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WHO NEEDS 
THE SIGNAL 
PROCESSING 
WORKSYSTEM? 

Anyone involved in DSP and communications design can benefit 
from the Signal Processing WorkSystem~ Because SPW'" is the only 
complete, integrated CAE software tool for signal processing design, 
simulation, analysis and implementation. 

Satellite communications. Modems. Mobile radios. Cellular phones. 
Radar. Sonar. Speech encoding. Voice processing. Image processing. 
Digital audio. Multimedia. Automotive electronics. Robotics. Neural 
nets and pattern recognition. Data compression. HDTV. Biomedical 
instrumentation. All these and much more can be designed using 
SPW on industry-standard platforms from Sun, DEC and HP/Apollo. 

That's why over 200 of the world's leading telecommunications, 
aerospace and electronics companies around the world now use SPW 

With SPW you first create a high-level, hierarchical design using 
its extensive libraries of DSP and communications function blocks, 
as well as your own custom blocks. SPW then automatically converts 
your design into an error-free simulation program that can accept 
real-world signals and parameters for accurate design analysis. 

SPW also provides several optional paths to implementation, 
including bit-accurate fixed-point simulation, VHDL generation, logic 
synthesis and other ASIC/PCB support. A code generation system 
produces generic-C for fast prototyping on any DSP platform, links 
SPW to DSP chips from AT&T, Motorola and TI, and supports boards 
from leading vendors. 

To preview the Signal Processing WorkSystem, call ( 415) 574-5800 
for a free video demonstration tape. In fifteen minutes, you'll see 
how SPW can save hundreds of hours and thousands of dollars in 
DSP design. 

C ffiDl/CO® 
SYSTEMS,INC 
919 East Hillsdale Blvd., Foster City, CA 94404 ( 415) 574-5800 
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When it comes to motion control 
products, Hewlett-Packard 
towers over the rest with a more 
diversified and innovative line of 
solutions. Giving you one source 
to meet all your design needs. 

Just look at our award-winning 
HEDS 9000 series of encoder 
modules. Using HP's unique opti
cal technology, these modules 
are the ideal building blocks for 
creating precision high-speed 
linear or rotary applications. 

Your choices include everything 
from a 3-channel module for 
industrial applications to the 
small footprint of our 9700 col
lection for business equipment. 

CG08005 

Control panel: 
the HRPG series. 
For front panel applications, 
turn to our RPG series of potenti
ometers. Offering you full con
figuration flexibility, improved 
rotational feel, and small foot
print, HP delivers the perfect line 
of data entry devices for your 
test, medical, analytical, and 
computer equipment. 

Controlled performance: 
the HCTL series. 
Our new line of high-speed HCTL 
ICs give you high performance 
servo control in low-power CMOS. 
The result: superior perform
ance and more microprocessing 

CIRCLE146 

power left over for your labora
tory, medical , and industrial 
automation designs. 

And because these motion con
trol solutions come from HP, 
you're assured of our on-going 
commitment to excellence in 
service, support, and reliability. 

So why take a chance, when you 
can take control. With motion 
control products from HP. Call 
for our free brochure: 
1-800-752-0900, ext.1497. 

There is a better way. 

F//99 HEWLETT 
~~ PACKARD 

In Europe, fax inquires to 
(49) 7031-14-1750 



The 29K Famil}( 

It's all in the family-the 29K™ Family that 
is. All the performance you need in a 32-bit 
embedded RISC processor. And all the support 
you need from our Fusion29KSM Partners. to bring 
your products to market faster than ever. 

The 29K Family is the 32-bit embedded RISC 
architecture that keeps your performance high 
and your system costs low And all 29K Family 
members are binary compatible. so your soft
ware runs on each device. without modification. 

Low-cost 32-bit 
RISC processor 

Original 32-bit 
RISC processor 

32-bit RJSC processor 
witli on-cliip fioating point 

32-bit RISC processor 
witli BK caclie and 
Scalable Clocking technology. 

32-bit RISC processor 
witli 4K caclie and 
programmable bus sizing 

New family members push the performance 
envelope further: Our Am29030™and Am29035™ 
processors offer advanced features like large 
on-chip caches. Scalable Clocking™technology 
and programmable bus sizing-which ease 
design and lower system costs.With additional 
family members on the way 

The 29K Family also has the best embedded 
RISC support available-the Fusion29K 
Partners.The Fusion29K Partners include over 
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80 leading independent hardware and software 
vendors and consultants prepared to shorten 
your design cycle. 

Together. they offer hundreds of develop
ment tools to get you to market quickly: Every
thing from compilers. debuggers, emulators, 
and logic analyzers, to complete application 
solutions. 

So call AMO at 1-800-292-9263 Ext. 3 
for information on the 29K Family or a Fusion29K 

product catalog or newsletter You'll find all the 
support you need in one big happy family 

~ 
Advanced Micro Devices 

90 1 Thompson Place. PO. Box 34 53 . Sunnyvale. CA 94088 <' 1991 Adva nced Micro Devices. Inc 
29K and Sca lable Clocki ng are t rademarks and Fusion29K is a servicemark of 

Adva nced Micro Devices. All other b rand or prod uct names are t rademarks or registered 
trademarks of their respect ive holders. 
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TECHNOLOGY 35 BUSCON '92 WEST: MEZZANINE BUSES REGAIN POPULARITY 
ANALYSIS Less-strict specifications permit mezzanine modules to add functionality 

without the traditional trade-offs. 

COVER 47 ACCELERATE DRAM ACCESSES WITH CONTROLLER MODULE 
FEATURE A memory controller trims bus-transfer delays and boosts cache efficiency by 

manipulating wide memory words. 

ELECTRONIC 53 SYSTEM SIMULATION STILL HOLDS PROMISE 
DESIGN REPORT Most designers profit from some element of system simulation, but few prac

tice it in pure form. 

DESIGN 67 SOLVE SWITCHER PROBLEMS WITH POWER-FACTOR CORRECTION 
APPLICATIONS Correcting power factor at the input to switchers can be far more effective 

than fighting to boost their efficiency. 

PRODUCT 95 SOPHISTICATED INSTRUMENTS TAKE ON EMI TESTING 
INNOVATIONS A sextet of electromagnetic-interference testers sports a price/performance 

ratio and modularity to suit any budget. 

98 PORTABLE ANALYZER AUTOMATES SCSI TESTING 
With 16-bit-wide capability and 20-ns time stamping, this analyzer handles the 
fastest and widest SCSI buses. 

100 BIDIRECTIONAL SINGLE-BANK FIFOS TRIM SYSTEM COSTS 
Chip size, and thus cost, is reduced by using an asynchronous sharing scheme 
that allows one internal memory bank to serve both directions. 
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•Multiplex temperature data 
• Monitor across isolation barriers 
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•Without a leader, there can be no 
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heats up 
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OUR LOW-COST 
68HC05 CSICs CAN TAKE 

YOUR DESIGNS 
TO NEW HEIGHTS. 

It's more than low-cost that 
helps our 8-bit microcontrollers 
get your design off the ground. 

It's Customer-Specified 
Integrated Circuits designed to 
meet real world needs. . ..... 

Whether you're moving up from • 
4-bit, or replacing discrete components, · , 
Motorola's newest 68HC05 CSICs 
make it easier and more affordable than ever. 

As part of our growing family, the 
K-Series, }-Series, and P-Series of 68HC05 
microcontrollers offer a high level of subsys
tem integration in a variety of pin counts. 
Options include a full range of memory 
combinations, communication interfaces, 
AID converters, and many of the subsys
tems that have made Motorola the world's 
leading 8-bit supplier. 

Virtually every 68HC05 CSIC is 
supported by One-Time Programmable 
EPROM-versions for prototyping and 
limited-production when code changes for 
model variations are required. Plus, every 
68HC05 is backed by extensive development 
tool support. 

Whether your application 
requires a simple alert tone, 

personality EPROM for a remote 
control, or processing power for J.1111. precision motor control, our 

"1llfllf/f, 68HC05 CSICs have the features 
and prices to fit your needs. 

Take your next design to new levels of 
performance. Complete the coupon below 
for your free copy of our 68HC05 K-Series 
Source Level Simulator. Develop, debug, 
and simulate hardware execution with this 
extremely versatile and easy-to-use PC
based software program. 
, - ---- - -- - - -- -- -- -- - , 
1 FREE Source Level Simulator! e! 1 

I ~ I 
I 

Help your design rise above the rest! For a free copy of 
63 

I 
the 68HC05 K-Series Source Level Simulator and more 

I information on our low-cost 68HC05 MCUs, return this 
I coupon to: 
I Motorola, Inc. P.O. Box 1466, Austin, Texas 78767 

Name ______________ _ 
Title _ _____________ _ 
Company ___________ __ _ 

Address----------- ---
City ______________ _ 

State--- -------- Zip - --
Phone Fax I 

L--- - ------- -- --- - -- ~ 
Free Source Level Simulator offer ends May 29, 1992. 

THE PATHWAY TO PERFORMANCE. 

® MOTOROLA 

and Motorola are registered trademarks of Motorola, Inc. © 1992 Motorola, Inc. 



Tired of wasting board space on an expensive, space guzzling DC/DC Converter? 

Check-Out the new HPR7XX Power Convertible. It is unbelievably small and sleek 

with 5 Watts of holated 

output power. This is a 

turbo charged SIP · only 2.22" long and .35" wide. 

You get 16 Watts per cubic inches of unregulated power under the:: hood. 

The llPR7XX is no big ticket item either. It is priced less than DC/DC Converters 

twice it 's size and with Jess output power capacity . only $20 in O .E.M . quantities. 

This high-performance model drives as great as it looks with an efficiency rating of SO°/o. 

Take it for a spin, you will have no trouble finding a parking spot on your board. 

For the dealer near you: 
Call 1-800-548-6132 
Fax 1.002-741 -3895 
Wrile P.O. Box 1 1400 Tucson, AZ 85734 

~
1arkofl'mu.'ft:m1•rrtible-;.Corvor.wun ~1. 

l'pOf;ll.lun """ .. 
our Partner in Quality 
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~~@ High Volume, Low Cost 
Passive Components: 

Thermistors and Varistors 
from Victory Engineering 

VECO's reputation for producing 'Hi-Rel ' components for aerospace applications 
is matched by its ability to manufacture high volume, low cost passive components 
for commercial and industrial applications. 

VECO Thermistors and Varistors are manufactured to exacting industrial and 
governmental requirements. Extensive quality control and inspection assure 
their quality and reliability in highway flashers, radar speed detectors, soldering 
irons, telecommunications, small appliances, copiers, oven temperature con
trols, temperature compensation, fluid or airflow measurement, auto engine 
performance monitoring and hundreds of other products where price and per
formance are paramount considerations. 

