale output. The circuit functions by invert­
ing the l

00
T output via the Wilson current mirror and 

summing this inverted output with the converter's 
complemented output, lour 
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to 640M pis 200 MS/sec 120 MHz typ . 8 bits 

to 640M pis 100 MS/sec 120 MHz typ. B bits 

to BM pis 5 MS/sec 2.5 MHz 12 bits 4/2/1 
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The full-scale output for the DAC-08, IFS, is a linear 
function of IREF: 

The current-mirror output is IouT - IouT = 1, so if 
IREF = 2 mA, IFs = 1. 922 mA. 

I=2IouT- l.922mA 

=2(INPU~~ODE )2mA-1. 992mA, 

INPUT CODE OUTPUT I (mA) 
FULL RANGE 11111111 + 1.992 
HALF SCALE 10000000 +0.008 
ZERO SCALE 00000000 -1.992 

The Wilson current mirror requires tightly matched 

MSB LSB 

8 
lneF 5k 

5 
VneF u-----.JVV"----1 

DAC-08 

5k 
15 

16 13 

0.1 µF 

r VLc 

- V ":" v ":" 

transistors if it is to mirror current accurately over a 
4-mA range. The MAT-03 matched transistor pair of­
fers low offset voltage between the two transistors 
(100 µ V max). Offset voltage exponentially degrades 
the current mirror's accuracy. D

1 
matches the collector­

ernitter voltage across both Q1 and Q .. r ~·s collector­
emitter voltage remains constant, independently of the 
voltage across the current-source output. This inde­
pendence prevents an increase in offset voltage, be­
cause the collector-base voltages between Q

1 
and ~ 

are different. 
~ buffers ~. providing feedback that raises the 

circuit's output impedance. ~ also improves the cir­
cuit's accuracy by reducing ~·s base-width modulation, 
which occurs when the collector-emitter voltage varies. 
Diodes D

2 
and D

3 
form a Baker clamp, which prevents 

~ from turning off, thereby improving the switching 
performance of the current mirror. EDN 

To Vote For This Design, Circle No 749 

O.Ql µF I 

lour 

lour 

100 
0.1% 

15V 

/ ---------
' MAT-03 
I 
I I a, 11------11 

I 

" ..... 
o, 
1N914 

o, 
1N914 

03 
1N914 

Cc =0.01 µF 
VneF =10.000V 

100 
0.1% 

I 
I , 

2N5401 
a, 

l lour 

-1 

LOAD 

Fig I-Adding a Wilson current mirror w a DIA converter's output adapts the converter w bipolar applications, which require that it both 
source and sink current. 
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Buffer prevents metastability 
Brian Rockermann 
MilUdyne, Raleigh, NC 

The circuit in Fig 1 adds a maximum of 1.5 clock cycles 
of delay to an input signal in return for preventing 
metastability problems. For any clock rate as high as 
4.5 MHz and any input pulse of at least 20-nsec dura­
tion, this circuit will guarantee stable data from IC

2
• 

When the input goes active, IC/s ~ output latches 
the input state asynchronously with respect to the 
clock. Because the first buffer is enabled only when 
the clock is high, the level at node D 

1 
can change only 

outside the setup-and-hold window of flip-flop IC!" 
The circuit requires the Schmitt triggers between 

nodes D 
0 

and D 
1 

in case the first buffer receives a rising 
edge at its input from IC

1 
and a falling edge at its 

. EN input at nearly the same time. In that case, the 
output of the first buffer may not reach full value before 
assuming a high-impedance state. Only if the first 
buffer does reach full value will the Schmitt triggers 
pass the input along to be latched by flip-flop IC

2
• 

When the data-processing system has recorded the 
input's transition, it can activate a reset line to clear 
both flip-flops and return the buffer to its receptive 
state. You should select the value of R so that the 
time constant at the input of the second Schmitt trigger 
exceeds the maximum loop delay of all the gates be­
tween the two flip-flops (if the trigger is CMOS, you 
should select 100 kn). EDN 

To Vote For This Design, Circle No 750 

'12HC74 1!.HC126 '/6HC14 1/ 6HC14 '/2HC74 

Vcc-----40 

IC1 

INPUT u-----4 
R 

Oo 
Ot-----t 

RESET 

R 

o, 
">0---.----1 D 

a, 
IC

2 
01-----u TO SYSTEM 

R 

RESET 

'/4 HC32 
EN 

-..a--------------v CLOCK 

Fig 1-For any clock rate as high as 4.5 MHz and any input pulse of at least 20-nsec duration, this circuit will guarantee a stable, 
metastability-free data input. 

Shunt regulator does two jobs 
James K Koch 
Hewlett-Packard Co, Roseville, CA 

If your main power supply needs some fixed load to 
ensure stable operation, and you also require an auxil­
iary voltage, consider adding a shunt regulator to your 
main output. By doing so, you can accomplish both 

156 

functions with one circuit. 
The circuit in Fig 1 gives an example. In the circuit, 

the 12V buck regulator requires at least a 250-mA load. 
The simple shunt regulator shown will provide a maxi­
mum of 250 mA at 5V as an auxiliary output while 
sinking a constant 250 mA from the main supply. 

Alternative solutions, such as adding another wind-

EDN February 16, 1989 



2.5KHz to 500MHz 250m on0t$199 
POWERFUL up to +23dBm undistorted output 

FLAT within 1dB over the entire band. 2.5KHz to 500MHz 

UNCONDITIONALLY STABLE regardless of load 

DAMAGE-RESISTANT built-in voltage regulator; supply 
voltage 24V, 0.35A 

RUGGED operates from -55 to +85° C, withstands 
shock and vibration, ground equipment 

COMPACT only 3.75 by 1.8 by 2.6 in. 

finding new ways .. 

Packed with these super performance features, 22dB flat gain 
and a typical VSWR of 1.3 to 1, the ZHL-6A amplifier is ideally 
suited for your latest broadband systems designs. And where 
space is critical, its height can be cut in half, to only 0.9 in., by 
removing the heat sink and attaching the unit to your chassis. 

Running tests in your lab or on the production line covering all 
or segments of the 2.5KHz to 500MHz range and need more 
output from sweep or signal generators? It's not necessary to 
purchase and connectjdisconnect an assortment of amplifiers 
when the ZHL-6A does it all. .. at an attractive price of only $199. 

For a super price/performance amplifier, order a ZHL-6A, 
available for immediate delivery with a one-year guarantee. 

setting higher standards 

r;;;1 M ini~i~l~~~.~C!o! 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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DESIGN IDEAS 
ing to the buck regulator's inductor or appending a inherent short-circuit current-limiting ability. EDN 
linear regulator to the main output, would entail shunt-
ing the main output with power-wasting ballast resis-
tors. 

A further advantage of the shunt regulator is its To Vote For This Design, Circle No 747 

BUCK REGULATOR 

SHUNT 
REGULATOR 

28 

..--~~~ ..... ~~~---<1>--~~~~~1 5VDC 
250 mA MAX 

TIP30 

Fig 1-A shunt regulator can replace power-wasting ballast resistors in a switching power supply's main oiltput while providing an 
auxiliary supply voltage. 

Variable-capacitance diode sparks VCO 
Peter Baasch 
Brilel and Kjaer, Naerum, Denmark 

You can transform a 748124 multivibrator into a wide­
band VCO (voltage-controlled oscillator) if you replace 
its conventional fixed capacitor with a variable­
capacitance diode (Fig 1). The only disadvantage of 
this scheme is the 30V biasing voltage that the diode 
requires. 

Capacitors C
1 

and C
2 

couple the Philips BB909A vari­
able-capacitance diode to the 748124. R

1 
and R

2 
are 

large enough to isolate ground and control voltages 
from the timing capacitors. R

3 
and R

4 
form a voltage 

divider for the 748124's control input. EDN 

To Vote For This Design, Circle No 746 
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r 22 nF CERAMIC 
1-----......-~...-~~~~~~~~-.--~~--o sv 

1k 

15 16 11 

OSC OUT 745124 

Fig I-Adding a variable-capacitance diode to the timing cirucit 
of a 748124 transforms it into a wideband VCO. 
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performance generators, backed 
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Waveform Creation Software, lets 
you generate the most complex 
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how easy waveform generation 
can be. 

? • 
Disk Drive Test Signal Your Signal 

LeCroy 
Circle No. 112 for Information Circle No. 113 for Demonstration Innovators in Instrumentation 



160 

DESIGN IDEAS 

Design Entry Blank 
$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1 500 Cash Award for annual Grand Prize Design , 
selected among biweekly winners by vote of editors. 

To: Design Ideas Editor, EON Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 

I hereby submit my Design Ideas entry. 

Name _________________ _ 

Title __________ Phone ____ _ 

Company ________________ _ 

Division (if any) _____________ _ 

Street _________________ _ 

City ________ State __ Zip ___ _ 

Design Title _______________ _ 

Home Address 

Social Security Number __________ _ 
(Must accompany all Design Ideas submitted by US 
authors) 

Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EON , must not be 
patented , and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested . 

Exclusive publ ishing rights remain w ith 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 _________________ _ 

Drue _________________ _ 

ISSUE WINNER 
The w inning Design Idea for the November 10, 1988, 
issue is entit led " Source follower linearizes photodiode," 
submitted by Joseph L Sousa of Hybrid Systems 
(Billerica, MA). 

Your vote determines th is 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 . 
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DA TEL offers 36 different digital panel meters to meet virtually 
any application requirement. Hundreds of thousands of currently 
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performance. Extensive testing and bum-in of each meter along 
with thorough installation notes and expert application support 
are standard with DATEL. 

All units are supplied with a free connector and shipped 
within 48 hours. Contact DA TEL for detailed information. 
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POWER +5 Vdc, 115 Vac, 230 Vac 

FEATURES 4-20 mA In, BCD Out, Ruggedized, Units Display 

INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION 
DA TEL, Inc., 11 Caboi Boulevard, Mansfield, MA 02048 (508) 339-3000 
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DESIGN 
NOTES 

Number 20 in a series from Linear Technology Corporation February, 1989 

Hex Level Shift Shrinks Board Space 
Brian Huffman 

Although simple in concept, interfacing digital levels be­
tween different logic families usually requires many parts 
and appreciable board space. Other applications that require 
some form of level shifting of the output swing have solu­
tions just as complicated. A logic to CMOS analog switch 
(Figure 1) is just one example where a level shift must occur. 
A new device, the LTC1045, solves this and other level shift 
related problems conveniently. The LTC1045 is a hex level 
translator with a linear comparator on the front end. A latch 
and three-state output buffer are at the back. These features 
make it useful in other applications as a hex comparator or in 
interfacing to a data bus. Almost any input and output volt­
age requirements can be accommodated by simply setting 
the level of the appropriate power supply voltages. 

The LTC1045 consists of six high speed comparators with 
output latches and three-state capability (see Figure 2). Each 
comparator's non-inverting input is brought out separately. 
The inverting inputs of comparators 1-4 are tied to VrRIP1 
and 5-6 are tied to Vrn1p2. With these inputs the switching 
point of the comparators can be set anywhere within the 

TTL / CMOS 
INPUT 

(Vcc=5V) 

common-mode range of v- to (V + - 2V). There are four 
power supply pins on the LTC1045: v+, v-, VoH and VoL· v+ 
and v- power the comparator's front end, and VoH and VoL 
power the output drivers. Almost any combination of power 
supply voltages can be used. There are three restrictions: 
VoH must be less than or equal to v+; there must be a mini­
mum differential voltage of 4.5V between V + and v- and 3V 
between VoH and VoL· The maximum voltage between any 
two pins must not exceed the 18V absolute maximum. 

The supply current is programmed with an external resistor. 
The RsET resistor allows trade-offs between speed and 
power consumption. The propagation delay, with the lsET pin 
at v- and a single 5V supply, is typically 100ns with a total 
supply current of 4.5mA. The quiescent current can be 
brought down to 100/LA (15 microamps per comparator) with 
an RsET of 1 M and a propagation delay of only 1.2JLS. In addi­
tion, the lsET pin completely shuts off power and latches the 
translator output voltages. The DISABLE input sets the six 
outputs to a high impedance state allowing the LTC1045 to 
be interfaced to a data bus. 

5V 

- 5V 

±5V 
IN 

L Vss 

±5V 
OUT 

CMOS ANALOG 
SWITCH 
(CD4016 FOR 
EXAMPLE) 

Figure 1. TTL/CMOS Logic Levels to ± SV Analog Switch Driver 



Figure 3 shows a simple way to build a battery powered power supply monitor. The outputs of three power supplies 
RS232 receiver. The input voltage may be driven ± 30V with- are tied to the positive inputs through an appropriate resis­
out adverse effects because the 100k resistor prevents de- tive voltage divider. The divider ratio is set so that the voltage 
vice damage. With a 1 M RsET the hex RS232 line receiver into the comparator equals the reference on the inverting in­
draws only 100µA of quiescent current and has a propagation put when the power supply voltage is at a critical level. 
delay of 1.2µs. Only a single supply is needed for operation. 

Board space can be saved by using the LTC1045 level transla­
tor as a hex comparator - even though both comparator in­
puts are not available. Figure 4 shows the LTC1045 used as a 

-8k0 

LATCH 
ENABLE 

Figure 2. LTC1045 Block Diagram 

Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7487 • (408) 432-1oo:J 
FAX: (408) 434-0507 •TELEX: 4w.3977 

I 
I 
I 
I 

Voc _J 
111 ) 

5V 

Figure 3. RS232 Receiver 
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IN2 OUT2 Vee>5 5 

IN3 OUT3 VA>13.5 

IN4 OUT4 VA>165 

IN5 OUT5 Vs>-135 

IN6 OUT6 Vs> -16.5 

VTRIP2 DIS -15V 

Vrn1P1 lsET 10k 

v- Vol ±5% 

-=-
-5V 
±1% 

20k 
2.4k 
±5% 

-2.5V -=-
LT1009CZ 20k 

ALL RESISTORS= ± 1 % EXCEPT AS NOTEO 

Figure 4. Power Supply Monitor 

For literature on the LTC1045, call 800·637·5545. 
For applications help, call (408} 432-1900, Ext. 361. 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

DC/DC CONVERTER 
• Provides a 15W output 
• Has 80% min efficiency 
The Model 12S5.3000XC accepts 
any input from 9 to 27V de and pro­
vides an output of 5V at 3A. The 
converter offers a 0.2% line and 
load regulation, 30-m V p-p output 
noise, 80% min efficiency at 20% full 
load, 0.3% per 1000-hours long-term 
stability, 500V de input-to-output 
isolation, and a - 25 to 80°C operat­
ing range. The converter's design 
provides a minimum of eight hours 
of short-circuit protection. When 
the case temperature exceeds speci­
fied limits, an internal thermal-limit 
switch shuts down the unit; the con­
verter automatically restarts when 
the temperature returns to normal. 
Filter circuits provide conducted 
noise protection, and the 6-side, 

CONNECTOR/FILTER 
• Features a 6A rating 
• Combines three front-panel com-

ponents 
The Model FCA6-PS2 EMI filter 
combines three front-panel compo­
nents in a single package-an IEC 
power-entry receptacle, a fuse, and 
an on/off power switch. A snap-in 
mounting scheme provides a posi­
tive bond to the host panel and re­
quires no screws or brackets. The 
device has a 6A/115/230V ac power 
rating. Leakage-current figures 
(line-to-ground) are 0.25 mA max 
at 115V and 0.5 mA at 230V. The 
filter's test voltages for line-to­
ground and line-to-line are 2250 and 
1450V de, respectively. The unit 
meets international safety stan-

EDN February 16, 1989 

shielded case provides RFI protec­
tion. $120. 

Calex Mfg Co Inc, 3355 Vincent 

<lards, including UL, CSA, VDE, 
and TUV. $9 (1000). Delivery, stock 
to eight weeks ARO. 

Stanford Applied Engineering, 
3520 De La Cruz Blvd, Santa Clara, 
CA 95054. Phone (408) 988-0700. 
FAX 408-727-6430. 

Circle No 401 

IC STORAGE ALBUMS 
• Have crushproof and dust-tight 

packages 
• Hold as many as 30 !Cs 
The ChipCarry and ChipPocket 
storage albums have crushproof and 
dust-tight packages, which feature 
a snap-fastened closure mechanism. 
The 5 x 6-in. ChipCarry stores fam-

Rd, Pleasant Hill, CA 94523. Phone 
(415) 932-3911. FAX 415-932-6017. 

Circle No 400 

ily sets of ICs. It will hold more 
than 30 24-pin DIP devices in any 
orientation. The ChipPocket, meas­
uring 3 x 5 in. , fits in your shirt 
pocket. It can hold as many as six 
24-pin DIPs. Both albums come 
with a supply of self-adhesive IC 
labels. ChipCartry, $12. 95; Chip­
Pocket, $6. 95. 

iTOI Enterprises Co, Box 59, 
Newton Highlands, MA 02161. 
Phone (617) 332-1010. 

Circle No 402 

POWER CONVERTER 
• Designed to power AP Ds 
• Offers stability of 0.02% per 

°C min 
The Model APDS-HEl is designed 
to bias low-voltage avalanche photo 
diodes (APDs). The unit has a 50% 
min efficiency and draws < 1 mA 
from a 5V de source when driving 
a 20 µA/110V load. Stability is bet­
ter than 0.02% per °C over a 0 to 
50°C operating range. Ripple and 
noise measure < 1 mV p-p. Stan-
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COMPONENTS & POWER SUPPLIES 

<lard features include remote on/off 
control, voltage and resistance pro­
grammability, and permanent 
short-circuit protection. The con­
verter is available in a variety of 
package styles. Conformally coated 
version , $49 (10,000). Delivery, 
eight to thirteen weeks ARO. 

Wautec Inc, Box 3495, Santa 
Barbara, CA 93130. Phone (805) 
688-3295. 

Circle No 403 

SWITCHES 
• Control 10A loads 
• Feature a sealed design 
Series B5 snap-action switches con­
trol loads as high as lOA. Con­
structed in accordance with MIL-S-
8805, the switches are available in 
both military and commercial 
grades. A variety of switch contact 
configurations are available: spst 
NO, spst NC, double-break, spst 
double-break form Z, 2-circuit, and 
spdt form C single break. The elec­
trical life for a full-resistive load is 
projected at 100,000 cycles. The 
bright-acid, tin-plated terminals are 
sealed to prevent solder-flux entry. 
You have a choice of terminals, in­
cluding solder, taper tabs that mate 
with AMP 78 receptacles; 0.110-in., 
quick-connect tabs that mate with 
AMP 110 receptacles; and pc-type 
pins. From $3.45 (1000). Delivery, 
stock to six weeks ARO. 

Otto Controls, 2 E Main St, Car­
penterville, IL 60110. Phone (312) 
428-7171. FAX 312-428-1956. 

Circle No 404 

KEYPADS 
• Have a 5 x 106 operation life 
• Feature gold-plated contacts 
The 1 x 4-position keypads in the 
KNM20 and KNM30 Series key­
boards can function in harsh envi­
ronments; they can, for example, 
operate under 3 ft of water. Both 
the flush- or raised-key styles meet 
the high-reliability standards of the 
European IP67 document. The pads 
feature a springless, magnetic re-
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turn mechanism; dual, gold-plated 
contacts; tactile feedback; and a 
5 x 106 operation life per button. A 
variety of keytops and accessories 
for either front- or rear-mounting 
are available. The keypads are also 
available in 3 x 4- and 4 x 4-position 
versions. Including keytops and 
mounting hardware, $29 (100). 

Interswitch, 770 Airport Blvd, 
Burlingame, CA 94010. Phone (415) 
347-8217. TWX 910-374-2353. 

Circle No 405 

OPTICAL LINKS 
• Feature a 1-MHz bandwidth 
• Operate in two modes 
The transmitters and receivers in 
the 6720 Series provide point-to­
point transmission of de to 1-MHz 
analog signals. The units provide 
flexibility in both signal accommo­
dation and mounting. Using the 
rear panel switch settings, you can 
independently set the full-scale in­
put and output ranges to ± 1, ± 5, 
and ± lOV. Offset and gain adjust­
ment controls are also mounted on 
the rear panel. Transmitters are 
available with both single-ended 
and differential input configura­
tions. The units are housed in 
31

/ 2 x 31
/ 2 x 6-in., 1

/ 4 DIN aluminum 
cases. The links come with front-

panel BNC and ST-type connectors 
for signal and optical cables, respec­
tively. An LED indicator signals 
when the devices are functioning 
properly. Receivers, $525; trans­
mitters, $542. 

Dymec Inc, 8 Lowell Ave, Win­
chester, MA 01890. Phone (617) 
729-7870. TWX 710-348-6596. 

Circle No 406 

SIGNAL CONDITIONERS 
• Employ a dedicated microcon-

troller 
• Have a 19k-baud data rate 
Each 6B Series module includes 
both a dedicated microcontroller 
and nonvolatile memory for con­
verting and interfacing signals from 
thermocouples and RTDs, as well 
as low- and high-level analog in­
puts. The board communicates with 
the host system via an RS-232C/485 
serial format. The modules mount 
on 1-, 4-, or 16-channel backplanes, 
which provide the RS-232/485 inter­
face capability. You can connect as 
many as 256 modules to a single se­
rial-communications 110 port. The 
maximum rate for 15-bit conver­
sions is 9 samples/sec, and the com­
munications rate is as high as 19.2k­
baud. Three input modules are 
available: the 6Bll for thermocou­
ple, voltage, and current inputs; the 
6B12 for voltage and current inputs; 
and the 6B13 for platinum, nickel, 
and copper RTDs. The modules op­
erate from 5V supplies. $140 (100); 
16-channel backplane, $290. Deliv­
ery, four to six weeks ARO. 

Analog Devices Inc, Literature 
Center, 70 Shawmut Rd, Canton, 
MA 02021. Phone (617) 329-4700. 

Circle No 407 
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When size and speed matter, 
Look to Seagate's 
3.5'' ST157 Family 

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

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

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

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

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

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

c5S)> Seagate 
The first name in dise dril'es 
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SHUNT JUMPERS 
• Employ a gold-plated contact 
• Available in three versions 
The Series CSS-101 header shunts 
provide dual-point position shorting 
of .025-in. square pins on 0.1-in. 
mounting centers. They are avail­
able in three styles : closed-top 
(CSS-101-01), open-top (CSS-101-
02), and subminiature (CSS-101-03). 

All three units feature side-to-side 
and end-to-end stacking capabilities 
on the 0.1-in. grid pattern. They 
employ a gold-plated , phosphor 
bronze contact, which mates on two 
sides of each header post. The hous­
ings are 30% glass-filled thermo­
plastic, which has a UL 94 V-0 rat­
ing. $0.03 to $0.05, depending on 
quantity. 

Components Corp, 6 Kinsey Pl, 
Denville, NJ 07834. Phone (201) 
627-0290. FAX 201-361-5801. 

Circle No 408 

CONTROLLERS 
• Housed in 114 DIN packages 
• Offer a choice of control options 
Series 480 temperature controllers 
are housed in 1

/ 4 DIN packages to 
facilitate mounting in existing con­
trol panels. The controllers include 
a choice of on/off, proportional, or 
3-mode control action. They also of­
fer simple front-panel tuning and a 

' ... ... , ... 
3mt! 

~ 

choice of two outputs--€ither 7 A 
spdt relay or 12V de pulse. An op­
tional 4- to 20-mA output is avail­
able on the Model 484 if you need 
a continuous output. Analog a.nd 
digital models feature an LED out­
put-status indicator and a pushbut­
ton set-point switch or analog ad­
justment dial, which gives you the 
control status. The controllers ac­
cept inputs from thermocouple or 
RTD sensors. From $99 to $269. 

Extech Instruments Corp, 150 
Bear Hill Rd, Waltham, MA 02154. 
Phone (617) 890-7440. 

Circle No 409 

A POWERFUL ARGUMENT. 
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OTHER POWER SUPPLIES CAN'T. CANDELA CAN. 
Candela HYO power supplies offer impor­
tant advantages to OEM's. 

Whatever your high voltage pulse power 
requirement, a Candela HYO power sup­
ply will improve both performance and re­
liability. A full line of standard and custom 
products is available. For more information 
contact Candela, the leader in dye lasers 
and capacitor charging power supplies. 0 GWJELA 

Candela Laser Corporation, Wayland, MA Telephone (800) 255-1287 Dept. 205 or in MA (508) 358-7637 
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Unitrode announces a new generation of 
Ultra-fast Rectifiers, with voltage rating to 

1000V and recovery times of less than 
JO nanoseconds. It's called the 

J.f Vf1P6'Series. 
High voltage, high frequency 

power supply performance will 
never be the same again. 

HV Plus advantages include 
unique high voltage, very fast 
recovery characteristics, very 
low leakage at high temper­
ature, 8pf capacitance, and an 
array of other features that just 
weren't available until now. 

Just look al these sample specs: 

Part Voltage trr 
Number 

1N6622 600V 30nS 

1N6623 800V 50nS 

1N6625 1000V 50nS 

1N6628 600V 30nS 
1N6629 800V 50nS 
1N6631 1000V 50nS 

CJ IR @ 
150°C 

8pf 200µA 

8pf 200µA 

8pf 200µA 

30pf 500µA 
30pf 500µA 
30pf 500µA 

Output 
Current 

2.0A 

1.5A 

1.5A 

4.0A 
3.0A 

3.0A 

HV Plus allows you to do things 
you've never been able to do 
before. You'll find improved per­
formance in difficult applica­
tions: for example, using an HV 
Plus as a clamp diode to protect 
high voltage power mosfets, or 
using them as output rectifiers 
for high frequency converters. 

HV Plus data sheets are available now. Call or write today for your 
copy. Your competition will . 

HV Plus is available in both 
high-rel and industrial versions, 
in two axial leaded body sizes, 
with 2.0 amp and 4.0 amp 
ratings. Prices are reasonable 
and performance is unmatched. 

EDN February 16, 1989 

Highest voltage + fastest recovery = J..IVffph . 

n n SEMICONDUCTOR 
~ PRODUCTS 

-UNITRODE 

CIRCLE NO 86 

580 Pleasant Street 
Watertown , MA 02172 
(617) 926-0404 
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COMPONENTS & POWER SUPPLIES 

POWER SUPPLIES 
• Accept any inpu t from 85 to 

264V ac 
• Deliver a 350W outpu t 
The NFS350 Series open-frame 
switchers accept any input voltage 
from 85 to 264V ac without the need 
for jumper wires or a switch. The 
NFS350-7625 model has outputs of 
5.1, ± 12, and a floating output that 

168 

Design Your 
ASIC Today, 

Get Prototypes 
Back Tomorrow 

The Lasarray ASIC 
Center's silicon compiler 

workstation opens up 
the world of ASIC 
design to every system 
designer. After you've 
completed the design 

(typically one to two 
weeks), you're only one 

or two days away from 
packaged, tested CMOS 

arrays using Lasarray's new, 
proven fabrication process. 

Lasarray's integrated ASIC design and fabrication 
capabilities make it so efficient, we'll build your first 
six prototypes free with the purchase of a compiler 
workstation. Call the Lasarray ASIC Center at (714) 
979-3112 for details. 

