
® Modular logic analyzers 
let you upgrade easily 

16- and 32-bit bus extensions 

Heeding thermal effects 
helps ensure circuit reliability 

Delta modulators 
simplify A ID conversion 
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In Off-Line Switchers. 
take care of even your most unusual voltage require­
ments . For special requirements, outputs as low as 
2 Volts, and as high as 95 Volts can be provided. 

And you don' t give up features to get FlatPAC's 
advantages: besides being trimmable, all FlatPAC 
outputs have remote sensing and overvoltage and 
overcurrent protection . Individual FlatPAC outputs 
are totally isolated : there are no cross regulation 
issues; any output can be positive or negative; and 
output returns can float up to SOOY, rms, apart. 
FlatPAC's run on either 110 or 220 Volt lines, 
meet "Class A" interference specs, have built in 
fusing, and conform to UL, CSA, and TUY safety 
age ncy requirements. Two and three cell units also 
prov ide two isolated, sequenced, logic outputs to 
indicate pending loss-of-line and pending loss-of­
output fo r system housekeeping during power 
cycling or brow nouts. 

The key to FlatPAC's fl exibility and power density 
is Vicar's VI-200 fa mily of high density, high effi­
ciency, UL, CSA, and TUY recognized, component 
level DC-DC converters. When you specify a 
FlatPAC, you benefit from the fi eld reliability and 
predictability that's bee n established in an installed 
base approaching half a million units. 

Join The Celebration Now 
Call Vicar now to discuss your special 

needs ... you'll be celebrating when you find how 
quickly Vicar can ship you the smallest, most effi­
cient, most cost effective solution to your power 
system requirements . .. at prices as low as 85<! /Watt 
in OEM quantities. 

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

Component Solutions For Your Power System 
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Celebrating The New Profile 
Introducing the FlatPAC™ ... Vicor's 
Family of User Definable, Multiple 
Output, Switching Power Supplies 

Until now, your power system decision meant 
choosing between costly and u npredictable custom 
development, or bulky and inflexible catalog sup­
plies .. . or you had to design and manufacture it 
yourself. Taking the next step in the power­
component revolution, Vicar introduces FlatPAC, the 
user-definable, "off-the-shelf" alternative to customs 
that's eco nomical from single units to OEM quanti­
ties ... and which fits in a fraction of the space 
required by conventional off-line supplies! 

The Off-The-Shelf Alternative 
FlatPAC's unique modular design allows Vicar to 

provide next day delivery on over 10,000 different 
FlatPAC configurations. You define 
your power requirements ... 
Vicar does the rest -
while eliminating the non­
recurring costs, unpredict­
able lead times, risk, inflexibil-
ity, and reliability uncer-

tainties associated with conventional solutions . 
No other power product offers FlatPAC's combina­
tion of power density, economy, and "off-the-shelf" 
flexib ility! 

Power Cells 
Sharing a distinctive, space saving flat package 

profile (1.37" high x 8.6" long), FlatPACs come in 
widths of 2.5", 4.9", and 7.4", and supply up to 200, 
400, and 600 Watts of total output power ... an un­
precedented 7 Watts per cubic inch in an off-line 
switching power supply! 

The three different packages provide one, two, or 
three user definable "Power Cells". Each Power Cell 
may be specified to be an independent, isolated out­
put with a power rating of 50, 75, 100, 150, or 200 
Watts, or cells may be combined to form higher 
power outputs ... up to 600 Watts from a s ingle out­
put. Standard output voltages are 5, 12, 15, 24, and 

48 Volts - and because all 
FlatPAC outputs are field 

trimmable down to 
zero and up to 110% 
of nominal, a stand­

ard output can likely 





Dale" is the partner you need to 
convert surface mounting from 
concept to reality. We can save you 
time by providing a wide range of 
functions from one proven source. 

This includes the industry's most 
versatile choice of surface mounted 
thick and thin film chip resistors and 
resistor networks. Plus wirewound 

Dale Makes Your Basics Better 

Dale® Can. 

resistors, chip potentiometers, 
thermistors, inductors, transformers 
and oscillators. 

Partnering with Dale gives you 
broad compatibility with automatic 
placement equipment and standard 

soldering methods, plus ship-to­
stock capability assured by strong 
emphasis on statistical process 
control. 

For complete information , call : 
Thick Film Resistor Networks, 
Thermistors: 915-592-3253; Thin 
FHm Networks, Thick/Thin FDm 
Chips: 402-371-0080; Wirewound 
Resistors: 402-563-6283; Chip 
Potentiometers, Oscillators: 
602-967-787 4; Inductors, 
Transformers: 605-665-9301 . 

DALE ELECTRONICS, INC. 
••• a VISHAY Company 

CIRCLE N0.1 



Maximum IEEE-488 Performance 
for Your High-Speed AT Computer 

TUR~04-88 

The N tlon I Instrument AT -GPIB ... 
th n w standard for IEEE-488 Interfaces 

At last, a low-cost IEEE-488 PC/AT controller board can 
transfer data continuously at the maximum specified rate of 
1 Mbytes/sec . The key to this high performance is the state­
of-the-art FIFO buffering and special last-byte handling 
circuitry of our custom gate array, Turbo488... . The 
Turbo488 also conserves valuable computer bus bandwidth 
by packing 8-bit IEEE-488 data bytes into 16-bit words. 

By moving time consuming software functions into 
hardware, the Turbo488 significantly reduces the overhead 
of a software driver too. The combination of the AT-GPIB 
and our streamlined software driver gives you the power 
needed for today's high speed digitizers . 

If you are familiar with dedicated 
controllers, NI-488 gives you the op­
tion of using our Universal Language 
Interface driver with any DOS language 
to program with Hewlett-Packard style 
commands. The speed of this driver is best . 
suited for interpretive languages like BASIC. 

Your investment in National Instruments is a 
sound one. You can still run your . existing NI-488 
programs yet automatically take full advantage of the 
Turbo488. If you're just getting started, our interactive 

instrument control and menu-driven configu­

Benchmark Performance 
ration utilities will get you up and running in 
no time. The AT-GPIB is controlled by the de facto 

industry standard NI-488 software. NI-488 
has high-level routines that transparently 
handle IEEE-488 protocol and buffered DMA 
transfers . These routines can be used with 
any popular language and are the perfect 
match for the structured, hierarchical 
programming style preferred by users of 
high-speed, compiled languages such as C 
and Pascal. 

(teet• per minute) 

12 

10 

8 

6 
4 

2 

0 Chenlcter 
uo 

Driver 

Nl-4N 

10.90 

Ni-481 
& 

Turbo4N 

Your relationship with National Instruments 
does not end when you purchase our products. 
A staff of applications engineers is always a free 
phone call away. Demand the best IEEE-488 
controller available ... give us a call today at 
(800) IEEE-488. 

Ask for a FREE Catalog 

Turbo488 technology ts standard on our boards for Micro Channel and Macintosh computers 

NATIONAL INSTRUMENTS OF JAPAN (03) 788-1921 •NATIONAL INSTRUMENTS OF FRANCE (I) 486 S3370 • 
NATIONAL INSTRUMENTS UNITED KINGDOM (06) 355-23545 • AllGENTINA (I) 46-S776 • AUSTRALIA (2) 736-2888 • 
BELGIUM (2) 466-8199 •CANADA (416) 890-2010, (613) 596-9300, (Sl4) 747-7878, (403) 295-0822 , (6o4) 988-2195 • 
CHILE (2) 225 3689 • Dl!NMARX (2) 251-122 •FINLAND (0) 372-144 •GREECE (I) 361-1283 •HONG KONG (2) 0426-2707 • 
IRELAND (846) 661414, (3) 427-2282 •ISRAEL (3) 324 298 •ITALY (2) 984-91071 -2-3 •KOREA (2) 776-5340 • 
MEXICO (5) 660-4323 •THE NETHERLANDS (7) 099-6360 •NEW ZEALAND (9) 444-2645 •NORWAY (2) 53-1250 • 
PORTUGAL (I) 545-313 •SINGAPORE (65) 336-4713 •SOUTH AFRICA (011) 787-0473 •SPAIN (1) 455-8112 • 
S'IVEDl!N (8) 792-1100 •SWITZERLAND (6) 552-8949 • TAIWANfl'HE REPUBLIC OF CHINA (02) 703-6280 • 
THAILAND (2) 234-9330 • 'IVEST GERMANY (89) 80-7081 
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SPECIFICATIONS 
TOSW-230DR 
ZFSW-230DR 

Freq. Range(MHz) 10-3000 

Insert. Loss (dB) typ. max. 
10- IOOMHz 1.3 1.7 
1 00-1500MHz I.I 1.7 
1 500-3000MHz 1.8 2.5 

Isolation( dB) typ. min. 
10-IOOMHz 60 40 
100-1500MHz 40 30 
1500-3000MHz 35 22 

1 dB Compression( dBm) typ. min. 
10-100MHz 17 6 
100-1500MHz 27 19 
1500-3000MHz 30 28 

VSWR(ON) typ. max. 
t.3 1.6 

Switching Time (µsec) typ. max. 
(f rom 50% TTL to 90% RF) 2.0 4.0 

Oper. Temp.(°C) -55 to+100 

Star. Temp.(°C) -55 to +1 00 

Price ( 1 0-24) $39.95 
(1-9) $89.95 

TOSW-425DR 
ZFSW-425DR 

10-2500 

typ. max. 
t.3 1.7 
I.I 1.7 
1.8 2.5 

typ. min. 
60 40 
40 30 
35 22 

typ. min. 
17 6 
27 19 
30 28 

typ. max. 
t.3 1.6 

typ. max. 
2.0 4.0 

-55 to+100 

-55 to +100 

$59.95 
$109.95 

Now, high-speed, high-isolation switches with 
with built-in drivers, tough enough to pass stringent 

MIL-STD-202 tests. There's no longer any need to hassle 
with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem ... it's 

already included in a rugged , low-cost, compact assembly. 
Available in the popular hermetically-sealed 

T0-8 package or a small EM I-shielded metal connectorized 
case, these tiny PIN-diode reflective switches, complete 

with driver, can operate over a 10 to 3000MHz span with a fast 
2µsec switching speed. 

Despite their small size, these units offer 
isolation as high as 40dB(typ}, insertion loss of only 1.1 dB(typ), 

and a 1 dB compression point of +27dBm over most of the 
frequency range. All models are TIL-compatible and operate from 
a de supply vo ltage of 4.5 to 5.5 V with 1.8mA quiescent current. 
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Switch to Mini-Circuits for highest quality 
innovative products ... and leave the driving to us. 

f1nd1ng new ways 
setting h1qher standards 

r;;;:I Mini-Circuits 
A D1y1s1on al Sc1enl!f1c Components Corpora11on 

P.O. Box 350166 . Brooklyn. New York 11235-0003 (718) 934-4500 
Fax (7 18) 332-4661 Domestic and International Telexes 6852844 or 620156 

WE ACCEPT AMERICAN EXPRESS 
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2.5KHz to 500MHz 250mWonly $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 

Packed with these super performance features, 22dB flat gain 
and a typical VSWR of 1.3 to 1, the ZHL-6A amplifier is ideally 
suited for your latest broadband systems designs. And where 
space is critical, its height can be cut in half, to only 0.9 in., by 
removing the heat sink and attaching the unit to your chassis. 

Running tests in your lab or on the production line covering all 
or segments of the 2.5KHz to 500MHz range and need more 
output from sweep or signal generators? It's not necessary to 
purchase and connect/disconnect an assortment of amplifiers 
when the ZHL-6A does it all. .. at an attractive price of only $199. 

4 

RUGGED operates from -55 to +85° C, withstands 
shock and vibration, ground equipment 

COMPACT only 3.75 by 1.8 by 2.6 in. 
For a super price/performance amplifier, order a ZHL-6A, 

available for immediate delivery with a one-year guarantee. 

finding new ways .. 
setting higher standards 

t:;I MiniA~i~l~f~~.!io~ 
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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On the cover: Recent findings in mixed 
analog-digital ASIC technology have 
uncovered a wide variety of circuit­
design options for your high-integration 
needs. See the Special Rep01t, beginning 
on pg 146. (Photo courtesy Sierra Semi­
conductor; concept and photography by 
Imagination) 

'WBPA MP 
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SPECIAL REPORT 
Mixed analog-digital ASICs 146 

To meet the demand for greater levels of system integration, 
you can design an ASIC that combines analog and digital circuitry 
on a single IC. The design options now available, ranging from 
special-function arrays to large cell-based design libraries, make 
it simpler than ever to create mixed analog-digital ASICs. 
-Richard A Quinnell, Regional Editor 

DESIGN FEATURES 
Delta modulators simplify A/D conversion 175 

Although you can use many different methods to perform AID 
conversion, few are as flexible as delta modulation and none exceed 
its hardware simplicity.-Barry Harvey, Elantec Inc 

Clamping circuits improve 
precision of bipolar limiters 

189 

Simple clamping circuits consist of back-to-back zener diodes, 
but their performance suffers from many limitations. Op-amp 
feedback improves the clamp response, and a DAC-based design 
gives you the greatest combination of precision and flexibility. 
-Jerald G Graeme, Burr-Brown Corp 

Design simple routines to diagnose 
ills in complex systems 

215 

By following some basic guidelines when you design internal 
diagnostic routines and by ensuring that the hardware includes 
the proper circuitry, you can develop effective and easy-to-use 
debugging routines.-Matt Klein, Hewlett-Packard Co 

Continued on pq_qe 7 
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When it comes to high first read 
rates, HP's new HBCS-AOOO series 
digital wands make bar-code scan­
ning an absolute joy. 

Because, quite simply, our new family 
of wands doesn't look twice. Provid­
ing you with consistently high first 
read rates across the full range of bar 
codes and printing technologies. 

All at a competitive price that makes 
our digital wands your best price/ 
performance value. Which is why so 
many Fortune 500 customers chose 
HP for their bar code needs. 

6 

You'll also like the wand's 15kv ESD 
isolation, which provides you with a 
level of static protection you won't 
find in other wands. 

And you'll love its low current 
draw, which extends operation in 
portable terminal applications. 

What's more, its rugged polycar­
bonate case survives the harshest 
environments. And its excellent 
ambient rejection lets you use it in 
direct sun and intense artificial light. 

Best of all, they're from HP. So you're 
always assured ofHP's commitment 

CIRCLE NO 37 

to excellence in service, support 
and reliability. 

For a free information package 
containing details on our new digital 
wands and a special introductory 
product offer, call 1-800-752-0900, 
ext. 163T. And see how easy it is to 
fall in love at fi rst sight. 

There is a better way. 

HEWLETT 
PACKARD CG08903 
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Continued from page 5 

Modular logic analyzers give you the 
.flexibility to buy only as much 
instrument as you need now; you can 
upgrade later without losing your 
original investment (pg 73). 

EDN magazine 
now offers 

Express Request, 
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. 

Ex11.ress11111~ 
Request., 
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TECHNOLOGY UPDATES 
Modularity makes logic analyzers flexible 73 

Modular logic analyzers can be configured for your current 
requirements, yet they let you add more channels and higher 
performance as your needs grow.-Doug Conner, Regional Editor 

Thermal-management products: 93 
Circuit design requires thermal expertise 

As ICs and circuit boards increase in transistor and device 
density, you must design and lay out your circuit with temperature 
effects in mind.-Anne Watson Swager, Associate Editor 

16- and 32-bit bus extensions: 111 
Mature buses keep pace with technology 

Technological changes continually challenge a computer's fitness 
for survival. If you've invested in older bus structures, you'll be 
happy to know that board manufacturers are updating their 
products for use with the latest µPs. 
-John Gallant , Associate Editor 

PRODUCT UPDATE 
Microwave spectrum analyzer 

DESIGN IDEAS 
Debugger uses coprocessor socket 
Register performs binary search 
Single shots reside in PLDs 
Triacs preregulate HV supply 
True-rms AGC provides constant power 

132 

231 
232 
234 
236 
238 

Continued on page 9 
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DASH OPENS DOORS TO MORE 
VENDORS, SERVICES, AND SYSTEMS. 

8 

FutureNet® DASH'" Schematic 
Designer gives you options no other 
schematic capture package can. 
With more than one hundred 
DASH-Partners providing a 
broad range of complemen­

National, Mitsubishi, Motorola, LSI 
Logic, MMI, Hitachi, and Xilinx. They 
provide vendor-specific symbol 
libraries and/or accept DASH net lists 

for simulation so you can 
design ASICs in DASH. 

9'!!111111• Whatever your tary products and 
services, DASH's 
industry-standard 
format is accepted 
virtually every­
where. So when 
you design with 
DASH, you'll have 
more choices in 
technologies, CAE 
systems, foundries, 
and service bureaus. 

NOW AVAILABLE 

choice of vendor 
or technology­

PLDs, LCAs, 
gate arrays, or 
other semi­
custom 
devices-DASH 
is the schematic 

entry software ON THE SUN 
WORKSTATION of choice. 

DASH is a universal front end design 
tool that has already opened doors 
for thousands of users worldwide. 

AN OPEN DOOR TO ASIC VENDORS. 
DASH has won the support of 
dozens of ASIC vendors, including 

AN OPEN DOOR TO CAD SYSTEMS. 
Translators to a wide variety of PCB 
and simulation systems are available 
from Data 1/0 and our DASH­
Partners. DASH is the only design 
entry tool that can be used in multi­
ple CAD environments, regardless of 
the mix of vendors. 

Data 1/0 Corporation 10525Willows Road N E_, P_Q Box 97046, Redmond, WA 98073~9746, U S A (206) 867 6899/Telex 15-2167 
Data 1/ 0 Canada 6725 Airport Road, Su ite 302, M1ss1ssauga, Ontario L4V 1V2 (416) 678-0761 
Data 1/ 0 Europe World Trade Center, Straw1nskylaan 633, 1077 XX Amsterdam, The Netherlands + 31(0)20-6622866/Te~x16616 DATIO NL 
Data 1/ 0 Japan Sum1tomose1me1 Higash1sh1nbash1 Bldg , BF, 2-1 -7, H1gash1-Shinbash1, Minato-Ku. Tokyo 105, Japan 

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

© 1989 Data I / O Corporation 
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AN OPEN DOOR TO SERVICE BUREAUS. 
Service bureaus th roughout the 
world accept the DASH net list as 
standard input for their design, wi re 
wrap, and PCB manufacturing 
services. ,. ____ _ 

I ,1··----, 
: DASH EVALUA11!I PACKAGE : 
I Take the first ste • I 
I today to qua/if f p. Call us 
I DA_SH Eva/uatkino?our free I 
I Which includ ackage, I 

ation soft es evafu-
1 d Ware and 
I ocurnentation o· KrSu 

cover h · is- ~ 

: open do~% ~~~~ucan -~ 
I f ·800-247.5700 
~ Ext. 296 -------

_____ .,, 

Corporation 
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EDITORIAL 65 

Recent press coverage of cold-fusion experiments shows that 
few reporters understand how science really works . 
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G300 eve • PROGRAMMABLE VIDEO TIMING GENERATOR • COLOR LOOK-UP TABLE • 

Baltimore (301) 995 6952 New York (914) 897 2422 Denver (303) 368 0561 Santa Clara (408) 727 7771 Atlanta (404) 



If the chip in question 1s the new 

IMSG300 Color Video Controller 

(eVe) from INMOS, the answer 1s 

quite simply, "all of it". 

Through high integration, INMOS 

has combined total graphics control and 

data conversion onto a single 84 pin 

device. This includes a color look-up 

table, programmable video timing gen­

erator, full bitmap management, triple 

8-bit video DAes and a phase-locked 

loop. 

Because the IMSG300 is programm­

able, it is easily interfaced to any 

processor or monitor that may be used 

in your system. The G300 promotes the 

technique of using software drawing 

algorithms as opposed to designing 

them in hardware. This dramatically 

reduces design-in time and allows for 

easy upgradability. 

The IMSG300 also provides an 

optional 24-bit pixel mode for full color 

as well as pseudo color, an on-chip 

phase-locked loop for generating all 

high frequency clocks, and a 32-bit 

multiplexed pixel port for achieving 

pixel rates up to llOMHz. 

Only the IN MOS G300 eve gives 

you all the options • 0 

you need to tailor D[Jl)mOSe 
your systems exactly the way you want 

them - both now and in the future. 

The INMOS G300 eve single chip 

solution. Find out more today. 

IN MOS, PO Box 16000, Colorado Springs, 

Colorado 80935. Tel : (719) 630 4000 

242 7444 Dallas (214) 490 9522 Minneapolis(612) 932 7121 Boston (617) 229 2550 Orange County (714) 957 6018 
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Seventeen MIPS with 
a single 32-bit RISC chip. Shrin~ 
wrapped development so~ 
17MIPS N 

15 MIPS ware. ow. 
jMJPS ANSI C o timizin 

Performance Now. P g 
compiler by Metaware. Assem-
blers by Microtec. Architectural 
simulators. Hardware debug 
module by Step Engineering . 

• 
IC 
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$64 

All available from AMD 
$52 

Behavioral 
$21 

models from Logic AutOffia:w 
tion. Real time OS by Ready 
Systems. Logic analyzer inter~ 
faces from HP. And more. 

Remember why you 
wanted to be an engineer? 

This is why. 
TM 

• Ca ll toll free (800) 2929AMD Advanced Micro Devices. Inc.. 901 Thompson Place. PO Box 3453. Sunnyvale. CA 94088. ~ 

29K is a trademark of AMO. © 1989 Advanced Micro Devices. Inc 
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Versatec 
drastic reductions on 

Introducing a plotter that's half the usual size 
and weight. 

And half the price you'd expect to pay for 
electrostatic performance. 

Yet our 8500 Series gives you all the quality 
you've come to expect from Versatec. The leader 
in electrostatic technology for over two decades. 

And while squeezing down the size of our 

14 

plotters, we managed to squeeze out a lot more 
performance. By teaming a lightning-fast 68020 
32-bit microprocessor with a unique page buffer, 
data processing time is virtually eliminated, freeing 
your computer to do other tasks. 

Reprints are a revelation too. You can 
generate up to 999 reprints without re-transmitting 
or re-rasterizing plot data. So your computer is 

1l 
I~ 
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XEROX 

announces 
electrostatic plotters. 

freed-up immediately for other projects. unattended if you want. And it's available in both 
400 and 200 ppi resolution, in either 24" or 36" 
formats. 

Also note that our transfer speed is the 
industry's fastest. 38.4K baud rate over a serial 
RS232C interface. And even faster with a 
Centronics interface. Compared to pen plotters, 

You also get full support for 906/907 and 
HP-GL pen plotter data formats. 

that means 6-20 times the throughput. _........ 
Now that's fast. But the 8500 Series is ~~ ~ 

So designers have the 
freedom to use 

easy to handle as well. Media loadi~g is 111111111111111-~ 
up front. No more going ~ ....... ~ 

virtually 

• 'I\ 
behind t~e plo~er to load. ....... ~--

Starting up 1s easy. You ....... 

simply plug in the system \ $~~

900 
I 

and it's ready to plot. A 

I 
I 
I 

.I 

unique user-friendly 1illll. 
keypad takes anyone • ~ 

through the plotting pro- ~ -';;::::-~--J I 
cess quickly, easily and in - ........ 
plain English.And a built-in ....... ~ ., 
micro-floppy drive saves any major CAD ....... -
even more time by storing package they choose. 
plotter setups and inter- Incidentally, the same 
facing configurations technology that reduces the size of 
on-disk. Which means the 8500 also makes it more reliable. Three to 
no more time-consuming four times more so than the industry standard. 

setups. Which means you'll have little need for our service 
The 8500 Series is also the personnel. Still, it's nice to know that we offer the 

first plotter that's literally ready-to-roll. most comprehensive service and support in the 

Because its built-in casters let you move 
quickly to any location for sharing. You 
can also share through networking with 
a plot server. And at a quiet 55 db, 
the 8500 can work anywhere without 
disturbing anyone's concentration . 

With optional features the 8500 also 
automatically cuts and winds plots. Up 
to 999 copies, overnight, completely 

world. All over the world. 
For more information on our 8500 Series, 

call our toll-free number now: (800) 538-6477; 
in California, (800) 341-6060. 

But do it now. Because choosing any other 
electrostatic plotter could have drastic conse­
quences for your budget. 

~~VERSATEC v ~n~~~r~:s~~~~~~o~ 
We deliver performance. 

Versatec Inc. 
2710 Walsh Avenue, Santa Clara, CA 9505t 
Versatec is a trademark of Versatec Inc. Xerox is a trademark of Xerox Corporation. 
HP-GL is a trademark of Hewlen-Packard. 906/907 1s a trademark of Cat1forn1a Computer Associates. 
© 1989, Versatec Inc. 
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ASLOWFIF 

- c .. ~ 

• • 
0 

When y ou're too slow, you 
don't last long. 

Dinosaurs didn't make it, 
the woolly mammoth didn't 
ma ke it, and the dodo bird 
didn't make it. 

Up until now, for high-per­
formance applications FIFOs 
haven't made it either. Because 

• I.:> 

THE FASTEST FIFOs MADE. 

Part Type Org. Speeds Packages 

KM75COIA 512x9 20, 25, 35, 50, 28-pin DIP 

80ns 32-pin PLCC 

KM75C02A 1Kx9 20, 25, 35, 50, 28-pin DIP 

80ns 32-pinPLCC 

they haven't been fast enough 
to do the job. 

Samsungs Fantastic FIFOs™ 

change that. In speeds now 
up to 20 ns, they're the fastest 
ever made. 

Which means that in areas 
like parallel processing, where 
designers have had to use fast 
static RAMs because FIFOs 
were too slow, you can now get 
the speed you need in a FIFO. 



0, 15 NO FIFO. 

\. .. t 

. . . • ., 

~Do\>o 
~\?.~~ 

Our Fantastic FIFOs are 
in the x9 organization, they're 
in CMOS, and we now have 
them in both DIP and PLCC 
surface-mount packaging. 

Equally good news: in areas 
where you need a lot of FIFOs, 
like large networks and even 

' 
• . 0 
• 

. .. . 
c 0 

c,, 

~ 

now get the pricing you need. 
All in all, Samsungs Fantas­

tic FIFOs, once and for all, 
fulfill the promi:Je of FIFOs. 

Because a slow FIFO is no 
FIFO, and these parts make 
thai problem go away. 

For pricing and data sheets 
on the fastest FIFOs in the 

• • 

S. 

world, call 1-800-669-5400 or 
408-434-5400 now. Or write 
to FIFO Marketing, Samsung 
Semiconductor, 3725 No. First 
Street, San Jose, CA 95134. 

.CJ SAMSUNG "CJ Semiconductor 

© Sam.mng Smzicom)uctor, Inc. , 1989. Sam.mng NOW anJ 
Fanta.Jtic FIFQ, are traPe11wrlw of Sam.nutg S(mUwu)uc/or, Inc. 



TEXAS INSTRUMENTS REPORTS ON I 

~[LITY IN. PIA REL 
IN THE ERA OF MEGACHIP"1 TECHNOLOGIES 

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

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

waste time wondering whether to use 
RO Ms or ceramic EPROMs to assure 
reliabili ty and performance. Make Tl 's 
plas tic CMOS one-time-programmable 
(OTP) PRO Ms your first-round draft 
choice. Put to the test, they score the 
overall highest marks for re liability and 
moisture resistance (see chart opposite 
page ). You'll maintain ors tern 
performan plus realize significant 
sy tern savings. 



STIC 

Our chips sport 
the right equipment 
TI solved the moisture problem with 
innovative multilevel ox ide and double­
layer pas ivation oxide processes. The 
result is an overcoat which protects the 
chips from contamination and cor­
rosion . The test results speak for 
themse lves. 

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

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

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

Independent research shows that 
about 85% of all EPROMs are only pro­
grammed once. So if you are presently 
spec ifying ceramic EPROMs for their 
reliability, chances are you are paying 
fo r more programmability than you 
need. Spec ify our OTPs and save. 

Another savings: Our plastic OTPs 
(32K to 512K) in DIPs and space-saving 
surface-mount PLCCs can be used with 
automatic insert ion equipment to 

r\, TrnJcmark l)fTcxct:'.) lnstnimencs Incorp.mtrcJ 
© 1989 TI 08-9079 
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PROMs 

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

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

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

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

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

-65°C to 15o·c 1,000 Cycles 0.0% 2.5% 24.0% 12.0% 92.0% 6.0% 
Temperature Cycle 

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

improve manufacturing throughput and 
efficiency. 

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

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

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

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

CIRCLE NO 44 

GIVE OUR TEAM A 
TRYOUT. CALL 

1,soo,z3z,3200, EXT. 3606. 
We've put together a kit of vital statis­
tics on our plastic-packaged OTPs. It 
contains the form you need for specify­
ing and ordering free samples. Also 
included are our C MOS OTP PROM 
Fam ily Product Bulletin and our 
Quality and Reliability Bulletin. 

Order your "Tryout Kit" today. It's 
yours by ca lling 1-800-232-3200, ext. 
3606, or by completing and mailing the 
attached rep ly ca rd. 

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

TEXAS .,, 
INSTRUMENTS 
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FLUKE AND P H ILI P S - T H E GLOBAL ALLIANCE I N TEST & MEASU R E M ENT 

FLUKE 

The new Fluke 80 Series 
shown actual size 

22 

John Fluke Mlg. Co .• Inc .. P.O. Box C9090 M/S 250C. Everett, WA 98206 
U.S. : 21J6.356·5400 CANADA: 416·890-7600 OTHER COUNTRIES: 21J6.356-5500 
~ Copyright 1988 John Fluke Mfg Co . Inc All rights reserved. Ad No. 0581-FSO 
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PHILIPS 

The new 80 Series 
is a digj.tal meter, 
an analog meter, 
a frequency counter, 
a recorder, 

• a capacitance tester, 
and a lot more. 
It's the first multimeter that can truly be 
called " multi " .. . not only standard 
features, but special functions usually 
limited to dedicated instruments. 

Plus, innovations only Fluke can bring 
you. Like duty cycle measurements. Or 
recording the minimum, maximum and 
average value of a signal. Or the audible 
MIN MAX Alert™ that beeps for new highs 
or lows. 

There 's even Fluke 's exclusive Input 
Alert'", that warns you of incorrect input 
connections. And a unique Flex-Stand'" 
and protective holster, so you can use the 
80 Series almost anywhere. 

Make sure your next multimeter is truly 
multi. Call today at 1-800-44-FLUKE, 
ext 33. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE83 FLUKE85 FLUKE87 
\\'.Jlts , ohms, amps, diode test. auclib~ continuity, frequency and duty eye~. 
capacitance, Touch Ho!<!", relative , protective holster wittl Flex-Stand' , 
$189" $219" ~$25~9· __ _ 
0.3% basic de accuracy 0.1% basic de accuracy 0.1% basic de accuracy 
5 kHz acv 20 kHz acV _20_kHz_ac_V __ 
Analao bargraph & Analog bargraph & High resoltJtion 
zoom zoom analog pointer 
Three year warranty Three year warranty _Tru_e mns_ ac __ 

1 ms PEAK MIN MAX 

---- ---- 4'h digltmode 
Back llt display 

________ Threeyearwarranty 
"Suggested U.S. l~t pria! 

FLUKE 
EDN June 22, 1989 



NEWS BREAIZS 
EDITED BY JULIE ANNE SCHOFIELD 

FLOATING-POINT COPROCESSOR AVAILABLE FOR THE 80486 
·weitek Corp (Sunnyvale, CA, (408) 738-8400) has introduced a floating-point copro­

cessor for the Intel 80486. Named the Abacus 4167, the coprocessor delivers l 7M 
Whetstones in single precision when running at 25 MHz. It offers 16 64-bit data 
registers and a 64-bit floating-point data path, and it completes a double-precision 
addition in 80 nsec when operating at 25 MHz. The device is memory mapped-it 
appears as a block of memory to the host processor-and is easy to incorporate into 
a 80486-based system: System designers can connect the appropriate signals to a 
142-pin pin-grid-array socket for the later addition of the coprocessor. 

The device is upwardly binary compatible with the Abacus 3167 floating-point 
processor, thus allowing existing 3167 applications to be run without modification. 
The coprocessor costs $565 (1000); samples will be available in September. 
-Richard A Quinnell 

POWER-FACTOR CORRECTOR BOOSTS POWER UTILIZATION 
The ML4812 power-factor controller from Micro Linear (San Jose, CA, (408) 433-

5200) lets you get the most from your wall outlet. The phase difference between the 
voltage and current in an ac circuit causes the actual power available to be less 
than the maximum. This device controls the current drawn by your power supply 
to match its phase and waveform to the supply voltage's phase and waveform. The 
result is near optimum use of ac power: 99% utilization. The device comes in a 16-pin 
DIP or 20-pin plastic chip carrier and costs $5.95 (100). 
-Richard A Quinnell 

ECL RISC PROCESSOR OPERATES AT 80 MHz 
Bipolar Integrated Technology (Beaverton, OR, (503) 690-1498) has introduced the 

B5000 RISC-processor chip set. This chip set implements a SPARC-based processor 
in ECL and operates with a clock frequency of at least 80 MHz, thus achieving a 
performance of 50 to 65 MIPS. The device features a double-word-wide cache inter­
face, which enables the processor to read double-precision data in a single clock 
cycle. The 6-chip set comprises a processor, a floating-point controller, two register 
files, and a 2-chip floating-point unit. The set costs $3300 (100) and is in sample 
production. Full production is scheduled for the first quarter of 1990. 
-Richard A Quinnell 

FRAMEWORK GIVES TOOL AND ASIC-VENDOR INDEPENDENCE 
Giving you the freedom to pick and choose both your CAE tools and the vendor 

you want to fabricate your ASIC, Motorola's (Chandler, AZ, (602) 821-4426) Open 
Architecture CAD System (OACS) is a technology-independent CAD system for ASIC 
design. Available on both Apollo and Sun workstations, OACS is a framework that 
lets you plug in design tools from third-party vendors: You can connect synthesis 
tools, simulators, timing analyzers, automatic-test-pattern-generation (ATPG) soft­
ware, floor planners, and chip-layout packages. A framework gives you the opportu­
nity to customize your design system and to upgrade and update either as your 
needs grow or as new tools become available. EDIF (Electronic Data Interchange 
Format) provides the industry-standard window into the OACS. In addition to giving 
you flexibility to change CAE tools, the OACS also provides fabrication-vendor inde­
pendence. The OACS currently supports third-party tools from Mentor Graphics 
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NEWS BREAIZS 
(Beaverton, OR), Valid Logic Systems (San Jose, CA), EDA Systems (Santa Clara, CA), 
Cadence Design Systems (San Jose, CA), and Gateway Design Automation (Lowell, 
MA). Low-end systems should sell for less than $10,000 on Apollo-based systems. 

You can change ASIC vendors by inserting an attribute file, whose parameters 
you would have to get from your ASIC vendor, into the OACS. Then you would let 
software within the framework calculate the appropriate model effects. The OACS 
currently supports Motorola's 1-µm, triple-layer-metal CMOS arrays. 
-Michael C Markowitz 

NEW IC TEST TECHNOLOGY UNDER DEVELOPMENT 
In an effort to address IC designers' complaints about the area and performance 

impact of design-for-testability (DFT) techniques and the extra time it takes to design 
in testability, Crosscheck Technology (San Jose, CA, (408) 452-0344) has developed 
a way to achieve high fault coverage at minimal cost on a gate array. Best of all, 
you get the benefit of testability without any extra design effort. 

Typical DFT techniques, such as scan and built-in self test, can use as much as 
20% of your chip area and degrade performance by requiring additional gate delays 
and capacitive loading. The Crosscheck technique involves placing a testability ma­
trix on the base array and is like a virtual bed-of-nails test prober. With a CrossCheck­
licensed gate array-currently, only LSI Logic (Milpitas, CA) has signed on-you 
have observability at every node in your circuit without having to add extra gates 
to the functional part of your design. The IEEE 1149-compatible test controller and 
matrix drivers and receivers will use only about 10% of your gate array. The perform­
ance effects will be minimal and caused only by capacitive loading. And because you 
have observability at every node, Crosscheck-software-generated test vectors are 
more efficient than either normal ATPG vectors or manually generated vectors. 
- Michael C Markowitz 

BUS-INTERFACE LOGIC DEVICES AVAILABLE IN VSOPs 
Texas Instruments (Dallas, TX, (800) 232-3200, ext 700) is developing a series of 

wide-word bus-interface logic devices in 48- and 56-pin very-small-outline packages 
(VSOPs). These devices consist of 16-, 18-, and 20-bit-wide line drivers, transceivers, 
flip-flops, registers, and registered receivers. They can be used as dual, independ­
ently controlled, 8-, 9-, or 10-bit-wide devices or as full-width devices. The VSOPs are 
300 mils wide and have 25-mil center-to-center pin spacings. The ACL devices are 
fabricated in 1-µm technology and have distributed Vee and ground pins as well as 
output edge-control circuitry. Samples in the series, which operates from -40°C to 
+ 85°C, are available now; production quantities will be available in the fourth 
quarter of this year.-John Gallant 

SONY OPENS AN ADVANCED VIDEO TECHNOLOGY CENTER 
Sony Corporation of America (New York, NY, (212) 418-9427) has opened an Ad­

vanced Video Technology Center as part of its Technology and Engineering Operation 
in San Jose, CA. Th~ center will focus on research and development for high­
definition television (HDTV) program-production and postproduction equipment. 
Such equipment is needed for the creation of HDTV programming material, regardless 
of the broadcast formats finally chosen for US and European use. Sony intends to 
double its present engineering staff at the Center to support the Center's mission. 
-Richard A Quinnell 
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3SMHz 
CY7C409A 
64x9FIFO 

28.SMHz/2Sns 
CY7C421 
512x9FIFO 

FIFO. 
Take a vacation from design 

headaches that strike when 
you're connectingasynchro­
nous systems. Forget about 
addresses. Go to the cascades! 
Cascade FIFOs to build the 
buff er size you need. And get: 

More performance. 
Speeds to 16ns and 35MHz. No 
propagation delay- cascade as 
many as you need. 

More choices. We have 12 
devices, available in just about 
any configuration you could 
want. From64x4 to2048x9, 
with many in between. 

Less work. Designing 

28.SMHz/2Sns 
CY7C429 
2Kx9FIFO 

Less space. Available in 
300-mil DIP (including our 
2Kx9FIFO), PLCCandSOJ 
packages, so that your buff er 
logic doesn't consume acres of 
precious real estate. 

Cool, low power. From 
our cool, 0.8 micron CMOS fab, 
less power and heat for your 
system. 

Less waiting. Because ours 
are available, off the shelf, now. 

It's all in our data book. Call 
today. First come, first served. 

~DATA BOO/Ci", Data Boole 
Hotrtne: -

1-800-952-6300* ,...... with FIFOs is easier 
and quicker. No 
addresses to 
contend with. 

_ Ask for~t. j... --:} ;...,. 

-··-~ -- "C. ---- ~ \,' ------ ~~ ~.,. --.,JF CYPRESS -- -
-:::::::=r F SEMICONDUCTOR 

*1-800-387-7599 In Canada. (32)2-672-2220 In Europe. ©1989 Cypress Semiconductor, 3901 North First 
Street, San Jose. CA 95134 Phone: (408)943-2666. Telex821032 CYPRESS SNJUD, TWX 910-997-0753. 
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ATE SYSTEM BOASTS 16-BIT RESOLUTION AT 1 GHz 

Although it's not the first application of equivalent-time sampling in a large ATE 
system, the $10,000 to $15,000 high-speed sampling option recently announced by 
Teradyne Inc (Boston, MA (617) 482-2700) for its A500 and A520 analog(VLSI device 
testers has an unusual configuration and delivers performance that Teradyne claims 
was previously unavailable in a large tester. The subsystem, most of which resides 
within the A500 or A520 test head, includes a small sampler that mounts on the 
underside of the device-interface board immediately adjacent to the pins of the 
device under test. Because the sampler's output is a medium-frequency signal, this 
configuration limits the distance that high-frequency waveforms must travel, thus 
minimizing aberrations introduced by the transmission-line behavior of intercon­
necting cables. Hence, the test systems can measure repetitive 1-GHz signals with 
16-bit precision. Among the applications for this capability is determining the set­
tling time of high-speed op amps to 0.01 % of full scale on 100% of the units produced. 
Previously, IC vendors could afford to make this type of measurement on only a 
small fraction of the devices they manufactured.-Dan Strassberg 

32-BIT MICROCONTROLLER DUE BY YEAR'S END 
Although 16-bit microcontrollers (µCs) are fairly new and hold a small part of the 

µC market, Motorola Inc (Austin, TX, (512) 891-3260) expects to surpass its competi­
tors by offering a 32-bit µC before the end of 1989. You won't have to wait for 
samples of the 32-bit 68332 µC chip; they're available now for $125. In addition to 
the basic 68020 µP CPU architecture, the 68332 chip also supplies 2k bytes of static 
RAM, a serial-communication module, and a timing unit. The autonomous time­
processing unit (TPU)-a 16-bit counter/timer-is particularly useful in real-time­
control applications. The TPU lets the chip process as many as 16 external timing 
signals independent of one another. Because the chip is an offspring of the 68020, 
many development tools will be available quickly. Already, Introl (Milwaukee, WI), 
Hewlett-Packard (Palo Alto, CA), Tektronix (Beaverton, OR), Intermetrics (Cambridge, 
MA), Ready Systems (Sunnyvale, CA), and Software Components Group (San Jose, 
CA) have announced software or development tools for the 68332.-Jon Titus 

IEEE-488 BUS-CONTROL SOFTWARE RUNS UNDER UNIX 
Instrument users who rely on the IEEE-488 bus can now run their application 

programs on 80386-based computers that offer the SCO-Xenix version of Unix. The 
Personal488/UX package lets you use familiar Hewlett-Packard-style commands to 
control as many as four sets of instruments and peripherals on IEEE-488 buses. 
You'll need a separate GP488C controller card-which plugs into your computer­
for each set of instruments; but to ease the burden on your PC's hardware, the cards 
share common DMA and interrupt channels. The cards furnish a complete set of 
IEEE-488 listener, talker, and controller functions. Application software can be writ­
ten in Corin another high-level language that controls Unix system devices. The 
complete package of a GP488C controller board and Driver488/UX software comes 
from IO Tech (Cleveland, OH, (216) 439-4091), costs $695, and is available now. 
-Jon Titus 
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Thanks to Elantec, 
ATE desigri engineers are 
no longer kept waiting on 

,..-~' " ·~~ 
With Elantec pin drivers and 

PET input buffers, the ATE industry 
can stop sitting on the edge of 
their seats. 

Whether it's for IC or 
loaded PC board testers, our 
parts are higher performing 
than the competition. Not to 
mention more affordable. 

i:Sli=I~ As are Elantec analog I Cs for all appli­
cations-from ATE, video and LANs, to 
instrumentation, disk drives, and more. 

One product that pins down the fastest 
logic devices is our PET input EL2031 

buffer amplifier. It drives 7000V/µs signals 
into 100 ohm loads. Or buffers those signals 

at the pin receiver. 
Another example is our EL2021 monolithic 

pin driver. It supports in-circuit and functional 
testing with a programmable slewrate to 250V!µs. 

Plus it drives externally programmed 
voltages into difficult and reactive loads 

and overdrives device outputs in the mid­
dle of loaded PC boards. Best of all, the 

EL2021 costs less, so you can afford a part per pin 
and eliminate multiplexing. 

For all high-performance applications, look to the full family of 
Elantec high-speed analog products. Everything from amplifiers and 
buffers, to comparators and transistor arrays. Each backed by the 
industry's only two-for-one guarantee. Elantec, analog that's ahead 
of the times. 

There's No Wait For A Selection Guide. For your free 

• 

• 

copy, circle the bingo number or write Elantec. " 
Because when it comes to designing PC board or elantec 

IC testers, you'll never need to be needled again. HIGH PERFoRMANcEANALoG1NrEGRArrnc1Rcu1rs 

Elantec: 1996 Tarob Court. Milpitas, CA 95035. Telephone: (408) 945-1323, Fax: (408) 945-9305 © 1989 Elantec 
European Sales: 87 Jermyn Street, London , SW1Y6JD. England. Tel: 44-1-839-3841. Telex : 917835. Fax: 44-1-930-0751 
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the world's largest selection 
500Hz to 5GHz from $249 
Over 200 models, from low-cost rugged industrial to Hi-Rel military/space approved types, 
with LO power level requirements from +?dBm to +27dBm. We otter this wide variety 
of models, up to 5GHz, to allow you to select exactly what you need ... 
pin, surface-mount, T0-8, flatpack, and connector package type~. the specific frequency 
range your design involves, the optimum LO drive level, and a host of special types. 

In addition to load-insensitive 
mixers, quadrature mixer I 
modulators, and our 
new ULTRA-REL™ 
mixers with a five-year 
guarantee, we offer a 
large number of MIL­
mixer types tested to 
MIL-M-28837 /A, TX and 
TXV screened. All units 
carry our exclusive 0.1 % AOL 
guarantee ... not a single 
reject in a shipment of 1,000 units. 

For the most comprehensive 
computer characterization of mixers 
(isolation, conversion loss, intermod, 
and VSWR vs frequency) , call or write 
your closest Mini-Circuits ' rep or 
distributor or our office 
for a free copy of our 
RF I IF Signal Processing 
Handbook, Vol. 1. 

CIRCLE NO 49 

F123-1 REV. ORIG. 

finding new ways ... 
setting higher standards 

Mini-Circuits 
A Division of Scientific Components Corporation 

PO. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (71 8) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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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 !Cs. Our three 
families of advanced CMOS ASIC products have been 
designed to meet all of today's high-density, high-
s peed device requirements. 
~ Sea-ofgates: 
Flexible-Cell-Array" channelless arrays deliver up to 
40,000 useable logic gates from an available 100,000. 
Combined with high-density memory and macros 
similar to the 82xx products, they offer typical delays 
of <640 ps. 
~ Channeled array: 
new 1.2-µm (drawn) channeled arrays deliver logic 
densities from 1,600 to 30,000 gates and sub-ns delays 
with output drive from 2 mA to 24 mA. 
~ Standard cell: 
the new 1.2-µm (drawn) standard cell family offers 
densities to 60,000 gates, delays of 600 ps, memory 
capability of32K bits RAM and 128K bits ROM and 
macros similar to the 82xx products. 

ATG and logic transparency 
With automatic test generation built in, Oki 

guarantees fault coverage > 95%, with no loss of per­
formance. In addition, all three product families share 
the same cell library for ease of migration. 

OKI 
SEMICONDUCTOR 

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. 
I Please send complete technical data/specs on Oki capabilities in: 

I 
0 Sea-of-gates D Channeled arrays 
D Standard cells 0 Full customs 

I 0 Please call. We have immediate requirements. 

I 
J Name Business Phone 

I Title 

I Company 

I Street Address 

I City State Zip Code 

I Mail coupon to: EDN062289 
Marketing Commurncat1ons Oki Semiconductor 785 N. Mary 

I Avenue, Sunnyvale, CA 940S6. Or call (408) 720-1900 L _______________________ _ 

So. Calif. Atlanta, GA New York, NY 
(Irvine) (Norcross) (Poughkeepsie) 
7141752-1843 404/448-7111 914/473-8044 
(Sherman Oaks) Chicago, IL Philadelphia, PA 
818/990-3394 (Rolling Meadows) (Horsham) 
No.Calif. 312/870-1400 215/674-9511 
(San Jose) Boston, MA Dallas, TX 
408/244-9666 (Stoneham) (Richardson) 
Boca Raton, FL 6171279-0293 214/690-6868 
4071394-6099 Detroit, Ml 

(Livonia) 
313/464-7200 
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Dawn Of 
~ The Power 
Compone'J1-t 

Industry ... 
"W hen we first introduced our component-level 

Megahertz converters we also sowed the seeds of 
the Power Component Industry ... the rational alternative to the 

horror-show of conventional Power Supply development. 
Offering repeatable 

and predictable perform-
ance, and exhibiting power 

density, efficiency, reliability, 
and "instant expandability" un­
achievable with conventional 
power supplies, Power Compo­
nents revolutionized the power 
system design process in much 
the same way that integrated cir­
cuits revolutionized circuit 
design. Since then, our evolving 
product line of power building 
blocks has grown to include high 
power Mega and Master Mod­
ules, off-line Front Ends, Flat­
PACs, StakPaks, and Power­
Cages: user-definable, single or 
multiple-output off-line solu­
tions with outputs from 50 to 7200 
Watts . . . offering the highest 
power densities in the industry. 
Power Systems Architects have 
enthusiastically embraced the 
Power Component concept . . . so many, in fact, that nearly half a 
million of our expanding line of off-the-shelf component-level power 
products have gone into service worldwide . 
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"W e would like to report ~o 
you on our progress m 

implementing an automation 
strategy aimed at achieving the 
highest level of quality and 
repeatability while minimizing 
costs and lead times. Our Andover 
facility is designed for high volume 
production of Vicar's present 
families of modular converters . . . 
while retaining the flexibility to 
handle tomorrow's .. . with 
assembly cells incorporating many 
unique features: 
• "Every part, both passive and ac­
tive, is electrically tested just prior 
to onsertion ... a reflection of our 
commitment to zero defects ... 
• "In-line vision systems check 
solder paste on each pad; orienta­
tion of onserted parts; size and fit 
of pins; and dimensioning of the 
PC board itself . . . a reflection of 

• "Every part for every converter 
model is on line at all times, allow­
ing Vicar to "random access" 
manufacture any mix of product, 
in lot sizes as small as one, without 
impacting throughput and with a cycle 
time of only four hours. 

"As an investment aimed at de­
livering products of the highest 
quality at the lowest price, in the 
shortest time, domestic automa­
tion represents Vicar's commit­
ment to World Class Manufactur-
ing as a means of maintaining mar­
ket leadership through customer 
satisfaction. With inflexible, bulky, 
and unpredictable conventional 
approaches to power systems re­
ceding into technological history 
and with Vicar ready today to sup­
ply you with state-of-the-art pow­
er products at competitive prices ... 
it's time to switch to the Power 

our commitment to quality of Componentlndustryasthesensible 
assembly . . . Patrizio Vinciarel/i, Ph.D., President/CEO source for all your power needs." 

• "Fully automatic testers subject every converter To receive a complete catalog, including information on 
to a total of six comprehensive in-line tests, in- Vicar Products, Applications and Accessories, call Vicar 
eluding tests at both room and elevated tempera- today at (800) 735-6200. 
tures ... a reflection of our commitment to total For immediate delivery of Converters, or Power 
quality control . . . Supplies configured to your needs, ask for 

• "SmartCell software picks and installs trim com­
ponents for each module after calculating the op­
timum value based upon actual measured values 
of related parts . . . a reflection of our 

VICOR E.X'PREJJ 

commitment to "peas-in-a-pod" 
repeatability ... 

Vicar's 
Vl-200 Family: 

• 50 to 200 Watts 
• Booster Expansion 

to Kilowatts 
• 36 Watts/ln 3 

• UL, CSA, VDE 
Recognized 

• As low as $.50 per Watt 
in OEM quantities ... 

and going down! 

Component Solutions For Your Power System VICOR 
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e 
Anyone looking for the best Electronic Design Automation (EDA) solutions 

would undoubtedly consider Mentor Graphics, Racal Redac, Cadence or VLSI 
Technology Four companies whose superior applications and powerful capabilities 
place them squarely at the forefront of their markets. 

Likewise, when these four industry leaders went looking for the best hardware 
on which to develop and run their software, they chose Apollo. Discovering that our 
Series 3Soo:M Series 4500TM and Series lOOOO TM workstations provided ideal platforms 
for everything from IC layout to full system design. 

What appealed to them were the same things that appeal to the thousands of 
engineers who've come to depend on our machines. They liked our open network-
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ing and advanced UNIX® operating system. Qualities that make it easy for develop­
ers to work together productively, allowing them to access all the information and 
processing power needed to get a job done. 

They appreciated a complete family of compatible workstations that starts as 
low as $5490. Assuring solutions to applications as familiar as simulation or as for­
midable as microwave design. 

And they admired system administration features so efficient that even a net­
work with hundreds of users can be managed by just one person. 

As you can see, if you're looking for the perfect EDA workstation, you have lots 
of options. And fortunately all of them are built by Apollo. 

apollo 
A subsidiary of 
F//'jj'9 HEWLETT 
~/:a PACKARO 

For more information, call 1-800-323-1846 (in MA: 1-800-84 7-1011) or write Apollo Computer Inc., 270 Billerica Road , Chelmsford, MA 01824. 
Series 3500, Series 4500 and Series 10000 are trademarks of Apollo Computer Inc. UNIX is a registered trademark of AT&T. 
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The right choice is 
HP's Interactive Test 
Generator for faster, 
easier test development. 
If the task of writing code 
is taking you away from test 
engineering and turning you 
into a full-time programmer, 
you'll welcome a faster, easier 
method of test development. 

Meet HP's new Interactive 
Test Generator (ITG) software. 
It gives you an easy-to-use 
interface and automatically 
writes complex code for your 
test systems. Simple mouse­
controlled instrument panels 
and menu-driven commands 
make test development intu­
itive. No need for manuals when 
programming new or unfamil­
iar instruments. HP ITG chooses 
the right command and sends 
it ... automatically. 

With HP ITG, HP BASIC and 
an HP 9000 Series 300 computer, 
you'll cut development time 
dramatically. You can run your 
final programs on any HP BASIC 
workstation. Or on a PC, using 
HP's BASIC Language Processor. 
The cost? For a limited time, HP 
ITG and a library of instrument 
drivers is just $995.00:" 

Call for your 
FREE demo disk. 
See for yourself how HP ITG 
works. Call 1-800-752-0900 
today. Ask for Ext. 216X and 
we'll send you a FREE demo 
disk. Right away. 
·u.s. list price 

There is a better way. 

F//89 HEWLETT 
~/!a PACKARD 
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Introducing CPU 33. A high 
speed, economical VME computer. 

Here's your ticket to high performance 
at an extraordinarily low price. 

In fact, at less than 
$2500; our new CPU-33 is 

the most affordably priced, 
performance-driven CPU 

board available. 
And it's available at just the performance level 

you need. Including 16.7 MHz versions, with or 
without a turbocharging 68882 co-processor. Or a 
25 MHz version with 68882, for those faster-than-

40 

a-bullet applications. 
The CPU-33 starts with a 68030 processor that can 

easily deliver over 4 MIPS. And that's only the beginning. 
The CPU-33 also features one megabyte of shared 

DRAM memory. Local and global accesses are inter­
leaved to provide faster, more efficient management 
ofVMEbus traffic. 

Throughput is further enhanced by two message 
broadcasting channels, which allow for simultaneous 
data transmission to more than one CPU. Up to 256 
messages can be defined and transmitted to up to 
20boards. 

And if that still isn't enough, eight mailbox inter­
rupts also support interprocessor communications. 
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So you have lots of flexibility in designing multi­
processing systems. 

CPU-33 also incorporates VMEPROM;M our real­
time multitasking kernel with debug monitor. It's 
designed to take full advantage of FORCE architecture. 
Best of all, it comes at no extra charge. 

And to get your project to market sooner, FORCE 
provides a total system solution. Which includes third 
party software along with FORCE integration support. 
Including VxWorks, pSOS, VRTX32, OS-9 and PDOS. 
You also get extensive documentation. Plus access to 
FORCE's regional support staff, who are always ready 
to answer your application or system design questions. 

For more information on the CPU-33, call FORCE 

at 800 BEST-VME. Or fax us at (408) 374-1146 for an 
immediate response. 

If you want high performance at a low price, CPU-33 
will put you on the right track. 

VME at its best. 
FORCE COMPUTERS INC. 
3165 Winchester Blvd. 

Campbell, CA 95008-6557 

Phone (408) 370·6300 
Fax (408) 374-1146 

·us price () 1989 FORCE COMPITTERS INC 

FORCE COMPUTERS GmbH 
Prof.-Messerschmin-Strasse 1, 

0-8014 Neubiberg/Munich 
Telefon (0 89) 6 08 14-0, Telex 524 190 fore-ct 

Telefax (0 89) 6 09 77 93 

VxWorks 1s a tradem.irk of Wind R1\"er Systems. Inc pSOS is a tr.idem.uk ofSoftw,irt' Components Group VRTX32 is a trademark of 
Rt"ady Systems. Inc OS-9 is J trademark of Microwave Systems. PDOS and VMEPRO~I are trademarks of Eynng Rese.irch Jnsutute, Inc 
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Convergence· Speed· Accuracy 
Models· Large Circuits· Optimization 
•Optimization 

• Model parameter generation from 
measured data 

• General circuit analysis using 
optimized models 

• Full circuit optimization-DC, AC, 
transient, distortion, noise, pole-zero 
and S-parameter analysis 

•New Features 

• Input and output algebraic equations 
and functions 

• Transmission Lines 
• New MOS Models for analog and 

submicron technologies 
• Auto stop option 

•DDL2000 

• 2000 + discrete device library models 
for PCB designers. 

• Includes diodes, zener diodes, JFETs, 
BJTs, bipolars, powerMOS, op amps, 
comparators, timers and SCRs. 

• Runs on Mentor workstations as a 
superior alternative to Accusim/ Acculib 

• HSPICE 386 PC Version 

• Full HSPICE capabilities 
• Fast and accurate 
• $4,000 stand-alone price 
• Volume discounts available 

HSPICE meets all your engineering needs! 
• Automation of model characteristics 
• Circuit optimization 
• Full chip analog simulation 
• High frequency circuit design 
• Mixed S-parameter and transient design 

Visit us at the 
Design Automation Conference 

(DAC) June 25-29 in Las Vegas, NV 
Booth752 

• Cell characterization 
• Multi-vendor model support 
• Mixed workstation vendor support 
• PC to Cray computing 
• Evaluation software available upon request 

META-SOFT\./ ARE 
50 Curtner Avenue• Campbell. CA• 95008 
Tel. (408) 371-5100•Toll Free (800) 346-5953 
FAX (408) 371 -5638 •Telex 910-350-4928 
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SIGNALS & NOISE 
Super Collider offers 
no practical benefits 
I disagree with the letter of Ken­
neth C Kmack (EDN, January 5, 
1989, pg 34, which discusses the 
proposed Superconducting Super 
Collider (SSC)). It seems to me that 
the letter writer got some of his 
facts wrong. 

How naive to believe that ad­
vanced ·control elements or instru­
mentation or factory automation 
would be readily available! Has 
Kenneth forgotten all about the CO­
COM list? And the issue of national 
security? Just remember the 
Toshiba affair of selling advanced 
computer-controlled machine tools 
to the USSR (tools capable of mak­
ing quieter submarine propellers 
and some such things)! 

Granted, on the other hand, the 
knowledge of the structure of mat­
ter can be useful. But when we 
come to such gigantic dimensions, 
we should start to question the real 
usefulness of artificially simulating 
the universe on the Earth. Is it not 
just our perpetual obsession with 
machines? Keep in mind that al­
though Ernst 0 Lawrence and Luis 
Alvarez won Nobel prizes for the 
invention of the cyclotron and the 
linear accelerator, respectively, and 
kept building larger and larger ma­
chines, they never made any signifi­
cant discoveries with them. As a 
result, the first nuclear disintegra­
tion, of lithium and beryllium, was 
achieved by Cockroft and Walton 
at the Cavendish Laboratory, Cam­
bridge University, with an electro­
static generator. The same sort of 
thing happened with artificial radio­
activity, which was discovered in 
France by Frederic J oliot. J oliot 
used a petty apparatus powered by 
a minute quantity of radium .... 
The Berkeley group also missed out 
on making the most significant dis­
covery in nuclear physics-namely, 
fission-even though the group had 
the world's most intense neutron 
beam. That discovery was made be-
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cause of the work of 0 Hahn, F 
Strassmann, Lise Meitner, and 0 
Frisch in Germany. 

Are we not trying to substitute 
for the lack of ingenuity and insight 
with brute force? 

"The SSC could be extremely im­
portant to the future of mankind," 
[Kmack says]. I would challenge 
that statement. As far as I can tell 
(as an applied physicist working in 
electronics/microelectronics), most 
electrical, electronic, computer, 
software, and other engineers can­
not appreciate anything more so­
phisticated than classical electrody­
namics (that is, Maxwell's equa­
tions). Most of them are not even 
familiar with relativistic electrody­
namics, let alone quantum electro­
dynamics (QED) or more exotic and 
esoteric things, such as quantum 
chromodynamics (QCD) or quantum 
flavor dynamics (QFD); as a rule, 
they don't learn more involved, spe­
cialized mathematical techniques 
such as the Feynman integral, Kac­
Moody or Virasoro algebras, Ca­
labi-Yau spaces, and other weird 
and wonderful subtleties and intri­
cacies. Where does that leave the 
rest of mankind? 

[Kmack goes on:] "And what 
would we electronics engineers be 
doing if not for modern solid-state 
physics, which is based on quantum 
mechanics?" I fail to see the connec­
tion; what has the creation of quan­
tum mechanics to do with accelera­
tors? The origins of quantum me­
chanics can be traced to black-body 
radiation and spectroscopy-long 
before the idea of particle accelera­
tors was born. Further, what has 
the invention of a transistor to do 
with quantum mechanics? It is un­
realistic to see the transistor as the 
product of physics alone. Rather, 
its invention required the contribu­
tions of hundreds of scientists work­
ing in many different places , in 
many different fields, over the 
years. 

For example, you could examine 

METAL FILM 
RESISTORS 

at ''S'' Level 

MIL-R-55182 
MIL-R-39017 

With Bradford Electronics, Inc., 
as your partner for Established 
Reliability metal film resistors, you 
can be assured of the utmost in 
quality and service. 

Bradford has maintained "S" 
level qualification since 1977. Our 
commitment to excellence extends 
beyond normal requirements and 
includes advanced SPC programs. 
Bradford offers you short lead times 
for all RLR, RNC and RNR resistors, 
and a computerized system tracks 
on-time delivery. 

Bradford can also fulfill a wide 
range of custom requirements for 
these products to satisfy unique 
SCD requirements. 

Call and you' ll discover why 
Bradford is fast becoming a 
preferred partner for so many 
Hi-Rel customers. 

Contact: Bradford Electronics, Inc. 
. . . a VISHAY Company 

550 High Street 
Bradford, PA 16701-0930 

Phone(814)362-5700 

& 4/JFORIJEl.ECTRONICS ®'!!!!!!!~ 
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Microprocessor development support, hosted on IBM"' PC-XT", 
AT", and PS/2T" workstations. C-Language Cross Compilers 
and Cross-Assemblers fully integrated with emulation tools, 
including ... 

C-Thru'M Source-Level Debugging: breakpoints and stepping, 
tracking variables, stack-frame trace-back; Autotese·~ Command 
Files with learn mode, keyboard macros and experimental 
procedures; Show-Tgme™ Performance Analysis, time allocation 
histograms and interaction frequencies. 

EZ-PRO Supports: 1802/05/05AC/06, , , 64180RO/Rl/Z ... 6301Vl/01X0/63701V0/63701Y 
6303R/03Vl/03X/03Y/03YO . . 6309/09E . .. 6502/C02/03/04/05/06/07/10/12/13/14/15 
6800/02/08 ... 6801/01U4/68701/68701U4/03/03U4 ... 68HC05C4/C8/D2/Pl ... 6805 ASIC 
1468HC05E2/E3 .. . 6809/B09/09E ... 68HC11AO/Al/A8/El/E2/E9 ... 68000/68008/68010 
8035/39/C39/40/48/8748/49/8749/C49/50 ... 8031/31AH/C31BH/8032/32A H/C32 BH/C32T2 
80C321/C321-l ... 8051/51FN51FA-l/51AH/80C51/C51BH/8751/8751H ... 80C515/80C535 
8052/8052AH/80C52BH/8752/80C52T2 . . 80C451/80C451-l . . 80C451P/87C451P-l 
8053A H/8753H/80Cl53J B-l/80Cl54 . . . 80Cl52J N80Cl52J A-l/Cl52J B/C252/80C552/C652 
8344/8344AH/83C451/83C451-l .. . 8085/8085AH-2/80C85 ... 8086/80C86 ... 8088/80C88 
8096/97/8396/8397/80Cl96 ... 80186/80Cl86 ... 80188/80Cl88 . .. 80286 . . . 8X300/305 
NSC800 ... V20N30 ... Z80NZ80B/Z80H ... 2180 . . ........... . .... . . . and more. 

A american automation 
2651 Dow Avenue • Tustin, CA • 92680 •Tel: (714) 731-1~61 • FAX: (714) 731-6344 

IBM is a registered trademark of International Business Machines. XT, AT and PS/2 are trademarks of International 
Business Machines. C-Thru, Autotest and Show-Tyme are trademarks of American Automation, Inc. 
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SIGNALS & NOISE 

the contribution of scores of chem­
ists and metallurgists to an under­
standing of semiconductors and to 
the development of the ability to 
produce them in a form useful to 
physicists. Without this material­
research effort, there could have 
been no transistor. And the planar 
process was the key to the whole 
of semiconductor work. 

Today we have a whole new class 
of high-temperature superconduc­
tors-but we have no fitting theory 
to explain their behavior! Besides, 
what is the hurry? Why not wait 
until we make our ideas clearer? 
Leading quantum theorist David 
Bohm said: "I don't think the pre­
sent fact is clear enough to assimi­
late into any mathematical system. 
That is one reason why so little pro­
gress has been made over the past 
40 years." 

I would like to finish with some 
words from Norbert Wiener ("the 
father of cybernetics"): "There is 
one· quality more important than 
'know-how' .... This is 'know­
what,' by which we determine not 
only how to accomplish our pur­
poses, but what our purposes are 
to be .. .. Whether we entrust our 
decisions to machines of metal, or 
to those machines of flesh and blood 
which are bureaus and laboratories 
and armies and corporations, we 
shall never receive the right answer 
to our questions unless we ask the 
right question ... . " 
Igor Fodor 
Semiconductor Div 
Siemens 
Munich, West Germany 

Correction 
An incorrect phone number for 
Covox Inc (a manufacturer of 
speech-recognition products) ap­
peared on pg 120 of the January 
19, 1989, issue of EDN. The correct 
phone number is (503) 342-1271. 

Text continued 
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Paclc A Punch With Vitelic's 
Integrated Cache RAMs. 

Double Tlte Punclt of Your 
Higlt-performance 32-bit PCs 
and recltnicaf Workstations. 

Organization 

Controller 
Interface 

Speed 

Size 

8Kx 16Cache 

Intel 82385 

20, 25, 33 MHz 

A Lean, Mean Memory Machine. 
Drop our cache RAM in with a cache controller for a 
complete cache subsystem. No more glue logic. No more 
matching address access times with CPU clock speeds. 
And, best of all, two chips replace twenty-six chips for a 
complete 32K byte cache subsystem. 

Our integrated cache RAM frees up as much as 9 in2 of 
valuable board space, which decreases costs associated 
with reliability, manufacturing and inventory. Plain and 
simple, this means lower costs and higher profits for you. 

Our automatic power down circuitry reduces power 
consumption by 65%-ideal for portable applications. 

(Q1 989 Vitelic Corporation. All rights reserved. CHIPS is a registered trademark of CHIPS and Technologies 

Circle 27 for literature 
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Caclte and DRAMs­
Jlte Winning Combination. 
Team up our cache RAMs with our DRAMs for a 
knock-out combination. Vitelic's smart, lightning-fast 
DRAMs have earned us the reputation as a worldwide 
leader in 70-80ns DRAMs-we ship more than 1.5 million 
units per month. 

CMOS-The Technology of Champions. 
Vitelic's advanced CMOS process offers the triple threat 
of high speed, low power and high density. Vitelic's CMOS 
technology, coupled with innovative designs from our 
world-class design team, make for breakthrough cache 
and DRAM memory solutions. 

Call us today at (800) 344-5970 or write: 
Vitelic Corporation, 3910 North First Street, San Jose, CA 
95134-1501 to find out how our cache RAMs and DRAMs 
can give your PCs and workstations the high-performance 
punch that will send the competition down for the count. 

W VITELIC 
The Emerging Leader 
in Specialty Memories 

Circle 28 for sales contact 
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MTBF 

F Hot Plug-In 
~ULT TOLERANT 

(N+1) POWER SYSTEMS 

• Two to Six Supplies 
• Expandable, 300 to 1800 Watts 
• Internal Isolation Diodes (Option) 

POWERTEC 
The Power in Power Supplies 

20550 Nordhoff Street Chatsworth, CA 91311 
(818) 882-0004 • FAX (818) 998-4225 

46 CIRCLE NO 59 

SIGNALS & NOISE 

Supercollider is a 
$5 billion mistake 
I disagree completely with Kenneth 
C Kmack's half-baked analogy 
(EDN, January 5, 1989, pg 34), in 
which he compares Supercollider 
research to the experiments done 
in 1887 by Morley and Michelson. 
I'm pretty sure they didn't spend 
five billion dollars of somebody 
else's money to conduct their ex­
periments. 

People seem to think that the five 
billion is sitting in a bank some­
where waiting to be spent, either 
on the Supercollider or on some­
thing else. In reality, the govern­
ment will simply print five billion 
dollars or more to pay for the Su­
percollider, and that will inevitably 
lead to inflation. 

Then, when the Supercollider is 
up and running, maybe we'll find 
out about some previously unknown 
subatomic particle. How will that 
feed hungry people or keep felons 
behind bars? If the Supercollider is 
going to make something possible 
that everybody can use (such as fu­
sion power), somebody had better 
speak up and tell us what it is. 
Andrew Dart 
Andy's Bureau of Standards 
Duncanville, TX 

The US should 
get in on HDTV 
Why didn't the FCC include Japan's 
HDTV standard in our future? The 
FCC continues to talk of updating 
NTSC to a wide screen, when noth­
ing has been demonstrated or built. 
It's a bad idea-the splicing of mar­
gins onto the picture is going to be 
visible---especially when reception 
is poor. 

Even if NTSC could be updated, 
we should cooperate with a new 
standard. Too bad we didn't lead 
in HDTV, but if we don't partici­
pate, it will become very difficult 
to develop and export any HDTV­
related product. 

They say we don't have enough 
free spectrum. Not true; 470 
through 890 MHz is basically va­
cant-allocated for 69 dead UHF 
channels. I see only three active in 
Seattle. Reallocate it for HDTV, 
and some other things besides. 

It's as simple as AM/FM radio. 
AM didn't stop the upgrade to FM. 
Let the folks with existing TVs 
keep watching NTSC 2 to 13. Mean­
while, those of us living in the pre­
sent can buy HDTV s that tune in 
20 or 30 new wide-screen chan­
nels-and our sets will work with 
HDTV camcorders and VCRs. 

Why doesn't anybody see the ob­
vious? Where does EDN stand on 
this problem? Do other EEs care 
about the FCC's lack of vision? An 
outcry could still correct this short­
sightedness. 
Norman M Hill 
Zetron Inc 
Bellevue, WA 

Oops 
The second article in Bob Pease's 
troubleshooting series, entitled 
"The right equipment is essential 
for effective troubleshooting" 
(EDN, January 19, 1989, pg 157), 
contains two schematic errors. The 
first appears in Fig 4, pg 160: there 
should be a connector dot at the 
point where the signal lines cross 
just to the left of V ouT· The second 
error occurs in Fig 8 (pg 165): The 
24-kfl resistor shown in the lower 
right corner of the drawing should 
be 240 kn. 

WRITE IN 
Send your letters to the Signals and 
Noise Editor, 275 Washington St, 
Newton, MA 02158. We welcome all 
comments, pro or con. All letters must 
be signed, but we will withhold your 
name upon request. We reserve the 
right to edit letters for space and clarity. 
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PC boards of COR-LAM: 
When downtime is simply 

unacceptable. 

You know it already: in military avionics, 

reliability is critical. You simply cannot afford 

equipment failures. 

And with PC boards of DuPont COR-LAM~ you can 

help increase the reliability of your multi -layer circuitry. 
Because COR-LAM laminates and prepreg.s (made 

from a special grade of KEVLAR® aramid fiber available 
only with COR-LAM) work best with the advanced 

technologies of surface mounting and leadless chip ---

With a bet1£r-1nalch£d. CTE, 
PC boards ofCOR-LAM 

prevent solder joint cracking. 

carriers. Providing a better match 

of thermal expansion coefficients­
between the board and ceramic 

carriers-to ensure solder joint integrity. 

But COR-LAM goes beyond keeping solder joints 

dependable. It also decreases the size of your boards­
and weight, by 50%, while increasing circuit density 

versus metal core restraint approaches. And with a lower 
dielectric constant than glass/epoxy, it even increases 

signal speed. With all that, you need never again worry 
about compromised engineering designs. 

COR- LAM is available now, and on the "QPL" for 
Mil -P-13949G. 

Tu find out how we can help with your applications, 
call 1-800-527-2601. 

DuPont Electronics 
Share the power of our resources. 

E-99564 
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Make Al&T's 32-bit 
floating point digital 
si~al processors 
ilie heart of your 
system, and make it 
a market leader. 
On top of that, you can 
develop your system at a 
fraction of what you usually 
spend in time, money, and 
board space. 

A system that can give 
you a commanding lead in 
the market for computing­
intensive applications such 
as array processing, CAD/CAM 
systems and 
flight simulation. 

A system that offers 
realtime graphics and 
image processing 
capabilities for 
filtering, transformations, 
hidden surface elimination, 
and shading. 

You can build this per­
formance into your graphics 
and image processing system 
by using AT&T'.s components 
of success. 

The component 
of technology. 

The heart of your system: AT&T'.s 
family of DSP32 products. 

Our WE® DSP32 digital 
signal processor is a 32-bit DSP 
that's in use today in graphics, 
telecommunications, and 
speech recognition systems. 

Our new CMOS DSP32C 
is the world's most advanced 
DSP-with over 400,000 
tran.cistors, and fabricated in 
.75 micron double-level 
metal technology 

The DSP32 product family 
offers peak performance 
of 25 MFLOPS of through-
put. This processing power 
allows the implementation 
of sophisticated graphics 
algorithms with no 
compromise in performance. 

The AT&T DSP32 family 

also offers substantial devel­
opmental advantages: 

Low cost/higb_perform­
ance: AT&T's floating point 
DSPs employ unique byte­
addressable memory space 
to simplify manipulation of 
pixel color values. The DSP 
architecture incorporates 
high processing power, 
flexible I/0 , on-chip memory, 
and clean interface to the 
outside world. These features 
reduce board space and 
design time and 

provide a 

high-performance solution. 
IEEE compatibility: Our 

DSP32C converts to IEEE 
P754 floating point format in 
one instruction. No need for 
special software. 

Program Y.Our algorithm 
in C: We offer you the 
flexibility to program in 
assembly or C language. Our 
C compiler and optimized 
application library will get 
your application up-and­
running, fast. 

Software and hardware 
development support: We 
provide a full set of tools for 
creating, testing and 
de-bugging application 
programs. These tools run 
under both the MS*-DOS 
and UNIX® systems. 

Note: The AT&T DSP line 
now also includes a new 
16-bit, fixed point, CMOS 
device-the DSP 16A-that 
runs at a record 33ns, and 
offers more on-chip mem­
ory than any other fixed 
pointDSP 
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The component 
of confidence. 

AT&T's extensive design 
support includes development 

AT&T: The 
components 
of success. 

tools for realtime software 
and hardware evaluation and 
de-bugging of DSP programs. 

Our worldwide Field 
Application Engineers will 
answer questions as you 
proceed with your design. 
They are supported by 
Bell Laboratories' engineers, 
the designers of our DSP 
products. 

Keep in mind, too, that 
AT&T offers more than 100 
years of manufacturing 
experience-and quality and 
reliability standards second 
to none. 

So, to make your next 
graphics processing system 
an applications pace-setter, 
and a technological success, 
call AT&T at 1800 372-2447 
(Canada, call 1800 553-2448). 
Image created at R/Greenberg Associates on Pixel 
Machines ' PXM 900 Series graphics work.sration, using 
AT&T's first generation floating point DSPs. 
•Registered trademark or Microsoft Corporation. 
C> 1988AT&T 

ATs.T 
The right choice. 
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DECstation 3100 
workstation. 

Here's a whole new measure of 
desktop power for UNIX'" users . 
Employing state-of-the-art RISC 

50 

technology, the DECstation'" 3100 
workstation gives you 14 MIPS of 
power at less than $1000/MIP. It's 
the first in Digital's family of UNIX­
based RISC workstations, giving you 
complete hardware and software 

are. 
integration with installed VAX'" 
systems and industry-standard UNIX 
environments. 
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DECsystem 3100 
multi-user computer. 

The new general purpose 
DECsystem'" 3100 computer delivers 
up to 14 MIPS of power to up to 64 
people, working concurrently. The 

newest member of Digital's RISC 
family of computers brings RISC 
technology to multi-user UNIX 
environments. With up to 24 MB of 
main memory and up to 1.6 GB of 
disk storage, the DECsystem 3100 
computer is the most cost-effective 

are. 
access to high performance computing 
for an entire department. 

For more complete information, 
call your local Digital sales office, 

orcall 1-800-369-8000 

Digital 
has 

it 
now. 

©Digital Equipment Corporation 1989. lbe Digital logo, Digital has it 001,V, DECstat}on, VAX and DECsystem are trademarks of Digital Equipment Corporation. UNIX isa registered trademark of American Telephone and Telegraph Company. 
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EXC-429GEM 
Arinc-429 Interface Module 

EXC-1553MC/ E EXC·1553PC/ E 
Test & Simufation Card for - Test & Simulation Card for 
Apple Macintosh-II ® Computer - PC and AT ® Computers 

• Products Include: MIL-ST0 -1553, ARINC-429, ~ 
~=~~;-561, Intelligent RS-422 and other Interface ~ ~!!i!IY!Jl!JIL---

e Coming Soon: Compatibility with IBM's New PS/2® 
Computers 

EXCALIBUR SYSTEMS, INC. 

IBM. IBM PC, AT ond PS/2 ... ""''""'"' .... m ...... '"'"M''°""' Bu•lneu PO Box 6839. Fresh Meadows. N.Y. 11365 
Machines. Appi.Maclntosh· lllsaregisteredtrademarllo!AppleComput81"s. lnc. Tel. (71 8)575-3779. Tix. 6503473609 (MCIUW) 

CALENDAR 

Fiber Optics in Local Communi­
cations (seminar), New York, NY. 
Raycom Systems Inc, 6395 Gunpark 
Dr, Boulder, CO 80301. (800) 288-
1620. June 22. 

26th Design Automation Confer­
ence, Las Vegas, NV. MP Associ­
ates, 26th Design Automation Con­
ference , 7490 Clubhouse Rd, Suite 
#120, Boulder, CO 80301. (303) 530-
4333. June 25 to 29. 

Intelligent Network ComForum, 
Chicago, IL. IN ComForum, 303 E 
Wacker Dr, Suite 740, Chicago, IL 
60601. (312) 938-3500. FAX 312-
938-8787. June 26 to 28. 

Knowledge E ngineering Today's 
Marketplace, The Annual Confer­
ence of the International Associa­
tion of Knowledge Engineers, Col­
lege Park , MD. Fred Whiting, 
IAKE Conference , Georgetown 
Box 25461, Washington, DC 20007. 
(301) 231-7826. June 26 to 28. 

OS/2: A Comprehensive Hands-On 
Int roduction (short course), Ot­
tawa, Ontario , Canada. John 
Valenti, Integrated Computer Sys­
tems, 5800 Hannum Ave, Culver 
City, CA 90231. (800) 421-8166; in 
Canada, (800) 267-7014. June 27 
to 30. 
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--------------------------------l World Tech '89, New York, NY. 
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DID YOU KNOW? 
EDN serves 

electronic engineers and 
engineering managers in more than 

100 countries worldwide. 

A Robert Terrero, AETEC, 225 W 
34th St, Suite # 906, New York, NY 
10122. (212) 563-5350. FAX 212-
736-0027. June 28 to 30. 

Nat ional Conference of Standards 
Laboratories (NCSL '89) Work­
shop and Symposium, Denver , 
CO. Ken Armstrong, NCSL, 1800 
30th St, Suite 305B, Boulder, CO 
80301. (303) 440-3339. July 9 to 13. 

Quality Management Conference, 
Denver, CO. Pam Frye, Quality 
Management Conference, ACEC, 
1015 Fifteenth St NW, Washing-

EDN June 22, 1989 
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' MICRO-CAP 111: r 
THIRD-GENERATION INTERACTIVE 
CIRCUIT ANALYSIS. MORE POWER. 

MORE SPEED. LESS WORK. 
MICRO-CAP 111;· the third generation 

of the top selling IBM® PC-based interac­
tive CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. 

The program's window-based opera­
tion and schematic editor make circuit 
creation a breeze. And super-fast SPICE­
like routines mean quick AC, DC, Fourier 
and transient analysis- right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. And, using 
stepped component values, rapidly gener­
ate multiple plots to fine-tune your circuits. 

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

EDN June 22, 1989 

Transient analysis 

Schematic editor 

Monte Carlo analysis 
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Modeling power leaps upward as 
well, to Gummel-Poon BJT and Level 3 
MOS- supported, of course, by a built-in 
Parameter Estimation Program and 
extended standard parts library. 

There's support for Hercules~ CGA, 
MCGA, EGA and VGA displays. Output for 
laser plotters and printers. And a lot more. 

The cost? Just $1495. Evaluation ver­
sions are only $150. 

Naturally, you'll want to call or write for 
a free brochure and demo disk. 

1021 S. Wolfe Road, 
Sunnyvale, CA 94086 
( 408) 738-4387 

MICRO-CAP Ill is a registered trademark of Spectrum Software. 
Hercules is a registered trademark of Hercules Computer Technology. 
IBM is a registered trademark of lnternalional Business Machines, Inc. 

53 



CALENDAR 

ton, DC 20005. (202) 347-7474. July 
12 to 14. 

Third International Workshop on 
Computer-Aided Software Engi­
neering, London, UK. John 0 Jen­
kins, Imperial College, School of 
Management, London, SW7 2PG, 
UK. 01 589 5111, ext 7112. Elliot J 
Chikofsky, Index Technology Corp, 
1 Main St, Cambridge, MA 02142. 
(617) 494-8200, ext 1989. July 17 
to 21. 

Computer-Aided Software Engi­
neering, Hands-On (short course), 
Washington , DC. John Valenti, 
Integrated Computer Systems , 
5800 Hannum Ave, Culver City, 
CA 90231. (800) 421-8166; in Can­
ada, (800) 267-7014. July 18 to 21. 

Sparclntosh (conference), San 
Francisco, CA. Corey Green, The 
Yankee Group, 200 Portland St, 

_ __________ c_IR_C_L_E_N_o _ss _ _ ____ _ _ __ ----1 Boston, MA 02114. (617) 367-1000. 
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Control instruments, plotters, and printers. 
Supports BASIC, C, FORTRAN, and Pascal. 
Fast and easy to use. High-speed DMA. 
Software library included so you spend 
less time programming. 
Thousands sold. Risk free guarantee. 
Hardware and software - $395. 

Product literature 1-800-234-4CEC 
Technical assistance 617-273-1818 

Capital Equipment Corp. 
Burlington, MA. 01803 
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July 25 to 26. 

Supercomputers, Hypercubes and 
High Performance Architectures 
(short course), Boston, MA. John 
Valenti, Integrated Computer Sys­
tems, 5800 Hannum Ave, Culver 
City, CA 90231. (800) 421-8166; in 
Canada, (800) 267-7014. July 25 
to 28. 

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

Surface Mount '89, San Jose, CA. 
MG Expositions Group, 1050 Com­
monwealth Ave, Boston, MA 02215. 
(800) 223-7126; in MA, (617) 232-
3976. August 28 to 31. 

International Test Conference 
1989, Washington, DC. Interna­
tional Test Conference, Box 264, Mt 
Freedom, NJ 07970. (201) 895-5260. 
FAX 201-895-7265. August 29 to 31. 
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And the news is network 
pricing. Validate®/XEL, the cross 
development software with the best 
support in the business, has network 
licensing. So now you can have all the 
cross development power you need for 
all the engineers who need it Without 
paying for individual licenses for each 
workstation. 

With Validate/XEL your develop­
ment team can stop playing musical 
chairs. And contribute more in less 
time for less money. 

Validate/XEL is a high perfor-

mance package for your Sun, VAX. 
or PC. It includes a source level debug­
ger, a compiler and an assembler that 
work with either a simulator or emula­
tor. And whenever you need help, our 
large staff of qualified field and in-house 
applications engineers is at your service. 

When you use Validate/XEL with 
one of our real time, transparent emu­
lators, you'll be even more efficient and 
productive. You'll have the ability to 
debug your code inside the target 

In Europe contact Applied Microsystems Corporation Ltd .. Chiltern Court. High Street. WcndO\'er, Aylesbul)', Bucks HP22 6EP. United Kingdom. Call 44-{0)·296·625462. 
In Japan contact Applied Microsystems Japan Ud .. Nihon Scimci. Nishi-Cotanda Building, 7-24-5 Nishi-Cotanda, Shinagawa-KU. Tokyo Tl41. Japan. Call 03-493-0770. 
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system in real time. And with 
our high speed SCSI interface to 
your Sun or PC, you11 be able 

to download to your target system in 
record speed. 

For more information or a demon­
stration on your network, call toll-free. 
In WA call (206) 882-2000. Or write 
Applied Microsystems Corporation, 
P. 0 . Box 97002, Redmond, Washington, 
USA 98073-9702. 