For a complete listing of VECO Thermistors and Varistors, request VECO's 
Condensed Catalog MGP681 . 

~~~@ VICTORY ENGINEERING CORP. 
VICTORY ROAD , P.O . BOX 559 • SPRINGFIELD , NEW JERSEY 07081 

Phone: 2 0 1 /379 -5900 Fax: 201/379-5982 
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With HP basic instruments, 
performance costs less 
than you expect. 
Now you don't have to accept 
trade-offs in a basic test instrument. 
Because HP offers the performance 
you want at prices you can afford. 

Need a dual-range output power 
supply? The HP E3610 Series makes 
choosing a 30-watt de power supply 
easy--especially when you consider 
the low noise and $300* price. 

What about a digital multimeter 
for bench or system use? The 
rugged 6 1h digit HP 3440 lA does 
both with uncompromised 
performance for $995*. 

You won't find a better 100 MHz 
digitizing scope than the HP 54600 
Series. It combines analog look and 
feel with digital troubleshooting 
power for only $2,395 (2-channel) 
or $2,895 ( 4-channel)*. 

At $3,800*, the HP 4263A LCR Meter 
lowers the cost of high-precision 
100 Hz to 100 kHz benchtop and 
system component measurements. 

And the 8-function HP E2377 A is just 
one of the HP E2300 Series 3 1h digit 
handhelds priced from $99 to $189*. 

"6' For more information or same
day shipment from HP DffiECT, 
call l-800-452-4844 **. Ask for 
Ext. T514 and we'll send you a 
data sheet that shows how 
affordable performance can be. 
*U.S. list price 
** In Canada call 1-800-387-3867, Dept. 433 

There is a better way. 

F//~ HEWLETT 
~/!II PACKARD 
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Only one math coproces 
w1ththe 

When you enhance your Intel CPU 
with an Intel Math CoProcessor, 
you're destined for good karma. 

It's simple. They were both 
invented by Intel, the micropro

cessor leader. And they were specifically designed 
to work together, ensuring 100% compatibility. 
© 1992 Intel Corporation. i386 and i387 are trademarks of Intel Corporation. 

No wonder Intel's been the de facto standard in 
math coprocessors for the last ten )ears. 

Intel Math CoProcessors are also compatible 
with more than 2,100 applications. They come with 
a lifetime warranty. And they now account for nine 
out of ten math coprocessors currently in use. All 
of which should effectively put your mind at peace 



sor has achieved oneness 
Intel CPU 

when you buy one. 
It's all part of Intel's commitment to providing 

powerful solutions today, with industry-leading 
microprocessors, plus the enhancements for even 
greater performance. Today and down the road. 

To receive a detailed information packet about 
the full line of Intel Math Co Processors, call 

(800) 538-3373. It has everything you need to find 
complete enlightenment. 

The Computer Inside."' 
CIRCLE I 



LCD Proto Kit 
Everything you need to 
start your LCD application 
.... create complex screens 
in just a few hours! 

240. 64 
pi•el 
Supertwist 
LCD 

5 Pin 
Power 
DIN. 

Alternate 
Power 
Connector. 

Kit provides 
serial inter
face to IBM 

PC for quick 
prototyping. 

Board also 
supports 

displays up 
to 240 • 128 

pixels. 

* The 
CY325 

LCD 
Windows 

Controller 
provides 

parallel or 
serial high

level control 
of Instrument

size LCDs. Up 
to 256 built-in 

windows support 
window-relative 
te><t, bargraphs, 
waveforms, and 
plots. Te><t and 

graphics are main
tained in separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

Add your own 8051 
CPU for stand 

alone operation. 

Kit also includes: 
Power supply provides + 5v and Gnd for 
board, -1 ~for LCD, 
and + 12v spare. Sample routines in 

$495 - Kit 
Popular LCD Starter Kit. 

($595 pre-assembled & tested) 

8051 Assembler 
and QuickBasic. 

Demo routines 
preprogrammed 

into 8751 for 
immediate 

gratification. 

*Tue CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller IC are available 
from stock @ $75/singles, $20/lOOOs . 

CyberneticMicroSystems 
~ I3ox 3000 • San Gregorio CA 94074 
~Tel: 415-726-3000 • Fax: 415-726-3003 
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EDITORIAL 

No MONOPOLY ON INGENUITY 

I 
can recall, back in the late 1960s, interviewing a Japanese engineer 
working at Bell Labs here in New Jersey about a gallium-arsenide Gunn
effect-based device. It generated signals whose wave shape was deter
mined by the physical shape of the device itself - make the device as a 

triangle, and you got triangular waveforms. When I asked how he created the 
precise shapes of the tiny devices (less than 40 mils on a side), he answered 
"Good old Japanese ingenuity." (Actually, he created the devices with 
painstaking shaping on a grinding wheel.) That being the 1960s, and being 
steeped in tales of Yankee ingenuity, I got a chuckle out of his turn of phrase, 
and essentially wrote it off as just that- a clever turn of phrase. Boy, did I 
have a lot to learn. 

Looking back on this incident, I regret not picking up on those early signs of 
what has become a major force in the electronics industry: Japanese ingenuity. 
But it was more than simple (or not-so-simple) ingenuity that accounted for the 
rise of Japanese products. It also was a focus on quality in mass production. 
Japan stepped into the U.S. semiconductor market spotlight back in the late 
1970s, when a Hewlett-Packard engineer issued a report stating thatJ apanese
made dynamic-memory chips were of higher quality than comparable U.S.
made devices. The rest of the U.S. computer makers eventually agreed with 
that assessment, and now the commercial DRAM market is being driven by 
Japan's semiconductor industry. 

A similar trend occurred in automobiles - first, a recognition of quality by 
customers, and then a major sales impact in the U.S. Though Electronic Design 
doesn't focus on the automotive industry, I can't help commenting on the recent 
presidential trade mission to Japan. There's an American tradition of calling 
'em like you see 'em; so, from what I see, the leaders of the big three U.S. car 
manufacturers have no one to blame but themselves for their present predica
ment. They lost a large portion of the U.S. market because they didn't respond 
to customer preferences for reliable, economical cars. As for exports to Japan, 
how could they expect to sell large numbers of traditional American left-side 
steering wheel cars - cars designed to drive on the right side of the road - in a 
country that drives on the left side of the road? Unless we're missing something, 
it doesn't seem to take much ingenuity to figure that one out. 

What all of this shows is that neither the U.S., Japan, nor Europe can mo
nopolize ingenuity. But it does take good, forward-looking management, 
beginning right at the top, to harness that ingenuity and to set up the manu

facturing organization to produce quality 
products. 

Editor-in-Chief 
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0.5 to 2000MHz 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 
2000 MHz, NF as low as 2.8dB, gain to 28dB, isolation greater than 40dB, and power 

output as high as +15dBm. Prices start at only $13.95 including screening, 
thermal shock -55° C to +100°C, fine and gross leak. and burn-in for 96 hours at 

100°C under normal operating voltage and current. 
Internally the MAN amplifiers consist of two stages, including coupling capacitors. 

A designer's delight, with all components self-contained. Just connect to a de 

FREQ. 
RANGE 
(MHz) 

MODEL IL to fu 
MAN-1 0.5-500 
MAN-2 0.5-1000 
MAN-1LN 0.5-500 

OMAN-1 HLN 10-500 
MAN-1AD 5-500 
MAN-2AD 2-1000 
MAN-11AD 2-2000 

supply voltage and you are ready to go. 
The new .MAN-amplifiers series ... 

• wide bandwidth • low noise • high gain 
• high output power • high isolation 

GAIN MAX NF ISOL. DC PRICE 
dB PW Rt dB dB PWR $ea. 

min flattt dBm (typ) (typ) V/ ma (10-24) 
28 1.0 +8 4.5 40 12/ 60 13.95 
18 1.5 +7 6.0 34 12/ 85 15.95 
28 1.0 +8 2.8 39 12/ 60 15.95 
10 0.8 +15 3.7 14 12/70 15.95 
16 .05 +6 7.2 41 12/ 85 24.95 

9 0.4 - 2 6.5 28 15 / 22 22.50 
8 0.5 - 3.5 6.5 22 15 / 22 29.95 

ttMidband 10fL to fu12• ±0.5dB t 1 dB Gain Compression ocase Height 0.3 in. 
Max input power (no damage) +15dBm; VSWR in / out 1.8:1 max. 

Free ... 48-pg "RF / MW Amplifier Handbook" with specs, curves, handy selector chart, 
glossary of modern ampl ifier terms, and a practical Question and Answer section. 
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IN THE ERA OF MegaChitf TECHNOLCXJIES 

We've squeezed more 
ABT Widebus as fast 



speed from our logic. 
as 4.1 ns! 

\ v 'th our new Advanced W ~iCMOS intertace logic 
(ABT) family, you get the speed, drive 
and low power you need to optimize the 
pertormance of processors operating at 
33 MHz and above. 

Fabricated in our 0.8-micron BiCMOS 
process, this new family delivers maxi
mum speeds down to 4 .1 ns over recom
mended operating conditions. Typical 
pertormance of the devices is in the 2.5-
to 3.0-ns range. 

Other critical pertormance parameters 
are as impressive. Drive capability is 32 
to 64 mA. Static power consumption 
is typically 2 mA (IccH, Icx:z) and 
30 mA (lea.). Ground bounce is less 
than 800 m V typ. 

All this in Widebus 
Our ABT family, a second-generation 
advance of our leadership BiCMOS 
(BCT) family, includes versions of our 
16-, 18- and 20-bit-width Widebus'" 
functions. 

Among the many ABT Widebus 
functions released is the 'ABT16244, a 
16-bit buffer and line driver. It exhibits 
much greater stability of propagation 
delay (see chart), which results in a 
lower derating factor across the number 
of outputs switched. 

Also in volume production ,.. 
are the Widebus 'ABT16245 ... ·.· 
16-bit bidirectional bus .;.' ,, .. .. 
transceiver and the 
'ABT16543 
and 'ABT16952 
16-bit bidirectional 
registered bus transceivers. 

As in our successful Advanced 
CMOS Logic (ACL) Widebus family, 
these devices come in our leadership 
surtace-mount shrink small-outline 
package (SSOP) that gives you twice 
the number of I/Os as a standard small
outline package in the same space. 

TM Trademark of Texas Instruments Incorporated 
© 199111 08- 1139 

Unique additions included 
There are also new devices in our 
ABT Widebus family featuring greater 
density and functionality. Our 
'ABT16500A is a good example. An 
18-bit registered transceiver, it combines 
0-type latches and 0-type flip-flops to 
allow data flow in transparent, latched 
and clocked modes. 

AVERAGE IPLH AND IPHLPROPAGATION DELAY 
- "F244 ----------I- 'FCT244A 

'ABTI6244 

NUMBER OF OUTPUTS SWITCHING T ,=25"C, Vcr:'5V 

Tl's speed advantage: In a one-to-one comparison, 
a TI 'ABT 16244 16-bit Advanced BiCM05 driver 
fJroves to be much faster and more stable than Ad
vanced Bipolar and standard CMOS octal drivers. 

To complement our full line of 
Widebus products, our ABT family 
will include at least 39 octal buffers/ 
drivers, flip-flops, transceivers and 
registered transceivers. 

Squeeze more out of your system 
with a free sample 'ABT16500A: 
Call 1-800-336-5236, ext. 3009 
To learn firsthand how 

..!,~~ ... 
our new ABT family can ... _ ••• .,MO.,_ 
boost the pertormance 
of your bus-intertace 
designs, get a free 
'ABT16500A trans
ceiver and data sheet. 
Just complete and mail 
the return card or call 
the number above. 

'If> TEXAS 
INSTRUMENTS 



UNIVERSAL INPUT 
3 11 x5 11 SWITCHERS 

SU30P 

SU40P 

SU65P 

• 85-264 VAC universal input 
• 30W/40W/65W output power 
• Single to quad outputs 
• compact footprints 

2.76"x5.12"x1.5"(30w series) 
3"x5"x1 .5"(40W series) 
3.5"x6"x1 .7"(65W series) 

1.Fully agency approved 
2.Available from stock 
3.Low cost 

Call today for quantity pricing 
and complete details on standard 
or custom-made products. 

O 1=~mr-.~~J1~:1: 
6818-G Patterson Pass Road, 
Livermore, CA 94550 
TE1:(41 5)373-1 008 
Fax:(41 5)373-1 168 
Tlx:559291 FORTRON UD 
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TECHNOLOGY BRIEFING 