,.Lasarra.14~A-;;-;s1=-c =-ce-m-er----~-
31s4-H Airway Avenue 
Costa Mesa, CA 92626 
(714) 979-3112 

CIRCLE NO 11 

· you can adjust from 41/2 to 161/2V 
and reference as either positive or 
negative. A second model, the 
NFS350-7626, offers outputs of 5.1, 
± 12, and a floating output that you 
can adjust from 15 to 30V and refer­
ence as either positive or negative. 
Total output power at an ambient 
temperature of 50°C is 350W with 
forced-air cooling of 30 cfm. The 
supplies' typical efficiency is 70%. 
The NFS350 Series supplies are 
UL-, CSA-, and VDE-approved, 
and their built-in line filter reduces 
conducted noise below FCC limit B 
and VDE limit A. $319 (100). 

Computer Products/Boschert , 
3797 Spinnaker Ct, Fremont, CA 
94538. Phone (415) 657-6700. 

Circle No 410 

PC-BOARD RELAYS 
• Switch loads ranging to 1 OA 
• Have 100,000-operation min lif e 
T73 Series pc-board relays are 
housed in sealed plastic cases and 
are available with various contact 
materials. All models have a 
100,000-operation lifetime. Bifur­
cated gold-overlay silver palladium 
contacts are rated for lA at 30V 
dc/120V ac and are available in spst­
NO and spdt arrangements. Single­
button gold-overlay silver nickel 
contacts are rated for 5A at the 
same voltages. Single-button silver 
tin contacts are rated for lOA at 
24V dc/120V ac and are available 
only in spst arrangements. Coil­
voltage ratings range from 3 to 48V 
de. Nominal coil power dissipation 
equals 450 mW for most models. 
From $1.44 (5000). Delivery, stock 
to 10 weeks ARO. 

Potter & Brumfield Inc, 200 S 
Richland Creek Dr, Princeton, IN 
47671. Phone (812) 386-1000. 

Circle No 411 
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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 AT&T System Vand 4.2 BSD. 

Scientists, engineers, systems integrators, 
and OEMs can choose from a family of 
MC68030/020-based multiprocessor 
computers, from 3 to 25 MIPS, with VMEbusTM 
and Multibus.™ They're designed for high­
performance applications in data acquisition, 
digital signal processing, imaging, C3I, 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? 

ConcuITen!Ef!f!J 
Computer Corporation 

UNIX Is a trademark of AT&T Bell labs. 
MA SSCOMP and RTU are trademarks of Concurrent Computer Corporation. 

VMEbus is a trademark of Motorola Corporation. Multibus is a trademark of Intel Corporatio'1 . 

CIRCLE NO 56 

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

Get in tune with the best real-time systems 
available. 
1-800-451-1824 
{MA 508-692-6200) 

Send this coupon to Co11c11rrent Computer Corp., Dept. I-MF 
One Technology Way, Westford, MA 01886 

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

D Send me infonnation on MASS COMP real-time 
computer systems. 

NAME _______________ _ 

TITLE _______________ _ 

COMPANY _______________ _ 

ADDRESS _______________ _ 

CITY _______ SU.TE ___ ZIP ___ _ 

PHONE _______________ _ 

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

EDN021689 



COMPONENTS & POWER SUPPLIES 

Base 

POWER DARLINGTON 
• Uses an active clamp 
• Compatible with logic-level 

drives 
The MJE5420Z 8A power Darling­
ton transistor incorporates an ac­
tive 25V clamp, which provides pro­
tection from voltage transients. The 
unit can be driven by CMOS or 
LSTTL level signals. The device is 
composed of a planar zener diode, 
an epi-collector npn Darlington out­
put device, a driver transistor, and 
a resistive divider network. The 
planar zener diode is the control ele­
ment for the clamp and includes a 

• temperature compensation circuit, 
providing a 6-m V /°C thermal coeffi­
cient over the full - 40 to + 150°C 
operating range. The output Dar­
lington has a l.5V max V CE(sat) at 
25°C and at a forced gain of 800. Its 
leakage current is only 10 µA. $0.95 
(1000). Delivery, stock to six weeks . 
ARO. 

Motorola Inc, 5005 E McDowell 
Rd, Phoenix, AZ 85008. Phone 
(602) 244-4912. 

Circle No 412 

ENCLOSURE 
• Supports four disk drives 
• Includes five p9wer supplies 
The SA-H188 rack-mount expan­
sion chassis can support four 5%-in. 
removable Winchester disk drives. 
The drives mount on a bracket 
that's compatible with DEC's drive­
mounting shoe and that slides easily 
in and out of the chassis. The unit 
includes a front console that fea-

Open Frame Monitors 
Made In The U.S.A. 
Having a well-earned reputation for qual ity 
des igned components, Kristel Corporation 
produces high resolution monitors. They 
are manufactured in the U.S.A. to clearly 
display everything from alphanumerics to 
complex graph ics. 
Screen sizes are availab le from 5 to 19 
inches for va rious industrial OEM 
app li cations. These monitors operate 
with in horizontal scan ning rates of 15.0 to 
64.0 KHz, with cen ter reso lutions ranging 
from 650 to 1200 l ines. 

See for yourself what Kri stel has to offer in 
open frame chass is or kit monitors. Then 5 .am 
check us out for up-front consultation and 
back-up support. 

Ill Send fm Kdstel's Sho•l-Fo•m Catalog 

tures Write-protect and Ready 
switches and LEDs for each drive. 
It also includes a controller I/O 
panel that eases the cabling task to 
an ESDI or SCSI disk controller. 
The chassis contains five 52W 
power modules. Each module pow­
ers one of the four drives. The fifth 
module powers the fans and other 
chassis functions. You can replace 
any power module without affecting 
the operation of the other drives in 
the chassis. $1270. 

Sigma Information Systems, 
3401 E LaPalma Ave, Anaheim, CA 
92806. Phone (714) 630-6553. FAX 
714-630-5417. TLX 298607. 

Circle No 413 

7 inch 

!X~O§l§@O®corporation 833 Industrial Drive, West Chicago, IL 60185 • (312) 293-0850 
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Versatility is essential when you need fast deliv­
ery of liquid-crystal displays that meet your 
exact specifications. 

a wide selection of standard and custom designs in 
sizes ranging from a few to over 600 
square centimeters. 

That's why at Philips, we developed quick 
reflexes along with our LCD production 
strength. Today, we can respond to your need 
for virtually any LCD cells or complete mod­ LTA 

As the need for LCDs to display text and 
graphics evolves, our engineers respond 
with custom patterns, 7-segment digits, 

-'--.... ..,. dot matrices, bar graphs, pointers, sym­
ules more efficiently than anyone else 
in the world. 

LCDs are the fastest growing 
display technology for automobiles, 
instrumentation, computers and 
communications. So we offer them in 

Amperex® 
OPTOELECTRONIC PRODUCTS GROUP 

PHILIPS CIRCLE NO 130 e 
bols, fixed text, positive or negative 
imaging, illumination modes and 
other sophisticated configura­
tions. Just call or write us for a jump 
on delivery and your copy of the 
Philips LCD brochure. 

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 1MB (416) 292-5161 
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DC/DC CONVERTER 
• Provides isolated 5 and 40V out­

puts 
< • Powers ISDN interfaces from the 

ISDN U-bus line voltage 
Suitable for use in ISDN equip­
ment, the 48 ITS 1-05-40-T de/de 
converter allows you to generate 
the 40V required for the ISDN S­
bus, and the 5V supply required by 
interface logic, from the voltage on 
the ISDN U-bus. The converter's 
isolated 5V and 40V outputs can de­
liver an output power of 1 W, and 
you can adjust the 40V output to 
provide higher or lower voltages if 
required. The units achieve a typi­
cal efficiency of 80% over their en­
tire input voltage range and require 
no derating over their operating 
temperature range of - 25 to 
+ 71°C. They are packaged in pc­
board 40-pin DIP cases. SFr 85 
(100). 

Melcher AG, Ackerstrasse 56, 
8610 Uster, Switzerland. Phone (01) 

Transputer 
Starter Kits 

944-8111. TLX 828554. FAX 01-
940-9858. 

Circle No 414 
Melcher Inc, 10 Cochituate St, 

Natick, MA 01760. Phone (508) 653-
9979. FAX 508-655-7984. 

Circle No 415 

MOTION CONTROLLER 
• Suits electromechanical and hy­

draulic servo-controlled systems 
• Incorporates ramp-rate and set­

point controls 
The AMClO single-board motion 
controller contains all the electron-

MAGii 
• High performance, inexpensive Parallel Processing 
• System family with 25 transputer modules 
• Flexible interfaces for VME, Q-bus, SUN, SCSI, Graphics, Video 1/0, 

Parallel 1/0 , etc. 
• Price includes "C" compiler 

CIRCLE NO 15 
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ics required to operate most single­
channel; closed-loop, servo-con­
trolled systems that incorporate 
analog transducers for feedback ele­
ments. The board provides a pro­
portional-integral-differential (PID) 
controller that is suitable for use 
with hydraulic or electromechanical 
systems in which the controller has 
to cope with nonlinear stick/slip 
characteristics, variable stiffness, 
and residual load forces. To control 
the system's rate of change and fi­
nal setpoint, you can use either a 
direct input from a feedback 
transducer or an onboard ramp gen­
erator. You use the enable line to 
ramp the output towards or away 
from the setpoint. You can also ad­
just each of the PID values, as well 
as the frequency and amplitude of 
a dither signal. Using a single resis­
tor, you can program a current limit 
for the board's constant current out­
put. The board has onboard excita­
tion supplies for feedback transduc-

PARACOM INC. 
Building 9, Unit 60 
245 West Roosevelt Road 
West Chicago, IL 60185 

Phone (312) 293-9500 
FAX (312) 231 -0345 
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Why our button makes 
the t>etter ~ chargeable. 

Today, Varta leads the world in making cells 
for the smaller NiCd batteries. The reason lies in understand­
ing the two ways cells are made. One is Varta's original 
development: the mass-plate NiCd button cell. Its electrodes 
are thick, solid masses with small surface areas. Result: a 
very low self-discharge which provides up to four times 
longer stand-by life and reduced charging current. 

In the other cells, the long, thin, sintered electrodes, which 
are wrapped around in a cylindrical shape, have a large 
surface area. Result: cylindrical cells with an inherently fast 
self-discharge. Most of these NiCd batteries have a useful 
stand-by life of less than 3 months and, in use, require more 
frequent charging with "heavier" charging current. 

Better operational characteristics. Mass-plate construction 
results in NiCd batteries with no " memory" effect, so they 
can be trickle-charged long-term without reduction in effec­
tive capacity. They have a longer, 1000-cyc le life, according 
to IEC 509. And they can be stored in any state of charge 

0123456 1 a 9 10 11 12 
StorcJS~ time t (months) ~ 

for over five years 
without significant 
performance loss. 

Safer, tougher. 
Mass-plate design 
protects against over­
charge and/or over­
discharge. tv\ass-plate 

Electrodes in mass-plate button cells have far less surface 
area, so self-discharge is far less, st.and-by life is up to four 
times longer, and charging requirements are much smaller. 

cells perform better under vibration, as shown by MIL STD 
810C. Key cell sizes are UL-recognized . They can be wave­
soldered for up to 10 seconds in a fully charged state. 

More sizes and types for any application. Mass-plate 
cells range from 4 mAh (world's smallest) to 1000 mAh. 
Taking up to 40% less space, batteries are available flat 
or stacked with all types of connections. Safetronic and 
Mempac batteries are pin-equipped for easy plug-in. 

New "high-temperature" types. The Varta DKT Series can 
be charged, discharged and stored in temperatures up to 
65°C, allowing operation about 15°( higher than before. 

Most cost-effective. Despite all their advantages, Varta mass­
plate button cells and batteries are competitively priced . 

For applications above 1000 mAh, Varta also offers a com­
plete line of NiCd cells and batteries. For information, 
please ca l I 1-800-431-2504, Ext. 260, or write below. 

~~ R~~ 
VAP:rA Batteries, Inc., 300 Executive Blvd., Elmsford, NY 10523, USA, Tel. 1-800-431-2504, Ext. 260 
VAKrA Batterie AG, Am Leineufer 51, D-3000 Hannover 21, West Gennany, Tel. ( 49) 0511/ 79031 
VAKrA Batteries Pte Ltd., 1646 Bedok North P.O. Box 55, Singapore 9146, Tel. (65) 241 -2633 
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Mini LCDs 
Maximize Space. 

..,. Small, intelligent alphanumeric 
display modules in two formats -
2x40 and 4x20 

..,. Small footprint - 2x40 is 
149.4x27.0mm - 4x20 
is 77.0x47.0mm 

..,. Intelligent, ASCII-based 
parallel bus input 

..,. Electroluminescent or LED backlighting available 

..,. Low power +svoc operation 

..,. Choice of top or bottom viewing angles 

..,. RS232 input optional 

CC DENSITRON CORPORATION 
2540 West 237th Sl, Torrance, CA 90505 •(213) 530-3530 
FAX: G2/G3: 213-534-8419 •TELEX II : 910-349-6200 •Europe/UK: (0959) 76600 

CIRCLE NO 13 

Lool<lng for a 
job doesn't have 

to be one. 
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EDN's Career Opportunities 
section keeps you informed 

of current job openings 
from coast-to-coast 

COMPONENTS 
& POWER SUPPLIES 

ers, and separate gain and null ad­
justments for the feedback signal. 
The AMClO is housed on a 
100 x 160-mm, Eurocard pc board . 
£295. 

Saco) Powerline Ltd, Commer­
cial Rd , Totton, Southampton 804 
3ZQ, UK. Phone (0703) 860101. 
FAX 0703-872757. 

Circle No 416 

HEAT SINK 
• Designed for T0-220 packages 
• Cuts assembly costs 
The Model 5342 clip-on heat sink is 
designed for use with T0-220 semi­
conductor packages. It cuts assem­
bly costs because the transistor can 
be mounted firmly into position, us­
ing the spring clip instead of the 
traditional nut and bolt. The spring 
clip eliminates the problem of gaps 
that occur when threaded fasteners 
holding the heat sink to the transis­
tor are torqued too tightly. The 
spring clip applies even pressure to 
provide a uniform package to the 
heat-sink interface. The heat sink 
is designed for vertical mounting 
and features two solderable tabs. 
The 1.18-in. high device has a 16° 
C!W thermal resistance under natu­
ral convection with a 3W load . 
$0.426 (1000). 

Aavid Engineering Inc, Box 400, 
Laconia, NH 03247. Phone (603) 
528-3400. FAX 603-528-1478. 

Circle No 417 
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Avantek Offers Both GaAs & 
Silicon Wideband MMIC 
Amplifiers 
Now, both GaAs and silicon MM IC ampli­
fiers covering the frequency range from 
DC to 18.0 GHz, are available from one 
reliable source ... Avantek. Avantek's GaAs 
and silicon MMICs offer outstanding broad­
band amplifier performance, providing 
inc reased circuit density, and reduced 
system complexity. They are ideal solu­
tions to your system performance and 
cost goals. 

Performance Options to Meet 
Your Design Needs 
Avantek's MMIC amplifiers are available 
with a wide spectrum of performance 
options to satisfy nearly every design need. 
These easy to use MMIC amplifiers provide 
premium performance and reliability. They 
are available with a range of chip to her­
metic package options for use in the 
most demanding industrial and military 
applications. 

EDN February 16, 1989 

'fypical MMIC Perfonnance 

Model Test Gain Noise pl dB 
frequency (dB) figure (dBm) 
(GHz) (dB) 

INA-02170 0.5 31.0 1.9 11.0 
MSA-1120 0.5 12 .0 3.5 18.0 
MSA-I023 1.0 9.0 27.0 
MSA-09IO 2.0 8.0 6.0 11.0 
MGA-62IOO 4.0 14.0 2.5 12.0 
MGA-65IOO 14.0 IO.O 24.0 
MGA-61000 18.0 6.0 6.5 14.0 

Gain 

.1 .5 1 2 4 8 12 16 20 
FREQUENCY , GHz 
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GaAs and Silicon MMICs ... 
Distributor Direct 
Each year Avantek produces more than ten 
million high performance, high frequency 
MMICs. So you can be assured the MMICs 
you need, in packaged and chip form, 
will be available to support your volume 
production needs. And, these MMICs are 
in stock at your local Avantek distributor 
for immediate delivery. For additional infor­
mation, or the name and address of your 
local distributor, contact the regional sales 
office nearest you. 

Regional Sales Offices 

North American 
Eastern: (301) 381-2600 

( 312) 358-8963 
(805) 373-3870 
( 44) 276-685753 

Central: 
Western : 

European 

MMIC Technology Leadership 

0 AVANTEK 
175 



The new Robinson Nugent PAK-50™ 
interconnect system replaces existing 100-MIL 
spacing with 50-MIL spacing, doubling your PC 
board connector density. You can now reduce 
the cost of your systems with smaller PC boards 
without decreasing 1/0- or add more 1/0 
without increasing board size. 

RN PAK-50™ incorporates a dynamic 
contact interface, the male and the female 
contacts simultaneously deflect. This dynamic 
movement facilitates a high density/high pin 
count interconnect system with low insertion/ 
withdrawal forces, low contact resistance, high 
normal forces, and high wear resistance. 

Investigate this cost saving, high reliability 
interconnect system today. The RN PAK-50™ 
system includes 2-piece PCB connectors, IDC 
flat cable connectors, and laminated or discrete 
wire 1/0 connectors-all in micro-miniaturized 
50-MIL configurations. 

Robinson 

This is the complete RN-PAK-SO™ Interconnect System: 
1. 2-pc. IDC cable con­

nectors-50-MIL cable 
assures compatibility 
between .050" and 
100" center technology. 

2. 2-pc. horizontally mated 
connectors. 

3. Right angle board 
mount 1/0 connector. 

4. 2-pc. vertically mated 
connectors. 

5. Discrete or laminated 
wire 1/0 connector with 
EM I shielded back shell. 
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THE RN PAK-50™ 
redundant ribbon 
contact is the key to 
the high reliability of the 
PAK-50™ interconnect 
system, providing a low 
20 gram insertion force with 
high 100 gram minimum 
normal forces. As the RN 
PAK-50™ connectors are 
mated , the two straight 
beam contacts mate in 
the axial direction of the 
contacts. Both contact sur­
faces move together when 
mated so contact surfaces 
work together, not against 
each other. Because 
contacts are shrouded, 
they are protected from 
misalignment and pin 
damage is minimized. 

Write today for 
specifications and 
test data on the 
new RN-PAK-50™ 
micro-miniaturized 
connector system. 

First stage mating- Smoothly curved 
tips of each contact meet and slide over 
each other's surface. 

CIRCLE NO 104 

"The RN 'P/O TEAM ' con­
ceptbringsallofourdesign, 
engineering and produc­
tion skills to bear on your 
unique socket/connector 
problems. We work closely 
with your people to create 
solutions that are delivered 
on-time and defect-free. 
You have my personal 
guarantee on it." 

R. A. Lindenmuth 
President/CEO 

Write or call today for the com­
prehensive new brochure: "The RN 
PIO Team in Action·: You'll learn 
how smart companies are putting 
the brains, resources and experi ­
ence of RN engineers to work to 
solve tough interconnection prob­
lems with speed and efficiency. 
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[J@The RN "P/Q TEAM" ... your Partners in Quality 
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World's biggest selection 
of little power supplies 

and Acopian ships them in only 3 days! 
Single output power supplies with outputs from 1 to 
75 Vdc, to 2.5 amps. Dual supplies with tracking ± 12 
or ± 15 volt outputs, to 500 mA/output. Other duals 
with any combination of 30 output ratings from 1 to 
28 volts (or two outputs of the same rating). Even triple 
output supplies providing ± 12 or ± 15 volt tracking 
outputs and your choice for the third output. All have 
short circuit protection and are UL Recognized. 

DC-DC converters operate on inputs of 5 to 48 volts, 
and provide single outputs of 5 to 28 volts, to 
1.25 amps. Dual output models have tracking ± 10, 

± 12, ± 15 and ± 18 volt outputs, to 300 mA/output. 
All have 100 megohms input/output isolation, and are 
electrostatically shielded on all sides. 

All are available in board-mountable form. Most 
supplies are alternately available with screw terminals 
and provision for chassis mounting. 

For detailed specs, drawings and prices, ASK FOR 
OUR 52-PAGE CATALOG. You'll remember our 3-day 
shipment promise when you receive your order with 
this reminder ... 

P.O. Box 638, Easton, PA 18044 
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Call (800) 523·9478 (Except from PA) 
P.O. Box 2109, Melbourne, FL 32902 
Call (800) 327·6817 (Except from FL) 
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68020 EMUIATION 
NOW AT 25MHz. 

80C186! C188-16MHz 

II 

Applied Microsystems has raised 
speed limits on the best real-time, trans­
parent emulation you can get. 

So now emulating faster moving 
targets is getting easier. 

But the powerful edge you get with 
Applied Microsystems is built on more 
than speed. Applied Microsystems pro­
vides the most comprehensive solution in 
the industry. You get an easy user inter­
face, full-width trace, multi-condition 
break points, cross triggering, source level 
debugging and 2 Mbytes of RAM overlay. 

Applied Microsystems emulators are 
controlled from the host you normally 
work on. Your target system runs exactly 
as if its microprocessor were in place. And 
you have the option of SCSI, the industry 

standard high-speed bus that transfers 
data at up to 1.5 Mbytes per second. 

Nobody offers more performance 
or a quicker way to develop and integrate 
evezything from microcontroller designs 
to 8-, 16- and 32-bit systems. You can also 
expect the back-up you need from our 
international network of applications engi­
neers who provide the support to meet 
your project objectives. 

For a demonstration, write Applied 
Microsystems Corporation, P. 0. Box 
97002, Redmond, Washington USA 
98073-9702. Or call (800) 426-3925. 
In Washington, call (206) 882-2000. 

11 11111111 

Applied Microsystems Corporation 

In Europe contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, Aylesbury, Bucks, HP22 6EP. United Kingdom. Telephone 44-(0)-296-625462. FAX 4410)-296-623460. 
In Japan, contact Applied Microsystems Japan Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda, Shinagawa-KU, Tokyo Tl41. Japan. Telephone 03-493-0770. FAX 03-493-7270. AMC 247 
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Now There's No Compromise Between 
Functionality And Integration With Our Complete 
IC Logic, Layout, And Analysis Toolset. 

It's an uncompromised, netlist-driven toolset 
putting you in the driver's seat to faster IC design times. 
We've combined the industry's most powerful circuit 
design and analysis tools, with the most widely used 
layout tools. 

That means complete integration between tools, as 
well as between your design and engineering teams. 
And it all runs in your networked EDA environment­
whether you work on a Sun, Digital, or any other 
popular platform. So you can combine Valid' s high­
performance tools with any of your existing tools to 
extend and protect your investment. 

The result is increased productivity, and the 
certainty of winning the race to market. 
182 

The High- Performance Valid Toolset. 
Logic design begins with Valid GED~ an easy-to­

use schematic capture system that accelerates design 
entry. It lets you graphically express designs at any level 
of hierarchy including block diagrams and flat 
schematics. Captured designs can be graphically 
verified with Advantage™ using the same procedures, 
terminology, and symbols as traditional workbench 
methods to address your analog design requirements. 

For functional and timing analysis, use our 
ValidSIM™ tool. You can also link our RapidTEST fault sim­
ulator to get smooth, efficient fault analysis prior to test. 

For layout of block and cell- level design, there's our 
ValidLED™ editor that gives you complete transistor­
level editing. And there's also our powerful, user­
configurable EDS III editor, with direct compatibility to 
GDS II databases. 
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EPL, our versatile and interactive user-program­
ming language lets you automatically create difficult 
and complex geometries. For chip assembly, there's our 
Compose™ environment. It's netlist-driven and accepts 
pre-defined cells or blocks from any library All of 
which means you can automatically place, route, and 
compact any design, and guarantee correct-by-
design layouts. 

For analysis there's ValidDRC/ EXTRACT™ which 
provides hierarchical verification tools, and Valid­
COMPARE™ gives you an interactive logic-to- layout 
verifier. 

Integrated into our toolset is TIMEMILL ™ for 
transistor level simulation directly from your layout. It 
gives you event-driven timing simulation and critical 
path analysis so you can tackle large, high-speed IC 
designs quickly and accurately. And for CAM outputs, 

just link your designs to our Fast Mask Software (FMS). 
It provides both optical and electron beam pattern 
generation, as well as high-speed electrostatic plotting. 

Together, the Valid IC design system gives you 
the performance needed to finish far ahead of the 
competition. 

For more control, greater productivity, and no 
compromises, call Valid today and bridge the gap 
between functionality and integration: 1-800-821-9400 
(In California, 408-432-9400 ext. 2311). Let us put 
you in the driver's seat of high-performance IC design. 

© 1988 l'alid Logic S)~tems. EDS Il l and GDS II were developed h1 GE Cal ma. Other bramll or product 
names are trademarks or registered trademarks of their respective holders 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

ACQUISITION BOARDS 
• Two models fit into the short slot 

of IBM PCIXT 
• Has digital 110, analog inrut, 

and analog output boards 
Three Superboards work with the 
IBM PC, PC/XT, PC/AT, and com­
patibles, as well as 386-type ma­
chines and the IBM PS/2, model 30. 
Two of the models, the IQ-187W-1 
and IQ-189W-1, are small enough 
to fit in the short slot of the PC/XT. 
The IQ-187W digital 110 board pro­
vides 40 8-bit TTL-compatible chan­
nels. You can synchronize two of 
the board's five ports to external 
events.. Data transfer rates as fast 
as 360k bytes/sec are possible. The 
IQ-189W analog input board has 16 
single-ended or 8 differential in­
puts. Its features include a 12-bit 
AID converter; software gain con­
trol settings of 1, 10, and 100; a 
sample rate as high as 32 kHz; and 
an internal timebase generator. The 

INDUSTRIAL PC 
• NEMA 2 enclosure with a 20-in. 

VGA-compatible display 
• Contains an 80286 µPanda 

20M -byte hard-disk drive 
The IPT 2000 industrial IBM PC/ 
AT-compatible computer is housed 
in a NEMA 2 enclosure and con­
tains an 80286 µP and a 20M-byte 
hard-disk drive. It also has a 20-in. 
IBM VGA-compatible display, 
which provides 640 x 480-pixel reso­
lution. Other features include two 
serial ports, one parallel port, a 31

/2-

in. floppy-disk drive, and the com-

184 

IQ-193W-1 analog output board 
provides eight voltage or current 
outputs. A proprietary dynamic re­
freshing technique updates all eight 
channels within 256 µsec. The 
boards come with Basic software 
drivers and a diagnostic utility. IQ-

pany's autoranging power supply, 
which allows the unit to operate 
with international power sources 
without switches or jumpers. Op­
tional features include infrared, re­
sistive, and capacitive touch 
screens; a 40M-byte hard disk; and 
a membrane keyboard. Trade-in al­
lowances are available. $7995. 

lntecolor, 2150 Boggs Rd, Du­
luth, GA 30136. Phone (404) 623-
9145. FAX 404-623-9163. 

Circle No 419 

GRAPHICS PROCESSOR 
• Generates 125,000 vectors/sec on 

Multibus II systems 
• Provides 1280x1024-pixel reso-

lution 
The MMG-1281 graphics processor 
board for Multibus II systems pro­
vides 1280 x 1024-pixel resolution, 
generates 125,000 vectors/sec, and 
performs BitBlt operations at 

187W-1, $165; IQ-189W-1 and IQ-
193W-1, $495. 

Intelligent 110, 1141 W Grant 
Rd, MS-131, Tucson, AZ 85705. 
Phone (602) 629-9872. TWX 910-
997-0735. FAX 602-623-8965. 