11 11111111 

Applied Microsystems Corporation 
1-800-426-3925 
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7:05 am: Breakfast 
Suddenly, between bites, 

the answer to that new system 
design jumps right into your 

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

58 

8:50 am : Design 
You worm up the design 

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

simulation with the Action 
Logic System software. 

uctio 

ll:OOam :Place & Route 
You watch the system place 

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

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

12:00pm:Lunch 
Remember lunch? Normal 

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

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

They're a feast for your 
imagination. 

Actel's ACT™ 1 

ACTELFIELD 
PROGRAMMABLE 

GATE ARRAYS 
arrays bring you a com­

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

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

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

How? With features like 85% gate 
utilization. Guaranteed. Plus 100% automatic 
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1:1Spm:Program 
You load the Activator™ 

programming module with a 
2000-gate ACT 1020 chip and 

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

design becomes a reality. 

1 :25 pm: Test 
You do a complete, 

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

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

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

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

4:00pm: Produdion 
Your pride and joy is 

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

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

something to do until 5:00. 

6:00 pm: Dinner 
Remember dinner? Normal 

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

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

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

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

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

It could ..:~~~~~~~~~ ~~e YJa~~ J«fcl@// 
© 1989 by Actel Corporation, 955 E. Arques Ave., Sunnyvale, CA 94086. ACT, Action Logic, Activator, Actionprobe and PUCE ore trademarks of Actel Corp. PAL is a registered trademark of AMO Corp. LCA is a trademark of Xilinx Corp. Viewlogic is o 

trodemortc of Viewlogic Sylt•ms, Inc. OrCAD is a trademark of OrCAD Systems, Inc. Mentor is o trodemork of Mentor Graphics Corp. 
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VF Technology .•. 
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 Brightness Module 
Dis~lal Module {Row X Char.) {FT-L) Dimensions {in.) 
GP1013A GP1013A02 64X34 200 3.35X2.95XO. 7 
GP1005B GP1005B03 128X64 400 7.28X3.35X1 .77 
GP1010B GP1010B01 176X16 200 7.32X2.16X1 .70 
GP1009B GP1009B03 240X64 200 6.2X2. 76X1 .57 
GP1006B GP1006B04 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 

•mtterent Versions Available 

DOT MATRIX/CHARACTER DISPLAY MODULES 
Futaba Futaba 
Dis~la~ Module 
16LD03G M16LD03B 
16SY03Z M16SY03B 

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

711 E. State Parkway 
Schaumburg, IL 60173 
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Char. 
XRow 
16X1 
16X1 

20X1 
20X1 
40X1 
40X1 
20X2 
40X2 

Dot Char. Module 
Format Ht. {in.) Dimensions {in.) 
5X7 0.433 
14 SEGMENT 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 

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

lil!o't•l.• 1~· 

~ " ~ ~ , 1 I h ~r • • 

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. 
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To find distortion 1 OOdB below maximum 
signal, you need a generator that's at least 
two times better than the device under test. 

That's why the Brue I & Kjaer 1051 is the genera­
tor of choice when you want to pinpoint dynamic distor­
tion in ADCs due to differential and integral non-linearities, 
missing codes, noise and aperture uncertainty. 

Individual harmonics from the B&K 1051 are 
less than 0.0008% ( - 102dB) in the critical 20Hz to 20kHz 
i;ange, and its broadband noise and distortion is better 
than - 85dBc. 

Its amplitude is accurate within 0.05dB and its 
crystal-clock-based freqency synthesizer is accurate to 
+ 0.18mHz/ - OHz. 

And all this signal purity and frequency precision 
does not cost you any additional testing time. The B&K 
1051 settles to its set frequency and amplitude in less than 

45ms on instructions via its self-contained IEEE-488 
interface (three times faster than most other generators). 

You get plenty of convenience features too. Like 
easy external control with English language commands, a 
1024-point amplitude memory, storage of user-defined 
test routines, and six-decade log or linear frequency sweep 
in one range with selectable upper and lower frequency 

limits. For ADC characterization, ATE, testing ADC 
front ends in telecommunications, navigation systems, 
laboratory and medical instruments and general AC cali­
bration, choose the Bruel & Kjaer 1051 . It gives you what 
you've always wanted in a test source and never had; sig­
nal purity, frequency and amplitude accuracy and testing 
speed combined in a single instrument. 

For complete information on the 1051 genera­
tor, call your nearest Bruel & Kjaer office today or circle 
reader service number. 

Bruel & Kjcer -+ 
DK-2850 Nrerum ·Denmark · Telephone: +4542800500 · Telex: 3731 6 bruka dk · Fax: +4542801 405 
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THE JUMBO REPROGRAMMABLE GATE ARRAY 
Puzzled by all the logic arrays in the 
jungle? There's only one leader. To 
spot him make sure that: 
• His array can really do the big 

jobs. It should be able to replace a 
whole board of old-fashioned logic. 

• His array gives you a speed/power 
savings. 

• His array is easy to use , and has 
a programming scheme that you're 
used to. 

MHT THE REALLY BIG ARRAY 
Atmel 's ATV 2500 has up to 2500 
gates. Call it JUMBO. That's about 
eight AT22V10s in one-enough 
resources for most board-sized jobs. 
And you can reprogram it , again, 
and again and again. 

Atmel 's Jumbo leads the herd with 
30MHz operating frequency, but 
only needs 5mA-about one-half of 
what his competitors offer. 

NOW THE GOOD NEWS! 
You probably already know how to 
run this beauty. Its structured archi­
tecture is similar to what you have 
been working with all along, so you 
use your usual design methods and 
make only minor changes to your 
software and hardware . 

If you write us on your letterhead , 
we'll send you Jumbo. And, if you 
have a problem with his trunk , 
maybe your kid will help. 

Al.IL 
ATMEL CORPORATION 
2125 O'Nel Drive 
San Jose, CA 95131 
Tel. 408-441-0311 

® Fax. 408-436-4200 

The people who make the difference 
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Weird science 

Jesse H Neal 
Editorial Achievement A wards 
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Business Press Editors Award 
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What we've read about science in the popular press during the 
past few months shows a very poor understanding of what science 
is and what scientists really do. A good example occurred in April 
when two researchers, B Stanley Pons and Martin Fleischmann, 
announced that they had observed "cold fusion," the fusing of two 
deuterium nuclei to produce a helium atom, a neutron, and heat. 
Unlike most scientific announcements and rebuttals, which take 
place at staid scientific meetings and in arcane scientific journals, 
Pons and Fleischmann revealed their raw results to the popular, 
and generally unscientific, press. That revelation touched off a 
storm of press coverage. 

Once again, the press and many others flocked to the story of a 
so-called scientific breakthrough; they inflated reports of a prelimi­
nary scientific experiment into a cure for the world's energy prob­
lems. Even before other laboratories had attempted to duplicate 
the Pons-Fleischmann experiment, members of the House Commit­
tee on Science, Space, and Technology wanted to know how much 
money the two researchers would need to continue their work. 
All we're missing now is talk of a "cold-fusion" gap with various 
foreign countries. 

Those who wrote about the cold-fusion experiments and many 
of those who read about them have an unusual view of science. 
To them, lonely scientists spend time working on far-fetched ideas 
and then suddenly announce a breakthrough that the world accepts 
as scientific fact. When I studied science I learned that anyone 
could propose a theory or develop a hypothesis, but that most 
scientists did so very cautiously and after running many, many 
careful and duplicate experiments. Only after such painstaking 
research could scientists be fairly sure that their hypothesis was 
proven. Obviously, you didn't announce a major finding based upon 
a few haphazard experiments that yielded nebulous results. 

Generally, the press reports about sensational science and not 
about science as it really takes place. Perhaps the Pons­
Fleischmann reports of cold fusion will be proven true, but it will 
take more research than can be done by a few laboratories in a 
couple of weeks. Real science demands careful and rigorous ex­
periments that are done by many scientists under carefully con­
trolled conditions. During that time, the press has a responsibility 
not only to report events fairly, but also to be skeptical about 
discoveries until they are proven true or false. Maybe it's time to 
send some of our reporters back to school for a lesson in what 
science is all about. In the meantime, two scientists could use a 
reprimand for making wild claims about inflated, extrapolated, and 
unconfirmed experimental results. 

,~ . 
~~. U Editor 
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Introducing the MAX fumily. 
At HQ to 50 MHz. it's twice the speed 

of any other high density EPLD. 

MAX is the only family of EPLDs that can give you the combination 
of speed and density you need in your next 
system design. 

And not just raw speed, but pre­
dictable speed as well. 

Because MAX's unique architec­
ture gives you predictable delays 
between all corners of the chip. 

4B 64 
Macroce\\S 

And that means no more hair-pulling 
over lost speed. No gate array timing 
skews. No more multiple design itera­
tions to get the speed you thought you 
were going to get in the first place.The 

It ' bl t rf Only MAX gives you resu IS more Usa e sys em pe Ormance thecombinationothighdensityandtast 

at system clock rates up to 50 MHz. performance you need ror your most advanced designs. 

Which makes MAX the fastest family of high density CMOS EPLDs in the world. 
For example, with our EPM5032, you can design a bus controller that runs at 32M Hz while 

utilizing 32 registers and up to 32 product terms feeding a single register. 
For really big jobs like state-of-the-art OMA controllers, our EPM5128 has an array of 256 

logic expanders, 128 macrocells and 52 1/0 pins that can easily soak up all the logic you need. 

Fast, high density controller designs 
can be implemented with the 
EPM5032, 32-macrocell MAX £PLO. 

EDN June 22, 1989 

All of these logic functions can be designed fast, too. In just a 
matter of hours, in fact. Because MAX is supported by software thats 
easy to design with. Speeding you to market with a product that 
uses fewer parts, for unbeatable cost savings. 

Thafs why the MAX family is destined to become the new standard 
for logic design. 

For more information, call Altera today: 1-800-545-3377. 
And we'll bring you up to speed on high density EPLDs. 

CIRCLE NO 73 

3525 Monroe Street, Santa Clara, CA 95051 
(408) 984-2800 

© 1988, Altera Corporation. 
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When you're designing with ASICs, 
you need choices. You need an 
ASIC vendor who lets you choose 
design features and production 
methods that harmonize with your 
needs. 

At S-MOS, we're in the business 
of providing ASIC choices. Choices 
about product technologies. Device 
voltages. Production volumes. 

68 

With these S-MOS choices, you 
can complete your product devel­
opment efforts efficiently, accurate­
ly, with greater success. 

S-MOS also provides design 
choices. Our ASIC development 
software is available for a wide vari­
ety of design platforms-from the 
most advanced engineering work­
stations to the most powerful, pop­
ular PCs. And our experienced team 

can provide any level of support 
you need-from design assistance 
to turnkey ASIC development. 

As an affiliate of Seiko-Epson, 
S-MOS is the dependable choice 
for ASICs. Our combined engi­
neering expertise and production 
prowess assure that whatever 
ASIC technology you choose, 
you've picked a vendor who can 
deliver to your specifications. 
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So when you're ready to design 
with ASICs, tune in to S-MOS. 
Because no matter what your 
choice, you'll like what you hear. 

S 
.... , .. , .... 
•• " " ' 0 I 

• '- a .... 
..~ -...... -. ' , ..... .. .. . .... .. ... . .... ... ~ 
l ..... ... . . ~ ..... ~~· ... 

SYSTEMS 
CIRCLE NO 68 

EDN June 22, 1989 

CMOS Gate Arrays CMOS Standard Cells 
Up to 38,550 available gates. Complexities to 16K gates." 
- SLA8000 (800 ps) ', Fully migratable from S-MOS gate. •. 

1.2µ drawn, 1.0µ Leff. arrays. 
- SLA7000 (1.0 ns)* , RAM and ROM blocks available. 

1.5µ drawn, 1.2µ Leff. - SSC1000 (1.4 ns)* , 
- SLA6000 (1.8ns)* , 1.8µ drawn, 1.4µ Leff. 

2.0µ drawn, 1.5µ Leff. - SSC3000 (0.6 ns)* , 
- SLA?OOB High Drive Output 1.2µ drawn, 1.0µ Leff. 
- SLA 1 OOL Low Voltage 

TANCELL is a registered trademark of Tangent Systems 
"Typical propagation de~y of 2·input NANO gate driving 2 internal loads with 1 mm of interconnect. 
·'Maximum gate utilization depends on amount of interconnect used. 

Compiled Cell Custom 
The Alternative to Full Custom. 
- 1.8µ CMOS process 
- Can utilize dissimilar cell 

geometries 
- 3-button approach to custom 

design 
- Over 300 fully characterized cells 
- Fast 14-week implementation 

time 
- Timing-driven TANCELL' place-

and-route software 
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OUR µP DEVELOPMENT TOOLS 
HELP PROJECTS GET ON THEIR FEET. 

The "creature'' shown above doesn't 
depict a futuristic lunar landing. Rather, 
it represents a polar landing of a sophis­
ticated weather monitoring device. A 
new parachute-deployed device that 
instantly transmits vital environmental 
data to waiting scientists. And whose 
Antarctic installation and erection now 
happen automatically, in a matter of 
minutes, allowing critical data collection 
in remote areas that were impossible to 
reach before. 

This "Self-Erecting Weather Station;' 
sponsored by the National Science 
Foundation and designed and developed 
by Polar Research lab, was made pos­
sible by Avocet and AVSIM™, Avocet's 
unparalleled simulator/ debugger. 

Unequaled capability 
Polar Research needed AVSIM's 

sophistication to control the sensors 
in the weather station's "legs" and to 
create its transmitter. AVSIM's detailed 
on-screen CPU simulation, unlimited 
breakpoint facility, and unique "undo" 
capability give their engineers the ease of 
use and flexibility that allowed them to 
execute and test the software even before the 
hardware was ready. Saving crucial time 
and frustration in both the programming 
and testing phases of development. And 
money, too: at only $379, AVSIM is a 
fraction of the cost of additional 
hardware. 

Complete compatibility: 
from the ground up 

Best of all, AVSIM is completely 
compatible with our AVMAC™ macro 
assemblers and our AVOCET C™ cross 
compilers - the ideal combination of 
tools which gives you a comprehensive 
development solution. 

Get your own project off the ground: 
try before you buy 

Try the AVSIM demo yourself for 
30 days. If you're not satisfied for any 
reason, return the unopened program 
disk for a full refund - less $35 for the 
demo disk and manual, which are yours 
to keep. 

Free Catalog 

Call Toll-Free 1-800-448-8500* 
For your free catalog. to ordet; 
or for more information about 
AVSIM and other Avocet products. 

Call Avocet today and ask about our 
complete line of affordably priced soft­
ware and hardware µP development 
tools. Discover how we can help you get 
your next project on its feet, too. 

The AVSIM Full-Screen Display AVtJCET ··~-·- .. ··~-
SYSTEMS~ I NC. 

THE SOURCE FOR QUALITY µP DEVELOPMENT TOOLS 

Avocet Systems, Inc., 120 Union St. , P.O. Box 490BW, Rockport, ME 04856 / *ln Maine, or outside U.S , call (207) 236-9055 / TLX: 467210 Avocet CI / FAX: (207) 236-6713 
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When the experts need optoelectronic and 
power semiconductor products, they select 
Lite-On. And they're doing it for good rea­
son. We're able to consistently meet their 
high-quality, high-volume demands. 

Our world-class, off-shore production 
resources were designed by Lite-On engi­
neers to meet your tightest specifications. 
We maintain strict quality control with the 
most comprehensive reliability test facilities 
in the industry. 

We pride ourselves in our non-tradi­
tional approach to custom designs for a 
wide range of applications. And, our high­
volume production capabilities allow us to 
offer you some of the shortest lead times in 
the business. We also offer a full network of 
stocking distributors for speedy delivery of 
non-custom components and systems. 

-----_,, 

This high-volume capability enables 
us to offer very competitive pricing. We're 
one of the world 's larges t independent 
manufacturers of optoelectronic and power 
semiconductor products. We've been meet­
ing the needs of electronic systems OEMs 
since 1975. 

If you want to achieve a competitive 
manufacturing advantage, call us. We'll talk 
expert to expert. 

The Source The Experts Turn To 

LITE(1J~I 
UTE-ON, INC. Semiconductor Division, 
720 S. Hillview Dr., Milpitas, California 95035 
Phone (408) 946-4873 FAX (408) 942-1527 

®IS a rcgistl'red trademark of Motorola. Inc ~ is a rcg1s1c rcd tradcm::i rk of Allen -Bradley Company. e is a regis tered trademark of Nonh Amcn can Philips Corporation . IBM is a regis1ered trademark of IBM Co rporation. 
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TOUCH HERE 
~ ...- r - - - ,....- -

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. • We 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. 

er Carroll Touch 
a subsidiary of AMP Incorporated 

In Touch With Technology 

CIRCLE NO 71 

©1989 Carrc>I Tou:h 

WALLACE 
ENGRAVING 
1-800-252-9416 P.O. Box 1485 Austin, Texas 78767 
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TECHNOLOGY UPDATE 

Modular logic ana­
lyzers can be con­

figured for your 
current require­

ments, yet they let 
you add more 
channels and 

higher perform­
ance as your 
needs grow. 

Doug Conner, 
Regional Editor 

EDN June 22, 1989 

Modularity makes logic 
analyzers flexible 

en you buy an instru­
ment to solve today's de­
sign problems, you may 
wish you had a crystal 
ball that would tell you 

what tomorrow's problems will be. That 
way, you could choose the perfect 
instruments now. After all, whether 
your company is large or small, you can't 
afford to replace expensive instruments 
too often. Until an accurate crystal ball 
is invented, however, your best choice 
is a modular logic analyzer. You can buy 
a basic version of one of these instru­
ments and add channels later if you need 
them. In many cases, you can also add 
higher-performance modules. That way, 
you buy only as much instrument as you 
need, and you retain the flexibility to 
upgrade the analyzer later without los­
ing your earlier investment. 

Despite the flexibility of modular logic 
analyzers, however, you can't buy the 
lowest priced system and expect to use 
it for a 32-bit multiprocessor system 
later. You've got to buy 
one that has sufficient 
channel capacity and fast 
enough clock rates to fit 
the general performance 
class you'll be needing. 

triggering, and display information. Ta­
ble 1 shows some of this information for 
a representative sample of modular logic 
analyzers. The table concentrates on 
instruments' maximum capabilities. 
However, remember that because the 
systems are modular, you don't have to 
buy all the available channels until you 
need them. The prices in the table are 
for the minimum configuration of each 
instrument. 

A large channel capacity is char­
acteristic of many modular logic analyz­
ers. Although you may not initially need 
the 200 to 400 channels typically found 
on the higher-performance modular 
logic analyzers, some applications, such 
as 32-bit microprocessors (especially in 
multiprocessor systems), can require 
surprisingly large numbers of channels. 

In evaluating a logic analyzer, you 
may want to look at more than just the 
instrument's actual channel count and 
clock rate. In order to reduce cost but 
maintain high clock rates, many 

Whether you're evalu­
ating a standard fixed­
configuration logic ana­
lyzer or a modular one, 
you'll need to consider 
many of the same factors 
when examining the ma­
chines' performance. 
You'll want to know the 
synchronous and asyn­
chronous clocking rates, 

The DAS 9200, now three years old, is still a wp performer. This 
system still has the highest channel-count capacity at any clock rate 
from 20 MHz to 2 GHz. Tektronix continues to introduce new mod­
ules for this system. 
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manufacturers of both modular and 
fixed logic analyzers provide high 
clock rates on a few channels, often 
just for asynchronous clocking, and 
let you look at a greater number 
of channels at lower synchronous or 
asynchronous clock rates. The con­
cept is generally sound, because 
you often need high timing reso­
lution only on a few channels, to 
check timing relationships. 

The disadvantage of having a 
number of tradeoffs in channel 
count and clock speed is that you 
must normally reconnect probes 
when changing the clock speed. To 

avoid this problem, Gould uses a 
crosspoint switch on its CLAS 4000. 
The switch lets you select any chan­
nels as the high-speed channels for 
the company's general-purpose 
modules, and you don't have to re­
connect any probes. This setup al­
lows the fully configured mainframe 
to support 384 channels at 50 MHz, 
192 channels at 100 MHz, and 96 
channels at 200 MHz. As long as 
you have a probe connected to the 
signal you need, you can vary the 
clock rate of the channels by means 
of the user interface, without recon­
necting probes. 

Instead of multiplexing resources 
to achieve higher clock rates, some 
logic-analyzer makers use separate 
high-performance modules that 
typically support 1- to 2-GHz asyn­
chronous clock rates. High-per­
formance channels with clock rates 
of 1 GHz and higher require special 
high-performance probes with low 
capacitance and typically lower im­
pedance. Such high-performance 
modules are available for Gould's 
CLAS 4000, Hewlett-Packard's 
16500A, Kontron's KLA/2, and 
Tektronix's DAS 9200. 

Channel count and clock rate 

TABLE 1-REPRESENTATIVE MODULAR LOGIC ANALYZERS 

TRIGGERING 

SYNCHRONOUS 

C/l 
....I 
w 
z > z 
<( IC 
:r 0 CJ 
u w::E z z 

...JW :i w C/l 0 C/l 6 LL m::E c j:: ....I 
0 j:: IC IC w w <c ~ f 0 z > (J) 
IC ::!woo ....I w w z w ,c:(xO <( ::E 3: CJ ....I ::E ~ 
m ~~~ z 0 LL 

0 
LL -Cll 

::E MAXIMUM CONFIGURATIONS 0 u 0 
u 

0 ......... 
:::> ::E 9: ~ w zW 
z SYNCHRONOUS ASYNCHRONOUS :::11-: ~ 

j:: 
i'C IC IC IC o> 

::E :.J :r iii w w w _w 
u CHANNELS/ CHANNELS/ ><~Ii: z 0 m CJ m C/l....I 

BASE iii FREQUENCY FREQUENCY <( ::E ::E z ::E U IC 

ia <( z w IC w :::> <( :::> WO 
MANUFACTURER MODEL PRICE (MHz) (MHz) ::E:::>C .... :;; z IC z cu.. 

ARIUM ML4400 $5495 40 320/25, 160/50, 641100, 321200, 8k • • 8 • 14 10 
641100 161400 

ARRAY ANALYSIS MFl -1000 $2985 32 384/25 384/25, 192/50, 1k - • 1 • 14 40 
96/100, 48/200 

BITWISE DESIGNS INC LAC $2400 40 320/20, 40125 320/20, 81100, 64k - • 1 • 16 40 
40/25 

EL TORO SYSTEMS LA-27200 $1899 24 96/50 96/50, 24/100, 4k - - 24 • 16 20 
24/200 

GOULD CLAS 4000 $19,950 96 384/50, 1921100 384150, 192/100, 4k • • 8 • 16 20 
96/200, 6411000 

HEWLETI-PACKARD 16500A $12,400 80 400/35 4001100, 80/1000 1k • • 8 • 8 28 
Bk 

KON TRON PLA/2 $11,645 48 192/50 1921100, 96/200 16k • • 15 • 12 20 

KLA/2 $22,990 96 192/50 1921100. 96/200, 16k • • 15 • 12 20 
9611000, 4812000 

PHILIPS PM 3655 $4900 24 96/100 96/100 2k - • 3 - 4 40 

PM 3570 $7500 35 115/20, 31150 32/1 00, 161200, 1k • • 7 • 7 50 
81400 

TEKTRONIX 1230 $2995 16 64125 64125, 32/50, 2k - • 2 - 14 80 
161100 

t DAS 9200 $15,527 60 540120, 384/200 3841200, 160/2000 128k - • 16 • 16 5 

_, 
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alone do not make a particular logic 
analyzer the right one for your ap­
plication. The instrument's trigger­
ing system must also be able to cap­
ture the events you want to ana­
lyze. Triggering, or trace control, 
as it is often called, has always been 
complex. Much to the dismay of the 
engineer who's unfamiliar with it, 
triggering is often specified differ­
ently by different manufacturers. 

One triggering concern in modu­
lar logic analyzers that isn't usually 
a concern in fixed-configuration 
logic analyzers is the width of the 
trigger word. Some products, such 

as Array Analysis's MFl-1000 and 
El Toro Systems' LA-27200, are 
limited to the width of one module, 
or 32 and 24 channels, respectively. 
A Hewlett-Packard 16500A with 80 
channels in a general-purpose mod­
ule can have trigger words across 
two modules, giving you a 160-
channel-wide trigger word . This 
configuration is smaller than the in­
strument's maximum configuration 
of 400 channels, but it will probably 
satisfy the needs of most users. 
Gould's CLAS 4000 can have a trig­
ger word across all 384 channels in 
its maximum configuration. 

TRIGGERING DISPLAY 

ASYNCHRONOUS 

en 
z 
0 
f;i LL 

(.) o> 
en ::::; en< en a.. ~a'. 0 en IC en a.. ..Jen 

0 < a..-<.>w enc IC < ..J IC - Cl 0 o=> 0 Cl Oz 
~ IC 0 en z z ..J-

en o O en w en <:I!! LL IC ~::E 
w w Ci: ::E ::E i= 0 w (.) IC ::E < oz IC ~ ICW 0 (.) i! IC w w..J IC en Cl 

w-
m ii: Cl!!:: a.. en Oen PROBE 5 .... 0 <W ::E w Cl~ ::::; w .... x en LOADING ::::> ::E -::::> ::::> a.. ::E en w::::> z i= i= ::E ::E en i= :E :cm (ll llpF) NOTES 

8 • • 4 • • • • 150k/6 

1 - - 4 - - - - 100k/5 TIL IBM PC/XT, PC/AT OR 
COMPATIBLE COMPUTER 
REQUIRED 

1 • • 8 • . - • 1M/15 IBM PC/XT, PC/AT, OR 
COMPATIBLE COMPUTER 
REQUIRED, CUSTOM 
DEVELOPMENT SOFlWARE 

24 - - - - - - - 500k/5 IBM PC/XT OR COMPATIBLE 

8 • • 4 • • • • 1M/6 INCLUDES COMPUTER 
250k/3 

1 • 2 5 • • • • 100k/8 
50k/2 

3 • • 4 - • • • 1M/5 DESKEW CAPABILITY 

~i 3 • • 4 - • • • 1M/5 DESKEW CAPABILITY 
100k/1 .2 

3 • • 4 • - - - 1M/7 

4 • • - • • • - 1M/5 

2 • • - - - - - 1M/8 

J 
16 • • 6 • • • • 1M/15 

J 10k/1 

·- ·-- ·- ·- ·-
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Not every designer needs such a 
wide trigger word, but if you deal 
with 32-bit processors in multipro­
cessor applications or in special ap­
plications such as dual-port RAMs, 
you may find you need these large 
trigger words. 

Combine multiple trigger words 
Once you know how wide a trig­

ger word can be, you might be in­
terested in how many trigger words 
a particular analyzer provides. Most 
logic analyzers let you combine mul­
tiple trigger words logically (usu­
ally with AND, OR, and NOT) for 
each of several decision levels. The 
trigger sequence progresses by sat­
isfying each decision level in turn 
until the last level is satisfied and 
data is acquired. 

For hardware analysis, you typi­
cally don't need lots of word combi­
nations or trigger levels. For soft­
ware analysis, you'll require more 
words and levels to help you zero 
in on a particular subroutine en­
tered through a specific path. Note 
that some manufacturers' specifica­
tions list the total number of words 
you can recognize at each level, 
multiplied by the number of levels. 
This information can be misleading 
if you think you can use all those 
words in a combination at one level. 

Decision levels are not handled 
in a standard manner in the logic­
analyzer industry. Some logic ana­
lyzers offer sequential decision lev­
els that don't allow branching. Oth­
ers allow branching, and some offer 
states that can be used more than 
once, so that trigger decisions can 
be looped. 

Triggering changes with speed 
Logic analyzers typically offer so­

p his tica ted triggering functions 
with many decision levels for slower 
clock rates, especially when t he 
analyzers are operating in the ex­
ternal or synchronous clocking 
mode. For higher clock speeds, the 
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instruments don't offer as many 
triggering functions, because it's 
difficult for the manufacturer to set 
up all the data for the next trigger 
level between clock cycles. As a re­
sult, at high clock rates, analyzers 
often provide only one decision level 
for triggering. If you need sophisti­
cated triggering at high clock rates, 
make sure that when you evaluate 
a particular logic analyzer, you un­
derstand which triggering functions 
work at the higher clock rates and 
which don't. Data sheets don't al­
ways include such information. 

Another trigger feature that has 
become almost a standard feature 
on logic analyzers is the time filter. 
Time filters do vary somewhat, but 
their basic function is to make sure 
that a trigger word exists for at 
least some specified length of time 
before the instrument triggers on 
it. Variations of the time-filter func­
tion include checking for a "not­
greater-than" time in addition to 
the "not-less-than" time. You might 
need a time filter while the logic 
analyzer is clocking asynchro­
nously, for example, to keep it from 
triggering on a temporary condition 
before a bus has settled and the 
data is valid. 

A triggering feature that's fairly 
standard-at least in concept, if not 
in implementation-is range recog­
nition. Range recognition lets you 
trigger easily on data or addresses 
that fall within a certain range. 
Range recognizers typically vary in 
width from 8 to 32 bits. Implemen­
tations of range recognizers differ; 
some logic analyzers use memory 
look-up tables, and some use regis­
ter comparisons. Memory look-up 
tables aren't as wide, but they can 
trigger on multiple ranges and ad­
dresses. 

In addition to examining the trig­
gering capabilities of modular logic 
analyzers, you may want to look 
into the instruments' acquisition­
memory capacity , which varies 
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Recently upgraded, the general-purpose logic-analysis modules for the 16500Afrom Hew­
lett-Packard now support 35-MHz synchronous clocking and a memory-com pare capability. 
High-performance modules support clock rates reaching 1 GHz. 

widely. Table 1 shows the maxi­
mum capacities available for the 
systems listed. These maximums 
are not necessarily available on 
every type of module that each 
manufacturer offers. Further, the 
values in the table are given for op­
erations that use the highest chan-

nel count at the lowest clock rate. 
Systems that multiplex channels 
normally off er higher memory ca­
pacities when operating with high 
clock rates and low channel counts. 

Tektronix's DAS 9200, which of­
fers 128k words on some modules, 
has the greatest memory depth 

Providing as many as 384 channels at 50 MHz, or f ewer channels at clock rates reaching 
1 GHz, Gould's CLAS 4000 has a broad range of capabilities to take on demanding problems. 
The system requires an Apple Macintosh f or control and display. When used with a Macin­
tosh II , it supports multiple large display windows. 
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Experience makes the difference 

Raytheon's experience gives you the winning ECL combination 

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

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

D Highest density: CGA 70E18: 
12,800 equivalent gates 
CGA 40E12: 7,752 equivalent gates 
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CGA 1ME12: 4,584 equivalent 
gates and 1280 bits of RAM . 

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

D Ease of design: Raytheon 's 
contiguous row array topology 
provides a superior design approach 
when compared to fixed position 
cell-based technologies . This 
topology offers greater flexibility 
and ease in macrocell design, 
placement and routing. 
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D Interface capability: I/Os 
compatible with ECL (10 KH or 
100 K), TTL, CMOS, ETL (mixed 
ECL and TTL), and ETC (mixed 
ECL, TTL and CMOS). 

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

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

Raytheon 
Where quality starts with fundamentals. 
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available, but that's not the entire 
story. The DAS 9200 doesn't use 
transitional timing. Transitional 
timing is a recording method that 
lets you measure events with high 
timing resolution even though they 
may be separated by long intervals. 

Conventional timing analysis re­
cords the state at every clock cycle 
that exhausts the logic analyzer's 
memory in a period equivalent to 
the clock period times the memory 
depth. Transitional timing checks a 
group of channels every clock pe­
riod to see if it has changed state, 
recording the time whenever it sees 
a transition. 

If you're looking at a group of 
signals that changes every clock pe­
riod, transitional timing buys you 
nothing. If, however, you're looking 
for an infrequent event, you can, 
depending on the system, record 
events that happen hours or even 
days after the trigger. 

Tektronix's competitors claim 
that Tektronix had to off er the long 
memory on the DAS 9200 because 
the instrument doesn't offer transi­
tional timing. Tektronix defends it­
self by noting that you usually need 
to know the timing of a signal in 
relation to other signals, and one 
of those other signals is usually the 
clock on the circuit you're examin­
ing. A fast clock, therefore, will 
consume memory fairly quickly 
even on instruments that have tran­
sitional timing. 

On the other hand, when operat­
ing at high asynchronous clock 
rates, a logic analyzer is often sam­
pling signals 10 or more times faster 
than the rate of the clock on the 
circuit under examination. There­
fore, when the logic analyzer uses 
transitional timing, you might ex­
pect to be able to examine a period 
10 times as long. However, remem­
ber that the more state changes 
there are, the more memory gets 
used up. It won't be a clear tradeoff 
for you, either; you'd probably like 

78 

Designed for high-performance applications, the KLA/2 from Kontron supports 192 chan­
nels at 50 MHz plus additional high-speed modules that are capable of 2-GHz clock rates . 
The system is available both in a portable 10-MHz IBM PC/AT-compatible version (shown 
here) or as a separate computer-controlled mainframe with two additional card slots. The 
unit has built-in channel-deskewing capability. A hexadecimal display of the address and 
data buses is next to the timing display. 

to have both a long memory and 
transitional timing. Which one 
you'll need more simply depends on 
the particular measurement prob­
lem you are facing. 

When you shop for a logic ana­
lyzer that has transitional timing, 
make sure you understand how the 
transitional timing works; every 
manufacturer has its own twist. For 

Providing a good blend of channel width and speed in a moderately priced portable logic 
analyzer, the ML4400 from Arium supports 320 channels at 25 MHz, 160 channels at 50 
MHz, and other configurations to as many as 16 channels at 400 MHz . It supports histo­
grams and other time-measurement features found on many of the higher-priced systems. 
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FLUKE AND PHI LIPS - THE GLOBAL ALLIANCE IN TEST & MEAS U REMENT 

FLUKE PHILIPS 

The new Fluke 45 has dual display versatility. 
With 2 multifunction 
displays and 16 dif­
ferent measurement 
capabilities, the new 
Fluke 45 does virtu­
ally everything you 
want a meter to do. 
And for a surprisingly 
affordable price. 

----~---

Get everything 
you've ever wanted. 

FLUKE 45 DUA.i DISPl..AY M'U.TIMETER 

I • t(f) .... 

-~~- \~): 

The 5·digit, 100,000 count dual dis­
plays give you more information in less 
time - and with less effort. For example, 
measure the voe output of a power sup­
ply while measuring the VAC ripple. Or 
check the amplitude and frequency of an 
AC signal. From a single test connection! 

And the Fluke 45 is designed to make 
complex measurements easier, with stan­
dard features like a 1 MHz frequency 
counter, Min Max, limits testing (Hi/ Lo/ 
Pass), Touch Hold® and Relative modes. 
There are 21 different reference imped­
ances for dB measurements; in the 2 n 
to 16 n ranges, audio power can be auto­
matically displayed in watts. 

EDN June 22, 1989 

Accuracy to get the job done right. 
The Fluke 45 is a true-rms meter, 

with 0.02% basic de voltage accuracy 
and 100,000 count resolution on both 
displays. Basic de current accuracy is 
0.05%, making the 45 ideal for servicing 
4-20 mA current loops. Closed-case 
calibration simplifies the calibration 
process and increases uptime. 

Even an RS-232 interface is standard. 
Connecting the Fluke 45 to PCs, 

RS-232 printers and modems is as easy 
as attaching the cable. An IEEE·488.2 
interface and rechargeable batteries are 
available as options. 
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Dual displays. 
16 functions. Even the 
security of an optional 
two-year warranty 
extension for only $35. 
For all the information 
on the new Fluke 45, 
contact your local dis­
tributor. Or call toll-free 
1·800·44·FLUKE, ext.33. 

FLUKE 45 DUAL DISPLAY MULTIMETER 

=~~-~~=~is~pl-ay____ ~~~~~: :;~ :O~l~~i~e0:~~ctions 
True-rms voltage and current, functions 
including ac+dc Optional PC software for RS-232 
~0.0~2%~b~as7ic~dc~vo~l ra-ge-ac-cu-ra-cy ~ap=pli=ca~tio~ns~~~-
0.05% basic de current accuracy Optional IEEE-488.2 interface, 
1 MHz frequency counter -="ba~tte~ry~pa_ck----,-__ _ 
RS-232 interface standard One year warranty 
dB, with 21 reference ~ft~~~~6~wo year warranty $35• 
impedances, and audio power 
calculations. 
*Suggested U.S. List Price 

John Fluke Mfg. Co .. Inc. PO. Box C9090 M/ S 250C Everen. WA 98206 
U.S.: 206-356-5400 Canada: 416-890-7600 Other Counlries: 206-356-5500 

©Copyrighl 1989 John Fluke Mfg. Co .. Inc. All rights reserved. IBM PC is a registered 
trademark of International Business Machines Corparation. Ad No. 0591-F45. 

FLUKE 
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example, on Hewlett-Packard's 
16510A module, the transitional 
timing comes in channel groups of 
16. Any time a transition happens 
on any channel in the group of 16 
channels, therefore, a word of mem­
ory across all 16 channels is used. 
To get the maximum number of 
transitions from this system, you'd 
have to use only one channel in the 
group of 16 and leave the rest in 
an inactive state. 

Compare the memory compare 
Once you've got the data in mem­

ory, regardless of whether or not 
you use transitional timing, you'd 
often like to compare the data with 
data you've stored previously. In­
cluding a versatile memory-com­
pare capability on a logic analyzer 
isn't as easy as it may sound at first. 
It's one thing to compare acquired 
data bit by bit with data in memory. 
Every logic analyzer in Table 1 for 
which a memory-compare feature is 
listed does at least that. 

Some logic analyzers have addi­
tional features that are necessary 
for getting the most from a data 
comparison. For example, some al­
low you to put a "don't care" condi­
tion on certain fields of the data so 
they won't be compared. 

Some also let you set the compare 
function to disregard transitions 
that differ by one or two clock cy­
cles. This feature comes in handy 
for acquiring data with an asynchro­
nous clock. In such a situation, it 
would be quite unlikely for two ac­
quisitions of data from the same cir­
cuit to be identical. At least some 
of the data transitions will vary by 
one clock cycle, causing a mismatch, 
unless you set the compare function 
to ignore such variations. 

Still other logic-analyzer features 
may come in handy for particular 
applications. If you'll use your logic 
analyzer for developing and debug­
ging microprocessor-based circuits, 
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Offering up many as 96 channels, the PM3655 from Philips supports synchronous and 
asynchronous clocking of all channels at 100 MHz. 

it's obviously of paramount impor­
tance for you to check on the micro­
processor support available for the 
instrument you're considering. 

One related consideration that 
can be confusing is the question of 
what synchronous clock rate your 
application will require. Although 
microprocessor manufacturers 
claim their chips run at speeds of 
25 or 33 MHz, these numbers are 
clock-oscillator rates, not bus rates. 
You use a logic analyzer to look at 

Expandable from 16 to 64 channels, the 1230 
from Tektronix is suitable for 8- and 16-bit 
microprocessor applications. 

bus rates. In general, microproces­
sor bus rates fall well below 20 
MHz, although some RISC proces­
sors and microprocessors with 
caches can exceed those speeds. 

Multiple timebases 
If your applications include multi­

processor systems, your logic ana­
lyzer will have to acquire data ex­
ternally and simultaneously from 
multiple sources. Most of the 
higher-performance logic analyzers 
can operate on independent time 
bases on a per-module basis. These 
machines typically (as long as they 
have enough channels) let you ex­
amine four or more processors. 

When you get involved with mul­
tiprocessor applications, you not 
only need the ability to operate 
with multiple timebases, but you 
need some way to correlate data by 
time so that you know what each 
processor is doing at a given time. 
The usual way to accomplish this 
end is to use time stamping. 

Time stamping, as the name sug­
gests, records the time at which a 
logic analyzer takes a sample. Time 
stamping enables the logic analyzer 
to display cursors, highlight simul-
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Three isolated Power MOSFET 
packages and up to 1000 volts 

give you the Power to Win. 

SGS-THOMSON Micro­
electronics, the leader in iso­
lated Power MOSFETs, gives 
you the packaging power to 
race well ahead of your 
competition. 

We cover you with a win­
ning lineup of 7 voltages that 
range from the high voltage 
TSDSMG40 ( 13A, lOOOV, 
0. 70) to the TSD4M150 
(13SA, 10ov, 14mn), all in the 
ISOTOP™ power package -
now an emerging industry 
standard. 

Replaces 4 to 5 devices. 
You would need 4 or 5 stan­
dard devices to equal one 
ISOTOP, plus all the isolating 
hardware, plus the heatsink 
space for mounting, plus the 
added assembly time. The bot­
tom line? Measurably lower 
costs with ISOTOP. 
EDN June 22, 1989 

Same heatsink space as 
T0-204 (T0-3). ISOTOPs 
take up no more heatsink real 
estate than a standard T0-204, 
yet they offer advantages that 
leave T0-204 high and dry: 

2 .5 kVRMS internal 
insulation 
f-C thermal resistance 
<0.25°CI W 

Internal parasitic 
inductance <5nH 

Improved reliability 
Reduced EM! and RF! 
High current connections 
all on the top if the device 
Screw terminals allow 
parallel bus connections 
Easy assemb{y without 
external isolation hardware 
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New standards for T0-218 
and T0-220. SGS-THOMSON 
also offers replacements for 
the standard T0-218 and 
T0-220 packages. These fully 
encapsulated packages elimi­
nate the need for additional 
isolation hardware. Not to 
mention the cost. 

Get the facts and get the 
Power to Win. Call or write for 
data sheets from the indus­
try's leading manufacturer of 
isolated Power MOSFET pack­
ages: SGS-THOMSON Micro­
electronics, 1000 E. Bell Road, 
Phoenix, Arizona 85022. 
602/86 7-6259. 

ISOTOP is a trademark of SGS-THOMSON Microelectronics. 
SGS-THOMSON Microelectronics is a registered trademark of 
SGS-THO,\\SON Microelectronics Group. IJ;l 1989 All rights reserved 
SGS-THOMSON Microelectronics . 
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taneous events on different micro­
processors, or give the actual times 
of multiple events. 

Another useful display feature is 
a split-screen display that lets you 
view both state and timing data at 
the same time. Split screens can be 
useful for troubleshooting potential 
timing-related problems on syn­
chronous systems. Some form of 
time correlation is also necessary 
for split-screen displays, and time 
stamping with time-aligned cursors 
is common. Split screens can also 
permit simultaneous viewing of 
state data acquired with different 

synchronous clocks. 
A useful display feature that is 

showing up on many logic analyzers 
is the ability to display multiple tim­
ing channels as a single bus signal, 
the same way they are displayed 
in a data book. A pair of horizontal 
lines represents the high and low 
conditions of the signal; an X con­
nects the lines to show each time 
that the signals on the bus have 
changed state. Between the hori­
zontal lines is the bus's hexadecimal 
value. This feature can be a real 
timesaver when you want to know 
the value on a data or address bus 

For more information ... 
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For more information on modular logic analyzers, circle the appropriate 
numbers on the Information Retrieval Service card or use EDN's Express 
Request service. When you contact any of the following manufacturers di­
rectly, please let them know you saw their products in EDN. 

Arium Corp 
1931 Wright Circle 
Anaheim, CA 92806 
(714) 978-9531 
TLX 754903 
Circle No 713 

Array Analysis Inc 
200 Langmuir Laboratory 
Brown Rd 
Ithaca, NY 14850 
(607) 257-6800 
FAX 607-257-6751 
Circle No 714 

Bitwise Designs Inc 
297 River St, Suite 501 
Troy, NY 12180 
(518) 27 4-0755 
FAX 518-27 4-0764 
Circle No 715 

El Toro Systems 
23702-B Birtcher Dr 
El Toro, CA 92630 
(714) 770-1474 
Circle No 716 

Gould Design and Test Div 
19050 Pruneridge Ave 
Cupertino, CA 95014 
(408) 988-6800 
FAX 408-988-1647 
Circle No 717 

Hewlett-Packard Co 
Box 10301 
Palo Alto, CA 94303 
Phone local office 
Circle No 718 

Kontron Electronics Inc 
630 Clyde Ave 
Mountain View, CA 94039 
(415) 965-7020 
FAX 415-965-3505 
Circle No 719 

Philips Test & Measuring Instruments 
Bldg HKF 
5600 MD, Eindhoven 
The Netherlands 
Phone local office 
Circle No 720 
In the US: 
John Fluke Mfg Co Inc 
Box C9090, MS 250C 
Everett, WA 98206 
(800) 443-5853 
TLX 185102 
Circle No 721 

Tektronix Inc 
Box 12132 
Portland, OR 97212 
(503) 231-1220 
FAX 503-627-5139 
Circle No 722 

while using timing displays. 
Logic analyzers are often used to 

examine software performance as 
well as that of hardware. To facili­
tate this use, logic-analyzer manu­
facturers have added histograms 
and other timing-related features to 
their products. These features can 
perform a variety of operations to 
determine the frequency of events 
or the time spent in certain opera­
tions. For example, you may want 
to know how much time your real­
time system is spending in various 
software routines. To find out, you 
could display a histogram of the 
mean time spent between the start­
ing and ending address ranges of 
each routine. Or you might want a 
histogram that shows the distribu­
tion of execution times for a single 
software routine. 

In sum, modular logic analyzers 
offer lots of flexibility within their 
general operating classes. Careful 
consideration of your logic-analysis 
needs~both present and future 
ones~an help you choose a system 
that can adapt to your changing re­
quirements instead of becoming ob­
solete. EDN 

Article Interest Quotient 
(Circle One) 

High 512 Medium 513 Low 514 
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Captured waveforms can be 
magnified up to 100 times 
at trigger point 

Reference 
memory 1, 
voltage 
range and 
time base 
settings 

CH-1, 
voltage 
range 
setting 

Time Type of 
Interpolation 

CH-2, voltage 
range setting 

Reference memory 2, voltage 
range and time base settings 

Main time 
base setting 

DIGITAL 
STORAGE 
OSCILLOSCOPE 

30600 

CH 
CH 

CH1 CHOP I OR El lN 

--~·~:I 

Circle 5 for product demonstration 

,--- HORIZ DISPLAY ----, u B :10·:: 
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¢c::>~ 

COUPLING SOURCE 

EXT 

SLOPE IN~ 

-~-- 1• 1 + 
1,/1,, TV POLI'\!"' =1 

L EXT TRIG IN 
MAX 400V IP.P+DCI 
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New full-time digital 
storage oscilloscope 
grabs fast events! 

Perfect for freezing fast and slow 
events, the Model 30600 performs as a 
40MS/s digital storage oscilloscope 
and 60-MHz real-time scope. 

With high-speed digitizing and CRT 
readout with cursors, you can capture 
and easily analyze single-shot events, 
fast transients and slowly occurring 
phenomena. 

Expand captured waveforms up to 
100 times and interpolate them ; store 
four waveforms in the 2k word/2-chan­
nel memory for immediate or later eval­
uation, and send fully documented 
waveforms to a plotter. 

Plus, calibrated delay sweep, pre­
trigger functions, p-p auto triggering, 
sine and pulse interpolation, autorang­
ing time base ... etc. And for computer 
control , GPIB is standard. 

The 30600 is backed by a 
TWO-YEAR WARRANTY, and factory 
service depots on both coasts . 

Look at Leader and see the differ­
ence. Phone now for our catalog, an 
evaluation unit, and the name of your 
nearest "Select" Leader Distributor. 

Call toll-free 

1 800 645-5104 
In NY State 

516 231-6900 
Leader Instruments Corporation 

380 Oser Avenue, Hauppauge, New York 11788 
Regional Offices : 

Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. 416 828-6221 

LEADER 
FOR PROFESSIONALS WHO KNOW 

THE DIFFERENCE 

Circle 6 for product information 
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''MSICS'' 
the new ASIC 

.ection ... 
From the Industry's Leading "Mixed-Signal ASIC" Company. 

As a dedicated ASIC company, Silicon Systems 
has been more responsive to the changing cli­
mate of the ASIC marketplace than the general­
purpose companies. So as the others have 
gone chasing after the gate array, standard cell, 
and PLO markets, Silicon Systems has staked 
its claim as the leader in the emerging mixed­
signal ASIC market. A market that is forecast 
to expand by four times in only two years. 

Silicon Systems sees "MSICs'"" - Mixed­
Signal Integrated Circuits that combine com­
plex analog and digital functions on the same 
chip- as the wave of the future.And though 
it's a new wave for much of the industry, it's 
a wave we've been riding for some time. 

Because of our mixed-signal capability, 
we were ready when the ASIC market was ripe 
for its first fully integrated read/write amplifier. 
And today we continue to serve the disk-drive 
market with the industry's most complete offer­
ing of standard and custom MSICs. More than 
forty standard MSICs covering all the basic 
functions in disk-drive.electronics. 

Silicon Systems was first again in another 
ASIC market. When our weather finger sensed 
the need for a fully integrated DTMF receiver, we 
developed it. And since that 1979 chip, we have 
spawned a whole family of communication 

MSICs, including the industry's most highly­
integrated single-chip modems- the SSI 
K-Series. Only Silicon Systems offers this world­
class series of pin- and software-compatible 
modem ICs that cover the entire Bell and CCITT 
operating modes- 103, 212A, V.21, V.22, V.22 
bis, and V.23. 

Today, Silicon Systems is also providing 
MSIC solutions to meet a multitude of new 
application challenges in automotive electron­
ics and other industrial applications. 

No other company has a richer heritage 
in the development of both standard and cus­
tom MSICs. No other company is better posi­
tioned to lead the industry in the new ASIC 
direction. Silicon Systems- the MSICs leader. 

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

For more information about our products or 
a copy of the "Silicon Systems Capabilities" 
brochure, call your local representative or 
distributor, or contact: 
Silicon Systems, Inc., 
14351 Myford Road, Tustin, CA 92680. 
Ph : (714) 731-7110, FAX: (714) 669-8814. 
European Hdq. U.K. Ph: (44) 7983-2331. 
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NVG COMPATIBILITY FROM 
THE PILOT'S POINT OF VIEW 
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Day or night, pilots see exactly the 
information they need with Korry5 new 
NVG-compatible switchlights and pan­
els. Clearly and comfortably, without hot 
spots or light leaks. All thanks to the 
most uniform brightness-and the 
truest red-in the entire industry. 

Today, Korry NVG-compatible switch­
lights are being used by pilots flying the 
Black Hawk HH-60H, the worlds first 
production-version MIL-L 85762-
compliant Helicopter Combat System. 

Even in direct sunlight, pilots see sharp, 
high-contrast legends of green, yellow, 
and red, through ANVIS or Cats Eyes 
goggles. 

Look at NVG-compatible switchlights 
and panels from the pilots point of view. 
We think you'll agree on Korry, today 
the leader in NVG-and for over fifty 
years the leader in all customized illumi­
nated cockpit information and control 
systems. Call (206) 281-3563 today for 
dditi nal 
~o~ation. IZ,9u.!.'I KOR RY 

CIRCLE NO 82 
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Now the first name m sockets 
has the last word in PLCCs. 

Introducing the PCS Series 
from Augat, world leader 
in IC sockets. The design, 
performance and positions 
you prefer. With the qual­
ity, delivery and pricing you 
expect - only from Augat. 

Solder -tail design to 
allow through-hole board 
patterns on .100" (2.54mm) 
grid. 

Offers a high normal 
force of 200 grams per 
contact. 

Send for information 
and samples. Call direct. 
Or circle the reader service 
number. 

Interchange- ..------------. Contact posi­
tively retains 
package. 

r w; d lik~o be firs~o ~ceiv;-th~ new--, 
PLCC data sheet, test report and 
product sample for 0 68 (or) 0 84 
position (please specify). able with your 

current supplier 's 
product, the 
Augat PCS Series 
is available 
in 68 and 84 
positions. 

Accepts Jedec 
Type "A" 
PLCCs on .050" 
(1.27mm) centers. 

EDN J une 22, 1989 

Every feature you 
requested from Augat. 

And large 
drain holes aid 
cleaning. 

Name _______ _ 

Title ________ _ 

Company _______ _ 

Address _______ _ 

The new PCS city ________ _ 

Series from State ____ Zip ___ _ 

A t v. · 1 Mail to: Augat , Inc. 
Uga . IOUr Slilg e Interconnection Products Group 

source supplier i~J:i::0~~A. 02703 

for a world of (508) 699-9800 

alit IC d t L Fax: 508-699-6717 EDN - 6/22/89 1 qu y pro uc s. ___________ __J 

-

@ 

Quality 
and Innovation 
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Our 50,000 gate standard cell can reduce your production 

AREA SALES OFFICES: CENTRAL AREA , Tosh ba America Electronic Components, Inc . (312) 945-1500: EASTERN AREA, Toshiba America Electronic Components, Inc . (617) 272-4352; NORTHWESTERN AREA, 
Toshiba America Electronic Components. Inc .. (408) 737-9844: SOUTHWESTERN REGION , Toshiba America Electronic Components. Inc. (714) 259-0368; SOUTH CENTRAL REGION, Toshiba America 
Electronic Components. Inc . (214) 480-0470: SOUTHEASTERN REGION , Toshiba America Electronic Components. Inc .. (404) 368-0203: MAJOR ACCOUNT OFFICE, FISHKILL, NEW YORK, Toshiba America 
Electronic Components . Inc . (914) 896-6500: MAJOR ACCOUNT OFFICE, BOCA RATON , FLORIDA, Toshiba America Electronic Components. Inc . (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, 
Montgomery Marketing. Inc .. (205) 830-0498; ARIZONA, Summit Sales . (602) 998-4850: ARKANSAS , MIL-Reps. (214) 644-6731: CALIFORNIA (Northern) Elrepco. Inc. (415) 962-0660: CALIFORNIA (LA. & 
Orange County) Bager Electronics. Inc .. (818) 712-0011 , (714) 957-3367. (San Diego County) Bager Electronics. Inc .. (619) 632-8816: COLORADO , Straube Associates Mountain States. Inc .. (303) 426-0890; 
CONNECTICUT, Datcom. Inc .. (203) 288-7005. DELAWARE, Nexus Technology. (215) 675-9600; DISTRICT OF COLUMBIA, D.G R. Inc .. (301) 583-1360; FLORIDA, Sales Engineering Concepts, (407) 682-4800. 
(305) 426-460t : GEORGIA, Montgomery Marketing , Inc. (404) 447-6124 ; IOAHD, Components West , (509) 922-2412: ILLINDIS, Carlson Electronic Sales. (312) 956-8240, R.W. Kunz. (314) 966-4977; IOWA, 
Carlson Electronics (319) 378-1450: KANSAS, DL.E. Electronics. (316) 744-1229: LOUSIANA, MIL-Reps. (713) 444-2557: MAINE, Oatcom. Inc . (617) 891-4600; MARYLAND, O.G.R .. Inc .. (310) 583-1360; 
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SERVICE IS OUR KEY COMPONENT 

Our TC23SC Standard Cell is the most cost-effective solution for high­
volume, memory-intensive ASIC applications. Because it uses less silicon. It's 
as simple as that. Less than an equivalent gate array. And our proven 1.5 
micron process provides reliable high density. 

Of course, the higher your production volume, the greater your savings. 
But the TC23SC can even cut costs on low volume applications, because it can 
simplify your ASIC design task immensely. You don't even have to need all 
50,000 gates. the TC23SC Series includes a full range of sizes from 700 to 
50,000 equivalent gates. It's simple to choose the optimum standard cell for 
your design. 

Then there's the 
extensive library lineup. 
The TC23SC Series 
library, ADVANCELLT~ 
is an ultra-high func­
tion LSI library. The full 
product lineup includes 
166 primitive cell types, 
108 74HC Series macro­
function types, and 67 
VO cell functional 
types. Macrocells 
include 2900 Series, 
CPU peripherals, multi­
plexers and more. 
Several RAM and ROM 
megacells are also 
available. 

The TC23SC Series 
is fully supported by 
the VL-CAD system. The 
system is a CAD design 
tool developed by 

BASIC CHARACTERISTICS 

PRODUCT LINEUP 
TC22SC I TC23SC 

Macrocells & Macrofunctions 

74HC Series Compatible ADVANCELL'" • 
Macrofunctions 

RAM RAM 
ROM ROM 

LIBRARY Functional Macros Functional Macros 
(Pl.A**, ALU, MPY) (PLA**, ALU**, MPY. 

Barrel shifter, adder, 
FIFO**) 

2900 Series Macros••• 
CPU Peripherals•• 
Analog Macros••• 

PROCESS 2µ.m 1.5 µ.m 
TECHNOLOGY HC'MOS Si-gate double layer metal 

MAXIMUM TOGGLE JOO MHz 150:-rnz 
FREQUENCY 

GATE SPEED l. 5ns l.Ons 
(INNER GATE) 

SUPPLY VOLTAGE SV 

GATE COMPLEXITY IOK gates SOK gates 
(MAX.) 

AVAILABILITY NOW 

*ADVANCELL is a trademark owned by Toshiba or licensed from Siemens 
or General Electric Co., U.S.A. in certai n countries. 

••under development. 
***Development complete, to be avai lable shortly. 

Toshiba with full support from logic design to autoplace and route. 
The 1.5 micron technology used in the TC23SC system ensures high 

integration and performance and it provides speeds of 1.0 ns typical gate delay. 
To help you even further, we now have a total of five ASIC design centers 

around the United States for your convenience. 
For complete information, contact your nearest Toshiba Regional Sales 

Office: Northwestern: (408) 737-9844, Southwestern: (714) 259-0368, Central: 
(312) 945-1500, South Central: (214) 480-0470, Eastern: (617) 272-4352, 
Southeastern: (404) 368-0203. Or call 1-800-888-0848 ext. 517 today. 

In Touch with Tomorrow 

TOSHIBA 
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

© 1989 Toshiba America, Inc . MAS-88-005· I 

MASSACHUSETIS, Datcom, Inc., (617) 891-4600; MICHIGAN, Action Components Sales. (313) 349·3940; MINNESOTA, Electric Component Sales. (612) 933·2594; MISSISSIPPI, Montgomery Marketing, Inc .. 
(205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744·1229, R.W Kunz, (314) 966·4977; MONTANA, Components West, (206) 885·5880; NEVADA, Elrepco. Inc., (415) 962·0660; NEW ENGLAND, Datcom. Inc., 
(617) 891 ·4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus Technology, (201) 947-0151 ; NEW MEXICO, Summit Sales, (602) 998·4850; NEW YORK, Nexus Technology, (201) 947-0151 ; 
NEW YORK (Upstate), L.D. Allen, (315) 437·8387; NORTH/SOUTH CAROLINA, Montgomery Marketing, Inc., (919) 467·6319, (919) 851-0010; NORTH/SOUTH DAKOTA, Electric Component Sales. (612) 933-2594; 
OHIO, J.R. Thornberry, (216) 248-4995; OKLAHOMA, MIL-Reps, (214) 644·6731 ; OREGON, Components West, (503) 684· 1671 ; PENNSYLVANIA, Nexus Technology, (215) 675·9600; PENNSYLVANIA (Western), 
J.R. Thornberry, (216) 248-4995; RHODE ISLAND, Datcom. Inc., (617) 891·4600; TENNESSEE, Montgomery Marketing, Inc , (205) 830·0498; TEXAS, MIL-Reps, (512) 346-6331. (713) 444-2557, (214) 644-6731 ; 
UTAH, Straube Associates Mountain States, Inc., (801) 263-2640; VERMONT, Datcom. Inc .. (617) 891 ·4600; VIRGINIA, D G R. , Inc . (301) 581-1360; WASHINGTON, Components West, (206) 885-5880. 
(509) 922-2412; WEST VIRGINIA, D.G.R., Inc., (301) 581· 1360; WISCONSIN , Carlson Electronics, (414) 476-2790. Electric Component Sales, (612) 933·2594; WYOMING, Straube Associates Mountain States, Inc .. 
(303) 426·0890; CANADA, BRITISH COLUMBIA, Components West. (206) 885·5880; ONTARIO, Electro Source, Inc .. (416) 675-4490. (613) 592-3214; QUEBEC, Electro Source, Inc .. (514) 630·7486. 
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Announcing a 
military display of power 

in 16.8 million brilliant colors. 
And olive drab. 

BROOITREE DRAFTS THE INDUSTRY-LEADING VIDEODACS"' AND 

RAMDACS"' FDR MIL-STD-883C, CLASS B DUTY. NOW HIGH RESO­

LUTION COLOR GRAPHICS ARE AT YOUR COMMAND. 

Brooktree now offers high resolution graphics devices compliant to 

MIL-STD-883C. So if you're eager to add color graphic displays of data 

to avionics, C3, EW, radar, sonar, instrumentation or other systems, 

we've got off-the-shelf solutions ready for you. 

When it comes to innovative integrated circuits that bridge the 

gap between a system's microprocessor and CRT, Brooktree has set 

the standard. Again and again. Our RAMDACs and VIDEODACs have 

revolutionized the work-station and high-end graphics marketplace. 

Now these same devices are ready for military applications, providing up 

to 256 simultaneous colors from palettes up to 16.8 million colors in size. 

THE FIRST WAVE 

We're introducing our first five mil-spec 

devices simultaneously. • :'::" • liiillf~ .. ~~ 
Our two monolithic +5V CMOS • .. : 

8-bit VIDEODACs, 
MIL-SPEC DEVICES 

thel:lll1Hl:l:Qand DEVICE SPEED DESCRIPTION 

flllitp:!:f' lead the 

way. Use the triple 
·Bt101SC883 30MHz Triple VIDEOOAC 

·Bt102TC883 50MHz Single VIOEOOAC 

•Bt438SC883 125MHz Clock Generator 

•Bt453SC883 40MHz Triple RAMDAC 

Triple RAMDAC 

40pin 
Sidebfaze DIP 

24 pin 
Sidebfaze DIP 

20pin 
Sidebfaze DIP 

40pin 
Sidebfaze DIP 

84 pin PGA 

8-bit, 30 MHzi:ll!ilU:U!las a single chip answer. For higher per­

formance, use three single 8-bit, 50 MHzi:li!W.ll:!:f!i\ 

Our RAMDACs have revolutionized high-end graphics systems 

design. By integrating 256x24 color palettes into our triple 8-bit 

monolithic +5V CMOS[llWand [ll!m we created an industry­

standard architecture, avail­

able today to military designers. 

And our !:ihl:ij:l:l'provides 

the necessary clock gen­

erator for these high speed 

RAMDACs. 

NEW RECRUITS COMING Add color graphics to your mil-spec system with Brooktree. 

Count on Brooktree to bring wave after wave of mil compliant 

devices to drive your color displays, with higher levels of integration 

and higher performance. For more information on the 

complete Brooktree Military 883C Program, including 

complete screening and processing criteria, call 

Brooktree at 1-800-VIDEO IC. Brooktree Corporation, 

9950 Barnes Canyon Rd, San Diego, CA 92121 TU< 383 596 

VIDEODAC and RAMDAC are trademarks of Brooktree Corporation_ 



Seagate's 3.5'' drives 
Now with AT interface 

Seagate's field proven ST157 product line now 
features embedded controllers with an AT® inter­
face. These reliable to-the-bus solutions off er 
improved cost/performance over non-integrated 
solutions. 

The ST125A, ST138A and ST157A provide 21, 
32 and 43 megabytes of formatted capacity respec­
tively, and feature 28 or 40 msec typical access 
times, with an impressive 50,000 hour MTBF. All 

models support the standard 16-bit AT task file 
interface, 1:1 interleave capability, and an internal 
data rate of 7.5 megabits/second. 

For more information on the drives that off er 
a lower cost of connection and higher system per­
formance for OEMs and systems integrators, call 
your nearest Seagate sales office, or call Seagate 
directly at 800-468-DISC or 408-438-6550. 

~Seagate 
The first name in disc drives 



TECHNOLOGY UPDATE 

Don't view your 
circuit in purely 
electrical terms; 

consider the ther­
mal circuit as well. 

Anne Watson Swager, 
Associate Editor 
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THERMAL-MANAGEMENT PRODUCTS 

Circuit design requires 
thermal expertise 

T
hermal Management isn't a 
graduate program offered by 
MIT, but every electrical en­
gineer involved in circuit de­
sign or printed-circuit-board 

layout should master the subject. As ICs 
and circuit boards increase in transistor 
and device density, you must design and 
lay out your circuit with temperature 
effects in mind. Heeding thermal effects 
helps ensure your circuit's reliability 
and performance. Neglect to do so and 
you risk device destruction. 

Knowing some of the basics of semi­
conductor heat-transfer theory will go 
a long way toward solving some of the 
heat-related problems you'll encounter 
in product development. There are a 
tremendous variety of 
heat-sink products avail­
able to help you solve 
such problems. These 
products include single­
device solutions, such as 
individual heat sinks; and 
custom-board solutions, 
such as thermal sub­
strates. You'll even find 
liquid heat sinks-bags 
filled with a liquid that 
transfers heat via fluid 
convection. 

sign's reliability. However, heat-sink 
manufacturers deal with many engi­
neers who ignore thermal effects until 
after their circuit design and pc-board 
layout have reached the point of no re­
turn. This after-the-fact approach only 
serves to limit an engineer's heat­
sinking options, and, depending on the 
problem's severity, may cause expen­
sive delays in a new product's· introduc­
tion. You can avoid such problems if you 
consider thermal effects from the start. 

The ultimate goal of any heat-removal 
system is to maintain the semiconductor 
junction at a safe operating tempera­
ture. By doing so, you're not only pro­
tecting the device from destruction, but 
also ensuring its optimum performance. 

Admittedly, most de­
signers of military equip­
ment are well acquainted 
with reliability issues in­
herent in thermal man­
agement. Military pro­
grams demand, and are 
provided sufficient funds 
for, the t ime and labor re­
quired to ensure a de-

The size and variety of heat-di,ssipation devices, such as these from 
EG&G Wakefield Engineering, illustrate the many existing solutions 
to heat problems. In order to choose the appropriate heat sink or 
overall thermal-management approach, you need to take some basic 
thermal characteristics into account. 
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BUCHANAN® electronic 
c!>nnectors give you more 
sizes, more Shapes, 
more options. 

-

94 

Gold-plated 
contacts. 

• All BUCHANAN 
connectors available with 
gold-plated contacts if your 
appl ication requ ires it. 

Smallest screw­
dedicated connector 
on the market. 

Series SMB 
• 3.Smm circuit spacing. 
• Choice of horizontal or 
vertical entry. 
• 7+ circuits per inch. 

Including 
the lowest cost 
two-piece 
connector. 
SSB4 

• Combines screw 
termination and 
plug-in 
conven ience. 

•Simultaneous 
connection of 
mult iple circu its. 

BUCHANAN electronic connectors give you 
the industry's widest range of sizes, shapes 
and connection options to choose from. All 
with the BUCHANAN reliability and quality 
you've come to expect. BUCHANAN Series 
SSB4/5 connectors with Smm and 10mm 
centerlines meet or exceed all industry 
standards. 

When it comes to connecting discrete 
wires to electronic circuitry on PC boards, 
BUCHANAN gives you the lowest applied 
cost and fastest delivery. No special tools or 
skills are needed for field wiring - all you 
need is a screwdriver. That means minimal 
installation and service t imes. 

Factory inventory has been doubled to 
meet your needs. And most models of 
BUCHANAN electronic connectors are in 
stock at most distributors. Or they can be 
custom designed with various pin lengths, 
mounting options and colors for special 
applications. 

For all the technical information on 
these connectors with increased contact 
density and wide application flexibility, 
send for Designer's Guide 1/0-100. 

" 

INDUSTRIAL ELECTRICAL 
PRODUCTS 

AMERACE CORPORATION 
INDUSTRIAL ELECTRICAL PRODUCTS 
530 W. MT. PLEASANT AVENUE 
LIVINGSTON, NJ 07039-1790 
(201 ) 992-8400 

----'--~~~~~~-' 

TELEX: 13-8403 • FAX: 201-992-9416 CIRCLE NO 86 
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One parameter has the greatest 
effect on junction temperature: the 
overall thermal resistance between 
the junction and ambient air. Sev­
eral electrical and mechanical com­
ponents contribute to this resis­
tance, and the best way to view 
these components is to think in 
terms of the thermal model (Fig 1). 

The thermal components shown 
in Fig 1 are analogous to electrical 
components; 0 is the thermal resis­
tance between two points and is 
analogous to resistance. CT is the 
heat capacity and is analogous to 
capacitance. Certain thermal char­
acteristics also have electrical ana­
logues; Li T is the temperature dif­
ference between two points and is 
analogous to voltage; K is the ther­
mal conductivity and is analogous 
to electrical conductivity, (a), and 
P is the power generated or dissi­
pated and is analogous to electrical 
power in watts. 

In general, the thermal resis­
tance between any two points is de­
fined as the temperature drop di­
vided by the heat (power) passing 
between them. This relationship is 
stated mathematically as 

where 0 is the sum of all of the 
resistances between the two points 
of interest, such as junction and am­
bient, and LiT equals the tempera­
ture difference between those two 
points. 

This equation can take a number 
of forms . For instance, Fig l's 
model includes two resistive paths 
over which heat can travel from the 
junction to the ambient environ­
ment. When there is no heat sink 
present, the junction-to-case ther­
mal resistance , ®J-c, and the case­
to-ambient resistance, ®c-A, deter­
mine the amount of heat flow. In 
this case, you can rearrange and re-
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write the equation as follows: 

If you use a heat sink, the heat­
tra vel path includes three resis­
tance specs: ®J-c; the case-to-sink 
thermal resistance, (®c-s); and the 
sink-to-ambient thermal resistance, 
®s-A· In this case, the equation 
would read as 

One resistance spec that is com­
mon to the latter two equations is 
the semiconductor device's junc­
tion-to-case thermal resistance. ®J-c 
depends completely on the device's 
design; you have no control over its 
value, and you must rely on specs 
given by the manufacturer. ®J-c is 

Sc-A 

SEMICONDUGrOR 
JUNGrlON 

T, 

Cr 

____ .._ ___ _.CASE 

Sc-s 

Ss- A 

TA 
AMBIENT AIR 

Cr 

SINK 

Po= ~~ 

Fig 1-It's important to consider this ther­
mal model when you design your circuit. 
In order to achieve the desired perf orrnance 
and to ultimately protect the device from de­
struction, you must ensure that the junction 
temperature never exceeds its maximum 
value. 

generally quoted for a device's high­
est-power semiconductor junction, 
such as a drive transistor in the out­
put stage. 

The data sheets for most ICs de­
signed for power applications 
prominently display ®J-c, but you 
might be surprised at the number 
of devices whose data sheets don't 
quote this junction-to-case resis­
tance. Apparently, semiconductor 
manufacturers quote it only for 
those components that they antici­
pate will require heat-sink calcula­
tions. Many semiconductor manu­
facturers off er this information in 
separate publications, such as reli­
ability handbooks. 

On the other hand, certain data 
sheets provide you with so much 
information that they practically do 
your job for you. Some even sug­
gest a specific heat-sink manufac­
turer and part number. They also 
give you enough technical informa­
tion to calculate certain values to 
determine whether they exceed 
maximum ratings. 

For instance, Analog Devices 
quotes both ®J-c and ®c-A for its 
AD9620 wide-bandwidth, fast-set­
tling op amp. The data sheet also 
provides a thermal model and for­
mulas based on the part's design to 
help you solve for power dissipa­
tion. Burr-Brown's 3571 data sheet 
includes a discussion of thermal con­
siderations and some necessary for­
mulas. Harris's HA5190 data sheet 
provides some brief notes and heat­
sink suggestions. 

In addition to the device-depend­
ent thermal-resistance specs, Fig 1 
includes two other resistance values 
for the instances when you will use 
a heat sink. ®c-s, the thermal resis­
tance between the case of the semi­
conductor device and the heat sink, 
depends on the material you use as 
the interface and the mechanical 
connection between the device and 
the heat sink. The last resistance 
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is 0 8.A, which is the thermal resis­
tance between the heat sink and 
ambient air. 

Fig 1 also includes two energy­
storage elements, denoted Cr, to il­
lustrate the transient thermal prop­
erties of semiconductors. Cr affects 
heat transfer in pulsed-power situ­
ations, but most thermal calcula­
tions are based only on steady-state 
conditions, and thus deal only with 
thermal resistance values. 

Solve for the unknown 
You can use any form of the ther­

mal equations, including the two 
given above, to solve for unknown 
quantities. For instance, given 
fixed thermal-resistance values, 
you may want to determine the 
maximum allowable ambient tem­
perature. Or, you may want to 
solve for the desired thermal resis­
ltance of an external heat sink. 

Instead of simply plugging values 
into this equation, you can take a 
more intuitive approach. Consider 
the thermal drop that must take 
place at each stage from the junc­
tion to ambient to ensure safe op­
eration. Basically, you work your 
way out from the semiconductor 
junction to the ambient air, calcu­
lating the temperature drop at each 
step. 

To begin, you'll need to know the 
maximum junction temperature and 
the junction-to-case thermal resis­
tance. Using the AD9610 as an ex­
ample, you'll find that the manufac­
turer specifies a maximum junction 
temperature of 165°C and a junc­
tion-to-case thermal resistance of 
210°C/W. To determine the heat 
dissipated between the junction and 
the case, you'll need to calculate the 
power in the output stage. Analog 
.Qevices provides the following for­
mula: 
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Pxxx=[(± V cc)- Vour- IcoL(8)] X 

(IcoL)(% DUTY CYCLE). 

The collector current, IcoL, equals 
VourlRLOAD or 3 mA, whichever is 
greater. (Note: Some power-dissi­
pation equations given by manufac­
turers are tailored specifically to 
their devices, and depend on oper­
ating and load conditions. Still, the 
equations are all essentially 
P= VI.) 

If Vcc=15V, V0ur=4V, RLOAn= 
500, and the duty cycle is 50%, the 
power dissipated by the output 
stage is 0.414W, which, when multi­
plied by 210°C/W, yields 87°C. 
Thus, the maximum case tempera­
ture you can allow if you want to 
limit the junction's temperature to 
165°C max is the difference be­
tween 165 and 87, or 78°C. 

Now, to work out from the case 
to ambient air, multiply the case-to­
ambient thermal resistance by the 
total power that the device dissi­
pates. This total power includes the 
power of the output stage previ­
ously calculated and the power of 
the overall circuit. To calculate the 
latter, you need to solve the follow-

The thermal resistance from case to sink 
is determined by the quality of the interface. 
Grease performs well but is messy and takes 
time to apply. Berquist's Sil-pads are an 
easy-to-install option. 

ing equation provided on the 
AD9610's data sheet: 

P crncmr= IcdV cc-( - V cc)]. 

The data sheet specifies a supply 
current of 21 mA when V cc= 15V. 
Pcrncmr then equals 0.63W, and the 
total power is 0.63+0.414 or -lW. 
Using the ®c-A value from the data 
sheet, which is 65°C/W, you can 
solve for the case-to-ambient tem­
perature drop: 65°C/W x 1W=65°C. 
This 65°C drop between the case 
and ambient implies that to main­
tain a case temperature of 87°C, 
your ambient temperature can't ex­
ceed 13°C. 

In this manner, you can work 
your way from junction tempera­
ture to ambient temperature or vice 
versa to see if you exceed any maxi­
mum temperature ratings. If you 
decide to include a heat sink, you 
can use the same method to deter­
mine the device's maximum thermal 
resistance. 

If you perform these calculations, 
heat-sink manufacturers will be 
able to present you with a variety 
of different solutions for your cir­
cuit. Even if you choose not to go 
through the calculations yourself 
and simply anticipate that you'll 
need a heat sink, you still must sup­
ply a minimum amount of informa­
tion to the heat-sink manufacturer. 

According to Gary Kuzmin, a pro­
ject engineer at IERC, many engi­
neers call heat-sink vendors before 
they've defined their system's 
needs. If you want a heat-sink 
manufacturer's assistance, you'll 
need to provide the same informa­
tion that you would need if you 
were going to perform the calcula­
tions yourself. Namely, you'll need 
to know the values for 0J.c, P0 , TJ, 
and TA. Some heat-sink vendors 
recommend that you add a safety 
margin to the manufacturer's abso­
lute rating of TJ; that is, choose a 
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Ros(ON)- Q 

From-To 

0.021 - 0.21 

0.04 - 0.40 

0.20 - 1.30 

lo-Amps 
From-To 

95.0- 39.0 

83.0- 20.5 

26.0- 8.5 

loM-Amps 
From-To 

380 - 156 

332 - 82 

104 - 34 

74- 20 

44 - 12 

Ciss- pF 
Min.-Max. 

9000-13000 

4500- 6500 

1800 - 2950 

1300- 1800 

650- 950 

Q9 -nC 
Min.-Max. 

360 - 675 

160- 370 

60 -130 

45 - 105 

20- 55 

Die Size 
Inches (No.) 

0.738 x 0.585 (108) 

0.588 x 0.388 (107) 

0.414 x 0.254 (106) 

0.290 x 0.250 (105) 

0.199 x 0.203 (104) 
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maximum junction temperature for 
your heat-sink calculations that is 
10 to 20% below the manufacturer's 
maximum number. 

In addition to these electrical and 
thermal specifications, you need to 
determine your space requirements 
and the type of interface you prefer 
between the case and heat sink. If 
space is at a premium, you'll be con­
cerned about the size of your heat 
sink. The interface you choose, 
whether thermal grease, mica, or 
thermally conductive pads, has a 
thermal resistance which you must 
take into account to choose the 
proper heat sink. 

Once a heat-sink vendor knows 
your system's specs and space re­
quirements, he can easily direct you 
to one or many products that will 
suit your requirements. In some 
cases, the vendor will use the ther­
mal equations to solve for 0S-A, and 
then match it with the thermal re­
sistance of one or many of its heat­
sink products. 

Each heat-sink manufacturer has 
a preferred way of specifying its 
heat-sinks' performance data. In­
stead of quoting a single number 
for thermal resistance, you often 
find two sets of curves: one for natu­
ral-convection cases and one for 
forced-air cases. In the case of natu­
ral convection, many manufacturers 
quote specs in terms of heat-sink 
or mounting-surface temperature 
rise above ambient temperature 
versus heat dissipated. The same 
graph often includes the forced-air 
curves in terms of air velocity ver­
sus thermal resistance. 

It's not absolutely necessary to 
pore over these heat-sink data 
sheets in order to choose the right 
product. One company, Thermalloy, 
offers a PC-based heat-sink selec­
tion program. The program guides 
you to Thermalloy products that 
meet your specs, based on the val­
ues you input for PD, ®J-c, ®c-A, TJ, 
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Heat-di.ssipation products are classified as 
passive and active. Heat sinks are passive 
devices-they require no external work or en­
ergy. Liquid-cooled Cold Plates ( Aavid En­
gineering) are examples of active cooling-­
some external element controls the flow of 
water through the pipe. 

and TA. If you have a color monitor, 
you can view the actual heat sink 
and its mechanical dimensions. At 
your request, the program will take 
you through the thermal calcula­
tions step by step. 

You'll arrive at a final thermal­
management solution by an itera­
tive process. There may in fact be 
no heat sink that matches your in­
itial set of specs-as Thermalloy's 
program will readily point out. If 
that happens you must change di­
rections. For instance, you may find 
that there is no heat sink large 
enough to provide the necessary 
cooling under natural convection. 
And, if board space is a problem, 
you're again restricted to smaller 
heat sinks. Therefore, you'll need 
to add forced air to your system to 
meet the desired thermal specifica­
tions. Once you've provided forced 
air, you'll probably find that any 
number of heat sinks will work, and 
you can choose one based on other 
factors besides thermal resistance, 
such as the amount of labor re­
quired to attach the heat sink. 

Heat-sink manufacturers' cata­
logs are currently filled with a wide 
variety of extruded heat sinks, 
which are produced by forcing the 
heat-sink material through grooves 
to form the fins that protrude from 
the heat-sink baseplate; bonded 
heat sinks, which have metal fins 
bonded into the heat-sink baseplate; 
a variety of labor-saving clip attach­
ments; heat sinks designed for use 
with pin-grid arrays (PGAs); and 
board-level products such as ther­
mally conductive planes; and heat­
conducting substrates. 

A new heat-sink product tackles 
the problem of how to attach a heat 
sink to a PGA. Thermalloy's PGA 
E-Z Mount assembly consists of a 
spring clip and either a plastic 
frame or "shoes" for the PGA (Fig 
2). First, you place the PGA in the 
plastic frame, and then fit the 
spring clip into the heat sink, over 
the ridges on the frame. This proce­
dure attaches the heat sink securely 
to the PGA. E-Z Mount is currently 
available for 11-, 14-, 15-, and 21-pin 
PGA packages. The 15-pin version 
costs $0.40 (1000). 

If you don't want to use any addi­
tional hardware, you can use one 
of several available PGA heat sinks. 
IERC provides PGA heat sinks in 

Fig 2-Heat sink manufacturers offer 
many variations of labor-saving attach­
ment methodl;. Thermalloy's E-Z Mount is 
their solution to attaching this heat sink to 
a PGA device. 
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3. 7 ns FCT-C Logic froni IDT 
World's first logic <4ns 

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

The need for speed 
You need the fastest TIL logic to 

optimize system performance and 
lower system cost. Our FCT-C 
buffers and transceivers operate at 
3. 7 ns, eliminating speed bottlenecks 
to achieve significantly higher 
system performance. FCT-C is the 
best TIL solution for 25MHz and 
33MHz RISC- and CISC-based 
systems. 

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

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

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

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

Immediate availability 
You don't have wait to break the 

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

CIRCLE NO 88 

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

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

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

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

When cost-effective performance counts 

lldt 
Integrated 
Device Technology 

99 



TECHNOLOGY UPDATE 
Thermal-management products 

either an omnidirectional, pin-fin 
design or a standard extrusion for­
mat. Both models are available in 
a wide range of configurations to 
match specific requirements such as 
maximum allowable temperature 
rise, height restrictions, and cooling 
method. You attach the heat sinks 
to the PGA either by using a ther­
mally conductive epoxy adhesive or 
by specifying a hole pattern for 
stud-mounted PGA packages. De­
pending on your choice of fin con­
figuration and plating material, and 
on whether or not you select a hole 
pattern, prices for the PGA140 se­
ries range from $0.34 to $2.12 
(1000). 

You'll find a wide variety of heat 
sinks specifically designed for T0-
220 packages, such as the 667 Series 
from EG&G Wakefield (Fig 3). This 
series features the "speed clip" for 
rapid device assembly. Four 
heights, two solderable-pin styles, 
and two speed-clip types are avail­
able for vertical mounting to the pc 
board. These heat sinks cost around 
$0.40 (1000). 

To provide cooling for high-power 
semiconductor modules, Aavid En­
gineering's Series 6760 heat sinks 
feature precision-fit aluminum fins 
that are bonded to the back of the 
mounting surface with thermal ep­
oxy. This type of bonded-fin heat 
sink provides as much as 100% 
greater cooling surface per cubic 
inch of space than extruded or cast 
heat sinks. These heat sinks are 
available in nine standard sizes to 
accommodate multiple mounting of 
power modules. Forced-air models 
accept standard muffin fans and can 
achieve thermal resistances of 
0.024°C/W to 0.08°C/W. Natural­
convection models feature thermal 
resistances from 0.22°C/W to 
0.30°C/W and are 3.13-in. high and 
either 7 or 12 in. long. Pricing for 
the 7-in. natural-convection model 
with gold chromate finish is $39.37 
(100). 

100 

Fig 3-The popular T0-220 package style now has many heat sink possibilities. Many 
manufacturers offer a wide variety of sizes and device-attachment options, such as these 
products from EG&G Wakefield. 

Device-level solutions such as 
these only scratch the surface of 
your heat-sink options. Depending 
on your size, performance and 
budget constraints, your design 
may justify the use of one of the 

Fig 4-Single-layer board solutions such as 
Berquist's Thermal Clad can be used in SMT 
applications and as a mounting surface f or 
power hybrids. 

many custom, board-level products 
on the market. 

TI-strate, produced by the Metal­
lurgical Materials Div of Texas In­
struments, is a polymer-on-metal 
surface-mount technology substrate 
for single-circuit-layer power as­
semblies. This printed-wiring board 
product utilizes a thin, thermally 
conductive dielectric to isolate a 
copper circuit and pad layer from 
a heat-sink base. The dielectric ex­
hibits thermal resistance of 0.5°C/W 
and maintains a minimum break­
down strength of 3000V. TI-strate 
is priced by the square inch and 
ranges from $0.50 to $1/in2

• 

A similar pc-board product is 
Berquist's Thermal Clad (Fig 4), 
which consists of a foil layer that 
is laminated to a base layer with a 
thermally conductive dielectric. 
The material is suited to single­
sided surface-mount pc boards; it is 
also commonly used as an alterna­
tive to ceramic materials as a 
mounting surface for power hy­
brids. 

The best way to think of the sub-

EDN June 22, 1989 



finally, high resolution time 
interval Ineasureinent at an 
affordable price. The SR620 
Universal Tiine Interval 
Counter offers 4 ps single-shot 
LSD on time intervals, and 11 
digits of frequency resolution 
in one second. With powerful 
arining, gating, and triggering 
Inodes, the SR620 can Inea­
sure time interval, frequency, 
period, pulse width, and phase, 
as well as rise and fall times. 

The SR620 has built-in sta­
tistical functions, including 
Inean, Inin, Inax, standard 
deviation, and Allan variance 

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

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

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

SRS STANFORD RESEARCH SYSTEMS 

1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408) 744-9040 FAX 4087449049 TLX 706891 SRS UD 

The SR620 provides graphic display of 
histograms and strip charts on any X-Y 
oscilloscope. With Autoscale and 
Zoom, graphics can be easily scaled. 
Attach a dot matrix printer or an 
HP-GL plotter and obtain hardcopy of 
any graph. 