WILL VHDL BE A MISSED OPPORTUNITY? 

A 
nyfuture prosperity in the electronic-design
automation (EDA) industry hinges on devel
oping standards. U scrs need tools and data 
that are interchangeable. Proprietary tools 

don't offer any practical way to integrate systems from 
different suppliers, and designers can't exchange data 
between them in a meaningful manner. What results is 
redundant work, uncomparable data, uncertainties, and 
other headaches. VHDL, an IEEE standard since 1987, 
has the capability to secure the software and data inter-
changeability that users seek.Yet the EDA industry has LISA MALINIAK 
hesitated in embracing VHDL, which adversely affects COMPUTER-AIDED ENGINEERING 
both vendors and users. 

Industry studies and surveys continue to reveal that users want standards. 
For instance, an EDA survey commissioned by ELECTRONIC DESIGN each year 
showed that in 1990and1991, compatibility was the first concern of90% of those 
designers questioned. In addition, almost 80% listed adherence to industry stan
dards as their major interest when selecting design software. 

When VHDL was made a standard, EDA companies responded with public 
support. But they pointed at the language's shortcomings and made compar
isons to their own hardware description languages (HD Ls). Most vendors took 
a wait-and-see attitude, and expended little effort to make practical and useful 
VHDL products. 

This lack of serious effort to develop tools, create innovative ways to blend 
VHDL with known design approaches, write utililies to convert proprietary 
HDL code into VHDL, and spread education has had negative repercussions 
on the language and the industry. Jan Geusens, vice president of Ascent Tech
nology Inc., a San Jose, Calif.-based company involved with many popular 
HD Ls, maintains that "the industry has done a great disservice to itself and its 
customers." He explains that many of today's problems with the language ex
ist because vendors didn't quickly and totally adopt VHDL. 

VHDL could have been the justification and investment motivation for a new 
wave of innovative EDA systems. "That opportunity has been missed, or at 
least the window of opportunity is closing unless the industry does something 
now, and fast," states Geusens."VHDL is exposed to the danger of becoming 
another interesting experiment." 

One complication arising from the industry's hesitation is that the interna
tional competitors of the U.S. electronics industry have caught up with their ri
vals in VHDL support. European manufacturers, in particular, are strongly 
driven by standards in their product planning. The U.S. lost at least two years 
of their head start due to the lack of products and support. In addition, the in
ternational contribution to the standard can result in marginally compatible 
derivatives or "flavors" ofVHDL, which in turn defeats the goal of a standard. 
Geusens points out that VHDL could turn into another case of the U.S. having 
a good concept, but other countries reaping the benefits. 

To speed VHDL's acceptance, U.S. companies must develop products that 
are attractive because of their performance, and not just because they're based 
on VHDL. And vendors must offer migration paths for customers from what
ever proprietary languages they're using. Isolated point tools are inadequate 
because engineers don't want to trash their existing designs. 

In addition, VHDL will never become the industry standard if companies con
tinue to offer VHDL-based products while promoting their own proprietary 
software. Although the last few years have seen EDA vendors and users push 
for the standard, the industry musL do more to quickly and fully adopt VHDL 
because the lack of a standard inhibits industry growth. "Whether it's the best 
language or not," remarks Geusens, "VHDL is established and has the capa
bility to unite EDA vendors and users alike." 

ll] ELECTllONIC DESIGN 
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Take a Look at LabWindows®2.0 
LabWindows 2.0 brings a new look to 
data acquisition and instrument control. 
The new look is graphical-a graphical 
user interface for your acquisition and 
control system. 

Create a Graphical User Interface 
With LabWindows 2.0, you can easily 
create custom graphics panels to 
interface with your DOS-based system. 
Using the graphical editor and standard 
development tools, you can develop a 
system that combines data acquisition , 
data analysis , and data presentation. 

Program with C or BASIC 
When you develop a system with 
LabWindows 2.0, you have the benefit 
of using standard programming 
languages with development tools 
designed specifically for data acquisition 
and instrument control. 

Use any Acquisition Hardware 
LabWindows 2.0 has libraries of 
functions to control data acquisition 
hardware ranging from plug-in boards 
to industry-standard GPIB, VXI , and 

RS-232 instruments. You can develop a 
system with LabWindows to meet all of 
your measurement and control needs. 

Take a look at the new LabWindows 2.0. 
You'll like what you see. 

y.NATIONAL 
• !~!!a~!!!!!!: 
,,, 6504 Bridge Point Parkway 

Austin , TX 78730-5039 

(512) 794-0100 

(800) 433-3488 (U .S. and Canada) 

International Branch Offices: Australia (03) 879 9422. Denmark (45) 76 73 22, France (1) 48 65 33 70, Germany (089) 714 5093, 
Italy (02) 48301892, Japan (03) 37881921, Netherlands (01720) 45761 , Norway (03) 846 866, Spain (908) 604 304, Switzerland (056) 45 58 80, U.K. (0635) 523 545. 

Product names listed are trademarks of their respective manufacturers. Company names listed are trademarks or trade names of their respective companies. © Copyright 1991 National Instruments Corporation. All rights reserved. 
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the world's largest selection 
2KHz to 8GHz from $495 
With over 300 models, from 2-way to 48-way, 0°, 90° and 180°, a variety of 
pin and connector packages, 50 and 75 ohm, covering 2KHz to 8000MHz, 
Mini-Circuits offers the world's largest selection of off-the-shelf power 
splitter/combiners. So why compromise your systems design when you 
can select the power splitter/combiner that closely matches your 
specific package and frequency band requirements at lowest cost 
and with immediate delivery. 

And we will handle your "special" needs, such as wider band
width, higher isolation, intermixed connectors, etc. courteously with 
rapid turnaround time. 

Of course, all units come with our one-year guarantee. 
Unprecedented 4.5 sigma unit-to-unit repeatability also guaranteed, 
meaning units ordered today or next year will provide perfor
mance identical to those delivered last year. 

For detailed specs and performance data, refer to the Microwaves Product 
Directory, EEM or Mini-Circuits RF/ IF Signal Processing Handbook, Vol II. Or 
contact us for our tree 68-page RF/ IF Signal Processing Guide. 
CIRCLE 114 FOR U.S. RESPONSE CIRCLE 115 FOR RESPONSE OUTSIDE THE U.S. 
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ltS 
agateoff 

Now you can replace a fistful 
of components, and drive power 
FETs and IGBTs with one cost
effective part: The IR2110 mono
lithic dual channel 2A gate driver 
with floating high side and ground 
reference low side. 

Count your design time in 
hours instead of days. And cut 
assembly time to a fraction. 

The IR2110 runs as fast as it 
designs. With operation above 

I MHz. On-chip bootstrap. Plus 
matched channel delay within 
10 ns. That's right. 10 ns. 

It takes good care of your 
circuit too, with gate under
voltage protection. 

And latched shutdown makes 
current mode control bot , 
simple and easy. ,.. ~ 

IR211 

Is it rugged? 50 V/ns dv/dt at 
-55 to 150°C in plastic. Versatile? 
Operates off 12 to 500 V rails with 
5 to 20 V input, in any circuit 
topology. Reliable? The IR2110 
meets the same high standards 
as IR's incomparable HEXFET® 
power MOSFETs. 

Call (800) 245-5549 for more 
information. We'll get it off 
the ground and on your desk in 
no time. 

I 1c)R I International Rectifier 
WORLD HEADQUARTERS: 233 KANSAS ST. , EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX910 348-6291, TELEX472-0403. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREYRH8 9BB, ENGLAND TELEPHONE (0883) 713215, TELEX 95219 
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TECHNOLOGY NEWSLETIER 

ENHANCED JSDN MOVES TO An .a~reeme~t between Pacific Bell, a subsidiary of San Francis~o-based 
Pacific Telesis Group, and Northern Telecom Inc., headquartered m Nash-

p ACIFIC BELL SWITCHES ville, Tenn., marks a major step toward converting Pacific Bell's telephone 
network to new national standards for the integrated services digital network (ISDN). Begin
ning in early 1993, Pacific Bell will incorporate the new standard in its DMS-100 central-office 
switches, which are produced by Northern Telecom. This move will eliminate the problems 
associated with existing ISDN standards that allow broad interpretations to lead to noncom
municating proprietary systems and equipment. The new standards will mean universal com
patibility between both existing and new products and services. Over the next six years, 
Pacific Bell will order 112 ISDN modules containing Northern Telecom's National ISDN One
compliant hardware and software. When completed, the enhanced technology will be avail
able to some 2.5 million customers. ML 

PROPOSAL PUTS TINY PCS A proposed extension to the IEEE-P996 AT-bus specification defines the PC/ 
104 form factor for a family of compact modules. The family offers PC com-

IN EMBEDDED APPLICATIONS patibility in places where PC cards simply didn't fit, such as embedded envi
ronments. The 3.6-by-3.8 boards, which provide a unique self-stacking "stack-through" head
er, contain two bus connectors, a 64-pin Pl type and a 40-pin P2 type. With the proposal, design
ers can build lower-cost and reduced-power systems by eliminating backplanes and card 
cages. A typical power consumption of about 1 or 2 W will result from the 6-mA bus-drive re
quirement. The PC/104 specification is based on Ampro Computers' MiniModule form factor , 
originally designed as a daughterboard expansion module for the company's Little Board fam
ily of single-board computers. The twelve-member PC/104 Consortium includes Ampro Com
puters, Automation Instruments, BG Technologies, Diamond Systems, DMS Systems, Enclo
sure Technologies, IOTech, Quantum Software Systems, Real Time Devices, Reflection Tech
nology, Voice Connexion, and Xecom. For more information, call Rick Lehrbaum, Consortium 
Chairman, at (408) 245-9348. RN 

FAST· ACCESSING DRIVE Through a combination of a low-mass actuator, a high rotational speed (6300 
rpm), and a novel digital-hybrid servo mechanism, a 3.5-in. full-height disk 

HOLDS 1.24 GBYTES drive achieves the industry's shortest average access time of just 8.5 ms. The 
digital-hybrid servo Jets designers increase the number of tracks per inch, enabling the drive 
to pack the highest level of formatted storage for a 3.5-in. unit-1.24 Gbytes. With the disk's 
high rotational speed, data can transfer between the disk and the read/write heads at 44 
Mbits/s. Moreover, the high speed keeps the rotational latency to just 4.76 ms, also one of the 
shortest times in the industry. Designers at Maxtor Corp., San Jose, Galif., have also applied a 
higher level of silicon integration to the drive's internal controller than seen in previous 
Maxtor storage products. An internal 256-kbyte cache provides a buffer between the read 
channel and the 10-Mbyte/s SCSl-2 byte-wide system interface. The cache can be split into 
multiple segments and can implement a read-ahead algorithm to maximize performance, 
especially when the SCSI tag-queuing commands are employed. Furthermore, through the 
drive's internal firmware, the cache can be tuned to optimize its use in various applications. 
Samples of the drive sell for $1795 and are available immediately. DB 