Circle No 418 

12.5M pixels/sec. The drawing 
speed is accomplished with a 
TMS34010 graphics processor and 
three custom gate arrays. In addi­
tion, the board contains an NEC 
V50 µP , which acts as a local host 
controlling the data flow between 
the message-passing coprocessor 
and board. The NEC V50 also pro­
vides built-in test features that al­
low you to configure under software 
control. The board has two serial 
ports which let you connect it to a 
graphics input device and a key­
board. The lM-byte RAM stores 
firmware, display lists, fonts, pat-
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If this is how you see 
LEDs, the ad is over. 

The popular myth goes something like this: 'l\n LED, is an LED, is an LED." Or: "If 
you 've seen one, you've seen them all." And of course: "LEDs? They're commodity products." 

Notions we at Dialight, steadfastly reject. And once you're familiar with our products, 
you'll know why. 

Take our Circuit Board Indicators. Single or multiple discretes aligned in a sturdy 
plastic housing, complete with their own current limiting resistor. The entire assembly 
polarity-keyed to guarantee correct insertion. 

Each unit is 100% tested-ready to insert for wave soldering. No leads to bend, trim, or 
break No time wasted fumbling with discretes. 

Dialight pioneered the concept more than fifteen years ago to satisfy the OEM need for 
fast and reliable circuit board installation of LEDs. And we've been 

perfecting it ever since. Developing hundreds of standard and custom 
designs. A heritage of technological advance you can see in our new 
super-bright gallium aluminum arsenide units. 

All meticulously engineered with the understanding 
that the failure of a "jelly bean product" can cost thousands 

in end-user downtime, and who-knows-what in 
customer loyalty. 

The same understanding might bring 
you to call 201-223-9400, or write Dialight 
Corporation, 1913 Atlantic Ave., Manasquan, 
NJ 08736, and ask for our catalog or a 
product sample. At the very least, it's brought 
you to the real end of our ad. 

DI ALIGHT CORPORATION 
A Cambridge Electronic Industries Company 

Engineering is the only commodity we sell. 
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COMPUTERS & PERIPHERAI.S 

terns, and images. The board can 
produce 256 colors from a palette 
of 16. 7M colors. Version with a 
lk x lk x 8-bit frame buffer, $6495. 

Matrox Electronic Systems Ltd, 
1055 St Regis Blvd, Dorval, Que­
bec, Canada H9P 2T4. Phone (514) 
685-2630. FAX 514-685-2853. TLX 
05822798. 

Circle No 420 

386 MOTHER BOARD 
• Runs at 25 MHz and supports 

3167 and 80387 coprocessors 
• Five IBM PC/AT- and two PC/ 

XT-compatible expansion slots 
The 2525 Weitek 80386 mother 
board is compatible with the form 
factor of an IBM PC/ AT mother 
board. You can select either 25 or 
8 MHz as the running speed, using 

IVTUC:S l!llAM"-&) 

105 

VACTROLS™ resistance decreases with increasing 
input current source (LED, neon, incandescent). 
Provides unique control where higher speed 

10
6

~ 
10' 

10~. 1 1.0 10 100 
INPUT CURRENT, Milliamps phototransistor isolators are not suitable. ____ _, 

For example: 
• power limiters for audio amplifiers e,">--i-j""'<-i--'-_., 
• AGC circuits for DC-5MHz 

carriers 
• remote gain control for amplifiers 
• noiseless potentiometers or 

switching 
• signal modulators 

VREF(dc) 

AGC CIRCUIT 

An example of the AGC application and a charactertistic for VTL5C3 are illustrated. 
EG&G Vactec manufactures many optoelectronic components. Included are 

Blue Sensitive and High Speed Photodiodes, Phototransistors, Photodarlingtons, 
1-R LEDs (GaAs and GaAIAs), 1-R Reflective and Slotted Switches, 
Light Activated Switches, and a variety of Custom Sensor Assemblies. 

186 

Call or write for catalog: 
EG&G Vactec Inc., 10900 Page Blvd., St. Louis, MO 63132 
(314) 423-4900 or TWX 910-764-0811 or FAX 314-423-3956 

CIRCLE NO 16 

keyboard commands. The board 
provides a socket that is pin com­
patible with the Weitek 3167 and 
the Intel 80387 coprocessors. In ad­
dition, the board has 32k bytes of 
direct-map or 2-way set-associative 
cache memory. It provides five 16-
bit IBM PC/AT- and two 8-bit PC/ 
XT-compatible expansion slots. A 
32-bit expansion bus connects to a 
memory card that contains as much 
as 16M bytes of memory. Compat­
ible operating systems include OS/ 
2, Unix, Xenix, PC-DOS, MS-DOS, 
Novell, Windows 386, Concurrent 
DOS, and PC-MOS. The board 
gives you a choice of using either 
the Phoenix 386 or A ward 386 BIOS 
and achieves a Norton SI 4.0 per­
formance rating of 30.5. Mother 
board and memory card with 4M 
bytes of memory, $5765. 

Micronics Computers Inc, 935 
Benecia Ave, Sunnyvale, CA 94086. 
Phone (800) 234-4386; in CA, (408) 
732-0940. FAX 408-732-6048. 
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TRANSPUTER BOARD 
• Provides four Transputers in one 

IBM PC or PC/AT slot 
• Allows software control of 

Transputer array topology 
Incorporating four T800 or T414 
Transputers and two C004 
Transputer link switches, the 
MTM-PC Transputer board for 
IBM PC, PC/XT, PC/AT, or com­
patible computers allows you to 
software configure the Transputers 
into any array topology. To provide 
larger arrays, you can cascade sev­
eral boards together or add addi­
tional Transputers that are 
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End the connector 
• comprormse ... 

Only Hypertronics ends the compromise in 
multi-pin connectors for disc drive, burn-in and 
other rack & panel applications ... by combining 
Low Insertion Force (LIF) connections with high 
cycle life reliability and a blind mating tolerance 
up to .049" radial misalignment. 

Our N Series design provides 70 to 350 LIF 
contacts with solder cup, crimp, flow solder or 
wire wrap terminations. The contact is rated at 3 
amps at less than 5 milliohms over a mechanical 
cycle life in excess of 100,000 operations. 

The inherent wiping action of each 
Hypertronics® contact maintains electrical 
continuity under corrosive conditions and 
extremes of shock and vibrations ... ending the 
intermittance problems of Zero Insertion Force 
(ZIF) contacts. The use of the Hypertronics® LIF 

contact, with average insertion force of one ounce, 
eliminates the need for jack screws, cam levers 
and other mechanical assists ... to reduce cost, 
weight and size, while increasing reliability. 

HYPERTAC®: Inserting pin into hyperboloid sleeve. 

D 

IN A HURRY? FAX-REFAX 
For information and fast response. FAX 508-568-0680 
for the "N" Series FAX/PAK ... and we'll FAX you back. 

HVPERTRONICS CORPORATION 
" New Horizons in Connectors" 

16 Brent Drive, Hudson, MA 01749 (508) 568-0451 Telex 951152 FAX (508) 568-0680 

CIRCLE NO 72 
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COMPUTERS & PERIPHERALS 

mounted on piggyback modules and 
maintain the software programma­
bility of the array topology. The 
Transputer links operate at 20M 
bps, and two links are brought out 
to rear-panel connectors so you can 
connect the Transputer array to re­
mote systems. You can link the 
MTM-PC to the company's 
Megaframe video , graphics, and 

IF YOU WRITE IN C, TIIEN 
YOU SHOUID DEBUG INC 

188 

Supported Processors: 

8051 Family 
68HC11 . 
1.80 
68o9 

64180/Z180 
68ooo Family 
8085 

Now supporting Che 68o20 
and Che 8096/196 &mily 
and offering Software 
Perfonnance Analysis for 
all units! 

:-.Un '1llr~ai: 1om 1s rejl. TM . !'.un 1\hcrns\-.;1em ... ITlC' 111:.1 
t' rqi, TM . lfll t>m af1onal Ru!'.>ule'i.'> Mach1nt"o. lllC l rnx '" 
rt.'j( TM . Bd l l.:Wor:uorte<.. Inc 

IHMll 

The ultimate in time savings is 
obtained when you debug your 
code in the same language it was 
written. Code developmem is accel ­
erated as constam program prim­
outs are no longer necessary All 
displays of your program, including 
the real-time trace buffer, are in the 
form you specify, with options for 
Source only, Source and assembly or 
assembly only. Use your favorite C or 
PUM compiler with our emulation 
system and SourceGate'" to enhance 
productivity of your engineering 
department If vou are working with 
differem microprocessors, 
SourceGate provides the same imer­
face for each, so learning curves are 
almost nonexisrem when switching 
between projects or processors. 

HMI enhances this software 
capabi lity with the most advanced 
line of in-circuit emulators on the 
market today. SourceGate runs on all 
IBM PC fami lv computers, Sun W>rk­
srations and many Unix systems. 

For complete detai ls, comact: 
Huntsville Microsystems, Inc. 
PO Box 12415, 4040 South Memorial l'drkway, Huntsville, AL 35802 
(205)881-6005 1WX 510-600-8258 FAX 205-882-6701 
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parallel I/O Transputer modules, 
which also fit inside an IBM PC. 
The company can also provide inter­
faces to VME Bus, Q Bus, Nubus, 
SMP, and ECB bus systems. Soft­
ware support includes the Helios 
distributed operating system, and 
the company's Megatool develop­
ment-system software, which in­
cludes compilers for Occam, C, For­
tran, Pascal, and Parallel Prolog. 
DM 12,800. 

Parsytec GmbH , Juelicher 
Strasse 338, D-5100 Aachen, West 
Germany. Phone (0241) 166000. 
FAX 241-1660050. 
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THERMAL PRINTER 
• Print head moves for easy paper 

loading 
• Prints 12 lines/sec with 150-dpi 

resolution 
The Printrex 415 fixed-head ther­
mal printer for instrumentation and 
point-of-sale systems feature s a 
proprietary print-head mounting 
technique for easy paper loading. 
The print head automatically moves 
out of the way when the door is 
opened to insert the paper carrier. 
The 40-column unit prints at 12 
lines/sec with 150-dpi resolution. 
The unit is available in a panel­
mount configuration or as a stand­
alone printer in a case with an ac 
power supply. The printer has a sin­
gle-board controller that provides 
brownout and watchdog protection 
along with fail-safe shutdown in 
case of component failures. The unit 
has a Centronics parallel interface 
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... AND FOR THOSE WHO DO! 
Talk to the Largest ... Dotronix! 

By offering quality products , service and 
support we've quietly grown to be the largest 
U.S. independent display-only manufacturer. 
As a result of this growth we now feature the 
broadest product offering in the industry ... 

No one offers as many options in display 
size and performance as Dotronix! 

From high resolution, large screen 
monitors for CAD/CAM, Desktop Publishing, 
Computer Graphics, and Medical Imaging to 
banks of small monitors for financial 
institutions, security systems, transportation 
and many other applications. We even make 
monitors for S-VHS playback permitting high 
resolution television viewing. Virtually all 
displays are available in high resolution, color 
and monochrome for most applications. 

It's as simple as this: No one meets your 
monitor needs like Dotronix. 

From broad product offerings to quality , 
service and support, no one gives you more than 
Dotronix. That's why we sell more monitors 
than any other U.S. independent display-only 
manufacturer. And that's why we'll meet your 
needs better than anyone else. 

Call us and talk to an applications specialist. 
Get the straight talk on how we can meet 

your application needs. 

Call: 612-633-1742 FAX: 612-633-7025 

DDTRDNIX 
DOTRONIX, INC. 
160 First Street S.E. 
New Brighton, MN 55112 
CIRCLE NO 32 

Locations at: Boulder, CO • Eau Claire, WI (VMI) • Minneapolis, MN • Elk River, MN • Hsinchu, Taiwan 
© 1988, Dotronix, Inc. 
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COMPUTERS & PERIPHERALS 

and is compatible with the charac­
ter set and control codes for the 
IBM PC. In addition, the printer 
provides 128 graphics symbols 
along with the standard 96 ASCII 
characters and bit-mapped graph­
ics. The unit can do double-width 
and double-pitch printing, as well 
as upside-down character printing. 
$500 (OEM qty). 

Printrex, 2108 Bering Dr, Suite 
C, San Jose, CA 95131. Phone (408) 
436-0801. FAX 408-436-0803. 

Circle No 423 

VME SPARC MODULE 
• 2-board set uses a 20- or 25-MHz 

RISC processor 
• Has 1 M byte of SRAM and two 

RS-232C ports 
The MZ7170 real-time module for 
VME-based systems uses a 20- or 
25-MHz SPARC processor to de­
liver 12 or 15 sustained MIPS, re­
spectively. The module contains lM 
byte of static RAM, as much as 4M 
bytes of EPROM, two RS-232C 
ports, a real-time clock with battery 
backup, a 32-bit master/slave inter- . 
face to the VME Bus, and full sys­
tem-controller functions with four 
levels of arbitration. In addition, 
the unit contains an interrupt han­
dler, an interrupt generator, and 
provisions for mailbox interrupts. 
The board supports Wind River 
System's VxWorks real-time oper­
ating system and the company's de­
bug monitor package. You can de­
velop software, using the SunOS 
Unix operating system on a Sun 
workstation or the company's hy­
brid development system. $6995. 

Mizar Inc, 1419 Dunn Dr, Car­
rollton, TX 75006. Phone (800) 635-
0200 ext 920. FAX 214-522-5997. 

Circle No 424 
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BARCODE PRINTER 
• Prints at 400 cps with 10 cpi 
• Contains all of the OCRA and 

OCRB barcode fonts 
The Model 3410XBQ dedicated bar­
code printer contains all of the 
OCRA and OCRB barcode fonts as 
standard items. As a printer, it can 
print 400 cps at 10 cpi and 480 cps 
at 12 cpi in draft mode. It can also 
print 100 cps at 10 cpi and 120 cps 
at 12 cpi in letter-quality mode. A 
variable barcode density feature 
permits even faster barcode print­
ing. The printer lets you rotate a 
form 90° for printing oversized char­
acters. You can feed paper through 
the bottom of the unit for heavy 
forms and labels. A rear paper-feed 
path is also standard and can handle 
6-part forms. The unit works at 55 
and 57 dBA, using the bottom-feed 
feature. A Centronic/Genicom par­
allel port and an RS-232C port pro­
vide the computer interfaces. 
$2280. 

Genicom Corp, 1 Genicom Dr, 
Waynesboro, VA 22980. Phone 
(703) 949-1875. 
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LAN INTERFACE 
• Connects VME Bus systems to 

Ethernet LAN s 
• Supports TCP/IP and ARPA 

protocols 
The SIEC-802.3 interface board 
connects VME Bus systems to Eth­
ernet (IEEE 802.3) LANs. It has 
an onboard 10-MHz 68010 µP, 64k 
bytes of high-speed static RAM, as 
much as 2M bytes of dynamic RAM, 
and 64k bytes of EPROM. The dy­
namic RAM is ported to the board's 
VME and VSB Bus interfaces, and 
to the 68010 µP. Local processing 
allows the board to support the 

Transmission Control Protocol/ 
Internet Protocol and the address­
resolution protocol. You can either 
download the required firmware 
from a host processor running the 
Unix operating system, or operate 
the board from EPROM resident 
firmware. In addition to device 
drivers for Unix V.2 and V.3, util­
ity and service programs to support 
the ARPA protocol are also avail­
able. Approximately DM 6300. 

Stollmann GmbH, Max-Brauer­
Allee 81, 2000 Hamburg 50, West 
Germany. Phone (040) 3890030. 
FAX 040-3809224. 

Circle No 426 

COMPUTER 
• Provides VME Bus systems with 

IBM PC/AT compatibility 
• Runs the MS-DOS, OS/2, or 

Xenix operating systems 
Offering full IBM PC/AT compati­
bility, the PX4010 VME Bus mod­
ule allows VME Bus systems to run 
operating systems and application 
programs that are written for the 
IBM PC/AT. In addition to support­
ing MS-DOS, the module's 10-MHz 
80286 µP and 1.64M bytes of on­
board RAM allow you to run the 
OS/2 and Xenix operating systems. 
The module includes a graphics 
adapter for IBM CGA, IBM EGA, 
or Hercules standards, onboard 
hard-disk and floppy-disk inter­
faces, a keyboard interface, a real­
time clock, a parallel port, and two 
RS-232C/RS-422 110 ports. VME 
Bus accesses are transparent to the 
processor, allowing memory and 110 
on the VME Bus to appear as 
though they are within a normal 
IBM PC/AT environment. The 
board's IBM P-2 connector also car-
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WORLD'S LARGEST INVENTO~ 
OF STATE-OF-THE-ART 
XILINX PRODUCTS 

When it comes to speed. density and 
,rice. Xili nx's Programmable Gate Arrays 
1ake conventional logic seem prehistoric 
'Y comparison. 
Featuring the integration capabilities 

ind cost-Bffectiveness of ordinary gate 
1rrays. Xilinx Programmable Gate Arrays 
ire 100% pre-tested and can be pro-
1rammed right at your pc or work­
tation - eliminating the development 
me and risk associated with gate arrays. 
You can count on Hamilton/ Avnet for 

ervice that won't become extinct after 
ne sale. With seven ASIC design centers 
1ationwide. Hamilton/ Avnet's field appli­
:ations and ASIC design engineers can 
i ssist you in creating turnkey Xilinx 
Jesigns. 

Make history with Hamilton/ Avnet's 
)road range of Xilinx Logic Cell 'M Arrays 
or every application. For the Hamilton/ 
\vnet location nearest you. call toll free: 
1-800-442-6458 ( 1-800 - 38 7-68 79 in 
::anada: 1-800-387-6849 in Ontario and 
:;Juebec ). 

XILINX PROGRAMMABLE 
GATE ARRAYS from 
HAMILTON/AVNET 

I 
MAKING CONVENTIONAL 

LOGIC SEEM 
PREHISTORIC 

BY COMPARISON 

SEND FOR 
AFREE 

XILINX DATA BOOK 

For a free Xilinx Data Book. si mply 
complete the coupon below. 
r;::--------------.., 

Please send me a fr ee Xil inx Da ta 
Book. 

NAME 

TITLE 

COMPANY 

MSTOP 

ADDRESS 

CITY 

STATE 

PHONE 

APPLICATION 

Mail to: 
M . Burnett 
Advertising Deportment 
Hamilton/ Avnet Electronics 
10950 Washington Blvd. 

ZIP 

Culver City, CA 90230 EDN021689 
L---------------
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ries an interface that's compatible 
with the IBM PC/XT system bus. 
By coupling this to a suitable 
backplane, you can expand the sys­
tem with standard PC-compatible 
add-in cards. The PX4010 is a 2-
board sandwich that occupies two 
VME Bus slots. gld 7500. 

Philips, Industrial & Electro­
acoustic Systems Div, 5600 MD 
Eindhoven, The Nether lands. 
Phone (040) 788620. TLX 35000. 

Circle No 427 
Philips Electronic Instruments 

Inc, 85 McKee Dr, Mahwah, NJ 
07430. Phone (201) 529-3800. FAX 
201-529-2252. 

Circle No 428 

SCSI BOARD 
• Suitable for use in military VME 

Bus systems 
• Has an onboard µP, DMA con­

troller, and dual-port RAM 
The PMV 68 SCSI-1 SCSI interface 

board for VME Bus systems can op­
erate in military or other harsh en­
vironments. The board is available 
in three versions. The first version 
is a full MIL-spec variant that fea­
tures onboard conduction cooling, 
and components that are screened 
to MIL-STD-883C requirement. 
This version meets MIL-E-5400, 
MIL-E-4158, and MIL-E-16400 re­
quirements. The second version's 
ceramic components can operate 
over a temperature range of - 40 
to + 85°C. The third version's com­
mercial-temperature-range compo­
nents provide a lower-cost develop-

ment vehicle. The boards have an 
onboard 68000 µP , a DMA control­
ler, 16k bytes of EPROM resident 
firmware , and 16k bytes of dual­
port static RAM. The board's SCSI 
bus interface supports the scatter/ 
gather and disconnect/reselect 
SCSI bus modes, and you can con­
figure it as either a SCSI target or 
an initiator device. The board can 
sustain SCSI bus data rates as high 
as l.5M bytes/sec, and pass data to 
or from the VME Bus, using 32-bit 
DMA transfers. MIL-spec version, 
$10,000. 

Radstone Technology pie , 
Water Lane, Towcester, Northants 
NN12 7JN, UK. Phone (0327) 
50312. TLX 31628. FAX 0327-
52985. 

Circle No 429 
Radstone Technology Corp, 1 

Blue Hill Plaza, Pearl River, NY 
10965. Phone (914) 735-4661. FAX 
914-735-9527. 

Circle No 430 

THE LIGHT SOURCE 

192 

Your Number One Choice For LED Technology 

Stanley's Hi-super-bright LED lineup includes the world's 
brightest (3,000 med) red LED, plus a selection of other green, 
red and orange LEDs. Chip LEDs complement surface 
mounting technology for greater compactness and economy. 

STANLEY ELECTRIC CO., LTD 
Electronic Equipment Export Section 
2-9-13 Nakameguro, Megu ro-ku, Tokyo 153, Japan 
Tel : 81·3·710·2557 Telex: 2466623 SECTOK J Fax : 81 ·3-792-0007 
11 STANLEY CO., INC. 
4950 West Dickman Road Battle Creek, Michigan 49015, U.S.A. 
Tel : 1-616-962-3461 Fax : 1-616·962·3463 
STANLEY-IDESS S.A. 
33 Rue des Peupliers 92000 Nanterre, France 
Tel : 33·1·4781 -8585 Fax : 33·1·4786-0916 

Stanley infrared LEDs, including the super-intensity, high-speed 
series, are available in various wavelengths and a wide variety 
of package types. Stanley photo detectors offer high-speed 
response and high sensitivity, thereby enabling the ideal light 
source-receiver combination. 

S...., Eloctrlc lEDllCO Agoo'lfs 0..- NORTH AMERICA: • CANADA /DESKIN SALES 
Tel : 1-416·475·1412 Telex : 06·96·6559 Fax: 1·416·474·9105 • U.S.A /A.C. INTERFACE, INC. 
Tel : 1-714-472-9524 Telex: 65·5328 Fax: 1-714-472-9783 EUROPA: • BENEWXILOHUIS 
LAM PEN B.V. (Nether1ands) Tel : 31 ·1606-2651 Telex: 54145 Fax: 31 ·1606·3175 • FINLAND I 
TELETEKNO DY Tel : 358·0·717566 Telex: 12·2124 Fax : 358·0·7014878 • FRANCE / 
A. JAHNICHEN & C" Tel : 33·1·4780-6001 Telex : 29·0714 Fax : 33·1·4786-1601 • FR 
GERMANY /ELITE ELEKTRONIK UNO LICHT GmbH & Co. KG Tel : 49-8094-18151 Telex: 
527353 Fax: 49-8094-18153 • SWEDEN /AB BETOMA Tel : 46-8-734-8200 Telex: 11 · 181 
Fax : 46·8·83·2820 • SWITZERLAND /DEWALD AG Tel : 41 ·1·482·7711 Telex: 81·5200 
Fax: 41 ·1·482·5323 • UNITED KINGDOM /STC MERCATOR Tel : 44·493·844911 Telex: 
97-5441 Fax: 44-493-852443 • DENMARK /PLEASE CONTACT DELCO AIS Tel : 45·2·277733 
Fax : 45·2·277770 
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ak!'' 
IF-THEN-ELSE. Programmable 
Sequencers for advanced state 
machine design. From Signetics.:... 
who else! 
Clak! At last, advanced state machine design is easy. Sig­
netics Programmable Logic Sequencers (PLSs), includ­
ing the new SO MHz 
PLUS405, have a 
unique architecture 
that employs buried 
registers to store 
intermediate values. 
The result-greater 
silicon and pin utili­
zation with increased Advanced state machine designs become 
system functionality. easy with Signetics sequencers. 

Ciak! IF-THEN-ELSE functionality. Signetics unique 
architecture makes complex IF-THEN-ELSE states pos­
sible. Connecting any AND term to any OR term (prod­
uct term sharing) eliminates redundant state transition 
terms. And JK or SR type registers optimize the logic 
used in generating state transitions. 

In addition, all our PLDs are supported by ABEL, 
CUPL or our powerful AMAZE software with auto test 
vector generation to make your job easier. 

Ciak! We've got the guts! That's right, we have those 
essential PLDs you need to improve total system 
performance. PAV'-type devices, Programmable 
Macro Logic, Logic Arrays and our high-speed PLSs 
with buried registers that make advanced state 
machine design easier. 

Make your state machines state-of-the-art! Call 
Signetics at (800) 227-1817, ext. 987D for a PLD Data Man­
ual. For surface mount and military product availability, 
contact your local Signetics sales office. 

One standard. 0 defects. 

Signetics 
a division of North American Philips Corporation 

PHILIPS 
PAL is a trademark of AMD/MMI. ©Copyright 1988 North American Philips Corporation 
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FINALLY, A SYSTEM THAT MEASURES UR 
THE XD/PM HIGH DENSITY CONNECTOR SYSTEM. 

Now you can get higher density capability help produce the tightest 
and higher performance in all of your end-to-end tolerance in the business. 
board-to-board interconnections. All this while maintaining full signal 
Our XD/P '" Extended Density/ integrity of fast switching 
Performance two-piece PCB logic systems and low 
connector system offers you insertion/extraction force 
benefits that you just can't get (typically 1.5 oz. /0.5 oz.). 
with other connectors. You can control imped-

For example, our Flex-Fit'" ance by selecting the 
double compliant pin contact length, type and place-
provides a solderless, gas-tight ment of the contacts. 
pressure termination between HIGH DENSITY PWS HIGH 
pin, multilayer hole plating and PERFORMANCE 
internal circuits. This means The XD/P'" two-piece 
faster installation, reduced high density connector 
assembly costs and front and system also provides for 
rear repairability. all types of packaging/ 

In addition, our unique dual- system designs. 
opposing beam female recep- Flex-Fit'" double Standard designs 
tacle contact provides superior compliant contact include three and four 
contact wipe and depth engagement. rows of contacts on a .100" grid, in 

New, state-of-the-art materials one-, two- or three-cell configura-
coupled with superior molding tions with as many as 684 positions. 

Also offered are eight contact 
styles and 16 plating options. 

In addition to pin and receptacle 
connector assemblies, we offer 
backplane shrouds, hardware, 
accessories, and a complete 
application tooling package, from 
simple hand tools to fully auto­
mated 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. 

To get literature immediately call: 

1-800-344-4 7 44 

Thomas&Betts 
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NEW PRODUC1S 

TOKEN-RING CHIPS 
• Supports IEEE 802.5 protocols 
• Include a communications pro-

cessor 
The second-generation TMS380C16 
Token-Ring COMMprocessor inte­
grates the communications proces­
sor, protocol handler, system inter­
face, and memory-expansion func­
tions on a single chip. The 
TMS380C16 supports the IEEE 
802.5 Media Access Control proto­
cols and the IEEE 802.2 Logical 
Link Control protocols. It contains 
a 16-bit CPU, a register cache, four 
DMA channels, a DMA interface, 
a parity checker and generator, 
memory-mapping registers, and 
automatic-address-decode and 
DRAM-refresh logic. The 
TMS380C16 provides as many as 
four MIPs of processing power. A 
second chip, the TMS38053 Ring In­
terface, provides the physical inter­
face from the TMS380C16 to the To-

GRAPHICS IC 
• Provides a palette of 16M colors 
• Operates W'ith either 6- or 8-bit 

DIA converter resolution 
The IMSG 178 high-performance 
color look-up table integrates the 
functions of a 16M-color palette, a 
triple DIA converter, and a µP in­
terface into a single IC. To provide 
greater color resolution and to cre­
ate graphics with smooth shading, 
you can program the device to oper­
ate its DI A converters at 6- or 8-bit 
resolution. Programming of the re­
quired resolution takes place via a 
single device pin. Additional fea­
tures include composite sync and 
read-back facilities. The IMSG 178 
is available in versions with maxi­
mum clock frequencies of 40, 50, or 
65 MHz, and an 80-MHz version is 
scheduled for the second half of 
1989. Packaged in a 32-pin plastic 
leaded-chip carrier, the device is 
pin-compatible with the company's 
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ken-Ring network and includes the 
digital and analog circuitry to con­
nect separate transmit and receive 
channels. TMS380C16 , $96; 
TMS38053, $24 (1000). 

