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with Group 3 fax 
capabilitx takes 

a world 
of experience. 

The fast-growing worldwide 00se of 15 million fax 
machines is an audience you can't ignore. And nearly 
75% use Rockwell International mcx:lems. So you know 
who you can rount on for nue compatibility in a whole 
family of integrated datafax solutions----at remarl<ably 
reasonable prices. Rockwell technology and worldwide 
su)JIX)rt fium software vencklrs make your project easier 
to design and faster to rruuket. 

Rockwell's TrueFAX'"mcxlem family offers a clear 
migration path for present and future applications. 
Including the RC224ATF-a low-power, fully 
integrated single device with Group 3 fax send/receive 
capabilities based on industry-standard ANSI/EIA-578 
Service Oass 1 Ar command.5. 

For open-architecture solutions, choose from 
Rockwell's RC9624DP datapump or RC9624AC 
integrated device-set families. All support major 
international protocols for data and send/receive fax. The 
RC9624AC family also offers a fully featured datafax 
Ar command set, plus V42/V.42 bis. 

Low power consumption, low cost and small size. 
They're all yours with the versatile Rockwell family of 

datafax modems. For details, contact Rockwell 
Communication Systems at P.O. Box C, M.C. 

501-300, Newport Beach, CA 92658-8902; 
(800) 854-8009; in California: (800) 4224230; 
Fax-(714) 833-4078 or(714) 833-4391. 
RC224ATF 

•CUTT V.22 bis, Y.22, Bell 2 l 2A and I 03 ~ng rrxxb; 
•EIA TRJ0.2.2188 AT oommands 
•Group 3 send and receive fax mooes 
•ANSl/EIA578Service0ass I faxoommands 
•Single voltage(+ 5 volts) 
•2-0!vice version available 
•AccelerATor"'' Kit 

RC9624DP/RC9623DP 
•CUTT Y.22bis. Y.22 Y.21.Y.23,Bell 212A 
and 103 rrxxb; 

•Y.29, V.27ter, Y.21 Channel 2, Group 3 sencVreceive 
fax capabilities 
•Voice interf£¥::e 
•D1MF generation/detection 
•HDLC traming 
•Single voltage(+5 volts) 

~I~ Rockwell 
-'•~ International 
... where science gets down to business 
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Imagine the exact circuit 
you need . Then call Dale® and Then call Dale. get dozens of ways to package 
resistors . capacitors and other 
components. Reliably Faster. And in 
less space 

Imagine how Dale networks 
can help you do a better job. 
Then call (915) 592-3253 for 

immediate assistance or write: 

We re ready to deliver all types of 
general purpose R/ C networks in 
molded DIP and conformal-coated 
SIP styles for ECL line and Thevenin 
equivalent termination . In addition , 
we're an established producer of 
custom circuits which combine 
a variety of active and passive 
components in DIP. SIP or special 
packages 

Need extra precision? Our laser 
trimming methods can achieve 

Resistor/ Capacitor time constant 
matching of ±1 %. Special testing? 
Our capabilities include temperature 
cycling from - 55°C to+ 125°C 
and power conditioning at room 
temperature, 70°C and 125°C. 

Circle No. 1 

Dale Electronics. Inc, Box 26728, 
El Paso, TX 79926-6728. 

Remember. when it comes to 
delivering the networks you need -
Dale Can . 

A COMPANY OF 



What do you get when you 
design with our lOmQ MOSFET? 

That's right. 
Nowyoucan 
dramatically 
cut computer 
system power 
and voltage 
losses with the 
SMP60N03-10L 
from Siliconix. 
This 30V, 10 mQ, logic-level power MOSFET will revolution­
ize your computer designs-from laptops to mainframes and 
everything in between. 

Ideal solution for many applications. 
The SMP60N03-10L can be used as a battery backup switch, 
a load manager, a linear regulator, or a synchronous rectifier. 
And its lower forward voltage drop and bi-directional current 
capability make it an ideal replacement for relays and 
Schottky 
diodes in all FORWARD VOLTAGE DROP 
computer SOA 

applications. 

Less heat 
for more 25A 

efficiency. 
The secret? 
A unique 
combination 

0 o.sv 1.0V 

of the very high cell 
density of Siliconix' 
proprietary SiMOS 2.5 
technology and lowering 
the breakdown voltage 
of this device for appli­
cations that don't 
require the common 
50 V + rating. The result 
is lOmQ, the industry's 
lowest rns(onJ available 
in a T0-220 package. 
That means increased 
efficiency because less 

heat is generated in your system. So now you can save the 
cost and space of heatsinks and sometimes even eliminate 
the need for a fan. 

Improved devire and syst.em reliability. 
The SMP60N03-10L is avalanche rated and 100% tested to 
ensure device reliability. And because of its low gate charge 
fewer external drive components are required. So you 'II not 
only save space and reduce cost, but your system will be more 
reliable as well. 

Available now! 
Cut your losses and design more efficiency into your low 
power systems! Contact your local Siliconix distributor. 
Or call our toll-free hot line now! 1-800-554-5565, Ext. 956. 
Ask for our 10 mQ power MOSFET Design Kit. 

H~!~a~onix 
2201 Laurelwood Road, Santa Clara, CA 95056 



0.5 to 1000MHz trom $13~Ra24qfy) 
Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 

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

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

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

voltage and current. 

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

FREQ. 
RANGE 
(MHz) 

MODEL fl tofu 

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

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

supply voltage and you are ready to go. 

The new M4N-amplifiers series ... 
another Mini-Circuits' price/performance 

breakthrough. 

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

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

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

ttMidband 10fl to fu12.±0.5dB tldB Gain Compression OCase Height 0.3 In. 

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

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

finding new ways ... 
setting higher standards 

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

PO. 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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SPDT switch etc to 5GHz with built-in driver 
Truly incredible ... a superfast 3nsec GaAs SPOT reflective 

switch with a built-in driver for only $19.95. So why bother 
designing and building a driver interface to further complicate 
your subsystem and take added space when you can specify 
Mini-Circuits' YSW-2-50DR? 

SPECIFICATIONS 
YSW-2-SODR 

Insertion loss, typ (dB) 
Isolation, typ(dB)* 
1 dB compression, typ 

(dBm@ in port) 
RF input, max dBm 

(no damage) 
VSWR (on), typ 
Video breakthrough 

to RF, typ (mV p-p) 
Rise /Fall time, typ (nsec) 

de- 500- 2000-
500MHz 2000MHz 5000MHz 

0.9 1.3 1.4 
50 40 28 
20 20 24 

22 22 26 

1.4 
30 

3.0 

Check the outstanding performance specs of the rugged 
device, housed in a tiny plastic case, over a -55° to +85° C 
span. Unit-to-unit repeatability for insertion loss is 3-sigma 
guaranteed, which means less than 15 of a 10,000-unit 
production run will come close to the spec limit. Available for 
immediate delivery in tape-and-reel format for automatic 
placement equipment. *typ isolation at 5MHz is 80dB and decreases 

5dB/octave from 5-1000 MHz 

finding new ways .. 
setting higher standards 

O Mini .c i rcu itsWEACGEPT AMERICAN EXPRESS 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 
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On the cover: Empower your system 
to set new performance scores by incor­
porating cache memory into your de­
sign. Serving as a buffer to the main 
memory, cache memory can speed your 
average mernory-access time to as fast 
as 10 to 25 nsec. See our Special Report 
on pg 1J6. (Photo courtesy Texas Instru­
ments Inc) 

WBPA MP 
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SPECIAL REPORT 
Cache design 136 

Most high-performance systems can benefit from cache memory. 
However, designing one isn't trivial; to avoid wasting your 
precious cash, you need to know how and why the cache works. 
-Michael C Markowitz, Associate Editor 

DESIGN FEATURES 
Designers' guide to subranging 
A/D converters-Part 2 

155 

Part 1 of this 3-part series on subranging AID converters covered 
the architectures and operation of these specialized devices. Part 
2 continues with a discussion of their critical dynamic parameters 
and specifications.-Ray K Ushani, Datel Inc 

Design a digital synchronizer 
with a low metastable-failure rate 

169 

When you're attempting to synchronize asynchronous data to a 
system clock, don't let metastability ruin your design. Carefully 
considering this problem during the design phase can save you 
headaches down the line.-Steven R Masteller, Allied-Signal 
Aerospace, Bendix Engine Controls Div 

TECHNOLOGY UPDATES 
Digital-paper storage: Flexible optical 77 
media boost data density 

If you need to store data by the 
terabyte, watch for digital paper. At 
one-half cent per megabyte, it may 
become the archival medium of the 
nineties.-Chris Terry, 

NAU~ .. 

Associate Editor 

Driving Electronic 
Technology Into The 

Next Century 

Continued on page 7 
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!IJLattice® 
Semiconductor 
Corporation 

5555 Northeast Moore Court • Hillsboro, Oregon 9 7124 

Leader in £2 CMOS PLDs:M 

Copyright © 1991. lattice Semiconductor Corporation. GAL and PCMOS ore registered trodemorks of lattice Semiconductor Corporation. 
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The IEEE-488.2 standard: IEEE-488.2 91 
products are just now appearing 

Long on promise, short on delivery, the IEEE-488.2 standard 
may one day reduce the work of writing test-system programs. 
But that day hasn't arrived just yet.-Steven H Leibson, Senior 
Regional Editor 

ATE pin electronics: Versatile !Cs 109 
reach beyond ATE systems 

IC manufacturers have developed pin-electronic circuits that 
serve as building blocks for ATE systems. But these ICs aren't 
limited to ATE applications.-Doug Conner, Regional Editor 

EDITORS' CHOICE 
CAE router 

PRODUCT UPDATES 
Continuous-time programmable filter 
X-Window package 
Microcontroller family 
Fast ADC with S/H amplifier 

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

DEPARTMENTS 
News Breaks .. 
Signals & Noise 
Ask EDN 
Calendar . . . 
Editorial ... 
Design Ideas . 
Literature . . 
Business/Corporate Staff . 
Professional Issues . . . . 
Career Opportunities . . . 
EDN's International Advertisers Index . 

121 

122 
124 
128 
130 

190 
197 
203 
208 
213 

17 
33 
45 
56 
67 

179 
214 
216 
227 
233 
239 

Cahners Publishing Company, A Division of Reed Publishing USA D Specialized Business 
Magazines for Building & Construction D Research D Technology D Electronics D Computing 
D Printing D Publishing D Health Care D Foodservice D Packaging D Environmental 
Engineering D Manufacturing D Entertainment D Home Furnishings D and Interior Design . 
Specialized Consumer Magazines for Child Care D Boating D and Wedding Planning. 

7 



THE SHOCKING 

REASON THE 

TE LEG OM MUN I CAT I 0 NS 

INDUSTRY 

. TURNED TO 

OMRON. 



Recently, the telecommunications industry needed a new- breed of low--signal relay -

a relay that could w-ithstand a shocking a,500 volts, almost double the present standard, 

yet small enough for dense PCB mounting. They turned to Omron. 

Omron responded w-ith the G6N relay. It not only w-ithstands a 2.5KV surge betw-een 

coil and contacts, its footprint is almost 40% smaller than the previous standard. The 

G6N is the latest product to join Omron's family of low--signal relays for telecommuni­

cations, computer peripherals, office automation and more. 

Why did the telecom industry turn to Omron? Because w-e not only have the broadest 

line of relays, aw-itches and photomicrosensors in the industry, w-e also have a proven 

track record of innovation. Last year alone, w-e invested over $170 million in R&D, 

employed over 1,000 R&D engineers and introduced nearly 100 new- products. The tele­

com industry w-as also impressed w-ith our highly-automated manufacturing systems, 

w-hich enable us to provide products of consistent quality in high volumes. The G6N, for 

example, undergoes 100% automated inspection on 13 critical performance parameters. 

With more than eo affiliates and subsidiaries, 1,500 sales locations and 17,000 

employees w-orldw-ide, Omron also met the telecom industry's need to provide product 

and service support around the globe. 

Omron's ability to meet the rigorous demands of the telecom industry may come as a 

shock to some people. But i t effectively demonstrates our ability to meet the control 

demands of any industry, om Ron. both noVl7 and in the future. 

For complete information on our broad line of con.-

trol components, call us at WE HAVE THE fUTURE IN CONTROL. i-aoo-ea-oMRON. 
CIRCLE NO. 125 



Fastest High Density 
CMOSPLDs ·· 

At15ns 

PALCE16VBH-10 

Fast Universal 
CMOS PLD Family 

AtlOns 
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IO 

I 
PAL16LB-5 

Fast Bipolar 
PLD Family 

At5ns 
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Whatever kind of PLD you need, 
the fastest comes from AMD. 

We'd love it if all our work amounted to "zero:· As in 
zero delay. And were not far off. 

Not surprising-because AMO invented the PAL® 
device. That's why we know programmables better. 
And offer you the most choices of the best devices. 

Say you want speed. but can't sacrifice density. 
Don't. Use our new MACH™ products (Macro Array 
CMOS High-density) that give you up to 3600 
gates and 15ns performance. They're two to three 
times faster than the competition and cost 40% less. 

For more speed. along with low power consump­
tion. try our new 10- and 15-nanosecond CMOS 
PLDs. Use our 16V8-10s and 20V8-10s anywhere 
you'd use a GAL® device. Or choose the ever­
popular AMO-invented 22VIO. at l 5ns. 

Faster still are our seventh generation bipolar 
PAL devices. Complete families of 16L8-5s. 20L8-5s. 
and the 22Vl0-10s. And for real speed freaks. were 
now shipping a 4.5ns bipolar PAL device-the 
world's fastest TTL programmable logic. 

Along with all this speed. were providing 
equally fast delivery. In quantity. In fact. we deliver 
more programmable logic devices than all our 
competitors combined. 

For details. call AMO now at I ·800·222·9323. 
And let nothing stand between you and your need 
for speed. 

~ 
Advanced Micro Devices 

901 Thompson Place. P.O. Box 3453.Sunnyvale.CA 94088 0 1991 Advanced M icro Devices.Inc. 
MACH is a trademari<and PAL isa registered trademari<of Advanced M icro Devices. 

GAL isa registered trademari< of Lattice Semiconductor 

CIRCLE NO. 126 
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Cl 1990 Motorola, Inc. Motorola Computer Group is a member of Motorola's General Systems Sector. VMEcxec is a trademark of Motorola, Inc. All other product or brand names mentioned are trademarks or registered trademarks of 
their respective holders. 
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ne glance at the full array 
of options Motorola offers in 
real-time, and you'll see why 
it's become the developer's 

platform of choice. fur both target 
and host environments, no other 
single vendor has anything like it. 

One reason is our long-time 
experience with real-time technology, 
beginning with our 
pioneering work back 
in 1980. Another is the 
broad spectrum of our 
product line, which 
includes ICs, boards, 
systems, and software. 
In short, Motorola has 
everything you need to build real­
time applications ranging from simu­
lation to industrial automation to 
imaging and more. 

Yet another reason to choose 
Motorola is our unending commit­
ment to open standards. Our real-time 
platform gives you standards-based 
choices at various levels of inte­
gration. The centerpiece of this non­
proprietary approach is VMEexec~ 
our wide-open, totally integrated 
development environment. VMEexec 
allows you to use standard UNIX" 
interfaces to write a single set of appli­
cation code, and then reuse it for 
other projects. Better still, you can 
combine any software product that 
conforms to these standards. VMEexec 
includes a high-performance real­
time executive, a strong run-time 
connection to UNIX-based systems, 
flexible and efficient real-time 1/0 and 
file systems, as well as powerful 
development and debug capabilities. 
And because VMEexec is integrated 
with the hardware, you can begin 

EDN April 25, 1991 

software development even 
before the hardware is available. 

If you're thinking about 
real-time, you should be think­
ing about time to market, and 
that's all the more reason to 
think Motorola. Especially 
when you consider that we can 
help speed product integration 

by serving as a single source 
for boards, software and 
systems. Add to that the Right now, Motorola real-time systems are hard at work 

in critical applications worldwide. 
industry's best applications 
expertise and design support, 
ranging from small embedded 
control systems to multi-processor 
simulation. Then factor in Six 

CISC to RISC in both the develop­
ment and run-time environments. 

Sigma quality control. And remember 
that Motorola gives you the indus­
try's only true migration path from 

Give us a call today at 1-800-
624-8999,ext. 230, and put the real­
time resources of Motorola on your 
side.We think you'll find the benefits 
are very big, and very real. 

We Do Real-Time Full-Time. 
tMotorola, 
we'vededi-
cated an entire 

division solely to real­
time development 
systems. Our real-time 
system architecture 
begins at the micro­
processor level in either 
CISC or RISC, and 

extends all the way to 
the end-user. Today, you 
can use VMEexec to port 
UNIX applications to an 
SVID-compliant (and 
soon, POSIX-compliant) 
real-time environment, 
and vice versa. And they 
can be used for run­
time capabilities as well 

INTEGRATED REAL·TIME PLATFORM 

as for development. 
Several human inter­
faces are available for 
UNIX, including Motif, 
X.11 and DeltaWINDOWS'." 
As for networking, 
Motorola supports all 
popular protocols, 
including TCP / IP, NFS, 
SNA, OSI, and X:400. 
We also offer database 
and CASE tools, and 
you can work in C, 
LISP, FORTRAN, ADA, 
BASIC, COBOL, and 
PASCAL Put it all 
together, and you will 
discover only one com­
pany gives you the full 
story on real-time, and 
that's Motorola. 

® MOTOROLA 
Computer Group 

CIRCLE NO. 127 13 



THANKS TO OUR HIGH 
OF A NEW DAY IN USES 

Until now, there 's been 

no volume supplier of the 

leading-edge 256K CMOS 
EEPROM, so supplies have 

been short. 

Samsung has changed 

all that. We' re producing 

SAMSUNG'S CMOS EEPROMs 

P.1rt Organualum T y,x 
N11111kr 

Fa.tle.•t Featurt:" 

Spw! 

KM28C256 32Kx8 Parallel 150 DatapoUing, 

KM28C64 8Kx8 Parallel 

KM28C6S 8K x8 Parallel 

KM28Cl6 2Kx8 Parallel 

KM28Cl7 2Kx8 Parallel 

KM93C06 16x 16 Serial 

KM93C07 16x 16 Serial 

KM9.lC46 64x 16 Serial 

200 

200 

ISO 

ISO 

toggkbiJ, 
64 pagt moik 

Data poUi11g, 
32pagtmoik 

DatapoUing, 
,,.u1y1b,,,y 

DafaJ"'Uing, 
32 page moik 

Data pollti1g, 
rcady/bu.Jy 

Wru'.-proltcl, 

ne/ftinUt} 

programm1i1g 

Writeproltcl, 
Je/ftima} 

progra111mU1g 

!11iJ1.Mtria.I grruk vero1U111,,, of ail proJuclA ary availnhk All part., oJ/eniJ 
u1 hoth DIPanJ PLCC (SOIC/or.Jtrinl). 256K lnJ11.Jtriai a;•ailabU 
Q4 1990, <1therpart<J all mwilahlt 11011.'. 

ex tremely high volumes, and 

as you can see, all kinds of 

new ways to use the part are 

turning up . 

Large-memory cellular 

phones, and . . . well, we're 

sure you'll think of many 

other interesting things to do 

with them. 

Also new from Samsung 

are parts proven for indus­

trial temperature ranges , 

which means you can use 

them in robotics, automotive 



VOLUMES* IT~S THE DAWN 
FOR 256K EEPROMs. 

a pp 1 i cations , industrial 

control and related areas. 
Our 256K parts boast a 

fast, 5 millisecond/page write 
time . This gives you an 

effective byte write time 

(including erase cycle) of just 
78 microseconds. And the 
entire chip can be rewritten 

in only 2.5 seconds. 

What all these things 
represent is a broad-based 
commitment at Samsung to 

EEPROMs. We also offer 
CMOS 64K and 16K parts, a 

variety of serial EEPROMs, 
and forthcoming higher­
density serial parts. 

Surface mount pack­
aging is available across the 

entire line. 

Request a comprehensive 
Samsung EEPROM Ouality 

Kit, including samples , by 

calling 1-800-669-5400 or 

408-954-7229 now. Or write 

to EEPROM Marketing, 

Samsung Semiconductor, 
3725 No. First St., San Jose, 

CA 95134 . 
And start planning your 

own new uses . 

.CJ SAMSUNG "CJ Semiconductor 

«:> Sam.mng s~miconductor, Inc., 1990. 
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UseSamtec's 
Board-to-Board 

Interconnect Selector 
and you can do it 

in your sleep 
Samtec's Board-to-Board Interconnect Selector is 
an easy-to-use reference book that takes the 
work out of finding the right interconnect for your 
board stacking application. 

There's more than one way to spec a stacker 
It includes thousands of different combinations for 
board-to-board spacings from .153 inch to 1.935 
inches. Interconnect types include: 

• Precision machined socket and terminal sets 

• .025" square header and socket sets 

• .050" centerline micro interconnects 

• Low profile, standard and 
elevated strips 

• Surface mount and through-
hole designs 

And if you can't find exactly 
what you need, customs 
and modified standards are 
a specialty at Samtec. 

There's only one way to 
get "Sudden Service" 
Wake up to the benefits 
of Samtec Sudden Service. Call 
your local stocking Samtec distributor for our 
Board-to-Board Interconnect Selector and 
Full Line Catalog. Call toll free for their name. 

1-800-SAMTEC-9 

saflltec IS SUDDEN SERVICE 
New Albany, Indiana USA • Sacramento, California USA • Cumbernauld, Scotland UK • Singapore 
SAMTEC, INC. • P.O. Box 1147 •New Albany, IN 47151-1147 USA• Phone 812-944-6733 ·Fax 812-948-5047 •TWX 810-540-4095 •Telex 333-918 
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NEWS BREAIZS 
EDITED BY SUSAN ROSE 

SOFTWARE FINDS FAULTS AND CREATES TEST PATTERNS 
CX-Test from Crosscheck Technology Inc provides a method of embedding test 

electronics onto an ASIC. The software creates test patterns and provides fault 
analysis using such manufacturing defects as bridging and open transistors in addi­
tion to the standard stuck-at faults. According to your vote (EDN, January 3, 1991, 
pg 41), it was the most innovative test and measurement product of last year. The 
software's embedded circuitry acts as a bed-of-nails tester to ensure high fault 
coverage for integrated circuits. The technology is available in arrays from LSI Logic 
(EDN, March 14, 1991, pg 18). The technology presents four design limitations: you 
must provide initialization and functional vectors; the circuit can't rely on stored 
charge at any node; you can't use internal free-running oscillators; and you must 
reserve four pins for the test bus. 

The software accepts netlists and functional simulation patterns in Verilog or LSI 
Logic's Lsim format and creates patterns for synchronous and asynchronous designs 
and for circuits containing ROM and RAM. To run, the software requires at least 
32M bytes of memory on Sun-3 and Sun-4 workstations. Cost depends on your 
configuration and ranges from $25,000 to $50,000. The software is currently avail­
able in LSI Logic design centers and will be available to ASIC designers in the fall . 
Crosscheck Technology Inc, San Jose, CA, (408) 432-9200, FAX (408) 432-0907. LSI 
Logic, Milpitas, CA, (408) 433-4554, FAX (408) 433-7241.-Michael C Markowitz 

ASIC FOUNDRY SPINS OFF DESIGN-TOOL GROUP 
In a move to make its design tools less proprietary, VLSI Technology Inc has spun 

off its design-tool business unit and made it a separate company. The new company, 
Compass Design Automation, will take the existing products and develop them for 
other vendors' ASIC processes and alternative CAE environments. Compass began 
its operations with 160 employees from the parent company. Compass Design Auto­
mation, San Jose, CA, (408) 433-4880, FAX (408) 434-7820. VLSI Technology, San 
Jose, CA, (408) 434-7726, FAX (408) 434-7931.-Steven H Leibson 

486-BASED COMPUTER CACHE USES UNUSUAL ARCHITECTURE 
Mosel's Simulcache consists of the MS441 cache controller and MS443 intelligent 

dual-port memory chips for 486-based systems. The chip set provides a concurrent 
write-back cache for 80486 µPs . Unlike other write-back schemes, these devices 
don't connect in parallel with main memory on the CPU bus. Instead, the dual-port 
devices fit between the CPU and the rest of memory, including memory-mapped I/O 
ports. 

The controller absorbs CPU memory transactions and reorders them to meet the 
system's needs. It provides burst read and write between the CPU and cache, allows 
direct access between CPU and noncache memory, and handles read misses by simul­
taneously passing data to the CPU while updating the cache. The intelligent memo­
ries use an internal 128-bit memory bus, support 4-word bursts with 8-nsec access 
times, and offer 2-way set associativity. Samples of both devices will be available 
in the second quarter of 1991 with production slated for midyear. The cache control-
1er costs $65 and the intelligent memories cost $9 (10,000). Mosel, Sunnyvale, CA, 
(408) 733-4556, FAX (408) 733-2271.-Richard A Quinnell 
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NEWS BREAIZS 
IC MULTIPLIES AND DIVIDES ACCURATELY 

The $10.55 AD734 from Analog Devices Inc is a high-accuracy, low-distortion 
analog multiplier /divider. The device performs the mathematical function W = XY /U, 
where X, Y, and U are fully differential, analog-input signals. Operating with a 
small-signal and full-power bandwidth of 10 MHz, the device exhibits a slew rate 
of 450V/µsec, a S/N ratio of 94 dB, and a guaranteed conversion accuracy of 0 .26% 
for high-grade devices. As a 4-quadrant multiplier, the IC can function as an oscilla· 
tor, filter, or voltage-controlled amplifier. W.hen connected as a 2-quadrant divider , 
the device can function as an AGC amplifier or an rms-to-dc converter. In multiplier 
mode, the denominator voltage U can be supplied internally from a lOV buried zener 
reference. Analog Devices Inc, Norwood, MA, (617) 329-4700, FAX (617) 326-8703. 
-Anne Watson Swager 

12-BIT, lOM-SAMPLE/SEC ADC MODULE RUNS ON ±SV 
The CLC922 ADC module from Comlinear Corp works in systems that need to 

perform 12-bit, !OM-sample/sec A/D conversions but have limited power supplies. 
The module incorporates an input amplifier, a low-jitter track-and-hold section, an 
onboard voltage reference, a 12-bit quantizer with error correction, and output 
latches. The device uses ±5V power supplies and consumes 4 .lW. Guaranteed specs 
include a S/N ratio of 65 dB min, THD of - 63 dB at 404 kHz and - 57 dB at 4.996 
MHz, 1-LSB-max differential nonlinearity, and no missing codes. The device also has 
a spurious-free signal ratio of 60 dB min. (This rating measures a converter's clean 
dynamic range.) Industrial and military versions of the module cost $470 and $1565 
(100), respectively. 

The company's CLC925B uses the same low-power circuits, but requires a 15V 
power supply in addition to the ± 5V supplies. The additional power-supply voltage 
increases the module's power consumption to 4.2W. Industrial and military versions 
cost $449 and $1490 (100), respectively. Comlinear Corp, Fort Collins, CO, (303) 
226-0500, FAX (303) 226-0564.-Steven H Leibson 

DESIGN AUTOMATION CONFERENCE EXPANDS PROGRAM 
This year the Design Automation Conference takes place at the San Francisco 

Moscone Center on June 17 to 21. Targeting CAD tool users, developers, and manag­
ers, the conference has evolved over the years from a strictly technical conference 
to a combination of technical presentations and product exhibits. More than 130 
exhibitors will demonstrate their tools, and more than 64 of the exhibitors will 
give technical presentations. In addition, more than 40 technical conference sessions 
and seven tutorials are scheduled. 

The conference program includes two industry-oriented panels on June 18. The 
first panel, "Global Strategies For Electronic Design," focuses on the interde­
pendency of design-automation, and ASIC and systems companies, and their impact 
on global competition in the 1990s. The second panel, "Implementing the vision: 
Electronic design in the 1990s," will focus on the broader needs of system design . 

You can obtain a free pass to the first day of the exhibits by registering before 
May 17. After May 17 registration is $20. One-day passes for technical sessions, 
including the panels, are $75. For more information, call MP Associates, (800) 321· 
4573 or (303) 530-4333, FAX (303) 530-4334.-Doug Conner 
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Faster circuits for faster systems: Here's the good book. 
The 1991 Cypress Semiconductor 
Data Books are hot off the presses. 
Highlights include: 
• SPARC® RISC Microprocessors. 
The fastest CMOS available. From 
embedded control to full chipsets. 
• Highest Speed PLDs. Broad 
selection, from standards at rocket 
speeds to functionally specialized 
systems. 
• Static RAMs. Biggest selection of 
high-speed devices, including our 
lOns BiCMOS 64Ks. 
• VME Bus Controllers. The space­
saving solution for a broad range of 
processors. 
• CMOS PROMs. The broadest line of 

high-performance PROMs, to 512K 
densities. We'll fill your order fast. 
• Specialty Memories. Including 
ultra-high-speed FIFOs. 
• Multichip Modules. Including 
32-bit space and time savers. 
• And much more. All in our new 
Data Book. 
• Call for your copy today. 

1991 Data Book HotBne: 
1·800·952·6300*. Ask for Dept. C4R 

--- -
•1(800)387-7599 in Canada. (32) 2-652-0270 in Europe . © 1991 Cypress 
Semicond uctor,3901 North First Stree t, San Jose, CA 95134. Phone: 
1(408)943-2600, Te lex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 
SPARC is a registered trademark of SPARC International. Inc. 



NEWS BREAIZS 
EMULATOR SUPPORTS 68302 µP 

The 68302 UEM in-circuit emulator from Softaid Inc debugs Motorola's 68302 
µP-compatible systems. The $6495 device provides 256k bytes of emulation memory, 
a 4k-byte-deep trace buffer, and 131,072 hardware breakpoints. You can set complex 
breakpoints using the emulator's 5-level nested-trigger specifier using a specific 
sequence of events, data values, machine cycles, and address accesses. A pass counter 
lets you delay the breakpoint by as many as 65,536 cycles. The source-level debugger 
included with the emulator lets you trace and debug your code in its native appear­
ance using C, PL/M, or assembly language. The debugger works with the emulator's 
256-bin real-time performance analyzer, so you can optimize your software on a 
function-by-function basis even when you're programming with a high-level lan­
guage. The emulator will be available in May. Softaid Inc, Columbia, MD, (301) 964-
8455, FAX (301) 596-1852.-Steven H Leibson 

HIGH-DENSITY GATE ARRAY FEATURES SPECIALIZED LIBRARY 
The LCA200K gate-array family from LSI Logic has 20,000 to 200,000 usable gates 

in a 0.7-µm, 3-metal-layer CMOS. The family also has a library of more than 1000 
specialized macrocells. The cells include conventional logic, MIPS and SPARC CPUs, 
phase-locked loops for removing interchip system-clock skew, backplane drivers, 
and differential receivers. Although the chip runs at 5V, its I/O drivers are compat­
ible with 3 .3V logic. The I/O drivers also support the JTAG scan-test technique. NRE 
costs start at $75,000. LSI Logic, Milpitas, CA, (408) 433-4340, FAX (408) 434-6457, 
contact John Daane.-Richard A Quinnell 

LOW-COST CPU CHIP EXPANDS 80486 µP FAMILY 
Intel's 80486SX, a derivative of the basic 80486 µP, is a 32-bit µP chip that can 

upgrade 80386-based computer designs. The $269 (1000) chip is binary-code compat­
ible with earlier 80386- and 80486-family µP chips. The company claims 16-MIPS 
performance at 20 MHz. The chip preserves the 32-bit data-bus architecture of its 
parent, but lacks floating-point math. The company expects to offer a $799 device 
that will supply floating-point math. For now the chips are simply basic 486 chips 
with disabled and unpowered floating-point math circuits. As production volume 
increases, the company will delete the floating-point math section of the 486 chip 
so that the derivative chip exists as a separate device . Pinouts of the two chips are 
not the same. The derivative chip is available in pin-grid-array and plastic packages. 
Intel Corp,. Santa Clara, CA, (408) 987-8080.-Jon Titus 

DSP CARDS OFFER FAST, 16-BIT, FIXED-POINT PROCESSING 
A pair of plug-in DSP cards from Spectrum Signal Processing Inc bring the signal­

processing abilities of the Texas Instruments TMS320C50 to the IBM PC/ AT bus. The 
$3495 system and $2495 processor boards combine the signal-processing µP with 
32k bytes of program memory and 32k bytes of data memory. You can expand both 
memory areas to a maximum of 128k bytes. The system board includes two 16-bit 
ADCs and two 16-bit DACs capable of 50-kHz conversion rates. The boards also 
provide a 2 .7 x 3 .4-in. prototyping area for additional circuits. Loughborough Sound 
Images (Loughborough, England) developed the boards. Spectrum Signal Processing 
Inc, Burnaby, British Columbia, Canada, (604) 438-7266, FAX (604) 438-3046. 
-Steven H Leibson 
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d Prosper. 
M U L T I B U S II 

It is logical to choose the bus architecture that will 
deliver the greatest return on your development 
investment, for the longest possible time. 
• Today's Multibus II not only gets you to 
mar1<et quickly, with higher performance 
and superior reliability. But of all available 
buses, only Multibus II provides the per­
formance headroom to effectively absorb 
silicon advances through the 1990s, to pro­
tect your investment long into the future. 
• During the past year Multibus II has grown faster 
than any other open architecture. One third more 

vendors have expanded the range of available 
Multibus II boards, systems, software and 

packaging products by nearly 40 percent! 

• You can explore the world of Multibus II 
with your free copy of the new 1991 

Multibus II Product Directory. Just 
send your business card to the MMG. 

And, contact the enterprising manufac­
turers listed below for complete information on 
Multibus II products that will transport you into the 
future. • Discover Multibus II. Your application will 
live long. And you will prosper. 

CONCURRENT TECHNOLOGIES 
Jerry Hoffman 217·356-7004 FAX 217-356-6238 
NEW! 1486 CPU Board/Communications Controller 

INTEL 
Call 800·548-4725 
NEW! High 1ntegrat1on 33 MHz 1486 CPU board • 

MICRO INDUSTRIES 
Bill Jackson 800-446·6762 FAX614·548·6184 

NEW! i960-based RISC development board 

SIEMENS AG 
Dr. Klaus P. Killian. Germany0894144 5737 FAX089 4144 5841 

NEW! Scalar CPU board with Hard-Realt1me Unix 

MENTEC 
Ralph Shaw 800·446·6762 FAX 614·548·6184 
NEW! i860-based SBC running UNIX System V Rel. 4 

EDN April 25, 1991 

MULTIBUS MAIUACTURERS GROUP ' COPYRIGHT 1991 MULTIBUS MANUFACTURERS GROUP 

P.O. BOX 6208, ALOHA, OREGON 97007, 503·696' 7155 
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NEWS BREAI<S 
HARDWARE MODELER STARTS A FAMILY 

In an effort to lure more system designers into simulation, Logic Modeling Systems 
will deliver a lower-priced modeler. The 68020-based LM500 and 68040-based LM1200 
hardware modelers aid system simulation by allowing you to augment your software 
models with actual devices configured as models. The 68020-based modeler, which 
starts at $35,000, models devices with as many as 160 pins. The $87,000, 68040-based 
modeler simulates 320-pin devices . Both modelers allow simulations to use multiple 
hardware models, limited only by total pin count-480 signal pins total for the 
68020-based modeler and 2560 for the 68040-based modeler. Although its library 
of models numbers 600 and includes such devices as the i486, 29050, 68040, and 
R3000A, the company estimates you can build a model for any device you need 
in less than two days. Both modelers will be available by the end of June. Logic 
Modeling Systems Inc, Milpitas, CA, (408) 957-5200, FAX (408) 945-9181. 
-Michael C Markowitz 

AUDIO INSTRUMENTATION AMP FEATURES LOW INPUT NOISE 
A distortion-cancellation network on the input of the INA103 monolithic instru­

mentation amplifier drops the device's input-voltage noise figure to 1 nV/YHz typ 
and its THD-plus-noise rating to 0.0009% (gain= 100, 1 kHz). The amp's offset voltage 
is 52 µV max, and the input-offset voltage drift is 1.25 µVfC. On-chip resistors give 
the device a gain of 1 or 1000 without additional components, and an external 
resistor can vary the amp's gain from 1 to 1000. At a gain of 1000, the amp provides 
a flat frequency response to approximately 20 kHz. A device packaged in a 16-pin 
plastic DIP costs $4.85 (1000) and ceramic-packaged devices are also available. Burr­
Brown, Tucson, AZ, (602) 746-1111, FAX (602) 889-1510, TWX 910-952-1111, con­
tact John Conlon.-Steven H Leibson 

TRANSMISSION-LINE ANALYSIS TOOLS UPGRADED 
Quantic Laboratories offers a range of transmission-line analysis tools from its 

Boardscan board screener up through detailed 2- and 3-D analysis using its Greenfield 
products. The board screener includes signal-integrity specs such as overshoot, un­
dershoot, settling time, noise margins, time delays, and crosstalk. The analyzers' 
component libraries of drivers and receivers accept Spice transistor-based device 
models and behavioral models for increased simulation speed. The products are now 
available unbundled so you can obtain only the tools you need. The board screener 
starts at $15,000, and the analyzers start at $24,000. Quantic Laboratories Inc, 
Winnipeg, Manitoba, Canada, (204) 943-2552, FAX (204) 957-1158.-Doug Conner 

VIDEO ACCELERATOR STANDARD FEATURE FOR WORKSTATION 
The SPARC-based S4000 series of color workstations from Solbourne Computer 

includes accelerated 2-D graphics at no additional cost . Prices range from $11,495 
for a diskless workstation with 8M bytes of RAM and a 16-in. color monitor to $22,095 
for a workstation with a 400M-byte disk drive, 40M bytes of RAM, and a 19-in. color 
monitor. The company's SGA20 accelerated color-frame buffer provides the improved 
graphics. The buffer can draw 530,000 2-D vectors/sec and can fill areas on the 
screen at 215M pixels/sec. The workstations accept as many as three SGA20s if you 
need multiple displays . Solbourne Computer Inc, Longmont, CO, (303) 772-3400, FAX 
(303) 772-3646.-Steven H Leibson 
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Introducing Zilog's Smart Access Controller ... 
Z180 intelligence and SCC communications together 

in one package. 
The 280181™ SAC™ Controller is the Smart Access 

Controller™ that combines two powerful standards. You get Zilog's industry 
standard SCC™ controller for datacom connectivity together with the popular 
Z180 CMOS controller. And all that utility comes with the user-friendly 
ZSO® code CPU compatible software. 
High integration. High performance. Smart communicator. 

The Superintegration™ SAC Controller packs the popular high per­
formance Z180 architecture into a new cell suitable for many datacom and 
peripheral control applications. You get the SCC single-channel commu­
nication cell with two additional UARTS, a 4 x 8-bit counter timer (CTC) 
and onboard 16-bit I/O. The SAC Controller runs at 10 MHz and drives 
fast serial communications at 2. 5 Mbits/ sec. With the reduced 3 cycles per 
instruction, the SAC Controller gives you 280 code performance 25% 
faster. That makes the SAC Controller the highest performance, low 
power embedded controller around. 
The best cost/ performance of any embedded controller out there. 

Whatever your application - data communications, modems, 
FAXs, printers, terminals, industrial controls- the SAC Controller 
combination gives you the best cost/ performance ratio. Everything 
you need for your system is on the chip. The SAC Controller brings you 
all the advantages of Zilog's Superintegration technology Off-the­
shelf and backed by our solid reputation for quality and reliability. 

To find out more about the SAC Controller, or anyofZilog's rapidly 
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. Zilill 
ZILOG SALF$ OFFICES' CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585 -2533, GA (404) 448-9370, IL (3 12) 517-8080, NH (603) 888-8590, MN (612) 831-7611 , 
II'.) (201) 382 -5700, OH (216) 447-1480, PA (2 15) 653 -0230, TX (214) 987-9987, WA (206) 523 -3591, CANADA Toronto (4 16) 673 -0634, UNITE> KINGDOM Maidenhead (44) (628) 39200, W. GERMANY 
Munich (49) (89) 672045, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979, KOREA (82) (2) 552-5401, TAIWAN (886) (2) 741-3125, SINGAPORE 65 -235 7155, 
DISTRIBUfORS: U.S. Anthem Electronics, HalJ ·Mark Electronics, JAN Devices, Inc. , Schweber Electronics, Vargas Electronics, Western Microtechnology, CANADA Future Electronics, SEMAD, LATIN 
AMERICA Argentina- Yel.-(1 ) 46-2211 , Brazil- Digibyte (011 ) 581-19-15 , Scmicondoctore5 Profe5ionaies (5) 536-1312. 
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the world's largest selection 
500Hz to 5GHz from $249 
Over 200 off-the-shelf models, from low-cost rugged industrial to Hi-Rel military I space approved types, 
with LO power level requirements from -4dBm to +27dBm. We offer 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 types, the specific frequency 
range your design involves, the optimum LO drive level, and a host of special types. 
And, exclusively from Mini-Circuits, 
ULTRA-RELTM mixers with a 
five-year guarantee 
and specification limits 
held to 4.5 sigma for 
unprecedented 
unit-to-unit repeatability. 

Choose mixers with low 
LO drive, low noise, load 
insensitive, quadrature mixer I 
modulators, plus a large number of 
MIL-mixer types tested to 
MIL-M-28837/A, and TX screened. 

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-IF Signal Processing 
Handbook, Vol. 1 /2. 
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finding new ways ... 
setting higher standards 

Mini-Circuits 
A 01v1s1on of Scientific Components Corporation 

P.O. Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
WE ACCEPT AMERICAN'EXPRESS 





Introducing nX: Oki's performance­
packed family of MCUs 

T
he Oki nX equation 

for next-generation 

microcontrollers 

quickly adds up to 

a lot of pluses. 

Take our 65000 Series, for 

example. With a 400-ns cycle 

time at 10 MHz, these speed­

enhanced 8-bit MCUs boost 

performance up to 40% over 

current 80C51 ·based devices. 

Add a variety of on-chip fea­

tures - NDs, 1/0 lines, PWMs, 

counters, timers, up to 16K 

bytes ROM and 384 bytes 

RAM - and you'll see how nX 

equals a tremendous range of 

cost-effective 8-bit solutions. 

Then there's our 66000 

Series of8/16-bit MCUs, provid­

ing a migration path between 

current 8-bit and new 16-bit 

devices. And offering even 

higher levels of integration and 

memory. Pluses include 8-bit 

external data bus with 16-bit 

internal address, up to 68 1/0 

lines, a 400-ns cycle time at 

10 MHz, and up to 32K bytes 

ROM and lK byte RAM. 

For blazing speed and full 

16-bit implementation, explore 

the high-performance features 

of our 67000 Series: 200-ns 

cycle time at 10 MHz, 56 1/0 

lines, three 16-bit and two 8-bit 

timers, and more. 

But the addition doesn't 

stop here. Figure in one-time 

programmable (OTP) versions. 

A variety of pinouts and pack­

ages. And comprehensive de­

velopment tools - assemblers, 

compilers, and translators. 

Plus there's one last num­

ber to consider in the nX for­

mula: 1·800·0Kl·11NX. Call 

now and let us bring you up to 

speed on the nX generation of 

faster MCUs-from Oki. 

Transforming technology into customer solutions 
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Part# Features 

65511 321/0s, 2x8-bit timers, 
watchdog timer, serial 1/0 

65512/ 32 I/Os, 3x8-bit timers, 
65P512 1x16-bit timers, serial 1/0 
65513/ Same as 65512 with 24 
65P513 additional I/Os 

ROM RAM Package 

4KB 1288 40-DIP 
44-PLCC/OFP 

8KB 1288 40-DIP 
44-PLCC/QFP 

8KB 1288 64-SDIP/OFP 
68-PLCC 

65524/ Same as 65512 with 2x8-bit 16KB 3848 64-SDIP/QFP 
65P524 PWM, 8-bit AID , additional 68-PLCC 

ROM/RAM 
66201 / • 48 I/Os 
66P201 • 10-bit AID 
66207/ • 4x16-bittimers 
66P207 • 2x16-bit PWM 
66301 / • Serial interface 
66P301 • Transition detector 

16K8 5128 64-SDIP/QFP 
68-PLCC 

16K8 5128 64-SDIP/QFP 
68-PLCC 

32KB 1 KB 64-SDIP/QFP 
68-PLCC 

66417/ 68 1/0s, 10-bitAID, 3x16-bit 32KB 1KB 80-QFP 
66P417 timers, 4x16-bit PWM, serial 

interface 
67620/ 56 I/Os, 3x16-bit timers, 16KB 5128 64-SDIP/QFP 
67P620 2x8 bit timers, serial interface 68-PLCC 

I 
Semiconductor 

CA Irvine 714n52-1843, Tarzana 818n74-9091 , San Jose 408/244-9666 FL Boca Raton 407/394-6099 
GA Norcross 404/448-7111 IL Rolling Meadows 708/870-1400 MA Stoneham 617/279-0293 Ml Livonia 313/464-7200 
NC Morrisville 919/469-2395 NY Poughkeepsie 914/473-8044 PA Horsham 215/674-9511 TX Richardson 214/690-6868 
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It tak~ experience to handle both 
limpn~ and flexibility. 

Smal l, lightweight, flexible--these are the 
requirements we meet often. But "limp as a noodle?" An 
appetizing challenge. 

Texas Instruments came to us for a complete 
interconnect system for a gyroscope controlled guidance 
system. Application-engineered to extremely demanding 
weight and space requirements, this dynamic system also 
must endure constant flexing. 

At Precision Interconnect, we're working every day 
to meet requirements like these. We manufacture 
microminiature cables with conductors as small as 42 
AWG and terminate them to our standard line of Micro-D 
and linear strip connectors with .050"(1 .27mm) centerline 
spacing. Custom and nano strip connectors with 
.025"(.64mm) spacing can also be assembled. 

Our expertise, increasing with each unique problem 
we solve, ensures that all critical components of your 
interconnect system are designed in, bu ilt in, and tested. 
We begin by discussing your specific interconnect system 
problems. 

Maybe over lunch? 

This ultra flexible harness for Texas 
lnstruroonts terminates Nano Strip 
and Micro-0 connectors to 
43 conductors, 32 to 40 AWG. 

CIRCLE NO. 106 

PRECISION 
INTERCONNECT 

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

Offices in San Francisco, Dallas, 
Wilmington, Diisseldort and Tokyo 
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· RITTAL Is Going 

Change The Way You 
ADout Enclosures. 

The PS 4000 is just one of over 
3000 RITTAL solutions. See what 
the perfect enclosure system can 
do for you. Call 1-800-4PS 4000 
for free RITTAL literature. You 'll 
change the way you think about 
enclosures, forever. 

RITTAL Corporation 
P 0 Box 1284 

EDN April 25, 1991 CIRCLE NO. 133 

3100 Upper Valley Pike 
Springfield, OH 45504 
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Extraordinary disc drives 
require extraordinary parts . 

Seagate and the Seagate logo are registered trademarks of Seagate Technology. Inc . 
\C 1991. StagateTechnology. Inc. 

• 
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Today's disc drives are smaller in size 
and larger in capacity than ever before due 
to advances in component technology. By 

designing and manufacturing most of the 
components ourselves-a concept called 
vertical integration-we can control the 
technology, cost, availability and quality of 
these critical parts. 

Technically speaking, no one builds more 
advanced thin-film discs and recording heads 
than Seagate. These core technologies help 
us put 3 gigabytes of storage in a box the size 
of a toaster. And because we design our own 
components, we can bring our new products 
to market faster. 

Of course, a key consideration in build­
ing our own parts is the cost. By controlling 

the manufacturing process 
down to the component 
level, we can have a signif­
icant impact on the cost of 
our finished products. The 

end-result is a better value for the customer 
without sacrificing quality or performance. 

In terms of availability, it's important to 
know that Seagate shipped over 7 million disc 
drives last year alone. With volumes like 
these, building our own components helps us 
avoid the parts shortages that often plague 
other disc drive manufacturers. 

Most importantly, vertical integration al­
lows us to maximize the quality of every com­
ponent we produce. With the industry's most 
advanced equipment and testing techniques, 
we consistently tum out components and fin­
ished products that are beyond reproach. 

Obviously, it takes an extraordinary capi­
tal investment to pursue this strategy. But the 
disc drive companies who control their crit­
ical component production will be better able 
to control their own destinies, as well as those 
of their customers. 

For more information on our complete 
line of high-performance disc storage prod­
ucts, contact your authorized Seagate dis­
tributor. Or call Seagate at 800-468-DISC, 
or 408-438-6550. 

&)>Seagate 
The fir.;t name in disc drives 
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OrCAD has introduced the greatest product 
upgrade in its history. Memory limits, design 
restrictions, even boundaries between products 
are all disappearing. 

For years, OrCAD's competitors have been play­
ing a game of catch-up. With the introduction of 
Release IV, the race is over. No one will match 
our price/performance ratio on these features: 

• Schematic Parts Library has been increased to 
over 20,000 unique library parts 

• Digital Simulation process has been speeded 
up by an order of magnitude 

• Printed Circuit Board Layout package offers 
autoplacement and autorouting at no extra 
charge 

• Expanded memory capabilities 

Best of all, OrCAD introduces ESP 

ESP is a graphical environment designed specifi­
cally for the electronic designer. Software tools 
appropriate for different stages in the design 
process are now linked together to form a seam­
less flow of information. This easy-to-use frame­
work relieves the designer of time consuming 
tasks and the inconvenience of moving from one 
tool set to another. You can now spend more 
time productively designing. 

For more information . .. 

You need to know more about Release IV and all 
of the benefits OrCAD has to offer. Call the tele­
phone number below and we'll send you a free 
demonstration disk. 

orcAn·m 
More designs from more designers 

For more information, call (503) 690-9881 
or write to OrCAD Sales Department, 3175 N.W. Aloclek Drive, Hillsboro, Oregon, 97124 
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SIGNAIS & NOISE 
Questions about 
PLL article 
I'd like to comment about the arti­
cle, "Technique eases design of 
phase-locked loops" (EDN, August 
20, 1990, pg 141). I appreciate see­
ing this subject published. 

However, I found two weak areas 
in the article. The first area in­
volves the included C-language list­
ings, Listing B-Key routines used 
in optimizing PLLs based on the 
4046 IC. When including source 
code, sparse commenting and the 
inclusion of calls to subroutines not 
included in the listing only add to 
a reader's difficulty in understand­
ing the code. I refer to the subrou­
tine calls, components() and 
scan2(). What does "components" 
do for the program? If it is to read 
component values, then which com­
ponents? 

Also related to the listing prob­
lem is the vagueness of program 

execution. Which subroutine is exe­
cuted first, last? In my opinion, had 
Fred Salvatti omitted the C-code 
listings, he would not have hindered 
the technical quality of the article. 

(The author's reply: I'm sorry that 
Glenn Inn takes offense at the in­
complete listing of my program in 
my article (EDN, August 17, 1990, 
pg 141). The program is too long 
to be printed in its entirety. I'm sure 
the editors did their best to give the 
readers the maximum amount of 
information in the space available. 

The second area with which I'm 
concerned involves the last para­
graph. "You can obtain ... the pro­
gram ... for $19.95. Send your re­
quest to the author." Surely the 
cost of a 5%-in. floppy disk cannot 
be as high as $20.00. It appears that 
Fred Salvatti intends to make a 
profit, small as it may be. That be­
ing the case, wouldn't this work 
classify as an advertisement, and if 
so, should you not charge the 
author for advertising space? One 
might infer that EDN employed un­
fair discriminatory advertising 
practice. 

Concerning Glenn's first ques­
tion: What does "components()" do? 
Components() is the function that 
displays the 4046 menu. In answer 
to Glenn's second question, scan2() 
is the function that responds w se­
lections from the 4046 menu. 

As to my making a profit, my 
time is worth more than $25 an 
hour. It takes me about an hour to 
copy the program to a disk, test the 
disk for correct operation, write a 
personal letter explaining some­
thing about the program, package 
the disk, address the package, and 
finally go to the post office to mail 

Glenn T Inn 
Engineering Manager 
Sera Solar Corp 
Palo Alto, CA 

EG&G Wakefield Engineering DELTEMTM 
(Patent pending) plastic heat sinks offer low-cost 
solutions for excessive junction temperatures in 
microprocessors, ASICs, and cache memory 
devices. DELTEM™ heat sinks for PQFPs and 
PLCCs are manufactured from a thermally 
enhanced polymer specially compounded by 
EG&G Wakefield Engineering to solve unique 
heat dissipation problems of plastic IC packages. 

Reduced TCE Mismatch 
Improved material compatibility to reduce case­
to-sink Thermal Coefficient of Expansion (TCE) 
mismatch. Our new DELTEM™ material aligns 
the expansion characteristics of the IC package 
and heat sink to virtually eliminate excessive 
bond line stress. 

Near-Equal Thermal 
Performance 
At low airflows (0-200LFM) typical of micro­
processor and logic applications, DELTEM™ 
heat sinks provide near-equal thermal perfor­
mance when tested versus aluminum heat sinks 
of similar size. 

Less Mass, Lower Weight, 
Low Cost 

n EGc.G WAKEFIELD ENGINEERING 
~~ 60 AU DUBON ROAD, WAKEFIELD, MA 01880 

Less mass and 403 lower weight reduce the risk 
of stress-induced solder joint fatigue for gull wing 
packages. Low unit cost for our DELTEM™ heat 
sinks provides improved thermal performance 
for cost-effective PQFP and PLCC packages. 
Call our Application Engineering Department 
today at 6171245-5900 for DELTEM™ plastic 
heat sinks for PQFPs and PLCCs. TEL: (617) 245-5900 • TWX: 710-348-6713 • FAX: (617) 246-0874 
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SIGNALS & NOISE 

it. At this point I'm already in the 
hole more than $5, not to mention 
all the hours it took to develop the 
equations and write and debug the 
program. Surely as an engineering 
manager, Glenn can see that there's 
no way I'm making a profit. And, 
incidentally, I did this work on my 
own time.) 

How do engineers, et al, 
fare in the marketplace? 
In the article, "The Job-Hunting 
Blues" (EDN, January 21, 1991, pg 
230), Julie Schofield is too kind to 
big business. 

Businessmen are politicians who 
find some gadget to sell the govern­
ment or other big business. They 
[receive] a little mopey from bank­
ers and a lot of money from suckers; 
they find talented, but naive peo­
ple, and they put together a little 
military machine that obeys the 

tenets of Socrates, Adam Smith, 
F W Taylor, Gantt, and others. The 
politicians and their cronies get 
rich! The exploited talent and the 
exploited labor get old or stale. 
When people see riches passing un­
der their noses, they may want to 
share in those riches. But people 
are expendable, so they get ex­
pended. 

I could let off steam for thousands 
of pages, but you get the message. 
Robert C Gibson 
Consulting Engineer 
Aurora, IL 

Who did it? 
We inadvertently neglected to let 
you know that Intel Corp supplied 
the cover photograph for EDN's 
March 28 Software Engineering 
Special Supplement. Apologies to 
all concerned. 

MINIATURE INDUSTRIAL 
MOTORS AND GEARMOTORS 

IT'S EASY TO 
HAVE YOUR SAY 

EDN's Signals & Noise column pro­
vides a forum for readers to express 
their opinions on issues raised in the 
magazine's articles or on any topic 
that affects the engineering industry. 
You can use one of several easy 
ways to reach us. First, there 's al­
ways the mail. Send your letters to 
Signals & Noise Editor, EDN Maga­
zine, 275 Washington St, Newton, 
MA 02158. Or, send us a message 
via MCI mail at EDNBOS. Finally, 
EDN's bulletin-board system is ready 
for use-and it's free (except for the 
phone call) . You can reach us at (617) 
558-4241 and leave a letter in the 
EDITORS Special Interest Group. 
You 'll need a 2400-bps or less mo­
dem and a communications program 
that is set for eight data bits, no par­
ity, and one stop bit, or 1200/2400, 
8N1 in shorthand. 

EDN 

Sl Waber 
takes the bite 

out of electricity 
In fact, we've been taming electricity since 
1959. SL Weber offers the world's broadest 
selection of power protection solutions. 
Our Surge Sentry®, Dotogord® and Power 

Globe Motors offers a fu ll line of miniature in­
dustrial DC motors and gearmotors for all your 
motion applications. 

• 12 or 24 voe 
• Efficient and reliable DC motors available in 

Size 13, 15, and 21 
• High-energy ceramic 8 or 10 magnetics 
• Low-cost spur and planetary gear reducers 
• Options such as EMI filters, integral 

tachometer generators, and optica l encoders 

Moster® surge suppressors ore all tested to the stringent UL 
Standard 1449. Selected models feature a lifetime warranty 
and our no-nonsense Power Protection Promise that covers all 
properly connected equipment. We hove surge suppressors 
that offer hard disk, phone line and 20-Cmp protection. And if 
you can't find exactly what you need, we con even custom 
design a product to fit your unique application. Because if you 
use electricity, you need SL Weber. 
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AVAILABILI1Y: Call Hall-Ma rk or Jaco fo r 
ovemight delive1y or call: 

GLOBE MOIDKS 
A Division of Labinal Components and Systems. Inc. 

513-228-3171 
CIRCLE NO. 3 

Q~ WABER, INC. 
au A Subsidiary of SL Industries, Inc. 

(800) 634-1485 • In NJ call (609) 86&a888 
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100 CHANNELS.100 MHz.1 CARD. 

See for yourself 

why competition 

YOU EITHER HAVE IT 

OR YOU DON'T. 
No other logic analyzer, rumored or real , can keep up with the single-card, 100 MHz sync/400 MHz 

async Tek Centurion, the comprehensive solution for RISC and high-speed CISC. 

to the Tek Centurion 

hasn't materialized. 

Compare its accuracy against multi-card 100-channel solutions. Discover its vast expandability for multi­

rnicroprocessor debugging . See the advantage of Tek analysis tools, backed by up to 128K/ channel memory. 

Disassembly support? Only Tek gives you the 80386, 80486, 80960CA, i860, 88100, 68020; 68030, 

68040, R3000, R3000A, and AMD 29000. Not soon, someday, or maybe, but shipping now. 

Don't buy less without seeing Centurion first! See your Tek sales engineer 

for a demo, or call 1-800-426-2200 to get the facts. 

Copyright © 1991 Tektronix, Inc. All rights reserved. DAS-088 

Circle No. 54 for Literature Circle No. 55 for Sales Contact 

TektronOO 
COMMITTED TO EXCEu.ENCE 
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Before the A500 started testing Motorola's mixed-

··,~. ,,. ~r~?O ~ ~ 
'~ 

"Motorola has adopted a Six Sigma initiative 
which focuses attention on approaching zero ­
defect performance in everything we do, in­
cluding our test systems. Our purchase of 

IMAGEis atrademark o/Teradyne, Inc. 
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the Teradyne A500 test system supports our 
Six Sigma initiative and our competitive 
leadership challenge." 

Director of Marketing 

Motorola knows you can't have a Six 
Sigma process unless you can test 
to Six Sigma standards. That's why 
Motorola's MOS Digital-Analog 
Integrated Circuits Division chose 
the Teradyne A500 Analog VLSI 
Test System. Because, in addition 
to proving the A500 could handle the 

Motorola and{E5J are registered trademarks of Motorola , Inc. 

complex technical requirements of 
Motorola's advanced ISDN inter­
faces, we also demonstrated that 
we could perform to Motorola's 
stringent quality levels. 
"Can it do scan testing? Digitize high­
frequency waveforms? Do true mixed-mode 
testing? Does it have a.flexible architecture? 
Can you give us the support for a Six Sigma 
process? Applications expertise? Complete 
documentation? The right tools? In each 
case, Teradyne answered yes." 
Manager, Advanced Test Technology 

EDN April 25, 1991 



signal technology, Teradyne had to pass a few tests. 
With the A500, Motorola had the 
ability to digitize waveforms at 
20 MHz, plus the high pin count 
necessary to guarantee that their 
ISDN U-Interface worked the way 
it was supposed to. 

Best of all, the A500's full tester 
simulation and powerful IMAGE™ 
software provided the design flex­
ibility and rapid debugging Motorola 
needed to deliver defect-free parts 
on time. 

EDN April 25, 1991 

"The ASOO gave us the resources we needed, 
in one place, to be able to have a functioning 
test program very quickly- at least two to 
three times faster than any other test system. 
This type of support is just what we need 
to get our complex circuits, such as the 
U-Interface transceiver, to the marketplace 
ahead of the competition." 

Operations Manager 

To Motorola, delivering Six Sigma 
quality is not just a promise. It's a way 
of doing business. And it's a test that 
must be passed by suppliers as well. 

CIRCLE NO. 100 

To see how our A500 family of test 
systems can help you deliver quality, 
callBethSulakat (617) 482-2700, 
ext. 2746. 

Or call your nearest Teradyne 
sales office, or write: Teradyne, 
Inc., 321 Harrison Ave., Boston, 
MA02118. 
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Pull into Toshiba for unmatched product selec­
tion, service and support. After you've conceptual­
ized your latest design and you're ready to begin the long 

With 1/Jshiba's unmatched 
selection of 298 micros, you're 
never far from market. 

trip to market, be sure to fuel your 
silicon needs with Toshiba's line of 
298 varieties of 4-, 8- and 16-bit 
microprocessors, microcontrollers , 
as well as development tools. 

Toshiba has over 100 4-bit 
microcontrollers to drive hundreds 
of consumer and industrial appli­
cations with high speed CMOS 
performance and on-chip ROM/ 
RAM capability. Were your sec­

ond source for Zilog Z80 and Intel 8048/8085, as well as 
Motorola 68HCOOO, 68HC11and68HC05. And our 
advanced technology lets us offer you Z80- and 
68HCOOO-based ASSPs, too. 

Since Toshiba is one of the world's largest CMOS 
micro manufacturers, you can count on our production 
and delivery to make your design/production cycle run 
smoothly. Our 20 years of experience in fueling fast 
production starts yields to none. We're capitalizing on 
our landmark semiconductor process to propel our 
diverse 4-bit, 8-bit, 16-bit and future 32-bit micros. 

Whenever you're driving a 
new design, you can expect a 
smooth ride on the CMOST 
Expressway. 1 CMOST . 

Call Toshiba today. '- , l Hf St11 IO STl\TE , : 

For technical literature, call 1-800-321-1718. 
The CMOST Expressway. Paved 
in silicon with the world 's leading 
CMOS technology. 

In Touch with Tomorrow 

TOSHIBA 
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

© 1991 Tushiba America Electronic Components, Inc. 
Product names and company names mentioned herein may be trademarks 
or registered trademarks of their respective companies. 
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r to 3GHz from$114s 
lowpass, highpass, 

bandpass, narrowband IF 
• less than 1 dB insertion loss • greater than 40dB stopband rejection 
• 5-section, 30dB/octave rolloff • VSWR less than 1.7 (typ) • meets MIL-STD-202 tests 
• rugged hermetically-sealed pin models • BNC, Type N; SMA available 
• surface-mount • over 100 off-the-shelf models • immediate delivery 

CD .., 
" .2 g 
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0 
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frequency 

HIGH PASS 

"'CL 'Q. : 

c ' 
2 ' g : 
c ' ' 
~ ' ' 
~ : : 

frequency 

BANDPASS 

NARROWBAND IF 

FREQUENCY 

low pass de to 1200MHz 
PASSBANO. MHz fco, MHz 

(loss < 1dB) (loss3db) 
MODEL 

NO. Min. Norn. 

PLP-10.7 DC-11 14 
PLP-21 .4 DC-22 24.5 
PLP- 30 DC-32 35 
PLP-50 DC-48 55 
PLP-70 DC-60 67 
PLP-1 00 OC-98 108 
PLP-1 50 DC-140 155 
PLP-200 DC-190 210 
PLP- 250 DC-225 250 
PLP-300 DC-270 297 
PLP-450 DC-400 440 
PLP-550 DC-520 570 
PLP-600 DC-580 640 
PLP- 750 DC-700 770 
PLP-800 DC-720 800 
PLP-850 DC-780 850 
PLP- 1000 OC-900 990 
PLP-1 200 DC-1000 1200 

high pass de to 2500MHz 
PASSBAND, MHz fco , MHz 

(loss<1 dB) (loss3db) 
MODEL 

NO. Min. Min. Nom. 

PHP-50 41 200 37 
PHP-100 90 400 82 
PHP-150 133 600 120 
PHP-175 160 800 140 
PHP-200 185 800 164 
PHP-250 225 1200 205 
PHP- 300 290 1200 245 
PHP-400 395 1600 360 
PHP-500 500 1600 454 
PHP-600 600 1600 545 
PHP-700 700 1800 640 
PHP-800 780 2000 710 
PHP-900 910 2100 820 
PHP- 1000 1000 2200 900 

bandpass 20 to 70MHz 
CENTER PASS BAND, MHz 

FREQ. (loss < 1dB) 
MODEL MHz Max. Min. 

NO. FO F1 F2 

PIF-21 .4 21.4 18 25 
PIF- 30 30 25 35 
PIF-40 42 35 49 
PIF-50 50 41 58 
PIF-60 60 50 70 
PIF-70 70 58 82 

narrowband IF 
CENTER PASS BAND, MHz 

FREQ. l.L. 1.SdB max. 
MODEL MHz 

NO. FO F1-F2 

PBP-1 0.7 10.7 9.5-11 .5 
PBP-21 .4 21.4 19.2-23.6 
PBP-30 30.0 27.0-33.0 
PBP-60 60.0 55.0- 67.0 
PBP-70 70.0 63.0-77.0 

STOP BANO, MHz VSWR 
(loss>20dB) (loss>40dB) pass· stop-

band band 
Max. Max. Min. typ. typ. 

19 24 200 1.7 18 
32 41 200 1.7 18 
47 61 200 1.7 18 
70 90 200 1.7 18 
90 117 300 1.7 18 

146 189 400 1.7 18 
210 300 600 1.7 18 
290 390 800 1.7 18 
320 400 1200 1.7 18 
410 550 1200 1.7 18 
580 750 1800 1.7 18 
750 920 2000 1.7 18 
840 1120 2000 1.7 18 

1000 1300 2000 1.7 18 
1080 1400 2000 1.7 18 
1100 1400 2000 1.7 18 
1340 1750 2000 1.7 18 
1620 2100 2500 1.7 18 

STOP BAND, MHz VSWR 
(loss>20dB) (loss>40dB) pass- stop-

band band 
Min. Min. typ. typ. 

26 20 1.5 17 
55 40 1.5 17 
95 70 1.8 17 

105 70 1.5 17 
116 90 1.6 17 
150 100 1.3 17 
190 145 1.7 17 
290 210 1.7 17 
365 280 1.9 17 
440 350 2.0 17 
520 400 1.6 17 
570 445 2.1 17 
660 520 1.8 17 
720 550 1.9 17 

STOP BAND, MHz VSWR 
(loss > 10 dB) (loss > 20 dB) 1.3:1 typ. 
M in. Max. Min. Max. total band 
F3 F4 FS F6 MHz 

4.9 85 1.3 150 DC-220 
7 120 1.9 210 DC-330 

10 168 2.6 300 DC-400 
11 .5 200 3.1 350 DC- 440 
14 240 3.8 400 DC-500 
16 280 4.4 490 DC-550 

STOP BAND, MHz STOP BAND, MHz PASS-
1.L. > 20dB l.L. > 35dB BAND 

VSWR 
FS F6 F7 F8-F9 Max. 

7.5 15 0.6 50-1000 1.7 
15.5 29 3.0 80-1000 1.7 
22 40 3.2 99-1000 1.7 
44 79 4.6 190-1000 1.7 
51 94 6 193-1000 1.7 

PRICE 
$ 

Qty. 
(1-9) 

11 .45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 
11 .45 
11.45 
11 .45 
11.45 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

18.95 
18.95 
18.95 
18.95 
18.95 
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c::J Mini-Circuits 
P.O. BOX 350166, Brooklyn, New York 11235-0003 (718) 934-4500 FAX (718) 332-4661 TELEX 6852844 or 620156 WE ACCEPT AMERICAN EXPRESS 
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FLUKE AND PHIL I PS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

FLUKE PHILIPS 

• 300mV -. ~-=~i 
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Great Choice. 
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More professionals in more industries 
make Fluke their first choice in 
multimeters. 
Fluke DMMs. Reliable. Accurate. Powerful. 
Tough. Versati le. Easy to use and simple to 
operate. Backed by the longest, most 
comprehensive warranty in the business. 
Made in the U.S.A. In short, Fluke makes 
meters you can bet your reputation on. 
More choice. No matter what the job, 
there's a Fluke to handle it. 
There's the new 80 Series-the most 
powerful, most complete test and 
measurement system available in a 
handheld package. 