PROGRAMMABLE FILTER An innovativ~ ~ppro~ch to digital filterin.g lets a single-chip filterprovide f~ll 

N 
programmability of its pulse response without the need for a cham of on-chip 

EEDS NO MULTIPLIERS expensive, high-speed multipliers. Developed by SGS-Thomson Microelec
tronics in Milan and Paris, the MH27HC68 operates at up to 40 MHz, suiting it for HDTV, video 
conferencing, and other applications requiring real-time video signal filtering. The chip ad
dresses video-filtering applications that require only static programming of the filter re
sponse. Because filter coefficients are never reprogrammed during operation, the product of 
the filter coefficient and a given input signal magnitude will always have the same value. By 
storing this value as a precomputed entry in a lookup table, the M27HC68 eliminates the con
tinuous recalculating of the input-sample and filter-coefficient products. The fi lter function is 
implemented as a transposed configuration, with the input sample being applied to 16 EPROM 
256-word lookup tables simultaneously. The table outputs, which are the precomputed prod
ucts of the input sample and the filter coefficients, are transferred in parallel to the arithmetic 
unit that contains a chain of 32 22-bit adders and 62 22-bit-wide registers. The M27HC68 is built 
with a 1.2-µm CMOS process. Custom versions may be developed or integrated into ASICs to 
meet particular requirements. JG 
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TECHNOLOGY NEWSLETIER 

SIMULATION MODEL BACKS 1:he 68302 ~ultiprotocol communications processor from ~otorola Inc:, Aus
tm, Texas, 1s now supported by the 302 SmartModel behav10ral-level simula-

68302 PROCESSOR tion package developed by Motorola and Logic Automation Inc., Beaverton, 
Ore. The simulation model enables hardware designers to develop, debug, and optimize the 
hardware operation of 302-based board- and system-level designs for a shorter time-to-mar
ket. Advanced modeling features include timing checks that look for undefined interrupts, 
uninitialized registers, illegal conditions, and timing violations. VHDL interoperability allows 
designers to mix models from multiple sources. The 302 SmartModel is available for a one-time 
$4000 licensing fee paid to Motorola. Also required is a SmartModel Library license purchased 
separately from Logic Automation. For more information, contact Trey Oprendek at Motorola 
at (512) 891-3434, or Diane Landers at Logic Automation at (503) 690-6900. ML 

PC MOTHERBOARD LOGIC Although single-chip PC motherboard logic implementations for 80386SX 
systems have already been done, most are targeted at desktop systems. And 

IC TRIMS POWER DRAIN they don't include any power-saving features. A forthcoming logic chip, 
which operates from as low as 2.7 V and offers four slow-clock options as well as a sleep mode, 
can considerably reduce average system power consumption. Thi~ is especially so when cou
pled with the AM386SXLV version of the 80386 from Advanced Micro Devices Inc. , Austin, 
Texas. The HT22LV motherboard logic chip from Headland Technology Inc., Fremont, Calif., 
operates at system clock frequencies of up to 20 MHz and permits systems to select a clock 
division ratio of 2, 4, 8, or 16 to conserve power during operation (many applications, such as 
word processing or modem control, don't require that the processor run at maximum speed). 
The sleep mode allows the system to mostly power-down during long periods when the keys 
aren't depressed, afeature that resembles a bookmark. With the chip's "bookmark" opera
tion, users can stop what they're doing and then re-open the system to where they left off. 
Housed in a 208-lead package, the logic chip supports 8- or 16-bit system BIOS and 4 Mbytes of 
DRAM. It sells for $30 each in lots of 1000. Contact Ken Plewa, (510) 623-7857. DB 

FAST RISC PROCESSOR With the development of a car sig~al pro~essor (CSP), a u~ive~sal signal 

C 
processor can now execute and momtor a wide range of real-time m-car con-

FITS CAR ONTROLS trol applications. Examples of such tasks include anti-blocking, active shock 
absorption, wheel-slip control, and fuel injection. The heart of the CSP, developed by the ITT 
Semiconductors Group in Freiburg, Germany, is an 80-MIPS microcontroller using a RISC 
architecture and operating with an effective computing power of 32 MIPS. It's surrounded by 
a standard periphery optimized to meet automotive requirements. The CSP handles twenty
four 10-bit analog inputs and has eight 16-bit outputs that can be flexibly adapted to the de
sired control task via software. The 1.2-µm CMOS IC is supplied in a 68-pin PLCC package and 
is available as engineering samples. JG 

Mpu·ASIC COMBO EASES Through an agreement with Advanced Micro Devices, Sunnyvale, Calif., 
Destiny Technology Corp. can port their line of printer-controller ASICs to 

LASER-PRINTER DESIGN AMD's Am29200 microcontroller. Destiny, located in Milpitas, Calif., an-
nounced its edge-enhancement technology (EET) and raster-image-device-accelerator (RIDA) 
controller ASI Cs last year. "This is a further customization of an embedded MPU for the laser
printer market. And it's an additional integration step beyond what Intel has done with their 
82961KA," claims David Larrimore, vice president of marketing for Destiny. Instead of using 
a processor chip, an interface part, and a printer controller, the AMD-Destiny solution re
quires just the Am29200 and the Destiny ASIC. Designers will get similar results from using a 
two-chip solution, the i960 plus the 82961KA, or a one-chip solution, AMD's Am29200. 

This solution follows a trend toward distributed processing, which is to incorporate as much 
of the common core functionality as possible on to the system board or the MPU. More detailed 
functions, which requires a specialized piece of hardware or firmware like EET or RIDA, can 
then fit onto the system board more easily. As distributed processing becomes more of a fac
tor in printer controllers, the software that drives the hardware and even the hardware itself 
becomes more tightly integrated. The combination of reduced board space and the price
performance level of the Am29200 suit it for next-generation laser printers. RN 
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. . of voltage rating of 
The combination ?OA and 

200V current up to - . , 
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a power bandw1c l o sducer 
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00 
[!) 

R2 

Super power Llescrihes the PA03. 
With 500\V of internal power di s-
. . . I 50V suppl y and ±30A s1pation. i:l _ •. 

of output current, the PA03 I ~ a 
complete high pow~ r motor clnve 
solution . 100+ pricing is 320.00 . ---

A Winning Hand of Power Amplifiers 

Deflection 

High speed makes th e PAOS ope .. t. ~I 
. j"J"· I a JOila 
,unp I ie1· the choice for deflect· . 1· . ion app ,_ 
catwns. Combinin•• a lOOV/ I 

. b ~t s s ew ra le 
w11h a lOOV Sllfl pl +30A h . y,_ output current 
t ermal protec tion , and a 360lcJ·r· ' 
I I · z powe 1· 
Jane width, makes the PAOS . · . . a cos t elfeet-

1 ve solution. 100+ pricing is Sl89 .00 . 

Sample an y one of these powerful parts at the 100-piece price*. Plus save 50% on an EK04 evaluation 
kit with the purchase of a Pi\05 or PA04--j ust "49 .50 (kit includes hea ts ink , P C board , mating socket 
and hardwa re kit). See ord1•ring information below. But hurry, this offer expin·s March 27, 1992*. 

* Offt·r ~orn l for a 0111•- linw onl1·1· of 11p lo thn ·i· samp l1 · units a nd t· val11a tion ki1 s. 

For Immediate 
Produ ct Information , 
or to Plaee an Order 
Ca ll l-800-448-1025 
or FAX (602) 888-3329 

APEX MICROTECHNOLOGY CORPORATION 

5980 N. SHANNON ROAD , T UCSON , AR IZONA 85741 

For Ap plica tions 
or Product Selel"tion 
Assista nce Ca ll Toll 
Free L-800-42 1-1865 

AUS'fRA/,/A, NE:W ZEAi.AND (08) 277-3288 BHGI UM//,UXE:MBOU/IG (03) 458 30.B CANAIJA ( 116) 821-7800 DAE:llAN MINKl lK (02) 7 15-2761 DA NMM<K 12 2 1 18 88 
DE:IJ'f SClllAND (61 .;2) 6 108 1 E:Sl'ANA ( I ) 109 ·17 25 FIUNCE: ( I I 69 07 08 2 1 If.ONG KONG 11339013 IND /A (2 12):139836 ISTUE:l (:!) 9.3-15171 ffAUA (2) 99011977 

NE:/JE:IUAND ( IO) '1.5 1 9533 Nll'l'ON (3) 32 i-J-3787 NOTICE: (2) .50 06 :iO OSTE:llllE:ICll (222) 505 1.; 220 1'£0f'l,£S llE:l'UBLIC OF C//INA (86) 300 77118 
ll E: l'UHUC OF sou1·11 AF/llCA (021 I N - 1071 SCllWE:IZ (56) 26 5 186 S/NGM'Oll E: 28 1-8S37 SUOMI (0) 8011 -011 SVE:WC E: (8) 795 96.50 

TAIWAN-llE/'UIJl/C OF ClllNA (02) 72 1-9533 "fllllKIYE: I I ) :137 22 .JS UNITED KINGDOM (Il l I} 278781 

CIRCLE 86 FOR US. RESPONSE CIRCLE 87 FOR RESPONSE OUTSIDE THE U.S. 



Over 50 off-the-shelf models ... 

Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specific frequenc):'. 
range? ... Mini-Circuits offers a solution. 

Choose impedance ratios from 1 :1 to 36:1 , 
connector or pin versions (plastic or metal case 
built to meet MIL-T-21038 and MIL-T-55831 re
quirements*). Ultra-wideband response achieves low 
droop and fast risetime for pulse applications. Ratings 
up to 1 OOOM ohms insulation resistance and up to 1 OOOV 
dielectric voltage. For wide dynamic range applications involving 
up to 100 mA DC primary current, use the T-H series. 
Coaxial connector models are offered with 50 and 75 ohm 
impedance; BNC standard; request other types. 
Available for immediate delivery with one-year guarantee. 

Call or write for 68-page catalog or see our catalog in 
EEM, or Microwaves Product Data Directory. 

T, TH, TI 
bent lead version 

style X 65 

case styles ·units are not OPL listed 
T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 

finding new ways ... 
setting higher standards 

t;:J Mini•(;,0~0r.~0~!i! 
PO. Box 350166, Brooklyn, New York 11 235-0003 (718) 934-4500 

Fax (7 18) 332-4661 Domestic and International Telexes: 6852844 or 620156 

TMO. case A 11, t case B 13 FT, FTB, case H 16 
NEW TC SURFACE MOUNT MODELS from 1 MHz to 1500 MHz 

NSN GUIDE 
MCL NO. NSN 
FTB t - 1- 75 5950-01- 132-8034 
FTB 1-6 5950-01 -225-8773 
Tl - 1 5950- 10- 128-3745 
Tl - lT 5950-01 - 153-0668 
T2- 1 5950-01 - 106- 1218 
T3- 1T 5950- 01 - 153-0298 
T4-1 5950-01 -024-7626 
T9- 1 5950-01 - 105-8153 
T16-1 5950-01 -094- 7439 
TMOl - 1 5950-01 - 178-2612 

MCLNO. 
TM02- 1 
TM02.5-6 
TM02.5-6T 
TM03- 1T 
TM04- 1 
TM0 4-2 
TM04-6 
TM05- 1T 
TM09- 1 
TM016- 1 

NSN 
5950-01- 183-64 t 4 
5950-01 -215-4038 
5950-01 -215-8697 
5950-01 - 168-7512 
5950-0t -067-1012 
5950-0 t -091-3553 
5950-0 t - 132-81 02 
5950-0 t - 183-0779 
5950-0t - 141-0174 
5950- 01 - 1 38-4593 



3KHz-BOOMHz from $325 
case style number 
see opposite page 

A* 
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B* 
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PRI ~ c StC 

D PrnV SEC 
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F x 
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y 
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T 

TH 
TMO 

TT 

TTMO 

T 

TO 
TH 

TMO 

T 

TMO 

FT 

FTB 

T 

n FREQUENCY INSERTION LOSS 
RATIO 

MODEL 
NO. 

Tl - lT 1 
T1 -6T 1 
T2- 1T 2 
T2.5-6T 2.5 
T3- 1T 3 
T4- 1 4 
T4-6T 4 
T5- 1T 5 
T8- 1T 8 
T13-1T 13 
T16-6T 16 
T4-1H 4 
TM01 -1T 1 
TM02- 1T 2 

t TM02.5-6T 2.5 
tTM03-1T 3 

TM04- 1 4 
TM05- 1T 5 
TM013-1T 13 

TTl -6 1 
TTl.5-1 1.5 
TT2.5-6 2.5 
TT4-1 3 
TT4- 1A 4 
TT25- 1 25 
TTM025- 1 25 
TTMOl - 1 1 
TTM04- 1A 4 

Tl - 1 1 
Tl .18-3 1.18 
Tl -6 1 
Tl .5- 1 1.5 
Tl.5-6 1.5 
T2.5-6 2.5 
T4-6 4 
T9- 1 9 
T16- 1 16 
T36- t 36 
T0-75 1 
T1 - 1H 1 
T9-1H 9 
T16-H 16 
TMOt -02 t 
TMOt - t t 
TM01 .5-t 1.5 

tTM02.5-6 2.5 
tTM04 -6 4 
TM06- t 6 
TM09-1 9 
TM0t6- t t6 

T2- 1 2 
T3- t 3 
T4-2 4 
T8- t 8 
Tt4- 1 14 
TM02- 1 2 
TM03- t 3 
TM04-2 4 
TM08- t 8 
TM0t4- t t4 
FTl.22-t 1.22 
FT1.5- t 1.5 

FTB- 1 1 
FTBt -6 1 

• FTB- t - 75 t 

T-622 1 
T626 t 

• Denotes 75 ohm models 

* FOR A AND B CONFIGURATIONS 
Maximum Amplitude Unbalance 

MHz 

.05-200 