PL CC-packaged IMSG 176 color 
look-up table. Samples of the 40-
MHz IMSG 178 are available for 
£24.24 (100). 

Inmos Ltd, 1000 Aztec W, Al­
mondsbury, Bristol BS12 4SQ, UK. 
Phone (0454) 616616. TLX 444723. 
FAX 0454-617910. 

Circle No 352 
Inmos Corp, Box 16000, Colo­

rado Springs, CO 80935. Phone 
(719) 630-4000. 

Circle No 353 

FIFO MEMORIES 
• Come in 12-, 16-, and 22-MHz 

versions 
• Available in two organizations 
The V61C01 and V61C02 dual-port 
FIFO (first in, first out) memories 
are suitable for use as data buffers 
between devices of different 
speeds. They are available in 12-, 
16-, and 22-MHz versions . The 

Texas Instruments Inc, Semi­
conductor Group SC-876, Box 
809066, Dallas, TX 75380. Phone 
(800) 232-3200, ext 700. 

Circle No 351 

'111'11,~W\·) 
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V61C01 is a 512 x 9-bit configura­
tion and is pin compatible with the 
MK4501 and IDT7201 devices. The 
V61C02 is a lk x 9-bit configuration 
and is pin compatible with the 
IDT7202. Both devices, which have 
half-full flags in single-device opera­
tion, accept data on a 9-bit bus and 
recover data in the same order on 
another 9-bit bus. 12-MHz V61C01, 
$9; 12-MHz V61C02, $13 (10,000). 

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

Circle No 354 
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VIDEO DAC 
• Can provide 1600x1200-pixel 

resolutions 
• Available in five speed versions 
Running at 165 MHz, the 
IDT75C458 triple 8-bit video DI A 
converter (PaletteDAC) can pro­
vide a color display with a resolu­
tion of 1600 x 1200 pixels. The 
IDT75C458 interfaces with a 25-

MHz µP and offers no-wait-state 
operation. The device is available 
in 165-, 135-, 125-, 110-, and 80-MHz 
versions. The 135-MHz version pro­
vides a 1280 x 1024-pixel resolution 
and allows the screen to refresh at 
70 Hz, which results in reduced 
flickering. The DAC includes an on­
chip, 6-nsec, dual-port memory and 
a fixed pipeline delay of 8 clock cy-

Programmable 
Anti-Alias Filters for 
Critical A/D Pref iltering 
848P8E Series 
are Elliptic 
lowpass filters 
providing 
extremely sharp 
roll-off for 
A/D prefiltering. 

Features: 
• 8 pole, 6 zero elliptic 

lowpass filters 
• Digitally 

programmable 
corner frequency 

• Shape factor of 1.77 at 80db 
• 8 bit (256:1) tuning ratio 
• Internally latched control 

lines to store frequency 
selection data 

• Ideal for single or 
multi-channel applications 

• Plug in , ready to use, 
fully finished filter modules 

• Five frequency ranges to 51 .2kHz 

Other Filter Products Available: 
• Linear phase • Programmable 
• Fixed frequency • Instrumentation 
• Custom designs 

For more information about 
how Frequency Devices can 
meet your most critical 
filtering requirements, call 
our applications engineers at 

508-374-0761 

196 CIRCLE NO 19 

FREOUEnCY 
OEVICEs·· 

25 Locust Street 
Haverhill , MA 01830 
(508) 374-0761 

cles, which eliminates external re­
set and synchronizing circuitry. The 
IDT75C458 also features accuracy 
to 112 LSB. It consumes 1 W of 
power. Packaging options include 
an 84-pin pin-grid-array package 
and an 84-pin plastic-leaded chip 
carrier. 165-MHz version, $223.40; 
125-MHz version, $194.00 (100). 

Integrated Device Technology 
Inc, Box 58015, Santa Clara, CA 
95052. Phone (408) 727-6116. FAX 
408-988-3029. 

Circle No 355 

AUDIO ADC CHIP SET 
• Offers 18-bit resolution 
• Features low distortion 
The F410/D20Cl0/A1520 AID con­
verter (ADC) chip set is designed 
for high-performance audio applica­
tions. It consists of the F410 front­
end IC, the D20C10 20-bit decima­
tor, and the A1520 precision resis­
tor network. The ADC uses noise­
shaped oversampling at 6 MHz and 
flash , 4-bit conversion. The D20C10 
is a digital filter with a 6-bit input 
and a 20-bit output; it has a 128:1 
ratio of input-to-output sample 
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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. 

Maxell Corp. of America 
22-08 Route 208 
Fair Lawn. NJ 07410 

'Recognized under the 
Component Program 
of Underwriters 
Laboratories. 
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om Ron® 
Responsive Innovation 
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optical electronic technology to solve your 
design challenge . 

When you select an Omron photomicrosensor, 
you are assured of the highest caliber of ser~ice 
and reliability. From consistent product quality 
to on-time delivery, Omron is committed to 
excellence in every phase of our operations. 
With expertise in the worldwide electronics 
arena, we 've built our business around one 
thing-customer satisfaction. 

Whether you're a specialty equipment manu­
facturer or an OEM, you'll appreciate the 

ready availability of Omron precision pho­

CIRCLE NO 93 

tomicrosensors. Many are in stock 
and ready-to-ship from your local 

Omron distributor. Contact one 
of our distributor outlets today­
and put Omron's responsive 
innovation to work for you. 

Call Omron toll-free at 
1-800-62-0M RON 

OMRON ELECTRONICS, INC. 
Consumer and Commercial Division 
One East Commerce Drive 
Schaumburg, Illinois 60173 

© 1988 Omron Electronics, Inc. 
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rates. The A1520 contains 15 
matched, 20-k!l resistors. It works 
in conjunction with the F410 and 
two 8-bit flip-flops to form the com­
plete AID converter. The basic chip 
set features 18-bit resolution, a sigc 
nal-to-noise ratio of 105 dB, 
<0.005% THD at maximum output, 
and differential linearity of 
0.000000076%. For 20-bit resolu­
tion, a second F410 and A1520 are 
required. $130 (100). 

CTI Research, 71 Chapel St, 
Newton, MA 02195. Phone (617) 
964-3210. 

Circle No 356 

STATIC RAMS 
• Pin compatible 'With industr-y­

standard 64k-bit static RAMs 
• Include low-power versions suit-

able for battery backup 
Available with access times of 35, 
45, or 55 nsec, the FCB61C61 and 
FCB61C62 CMOS static RAMs are 
pin compatible with other industry­
standard 64k-bit static RAMs. The 
FCB61C61 is organized as a 64k x 1-
bit RAM, and the FCB61C62 is or­
ganized as a 16k x 4-bit unit. The 
RAMs operate from a single 5V 
supply and have a typical active 
current consumption of 100 mA. In 
standby mode, they have a current 
consumption of 10 mA if you oper­
ate them at TTL logic levels and 1 
mA if you operate them at CMOS 
levels. Both devices are available 
as L-suffix versions with a standby 
current consumption of 100 µA and 
a data-retention voltage of 2V. All 
the RAMs have 3-state outputs 
with wired-OR capability. They are 
available in 22-pin DIPs or 24-pin 
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J-lead surface-mount packages. 
Around gld 50 (100). 

.Philips Components, Box 218, 
5600 MD Eindhoven, The Nether­
lands. Phone (040) 757189. TLX 
51573. 

speed and ten times their internal 
and external drive capability. The 
HM6707 and HM6708 are available 
in 24-pin DIPs and surface-mount 
packages. $111.14 to $138.90 (100). 

Circle No 357 
Signetics Corp, 811 E Arques 

Ave, Sunnyvale, CA 94088. Phone 
(408) 991-2000. 

Hitachi America Ltd, 2210 
O'Toole Ave, San Jose, CA 95131. 
Phone (408) 435-8300. TLX 171581. 

Circle No 359 

Circle No 358 
QUAD BiFET OP AMP 
• Settles to 0.01% in 1 µsec 

BiCMOS STATIC RAMs 
• Two organizations available 
• Feature 20-nsec access speed 
Fabricated in a high-density 
BiCMOS process, these 256k-bit 
static RAMs come in two versions 
and feature access speeds of 20 or 
25 nsec. The HM6707 has a 
256k x 1-bit organization; the 
HM6708 is a 64k x 4-bit version. Ac­
cording to the company, the 
BiCMOS ICs feature the low power 
of CMOS ICs with three times their 

~ THD is 0.0003% at 3V rms output 
Accordtng to the manufacturer, the 
AD713 quad BiFET op amp fea­
tures the best combination of ac and 
de performance available. In addi­
tion to settling to 0.01 % in 1 µsec 
for a lOV step, the AD713 offers 
an input offset voltage of 0.5 mV, 
a bias current of 40 pA, and a total 
harmonic distortion (THD) of 
0.0003% at 3V rms output. The IC's 

' guaranteed matching characteris­
tics include a maximum offset volt-

QUIC~Memorize this list: 
175.69 18.905 1 .7868 171.67 143.98 
1.6523 153.47 15.097 132.69 185.36 
17.546 185.98 16.264 1 .3789 1.6243 
154.52 19.090 15.778 197.35 16.230 
188.58 129.34 174.58 19.875 1 .9465 
1.3876 101.09 16.790 1.9721 1.6759 
1.7566 18.236 1 .7805 198.67 189.20 
187.43 17.647 152.78 189.36 17.654 
18.347 16.154 1.5737 18.745 195.86 
17.961 1.8497 15.876 191.60 17.949 
16.975 186.67 175.87 15.134 145.87 
1.8264 13.478 16.783 16.598 157.83 
15.783 1.1654 136.56 11.387 1.6781 
15.786 118.75 158.70 114.36 17.169 
11.080 1 .1342 178.67 10.287 1 .6085 
1.2136 1 .8514 10.562 1.2905 191.70 

The 175 Autoranging DMM can-up to a hundred readings, and 
it determines minimum and maximum values. Five functions 

and a lot mare-for •449. IEEE-488 and battery options, too. 
QUICK-Call the Keithley Product Information Center: 
(216) 248-0400. 

The Model 175 
Autoranging 
DMM 

KEITHLEY 
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age of 0.8 m V and an offset-voltage 
drift of <25 µ Vl°C. Other key specs 
include a 3-MHz min unity-gain 
bandwidth, an 18V/µsec slew-rate, 
a 400V/m V open-loop gain, and an 
84-dB min common-mode rejection. 
The AD713 is available in 14-pin 
plastic and ceramic packages in 
three temperature grades. $3.50 to 
$5.90 (100). 

Analog Devices, Literature Cen­
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. 

Circle No 360 
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BIPOLAR PAL CHIPS 
• Contain transistor-based fuses 
• Feature a 10-nsec propagation 

delay 
Featuring a maximum propagation 
delay of 10 nsec, the 4-chip PAL16D 
Series of PAL (programmable array 
logic) devices uses the company's 
AIM (avalanche induced migration) 
technique for blowing fuses. AIM 
uses a tranistor-based vertical fuse 
rather than the common metal-film 
horizontal fuse, which can damage 
a chip or leave it vulnerable to fu­
ture failures. The four devices in 
the series range from a pure combi­
natorial type, the PAL16L8D, to a 
pure registered type, the PAL-
16R8D. The other two chips, the 
PAL16R6D and the PAL16R4D, of­
fer a mixture of combinatorial and 
registered outputs. Each 20-pin 
PAL circuit can replace from four 
to eight SSI/MSI discrete logic de­
vices. The company provides com­
plete hardware and software sup­
port. $6.50 (100). 

National Semiconductor Corp, 
Box 58090. Santa Clara, CA 95052. 
Phone (408) 721-5341. TLX 346353. 

Circle No 361 
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SAMPLE-AND-HOLD IC 
• Includes 1 :8 demultiplexer 
• Features 12-bit linearity 

negative supply for single- or dual­
supply operation from 5 to 18V. The 
chip's control inputs are TTL- and 
CMOS-compatible. $3.33 (100). 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. FAX 408-
727-1550. 

Circle No 362 

DSP MICROCONTROLLER 
The SSM-2300 is an 8-channel, mul­
tiplexed sample-and-hold IC for 
data distribution in µP-controlled 
systems. Packaged in a 16-pin DIP, 
the SSM-2300 contains a 4051-type 
1 :8 demultiplexer, eight on-chip 
hold capacitors, and output buffers. 
Offering 12-bit linearity, each chan­
nel can acquire an input signal to 
0.01 % in < 1 µsec. The SSM-2300 
can demultiplex the output of a 12-
bit DIA converter into eight sepa­
rate 12-bit linear voltage levels. 
The IC's output swing includes the 

• Offers 16-bit performance 
• Features 25.6-MHz operating 

speed 
Combining the high performance of 
a digital signal processor (DSP) 
with the on-chip peripheral func­
tions of a microcontroller, the 
320C14 features 16-bit performance 
and an operating speed of 25.6 
MHz. The 320C14 is object-code 
compatible with the industry-stan­
dard TMS320C10 DSP and comes 
with 256k words (512k bytes) of on­
chip RAM and 4k words (8k bytes) 

Find the small change: 
2.19640 2.19640 2.19640 2.19640 2.19640 
2 .19640 2.19640 2 .19640 2.19640 2.19640 
2 .19640 2.19640 2.19640 2.19640 2 .19640 
2.19640 2.19640 2.19640 2.19640 2.19640 
2.19640 2.19640 2.19640 2.19640 . 2.19640 
2.19640 2.19640 2.19640 2.19640 2.19640 
2.19640 2.19640 2.19640 2.19640 2 .19640 
2 .19640 2.19640 2.19640 2.19640 2.19640 
2.19640 2 .19640 2.19640 2.19640 2 .19640 
2.19640 2.19640 2.19640 2.19640 2 .19640 
2.19640 2 .19640 2.19640 2.19639 2.19640 
2.19640 2.19640 2.19640 2.19640 2.19640 
2.19640 2.19640 2.19640 2.19640 2.19640 
2.19640 2.19640 2.19640 2.19640 2.19640 
2.19640 2.19640 2.19640 2.19640 2.19640 
2.19640 2 .19640 2.19640 2.19640 2.19640 

The 197 Microvolt DMNI detects the small change-one part in 
220,000-for small change: '620. And you can automate with its 

IEEE-488 option. Find out how to get a big change in your measure­
ment capabilities. Call the Keithley Product Information Center: 
(216) 248-0400. 

The Model 197 
Microvolt 
DMM 

KEITHLEY 

CIRCLE NO 23 
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INTEGRATED CIRCUITS 

of on-chip ROM; it can also address 
4k words of off-chip memory. The 
320C14 architecture includes DSP 
and general-purpose instructions; it 
executes most instructions in a sin­
gle cycle. The device uses a Har­
vard architecture and employs mul­
tiple internal buses to further in­
crease the execution speed obtained 
by the chip's hardware-imple-

202 

True open systems communication. 
That's the excitement of WIN/TCP for 
386 STREAMS software from Wollongong. 

WIN/TCP for 386 STREAMS connects 
your 80386-based systems running popular 
versions of UNIX System V Release 3 to 
other computers supporting the TCP/IP 
suite of protocols. 

Log on to remote systems, transfer files, 
exchange mail, and integrate Network 
Management functions. WIN/TCP for 386 
STREAMS also supports the Remote File 
System (RFS), Network File System (NFS), 
and the R-Series of remote commands. 

Ride the current of true UNIX connec­
tivity. Call 800-872-8649 or 800-962-8649 
(in California), or write The Wollongong 
Group, Inc., 1129 San Antonio Road, 
Palo Alto, CA 94303. 

WOLLONGONG 
We are the standard:M 

CIRCLE NO 21 

mented 16 x 16 multiplier. To pro­
vide greater precision, the 320C14 
has a 32-bit ALU and 32-bit regis­
ters. $10 (OEM qty). 

Texas Instruments, Semiconduc­
tor Group SC-862, Box 809066, Dal­
las , TX 75380. Phone (800) 232-
3200, ext 700. 

Circle No 363 

8-BIT FLASH ADC 
• 20M-samplelsec rate 
• Features external zero and clamp 

control 
The Bt208 8-bit flash ADC offers 
many features for image-capture 
applications. Incorporating an ana­
log input range of 0.714 to 1.2V, 
the Bt208 covers the NTSC, PAL, 
SECAM, and RS-343A video stan­
dards. The sampling rate of 20M 
samples/sec allows 4 x oversam­
pling of NTSC, PAL, and SECAM 
video signals. An output-enable 
control lets you pull data outputs 
to a high-impedance state asynchro­
nously. The Bt208 has an input con­
trol for zeroing the comparators. 
The vendor provides differential 
nonlinearity at ± % LSB and inte­
gral nonlinearity at ± 1

/2 LSB. The 
Bt208 is available in either a 24-pin 
0.3-in. plastic DIP or a 28-pin 
PLCC. $26 (100). 

Brooktree Corp, 9950 Barnes 
Canyon Rd, San Diego, CA 92121. 
Phone (619) 452-7580. 

Circle No 364 
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NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

WAVEFORM DIGITIZER 
• Uses IBM PC/AT as host 
• Digitizes to 14 bits at 1M sam-

ples/sec 
The AT6400 is a waveform digitizer 
that has capabilities equal to those 
of competitive units that cost three 
or four times as much. It digitizes 
two to eight channels to 14 bits at 
a combined maximum rate of lM 
samples/sec; you can slow the rate 
in 0 . 25-µse~ increments to 1/16M 
samples/sec and in steps of 1.6 to 
3% to 2 samples/sec. The most sen­
sitive full-scale range is ± 128 m V. 
The inputs are differential, and are 
isolated from the chassis. CMRR 
exceeds 80 dB at 60 Hz. System 
noise is <3 counts p-p, and full­
power analog bandwidth is 500 kHz. 
The unit uses your IBM PC/ AT or 
compatible computer as a host; its 
proprietary interface plugs directly 
into the 16-bit bus and transfers 
data to memory using DMA. The 
maximum rate for long bursts of 
data depends on the bus speed; on 
a 10-MHz PC/AT clone, in which I/O 

DSO ENHANCER 
• Attaches to vendor's 2400 series 

scopes 
• Stores as many as 500 waveforms 
If you connect a keyboard and a 
monitor to the ports provided on 
the 2402 TekMate, you have a com­
plete MS-DOS PC based on the 
NEC V40 µP. The small unit bolts 
to the vendor's 2400 series DSOs 
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operations do not slow the clock (as 
they do on faster machines), you 
achieve speeds in excess of 300k 
points/sec. With a PC/ AT equipped 
with 16M bytes of RAM, you can 
record 8M samples. A trio of third­
party software packages, Dadisp, 
Assystant, and Snapshot Storage 

and includes a pair of 720k-byte 
3 1/2-in. floppy-disk drives. The ven­
dor believes, however, that the ma­
jority of users won't add the key­
board and monitor and will control 
the unit's operation via the menus 
it displays on the scope's CRT and 
the "soft" keys beneath the CRT. 
All of the supplied software uses 
this interface. Among the unit's ca­
pabilities are storage of 500 wave­
forms on floppy disk , time/date 
stamping of the disk files, and proc­
essing of stored waveforms using 
integration or FFTs. The unit also 
directly drives a parallel-interfaced 
printer or plotter, two RS-232C de­
vices and an IEEE-488 bus. It oper­
ates in an unattended mode, in 
which it awaits the occurrence of a 
complex trigger sequence, or an 
out-of-limits signal condition to re-

Scope, are sold separately and in­
corporate drivers for the unit. From 
less than $4000; software, $500 to 
$1000. Delivery, 90 days ARO. 

Acrosystems Corp, 66 Cherry 
Hill Dr, Beverly, MA 01915. Phone 
(508) 927-8880. FAX 508-922-5114. 

Circle No 370 

cord a waveform. $2990 including 
software. 

Tektronix Inc, Box 1700, Beav­
erton, OR 97075. Phone (800) 426-
2200. 

Circle No 371 

80386 EMULATOR 
• Emulates in real tim e to 25 MHz 
• Is also usable with 386SX, 387, 

and 387SX chips 
The ICE-386/25 in-circuit emulator 
supports the 25-MHz version of the 
vendor's 80386 µP; another version 
of the emulator supports the 386SX 
chip and a companion emulator sup­
ports the 376 embedded processor. 
The emulators and the associated 
software development tools also 
support the 387 and 387SX numeric 
coprocessors. The emulators pro-
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INTRODUCING CAHNERS 
CAPS. AN ALL-NEW, 
PRODUCTM1Y-BOOSTING 
ENGINEERING TOOL THAT 
AUTOMATES, ACCELERATES, 
AND 0 PTIMIZES THE 
SELECTION OF INTEGRATED 
CIRCUITS AND 
SEMICONDUCTORS. 

204 

Imagine having up-to-date information on 
more than 400,000 devices from over 250 
manufacturers worldwide at your fingertips. 

Think about instantly accessing crisp, clear, 
unabridged images of manufacturers' 
datasheets, with the same text, tables, and 
graphics found in the printed versions. 

Consider applying the power of menu­
driven parametric searches that can identify 
res which conform to your specifications. 

This is CAPS. It's new. It's different. And it 
gives you the information you need to make 
critical component selection decisions. 

Available on a subscription basis so it's always 
up to date, CAPS comes complete with all 
the hardware and software you need to 
install CAPS on your personal computer. 

CIRCLE NO 26 

Learn more about how CAPS can take the 
drudgery out of your component selection 
process. Call or write: 

CAHNERS 

--Computer Aided 
Product Selection 

Cahners Technical Information Service 
275 Washington Street 
Newton, Massachusetts 02158-1630 
Telephone: 617-%4-3030 
Telex: 940573 
Facsimile: 617-964-5490 
Toll Free: 1-800-245-6696 
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Facts about 

400,000 
ICs and Semiconductors 

at Your Fingertips 
Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 
• PC<lriven, CD-ROM-based 
• Includes unabridged 

manufacturers' datasheets 
• Represents more than 250 

manufacturers worldwide 
Call Toll Free: 1-800-245-6696 
CA HNER S 

Q' ,11£ 
Computer Aided 
Product Selection 

275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-964-3030 
Telex: 940573 

CAPS REPRESENTATIVES 

NEW ENGLAND 
CT, MA, ME, NH, RI , VT 
Betronic Associates, Inc. 
617-894-8400 

UPSTATE NEW YORK 
Ossmann Associates, Inc. 
315-437-7052 

NORTHEASTERN 
NJ, NYC, E. PA 
S-J Associates 
516-536-4242 

CHESAPEAKE 
DC, DE, MD, VA 
Robert Electronic Sales 
301-995-1900 

SOUTHEAST 
AL,FL,GA, MS,NC, PR,SC, TN 
Technology Marketing Associates, Inc. 
407-676-3776 

CENTRAL - EAST 
IN, KY, Ml , OH, W. PA, WV 
SAi Marketing Corp. 
313-750-1922 

CENTRAL - WEST 
MN, ND, SD, W. WI 
High Technology Sales Associates 
612-944-7274 

CENTRAL - NORTH 
E. WI, N. IL 
Technology Sales, Inc. 
312-991-6600 

CENTRAL - SOUTH 
IA, KS, MO, NE, S. IL 
Electri-Rep 
913-649-2168 

SOUTHWEST 
AR, LA, OK, TX 
Bonser-Philhower Sales 
214-234-8438 

ROCKY MOUNTAIN 
AZ., CO, ID, MT, NM, NV, UT, WY 
Zeus Electronics, Inc. 
602-263-6022 

SOUTHERN CALIFORNIA 
Balzer-Wolf Associates, Inc. 
714-261-6877 

NORTHERN CALIFORNIA 
Stewart Fullerton Associates, Inc. 
415-934-8028 

PACIFIC NORTHWEST 
OR, WA 
Seltech, Inc. 
206-746-7970 

CANADA 
R.N. Longman Sales, Inc. 
416-670-8100 

INTERNATIONAL 
Cahners CAPS 
617-964-3030 
FAX: 617-558-4700 
Telex: 940573 
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TEST & MEASUREMENT INSTRUMENTS 

vide complete access to the proces­
sors' internal states and achieve 
100% accuracy in execution history 
tracing. The development tools in­
clude an assembler, a debugger, C 
and PL/M compilers, relocation, 
linkage and library tools, and an 
Ada development environment. 
ICE-386/25, $19,995; ICE-376, 
$17,995; ICE-386SX, $18,995; ICE-
386 for 20-MHz processors, $14,995. 
Probe conversion kits, $4495 to 
$7995. Software tools from $600. 

Intel Corp, 3065 Bowers Ave, 
Santa Clara, CA 95051. Phone (800) 
548-4725. 

Circle No 372 

LOGIC ANALYZER 
• Provides between 48and192 state 

or timing channels 
• Transitional timing at clock fre-

quencies as high as 200 MHz 
You can configure the PLA/2 modu­
lar logic analyzer to provide from 
48 to 192 input channels, each with 
a trace memory depth of 4k bits. 
The input channels are divided into 
16-channel groups, and each group 
is switchable between internal and 
external clock sources to provide 
timing analysis at clock speeds as 
high as 100 MHz, or state analysis 
at clock frequencies as high as 50 
MHz. By sacrificing half of the input 
channels, you can perform timing 
analysis at a clock speed of 200 
MHz. To maintain maximum timing 
resolution without limiting the pe­
riod that you can trace data, the 
analyzer uses transitional timing 
techniques. You can qualify data 
capture with control signals, with 
single-address or address-range in­
formation, or with Boolean expres-

sions. In addition, a pre-store facil­
ity, which appends two previously 
qualified samples to the recorded 
data, helps determine program 
flow. From DM 20,000. 

Kont ron Elektronik GmbH , 
Oskar-von-Miller-Strasse 1, 8057 
Eching/Munich, West Germany. 
Phone (08165) 770. TLX 526719. 
FAX 08165-77512. 

Circle No 373 
Kontron E lectronics, 630 Clyde 

Ave, Mount~in View, CA 94039. 
Phone (415) 965-7020. TWX 910-
378-5207. 

Circle No 374 

PORTABLE PCB TESTER 
• Performs functional tests on pc-

board-mounted !Cs 
• Housed in a PC with EL display 
The Brads 2040 is an automatic test 
system housed in a sewing-ma­
chine-size PC that incorporates an 
electroluminescent (EL), flat-panel 
display. The system performs func­
tional tests on digital !Cs mounted 
on pc boards. By back driving de­
vice pins, the unit can measure the 
passive impedance (V vs I) of cus­
tom devices and-circuit hybrids, and 
test interconnections. Further, 
slots are available on the PC's bus 
for the addition of instrumentation 
modules such as a 100-MHz logic 
analyzer; a digital word generator; 
or a 2-channel, 10-MHz DSO. You 
can select a PC based on an 80286 
clocked at 12 MHz or a RAM-cached 
80386 clocked at 20 MHz. $9995 to 
13,995; optional PC-bus-based in­
struments, from $1000. 