Sll620 $3850 
Single-shot resolution 4 ps 
Time interval jitter 20 ps rms 
Maximum time interval 1000 s 
Maximum frequency 1.3 GHz 
Frequency resolution 10-9 Hz 

Phase resolution 0.001° 

Statistics Mean, Min, Max, 
Std. Dev, and Allan Var. 

Sample size 

Analyzer 
Graphics 

Hard copy 
Interfaces 

l to 106 

Display on X-Y scope 
Histogram and 

Strip Chart 
Printer/Plotter 

GPIB and RS-232 

Oven Timebase (Sxl0-10/day) $950 
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TECHNOLOGY UPDATE 
Thermal-management products 

strate is as a heat pipe: Thermal 
Clad offers lower thermal resis­
tance between the device's mount­
ing surface and the substrate, but 
you still must provide a path, such 
as card guides, for heat to flow from 
the Thermal Clad board to some 
cooler surface. This surface can be 
the outside of an enclosure or a sur­
face with active cooling, such as a 
liquid-cooled plate. In addition, de­
pending on the types of devices you 
mount on the substrate, a secon­
dary heat sink may be required. 

The thermal resistance of the ma­
terial depends on the surface area 
of the Thermal Clad and the de­
vice's package. A T0-220 transistor 
mounted to an etched pad on a 4 x 5-
in. Thermal Clad panel exhibits 
thermal resistance of 1°C/W. As 
with the other board products, 
Thermal Clad is custom based. 
Price varies according to the type 
of metal backer you choose, the 
complexity of the circuit and me­
chanical pattern, and the size of the 
Thermal Clad board. Typical prices 
range from $0.35 to $0.90/in2

• 

Fig 5-These Liquid Heat Sinks manufactured by 3M contain Fluorinert liquid; when 
fitted into tight spaces, they transfer heat from a heat-generating component to a cooler 
surface by liquid convection. 
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You can also find products that 
are designed to fit on top of a pc 
board. Aavid Engineering's ther­
mal planes fit over a pc board and 
transfer heat via metal conduction 

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

Aavid Engineering Inc 
Box 400 
Laconia, NH 03247 
(603) 528-3400 
FAX 603-528-1478 
Circle No 706 

Berquist 
5300 Edina Industrial Blvd 
Minneapolis, MN 55435 
(612) 835-2322 
FAX 612-835-4156 
Circle No 707 

EG&G Wakefield Engineering 
60 Audubon Rd 
Wakefield , MA 01880 
(617) 245-5900 
FAX 617-246-0874 
Circle No 708 

IERC 
Box 7704 
Burbank, CA 91510 
(213) 849-2481 
TWX 910-498-2206 
Circle No 709 

3M 
Dept CH89-06 
Box 33600 
St Paul, MN 55133 
(612) 733-8130 
FAX 612-733-ti791 
Circle No 710 

VOTE ... 

Texas Instruments 
34 Forest St 
Attleboro, MA 02703 
(508) 699-3800 
TLX 927708 
Circle No 711 

Thermalloy Inc 
Box 810839 
Dallas, TX 75381 
(214) 243-4321 
FAX 214-241-4656 
Circle No 712 

Please also use the Information Retrieval 
Service card to rate this article (circle one): 

High Interest 500 Low Interest 502 
Medium Interest 501 

to the exterior of the enclosure via 
the card guides. Again, these are 
custom items, but typically, price 
varies from $10 to $220 each. Aavid 
can produce the thermal planes in 
a variety of aluminum alloy and cop­
per alloy materials. You can use the 
planes with both through-hole and 
SMT designs. 

An innovative approach to heat 
removal is 3M's Liquid Heat Sink 
(LHS). The LHS is a multilayer 
plastic bag filled with Fluroinert 
liquid (Fig 5). Fluorinert liquids are 
perfluorocarbons and do not contain 
hydrogen, chlorine, or bromine. 
The liquids are not chlorofluorocar­
bons and are not associated with 
ozone-layer depletion. 

The LHS dissipates heat in tight 
spaces by using natural convection. 
Heat flux from a power component 
conducts through the wall of the 
LHS into the Fluorinert liquid. 
Convective fluid movement then 
transfers heat from the component 
to the opposite LHS wall. Heat 
then flows from this wall to an exte­
rior surface that touches the LHS. 
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FOR MIL DUTY. 

4SF-8122 

SPRAGUE Sprague subminiature ceramic EMI/RFI filters to MIL-F-28861 are available in five 

CERAMI cst"Ff i:i~ER
1

Sg~~~~~tk~r~r~?£~~i~~c~:~r 
FOR HIGH-RELIABILITY. ~~:~~~;:Q~L 
MIL-F-28826 /2 and /4, and are QPL pending on Slash Sheets /1, 13, and /5. Our new catalog FD-129A , " Ceramic EMI/RFI 
Filters", provides infom1ation on filter selection, circuit configurations, application guidelines, test s 
procedures , cross-reference data, and much more. Write for Catalog FD-129A to Technical Literature ({tjf) PRJIGUE. 
Service, Sprague Electric Company, P.O. Box 9102, Mansfield , MA 02048-9102. 
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'~Ljll~~ZIG 
o Self calibrating PAV 
o Easy, precise Zero 
Offset measurements 

o.l TJESTJll; Lc:n~~~'(;J~~i~efe~~!able 
o "THO" Mode tests 
Core Saturation Voltage 

L l/ftf' fiJlllftT ;:=n~t~trin~ase Shitt 

rf JI f / ~ rf JI The Model 2250 ... 

/JfM7i~'Es ' :e~:~~t,;:~f~%~~ :e~ 
• 

. Write, c~ll or fax for more 
information: 

North Atlantic Industries • 60 Plant Avenue• Hauppauge, NY 11 788-3890 
Tel: (516) 582-6060 •FAX: (516) 582-8079 •TWX: 510-227-9660 NOATL •Telex: 685-2370 NO ATL INDUS 
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Dry Desert to Wet World 
Survival! That's what you can expect 
from OTTO precision snap-action 
pushbutton switches. Sealed to sur­
vive the rigors of industrial, commer­

action, miniature and subminiature 
sizes, choice of front panel appear­
ance and button colors. 

cial and military applications, these Sealed against dirt and water. Electri~al 
switches are available in momentary ratings from computer level to 10 Am­
a nd alternate (push-on, push-off) peres. Contact resistance< .025 ohms. 

OTTO® 
CONTROLS Division. OTTO ENGINEERING. INC. 

2 East Main Street• Carpentersville, Illinois 60110 •Phone: 3121428-7171 •FAX 3121428-1956 • TELEX: 72-2426 
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UPDATE 

Six standard LHS sizes are avail­
able: 1.5 x 4-, 2 x 3-, 3 x 4-, 3 x 4. 75-, 
4 x 6-, and 4 x 9-in. packages. Prices 
range from $10 to $20 each. You 
can obtain a sample of any one of 
the sizes by contacting 3M. 

Heat-sink manufacturers manage 
to keep up with changing package 
styles , and higher-density and 
higher-heat-producing semiconduc­
tors. Their products will become in­
creasingly important, just as tem­
perature effects should be to the en­
gineer. Though the commercial and 
industrial markets don't have the 
same financial resources as does the 
military market, marketplace com­
petitivness and higher component 
densities still demands that your 
products be correctly designed the 
first time. Budget and time-to­
market constraints simply do not al­
low you to lay out a pc board twice 
or select alternate components. EDN 
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1. Heat Sink!Dissipator Products 

and Thermal Management Guide, 
IERC, Burbank, CA, 1985. 

2. Standard Products Catalog, Heat 
Dissipation Components, EG&G Wake­
field Engineering, Wakefield, MA, 
1988. 
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DESIGN NEWS 

Analog Design Insights from Maxim Integrated Products July '89 

New 12-Bit ADCs Convert &MHz Signals 
Complete 1 Oµs AID 
Converters with Track-and· 
Hold Simplify System Design 
in DC or DSP Applications 

In high resolution DSP and data 
acquisition systems , even a fast 
analog-to-digital converter (ADC) can 
digitize only the slowest moving 
analog signals without help from a 
separate track-and-hold (T/H) or 
sample-and-hold (S/H) amplifier. Be­
cause the analog signal cannot 
change significantly during the ADC 's 
quantization period, the limit on input 
frequency imposed by a non-sampled 
ADC can be surprisingly severe if the 
full accuracy of the ADC is to be main­
tained . Figure 1 illustrates the 
relationship between an ADC 's quan­
tization period (or aperture time, tA) 
and the error caused by a time-varying 
input signal. Assuming a full scale 
sine-wave input, the fastest signal that 
can be quantized by an ADC is calcu­
lated with the formula: 

where f is the input frequency, and n is 
the resolution for 1-bit of error. If a 
track-and-hold is not used, the aper­
ture time then equals the ADC 's con­
version time. Consequently, by using 

Figure 1. Errors can result when converting 
time-varying signals due to uncertainty of signal 
during conversion. 

ANALOG 
INPUT 

·2.5V to +2.5V 

1 
J_j7µF 0.1µF 
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µP Interface 

CONTROL 
LOGIC 

+ 
CLOCK 

OSCILLATOR 

CLOCK CLOCK 
IN OUT 

__ 2__,4 ------+sv 

i?""' 
o-2_,3 ,.___ .,__·15V 

Figure 2. MAX167 plugs into the AD7572/MAX162 socket and replaces the circuit shown in Figure 3. 

this formula, we find that a 12-bit 5µs 
ADC, without help, can only accurately 
quantize signals slower than 15.5Hz. 
But, if we then add a T/H to reduce tA, 
the analog signal can be "frozen" 
throughout the conversion , enabling 
the ADC to digitize much higher fre­
quency signals . 

Figure 2 shows the circuit for 
Maxim's MAX167 sampling A/D con­
verter, which replaces the circuit of 
Figure 3 that combines the Maxim 
AD7572 5µs 12-bit ADC (or the 3µs 
MAX162) with an HA5320 or AD585 
track-hold amplifier. Besides provid­
ing a fast aperture time, the T/H also 
supplies a low AC and DC impedance 
to drive the ADC input. A low im­
pedance source is essential to drive 
the ADC (even when a T/H isn't used) 
since the ADC 's analog input current 
is somewhat modulated at the clock 
rate during the conversion . 

Although adding a T/H in front of 
an ADC improves dynamic perfor­
mance, it also introduces several new 
potential error sources that can 
degrade the overall DC and AC per­
formance of the system. These new 
problems include hold-step errors, 
slew rate limitations , settling time 
delays, signal droop, and most impor­
tantly, added noise and distortion. 

Some of these errors can be reduced 
with trimming or by simply using a very 
high performance (and very expen­
sive) T/H , but such solutions rapidly 
increases the system cost. 

Sampling ADCs 
Dramatically Reduce 
Component Count 

Maxim's monolithic ADCs provide 
the best means of minimizing the 
above errors while saving the cost of 
an external track-and-hold amplifier. A 
sampling A/D converter contains the 
T/H function in the same package as 
the ADC. As a result , DC specifica­
tions such as gain error, offset, 
integral nonlinearity (INL) and dif­
ferential nonlinearity (DNL), as 
well as dynamic specifications 
such as signal-to-noise rat io 
(SNR), total harmonic distortion 
(THO) and intermodulation distor­
tion (IMO) are tested and guaran­
teed for the complete ADC-T/H 
system . The des igner then need 
not worry about addit ional errors 
generated by the T/H , or by the 
T/H -ADC interface. Other benefits 
that are provided for the same 



redu ced cost are higher system 
reliability, reduced board-space, and 
dramatically decreased component 
count as seen by comparing Figures 2 
and 3. 

Both DC and AC Specs are 
Guaranteed 

Maxim's MAX163, MAX164 and 
MAX167 integrate a track-and-hold 
function and a fast ADC on a single 
chip at a cost ($21 .25* in 1 OOs) com­
parable to monolithic ADCs withoutthe 
track-and-hold . The ADCs use an in­
novative CMOS comparator with a 
built-i n track-and-hold that employs a 
very small (5pF) on-chip hold 
capacitor. This optimizes high speed 
tracking performance and provides 
excelle nt large signal and wide 
bandwidth behavior -- without the 
slew-rate limitations inherent in many 
other sampling ADCs. A 6MHz full 
power bandwidth makes it possible to 
digitize high speed transient events 
and , by employing undersampling 
techniques , to measure periodic sig­
nals whose bandwidth exceeds the 
ADC's sample rate of 1 OOkHz. Figure 4 
shows an FFT plot of the output level 
at various spectral bands of a MAX167 
when digitizing a pure 10kHz sinusoid 
at a 1 OOkHz rate. The theoretical min­
imum ADC noise is caused by quan­
tization error and is a direct function of 
resolution. The limit of a "perfect" 
12-bit ADC would be 74dB. The 
MAX167 is fully tested to meet or ex­
ceed a signal-to-noise plus distortion 
of 70dB and a THO of 80dB for an 85% 
of full -scale input signal. 

With the MAX163/4/7, providing 
precise AC specification does not dic­
tate that DC performance be com­
promised in any way. 12-bit DC 
specifications are guaranteed over the 
full operating temperature ranges . 
Since these ADCs are plug-in replace­
ments (with track/holds) for the Maxim 
AD7572 , MAX162 , and MAX172 
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Figure 4. FFT plot of spectral response for a 
10KHz sinusoidal input. 
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Figure 3. A sample-and-hold amplifier used with an AID converter improves the accuracy 

an existing circuit can be easily ferent analog input ranges : The 
modified to eliminate the external MAX163 accepts OVto +5V inputs, the 
track-and-hold by shorting the circuit 's MAX164 accepts -5V to +5V inputs, 
signal input directly to the input of the and the MAX167's input range is -2.5V 
ADC (Figure 3) . The high input im- to +2.5V. External components are 
pedance (500Mn) of the MAX163/4/7 limited only to decoupling capacitors 
also eliminates the need for a fast for the power supply and internal ref-
d river amplifier, thus completely erence voltage (Figure 2). On-chip 
replacing the track-and-hold amplifier. clock circuitry can either be driven 
For applications that require even from an external c lock source or a 
faster sampling rates, a 3µs MAX162 crystal. A standard microprocessor 
used with a high performance T/H is interface includes three-state dataout-
still a good alternative. The 10µs, $10* puts that can be configured for 8- or 
(in 1000s) MAX172 can be used with 12-bit buses. Data access and bus 
an inexpensive T/H when cost is more release timing specs are compatible 
important than performance. with most popular microprocessors. 

DSP Requires Fast 
Interfaces From ADCs 

Although sampling converters 
can be used in slower applications, 
they are especially suitable for fast 
digital signal processing and data ac­
quisition applications . The latest 
generation of digital-signal processors 
and microprocessors require fast 
processor interfaces from ADCs. The 
MAX163/4/7 meets this requirement 
with a 1 Oµs conversion time, which 
includes the acquisition time of the 
internal T/H, and a data access time of 
less than 100ns. This eliminates the 
need for wait-states and associated 
discreet logic in your circuit design . 

In addition to the track-and-hold, 
the MAX163/4/7 also include an on­
chip voltage reference while maintain­
ing low power consumption . An 
internal buried zener reference 
provides low drift (25ppm/°C) with low 
noise. The three ADCs offer three dif 

The MAX163/4/7 is available in 24-pin 
narrow DIP as well as surface-mount 
(SO) packages in commercial, ex­
tended and military temperature ranges. 

·Prices F.0 .8 . USA 

*FREE* 
1988/89 Analog 

Applications Handbook 
(Circle 10) 

Data Sheets 
MAX163/4/7 (Circle 11) 
MAX162 (Circle 12) 
MAX 172 (Circle 13) 

For FREE SAMPLES or applications 
assistance, call (408) 737-7600 or write 
Maxim Integrated Products, 120 San 
Gabriel Dr., Sunnyvale , CA 94086. 

© 1989 Maxim Integrated Products. Inc . 



When It Comes To Automated Design, 
Wescon/89 Is Right On Target 

W escon/89 adds a new and significant prod­
uct category to the show this year: automated 
design tools. This dedicated Automated Design 
Center, composed of leading automated design 
tool manufacturers. You have the opportunity to 
see and learn about the latest in automated 
design in one place and from the people who 
know it best. 

Approximately 200 vendors, more than any 
other show in the West, are expected to partici­
pate in Wescon/89, Nov. 14-16, 1989 in San 
Francisco's Moscone Convention Center, 
Civic Auditorium and Brooks Hall. 

You will learn what's available and what's new 
in automated design. Experts will be on hand 
to answer your questions and explain new op­
portunities and new benefits from this dynamic 
and rapidly advancing technology. 

Industry experts estimate that nearly 90 percent of 
all electronic products will be designed using 
some form of computer assistance during the next 
decade. If you want to maintain your competitive 
posture in electronics design, this is one technol­
ogy you cannot afford to overlook. 

Wescon/89 is the perfect place to learn about it. 
Mark your calendar right now and plan to attend 
Wescon/89, the one electronics trade show that is 
on target for your information needs. 

DON'T MISS IT! 

G) wescon7@® 
November 14-16, 1989 
Moscone Center 
Civic Auditorium 
Brooks Hall 
San Francisco, California 

Site of the First Annual OrCAD/ECN International Design Competition 

Sponsored By: San Francisco Bay Area Council and Los Angeles Council , IEEE ~ Northern and Southern California Chapters, ERA E!r~ 
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Circle 3 for sales 

We've made some 
big es in our 
customer service. 

This year, we're more committed than ever to serving you. 
We've added more customer service people to work closely with 
your local Hoffman distributor. We've also integrated all ordering, 
production and delivery functions into a single, efficient, computer­
controlled system. And our "Total Quality" program will assure 
total reliability. We've made other important changes, too. They're 
in our new brochure. For your copy, brief product information 
and a distributor listing, just drop us a line. 

ENGINEERING COMPANY 
900 Ehlen Drive Anoka, MN 55303 

Phone: (612) 421-2240 Circle 4 for Information 



SMT Solutions TechFile Series 

Technical Information From The Leader 
in Surface Mount Tantalum Capacitors. 

Surface Mount Pad Design 
and Solder Processes 
Surface mount tantalum capacitors, 
like all electronic components, 
require specific pad designs and 
controlled solder processes in 
order to achieve zero defects. 

Pad Designs 
Proper pad design is essential for 
reflow soldering because only 
molten solder surface tension 
holds the part in place. Induced 
defects are minimized when the 
pad width matches the components 
solderable termination width and 
when the pad is approximately 
twice the length of the solderable 
bottom side (see Figure 1). 

Soldering Processes 
Wave soldering results in the highest 
temperatures and heat transfer 
rates. It therefore must be tightly 
controlled to 5 seconds maximum 
dwell time for a single wave at 
250°C and 7.5 seconds maximum 
time at 230°C. 

EDN June 22, 1989 
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Figure 1 ·Tantalum Capacitor 
Showing Overlap and Extension . 

Vapor phase soldering has the 
second highest heat transfer rate, 
its range of 60-120 seconds is 
safe for tantalum chip capacitors 
(see Figure 2). 

Infrared (IR) soldering uses surface 
heating like the vapor phase proc­
ess, but the heat source is at a 
higher temperature than the sub­
strate and component temperatures. 
Therefore, depending on the type of 
IR source, severe temperature 
gradients are possible. 

CIRCLE NO 94 

200 
0 30 60 120 

TIME IN SECONDS 

Figure 2 • Vapor Phase and 
Convection Infrared Soldering Range 

of Time and Temperature. 

Component temperatures 
are the control point for convection/ 
IR systems and temperature moni­
toring of capacitor surfaces is man­
datory when lamp systems are used. 

,-----------, 
_Please send me the AVX 

Technical Paper "Surface Mount 
Tantalum Capacitor Applications 
Information'.' 

_Please send me more information 
describing AVX ceramic and 
tantalum surface mount capacitors. 

Name _______ _ 

Title ________ _ 

Company ______ _ 

Address _______ _ 

City ________ _ 

State _____ Zip __ _ 

Phone _______ _ 

AVX Corporation EDN062289 

P.O. Box 867, Myrtle Beach, SC 29577 
Tel : (803)448-9411 FAX: (803)448-1373 L ___________ _J 
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STD Bus 
Software Challenge: 

CpBIT's C-Engine vs STD-DOS 

C-Engine Features: 
• Borland Turbo C Professional Package 
• Source Level Debug on STD Bus CPU 

• Efficient Embedded System Code 

Harness the power of Borland 's Turbo C Professional 
Package for your STD Bus development system. Develop 
your code on a PC, then try it out on Cubit's powerful 
80186 based CPU . The C-Engine allows you to run the 
Turbo C debugger right on our CPU board . 

Turbo C includes the compiler, assembler, editor, source 
level debugger, error checking with built-in Lint and a 
large library of functions with source code. Code runs 
faster and is more compact than code written with leading 
competitive C compilers. Thorough documentation gets 
you started fast. 

Cubit's C-Engine includes our Model 8600 CPU board 
with a 10 MHz 80186 microprocessor, Turbo C Professional 
Package, a serial interface board and all necessary inter­
facing software including automatic ROM generation for 
only $995. You will have all the tools needed to produce 

STD-DOS: 
• Fills Surplus Memory! 
• Helps Spend Your Budget! 
• Runs Flight Simulator! 

Where's the Disk? DOS stands for Disk Operating Sys­
tem, but few embedded control applications use a disk. 
You waste dollars, memory and system speed for functions 
that few embedded control systems need. 

Real OEM's Don't Use DOS. You want to use DOS as a 
development tool , but when you complet~ your develop­
ment, DOS sticks around . Since your application runs 
under DOS, you will need to ship DOS with every system. 
OEM's can save big money by ditching DOS. 

DOS is great if your system needs to run Flight Simulator. 
But for embedded control system development, keep DOS 
on your PC where it belongs. Cubit's C-Engine lets you 
develop code using DOS and Turbo C on your PC, while 
keeping the final code fast, clean and without DOS clutter. 

fast, efficient ROM based code, which 
may be run on our $595 Model 8600 
CPU without any additional software. 

C is the language of choice for 
computer control professionals. 

C BIT DIVISION 
OF 
PROTEUS P: INDUSTRIES 

Cubit makes it easy and 
inexpensive to run on STD Bus. 
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340 Pioneer Way 
Mountain View, CA 94041-1577 

Telephone: (415) 962-8237 
FAX: 415-965-9355 

Telex: 797377 PROTEUS USA 

CIRCLE NO 95 

MS is a trademark of Microsoft Corp. 
Turbo C is a trademark of Borland International , Inc . 
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TECHNOLOGY UPDATE 

Technological 
changes continu­

ally challenge a 
computer's fitness 

for survival. If 
you've invested in 

older bus struc­
tures, you'll be 
happy to know 

that board manu­
facturers are updat­
ing their products 

for use with the 
latest µPs. 

John Gallant, 
Associate Editor 

EDN June 22, 1989 

16- AND 32-BIT BUS EXTENSIONS 

Mature buses keep pace 
with technology 

I
n this revolutionary age in which 
new computer architectures con­
tinually appear, it's refreshing to 
know that some mature architec­
tures are adapting to changes in 

an evolutionary manner. The advent of 
the µP in the 1970s spawned a number 
of open bus structures for industrial con­
trol that are still in wide use today. The 
STD Bus, Multibus I, and G64 Bus were 
conceived to accommodate the µPs, 
memory densities, and I/O capabilities 
available at the time. As technology ad­
vanced through the 1980s, new open bus 
structures, such as the VMEbus, the 
Multibus II, and the industrial IBM PC/ 
AT bus evolved to accommodate µP s 
with wide data paths, high memory den­
sities, and multitasking I/O operations. 

Although some of the newer bus 
structures threaten to extinguish the 
older structures eventually, for now, 
buses such as the STD Bus, Multibus 
I, and G64 Bus are as strong as ever. 
These earlier buses owe their survival 
to the fact that suppliers of boards for 

the STD Bus, which was designed and 
introduced by Mostek and Pro-Log in 
1978 as a low-cost embedded system for 
industrial control. The bus soon gained 
IEEE approval as the IEEE-961 stan­
dard . The original specification defines 
a 56-pin synchronous bus with four pin­
assignment categories: power, control, 
address, and data. The address bus con­
sists of 16 bidirectional, 3-state lines la­
beled A0 through A15• The data bus con­
sists of eight bidirectional, 3-state lines 
labeled D0 through D7• The original bus 
is well suited to µPs such as the 8085, 
Z80, 6809, and NSC-800, which have 8-
bit data paths and 64k-byte memory 
maps. 

The introduction of the 8088 and 
68008 µPs around 1980 caused the STD 
Manufacturers Group to modify the STD 
Bus specification in 1983. Both of these 
processors have 8-bit data paths, but 
IM-byte memory maps. To accommo­
date the larger address space, the 
modification multiplexes address lines 
A16 through A19 and data lines D0 

the older structures 
have redefined the bus 
specifications to accom­
modate changes in tech­
nology while remaining 
compatible with exist­
ing cards. The revised 
specifications permit us­
ers with large installed 
bases of industrial-con­
trol systems, for exam­
ple, to upgrade their 
systems without invest­
ing in new embedded 
hardware and software. 

One of the potentially 
endangered species is 

The MCM-26AT, an IBM PC-compatible board, conforms to the 16-
bit STD Bus specification. In addition to its 80286 CPU, this Win­
Systems board can have as much as 2M bytes of onboard RAM. 
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H386 PC-AT Bus 16 MHz CPU with 
2-8 Meg Zero Wait State Memory 

PC-AT and PC Bus 
Passive Backplanes 

20-Slot PC-AT Bus Chassis 
Holds Multiple Computer Systems 

PC-AT and PC Bus Unichassis 
with 9, 15 or 20 slots 

If You're Into PC Bus Systems, 
I-Bus Speaks Your Language. 
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Only I-Bus builds PC-AT and 
PC Bus hardware that's designed 
specifically for dedicated OEM 
system applications. 

Ours are board-level: the CPU 
is on a card, just like the PC 
expansion cards. The mother 
board is just a backplane with the 
connectors interconnected. That's 
best for serviceability and ease of 
upgrading. 

If you don't need a keyboard 
you don't have to use one. Or a 
display, either. Or even a disk. 
You don't even have to produce 

ROMable code to run an I-Bus 
processor from its ROMs. Ask us 
about PROMDISK, that lets any 
PC program run from ROM. 

Choose from a host of 
compatible components. Five CPU 
cards topped by the powerful 
16MHz, zero wait state H386. 
Rack mount, tabletop and tower 
enclosures holding up to 20 PC-AT 
cards-you can put five 4-board 
computer systems in a single 
chassis only 7" high! 

I-Sus 
The Full Service PC Bus Company 

Every enclosure comes complete 
with power supply and backplane. 
All you need to add are the PC 
expansion cards for your 
application. 

Best of all, when you call I-Bus 
you'll talk to people who know the 
PC systems business, ready to 
answer questions and help with 
your unique requirements. 

Call us today TOLL FREE 
(800) 382-4229 (except CA: 
619-569-0646) . If you're into 
systems, we speak your language. 

9596 Chesapeake Drive, San Diego, CA 92123 (619) 569-0646 TLX: 910 240 0290 FAX: 619-268-7863 
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TECHNOLOGY UPDATE 
16- and 32-bit bus extensions 

through D3 onto the same bus pins. 
Cards using the upper address 
space must latch A16 through A19 

by using the rising edge of the 
MCSYNC control line. The modi­
fied STD Bus standard is known as 
STD-8088. 

The emergence of the I6-bit µP 
families , such as the 68000 and 
80X86, also in the early 80s, pre­
sented a dilemma for STD Bus­
board manufacturers. Both these 
µP families have I6-bit data paths 
and include chips having I6M bytes 
of address space. Upgrading the 
boards to STD-8088 let the boards 
easily accommodate the expanded 
address space (from IM byte to I6M 
bytes.) The upgrade multiplexed 
the address lines, A20 through A23 , 

with the data lines, D4 through D7, 

onto the same bus pins. However, 

both of the µP families define two 
control signals that can be used as 
high-byte, low-byte, or full -word 
transfers. Because the IEEE-96I 
standard accommodates byte trans­
fers only, it creates a bottleneck for 
off-board full-word transfers. A I6-
bit data transfer requires two mem­
ory fetches, reducing the board's 
throughput by half. 

Some STD Bus manufacturers 
approach the dilemma by offering 
I6-bit CPU boards that have on­
board memory for reducing bus 
traffic. The CPU-I88 card from 
Computer Dynamics, for example, 
conforms to the original IEEE-96I 
specification and contains an 80I88 
CPU, IM byte of dynamic RAM 
(DRAM), and a I28k-byte EPROM. 
It accesses an additional I28k bytes 
of off-board memory by using the 

memory expansion (MEMEX) con­
trol line, and it performs 8-bit data 
transfers on the bus. Ziatech's ZT 
88I4 single-board computer con­
forms to the STD-8088 specification 
and contains an 80I88 CPU, 32k 
bytes of RAM, and 64k bytes of 
ROM. It can access IM byte of off­
board memory and performs 8-bit 
data tr an sf ers on the bus. 

STD becomes a I6-bit bus 
To overcome the 8-bit data-trans­

fer bottleneck, the STD Manufac­
turers Group appointed WinSys­
tems Inc chairman of a committee 
to revise the STD Bus standard for 
full I6-bit data transfers. Known as 
the I6-bit specification, the revision 
provides for compatibility with all 
existing 110-mapped cards that 
don't use the MEMEX line, and for 

TABLE 1-STD BUS 16-BIT SPECIFICATION 

COMPONENT SIDE CIRCUIT SIDE 

SIGNAL SIGNAL 
PIN SIGNAL NAME FLOW DESCRIPTION PIN SIGNAL NAME FLOW DESCRIPTION 

LOGIC 1 Vee IN LOGIC POWER (5V DC) 2 Vee IN LOGIC POWER (5V DC) 
POWER 3 GND IN LOGIC GROUND 4 GND IN LOGIC GROUND 
BUS 5 VBB #1/VBAT IN LOGIC BIAS #1/BAT PWR 6 VBB #2/DCPD IN LOGIC BIAS #2/PWR OWN 

7 D:JA19 IN/OUT 8 D1/A23 IN/OUT 
DATA 9 D2/A1s IN/OUT 

DATA BUS/ADDRESS EXT 
10 Ds/A22 IN/OUT 

DATA BUS/ADDRESS EXT 
BUS 11 D1/A 17 IN/OUT 12 Ds/A21 IN/OUT 

13 Do/A16 IN/OUT 14 DJA20 IN/OUT 

15 A1 OUT 16 A1s/D1s OUT 
17 As OUT 18 A1JD14 OUT 
19 As OUT 20 A,:i/013 OUT 

ADDRESS 21 A. OUT 
ADDRESS BUS 

22 A12ID12 OUT 
ADDRESS BUS/DATA BUS EXT 

BUS 23 A3 OUT 24 A,,!D,, OUT 
25 A2 OUT 26 A1o/D10 OUT 
27 A, OUT 28 Ag/A9 OUT 
29 Ao OUT 30 A sf De OUT 

31 WR OUT WRITE TO MEMORY OR 110 32 RD OUT READ MEMORY OR 110 
33 IORQ OUT 110 ADDRESS SELECT 34 MEMRQ OUT MEMORY ADDRESS SELECT 
35 IOEXP IN/OUT 110 EXPANSION 36 ME MEX IN/OUT MEMORY EXPANSION 
37 REFRESH OUT REFRESH TIMING 38 MCSYNC OUT CPU MACHINE CYCLE SYNC 

CONTROL 39 STATUS 1 OUT CPU STATUS 40 STATUS 0 OUT CPU STATUS 
BUS 41 BU SAK OUT BUS ACKNOWLEDGE 42 BUSRQ IN BUS REQUEST 

43 INTAK OUT INTERRUPT ACKNOWLEDGE 44 INTRO IN INTERRUPT REQUEST 
45 WAITRQ IN WAIT REQUEST 46 NMIRQ IN NONMASKABLE INTERRUPT 
47 SYSRESET OUT SYSTEM RESET 48 PB RESET IN PUSHBUTION RESET 
49 CLOCK OUT CLOCK FROM PROCESSOR 50 CNTRL IN AUX TIMING 
51 PCO OUT PRIORITY CHAIN OUT 52 PCI IN PRIORITY CHAIN IN 

AUXILIARY 53 AUX GND IN AUX GROUND 54 AUX GND IN AUX GROUND 

POWER 55 AUX +V IN AUX POSITIVE (12V DC) 56 AUX -V IN AUX NEGATIVE (-12V DC) 
BUS 
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full 16-bit-wide data transfers for 
new word-wide cards. The card di­
mensions , bus connector, and 
power-supply definitions remain 
the same. Further, the revision 
supports the same interrupts as de­
fined in the STD Bus Recom­
mended Practice document, and it 
supports the CMOS STD Bus. 

To accomplish these goals, the 16-
bit specification redefines MEMEX 
and multiplexes the address and 
data lines together. Table 1 shows 
the redefined pinout for the 16-bit 
specification of the STD Bus. Data 
lines D0 through D15 share bus pins 
with the address lines A8 through 
A23• The specification uses the ma-

BHE 

TABLE 2-CORRESPONDING 
STD BUS SIGNAL 
RELATIONSHIPS 

68000 80X86 
STD BUS SIGNAL SIGNAL SIGNAL 
MC SYNC AS ALE 
MEMEX LOS BHE 

Ao UDS Ao 

chine-cycle sync (MCSYNC) line to 
latch the address lines before data 
appears on the bus. The bus master 
issues an MCSYNC signal at the 
beginning of a machine cycle to syn­
chronize peripheral devices. Be­
cause the data bus is idle during 

STD BUS SIGNALS 

~ 

this time, no performance penalty 
ensues. 

The 68000 family has two control 
lines, the upper data strobe (UDS) 
and the lower data strobe (LDS), 
which indicate whether a high-byte, 
low-byte, or 16-bit-word transfer is 
occurring. The equivalent control 
lines for the 80X86 family are the 
zero address line (A0) and the byte­
high-enable line (BHE). In addi­
tion, each µP family has a strobe 
signal that indicates when an ad­
dress is valid. The 68000's strobe 
is called the address strobe (AS), 
and the 80X86's strobe is called the 
address latch enable (ALE). Table 
2 shows the relation of these control 

1 
.>C -.,, MEMEX MCSYNC-..r <J-

AD8 C A a'Da 
AD 9 

AD 10 

-.,, A giD, 

AD 11 
-0 A10/D10 

AD 12 TRANSCEIVER 
---...J A11!011 

AD 13 
- A12/0 12 

AD 1, 
__, A13/D13 

-0 A14 /D14 ALE 
AD 1s 

'-' A, ,tD,. 
OE SIR 

t 4_ DT/R BUS AEN BUS· 
CONTROLLER ARBITRATION 

8288 LOGIC 

C A o 
DEN 

-0 A , 

'-' A , 

LINE '-' A , 
8086 DRIVER -0 A, CPU 

~ -0 A s 

r---- -0 A o 

r- -0 A1 

J ..! 
AD0 OE SIR 

'-' DoiA,o 
AD 1 

AD 2 
-0 D 1/A17 

AD 3 

-.,, D2 /A,8 

AD 4 TRANSCEIVER 
-0 D3 /A, 9 

AD 5 
"D, 

AD 6 
~ D, 

AD 7 
"D. 

-0 D1 

A, 6/S3 
1--

A, 7/S4 

A,, ts, 
3-STATE t--
LATCH t---' A, 9 tS6 

OE 

i:: 

Fig I-Interfacing an 8086 µ.P to the I6-bit specification requires a 3-state latch to accommodate the 20-bit address space. 
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A lot of companies 
daim complete 
VME capability. 

Only 
Rad stone 
can deliver it now. 
Radstone Technology is the only company in the world that 
delivers proven VMEbus board and system level products 
for every application from commercial to full Military Specifi­
cation ... and everything in between. Plus more than 30 
years of solid computer experience - more than anyone in 
the OEM board level computer market. 

ance, low cost, 
0 

Radstone's commercial VMEbus product line includes: 
16 and 32 bit processor boards, including a complete family 
of 68030-based boards 
Memory boards covering all available capacities and 
technologies, CMOS versions and VMENSB models 

• The world 's fastest and most popular SCSI boards; 
parallel, serial and analog 1/0 boards; and much more 
Development chassis with peripheral hardware and a wide . 
range of advanced operating systems 

1rta ME...true Mil-Spec VME, not "militarized!' 
All Rad stone Mil-Spec VMEbus boards fully comply with 
both VME and Military Specifications. These boards 
are built with MIL-STD-883C class B components and 
meet M IL-E-5400, MIL-E-4158 and MIL-E-16400. They 
feature low power CMOS components and conduction 
cooling via an on-board thermal management layer. 
• 68020-based processor boards 
• SCSI and 1553B interface boards 

Radstone Technology Corporation 
20 Craig Road , Montvale, NJ 07645 

Call Toll-Free: (800) 368-2738 
Eastern Region: (201) 391 -2700 
Western Region: (408) 727-4795 

• MPCC, Ethernet and serial and intelligent 
communications boards 

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

Rugged1zed VME fo severe environment, 
non-Mil-Spec, applications. 
All Radstone Mil-Spec VME modules are also offered in elec­
trically and mechanically compatible reduced environmental 
spec versions to give you low cost hardware for severe -but 
not full military-applications. Even lower cost versions are 
available for off-the-shelf development work. 

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

A lot of companies claim complete VME capability. 
Only Radstone can deliver it now. 
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signals to the signals in the 16-bit 
specification for the STD Bus. Ta­
ble 3 provides a truth table for data 
transfer. 

The memory-expansion line plays 
a different role in the 16-bit specifi­
cation than in the original IEEE-
961 specification. The original speci­
fication used the line as an addi­
tional address line for accessing 
128k bytes of off-board memory. 
The 16-bit specification uses it to 
designate when a high-byte trans­
fer occurs. Fig 1 shows the typical 
circuitry required to interface an 
8086 µP to the STD Bus under the 
16-bit specification. Fig 2 gives the 
timing diagram for a read opera­
tion. 

The WinSystems LPM-SBC50 
uses two methods for implementing 
the 16-bit specification-the 16-bit­
only mode and the address-segmen­
tation mode. The card has an NEC 
V50 CPU, which is similar to a 
CMOS 80186 µP . When operating 
in the 16-bit-only mode, the card 

x 
( Aa·A1s ) VALID 

( A,s-A19 ) VALID 

ME MEX 

TABLE 3- DATA-TRANSFER 
TRUTH TABLE 

MEMEX Ao 

0 0 
0 1 
1 0 
1 1 

CHARACTERISTIC 

FULL-WORD TRANSFER 
UPPER-BYTE TRANSFER 
LOWER-BYTE TRANSFER 
NOT DEFINED 

can transfer the upper and lower 
bytes independently, or it can 
transfer the full 16-bit-wide word. 
The card operates directly with 16-
bit memory cards, such as the com­
pany's LPM-UMC3 memory card, 
with no wait states. The BHE sig­
nal controls the ME MEX line on the 
STD Bus to indicate an upper- or 
lower-byte transfer. 

Although the 16-bit-only method 
is straightforward, it doesn't allow 
you to combine 8- and 16-bit data 
transfers. Because most existing 
I/O cards have 8-bit data paths, a 
CPU card must be able to support 
both data widths . The address­
segmentation method divides the 

Ao·!\ x== VALID 

( Da·D1s ) VALID 

( D,-D, ) VALID 

Fig 2-The MCSYNC signal indicates the start of an STD Bus cycle. Memory cards using 
the 16-bit specification use the rising edge of this signal to latch the upper addresses. 
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memory and I/O map into two ar­
eas. Cards with 8-bit data paths re­
side in one area, and 16-bit cards 
reside in the other. The LPM­
SBC50, for example, divides the 
map at address location FF HEX· 

When using the address-segmenta­
tion mode, the card transfers 8-bit 
data to address locations below the 
boundary and 16-bit data to loca­
tions above the boundary. 

You must also account for the dif­
ference in the byte-ordering con­
vention of the Motorola and Intel 
µPs when you use address segmen­
tation. In the Motorola convention, 
the high byte occupies the lower 
memory address, whereas in the In­
tel architecture, the high byte ap­
pears in the higher memory ad­
dress. When a 68000 or a 80X86 
performs a 16-bit memory-access 
operation, the disparate ordering 
conventions aren't a problem be­
cause the processor selects both 
even- and odd-byte memory loca­
tions, and it doesn't matter which 
section of memory is called even or 
odd. However, byte accesses do re­
quire the software designer's atten­
tion. The LPM-SBC50, for exam­
ple, has onboard buffer-swapping 
logic to route high- and low-byte 
data correctly to existing 8-bit I/O 
boards. 

Multibus I keeps pace 
The STD Bus is often called the 

"blue collar" microcomputer bus, 
because it's well suited to low-cost 
embedded applications that don't 
require more than 8- or 16-bit proc­
essing power. The Multibus I archi­
tecture, which was introduced by 
Intel in 1976 as an 8-bit data bus, 
was redesigned to support the 16-
bit µPs when they became avail­
able. The 1980s witnessed the rise 
of new and powerful 32-bit µPs, 
which caused Intel to introduce an 
entirely different 32-bit bus struc­
ture called the Multibus II. Many 
board manufacturers switched to 
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It's In there. 
With the YM7109, the solution to your Group 3 FAX 
design is suddenly no bigger than a 40-pin DIP or 64-
pin QFP. And, FAXSIM can cut weeks, even months 
off your design time. Because FAXSIM allows you to 
sidestep thick manuals and detailed T.4 or T.30 
documentation. There 's no need to 
interpret chip specs and study 

~ 
fc Yamaha LSI, Systems Technology Division, 
1989. Yamaha LSI, Systems Technology Division 
and the Yamaha logo are registered trademarks 
of Yamaha-Corporation of America FAXSIM is a 
trade~rk of Yamaha COrporatioo of America. 

Turbo C is aTrl!tlemad<..o~--.;'=:::::::::::::::::::--J 

It takes so llttle power. 
The YM7109 typically consumes 
only 200mW ± 25mW, so 

batteries will last longer. And, the YM7109 needs only 
one +SV supply. DTMF detect for remote control or 
security, flag pattern detect, selectable cable equal­
ization, receive signal monitoring, programmable 
receive level adjust and auto equalization are all in 
the chip. Of course, the YM7109 meets CCITT V.29, 
V.27ter, V.21 channel 2, V.23 backward channel, V.21 
and Bell 103 standards. It's compatible with industry­
standard chip sets and has been tested on both 
domestic and international telephone lines. 

Get the FAX. Just call 1-800-543-7457 

YAMAHK ... .,, 
Systems Technology Division 
3051 North First St., San Jose, CA 95134 
(408) 433-5260 FAX (408) 433-5230 
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the Multibus II or the 32-bit 
VMEbus architecture to accommo­
date the wide-data-bus CPUs. 

In 1987, Zendex Corp found a 
way to extend the capabilities of the 
16-bit Multibus I structure to trans­
fer 32-bit-wide data. The company 
calls it the TRU-32 specification, 
and it enhances the Multibus I 
(IEEE-796) specification. The 
TRU-32 specification preserves 
compatibility with Multibus I prod­
ucts so that users can maintain their 
investment in hardware and soft­
ware while upgrading their systems 
to 32-bit technology. 

The IEEE-796 specification de­
fines two connectors for Multibus 
I-a primary 86-pin (Pl) and a sec­
ondary 60-pin (P2) connector. For 
16-bit-system bus transfers, all the 
Pl connector's pins are defined, but 
the P2 connector is largely reserved 
for future definitions. Intel origi­
nally used the undefined pins to ere-

TABLE 4-TRU-32 PIN 
ASSIGNMENTS 

P2 PIN ASSIGNMENT TRU-32 SIGNAL 

31 DB16 

33 DB11 
35 DB18 
37 DB19 
39 DB20 
41 DB21 
43 DB22 
45 DB23 
47 DB2• 
49 DB2s 
51 DB2s 
53 DB21 
05 DB2s 
09 DB2• 
60 DB30 
40 DB31 
42 ADR2• 
44 ADR2s 
46 ADR2s 
48 ADR21 
50 BE0 
52 BE, 
54 BE2 
10 BE3 
14 XAEN 
34 XDAK 
36 XDEN 
59 XBEN 
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The ZX-386116 board conforms to the TRU-32 specification for 32-bit data transfers and off­
board merrwry addressing of 256M bytes . The Zendex board also contains as much as BM 
bytes of dual-port RAM. 

ate the iLBX bus (Local Bus Exten­
sion), which gives a single-board 
computer access to as much as 16M 
bytes of offboard memory by means 
of 8- or 16-bit data transfers. 

The TRU-32 specification rede­
fines the pin assignments for the 
P2 connector, which makes it in­
compatible with the iLBX specifica­
tion. TRU-32 adds 16 data lines, 
four address lines, four byte-control 
lines, and four new control lines. 
The specification expands the Mul­
tibus I specification to accommodate 
full 32-bit-wide data transfers and 
as much as 256M bytes of offboard 
memory addressing. Table 4 shows 
the redefined P2 pin assignments. 
The four new control lines are 
XBEN (extended bus enable), 
XAEN (extended address enable), 
XDEN (extended data enable), and 

XDAK (extended data acknowl­
edge). 

When XBEN is active high, it 
disables the TRU-32 interface and 
places all of the TRU-32 lines in a 
3-state condition. An active-low sig­
nal on XBEN enables the TRU-32 
interface whenever a bus cycle be­
gins. An active-low signal (issued 
by the host) on XAEN extends the 
CPU's offboard address range from 
16M to 256M bytes. 

An active-low signal (issued by 
the host) on XDEN indicates that 
the CPU is transferring data on the 
DB16 through DB31 lines. An active­
low signal (issued by a slave in re­
sponse to an XDEN command) on 
XDAK indicates that the slave is 
capable of transfers on lines DB16 

through DB31· 
The host initiates either a mem-

TABLE 5-TRU-32 CONTROL-SIGNAL TRUTH TABLE 

TRU-32 CONTROL SIGNALS INTERFACE CONFIGURATION 

XBEN XAEN XDEN XDAK 32-BIT DATA 28-BIT ADDRESSING 

HIGH x x x NO NO 

LOW LOW HIGH HIGH NO YES 

LOW HIGH LOW HIGH NO NO 

LOW HIGH LOW LOW YES NO 

LOW LOW LOW LOW YES YES 
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Of course, 
there are a few cages 
we don't build. 

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

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

EDN June 22, 1989 

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

Peripherals 
Floppy or hard drives. 31/z'' 
or 5 1/4

11 
• • • our cages and en­

closures can come with these 
and tape as well. Shoot! Our 
disk subsystems even include 
the SCSI/Floppy controller. 

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

CIRCLE NO 99 

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

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

1203 New Hope Road 
Raleigh . NC27610 
Phone: (919) 833-2000 
FAX: (919) 833-2550 
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ory-write or a memory-read bus cy­
cle by driving either the MWTC or 
the MRDC bus signal low, respec­
tively . Coincidentally, the host 
drives the XDEN line low if it 
wants to transfer 32-bit-wide data. 
Any slave that is capable of trans­
ferring data on the DB16 through 
DB31 lines must drive the XDAK 
line low within 50 nsec of the falling 
edge of the XDEN signal. The host 
accomplishes the data transfer by 
using the standard transfer-ac­
knowledge (XACK) handshake. Ta­
ble 5 is a truth table for TRU-32 
operation. 

The four byte-control lines, BE0 

through BE3, gate the four respec­
tive data bytes-DB0-DB7, DB8-

DB15, DB16-DB23 , and DB24-DBa1-
onto the Multibus. The byte-control 
lines are active only if the host re­
ceives the XDAK signal within the 
allotted 50-nsec window. When it's 
in the TRU-32 transfer mode, the 
slave ignores the standard Multibus 
byte-high-enable (BREN) control 
line and the Ao and A1 memory­
address lines. In their place, the 
slave uses the byte-control signals 

VMA 

Aa:Ois 
Als:B;, 

DTACK 
OR 
BERR 

1\ 

f\ 

1\ 

~ 

x 
J_ J_ 

~~ 
)<l Ao-Ais 
~ 

TABLE 6- G96+ PIN ASSIGNMENTS 

ROWC ROW B 

GND GND 

A,. ~ :D2a 
A11 Ag :D29 
A1a A10 :D30 
A19 A,1 :D31 
A2o A12 :D20 
A21 A13 :D21 
A22 A1, :D22 
A23 A1s :D23 

BWD BRO 
LWORD DS1 
BARB BBUSY 
GND ENABLE 
RESERVED RES 
RESERVED NMI 
IRQ3 IAQ1 (IRQ) 
IRQ5 IRQ2 (FIRQ) 
VED IACK (IACK) 

GND D,2 
P5 D,3 
P4 D1• 
P3 D,s 
P2 0. 
P1 D, 
PO Os 
RESERVED o; 
SYSFAIL BEAR 
RESERVED CHAIN IN 

RESERVED 5V BATIERY 
RESERVED -12V 
5V 5V 
GND GND 

J ~ 

t---

;f 

Jt 

_;t 

~ 
J_ 

o,.-o,, J( 

{ t 

ROWA DEFINITION 

GND 1 POWER 

Ao :D2• 2 ADDRESS 
A1 :D2s 3 LINES Ao 
A2 :D26 4 TO A23 
A3 :D21 5 
A4 :D16 6 
As :D11 7 
As :Dia 8 
A1 :D,9 9 

BGRT (BGRT) 10 CONTROL 
DSO 11 AND 
HALT 12 INTERRUPT 
SYCLK 13 LINES 
VPA 14 
RDY/DTACK 15 
VMA 16 
R!W 17 
IRQ4 (HALT ACK) 18 

De 19 DATA LINES 
0. 20 Do TO D1s 
D10 21 AND ARBI-
o,; 22 TRATION 
Do 23 LINES 
D1 24 
D2 25 
D3 26 

PAGE 27 MISC 
CHAIN OUT 28 

PWF 
12V 
5V 
GND 

29 POWER 
30 
31 
32 

for byte steering. If the host does 
not receive the XDAK signal, a 
standard Multibus I data transfer 
takes place. 

To design a Multibus I board that 
implements the TRU-32 specifica­
tion, you must program a PAL to 
execute three equations. To imple­
ment the first of these equations, 
which allows the master to address 
more than 16M bytes, the board re­
quires an address decoder that pro­
vides a signal indicating that the ad­
dress is above the boundary. The 
equation for the extended-address 
enable line is: 

XAEN=XBEN *AAB*BPRN 

Fig 3-In the G96+ specification, the bus master drives the VMA line low when address 
lines Ao through A ,s are valid. A slave latches the address on the falling edge of th'is control 
line. 

(where AAB stands for the "ad­
dress above the 16M-byte bound­
ary" signal). 

The BPRN signal is a standard 
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"From here you've got two PLD 
choices. And they're bofh GAL devices~' 
Fast, efficient state machines 

require the GAL22V10. A high­
complexity machine with a large 
number of transition terms needs the 
GAL6001. Period. 

When it comes to PLDs for 
state machines, trade-offs 
include speed, power 
and architectural flexibil­
ity. When speed is your 
most important criterion, 
turn to Lattice's GAL22V10. 
At 15 ns, it replaces the fastest 
industry-standard bipolar 
22V10, but draws half the power. 

High-complexity demands a 
different strategy. The 78 x 64 x 36 
FPLA architecture, asynchronous 

E2CMOS is a trademark of Lattice Semiconductor. 
GAL is a registered trademark of Lattice Semiconductor. 

Circle 31 for literature 

clocking, and 38 logic macrocells of 
Lattice's GAL 6001 give you a combi­

nation of functional inte-
gration and flexibility 
that's unmatched in 
any other 24-pin 
package. 

Behind these 
devices is the pioneer­

ing E2CMOS™ technol­
ogy invented by Lattice. 

Thanks to this technology, 
our GAL devices give you 

speed/power performance 
superior to any other PLD. 
Lattice GAL devices also reduce 

your cost of ownership because of 
their 100 percent testability. Every 

characteristic is tested on every part. 
Repeatedly. So functionality, pro­
grammability and AC/DC perform­
ance are fully guaranteed. 

The right PLD strategy can be the 
difference between winning and 
losing the whole ballgame. Period. 
And that leaves only two choices. The 
GAL22V10. And the GAL6001. Only 
from Lattice. 

Lattice 
Semiconductor 
Corporation™ 

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

Inventors of the E2CMOS PLDsM 

Copyright © 1989, Lattice Semiconductor Corporation . 

Circle 32 for employment information 
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Multibus I signal that makes the 
board the bus master . In addition, 
the master must assert the INHl 
line in order to inhibit any older 
Multi bus memory boards from 
responding dur ing an extended­
address memory cycle . The ex­
tended data-enable-line equation 
for transferring 32-bit-wide data is: 

TABLE 7-G96+ BYTE-SELECTION TRUTH TABLE 

LWORO os, os. Ao BYTE 0 BYTE 1 BYTE 2 BYTE 3 

XDE N = XBE N*BPRN 

The bus master must also issue the 
byte-control lines. The 80386 pro­
vides these signals, but other proc­
essors require decoders to provide 
the equivalent signals. The equa­
tion for the byte-control lines is: 

BE[O . . . 3) = XBEN *XDEN 
*XDAK *BPRN. 

Another bus architecture from 
the 1970s that's keeping pace with 
the times is the G64 Bus. The bus 

1 1 1 1/0 NO 
1 1 0 1/0 NO 
1 0 1 1/0 YES 

1 0 0 1/0 YES 

0 0 1 0 YES 

0 1 0 0 NO 
0 0 0 1 NO 
0 0 0 0 YES 

was defined by Gespac in 1979 as a 
96-pin backplane that uses DIN fe­
male connectors. The G64 modules 
consist of single-height Eurocards 
with mating male connectors. The 
original specification provides the 
necessary signals for an 8-bit, syn­
chronous I/O system. Gespac modi­
fied the specification to accommo­
dat e 16-bit, asynchronous data 
t ransfers and called the modified 
specification "G96." In 1988, the 

For more information ... 

For more.information on the 16- and 32-bit bus extensions and boards 
discussed in this article, circle the appropriate numbers on the Information 
Retrieval Service card or use EDN's Express Request service. When you 
contact any of the following manufacturers directly, please let them know 
you saw their products in EDN. 
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company extended the G96 specifi­
cation to support 32-bit, asynchro­
nous data transfer s. The lat est 
specification, G96 + , mult iplexes 
address lines ~ through A15 with 
data lines D16 through D31 • 

Table 6 shows the pinouts for the 
G96 + specification. The specifica­
t ion uses address lines A1 through 
A23 to select a 32-bit long-word he­
mory location. It then uses four 
byte-control. lines-LWORD, DS0 , 

DS1i and A0-to select individual 
bytes within a 32-bit word. When 
the bus master doesn't assert an 
L WORD command during a bus cy­
cle, the bus automatically reverts 
to a 16-bit data-t ransfer mode. Ta­
ble 7 gives a truth table for G96 + 
byte selection. 

Fig 3 shows a timing diagram for 
an asynchronous write cycle on the 
G96 + bus. The master issues a 
valid memory address (VMA) at the 
beginning of a memory-write or 
-read cycle to indicate that the ad­
dress is valid. A 32-bit memory card 
uses the falling edge of the VMA 
line to lat ch address lines A0 

through A15• After using the DS0 

and DS1 line to transfer the data, 
the memory card issues either the 
data-acknowledge (DTACK) or the 
bus-error (BERR) signal to inform 
the master of a successful or unsuc­
cessful bus cycle. 

Another major development of 
the 1980s is the emergence of MS­
DOS as an operating system for de­
veloping software on the IBM PC/ 
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A 100 MHz Digitizing Oscilloscope for $3,465. The HP 54501A. 
• 100 MHz bandwidth 
• Four channels 
• 8-bit vertical resolution 
• Instant hardcopy output 
• Full HP-IB programmability 
• Automatic measurements 

It's no typo! $3,465. Call for 
the FREE video and see the best 
price/performance, portable, 
digitizing oscilloscope on the 

EDN June 22, 1989 

market. See the power of glitch, 
dropout and TV triggering, mea­
surement limit test and dual 
timebase windowing. The HP 
54501A outperforms analog 
oscilloscopes and delivers extra 
capabilities found only in expen­
sive digitizing oscilloscopes. 
See the ease and versatility 
of the HP 54501A on videotape. 

Call HP now: 
1-800-752-0900. 
Ask for extension 216D for your 
free video, or to order. 

F/jgtj HEWLETT 
~a PACKARD 
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STIMPSON Hole Plugs offer an 
economical and simple solution to 
meet the needs of today's assembly 
and design requirements. 

STIMPSON Hole Plugs are avail­
able in a large variety of metals, 
platings, enameled and special 
finishes, complete with designs 
stamped to your specifications. 

Send for a free 
copy of our latest 
Hole Plug catalog, 
which illustrates 
over 160 Standard, 
Tubing, Knockout 
and Special Hole Plugs. 

900 SYLVAN AVE. BAYPORT, NY 11705-1097 

(516) 472-2000 
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16- and 32-bit bus extensions 

XT and PC/ AT and compatible com­
puters. To take advantage of this 
wide software base , many board 
manufacturers have ported MS­
DOS to embedded systems. In addi­
tion, manufacturers are incorporat­
ing multimaster capabilities into 
their systems. For example, Pro­
Log's System 2 Model 30 for the 
STD Bus enables MS-DOS and real­
time multitasking software to run 
simultaneously. The hardware/soft­
ware combination provides multi­
master capabilities for as many as 
eight CPUs. The CPUs-one of 
which runs MS-DOS---<'.an run con­
currently on the bus, sharing speci­
fied 110 and memory resources. 

The G96 + specification also per­
mits you to place multimaster proc­
essors on the G64 Bus. The specifi­
cation supports as many as 31 mas­
ters on the bus, along with existing 
peripherals that have DMA capabil­
ity. In addition, the Gespac AT sys­
tem provides IBM PC/ AT compati­
bility for the bus. The system con­
sists of a 10-MHz, 80286 CPU board 
with 512k bytes of DRAM, an EGA 
board, and a floppy-disk-controller 
board. The boards can also operate 
with 32-bit CPUs, so you'll be able 
to upgrade them for use with those 
chips. 

Clearly, board manufacturers are 
responding to the demands that en­
sue from advancements in technol­
ogy. Because board manufacturers 
adhere to the rule of keeping their 
new boards compatible with earlier 
standards as well as the extensions 
and enhancements, your invest­
ment-and your customer's-will 
remain intact yet allow for upgrad­
ing. Instead of being put out to pas­
ture, the mature bus structures re­
main solid productive workhorses. 

EDN 

Article Interest Quotient 
(Circle One) 

High 515 Medium 516 Low 517 
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For Screaming C30 Speed from Your AT, 
Buy Banshee™ and Hang On! 

The new Banshee System from Atlanta 
Signal Processors, Inc., can turn your 
AT or compatible into a full-blown C­
language processing engine. 

Banshee includes the first commer­
cially available co-processor mother 
board based on Tl's TMS320C30 

can add up to 16 Mbytes of DRAM 
to the system. 

Other options include a wirewrap 
board for your custom hardware ap­
plications; a 16-bit, dual-channel, 
200 kHz AID-DIA daughter board; 

microprocessor chip. The result 
is blinding 33 MFLOP speed 
that qualifies your AT for 
high-volume, high-speed cal­
culations and C30 DSP system 
development. 

Q5a.-116he~ 
The ASPI flexible memory ap­

proach further enhances AT perfor­
mance. The mother board contains 
64 to 512 Kbytes of dual access RAM 
and 8 Kbytes of dual port RAM. An 
optional bulk-memory daughter board 

EDN June 22, 1989 

a multiprocessor board and a host of 
other daughter boards under 
development. 

Banshee also provides a sophisti-

CIRCLE NO 163 

cared, user-friendly software envi­
ronment. The basic system includes 
SPOX™ (a C30 operating system), a 
program for loading and linking C30 
code on the AT host, a full-featured 
C30 program debugger, and a pro-

prietary shell program to make it 
all easy. 

For detailed specifications 
and prices, contact Atlanta Signal 

Processors, Inc., 770 Spring St., 
Atlanta, GA 30308. Telephone 
4041892-7265. 

WORLD LEADERS IN DSP DESIGN TOOLS 
SPOX is a trademark of Spectron, Inc. 
AT is a trademark of International Business Machines, Inc. 
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~National 
~ Semiconductor 

Is this the wayyour 16-bit 
controller company does business? 



THE HPC FAMILY 
NOTHING ELSE GIVES YOU 

THE SAME DEGREE OF 
FLEXIBILITY AND CHOICE. 

If you've been confronted 
with a "take it or leave it- that's all 
you need" attitude on the part of 
your 16-bit controller vendor, we 
suggest you take a new look at 
National's HPc'" family Because for 
today's complex designs in infor­
mation control, including printers, 
faxes, scanners, data storage and 
communications, you need a choice 
of optimized solutions that fulfill 
all your requirements. 

Specifically, you probably 
need more in the way of intelli­
gence, connectivity, interface and 
data handling. And much less in 
overall system costs. The HPC family 
more than measures up to these 
considerations. Let's look at just 
how well. 

MAKE THE 
INTELLIGENT CHOICE. 

Multiple functions mean 
multiple benefits. Including much 
faster context switching and inter­
rupt response, due to our compact 
54-instruction set. And higher 
system performance, because of 
our fast 30MHz clock rate, 67-ns 
instruction cycle, and 16-bit mem­
ory mapped architecture. And our 
ANSI-standard C compiler is just 
one way the HPC family can lower 
engineering costs, and speed 
your time to market. 

© 1989 National Semiconductor Corporation 

HPC is a trademark and TapePak is a registered trademark of National 
Semiconductor Corporation. 
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Call National. 
HPC PRODUCT FAMILY SUMMARY 

16-bil Memory 
Part# Timers UPI 1/0 ROM RAM Features 

HPC16003. B Yes 32 0 256 4 ICRs 
HPC16004 B Yes 32 0 512 4 ICRs 
HPC16064 B Yes 52 16K 512 4 ICRs 
HPC160B3• B Yes 52 BK 256 4 ICRs 
HPC16104 B Yes 32 0 512 BCHND 
HPC16164 B Yes 52 16K 512 BCHND 
HPC16400 4 No 52 0 256 2HDLC&4DMA 
HPC160B3MH B Yes 52 BK UV 256 UV Emulator 

Standard features: Walchdog , Synchronous Serial Per ipheral 
Interface, Uniform Memory Address Space, UART, 32X16-bit 
divide, 16X16-bit multiply, and available as standard cell. 

DEVELOPMENT TOOLS 
PC-based development system 
Relocatable C compiler. linker and symbolic debugger 

ICRs =Input Caplure Registers 
HDLC =High-Level Data Link Control 
·MIL-STD 883C 

Another 
is packaging, 
and specifically, 
our unique fea­
ture called TapePak~ As the latest 
generation in VLSI packaging, 
TapePak gives you a wide variety of 
industry-standard, high-density, 
high-leadcount options.When you 
put it all together, then throw in 
eight timers and up to 11 addressing 
modes, you can easily see why 
members of the HPC family are 
considered smart cookies indeed. 

OPT FOR INTERFACE 
AND CONNECTIVITY 

The HPC family has more 
on-chip integration , and increased 
I/O. And that can mean a lot more 
capacity to manage system functions. 
It can also mean a lot less, when 
it comes to reducing board space 
and chip count. In addition, our 
Universal Peripheral Interface (UPI) 
allows you to partition your system, 
by using the HPC as a peripheral 
to a host processor for high-end 
applications. 

CIRCLE NO 103 

PUT THROUGHPUT AT 
THE IDP OF THE LIST 

Thanks to our on-and-off 
chip uniform memory mapped 
peripherals, all data manipulation 
can be accomplished on any mem­
ory location, regardless of whether 
it's part of an external device, or 
on the HPC itself. Which can be 
very important in ISDN, SCSI and 
LAN applications. 

ASK ABOUT OUR 
NEW COMMUNICATIONS 

CONTROLLER. 

For data communica­
tions, and especially for those 
applications requiring protocol 

conversion, we offer the newest 
member of our HPC family: the 
HPC16400. It's a complete solution, 
supported by a full library of appli­
cation-specific software.With two 
full-duplex HDLC channels, driven 
by 4-channel DMA, plus one full­
duplex programmable UART chan­
nel for rate adaption, the HPC16400 
is completely optimized for TE, 
TA, and line-card applications. 

CALL AND FIND OUT MORE. 

To get a free brochure on our 
full HPC family, call us today at 
800-825-5805, ext. 100. Once you 
discover how we do business, you'll 
agree that when it comes to 16-bit 
controllers, there's only one 
company of choice: National. 

~ National 
~ Semiconductor 

129 



SAMTEC-YOUR BEST BUY 
IN INTERCONNECTSI 

ADDED VALUE 
really makes 
Samtec a 
different breed 
of cat. 

DIP sockets, capacitor sockets, 
adaptor plugs. Square socket strips, 

board spacers. Pin grid 
array sockets. 



'Samtec's fair price and ADDED VALUES 
give you more for your money in 
ways that really count!" Sam Shine, Proprietor 

ADDED VALUE-Triple in· 
spection of all parts-before 
and after assembly and during 
packaging. You get the right 
components in perfect con­
dition. 

ADDED VALUE-Fast, friend· 
ly sales and order entry 
staff. Technical answers by 
trained people who know 
Samtec products as well as 
competitive units. 

ADDED VALUE-Delivery 
when you need it, as prom­
ised-without excuses. Phone 
notification 3 days ahead if 
shipping date is changed. You 
always know your order status. 

Now, with all of these unique Samtec ADDED VALUES­
can you afford to buy your critical interconnect devices 
on price alone? More and more smart specifiers realize 
that avoiding problems before they occur far outweighs 
the initial apparent price savings. Quality is remembered 
long after price is forgotten. 

ADDED VALUE-Your "Sud· 
den Samples" will be sent 
within 24 hours. You will al· 
ways know the part is right 
before you order. 

ADDED VALUE- Zero fail· 
ure rate for Samtec intercon­
nects. This is reported by Sam­
tec customers-demanding 
OEM's, large and small. 

ADDED VALUE-Careful, 
tested packaging that assures 
perfect, on-time delivery. 
Member, "National Safety 
Transit Authority:· 

Interconnect Guide plus New 
100-page Catalog. Guide is valu­
able reference for keeping up with 
new interconnect products and 
applications. New Catalog has specs 
on all Samtec interconnects. 

EUROPEAN SAMTEC, Ltd. 35 Deerdykes View, 
HEADQUARTERS: Westfield, Cumbernauld, Scotland G68 9HN 

Phone: 02367 39292 FAX: 2367 27113 TU<: n6158 
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Machined sockets, terminal strips. 

SUDDEN SERVICE 
WORLDWIDE SAMTEC, Inc. P.O. Box 1147, 810 Progress Blvd., 

HEADQUARTERS: New Albany, IN 47150 USA Phone: (812) 944-6733 
lWX: 810-540-4095 TU<: 333-918 FAX: 812·948-5047 

Shrouded IDC terminal strips, 
matching cable strips. 

.025" sq. terminal strips, single / 
double row, shrouded. 
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SID BUS HAS 

IHISOHWAHI 
The low cost bus structure of choice for 
industrial applications, the STD Bus is not 
only rugged, reliable and simple to design 
with , it also has the best software support 
of the industrial busses. 

Development Tools 
A wide variety of development tools are 
available for dedicated PROM-based 
applications , as well as operating system 
implementations. 

• PC to STD communication packages 
allowing the use of PCs for STD system 
development. 

• Linkers and Loaders 

• Prom prep packages 

Device Drivers 
STD llllllllfacturers support their 1/0 products 
with device driver software that can be used 
with llDd without operating systems and can 
• ailed llom many popular languages. 

Operating Systems 
Bua~ offer operating 

fer a variety fl applications. 
Dist Openting Systems -

, llS DOS, and more. 
Operating Systems -VRTX, 

M'fOS, and more. 
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PRODUCT UPDATE 

Analyzer shows 33 GHz-
1.2 THz with external mixers 
According to the company, when 
Tektronix design engineers and 
marketers sat down to define the 
2782 microwave spectrum analyzer, 
their approach was to "take no pris­
oners ." The resulting product, 
which is about half the size of its 
principal competition, boasts a list 
of operating conveniences that just 
won't quit and an impressive set of 
specifications. 

The compact, 42-lb instrument 
has a 1024 x 1024-pixel, nonfading, 
2-color display that uses a CRT in 
conjunction with a liquid-crystal 
shutter. The analyzer can indicate 
the presence of signals from 100 Hz 
to 33 GHz and perform direct funda­
mental mixing to 28 GHz. Using ex­
ternal waveguide mixers, the ana­
lyzer can display signals at 1.2 THz. 
Above 5 GHz, its dynamic range is 
100 dB. Even at 28 GHz, the instru­
ment's resolution bandwidth can be 
as small as 3 Hz or as large as 10 
MHz. At 18 to 20 GHz, its single­
sideband phase noise is as much as 
30 dB lower than that of some com­
petitive instruments. The modula­
tion process yields third-order prod­
ucts that are - 90 dBc (90 dB below 
carrier) to 6.5 GHz and - 80 dBc 
above 6.5 GHz. 

The menu-driven operator inter­
face clearly demonstrates attention 
to detail. When a menu appears, the 
display shows the names of all 
menus that are above the current 
one in the hierarchy. By pressing 
the "ESC" key, you can exit from 
the current menu to one at the next 
higher level. From the top level, 
pressing "ESC" causes the menus 
to disappear and enlarges the spec­
trum display. In addition to the 
"soft" keys beside the display, the 
front panel includes a dedicated nu­
meric keypad, cursor keys, and 

A 2-cowr di.splay and a tlwughifully con­
ceived menuing system highlight the front­
panel features of Tektronix's 2782 microwave 
spectrum analyzer. 

three rotary control knobs. One 
knob always controls frequency. 
You assign functions to the other 
knobs via the menu system. 

You can also assign functions to 
the cursor keys. By pressing the 
program/run key, followed by a sin­
gle cursor key, you can execute op­
erations that would otherwise re­
quire you to press many keys in se­
quence. The instrument "learns" 
these command sequences as you 
perform them and can store 20 se­
quences in nonvolatile memory. The 
analyzer's command language is the 
same as that of a competitive prod­
uct and has become a de facto stan­
dard since the competitive prod­
uct's introduction. 

The 2782 includes two IEEE-488 
ports, simplifying the creation of 
control programs that, for example, 
send data to mass-storage peripher­
als. The analyzer costs $65,000-a 
price that's in line with that of 
competitive instruments. 

Tektronix Inc, Microwave and 
RF Instruments Div, DIS 58-183, 
Box 500, Beaverton, OR 97077. 
(800) 835-9433. 

Circle No 730 
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NotBadForA 
Five Year Old. 

We're showing you our rapid rise into high-speed, high­
density SRAMS to dramatize one singular point: Sony's serious 
commitment to your SRAM needs. 

Major SRAM investment. Answering your demands for 
higher speeds, we've beefed-up our SRAM engineering, design 
and production capabilities. Dramatically. 

Already, we're producing 16K x 4-bit models at 25, 30 and 35 
ns. 32K x 8-bit models at 25, 30 and 35 ns. 64 K x 4-bit models at 
35, 45 and 55 ns. And 256K x 1-bit models at 35, 45 and 55 ns. 

In a range of DIP, SOP and SOJ packages. 
0.8-micron CMOS technology: The best is yet to come. 

Soon we'll debut all new SRAMs based on our 0.8-micron CMOS 
technology. With even higher speeds and densities. In combina­
tions never before available. 

Sony SRAMs are shipping now. And they're available at 
very competitive prices. Backed by the reliability and responsive 
service you expect from any Sony product. 

Be a part of our success story. When you're considering 
high-speed, high-density SRAMs, first consider this: Sony's SRAM 
success story has only just begun. 

For full details, call (714) 229-4197 today. Or write Sony 
Corporation of America, Component Products Division, 10833 
Valley View St., Cypress, Califor-
nia 90630, Attn: Semiconductor s Q N ""llLT 
sales. FAX (714) 229-4271. i.® 

Sony is a registered trademark of Sony Corporation. 
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SONY HIGH-SPEED, HIGH-DENSITY SRAMS. 

MODEL CONFIG- SPEED (ns) PACKAGE 
URATION 

CXX5B63P BK x B 25/ 30/ 35 DIP 300 mil 
CXX5B63M BK x B 25/30/35 SOP450 mil 
CXX5B63J BK x B 25/30/35 SOJ 300 mil 

CXX5464AP 16K x 4 25/ 30/ 35 DIP 300 mil 
CXX5464AJ 16K x 4 25/30/35 SOJ 300 mil 

CXX5465P* 16K x 4 25/ 30/ 35 DIP 300 mil 
CXX5465J* 16K x 4 25/ 30/ 35 SOJ 300 mil 

CXX5164P 64K x 1 25/ 30/ 35 DIP 300 mil 
CXX5164J 64K x 1 25/ 30/ 35 SOJ 300 mil 

CXX5971P BK x 9 25/ 30/ 35 DIP 300 mil 
CXX5971J BK x 9 25/ 30/ 35 SOJ 300 mil 

CXX5B255AP 32K x B 25/ 30 DIP 300 mil 
CXX5B255AJ 32K x B 25/ 30 SOJ 300 mil 

CXX5B25BP 32K x B 35/ 45 DIP 600 mil 
CXX5B25BSP 32K x B 35/45 DIP 300 mil 

CXX54256P 64K x4 35/45/ 55 DIP 300 mil 

CXX51256P 256K x 1 35/ 45/ 55 DIP 300 mil 

*O/E 
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~e New 
Harris Semiconducto[ 
Creating ASICs 
for engineers 
driven 11/ new ideas. 

Your new system idea is off the drawing board. But now the market 

window is closing fast. And when you need to create ASICs that work the first 

time-on time-The New Harris Semiconductor is what your vision of the future 

demands. The New Harris Semiconductor combines the strength of four 

industry leaders-Harris, RCA, GE and lntersil-giving us unparalleled experience 

in ASICs. Our heritage in designing custom ICs is more than 20 years strong. Our 
capabilities in semicustom can help compress your development cycle times and 

shorten time to market. And we offer a wide array of standard ASICs for 
communications, automotive, military and other applications. But The New 

Harris Semiconductor is far more than your ASIC supplier. We're your ASIC partner 

-your ally in taking the risks out of ASICs. II Our proven ASIC design system 
and extensive libraries help to ensure your design's success. Our worldwide design 
centers offer a full range of assistance-working together with you as your ASIC 
specialist. And our flexible manufacturing capabilities meet your needs for both 
fast, accurate prototypes and high-volume, just- in-time manufacturing. We 
also offer a broad variety of ASIC options to meet your performance, schedule and 
cost requirements. Including standard products, gate arrays, standard cells, com­
pilers and full custom-for both conventional and rad-hard applications. In analog, 
digital, mixed A/D and power. And across a technology spectrum from CMOS and 
bipolar to dielectric isolation and GaAs. II For your vision of the future in 
ASICs, choose The New Harris Semiconductor. Today. II For more information, 
call toll-free, 1-800-4-HARRIS, Ext. 1989. (In Canada, 1-800-344-2444, Ext. 1989.) 

HARRIS RCA GE INTERSIL 

What your vision of the future demands. Today. 
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~rfect protection 
doesiit have 
to be ugly. 

Your design will need protection from the tough reality of 
the workplace. Take a look at enclosure systems from 
RITIAL. They are not only tough and functional , but 
aesthetically beautiful , too. 

See for yourself with our comprehensive handbook. 
It's filled with the most advanced packaging 
solutions ... a "how-to book" on protection! 

Plus our warehouses throughout the country maintain 
an inventory of over 200,000 units for off-the-shelf just in 
time delivery, anywhere. Fast. 

So, why put your ideas in an ugly, inadequate box that 
makes your sophisticated system look like everyone 
elses? Just give us a call at 1-800-637-4425 and we'll 
send you our full-line handbook. It's free , and the 
information may keep you from losing your head. 

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

RITTAL Corporation 
PO. Box 1284 
3100 Upper \ll lley Pike 
Springfield. OH 45504 
Phone: (513) 399-0500 
F'ax: (513) 390-5599 

CIRCLE NO 108 

137 



READERS' CHOICE 

Of all the new products covered in EDN's March 2, 1989, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, refer to the indicated pages in 
our March 2, 1989, issue, or use EDN's Express Request service. 

WIDEBAND AMPLIFIER 
Unlike conventional amplifiers, the 
bandwidth and rise time of the HA-
5004 wideband amplifier are nearly 
independent of closed-loop gain. At 
a gain of 10, the device's unity-gain 
bandwidth of 100 MHz reduces only 
to 65 MHz (pg 183). 
Harris Corp 
Circle No. 382 

DRIVER MOSFETs 
Combined with one decoupling capacitor, just one of 
the drivers from the TSC1426-1428 family of MOSFET 
drivers can replace eight discrete components. The de­
vices have dual l.2A outputs and are available in in­
verting and noninverting configurations (pg 191). 
Teledyne Semiconductor 
Circle No. 386 
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SERIAL-INTERFACE BOARD 
The LSPC Serial/2 dual-channel, 
multiprotocol serial-interface board 
for IBM PC/ AT computers uses the 
Intel 82530 serial-communications 
controller; therefore, each channel 
can support communications with a 
data terminal, a modem, an X.25 
network, or a Tl gateway (pg 199). 
Computer Modules Inc 
Circle No. 385 

SMD REPAIR KIT 
This surface-mount-technology kit includes tools, sup­
plies, and instructions for component replacement on 
surface-mount assemblies. It comes with a handheld, 
temperature-regulated, hot-air soldering/desoldering 
tool with three nozzles (pg 204). 
John Fluke Mfg Co Inc 
Circle No. 384 

INTERACTIVE DSP TOOL 
PC Data Master 2.0, an interactive DSP (digital signal 
processing) and analysis package, provides independ­
ent console and graphics windows. It also features pip­
ing facilities that let you link independent executable 
files to perform multistage data transformations (pg 
213). 
Durham Technical Images 
Circle No. 383 
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The future of computer operating 
systems is UNIX~ and the fastest way 
of getting to its next release, V4, is 
Motorola's 88000 microprocessor. 

While other companies seem to 
promise the same thing, only 
Motorola's 88000 has the solution. 
Today. 

Because the 88000 has the only 
published Binary Compatibility Stan­
dard (BCS) on UNIX System V 3.2. 

The 88000 BCS assures manufac­
turers of having application software 
on hand immediately by enabling 
release 3.2 application software to 
execute under release 4. 

That's one reason AT&T chose 
the 88000 BCS as the early development 
platform for their V4 Application 
Binary Interface. 

Designers moving software for 
other hardware platforms will spend 
months recompiling. 

We think software vendors have 
better things to do with their time. 

And systems manufacturers 

more important thing's ~M21co1rn Baldrige 

to do than Winner 198 Nat?onal 

wait for them. l\.~tv 
Don't waste 

another second. 
Call us today. 1-800-441-2447. 

®MOTOROLA 

1989. Motorola, Inc. 
All names indicated by 18 are registered trademarks of their respective holders. 
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This is why you should 
RISC"' it all. 

The Motorola 88000 
nucroprocessor. 

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

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

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

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

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

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

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

established a Binary 
Compatibility Standard 
for the 88000 family, and 
has mobilized over 30 
companies who are devel­
oping UNIX application 
software for 88000 
machines. Word Perfect~ 

It comes with a com­
plete RISC design environ­
ment: assemblers, linkers, 
code simulators, com­
pilers, emulators, logic 
analyzers and more:.v­
From companies like 
Green Hills®/Oasys~ 

iiiiiiiiiiiiillllmi Relational Technology,® 

HP,® Language Processors, 
Inc~ and Tektronix~ to 
name a few . .v-.v-.v-

The 88000 also comes 
with the full support of the 
88open, a consortium of 
over 50 leading hardware 
and software vendors 
devoted to making the 
88000 the RISC micropro­
cessor standard. 

The 88open has already 

°()" • 

Dys • 

-

® WIOJOROLA 

Frame~ Access~ the list 
keeps growing. 

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

It's not only the greatest 

RISCyou w;nn}2r~~llald""" 1988 National 

can take. It's A~ty 

the safest. "# 
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LEADTIME INDEX 

ITEM 

TRANSFORMERS Dry reed 0 44 12 44 0 0 9.0 9.4 

Toroidal 0 0 71 29 0 0 10.1 8.6 Mercury 0 43 14 43 0 0 9.0 12.5 

Pot-Core 0 0 57 43 0 0 11 .2 8.7 Solid state 0 46 23 23 8 0 8.8 11 .9 

Laminate (power) 0 22 57 21 0 0 8.4 10.7 DISCRETE SEMICONDUCTORS 
CONNECTORS Diode 21 33 21 21 4 0 6.9 6.8 

Military panel 0 33 56 11 0 0 7.1 9.0 Zener 24 28 19 29 0 0 6.8 8.5 

Flat/Cable 6 63 31 0 0 0 4.3 4.8 Thyristor 6 31 38 25 0 0 7.8 9.1 

Multi-pin circular 0 33 42 25 0 0 8.2 7.2 Small signal transistor 22 28 33 17 0 0 6.1 7.5 

PC (2-piece) 0 54 46 0 0 0 5.3 5.6 MOSFET 10 30 30 30 0 0 7.9 8.8 

RF/Coaxial 21 32 42 5 0 0 5.0 5.8 Power, bipolar 9 36 28 27 0 0 7.5 8.3 

Socket 17 35 26 22 0 0 6.5 4.7 INTEGRATED CIRCUITS, DIGITAL 
Terminal blocks 6 47 35 12 0 0 6.0 5.4 Advanced CMOS 7 33 20 33 0 7 9.8 10.0 

Edge card 6 44 50 0 0 0 5.3 5.8 CMOS 10 45 30 10 0 5 6.8 8.1 

D-Subminiature 8 40 44 8 0 0 5.9 5.1 TTL 14 42 29 10 0 5 6.6 8.7 

Rack & panel 0 40 40 20 0 0 7.4 6.4 LS 20 45 20 10 0 5 6.0 8.4 
Power 8 50 42 0 0 0 4.8 5.2 INTEGRATED CIRCUITS, LINEAR 
PRINTED CIRCUIT BOARDS Communication/Circuit 13 24 25 25 0 13 10.6 10.0 

Single sided 6 55 22 17 0 0 6.0 5.6 OP amplifier 17 32 28 17 0 6 7.6 9.2 
Double sided 0 38 48 14 0 0 7.1 8.2 Voltage regulator 5 42 37 11 0 5 7.4 8.0 
Multi-layer 0 25 62 13 0 0 7.7 8.4 MEMORY CIRCUITS 
Prototype 0 90 10 0 0 0 3.5 5.2 DRAM 16K 0 25 13 37 0 25 15.2 12.7 

RESISTORS DRAM 64K 7 36 21 21 0 15 10.6 9.6 
Carbon film 55 25 20 0 0 0 2.3 5.6 DRAM 256K 0 33 33 25 0 9 10.2 10.6 
Carbon composition 53 7 27 13 0 0 4.3 6.5 DRAM 1M-bit 0 17 17 32 17 17 16.4 14.1 
Metal film 41 30 29 0 0 0 3.2 5.0 SAAM 4K x 4 0 0 40 40 0 20 15.5 9.7 

Metal oxide 29 29 42 0 0 0 4.2 5.7 SAAM BK x 8 9 0 64 18 0 9 10.6 11 .7 
Wirewound 20 27 53 0 0 0 5.0 7.6 SAAM 2K x 8 0 0 50 33 0 17 14.3 12.6 
Potentiometers 33 33 29 5 0 0 4.0 7.0 ROM/PROM 0 49 25 13 0 13 9.5 8.8 

Networks 19 37 38 6 0 0 5.0 6.4 EPROM 64K 10 20 40 20 0 10 9.9 10.3 

FUSES 40 27 33 0 0 0 3.4 2.6 EPROM 256K 0 30 30 30 0 10 11.0 9.2 

SWITCHES EPROM 1M-bit 0 1 33 33 0 33 18.0 10.7 

Pushbutton 20 20 33 27 0 0 7.4 5.8 EEPROM 16K 14 15 43 14 0 14 10.4 9.9 

Rotary 8 30 31 31 0 0 8.1 6.3 EEPROM 64K 0 15 57 14 0 14 11 .5 12.1 

Rocker 15 16 46 23 0 0 7.7 5.9 DISPLAYS 
Thumbwheel 10 30 40 20 0 0 7.1 8.1 Panel meters 0 29 42 29 0 0 8.7 7.7 

Snap action 18 19 36 27 0 0 7.6 6.4 Fluorescent 0 0 33 67 0 0 13.0 8.7 

Momentary 18 27 36 19 0 0 6.6 7.8 CRT 12-inch monochrome 0 20 40 40 0 0 9.9 8.9 

Dual-in-line 11 22 56 11 0 0 6.8 9.4 LED 9 55 18 18 0 0 5.8 7.1 

WIRE AND CABLE Liquid crystal 0 13 49 25 0 13 12.2 10.2 

Coaxial 6 56 31 0 7 0 5.9 5.1 MICROPROCESSOR ICs 
Flat ribbon 29 41 24 6 0 0 4.0 4.1 8-bit 6 44 25 25 0 0 7.1 7.9 

Multiconductor 21 36 36 7 0 0 5.0 5.4 16-bit 10 40 30 20 0 0 6.6 9.7 

Hookup 32 45 18 5 0 0 3.5 2.6 32-bit 13 13 49 25 0 0 8.1 9.5 

Wirewrap 33 34 33 0 0 0 3.6 2.8 FUNCTION PACKAGES 
Power cords 6 62 19 13 0 0 5.3 6.2 Amplifier 13 13 37 37 0 0 9.0 8.5 

POWER SUPPLIES Converter, analog to digital 9 19 36 36 0 0 9.0 8.9 

Switcher 0 33 42 17 8 0 9.0 7.3 Converter, digital to analog 9 28 27 36 0 0 8.5 9.6 

Linear 10 20 50 10 10 0 8.6 9.9 LINE FILTERS 0 43 14 43 0 0 9.0 8.2 

CIRCUIT BREAKERS 0 42 29 29 0 0 8.0 8.4 CAPACITORS 
HEAT SINKS 8 50 33 9 0 0 5.5 6.9 Ceramic monolithic 39 21 25 15 0 0 4.9 7.0 

BATTERIES Ceramic disc 14 31 32 18 0 5 7.8 6.7 

Lithium coin cells 9 45 36 0 0 10 7.3 5.9 Film 14 36 29 21 0 0 6.6 7.9 

9V alkaline 50 33 17 0 0 0 2.3 3.6 Aluminum electrolytic 6 55 22 17 0 0 6.0 8.8 

Real-time clock back-up 17 33 50 0 0 0 4.9 6.4 Tantalum 7 39 27 27 0 0 7.5 7.5 

RELAYS INDUCTORS 7 33 40 20 0 0 7.2 8.6 

General purpose 8 42 17 33 0 0 7.7 6.9 

PC board 12 35 29 24 0 0 7.0 10.8 Source: Electronics Purchasing Magazine's survey of buyers. 
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Take the Motorola 88000 RISC* 
microprocessor. 