.003-300 

.07-200 

.01 - 100 

.05-250 

.2-350 

.02-250 

.3-300 

.03- 140 

.3-120 

.03-75 
10-350 
05-200 
.07 -200 
.01-100 
.05-250 
.2-350 
.3-300 
.3- 120 

.004- 500 

.075- 500 

.01 -50 

.05-200 
0.1- 300 

.02-30 

.02-30 

.005- 100 
0.1- 300 

.15-400 
0.01 -250 

.01- 150 

.1-300 

.02-100 

.01 - 100 

.02-200 

.15-200 

.3- 120 

.03-20 
t0-500 
8-300 
2-90 
7-85 
1- 800 
.15-400 
.1- 300 
.O t - tOO 
.02-200 
.3-200 
.15-200 
.3-120 

.050-600 

.5-800 

.2- 600 

.15-250 

.2-150 

.050-600 

.5-800 

.2-600 

.15- 250 

.2- t50 

.005- 100 

.t -400 

.2-500 

.01 - 125 

.5-500 

O.t -200 
O.Ot - to 

O. t dB over 1 dB lrequency range 
0.5 dB over entire frequency range 

3dB 2dB 
MHz MHz 

.05-200 .08-150 

.003-300 .01-150 

.07 -200 .t -100 

.01 - 100 .02-50 

.05-200 .1-200 

.2-350 .35-300 

.02-250 .05-150 

.3-300 .6-200 

.03-140 .10-90 

.3-120 .7-80 

.03-75 .06-30 
10-350 15-300 
.05-200 .08-150 
.07-200 .1- 100 
.01-100 .02-50 
.05-250 .1-200 
.2-350 .35-300 
.3-300 .6-200 
.3- 120 .7-80 

.004- 500 .02-200 

.075-500 .2-100 

.01 -50 .025-25 

.2-50 .2-50 
0.1 -300 0.2-250 

.02-30 .05-20 

.02-30 .05-20 

.005- 100 .01-75 
0.1-300 0.2-250 

.15-400 .35-200 
0.01 -250 0.02-200 

.01- 150 .02-100 

.1-300 .2-150 

.02-100 .05-50 

.01 - 100 .02-50 

.02-200 .05- 150 

.15-200 .3-150 

.3- t 20 .7-80 

.03-20 .05-10 
- t0-500 
8-300 10-200 
2-90 3-75 
7-85 10-65 
t -800 2-500 

.15-400 .35-200 

.1-300 .2- t 50 

.Ot - 100 .02-50 

.02-200 .05-150 

.3-200 .5-150 

.15-200 .3-150 

.3- 120 .7-80 

.050-600 .t-400 

.5-800 2-400 

.2-600 .5- 500 

.15-250 .25-200 

.2- t 50 .5- 100 

.050-600 .1- 400 

.5-800 2-400 

.2-600 .5-500 

.15-250 .25-200 

.2- 150 .5-100 

.005- 100 .01-50 

.1-400 5-200 

.2- 500 .5-300 

.Ot - t25 .05- 50 

.5- 500 5-300 

O.t -200 0.5-tOO 
O.Ot - to 0.2-5 

Maximum Phase Unbalance 
t .0° over t dB frequency range 
5.0° over entire frequency range 

1dB 
MHz 

.2-80 

.02- 50 

.5-50 

.50-20 

.5-70 
2- 100 

0.1- 100 
.5- 100 
1-60 
5- 20 
.1-20 
25- 200 
.2-80 
.5-50 
.05- 20 
.5- 70 
2- 100 
5- 100 
5- 20 

.1- 50 
1- 50 

.05- 10 
1- 30 

0.3-180 
.1-tO 
.1-10 
.05-40 

0.3-180 

2-50 
0.03-50 

.05-50 

.5-80 
0.1-25 

.05-20 

.t - tOO 
2-40 
5-20 
.1- 5 
40-250 
25- tOO 
6-50 
15-40 
-
2- 50 
.5-8 
.05-20 
.1- tOO 
5-50 
2-40 
5-20 

.5-200 
-
2-250 
2- 100 
2- 50 
.5-200 
-
2-250 
2- 100 
2-50 
.05-25 
t - tOO 

t - 100 
.t-25 
t0- 100 

5-80 
.04-2 
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PRICE$ 

Qt~ 
(1-) 

4.45 
6.95 
4.95 
4.95 
4.95 
3.25 
4.45 
4.95 
7.95 
4.95 
5.65 
5.95 
7.95 
8.45 
8.45 
7.95 
6.25 
8.45 
8.45 

6.95 
5.95 
6.45 
5.95 
6.95 
9.95 

t 1.95 
11.45 
13.95 

3.25 
5.65 
5.65 
4.45 
5.65 
4.45 
4.45 
3.95 
4.45 
6.95 
6.95 
5.95 
6.45 
6.45 
9.45 
6.25 
8.45 
7.95 
7.95 
7.95 
7.95 
7.95 

3.95 
4.45 
3.95 
3.95 
4.95 
7.95 
8.45 
7.95 
7.95 
8.45 

35.95 
35.95 

36.95 
36.95 
36.95 

3.25 
3.95 



Presenting the SR760 FFT Spectrum An ly~,-
16-bit lOOkHz performance for only $4lstl. 
Have you been waiting for someone to make a 
truly affordable FFf spectrum analyzer? One with 
90 dB dynamic range, 100 kHz frequency span, 
an a blazing 50 kHz real time bandwidth? 

i'!Wl·SllllUuer, perfQl'ltlance and price. 
~~n~ !il!d>eea~~aiting for. 

SR760 

• DC to 100 kHz frequency span 
• 90 dB dynamic range 
• 16 bit A/D conversion 
• Single channel with true differential input 
• 50 kHz real-time bandwidth 
• Internal or External Trigger 
• Limit testing and data tables 
• Menu based user interface 
• 3.5 inch DOS compatible disk drive 
• Direct hardcopy to printers and plotters 
• GPIB, RS232, and Printer interfaces 

STANFORD RESEARCH SYSTEMS 

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

CIRCLI 184 roll US. USP<ME CIRCLE 185 FOR RESP~SE OUTSIDE THE US. 
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SOLDERING-TECHNOLOGY GAINS 
IMPROVE CABLE ASSEMBLIES 

The integrity of high
speed signals travel
ing from board to 

board depends on many 
variables, a significant one 
being the quality of solder 
joints in the cable assem
blies linking those boards. 
A new soldering process 
for automatic cable-assem
bly terminations is expect
ed to significantly advance 
solder-joint quality toward 
six-sigma levels. 

Direct current heats the 
bar enough to melt the sol
der and form joints. The 
heater then shuts off to let 
the solder set before the as
sembly moves to the next 
manufacturing stage. 

The temperature-time 
curve for each joint de
pends on such variables as 
the physical contact of the 
hot bar with the wire, the 
heating current, and ambi
ent conditions. Overheat
ing can damage connector 
parts while underheating 
causes poor solder joints. 

er strip's temperature. 
Direct currents flow 

throughout the entire 
cross section of a conduc
tor, but high-frequency 
currents flow only in a nar
row band near the conduc
tor's surface. As frequen
cy increases, the current 
becomes confined to an in
creasingly narrow band. 
The depth of the band is re
ferred to as the "skin 
depth." For a magnetic ma
terial, the skin depth de
pends directly on the elec
trical resistivity and in
versely on the frequency of 
the current source and the 
magnetic permeability. 

With power on, the skin 

effect confines current to 
the magnetic layer of the 
bimetallic heater strip. The 
layer's resistance is high 
and skin depth is small, so 
it heats up rapidly. As the 
magnetic layer approaches 
its Curie temperature, the 
skin depth increases 
enough for current to flow 
into the highly conductive 
nonmagnetic layer. There
fore, the Joule heat gener
ated decreases and all 
points along the strip reach 
an equilibrium tempera
ture-the Curie tempera
ture of the magnetic layer. 
The current shifts from 
layer to layer as thermal 
loads change, maintaining 
this temperature indepen
dently at every point along 
the heater's length. 

The maximum tempera
ture of the strip, then, is 
fixed by the Curie tempera
ture of the magnetic layer. 
That value is determined 
by the composition of the 
magnetic material. The re
sult is a temperature-time 
curve that compares favor
ably with that of hot-bar 
and focused-infrared sol
dering (see the figure). 
AMP plans to expand the 
use of the technique tooth
er connector lines to take 
advantage of its improved 
consistency. 

DAVID MALIN/AK 

Scientists at AMP Inc., 
Harrisburg, Pa., have de
vised a soldering technolo
gy that relies on a combina
tion of electrical and metal-
1 u r gi cal phenomena to 
maintain temperatures 
across the heater strip 
within a narrow range, in
dependent of thermal load 
and application time. Be
cause the strip can't over
heat or underheat, the re
sult is uniformly high
quality solder joints. 

The process takes ad
vantage of a magnetic ma
terial's change in perme
ability as temperature in
creases. The heater strip 
consists of a bimetallic 

WAVEFORM ANALYSIS YIELDS 
ACCURATE FPGA TIMING 

In conventional hot-bar 
soldering of cable assem
blies, a heater bar typically 
comes in contact with a lin
ear array of stripped wires. 

strip of a magnetic materi- A ccurate character-
al over a nonmagnetic ma- ization of intercon-
terial. The magnetic mate- nect resistance and 
rial has a Curie tempera- capacitance effects be
ture somewhat higher come critical as field-pro
than the solder's melting grammable-gate-array 
point. Power comes from (FPGA) speeds approach 
an RF constant-current 100 MHz. At that speed, 
source, which allows the the analog details of the 
skin effect to be exploited digital-signal waveforms 
in order to control the heat- become an issue, and sig-

E L E C T R 0 N I C D E S I G N E) 
FEBRUARY 6, 1992 

nal characterization must 
be done in terms of wave
form calculations as op
posed to the more tradi
tional delay calculations. 
That's because delay RC 
tree models can describe 
FPGA circuit intercon
nects to only a first-order 
approximation. However, 
a new technique called As-
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This ensures that the pro
grammed QuickLogic 
FPGA will meet the exact · 
system specifications. 

Release 2.0 of the pASIC 
Toolkit runs under Win
dows 3.0 (see the photo). 
The Excel spreadsheet dis
plays the results of the 
AWE technology used for 
delay modeling and resis
tance distribution. A selec
tion panel appearing in the 
left side of the screen en
ables users to choose 

AWE-based tools for post
layout delay modeling and 
for interconnect-program
ming resistance optimiza
tion. The red squares in the 
physical-layout schematic 
highlight FPGA intercon
nects contained in critical 
nets. 

For more information on 
the AWE technology and 
the pASIC Toolkit, call 
QuickLogic at (408) 987-
2000. 

LISA MALJNIAK 

ymptotic Waveform Eval
uation (AWE) describes 
FPGA circuit intercon
nects to an nth-order ap
proximation. As a result, 
simulations of the same 
run time as previous tech
niques produce far more 
accurate results . 

technology lets QuickLo
gi c deliver two unique 
benefits to its customers. 

WINDOWS STANDARDS HASTEN 
SOFTWARE DEVELOPMENT 

The AWE technique was 
developed by Professors 
Lawrence T. Pillage of the 
University of Texas at 
Austin and Ronald R. 
Rohrer of Carnegie-Mellon 
University, Pittsburgh, 
Pa. It uses moment-match
ing approximations to effi
ciently evaluate the delays 
caused by distributed re
sistance and capacitance. 
For large interconnects, 
the AWE technique yields 
results thatare as accurate 
as Spice simulations, while 
reducing simulation com
puting time by orders of 
magnitude. AWE employs 
frequency-domain tech
niques to successively con
verge on the actual wave
form, similar to the Spice 
time-domain analysis that 
serially evaluates the 
waveform in small incre
ments of time. 

QuickLogic Corp., Santa 
Clara, Calif., is the first 
company to apply AWE 
analysis in a commercial 
product-the pASIC Tool
kit Release 2.0. The AWE 

First, AWE can increase T ?e role of softwar.e in 
overall FPGA speed by op- image processrng 
timizing the programming and data acquisition 
sequence of the intercon- continues to grow as devel
nects. To accomplish this, opers migrate toward Mi
AWE first identifies the crosoft Windows 3.0 for 
most heavily loaded nets in theirdevelopmentenviron
an FPGA design. Then the ment. Now software devel
device interconnects that opment and operation us
make up these nets are ing Windows has taken an
identified and targeted for other step forward with 
programming in a specific the creation of DT-Open 
sequence that provides the Layers, an open software 
lowest possible resistance architecture devised by 
values. Thus, the highest Data Translation, Marl
possible operating fre- boro, Mass. , that simplifies 
quency is obtained. Maxi- software development. 
mum performance is avail- Open Layers, which is of
able when these links are fered free of charge to the 
programmed in the range public, consists of integrat
of 30 to 50 n. Most users ed, modular programming 
will see a 20-25% FPGA interface specifications . 
speed increase with AWE The company also offers a 
technology. series of applications that 

A second customer bene- conform to Open Layers 
fit from AWE technology called Global Lab. The ap
is the precision of the tim- plications include data ac
ing simulations. The AWE quisition, image process
technique is used in the pA- ing, function libraries, and 
SIC Toolkit to provide the device interfaces. 
mostaccuratetimingmod- The architecture re
els possible for the back- moves the software's hard
annotation of delay infor- ware dependence. By sup
mation into the timing sim- porting one Open Layers
ulator. The accurate tim- compliant board, it allows 
ing models allow users to other boards to be added in 
establish the precise sys- the future, almost trans
tem-level performance parently. This is achieved 
available from the FPGA. by taking advantage of 

Ei) E L E C T R 0 N I C D E S I G N 