Paxr Corp, 50 Airport Pky Suite 
101, San Jose, CA 95110. Phone 
(408) 437-7701. FAX 408-437-4915. 

Circle No 375 
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TEST & MEASUREMENT INSTRUMENTS 

LOGIC ANALYZER analysis. Time analysis lets you de­
fine as many as four ranges and lets 
the unit display, in bar-graph form, 
the percentage of time that the in­
put binary values are in any of the 
ranges. Value analysis lets you de­
termine the relative frequency of a 
range of values. Both features allow 
you to use the analyzer for soft­
ware-performance analysis and for 

• Incorporates time and value 
analysis 

• Provides 16 channels at 400 MHz 
or 160 channels at 50 MHz 

The ML4400 logic analyzer, which 
provides as many as 16 channels at 
a 400-MHz sampling rate or 160 
channels at a 50-MHz sampling 
rate , performs time and value 

206 

Touch Screens 
D Standard touch screens for flat panel displays & CRT's. 
D Custom touch screens available 2 to 3 weeks. 
D For medical, industrial & military applications. 
D Resistive digital membrane. 
D EMl/RFI shield, contrast enhancement filter. 

Standard Serial, Parallel & PC Interface 

Call (805) 497-8500 or Fax: (805) 496-9606 
717 l..£lkefield Road, Bldg. D., Westlake Village. California 91361-2613 U.SA 

77f1rra~ 
Ll!..J fleriCl!S, /llC. 'The Company in touch" 

CIRCLE NO 24 

fine tuning code to optimize effi­
ciency. You can upgrade existing 
ML4400s ·by plugging new ROMs 
into a socket located behind a pop­
off cover. The upgrade is free, but 
you must return the analyzer's old 
ROMs. From $5495. 

Arium Corp, 1931 Wright Circle, 
Anaheim, CA 92806. Phone (800) 
862-7486; in CA, (714) 978-9531. 
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IEEE-488 SOFTWARE 
• Runs on Apple Macintosh SE 

and Macintosh II 
• Is based on Hypercard stacks 

and Hypertalk language 
Hyper488 is a set of "stacks" used 
with Apple Computer's Hypercard 
software to interactively develop 
instrument-control applications for 
Macintosh SE and Macintosh II per­
sonal computers. Hyper488 is part 
of an IEEE-488 handler software 
package, called NI-488, that in con­
junction with an IEEE-488 hard­
ware interface , enables the two 
Macintosh models to control and 
read data from external program­
mable instruments. Once you have 
installed the interface hardware 
and NI-488 in the computer's oper­
ating system, you can use the 
Macintosh to design custom Hyper­
card stacks for instrument control. 
You can also design control pro­
grams. in the Hypertalk language or 
in MS Basic, in Lightspeed C or in 
MPW C. The vendor furnishes NI-
488 with its $495 to $1295 IEEE-
488 hardware interfaces for the 
Macintosh line. 

National Instruments Corp, 
12109 Technology Blvd, Austin, TX 
78727. Phone (800) 531-4742; in TX, 
(800) 433-3488. TLX 756737. 

Circle No 377 
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ASIC ANALYZER 
• Hosted by 80386-based PC 
• Lets any pin drive and detect 
The SYS6000 ASIC analysis system 
is controlled by an 80386-based PC, 
which is included in the price. You 
can configure the analyzer in 16-pin 
increments with 64 to 352 pins. 
Each tester pin can drive a device 
pin, receive signals from a device 
pin, or both. Optionally, the system 
can perform de parametric tests. 
The system can analyze data at a 
rate of 25M frames/sec; each frame 
can contain four signal edges and 
eight time locations. $38,000 to 
$129,000. 

Gould Inc, Cadac Inc, Design & 
Test Systems, 19050 Pruneridge 
Ave, Cupertino, CA 95014. Phone 
(503) 645-2222. 

Circle No 378 
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ELECTRONIC LOADS 
• Absorb 300 and 1800W in con­

stant V, I, and R rrwdes 
• Accept commands via IEEE-488 

bus 
The HP 6060A is a 300W electronic 
load. The HP 6050A is a modular 
1800W unit that accommodates a 
maximum of six load modules with 
150, 300, and 600W ratings. Except 
for its power rating, each of the 
6050A modules offers performance 
similar to that of the self-contained 
HP 6060A. The 6060A can operate 
in contant-voltage, constant-cur-

EDN February 16, 1989 

rent , and constant-resistance 
modes. The input current is 0 to 
60A, the input voltage is 3 to 60V 
(operation below 3V is possible at 
reduced current levels), and rise 
and fall times are as short as 12 
µsec. You can control the loads via 
the IEEE-488 bus. Pulse-waveform 
generation is built in; you can vary 
the amplitude, frequency, duty cy-

cle, and slew rate. The loads are 
protected from overvoltage, over­
current, overtemperature, and re­
versed input polarity. HP 6060A, 
$1995; HP 6050A, $1800; modules 
from $1250. 

Hewlett-Packard Co, 19310 Pru­
neridge Ave, Cupertino, CA 95014. 
Phone local sales office. 
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TX7 Series 

The leader in 
high density connectors 

As one of the top five worldwide connector 
manufacturers, JAE- in cooperation with major 
electronics O.E.M.s- has developed a complete 
famil y of 2 -piece PCB connectors for small 
computer interface. The TX Seri es of low 
profile, high density connectors are real estate 

TXJO Series 
efficient, stackable, and available now. 

JAE has been a leading manufacturer of elec-
tronic components for over 30 years and has a con­
nector for virtually every application. As electronics 
equipment becomes smal ler and lighter, JAE con­
tinues to resea rch and develop connectors to meet 
the changing needs of the industry. The TX Series is 
just one example of how JAE is keeping pace with 
the industry. These high density connectors meet all 
EMI specifications and can be used in a wide range 
of state -of -the -art electron ic systems applications. 

Ca ll or write today for information on the TX 
Series and the complete line of JAE connectors. 
JAL.where the future is now! 

CIRCLE NO 20 

JAE 
JAE Electronics, Inc. 
Just about electronics! 

1901-A E. Carnegie Avenue 
Santa Ana, CA 92705 
714 /250-8770 
800 I JAE -PART (523-7278) 
except CA and AK 
FAX 714 /250-8957 
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NEW PRODUCTS 
CAB & SOFTWARE DEVELOPMENT IDOLS 

SCHEMATIC EDITOR 
• Can use as many as 16M bytes 

of memory for schematics 
• Includes interfaces to other CAD 

systems 
The enhanced CapFast CFlOOO 
schematic-design package uses as 
many as 16M bytes of extended 
memory on IBM PC/ATs, PS/2s, 
and compatibles. The package lets 
you capture large single-page or 
multipage schematics and extract 
netlists. A packaging program auto­
matically assigns reference designa­
tors and pin numbers to physical 
packages fetched from one of the 
libraries. CapFast contains drivers 
for several laser printers and the 
Houston Instruments DM/PL pen 
plotter. Additional features include 
a parts-list program, interfaces to 
other widely used PCB-CAD sys-

terns, a general-purpose symbol edi­
tor, and a symbol library containing 
more than 2000 parts. $495. 

Phase Three Logic Inc, 1600 
NW 167th Place, Beaverton, OR 
97006. Phone (503) 645-0313. 
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TABLET TEMPLATES 
• Work with intelligent graphics 

tablet 
• Let you execute most AutoCAD 

commands with a single click 
IS/Templates work with the ven­
dor's IS/One intelligent graphics 
tablet and the AutoCAD software 
running on IBM PCs and compa­
tibles. When you place a template 
on the surface of the graphics tab­
let, you can "click" on commands 
and predrawn symbols directly 

from the template, instead of pull­
ing down screen menus or drawing 
frequently used objects. You can 
obtain templates for various fields 
such as mechanical, electrical, and 
civil engineering; architectural de­
sign; and air conditioning. One tem­
plate, $69; two, $99; five , $249. 

Kurta Corp, Box 60250, Phoenix, 
AZ 85082. Phone (602) 276-5533. 
FAX 602-276-7823. 
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C COMPILER 
• Retargetable to any micropro­

grammable CPU 
• Perf arms machine-independent 

optimization procedures 
The MetaStep Microprogram C 
Compiler lets you define the archi­
tecture of the target system by 

AT LAST 
DESIGND'SP 

ANDIBEN 
TEST IT 

Use our Block Diagram Editor to graphically 
capture and edit your DSP or communications 
design algorithm on-screen with hierarchical 
function blocks. 

208 

........ _ .. .,. ... 
I I C ! •Ut 

-- . -------- -·-·· ... ---·-··- ........ --·· ... ,,.,1.,•• , .... 

Automatically simulate your block diagram 
with the Simulation Program Builder, all with just 
a few clicks of a mouse. 
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CAE & SOFTWARE DEVEWPMENT IDOI.S 

means of machine-definition state­
ments. You can then write your 
program in C. The compiler works 
with an augmented version of the 
vendor's MetaStep microprogram 
language and performs machine­
independent optimizations such as 
recognition of duplicated expres­
sions, strength reduction , live/ 
dead-code analysis , elimination of 
common subexpressions, loop roll­
ing and unrolling, and management 
of constants. The MetaStep micro­
program language system then per­
forms all machine-dependent op­
timizations and tailors the micro­
code to the custom architecture that 

you define. The package runs on a 
variety of host computers, including 
MS-DOS machines, Sun/Unix work­
stations, and VAX/Unix minicom­
puters. Single-user MS-DOS ma­
chine, from $4995. 

Step Engineering, Box 3166, 
Sunnyvale, CA 94088. Phone (408) 
733-7837. FAX 408-773-1073. 
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HIGH-LEVEL DEBUGGER 
• Works alone or with in-circuit 

emulators 
• Can debug optimized code 
XRAY86 is a high-level debugger 
for code that runs on the Intel 8086/ 
186/286 µPs. The program can work 
alone or with ICEs from Hewlett­
Packard (Palo Alto, CA), Microcase 
(Beaverton, OR), and other ven­
dors. A programmable-window in­
terface lets you scan source code, 
monitor variables and expressions, 
trace procedure calls, and set sim-

ple or complex conditional break­
points. The debugger works with 
code generated by the vendor's C 
and Pascal compilers, as well as In­
tel's C, Pascal, and PL/M compilers. 
It will run on IBM PCs and compa­
tibles, Sun, Hewlett-Packard and 
Apollo workstations, and VAX 
minicomputers. Prices range from 
$3500 for a PC version to $14,000 
for a VAX version. 

Microtec Research, 2350 Mission 
College Blvd, Santa Clara, CA 
95054. Phone (408) 980-1300. FAX 
408-982-8266. 

Circle No 388 

PLD COMPILER 
• Generates fuse plots for a range 

of PLD devices 
• Runs under the OS-9/68k operat-

ing system 
The PLDASM-EKF assembler/ 
compiler for a range of programma­
ble logic devices, including PALs, 

WITH REAL 
WORLD DATA 

WITH ONE IDOL, 
SPW™ 

Analyze and modify signals on-screen with the 
Signal Display Editor. GPIB support allows simulation 
and analysis with real world data. 

From start to finish, the Signal Processing 
WorkSystem™from Comdisco Systems is the only 
comprehensive, integrated software tool that lets you 
graphically and interactively design, simulate and test 
digital signal processing systems. 

Design complete DSP and 
communications systems. 
SPW automates the 
design cycle and 
lets you try as many 
alternatives as you 
wish - using real 
world data to test and 
perfect your design. 

So give yourself a 
break.Arrange for a video 
demonstration of SPW 
today by calling 415-421-1800. 

COffiDllCO® 
SYSTEMS,INC 

101 California Street, San Francisco, CA 94 111 
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CAB & SOFTWARE DEVELOPMENT IDOLS 

GALs, and MegaPALs, runs under 
the OS-9 operating system for 
68000 family processors. The device 
accepts Boolean equations for data 
input and has a macro capability 
that allows you to define more com­
plex Boolean functions. As you step 
through generated source-code 
files, the PLDASM-EKF marks and 
comments on syntax errors and 
checks physical restrictions of the 
selected PLD device. If required, 
you can display the compiled fuse 
plot on a terminal, or plot it on a 
hardcopy device. The PLDASM­
EKF generates a standard JEDEC 
format output file that's suitable for 
inputting into a variety of PLD pro­
grammers. Approximately $500. 

E KF-Elekt ronik-Messtechnik 
GmbH, Weidekampstrasse la, 4700 
Hamm 1, West Germany. Phone 
(02381) 12630. TLX 828621. FAX 
02381-15067. 
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STATS ROUTINES 
• Provide statistical routines for 

engineers 
• Run on IBM PCs, PS/2s, and 

compatibles 
Statistics I and II mathematical 
routines solve specific computa­
tional problems and are intended 
for use with the vendor's MathCAD 
Version 2.0 or higher. Statistics I, 
Tests and Estimation, consists of 16 
standard routines, including para­
metric and nonparametric tech­
niques. Statistics II, Modeling and 
Simulation, contains 16 routines for 
modeling data and executing Monte 
Carlo simulations. You can load any 
routine into MathCAD and calcu­
late results immediately. The- two 
routines, which are part of a series 
of applications packages, are tar­
geted to technical professionals who 
occasionally perform statistical 
analyses. Statistics I, $59; Statistics 
II, $69; both, $99. 

MathSoft Inc, One Kendall Sq, 
Cambridge, MA 02139. Phone (617) 
577-1017. FAX 617-577-8829. 
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MICROWAVE CAD TOOL 
• Integrates design entry, simula­

tion, and layout 
• Minimizes the number of design 

steps for a buildable layout 
ACADEMY is a graphical design 
system for microwave and rf engi­
neers, which covers all design 
phases from schematic entry, 
through mask layout and circuit 
simulation, to documentation. You 
can create a schematic in the stan­
dard way, or you can place your 
layout elements directly (without 
first having to create a schematic 
diagram) and then initiate simula­
tion, in which case the program 
automatically creates a schematic 
from your component layout data. 
If you want to change elements or 
topology, sweep, tune, or optimize 
your circuit, or perform any other 
simulation function, you can do so 
either from the schematic represen­
tation or from the layout. The 
ACADEMY package, which inte­
grates the vendor's Touchstone, Li­
bra, and MiCAD tools, creates a 
single simulation database that con­
tains all the information regarding 
the schematic, the layout, and the 
design parameters of the circuit. As 
a result, changes in the schematic 
cause the layout to be updated and, 
conversely, changes in the layout 
are immediately reflected in the 
layout diagram; in either case the 
netlist is automatically updated . 
The element-macro feature lets you 
create custom elements. The pro-

gram produces fully annotated 
drawings or schematics for produc­
tion and design notebooks; if you 
use other programs such as 
AutoCAD or Hewlett-Packard's 
EGS, optional utilities can convert 
the layout to these formats. The 
package also provides interfaces to 
a wide variety of other CAD pro­
grams and mask-making tools. 
Price ranges from $6000 to $14,000, 
depending on the type of host com­
puter and the number of options se­
lected. 

EEsof Inc, 5795 Lindero Canyon 
Rd, Westlake Village, CA 91362. 
Phone (818) 991-7530. FAX 818-
991-7109. 
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ANALOG PRESCREENER 
• Helps you debug standard-cell-

based IC designs 
• Checks for analog-related errors 
The Design Kit Prescreener works 
with the vendor's Design Kit for 
Mentor Graphics workstations. The 
prescreener checks your design's 
schematics and netlists for a .stan­
dard-cell-based IC and flags more 
than 35 common analog-related er­
rors, including incorrect connec­
tions of power and ground; loads 
that exceed the drive capability of 
the driving cell; incorrect uses and 
connections of resistors and capaci­
tors; and incorrect uses of any of 
the 300 analog, digital, and 
EEPROM cells contained in the 
vendor's library. The Precreener 
generates a report to warn you 
about all the pins in your design 
that have critical restrictions on 
source or load impedances. No 
charge with the purchase of the 
vendor's Mentor Graphics Design 
Kit, $199. 

Sierra Semiconductor , 2075 N 
Capitol Ave, San Jose, CA 95132. 
Phone (408) 263-9300. TLX 384467. 
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"We wanted to change the way electronics engineers thought about EPLDs-erasable, 
programmable logic devices. With the new MAX product line, we gave EPLDs speed and density beyond 
conventional limits. 

To design the new MAX family architecture, we needed to make available to each engineer 
a personal CAE system that could handle circuits with 500,000 or more transistors. That's why we 
chose Workview. 

With Workview, we captured and simulated the design up-front- making it easier for the 
engineer to find and fix errors early in the design cycle. This provided tremendous cost-savings both in 
people-time and money. 

The MAX project has been very critical to Altera's success. 
With Workview, we got it right the first time." • VIEWlogic® 

1-800-CAEVIEW 

"At Altera, we used Workview 
to des15~ fhe new MAX family 
of EP products~' 
Viewlogic Systems Inc., 313 Boston Post Road West, Marlboro, MA 01752 508-480-0881 
Viewlogic and Workview are trademarks of Viewlogic Systems, Inc. Altera and MAX are trademarks of Altera Corporation. 
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... ANALOG 
WDEVICES APPLICATION NOTE 

Note explains how to micro­
step 2-phase stepper motors 
The application note, Microstepping 
Drive Circuits for Single-Supply 
Systems, features a short tutorial 
on microstepping 2-phase stepper 
motors. The publication discusses 
the advantages of using 8-bit rather 
than 6-bit DACs and the advantage 
of using closed-loop rather than 
open-loop controls. The note illus­
trates two "Practical Circuits": The 
first uses the vendor's AD7628 and 
AD7820, and the second uses the 
AD7669. Two additional sections 
are titled "Microstepping Basics" 
and "Effect of Torque Load." The 
publication includes several dia­
grams and figures. 

Analog Devices, Literature Cen­
ter, 70 Shawmut Rd, Canton, MA 
02021. 
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Starter kit and book for 
first-time CADD users 
The CADD (computer-aided design 
and drafting) Starter Kit for DOS­
base d microcomputers and the 
book, Converting to GADD: The Ge­
neric Software Guide for Busi­
nesses, are easy-to-understand 
guides that help you learn CADD. 
The starter kit, which contains a 
step-by-step tutorial workbook, a 
symbol library, and a disk of sample 
drawings, teaches you how to cre­
ate floor plans, elevations, product 
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drawings, flow charts, graphs, 
charts, and other graphical draw­
ings. The book addresses such is­
sues as the transition from manual 
to electronic drafting, customizing 
the CADD system to a particular 
design discipline, and the benefits 
of using CADD compared with the 
use of manual drafting. Starter kit, 
$159.95; book, $24.95. 

Generic Software Inc, 11911 
North Creek Parkway S, Bothell, 
WA 98011. 

INQUIRE DIRECT 

Extensive catalog of 
board-level devices 
According to the vendor, the 1989 
product catalog presents the largest 
selection of board-level products in 
the industry, as well as the most 
diversified array of hardware and 
software components. The main 
product categories are Intel- and 
Motorola-based processors; static 
and dynamic memories; serial, par­
allel, and analog interfaces; control­
lers for disks, graphics, data com­
munications, networking, and mo­
tor control; and accessories such as 
card cages, cables, and backplanes. 
A new product category offers lin­
ear scan cameras and controllers. 
In the software section, you'll find 
a library of software drivers for 
most of the vendor's boards, soft­
ware development utilities, real­
time operating systems, and high­
level languages. Another important 

section deals with ready-to-use de­
velopment systems and OEM com­
puters. 

Gespac Inc, 50 W Hoover Ave, 
Mesa, AZ 85210. 
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Publication presents 
plethora of IC products 
The vendor's 1250-pg Circuits Data 
Book lists more than 800 products, 
including precision operational and 
instrumentation amplifiers; isola­
tion amplifiers and power supplies; 
high-resolution AJD and DIA con­
verters for instrumentation, digital 
audio- and digital signal-processing 
applications; S/H amplifiers; and 
data-acquisition systems. Further, 
new features include a special selec­
tion guide for components in sur­
face-mount packages and a cross­
reference section, as well as a com­
plete price list in the US edition. 

Burr-Brown Corp, Box 11400, 
Tucson AZ 85734. 
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Computer numerical control 
for factory-floor environment 
Excerpted from the vendor's 5-
volume Manufacturing Automation 
Series, the 42-pg report, "Numeri­
cal Control Overview," reviews the 
use of CNC (computer numerical 
control) systems in factory-floor en­
vironments. Comparison columns 
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cover applications; control, operat­
ing, and programming features; di­
agnostics; and physical attributes of 
4 7 numerical controllers from 18 
vendors. The publication also out­
lines numerical control program­
ming languages and systems, helps 
you select a CNC system, and ana­
lyzes how CAD/CAM systems ef­
fect a CNC system in a computer­
integrated manufacturing environ­
ment. $35. 

Datapro Research, 1805 Under­
wood Blvd, Delran, NJ 08075. 

INQUIRE DIRECT 
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Booklet details high-speed 
motion-analysis systems 
In-depth descriptions and applica­
tions data for the EktaPro 1000 mo­
tion analyzer and the SP2000-C mo­
tion-analysis system are the focus 
of this 22-pg, 4-color catalog. With 
the help of product photographs, 
charts, and diagrams, the publica­
tion describes each unit's features 
and applications, which include 
automated manufacturing, trans­
portation systems, aerospace hard­
ware development , packaging, 
biomechanics, and fluid mechanics. 
A summary of accessories, sales and 
delivery terms, and training and 
service information complete the 
publication. 

Eastman Kodak Co, Spin Phys­
ics Div, 11633 Sorrento Valley Rd, 
San Diego, CA 92121. 
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Pamphlet sums up 
cable-connector assembly 
The vendor's brochure VA-3 ex­
plains its cable-connector assembly 
program, which provides custom 
preassembled flexible cable inter­
connections, fiber-optic assemblies, 
and mass-termination systems. The 
publication stresses how the ven­
dor's authorized centers allow 

OEMs to cut costs in the areas of 
assembly tooling and production 
space, testing, waste, personnel, 
and inspection, and how the centers 
allow OEMs to ensure system sta­
bility. 

Thomas & Betts Corp , 1001 
Frontier Rd, Bridgewater, NJ 
08807. 
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OM CENTER EVERY TIME 
Get the best in cable and connectors 
from Amphenol Spectra-Strip. Our 
full line of mass termination IDC and 
interconnect products offers you 
single source convenience. Cable. 
Connectors. Or both. One phone call 
connects you to proven product qual­
ity. And added convenience. 

Full Line If you're engineering a 
product that requires termination to 
a standard flat ribbon cable , coaxial, 
high flex life, twisted pair, 'IWist 'N' 
Flat®, flat conductor, Round 'N' Flat® 
or .025" center spacing; we've got 
you covered. If you're designing an 
interconnect system that requires 
DIN, D-subminiature, Micro Ribbon, 
high and low profile s ockets and 
headers, card-edge, two-piece board 

Reliability Advanced quality con­
trol procedures insure consistent 
accuracy throughout our product 
line. Our extremely low material 
return rate is a standard many other 
manufacturers can only shoot for. 

Delivery Our efficiency rating for 
on-time delivery is as close to perfect 
as you'll find. Standard products are 
shipped immediately from our exten­
sive inventory. JIT is no problem. 
And if you need custom work, we'll 
do it on-time, to keep your production 
schedule on track. 

Designed, manufactured, tested and 
delivered with you in mind. For the 
name of your nearest distributor or 
rep. write Amphenol Spectra-Strip, 

720 Sherman Avenue, mount, .025 " and high 
density connectors: 
you 're connected to 
thebe13t . 

Amphenol 
SPECT1V\:Sf'RJP 

Hamden, CT. 
Or call (800) 572-2253 

m CT (203) 281-3200 

Connect to the Best "[ Amphenol Spectrastrip 1988 
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Listing of analog ICs 
The vendor's product guide con­
tains an assortment of proprietary 
and enhanced alternate-source ana­
log devices. The 24-pg publication 
offers standard products for hard­
disk-drive, computer/peripheral, 
telecom, communications, military, 
industrial, and automotive applica­
tions, as well as detailed descrip-

WHY WASTE 
ENCLOSURE 
SPACE? 

When placed next to your 
disk drives, Dage's NEW 
13-Slot Backplane provides 
maximum use of space in a 
19-inch rack 

For maximum power, 
standard input is via press­
fit, threaded studs (spade 
lugs optional). 

And, to meet your specific 
needs, Dage will customize 

LITERATURE 

tions of ASIC development and tile­
array specifications. The booklet 
provides selection guides for each 
product line, and its alternate­
source cross reference lets design 
and component engineers specify 
direct replacement components. 

Micro Linear Corp, 2092 Con­
course Dr, San Jose, CA 95131. 
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to meet your requirements. 

Dage offers both J 1 & J2 
multilayer backplanes 
with the following 
exceptional characteristics: 

D Impedence -600 ( ± 2) 
D Capacitance -77 pF ( ± 3) 
D Crosstalk -<200 mV 

DAGE PRECISION INDUSTRIES, Inc. 46701 Fremont Blvd. 
Fremont, CA 94538 (41 5) 683-3930 
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Military-product 
design guide 
This military-product-design refer­
ence guide offers a wide selection 
of high-reliability ICs that meet 
semiconductor requirements for 
military equipment. The 350-pg 
guide examines the vendor's mili­
tary products and provides informa­
tion about nomenclature, symbols, 
cross-references, and ordering. 

Texas Instruments, Semiconduc­
tor Group-SGYZOOlB, Box 
809066, Dallas, TX 75380. 
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Catalog presents 
prototyping products 
The vendor's redesigned catalog 
provides a concise and easy-to-use 
source of prototype electronic cir­
cuits. The 102-pg, illustrated book 
examines general-purpose Vector­
bord prototyping boards and bus­
specific prototyping boards (IBM, 
Apple, STD Bus, S-100 Bus, Mo­
torola Excerciser. Multibus, Com­
modore, and DE -:,1. lt also includes 
Eurocard metric prototyping 
boards, packaging (Vector-Pak), 
and general-purpose backplanes. 
The publication features selector 
guides and index tabs to help you 
make your selection. 

Vector Electronic Co, 12460 
Gladstone Ave, Sylmar, CA 91342. 
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ORANGE COUNTY: (714) 637- 9602, LOS ANGELES: (818) 886-6881, MILPITAS: (408) 942-8060, 
DALLAS: (214) 341-1742. CHICAGO: (312) 250-0808, ATLANTA: (404) 263-7995, 
PHILADELPHIA: (215) 675-7600, BOSTON: (617) 794-0026 
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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. 

PMl'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! 
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12m 
MAKES 

THE DIFFERENCE 
When your 22V10s are in standby, they 
just sit around and waste power. Those 
milliamps can add up to megabucks fast! 

THAT'S 
CHANGED. 
When you replace your standard 22V10 
programmable logic devices with Atmel 's 
new, proprietary low-power versions, 
you 'l l be cutting your standby power bill. 
Atmel's 22V1 OL needs only 12 milliamps 
(15 milliamps for the military version). 
That's about one-tenth of what you 're 
used to. With Atmel, you lower costs , 
have less heat to worry about and improve 
your system reliability. 

SPEED DOESN'T 
COST POWER. 
And don't think you 're going to compromise 
your processing speed just to pay for this 
power savings. The AT22V1 OL delivers a 
blazing 25 nanoseconds. This device can 
keep up with your microprocessor - not 
drag it down. 