It's being supported by a com­
plete array of business software. 
For applications like office auto­
mation, desktop publishing, word 
processing, database management, 
spreadsheets and MS/DOS­
compatible software. And the list 
is growing. 

Thanks largely to the efforts of 
the 88open, a consortium of over 50 
leading hardware and software ven­
dors devoted to making the 88000 
the RISC microprocessor standard. 

The 88open has developed 
a Binary Compatibility Standard 
(BCS) that guarantees a standard 
software design environment 

llidlf 

FrameMaker 

for the 88000. So, in the same way 
that MS/DOS~ software runs on 
any PC, any software written for 
one 88000-based machine runs 
seamlessly on every 88000-based 
BCS-compliant system. 

What's more, since AT&T has 
endorsed the 88000 BCS as the 
early development platform for 
their UNIX System V4 ABI, the 
88000 is the fastest way to get to 
tomorrow's UNIX V.4. 

For more information, call or 
write Motorola Inc., P.O. Box 20912, 
Phoenix, AZ 85036.1-800-441-2447. 

It's not only the greatest RISC 
you can take. ~MakolmBaJdri.., 
It' th _ ( t Winner 1988 N ational s e sares . Qµality 

Award 

~~ 

®MOTOROLA 

'Reduced Instruction Set Computer. 

© 1989, Motorola Inc. All names indicated by TM or ® are trademarks or registered trademarks of their respective holders. 
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Hitachi's New HS/532 
One-time-programmable 8-bit Microcontroller 
Handles the Toughest Real-time Control Tasks with Ease 

The Clydesdale. Superior strength and stamina, yet 
easy to work with. Created by man and nature to 
excel in a specific role ... tackling heavy-duty work. 

Handling tough jobs is the same idea behind 
Hitachi's newest workhorse: the HS/ 532 
microcontroller-bred to excel at the most 
demanding real-time event control tasks. 

This 8-bit microcontroller harnesses the power of a 
lOMHz CPU with a 16-bit internal architecture. It 
muscles its way through complex math problems 
with a 200ns minimum instruction cycle time, 2.3µs 
16 x 16-bit register multiplies, and 2.6µs 32/ 16-bit 
register divides. In addition, the HS/ 532 supports "C", 
making it easier for you to put its power to work. 

The HS/ 532 ZTAT™ (Zero Turn-Around Time) 
microcontroller features an unprecedented amount of 
one-time user-programmable EPROM ... 32 Kbytes. 
The ZTAT microcontroller gets you to market fast. 
The very day you finish development. No waiting for 
mask ROM parts. You get unbeatable flexibility­
change code instantly without creating an inventory 
of obsolete devices. The ZTAT feature also saves you 
money by eliminating mask charges and minimum 
order quantities. For high volume, you can go to a 
mask ROM version of the HS/ 532 for the lowest 
high-volume unit cost. 

The HS/ 532 contains a wagonload of on-chip 
peripherals; including 1 Kbyte RAM, 8-channel 
10-bit A I D, 8 timers, a serial communications 
interface, 65 110 pins, and a data transfer 
controller-all tightly packed in a small, surface­
mount plastic package. This combination of high 
integration and large memory makes the H8/ 532 a 
true single-chip solution. 

EDN June 22, 1989 

Now you have the right device for challenging 
office automation, automotive, industrial, and 
telecommunications applications. Applications 
requiring heavy-duty math, 1/0, or timing control. 
The HS/ 532 provides the horsepower for a broader 
range of applications than you thought a single 8-bit 
microcontroller could ever manage. 

Development with the HS/ 532 is easy, with 
our full stable of development tools running on 
IBM PC* or VAX* computers: a "C" compiler, a 
cross-assembler, a simulator I debugger, an in-circuit 
emulator, ZTAT programming socket adapters, and 
a low-cost evaluation board. The HS/ 532 has a 
familiar architecture, and its instruction set is 
similar to industry standards. 

With the HS/ 532, you can harness a whole 
team of Hitachi devices to work together in your 
application: memories, peripheral devices, logic, 
LCD drivers, opto and analog ICs. 

The HB/ 532 is the first in a long line of new H8 
workhorses. Each created for a different cost/ 
performance objective. All HS devices have the 
bloodlines common to all Hitachi products-quality 
and reliability. For more information on the hard­
working HS/ 532, contact your local Hitachi Sales 
Representative or Distributor Sales Office today. 

Literature Fast Action: For product 
literature only, CALL TOLL FREE, 1-800-842-9000, 
Ext. 6809. Ask for literature number SB-110. 

*IBM PC and VAX are trademarks of IBM Corp. and Digital Eq ui pment 
Corporation , respect ively. 

Hitachi America, Ltd. 
Semiconductor & LC. Division 
Hitachi Plaza 
2000 Sierra Point Parkway, Brisbane, CA 94005 
Telephone 415 / 589-8300 

@HITACHI® 
We make things possible 
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MIXED 
ANALOG-DIGITAL 

To meet the demand 
for greater levels of 

system integration, you 
can design an ASIC 

that combines analog 
and digital circuitry on 
a single IC. The design 
options now available, 
ranging from special­

function arrays to large 
- cell-based design li­
braries, make it sim­

pler than ever to create 
mixed analog-digital 

AS I Cs. 

EDN June 22, 1989 

Richard A Quinnell, Regional Editor 

If you're like many system designers, your next project 
will cry out for high integration. Because of constraints 
on board size and production costs, you'll want to im­
plement a lot of functions with a relatively low parts 
count. The solutions you're familiar with-PLDs and 
programmable gate arrays along with discrete­
component analog circuits-won't be adequate for this 
task; they take up too much board space. You'll need 
a mixed analog-digital ASIC (application-specific IC). 

Mixed analog-digital ASIC technology has expanded 
in recent years to offer a wide variety of options, both 
in performance and ease of implementation. You have 
a choice of process technologies and design strategies. 
For example, you can design at the transistor level 
or work with predesigned circuit macros. You may 
even find an ASIC that is completely prestructured 
for your application and requires only minor modifica­
tions to meet your specific needs. The choice you make 
will depend on your analog-performance requirements, 
your circuit's complexity, and the integration level you 
need. 

Consider the process 
The first step in choosing a mixed analog-digital 

ASIC is to consider the process technology. Generally 
speaking, you'll want to choose a bipolar process for 
high-performance or high-power applications and a 
CMOS process for applications that are mostly digital 
(Ref 1). The small-signal npn transistors in most bipo­
lar ASIC offerings have toggle frequencies (ft) of 
greater than 500 MHz; some go as high as 6 GHz. In 
bipolar ASICs, you can find medium-sized power tran­
sistors whose current-handling capability is conserva­
tively rated at 200 mA. In fact, transistors with even 
higher power are available, but they're better left off 
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You can design a mixed analog-digital 
ASIC as either an array-based or a 

standard-cell-based circuit. 

chip because their power dissipation and large die sizes 
complicate the design. 

If high integration is your aim, however, CMOS is 
your best choice. Logic gates are much smaller and 
easier to implement in CMOS, so you can achieve much 
higher digital-circuit density. Although their overall 
linear performance is not as good as that of bipolar 
devices, CMOS devices handle analog switches and ac­
tive filters very well. 

You can design a mixed analog-digital ASIC in one 
of two ways: It can be either array-based or standard­
cell based. Which method you choose will depend 
strongly on the particular ratio of analog to digital 
circuits, the performance needed from both the analog 
and the digital circuitry, and the production quantities. 
Typically, circuits that use arrays are more than 80% 
analog, need higher analog performance, and have 
smaller production quantities. Standard-cell-based cir­
cuits are about 30% analog, require better digital per­
formance, and are intended for large-volume produc­
tion. 

Array-based ASICs begin with a partly finished wa­
fer. The array vendor processes the wafer through all 

the steps necessary to fabricate a collection of dis­
jointed circuit elements. You complete the circuit by 
specifying its interconnections. This fabrication method 
allows you to design your circuit without first having 
to design the transistors. You can then proceed as 
though you were working with a collection of discrete 
transistors. If you'd rather design at a higher functional 
level, you can use a library of macros (layout patterns 
for commonly used circuits such as op amps), which 
vendors typically off er to fit their arrays. Designing 
with the macros is much like designing with off-the­
shelf components. If you're weak in analog design, you 
can always have the vendor assist in or take over the 
circuit's design while you supply only the specifications. 

Because the arrays are partly finished, their NRE 
costs will be lower than those of standard-cell-based 
ASICs. For example, when you use the arrays, you'll 
pay to design two mask layers instead of the typical 
16 to 20. NRE costs for arrays range from $3000 to 
$40,000, depending on how much design the vendor 
performs. Prefabrication has its drawbacks, however. 
You may need a different combination of active and 
passive components or transistor types than the array 

TABLE 1-REPRESENTATIVE MIXED ANALOG-DIGITAL ARRAYS 

ANALOG TOGGLE TURNAROUND 
PRODUCT VOLTAGE FREQUENCY OR TRANSISTOR ANALOG/DIGITAL GATE TIME 

COMPANY NAME PROCESS (V) GATE DELAY BANDWIDTH RATIO CAPACITY (WEEKS) 

AT&T ALA501 BCDMOS 350 10 MHz N/A 80/20 35 6 TO 8 
MICROELECTRONICS 

ALA450 8-l'm 30 2 MHz 250 MHz 50/50 384 6 TO 8 
BIPOLAR 

CHERRY GENESIS 4-l'm 50 50 NSEC 800 MHz 40/60 TO 70/30 250 8 
SEMICONDUCTOR BIPOLAR 

EXAR DELTA 2000 3-l'm 20 - 1 GHz 4 GATES/CELL VARIABLE 2 TO 4 
DELTA 4000 BIPOLAR 

LSI LOGIC LAD 310 BiCMOS 5 0.8 NSEC 6 GHz VARIES 600 TO -
46,000 

MICREL MPD8020 CMOS 100 2 NSEC 4 MHz 50/50 200 9 TO 12 
SEMICONDUCTOR DMOS 

BIPOLAR 

MICRO LINEAR FB3635 BIPOLAR 12 2 NSEC 720 MHz 50/50 132 8 

FB3480 BIPOLAR 36 2 NSEC 720 MHz VARIES 140 8 

SGS-THOMSON POLYUSE J BIPOLAR/ECL 15 100 MHz 3 GHz 75/25 TO 95/5 54 TO 486 4 
MICROELECTRONICS 

PLESSEY ULA DF BIPOLAR 5 0.8 NSEC 2 GHz 50/50 2500 6 
SEMICONDUCTOR SERIES 

MA SERIES CMOS 14 50 MHz N/A VARIES 45 TO 8 TO 16 
1150 

SILICON SYSTEMS MSA 6600/ CMOS 12 1.8 NSEC 1.5 GHz 50/50 TO 90/10 70 8 TO 10 
6700/6900 BIPOLAR/ECL 
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(a) (b) 

You can define the transistors as either npn or pnp devices in the Flexar Delta array from Exar. You can wire a transistor site as either 
polarity. You choose the array width you need and add bonding pads as necessary to obtain additional 110 lines . The array before bonding 
pads have been added appears in a; the array complete with bonding pads is shown in b. 

provides. To accommodate the difference, you'll have 
to choose an array large enough to meet the greatest 
need and waste the extra elements. Worse still, the 
array may not be available in a size that meets your 
needs; in that case, you'll be forced to redesign your 
circuit to fit. 

UNIT COST 
NAE COST (100,000) COMMENTS 

$35,000 $5 TO $6 INTENDED FOR HIGH-VOLTAGE SWllCHING. 

$22,000 $3 TO $4 

$3000 TO $0.75 TO $3 
$5000 

$20,000 $1 TO $2 ARRAY DESIGN ALLOWS USER TO SPEC-
IFY SIZE AND COMPONENT MIXTURE. 

CONSULT FACTORY 

$30,000 TO $5 TO $25 INTENDED FOR SMART-POWER 
$40,000 APPLICATIONS. 

$40,000 $2.50 

$7500 $5 SPECIALIZED ARRAY FOR SWITCHING-
POWER-SUPPLY CONTROL. 

$10,000 TO FROM FIVE ARRAY SIZES IN FAMILY. 
$30,000 $1.17 

$15,000 TO $3 ARRAY MIXTURE IS OPTIMIZED FOR 
$20,000 EACH APPLICATION. 

$10,000 TO - ARRAY MIXTURE IS OPTIMIZED FOR 
$50,000 EACH APPLICATION. 

$29,000 TO $5 TO $10 
$55,000 
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Arrays come in two varieties: component arrays and 
tiled arrays. The component arrays offer a circuit pat­
tern that makes no distinction between analog and 
digital areas. Tile arrays, on the other hand, have their 
elements in blocks that are optimized for each purpose. 
A tile array's block structure simplifies automatic cir­
cuit placement and routing, but if you use it, you risk 
wasting silicon area. An array that has enough digital 
tiles may have too many analog tiles, or vice versa. 
Between 25% and 30% of Silicon System's customers, 
for example, have circuit designs that fit poorly into 
the company's standard arrays, according to array­
development engineer Greg Winner. For those custom­
ers, he says, the company creates custom array combi­
nations. 

To reduce wasted silicon in their array-based prod­
uct, Exar developed the Flexar Delta Series. This com­
ponent array does not have fully defined components. 
Instead, it offers a collection of generic sites that you 
define along with your circuit wiring. A transistor site, 
for example, can become an npn transistor, a pnp tran­
sistor, or a buried resistor, depending on the way you 
connect it. An interconnection site can be used to make 
signal lines cross one another or can become a capa­
citor. 

The Flexar array is expandable. Instead of being 
restricted to using a set array size, you can extend the 
array along one dimension to encompass the number 
of elements you need. Predefined I/O structures lie 
along two edges of the array, and the manufacturer 
places bonding pads as needed along the other two 
edges once you've chosen the array's size. 

If you find after completing your array design that 
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Prefabrication has drawbacks-you may 
need a different combination of compo­

nents or transistors than the array provides. 

you're wasting a lot of silicon, you can take advantage 
of an alternative that many vendors offer-custom ICs. 
Custom ICs may be less expensive for large production 
quantities (more than 100,000). You can begin your 
production with a standard array. Then, when produc­
tion volumes dictate, you can have the array vendor 
redesign your circuit to eliminate the waste. When the 
custom device is ready, you can simply substitute it 
for the array-based device without disturbing produc­
tion. 

A drawback to many arrays is the relatively small 
amount of logic they can hold. The available gate count 
typically ranges from tens to hundreds of gates. One 
exception is the LSI Logic LAD 310 Series. This 
BiCMOS tiled array takes the best advantage of both 
technologies: Its analog tiles are fabricated in bipolar 
technology and its digital tiles are fabricated in CMOS 
technology. The arrays come in a variety of sizes; the 
largest size offers as many as 46,000 usable gates to­
gether with enough transistors for 100 op amps. 

Control costs by planning for test 

When you design a mixed analog­
digital ASIC, you should be 
aware that device testing will 
contribute significantly to your 
ASIC's production cost. Fortu­
nately, you can influence this cost 
early in the design stage. The 
more you design for testability, 
the less testing will cost when 
your ASIC is in production. For 
example, by adding analog multi­
plexers to your circuit, you can 
partition your design into smaller 
sections that can then be tested 
independently. The way you par­
tition your design's analog section 
affects both how easy test devel­
opment will be and how fast you 
can test devices during produc­
tion. The more time and money 
you spend on developing test 
software, the less you'll spend on 
production testing, and vice 
versa. You'll have to make that 
tradeoff in the design stage, 
therefore. 

There are essentially three lev­
els at which you can partition 
your design's analog portion (Ref 
A). At the first level, you sepa­
rate the digital and analog sec­
tions, providing a means of con­
trolling their input lines and 
monitor their output signals inde­
pendently of each other. This 
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level allows you to test your digi­
tal logic at high clock rates with­
out being concerned about the re­
sponse time of the analog cir­
cuitry. You can then test the ana­
log section as a block, verifying 
its performance without both­
ering with the details of its inter­
nal performance. Choosing this 
level results in a reduced set of 
tests for the analog section, but 
the tests are highly customized, 
and hence error prone. The test­
development time may be long 
and the fault coverage may not 
be as high as you require. You 
may also have a hard time finding 
someone capable of writing a 
thorough test program for your 
ASIC. 

The second level of partitioning 
divides the analog section fur­
ther, segregating functional 
blocks such as comparators and 
instrumentation amplifiers. Writ­
ing test programs for these blocks 
is a much easier task. You could 
develop a library of generic test 
software and adjust its parame­
ters for specific implementations. 
This library would then be appli­
cable to many devices. The disad­
vantage of this method, of course, 
is that the amount of device over­
head required, both in silicon and 

I/O pins, will increase. Test time 
may also increase, because you're 
performing more tests. 

The third level of partitioning 
permits you to test each analog 
component individually. Creating 
the test software becomes almost 
trivial. You can use standard test 
routines and obtain the test speci­
fications from data sheets. Unless 
you have only a few analog ele­
ments, however, the test-pin re­
quirements can be prohibitive. 

Ultimately, the level of parti­
tioning you choose is a matter of 
tradeoffs. The finer a partition 
you use, the easier and more reli­
able the test will be, but the more 
time you'll spend writing the test 
software. Another way to look at 
the tradeoff is that as test-devel­
opment costs go down, test time 
and test-related device overhead 
increases. You must decide in the 
design stage which of these 
tradeoffs you're willing to make. 

Reference 
A. Bubrowski, Ken, and Tho­

mas Wang, "Mixed analog/digital 
ASICs," VLSI Systems Design, 
September 1988, pg 60. 
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If arrays are not adequate for your needs, consider 
using a cell-based design. Cell-based designs, also 
called all-layer semicustom devices, do not begin with 
prefabricated circuit elements. All the fabrication steps 
depend on your design. You define your circuit by 
using functional blocks that are already designed and 
stored in the vendor's standard-cell library. Both ana­
log and digital functions are included, so designing with 
these standard cells is much like designing with dis­
crete devices. 

Design a standard-cell-based circuit 
The term "standard cell" refers to a cell's physical 

design: The cells have uniform height; they vary in 
width to accommodate the number of transistors 
needed. The common height dimension simplifies cell 
placement and makes it easy to route power and signal 
connections. The method applies to both analog and 
digital cells, although the heights are different. (Digital 
cells are much smaller than analog cells.) 

You design a standard-cell-based circuit by using 
functional blocks drawn from the vendor's cell library. 
Library entries come in a variety of forms, including 
cells, megacells, compiled cells, and soft macros. Many 

Separate digital and analog tiles are visible in this array from 
Silicon Systems. 
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Standard-height cells form rows that make it easier for you to route 
the power and signal lines in this cell-based design. The analog cells 
are much larger than the digital cells. (Photo courtesy NCR) 

SSI functions are simply single cells. Megacells are 
large functions that can't fit into the standard height. 
Compiled cells are standard-height cells that vary in 
width depending on the circuit's needs. A memory ar­
ray, for example, is a compiled cell that varies with 
the number of bits needed. Soft macros are larger func­
tions composed of a set of cells. However, the set has 
no defined form; it is defined as needed to fit the avail­
able space. Further, the overall shape doesn't have to 
be rectangular. 

No tools needed 
Typically, you need a workstation, such as a Sun or 

Apollo machine, to perform schematic capture, and you 
need a workstation or a mainframe to perform simula­
tion when designing a standard-cell-based ASIC. An 
exception to this workstation requirement is the stan­
dard-cell offering from Advanced Linear Devices. You 
design an ASIC with the company's cells the same 
way you would design a board with its standard prod­
ucts-you create a schematic, then breadboard your 
design to test its performance. If the breadboard works 
in your system, the company claims, so will the ASIC. 

The reason this technique works is that the com­
pany's standard products are also the standard cells. 
The technique's similarity to board design allows you 
to create a mixed analog-digital ASIC with a minimal 
investment in tools. The FSK-11 design kit costs $185 
and contains samples of all the company's standard-cell 
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Arrays come in two varieties: component 
arrays and tiled arrays. 

analog parts. A kit for military-grade parts, FSK-12, 
costs $495. To add digital circuitry to your breadboard, 
you can use any 4000 or 74HC Series logic device. The 
standard-cell ASIC can accommodate as many as 100 
gates. 

of usage-just doesn't hold for analog," says Plessey 
applications engineer Phil Welsh. 

Vendors of both array-based and standard-cell-based 
ASICs simplify your design task by offering libraries 
having predefined components. A major problem in 
creating libraries of analog functions, however, is the 
number of possible library entries. "Seven cells account 
for 60% of digital cell usage," says IMP's marketing 
director, Peter Hillen, "but analog cells are more fluid." 
"The 80/20 rule-20% of the library accounts for 80% 

To accommodate the nearly infinite variety of analog 
needs, IMP, Gould/ AMI, and several other companies 
have chosen to use their cell libraries simply as a start­
ing point. The companies then modify the cells to ac­
commodate specific needs, taking the analog design 
out of the customer's hands entirely. Sierra Semicon­
ductor has chosen to create a very rich library of func­
tions: It offers more than 300 analog and digital cells. 

A number of other vendors have taken a niche ap­
proach, modifying their cell libraries and arrays to 
meet the needs of specific application areas. Plessey 

TABLE 2-MIXED ANALOG-DIGITAL STANDARD CELLS 
ANALOG 

OPERATING PROTOTYPE 
VOLTAGE DESIGN TOOLS TURNAROUND 

COMPANY PRODUCT NAME PROCESS (V) GATE DELAY REQUIRED (WEEKS) 

ADVANCED LINEAR FUNCTION SPECIFIC 3-µm CMOS ±7.5 OR 15 SIMILAR TO 74HC DESIGN KIT 12 TO 16 
DEVICES SINGLE METAL OR 4000 SERIES 

CMOS 

ANALOG DEVICES BiCMOS MIXED SIGNAL 2-µm BiCMOS ±15 6 µSEC NONE 30 INCLUDING 
DESIGN TIME 

EXAR N2000 2-µm CMOS 18 0.8 NSEC MENTOR 8 TO 10 

GOULD AMI CCI MIXED MODE 2-µm CMOS ±6 OR 12 2.5 NSEC SPICE ON 8 
2-LEVEL METAL WORKSTATION 

INTERNATIONAL ACL 1.2 1.2-µm CMOS 3 TO 11 0.5 NSEC - 10 TO 14 
MICROELECTRONIC DCL 1.2 
PRODUCTS 

MICRO POWER SYSTEMS - BIPOLAR 36 1.2 NSEC SCHEMATIC 20 TO 26 
CMOS CAPTURE INCLUDING 

BiCMOS DESIGN 

NATIONAL SCL SERIES 2-µm CMOS 15 0.9 NSEC D4 ON SUN, 6 TO 8 
SEMICONDUCTOR BiCMOS DEC, OR APOLLO 

2-LAYER METAL 

CLAS IC BIPOLAR 15 1.8 NSEC IBM PC 

CMOS 12 2 NSEC 
SCHEMATIC 8 TO 10 
CAPTURE 

NCR MICROELECTRONICS VS1500 1.5-µm CMOS 5 0.4 NSEC 
2-LAYER METAL NCR 

VS2000 2-µm CMOS 5 0.55 NSEC PROPRIETARY 5 TO 8 

2-LAYER METAL 

SEATTLE SILICON CHIPCRAFTER/MAX 1.2-, 1.5-, AND 5 <1 NSEC MENTOR/APOLLO 8 
2-µm CMOS (1.2-µm VALID/SUN 

PROCESS) 

SGS-THOMSON TSGSM SERIES 3.5-µm HCMOS 12 6 NSEC ANALOG DESIGN 7 TO 10 
MICROELECTRONICS 1 METAL LAYER SYSTEM ON VAX, 

2 POLY LAYERS DAISY, OR 
MENTOR 

SIERRA SEMICONDUCTOR scaooo 1.5-µm CMOS 3.3 OR 5 1 NSEC MONTAGE 5 TO 7 
DAISY 

MENTOR 

STANDARD MICROSYSTEMS CUSTOMIZATION 1.6-µm CMOS 4 TO 6 1.1 NSEC - 7 
2-LAYER METAL 

UNITED SILICON - 1.2-, 1.5-, AND 5 0.57 NSEC SOLO 1200 <6 
STRUCTURES (US2) 2-µm CMOS 
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Semiconductor, for example, offers arrays structured 
to meet the needs of disk-drive manufacturers. 

Another niche-oriented array vendor, Micrel Semi­
conductor, has designed its MPD8020 array for smart­
power applications. The array has power FETs and 
predefined areas for an op amp, an overtemperature 
sensor, a bandgap reference, a comparator, and a digi­
tal gate array. You define the logic and interconnec­
tions, then specify such details as amplifier gain and 
comparator thresholds to create your customized de­
vice. 

Micro Linear has taken a similar approach with its 
FB3480 switch-mode power-supply array. The array 

NRE COST COMMENTS 

$20,000 TO $50,000 YOU DESIGN BY BREADBOARDING A 
CIRCUIT WITH THE DESIGN KIT. 

$50,000 TO $200,000 TURNKEY DESIGN SERVICE. 

$35,000 TO $100,000 VENDOR DOES ANALOG DESIGN. 

VARIES CUSTOMER DOES DIGITAL DESIGN; VENDOR 
DOES ANALOG DESIGN. 

$35,000 TO $80,000 

FROM $70,000 TURNKEY DESIGN SERVICE FROM 
SCHEMATIC. CELLS COME FROM STANDARD 
PRODUCTS. 

FROM $40,000 BREADBOARD KIT AVAILABLE. 

$35,000 CMOS DESIGNS ARE TURNKEY ONLY. 

$30,000 TO $50,000 CUSTOMER DOES DIGITAL DESIGN; VENDOR 
DOES ANALOG DESIGN. 

$35,000 TO $70,000 DESIGN SERVICE WITH FOUNDRY CONTACTS. 

$10,000 TO $40,000 

$60,000 

$25,000 TO $55,000 CUSTOMER DOES DIGITAL SCHEMATIC 
CAPTURE ONLY; VENDOR DOES ANALOG 
DESIGN AND IC LAYOUT. 

$10,000 TO $50,000 LOW-VOLUME/PROTOTYPE SERVICE 
10 TO 10,000 PIECES; E-BEAM DIRECT WRITE; 
NO MASK CREATED. 
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You don't need special design tools when you use Advanced Linear 
Devices' design kit. The company's design library consists of stan­
dard cells that the firm also offers as off-the-shelf parts. After you 
design a breadboard with those parts , the company simply turns 
your breadboard into an ASIC. 

contains all the building blocks needed for a switch­
mode controller: oscillator, voltage reference, error 
amplifier, undervoltage lockout, and drivers. You also 
have a user-definable area for comparators, logic, and 
other circuits. You design your custom logic, then give 
final specifications for the analog building blocks. In 
eight weeks, you can get a customized switch-mode 
controller for an NRE cost as low as $7500. 

Regardless of the design methods you have chosen, 
you will want to simulate your circuit to verify its 
performance before you begin fabricating a prototype. 
In the past, the lack of adequate CAD tools­
simulation in particular-has been a major stumbling 
block to the engineer who designed mixed analog­
digital ASICs. That situation has changed. Several ma­
jor vendors have announced mixed-mode simulators 
that they believe will chip away at that stumbling 
block. Their goal is to provide you with a simulator 
that allows you to validate your design without your 
first having to become an IC expert. Says Gould/AMI's 
engineering vice president, Gerald Homstad: "Without 
an effective, accurate, timely mixed-mode simulator 
in the customer's hands, this is effectively a custom 
business." 

Early attempts at mixed-mode simulation simply 
handled the digital and analog sections separately, us­
ing logic simulation and Spice. There was no method 
of accounting for interaction between the two parts. 
If the digital portion was small enough, Spice was used 
for the entire circuit. Then vendors created glue soft­
ware that allowed the two simulators to exchange in­
termediate results. This method did little to resolve 
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Some vendors take a niche approach, modi­
fying their cell libraries and arrays to meet 

the needs of specific application areas. 

the differences in timing and accuracy between the 
two simulations. Still, in the hands of knowledgeable 
users, the glued-together simulators proved adequate. 

Now, however, vendors are offering mixed-mode 
simulators for the systems engineer. Silicon Compiler 
Systems (San Jose, CA), which created a new business 
unit to develop mixed-mode simulators, combined its 

Lsim digital simulator with Meta-Software 's 
(Campbell , CA) HSpice. Sierra Semiconductor com­
bined its schematic-capture and modeling software 
with SCS tools to produce Montage, a mixed-mode 
simulator that's fast enough to evaluate design changes 
interactively. Analogy (Beaverton, OR) has combined 
its Saber analog behavioral simulator with GenRad's 

Manufacturers of mixed analog-digital ASICs 

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

Advanced Linear Devices 
1180 S Mira Loma Way 
Sunnyvale, CA 94086 
( 408) 720-8737 
Circle No 650 

Analog Devices 
Box 9106 
Norwood, MA 02067 
(508) 658-9400 ext 216 
Circle No 651 

Aptek Technologies Inc 
700 NW 12th Ave 
Deerfield Beach, FL 33442 
(305) 421-8450 
TLX 441020 
Circle No 652 

AT&T Microelectronics 
555 Union Blvd 
Dept 50AL330240 
Allentown, PA 18103 
(800) 327-2447 
Circle No 653 

Cherry Semiconductor 
2000 S County Trail 
East Greenwich, RI 02818 
( 40 I) 885-3600 
TLX 6817157 
Circle No 654 

Exar 
222 Qume Dr 
Box 49007 San Jose, CA 95161 
( 408) 434-6400 
TWX 910-339-9233 
Circle No 655 

Gould/AMI 
2300 Buckskin Rd 
Pocatello, ID 83201 
(208) 233-4690 
Circle No 656 
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International Microelectronic 
Products (IMP) 
2830 N 1st St 
San Jose, CA 95134 
(408) 434-1281 
TLX 4991041 
Circle No 657 

LSI Logic 
1551 McCarthy Blvd 
Milpitas, CA 95035 
( 408) 433-8000 
TLX 172153 
Circle No 658 

Micrel Semiconductor 
560 Oakmead Parkway 
Sunnyvale, CA 94086 
(408) 245-2500 
TWX 910-379-0007 
Circle No 659 

Micro Linear Corp 
2092 Concourse Dr 
San Jose, CA 95131 
( 408) 433-5200 
Circle No 660 

Micro Power Systems 
3151 Jay St 
Santa Clara, CA 95054 
( 408) 727-5350 
TWX 910-338-0154 
Circle No 661 

Micro-Rel 
2343 W 10th Pl 
Tempe, AZ 85281 
(602) 968-6411 
TWX 910-950-1941 
Circle No 662 

VOTE ... 

National Semiconductor 
2900 Semiconductor Dr 
Box 8090 
Santa Clara, CA 95052 
(408) 721-3031 
Circle No 663 

NCR Microelectronics 
2001 Danfield Ct 
Fort Collins, CO 80525 
(303) 226-9500 
Circle No 664 

NEC Electronics 
401 Ellis St 
Mountain View, CA 94039 
(415) 960-6000 
TWX 910-379-6985 
Circle No 665 

Plessey Semiconductor 
1500 Green Hills Rd 
Scotts Valley, CA 95006 
(408) 438-2900 
Circle No 666 

Seattle Silicon 
3075 112th Ave NE 
Bellevue, WA 98004 
(206) 828-4422 
Circle No 667 

SGS-Thomson Microelectronics 
1000 E Bell Rd 
Phoenix, AZ 85022 
(602) 867-6100 
TLX 249976 
Circle No 668 

Sierra Semiconductor 
2075 N Capitol Ave 
San Jose, CA 95132 
(408) 263-9300 
Circle No 669 

Silicon Systems Inc 
14351 Myford Rd 
Tustin, CA 92680 
(714) 731-7110 
Circle No 670 

Standard Microsystems 
35 Marcus Blvd 
Hauppauge, NY 11788 
(516) 273-3100 
Circle No 671 

Sunshine Semiconductor 
2727 Newport Blvd W 
Newport Beach, CA 92663 
(714) 675-6171 
Circle No 672 

Teledyne Semiconductor 
1300 Terra Bella Ave 
Mountain View, CA 94039 
(800) 888-9966 
Circle No 673 

United Silicon Structures (US2) 
1971 Concourse Dr 
San Jose, CA 95131 
( 408) 435-1366 
Circle No 674 

VTC Inc 
2401 E 86th St 
Bloomington, MN 55420 
(612) 851-5200 
Circle No 675 

Please also use the Information Retrieval Service card to rate this article (circle one): 
High Interest 518 Medium Interest 519 Low Interest 520 
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One source. 
A spectrum of solutions. 
We deliver a full spectrum of rad-hard 
solutions, with military-standard and semi­
custom products at tactical and strategic 
levels. Every aspect of UTMC's DESC­
certified manufacturing - from design 
through final screening - is focused on 
meeting rad-hard requirements. Using our 
production-proven process, our ASICs 
deliver the hardest rad-hard of any epi- or 
bulk-CMOS supplier, with specifications to 
106 rads total dose (107 functional~, 5xl014 

neutrons/cm2
, SEU below 3.4x 1 o- errors/ 

bit-day, and dose rate immunity better than 
1 o9 rads/sec. And you can be confident that 
our rad-hard products will meet datasheet 
specs after irradiation - we guarantee it. 
Moreover, we offer JAN-QUAL Class B, 
MIL-STD-883C, SMDs, and Level S. Our 
CAE tools support your semicustom designs 
on popular workstations, while our 
HIGHLAND® Design System makes 
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first-pass success our standard. When your 
program goes into production, we deliver. 
And by specifying UTMC for tactical 
applications, you get guaranteed rad-hard 
solutions for a small premium over standard 
non-hardened parts. Plus you save the 
expense, risk and time of individual part 
qualification. So whether your program calls 
for kilorad or megarad-plus, call UTMC for 
information on our full spectrum. 

1-800-MIL-UTM C 
I 575 Garden of the Gods Road 
Colorado Springs, CO 80907 

HIGHLAND is a registered trademark of 
United Technologies Microelectronics Center. 

•

UNITED 
TECHNOLOGIES 
MICROELECTRONICS 
CENTER 

FIRST IN HIGH-REL 
CIRCLE NO 111 
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PLD Design the Easy Way 
SIMPLY OPTIMAL! 

Now you can truly become an expert in PLO, LCA™, and gate 
array design. 
LOG/iC ... gives you the power and speed needed to meet 
today's demands. 
•True Logic Synthesis - LOG/iC gives you total freedom in 

design entry and implementation. 
• Tnae Optimimtion - LOG/ iC squeezes your design into the 

smallest possible PLO. 
•True Economy - LOG/iC saves you time and money in the 

design and debug cycle. 
• True Power - LOG/iC 
is fully compatible with all 
platforms, it's modular, and 
has worldwide support. 

Optimize Your Design! 
Call Toll-Free Today. 

1-800-777-1202 

adams· macdonald 
C 0 A P 0 R A T I 0 N 

800 Airport Road 
Monterey, CA 93940 

•-1'.J~ LCH\ATA® 
--... ~ ll u-111 • ©1989 ISDATA ---------

~-- ~c°AW i:~d r~~?::~~~~~cm~rk r:f~~H~e: trademarks of ISDATA. 
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See us at DAC Booth 1849 

CIRCLE NO 112 

"Better than new!" 
When you're ready to buy test equipment, 

previously owned equipment is the best choice. You'll 

get all the advantages of owning premium-quality 

equipment, plus a substantial cost savings. 

Leasametric offers a wide variety of test equipment 

for sale from more than 80 top manufacturers. 

Get the llest names 
in the ht1siness. From 
the llest name in the 

business. Leasa1netric. 
1-800-553-2255 

Leasametric 
Instrument Rental Division 
1164 Triton Drive 
Foster City, California 94404 

Count on us. 
A member of The Marmon Group of companies 
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This special-purpose arratrMicro Linear's ML34380-provides all 
the functions needed for a switch-rrwde power-supply controller. The 
user customizes the logic area and sets specifications for the major 
analog blocks. 

(Concord, MA) Hilo and with Gateway's (Westford, 
MA) Verilog digital simulators. NCR has teamed up 
with Analogy and HHB Systems (Mahwah, NJ) to link 
Saber/CADAT with NCR's proprietary DesignSim 
tools. And Seattle Silicon has added the Mixed ASIC 
Expert (MAX) option to its ChipCrafter design system. 

The long-term goal of many vendors of mixed analog­
digital ASICs is to give their customers the ability to 
customize their own cells. Both IMP and Gould/ AMI 
are developing tools to generate compiled analog 
cells-cells that are computer designed from a set of 
parameters. The first results are already available from 
IMP, which offers a compiled switched-capacitor filter. 
The designer need only specify the filter's characteris­
tics; the software creates the cell. Gould/ AMI expects 
to have a similar filter-design tool for in-house use this 
year. Beyond that, however, no manufacturer has re­
leased any definite timetable for any other kind of 
analog cell. EDN 

Reference 
1. Moore, Bruce and Will Ritmanich, "Consider the trade­

offs when evaluating linear-semicustom ICs," EDN, Febru­
ary 4, 1988, pg 135. 
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exam. If you are satisfied, pay the purchase price 
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Convention says that gate 
arrays often take months to 
develop. 

Convention says that 'ITL 
and PLD-based designs sacrifice 
production cost effectiveness. 

Maybe it's time you flaunted 
convention. 

With Xilinx Programmable 
Gate Arrays. They give you all the 
benefits of gate arrays, but you 
can program them right at your 
desktop. 

Xilinx Programmable Gate 
Arrays cut months off your devel­
opment cycle and replace boards 
full of 'ITL and PLDs. 

You don't worry about NRE, 
because there isn't any. 

You work with a proven stan­
dard part that has already been 
100% tested down to the last 
transistor. And our standard 
parts are priced the way most 
standard parts are priced. Low 
and getting lower. 

~-----T-im-e t-o ~-1a-rk-et_____ If all this Sounds too 
Weeks 0 

I 
5 10 15 20 good to be true, consider 
1 1 1 1 the evidence: 

\'e rilicalion Protol}1)ing Ernluation 

Gate Array 
Design engineers are 

using more than 2,500 
of our development 

Programmable 
Gate Array Systems. And this year 

Cut up to 15 weeks.from yaur design schedule. Became Xilinx they'll Create more than 
Proqrammable Gate Arrays mean no waiting, and no risk. 10, 000 designs, guided 

Any way yau /JJok at it-speed, 
density orprice-Xilinx's Proqram­
mable Gate Arrays makR canwn­
ti!Jnal /JJgic desiqn seem prehistoric 
by comparisan. 

by Xilinx's comprehensive design 
tools and complete technical 
support. 

Production benefits are well 
proven: We've already shipped 
more than a \.,,....,. 
million fully ~Jt<:#l<f"I 
tested parts. ,, .. ""~~ 

So if you're 
tired of working 
the conventional 
~ 

l:XJUNX 
lClH0- 70 

rwsc 
JOllOUIJl 

Proqrammable design cuts yaur fXJJr>nSes, not 
yaur aptiJJns. Xilinr Q[fm yau a broad range qf 
Logic Cell™ Arrays for e1t'ry a]Y/Jlication. 

way, take a look at Xilinx's Pro­
grammable Gate Array. Our new 
data book shows you how to get 
more density with less risk and 
get your ideas to market faster. 

Just call (800) 255-7778. In 
California call (408) 559-7778. Or 
contact your local Xilinx distrib­
utor, rep, or sales office and ask 
for a copy. 

It defies conventional logic. 
But it makes perfect sense. 

f: XILINX 
The Programmable Gate Array Company"' 
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Think of it. Building the first laptop computer with the speed and graphics of a 
high-end workstation. Now imagine taking it from design to manufacturing in 

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

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

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

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

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

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

Across the board. 

LSI 

ACROSS THE BOARD 
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Elevate 
Your 
T I I 

g. 
The power and flexibility of 

VHDL integrated into a complete 
EDA environment. We call it 
System-1076:M It's a comprehen­
sive architectural design and anal­
ysis tool suite. And there's nothing 
else like it. 

System-1076 eliminates the barriers 
between architecture and logic design. 
In a single automated environment, 
designers conceive and analyze a sys­
tem from the highest possible level to 
its detailed implementation. 

System-1076 features the industry­
standard VHDL for high-level design 
description . And since hardware 
designers know that a picture often 
says more than a thousand words, we 
developed an interactive graphical 
interface. 

System-1076 is more than a clever 
HDL, however. Much more. VHDL 
models execute directly in Mentor 
Graphics' QuickSim™ logic simulator. 
No translations required. There's also 
a powerful source-level debugger to 
quickly spot architectural design 
flaws. 

System-1076. System design 
from top to bottom. 

For more information about 
System-1076, call toll-free 
1-800-547-7390. 



Design Feature 

Delta modulators 
simplify 

• AID conversion 

Although you can use many different meth­
ods to perform A/D conversion) few are as 
flexible as delta modulation and none ex­
ceed its harware simplicity. 

Barry Harvey, Elantec Inc 

Delta modulators are useful circuit tools for performing 
AID conversion. Although they can't convert rapidly 
changing analog inputs with high accuracy, delta modu­
lators can perform highly accurate conversions on slow 
inputs or moderately accurate conversions on audio­
frequency inputs. Keeping these speed constraints in 
mind, you can take advantage of a delta modulator's 
key attributes-hardware simplicity and circuit flexi­
bility. Delta modulators let you enhance a variety of 
performance characteristics such as conversion accu­
racy, dynamic range, and noise level. By modifying 
the basic delta-modulator circuit, you can configure 
several circuits, including an AID converter, a quan­
tized-feedback converter, a VIF (voltage to frequency) 
~onverter, and a companding modulator. 

F ig 1 shows the basic components of a delta modula­
tor. The circuit compares the analog input to a feedback 
current that comes from the integrator's input and 
goes through Rr. The comparator compares the sum­
ming junction to OV and passes on the result to the 
input of the D-type flip-flop. The flip-flop's output con­
trols an analog switch that connects RiNT to either 
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V REF+ or V REF -, thereby completing an overall feed­
back path. The DG243 analog switch and the flip-flop's 
digital data-out line are clocked and change state only 
once per clock cycle. The delta modulator is thus a 
servo system that attempts to balance the duty cycle 
of a stream of pulse-coded bits against an analog input 
voltage or current. 

Delta modulators perform only one bit (an un­
weighted bit) of digital conversion per clock cycle out 
of the maximum 2"-1 possible counts of an n-bit digital 
word. A delta modulator therefore requires 211 clock 
cycles to complete a full-scale AID conversion. Fortu­
nately, because of their hardware simplicity, delta 
modulators can run on fast clocks. Although a delta 
modulator performs many of the same functions as an 
integrating AID converter, a delta modulator's output 
is useful even in the middle of the 2" possible counts. 
Like a tracking AID converter, a delta modulator at­
tempts to keep a valid running total of the analog input. 

Choose components carefully 
Because high clock frequencies are present in the 

circuit, you must carefully select the components in 
your delta modulator. The comparator should have a 
propagation delay that's short compared with the cir­
cuit's clock period. Also, the comparator should have 
a high gain to preserve the modulator's noise character­
istics. Because the circuit's servo action keeps the com­
parator inputs nearly in balance , the comparator 
shouldn't exhibit any tendency to oscillate. The EL2018 
comparator satisfies these criteria; it has a fast re­
sponse time (20 nsec) and a high gain (30,000). More-
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A delta modulator is a servo system that 
attempts to balance the duty cycle of a 
stream of pulse-coded bits against an analog 
input signal. 

over, the EL2018 is less prone to oscillate than a typical 
ECL comparator. 

Another device, the EL2019, combines a D-type flip­
flop with a comparator. This device doesn't provide 
the amplified comparator output that can generate 
parasitic feedback to the input. You can also use the 
LM311 comparator, which can work at clock rates to 
2 MHz. 

The integrator op amp you select should have a gain­
bandwidth product at least as great as the clock fre­
quency. If the integrator doesn't have a high enough 
gain-bandwidth product, it won't effectively filter out 
the analog switch's waveform and will therefore de­
grade the system's noise characteristics. In Fig l 's 
circuit, the EHA2500 maintains a low enough output 
impedance at high frequencies to preserve its filtering 
ability. However, many op amps, such as those whose 
main compensation device is a Miller integrator, don't 
maintain a low output impedance at moderate-to-high 
frequencies. The 2500 series of op amps are compen­
sated with a capacitor connected to a supply rail (ac 
ground) and therefore display better impedance charac­
teristics as a function of frequency. 

The final component of a delta modulator that you 
must select is an analog switch. The suggested DG243 
switch has a reasonably low charge injection. The 
charge injection occurs with every transition of the 

0.1 µF 

r 
R1N 

v,. 0--v'\N'-- ----f 

2k 

R, 
2k 

V-

V+ 

-: 

CLOCK 

0.1 µF 
(300 kHz) 

-: 

c, ~ 

analog switch's digital control input. The integrator 
captures the charge as an error. The higher the clock 
frequency, the greater the number of output data tran­
sitions per second and the greater the accumulated 
error due to the charge injection. 

A delta modulator's output is a pair of serial lines-a 
data line and a synchronizing-clock line. Fig 2 shows 
the analog input (VIN), the integrator's output, and the 
digital data stream. Note that the servo action of the 
modulator loop attempts to make the integrator's out­
put closely track the negative of the analog input. The 
summing-junction voltage therefore represents the ac­
cumulated error of the modulator output with respect 
to the input analog signal. When the analog input rises, 
the summing-junction voltage rises, and the com­
parator provides a series of ones through the flip-flop. 
The stream of ones causes the analog switch to connect 
RINT to V REF+ more often than V REF - and drive the 
integrator output more negative, thereby balancing 
VIN at the summing junction. 

Because the digital stream in Fig 2 isn't synchronized 
to the analog input, the stream appears as a blur of 
transitions. Note that a majority of ones occur if the 
input has a positive slope (shown as a thick trace at a 
high logic level). Conversely, if the analog input has a 
negative slope , a majority of zeros result, and the re­
gions of zero slope establish a 50% duty cycle in the 

+5V 

s Vee 

0 11274LS74 

CP 

GNO 

-: 

Q 

Q 

0.1 f' F 

~ 

SERIAL 
---0 DATA OUT 

<r-- VREF, (SV) +SV 

.__----------+---0 CLOCI-. OUT 

er-- VREF ( - SV) 

Fig I-The basic components of a delta modulator include a comparator, an integrator op amp, a D-type flip-flop, and an analog switch. 

176 EDN June 22, 1989 



Fig 2-A scope trace from Fig J's circuit shows the analog inpitt, 
the integrator's outpitt, and the serial-data outpitt. Note that the 
servo action of the modulator loop attempts to make the integrator's 
output closely track the analog input. 

digital output data. Also, note that the digital output 
continuously attempts to track the moving analog in­
put. In Fig 2, the analog input is set near the modula­
tor's slew-rate limit to enhance the digital pattern for 
the photograph. Normally, the output-data stream has 
about a 50% duty cycle, which makes the patterns in 
the stream difficult to see. 

The integrator, which is placed in the feedback path, 
causes the output data to represent the derivative of 
the input. When the modulator receives a steady input 
voltage, the integrator output settles to a balanced 
level. The integrator doesn't require a net-input cur­
rent to maintain this level. The digital output then 
produces an equal number of zeros and ones so that 
the analog switch toggles equally between V REF + and 
V REF - and provides a net-zero input current to the 
integrator. A rising input causes the summing junction 
to rise and causes the comparator to output more ones 
through the flip-flop. You can assume that each one 
in the digital data output is equal to the input; the 
change in the output is equal to 

V reft(Ri/Rr) 
Rint CrF clock 

A zero represents the negative of the above equation. 
The resulting voltage is the LSB value, and the rms 
noise is 1

/3 this voltage. 
If RIN = Rr and the largest VIN equals V REF• the dy-
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Fig 3--You can convert Fig l's di_qital output back to analog 
form . The EHA2500's interiwl f eedback resistance i.~ in slmnt with 
the capacitor, C1, thus restoring the de level. 

namic range is 2RiNTCINTF CLOCK· You can maximize the 
dynamic range by raising CiNT and F CLOCK as much as 
possible. The maximum slew rate that the integrator 
can accommodate is determined by IiNT/Cr. In Fig l's 
circuit, IiNT is set at 2 mA. In a circuit that properly 
handles a lOV p-p input to 3 kHz, the analog slew rate 
will be 0.094V/µsec. You must therefore limit Cr to a 
maximum of 0.022 µF. Using this value and the dy­
namic range of 256 (8-bit quantization), the clock fre­
quency should be at least 2.3 MHz. You can increase 
the clock frequency in this circuit tenfold and still ob­
tain a signal-to-noise ratio as high as 72 dB. 

You can convert the digital output from Fig I back 
to analog form by using the circuit in Fig 3. The lack 
of a de baseline in the integrator output presents a 
problem, but you can restore the de level by placing 
a resistor, RnNT, across the capacitor, Cr. RnNT• how­
ever, degrades the filtering action of the integrator 
and adds quantizing noise equal to 

which is limited in bandwidth to about F MAxCR1NT/ 
RnNT). To minimize the conversion noise in this exam­
ple, RnNT should be greater than 512 RiNT for a 2.3-MHz 
clock. Note that the integrator and the V REF offsets 
are magnified by the ratio RnNT/R1NT· 

To avoid the de offset problem inherent in a classic 
delta modulator, you can use the circuit of Fig 4. In 
this configuration, the digital output represents the 
level of the actual signal, not its derivative. The com­
parator attempts to null the integrator output by pro­
viding a string of ones and zeros whose duty cycle 
tracks the average value of the input. The integrator's 
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A delta modulators serial digital output 
takes the form of a data line and a synchro­
nizing-clock line. 
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Fig 4-An average-output delta modulator avoids the de-offset problem inherent in a classic delta rrwdulator. The digital output represents 
the level of the actual signal, not its derivative. 

output represents the derivative of the modulator's 
error. 

One of the oddities of delta modulators is that their 
digital outputs are sometimes unpredictable. Many 
possible bit patterns can represent an analog input, 
but a modulator often chooses its own pattern. Much 
of this unpredictability is caused by digital feedback 
that goes to the input of the integrator or the compara­
tor. At high clock rates, the integrator has difficulty 
maintaining the attenuation implied by its RiNTCr prod­
uct. An op amp with a gain-bandwidth product compa-

SERIAL 
DATA IN D Q 

74LS74 

~LOCK CP a 

6 6 
- - DG243 

R, 

R,N 

Fig 5-In a demodul.ator circuit, the offsets are magnified by the 
ratio R;,,IR1+ 1. The circuit's gain accuracy is usually limited only 
by resistor ratios. 
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rable to the clock frequency can alleviate this problem. 
You can convert Fig 4's digital output to analog 

data by using the circuit in Fig 5. In this configuration, 
the offsets are magnified by RIN/Rr+ 1; RIN/Rr is approxi­
mately equal to unity in most cases. This circuit's gain 
accuracy is usually limited only by resistor ratios. The 
circuit's noise and dynamic range are typically 6 dB 
worse than that of a standard delta modulator. How­
ever, the circuit has an accurate baseline and performs 
better at low frequencies than do standard delta modu­
lators. 

This type of modulator is the basic circuit of a de 
isolation amplifier. The serial data and the clock signal 
are transformer coupled from the input modulator to 
the output demodulator. Because the transformer iso­
lates the input and output grounds, the circuit can 
withstand as much as 2000V of common-mode voltage. 
The circuit has an accuracy of 0.1% or better. Even if 
the digital lines are long, the data retains its integrity 
through the isolation amplifier. 

At low bandwidths of about 5 Hz, you can make the 
delta modulator's dynamic range high enough to handle 
six digits of data resolution in instrumentation systems. 
Audio signals are too fast for delta modulators to ac­
commodate; you would have to sacrifice dynamic range 
to keep clock frequencies manageable. Also, you would 
need a 25-MHz clock to maintain an 8-bit dynamic 
range across the 20-kHz audio band. 

The AID converter in Fig 6 illustrates one possible 
application of Fig l's delta-modulator circuit. The 
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RESET 
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Fig 6-You can design an AID converter based on a delta-modulator circuit. The data in the counter, which accumulates each clock's 
serial data, is a valid estimate of the analog input at the instant it's read. 

modulator and the counter are reset for each new meas­
urement. Assuming a positive voltage is present at 
V1N, the modulator provides a series of ones, and the 
integrator output ramps negative, eventually balancing 
the comparator input. The comparator then provides 
a 50% duty-cycle stream of ones and zeros, and the 
integrator output dithers around a count equal to 
-1 VIN(R/RIN). The counter accumulates each clock's 
serial data and also dithers around a final count. Even­
tually, the circuit reads the counter's data, and the 
converter is reset for the next conversion. 

The data in the counter is a valid estimate of the 
analog input at the time the data is read. You don't 
need a sample-and-hold circuit to stabilize the analog 
input for conversion; the delta modulator and the 
counter track the analog ·input dynamically. The reset 
pulse sets both the integrator output and the counter 
to an initial zero-offset calibration. 

Design a fast quantized-feedback converter 
You can also use a delta-modulator circuit to perform 

the quantized-feedback method of AID conversion (Ref 
1), which is u~ed in some DVM chips. Fig 7 shows the 
analog section of a fast quantized-feedback converter. 
The converter has two periods: autozero and measure. 
During the autozero cycle, the control logic switches 
the input to ground, closes the measure/zero switch, 
and cycles the up/down switch four clock cycles up and 
four clock cycles down. The 50% duty cycle sets IREF 
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equal to V REF/2Rr. The feedback through the measure/ 
zero switch causes the voltage follower's output to pro­
vide a current, - IREF· This action sets up a voltage 
on CAz to emulate a V REF - and null the integrator-offset 
voltage. 

During the measure cycle, the input is connected to 
VIN, the measure/zero switch is open (to sample and 
hold the - IREF reference level), and the up/down wave­
shape in either Fig 7b or Fig 7c is applied, depending 
on the comparator output at the beginning of the up/ 
down period. The counter accumulates either a count 
of + 6 or - 6 for each sequence of eight clock cycles 
in the up/down period. Seven clock cycles up and one 
clock cycle down cause the up/down switch to add an 
average current of 7IREF/4 to the integrator input. At 
the same time, the stored CAz voltage sets up a - IREF 
current; a total current of 3IREF/4 goes to the integrator 
for each up/down cycle. The sequence of one clock cycle 
up and seven clock cycles down adds an average of 
IREF/4 to the integrator input; the - IREF autozero cur­
rent going to the integrator equals - 3IREF/4. 

The control logic establishes up/down cycles that are 
worth + 6 or - 6 digital counts and are followed by a 
final fine conversion. When the input is connected to 
ground, the integrator is driven 12 counts positive by 
two logic-one sequences of the up/down switch. The 
up/down switch is then connected to ground while the 
data counter decrements each clock cycle. When the 
integrator output is driven through ground potential, 
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Although many possible bit patterns can 
represent the analog input in a delta modu­
lator) the modulator usually chooses its own 
pattern. 

the comparator signals the control logic that the count­
ing is complete. Throughout the process, the integrator 
capacitor holds the modulator's error signal, which was 
resolved to the last LSB of count during the fine­
conversion time. 

Because all the up/down periods have one positive 
and one negative transition, the charge injection from 
the up/down switch is constant and isn't dependent 
on the code. The circuit nulls the switch's dynamic 
errors during the autozero period and maintains 
linearity for all the codes. The system constantly nulls 
the integrator output during the measure interval, re­
moving any sensitivity to dielectric-absorption error 
in the integrator capacitor. The circuit in Fig 7 works 
at a clock frequency of about 1 MHz, limited by the 
integrator and the analog-switch speeds. 

Faster speeds are possible 
The quantized-feedback converter in Fig 8 works 

at clock speeds of about 20 MHz. To configure this 
circuit, replace the up/down switch in Fig 7 with a 

DG243 

O---O VREF 

switched current source that includes a reference, 
REF -05, and the transistors in the EL2015 array, 
which has four well-matched pnp transistors on one 
monolithic chip. Q1 compensates for Q2's V BE (base to 
emitter voltage) error, and the base current of~ com­
pensates for Q2's base-current error. A simple capacitor 
to ground at the summing junction replaces the inte­
grator. This scheme works well because the compara­
tor causes the loop to act as a servomechanism between 
the summing junction and ground, minimizing the error 
voltage on CINT· Few conversion errors occur as long 
as Cr is large enough to keep the error voltage less 
than V1N<MAx/dynamic range. 

In a 41/2-digit AID converter, for example, the volt­
age on CiNT should be less than 100 µ V for a 2V full­
scale input. This voltage isn't large enough to operate 
a normal comparator reliably, but the EL2019 performs 
well with small inputs, even at 20 MHz. The EL2019 
has an internal D-type flip-flop that prevents the ampli­
fied comparator input from escaping the EL2019 pack­
age and causing feedback. Because the EL2019 has a 

r UP/DOWN 

M 
v,.o-o 

Z M 

DG243 
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DIGITAL 
CONTROL 

LOGIC 

LD121 

COMPARATOR 

MEASURE/ZERO 
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J 0 ,,, 0 
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~NE UP/DO~ 
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~I IC 
(b) 

µNE UP/DO~ 
PERIOD 
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Fig 7-The quantized-feedback method of AJD conversion, which is used in some DVM circuif.s, has two periods: autozero and measure. 
The up/down waveform in (a) occurs during the autozero cycle, the waveform in (b) occurs during a I-sequence measuring cycle, and the 
waveform in (c) is present during a 0-sequence measuring cycle. 
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10-nsec setup time and a 3-nsec typical hold time, the 
clock doesn't interfere with the analog conversion. The 
EL2019's analog input is quantized when the clock edge 
occurs. 

To effect the autozero function , the circuit employs 
the typical switch timing, except that the EHA2600 
autozero buffer is an integrator whose input is the 
comparator's output. This arrangement ensures low 
drift in the autozero feedback during conversions, 
keeping conversion offsets low. The EHA2600 has a 
good bandwidth and a bias current of only tens of 
nanoamperes. Alternatively, you could also use an 
LM356. With resistor values of 2k and 15k, the com­
parator approximately clocks a 50% duty cycle and 
closes the autozero loop, thereby nulling the summing­
junction voltage. 

+15V 

V1N 

OUT 

REF-05 Rt 
2.5k 

+ 
3.3k 1 µF 

GND 

02 

+ 
-=-

i IREF 
2 mA 

M -=-
V1N 0--0 

z 

-=- Ros 

C1NF I 

(~RF) 
-=-

CAZ 

When the clock is running at 20 MHz, the circuit can 
perform as many as 400 conversions/sec at a 41/2-digit 
resolution. Compared with a dual-slope converter, the 
analog circuitry is simpler and less critical, but its digi­
tal sequencing is more involved. Considering the avail­
ability of economical gate arrays, though, the circuit 
in Fig 8 is the better alternative. 

Perform V/F conversions, too 
You can also use delta modulators as V/F converters, 

such as the one shown in Fig 9. In this circuit, the 
charge pump replaces the analog-feedback switch. In 
the standard-feedback method , the circuit integrates 
a current for a clock-controlled time; that is, a fixed 
charge is metered into the integrator. In Fig 9, the 
output of a CMOS NAND gate places a voltage across 

0 1-0 4 ARE 
IN THE EL2015 ARRAY 

CUSTOM 
DIGITAL 

CONTROL 
LOGIC 

'-----------;--- - - ---. FAST CLOCK 

DG243 
M 

.2k . 

15k 

-15V 

L----- - - -------------------4.__--------- , MEASURE/ZERO 

Fig 8--You can design a quantized-feedback AID converter that operates at clock frequencies to 20 MH z. To do so, replace the up/down 
switch in Fig 7's circuit with a switched current-source composed of REF-05 and the four transistors in the EL2015 array. 
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The dynamic range of a delta modulator 
is high enough to handle six digits of data 
resolution at low bandwidths. 

R1N 

2k 

o, 
1N914 

Dz 
1N914 

V+ 
0.1 µF 

~ 

_Q µF 

V-

CLOCK 
(FCLOCK ;o 2FourMAX) 

c, 
100 pF 

GATES ARE PART OF 
THE 74HCOO 

,__.__r. VREF(+SV) 

+ 

1
1 µF 

Fig 9-By using a charge pump instead of an analog-feedback 
switch in an average-outp'!il delta modiilator, you can construct a 
VIF converter. 

V1N O---.JW...--------1 

Cr for each clock-low cycle. If the analog input rises, 
the EL2019 provides a high signal after the next posi­
tive clock edge. The NAND gate then provides a low 
signal during the next clock-high level. This negative 
edge couples through Cr and D1 to send a charge ap­
proximately equal to V ccCr into the modulator's sum­
ming junction. If the negative charge from Cr can suffi­
ciently drive the summing junction below ground, the 
EL2019 provides a zero during the next positive clock 
edge, and no charge injection occurs at the next clock 
cycle. If the charge can't sufficiently null the junction, 
the comparator provides another high in the next clock 
period, and the charge pump begins to operate again. 

According to this procedure, the V/F converter gen­
erates several half-clock pulses per second that are 
proportional to the input analog voltage. The output 
frequency, F ouT, is insensitive to both the reference 
clock's frequency and the duty cycle, as long as the 
reference clock's frequency is greater than the con­
verter's output frequency. A simple frequency counter, 
which measures the output, completes the AID conver­
sion. Because the output-pulse train has an unpredict­
able pattern (but a predictable duty cycle), the noise 
of the measurement depends on the period of the fre­
quency counter's gate. Increasing the value of CINr 

reduces the output noise of the counter measurement. 
However, because the V/F converter's noise is shifted 

SERIAL 
~-----------+--------1-----nDATAOUT 

~-----.---------+-------11...-+--------0 CLOCKOUT 

R11 CLOCK 

Rn 
D1N 

SHIFT REGISTER 
CP 

R13 Oo a, a, 03 

R14 

DECODER 
2-T0-4 DECODER 

COUNT! COUNT! 

a, Oo COUNT! 
2-BIT 
COUNTER COUNT! 

Fig 10--Based on an average-output modulator, this circuit uses companding feedback to expand the dynamic range. 
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One company offers 
1,2,5, & lOMHz 12-bit sampling 

AID converters. DATEL. 
Superiordynainicperfonnance 
brings both hannonic distortion 
and signal-to-noise ratios to 
new lows. 

We're working hard at DATEL to bring 
you new lows - to create new highs in 
performance. The Im.vest harmonic distortion. 
The Im.vest non-linearity. The Im.vest absolute 
accuracy errors. The Im.vest power consump­
tion. The Im.vest physical size. And the Im.vest 
price. All to produce the highest dynamic and 
static performance in sampling AID converters 
available anywhere. 

Features unavailable anywhere 
else in all models include an inter­
nal sample hold with full power input 
bandwidth higher than Nyquist frequency, 
together with a functionally complete 
architecture. DATEL has truly produced 
the First complete Family of 12-bit AOCs. 

With DAIEI.., you now have four new 
reasons guaranteed to shorten your AOC 
selection cycle. Bottom-line, compare these 
converters with our competition and you11 
see that there is no reason to look anywhere 
else. Call us at (508) 339-3CXXJ. 

Sampling Effective Bits at nm· at Power Price Model Nyquist Nyquist Package Rate Frequency Frequency Dissipation {1-9) 

ADS-112 lMJ-lz 11.0 -73dB 1.3 watts 24-pin oorr $259 

ADS-132 2MHz 11.0 -73dB 29watts 32-pin TDlP $346 

ADS-131 SMJ-lz 10.6 --09dB 4.2 watts $549 

ADS-130 lOMJ-lz 10.6 --09dB 4.5 watts 

40-pin mrr 

40-pin TDlP $775 
DC 

Effective Bits Curve 
500 

Frequency !KHz) 

•THO (Total Harmonic Distortion) 

v~'-~ -
~';...~~·"''}; .,.,.... ... 

I> 

INNOVATION AND EXCELLENCE IN PREOSION DATA ACQUISffiON. 
DateL Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3CXXJ 
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In addition to its use in A/D conversion) 
the delta modulator is also useful in V /F 
conversion. 

to a lower frequency, the counter needs a wider gate 
period. 

As you have seen in previous examples, you can 
change the characteristics of the feedback path to im­
prove the modulator's performance. In delta-modulator 
telephone applications, for example, you can alleviate 
the tradeoff between slew rate and dynamic range by 
making the feedback magnitude vary with the analog 
amplitude. The algorithm is as follows: If four or more 
ones or if four or more zeros occur in a row in the data 
stream, the input slew rate is too large for the feedback 
magnitude. The feedback is then, for example, in­
creased by a factor of two. On the other hand , if the 
data stream shows a series of alternating ones and 
zeros, the feedback magnitude is too large to resolve 
the input; the feedback is reduced by a factor of two. 
Analog inputs have a companding range of feedback 
levels to null to, and the signal-to-noise ratio is fairly 
constant over large input ranges. 

Fig 10 is a partial schematic of a compandor, which 
uses the general arrangement of Fig 4's average­
output modulator. Fig 10 includes four RrS; three of 
them are half the value of their respective predeces­
sors. The 2-bit counter selects one of these resistors 
through the 2-to-4 decoder. The circuit compares the 
EL2019's output and the last three shifted outputs to 
obtain the 1111 , 0000, 1010, and 0101 codes. The de­
coder's outputs cause the 2-bit counter to increase, 
decrease, or remain the same. The 2-bit counter is 
designed so that it doesn't increment past a count of 
3 or decrement below a count of 0. 

The presence of four RrS provides a dynamic-range 
enhancement factor of eight, with a factor of two be­
tween each Rr. To provide a ratio of N between adja­
cent RrS, the circuit enhances the dynamic range by 
N3

. Although the dynamic range is expanded, the noise 
floor isn't reduced significantly because of the com­
panding process. Nevertheless, the technique is used 
extensively in voice-communication transmission. A 
companding modulator's noise remains constant with 
respect to the analog input as the feedback loop cycles 
up and down with the analog level. Thus, you don't 
need AGC circuits to keep the levels optimally constant 
when performing AID conversion. The noise and distor­
tions aren't equal to the requirements of audiophile 
equipment, but simple circuits can reliably transmit 
variable-level audio signals suitable for telephony. 

The companding demodulator simply places Fig lO's 
variable feedback elements into Fig 5's demodulator. 
To recover a digital word, you must replace the simple · 
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counter with a parallel adder and an accumulation reg­
ister. The 2-to-4 decoder in Fig 10 shifts a one or a 
negative one a few bits and adds them to the accumula­
tion register during each clock cycle. The adder must 
also prevent its output from overflowing, thereby ef­
fecting a limiting action on the data extremes. 

The recovered code is useful in digital-oversampling 
filters. It's updated at fast clock rates and requires 
relatively simple analog filters to limit the input slew 
rate. You can then process the recovered data with 
Z-transform filters in the digital domain to eliminate 
the data components above the Nyquist frequency of 
subsequent transmission rates. For example, a teleph­
ony system transmits audio data at an 8-kHz update 
rate. The companding delta modulator may be operat­
ing at a 3-MHz rate. The digital filter can be operating 
at a 200-kHz calculation rate with little phase aberra­
tion near the 8-kHz audio maximum. The digital filter 
is thus oversampling with respect to the system trans­
mission rate and easily performs the Nyquist filtering. 
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ZIATECH CORPORATION 

STD MULTIPROCESSING 
BOOSTS PERFORMANCE 

Ziatech's n ew ZT 8832 1/0 Control Processor 

New Ziatech Multiprocessor Advances 
STD Bus Control System Capabilities 

Ziatech 's new STD Bus single 
board multiprocessing computer 
and DOS Multiprocessing Exten­
sion (DOS MPX) software bring 
more perfo rm a n ce, con tro l, 
m odularity a nd development 
flexibility to control applications. 

MORE PERFORMANCE 
Multiprocessing brings more 

performance to demanding STD 
a pplications by partitioning con­
trol systems functions into smaller 
functions assigned to individual 
multiprocessors. 

Ziatech 's new multiprocessor 
fea tures a large complement of 
on-board I/0 and communicates 

(Continued on page 3) 

New Single Board 
PLC Takes the 
Shape of STD Bus 

Zia tech now offers the function­
ality of a programmable logic 
controller (PLC) in the compact 
and tost-effective STD Bus for­
mat. 

NEW 
PRODUCT 

The company's new Single 
Board PLC is equipped with 86-
LADDER, a high performance 
ladder logic program from 
Wizdom Systems . This 
Allen- Bradley PLC-compatible 

(Cont inued on page 2) 

86-Ladder Steps Up 
PLC Performance ... Page 2 

New Software 
for Ziatech 
Multiprocessor ....... Page 3 

New 1/0, CMOS 
Products .................. Page 4 



New Single Board 
PLC is fast and 
Flexible Controller 

(Continued from page 1) 

program enables the Ziatech 
Single Board PLC to run faster 
than conventional PLCs while 
providing on-line programming, 
editing, execution and documen­
tation. 

LOW COST ALTERNATIVE 
This Single Board PLC provides 

a low-cost alternative to PLCs 
because it utilizes Ziatech's 
rugged, low cost STD Bus 
industrial computers, which are 
equipped with IBM PC DOS and 
can run software like 86-LADDER. 

SEVERAL COMPUTER 
CONFIGURATIONS 

This industrial computer is 
available in several configura­
tions, depending upon the con­
trol application's requirements. 

The Single Board PLC can be 
purchased in a small STD card 
cage for embedded applications, 
or in a panel-mount, a rack­
mount or a NEMA 4/12-compat­
ible enclosure. 

For more information, check the 
SBC PLC/86-LADDER box on the 
return card. 

LADDER LOGIC 
SOFTWARE PROVIDES 
ALTERNATIVE TO PLCS 

Ziatech Corporation has joined 
forces with Wizdom Systems, the 
maker of the popular 86-LAD­
DER software package to give con­
trol system integrators an excit­
ing alternative to programmable 
logic controllers (PLCs). 

ALLEN-BRADLEY 
COMPATIBLE 

86-LADDER is a family of stand­
alone software packages that 
operates like an Allen-Bradley 
PLC. The software provides on­
line programming ability for 
Ziatech's STD Bus industrial 
computers. 

FAMILIAR TO 
WORK FORCE 

86-LADDER is intended for 
control applications where lad­
der logic is already understood by 
the work force . This allows use of 
existing programs and enables 
trained personnel to quickly de­
velop, test and document factory 
control systems. 

COST REDUCTION 
Through its use of the industry 

standard STD Bus, 86-LADDER 
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Ladder logic software displayed 
on the screen of a Ziatech 

industrial computer. 

can provide a significant cost 
reduction when compared to a 
PLC. At the same time, this ladder 
logic program offers more flexi­
bil ty and better performance than 
its PLC counterparts. The univer­
sal compatibility and modularity 
of the STD Bus platform make 
this approach especially attrac­
tive. 

RUNS ON ZIATECH 
COMPUTERS 

The software environment does 
not require a special PLC pro­
gramming terminal. It will use 
any DOS-based computer such as 
a PC or Ziatech's ZT 1000 Indus­
trial Workstation as the program­
ming and execution device. 86-
LADDER supports standard in­
dustrial 1/0 like Opto 22, Dig­
itronics, etc., so a user isn't locked 
into specific hardware. 

ON-LINE DOCUMENTATION 

86-LADDER uniquely accepts 
on-line written comments within 
the programming environment 
and produces a "hard copy" print­
out, keeping the documented 
version consistent with the actual 
version running . 

Ziatech's ZT 200 Embedded Computer emulates a 
programmable logic controller when running 86-LADDER. 

For more information, check the 
SBC PLC/ 86-LADDER box on the 
return card. 
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NEW MULTIPROCESSOR FEATURES 
DOS MPX SOFTWARE FOR FAST 
DEVELOPMENT, USERINTERFACE 

(Continued from page 1) 

with the STD system's master 
processor through shared mem­
ory. This technique maximizes 
the performance of 1/0-intensive 
applications because the master 
processor delegates tasks through 
memory and doesn't have to 
compete with other processors for 
STD backplane access. 

COMPACT STD FORMAT 
The new ZT 8832 1/0 Control 

Processor's (ICP) surface mount 
design features a V 40 processor, 
SOOK on-board memory capac­
ity, a math coprocessor option, 
an SBX expansion socket, three 
parallel ports, and two serial ports 
on the compact STD Bus format. 

MORE CONTROL 
The use of multiprocessors can 

be an attractive alternative to 
multitasking, because instead of 
relying on complex and expen­
sive software to interleave task 
execution, the system integrator 
can dedicate specific ICPs to spe­
cific tasks that are literally run­
ning simultaneously. 

MORE MODULARITY 
Ziatech multiprocessing pro­

vides a simple approach to up­
grading or expanding control sys­
tem performance. Instead of re­
designing an entire application 
to use a faster processor, ZT 8832 
ICPs can be added to provide the 
performance boost required. 

MORE DEVELOPMENT 
FLEXIBILITY 

The development of an ICP­
based multiprocessing system is 
simplified by Ziatech's new DOS 
Multiprocessing Extension (DOS 
MPX) software, which supports 
multiple ICPs as DOS devices. The 
software package includes a ROM 

for booting the ICP, an instal­
lable device driver for the sys­
tem's master processor and a 
loader utility. Another significant 
component of DOS MPX is the 
Virtual Processor Console (VPC), 
which provides a user and run­
time interface to the ICPs in a 
multiprocessing system. 

DEVELOP IN HIGH 
LEVEL LANGUAGE 

DOS MPX allows programmers 
to develop applications in a high 
level language (C is recom­
mended), download them to the 
ICP and debug them with PC DOS 
development software. Because 
DOS MPX is a DOS extension, the 
ICPs run as if they are in a DOS 
system. 

DOS MPX USER INTERFACE 
Virtual Processor Console (VPC) 

allows the system user to toggle 
via a "hot key" to individual ICP 
screens for the purpose of viewing 
application and diagnostic out­
put, and to input data. Soon, VPC 
will also contain a screen that dis­
plays the status of all ICPs in the 
system. 

APPLICATION NOTE 
An application note describing 

the advantages of multiproces­
sing is available from Ziatech, as 
well as data sheets on the 
ZT 8832 ICP and DOS MPX. 

For more information, check the 
ZT8832 ICP box on the return card. 

DOS Multiprocessing Extension (DOS MPX) 
Software Components 

LOAD 
UTILITY 

VPC 

DOS 
APPLICATION 

USER 
INTERFACE 

-, 
DISK I STD CPU 

NETWORK I AND DOS 
STD 1/0 PERIPHERALS 

PC 
DOS 

MPX I 
DRIVER _J 

L........,-----..--- -

ICPN0. 1 
APPLICATION 

110 

ICPNO. 2 
APPLICATION 

1/0 

DUAL PORT 
MEMORY 

INTERFACE 
~-=-~--. 

ICPN0. 3 
APPLICATION 

1/0 

STDl/O 
CONTROL 

PROCESSORS 

DOS MPX simplifies multiprocessing system development 
and provides a user interface to multiple processors. 
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NEW PRODUCTS SERVE REAL-TIME 
AND RUGGED APPLICATIONS 

Ziatech continues to add to its 
line of STD Bus industrial com­
puter products. A round up of re­
cent product releases is featured 
below. 

REAL-TIME EVENT 
SENSE INTERFACE 

This unique STD interface pro­
vides high-speed digital 1/0 for 
real-time applications. It provides 
24 event sense inputs for interfac­
ing STD Bus computers to digital 
devices of all types. 

The ZT 8846 can be pro­
grammed to generate interrupts 
when an event occurs, such as a 
tripped switch on a material 
handling conveyor. These inter­
rupts provide an efficient means 
of signalling an STD Bus proces­
sor of real-time events without 
the burden of polling digital I/O 
points. 

For more information, check the 
ZT 8846 box on the return card. 

ZT 8846 Real-Time 
Event Sense Interface 

2400 BPS MODEM 
FOR STD BUS 

The ZT 8843 provides full 
modem capability to STD Bus 
computers at data rates of 300, 

1200, and 2400 bits per second 
(BPS). Automatic answer capa­
bilities allow for unattended 
operation, while a speaker inter­
face allows on- or off-board au­
dible phone line monitoring. 

This STD modem is compatible 
with the industry standard Hayes 
AT Command Set, providing 
access to a vast range of existing 
PC communications software. 

For more information, check the 
ZT 8843 box on the return card. 

QUAD SERIAL INTERFACE 

The ZT 88CT 41 provides four 
RS-232 serial channels to STD Bus 
systems with two of those chan­
nels configurable for RS-422/485. 
This STD interface features an 
optical isolation option for the 
RS- 422/485 channels and a FIFO 
option for all channels. 

The ZT 88CT 41 is a TTL 
backplane-compatible CMOS 
interface with low power con­
sumption and an extended tem­
perature operating range of -40° 
to +85° C for harsh environments. 

For more information, check the 
ZT88CT41 box on the return card. 

COMPACT COMPUTER 
In addition to the ZT 88CT 41 

Quad Serial Interface described 
above, Ziatech also offers a single 
board computer and a byte-wide 
memory card that combine TTL­
compatible CMOS for low power 
consumption with an extended 
temperature operating range 
(-40° to +85° C) for harsh environ­
ments. 

The ZT 88CT08 Single Board 
Computer utilizes the 80C88 
microprocessor and contains 
several IBM PC/XT peripherals 
and a 520K memory capacity on 
board. 

For information circle 120 

ZT 88CT41 
Quad Serial Interface 

EXPANDED MEMORY 

The ZT 88CT25 Expanded Mem­
ory System provides expanded 
memory capabilities to STD Bus 
systems as a PROM disk and/or 
battery-backed RAM disk, as main 
memory or as expanded main 
memory. 

For more information, check the 
CMOS/ Extended Temperature Prod­
ucts box on the return card. 

Published bimonthly by 
Ziatech Corporation. 
For information on any 

product or service mentioned 
in Control Point, please 

call (805) 541-0488. 

Control Point is a trademark of Ziatech Corpora­
tion. Product names of other companies may be 
trademarks of their respective companies. 

3433 Roberto Court 
San Luis Obispo, California 

93401 USA 
ITT Telex 4992316 
FAX (805) 541-5088 

Telephone (805) 541-0488 





Universal CMOS PAL 
devices have looked 

good on paper. 
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! PURCHASE ORDER] 

ACE TRONICS INC. 
641 Sunny Hill Drive 
Sunnyvale, California 94088 

408·555·5500 

ro· ADVANCED MI CRO DEVI CES 
901 THOl"PSON PLACE 
P. O. BOX 3453 
SUNNYVALE, CA 94088 

SHIP ACE TRON! CS 

PUftCHASE ORDER NO 
0651 

10. 641 Sl.11\NY HILL DRIVE 
SUNNYVALE, CA 94088 

2 PALCE22VlOQ-25 1200 EE C/"OS 22Vl0 QUARTER POWER 
PAL DEVICE 

Our Universal PALCE 16V8 20-pin device runs 
at 15ns using only 90mA. Its fully pin-0ut. function and 
fuse map compatible. Use it anywhere you'd use a 
GAL® device. 

The PALCE22VIO is also flexible. It's just like the 
bipolar 22VIO with 25ns speed. but it requires as little 
as 55mA. 

Both chips are electrically erasable which makes 
your life easier. And because they're 100% tested parts. 
you get almost perfect programming and post­
programming functional yields. You can program and 
reprogram them until they're just the way you want 
them. And faster versions are on their way 

even 
We sell more PAL® devices than all our 

competitors. Combined. 
That means reliable. high volume supply a 

huge. smart army of FAEs and all the software. pro­
gramming and testing support you'd expect from 
the leader. 

Find out more. Call us at (800) 222-9323. 
Because no matter how our universal CMOS 

PAL devices look on paper; they'll look a lot better 
in your design. 

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

PAL isa registered trademark of Advanced Micro Devices. Inc. GAL is a registered trademark o f Lattice Semiconductor. ©1989 Advanced Micro Devices. Inc. 
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10-5 RELAY TECHNOLOGY 

The CMOS Compatible Centigrids® 

• Driven directly from CMOS logic 

• No amplification or buffering needed 

• Fewer components/connections = greater reliability 

• Both latching & non-latching versions available 

That's right. These little relays 
are truly CMOS compatible. You 
can drive them directly with 
CMOS level signals. No outside 
amplification at all . An integral 

power FET driver gives you all the 

amplification you need. A large 

Zener diode protects the FET gate 

input. And all this plus a DPDT 

relay and coil suppression diode 

are packed into a tiny Centigrid can. 

You can see the advantages up 

front. Fewer components and 
connections mean increased relia­
bility. Simpler board layout, too. 
Add to that the rugged construction 

and proven contact reliability that 

have made Centigrid a byword in 

the industry, and you have a sure 

winner. One that's QPL approved 

to MIL-R-2877617 and 8. One 

thing more. One version of this 

little beauty is also a Maglatch. A 

short pulse of power sets the relay, 
and it stays that way until it is reset. 

No holding power is required. 
That makes it ideal for applications 
where power is at a premium. 

The versatile CMOS compatible 

Centigrid. It is available in general 

purpose (116C) sensitive (136C) 

and Maglatch ( 122C). Call or 

write for complete information. 
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Design Feature 

Clamping circuits 
improve precision of 

bipolar limiters 

Simple clamping circuits consist of back-to­
back zener diodes) but their performance 
suffers from many limitations. Op-amp 
feedback improves the clamp response) and 
a DAC-based design gives you the greatest 
combination of precision and flexibility. 

Jerald G Graeme, Burr-Brown Corp 

Signal-clamping circuits prevent overloads, which can 
cause measurement delays and phase-reversal-induced 
servo latch-up. Simple zener-diode clamping circuits 
introduce errors and only let you choose from a limited 
number of clamping levels. By using op amps and 
DACs, you can overcome these limitations. Precision 
bipolar limiters incorporating these components pro­
vide continuous level control from 0 to ± 40V. Clamp­
ing circuits that use op amps-though still zener-based 
designs-use feedback control to remove the zener re­
strictions. A DAC-based clamp lets you eliminate the 
zener diode entirely. 

The simplest bipolar clamping circuit consists of two 
zener diodes connected back-to-back as shown in Fig 
1. During operation, one diode is forward biased; the 
other operates in zener breakdown. The magnitude of 
the limit voltage, V ouT, is VF+ V z, where these two 
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voltages are the forward and zener voltage values. 
For almost all zener diodes, VF is simply the 0.6V 
forward drop common to all silicon signal diodes. The 
forward- and reverse-biasing roles of D1 and D2 switch 
depending on the input signal's polarity. As a result, 
the circuit limits both positive and negative signals. 

This basic zener approach is limited in precision and 
restricts the number of available clamp levels. The 
actual clamp response deviates from the ideal with 
rounded corners and limit levels that are not flat (Fig 
lb). The rounding of the response results from the 
zener voltage-vs-current characteristic, which lacks the 
ideal square corner. In addition to these rounding ef­
fects, the limit-region characteristic exhibits a nonzero 
slope due to zener resistances that form voltage divid­
ers with R1• Further deviations from ideal performance 
result from the zener diodes' temperature coefficients. 
These coefficients are a function of the zener voltage 
and approach zero for 5.6V zeners. Unfortunately, your 
choice of a zener diode is based on the clamp level 
that you want to achieve and not on optimum tempera­
ture stability. If you choose a 5.6V zener for tempera­
ture stability, the clamp level is fixed at 6.2V. If you 
choose a different zener voltage, you still can't achieve 
clamp levels less than 1.5V. 

All of these restrictions are removed by placing the 
zener diode in an op-amp feedback loop or by replacing 
the zeners with a DAC. You can manually or digitally 
direct op-amp feedback-controlled limiters. By using 
a DAC for control, you can achieve a high-resolution 
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Signal clamping prevents circuit overloads) 
which can cause measurement delays and 
servo latch-up. 

design with total independence of signal gain and limit 
levels. 

The op amp feedback control method shown in Fig 
2 forces the clamping circuit's response to follow its 
ideal characteristic more closely (Fig 2b). A single 
zener diode enclosed in a diode bridge provides both 
positive and negative limit polarities for improved ac­
curacy and speed; the loop gain counteracts the zener's 
rounding and resistance effects. This circuit also pro­
vides you with an unrestricted clamp-level selection 
set: You can achieve clamping levels at any multiple 
or fraction of the actual zener voltage over an unlimited 
range. 