FEBRUARY 6, 1992 

Windows' dynamic link li
braries. 

Open Layers speeds 
software development: 
The company defined all of 
the interfaces between ap
plication function libraries 
and their respective device 
interfaces. By coding any 
one of those layers, a new 
application could easily be 
integrated with existing 
code and conform to the 
standard. In addition, such 
tools as interpreted-C 
scripting at the application 
layer are provided so that 
designers can prototype 
their applications before 
using the libraries. 

Within the applications 
programming interface 
(API), which is the inter
face between the applica
tions and the function li
braries, the function calls 
are defined. Function calls 
assist in board configura
tion, such as setting up the 
acquisition speed or num
ber of channels for a data
acquisition board. For an 
image-processing board, 
things to configure include 
the type ofinputsignal and 
display type. 

Open Layers defines 
function calls for such op
erations as acquiring, dis-



"Speed fascinates me. The Air Force 
has a jet that hit 2,193 mph. Instant 
face lift. A I.arnborghini Diablo can 
push the needle over 200 mph. 
There's a guy who once served a ten
nis ball 138 mph. And the fastest 
mile ever run? 3:46.32. Now that's 
fast. Especially when you consider 
it takes a snail five days to cover the 
same ground. And speaking of 
speed, there's Altera's MAX 7000 
family of J?rograrnrnable logic. With 
pin-to-logtc delays of 12ns and sys
tem clocK frequencies over 80 MHz. 
Plus fast, low skew routing with a 
predictable delay of 3ns or less. 
Whooosh! It just doesn't 
get any faster than 
Altera's MAX 7000. We're 
talking warp speed:' 
They're big. They're fast. They'reeverythingyou'veaskedfor. want to know more? Speed dial 1-800-800-7256MAX" 7 0 0 0 
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playing, or storing data, 
and for protocols of buffer 
management and data lo
cations. For example, if 
data is acquired using a 
data-acquisition board and 
a fast Fourier transform 
(FFT) is to be performed 
with a processor board, the 
processor board can find 
the data by invoking the 
buffer-management func
tion once the data-acquisi
tion board acquires and 
stores the data. Similarly, 
with an image-processing 
board, the data is acquired 
and stored in memory us
ing the Open Layers proto
cols. A compression board 
then can access the data. 

The System Program
ming Interface (SPI) de
fines the device interfaces 
as well as the interface be
tween function libraries, 

TECHNOLOGY ADVANCES 

which are hardware inde
pendent. It contains the 
protocols for allocating de
vices in terms of whether 
the device is being used by 
a particular library or ap
plication. For example, if 
an FFT board is being im-

plemented, it allocates the 
processor board to the ap
propriate library to per
form the FFT. After com
pletion, the processor 
board is released for use by 
another application. 

The SPI also allocates 

the memory assignments 
for all devices. Then the 
board configuration and 
other functions are per
formed by the device con
trol (this is automated by 
Open Layers). 

Open Layers consists of 
three levels-the applica
tion layer, the function-li
brary layer, and the device
interface layer. Data-ac
quisition and image-pro
cessing libraries are 
supplied at the function-li
brary layer. Plotting and 
signal-processing libraries 
will be offered in the fu
ture. In addition, GPIB and 
compression libraries are 
available from third par
ties. Data Translation will 
provide the device inter
faces for the company's 
boards as well as the func
tion libraries. Third parties 

Evecy connecting product for evecy kind 
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could design signal-pro
cessing-device interfaces 
that would operate directly 
with Data Translation's 
signal-processing function 
library. 

Windows introduces a 
method of modularization, 
one that's standard ized 
when Open Layers is used. 
Windows essentially acts 
as a traffic cop, controlling 
all communications be
tween the application, the 
function library, and the 
drivers. The operating sys
tem allows for and encour
ages the invocation of dy
namic linking, which 
makes it easy to add new 
applications, function li
braries, and drivers almost 
at will. And existing soft
ware needn't be recom
piled and relinked to be 
joined with new software: 

of connection. 

Windows provides the link
ing mechanism between 
each of those. For example, 
new hardware could be 
added to a system by sim
ply loading the new driver 
interface. 

Seeing Windows' modu
larization methods, Data 
Translation realized that 
the dynamic-linking capa
bility would be a key ele
ment if Windows is to be 
used effectively. The stan
dard was thus adopted so 
that designers don't have 
to be concerned with those 
interfaces. And because 
future software and hard
ware will fit into the same 
structure with very little, if 
any, change, simple soft
ware upgrades can be 
made. 

The company is target
ing three classes of cus-

tomers-end users, devel
opers, and OEMs. Each 
class of users interacts 
with the various layers and 
interfaces of Open Layers 
in a different way. End us
ers wanted applications op
timized for themselves, 
which allowed future hard
ware additions without re
quiring changes to their 
application. It's not impor
tant how it gets implement
ed, just as long as they can 
add hardware later. 

Developers want to be 
able to customize their ap
plications with the knowl
edge that those applica
tions will work with the 
function libraries, SPI, and 
drivers supplied by the 
hardware manufacturers. 
Using Open Layers, they 
set a software standard to 
ensure that their applica-

tions can simply plug into 
the function libraries and 
hardware support, and 
that they have full com
patibility. 

OEMs have needs at all 
three levels. At the applica
tion level, they want to do 
quick prototyping. Script
ing capabilities were in
cluded to permit relatively 
fast prototype develop
ment of application soft
ware, so that a "test run" 
could be performed before 
production starts. The 
API's specifications allow 
the OEMs to do a test run, 
and encourages them to in
terface with the function li
braries. 

For more information on 
DT-Open Layers, call Data 
Translation at (508) 481-
3700. 

RICHARD NASS 

© 1991AT&T 

That's AWr "Customerizing." 
XU'a'is your one-stop quality 

source for everything from cable to 
splicing and test equipment. 

Whether it's data cable, composite cable, 
optical cable or fiber, AT&T has it all. 

Along with 110 Connecting Blocks, 
ST® Connectors, FD DI Jumpers, and any 
number of other connecting products. 

Everything you need in copper and fiber 
optics for the transmission of voice, data, 
image, and remote sensing. 

Everything you need for all your appli
cations, such as LAN and harsh environment, 
off-the-shelf or custom designed. 

Technical support? We'll work side-by-side 

-

with you to design special situation 
connections. And we'll provide system as well 
as component solutions. 

You also have AT&T's assurance of product 
quality and reliability. Backed by the 
design and technology expertise of 
AT&T Bell Laboratories. And by a century of 
AT&T cable and apparatus manufacturing 
experience. 

Giving you everything you need. Exactly the 
way you need it. That's what we mean by 
"Customerizing:' 

For more information, just give AT&T a call 
at 1800 344-0223, ext. 1053. Outside the U.S. 
call: 602 233-5855. 

AT&T 
Microelectronics 
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Radstone Technology Corporation 
20 Craig Rd.,Montva le,NJ 07645-1737 
Call Toll-Free: (800) 368-2738 
Eastern Region: (201) 391-2700 
Central Region: (708) 304-0202 
Western Region: (408) 727-4795 BUSCON/92-WEST" 
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TECHNOLOGY ANALYSIS 

BUSCON '92 WEST: 
MEZZANINE BUSES RIDE A 

NEW WA VE OF POPULARITY 
LESS-STRICT SPECIFICATIONS PERMIT MEZZANINE 
MODULES To ADD FUNCTIONALITY WITHOUT THE 

TRADITIONAL TRADE-OFFS. 

RICHARD NASS typical performance and 
cost penalties associated 
with the standard buses. 

hen the doors swing open at the 
Long Beach Convention Center in 
California for this year's Buscon 
'92 West show, being held Feb. 4-6, 
attendees will encounter a techni
cal program and exhibits with a 

wide range of computer-technology subjects. One partic
ular topic that's sure to pique interest is the use of mezza
nine buses, an approach that adds flexibility and allows 
customization of computer boards. 

Computer-board makers always seek out ways to dif
ferentiate their boards from the competition. One ap
proach is to incorporate a mezzanine bus that can accom
modate different daughterboard modules for almost any 
application. The performance trade-offs are minimal and 
there's a significant cost savings over designing full-size 
boards. 

Users continually demand more performance, func
tionality, and customization on their boards, thus putting 
manufacturers at a disadvantage. A board customized 
for one user may not suit another, or it may have more 
functionality than is required, raising the cost. Mezza
nine boards can solve this problem: By adding a mezza
nine board to a general-purpose CPU board or a single
board computer, users can get the customization they 
desire, without the overkill. 

Boards for almost all standard buses are now being 
built with some type of expansion capability. Some of the 
functions supplied by mezzanine boards include serial 
and parallel 110, memory expansion, SCSI ports, net
working, video controllers, and communications. In addi
tion, customized modules can be built for unique func
tions. 

The CPU board is typically used as the baseboard, and 
the mezzanine boards help to evolve the platform. Board 
makers discovered that CPU technology is progressing 
at a much faster pace than 110 technology. Therefore, 
users can keep their 110 functionality and just upgrade 
the CPU. From the users' point of view, they can buy 
base platforms and then add whatever modularity is 

Mezzanine boards perform many functions. They of
fer a finer grade of modularity when building a system in 
terms of memory, 110, etc. They can also be a mechanism 1. COREBUS IS A HIGH-END synchronous mezzanine 
to implement custom interfaces rapidly and inexpensive- bus from Heurikon that features a 50-MHz clock speed and a 
ly. The modules have adapted long-standing architec- maximum bandwidth of 200 Mbytes/s. The bus can handle 
tu res, such as VME, STD, and Multibus I and II, to new graphics, networking, and floating-point operations. It also 
applications. They offer an easy integration path for supports four interrupt lines, each with a separate Acknowledge 
multiprocessing on a standard bus without paying the signal. 
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1
2. WITH THE 3U CARDS' MXBUS CONNECTOR mounted on the side, two 
cards can be joined together to fit into a GU slot. The proprietary structure from Mizar 
contains a family of modules ranging from simple 1/0 ports to complex parallel·processor 
expansion modules. 

needed to support those baseboards, 
whether it's 110, memory, disk stor· 
age, or communications. 

Another advantage to using mez· 
zanine boards is that an extra slot 
isn't taken up because they become 
part of the baseboard. And the end· 
users win because they can buy a 
low-cost mezzanine board for a frac· 
tion of what a full-sized board con· 
taining the same functionality would 
sell for. 

Low, Mm, AND HIGH 
Mezzanine buses can be loosely di· 

vided into three categories: low-end, 
mid-range, and high-end. Each type 
has its pluses and minuses, with the 
application dictating the appropriate 
one to implement. Some buses could 
be placed into more than one catego· 
ry. Low-end boards add some simple 
110 functionality. They're basically 
inexpensive, but their functionality 