216 

AilDEL . 
The People Who Make The Difference . 
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PUT THEM 
IN UNIFORM. 
You can enlist these CMOS wonders for 
your military system as well. The Defense 
Electronic Supply Center (DESC) has 
approved Atmel 's 22V10 and 22V1 OL low­
power version on three different drawings. 
No one else scores that high! 

DESC SMD Numbers 

AT22V10 5962-87539 DIP/LCC 
(Windowed) 

AT22V10 5962-88670 DIP/LCC 
(Non-windowed) 

AT22V10L 5962-88724 
DIP/LCC 

(Low Power) 

For more information on the Atmel difference, 
call (408) 434-9201 , or write: 
Atmel Corporation 
2095 Ringwood Avenue 
San Jose, CA 95131 
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ED N's 
CHARTER 
EDN is written for profes­
sionals in the worldwide elec­
tronics industry who design , 
or manage the design of, 
products ranging from cir­
cuits to systems. 

EDN provides accurate, de­
tailed, and useful information 
about new technologies, 
products, design techniques, 
and careers. 

EDN covers new and devel­
oping technologies to inform 
its readers of practical de­
sign matters that will be of 
concern to them at once or 
in the near future. 

EDN covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough de­
tail to permit practical 
application 

• for which accurate price 
information is available. 

EDN's Magazine Edition 
also provides specific "how 
to" design information that 
its readers can use imme­
diately. From time to time, 
EDN 's technical editors un­
dertake special "hands on" 
engineering projects that 
demonstrate EDN 's commit­
ment to readers ' needs for 
useful design information. 

EDN's News Edition also 
provides comprehensive 
analysis and news of tech­
nology, products, careers, 
and distribution. 

275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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Sony introduces the most complete selection 
of miniatures available this side of Oz. 

To get this incredible selection of OEM 
cameras, remember, there 's no place like 

Marshall. We're Sony's largest 
distributor. With more 
miniatures than anyone. Ready 

High resolution, CCD, color and 
B&W OEM video cameras. 

All built to perform a rainbow of 
tasks that include machine vision, 
mbotics, image pmcessing, pack­
aging, surveillance, and more. Plus, 
with the lenses these cameras of­
fe~ you can focus in on an entire 
pmduction facility. 

Or a lion's whisker. 

('Authorized Locations) 
AL Huntsville (205) 881-9235' 
AZ Phoenix (602) 496-0290' 

Tucson (602) 790-5687' 
CA Irvine (714) 458-5301' 

Los Angeles (818) 407-4100' 
Sacramento (916) 635-9700' 
San Diego (619) 578-9600' 
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San Francisco (408) 942-4600' 
CO Denver (303) 451-8383' 
CT Connecticut (203) 265-3822' 
FL Ft. Lauderdale (305) 977-4880' 

Orlando (407) 767-8585' 
Tampa (813) 573-1399' 

GA Atlanta (404) 923-5750' 

to ship immidiately from over 
40 locations nationwide. 

Even Kansas. 

mars hall 

' 

IL Chicago (312) 490-0155' MN Minneapolis (612) 559-2211' Rochester (716) 235-7620' 
IN Indianapolis (317) 297-0483' MO St. Louis (314) 291-4650' OH Cleveland (216) 248-1788' 
KS Kansas City (913) 492-3121' NC Raleigh (919) 878-9882' Dayton (513) 898-4480' 

Wichita (316) 264-6333' NJ N. New Jersey (201) 882-0320' Westerville (614) 891-7580' 
MA Boston (508) 658-0810' Philadelphia (609) 234-9100' OR Portland (503) 644-5050' 
MD Maryland (301) 622-1118' NY Binghamton (607) 798-1611' PA Pittsburgh (412) 963-0441' 
Ml Michigan (313) 525-5850' Long Island (516) 273-2424' TX Austin (512) 837-1991' 

CIRCLE NO 46 

Brownsville (512) 542-4589' 
Dallas (214) 233-5200' 
El Paso (915) 593-0706' 
Houston (713) 895-9200' 
San Antonio (512) 734-5100' 

UT Salt Lake City (801) 485-1551' 
WA Seattle (206) 486-5747' 
WI Wisconsin (414) 797-8400' 
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NEW AVOCET C™ FOR MICROCONTROUERS­
A BREAKTHROUGH IN SPEED AND QUALITY 

Introducing Avocet CM Fast, opti­
mizing cross-compilers that can cut 
microcontroller development time in 
half-without sacrificing code quality. 

From concept to code 
in a fraction of the time. 

Programming in C lets you concen­
trate on end results, not annoying 
details-so you get more done, faster. 
And rapid compilation takes the frustra­
tion out. But for microcontrollers, you 
need more than speed. You need tight, 
high-quality code. 

That's why we spent two years 
field-testing and perfecting Avocet C for 
both speed and quality We built in 
three separate phases of optimization­
for object code tight enough for real 
applications. And we integrated Avocet 
C with an assembler package that's 
mature in its own right-not an after­
thought. So you can still work magic at 
the bits-and-bytes level. 

Avocet C saves you time in all 
phases of development. Our run-time 
library is extensive-no need to write 
the routines yourself. You'll arrive at 
bug-free code faster, thanks to LINT-like 
type checking. And your program's use­
ful life is extended, because you can 
recompile for other target chips. 

Testing is easier, too. Avocet C is 
ANSI-standard-so you can test generic 
parts of your program with host­
resident systems like Microsoft Quick­
(™ and CodevieW.M And when you're 
ready for hardware-specific testing, 
Avocet's AVSIM Simulator/Debugger 
tests microcontroller code right on 
your PC. 

An excellent value. 
Just $895 buys Avocet C for your 

favorite chip: Intel 8051 or 8096, 
Hitachi 64180, or Zilog Z80-with more 
to follow And Avocet C includes the lat­
est version of AVMAC-Avocet's super­
fast, professional assembly-language 
development package. (Ifyou're already a 
registered AVMAC owner, you can upgrade 
tn Avocet C for only $595.) 

The AVSJM Full-Screen Display 

AVtJCET 
SYSTEMS, INC ~ 

Free Catalog 

Call Toll-Free 800-448-8500* 
For your free Avocet catalog-to order-or 
for more information about Avocet C and 
other Avocet products. 

The best technology­
responsive, personal service. 
Avocet offers a powerful, compre­

hensive approach to microcontroller 
development. 

Avocet development tools put the 
most advanced technology at your 
fingertips. The Avocet staff stands ready 
to give you complete support­
including technical assistance-on a 
moment's notice. And we'll ship your 
order in 48 hours or less. 

Call 800-448-8500. Discover how 
Avocet can speed up your next project. 

Avocet Systems, Inc., 120 Union Street 
PO Box 490BP, Rockport, Maine 04856 

*ln Maine, or outside U.S., call (207) 236-9055 
TLX: 467210 Avocet Cl, FAX: (207) 236-6713 
@ 1988 Avocct Systems. Inc Ali rights re.served . Quick-( and Codeview are 
trademarks of Microsoft Corp. Logo and name Avocet arc registered trademarks 
of Avocet Sys1ems. lnc 

THE SOURCE FOR QUALITY PERSONAL µP DEVELOPMENT TOOLS. 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

PLO PROGRAMMING 

THEY PROMISE. 
WE DELIVER. 

FOR 
$2495. 

The 60A Logic Programmer delivers: 
• Support for 350 PLDs 
• Additional PLCCs and EPROMs 
• Manufacturer-approved algorithms 
• On-going updates and support 

Call today for more information. 
1-800-247-5700 

Ext. 763 

DATAl/O 
Corporation 

CIRCLE NO 325 

" The Best 8051 Emulator " 

5 tt cable 

8051 See EEM 88/89 
Page D-1304 

PC based emulators for the 8051 family 
(8051/51FA/52/31/32/44/152/451/452/535/552 + CMOS + more .. 
• PC plug in boards or AS-232 box 
• Pull-down menus combined w1lh 

Command-01111en User Interlace 
Context sens111ve help and 
On-Screen Editing ol data 

• 20 MHl real time emulation 
• 126K emulahon memory 
• 48 bit wide, 16K deep trace buffe1 

with loop counter 

• Program Performance analyze• 
• Powerful Macros Wllh IF-ELSE, REPEAT­

WHILE st1uaures 
• Source level debug tor PUM·SI and C-51 
• SymbollC debugging with in-line assembler 

and disassembler 

• Trace can be viewed dur+ng emulation! 

PRICES: 32K Emulator for 8031 $1790; 4K Trace $1495" 

CALL OR WRITE FOR FREE DEMO DISK! 
·us only Ask about our demo VIDEO! 

no Hau 
CORPORATION 

51 E. Campbell Avenue 
Campbell , CA 95008 
FAX (408) 378-7869 

(408) 866-1820 

UNIVERSAL/GANG 
PROGRAMMER 

$595.00 
Includes 
One Year 
Update 
and 
Warranty 

made in U.S.A. 

HUSKY'" programs EE/EPROMS, CMOS PLDS, 
and Micros. It's your best bet when low cost 
and quality are both important. 
From the people who make CUPL and ALLPRO. 

1201 NW 65th Place 

LDC: I CAL Fl Lauderdale . FL 33309 
305-974-0967 

D•v•c•s. INC. 1-800-331-7766 

CIRCLE NO 326 

m TO m ~~:~;RTOR 
WIDE RANGE l/P 90 - 265V AC 
0/P LOAD REGULATION 5% . 
HIGH EFFICIENCY. 

PATENTED· US.A. 

FEATURES 
• WIDE AC INPUT VOLTAC..E RANGE lJO-.!h"iV AC 
• O /P DC VOLTAGE: l~-.WOV 0( 
• 0 /P MAX. WATTES: lUUW. 
• HIGH OUTPUT CUR RE NT TO IA OC 
'OUTPUT VOLTAGE REGULATED TO I" ... 
' HI GH EFF ICIENCY TO 1JO" ... 

TAIWAN 

' TURN ON SURGE CUR RENT LIMITING NOT NEEOEO. 
' POWER RESISTORS NOT USED. 
• MINI. EXTE RNAL PART COUNT. 

POWER-M 
division of Mobiltron Electronics Co., Ltd. 
USA: Power-M 
47 Edgewood AO. Westwood, Ma. 02090 
Tel : (617) 769-8795 Ann : Fred M1row 
Taiwan: Mobiletron 
P.O.Box 54, Taya. Taichung Hs1en. Taiwan, A O.C. 
Tel : 045-668526/668926 Fax. 045-669925 Tix : 57568 Mob1letn 

DOT MATRIX LCD 

e lx8 to 4x80 sizes •. 15" to .5" 
character heights • On-board controller 

• 8-bit parallel input • Reflective, 
transOective; positive or negative images 
• -20°C to +70°C operating temperature 

• EL and LED backlighting available 
• Supertwist models in most sizes 

and formats 

IHJP:~Y714) 669-9850 

14281 Chambers Rd.• Tustin, CA 92680 
11.X: 85-2263 •FAX: 714-669-1081 

CIRCLE NO 327 

r:: 

11m .. u1111111u 

I 
LOW COST 
INTERFACE 

CARDS FOR 
PC/XT/AT I 

RS-485/422 Card [PC485D] $95 
: ~ae;~ !~ri:~~~~~~~ 1B~: l0~1sf,1ission) and JtS-422A standards. 

• Jumper selectable line terminators. Two wire (hair duplex) operation. 
• Mruumum Baud Rate 56KB/ l ISKB. Differential drivers to 4.000 rt. 
• DB9 or phontjack.. SamP-le communication software available($~. 

[IEEE-488 Card [PC488A] $1451 
• Includes INSTALLA.BLE DOS DEVICE DR IVERS and su~,rirt for UASIC. 

: ~~81(110~)_1 Tu~~iA~~;~rn:ls~~~~~~~ ~ !'::ar~~r~~~~~~~r. ($SO). 
• Compatible with most IEEF..-488 Sonwart packages for l~M-PC (e.g. ASYS· 

TANT-GPIB Lotus M"asurt etc .. WW com~tible with Ni's GPIB-PCllA. 

IEEE- 48-s- ard 'NHSB] I 
With Built-In Bus Analyzer $345 
• GPHASIC complements IBM/~ l krosoR BASIC interpreter and compiler lO 

• ~ddl~i~r:':i~b~a~i;;~7 ~~;;ro2nom~~;hsi ~!!~~r41~ ~~i~:~~~0fu~~~:::'F:; c. 
• ~~~c::f~~~:n~~~~: ~LJ1~3~A~~~~~ i~~~~~~n~hs:g~~~~r~1~~~?w~~~~~-

programs or commands arc executed: Features Program Stepping, Hreak 
poinls, real time bu s da ta ca pturt (4K buffer), instant screen 1oggling. 

• Dips1o1itch selectable Hase address, interrupts (IRQs} and OMA. 
• Complete Cont roller / Talker I Listener capability. Based on Tl's TMS-9914. 
• NEC-7210 based card (compatible with Nat. Instruments PCll/PCllA) • WS. 

MC / VISA/A.MEX Callwdayfordatashttu! 

B&C MICROSYSTEMS INC. 
JSS West QH,·e Me, Sunnyvale, CA 9~086 
TEL: (408)730-55 11 t'A..X:(408}730-SS21 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 
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Plug-In Board and Software: 
• Digital Storage Oscilloscope 
• 2 Channel: 10/20 MHz 
• Setups from Keyboard or File 
• Spectrum Analyzer 
• Math Functions 
• Output to Printer, ASCII File 

or 1-2-3 
•Buffer: 4K, 16K, 128K 

Call to order or for Information 

(800) 942-1441 
Moster Cord and VISA honored 

GOLEM SYSTEMS 
1526 Holly Cl. . Thousand Ooks. CA 91360 

CIRCLE NO 331 

•cu.... -> I.rt.= t•.IM rl1trt: ti.Ml)• urr- 9. W .._ 
' mr...-. -> •nar= s.w 1-..:-1111.• •1rr-..= us .• 0 ··- lliiil 
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"" 
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da.- f~ Ob> tt.• • 

c-.. : 1rrwt,Alr\GM:al•,Sat-•p,Or111u1, -...1a,W1t.&r•,"-·"'"·"'1't 

AFD - ADVANCED ACTIVE FILTER DESIGN SOFTWARE 
Version 3.1 designs Lowpass, Highpass. Bandpass, Bandstop and 
Allpass fil ters with Butterworth, Chebyshev. elliplc and Bessel response 
• Calculates values and sensitivi ties for MFB. VCVS , biquad , state 
variable, National MF-10 and Reticon circuits • Interactive graphics for 
group or phase delay, gain, phase. impulse and step response of the 
complete filter or individual section • Combine filters for system 
design/analysis • Modi fy ci rcuits to observe effects• For IBM PC , XT, 
AT. PS/2 ($725) 

• · FREE DEMO DISK AVAILABLE • • 
FILE CONVERSION FOR SPICE. TOUCHSTONE 

& NETOPT AVAILABLE 
RLM Research 

P.O. Box 3630. Boulder , CO 80307-3630 (303) 499-7566 

CIRCLE NO 334 

$595 PC-BASED DSP 
Full speed Tl TMS320C25 or Motorola 
DSP56001 in a PC for only $595! Power­
ful development and application software 
available. Analog 1/0 $95. 

222 

ARIEL CORPORATION 
433 River Road , Highland Park, NJ 08904 

Tel : 201 -249-2900, Fax : 201-249-2123 
DSP BBS: 201 -249-2124 

CIRCLE NO 337 

To advertise in 

Analog Circuit Simulation 
Completely Integrated CAE with ICAP/2 

f§~~~;:;=:;~ From Schematic 
Capture through 

SPICE 
Simulation to 

Post Processing 

for Only 

$790t 
tlsSPlcE$95, the complete SP1ce program that runs on all 
PC's. Performs AC, DC, and Transient analyses. 

lsSPlcE/386 $386, enhanced SPICE for 386 PC's. 

tsPlcENET $295, a schematic editor for any SPICE 
simulator. Generates a complete SPICE netlist. 

t1NTuScoPE $250, a graphics post processor that 
performs all the functions of a digital oscilloscope. 

tPRESPlcE $200, extensive model libraries, Monte Ca~o 
analysis and parameters sweeping. 

~ P.O. Box 6607 (213) 833-0710 
• ~ San Pedro, CA 30 Day Money 
lntusolt 90734-6607 Back Guarantee 

CIRCLE NO 332 

•Remote 1/0 
• CONTROL all your RS-232 devices from one 

RS-232 (COM) port 
• MULTI DROP devices over several miles 
• BUFFER serial data at each device in both 

directions 
•ANY baud rate or DIFFERENT baud rates for each 

device 
• 1-4 Units $695.00 

Connecticut microcomputer, Inc. 
PO Box 186 

Brookfield , CT 06804 
1-800-426-2872 (203) 354-9395 

FAX: (203) 355-8258 

CIRCLE NO 335 

FREE SCHEMATIC CAPTURE 
DEMO DISK 
SCHEMA II+: 

Capture More Than Ever 

Incredible speed, ease or use and power have 
made SCHEMA a best-selling schematic capture 
program for engineering professionals the world 
over. Now, SCHEMA II+ sells for $495 and 

~ supports most common IBM ="'= PC/XT/AT/PS2configurations. 

OMATiON 
l• TtuJ t:..llf11 4)2Jl.Jl67 

FREE Demo Disk: 1-800-553-9119 

SOLVE DECOUPLING PROBLEMS 
MICRO/Q 1000 capacitors with special 
pinout configurations give superior 
noise suppression , design ease. Solve 
special decoupling and routing problems 
for 8, 16, 32-bit microprocessors, and 
other devices where power and ground 
are not in conventional positions. 
Rogers Corp. 2400 S. Roosevelt St ., 
Tempe, AZ 85282 602/967-0624 

CIRCLE NO 333 

72 DIGIT AL 1/0 
FOR PS/2 

MODELS 50, 60, 80 
• Parallel Expansion 
• 72 1/0 Lines 
• Address Selectable 

1-800-553-1170 
~GUATECH 
~ INt~rlRP[ H-:V\ r f rJ 

478 E. Exchange St. , Akron, OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 

TLX: 510101 2726 

CIRCLE NO 336 

UNIVERSAL LOGIC PROGRAMMER 

o Just $798 00 Including 
sofl'#ore . coble . 
manual and two up-

dat9' ~ a Progra ms. 1ecx:!s. dupli-
cates, tests and secu1es ~ 

OV9f 700 20-and24-pln '"':"'"'"'"""'•P1· logic d evices from 17 
monufocturers lnClud· 
Ing: Altera, AMD , AMI 
(Gould).Atmel.Cypress, .. .. 
Exel. IC;T. Intel , Lattice, 
MMI. NotlOnol , RICOO . B~ 

~: Signet~~~~ \;.~-...,,-----_ -~~ 
andVLO 

0 Updold:>le vb lbR>Y disk 
o 23 Universal pin drivers 
o Connects 10 alY IBM cornpotble via porollel pmter port 
o fuly menu-driven sortwore. eosy to learn and quick to operate 
o Supportsol popular PLD deveopmenf sotiwofe 
o Aufomallcoly tests w ith vectcxs and sec\Kes otter progrOITVT*'Q 
o Ed!h f\Ae mops ond test vecto11 o Approved by mcn.rfocturers 
o Toi-free technlcOI w~ o On line help tunctton 
o JEDEC fie Input and output o Seit colibtoting 
o Gold Textool Zif IC socket o One·veor worronty 
o Engr su~ team fOf lost updates o Some day shipment 
a EPROM progrOITYT'leflavalobleolso o 30-dovmonevbock guaontee 

The Engineer's Programmer™ 
CALL FOR FREE DEMO DISK 

800/225-2102 

BP~ 
10681 Hoddington. Suite #190. Houston. TX 7704.3 

713/461-9430 FAX 71 3/461 -7413 

CIRCLE NO 338 CIRCLE NO 339 
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84 page 
catalog of 
Electronic 
Components 
~ New 1989 edition - 24% larger 
~ Over 1000 readymade coaxial cables 
~ lOOs of coaxial connectors/adaptors 
~ IEEE-488 cables and accessories 
~ 19" rack distribution panels 
~ Data networking products 
~ Switch boxes & dataline adaptors 
~ Cable testers & breakout boxes 
~ Many more items for labs, OEMs, etc 

[l:COm] m5 o.9ood st. N. And•""'· MA 01845 

Tel: 508 682·6936 FAX 508 689-9484 

CIRCLE NO 340 

DG24 • 24 line digil'1l VO: IO Miiz 8255. $95 
AD500 • 8 channel 12-bit (plus sign) integrating AID: prog. 
gains of I. IO & 100: 7 digil'1l VO lines. $239 
ADIOO • Single channel version of A0500: 10 digil'1l VO 
lines. Same programmable gains. 700 meg input Z. $149 
ADIOOO • 8 channel 12-bit AID: 25 uS: sample & hold: 3 5 
Miiz timer/counters: 24 digil'1l VO lines. $295 
ADA300 • 8 channel 8-bit 25 us AID: single DIA sample & 
hold: 24 digil'1l VO lines. $239 
AD200 • 4 channel l 2·bit 125 uS AID: 3 5 MHz timer/ 
counters: 24 digil'1l VO lines. $239 
DA600 • Fast settling dual bipolar DIA. $179 
P0200 • Prototype board wl address decoder: manual $99 

Ail bomds i'1clude BASIC, Pascal. C. and Forth drivers. 
30 daJ' re/um: I year warra'1fJ. Ctdl for "Real World 
/11terfaci11g .. applicalio11 notes. 

Real Time Devices, Inc. 
P.O. Box 906 State College, PA 16804 

(814) 234·8087 

CIRCLE NO 343 

PTS Frequency Synthesizer Catalog 
Frequency synthesizers produce precision frequencies , 
governed by a high-stability frequency standard. With easy, 
fast , remote programming they are vital in advanced 
measurement or production systems and also serve as stand­
alone test equipment. Properties, specs, applications and 
prices of the PTS 040, PTS 120, PTS 160, PTS 250, 
PTS 300, PTS 500 and PTS Dual Output Synthesizer are 
given, as well as information about our 2-yearwarranty and 
flat-rate service fee . Many options and accessories are 
described that can be combined in a virtually limitless man­
nel Programmed Test Sources, Inc., 9 Beaver Brook 
Road , P.O. Box 517, Littleton . Massachusetts 01460. 
Telephone: 508-486-3008. Fax: 508-486-4495. 

SOPHISTICATED 
PCB CAD 

AT A 
PRACTICAL 

PRICE 
Everything you've always wanted in 

a CAD Engineering workstation 
and affordable! 

• Inputs from FutureNet'", Orcad'", Schema'" 
• 1 Mil database, 32 x 32", 30 Layers 
• Routing Grids: 1, 5, 10, 20, 25 & 50 Mils 
• 1, 2 & 3 Tracks between IC Pads 
• Interactive and Automatic Placement and Routing' 
• XT, AT & 386 (and compatibles) 
• Full Air Gap & Connectivity Checking 
• 200 IC Capability (400 IC optional) 
• Full SMD & Analog Support 
• Call for free evaluation literature 

·optional 
Outside MA 1·800-255-7814 
Inside MA 1-508-486-8929 

CAD Software, Inc. 
Suite 6, 119 Russell St. Litlleton, MA 01460 

CIRCLE NO 341 

Compare. 130 or 80 dB/octave. 
Up to 204 kHz. 1024 cutoff settings. 
HP. LP. TD. Phase match: ± 1° max., ±0.25° typical. 
Amplitude match: ±0.1 dB max., ±0.03 dB typical. 
Programmable. You get Precision filter system perform· 
ance in circuit modules, 2.7" x 4.2" x 0.54". Call or write. 

PRECISION FILTERS, INC. 
240 Cherry Street, Ithaca, New York 14850. 

607-277-3550. Fax 607-277-4466. 

CIRCLE NO 344 

E(E)PROM , MICRO & MEMORY 
CARD PROGRAMMER. •••• $345 • $595 

• No personality modu les for E(E) Proms & ln! cl Micros. 

• All 24f1JY32 pin EProms to I MHil (upgradeable to32MB) 

• 874 1,-2,-4,-8,-8H,-9,-9H,-51 ,-C51.-52 ,-55, 9761. EEPROMS. 

• Memory Cards: Seiko/Epson, GI. l'lash Eproms. On-board 

Programming capability. Easy F/W upgrades. Modular design. 

• Stand·alone E(E) Prom & Memory Card Duplication I Verify. 

• U .>er friendly menu · driven driver for IHM-PC & Macin tosh. 

• Autobaud RS232 to any comput er. Hex/Binary/lnteVMotorola. 

• Built-in Erasermmer option (S.50). Gang-Module ready. 

• Direct technical support. Full 1 yea r warranty. 

MC/VISA/AMEX Coif today for do1osheets! 

B&C MICROSYSTEMS INC. ~ 
355 WEST OLIVE AVE. SUNNYVALE, CA 94086 

TEL' (408)730-55t I FAX' (408) 730-5521 

Our Multitaskig Industrial BASIC runs as fast as BASICA on 
the IBM PC/AT. It can also handle interrupts, frequency in­
puts, bit manipulation, datalogging and more. The hardware 
includes 4 channels of analog with 12-bit resolution , 32 digital 
1/0 lines, battery-backed calendar clock keypad and display 
ports. 2 RS-232C serial ports, 96K RAM , EPROM and 
EEPROM programmers, autorun mode, low power CMOS cir­
cuitry, 8 MHz Z80 CPU. only 4.5" x8". Stand-alone or ex­
pandable. Low cost optional software turns your IBM PC into 
a program development workstation. FREE CATALOG 
describes other models and accessories. Call 303-426-8540 
for same day response. 

0 OCTAGON SYSTEMS 6510 W. 91st Ave . 
CORPORATION Westminster , co 80030 

CIRCLE NO 342 

ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package predicts the reliability of your 
system using the pad stress procedure of MIL-HDBK-217E. 
and runs on the IBM PC and full compatibles. Say goodbye 
to tedious, time consuming , and error prone manual 
methods' RelCalc 2 is very easy to use, and features menu 
windows, library functions , global editing for what-if? trials , 
and clear report formats . Try our Demo Package for $25. 

T-CUBED SYSTEMS, 31220 La Baya Drive #110, Westlake 
Village, CA 91362. (818) 991 -0057 . FAX: (818) 991-1281 

CIRCLE NO 345 

WRITE OR CALL FOR SAMPLE 
Low Cost Tempilabel0 Temperature Monitor. 

How to put a low cost 
temperature gauge 

on everything. 
Label's center spot turns black when surface to which 
it is affixed reaches specified temperature. Single- or 
multi-spot labels with pre-determined increment of 
ratings: 100°F (33°C) to 600°F (316"C) . 1% accuracy 
guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Self-adhesive, removable. 
TEMPIL DIVISION, Big Three Industries, Inc. 
2901 Hamilton Blvd., South Plainfield, NJ 07080 
Phone: (201) 757-8300 Telex: 138662 
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WAVEFORM 
SYNTHESIZER 

• For IBM-PC/XT/AT and 
compatibles 

• Generates user-definable signal 
• Up to 2000 points per envelope 

~CiUATECH 
~ !NCORPOR/\TED 

$795.00 

478 E. Exchange St. Akron OH 44304 
(216) 434·3154 TLX: 5101012726 

1-800-553-1170 
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UNIVERSAL PROGRAMMER 

ONLY 
$585 

COMPLETE 
(Menu-driven SIW, 
PC Interface Card , 
Cable included.) 