From the transfer characteristic, you can identify 
three basic areas of circuit operation: the linear range, 
the transition state, and the clamp state. To highlight 
how the circuit in Fig 2 works, it is useful to identify 
the active components that correspond to these three 
areas of operation (Fig 3). To ease this description of 
circuit-state switching, inactive bridge components and 
the phase-compensation elements, R4 and C1, have 
been deleted. For the moment, consider the amplifier 

R, 

v,N u------'V'r'----------0 Vour 

o,, 

022 

(a) 

Vour ACTUAL 

Fig 1-Back-to-back zener diodes implement the simplest form of 
clamping (a) . Unfortunately, the circuit response (b) includes sig­
nificant rounding errors and a nonzero slope in the limit states. 
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offsets shown in Fig 3, V 081 and V 082 , to be zero. 
While the input signal is within the ± V L clamp lev­

els-that is, within the linear range-the signal is af­
fected only by the feedback loop encompassing the two 
amplifiers, IC1A and ICrn (Fig 3a). All the bridge ele­
ments, including the zener diode, are off; only the volt­
age divider comprising R1 and Rv is active between 
the output of IC1A and the noninverting input of ICrn. 
This divider attenuates the IC1A output with little ef­
fect in this linear range because of the counteracting 
gain of the 2-amplifi.er loop. The loop drives the attenu­
ated IC1A output signal in order to make the ICrn in­
verting input follow VIN. Only then w.ill the voltage 
between the inputs of IC1A be equal to zero. In this 
range, the circuit behaves as a simple voltage amplifier. 
The output is determined by the following equation: 

for - V L < V ouT<V L · The actual circuit response will 
include the input errors of IC1A but not those of ICrn. 
Since ICrn is enclosed in the common feedback loop, 
its input errors are attenuated by the loop gain of IC1A. 

The circuit enters the transition state when the input 
amplitude approaches a clamp level and the zener diode 
begins to turn on (Fig 3b). Under these conditions, 
the voltage across the bridge approaches ± (V z + 2V F). 
The zener resistance begins to drop from its very high, 
off-state value to some smaller value. This zener resis­
tance, Rz, loads the voltage divider formed by R1 and 
Rv and changes the divider ratio. As the zener turns 
on further, Rz continues to drop, thus increasing its 
loading effect. This varying zener resistance causes 
the rounded transition response of Fig 1, but in this 
case the loading error is sensed through the feedback 
connection to IC1A. The feedback forces the inverting 
inputs of IC1A and ICrn to follow VIN· That is, the loop 
gain drives the output of IC1A higher, thus increasing 
the voltage-divider signal to compensate for Rz's load­
ing effect. This feedback correction enables the circuit 
to retain a linear response until IC1A reaches its satura­
tion limit. 

At this limit, a sharp transition occurs, which trans­
fers circuit control from the input signal to the bridge­
connected zener: The amplifier loop is now broken. 
The gain of IC1A drops dramatically because of internal 
saturation, and the amplifier's output voltage holds at 
a level independent of the input signal. This output 
saturation effectively clamps the voltage presented to 
R1 and transforms the circuit to that shown in Fig 3c. 
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Av 

20k ~------1 xRv 

NOTES: 
D1 -04: 'I• PWS740·3 
0 21 : 1N4693 

R2 
37.4k 

Fig 2- You can minimize rounding errors 
by using this single-zener-diode bridge ap­
proach (a) . The loop gain counteracts the 
turn-on-resistance effects of the zener to pro­
duce a more ideal clamp response (b) . 

(a) 

(b) 

In this circuit, the fixed voltage, V SATI• supplies con­
stant current to the zener diode, even with further 
increases in VIN. With a supply of constant current, 
the voltage drops across the zener diode, and diodes 
D1 and D4 remain fixed. The voltage across Rv clamps 
at a stable voltage equal to V z + 2V F· The circuit shown 
in Fig 3c corresponds to positive clamping. The circuit 
that corresponds to negative clamping is identical to 
Fig 3c, except that the zener is connected through D2 

and D3. The polarity of the voltage V z + 2V F is re­
versed, but its magnitude stays the same. 

The Rv divider attenuates and transfers bridge volt­
ages resulting in positive or negative limit states to 
IC18. You can replace this adjustable voltage divider 
with resistors in fixed-level applications. In either case, 
with a divider fraction of x, the voltage transferred 
to the IC18 input is ± x(V z + 2V F). The limit voltages 
are scaled further by the gain of IC18; the final output 
voltage is equal to ± x(l + R3/R2)(V z + 2V F ). 

Note that neither Rv nor R1 appears in the above 
equation for V L· Since Rv serves as a voltage divider, 
its absolute value drops out in the divider ratio and 
only the divider fraction x remains. Thus, the tempera­
ture coefficient of Rv is not a factor in the clamp stabil­
ity. R1 only affects V L by the amount of clamp-state 
current it supplies to the zener diode. The effect of 
this constant current is reflected in the actual zener 
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Vour 

voltage developed as V z. 

Vour=(1+R3/R2)V1N . FOR -VL < Vour < VL 
VL =x(1 +R3/R2)(Vz + 2VF). X=Rv FRACTION 

The absence of Rv and R1 in the expression for V L 

is the primary reason F ig 2 improves upon the limited 
voltage levels and unoptimized temperature stability 
of simple zener clamping. First, the potentiometer frac­
tion, x, and the gain factor, 1 + R3/R2, let you access 
limit levels at any fraction or multiple of the bridge 
voltage. By adjusting both x and the gain simultane­
ously, you can select clamp levels from almost zero to 
± (1+R3/R2)(Vz+2V F). Clamp levels as low as 5 m V 
are practical-an advantage when compared with the 
l.5V lower limit of basic zener clamping. To accurately 
access the very small clamp levels, you must modify 
the circuit of F ig 2 to include a precision potentiometer 
or a trimmed resistor-divider substitute and trim the 
op-amp offsets. 

As previously mentioned, the thermal stability of 
the diode-bridge design is much greater than that of 
simple zener clamping. You can now choose the zener 
diode based on temperature stability requirements and 
leave the clamp voltage requirements to the circuit 
controls. The 1N4693 zener diode used in Fig 2 devel­
ops a temperature coefficient of zero for the bridge 
voltage of V z + 2V F· Both V z and VF will drift with 
temperature; for a 7.5V zener diode , their magnitudes 
cancel to within 40 ppm/°C. 

Using a 7.5V zener diode causes the bridge to clamp 
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A, 
37.4k 

10k 

V, +Vos1 

Fig 3-These simplified schematics illus­
trate the dominant circuit elements of Fig 2's 
operation in the linear range (a) , a transi­
tion state (b) , and a clamp state (c) . 

(b) 

VsAr1-=... 

l 
(c) -:-

A, 

1k 

at 8. 7V. If you take into account the gain added by 
ICrn, which in Fig 2 is 1.26, the maximum output clamp 
level is 11 V. You can increase the clamp levels up to 
the limits imposed by the amplifier's power supply and 
output ratings. If you use the OPA2111 and operate 
the circuit from ± 18V power supplies, this limit is 
± 14V. Using the high-voltage OPA445 and ± 45V 
power supplies, you can raise the upper limit to ± 40V. 

The circuit of Fig 2 is closer to the ideal limiter than 
the circuit of Fig 1, but it's not without errors. Ampli­
fier offset voltages, component tolerances, diode­
bridge matching, and rounding errors still cause the 
circuit to deviate from ideal performance. 

The nonzero offset voltages of both amplifiers in Fig 
2 contribute to limiter errors; their effects differ de­
pending on the various stages of operation. In the lin­
ear range of Fig 3a, only the offset voltage of IC1A is 
significant; the effect of the ICrn's offset voltage is 
attenuated by the loop gain. The output error in this 
case is (1 + Ra/R2)Vos1· 

The offset voltages of both amplifiers alter the input­
signal trip points at which clamping begins. In the 
transition stage of Fig 3b, feedback adjusts the voltage 
across the bridge by (V os1 - V os2)/x to compensate for 
the amplifier offsets. For small values of x, this voltage 
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adjustment is large and alters the turn-on point of the 
bridge. If you trace this adjustment back to the circuit 
input, the input levels that produce clamping are 
shifted by V os1 - V os2. When the circuit is in the clamp 
state of Fig 3c, IC1A has no control over the output, 
and ICrn sets the output offset error at (1 + R3/R2)V os2. 

The OPA2111 dual op amp has a ±2-mV offset, 
which results in a ± 2.5-m V output offset in the linear 
and clamping states. This offset shifts the input trip 
levels by as much as ± 4 m V. In low-level applications, 
you can replace this dual op amp with trimmable 
OPAllls and adjust the offsets to the ± 100-µ V range. 
To ensure de accuracy, the op amp you choose for IC1A 

should have high input impedance under overload. In 
the clamp states, the inverting input of IC1A is held 
at a fixed voltage while its noninverting input is driven 
by VIN· This situation produces a differential input 
overload, but either the OPA2111 or OPAlll ensures 
that no input current flows through ICrn's feedback. 

The accuracy of the circuit in Fig 2 is limited by the 
tolerances of the components you choose, but the 
zener's bridge connection compensates for the largest 
errors. If you choose 1 % tolerances for R2 and R3 and 
combine their tolerances with the typical 5% zener 
error, clamp levels can deviate by as much as 7%. 
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= FEATURES 
AD9003 

12.Blt, 1 MSPS Word Rates 
TIH and Timing Included 
Single 40-Pin DIP 

-80 dB Harmonics 
70 dB SNR 
:t0.5 LSB Differential Linaerlty 
:t0.8 LSB Integral Linearity 

AD9005 
12.Blt, 10 MSPS Word Rates 
T/H and Timing Included 
Single 46-Pin DIP • 

_ 72 dB Harmonics 
64dB SNR 
TTL-Compatible 
Offset Binary Output 

'1)9003 DESCRIPTION 
"be AD9003 AID Converter is a complete 12-bit, 1 MSPS 
nalog·to-digiw co.nverter which combines l'."". cost and high 
crformaoce in a smgle 40-pm DIP. The Ulllt mcludes track· 
ml-bold (T/H), timing, and encoding functions with a power 
ussipation of only 2.2 watts. 

ibis TTL-<empatible device is capable of converting analoa 
ignal• to the Nyquist limit at encode rates through 1 MSPS. Ju 
·f'S conversion interval includes acquisition time for the inter· 
ial T/H, making it a true mepsample-per~nd converter. 

'roprietarY conversion techniques achieve linearity equivalent to 
be best successive approximation ADC along with subranging 
;0nversion speeds. A conversion starus sipta1 simplifies transfer· 
ing output data into system logic. Innovative thick· and thin· 
ilm technologies assure excellent performance over temperature 
yjtbout compromising ac characteristics. 

fbe AD9003KM operates at case temperatures from 0 to 
nO'C; the AD9003SM and AD9003TM units operate from 
- 25'C to + lOO'C. 

Complete 12-Bit 
AID Converters 

AD9003/AD9005 I 
AD9003 FUNCTIONAL BLOCK DIAGRAM 

AD9005 FUNCTIONAL BLOCK DIAGRAM 

AD9005 DESCalP'nON 
The. ~S AID Conm-tcr ii a complete 12·bit anatoa· 
to-<tiaital conm-tcr featurina on-board trlek-and·hold (Tiff) 
volia,e reference, and liming circuits. ' 

High speed and hich raolution ~ combiocd by usiq su~ 
l'IDllDI convener architecture. Siana!-to-noilc ratios of 67 dB 
at 540 kHz 'inputs and 65 dB at 2.3 MHz inputs remain at 
64 dB SNR when the input i1 4.3 MHz. 

T_hil ~ of perfonnance ii llUlde pouible by usiq advanced 
bipolar mtegratcd cin:uiu, amom desianed for the AD900S and 
manut.ctured by Analas Devices. 
Dapi~ iu extraordinary combination of hich speed and hiah 
rcsoluaon, the AD900S diaipatcs only 3.1 watu. This cbarac· 
t~ ~ i~ llDi1) aize make it cstranely attractive for appli· 
canona m which power or space are at a premium. 

Commcrcial devica operate from 0 tn + 70'C caac tempcnrura 
u model AD900STM; the model AD900STM coven the mill· 
taty range of -SS°C ro + 125-C. 

If tracking down 
complete, high perfor­
mance 12-bitA/D con-

and 4.3 MHz. The AD9005offers10 MSPS encode rates and 
dissipates only 3.1 watts. And to simplify assessing perfor­
mance, an AD9005 evaluation board is available. 

verters is a problem, get 
a hold of our new AD9005 

and AD9003. They completely eliminate the need for external 
support circuits. Because both contain track-and-hold, timing, 
reference circuits, and everything else needed to perform the 
digitizing function. 

For applications requiring 12 bits at 1 MSPS, you'll 
get unparalleled linearity and low power dissipation in the 
AD9003. And its ac performance is verified with digital sig­
nal processing. The AD9005 and AD9003 come in with the 
right performance, the right specs, and the right prices. 

For guaranteed ac and de performance, the AD9005 is 
the top choice. Signal-to-noise, harmonic distortion, and dif­
ferential and integral nonlinearity are 100% tested. Harmonic 
suppression is typically 75 dB at 540 kHz, and 72 dB at 2.3 MHz 

To track down more in­
formation, get a hold of appli­
cations help at (919) 668-9511, 
or call your nearest Analog 
Devices office. 
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By using op amps and DACs) you can over­
come the limitations of the simple back-to­
back zener-diode clamping circuit. 

Trimming R2 and R3 obviously removes their 2% gain 
error effect. An advantage to the bridge design is that, 
unlike the back-to-back zener approach in which two 
different zener diodes and thus two different tolerances 
control the positive and negative limits, the same zener 
diode establishes both limits. Thus, its voltage error 
is common to these two limits. You can compensate 
for this common error simply by adjusting the gain of 
ICrn. 

However, to a reduced degree, the polarity-sensitive 
error of back-to-back zeners continues with the bridge 
approach. Differing bridge drive currents and mis­
matches in the bridge diode drops still differentiate 
the two limit magnitudes. In each clamp state, the 
drive current supplied to the bridge is a function of 
either the positive or negative saturation level of the 
IC1A output. These two output saturation voltages dif­
fer, and the bridge currents that result produce slightly 
different zener voltages for the two polarities. These 
saturation-voltage effects of Fig 2's design produce 
an uncompensatable error of around 0.5% compared 
with the 5 to 10% error of the back-to-back zener case. 

Unfortunately, the diode bridge that provides this 
zener error reduction introduces a polarity-sensitive 
error of its own. Different bridge diodes influence the 
positive and negative limits, and their voltage drops 
must match. Matching bridge diodes, however, is com­
plicated by the fabrication techniques available for 
bridge assemblies. Because they lack a node with con­
sistently more negative voltage, bridges cannot be 
built on a single chip with conventional junction­
isolated processes. Most bridge assemblies consist of 
four independent diodes and lack the inherent matching 
of single-chip fabrication. For a typical bridge, diode 
forward voltages mismatch by around ± 30 m V, which 
doubles the polarity-sensitive error described above. 
The PWS740-3 bridge shown in Fig 2 is made with 
dielectric, rather than junction, isolation to combine 
the diodes on one chip for voltage matching of around 
±3 mV. 

Other clamping errors in Fig 2 result from residual 
rounding in the input/output response. The ability of 
the loop gain to counter the zener error is a function 
of the compound voltage divider in the feedback loop. 
As shown in Fig 3b, this divider is formed by R1, Rv, 
and the zener resistance, Rz. Direct analysis of this 
divider is complex due to the nonlinear variation of 
Rz. Instead, it's easiest to illustrate the relative im­
provement over basic zener clamping by examining 
the end points of the clamp transition. 
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In the linear-response range of Fig 3a, R1 and Rv 
combine to produce a voltage divider primarily con­
trolled by the potentiometer fraction x. This voltage 
divider is inside the feedback loop and directly reduces 
the corrective loop gain supplied by ICiA· In the worst 
case, x is small for low clamping levels and dominates 
the division with practical values as low as 0.001. The 
product of this value and IC 1A's de open-loop gain of 
1,000,000 yields a loop gain of 1000 as the circuit ap­
proaches the transition state . So, the initial transition 
rounding is reduced by a factor of 1000. 

As the zener begins to turn on, Rz decreases and 
shunts the potentiometer in Fig 3b. The attenuation 
of this compound divider increasingly reduces IC1A's 
loop gain right up to the limit point. At this limit 
point, Rz typically approaches 1000, resulting in a 0.09 
divider fraction formed with the 1-k!l R1• The net divi­
sion caused by Rz and Rv when x=0.001 drops to 
0.0009. The product of 0.0009 and the de open-loop 
gain of IC1A yields a loop gain of 90. Thus, the bridge 
circuit reduces t he zener rounding effect by a factor 
varying from 1000 to 90 at low clamp levels and low 
frequencies. If you increase the clamping level, x be­
comes larger. This increase results in even sharper 
limiting with loop gains that remain as high as 90,000. 

The clamping response of high-frequency signals ex­
hibits more rounding because of the loop-gain reduction 
as the amplifier's open-loop gain rolls off. However, 
once the circuit settles into a limit state, the clamp 
level is controlled by the higher level of the de gain. 
Higher-frequency clamping is also aided by the bridge 
connection of the zener diode. This circuit configuration 
reduces the time required to charge and discharge the 
zener capacitance. This capacitance is typically large, 
and, with the back-to-back zener connection of Fig 1, 
it must be charged and discharged continually as the 
signal swings. The resultant time delays, which inhibit 
signal transmission and reduce bandwidth, are reduced 
if you use the bridge configuration. 

The bridge design effectively disconnects the zener 
and its capacitance when the circuit is not in the clamp 
state. Gating by the bridge diodes removes the zener 
from the circuit in the linear range and preserves the 
charge on the zener capacitance between clamp states. 
When disconnected, the zener capacitance holds its 
charge and doesn't need replenishment at the next 
clamp state. Only the much smaller capacitances of the 
bridge diodes are charged and discharged in this opera­
tion. 

You can achieve still sharper clamping for both high 
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and low frequencies by supplying continuous de bias 
for the zener (Ref 1). Sustained zener bias reduces the 
variation of diode resistance with signal swing and 
keeps the large zener capacitance more fully charged. 
When quiescent-current constraints permit this addi­
tion, you can provide the bias with two resistors. One 
resistor is connected from the positive supply to the 
zener cathode and the other from the negative supply 
to the anode. 

Other components shown in Fig 2 ensure frequency 
stability. R4 and C1 ensure that the roll off of IC1A is 
always the dominant pole. This condition is automati­
cally the case over much of the control range because 
the attenuation of Rv keeps the IC1A's feedback factor 
at low levels. A low closed-loop bandwidth accompanies 
this reduced feedback factor, so that IC1A dominates 
the loop response. However, as x approaches unity, 
so does the IC1A feedback factor. This condition re­
quires phase compensation. The network made up of 
C1i R4, and R1 ensures that, with x = 1, IC1A's pole is 
still dominant. 
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Aided by the impedance isolation of R4, C1 bypasses 
the common feedback at higher frequencies by connect­
ping the output of IC1A to its inverting input. Then, 
IC1A and ICrn operate with independent feedback loops 
that only require the stability of the individual amplifi­
ers. This phase compensation permits stable high­
frequency operation to coexist with the common feed­
back loop and its de error reduction. Still, any phase 
compensation added to a loop slows down its response. 
For higher-speed operation, you can break the common 
loop by removing R4 and replacing C1 with a direct 
connection. The zener action will remain within the 
IC1A feedback loop, but the input-offset errors of ICrn 
will also affect linear-range operation. 

The potentiometer control circuit of Fig 2 is suited 
for bench test requirements; it requires an operator 
to adjust limit levels. However, automated systems 
require digital control of clamping. Two ways to imple­
ment this control are a multiplexer adaptation of Fig 
2 and a DAC-controlled limiter design. 

In the multiplexer-based design shown in Fig 4, Fig 
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Vour =(1 +R3/R2)V1N 

FOR -VL<Vour<VL 

V1N 

021 : 1N4693 
0 1 -04: 1/•PWS740-3 

Fig 4-You can control clamp levels digitally by replacing the potentiometer of Fig 2 with a resistor network and a multiplexer. This 
circuit provides you with eight possible discrete clamp levels. 
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Fig 5-The most flexible clamp circuit uses 
a DAC to control limit levels. You can select 
among 4096 limit levels between ±2.5 mV 
and ±lOV. 

B, 

B12 

NOTES: 

DAC811 
CBI V 

At -A4 : V. OPA404 
0 1 -04 : 1N4154 

2's potentiometer is replaced with a resistor network 
and a multiplexer. All of the advantages of Fig 2 are 
retained with this new circuit. If you use a network 
with equal-valued resistors, the multiple taps of the 
Fig 4 network provide you with a series of eight 
equally spaced voltage divisions. These eight taps di­
vide the bridge output and provide the same control 
as Rv in Fig 2. By sending digital commands to the 
multiplexer, you can select one of the eight taps to 
control the limit magnitudes. The selected multiplexer 
channel then transfers the voltage at its tap to the 
input of ICrn to control the output clamp level. You 
can select from eight clamp levels in steps of l.25V to 
levels as high as lOV with the resistor values shown. 

The accuracy of this circuit depends on how you 
compensate for component tolerance and the zener 
rounding effects. As before, you can counter the 5% 
zener tolerance and 2% gain error of the ICrn feedback 
resistors by adjusting this amplifier's gain. New errors 
are added by the resistor network and the multiplexer. 
By using 1 % resistors in the network, you will shift 
the voltage at each tap by no more than 2% from the 
ideal level. Trimming the network for higher accuracy 
involves adjustments that interact, so it's best to sim­
ply trim each resistor to its ideal value. 

You add little error to the circuit by introducing the 
multiplexer in series with the ICrn input; this ampli­
fier's high input impedance and low input current result 
in minimal reaction with the multiplexer resistance. 
Using the OPA2111 and HI508A as shown, impedance 
loading errors are negligible, and the flow of the ampli­
fier input current through the multiplexer's resistance 
produces only 3 n V of error. However, the multiplexer 
input does restrict the resistance level of the network 
in ac response considerations. The multiplexer input 
impedance is 1.5 kfl in series with 25 pF to ground. 
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This impedance loads the bridge-network output at 
higher frequencies; the result is a time-dependent 
rounding of the clamp turn-on response. When operat­
ing with input signal frequencies above 100 kHz, you 
can avoid rounding by reducing the values for R1 

through R8• 

A DAC adds flexibility 
Although they provide you with independent control 

of the clamp levels and their temperature sensitivities, 
the circuits of F ig 2 and Fig 4 still have their limita­
tions. For one , they are constrained by a fixed gain 
in the linear region. The basic clamp circuit of Fig 1 
has unity gain in the linear range. In Fig 2 and Fig 4, 
this gain is fixed at 1 + R3/R2 and 1 + R11/R12, respec­
tively. Normally, you choose these feedback-resistor 
values to yield optimum temperature stability of the 
clamp levels. This fixed-gain constraint is acceptable 
only when the clamp circuit is preceded by an adjust­
able gain stage. A limitation of the automatic control 
circuit of Fig 3 is the small number of available clamp 
levels. DAC-controlled limiters remove these restric­
tions for applications that require signal gain and a 
wider choice of clamp levels. 

A DAC output voltage, however, is referenced to 
ground and cannot provide both negative and positive 
output polarities. Instead, you can use the DAC as a 
precision reference and design other circuitry to pro­
vide the polarity control, as shown in the bipolar limiter 
of Fig 5. Four reference amplifiers connected in both 
inverting and noninverting configurations replace the 
polarity-switching action of the diode bridge. IC1A 

through ICm act as magnitude-selector circuits and let 
you select limit levels from ± 2.5 m V to ± lOV in 4096 
steps using the DAC811. Gating diodes D1 through 
D4 provide the switching for the clamp action and are 
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OrCAD Systems Corporation, the 
world's largest marketer of PC­
based CAE software, has completely 
upgraded it's popular printed cir­
cuit board layout software. 
Now you can have all the power 
features you need for your board 
designs on the PC you already own. 

Twice the capacity 
OrCAD /PCB II has over double the 
capacity using a flexible, user-defin­
able memory allocation system. The 
product now supports over 27014-
pin IC equivalent designs, 6000+ 
pads, 16,000+ equivalent track seg­
ments. 

Twice the options 
OrCAD /PCB II comes with over 50 
different printer drivers including 
most popular dot matrix and laser 
printers, over a dozen plotter driv­
ers and over 50 display drivers. We 
conform to your system better than 
anyone. 

Twice the features 
• Improved autorouting strategies 

means a faster route with more 
completions. 

• Design Rule Check available as 
OrCAD /PCB II runs. Parameters 
are user configurable. 

• Via and Track Optimization. 
Minimize vias and improve rout­
ing automatically. 

O R8944 

• On-Line module browsing and 
reading. Call up modules and 
browse through their graphic de­
scriptions. 

• Gerber Viewer generates screen 
version of Gerber file to check out­
put. 

Twice the value 
OrCAD's commitment to you is that 
all of our powerful software will give 
you workstation performance with­
out extra hardware, all handled 
within 640k RAM. 
And the price? The package comes 
complete with autorouter, printer 
and plotter support, excellent docu­
mentation and 
more for only $14 9 5 
The price also includes one year of 
technical support, free product up­
dates and access to our 24 hour BBS. 

Curious? Try it yourself with our 
free demo d isk. 
Call for our free demonstration disk 
and information packet. You'll see 
why more designers look to OrCAD 
for their design solutions. 

Or CAD 
Sy5te Corporation 
1049 S.W. Baseline St. Ste. 500 
Hillsboro, OR 97123 
(503) 640-9488 

Call today for your FREE demo disk 
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If you would like more informa­
tion about this or any other Or­

CAD product, contact your local 
OrCAD representative. 
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A single zener diode enclosed in a diode 
bridge implements both positive and nega­
tive limit polarities and improves the cir­
cuif s accuracy and speed. 

enclosed in op-amp feedback loops to remove their volt­
age drops from the overall circuit response. 

You set the positive and negative limit levels by 
using maxima and minima selectors (Ref 2) formed 
by the op amps and gating diodes. Amplifiers IC1A and 
ICrn form the minima selector; ICic and ICm form the 
maxima selector. ICrn and ICrn determine the limit 
amplitudes based on the DAC output voltage, V DAc; 
the amplifiers multiply V oAc by their respective gains, 
which are + 1 and - 1. The minima and maxima circuits 
compare the resulting ± V DAC with the input signal. 

The minima selector acts first on the input signal. 
This selector consists of IC1A and ICrn and diodes D1 

and D2, which form a gate with load resistor RL. Both 
these amplifiers sense the voltage VA with their invert-

(a) 

(b) 

B,n-.----4 

(c) 

/+ 
Vos1 

L 

DAC811 
CBIV 

VoAC 

/+ 
Vos3 

!-

Your =V1N +Vos1 +Vos3 

Vour =VoAc +Vos2 +Vos3 

R, 

10k 10k 

; 
Vos• 

L 
Your =-VoAc +2Vos• 

Fig 6-Depending on the input level, the active amplifiers of Fig 
5 will be some combination of minima and maxima selector circuits. 
A linear-range input activates two voltage followers (a) , an input 
greater than V DAC activates the positive DAG control and two voltage 
followers (b), and an input less than - V DAC activates DAG control 
and an inverting amplifier (c) . 
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ing inputs, and each amplifier attempts to transfer its 
input voltage to VA· Only one amplifier can do so, 
however; and the gate diodes select the amplifier with 
the lowest output voltage. Since IC1A and ICrn are 
connected as voltage followers, the gate actually se­
lects the lower of their two input voltages. 

When VIN< V DAC• ICrn's attempt to force VA to equal 
V DAC fails because IC1A forces a lower voltage at VA, 
thereby taking control of diodes D1 and D2• The output 
of IC1A forward biases D1 and reverse biases D2• Then, 
the IC1A acts as a voltage follower, forcing VA to follow 
VIN for a linear, unlimited response at this point in the 
circuit. With D2 reverse biased, the feedback loop of 
ICrn is open. Because of the differential signal, 
VoAc - VIN• between its inputs, ICrn's output swings 
to its positive saturation level. Only slight differences 
between V oAc and VIN are required to activate this 
selection gate because of the high open-loop gains of 
the op amps. 

Increasing VIN above V DAC reverses the bias states 
of D1 and D2, thus putting ICrn in control of VA· Under 
these conditions, the minima selector output, VA• is 
clamped at V DAC• thereby setting the level of the upper 
boundary of the bipolar limit. 

The signal passed through the minima selector, 
whether VIN or V oAc, still faces the maxima selector 
of IC1c and ICw. Diodes D3 and D4 perform maxima 
signal gating, so that the amplifier with the larger 
output voltage prevails. Note that the diodes' direc­
tions are opposite to those in the minima selector. IC1c 
attempts to set the output equal to VA• and ICrn at­
tempts to set the output equal to - V oAc· When VA> 
- V DAc, the higher voltage at IC1c's output forward 
biases D3 and reverse biases D4• Then, VouT =VA• and 
the output is equal to either the linear transmission 
of VIN or the positive limit level of V DAC· However, 
when the input signal drives VA below - V oAc, I Cm 
reverses the states of D3 and D4 to take control of the 
output. Then, V ouT = - V oAc· 

As with the circuit of Fig 2, you can draw simplifed 
circuit diagrams of the circuit of Fig 5 that correspond 
to the linear mode of operation and its positive and 
negative limit states (Fig 6). If VIN< V DAC• the signal 
is passed by the minima selector, so that VA= VIN. If 
this signal is also greater than - V 0 , it passes through 
the maxima selector as well. As a result, V ouT = 
VA= VIN. In this case, the controlling circuit is simply 
two voltage followers in series, as shown in Fig 6a. 
Here, reverse-biased diodes remove amplifiers ICrn 
and ICm from the control path. 
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Vour 

Fig 7-By altering the feedback around 
JC,v and adding gain to IC,A and IC111, you 
can modify Fig 5 for asymmetrical clamp­
ing, higher clamping levels, or signal gain. 

(b) 

When VIN> V DAC• the input signal is stopped by the 
minima selector, and VA= V DAC· This condition makes 
VA greater than the - V DAC limit of the following 
maxima selector, so V ouT = VA= V DAC· As shown in Fig 
6b, this positive clamp state also enables two voltage 
followers in series. This time, however, the followers 
are connected to the output of the DAC instead of the 
signal input. 

In the third case, VIN< - V DAC• so that the input 
signal passes through the minima selector. However, 
this negative VIN is stopped by the maxima circuit, 
thus leaving ICrn and IC1c disabled. IC1A and ICm 
both retain control of their feedback loops, but only 
ICm has access t,o the output. As shown in Fig 6c, 
!Cm's inverting amplifier is connected to the DAC out­
put and controls V ouT to yield V ouT = - V DAC· 

The circuit's conformance to the three ideal states 
is altered by static and dynamic errors. The simplified 
diagrams of Fig 6 help you identify the component 
offsets that contribute to error in each of the three 
states. The DAC's offset voltage affects the clamp 
states of Figs 6b and 6c; you can trim the DAC811 to 
reduce its 5-mV error to 0.1 mV. As shown in Fig 6, 
amplifier offsets affect all three circuit states. You can 
trim IC1A and ICrn separately to remove offsets in the 
linear and positive limit states of Figs 6a and 6b. 

In the negative limiting state, ICm is the only ampli­
fier that affects the output offset voltage, as shown 
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by Fig 6c. However, !Cm's input offset is amplified 
by 1 + R2/Ri. which is equal to 2 in this example. Due 
to this amplification, the amount of offset error in Fig 
6c is equal to those of the 2-amplifier states of Figs 
6a and 6b. The OPA404 quad op amp shown in Fig 5 
doesn't let you trim offsets. But you can replace this 
quad device with four equivalent OPA602s, which do 
let you trim the offset. In each of the Fig 6 cases, the 
untrimmed OPA404 typically produces an output offset 
of 520 µ V; the OPA602 replacement lets you trim this 
error to 100 µ V. By using the OPA602, you can hold 
the circuit's overall static errors-including those con­
tributed by the DAC-to 200 µ V. 

Saturation adds recovery error 
Dynamic errors due to amplifier overload recovery 

and slew rate also constrain the Fig 5 response. While 
most op-amp circuits stay in the linear range of opera­
tion, the Fig 5 limiter lets its amplifiers saturate. When 
one amplifier of the gating supercedes another, the 
loser drops into an output-saturation state. To switch 
back into control, the saturated output must first re­
cover from the saturation overload and then slew to 
the voltage required for output control. 

During such time delays, the circuit state is in error. 
The error is most noticeable upon entering a clamp 
state: The circuit output continues to follow the input 
signal, while the saturated amplifier recovers. This de-
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DAC-based limiters are the most flexible: 
They let you digitally select among many 
limit levels and amplify signals in the linear 
input region. 

lay in clamping results in temporary overshoot. The 
overshoot is limited by the 1-µsec overload-recovery 
time and the 35V/µsec slew rates of the OPA404 and 
OPA602 op amps. These two amplifiers complete a 
worst-case transition from saturation to clamping con­
trol in 1.6 µsec . The product of this time and the slope 
of the signal defines the overshoot magnitude. In addi­
tion, the OP404 and OPA602 op amps maintain high 
input impedance under overload. Otherwise, the ampli­
fiers with diode-disconnected feedback would load their 
gate outputs. 

The remaining circuit characteristics are set by resis­
tor tolerances and the class A output. The tolerances 
of R1 and R2 alter the negative limit level unless you 
correct them by trimming the resistors. The output 
current is limited by the class A bias of the output 
gate, but you can provide this bias with a FET to 
increase the output current-sinking capability. Cur­
rents from the IC1c and ICrn outputs are blocked in 
one direction by diodes. In these cases, only the FET 
can sink load current. However, the FET is an im­
provement over simple resistor bias, since the current­
sinking ability of a resistor is restricted under large, 
negative output-voltage conditions. The FET ensures 
that the circuit's current-sinking capability remains 
constant as the output swings; the FET shown in Fig 
5 sinks 1 mA down to a - lOV output. 

Modifications add functionality 
You can modify Fig 5 to achieve unipolar or asym­

metrical limiting, higher voltage limits, or higher signal 
gain. For unipolar clamping, simply remove either the 
maxima or minima stage. You can introduce asymmet­
rical limiting most easily by increasing or decreasing 
the negative clamp limit. You can make this adjust­
ment by altering the closed-loop gain of ICrn-that is, 
by changing the value of either R1 or R2• 

You can similarly adjust and increase the positive 
limit level by adding feedback around ICrn. You now 
have independent control over the positive and nega­
tive limit levels; the two limit magnitudes are related 
only by the ratio of the ICrn and ICrn gains for all 
DAC input control codes. By setting both gain magni­
tudes above unity, you can achieve limit levels beyond 
the output capability of the DAC. By using the compo­
nent values indicated in Fig 7, the circuit can achieve 
clamp levels as high as 40V and as low as - 20V. If 
you want your circuit to support these higher voltages, 
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substitute a high-voltage OPA445 for the op amps 
shown. 

To amplify input signals and simultaneously fulfill 
the clamping function, you can alter the feedback of 
IC1A as shown in Fig 7. By converting IC1A to a voltage 
amplifier, you introduce gain into the signal path with­
out affecting the output clamp levels. This independ­
ence of gain and level clamping contrasts with the cir­
cuits of Fig 2 and Fig 4, where the two functions 
interact. Adding gain to the various amplifiers magni­
fies their offset errors but doesn't increase the clamp­
level percentage errors. Raising the gains of ICrn and 
ICrn amplifies the clamp-level voltages along with the 
offset voltages. EDN 
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A PER S PE C T I VE ON ANAL OG S Y S TEM DE S I GN 

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

1: humon bra in h" "P"m' 
but dependent left and right sides. 
S imilarly, an electronic "brain" or 
system has separate but dependent 
parts, one digital, one analog. De­
signers accustomed to the spec­
tacular performance ga ins made in 
digital chips are now demanding 
comparable improvements in 
analog devices so that both parts of 
their systems can function to full 
potential. Leading the analog evo lu­
tion: Advanced Linear circuits 
from Texas Instruments. 

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

Sophisticated design and simulation too ls shorten development cycles of Tl's Advanced Linear 
!Cs, he lping you get to market faster. By us ing these tools, T l can offer as standard circuits many 
designs that prev iously wou ld have had to have been customized. 

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

Better parameters 
from better processing 
Because advanced analog system 
requirements fo r performance and 
fl ex ibili ty vary greatly, a single 
workhorse technology typically 
can't do the job any longer. No r 
can crea ti ve circuit des igns alone. 
We at TI are convinced the key to 
d ri ving the linear evolution lies in 
the excellence of our processing 
technologies. 

TI is commi tted to developing 
and implementing a range of leader­
shi p wafer-fabrication processes (see 
descriptions on back page ). The 

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

Advanced Linear: 
Displaying greater brilliance 
O ut of our pacesetting LinEPlC'" 
processing comes our high-perfor­
mance Color Video Palette, operat­
ing at 125 MHz with a very high­
resolution I 024 x 1024 pixe l count. 
Because of one-micron C MOS 
processing, power consumption is 
reduced more than 40% compareJ 
to other CMOS implementations. 
Additiona ll y, the device is pack-



IN THE ERA O F ME GAC HI P"' TE C HN O L OG IE S 

••• the key to driving =-I 
the linear evolution lies to design w1th- 1t is ava ilable m 
in the excellence of our LinASIC'" cell library fo r 

integra ti on with digita l AS!Cs. 
processing technologies. A new fa mily of Analog Inter-

aged in reli able, economical plas tic. 
LinEPIC has also produced such 

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

chips are idea l fo r use in automo­
ti ve anti lock braking systems, 
electronic transmiss ions, and ac ti ve 
suspension systems. 

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

High-density Analog Interface Circuit chips demonstrate rhc greater integration achieved by T l's 
innovati,·e linear processing tech no log ies. These DSP interfaces allow you ro a lter circu it configu­
rat ion under software conrrol wirho ur cx rcmal adj ustments. 

and cameras. Both dev ices require 
about five times less power than 
bipo lar equi va lents. 

Advanced Linear: Intelligent 
power for every car 
C hips fabri cated with our Power 
DMOS-based BIDFET '" processing 
are repl acing e lectromechanica l 
relays in many automotive appl ica­
tions, such as driving headlamps 
and motors. Power BIDFET allows 
us to minimi ze power loss in the 
switch and add high-complex ity 
logic fun ctions. 

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

dri ve , o r H-bridge configurations. 
In the future, these developments 

may lead to mul tiplexed systems 
for ca rs, replac ing bul ky wiring 
harnesses. 

Advanced Linear: Enhancing 
modems and facsimiles 
Tl's dual dri ver/receiver is a good 
example of the integra t ion 
achieved with adva nced processing 
technologies. Lin BiC MOS"' 
processing has enab led us to put 
the dri ve rs and rece ivers needed for 
RS-232 voltage levels on the same 
chip wi th the charge pump 
required to generate the necessa ry 
split rails from a single 5-V supply. 
You eliminate ex ternal power sup­
plies and get a dev ice that 's eas ier 

face C ircuits (A!Cs) is emerging 
from our Advanced LinC MOS '" 
processing. The voice-band A!Cs, 
designed for modems and fax equip­
ment , combine high-perfo rmance 
analog fun ctions-14-bit A/D and 
D/A converters and switched 
capac itor filters-with d igita l 
fun ctions such as control c irc uit ry, 
program reg isters, and DSP inter­
face . The usual clutter of resistors, 
capac itors, and pots is eliminated. 

High-speed A!Cs are available 
fo r use in servo contro llers and 
hard-disk-dri ve applications. 

These A!Cs are also high-pe rfor­
mance membe rs of our LinASIC 
standard -cell I ibrary. Based on Tl 's 
proven digital ASIC method­
o log ies, the LinASIC libra ry has 
a llowed us to develop complex, 
semicustom chips in as littl e as 
16 weeks. 

Advanced Linear: Boosting 
instrumentation accuracy 
Eve n one of the most bas ic ana log 
building blocks, the opera tiona l 
amplifier, is benefitin g from Tl's 
Ad vanced Linear technologies . 
O ur Exca libur op amp fa mil y com­
bines low power consumption with 
a SX speed improvement while 
retaining low offset voltages. Offse t­
voltage drift has been cut from 
300 µV to 60 µV to reduce your 
ca libra tion, test, and measurement 
expen es. 

For high-accuracy app lica tions, 
Adva nced LinC MOS is making 
possible C hopper Stabili zed O p 
Amps with chopping frequencies 
10 times higher than prev iously 
ava il able ( 10 kHz). Noise levels are 
the lowest on the market. 

The evo lution in ana log dev ices 
has only begun. Dramatic progress 
li es ahead th roughout the 1990s. 
As the Ad va nced Linea r leader, 
Texas ln truments is pledged to 
remain at the fo refront, suppl ying 
you with new ways to link digital 
brains to advanced analog worlds. 



Circuits combining analog functions with digital logic will soon be widespread in ASIC chip 
designs. Tl is rak ing a leadershi p role with the development of its LinAS IC methodology. 

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

Q. What is the first thing to look dard products. Digita l ASIC 
for in choosing a linear supplier? methodologies are also the key to 
A. Product perfonnance is definite- cutt ing system design cycles. As our 
ly the first priority. O ur customers digital expe rience proves, suppliers 
are asking for eve r-increas ing linear who have advanced process tech-
device perfonnance. At TI , we nologies and fast, accurate design-
be lieve creati ve circuit des igns automation tools will be the best 
alone won 't meet the chall enge. equipped to deliver single-chi p 
Advanced process technologies- so lu tions. 
note the plu ra l-are becoming the Today, we have customers doing 
keys to success in linear dev ice their own LinASIC des igns using 
pe rformance of the '90s. our advanced processes and design-

Q Wh I h Id d 
. automation tools. 

. ate se s ou a es1gner 
look for? Q. What role does manufacturing 

A . Whether or not the supplier has 
experience with digita l as we ll as 
analog devices. These two worlds 
are merging (see chart above ). Func­
ti ons once performed by analog are 
now done digitally, and a growing 
percentage of our Advanced Linear 
devices combines analog and d igi­
ta l circuitry on one chip. 

At TI, we've leveraged our 30 
years of digital expertise in to the 
development of our Advanced 
Linear products and processing 
with highly satisfactory success. 
This has been espec ially noticeable 
with our LinASIC methodology. 

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

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

capability play in picking a 
supplier? 

A . It is always a fac tor, and the 
need for efficient worldwide 
manufacturing fac ilities such as TI 
has in place will become even more 
important. Today's semiconductor 
market is globa l in nature. You 
can't serve worldwide customers 
from a single plant-you have to be 
"multi loca l." This is particularly 
true with AS!Cs. 

Q. Any other important factors? 

A. Yes, I'd suggest that, in choosing 
a linear supplier, the designer find 
one he can live with fo r a long 
time. C lose supplier-customer 
re lationshi ps are essential to the 
development of products that will 
prov ide the highest perfo rmance 
and lowest cost systems. 

DE S I G N 

Tl's Leadership Linear 
Processing Technologies 

LinBiCMOS-Combines Ad­
vanced LinC MOS, digital ASIC 
C MOS, and up to 30-V bipolar 
technologies to allow the integra­
tion of digital and analog standard 
cells and handcrafted analog 
components on a monolithic chip. 

LinEPIC-One-micron C MOS 
double- level metal, double-level 
polysili con technology which adds 
highly integrated, high-speed 
analog to the high-perfo rmance 
digital EPIC process. 

Advanced LinCMOS- An 
N-well , silicon-gate, double-level 
polys ili con process featuring im­
proved resistor and capac itor struc­
tures and having three-micron 
minimum feature sizes. 

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

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

Excalibur-A true, single- level 
poly, single-level meta l, junction­
isolated, complementary bipolar 
process developed for high-speed, 
high-precision analog c ircuits 
prov iding the most stable op amp 
performance available today. 

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

n i Trademark ofTexas Instruments Incorporated 
© 1989 Tl 08-8459 
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NEC announces 
the 7-megabit dual-port graphics buffer. 

If you 're designing a high-end workstation, PC, or 
office automation system, the announcement of NEC's 
1M-bit graphics buffer is the best news you 'll hear all 
day. Our new dual-port chip gives you a critical edge 
in the most competitive areas - higher resolution, 
more colors and increased speed. 

The µPD4227 4 offers precisely what your system 
needs to excel in graphics. The 256K x 4 random 
access port features write-per-bit control and fast-page 
operation for high-speed reads and writes. The 512 x 4 
serial port handles high resolution graphics with clock 
speeds up to 33MHz. And a unique flash-write function 
clears the screen in a flash . 
Other advanced features include: 

D High speed. 
RAS access: 100or120ns. 
CAS access: 25 or 30ns. 
Serial read cycle : 30 or 40ns. 

D Low power consumption . Standby: SmA. 
Random read or write: 140 or 125mA (serial port active). 

D Standard 400-mil, 28-pin plastic ZIP and SOJ packaging. 

NEC led the industry with the first 256K dual-port 
graphics buffer. Now we're inaugurating the 1 M-bit era. 
To get the scoop on what the latest graphics chip 
technology can do for you, call NEC today. 

For fast answers, call us at: 
USA Tel :l-800-632-3531 TWX:910-379-6985. W Germany Tel0211-650302. Telex :8589960. The Nelherlands Tel 
040-445-845. Telex 51923. Sweden Tel 08-753-6020. Mex:13839. France Tel :l-3946-9617. Telex :699499. 
Italy Tel 02 -6709108. Telex :315355. UK Tel:0908-691133. Telex:826791. Hong Kong Tel3-755-9008. Telex:54561. 
Taiwan Tel :02 -522-4192. Telex :22372. Singapore Tel:4819881. Telex:39726. Australia Tel :03-26 7-6355. Telex:38343. 
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We put our 
ER Series 300W power supplies 

on a strict diet! 
And the results are amazing! Weight down 
from 35 lbs. to 18 lbs. over the older WG 
Series. Panel height down from 5 inches to 
3.5 inches. They perform better tool Ripple is 
reduced from 0.15 % to 0.03 % RMS of rated 
voltage at full load. And with no increase 
in price! 

The ER Series is available in eleven output 
ranges, from 0 to 2 KV through 0 to 75 KV, and 
three panel versions .. . analog voltage and current 
meters, digital readouts, or a blank panel for 

OEM/system applications. All feature full remote 
control facilities including voltage and current 
program/monitor terminals, TTL high voltage 
enable/disable, safety interlock terminals, and a 
+ 10 V reference source. 

'fry one in your next application. You'll find it 
slim, trim and rarin' to go! 

Glassman High Voltage Inc. 
Route 22. Salem Industrial Park, PO Box 551 
Whitehouse Station, NJ 08889 
Telephone (201) 534·9007, TWX 710-480-2839 
FAX (201) 534-5672 

GLASSMAN HIGH VOLTAGE INC. 
208 CIRCLE NO 126 



Brushless 
DC motors 
from Lamb 

have arrived 

The performance and 
endurance of Lamb® 
motors will take you just 
about anywhere. 

Lamb motors utilize electronic 
commutation to give you a 
motor that "flies" a lot further in 
a more compact housing. 

These brushless DC motors 
have been engineered by Lamb 
with a high torque to inertia ratio 
for the superior stop/start capa­
bility required by many of 
today's high tech applications. 
They also minimize the prob­
lems of ripple torque, cogging 
effects, or demagnetization by 

high currents by utilizing cost 
effective rare earth magnets. 

Only 2" or 3.2" in diameter, 
these motors have stall torque 
ratings up to 84 oz. in., which 
makes them perfect for a wide 
variety of applications, including 
tape cartridge drives, medical 
instruments, robots, pumps, 
compressors, or machine tools. 

For technical data, contact 
AMETEK, Lamb Electric Division, 
627 Lake Street, Kent, OH 
44240. Tel : 216-673-3451. 
Fax: 216-673-8994. 

.\METEK 
LAMB ELECTRIC DIVISION 
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LM6161/LM6261/LM6361 
High Speed Operational Amplifier 

General Description 
The LM6J6J tantii#y of~ .ampM""--. .s.xhibttS an - ­
oeMortt ~ product -. ~ 300 V / ,..S .and 
50 MHz unilly gain 9Ullbilify ..ch only 5 nlA ol ~ a,sTOflt.. 
Furlher ~ sa-1gS and ~ ~ are 
possble ~ taking adV.antage "' lhe -..ride dynamlC range '" 
oporaling ~ WJttage -"'oh enenas a• the way dOWn w 
+sv_ 
These ~ ... e lbuih ....th Na.fllOnar'• new VIP"" (Verb­
caey lnlegfased PNP) process ~ prawldes fast PNP tran­
.aistors that are true ~ '° Che alfoady fast NPN 
devices. This adv~ ~ted process ~ 
hogh sp--1 ~ -at1out the need for OOfl1P'8X and 
~ diefec;:Cnc i9otab0n 

Typical AC Characteristics 

Slep~Av -+ 1 

Features 
• Hogh s&f)W r•to 
• High untfy gairt t req 

• LOW supply CUl"enl 

• Fast sotthoQ 
• Low ditferenlial g ain 
• l...DW difler-eotaal pnase 
• Wida 9IUl>PiY range 
• Stable with uni1mded capadkY' 
• Weff behaY6d; ea.sv to appt-
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Everything you need 
to design-in high-speed op amps. 

For the price of a stamp. 
OUR NEW VIP '" 

OP AMPS MAKE DESIGNING 
EASIER 

Built with National's exclusive 
vertically integrated PNP (VIP) 
process, these new amplifie rs 
couldn't be easie r to design with ­
even for the novice. 

You can use them to develop 
new designs never befo re practical. 
Or to enhance old designs fo r very 
little cost- in dollars, power, or 
real estate. 

And we'll send you everything 
you need to get started- including 
a free sample. So you can see for 
yourself just how easy it is. 

HIGHER SPEEDS, LESS POWER 

These new op amps feature 
slew rates of 300 V/µ.,s and gain­
bandwidth products up to 750 MHz. 

And they do so without complex, 
expensive, and power-hungry 
die lectric isolatio n techniques. 

VIP op amps require no mo re 

© 1989 National Semiconductor Corporation 

power than traditional op amps.You 
can even use the same type of 
circuit-building techniques - with 
very little supply bypass ing. 

Because of the ir unique low 
power dissipation, you can easily 
fit them into predominantly digital 
systems without special analog 
power supplies. 

Our exclusive VIP process and 
device layout give them excellent 
stability. They'll drive a 330 pF 
capacitive load -or any other 
size-with no oscillation. 

The LM6361 is unity gain stable, 
the LM6364 stable for gains above 5, 
and the LM6365 fo r gains above 
25.We also offer two VIP buffe rs. 

The latest addition to o ur family 
is the LM6218.This dual op amp 
has a fast settling time of 400 ns to 
0.01 % for a lOV step, with a slew 
rate of 140 V/µ.,s . 

LOWER COST 

Not only are VIP op amps easier to 
design with than comparable de­
vices but they cost less than a fourth 
as much.They are not made with 
expensive processes. Nor are they 
packaged in expensive packages. 

Instead of T0-3s, they are pack­
aged in o rdinary 8-pin mini-DIP 
or surface-mount packaging. 

They're ideal for video output 
states, data communications sys­
tems, graphics systems, local area 
netwo rks, and sample-and-hold 
circuits. 

MORE CHOICES 

In addition to VIP, Natio nal offers 
no less than fo ur other major op 
amp processes- bipolar, BI-FEr,' 
CMOS, and hybrid. And each 
category contains many variations 
and subprocesses, so that you 
can choose the optimum building 
blocks for your application. 

SEND FOR YOUR 
FREE SAMPLE KIT ffiDAY 

All you have to do to get your free 
VIP sample kit is to return the cou­
pon below. Or- if you don't have 
the price of a stamp-simply give us 
a call , to ll-free at (800) 825-5805, 
ext.102. 

~National 
~ Semiconductor 

Please send me my free VIP sample kit with comprehensive data. 

Name Title 

ComRanx~~~~~~~~~~~P~h~o~n~e~~~~~~~~~~~ 
Address 

Mail to National Semiconductor Corporation, Inquiry Processing Center, 
PO Box 6458,Torrance, CA90504-9953 
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ThatSwhy 
Mentor Grav.hies 
lets you combine 
ASIC and board 
circuitry in a 
single simulation. 
Trouble in ASIC paradise. 

The big day has arrived. 
Your first gate array is back from the foundry. 

With high expectations, you plug it into your 
board and power up. 

It doesn't work. 
Don't feel alone. Over 50% of ASICs aren't 

operational when first installed in their target 
system. Even though 95 % pass their foundry 
tests with flying colors. 
An immediate solution. 

Mentor Graphics shifts these even odds 
heavily in your favor with our QuickSim™ logic 
simulator, which lets you simulate both your 
ASIC and board circuitry in a single run. 

With QuickSim, you not only track 
the internal operations of your ASIC 
circuitry, but also its transactions 
with the system at large. If there's a 
problem, you see precisely where it's 
located, either inside or outside 
your ASIC. All in a single, interac­
tive simulation environment, 
where you can view and graphi­
cally "probe" the circuitry created 
by our NETED™ schematic editor. 

ful the component modeling libraries, the 
greater the design capability. It's as simple as 
that. 

By this simple, yet decisive measure, Mentor 
Graphics brings you unequaled design capabil­
ity. While other EDA vendors scurry to produce 
their own ASIC libraries (with little guarantee of 
accuracy), more ASIC vendors put their libraries 
on Mentor Graphics workstations than any 
other. And in most cases, we're the first work­
station supported, which means you have the 
first shot at exploiting new chip technologies. 

With Mentor Graphics, you get a breadth of 
LSI and VLSI component models, both hardware 
and software based. All of which can be mixed 
with ASICs in a single simulation that cuts your 
run time to an absolute minimum. 
To be continued. 

So much for the present. We're already devel­
oping new EDA tools for systems design that will 
extend to every dimension of electronic product 
development. From high-level systems descrip­
tions to CASE. It's what our customers expect. 
It's what we'll deliver. 

It's all part of a vision unique to Mentor Graphics, 
the leader in electronic design automation. 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 2 84-7 3 5 7). 

Check out our libraries. ~ 
Library support is an ideal ~~- Iii 

benchmark to gauge the true ~~~ Qlllll 
worth of an electronic ~l!/JJJn~ 
design automation system. ·~~~ 
The more diverse and plenti- U.!V .... 
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Now you can use 68000/020/030 in-circuit 
emulators with your favorite tool-your work­
station. Where you usually develop code. And 
write memos. 

Atron's PROBE Series 68000/020/030 emulators 
support real-time emulation to 25 MHz. Remotely. 
So you can develop code on your favorite Sun or 
VAJ:M running VMS'.M Download it fast via 
Ethernet™ to the PROBE. And execute it in the 
target in real-time. All from your desk. 

The PROBE has real-time trace, so you can view 
the history of your program's execution. Source 

trace capability lets you examine program flow at 
the C, Ada~ or assembler level. And eight hardware 
breakpoints let you find sequence-dependent bugs. 

The PROBE has pre-fetch dequeuing, too. Here, 
a special algorithm removes pre-fetched, unexe­
cuted instructions from the trace sequence and 
then realigns operands in the order that they 
were executed. 

Workstations. Emulators. What's the difference? 
Thanks to Atron, now there isn't any. 

Call 1-800-283-5933 for more information on 
remote emulation with Atron's PROBE Series. 

CADRE 
ATRON DIVISION 

Saratoga Office Center 
12950 Saratoga Avenue 
Saratoga, California 95070 

Etherne1 is a trademark of Xerox Corp. VAX and VMS arc trademarks of Digital 
Equipment Corporation. Ada is a registered 1rademark of the Department of Defense. 

Circle 30 for demonstration Circle 29 for literature 



Design Feature 

Design simple routines 
to diagnose ills in 
complex systems 

By following some basic guidelines when you 
design internal diagnostic routines and by 
ensuring that the hardware includes the 
proper circuitry) you can develop effective 
and easy-to-use debugging routines. 

Matt Klein, Hewlett-Packard Co 

Because today's RF and microwave systems are more 
sophisticated than ever, internal diagnostic routines 
are no longer an option, but a necessity. System opera­
tors must be able to localize and repair faults without 
extensive downtime. Furthermore, many remote or 
high-security organizations, such as military facilities, 
can't afford the time or risk of sending an instrument 
or an entire system to a factory for repair. If you 
design internal diagnostic programs properly, though, 
users or technicians can quickly test and repair today's 
complex systems on site, therefore minimizing down­
time and repair costs. 

Internal diagnostic programs are usually firmware 
routines that users can easily access by using some 
basic computer commands. Unlike most test equip­
ment, diagnostic routines also let the users test sys­
tems in real time. With minimal auxiliary equipment, 
users can test components as simple as a subsystem 
of an instrument or as complex as an entire system of 

EDN June 22, 1989 

instruments. If the routines identify a bad field­
replaceable unit, the user can replace it while in the 
field and later analyze the problem on the bench with 
more extensive diagnostic routines and test equipment. 

Internal diagnostic routines not only benefit the end 
users, but also help designers and vendors prevent 
problems before a system reaches the market. During 
the system-integration process, for example, these rou­
tines let R&D specialists verify that their subsystems 
are compatible and can communicate properly. Manu­
facturers can use diagnostic routines to identify both 
assembly and electrical problems as well as problems 
that result from environmental life-cycle testing. 

To develop internal diagnostic routines that can 
achieve these different levels of performance, you must 
incorporate some general principles in your design. 
You should also participate in the hardware design 
process to ensure that systems include circuitry that 
facilitates internal diagnosis; good diagnostic programs 
are effective only if diagnostic hardware exists in the 
systems to be monitored. 

Keep it simple 
Simplicity is the key to designing an effective diag­

nostic program. Users shouldn't have to know a lot 
about the instrument under test and shouldn't have 
to connect external equipment to use diagnostic rou­
tines. For example, the Frequency Agile Signal Simu­
lator (FASS), a system of RF, microwave, and digital 
instruments (Fig 1), lets users execute the system's 
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Simplicity is the key to designing an effective 
diagnostic routine. 

SMART INTERFACE 
PROCESSES SIGNAL SCENARIO DESCRIBED IN 
THE USER INTERFACE AND SENDS DATA TO THE 
AUG, ACS, AND MOS. 

AGILE UPCONVERTER 
FAST HOPPING UPCONVERTER CONTROLLED BY THE 
DATA FROM THE MOS. RF INPUT COMES FROM THE ACS. 
OUTPUT FREQUENCY RANGE IS 10 TO 3000 MHz. 

MODULATION DATA SOURCE (MDS) 
GENERATES HIGH-SPEED AMPLITUDE-MODULATION, 
PHASE-MODULATION, AND FREQUENCY DATA FOR THE 
ACS AND GENERgES FREQUENCY DATA FOR THE AUC. 

AGILE CARRIER SYNTHESIZER (ACS) 
GENERATES 13.5 TO 58-MHz CARRIERS BASED ON THE 
INSTANTANEOUS AMPLITUDE-MODULArlON , PHASE­
MODULATION AND FREQUENCY DATA FROM THE MDS. 

r+-

...._ 

L~I 
SMART INTERFACE 

AGILE UPCONVERTER 
RF (AUG) 
INPUT RF 

OUTPUT 
Cl 0 

l DATA 

MODULATION DATA SOURCE 
(MOS) 

Cl 

l DATA 

AGILE CARRIER 
RF SYNTHESIZER 
OUTPUT (ACS) 

Cl 

KEYBOARD/MONITOR 
INTERFACE 

t-
USER INTERFACE 

0 t-
~ 

d ~ : 
I I 

t- E 
J 
I 

PRIVATE GPIB 

t-

Fig I-You can write diagnostic routines for any system or module. The 200 diagnostic routines included in the FASS system, for 
example, evaluate the system's 8100 electrical parts on 40 assemblies. 

normal functions and diagnostic routines through its 
user interface. 

The degree of detail that the programs provide to 
describe system failures is another vital design consid­
eration. As shown in Table 1, different users need 
different fault-isolation or resolution capabilities. You 
can design programs that meet both high- and low­
resolution needs by incorporating a hierarchical struc­
ture in your design (Fig 2). With this hierarchical test 

SYSTEM LEVEL SYSTEM 

INSTRUMENT LEVEL 

FIELD-REPLACEABLE-UNIT LEVEL 
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format, users can select a higher level of resolution if 
they need to delve deeper into the problems. 

To develop routines that can diagnose specific faults 
and prescribe appropriate solutions, you must include 
the same troubleshooting skills that experienced tech­
nicians use to debug an instrument without any diag­
nostic programs. When testing prototypes, experts set 
up various situations to detect faults in the instrument 
under test- Experts can then use the information they 

Fig 2-By setting up a system hierarchy, 
you can create diagnostic routines that pro­
vide as muc~or as little-resolution as is 
necessary. You can access the test hierarchy 
at any level; the lower the level, the greater 
the detail that the test provides. 
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TABLE 1-RESOWTION REQUIREMENTS 

DEGREE OF SERVICE R&D 
RESOWTION TECHNICIANS MANUFACTURERS SPECIALISTS CUSTOMERS 
LOW QUICK ON- GO/NO-GO VEAi- GO/NO-GO GO/NO-GO 
RESOWTION SITE MODULE FICATION PRIOR 10 VERIFICATION VERIFICA-

REPLACE- SHIPMENT AFTER MECH- TION READ 
MENT10 ANICALAND OVERGPIB 
REDUCE ELECTRICAL ORDIS-
SYSTEM STRESS TESTS PLAYED ON 
DOWNTIME FRONT-

PANEL LEDs 

HIGH TROUBLE- TROUBLESHOOTING, DEBUGGING TROUBLE-
RESOWTION SHOOTING TRACKING DEFECTS, PROIUTYPE SHOOTING 

DURING FINDING FAILURES INSTRUMENTS, DURING 
BENCH DURING INSTRU- UNCOVERING BENCH 
REPAIR10 MENT " BURN-IN." DESIGN PROB- REPAIR10 
ACHIEVE RESULTS READ LEMS BY USING ACHIEVE 
LOW-COST OVERGPIB DIAGNOSTICS LOW-COST 
REPAIR WHILE REPAIR 

STRESSING 
PROIUTYPES 

NOTES: 
1. LOW RESOLUTION DIAGNOSTICS INDICATE A FAILURE ON AN INSTRUMENT OR A FIELD­
REPLACEABLE UNIT. 
2. HIGH RESOLUTION DIAGNOSTICS INDICATE A SPECIFIC FAILURE ON A SINGLE FIELD­
REPLACEABLE UNIT WITHIN AN INSTRUMENT. 

gathered from these tests to identify similar symptoms 
in actual instruments or systems in the field. 

You must, in effect, code an expert's thought process 
into your diagnostic firmware so the routines can use 
the results of several hypothetical tests to evaluate 
each subsystem of the instrument under test. The pro­
grams should analyze the data that the diagnostic rou­
tines generate and make conclusions, rather than sim-

ply offering test results that the engineer or technician 
must then analyze. A diagnostic routine should also 
identify the path of reasoning it took to arrive at the 
conclusion so the user can analyze the problem and, if 
necessary, perform hands-on troubleshooting. 

The programmable microwave upconverter in Fig 3, 
which is a simple model of the Agile Upconverter in 
the FASS system, illustrates this logical evaluation 

DETECTOR, 

INPUT SIGNAL 0----------------------+-----.-t !------+---+- OUTPUT SIGNAL 

T 
HARMONICS OF FREQUENCY FAT 
2f TO 201 ARE PRESENT HERE 

DETECTORc 

COUPLED 
SIGNAL 
DETECTOR 

DETECTORo 

21f T028f IN 
STEPSOFf 

LOW PASS 
FILTER 

Fig ~Five analog RF detectors in this programmable microwave upconverter subsystem combine with an AID converter and a microproc­
essor to monitor internal nodes. Detector (a) measures the oscillator power; detectors (b) and (c) measure the output voltages from the 
MUXes . Detector (d) reads the power level of the upconverted signal, and (e) measures the output signal power. (The AID converter and 
the microprocessor, which controls the MUXes, aren't shown.) 
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Diagnostic routines should contain the 
knowledge and intuition of a skilled 
troubleshooter. 

process. The upconverter is an analog subsystem that 
includes several mixers, filters, analog switches, an 
oscillator, and five detectors, which are essentially 
hardware hooks for the diagnostic routines. You can 
use the five analog RF detectors, A through E, in 

DETECTOR 

MODULE A (OSCILLAlOR) FAILED 
- NO POWER DETECTED 

MODULE B (4 lO 1 MUX) FAILED 
- NO POWER DETECTED AT 

FREQUENCY SF 
- CHECK BANDPASS FILTER 

MODULE D (FIRST MIXER) FAILED 
SINCE MODULES BAND C PASS, 
- CHECK INPUTS FROM BAND C 
- CHECK D POWER SUPPLIES 

MODULE E (LAST MIXER) FAILED 
-CHECK SIGNAL FROM D 
- CHECK RF PORT INPUT 
- CHECK E POWER SUPPLIES 

MUX1 SETTING 

00 01 10 

A VA1 x x 
B V91 V92 V93 

11 

x 

V94 

PASSI 
FAIL 

MUX2 THRESH-
SETTING OLD 

00 01 

x x VAt 

x x Vst 

REFERENCE c x x x x Vc1 Vc2 Vet 
DESIGNATOR 

D 

E 

Vo1 Vo2 Vo3 Vo4 Vos V05 V0t 

Ve1 Ve2 Ve3 Ve4 Ves Ves Vet 

NOTES: 
1. XIS A " DON'T-CARE" VOLTAGE. 
2. V A1-VE6 ARE VOLTAGES AT THE 5 DETEC­
TORS, A THROUGH E. 
3. V ArVEt ARE PASS/FAIL THRESHOLD 
VOLTAGES AT THE 5 DETECTORS, A THROUGH E. 

Fig 4--Diagnostic routines isolate probkms by recognizing how 
instrument failures affect voltages in a matrix. This voltage matrix 
is a function of the different MUX settings. 
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your program to monitor internal signals. You can use 
an AID converter with a microprocessor to read the 
analog voltages for diagnostic purposes. The flowchart 
in Fig 4 shows the upconverter's troubleshooting pro­
cedure. 

First, the diagnostic routines analyze the measure­
ments taken by the detectors. The routines then dis­
play their conclusions and their deductive-reasoning 
process. You can use an external controller to run the 
routines for each of the instruments in the FASS sys­
tem. This controller sends the commands to the instru-

SAMPLE Al DATABASE FILE CONTAINING 
KNOWN FAILING TEST SCENARIOS 

(100) 
- CHECK MODULE #1. 

REPLACE IF NECESSARY. 

(200) 
-CHECK MODULE #2. 

REPLACE IF NECESSARY. 

(300) 
-CHECK MODULE #3. 

REPLACE IF NECESSARY. 

(400) 
-CHECK MODULE #4. 

REPLACE IF NECESSARY. 

(200, 400) 
-CHECK MODULE #2-#4 FOR 

CABLE CONNECTIVITY. REPLACE 
CABLE IF NECESSARY. 

(200, 300, 400) 
-CHECK CLOCKS TO MODULE #2. IF 

PRESENT REPLACE MODULE #2. 

(100, 200, 300, 400) 
-CHECK MODULE #1 BECAUSE TESTS ON 

MODULES #2, #3, AND #4 ARE FAILING. 

SAMPLING FAILURES AND THEIR CAUSES FOUND, 
USING THE Al PROGRAM AND THE DATABASE. 

EXAMPLE 1-DEPENDENT FAILURES ON TWO MODULES 

RESULTS FOR FAILING TESTS 200, 220, 230, 400, 410 

MATCH #1=200, 400 
-CHECK MODULE #2-#4 FOR 

CABLE CONNECTIVITY. REPLACE 
CABLE IF NECESSARY. 

EXAMPLE 2-INDEPENDENT FAILURES ON TWO MODULES 

RESULTS FOR FAILING TESTS 200, 220, 300, 310 

MATCH #1=200 
-CHECK MODULE #2. 

REPLACE IF NECESSARY. 

MATCH #2=300 
-CHECK MODULE #3. 

REPLACE CABLE IF NECESSARY. 

Fig 5---To isolate the cause of a system failure, the diagnostic 
routines match failing-test scenarios contained in the database to 
the actual results of the diagnostic tests . 
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SHADOW SHADOW 
REGISTER 1 FUNCTION 1 FUNCTION 2 REGISTER 2 

INPUT DATA 

INPUT DATA OUTPUT DATA 

(•) (b) 

FUNCTION 1 

<A> DATA 

FUNCTION2 

< D> DATA 

t---+--+- OUTPUT DATA 

SIGNATURE ANALYSIS 
WITH INPUT MUX 

SEVERAL KEY BITS FROM 
EACH OF < A> , <B>, 
<C>, AND <D> DATA 

Fig 6-By choosing diagnostic points either in series (a) or in parallel (b) with key digital pathways, you can easily obtain information 
on the status of a system. 

ment or module under test and receives the results 
over the GPIB. 

The user needs only three commands to run the 
diagnostic routines in the FASS and to obtain pass/fail 
status, test results, and failing test numbers of the 
instrument under test. The first command, 
"DIAG:TEST? (test number)," runs the test that you 
specify. The routine returns a 0 to the controller if the 
test passes and a 1 if the test fails. The second com­
mand, "DIAG:TRES?" (DIAGnostic Test RESult), lets 
you retrieve a failure message. The failure message is 
a character string containing carriage returns and line 
feeds that describes the results of the tests. The final 
command, "DIAG:FLIS?" (DIAGnostic Failure LISt), 
returns a list of all the failing tests for the previous 
"DIAG:TEST? (test number)." The "DIAG:FLIS?" 
command lets users record the failing tests. 

The system-level intelligence is in the form of a data­
base that contains failing-test scenarios and an AI-like 
(artificial intelligence) program (Fig 5). The AI-like 
program finds the best matches between the actual 
failing tests and the multiple failing-test scenarios 
stored in the database. The diagnostic program then 
selects from the database all the possible causes of the 
failure that correlate to the failing-test scenarios. If 
you code your database properly, the routines will re­
port a single fault if the failures are caused by related 
events. Conversely, the routines will report numerous, 
independent faults if the causes of the failures are unre­
lated. You should write the failing-test-scenario data­
base to a text file so you can update it when you 
discover new failure scenarios. You can then provide 
users and service technicians with updated files. 

Get involved in the hardware design 
To ensure that your diagnostic routines can perform 

the proper tests on a system, you should participate 
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in the hardware design process. Consult with the de­
sign teams and evaluate the short-term cost of adding 
special diagnostic circuitry and the long-term cost of 
supporting a product that doesn't have diagnostic capa­
bilities. Hardware designers can easily add different 
types of circuitry for digital and analog circuits to incor­
porate diagnostic capabilities into the hardware. 

For digital circuits, designers can place diagnostic 
points in series or in parallel with key digital pathways 
(Fig 6). For series placement, the circuit designers 
can set up the diagnostic mode by electrically inserting 
test circuitry into the circuit paths that the instrument 
uses during normal operation. 

One method of inserting test circuitry is to use a 
"shadow register." This register is a latch that hard­
ware designers place in the path of a digital circuit and 
use as either a normal latch or a serial latch. The test 
circuitry can either read from or write to (serially) the 
latch to interrupt the normal data path for diagnostic 
purposes. Digital-system designers commonly use this 
technique because it's easy to implement. 

If the diagnostic test points are placed in parallel 
with the digital paths, your diagnostic routines will 
probe key locations in the circuit and feed the results 
into a signature analyzer that the circuit designers 
build into the subsystems. The signature analyzer per­
forms a CRC (cyclical redundancy check-a method 
of signature analysis) on one high-speed digital line at 
a time. The CRC process is similar to using an external 
signature analyzer with a start and a stop bit to probe 
many different points in an area of circuitry and isolate 
a bad section. Built-in circuitry, however, is faster, 
easier to use, and more reliable than external test 
hardware. 

Digital diagnostic hardware that's connected in par­
allel is more complicated than the series hardware, 
but the parallel type provides better fault isolation. 
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In analog circuits) you must place RF and 
microwave detectors on key nodes so you can 
measure both voltage and current. 

INPUT 
SIGNAL 

BUFFER 

Fig 7-The microprocessor selects a detector by using the analog MUX, the AJD converter reads the detector value, and the processor 
compares the voltage to the expected value. The diagnostic program isolates faults by determining which detectors fail and under what 
conditions they fail. 

Because this technique lets you directly monitor nor­
mal high-speed functions, you can leverage the parallel 
approach during the prototype testing phase of the 
design cycle to find marginal design problems or to 
test the limits of the design. 

Analog circuits need detectors, too 
For analog circuitry, you should make sure that the 

circuit contains RF and microwave detectors. Fig 7 
shows three methods of incorporating detectors: the 
buffered, direct, and coupled signal-detector schemes. 
Designers can place the detectors on key nodes in an 
analog system's modules. By detecting signal power 
in the form of a de voltage, the detectors (under the 
control of the diagnostic routine) can evaluate an in­
strument's module. If you write diagnostic routines 
properly, they can measure signals derived from cou­
pled, buffered, or direct locations in either the circuit 
or module under test. Other detector schemes exist, 
but these three types are particularly noteworthy. 

The cost of implementing any of these detection 
schemes is greatly affected by the complexity of the 
circuitry, the signal's frequency and power, and the 
desired detector performance. You should use the cou­
pled signal-detection technique when signal frequen­
cies are above a couple gigahertz. This method of detec­
tion has little effect on the signal path's SWR. How­
ever, detectors for the microwavE: frequency range are 
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expensive, and printed-circuit layout constraints in­
crease the overall cost of the design. If the frequency 
range is less than about 100 MHz, simply buffering the 
signal under test may work well because SWR prob­
lems are less prominent than in higher frequency appli­
cations, and buffers are relatively inexpensive. Finally, 
you can perform direct detection by placing the detec­
tor in series with the signal under test. You should 
use the direct detection scheme if cost is a key concern 
or if relatively large changes in the signal level (as a 
function of frequency) won't significantly impair the 
circuits performance. EDN 
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FOR RENT ••• 

OAlA l/O GOUlD 
MES" I ·1·er 
\n-Circuit 'Jen 1 

\Mt El 
\CE 386 
80386 Emu\ator 

CL"~4000b\e Logic p.na\yier 
conhgura 

AN COT INTEL 
DSC202AE/T PC-Based SCSI Bus Analyzer/Emulator with ICE186 PC-Based 80186 12.5MHz In-circuit Emulator. 

event time stamp option. List Price $8,950 

APPLIED MICROSYSTEMS 
68000PP12 PC-Based 12MHz 68000 Emulator Performance 

Package. List Price $10,500 
68020PP25 PC-Based 25MHz 68020 Emulator Performance 

Package. List Price $22,000 
80C186PP16 PC-Based 16MHz CMOS80186 Emulator 

DATA 110 
MESA-I 

MODEL212 

MODEL288 

MODEL60A 

S-1020 

UNISITE40 

Performance Package. List Price $17,000 

In-circuit verifier for Logic Cell Arrays. Operates 
under Microsoft windows. List Price $9,390 
Low cost Multi-programmer supporting more 
than 400 devices. List Price $795 

Low cost gang programmer, for high speed gang 
or set programming. List Price $2,100 
Logic Programmer for 20/24 pin PALs supporting 
20/24/28 pin IFLs. List Price $3,485 
Down Loader Production Programmer supporting 
32 and 40 pin DIP and 44 pin PLCC devices. 

List Price $5,325 
Universal Programmer supporting PLDs, EPROMs, 
and microcontrollers. List Price $11,995 

GOULD/Bl OMA TION 
CLAS4000 384 Channel Macintosh-Based Logic Analyzer. 

List Price $20,000 
K-450B-180 80 Channel 200MHz Logic Analyzer. 

List Price $27,995 

HEWLETT PACKARD 
16500A 

1650A 

Logic Analyzer 80-400 Channels at 1 OOMHz; 16 
Channels at 1 GHz; 50MB/S Pattern Generation; 
400MS/S Digital Storage Oscilloscope. 

List Price $25,700 
8 Channel, 1 OOMHz Logic Analyzer, supporting a 
wide variety of microprocessors. 

List Price $7 ,800 

ICE286 

ICE386 

1252KIT-AD 

List Price $9,995 
PC-Based 8028612.5MHz In-circuit Emulator. 

List Price $12,945 
PC-Based 80386 Emulator operating at 16/20/25 
MHz. List Price $15,000 
PC-Based MCS-51 Family Emulator. 

List Price $5,495 

MOTOROLA 
M68HDS300 Stand-alone Emulator supporting 68000, 68020 

and 68030. List Price $7,195 

SUN MICROSYSTEMS 
SPARCstation1 Latest member of the Sun-4 family. Low cost, 

color, desktop system operating at 12.5 MIPS 
with 8MB RAM and 208MB Hard Drive. 

List Price $15,495 
3/60 20MHz 68020 Desktop system operating at 

3 MIPS. List Price $16,550 

TEKTRONIX ~~~~~~~~ 
1241 72 Channel, 1 OOMHz Logic Analyzer. Supports all 

popular microprocessors. 
List Price $6,000 

DAS9220/2C Digital Analysis System. Acquisition rates 20MHz 
- 200MHz - 2GHz; 50MB/S Pattern Generation, 
analysis support for all popular microprocessors. 

List Price $18,555 

TEXAS INSTRUMENTS 
TMDS320C25 PC-Based 2nd Generation DSP Emulator. 

List Price $13,500 
TMDX3469910 PC-Based Graphics System Processor Emulator. 

Price may change based on configuration. 

List Price represents common configuration. 

List Price $14,995 

This represents a sample of the Digital Design equipment available for rent. 
Contact your local sales office for the full extent of our inventory. 



LIST SALE 
MODEL DESCRIPTION PRICE PRICE 

IUP-F27 /128 EPROM Personality Module .................. $ 765 $ 150 
IUP-F87/51 Microcontroller Personality Module ... .. . 845 150 
IUP-F87/51A 8751 PROM Programming Module ........ 845 200 
IUP-FAST27K E2PROM Programming Module .......... .... 845 300 
MDS-730 DD Disk Add on Drive Unit .............. ...... 5,995 400 
MDS-730A DD Disk Add on/DX Series .................... 6,995 400 
MDS-ICE-xx MCS-85/86/51 Family Emulators .......•.. ** 500 
TSCOPE1865D 80186 TScope for IBM PC-AT ................ 5,495 1000 

INTERFACE TECHNOLOGY 
*660-010 
*RS-4004 
*RS4000 
*RS4000W/OPT 
*RS4004 
*RS432W/OPTS 
*RS660 
*RS680 

Interface Pod for RS660 ........... ............. $ 1,000 $ 350 
Pattern Generator 20MHz .... .................. 25,500 5,DDD 
Digital Pattern Generator ....... ............... 33,350 7 ,DOD 
Pat Gen/64Ch out/32Ch tri/Disk ............ 33,350 6,675 
Digital Pattern Generator ...................... 45,500 9,000 
Gen w/2ea opt 2/1ea opt 5,7,9,11 ,13 .. .. 12,160 2,400 
Word Generator/Timing Simulator ........ 7,700 750 
Word Generator .............................. ... ... 17 ,000 750 

SOPHIA COMPUTER SYSTEMS 
'SA700-xx 
*SA710-xx 

8/16 Bit Emulators ..... ........................... $ 9,995 $ 700 
8/16 Bit Emulators ................................ 7,995 700 

TEKTRONIX 
1200C02 
1240 
1240-D21 
1241 
12RMxx 
12RS01 
4105 
7D02/1/3 

GPIB Comm Package for 1240 .............. $ 850 $ 450 
Logic Analyzer ............. ........................ . 4,500 2,500 
8Ch/50MHz Data Acquisition Card ....... . 3,700 1,800 
Logic Analyzer, Color ........................... . 6,000 3,595 
Mnemonics ROM Packs .............. ......... . 400 250 
SK RAM Pack for 1240 ......................... . 300 125 
Color Graphics CRT Terminal ............... . 3,995 275 
Logic Analyzer ..... ................................ . 8,450 1,500 

HEWLEll PACKARD 
oeve\opment Systems 

Sale Price 
$ 3,900 

64100S/41 $ 3 350 
6411 OS/034 ' 

MODEL 

8300Exx 
8300Pxx 
8540/112/3 
8540/1 /3/15 
8540F26 
8560F06 
8561 
856112/5/8 
91A08 
91A24 
91A32 
91AE24 
91P16 
91S16 
DAS9129 
DAS9129+ 
P6452 
P6455 
P6464 
P6465 
PM1xx 

ZAX 
178-68000 
178-8048 
178-8086/88 
278-6809 
278-8085 
278-V30 
278-Z80H 
378-8051 
378-8086 
378-V50 
ZICExx 

LIST SALE 
DESCRIPTION PRICE PRICE 

lE\llROtUX 
logic Ma\yzer 

1240 
$4,500 

List Price 
Sale Price 

Emulation Control Boards ........ ...... ...... $ 
Prototype Control Probe ...................... 
Integration Unit!TTA/Comm Package .... 
Integration Unit!TTA/Comm Package .... 
512K Emulation RAM ............................ 
512K Memory Expansion/8560 ............ 
Multi-user System/FP/512K .. ......... ....... 
Multi-user Model/FP/512K .................... 
1 OOMHz Data Acquisition Module ........ 
Data Acquisition Module ......... .. ...... .. ... 
25MHz Data Acquisition Module .......... 
Data Acquisition Module .................. .... 
25MHz Pattern Generator Module ........ 
50MHz 16Ch Pattern Generator ............ 
Color Digital Analysis System ....... ......... 
Color DAS/DC100/2PS/GPIB/RS232 ...... 
Data Acquisition Probe .......... .. .. ............ 
TIUmod Pattern Gen Probe ... ....... ...... .. 
Pattern Generator Probe ........................ 
Pattern Generator 8Ch 50MHz .. ........ .... 
Microprocessor Personality Modules .... 

10MHz PC-Based Emulator .................. $ 
8048/49 Emulator ............... ... .............. 
8086/88 PC-Based Emulator .......... ... ... 
6809 PC-Based Emulator ................ .. .... 
8085 PC-Based Emulator ...................... 
V30 PC-Based Emulator .... ....... ... .......... 
ZSO PC-Based Emulator ...... .......... .. ...... 
8051/52 PC-Based Emulator ........ ........ 
8086 PC-Based Emulator ................ .. .... 
NEC V50 PC-Based Emulator ................ 
PC Interface S!W for ICD ......... ............. 

$2,500 

.. $ 

14,890 
10,190 
4,800 
4,900 

16,400 
18,900 
3,255 
2,890 
2,070 
2,950 
2,840 
4,200 

13,995 
13,195 

730 
575 

1,350 
1,680 
1,800 

8,500 $ 
5,500 
8,500 
5,500 
4,995 
8,995 
5,500 
5,995 
8,500 
9,450 

500 

1,000 
1,DDD 
2,500 
2,500 
2,400 

500 
3,000 
3,DDD 
1,595 
1,495 
1,525 
1,950 
1,900 
2,100 
3,DDD 
3,DDD 

450 
150 
500 
500 
300 

5,DDD 
2,795 
4,250 
3,300 
1,695 
6,DDD 
2,795 
4,700 
5,1 OD 
6,000 

300 

Price subject to change without notice. Equipment subject to availability. 
*No Warranty **List Prices vary based on configuration. 
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l~A I am interested in saving money on 
f ~~J Warranteed Digital Design Test 
Equipment. 

O I want to receive your sales catalog quarterly 

O I have rental needs. Please send me, ER's 
full line multi-reference rental catalog. It 
includes Workstations, General Purpose, RF/ 
Microwave, Digital Design, Data Products, 
Telecommunications and Data Acquisition 
Test Equipment. 

O I have an immediate equipment need. Please 
have a sales representative contact me. 
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BENEFITS OF RENTING TEST INSTRUMENTATION 
Protection Against Obsolescence 
Shorter product life cycles and rapidly advancing 
technology means the state-of-the-art instrument of 
today is "old-hat" tomorrow. Let us take the risk out 
of buying the newest equipment ... if it gets outdated, 
just demand the latest version. 

Budget Restraints 
Renting test equipment softens the impact on tight 
budgets. In today's competitive business environ­
ment, everyone is trying to get the most "bang" for 
their buck ... rentals conserve capital and stretch your 
dollars. 

Prompt Deliverv 
With the largest inventory of any company in the 
business plus 11 computerized lo.c.al inventory/serv­
ice centers, we provide equipment immediately for 
those unforseen demands caused by breakdown or 
short term projects ... when you need it "yesterday". 

Short Term Requirements 
Special projects or short term needs demanding spe­
cific equipment for defined periods are best handled 
through our short term rentals. Why pay for more or 
commit to more than you need? 

Maintenance Free 
No need to worry about the time and money needed 
to maintain highly sophisticated equipment. If it 
needs tuning, repair or replacement... we take care of 
it. 

Quality Performance 
Our QC standards are tough! Our nationwide network 
of calibration labs ensures that all equipment works 
when you turn it on. Our equipment is traceable to the 
National Institute of Standards & Technology ... we 
also conform to MIL-STD-45662A. 

AFFORDABLE FINANCIAL ALTERNATIVES 
•Straight Rentals 
• Rentals with purchase option 
• Finance and operating lease 
•Flexible finance terms on purchase of used gear 

We'll work directly with you to provide you the best in electronics--Affordably. 

TEAR HERE TEAR HERE ---------------------------------·---------------------------------------------.------------ ... 