The popular 70 Series- simply put, the 
most requested DMM in the world, with 
nearly 2 million units in service since 
1984. And the Fluke 21 and 23-70 Series 
simplicity in high·visibility yellow. 
The Fluke 25 and 27 - the most rugged 
meters ever built, totally sealed against 
water, dust and other contaminants. 
And the precise 8060 Series-with the 
versatility of a test lab, the accuracy of a 
bench instrument, and the convenience 
of a handheld. 
Smart choice. Compare Fluke DMMs 
with any other handheld. No one else gives 
you as much meter for your money. And 
no other meter costs less to own. 

CIRCLE NO. 102 

Your choice. For the name of your 
nearest Fluke distributor, call toll-free 
1-800-44-FLUKE, ext. 33. And make a 
great choice. 

John Fluke Mlg. Co .. Inc. P.O. Box C9090 MIS 250C Everett, 
WA 98206. U.S.: (206) 356·5400. Canada: (416) 890-7600. 
Other Countries: (206) 356·5500. ~ 1989 John Fluke Mlg. Co .. 
Inc. All rights reserved. Ad No. 049H70 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS 

FLUKE 
EDN April 25, 1991 



Have you been stumped by a design 
problem so long that you don't know 
who to turn to? Are you having 
trouble locating parts? Finding 
companies? Can't interpret a spec 
sheet? Ask EDN. 

This department will serve as a 
forum to solve nagging problems 
and answer difficult questions. 
EDN's editors will provide the solu­
tions. If we can't solve a problem, 
we'll find an expert who can, or 
we'll print your letter and ask your 
peers for help. We can't answer 
every question, but we'll try to pub­
lish the ones that will help you most 
in your job. 

Address your letters to Ask 
EDN, 275 Washington St, Newton, 
MA 02158. FAX (617) 558-4470; MCI: 
EDNBOS. Or, send us a letter on 
EDN's bulletin-board system. You 
can reach us at (617) 558-4241 and 
leave a letter in the /ask_edn Spe­
cial Interest Group. 

Searching for 
synchronous ICs 

Is there a PWM current-mode in­
tegrated circuit that can be syn­
chronized to a like circuit by 
merely connecting one pin of each 

. IC together? This synchronization 
would be similar to that achieved 
by connecting two SG1525As. I'd 
appreciate your help. 
Michel Masse 
Woodland Hills, CA 91364 

Associate Editor Dave Pryce re­
plies: The synchronization you refer 
to for the voltage-mode SG1525A 
usually takes the form of a sync in­
put to the oscillator section of the 
PWM regulator. This sync pin en­
ables the user to slave together 
multiple units or to synchronize a 
single unit using an external clock. 
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A number of current-mode regu­
lators have a sync input pin to the 
oscillator. Among them are the CS-
3865 from Cherry Semiconductor; 
the LT1846, SG1846, and UC1846 
from Linear Technology, Silicon 
General, and Unitrode, respec­
tively; and the SG1528/SG1530 com­
bination current-mode/voltage­
mode chip from Silicon General. 

Check with these companies to 
determine if these chips will perform 
properly in your particular applica­
tion. For example, the CS-3865 is a 
dual unit, and the sync pin may only 
serve to control each internal unit. 
Each company offers an extensive 
line of switching regulators and can 
provide capable applications support: 

Cherry Semiconductor Corp 
2000 South County Trail 
East Greenwich, RI 02818 
(401) 885-3600 
FAX (401) 884-0790 

Linear Technology Corp 
1630 McCarthy Blvd 
Milpitas, CA 95035 
(408) 432-1900 
FAX (408) 434-0507 

Silicon General 
11861 Western Ave 
Garden Grove, CA 92641 
(714) 898-8121 
FAX (714) 893-2570 

Unitrode Integrated Circuits 
7 Continental Blvd 
Merrimack, NH 03054 
(603) 424-2410 
FAX (603) 424-3460. 

Short persistence pays off 

Can you tell me where I can pur­
chase CRT projection tubes with 
short persistence-less than 1 

msec? We need such tubes for 
shuttered 3-D video projection. 
Mohammed Arif 
Heinrich-Hertz-Institut fllr 
N achrichtentechnik 
Berlin, Germany 

Among the companies that sell such 
tubes are 

Hitachi America Ltd 
2210 O'Toole Ave 
San Jose, CA 95131 
( 408) 435-8300 

Video Display Corp 
1868 Tucker Industrial Dr 
Tucker, GA 30084 
(404) 938-2080 

Litton Systems Inc 
Electron Devices Div 
1215 S 52nd St 
Tempe, AZ 85281 
(602) 968-4471. 

Another obsolete part 

I am trying to locate an AID con­
verter once manufactured by Na­
tional Semiconductor. The part 
number is MM5863N, and the de­
vice is at least 10 years old. Na­
tional Semiconductor no longer 
makes it or has a second source 
for it. Can you help me locate a 
source for this device? 
Tony De Carvalho 
Repair and Product Development 
Manager 
Webb Communications Inc 
Tampa, FL 

If any reader has a secret stash of 
MM5863Ns, please drop Ask EDN 
a line. 

EDN 
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Call for our free catalog, or else. 
Orelseyouwon'tbeabletoquickly 

find everything you need to build afford­
able, yet superb PC-based test systems. 
Such as signal sources, DSOs and data 
acquisition tools. 

Nor will you be able to take advan­
tage of our oth r free offer: Buy a power 
supply or switching system, plus any 
GPIB instrument and get a $595 PC GPIB 
interface card. 

Butto g t your free card, you'll 

ImN April 25, 1991 
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maybe our other freebie will. 
want to see our catalog firsr 

This offer ends Sept. 27, 1991. 
Limit one card per customer. 

For a catalog and details, call 
1-800-44-FLUKE. Ask for extension 701 . 

The call is free (what else). 

EDN April 25, 1991 

·1f you have our catalog already, great - feel free to go straight 
to the phone and order. 

John Fluke Mfg. Co., Inc., P.O. Box 9090, MIS 250C, Everett, 
WA 98206-9090. U.S. (206) 356·5400. Canada (416) 890-7600. 
Other countries• (206) 356-5500. 

© 1991. All rights reserved. Ad No. 00088 
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FAST ANSWERS. 

FLUKE ® 
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From Star Wars 



to Price Wars 

Our High Rel/Aerospace 

linear array experience is 

paying off ror companies 

0 

05 

with high-volume. low-cost applications. "·· 

Symbol Technologies is a good example. 

A tiny Raytheon instrumentation amplifier 

helped them combine both bar code sca nner 

and decoder in a single, lightweight. handheld 

unit- that's tough enough to take a five foot 

drop onto concrete. 

Symbol also took advantage or our Win -Win 

program. It let them get to market quickly with 

a semicustom array, then shift to full custom 

as sa les volumes increased. 

Win-Win is fast . flexible. and makes good 

business sense because it eliminates the ri sk 

of getting in to a full custom array before you're 

rea lly ready. 

Raytheon is committed to analog technology. 

From our design kits and engineering support 

to our fab and plastic assembly facili ty. We 

have the experience it takes to help you 

develop creative. cost effective solutions. 

Find out how. Ca ll 1-800 722-7074 for 

our new analog brochure. 

Raytheon Company, Semiconductor Division. 

350 Ellis St .. Mountain View. CA 94039. 
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Where quality star ts with fundamentals 
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For MostPeoP,le, It Was 
Just Another Warm September Day. 

For design engineers, it was 
the day mixed analog/digital 
design came of age. 
The event was the mixed-sig­
nal design demonstration at 
the IEEE Bipolar Circuits and 
Technology Meeting (BCTM). 
The goal was to give credence 
to mixed-signal simulation and 
to benchmark companies in 
the marketplace. The results 
were conclusive. 

Viewlogic came up with the 
right answer first. 
But more to the point, what we 
did at BCTM in September, 
we can do for you now. We ' re 
the only company with a 
proven technology and a three 
year track record of success. 
The only one that integrates 
design capture, simulation and 
analysis. 

But that's just the beginning. 

Performance and Flexibility 
available nowhere else. 
With VIEWsim/SD, you'll get 
the choices you need. You'll 
be able to mix behavioral mod­
els with gates and SPICE prim­
itives. Choose from leading 
analog simulators like PSPICE 
and HSPICE. Include physical 
hardware models for devices 
when software models are not 
available. Use the most popu-

Full Hierarchical 
Design 

A utomatic Design 
Partitioning 

CAPTURE 

VIEWdraw 

SIMULATE 

M ixed-Signal VIEWsimtSD 
Simulation Wi th 
Behav ioral, Device, 
Hardware Models 

Integrated 
Mixed Signal 
A nalys is 

ANALVZE 

VIEWtrace AID 

CIRCLE NO. 140 

lar platforms from SUN, 
DEC and IBM. 
Our white paper At,:r. 
"M . d s· l e. Ji rt.JI. I Xe - lgna eq~h "'%cW/Jfl/ 

Simulation "'flr.t~~-,,,,,., 
Benchmark 
Report" 
proves the 
point. Call us at 
1-800-422-4660, Ext.102. 
You ' ll like the climate 
we're creating for mixed­
signal design. 

II 
VIEWlogiC 
The CAE Company 
Viewlogic Systems, Inc. 
293 Boston Post Road West 
Marlboro, MA 01752 
508-480-0881 
508-480-0882 FAX 

PS PI CE and HS PI CE are trademarks of the ir 
respective companies. 

EDN April 25, 1991 



Top 
Why 90% of the 

Electronics Companies 
Use CAPS 

for IC and Semiconductor Search and Selection 

CAPS Saves Time and Money 
The CAPS® IC and Semiconductor Search and 

Selection System boosts your productivity and 
pays for itself by saving you hours of drudgery 
and frustration. Engineers and designers who 

use CAPS consistently report productivity 
gains between 5:1 and 10:1 over manual 

methods! 

CAPS Finds Facts Fast 
CAPS' CD-ROM database gives you instant 
access to complete technical data on more 
than 575,CJJJ IC and semiconductor components 
from over 485 manufacturers worldwide. 

CAPS Keeps Pace with Technology 
With CAPS, you get updates every 

month, including new component 
information,datasheets,and 

revisions to existing information. 
CAPS also keeps track of obsolete 

components for you. 

CAPS Gives You Control 
CAPS puts you in charge. In seconds, you can 
search the database using either simple queries or 
special criteria to pinpoint a specific component or 
compare several candidates. 

CAPS Delivers the Big Picture 
CAPS includes hundreds of thousands of digitally­
stored images of manufacturers' datasheet pages, 
complete with unabridged text and graphics. 
CAPS even provides cost information and tells 
you how to contact manufacturers. · 

CAPS is a registered trademark of Reed Publishing (USA) Inc. 
IBM is a registered trademark and AT is a trademark of International 
Business Machines Corporation. 
Sun is a registered trademark of Sun Microsystems, Inc. 

CAPS Runs on Existing Equipment 
When you subscribe to CAPS, you get all the hardware and software you need 

to add CAPS to your IBM® PC/ A'fTM, lOOl/o-compatible personal 
computer, or Sun® workstation. So you can get started right away! 

Find out why so many of the top companies ranked by Electronic 
Business magazine have made CAPS their IC and semiconductor 

search and selection tool. 

For complete information about CAPS, call or write today! 

Computer Aided 
Product Selection 

CIRCLE NO. 141 

Cahners Technical Wonnation Service 
275 Washington Street 
Newton, Massachusetts 02158-1630 
Telephone: 617-558-4960 
Facsimile: 617-630-2168 

Toll-free: 800-245-6696 



You're looking at the 
biggest news in signal 
sources in years: two new 
families of pulse genera­
tors from Tektronix. 

Copyright © 1991, Tektronix, loc. All righ~ reserved. 85A 186-135 

....... 
'V MINU -

You can already see one reason why 

Tek's new pulse generators are stirring 

up so much interest: their what-you­

see-is-what-you-get user interface 

vastly simplifies your life. 

Now you can stop piecing the big 

picture together from one-line LEDs, 

blinking error lights and trial-and­

error iteration. Tek's new scope-like 

display lets you set up and modify a 

whole set of parameters at once, with 

a true representation of your pulses 

and instant, visual feedback. 

You name your application and 

logic technology: Tek has a signal 

source to match. For the first time, 

you can choose channel capacities 

from one to six channels, or rep rates 

from 50 MHz to a remarkable 600 

MHz. Choose tools designed for 

logic, fast logic, or mixed technolo­

gies. Vary transition times from 200 ps 

to 10 ms. Test complex timing rela­

tionships with ease. 

Add to all this our popular pulse 

generator plug-ins from Tek TMSOO/ 



5000 modular instrumentation, and 

you can see why we're making waves! 

Easier to use, more precise and 

more expandable, Tek's new pulse 

generators are doing for signal 

sources what DSOs have done for 

measurements. 

Contact your Tek sales office 

for a demonstration, or call for more 

information. 

1-800-426-2200 

EDN April 25, 1991 

HFS 9020 

MOO LES & ASSEMBLIES COMPONENTS 

One company measures up. 

lektron~ 
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• 

FAST LOGIC 
( <7ns transitions) 
ECL, ECLinPS. 
Sony ECL. GaAs 

LOGIC 
( :1. 7ns transi tions) 
TTL, CMOS 
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WE DO 68,000 IMPER50NATIONS. 
AND THEN SOME. 

ZAXPAK in-circuir emularors can 
impersonare mosr microprocessors, includ­
ing rhe Mororola 68000. So now you can 
debug and integrare your design fasrer and 
more efficienrly. We're rhe leader in 16-bir 
emulation, including 68000, SOC I 86 and 
V50. We also support 8 and 32-bit chips and 
specials like Mitsubishi's MELPS 7700. 

ZAX has been delivering design rools 
for over a decade. Now we've put that expe­
rience into our new ZAXPAK fami ly of 
hardware/software solutions featuring 

source-level debug and one million break­
points. All under control of your terminal, 
PC, work-station or Ethernet. Or use our 
optional built-in host plarform. 

So call us today at I -800-42 1-0982. (In 
CA call 1-800-233-9817). And see how doing 
a few quick impersonations can help you 
bring your design to market faster. 

~ "IM 
Zax Corporation 

2572 White Road, Irvine, CA 92714. 
Put your design to the test. 

CIRCLE NO. 5 
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WHEN IT COMES TO HIGH 
ACCURACY CRYSTAL UNITS, 
ONLY RALTRON HAS IT ALL. 
RALTRON manufactures one of the industry's 
most complete lines of high quality crystal units. 
Call us for all your crystal needs from micro­
processor to AT strip to tuning fork to high 
accuracy. Or call us for our 28 page catalogue. 

HIGH ACCURACY CRYSTAL UNITS 
• Frequency Range: 1.0 MHz-360 MHz 
• Mode of Oscillation : Fundamental to 9th 0. T 
• Frequency Tolerance: @ 25°C: ± 2.5 ppm to ± 100 ppm 
• Frequency Stability ± 3 ppm ( - 10°C to + 60°C) to 

± 50 ppm ( - 55°C to + 105°C) 

SURFACE MOUNT CRYSTAL UNITS 
HC-45/U SMD, TT SMD, HC-49S SMD 

• Frequency Range: 3.5 MHz-360 MHz 
• Mode of Oscillation: Fundamental to 9th O.T 
• Frequency Tolerance:@ 25°C: ±2.5 ppm to± 100 ppm 
• Frequency Stability: ± 3 ppm ( -10°C to + 60°C) to 

± 100 ppm ( -10°c to + 10°C) 

The Products. The Prices. The People. Only RALTRON has it all. 

RALTRON ELECTRONICS CORP. 
2315NW107th Avenue, Miami, Florida 33172 
FAX (305) 594-3973 TELEX 441588 RALSENUI 

(305) 593-6033 

CIRCLE NO. 6 

CALENDAR 

Monterey Software Conference, 
Monterey, CA. Digital Consulting 
Inc, 204 Andover St, Andover, MA 
01810. (508) 470-3880. April 30 to 
May2. 

Seventh Annual Semiconductor 
Forum, Phoenix, AZ. In-Stat Inc, 
Box 8130, Scottsdale, AZ 85252. 
(602) 860-8515. FAX (602) 860-1863. 
May 5 to 8. 

MIL-STD-1533 Seminar, Phoenix, 
AZ. Mike Milburn, Test Systems 
Inc, 217 W Palmaire, Phoenix, AZ 
85021. (602) 861-1010. FAX (602) 
861-1082. May 7 to 8. 

North American MAP/TOP User 
Conference, Nashville, TN. Steve 
Sickels, COS, 1750 Old Meadow Rd, 
Suite 400, McLean, VA 22102. (703) 
883-2704. FAX (703) 848-4572. May 
7 to 9. 

Reliability Engineering for Elec­
tronic Products (short course), 
Madison, WI. Robert Gold, Dept of 
Engineering, University of Wiscon­
sin at Madison, 432 N Lake St, 
Madison, WI 53706. (800) 462-0876. 
May 8 to 10. 

Custom Integrated Circuits Con­
ference (CICC), San Diego, CA. 
Roberta Kaspar, Technical Pro­
gram Coordinator, 1597 Ridge Rd 
W, Suite 101C, Rochester, NY 
14615. (716) 865-7164. FAX (716) 
865-2639. May 12 to 15. 

41st Electronic Components and 
Technology Conference, Atlanta, 
GA. Jim Bruorton, Publicity Chair­
person, ECTC, KEMET Electron­
ics Corp, Box 5928, Greenville, SC 
29606. (803) 963-6621. May 13 to 15. 

Applications of Unix Utilities 
(short course), Seattle, WA. Spe­
cialized Systems Consultants Inc, 
Box 55549, Seattle, WA 98155. 
(206) 527-3385. FAX (206) 527-2806. 
May 14. 

EDN April 25, 1991 



For years, dumb UARTs have been the 
standard datacom solution. Now there's 
something better for today's multi-user, 
multi-protocol datacom environment. Our 
single-chip solution gives you multiple chan­
nels - each capable of full-duplex operation 
at 115.2 kbps-and replaces up to 10 chips. 

Cirrus Logic introduces the UXART -
the first and only UART with specific features 
to simplify and speed up serial I/O efficiency 
by a factor of ten or more. So your UNIX® 
system can support more users, with better 
response time - and less waiting. 

The CL-CDl 400 UXART™ gives you 
4 fully independent datacom channels, each 
capable of full-duplex operation at 115.2 kbps. 
Each channel has two 12 byte FIFOs, one 
for transmit and one for receive. Separate 
vectored interrupts allow quick entry to the 
correct service routine. 

A number of features reduce the load 
on the host system. Automatic expansion 
of Newline to CRNL, plus other CR and 
NL options. User-definable flow control 
characters for automatic flow control. 

c 0 s 

All five 
types of 
UNIX­
specified 
parity 
and error 
handling. 
And more. 

For high-line-count, cost-effective applications, 
there's the CL-CD180. It offers performance gains 
similar to the CL-CDl 400, plus the advantage of 
8 channels in a single 84-pin package. 

The CL-CD2400 adds synchronous capabilities. 
It offers 4 independent, multi-protocol channels, 
plus an on-chip DMA controller for fast, efficient 1/0. 

For all your multi-protocol, multi-user datacom 
needs, the Cirrus Logic family of intelligent, high­
performance data communications controllers gives 
you superior throughput in less space - with less 
waiting. 
1,---------------, 
I Don't wait. Call today for free product informa- I 
I tion and benchmark report on the CL-CD1400. 
LCall 1-800-952-6300. Ask for dept. W25_JI 
---------------

CIRRUS LOGIC 
N G T H E G A P 

An on-chip 

10 MIPS RISC-based 

processor handles 

transmit and receive 

functions, buffer 

management, flow 

control, and all 

special character 

processing. On-chip 

FIFOs reduce host 

interrupts to give 

you more efficient 

interrupt handling. 

The result: faster 

system throughput, 

lower host overhead, 

and less waiting_ 

©1991 Cirrus logic, Inc., 31 DO West Warren Avenue. Fremont, CA 94538 (415) 623-8300; Japan: 462-76-0601; Singapore: 65-3532122; Taiwan: 2-718-4533/4534; Germany: 81-52-2030/6203 
© Cirrus logic, and the Cirrus Logic logo and UXART are trademarks of Cirrus Logic. Inc. All other trademarks are registered to their respective companies. 
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• 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 18171 274-7553 Fax 18171 548-1358 

~ 7;/;,_;j~·;:::J'/J_;. J 

.. Tiii'. STD Bl 'S Al TllORI'IY"" 

CALENDAR 
Project Management: Skills For 
Success (short course), San Fran­
cisco, CA. Learning Tree Interna­
tional, Box 45028, Los Angeles, CA 
90045. (800) 421-8166; in Canada, 
(800) 267-1824. May 14 to 17 . 

American Consulting Engineers 
Council Annual Convention, Balti­
more, MD. ACEC, 1015 15th St 
NW, Washington, DC 20005. (202) 
347-7474. May 19 to 23. 

International Semiconductor 
Manufacturing Science Sympo­
sium (ISMSS), Burlingame, CA. 
SEMI, 805 E Middlefield Rd, 
Mountain View, CA 94043. (415) 
964-5111; (415) 940-6901. May 20 
to 22. 

ANSYS International Conference 
And Exhibition, Pittsburgh, PA . 
Jennifer D'Orazio, Swanson Analy-
sis Systems Inc, Box 65, Houston, 

___________ c1_R_cL_E_N_o_._1 __________ --i PA 15342. (412) 746-3304. FAX 

Imagine a mesh-like, 
single-unit structure that 
eliminates the 
unraveling and contact 
resistance of woven 
mesh. 

Now imagine how you'd 
use this material. 
Its called MicroGrid'" 
Precison-Expanded Foils. 
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Imagine it with superior 
shielding, electrical and 
heat transfer 
properties. 

16 Commercial St. 
P.O. Box 427 
Branford, CT 06405 
203-481 -4277 
FAX: 203-488-6902 

CIRCLE NO. 8 

(412) 746-9494. May 20 to 24. 

Midwest Electronics Exposition, 
Minneapolis, MN. Leslie Tolworthy, 
Miller Freeman Expositions, 1050 
Commonwealth Ave, Boston, MA 
02215. (617) 232-3976. May 21 to 23. 

SEMICON/West, San Mateo, CA. 
SEMI, 805 E Middlefield Rd, 
Mountain View, CA 94043. (415) 
940-6961. FAX (415) 967-5375. May 
21 to 23. 

Troubleshooting and Maintaining 
IBM & PS/2 (short course) , St. 
Louis, MO. Center for Advanced 
Professional Development, 1820 E 
Garry St, Suite 110, Santa Ana, CA 
92705. (714) 261-0240. May 22 to 23. 

International Symposium on 
Computer Architecture, Toronto, 
ON, Canada. Prof Z G Vranesic, 
Dept of Electrical Engineering, 
University of Toronto, Toronto , 
ON, M5S 1A4, Canada. (416) 978-
5032. May 26 to 30. 
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When it comes to affordable DSP, 
no one has it down like 

Analog Devices. 
• At 10 MIPS, the ADSP-2105 
is the fastest DSP_in its price 
category, and it's even faster than 

-- many other DSPs costing a lot 
more. Plus the price is the same 
whether you buy 100or100,000. 

• The ADSE-2105 builds on the high 
performance ADSP-2100 family architec­
tur.e,so it'.s cod.e compatible. You can quickly 
portADSP-2100 or ADSP-2101 code to the 
AifSP-2105.0ruse our C Compiler for a last start. 

_ • Notonly is the AJJSP-2105 code compatible, 

it's also pin compatible with the ADSP-2l01. 
So it provides a complete upgrade path to 

higher performance. 

•The ADSP-2105 packs plenty onto 
one chip, including 1024 words of 
program RAM, 512 words of data 
RAM, full serial port, hardware 

-companding, timer and mor~. 

•it's easy to get the ADSP-2105 up 
and running with our inexpensive 

EZ-KIT,a completesoftware and hard­
ware design package. 

Intmdu.cihg=a DSP that could on1ycome from Analog Devices, the ADSP.,2105.An exclusiv~because it corn::­
oines the higR performanc<rnf our ADSP-2100-farnilywith an unprecedented price in DSP-just $9.90 ~~h. SQ now 
you can consider the power ofDSP in a host of new applications. -

Just howweU does the ADSP-2105 combinelowprice with high 
performance? Find out for yourself by ordering our EZ-KIT from your local 
Analog_Devices sales office today. Or call DSP ... ANALOG 

'---------"-----' Marketmgat(617) 461-3771. W DEVICES 
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IN THE ERA OF Meg~ChiriM TECHNOLOGIES 

Sometimes you need easy-

"Sorry, ~ys. 
There's been a last-minu 
change in the spec." 

I 



ASIC. TI FPGAs. 

These are the gate arrays you design at 
your desk. And redesign until they're 
exactly right. Then it's on to silicon -
fast. Our free interactive diskette will 
show you just how easy easy can be. 

Even when you hit last-minute changes, 
have a sudden inspiration or are simply 
intent on getting the job done, field 
programmable gate arrays (FPGAs) 
from Texas Instruments can speed your 
design from start to finish. 

Our FPGAs are channeled devices, 
which gives them their true gate array 
characteristics. They combine the time­
to-market advantages of programmable 
logic devices (PLDs) with the densities 
of gate arrays. You have a choice of 
1,200 or 2,000 equivalent gate complex­
ities, with 4K and 8K densities coming. 
And military versions are available too. 

Throughout the design cycle, you are 
in complete control, minimizing risk and 
avoiding nonrecurring engineering costs. 

Accelerated development 
Our advanced development environ­
ment, the TI Action Logic TM System 
(TI-ALS), lets you design and redesign 
at your desk. You use TI-ALS to 
validate, automatically place and route, 
analyze, program, test and debug -

running familiar CAE tools. You 
can program in minutes using our 
Activator"' hardware. 

Unmatched service and support 
From hands-on workshops at our 
Regional Technology Centers to a 
global network of sales offices and dis­
tributors, only TI can meet your FPGA 
needs across the country and around 
the world. 

What's more, you can pick up the 
phone and talk with our FPGA 
applications specialists during regular 
working hours (CST). Just dial our 
FPGA Help Line - 1-214-997-5492. 

To see how easy easy can be, 
call 1,800,336,5236, ext. 3712, 
for our free interactive diskette 
It will show you why our FPGAs are 
easy-ASIC and will introduce you to 
system design advantages that you can 

achieve quickly and efficiently. 
L~ The diskette runs on any 

all within hours. 
You can always see what's going on 

within your design. Only the unique 
antifuse architecture allows 100% observ­
ability of internal nodes. And you can 
achieve gate utilizations of up to 90%. 

/~ MS-OOS® PC with an 

..-·· >'' EGA or VGA 
· ~.,. graphics card, and 

TI-ALS operates on '386 personal 
computers or popular workstations 

rM MegaChir is a lra<lemark of Texas Instruments Incorporated. 
Ac ti nn Logic and Act ivator are trademarb of Actcl Corporation. 

® MS-OOS is a reg isten:J trndemark of Micro:.ofr Corporannn . 
© 1991 T l Q8. J041 

we'll include the dis­
kette with our FPGA 

Datafile. Just call the 
number above or complete 

the return card. 

TEXAS .,,, 
INSTRUMENTS 
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Novv! Achieve global EMC compliance 
vvithout giving up more than you have to. 

Reduce Interference 
problems and costs at their 
source: The Initial design and 
material selection stage. 

If you fail t.o consider potential EMI 
and RFI problems at the design stage, 
meeting FCC or foreign standards and 
your own performance requirements 
can become an expensive and time­
consuming task. Oft.en, it involves costly 
corrective shielding measures, complex 
design retrofits, and possibly compro­
mised system performance. 

By targeting potential EMC (Electro­
magnetic Compatibility) problems during 
initial design-well before the required 
testing stage-designers can cost­
effectively implement EMC controls, and 
achieve optimum system efficiency. 

Remedial EMC controls: 
A negative trade-off in 
volume, weight, ef&dency, 
and cost. 

When a system exceeds restrictions, 
designers are oft.en forced t.o trade effi­
ciency for acceptable EMC performance­
with undesirable results. As a finished 
design is modified t.o accommodate 
necessary remedial shielding measures, 
weight and volume inevitably increase, 
and overall efficiency drops. 

Planned EMC controls and testing 
during the design phase, on the other 
hand, not only help you maintain the in-
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Instrument Specialties 
helps }IOU integrate 
EMC into JIOur designs. .. 
from the beginning. 

tegrity of the original design, but allow 
modifications in favor of greater system 
efficiency. In computer design, for exam­
ple, EMC considerations such as selec­
ting lower clock frequency, maintaining 
the smallest possible circuit layout areas, 
utilizing multi-layer boards, and minimiz­
ing the use of multiple shielding all con­
tribute t.o optimum design efficiency. 

The three EMC design 
techniques. 

Achieving EMC is largely a function of 
three control techniques: Suppression, 
Isolation, and Desensitization. Through 
a combination of these methods, unde­
sirable signals (EMI/RFI) are suppressed 
at their origin ... generating circuits are 
isolated ... and susceptible circuits are 
desensitized. When applied from the 
beginning, these techniques help you 
create fully int.egrated designs that offer 
both optimum performance and the 
best possible production economies. 

Instrument Spedaltles: 
A total nsource for state-of­
tbe-art sblelcllng technology, 
products and design 
assistance. 

Aft.er implementing proper circuit­
design controls, the most significant 
EMC design technique t.o reduce inter­
ference and susceptibility is effective 
shielding. 

CIRCLE NO. 101 

Shielding not only contains radiated 
electromagnetic fields, but significantly 
reduces internal and circuit path coupling 
and overall common-mode coupling. In 
many cases, shielding eliminates the 
need for EM! filtering. In instances 
where filtering is required for conducted 
emissions, shielding can augment the 
performance characteristics of the filter. 

Instrument Specialties has been the 
leader in the science of shielding since 
EMI and RFI first became a problem. 
During this time, we have become the 
industry's most comprehensive resource 
for shielding design, manufacturing 
technology, and cust.om-design services ... 
facilitating the use of lighter, thinner 
enclosure materials and enhanced 
system performance. 

From concept to completion, teams of 
skilled specialists are at your disposal, 
providing assistance with state-of-the-art 
testing for FCC and global standards, as 
well as consulting, cust.om manufacturing, 
prot.otype production, and a vast range 
of standard off-the-shelf shielding 
configurations. 

Don't wait! Call or write for further 
information t.oday. 

Instrument Specialties 
• HMdqaarten 

Delaware Water Gap, PA 18327-0136 
TEL: 717424-8510 FAX: 717-424-0213 
-.a Dhlldoa-Placentia. CA 
TEL: 714-579-7100 FAX: 714-579-7105 
.._,. Dhlldoa-Liege, Belgium 
TEL: 32-41-63-3021 FAX: 32-41-46-4862 

©1990lnlttumentSpedaltieaCo., Inc. Allrightsn.erved. Printed in USA. 
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TWISTITE™ 
MAGNET WIRE 

For superior perfOrmance and tighter 
control over twisted wire construction. 

Developed for use in the production of 
custom toroid, ferrite or recording head 
coils, specialty audio and R.F. transformers, 
TWISTITE offers a number of distinct 
advantages. 

TWISTITE is custom produced to offer 
a wider range of twisting construction. 
Manufacturing capabilities include: 
• Up to 33 Twists Per Inch on fine wire. 
·Twisting tolerance as tight as ± 1 %. 
·Tightly controlled capacitance, induc-
tance and impedance characteristics. 

·Up to 10 colors in some sizes for conduc­
tor identification. 

·Huge selection of insulations: NEMA 
MW 1000, JW1177, 1os-220°c (single 
through quadruple film buildsl. 

• Wide range of sizes: 24 AWG and finer. 
• Wide variety of conductor materials: 

copper, silver, plated conductors, and 
special alloys. 

Call or write for your free copy of our 
new Technical Data and Capabili ­
ties Brochure. It contains valu­
able information on all wire 
produced and inventoried by 
MWS Wire Industries. Samples 
of TWISTITE are available 
upon request. 

MW5 
Wire Industries 

31200 Cedar Valley Drive, Westlake Village, CA 91362 
CALL TOLL FREE 800 423-5097 

818 991- 8553 FAX 818 706-0911 

CIRCLE NO. 144 TWtSTITE is a trademark of Ml/VS Wire Industries 



~National 
~Semiconductor 

'1n-tegrating analog 
But we have a bigger tool 
anyone else in the world" 

HOW NATIONAL SEMICONDUCTOR IS 
HELPING YOU PUSH 1HE LIMITS OF ADVANCED 
SYSTEMS PERFORMANCE. 

Tom Redfern, National's 
Director of New Product Develop­
ment, Interface/ Peripherals Group, 
talks about the challenges of mixed 
analog+ digital technology. 

Making Futurebus+ 
a reality. 

"lraditional bus protocols are 
starting to hit the wall. They can't 
accommodate the wide data paths 
and high transfer rates demanded 
of the next generation of 32- and 
64 -bit microprocessors. 

" That's why we've been an 
active participant on the IEEE's 
Futurebus+ committee since its 
founding in 1979. And that's why 
we invented the Backplane lrans­
ceiver Logic (BTL) that makes 

Floppy Disk Controller 

Cu stom Linear AS/Cs 
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Futurebus+ a reality today. 
"Our first Futurebus+ chipset 

contains five devices, and they 
employ some of the most advanced 
analog+ digital integration ever 
achieved. Our BTL drivers, for 
example, let the digital CPU send 
information to the digital memory 
over the analog bus at peak rates 
of 2-3 Gbytes/ second! 

"This is the future- and we've 
got it today' ' 

Setting the pace in 
system-level integration. 

"Another great example is 
CLASI C, o ur powerful Custom 
Linear ASIC family. 

"To reach system-on-chip 
performance, you've got to inte­
grate analog and digital functions 
onto the same substrate. 

"Well, CIASIC does that. 

ISDN U Interj ace 

Futurebus+ 

COMPARATOR OUTPUT CONTROL LOGIC 

I 
I'"-...... MAIN DAG 

TIMING ...... co-RR-EC-Tl-ON_D_Ac _ _ Mll 

AND 

CONTROL A L U 

LOGIC t--------... 
R A M 

ADC1251 

DIGITAL OUTPUT DATA 
LATCH AND BUFFERS 

Op amps, comparators, references, 
DACs, VCOs, PLLs, plus digital cells 
- a huge library of building blocks. 
In bipolar, CMOS, and Bi CMOS. 
With user-friendly design tools 
that let you do your own design on 
your PC or workstation. 

"It's that simple:' 

Reaching a new level 
of ADC accuracy. 

" Our new ADC1251 takes a 
quantum leap in integration. It's 
powered by a sophisticated digital 
controller and is totally self-calibra­
ting, so it will maintain linearity 
over time , temperature , and 
supply voltage. 

"You get 12-bit-plus-sign reso­
lution with a 8.0µs conversion 

Hard Disk 
Synchronizer/ ENDEC 

EDN April 25, 1991 



and VLSI digital isn't easy. 
box for doing that job than 

time and a ±1/2 LSB non-linearity 
accuracy while dissipating 113mW 
max at ±5V 

"Tiy to find that in any other 
ADC. You can't:' 

Pushing the limits of 
analog + digital integration. 

"To achieve these levels of 
integration, you need powerful 
tools in the hands of experienced 
designers. 

"We've got them. A full range 
of proce s technologies, including 
founh -generation bipolar ECL and 

EDN April 25, 1991 

BiCMOS, which give us 0.8µ litho­
graphies with bipolar F,, of 15GHz 
and 50ps gate delays. 

"We also have some of the 
most advanced design tools in the 
industry, developed through our 
strategic alliance with Cadence. 

"And we have seasoned 
analog and digital designers who 
know the art of putting those 
tools to work in advanced analog+ 
digital designs. 

"This is the leading edge- and 
we're leading it: ' 

Putting it all to work for you. 
" The only way to make the 

systems-performance break­
throughs and the systems-cost 
breakthroughs demanded by next­
generation products is to integrate 
analog+ digital. We're doing it all, 
right now. So if I were a designer, 
I'd call us. Soon:' 

1-800 - AT-SEMI, Ext. 117 

~National 
~Semiconductor 

(l 1991 National Semiconductor Corporation 

CLASIC is a trademark of National Semiconductor Corporation. 
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Sumitomo Metal Mining Co., Ltd. pre 

The Building Block 
a Better World 

Bonding Wires, Alloy Pre-forms, Thick Film Paste, 
Lead Frames, TAB 

Better ideas are commonplace at Sumitomo Metal and Mining Co., Ltd. (SMM). As we 
explore the frontiers of electronics technology, we are constantly discovering new applications 
for SMM's four hundred years of integrated expertise. 

Built on solid ground and rich in corporate resources, SMM has grown and diversified 
in step with the rapid changes in the electronics industry. By constantly keeping one eye on 
the future, we have become a major supplier of semiconductor packaging materials, solid 
laser crystals, and optoelectronics devices, among other high technology products, as well as 
a leader in metal refining and in the mining of gold and other precious metals. 

From minerals to megabytes, Sumitomo Metal and Mining Co., Ltd. is a total manufac­
turer, providing new materials for a better tomorrow . 

SMM 
• SUMITOMO METAL MINING CO., LTD. 

11-3, 5-chome Shimbashi , Minato-ku, Tokyo 105, Japan 
Phone: 3-3436-7901 Telex: 2422386 SMMINE J Fax: 3-3436-7746 
Sumitomo Metal Mining U.S.A., Inc. Boston Office: 
12 Alfred St., Suite 300, Woburn, MA 01801 Phone: 617-932-6208 Fax: 617-938-8199 
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EDITORIAL 

It's time for good news 

Jesse H . Neal 
Editorial Achievement Awards 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 

American Society of 
Business Press Editor.; Award 
1988, 1983, 1981 

EDN April 25, 1991 

Everyone knows that the US is in a recession. We are bombarded 
daily with the awful news-unemployment is up, sales are down, 
companies are retrenching, consumers aren't buying. Almost all 
of the economic and business reports tell of gloom and doom. His­
torically, though, the news is worst just before things turn around. 
Now is the time to look at the positive news and its effect on all 
of us. 

The crazy pattern of borrowing and lending in the 1980s appears 
to have ended. Banks are more cautious about whom they lend 
money to, and with good reason. The companies that get credit 
are the ones unburdened with debt-the ones most likely to survive 
and to lead recovery. Interest and mortgage rates have also come 
down considerably in the last few months as the Federal Reserve 
loosens credit. More people are thinking about buying real estate. 
Here in New England, an area in which the real estate market 
has been badly depressed , some agents believe the devaluation of 
property is at an end. 

Oil prices, which shot up at the start of the Middle East crisis, 
continue to drop and may go lower still if OPEC decides against 
strict limits on oil production. Cheaper energy and raw-material 
costs help spur a recovery. Now that the war is over and oil prices 
are dropping, people are showing signs of confidence that the reces­
sion will also end. Retail sales rebounded from -0.9% in January 
to 0.5% in February. In December, sales were -1.5%. The increase 
from month to month se~ms small, but combined with other signs 
shows a pattern of economic improvement. I'm not an economist, 
and I cannot make quantitative predictions. However, the fact 
that most of the economic news in a recent issue of Business 
Week was bad convinced me that we're ready for a steady recovery 
this year. Over the years I have noticed that when the business 
press convinces itself times are bad, the economy starts to pick up. 

Here in the US there's a tendency to look at the worst and 
ignore the best. Recovery depends on you and me, and we can 
start by concentrating on the positives. People are still doing busi­
ness in this country. Let's talk about it. Let's talk about the orders 
we are getting and why we got them. Let's be enthusiastic about 
the good people who work for us and concentrate on keeping them 
as valued employees. Let's promote ourselves as fair and reliable 
working partners. Let's trumpet the new technologies and products 
we're developing, and let's hail our breakthroughs and achieve­
ments. We've got a lot of good news to spread. I'm all ears. 

~ ~ JooTitu• 
Editor 

Send me your comments via FAX at (617) 558-4470, or on the EDN 
Bulletin Board System at (617) 558-4241 300/1200/2400, 8, N, 1. 
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OUR CLASSIC™ EPLDs ClIT 

~ - - -
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They also cut your product 

costs, with prices low enough to 

impact your bottom line . 

As for logic delays, we've 

cut them down to a remarkably 

low 12ns. 

So now you can cut something from your design: PALs 

and GALs. Because our Classic parts give you a combination 

of speed, density and flexibility you won't find in other PLDs. 

All of which helps you cut the time it takes to produce a 

superior design. 

For example, our 20-pin, 8-macrocell EP330 is the perfect 

replacement for over 20 types of PALs and GALs. It stretches 

counter frequencies to 125 MHz while sipping one-fourth 

the power of a standard PAL. And its quiet output switching 

circuitry allows the EP330 to run faster in-system than 

a lOns 16V8. 

Our 24-pin, 16-macrocell EP610 delivers 60% more 

logic density than a 22Vl0. And unlike a 22Vl0, the 15ns 

EP610 consumes a mere 20µ,A in standby. And its registers 
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LOGIC DELAYS. 

can be programmed for D-, T-, JK- or SR-operation or for 

asynchronous clocks. 

To replace multiple PALs and GALs with a single chip, 

try our 44-pin EP910 or 68-pin EP1810. Both offer superior 

logic density and greater 1/0 at a lower cost than any other 

mid-range CMOS PLD. 

Our Classic EPLD family also helps you get to market 

faster. Thanks to a host of powerful logic development tools 

from Altera and third parties. 

What's more, we offer the industry's broadest, most 

flexible line of CMOS PLDs. With devices ranging from 20 

• 

to 100 pins, and logic densities from 8 to 192 macrocells, 

there's an EPLD for every logic design task . 

So call Altera today 

at (408) 984-2800 

for more information. And discover 

programmable logic that's a cut above the rest. 

c 

2610 Orchard Pkwy .. San Jose. CA 95134-2020 (408) 984-2800/Fax: (408) 248-6924 

Classic tsa t rademark of Alte ra Corpora1ion. 01 her brandsorproduc1sare trademarks of their respective holders. t 1991. Altera Corporal ion 
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Bring the Modulation Domain 
designing on a higher level. 



to your lab and start 

These days, designers face prob­
lems that require a level of under­
standing beyond the scope of 
conventional measurement tech­
niques. The Modulation Domain 
can give you that level of under­
standing. With a new dimension in 
signal measurement that makes it 
possible to analyze frequency, 
time-interval, and phase over con­
tinuous time. And now, HP brings 
the Modulation Domain to your lab 
with high-performance analyzers 
that give you insight into your 
designs you've never had before. 

The HP 53310A streamlines 
Modulation Domain analysis with 
a simplified user interface, one­
button signal acquisition and real­
time measurements for fine-tuning 
your designs. It gives you contin­
uous frequency and time-interval 
measurements for analyzing mod­
ulations in RF and microwave 
signals. Characterizing VCOs, 
phase-locked loops, and electro­
mechanical devices. Locating 
sources of jitter. And much more. 

The HP 5372A is ideal for gather­
ing in-depth Modulation Domain 
information in single-shot events. 
In addition to frequency and time­
interval measurements, it also 
displays phase over continuous time. 
And analyzes even the most com­
plex signals with incredible detail. 

Find out how to take 
your design skills 
to new heights. Call 
1-800-752-0900:" Ask 
for Ext. 1852, and we 
will send you a Visiror's 
GuUle to the Modulation Domai n 
on floppy disk. That way, you'll be 
up on all the latest developments. 

There is a better way. 

Ff/0- HEWLETT 
~~ PACKARD 

*In Canada call 1-800-387-3867, Dept. 420. 

C' 1990, l-lewlen-Packard Co. TMSC0057 EON 
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If you've been following the developments in high­

density multichip modules, you know the great 

promise that lies there. 

If you've been leading the developments, however, 

you know the great problem that lies there. 

Namely, the search for a polymer dielectric that 

can make multichip modules 

truly practical. 

For which reason we are 

pleased to introduce you to 

new bisbenzocyclobutenes 

(BCBs) from Dow. 

BCBs offer big advan­

tages over the polyimides you 

may have been experiment­

ing with. To start, they simply 

perform better-by about 

50%. And in the process, they 

simplify manufacturing and 

finished module created with less stress than one 

made with most polyimides. 

NO MORE SOGGY CHIPS. 

Water, a byproduct of the polyimide curing process, 

is the enemy of the multichip module. It complicates 

manufacturing and robs poly­

mers of their dielectric 

appeal. 

BCB, on the other hand, 

produces no water. So there's 

no need for additional drying 

during manufacture. And 

since it vigilantly resists mois­

ture (absorbing just 0.25% of 

its weight after 24 hours at 

l00°C), the dielectric proper­

ties you design in, stay in. 

BCB also offers excellent 
lower your overall costs. The motherboard of a microcomputer, on a multichip adhesion to aluminum, copper, 

module made with BCB from Dow-actual size. silicon dioxide-and to itself. 

CHIPS WITHOUT RIDGES. So there's no need for the metal tie layers other 

Where does BCB's advantage come from? 

For one thing, from jts extremely low dielectric 

constant. In general, you can get away with layers 25% 

thinner than you'd need with polyimides. This means 

higher density and, therefore, higher performance. 

You also get much better leveling than with poly­

imides. BCB planarizes more than 90%, compared 

with the 30% or less typical of polyimides. This nearly 

ridgeless surface reduces crosstalk and improves 

etching as well. 

And BCB can take the heat, literally. It shows 

great thermal stability at curing temperatures. This, 

together with its naturally low modulus, gives you a 

dielectric materials require. 

YOUR CHIPS, OUR DIP. 

All in all, this means you can manufacture high-density 

modules faster, with fewer rejects and, therefore, less 

expensively with BCB. And wind up with modules that 

perform far better than they would with polyimides. 

If BCB sounds good in theory, we invite you to 

learn from the experience of those who have put it 

into practice-including one manufacturer who has 

successfully gone into full commercial production. 

If you'd like more information, call us today at 

1-800-441-4DOW. ~ 
~ 

Dow Plastics 
~ don't succeed unless you do. See u,s at Nepcon Booth # 1110 
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The right tools 
make all the difference • • • 

Introducing jQMEGA! 
$L 

Tired of Using RF Design 
Tools That Don't Measure ' 
Up to the Task? 
EEsof introduces 
)OMEGA, the first 
design automation 
software developed 
expressly for RF 
engineers. JOME GA 
has the features you 
need for fast, manufac­
turing-oriented design at 
frequencies below 3,000 MHz: easy­
to-use schematic entry, fast linear and 
nonlinear circuit simulation, an RF­
oriented model set including large­
signal BJT transistor library, and built­
in documentation capability. 

jOMEGA Has the Edge You Need 
to Create Better RF Designs in 
Less Time: 

jOMEGA's harmonic-balance 
simulator gives you fast 
optimization of linear and 
nonlinear circuits with 
simultaneous access to 

circuit response in 
both time- and fre­

quency-domains. And 
)OMEGA has advanced fea­

tures, like manufacturing yield opti­
mization and optional board layout, 
that let you make manufacturing 
tradeoffs during engineering design. 

Breaking the Barrie~s ... 

EE ml' 

Call Us Today, Let Us Show You 
How jOMEGA Can Make the 
Difference on 
Your Next RF 
Design! 
We'd like to send 
you an informative 
product brochure 
which describes 
the many features 
ofJOMEGA. Call us at (800) 624-8999, 
ext. 155. Or if you prefer, contact us 
by FAX at (818) 889-4159. In Europe, 
call (49) 8105-24005 or FAX (49) 
8105-24000. 
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If you need to 
store data by the 

terabyte, watch for 
digital paper. At 

one-half cent per 
megabyte, it may 
become the archi­

val medium of 
the nineties . 

Chris Terry, 
Associate Editor 
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DIGITAL-PAPER STORAGE 

Flexible optical media 
boost data density 
" D igital paper" is a write-once 

optical data-storage material 
that provides prodigious ad­

vantages, including 
• Far greater data density than any 

other medium 
• Chemical stability that makes it im­

mune to wide variations in ambient 
temperature and humidity 

• An archival life of at least 15 years 
• Extremely low cost to the user 

(one-half cent per megabyte). 
The potential applications for digital­

paper storage already number in 
the hundreds. The list of applica­
tions is starting to look more 
and more like a sci-fi 

mats, one for 35-mm open-reel drives 
(1 terabyte per reel) and the other for 
half-inch IBM 3480-compatible car­
tridges (50G bytes per cartridge). 

In addition, ICI Imagedata employed 
Bernoulli Optical Systems Corp (Boul­
der, CO) to perform a considerable 
amount of research and development 
work on Bernoulli-effect floppy-disk 
drives that employ digital paper as their 
storage medium. ICI Imagedata expects 
to license this technology to disk-drive 
manufacturers. If drive manufacturers 

fulfill ICI's expectations, we may 
see 2-in. floppy disks-that hold 

lOOM bytes per side-within 
a year or two. 

description of a 
22nd-century all-pur­
pose material. So 
far, however, 
only two com­
mercial manif esta­

Digital paper's high data 
density goes hand-in­

hand with its high data­
transfer rate-you can 

search for any file within 
a 200M-byte space in 
less than 1 second. 

tion s have reached 
the production and 
marketing stages: write­
o nce optical tape and 
small identification tags. 

The name "digital 
paper" was coined by 

the developing com­
pany, ICI Image 
data, a Wil­

mington, DE-based 
subsidiary of the Brit­
ish chemical firm, Im­

perial Chemical Indus­
tries (ICI) Ltd . The 

name was intended to suggest 
The small tags can hold more 

than 1000 bits of information in a 
space less than one square centimeter 
and can be read from a considerable dis­
tance. Current uses for such tags include 
identifying machine-tool bits and provid­
ing instructions for their use. You can 
also use similar tags to hold positioning 
data; mechanisms that employ these 
tags can identify the position of a mov­
ing part with an accuracy of ± 1 µm 
relative to a previously established ref­
erence point. 

The optical tape comes in two for-

that this data-storage medium 
could become a reliable electronic re­

placement for almost all archival paper 
and paper derivatives such as microfilm 
and microfiche. In practice, however, 
the name has proven highly confusing 
and misleading to potential users, who 
tend to associate the bulk, fragility, and 
erasability of wood-based paper with the 
name. 

Al Conover, president and CEO of 
Lasertape Systems (which makes IBM 
3480-compatible optical cartridge 
drives) prefers to call the material "digi-
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More project managers are using 
Microsoff Project for Windows than any 
other package. 

Probably because Microsoft Project 
for Windows wouldn't be any different if 
you'd planned it yourself. · 

Work with data easily: Create cus­
tomized filters, tables, even output. 

78 

• • 
v 

Manipulate PERT and Gantt charts by 
clicking and dragging. 

See for yourself. Just give us a call 
at (800) 541-1261, Dept. P97, and we'll 
send you a free working model. 

Micl0solt 3 

Making it all make sense· 
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Digital-paper storage 

tal optical tape" (DOT). His sales 
team finds that this name, by its 
similarity to the widely known DAT 
(digital audio tape), more forcibly 
suggests the high capacity and high 
performance inherent in the me­
dium. Lasertape Systems has 
trademarked the new name and its 
abbreviation. However, they en­
courage any vendor of devices that 
employ the material to use both 
trademarked monikers (with suit­
able acknowledgement). 

Physical characteristics 
David Owen, development ex­

ecutive for storage products at ICI 
Imagedata, points out some of digi­
tal paper's technical advantages 
over other media. Some of these ad­
vantages. hold good even in applica­
tions that currently use erasable 
rather than write-once optical media. 

First, the high data density 
(200M bits/in. 2) makes the medium 
attractive for applications in which 
space is at a premium. The high 
data density goes hand-in-hand 
with a high data-transfer rate (cur­
rently 3M bytes/sec, potentially up­
gradable to 6M or even 12M bytes/ 
sec) that allows fast searching-you 
can find any file within a 200M-byte 
space in less than 1 sec, and any 
file on a 50G-byte cartridge in less 
than 15 sec. For Creo's 1-terabyte 
open-reel drive, average access 
time is 28 sec, and worst-case access 
time is 60 sec. 

Second, the flexibility of the me­
dium makes it potentially usable in 
a startling variety of forms. You can 
cut the material into disks, strips, 
or tapes, as well as sheets, credit­
cards, security badges, and odd­
shaped identification tags. 

Third, the chemical stability 
maintains data integrity. By con­
trast, when you cut magnetic re­
cording web into tapes, it's not al­
ways possible to maintain a perfect 
seal at the cut edges; such sealing 
defects in metal-particle tapes can 
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greatly reduce data life. Humidity 
can start corrosion at the outer 
edge of an unsealed tape, and this 
corrosion can spread inward toward 
the center of the tape. 

Wear is not an academic issue 
Al Conover adds several other 

advantages of optical tape over 
magnetic tape. Wear on the DOT, 
for example, is minimal, mainly be­
cause reading and writing do not 
require physical contact between 
the head and the tape. Further­
more, in Lasertape's drives the ac­
tive layer is on the outside of the 
tape and does not come into contact 

tained machines both abrades t he 
recording surface with dirt and cor­
rupts the picture data with residual 
magnetic fields that are never de­
gaussed. If the recording were on 
DOT, however, this deterioration 
would be eliminated. 

As yet there are no VCR drives 
that can use DOT, but such drives 
will become a necessity for HDTV. 
Current VHS tapes could hold only 
about ten minutes of HDTV mate­
rial, whereas currently available 
50G-byte DOT cartridges could hold 
about eight hours of HDTV mate­
rial. These cartridges certainly 
have the bandwidth needed for 

Table 1-Lasertape Systems' digital optical tape 

Item 

Capacity 
Transfer rate 
Average seek time 
Average seek time 
Bit error rate 
Dimensions 
Interfaces 

Expansion 
Prices 

with rollers and guides. A low­
friction coating over the active 
layer improves the physical flow of 
the tape by helping to reduce bind­
ing between layers on a reel. 

Of course, you don't have to 
worry about wear if you're using 
erasable or write-once magneto­
thermal media or magnetic hard 
disks (unless a head crash occurs). 
But if you're using magnetic tape 
storage, tape wear is by no means 
an academic issue-it's a serious 
problem in industrial-strength ap­
plications. For example, video 
rental companies are finding that 
significant picture deterioration 
starts to appear after a video tape's 
tenth rental, and the tape becomes 
almost unviewable after 15 to 20 
rentals. Playing the tape on a vari­
ety of old and inadequately main-

Value 

50G bytes 
3M bytes/sec 
600 msec (200M bytes) 
15 sec (50G bytes) 
< 10-12 (corrected) 
19 x 8 in. rack mount 
SCSl-1 and SCSl-2 
Fully 3480 plug compatible 
Autoloader for 10 cartridges 
Drive: $25,000 
Autoloader: $1500 

video recording, and they would be 
extremely resistant to the deterio­
ration of magnetic tapes experi­
enced by rental companies today. 

The economics are attractive 
By now you may be saying, 

"Sounds wonderful, but why should 
I switch to a new medium? What's 
it going to cost me? What about my 
old drives? Isn't there a catch some­
where?" The answers to these ques­
tions will depend on how much data 
you need to store. 

If you need only a few hundred 
megabytes, then digital paper won't 
do much for you. If you need to 
store as much as a terabyte (1012 

bytes) of data at a time, then you're 
stuck with Creo's $225,000 35-mm 
optical tape recorder for the mo­
ment. Of course, if your application 
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needs that much storage on a reel, 
the price shouldn't be any great 
shock to you. 

But if you need to store tens or 
a few hundreds of gigabytes, look 
seriously at Lasertape Systems' 
DOT cartridge drives from three 
points of view: drive replacement 
costs; savings on media; and savings 
on the labor costs of mounting and 
dismounting magnetic cartridges. 

There's no question that a DOT 
drive costs more ($25,000) than the 
corresponding IBM 3480 magnetic 
cartridge drive ($15,000 to $20,000). 
But this difference may turn out to 
be smaller than it seems. Consider 
that a DOT cartridge drive is little 
more than a standard IBM 3480 
drive with an optical read/write 
head instead of a magnetic head. 
Falling prices of laser diodes and 
Bragg cells (a component of the 
scanner) are likely to make the 
price difference negligible within a 
year or two. 

DOT cartridge drives require no 
changes to the operating system or 
file system because the DOT drives, 
like IBM 3480 drives, employ the 
SCSI interface. Furthermore, DOT 
cartridges follow the 3480 standard 
for writing data-no catalogs, 
merely a series of variable-length 
records. 

You can save as much as $3500 
in media costs each time you use a 
DOT cartridge rather than 3480 
cartridges. A 200M-byte 3480 car­
tridge costs $5, whereas the DOT 
cartridge costs $250. But the DOT 
cartridge holds 50G bytes (250 
times as much as the magnetic car­
tridge), so the cost per megabyte 
comes down from $0.025 to $0.005. 
If you completely fill your magnetic 
cartridges, one DOT cartridge will 
replace 250 3480 cartridges, and 
you'll save $1000 and about three 
cubic feet of storage space. How­
ever, most users don't fill every 
3480 cartridge they store. So, one 
DOT cartridge may replace as many 
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as 750 average 3480 cartridges-if 
you fill the DOT cartridge-saving 
you $3500 and about ten cubic feet 
of storage space. 

Remember, too, that your appli­
cation often may need to store large 
volumes of data without needing 
more than a few gigabytes on line. 
At these times, mounting and dis­
mounting cartridges can become- a 
labor-intensive-and hence, expen­
sive--0peration. Switching to DOT 
cartridges is likely to reduce the 
number of mounts and dismounts 
and therefore your running costs. 

The banking industry is just one 
example of a high-volume user that 
needs to be able to access archived 
documents quickly. Banks capture 

tions. DOT has both the capacity 
and the performance needed to cre­
ate a complete log either at London 
or at the New York center where 
transactions are regrouped geo­
graphically for retransmission to 
the destination banks. 

Likewise, many sites that handle 
medical records already have as 
many as 1 million IBM 3480 car­
tridges (200M bytes each), and the 
number is increasing daily. That 
makes for much mounting and han­
dling. A switch to DOT could 
greatly reduce both media and han­
dling costs at these sites. 

What makes a DOT system inex­
pensive to purchase and run is that 
it's an extension of well-understood 

Table 2-Creo Products' 1003 optical tape recorder 

Item 

Capacity 
Transfer rate 
Seek time 

Bit error rate 
Dimensions 
Interfaces 
Price 

images of checks digitally and then 
transfer the images to microfiche 
for archiving. The labor involved in 
transfer and storage is quite costly. 
Many such records are never looked 
at again, but when an image is re­
quired for verification, further con­
siderable labor costs are entailed in 
retrieving it. Check-image storage 
could benefit from DOT technology. 

Another banking application that 
could benefit is the overnight Lon­
don-to-New York funds-transfer 
service. This service would like to 
log every transaction included in a 
transfer, but has found that present 
media do not have either the per­
formance or the capacity to create 
such an on-the-fly log. Using stan­
dard data storage, transactions cur­
rently have to be recorded only 
upon reaching their final destina-

Value 

1T byte/880m reel 
3M bytes/sec (sustained maximum) 
Average random record , 28 sec 
60 sec max 
10-12 (corrected) 
24 x 29 x 77 in. (19-in. rack) 
SCSI and serial 
$225,000 

3840 technology. The substrate of 
DOT is identical to that of 3840 
magnetic tape (see box, "How digi­
tal optical tape works"). In fact, ex­
cept that optical cartridges are built 
to slightly tighter mechanical specs 
than magnetic cartridges, a stan­
dard 3480 drive has no way of tell­
ing whether magnetic or optical 
tape is loaded. In building their op­
tical subsystems, Lasertape Sys­
tems could retrofit an optical head 
(which has no moving parts) to any 
IBM 3480-compatible drive. 

Compatibility with the 3480 ex­
tends to the device interface. Effec­
tively, the operating system (OS) 
uses a magnetic cartridge as a 
write-once medium; there are no 
catalogs or directories on the tape, 
and you cannot perform the record 

Text continued on pg 85 
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Count On IDT 
The R3001 RISController 'M : 
The Embe de Pr c · g S 

The R3001 is the first derivative 
of the R3000 processor designed 
specifically for embedded control 
applications. Compared to the 
Intel 960 and AMD 29K 
processors, the R3001 is the most 
cost-effective solution for these 
applications-we have the data 
to prove it! Call and ask for 

KIT CODE 0091A to get an 
R3001 Peefonnance 
Comparison Report. 

FCT-T Log.c: Fastest Speed/ 
Lowest Growid Bowice 

IDT's FCT-T Logic Family is 
the fastest logic family available 
and has the lowest ground 
bounce-up to 40% less than 
previous FCT devices! The 
F CT-T family provides direct 

iiiiliilll• TTL logic compatibility and is 
available in FCT, FCT-AT, and 
FCT-CT speeds. Call today for 
KIT CODE 0091C and get a 
copy of the High-Speed CMOS 

Logic Design Guide. 

IDT Subsystem Modules: 
Building Blocks or '90s 

The Ultimate 
Building Blocks 

IDT offers a complete line of 
board-level subsystem products, 
including cache memory, 
shared-port memory, writable 
control store, RISC CPU, high 
integration modules, and custom 
designs for specific applications. 
Call today for KIT CODE 

-~_,........,.. 0091E and receive technical 
data and a free IDT puzzle! 

BiCEMOSrM ECL SRAMs: 
Techno gy fo e 90s 

Design the fastest systems with 
IDT's BiCEMOS ECL family. At 
7ns, the IDT10494 is the fastest 
BiCMOS 64K ECL SRAM in 
production. 256K and synchro­
nous self-timed SRAMs are also 
available in lOK/lOOK/lOlK 
configurations. Call and ask for 
KIT CODE 0091B to get a copy 
of the BiCEMOS ECL Product 
Information booklet. 

The Sync FOTM Fa:nrlfy: 
Double Your FI 0 erfo a .e 

World's Fastest FIFOs 
SyncFIFOs offer leading-edge 
performance that is 50% faster 
than other FIFOs. The synchro­
nous architecture is easy to 
implement and reduces chip 
count 9-to- l. SyncFIFOs have 
18-bit buses and are ideal for 32-
bit systems. Ask for KIT CODE 
0091D to getAN-60: Designing 
with the IDT SyncFIFO™. 

12ns Cac e Tag SRAMs: 
Wait o Longer 

W;iit no longer · . , 

~-· 
1m .. .iKJC4-C'eclw~ 

·-~:.::.:..-- ._ .. ,__ --·---

IDT's cache tag SRAMs have the 
features you want to design in: 
single-pin block reset, totem-pole 
match output, 4K and 8K depths, 
industry standard pinouts, and 
an on-board comparator to · 

simplify design. Call and ask for 
KIT CODE 0091F to get.free 
samples of the IDT6178 cache 
tag. 

RISCont roll er, BiCEMOS, and SyncFIFO arc trademarks of Integrated Devict> Technology, Inc. 
The IDT logo is a registered trademark of Integrated Device Technology, Inc. 

Contact us today to ece e a a shet.. · a d other 
design info a · n o IDT's products. 

(800) 345-7015 
FAX: 408-492-8454 

3236 Scott Boulevard, P.O. Box 58015, Santa Clara, CA 95052-8015 

Integrated 

When cost-effective 
performance counts 

Device Technology, Inc. 
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Digital-paper storage 

How digital optical tape works 
Digital optical tape (DOT), also known as digital 
paper, consists of four basic layers (Fig A): 

• a substrate of Melinex polyester, 
• a metallic reflecting layer, 
• a dye-containing polymer layer, 
• a protective overcoat. 
It's worth noting here that the DOT substrate 

material is the same as the substrate material of the 
magnetic tape used in IBM 3480 cartridges. Hence, 
manufacturers can produce DOT tape using many 
of the standard methods. Not needing significantly 
altered production methods, DOT media costs 
shouldn't adversely affect the cost of DOT systems. 

Writing to DOT 
To write data to the DOT, the system turns a 

laser beam on or off. Unlike the ablative techniques 
of WORM drives, which burn holes in the metallic 
reflector, the DOT pyroplastic technique merely de­
forms the dye-polymer layer, producing a pit (Fig 
B ). Because the dye-polymer layer is a very poor 
conductor of heat, the heat produced by the laser 
beam does not spread nearly as rapidly as it does 
when burning a WORM reflector layer, which is 
highly conductive. Thus, the heating effect of the 
laser is confined to a very small area of the DOT 
active layer. 

As a result, the pits can be as small as 1 micron 
in diameter and have very sharp edges. Spacing 
between longitudinal tracks can be as small as 1. 6 
microns. The small pits with their steep edges pro­
duce very sharp transitions between pit and no-pit 

"4- MELINEX 
POLYESTER ­
BASED 
SUBSTRATE 

Fig A-Digital paper, or digital optical tape (DOT), has four 

conditions and permit data to be written and read 
at rates as high as 3M bytes/sec. Conventional abla­
tive WORM techniques cannot support such high 
data-transfer rates. In a WORM disk, losses due to 
absorption and scattering of the laser beam produce 
pits whose edges slope more gradually than those 
of a DOT system. 

Reading from DOT 
A DOT drive reads data from the tape by means 

of a low-power laser beam that cannot deform the 
active layer but can detect the presence or absence 
of a pit. In the absence of a pit, the distance between 
the top surface of the active layer and the bottom 
surface adjacent to the metallic reflector is a whole 
number of half wavelengths of the laser light. Thus, 
reflections from the top and bottom surfaces of the 
active layer reinforce each other. When the beam 
encounters a pit, however, the distance between top 
and bottom surfaces of the active layer is not a 
whole number of half wavelengths, so the reflected 
rays partially or completely cancel each other (Fig B). 

The optical head 
Lasertape Systems Inc and Creo Products Inc 

have taken different approaches to creating multiple 
tracks. Lasertape Systems, in the interests ofrobust 
miniaturization, uses a purely electronic scanner; the 
creation of 40 tracks on a 3480-compatible optical 
cartridge does not require any physical movement 

"IN STEP" 
BEAMS 

REINFORCE 

"OUT-OF-STEP" 
BEAMS 

CANCEL 

layers. The heat of the write laser creates pits in the active dye- Fig B-lnterference effects allow the system to detect pits or 
polymer layer. the absence of pits as the read laser passes over the material . 
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CR YSTAL 
SCANNER 

~ 100 MHz 

TRANSDUCER LASER 
DIODE 

Fig C-A OOT tape scanner has no moving parts; the angle at which the beam emerges from the crystal depends on the radio 
frequency applied to the crystal via a transducer. 

of the head. Instead, Lasertape's method shifts the 
laser beam by passing it through a crystal to which 
they have attached a transducer (Fig C). Applying 
a radio frequency of approximately 100 MHz to the 
transducer creates a supersonic flexing action in the 
crystal. The angle at which the laser beam emerges 
from the crystal varies with the precise frequency 
you apply to the transducer. This type of scanner 
is small enough to allow an optical head to be 
retrofitted to a standard 3480 drive. The drive re­
cords one track at a time in alternate directions for 
a total capacity of 50G bytes. 

Creo did not have to contend with such rigid size 
constraints, and therefore adopted the scheme 
shown in Fig D. An array of laser diodes (one for 
each of the 32 tracks on the tape) send their beams 
into a collimator. The collimated beam is then posi­
tioned and focused on the tape track to be used. A 
slide running in an air bearing performs the position­
ing; a lens focuses the collimated beam. The optical 
encoder of the positioning mechanism turns on the 
appropriate diode in the laser-diode array. The slide 
also directs the reflected beam to the sensor associ­
ated with the current track. Again, there are 32 
sensors in the sensor array (not shown in the dia­
gram). The system writes 32 bits across the tape 
in one direction, then steps the tape and writes 32 
bits in the other direction. Each physical record is 
32 bits wide by 20,000 bits long, for a total of 80k 
bytes. An 880-meter reel of tape has a total capacity 
of 1 terabyte (1000 gigabytes). 
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LENS 

COLLI MATOR 

LASER DIODE 

LASER-
DIODE 1---------~ 

DRIVER 

...... 
INPUT 
DATA 

Fig D-Creo's optical tape drive writes 32 bits across the tape 
in one direction, then steps the tape and writes 32 bits across the 
tape in the other direction. 

83 



CheyenneM 7130A 
Set your sights on the highest capacity and 
performance available in an inch-high, 3.5-inch form 
factor disk drive. Maxtor's Cheyenne Series Model 7130A 
delivers peak specs including an unsurpassed 130MB of 
formatted storage. 

Powerful features such as a 64KB cache, 6MB/sec 
transfer rate and low 3. 7 watts power requirement are 
packed into the 7130A, making it the crystal clear 
choice for desktop and portable laptop computers. 

Effective electronic communications require speed. 
Compare the Maxtor 7130A's fast 15ms access time to 
the competition's 19ms access time. Maxtor's two-platter 
design increases its reliability to a towering 150,000 hours 
MTBF, compared to the competition's 40,000 hours. 