UNIVERSAL PROGRAMMER 
• programs E(E)PROMs (up to 1 Meg Bit), PAL, FPL, Bipolar PROM, 

8748 & 8751 series. 
• tests Static and Dynamic RAMs, TIL and CMOS logic chips. 
• All of above functions are performed only on single unit without 

any additional module . 
INDIVIDUAL PROGRAMMERS are also available . 
(E(E)PROM programmer (1 ,4.8.16 sockets), PAL programmer, 
BIPOLAR programmer, 8748 series programmer. 8751 series program­
mer, Memory IC & nL tester.) 

XELTEK 
473 SAPENA COURT •24 ORDER TOLL FREE 
SANTA CLARA CA 95054 1·800·541·1975 1outs1ne CAI 
TEL (408) 727 6995 VISA MASTFR AMFX 
FAX (408) 727 6996 ACCEPTED 

224 
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WIDEBAND 
INSTRUMENTATION 
RECORDER/REPRODUCERS 
CATALOG 

Airborne, shipboard and laboratory 
magnetic tape and disc recording/stor­
age/reproducing systems for military 
and industrial applications are described 
in a new comprehensive catalog. For a 
free copy contact: 

Precision Echo, Inc. 
3105 Patrick Henry Drive, Santa Clara , CA 95054 
4081988-0516 

~ where unique data recording/storage solutions are expected." 

CIRCLE NO 755 
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HIGH DENSITY - LOW INSERTION FORCE 
70-350 POSITION BLIND MATABLE CONNECTORS 

N Series rack & panel connectors are available in 70, 
110, 150, 190,230,270,310and350positionmodels. 
The use of the Hypertac"' LIF (low Insertion Force) 
contact provides reliable operation without space 
consuming, expensive earning or jacking devices. 

HYPERTRONICS CORPORATION 
16 BRENT DRIVE, HUDSON, MA 01749 

(508) 568-0451 

CIRCLE NO 350 

$76.50* 
Single Board Computer 

'~- . :,"";"':: ...... . 
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• New Export 
Designer's Reference 

& Catalog No. 5 

Export Designer's Reference/Catalog aids design of inter­
national products. Designer's Reference section charts world 
plug patterns, voltages, and frequencies , lists international 
safety agencies (i.e . VDE, SEMKO, UL) , and important stand­
ards. Product sections explain international safety require­
ments. PCC products - international cords, cordage, plugs, 
sockets, power connectors, fuses, fuseholders - are fully 
described and carry approvals by agencies such as VDE, UL, 
and CSA. 

Panel Components Corporation 
P.O. Box 6626, Santa Rosa, CA 95406-0626 

U.S. toll-free: (800) 662-2290 
Canadian toll-free (800) 346-4526 

FAX: (707) 578-5478 

Z80 
HD64180 
MICROPROCESSORS 

Assembler 
"C" Compiler 
Real-time kernel 
Emulator 
Prototype board 
Floating point 
Serial driver 

Software a nd hardware which 
works with the IBM-PC for Z80 I 
HD64180 development: 

C-compiler, complete 

Assembler/linker 

In-circuit Emulaior 

Source/symbolic debugger 

Mul!iiasking kernel 
HD64180 serial driver 

Fas1 floating point package 

Z-World Engineering 
J340Covell Bl vd. Suite IOI 
Davis, CA 95616 

$495.00 

$195.00 

$99500 

$195.00 

$395.00 

$150.0() 

$150.IXl 

(916) 753-3722 "ZSO Speci,11ists" 

Fax: (916) 753-5 141 In Germany: 08131 / 1687 

CIRCLE NO 751 

MICRO/Q 2000 
FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 
ROGERS MICROIQ® 2000 
Rogers Corp., 2400 S. Roosevelt , 
Tempe, AZ 85282. 6021967-0624 

CIRCLE NO 754 

Free MSDOS & Mac 
Software Catalog for 
Electronic Engineers 

AC/DC Circuit Analysis • Active and Passive 
Filter Design • Screen/Printer & Pen Plotter 
Graphics for Engineers • LaPlace Transfer 
Function/FFT Analysis • Logic Simulation • 
Root Locus Analysis • CAD/CAE • Digital 
and Analog Signal Processing • Curve 
Fitting • Statistics • Thermal Analysis • 
Math • Microstrip Design and Analysis • 
Data Acquisition • VISA & MIC Accepted 

mTJ Engineering 
~ Professional Software 
2023 Chicago Ave., Stuite B-13 • Riverside, CA 92507 
Tel : (714) 781-0252 e U.S.A. e TELEX: 6503089864 

CIRCLE NO 756 CIRCLE NO 757 

Product Mart, call Joanne Dorian, 212/463-6415 
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Create and revise schematics and PCBs quickly and 
simply with HiWIRE-Plus"' and your IBM PC. Use 
symbols from HiWIRE-Plus's extensive library, 
modify them , or create your own quickly and pain­
lessly. Netlist, bill-of-materials, and design-checking 
utilities are included. HiWIRE-Plus is $895 and 
comes with a thirty-day money-back guarantee. 

Wintek Corp. 
1801 South St .. Lafayette , IN 47904 
(800) 7 42-6809 or (317) 7 42-8428 

CIRCLE NO 758 

SERIAL/PARALLEL 
Communications Board 

• Two Parallel Printer Ports 
• Two 8-Bit Digital 110 Ports 
• Two Serial Ports, RS-232, RS-422 

or RS-485 
• Address Selectable 
• Selectable & Shareable Interrupts 

1-800-553-1170 

478 E. Exchange St ., Akron , OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 

TU<: 5101012726 

CIRCLE NO 761 

Menu-driven software 
package for your PC 

JUNIOR - $125 
Take, store, retrieve, print data - perfect for Design 
Engineers 
LEVEL 2+ - $549 
Data acquisition plus: experiment control, data analysis. 

CIRCLE NO 759 

DATAl/O 
SET PROGRAMMER 
NOW 
$1595. 

Save $400 on the eight-socket 280 
Set Programmer, and get superior 
set/gang programming capabilities 
for all EPROMs and EEPROMs up to 
512K. Plus: 
• High-speed algorithms 
• Stand-alone or computer remote con­

trol operation 
• Full after-sales support from Data 110 "' 

1-800-247-5700 
Ext. 877 

DATAl/O 
Corporation 

CIRCLE NO 762 

MULTIBUS II 
PSB BACKPLANES 

21-SLOTS!! 
6·LAYER BOARDS, INBOARD TERMINATORS 

CHOICE OF POWER CONNECTIONS 
OTHER SIZES AVAILABLE IN 3, 5, 6, 9, 12, AND 20·SLOTS 

LBX BACKPLANES ALSO OFFERED 
2, 3, 4 , 5, AND 6-SLOTS, 4-LAYER BOARDS 

SEND FOR FREE PRODUCT DATA CATALOG The complete package. 
FREE Demo Disk. Money-back guarantee WJL Hybricon 

Unkel Software inc. 1 12 WILLOW ROAD, AYER, MA 01432 
. FACTORY WESTERN OPERATIONS 

62 Bridge St. Lexington, MA 02173 (617) 861-0181 508-772-5422 602-921 -1824 

Free Catalog 
For 
Connector 
Specifiers 

LEMO's Pocket Catalog permits con nector specifiers to 
quickly determine which LEMO connectors meet their needs. 
Catalog includes tables that are organized around the main 
elements needed to specify connectors: number of contacts, 
working voltages , amps, col/et ranges to accommodate cable 
OD, shell styles and insulating materials. 
Connector families include mixed and multi contact con­
nectors, environmentally sealed connectors, coaxial, triaxial, 
high voltage and plastic. 

LEMO USA, INC. 
P.O. Box 11488, Santa Rosa, CA 95406 

phone 7071578-8811, telex 340-933 , fax 707578-0869. 

CIRCLE NO 760 

Top of The Line In PCB Design 
DJ[IJ(lJU~[alillIJOTIJ01Tif 

This ~roduct has a host of new features to assist in the design ol a PCB 

:~' F~~I i~i~l~hA~~1i~gH~e c°~~~~e~'F~~~,~~n~e!~~~e~~i~~a~t~I: 
Checking. 
AUTOTRAX offers user definable tracks and pads A multllayer pr!>SJram 
supp.:irting CGA EGA VGA VEGA Deluxe and Hercules Video drivers 
Ou~ut 101;;1011ers, printers. N/C drill and photoplotter Hardware, IBM 

~~Js~f:o~P9~~a~~~f~~a~~~~~~n8i.g~ A~:C,~·u2p1~~v4~bsEh~Sd disk . PC 

$995 ORDER TOLL FREE (800) 544 4186 
For en<Ho-end design ask about PROTEL-SCHEMATIC $495 

~r~~~1 . 8;~u8 d~ca~~~ru:~; ~~;;d'~·~;8~R~i~h.~~~=nf~~~9s~~~ 

PROTELTECHNOLOGY INC' 
A~ ol CRITEC CORPORATION 

Acltess: 50A.-l)CnPcirkway.Sen .Jo5e.CA. 951 10 USA 

r~· 400437n11 

Facsimie: 400 437 4913 Tele• 510 100 7634 

CIRCLE NO 763 

Tan99. Now More Than Ever, 
The llest Value in PCB Design. 
Take a look at the all new Tango Series II . Our pop-up menu 
interface sets a new standard for ease-of-use and productivity. Lay 
out simple prototypes or complex, multi-layer, SMT designs with 
over 100 new features including user-definable tracks, pads. and 
grids. 

For IBM-PCs and compatibles, Tango-PCB Series II , just $595 . 
Tango-Route Seri es II autorouter, just $495 . Both include one 
year's updates, free tech support , 30·day money-back guarantee. 

can today . • FREE EVALUATION PACKAGE 
800-433-7801 619·695-2000 

ACCEL T<chnologies, 7358 Trade Street, San Diego, CA 92121 

CIRCLE NO 764 CIRCLE NO 765 CIRCLE NO 766 
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MULTIBUS'" AT-COMPATIBLE SBC 
Multibus I is now IBM PC/AT' " compatible with MAT286!" our newest 
single board solution. MAT286 includes all of the functions of a 10 MHz 
AT motherboard , plus 2 serial ports, a parallel port, two SBX expansion­
module interfaces, up to 512K EPROM/EEPROM/SRAM, and up to 4M 
of parity-checked, dual-ported DRAM. A piggy-back card, MATxSYSIO, 
adds EGA, floppy, and SCSI intertaces. Embed all the guts of an AT, two 
SBX modules, and more , into two Multibus slots! 
Phone (408) 253-0250 or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd, Cupertino, CA 95014 

Multibus rs a registered trademark of Intel Corp. 
MAT286 and MATxSYSIO are trademarks of Smgle Board Solutions. Inc. 
IBM and PC/AT are trademarks of International Business Machines Corp 

CIRCLE NO 767 

CY233-LINC Network Control 

Connect computers, intelligent :peripherals, or 
remote sites. Sv CMOS 40-pm IC. Up to 
57.6K baud. Many configs such as Peer LAN 
shown and Host LAN with opt token; Simpler 
Networks allow host to control up to 255 paral­
lel devices; UART mode with Ser/Par conver­
sion can connect parallel devices over serial 
interface and save wire. $75 ea ($30/100). Box 
3000, San Gregorio CA 94074. 415n26-3000. 

~Cybernetic Micro Systems 

CIRCLE NO no 

,-,. Telecom Design! 
CALL PROGRESS 

TONE DETECTORS 

Tone detector ICs for all telecommunica­
tions products. 5V, 3.58 MHz time base, tri­
statable outputs. 
• M-980 band pass detector from 340 Hz 

to 620 Hz. Ideal for detecting non­
precise call progress tones. 8 pin. 

• M-981 provides precise detection of 
350,400,440 and 480 Hz. 22 pin. 

• M-982 provides precise detection of 
350,440,480 and 620 Hz. 22 pin . 

For more info call : I e=M•t fli!Wflil 
(In Washington State: 206-827-9626) 

iCEL"'CCNE® 
10801-120th Avenue NE, Kirkland, WA 98033 

Industry's broadest range of minia­
tures , C frames , D frame s, power 
surge, and tubular solenoids. 

Send for 

DE• ... ROL Engineering 
~• Manual or Call 

COntiPO/S 414/671-6800 
0 DIVISION OF DEL TROL CORP 

4 5 26 
Fax : 671 -6809 

CIRCLE NO 768 

In PC industrial 1/0 cards the name is . 

PC-LabCard 

1/ 0 Cards: Daughter Boards: 
• 12 Bil A 0, D A, OIO, Counter • Amphf1er Muh1plt'x<:r 
• 14 8 11 A D, D A, 0 10, Counter • Opto-lsolated Oi~m1l Input 
• D1~nal [ 0 & Counter card • Relay Ourpui 
• IEEE-488 lntl-rface ca rd • SSR Ourput and Relay Dr1\'Cr 
• RS-4 22 Communication card • Wmn1i: Termmal 

: ~:~~~~~.~~~~ntrol card Software Support: 
PCLabDAS, ASYSTANT +, 
DA01SP, Labtech NOTEBOOK, 
Unke!Scopo: 

CALL FOR FREE CATALOGS! 
(408) 293-6786 

A American Advantech Corp. /JI 1460Tully RoaJ. Sune 602 

z=tjh ~"~~~~z~:.!!,~~ 
CIRCLE NO n1 

• 
HARDWARE DEBUGGER 

The BusBoy51 is a new in-circuit debugging tool for 8051 based 
boards. Useful in both prototype and production testing, it will help 
isolate wiring errors and component failures. The BusBoy 51 is 
menu driven with a serial intertace to the operators terminal. It pro­
vides preprogrammed tests for 8051 memory and 1/0, detecting 
stuck and shorted address or data bits. The BusBoy 51 is powered 
by the target system and autobauds. Use the BusBoy 51 to verify 
prototypes, test failed boards to isolate the memory or buffer chip 
responsible, final check production boards for proper memory and 
1/0 operation . 

BusBoy C51 $389.00 51H $349.00 
CALL (315) 478-0722 FAX (315) 475-8460 

Logical Systems Corporation 
P.O. Box 6184 , Syracuse NY 13217-6184 USA 

TLX 6715617 LOGS 

. ' 

ANALOG CIRCUIT SIMULATION 
ECA-2 ~a complete Electronic Circuit Analysis package v.;tti built-In grJphics 
and the lastest sln11latlons. 

•AC, DC, Transient • 2-100 limes taster than SPICE 
•Fourier. Temperature •Over 500 nodes 
• Worst-case . Moote-Carlo • Sine. Pulse. P'NL, SFFM 
• Full , nonlinear simulator and Expooential generators 
• Interactive or batch • Mooey back guarantee 
• SPICE compalible models 

ECA-2 IBM PC or Macintosh $675 
EC-Ace, a subset ol ECA-2. 5145 

Call 313-663-8810 For FREE DEMO disk 

Tatum Labs, Inc 
1471 M1rll Tw1ln Court, Ann Arbor. Ml 41103 

CIRCLE NO n2 

• Software driven and 
upgradable 

• Direct control by IBM PC/ 
XT/AT/PS2 eliminates time 
consuming downloading 

• Automatic batch/macro file 
support 

• Virtual memory ·· requires 
no RAM modules even lor 
megabit devices. 

SAILOR-PAL: Universal pin drivers support PALs, GALs, 
PLDs, EPLDs, PEELS, ECLs, EPROMs, PROMS, FPLAs, 
FPLSs and MICROs. Accepts JEDEC files from CUPL, 
AMAZE, ABEL, etc . $1095 - $1895 

SAILOR-2,-8: 2 and 8-socket seUgang high speed 
EPROM programmers, to Mbit devices. $545/$975 

S ADVIN SYSTEMS INC. Sunnyvale, CA 94086 

(408) 984-8600 • FAX (408) 736-2503 
Please call lor free demo disk . 

CIRCLE NO n3 CIRCLE NO n4 CIRCLE NO ns 
To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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WE'LL SHOW YOU WHAT NO ONE 
HAS EVER SEEN BEFORE 

AND WE'LL COLOR IT, TOO! 
With A 3 Hz Filter That Provides 
A New Industry Standard Of 
Resolution For Close-In Performance ... 

The user friendly Marconi Model 
2383, 100 Hz to 4.2 GHz Spectrum 
Analyzer with built-in tracking gen­
erator establishes a new standard 
of high accuracy, resolution and 
stability of measurements . The 
automatic self calibration routine 
provides exceptional RF level accur­
acy of ± 1.5 dB at 4.2 GHz from 

Marconi 
Instruments 
EDN February 16, 1989 

+27dBmto -130d8m.Close-inper­
formance is unmatched with a 3 Hz 
filter and 1 Hz frequency resolution . 

=-·~ ~- ·. - - - - . - ...:.= ~ ·0···'·1 " • • • I 

·== _ . Ii - 9 " - - - ~L ---

4.2 GHz Spectrum Analyzer-Model 2.383 

CIRCLE NO 54 

With numerous high 
performance display 
functions, dynamic trace, 
limits memory, RGB drive, 
GPIB, plus limits masking. 
The 2383 is at your command 
for demanding spectral analysis 
requirements. 

For a demonstration or details 
contact: Marconi Instruments, 
3 Pearl Ct ., Allendale, NJ 07401. 
• (800) 233-2955 • (201) 934-9050 

227 



CAREER OPPORTUNITIES 

Issue 
Date 

Mar. 16 

Mar. 30 

Apr. 13 

Apr. 27 

1989 Editorial Calendar and Planning Guide 

Recruitment 
Deadline 

Feb. 23 

Mar. 9 

Mar. 23 

Apr. 6 

EDN 
Editorial Emphasis 

CAE, 
Analog !Cs 

Integrated Circuits , 
Computer Boards 

Test & Measurement , 
Digital !Cs 

Communications Technology, Special Issue 
Communication !Cs 

Sperry Commercial Flight Systems 

in Phoenix 

Career Opportunities 

228 

Honeywell's Sperry Commercial Flight Systems Group in Phoenix is the 
world leader in developing completely integrated cockpits . You can be part 
of this challenge. Our continuing growth has created the following oppor­
tunities: 

System Software Development 
This area involves development of flight software for advanced guidance 
and control systems for aircraft, util izing modular and structured pro­
gramming techniques. You will be involved with algorithms and develop­
ment of real -time programs in both assembly and high-order languages 
with subsequent integration with hardware. 

Analog Design Engineer 
This position requires a BSEE with a minimum of three years of experience 
in the design and development of analog interfaces, including servo­
drives, signal conditioning and filtering , and ND convertors . 

M ake a career move. Honeywell offers you a competitive salary and 
benefits package and the opportunity to live in the year-round outdoor 
lifestyle of Phoenix. Send your resume and salary history, in confidence , to 
Honeywell , Sperry Commercial Flight Systems Group , Professional 
Employment (EDN-S 1 OOCJ, P.O. Box 21111 , M/S I 17C, Phoenix, AZ 
85036. 

Honeywell 
HELPINC) YO U CONTROL YOUR WORLD 

Equal Employment Opportunity/Affirmative Action Employer 

EON News 
Edition 

Closing: Mar. 3 
Mailing: Mar. 2 3 

Closing: Mar. I 7 
Mailing: Apr. 6 

Closing: Mar. 31 
Mai ling: Apr. 20 

Closing: Apr. 13 
Mailing: May 4 

Company needs applicant with Bachelor 
Degree orequivalentin the fie ld of mathe­
matics, having knowledge in computer 
languages "C", PASCAL and ASSEMBLY, 
and having knowledge or course in com­
puter system architecture and at least one 
year of experience in software program­
ming . Will develop and design business 
graphics software for IBM/PC/AT, PS/2 
computer system, which includes using 
"C'', PASCAL and ASSEMBL\', and com­
puter system architecture to design soft­
ware for Aurora 1024 graphics adaptel Job 
in St. Louis, MO, area. 40-hour week , 
$28,500 per yeal Send resume to Mrs. 
Jimmie Gaston , Div. Employment Secur­
ity, 505 Washington Street, St. Louis, MO 
63101, re : Job order #238520. 

If You1re 
looking 

For a Job, 
You've 

Come to 
The Right 

Place. 
EON CAREER 

OPPORTUNITIES 

EDIN 
EDN February 16, 1989 



A Vision of 
the Evolving 
Netvvork. 
A Plan to 
Reach It. 
Rockwell International Corporation 's Network Transmission 
Systems Division. is playing a significant role in establishing the 
next generation transmission and transport standards. We are 
leading in the technology thrust with a family of long haul and 
local distribution products that will make us the network of the 
future . including next generation lightwave products. digital 
cross-connect systems. and advanced network control systems. 
If you are interested in a challenging opportunity, join the 
company with a vision of the future ... and a plan to reach it. 

-Power Supply Design 
Engineers 
BSEE/MSEE with 3 + years experience in the design of high 
frequency high performance switch mode and linear power 
supplies for telecommunications products. In-depth knowledge 
of current-mode control. magnetics design . redundancy 
techniques and Spice simulation programs essential. 

Hardware Engineers 
BSEE with 3 + years experience in digita l circuit design . 
HCMOS. PLA 's. ECL. PLD's and RS-422 ckts. 68000 firmware 
experience a plus. 

Hardware Engineers 
BSEE/MSEE with 3 + years experience in designing/testing/ 
integrating/documenting and manufacture for release of 
redundant . fault tolerant. distributed processor subsystems 
and/or modules necessary . Knowledge/design experience with 
computer architectures. 32-bit microprocessors. DRAM and 
SRAM memory arrays. serial communication interfaces 
(RS-232C). protocols (HDLC). magnetic storage interfaces and 
the corresponding VLSI processor support components/digital 
logic families. Familiarity with UNIX and " C" language 
programming skills is required. 

Hardware Engineers 
BSEE/MSEE with 3 + years experience in control subsystem 
design for telecommunications equipment. Will be responsible 
for the design/test/integration/ documentation and manufactur­
ing release of redundant. fault tolerant. distributed processor 
subsystems and/or modules. Knowledge/design experience with 
computer architectures. 32-bit microprocessors. DRAM and 
SRAM memory arrays. serial communication interfaces 
(RS-232C) and protocols IHDLC) magnetic storage interfaces 
(SCSI) and the corresponding VLSI processor support/digital 
logic families required . Familiarity with UNIX and " C" language 
programming. hardware design/"(", and CAE skills essential. 
Telecommunications signal hierarchy and interface knowledge a 
plus. 

Hardware Engineers 
BSEE/MSEE with 3 + years experience in ASIC 
design required ; Daisy CAD tools preferred . Telecommunica­
tions experience necessary ; design of DS I or DS 3 interface 
circuits desired . Knowledge of multiplex techniques and jitter 
analysis as well as design experience with high frequency digital 
circuits a plus. 

EDN February 16, 1989 

11••1)111•1111lilli 
Systems Integration 
BSCS/BSEE with 3 + years experience developing/coordinating 
testing activities in digital cross-connect systems integration 
including functional prescribed levels of hardware and software 
components. Familiarity with testing strategies/methodologies. 
software integration and verification required . Working 
exper ience with telecommunication systems. real-time 
software. UNIX environments . automated test procedures. 
closed loop design and feature verification through CASE 
systems necessary . 

Software Engineers 
BSCS with 3 + years related experience. Will be responsible for 
providing software engineering expertise related to softwa re 
system development in the alarm . monitor and control for 
telecommunication network elements. Experience with 
VAX/VMS tools. Versa DOS. database generation . HDLC/X.25 
bit-oriented protocol development and man-machine interface 
ski lls essential. 

Software Engineers 
BSEE/CE or MSEE/CE with 3 + years experience in UNIX or 
related operating systems experience. Will be responsible for 
installing in ROM bases real-time 68000 CPU environment 
including the support/training/ testing. Knowledge of · 'C' ·. 
C + + . 68000 assembler and object-oriented development of 
Sun Workstation and CASE tools essential. 

Software Engineers 
BSEE/BSCS with 3 + years experience in telephony . telecom­
munications or networking software development essential. 
Experience in " C" language and UNIX preferred. Strong 
background in system level design and specification of large 
software development projects preferred . Knowledge/ 
experience in software engineering principles. structured 
design methodology. networking. communications. system 
maintenance and diagnostics . call processing . digital cross­
connect and operating systems required . 

Software Engineers 
BSEE/BSCS with 3 + years experience in telephony or 
telecommunications software development necessa ry. 
Experience in " ('' language and UNIX preferred . Familiarity in 
specification/design/development of large software project with 
knowledge of software engineering principles and structured 
design methodology required . Specific exper ience in any of 
the following desired : diagnostics. fault isolation . system 
configuration . growth and retrofit. call processing . 
DS I /DSO/DS3 and signaling. monitoring . surveillance or 
digital cross-connect. 

Product Line 
Administrators 
BSCS/BSEE with 3 + years experience in transmission and 
control systems. Will be responsible for producing requirement 
definitions and functional specifications for NTSD Operations 
Support Systems products. Knowledge of protocols. transmis­
sion networks and embedded Bell OS systems a plus. 

Communication So/1J1tions 
from Rockwell 

Rockwell International offers excellent benefits that you would 
expect from a Fortune 50 Company. Send your resume to: 
Barbara May, Rockwell International. Network Transmission 
Systems Division, Dept. 8629, M/S 401-152 , P.O. Box 568842, 
Dallas, Texas 75356-8842. Permanent Residency Required. 
Equal Opportunity Employer M/F. UNIX is a trademark of AT&T 
Bell Labs. 

~I~ Rockwell 
"'•~ International 
... where science gets down to business 
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At your new job, 
you'll love 

our point o( view. 
At Allied-Signal Aerospace in 
Tucson, we're involved in the 
research , design , manufacture 
and marketing of an array of pre­
cision products vital to the com­
mercial, military and general aviation indus­
try. Our employees work in an ultramodern 
facility with scenic mountain and desert 
views. And they can take advantage of the 
great climate and many recreational ameni ­
ties of our relaxed Southwestern lifestyle. 

II 

• I 11 
=,,.IJl,t tt'~, I 11! , , ~!1\lt\ -''"'.~I •I 

A ·iilli:r,.ii~ . · ·~ ~ L- Jl 111..- _.--..-.. ~'Jl!r:--

l:1dli ~ l\~" 

experience in the areas of adhesive 
bonding, protective coating, potting, 
and painting related to military/ 
aerospace electronic applications. 

Stress/Thermal 

The future is looking beautiful at 
Allied-Signal. If you ' re an engi­
neering professional with experi­
ence in one of the following areas, 
come see for yourself. 

r_ ~~!!r-1~1 ?!'-'\_ 
. i.,.::!f!, ~ ~ ~ 

_ _:_~~-~- $. ~~~ l:"'._,._!U p -,- ~ ~ EMI Engineer 
:1111 •I' .... - I •s ---r ~ r.Y '.Gl- ' -- BSEE or BS Physics and at least 5 --=-= -=i -- 1_; ----~ ~ years experience in all aspects of EM! ---= ... ~..,~ requirements for military, commercial and 

Systems Engineers ~~~~~~~~;;;;;=:;-=--=--=---~-- general aviation electronic hardware. 

BSEE and 5 years experience in mi­
croprocessor based avionic systems, digital 
and analog circuit design, hardware/software 
integration, and system test and integration. 

Power Supply Design Engineer 
Requires 5 years switchmode power supply 
design experience. BSEE required , MSEE 
preferred. Familiarity with MlL-STD-461 , 
704 and MlL-T-27 required . 

Components Engineers 
ELECTRONIC: BSEE and minimum of 5 
years active or passive component engineer­
ing experience. 

MECHANICAL: BSME and minimum of 5 
years mechanical , electromechanical or con­
nector component engineering experience. 