BUSINESS REPLY MAIL 
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FOR SALE ••• 
LIST SALE 

MODEL DESCRIPTION PRICE PRICE 

APPLIED MICROSYSTEMS 
EM-18xx 
ES-68000/8B 
ES-68000B 
ES-68000P 
ES-68008B 
ES-68008P 
ES-68010B 
ES-68010P 
ES-68020B 
ES-68020P 
ES-80186P 
ES-80188P 
ES-8086B 
ES-8086P-86 
ES-8086P-88 
ES-GPB 
ES-LA 
ES-R0-128 
ES-R0-32 
ES-R0-64 
ES1800SY100 
PC-ES 

DATA 110 
29B-20700 
29B-X0600 
303A-001 
303A-006 
303A-007 
303A-009 
303A-011B 
303A-ECL+ 
351A-xxx 
950-0059 
950-0077 
950-0099 
990-0003-01 
990-0004-01 
990-0029-67 
990-0121-17 
MODEL21A 
MODEL22A 
MODEL22B 
MODEL280 
MODEL60 
USITE-OPT1 P 
USITE-OPT4 
USITE40/2/3 

8 Bit Diagnostic Emulator Series ...... .... $ * * $ 
68000/08 Emulator Control Board .... ... . 3,550 
68000 Emulator Control Board .............. 3,550 
10MHz 68000 Emulator Probe .............. 3,195 
68008 Emulator Control Board .............. 3,550 
10MHz 68008 Emulator Probe .............. 3,195 
68010 Emulator Control Board .............. 3,550 
10MHz 68010 Emulator Probe.............. 3,195 
68020 Emulator Control Board ............. . 3,550 
16MHz 68020 Emulator Probe ........... ... 3,195 
80186 Emulator Probe .......................... 4,095 
80188 Emulator Probe .......................... 3,195 
8086/88/186/188 Emulator Ctrl Bd .. .... 3,550 
10MHz 8086 Emulator Probe ................ 3,195 
10MHz 8088 Emulator Probe ................ 3,195 
Gene-Probe ............. .... ......................... 1,995 
Logic State Analyzer ............................. . 895 
128K RAM Overlay ..... ........................... 3,800 
32K RAM Overlay. .. ............................... 1,500 
64K RAM Overlay .................................. 2,500 
Satellite Emulator Mainframe .... ............ 4,350 
PC Driver Software for ES1800 ........ .... 500 

29B Programmer/128K/SRC/CRC ..... .. ... $ 
29B Programmer/64K/SRC/CRC ........... . 
Signetics/TI IFL Adaptor ............... ...... . 
Tl Programmer/Test Adaptor ......... .... .. . 
Harris CMOS Prog/Test Adaptor ....... .... . 
CMOS Adaptor ...................... ....... ........ . 
PLCC/SOIC Generic Module .. ..... ... ....... . 
ECL Programmer/Test Adaptor ............. . 
PROM Programmer Adaptors ............. .. . 
Unipak II ................... .. ......... ..... .. .. ...... . 
Gang Pak ............................................. . 
Unipak ... .............. ..... ............ ..... .... ...... . 
22A PROM Programmer ... .................... . 
22B PROM Programmer ....................... . 
System 29/64K Memory/SRC/CRC ....... . 
Model 121A Gang Programmer .. ... ...... . 
Personal EPROM Programmer .......... .. .. 
Model 22A PROM Programmer ........... . 
MOS Device Programmer ..................... . 
64K Gang Programmer ....................... . 
64K RAM Logic Programmer ............... . 
Pin Driver Card ................ ..... ... ............. . 
Chipsite SOIC/PLCC Module .... ............. . 
Usite w/512K Dual Floppys ....... ...... .... . 

4,495 $ 
4,495 

495 
395 
495 
395 

1,195 
795 
175 

2,575 
1,750 
2,200 
4,320 
2,595 
4,575 

10,500 
1,450 
3,795 
1,995 
1,995 
3,485 

435 
3,000 

11 ,995 

1,200 
2,000 
1,300 
1,000 
1,500 
1,100 
1,500 
1, 1 DO 
1,875 
1,500 
1,500 
1,500 
2,000 
1,500 
1,500 
1,200 

495 
2,200 

550 
1,200 
2,895 

225 

2,1 DO 
1,500 

150 
100 
325 
125 

1,050 
675 
100 
700 

1,300 
600 
600 
600 
600 

2,000 
500 

1,200 
895 

1,200 
1,200 

375 
2,800 

10,000 

OAlA \/0 
svstem 29 
990-0029-67 

. $4,575 
list Pn~e $600 
Sale price 

GOULD/BIOMATION 
K-1010 
K-1020 
K-115 
K-20 
K-205-048 
K-205-148 
K-450 
K-450-248 
K-5000 
RTE-68000 
RTE-8085A 
RTE-Z80B 

Logic Analyzer ...................................... $ 19,750 $ 
Logic Analyzer .... ............. ... ...... ............ 15, 750 
Logic Analyzer Mainframe 32/64 Ch .... 5,505 
Logic Analyzer 24 Channel ..... ......... ...... 2,650 
48Ch Hi-Speed Logic Analyzer .............. 17,750 
48Ch Hi-Speed Logic Analyzer w/Disk .. 19,750 
Logic Analyzer Mainframe .................... 8,550 
64Ch Logic Analyzer w/Disk Drive ........ 10,800 
Logic Analyzer 8Ch 500MHz ........ ....... . 17,500 
RTE Disassembler ...................... .. ........ 700 
RTE Disassembler 8085A .................... 700 
RTE Disassembler Z80B ...................... 700 

4,000 
3,000 
2,000 
1,000 
5,500 
6,000 
4,000 
5,000 

10,000 
150 
150 
150 

MODEL 

LIST SALE 

DESCRIPTION PRICE PRICE 

GOUlDfB\OMA t\OM 
Logic r>.na\'/?er 

K-205-048 
. $H.750 

list pnce $5 son 
sale Price ' 

HEWLETT PACKARD 
10269A Probe Interface for 1630 ...................... $ 460 $ 295 
10269A-xx Personality Modules ... .. .. ....................... 250 
10269B Probe Interface for 1630G ....... ............. 460 150 
103xx Preprocessors for 16300/G .... .............. 350 
16300 43 Channel Logic Analyzer .. ... .. ............. 10,800 5,000 
1630G 65 Channel Logic Analyer .... .......... .... .... 12,400 5,500 
16310 Logic Analyzer ..................... .... ........... .. 13,300 7,000 
64001S/050 15MB Winchester Disk ....... ................... 3,050 750 
64001S/05H 20MB Winchester Disk .......................... 2,390 1,000 
64100B/41 Logic Development System .................. 17,920 3,900 
64110B/034 Logic Development System ....... ........... 11,350 3,350 
64155A 16 Bit Memory Control Board ............. ... 1,650 500 
64161A 128K Memory Board ... .......... .. .......... ..... 3,755 1,900 
64162A 64K Memory Board ............ ... .. ............... 2,580 1,500 
64240/243AA 68000Emulator12MHz w/asm+linkr .... 7,000 4,000 
64240/243AB 68000Emulator12MHz w/asm+linkr .... 7,200 4,000 
64260A/264 8051 Emulator System w/asm+linkr ...... 6,400 1,000 
642xx Emulator System w/asm+linker .... ........ .. 500 
64300A 8 Bit Logic Analyzer .. .. .................... .. .... 2,130 200 
64302A 48 Channel Internal Analyzer .......... ...... 2,945 1,500 
64304A Emulation Bus Preprocessor ......... ..... .. 1,745 750 
64310A/SF Software Performance Analyzer ............ 3,510 500 
64331A 68000 High Level Soft Analyzer ........ .... 3,520 500 
64332A 8086 High Level Soft Analyzer .............. 3,520 500 
646005/F 8 Channel Ti ming Logic Analyzer .......... 6,880 1000 
64620S/011 60Ch State Analyzer w/Overview ............ 7,920 1500 
64630S/011 60 Channel GP Probe Kit ...................... 4,260 500 
6465xx Microprocessor Interfaces .................... .. 500 
647xx PC-Based Emulators w/asm+linker ........ 10,000 
8016A Word Generator 9 x 32 Bit .......... .......... 11,300 3,500 
8018A/1 Serial Data Generator ............................ 6,415 3,000 
8084A Word Generator ..... ............. .. ................ 4,280 1,800 
8170A/1 Logic Patter Generator 32K Bit .......... .... 8,780 2,195 
8180A Data Generator ........... .... ....................... 17,800 8,900 
8181A Data Generator Extender ........ .. .............. 10,500 5,800 
8182A/1 Data Analyzer w/3 Option 1 .................. 31 ,500 9,800 

HITACHI 
'H180AS01 64180 Emulator .................................... $ 6,000 $ 4,000 
' H180ASE02 64180 Emulator ................. ................... 10,495 5,000 
H680SM01S 256K Memory Expansion Board ............ 1,500 700 

INTEL 
' DX-225AFDMF New Version MDS-235 Mainframe ........ $ 10,505 $ 750 
'DX-286AFDMF New Version MDS-286FD Mainframe .... 16,905 750 
111-110 8MHz 186/188 Emulatorw/SW ...... ...... 7,995 2,995 
111-110//BM 8MHz 186/188 Emulator w/SW ..... ....... 7,995 3,995 
111-210 6MHz 80286 Emulator Series IV w/SW .. 11 ,995 2,995 
111-210//BM 6MHz 80286 Emulator PC-XT ..... ........ ... 11 ,995 3,995 
111-211 8MHz 80286 /2/CE Series IV ...... ......... .. . 11 ,995 3,995 
111-211/IBM 8MHz 80286 /2/CE IBM PC-XT/AT ........ .. 9,995 4,995 
111-707 128K 12/CE Emulation RAM Memory .... .. 3,950 2,000 
IMDX-431A Series IV MOS ................ .. .......... .......... 24 ,900 1,000 
IMDX-441A Enhanced Series IV MOS .................... .. 28,900 1,000 
IMDX-456 /MDX Interface Card/Series IV .............. 2,000 800 
IMDX-720A New MDS-720 ................. .. ...... ........... .. 6,995 750 
IPAT86PC Performance Analysis Tool for J21CE ...... 4,995 2,000 
IPDS Intel Personal Development System ...... 7,000 700 
IPDS-130 Add-on Disk Drive for PDS .......... .......... 995 200 
IPDSEMV51 8051 Emulation Vehicle ........................ 2,995 350 
IPDSEMV51A 8051 Emulation Vehicle ..... ................... 2,995 400 
IUP-201U UPP with V1 .4 Software ... ..................... 2,755 250 



~~ Electro Rent 
~Corporation 
6060 Sepulveda Blvd. 
Van Nuys, CA 91411-2501 

WE ARE COMPATIBLE NATIONWIDE ... 
CORPORATE OFFICES 
6060 Sepulveda Boulevard 
Van Nuys. CA 91411 -250 1 
Phone (818) 787-2 100 

CALIFORNIA 
1905 Plymouth Street 
Mountain View, CA 94043 
Phone ( 4 15) 964-5500 

CALIFORNIA 
6060 Sepulveda Boulevard 
Van Nuys, CA 91411-2501 
Phone (818) 781 -2221 

CALIFORNIA 
7895 Convoy Court Sui te # 18 
San Diego, CA 92111 
Phone (619) 571-7905 

TEXAS 
1205 1 Forestgate Drive 
Dallas. TX 75243 
Phone (2 14) 437-3383 

GEORGIA 
1865 Corporate Drive 
Su11e #220 
Norcross. GA 30093 
Phone ( 404) 925-9 199 

CANADA 
1110 Kamato Road. Units 1 & 2 
Mississauga. Ontario L4W 2P3 
Phone: ( 416) 624-6132 

ILLINOIS 
1822 Elmhurst Road 
Elk Grove, IL 60007 
Phone: (312) 956-8380 

MICHIGAN 
31195 Schoolcraft Road 
Livonia , Ml 48150 
Phone: (313) 522-8555 

MASSACHUSETIS 
12 Jonsp1n Road 
Wilmington , MA 01887 
Phone (508) 657-8400 

NEW JERSEY 
216 Litt le Falls Road 
Cedar Grove, NJ 07009 
Phone (201) 857-2280 

WASHINGTON DC 
6935 Oakland Mi lls Rd 
Su1te "N" 
Columbia, MD 21045 
Phone (301 ) 995-6707 
Washington DC (301) 982-1450 

Electro Rent Easy Access 
ALABAMA COLORADO ILLINOIS MARYLAND NEW HAMPSHIRE OREGON UTAH 
(800) 24 1-9156 (800) 227-8010 (3 12) 956-8380 (30 1) 995-6707 (800) 225-0836 (800) 227-80 10 (800) 227-80 10 

ALASKA CONNECTICUT INDIANA MASSACHUSETIS NEW JERSEY PENNSYLVANIA VERMONT 
(41 5) 964 -5500 (800) 225-0836 Northern ( 508) 65 7 ·8400 (201) 857-2280 Eas1ern (800) 225-0836 

(800) 323-8893 (800) 63 1-4278 
ARIZONA DELAWARE 

Southern MICHIGAN NEW MEXICO Western VIRGINIA 
(800) 232-2173 (800) 638- 1783 

(800) 52 1-5788 (313) 522-8555 (800) 232-2173 
(800) 521-5788 (800) 638- 1783 

ARKANSAS DISTRICT OF 
IOWA MINNESOTA NEW YORK RHODE ISLAND WASHINGTON 

(800) 553-RENT COLUMBIA (800) 323-8893 (800) 631 -4278 (800) 227-80 10 
(301) 982- 1450 (800) 323-8893 (800) 225-0836 

CALIFORNIA KANSAS MISSISSIPPI NORTH CAROLINA SOUTH CAROLINA WEST VIRGINIA 
Mountam View FLORIDA (800) 241 -9 156 (800) 638- 1783 (800) 638-1783 
(41 5) 964-5500 (800) 241 -91 56 (800) 323-8893 (800) 241 -9 156 

Northern & Central CA KENTUCKY MISSOURI NORTH DAKOTA 
SOUTH DAKOTA WISCONSIN 

(800) 421 -4848 
GEORGIA 

(800) 521-5788 (800) 323-8893 (800) 323-8893 
(800) 323-8893 (800) 323-8893 

(404) 925-9199 
San Diego 

LOUISIANA MONTANA OHIO TENNESSEE WYOMING 
(6 19) 57 1-7905 HAWAII (800) 227-8010 (800) 521 -5788 (800) 553-RENT (800) 241 -91 56 (800) 227-8010 
Van Nuys (800) 423-2337 
(8 18) 781 -2221 MAINE NEBRASKA OKLAHOMA TEXAS IDAHO (800) 323-8893 (800) 553-RENT 

(800) 227-8010 (800) 225-0836 (2 14 ) 437-3383 

NEVADA (800) 44 2- 1144 

(800) 232-2 173 

~Electro Rent 
Corporation 



TOKIN TECHNOLOGY UPDATE 

BEAT THE HEAT 

Tokin has developed a film 
metallization technique for 
creating MN heat sinks with 
outstanding insulation and 
heat dissipation properties. 

Designing a transistor 
without the insulation and 
heat dissipation properties 
that let you take full 
advantage of its capabilities 
is like building a sports car 
without a cooling system. 

That's why we want you to 
know what TOKIN's MN 

(Aluminum Nitride) substrate 
material has to offer. 
• Thermal conductivity 
eight times higher than 
alumina 
• Dielectric constant, 
insulation features , and 
mechanical strength as high 

as alumina 
• Thermal expansion 
coefficient comparable to 
silicon 
• Available in 120, 160 and 
200W/mk (RT) thermal 
conductivity 

One note worthy appli­
cation for MN substrate is 
TOKIN's own line ofStaric In ­
duction Transistors (SIT). By 
using SIT in combination with 
MN heat sinks, we are to able 
provide power levels of 50 W 

to 3 KW and breakdown volt ­
ages ranging to 1500 V. SIT 
power modules have been 
used to manufacture 2 MHz, 
2 KW RF induction heating 
generators with a 70% reduc-

AIN Properties 

Density g/cm" 

Thermal comluctivity W/mK(RT) 
Thermal expansion coefficient ( x 10 -6/'C) 

(RT- 400 ' C) 
Dielectric strength KV/mm(RT) 
Volume resistivity 0-cm(RT) 
Dielectric constant ( I MHz. RT) 
Dielectric loss (!MHz. RT) 

tion in size and 80 % effi­
ciency. And it couldn 't be 
done without AfN substrate. 

So don 't leave the job half 
done. Discover how TOKI ''s 
AfN can give a dramatic boost 
to transistors or power ci rcuits 
(including those for auto 
ignitions). 

It 's truly an idea worth 
celebrating. 

Thermal conductivity (W/mK) RT 

JOO 

200 +-1--t- -jJ 

-fOKINAIN- AIN10.1 BeO 
T-120} T-160} T-200 (96.0%) (99.5%) 

3.2 3.8 2.9 

120 I 160 I 200 20 260 

4.3 6.7 "'.5 

15 15 10 
>IO'l >to'' >1011 

8.9 8.9 6.7 

3 4 3 

Tokin Electronics (H.K. ) Ltd . Tol<ln Tokin Corporation 
Hazama Bldg ., 5-B, Kita-Aoyama 2-chome, Minato·ku, Tokyo 107, Japan 
Phone : 03-402-6166 Fax: 03-497-9756 Telex: 02422695 TOKIN J 

Room 806 Austin Tower, 22-26A Austin Avenue, 
Tsimshatsui. Kowloon, Hong Kong 
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Tokin America Inc. 
155 Nicholson Lane, San Jose, California 95134 , U.S.A. 
Phone : 408-432-8020 Fax: 408-434-0375 
Chicago Branch 
9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A. 
Phone : 312-215-8802 Fax : 312 -215-8804 

Phone : 131679157-9 Fax : 1317395950 
Taiwan Liaison Office 
5th Fl. , No. 9, Alley 9, Lane 123, Sec.3 Jen Ai Road , Taipei 
Phone : 102 1 7714354 Fax : 1021 7217051 

Munchen Liaison Office 
Elisabethstra~e 21, 8000 Munchen 40, Bundesrepublik Deutschland 
Phone : 10891 271 75 22 Fax : 10891 271 75 67 
Telex : 5 24 537 tokin d 

You can reach our agents by phone : Denmark (03) 63 3830; France ( 11 45 -34 -7535; Italy (033 1) 67-8058; Spain 729-1155; Switzerland (01) 830-3161 
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In the electronics industry, if you don't get your prod­
uct to market first, you might as well get there last. 

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

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

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

tools to help our customers design better circuits, build 

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

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

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

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

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

and easily. 
The list goes 

on. In fact, 
nobody offers 

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

For more information on how 
we help our customers get to 

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

CIRCLE NO 130 229 



80µVrms noise 

Gain vs Frequency 

0 1--+-+-H++l++-.........,"'"'~-t--++t-tttti 

-15 1-+-i-++++++f-----++-j~ -++++++~f+-+-1-+++H-H 
- 30 1--!-+-l-++++-H--+-\l--+-J,.i'fttt-+-+--+++-++t+i 

fcLK=5MHz ~ l 
~ - 45 f- RIPPLE = ± 0. 1 dB-+--1>-++<-++++--+I -+-+-+-++++ii 

filt« ieetions i -60 >---+-+-+-r+++++---+---i<-+++++tt---t-- , r-+-+-++++H 

DIP allowing an eilhtli Oldettitter. "'-75 >-----l-+-+-++H++------i-Hr++++i+------t<\ --+-+-++++H 

Thisnewfilterhasouf.Standingspeed, 90 1-- fCLK=1MHz ~ 
with cutoff frequencies as high as - RIPPLE= ± o 05dB ~ r--+-"° ~~. 

- 105 1--!-+-l-+++!-H--+--jl-++jftttt--t--+++-++t+i .,....,. .............. 

lOOkHz, as well as broad dynamic In quantities of 100, the price 
range, low noise, clock tunability, - 120 >--+--+-+-++++++--~,....._..,-++++---+--+-+-++t+H for commercial versions of the 
frequency and "Q" accuracy. -135 ~~~~~~~~~~ LTC1064CNisS8.40.TheLTC1064-1, 

The LTC1064 uses external 1
k 

1
ok 11N (Hz) 

1
ook 

1
M LTC1064-2, LTC1064-3 and 

resistors to configure the filter. LTC1064-4 are $11.25 each. For 
We make designs even easier with additional details on military version 
options that put these programming ~---------------' pricing, sample availability and 
resistors on the chip. The result technical data sheets, contact: 
is a symphony of features: smaller Linear Technology Corporation, 
package size, 14-pin DIP, increased 1630 McCarthy Blvd. , Milpitas, CA 
speed, low noise, and guaranteed ~...,,,...- LI n~ 95035. Or call 800/637-5545. 

_....A.., TECHNOLOGY 
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TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 

CIRCLE NO 131 EDN June 22, 1989 



DESIGN IDEAS 
EDITED BY CHARLES H SMALL 

Debugger uses coprocessor socket 

Noor S Khalsa 
EG&G, Los Alamos, NM 

The IBM PC debugger in Fig 1 plugs into the PC's 
math-coprocessor socket. You can mount all the compo­
nents in Fig 1 on a chip carrier. The 8288 bus control­
ler, IC1, regenerates control signals from the proces­
sor's status signals, S0, S1t and S2• The Reset LED, 
D1t lights if Reset is active and holding the processor. 
The Clock status LED, D3, indicates that the processor 

i;,'$- COPROCESSOR SOCKET 
PIN N U ~I SERS 

39 
___ R_E_S_ET ____ _. 

29 
so 19 

So MRDC 
7 

MEMWR 
27 

S 1 
Si MWTC 

9 
S2 18 

25 S2 B2BB AMWC 

IDRC 
IOWC 

AIOWC 
INTA 

CLOCK 
38 CLK DTffi 

AEN DEN 
CEN MCE/PDEN 
108 ALE 

-=- oc 
G 

-=-
HCT373 

11 A19 
Dl 01 

9 
A18 

D2 02 
l Al? D3 03 
5 

A1 6 
D4 04 

3 
A1 5 13 12 

D5 05 
A14 14 15 

D6 06 
A1 3 17 16 

D7 07 
A12 18 19 

DB QB 

READY 
37 

13 
11 
12 

is receiving a toggling clock signal. The address-decode 
logic detects when the processor is doing a jump-on­
reset to the PC's BIOS ROM. The Halt LED, D2, 

latches on when the BIOS's power-on self test has 
detected a fatal error and halted the processor. EDN 
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5V 5V 

1k 
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PR 
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CLR //D, 

5V 
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15 
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A o 13 

5\' 

-=-
LS123 

CLOCK 
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CLR // DJ 330 

3 

5V 
0 .01 µF 

c 
13 

A Q 
5\' FFXXX• MEMRD LS 123 ROM BIOS 
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// D, 330 

3 

5V 

Fig 1-This simpk d£bugging rool plugs into the rnath-caprocessar socket of an IBM PC. 
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DESIGN IDEAS 

Register performs binary search 

Jam es C Vandiver avoids the wasted time of loading data and instructions 
that a µP-based search would require. The 12-bit out­
put word is available in both serial and parallel forms. 

UAH Research Institute, Huntsville, AL 

You can team an AMD SAR2504 successive-approxi­
mation register (SAR) with a digital-comparator circuit 
to perform a fast and efficient binary search of an 
EPROM-based table. The circuit can also function as 
a content-addressable memory if the data are in nu­
merical order. The circuit in Fig 1, when given an 
input value and a start pulse, performs successive ap­
proximations to the 24-bit input value until it finds the 
table entry that most closely matches the input value. 
The circuit's output is the address of that datum. 

The circuit in Fig 1 shows a table of 4096 24-bit 
numbers. You can easily scale the circuit to handle 
different table lengths and word widths by short cy­
cling or cascading SARs and using different EPROMs. 
Substituting RAMs or EEPROMs for the EPROMs 
would let you change the table dynamically. For time­
critical applications, you could cascade the comparators 
in a "tree" configuration to reduce propagation delays. 
At the expense of speed, a single large EPROM could 
store the table if you add extra logic to allow sequential 
comparisons on 8-bit words. For a table of 2n numbers (n output bits), the search 

requires one clock cycle per output bit plus one cycle 
for the start pulse. This hardware-based technique is 
much faster than a software binary search because it 

If you have difficulty comprehending the utility of 
this circuit, consider how it could make fast time­
interval-to-frequency inversions. The data in the table 

INPU T 
WORD 

71 61 tl 
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121 ~ 12 A'. 
1
85 B '.~1'"'"1 __ _,_15"-l o: 

I"' ~ 10 Ao IN Bo 9 14 D, 
- < = > 

A ...!.§____ 
11 1 19 I 

A,o 22 
Ag 23 
As !=--+-+-!--. 
A, ~1---+--+--+-+-. 
As l-'2'----1-+-+--+-+-. 
As l-'3'----1-+-+--+-+-+--. 
A, ~4'---+--+--+-+-t-t--+--, 
A3 1-'5'----+-+-+--+-+-+-t-t-.. 
A, 1-6'------+-+-+--+--+-+-1-+-+~ 
A , 1-'7---+-+-+--+-+-+-t-t-+-+-~ 
Ao l-'8'----t-t--+--+-+-+-t-t--+-+--+--. 

~---~O CLOCK IN 

l -{) START IN 

11 13 1J 
A 18 21 Q D CP $ 
A 11 19 20 11 

A'o 22 19 0 10 

A: 23 
1
1
7
8 ~ 

A, ~1'---t-+-t--+--+-+-r-t-+-t--+--+--'-'-1 
A

6 
2 16 a, SAR 
3 9 ~ e~ 

~ ~ 
A, 4 8 Q 
A, 5 7 a: 

SUCCESSIVE 
APPROXIMATION 
REGISTER 

A, 6 6 Q 

A, 
7 5 a: D0~SERIAL DATA OUT 

J2 J3 J4 Ao 8 4 0,, ___ __. E Occ 

1-:!:- 3 l~---On COMPLETE OUT 
A 18 - o 

11 ~9 -u 11 

A,o 22 "'-' O,o 
A, 23 "'-' O' 
As t-=-----4-+-t--+--+-+-r-t-+---------<l~ ~ 
~ 1 ~ ~ 
~2 ~ ~ 
As 3 ~ 0, 0.;;6~~T 
A4 

4 
:::: 0 4 

A, 5 _ 0 3 

~ 6 - ~ 
A1 

7 
"'-' 0 1 

~8 "'-' ~ 

i , '"'o---'-1"-15 A3< ouT , B3,_1 _ _ ~1116_, o, 
1. ~ 13 A, I B, 14 o. 
1

5 
~ 12 A 85 B 11 15 o , 

1, ~ 10 A~ IN B~ 9 14 o, 
- < = > 

,__ __ __. 

24·BITx4096·ENTRY 
LOOK·UP TABLE 

Fig I-This successive-approximation circuit -peifonr!13 a IJi'YUlry soorch for an n-bi.t number in n + 1 clock cycles. 

232 EDN June 22, 1989 



SPECIFICATIONS 

de to 2000 MHz 
amplifier series 

Unbelievable, until now ... tiny monolithic wide-
MODEL FREQ. GAIN, dB • MAX. NF PRICE$ 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 

MHz 100 1000 2000 Min . PWR. dB Ea. Qty. 
MHz MHz MHz (note) dBm 

MAR-1 DC-1000 18.5 15.5 13.0 0 5.0 0.99 (100) 
MAR-2 DC-2000 13 12.5 11 8.5 +3 6.5 1.50 (25) 
MAR-3 DC-2000 13 12.5 10.5 8.0 +80 6.0 1.70 (25) 
MAR-4 DC-1000 8.2 8.0 7.0 +11 7.0 1.90 (25) 
MAR-6 DC-2000 20 16 11 9 0 2.8 1.29 (25) 
MAR-7 DC-2000 13.5 12.5 10.5 8.5 +3 50 1.90 (25) 
MAR-8 DC-1000 33 23 19 +10 3.5 2.20 (25) 

in the MAR-series offer up to 33 dB gain, 0 to 
+11 dBm output, noise figure as low as 2.8dB, 
and up to DC-2000MHz bandwidth. 

NOTE: Minimum gain at highest frequency point and over full temperature range. 
"MAR·8. lripul/Oulpul Impedance 1s nol 50ohms, see dala sheet. 
Stable for source /load impedance VSWR less lhan 3: 1 

• ldB Gain Compression 
o +4dBm I lo 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 

EDN June 22, 1989 

Size Tolerance 
(mils) 
80 •50 5% 
80 •50 10% 

120 x 60 10% 

Temperature 
Characteristic 

NPO 
X7R 
X7R only $59.95 t Minimum Order 50 per Value 

finding new ways .. 
• Designers kit, kcap-1,50 pieces of 
each capacitor valve, only $99.95 

setting higher standards 

t::1 Mini-Circuits 
A D1v1s1on ol Sc1ent1f1c Components Corporation 

P.O. Box 350166. Brooklyn . New York 11235-0003 (718) 934-4500 
Fax (7 18) 332-4661 Domestic and International Telexes: 6852844 or 620156 

CIRCLE NO 132 

Value 

10, 22, 47, 68, 100, 220, 470, 680, 1000 pf 
2200, 4700, 6800, 10,000 pf 
.022, .047, .068 . . 1µ1 

C 11 3-Rev. D 
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DESIGN IDEAS 

would be time intervals, which would be compared to 
measured inputs; their addresses would be the corre­
sponding frequencies. To load the table, you would 
calculate the inverse of the addresses, scale the inverse 
values over the expected range of inputs, and load 
them into the EPROM table. In operation, the circuit 
would find the nearest match to a given input interval 

in its table. The address of that datum in the table 
would then be, in this example, the corresponding fre­
quency. EDN 
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Single shots reside in PLDs 

Jim Honea 
AGL Corp, Jacksonville, AR 

By using three external components and three to five 
pins of a CMOS PLD, you can create a retriggerable 
monostable multivibrator (one-shot) that can provide 
timing intervals from milliseconds to seconds. The key 
to the circuit's operation (Fig 1) is a 3-state output 
that discharges the timing capacitor, C, when a trigger 
pulse occurs and then lets it recharge through a resis­
tor, R. 

When the circuit is in its quiescent state, the flip­
flop's output, Q1, is low; OUTRDC is disabled; and C 
is charged to within a diode drop, V 0 , of V cc· When 
the Trigger input goes high, it clocks a logic one 
through the flip-flop. Consequently, the output, Out, 
goes high, and OUTRDC goes low, which discharges 
C toward ground. When the potential on C is a diode 
drop, V 0 , below the PLD's input-logic threshold, V TH 

(about 1.6V for Altera parts), the internal feedback 
signal, FB2, goes from low to high. This clears the 
flip-flop, which in turn puts OUTRDC in its high­
impedance state. 

With OUTRDC disabled, C charges through R and 
D toward V cc· When the potential on C equals V TH• 

the internal feedback signal, FBi. goes from high to 
low, thus driving Out low and ending the timing cycle. 
If the Trigger input sees another high-to-low transition 
before the circuit times out, the circuit begins another 
timing cycle. 

The purpose of the diode, D, is to ensure that the 
capacitor, C, discharges to a fixed voltage, V 0 , below 
V TH· Assuming that C discharges to exactly V TH - V 0 , 

the timing period is 

T = - RC x ln(l - (V TH/(V cc-Vo))). 
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Vee 

_JI_ 

TRIGGER 
a a, 

CLR 

EXTERNAL CIRCUITRY 

------------Vee 

..J1.._ 
OUT 

OUTRDC 

-=-
I C 

FB 1 -=-
----------

_, 

FB2 
INRDC 

Fig I-An external RC-timing network lets you add the one-slwt 
function to your PLD repertoire. 

If the Trigger signal comes from other circuitry 
within the PLD and you don't need the Out signal, 
you can reduce the number of pins required from five 
to three or four. 

Because the voltages at the FB
2 

and OUTRDC pins 
are not confined to the normal logic levels of V cc and 
GND but can be at or near V TH• the supply current 
that the PLD draws may be higher than expected, 
especially if you use a so-called zero-power PLD. The 
worst-case current draw occurs when C is larger than 
1 nF and you retrigger the one-shot frequently. EDN 
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The next standard. 
A new generation of high performance SCCs. 

Zilog's universal serial communication controller, the 
USC (ZI6c30 ~), provides higher throughput than any gen­
eral purpose SCC. And it does it while reducing the CPU 
workload 60%. 

Superinteg,ration'" and 
he C municationS Market. 
t ()fn to the demand for more i.nte~ 

[)el!eloped as an answer . .1 '.5 superlntegration 
gration than AS/Cs cO,:/!::r'!'7u;~~wingfamily of appli· 
technology bas resun!ta ~products ( ASSPs}, also known as 
cation specific sta r:. . or CB/Cs. Working CPU 
cell·based inJegrated circi:i1ts,/ls bave been combined and 
and Peripherals cores an ce . t they use tbe same 
enhanced for specific apndplica:;:;t! sets you 're already 

ven architectures a. ins 
pro working with. . fi r tbe communications 

s tems designers o . 
~ ded SCCs with more speed. But 

market nee . .rormance away from 
that meant taking !:fi1bat was not acceptable. 
the CPU. A trr:fefi·Op .1 0

.rsuperinJegration 
Tbe USC first OJ a am1 y ~ ed 

' . that provides enhanc 
sees is a solutwn "der 

perjo~nce and ;:1::.:i/he ~:is clear for even 
the far·reacbing benefi . tems to be developed. 

more bigbly integrate~ sys obod bas a more complete 
And consider tbis. N Y tem cells or II 0 bolt· 

eneric cores, sys ' 1 library of P.roven, g d is better qualified to deve op 
ons than Z1log. Nobo Y . rts 
and deliver SuperinJegrauon pa . 

More speed. 
The USC is four times faster than any general purpose 

SCC. You get guaranteed data rates of 10 Mbi ts/sec. But speed 
is not the only USC advantage. 
More CPU power. 

The USC requires less attention from the system CPU. 
That means more power for the system. The USC's lower 
overhead is due to easy initialization , auto-sequencing word 
transfers from deep FIFOs, fly-by DMA control, and reduced 
latency from an efficient, chained interrupt structure. 
More flexibility. 

You've got two completely independent channels, as well 
as multi-protocol capabil ity. Because the USC has two BRGs 
per channel you can transmit and receive at two different bit 
rates. And the USC's universal bus interface means you can 
cut the cost of GLU logic and expensive board real estate. 
More performance. 

CMOS and Superintegration'" bring more CPU power and 
higher data throughput. The USC carries a 12.5 MByte/sec bus 
bandwidth punch. Straight DMA connect and 32-byte FlFOs 
make the USC's systems simple, elegant and fast. Very fast. 
More reliability. 

With the USC you get Zilog's proven quality and 
reliabil ity. Unique built-in testability features allow access to 
nodes and registers for testing program functionality in real 
time. Find out more about the USC or any of Zilog's growing 
family of Superintegration products. Contact your local Zilog 
sales office or your authorized distributor today. Zilog, Inc., 
210 Hacienda Ave., Campbell , CA 95008, ( 408) 370-8000. 

Right product. Right price. Right away. Zilog 
ZILOG SALES OfFICES' CA (408) 370·8120, (714) 838-7800, (818) 707-2160, CO (303) 494·2905, FL (813) 585-2533, GA (404)923-8500, IL (312) 517·8080, M.\ (617) 273·4222, MN (612) 831-7611 , 
NJ (201) 288·3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 612·6046, 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kow loon (852) (3) 723-8979, KOREA (82) (2) 552-5401, TAIWAN (886) (2) 741-3125, SINGAPORE 65-235 7155, DISTRIBUTORS' U.S. Anthem Electric, 
Bell Indus., Hall-Mark Elec., JAN Devices, Inc., Lionex Corp. , SCh weber Elec., Western Microtech . CANADA Futu re Elec., SEMAD, LATIN AMERICA Argentina-Yel.-(1) 46-2211, Brazil-Digibyte (Oil) 241-
3611 , Mexiro-Semiconductores Profesionales (5) 536-1312. 
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Triacs preregulate HV supply 

Hector Gellon 
San l.iuis University, San Luis, Argentine 

The circuit of the high-voltage power supply in Fig 1 
requires detailed study before it reveals its true nature 
as a digital version of the venerable Variac variable 
autotransformer. In operation, one of the control cir­
cuitry's triacs selects the tap on the main transformer, 
T1, which provides the proper, preregulated voltage 
to the secondary regulator. T2 and its associated com­
ponents comprise the secondary regulator. Such pre­
regulation makes this high-voltage supply more effi­
cient and stable. 

The ADC 0804, IC1i digitizes a voltage-feedback sig­
nal from the secondary regulator's output. The MC1415 
demultiplexer, IC2, decodes the digitizer's output. IC2, 

in turn, drives T1's optoisolated triacs via the 74LS240 
driver chip, IC3, and associated optoisolators (see the 
insert in Fig 1). 

SIGNAL 3 
INPUT '>------1 

15V 

R, 
10k 

0 I O Vs 

I 1µF 

I 1µF 

0 -15V 0 -Vs 

IC 1 
AD633 

MULTIPLIER 

D, 

IN4148 

R, 

D, 
IN4148 

c, 

0.2 µF 

THRESHOLD 
ADJUST 

R3 10k 

c, 

0.02 µF 

10k 

INTEGRATOR/ 
COMPARATOR 

Transformer T3 samples the circuit's current output. 
The auxiliary, 12V winding on T1 ensures no-load start­
ing. The combination of op amp IC5 and the inverting 
transistor, Q1, square this current signal. The output 
of Q1 is the CLK signal, which triggers one-half of the 
one-shot, IC4A, to begin the circuit's AID conversion. 
The one-shots' periods are set to time out within 1

/2 

cycle of the ac input. 
Upon completion of its AID conversion, IC1's INTR 

output triggers the other half of the one-shot, IC4B, 

which enables the converter's data outputs. 
The rising edge of the CLK signal resets the one-shot 

and latches the new conversion value into IC2• The 
latch and the associated driver and optoisolator trigger 
a selected triac according to the latest value of the 
voltage-feedback signal, V 0. EDN 

To Vote For This Design, Circle No 749 

10k 

r-------<.J VREF 
10V 

~-----~Ra 
SOk 
OUTPUT 
LEVEL 
ADJUST 

Fig I-This high-power preregulator ads as an electronically cantrolled variable autotmnsforrner. 
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Optimize Your 

Solve your 
toughest noise, 
DC, and 
dynamic error 
problems. 

Advance wafer-level laser trimming 
assures maximum precision and 
stability for Burr-Brown op amps. 

Need ultra-low noise or bias 
current? High speed? 
Exceptional precision? 
Surface-mount plastic, or 
hermetic packaging? Best 
performance/price? 

We have the solutions, and 
they're backed by over 30 
years of op amp design, 
manufacturing, and quality 
assurance experience. No 
other supplier can make 
that statement and no 
other supplier makes parts 
as good as these. 

Parts of the 
Solution. 
Ultra-precision, Low Noise 
Dlfets> · OPA111 
• 8nV/v'RZ max noise 
• ±0.25 max offset 
• ±1µV/°C max drift 
• from $6.30" 

Op Amp 
pl· ations. 

CIRCLE NO 134 

Fast, Low Bias Current 
~-OPA602 
• ±1 pA max bias current 
• 35V I µs slew rate 
• ±15mA output drive 
• from $2.40" 

High Voltage, FET · OPA445 
• ±35V min output 
• ±1mVmaxoffset 
• from $3.90" 

High Performance Quad 
Dlfets> • OPA404 
• ±4pA max bias current 
• 35V I µs slew rate 
• 6.4MHz gain bandwidth 
• from $7.10" 

Ultra-Low Bias Current 
Dlfets> • OPA128 
• ±75fA max bias current 
• ±0.5mV max offset 
• from $9.15" 

Free Selection Guide, 
Application Notes 
Our new Operational 
Amplifiers guide contains 
key product specs, pinouts, 

and performance 
diagrams for many of 

our newest amps, 
plus handy appli­

cations tips and 
examples. Ask your 

rr-Brown sales rep for a 
copy, or call 1-8Q0.548.6132 
toll free for immediate 
assistance. 
Burr-Brown Corp., 

I P.O. Box 11400, 
Tucson, Al 85734. 

~ - Burr-Brown Corp. 
·u.s. prices. 100s. 
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True-rms AGC provides constant power 

Mark Murphy 
Analog Devices, Wilmington, MA 

The automatic-gain-control (AGC) circuit in Fig 1 main­
tains a constant output level over a 65-dB input range. 
With a 70-dB signal-to-noise ratio, it provides constant 
power to a load over a 40-dB input range. The keys 
to the circuit's superior dynamic range and frequency 
response are an analog multiplier functioning as a volt­
age-controlled amplifier and a true-rms converter in 
the AGC feedback loop. The chip cost is $9.25. You 
can extend the AGC range to 85 dB by rescaling R2 

or R4• 

In operation, the input signal goes to one input of 
the analog multiplier, IC1• One-half of the dual op amp, 
IC3A, scales the multiplier's output. The rms-to-dc con­
verter, IC2, converts the op amp's output to a de level 
that is proportional to the input signal's rms value. 
The resistive divider, R5 and R6, divides the op amp's 

sv 
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74LS240 

5V 

-= 
CLK 

.-----· INSERT ------' 

4.7V 

-= 

output by a factor of 10 to make IC1t a 1 V full-scale 
device, compatible with IC2, a lOV full-scale device. 

The averaging capacitor, CAv, sets the time constant 
of the true-rms converter. The other portion of the 
dual op amp, IC3a, compares and integrates the scaled 
output of the true-rms converter with a reference level. 
R8 varies the reference level and thereby sets the cir­
cuit's output level. 

After a delay determined by the RC network, C2, 

C3, and R9, the output of the comparator/integrator 
appears at pin 1 of the multiplier. This signal sets the 
gain of the multiplier. Diodes D1 and D2 ensure that 
the output of the comparator/integrator remains posi­
tive; a negative voltage would cause it to latch. 

The threshold control, R3, sets the lowest input­
signal level at which the AGC loop begins to work. 
For input signals below this threshold, the signal out­
put tracks the input; above this threshold, the signal 
output remains constant. 

-= 1M 

5V 

RECTIFIER 
+ 
Vs 

+ 
Vo LQACJ 

----i II 1 MOC 

L__J L a 3021 

,--------------------------------------, 
: SV INSERT x 8 : 

: A 820 : 
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Fig I-The true-rms converter in th-is AGC's f ee,dback loop gives improved frequency response and leveling compared with average or 
peak-detecting schemes. 
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To design a first class 
Speakerphone, 

start with a first class 
Speakerphone Chip. 
Look into our latest PBM 3911 and PBM :rn 12 
CMOS speakf'rphone circuits. 
You'll be delighted to find so much sophisticated 
design already built in. 
For example: 
Advanced volume control mf'ans you clon"t just 
alt.er thf' speaker output but the precisf' 
attC'nuation of both microphorw and speaker circuits. 
Bui lt in pre-amp means you can choose the ideal 
power amp and speaker to suit the application. 
Accurate digital ramp control means you can regard 
cross-ta I k and howling as things of the past. 
Plus: we offer an equally interesting series of 
Bipo lar Speakerphone Chips for line-powered systems. 
Contact us for more information. 

We're in the lead 

EDN June 22, 1989 CIRCLE NO 135 

Ericsson PBM 3911 and PBM 3912. 

* J\dvancccl CMOS design. 
* Low power· consumption, typica lly 

I mA at 5V. 
* Built-in background noise detector. 
* Built-in pre-amplifier. 
* 0-50dB contro l range. 
*Very accurate rarnp control. 
*Access lo internal control circuits. 
* DIP and PLCC packages. 

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

Design Entry Blank 
$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design , 
selected among biweekly winners by vote of editors. 

To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 

I hereby submit my Design Ideas entry. 
Name _________________ _ 

Title __________ Phone _ _ __ _ 

Company _____ __________ _ 

Division (if any) _ _ __________ _ _ 

Street ______ ___________ _ 

City ________ State __ Zip ___ _ 

Design Title ___________ _ _ _ _ 

Home Address _____________ _ _ 

Social Security Number __________ _ 
(Must accompany all Design Ideas submitted by US 
authors) 

Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EON , must not be 
patented, and must have no patent pending. Design must 
be original with author(s) , must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, I agree to abide by the rules of 
the Design Ideas Program. 
Signed ________________ _ 

Drue _________________ _ 

ISSUE WINNER 
The winning Design Idea for the March 16, 1989, issue 
is entitled " Divider displays uncanny accuracy:' sub­
mitted by Michael A Wyatt of SSAvD Honeywell Inc 
(Clearwater, FL). 

Your vote determines this issue's winner. All designs 
published win $100 cash. All issue winners receive an ad­
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 

240 

1 mV 10mV 100 mV 1V 10V 

(a) AMPLIFIER INPUT VOLTAGE (P-P) 

MINIMUM MAXIMUM AGC SIGNAL·TO·NOISE 
THRESHOLD THRESHOLD RANGE RATIO BANDWIDTH 

60 mv 25V 52 dB 57 dB 320 kHz 

100 mv 25V 48 dB 60 dB 300 kHz 

150 mv 25V 44 dB 65 dB 260 kHz 

200 mv 25V 42 dB 67 dB 220 kHz 

250 mv 25V 40 dB 70 dB 212 kHz 

(b) 

Fig 2-Performance specifications show that the AGC limits output 
levels to IV (a) . The specs also illustrate the relationship between 
AGC range and bandwidth (b). 

You can extend the AGC range of this circuit either 
by increasing the value of resistor R2 beyond its nomi­
nal 1-kfl value or by decreasing R4 below its 10-kfl 
value. These measures increase the gain of the multi­
plier. Unfortunately, increasing the AGC range de­
creases the signal-to-noise ratio. EDN 

To Vote For This Design, Circle No 750 

EDN June 22, 1989 



EDN June 22, 1989 

Your product design is brilliant. Inspired. 
A masterwork. 

There's just one hitch. 

Your design overwhelms the capabilities of 
your simulator. 

It can't handle your mixed-signal analog­
digital circuits even at the ASIC chip level . 

Not simultaneously. Not accurately. Not 
with feed back. 

And at the system level? With multiple 
AS I Cs? No way. 

You need a simulator that can handle real 
world design. 

That's NCR DesignSirri111 A&D. This third­
generation tool tightly couples analog and 
digital simulators to ensure the function 
and performance of mixed-signal ASICs. 
From the behavioral to transistor level. At 
the chip to multichip level. All within the 
system's context. 

Plus, you can actually simulate complete 
systems and subsystems using optional 
models and templates for standard compo­
nents, electromechanical devices, motors 
and sensors. 

Imagine how that could shorten the design 
cycle and boost first-pass chip and 
system success. 

And because DesignSim A&D is fully 
featured, one system provides many types 
of analysis such as fault-grading and 
frequency analysis. 

DesignSim A&D is just one benefit of 
working with NCR's Knowledge-based 
Engineering Environment (KE2

). 

To receive a complete information package 
on DesignSim A&D and KE; '" call 
1-800-334-5454. 

DesignSim A&D is based on Saber (Analogy) and CADAT (HH B, a subsidiary of Daisy/Cadnetix). (') 1989 NCR Corporation. DesignSim and KE' are trademarks of NCR Corporation . 
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Communication solutions from Rockwell. 

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

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

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

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

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

They've read how Rockwell 
stunned the industry with its 

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

Their call to Rockwell 
also reveals how the 
V.22bis family can help 
with future projects. 

"' They learn about the 
capabilities of Rockwell's 
RC2324DP chip set. 



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

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

In no time, the Laptop 
project is ready for produc­
tion. To management, the 
results-as well as the engi­
neers responsible-couldn't 
look better. 

Call the leader in modem 
technology. Rockwell is 
solutions. 

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

Aerospace/Electronics/Automotive 
General lndustries/A·B Industrial Automation 

CIRCLE NO 137 

Semiconductor Products Division 
Rockwell International 

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

(800) 854-8099 
In California, (800) 422-4230 
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DEECO SEALTOUCH® DISPLAY mTEM. 
SEALS IN PERFORMANCE. 

SEALS OUT DIRT AND MOISTURE. 
If there's one thing you don't need, irs dirt and moisture 

seeping into your display system and disrupting its perfor­
mance. The DeeCO SealTouch display system is the best 
solution for your most demanding industrial applications. 

Designed especially for harsh environments, Sea IT ouch 
delivers consistently reliable performance under the most 
threatening conditions. 

The SealTouch display system is a 3-part module 
consisting of flat-panel display and sealed 1-R Touch panel, 
mounted on a controller card with VTl 00 text emulation 
and extensive drawing graphics. All within an absolute 
minimum footprint. 

Easy-to-use touch software, pop-up menus and 
convenient button draw routines make SealTouch easy 
to design-in and simple to use. The system's program­
mable touch sensitivity allows you to easily implement 
protection against annoying false triggers. Whats more, 
the SealTouch infra-red beam diagnostics continuously 
monitor system performance, assuring you of consistent 
reliability. 

Don't take chances with any other display system. Call 
or write for full product information. Let Sea IT ouch seal in 
performanceforyourdesign. a•c I 
And seal out dirt and moisture. 

Digital Electronics Corporation, 3104 7 Genstar Road, Hayward, CA 94544-7831 ( 415) 4 71-4 700 
SooflouchondDeeCOoreregistered trodemorl<sofDig1folElectronicsCorporolion. 

® 
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NEW PRODUCTS 

6-BIT ADCs 
• Sample at rates to 500 MHz 
• Have input bandwidths of 

200 MHz 
The AD9006 and AD9016 ADCs di­
rectly digitize RF signals operating 
at sample rates to 500 MHz and in­
put bandwidths of 200 MHz. With 
a 200-MHz input frequency, the 
ADCs have a minimum 29-dB sig­
nal-to-noise ratio, corresponding to 
4.4 effective bits. The AD9006 has 
a single 6-bit output latch; the 
AD9016 has two 6-bit latches for 
demultiplexed operation. Demulti­
plexing reduces the speed require­
ments for external logic because 
data is read out at half the sample 
rate. Both ADCs accommodate a 
± 1 V full-scale input. Maximum in­
tegral and differential nonlineari­
ties are 0.5 LSB, with no missing 
codes guaranteed over the specified 
temperature range. Dynamic speci-

TSC9420121 BENEFITS 

• f1 5V Opera1ion 
• lowNoise - 0.2µ V,.. 
D Lower Power - 40mW 
ti low Input Error ~ 

- 5µV Ottsel Voltage 
- 30pA Input Current 

.0.1µVf'C Orttt 

... " J""1;T ~· 
,_, w•...,1 

•1 f,. 

.. , ...... (~ ~.;.....·1,~~·· '""~ 

'<-'"''"''" :z;:~•cn<A• 
'"""' .. -·· ...... . 

...- .. "(II , ... ,,,,,.,.,,, 

~. ~·' 

CMOS OP AMPs 
• Operate from ± 15V supplies 
• Offset voltage is only 5 µ V 
Able to operate from ± 15V sup­
plies or a single supply of 7 to 32V, 
the TSC9420/21 CMOS op amps can 
replace lower-performance bipolar 
devices in precision amplification 
and signal-conditioning applica­
tions. The op amps feature a maxi­
mum offset voltage of only 5 µ V 
and an offset-voltage drift of 0.1 
µ Vl°C. Over a 10-Hz bandwidth , 
noise is 2.1 µ V p-p. On-chip nulling 
circuitry operates over the full tern-

EDN June 22, 1989 

INTEGRATED CIRCUITS 

fications include a typical 1.2-nsec 
aperture delay and 3-psec aperture 
jitter. Maximum input capacitance 
is only 10 pF. The AD9006 and 
AD9016 operate from 5V and 
- 5.2V supplies and dissipate 1. 7W 

perature range of - 40 to 85°C, sig­
nificantly reducing temperature­
induced errors. Open-loop gain is 
120 dB min with a 10-kO. load. The 
TSC9420 comes in an 8-pin DIP; the 
TSC9421 comes in a 14-pin DIP. 
The TSC9421 has an output clamp 
that minimizes overload recovery 
time, and you can disable its inter­
nal chopper clock for external clock 
operation. $2.06 (10,000). 

Teledyne Semiconductor, 1300 
Terra Bella Ave, Mountain View, 
CA 94039. Phone (800) 888-9966. 

Circle No 352 

HIGH-SPEED OP AMP 
• Slew rate is 2600 V!µsec 
• Bandwidth is 165 MHz 
The CLC404 monolithic op amp fea­
tures an extremely high slew rate 
of 2600 V/µsec and a full-power (5V 
p-p) bandwidth of 165 MHz. The 
CLC404 provides this performance 
with a supply current of only 11 mA 

and 2W, respectively. From $200 
(100). 

Analog Devices, 7910 Triad Cen­
ter Dr , Greensboro , NC 27409. 
Phone (919) 668-9511. 

Circle No 351 

and a power dissipation of only 110 
mW. Because of its high slew rate, 
the op amp operates in a linear 
mode in virtually all circuit configu­
rations and signal levels. Other fea­
tures include a typical settling time 
of 10 nsec to 0.05%, differential gain 
of 0.07%, and differential phase of 
0.03°. Commercial/industrial ver­
sions ( - 40 to + 85°C) in 8-pin DIP 
or 8-pin sore packages, $9.35 
(1000). 

Comlinear Corp, 4800 Wheaton 
Dr, Fort Collins, CO 80525. Phone 
(303) 226-0500. 

Circle No 353 
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End the connector 
• comprormse ... 

... in PC-board 
connections. 

Only Hypertronics ends the 
compromise in printed circuit 
board connectors for electronic 
equipment .. . by replacing 
unreliable connections, and 
their field service problems, 
with Low Insertion Force (LIF) 
high-cycle reliability. Discrete 
Hypertac® contacts and multi­
pin connectors eliminate the 
need for expensive and space­
consuming jacking and cam­
ming mechanisms. 

The unique wiping action of 
each Hypertronics connector 
maintains electrical continuity 
under extremes of shock and 
vibration (tested to 2 nanosec­
onds) with insertion forces as 
low as 112 oz. 

Now you can have it all ... in 
signal/power connections re­
quiring up to 700 contacts. End 
the connector compromise by 
calling 1-800-225-9228, toll free. 

246 

KA Series: 17-490 Contacts with N Series: 70-700 Position Connectors with 
055302-Listed Qualified Models. Ratings to 9 Amps. 

KG Series: 22-90 Position Board Stacking for Y Series: 3-500 Amp Discrete Pins and Mating 
.240 or .480 Heights Between Boards. Sockets. 

HYPERTAC®: Inserting pin into hyperboloid sleeve. 

D 

HYPERTRONICS CORPORATION 
"New Horizons in Connectors" 

16 Brent Drive, Hudson, MA 01749 (508) 568-0451 Telex 951152 FAX (508) 568-0680 
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INTEGRATED 
CIRCUITS 

STATIC RAM 
• Organized as 32k x 8-bits 
• Has access/cycle times of 35- or 

45-nsec 
The VT62832 is a 256k-bit static 
RAM organized as 32, 768 words by 
8 bits. The device is available with 
access and cycle times of either 35 
or 45 nsec. Power consumption is 
only 300 mW in the active mode, 
100 µ W in the standby mode, and 
15 µ W in the CMOS standby mode. 
The VT62832 is available in a 28-
pin, 300-mil DIP and a 28-pin, 300-
mil SOJ package. DIP version of 
the 35-nsec VT62832, $75; SOJ ver­
sion, $86.25 (100). 

VLSI Technology Inc, 1109 
McKay Dr, San Jose, CA 95131. 
Phone (408) 434-3000. 

Circle No 354 

PALETTE DAC 
• Supports 256-color displays 
• Compatible with IBM PS/2 com-

puters 
The NCR 77C171 DIA converter 
supports all of the Palette DAC 
functions in IBM PS/2 computers, 
and it is fully compatible with VGA 
display controller outputs and pin­
compatible with the Inmos IMS­
G 1711176 chip. The 77C171 allows 
the simultaneous display of 256 col­
ors (from a palette of 262, 144 colors) 
via its 256 x 18-bit palette RAM 
(color look-up table) and three 6-bit 
DIA converters. The 36-MHz 
77Cl 71 chip supports 800 x 600-
pixel formats and 132-column dis­
plays. The chip provides full video 
blanking and also includes a bidirec­
tional µP interface for loading and 
reading the palette RAM. The 

EDN June 22, 1989 

WORLD-CLASS 
ACCURACY & 

ECONOMY 
~ 

AT YOUR FI 
3200 Count, Full Scale DM 
Bar Graph Display, Sealed Ca 

- ---SOAR 3255 -

Count on our 3200 Series DMMs for dustproof, shock n resistant. It 
feature-packed performance, LSI circuit offers temperature, ontinuity and 
reliability and accuracies up to .3% . . . diode test functions; ADP mode; and 
with high speed auto ranging- up and measures the standard AC/DC functions 
down, 6 per sec. - data hold, and you expect from your DMM. The 
high speed sampling for the 3200 model 3250 offers the same capabili-
segment Analog Bar Graph. The ties and is packaged in an industrial· 
model 3255 has a high impact ABS type, dustproof case. Both carry our 
case that's waterproof (to JIS standards), 3 year warranty. 

Now . . Check These Additional Models For More DMM Values . .. 
Model 3210 Model 3220 Model 3230 
0. 7% ace; DC LSI 
circuit; speed sampling; 
ADP mode; Analog Bar 
graph. '69"11sr 

0.5% ace; DC LSI 
circuil; speed sampling; 
auto/manual; ADP; 
Analog Bar graph. 
s79u UST 

0.3V2 % ace; DC LSI 
circuit; auto/manual; 
data hold; ADP; speed 
sampling; Analog 

Send For New 1989 Catalog 

CARLO GAVAZZI 
Instruments 

Bar graph . '94" usr 

CG Instruments Corp. 
434 Windsor Park Drive, Dayton, OH 45459 
Tel: (513) 434-6952 • FAX: 513-434-7643 
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77Cl 7l 's red, green and blue analog 
outputs are compatible with the 
RSl 70 video standard and are capa­
ble of driving 0. 7V full scale into a 
37.50 load. 28-pin DIP , $8. 25 
(1000). 

NCR Corp, 1700 Patterson, Day­
ton , OH 45479. Phone (800) 
525-2252. 

Circle No 355 

MULTIFUNCTION ICs 
• Contain multiple analog func­

tions on a single chip 
• Offer higher reliability and lower 

cost 
The first four members of the com­
pany's Super-Block family of mono­
lithic ICs contain multiple analog 
functions on a single monolithic chip 
and feature higher reliability and 
lower costs than single-function de­
vices. The LM604 multiplexes four 
differential-input channels to a sin-

INTEGRATED CIRCUITS 

V+ 

11 ~Nat\onal 

10 
~SemlconduCtOf 

OP "M!P 

CA1H0 0£. 

gle op amp, and it has a bistate out­
put that drives a 6000 load. You 
can use the LM604 in 5V logic sys­
tems or in ± 15V analog circuits. 
The LM611 is a single-supply op 
amp and an adjustable micropower 
reference. The LM613 is a dual op 
amp and dual comparator with an 
adjustable micropower reference. 
The LM614 is a quad op amp and 
an adjustable micropower refer­
ence. The op amps used in this fam­
ily of ICs are enhanced versions of 
the LM324 Series with an improved 
slew rate and a wider power band-

width. The LM613's dual compara­
tors allow differential-input voltage 
swings of ±36V. LM604 (18-pin 
DIP), $2.30; LM611 (8-pin DIP), 
$0.84; LM613 (16-pin DIP), $1.30; 
LM614 (16-pin DIP), $1.22 (100). 

National Semiconductor, Box 
58090, Santa Clara, CA 95052. 
Phone (408) 721-2274. 

Circle No 356 

DRIVERS/RECEIVERS 
• Provide RS-232CIRS-432 inter­

face 
• Functions are pin selectable 
In addition to its alternate sourcing 

SOLDER MOUNTING ON lw&RMRLRR/L 
DRAMATICALLY IMPROVES HEAT TRANSFER 

248 CIRCLE NO 164 

THERMAL PERFORMANCE 
Two times better than grease 
and mica. 

ISOLATION 
Special Thermally Conductive 
Dielectric layer isolates tran­
sistors. 

REFLOW SOLDERING 
IR or Vapor Phase Soldering 
eliminates nuts, .bolts, clips, 
pads or greased mica. 

For Your Free Copy of the 
Thermal Clad Design Guide 
Call Toll Free 1-800-328-3882 

BEAIJQUl5T 
5300 Edina Industrial Blvd. 
Minneapolis, MN 55435 
TEL: (612) 835-2322 
FAX: (612) 835-4156 
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~ ELECTRONIC 
I ~ J MEASUREMENTS, 
JftJ INC. 

·-· BIPOLAR OPERATIONAL SOURCE-SINK 

• 3 power levels 100 W to 200 W to 
400W 

• 4 modes of operation: (1) bipolar power supply 
(2) an operational power supply (3) sourcing 
power supply (4) sinking power supply 

• DC output voltages of ±20 V DC through 
±200VDC 

• IEEE-488 or RS232 digital control 
• Regulated and metered (V and A) 

ATR LINEAR DC POWER 
SUPPLIES 

• 3 100 W 1/4 rack models 
• 3 250 W 112 rack models 
• Voltages range from 0 to 32 V DC through 0 to 

128VDC 
• Regulated and metered (V and A) 
• Both models are fully programmable sources of 

constant voltage or constant current 
• Output power via rear mounted terminal boards 

or front panel binding posts 

IEEE·488 BUS INTERFACE 
DIGITAL PROGRAMMER 

EMTL-488 
A dual channel, digital-to-analog, talker/listener 
programmer. Applications include: Automatic Test 
Equipment • Environmental Testing • Motor 
Controls • Process Controls 
• Economical interface with GPIB Bus 
• Catalog units to match output voltage of any 

E/M power supply 
• Two independent channels for controlling 

voltage and current 
• 12 bit resolution 
• Bus and processor optically isolated from load 
• 3 packaging concepts 
• 5-year warranty 

ELECTRONIC MEASUREMENTS, INC. 
405 Essex Rd., Neptune, NJ 07753, Dept. EM 
PHONE: 201-922-9300 
lOLL FREE: ~1-4298 

CIRCLE NO 144 
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of the MAX230 through MAX239 
RS-232C devices, Sipex has an­
nounced its SP301 and SP302 
BiCMOS devices, which combine 
RS-232C and RS-432 interfaces in 
one package. The SP301 and SP302 
provide pin-selectable interfaces 
that let you set the RS-232C func­
tion, the RS-432 function, or a 
combination of both. The SP301 and 
SP302 include an internal loopback 
mode; this mode is controlled by a 
single input pin that provides the 
controlling system with a self-test 
capability of its transmit and re­
ceive circuitry. The SP301 contains 
2-channel drivers and receivers for 
both RS-232C and RS-432 stan­
dards. The SP302 contains 4-chan­
nel RS-232C and 2-channel RS-432 
drivers and receivers. Both devices 
use 3-state outputs for the drivers 
and handle receiver input levels of 
± 15V. The SP301 and SP302 come 
in a 24-pin DIP and operate from 
5V and ± 12V supplies. SP-XXX 
replacements for the MAX230-239 
line, from $2.30 to $8.50. SP301, 
$12.00; SP302, $13.25 (100). 

Sipex Corp, 6 Fortune Dr, 
Billerica, MA 01821. Phone (508) 
663-7811. 

Circle No 357 

MOTOR-CONTROL IC 
• For 3-phase brushless motors 
• Provides low-loss linear control 
The UC3655 is used with external 
Hall sensors and provides the com­
mutation logic for driving each of 
the IC's three output phases. The 
IC controls the motor current in 3-
phase, de brushless motors in re­
sponse to commands based on 
speed, position and torque. The 
UC3655 uses external pnp transis-

tors selected for low-saturation 
voltage as high-side drivers. Inter­
nal to the IC are low-saturation, 
low-side npn drivers. The result is 
a total source/sink saturation-volt­
age drop of less than 1 V at lA load 
current. The UC3655 uses only a 
5V supply with a current require­
ment that is proportional to motor 
current. When the IC's outputs are 
off, quiescent supply current is less 
than 10 mA. Other features include 
60° phasing with pin-selectable for­
ward, reverse and inhibit functions, 
undervoltage lockout, current limit­
ing, and thermal shutdown . 
UC3655V (15-pin, 25W package), 
$5.28; UC3655Q (28-pin PLCC), 
$5.08 (1000). 

Unitrode Integrated Circuits 
Corp, 7 Continental Blvd, Merri­
mack, NH 03054. Phone (603) 424-
2410. 

Circle No 358 

CURRENT-MODE PWM 
• Delivers 1.5A peak drive currents 
• Has 1.5-MHz oscillator capa-

bility 
The SG 1815 PWM controller offers 
several improvements over earlier 
devices. It is fabricated in a linear 
Schottky process, which exhibits 
very short propagation delays 
through the current limit compara­
tor, logic circuitry, and output driv­
ers. The IC has no pulse-width in­
stability at cold temperatures, and 
it offers lower start-up current and 
higher ground-noise tolerance than 
the industry standard. Included in 
the controller are a 5.1 V precision 
reference trimmed to ± 1 %, a pro­
grammable soft-start function, an 
oscillator-frequency capability of 
1.5 MHz, a fast current-limit com-
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Cs/I or send for your 
FREE Technical Gulde 

lOtech 
(216) 439-4091 

Telex 6502820864 •Fax (216) 439-4093 
IO!ech, Inc. • 25971 Cannon Road •Cleveland, Ohio 44146 
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parator, full double-pulse suppres­
sion logic, and dual l.5A (peak) to­
tem-pole drivers. Other features in­
clude a wideband, low-impedance 
error amplifier and an undervoltage 
lockout function with hysteresis. 
The SG 1825 is specified over the 
military temperature range, the 
SG2825 over the industrial range, 
and the SG3825 over the commer­
cial range. SG3825, $7.65 (100). 

Silicon General, 11861 Western 
Ave, Garden Grove, CA 92641. 
Phone (714) 898-8121. 

Circle No 359 

• Includes µP interface 
• Has 17-µsec conversion time 
Packaged in a 28-pin, hermetic ce­
ramic DIP, the ADC700 combines 
a 16-bit AID converter with a clock, 
a laser-trimmed reference, and an 
8-bit µP interface. Key specifica­
tions include 16-bit resolution, a 17-
µsec conversion time, and a maxi­
mum linearity error of ± 0.003% 
FSR. No missing codes are guaran­
teed to 14 bits over the specified 
temperature range (commercial, in­
dustrial , or military). Other fea­
tures include output data in either 
serial or parallel form and a serial­
data interface that includes a data­
strobe output with 16 edges appro­
priately timed for direct loading of 
shift registers. Parallel data is 
available in two 8-bit bytes from 
TTL-compatible, 3-state output 
buffers. The ADC700 has a 50-nsec 
bus-access time and a 70-nsec bus­
relinquish time. Internal scaling re-

1111111111111 
BOARD 
LEVEL 
TIMING 

PRODUCTS 

• Synchronize 
Multiple 

Processors 

• Time Tag Data 

Bancomm's line of board level tim­
ing products generate and/or decode 
standard time code formats (IRIG, 
XR3, 2137, NASA36, etc.) . 

PC AT/XT: 
• Millisecond Resolution 

PC03XT Time Code Reader 
PC05XT Time Code 

Generator 
PC09XT SLOCODE/ 

DC Level Shift 
PC11XT Parallel Output 
PC16XT Transport Control 

VMEbus: 
• Microsecond 

Resolution 

Ck 

PC03V Time Code Processor 
PC05V Time Code Generator 
PC26V Time Code Display 

Call or contact: 

bk: BANCOMM 
Division of Datum Inc. 
6541 Via del Oro 
San Jose, CA 95119 
TEL (408) 578-4161 
FAX (408) 578-4165 
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Finally. A Higli Performance 
Logic Analyzer That 

Doesn't Defy Hum Logic. 
llH 
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With Microsoft Windows and MS-DOS:- you get hill command 
of the Pl/OOO's power without losing command of your senses. 

Se lect T1 ttebase f 01 

UHll I: 

5 
10 ns z 

t 

;: ~~ ~ ~= tlh; I 
100 ns I 10 z 
200 ns I S hz 
500 ns / 2 tthz 
1 us / 1 Hhz 
2 us I S 00 Khz "' 

kt you click through time base choices, trigger 
functions, or any other parameters. 

The new PL l 000 makes perfect sense the first 
time you use it. And doesn't have to be relearned 
the second time. 

You get uncompromised high performance 
(up to 192 channels at l 00 MHz synchro­
nous, or 96 at 200 MHz asynchronous; up 
to 144 channels at 500 MHz asynchronous, 
or 72 at l GHz) with a friendly, familiar MS-DOS 
Windows interface. 

All the heavy-duty features are here, too. A 
complete line of application-specific accessories. l 00 MHz 

J 

The 
Pl/000 supports 

disassembly of all 
popular8-, 16- and 

32-bit microprocessors. 

Just point and click your 
way through the first time, 
and every time. 

synchronous analysis. High performance 
active probes -2 MOhm/5 pF. Optional 
50-MHz pattern generator. 

And you can choose either the PL l 000 
tower that connects directly to an AT™ com­

puter, or the portable PL l 000+, with an integral 
AT computer. 
If you want maximum power with a minimum 

of aggravation, call today about the new Kontron 
PL l 000 and PL l 000+. ii rA KONTRON 
The logical analyzers. 1·~ ELECTRONICS 

Microsoft Windows and MS-DOS ore trademarks of Microsoft Corporation. AT 1s a trademark of IBM. KONTRON ELECTRONICS (800) 227-8834 630 Clyde Avenue, Mountain View, CA 94039-7230 
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PADS-PC 
for SUPER-FAST 

DESIGN 
THRUPUT 

Giving you the ability to com­
plete an electronic design 
ahead of time, and with a level 
of performance you might 
expect from an expensive 
engineering workstation, the 
PADS-PCB design system does 
it all. From product concept 
and design, through implemen­
tation, PADS-PCB shortens the 
long design cycle by allowing 
the engineer to complete a job 
at one station with features 
such as: 

• LOGIC CAPTURE 
• PRINTED CIRCUIT BOARD 

DESIGN 
• AUTOPLACEMENT 
• 100% RIP-UP & REROUTE 

AUTOROUTING 
• AUTOCHECKING 
• AUTOCAD INTERFACE 
The best news is that PADS-PCB 
design system is priced low! The 
system is affordable enough to 
allow every designer to have 
his/her own personal station. 
Call today for a no-cost evalu­
ation package so you can see 
for yourself how PADS-PCB 
gives you SUPER-FAST DESIGN 
TH RU PUT! 

°'' Software, Inc. 

Ask for Your Local 
Authorized Dealer 
Inside MA: (508) 486-8929 
Outside MA: (800) 255-7814 
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sistors provide a choice of 0 to 5V, 
Oto lOV, Oto 20V, ±2.5V, ±5V, 
and ± lOV input ranges. Prices 
start at $74 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (800) 548-
6132. 

Circle No 360 

CMOS 80286 µP 
• Rated at 25 MHz 
• Has low operating current 
The 25-MHz 80C286 µPis the latest 
in a series of performance increases 
of the original 12.5-MHz CPU. Op­
erating at the same frequency, the 
80C286 has shown performance in­
creases as high as 20% over the 
80386 when executing 16-bit, indus­
try-standard 8086 or 80286 code, ac­
cording to the manufacturer. This 
performance advantage is due to 
the 80C286's requirement of fewer 
clock cycles to execute many in­
structions. Because of its low oper­
ating current, the 80C286 is well 
suited for laptop and portable com­
puters operating from battery 
power. Other manufacturers, in­
cluding Chips and Technologies 
(Milpitas, CA) and Austek Mi­
crosystems (Mountain View, CA), 
plan to offer support circuits rated 
for 25-MHz operation that will allow 
maximum system throughput. 
80C286-25, $142 (1000). 

Harris Semiconductor, Box 883, 
Melbourne, FL 32901. (407) 724-
3800. 

Circle No 361 

PRECISION OP AMP 
• Ultra-low offset voltage 
• High open-loop gain 
The OP-177 precision op amp fea­
tures offset voltage of only 10 µ V 
max at room temperature and 20 
µ V max over the full military tem­
perature range. Moreover, the low 
offset-voltage drift of 0.1 µ V /°C 
max eliminates the need for exter­
nal trimming. The op amp's open­
loop gain of 12V/µ V is maintained 
over the full ± lOV output range. 
Other features include a CMRR of 
130 dB min, a PSRR of 120 dB min, 
noise voltage of 118 n V (1 to 100 
Hz), and a maximum supply current 
of 2 mA. The OP-177 is available 
in an 8-pin ceramic DIP for the mili­
tary temperature range ( - 55 to 
+ 125°C) and in an 8-pin DIP and 
SOIC for the extended industrial 
temperature range ( - 40 to 
+85°C). DIP, $1.00; SOIC, $1.50; 
ceramic DIP, $9.00 (100). 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. 

Circle No 362 

FIFO/TRANSCEIVERS 
• Allow asynchronous or synchro­

nous data transfer 
• Provide four different FIFO-

buffer status flags 
The MK-45264 and -45265 bidirec­
tional FIFO-buffer/transceivers in­
corporate two 64 x 5-bit FIFO buff­
ers that are configured to allow 
asynchronous, bidirectional, paral­
lel data transfers between two µP­
hased systems. The devices also 
contain a bidirectional transceiver 
so that you can transfer data syn­
chronously from one system to an­
other. The FIFO buffers are auto­
matically disabled when the trans­
ceiver is activated. Both devices 
output two FIFO status flags. The 
MK45264 has FIFO-full and FIFO­
empty flags, and the MK45265 pro­
vides FIFO-almost-full and FIFO­
almost-empty flags that indicate 
when a particular port's transmit or 

EDN June 22, 1989 



Based on its fully integrated 
capabilities and new substrate 

teclinology, AT&T offers hybrid ICs 
with record-breaking density. 

By controlling hybrid production from 
end-to-end- development right on 
through manufacturing-AT8if gives sys­
tems and circuit designers a high- density, 
high-performance hybrid alternative. 

In thick film, we offer today's most 
advanced Ceramic Multilayer Boards. In 
thin film, our new POLYHIC package, 
developed by AT8if Bell Laboratories, 
accommodates far more circuitry than 
conventional hybrids, within the confines 
of standard-size packaging. 

Inside the package, fine-line 
conductor geometries maximize routing 
and interconnection density, help reduce 
design complexity, and enhance quality 
and reliability. 

Af8if relia­
bility extends to 
service and deliv­
ery. We currently 
produce half-a­
million devices 
a week, with 
capabilities to meet urgent production 
schedules. We'll provide on-site support 
from AT8if field application and Bell 
Laboratories engineers. And we'll 
deliver full operational samples within 
eight weeks. Whatever it takes to help 
ensure your success. 

For more on how Af8if can meet 
your thin film and thick film multilayer 
hybrid needs, just call 1800 372-2447. 

""0 '\49 
C\RC\..E" 
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MILITARY POWER SUPPLIES 

STANDARD, SEMI-CUSTOM, CUSTOM 

FULL MIL-SPEC PERFORMANCE 
(FIXED 0.5MHZ CONVERSION FREQUENCY) 

HIGHEST OUTPUT POWER PER IN 2 MOUNTING SURFACE 

[HEIGHT - .64 up to .81 " ] 

INPUT: 18-36 voe 

SINGLE OUTPUT: UP TO 90W 

SIZE: 4.24 x 2.13 x 0.67" 

Model V/A 
7007/1 5/12 
7007/2 12/6.5 
700713 15/6 
7007/4 24/3.75 

SINGLE OUTPUT: UP TO 200W 

SIZE: 5.91 x 3.54 x 0.81 " 

7030/1 
703012 
7030/3 
7030/4 
7030/5 

5/30 
12/16.5 
15/13 
24/8 
2817 

DUAL OUTPUT: UP TO 120W 

SIZE: 5.91 x 2.81 x 0.81 " 

8001 ±5/8 
8002 ±12/4.5 
8003 ±15/4 
8004 ±24/2.5 

TRIPLE OUTPUT: UP TO 180W 

SIZE: 5.51 x 4.49 x 0.81" 

8506 5/12, ±12/4.5 
8606 5/12, ±15/4 

INPUT: 170-360 voe 
SINGLE OUTPUT: UP TO 150W 

SIZE: 5.12 x 2.91 x 0.81 " 

7701/1 
7701/2 
7701/3 
7701/4 
7701/5 

5/20 
12/12.5 
15/10 
2416 
28/5.5 

INPUT: 115 VAC 3-PHASE 

SINGLE OUTPUT: UP TO SOOW 

SIZE: 6.57 x 6.00 x 1.57" 

020 
021 
022 
023 

5/100 
12/42 
15/34 
24/21 

NOTES: 

1. INPUT PROTECTION: MIL-STD-1275AT, 
MIL-STD-704A/D 

2. LINE LOAD REGULATION: ±1% 

3. RIPPLE & NOISE: 30mv p-p TYPICAL 

4. OVERVOLTAGE & CURRENT LIMITING 

5. EFFICIENCY: 75-85% 

6. EMl/RFI : MIL-STD-461/2 

7. ENVIRONMENTAL: MIL-STD-810C 

8. TEMP: -540/+900C BASE PLATE 

9. Q.A. SYSTEM MIL-Q-9858A, MIL- l-45208A 

10. DESIGN/WORKMANSHIP UP TO DOD-2000 

FULL STANDARD LINE AVAILABLE 

/PS l/IJ.PDJ/Ell SDJ/llCE11tr. 
BELKNAP INDUSTRIAL PARK 
RTE. 106, P.O. BOX 657 

CIRCLE NO 148 

BELMONT, NEW HAMPSHIRE 03220, U.S.A. 
TEL: (603) 267-8865, FAX: 267-7258 
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receive FIFO buffer is within four 
locations of being full or empty. By 
using one or more MK-45264 and 
-45265 devices in parallel, you can 
produce FIFO buffers of various 
data widths that generate all four 
status flags. Both devices are pack­
aged in 24-pin, 300-mil-wide DIPs. 
Approximately $13 (1000). 

SGS-Thomson Microelectron­
ics, Via C Olivetti 2, 20041 Agrate 
Brianza, Italy. Phone (039) 65551. 
TLX 330131. 

Circle No 363 
SGS-Thomson M icroelectron­

ics, 1000 E Bell Rd, Phoenix, AZ 
85022. Phone (602) 867-6100. TLX 
249976. 

Circle No 364 

STATIC RAM MODULE 
• Provides IM bit of static RAM 

in a 40-pin package 
• Is user configurable to provide 4-, 

8-, or 16-bit wide memory 
You can configure the MS1664BCX 
lM-bit static RAM module as a 
64k x 16-bit, 128k x 8-bit , or 
256k x 4-bit memory. It is available 
with access-time ratings of 25, 35, 
45, or 70 nsec. The 40-pin hybrid 
device comprises 16 64k x 1-bit 
SRAMs surface mounted on a ce­
ramic substrate with decoupling ca­
pacitors. Active power consumption 
for the 25- and 35-nsec versions is 
2.28W max; the 45- and 70-nsec ver­
sions have a greater maximum 
power dissipation of 4.8W. Stan­
dard versions have a 160-mW 
standby power dissipation. A low­
power version is also available with 
a standby power dissipation of only 
8 mW. The MS1664BCX measures 
55. 9 x 22. 9 x 5. 6 mm and is option-

EDN June 22, 1989 
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ally available screened to full mili­
tary requirements. 45-nsec mil 
part, approximately £500. 

Hybrid Memory Products Ltd, 
Elm Rd, W Chirton Industrial Es­
tate , N Shields, Tyne and Wear 
NE29 8SE, UK. Phone 091-258-
0690. TLX 53206. FAX 091-259-
0997. 

Circle No 365 
Mosaic Semiconductor Inc, 7420 

Carroll Rd, Suite 200, San Diego, 
CA 92121. Phone (619) 271-4565. 
FAX 619-271-6058. 

Circle No 366 

ECLRAM 
• Has an access time of 3.5 nsec 
• Is available with synchronous or 

asynchronous I/O ports 
The GxB100474A lk x 4-bit ECL 
static RAM has an access time of 
3.5 nsec and is available with either 
asynchronous or synchronous input 

with 5 
outputs 

to 

2200 
watts 

• Main output • 
to 300A. Our • • • 

and output ports. The synchronous 
mode device has input and output 
latches that synchronize input and 
output data to a common clock in­
put. Input data is latched on the 
high state of the clock input, and 
output data is latched on the low 
state of the clock. In addition, the 
synchronous device has an on-chip 
write-pulse generator so that it can 
self-time write operations. You can 
clock the synchronous device at fre­
quencies as high as 200 MHz. Both 
versions have inputs and outputs 
that are compatible with ECL lOOK 
devices. Approximately $30 (1000). 

Siemens AG, Zentralstelle fur 
Information , Postfach 103, 8000 
Munich 1, West Germany. Phone 
(089) 2340. TLX 5210025. 

Circle No 367 
Siemens Components Inc, 2191 

Laurelwood Rd, Santa Clara, CA 
95054. Phone (408) 980-4500. 

Circle No 368 

eeEEM 
Pitges Dl7sS-r1s1 

2200 watt UUCW • • 
VOE/ICE compliant • • 
power SUfJply offers I to 5 • .__. 
outputs. Standard features • • .-:: • I • 
include DC OK, FCC EM/ filter: power • • • • • • 
fail remote inhibit remote margining, • • • • •• 
electronic soft start and more- many of which • • 
would be costly options elsewhere. • • • 
Hiqh reliability is derived from a reduced component count, high 
voTtage transistor V-1 load reshaping for maximum SOA and careful 
thermal management to ensure the best operating environment for 
critical components. 
For reliable high-current single and multiple output power supplies 
from 500 to 2500 watts, manufactured under Statistical Process 
Control (SPCJ contact JETA. 

-0 POWER SYSTEMS, INC. 

JI: I ~ 2675 Junipero Avenue • Signal Hill. CA 90806 
=='-=--" ...... ~= (2 1 3) 427-0095 • FAX: 2 13426241 7 
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NEW PRODUCTS 
COMPONENTS AND POWER SUPPLIES 

ADAPTER 
• Eases prototype wire-wrapping 

task 
• Features labeled test points 
The Model AN C-9200 eases the 
task of wire wrapping prototypes. 
Available with 3-level wire-wrap 
pins, the adapter bridges the gap 
between leadless quad plastic 
flatpacks and the prototype stage 
of circuit development. The unit oc­
cupies just 6 in. 2 of board space and 
provides labeled test points for each 
of the 100 pins. The adapter pins 
are on 0.3-in. centers, allowing the 
unit to be used on a variety of proto­
type boards. A user's manual in­
cludes a template that you can use 
as a signal-to-pin designation guide. 
$82. 

Antona Corp, 16431
/ 2 Westwood 

Blvd, West Los Angeles, CA 90024. 
Phone (213) 473-8995. 

Circle No 369 

ATTENUATOR 
• Housed in a T0-8 package 
• Offers single-supply operation 
The UTF -035 unit comprises a 50-to 
2000-MHz PIN-diode voltage-vari­
able attenuator combined with a 
voltage-to-attenuation linearizer 
circuit in a T0-8 package. It fea­
tures a 2- to 25-dB attenuation 
range and a voltage-to-attenuation 
linearity of ± 0.6 dB. The total 
switching time equals 5 µsec. The 
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unit operates from a 15V supply and 
features an overall control range of 
0 to - lOV for maximum to mini­
mum attenuation. The operating 
range spans - 55 to + 85°C. $200 
(100). 

Avantek Inc, 481 Cottonwood 
Dr, Milpitas, CA 95035. Phone (408) 
943-3038. 

Circle No 370 

POWERED CHASSIS 
• Designed for VMEbus 

applications 
• Features three 100-cfm fans 
The Model 70-AVME945 powered 
chassis is an alternative to the Mo­
torola MVME945A-l. Designed for 
convenient packaging of Motorola 
VME board-level products, the unit 
includes a rear bay for loading 80-
mm Motorola I/O transition mod­
ules. The front bay accepts Mo­
torola MVME833 or MVME834 
mass-storage modules adjacent to 

the 12-slot, Jl/J2 monolithic 
backplane. A 400W power supply 
and three 100-cfm fans complete the 
packaging system. All power and 
cooling components are totally 
wired and ready to go. You can use 
the unit on a table top, or you can 
mount it in a 19-in. rack. An attrac­
tive enclosure is available to pro­
vide a finished look. $2949. 

Augat Inc, Interconnection Prod­
ucts Group, Box 779, Attleboro, 
MA 02703. Phone (508) 222-2202. 
FAX 508-222-0693. 

Circle No 371 
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DC/DC CONVERTER 
• Has a 15W output 
• Efficiency equals 80% min 
The Model 12S5.3000XC de/de con­
verter accepts any input between 
9 and 29V and produces a 5V/3A 
output. Switching frequency equals 
70 kHz and efficiency measures 80% 
min. Internal thermal limiting shuts 
the unit down if the case tempera­
ture exceeds specified limits. Key 
specs include a 0.2% line-and-load 
regulation , a 30-m V p-p output 
noise, and a 0.3%/1000-hour long­
term stability. Input-to-output iso­
lation equals 500V de, and the oper­
ating range spans - 25 to + 80°C. 
Filter circuits provide conducted­
noise protection for both the input 
and output. A logic shutdown pin 
serves to minimize converter power 
consumption. $120. 

Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. Phone 
(415) 932-3911. FAX 415-932-6017. 

Circle No 372 

PHOTOSENSOR 
• Utilizes optical triangulation 

techniques 
• Has a built-in amplifier 
The MQ photoelectric sensor util­
izes optical triangulation techniques 
that allow users to eliminate back­
ground interference by simply 
twisting a dial. The unit is available 
in sensing ranges from 1 in. to more 
than 6 ft. The sensor is insensitive 
to any changes in color or reflecting 
surface conditions on the objects be­
ing detected. The unit features a 
built-in amplifier and has a maxi­
mum switching speed of 250 opera­
tions/sec. $100 (100). 