Call and ask about our Cheyenne family of high-
performance, inch-high AT and SCSI drives with 
capacities from 40MB to 130MB. Don't fall for the 
others' claims. Instead, set your sights on peak 
performance with Maxtor. Call your nearest 
Authorized Maxtor Distributor. 

CIRCLE NO. 35 

Maxtor 
Cheyenne 7130A 
13 B 
64KB 

6.0MB/Sec 
15ms 

150,000 hours 

Conner 
Model30104 

We Drive Harder. 
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Your 
Authorized 
Maxtor 
Distributors 
A.D.P.I. 
1-800-275-2374 
301-258-2744 
Anthem Electronics 
408-452-2287 
Arrow Commercial Systems Group 
1-800-323-43 73 
Arrow /Klerulff 
1-800-777-2776 
Avnet Computer 
1-800-422-7070 
B.S.M/Business Solutions in Micro 
1-800-888-34 75 
214-699-8300 
Cal Abco 
818-704-9100 
800-669-2226 
Compac Micro Electronics 
1,800-426-6 722 
415-656-2244 
Computer Brokers of Canada (C.B.C.) 
416-660-1616 
604-273-1155 
CPC 
714-757-0505 
800-582-0505 
Data Storage Marketing (D.S.M.) 
1-800-543-6098 
303-442-4747 
Firstop Computer 
1-800-832-4322 
Fu tu re Electronics 
514-694-7710 
Intelect 
011-525-255-5325 
JACO 
214-733-4300 
Marshall Industries 
1-800-522-0084 
Microware Distributors 
1-800-777-2589 
503-646-4492 
Mini Micro 
408-456-4500 
1-800-628-3656 
Pioneer Standard Electronics 
1-800-8 7 4-6633 
Pioneer Technologies 
1-800-227-1693 
S.E.D. 
1-800-444-8962 
404-491-8962 
Tech Data 
1-800-23 7 -8931 
813-539-7 429 
Technology Factory 
1-800-848-2073 
1-800-227-4712 
Technology Marketing Group 
1-800-688-7000 
612-942-7000 
U.S. Computer 
305-477-2288 
Wyle Laboratories 
1-800-289-9953 
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updates or random data replace­
ment that characterize magnetic or 
erasable-optical disks. You erase 
everything in the cartridge only 
when all of that data can be dis­
carded or has already been moved 
to some other medium. The OS ex­
pects to write and read only a series 
of variable-length records, using 
tracks in alternate directions. DOT 
systems fulfill all of these expecta­
tions. The only differences the OS 
must take into account are that each 
track of a DOT holds far more data, 
and a DOT has 40 tracks instead 
of the 18 of a standard magnetic 
cartridge. 

A DOT cartridge is potentially 
erasable and reusable, although no­
body has implemented the careful 
reheating that would be needed to 
remove the pyroplastic deforma­
tions (pits) from the dye-polymer 
layer. 

Large-volume techniques 
The Creo open-reel DOT recorder 

can store 1 terabyte (1000 gigaby­
tes) on a 12-in. reel of 35-mm tape, 
which satisfies the requirements of 
most satellite data-logging applica­
tions. 

But, if you've made the decision 
to go with Lasertape Systems' 50G­
byte cartridges for the sake of com-

patibility and cost reduction, you 
may some day find your data re­
quirements outgrowing your sys­
tem. In that case, you can immedi­
ately expand your system by adding 
Lasertape Systems' $1500 auto­
loader, which allows a single drive 
to handle ten cartridges for a total 
capacity of 500G bytes. If you're 
still under capacity, your existing 
controller will handle three more 
drives, each equipped with an 
autoloader, yielding a total capacity 
of 2 terabytes for the four drives 
(40 cartridges). 

And if you still don't have enough 
capacity (23 million ASCII pages on 
each of 40 cartridges) , there are silo 
and ATL systems that can handle 
as much as 64 petabytes (1 petabyte 
is 1015 bytes). That should accommo­
date all of your data and the 2050 
AD edition of the E ncyclopedia 
Galactica! EDN 

Article Interest Quotient 
(Circle One) 

High 509 Medium 510 Low 511 

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

Creo Products Inc 
110 Discovery Park 
3700 Gilmore Way 
Burnaby, BC V5G 4Ml 
Canada 
(604) 437-6879 
FAX (604) 437-9891 
Circle No. 700 

ICI Jmagedata 
Concord Pike 
Wilmington, DE 19897 
(302) 886-8484 
Circle No. 701 

Lasertape Systems Inc 
51 E Campbell Ave, Suite 110 
Campbell , CA 95008 
( 408) 370-9064 
FAX (408) 370-9120 
Circle No. 702 
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NO INDUCTORS! 
+5V IN/·5V OUT INVERTER 

POWERS 100mA LOADS 
MAX660 Plus 2 Capacitors Deliver 95°/o Efficiency 

Using two low-cost capacitors , Maxim's new MAX660 charge-pump voltage inverter converts a 1.5V to 
5.5V input to a -1 .5V to -5.5V output . The charge pump's 1 OOmA output rep laces switching regulators, 
eliminating the need for inductors and their associated cost, size and EMI . For instance, with a 5V input, the 
MAX660 delivers 100mA at -4 .35V. Compact 8-pin DIP and SOIC* packages coupled with a 95% power­
conversion efficiency make the MAX660 ideal for battery-powered applications. 

+ Only 2 Capacitors, NO Inductors 

+ 1 OkHz and 45kHz Internal Oscillator 

+ Voltage Inverter Mode: VouT = -V1N 

+ Voltage Doubler Mode: VouT = 2 x V1N 

+ 1.5V to 5.5V Input Voltage Range 

+ 200µA No-Load Supply Current 

+ Only $2.95t 

1 OOmA LOAD CURRENT 

~ 4 1-----+---+----+---+----t ...., 
"" ~ 
§; 
>-
ii: 
5 1 1-----+---+----+---+----t 
0 

O '---~~~~~~~~~~~~ 

0 20 40 60 80 100 

OUTPUT CURRENT (mA) 

Maxim 's new MAX660 voltage inverter powers 100mA 
loads. 

VIN 
+ 1.5V TO +5.5V 

NO INDUCTORS 

MAX660 
INVERTER VouT 

I -1 .5VT0-5.5V 

The MAX660 uses only 2 external components and is 
available in space-saving 8-pin DIP and SO* packages. 

95% EFFICIENCY 
1()() 

80 
( 

~ 60 >-
'-' as 40 u 
~ 20 

0 
0 20 40 60 80 100 

OUTPUT CURRENT (mA) 

High efficiency makes the MAX6fiJ ideal for portable ap­
plications. 

FREE DC-DC Converter/Power Supply Design Guide 
Design Guide includes: + Application Notes + Complete Data Sheets + Free Samples 

Simply circle the reader response number, contact your Maxim representative or Maxim Integrated Products, 
120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194. 

• SOIC packages available after August. 1991 
t FOB USA. 1000-up 

..1111.JJ XI .Jill 
Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498; Arizona, 
(602) 730-8093; California, (408) 248-5300, (619) 278-8021, (7 14) 261-2123, (818) 704-1655; Colorado, (303) 799-3435; Connecticut , (203) 384-111 2; Delaware, (609) 778-5353; 
Florida, (305) 426-460 1, (407) 830-8444; Georgia, (404) 447-6124; Idaho, (503) 292-8840; Ill inois, (708) 358-6622; Indiana, (317) 844-8462; Iowa, (319) 393-2232; Kansas, 
(8 16) 436-6445; Lo uisiana, (2 14) 238-7500; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 583-1500; Minnesota, (612) 944-8545; Mississippi, 
(205) 830-0498; Missouri, (314) 839-0033, (816) 436-6445; Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada, (408) 248-5300; New Hampshire, (617) 329-3454; 
New Jersey, (20 1) 428-0600, (609) 778-5353; New Mexico, (602) 730-8093; New York, (201) 428-0600, (607) 754-217 1; N . Caro lina, (919) 851-001 O; Ohio, (2 16) 659 -9224, 
(5 13) 278-07 14, (614) 895-1447; Oklahoma, (2 14) 238-7500; Orego n, (503) 292-8840; E. Pennsylvania, (609) 778-5353; W. Pennsylvania, (614) 895- 1447; S. Carolina, 
(919) 85 1-001 O; Tennessee, (404) 447-6124; Texas, (2 14) 238-7500, (5 12) 835-5822, (7 13) 789 -2426; Utah, (801) 561-5099; Virginia, (301) 644 -5700; Washington, 
(206) 823-9535; W. Virginia, (513) 278-0714; Canada, (416) 238-0366, (613) 225-5161, (604) 276-8735, (5 14) 337-7540. 

Maxim is a registered trademark o f Maxim Integrated Products.© 1991 Maxim Integrated Products. 
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INDUSTRIAL 12-BIT AID 
NEEDS NO ADJUSTMENTS 

OVER ·55°C TO + 125°C 
4- or 1-Channel A/Ds with Track/Hold Maintain +1 LSB Accuracy 

Maxim's new MAX178 and MAX182 are automatically corrected at every conversion, eliminating adjust­
ments and holding total error below 1 LSB. By including a track/hold on chip, accuracy of the complete 12-bit 
CMOS system is guaranteed over time and temperature, eliminating trimpots, a common source of error and 
drift. The MAX182 combines a 4-channel multiplexer with all the features of the single-input MAX178. 

+ 1 LSB Total Unadjusted Error Over: 
-55°C to + 125°C & -40°C to +85°C 

+ On-Chip Track/Hold 
+ Easy-to-Drive (RIN < 500MQ) Inputs 
+ On-Chip Voltage Reference: 

40ppm/°C Max Drift 
+ 100°/o Tested DC and Dynamic Specs 
+ 8- or 16-bit µP Interface 
+ &Oµs Conversion Time 

Total Unadjusted Error for All Codes 
+125°C 

1.0 ..I. 

-1.0-L----.,....----..--, ----,---~ 

Code 1024 2048 3072 4096 

-55°C 

-1.0-L----.,....----..------,---~ 

Code 1024 2048 3072 4096 + Pin-Compatible Upgrade for 
AD7578/AD7582 With NO gain, offset, or linearity adjustments, the total error for a 

MAX1 78 stays below ± 1 LSB from - 55°C to + 125°C for all codes. 

Faster Upgrades for 757Bn5B2 at No Extra Cost 
If you are presently using a 7578 or 7582, reduce conversion time by 40µs, and eliminate the external 

sample/hold and reference- at no additional cost-by upgrading to the MAX 178/182. Improve performance and 
board reliability in your system while reducing power consumption, component count, space , and overal l cost. 

FREE AID Converter Design Guide 
Design Guide includes: + Application Notes + Complete Data Sheets + Free Samples 

Simply circle the reader response number, contact your Maxim representative or Maxim Integrated 
Products , 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600 , FAX (408) 737-7194 . 

.Jiil .JJ XI ~Ill 
Distributed by Arrow, Bell/ Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498; Arizona, 
(602) 730-8093; California, (408) 248-5300, (619) 278-8021, (714) 261-2123, (818) 704-1655; Colorado, (303) 799-3435; Connecticut, (203) 384-1 11 2; Delaware, (609) 778-5353; 
Florida, (305) 426-4601, (407) 830-8444; Georgia, (404) 447-6124; Idaho, (503) 292-8840; Ill inois, (708) 358-6622; Indiana, (317) 844-8462; Iowa, (3 19) 393-2232; Kansas, 
(816) 436-6445; Louisiana, (2 14) 238-7500; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (3 13) 583- 1500; Minnesota, (612) 944-8545; Mississippi, 
(205) 830-0498; Missouri, (314) 839-0033, (816) 436-6445; Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada, (408) 248-5300; New Hampshire, (617) 329-3454; 
New Jersey, (201) 428-0600, (609) 778-5353; New Mexico, (602) 730-8093; New York, (201) 428-0600, (607) 754-2171; N. Carolina, (g19) 851-001 O; Ohio, (2 16) 659-9224, 
(513) 278-0714, (614) 895- 1447; Oklahoma, (2 14) 238-7500; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353; W. Pennsylvania, (6 14) 895- 1447; S. Carolina, 
(91 g) 851-001 O; Tennessee, (404) 447-6124; Texas, (214) 238-7500, (512) 835-5822, (7 13) 789-2426; Utah, (801) 56 1-509g; Vi rginia, (301) 644-5700; Washington, 
(206) 823-9535; W. Virginia, (513) 278-0714; Canada, (416) 238-0366, (613) 225-5161, (604) 276-8735, (5 14) 337 -7540. 

Maxim is a registered trademark of Maxim Integrated Products.© 1991 Maxim Integrated Products. 
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1pA MUX LEAKAGE CURRENT! 
150Vp-p FAULT PROTECTION! 

MUXs Offer 1000X Less Leakage Than 06508/509 
Maxim 's MAX328/329 CMOS multiplexers feature the industry's lowest on and off leakages, <1 pA, 

providing system accuracy up to 16 bits over temperature . Low input leakages allow use of high-value 
resistors (43kQ) in series with channel inputs. These resistors can withstand over 11 OV AC fau lts indefi nitely 
while maintaining <40nV offset error voltages. 

100 

nA 
0.1 

IS(oFF) vs Temp 
V+= 15V 
V-=15V 

0.0001 L------"""""'-------' 
-55 -35 - 15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 

The MAX328/329 have < 1 pA leakage at 25°C - 1 OOOX lower 
than the OG508/509. 

•Single-Ended, 1-of-8 Device (MAX328) 
Differential, 2-of-8 Device (MAX329) 

• 1 pC Charge Injection 
• 4.5 mW Power Dissipation (±15V supplies) 
•Single-Supply(+ 1 OV to +30V), or Dual-Supply 

(±5V to ±18V) Operation 
• Analog-Signal Range Includes Rails 
• Plug-in Upgrade of D6508/509 for only $4. 70 

(1000-up) • 

Fault Protection: MAX378-150V, 06508-0V! 
The MAX378/379 provide± 75V of fau lt protection with supplies off, and ±60V with supplies on - the 

highest in the industry! Unlike other fault-protected multiplexers, both input and output pins are current 
limited to only nanoamps under overvoltage condit ions. This protects sensors, signal sources, ADCs, or 
other valuable ci rcuitry from destruction. 

• 8-Channel, Single-Ended, 1-of-8 Device (MAX378) 
4-Channel, Differential, 2-of-8 Device (MAX379) 

• ±75V of Protection with Supplies Off 
±60V of Protection with Supplies On MUX 

OUTPUT 
5V/DIV 

• Only Nanoamperes of Input Current Under All \ MUX 

Fault Conditions 

• Dual-Supply Operation (±4.5V to ±18V) 

• Latchup-proof Construction 

• Plug-in Upgrade of D6508/509 for 
only $11.30 (1000-up)* 

\ /
• INPUT2 

50V/DIV 

\ ______ / 

____________ 2ms/div 
To demonstrate the ruggedness of MAX378, Input 2 is 
overdriven with a 150Vp-p AC signal. This Input survives, and 
the adjacent On Input (CHI} is unaffected during this abuse. 

Call your Maxim representative or distributor today for applications information, datasheets and samples . 
Or, write Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, 
FAX (408) 737-7 194. 

- FOB, U.S.A. ~Ill ~J XI ~Ill 
Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498; Arizona, 
(602) 730-8093; California, (408) 248-5300, (619) 278-8021, (714) 261-2123, (818) 704-1655; Colorado, (303) 799-3435; Connecticut, (203) 384-1 112; Delaware, (609) 778-5353; 
Florida, (305) 426-4601, (407) 830-8444; Georgia, (404) 447-6 124; Idaho, (503) 292-8840; Illinois. (708) 358-6622; Indiana, (317) 844-8462; Iowa, (319) 393-2232; Kansas, 
(816) 436-6445; Louisiana, (214) 238-7500; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 583-1500; Minnesota, (612) 944-8545; Mississippi, 
(205) 830-0498; Missouri, (314) 839-0033, (816) 436-6445: Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada, (408) 248-5300; New Hampshire, (617) 329-3454; 
New Jersey, (201) 428-0600, (609) 778-5353; New Mexico, (602) 730-8093; New York, (201) 428-0600, (607) 754-2171; N. Carolina, (919) 851-0010; Ohio, (216) 659-9224, 
(5 13) 278-0714, (614) 895-1447; Oklahoma, (214) 238-7500; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353; W Pennsylvania, (614) 895-1447; S. Carolina, 
(919) 851-001 O; Tennessee, (404) 447-6124; Texas, (214) 238-7500, (512) 835-5822, (713) 789-2426; Utah, (801) 561-5099; Virginia, (301) 644-5700; Washington, 
(206) 823-9535; W Virginia, (513) 278-0714; Canada, (416) 238-0366, (613) 225-5161, (604) 276-8735, (514) 337-7540. 

Maxim is a registered trademark of Maxim Integrated Products. © 1991 Maxim Integrated Products. 
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1 ~A OP AMP EXTENDS 
BATTERY LIFE 15X 

3.6µW Power Consumption - Lowest Ever 
Maxim's new MAX406 op amp is the lowest power op amp on the market today, 

requiring a maximum supply current of only 1.2µA - leakage current in most battery­
powered applications. And , it consumes less than 3.6µW* of power enabling lithium or 
alkaline batteries to last years longer. A review of the specs below will show you that the 
new MAX406 is the ideal op amp for solar powered products, hearing aids, barcode 
readers, and many other micropower applications. 

• 1.2µA max Supply Current MAX406 VS. ALTERNATIVES 

• < 0.1pA Input Bias Current Device la Vos I Is Rail-to-Rail 
(TA =25°C) µAmax mVmax pA typ Output 

t--• 0.5mV max Input Offset Voltage MAX406 1.2 0.5 <0.1 YES 
• Input Voltage Range Includes 

Neg Supply Rail 

• 40kHz Gain Bandwidth 

ICL7611 

TLC271 
t---

OP90 

20 2 

23 2 
t--

20 0.15 

•Wide Supply Voltage Range: +2.4V to + 10V or ± 1.2V to ± 5V 

-
1 

0 .1 

4000 

Rail-to-Rail Output Sources 2,000X Supply Current 
The MAX406 maintains linearity under heavy load conditions and is capable of 

sourcing as much as 2mA from a 9V battery. The output swings rail-to-rail while the input 
voltage range extends to the negative supply rail. The new device operates from voltages 
as low as 2.4V while maintaining widest input and output voltage ranges. 

Lowest Bias Current, Highest Stability 
Input bias current of the MAX406 is less than 0.1 pA - a 10X improvement over other 

low-power op amps. Input offset voltage is 0.5mV maximum, eliminating the need for offset 
nulling in most applications. As a buffer, the MAX406 is extremely stable without any 
external compensation , even when driving capacitive loads as high as 1 µF. 

Call your Maxim representative today for applications information , data sheets and 
samples. Or, write Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, CA 94086, 
(408) 737-7600, FAX (408) 737-7194. 

• From 3V supplies 

YES 

NO 

NO 

--.,.----1 

-

Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498; Arizona, 
(602) 730-8093; California, (408) 248-5300, (619) 278-8021, (714) 261-2123, (818) 704-1655; Colorado, (303) 799-3435; Connecticut, (203) 384-1112; Delaware, (609) 778-5353; 
Florida, (305) 426-4601, (407) 830-8444; Georgia, (404) 447-6124; Idaho, (503) 292-8840; Illinois, (708) 358-6622; Indiana, (317) 844-8462; Iowa, (319) 3g3-2232; Kansas, 
(816) 436-6445; Louisiana, (214) 238-7500; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan. (313) 583-1500; Minnesota, (612) 944-8545; Mississippi, 
(205) 830-0498; Missouri, (314) 839-0033. (816) 436-6445; Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada, (408) 248-5300; New Hampshire, (617) 329-3454; 
New Jersey, (201) 428-0600, (60g) 778-5353; New Mexico, (602) 730-8093; New York, (201) 428-0600, (607) 754-2171: N. Carolina, (919) 851-0010; Ohio, (216) 659-9224, 
(513) 278-0714, (614) 895-1447; Oklahoma, (214) 238-7500; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353; W. Pennsylvania, (614) 895-1447; S. Carolina, 
(919) 85 1-00 1 O; Tennessee, (404) 447-6124; Texas, (214) 238-7500, (512) 835-5822, (713) 789-2426; Utah, (801) 561-5099; Virginia, (301) 644-5700; Washington, 
(206) 823-9535; W. Virginia, (513) 278-0714; Canada, (416) 238-0366, (613) 225-5161, (604) 276-8735, (514) 337-7540. 

Maxim is a registered trademark of Maxim Integrated Products.© 1991 Maxim Integrated Products. 
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TI-IE LARGEST FAMILY 
OF lMEG SRAMS. 

90 

Sony's family of 1-Meg 
SRAMs gets larger and 
larger all the time. 

Our newest additions 
will include an industrial­
grade temperature range, 
synchronous ASM (Appli­
cation Specific Memory), 
and a low, 3-volt power 
requirement. 

We've also adopted all 
of the industry's most pop­
ular package styles, making 
our family more compat-

MORE 
ON TI-IE W& 

Sony 1 Megabit SRAM Family Tree 
Data 

Speed Packaging Retention Special Avail-
(ns) Current Features ability 

Model 

128Kx8 l CXK581000P - 100/120/150 - DIP 600mil --ULL --B/X - Now 
CXK581 ODOM - 100/120/150 - SOP 525mil --ULL --B/X - Now 
CXK581100TM - 100/120/150 - TSOP ULL--B/X- Now 
CXK581100YM - 100/120/150 - TSOP(reverse)-ULL--B/X - Now 
CXK581001 P - 70/85 --DIP 600mil --ULL Now 
CXK581001 M - 70/85 --SOP 525mil - - ULL Now 
CXK581020SP - 35/45/55 - SDIP 400mil Now 
CXK581020J - 35/45/55 - SOJ 400mil Now 

128Kx9 - CXK77910J - 20 --SOJ 400mil Sync ASM - 2H '91 
256Kx4 - CXK541 OOOJ - 25/30/35 - SOJ 400mil 2H '91 

L = Low LL = Low, Low B = 3 Voll X = Exlended Temperature 

technology. And they're 
ready now to discuss 
your needs. 

So, for the strength 
and security of the largest 
1-Meg SRAM family, 
look to Sony. You'll 
find us at Sony 
Corporation of 
America, Compo­
nent Products 
Company, 
10833 Valley 
View St., 

ible with all of your PCB designs. SRAMs than ever. Cypress, CA 90630. For 
details, call us at (714) 
229-4190, FAX us at (714) 
229-4285, or write to us 
'1\ttn: Communications'. ' 

And with the full support of two 
production facilities - plus another 
one due soon in San Antonio, TX 
- we'll be producing more 1-Meg 

Sony is a registered trademark of Sony Corporat ion . 

If you still can't find the right high­
density SRAM, we've got your answer 
- a full team of designers in the 
USA, armed with 0.8-micron CMOS 

SONY 
CIRCLE NO. 97 EDN April 25, 1991 



TECHNOLOGY UPDATE 

Long on promise, 
short on delivery, 

the IEEE-488.2 
standard may one 

day reduce the 
work of writing 
test-system pro­
grams. But that 

day hasn't arrived 
JUSt yet. 

Steven H Leibson, 
Senior Regional Editor 

EDN April 25, 1991 

THE IEEE-488.2 STANDARD 

IEEE-488.2 products 
are just now appearing 
W hen first adopted in 1975, 

the IEEE-488 (GPIB) stan­
dard brought order to the 

chaotic instrumentation world. Prior 
to this standard's appearance, an army 
of incompatible instrument-interface 
schemes made test-system design a 
nightmare. 

The present roster lists thousands of 
instruments and instruments with GPIB 
ports. This adherence to the standard 
aids the assembly of "rack-and-stack" 
instrumentation systems, but the 

ers, and controllers. Talkers place data 
on the bus; listeners consume that data; 
and controllers assign the roles of talker 
and listener to the instruments con­
nected to the bus. One IEEE-488 bus 
accommodates as many as 15 devices. 

The IEEE-488 standard also specified 
the byte-level handshake mechanism 
and defined the bus-control mecha­
nisms. In the interest of maximizing 
flexibility, the standard's creators inten­
tionally did not specify message proto­
cols and loosely stipulated that data be 

unique command sets, 
syntax requirements, 
and data structures em­
ployed by the many prod­
ucts still give test-system 
programmers headaches. 
The IEEE-488.2 stan­
dard, adopted in 1987, at­
tempts to resolve many 
of the remaining prob­
lems. Products designed 
before this standard ar­
rived obviously don't of­
fer its capabilities, but 
newer products that do 
have IEEE-488.2 fea­
tures give you a taste of 
the future. 

First, you should un­
derstand that the IEEE-
488.2 standard augments 

Many computers can control IEEE-488.2 systems u sing the control­
ler boards now available, such as this group from Capital Equipment 
Corp . 

the original IEEE-488 spec and does not 
replace it. To signify the coexistent na­
ture of the two specs, the IEEE 
changed the number of the original stan­
dard to IEEE 488.1. That standard 
specified the electrical and mechanical 
characteristics of the interface. It also 
introduced the concept of talkers, listen-

transmitted using any "standard" alpha­
numeric, binary, or BCD code. The 
IEEE-488 spec did not further define 
what these standard codes might be. In 
addition, the creators loosely defined 
the IEEE-488 standard's method for 
polling the status of an instrument re­
questing service over the bus. 
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VMIC is ttle one stop shop for VMEbus 1/0 
pr.6ducts. Wi~ an 1/0 product line of over 60 boards 

··· ahifniindrids ofoff~fhe~shelf qpfions, VMTC of­
Jers the mo,it extensivE\"l/O producdine in the industry. 

/ Our digital produclf line allow~ the user to select 
/-··· from sut:h-featureskis optical Isolation, program­

/ mable 1/0, high vqltage 1/0, lpgic level 1/0 , high 
/ density/ voltage ~6urcing , cu/rent sinkin.g , relay/ 

............. 1C1rr1P . 2ri_"'._ers~urrtn.! S()t,1rc;ir1~'C1r1.~ ... rrl.C1.r:iY.?l~er .. fE_i.C1· 
turesf ! i . 

aiir analog product line offers a wide 'variety of 
resolutions, fea;iures and b~nefits to provide high 
µ_~horrnarn:;e, hfot:u:lensity, jow cost soluJions to the , 

' J ! I 

u;;er. ! f 1 

I Our synchr'o/resolver pfoduct line pr;ovides flex- , 
} bility for sys;em designer~ by offering ;;t wide selec- ' 

; lion of r~sgl1Jliori5. ~igtija,c:;c1Jracy , f~st sampling 
/ times and !TJany unique ,features. ·' 

! Many ofour 1/0 produ'cts are offered with Built-in-
/ Test, P2 :110, front paefe1 fail LED's / power-up re­

placeme/11 options, arid other unique features. A 
· subset pfVMlC's prqducts are supported by our 

Intelligent 1/0 Controfler product line, and all prod­
ucts ar'e supported b~ VMIC's Unix.shared memory 
1/0 Board Support rbutines. Vx Works drivers are 
avail,hble for many products. f , 

·· · ··· · ······· · ··· · Wtienyounefed<jff~tlie~shelfSo!UtiOrts with proven 
qua'lity, reliability, /and maintainability, call VMIC -
th~ one stop shop for VMEbus 11,b Solutions. · 

I ' I I . . 

VME MICROSYSTEMS INTERNATIONAL CORPORATION 
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The flexibility permitted by the 
original IEEE-488 standard did in­
deed encourage innovative instru­
ment design. In fact, vendors inno­
vated in nearly every direction. Al­
though all of the resulting products 
communicated over the IEEE-488 
bus, every instrument see.med to 
speak a different dialect. The re­
sulting cacophony created the test 
engineer's equivalent of the Tower 
of Babel. Engineers producing test 
programs had to employ different 
software handlers for each new in­
strument. Thus, the original IEEE-
488 standard made the job of physi­
cally connecting instruments to con­
trollers much easier but did little 
to ease test-system software devel­
opment. 

After ten years of rampant in­
novation, several vendors col­
laborated to add more consistency 
to IEEE-488 bus usage by develop­
ing additional standards. Their 
work culminated in the IEEE-488.2 
spec, which the IEEE adopted in 
1987. The IEEE-488.2 standard 
specifies codes, data formats, mes­
sage protocols, and common com­
mands to address some of the soft­
ware-related problems encountered 
by users of diverse products incor­
porating the IEEE-488 bus. 

The new standard also requires 
the complying product to have a 

minimum set of capabilities, includ­
ing the ability to both talk and lis­
ten. The standard adds rigor to the 
design of complying equipment but 
does not require vendors to adopt 
the IEEE-488.2 specification; they 
can continue to use just the IEEE-
488.1 spec. 

One of the key components of the 
IEEE-488.2 standard deals with 
the possibility that instruments 
conforming only to IEEE-488.1 
might be mixed with IEEE-488.2-
compliant equipment on one bus. 
The IEEE-488.2 spec introduces 
the ideas of "precise talking" and 
"forgiving listening" to accommo­
date such mixed systems. 

Talk precisely 
Precise talking restricts the way 

an IEEE-488.2-compliant instru­
ment can generate messages. For 
example, a data message containing 
a reading expressed as a floating­
point number must always be trans­
mitted as a floating-point number, 
not as another number type. Thus 
a 1 V floating-point reading may be 
sent as the string"+ 1.000E + O" or 
"+LOE+ O" but not as "l" which 
is an integer or "1.0" which is a 
fixed-point value. Precise talking 
simplifies test software because 
your program need only accept 
floating-point numbers if that is all 

For more inf orrnation . . . 

it expects. However , you must 
remember that equipment conform­
ing only to the older spec may gen­
erate messages in any format. If 
you are working with a mix of old 
and new instruments, you must still 
write smarter code to cover all 
cases. 

Forgiving listening is the oppo­
site of precise talking. A piece of 
IEEE-488.2-compliant equipment 
must accept messages in any legal 
numeric format. A forgiving lis­
tener will accept and correctly 
evaluate a 1 V reading expressed as 
"l" (an integer) , "1.00" (a fixed­
point value), or "+ 1.00E + O" (a 
floating-point number). This re­
quirement excuses you from having 
to precisely format commands you 
send to IEEE-488.2-compliant 
equipment. Once again however, 
you'll need to be more careful when 
writing programs for mixtures of 
old and new equipment. Older lis­
teners aren't always so forgiving. 

In conjunction with forgiving lis­
tening and precise talking, the 
IEEE-488.2 standard specifies sev­
eral message formats. Text mes­
sages use the 7-bit ASCII code, bi­
nary blocks are sent most-signifi­
cant byte first, and binary floating­
point numbers employ the IEEE-
754-1985 standard format. The 
IEEE-488.2 standard also contains 

For more information on the IEEE-488.2 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. 
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Table 1-IEEE-488.2 common commands 

Command Command 
group mnemonic Description Required or optional 

Auto configure •AAD Assign address Optional 
•DLF Disable listener function Optional 

System data •1DN? Identification query Required 
•OPT? Option-identification query Optional 
·PuD Protected user data Optional 
· puD? Protected user-data query Optional 
•RDT Resource description transfer Optional 
•RDT? Resource-description transfer Optional 

query 

Internal 'CAL? Calibration query Optional 
operation •LRN? Learn device-setup query Optional 

•RST Reset Required 
•TST? Self-test query Required 

Synchronization · ope Operation complete Required 
·oPC? Operation-complete query Required 
·wAI Wait to complete Required 

Macro •DMC Define macro Optional 
commands •EMC Enable macro Optional 

•EMC? Enable-macro query Optional 
•GMC? Get-macro-contents query Optional 
•LMC? Learn-macro query Optional 
•PMC Purge macros Optional 

Parallel poll •1sT? Individual-status query Required with parallel-poll 
capability 

•PRE Parallel-poll enable register Requ ired with parallel-poll 
capability 

•PRE? Parallel-poll enable-register Required with parallel-poll 
query capability 

Status and event ·cLS Clear status Required 
•ESE Event-status enable Required 
•ESE? Event-status enable query Required 
•ESR? Event-status register query Required 
· psc Power-on status clear Optional 
· psc? Power-on status-clear query Optional 
· sRE Service request enable Required 
·sRE? Service-request enable query Required 
·srn? Read status-byte query Required 

Device trigger •DDT Define device trigger Optional 
· DDT? Define device-trigger query Optional 
•TRG Trigger Required with device-

trigger capability 

Controller ·pcs Pass control back Required with system-
controller capability 

Stored settings •RCL Recall instrument state Optional 
•sAV Save instrument state Optional 

precise definitions for integers, 
fixed-point numbers, and floating­
point numbers expressed as ASCII 
strings. 

tures such as the ability to respond 
to a parallel poll on the bus. All of 
the common commands must start 
with an asterisk, whereas the stan­
dard forbids device-dependent com­
mands to use an asterisk as the 
leading character. A list of these 
common commands appears in 
Table 1. 

Common commands unify 
The IEEE-488.2 standard's de­

signers also provided more ways to 
exert control over equipment on the 
bus through a set of common com­
mands. Some of these commands 
are required in all devices, some are 
optional, and some are required 
only if the device has certain fea-

94 

The common commands do not 
control measurements. Instead, 
they manage the operation of an in­
strument. Internal-operation com­
mands standardize the way you in-

struct an instrument to perform a 
calibration cycle, execute a self-test 
program, reset to a known state, 
or learn a setup. Synchronization 
commands allow you to control the 
sequence of operations in an instru­
ment. Device-trigger commands de­
fine a sequence of events that will 
occur when the instrument receives 
an IEEE-488.1 group-execute-trig­
ger (GET) command. (The GET 
command is a way to activate sev­
eral instruments simultaneously.) 

An optional autoconfigure com­
mand group allows a controller to 
detect instruments on the bus and 
assign them a bus address. Cur­
rently, most IEEE-488 equipment 
employs DIP switches on a back 
panel to set this address. Using the 
autoconfigure commands, a system 
can theoretically configure itself 
when powered up and can automati­
cally adapt to newly added equip­
ment. Because the autoconfigure 
feature is optional, and because you 
can mix IEEE-488.2-compliant and 
older equipment on the same bus, 
you may find this new feature some­
what useless now. It does, how­
ever, seem to have a useful future. 

Standardizing requests 
The IEEE-488.2 standard's status 

and event commands give a test 
program far more control over an 
instrument's use of the IEEE-488 
bus' service request (SRQ). The 
SRQ line allows an instrument to 
request service over the bus asyn­
chronously. The SRQ is the IEEE-
488 bus' interrupt. Many existing 
instruments allow the system pro­
grammer to define events that may 
cause such an interrupt, but IEEE-
488.1 doesn't specify how. Conse­
quently, use of the IEEE-488. 1 
standard's service request varies 
from instrument to instrument. The 
IEEE-488.2 standard specifies an 
extended-status model and the 
status-and-event command group 
that at least make an attempt to 

EDN April 25, 1991 



APRIL 1991 mmm 
1553 DATA BUS 

SYNCHRO CONVERSION ILC DATA DEVICE 
AID & DIA CONVERSION CORPORATION 

POWER HYBRIDS 
SOLID-STATE POWER CONTROLLERS 

14 BIT 5 MHz SAMPLING AID 

0 ····························--·--········--······························----·----········--· · 

a: 
"' 

-10 

-ao 

-30 

-40 

LI. -50 
3 
.2 -£0 

Jl 
-70 m 

Q 

-80 

-90 

-100 

-110 

- 120 
0 102 204 306 408 :no 612 714 816 918 1020 

Frequency Bin 

SMALLEST, HIGH-SPEED, LOWEST-POWER HYBRID 

T he ADC-00145 is a 14 bit resolu­
tion, 200nsec update rate (5MHz) 
track/hold and ND converter hybrid 
in a 40 pin TDIP package. Containing 
T/H, ND. data registers, tri-state out­
put buffers, timing circuits, and 
precision references, the ADC-00145 
is the fastest and smallest digitizer of 
its kind. The ADC-00145 operates 
over a temperature range of -55°C to 
+125°C with military processing 
available. The hybrid gives very high 
performance (75dB signal-to-noise 
ratio and 78dB harmonics) with a low 
power dissipation of2.9W. 

The ADC-00145 uses a two-step 
ND conversion algorithm. The ap­
plication of a pulse to the Encode 
Command pin initiates the conversion 

mmm 
ILC DATA DEVICE 
CORPORATION 

cycle. The track/hold samples and 
stores the analog input, then a flash 
ADC generates a coarse encode of the 
sampled voltage and stores its 8 bits 
in the MSB register. At the same time · 
a high-speed DAC and amplifier con­
verts the 8 bits to an analog voltage, 
and subtracts it from the original 
input. Next, the flash ADC generates 
a fine encode of the subtracted voltage 
and stores these 8 bits in the LSB 
register. Digital error correction com­
bines coarse and fine data to yield a 
14-bit output. This process is 
repeatable at a 5MHz rate. 

Many factors contributed to 
achieving the ADC-00145's techni­
cal breakthroughs in speed, size, and 
power. Foremost among them were 

the high-speed T/H, DAC, and the 
gain amplifier; all are DDC 
proprietary designs and single custom 
monolithics. In addition, judicious 
use of thin- and thick-film hybrid 
technology resulted in minimum 
layout area. 

With its high speed, small package, 
and wide operating temperature 
range, the ADC-00145 is ideal for the 
most demanding military and in­
dustrial data conversion applications. 
Typical applications are radar, in­
frared, and sonar digitizing, medical 
and nuclear instrumentation, and 
high-speed data-acquisition systems. 

For additional information con­
tact Mike Johnson (1-800-DDC-
1772) ext 384. Cl 

HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, NY 11716, 
(516) 567-5600, TUC: 310-685-2203, FAX: (516) 567-7358, (516) 563-5208 
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standardize this capability. For de­
tailed information regarding the 
IEEE-488.2 standard's status 
mechanisms (Ref 1). 

You may not be surprised to 
discover that all of these marvel­
ous new features have not caused 
a stampede. Instrument vendors 
have shown an understandable re­
luctance to change the designs of 
products that already workwell in 
existing systems. Nevertheless, 
you will find that new IEEE-488 
equipment often complies with the 
IEEE-488.2 spec. 

The most visible type of the new, 
compliant products is the IEEE-488 
controller card. In this crowded and 
hotly-contested market, vendors 
constantly seek ways to outdistance 
t he competition, and compliance 
with the IEEE-488.2 standard is 
certainly one way to leapfrog 

ahead. However, you must scruti­
nize a controller card's conformance 
with the IEEE-488.2 spec because 
you may not be getting all that you 
expect. The standard lists several 
optional features, and not all fea­
tures are offered by all controller 
cards. 

Table 2 lists several representa­
tive IEEE-488 controller cards that 
support the IEEE-488.2 standard. 
With the exception of National In­
struments, all of the card vendors 
use either the 7210 controller chip 
from NEC (Mountain View, CA) or 
the 9914A from Texas Instruments 
(Dallas, TX). 

IC remedies flaws 
National Instruments developed 

its own controller chip, the 
NAT4882, to alleviate what the 
company claims are problems and 

deficiencies with the other control­
ler ICs. The one clear deficiency of 
NEC's 7210 is that it provides no 
way to sense the state of the SRQ 
line, and the IEEE-488.2 standard 
requires this sensing capability. 
Vendors that use NEC's 7210 for 
IEEE-488.2-compliant controller 
cards provide an alternate mecha­
nism for sensing the SRQ line's 
state. The Texas Instruments 
9914A does not use the IEEE-488.2 
standard's preferred mechanism for 
requesting service via the SRQ line , 
although it does use a method al­
lowed by the spec. The NAT4882 
uses the preferred method of re­
questing service in both the 7210 
and 9914 emulation modes. 

Because the hardware differences 
caused by the IEEE-488.2 are 
slight, you need to make few modifi­
cations to an IEEE-488 controller 

UN BELIEVABLE ••• MORE 
About The DTI 16/20MHz '386SX'™ 

Floppy Port 

Slo!oroTM 
SERIES 

High Performance Intel 
Product names are trademarks or registered trademarks of their respective companies. 80386SX 20MHz 
386 & 486 are trademarks of Intel Cofp. 
SLOTpro is a trademartt of Diversified Technology 

\ 

Design Enhancement 
Parallel Port For FCC/UL Approval 

"""- \ 

Flat Panel Adapter 
Connection To Support 
LCD,EL,Plasma Displays 
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card to achieve compliance. To cre­
ate compliant products, vendors 
have altered the software for these 
controller cards, but the changes 
are largely invisible. If you look at 
data sheets for the controller cards 
li ted in Table 2, you'll find few spe­
ci:fic software features that support 
t he IEEE-488.2 requirements. 
Again, that's because the IEEE-
488.2 spec augments and fills in the 
details of the IEEE-488.1 standard 
instead of replacing it. 

The biggest changes made by the 
IEEE-488.2 standard occur in the 
test-equipment firmware and test­
system software. The common com­
mands added by the IEEE-488.2 
standard are just text strings sent 
using mechanisms established in 
the IEEE-488.1 standard. Further, 
the extended status- and event­
reporting model created by the 

IEEE-488.2 spec is controlled and 
interrogated using these common 
command strings. Consequently, 
the changes made to the controller­
board software are largely invis­
ible. 

Software hasn't changed 
This transparency allows you to 

use existing software for test­
system program development. For 
example, TransEra claims that its 
HT Basic language packages need 
no changes to be compatible with 
the IEEE-488.2 spec. The com­
pany's language products run on 
DOS-based PCs and include I/O 
drivers for most of the IEEE-488 
controller cards listed in Table 2. 

HT Basic emulates HP Basic (for­
merly called Rocky Mountain Ba­
sic). Hewlett-Packard supplies HP 
Basic with its 82300C and 82324A 

Measurement Coprocessor boards. 
HT Basic runs on the PC's proces­
sor and costs $625 to $925. HP Basic 
runs on the 68000-family µ.P resid­
ing on the Measurement Coproces­
sor board and is part of the product. 
Like TransEra, Hewlett-Packard 
says it has made no changes to HP 
Basic relating to the IEEE-488.2 
standard. 

You'll find most of the changes 
wrought by the IEEE-488.2 stan­
dard in the newest test equipment. 
For example, Hewlett-Packard's 
$11,300 1652B logic analyzer, intro­
duced in 1990, complies with the 
IEEE-488.2 specifications. The 
product combines a 100-MHz, 80-
channel logic analyzer with a 400M­
samples/sec, 2-channel digital sam­
pling oscilloscope. As an instrument 
with a large number of functions 
and capabilities, the 1652B makes 
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Table 2-Representative controller cards for IEEE-488.2 systems 

Maximum 
transfer rate 
(bytes/sec) IEEE-488 software 

Manufacturer Product Host Bus (See Note) interface Price Comments 

Capita I Max488 Apple Macintosh II > 650,000 Language extensions and sub- $450 Package includes Hyper-
Equipment Corp routines for Quickbasic, Turbo card interactive teat stack. 

Pascal , C, and Hypertalk 

PC < > 488 IBMPC 350,000 DOS device driver and language $450 Package include& lnterac· 
extensions for Basic, Quick- tive test program, printer/ 
basic, Turbo Pascal , C, and plotter redirector. 
Fortran 

PS < > 488 IBM Microchannel 320,000 DOS device driver and language $450 Package includes lnterac-
(short card, fits IBM extensions for Basic, Quick· live test program, printer/ 
P70) basic, Turbo Pascal , C, and plotter redirector. 

Fortran 

H-lett-Packard 82300C IBM PC/AT 110,000 HP Basic $1695 Software runs on an on-
Co board 68000 auxiliary 

processor. 

82324A IBM PC/AT 350,000 HP Basic $2795 Software runs on an on· 
board 68030 auxiliary 
processor. 

82335A IBM PC/AT 205,000 Command libraries for Vectra $525 Package includes printer/ 
Basic, GW Basic, Quickbasic, plotter redirector. 
Compiled Basic, Pascal, C, 
Quick C, Turbo C, and Turbo C++ 

lotech Personal 488plus IBM PC/AT 300,000 DOS device driver and subrou· $395 
tines for Basic, C, and Pascal 

Personal 488/2plus IBM Microchannel 300,000 DOS device driver and subrou· $495 
tines for Basic, C, and Pascal 

Power488 IBM PC/AT 1,000,000 DOS device driver and subrou· $495 Board has a 40-line digital 
tines for Basic, C, and Pascal l/Oport. 

Power488CT IBM PC/AT 1,000,000 DOS device driver, subroutines $595 Board has a 40-line digital 
for Basic, C, and Pascal 1/0 port and five 16-bit 

timers. 

National GD-GPIB Grid System 1500 400,000 DOS device driver or Microsoft $695 Package includes interac· 
Instruments Windows dynamic-link library. live bus-control program. 

Interfaces for several program-
ming languages also offered. 

GPIB-PCll/llA IBMPC > 400,000 DOS device driver or Microsoft $395 Package includes interac· 
Windows dynamic-link library. live bus-control program. 
Interfaces for several program-
ming languages also offered. 

GPIB-SE/30 Apple Macintosh 1,000,000 Device manager calls and inter- $495 Package includes interac-
SE/30 faces for Quickbasic, Think C, live bus-control program. 

MPW C, and Hypertalk 

GPIB-SPARC1-B Sun Sbus 1,000,000 Multitasking software driver $995 Package includes interac-
live bus-control program. 

GPIB-98 Turbo NEC PC-9801 1,000,000 DOS device driver or Microsoft ¥ 117,000 
Windows dynamic-link library. 
Interfaces for several program-
ming languages also offered 

LC-GPIB Apple Macintosh LC 1,000,000 Device manager calls and inter· $495 Available with 68882 
faces for Quickbasic, Think C, floating-point unit for $745. 
MPW C, and Hypertalk 

MC·GPIB IBM Microchannel 1,000,000 DOS device driver, Microsoft $495 Package includes lnterac· 
Windows dynamic-link library, live bus-control program . 
OS/2 driver, Unix driver. Inter-
faces for several programming 
languages also offered. 

NB-GPIB Apple Macintosh II 800,000 Device manager calls and inter- $495 
faces for Quickbasic, Think C, 
MPW C, and Hypertalk 

VXlpc-030 VXI 1,000,000 Device manager calls and inter· $14,800 An Apple Macintosh SE/30 
faces for Quickbasic, Think C, on a VXI card with an 
MPW C, and Hypertalk IEEE-488 Interface port . 

VXlpc-386 VXI 1,000,000 DOS device driver $9000 An 80386-based PC on a 
VXI card with an IEEE-488 
interface port . 

Note: Actual transfer rates depend more on the host bus and the software than the interface card. The absolute maximum transfer rate over the IEEE·488 
bus is 1M bytes/sec. Actual performance can be less than the maximum. 
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a good candidate for the IEEE-
488. 2 standard's abilities. The 
1652B's status register follows the 
standard's guidelines and it under­
stands the required common com­
mands. 

If you need to create IEEE-488.2 
test systems, you'll be happy to 
know the necessary controller 
boards and software already exist. 
As time passes, the growing num­
ber of instruments that comply with 
the IEEE-488.2 spec will allow 
your test programs to become 
somewhat less complex. When all 
the instruments in your system un­
derstand the IEEE-488.2 common 
commands, you will be able to cre­
ate standard routines to manage 
much of the test-system's overhead. 
However, until you can equip an en-
tire system with IEEE-488.2-com-
pliant instruments, your program-

From Concept 
to Delivery 

It your product requires a custom designed 
keyboard and you require peace of mind , 
Laube Technology will supply both . We can 
design , build tools and begin actual production 
usually within 8 to 10 weeks from your go­
ahead. You deliver us the concept, we'll deliver 
you the keyboard . 

ming job really won't be any easier f------- ---------C_l_R_C_L_E_N_0_._1_0 ________ ____ _ 

than it has been. Even one excep­
tion to the IEEE-488.2 rules forces 
you to create unique software for 
the nonconforming instrument. 

EDN 

Reference 
1. Tutmial Description of the 

Hewlett-Packard Interface Bus, Part 
No. 5021-1927, Hewlett-Packard Co, 
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(Circle One) 

High 515 Medium 516 Low 517 

WHAT'S NEXT 
Look for EON Magazine's Analog 
Technology Special Issue on May 9, 
1991 . Among other analog-related sto­
ries, the issue will include a staff­
written Special Report on single-supply, 
analog-design techniques and a Tech­
nology Update on switching regulator 
ICs. Look for coverage of other topics 
and regular departments, too. 
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Kepco Group RAY Power Supplies 

ae to de power 
single output 
SOW, 100W, 175W, 
300W, 1500W 
O 3V-48V de output 
O jumper selectable inputs: 

85-132 or 170-264V ac, 240-370V de 
0 fully enclosed 
0 UL/CSA/TUV 
0 Tested to MIL STD 810D 
0 FCC Class A EMI filtering 

Kepco Group RAX Power Supplies 

ae to de power 
single output 600W 
0 2V-48V de output 
O jumper selectable inputs: 

85-132 or 170-264V ac, 240-370V de 
O fully enclosed 
0 UL/CSA 
0 Tested to MIL STD 810D 

Kepco Group RSX Power Supplies 

de to de power 
single output 
30W, 60W, 150W 
O 5V-48V de output 
0 24 and 48V input 

(60V available on some models) 
0 fully enclosed 
0 UL/CSA 
0 MIL STD 4618 EMI filtering 
0 Tested to MIL STD 810D 

Kepco Group ERD Power Supplies 

ae to de power 
single output 
30W, 60W, 120W, 240W 
0 5V-24V de output 
O jumper selectable inputs: 

85-132 or 170-264V ac, 240-370V de 
O P-C card, L-chassis, optional enclosure 
0 UL/CSA/TUV 
0 FCC Class B EMI filtering 

Kepco Group ERX Power Supplies 

Tel : + 44 895 825046 ·Fax: + 44 895 825045 UNITED KINGDOM: PPM Instr. Ltd . • Tel : (0483) 301333 ·Fax: (0483) 300862 
GERMANY: Compumess Elektronik GMBH •Tel : (089) 32 00 95 56 •Fax: (089) 32 00 95 25 FRANCE: M.B. Electronique • 
Tel: (1) 39 56 81 31 •Fax: (1) 39 56 53 44 ITALY: Sistrel , S.p.A. •Tel: (02) 6181893 ·Fax: (02) 618 2440 THE POWER SUPPLIER-
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~National 
~Semiconductor 

From Laser]ets®to fighter jets, 
our high-performance FACT QS and FCTA 

set the pace in lo ic. 

Imaging Portable 
Computing 

Delivering high 
performance to a broader 

range of applications. 
Whether it's a printer churning 

out 8 PPM or an F-18 scorching the 
sky at Mach 2 +, your application 
requires advanced logic solutions 
that deliver low power. Which is 
exactly what you get with our low­
noise FACT Quiet Series and 
high-speed FACT FCTA families. 

Together, these devices provide 
innovative solutions to the dis­
tinctly different needs of a broad 
spectrum of high-performance 
applications. 

Needs that range from the ultra­
low power of battery-operated 

SPEED 

Portable 
Communications 

·-n-!ir• 

Workstations 

systems to the searing speeds 
dictated by RISC processing. To 
guaranteed 50-ohm dynamic drive 
for low-impedance bus environ­
ments (something that reduced­
output swing ACM OS technologies 
and BCT can't do). To the 64mA low­
level static drive required of VME­
type termination schemes. 

Silencing noise with 
advanced circuitry. 

Beyond speed, power, and drive 
there's the issue of noise. Our USC '" 
(Under-Shoot Corrector) and 
patented GTO'" (Graduated 
Turn-On Output) circuits enable 
our devices to offer the lowest 

ground bounce of any ACM OS 
family. And their split-ground 
bus results in the best dynamic 
noise margins of any logic 
technology. 

Plus, with controlled out­
put edges and negligible 
ringing, FACT QS generates 
lower spectral content than 
BCT and non-standard-pin­
out ACL families~ 

Robotics/ 
Control 

Avionics 

Producing a complete 
family of ACM OS logic. 
With our high-performance 

FACT QS and FACT FCTA devices, 
we've enhanced our multi-func­
tional, broad-based line of ACMOS 
logic devices, which already in­
cludes standard FACT and FCT. 
What's more, FACT is available with 
Standard Military Drawings, JAN 
38510 level B, and S-level proces­
sing. So regardless of your appli­
cation, we have the solution. 

Keep pace with the 
leaders in logic. 

For more information, including 
datasheets and samples, on our 
ACM OS families, call or write 
us today. 

We'll get you up to speed in no 
time at all. 

1-800-NAT-SEMI, Ext. 111 
National Semiconductor Corp. 
PO. Box 7643 
Mt. Prospect, IL 60056-7643 

~National 
~Semiconductor 

FACTFCTA FACTOS IDTFCTA·T TIBCT FACTFCTA FACTOS FCT TIBCT TIA.Cl 
TlACL IDTFCTA-T 

c 1991 National Semiconductor Corporation. USC and G10 are trademarks of National Semiconductor Corporation. 
Uiserjet is a registered trademark of Hewlen -Packard Company. 
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Forging The ISDN Revolution 
One of the most dramatic 
changes emerging today is the 
revolution in global communi­
cations . ISDN is transforming 
our lives by enabling trans­
mission of digitalized informa­
tion signals in a variety of 
equipment from G4 facsimiles 
to video telephones, to high­
speed personal computer 
communications. 

But it's not magic-this 
transition requires much 
labor. Exchange and terminal 
equipment must synchronize 
with intermediate circuits­
a critical task requiring trans-

TOK In 
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TOKIN TECHNOLOGY UPDATE 

SM Delights 
Slimmer, More Compact ... 

For A Wider Range Of Applications 

formers that can transmit pulse 
signals with start-up and tran­
sient response characteristics. 
The Challenge of 
Miniaturization 
Another major challenge is 
miniaturization: along with 
outstanding performance, the 
DC-DC converters and AC-DC 
isolation chokes used in com­
munications equipment must 
offer thinner, more compact 
configurations. 

Shapes and Dimensions 

RY9.l/7.3 RYl2.8/ll.5 

f~ ~ 
m r .. _.J ~ c .. _ . .:.j 

Tokin Corporation 

J 
~ 
• 

An Unsurpassed Lineup Of 
Surface Mount Transformers 
Tokin offers the most excep­
tional line of surface mount 
transformers available-from 
high density mounting to low 
height installations, DC-DC 
converters, and pulse trans­
formers. We match our 
customers' needs with the 
finest materials , most innova-

RY15.3/13.0 FEDI 1.6 

B ~ ~ 

~ B l,_,,,_._J 1-... -.~ 

tive designs and the most 
appropriate magnetic circuits . 
A strategy that ensures the 
best transformer technology 
available. 

Give us a call and see what 
Tokin can do for you. 

Features 
•Thin, compact configurations are 

ideal for high-density mounting 
• Flawless magnetic circuit designs 

offer high-inductance properties 
• Multi-terminal configuration 

enables discrete circuit applications 
• Convenient for automatic mount­

ing with robots or other machines 

Applications 
•DC-DC converters, pulse trans­

formers, and a wide range of!SDN 
response and communications 
equipment. 

FEP7T FEE5 

~ "-I ~ 
~ w 

~,._,__,.j 

(mm) 

Tokin Electronics (HK) Ltd. 
Hazama Bldg .. 5-8, Kita-Aoyama 2-chome, Minato-ku, Tokyo 107, Japan 
Phone : 03-3402-6166 Fax: 03-3497-9756 

Room 806 Austin Tower. 22-26A Austin Avenue, 
Tsimshatsui, Kowloon, Hong Kong 

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: 708 -215-8802 Fax : 708-215-8804 

You can reach our agents by phone: Denmark (03) 63 3830; France ( 1145-34-7535; 
Italy (0331 J 67-8058; Spain 729-1155; Switzerland (01) 830-3161 

CIRCLE NO. 88 

Phone: 367-9157 Fax: 739-5950 
Taiwan Liaison Office 
3F-4, No. 57 Fu Shing N.Road , Taipei , Taiwan 
Phone: (02) 7728852 Fax : (02) 7114260 
Singapore Branch 
140 Cecil Street, No.13-01 PIL Bldg .. Singapore 
Phone: 2237076 Fax : 2236093 

Tokin Europe GmbH 
Knorrstr. 142, 8000 Munchen 45, Germany 
Phone : 089-311 10 66 Fax: 089-311 35 84 
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STAKPAc'" MINISTAKP~ 
1200 Watts Power 600 Watts 

I 

110/220 VAC Input 110/ 220 VAC 

Upto8 Outputs Upto5 

32"x5.5''xll.5 Dimensions 1.9"x5.5"x12" 

Fan-Cooled Cooling Twin Fans 
~ 

Each StakPAC output is factory configured 
utilizing Vicar's robotically manufactured power 
converters ... Vl-200 series modules. Consider the 
advantages of a StakPAC customized for your 
system needs with automized power modules: 
USER DEFINABLE OUTPUTS- The use of 
proven standard catalog modules offers the 
features of a custom without the associated risk 
or investment. 
STANDARD MODEI.5-Many preconfigured 
standards available. 
QUICK DEIJVERY-Typical delive1y 1 week or 
less for custom or standard evaluation units. 
COMPACTNESS-Low profile packages provide 
up to 6 watts/cubic inch, twice the industry 
norm. 
UL, CSA, TIN SAFETY AGENCY APPROVAL­
All StakPAC configurations are approved, 
standard or custom. 
EMI-FCC/VDE Level A, conducted. 

StakPACs are designed and built by Westcor 
Corporation, Los Gatos, CA, a Vicar subsidiary. 
StakPACs are sold world-wide through Vicor 
Corporation, Andover, MA. 
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RoBoPoWER 
STAKPAC STANDARDS 
1200 WATT MODELS 

Model Output Voltage (VDC) and Maximum Current 

(amperes) per Channel 
=I 

Single Output 
SPl -1801 2@2•10 
SPl -1802 5@ 2;0 
SPl -1603 12 @ 100 
SPl -160; 15 @80 
SPl -1605 24 @50 
SP1-Hi06 28 @42 
SPl -1607 48@ 25 

Dual Output 
SP2- 1801 2@ 120 
SP2-1802 5@ 120 
SP2-1803 5@ 120 
SP2- 1 80~ 12@ 66 
SP2-1805 15 @53 

Triple Output 
SP3-1801 5 11 180 
SP3-1802 5@ 150 
SP3-1803 5@ 180 
SP3-1804 5@ 150 

Quad Output 
SP4-1801 5@ 150 
SP4-1802 5@ 150 
S\'4-1803 5@ 150 
SP4-1804 5@ 150 

Five Output 
SP5-1801 5@ 120 
SPS-1802 5 @ 120 
Seven Output 
SP7-1801 5 @60 

=6 
5.2@ 28 

=5 

Total output power may not exceed 
1200' watts for any model, single 
or multiple output. Lower power 
StakPAC models and many other 
configurations are available. 
'Standard models supply 1100 wans; 
high-powered ver~ ion 1200 watts. 
Please contact the factory. 

5@ 120 
5@ 120 

12@66 
12@66 
15@ 53 

12@ 16 12@ 16 
12 @ 33 12@ 16 
15@ 13 15@ 13 
15 @26 15 @ 13 

12 @ 16 12 @ 16 5@30 
15@ 13 15 @ 13 5@30 
12 @ 16 12 @ 16 24 @8 
15 @ 13 15 @ 13 24 @8 

12@ 16 12 @ 16 5@ 30 24 @8 
15 @ 13 15 @ 13 5@ 30 24 @8 

12@ 16 12@ 16 N @S 24@8 -. 
2@30 

For ordering information call Vicor Express at 
1-800-735-6200 or (508) 470-2900 at ext. 265 

For technical information contact Westcor at 
(408) 395-7050 or FAX (408) 395-1518 or ca ll 
Vicor. 

CIRCLE NO. 87 

MINISTAKPACSTANDARDS 
600 WATT MODEL5 

Model Output Voltage (VDC) and Maximum Current 

(amperes) per Channel 
•I •2 =3 =4 •5 

Single Output 
STl -1401 2 @ 120 
STl-1402 5@ 120 
STl -1301 12 @50 
STl -1302 15@40 
STl-1303 24@ 21 
STl -1304 28@ 21 
STl-1305 48@ 13 

Dual Output 
ST2-1401 2@60 
ST2-1402 5@60 
ST2-1403 5@60 
ST2-140-i 12@ 33 
ST2-1405 15@26 

Triple Output 
ST3-1401 HHJO 
ST3- 1102 5@60 
ST3-1501 5@90 

Quad Output 
ST4-1401 5@ _lO 
ST<l-1402 5@30 
ST4-1403 l@ .lO 
ST4- 1501 5@ .lO 
ST4-1502 5@60 
ST4-1503 5@60 
ST4-150-l 5@60 
ST4-1505 5@60 

Five Output 
STS-1501 5@ .lO 
STS-1502 5(1 .l<l 

Common St<xk Tr.ilkd on 
NASOAQ undl·r "VI< I( 

Total output power may not exceed 
60o watts for any model , single 
or multiple ou1put. Lower power 
Mini StakPAC models and many other 
configurations are available. 
Please coma ct the factory. 

1@60 
5@60 

12 @ 33 
12@33 
15@ 26 

12@ 16 12 @ 16 
15@ 13 15 @ 13 
12 @8 12 @8 

12 @ 16 12 @ 16 5 @30 
15@ 13 15 @ 13 5@30 
12@ 16 12 @ 16 24 @ 8 
15@ 13 15 @ 13 24 @ 8 
12 @ 16 12@ 8 5@ 15 
15 @ 13 15 @7 5@ 15 
12@ 16 12 @8 24@ 4 
15@ 13 15 @7 24 @4 

12@ 16 12 @ 16 5@ 15 24 @ 4 
15@ 13 15@ 13 5@ 15 24 @4 

WESTCOR CORPORATION 
485-100 Alberto Way 
Los Gatos, CA 95032 
VICOR CORPORATION 
23 Frontage Road 
Andover, MA 01810 
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AUTOMATION 

From Parker, the leading producer of motion control 
components and systems for industrial markets 

Innovative Positioning Systems Combine Daedal Tables and 
Compumotor Controls 

Daedal Division is the most recent addi­
tion to the growing Parker Hannifin 
motion control group. Daedal special ­
izes in the manufacture of custom po­
sitioning systems as well as standard 
components including ball slides, stages, 
and motorized linear and rotary tables. 

Together, Compumotor and Daedal 
provide complete solutions. With fully 
compatible components from machine 
controllers , drives and motors to me­
chanical positioning tables and feed­
back systems, each system is manufac-. 
lured, tested and shipped from a single 
supplier. The net result is an integrated 
system, tailored precisely to the de­
mands of a specific application. 

X-Y-Z-Axis translation system provides com- A fully integrated technical support 
plex traversing of an arc welding torch head. and service network draws on the com-

Feed-to-Length Application Solutions 

"Everything has been thought of be­
fore, the problem is to think of it 
again. ''.._Johann W. von Goethe. 

Each machine design requirement 
may be unique, but most can be char­
acterized within a basic application 
category. At Compumotor, our focus 
is to prevent 're-inventing the wheel.' 
One such application category, in­
volves the repeated feed of material a 
specific distance to a stationary posi ­
tion , followed by some other process. 
Examples include: Thermoforming for 
tire rubber or plastic film ; Labeling/ 
cutting of optical fibers , paper or plas­
tic bags; Drilling ; Mill ing ; Bending ; 
Stamping ; Core Cutting ; and Index-

Supply 
of 

Material 

Material 
Feed 

Device 

ing for a variety of industries. 
Compumotor has been providing tai­

lor-made, high performance motion 
control solutions for more than ten years. 
With contributions from industry experts, 
Compumotor has compiled this exper­
tise into a Feed-to-Length Application 
Handbook to help machine designers 
and engineers make informed decisions 
about their applications-to improve 
machine flexibility and productivity. This 
reference provides information on im­
portant application considerations and 
insight to application solutions. For a 
copy of this handbook, contact your 
local Compumotor Automation Tech­
nology Center. 

Post 
Feed 

Process 

Finished 
Material 
Handling 

bined expertise of Compumotor and 
Daedal. A pool of factory trained 
electrical and mechanical field appli­
cation engineers provides on-site lo­
cal product support- support that 
ensures satisfaction from concept 
through design specifications, system 
integration and start-up. In addition , 
a world-wide network of independent 
factory trained and authorized Auto­
mation Technology Centers provides 
technical assistance, training , local 

An automated system for testing bar-code 
scanners, from Hewlett Packard, combines 
Compumotor and Daedal technology. 

supply, service and complementary 
products. 

Compumotor and Daedal have the 
right combination of products, unri ­
valed support and focused account­
ability. Take advantage of the new 
team at Parker Hannifin . In doing so, 
our aim is to take the risk and the work 
out of selection , integration , installa­
tion and start-up processes , and 
supply proven quality motion control 
products . Circle 301 

Parker 



ADVERTISEMENT 

POSITIONING APPLICATIONS 

Dispensing Excellence-Four Axis Motorized Syringe 
A unique process requires a metering/ 
dispensing system to apply highly 
volatile liquid catalysts to a new 
product. The first catalyst must be 
applied in a touching off manner from 
a syringe ; the second requires dis­
pensing of 0.3 microliter volumes in a 
circular path . Inaccurate mechanics 
and human error in the existing design 
resulted in liquid flashing and low 
yields. 

Daedal and Compumotor combined 
efforts to meet system requirements. 
Daedal tables surpass the customer's 
specifications for accuracy and re-

Motion Requirements 
• Multi-axis controller-4 axis control 
of syringe motion 

Contouring-Circular dispensing 
paths 
• High accuracy leadscrew stages­
Syringe placement to 0.0001 inches 
• Microstepping motor resolution­
Smooth dispensing of .3 micro-liter 
liquid volumes 

Incremental encoder feedback­
Ensure position integrity and stall de­
tection 

Encoder feedbadl 

Synnge 

··­(helclinlOOlplate) 

EnaxlerFeedback 

Checkered Flag for High-Speed Feed-to-Length 
Problem: A machine manufacturer 
for the paper, fi lm and foil industry 
was challenged with an application in 
which labels were to be printed and 
cut at high speeds. The design in use 

Motion Requirements 
• Servo motor technology- high­
speed printing , minimal settling time. 
• High resolution/accuracy-labels 
must be cut to with in 1/64 inch. 
• Programmable inputs- Photo-eye 
registration capabil ity 
• Direct drive motor, reduced trans­
mission size- Compact web feed 
mechanism 

had a geared servo , motor and drive 
attached to nip rollers for the material 
feed . Printing and cutting operations 
were activated with the feed rollers at 
rest. This design had unacceptable end-

• Indexer with non-volatile memory 
and power-up sequences- minimal 
operator interface. 
Products Used 
• lndexer-
Compumotor Model 500 Indexer 
• Motor/Drive-
Dynaserv DM10458 Direct Drive 
motor 

Products Used 
• lndexer-
Compumotor Model 4000 

• Motor/Drives­
Compumotor 857-102-E (4) 

• X/Y/Z motorized positioning sys­
tem- Daedal Ball -Bearing Linear 
Tables 

•Transversing position ing system­
Daedal 4" Cross Roller Table 

peatability at 0.0001 inches. This, 
coupled with extremely smooth mo­
tion of the Daedal tables, prevent liq­
uid flashing . The transverse cross 
roller table carrying the X-Y-Z posi­
tioning system provides excellent ri ­
gidity and stiffness to the syringe 
needle motion. 
Compumotor's Model 4000 provides 

a self-contained control for all four 
axes of motion including the circular 
interpolation capability. An encoder 
option on the motor verifies position 
and provides stall detection. Circle302 

of-move overshoot when throughput 
requirements were increased. A new 
design required lower settling times, 
improved accuracies and adjusting for 
label shrinkage through the use of 
registration marks. 

Solution: The Dynaserv Direct Drive 
motor from Compumotor replaces the 
servo system and its inaccurate me­
chanical transmission . Directly at­
tached to the feed nip rollers , the Dy­
naserv provides true servo positioning 
without harmful backlash. The internal 
construction of the Dynaserv com­
pensates for the large feed roll inertias 
better than other motor technolog ies. 
These advantages provide the printing 
operation with a compact solution for 
high press speeds with minimal end­
of-move overshoot. 

The Model 500 Indexer provides 
command signals to the Dynaserv, 
and 1/0 interface to the printing and 
cutting operations. Material feed dis· 
lances are fully adjustable, and de· 
!ermined by the registration mark on 
the label. Operator interface is simple 
thumbwheel input of press speed and 
feed distance. Nonvolatile storage of 
the 500 Indexer's command program 
provides cost-effective stand-alone 
press control. Circle 303 



ADVERTISEMENT 

POSITIONING PRODUCTS 

Rotary Positioning Alternative for Index Table Applications 

Follow with the.Leader 

The Dynaserv, a direct drive servo from 
Compumotor, is a natural replacement 
for index table applications. 