Circuit Design Engineers 
BSEE and 5 years experience in detailed 
analog and digital circuit design of advanced 
avionic systems. Should be familiar with 
military applications and possess micropro­
cessor experience. 

Senior Reliability Engineers 
Requires BSEE/MSEE and minimum of 5 
years experience in either fail ure reporting 
and corrective action system support or tes­
tability analysis. 

Components Engineering 
Supervisor 
Requires at least I 0 years experience in 
electronic components engineering in a 
military avionics environment, familiarity 
with military specifications, supervisory 
experience, and a BSEE or equivalent de­
gree. 

Software Engineers 
Requires a BSEE/CS degree and 3-5 years 
experience. Familiarity with 8086 micro­
processors, Assembly and PLM languages 
also required . 

Polymer Specialists 
Requires an advanced degree in Polymer 
Chemistry or Engineering and 3-5 years 

Allied-Signal Aerospace Company 

Senior Design Engineer -
Cabin Pressure 
Requires a minimum of 10 years experience 
designing pneumatic components for cabin 
pressure control systems, including valves, 
regulators and Delta P controls. Requires thor­
ough understanding of ANSI 14.5; CADAM 
experience and technical degree preferred. 

Materials/Process Engineers 
Requires an advanced degree in one of the 
physical sciences and a minimum of 3 years 
experience in materials and processes related to 
the military and aerospace electronic business. 

If you want to be considered, let us hear from 
you. Please send your resume to Allied-
Signal Aerospace Company, AiResea rch 
T ucson Division, Professional Staffing, Dept. 
EDNM289, P.O. Box 37110, T ucson, Arizona 
85740. U.S . Citizenship or permanent visa re­
quired. An Equal Opportunity Employer 
M/F/HN. 

4med 
Signal 

EDN February 16, 1989 



Quality in. Quality out. 

When you put your best into 
your products, it shows. 

At Compaq, the value of our products is 
simply a reflection of the personal values 
inherent in each Compaq professional. 
Attributes like teamwork, mutual respect, 
leadership and a commitment to quality 
translate into some of the most advanced per­
sonal computers on the market. 

Our continued success has created imme­
diate opportunities for top Engineering pro­
fessionals at our Houston headquarters. Start 
with a BS or MS in a related Engineering field 
and three-plus years' experience. Add to that 
a strong set of personal values and the desire 
to do what's never been done before, and you 
could be part of a winning team. 

Sustaining Engineers 
As a Compaq Sustaining Engineer, you'll 

have a hand in the analysis and correction of 

circuit and component issues in one of the fol­
lowing areas: 

Digital-Resolve complex technical issues 
in high-speed digital designs. 
Power Supply-Analyze and solve techni­
cal problems in sophisticated power supply 
designs. 
Peripherals-Troubleshoot and resolve 
OEM-related issues (drives, monitors, key­
boards, displays) . 
PCBs-Develop printed circuit board 
specifications for existing and new PC 
technologies. 

In-Circuit Test Engineers 
Perform board-level in-circuit testing, 

using Genrad 227X series ATEs and 229X 
series workstations. ATE programming expe­
rience is required. 

Vendor Quality Engineers 
Test and evaluate design and redesign 

peripheral and component issues to maintain 

the highest user satisfaction ratings. Experi­
ence in peripherals and project management 
is essential. 

Component Test Engineers 
Ensure quality control through engineering 

analysis, device characterization and failure 
analysis of digital and linear devices such as 
custom AS!Cs, complex microprocessors and 
peripherals, advanced CMOS logic, static 
and dynamic memories and other precision 
components. 

Make a quality career decision. 
Compaq offers competitive salaries, compre­

hensive benefits and an unequaled work envi­
ronment. If you're interested in one of these 
positions, please call us at 1-800-243-9003. 
Or simply submit your resume and the position 
for which you wish to be considered to: 
Compaq Computer Corporation, Dept. 
EDN289-BY, P.O. Box 692000, Houston, 
Texas 77269-2000. 

l'DmPAQ 
© 1989 Compaq Computer Corporation. All rights reserved. All products are registered trademarks or trademarks of their respective manufacturers. Compaq is an affirmative action employer, mlf/h/v. 
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Market trends. New product developments. 
What sets Motorola 's 

Semiconductor Products Sector apart is our focus on the internal force. 
People who are the source of innovation. 

With an unwavering 
belief in employee participation and recognition. we've built a history 
of technical achievement. And a strong partnership with our people. 
Which is the key to continued growth and successful competition. 

Enter Motorola's Semiconductor Products Sector (SPSJ and find a world of 
opportunities. A wealth of options. And a storm of activity. 

As a world leader in the research. development and manufacture of 
microelectronics. SPS seeks skilled professionals interested in applying their 
abilities toward the most challenging assignments in the semiconductor industry. 
This includes work ing with the latest MOS. bipolar. ASIC. logic and memory 
technologies at our highly sophisticated facilities in Phoenix. Arizona or 
Austin. Tuxas. 

PHOENIX OPPORTUNITIES 
ASIC Products - Outstanding engineering opportunities exist within the 
ASIC CAD Development organization as we continue to develop our Open 
Architecture CAD System. Positions include: 

• Simulation/Modeling/Test Engineer 
• Internal CAD Support Engineer 
• Timing Analysis/Synthesis Engineer 
• CAD Systems Engineer 
• Physical Layout/Verification Engineer 

Analog Products - Will develop advanced analog products in the 
position of: 

• Bipolar/BIMOS Analog IC Design Engineer 
• SmartMOS/Power IC Design Engineer 

AUSTIN OPPORTUNITIES 
Memory Products - Opportunities exist at varying levels to support our 
DRAM/SRAM product lines. BS/MSEE and a minimum of 2 years experience 
preferred for the following positions: 

• Circuit Design Engineer 
• Product Engineer 
• SoftwarelTest Engineer 
• Failure Analyst/Reliability Engineer 
• Mask/Layout Designer 

Microprocessor Products - Will 
develop and support our 68000. RISC 
and DSP product families. BS/MSEE 
and a minimum of 2 years experience 
preferred . Openings exist for: 

• Circuit Design Engineer 
• Product Engineer 
• Systems Engineer, Chip Level 

Research & Development - Will 
support our CMOS Sub-Micron/DRAM/ 
SRAM technologies. MS/PhDEE/Physics 
required for: 

• Process/Device Simulation Engineer 
• Characterization/Modeling Engineer 
• Wafer Equipment/Maintenance 

Technician (requires 2 year technical 
degree or equivalent experience) 

In addition to competitive salaries and 
benefits. Motorola offers an attractive 
lifestyle in the growing cultural and 
technological centers of Phoenix or 
Austin. For more information. send your 
resume to the Employment Department 
at the location of your choice: 

Phoenix Opportunities -
Attn: SPS-283 
725 S. Madison 
Phoenix . AZ 85281 
(602) 994-6812 . COLLECT 

Austin Opportunities -
Attn: ATX- 104 
1112 W. Ben White Blvd. 
Suite 200. Austin. TX 78704 
(800) 531-5183. 1DLL FREE: 
(512) 462-1125. COLLECT 

® 
MOTOROLA 

Semiconductor Products Sector 

An Equal Opportunity/Affirmative 
Action Employer 
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EATON CORPO RATION, AIL Systems/Westlake is gea ring up for 
some significa nt project work in the New Year. We need experienced 
engineeri ng personnel to work on these new major projects. 

EATON is loca ted in Westlake Vi llage, recognized as one of Southern 
Ca li fo rnia's finest planned communities and uniqu ely situ ated jus t 
38 miles wes t of downtown Los Angeles, directly west of the San 
Ferna ndo Valley and 8 miles from the Pacific Ocean. 

The Westlake Village a rea offers an abu ndance of things to do . 
Many recreational, ente rta inment , cu ltura l a nd educa tional ac tivities 
are close at hand. 

ALL POSITIONS REQUIRE RECENT AEROSPACE/ELECTRON ICS 
INDUSTRY EXPERIENCE. 

PROJECT ENGINEER 
Directs and is responsible for the new design of a large Military 
Microwave Equipment System. Equipment includes Frequency 
Synthes izers, Microwave Receivers , Modulation Analyzers, AM, 
FM BSPK, QPSK and Spread Spectrum Modulators which are con­
trolled by multiple MC68000 processors . Ed ucation shou ld be based 
on a BSEE o r MSEE degree . Must have ten to twenty years in the 
design of military RF/Microwave components and sys tems. Required 
experience includes hands-on design of RF or microwave components, 
fo llowed by growth into RF or microwave subsys tems and sys tem s. 
Background should include design of microwave receivers, parameter 
encoders, phase lock loops or frequency synthesizers. Must have 
managed a large microwave sys tem program and have been respo n­
sible fo r technica l performance, cost and sched ule. Abi lity to make 
technical and s tatus presentations to the customer and tu participate 
in specification negotiations is required. 

RF/MICROWAVE 
SYSTEM ENGINEERS 
Develop hardware specifica tions and softwa re a lgorithm s for design 
and control of a large computer controlled military microwave system . 
Equipment includes Frequency Synthesize rs, Microwave Receivers , 
Modu lation Analyzers, FFT Processors, Digital and Spread Spectrum 
Modulators which are controlled by multiple MC68000 processors . 
Education shou ld be based on a BSEE or MSEE degree. Work experi­
ence requirements include ten to twenty years in military microwave 
communications, RADAR, EW or microwave measurement system 
design. Must have a strong unders tanding of software a lgorithm 
development and be able to specify both ha rd wa re and controlling 
software. Abi lity to wri te specifications for both internally developed 
hardware and subcontracted ha rd ware is a must. 

EDN February 16, 1989 

ELECTRICAL ENGINEERS 
Senior & Intermediate 
Perform ha nd s-on design of Analog, Digital RF and Microwave 
modules used in a large milita ry com puter controlled microwave 
sys tem . Equipment includes Frequency Synthesize rs , Microwave 
Receivers, Modulation Analyzers, FFT Processors, Digital and 
Spread Spectrum Modulators which are contro lled by multiple 
MC68000 processors. Designs include high speed a na log and IF 
circu its, ECL, TTL, HCMOS, Gate Arrays , PLDs, as well as Micro­
wave MIC and GaAs FET circuits. Both detai led des ign ta sks and 
subasse mbly design leade rship ass ignments are avai lable. Requires 
a BSEE degree; an MSEE is preferred. Desired ex perience includes 
hands-o n military eq uipment design. Designers with experience in 
RADAR, EW Receivers , Signal Processing, IFF, RF Data Communica­
tions and Microwave Measurement techniques a re especia lly qua lified. 

SOFTWARE ENGINEERS 
Senior and Intermediate 
Perform system ana lysis, software ana lysis, design and imple ment 
military microprocessor systems. Work includes all phases of assembly 
language software development , including: requirements definition , 
des ign , documentation, coding, test and integration of complete 
hardware/software system. Requires a BSEE or BSCS degree. Must 
have two to fifteen yea rs experience in the development of assembly 
language software for military systems. Knowledge of microprocessor 
development tools , in-system emulators or development in a vAX­
based cross assembler environment is desirable . Experience in the 
deve lopment of 68000 microprocessor assembly code is especially 
app licable . 

SENIOR TECHNICIAN 
Assemble and tes t ccmplex military digital , ana log and RF electronic 
assemblies. Set up models from sketches and schematics. Trouble­
shoot and test finished assemblies to ensu re that they meet design 
specifications. Requires a minimum of 18 months of electronic train­
ing at an accredited school and five years experience as a technician. 

All l'"'itio11s rcq11irc dc11101l:'/mtcd 1urittc11 n11d ucrl•nl cm111111111irntio11:; 
:;kill:;. So111c l'"'it1i>11:; llllH/ rcq11irc lrnl'<'I , .<c'1cd11/cd oi'crli111c or ocrnsio11nl 
shift m>rk . 

We offer an outs tanding compensatio n and benefits package. Please 
send resume with sa lary history to: P.D . McMullin, Employment 
Manager, EATON, AIL Systems/Westlake, 31717 La Tienda Drive, 
Box 5009, Dept.EDN-112, Westlake Village, CA 91359 . May require 
U.S. Citizenship and DoD clearance. Equal Opportunity Employer. 

I!! T • N ~~~terns/Westlake 
EXCELLENCE THROUGH PEOPLE 
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Engineering 

ASIC Careers Are 
Alive And Well 

In Pocatello, Idaho! 
About Gould AMI: In 1966, American Microsystems, Inc. became 
the first company founded specifically to do custom IC design . Cons­
tant growth over two decades has enabled us to offer the full continuum 
of customer solutions. The outlook for 1989 is very good. Sales, book­
ings and profits are up .. . and it's time to add to our hardworking, close-knit 
team of talented employees. Opportunities are available for experienced: 

• Sr. Process Engineers 
• Sr. Test Engineers 
• Design Engineers 
• R&D Engineers 
• Product Engineers 
• Yield Enhancement Engineers 
• Fab Equipment Technicians 
• Production Supervisors 

About Our Home Town: Pocatello, Idaho, "Gate City to the 
Northwest", is a wonderful place for you and your family. A southeastern 
Idaho community of nearly 60,000, Pocatello offers virtually limitless 
outdoor activities year-round. Hiking, hunting, fishing, snowmobiling, 
waterskiing , camping ... the list goes on . And we're within 3 hours drive 
of Yellowstone, the Tetons, Jackson Hole, Sun Valley and Salt Lake City. 
Idaho State University, with Bachelors, Masters and PhD degrees, is just 
down the street. Pocatello's housing costs are low. And best of all , it's 
simply a friendly, comfortable place to live. Discover Gou Id AM l's home 
town! 

We can offer you not only technical challenge and excellent living con­
ditions, but rewarding salary and benefits programs, including reloca­
tion assistance. For consideration send your resume to : Staffing Manager, 
Gould AMI , 2300 Buckskin Road, Pocatello, ID 83201 . We are an 
Equal Opportunity Employer M / F/ H / V. 

PUT THE 
POWER OF 

PARTNERSHIP 
TO WORK 
FOR YOU 

WITH EON'S 
WEEKLY 

RECRUITMENT 
PACKAGE 

Reach the best-qualified engineers in 
the electronic OEM weekly. And do it for 
less. Place equivalent space in both the 
Career Opportunities section of EDN's 
magazine edition and the Career News 
section of EDN's news edition in the 
same month and get a 30% discount 
off EDN's news edition rate . 

• 
Contact Roberta Renard, National 
Recruitment Sales Manager at 
2011228-8602 for complete details. 
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The General brings 
designers everywhere from 

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

Newest PWM's include the SG184411845 
Current-Mode PWM Controller, SG1528/1530 High 
Speed CurrentNoltage Mode Controller, SG1526B and 
SG 1529 Regulating PWM's, ·and SG 1825 high-speed 
current mode PWM. 

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

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

oes. 

A TRULY FINE FAMILY 
Milit a ry Temp Range Commercial Temp Range 
( - ss•c to 12s°C) (0°c to 10°C) 

SG I524 
SG I524Fl 
SG ISZSA 
SG1526 
SG l526Fl 
SG ISZ7A 
SG l529 

SG l825 
SG 1842 
SG l843 
SG 1844 
SG 1845 
SG l846 
SG l847 

Voltage Mode 

C urrcn c Mode 

SG3524 
SG3524B 
SG3525A 
SG3526 
SG3526Fl 
SG3527A 
SG3529 

SG3825 
SG3842 
SG3843 
SG3844 
SG3845 
SG3846 
SG3847 

C urrcnr and Voltage Mode 

SGl528 ' 
SGl530' 

'Avai lab le January 1989 

SG3528 ' 
SG3530 ' 

Prompt Delivery. 
More Information. 

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

SILICON 
GENERAL 
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ROCKWELL from 
HAMILTON/AVNET 

SE.TYING 
WORLDWIDE STANDARDS 

IN MODEM 
TECHNOLOGY 

ROCKWELL HIGH-SPEED 
MODEMS AVAILABLE THROUGH 

58 LOCATIONS 

If you need to communicate with the 
world. communicate with Hamilton/ Avnet 
first. We have Rockwell 's low-priced. 
high-quality V.32/V. 33 h igh-speed 
modem products in stock. ready to ship. 

Rockwell 's R9696DP. a synchronous/ 
asynchronous. 2-wire. full-duplex module 
that operates at 9600. 7200. 4800. 2400. 
1200. 600 or 300 bps, communicates with 
the V.22 bis. V 22, V.21 and bell 212A/ 103 
modems. 

The R1496DP, Rockwell's multimode 
V.33/14.4 with V.32 capability, is com­
patible with CCITI V.33, V.32, V.29 and 
V.22. The R1496DP. which operates at 
speedsof14400, 12000, 9600, 7200, 4800 
or 2400 bps, reduces the amount of time 
needed to send data. which significantly 
lowers transmission costs. 

Hamilton/ Avnet and Rockwell stand 
behind these world-class products with a 
five-year warranty. For the nearest 
Hamilton/ Avnet location. call toll free: 1-
800-442-6458 ( 1-800-387-6879 in Canada; 
1-800-38 7-6849 in Ontario and Quebec). 

~roilt<?~~ 
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238 

Everybody knows that our intro- real time integration of CAE, CAD, 
duction of the first 100% autorouting and CAM for printed-circuit boards. 
system was an overnight success. And itS only a hint of things to come. 

What everybody doesn't know is To learn more about what we've 
that we immediately went back to been up to, give us a call at (714) 
work. Burning the midnight tungsten 863-1700. Even if it's after normal 
to create the next leap in technology quitting time. Because, around here, 

Calay's newest soft- II rr-1 l"'tV' there's no such thing as 
ware, Prisma. The first - ~~ I @ normal quitting time. 

© 1989 Calay Systems, Inc., 16842 Von Karman Ave., Irvine, CA 92714. 
The Calay logo is a registered trademark of Calay Systems, Inc. 
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LOOIGNG AHEAD 
EDITED BY CYNTHIA B RETTIG AND JOHN A GALLANT 

Thermal printing technique 
improves resolution 
A new printing process may revolu­
tionize the current standards for 
electronic color printing. ICI 
Imagedata (Wilmington, DE) has 
developed a technique called dye­
diffusion thermal transfer (D2T2) 
that promises near-photographic 
quality from digitized signals. D2T2 
can print 150 pixels/in. from a pal­
ette of 16. 7 million colors. It offers 
continuous-tone printing from digi­
tal signals. Eventually, the com­
pany expects the applications to 
range from desktop publishing to 
electronic photography. 

Until now, electronic printing has 
relied on dithering to control pic­
ture contrast by manipulating dot 
density; this method compromises 
resolution for contrast. Because the 
D2T2 printer controls the intensity 
of each dot to achieve picture con­
trast, it doesn't have to sacrifice 
resolution. The printer receives 
digital data, which allows it to pro­
duce slightly differing colors in con­
secutive pixel positions on the page. 
The technique can thus produce 
continuous-tone effects that result 
in life-like images. 

The D2T2 technique can work 
with simple digital signals gener­
ated, for example, using a computer 
graphics program, or it can take 
digitized signals produced by a 
scanner or a charged couple device 
from analog sources. It uses a color 
ribbon in a thermal printer (Fig 1). 
By controlling the energy emitted 
at each digital printing position, it 
diffuses a certain amount of color 
into the paper, turning the dye from 
a solid state to a liquid one. It prints 
yellow first, then magenta, and 
then cyan to create full-color prints. 
The process is essentially dry and 
can complete a print in less than a 
minute. The printer can use a vari­
ety of papers, including transparen­
cies. Because the printing occurs 
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The dye-diffusion thermal-transfer (D2T2) process produces continuous-tone color prints 
with a resolution of 150 pixels/in. 

in-not on-the paper, the result­
ing prints are immune to surface 
damage. 

ICI says that the end-user cost 
for a 3 x 5-in. print is $1; it expects 
the price to decrease to about 30¢/ 
print by the mid '90s. An 81/2x11-in. 
print costs about $3; that price 
should go down to about $1 by the 
mid '90s. 

Because the D2T2 method works 
just as well for transparencies as it 
does for opaque prints, ICI expects 
one of the early markets for the 
technique to be business applica­
tions, where presentation materials 

are widely used for overhead trans­
parencies and hard-copy handouts. 
The fact that the dye is diffused in 
the paper to make very sturdy 
prints will also make the technique 
attractive to security departments 
and companies for manufacturing 
simpler, nonlaminated ID cards. 
Several companies, including 
Sharp, NEC , Oki, Fuji, and 
Fujitzu, already have cameras 
available to digitize photographic 
images for D2T2 printing. Four 
companies, Kodak, Sony, Mitsub­
ishi, and Hitachi, currently are pre­
pared to sell printers. 

YELLOW THERMAL HEAD 
MAGENTA 

CYAN 

YELLOW 

MAGENTA 

COLOR RIBBON 

DIRECTION OF TRAVEL 

RECEIVER PAPER 

Fig 1-The D2T2 technique uses a special color ribbon in a thermal printer to diffuse color 
in a 3-step process into the medium. The process requires no screens or dithering. 
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de to 2000 MHz 
amplifier series 

SPECIFICATIONS Unbelievable, until now ... tiny monolithic wide-
MODEL FREQ. GAIN, dB • MAX. NF PRICE$ 

MHz 100 1000 2000 Min . PWR. dB Ea. Qty. 
MHz MHz MHz (note) dBm 

band amplifiers for as low as 99 cents. These rugged 
0.085 in.diam.,plastic-packaged units are 50ohm* 
input/ output impedance, unconditionally stable 
regardless of load*, and easily cascadable. Models 

MAR-1 DC-1000 18.5 15.5 13.0 0 5.0 0.99 (100) 
MAR-2 DC-2000 13 12.5 11 8.5 +3 6.5 1.50 (25) 
MAR-3 DC-2000 13 12.5 10.5 8.0 +So 6.0 1.70 (25) 
MAR-4 DC-1000 8.2 8.0 7.0 +11 7.0 1.90 (25) 
MAR-6 DC-2000 20 16 11 9 0 2.8 1.29 (25) 
MAR-7 DC-2000 13.5 12.5 10.5 8.5 +3 50 1.90 (25) 
MAR-8 DC-1000 33 23 19 +10 3.5 2.20 (25) 

in the MAR-series offer up to 33 dB gain, 0 to 
+ 11 dBm output, noise figure as low as 2.8dB, 
and up to DC-2000MHz bandwidth. 

NOTE: Winimum gain at highest frequency prnnt and over lull temperature range 
"MAR-8, lnpul/Output Impedance 1s not 50ohms. see data sheet. 
Stable for source /load impedance VSWR less than 3: 1 

240 

• ldB Gain Compression 
0 •4d8m I ID 2 GHz 

designers amplifier kit, DAK-2 
5 of each model, total 35 amplifiers 

Also, for your design convenience, Mini-Circuits 
offers chip coupling capacitors at 12 cents each.t 

only $59.95 
finding new ways .. 

Size Tolerance 
(mils) 
80 x50 5% 
80 x50 10% 

120 x 60 10% 

Temperature 
Characteristic 

NPO 
X7R 
X?R 

t Minimum Order 50 per Value 

setting higher standards 

0 Mini-Circuits 
A 01v1s1on at Sc1ent1f1c Components Corp oration 

P.O. Box 350166, Brooklyn, New York 11 235-0003 (7 18) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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Value 

10, 22. 47, 68, 100, 470. 680, 100 pl 
2200, 4 700. 6800, 10,000 pf 
.022, .047 .. 068, .1µ1 
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A 
new era in 

power 
MOSFET 

performance 

Once again we 've revolutionized the 
way to make a power FET. As a result , 
a third-generation HEXFET has emerged 

with performance guaranteed by dv/dt 
and repetitive avalanche current ratings 

HEXFET Ill protection like this lets you 
forget about zener clamping. And snub­

ber circuits . And series diodes. And 
any other unnecessary protection 

components . 

This means you can greatly simplify 
your power supplies, motor controls, 

amplifiers, and other high energy pulse 
circuits at far less cost. And increase 

overall reliability . 

Best of all , HEXFET Ill performance ex­
tends across our complete family of 

HEXFET power MOSFETs - from 60 
volts to our new 1000-volt device . 

Rds(on\ ranges as low as .022 Ohms , 
with current ratings as high as 65 

amps depending on die size. For com­
plete technical data, call (213) 

607-8842. Today. 

Most HEXFETs now in stock 
for immediate delivery! 

Number 1 in 
power MOSFETs 

International 
I r~~R I Rectifier 

WORLD HEADQUARTERS: 233 KANSAS ST. El SEGUNDO. CA 90245. US A (213) 772·2000 TWX 910-348-6291. TELEX 472-0403 

EUROPEAN HEADQUARTERS: HURST GREEN. OXTED. SURREY RHB 9BB ENGLAND TELEPHONE (0883) 713215 TELEX 95219 

Power MOSFETs • CMOS Power ICs • Commercial /Custom Power Packages • Schottkys 
Rectifier Diodes • Thyristors (SCRs) • Diode Bridges • Molded Circuits • Assemblies 
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THE UNISITE PROGRAMMER: 
BECAUSE STATE-OF· THE-ART 

IS A STATE OF CHANGE. , 
PROGRAMMING TECHNOLOGY THAT 
SUPPORTS ADVANCED DESIGNS­
TODAY AND TOMORROW. The 
UniSite™'s universal programming 
technology is the fastest and easiest 
way to keep up with new devices 
and packages. Its software-config­
ured pin driver system provides a 
single site for programming any DIP 
device up to 48 pins, including PLDs, 
PROMs, IFLs, FPLAs, EPROMs, 
EEPROMs and microcontrollers. 

The optional ChipSite™ module 
supports logic, memory and micro ­
controllers in the most popular 
surface-mount packages- PLCCs, 
LCCs and SOICs. Or add SetSite™ 
to gang program up to eight 40-pin 
EPROMs, or set program a single file 
into multiple EPROMs. 

INSTANT ACCESS TO NEW DEVICES. 
The UniSite 's device algorithms and 
system software are stored on 31/2 " 

micro diskettes, which are updated 
several times per year. To update 
the UniSite, simply load new master 
diskettes. 

FAST, EASY PROGRAMMING. Menu­
driven operation with step-by-step 
prompts makes programming simple. 
For added convenience, you can 
operate the UniSite from an ASCII ter-

Oata 110 Corporation 10525W1llows Road N E , PO Box 97046, Redmond , WA 98073-9746, U S A (206) 867-6899/ Telex 15-2167 
Oata 1/0 Canada 6725 Airport Road , Suite 302 , Mississauga, Ontario L4V 1V2 1416) 678-0761 
Data 1/ 0 Europe World Trade Center, Straw1nskylaan 633, 1077 XX Amsterdam, The Netherlands + 31ml20-6622866/ Telex16616 OATIO NL 
Data 1/ 0 Japan Sum11omose1me1 H1gash1shmbash1 Bldg., BF, 2-1 7, H1gash1-Sh1nbash1, Minato -Ku, Tokyo 105, Japan 

103) 432-6991 / Telex 2522685 DATAIO J 
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minal or from a PC using the provided 
terminal emulator. On-screen help 
messages are available throughout 
operation. 

To speed parts selection, the 
UniSite provides a built-in list of 
devices by manufacturer name and 
number. You can also save your most 
frequently used programming param­
eters and jobs for instant recall. 

DESIGN FREEDOM FOR TOMORROW. 
When leading-edge designers need 
to use the latest devices, they need 
the programming freedom only the 
Uni Site provides. Call Data 1/0"' today, 
and ask about the UniSite. Because 
state-of-the-art never stops changing. 

1-800-247-5700 
Ext. 654 

Corporation 