EDN June 22, 1989 

Aromat Corp, 629 Central Ave, 
New Providence, NJ 07974. Phone 
(800) 228-2350; in NJ, (201) 464-
3550. FAX 201-464-8513. 

Circle No 373 

HEAT SINKS 
• Designed specifically to cool 

de/de converters 
• Available in two models 
These heat sinks are designed spe­
cifically to cool 2.4 x 4.6-in. de/de 
converters. The devices are avail­
able in two versions-Model 
410011, which features lengthwise 
fins, and Model 410111 , which has 
crosswise fins. Under natural con­
vection, thermal-resistance values 
equal 3.5 and 3°C/W for the 410011 
and 410111 models, respectively. 
The thermal resistance under 
forced-air convection for the two 
models at 100 and 1000 linear ft/ 
minute, respectively, is as follows: 

or 
a single output 

to 

2500 
watts 

• With output • 
current to SOOA. • • • • 
this UUCYVVDE/IEC • 

The 410011 ranges from 0.6 to 2°C/ 
W, and the 410111 ranges from 0.5 
to l.5°C/W. The heat sinks are 
made of aluminum alloy and come 
in gold chromate or black anodized 
finishes. Model 410011, $4.21; 
Model 410111, $4.23 (1000). Deliv-

rext continued on pg 261 

compliant product • 
eliminates the need to • • 
parallel two or more power • • !'- • I ~ 
supplies in high current. reliability • • • • •:. 
sensitive applications such as supermini • • • • • 
computers and communications systems. • • • •• 
Reliability is enhanced through a thermally efficient • • • 
design that exhibits only a 20°( temperature differential between 
the intake and exhaust air. 
For reliable hiqh--current single and multiple output power supplies 
from 500 to 2500 watts, manufactured under Statistical Process 
Control (SPCJ , contact JETA. 

-JO POWER SYSTEMS, INC. I: I ft. 2675JuniperoAvenue • Signal Hill, CA 90806 
=-=---"--""---- (213) 427-0095 • FAX: 2 134262417 
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Ordering Information 

MEMORY PRODUCTS 

DSP BUILDING BLOCKS 

PERIPHERAL PRODUCTS 

Quality & Reliability 

Technology & Design 

Packaging 

Application Notes 

Technical Articles 

Sales Offices 

FREE 
FAST 

SRAMs! 
Need FAST SRAMs in a Hurry? 

Check the boxes below and 
attach your business card. 

Logic Devices also offers a wide 
range of other products. For your 
copy of our 432-page Data Book, 
check the box below. 

FAX a photocopy of the order 
blank to us and we will ship 
samples to qualified applicants, 
usually within 48 hours! 

----------------------------------------------------
Please send me: Part number (even a competitors') 

0 Fast CMOS Data Book 

0 SRAM Samples 

- ......-..... .....-... -~ ------ - ----- -- ------ ------_..._,... -- -
DEVICES INCORPORATED 
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Configuration 

D 16K x 1 

D 4Kx4Sep. l/O 

0 4K x 4 Com. 1/0 

D 2Kx8 

D 64K x 1 

D 16K x 4 Sep. 1/0 

D 16K x 4 Com. 1/0 

Speed 

D 12 ns 

D 15 ns 

D 20ns 

D 25ns 

D 35ns 

D 45ns 

D 85ns 

Package 

D Plastic DIP 

D Hermetic DIP 

D CerDIP 

D Ceramic LCC 

D Plastic SOIC (Gull-wing - 0.3 wide) 

D Plastic SOIC (Gull-wing - 0.331 wide) 

D Plastic SOJ 

D 8Kx8 D Other __ D Other ---- -----
0 Other 

D I need a quotation - call me 

628 East Evelyn Avenue 
Sunnyvale, CA 94086 

(408) 720-8630 

FAX NO: (408) 733-7690 

CIRCLE NO 153 

Name: _________ _ 

Title: -----------
Company: _________ _ 

Address: ----------
City: _______ ___ _ 

State/Zip: ---------­

Tel: FAX: 

or attach your business card here! 

EDN June 22, 1989 



COMPONENTS AND 
POWER SUPPLIES 

ery, stock to six weeks ARO. 
Aavid Engineering Inc, Box 400, 

Laconia, NH 03247. Phone (603) 
528-3400. FAX 603-528-1478. TWX 
510-298-1127. 

Circle No 374 

TRIMMER 
• Designed for surface-rrwunt ap­

plications 
• Features a - 55 to + 125°C oper-

ating range 
Measuring only 3 x 3.1x1.3 mm, 
the MVR 32 trimmer is designed 
for surface-mount applications. Em­
ploying thick-film technology, the 
unit offers resistance values rang­
ing from 1000 to 1 MO. The trim­
mer has a 25V max voltage rating 
and a 1/!6W power rating at 70°C. 
The unit operates over a - 55 to 
+ 125°C range and has a ± 25% tol­
erance. The trimmer can accommo­
date solder reflow processes and is 
available in tape-and-reel packag­
ing. $0.16 (1000). 

Rohm Corp, 8 Whatney, Irvine, 
CA 92718. Phone (714) 855-2131. 
TWX 910-595-1721. 

Circle No 375 

MIXERS/AMPLIFIERS 
• Operate over a 50-MHz to 5-GHz 

range 
• Feature single-supply operation 
IAM-81018 and AM-82018 active 
mixers/amplifiers operate with RF 
input signals of 50 MHz to 5 GHz 
and with IF outputs from de to 1 
GHz and de to 2 GHz, respectively. 
Both models operate from a 5V sup­
ply. The IAM-81018 provides typi­
cal RF -to-IF conversion gain of 15 

EDN June 22, 1989 

MemberSIDMG 

MS-DOS is a trademark 
of Microsoft Corp. 

C1J6~~~1cs 
COMPUTER DYNAMICS SALES 
107 S. MAIN ST. GREER. SC 29651 (!nl) Bn-8700 FAX (803) 879-2030 

CIRCLE NO 154 

... and we'll 
back it 

u 

750 WATT 
Multiple output 
battery backup 

• • For safe and • 
orderly system • • • 
shutdown in the event • 
of blackout or brownout • 

situations choose our battery • 
backup switching system 

e EEM pages Dr 785-r 787 

-0 POWER SYSTEMS, INC. JI: I " 2675JuniperoAvenue • Signal Hill. CA 90806 
12 131 427-0095 • FAX: 2 134262417 
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dB, operating from a 0-dBm local­
oscillator level. The devices are 
housed in surface-mount packages 
that feature gold-plated leads and 
are fully compatible with conven­
tional 500 microstrip systems. 
IAM-81018 , $16; IAM-82018, $25 
(1000). 

Avantek Inc, 481 Cottonwood 
Dr, Milpitas, CA 95035. Phone (408) 
943-3038. 
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TRANSCEIVER 
• Offered in two conf igurations 
• Designed for Ethernet 
The lOBase-T-Plexit transceiver 
simplifies the task of implementing 
the IEEE-802. 3 lOBase-T twisted­
pair interface on an Ethernet con­
troller. In addition to the transmit, 
receive, and logical-collision-detect 
functions, the transceiver features 
power, receive, transmit , collision, 
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jabber, and link-test LED output 
controls. Strap-selectable transmit 
equalization provides flexibility in 
controlling transmitted wave 
shape. The transceiver is available 
in two configurations-the soft­
ware-reprogrammable 8054 and the 
hardware-masked 8052. The 8054 
has one RJ-45 jack and a male 15-
pin attachment-unit interface port; 
the 8052 features an RJ-45 jack and 
a BNC connector. 8052, $225; 8054. 
$295. 

Plexcom Inc, 65 Moreland Rd, 
Simi Valley, CA 93065. Phone (805) 

CIRCLE NO 155 

522-3333. FAX 805-583-4764. 
Circle No 377 

DC/DC CONVERTERS 
• Have a 600,000-hour MTBF 
• A ccuracy equals 4 % 
FW Series 7.5W de/de converters 
operate over a 36 to 72V input 
range and produce single outputs 
of 5 or 12V. The units feature an 
83% efficiency and have a total out­
put accuracy of 4% max for all line­
and-load conditions over the full 0 

EDN June 22, 1989 



More PC Data Acquisition Firepower 
than any other board. 

Burr-Brown has revolutionized PC data acquisition, 
test, measurement and control with one board. One 
Super Carrier board that gives you unequalled 
capability and expandability at a price that blows the 
competition out of the water. 

The software-programmable Super Carrier comes 
with 16 single-ended/8 differential analog inputs and 
16 digital 1/0 channels on board. Burr-Brown plug-in 
modules allow expansion to 80 analog inputs, 80 
digital 1/0 channels or 16 analog outputs. 

Plus you can add trigger/alarm, simultaneous 
sample/hold, additional counters, and more. Super 
Carrier is also supported by a full range of software. 

11111J For more information about one of the 

-----

single most powerful data-acquisition 
tools you can own, plus a free 288-page 
Burr-Brown PCl-20000 modular system 
handbook, call (602) 746-1111 or write 
Burr-Brown, 1141 W. Grant Road, 
MS131 , Tucson, AZ 85705. 

BURR-BROWN® 

I• II •I 
Ci 1989 Burr·Brown Corporation 5800·8170 
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to 71°C operating range. Input-to­
output isolation of 500V allows you 
to develop either a negative or posi­
tive output or series-stack the con­
verters to develop higher output 
voltages. All units feature overvolt­
age and short-circuit protection. 
Designed to meet UL94V-O flam­
mability requirements, the pc­
board-mountable converters have 
bottom standoffs on the package to 
accommodate aqueous cleaning op­
erations. $44 (1000). 

Computer Products, 7 Elkins 
Ave, Boston, MA 02127. Phone 
(617) 268-1170. 

Circle No 378 

RELAY 
• Provides two IA changeover 

contacts 
• Has a mounting height of only 

4mm 
The AZ 845 dual-in-line relay pro-

vides two changeover contacts in a 
14 x 9-mm footprint package with a 
mounting height of only 4 mm. The 
gold palladium double contacts have 
5-µm gold plating to ensure high 

contact reliability and low contact 
resistance even with very low con­
tact currents. The contacts can 
carry a continuous current of lA 
and can switch a maximum load of 
30W or 60 VA. They have a maxi­
mum switching voltage rating of 
125V de or ac. The isolation test 
voltage between the contacts and 
between the relay's coil and con­
tacts is 1 kV. The relay is available 
as a monostable or bistable relay; 
they respond at a coil power as low 
as 100 and 150 mW, respectively, 
for a 2.5 msec pulse. The relays are 
available with a range of nominal 
coil voltages from 3 to 24V de. They 
are wash proof to DIN 40050 protec­
tion class IP67 requirements. Ap­
proximately DM 7.5 to DM 9 (1000). 

Zettler GmbH, Postfach 202626, 
D-8000 Munich 2, West Germany. 
Phone (089) 849056. FAX 089-
8414942. 

Circle No 379 
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• You have a choice of air-intake 
options 

• All models come prewired 
The Airmatic 300 line of 19-in. fan 
trays now includes three additional 
models-the lHU bottom air-intake 
model and the 2HU and 3HU front 
air-intake models. The lHU is 
available in versions offering 6, 9, 
12, and 15 fan positions. The 2HU 
and 3HU models include a remov­
able filter and can be located any­
where along the vertical panel of a 
cabinet. All three models feature 
fans with a 79.5-cfm capacity, and 

all three are constructed from two 
structural foam halves that provide 
individual fan compartments to iso­
late noise and vibration. Each com­
partment comes prewired whether 
it holds a fan or not. Each fan is 
plug terminated to ease field main­
tenance. Unused positions come 
with a foam and metal insert. 6-
position lHU model with 1 fan , 
$173.29. 

Dacobas Inc, 1890 N Voyager 
Ave, Simi Valley, CA 93063. Phone 
(805) 526-7733. FAX 805-584-8371. 
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WOVEN CABLE 
• Offers as many as 64 conductors 
• UL and CSA approved 
The Econo-Mizer !DC-compatible 
flat-woven cable employs stranded 
conductors to provide longer flex 
life in applications involving re­
peated bending. The cable is de-

signed to accept IDC (insulation 
displacement connector) termina­
tions without the need for special 
tools. The cable is available with 16 
to 64 conductors spaced on 50-mil 
centers. Alternating conductors 
feature a red/blue color code. Avail­
able in 300-ft reels, the cable is UL 
and CSA approved. $0.9964 (1000 
ft) for a 26-conductor cable. 

Woven Electronics, Box 667850, 
Charlotte, SC 28266. Phone (803) 
963-5131. TWX 810-287-2091. 

Circle No 381 



One small step for PQFPs. 
One giant step for service 

Introducing the right technology at the 
right time-our two-piece Micrcr Pitch 
sockets for JEDEC plastic quad flat 
pack ICs. 

Our patented low-profile (.400") 
Micro-Pitch sockets are a remarkably 
simple, safe way to mount high-speed, 
high-performance PQFPs. And their 
simplicity-in engineering, and in the 
minimum use of material-bring5 them 
to you at a remarkably low price. 

AMP is a trademark of AMP Incorporated. 

PQFP as easy as 1-2-3 . 
. 025" centerline Micro­
Pitch sockets ease hand­
ling, automate readily. 
High-speed contacts pro­
vide oxide cleaning wipe 
action, 200 grams normal 
force for positive mating. 
Footprint on .075" x .100" 
three-row grid. 



and manufacturing. 

The cover aligns IC leads for easy 
insertion into the base. It also protects 
the leads during handling. In fact, 
your PQFP supplier can insert chips 
into covers at his site, and send com­
pleted units to you. Result: hands-off 
installation. 

Our high-speed tin-plated contacts 
provide .020" to .030" of contact 
cleaning wipe during insertion, and a 
normal mating force of 200 grams on 
each contact. "\ery positi\e engagement. 
And just the kind of quality engineer­
ing you can count on from AMP. 

EDN June 22, 1989 

Micro-Pitch sockets have been 
designed with automation in mind, 
as well. They're fully polariz.ed cover­
to-base, and base-to-board, and com­
patible with vacuum pickup, for fast 
robotic implementation. 

With today's chip costs, and with 
the high quality and low installed cost 

AMP is known for, this is one option 
you'll want to pick up. Fast. 

For technical literature and more 
information, call the AMP Product 
Information (.enter at 1-800-52U752 
and ask about Micro-Pitch Sockets. 
AMP Incorporated, Hanisburg, PA 
17105-3608. 

AIVI P Interconnecting ideas 
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Application-Specific 
Hybrid Packaging 
Solutions. 

Our engineering staff can convert your circuit schematics or ex­
isting printed circuit boards into a thick -film or PCB-based hybrid 
circuit .. . which, when vertically integrated , increases your 
system functionality and reliability. 

Our flexible, alternative hybrid packaging solutions can save you 
the hassle of ordering, testing, stocking and assembling com­
ponents. You gain in overall system reliability, through fewer 
discrete components and fewer connections. 

Philips Circuit Assemblies' hybrid circuits arrive 100% func ­
tionally tested and ready to integrate into your board-level 
product. 

No capital investment. 
When Philips Circuit Assemblies handles your total hybrid pro­
duction, you get today's technology today ... without long -term 
capital investments in process development and equipment. 

To meet your system size and cost reduction goals with higher 
circuit reliability and fewer hassles, turn to America's largest 
supplier of custom thick - film hybrids - Philips Circuit 
Assemblies. 

To get started, just call 1-800-522-7752 (in Wisconsin, dial 
414/785-6359). 

For our Capabilities Catalog, write to: Philips Circuit Assemblies, 
A Division of North American Philips Corporation, Corporate 
Advertising, 2001 W. Blue Heron Blvd., P.O. Box 10330, Riviera 
Beach, FL 33404. 

Philips Circuit Assemblies 
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NEW PRODUCTS 
COMPUTERS AND PERIPHERALS 

MACRO STORAGE 
• System stores 8000 keystrokes 
• Compatible with IBM PC, 

PCIXT, PC/AT, and PS/2 
The AutoKey 20/20 data-entry de­
vice provides 400 programmable 
function keys for an IBM PC, 
PC/XT, PC/AT, or PS/2 compatible 
keyboard. The unit mounts in the 
upper portion of the keyboard. The 
device contains a µP and lithium­
battery-backed memory, which 
stores as many as 8000 keystrokes. 
When you press the select key the 
unit memorizes a series of key­
strokes without program interrup­
tion. Pressing a macro storage key 
saves the keystroke sequence in 
memory for as long as 10 years. 
Pressing the macro key again sends 
the keystroke sequence to the com­
puter as if you typed it. The unit 
stores as many as 400 sequences. 

STEPPER DRIVER 
• Drives 4-phase motors from 0.15 

to 4000 steps/sec 
• Controls four motors requiring 

24Vand SA 
The Model 201 stepper-motor 
driver board conforms to the re­
quirements of the Hewlett Packard 
Interface Loop (HPIL). The HPIL 
permits 31 devices to operate from 
one driver, allows loop distances of 
lOOm, and requires electrical isola­
tion via pulse transformers. The 
unit can drive as many as four 4-
phase stepper motors requiring 24V 
and 5A running at speeds from 0.15 
to 4000 steps/sec. It controls each 

EDN June 22, 1989 

A flip-down legend lets you docu­
ment each macro sequence in mem­
ory. The unit operates with DOS, 
OS/2, and Unix operating systems. 
AutoKey 20/20, $289; AutoKey 40, 

motor one at a time via onboard se­
lection drivers. You can control the 
stand-alone board from a computer 
with an HPIL port or an IEEE-488 
controller with an adapter. The 
hardware consists of a stepper mo­
tor indexer, a translator, a driver, 
a home function, and a step-count­
ing function. $895. Delivery, stock 
to 60 days. 

lnterloop, 706 Charcot Ave, San 
Jose, CA 95131. Phone (408) 922-
0520. TWX 910-240-0128. 
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OPTICAL DISKS 
• Erasable and rewritable and 

store 644M bytes 
• Compatible with Hitachi's 

OD112-1 optical-disk drive 
The two models of this erasable and 
rewritable optical disk are available 
for Hitachi's OD112-1 optical-disk 
drive. Each magneto-optical 5%-in. 
disk can store 644M bytes of data 
on both sides. The model OC112G-2 

reduced-capacity version, $139. 
Mextel Inc, 159 Beeline Dr, 

Bensenville, IL 60106. Phone (312) 
595-4146. FAX 312-595-4149. 

Circle No 401 

has a glass substrate, and the model 
OC112P-2 has a plastic polycar­
bonate substrate. The disks achieve 
a high S/N ratio and a high degree 
of reliability through the use of a 
multilayer recording film. The disks 
have a track capacity of 17.4k 
bytes, a track density of 16,000 tpi, 
and a linear density of 24,000 bpi. 
Each disk has 18, 751 tracks with 
17 sectors/track. OC112G-2, $400; 
OC112P-2, $250. 

Maxell Corp of America, 22-08 
Route 208, Fairlawn, NJ 07410. 
Phone (201) 794-5900. 
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C-44 CPU BOARD 
• Has a 6-MHz 80C85 µP and 64k 

bytes of memory 
• Provides 22 digital 110 lines and 

two serial communications lines 
The Q85-2 stand-alone CPU board 
for the C-44 bus is compatible with 
any expansion or peripheral board 
for the C-44 bus. The board con-

269 



COMPUTERS AND PERIPHERALS 

tains a 6-MHz 80C85 µP and 64k 
bytes of memory-32k bytes of 
EPROM and 32k bytes of RAM. 
Also providing 128 bytes of 
EEPROM, the Q85-2 can access as 
much as lM byte of off-board mem­
ory. The board consumes 96 mW 
when operating and 24 mW in a 
power-down mode. Other board 

features include 22 digital I/O lines, 
a 14-bit timer, and a UART that 
provides two serial communications 
lines. A switching regulator accepts 
an unregulated supply voltage in 
the 6 to 16V range. The board oper­
ates from - 40 to + 85°C and a 0 to 
98% noncondensing relative-humid­
ity range. Board, including debug 

WHY DESIGN YOUR PRODUa 
AROUND A COMPUTER? 

Design the computer in. 

Little Board™/286 
Built-in vs. built-around. External systems mean 
boxes, boards, backplanes, cables, and reliability prob­
lems. Ampro's Little Boards give you a complete system 
on a single board you can build right into your product. 

Small size. Big power. Eliminate the bulk and 
constraints of multi-board, backplane·based systems. 
Embed a Little Board that requires just 2/ 3rds the 
power and volume of a 5 '/•" floppy drive. But with the 
full power of a PC or AT®. 

Fully compatible. Little Board/286 and Little 
Board/ PC are functionally identical to multi · 
board PCs and A Ts. They run PC-DOS'" 2.0 
to 3.X. They run DOS languages, compilers 
and applications. You'll be standing on a 
proven foundation of hardware and 
software. 
Ampro's Single Board Systems. It 's al l 
there. Up to a Megabyte of RAM. RS·232C and 
Parallel ports. AT/ PC-compatible controllers and bus 
expansion. EGA/CGA/MDA and Hercules'"· 

Little Board/PC 
compatible video options. Even optional solid·state 
disk. Plus SCSI support for hard disk, tape, optical 
drives, bubble drives ... you name it. And, low power 
consumption( +SVOC, less than SW) and a wide 
operating temperature range ( 0 to 60°C). Perfect for 
standalone operation and harsh environments. 
Anywhere that reliability is a critical consideration. 

Available worldwide. For infonnation and the name 
of your nearest U.S. or international Ampro 

representative, call us at the number below. Or 
write for Little Board Product infonnation. 

408-734-2800 
fax, 4-08-734-2939 TU, 4940302 

COMPUTER S, INCORPORAT ED 
1130 Mountain View/ Alviso Road 

Sunnyvale. CA 94089 
Reps: Australia-61 3 720-3298; Austria-43-222145 45 01: Canada-(604) 438-0028; Denmartc-45 3 66 20 20: Finland-358 O 585-322; France-331 
4502- 1800; Germany , Wesl- 49 89 611 -6151 ; ls rael - 972 3 49- 16-95; llaly - 39 6 8 11 -9406; Japan- 8 1 3 257-2630; Netherlands-
010-411 65 20; Spain- M34 3 204-2099; Sweden--46 8 55-00-65; Switzerland-41 1 740-41-05; United Kingdom-44 2 964-3551 1; USA-contactAMPRO 

Trademarks IBM.AT-IBMCofp . Hercules-Hercules Compu1er Technology Inc. L1t1le Board-AmproComputers, Inc. DR-DOS-Dig11a1 Research, Inc 
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monitor and floppy-disk drive with 
source code, $290. 

QSI Corp, 17 40 Research Park 
Way, Logan, UT 84321. Phone 
(801) 753-3657. TLX 887430. FAX 
801-753-3822. 

Circle No 404 

80386SX CPU BOARD 
• Runs at 16 MHz 
• Contains as much as BM bytes 

of DRAM in SIMMs 
The SCX386-16 is an 80386SX CPU 
board for an industry-standard ar­
chitecture passive backplane. Its 
CPU operates at 16 MHz and inter­
faces with the bus at 8 MHz. The 
board contains lM, 2M, 4M, or 8M 
bytes of 100-nsec dynamic RAM in 
SIMMs. You can configure the 
RAM for either page-mode access 
or in a 2-way interleave arrange­
ment. It comes with either the 
Phoenix or Award BIOS, and it has 
a socket for an optional 80387SX 
coprocessor. The device consumes 
35W and has an onboard buzzer or 
connections for an external 
speaker. It comes with a 2-year lim­
ited warranty. With lM byte of 
RAM, $700 (OEM qty). 

Mylex Corp, 47650 Westing­
house Dr, Fremont , CA 94539. 
Phone (415) 657-7667. FAX 415-
656-7857. 
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At S~etics, we 
let our data 
comm ... ~,,..,._ 1'ol'AAllt.1 

· line do the talking. 

CIRCLE NO 200 

In this day and age of big talk and lofty promises, 
we prefer to let our data communications family 
speak for itseH. 

Why? Because it speaks exactly to your need for high 
performance. And high reliability. All in a range of 
technologies and packages to solve applications from 

peripherals and multiplexers to LANs, 
fiber optic networks and more. 

One example is our new CMOS 
SCC2698B Octal UART from the 
serial communications family. It 
delivers eight full duplex channels 

and support circuits in a single, low-
power chip. 

Or, from our transmitter/receiver family, 
there's the new NES211 transimpedance 
amplifier for applications that require high 
input sensitivity such as fiber optic re­
ceivers and extended communication 

links. And, for communication buffer man-
agement, our new N7 4LS429 FIFO RAM 

controller addresses up to 64K locations using very 
little board space for very large buff er implementation. 

We're Signetics. We've got the guts-those essential 
data communications products to improve system 
performance. For your free information packet, call 
(800) 227-1817, ext. 99SD. Or for military product 
availability, contact your local Signetics sales 
office. You'll learn why we speak softly-and carry 
a big line. 

One standard. 0 defects. 

Signetics 
a division of North American Philips Corporation 

PHILIPS 
© Copyright 1989 North American Philips Corporation 
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resolution of 640 x 480 pixels. The 
14-in. display has a 0.29-mm dot 
pitch and sits on a tilt-and-swivel 
stand. The monitor uses analog ca­
pacitive sensing to provide 
1024 x 1024 touch points and can 
convert 60 touch points/sec. $1545. 

the 56001 has two analog inputs and 
two analog outputs that connect to 
two 16-bit ADCs and two DACs, 
respectively. The converters can 
sample as fast as 200 kHz/channel. 
The board also contains two 56200 
FIR filter processors, which are 
configurable as independent FIR 

TOUCH MONITOR 

MicroTouch Systems Inc, 10 
State St, Woburn, MA 01801. 
Phone (617) 935-0080. TLX 530264. 
FAX 617-935-0133. 

• Displays 256 colors from palette Circle No 406 
of 16M colors 

• Provides 640 x 480-pixel resolu-
tion VME DSP BOARD 

The Mac 'n Touch, a touchscreen 
monitor for Mac II, MacIIx, and 
Mac IIcx, comes with a controller, 
a cable, and a software driver, al­
lowing it to be used with all Macin­
tosh software, including Hyper­
Card. The monitor interfaces with 
the Mac II through the Apple Desk­
top bus and can display 256 colors 
from a palette of 16M colors with a 

• Uses a 20-MHz 56001 DSP chip 
and 8k words of RAM 
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• Contains two 16-bit ADCs and 
two DACs 

The 56001 VME Board, a 6U DSP 
board for the VMEbus, has Mo­
torola's 20-MHz 56001 DSP chip, 8k 
words of RAM, and 8k words of 
EPROM. Both memories are ex­
pandable to 32k words. In addition, 

filters or adaptive filters. The board 
comes with Sun 3 Unix device driv­
ers and monitor/debugger software 
that communicates with an IBM PC 
via an RS-232C port. The company 
provides Motorola's Assembler/ 

Calibrators 
Precision, performance, portability, and low price are the 
hallmarks of DATEL's voltage calibrators. The hand-held 
DVC-350A is a truly portable calibrator with the accuracy 
(±0.015% of FSR) demanded by critical field applications. 
The DVC -8500, with 0.005% accuracy, is small enough for 
the most crowded test bench, but matches the performance of 
expensive, rack-mounted units. 

Model 
Output 
Range 

Accuracy Source/ Output 
(% of FSR) Sink Noise Drift 

DVC-350A ±1.2/±12.0V de 0.015% 20mA 150µ V p-p ±15 ppm/ °C 

DVC-8500 ±19.999V de 0.005% 25 mA 25µ V p-p ±4 ppm/ °C 

Call (508) 339-3000 or write for 
DA TEL's new brochure. 

INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION 

DA TEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508)339-3000 

CIRCLE NO 161 

P.O. Box 130 
Frenchtown, NJ 08825 
Telephone (201) 996-6841 
Telex 6974615 
FAX 201-996-3891 

Headers, Sockets, Jumpers, DIP Switches, .025 Sq. Stix, etc. 

SINGLE ROW SOCKETS with STAMPED PINS 
For mounting odd centered components, jumpers. etc. 

STRIP· LINE ....... 
SERIES0511 ~-

•Pins on .100 centers · 
bifurcated contacts. 

• 2 to 34 positions. , ·111!! Strip-Line 
•Solder tail or wire wrap pin lengths. , Sockets 
•Spacer bars for pre-soldering. with spacer bar 

ELEVATOR STRIP·LINE 
SERIES7XXX 

•Height range from .350 to 1.25. 
•Pins on .100 centers · bifurcated 

contacts. 
• 2 to 34 positions · Elevator Sockets 
•Spacer bars for pre-soldering. with spacer bars. 

LO·PRO®file STRIP·LINE ...._ __ _........ Series 
SERIES 0520 and 0525 . '"""""~ . 0520 

•Single beam contacts on Ac~~ 
.1 00 centers. ~ 

•40 positions/strip (breakable ~~ 
to any desired number of ff!f'f'"' ' • 
positions, lose one pin on breaking.) 

•Series 0520 accepts pins .008 to .020 
•Series 0525 accepts .025 square pins. -

See EEM Vol. C, pgs. 1185-1190 Series 0525 
Accepts .025 square pins. 
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SIEMENS 

SAMSAN™ Displays. Our Technological 
Superiority Has Certain Visible Advantages. 

Working with Small 
AlphaNumeric (SAN) 
displays used to impose 
certain compromises. 

You had to put up 
with the high power 
consumption and heat 
dissipation of bipolar 
technology, which 
required expensive heat 
sinks and PCB designs. 
And you paid dearly 
for the high cost of 
ceramic packaging and 
the lack of price 
competition. 

Now the company 
that brought YorJ tile first 

SAMSAN Features 
• .15" and .20" character 
heights in red, HER, green, 
and yellow. 
• Commercial plastic pack­
age: - 40°C to +85°C. 
• Drop-in replacement 
for many existing ceramic 
applications. 
• CMOS driver offers 30% 
lower power consumption 
and 25 times less quiescent 
power than bipolar. Heat 
sink not required for most 
applications. 
• Half the cost of competitive 
packages. 
• Small package saves 
valuable real estate. 
• End stackable. 
• Also available In hi-rel/ 
mUltary tyennellccerarriic 
)18CUge~ 

CMOSSANs ·~~~~ 

the family Qt 
SANtWMii 

package. These pin-for­
pin replacements for 
Hewlett-Packard SANs 
offer a wider range 
of operating tempera­
tures than HP's commer­
cial bipolar ceramic 
device. For as little as 
half the price. 

And SAMSAN LED 
displays are built with 
CMOS technolog}{ So 
their lower power con­
sumption and heat dissi­
pation make thermal 
management simple. 

Siemens Com~ 
Inc. Optoeledfi 
Division, 19000 

, Cupertino. CA 
3423. 

Siemens Super SAN 
Display Swap. 

We're sure you'll agree that our 
SAMSANs are the perfect replace· 
ment for HP SANs. So sure that if 
you'll send us a ceramic HOSP 2000 
type display, we'll send you two 
plastic SAMSANs to replace it Mail 
your request on your letterhead to 
R. Waltonsmith. Be sure to specify 
your color choice. 
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Linker+ Simulator separately, as 
well as a C compiler for the IBM 
PC and Sun 3 Unix systems. Board 
and software, $5995. 

Spectrum Signal Processing 
Inc, 460 Totten Pond Rd, Waltham, 
MA 02154. Phone (800) 323-1842; in 
MA, (617) 890-3400. FAX 617-890-
0976. 

Circle No 407 

VME DACs 
• Two, four, six, or eight analog 

output channels 
• 12-bit resolution and 25-µsec set-

tling time 
The MS-DA12 Series 12-bit DIA 
converter boards for the VMEbus 
come with two, four, six, or eight 
analog voltage outputs. An optional 
voltage-to-current adapter config­
ures the output as current loops. 
An onboard jumper selects a 0 to 
5V, 0 to lOV, ± 5V, or ± lOV out-

put range. You can use an external 
reference of ± lOV between 0 and 
8 kHz as a multiplier for the boards. 
The settling time is 25 µsec typ and 
30 µsec max to reach 1

/2 LSB of the 
full-scale step value. The devices 
are compatible with revision C.1 of 

Open Frame Monitors 
Made In The U.S.A. 
Having a well-earned reputation for quality 
designed components, Kristel Corporation 
produces high reso lution monitors. They 
are manufactured in the U.S.A. to clearly 
display everything from alphanumeri cs to 
complex graphics. 
Screen sizes are available from 5 to 19 
inches for various industri al OEM 
applications. These monitors operate 
within horizontal scanni ng rates of 15.0 to 
64.0 KHz, with center resolutions rangin g 
from 650 to 1200 lines. 
See for yourself what Kri stel has to offer in 
open frame chassis or kit monitors. Then ' Im 11 
check us out for up-front consultation and 
back-up support. 

I. I ' NOW AVAILABLEIN COLOR 
(EGA COMPATIBLE) 

~ Send for Kristel's Short-Form Catalog 

the VMEbus specification, and they 
respond either as A16:D16 or as 
A16:D08 slaves. You can configure 
the boards to respond to either or 
both the short nonprivileged access 
(AM code $29) or short supervisory 
access ($2D) code. From $395; 2-
channel voltage-to-current adapter, 
$95. 

Matrix Corp, 1203 New Hope 
Rd, Raleigh, NC 27610. Phone (919) 
833-2000. FAX 919-833-2550. 

Circle No 408 

ARCNET BOARD 
• Interfaces PCs to Arcnet LANs 
• Has a 2k-byte data buffer, and a 

switch- or software-controlled 
node identifier 

The ARC250 Arcnet LAN card for 
the IBM PC, PC/XT, PC/AT or 
compatible computers allows you to 
select the network node identifier 
via switches that are accessible on 

Text continued on pg 278 

7 i nc~ 

~~O§lS@O®corporation 833 Industrial Drive, West Chicago, IL 60185 • (312) 293-0850 
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effortless; the disassembly 
itself is more complete and 
informative than anything 
else in its class. You can have 
a complete 8-bit micro­
processor debug package, 
including logic analyzer, 
for under $4000, and a 
16-bit package for 
under $6000. 
Start with 16 chan­
nels. Expand in 16-
channel increments 
to a maximum of 64. 
On-screen help notes, 
pop-up menus and 
automatic prompts 
make the 1230 excep­
tionally easy to learn 

and use. Yet you can access 
features like four 2K deep 
memories, sophisticated trig­
gering and built-in babysit-

ting mode that are 
unprecedented in 
this price range. 
Call 1-800-
426-2200 for 
rapid ordering, to 
get your technical 

questions 
answered, or 
to request 
product 
information. 
UL Listed 
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the card's rear panel or via software 
control. The card also incorporates 
LEDs to indicate the network 
status and the transmission of net­
work data. The card uses Standard 
Microsystems' COM9026 Arcnet 
controller and has a 2k-byte RAM 
to buffer data before transmission 
or after reception. This buffer RAM 

is dual-ported to the COM9026 con- the card occupies between 16 and 
troller and the PC bus. The board 64k bytes of the PC's address space. 
also has three byte-wide EPROM By using custom PALs, you can ex­
sockets that can hold boot software tend the board's memory address 
for diskless systems or special net- space to 128k bytes. To eliminate 
working software. A PAL-con- ground-loop problems, the board's 
trolled memory-mapping scheme al- Arcnet transceiver connects to the 
lows you to jumper-select the Arcnet LAN via a BNC connector 
board's address decoding so that that has an isolated ground connec­

--------------------------~ tion. Approximately £295. 

CIRCLE NO 165 
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DSP Design, Unit 1, Apollo Stu­
dios, Charlton Kings Rd, London 
NW5 2SB, UK. Phone 01-482-1773. 
FAX 01-482-1779. 

Circle No 409 

MEMORY CONTROLLER 
• Uses one ISA bus slot for three 

different disk drives 
• Its µP and pipelined data path 

transfer data at 2.5M bps 
The HyperStore 816 mass-storage 
controller for the 16-bit ISA bus can 
control two 31

/2- or 51h-in. floppy­
disk drives and two ST506/412 
MFM-compatible hard-disk drives. 
The unit can also support optical­
disk drives and magnetic-tape de­
vices using a daughter board called 
the Mediadapter. The controller 
contains a 16-bit, 10-MHz Z280 µP 
and from 512k to 4M bytes of cache 
memory. This combination provides 
an elastic buffer between the host 
and the drives, allowing them to 
transmit data at their natural 
speeds. The host can transfer data 
using the 8- or 16-bit path provided 
by the extension connector on the 
ISA bus. The CPU's 3-stage pipe­
line architecture transfers data to 
a drive at 2.5M bytes/sec. The 
board can also tolerate five differ­
ent types of faults, ranging from bit 
errors to media damage. Board 
with 512k bytes of cache memory, 
$849; Mediadapter with MFM en­
coding, $395; Mediadapter with 
RLL 2,7 encoding, $435. 

Perceptive Solutions Inc, 1509 
Falcon, Suite 104, DeSoto, TX 
75115. Phone (800) 343-0903; in TX, 
(214) 224-6774. FAX 214-228-1430. 

Circle No 410 
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Two years ago, MicroSim introduced the 
technology for simulating mixed analog/ 
digital circuits. Now, this capability is 
available in the Digital Simulation 
extension for PSpice. It does true mixed­
mode simulation of circuits - including 
feedback loops between analog and digital 
sections. 

At the core of the Digital Simulation extension is a 
multi-state, event-driven logic processor. It 
efficiently calculates logic transitions and propagation 
delays - there are no performance compromises to 
do mixed-mode simulation. Also included with the 
option is a model library of standard TTL and CMOS 
logic devices. 

Once the simulation is finished, viewing the results is 
easy. As you can see from the photo above, the Probe 
option for PSpice can display analog and digital 
waveforms together. 

Introduced five years ago, MicroSim's PSpice is 
used by more engineers, and has more copies sold, 
than all other SPICE programs combined. Here are 
some of the features which have made PSpice so 
popular: 

• Standard parts libraries of over 2200 analog 
models: diodes, bipolar transistors, small-signal 
JFET's, power MOSFET's, opamps, voltage 
comparators, and transformer cores. 

• GaAs MESFET devices, BSIM MOS model. 
•Non-linear transformers modeling saturation, 

hysteresis, and eddy current losses. 
• Ideal switches for use with, for example, power 

supply and switched capacitor circuit designs. 

r?J MicroSim Chrporation 

Mixed-mode waveform display from Probe 

Besides Digital Simulation, these other PSpice 
options are also available: 

• Analog Behavioral Modeling, which allows 
arbitrary transfer functions for devices, either by 
formula or look-up table. This can be done in 
both the time and frequency domains. In time 
domain the devices may be non-linear as well as 
linear. 

• Monte Carlo analysis calculates the effect of 
parameter tolerances on circuit performance. 
This includes statistical, sensitivity, and worst 
case analyses. 

• The Probe "software oscilloscope" provides 
interactive viewing of simulation results and post­
processing data reduction (see photo above). 

• The Parts parameter extraction program, allows 
you to extract a device's model parameters from 
data sheet information. 

PSpice is available on these computers: 

•The PC family, including the PS/2, and including 
both DOS and OS/2. 

• The Macintosh II. 
• The Sun 3 and Sun 4 workstations. 
• The Apollo DN3000 and DN4000 workstations. 
• The VAX/VMS family, including the 

MicroVAX. 

Each copy of PSpice comes with our extensive 
product support. Our technical staff has over 100 
years of experience in CAD/CAE and our software is 
supported by the engineers who wrote it. 

For our free information packet, including a PSpice 
demo diskette, call us at (714) 770-3022 or toll free 
(800) 826-8603. Find out for yourself why PSpice 
has become the standard in circuit simulation. 

20 Fairbanks • Irvine, CA 92718 USA • Telex 265154 SPICE UR 

PSpJCc 1.., a rq~1 ... tl'rl•d tr,1dl'm,uk nt \11Lro~1m CllrpPrat1on .\11 othl'r hrand"' and product name-. ,lfl' tradt.>marks nr rl'gt-.;!Pred trademarks of thelT respectJ\'l' holders 
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Braemar continues to refine and 
define the mini-cassette , standard 
cassette and cartridge tape market . 

Our latest offerings include .. . 
MINI­
CASSETIE 
DRIVES­
Utilizing low 
cost mini­
cassette media, 
136K memory 
and unbeatable 
pricing. These are the most reliable, 
cost-effective drives you can buy. 

PRO-LOADER 
PORTABLE 
CASSETIE 

DRIVES-
Economical, 

self-contained, 
stand-alone 

RS 232 based 
systems capable of reliable data acqui­

sition, storage, and program loading. 

CARTRnx;E 
TAPE 
DRIVES­
High speeds and 
high storage 
capacities in a 
3.5'' or 5.25" half 
height form 
factor. Designed for the OC 2000 
cartridge media. These drives represent 
a breakthrough in performance, ease of 
integration, and user convenience. 

B Braemar Corporation raemar Div. of Carlisle Corp. 
11400 Rupp Drive •LJIY•llll""lll[" .. Burnsville, MN 55337 

~ 1 u ' k-, , = wi:~~g~z11i59 
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For more informat ion call : 
1-800-328-2719 
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FAX MODEM 
• Sends and receives a fax at 

9600 bps 
• Compatible with CCITT Group 3 

and AppleFax protocols 
The FlexFAX fax modem for the 
Macintosh II, Plus, and SE comput­
ers is 100% compatible with the Ap­
pleFax fax modem. It can automati­
cally select AppleFax, CCITT 
Group 3, or FlexFAX protocols and 
send and receive a fax at 9600 bps. 
The modem provides automatic fall­
back to V.29, V.27ter, and V.21 
data rates. The unit operates in the 
"background" without host inter­
vention. A pass-through mode lib­
erates the modem port for use by 
other peripherals. Other features 
include storage for fax directories, 
transmission of multiple documents 
to multiple locations, and diagnostic 
capability. The unit operates as a 
2400-, 1200-, or 300-bps modem con­
forming to the CCI TT V .22bis, 
V.22, V.21, and Bell 212A/103 
specifications. As a data modem, it 
can transmit data half or full duplex 
using the Hayes AT command set. 
$1095. 

Circu it Researc h Corp, 4 
Townsend W, Suite 3, Nashua, NH 
03063. Phone (603) 880-4000. 

Circle No 411 

VME SBC 
• 20-MHz RTX-2000 µCon a sin­

gle-height board 
• 64k bytes of EPROM and 64k 

bytes of battery-backed SRAM 
The V 401 single-height, single­
board computer for the VMEbus 
contains a 20-MHz Harris RTX-
2000 microcomputer, 64k bytes of 

EPROM, and 64k bytes of battery­
backed CMOS SRAM. Because the 
µC offers a 100-nsec 16 x 16-bit mul­
tiplier, a 400-nsec interrupt latency, 
and a 2-µsec context switching 
time, the board is well suited for 
real-time applications. The board 
also has a 16-bit parallel I/O port, 
two RS-232C ports, and a VMEbus 
master and interrupt handler. The 
data-transfer rate is 6M bytes/sec 
to the VMEbus and 20M bytes/sec 
to the parallel I/O port. V 401-0, 
$1308; V401-1, $963 (100); develop­
ment package with Forth operating 
system, optimizing compiler, real­
time debugger, and monitor, $1195. 

VME Inc, 542 Valley Way, Milpi­
tas, CA 95035. Phone (408) 946-
3833. FAX 408-945-1173. TWX 
910-240-9707. 
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PRINTER ADAPTER 
• Interfaces Q Bus to Tektronics 

4693D printer 
• Q Bus board compatible with 

DEC LPV11 software 
The GT361 T adapter board for 
DEC's LSI-11 and MicroVAX-11 Q 
Bus computers provides a parallel 
interface for the Tektronix 4693D 
color-image printer. The board con­
tains a configuration register and a 
line-printer data buffer and is com­
lpatible with DEC LPV-11 soft­
ware. The device also supports four 
levels of interrupts and 22-bit ad­
dressing with selectable vector and 
base addresses. The printer gener­
ates an interrupt when it's ready 
for the next character or to signal 
an error such as no paper, a bad 
connection, or a mechanical fault . 
The single dual-height board meas­
ures 5.2 x 8.9 in. and draws 2A from 
the 5V supply. $395. 

Computer Products Inc, Meas­
urement & Control Div, 2900 Gate­
way Dr, Pompano Beach, FL 
33069. Phone (305) 974-5500. TWX 
510-956-9895. FAX 305-979-7371. 

Circle No 413 
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NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

VXI-BASED TESTER 
• Performs stimulus/response test­

ing on 96 channels or more 
• Has 32k bits of RAM per channel 

and 50-MHz clock rate 
Based on the VXI Bus (VME eX­
tensions for Instrumentation), the 
Final Analysis system is a modular 
stimulus/response tester for pc 
boards and ASICs. The vendor has 
integrated a module especially de­
signed for the system with a VXI 
card cage and an 80386-based com­
puter in a VXI module. The com­
puter includes a 31/2-in. 1.44M-byte 
floppy-disk drive, a 40M-byte hard 
disk, two serial ports, a parallel 
port, an IEEE-488 port, and a VGA 
color monitor. The computer also 
performs "slot-0" control functions 
for the bus. The test module in­
cludes 96 bidirectional channels, 
each of which is backed by 32k bits 

FIBER INSPECTOR 
• Provides visual indication of op-

tical-fiber faults 
• Uses low-power H eN e laser 
The Fiber Visualizer focuses red 
light from a compact, low-power he­
lium-neon laser onto an optical-fiber 
connector. The Class II laser is safe 
provided you don't stare into the 
beam. You can use the 1.1-lb. unit 
to tell whether fibers are correctly 
aligned at a splice: When they are 
not, you see a red glow; when align­
ment is correct, the glow disap­
pears. You can also use the instru­
ment to test whether a cable is cor­
rectly installed in a connector, to 
locate breaks and microscopic bends 
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of RAM that you can expand to 64k 
bits. The maximum clock rate is 50 
MHz; the maximum data rate is 25 
MHz. You can expand the system 
to 384 channels by adding test mod­
ules. From $32,000. Delivery, 90 

in a fiber, and to trace individual 
fibers within bundles. The vendor 
supplies different versions of the 
unit for various connector types. 
$1195. 

Norland Products Inc, Box 145, 
North Brunswick, NJ 08092. Phone 
(201) 545-7828. 
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IEEE-488 SOFTWARE 
• Includes database of more than 

100 instruments 
• Automatically generates test pro­

grams and documentation 
Version 2.5 of the Wavetest soft­
ware package runs under Microsoft 

days ARO. 
Kikusui International Corp , 

19601 Mariner Ave, Torrance, CA 
90503. Phone (800) 545-8784; in CA, 
(213) 371-4662. 

Circle No 420 

Windows on IBM PC/ ATs and com­
patible computers. This package 
permits you to operate IEEE-488-
based instruments, and, without 
programming expertise, to design 
and document programs that con­
trol the instruments. A code gen­
erator within the program creates 
code that you can execute with only 
a run-time version of the program 
resident. Beginning with this ver­
sion, the software supports 8087 
and 80287 math-coprocessor chips 
and allows programs as large as 2M 
bytes. It also allows you to create, 
import, and link subroutines. The 
software explicitly supports more 
than 100 IEEE-488-based instru­
ments from a number of vendors. 
You can add support for additional 
instruments. $3990; run-time ver­
sion, $1500; upgrade for users of 
earlier versions, $495. 

Wavetek Corp, 9045 Balboa Ave, 
San Diego, CA 92123. Phone (619) 
279-2200. 
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Oops ... 
You Just Keyed 
The Transmitter 
Into Your 
Spectrum Analyzer 
Costly and time consuming repairs 
due to accidental overload of your 
spectrum analyzer are now history. 
Rest easy ... Marconi's 2382 uniquely 
features 50 watt front end protection. 
It also features full automatic self 
calibration, providing the industry 
standard for total level accuracy of 
+ 1 dB ... including the integral 
tracking generator. That's right -
you can count on this level of 
accuracy anywhere on the screen. 
To find out all the features of the 
400 MHz and 4.2 GHz 2380 series 
spectrum analyzers, or to arrange for 
a demo, call toll-free 800 233-2955, 
in NJ 1201) 934-9050 or write 
Marconi Instruments, 3 Pearl Ct., 
Allendale, NJ 07401. 
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SUNRISE ELECTRONICS. INC. 

A WHOLE NEWWAYTO 
PROGRAM EPROMs, 

PLDs, and MCUs 
In-circuit Programming lets you 

program your E PROMs after they have 
been installec in your circuit carcJ. It is 
the most efficient and most reliable way 
to program. It simpli fies your 
manulacturi ng process and reduces your 
documentation. It also eliminates sockets, 
labeling and insertion related failures. 

Our programmers can program 
multiple data files into different cards 
simultaneously. In addition we test the 
cards automatically after they are 
programmec. 

Best of all , we do all the wor1< for you. 
Sunrise in~lrcurt programmers can be 
delivered as complete turnkey systems, 
or you can develop your own intertace 
using the built·in sell guidec menu driven 
software. 

T-8000 HIGH VOLUME 
IN-CIRCUIT PROGRAMMER 
• Program 48 or more cards at a tirne 
• 40 MB hard disk, dual floppy drives 
• 660 Watts of programming power 
• MS·DOS compatible 

T-6000 
BRIEF CASE 
PORTABLE 
IN-CIRCUIT 
PROGRAM­

MER 

• Optional lift out UV board size eraser 
• Program several boards in one pass 
• 3.5 inch, 1.2 MB floppy 
• Ruggec, shock mounted case, water 

tight 

T-5000 TRANSPORTABLE 
MS-DOS BASED IN-CIRCUIT 
PROGRAMMER 
• Program several boards in one pass 
• 20 MB hard disk, 3.5 inch floppy 
• Ruggec , shock mounted construction 

T-4000 LOW COST 
IN-CIRCUIT PROGRAMMER 
• Customer supplies IBM AT or 

compatible 
• Program whole circuit cards in one 

pass 
• Suppliec turnkey or develop your own 

intertace using built·in sell guided, 
menu driven software 

See our complete Una of Universal 
end Gang programmers 

.SUNRISE ELECTRONICS, INC. 
524 S. Vennont Ave, Glendora, CA 91740 

(818) 914-1926 
FAX (818) 914-1583 
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FFT ANALYZER/SCOPE 
• Simultaneously acquires two 

channels at 20M samples/sec 
• Displays 1024-point FFTs at a 

rate of 10/sec 
The R45 is a complete portable 2-
channel scope and FFT spectrum 
analyzer whose input sensitivity 
scales from 10 mV to 50V/division. 
The unit consists of a laptop PC to 
which the vendor attaches an in­
strumentation module. The PC is 
based on a 12-MHz 80286. The R45 
has a bandwidth of 10 MHz and ac­
quires data simultaneously on two 
channels at 20M samples/sec. It can 
store 128k samples/channel and can 
display 10 1024-point FFT spectra 
per sec. Under the control of menu­
driven software, the unit can store 
and retrieve data to and from disk, 
average spectra, and save spectra 
either in scalar form (magnitude 
only) or in complex form. $7995. 

Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98103. Phone (206) 
547-8311. FAX 206-548-0322. TLX 
265017. 
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AUTORANGING SCOPE 
• Offers three 100-MHz channels 
• Permits display of six traces 

through alternate sweep 
The handheld VP-5610P scope has 
a 100-MHz bandwidth and three 
channels; it can display six traces, 
using alternate sweeps. The unit 
can also display two X-Y patterns 
simultaneously. The scope features 

New 
Instruments 

µP-based Programmable 
E/I de Calibrator Model s21 

1 r. AQ~~~~-~¥ --~·1 1 
The new Model is a micro-processor based, 
IEEE-488 {GP-18) controlled, Voltage and Cur­
rent DC Calibrator. One of its important applica­
tions is an imbedded standard as used in Data 
Acquisition and Process Control Systems. 
An important feature of the new micro­
processor that has been i nsta lied is that the 
programming of this instrument is transpar­
ent with respect to the programs written for the 
earlier 520, 520/Aand even the older 501 /J 
{GP-I 8 version). 
The height is only 3\12'; and features current 
mode outputs from 10 nanoamperes {nA) to 
110 milliamperes {mA), in two ranges, with 
extraordinary compliance of 100 Vdc. Even 
with this power, ideal for transducer instru­
ment testing (4-20 and 10-50 mA), the accu­
racy is ± 0.005% of setting. 
The voltage has three ranges with outputs from 
100 nV to 100 Vdc and optional to 1100 Vdc. 
Compliance current is 100 mA. The one-year 
accuracy is ± 0.002% of setting. 
All ranges and both modes resolve to 1 ppm. 
A crowbar zero provides a reference for this 
essential value. 
Price: $3,150. 
Engineering Contact: Bob Ross 
Tel : (617) 268-9696• FAX: 268-6754 
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Programmable Resistance 
Calibrator Model G201A 

The Model 620/ A is a programmable 
I EEE-488 resistance calibrator which features 
eight cardinal resistance points. It eliminates 
need to switch leads for various ranges. Ideal 
for use with both non-smart DVM 's and DMM's. 

Features: 
Front Panel Manual Controls 
Accuracies 0.002% to 0.0125% 
2 or 4 wire connections 
True passive resistance 

Specifications: 
Temp: 0°c to 50°C 
Relative Humidity: 70% 
Setting: 1to10 meg 
Accuracies: 0.0125% {at 1) to 

0.002% {at 10 meg) 
Accuracy: Valid and guaranteed for 12 months 
Price: $1 ,530 
Engineering Contact: Bob Ross 
Tel: (617) 268-9696• FAX: 268-6754 
CIRCLE NO 172 
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AT&f's testing services provide 
comprehensive laboratory 
services and product evaluations, 
so you get the precise test data, 
reports and analysis you need. 

Whether you're designing a product 
or manufacturing it, you need guaran­
tees it can stand up to customer 
demands. 

Which means you need accurate 
testing, as well as test data that's totally 
dependable. 

Exactly what you 'II get from AT&T's 
testing services. 

In fact, they're the same services that 
continually place our own products at 
the top of the industry 

Our test site facility contains over 
3,000 pieces of test equipment. All 

continually calibrated, certified and 
updated to assure accurate test data, 
reports and analysis. 

Our extensive laboratory services 
include acoustics, chemical, environ­
mental, electronic, and more. 

Over 200 engineers specialize in spe­
cific product categories, and our in­
house design groups develop and build 
custom test fixtures and automated test 
systems. 

All to assure your product's perform­
ance-as well as your position-in the 
marketplace. 

Put quality to work. 
For more on how AT&T's Quality Man­

agement and Engineering Services will 
put your product to the test , call our 
sales office at 1800 521-3399, or in NJ, 
201851-3333. 
© 1989AT&T 
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TEST & MEASUREMENT INSTRUMENTS 

DSO 
• Has four 350-MHz-bandwidth 

channels 
• Also provides X-Y displays 

autoranging on both vertical and 
horizontal axes. It includes an on­
screen alphanumeric display and, 
optionally, an IEEE-488 interface. 
$1895. 

Panasonic, 50 Meadowland 
Pkwy, Secaucus, NJ 07094. Phone 
(201) 392-4050. FAX 201-392-4482. 

Circle No 424 

The 9424 is a 4-channel, 350-MHz­
bandwidth, portable digital storage 
oscilloscope. For repetitive phe­
nomena, the effective sampling rate 
exceeds lOG samples/sec. For sin-

286 
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PLDesigner :M . .. 

It's like buying time. 
Cut weeks from your complex PLO logic designs. PLOesigner design 

synthesis system combines powerful design entry with automatic design 
partitioning and device selection to automate time consuming design steps. 

With PLOesigner, you enter and simulate the design before device imple­
mentation. PLOesigner automatically partitions the design and presents device 
solutions from a 2500 device library that includes advanced architecture 
devices. No more manual partitioning, data-book searches or trial-and-
error design. 

Enter designs using a high-level language, waveforms, or sche­
matic entry to speed design creation. Combine several designs 
into a system to reduce IC count, cost and PC-board space. ...,_. 

The process is executed automatically .. .including pin 
assignments, documentation , test vectors, and programmer 
setup to get the job done faster. 

PLOesigner runs on the PC and is the only PLO solution to ...... ~~ 
be fully integrated into the Mentor Graphics, Cadnetix, and 
Intergraph environments. 

See what its like to buy time and get your designs to market faster. Call for 
a FREE demo package. 

Mine Incorporated 1575 York Road, Colorado Springs, I m1i7c l 
co 80918 719-590-1155 

©1988 Mine 
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gle-shot events, the unit takes 
lOOM samples/sec. Its X-Y display 
capability is not commonly found in 
DSOs. The unit uses independent 
8-bit flash AID converters on each 
channel and has a nonvolatile mem­
ory that can store 50k samples/ 
channel, allowing the DSO to sam­
ple single-shot events at its maxi­
mum rate for much longer periods 
than can most competitive instru­
ments. This ability, coupled with 
the ability to magnify waveform 
segments, lets you see otherwise in­
visible details in rather long-dura­
tion transients. $19,900. 

LeCroy Corp, 700 Chestnut 
Ridge Rd, Chestnut Ridge, NY 
10977. Phone (914) 578-6072. FAX 
914-425-8967. TWX 710-577-2832. 
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DSO 
• Has two 300-MHz bandwidth 

channels 
• Also displays two channels of 

computed data 
The PM 3323 digital storage oscillo­
scope has two inputs, but it can si­
multaneously display four wave­
forms, two of which it derives by 
performing mathematical opera­
tions on the input signals. The in­
puts have a 300-MHz bandwidth, 

EDN June 22, 1989 
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New Models Expand Offering 
Potter & Brumfield 's expanded line of printed circuit 
board relays provides the features you need -
whether you 're switching dry circuits or 30A loads . 
New products , traditional P&B quality and unbeatable 
service combine to help solve your toughest relay 
design-in problems in telecommunications , appliance, 
industrial control and other applications . 

Miniature Relays Switch 1mA to 10A 
New T73 and T74 series miniature P.C. board relays 
join the T70 series as Potter & Brumfield 's low-cost 
SPOT units for general purpose applications. Various 
contact materials permit these immersion cleanable 
relays to switch from 1 mA through 1 OA. Sensitive 
coil models are available. 

Expanded Line of 4,000V Isolation Relays 
Extensions to the line of RK series relays feature 
8mm coil-to-contact spacing for 4,000V isolation. 
SPOT models switch loads to 20A, while DPDT 
models switch up to 5A. Both sealed and unsealed 
types are now offered with either AC or DC coils . 

T90 & T91 - 30A Workhorses 
T90/T91 series relays have SPOT contacts for loads 
to 30A. The DC coil T90 is offered as an open-style 

-
or sealed relay . The T91 is available with a DC coil , 
and it's offered with quick connect terminals for load 
connections. An AC coil T91 will be available soon. 

More Models for Low Signal Switching 
The growing line of P&B low-signal relays features 
units with single or multiple contacts to provide 
dependable switching of 2A and under loads. Both 
polarized and non-polarized units are offered in 
various coil sensitivities. Included are immersion 
cleanable DIP and SIP types . 

Stock Availability 
Many models are available off-the-shelf from your 
authorized P&B distributor. Of course , distributor 
stock is backed by Potter & Brumfield 's extensive 
factory inventory. 

Find Out More 
Contact us today for information on our complete line 
of P.C. board relays . Potter & Brumfield , A Siemens 
Company, 200 S. Richland Creek Drive, Princeton , 
Indiana 47671 -0001 . 

Call toll-free 1-800-255-2550 for the P&B authorized 
distributor, sales representative or regional sales office 
serving your area. 

Potter & B ru mf ield A Siemens Company 8905 
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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. 
288 

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 

............... MATRIX 

....... ~~ SYSTEMS CORPORATION 

~ ...... .,._..... 5177 NORTH DOUGLAS FIR ROAD 
...,............... CALABASAS, CALIFORNIA 91302 
--~-~ (818) 992-6776 ·TWX 910-494-4975 

CIRCLE NO 176 

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, weve 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. 

For free catalog, phone, write, 
FAX or TWX Matrix today. 

EDN June 22, 1989 



TEST & MEASUREMENT INSTRUMENTS 

and the scope takes 500M 10-bit 
samples/sec on each channel, allow­
ing it to resolve single-shot signals 
with durations as short as 2 nsec. 
Input offset lets you suppress de 
voltages equivalent to 1000 x the 
height of the screen, thereby per­
mitting you to use the ADC's full 
resolution on the dynamically 
changing portion of the signal. The 
scope can calculate and display his­
tograms, and optionally can com­
pute a 4096-point FFT in 13 sec. 
From $10,900. Delivery , eight 
weeks ARO. 

John Fluke Mfg Co Inc, Box C-
9090, Everett, WA 98206. Phone 
(800) 443-5853; in WA, (206) 347-
6100. TWX 910-445-2943. 

Circle No 426 
Philips Test and Measurement, 

Building HKF, 5600 MD, Eind­
hoven, The Netherlands. Phone lo­
cal office. 

Circle No 427 

DSOs 
• HP 54503A has four 500-MHz­

bandwidth channels 
• Cost less than closely equivalent 

analog scope 
The HP 54503A digital storage os­
cilloscope digitizes repetitive sig­
nals that contain 500-MHz compo­
nents. This frequency range is 
higher than that handled by most 
portable DSOs. The scope can also 
display four input signals simulta­
neously, and its price is lower than 
that of an analog scope with similar 
characteristics. The 54503A can't 

CARDGARD® 2. 

display wide-bandwidth single-shot 
phenomena, something analog 
scopes can do, albeit normally only 
with the aid of a camera. The Model 
54502A, which the vendor is an­
nouncing at the same time, does 
handle wide band single-shot 
events. It has two channels, a 100-
MHz single-shot bandwidth, and a 
400-MHz repetitive-signal band­
width. 54503A, $4950; 54502A, 
$6450. Delivery, 12 weeks ARO. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 
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P ROGRAMMERS 
• Operate as gang, set, and PLD 

programmers 
• Support 24-, 28-, and 32-pin de­

vices ( 40 pins optionally) 
The 135H-E duplicates EPROMs 
and EEPROMs. It also functions as 

The Built-In Circuit Protector 
You Can Reset. 
Overloads can wipe out critical tracks and boards. 
Fuses provide protection, but only once. And replac­
ing them means costly downtime. 
CARDGARD® 2 is circuit protection you can reset. 
It's a UL recognized trip-free mini-breaker. With cur­
rent ratings of 1 to 6 amps; voltage ratings of 50VDC, 
250VAC. It's wave solderable, meets IEC spacing 
requirements and mounts right on the board. If an 
overload hits, just pull the board and push the reset. 
You're done. And, as you can see, CARDGARD® 2 is 
easy to spot. 
Put your finger on CARDGARD® 2. Contact: 
Airpax Corporation, Cambridge Division, Woods 
Road, Cambridge, MD 21613. (301) 228-4600. 
Telex: 6849138, Fax: (301) 228-8910. 
A North American Philips Company. 

AIRP~ 
CAMBRIDGE DMSION 

CIRCLE NO 177 
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a gang programmer, simultane­
ously programming identical infor­
mation into as many as eight de­
vices, and a set programmer, simul­
taneously programming data as 
wide as 32 bits into multiple de­
vices. In addition to performing all 
of these functions, the 135H-U 
model also programs PLDs. Both 

Cermetek's 

units can handle DIP devices with 
24, 28, or 32 pins. As an option, the 
vendor can supply the units config­
ured to program EPROMs and mi­
crocomputers that have 40 pins. 
The programmers, which operate in 
stand-alone mode or connected to 
a computer's RS-232C port, include 
a RAM that expands to 4M bytes. 

Modem Components Are ... 
Quick To Market 

DTE 

When considering a modem design, selecting 
the proper modem chip set is only part of the 
solution. You must consider the type of tele­
phone interface used, what method of error 
control and agency approval needed, either 
domestic or international. Determining these 
factors is time consuming, costly and complex. 
The solution?• Cennetek! 

O ur family of modem components allows the 
design engineer to surround a modem chip 
set, making it a complete modem, quickly and 
economically. 

So when you need part of a solution, or the 
whole modem solution, Cermetek has the 
expertise and the right answers for you. Find 
out how Cermetek can enhance your existing 
or future modem design. Call Cermetek today 
for more information or write us at: 

Cermetek 
microelectronics 

LINE 
INTERFACE 

Modem Components 

189X Data Module Features 

X.25 LapB, MNP Class 4 and 5, error cor-
recting and data compression, autobaud 
speed conversion, flow control, RS-232 
interface, AT compatible command format 
driven- 1890, 1891, 1892 

MNP is a registered trademark of Microcom, Inc. 

18XX DAA's Features 

Telephone interface, Access Arrangement 
(DM)-pre-approved domestic/ intema-
tional, voice data switch, 2-to 4-wire 
converter, surge protection, isolation, 
dialing feature, low cost and small size. 
1810, 1811, 1812A, 1813, 1814, 1818, 1828 

Call Toll Free Outside CA 800/862-6271 
Inside CA ( 408) 752-5000 
Cermetek Microelectronics, Inc. 
1308 Borregas Avenue 
Sunnyvale, CA 94088 
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From $1495. 
Bytek Corp, 508 NW 77th St, 

Boca Raton, FL 33487. Phone (407) 
994-3529. FAX 407-994-3615. TLX 
4998369. 
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MACINTOSH II BOARDS 
• Acquire analog data at 1 M sam­

ples! sec 
• Can transfer data to memory at 

29M bytes/sec 
The NB-A2000 and NB-DMA2800 
are Nubus-based boards for Apple 
Computer's Macintosh II series. 
The NB-A2000 is a 4-channel, 12-
bit-resolution data-acquisition 
board that includes four S/H circuits 
and a single ADC. The NB­
DMA2800 is a 32-bit block-mode 
DMA interface with eight DMA 
channels, eight counter/timer chan­
nels, and eight interrupt channels. 
Without interfering with the opera­
tion of the Macintosh's own CPU, 
it can transfer data to and from con­
tiguous locations anywhere in the 
Nubus's 32G-byte address space at 
a rate of 29M bytes/sec. The vendor 
supplies several coaxial adapters 
and cables to simplify bringing sig­
nals into the data-acquisition board. 
The vendor also provides a set of 
software drivers , collectively 
named NB LabDriver, that permits 
the boards to work with its $1995 
Labview instrument-control soft­
ware package. NB-A2000, $2995; 
NB-DMA2800 , $1595 ; NB Lab­
Driver, $295 . Delivery, August 
1989. 

Nationa l Instruments Corp , 
12109 Technology Blvd, Austin, TX 
78727. Phone (800) 433-3488; in TX, 
(512) 794-0100. FAX 512-250-9319. 

Circle No 430 
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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 June 22, 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 eliminates 
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 179 

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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Z180/64180 EMULATOR 64180 in PLCC (plastic leaded chip runs on an IBM PC/AT computer, 
carrier) packages and the equiva- includes such features as movable 
lent Z180. The latter two devices and sizeable windows; a watch win­
directly address lM byte of mem- <low for viewing registers, symbol 
ory. The emulator, which can in- values, and address locations as 
elude as much as 2M bytes of over- code executes; a strobe option that 
lay RAM, performs nonintrusively continually updates all windows; an 
at the processors' maximum clock expression analyzer that accepts C 
rate. The EL 800 software, which language expressions; and 10 hard­

• Supports the Z180 and the PLCC 
version of the 64180 

• Allows emulation at µP's full 
clock speed 

In addition to the Z80 and the R­
Mask version of the HD 64180, the 
EL 800 in-circuit emulator now sup­
ports the Z Mask version of the 
--------------------------~ ware-test routines. A file window 
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ingle board VME solution to Ethernet™ and 
ThinNet connectivity 
Our HK68N30XE single board computer stands by 
you through your most challenging UNIX,.M or 
Real-Time applications • With 68030 performance 
• On-card Ethernet and ThinNet Support 
• Quad-Channel OMA Support for On-card SCSI 
Interface, Ethernet, and 2 Serial Ports 

Connect Now! Call: 1·800-356-9602 

HELRIK8N 
OPEN SYSTEMS:: OPEN TOOLS 
Elhemd'• - Tndemark of Xerox Corp !'NIX'• - Tr:idemarl<.of AT&T Bell Labor.nones 
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lets you save specific configurations 
(or all configurations except sym­
bols and trace). From $3500. 

Applied Microsystems Corp, 
Box 97002, Redmond, WA 98073. 
Phone (800) 426-3925; in WA, (206) 
882-2000. FAX 206-883-3049. 
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TRANSDUCER DISPLAY 
• Usable with strain gauges and 

load cells 
• Resolves 100,000 counts 
The MVD2630 panel-mounted in­
strument excites, conditions, and 
displays the output of strain 
gauges, load cells, and other resis­
tive-bridge transducers. The meas­
urement error is < 0.01% and reso­
lution is 100,000 counts. The unit, 
which sports a 6-digit display, em­
ploys a 6-wire input and minimizes 
drift and noise through the use of 
a 600-Hz carrier system. Splash­
proof membrane switches let you 
control many measurement and 
alarm functions, including six limit­
switch levels and their hysteresis 
ranges. You can also operate the 
unit via an RS-232C interface and 
use it to control other equipment 
via external relays. $2200. 

Hottinger Baldwin Measure­
ments Inc , 19 Bartlett St, 
Marlboro, MA 01752. Phone (508) 
624-4500. 

Circle No 432 
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146-1676 

KEPCO INDUSTRIAL GRADE 150KHz 
FEY-BASED SWITCHING POWER SUPPLIES 

SERIES RAX '" 

* Unit prices shown. 
Quantity discounts available. 

THE POWER SUPPLIER '" 
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OUTPUT VOLTAGE OVP SETIING OUTPUT CURRENT CURRENT LIMIT RIPPLE 
NOISE EFFICIE NCY SPEC IFICATION (SPIKE) 

Unit Volts Volts Amps Amps mV mV Percent 

Source Switching d-c to 
Condi lion Factory Ad1ustment Norn input. 25 C 50 c 60 c 71 c 25 c p-p p-p 50MHz max load 

set"' range Rectangular Fixed typ J max typ J max p-p max typ 

50 WATT MODELS Size: 4.3" H x 1.8" W x 7.5" D Net weight: 1.80 lb. 

RAX 5-10K 5 4.0- 5.5 6.0- 6.9 10.0 7.0 4.0 10.5- 11 .0 5 10 25 40 100 

RAX 12-4.2K 12 8.4- 13.2 13.7- 15.7 4.2 2.9 1.7 4.5- 4.8 15 30 25 50 170 

RAX 15-3.4K 15 12.0- 16.5 17.0- 19.5 3.4 2.4 1.4 3.6- 3.9 15 30 25 50 200 75% 
RAX 24-2.1K 24 16.8- 26.4 27.0- 30.5 2.1 1.5 0.8 2.3- 2.5 25 40 25 60 290 

RAX 28-1.8K 28 19.6- 30.8 32.0- 35.0 1.8 1.3 0.7 2.0- 2.2 30 60 25 60 330 

RAX 48-1K 48 32.6- 52.8 55.0- 630 1.0 0.7 0.4 1.1- 1.3 35 90 25 60 530 

100 WATT MODELS Size: 4.3" H x 2.6" W x 7.9" D Net weight: 2.90 lb. 

RAX 5-20K 5 4.0- 5.5 6.0- 6.9 20.0 14.0 8.0 22.0- 24.0 5 10 25 40 100 

RAX 12-8.3K 12 8.4 - 13.2 13.7- 15.7 8.3 5.8 3.3 9.1- 10.0 15 30 25 50 170 

RAX 15-6.6K 15 12.0- 16.5 17.0- 19.5 6.6 4.6 2.6 7.3- 8.0 15 30 25 50 200 78% 
RAX 24-4.2K 24 16.8- 26.4 27.0- 30.5 4.2 2.9 1.7 4.7- 5.1 25 40 25 60 290 
RAX 28-3.5K 28 19.6- 30.8 32.0- 35.0 3.5 2.5 1.4 4.0- 4.2 30 60 25 60 330 
RAX 48-2K 48 32.6- 52.8 55.0- 63.0 2.0 1.4 0.8 2.3 - 2.5 35 90 25 60 530 

175 WATT MODELS Size: 4.3" H x 3.9" W x 8.7" D Net weight: 3.96 lb. 

RAX 5-35K 5 4.0- 5.5 6.0- 6.9 35.0 24.5 14.0 36.8- 38.5 5 10 25 40 100 
RAX 12-14K 12 8.4 - 13.2 13.7 15.7 14.0 9.8 5.6 14.7- 15.4 15 30 25 50 170 
RAX 15-11K 15 12.0- 16.5 17.0- 19.5 11 .0 7.7 4.4 11 .8- 12.1 15 30 25 50 200 79% 
RAX 24-7.2K 24 16.8- 26.4 27.0 - 30.5 7.2 5.0 2.9 8.0- 8.3 25 40 25 60 290 
RAX 28-6.2K 28 19.6- 30.8 32.0- 35.0 6.2 4.3 2.5 7.0- 7.3 30 60 25 60 330 
RAX 48-3.6K 48 32.6- 52.8 55.0- 63.0 3.6 2.5 1.4 4.3- 4.5 35 90 25 60 530 

300 WATT MODELS Size: 4.3" H x 5.1 " W x 8.7" D Net weight: 5.50 lb. 

RAX 5-60K 5 4.0- 5.5 6.0- 6.9 60.0 42.0 24.0 65.0- 70.0 5 10 25 40 100 
RAX 12-25K 12 8.4 - 13.2 13.7- 15.7 25.0 17.5 10.0 28.0- 30.0 15 30 25 50 170 
RAX 15-20K 15 12.0- 16.5 17.0- 19.5 20.0 14.0 8.0 22.0- 24.0 15 30 25 50 200 77% 
RAX 24-12K 24 16.8- 26.4 27.0- 30.5 12.0 8.4 4.8 13.2- 14.4 25 40 25 60 290 
RAX 28-10K 28 19.6 - 30.8 32.0- 35.0 10.0 7.5 4.3 12.0- 15.0 30 60 25 60 330 
RAX 48-6K 48 32.6- 52.8 55.0- 63.0 6.0 4.2 2.4 6.8 - 7.4 35 90 25 60 530 

1500 WATT MODELS Size: 4.3" H x 8.0" W x 12.6" D Net weight: 17.60 lb. 

RAX 5-300K 5 4.0- 5.5 6.0- 6.9 300.0 210.0 120.0 315.0- 350.0 5 20 50 120 200 79% 
RAX 12-125K 12 8.4- 13.2 13.7 - 15.7 125.0 87.5 50.0 130.0- 140.0 15 30 60 150 250 82% 
RAX 24-65K 24 16.8- 26.4 27.0- 30.5 65.0 45.5 26.0 68.0 - 72.0 25 40 60 150 300 83% 
RAX48-30K 48 32.6- 52.8 55.0- 59.0 30.0 21.0 12.0 32.0- 35.0 35 90 70 150 500 84% 

(1) Nominal input, maximum load , 25°C 

For complete specifications send for Switcher Catalog 146-1605 
Data subject to change without notice. 
cc.' 1989 KEPCO, INC. Litho in U.S.A. 

KEPCO, INC.• 131-38 SANFORD AVENUE· FLUSHING , NY 11352 USA· (718) 461-7000 ·FAX: (718) 767-1102 • Easylink (TWX): 710-582-2631 



NEW PRODUCTS 
CAE & SOFTWARE DEVELOPMENT TOOLS 

SMT-BOARD DESIGN AID 
• Provides interactive placement 

and routing features 
• Ability to flip board sides for 

viewing and plotting 
The HP PCDS 2.0 Printed Circuit 
Design System provides interactive 
placement and routing features that 
are especially suitable.for designing 
dense 2-sided surface-mount 
boards. The system performs auto­
matic placement on bo.th·sides of the 
board, but lets you select one side 
on which you can specify device 
placement by device class. The pro­
gram lets you use metric or English 
units, or a mixture of both. You can 
flip the display from qpe side of the 
board to the other in order to view 
and check the plotting; the program 
uses different-colored pads on the 
two sides so you can identify the 
side you are viewing. To obtain 
higher completion rates, the pro­
gram provides routing to off-grid 

POWER-SUPPLY DESIGN 
• Library includes models of 

PW Ms 
• Allows Saber simulator to handle 

linear and nonlinear magnetics 
The Power Supply Design Package 
allows the vendor's Saber general­
purpose analog simulator to handle 
integrated magnetic components. 
According to the vendor, modeling 
and algorithm enhancements pro­
vide as much as a 35 x increase in 
simulation speed. The modeling li­
brary includes behavioral PWMs, 
cores, transformers, power-MOS 
devices, and digital switches. Core 
models include the Ferroxcube fam­
ily of ferrite cores. The program al­
lows you to switch back and forth 
between linear (ideal) and nonlinear 
(real) models. An optimization fea­
ture allows you to enter parameter 
information from data books into 
the model, which then computes the 
optimal internal-parameter settings 
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parts and SMD breakouts. For 
tighter manual control over interac­
tive tasks, you can stretch, rubber­
band, snap, or angle-lock traces, or 
remove them if redundant. You can 
also color-code power-supply and 
logic lines and turn this color coding 
on or off at will. The system runs 

and creates an accurate nonlinear 
model of the core and automatically 
adjusts for effects of both tempera­
ture and frequency. The Power 
Suppy Design Package is an add-on 
to the Saber simulator. Annual sub­
scription, $3600. 

Analogy Inc, 9205 SW Gemini 
Dr, Beaverton, OR 97005. Phone 
(503) 626-9700. 

Circle No 389 

LOGIC SIMULATOR 
• Allows verification of board-level 

logic designs 
• Allows real-time manipulation of 

simulated test instruments 
Digital Design Lab is an interac­
tive, PC-based logic simulator pack­
age that allows you to verify board­
level logic designs. The package in­
cludes the software equivalents of 
a logic analyzer, an oscilloscope, a 
digital word-generator, a current-

on the vendor's HP 9000 Models 
340, 360, 370, and 835 computers. 
From $15,000 to $37,000. Delivery, 
12 weeks ARO. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone local office. 

Circle No 388 

sniffer probe for locating bus con­
flicts, ROM and PLA programmers, 
an in-circuit emulator, and a µP de­
velopment system. The interactive 
simulation lets you stop and restart 
simulation at any time; add, change, 
or delete test patterns; alter timing 
delays; patch µP code; and alter cir­
cuit connections or add parts with­
out leaving the program. All of the 
virtual instruments are mouse­
driven and are accessible through 
pop-up windows. The models are 
written in machine code rather than 
interpreted code and, in conjunction 
with the proprietary simulation al­
gorithms, yield a simulation speed 
of as high as 200,000 gates/sec on 
an IBM PC/AT. The package comes 
with libraries of TTL and CMOS 
parts; optional libraries cover ECL, 
PAL/PLD/EPLD, Xilinx, RAM/ 
ROM, VLSI, and µP families. The 
package works with the vendor's 
Associate Designer or Master De-

295 



ETHERNET SOLUTIONS 
FORVMEbus 
Ethernet can be frustrating. No one 
likes putting up with an Ethernet link 
that has low throughput. And for the 
system or network designer. the real 
price of a slow network 1s stagger­
ing. Just think about the product1v1ty 
Jost when almost every node is idly 
waiting for the network. 
Often. the culprit is not the network 
itself. but slow. poorly-designed node 
controllers. Now. lnterphase gives 
you solutions that are measurably 
better. 
Jnterphase has a connectivity strategy 
for a wide range of VMEbus-to~ 
Ethernet applications. The solution 
is two new products: the V/Ethernet 
3207 Hawk and V/Ethernet 4207 
Eagle. 

3207 Hawk 

HIGH-PERFORMANCE NODE 
CONTROLLERS 
An elegantly partitioned architecture 
and powerful 16 MHz 68020 proces­
sor give the Eagle plenty of power 
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for on-board protocol processing: yet 
provide outstanding throughput 1n 
link level applications. In fact. the 
Eagle is able to continuously saturate 
the Ethernet cable even with packets 
as small as a few hundred bytes. The 
other side of the performance ques­
tion is the VMEbus interface. Here 
the Eagle has Jnterphase's exclusive 
BUSpacket lnterfacesM which transfers 
data over the VMEbus at more than 
30 megabytes per second. 

LOW COST-PER-NODE 
SOLUTION 
Our V/Ethernet 3207 Hawk offers a 
cost-effective approach to network 
access and node control. The Hawk 
has high-speed, dual-ported mem­
ory innovative memory mapping 
capabi lities. and a set of p1pe/1ne 
registers which prevents the bus 
from being monopolized dunng 
network access. For link-level perfor­
mance at a surprisingly low cost the 
Hawk can't be beat. 

NETWORK LEADERSHIP 
Jnterphase has consistently led the 
industry in high-performance periph­
eral controllers. It should be no sur­
prise that our advanced technology 
has been applied to these two 
Ethernet controllers. 

NETWORKING SOLUTIONS 
Jnterphase provides the high­
performance Ethernet solutions you 
need today And just as we have for 
our first 15 years. we continue to set 
trends in technology and standards 
for performance that others follow. 
With Jnterphase as your technology 
partner. you gain a va luable member 
of the team that always keeps you ... 

. . . A Step Ahead. 

~.lit.. INTERPHASE 
•+-rcoRPORATION 

OPEN SYSTEMS CONTROLLERS 
Disk • Tape • Networking 

2925 Merrell Road • Dallas, Texas 75229 • (214) 350-9000 • FAX : (214) 352-4124 • NASDAQ-NMS:INPH 
lnterphase International 

93a New Street, Aylesbury, Bucks. • HP20 2NY, England • (01144) 296-435661 • FAX (01144) 296-433160 

lnterp ase is reg1s e h · · t red trademark of lnterphase Corporation. BUSpacket Interface is a service mark of lnterphase Corporation. 
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signer systems. To run the pro­
gram, you'll need an IBM PC/AT, 
PS/2, or compatible, having at least 
640k bytes of RAM and 2M bytes 
of free space on a hard-disk drive. 
$1850. 

P -CAD, 1290 Parkmoor Ave, San 
Jose, CA 95126. Phone (408) 971-
1300. 

Circle No 390 

SPICE FOR 386 
• Can accept data from many sche­

matic-capture programs 
• Includes library of 2000 compo-

nents 
The PC386 HSpice analog-circuit 
simulator runs under DOS 3.3 or 
later on the 80386-based IBM PC/ 
AT and compatibles. To run the 
simulator, you need 4M bytes of 
RAM and an 80387 numeric copro­
cessor. The simulator works with a 
variety of video systems, including 
Hercules, CGA, EGA, and MCGA, 
and includes drivers for Epson, 
NEC, Okidata, HP DeskJet, and 
HP LaserJet pP-il$ters. It conforms 
to standard Spic~ conventions and 
accepts input data generated by the 
schematic-capture modules of many 
popular CAE systems. The pro­
gram comes with a library of more 
than 2000 standard analog compo­
nents and software that lets you 
create models of new components. 
$4000. 

Meta-Software, 50 Curtner Ave, 
Suite 16, Campbell, CA 95008. 
Phone (800) 346-5953; in CA, (408) 
371-5100. FAX (408) 371-5638. 
TWX 910-350-4928. 
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ADA CROSS-DEVELOPER 
• Runs on IBM 370/VM or 370/ 

MVS hosts 
• Generates code for MIL-STD-

1750A or 68000 family targets 
The vendor has released its 
TeleGen2 Ada Cross-Development 
Systems in four additional configu­
rations for IBM mainframes: 370/ 
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VM to MC680XO and MIL-STD-
1750A; and 370/MVS to MC680XO 
and MIL-STD-1750A. Each pack­
age includes the cross-compiler, 
Ada run-time system, and a set of 
development tools consisting of a 
global optimizer, a library manager, 
a library tool set, and other utility 
programs. The compiler itself is 
written in Ada and employs ad­
vanced error-recovery techniques 
to assist you in your development 
tasks. The global optimizer pro­
vides optimization across independ­
ently compiled modules, and allows 
you to optimize either for execution 
speed or for minimum code size. An 
on-line help facility documents all 
the system components and pro­
vides help in using them. Among 
the utility programs are an Ada 
Source-dependency Lister, an Ada 
Source Formatter, and a cross­
referencer for symbolic names. 
From $17,660 to $155,000. Deliv­
ery, 60 days ARO. 

TeleSoft, 5959 Cornerstone Ct 
W, San Diego, CA 92121. Phone 
(619) 457-2700. TLX 855300. FAX 
619-452-1334. 
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MATH FOR MAC 
• Palettes let you enter operator 

symbols easily 
• Integrates equations, text, and 

graphics in one document 
MathCAD is an engineer's 
scratchpad that formats equations 
as you type them and quickly calcu­
lates and displays the results. The 
program was formerly available on 
IBM PCs and other workstations, 
and this new version runs on Apple 
(Cupertino, CA) Macintosh Plus, 
SE, or II computers that have at 
least IM byte of RAM. Special pal­
ettes for the Macintosh make it easy 
for you to enter operator symbols 
and Greek letters in equations, and 
allow easy and fast manipulation of 
mathematical expressions. The pro­
gram lets you perform comprehen­
sive matrix arithmetic, trigonomet-
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ric, and hyperbolic functions, and 
compute integrals and derivatives. 
Other features include facilities for 
real and complex FFTs, a random­
number generator, a wide variety 
of statistical functions, cubic 
splines, and Bessel and gamma 
functions. The program can also 
compute solutions of simultaneous 

OS SWITCH 
• Allows both OS/2 and PC-DOS 

on the same hard disk 
• Lets you switch from one operat-

ing system to the other 
MultiBoot provides quick and easy 
access to either OS/2 or PC-DOS 
at boot time, allowing you to install 
both systems on the hard disk and 

select one of them as the default; 
that system boots from the hard 
disk at turn-on time and whenever 
you press CTRL-ALT-DEL to re­
boot. However, before the boot is 
complete, the program pauses, dis­
playing a prompt that allows you 
to select the operating system you 
want to use; if you ignore the 

linear or nonlinear equations. Plot- ~-------------------------­
ting facilities include automatic or 
manual scaling, linear and log plots, 
and 3-D surface plots. $495. 