Index tables-commonly used in in­
dustries such as machine tool , cellular 
manufacturing, welding and large iner­
tia positioning-require accurate rotary 
positioning while supporting a large load. 
Mechanical indexing tables requiring 
gears and cams to produce the desired 
motion are typically used for these ap­
plications. Gears introduce backlash , 
frictional inaccuracies, and greatly re­
duced cycle time. The internal clutch of 
a mechanical table is noisy and subject 
to wear. In addition , specific cam curves 

The ZXF Servo System from Compu­
motor incorporates a full-functioned 
velocity and position follower with a 
digital signal processor-based servo 
drive in a cost effective package. The 
ZXF is ideally suited to improve per­
formance in positioning applications 
such as thermoforming , packaging, 
labels, tire making, pick and place, 
automated assembly , winding and 
stamping . Encoder following capabil i­
ties allow the ZXF to be applied in 
processes requiring operations be- ' 
tween separate operations. Features 
include: 
• Velocity and position following 
·Recede and advance while following 
• Registration while following 
• Following a pulse and direction 
or quadrature encoder signal 
• Following data entry through exter­

nal thumbwheels or RS232 terminal 
Programming is easy with 

Compumotor's powerful and standard 
extended X-programming language. 

Circle 305 

must be ordered for each table re­
quired. This adds set-up time and 
cost, especially if many different tables 
are needed. 
The Dynaserv features a high torque 

to motor size ratio with stability at all 
speeds. 1,024,000 step/rev controlled 
to one step is achievable. A flat 
speed-torque curve provides greater 
controllability-with smooth rotation 
across the system's full dynamic 
speed range. Because the unit is 
gearless, faster settling time is real­
ized. This serves to increase pro­
ductivity , and creates a virtually 
maintenance-free unit. Circle 304 

Daedal offers a variety of metric prod­
ucts for increased systems compat­
ibility, especially in the European and 
Pacific Rim markets. All components 
are manufactured to meet current 
metric standards for both industrial 
and scientific applications. The new 
Daedal metric engineering guide 
highlights these products, most of 
which are in stock and ready to de­
liver. The guide features : Manual 
positioners including ball slides , 1-3 
axis linear stages , rotary stages , 
manual and digital micrometers. Mo­
torized positioning table selection in­
cludes ball bearing linear tables, open 
frame tables , rail tables, cross roller 
tables and rotary tables. 
Tables are available in standard and 

precision grades, and in single and 
multiple axis configurations. Travel 
lengths to 3050 mm (rail table) and 
payloads to 130 kg are available with 
life ratings in excess of 2.5 million 
meters. Rotary tables are available in 
diameters to 300 mm and loads to 90 
kg. 

Other points of interest: Daedal 
stocks more than 1 ,500 leadscrews 
and ball screws to tailor table perfor­
mance to specific applications. Posi­
tioning tables and controls are inte­
grated and tested as complete sys­
tems. 

When your components and sys­
tems must measure up, look to Daedal 
for solutions. Circle 306 

This bag-maker takes advantage of the 
accuracy and repeatability of the 
ZXF Servo System 



Puttin Service and Su 
A company whose business it is to 
test and judge quality, demands high 
standards for equipment-it's their job 
to. Daedal accepted a positioning 
challenge for one such company, Ul­
tran , in State College, Pennsylvania. 

In ultrasonic non-destructive mate­
rials testing , an Ultran NOC 7000 Im­
aging System looks for defects in 
materials without damaging them. The 
system requires fine resolution , ex-

ADVERTISEMENT 

SERVICE AND SUPPORT 

ort to the Test 
treme rigidity, and straight-line accu­
racy. And because a variety of sizes 
and weights of material are tested , flex­
ibility in test-equipment configurations 
is essential. 
Daedal worked with Ultran to establish 

a system that met requirements of exist­
ing applications. And flexibility was built 
in at the onset so Ultran's system can 
grow with changing needs. The Ultran 
imaging system is stored on CAD disk 

and application alterations 
can be recalled and designed 
quickly, avoiding the time and 
talent needed for redesign . 
In the new system, square 
rails replaced ball bushing 
rods, contributing greater ri ­
gidity and support through­
out the full length of travel. 
The square rail table con­
struction is ideal for the 
varying travel lengths and 
often heavy payloads of this 
application . Constructed with 
efficient , double-nut ball 
screws, the gantry system 
provides high-speed posi­
tioning over travel lengths to 
24 by 36 inches. 

Ultran employees look for defects on images of material 
which have been scanned via the NOC 7000 Imaging 
System 

Ultran will continue to re­
quire variations of this system 
and worked with Daedal to 
establish a base system for 
upcoming projects. A stan-

PROGRAMMABLE 
MOTION CONTROL 

From Compumo­
tor-a complete 
416 - page 
engineer's guide 
w ith specifica ­
tions, dimensions 
and performance 
data presents 
brush less servos, 
microstepping 
motor systems , 
indexers , linear 
motors and abso-
1 ute encoders. 

Circle 308 

LITERATURE 

POSITIONING SYSTEMS 
& COMPONENTS 

Daedal 's 200-
page catalog 
provides specifi-
cations for 
manual posi -
tioners , motor­
ized linear and 
rotary positioning 
tables ; drives and 
controls ; and op­
tical components 
and accessories . 
Includes prices. 

Circle 309 

In Ultran's emulsion scanning tank, a sample 
is tested with the sweeping motion of a 
transducer attached to a Daedal table-con­
figured bridge. 

dard application has been established, 
and any variations are easily accom­
modated such as length , width , pay­
load and Z-axis travel. This helps the 
company's long-term budgeting and 
ensures quick turn-around of new 
products . Circle 307 

SERVO POSITIONING & 
MACHINE CONTROL SOLUTION 

The Compumotor 
4400 is a unified 
approach to mo­
tion and machine 
control. Available 
in 4 and 8 axis. 
Features analog 
servo control , 
compatible touch 
screen control , up 
to 512 discrete or 
256 analog 1/0. 

Circle 310 

Parker Hannifin Corp. 
Daedal Division 

Parker Hannifin Corp. 
Compumotor Division ilarkar P.O. Box 500, Sandy Hill Road 

Harrison City, PA15636 
1-800-245-6903 

5500 Business Park Drive 
Rohnert Park, CA 94928 
1-800-358-9070 Vol. 2. No. 1. 



TECHNOLOGY UPDATE 

IC manufacturers 
have developed 

pin-electronic 
circuits that serve 

as building blocks 
for ATE systems. 

But these high­
performance I Cs 
aren't limited to 

ATE applications. 

Doug Conner, 
Regional Editor 
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ATE PIN ELECTRONICS 

Versatile ICs reach 
beyond ATE systems 
A utomatic test equipment (ATE) 

pin electronics must meet se­
vere demands for speed and 

timing accuracy. To serve the particular 
requirements of ATE, IC manufacturers 
have developed high-performance, 
moderately priced chips for use as pin 
drivers, comparators, time-delay gen­
erators, and combinations thereof. 
These chips not only simplify life for 
ATE designers, but they can also func­
tion well in other electronic applications. 

To understand what ICs for pin elec­
tronics can do, you need to understand 
the basic functions performed by pin 
electronics. If you are not familiar with 
ATE pin electronics, see the box, "Basic 
ATE pin-electronic functions." 

Pin drivers 
In high-performance ATE applica­

tions, pin drivers output high-quality 
waveforms. The waveforms need to 
have a minimum of ringing and under­
shoot/overshoot. Edge 
transitions need to be 
fast and repeatable for 
accurate timing calibra­
tion. Pin-driver ICs typi­
cally have slew rates 
from about 1.5 to greater 
than lOV/nsec for some 
GaAs ICs from Gigabit 
and Triquint (Table 1). 
Devices such as the 
16G061A dual pin driver 
from Gigabit offer vari­
able edge rates for com­
patibility with different 
logic families. 

lays, accurately calibrating pin-driver 
timing places emphasis on stable propa­
gation delay through the IC. Sensitivity 
to temperature, duty cycle, and other 
conditions affecting the propagation de­
lay is more important than the absolute 
value of the delay. High-speed pin driv­
ers also need to have accurate edge-to­
edge matching (a measure of the differ­
ence in propagation delay between ris­
ing and falling edges). 

To achieve the high speeds typically 
needed for ATE applications, pin driv­
ers are usually ECL compatible. How­
ever, some pin-driver ICs will also ac­
cept TTL or CMOS logic levels. 

A measure of the speed capability of 
a pin driver is the maximum toggle rate 
of the device. The maximum toggle rate 
defines how fast the pin driver can out­
put data and still slew to the final value 
before changing to the next output 
state. The maximum toggle rate typi­
cally decreases as the voltage difference 

Although pin drivers 
need low propagation de-

You can time-align signals throughout a system, using a time-delay 
generator such as Analog Devices' TTL-compatible AD9501 . 
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between the output logic-high and 
logic-low states increases. 

of the pin-driver ICs may not meet 
your needs. 

You should note how well isolated 
the output of the driver is when you 
switch the driver to the off or high­
impedance state. Some devices 
have off-state leakage currents 
lower than a µA. Other pin drivers 
in the off state still load the circuit 
with a 50!1 termination to - 2V. If 
you need high isolation when the 
pin driver is in the off state, some 

Pin drivers use analog voltage in­
puts to set the levels for the logic 
high and low states. How much the 
pin driver loads the high and low 
voltage references can vary. If you 
have to buffer the voltage refer­
ences for each pin driver, you'll 
need to factor in the additional pc­
board space, power, and cost. 

Pin-driver ICs provide a general-
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Table 1-Representative pin-electronic devices 

Manufacturer Product Key features 

A. Pin drivers and combined products 

Analog AD1321 100-MHz toggle rate; -2 to 7V output range; 200-nA-
Devices max off-state leakage. 

AD1322 200-MHz toggle rate, otherwise same as AD1321 . 

Brooktree BT69a Pin driver, comparators, dynamic loads; 125-MHz toggle 
rate with 1V swing; -3 to av operating range. 

Com linear CLC600 200-MHz operation; -2 to 7V output range; 40-nA-typ 
off-state leakage. 

Gigabit 16G061A Dual pin driver; aoO-MHz bandwidth; variable slew rate: 
2.5 to 17 V/nsec; 50-µA off-state leakage. 

Pulse PT40B 100-MHz clock rate; 0.3 to av output range; 10-pin SIP 
Instruments hybrid. 

Trlqulnt TQ6330 100-psec rise and fall times for 1V swing; -3 to 3V for 
5001oads. 

e. Comparators 

Analog AD1317 Dual comparator with latch; 10-µA input-bias current; 
Devices inputs switchable to high-impedance state. 

AD966a5 latching comparator; -2.5 to 5V input range. 

AD966a7 Dual version of AD966a5. 

AD9696 TTL-compatible comparator; 4.5-nsec propagation delay. 

AD969a Dual version of AD9696. 

Brooktree BT6a7 Dual latching comparator; 20-µA input-bias current ; 
-3.3 to 3.3V input range. 

BT6aa -4.0 to 10.2V input range; 2-µA-typ input-bias current; 
2.8-nsec propagation delay. 

BT6a1 -4 to a.2V input range; 2-µA-typ input-bias current; 
2.6-nsec propagation delay. 

C. Time-delay generators 

Analog AD9500 a-bit digital delay generator (ECL); 2.5-nsec to 10-µsec 
Devices range; 100-MHz-max trigger rate. 

AD9501 8-bit digital delay generator (TTUCMOS); 2.5-nsec to 
10-µsec range; 50-MHz-max trigger rate. 

Brooktree BT604 a-bit digital delay generator; 4- to 40-nsec delay range; 
120-MHz, programmable on the fly. 

BT622 Dual-channel delay line; independently adjust rising 
and falling edge; 10-, 20-, 30-nsec ranges. 

BT624 Quad version of BT622. 

D. Dynamic loads 

Price 
(100) 

$45 

$a5 

$130 

$42.50 

$95 

$36.25* 

$115 

$25 

$4.60 

$6.40 

$3.50 

$6 

$12 

$20 

$37 

$16 

$a.60 

$33 

$37 

$46 

Analog AD1315 Complete dynamic load; ±50-mA range; -2 to 7V com- $40 
Devices pliance range. 

*Price for quantities of 1000 or more. 

purpose building block for driving 
digital signals in applications whose 
logic levels need to be varied. You 
can use these I Cs to build ATE, 
but you can also use them for the 
output of variable-level pulse gen­
erators. Pin driver ICs can even 
drive 50!1 transmission lines, al­
though they may not be able to do 
so over their entire output voltage 
range. 

Fast comparator, stable delay 
Every electronic engineer is fa­

miliar with the performance of ana­
log comparators, but the perform­
ance requirements placed on com­
parators for ATE applications are 
particularly demanding. ATE appli­
cations typically place three tough 
requirements on comparators. 

First, the comparator must be 
fast. Propagation delays of a few 
nanoseconds are acceptable, but, as 
is the case for pin drivers, a stable 
propagation delay is very impor­
tant. 

Second, the comparator needs a 
relatively wide input-voltage range. 
ATE applications typically need a 
- 2 to + 7V range, although more 
is desirable . However, narrower 
voltage ranges make it easier to de­
sign a comparator for speed. 

Third, ATE applications often 
need comparators with a low input­
bias current for use in testing low­
power CMOS devices. But it is eas­
ier to make fast comparators when 
you can use relatively high input­
bias currents. 

Like many engineers, ATE de­
signers can't always buy what they 
need, so they sometimes have to de­
sign around the comparator. In the 
past you might have bought a fast 
comparator with a limited input­
voltage range and a low input im­
pedance. You'd have to add your 
own circuitry to buff er and scale the 
inputs to get the needed voltage 
range and input impedance. Now 
you can buy comparators off the 
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Basic ATE pin-electronic functions 
The overall function of ATE pin electronics is to 
drive input pins and measure outputs. To keep ATE 
general purpose, the pin electronics are usually de­
signed to support both drive and measure functions 
on every channel. 

Pin drivers for ATE provide inputs to the device 
under test (DUT). Pin drivers (Fig A) typically sup­
port three states: logic-high, logic-low, and a high­
impedance or off state. You program the logic high 
and low levels with analog voltage inputs. The pro­
grammable range of the high and low states is typi­
cally - 2 to + 7V, providing sufficient range for com­
patibility with TTL, CMOS, and ECL voltage levels. 

When measuring a DUT's outputs, the test sys­
tem switches the pin driver to an off state and meas­
ures the output levels with comparators (Fig A). 

If you go by the data-book specifications, a de­
vice's logic high doesn't occur until the voltage ex­
ceeds the minimum logic high, and its logic low 
doesn't occur until the voltage falls below the maxi­
mum logic low. Because ATE systems normally test 
using data-book specifications, designers usually use 
two comparators in a window-comparator arrange-

ANALOG LEVEL 
FOR LOGIC HIGH 

ANALOG LEVEL 
FOR LOGIC LOW 

PIN DRIVER 

DATA INPUT D----~ 

HIGH-IMPEDANCE STATE '>----~ 

DEVICE UNDER 
TEST 

LOGIC-HIGH 
THRESHOLD 

LOGIC-LOW 
THRESHOLD 

ment. The test system latches the output of the two 
comparators at the programmed test time, and the 
state of the comparators shows whether the output 
pin was in a high, low, or intermediate state. 

Testing ICs to data-book specifications also re­
quires testing output-drive capabilities. Output­
drive testing verifies the current a device output 
can source in a logic-high state or sink in a logic-low 
state. Dynamic-load circuits provide the current 
sinks and sources needed by ATE to test the output 
drive. 

Fig A diagrams the basic operation. Positive and 
negative current sources connect to the output pin 
of the device under test through a diode quad. When 
the output voltage drops below the threshold volt­
age set on the opposite side of the diode quad, the 
DUT must sink the current from the current source. 
Conversely, when the DUT output voltage goes 
above the threshold voltage, the DUT must source 
current to the dynamic load. Dynamic-load circuits, 
although important in ATE systems, don't have 
wide application in other electronics systems. 

DYNAMIC LOAD 

VOLTAGE-CONTROLLED 
CURRENT SOURCE 

VOLTAGE-CONTROLLED 
CURRENT SINK 

COMPARATORS 

THRESHOLD 
VOLTAGE 

LATCH ENABLE { u-----t~----~ 

Fig A-The basic ATE pin-electronic devices are drivers, comparators, and dynamic loads. 
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shelf that measure up well against 
ATE requirements. Hence, you can 
design with more freedom. 

Comparators available from both 
Analog Devices and Brooktree, 
some of which have TTL-compat­
ible outputs, offer a range of per­
formance capabilities. 

For example, Brooktree's BT681 
dual comparator has attractive per­
formance not only for ATE applica­
tions but also for instrumentation, 
line-receiver, and other threshold­
ing applications. The comparator 
can track inputs that slew at 4 VI 
nsec over a range from - 4 to 
+8.2V. The typical input-bias cur­
rent is 2 µA , but you can reduce it 
to 100 nA with a selectable power­
down mode when you can afford to 
trade speed for a lower input-bias 
current. A level-select control lets 
you reduce the complementary 
ECL output swing from a nominal 
800 mV to 400 mV. The reduced 
amplitude lets the comparator fol­
low short pulses while maintaining 
timing specifications. 

Remove timing skew 
High-performance ATE systems 

also use time-delay generators ex­
tensively. The delays are used both 
to remove timing skew in systems 
and to create time increments 
smaller than standard clock cycles. 

Time-delay circuits provide the 
general capability of distributing 
precisely time-aligned signals 
throughout any electronic system. 
For ATE systems, time-delay cir­
cuits can remove timing skew to 
make the outputs of all pin-driver 
channels in the system reach the 
device under test simultaneously. 

Typical time-delay ICs offer reso­
lutions in the tens of picoseconds. 
For this type of time-delay genera­
tion, the stability of the time delay 
is important, as is the recycle time 
on the time delay. The recycle time 
is the time you need to wait for the 
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TIME-DELAY IC 

DELAY { e DAC 

VOLTAGE 
REFERENCE 

VALUE : 
--t-----1 

TRIGGER --+---< LINEAR·RAMP 
GENERATOR 

RESET 

VOLTAGE 
RAMP 

>--+-+--OUTPUT 

Fig I-Time-delay circuits typically contain a voltage ramp initiated by a trigger input. 
When the voltage ramp reaches the level of the adjustable ref erence voltage, the comparator 
changes state, · outputting the delayed edge. An internal DAG or analog input provides the 
reference voltage. 

delay circuit to reset before it can 
accept another trigger. 

Another application for time­
delay circuits is generating periods. 
Whether on ATE or on any other 
electronic equipment where you 
need to generate variable periods 
from a digital clock, you'll need 
some way to create time increments 
that are not full clock cycles. 

For example, if you have a 100-
MHz clock in a system and you need 
to generate a 30-MHz clock, you 
need to create clock pulses every 
33.333 nsec. Starting from your sys­
tem clock, you count out three 10-
nsec clocks plus a 3.333-nsec delay 
for the first cycle. The second 30-
MHz clock cycle is 66.667 nsec from 
the beginning, so after the sixth 
pulse you count out a delay of 6.667 
nsec. The third clock cycle coincides 
with the tenth system clock pulse. 
In this example, the circuit control­
ling the time delay must switch the 

delay rapidly from 0 to 3.333 to 
6. 667 nsec ·and repeat. 

When you need a time-delay cir­
cuit for applications such as period 
generation, you need circuits that 
can be set to new values rapidly, 
sometimes within one clock cycle. 
Designers refer to the ability to ac­
commodate these rapid changes as 
"changing timing on the fly." 

Time-delay circuits contain ... 
Fig 1 shows the typical com­

ponents of a time-delay IC. One in­
put of a comparator receives a volt­
age ramp, typically generated using 
a current source to charge a capaci­
tor. The other input to the compara­
tor is an adjustable voltage refer­
ence that determines when the com­
parator will change state. A trigger 
input allows the current source to 
begin charging the capacitor. When 
the capacitor charges to the voltage 
of the reference input, the compara-
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... IS OVER. At Unitrode 
Integrated Circuits, we have the right power 
management IC for a myriad of power supply 
and motor control applications. We're working 
smarterthan ever to help our customers deliver 
their products with innovative solutions for the 
highest performance control of switching 
power supplies and fractional horse power DC 

PWM's 
The Current Mode Leader 

Military Commercial 
UC1823 *UC1823A UC3823 *UC3823A 
UC 1825 *UC1825A *UC3825 *UC3825A 
UC1840 UC3840 
UC 1841 UC3841 
UC 1842 *UC1842A UC3842 *UC3842A 
UC1843 *UC1843A UC3843 *UC3843A 
UC1844 *UC1844A UC3844 *UC3844A 
UC 1845 *UC1845A UC3845 *UC3845A 
UC1846 *UC1846A *UC3846 *UC3846A 
UC1847 UC3847 
UC185 1 UC3851 

*Improved Versions 

High Power FET Drivers 

Military 
UC1705 UC1709 
UCl706 UC1710 
UC1707 UC171 l 
UC1708 

Commercial 
UC3705 
UC3706 
UC3707 
UC3708 

UC3709 
UC3710 
UC371 l 

F.H.P. Motor Drivers 

Military 
UC1620 
UC1625 
UC 1655 

UC3620 
UC3625 
UC3655 

Commercial 
UC3770A 
UC3 173 
UC3174 

motors. We guarantee a continued commit· 
ment to uncompromised quality. From design­
ing your most sophisticated custom require­
ment, to offering you new world standards with 
our catalog products, no other company can 
offer you the circuit and application 'know-how' 
you need today! 

Resonant Controllers 
Power Factor 

Controllers 
Military 

UC1860 
UC1861 
UC1864 
UC1865 

Commercial Military 

*UC1852 
*UC1853 

Commercial 

UC1854 

*UC3852 
*UC3853 

UC3854 

UC3860 
UC3861 
UC3864 
UC3865 *Available Mid-1991 

New Products 
*Advanced Information 

UC3724 
UC3725 
UC3875 
UC3908 
UC3825A 

High Side Driver Pair 
High Side Driver Pair 
Phase Shifted PWM 
Load Sharing Control 
High Frequency PWM 

*Samples Available Early 1991 

Look to Unitrode Integrated Circuits to provide 
unique solutions for your design needs. For 
mqre information contact your Unitrode Rep­
resentative or call : 

n n INTEGRATED CJ CIRCUITS CIRCLE NO. 69 

~NITRO DE 
(603) 424-.2410 

7 Continental Boulevard, Merrimack, NH 03054-0399 Fax (603) 424-3460 



"x.4' Ht. 
DC Output 

• New Series AV-
56 Standard Models 

• 100 VDC to 1000 VDC 
Output 

• Ultra-miniature Size 
Weight: 4 Grams 
0.1 Cubic Inch Volume 

• Standard Input Voltages 
5, 12, 24 and 28 Volts DC 

•Operating Temperature 
Standard: - 25°C to + 70C 
Optional: - 55°C to + 85°C 

• MIL·STD·883 
Screening Available 

• Isolated: Input to Output 
up to 1500 VDC 

PICO also manufactures over 800 
regulated and isolated DC-DC 
Converters and AC-DC Power 
Supplies and over 2500 standard 
ultra- miniature Transformers and 
Inductors. 

Delivery­
stock to 
one week 

IN NEW YORK CALL 914-699·5514 

CIRCLE NO. 12 
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For more information ... 
For more information on the pin-electronic products discussed in this article, 
circle the appropriate numbers on the Information Retrieval Service card 
or use ED N's Express Request service. When you contact any of the follow­
ing manufacturers directly, please let them know you saw their products 
in EDN. 

Analog Devices Inc 
831 Woburn St 
Wilmington, MA 01887 
(508) 657-7960 
TWX 710-394-6577 
Circle No. 708 

Brooktree Corp 

Comlinear Corp 
4800 Wheaton Dr 
Fort Collins, CO 80525 
(303) 226-0500 
FAX (303) 226-0564 
Circle No. 710 

Gigabit Logic 

Pulse Instruments 
1234 Francisco St 
Torrance, CA 90502 
(213) 515-5330 
FAX (213) 515-0068 
Circle No. 712 

9950 Barnes Canyon Rd 
San Diego, CA 92121 
(619) 452-7580 

1908 Oak Terrace Lane 
Newbury Park, CA 91320 
(805) 499-0610 

Triquint Semiconductor Inc 
Group 700, Box 4935 
Beaverton, OR 97076 
(503) 641-4227 

FAX (619) 452-7580 
Circle No. 709 

FAX (805) 499-2751 
Circle No. 711 

FAX (503) 644-3198 
Circle No. 713 

tor changes state, triggering the 
output. 

Time-delay circuits typically ac­
cept either digital or analog inputs 
for the adjustable reference volt­
age. If the delay circuit accepts digi­
tal time-delay inputs, then it con­
tains an internal DAC. If the time­
delay circuit accepts an analog volt­
age for the time-delay input, then 
you can control the time increments 
by selecting the resolution of an ex­
ternal DAC. You also may have 
control over the time-delay range 
and resolution if the timing capaci­
tor is external. 

Some other specifications to 
watch for on time-delay circuits are 
how linear and monotonic the delay 
is. If you can measure when you 
have set the time delay correctly, 
then you don't necessarily need a 
perfectly linear time delay versus 
voltage. As long as the time delay 
is monotonic, you can reach the cor­
rect value within a few trials. If 
you'll be changing the time delay 
on the fly or don't have a way to 
measure the accuracy of the setting, 
then linearity may be important. 

Delay circuits may respond only 

to a rising or falling edge and output 
a fixed pulse, or they may delay 
both the rising and falling edges. 
Some time-delay ICs that delay 
both the rising and falling edges al­
low you to adjust the two edges in­
dependently. 

You don't need to be an ATE de­
signer to benefit from the time­
delay ICs available. Any time you 
need to create short, stable time de­
lays adjustable with fine incre­
ments, you should consider time­
delay ICs. EDN 

Article Interest Quotient 
(Circle One) 

High 503 Medium 504 Low 505 

ASKEDN 
The Ask EDN column serves as a 

forum to solve nagging problems and 
answer difficult questions. Address 
your questions and answers to Ask 
EDN, 275 Washington St, Newton, MA 
02158; FAX (617) 558-4470; MCI : 
EDNBOS. Or, send us a letter on EDN's 
bulletin-board system. You can reach 
us at (617) 558-4241 and leave a letter 
in the /asLedn Special Interest Group. 
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We Engineer 
Materials. 
We Produce 
Opportunities. 
GE Plastics' one-of-a-kind Alpha I, 
combining more than seven dif­
ferent processes to develop the 
next generation oflarge, complex 
parts. Centerpiece of the massive, 
120,000-square-foot Polymer 
Processing Development Center, 
the most advanced facility of its 
kind in the world. State-of-the-art 
p lastics converting equipment of 
every type, all under one roof, all 
dedicated to customer application 
development. An unprecedented 
commitment from a materials 
supplier-only from GE. 

For more information on advanced 
process technologies from GE, 
call (800)845-0600 . 
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Surprisingly, it doesn't 
cost much to move into 
our 32-bit architecture. 

You don't need a French 
Provincial budget to move 
into the i960 '" SA/SB proces­

sors. Not even dose. 
In fact, at under $20, the i960 SA/SB 

processors are comparable in cost to a 16-bit 
system. And yet, with a full 32-bit internal 
architecture and a 16-bit data bus, they give 
you five to six times the performance of any 
other 16-bit embedded processors. 

i960 is a lradcmark of the Intel Corporation. ©1991 In tcl Corpor.uion. Al l rights reserved. 

Or in other words, for almost nothing 
down you can own an impressive new home. 
With an architecture that's perfect for today's 
more demanding applications, such as entry­
level page printers, I/O controllers, and com­
munication products. 

Naturally, when you move up to a 32-bit 
architecture, you want to be sure it's a place 
where you can stay and grow. Which is why 
you'll be happy to know that the i960 SA/SB 



processors are part of a close-knit neighl:xx­
hcxx:l of Intel SuperScalar i960 microproces­
sors. So you get software compatibility 
across the board as well as an easy perfor­
mance path up to 100 MIPS. 

And while great price performance and 
compatibility are important, they're not the 
only reasons some very important compa­
nies have already moved into the i960 line. 
They were also impressed with the compre-
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hensive array of development tools and the 
outstanding technical support that made 
them feel right at home with the technology: 

So when you are ready to move into the 
i960 SNSB line, call 800-548-4725 and ask for 
the 960 Welcome Guide. We'll not only make 
the move less expensive, we'll even help you 
set up. 
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Power Surges ... 

VI-LAM™ 
Input Attenuator/Filter Module 

2.28"L x 2.4"W x 0.5"H 

... Are Not 
Transient Events! 
If your system prime power comes 
from a DC source, you know how trou-
blesome .. . or even catastrophic ... unpredicta-
ble overvoltage events can be. Load dumps, 
lightning strikes or cleared fuses result in voltage 
surges and high voltage transients which can exceed 
the voltage ratings of your power system and cause 
interruptions in system operation or outright system 
failure. How can you ensure safe, uninterrupted 
operation of critical equipment in the face of input 
source transients and surges? 

Vicor Has The Solution ... 
Our new family of Input Attenuator Modules 
(VI-IAM) provides maximum protection against source 
transients and surges while occupying a minimum 
amount of valuable board space. If your prime power 
source is 24, 48 or 300 Volts .. . your output voltages are 
between 2 and 95 Volts ... and your system has to comply 
with the rigorous surge and transient requirements 
imposed by Bellcore, British Telecom or IEC specifica­
tions, then combining a VI-IAM with standard Vicor 
VI-200 converters is your solution for providing up to 
400 Watts of protected system power. Need more power? 
VI-IAM lets you expand to 800 Watts. And IAM's small 
size and high efficiency-greater than 96%-perfectly 
complement the efficiency, density and reliability 
advantages of Vicor's component-level power converters. 

EMl/RFI 
VI-IAM and VI-200 's are a winning combination that 
won't talk back in your most demanding Telecommu­
nications or Industrial applications ... IAM's built-in 
filter meets Bellcore, British Telecom and FCCNDE 
specifications for EMI/RFI. 

VI-IAMs Are Designed 
For Use With 
The Following Products: 

VI-200 Series DC-DC Converters and Power BoostersT• 

• Up to 50 Watts/cubic inch 

• Inputs 10 to 400 VDC 

• Outputs 2 to 95 VDC 

• 50 to 200 Watts 

• UL, CSA, TfJv, VDE 

VI-JOO MiniMod™ Series DC-DC Converters 

• Up to 50 Watts/cubic inch 

• Inputs 10 to 400 VDC 

• Outputs 2 to 95 VDC 

• 25 to 100 Watts 

• UL, CSA, TUV (IEC 950) 

Vicor Corporation 23 Frontage Road, Andover, MA 01810 
Tel: 800-735-6200• Tel: 508-470-2900 •Fa:x: 508-475-6715 
Vicor GmbH Tel: 49-8031-42083 •Fa:x: 49-8031-45736 

Component Solutions For Your Power System 
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CAE router uses reconstruct algorithm 
to increase pc-board layout efficiency 

T he Tango family of CAE 
software for PCs now in­
cludes an automatic circuit 

board router that uses a "recon­
struct" routing algorithm. The 
Tango-Route Pro software also per­
forms a pass on completed pc-board 
layouts using manufacturing-im­
provement algorithms. These algo­
rithms eliminate extra vias between 
layers and reduce trace 
lengths by angling signal 
routes at 45°. 

can analyze a circuit design and 
automatically set routing parame­
ters such as number of layers, grid 
size, and even general signal direc­
tion for specific layers. You can 
change any settings via Tango's 
standard user menus. 

You can set design rules such as 
pad-to-pad, track-to-track, and pad­
to-track on a layer-to-layer basis. 

layers of a design simultaneously, 
improving completion rates and 
producing boards that are easier to 
manufacture. The software also 
uses T-routes in the pc-board lay­
out, which makes trace lengths 
shorter and therefore uses less cop­
per. During the manufacturing 
pass, the router's special algorithms 
reduce trace lengths even further. 

The reconstruct al­
gorithm allows Tango­
Route Pro to handle cir­
cuit-layout roadblocks 
differently from other 
routers. Router software 
that uses traditional "rip­
up and retry" algorithms 
removes hundreds of pre­
viously placed signals 
when a roadblock occurs. 
Such software routes the 
removed signals in ran­
dom order on successive 
retrie s, solving road­
blocks by time-consum­
ing trial and error. Tango-

Simultaneously working on all layers, the Tango-Route Pro 'fl0£k­
age for IBM-compatible PCs automatically generates pc-board de­
signs optimized for manufacturing with 45° trace angles and mini­
mized trace lengths. 

The software saves the 
results of each routing 
pass during operation 
and at any user-specified 
interval. Therefore, you 
can recover from power 
or human interruptions 
and resume routes in pro­
gress. You can monitor 
designs in progress on 
screen, and check the 
status of operations via 
user menus. The router 
also generates a report 
that documents statistics 
pertinent to all routing 
passes. 

The Tango-Route Pro 
software costs $5500 and 

Route Pro analyzes all of the previ­
ously placed signals that prevent 
routing a new signal and recon­
structs a single blocking trace to 
solve routing conflicts. 

The Tango router supports board 
designs as large as 32 x 32 in. and 
features a resolution of 1 mil. You 
can lay out boards having as many 
as 4000 components, 10,000 signal 
nets, and 256 connectors. The CAE 
package supports as many as 15 lay­
ers-10 signal layers, 1 power 
layer, 1 ground layer, and 3 miscel­
laneous layers. 

The Tango-Route Pro software 
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You can choose uniform grid pat­
terns for a layout ranging from 8 
to 100 mils. Also, nonuniform grid 
patterns such as 40-20-20-40 or 17 -
16-9-8-8-9-16-17 mils allow the flex­
ible component and signal place­
ment that gridless routers offer. 

The router supports surface­
mount designs with user-defined 
line widths and vias, automatic via 
fanout, and any type of solder pad. 
You can place SMD (surface-mount 
device) pads on top and bottom lay­
ers, and the software doesn't limit 
the pitch of SMD components. 

Tango-Route Pro works with all 

is available now. The pro­
gram runs on 80386- (with a 387 nu­
meric coprocessor) or 80486-based 
computers with MS-DOS 3.3 or 
later and a minimum of 4M bytes 
of RAM. The software supports 
Hercules-compatible monochrome, 
EGA, VGA, and numerous high­
resolution video cards. You must 
also own Tango-PCB circuit-board­
layout software to use the router. 

-Maury Wright 
Accel Technologies I nc, 6825 

Flanders Dr, San Diego, CA 92121. 
Phone (619) 554-1000. FAX (619) 
554-1019. 
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PRODUCT UPDATE 

Continuous-time programmable filter 
spans 1.5to15 MHz 
The IMP42C55 is a continuous-time 
lowpass filter IC with a program­
mable cutoff frequency. Because 
the device is tailored for serial data 
recovery, you can also adjust the 
filter' s zeros, allowing you to 
reshape pulse signals. 

The IC provides four filter ele­
ments with second-order frequency 
responses, called biquads. The first 
biquad section forms an all-pass fil­
ter for phase equalization. You can 
program the section's center fre­
quency and Q, or, if you don't need 
equalization, you can program the 
IC to bypass the section. 

The remaining sections imple­
ment a sixth-order Bessel filter 
with programmable cutoff fre­
quency. Two of the sections offer 
programmable zeros, letting you 
adjust the filter's response to rising 
and falling edges separately. The 
effect on pulse signals is to narrow 
the pulse while making the pulse 
shape more symmetric. 

The 16-pin CMOS IC requires no 
external filter components. Instead, 
an on-chip, phase-locked-loop (PLL) 
control circuit locks onto a user­
supplied reference clock to set the 
filter's cutoff frequency. Because 
each filter section uses a transcon­
ductance amplifier, the ratio of the 
amplifier's conductance to an inte­
grating capacitor sets the filter's 
pole. The PLL control circuit con­
trols the filter's cutoff frequency by 
adjusting the amplifier's conduc­
tance ratio in two ways: changing 
the capacitance and changing the 
conductance current. 

Each filter section forms its inte­
grating capacitor from a bank of 
eight individually switchable ca­
pacitors. The control circuits switch 
in and out of the eight capacitors 
as needed for coarse frequency ad­
justments . The control circuit 
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makes fine adjustments by injecting 
bias currents into the amplifiers. 

The control circuit derives its in­
telligence from the reference clock. 
By feeding the clock into a master 
biquad and developing an error sig­
nal from the biquad's quadrature 
output, the circuit can tune the 
master biquad to operate at the de­
sired cutoff frequency. The same er­
ror signal tunes the four biquads 
in the Bessel filter, forcing them to 
track the master biquad. The con­
trol circuit also tracks and adjusts 
for IC process variations and envi­
ronmentally induced drift in the am­
plifiers and will hold the cutoff fre­
quency within 10% of the frequency 
setting. 

You program the IC through a 
3-input serial interface. You clock 
in an 8-bit serial data packet (3 bits 
of address and 5 bits of data), then 
activate a strobe line to load the 
data into control registers within 
the IC. You can also read back the 
value of any register on a fourth 
line. The filter remains operational 
while you enter data, allowing you 
to dynamically adjust the filter's 

IN 

DATA 
LOAD 

,,__ __ ___ 

wd, wd/Qd wa 

response as your signal changes. 
You can vary the filter's cutoff 

frequency over a range of 10:1 by 
programming a reference-fre­
quency prescaler in the PLL control 
loop. The prescaler yields the cutoff 
frequency of 

where i=l-4 and k=7.17/(3.17+n), 
and where n=0-7. The IC supports 
a cutoff frequency between 1. 5 and 
15 MHz. 

The IMP42C55 comes in a 16-pin, 
$15 DIP or $15.25 SOIC package. 
The filter consumes 100 mA when 
active and 250 µA when pro­
grammed into power-down mode. It 
uses TTL-compatible control lines 
and accepts 1 V p-p analog signals. 
Both versions are available in sam­
ple quantities. 

-Richard A Quinnell 
International Microelectronic 

Products Inc, 2830 N 1st St, San 
Jose, CA 95134 . Phone (408) 432-
9100. FAX (408) 434-1335. TLX 
499-1041. 
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A phase-Locked loop ensures the stability of this programmable sixth-order Bessel filter 
IC . The lowpassfilter offers a cutoff frequency ranging from 1.5 to1 5 MHz. 
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The K3 24 Quad Modem 

We've thrown out all stops 
between your modern design and 
the European market. 

Our new Silicon Systems 
K324 is the first low power single­
chip Quad Modern which complies 
with key CCITI European 
standards. Pin-compatible with our 
proven K Series family, it is a 
high-perfonnance modern IC that 

Circle No. 37 for Product Information 

-

will significantly reduce your 
system cost, cut power dissipation 
and board space, and minimize 
design time. 

You might even think of the 
K324 as the best way to upgrade to 
first-class capability. It 's ideal for 
low-power, laptop computer 
applications and certainly worth a 
call to your nearest Silicon Systems 

Circle No. 38 for Career Information 

representative or distributor. 
Or call us for literature 
package CPD-5. 
Silicon Systems, Inc. 
14351 Myford Road, Tustin, CA 92680 
Ph 1-800-624-8999, ext. 151. Fax (714) 669-8814 

European Hdq. U.K. Ph (44) 79881-2331 
Fax (44) 7988 1-21 17 



PRODUCT UPDATE 

X-Window package provides user interface 
for embedded real-time applications 
OS-9 real-time operating-system 
users can add X-Window-based gra­
phical user interfaces to their 
68000-based embedded real-time 
systems. The OS-9/X-Window soft­
ware package provides a complete 
X-Window client implementation. 
You can use the software in OS-9-
residen t development environ­
ments and Unix- or MS-DOS-based 
cross-development applications. 
The X-Window implementation is 
compatible with a variety of net­
worked X-Window servers, and the 
company offers embedded X-Server 
support for OS-9 and specific graph­
ics boards. 

The software package complies 
with the X-Window version 11 re­
lease 4 package from MIT. The 
product includes X-Client support 
including X-Window development 
libraries, runtime client programs, 
sample source code for client pro­
grams, and the MIT Tab window 
manager. You can expect the com­
pany to add an OSF Motif window 
manager to the package in the third 
quarter of this year. 

The X-Window development li­
braries include Xlib (X-window li­
brary), Xt (X toolkit intrinsics li­
brary), Xaw (X athena widgets li­
brary), Xmu (X miscellaneous utili­
ties library), and Xdmcp (X display 
manager control protocol library). 
Runtime client programs enable 
programmers to perform system­
level functions, such as initializing 
and starting up the X-Window 
package. The xterm program, for 
example, lets you open terminal­
emulation windows. 

The package includes sample 
source code for several X-Window­
client programs including maze, 
xcalc, and xclock. The package also 

124 

Users can devel.op graphical applicati.on 7Yrogra:rru; for real-time systems that comply with 
industry-standard windowing software with OS-9/X-Windows . 

includes a Unix-compatible library, 
which adds OS-9 system functions 
that emulate Unix functions found 
in X-Window routines. You can 
therefore port applications from 
Unix to OS-9, and vice versa. 

Initially, the package provides X­
Wind ow-server support for OS-9 
systems that use the MMI-250 
graphics board from Vigra Inc (San 
Diego, CA). The package also in­
cludes sample X-Window-server 
source code that users can port to 
other boards. 

For now, users can port industry­
standard windowing packages to 
their systems and provide opera­
tors with graphical interfaces. The 
development tools included in the 
OS-9/X-Windows package simplify 

developing graphics-based applica­
tion programs. X-Window real-time 
systems can operate in X-Window 
networks of heterogeneous sys­
tems. 

All members of the OS-9/X-Win­
dow family are available now. The 
full X-Window client development 
package costs $995. You can buy 
the client runtime package, a run­
time version ready for delivery, for 
$195. Full source code for the client 
development package costs $15,000. 
The server source code package 
costs $150.-Maury Wright 

Microware Systems Corp, 1900 N 
W 114th St, Des Moines, IA 50322. 
Phone (515) 224-1929. FAX (515) 
224-1352. 
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~National 
~Semiconductor 

Introducing the wave of 
the future. The industrys frrst and 

only low-noise GAL devices. 

Silencing device noise 
with our new GAL® 
Quiet Series™ family. 

The tide of events for 
CMOS-based logic is sure to 
change course with the introduction 
of our new GAL Quiet Series devices. 
Because now you can design in high­
speed logic devices without having 
to design out noise. 

Through our advanced proprietary 
circuitry, we keep noise to a bare 
minimum. Our GTO,.. (Graduated 
Turn-on Output) circuit, which 
retards the output buffers, results in 
smoother edge rates, diminished out­
put undershoot, and greatly reduced 
ground bounce (VoLP max of 1.5V). 

What's more, these devices utilize 
unique ground and power buses, 
which effectively isolate inputs from 
output noise and improve dynamic 
threshold. 

Va LP VOLV ~LO* 

National 1.18 - .62 1.40 
Competitor A 2.06 -.66 1.10 
Competitor B 1.58 -.66 1.39 
Competitor C 1.46 -1.08 1.09 

Minimizing system noise. 
Not only will our high-speed GAL 

QS devices improve your system per­
formance, they'll reduce your overall 
system noise. And that means extra­
neous noises like Electromagnetic 
Interference (EMI), crosstalk, and 
ringing, the effects of which often 
result in false clocking. 

Delivering higher speeds at 
V2 and V4 the power. 

What more would you want in a 
GAL device other than high speed and 
low noise? Our answer is less. That's 
why we offer reduced-power versions 
of our 15ns devices. Which means 

~HO** 

1.78 

1.83 

1.62 

1.56 

now you can get half- and 
quarter-power GAL devices 
- in either 20-or 24-pin 
DIP and PLCC packages 
-that draw a max Ice of 
90mA and 55mA respec­
tively at 15MHz. 

Building on our 
Quiet Series heritage. 

When we designed 
our low-noise GAL devices 

we talked to the experts. 
National 's team of ACMOS logic 
designers. After all, they invented 
FACT Quiet Series, which is globally 
accepted as the quiet standard. 
And now standard on our new 
GAL devices. 

Riding the crest 
with National. 

For samples, call or write us today. 
And find out why our new GAL 
Quiet Series devices are making 
waves. 

1-800-NAT-SEMI, Ext. 125 
National Semiconductor Corp. 
P. 0. Box 7643 
Mt. Prospect, IL 60056-7643 

~National 
~ Semiconductor 

' V,w-Dynamic Input threshold low " V," 0- Dynamic Input threshold high 

Quiet Series and GTO are trademarks of National Semiconductor Corporation. 

GAL is a registered trademark of Latt ice Semiconducwr. 

© 1991 National Semiconductor Corporation 



PRODUCT UPDATE 

Microcontroller family features 
configurable 8- or 16-bit registers 
The H8/300 microcontroller (µC) 
family features an 8-bit external 
bus and a 16-bit internal bus, al­
though the ALU is 8 bits. The µCs' 
internal register scheme is a feature 
that makes this family unusual; un­
der software control, you configure 
the 16 8-bit or 8 16-bit registers. 
In addition, the µCs' register-to­
register operations allow 
each register to act as an 
accumulator. 

Although the CPU 
uses an 8-bit ALU, both 
8- and 16-bit adds and 
subtracts execute in one 
instruction cycle (two 
clock cycles). An 8 x 8-bit 
multiply and a division of 
16-bit dividends by 8-bit 
divisors occupy seven in­
struction cycles. At 10 
MHz, these add/subtract 
instructions execute in 
200 nsec, whereas the 
multiply/divide instruc­
tions execute in 1400 
nsec. The family's 57 in­
structions are either 2 or 
4 bytes, but they aren't 
compatible with other µC 
instruction sets. 

development tools such as assem­
blers, simulator/debuggers, librari­
ans, and ICEs are available from 
Hitachi or third-party developers. 

The 10-MHz H8/310 includes 8k 
bytes of EEPROM, lOk bytes of 
masked ROM, 256 bytes of RAM, 
and a 1-bit I/O pin. The pin enables 
fast data transmission and prevents 

.ll- -
-· CPU . 

I 
___,,,,... -- ,..:. ...... ;, 

serial ports, four external inter­
rupts, and 16 internal interrupts. 
These µCs are available in 6-, 8-, 
and 10-MHz versions. Prices range 
from less than $9 (OEM qty) to 
$14.25 (100). 

The H8/330 µC includes an 8-
bit, 8-channel ADC; 16k bytes of 
masked ROM or one-time-program­

ma b le EPROM; 512 
bytes of RAM; 15 bytes 
of dual-port RAM; an 8-
bi t , a 16-bit, and two 
PWM timers; and a serial 
port. The controller also 
offers 27 interrupt sources, 
9 of which are external. 
These µCs cost less than 
$10 (OEM qty) and 
$17.45 (100). Samples of 
the 310, 320, and 330 de­
vices are currently avail­
able. 

Software support, run­
ning on IBM PCs and 
sometimes VAX worksta-

The H81330's assorted peripheral functions complement a flexible 
8116-bit internal architecture that uses register-to-register operations. 

Samples of the high­
end 350 µC won't be 
available until later 
this year. The chip con­
tains an 8-bit, 16-chan­
nel ADC; 32k bytes 
of masked ROM or 
one time-programmable 
EPROM; and 512 bytes 
of RAM. It features one 
19-bit, two 16-bit, two 

tions, includes a real-time kernel 
based on the Industrial TRON (The 
Real-time Operating System Nu­
cleus) specification. Ready Systems 
(Sunnyvale, CA) is developing an­
other kernel, based on the VRTX­
RTOS. C-language development 
tools are available from Avocet 
(Rockport, ME), Microtec Research 
(Santa Clara, CA), and Software 
Environments (Dallas, TX). 

The µC family also features a 
fuzzy-logic compiler, developed by 
Togai Infralogic (Irvine, CA). Other 
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transaction bottlenecks. A write/ 
erase-inhibit function protects 
stored data from accidental erasure. 
The µC is tailored for smart-~ard 
applications and is sold only in die 
form for less than $10 (OEM qty). 

The H8/320, another series in the 
family, comprises four devices. 
These µCs differ in their memory 
configurations, ranging from 8k to 
32k bytes of ROM or one-time­
programmable EPROM, and 256 to 
lk byte of RAM. The family shares 
one 16-bit and two 8-bit timers, two 

PWM, and six 8-bit tim­
ers. Under software control, you 
can configure these timers in many 
ways. This model offers 56 inter­
rupts, 9 of which are external. De­
pending on quantity, these devices 
cost $15 to $25. 

-Michael C Markowitz 
Hitachi America, Semiconductor 

and IC Div, 2000 Sierra Point 
Pkwy, Brisbane, CA 94005. Phone 
(800) 448-2244. 
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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 too! 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. 
CIRCLE NO. 56 



PRODUCT UPDATE 

ADC betters predecessor in 
speed, sampling, and cost 
The AD1674 pin-compatible ADC 
from Analog Devices includes a S/H 
amplifier and is four times faster 
than the company's AD574A con­
verter. The guaranteed conversion 
rate of the $18 (100), 12-

The converter is available in five 
different grades specified over 
three temperature ranges of 0 to 
70°C, - 40 to + 125°C, and - 55 to 
+ 125°C. The converters come in 28-

Old vs new: AD574A and AD674A 
standard features 

bit ADC is 10 µsec. In 
stand-alone mode, the de­
vice has the same inter­
face requirements as the 
AD574A and AD674A 
converters; in full-control 
mode, slight control-tim­
ing modifications are re­
quired. 

Features AD574A AD674A 

Maximum 
35 l'sec 10 l'sec conversion time 

Resolution 12 bits 12 bits 

Internal S/H 
No Yes Ampli fier 

Minimum 
Unable to 

The ADC's internal S/H 
amplifier avoids prob­
lems that are common to 
other auto-zeroing ampli­
fiers by performing sec­
ondary sampling at the 
output. The additional 
sampling reduces hold-

signal/noise + 
specify 70 dB 

distortion ratio 

Pin and package 
28-pin DIP 

Package compatible with 
and SDIC AD574A 

Maximum power 
725mW 575mW consumption 

Price (100) $22.60 $18 

mode settling time, resulting in a 
1-µsec acquisition time, a full-power 
bandwidth of 1 MHz, and 12-bit per­
formance over the - 55 to + 125°C 
temperature range. 

The monolithic ADC also includes 
a lOV reference, a clock, and 3-state 
output buffers. The device's de 
specifications include an integral 
nonlinearity of ± 112 LSB and no 
missing codes at 12 bits. The com­
pany tests and specifies the device 
for ac performance. The converter 
has a minimum signal-to-noise and 
distortion ratio of 70 dB, a maxi­
mum total harmonic distortion of 
-82 dB , and a maximum inter­
modulation distortion of - 80 dB. 

The converter's power-supply re­
quirements are either 5 and ± 12V 
or 5 and ± 15V. Bus access time is 
typically 75 nsec, 150 nsec max. The 
device uses laser-trimmed scaling 
and offset resistors to provide four 
calibrated input ranges: 0 to lOV, 
Oto20V, ±5V, and ±lOV. 
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pin plastic DIPs and SOICs and 28-
pin ceramic DIPs. 

-Anne Watson Swager 
Analog Devices Inc, 181 Bal­

lardvale St, Wilmington , MA 
01887. Phone (617) 937-1428. FAX 
(617) 326-8703. 
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ASKEDN 
Have you been stumped by a design 
problem? Are you having trouble lo­
cating parts? Ask EON. 

The Ask EON column serves as a 
forum to solve nagging problems and 
answer difficult questions. Address 
your questions and answers to Ask 
EON, 275 Washington St, Newton, MA 
02158; FAX {617) 558-4470; MCI: 
EONBOS. Or, send us a letter on EON's 
bulletin-board system. You can reach 
us at {617) 558-4241 and leave a letter 
in the /aslLedn Special Interest Group. 

The best address for 
Siemens Semiconductors 
@ Wien 

Tel. (02 22) 7171 1-5661 
@ Melbourne, Vic. 3121 

Tel. (03) 4 20 7111 
® Bruxelles 

Tel. (02) 536-2111 
® Siio Paulo-SP 

Tel. (011) 833 -2211 
@Y Mississauga L5T1P2 

Tel. (4 16) 564-1995 
@Ziirich 

Tel. (01) 4 95-3111 
® Berlin10 

Tel. (0 30) 39 93-0 
Diisseldorf 1 
Tel. (0211) 399-0 
Frankfurt 1 
Tel. (0 69) 7 97-0 
Hamburg 1 
Tel. (0 40) 28 89-0 
Hannover81 
Tel. (0511) 877-0 
Miinchen 80 
Tel. (0 89) 92 21-43 91/41 38 
Niirnberg 1 
Tel. (09 11) 6 54-0 
Stuttgart 1 
Tel. (0711) 20 76-0 

@Ballerup 
Tel. (44) 77 44 77 

(D M;idrid 
Tei. (01) 5554062 

CD Paris 
Tel. (1) 49 22-3810 

@ Sunbury on Thames 
Tel. (0932) 752615 

@ Amaroussio/ Athen 
Tel. (01) 6864-111 

<® Hongkong 
Tel. 5-8 33 02 22 

CD Milano 
Tel. (02) 6766-4241 

@]) Bombay 400018 
Tel. 4 93 87 86 

@ Dublin 
Tel. (01) 302855 

Q) Tokyo100 
Tel. (03) 201-2401 

® Oslo5 
Tel. (02) 633000 

@ Den Haag 
Tel. (070) 3333333 

® Alfrag.ide 
Tel. (01) 4183311 

@ Buenos Aires 
Tel. (01) 30 0411 

@ Taipei 
Tel. (02) 5234700 

<@]>Seoul 
Tel. (02) 2 75-6111 

® Kista 
Tel. (08) 7033500 

@ Helsinki 
Tel. (9) 051051 

<ill> Singapore 0513 
Tel. 7760044 

@ Istanbul 
Tel. (01) 1510900 

@ lselin 
Tel. (2 01) 9 06-43 00 (Discrete) 
Santa Clara 
Tel. (4 08) 9 80-45 00 (I Cs) 
Cupertino 
Tel. (4 08) 7 25-7910 (Opto) 

@ Johannesburg 
Tel. (011) 407-4111 
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SIEMENS 

Communications Genius 
With the development of the new 
Enhanced Serial Communication 
Controller (ESCC2), Siemens has 
demonstrated a new genius in high­
speed multi-protocolling. 
The ESCC 2 (SAB 82532) offers an 
extraordinary range of protocol options 
at a high-speed transfer rate of up to 
10 Mbit/sec in synchronous mode. Sup­
porting X.25 LAPB, ISDN, LAPD, HDLC, 
SDLC, and both ASYNC and BISYNC, 
the ESCC2 offers outstanding capabili­
ties for a wide variety of applications. 
And it is as adaptable as it is powerful. 
The ESCC2's flexible 8/16-bit bus 
interface allows it to easily adapt to 
either Intel or Motorola microprocessors. 
Plus, ii provides direct 8/16-bit accessi-

EDN April 25, 1991 

bility to all registers, as well as OMA 
and both vectoring and non-vectoring 
interrupt modes. This ensures efficient 
data transfer to and from host system 
memory, for fast, accurate and reliable 
multi-protocolling. 
For superior performance and flexibility, 
the ESCC2 features clock recovery up 
to 4 Mbit/sec, storage capability of 
64 bytes in each of its four on-chip FIFOs 
and four encoding schemes: NRZ, 
NRZI , FMx and Manchester. In addition, 
it offers user-programmable features 
such as 16/32-bit CRC, time slot 
assignment, and an 8-bit parallel port. 
The result is an excellent CMOS device 
with only 40 mW power consumption 
for all kinds of multi-protocol applications. 

CIRCLE NO. 57 

For more information on the ESCC2, 
or to find out how you can receive your 
inexpensive PC-based evaluation kit 
(EASY 532), call 8 00-4 56-92 29, 
or write: 
Siemens Components, Inc. 
2191 Laurelwood Road 
Santa Clara, CA 95054-1514 
And put the communications genius of 
Siemens to work for you. 

• 
Siemens 
World Wise 
Market Smart 
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Challenging the limits oj 
is the core of our su cess 

For NCR, it's defined by the very 
things that drive our industry. The 
changing technology that is the 
core of what we do. And people 
who join you in a partnership and 
provide service that actually 
exceeds customer expectation. 

Because our designers avidly 
pursue new ideas, they can help 
make the complex a bit simpler. 

And when your challenge is to 
design a system that goes beyond 
known boundaries - they will 
provide myriad resources to help 
you push that design to the limit. 

Those resources include industry­
leading products like mixed-signal 
ASICs, Ethernet and SCSI, already 
considered standards. Or, when 
your latest design requires a 

North America. n Sales Headquarters 
1731 Technology Drive, Suite 600 
San Jose, California 95110 
1-800-334-5454 

custom solution, these products 
becom th cores for unique 
devices - providing ever-increasi1 
levels of int :rration in ever-
decr a in · space. Moreover, 
becaus ' y u can design systems < 

high r I v 1ls of abstraction . .. 
you'r fr ' 10 ~xplore a universe< 
limit! S!-l HPJ Ii utions . .. and till 
sav tin ,., n on y and reduce the 



• >urumverse 

risks associated with new product 
introductions. 

And your design, when completed, 
will test and perform exactly as 
agreed. After all, your success, and 
ours ... depends on it. 

For more information, call 
NCR Microelectronics Division: 
1-800-334-5454. 

© Copyright NCR Corporation, 1991. 

CIRCLE NO. 68 

Semiconductors 
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LOWEST 4COST, FASTEST SERVICE, GUARANTEED QUALITY 

Data Acquisition & Control 
ft~ 158 Telephone Control Card: Latched Digital Odin Software: We back our low 

prices with great 
customer sen-ice! 
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Take total control over your telephone Input: PC compatible. 
communication. Direct telephone line inter- 8 opto-isolated Control relays from 

inputs. Each input analog inputs or 
face gives you control over line connect/ individually latched time schedules. 
disconnect, touch-tone to catch switch Logging. Runs in 
decoding and en- closures and alarm background. 
coding, and loops. Ll-157: $85 OS-189: $129 

detects call Smart Quad 

progress. Set 
your computer 
to dial out auto­
matically, to keep 
trying if busy signal, 
control voice synthe-
sizer, tape recorder with complete in/out 
capability. FCC approved. 
TE-158: $190.00 

Relay Card: 
8 individually con­
trolled industrial 
relays. 3A at 
120VAC, SPST. 

RE-1 40: $142 

8 BitA to D: 
8 Analog inputs. 
0-5.1V.20mV steps. 
7500 readings / sec. 

AD-142: $142 

Temperature 
Sensor: 
Range 0-200°F. 
1 OmV / 0 .2° Resolu­
tion with AD-142. 

TS-111: $12 

Digital Input: 
8 opto-isolated 
inputs. Read volt-
age presence or 
switch closures. 

IN-141: $65 

If you have a technical 
problem, call us! 
After 15 years in data 
acquisition and control, 
we've come to know a 
little. We've answered 
thousands of questions 
from customers. We'll 

be happy to answer yours, too. Call our FREE 
Technical Advice Department at ( 203) 656-1806, 
or fax us your question at (203) 656-0756. Let's 
hear from you! 

Kevin Tschudi Engineer, Alpha Products 

24 line TIL 1/0: 
Connect 24 signals, 
TTL 0/ 5V levels or 
switches. (8255A) 

DG-148: $72 
Canada 

DI A converter: 
4 Channel 8 Bit D/ A 
converter with out­
put amplifiers. 

DA-147: $149 

Alpha Products Syslems Group Canada Ph: 416-272-5084 
Japan 
Japan Crescem Inc. Ph: 3-824-7449 Fax: 3-818-8914 
Spain 
Artcca S.C. P. Ph: (93) 325 70 15 

Stepper Controller: 
On board micro­
processor controls 
four motors simul­
taneously. Uses sim-

Reed Relay Card: 
8 reed relays (20mA 
at 60VDC, SPST). 

RE-156: $109 

ple commands like Digital Output 
"MOVE ARM 10.2 Driver: 
(INCHES) LEFT". Set 
position, ramping, 
speed, units ... Many 
inputs for limit 
switches etc. Stepper 
motors available. 

8 outputs: 250mA 
at 12V. For relays, 
solenoids, stepper 
motors, lamps. 

ST-143: $78 

ell SC-149: $299 

ft FA-154 High Speed 12 Bit A/D 
Converter: 
Blinding speed at low cost! Convert at I 0 
µs. Eight input channels accepting 0-5V sig­
nals. Special onboard variable gain ampli-

fier lets you read 
signals less than 

llSB (l.2mv). 
For value com­
bined with 
speed in data 
acquisition 
and signal 

processing, 
this converter leads the pack! 
FA-154: $179.00 

12 Bit A to D: 
Range: ± 4V. 
On-board amp. 
1 mV resolution. 
Conversion time 
130ms. 1 channel; 
expand with 
RE-156 or MX-155 

AN-146: $153 

Italy 

32 Channel 
Multiplexer: 
Switches up to 32 
channels to a single 
common. 

MX-155: $83 

Clock with Alarm: 
Powerful clock / 
calendar. Battery 
backup. CL-144: $98 

microsysiems srl Ph: (02) 33 103 420 Fa:<: (02) 33 103 419 
Norway 
A/SCon-Trade Ph: (04)4 18.)5 1 Fax: (04)4 1 9472 
Uruguay 
Jorge Gard l~l: 598 2483065 Fax: 598 2943306 
Asia (Singapore) 
Batam Developmen1 Agency Pvt Lid. 
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we· re a totally service­
d riven company. To 
keep our prices low and 
volume high, we must 
rely on your repeat 

business. Never worry about a problem with 
Alpha Products. We fix everything. We guarantee 
everything. No fine print. No excuses. We· re here 
to make you successful. 

Touch Tone 
Decoder: 
Converts tones to 
unique values. 

PH-145: $87 

A-Bus Proto­
typing card: 

PR-152: $16 

Motherboard: 
Holds up to 5 A-Bus 
cards. MB-1 20: $108 

Counter Timer: 
Three 16 bit coun­
ters I timers. Count 
pulses, measure 
frequency. 

CT-150: $132 

These products work 
with IBM PC, Apple II, 
Commodore and Tandy, 
etc. Our serial interfaces 
let you use any computer 
with an RS-232 port. 

A-Bus Adapters: 
IBM PC / XT/ AT & 
compatibles. 

AR-133: $69 

MicroChannel 
Adapter: 
Parallel Adapters 
also available for 
Apple II, Commo­
dore 64, 128, TRS-80. 

AR-170: $93 

Serial Adapter: 
Connect A-Bus sys­
tems to any RS-232 
port. SA-129: $149 

Serial Processor: 
Built in BASIC for 
off-line monitoring, 
logging, decision 
making. 

SP-127: $189 
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C&C Computers and Communications 

Propel your portable product to the top 

with NEC's single-chip EIA-232-D line driver/receiver, 
featuring a single +5V power supply and more. 

Before you weigh your portable 
down with a multi-chip set that 
requires multiple power sources, 
consider this : NEC has a single­
chip CMOS EIA-232-D (RS-232C 
revised version) line driver/ receiver 
that does everything you need 
with a single +5 volt power supply. 

The µPD471X family integrates 
a DC-DC converter with up to 5 
drivers and receivers, all on a 
single chip . And it gives you a 
standby mode to further reduce 
power consumption . 

Our streamlined solution 
improves performance, too. 

For fast answers, call us at: 

The drivers have a hold feature 
that eliminates terminal mal­
functions caused by turning power 
on or off. The receivers can choose 
between two threshold voltage 
levels to reduce error rates in high­
speed synchronous transmission . 
And you can connect or disconnect 
while power is on because we've 

Device Driver Receiver 

µPD4711A 2 2 

4712A/B 4 4 

4713 3 3 

4714 3 5 

4715 5 3 

USA Tel:1·800·632·3531. Fax:1·800·729·9288. Germany Tel 0211 -650302. Telex:8589960. The Netherlands Tel:040-445·845. Telex 51923. 

put an end to latch-up problems. 
Designers of successful portable 

products face a constant struggle 
to reduce system size, weight, com­
plexity and power consumption . 
Our single-chip CMOS EIA-232-D 
line driver/ receiver does just 
exactly that. For more information, 
contact NEC today. 

Standby mode Package 

0 20-pin DIP/SOP 

0 28-pin DIP/SOP 

0 24-pin DIP/SOP 

0 28-pin DIP/SOP 

0 28-pin DIP/SOP 

Sweden Tel:08·753·6020. Teleic:13839. France Tel:l -3067-5800. Telex:699499. Spain Tel:l -419-4150. Telex:41316. 11aly Tel:02·6709108. Telex:315355. NEC UK Tel:0908·691133. Telex:826791. Ireland Tel:Ol -6794200. Fax:Ol -6794081 . Hong Kong Tel:755·9008. Telex:54561. Taiwan Tel:02·719·2377. Telex:22372. 
Korea Tel:02·551·0450. Fax:02·551 ·0451. Singapore Tel:253·8311 . Fax:250·3583. Australia Tel03·267·6355. Telex:38343. 
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EON SPECIAL REPORT 

Deciding how to implement a cache is 
like buying a car: after you decide which 
car, you have to choose the color, 
leather or cloth upholstery, power or 
crank windows, whether you want a big 
engine or better economy, and more. 
Like buying the car, your cost and the 
system's performance is highly depend-

ent on your selec­
tions. 

Most high-performance systems 
can benefit from cache memory. 

A cache is a 
small, fast, and, 
therefore, more ex­
pensive memory 
that acts as a buf­
f er between a de­
vice that uses large 
amounts of memory 
and its large, slow, 
and less expensive 

However, designing one isn't 
trivial; to avoid wasting your 

precious cash, you need to know 
how and why the cache works. 
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Michael C Markowitz, 
Associate Editor 

main memory. The 
cache's purpose is to reduce average 
memory-access time. This reduction is 
achieved by maximizing the probability 
of finding a memory reference in the 
cache (the hit rate), minimizing the ac­
cess time to information that is in the 
cache, and minimizing the penalty of ac­
cessing data that is not in the cache. 
Generally, caches fit between CPUs and 
main memory; however, they can also 
operate between main memory and the 
computer's disk drives (see box , 
"Caches crush disk access times"). 

Caches are effective because of two 
properties of software programs: spatial 
and temporal locality. Spatial locality as-

serts that because programs are gener­
ally composed of subroutines and proce­
dures that execute sequentially, they 
often use data and instructions whose 
addresses are proximate. Temporal lo­
cality recognizes that since many pro­
grams contain loops and manipulate data 
arranged in lists and arrays, recently 
used information is more likely to be 
reused than older information. 

Since a cache operates by anticipating 
data- and instruction-location accesses 
in memory, you would expect that large 
caches offer greater performance than 
small caches. Generally this is true; how­
ever, several factors may blunt or invali­
date the gains expected by increasing 
cache size. First, you can expect dimin­
ishing returns as you incrementally in­
crease the size of your cache. Where 
adding a 16k-byte cache might offer dra­
matic performance improvement over a 
system with no cache, doubling the 
cache to 32k bytes could add only half 
as much performance (Table 1). Then, 
application software and architectural 
considerations may limit the gains of a 
cache. 

Consider how the µP and the cache 
work with the memory subsystem dur­
ing read operations. Without a cache, 
when the· µP needs data, it makes a 
request to the dynamic RAM (DRAM). 
It then waits while the DRAM (whose 
65-nsec access times are considered high 
speed) accesses the data and puts it on 
the bus. With a cache, the µP asks 10 
to 25-nsec static RAMs (SRAMs) for the 
data. The cache controller checks to see 
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Speed through designs with superfast cache 
memories. (Photo courtesy Intel Corp; art direction 

by Peter Morgan; photography by Rick Wahlstrom Photography) 

if the cache-data SRAM has the 
data. Tags, or partial addresses 

stored in the cache-tag SRAM, tell the 
cache controller whether or not the 
cache contains the requested data. If the 
data is in the cache-a hit-the con­
troller sends the data to the µP. If the 
data isn't in the cache-a miss-the µP 
must get it from the DRAM. 

Caches can wait for the cache control­
ler to indicate a miss before instigating 
a DRAM access. These serial caches are 
called look-through caches. Alterna­
tively, parallel, or look-aside, caches ac­
cess DRAM and cache-data SRAM con­
currently. If the controller finds its data 
in the cache, it aborts the DRAM access 
cycle. Look-aside caches are easier to 
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A cache subsystem con­
sists of a memory to store 
data, a way to catalog the 
data, and a controller that design and offer faster memory­

subsystem performance, but tie up 
the memory bus during all memory 
accesses. As a result, DMA and 
other attempts to use the memory 
must stall the CPU. Look-through 

caches pay higher cache-miss pen­
alties and are more complex, but 
they only use the memory bus dur­
ing cache misses. If your cache has 
a hit rate of more than 90%, these 
penalties may be a minuscule por-
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acts as a traffic cop. 