is somewhat limited. Examples of 
this type of implementation include 
SBX from Intel Corp., Hillsboro, 
Ore., and Industry Pack from Green 
Spring Computers, Menlo Park, 
Calif. 

Industry Pack boards use a 2-in.2 

module with a low-cost interconnect 
scheme. The bus doesn't operate at a 
high speed and a minimum number 
of data and address lines are used. In 
addition, some interrupts are han· 

El.IE 

BACKPLANE 
HOLDS BOTH AT, 
VMECARDS 

Standard PC/ AT boards can be 
mixed with high-performance 
VME boards in the N6280 AT/ 

VME backplane. The industrial-grade 
enclosure mounts in a 19-in. rack and 
has positive locking for both types of 
cards. A 750-W power supply and two 
high-volume exhaust fans give the 
N6280 the power and cooling needed 

to support a twenty-board system in a 
factory environment. Prices start at 
$4000, with OEM discounts available. 

Nissho Electronics Corp., Inwood 
Park, Suite 200, 17320 Red Hill 
Ave., Irvine, CA 92714; (714) 26'1· 
8811. IWUHll111 
• Booth626 
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dled. Silicon requirements for the in
terface can be managed by a few 
gates or a PAL. 

The mid-range mezzanine bus en· 
ables the use of some memory or oth· 
er higher-functionality 110, such as 
SCSI, Ethernet, or alternative com
munication ports. These modules re· 
quire more data, address, and con
trol lines because a semi-intelligent 
microcontroller is synchronized to 
the local bus. This type of circuitry 
can generate some interrupts and al
low some direct-memory access. Ex· 
amples of mid-range mezzanine bus· 
es include SBus from Sun Microsys
tems, Mountain View, Calif. and 
DBUS-68 from Matrix Corp., Ra
leigh, N.C. 

A full-function or high-end mezza· 
nine bus can contain some intelligent 
devices and a sophisticated inter· 
face. Two examples of the high-end 
mezzanine bus are Corebus from 
Heurikon Corp., Madison, Wis., and 
FLXibus from Force Computers, 
Campbell, Calif., both of which are 
multiprocessing buses. SBus almost 
fits into this category because it's 
modules can contain reasonably-in· 
telligent devices, but the bus can't be 
controlled from the mezzanine. 

Corebus appears on both RISC 
and CISC CPU baseboards from 
Heurikon. To interface both high· 
speed modules (such as zero-wait· 
state memories) and slower periph· 
eral modules (such as disk control· 
lers), Corebus contains synchronous 
and peripheral buses. The synchro· 
nous bus features a 50-MHz clock 
speed and a maximum bandwidth of 
200 Mbytes/s (Fig. 1). Using the bus' 
two-wire handshake, masters can 
control all key timing parameters. 
There's also support for four inter· 
rupt lines, each containing a sepa· 
rate Acknowledge line. 

FLXibus uses 32-bit data and ad
dress lines decoupled from the pro· 
cessor-to-memory bus. It offers 
VMEbus master and slave capabili
ties and is fully compatible with the 
68020 asynchronous interface. The 
FLXi daughterboards designed by 
Force are called Eagle modules. 
They come equipped with an ASIC to 
handle the FLXi interface and some 
other logic to make the modules in· 

G N 



If your VAX or VMEbus needs 
16.7 Million Colors, call (510) 531-6500. 
Peritek Peritek Corporation 

5550 Redwood Road , Oakland, California 94619 
West Coast (510)531-6500 fax (510)530-8563 Mid West (303) 791-9161 fax (303) 791-9160 
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FUTUREBUS+ BACKPLANE SUITS 
HIGH-SPEED APPLICATIONS 

A 13-slot, 16-layer backplane 
from BICC-VERO complies 
with Profile F of the Future

bus+, IEEE P896.2 specification. The 
spec supports a 128-bit data bus with 
central arbitration. Skew is mini
mized by the surface-mounted 33-0 
resistors and high-speed capacitors 
that are arranged to exactly match 
the length of each signal trace. The 
capacitors supply local high-speed 
charge storage to each line. Further 
protection from ground-bounce ef
fects is made possible by combining 
multiple power and ground planes 
with a ground-tracking pattern. Con
forming mechanically to IEEE 
1301.1, the backplane is 300-mm high 
and supports hard-metric Future
bus+ 265-by-288-mm daughter
boards. Power for the 5-, 3.3-, 2.1-, and 

terchangeable. Force currently of
fers modules for a host of applica
tions, including the recently an
nounced Eagle-10 and -11 boards 
with Ethernet and SCSI interfaces. 

STRICTLY FORMAL 
The specifications for a system 

bus, such as Multibus or VME, are 
very formal, in terms of timing and 
conformance to the standard. "Any-

0-V rails is supplied to the backplane 
through the company's LOMET con
nector, which offers a low-impedance 
interconnect to the multiple power 
and ground planes. The backplane 
costs about $2000. 

BIGG- VER O Electronics Inc., 1000 
Sherman Ave., Hamden, CT 
06514; (203) 288-8001. 1@&11111 
• Booth618 

time you introduce formality into 
electronic interfaces, you introduce 
a certain level of performance degra
dation because there are a lot of tim
ing issues that everyone has to con
form to," says Ray Alderman, tech
nical director of the VFEA Interna
tional Trade Association (VITA), 
Scottsdale, Ariz. In a local or mezza
nine interface, the guidelines aren't 
that formal. This aspect becomes sig-

EXPANDABLE SBC 
RUNS WITHOUT A Bus 

Designed for embedded appli
cations, the SBX-C186EB 16-
bit single-board computer 

(SBC) lets engineers design custom 
products without expensive and com
plicated bus systems. Although the 
SBC contains no bus, it can be expand
ed through four on-board iSBX con
nectors. The board is built with an 
80C18616-bit processor and an 80C187 
coprocessor, both running at 16 MHz. 
On-board functions include a real
time clock, an interrupt controller, 
five 16-bit counter-timers, and 32 par-
allel I/O lines. Prices start at $425. 

I 

Connector kits, mounting hardware, 
and power supplies are available. 

R.L.G. Enterprises, 4800 Temple
ton Rd., Atascadero, CA 93422; 
(805) 466-9717. litl;@lft/il 
• Booth 802 
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nificant when a board maker is build
ing a board for a specific customer. 
Custom-application boards are easi
er to build, allowing them to reach 
the market faster. 

Mezzanine buses simplify some of 
the tasks that would otherwise be 
difficult to implement on a system 
bus. One example involves using 
multiple processors. On the system 
bus, it's difficult to work out the in
terprocessor communications, such 
as how data will be shared, how tasks 
will be assigned, and how the proces
sors will be synchronized, among 
other considerations. Adding a sec
ond processor doesn't necessarily 
supply twice the processing power. 
If the first processor can produce at 
90% of its potential (bus-overhead is
sues sap some of the power), the sec
ond adds about 70 to 80% because it 
must arbitrate for the bus and ex
change data. Plus there's twice as 
much overhead. The power supplied 
by each additional processor dimin
ishes as more are added. This varies 
from bus to bus because different 
buses contain different levels of 
overhead. 

Mezzanines alleviate this problem 
because there are very few stan
dard-related restrictions on the bus. 
Consequently, mezzanine buses like 
Corebus, FLXibus, and, to some de
gree, SBus are turning up with mul
tiprocessing configurations. These 
buses permit multiprocessor inte
gration, saving time and reducing 
complexity when compared to doing 
the same implementation over the 
system bus. "Mezzanines are an en
abling technology for multiprocess
ing and solve the bottleneck prob
lems associated with the system 
bus," adds Alderman. 

Quite often, a mezzanine architec
ture is configured around a proces
sor. If an Intel processor is used, tim
ing and gating obstacles must be 
overcome. For most cases, some type 
of state machine would be required. 
If it's a Spare processor, then SBus 
becomes a wise mezzanine choice be
cause most of the timing work is al
ready done. In addition, many com
panies have laid most of the ground
work needed to implement Motorola 
68000-based processors. 
G N 



Radstone Technologies, Mont
vale, N.J., based its two mezzanine 
architectures, PEX (Processor EX
tension) and APEX (Advanced PEX), 
on the 68000 interface. The signal 
conventions used on a PEX board of
fer easy integration into the 68000-
family environment because the in
terface's predefined signals are opti
mized for this architecture. Little or 
no conditioning of the interface sig
nals is needed. The PEX interface im
plements the data and address paths 
in a non-multiplexed fashion, reduc
ing the complexity of the on-board 
module and increasing the bus' 
throughput. Because the processor 
handles the moduie's control and 
data movement, the PEX interface is 
implemented as a slave interface. 
This lessens the bus' complexity be
cause no arbitration circuitry is 
needed on the module or the base
board. 

APEX implements full 32-bit data 
and addresses to efficiently move 
data over the mezzanine bus. It sup
ports such processor features as dy
namic bus sizing and caching to in
crease flexibility and performance. 
Another feature of APEX is that it 
can inform the processor as to 
whether the data residing on the bus 
should be cached. Because APEX im
plements a full master-slave inter
face, the module can gain access to 
resources, such as memory, on the 
baseboard. 

Another reason for opting to im
plement one architecture over anoth
er can be pinpointed to the number of 

BUSCON 
PREVIEW 

STDBUS ADVANCES 
T0486 LEVEL 

Designed for industrial com
puting applications, the 7874 
STDbus single-board com

puter(SBC) is based on Intel's i486 mi
croprocessor running at 25 or 33 MHz. 
Full 32-bit data transfers can be made 
to the on-board RAM (4 to 16 Mbytes). 
The SBC operates with any STD 1/0 
card that conforms to the STD-80 se
ries specification for adding applica
tion-specific I/ 0 functions . Micro
soft's DOS 5.0 is included in the on
board ROM. Up to seven 80X86 CPU 
boards can be installed in the same 
backplane with the 787 4. The board 

comes with standard PC/ AT periph
eral devices, including a keyboard in
terface, two RS-232 serial ports, a par
allel port, interrupt and DMA control
lers, a counter-timer, and a battery
backed real-time clock. An optional 
VGA video board can be added. With 4 
Mbytes of RAM, the 25-MHz board 
goes for $2995. 

Pro-Log Corp., 2555 Garden Rd. , 
Monterey, CA 93940; (408) 372-
4593. lil/;&lf#j 
• Booth104 

VME BOARD INTERFACES TWO 
MIL-STD· 1553B BUSES 

Two MIL-STD-1553B buses can 
be interfaced using the MBl-2, 
an advanced full-military

specification intelligent VME-based 
board from Radstone Technology. 
Key features of the MBI-2 include one 
or two dual-redundant MIL-STD-
1553B buses, a master-slave VMEbus 
interface with high-speed DMA con
trollers, and a 68020 processor sub
system to handle all of the 1553B pro
tocols. A second offering from Rad-

stone, the single-slot FDDl-1 com
mercial FDDI controller, comes with 
separate data paths for control and 
processing elements. The board can 
hold up to 8 Mbytes of DRAM with 
128 kbytes of FDDI buffer static 
RAM. Built with AMD's Supernet-2 
chip set, the FDDl-1 offers concur
rent 100-Mbit/s data transfers. 

Radstone Technology Corp., 20 
Craig Rd. , Montvale, NJ 07645; 
(201) 391-2700. tat&llill 
• Booth426 

mezzanine modules that are already 
available. For example, Sun Micro
systems claims that at least 70 com
panies currently build SBus mod
ules. Hence, almost any function a 
user could need is available. The 
baseboard manufacturer needn't 
worry about building a new module 
for each customer. 

At last count, 22 mezzanine buses 
were being implemented on the 
VMEbus. Twelve of those have been 
placed in the public domain (meaning 
anyone can use them without incur
ring any costs). Making them public, 
though, causes them to be somewhat 
rigid: The governing companies 
can't just change the specifications 