MathSoft Inc, 1 Kendall Sq, 
Cambridge, MA 02139. Phone (617) 
577-1017. FAX 617-577-8829. 
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VISION OS 
• Provides multiwindow control of 

all functions 
• Lets you create command files for 

automatic sequencing 
The VOS/DVOS icon-based operat­
ing system runs on the IBM PC, 
PC/XT, PC/AT, and compatibles 
and gives you full control of micro­
computer-based imaging applica­
tions. The icon-based user interface 
lets you set up hardware, manage 
the screens, define touch zones, 
and, using DVOS, lets you create 
or change icons. The system pro­
vides camera functions, frame­
grabber functions, disk functions, 
and access to user-defined functions 
written in C. The imaging functions 
let you define the kernel and per­
form convolution, and define and 
execute bit-mapped operations. The 
on-line help facility provides a guide 
to all VOS functions. In the Record 
mode, the system stores all point­
and-click operations in a disk file 
that you name; you can repeat the 
same sequence of operations by re­
calling and executing this file. VOS, 
$99; DVOS, including VOS, librar­
ies, and icon-editing facilities, $499. 

MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Phone (508) 880-3000. FAX 508-
880-0179. TLX 503989. 

Circle No 394 
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CUSTOM 
THIN FILM HYBRIDS 

WITHOUT 
THE CUSTOMARY WAil 

When timing, quality and quantity are 
critical, no one's more capable of filling your 
custom hybrid needs than Amperex. 

For more than 20 years, Amperex has 
worked with customers - from initial proto­
types through full production - to develop 
and refine new thin film hybrid solutions 
for the military. Today, you can rely on our 
experience and intensive quality assurance 
to produce thin film hybrids for your spe­
cific applications. 

Dependability. Consistency. With MIL 
STD-1772 Certification. 
And on-time delivery. 

Call or write for all 
the facts. Amperex Elec- ~ililiiii 
tronic Company, Discrete -
Semiconductor Group -
Hybrid Microelectronics, 
100 Providence Pike, Slatersville, 
RI 02876 Tel: 401-762-9000 x329 

Philips Components · 
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What's Missing 
on this LCD? 

(answers below) 

Windows! .. 
5 v . CMOS 

Co,t325 

_25 
CY32 5 

If you peeked at the answers, then you 
know it's Motion. In the actual LCD 
every one of the windows is in motion. 
Think for a minute how you would 
make six or seven unique motions 
simultaneously with the low level 
LCD controllers that you have seen. 
No way! Now think what your instru­
ment or new systems could do with 
dynamic text and graphics. Tests show 
that programmers can achieve anima­
ted presentations in only hours using 
the CY325. 

The CY325 LCD 
Windows 

Controller Chip 
lets you: specify any of 

250 built-in windows, or cre­
ate your own with a single 

command; manage text and graphics 
with automatic cursor control; wrap 
or scroll text with window relative 
pixel plotting and clipping; read an 
ND and write the waveform into the 
window; drive up to 6 1/0 pins with 
logic waves, or use the 'soft-key' fea­
ture of the CY325 for menu manage­
ment. Only $75 each ($20/1000) 

Answer: 
Motion ts missing in each of the win­
dows. Text actually scrolls up in the 
top left window above, and ... 

Logic ~aves 1~ 11~ I flow right c___ 

to left. }=== ___J 

=~r~ik. 1~ "II? '"I smile, and - ~ ~ -
flirt. 

Counter 
counts and 
sine wave 
advances. 

Pseudo 
random 
patterns 
change. 

..... ~I •-J , , -JE 
-J • • ·:U: 

• -- I I •JE 

The next move is yours . . . 

Call today for information on the 
CY325 LCD Windows Controller Chip 
or Fax your address to ( 415) 726-3003. 

300 

Cybernetic Micro Systems 
Box 3000 • San Gregorio, CA 94074 
(415) 726-3000 • Telex: 910-350-5842 

CIRCLE NO 185 

CAE & SOFTWARE DEVELOPMENT TOOLS 

prompt , the default-system boot 
continues; if you press the Caps 
Lock key in response to the prompt, 
MultiBoot abandons the default­
system boot and boots the alterna­
tive operating system. The pro­
gram works with all versions of OS/ 
2 and with PC-DOS version 3.0 and 
higher. Because the program is a 
boot record and is resident only 
during a boot, it cannot interfere 
with any application programs or 
system utilities. The vendor sup­
plies the program on 51/4-in. or 31

/2-

in. disks. $49.95. 
Bolt Systems Inc, 4340 East­

West Hwy, Bethesda, MD 20814. 
Phone (301) 656-7133. FAX 301-
907-8736. 
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GRAPHICS TOOL 
• Conforms to PRIGS 
• Makes graphics applications 

written in Fortran or C portable 
The Figaro and Figaro + device­
and computer-independent imple­
mentations of the Programmer's Hi­
erarchical Interactive Graphics 
Standard allow you to develop port­
able graphics application programs 
written in Fortran or C. These ap­
plications can make full use of fea­
tures such as event-input program­
mable triggers and soft-input de­
vices such as screen buttons and 
sliders. You can move an applica­
tion from one machine to another 
by merely relinking the application 
to a Figaro , library on the new ma­
chine. Figaro tools and libraries are 
available for more than 20 different 
computers, from the Convex and 
Alliant supercomputers at the up­
per end, to HP, IBM, DEC, Sun, 
Apollo, and 80386-based machines 
in the workstation category. Figaro 
provides all the facilities you need 
for common 2-D and 3-D applica­
tions; Figaro + provides the same 
features with the addition of sophis­
ticated lighting, shading, and 
depth-cuing capabilities needed for 
more complex graphics applica-

tions. Figaro, from $3500; Figaro+, 
from $4500. 

Template Graphics Software 
Inc, 9685 Scranton Rd, San Diego, 
CA 92121. Phone (619) 457-5359. 
FAX 619-452-2547. 
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CONTROL SYSTEM 
• Provides tools for developing in­

dustrial controls 
• Provides multitasking kernel 

and operator interface 
The RPCore software package runs 
on IBM PC/ ATs, PS/2s, or compa­
tibles, and provides not only a mul­
titasking kernel for embedded sys­
tems, but also all the routines you 
need for developing the software 
and a graphics operator interface 
for an industrial process-control 
system. The facilities allow you to 
develop process-control software, 
complete with a graphical operator 
interface, debug it, and download 
it to an embedded system. Because 
the system supports a wide variety 
of I/O controllers based on STD, 
VME, and Multibus standards, you 
can also use the host computer as 
the control center for multiple con­
trollers connected to each other and 
to the host by RS-232C, RS-485 
Multidrop, or ArcNet communica­
tions links. From $18, 750. 

Realtime Performance Inc, 491 
Macara Ave, Suite 1001 , Sunny­
vale, CA 94086. Phone (408) 245-
6537. FAX 408-245-6547. 
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CASE TOOL 
• Lets you develop prototype screen 

displays and reports 
• Data dictionary ensures data 

consistency 
Pose-SRP, the ninth module in the 
Pose computer-aided software-engi­
neering system, is a screen and re­
port prototyper that lets you de­
velop screen displays, reports, and 
system simulations. This module is 
tightly integrated with the Pose 
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NOW PUT A LITILE 
AVANTEK MAGIC 
IN YOUR SYSTEM 

Avantek Magi(™ 
High Speed ICs 
Enable Superior 
System Designs 

mag IC 
The new Mag!C'" series of si licon 
bipolar MS! integrated circuits 
offer the best performance 
available from si licon !Cs yet. 
The broadband, high frequency 
performance of these high-speed 
silicon !Cs make them cost­
effective alternatives to more 
expensive GaAs !Cs. Avantek 
Mag!C silicon !Cs are manufac­
tured with Avantek's proprietary 
10-15 GHz Ft, 25 GHz Fmax Isosaf" 
process for unsurpassed integra­
tion and performance at micro­
wave frequencies. Avantek 's 
Mag!C series !Cs presently con­
sists of four product families : 
low noise amplifiers, active mix­
ers, variable gain control ampli­
fiers, and prescalers. These 
low-cost, high-speed silicon !Cs 
are Avantek's magic solutions 
to your RF, microwave and light­
wave system performance and 
cost problems. 

High Performance, 
High Speed, 
low Cost ••• 
The INA-series of two-stage low­
noise amplifiers presently con­
sists of three models, offering: 

• 3 dB bandwidths to 2.8 GHz 
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• Gains as high as 32 dB 
• Noise figures as low as 

1.7 dB 
• Prices as low as $22 .00 

each* in hermetic 70 mil 
surface mount package 

The !AM-series of active mixer/ 
amplifiers presently consists of 
two models, offering: 

• RF and LO frequency range 
of .05 to 5.0 GHz 

• Conversion gain as high as 
15dB 

• LO power as low as -10 
dBm 

• Prices as low as $16.00 
each* in hermetic 180 mil 
surface mount package 

The IVA-series of variable gain 
control amplifiers presently con­
sists of two models, offering: 

• 3 dB bandwidths to 3.0 GHz 
• 30 dB gain control range 

• Gains as high as 26 dB 
•Prices as low as $28.50 

each* in hermetic 180 mil 
surface mount package 

The I FD-series low phase noise 
static prescalers offer: 

• Divide-by-4 to 5 GHz 
• Low 125 mW Power Con­

sumption 
•Prices as low as $18.50 

each* in hermetic 100 mil 

MaglCT" ICs Are Avail· 
able in Quantity for 
Volume Applications 
Avantek presently produces 
more than 1,000,000 MMICs per 
month. So you can be assured 
the MaglC high speed !Cs you 
need will be available to support 
your volume production pro­
grams . And , all MaglC silicon 
!Cs are in stock at your local 
Avantek distributor. 

For add itional information, or 
the name and address of your 
local distributor, contact the 
regional sales office nearest you. 

Regional Sales Offices 
North America 

Eastern: ( 301) 381-2600 
Central: ( 312) 358-8963 
Western: ( 805) 373-3870 

European: ( 44) 276-685753 

surface mount package \ )< ~ 
'PricelorlOOOpiecequaotities "' \/ ~ ; , 1V' ""' ~ \ 

x JL-_~-/--f-~'V 54-'{' ' 
Magic Solutions in Silicon 

0 AVANTEK 
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data dictionary to ensure data con­
sistency. You can use the screen­
painter facility to create the screen 
image and define the fields; you can 
also specify edit checks and repeat­
ing fields, and control the flow from 
one screen to another. The report­
generation facility lets you produce 
mock-ups of the reports that the 
system will generate, complete 
with the titles, headers, labels, and 
data-output pictures. The prototyp­
ing facility shows you how the 
screens would appear during execu­
tion of the system under design, 
and how they would interact with 
other screens. The complete Pose 
system runs on the IBM PC, PC/ 
XT, PC/AT, PS/2, and compatibles 
and consists of nine modules. Each 
module, $495; 4-module system, 
$885; complete 9-module system, 
$2265. 

Computer Systems Advisers Inc, 
50 Tice Blvd, Woodcliff Lake, NJ 

07675. Phone (201) 391-6500. 
Circle No 398 

TEST SOFTWARE 
• Allows you to loop-test power 

supplies 
• Can control auxiliary test equip-

ment 
The Cycletest software package 
runs on the company's Micro Series 
PC-based power-supply ATE sys­
tems, allowing you to continuously 
loop-test power supplies. The soft­
ware, which is an addition to the 
company's Powerstar software li­
brary, can monitor one or more 
power-supply parameters and log 
the results on the disk. You can 
analyze the accumulated data, using 
standard statistical-analysis formu­
las, and you can include tolerance 
limits on tests, which can then be 
used to condense the test results. 
Cycletest can produce a range of 

TF 
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Bus-board development 
in miniature. 
Adding to Dage's successful Foundation enclosure family is Fastframe, a completely self­
contained miniature bus-based board system. Fastframe offers a full-system capability 
while its compact design and low cost combine to make it ideal for bench-top 
prototyping, exhibitions, field service or as a 'one per student' training station. 

Compatibility with VME, STE or Multibus II boards provides users with a 
comprehensive operating environment. Fastframe has its own integral power supply and 
backplane, and an open-sided construction allows easy access to boards under test or 
development. External devices are powered via rear-mounted 5 and 12V connectors. 

Foundation Fastframe further enhances Dage's wealth of in-depth hardware and 
software expertise for real-time system builders. For a single source of standard products 
and full custom facilities make Dage your first choice. 

Backplane Systems 
Technology Division 

Dage Precision Industries Incorporated 
46701 Fremont Boulevard, 
Fremont, California 94538, U.S.A. 
Telephone: (415) 683 3930 
Telex: 4990512. Fax: (415) 683 3935 

CIRCLE NO 187 

reports for use by development en­
gineers, manufacturing and quality­
assurance departments, or incom­
ing inspection departments. In ad­
dition, the software allows you to 
drive auxiliary equipment, such as 
burn-in ovens, via the ATE's digital 
I/O ports. For present owners of 
the Powerstar software library, 
£200. 

Intepro Systems Ltd , Plassey 
Technological Park, Castletroy, 
Limerick, Ireland. Phone (061) 
332233. FAX 061-332584. 

Circle No 399 
Intepro Systems Inc, 450 

Bedford St, Lexington, MA 02173. 
Phone (617) 863-9500. FAX 617-
861-1957. Circle No 400 
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SIMPSON UNIVERSAL FREQUENCY COUNTERS. 

COUNT ON US FOR 
ACCURACY. 

Simpson's new high precision, 
eight digit frequency counters 
give you an eye into the world 
of critical clock signals, RF oscil­
lators and data communications. 

Readings of frequency /to 1.3 
GHz), frequency ratio /A/8), 
period, time interval (A to 8) and 
totalized count combined with 
multi-channel triggering let you 
find circuit problems that might 
otherwise go unnoticed. 

Simpson's Professional Series 
frequency counters allow for 
accurate measurements to be 

Simpson Professional Series 
products are made 1n USA 

taken on complex and noisy 
wave-forms by using the variable 
trigger controls and built-in, low 
pass filter. One model even offers 
you selectable attenuation and 

~i_ -~~~~ 
.-.ii i iiJ.-.~i i 

AC/DC coupling, allowing the 
inputs to accommodate a range 
of signal characteristics. For more 
complex measurement situations 
involving two interdependent 
frequencies, an external clock can 
be substituted for the internal 
oscillator. This feature enables you 
to investigate a wide spectrum of 
frequencies-from computer cir­
cuitry to satellite communications. 

Try the new lineup of Profes­
sional Series frequency counters 
from Simpson . It all adds up to 
accuracy and reliability. 

CIRCLE NO 201 

Simpson Electric Company 853 Dundee Ave, Elgin, Illinois 60120-3090 312/697-2260 FAX 312/697-2272 



For further information: 

Lighter, thinner, brighter. 
The difference is dramatic. 

Because Toshiba's new single-layer 
M-ST LCD modules are 25% lighter 
and 15% thinner than double-layer 
panels. And their high-contrast and 
brightness make them easier to see. 

The M-ST LCD module from 
Toshiba. Lightweight, thin, easy to 
see. A new industry standard in 
monochrome LCD performance. 
All in all, quite a feather in our cap. 
•Two sizes available: 640 x 400 dots (TLX-1501-CJM) 

and 640 x 480 dots (TLX-1551A-C3M) 

In Touch with Tomorrow 

TOSHIBA 
Toshiba America Electronic Components, Inc., Chicago Ottice: One Parkway North. Suite 500, Deerfield. IL 60015-2547 Tel: 312-945-1500 
Eastern Area Office: 25 Mail Road, 5th Floor, Burlington, MA 01803 Tel : 617-272-4352 Fax: 617-272-3089 
North Western Office: 1220 Midas Way, Sunnyvale, CA 94086 Tel : 408-737-9844 Fax: 408-737-9905 

CIRCLE NO 188 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

6800-Family Development Software 
Combine our software and your editor for a powerful develop­
ment system. Our C-Compilers feature a complete implemen­
tation (excluding bit fields) of the language as described by 
Kernigan & Ritchie and yields 30-70% shorter code than other 
compilers. Our Motorola-compatible Assemblers feature 
macros and conditional assembly. Linker and Terminal 
Emulator are included. Wintek Corporation, 1801 
South St. , Lafayette, IN 47904. (800) 742-6809 or 
(317) 742-8428. 

CIRCLE NO 325 

NEW ZX-286/PCAT 
MB I SINGLE BOARD COMPUTER 

Featuring: 
• 100% IBM compatibility 
•AT and SBX connectors 
• 7 OMA channels 
• 16 vectored interrupts 

For a free, full-line catalog call 1-800-4MB-2DAY 
(In California ca/11-415-828-3000) 

ZEN DEX 
6700 Sierra Lane, Dublin, CA 94568 

68HCll 
PC-based emulator for 68HC11 

• PC plug-in or RS-232 box. • 48 bit wide 16K deep 
• Pull-down menus with trace. AU functions usable 

full window suppon . without disturbing emu-
combined with command- lation. Time stamping. 
driven User Interface. Two level trigger. 

• Up to 3.3mHz real time • Symbol ic and C Source 
emulation . Level Debugging, includ-

• No intrusions to the ing in-line assembler 
68HC11's resources. and disassembler. 

PRICES: 64K Emulator and pod $2590; 
4K Trace $1995. 

CALL OR WRITE FOR FREE DEMO DISK! 

nDHau 
1

51 E. Campbell Avenue 
Campbell, CA 95008 

CORPORATION FAX (408) 378-7869 
(408) 866-1820 

·us only 

CIRCLE NO 326 

SAILOR: 
The most 

dependable and 
affordable pro­

gramming instrument 
S/W driven by PC/XT/AT/PS2 or 

laptop computers, powerful and 
expandable. 

Sailor-PAL: supports PALs, GALs, PLDs, EPLDs, 
PEELs, ECLs, PLAs, PLSs, PROMs, EPROMs, 

EEPROMs and MICROs. JEDEC file input and output. 
$1095-$1895. 

Sailor-2, Sailor-8 : seV gang 
high speed EPROM 
programmers. 
$545- $1995. 

S ADVIN SYSTEMS INC. sunnyvale.CA94086 

(408) 984-8600 • FAX (408) 736-2503 
(800) 627-2456 Please call for free demo disk 

WRITE OR CALL FOR SAMPLE 
Low Cost Tempilabel 0 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 (38°C) to600"F (316°C). 1% accuracy 
guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Sett-adhesive, removable. 
TEMPIL DIVISION, Big Three Industries, Inc. 
2901 Hamilton Blvd., South Plainfield, NJ 07080 
Phone: (201) 757-8300 Telex: 138662 

CIRCLE NO 327 

UNIVERSAL/GANG 
PROGRAMMER 

made in U.S.A. 

$595 .00 
Includes 
One Year 
Update 
and 
Warranty 

HUSKY'" programs EE/EPROMS, CMOS PLOS, 
and Micros . It 's your best bet when low cost 
and quality are both important. 
From the people who make CUPL and ALLPRO . 

LDC: I CAL 
1201 NW 651hPlace 
Fl Lauderdale. fl 33309 
305-491-7404 

1-800-331-7766 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 
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World's Smallest Modular 
PWM Servo Amplifiers 

Model 215A ± 75 volts at ± 25 amps peak, 
± 10 amps continuous 

Model 218 ± 150 volts at ± 20 amps 
peak, ± 10 amps conti nuous 

• 22kHz PWM 
• Wide range input 

Cop!e'/ 375 El l iot St reet 
Newton, MA 02146 

Controls Tei: 517.955.241 0 
corp. FAx: 617-965-7315 

CIRCLE NO 331 

MINIATURE 
CIRCllT 
BREAKERS 

7400 N. CRONAME ROAD, CHICAGO IL IOHI • 1112) 847·11G:I 

CIRCLE NO 334 

-

----

El-ROUTE Version 11 from AMS for IBM PC. PS /2 and Com· 
pat ibles is an integ rated CAE System which supports 256 
layers. trace width from 0.001 inch to 0.255 inch. flexible 
grid. SM O components and outputs on Penplotters as well 
as Photo plotters and printers. 
Schematic Capture $100. PCB Layout $250. Au to Router $250. 

FREE EVALUATION PACKAGE 
30 DAYS MONEY BACK GUARANTEE 

1 ·800-972-3733 or (305) 975-9515 
ADVANCED MICROCOMPUTER SYSTEMS, INC. 

1321 N.W. 65 Place· Ft. Lauderdale. FL 33309 

CIRCLE NO 337 
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FREE SCHEMATIC CAPTURE 
DEMO DISK 
SCHEMA II+: 

Capture More Than Ever 

Incredible speed, ease o[ use and power have 

made SCHEMA a best-selling schematic capture 

program for engineering professionals the world 

over. Now, SCHEMA II+ sells for $495 and -=- supports most common IBM 
- - PC/XT/AT/PS2 configurations. 

OMATiON 
t11Tcwt:.i/1 (114J1J U 167 

FREE Demo Disk: 1-800-553-9119 

CIRCLE NO 332 

UNIQUE 
FILTER DESIGN 

SOFTWARE 

SAVE TIME AND EFFORT -- from specification to 
production -· or your MONEY BACK! 
S/FILSYN is the most powerful , user-friendly, U!.llllfil! and 
stable program in existence for fil ter design . Modu les are 
structured for synthesis, design and analysis of passive~ . 
actve ill!, !!lJll.@! and microwave filters , impedance matching, 
networks, and~ equalizers. Special features include pre­
distortion for dissipative effects, arbitrary terminations in­
cluding open or short, complex transmission zeros and 
specified transfer functions. FREE 90-day telephone consult· 
ing and 90-day MONEY BACK GUARANTEE. CALL TODAY. 
DGS ASSOCIATES, 1353 Sarita Way Santa Clara CA 95051 . 
(408) 554-1469. 

CIRCLE NO 335 

Real Time 8051 ICE 
d2ICE-51 is l owest cost Full Speed 8051 
ICE. H i-level multi-window source code 
debugging. Powerful user inter face. No 
Slots! Uses IBM-PC COM1/2. Portable. 
Fits in shirt pocket. $995 

Cybernetic Micro Systems 
Box 3000 • San Gregorio, CA 94074 
(415) 726-3000 • Telex: 910-350-5842 

8051/52 

• Source level debug for PL/M-51 and C-51 
• IBM-PC/XT/AT/386 windowing interface 

with EGA 43-line, color, and mouse support 
• Complex Hardware real-time breakpoints 
• Hardware Trace Buffer with fi ltering control 
• Program performance analysis 
• 8 level hardware sequencer, Pass Counters 
• NO PC PLUG-IN Boards 

SIGNUM SYSTEMS 
1820 14th St., Santa Monica, CA. 90404 

(213)450-6096 telex: 362439 
CIRCLE NO 333 

CIRCLE NO 336 

WE'RE BENDING THE RULES FOR CIRCUIT DESIGNERS 

BEND/FLEX™, the bendable board 
material flexible enough to bend into 
any multi-plane shape. Eliminates 
stiffeners, flex-hardboard connectors. 
May reduce cost of two- and three-plane 
interconnect systems by as much as 30%! 

Rogers Corporation. One Technology Dr., 
Rogers, CT 06263. (203) 774-9605. 

CIRCLE NO 338 CIRCLE NO 339 
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Qua Tech DSDP-402 for PC-AT 
has two parallel ports, and two 
serial ports for any combination 
of RS-232 , 422, and 485 com­
munication. All ports address 
selectable. Interrupts sharable 
and selectable. 

For order info, call : 
1-800-553-1170 

QGUATECH 
QUA TECH, INC. 

478 E. Exchange Street 
Akron. OH 44304 

CIRCLE NO 340 

LOW COST 
INTERFACE 

CARDS FOR 
PC/XT/AT/PS2 

$95/1251 
! ~~a~ ~fi· ~~cd~C!Q~~:Ci}~4~·~i~~~r~;;d~a~cSlff:~~~f's~. 
• Dual drivc~cccivcrs;Handtcs 64 deviccs;Compatible with most comm. sftwr. 
• 089 or ~jack. Sample communication software available - $5-0/150 

[IEEE-488 Card [PC488A] $145 I 

! ~J~iif~~~~rfua~J:~fo~~,~~~~~~~~~~!~:~~~i1ab1c -S9s can) 
• :::r:~ ~~~~~=~ds ~~s ex~:i~J:~=a~:i~~:~~~~~~~ w~~~:~ 

poi nts, real time bus data capture (4K buffer), Instant scrttn toggling. 
• Complt lt ConlroUt r / Ta lker I U sltnrrcapability. Based on Tl's TMS-9914. 
• NEC-n lObasedcard com atiblcwith Nat. lnstrumcnlS PCll/PCllA - $445. 

PS2 Ser/Par Card [PS2IOA] 95/125 
• VO card for PS2 Models 50-80; Ser. port 1-2; Par. port 1-3; IBM registered ID. 

f'\/D +DIA+ DIO +Counter $~99§ 
• 16/8 Channels: 12-14 bit Resolution; 25k-l00ks/sec; 16 DIOt; 16 bi1 Counter; 

MC/VISA / AMEX Calltodayfordiltmhttu.' 

B&C MICROSYSTEMS INC. 
355 Wtst Olive Ave, Sunnyvale, CA 94086 
TEL: (408)730-551 I )'AX: (408)730-5521 

CIRCLE NO 343 

Wan! to know mor.13? Contact us to fi 'jd ou 
how o tur11 your C 0 S)lstem jnte>-11 100 
Re ce11t autorouter ~itri' Sciper<>tite soft_wate, 

:J 
Router 100 Newpon center or. 

S I t• I Suite 180 
0 U IOnS nc. Newport Beac~\,C/\ 92660 

(7-14) 7~ ~10 7 

CIRCLE NO 346 
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YOUR CAD/CAE VENDOR. __ 

THEY KEPT YOUR MONEY. 
NOW WE'RE KEEPING THEIR PROMISES! 

GRAPHICS TRANSLATORS SYMBOL LIBRARIES 
THERMAL ANALYSIS DESIGN RULE CHECKING 
PARTLIST GENERATORS AUTOROUTING PCB 
LAYOUT ECO TRACKING LIBRARY MANAGMENT 
SCHEMATIC CAPTURE NETLIST TRANSLATORS 

ORCAD P-CAD FUTURENET AUTOCAD 
OMATION SCHEMA TANGO-PCB CALAY 
PADS-PCB HEWLETT PACKARD CADNETIX 

REDAC GERBER EE DESIGNER 

Send for your free catalog of time saving 
add-on software today! 

~ 
CAD UTILITY COMPANY 
21115 Devonsh ire Street , Sui te 318 

Chatsworth . Cali fornia 91311 

r::o--'=-r,;:Jbi"bl1'"1~~~ (8 18) 594-1 856 or (805) 526-2611 

"""'"'~ BBS: (8 18) 772-0699 (8 ,1,N) "CA DCO" 

(Bright ideas for your existing CAD system !) 

CIRCLE NO 341 

FIBER OPTIC POWER MODULE 

UL listed Fiber Optic Power Module which controls a line 
switching relay. The unit is housed in a 2.5"x 1 .2"x 1.2" 
potted plastic case. 

• Controlled through a low cost plastic fiber optic line up 
to 300feet 

• 110v AC line powered to provide a switched AC output 
• 10A rating at 100,000 cycles . 
• Excellent isolation for computer interfacing of remote line 

powered devices. 
• From $26.50 (1000) 

Intelligent Systems Inc. 
175 New Britain Ave ., Plainville , CT 06062 

Phone (203) 793-9951 

CIRCLE NO 344 

EXPR0-40 PC-Based 
Universal Device Programmer 

El 

PC·ADAPTER DTYPE 
CARD 37 PINS CABLE 

7 SOFTWARES AVAILABLE FOR 
POPULAR DEVICE PROGRAMMING 

EPROM:NMOS or CMOS EEPROM:2816, 17 A, 64A, 256A ... 
BPROM: From 32x 8 to 4096 x 8 Bipolar PROM MMI, NS, 
Signetics, Tl, AMO, Motorola, Harri s, Cypress MPU 8748: 
8748, 48H, 49H, 41A, 42H, 41AH, 42AH, 48AH, 49AH 
MPU 8751 :8751/H, 52/H, 44/H , 51 BH, 52BH, C51 , C252 
PAL, EPLD, GAL, CMOS PAL: MMI, NS, Tl , AMO, Cypress, 
Lattice, 16R8, 20V8, 20L10, 22V10, 22G10, 16V8, 20V8. 

Software upd1t1 posslble for new devices. 

~@/JiJ@rJ@@/JiJ International, Inc. 
44061 So. Grimmer Blvd., Fremont, CA 94538 

Tel: (415) 770-9051 Fax: (415) 770-9060 

UNIVERSAL 
PROGRAMMER 

XEl.l"'EK 

For E(E)PROM,PAL,BIPOLAR 
8748/51SeriesPROGRAMMI NG 
& IC/Memory TESTING 

H igh-Speed, Parallel Interface 
ONLY $545 COMPLETE 
Also Individual/Gang Units 

XELTEK 
473 Sapena Ct. Unit 24 
Santa Clara, CA 95054 

1-800-541 -1975(Toll Free Order) 
Tel: (408)727-6995, Fax: (408)727-6996 

COD,VISA,MC,AM EX Accepted 

CIRCLE NO 342 

TanQ9. Now More Than Ever, 
The lJest Value in PCB Design. 
Take a look at the all new Tango Series IL 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 IOO new features including user-definable tracks, pads, and 
grids. 

For IBM-PCs and compatibles, Tango-PCB Series 11 , just $595 . 
Tango-Route Series II autorouter, just $495. Both include one 
year's updates, free tech support, 30-day money-back guarantee. 

call today . • FREE EVALUATION PACKAGE 

800-433-7801 6 19 " ' '""' 

ACCEL 'li:dmoloRic', 6Hl'l fbndt"r:-. Or., San OkJ<o, CA 92111 

CIRCLE NO 345 

r- relecom Design! 
TELEPHONE/COMPUTER 

INTERFACE 

• • T-310 Telephone Access Unit with 2-way 
Touchtone/ASCll conversion: 
• lntelllgent dlaler for PCs and other 

DTE devices. Responds to call progress 
tones, voice, and other calling signals. 
ASCII controlled DTMF and audio input. 

• lntelllgent answering device reports 
incoming rings for auto or commanded 
answer. Answer tone, audio port, and 
DTMF to ASCII conversion for remote 
phone data entry. 

For more info call : , .. a-: ?"'1•1 ... ,-. E .. !.{ .... $-·I! .. f."'~·;i· 
(In Washington State: 206-827-9626) 

iCEL-CDNE® 
10801-120th Avenue NE, Kirkland, WA 98033 

CIRCLE NO 347 CIRCLE NO 348 
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EPROM PROGRAMMER 
" Progaro 2764 ,,..------------, 

f'l8sec .275t21n Ef'ltOM PROGRAMMER 
44sec 

t1 Reads. copies 
end p-ograms 
over 475 
E/EPROMS 

~l.d~"2~ . 
27513, 27011 , 
68764. 68766, ,,.., 
2804-28256 1:==========:::3 " Automallcaly 
uses the fastest recommen d ed otgorlthm as 
specified on the manfocturer's data sheets to ensure 
reliable data storage 

,, Corrects 1oRS-232cn criyc:orrµJter , PC.xr.AT,PS,'2.Ma::. sic. 
" ~ XMOOEM/XMODEM CRC p-otoools & ASCI lie xfers 
,, Opl1orci rrictoc:u""- heads~ 874x end 87C51-
,, ~ntel.Motorola. strdgll hex.hex-.pace&blnaytles 

" Eng "-4>POfl lean for fast cpdales " O'ecb.n1I ~ 
" One-year waranty (pals & labor)" Gold Texlool sod<el 
" Tol-~eelechNcalsupport " Collalesl6-&32-bll 

~ ~=0~oolee ~ W"'~~4; 
" 1houalCll of~ cuslomels alleol to 1he EP.rs i;ieat 'ld<.I> ,, =~~·~~~'¢Jl~attons 

ThfJ Eil.llHHH'I -ramm« 
Mli181(ijt+iW:Kfl9*.IC.tW 
BP~ 

I068I Haddlnglan. Suite 190. Houston. TX 77043 
713/461-9430 FAX 713/461-7413 
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ISDN " S" INTERFACE 
TRANSFORMERS 

Tokin America has introduced a line of transformers 
designed for the Integrated Services Digital Network. 
These miniature units meet the requirements of 
CCITI 1.430 and support 28 + D channels at a total 
line rate of 144 kbps to 192 kbps. A number of wind­
ing ratios are available as standard . Applications 
include telephone, terminal, computer, or any other 
high speed digital transmission equipment. 

Tokin America 
155 Nicholson Lane, San Jose, CA 95134 

408-432-8020 

CIRCLE NO 752 

ARE YOUR PRODUCTS RELIABLE? 

The RelCalc 2 Software Package predicts the reliability of your 
system using the part 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 

Only a Speclallzed Manufacturer Could Provide 
Versatile and Economic Products 

pr1ot1ng, sihcone rubbe1 ove1tay, 1ubber pads with 

screen p11nling on plashc key1095, 0 nngs, washers, 

mner caps. tubes, elc , and screen pl'm!lng llexible ~--"''-----' 
circu11 boards Please contacc us 101 more 1ntormahon 

e GENERAL SILICONES CO., USA 
650 W Duarte 305, An:1dl1 CA 91006, U.S.A. 
Tel: (818) 445-8036. Telex: 3716189 GSCUI. 
Fax: 818-4458084 
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~EBER 
AS 168 Energy Limiting 

Circuit Breaker 

• Superior Short Circuit Protection 
• Selective Disconnection - No nuisance shutdown 
• Easy Installation with Quick Connect Terminals, 

screw terminals, or DIN Rail Mounting 
• Worldwide Approvals, VDE , UL, & CSA 
• Single , Double, Triple , and four pole versions 
• Current Ratings - 0.5 to 50 Amp 
• AC rating to 480 and DC rating 120 Volts per pole 
• Available with Switched Neutral, Auxiliary and Signal 

contacts 
• Stock available in Connecticut 

Contact: lnmark Corporation , 4 Byington Place 
Norwalk, CT 06850 Telephone: 203-866-847 4 

Fax : 203-866-0918 
CIRCLE NO 753 

MICRQJJlAC,~,.( 
Real-Time Software Analyzer/ Debugger 

The MicroTracker"' can sign ificantly reduce the 
cost of your next real-time product development 
project. Advanced features speed software devel­
opment and enhance quality assurance. 
FEATURES 
• 2K or BK Trace Memory 
• Interval Timer 
• Performance Analysis 
• RS-232 Interface 
• IBM PC Software 
• Symbolic Disassembly 
• Low Cost from $1295. 

• Instruction Disassembly 
for ZBO, 8085 , 6502 , 
6802, 6809, 
803118051 , 80188180186 , 

Call for Free Brochure 

52 W. HENDERSON RD. , 
COWMBUS. 01110 43214 
1614) 267-4405 

MINIATURE 70 WATT DC-DC CONVERTER 
ICI announces the addition of the MFW series of 50-70 watt 
DC-DC converters to its line of HI-REL devices. Up to 88% 
efficient, these converters are avail in 5, 12, 15 V single, dual 
& triple output configurations. For MIL & other HI-REL appli­
cations, 125°C Tc is possible with derated power output. 
Additional environment screening is avail. 

lnterpoint, 10301 Willows RD ., Redmond , WA, 98052, 
800/822-8782 

CIRCLE NO 751 

Facts cmout 

400,000 
ICs and Semiconductors 

at Your Fingertips 
Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 
• PC-Oriven, CD-ROM-based 
• Includes unabridged 

manufacturers' datasheets 
• Represents more than 250 

manufacturers worldwide 
Call Toll Free: 1-800-245-6696 

CAHNERS -Computer Aided 
Product Selection 

275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-964-3030 
Telex: 940573 

CIRCLE NO 754 

PRECISION CLIP-ON 
DC MILLIAMMETER 

~ ' ::~ .... "T:.r:., 
~~· 

MODEL APS428C 

• ENABLES CURRENT MEASUREMENTS 
FROM 20 µA to 2 A WITHOUT CIRCUIT 
INTERRUPTION 

• DC AND TRUE RMS AC MODES 
• PRECISION OFFSET CAPABILITY UP TO 2 A 
• ENABLES MEASUREMENT OF MAGNETIC 

FIELDS FROM 1 1-1G TO 2 G (WITH OPTIONAL 
MAGNETOMETER PROBEJ 

• PROBE ISOLATION JOOV 
• COMPATIBLE WITH HEWLETT PACKARD (UP­

ON PROBES AND MAGNETOMETER PROBES 

Call us to discuss your specific application! 

APPLIED 
PHYSICS 
SYSTEMS 

415-965-0500 
897 Independence Ave. 

Mountain View, CA 94043 

CIRCLE NO 755 CIRCLE NO 756 CIRCLE NO 757 
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The ULTimate PCB layout pecbge featllrlng: 
• Fun SMT suppon 
• 32 ~y<:r suppon with blind and buried vias 
• Curved traces 
• Real-Tune Design Rule (]!(:ck 
• Powerful p~cement aids 
• T raa: Shove and Reroute-While-Move 
• Autoroute by window. component or net 
• Backannotation to Cli(AD, DASH, Schema. 'li<:wLogic 

~~ ~~':-~;1;~1(:!!~~~~ 
ASK FOR YOUI Fltf.E DF.110 DISK 

See Us At DAG Las Vegas. Booth #1907 

CIRCLE NO 758 

AFD - ADVANCED ACTIVE FILTER DESIGN SOFTWARE 
Version 3.1 designs Lowpass. Highpass. Bandpass. Bandstop and 
Allpass filters with Bunerworth. Chebyshev, elliptic and Bessel response 
• Calculates values and sensitivities 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 • Modify circuits 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 761 

SERIES 60 PWM 
DC SERVO AMPLIFIER 

25A CONTINUOUS 
50A PEAK 

This powerful amplifier is now 
available in BOV. 170V and 200V 
configurations_ Units are fully 
protected against over-voltage, 
over-temperature shorts between 
the motor. and between motor 
and power leads. Adjustable 
current limit. Model 50A8 maxi­

mum output rating is ±BOV at ±50A. Model 50A17 
maximum output rating is ± 170V at ±50A_ Model 
45A20 maximum output rating is ±45A at 200V. 
Switching frequency is 33 KHZ. Compact unit is 
approx. 2.5"x4.75"x8.5" and is extremely rugged. 
Parallel units for mega power. Attractive low price. 
Delivery is stock to 4 weeks_ 

Advanced Motion Controls 
15921 Haynes St .. Van Nuys, CA 91406 
Tel 818-989-4480 Fax 818-786-5762 

CABLE TESTERS 

CIRCLE NO 759 

BUY T E WORLD'S MOST 
POPULAR PROGRAMMER FOR 

ONLY $159 • A MONTH! 
If you are budget limited, but need 
the reliability of an industry-standard 
298 Programming System, call 
today for information on Data I/O's 
leasing alternative through u_s_ 
Instrument Rentals_ 

Call Data 1/0at 1-800-247-5700, 
Ext. 527 

or U.SJR_ at 1-800-USIR-123 
•Based on a $5,565 
system price wrth a 
4-year lease-to-own DATAl/O 

Corporation 

CIRCLE NO 762 

E(E)PROM, MEMORY CARD 
& MICRO PROGRAMMER 

$345 - $595 

• All 24128132 pin EProms/EEProms to 4 MBit (upgr. to32MB). 
• Flash Epromsj Micros: 8741,-2,-8,-8H,·9,-9H,-5t,-CSl,-52,-S5 ... 
• Memory Cards: Seiko/Epson, Mitsubishi, GI. Modu lar design. 
• Stand-alone E(E)Prom & Memory Card Duplication I Verify. 
• User friendly menu - driven driver for IBM-PC & Macintosh. 
• Built-in Eraser(fimer option ($50). Gang-Module ready. 
• Full 1 year warranty. Direct technical support. Dedicated BBS. 

INTELLIGENT PROM EMULATOR $395 
• 2716 thru 27512 (2k to 64k bytes). Binary/Hcx/InteVMotorola. 
• Intelligent features include: Reset Output, Address Compare, 
•Address Snapshot, Trigger Input, Program Editing capabilities. 
• FAST data loading via parallel port (64k bytes in Jess thanlOstt). 

MC/VISNAMEX Coll today for data.slieets! 

B&C MICROSYSTEMS INC. 
3S5 WEST OLIVE AVE. SUNNYVALE, CA 94086 

TEL: (408)73-0-5511 FAX: (408) 730-S521 

HF and VHF 

Sprague-Goodman I JFD 
Glass Pistoncap® 

Trimmer Capacitors 
The world's largest selection of glass 
and quartz dielectrics from the industry's 
leaders since 1951 . All feature high Q , 
great tuning linearity and extreme 
stability. 

Spro9u.-•oodmen Ei.ctronks, Inc. 

-

134 Fulton Ave .. Garden City Pk .. NY 11040 llm PHONE: 516-746-1385 • TLX: 14-4533 
--- FAX: 516-746-1396 

CIRCLE NO 760 

DATA ACQUISITION & 
CONTROL COMPUTER 

The SBS-250 is an intelligent data acquisition 
and control system on a single card. Includes 
CAMBASIC™ language, a multnasking industrial 
compiler. Programs autorun on powerup. 
Supports bit manipulation, floating point, inter· 
rupts, strings, serial communications, realtime 
clock and more. Built-in EPROM and EEPROM 
programmers. CMOS-temperature range-20° to 
65'C. 12-bit AID converter, 32 digital 1/0 lines, 
two serial ports, keypad port, opto-module rack 
and relay drivers. Only 4-5" x s·. IBM PC can be 
used to develop programs. Try n FREE for 30 
days. Call 303-430-1500 for demo information 
and complete catalog. Price $395 single unit 

0 OCTAGON SYSTEMS sstoW. 91stAve. 
CORPORATION Westminster, CO 80030 

CIRCLE NO 763 

END WARPAGE WITH 
BOARD STIFFENERS 

• Rigidize board during, after assembly 
• Prevent vibration and shock damage 
• One-step installation 

requires no hardware 
• Use as ground or carry up to 64 amps 
Send for Rogers Board Stiffeners 
Application Bulletin. 
Rogers Corp. , 2400 S. Roosevelt St 
Tempe, AZ 85282 602/967-0624 
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Analog Circuit Simulation 
Completely Integrated CAE with ICAP/2 

'~i~~~~:;:;:\ From Schematic 
Capture through 

SPICE 
Simulation to 

Post Processing 

for Only 

$790t 
t lsSP1CE$95, the complete SPICE 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 SP1ce 
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 Carlo 
analysis and parameters sweeping. 

:=- P.O. Box 6607 (213) 833-0710 
• ..:=# San Pedro, CA 30 Day Money 
1ntusotf 90734-6607 Back Guarantee 

CIRCLE NO 767 

C lorthe 8051 
Compare: 
Benchmark Results -Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with 1/0 and interrupt handling. 

Archimedes 
ICC51 MCC51 FRANKLIN 
v2.20A v1 .2 C51 v2.00 

Compilation time 12 sec 18 sec 17 sec 
Linkage time 29 sec 9 sec 6 sec 

Execution time 11.46 sec 9.00 sec 1.08 sec 

Total code size 5318 bytes 3798 1776 
bytes bytes 

Call for free DEMO disk. 

~FRANKLIN 
SOFTWARE. INC 

BBB Saratoga Ave. #2 • San Jose, CA 95129 

(408) 296-8051 • FAX (408) 296-8061 

CIRCLE NO 770 

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 ca rd , MATxSYSIO, 
adds EGA , floppy, and SCSI interfaces. Embed all the guts of an AT, two 
SBX modules, and more. into two Multibus slots' 
Phone (408) 253-0250 or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd , Cupertino, CA 95014 

Multibus 1s a registered trademark of Intel Corp. 
MAT286 and MAhSYStO are trademarks of Single Board Solutions. Inc. 
IBM and PC/AT are trademarks ol lnternationat Business Machines Corp 

Programs PROMs, EPROMs, EEPROMs, 
PALs, GALs, RALs, EPLDs and PEELs 

JE680 Features: 
• Stand-alone or computer controlled modes w/ 

MS-DOS menu-driven software (included) 
• Parallel and RS232C interlace ports 
• Auto-Sense' " of IC insertion 
• Supports/translates between 18 data formats 
• Full functional test on logic devices 
• Over 400 IC defin itions in ROM - no personality 

modules needed 
• JEDEC standard supported. accepting input 

from virtually all major software packages 
·One-Year Warranty 

Listing of over 400 programmable devices 
and 74-page catalog available upon request! 

JE680 Universal IC Programmer ........ $1799.95 

Jameco Electronics• 1355 Shoreway Road, Belmont CA 94002 
• Phone (415) 592-8097 • FAX (415) 592·2503 

CIRCLE NO 768 

smARTWORK"' PCB Software. In a fraction of the time hand 
taping requires , you can create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program 's 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
smARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac­
cepted . Write or call 

Wintek Corporation 
1801 South Street, Lafayette , IN 47904 

(800) 742-6809 or (317) 742-8428 

CIRCLE NO 771 

Single-slot Qua Tech PXB-721 
for PC-AT has 72 digital 110 
lines. Connect three choices of 
data acquisition modules. 
Supports Labtech Notebook!M 

For order info, call: 
1-800-553-1170 

CjlGUATECH 
QUA TECH, INC. 

478 E. Exchange Street 
Akron. OH 44304 

Labtech Notebook is a trademark 
of Laboratori es Technologies Corp. 

BURN·IN CONNECTOR 
MULTI PIN SIGNAL & POWER 

L Series blind matable rack and panel connectors provide 
signal and power capability in a rugged float mountable 
connector. Optional 8, 15, 25, 50 and 200 amp contacts are 
available. The low insertion and extraction force contacts 
provide extensive mechanical life with contact resistance 
from .25 to 2.5 milliohms. 

HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson, MA 01749 

800-225-9228 
(In Mass. & Canada (508) 568-0451) 

FAX: 508-568-0680 

CIRCLE NO 769 
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Truly, 
Aiiordable 
End-to-End 
Package 

S49S 
No t Ccpy Pro tected!! 

DC/CAD IV'"- Level 1 

Design Comput2rio n revo lutionizes CAO indusny whh new 
low-priced DC/ CAD IV · Level 1 w;th uo copy pro tec1io11J 
/Mal for Sur/au Mo unt wo rk, padmge enables design , 
Layout and auto ro uring o f PCEls L>y o ffe1fog: 
• High Capacity Schemarit Capture 
• Mulri-1trategy Auroplacer 
• Grid leH •1-mil• Pans Placemenl and Au1 orouring 
•Interactive Ro uting with Diago nal Turbo Hugger 
• Gridlen, Diago nal RipUp/ Re cry Autoro u1er 
• Thorough Anno tating Design Rule Checker 
• Full 2-way GERBER suppon 
•Full 2·W2y DXF suppo rt 

Sn-eral high perfo nnance packages available. f"j 

l!iPvp/R" er iooll 

•DESIGN '"''0
'

0

"

1 

•COMPUTATION CALL TODAY. 

Route 33 Sbemum Square, Fanningdale, NJ 07727 
(Z01) 938-6661FAX(ZOI) 938-6662 Tele.:c 510 6018352 
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Easy Emulator Pods &Adapters 
• Plug your PLCC and LCC packages into your PC board in 
minutes, with these easy-to-use adapters. 
• Emulator/logic analyzer users: Adapt-a-Pod •• converts 
one package type to another (LCC, PLCC, PGA, and DIPs). 
• Emulator pods and adapters are available in all standard 
pin counts, with ribbon or ribbon cable headers. 
• CUstom engineering services and do-it-yourself emulator 
pod converters. Free catalog. Er 
Emulation Technology, Inc. 
2368-B W31sh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

Complete Line of Debug Tools 
• Famous Bug Katcher•• makes it easy to attach test leads 
to ICs in LCC, PLCC, PGA, PQFP, and DIP packages. 
• Eliminates need for noisy cables; reduces capacitance 
and inductance in your test set-up. 
• You can also quickly isolate and reconnect sections of 
your socketed IC with our Bug Isolator.'" (All packages.) 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: Er 
Emulation Technology, Inc. 
2368-B W31sh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

PAL/PROM Programmer Adapters 
• Any EPROM programmer designed for DIPs can be 
converted to accept LCC, PLCC, and SOIC sockets in seconds! 
• To program, just insert an Adapt-A-Socket" between the 
programmer's DIP socket and the circuit to be programmed. 
• Designed to fit all types of EPROM programmers, including 
Data 1/0 120/121A, Stag, Logical Devices, etc. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: Er 
Emulation Technology, Inc. 
2368-B walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

Now you can connect any 

VLSI or surface mount circuit 

to any other type of circuit­

or test equipment-thanks to ron 
our complete line of adapters, con­

nectors, and test clips. Solve your 

"wrong prong" problem-contact 

us today for a free catalog! 

Quick, Fast Socket Conversion 
• Convert-A-Socket '" makes it a snap to convert a pro­
duction socket to a test socket and vice-versa. 
• Complete line of male/female sockets for LCC, PLCC, 
PGA, PQFP, and DIP circuits. 
• A must if you're inserting circuits repeatedly in low 
insertion force sockets. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: E 
Emulation Technology, Inc. ~ 
2368-B W31sh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

Quality Debugging Accessories 
• Protect your ICs from damage. Insert and extract LCC, 
PLCC, PGA, and PQFP packages with the right tool. 
• Use receptacle boards to build test fixtures, and mount 
your test equipment, in half the time. 
• Get the right production sockets, bum-in sockets, test 
leads, and test clips for SMT, SOIC, or PLCC circuits. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: Er 
Emulation Technology, Inc. 
2368-B W31sh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

Over 150 Prototyping Adapters 
• Adapt-A-Boards•• make it easy to adapt standard or 
high-density prototyping boards to a variety of packages. 
• For all package types: LCC, PLCC, PGA, PQFP, SDIP 
(shrink DIP devices), SOIC and more! 
• Bottom configurations adapt to wire wraps or solder tail 
pins. Boards conform to Mil-C-45204. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: Er 
Emulation Technology, Inc. 
2368-B W31sh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
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Catalog presents 
RF/microwave connectors 
This 326-pg catalog details 34 con­
nector series consisting of more 
t han 4000 coaxial, triaxial, and 
twinaxial cable connectors, recepta-

LITERATURE 

cles, terminations, adapters, and 
related products for RF/microwave 
and data-transmission system inter­
connections. Using the selection 
guide for RF/microwave connec­
tors, which has a cable-to-connector 
index, you can start with the cable 
you want to use and look over the 
connector series options, configura­
tions, and affixment types. Also in­
cluded are indexes of pc boards and 
hermetic coaxial connectors, as well 
as 210 between-series adapters and 
more than 500 MIL-STD-C-39012 
and MIL-STD-A-55339 connectors. 

Amphenol Corp, 1 Kennedy Ave, 
Danbury, CT 06810. 

Newsletter for 
VXI Bus users 

Circle No 414 

The VXI Newsletter keeps you up 
to date on new VXI products and 
provides show reports, user re-

ports, and news of companies that 
have decided to adopt VXI. It re­
ports on IEEE-P1155 and what's 
happening toward the adoption of 
this standard, and it describes ac­
tion within the VXIbus consortium. 
The publication also provides an in­
dependent analysis of how VXI is 
going and what's ahead . Annual 
subscription in US and Canada, 
$195; overseas, $235. 

Bode Enterprises, 8380 Hercules 
Dr, Suite P3, La Mesa, CA 92042. 

INQUIRE DIRECT 

How to avoid 
shocking experiences 
This Spring/Summer 1989 catalog 
(Control ESD and avoid a shocking 
experience!) covers products that 
direct static buildup away from 
your components and workplace. 
The 32-pg booklet describes such 
instruments as a wrist-strap tester, 

Hi 11 VoltaB~~~;~~:1:s~: and 

manufacture of precision high 
voltage power supplies for over 
two decades. 

Applications: 

• Laboratory 
• ATE 
• Nuclear 
• Medical 

312 

l"" ~·q" 'lll"•q•. For a FREE color catalog 
,"'~·"' featuring our latest high voltage 

power supplies (to 100kV), 
instrumentation and 
accessories simply call or write . 
Custom inquiries invited. 

• Biochemistry 
• Analytical 
• X-Ray 
• E·Beam 
• Semi-Conductor 
• Electro-Optical 
• CRT 

121 New South Road, Hicksville, NY 11801 
(516) 433-3110 · TWX 510-221-2144 · FAX 516-935-1766 

I • 
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Now high speed with 
low power is cost-effective. 
We're making a big splash with our new 
family of BiCMOS logic arrays: The AMCC 
Q14000 Series. 

s 

Because now, for semicustom array applications such 
as high resolution graphics, telecom, work stations, 
computers and military designs, we're offering high 
performance, low power, and competitive price. 
Sea of Cellsft Architecture. 
At the core of this next-generation BiCMOS gate array 
family, is our unique Sea of Cells architecture, with 
triple-metal interconnections, offering up to 13,440 
gates. It's a highly effi­
cient channelless design Ql4000 SERIES 

Q2100B Q6000B Q9100B Q14000B 
that allows our arrays to &Juivaien1Ga1es 21ii0 siliO wn 13,440 

achieve gate utilization _Ga1_eDeJa--'y_,_·1ns-'-J __ .1 __ .1 __ .1 __ _ 

over 95%. ~~~~Hzl 180 180 180 180 

Flexible 110 Structure. _utifua_· 11on_· _ _ 
95_ll __ 95_ll __ 95ll __ 95_ll_ 

AMCC's flexible 1/0 ~f~tion1w1 .szo io.zs 2.0 4.o LH4 

design allows a multitude -~~-~-,"-" --80 
--

13
-
2 
__ lii0 __ 

22
_

6
_ 

r·- ~~· ~,~ · ~tc· ~,~· of interface combinations _Ran~ge ________ _ 
·12io.i.2mmofmetall 

u p D A T E 

such as lOOK or lOKH ECL, 
TTL, CMOS with either single or 

dual supply. And, no translators are needed. 
Design Made Easier, Too. 
High performance gate array design is simplified 
because of embedded bipolar drivers in each macro. 
And, with only 25 ps per fanout load degradation, criti­
cal paths are less affected by metal routing and fanout. 
In addition, the bipolar drivers yield symmetrical 
loading degradation for rising and falling edges. Less 
pulse width shrinkage. 
Useful Information and Evaluation Kits. 
For more information on our new BiCMOS logic arrays 
with Sea of Cells architecture, in the U.S., call toll free 
(800) 262-8830. In Europe, call AMCC (U.K.) 44-256-
468186. Or, contact us about obtaining 
one of our useful evaluation kits. 
Applied MicroCircuits Corporation, 
6195 Lusk Blvd., San Diego, Sit§~~ 
CA 92121. (619) 450-9333. 

A Better BiCMOS Array is Here. 
A]~(g(g 
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a charge-guard wrist strap, and a 
workstation grounding kit. Also in­
cluded in the product section are 
lead formers and cutters, soldering 
equipment, work holders, storage 
bins, tool kits, and test equipment. 

Handbooks provide 1-stop 
reference for µPs and µCs 
A set of 1989 reference handbooks 
are divided into three major prod­
uct groups: super chips, embedded 
controllers, and microcomputer sys­
tems. Some of the subjects include 
microprocessors and peripherals; 
microcommunications; 8-, 16-, and 

HMC, 33 Springdale Ave, Can­
ton, MA 02021. 

314 
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..... ". --s-- _FF 
_AccuStep Step~ers::Have 30°/oHigher Torque 
- - Advang_ed mantJfacturing techniques did it. 

With one pieceJ.esin-moldeds tater, bobbin and 
plate.-~e automated assembly and shrank the 
air gap. LoQk what happened.: 

. tJ:Up to BO% more output torque. 
• Smaller package-size at th·e same torque. 
• 15 t<5 20% less heat dissipation. 
• lmpr oveo tor que rTpple co~rol. 

- • Quietef than con.ventional motors. 
• 20 ~o 1 OQ steps per revolution. 

- . 66 to,2500.Q'-cm h0ldiRg torque 
-AccuStep. One of in"dustry's true Marks of Excellence. Now 

- -available from NMB Tachnalogies~ Call or write today for 
our new-brochure. 

l ~' l ~ 11 l .. 11 NMB TECHNOLOGIES 
Lo. '-L..\.L..~ INCORPORATED 

NMB Technologies Incorporated • Motor Division 
· - -_9730 Independence Ave. • Chatsworth, CA 91311 

Telephone:-afS:.:341 .3:355. FAX: 818~341 .8W7. TLX: 651340 

CIRCLE NO 191 

32-bit controllers; embedded-con­
trol applications; and OEM boards 
and systems. $18 to $26. A 160-pg 
product guide is available free of 
charge. 

Intel Corp, Box 58130, Santa 
Clara, CA 95052. 

INQUIRE DIRECT 

Guide to in-circuit 
emulators 
Development Tools Selection Guide 
details a complete line of in-circuit 
emulators and associated support 
software. Included in the list of 
products are 14 8-bit and 16-bit 
emulators, as well as source and 
symbolic debuggers. In addition, an 
application note explains the trade­
offs involved in selecting languages 
and debuggers. 

Softaid Inc, 8930 Route 108, Co­
lumbia, MD 21045. 

Circle No 416 

Voluminous listing of 
linear-power IC products 
This 720-pg catalog covers more 
than 100 devices, listing the ven­
dor's complete line of linear-power­
management ICs. The combination 
catalog and design guide contains 
13 chapters covering power-supply, 
motion-control, power-driver, and 
interface circuits; op amps and com­
parators; core memory; automotive 
circuits; and other devices. A collec­
tion of application notes details a 
range of topics from designing with 
integrated regulated PWMs to a tu­
torial on power-switch drivers for 
switched-mode power supplies. 

Silicon General, 11861 Western 
Ave, Garden Grove, CA 92641. 

Circle No 417 

Surplus goods cataloged 
This 72-pg catalog lists electronic 
and computer parts, as well as 
equipment and assembled products. 
The book explains that sources for 
the goods include manufacturer sur­
plus, distributor excess, importer 
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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: cylindrica l cel ls 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-cycle life, according 
to IEC 509. And they can be stored in any state of charge 

... 20 

.§ 40 

. ~ 

& 60 
.::: 
L BO >--<---->-----'> -• 

for over five years 
without significant 
performance loss. 

Safer, tougher . 
Mass-plate design 
protects against over-

o 1 2 3 • , 6 1 a 9 10 11 12 charge and/or over-
5'"'•s«im«(month•>_, discharge. Mass-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 ce ll 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 
operate up to 65°(, 15° higher than before. Elgttreasorownv ... 

Most cost-effective. Despite their advan­
tages.mass-plate buttons are competitively 
priced . For more information, on Varta 
button cells and batteries, please ask for 
our booklet " Eight Reasons Why ... " . Call 
1-800-431-2504, Ext 260, or write below 

~VARTA VARTA Batteries, Inc., 300 Executive Blvd., Elmsford, NY 10523, USA, Tel. 1-B00-431-2504, Ext. 260 
VARTA Batterie AG, Am Leineufer 51, D-3000 Hannover 21, West Germany, Tel. ( 49) 0511/79031 

VARTA Batteries Pte Ltd., 1646 Bedok North P.O. Box 55,Singapore 9146, Tel. (65) 241-2633 
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A new star: Shock-safe fuse-holder for TR 5 fuses 
The latest addition to .the internationally approved family of 
sub miniature fuses. Inexpensive and spacesaving for front 
panel installation or printed circuit boards. TR 5 fuses also 
now available with higher breaking capacity for improved 
protection in primary circuits. Please contact for further 
details. 

~Amari< 
~ofufoty 

Wickmann-Werke GmbH 
Postbox 2520 · D-5810Witten6 · Tel.02302/ 6620 · Fax 02302/ 662219 

CIRCLE NO 192 

CPU·68K8 Single Board Computer 

VME - 089™ users, now you 
can reduce your hardware 
costs, size configuration and 
power demands . . . all with 
only minor modification of 
your current VME OS-9 soft­
ware! XYZ offers you a full 
system: the hardware and 
software support to integrate 
your present system into a 
lower cost STD Bus package. 

Call or write for information! 

11'1 EL~~;;~~;~; INC. 
Route 12, Box 322 • Indianapolis, IN 46236 
Tel. Indiana 317-335-2128 
Toll Free 800-852-6822 (except Indiana) 
OS9 is a trademark of Microware, Inc., Des Moines, IA 

CIRCLE NO 193 

1000/o STD-AT™ COMPATIBLE COMPUTER 
* 100% IBM-AT Compatible STD Bus Industrial 

Computer * Fast 10, 12, 16 or 20 MHz 80286 CPU * Phoenix Bios * 20, 40, 100 Mbyte 27 mS Hard Disk * VGA, EGA, CGA, MDA Color Graphics * Industry Standard IEEE 961 STD Bus * Compact, Rugged , Industrial Packaging 

The STD-AT™ is the first 80286 IBM-AT compatible STD Bus computer offering over 18 times the performance over a 
standard XT. The compact 4.5" x 6.5" STD Bus card size makes it ideal for mounting in disguised and embedded controllers 
in a wide variety of industrial and commercial applications. The STD-AT is the blending of proven hardware and software 
standards to provide the most rugged, compatible, cost effective industrial solutions. 

WRITE OR CALL FOR A FREE STD·AT BROCHURE 
P.O. Box 121361, Arlington , TX 76012 Phone (817) 274-7553 Fax (817) 548-1358 

WinSystems, Inc. 
"The SID Bus Authority"rn 
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dumps, purchasing-department er­
rors, obsolete material, bankruptcy 
liquidations, and factory termina­
tions. No charge for requests writ­
ten on company letterhead; $2 for 
hobbyists and experimenters. 

Surplus Traders, Box 276, Al­
burg, VT 05440. 

INQUIRE DIRECT 

Packet of CASE information 
The company's brochure and seven 
inserted data sheets describe Test­
CASE, a software-development 
package that integrates computer­
aided software engineering (CASE) 
tools and functional testing for auto­
matic test equipment. In addition 
to a product overview, the data 
sheets discuss SigmaSeries control 
tools, the TestPlan generator, Test­
Basic and programming tools, the 
standard template library, and the 
revision control system. 

Summation Inc, 11335 NE 122nd 
Way, Kirkland, WA 98034. 

Circle No 418 

J.T ,,.~ 

Examining alternate 
oscillators for clocks 
The application note, AN12: Circuit 
Techniques for Clock Sources, looks 
at a number of clock oscillator cir­
cuits that can replace gate oscilla­
tors to achieve more reliable per­
formance, greater accuracy, and 

EDN June 22, 1989 

LITERATURE 

RC oscillator. lower drift with time and tempera­
ture. Some of the linear circuits de­
scribed and presented in schematic 
form are an oven-controlled crystal 
oscillator, 10- and 25-MHz crystal 
oscillators, a temperature-compen­
sated crystal oscillator, a voltage­
controlled crystal oscillator, a reset­
stabilized oscillator, and a stable 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. 

Circle No 419 

CLAROSTAT's competitively-priced mechanical and optical encoders are compact, 
sturdy and reliable . They're ideal for limited-space, panel-mount applications. 

The industry's smallest mechanical encoder is our 0.5 inch square model that outputs 
2 bit gray code and can be combined with other modular switches with push-push, 
push-pull, or momentary actions. 

Our optical encoders include 1.0 inch and 0.5 inch sizes, output two square waves 
and have rotational lives in the millions. WHY W'•IJ? 

We have the encoders that best suit your needs in M • 
stock and ready to ship For complete details call or 
write Brian Ward, Product Manager at CLAROSTAT, 
One Washington Street, PO. Box 1507, Dover, NH 
03820-1507 Telephone (603) 742-1120. TLX VIA MCI 
6713344. Fax (603) 742-0481. To Order Call Toll-Free 

----GB!lJ3EI• 
~1 

1-800-872-0042. 

CIRCLE NO 196 
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CAREER OPPORTUNITIES 

Issue 
Date 

July 20 

Aug. 3 

Aug. 17 

Sept. I 

Sept. 14 

Sept. 28 

1989 Editorial Calendar and Planning Guide 

Recruitment 
Deadline 

June 29 

July 13 

July 27 

Aug 10 

Aug. 24 

Sept. 7 

EDN 
Editorial Emphasis 

Product Showcase - Volume II , Components 

Integrated Circuits, Computer Boards 

Military Electronics, Special Issue 
Military Software 

Test & Measurement , 
Integrated Circuits 

Industrial Product Showcase, 
Digital !Cs 

Integrated Circuits , 
Computer Periphe rals 

Call today for recruitment advertising information: 

East Coast: Janet 0. Penn (201) 228-8610 
West Coast: Paula Compton (714) 851-9422 
National: Roberta Renard (201) 228-8602 

EDN News 
Edition 

Closing: July 21 
Mailing: Aug. 10 

Closing: Aug. 4 
Mailing: Aug. 24 

Closing: Aug. 18 
Mailing: Sept. 7 

Closing: Aug. 30 
Mailing: Sept. 21 

Closing: Sept. 15 
M ai ling: Oct. 5 

Communication Solutions /tom Rockwell 
Rockwell International Corporation's Network Transmission Systems Division is playing a significant role in 
establishing the next generation transmission and transport standards. If you are interested in a challenging oppor­
tunity , join the company with a vision of the future and a plan to reach it. 

Quality Component Engineers 
BSEE/MSEE with 3 + years experience in component 
engineering functions for ASIC's utilized in Telecom 
products. Responsibilities will include technical assistance 
to design engineers. preparing specifications. and 
developing tests for design margin analysis, qualification 
and incoming acceptance criteria. 

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 or 
telecommunications software development necessary. 
Experience in " C" 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 experience 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. 

Rockwell International offers excellent benefits that you 
would expect from a Fortune 50 Company. Send your 
resume to: Rich Skelnik, Rockwell International, Network 
Transmission Systems Division, Dept. 8641 , M/S 
401-152, P.O. Box 568842, Dallas. Texas 75356-8842. 
Permanent Residency Required . Equal Opportunity 
Employer M/F. 

'l' Rockwell International 
... where science gets down to business 
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HONEYWELL: OPENING THE DOOR TO 
A CAREER IN AVIONICS TECHNOLOGY. 

Honeywell in Phoenix offers a t1ariety of 
career opportunities in our Central T echni­
cal Operations, Commercial Flight Systems 
Group and Systems and Research Center. 
Our continuing growth has created the fol­
lowing opportunities: 

Test Engineering 
Positions are available in software and 
hardware design and integration of the next 
generation of test equipment. Duties for 
these positions include writing test plans and 
procedures, generating test programs using 
ATLAS and participating in test reviews. A 
background in design/test engineering is 
highly desirable. 
To qualify for the positions listed above, you 
should have a BSEE degree or a BS degree in 
computer science and at least three years of 
experience. 

Software Support 
Available posi tions are in the areas of 
software configuration, software manage­
ment, software qua li ty assurance, and 
methods and procedures. This area also 
includes development of real-time support 
tools, including computer development. 

EDN June 22, 1989 

Current and on-going work is also avai lable 
in simulation, design and implementation of 
dynamic models involving aerodynamic jet 
engine performance and inertial reference 
systems, radio navigation aids, air data and 
other avionics systems. To qualify, you 
should have a BSEE or a BS degree in com­
puter science with at least three years of 
experience. 

Display Systems 
These positions offer systems, software and 
hardware opportunities with CRT/LCD dis­
play technology. You should be fami liar with 
digital hardware design and/or real-time 
programming. Systems functions include 
overall system definition and design and cus­
tomer interaction . 
To qualify for the position listed above, you 
should have a BSEE degree or a BS degree in 
computer science and at least three year's 
experience. 

System Software Development 
This area involves development of flight 
software for advanced guidance and control 
systems for a ircraft using modular and struc­
tured programming techniques. You will be 

involved with algorithms and development 
of real-time programs in both assembly and 
high-order languages with subsequent inte­
gration with hardware. 
To qualify for the positions listed above, you 
should have a BSEE degree or a BS degree in 
computer science and at least three years of 
experience. 

Additional opportunities are available in: 
• A TEI ATLAS Engineering 
• Quality Engineering 
• Component Engineering (VLSI) 

Make a career move. Honeywell offers you 
a competit ive 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 Sys­
tems Group, Professional Employment, 
(EDN-E841), P.O. Box21111, M/Sl17C, 
Phoenix, AZ 85036. 

Honeywell 
HELPING YOU CONTROL YOUR WORLD 

Equal Employment Opportunity/Affirmative Action Employer 
U.S. Citizenship required for some positions 
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The message for any company in this 
environment is clear: survival depends 
upon master process technology, 
manufacturing effectively and work­
ing closely with customers to effect in­
novative solutions in silicon. 

During the past decade, AMO has en­
dured shifting world markets , 
predatory pricing, technological 
change, unprecedented currency fluc­
tuations and two intervening industry 
downturns to emerge as one of the 
world's largest exclusive manufac­
turers of integrated circuits . 

As we complete our first twenty years 
of exciting growth, we're moving 
forward-in Texas-with a wider 
selection of significant and successful 
projects than any other time in our 
history. There 's no better time than 
today to join AMO! 

In The 
Semiconductor Business 
only the strong survive 

ayWe're 
20Years 

OPPORTUNITI§tro ng 
AUSTIN, TEXAS 

Low cost of living, no state income 
tax , great recreational and educational 
activities are just a few of the 
amenities available at AMO in Austin, 
Texas. And you'll be able to afford a 
beautiful home located just minutes 
away from our world-class CMOS fab 
and design center, one of America 's 
fastest growing high-tech centers. 

MANUFACTURING 
OPENINGS: 

• Equipment Engineers 
• Equipment Line Maintenance 

Technicians 
• Software Applications Engineers 
• CAM Engineer (INGRES 

Database, " C' ') 
• Process Engineersffechnicians 
• Facilities Engineers 
• Product Engineering Section 

Manager/Product Engineers/ 
Product Engineering Technician 
(CMOS-SRAMs, LOGIC) 

• Production Supervisors 
• Section Manager (thin films) 

PRODUCT OPENINGS in 
MICROPROCESSOR GROUP: 

-32 BIT RISC 
MICROPROCESSOR 

-AMO 29000 FAMILY 

• Sr. VLSI Logic Design Engineers 
• PC Product Planning Engineers 
• PC Architects 
• CADNLSI Design Engineers 
• Product Line Marketing Director 

PRODUCT OPENINGS in 
TELECOMMUNICATIONS 
GROUP: 

-ISDN -SLIC/SLAC 

• ISON IC Design Engineer 
• Analog H/W Applications 

Engineer 
• Software Communications Protocol 

Applications Engineer 
• Telecommunications Product 

Marketing Engineers 

TECHNICAL MARKETING 
ENGINEERS 

• Product Test Engineers 
• Technical Marketing 

Engineers/Graphics 
• Technical Marketing Engineers­

Tclecom/LAN 

Qualified applicants please send your 
resume to: Advanced Micro Devices, 
Department MS-556-EDN, 5204 E. 
Ben White Blvd., Austin, TX 78741. 
You may also call toll free (800) 
531-5202, Ext. 5355 or FAX your 
resume to (512) 462-5108. For 
manufacturing line openings, ask for 
Pamela May or Ed Moore; for product 
line openings, ask for Paul Maack or 
John O'Hara. We are an equal opportu­
nity employer. 

Advanced 
Micro 
Devices 
One Great Company 
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First,, there 
was the vision ... 
History-Making 
Opportunities: 
Space Station & 
Mars Observer ... 
in Princeton, 
New Jersey 

The 
Rewards 

The Time 
is Now 

EDN June 22, 1989 

Space exploration began with a vision. The fire of imagination - fused with superior 
technical proficiency - leading the way to limitless possibilities. A special vision that 
creates the kind of breakthroughs that characterize GE Astra Space. 

With over 150 satellites currently circling the globe, and long-term, history-making 
projects such as the Space Station and Mars Observer ... GE Astra Space can offer 
Engineers the kind of rare opportunities that few are destined to realize. 

If you're the visionary Engineer we're seeking, join us in fulfilling an array of project 
requirements ... paving the way for a new generation of emerging space technology. 

• Materials Engineers 
You will evaluate and analyze in-house/subcontractor hardware design from the 
standpoint of light weight metallic, non-metallic or composite materials and 
processes used in manufacturing spaceborne subsystems. 

Evaluating the adequacy of materials and process selection/application, you'll 
participate in failure analysis and corrective action activities. 

A BS in Materials, Metallurgical or Chemical Engineering and a minimum of 8 
years aerospace industry experience is required. You must possess a strong 
background in the design, manufacturing and testing of materials. A MS or PhD 
is preferred. 

• Mechanical Design Engineers 
You'll need a BSME degree and a minimum of 3 years experience. Current 
opportunities exist in the following areas: 

T hermal D esign/Analysis 
Propulsion/Controls 

Solar Arrays 
Antenna Design 

As the largest employer of engineers and scientists in the world, GE provides highly 
competitive salaries and exceptional benefits including tuition refund and continuing 
education programs, providing constant training in new technologies and systems .. . so 
your expertise is always current and expanding. 

We're a company anxious to meet Engineers who want to cross the engineering 
frontier. Rush your resume, in professional confidence, to: Employee Relations, Dept. 
EDNM, GE Astra Space, P.O. Box 800, Princeton, New Jersey 08543-0800 . 

• GE Astra Space 
Cross the engineering frontier 

An Equal Opportunity Employer 

321 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

322 

EDN Databank 
Professional Profile 

Announcing a new placement service for professional englneersl 
Ta help yau 1dv1nce yaur c1rnr. Pl1c1m1nt 
Snlce1. Ltd. h11 farmed the EDll D1t1b1nk. 
Whit 11 Iha D1t1b1nk7 It 11 1 computerized 
1y1tem al m1tchlng qu1llfl1d c1ndld1t11 with 
paaltlan1 th1t meet the 1pplle1nt'1 pral111lan1I 
lllld1 1nd d11lru. Wh1t 1r1 the 1dV1nllg11 DI 
this new urvlce? 

• It's 1bsolut1ly Ir•. There 1r1 no Ins or 
ch1rgu. 

• Tha compullr nav• IDrgt11. Whan your 
type ol lob comu up, It r•1111b•1 yau'ra 
qu1llfltd. 

• Strvlct 11 111tlanwld1. You'll ba 
considered for Ofllnlng1 mm the U.S. 
by PSL ind It's 1Hlll1t1d offices. 

• Your Identity 11 pl'lllcltd. Your rasuma 
11 cmlully scraantd to bl 1ure It wlll nat 
b1 uni to your co11P1ny or p1r1nt 
org1nlntlon. 

• Yeur lllckgreuntl 11111 WMI' "!ICllVll 
wlll parlldlCllly bl rnllnl with yeu by 
1 PSL prtlml1111I pllClllllll ,.._.. 

Wt hlpa YIU'n hippy In yeur currant fllll· 
Uon. At till 1•1 11-. cll1nca 1r1 n.1 la 1n 
ldl1l llb YIU'd prlllr II YIU knew 1111ut IL 
Thll'I why It •k• ........ YIU II r111111r 
wltll !111 EDll Dlllb1nk. T1 d1 11. 11111 mll 1111 
co11plltld ..... btlew. 11 .. wllll 1 CIPY .. 
your r11U•. II: PllCllHlll ServlCll, Liii .. Inc. 

!IDENTITY I !PRESENT OR MOST RECENT EMPLOYER! 
Name---------------
Home Address: ____________ _ 

City ______ State:---- Zip: __ _ 

Horne Phone(include area code): ---------

!EDUCATION I Major Field GPA 

Degrees (List) 

Parent Company _____________ _ 

Yourdlvtaionoraubsidiary: -----------­

location(Ctty, Statel------------­

BusineasPlloneifO.K. to uae: -----------

Year Degree College or u~ 
Earned 

!POSITION DESIRED I 
==~================================= 

!EXPERIENCE I =n~1~= From: To: Tiiie: -------------------------
Outies and Accomplishments: Industry of Current Employer: 

Reason for Change: 

!PREVIOUS POSITION: I 
JooTrtle: ________________________________ _ 

Employer: _________ From: __ To: ___ etty: ______ State:--------

Oivision: Type of Industry:-------- Salary:----------

Duties and Accomplishments:----------------------------

!COMPENSATION/PERSONAL INFORMATION 
Years Experience Base Salary Commission Bonus Total Compensation Asking Compensation Min. CompenMtion 

I WlllTravel 
0 I own my home. How long? I rent my home/apt_ 0 

0 Moderate D Heavy 
Date Available 

0 Light 

O Employed 0 Self-Employed 0 Unemployed 0 Married 0 Single Heighl___w.lght__ 

Lavel of Security Clearance 0 U.S. Citizen 0 Non-U.S. Citizen 
My Identity may be released to: 0 Any emplo\w 

0 .... but prnMll ernpq.r 

0 WILL RELOCATE 0 WILL NOT RELOCATE D OTHER 

EDN Databank 
A DMSION OF PLACEMENT SERVICES LTD., INC. 

265 S. Main Street, Akron, OH 44308 216/762..0279 

0 

0 

0 

0 

0 

0 
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0 

0 

0 
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0 

0 
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0 
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BPI TECH FAIR is the easy and confidential way to find out what you're worth 
in today's job market. 

You'll meet recruiters and top line management from the nation's top 
technical companies. You'll discover fresh, new professional challenges. And you'll 
learn what you're really worth in today's job market. 

Representatives from leading corporations will be on hand to interview 
qualified candidates at the following BPI TECH FAIR locations: 

June 22-23, Hyatt Regency Crystal City, Arlington, VA 
June 26-27, Embassy Suites Hotel, El Segundo, CA 
July 24-25, St. Louis , MO 
August 28-29 , Boston, MA 
September 18, Columbia, MD 
September 19-20, Washington, DC 
September 25-26, Denver, CO 
September 27, Colorado Springs , CO 
October 2-3, Dallas, TX 

October 16-17, Los Angeles, CA 
October 18, Woodland Hills , CA 
October 23-24, Minneapolis , MN 
November 6-7, Chicago, IL 
November 13-14, Boston, MA 
November 15, Braintree, MA 
November 20-21, Washington, DC 
December 4, Orlando, FL 
December 5, Melbourne , FL 

So come to the next BPI TECH FAIR in your area. It may be well worth 
your while. 

THE NATION'S #1 JOB FAIR FOR ENGINEERING, SYSTEMS & SOFTWARE DEVELOPMENT PROFESSIONALS 

~ 2985 Multifoods Tower• 33 South Sixth Street• Minneapolis, MN 55402 • (612) 370-0550 
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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. 

EDIN 
275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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Peter D Coley 
VP/Publisher 
Newton, MA02158 
(617) 964-3030; Telex 940573 
Ora Dunbar, Assistant/Sales Coordinator 

Mark J Holdreith 
Advertising Sales Director 
Newton, MA 02158 
(617) 964-3030 
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Debora h Virtue 
Business Director 
Newton, MA 02158 
(617) 964-3030 
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JAPAN 
Kaoru Hara 
Dynaco International Inc 
Suite 1003, Sun-Palace Shinjuku 
8-12-1 Nishishinjuku , Shinjuku-ku 
Tokyo 160, Japan 
Tel: (03) 366-8301 
Telex : J2322609 DYNACO 

KOREA 
Kim Kyong-Hae, BK International 
Won Chang Bldg , 3rd Floor 26-3 
Yoido-dong , Youngdungpo-ku 
Seoul 150, Korea 
Tel : 785-6665 ; FAX: 784-1915 
Telex : K32487 BIZKOR 

SINGAPORE/MALAYSfA/fNDONESIA/THAILAND/ 
THE PHILIPPINES/AUSTRALIA/NEW ZEALAND 
Asia Pacific Media House PTE Ltd 
Peter Cheong 
100Beach Rd 
#24-03 Shaw Tower 
Singapore 0718 
Tel : 2915354 ; Telex : RS 50026 MESPLY 

TAIWAN 
Acteam International Marketing Corp 
6F, No 43. Lane 13 
Kwang Fu South Rd 
Mailing Box 18-91 
Taipei , Taiwan AOC 
760-6209 or 760-6210 
Telex : 29809; FAX: (02) 7604784 

PRODUCT MART 
Joanne Dorian, Manager 
249 West 17th St 
New York , NY 10011 
(212) 463-6415 

INFO CARDS 
Donna Pono 
Newton, MA 02158 
(617) 558-4282 

CAREER OPPORTUNITIES/CAREER NEWS 
Roberta Renard , National Sales Manager 
(201) 228-8602 

Janet 0 Penn , Eastern Sales Manager 
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Get the design flexibility you want at the 
price you need with Molex's unique 
C-Grid SV11 connector system. 

Molex's C-Grid SL system of connectors was designed 
especially for automated wire termination, modular 
interconnection, and robotic placement. 

The SL line features fully stackable 
components including single piece 
IDT connectors, crimp contacts 
and housings, shrouded headers, 
and panel mount housings and 
clips. Connector styles include 
modular, low profile, polarized, 
and polarized with positive latching. 

This broad line of products combined 
with our unique packaging and automated 
delivery systems make Molex's C-Grid SL 
line of connectors an 
innovative, hard-working 
answer for engineers 
looking to achieve 
their designs at the 
optimum cost. 

For your free samples 
and our full-line catalog, 
contact us today. 

The dual row IDT connector ... 
the only coverless dual row 
connector available today. 

r:'\I ® mo ex 
"-.../ 
Seroice To The 

Customer ... Worldwide 

Corpomte Headquart£rs: 2222 Wellington Ct., Lisk, IL, 60532 USA, 312-969-4550 • European Headquart£rs: Munich, West Germany, 49-89-496093 

Northern Asia Headquarlers: Tokyo, Japan, 03-487-8333 • SouthoostAsiaHeadquarlers: Jurong TO'Wn, Singapore, 65-265-4755 
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V.32 
Stripped to the Bare Essentials 

ONE EUROCARD is all it takes to 
accommodate the fully featured 
V.32 data pump from Universal 
Data Systems. 

The device is a true V.32. It is 
fully compliant with the CCITI 
standard for 9600 bps, full-duplex 
data communications. It operates 
on dial-up, two-wire private or 
four-wire private circuits. It 
handles synchronous or asyn-

Created by Oayner/Halt, Inc., Winter Park, Florida 

chronous data. It offers auto 
dialing through the AT command 
set, auto answer and adaptive 
line equalization. To preserve data 
integrity under degraded line con­
ditions, it even has a trellis coded 
mode. An impressive set of diag­
nostics is also on board. 

While the data pump is func­
tionally identical to the industry 
standard UDS V.32 modem, it has 

been stripped of its on-board power 
supply and DAA. These functions 
can be easily imported via the 
board edge connector. 

For the bare facts about tech­
nical details and quantity pricing, 
contact Universal Data Systems, 
5000 Bradford Drive, Huntsville, 
AL 35805. Telephone 205/721-8000; 
Telex 752602 UDS HTV. 

Universal Data Systems 
® MOTOROLA INC. 
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You can put a cheap knock-off 
in your ~ocluct. It might even 

work as well as ours. 
Then again ... it might not. 

It is evident that some companies are 
taking Signal's designs and knock­
ing them off. That's very flattering to 
us, but risky for you since we haven't 
found one yet that's been able to 
knock-off Signal's reliability. After 
all, just because a transformer looks 
like Signal's doesn't mean it will per­
form like Signal's. 

Our innovation, creativity and 
reliability are one-of-a-kind. For 
example, we pioneered the high iso- as-=-_..._ 
lation split bobbin design. 

Now our exciting new VDE certi­
fied International Series takes an­
other leap forward with a dual, high­
temperature bobbin and insulating 
shroud that provides significantly 
better performance at lower costs 
than ever before. These One-4-All™ 
and More-4-Less ™ transformers are 
so reliable they meet - or surpass -
every important international spe­
cification (UL, CSA, VDE and IEC). 

We also introduced low-profile 
Flathead™ plug-in transformers. 
Our latest series, which is available 
in five sizes, is arguably the best in 
the industry. The innovative non-con­
centric winding configuration elimi­
nates the need for an electrostatic 
shield and features hum-bucking 
construction. 

Insilco 
1---.-..1 
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Beyond that, Signal has a full line 
of superior low power PC board 
transformers, as well as the smaller­
than-ever "2-4-1" Series, competi­
tively-priced rectifier power trans­
formers, chokes and industrial-grade 
step-up and step-down power iso­
lation transformers. 

We maintain significant levels of 
• our stock transformers and sell di­

rect - without a middleman to slow 
things down ... or mark prices up. 
Even better, we can ship to you in 
quantity within 24 hours. We call it 
our PRONTO service. 

Of course, if we don't have a stan­
dard stock item that fits your needs, 
our custom engineering depart­
ment will gladly quote your specific 
requirements. PRONTO. 

Signal offers you the products.,, the 
service and dependability you need. 

"31rt,, Sure, you could buy a cheap knock-
1.J/.~FCJi/'-iltR. off. But why would you? 

For the complete free catalog on 
the American Originals contact: 
Signal Transformer, 500 Bayview 
Avenue, Inwood, NY 11696. 

BUY DIRECT 
(516) 139.5777 

Signal 
Transformer. 