Caches crush disk-access times 
Accessing information from a hard disk takes tens 
of milliseconds, where main-memory reads take hun­
dreds of nanoseconds. Therefore, a disk cache can 
greatly improve system performance, especially in 
I/0-intensive system applications and in systems 
with small main memories. In designing a system, 
you must match your disk subsystem and cache de­
sign to your choice of operating system, host bus, 
and host architecture. 

You can choose to add a disk cache in several 
forms. You can use SCSI- or IDE-disk drives that 
include embedded controllers and typically include 
a cache on the controller. Some manufacturers of 
intelligent SCSI host-bus-adapter boards include a 
cache. Likewise, manufacturers offer caching host­
bus-resident controller boards for device-level­
interface St-506/412 and ESDI drives. And you can 
choose to dedicate a portion of your system's main 
memory as a disk cache. 

SCSI and IDE drives use 32k- to 256k-byte read­
ahead caches to prefetch data that the system will 
likely request soon. The onboard controller simply 
continues to read sequential data after satisfying a 
system I/O request and therefore depends on the 
theory of spatial locality to operate efficiently. Quan­
tum Corp (Milpitas, CA (408) 432-1110) pioneered 
the idea of an on-drive cache and offers among the 
most comprehensive on-drive cache designs. 

You can create more than ten active cache seg­
ments on Quantum drives via an operating-system 
driver-essentially the equivalent of making a main­
memory cache set-associative. Multiple segments 
ensure a greater hit rate in multitasking systems. 
Quantum's drives can also continue to prefetch data 
while servicing an I/O request from previously 
cached data. The drives use a least-recently-used 
algorithm to flush data when segments become full. 

A cache-based drive can respond to a read request 
in less than 5 msecs on hits compared with typical 
seek and latency delays of 20 to 50 msecs on misses. 
Companies such as Data Technology (Milpitas, CA 
(408) 262-7700) perform similar prefetch operations 
with its host-resident controller boards for use in 
IBM-compatible PCs. The company's boards use an 

algorithm that evaluates recent disk accesses to 
predict whether future accesses are sequential or 
random. 

You do not need a special operating-system driver 
for better performance from caches on drives, con­
troller boards, and host adapter boards. But, all of 
these techniques require a 1- or 2-stage movement 
of data from the cache to main memory. In all three 
cases, the data is transferred across a system bus. 
SCSI-based systems must also transfer data across 
the SCSI bus, incurring delays from bus arbitration 
and the data transfer. Such caches, therefore, elimi­
nate the electromechanical delays of disk drives, but 
still suffer from some overhead. 

Main-memory caches simply set aside a partition 
of memory for disk caching. Such caches typically 
don't perform prefetch operations, but operate on 
the temporal-locality theory that the system will 
request once-used data again. Caches in main mem­
ory incur the least overhead on hits because retriev­
ing the data requires only a memory-to-memory 
block move. But either your operating system or 
an application program must control a main-memory 
cache. 

In IBM-compatible PC designs, you must consider 
the delays caused by a relatively slow system bus 
compared with an operating system that doesn't 
have cache support. Drive- and board-resident 
caches provide the simplest integration path and 
don't infringe on the limited 640k-byte main-memory 
map of MS-DOS. However, main-memory cache pro­
grams, such as PC-Kwik from Multisoft Corp (Beav­
erton, OR (503) 644-5644), can perform better and 
don't use much of your 640k bytes when run in 
expanded or extended memory. 

The Unix operating system, conversely, includes 
a main-memory cache by design. And many Unix 
gurus believe that money for extra memory is best 
spent increasing main-memory size rather than add­
ing auxiliary caches. Others think the combination 
of a drive-based cache with the main-memory cache 
provides the best performance, because the two 
caches operate differently.-Michael C Markowitz 
and Maury Wright 
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tion of overall system performance. 
If the data that the µP needs isn't 

in the cache, the microprocessor 
gets the data from slower main 
memory. Since temporal locality 
suggests that this data is likely to 
be needed again, while the CPU is 
accessing this data, the cache is also 
putting the requested data into its 
data SRAM. Spatial locality implies 
that nearby information will also be 
needed, so the cache also requests 
and stores several additional bytes 
of information. The cache needs to 
keep an inventory of its contents 
so that it can react the next time 
the processor asks for this data. The 
tag SRAM keeps the list of informa­
tion by using a portion of the re­
quested data's high-order address, 
called the tag. 

The number of bits in the tag de­
pends on how big the tag RAM is, 
how big the cache is, and the block 
or line size of the cache. A block, 
or line, is the minimum number of 
bits of code or data that move be­
tween main memory and cache dur­
ing a transfer. Although spatial lo­
cality recommends larger block 
sizes, your design must balance the 
block size against the time and 
bandwidth it takes to transfer the 
data on the memory bus. 

In order to indicate a match, logic 

Table 1-Cache hit rates 

Cache configuration 

Hit rate Cache Associ-
Line 

(nearest size ativity 
size 

%) (bytes) (bytes) 

41 1k Direct 4 

73 Bk Direct 4 

B1 16k Direct 4 

B6 32k Direct 4 

B7 32k . Two-way 4 

BB 64k Direct 4 

B9 64k Two-way 4 

B9 64k Four-way 4 

B9 12Bk Direct 4 

B9 12Bk Two-way 4 

91 32k Direct B 

92 64k Direct B 

93 64k Two-way B 

93 12Bk Direct B 
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READ 

ONE 
(DIRECT MAPPED) 

WRITE 

LOW COST 

SMALL 

PARALLEL 
(LOOK ASIDE) 

SET 
ASSOCIATIVE 

RANDOM 

WRITE 
THROUGH 

NONALLOCATE 
WRITE 

Cache design 

HIGH PERFORMANCE 

LARGE 

SERIAL 
(LOOK THROUGH) 

FULLY 
ASSOCIATIVE 

LEAST-RECENTLY-USED 
(LRU) 

NOT-MOST-RECENTLY 
USED (PSEUDO-LRU) 

COPY 
BACK 

ALLOCATE 
WRITE 

Designing a cache requires many decisions. This flowchart elucidates the major decision; however, 
you don't need to follow it explicitly. 

compares each tag to the appropri­
ate bits from the requested data. 
The amount of comparison logic de­
pends on the cache's mapping pol­
icy. Allowing any block of data to 
map to any location in the cache de­
mands that you compare each 
block's tag to the requested tag. As 
a result, either you need a small 
cache, large block sizes, or fast com­
parison logic to build a cache that 
fully associates memory with the 
cache. In addition to the comparison 
logic, you also need logic to deter­
mine where the new data gets 
stored. The determination of which 
data to replace, called the replace­
ment policy, determines which in­
formation in the cache is least valu-

able and can be overwritten by new 
information. 

Comparison and replacement 
logic isn't the only consideration 
with mapping policy. At the other 
extreme from a fully associative 
cache is one that maps each location 
in memory to only one location in 
the cache-a direct-mapped (or 1-
way set-associative) cache. If the 
system executes a program that 
loops between two addresses that 
map to the same cache location, 
every memory access will be a cache 
miss. As a result, the computer will 
thrash, continually overwriting 
data that the cache will actually 
need with data its algorithms think 
it will need. 
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Read operations occur 
more frequently than write 

operations, therefore it 
makes sense to optimize 

your cache for reads. 

compare four tags to the requested 
tag. If a cache miss occurs, you load 
the new information into one of the 
four possible sites. Restricting the 
mapping locations to one or two fur­
ther reduces the complexity of the 
design. 

cache is its cost. A cache that mini­
mizes thrashing, but doesn't use as 
much comparison logic, restricts 
data in memory to a finite number 
of banks, called ways, in the cache. 
Generally, the performance im­
provement of building a system con­
taining more than four ways is not 
worth the added complexity of the 
design. A 2-way set-associative 
cache allows each location in mem­
ory to map to two locations in the 

You can limit the amount of com­
parison and replacement policy 
logic by restricting where data can 
go in the cache. For example, if you 
only allow data at a particular ad­
dress in the DRAM to map to four 
locations in the cache, you need only 

A fully associative cache won't 
thrash because it uses a replace­
ment policy that saves recently 
used data and instructions. The dis­
advantage of a fully associative 

Table 2-Representative ICs and chip sets for cache-based systems 

Company Part number Part type Featu res Cost 

AT&T 7C180and Cache-tag SRAM 4kx4-bit memory with 10- to 25-nsec access times. 8kx8-bit $22.851$28.10 (100) for 
Mlcroelectronlcs 7C174 memory with 12- to 25-nsec access times. 10/12 nsec DIPs 

7C183 and Cache-data SRAM 8kx16-bit memory with 25-to 45-nsec access times. 16kx 16-bit $22 (100) for 25-nsec 
7C157 latched, self-timed memory with 20-to 33-nsec access times. DIPs 

$74.90 (100) for 20-nsec 
PLCCs 

Austek A38202SX and Cache controller with Supports 16k- to 64k-byte (SX) or 32k- to 128k-byte, two-way $31 .74 (1000) for 20-MHz 
Microsystems A38202 integrated tag RAM set-associative or direct-mapped, write-through caches. A38202SX 

$57.01 (1000) for 
33-MHz A38202 

Chips and Peaksx Chip set with cache Supports 16k or 32k bytes of cache with a programmable two- $69(1000) 
Technologies controller for way set associative or direct-mapped, write-through cache. 

80386sx-based 
systems 

Peak/OM Chip set with cache Supports as much as 256k bytes of direct-mapped cache. $64 (1000) for 25-MHz 
controller for set 
80386-based systems $78.20 (1000) for 

33-MHzset 

Cypress 7C604 Cache tag, controller, Provides control for 64k-byte direct-mapped cache for Spare. $431 (100) 
Semiconductor and memory- 604 is uniprocessor version and 605 (due late '91) supports 

management unit multiple processors. 

7C157 Cache data SRAM 16kx16-bit SRAM that offers a self-timed write mechanism $83(100) 
and latched data inputs and outputs. 

EHie Eagle Chip set with cache Supports 32k to 128k bytes of two-way set-associative or direct- $168 (1000) for 33-MHz 
Microelectronics controller and tag mapped, buffered write-through cache. Also includes DRAM set 

RAM for i386- and controller for efficient DRAM refresh and memory access. 
i486-based systems 

Eteq Cougar Chip set with cache Supports 16k to 512k bytes of direct-mapped, buffered write- $33 (1 000) for 33-MHz 
Microsystems controller and tag through cache. Also includes DRAM controller for efficient set 

RAM for i386- and DRAM refresh and memory access. 
i486-based systems 

Fujitsu MB8299-25 SRAM 32kx9-bit SRAM with 12-nsec output enable access time, $17.50 (10,000) 
Microelectronics 25-nsec memory access time. 

Integrated 71589 Cache-data SRAM 32kx9-bit SRAM that offers a burst mode that can be syn- $79.25 (100) for 33-MHz 
Device chronized to the CPU, and a synchronous write capabi lity. version 
Technology (IDT) 719256, BiCMOSSRAM 32kx8- and two 64kx4-bit SRAMs. 5- to 6-nsec output enable $69.25 (100) for 15-nsec 

619298, and times and 12- to 15-nsec address access times. '256 
718258 $86.75 (100) for 12-nsec 

'298 and '258 

Intel 82395SX and Integrated controller, Bk- (SX) and 16k- (DX) byte-cascadable to 64k bytes-four- $44 (1000) for 20-MHz 
82395DX tag and data SRAM way set-associative, cache that uses a pseudo-least-recently- SXdevices 

used replacement policy and has a 16-byte line size. $90/$109 (1000) for 
25133-MHz DX devices 

Maira Design C395e i386- and i486-based Supports 32k- to 256k-byte and 128k- and 256k-byte, two-way $60/$72 (10,000) for 
Semiconductor C395e/C415 chip set with con- set-associative, four-way set-associative, or direct-mapped 25/33-MHz C395e sets 

trailer and tag SRAM caches with copy-back or write-through policies. $99/$119 (1 0,000) for 
25/33-MHz C395e/C415 
sets 
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Cache design 

cache. Similarly, a 4-way set-asso­
ciative cache maps each memory lo­
cation to four locations in cache. 
Conceptually, each way is a page, 
and each location in memory can 
map to only one location on a page. 

tions to overwrite. An extra bit at 
each location tracks accesses and 
keeps the data that was most re­
cently needed. 

replacement stacks all of the infor­
m~tion in the cache and deletes the 
oldest-even if it is the most re­
cent ly used. A variation of the LRU 
policy, called not -most -recently­
used or pseudo-LRU, recognizes 
the importance of temporal locality 
and the logic efficiency of random 
replacement by tracking and pro­
tecting the most recently used in­
formation and randomly overwrit­
ing the information at the appropri-

Guess which data you won't need 
Choosing which location on the 

page to map the data to is the func­
tion of the replacement policy. A 
2-way cache often uses a least­
recently-used (LRU) policy to de­
cide which of the two memory loca-

A 4-way set-associat ive cache of­
fers more replacement alternatives. 
Random replacement is the sim­
plest to implement, though using 
such a policy may violate temporal 
locality. First-in, first-out (FIFO) 

Company Part number Part type Features 

Mlcton 56C0816and i386- and i486- 8kx16- and 8kx18-bit SRAMs that include address latch and 
Technology 56C2818 compatible cache- multiplexing between two RAM banks. 

dataSRAM 

Mitsubishi M5M51014, SRAM 25-nsec, 1Mx4-bit SAAM, available in June. 
M5M51001 , 25-nsec, 1Mx1-or 256kx4-bit SRAM. June delivery. 
M5M5159, and 15-nsec, 64kx4-bit SRAM with OE . June delivery. 
M5M5180 20-nsec, 8kx8-bit SRAM with OE. 

Mosel MS441 Integrated cache con- Uses two concurrent 3861486 bus controllers along with dual-
!roller for i386- and port memories to allow background write back while read and 
i486-based systems write cache hits continue. Supports 2k-block, 64k-byte, two-

or one-way set associative cache. 

MS443 Dual-port burst 16kx~it, dual-port SRAMs with parity, input and output 
SAAM registers to buffer bursting and memory accesses. 

Motorola 62486, 62940, Application-specific 32kx 9-bit memories for memory subsystems for 80486, 
and62950 SRAM 68040, and Spare microprocessors. 

4180 Cache-tag SAAM 4kx 4-bit 18-nsec tag SRAM. 

NEC Electronics 46710and BiCMOS SAAM for 8kx2Q-bitx2-bank and 16kx2D-bitx2-bank memories with 
46741 R300Q-based systems address latches and 15-nsec access times. 

Quality 8885, 8886, SAAM All CMOS 16kx4-bit SRAMs with access times as fast as 10 
Semiconductor and8888 nsec. '85 has 2 CSs, '86 offers OE ; both with separate 1/0 

lines. '88 has common 1/0. 

SGS Thomson 41880, Cache-tag SAAM 4kx4-, 8kx8-, and 2kx20-bit memories with address-compare 
48874180, and access times as fast as 12 nsec. Used to design 32k- to 128k-
4202 byte caches. 

Slllcon SC5204and SAAM and self-timed 5204 is an 8-nsec, 256kx 4-bit BiCMOS SRAM. 4108 is a 
Connections SC4109 RAM 5-nsec, 8kx9-bit self-timed RAM. Both available third quarter 

of 1991 . 

1ma 2155, 2163, Cache-tag SAAM 2kx8- (2155) and 16kx5-bit - cascadable SRAMs with 3-state 
Instruments and 2164 (2163) or open-drain (2164) Match output. The 2155 supports 

the 68030 burst-fill capability. 

Toshiba America 55187and Cache-data SAAM 2kx8-bit SRAMs. Configurable for either direct-mapped or 
55188 2-way set-associative caches. Control logic for 2-way cache is 

on-chip. Memory access time of 20, 25, and 30 nsec. 

558417 and Cache-data SAAM 16kx4- and 8kx8-bit BiCMOS SRAMs with access times as 
55888 low as 10 nsec. 

VLSI "!Khnology 82C325and Cache-controllers Supports as much as 32k bytes (325) and 64k bytes (335) of 
82C335 (these devices are part cache memory with look-aside, write-through architectures. 

of 386SX- and DX- Implements 2-way set-associative cache with least-recently-
based chip sets) used replacement. 
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Cost 

Sample pricing: each 
$151$17 (100) 

$85 
$85 
$25 
$10 

$65 (10,000) for 25-MHz 
i386-compatible 
controller 
$114 (10,000) for 33-MHz 
i486-compatible 
controller 

$9(10,000) 

$57.20 (500) for 14-
nsec 62486 and 62940 
$40.12 (500) for 17-
nsec62960 

$10.40 (500) for 18-
nsec devices 

$45(1000) 

$30.54 (1000) for 
10-nsec 888516 
$33.75 (1000) for 
10-nsec 8888 

$13 (1000) for 12-nsec 
device 
$18.75 (1000) for 17-nsec 
device 
$37.50 (1000) for 
20-nsec device 

$330(1000) 
$257(1000) 

$19.58 (10,000) for 2155 
$30 (1000) for 20-nsec 
2163 
$33 (1000) for 18-nsec 
2164 

$11 (1000) for 3Q-nsec 
device 

$12/$14 (1000) for 
12-nsec devices 

$40/$50 (1000) 
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ate location on one of the other 
ways. 

Where a 64k-byte direct-mapped 
cache might have an 80% hit rate, 
the hit rate rises to about 94% with 
a 64k-byte 2-way set associative 
cache and 98% with a 64k-byte 4-
way set-associative cache, accord­
ing to Michelle Larson, product 
marketing engineer with SGS­
Thomson. These hit-rate improve­
ments result from the ability of the 

80386 

ADDRESS 

different ways to maintain temporal 
locality. 

Replacement, mapping, and look­
through or look-aside architectures 
are all related to memory-read op­
erations. Because in most applica­
tions, memory reads account for the 
majority of memory accesses, you 
are wise to prioritize your design 
to speed read operations. However, 
don't ignore memory writes. 

If the data is in the cache when 

CACHE 
ADDRESS 

LATCH 

DATA SETA 
-----. CONTROL 

(a) 

80386 

DATA 

(b) 

SNOOP 
BUS 

SYSTEM BUS 

ADDRESS 

SNOOP 
BUS 

SYSTEM BUS 

SETB 
CONTROL 

DATA 

SYSTEM 
CONTROL 
BUS 

CACHE 
ADDRESS 

LATCH 

CACHE DATA CONTROL 

SYSTEM 
CONTROL 
BUS 

DATA 

MAIN 
MEMORY 

Two-way set-associative caches (a) are more complex than direct-mapped caches (b), and as a 
result, cost more. However, 2-way set-associative caches perform better. 
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the CPU tries to write data to mem­
ory, you have two alternatives. The 
simplest approach is to write the 
data to both the cache and main 
memory. This write-through ap­
proach ensures data coherency be­
tween cache and memory. The pen­
alty for using a write-through 
scheme is the wait states that the 
DRAM controller imposes as a re­
sult of the write operation. You can 
attenuate this penalty somewhat by 
using a buffer that writes the data 
from the cache to the memory, re­
lieving the CPU of that responsi­
bility. 

Snooping maintains coherency 
Copy back is a more complicated 

scheme for writing information to 
cache and main memory. This tech­
nique maintains a bit that stores the 
coherency of the cache and DRAM 
memory. If the data is inconsistent, 
or dirty, then whenever the cache 
controller decides to overwrite the 
dirty location, it must first copy the 
valid data back to the DRAM. Simi­
larly, if another device requests the 
data from the DRAM, the cache 
controller must monitor, or snoop, 
the bus to copy back the dirty data 
to the DRAM before the DRAM 
supplies that data to the other de­
vice. (For a detailed discussion of 
snooping and cache coherency, see 
"Protocols keep data consistent," 
EDN, March 14, 1991, pg 41.) 

Deciding what to do on a write 
operation that causes a cache miss 
is more difficult than deciding what 
to do when a write operation results 
in a cache hit. Temporal locality 
suggests that information read from 
a cache once is likely to be read 
again. Equivalency would suggest 
that an address recently written to 
is likely to be accessed again. How­
ever, reading recently written in­
formation is application dependent 
and is generally not as common as 
rereading memory locations you re­
cently read. In addition, write op­
erations consume a small percent­
age of a system's operating time. 
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SIEMENS 

Globally Connected. 
Siemens provides computer 
and peripheral manufacturers 
with a worldwide connection 
for state-of-the-art integrated 
circuits. 

Siemens is building on a tradition of 
innovation with state-of-the-art tech­
nology in the workplace. And we back 
it with worldwide service and support, 
providing a global partner for all your 
system designs. 

For applications such 
as laptop PCs, printers 
and disk drives, which 

· I Innovative 8-bit 
require ower power microcontroller 
consumption , we offer designs. 

CMOS 8-bit microcontrollers based 
on the 8051 architecture. Like the 
SAB80C537, with advanced features 

such as 16-bit hardware 
multiply/divide, and 8 
data pointers. 

Reliable 1-Mb and 
4-MbDRAMs. 

We're also the only European 

Plus, Siemens offers an extensive line 
of CMOS ASIC devices. 

For innovative solutions for computer 
and peripheral manufacturers, Siemens 
is the best connection you can make. DRAM manufacturer, providing high­

quality 1-Mb and 4-Mb DRAMs. In fact, 
we're one of the world 's leading sup- For details, call (800) 456-9229 , or write: 
pliers, with DRAMs available worldwide, . 
in volumes which have doubled since Siemens Components, Inc. 
1989. And we're continuin. 2191 Laurelwood Road 
to advance this technology _ • Santa Clara, CA 95054 -1514 
with our 16-Mb and .... --. 
64 -Mb DRAM programs. Ask for literature package M14A013. 

Siemens has a wide range so2ssand 

of !Cs for PCs. Our powerful integrated 
peripherals. 

80286 microprocessors 
include a super-fast 16 MHz design . 
And we provide the 82C206 and the 
NEAi chipset for optimized , 
low-cost solutions. 

• Siemens 
World Wise, Market Smart. 

© 1991 Soemens Componen1s. Inc M 14A013 NEAT 1sa trademark of Chips and Technologoes. Inc 

EDN April 25, 1991 CIRCLE NO. 82 143 



Cache design 

Caches that load themselves with 
written data on cache misses are 
called allocate write. To save logic, 
you can design a nonallocate-write 
cache, which doesn't load written 
data to cache on a miss. The incre­
mental performance improvement 
of an allocate-write cache may not 
be worth the effort. 

Table 3-Wait-state profile of cache architectures 

Look-through Look-through 
Operation Look-aside copy back write through 

Read hit 0 0 0 

Write hit System-memory 0 0, unless the write buffer is 
wait states. already full with a pending 

write. 

Read miss System-memory System-memory wait states System-memory wait states 
(excludes line- wait states. + 1 due to an extra look-up + 1 due to an extra look-up 
flllcycles) cycle. cycle. 

Wri te miss System-memory 0, unless the write buffer is 0, unless the write buffer is 
wait states. already full with a pending already full with a pending 

write. write. 

Overemphasizing reads is an ef­
fective strategy except when the 
CPU contains an onboard cache. 
These generally small caches, called 
primary caches, already intercept a 
large percentage of read requests. 
A secondary cache optimized for 
read operations is a superset of the 
on-chip primary cache. As a result, 
a secondary cache is somewhat re­
dundant and provides a smaller re­
turn on your memory and cash in­
vestment. 

Alternatively, a secondary cache 
optimized for write operations can 
boost performance of the portion of 
the cache's operation that the pri­
mary cache does little to improve. 
A cache technique under develop­
ment by Mosel uses dual-port 
SRAMs and takes advantage of the 

burst-memory data access. The 
SRAMs, which will work with 
80386- and 80486-based systems, fa­
cilitate building 64k-byte, 2-way 
set-associative caches. The memo­
ries operate by simultaneously 
latching all 128 bits in a 5-cycle, 16-
byte burst using 7-nsec latches at 
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Caching branches reduces pipeline stalls 
When designers at Advanced Micro Devices were 
designing the 29000 RISC µP family (the 29005 16-
MHz device costs $50 (1000), they realized their 
transistor budget would allow them to implement a 
small cache on-chip. Because the processor has both 
an instruction bus and a data bus, they needed to 
decide whether to build an instruction or data cache. 

They also realized that , because the processor 
uses instruction prefetching, it would perform better 
if they could prevent pipeline stalls. Combining 
the transistor budget with the need to eliminate 
stalls, the designers came up with a branch-target 
cache (BTC). 

The BTC functions like a normal cache in that it 
stores data already in the dynamic RAM (DRAM). 
However, it differs by only storing the four instruc­
tions following a branch. If the branch was previ­
ously taken, the processor executes the branch in a 
single cycle. 

When the processor executes a branch for the first 
time, the cache doesn't contain the succeeding in­
structions. It takes one cycle to execute the branch 
from memory and five cycles to refill the instruction 
pipeline. AMD claims a 60% hit rate for the 512-byte 
BTC on the 29000. 

The BTC is organized as a 2-way set-associative 
cache. Each way comprises sixty-four 32-bit words 

divided into 16 blocks of four words each. These 
four words define a branch target entry. Each block 
is associated with one 28-bit cache tag. The tag in­
cludes 26 bits derived from the address and two 
bits, called the Space ID, that indicate whether the 
instructions were fetched from instruction/data 
memory or from read-only memory and whether the 
instructions were fetched in user or supervisor 
mode. Finally, each word in the cache has an asso­
ciated valid bit that indicates the instruction's va­
lidity. 

After a branch, the address of the fetched instruc­
tion selects a line to store the instruction sequence 
of the branch, if that branch instruction sequence 
isn't in the BTC. The processor uses a random re­
placement scheme based on the processor clock to 
choose which set to replace. The processor then sets 
the address tag and the space ID to properly de­
scribe the instructions being stored in the cache be­
fore loading the instructions into the cache. 

BTCs are more efficient than conventional caches 
when the caches are smaller than about lk byte, 
according Dr Mark Hill (Ref 1). Conversely, Hill 
says that conventional caches are preferable when 
larger than 8k-bytes. He further says that inter­
mediate-sized BTCs and conventional caches offer 
comparable performance. 

EDN April 25, 1991 



Portable data products from Datakey are meeting the needs of 
electronic OEM design engineers in a wide range of commercial 
and military applications. They can help you: 
D Save valuable system space 
D Reduce system power requirements 
D Cut the cost of memory /feature expansion 
D Improve system and facility security 
D Speed data transfer, make data handling more convenient 
D Make ROM upgrades quicker, easier 
D Simplify system design and manufacturability 
D Ruggedize your system or 1/0 device 
D Reduce repetitive data input 
D Differentiate your product in the marketplace 

These versatile devices withstand rough handling and retain 
your data even when exposed to dust, dirt, moisture, magnetic 
fields, and other environmental hazards. 

Dalia---- --~-.... 
-~ ----- -_. -~-- ------ -- ,.._. -----~~ ~ ~~~® 

Advanced Solutions 
in Portable Data 
Technology.'" 

We've developed a whole array of solutions for tough portable 
data applications - including the access device for the U.S. gov­
ernment's secure phone system. Hundreds of thousands of these 
devices are in use today. 

Choose from our standard products, including 
Serial Memory Keys (lK, 2K, or 4Kbit capacity), 
Parallel Memory Keys (16K to 512Kbit capacity, 8-
bit word length), Memory Cards (chip-on-card 
or edge-amnect with embedded memory), 
Low-Cost Personal ID and Memory Tokens, 
Mechanical/ Electronic Keys, and more. 

We also design and manufacture custom 
portable data devices. 

So, call today for our free booklet. It just 
may help you solve some of the toughest 
design problems around. Yours. 

Call 1-800-328-8828 
Need it fast? We71 fax it. 

Datakey, Inc. • 407 West Travelers Trail, Minneapolis, MN 55337 U.SA. •Phone (612) 890-6850 •Fax (612) 890-2726 
United Kingdom: 44 730 816502 •Well Germany: 49-06173-68872 • Belghun: 32 3 325 19 10 • Netberlando: 023-31 91 84 
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the input and output of the memory 
array. The memories will be avail­
able in the third quarter of 1991. 

Caches speed sequential writes 
The dual-port memories boost 

performance on a write miss. The 
miss causes a burst allocate-write 
cycle that fills the secondary cache 
with 16 sequential bytes of data. If 
the next write is to the next mem­
ory location, that data will already 
be in the cache. According to statis­
tics compiled by Mosel, 70% of write 

operations are sequential. Further, 
50% are at least three sequential 
writes. The company expects its 
technique to provide write hit rates 
exceeding 99% while maintaining 
read hit rates higher than 96%. 

After designing your cache, you 
can evaluate its effectiveness using 
a trace-driven cache simulator. Two 
such simulators, written by Profes­
sor Mark Hill of the University of 
Wisconsin Computer Sciences De­
partment, are tycho and dineroIII, 
which are quasi-shareware pack-

Manufacturers of cache SRAMs and controllers 

ages available on the EDN bulletin­
board system (BBS). Both C-based 
simulators use the same ASCII 
trace format. 

After you create a list of memory 
references from an executing appli­
cations program, you use the list 
to drive the simulators. In re ­
sponse, the simulators report the 
behavior of one or more alternative 
cache designs. 

Both simulators evaluate unipro­
cessor caches. Tycho allows simul­
taneous evaluation of many alterna-

For more information on the ICs and Chip sets to implement caches 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. 
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Cache design 

tive caches; dineroIII only evalu­
ates one cache per simulation run. 
The simulators also differ in their 
capabilities. Tycho is a more restric­
tive simulator in that all caches in 
a simulation must have the same 
cache size, don't prefetch data, and 
use least- recently-used replace­
ment. DineroIII allows you to vary 
more cache design options, such as 
write-back vs write-through, ran­
dom vs least-recently-used replace­
ment, and demand fetching vs pre­
fetching. 

The simulators have been distrib­
uted to both commercial and aca­
demic sites. You can obtain copies 
of either or both simulators either 
by contacting Mark Hill directly, or 
via the EDN computer bulletin­
board system (BBS). (Phone (617) 
558-4241 with modem settings 300/ 
1200/2400,8, N, 1. Access /free ware 
SIG and specify (r)ead option fol­
lowed by (k)ey-word search for "SR 
#425".) Professor Hill asks for, but 
does not require, a $500 donation 
to the University of Wisconsin to 
support his continuing research. 

EDN 

Reference 
1. Hill, MD, "Aspects of Cache Mem­

ory and Instruction Buffer Performance," 
PhD dissertation, Computer Science 
Div, UC Berkeley, November 1987. 
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WHAT'S NEXT 
The number of linear ICs tailored to 
operate from a single power-supply 
voltage has dramatically increased in 
the last few years. Look for our Special 
Report in the May 9, 1991, issue and 
catch up on the developments in sin­
gle-supply, analog-design techniques 
and applications. 
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hat makes good 
designers great? 
Top down design with System HIL0™4. 

It enhances design productivity through Language 
Driven Design. 

It simplifies design with Source-Level Debug and an 
X-windows graphic interface. 

Its FASTCELL ™ASIC libraries simulate submicron 
technology accurately. And up to eight times faster than 
traditional gate-level modeling while using less memory. 

It has outperformed golden simulators in accuracy in 
several benchmarks at ASIC foundries. 

It's the ideal core simulation toolkit to support a concur­
rent engineering environment, with simulation for logic 
verification, worst case timing, fault grading, and non­
intrusive ATPG. 

Find out more about how System HILO 4 can help you 
become a great designer. 

Call 1-800-4-GENRAD in the U.S., or the GenRad office nearest you in Austria, 
Canada, England, France, Germany, Italy, Japan, Singapore, Switzerland. 

- GenRad 
A New Way of Thinking 
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The newest system 
through spice-time. 

The AMP Z-Pack Interconnec­
tion System is a scalable, 
high-density board-to-board/ 
cable-to-board system for 
nanosecond and subnanosecond 
applications, in 2 mm and 
.100" grid sizes to accommo­
date global packaging 
requirements. 

The fastest members use 
stripline technology, introduc-

High-temp materials 
for SMT compatibility. 

Twin-beam recep­
tacles, 2 mm wipe. 

Sequenced mating 
up to four levels. 

2 mm versions 
accommodate two 
traces between lands. 

Stripline versions 
isolate pin columns 
for 50 ohm interface. 

Reliable compliant­
pin versions available. 

ing reference planes between 
pin columns to retain maxi­
mum pin counts in a con­
trolled impedance interface. 

The design advantages are 
immediate: Z-Pack .100" strip­
line connectors accommodate 
250 ps edge rates with no sac­
rifice in signal density: four 
rows = 40 lines per inch. 
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Space: 40 lines/inch. 
Time: 250ps. 

2 mm stripline versions 
(500 ps) require just one pin 
row for reference, and open 
pin field versions in both cen­
terlines handle 1.8 ns rise­
times with a 3:1 signal/ground 
ratio. Standard spacing min­
imizes board redesign, and 
system modules stack end-1:o­
end with no loss of signal posi-

tions, offering true form/per­
formance scalability in 
Futurebus-like applications. 

For more information on 
the Z-Pack Interconnection 
System, call our Product 
Information Center at 
1-800-522-6752. AMP Incor­
porated, Harrisburg, PA 
17105-3608. 

For advanced 
design and 
manufacturing of 
complete charac­
terized multilayer 
backplane sys­
tems, contact 
AMP Packaging 
Systems, Inc., 
P. 0. Box 9044, 
Austin, Texas 
78766, (512) 244-
5100. 

THIS IS AMP 70DAY. ANIP 
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INTERNATIONALLY APPROVED CIRCUIT BREAKERS 

When you're designing your product 
for global markets. take steps to 
protect it right. Choose Airpax. We 
build in the quality, performance and 
reliability you demand as well as the 
required international certification 
that will assist you in marketing your 
product anywhere in the world. From 
initial design through final shipment 
we can help you every step of the way. 

Step-by-step help 
on three continents. 

Engineers at our design/manufac­
turing centers in Belgium. Japan and 
the U.S. will assist in your design 
requirements by recommending the 
correct magnetic circuit breaker. 
When you're ready to manufacture. 

we're strategically located to provide 
on-time/just-in-time delivery anywhere. 

50 milliamps to 100 Amps, 
1 to 6 poles and more. 

Consider your choices: SNAPAK® in 
rocker. toggle. paddle. baton. push-pull 
or push-to-reset styles; !EL. DIN rail 
mount in single or multi-handle; 

Wherever 
You Design Your Product, 

We're With You 
Every Step Of The Way. 

UL, VDE, CSA, TUV 
and SEV approvals. 

For any international marketer. it 
can be a maze of acronyms out 
there. Not for Airpax. because ours 
is the broadest line of magnetic 
circuit breakers fully accepted for 
international applications in marine. 
instrumentation. medical systems. 
appliances. power supplies. 
information processing systems. 
industrial controls. HVAC equipment 
and other devices that demand 
reliable circuit protection. 

152 

IEG in a toggle and snap-in mount; 
and E-Frame branch circuit pro­
tectors. Designed to withstand shock. 
vibration and temperature variances. 

The next step 
is up to you. 

To find out more. write us. Or to 
secure prototypes fast for testing, 
built to your requirements at no 

extra cost. call our HOTLINE 
(301) 228-4600. Airpax. 

Woods Road. Box 520. 
Cambridge. MD 21613. 

FAX (301) 228-8910. 
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When you need to 
cut costs without 
cutting corners ... 
The more defense agencies put on the pressure to curb hardware 
costs for military computer systems, the smarter it is to use NDI 
Mil-Spec VME computer hardware from Radstone Technology. 

Radstone offers the world 's most extensive range of Non­
Developmental Item VME processor, memory, communica­
tions, controller, 1/0 and graphics boards-plus ATR chassis, 
and software and development support. This NDI line­
produced in a facility qual ified to MIL-Q-9858A and AQAP-1-
enables military systems integrators to reduce design time, 
project overhead costs and system development time 
12.Y. more than half! 

Design-In Flexibility 
Off-the-shelf Mil-Spec products from Radstone allow you to 
design flexibility into your equipment without compromising 
system performance or compliance with military specifica­
tions. Existing hardware can be readily adapted and factored 
into future proposals and contracts without a major redesign 
effort and, in many cases, without any redesign effort. This 
eliminates additional costs and reduces program overruns 
and risks. 

Cost-Effective Mil VME .•• now! 
With so much performance-proven NDI Mil-Spec VME avail­
able right now from Radstone, why incur any unnecessary 
design, production and integration time and costs? And, with 
the defense agencies mandating the use of existing technolo­
gies, you' ll be meeting everyone's criteria for cost, performance 
and reliability. Only with Radstone NDI Mil-Spec VME. For 
details call or write. And put your competition on the defensive. 

Radstone NDI 
Mil-Spec VME 
• 68030-based real-time high performance 

processors 
• 68020-based real-time processors 
• Static RAM memory cards 
• EPROM and E2 PROM memory cards 
•DRAM memory cards 
• Intelligent Ethernet interfaces 
• 1553Binterfaces 
• Graphicscontrollers 
• Synchronous, high speed serial interfaces 
•Asynchronous serial interfaces 
• 1/2-ATR Short, 1-ATR Short and 1-ATR Long 

chassis 
• Ada real-time target software support 
• Broad range of development environment 

support 
• Built-In Test Equipment 
• Available now from Radstone 

And more NOi Mil-Spec VME coming! 

TECHNOLOGY 

Radstone Technology Corporation 
20 Craig Road, Montvale, NJ 07645-1737 

Call Toll-Free: (800) 368-2738 
Eastern Region: (201) 391-2700 
Central Region: (708) 397-0303 
Western Region: (408) 727-4795 
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subranging ADCs 
part 2 

Dynamic specifications 
describe performance of 

subranging ADCs 
Part 1 of this 3-part series on subranging AID con­
verters covered the architectures and operation of these 
specialized devices. Part 2 continues with a discussion 
of their critical dynamic parameters and specifica­
tions . Part 3 will conclude the series with a discussion 
of test and measurement principles. 

Ray K Ushani, Datel Inc 

In the world of high-speed data-acquisition compo­
nents, the conventional de parameters are not sufficient 
to specify the performance of AID converters. Under 
dynamic conditions, an ADC's transfer function may 
exhibit large errors even though the de test results 
appear close to the ideal limits. This disparity is 
especially common in digital-signal-processing 
applications. 

In practice, no single specification or test can com­
pletely characterize a high-speed AID converter's per­
formance under dynamic conditions. Therefore, ADC 
users and designers should comprehend the signifi­
cance of every dynamic specification. In all, there are 
nine dynamic parameters you should understand before 
attempting any test techniques. These parameters in­
clude quantization error, the signal-to-noise ratio, har­
monic and intermodulation distortion, and the differen­
tial phase and gain. 

EDN April 25, 1991 

Quantization maps the analog input range into 2N 
digital words. Because the best resolution attainable 
from an analog input signal is 1 LSB, an infinite num­
ber of points are identifiable between any adjacent 
code centers (Fig 1). As a result, quantization causes 
an error of ± 0.5 LSB max. 

Quantization is an irreversible process. Once an ADC 
quantizes a signal, the signal's original analog informa­
tion is lost forever-an occurrence comparable to what 
happens to an analog signal in the presence of white 
noise. Because of this similarity, many engineers refer 
to quantization error as quantization noise. 

111 
c 
:::> 

QUANTIZATION OF AN ANALOG SIGNAL 

S cooE f--~~~ ....... _...~~~~~~~~~~~ !i X+2 
< 

Fig I-Quantization maps the ana/.og input range into 2N digital 
words. This process results in a quantization error of± 0.5 LSB max. 
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In applications such as high-speed data­
acquisition systems) the de parameters of an 
A/D converter are not sufficient to specify 
the device)s performance. 

Because the quantization error (QE) is as often posi­
tive as negative, its average value is precisely zero, 
which gives no information about the size of the error. 
A more meaningful measure is the quantization error's 
root-mean-square value. The following relationships let 
you calculate the maximum rms quantization noise 
(V NOISE (RMSJ): 

.!_ fIQ +z (VIN(I)- IQ)2dV 
Q J I Q-~ Q IN 

=@ '/12 

v - Q NOISE (RMS) - Vi2' 

where Q = LSB weight, QE(I) =Ith code quantization 
error, and VIN(I) =input range that produces code I. 

In an actual A/D converter, the quantization band 
for certain codes can be significantly larger or smaller 
than ideal. N onideal quantization bands represent dif­
ferential nonlinearity errors. 

For a signal with a peak amplitude of Q(2N) that an 
N-bit ideal converter quantizes, the maximum rms 
sine-wave value is 

Q(2N-1) 
V SIGNAL (RMS) - Vi2 · 

The rms signal-to-noise ratio (SNR) is then 

V SIGNAL (RMS) Q(2N-l)/V2_2N-1(\/6). 
V NOISE (RMS) Q/Vi2 

Therms SNR for an ideal N-bit A/D converter is 

SNR=20log[\/6(2N-1)]=6.02N + 1. 76 dB. 

However, for an actual A/D converter, calculate the 
SNR as follows: 

SNR= -20logv'10-sNRwn110+ 10+TH0110, 

156 

where SNRWD is the SNR without distortion and 
THD is the total harmonic distortion, both in decibels. 

Because most of the noise in an A/D converter ap­
pears at the harmonic frequencies , the SNR plus dis­
tortion is a good estimate of the total harmonic distor­
tion. Furthermore, SNR is the cumulative effect of 
many error sources such as quantization error, missing 
codes, integral and differential nonlinearities, total har­
monic distortion, aperture uncertainty, and noise. Be­
cause of these myriad contributions, SNR is the pri­
mary figure of merit in applications such as radar and 
signal-detecting systems . 

The effective-bits (EB) value is the number of bits 
an ideal A/D converter requires to yield the SNR previ­
ously calculated for an ideal N-bit converter: 

EB SNR-1.76 
6.02 . 

The effective-bits value is a global description of the 
ADC's dynamic performance. It provides a general 
measure of how much the ADC's nonlinearity impairs 
its overall usefulness at a given input condition. If the 
quantization noise is uniformly distributed and the 
quantization errors from sample to sample are statisti­
cally independent, the expression for effective bits is 

where E RMS is the error of the digitized signal. 

Harmonic and intermodulation distortion 
The output signal of a linear device differs from its 

input signal only in amplitude when you measure the 
signals in either the time or frequency domain. Any 
nonlinearity a device introduces will manifest itself as 
a deviation from the sinusoidal response in the time 
domain or as new frequencies in the frequency domain. 
This nonlinearity is distortion. 

When an ideal AID converter with infinite resolution 
digitizes an ideal sine wave, the digital output fully 
represents the original sine wave with no distortion 
at any frequencies. Looking at the discrete-Fourier­
transform (DFT) amplitude spectrum of such an out­
put, you can observe a sharp peak at the input fre­
quency. At any other frequency the amplitude will be 
zero. However, in the case of an actual A/D converter, 
the amplitude spectrum also contains peaks at integer 
multiples of the fundamental frequencies. These peaks 
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HARMONIC DISTORTION 
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Fig 2-This harmonic-distortion plot · shows the fundamental fre­
q1wncy at 300 kHz wi.th harmonics present at 600, 900, and 1200 kHz. 

represent harmonic distortion (Fig 2). From these 
peaks, you can calculate the percentage of total har­
monic distortion (THD) using the following relation­
ships: 

where peak N is the Nth-harmonic distortion peak, 
and the harmonic distortion (HDN) is equal to the am­
plitude of the signal at the Nth harmonic divided by 
the amplitude of the signal at the input frequency. 

For an AID converter, you can calculate THD in 
decibels as follows: 

The integral nonlinearity of the AID converter's 
transfer function can also cause intermodulation dis­
tortion (IMD). IMD is the change in one sinusoidal 
input that the presence of another sinusoidal input at 
a different frequency causes. For example, let the in­
put of the AID converter be the sum of two sinusoids 
with equal amplitudes but different frequencies: 
sinw1 ± sinw2• Not only will harmonic distortion occur 
at N w1 and N w2, but harmonics will also appear at 
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2-TONE INTERMODULATION DISTORTION 

176 256 

FREQUENCY (80 kHz/DIV) 

Fig ~This plot of 2-tone intermodulation distortion shows funda­
mental frequencies at 176 kHz (F,) and 256 kHz (F,). Note the 
presence of distortion products at 80 kHz (F, -F,) and 432 kHz 
(F, +F,). 

N w1 ± Kw2, where N and K are any integers (Fig 3). 
This IMD interaction between input sinusoids is signifi­
cant in both audio and RF -communications applica­
tions. The value, in decibels, for the intermodulation 
distortion when N = 1 and K = 1 is 

IMD (w ±w )=2010 am~litude at w1±w2 
1 2 g amphtude at w1 (or w2)' 

When the input sinusoids are not of the same ampli­
tude, IMD = 20log(rms value of the sum and difference 
distortion products+ rms value of the fundamental fre­
quencies). 

Spurious-free dynamic range 
The spurious-free dynamic range (SFDR) is analo­

gous to the dynamic range for slow, high-resolution 
AID converters. As the name implies, SFDR is the 
range in the amplitude spectrum where no frequency 
components other than the fundamental exist (Fig 4). 
SFDR expresses the peak distortion of an AID con­
verter and is a measure of the device's dynamic range 
under different input conditions. Mathematically, 
SFDR =the amplitude of the fundamental - the next 
highest frequency component, with all values in deci­
bels. 

The SFDR parameter is of primary importance for 
AID converters in noisy receiver environments where 
the converter must digitize a small-amplitude signal. 
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Once an A/D converter quantizes a signal) 
the signaPs original analog information is 
lost f orever. 

SPURIOUS-FREE DYNAMIC RANGE 

0 120 240 

FREQUENCY (kHz) 

Fig 4-The spurious-free dynamic range of an AJD convelter is the 
range, in the amplitude spectrum, in which frequency components 
other than the fundamental do not exist. 

Noise/power ratio (NPR) is another indicator of an 
AID converter's dynamic performance. NPR expresses 
the quality of an AID converter in broadband fre­
quency-domain applications, such as a multiplexed sys­
tem. NPR is the ratio of the power of the reconstructed 
output at two different conditions for a particular fre­
quency (f). The first condition is the full-scale input 
containing white noise. The second condition is the 
same input using a notch filter with a center frequency 
of f. The expression for NPR in decibels is 

NPR=lOlo (1st condi.ti.on power). 
g 2nd cond1t10n power 

The NPR caused by quantization noise for an ideal 
AID converter is 

NPR full-scale volts of the ADC Q (2N) 
K (quantization noise) KQ!Vi2 

2N (\li2) 
K 

where Q is the quantization level, Q!v12 is quantiza­
tion noise, N is the number of bits, and K is a loading 
factor equal to the full-scale volts divided by the rms 
noise level. 

The NPR in decibels is 

NPR=6.02N +20log (\13/K). 
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For example, a 12-bit ideal AID converter with a load­
ing factor (K) of 5, has a NPR of 62. 7 dB. 

Fig 5 helps explain the loading factor. The peak-to­
peak noise is a function of a (a= rms noise level). If 
K is 2, for example, 68% of the signal will be within 
the full-scale value of the converter (32% will exceed 
full scale). In this case, clipping will result , producing 
additional distortion. F-Or this reason, you should select 
a loading factor that will keep the clipping to a small 
percentage and the signal at a maximum. For a 12-bit 
AID converter, the LSB is 0.0248% of full scale, so a 
loading factor of 8 would be appropriate. 

Differential phase (DP) and differential gain (DG) 
are relevant specifications for video applications. They 
express the quality of the AID converter under two 
different input levels (usually one near zero and the 
other near full scale). 

Differential phase is the difference in the output 

P-P NOISE 

0 

0 2 3 4 5 

K = 2 

K = 4 

K = 6 

K=8 

K = 10 

SIGNAL SIGNAL 
OUT OF IN 

K RANGE RANGE 

2 32% 68% 

4 5% 95% 

6 0.3% 99.7% 

8 0.005% 99.995% 

10 0.0003% 99.9997% 

Fig 5-The peak-to-peak noise of an ADC is a function of its loading 
factor (K) and statistical deviation (a) . If K is 2, 68% of the signal 
will fall within the full-scale range of the converter. 
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Dialight LED bi- and tri-level CBI (Circuit Board 
Indicator) skyscrapers save valuable real estate. Ideally 
suited as logic status, circuit board and polarity indica­
tors as well as panel illuminators, the Manhattan Series 
can satisfy your most demanding design requirements. 
Offered in two sizes-T-1 (3 mm) and Tl% (5 mm 
bi-level only) in a wide variety of LEDs (diffused, non­
diffused, super-bright, super-efficient, integral resis­
tor), they can be ordered in standard and custom 
combinations of red, yellow and green. Operating 
temperatures range from - 55° to + 100°C. Manhattan 
CBis have specially designed standoffs to facilitate 
board cleaning and washing. The housing materials 
meet UL94V-O flammability rating. 

Because we pay strict attention to lead tolerance 
and alignment specs of automatic insertion equipment, 
Dialight' s packaging has become the standard by 
which others are measured. The Manhattan CBI Series 
is available from stock through our wide network 
of distributors. 

For more information contact: Dialight Corporation, 
1913 Atlantic Avenue, Manasquan, New Jersey, 08736; 
Tel.: (908) 528-8932; Fax: (908) 223-8788. 

DIA LIGHT 

CIRCLE NO. 81 159 



Nonlinearity in the A/D converters trans­
fer function can cause both harmonic and 
intermodulation distortion. 

phase of an AID converter when a small, high­
frequency sine-wave signal is superimposed on a low­
frequency signal at two predescribed amplitudes. Dif­
ferential gain is the ratio of the output amplitudes of 
an AID converter with this small, high-frequency sine­
wave superimposed on the low-frequency signal at the 
two predescribed amplitudes. 

The theoretical differential phase and differential 
gain for an N-bit ideal AID converter is 

DG= 100% · .Q · ~ 
A 3 

DP is the differential phase in radians (1 rad= 57°), 
Q is the LSB size in IRE (Institute of Radio Engineers) 
units, A is the amplitude of the subcarrier in IRE 
units, and DG is the differential gain in percent. For 
example, consider an 8-bit system converting a signal 
having a peak-to-peak value of 140 IRE units (1 V): 
Q = 0.546 IRE units. 

Suppose a test signal consists of a subcarrier having 
a peak value of 10 IRE units (20 IRE units p-p), then 

DP=0·~i6 · ~=0.0364 rad=2.07° 

. (0.546) 2 DG=100% 10 · 3=3.64%. 

These two parameters directly affect the performance 
of any color-graphic system, such as a high-resolution 
optical reader or a conventional TV. Differential gain 
will distort the degree of color saturation. This distor­
tion occurs because the amplitude of a small signal 
superimposed on another signal represents the satura­
tion of the color. This distortion also affects the bright­
ness of the color. Differential phase will cause incorrect 
hues in the reproduced picture. In an ADC, the analog 
section of the converter is the primary generator of 
these distortions. 

The analog input circuitry determines the band­
width, which tells you at what input frequency you can 
expect amplitude attenuation to begin. The bandwidth 
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is normally defined as the maximum sinusoidal input 
frequency at which the amplitude of the output signal, 
derived from the digital data, decreases by 3 dB with 
respect to the amplitude of the output for a low­
frequency sinusoidal input. A more appropriate pa­
rameter for an AID converter is its full-power band­
width. This parameter specifies the maximum fre­
quency at which the converter can accurately quantize 
a full-scale-input sine wave without generating any 
spurious or missing codes. 

Engineers often overlook full-power bandwidth 
when evaluating a high-speed AID converter. A wide 
bandwidth results in reduced amplitude roll-off and 
less time-delay distortion. It also minimizes the interac­
tion between the poles of the ADC's input and the 
poles of any antialiasing filter before the input. A nar­
row bandwidth could cause time-delay distortion due 
to nonlinear phase response, amplitude error, or rise­
time error. 

To illustrate the effects of the AID converter's band­
width, consider the amplitude attenuation and time-de­
lay distortion when a full-scale 5-MHz sine wave is 
applied to the input of an equivalent AID converter 
that has a 20-MHz bandwidth (Fig 6). Assuming a 
single-pole model, the equivalent RC network will at­
tenuate the input by 3% of its original value and shift 
the input's phase by -14.03°. The result of this action 
is a time delay of 7.8 nsec. The following formulas ex­
press the amplitude (A), the phase (<!>), and the time 

r-----------------------
BAND-LIMITED "iN 

\ 
INFINITE-BANDWIDTH 

VIN O-L---.tl.fV'--....._--1 IDEAL 
ND CONVERTER 

BANDWIDTH = 1/2 it RC -----------------------
EQUIVALENT ND CONVERTER 

DIGITAL 
OUTPUTS 

Fig 6-This equivalent circuit illustrates the effects of a band­
limited Al D converter compared with an ideal infinite-bandwidth 
converter. 
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Lengths Ahead· 
VA~ 
VACUUMSCHMELZE 

111ith VAC per111anent 111agnets 
VACODYM® and VACOAfAX® 

Our permanent magnet alloys, VA COD YM* on Nd Fe B base and 
VACOMAX on a CoSm base, give you the chance to increase 
the efficiency and the dynamic behaviour of your products. The 
extremely hig_h energy_ density of the magnets offers more power 
and improved miniaturization, e.g. in motors from the micro to 
the megawatt range, in magnetic couplings for chemical pumps, 
in electro-acoustic transducers etc. 

VAC not only supplies the magnets but also the know-how for 
successful application. For instance, advice on individual designs 
and the production of tailor-made magnet sy_stems. Why not 
take advantage of the head start our materials offer your 
products? 

• 1icenser Sumitomo Special Metals. 

VACUUMSCHMELZE GMBH 
186 Wood Avenue South · lselin, N.J. 08830 ~ (201) 494-3530 ~ (201) 3213029 ·IT!] 4900006431 

GrunerWeg 37, D-6450 Hanau · ~ (**49) 6181 /38-0 · ~ (**49) 61 81 /38-2645 · IT!] 4184863 vac d 
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PCB MANUFACTURING 
DESIGN AND ARTWORK ! 

ALL YOUR CIRCUIT BOARD NEEDS UNDER ONE ROOF 

PCB DESIGN 
• Backplanes 
• Impedance control 
• Analog and ECL 
• Surface mount 

PCB MANUFACTURING 
• 2 Day turn on multi-layers 
• Prototype and production 
• One tooling charge for both 
• Turn-key assembled boards 

TECHNICAL ASSISTANCE 
• PCB design tips 
• Mfg cost cutting tips 
• Testing guidelines 
• We accept gerber data via 

modem (714) 970-5015 

CALL FOR A QUOTE ! 
A MANUFACTURING, PCB DESIGN AND SUPPORT CENTER 

A\£1t MURRIETTA 
CIRCUITS 

4761 E. HUNTER AVE. ANAHEIM, CA. 92807 

TEL: (714) 970-2430 FAX: (714) 970-2406 
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SEALEVEL SYSTEMS INC. 
PO BOX 1808 
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(803) 855-1581 
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delay (Li T) of the output of an AID converter with a band­
width of Lif, where f is the frequency of the input signal: 

A-~ 
\jl+(fiM)z 

The transient-response time is the time the AID con­
verter requires to settle to its final accuracy when the 
input changes from negative full scale to positive full 
scale or the other way around. This response time 
depends primarily on the sample-and-hold acquisition 
time. Transient-response time is important in transient 
analysis and in applications in which the input of the 
AID converter is multiplexed to increase the number 
of channels, as in data-acquisition systems. 

When the input of an AID converter exceeds the 
full-scale range, the analog section of the converter 
saturates. Because the error amplifier usually has a 
high gain, saturation is particularly significant for a 
subranging ADC. If the operating conditions do not 
let the ADC fully recover from saturation, the con­
verter might produce an erroneous code for a valid 
input. The time the ADC requires to recover from 
saturation is called the overvoltage recovery time. The 
recovery time is measured from the time the input 
returns to the ADC's operating range until the time 
that the ADC can make a proper conversion. The re­
covery time increases as the overrange voltage in­
creases. 

Part 3 will conclude this subranging-ADC series with 
a discussion of test methods for evaluating these dy­
namic parameters and specifications. EDN 

Author's biography 
Ray Ushani is the manager of the Advanced Develo'fYl'Y/,ent 
Group at Datel Inc (Mansfield, MA). He has been with the 
company for six years and has been instrumental in the 
development of several AID converters, multiplexers, and 
SIH circuits . Ray has an MSEE from Northeastern Univer­
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tion, Ray's hobbies include RF and microwave design. 
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The secret to better Ethernet is NICE. 
And simple. 

Introducing NICE'." The new MB86960 Network Interface 
Controller with Encoder/ Decoder from the Advanced 

PC XT/AT~ adapter cards. Replacing the need for up to ten 
separate parts. 

Products Division of Fujitsu Microelectronics. 
With the unveiling of NICE, Ethernet LAN 

technology reaches a new level of integration. 
Now LAN system designers can have an Ethernet 

controller, buffer management unit and 10 Mbit per 
second Manchester encoder/ decoder on a single chip. 
So you can now develop high-performance LAN 
boards more cost effectively than ever before. 

For instance, design adapter cards for high­
performance buses using just two Ethernet chips 

cO -.
1 

FUJITSU ~ 
MB86953 ; 

:, 
,JIUIJlllltlltlllltllll!ll• 

I 

cO ? 
- FUJITSU §' 

; MB86960 ~ 
HltJtjlltillt"IUfilll J 

instead of the usual three. Simply combine NICE with our 
new MB86962 JOBASE-T transceiver, the most advanced II 
solution for twisted-pair needs. Or choose our MBL8392A , , ... 
if you need a coax interface. 

All in all, NICE has some impressive features to 
enhance your LAN's entire performance. Such as a 
data bus transfer rate of 20 Mbytes per second. A low­
power standby mode. And bus compatibility for most 
standard microprocessors. 

But what's really nice is our understanding of 
the marketplace. As Fujitsu's American arm, we know 
what it takes to get you there a lot faster. With greater 
cost effectiveness. 

So now that the 
secret is out, call us at 
1-800-866-8608. And 
discover NICE. The 
world's most advanced, 
highly-integrated 

OJ 
FUJITSU 

And used with our MB86953 PC Bus Interface Unit, NICE 
can further reduce costs and complexity when developing Ethernet solution. Delivering the Creative Advantage. 

NICE is a trademark of Fujitsu Microelectronics, Inc. XT and AT are trademarks or registered trademarks of IBM Corp. © 1991 Fujitsu Microelectronics, Inc. 

F1JJITSU MICROELECTRONICS, INC., Advanced Products Division. 77 Rio Robles, San Jose, CA 95134-1807. 
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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 an Actel field 
programmable gate array! 

e 

8:50 am: Design 
You warm up the design 

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

simulation with the Action 
Logic System software. 

Actel Field Programmable 
Gate Array Systems. 

They're a feast for your 
imagination. 

t 
• 

uct10 

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

and route all 1700 gates (out 
of 2000 ovoilable) in under 40 
minutes. 100% automotically! 

A finol 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. 

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 

Actel's ACT™ 1 arrays bring 
you a completely new approach to 
logic integration. Not just another 
brand of EPLD, PAL® or LCA™ 
chips. But true, high density, 
desktop configurable, channeled Actel FPGA 

Product Family 1010A 1020A placement and 
routing. Guar­
anteed. So you 
finish fast, and 
never get stuck 
doing the most 
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gate arrays. 
They're the core of the 

Action Logic System, Actel's 
comprehensive design and 
production solution for creating 

Equivalent Gate Array 
Gates PLD/LCA 

User 1/0 

System Clock (MHz) 

Availability 

Technology (micron) 

1200 2000 
3000 6000 
57 69 

20-40 20-40 
NOW NOW 
1.2 1.2 
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l:IS pm:Progrom I :25 pm: Test 4:00 pm: Production 6:00 pm : Dinner 
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. 

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. 

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. 

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. 

tedious part of the job by hand. 
Design verification is quick 

and easy with our Actionprobe™ 
diagnostic tools, for 100% observa­
bility of internal logic signals. 
Guaranteed. So you don't have to give 
up testability for convenience. 

In fact, the only thing you'll 
give up is the NRE you pay with full 
masked arrays. You can get started 
with an entry level Action Logic 
System for under $5000. Guaranteed. 

And Actel FPGAs are even 
883 mil-spec compliant. 

You can be brilliant right now 
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with 1200- and 2000-gate devices, 
and a whole new family of 8000-, 
4000- and 2500-gate parts are on the 
way. Call 1-800-227-1817, ext 60 
today for a free demo disk and full 
details about the Action Logic System. 

It could make your whole day. 

Risk-Free Logic Integration 
You loved ACT I. Now catch ACT 2 . Phone 1-800-227-1817, ext. 62 to 
reserve a place at the Actel FPGA Technology Seminar coming soon to 
your area. 

~~!~~~=1a~i:d:~0a"rit~!~ ~ct~l't~e~:~'o5n~A'ifo#!:~ ;~C:~~~rA~n~<!:!~~~~n~~;=.:tto~~=~• 
marks or registered trademarks of their respective holden. 

CIRCLE NO. 150 165 



AvCase™ 8051,8096,64180/Z80 

Three finely-tuned instruments for 
embedded-system development. 

AvCaseN C Compiler; Assembler; and Simulator from Avocet. Play them solo, for peak performance. Or bring them together in 

~~ perfect harmony as an integrated system. AvCase will manage all the steps-from editing source code, compiling, 

assembling, and linking, all the way to debugging. • High-level language in the key of C. AvCase C 

Compiler is our biggest seller. It produces fast, tight, optimized code that helps speed development time. 

• Clear; concise scoring. AvCase Assembler is the classic Avocet assembler tuned-up and ready for 

your most demand mg apphcattons. ' • Full dress rehearsal without leaving your desk. 

AvU»< S<mul"odm you '""od< oo r ~ you rnwo PC. W uh <hrnow 'om0<-levd ,_ 

debugging feature you can work at both the C and assembly i language level • Let the music • r 

begin. If you want to meet your project deadlines-come m on A budget-and develop a high-quality, ~ 
bug-free product-you simply can't do better than AvCase. ~ Find out more about these finely-

tuned instruments. Fax, write, or call toll-free 1-800-448-8500 for complete information, including a 

free AvCase Brochure and Avocet Catalog. 

AVtJCET 
SYSTEMS~ INC . 

Avocet Systems, Inc., 120 Union St., P.O. Box 490, Rockport, Maine 04856. Telephone 1-800-448-8500/i n Maine, or outside the U.S. call 207-236-9055/FAX 207-236-6713 . TLX 467210 Avocet Cl 
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Vertical Mount Fixed Resistors 
Series RSS Vertical Mount Metal Oxide 

Fixed Resistors feature self-standing, snap-in 
terminals, and they exhibit an excellent high 
frequency response and low inductance, 
making them suitable for PC board 
mounting in power supplies, switching 
regulators, monitors, printers, and color TVs. 

2-, 4-Bit and 5-Bit Rotary Encoders 
Noble SDB161 2-, 4- and 5-bit encoders 

are compact (21mm 0) with a low profile 
(under lOmm height). Built with a sturdy 
diecast and steel construction, these 
encoders offer long life and reliability. 

Model RSS3FB is rated at 3W with a resistance range of lQ to 
lOOKn. Model RSS5FB is rated at 5W with a resistance range of 
I Q to 2.4KQ . Both are available in 15mm and 25mm heights. 
Free samples are available, contact Noble at 708/364-6038. 

CIRCLE NO. 73 

SDB161 encoders are for relative (2-bit) and absolute ( 4-bit, 5-bit) 
reference applications. 2-bit switches offer 36 detented positions; 4-bit 
switches offer 12 or 16 detented positions; 5-bit switches offer 24 or 
32 detented positions. All encoders feature continuous rotation. The 2-
bit is available in gray code; the 4-and 5-bit versions offer either 
binary or gray code. Custom designs can be accommodated. For free 
samples, contact Noble at 708/364-6038. 

(If you didn't see the lmm trimmer potentiometer, look again!) 

When it comes to quality execution 
of electronic componentry, Noble 
crosses all the Ts and dots every I. 

Our surface mount trimmer 
potentiometer (TMC3K) continues our 
commitment to space saving design , 
bringing state-of-the-art performance 
to a new dimension: 

3.0mm x 3.6Smm x l.Smm 

Easily adjusted, TMC3K incor­
porates a metal glaze element for 
outstanding stability; it is designed 
for reflow soldering, can be adhesive­
mounted to circuit boards, and is 
available on 8mm tape for automated 

assembly. Operating temperature range 
is - 30°C to + 125°C. 

The Noble 3mm potentiometer is 
perfect for hand held equipment, disk 
drives, bar code devices, and other 
consumer and business electronic 
products. For a free sample and more 
information on why it makes sense for 
you, call or write Noble today. 

Cl)N\)BLE 
5450 Meadowbrook Industrial Court 

Rolling Meadows, IL 60008 
Phone: (708) 364-6038 FAX: (708) 364-6045 

CIRCLE NO. 77 
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4mm 
Surface 
Mount 
Trimmers 

CIRCLE NO. 74 

TMC4K "chip" trimmers feature a 
ceramic substrate, a metal glaze element, 
and an insulated knob for easy 
adjustment. The TMC4K can withstand 
operating temperatures of -30"C to 
+ 125"C and is rated at 0.2 watts of 
power at 20V. Its standard resistance 
range is 200Q to lMQ . Outside 
dimensions are 3.8mm wide x 4.5mm 
long (2.lmm height). 

Available on tape and reel. Can be 
held to a circuit board by an adhesive for 
reflow soldering. Call Noble at 
708/364-6038 for a free sample. 

Slide 
Potentiometers 

CIRCLE NO. 75 

The VJ Series High and Low Profile 
Slide Potentiometers are lightweight, 
durable, and provide smooth operation. 
They function as volume, balance, 
brightness/contrast, temperature, lighting 
and graphic equalizer controls. 

The Low Profile Series (with single or 
dual elements) features a slide travel of 
15, 20, 30, 45, or 60mm. The High Profile 
Series is available in 30, 45, 60, 80 or 
lOOmm travel. 

Custom designs can be accommodated. 
Contact Noble at 708/364-6038 for a 
free sample. CIRCLE NO. 76 
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NJ£ 
POWER SUPPLIES 

1</J &. 3</J REGULATED AC/DC 
POWER SUPPLIES 

High Frequency -
High Current Switchers 
MK&.. MJ<A Series 
• 750 Wto 2 kW 
• 40 Models From 

2VDC@150Ato 
48 VDC@40A 

• ®Recognized 
&.. CSA Certified 

• N+l Redundancy 
of Para/le/able 
Outputs 

• 5 Year 
Warranty 

Llnears­
Enclosed& 
Open Frame 
• Single, 

Dual&.. 

15 Wto2kW 
Ferro Resonant 
to650W 

• 36 Standard Mod­
els From 8 . 5 VDC 
to 125 VDC 

• Customs to 2 kW&.. 
400 VDC 

• 4 Package Sizes 
• Rack Mounting 

Hardware 
Options 

Lab Supplies to 
BSOW 
•SVC Series 

CV/CC 

From 
0-20 VDC 
to 0-125 
VDC Triple Outputs •5 Year Warranty 

• 405Models From 2 VDC to 500 VDC 
• ®Recognized&.. CSA Certified 
• Remote Programming Capability 
• Rael< Mounting Hardware Options 

•Rack Mounting •5 Year Warranty 

•Regulation - Line &.. Load + 0.01 % 

•Metered V &.. A 
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For information on NJE Power Supplies 
or a copy of the latest NJE full line catalog, 
call TOLL FREE 1-800-631-4298 or write: 

ELECTRONIC MEASUREMENTS INC. 
405 Essex Road, Neptune, NJ 07753 
(In NJ, HI, AL and Canada, call 908-922-9300) 
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Design a digital 
synchronizer with a low 
metastable-failure rate 

When you)re attempting to synchronize 
asynchronous data to a system clock) don)t 
let metastability ruin your design. Carefully 
considering this problem during the design 
phase can save you headaches down the line. 

Steven R Masteller, Allied-Signal Aerospace, 
Bendix Engine Controls Div 

Metastability is a type of failure that can occur when 
digital circuits attempt to synchronize asynchronous 
digital data. The failure is more prevalent at fast asyn­
chronous data rates and, thus, fast synchronizing clock 
frequencies. If you don't consider metastability during 
the design phase, this monster can bite you later by 
producing intermittent failures that are extremely dif­
ficult to diagnose. 

Although metastability is theoretically unavoidable 
in synchronizers, you can reduce the probability that 
a failure will occur during a specified time period. The 
common response for combating metastability failures 
is to use multistage synchronizers, which can reduce 
the number of failures to an arbitrarily small value. 
Understanding the various factors that influence 
metastability leads to a qualitative design procedure 
for multistage synchronizers that effectively makes the 
problem negligible. 

EDN April 25, 1991 

Digital designers often overlook metastability and 
its effects because traditional textbooks don't address 
this type of failure. To understand the problem better, 
consider the simple SR flip-flop in Fig 1. A conven­
tional digital analysis of this circuit gives rise to only 
two possible logic states for the inputs and outputs: 
logical 1 and logical 0. However, all digital circuits 
must pass through an active region when transiting 
from one state to another. Fig 2a shows a typical trans­
fer function, H, for a NAND gate having one input at 
a logical 1 while the other input undergoes a transition 
from a logical 0 to a logical 1. The following equation 
represents the transfer function: 

VouT = H(VIN). 

Fig 1-The cross-coupled NAND gates of an SR flip-flop can reach 
a metastable condition because the output of one gate is an input to 
the other. 
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Although metastability is theoretically un­
avoidable in synchronizersy you can reduce 
the probability of a failure within a specified 
time period. 

When you cross-couple two NAND gates to create 
the SR flip-flop in Fig 1, the output of one of the gates 
becomes one of the inputs to the other gate. The follow­
ing equations define this feedback arrangement: 

VIN1 = V ouTI 

V1N2 = V ouT1· 

You can superimpose the transfer functions for both 
NAND gates on a single graph to find the points of 
equilibrium (Fig 2b). Because the previous three equa­
tions make the following relationships true: 

VIN!= H(V1N2) 

V1N1 = H(VouT1), 

the circuit reaches equilibrium at any point where 

(a) 

(b) 

w 
I-
< ... I- ::> 
(/)>O 

..J LL 

(30 
5 
0 
..J 

w ~ 
I- ::> < 0 
I-:;; 
r/l -
..J ;!; 
<> 
CJ LL 
(50 
g 

TRANSFER FUNCTION OF NANO GATE 

LOGICAL STATE OF V1N 

TRANSFER FUNCTION OF SR FLIP·FLOP 

STABLE 

/ 
LOGICAL STATE OF V1N2 =Youn 

Fig 2--The transfer function of the output vs the input voltage of 
a NAND gate shows the gate's active region (a). Superimposing the 
transf er functions for both gates of an SR flip-flop identifies two 
stable and one metastable equilibrium points (b). 
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The points where the two superimposed transfer­
function curves in Fig 2b intersect are the equilibrium 
points. The equilibrium points labeled "stable" are the 
logic states conventional analysis predicts. However, 
the superimposed curves identify an additional equilib­
rium point labeled "metastable." The logic level for the 
metastable point is halfway between a stable logical 1 
and a stable logical 0. Theoretically, the SR flip-flop 
can stay in the metastable condition indefinitely if noise 
or some other disturbance doesn't dislodge the circuit 
from this state. 

It's just like rolling downhill 
You can make an analogy between the metastable 

state and a ball resting precariously at the top of a 
smooth hill (Fig 3). If you carefully balance the ball 
at the top of the hill, the ball will sit quietly until 
disturbed. When you disturb the ball slightly, which 
is analogous to a noise disturbance in a metastable 
circuit, the ball will roll to one side or the other and 
come to rest at the bottom of the hill, which is analo­
gous to the circuit arriving at one of the two stable 
points. Which point the ball will arrive at is indetermi­
nate. A ball at the bottom of the hill, which is analogous 
to an SR flip-flop in a stable state, will remain there 
barring any large disturbances. 

Metastability occurs when a circuit violates the tim­
ing restrictions that the specification data impose on 
a flip-flop. Such restrictions include minimum pulse 
widths and minimum setup and hold times. If you main-

Fig 3-The metastable state is analogous to a ball balanced on top 
of a smooth hill . Any slight disturbance will 1>tart the ball rolling 
toward either of the stable states at the bottom of the hill. 
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tain adequate timing margins in a synchronous circuit, 
metastability will never occur. However, in the many 
applications in which you must synchronize asynchro­
nous data to a system clock, eliminating the synchroniz­
ing circuit's potential for becoming metastable is impos­
sible. 

Metastability causes the propagation delay of an SR 
flip-flop to be greater than its specified value. The 
metastable state is evidenced by a plateau in the output 
of the SR flip-flop (Fig 4a). The likelihood that an 
SR flip-flop will remain in a metastable state decreases 
exponentially with time. Metastability also increases 
the propagation delay of a D flip-flop from its specified 
value even though a metastable plateau is not evident 
on the output of the device (Fig 4b). The internal 
steering latches, which a D flip-flop employs to direct 
signals to its master SR flip-flop, smooth out the pla­
teau region. Metastability can cause both types of flip­
flops to generate a runt pulse. The runt pulse occurs 
when the flip-flop returns to the original stable state 
from the metastable state instead of making a transi­
tion to a new stable state. 

Metastability in D flip-flops can cause two types of 
failures. One type occurs when a metastable condition 
prevents a D flip-flop from changing to a different 
state. In this case, an entire event can be lost. Timing 
failures can be even more insidious. The worst case 
occurs when the output of a flip-flop drives several 
destination flip-flops via circuit paths that have differ-
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ent propagation delays. A delayed output signal caused 
by a metastable condition may reach some of the desti­
nation flip-flops before the next clock occurs; the same 
output signal would arrive at other destination flip­
flops after the next clock. This condition can cause 
some circuitry to recognize an event, such as an inter­
rupt, one clock cycle late. 

A simple equation predicts the MTBF 
You can estimate a synchronizing flip-flop's mean 

time between failures (MTBF) due td' metastability if 
you know the asynchronous data rate, F n; the synchro­
nizing clock frequency, F c; the synchronizing flip-flop's 
propagation delay, Tp; the synchronizing flip-flop's in­
verse gain-bandwidth product, G; and the total gate 
delay between the synchronizing clock edge and any 
destination flip-flops that receive the synchronized 
data, TD· The equation is as follows (Ref 1): 

MTBF 
e <OiFc)-To)iG 

2FcFnTP' 

Theoretically, you should include the circuit's rise 
and fall times as well as the average time for the cir­
cuit's noise to dislodge the flip-flop from the metastable 
'State in the T P term. However, the exponential factor 
dominates the MTBF equation for MTBFs greater than t 
a few years. Therefore , the propagation delay of the 
synchronizing flip-flop is an adequate approximation 
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Fig 4-The metastable plateau in the output of an SR flip-flop causes an increase i'l;I, the device's propagation delay (a). Although a plateau 
is not evident in the output of a D flip-flop (b), metastability still increases the propagation delay, 
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Metastability occurs when a circuit violates 
the timing restrictions that a flip-flop)s 
specification data impose. 

for T P· An increase in the circuit noise or the rise and 
fall times only marginally improves the MTBF. 

The G term is in the exponential factor of the MTBF 
equation and thus has a large effect on the resulting 
MTBF. Essentially, you'll produce more-reliable syn­
chronizers by using flip-flops with large inverse gain­
bandwidth products. G depends on both the internal 
design of the flip-flop and the process technology used 
to construct the device. As a general rule, fast tech­
nologies result in large G values and, consequently, 
synchronizers with high MTBFs for a specific clock 
frequency. Ref 2 describes a method for measuring G 
for a flip-flop. 

The T 0 term is the sum of all the time delays between 
the synchronizing clock edge and a destination flip-flop. 
The sum includes not only the propagation delay of the 
synchronizing flip-flop but also any intervening-gate 
propagation delays as well as the setup and hold times 
of the destination flip-flop. The T0 term is in the expo­
nential factor of the MTBF equation and has its most 
pronounced effect on the MTBF at high clock frequen­
cies. Minimizing T 0 can be an effective way of increas­
ing the MTBF but is usually difficult. 

To illustrate the effects of the circuit parameters 
on a synchronizer's MTBF, consider the following typi­
cal time delays and a worst-case inverse gain-band­
width product for a single-stage D flip-flop built using 
a 2-µm process (Fig 5): 

Propagation delay = 7. 0 nsec typ 
Setup time= 1.5 nsec typ 
Hold time = 2. 5 nsec typ 
Inverse gain-bandwidth product (G) = 2.1 nsec max. 

Using these time delays, 

Tp=7.0 nsec 
T0 =7.0+2.5+1.5=11.0 nsec. 

When the clock frequency (F c) is 8 MHz and the asyn­
chronous data rate (F 0 ) is 4 MHz, the synchronizer's 
MTBF calculates to be 

e (( l /8 MHz)- 11 nsec)/2. 1 nsec 
MTBF=-~~~~~~-

2(8 MHz)(4 MHz)(7 nsec) 
= 27,000,000,000 years. 

Clearly, an MTBF of 27 billion years doesn't pose a 
significant risk of metastable operation in this synchro­
nizer at these frequencies. However, when you double 
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SYNCHRONIZING CK 
CLOCK 

ASYNCHRONOUS 
DATA D1 

D FLIP-FLOP 01 SYNCHRONIZED 
DATA 

Fig 5-0ne of the simpkst single-st,age data synchronizers is the 
D fl ip-flop. 

the clock frequency and the asynchronous data rate 
to 16 MHz and 8 MHz, respectively, the same synchro­
nizer's MTBF calculates to be 

e ((l /16 MHz)- 11 nsec)/2. 1 nsec 

MTBF=-2(_1_6_M~H-z-)(_8_M_H_z_)_(7_n_s-ec-) 

=6.9 hours. 

Simply doubling the operating frequency causes the 
synchronizer's MTBF to plummet from billions of years 
to approximately seven hours. And any synchronizer­
no matter how well behaved at a particular operating 
frequency-will produce unacceptable failure rates at 
some higher frequency. You should always examine 
the circuit parameters for potential metastability prob­
lems whenever you upgrade a system to a higher data 
rate. 

Changing the inverse gain-bandwidth product, G, 
also has a dramatic effect on the synchronizer's MTBF. 
Changing G from a worst case of 2.1 nsec to a best 
case of 1.2 nsec, while maintaining the clock frequency 
at 16 MHz and the asynchronous data rate at 8 MHz, 
increases the MTBF to 

e C0/16 MHz)- 11 nsec)ll.2 nsec 

MTBF = -2(_1_6 _M_H_z-)(_8_M_H-z)-(7-n-se-c) 

= 77,000 years. 

Both the process technology and the flip-flop design 
determine the value of G, so small process variations 
can have a large effect on G. Therefore, be sure to 
measure G for flip-flops from different batches of chips 
to establish a worst-case value. Process variations and, 
therefore, G tend to be constant for all chips from the 
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• • • 
he pressure is always on. You've got to figure 
ut how to get to market faster and more 
cost-efficiently. You've got to reduce the 

after-sales service costs that dilute profitability. 
Plus, you've got to increase your share-ormarket 
and maintain revenues that will keep your man­
agement and the stockholders happy. 

Card technology offers the newest concept in 
memory storage. And, it's the technology that 
could catapult your company ahead of the 
competition. 

But, once you've decided to base your next-

EDN April 25, 1991 

generation systems or software on memory cards, 
the design decisions don't stop there. 

There's the issue of standard versus custom 
cards. And, with card standards garnering signifi­
cant press coverage, plus some standards not yet 
finalized, every decision is critical. 

Most important, whatever the decision, you 
need to know you can get your products to market 
on time and within budget. That means getting 
the memory type and density you need, standard 
or custom, from one convenient source. 
Solutions, fast and simple. 
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Small changes in a circuit parameter can 
drastically change the calculated MTBF. 

SYNCHRONIZING 
CLOCK 

CK 

D FLIP-FLOP 

CK 

D FLIP-FLOP 

01 01 01 t----. 

ASYNCHRONOUS 
DATA 

SYNCHRONIZED 
DATA 

Fig 6-You can build a 2-stage synchronizer by cascading two D 
flip-flops that have a common clock. Continue adding D flip-flops 
to build a multistage synchronizer. 

same batch. Obtaining one batch of chips that doesn't 
exhibit metastable operation for a given set of condi­
tions and another batch of chips that exhibits frequent 
metastability failures under the same conditions is in­
deed possible. 

Although the clock rate, synchronous time delay, 
and process technology have pronounced effects on the 
MTBF due to metastability, you'll often have no control 
over these variables. In these cases, you should con­
sider a multistage synchronizer to reduce metastable 
failures. You can construct a multistage synchronizer 
by cascading stages of multiple D flip-flops and provid­
ing a clock frequency that is common to all stages. 

To illustrate the effectiveness of a 2-stage synchro­
nizer (Fig 6), consider the same circuit parameters 
that produced the previous MTBF of 6.9 hours, or 
24,958 sec, in a single-stage D flip-flop synchronizer. 
Only unsynchronized data caused by metastable opera­
tion in the first stage can cause a potential metastable 
failure in the second stage of a 2-stage synchronizer. 
Therefore, you can use the MTBF of the first stage 
to calculate the asynchronous data rate of the second 
stage. Using the following circuit parameters: 

Tr =7.0 nsec 
T0 = 7.0 + 2.5+1.5=11.0 nsec 
G=2.1 nsec 
Fe = 16 MHz 
FD= 1124,958 = 40.1 µHz, 

the MTBF of the 2-stage synchronizer is 

e ((lll6 MHz)- JI nsec)/2. 1 nsec 

MTBF=~~~~~~~~-
2(16 MHz)(40.l µHz)(7 nsec) 

= 16,000,000 years. 

Adding one more stage to the synchronizer increased 
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the MTBF from 6_9 hours to 16 million years. Although 
this failure rate is comfortably large, adding a third 
stage would effectively eliminate metastability as a 
problem. 

These examples show that a small change in a circuit 
parameter can cause a drastic change in the MTBF _ 
Small variations in the data can cause large variations 
between the calculated MTBF and the actual MTBF _ 
A rule of thumb for designing a highly reliable synchro­
nizer is to achieve a calculated MTBF of at least 10,000 
years. This large MTBF figure should provide an ade­
quate safety margin against small parameter variations 
causing excessive field failures. 

Another suggestion is to multiply the 10,000-year 
MTBF times the number of units you expect to sell 
to arrive at a calculated MTBF for a single unit. For 
example, if you expect to sell 100 synchronizers, the 
calculated MTBF of a single synchronizer should be 
at least 1,000,000 years_ This extra margin guards 
against field failures that you can't repeat in the labora­
tory. EDN 
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MELCARD f 
ORAM CARD 4MB 

J..MITIUlllHIEUCTIUCCORrOllATIOM 

• 

AMitsubishi, we give you 
memory card solutions, not 

more decisions. 
We help you determine the 

benefits of both standard and custom 
cards, then provide you with the 

Mitsubishi pioneered the version that best suits your design needs. 
TSOP packaging W d th 
iechnology chat makes e give you car s in e memory type 
memory cards possible. you need. In quantity. Fast. 
~s~~i::il: If your objective is hardware or 
Win its equioolent pin- software compatibility across several 
:;::~; ;!~d surface- platforms, standard cards may be the 
-----• best choice. As the world's leading 
supplier of cards, Mitsubishi serves on all three standards 
committees (PCMCIA, JEIDA and JEDEC). So, our 
cards are available in the current version of each standard. 
Plus, we'll keep you abreast of the status and future of 
standards issues. In fact, over the past four years, we've 
found that our 50- and 60-pin devices have become 
standards for many users. 

If a proprietary design is the only way to maintain your 
competitive edge, Mitsubishi offers custom cards. We mix 
memory types, consolidate logic into ASIC, even add 

MCU on board. Whatever it takes, we work 
with you to achieve your custom 
card needs. 

No matter what design 
decisions you face, Mitsubishi 
gives you the solutions. Standard or custom. All memory 
technologies. The highest densities. From the same source. 
Fast and simple. 

MITSUBISHI MEMORY CARDS 

Memory Type Density Range PCM CIA 

SRAM 12BKB- 2MB v 
OTPROM 128KB- 4MB v 

MASK ROM 512KB • BMB v 
16MB v 

EEPROM BKB -192KB v 
FLASH EEPROM' 512KB - 2MB v 

DRAM 
512KB · 2MB 

4MB · 12MB" 
• Available soon 

.. 12MB DRAM cards available soon 

MITSUBISHI 
JEIDA JEDEC ~USTOM 50- & 60-Pin 

Leard-edge & pin-&-socket) 
L Component Recognized 

v v v 
v v v 
v v v 
v v v 
v v v 
v v v 

v v v 
v v v 

B.' Recognized under the Component Program of 
.. ~ Underwriters Laboratories Inc. 

Call today and set your vision into action with memory 
card solutions. (408) 730,5900, ext. 2214. 

J.. MITSUBISHI 
EDN April 25, 1991 
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Micropower DC to DC converter. 
1 volt, 1 inductor, 1 cap. 

Finally, a true micropowerswitch­
ing regulator with user-adjustable 
current limit. Linear's new LT1073 
is a versatile micropower switching 
regulator optimized for single-cell 
inputs. It's small, simple, efficient, 
and delivers all the features you 
need right now. 
• Only three external parts needed 
• Operates at supply voltages from 

LOY to 12Y 
• Startup guaranteed at LOY 
• Consumes only 95µA supply current 
• Space-saving 8-pin Mini-DIP or 

S08package 
• Works in step-up, step-down, or 

inverting mode 
• Low-battery detector comparator 

on-chip 
• User-adjustable current limit 
• Internal 1 amp power switch 
• Fixed or adjustable output voltage 

versions 
• Programmable current limit with 

single resistor 
• No frequency compensation 

required 
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TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 
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Operation of the LT1073 is 
guaranteed down to 1.0Y, so you 
can squeeze more useful energy 
out of a battery. Its duty cycle is 
set at 72%, optimizing operation 
where YouT = 3YJN. And the 
LT1073 delivers SY at 40mA from 
a single cell, and SY at lOOmA 
from a 3Y input. 

The LT1173 is optimized for 
higher input voltages (two or more 
cells) up to 30V. 

It's ideal for low-to-medium 
power step-down applications. 
The 1173 features a 50% duty cycle 
and operates with as little as 2 volts 
input. Both the LT1073 and LT1173 
are available now. Pricing in 
quantities of 100 are $3.15 for the 
LT1073CN8 and $2.40 for the 
LT1173CN8. For true micropower 
switching solutions and more 
details on these new parts contact: 
Linear Technology Corporation, 
1630 McCarthy Blvd. , Milpitas, 
CA 95035. Or call toll free 
800-637-5545. 
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DESIGN IDEAS 
EDITED BY CHARLES H SMALL 

Regulator accepts high or low input 

Brian Huffman 
Linear Technology Corp, Milpitas, CA 

The switching regulator in Fig 1 produces a constant 
12V de output from inputs ranging from 8 to 20V de, 
a typical requirement for battery-powered applica­
tions. The circuit uses a simple inductor, LI> instead 
of the more common, and more expensive, transformer. 

The circuit is a buck-boost switching regulator. Its 
switches (D1, D2, Q1i and IC1's internal switch (V8w)) 
alternately connect the inductor L1 across the input 
and then the output. 

IC1 has a high-side switch, which connects one end 
of the inductor to the positive rail ( -1.5V). Q1 connects 
the other end of the inductor to ground. IC1's V sw pin 
provides enough drive to turn on Q1• During Q1's on 
period, the inductor accumulates energy. D1 blocks the 
output capacitor from discharging through Q1• 

When IC1's power switch turns off, the voltage on 
IC1's V sw pin decreases until the clamp diode, D2, is 
forward-biased. At the same time, the falling voltage 
on the V sw pin turns off Q1> causing Qi's drain voltage 
to rise until D1 clamps it. D1 and D2 then provide a 
current path for the inductor to transfer its energy to 
the output. If you need to handle a higher input volt-

age, be sure to clamp the gate of Q1 below its 20V-max 
rating. 

IC1's internal pulse-width modulator controls the en­
ergy transfer. IC1's feedback pin, V rn, samples the 
output from the 11.0-k0/2.49-kO. divider. IC1's error 
amplifier compares the feedback pin's voltage to its 
internal 2.21 V reference and controls the duty cycle, 
completing a control loop. You can change the output 
voltage by varying the resistor-divider ratio. The RC 
damper on IC1's V c pin provides loop-frequency com­
pensation. 

The inductor supplies output current in pulses. The 
output capacitor, C2, smooth es the current pulses. Dur­
ing the time IC1's switch is on, the output capacitor 
delivers current to the load. The input capacitor, Ch 
provides a low-resistance ac path for the inductor's 
current during this period. The input capacitor reduces 
the ripple seen on the VIN pin. 

The circuit's efficiency can exceed 70% for output 
currents greater than 0.5A. Also, for input voltages 
above 15V, it can supply more than 2A of output cur­
rent. (EDN BBS /DI-SIG # 943) EDN 

To Vote For This Design, Circle No. 746 

o, 
MBR745 

VouT 
1--~~ ....... ~....rrY"'ln.-~-e-~-+...._-1-~-e-~~~~+-~--<> 12v 

1A 

• = 1% FILM RESISTORS 
0 1 =MOTOROLA - MBR745 
C1 = NICHICON - UPL1E102MRH6 
C2 = NICHICON - UPL1C472MRH6 
L1 = COILTRONICS - CTX25-5-52 

a, 
IRFZ44 

11.0k 

2.49k. 

C2 
4700 µF 
16V 

Fig 1-Thi.s switching regulator i.s suitable for battery-powered applications because it produces a 12V de output from inputs ranging from 
8 to 20V de. 
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Transistor sensor needs no compensation 

Jim Williams 
Linear Technology Corp, Milpitas, CA 

The thermometer circuit in Fig 1 uses an inexpensive 
transistor to accurately measure temperature without 
compensation or calibration. Almost all transistor sen­
sors use the base-emitter diode's voltage-shift with 
temperature as their sensing mechanism. Unfortu­
nately, the absolute diode voltage is unpredictable, ne­
cessitating circuit calibration each time you fit a new 
transistor sensor. 

The circuit in Fig 1 overcomes this limitation. The 
circuit provides a 0-to-lOV output corresponding to a 
O-to-100°C input. Unadjusted error is < ± 1 %. 

The basis for the circuit is the predictable relation­
ship between current and voltage in a transistor's V BE 

15V 

@ 

@ 
IC1 

SECTION OF L TC1043 

junction. At room temperature, the V BE junction diode 
shifts 59.16 m V per decade of current. The tempera­
ture dependence of this constant is 0.33%/°C, or 198 
µ V/°C. The Li V BE-vs-current relationship holds, re­
gardless of the V BE diode's absolute value. 

An internal oscillator controls the state of the 
switches in IC1i the LTC1043. The 0.01-µF capacitor 
at pin 16 sets the IC's oscillator frequency at about 
500 Hz. Q1 operates as a switched-value current source, 
alternating between about 10 and 100 µA as IC1 com­
mutates switch pins 12 and 14. The two currents' exact 
values are unimportant, so long as their ratio remains 
constant. 

Because of this constant ratio, Q1 requires no refer­
ence, although its emitter resistor's ratio must be pre­
cise. The alternating 10/100-µA stepped current drive 

2N3906 
a, 

~ LTC1043 OSCILLATOR PIN OF IC 1 

I 0.01 µF 

1M 

c, 1 SECTION OF LTC1043 

10k 1 µF 0 
....-~---411--~~~~~~N\J~~~(,__~___,o 

NOTES: 

TEMPERATURE­
SENSOR 
TRANSISTOR 
02 

• = 0.1% FILM RESISTOR 

(OPTIONAL­
SEETEXT) 

SENSOR TRANSISTOR MAY BE ANY SMALL­
SIGNAL NPN-2N2222, 3904, ETC. 

15V 

LT1004 
2.5V 

15V 

1· 

2.019k0 

Fig I-The transistor Q2 senses temperature. This circuit requires 1w compensation, even if you change transistors. 
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WORLD'S SMALLEST 
SURFACE MOUllT M RS 

up to 1500MHz LO up to +17d8m trom$625 SPECIFICATIONS: all spec limits are 4.5 er from mean 

If your systems designs require surface-mount mixers, check 
Mini-Circuits' expanded RMS-series for models that best meet your specific 

needs. Units are assembled using all -welded construction and 
Ultra-Rel diodes for improved reliability and then packaged in a tiny 

0.25 by 0.3 by 0.2 in. non-hermetic case. 
Wideband models extend to 1500MHz, -U models offer high 

isolation, -L models operate at low LO, and -MH and -H models 
are designed for low and very low two-tone, third-order IM 

requirements (RMS-H models are the only +17dBm surface­
mount mixers available in this small a package). The RMS­

series, available in tape-and-reel format, can be 
attached to a pc board by manual soldering or with 

automatic equipment. 
RMS ULTRA-REL™ mixers are guaranteed for five 

years. And 4.5 sigma repeatability is also 
guaranteed, meaning less than 4 out of a 

1,000,000-unit production run will 
come c lose to the spec limit. 

Model 

• RMS-2L 
RMS-1 

• RMS-lW 
RMS-2 

eRMS-20 
RMS-2U 
RMS-5 

RMS- l LM 
RMS-2LH 

• RMS-5LH 

RMS-l MH 
RMS-2MH 

• RMS-5MH 

eRMS-lH 
• RMS-2H 
• RMS-2UH 
• RMS-SH 
• new models 

Freq. Range (MHz) 
LO. RF IF 

800-1000 DC-200 
0.5-500 DC-500 
20-750 DC-750 

5-1000 DC-1000 
5-1000 DC-1000 

10-1000 10-1000 
5-1500 DC-1000 

20-500 DC-500 
5-1000 DC-1000 

10-1500 DC-900 

20-500 DC-500 
5-1000 DC-1000 

10-1500 DC-900 

20-500 DC-500 
5-1000 DC-900 

10-1000 10-750 
10-1500 DC-900 

LO Conv. Loss L-R lsol. Price 
Level Mean (X) Mean (X) $ 
(dBm) mid-band mid-band (1 -9) 

(dB) (dB) 
+3 6.6 24 6.95 
+7 6.4 45 6.25 
+7 5.8 45 6.75 
+7 6.8 38 6.95 
+7 6.8 40 7.25 
+7 6.5 46 11 .45 
+7 6.0 41 13.95 

+10 5.8 47 7.95 
+10 6.6 40 8.95 
+10 5.4 38 14.95 

+13 5.7 44 8.95 
+13 6.6 44 9.95 
+13 5.8 46 15.95 

+17 6.3 44 10.95 
+17 7.2 36 11.95 
+17 7.1 38 14.45 
+17 7.2 45 17.95 

So don't settle for imitations or "equivalents". 
insist on surface-mount ULTRA -REL™ mixers, 

* leaded models available at no extra cost: to order. specify LRMS followed by 
number and letter (e g. LRMS-1 H). 

available only from Mini -Circuits. finding new ways .. 
setting higher standards 

0 Mini~~0~!,,!;mY.~ci0~ 
PO. Box 350166. Brooklyn . New York 11 235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 6201 56 

CIRCLE NO. 111 

F110 REV.G 
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to the sensor transistor, Q2, causes the theoretical 
59.16-m V excursion at 25°C to appear across the V BE 

junction. 
C1 couples this signal to a switched demodulator that 

strips off Q2's de bias. Thus IC1's pin 2 sees only the 
59-m V waveform, which the demodulator action at pins 
5 and 6 references to ground. Pin 5, connected to ca­
pacitor C2, sits at pin 2's peak de value. IC2 amplifies 
this de signal, with VR1 providing offset so that 0°C 
equals OV output. The optional 10-kn resistor protects 
against ESD (electrostatic discharge) events, which 
may occur if Q2 is at the end of a cable. 

Using the components in Fig 1, the circuit achieves 
± 1% error over a sensed O-to-100°C range. Substitut­
ing randomly selected 2N3904s and 2N2222s for Q2 

showed less than 0.4°C spread over 25 devices from 
various manufacturers. (EDN BBS /DI-SIG # 945) 

EDN 

Reference(s) 
1. Verster, TC, "The Silicon Transistor as a Temperature 

Sensor," International Symposium on Temperature, 1971, 
Washington, DC. 

2. Type 7013 Plug-In Operating and Service Manual, 
Tektronix Inc, 1971. 

3. Sheingold, DH, "Non-Linear Circuits Handbook," Chap­
ter 3-1, Basic Considerations, pp 165-166, Analog Devices 
Inc, 1974. 
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Feedback tames detector overshoot 

Jerald Graeme 
Burr-Brown Corp, Tucson, AZ 

The peak detector in Fig 1 employs positive feedback, 
rather than using phase compensation or reducing the 
circuit's feedback factor (increasing gain), to control 
overshoot. A peak detector must control overshoot be­
cause uncontrolled overshoot leads to errors of 30% 
or more. Using positive feedback for control expands 
your choice of op amps beyond those that allow only 
external compensation. 

Resistors R1 and R2 provide the necessary positive 
feedback. Op amp IC1 buffers and charges the holding 
capacitor, CH. Voltage follower IC2 isolates the hold 
capacitor from the load. A feedback loop removes IC2's 
errors from the output. 

Diode D1 switches the feedback loop to control peak 
detecting. As long as the voltage on CH is higher than 
the input, D1 is reverse-biased, and the feedback loop 
is open. When the input rises above the voltage on 
CH, IC1 charges the holding capacitor to this new value 
and D1 switches on the feedback loop, ensuring an 
accurate stored voltage on CH. 

Without overshoot, the circuit's error is just the in­
put error of IC1 (-V0s +VIN/A). But three factors make 
peak detectors prone to overshoot: normal op-amp 
overshoot, capacitive output loading, and having two 
amplifiers in a feedback loop. 

Most op amps have 50 to 60° of phase margin. This 
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02 

01 • 0 2 : 1N4154 

A, 
1k 

Fig 1-This peak detector's positive feedback reduces overshoot 
by reducing the circuit's f eedback factor- wi.thout resorting to in­
creased gain. 

compensation offers the best settling time and best 
real-time accuracy for most applications. However, for 
peak detectors, this phase margin causes 10 to 15% 
overshoot. The inherent capacitive loading and the 2-
op-amp design result in even greater overshoot. 

The positive feedback via R2 and R1 has a positive 
feedback factor 13 equal to R/(R 1 + R2). This positive 
feedback combines with the unity negative feedback 
from the output of IC2 to the negative input of IC,. 

EDN April 25, 1991 
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Thus the circuit has a reduced feedback factor without 
resorting to increasing its gain. 

For the components in the figure, the overall feed­
back factor 13 is 0.09, which has the same stabilizing 
effect as raising the circuit's gain to 11. Overshoot is 
now a residual 0.2% resulting from feedback-delay os­
cillations. 

Adding R1 and R2 does not alter the circuit's gain 
because the input signal does not appear across these 
resistors. For unity gain, the voltage across R2 must, 
after all, be only the error signal. This error voltage 
injects a small current into R1• The resulting voltage 
differences on R1 and R2 define an input-to-output volt­
age difference equal to (Vos+ V ouT/ A)/13. This differ­
ence is small because VouT= VIN during continued op­
eration. 

This analysis also demonstrates two other effects of 
the positive feedback. First, the circuit amplifies the 
input-error signal of IC1 by 1113 = 11 rather than by 
unity. Second, the circuit's input resistance is much 
higher than you would expect. An input signal driving 
a feedback network normally suggests a low input re­
sistance for an op-amp circuit. However, the positive 
feedback bootstraps the circuit's resistance in the criti­
cal sample interval. The current R1 draws from the 
input equals VouT/A·R2=VIN/A-R2. Thus, the circuit's 
input resistance is A- R2 during the sample interval. 
(EDN BBS /DLSIG #944) EDN 
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8051 program converts BCD to binary 

John T Hannon 
Stewart Warner Alemite, Charlotte, NC 

The assembly language program in Listing 1 for 8051-
family single-chip µPs converts a BCD number to bi­
nary. Unlike other special-purpose, BCD-to-binary 
routines, you can easily extend this program to convert 
numbers larger than the 5-byte BCD numbers allowed 
here. 

Before kicking off the program, you must store the 
5-byte BCD number in a 5-byte register and allocate 
a 2-byte register for the binary result. During initializa­
tion, the program sets up pointers to these two regis­
ters and clears the binary register. Then the program 
stores the first BCD digit in the result register. 

The program has two routines. After initialization, 
the first routine sets up the conversion factor for the 
first bit of each BCD digit. The initial value for the 

Listing 1-8051 BCD-to-binary conversion program 

LABEL MNEMONIC 

BCDBIN: MDV 
MDV 
MDV 
INC 
MDV 
DEC 
MDV 
?~NL 

MOV 
MDV 
MDV 
CALL 
MOV 
MDV 
CALL 
MDV 
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RO,#REGBCD 
Rl,#F:EGBIN 
@Rl,#OOH 
R1 
@R1,#00H 
R1 
A,@RO 
A,#OFH 
@R1 ,A 
R4,#0AH 
R5,#00H 
BCDCON 
R4,#64H 
R5 , #00H 
BCD CON 
F:4, #OEBH 

COMMENT 

;BCD REGISTER POINTER 
;BINARY REGISTER POINTER 

;ZERO BINARY REGISTER 

;SAVE FIRST BCD DIGIT 

;CONVERSION NUMBER FOR FIRST BIT 
;OF SECOND BCD DIGIT 1101 

;CONVERSION NUMBER FOR FIRST BIT 
;OF THIRD BCD DIGIT 11001 

;CONVERSION NUMBER FOR FIRST BIT 

EDN April 25, 1991 



The EXB-8200 The EXB-8500 
8mm Cartridge Tape Subsystem 
2.5 Gigabyte Capacity 

8mm Cartridge Tape Subsystem 
5.0 Gigabyte Capacity 

246 Kbytes!Second Transfer Rate 500 Kbytes/Second Transfer Rate 

© 1991 EXABYTE Corporation 

I 

::~ 

Mass storage 
with 

mass appeal. 
9 9 I ~~ digltal review 

~~11' §r;:r~TIQ\J TIE SU0nSERVER 
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EXABYTE revolutionized the tape storage industry in 1987 by introducing 
the first 8mm cartridge tape subsystem. Since then, the high capacity and low cost of 
8mm digital recording has made it the technology of choice for mass storage. 

Over 180,000 EXB-8200 8mm Cartridge Tape Subsystems have been 
installed in more than 85 system environments. With 2.5 gigabytes of uncompressed 
data capacity and optional high-speed search functionality, it's no wonder the 
EXB-8200 has become the de facto data storage standard in workstation, midrange 
system, and file server environments. 

Now, EXABYTE's next generation of 8mm technology advances beyond 
the performance and capacity of the EXB-8200. The EXB-8500 8mm Cartridge 
Tape Subsystem provides over 5 gigabytes of uncompressed storage capacity on 
a single 8mm tape while achieving an extraordinary data transfer rate of 500 
Kbytes / second. In addition , high-speed search at 37.5 Mbytes / second allows for 
rapid file retrieval. It's designed to meet the growing demands of today's supermini 
and mainframe computer systems. 

So if you're searching for the solution to today's data intensive storage 
requirements, call the regional office nearest you or write EXABYTE Corporation 
at 1685 38th Street, Boulder, CO 80301. 

And find out why 8mm digital recording technology is mass storage 
with mass appeal . 

Eastern U.S. (407) 352-5622, Ext. 82 
Central U.S. and Canada (708) 953-8665 
Western U.S. (714) 582-5211, Ext. 4 
Europe (Amsterdam) 31-3403-51347 
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Listing 1-8051 BCD-to-binary conversion program (continued) 

MOV R5,#03H 
CALL. BC DC ON 
MOV R4,#1.0H 
MOV R5,#27H 
MDV R2, # 03H 
CALL BCDCN1 
Fi ET 

BCDCON: MDV F\2, #04H 
BCDCN1: INC RO 

MDV A,@RO 
ANL A,#OFH 
MDV R:3,A 

BCDCN2: MDV A,R3 
RRC A 
MDV R3,A 
,JNC BCDCN3 
MDV A,@Rl. 
ADD A,R4 
MDV @Rl, A 
INC Fil 
MDV A, @R1 
ADDC A,R5 
MDV C'i'R1, A 
DEC Rl 

BCDCN3: MDV A,R4· 
CL.R c 
RLC A 
MDV R4,A 
MDV A, Fi5 
RL.C A 

BCD12: MOV Fi5, A 
DJNZ FC:, BCDCN2 
F:ET 

conversion factor is 1010 (OOOAHEx). Then the first rou­
tine calls the second routine as a subroutine to do the 
actual conversion. If the BCD digit's bit is a one, the 
subroutine adds the conversion factor for that bit to 
the partial binary result. Then the program adjusts 
the conversion factor to correspond to the next bit in 
the selected BCD digit. The program checks each bit 
in a similar fashion. 

The program uses a loop counter to check all four 
bits of each BCD digit. When the loop counter reaches 
zero, the program increments the BCD-register 
pointer, gets the next BCD digit, and masks off the 
digit's upper four bits in case the number is in ASCII. 
The program then shifts one bit to the right through 
the carry bit and stores the shifted number. 

;OF FOURTH BCD DIGIT ll.OOOl 

;CONVERSION NUMBER FOR FIRST BIT 
;OF FIFTH BCD DIGIT 110000) 
;CHECK ONLY 3 BITS OF FIFTH DIGIT 

;CONVERSIONS PER BCD DIGIT 
;INCREMENT BCD REGISTER TO NEXT DIGIT 
;GET BCD DIGIT 
;MASK OFF UPPER FOUR BITS 
;AND STORE IN TEMPORARY REGISTER 
; GET BCD DIG IT 
;SHIFT DIGIT ONE BIT RIGHT 
;STORE SHIFTED DIGIT AGAIN 
;IF NO CARRY, DO NOT ADD FACTOR 
;GET FIRST BYTE OF BINARY RESULT 
;ADD FIRST BYTE OF CONVERSION FACTOR 
;STORE FIRST BYTE OF BINARY ~ESULT 
;INCREMENT TO 2ND BYTE OF BINARY REG 
;GET SECOND BYTE OF BINARY RESULT 
;ADD <WITH CARRY> 2ND BYTE OF FACTOR 
;STORE SECOND BYTE OF BINARY RESULT 
;DECREMENT POINTER TO FIRST BYTE OF 
; BINARY ·REGISTER 

;DOUBLE VALUE OF CONVERSION NUMBER 
;FOR EACH BCD DIGIT BY SHIFTING R4 
;AND R5 ONE BIT TO THE LEFT. 

;DECREMENT CONVERSION COUNTER 
;REPEAT UNTIL ALL BITS CHECKED 

value. The result of decrementing the bit counter de­
termines if the loop needs to be repeated or not. This 
test allows the conversion routine to test each bit in a 
BCD digit and add 1010, 2010 , 4010 , and 8010 for each 
bit, respectively, that is a one. 

After converting the first digit, the program returns 
to the initialization section, adding 10010 (00064HEx) to 
the conversion factor. The program then repeats, con­
verting the second, third, and fourth BCD digits. For 
the fifth-or ten-thousands-digit, the bit counter's 
value is only 3 instead of 4 because a 5-digit BCD 
number cannot be greater than 65,535. 

Checking the carry bit determines if the conversion 
factor gets added to the binary result or not. If the bit 
is a zero, the conversion factor does not get added; if 
the bit is a one, the conversion factor does get added. 

You can easily extend this program by expanding 
the registers and extending the counters. You can ob­
tain the listing from the EDN BBS (617) 558-4241, 
300/1200/2400, 8, N, 1-from main menu, enter (s)ig, 
<s/di_sig>, rk941). (EDN BBS /Dl_SIG #941) 

EDN 

To repeat the bit-conversion loop, the program shifts 
the conversion factor one bit to the left , doubling its 
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SOLID STATE RELAY 
Our FB Series military 

solid-state relay features high speed 
and low off-state leakage. 

ACTUAL SIZE 

Here's what you get: 
•Availability to pending DESC drawing 

89116 with screening to "W" and 
"Y" levels of MIL-R-28750. 

• High-voltage output 
• Very-low leakage current (200 nA) 
• DC or bi-directional power FET output 

(see wiring diagrams) 
•Ideal for ATE applications 
• Optical isolation 
•Fast switching speed 
• Adjustable turn-on times 
• Low profile 6-pin mini-DIP 
• Cost efficiency 

Review the electrical characteristics below and call us for immediate application assistance: 

" INPUTB.EC1'RICAL 
(-&l"to +•• ......... .:z :.::A' 

Min Max Units 

Continuous Input Current (1 1N) 10 50 mAoc 
Input Current (Guaranteed On) 10 mAoc 
Input Current (Guaranteed Off) 100 µAoc 
Input Voltage Orop at (1 1N) = 25mA 3.25 Voe 

~-\ ___ tlI _____ : =I~~~c 
RETURN 1 1 

I I 

.--0 rl0ad'--o 
~ o~ionalrase grouf;ci- -- L - - - ~ ± Vdc/Vac 

OUTPUT ELECTRICAL ·~ (-U•to+_. ..... ......_...,..., 
Part Number FBOOCD FBOOFC FBOOKB Units 

Bidirectional Load Current ll,0 ,.0 ) ot 1.0 ± 0.50 ± 0.25 Aoc/APK 
OC Load Current IILO,o.o) 2.0 1.0 0.5 Aoc 
Bidirectional Load Voltage (VLO,o.o) ± 80 ± 180 ± 350 VocN PK 
DC Load Voltage IV LOAo) 80 180 350 Voe 
ON-Resistance (R0 N) at IILO,o.o) max. 0.72 1.8 12.9 Ohms 

Turn-On Time (T0 N) 800 800 500 µs 

Turn-Off Time (T0 ") 300 600 500 µs 

Notes : 1. A series resistor is required to limit continuous input current to 50mA (peak current can be higher). 
2. Rated input current is 25mA for all tests. 
3.Loads may be connected to any output terminal. 
4.0N resistance shown is for the bidirectional configuration . The DC ON resistance is V4 of these values. 

"CREATING THE STANDARD OF THE FUTURE" 

· 8-directional and ac configuration 

~---ffif----rl:oacil--o ~\ i ;;~;~de 
RETURN : : ___ , -Vdc 

I I 

~iona1ra-,;g;0u~d- ---
oc configuration 

_.,f"TELEDYNE SOLID STATE 
A Division of Teledyne Relays 

*For immediate application assistance call 1-800-284-7007 or FAX us at 213-779-9161. 

Teledyne Solid State, 12525 Daphne Avenue, Hawthorne, California 90250. 
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Design Entry Blank 
$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 

To: Design Ideas Editor, 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 ____ _ 

Country Zip ____ _ 

Design Title ______________ _ 

Home Address _____________ _ 

Social Security Number __________ _ 
(Must accompany all Design Ideas submitted by US 
authors) 

Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN , must not be 
patented , and must have no patent pending. Design must 
be original with author(s) , must not have been previously 
published (limited-distribution house organs excepted), 
and must have been constructed and tested. Please sub­
mit software listings and all other computer-readable 
documentation on a 51/4-in. IBM PC disk. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, I agree to abide by the rules of 
the Design Ideas Program. 
Signed ________________ _ 

Date _________________ _ 

ISSUE WINNER 
The winning Design Idea for the February4, 1991, issue 
is entitled " Programmable source operates precisely; ' 
submitted by Jim Williams of Linear Technology Co 
(Milpitas, CA). 

Your vote determines this issue's winner. All designs 
published win $100 cash. All issue winners receive an ad­
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card . 

Relay guarantees 
polarity protection 

N Kannan 
Centre for Development of Imaging Technology, 
Thiruvananthapuram, India 

The two most common methods of reverse-polarity pro­
tection for de circuits do not absolutely guarantee that 
the "protected" circuit will always be safe and operate 
properly. Using a series diode in the power line wastes 
power, causes a voltage drop, and impairs regulation. 
The combination of a series fuse and a reversed shunt 
diode will clear the fuse if you apply reverse-polarity 
power. But the diode and the fuse take a finite time 
to open the power lines. During this interval, damage 
can occur. 

o>-------------<o-ilo---~ + 

DC 
IN 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I ·-------' 

RELAY 

LOAD 

Fig I-This simple relay circuit provides absolute reverse-polarity 
protection because it will not apply power to the load imless the 
power's polarity is correct. 

The simple circuit in Fig 1 will not apply power to 
the load unless the power's polarity is correct to begin 
with. The circuit consumes little power, causes no volt­
age drop, and does not impair regulation. Switch S is 
an optional on/off switch. (EDN BBS /DLSIG #942) 

EDN 

To Vote For This Design, Circle No. 750 

ED N's bulletin board is on line 
Call EDN's free bulletin board service (BBS) at 
(617) 558-4241 (1200/2400,8, N, 1) and select 
/DLSIG to get additional information or to com­
ment on these Design Ideas. 

EDN April 25, 1991 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

Electromechanical Relay 
• Handles 2500V surges 
• Rated to switch 1A 
Housed in a 12-pin DIP measuring 
11x7.5 x 15 mm, the G6N electro­
mechanical relay has a 2.5-kV-surge 

withstand voltage rating. The unit 
has a 2 Form C (dpdt) contact ar­
rangement and handles currents of 
lA max; maximum switched power 
rating equals 30W or 62.5 VA. Coil 
pick-up power requirement equals 
140 mW, and contact resistance 
measures 50 mil max. Operate and 
release times equal 3 and 2 msec, 
respectively. Dielectric strength 
measures lOOOV ac between each 
contact and 1800V ac between con­
tacts and coil. The relay service life 
is 500,000 operations with a lA, 
30V de load and 200,000 operations 
for a 0.5A, 125V ac load. Operating 
range spans - 40 to + 85°C. The re­
lay is fully sealed to accommodate 
water-soluble flux immersion clean­
ing methods. $4.05 

Omron Electronics Inc, 1 E 
Commerce Dr, Schaumburg, IL 
60173. Phone (708) 843-7900. FAX 
(708) 843-7787. Circle No. 357 

Power Oscillators 
• Provide a 5-VA output 
• Output frequency ranges from 

0.4 to 10 kHz 
Series 110A100 solid-state power 
oscillators develop a 5-VA sine 
wave output. Designed for synchro, 
resolver, L VDT/RVDT, or inducto-



COMPONENTS & POWER SUPPLIES 

syn conversion systems, the oscilla­
tors operate over a 0.4- to 10-kHz 
range and develop output voltages 
of 6 to 115V rms. The power-output 
stage is short circuit and overload 
protected. The units also have an 
automatic-thermal-shutdown fea­
ture to protect against failures 
caused by long-term overloads. A 
potentiometer allows you to adjust 
the output amplitude by ± 10%. 
Two additional 2.5V rms outputs 
are also available; one has a 90° 
phase advance with respect to the 
other output. The oscillators are 
housed in a 2.6 x 3.1 x 0.82-in. mod­
ule, which has an integral metal top 
surface that provides all required 
heat sinking. From $495. Delivery, 
stock to 10 weeks ARO. 

Control Sciences Inc, 9509 Vas­
sar Ave, Chatsworth, CA 91311. 
Phone (818) 709-5510. FAX (818) 
709-8546. Circle No. 358 

source for LCD bacldighting, panel 
illumination, membrane switch and 
graphics bacldighting, to name a 
few applications. 

26 llllTW. IRIGHTNBS lfll 715 

Only Aurora Els offer this extensive life-to­
brightness range. Now you can have lamps 
customed to your lifelbriqhtness requirements. 
This wide range includes Tamps with initial 
brightness of 25 fL and typical useful life in excess 
of 27,000 hours, to lamps with initial brightness 
exceeding 70fL and with typical life of 5,250 hours. 

<C>1990 Loctite Luminescent Systems, Inc 

FDDI Data Link 
• Operates at 125M bps 
• Has a 21-dB power margin 
The ODL 125 Series II lightwave 
data link will transfer data in accor­
dance with the FDDI standard. For 
NRZ (nonreturn to zero) signals, it 
can operate at data rates ranging 

Greater design flexibility and 
cost-efficiency. 
Aurora's spectacular life I brightness 
advantages, as shown in the chart, 
offer the designer more opportunities 
than ever before. Combining these 
benefits with our advanced fabrication 
techniques, we can produce solid­
state, flexible Aurora lamps in almost 
any size and shape, even complex 
forms with multiple holes and cutouts. 
With no glass bulbs or fragile filaments 
to break, lamp maintenance is minimal 
with few, if any, replacement costs. 
And able to withstand shock and 
vibration as well as temperature and 
humidity extremes without 
catastrophic failure, lamp life is 
phenomenal. In fact, with three times 
the life of any other El, Aurora lamps 
can be expected to last the life of the 
products in which they are used. 

CIRCLE NO. 16 

from 20M to 125M bps at a typical 
distance of 3 km. The link has typi­
cal beginning-of-life power margin 
of 21 dB. The devices employ 
complementary bipolar IC technol­
ogy and are housed in 16-pin DIPs 
that include ST-style optical con­
nectors. The link is optimized for 
62.5/125-µm fiber, but it can func­
tion with 50/125-, 85/125-, and 100/ 
140-µm fibers as well. The trans­
mitter consists of a long-wave­
length LED and a silicon IC. It op­
erates from a single supply of 4.5 
to 5.46V. The receiver is equipped 
with a PIN photodetector and oper­
ates at the same supply levels as 
the transmitter. $175/pair (1000). 

AT&T Microelectronics, Dept 
52AL040420, 555 Union Blvd, Al­
lentown, PA 18103. Phone (800) 
372-2447; in Canada, (800) 553-
2448; in PA, (201) 771-2826. 

Circle No. 359 

Get the most from the 
Aurora breakthrough with 
ow performance matched 
EL systems. 
By creating perfectly matched 
combinations of LLS dc-to-ac 
inverters and Aurora lamps, our 
engineers can design an El system 
to precisely meet your lighting 
requirements. With our broad 
product range, and over 20 years 
of El experience, we welcome your 
questions, especially challenging ones 
concerning unique applications. Call 
or Fax the LLS Marketing 
Department. 
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• Audio Transformers ranging in size 
from 14'' x 14'' to W' x "l'i's". 20 Hz 
to 250 KHz. Up to 3 watts . 

• Pulse Transformers .05µ.SEC to 
100µ.SEC miniaturized construction . 

• Ultra-miniature DC·DC Converter 
Transformers. 40 watts. 

• Miniaturized Switchmode Inverter 
Transformers. 60 watts . 

• 400 Hz Power Transformers . 
Primary voltages of 115V or 26V. 
Plug-in construction . Ultra-miniature 

• Microphone/Transducer Audio Input. 
• MIL-STD-1553 Interface Multiplex 

Data BUS Pulse Transformers. 

MIL· T-27/356-1 thru 63 
U PL standards available -

Inductance values to 20mH with DC 
currents to 23 amps 

PICO 
Electronics, Inc. 

453 N. MacQuesten Pkwy. Mt. Vernon. N.Y. 10552 

Call Toll Free 800-431·1064 
IN NEW YORK CALL 914°699°5514 

FAX 914°699°5565 

192 CIRCLE NO. 12 

COMPONENTS & POWER SUPPLIES 

DIP Sockets 
• Include decoupling capacitor 
• Accommodate 6- to 48-pin 

devices 
Series 451 DIP sockets come com­
plete with a surface-mount decou­
pling capacitor and are available in 
sizes of 6 to 48 pins. The units incor­
porate a large-area ground plane 
across the entire surface of the 
socket. This plane helps eliminate 
the effects of noise before it reaches 
the chip. The ground plane surface 
is insulated with a masking material 
to protect nearby components from 
any electrical interference. The 
sockets are stackable end to end or 
side by side and are available in ver­
sions with 0.3- and 0.6-in. center 
spacings. A variety of terminal 
styles, contact pressures, plating 
configurations, and capacitor values 
is available. From $0.47 (100). 

Andon Electronics Corp, 4 
Court Dr, Lincoln, RI 02865. Phone 
(401) 333-0388. FAX (401) 333-0287. 

Circle No. 360 

FDDI-Chip Sockets 
• Have a 2-piece design 
• Accept plastic leaded chip 

carriers 
Micro-Pitch sockets accept the 132-
pin basic media-access-controller 
and physical-layer-controller FDDI 
chips. The low-profile plastic­
leaded-chip-carrier (PLCC) sockets 
accept the 28-position clock dis­
tribution device and the clock re­
covery device chips. The 2-piece Mi­
cro-Pitch units feature a 0.025-in.­
contact centerline spacing and have 

a 0.375-in. mounted height. Low­
profile units have a mounted height 
of 0.185 in. and feature an open­
bottom design. The high normal­
force contacts are phosphor bronze 
with tin-lead over nickel plating. 
Housing materials withstand the 
rigors of vapor-phase and infrared 
reflow surface-mount soldering sys­
tems. Micro-Pitch, $0.07 to $0.08/ 
line (1000); low-profile, $0.003 to 
$0.044/line (10,000). Delivery, four 
to six weeks ARO. 

AMP Inc, Box 3608, Harrisburg, 
PA 17105. Phone (800) 522-6752. 

Circle No. 361 

Quad LED Assemblies 
• Have a light shield to minimize 

false indications 
• A vailable in three colors 
Series 5644H right-angle quad LED 
assemblies feature a light shield 
that eliminates false indications 
caused by light bleeding from adja­
cent LEDs. The units have a 0. 75-
in. mounted height and feature 
press-in pins, which provide consis­
tent alignment with front panels. 
The units are available in red 
(5644Hl), green (5644H5), and yel­
low (5644H7). They have a 120-mcd 
brightness level at a drive of 2V 
and 20 mA. The assemblies are 
housed in a 94V-O UL-rated black 
housing. The housing features built­
in standoffs that prevent flux en­
trapment, thereby simplifying the 
board-cleaning process after the sol­
dering operation. From $0.89 (OEM 
qty). 

Industrial Devices Inc, 260 Rail­
road Ave, Hackensack, NJ 07601. 
Phone (201) 489-8989. FAX (201) 
489-6911. Circle No. 362 

EDN April 25, 1991 
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• 1 to 7 outputs 
• 400 to 1500 watts 

• 120 kHz. MOSFET design 

• Current mode control 

• All outputs regulated and floating 

VM-101 3/91 

Call Toll Free 1 ·800·523·2332 
In PA: 215/699·9261 

Del'l'ran. inc. 
POWER ~PRODUCTS 



SPECIFICATIONS 
INPUT 
90-132 VAC or 180-264 VAC, 47-440 Hz. Strappable. 

INPUT SURGE 
Less than 68 Amps peak from cold start. For 1 OOOW and 
1500W units less than 136 Amps peak. 

HOLDUP TIME 
20 milliseconds from loss of nominal AC power. 

OUTPUTS 
See model selection table. 

ADJUSTABILITY 
±5% trim adjustment. All 5VDC outputs are adjustable up to 
5.2VDC @ full output. 

OUTPUT POLARITY 
All outputs are floating from chassis and each other and can be 
referenced to each other or ground as required. 

LINE REGULATION 
Less than ±0.1% or ±5mV for input changes from nominal to 
min. or max. rated values . 

RECOVERY TIME 
Recovery within 1 %. 
Main output - 200 microseconds. 
Auxiliary outputs - 500 microseconds. 

AC UNDERVOLTAGE 
Protects against damage for undervoltage operation. 

OVERVOLTAGE PROTECTION 
Standard on main output. 

REVERSE VOLTAGE PROTECTION 
All outputs are protected up to load ratings. 

OVERLOAD & SHORT CIRCUIT 
Outputs protected by duty cycle current foldback circuit with 
automatic recovery. Auxiliaries have additional backup fuse 
protection. 

THERMAL SHUTDOWN 
Circuit cuts off supply in case of local over temperature. Units 
reset automatically when temperature returns to normal. 

SOFT START 
LOAD REGULATION Units have soft start feature to protect critical components. 
± 0.2% or ± 10mV for load changes from 50% to 0% or 100% of 
max. rated values . FAN OUTPUT 

MINIMUM LOAD 
Main output requires a 10% minimum load for full output from 
auxiliaries . 

REMOTE SENSING 
On all outputs except those less than 100 watts and less than 
20 Amps. 

RIPPLE & NOISE 
1% or 100mV pk-pk, 20 MHz bandwidth . 

OPERATING TEMPERATURE 
0-70°C. Derate 2.5% /°C above 50°C. 

COOLING 
A min. of 1 O LFS cooling air directed over the units for full 
rating . Two test locations on chassis rated for max. temperature 
of 90°C. 1000 and 1500 watt units have built-in fan . 

TEMPERATURE COEFFICIENT 
±0.02%/ °C. 

EFFICIENCY 
80% typical. 

SAFETY 
Units meet UL 1950, CSA 22.2 No. 220, CSA bulletin 1402C, 
EN 60 950, DIN VOE 0805/05.90. Certifications in process. 

DIELECTRIC WITHSTAND 
3750 VRMS input to ground. 
3750 VRMS input to output. 
700 voe output to ground. 

SPACING 
8 mm primary to secondary. 
4 mm to grounded circuits. 

LEAKAGE CURRENT 
0. 75 mA at 115 VAC 60Hz. input. 
1 .5 mA for 1000 watt and 1500 watt models. 

EMISSIONS 
Units meet FCC 20780 Part 15 Class A and VOE 0871 /6.78 
Class A for conducted emissions. Compliance with Class B 
limits by use of additional external filter. 1000 watt and 1500 
watt models require optional filter for Class A. 

DYNAMIC RESPONSE 
Peak transient less than ±2% or ±200mV for step load change 
from 75% to 50% or 100% max. ratings. 

Nominal 12 VDC @ 12 watts maximum. 

INHIBIT 
TTL compatible system inhibit provided. 

SHOCK 
MIL-STD 810-D Method 516.3 , Procedure Ill. 

VIBRATION 
MIL-STD 810-D Method 514.3 , Category 1, Procedure I. 

MECHANICAL 

CASE WATTS H x w x L 

1 400 W/500 W 2.5" x 5.05" x 9.0" 
2 750 w 2.5" x 5.20" x 9.63" 
3 1000 w 5.0" x 5.05" x 10.4" 
4 1500W 5.0" x 5.20" x 11 .0" 
5 860W 2.5" x 5.0" x 6.85" 

POWER FAIL MONITOR 
Optional circuit provides isolated TTL and VME compatible 
power fail signal providing 4 milliseconds warning before main 
output drops by 5% after an input failure. Available on units with 
a high current 5 volt output. 

AUTO RANGER 
Optional circuit provides automatic operation at specified input 
ranges without strapping. Not available on single output units. 

PILOT BIAS 
Optional circuit provides SELV output of 5 volts at 1 Amp 
independent of the main power converter. Output isolation 
compliant to safety specifications referenced above. Not 
available on single output units. 

EMI FILTER 
For Class A on 1000 and 1500 watt units. 

COVER 
Optional flat cover recommended when customer supplied fan 
cooling is directed through the length of the unit. 

FAN COVER 
Optional cover with brushless DC fan which provides the 
required air flow for full rating of VM power supplies. 

POWER FACTOR CORRECTION 
Refer to Bulletin FM-101 for FM Series units with 0.99 power 
factor and harmonic currents compliant to IEC 555-2. 



DESCRIPTION 

VM Series switchers comprise a line of open frame 
power supplies with output combinations that are 
required for a large variety of bus systems such as 
VME, VXI, and FUTUREBUS. Units in this fully modular 
family offer power density up to 10 watts per cubic inch. 
The small size and high power available permits more 
system hardware to be packaged in a given enclosure. 
The extended function without additional cabinet 
overhead will give your product a competitive edge in 
the marketplace. 

VM Series feature outstanding quality, insuring full 
compliance to specifications, reliable field operation and 
long service life. This exceptional quality is a result of 
three major efforts. 

• Meticulous innovative engineering design. 
• Total modular mechanical design. 
• Excellent thermal management. 

VM Series are available in power ratings from 400 to 
1500 watts and with 1 to 7 outputs in a single package. 

FEATURES 

- TUV, UL, CSA. 
- 1 O watts per cubic inch. 
- 120 kilohertz MOSFET design. 
- Current mode control. 
- All outputs: 

Adjustable. 
Floating. 
Overload and short circuit proof. 

- System inhibit. 
- Load proportional DC fan output. 
- Options include: 

Auto ranger for continuous 
input operation. 

Power fail monitor. 
Pilot bias. 
EM/ filter for 1000 and 1500 watt units. 
Cover. 
Fan cover - 1000 and 1500 watt units 

have fan built in. 

7 output unit 
with fan cover 

SINGLE OUTPUT MODELS 
Model voe Amps 

VM12DO-YY 2VDC 150A 
VM12D1-YY 3.3VDC 150A 
VM1202-YY 5VDC 150A Nominal Power 

VM12D3-YY 12VDC 72A B60W 

VM1204-YY 15VDC 57A Case S 

VM12D6-YY 24VDC 36A 
VM1209-YY 4BVDC 18A 

MULTIPLE OUTPUT MODELS 
Model VM1 A-VY 
Total Power: 400 Watts 
Case: 1 
Ratings: SVDC @ SOA 

SVDC@ 10A 
12VDC@ 12A 
12VDC@ 6A 

Model VM1 B-YY 
Total Power: soo Watts 
Case: 1 
Ratings: SVDC @ BOA 

SVDC@ 10A 
12VDC@ 12A 
12VDC@ 12A 

Model VM3B-YY 
Total Power: SOO Watts 
Case: 1 
Ratings: SVDC@ BOA 

12VDC@ 12A 
24VDC@ 6A 

SVDC@ 10A 
12VDC@ 6A 

Model VX1B-YY 
Total Power: SOO Watts 
Case: 1 
Ratings : SVDC @ 30A 

2VDC@ 10A 
SVDC@ 10A 

12VDC@ 6A 
12VDC@ 6A 
24VDC@ 3A 
24VDC@ 3A 

Model VX1E-YY 
Total Power: 1000 Watts 
Case: 3 
Ratings: SVDC @ BOA 

2VDC@20A 
SVDC@20A 

12VDC@ 10A 
12VDC@ 10A 
24VDC@ SA 
24VDC@ SA 

Model VM2A-YY 
Total Power: 400 Watts 
Case: 1 
Ratings: SVDC @ SOA 

12VDC@ 6A 
12VDC@ 6A 
24VDC@ 6A 

Model VM2B-YY 
Total Power: SOO Watts 
Case: 1 
Ratings : SVDC@ BOA 

12VDC@ 12A 
12VDC@ 6A 
24VDC@ 6A 

Model VM1 D-YY 
Total Power: 7SO Watts 
Case: 2 
Ratings : SVDC @ 120A 

12VDC@ 12A 
24VDC@ 6A 

SVDC@ 10A 
12VDC@ 6A 

Model VX1 D-YY 
Total Power: 7SO Watts 
Case: 2 
Ratings : SVDC @ 60A 

2VDC@ 12A 
SVDC@ 12A 

12VDC@ BA 
12VDC@ BA 
24VDC@ 4A 
24VDC@ 4A 

Model VX 1 F-VY 
Total Power: 
Case: 
Ratings : 

1SOO Watts 
4 
SVDC @ 120A 
2VDC@ 30A 
SVDC@ 30A 

12VDC@ 1SA 
12VDC@ 1SA 
24VDC@ BA 
24VDC@ BA 

OPTIONS 
Code Function Code Function 
00 None 04 EMI Filter 
01 Power Fail 32 Cover 
02 Auto Ranger 64 Fan Cover 

Notes: 
1. All 5VDC outputs adjustable to 5.2VDC. Others trim adjustable ±S%. 
2. On models VX1 E-YY and VX1 F-YY the max. total power for the 

sum of outputs #1 to #3 must not exceed 500 watts and 750 
watts respectively. 

3. Models VX1 E-YY and VX1 F-YY include built-in fan. 
4. Models VX1 E and VX1 F require EMI Filter option to meet FCC 

and VOE Class A for conducted emissions. 
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NEW PRODUCTS 
CAE & SOFTWARE DEVELOPMENT TOOLS 

Enhanced Real-Time OS 
For 68000 Family 
• Provides SCSI support for hard­

and floppy-di,sk drives 
• Lets you install boot files on 

magnetic tape 
OS-9 version 2.4 is an enhanced ver­
sion of the real-time operating sys­
tem for Motorola's 68000 family of 
µPs. You can perform all software­
development tasks either on a PC 
or Unix host computer, or on the 

target 680XO system; the compilers 
(C, Fortran, Pascal, or Basic) pro­
duce position-independent, re-en­
trant, ROMable code. New commu­
nications facilities support the 
68332 communications controller, as 
well as evaluation boards that use 
this chip. Other new features in­
clude the SCSI common-command 
set, as well as SCSI connect/discon­
nect and device-installation com­
mands. A random block-file man­
ager supports write-through cach­
ing; you can set the cache size and 
enable or disable the cache, and you 
can get a report on usage statistics. 
The random block-file manager also 
supports variable sector sizes, 
which can be any integral power of 
2-from 256 to 32, 768 bytes. The 
file manager supports noncontigu­
ous boot files whose size is limited 

ase, 

only by the hardware device. 
Professional OS-9 includes the OS, 
a compiler, a screen editor, a debug­
ger, file managers, and utility pro­
grams. 32-bit 680XO CPUs, $1150; 
16-bit CPUs, $800; industrial OS-9, 
including OS, a sequential-charac­
ter file manager, and interprocess­
communications manager, 32-bit 
CPUs, $425; 16-bit CPUs, $275. 

Microware Systems Corp, 1900 
NW 114th St, Des Moines, IA 
50325. Phone (515) 224-1929. FAX 
(515) 224-1352. Circle No. 351 

Spice Postprocessor 
• Provides custom windowing 

interface 
• Lets you view and compare wave­

forms from several output files 
Intuscope version 3.1 is a major up-

easel 
Because so many of you have asked for Pease, 
we've put all 12 parts of the Troubleslwoting 
Analog Circuits series published in EDN into one 
handy reference source. 

Pait 1 • Troubleshooting is more effective with the right philosophy 
Pait 2 • The right equipment is essential for effective troubleshooting 
Pait 3 • Troubleshooting gets down to the component level 

This 101-page collection of articles was developed 
by Bob Pease, senior scientist in industrial linear-
1 C design at ational Semiconductor Corp. and 
world-renowned analog-circuit designer. 
Don't miss this exclusive reprint. Learn about trouble­
hooting analog circuits as only Bob Pease can tell it. 

Thi reprint is yours for only $26.70 (U.S.A.) or $29.95 
(non-U .S.A.). * 

Pait 4 • A knowledge of capacitor subtleties helps solve capacitor-based troubles 
Pait 5 • Follow simple mies to prevent material and assembly problems 
Pait 6 • Active-component problems yield to painstaking probing 
Pait 7 • Rely on semiconductor basics to identify transistor problems 
Pait 8 • Keep a broad outlook when troubleshooting op-amp circuits 
Pait 9 • Troubleshooting techniques quash spurious oscillations 
Pait 10 • The analog/digital boundary needn't be a never-never land 
Pait 11 • Preside over power components \\~th design expe1tise 
Pait 12 • Troubleshooting wrap-up 

--------------------------------------Pl.EASE PRINT CLEARLY _ Payment enclosed _Bill me Visa Mastercard 

Crc<lit Ca r~! Number ___________ _ Signature ______________ Exp. date _____ _ 

Nmne _ ______________ Title __________ Company __________ _ 

Add1·(·~~ City State Zip ____ _ 
Mnil ~oupon lo: Cahners Rep1int Services, 1350 E. Touhy Ave., Des Plaines, IL 60018 U.S.A. or call 708t390-2240 or FAX your order: 70 t390-2779. 
\' .S.A ('l 'Hl!ENC' \' O'LY 
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CAE & SOFTWARE DEVELOPMENT TOOLS 

grade of postprocessor and graphi­
cal data-analysis package. Version 
3.1 provides a custom windowing 
interface that allows you to select, 
view, and compare waveforms from 
several Spice output files simulta­
neously. Special program options 
let you display data from ac, de, 
transient, and distortion analyses 

without having to manipulate the 
net list. The waveform calculator 
lets you perform cursor-based 
measurement, waveform arithme­
tic, and engineering functions, such 
as waveform construction, polyno­
mial regression, smoothing, convo­
lution, or filtering. You can direct 
report-quality graphics to laser or 

dot-matrix printers, or to p n plo • 
ters. The program works with dtt u 
produced by any Berk 1 'Y l;o)pic • 
compatible simulator, inclmting th 
vendor's IsSpice. The program t•uns 
on IBM PCs that have at 1 a8L 6401 
bytes of RAM, a math copro · si;or, 
an EGA, VGA, or up r V A 
monitor, and a DOS 3.1 or lat r v r· 

-------------------------------, sion. Version 3.1, $325. Curr nt US· 
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SPOTLIGHT: DESIGN & DEVELOPMENT • 

Finally, attendees determined the most impressive product of the show 
was CAD Software's PA~D~S:·-_,,. ..... _.. .. .--....... - ... .__.,. 

~ ' ~ .............. •.........•... 

•= •••••••••••••• ... • •• ... • •• ... • •• ... • •• 
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... .. ' 

PE&/ News 6190 
on CAD Showdown Results 

PADS 
SETS THE 

STANDARD 
for CAE/CAD design on 

Personal Computers 

Complete thru-put logic capture and board design function­
ality including: 
• A true multi-sheet database for Schematic capture with 

hierarchical design capability 
• Design verification for analog and digital designs 
• Both automatic and interactive PCB layout tools 
• Most complete set of autorouters for Analog, Digital and 

SMD designs 
• Cam outputs including database ASCII In and ASCII Out 

format 
• NEW! PADS-2000, board designs with no system limits. 

1 micron database, copper pouring, T-routing . Workstation 
capability at PC prices! 

• Easy to learn, easy to use 

Call today for a free demonstration package, and for 
your local Authorized PADS Reseller. 

rn" /l11d I Inside MA: (508) 486-8929 

~J. ~ ~~oJf · Out~:~:":' 5~~~~11~~05:~~,~~ 
CIRCLE NO. 18 

ers can upgrade for $100. 
Intusoft, Box 710, San Pedro, 

CA 90733. Phone (213) 833-0710. 
FAX (213) 833-9658. 

Circle No. 352 

Process-Control Library 
Of PID Functions 
• Routines keep track of a loop's 

setpoints and coefficients 
• Triggers alarms when outputs 

exceed a specified threshold 
The PID Blok library contains rou­
tines for creating, tuning, and exe­
cuting feedback control loops that 
use PID (proportional, integral, de­
rivative) algorithms. These rou­
tines calculate the difference (error) 
between the current value of a proc­
ess variable and the desired set­
point, as well as the values that con­
trol hardware should receiv in or­
der to bring the variabl ba k to 
the setpoint. Using the PI rou­
tines in combination with th v n­
dor's multitasking library, ivvy, 
you can update as many aR l 0 PID 
loops in real time. Th PIO 1·outin s 
can set alarms wh n v r •ontrol 
outputs fall outside a pr ~ t rang 
applicable to the controll d <l ivl · ; 
they can also set ind p ~ n<lcn~ high 
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CADRE THE SHORTEST DISTANCE BE1WEEN PROMISE AND PRODUCT CADRE THE SHORTEST DISTANCE BE1WEEN PROMISE AND PRODUCT CADRE THE SHORTEST DISTANCE BE1WEEN PROMISE AND PRODUCT • 

:Maybe it's time to re-evaluate 
your soCt'V'Vare maintenance tools. 

It's the biggest job you have. And probably one of the most 

important. So why does it have to be so difficult? 

Too often, the burden of software maintenance falls onto 

people who weren't around when the code was written. People 

who need a long time to get up to speed on it, especially when the 

documentation is poor or when lines of code run into the millions. 

The risk is high for errors, frustration, lost time - even staff 

turnover. 

Wouldn't it make sense to give your staff a tool that lets them 

analyze the high-level structure of your existing code - before 

they're overwhelmed by the details? 

Cadre has just what you need. Our reverse engineering tools 

- for both C and Ada - let you view your source code from an 

architectural level, shedding light on its structure and purpose. 

Your people have an easier time maintaining, upgrading, or rework­

ing the code to achieve your maintenance or reuse objectives. 

The benefits are obvious. Virtually at a glance, you know 

what you have and what you can do with it. You know whether it 

needs just a little rework or a major rewrite. And you don't waste 

time, because you can see up front how any work you do will 

affect other parts of the program. 

On top of that, those brave souls who tackle your software 

maintenance suddenly become more efficient, less likely to be 

frustrated, able to work faster and give you more real value for 

the time they put in. And they feel better about themselves. 

Reverse engineering is just one of the Teamwork® life cycle 

solutions made possible by Cadre's Unified CASE® strategy. 

Cadre eases your development process with an open architecture 

that integrates the best tools - yours, ours, or anybody's - into 

your unique environment. The philosophy is simple: to minimize 

the distance between what you promise and what you deliver. 

Speaking of delivering, what we're talking about is here 

today. We can give you a quick demo on IOOK lines of your 

code right now. So call 1-401-351-CASE or 1-800-743-CASE 

and we'll pencil you in for a 

big increase in productivity. CADRE 
THE SHORTEST DISTANCE BE1WEEN PROMISE AND PRODUCT CADRE THE SHORTEST DISTANCE BElWEEN PROMISE AND PRODUCT CADRE THE SHORTEST DISTANCE BE1WEEN PROMISE AND PRODUCT CADRE 
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A full spectrum of choices. 
Organ-

Device ization Speed (ns) 

1 MegDRAM x4* 70- 100 

x16* 80-100 

4 MegDRAM x16* 6o-100 

256KVRAM x4 100-120 

1 Meg VRAM x4 80-120 

x8 80-120 

2 MegVRAM x8 70-100 

1 Meg Triple- x4 80-120 
Port DRAM 

x8 80-120 

*Also in low power versions. 

200 

Package Micron Part # Availability VGA 8514 

DIP, ZIP, SOJ MT4C4256 Now " ZIP, SOJ MT4C1664/65nO Now , ,, 
SO], TSOP MT4C16256/7 Samp. Q4 '91 ; Prod. 1H '92 ,, 
DIP, ZIP MT42C4064 Now " 

, 
ZIP, SOJ MT42C4255/6 4255 Now; 4256 Q4 '91 " ZIP, SOJ MT42C8127/8 8127 Now; 8128 Q4 '91 , 

SO] MT42C8256 Samp. Q4 '91; Prod. 1H '92 

SO] MT43C4257/8 Now 

Pl.CC MT43C812819 Now 

l"llC:F=lc;I~ 
2805 E. Columbia Rd., Boise, ID 837o6 (208) 368-3800 

CIRCLE NO. 156 

Applkations 

Super TIGA- Work- Multi-
VGA 34<1" XGA MAC" station media 

le 
I' 

, 
lC " ~ ,.. ,.. 

-"-

, ,.. ,.. ,.. 
- , , ,.. .... 

~ Ir " 
, , r · , , , , 

© Micron Technology, Inc. 1991 
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and low alarms. The PID Blok li­
brary is supplied in C source code 
that you can compile with Microsoft 
C or Turbo C compilers. PID Blok, 
$149; Divvy, $229. 

Drumlin, 1011 Grand Central 
Ave , Glendale, CA 91201. Phone 
(818) 244-4600. FAX (818) 244-4246. 

Circle No. 353 

Reverse Engineering Tool 
For VMS Languages 
• Analyzes source code to generate 

'[JrOgram structure charts 
• Works with any of the languages 

supported by VAXNMS 
Teamwork/C Rev is available to 
VAX/VMS users and extends the 
tool's reverse-engineering capabili­
ties to programs written in Fortran, 
Pascal, Basic, PL/1, Macro, and 
Bliss, as well as C. The program 
interfaces to the VAX source-code 
analyzer (SCA), which creates li­
braries that include structural infor­
mation about programs. Teamwork/ 
C Rev extracts this structural infor­
mation and produces structure 
charts within the Teamwork project 
environment. If you need to modify 
a module, the software lets you use 
your preferred editor or the appro­
priate VAX language sensitive edi­
tor from the VAX tool set. You 
need the VAX/VMS operating­
system version 5.2 or later, and 
VAX SCA version 3.1 or later. 
Teamwork C Rev processor, $7500; 
browsing capability, $100/seat. 

Cadre Technologies Inc , 222 
Richmond St, Providence, RI 
02903. Phone (401) 351-5950. 

Circle No. 354 

File-Transfer And Flash­
EPROM Programming Tool 
• Lets you remotely update 

solid-state disk emulators 
• Hosted on half-sized PC 

expansion board 
Flashlink, a high-speed file-transfer 
and flash-EPROM programming 
softwar package works with the 

EDN April 25, 1991 

vendor's PROMdisk III disk-emula­
tor board. The disk emulator can 
emulate either a lM-byte floppy­
disk drive or as many as three 
floppy-disk drives, using both flash­
EPROM and RAM solid-state mem­
ory. A common arrangement is to 
put the operating system in stan­
dard EPROM that emulates a 
bootable drive (A:); the application 
program (which may change) in 
flash-EPROM that emulates drive 
B:; and read/write files in nonvola­
tile static RAM that emulates drive 
C:. The program lets the host send 
new application files to remote em­
bedded systems via modem or di­
rect connection between RS-232C 
ports, at data rates as high as 115k 
bits/sec; automatic error detection 
maintains the integrity of the data. 
PROMdisk III disk emulator board, 
including Flashlink software and 
lM byte of flash-EPROM memory, 
$495. 

Micro Computer Specialists Inc, 
810-208 Los Vallecitos, San Marcos, 
CA 92069. Phone (619) 744-8087. 
FAX (619) 744-9256. 

Circle No. 355 

Upgraded Schematic­
Capture Software 
• Provides im'[Jroved user interface 
• Net-highlighting feature includes 

pads and connections 
Version 4 of Schema-PCB provides 
an improved user interface and 
user-defined keyboard macros. A 
new net-highlighting feature indi­
cates both the pads and the connec­
tions that you're currently routing 
interactively. Version 4 comes with 
printer drivers for both HP Laser­
jet and Postscript printers as well 
as facilities for generating editable 
CAM output. Options include auto­
routing, autoplacement, AutoCAD 
DXF interface, and CAM output. 
$975. 

Omation Inc, 801 Presidential 
Dr, Richardson, TX 75081. Phone 
(800) 553-9119; in TX, (214) 231-
5167. Circle No. 356 

RUGGED 
PC-BUS 

SOLUTIONS 
for Rack, Bench, 
or Embedded Use 

• 

12 or 20-slot Computers 
Up to 6 Drives, 375Watts of Power 

All-in-One Systems 
7-s lot VGA with Touchscreen 

Compact Computers/Cards 
Embedded PC/AT Designs, CPUs, 

EPROM and RAM Cards 

Over 30 different models to choose 
from. Custom designs are available. 

~~-·~. TM ....... -. ............. .. 
._ ..... --
..,~,, .... , . 

Systems Manufacturing Technology, Inc. 
1080 Linda Vista Drive 

P.O.Box 1320 
San Marcos, CA 92079 

(6 19) 744-3590 • FAX: (6 19) 47 1- 11 53 
(800) 648-6262 
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If you had this ... 
ON 

OFF 

and we gave you this ... 
ON 

OFF 

think what you could do! 

Logic Switch shown here in 
our Terminator® quick-connect, 
fast-mount configuration. 

Introducing the Logic Switch™ 
Imagine! Noise-free, logic-level 
switching from an electromechanical 
package! We're calling it the Logic 
Switch because this alternative to 
mechanical contact switches gives 
you discrete, noise-free signal 
through optoelectronics. Solid-state 
and designed for long life and 
reliability. Think of the possibilities! 

Here's How It Works. 
The Logic Switch uses an infrared 
emitter and phototransistor sensor 
combination. An internal "flag " inter­
rupts a beam of infrared light from 
emitter to sensor, thus changing the 
switch's output when activated. 

The infrared light transmission 
reduces dust problems associated 
with visible light transmission, and 
the solid-state life-span is estimated 
at 50 million cycles. 

What Can You Do With It? 
The Logic Switch is so new, we 
wouldn't presume to guess at all 
its uses. Instead, we invite you to 
examine it firsthand and try it out 
on your ideas. Call Cherry at 
708-360-3500, and we'll send 
qualified engineers a free Logic 
Switch and a specifications sheet. 

The Logic Switch is ideal for any appli­
cation in which logic-level switching is 
necessary and traditional snap-action 
switches are problematic. 

But perhaps you have some 
different ideas. 

Why not call us today and put those 
ideas to the test right in your own 
laboratory-for FREE. All you've got 
to lose is signal noise. 

The Logic Switch: an electronic 
device in an electrical package. 

GlllBl\Y* THE CHERRY CORPORATION ® 

Cherry Electrical Products 
3600 Sunset Avenue 
Waukegan, IL 60087 
Phone:708-360-3500 
Facsimile: 708-360-3566 

CIRCLE NO. 123 



NEW PRODUCTS 
INTEGRATED CIRCUITS 

High-Performance 
Voice-Coil Drivers 
• For 5 or 12V disk drives 
• Provide 0.5 to 1.0A drive 
The ML4406, ML4407, and ML4408 
provide a voice-coil drive for either 
a 5 or a 12V hard-disk servo drive. 
The devices integrate power ampli­
fiers, head-retract circuitry, gain 
switching, and power-fail detection 
on a single chip. The ML4406 and 
ML4407 can drive coils requiring 
0.5A of peak current in 12V sys­
tems. The ML4408, which is tar­
geted for smaller disk drives such 
as those used in laptop computers, 
can provide LOA of peak current 
in either 5 or 12V systems. The 
ML4406 and ML4407, which include 
on-chip power transistors, have a 
voltage drop of <l.5V at rated cur­
rent. The ML4408 uses external 
pnp transistors to reduce the volt­
age drop to <0.8V. ML4406 and 
ML4407 in a 20-pin plastic leaded 
chip carrier, $3.50 (1000); ML4408 
in a 24-pin sore, $3.65 (100). 

Micro Linear Corp, 2092 Con­
course Dr, San Jose, CA 95131. 
Phone (408) 433-5200. 

Circle No. 363 

BiCMOS Quad 12-Bit DAC 
• Has four 12-bit voltage out'f)Uts 
• Settling time is 15 µsec 
The BiCMOS SP9345 integrates 
four low-power CMOS DACs with 
bipolar output stages to provide 
four 12-bit, voltage-output DACs 
on a single monolithic chip. The de­
vice accepts input data in either 8-
bit- or 12-bit-wide words, and you 
can use the separately addressable 
double latches in front of each DAC 
in either conventional, semitrans­
parent, or fully transparent modes. 
The DACs provide a ± lOV output 
range with offset binary coding. 
Other key specifications include 
full-scale settling time of 15 µsec, 
integral and differential non-

EDN April 25, 1991 

linearity of ± 112 LSB, and 12-bit 
monotonicity. The quad DAC, 
which operates from ± 15V sup­
plies, is available in 28-pin ceramic 
packages and 44-pin plastic leaded 
chip carriers. From $65 (100). 

Sip ex Corp, 6 Fortune Dr, 
Billerica, MA 01821. Phone (508) 
663-9691. FAX (508) 670-9001. 

Circle No. 364 

Low-Voltage Quad Op Amp 
• Operates down to 1.8V 
• Needs only 700-µA/amplifier 
The NE/SA5234 matched quad op 
amp operates as low as l.8V and 
features rail-to-rail operation for 
both its input and output. The de­
vice can accept common-mode in­
puts as much as 250 m V greater 
than the supply rails, optimizing the 
dynamic range and helping to pre­
vent distortion of input signals. The 
output swings to within 50 m V of 
the supply rails. The op amp has a 
unity-gain bandwidth of 2.5 MHz 
and consumes only 700 µA/ampli­
fier, an important feature in bat­
tery-powered applications. The op 
amp is available in 14-pin DIPs and 
sores. From $1.56 (100). 

Signetics Co, Box 3409, Sunny­
vale, CA 94088. Phone (408) 991-
2000. Circle No. 365 

Modem IC 
• Has 2400-bps speed 
• Compliant with CCITT 

standards 
The SSI 73K324L 2400-bps modem 
conforms to CCITT V.21, V.22, 
V.23, and V.22 bis standards. The 
quad-mode IC interfaces with stan­
dard microprocessors for control of 
modem functions through its 8-bit 
multiplexed bus. An optional serial 
controller bus is also available. In 
addition to the basic FSK modula­
tion and demodulation sections, the 
modem includes synchronous/asyn-



chronous buffering, DTMF, guard, 
and calling-tone generator capabili­
ties. Handshake pattern detectors 
simplify control of connect se­
quences, and tone detectors allow 
accurate detection of call-progress, 
answer-back, and calling tones. The 
modem also provides diagnostic test 
modes. Samples of the 73K324L, 

TO YOCOM 

INTEGRATED CIRCUITS 

which comes in DIPs and plastic 
leaded chip carriers, will be avail­
able in the second quarter of 1991. 
Approximately $20 to $25 (10,000). 

Silicon Systems, 14351 Myford 
Rd, Tustin, CA 92680. Phone (800) 
624-8999; in CA, (714) 731-7110. 
FAX (714) 669-8814. 

Circle No. 366 

TIMING IS EVERYTHING 

CIRCLE NO. 19 
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High-Current Op Amp 
• 200-mA output capability 
• 700-MHz bandwidth 
Offering a combination of high out­
put current and high speed, the 
OPA654 op amp can deliver 200 mA 
into a 500 load ( ± lOV), and can 
slew to 750 V/µsec. The op amp also 
features a gain-bandwidth product 
to 700 MHz, a maximum settling 
time of 150 nsec to 0.1 %, and an 
input bias current of 50 pA. The 
device, which operates from ± 5 to 
± 18V supplies, uses external com­
pensation. This feature lets the user 
optimize the device's open-loop gain 
and phase characteristics to the de­
sired closed-loop gain, load, and dy­
namic characteristics. OPA654, in 
8-pin metal T0-3 package, $22.95; 
in 11-pin plastic SIP, $14.30 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (800) 548-
6132; in AZ, (602) 746-1111. BBS 
(602) 741-3978 (300/1200/2400 
8,N,1). Circle No. 367 

Caller-Identification IC 
• Identifies incoming phone 

numbers 
• Decodes FSK modem signals 
The SC11210 caller-identification 
IC supports the caller-number­
delivery feature in the switched 
telephone network. The chip re­
ceives and decodes FSK modem sig­
nals sent through telephone lines 
between the first and second rings. 
These signals transmit the caller's 
number to a user's premises while 
the phone is on hook. The CMOS 
device integrates a differential­
input buffer, a 4-pole bandpass fil-
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Sorensen 
World Class 
Customer 

Satisfaction 
From A 

World Class 
Company 

For almost half a century Sorensen has 
consistently established new bench­
marks for innovation and quality 
perfonnance In power supply manufac­
turing. Today, with facilities in both the 
U.S.A. and Scotland, - are competing 
among the best as a World Class Manu­
facturer. 

And at Sorensen every customer Is a 
world class customer. In all our efforts, 
no matter how big or small, - are com­
mitted to producing and delivering 
power supply products that nmet or ex­
ceed your expectations. 

I current sharing and 2-stage limiting. 
I Thousands of models available with 1 featuring: 

to 5 outputs and power levels of 500, 1 th h 5 2V sv 12V I 750, 1000, 1250, 1500 & 2000W. High • roug outputs: • • • 

I Po d I. b'l't . h' h k 15V, 18V, 24V, 28V, 36V, & 48V. 
wer an re 1a 11 Y in 19 pac ag- • Dual inputs (selectable) 90-130 Vac 

I ing density achieved through power or 180-260 vac (500W to 1250W); 
MOSFET design resulting in high 180-264Vac (1500W & 2kW). Op-

1 switching speeds, low noise and tional inputs available. 
I ease of filter!ng. Fast load response, • De inputs (-42 to -56 Vdc) on 500W, 

I 
even at low input voltages, absolute 750W & 1000W models. 

~-----------_:.:.witching Speeds to 144kHz. _ 

The DCS 3kW Serles pc7t\'9I' supplies 
designed to provide highly stable, 
continuously variable output voltage 
and current for a broad range of d&­
velopment, system and bum-In appli­
cations. The series currently is 
comprised of 3 models with Wlltage 
ranges from G-40Vdc to 0-80Vdc and 
current outputs from 0-37A to 0-75A. 

featuring: 
•200-250 Vac input Wlltage, 47-63 

Hz single or three phase~ 

5-YEAR 
WARRANTY! 

trols permit high resolution setting 
of the output voltage and current 
from zero to the rated output. 

• Optional internal PFC avallable. 
• Flexible output configuration: Multi­

ple units can be connected In paral­
lel or series to provide increased 
current or voltage. 

•Designed to meet UL 1950, CSA 
Electrical Bulletin CSA C22.2 #220. 
IEC 950, ICE 308 & VOE 0806 (se­
lected models). 

• Remote sensing protection stan-
dard on outputs V1 , V2 & V3. 

Plus many more features! 

FOR COMPLETE SPECIFICATIONS 
AND INFORMATION PLEASE 
FILL-IN REVERSE SIDE. 

• High frequency switching technol­
ogy allows high power density, pro­
viding increased power output In a 
small, light package. 

• Optional internal IEEE 488 interface 
for complete remote programming 
and readback capability. It begins with Total Quallty Mlln.ge­

"*11 which inllOlves everpie, at every 
llMll. And it includes the usa of Slatlstl­
cal Procas Control methods of data 
collection and analysis, state-of-the-art 
Autom8tlc 1a1lng Equipment to as­
sure exacting levels of performance. 
And Juel In Time production lets us re­
spond to your needs even on the short­
est of notice. 

•Ten tum voltage and current con­
"Maxmum output power must be llml\ed to 
2500 watts for single phase Input below 
220Vac. FOR COMPLETE SPECIFICATIONS AND INFORMATION PLEASE FILL-IN REVERSE SIDE. 

Regardless ot your power supply 
naeds, you 'H find that Sorensen is ready 
to ~ total quality and satisfaction. 

For more information and our ,_ cata­
log detailing our complete llne of power 
supply products call: 
lOLL-FREE 1-800-525-2024 I 
Sorensen I A..,... ••• CorTl*lY I 
5555 N. Elston Ave. I 
Chlcaao, IL 60630 I 
(312) 175-0843/Fax: (312) ns-7432 1 

I 

Incorporates features for stable, 
heavy duty operation, including par­
allel MOSFETs in a forward converter 
technology and overrated electrolytic 
capacitors. The KSA400 is designed 
for demanding service in computer 
and data processing equipment, as 
well as others needing multiple, ad­
justable outputs. Built to meet UL, 

CSA and TUV requirements, and 
provides EMI protection to FCC and 
VOE 0871 , level 1. 

put VS, 12-24V. 
• 300 W output 
(convection); 400W 

output (forced air cool­
ing). 

• 115/230 Vac selectable in­
puts, 47-63 Hz, single phase. 

• Overvoltage protection standard 
(V1 output). 

•Overload protection standard (all 
outputs). 

• Remote sensing standard (V1 out­
put). 

featuring: •Power fail standard. 
• 5 voltage ranges: Main output V1 , • Remote inhibit standard. 

5V: outputs V2, V3 & V4, 5-15V; out- Plus many more features! 

FOR COMPLETE SPECIFICATIONS AND INFORMATION PLEASE FILL-IN REVERSE SIDE. 
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shape up! 
\ 

The Lean, Mean 
Power Machines . .. 

the DCS and 
3kWDCS 

Series! 
Now, you can say good-bye to the unwanted 
pounds of oversized conventional power sup­
plies. Sorensen's 1 kW DCS and new 3kW 
DCS models offer a lean profile with heavy­
weight features. 

..... . . . . 
~- -

DCSmodel 

3kW DCS Model 

5-YEAR WARRANTY 
The DCS series 1 kW Programmable Switch­
mode power supplies are a lightweight, low 
cost solution to many DC requirements. New 
design provides excellent performance for a 
wide variety of applications and complies with 
FCC Part 15, subpart J, Class A, which clearly 
defines the limitations of conducted and radi­
ated noise. Choose from 9 models: 0-8 to 
0-600 Vdc. Standard features include remote 
programming , 10-turn V&I pots, indicator 
lamps (V, I, OVP, remote shutdown & remote/ 
local), On/Off switch (with resettable circuit 
breaker), 3.5 digit voltmeter on sense line, 3.5 
digit ammeter (green LED type). Optional IEEE 
488 plug~n programming PC card. Line & load 
regulation: 0.1%; Ripple: 10-100 mV mis. Dual 
selectable input: 100-132/200-264 Vac, 47-63 
Hz, 1 phase. 

FREE 
Sorensen 

Power 
Supply 
Catalog 

and Product 
Ordering 

Information. 
Receive our latest Power Specifier Catalog 
featuring: 
•Over 40,000 Model Selections 
• Detailed Dimensional Drawings 
• 8 New Product Lines 
•Complete Specification Tables 

Plus much more . . . 

Complete Engineering Assistance: 
In addition to offering a comprehensive line of 
standard "off-the-shelf" power sources, 
Sorensen's engineering department is always 
pleased to discuss special power supply prob­
lems, fully integrated power systems or modifi­
cations to standard units to meet your 
requirements. 

For More Information Call: 

TOLL-FREE 1-800-525-2024 
or Fax: (312) 775-7432 

Sorensen 
A Raytheon Company 
5555 N. Elston Ave. 
Chicago, IL 60630 
(312) 775-0843/Fax: (312) 775-7432 



ter, an FSK demodulator, a user­
selectable energy-detect circuit, 
and a clock generator. Depending 
on the setting of the energy-detect 
circuit, the IC will either pass or 
block the data from the FSK mo­
dem. The IC accepts a 3.57-MHz 
clock and uses it to generate the 
internal timing. The IC comes in 
an 8-pin package. The 14-pin device 
provides support for power-down 
and call-progress detect functions 
and has four energy-detect levels. 
Approximately $2 (10,000). 

Sierra Semiconductor, 2075 N 
Capitol Ave, San Jose, CA 95132. 
Phone (408) 263-9300. FAX (408) 
263-3337. Circle No. 368 

Pro-Logic Dolby 
Surround-Sound Decoder 
• Features autobalance function 
• Includes center-mode control 
The SSM-2125 combines all the core 
functions of a complete Dolby Pro­
Logic surround-sound decoder on a 
single chip. The first to integrate 
an autobalance function, the device 
also includes an active decoding ma­
trix, center-mode control, and a 
noise generator. Autobalance pro­
vides dynamic correction of left­
right input signal-level imbalance, 
eliminating the need for manual ad­
justments. According to the com­
pany, the on-chip auto balance func­
tion replaces as many as 24 active 
and passive components. In all, the 
decoder integrates 30 op amps, 10 
voltage-controlled amplifiers, a con-
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INTEGRATED CIRCUITS 

veyor amplifier, two dual-output 
rectifiers, two log-difference ampli­
fiers, comparators, random logic, 
and a digital noise source. A user­
selectable bypass mode provides a 
2-channel signal path without the 
need for external relays. Thin-film 
resistors and laser trimming elimi­
nate the need for external gain and 

offset trimming. The decoder's 100-
dB dynamic range and 0.015% THD 
provide an 18-bit equivalent per­
formance. The decoder comes in a 
48-pin plastic DIP. From $15 (100). 

Analog Devices Inc, Precision 
Monolithics Div, 1500 Space Park 
Dr, Santa Clara, CA 95052. Phone 
(408) 562-7513. Circle No. 369 

WITH SYNCHRONOUS OPTICAL DETECTION. 
Hamamatsu's new 53599 Modulated Photo IC rejects 
background light up to 10,000 lux (5,000 minimum) 
without even squinting. That makes it ideal for 
component environments found in office equipment, 
industrial control equipment or anywhere photo 
switches are used. 

You'll see the light with Hamamatsu's famous 
quality. For quantity pricing, call 908-231-0960 or FAX 
908-231-1539 today. 

HAMAMATSU 
HAMAMATSU CORPORATION • 360 FOOTHILL ROAD, P. 0. BOX 6910, BRIDGEWATER, NJ 08807 • PHONE: 908/231-0960 

International Offices in Major Countries of Europe and Asia 

CIRCLE NO. 27 
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NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

Analog 1/0 Subsystem 
For Workstations 
• Records, replays, and allows 

graphical editing of data 
• Handles two 14-bit inputs and 

14-bit output at once 
Desklab, a 14-bit analog input/ 
output subsystem (two inputs, one 
output) connects to Unix- and VMS­
based workstations via a SCSI in­
terface. To the workstation, the 
subsystem appears to be a disk 
drive. The system records, replays, 
and permits editing and analysis of 
real-time data. You can access ap­
plication-development tools from 
the command line, from shell 
scripts, or via program calls to a 
C-language function library. Appli­
cation programs (for example those 
for speech recognition) can also ac­
cess the subsystem. The system in­
cludes a microphone input, 16 digi­
tal I/O lines, and two RS-232C ports 

that operate to 38.4k bps. The sys­
tem can include an optional l.44M­
byte MS-DOS-compatible floppy­
disk drive and 45M-byte hard disk. 
$5500. 

Gradient Technology Inc, 95B 
Connecticut Dr, Burlington, NJ 
08016. Phone (609) 387-8688. FAX 
(609) 387-5001. Circle No. 374 

Development-Tool Set 
For Am29000 
• Has debugger interface, 

compiler, and downloader 
• Execution board can include 

32M bytes of memory 
The Nice-29K is a set of software 
and hardware development and de­
bugging tools for code written to 
run on Advanced Micro Devices' 
AM29000 RISC µP. The tools work 
with IBM PC/ ATs and compatible 
machines. Included in the tool set 

are a native compiler, an interface 
to Microtec Research's Xray29K de­
bugger, and a high-speed download 
facility. The hardware portion of 
the tool set is a 33-MHz execution 
board that can contain as much as 
32M bytes of RAM. With these 
tools, the typical duration of a com­

---------------------------~ pile/download cycle for a moder­
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CUSTOM 
THICK FILM 
NETWORKS 

DZ 111 112 

Fast turnaround on U.S. made DIPs and coated/ 
molded SIPs. • Unlimited schematics combining 
resistors, inductors, capacitors and diodes. • Complete 
capabilities from design through production. • Lead 
lengths up to 0.290''. •Special performance ranges, 
plus production and testing to M83401 levels. 

Call or Fax your requirements to: 
DALE ELECTRONICS, INC. 
Techno Division 
7803 Lemona Avenue 
Van Nuys, CA 91405-1139 

A COMPANY OF 

1 1111110-

TECHNO 

T 
Phone (818) 781-1642 •FAX (818) 781-8647 

CIRCLE NO. 31 

ately large C program is 2112 min­
utes. Tool set, $11,600; evaluation 
board, $4995. 

Step Engineering, Box 3166, 
Sunnyvale, CA 94088. Phone (800) 
538-1750; in CA, (408) 733-7837. 
FAX (408) 773-1073. 

Circle No. 375 

C-Size VXlbus 1/0 Modules 
• 16-bit ADC takes 

200k samples/sec 
• Simultaneous SIH circuit has 

16 channels 
The DBS 8700 is an 8-channel, 16-
bit AID conversion module that 
takes 200,000 samples/sec. The 
DBS 8710 is a 16-channel simultane-

EDN April 25, 1991 



TEST & MEASUREMENT INSTRUMENTS 

ous sample/hold board compatible 
with the ADC. It maintains time 
correlation between channels to 
± 200 psec. The DBS 8720 is a 32-
channel multiplexer also compatible 
with the ADC. Each of the three 
modules is a C-size plug-in for the 
VXlbus. The ADC board includes 

Evaluation Board For DSP 
Analog 1/0 Components 
•Includes ADC, DAC, clock, and 

trigger generators 
• Connects to the vendor's DSP 

boards 
The DEM-DSP102/202 evaluation 
board helps you evaluate and test 

t he vendor's DSP-processor-com­
patible 110 components. It contains 
a socketed, 2-channel, 18-bit, 200k­
sample/sec AID converter (the ven­
dor's DSP102JP); a socketed, 2-
channel , 18-bit, 500k-sample/sec 
DIA converter (the DSP202JP); sam­
ple-rate and bit-clock generators; 

an instrumentation amplifier whose ~-------------------------­
software-programmable gain can be 
changed on a channel-by-channel 
basis. The board also incorporates 
a sequence controller that permits 
continuous data acquisition without 
host intervention. Onboard RAM 
stores scan sequences that include 
gain and sample rate for each _chan­
nel. DBS 8700, $4000; DBS 8710, 
$3900; DBS 8720, $1295. Delivery, 
six to eight weeks ARO. 

Analogic Corp, 8 Centennial Dr, 
Peabody, MA 01961. Phone (508) 
977-3000. FAX (508) 532-6097. TLX 
6817144. Circle No. 376 

Icon-Based 
Test-Development Software 
• Provides graphical prompts to 

operators 
• Includes Dispatch and E xecute 

icons 
Wavetest, an icon-based software 
package, facilitates development of 
programs for control of data acquisi­
tion and testing. Version 3.0 offers 
these features: The Dispatch icon 
performs case selection for control 
of program flow, and the Execute 
icon lets you run other programs 
from within Wavetest. You can cre­
ate graphical prompts to aid test 
operators in connecting to the unit 
under test or to guide them through 
fault diagnosis. Possible graphical 
prompts are schematics, block dia­
grams, and pictures. Version 3.0 
runs under MS Windows 3.0. 
Wavetest 3.0, $1495; Version 2.6 
users' upgrade, $495. 

Wavetek San Diego Inc, 9045 
Balboa Ave, San Diego, CA 92123. 
Phone (800) 874-4835; in CA, (619) 
279-2200. Circle No. 377 
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At Ohmite, we know that your requirements extend well beyond the 
need for a functional product. 

Total reliability. On-time delivery. Availability. Quality. State-of-the-art 
manufacturing. Responsiveness. These are the elements of success you 
purchase whenever you specify Ohmite wirewound resistors and electronic 
components. 

Since 1925, we've been a supplier you can rely on totally. We're 
committed to being progressive, viable, and competitive for many 
decades ahead. 

Our new bar coding system assures greater efficiency and improved 
inventory control, while advancing our order tracking capability. Product 
development is a priority, with new power and surface mount resistors 
now available. 

Find out more about our broad product offering and reliable service. 
Contact Ohmite Manufacturing Company, 3601 Howard Street, Skokie, IL (ifJ76. 
Fax: 708-675-1505. Telephone: 708-675-2{J(X). 

OHNllTE. 
A Tradition of Reliability 

CIRCLE NO. 26 
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TEST & MEASUREMENT INSTRUMENTS 

digital I/O interfaces; removable 20-
kHz, 6-pole, lowpass filters; and a 
prototyping area. The board is com­
patible with the vendor's ZPB34 
and ZPB3212 DSP boards. $375. 

16-Bit Analog 1/0 Card 
• Includes eight analog inputs and 

two analog outputs 
• Has three timers and four digital 

110 lines 
Burr-Brown Corp, Box 11400, 

Tucson, AZ 85734. Phone (800) 548-
6132; in AZ, (602) 746-1111. FAX 
(602) 889-1510. Circle No. 378 

The DAQ-16 1-card, 16-bit data­
acquisition system runs on IBM PC/ 
ATs and compatible computers. 
The board includes eight overvolt-

The SR640, SR645 and SR650 
offer unique combinations of filter 
specifications, preamplifier performance, 
and programmability at a price far less 
than other instruments. Featuring two fully 
independent 8-pole, 6-zero elliptic filters 
with less than 0.1 dB p-p passband ripple 
and 115 dB/octave rolloff, these filters are 
ideal for general purpose signal 
processing as well as anti-aliasing for 
digital signal processing systems. 

The GPIB and RS232 interfaces allow 
complete control of all instrument settings 
via computer. The microprocessor 
components are optically isolated from the 
filter sections to provide optimum noise 
performance. 

Whether your needs are for laboratory 
benchtop filters or signal conditioning 
filters in data acquisition systems, the 
SR640, SR645 and SR650 are the natural 
choices. 

SR640,SR645,SR650 

1 Hz to 100 kHz cutoff 
frequency 

3 digit frequency 
resolution 

0.1 dB passband ripple 
115 dB/octave rolloff 
80 dB stopband 

attenuation 
4 nV/./Hz input noise 
± 0.5° phase match at fc 
60 dB prefilter gain 
20 dB postfilter gain 
GPIB, RS232 interfaces 

standard 

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

CIRCLE NO. 28 

age-protected analog-input chan­
nels, two analog outputs, four digi­
tal I/O lines, and three 16-bit inter­
val-counter/timers to control sam­
pling of data. The ADC's maximum 
sampling rate is lOOk samples/sec. 
$1395; 50k sample/sec unit, $1295. 

Quatech Inc, 662 Wolf Ledges, 
Akron OH 44311. Phone (216) 434-
3154. FAX (216) 434-1409. 

Circle No. 379 

Logic-Analyzer 
Support Package For i486 
• Displays disassembly in 

swndard mnemonics 
• Allows replacement of addresses 

with symbols 
The 80486 Map (µP-analysis pack­
age) adapts the vendor's Clas 4000 
logic-analysis system to work with 
Intel's i486 32-bit µP. The adapter 
will support µP operation to 50 
MHz. Among the package's func­
tions are a display of disassemblies 
in Intel standard mnemonics and re­
placement of addresses with sym­
bols. Included in the package is 
a probe board that measures 
1. 75 x 5.3 x 0. 75 in. The board fits 
between the µP's 179-pin package 
and the chip's socket in the target 
system. To permit use of the board 
where components are close to the 
µP socket, the package includes a 
zero-insertion-force socket. $2950. 

Biomation Inc, 19050 Pruneridge 
Ave, Cupertino, CA 95014. Phone 
(800) 538-9320; in CA, (408) 988-
6800. FAX (408) 988-1647. 

Circle No. 380 
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THIS MAN WAS unluippy. THEN HE BOUGHT AN EMULATOR 

AND NOW HE'S miserable. Funnily ENOUGH WE CAN SEE WHY. 
• IF THIS MAN HAD CHOSEN ORION'S UniLab ™ 8620, HAVE TAKEN HIM FROM START TO FINISH IN NO TIME. 

HE WOULD HAVE GOTTEN AN EASY-TO-USE, AFFORDABLE THANKS IN PART TO THE MANY FEATURES WE OFFER. 

DEBUGGING TOOL THAT WORKS WONDERS ON OVER 170 • INSTEAD OF PHONING THE OTHER EMULATOR 

DIFFERENT PROCESSORS. COMPANY TO GIVE THEM A PIECE OF HIS MIND, THIS 

INSTEAD HE CHOSE ANOTHER COMPANY'S EMULATOR. MAN WOULD HAVE PEACE OF MIND. 

A MORE EXPENSIVE ONE. AN EMULATOR WITH EVEN MORE BECAUSE THE UniLab 8620 IS BACKED BY 11 YEARS 

BUGS THAN HIS OWN DESIGN. OF ORION EMULATION EXPERIENCE. AND COMPLETE 

THE WHOLE SITUATION MAKES HIM WISH HE'D LISTENED SERVICE AND SUPPORT. 

TO HIS MOTHER AND GONE TO LAW SCHOOL. • SO DON'T MAKE THE SAME MISTAKE THIS MAN DID. 

BUT MORE THAN ANYTHING ELSE, IT MAKES HIM WISH CALL ORION NOW AND ASK ABOUT OUR RISK-FREE EVAL-

THERE WAS SOME WAY, SOMEHOW, TO GET OUT OF THIS UATION PROGRAM. WITH MORE EMULATION FOR LESS, 

JAM WITHOUT SPENDING A FORTUNE OR WORKING 

ENOUGH OVERTIME TO RUIN HIS MARRIAGE. 

• THIS IS WHERE THE UniLab 8620 ANALYZER­

EMULATOR SHOULD HAVE ENTERED THE PICTURE. 

IT'S A POWERFUL DEVELOPMENT SYSTEM THAT WOULD 

YOU 'RE CERTAIN TO FIND 

HAPPY HUNTING WHILE 

SEARCHING FOR THOSE 

MISERABLE BUGS. 

...=.. =. • ...=.. ~=® ---.--------__ _.. ___ _ 
- ~ _....... - - ~ --­~ - - -~---~ --- ~ --
INSTRUMENTS 

Q /991 Orion lnstn1.ments, Inc., 180 Independence Drivt, 
• 1-800-729-7700 Menlo Park, CA 94025, USA . All rights reserved. 

For the name of your nearest distributor outside of the U. S . call Orion at + 1-415-327-8800 or FAX us at + 1-415-327-9881 . 
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TRANSMI SSION LINES 
As technology advances. ICs are running 
faster and printed circuit boards are 
becoming more densely populated and 
complex. Signal Integrity Is at question. 
Packaging must be considered to get an 
accurate assessment of the design feaslblll¥ 
The combination of Meta-Software's HSPICE 
optimizing circuit simulator and HsadWn::ed 
modeling capabllltles provide consistent, 
accurate and reliable results. 

Meta-Software's transmission line model 
Is fully functional for transient, DC, AC., 
optimization and Monte Corio analysls. 
HSPICE transmission lines exhibit reslsltve 
loss, time delays and reflections.A compact 
model allows thousands of transmission 
lines In a single circuit simulation. 

The HSPICE transmission line model Includes: 

• 1, 2 and 3 conductor coupled 
mlcro-strip/strtpllne for PCB use 
coaxial cable 

• twln-ledd 

Models are calculated using advanced 
look-up table techniques for board/hybrid 
and LSI appllcatlons. /llxuracy Is maintained 
over frequency or time by dynamically 
synthesizing equivalent clrculls as a function 
oftranslentttmestepormaximum~ 

Key appllcatlons Include high frequency 
backplane design, silicon and GaAs 
substrate transmission llne effects, IC 
packaging and printed circuit board signal 
analysis. 

Contact Meta-Software today for more 
Information on HSPICE-The Circuit Design 
Advantage! 

TH•ClllCUrt ...... AOVANTAG•I 
1300 White Oakl Rct•~ll. CA• 95008 
Tel. (408) 311-6100 • TGN Free (800) 346-5953 
FAX (408) 371-8638 •Telex 910-350-4928 



NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

SCSI Controller Board 
• Has an option for adding 

a disk cache 
• Supports the enhanced 

AT-attachment protocol 
The Smartcache Plus is a SCSI 
disk-drive controller board for ISA 
bus computers. It has an emulation 
mode for controlling one SCSI-2 or 
two SCSI-1 disk drives or two 
floppy-disk drives without the need 
for special-device drivers or BIOS 
ROMs. An optional cache module 
converts the board to a caching con­
troller. The module provides from 
512k to 16M bytes of cache RAM. 
Access time using the cache RAM 
is <0.5 msec. Using its enhanced 
AT attachment protocol, the board 
becomes a bus master, allowing it 
to overlap commands, scatter and 
gather data, and queue commands. 
Features include a 68000 µP, a 16-
bit SCSI controller chip, and sev­
eral ASICs. Controller board, $595; 
cache module with 512k bytes of 
RAM, $555. 

Distributed Processing Technol­
ogy, 140 Candace Dr, Maitland, FL 
32751. Phone (407) 830-5522. FAX 
(407) 260-5366. Circle No. 370 

EISA Bus Computer 
• Has 33-MHz 80486 µP and 

eight 32-bit slots 
• Options include SCSI-2 bus 

master adapter board 
The Vectra 486/33T PC, an en­
hanced version of the company's 
Vectra 486 PC, is an EISA bus com-

EDN April 25, 1991 

puter. It has a 33-MHz 80486 µP 
and eight 32-bit expansion slots. 
The computer supports more than 
200 LAN users or 100 terminals on 
a Unix system. The unit's custom 
memory controller handles burst 
mode and a 128k-byte external­
cache memory. Its 4M bytes of zero­
wait-state memory is expandable to 
64M bytes. Other features include 
a Weitek 4167 coprocessor socket; 
two serial ports; one parallel port; 
and hard- and floppy-disk control­
lers. Options include a 440M-, 
670M-, or a lG-byte SCSI-2 disk 
drive. A bus-master SCSI-2 
adapter board is optional. The com­
puter has certification to run Nov­
ell's N etware and Banyan's net­
work software. It runs on SCO 
Unix, MS-DOS, and MS-OS/2 oper­
ating systems. Vectra 485/33T with 
4M bytes of RAM and no hard-disk 
drive, $9499. 

Hewlett-Packard Co, 300 Han­
over St, Palo Alto, CA 94304. 
Phone local office. Circle No. 371 

3-D Graphics Controllers 
• Feature 1280x1024-bit 

resolution and a 16-bit Z buffer 
• Incorporate VCAD 3-D graphics 

engine 
The Animator and the Shader 3-D 
graphics controllers for IBM PCs 
and compatible computers have 
1280 x 1024-bit resolution. They 
also feature the company's VCAD 
3-D graphics engine, a TI graphics 
processor, a 25M-flops Mathboost­
er, and a 16-bit Z-buffer for real­
time display of 3-D images. In <6 
sec, the Shader draws the rotated 
crank, a common 3-D test file. The 
boards can draw more than 22,000 
3-D shaded triangles/sec and can 
display as many as 16. 7M simulta­
neous colors. The Animator has 
dual-frame buffers, allowing the 
board to construct an image in one 
buffer while displaying a completed 

image in the other frame. Both 
boards provide realistic images 
with color gradation and without 
banding. Shader, X/Series Model 
3D-S, $5995; Animator, X/Series 
3D-A, $6995. 

Vermont Microsystems Inc, 11 
Tigan St, Winooski, VT 05404. 
Phone (800) 354-0055; in VT, (802) 
655-2860. Circle No. 372 

Data-Compression Module 
• Compresses data for SCSI 

tape drives 
• Achieves compression ratios 

from 2:1 to 5:1 
The MSB-8400 Squeezebox stand­
alone data-compression module 
compresses data from a host com­
puter to a SCSI tape-backup drive. 
It features Centronics D-type input 
and output connectors. A high­
speed VLSI chip implements a pro­
prietary compression algorithm. 
Because hardware accomplishes the 
data compression, the unit doesn't 
require any modifications to the op­
erating system, utilities, or disk 
drives. The module achieves com­
pression ratios from 2:1 to 5:1 on 
8- and 4-mm tape drives. The 8-mm 
tape drive attains a capacity of lOG 
bytes. The same drive also achieves 
a data-transfer rate as fast as 1230k 
bytes/sec, which is equivalent to a 
throughput of 73M bytes/minute. 
The unit measures 8.1x2.5 x 6.3 in. 
and requires a 110 or 220V ac power 
source. $1750. 

Megatape Corp, Box 317, Du­
arte, CA 91010. Phone (818) 357-
9921. FAX (818) 357-2369. 

Circle No. 373 
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Brochure Features 
EMC Systems 
The brochure, Total Solution to 
Your EMC Problems, discusses the 
R2500 Series EMC evaluation/ 
measurement systems. It presents 
an evaluation of various EMC coun­
termeasures and measurement lev­
els. After examining various testing 
situations for a particular applica­
tion, including counter measures, 
noise terminal voltage measure­
ment, and shield-material evalu­
ation, the publication recommends 
the optimal R2500 system from 
the company's 11 configurations. 
Charts and graphs complete the 
booklet. 

Advantest America Inc, 300 
Knightsbridge Pkwy, Lincolnshire, 
IL 60069. Circle No. 381 

Catalog Presents 
VXI Products 
Catalog 5091-0223EUS, HP 75000 
Family of VXI Products, contains 
the manufacturer's entire line of 
VXI products, including the latest 
digitizing oscilloscope and universal 
counter. The text presents the sys­
tem approach to VXIbus instru­
mentation. It also provides product 
descriptions, specifications, illustra­
tions, and ordering information. 
The book focuses on three catego­
ries: software, an interactive test 
generator; firmware, standard com­
mands for programmable instru­
mentation; and hardware , main-
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frame series Band C, DMMs, oscil­
loscopes, power meters, counters, 
sources, switches, interfaces, com­
puters, and development tools. 

Hewlett-Packard Co, Box 10301, 
Palo Alto, CA 94303. 

Circle No. 382 

Study Focuses On 
Pick/Unix Impact 
This publication is an "executive 
summary" of the 1991 IDBMA (In­
ternational Database Management 
Association) Pick Industry-Impact 
Study. It contains information for 
the Pick and Unix markets and dis­
cusses the merge of the Pick busi­
ness-applications software market 
with the Unix mainstream. The 
100-pg document discusses how the 
mainstream has chosen Pick, and it 
elaborates on promises and realities 
of the market. 

IDBMA Inc World Headquar­
ters, 10675 Treena St, Suite 103, 
San Diego, CA 92131. 
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Troubleshooting 
Approach To Test Sensors 
This 4-color poster, Troubleshooting 
Electronic Components, provides 
a well-illustrated, troubleshooting 
approach for testing automotive 
engine sensors and actuators, using 
a digital multimeter. The chart pre­
sents testing of oxygen sensors, 
manifold absolute-pressure sensors, 
mass-air-flow sensors , cam and 
crankshaft position sensors, fuel­
injection systems, the feedback 
carburetor, idle air-control motors, 
temperature sensors, and throttle­
po si tion sensors. Also included 
is a step-by-step diagnosis of 
a real-life automobile electrical 
problem. The poster features the 
88 automotive meter as the 
diagnostic tool used in the exam­
ples. 

John Fluke Mfg Co Inc, Box 
9090, Everett, WA 98206. 
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Noting Semiautomatic AC 
Verification Of Calibrator 
This application note explains how 
to semiautomate the calibration and 
verification of high-accuracy ac cali­
brators. The method described is a 
system solution, using a multirange 
ac/dc thermal transfer standard, the 
792A, in conjunction with Met/Cal 
calibration software. After describ­
ing the calibration system, the note 
discusses how to implement the sys­
tem, what the transfer standard 
linearity requirements are, how to 
determine delay times, how to ver­
ify software, and the final results. 

John Fluke Mfg Co Inc, Box 
9090, Everett, WA 98206. 

Circle No. 385 

Publication Discusses 
PC Instrumentation 
The 72-pg catalog, PC Instrumen­
tation f or the 90s, describes the ven­
dor's line of PC-based data-acqui­
si tion boards, software , ADCs, 
DACs, and solid-state relay control­
lers. It provides specifications, pho­
tographs, and schematics. A selec­
tion guide and an appendix com­
plete the publication. 

United Electronics Industries, 
10 Dexter Ave , Watertown, MA 
02172. Circle No. 386 
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End the connector 
• compromise ... 

Only Hypertronics ends the compromise in multi-pin 
connectors for disk drive, plug in memory, and other 
high cycle life applications ... by combining low insertion 
force contacts with high cycle life reliability ... and 
electrical characteristics that improve with use. 

Now you can have it all .. . in signal connectors for 
equipment requiring up to 490 contacts. End the 
connector compromise by calling 1-800-225-9228, 
toll free. 

Our KA Series family provides 17 to 490 LIF contacts 
with optional terminals for flow solder, crimp, solder cup, 
wire wrap and surface mount use. The contact system is 
rated at 3 amperes per line at less than 5 milliohms over 
a mechanical life in excess of 100,000 cycles. 

HYPERTAC®: Inserting pin into hyperboloid sleeve. 

The Inherent wiping action of each Hypertronics 
contact maintains electrical continuity under corrosive 
conditions and extremes of shock and vibration. Some 
models are QPL.:d to 055302. 

HYPERTRONICS CORPORATION 
" New Horizons in Connectors" 

16 Brent Drive, Hudson, MA 01749 (508) 568-0451 FAX (508) 568-0680 
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ED N's 
CHARTER 
EDN is written for profes­
sionals in the worldwide elec­
tronics industry who design , 
or manage the design of, 
products ranging from cir­
cuits to systems. 

EDN provides accurate, de­
tailed, and useful information 
about new technologies, 
products, design techniques, 
and careers . 

EDN covers new and devel­
oping technologies to inform 
its readers of practical de­
sign matters that will be of 
concern to them at once or 
in the near future. 

EDN covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough de­
tail to permit practical 
application 

• for which accurate price 
information is available. 

EDN's Magazine Edition 
also provides specific "how 
to" design information that 
its readers can use imme­
diately. From time to time, 
EDN's technical editors un­
dertake special "hands on" 
engineering projects that 
demonstrate EDN's commit­
ment to readers' needs for 
useful design information. 

EDN's News Edition also 
provides comprehensive 
analysis and news of tech­
nology, products, careers , 
and distribution. 

275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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Here's where the barricades 
start to come down in the 

mixed signal revolution. 
North American Locations & Dates 
Cedar Rapids, IA Saddlebrook, NJ Woodland Hills, CA Toronto, Canada Bloomington, MN 
March 18 April2 April 11 Mayl3 May22 
Cleveland, OH Westchester, NY San Diego, CA Santa Clara, CA Houston, TX 
March 19 April3 April 12 Mayl4 May23 
Pittsburgh, PA Smithtown, NY McLean, VA Pleasanton, CA Dallas, TX 
March20 April4 May6 Mayl5 May24 
Atlanta, GA Cromwell, CT Baltimore, MD Bellevue, WA Phoenix, AZ 
March 25 April 5 May7 Mayl6 May28 
Clearwater, FL Santa Clara, CA Cherry Hill, NJ Beaverton, OR Denver, CO 
March26 April8 May8 Mayl7 May29 
Orlando, FL Costa Mesa, CA Fort Washington, PA Woburn, MA Arlington Heights, IL 
March27 April9 May9 May20 May30 
Huntsville, AL Los Angeles, CA Raleigh, NC Montreal, Canada Rochester, NY 
March28 April 10 MaylO May21 May31 
Waltham, MA 
April 1 
Also at 24 locations in Europe and the Far East. 

MIXED·SIGNAL 
DESIGN SEMINAR 

With the revolution in mixed signal technology, digital designers now need to know 
about analog. And the analog guys can no longer turn their backs on digital. 

Mixed signal technology is the only way to smash the barriers to higher levels of sys­
tem integration, better performance, and faster time to market. And it accomplishes 
these difficult tasks by combining both signals on a single chip. 

Which is why designers from both camps should attend our Mixed Signal Design 
Seminar. A comprehensive full-day tutorial that covers everything from digital signal 
processing and sampled data systems to sigma delta converters, techniques for 
building a better board, and much more. 

The mixed signal revolution has started, so make sure nothing stops you from attend-
ing this seminar. T? reserve.Your space, return the ~ ANALOG 
coupon. For more mformat10n or to charge your DEVICES 

ticket, call (617) 937-1430 or (800) 262-5643. 

,------------------- --, 
I The Mixed Signal Design Seminar from Analog Devices. I 
I I want to be part of the revolution, so don't start the Mixed Signal Design Seminar without me. I 
I Name I 
I Title I 
I Company I 
I Address I 
I City State Zip I 
I I'd like to attend in the following City: Date: I 

I 
Please include a check for $20 payable to: Analog Devices. Return to: Analog Devices, Mixed I 
Signal Design Seminar, 181 Ballardvale St., Wilmington, MA 01887. EDN042591 

LFor~information,or tocharge~ur ticket,c~l7)937-1430or (800)262-5643_. -~ 
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Bmshless 
DC motors 
from Lamb 

haveanived 

218 

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 a high torque to inertia 
ratio for the superior stop/start 
capability required in today's 
high tech applications. They 
also minimize the problems of 
ripple torque, cogging effects, 
or demagnetization by high 
currents by utilizing cost­
effective rare earth magnets. 

CIRCLE NO. 118 

Only 2" or 3.2" in diameter, 
these motors have stall torque 
ratings up to 84 oz-in for 
applications including tape 
cartridge drives, medical 
instruments, robots, pumps, 
compressors, or machine 
tools. 

AMETEK, Lamb Electric 
Division, 627 Lake Street, Kent, 
OH 44240. Tel : 216-673-3451. 
Fax: 216-673-8994. In Europe, 
Friedrichstrasse 24, 6200 
Wiesbaden, Germany. 
Tel: 611-370031. 
Fax: 611-370033. 

ETEK 
LAMB ELECTRIC DIVISION 

EDN April 25, 1991 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

VOLTAGE SELECTABLE 
INTERNATIONAL SYSTEM 

Z-UNE TPC 884 

The TPC, a voltage-eelectable power distrib ution 
and control system, can have either 120 or 240 
volt input a nd output. Designed with IEC·, UL·, 
CSA- and VOE- a pproved components, operating 
up to 16 amps in Europe and 20 amps in North 
America. Size: 19.0 " x 1.75" x 7.0 " . DU/RR 
filtering, 11pike/ •urge •uppreesion and overload 
curcuit breaker protection are standard. Remote 
on/off 19 optional. 

Pulizzi Engineering, Inc. 
3260 S. Susan St., 

Santa Ana, CA 92714 
714/540-4229 FAX: 714/641-9062 

CIRCLE NO. 325 

Small But Mighty 
High Level Language and Math Library 

On a Tiny 1/0-Rich Microcontroller 
• 44 1/0 Lines 
• Floating Point Math 
• Multitasking 68HC11 
• 64K ROM, 128K RAM 
• Resident Debugger 

All the software you need for data acquisition, 
contro l, and instrumentation: high level FORTH 
language, assembler, debugger, multitasker, 
and extensive matrix math library including FFT 
and equation solution - all on the board. 

Low power l/O·rich hardware: a AID, 24 digital 
and B timer-controlled 110 lines, 2 serial links, 
128K battery-backed RAM, only 300 mW, 3'X4' . 

QED Board and OEM versions are available now. 

Mosaic Industr ies Inc. 415/790-1255 
5437 Central Ave., Suite 1, Newark, CA 94560 

**** " The Best 8051 Emulator " 

.>$ . 
8051 
PC based emulators for the 8051 family 
8031, IOJ2, 8051, I052 , IOC152/15413211451f4SV51FAl51GBl51 5/517/SJ 5/5371 
5521515 215521151, 80532, 13C45t/5521152f751n521151, 1344, 17C451f552f75 11 
752, 1751 , 1752, 0 55000 + CMOS mof'9, 

• PC plug·m boards or RS-232 box . 
• Up to 30 MHz real-time emulation. 
• Full Source-level Debugger w/complete C-vanable support . 
• 48 bit wide, 16K deep trace. with ··source line trace." 
• " Bond-out" pods for 8051 , 83C552. 83C451. 83C652, 

83C751, 80C515/80C517, 83C752. 

Prices: 32K Emulator 8031 $1790; 4K Trace $1495" 

CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo VIDEO 

nDHau 51 E. Campbell Avenue 
Campbell, CA 95008 
FAX (408) 378-7869 

CORPORATION (408) 866-1820 
·usoniv 
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PRINTERS WITH IMPACT 
Citizen dot matrix impact printer mechanisms provide 
for the perfect low-cost solution for point-of-sale, data 
logging, etc. Avail. in 23, 28 or 40 columns, serial or 
parallel, w/sprocket feed , auto-cutter & journal winder 
options. Fast (120 cps) & reliable (over 50 million char. 
head life) . Also avail. in stand-alone versions. 
MELFESS FIVE, INC. 
12304 Santa Monica Blvd ., #121 , Los Angeles 
CA 90025, 800/533-2297 

Programmer, PLD Compiler, 
Schematic, UV Eraser; $595 

Gang. Set. Development 
EPROMs. EPLDs. GALs. Micros 
ProPack™ Development System: 
Get a jump on your projects with a completeCAE 
Programming system tool kit for less than any import! 
All backed by Logical's good reputation for support 
and service. Includes Husky Universal Programmer, 
CUPL Starter Kit, Schema Quick, Palm-Erase, and a 
$350.00 factory rebate coupon, plus our one ye 
warrant . 

l-soo331.1166 LOGICAL 
or D•V•C••. INC. 

305 974 0967 1201N.W.651h Place Fl. Lauderdale FL 33309 

CIRCLE NO. 327 

Elegant, concise, fast & standardized 

A...C>ATING PC>INT 
libraries for embedded appllcatlons 

Based on the IEEE 754 standard. FPAC (32 bit) 
and DPAC (64 bit) libraries are mature. well 
documented. and fully tested. The libraries are 
fully ROMable and include the following: 

• Basic Operations • ASCII Conversion 
• Square Root • Integer Conversion 
• Trigonometric • Logarithmic 

U S Software supports most Intel. Motorola. 
Zilog and Hitachi micros. includ ing BOX86. 
80386. 680XO. 80960. 8051 . 8096. 68HC11 . ZBO. 
6809 and 6301 . 

For additional information, please contact: 

,, U S SOFTWARE 
United States Software Corporation 
14215 ~Science Park Drive 
Portland, Oregon 972~ 
800-356-7097 
503-641 -8446 
503-644-2413 (FAX) 

CIRCLE NO. 328 CIRCLE NO. 329 CIRCLE NO. 330 
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VHDL for PCs 
IEEE Std 1076 VHDL Compiler, 
Simulator & Source Debugger. 
Perform full Digital Simulation, 
Single Step, Breakpoints, Set & 
Change VHDL variables. 

V-System/PC $495 
Ideal for education & design. Requires 
IBM comp. PC/XT/ATwith 640K mem., 
hard disk, Hercules/CGNEGA/VGA, 
mouse, DOS 3.0 or later, floppy drive. 

V-System/Windows $1495 
To handle larger designs, Requires M-S 
Windows 3.0, IBM comp. ATs & 386 PCs 
with 2M memory (min), hard disk, mouse, 
DOS 3.0 or later, floppy drive. 

Model Technology Inc. 
15455 N .W. Greenbrier Parkway 
Suite 210, Beaverton, OR 97006 

Tel (503) 690-6838 Fax (503) 690-2093 
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Little Giant™ 
New? Tiny Giant™ 

C Programmable Controllers 
We have miniature 
controllers with 
parallel 1/0 , solen­
oid drivers, A/D 
and DIA convert­
ers, clock, watch-
dog, LCD inter- $159 
face, RS485 serial , (Tiny Giant 
built -i n power Digital . qty. 1) 

supply and much more! Use them to control 
anything. Our$195 interactive Dynamic C'" devel­
opment system makes sottwaredevelopment easy. 
These units have high performance and serious 
sottware support. We also have design-your-own­
board core modules as low as $59. 

Z-World Engineering 
1340 Covell Blvd ., Davis, CA 95616 USA 

(916) 753-3722 
Regular Fax: (916) 753-5141 

Automatic Fax: (916) 753-0618 
(Call from your fax , hear computer voice, use 

touchtone dial to request desired data sheets.) 

CIRCLE NO. 334 

16 MHz: 80C186/C187 1 
R.L.C.'s large se­
lection of 8 and 
16-Bit STD Bus 
Single Board 
Computers offer 
an Intel 80Cl 86/ 
188 CPU ond 
80C187/8087 
Numeric Co­
Processor at true 
bus speeds up to 
16 MHz. On­
board functions 
include MEMORY, SERIAL PORTS, REAL TIME 
CLOCK, TIMERS, OMA, INTERRUPT CON­
TROLLER, and BATIERY BACK-UP, WATCH­
DOG TIMER and much more R.L.C. also offers 
16-Bit support cards, card cages and complete 
software support using the award winning TUR­
BO-DEBUGGER. For more information and 
technical assistance please call Robert Coomer. 

R.L.C. Enterprises 
(805) 466-9717 

4800 Templeton Road Atascadero, CA 93422 
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QUAD FLATPAK 

PROTOTYPING 
IRONWOOD offers a complete line of prototyping adap­
tors for QUAD FLA TPAK devices for all sizes of EIAJ and 
JEDEC OF P's. The line includes surface mount adaptors 
for highest reliability or socketed adaptors for conve­
nience. Parts sizes go from 60 to 208 pins and include all 
EIAJ pin spacings. Parts are constructed with gold plated 
soldertail or wirewrap pins and high quality sockets for 
highest reliability. Most wirewrap and PGA patterns 
available. 

IRONWOOD ELECTRONICS 
P.O.BOX21151,ST.PAUL,MN 55121 
(612) 431-7025; FAX (612) 432-8616 
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20 MHz 286 CPU CARD - $595 
• 2 Serial/1 Parallel Ports 
• Up to 4 Meg DRAM: 0/1 WS 
• Low Power 6-layer PCB 
• Award BIOS - Norton SI 21.1 
• Optional 287 Co-Processor 
• Small Si ze (XT-Forrn Factor) 

• User Replaceabl e Battery 7if 
• M ad e in USA • r~I 
• $595 qty 10 w/OK 11 
29.5 Airport Road TEMPUSTECH, INC. 
Naples, FL 33942 1-800-634-0701 

CIRCLE NO. 335 

Design, Program, Test 
TUR PR 0 1 Universal Pm Driven l.C. Programmer 

• Current and Future Devices Supported 

• PALs, GALs, PEELs, PLDs, FPGAs, 
E/EPROMs, PROMs, MPUs, etc. 

• 8-40 Pins DIP and 20-188 Pins PLCC 
Packages. 

• PC Remote Control via RS232C or 
Parallel Port. 

• l.C. MFR. Approved • Self-Contained 
Power Supply + 2 CPUs. 

=== Only $1,450 for === 
State-of-the-Art Performance 

I: SYSTEM Tel 408-263-6667 
L::I GENERAL Fax 408-262-9220 

e 
· Multi-Tasking 

EXECS 
US Software offers hi-performance 
software tools for embedded 
applications. 

Get the full details by calling: 

800-356-7097 
503-641-8446 
503-644-2413 (FAX) 

U S SOFTW"ARE 

United States Software Corporation 
14215 NoN Science Park Drive 
Portland, Oregon 97229 
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MacAC II 
Professional Analog Circuit Simulation 

$595.00 
MacAC II integrates a full featured schematic 

editor, parts library, powerful data manipulation 
and plotting , and SPICE circuit simulation. 

MacAC 11 was written on and for the Macintosh computer . 
It takes full advantage of it's powerful graphical user interface. 

Call (206) 367-4188 
For FREE information 
packet 

San Juan Software Company 
P.O. Box 27620 
Seattle. WA 98125-2620 

CIRCLE NO. 336 

4MEG VIDEO Model 10 
Flexible Image Processor and 

Application Accelerator For The PC/AT 
• 8 to 8000 Pixels per Line 
• 2 to 19 MHz sampling/display rate 
• 10 MIPs Programmable Accelerator 
• 4 Megabytes of Reconfigurable Image Memory 
• RS-170, RS-330, and CCIR input/output 
• Variable timing for nonstandard formats 
• Genlock to external timing sources 
• Analog or digital inputs 
• Software programmable timing/resolution 

©>EPIX· 
310 Anthony Trail , Northbrook, IL 60062 

708-498-4002 FAX: 708-498-4321 
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DEVELOPERS' TOOLS 
The Total Solution Programmer-----------11 

The best-selling Programmer since 1985 
._ _____ ,Appreciated by over 50,000 users worldwide 

TUP-300 
Universal Programmer 
& Tester (PC based) 
from $595.· 

• 40·PtnZIFsocketcanbeupanded 

up 1068P1n for 81068P1nsOIP 

orPLCC chips 
I Programs 20 to 68 Pin PLO (PAL, CPAL, lFL, GAL. PEEL, EPLD, EEPLD). EPROM 

1up to 16 t.1bitl , EEPROM, Serial PROM, Special PflOM, B1pola1 PROM & MPU 
!874142 48,49. 8051 .5\FA. FB, FC 15211541125217 51 ·752-552451. 8796 '97, 

68705, Z86El1121 , TMS7742, TMS77C82, 8755A .) 
U ests ffi 174 541. CMOS 140 45). SRAM, ORAM . Slf' ORAM end SIM ORAM 

I FuH seteen edit. HEX to OBJ. 2-way or 4·way Bmary f ile Spl1 1te1 Ind Sh1.dfle1. 6 

MPU Dis assemblers 
1 34 various adapters 14 sockets, RO~-RAM , PlCC . .l from 595 

I Other h•gh quality programmer cards at low cost 1V11l able from $119 

UV Emet tUV 321IOI'32 pcs 11 $95 
Distributors Call us 1oday tor complete product line 

• 1 year warranty. 30 days money back guarantee Are 
• 1 year"" software updates and Customer Support Welcome 

t----·TRIBAL MICROSYSTEMs----t 
Telo 14151623-8859 F" ' 14151623-9925 
44388 S. Grimmer Blvd. Fremont CA 94538 

CIRCLE NO. 340 

DS-51 

8051 IN-CIRCUIT 
• Real-t ime and transparent Development System 
• Serially linked to PC's and compatibles 
• 64 Kbyte Internal Data and 64 Kbyte Internal Code 

Memory 
• Symbolic Debugger, On-line Assembler and 

Disassembler 
• C and PLM support with source and code windows 
AVAILABLE : 32K-OEEP TRACE $800, EPROM PROGRAMMER $250 

CE (BO f~L Gi~f-~~9~~,LE~i~;r~-~3~~~~ 
CIRCLE NO. 343 

LOW COST 
INTERFACE 
CARDS FOR 

PC/XT/AT 

RS-485/422 Card [PC485] 
: ~i~~l~~~~:ud0~t1!056~~~:r~;~r ;e~~~~; ~~~~~ ~~~~: 
• Dual drh'erslre«h·en;;Hand lH 64 devices;Compatiblc with most comm S/W. 
• 089 or phoncjack. Sample prognims included. Optional sourcccodc - $ISO 

!Dual-Port RS-485/422[PCL743] $175 1 
: bi:s~~:r~~fi;~~~:1~"~~~~~I(i~Q2~1)'.i0n°~~~~~~~~~i~r3~e~i~~~~-

J IEEE-488 Card [PC488A/CJ $145/445 I 
: ~d~i~~~~~m~l~viC:o ~;;:i~~ ~~~f~r i°~:~~~ti~n /~g~ram in UASIC. 
• Seltttablt IRQ ol>. ~MA channel I or 2. Up to four boa rds per computer. 
• Compatible with most IEEE-488 Sonv.11rt pack.agtS for IBM-PC. 

: ~4~r:a~5v~~~o4:~1~h1B~~~:~B:~~~~;~rh~~d~~:e~~~R~~~~~c 
Stepper Motor Card [PCL838] $395 

• Capable or independent and s:imultaneous control of up 10 J sttpper motors.. 
• Programmable spHd from I to I0,000 pps; Steps per command I to 65535. 
• 01 P SVtitch Hltttablt VO port base address and wait state. 24 bit 1TL VO port 
• Crystal based ti ming; Al l control signals oplo-lsolattd. 

144 Bit Digital 1/0 [PCL722] $345 
• i~~~'!~;~b;~;J_)r!~~~~~~~d"{i::1icat~l~i~;~~~~~i20:::!J~1~u::,~~:~'i~1e. 

MC I VISA I AM EX Call today for datafh~ml 

B&C MICROSYSTEMS INC. 
750 N. Pasloria Al"t., Sunnyvale, CA 94086 USA 
TEC, (408)730-55 11 FAX, (408)730-5521 

CIRCLE NO. 346 

OUR LOWEST COST MODEM! 

CH1776 @ S39.95 - 1000 pieces 
• A Complete Modem 
• 212A - 1200 bps/300 bps 
• FCC Part 68 Approved 
• AT Command Driven 
• 5 Volts, Low Power 
• 2" x 11/8" x 1/2 " 

Your Source for Modem Components 

~ Tel 408-752-5000 
Fax: 408-752-5004 

Cermetek Microelectronics, Inc. 
1308 Borregas Ave. • Sunnyvale, CA 94089 

CIRCLE NO. 341 

TOOLS FOR 
ELECTRONIC WARRIORS 
•SCHEMATIC 

CAPTURE 

•GRAPHICS 

• PCB LAYOUT 

• SIMULATION 

• ROUTERS 

• CAO/CAE & 
MORE! 

For Your Free Catalog Call 
1-800-743-7074 

Tools For Technical Professionals 

~Jec/J£r~~ss.:. 
31100LoBayo0rive • Suile301 ~keVilloge , CA91361 

EDM425 

CIRCLE NO. 344 

FREE 
PCB or Schematic 

Symbol Library 
with purchase of Generic CADD• 5.0 - the 
best-selling low-cost CADD software in the 
world! 

Buy Generic 
CADD (sugg. 
retail $495) and 
we'll throw in 
one of these 
libraries-FREE: 
• PCB 
•IEEE 
e CMOS 
e ECL 
• TIL 
• Micro Proc. 

Refer to Offer #490 
Good through 8/30191 

Generic Software Inc. 

CIRCLE NO. 347 

I Pads-PCB"' Schema! 
P-cadE 

Lv!~AIN_~NG VIDEOS 

~~ CUT YOUR ~~ 
TRAINING COSTS! 

FREE DEMO 
CALL • FAX • MAIL 

HIGH TECH VIDEO PRODUCTIONS "' 
4810 SUSSEX DRIVE • SAN DI EGO • CA 

USA • 92116 -2313 • PHONE 619-280 -1300 
TOLLFREE 800-876-8273 • FAX 619 -281 -1300 

CIRCLE NO. 342 

CMOS 186 
Single Boarcl Computer 

Runs C or QuickBASIC'" Programs 
Powerful 16-bit computer directly executes 
EPROM'5 containing any C or BASIC .EXE file. 
NO LOCATORS! Software includes mu/ti-tasking. 
multi-drop comm, PIO control. OPTOMUX.'" 

• 10, 12, 16 MHz BOC 1B6 
• CMOS design 
• 512KRAM 
• 384KEPROM 
• STD BUS Expansion 
• COM1 RS232/4B5 
• COM2, LPT1 
• RTCAvoil 
• BOC IB7 Avoil 
• OEM discounts 

MICRO/SYS 

1011 Grand Central Ave., Glendale, CA 91201 
(818) 244-4600 FAX (818) 244-4246 

CIRCLE NO. 345 

TLS-3 lets you demonstrate 
and test fax machines, 
phonesystems,modems, 
and other telecom 
equipment. 
• Portableunitsimulates 

two telephone lines 
• Provides typical telephone line conditions with 

dial tone, ringback tone, busy tone, and 
ringingvoltagefororiginatingand answering 
equipment. 

• Selectable loop start or ground start lines. 

1-800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

jCEL""CCNE® 
"l'§l·M"l•i·!liiir.Jif 

fn Te/ewm fntetface Comµmenls 

Teltone Corporation, 22121 -20th Avenue SE, Bothell, WA 98021 

CIRCLE NO. 348 
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HAND HELD TERMINAL *$199. 

• 80 character display 
• 30 or 45 keys 
• RS 232 or RS 422 
•Low power 

• ST-32 Compatible 

• Standard or custom overlay 
• Single 5V or 8-12V supply 
• 15 Programmable function 

keys 
•Simple menu set-up 
• 300-9600 baud 
• 7 or 8 data bits 
•Even, odd, mark, space 
• 7 1/2' x 4' x .9' 

Internal Batteries and Built in Charger- Optional 

TWO TECHNOLOGIES, INC. 
419 Sargon Way, Horsham, PA 19044 

215-441-5305 
•SINGLE PIECE OEM OR VAR PRICE 

CIRCLE NO. 349 

Free Catalog 
The World's Largest Collection of Adapters & 
Accessories for VLSI/Surface Mount Devices 
• Emulator Pods & Adapters • Debugging Accessories 
• Debug Tools • Prototyping Adapters 
• Programming Adapters • Custom Engineering 
• Socket Converters 

Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

CIRCLE NO. 752 

HIGH DENSITY - LOW INSERTION FORCE 
70-350 POSITION BLIND MATABLE CONNECTORS 

N Series rack & panel connectors are available in 70, 
110, 150, 190, 230, 270, 310and 350 position models. 
The use of the Hypertac"' LIF (Low Insertion Force) 
contact provides reliable operation without space 
consuming, expensive earning or jacking devices. 

HYPERTRONICS CORPORATION 
16 BRENT DRIVE, HUDSON, MA 01749 

(508) 568-0451 

CIRCLE NO. 755 

IEEE-488, (GP-IB, HP-IB) CABLES 

• Reliable gold plated contacts. 
• Durable metal connectors. 
• High strength strain reliefs. 
• Two shields for high noise immunity. 
• Custom lengths at low prices. 

r~ Capital Equipment Corp. 
~~~~Burlington, MA. 01803 

Informative catalog 800-234-4232 
Applications help (617) 273-1818 

CIRCLE NO. 350 

DesignPLDs 
with ABEL-PLD, 
now just $495 .* 

Call fur your 
FREE 

ABEL-PLD 
start-up kit! 

•U.S. list price only. 
Limited -time offer. 

• 150 PLD architec­
tures supported 
(over 4000 devices) 

• Uses ABEL'" Hard· 
ware Description 
Language (ABEL­
HDL'") 

• Intelligent synthesis 
and optimization 

• Upgradable to full. 
featured ABEL 

1-800-247-5700 

DATAl/O 
Corporation 

CIRCLE NO. 753 

SAVE SPACE WITH Q/PAC® COMPONENTS 
• Provide built-in capacitance ( 
• Eliminate decoupling capacitance 
•Gain 4-layer board quietness 

with 2-layer economy 
• Vertical or horizontal mounting 

Send for Rogers Q/PAC® 
Application Bulletin. 

Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 

PC/AT™ COMPATIBILITY ON MULTIBUS 
In 1989 our MAT286™ SBC brought PC-DOS to Multibus I. 
Since then no competitor has come close in terms of features, 
price, or technical support. We've added capabilities. such as 8 
megabytes of onboard EPROM capacity, MATxSSD Solid-State 
Disk software, EMS 4.0, and low power CMOS components. Now 
we are announcing our new MATxSYSI02 daughter-card wrth 16-
bit VGA and LCD flat-panel interfaces, 1-1 interleave MFM/RLL 
ST506 hard-disk/floppy disk controller, and a PC/AT Bus 
short-card adaptor. And. yes, we are working on MAT386, the 
386-based Mul1ibus AT that will be compatible with the 286-
based standard. MAT286. 

Phone (408) 253-0250 for more information. 
Single Board Solutions, Inc. 

20045 Stevens Creek Blvd . Cupertino. CA 95014 
PC/AT™ IBM 

CIRCLE NO. 751 

Program PLDs 
and memories 
with the 
low-cost 212. 
• Supports more than 

450 CMOS devices 
• Memory cards fur 

easy updates 
• Extensive editing 

capabilities 
• Compatible with 

JEDEC standard 
programming files 

Call fur 
your FREE 

2U 15-day trial! 

1-800-247-5700 

DATAl/O 
Corporation 

CIRCLE NO. 754 

~LL\IV L'\-( 503-690-1100 
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Control Cross-C 
ANSI C Compile r for the HD64180/Z80 

+ DOS based cross-compiler for ANS I and K&R C code 
including pro1otypcs and argument type checki ng. 

t Complete with high-speed assembler, linker, and 
librarian. Includes macros to interface C and assembly. 

+ One-pass design produces FAST compile times. 
+ Full MMU support for up to I megabyte programs. 
t ANSI preprocessor provided at compile time. 
+ Optimized code genera tion ror char and int data types 

and operators. Also suppons long types. 
+ Allows in-line assembly with access to C va riables. 
+ All code is reentrant and ROMable. 
+ Fast ANSI/IEEE 754/INTEL noati ng point support. 
+ Z280 and 8085 compilers coming soon. 

AVAILABLE FOR ONLY $699! 

® 
@ 

SOFTOOLS, INC. 
8770 Manahan Drove 

Ell1cott City, MD 21041 
(30 I) 750-3733 

FAX/BBS (301 )750-2008 

CIRCLE NO. 758 

INTEGRATED ELECTRICAL 
SAFETY TEST STATION 

NEW FROM SORENSEN ELECTRONICS 
.I REDUCE TEST TIME BY 90% 
.! DIGITAL TAMS VOLT-AMP-WATT METERS 
.! 115V·230V A/C OR DIC VARIABLE TEST VOLTAGE 
.I GROUND LEAKAGE & IMPEDANCE TESTING 
.I ONE SECOND CAPACITIVE DISCHARGE TEST 
.! INPUT LINE TURN-ON SURGE AND CURRENT CONTENT 

H you're serious about quick, convenient and repeatable testing for 
pre-submission e~trica l safety screening, then you need the 

Sorensen Model 1000 product safety tester. 
$3950.00 

For product demonstration mforma11on contact: 
Telephone (408) 336-8000 Fax (408) 336-2016 

Marbling Consultants, LTD. 
2n Hillside Avenue 

Ben Lomond, CA 95005 

CIRCLE NO. 761 

DC/CAD 
I CAD Showdown Results! I 

HIGH DENSITY EXPERTS! 
Schematic Capture + PCB Layouts + Autorouting 
Top-rated DC/CAO out-rouled lhe competrtion in the 1990 CAD 
Showdown. Routing tile challenging berdlmar1c on a double-sided 
board while competing routers used four to six layers, DC/CAO 
displayed the power and flexibility needed in a top-nolcll design 
package to tackle high density board jobs. This non-copy 
prolected package with surface mount support includes: 

• High capacily schematic capture -
• Multi-strategy 1-mil parts autoplacer ~· "' 
• "1-mil" autorouting w/ripup & relry • ·. , 
• Thorough annolating design rule checker 
• Full 2-way GERBER and OXF support 
• Optional autoground plane support with cross-hatching 
• Optional protected - mode version for 386 Users and much more! 

CALL TODAY. Priced at $495 

=gg~~~TATION ~..u-----~~~i.­
Rt. 3./2i'/;'6!,t::';z~~~;;~ 7/,aj727 

S.~1 S.ft._,.. f ... :J .. "Jk &uJ ::b.,'r· 

AFFORDABLE 
AVIONICS INTERFACES 

MIL-STD-1553 and ARING 429 databus boards 
and software for IBM-PC/XT/AT and VMEbus. 

Ballard I Ill/Ill 
Technology 

121 6 NW ?5th St.. Seattle, WA 98117 
(206) 782-8704 FAX (206) 782-8174 

CIRCLE NO. 759 

Schematic 
Capture 
for the 

Macintosh 
DESIGNWORKS 

Schematic features Menu-driven. mouse-controlled opera­
tions • cuVcopy/paste between circuits • right-angle rubber­
banding. Digital simulation 13-state, event-driven simulation 
• logic analyzer-style timing window • PLD support. libraries 
Fully-simulated 7400, 4000. 10K series, PLDs. PRDMs and 
RAMs, non-simulated analog and discrete components 
• User-definable , simulated custom symbols. Interfaces 
Formats for Douglas CAD/CAM , Cadnetix , Calay, Orcad , 
Tango, Racal Redac, Spice. • user-definable printers, dot­
matrix printers. HP. Houston, Roland pen plotters. Require· 
ments Macintosh Plus, SE, II , llx, llcx. or llci. 

CALL (6041669-6343 FOR YOUR 
FREE DEMO DISK TODAY. 

CAPILANO COMPUTING SYSTEMS LTD. 

CIRCLE NO. 762 

FULL-FEATURED 
EMULATION 
SYSTEM 
FOR COPS 
• PC-hosted COPS 

emvlotor system. 
IJiillllilill•ililiil • Eosyto leon onchse. 
• iceMASTER is lost. BK file loods '1 less lhcm o second willt 115.1K brul link 

usilgstondordCOMMport. 
• iceMASTER COPS tonnecll oolff lo any PC, reqii1es NO disossembly or 

expansion slot!. Works on PC (DOS or OS/ 11, Mkro Chcmnel, or EISA 
Evenlop1op11 

• iceMASTER is ft11ible. Wr.lowed '11erlnte - user configurable willt 
PJl<lown merus, tombiied willt hol~eyi. context sensitive liypectri:ed help, 
"""'"" edititg. 

• iceMASTER is powerful. 4K home trace Wiier willt orliooced searching aod 
fi~erilg copa~lities . 

• iceMASTER Is versah1e. One keMASTEi COPB allow> emulofoo of more !hon 
I 0 different COPB fumi~ derivatives via lllerthongeoble pcobe cords. 

• Call os today for a FREE demo disk. 

~ ~ L~!fglink 
~C...-..PObll2'0.... Al li244H2' 
,,_ !602l 92b-01tl FlX. (j,i1J 916-11 98 rnR 091!SOMl\ll 

(800) METAICE 
(800) 638-2423 

~ontro~mputer 

~Disk Interface 
II> Industrial control , disk interface, operator 1/0, 

and communications on one card. 

II> Hardware/software support for floppy and 
RAM/ROM disk in MS-DOS format. 

II> Built-in industri al 
control language 

II> Opto rack interface 

II> Keypad & display ports 

II> 2 buffered serial ports 

II> Real time clock support 

II> -20° to +65° C operation 

/Ltt# Full Product Line Cata log! ·1··-Ph: 303-430-1500, Fx: 303-426-8126 

0 OCTAGON SYSTEMS CORPORATION 
6510 W. 91st Avenue, Westminster, CO 80030 

CIRCLE NO. 760 

RACKMOUNT COMPUTERS 

• 80286, '386 or '486, PC BUS 
• Six enclosure models available 
• Built-in color or mono monitors 
• Motherboard or passive backplane 
• Customized systems configurations 

RECORTEC 
1290 Lawrence Sta. Rd. Sunnyvale, CA 94089 
Tel: 1-800-729-7654 Fax: 408-734-2140 

CIRCLE NO. 763 

EPROM EMULATION SYSTEM 

• Emulates up to 8 
4-Megabrt EPROMS wrth 
one control carQ. 

• Downloads 2-MegaM 
programs in less than 
23 seconds. 

• Allows you to examine 
and modify individual 
bytes or blocks. 

NEW 
4-MEGABIT 
VERSION 

• Accepts Intel Hex, 
Motorola $-Record 
and Binary files. 

• Software available 
for IBM PC and 
compatibles and 
Macintosh systems. 
• Base 27256 EPROM 
System $395.00 Other 
configurations available. 

ORDER TODAY- IT'S EASY 
CALL OR FAX FOR MORE INFORMATION 

~ 
Incredible Technologies, Inc. 
(708) 437 -2433 
(708) 437-24 73 Fax 

VISA now accepted. 
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CIRCLE NO. 767 

DR·11W USERS: 
NeJtJ F~Op~L~ ---Our new Fiber Optic Link removes 

the DR-11W's 50 foot cable limit. We use 
advanced fiber optic technology so you 
can separate DR11-W compatible devices 
up to 2 kilometers-with no loss in system 
throughput. Our Links connect to your 
existing DR11-W interfaces with standard 

40-conductor flat ca bles. Join the 
two Link modules with duplex fiber 
optic cable , and your system is 
ready without software changes. 

m mactoliint®unc .. 
1500 North Kellogg Drive • Anaheim, California 92807 

Phone (714) 777-8800 • FAX (714) 777-8807 

CIRCLE NO. 770 

SPICE SOFTWARE 
CAE TOOLS FOR THE PC 

From Schematic Entry, through SPICE Simulation, 
to Graphical Post Processing, only $790 

lsSPICE - Full Featured SPICE Circuit Simulation 
SPICENET - Graphical Schematic Entry for SPICE 
INTUSCOPE - Waveform Display and Plotting 
PRESPICE - Model Libraries, Monte Carlo analysis 
SPICEMoo - SPICE Model generation from data sheets 

;::- P.O. Box 710 Tele (213) 833-0710 
• ~ San Pedro, CA 
1ntusoff so733-o710 FAX c213) 833-9658 

200 MHz Logic Analyzer 

• 
• 24 Channels (up ID 50 MHz), Timing and State 
• 200/100 MHz Max Sampling Rate (6 channel) 
• Timing and State Simultanious on Same Probe 
• 16K Samples/Channel (6 channel mode) 
• 16 Levels of Sequential Triggering 
• Optional Expansion to 72 Channels 
• Variable, TIL, or EGL Logic Threshold Levels 
• 3 External Clocks and 11 Qualify Lines 
• FREE Software Updates on 24 Hour BBS 
$799 • LA 12100 (1 oo MHz) 

$1299 - LA27100 (100 MHz) PnceincludesCard, 
Pods, and Software 

$1899 - LA27200 (200 MHz) 

PAL 
GAL 
EPROM 
EEPROM 
PROM 
87xxx ... 
22V10 $475 

16Bit EPROMs FLASH EPROMs 
5ns PALs 4 Meg EPROMs 
FREE software updates on BBS 

GANG PROGRAMMER 
• 4 32pin Sockets (8 Socket option) $215 
• 2716-27010 EPROMs 

Call - (201) 994-6669 
J Link Computer Graphics, Inc. 

ltt. 4 Sparrow Dr .. Livingston, NJ 07039 FAX:994-0730 

CIRCLE NO. 771 

48 Channel 50MHz Logic Analyzer 

Complete System $1895.00 
New Windows 3.0 Compatible Software 

• 48 Chnnls @ 50 MHz x 4K words deep 
• 16 Trigger Words/16Level Trigger Sequence 
• Storage and recall of traces/setups to disk 
• Disassemblers available for: 68000, 8088, 8086, 

6801 , 6811 , ZOO, 8005, 6502, 6809, 6303, 8031 

NCI I:I 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 
(205) 837-6667 FAX (205) 837-5221 

There is a Difference. 
lifetime Free Updates 

EP-1140 
$895 

- _,Cl 

----­A programmer is not just another programmer. That is 
why BP Microsystems is commited to bringing our 
customers the highes1 quality µrogrnmmers at an 
affordable price. This commitment is evident in our 
EP-114-0 E/ EPROM programmer supporting thousands 
of24-, 2&, 32- and 40 pin devices. A32-pin model, 
EP-1132, is available also for $695. And, all of our 
progrnmmers include future chip support at no charge 
and an unconditional money back guarantee. 

BP~ 
1-800-225-2102 

17131 491 -9430 

CIRCLE NO. 769 

FOR THE PC $139.95 

• 2716 to 4 Meg 
• Programs 2764A In 1 O seconds 
16/32 bit split programming 

• Menu driven software 
• No personality modules required 

-:z 
• Adapter for 8748, 49, 51 , 52, 55, TMS 7742, 27210, 

57C1024, and memory cards 
• 1 year warranty • 10 day money back guarantee 
• Made in the U.S.A. 

For more information, call (916) 924-8037 
EMPDEMO.EXE avai lable BBS (916) 972-8042 

NEEDHAM'S ELECTRONICS 
4539 Orange Grove Ave. • Sacramento, CA 95841 

(Monday - Friday 8:00 a.m. - 5:00 p.m. PSD 

CIRCLE NO. n2 

PC BOARD MOUNT 

ill 
~ 

CHASSIS MOUNT 

SERIES FPIL and MPIL 

40 A IN-LINE RECTIFIERS 
Space-saving design 

Low thermal impedance 
Standard, fast , and ultrafast 

UL Recognized 

American manufacturer of rectifiers since 1951 . 
Buy from the specialist . 

..1•® electronic devices "'I AN AMERICAN ELECTRONIC COMPONENTS COMPANY 

~ ~k~A:~o0sA7~~o~~~ : ~~~~~7~~9~~-~~~;o 
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SUPER UNIVERSAL 

PROGRAMMER 

NEW! 

XEU'EK 

ISUPERPRO 

$795 
FREE MULTIMETER SPECIAL 
• programs • PAL, EPLD. GAL,PEEL, FPL 

(up to 68 pin PLCC) 
• E(E) PROM, Flash EPROM up to 4 Mbits (40 pins) 
• Microcontroller, Bipolar PROM. 

• Tests 1TL/CMOS Logic, D/S Memory Device. 
• High speed parallel interface card lo PC(JCT/ AT/386 
• Pull - down Menu driven, Library Operating software. 
• Fasl Device update on user's request 
• 40 ·pin Gold ZIF Socket 
• Lifetime Free Updates (BBS) 
• User Device Library Generator (optional) 

Call 1-800-541- 1975 764SanAlesoAve. 

XE(;:reK 

Sunnyvale, CA 94086 
TEL(408)745-7974 
FAX( 40S)745-140 I 

CIRCLE NO. 776 

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: B~ 

Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

CIRCLE NO. 779 

TOTAL RECALL 
Fairchild's new MIL-STD-1553 Data 
Logger/Processor (DUP) with our 
DBMC captures and processes unlim­
ited quantities of 1553 bus traffic with 
full error and timing 
information in an IBM 
PC/AT compatible 
environment. 

FAIRCHILD 
0 E F E N s E 

Marketing: (301) 428-6629 ·Telefax: (301) 428-6885 
20301 Century Boulevard· Germantown, MD 20874-1182 

COMPLETE DATA ACQUISITION CARD 

MCP-550 $739 
100% MlTRABYrE COMPATIBLE 
• High perfo rmance, low cost dala a~uisition card 

with multi-functions : A/ D, D/ A, D/ I, D/ O 
• Maximum sampling rate of lOOK samples / sec 

(option) or 60K samples/ sec (standard) 
• Industry standard 12-bit reso lution 
• 16 single ended or 8 differential A/ D channels 
• Two 12-bit monolithic multiplying D/ A channels 
• TTL compatible 24 Digital 1/ 0 channels 
• Switch selectable analog input range 

unipolar: I· IOV. Bipolar: ±0.SV - ±IOV 
• Can be used with MCE-730 : a versatile 16 channel 

analog input multiplexing and signal conditioning card 

• ;,~~~~e~~~fft:'~o~~~o;.~irJ.;.~.lion S/Ws 

Call 1-800-541-1975 764 San Aleso Ave. 

XE
' ·:reK~E'L(foW14~~i.io86 
._ FAX(408)745-1401 

CIRCLE NO. 777 

"Tango-PLD is the price/performance 
leader in logic design tools." 

"I regularly put this 
pmgram through iL< paces. 
It's inexpensh'e and works 
great. I'm telling ac; many 
friends as I can that 
Tango-PLO is the best 

value in 
program­
mable logic 

'J design." 
fr1/m Kf'llmlh 
I hir{l11~1111·1·r 

Tango-Pl.D is a universal 
Pl.D design tool with 
sophisticated features 
including schematic emry 
or "C-like" language 
design options. Its 
affordahle price includes 
great documentation and 
tech support and a 
money-back .._ ____ __, 

~Of/ 
Sec fo r yourself. Call today to order your 
free Pl.O design CV'Jluation package. 

800 488-o680 
6t9 554-tOOO • FAX: 619 554·10 19 

ACCH Technologies, Inc. 
6825 ~1anders Drive • San Diego, CA • 92 I 21 • 
Con1actt1lifor1herepresenta\1\enearest)'Ou 

CIRCLE NO. 780 

UNIVERSAL 
PROGRAMMER 
Lifetime S/W via BBS 

PILOT-U40 is our second generation 40-pin universal 
programmer, following our very successful and popular 
Sailor-PAL line of programmers. Programs PALs , GALs, 
PEELs, PROMs, EIEPROMs, micros , MACH , etc. 24-, 
28- and 32-pin vers ions also ava ilable. Industr ial quality. 
Starting from $1 ,095. SATISFACTION GUARANTEED. 

408-243-7000, 800-627-2456, Fax 408-736-2503 

• ~~YJ~ua~!v~~~n~v~e. ~~~;86 

• Easy ta learn & use 
• Wi1dawed i1terface --

user configurable 
• FAST! Download·· 

lliilllilililililiililit < l m . lyp. all l SKB 
• Source Level debug 

• A 4K frame trace bull er with advanced semching capabilities. 
• Hyperti1l<ed 01~ine help guides you through the errolation process. 
• iceMASTER cannem eosi~ ta your PC.requires na disassemb~. m expansion 

s~t>. WarksananyPC IDOSmOS/ 1),Micro(hannelarEISA. Eve!1laptapsl 
• Supports more tho• SO different 8051 lom~y derivatives. M68HCI l 

suppartwill be available eor~ in 1991. 
• Try iceMASTER risk free! Satisfaction Gooranteed ar return far a lull refund!* 
• RENTALS AVAILABLE! ldeolfar cansurronts ond reseorcheor 
• Call today for free demo disk and ask aboul a free 

80S1MacraAssembler!(800)638·2·423 

~ ~ L~0'?.f g link · ; . 
Miiiin c~ ~o &ui 132' a..."' 85244 132'1 ~ 
l'lwlt !601! 916-0797 F&X.(601J 926-11 9BfflFX m MSOMTI.Nr 
" Wtll lll«IJnd lllnOd 

CIRCLE NO. 778 

"T ango·Schematic ••• Corvette'" power 
at a Chevette'"price." 

"I've tned other popular 
schematic entf) packages hut I 
find tha1 Tango·Schematic 
puts 11.\ perfomlance and 
powerful feature; right :ll my 
fingertips in an easy-to-use 

interface. I always 
recommend 

,. Tango­
Schematic." 

Tango-Schematic, feature­
rich and easy to use, is a 
trnly complete program 
for schematic capture. Its 
affordable price includes 
great documentation and 
tech support and a money­
back guarantee. 

Sec for yourself. Call 1oday to order your 
free schematic entry evaluation package. 

800 488-o680 
619 554-tOOO • FAX: 619 554-!019 

ACCEt Technologies, Inc. 
6825 flanders Drh·e • San Diego, CA • 92 I 2 I • USA 
Cont.act us for the representa11,·e ne:1restyou 

CIRCLE NO. 781 

: ~~~~~~,~~~·;!:tr;fusr. ~~:;~:":i~f~~~~~~ 1C!~~~6~~~~~~:::ti~fy~ds. 
• ~1fr;~~~F1~-~~~~s~~~~~.-g11~~~i'~~R~;:.~~3.~Ss:.2ci~(:~~sl.9161 . 
· ~;:~)5. ~~~r~~as~:r:r::; ~~::1~- ~50~ d':::~~~~::i:~~!~)~i~~s. 
• ~;u~a~~~::~t~:~~~~~ml~~l:re;~~~i1~i~~~~ ·~~~f::fa\w~~1?ang). 
• User fril'ndty l\ l l'nu.Dri\·en Interface Prnt:rii m ror IU '>1·PC or compatible. 
• Full I )Ur "11r ra nty. Customer support via voice line, fn or dedicaled BUS. 

B&C MICROSYSTEMS lNC. 
750 N. l'a\ loria ,\\'t., Sunn)"-·a lt, CA 94086 USA 
TEl.:(408)730·55 1 I FAX: (408)730·552 1 

CIRCLE NO. 782 CIRCLE NO. 783 CIRCLE NO. 784 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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The 
Encapsulant 

Problem Solvers. 

© 1991, E me rson & C uming, Im:. 
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With over 2, 700 products, we've 
got one for you. 

A case in point: 

When an OEM manufacturer of power distribution 
systems needed a specialized encapsulant for torroidal 
coils, they called Emerson & Cuming. Their requirements 
specified an epoxy-based, single-component product 
which could eliminate meter/mix/dispense equipment, yet 
cure at a low temperature and possess exceptional 
thermal shock characteristics. The solution-one of our 
STYCAST" series encapsulants. 

Emerson & Cuming offers thousands of standard 
products and the ability to customize for your specific 
application. We have the encapsulant, adhesive or coating 
you need to write your own success story. 

To get a free selector guide or product sample for 
evaluation, give us a call. 

1-800-832-4929. 
Encapsulants • Adhesives • Coatings 

EMERSON 
&CUMING™ 

a GR.ACE company 

Making today 's products better. 
Making tomorrow"s products possible. 

CIRCLE NO. 153 EDN April 25, 1991 



PROFESSIONAL ISSUES 

QUESTION #1 

Would you be willing to join 
an engineers' union? 

DYES 
ONO 

Unions claim they have much 
to offer, but most engineers 
remain indifferent 
to them. 

Professionals such as schoolteachers, college pro­
fessors, and white-collar government workers 

all have large and long-established unions to repre­
sent them. For example, there are approximately 2.2 
million elementary and secondary schoolteachers in 
America today, and more than 1. 8 million of them-
82%-belong to the NEA. 

Very few engineers, on the other hand, are mem-
bers of unions. The Council of Engi­
neers and Scientists Organizations 
(CESO) is an umbrella group rep­
resenting 10 small and widely scat­
tered unions (or professional asso­
ciations as most of them pref er to 
be called) that include engineers as 
members (see box, "The members 
of CESO"). CESO represents about 
70,000 people-less than 3% of the 
estimated 2.3 million engineers in 
this country. Although CESO is not 
a union itself, it lobbies for its mem­
ber organizations. 

Many engineers have legitimate 
complaints about their salaries, 
benefits, and working conditions. 
And those are exactly the sort of 
concerns that unions or professional 
associations are supposed to deal 
with. Yet most engineers are reluc­
tant to join them. 

EDN April 25, 1991 

"I think it has to do with the way 
engineers are educated," says Ed­
ward Olson, president of the South­
ern California Professional Engi­
neering Association (SCPEA). "Col­
lege professors teach this idea of 
professionalism, that you negotiate 
for yourself. Students also have a 
tendency to believe that engineers 
are a part of management. Early 
on, the thinking is that it's unpro­
fessional to belong to a labor union. 

"As a result, when a young engi­
neer first gets out into the 
workplace, he feels that he can ne­
gotiate his own wages, hours, and 
benefits. It takes a while before he 
realizes it's very difficult to ne­
gotiate those things when you're 
working for a large company." 

Daniel Mahoney, 
general counsel for 

the Seattle Professional Engi­
neering Employees Association 
(SPEEA), shares Olson's views. 
"Perhaps it's the indoctrination 
they get in engineering schools that 
they are professionals," he says. 
"They believe that it's somehow de­
meaning to be categorized with 
what they perceive to be the tra­
ditional American labor-union 
member." 

Engineers' image of themselves 
Many engineers see themselves 

as rugged individualists, working 
on projects that are almost per­
sonal, which makes them unwilling 
to join any organization. "The anal­
ogy I use is they come out of school 
and they hit a strainer," says 
Harold Ammond, executive direc­
tor of the Association of Scientists 
and Professional Engineering Per­
sonnel (ASPEP). "They go off into 
computers, physics, all the grada­
tions of electrical engineering, and 
the result is that there's 
nothing that makes them 
homogeneous." 

Jay Fraser, 
Associate Editor 
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This idea of independence that so 
many engineers hold dear also leads 
some of them to change jobs fre­
quently. They don't join unions be­
cause they don't expect to stay very 
long with any firm . Ammond ex­
plains, "When he goes to work for 
a company, the average young per­
son says, 'Well, I'll stay here for 

tion that the nonunion people are 
getting a free ride," says Ammond. 
"They get the benefits, but they 
don't help us in getting the maxi­
mum. That's a burden, but that's 
the way the law is written." 

Even though the vast majority of 
engineers don't belong to unions, 
the 10 professional associations that 

"The best union organizer 
is bad management." 

two years, then I'll go to another 
company for two years, then I'll go 
to a third company for two years, 
and every time I change jobs I'll 
pick up a 10% wage increase.' They 
think of themselves as individual 
entrepreneurs." 

Engineers have other doubts 
about unions. Some are afraid that 
if they joined a union and weren't 
happy with it, they'd find it very 
difficult to get out and would be ob­
ligated to continue paying dues. 
Union dues can run into hundreds 
of dollars per year. Some engineers 
think the dues are too high. And 
many engineers simply aren't con­
vinced that a union can do anything 
for them. 

In addition, membership in most 
professional organizations is volun­
tary. Yet the National Labor Rela­
tions Act (NLRA) requires that a 
union negotiate a contract for all the 
employees in its collective bargain­
ing unit, whether or not they are 
members of the union. Some engi­
neers see no reason to join a union 
when they automatically receive ex­
actly the same benefits as union 
members. 

This law is a constant irritation 
to union officials. It hinders recruit­
ing efforts and leaves the unions 
with less support than they might 
otherwise have. "There's no ques-
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make up CESO have been success­
ful. Some of them have been in exis­
tence for decades and are still 
growing. 

SCPEA was founded more than 
40 years ago and currently repre­
sents about 6000 engineers and 
technicians, mostly at McDonnell 
Douglas facilities in Long Beach 
and Huntington Beach, CA. 
SPEEA is the largest member of 
CESO. Its membership is made up 
of approximately 28,000 engineers 
and other professionals who work 
for the Boeing Co in the Puget 
Sound area of Washington and in 
five other states. ASPEP was 
founded in 1946. It currently repre­
sents about 2000 engineers and sci­
entists who work for the General 
Electric Co in Camden and 
Moorestown, NJ. 

In some ways these professional 
associations act like typical unions. 
They negotiate the standard arti­
cles of contracts-salaries, benefits, 
working conditions, vacations, holi­
days, cost-of-living raises, and over­
time compensation-and they try to 
protect their members' job security. 

"Our contract contains the clause 
that nobody can be disciplined or 
discharged without just cause," Ma­
honey explains. "If someone does 
get disciplined or discharged, we 
can challenge it in arbitration and 

get it turned around. We provide 
a lot of job security for our people 
that wouldn't necessarily exist in a 
company that operated under the 
employment-at-will doctrine." 

Professional associations also 
point to the protection that an es­
tablished grievance procedure of­
fers employees. "It's a very valu­
able thing for a professional to have 
that protection in regards to termi­
nation," says Olson. "The company 
must show just cause before they 
can terminate you. If you're not 
protected by a contract, they can 
let you go any time they want." 

Mahoney adds, "From our obser­
vation, when they work in a collec­
tive bargaining environment, our 
engineers and scientists are able to 
act in a more professional manner. 
They can challenge supervision and 
say, 'Look, you're doing it wrong. 
Try it this way.' In other words, 
they have a forum to articulate 
their professional analysis of prob­
lems without fear of being disci­
plined. It's a win-win situation." 

Different approaches to problems 
These professional associations 

also differ significantly from ordi­
nary unions. "We are a union within 
the meaning of the NLRA, but 
we're not a typical trade union," 
says Ammond. "Our problem-solv­
ing approaches aren't standard." 

ASPEP developed a complex 
method for evaluating an em­
ployee's performance called the re­
tention credit system. It's based on 
a formal review where the em­
ployee is given a numerical score. 
It also takes into account factors 
such as the type of degree an em­
ployee has, how long it has been 
since that degree was earned, and 
how long the employee has worked 
for the company. The retention credit 
system allows for more flexibility 
than a straight seniority system. 

"I'm sure if I submitted that con­
tract to some of the AFL-CIO un­
ions they'd look at me and say, 
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'What are you, crazy? Whoever 
heard of a solution to a seniority 
problem being this complex?' But 
that's a reflection of the unique 
community we represent," says 
Ammond. 

Some of the large national unions 
that belong to the AFL-CIO are 
staffed by full-time, salaried admin­
istrators who sometimes have no 
hands-on experience doing the work 
the average union member does. 
The small professional associations, 
by contrast, are mostly run by and 
for working engineers. About 85% 
of the members of ASPEP are elec­
trical engineers, and there's nobody 
involved in the decision-making 
process who is not an engineer. In 
addition, the work that they do is 
mostly on a volunteer basis. 

Officials of professional associa­
tions have noticed that as engineers 
become older and more concerned 
with job security they are more 
likely to become members. Eco­
nomic hard times and the layoffs 
that come with them also increase 

The members of CESO 

PROFESSIONAL ISSUES 

interest in unions. The recession in 
the mid 1970s gave a big boost to 
union membership. But what spurs 
most engineers to join professional 
associations is what they consider 
to be mistreatment by their em­
ployers. "The best union organizer 
is bad management ," says Am­
mond. 

Of the 10 professional associa­
tions, only ASPEP has ever gone 
out on strike. In 1967 the members 
went on a 30-day strike for a new 
layoff policy. Before that, in 1958 
and 1960, they walked out for three 
days each time in order to establish 
a merit rating system. Ammond 
points out that a typical trade union 
might strike to eliminate a merit 
system because management could 
use it to discriminate against some 
employees. The fact that engineers 
went on strike to establish one, he 
feels, is more proof of the special 
quality of their professional organi­
zation. 

Although CESO has been suc­
cessful, its officials see no large-

scale expansion of the union move­
ment among engineers in the near 
future. This is partly due to the rea­
sons-good and bad-many engi­
neers can give for not joining un­
ions, but it is also partly due to the 
nature of the unions themselves and 
the limited resources they have to 
make their case. 

"We have no budget to go out 
and put on a PR campaign to edu­
cate people, so what we do is not 
perceived by many individuals," 
says Ammond. "We are very intro­
spective by nature. We work with 
the problems of our community and 
ASPEP. We really don't have the 
capability or the wherewithal of go­
ing out and proselytizing, or, to use 
the trade union term, organizing. 
We're just not made that way." 

EDN 

Article Interest Quotient 
(Circle One) 

High 518 Medium 519 Low 520 

The Council of Engineers and Scientists Organizations (CESO) is an umbrella organization of 10 unions and professional 
associations that include engineers. Contact the following for more information on CESO and the 10 member 
organizations. 

Aerospace Professional 
Staff Association (APSAJ 
Box 248 
Hawthorne, CA 90250 
(213) 336-5000 
Ci rcle No. 681 

Association of Scientists and Professional 
Engineering Personnel (ASPEP) 
IOI Kings Hwy E 
Haddonfield, NJ 08033 
(609) 428-0883 
Circle No. 682 

CESO Headquarters 
14140 Beach Blvd , Suite 114 
Westminister , CA 92683 
(714) 898-6603 
Circle No. 683 

Engineers and Architects 
Association (EAAJ 
1541 Wilshire Blvd, Suite 407 
Los Angeles, CA 90017 
(213) 413-3304 
Circle No. 684 
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Engineers and Scientists 
of California (ESC) 
340 Freemont St 
San Francisco, CA 94105 
(4 15) 433-7280 
Circle No. 685 

Engineers and Scientists Guild (ESGJ 
3214 W Burbank Blvd 
Burbank, CA 91505 
(213) 849-5017 
Circle No. 686 

International Federation of Professional 
and Technical Engineers (IFPTEJ 
Local 21 
Orpheum Theatre Bldg 
1182 Market St, Room 425 
San Francisco, CA 94102 
(415) 864-2100 
Circle No. 687 

Seattle Professional Engineering 
Employees Association (SPEEA) 
15205 52nd Ave S 
Seattle, WA 98188 
(206) 433-0991 
Circle No. 688 

Southern California Professional 
Engineering Association (SCPEAJ 
14140 Beach Blvd, Suite 114 
Westminister, CA 92683 
(714) 898-6603 
Circle No. 689 

Tennessee Valley Authority Engineers 
Association (TVAEA) 
908 Burwell Bldg 
Knoxville, TN 37902 
(615) 637-7901 
Circle No. 690 

Wichita Engineers Association (WEA) 
Professional Lodge # 2020 
3830 S Meridian 
Wichita, KS 67217 
(316) 524-3835 
Circle No. 691 
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We Asked Some People Who 
Didn't Go To DAC Last Year What They Knew About 

The Latest In ~ign Automation: 

They Were SJXfChless. 
Don't make the same mistake. 
Because more than ever, you need the 

most advanced design automation tools to 
survive. Powerful tools that accelerate 
productivity, boost product reliability, and 
shrink time-to-market. 

You need the 28th Design Automation 
Conference. 

DAC has everything you need to make 
the best design automation choices. Be­
cause DAC is the world's largest collection 
of tools, tool vendors, and industry experts. 
Design automation from A ... Z 

Once again, DAC will feature the latest 
design tools for schematic capture, floor 
planning, logic synthesis, verification, A TE, 
and much more. 

Plus, you can learn about general 
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industry topics, such as hardware 
description languages, concurrent 
engineering, and standards issues. All 
under one roof! 
Hear it from the experts 

This year's DAC has many exciting 
panel sessions. Including seasoned 
executives addressing "Global Strategies 
for Electronic Design." And leading tech­
nologists discussing new group and project 
managementtechniques-''Implementing 
the Vision: Electronic Design in the 1990s." 
Plus, over 135 technical papers, and a full 
day of tutorials. 
Sneak a peek for free! 

See what all the shouting is about! 
Attend opening day exhibits and demon­
strations on FREE MONDAY, June 17. 

All day. Absolutely free! 
To register for FREE MONDAY (and 

to get your DAC registration packet), call 
1-800-321-4573. Or FAX/mail the above 
business reply card to (303) 530-4334. 

But hurry! FREE MONDAY registra­
tion closes May 17. 

To attend panel sessions, contact MP 
Associates at (303) 530-4333. 
The 28th Design Automation Conference. 
June 17-21. Moscone Center. 

San Francisco. I? 
q:~:.' P.~To.i,..,~ 

t,; • 9:: - ----· - C'o....._.,..c,"-- = 
"'"ERIO°"~-

sponsored by 1n cooperation w11n 

8 slGDA® [§] ~vE:Tr::~.hv® 
~~EJJ1f?l"C~l!~ 

EDN April 25, 1991 



Powerful People. Powerful Products. 

At Intel, we're constantly challenging 
ourselves to improve. As the world's first and 
foremost leader of the microcomputing indus­
try, Intel can assuredly provide professionals 
with ongoing challenges and unlimited oppor­
tunities. 

POWER CHALLENGE 
If you are interested in joining a team 

developing mainstream microprocessor prod­
ucts or a team developing peripheral compo­
nent products for the PCs and workstations of 
the future, including I/0, microcommuni­
cation and PLO devices, consider the following 
positions: 

• Microprocessor Peripheral Component 
Design Engineers 

• PC Systems Design Engineers 

• EPROM Component Design Engineers 

• PC Systems Validation Engineers 

• Semiconductor Product Test Engineers 

• Board Test Engineer 

• Product Marketing Engineers 

• Applications Engineers 

• Mask Designers 

Not only will Intel in the Sacramento area 
provide a challenging career, but our location 
offers all the personal perks of California's 
recreation capital, which just happens to be 
ranked as one of Newsweek's top urban areas. 
Plus a career at our facility provides Intel 
professionals with a relatively lower cost of 
housing, a lower cost of living and a rush hour 
that's not so rushed. 

For immediate consideration, please send 
or FAX your resume to: Intel Staffing, P.O. 
Box 1141, Dept. F536, Folsom, CA 95630, 
FAX (916) 351-5522. Intel Corporation is an 
equal opportunity employer and fully supports 
affirmative action practices. Intel also supports 
a drug-free workplace and requires that all 
offers of employment be contingent on satis­
factory pre-employment drug test results. 
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Brooktree Corporation is the industry leader in the design , test, and marketing 
of electronic data conversion and signal processing integrated circuits serving 
the computer graphics , ATE and imaging industries. Our DACs, RAMDACs, 
ADCs, and related products have received wide recognition in the industry for 
innovation and quality. 

SEMICONDUCTOR/IC 
OPPORTUNITIES IN SAN DIEGO 
We currently have exceUent career opportunities in the foUowing areas for 
semiconductor professionals experienced in CMOS/BiPolar technologies: 

TEST ENGINEER 
Requires experience with Trillium/CTX, or other mixed signal tester. 

PRODUCT ENGINEER 
Requires industry experience with development and/or manufacturing in a 
high-volume production environment with experience in characterization or 
yield analysis. 

IC LAYOUT DESIGNER 
Responsible for planning, layout and verification of custom integrated circuits, 
in BiPolar or CMOS, from engineering schematics. Must have experience in a 
fuU custom design environment using CAD layout verification tools. 

SENIOR CAD/CAE ENGINEER 
Supports the design capture, simulation and layout tools and methodology for 
the mixed-signal BiPolar IC Design and Development Group. 

COMPETITIVE ANALYSIS ENGINEER 
Responsible for the analysis of competitive devices for the Graphics and Imag­
ing markets. Must have experience in IC device technology. 

SR. FAILURE ANALYSIS ENGINEER 
WiU support Device and Product Engineering in the analysis and corrective 
action disposition of out-of-spec devices. Must be familiar with CMOS and 
BiPolar process technology. 

SR. WAFER LEVEL DEVICE ENGINEER 
Develops and implements a monitor and resolution program to resolve wafer 
test results as it relates to yield and reliability. Must have experience in elec­
trical characterization of Silicon yield issues. 

MATERIAL HANDLING ENGINEER 
Responsible for defining and evaluating methodologies of material handling to 
signify reduction in product damage. Must have experience in semiconductor 
industry back-end processing. 

The above positions require a BSEE or related degree (MSEE preferred) and 
three plus years ' directly related experience. 

Brooktree offers a highly competitive compensation and benefits package, in­
cluding stock participation and an Employee Bonus Program. More important­
ly, we provide a work environment where creativity, individual achievement 
and teamwork are encouraged and rewarded. And San Diego is one of 
America's finest cities, where you 'll enjoy beautiful year-round weather and 
an abundance of recreational activities. 

If you possess the qualifications for any of these positions and want to join a 
winning team, please FAX your resume and salary history to: BROOKTREE 
CORPORATION, Professional Staffing, 619/597-0673. Or send to: 9950 
Barnes Canyon Road, San Diego, CA 92121-2790. We are an Equal Op­
portunity Employer. M/F/HN Principals only, please. 

with tomorrow's 
breakthroughs. 

Brooktrre® 
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ENGINEERING CAREER 
OPPORTUNITIES 

Join an expanding high tech R&D/product engineering firm 
specializing in State-of-the-Art microprocessor based designs. 
We encourage employee initiative and creativity and offer 
opportunities for continued development of analytical and 
technical ability. 

ANAWG DESIGN ENGINEER 
Requires BS/BSEE and 3+ years experience in analog design. 

• Semi Custom Analog Chip Design 
• PSPICE Simulation 
• DC to 50 MHz Analog Design 

DIGIT AL DESIGN ENGINEER 
Requires BS/BSEE and 1 + years experience in digital design. 

• ASIC Chip Design 
• Xilinx FPGA Design 
• Embedded Controller Application Design 

SOFIW ARE ENGINEER 
Requires BS/BSEE/CS and 2 + years experience. 

• OS/2 and Presentation Manager 
• Intel Microprocessors 
• c, c+ +Programming 

PCB DESIGNER 
Requires 2 + years CAD experience. 

• SMT Layout Experience 
• Low Level Analog Circuit Design 

Qualified applicants should forward a resume and salary 
history to : 

_.Annapolis Micro Systems, Inc. 

190 Admiral Cochrane Drive, Suite 1 30 
Annapolis, Maryland 21401 

(301) 841-2514 (301) 970-2672 
FAX: (301) 841-2518 

- Principals Only -

ENGINEERING 
0 PPO RT UNITIES 

At COULTER®, we set standards - in what we do 
and how we do it. As the internationally acclaimed 
world leader in the field of biomedical instrumentation 
and automated hematology, we attribute much of our 
success to our commitment to quality, reliability and 
teamwork. 

The following Engineering opportunities are currently 
available: 

Software Engineers 
Mechanical Engineers 

Quality/Reliability Engineers 
Manufacturing/Producibility 

Engineers 

Senior CAD Designers 

All positions require a minimum of 5 years e xperience. 
Only seasoned professionals need apply . 

If you are interested in a career with stability and 
growth potential, consider the Company with a 
commitment. Consider Coulter. 

We offer excellent salaries and benefits including 
negotiable relocation. Please send your resume to: 
Employment Manager, Coulter Corporation, 
Dept. EDN, 650 West 20th Street, Hialeah, 
FL 33010. Principals only - no agencies please. An 
Equal Opportunity Employer. 

.~. 
~® 

COULTE~ 

If You' re looking For a Job, 
You've Come to The Right Place. 

EDN 
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Engineers 

DELL 
COMPUTER 
CORPORATION 
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DELL IS TO COMPU'nR DESIGN 
AS AUSTIN IS TO LIVING 
At Dell, we believe in letting the imagination of our engineers shape the design of our 
award-winning products. 

From the desktop-class power of our sleek 80386SX-based 316LT laptop, to the integrated 
math coprocessor and built-in UNIX compatibility of our new 80486-based 425E. 

Dell engineers enjoy a technical environment virtually free from the bureaucratic has­
sles of most large corporations. 

So you get to focus on the things that really matter - designing better computers. 

And beyond our unique engineering environment we also offer a truly unique living 
environment in Austin. With scenic foothills, a relaxed culture, lower cost of living and 
a variety of beautiful neighborhoods, the lifestyle in Austin beautifully complements 
the engineering lifestyle at Dell. 

ENGINEERING 
• Personal Computer Motherboard Design 
• Laptop Display Systems 
• UNIX Development 
• Personal Computer Network Development 
• Design for Manufacturability 
• EISA BUS Logic Design 
• Mechanical Engineers 
• Failure Analysis Engineers 

If you're an engineer with a minimum of 2 years of computer industry experience and 
a related degree, learn more about the advantages of Dell in Austin. 

Please fax or mail your resume with a cover letter to: 512/343-3330, Dell Computer 
Corporation, Jerry Holt, Human Resources, Professional Employment, Department 
EDN42591SG, 9505 Arboretum Boulevard, Austin, Texas 78759. 

Dell is proud to be an equal opportunity employer. 
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RESPONSIBILITY • RESULTS • RECOGNITION 
SANTA CLARA POSITIONS MONTEREY COUNTY POSITIONS 

SUBSYSTEM ENGINEER TEST ENGINEERS APPLICATIONS PRODUCT ENGINEERS LINE MAINTENANCE 
Begin with creative designs & see Design & conduct tests on our new ENGINEERS Conduct performance/failure TECHNICIANS 
them through the entire product & existing products using the latest Sr. Product Definition I analysis, device characterization, Openings available in all shifts in 
cycle. BSEE/MSEE & 4+ yrs expe- techniques & equipment. Application Engineers and provide yield improvement & etch, diffusion, thin films, and 
rience in board or systems design Sr. or Staff Test Engineer Requires MSEE/MSCS & 5+ yrs man ufacturi ng/custome r support. photo areas. Positions require 
required . Workstation CAD/CAE Write & debug ECL SRAM tests on experience in the design of em- Product Engineers-Memory technical AS degree. 
tools a plus. Advantest & Sentry memory test- bedded controllers & other new Openings in our Specialty Mem- PROCESS ENGINEERS 
SOFTWARE ENGINEER ers. Requires BS/MS in EE/ME & 5+ products using CISC or RISC µP ory and CMOS SRAM groups. BS Multiple openings in our diffu-
Develop UNIX O/S software, write yrs experience. & peripheral devices. & prior experience with MOS sion, thin films, and plasma etch 
peripheral drivers for the R3000 Test Engineer MARKETING ENGINEERS 

memories required. MS preferred. 
areas. Work with state-of-the-art 

32-bit µP. BS/MS in CS & 5+ yrs Generate test programs for mem- Oversee & implement tactical MARKETING ENGINEERS submicron multilevel CMOS 
exp. req . C familiarity essential. ory test systems & design related product marketing strategies , incl. Perform pricing & forecasting & processes in a Class 3 clean room. 

PRODUCT ENGINEERS 
hardware. Requires BSEE & 2+ yrs forecasts , information support, develop customer/product strate- Openings on all shifts, including 
testing experience using S-90. pricing, & introduction/distribu- gies. Prior technical marketing or weekends. BS required , MS pre-

Conduct performance/failure 
QUALITY ENGINEERS lion. engineering experience in the !erred, as well as 1 + yrs ' experi-

analysis, device characterization, 
& provide mfg/customer support. Sr. Reliability Engineer/ Marketing Manager-SAAM semiconductor industry required. ence in a lab environment. 

Sr. Product Engineer-RISC Supervisor Requires 1 + yrs semiconductor PRODUCTION TESTING 
Requires BSEE/MSEE & 5+ yrs ' Requires Engineering BS, 2+ yrs marketing experience & knowl- SUPERVISORS Use your S-90 Sentry test exper-
µP product, design, & process reliability experience & 5+ yrs edge of SRAM products & mar-

Positions available in both Fab and tise to develop test S/W and H/W. 
experience. semiconductor electronics experi- kets. Test areas. Ensure production For Monterey County positions, call Bill 
Sr. Product Engineer/Group ence. Marketing Manager-Logic schedules & effective operations/ Litke at (408) 754-4559 . Or send your 
Leader DESIGN ENGINEERS Requires BSEE, 6+ yrs mktg & equipment management. Requires resume indicating position of interest to: 
Support development & produc- Design & develop complex digital/ 

distribution experience & work- BS/BA, manufacturing experience Integrated Device Technology, Inc. 
lion release of complex digital mixed-signal products for Graph-

ing knowldge of logic design. & willingness to work off-shift 1566 Moffett Street 
products for Memory Support & ics/lmaging, Memory Support, For Santa Clara positions, call Jeff Schoos schedules. Salinas, CA 93905 
RISC/Embedded Controller Sup- RISC/EC Support, & Logic using at (408) 944-2129. Or send your res· 
port. Lead a group of Product IDT's CEMOSTh\'BiCEMOSTM tech- ume indicating position of interest to: 
Engineers & Technicians. MSEE nology. Integrated Device Technology, Inc. f;J Integrated Device & 5+ yrs experience in CMOS P.O. Box 58015 
digital ICs required. Supervisory Santa Clara, CA 95052-8015 

Tn~q:1~p~~~~~; Inc. experience preferred. 

EDN Databank Professional Profile 

Announcing a new placement service for professional engineers! 
To help you advance your career. Placement Services. Ltd. has formed the EON 
Databank. What is the Databank? It is a computerized system of 
matching qualified candidates with positions that meet the applicant's professional 
needs and desires. What are the advantages of this new service? 

• It's absolutely free. There are no fees or charges. 
• The computer never forgets. When your type of job comes up, it remembers 

.: ' you're qualified. 

i1DENTITYI !PRESENT OR MOST RECENT EMPLOYER! 

-------------
tbMAOdreM: __________ _ 

City _____ SUi•: ___ Zip: __ Loclition(Clty,Sta•>----------

Hom9Ptlone(indudlarNoode): ------- BoainffaPhonetrO.K. toUH: --------

!EDUCATION I! 
Oegl'MS (Ult) 

!EXPERIENCE 

ANIOi'! tor Change: 

• Service is nationwide. You'll be considered for openings across the U.S. by 
PSL and it's affiliated offices. 

• Your identity is protected. Your resume is carefully screened to be sure it will 
not be sent to your company or parent organization. 

• Your background and career objective will periodically be reviewed with you 
by a PSL professional placement person. 

We hope you're happy in your current position. At the same time. chances are there 
is an ideal job you'd prefer if you knew about it. That's why it makes sense for you 
to register with the EDN Databank. To do so. just mail the completed 
form below. along with a copy of your resume. to: Placement Services. Ltd .. Inc. 

!POSITION DESIR EDI 

/PREVIOUS POSITION: 
JoOTitle: ________ _ _ _ _______________ _ 

E ________ Ffom: __ To: _ _ etty, ____ _ st11i.: _ ____ _ 

DMsion: TyprlOflndustry: _______ s. .. ry: ----- ---

/COMPENSATION / PERSONAL INFORMATION 

O•l•Avriill!M l'MllTr91191 

0 Light 0 Modefat• 0 Huvy 
0 lownmyhotM. Howlong'1 - -- lrentmyhorM/•pt.O 

o ~ o s.it-Employed a ~ 
Myideflttty fn8Ybe r .... Mdto: 0 Any~ 

o .u but preMM tmpqer 0 U.S. Citizen 0 Non-U.S. Cltiz.n 

0 Will RELOCATE 0 Will NOT RELOCATE D OTHER 

EDN Databank A DIVISION OF 
PLACEMENT SERVICES LTD., INC. 

265 S. Main Street, Akron, OH 44308 2161762-0279 
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The IBM RISC System/6000 family keeps delivering performance 
that's positively hyperactive. 

Talk about precocious. Just a little 
over one year ago, when we proudly 
announced the arriva l of the RISC 
System/6000'" POWERstations and 
POWERservcrs, they were already way 
ahead of the other kids in their class, 
delivering amazingly high performance 
for their diminutive price range. 

Hardware 
Price MFLOPS SPEC marks~ 

POWERstation 320H $17,972 11.7 32.4 

SPARCstation 2 $14,995 4.2 21 .0 

DECstation 5000 $19.395 3.7 18.5 

Now, we're introducing the new 
RISC System/6000 POW ERstation 32011. 
It runs 11.7 MFLOPS* and 32.4 
SPECmarks~ If you already have the 
original POWERstation 320, you can 
upgrade it now to the even more spectac­
ular performance of the 3201-1. 

YET ANITTHER 
NEW ADDITION lb TuE FAMILY. 

Our POWERservcr 950 is also 
brand spanking new. It gives you the per­
formance of the POWERscrver 550-
25.2 MFLOPS and a SPECmark of 
56.3-but in a rack-mounted system, to 
share more disk storage, power and 
expandability with others. And all the 
models in the UN IX®- based RISC 
System/6000 family can now add disk 
expansion units for up to quadruple 
their previous maximum fixed disk stor­
age. This yields up to 22.2GB on the 
POWE Rserver 950. 

A NEW Box OF CRAYONS. 

Then there's the POWERgraphics 
GTO graphics subsystem. It can attach to 
any model in the RISC System/6000 
family, to deliver super graphics perfor­
mance previously available only in the 

POWERstation 730-990,000 30 
vectors/second and 120,000 shaded 
polygons/second. 

MEMORY AT PRICES 
THAT WON'T CAUSE TANTRUMS. 

And now you can get more memory 
for less. The more memory you buy, and 
the bigger the increments, the less you 
pay per MB. After all, just because we're 
a year old doesn' t mean we don' t know 
the value of money. Especially yours. 

To find out more about the RISC 
System/6000 family, call l 800 IBM-6676, 
ext. 878. And if you think this one-year­
old is a handful now, just wait until the 
terrible twos. 

For the Power Seeker. 
•SPECmark is a geometric mean of the ten SPECrnar1t tests. MFLOPS are UNPACK doubte precision where n- 100. AIX XL FORTRAN VerslOfl 2.1 and 
AIX XL C Version 1.1 compilers were used for these tests. 

~=ar:1~~~=s~rories~~~~~=~~a:a~:,~i~f~~~~~~l~a~~~ 
Cllaracle<{sj © 1991 King Features Syndicate, Inc. © 1991 IBM Corp. 
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Strength 
In Numbers 

The power of dual 
platfonns - more 
than a promise. 
The leading electronics design 
automation solutions are avail­
able today on two industry­
leading platforms. 

Now DAZIX customers will 
benefit from products that reside 
on both Sun and Intergraph 
workstations. Robust solutions 
for the entire design process. Plus, 
an open-system framework that 
integrates Intergraph, DAZIX, and 
Sun products - as well as other 
leading EDA tools - in a simulta­
neous engineering environment. 

Billion-dollar backing. 
Intergraph's financial strength 
gives DAZIX customers an added 
benefit - confidence. The confi­
dence that comes from a partner­
ship with the only EDA company 

CURRENTLY SUPPORTED 
WORKSTATIONS INCLUDE 

SPARCstation 2 

SPARCstation IPC 

SPARCstation 1 + 

SPARCstation 1 

SPARCsvstem 330 

SPARCsvstem 4 70 

lnterPro 2020 

lnterAct 2020 

lnterPro 6040 

lnterAct 6040 

lnterPro 6240 

lnterAct 6240 

that is part of a billion-dollar 
computer graphics corporation. 
Ranked No. 3 in worldwide EDA 
sales. With an installed base of 
13,000-plus EDA seats and capa­
bilities developed over more than 
22 years of providing integrated 
graphics solutions around the 
globe. 

DAZIX customers are assured 
of continued product development 
and excellent support. Not just 
today and tomorrow, but into 
the future. 

To learn more about our 
numbers, call us. In the United 
States, 800-239-4111. In Europe, 
33-1-4537-7100. In theAsia­
Pacific area, 852-8661966. 

DAZ X® 
A n Intergraph Company 

lnterw.q>h" and DAZIX" are registered trademarks of Intergraph Corporatioo. Other brands and product names are lr.ldemarks of their respective owners. Copyright 1991 Intergraph Corpordtion, Huntsville, Alabama 35894-000 t DDAIJ029AO. 
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Alpha Products . . . . . . . . 134 
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With our SL™ connector system, design flexibility 
and cost savings are yours. 

Automatically. 

You'll find Molex SL connectors in some of 
the world's leading-and most dependable­
makes of electrical and electronic equipment. 
Of course, reliability is a big reason for this 
preference. 

But the versatility and lower applied cost that 
SL provides are critical factors, too, especially 
in systems with several interconnections. 

Modular, stackable, and lower in profile, SL 
connectors give you virtually unlimited flexi­
bility when you're designing wire-to-wire, 
wire-to-board, and ribbon cable systems. 

The single-piece IDT connectors feature, pre­
assembled terminals in the housings, and 
interconnects with locking shrouded headers. 
In short, they're ideal for high-speed, high­
efficiency automated assembly. 

Ask your Molex representative about SL 
connectors, and learn how they can multiply 
design options and automate assembly. 

~ rnolex® 
'---/ 

Bringing People & Technology Together, Worldwide"' 

Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 U.S.A., Tel: (708) 969-4550 •European Headquarters: Munich, West Germany, Tel: 49-89-413092-0 

Far East North Headquarters: Tokyo, Japan, Tel: 81-427-21-5539 •Far East South Headquarters: Jurong Town, Singapore, Tel: 65-660-8555 
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We build anonymous modems 
for our famous friends 

CIRCLE NO. 109 

Some of our best OEM customers 
don't want to be identified; we 
understand. They're among the 
world's leading suppliers of com­
puters, intelligent terminals, 
graphics and engineering work­
stations and other equipment 
that requires built-in data com­
munications capability. 

These well-known companies 
have selected UDS as their modem 
supplier because we provide front­
running technology, superb manu­
facturing capability, unmatched 
customer support ... and discre­
tion. In a word, UDS modems 
give their products the kind of 
reliability they like to claim as 
their own. 

UDS has a broad selection of 
OEM "standard" designs on file; 
we also offer industry-leading 
capability for the development of 
custom boards. Combined, these 
two approaches have already 
placed more than 3,000 modem 
designs into active field service. 

If you're one of the big boys -
or if you want to solve data-comm 
problems the way the big boys do 
-find out what UDS recommends 
as a cost-effective solution for you. 
Contact UDS at 800/ 451-2369 
(in Alabama, 205 / 430-8000); 
FAX 205/ 430-8926. 



NEW TRANSFORMERS FOR CLASS 2 APPLICATIONS. 

DUAL BOBBIN DESIGNS FEATURE 
4000 VRMS PRIMARY AND SECONDARY ISOLATION. 

•INHERENTLY LIMITED 
.. NON-INHERENTLY LIMITED 

MAXIMUM FUSE VALUE SPECIFIED 

ALL PRIMARIES ARE 115/230 VOLT 50160 HZ 

PAllTNO. SfCONDARY 
RMS RATING 

CL2·25·12 12V (a 2.10A 

CL2-25·24 24V @ 1.05A 

CL2-40-12 12V (<i 3.33A 

CL2·40·24 24V (U 1.66A 

CL2·80-24 24V (« 3.33A 

SCHEMATIC 

DIMENSIONS 

VA l w H A B c Terminals 
25 21¥11 p;, 2¥11 2 rn y,. YH(.181) 

40 3\1 2V11 21y,, 2v, w. y,. YH(.181) 

80 2\\ 2\o 3 - Ho ~ .. YH(.111) 

FUSE PRICE REQD. 

2.5A .. 14.50 

N/A• 14.50 

4.0A'• 18.50 

2.0A•• 18.50 
4.0 .. 25.25 

MT&. ITTlfl 

il1t)fl 
OIJICK-COMMUTOfl 

SOLOERLUG TERMUW. 

Mtg. 

Styli 

c 
c 
8 

. 
' 

" 

a.EAAAHCESlOT 
FOR MTG SCREW 

Mtg . Mtg . 

ML MW Sen• 

21\ - #6 

21¥11 - #6 

2 n11 ; 5 

sigggl 

Ult. 

1.25 

1.6 

2.1 

PAllTNO. SECONDARY FUSE 
RMS RATING REQD. PRICE 

CL2-2.5-12 12V @ .20A NIA• 9.00 

CL2·2.5-24 24V @ .1 0A NIA' 9.00 

CL2·5.0-1 2 12V @ .42A NIA' 9.15 

CL2-5.0-24 24V @ .20A N/A' 9.75 

CL2-10-12 12V @ .83A N/A' 10.90 

Cl2·10·24 24V @ .42A N/A' 10.90 

CL2·20·12 12V (<i 1.66A N/A' 13.25 

CL2·20·24 24V @ .833A N/A' 13.25 

CL2-30·12 12V (<i 2.50A 3.0A .. 15.25 

CL2·30·24 24V (<i 1.25A NIA' 15.25 

CL2-50-12 12V @ 4.20A 5.0A .. 18.65 
CL2-50-24 24V @ 2.10A 2.5A .. 18.65 

SCllEMATIC 
~~',, ; :J/I[ 7 

PAI TO 

'· 115V :J Hlllttllt Clldrtwlll(llllf 
:IO.'ICJHt I 12 CD!fectloolprllll! 

Ir ~ ,1 SOUAREl'C 
TERMllW.S 

~[fP=1:m1 m : r' I -
f-H 1-M "1 

/ ~C~j__ 
""""'""°"'°" ~-· ·· Of'TIOIW.lm.ONMTG. if 

SCREW AHO NUT. 

DIMENSIONS ~· Mtg. Mtg.Sen• 
VA L w H A B c IMll1n1ion1 M I p Sill !II anti~ 
2. 5 1¥1 1¥i1 1\\ .200 .250 1.000 0.02580 pv .. - - #4 2 

S.O Wt 1'111 w. .200 .400 1.000 0.02580 pv .. - - #4 2 

10.0 F/1 1'111 w. .200.400 1.1 411 0.038SO 1V4 - - #4 2 

ZD.O 21/, Bl w. .400 .400 1.4611 0.038SO 11\ - - ;4 2 

31.0 2¥1 2¥,1 1'111 .550 .215 1.6!0 0.045SO - pt, ¥11 #6 4 

50.0 3 21\ 11¥,, .600 .300 1.900 0.045SO - 2 21\ #6 4 

CIRCLE NO. 108 

Ult. 

0.25 

0.31 

0.53 

0.90 

1.15 

1.70 

Signal "The Ameri can O ri ginal" introduces a 
new famil y of transformers for 2.5 to 80 V appli ­
cations that require low power and a high 
degree of isolation. These new "Class 2" trans­
formers feature the same dual high-temperature 
bobbin construction and insulating shroud origi­
nally developed for the company's very success­
ful International Series. Ava ilable in both PC and 
chassis mount vers ions, they offer a choice of 
inherently limited or non-inherently limited 
des igns pnd feature 4000 VRMS primary and 
secondary isolation. 

Signal's insulati on system results in very high 
isolation between the primary and the second­
ary windings, and between either w inding and 
the core. The dual bobbin design reduces 
capac itance and eliminates the need for an 
electrostatic shield . The Class 2 dual bobbin 
series satisfies UL 1585 requirements and CSA 
safety and performance standards. 

Signal transformers are ava ilable th rough 
Signal's PRONTO 24-Hour O ff-the-Shelf ship­
ment program. For additional technica l data, 
contact Signal Transformer, 500 Bayview 
Avenue, Inwood, N.Y. 11 696. 

BUY DIRECT 
(516) 239-5777 
Fax: (516) 239-7208 
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