on a whim. VITA became the holder 
for every mezzanine specification 
that's in the open domain, but 
doesn't rule on or change them 
(VITA publishes a document con
taining the specifications for each 
mezzanine bus, which is available for 
$49). VITA looked into the possibility 
of standardizing one mezzanine bus 
for the VMEbus. But the idea was 
rejected after determining that dif
ferent architectures are needed for 
the countless applications. 

The twelve open architectures are: 
LEE (a mid-range bus) from Eltec, 
Germany; FLXibus (high-end); SAM
bus (mid-range) from General Micro 
Systems, Montclair, Calif.; Industry 
Pack (low-end); Corebus (high-end); 
IV-XXXX (mid-range) from Ironies, 
Ithaca, N.Y.; DBUS-68 (mid-range); · 
Omni (mid-range) from Omnibyte, 
West Chicago, Ill.; E-PAK and I/O 
PAK (mid-range) from Performance 
Technologies, East Rochester, N.Y.; 
EXMbus (mid-range) from RadiSys, 
Beaverton, Ore.; PEX (low-end) and 
APEX (mid-range); and SBus (high
end). 

THREE-I N-ONE 
The Modular Interface eXtension 

(MIX), from Intel, offers something 
that VME-based mezzanine buses 
don't-the ability to stack up to three 
daughterboard modules on one base
board. The 386 and 486 MIX base
boards include everything needed to 
connect the boards to the Multibus II 
bus, including the controller logic. 
The maximum transfer rate across 
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Tap a reliable source of DSP 
Times being what they are, now more than 

ever you need a faithful partner who can help 
you rise to the top. 

A partner like Spectrum Signal Processing. 
One who saves you time, money and headaches 
by offering the broadest range of off-the-shelf 
DSP board-level solutions available. Solutions 
that fit your needs and put DSP to work. 
Each one fully tested. Fully warrantied. And 
easy to implement. 

Buses 110 Options All major DSPs 

PC/AT 32 channel analog TMS320C40 
VME 16 channel analog TMS320C30 
SBUS 1 MHz transient capture TMS320C50 

Media-Link~ SCSI direct to disk TMS320C25 
AES/EBU digital audio DSP96002 

Multiprocessing DSP56156 
communications DSP56001 

Frame grab/display ADSP-21020 
ADSP-2101 
ADSP-2100 

DSP32C 

All backed by our 
Manufacturing Resource 

Planning System. That means the best service for 
you. From production scheduling to order proces
sing. Plus, we provide complete support including 
extensive documentation, development software, 
applications notes and engineering assistance. 

So go to the source that's gushing with DSP 
solutions by calling today for your free catalog 
or a distributor near you: 1-800-323-1842 
(Western U.S.), 508-366-7355 (Eastern U.S.) 
or 604-438-7266 (Canada). 

SPECTRUIVI 
'-./ '-' 

Putting DSP to work Old Fa ithful, Yellowstone Nationa l Pa rk 



solutions from Spectrum. 

© 1991. Spectrum and Media-Link are trademarks of Spectrum Signal Processing, Inc. All other trademarks are trademarks of their respective holders. 
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the MIX bus is about 22 Mbytes/s, 
compared to about 2 Mbytes/s 
across Intel's SBX bus. In addition to 
the modules offered by Intel, users 
can customize their baseboards by 
designing company-specific modules 
using Intel's module-development 
kits. 

The recently introduced 486 MIX 
baseboard has expanded-memory 
addressability-up to 68 Mbytes us
ing two memory modules. Intel will 
continue to proliferate the daughter 
modules. "When people seem to be 
running out of gas with the 486 
board, we'll throw something faster 
at them from a processor point of 
view. People have yet to exhaust 
MIX's bandwidth, so that's not a 
problem yet," says Dick Binns, hard
ware marketing manager at Intel. 
The idea behind MIX was to disasso
ciate CPU technology from I/ 0 tech
nology so they could evolve at their 
own paces. 

The initial modules offered by In
tel were about half the size of a Mul
tibus II card. Later, users were per
mitted to implement full-size 
daughterboards by stacking them 
under the baseboard. The original 
half-size cards are stacked on top of 
the baseboard. 

Multibus II contains built-in test
ing circuitry that was extended into 
the MIX architecture. Each module 
contains an EPROM containing the 
system tests. Consequently, those 
boards are tested in the same man
ner as the baseboard. Multibus II 
also contains the logic needed to 
identify what types of boards are 
connected to the bus. That intercon
nect access was also included in the 
MIX modules so that the modules 
will identify and include themselves 
in the baseboard's interconnect in
formation. An agent on the bus can 
then determine if a MIX baseboard is 
present, where it resides, if MIX 
modules are attached to the base
board, and what type of modules 
they are. 

The Futurebus+ specification in
corporates a mezzanine architec
ture. Users will be able to stack mul
tiple modules on its Futurebus+ 
Small Computer Expandability Mod
ule (FSCEM) bus. These credit-card-m EL 

BUSCON 
PREVIEW 

1
3. DESIGNED FOR THE PC/ AT'S ISA architecture, OT-Connect II from Data 
Translation transfers data at speeds up to 100 Mbytes/s. This specification is logically and 
electrically compatible with its predecessor, DT-COnnect, thus making it backward
compatible. Because the standard's 32-bit modes are symmetrical, any board can transfer 
data to and from any other board within the connection. 

size modules will boast a maximum 
operating speed of 250 MHz. 

MIX and On board Modular Expan
sion (OME) from Siemens, Munich, 
Germany, also designed for the Mul
tibus II environment, differ from 
SBX in the amount of available pro
cessing power. SBX is usually an ex
tension of a base CPU board that's 
just looking for one extra feature. 
The MIX and OME boards are being 
relied on for independent functions, 
such as digital-signal processing or 
some high-performance 1/0 or com
munication application. 

OME is similar in ability to MIX, 
but has a bandwidth of 40 Mbytes/s, 
compared to MIX's 22 Mbytes/s. It's 
not processor-specific and has been 
implemented on i860- and i960-based 
boards. In 1991, the number of MIX
and OME-based mezzanine boards 
grew by about 20%, from about 40 to 
around 50. SBX modules, now num
bering around 200, increased by 
about 5 to 10%. 

SBX has appeared on other buses 
besides Multibus. In fact, it's quite 
common on the STD bus. Computer 
Dynamics, Greer, S.C., offers SBX 

SPARC COMPATIBLES 
ADD INTERNAL MBUS 

Two Spare-based VME boards, 
the SparcCards 2LC and 2SE, 
are compatible with the Sun 

Microsystems SparcStation 2, but 
contain an internal high-speed Mbus 
architecture. The two cards are fully 
VMEbus compliant, including ad
dress mapping for multiprocessing. 
The boards' integer performance is 30 
MIPS at 40 MHz. The 2LC contains a 
32-kbyte cache memory and 8 or 32 

Mbytes of main memory, while the 
2SE can hold 32 or 64 kbytes of cache 
and 8, 32, or 64 Mbytes of main memo
ry. In addition, the 2SE has a built-in 
SCSI II controller and contains two 
SBus expansion slots. The 2LC sells 
for $5995, while the 2SE is priced at 
$7995. 

Themis Computers, 6644 Owens 
Dr., Pleasanton, CA 94566; (415) 
734-0870. @@llfj,j 
• Booth 723 
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For years, people have been trying to run 
100 meters in under 9 seconds, clear 8 feet in the high jump, 

and hit 5.5 ns in a 22V10 PLD. 

We're still having some trouble with the first two. 
OK, the Olympics may not be in our future. 
But the 5.5 ns barrier is history. 

The 125 MHz* TriQuint GA22V10-5 isn't just a pipe dream. It's proven. 
TTL-compatible. Prioo-competitive. And shipping right now. 
We make it available in both surface-mount and DIP packages. 

The GA22V10-5 is only one of a slew of record-setting perl'ormances 
in speed, quality, technology and service that you can count on from 

TriQuint - now comprising the combined forres of Gaz.elle Microcircuits, 
GigaBit L<>gic, and TriQuint Semiconductor. 

If you want a 25% perl'ormance advantage for your logic devices, and you're working on a fast 
track, call or write TriQuint for complete details on the GA22V10-5 today! Call (408) 982-0900. 

'125 MHz emrnal, 200 MHz inrernal 
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RISC-BASED SBC SUITS 
COMPUTE-INTENSIVE TASKS 

Motorola's latest single
board computer is based on 
the company's 88110 sym

metric superscalar RISC micropro
cessor, which operates three to five 
times faster than its 88100 processor. 
The single-slot 6U board's architec
ture enables the 88110 to operate at 
peak performance during all opera
tions. The board can be used for SCSI 
II peripheral I/O, multiple users, and 
networking. The 3D-graphics execu
tion units and enhanced floating
point capability of the 88110 suit the 
board for compute-intensive applica
tions. Flexibility is maximized using 
an expansion mezzanine port and a 
standard VMEbus subsystem bus 

modules for video control, parallel 
I/O, and memory, as well as other 
applications. The company's recent
ly released CDX-COM is a communi
cations module that offers PC/XT/ 
AT-compatible serial and parallel 
ports. Standard features include two 
serial communications ports; RS-
232, RS-422, or RS-485 communica
tions; an asynchronous baud rate to 

(VSB). Limited quantities should be 
available by the middle of the year. 

Motorola Computer Group, 2900 
South Diablo Way, Tempe, AZ 
85282; (800) 234-4 VME. l@&flUI 
• Booth502 

115 kbaud; and a bidirectional paral
lel printer port. 

A variation of the mezzanine bus is 
the MXbus from Mizar Inc. , Carroll
ton, Texas. The proprietary MXbus 
is based on the company's family of 
680XO VME CPU modules that con
tain VMEbus master and slave inter
faces, EPROM, DRAM, full four-lev
el system controllers, serial I/O, and 

CHOOSE AT&T OR Tl 
PROCESSORS WITH DSP BOARD 

Users can elect to use either 
one or two of AT&T's 
DSP32C or Texas Instru

ments' TMS320C31 processors in 
Burr-Brown's ZPB3400 floating
point DSP board. The processors are 
mounted separately on plug-in 
daughterboards. With the attached 
daughtercard, the ZPB3400 can sup
ply 25, 33, 50, or 66 MFLOPS of per
formance, in addition to handling 
real-time data-input sample rates up 
to 10 MHz. Each processor has its own 
serial bus to allow for parallel pro
cessing of multiple data channels or 
serial processing of one data channel. 
The board can hold either 1 or 4 
Mbytes of triple-ported DRAM. Data 
to and from the processors can be sent 
through the VMEbus, the input FIFO 

buffers, or the high-speed serial port. 
Prices start at $4495. 

Burr-Brown Corp., P. 0. Box 
11400, Tucson, AZ 85734; (602) 746-
1111. hh@lfV:I 
• Booth912 

interrupt features. These boards 
were designed with a standard 16-bit 
expansion interface, but can be used 
with 32-bit CPU modules. Any 16-bit 
MXbus expansion card can be con
nected to a higher-speed 32-bit CPU 
module without requiring an expen
sive redesign. 

SIDE BY SIDE 
The expansion interface can be 

placed on the edge of a 3U VMEbus 
card. By plugging in a 3U "side 
card," both boards can fit into a stan
dard 6U chassis (Fig. 2). Current 
MXbus modules range from simple 
I/O ports to complex parallel-proces
sor expansion modules. 

Motorola's VME Subsystem Bus 
(VSB) is a secondary bus that off
loads the VMEbus. The VSB lets a 
multiprocessor system functionally 
divide into local subsystems, with 
each processing one part of an appli
cation. By removing traffic from the 
VMEbus, overall system perfor
mance is improved. The Extensible 
VSB (EVSB) is a superset of VSB, 
with allowances for propagation de
lays. It allows a ribbon cable of up to 
one meter between the host, and as 
many as six EVSB modules. The 
downside to EVSB is that it takes up 
slots in the VME backplane or some 
other I/ 0 area. 

On the Industry Standard Archi
tecture (ISA) bus, DT-Connect II 
from Data Translation, Marlboro, 
Mass., transfers data at speeds up to 
100 Mbytes/s. The 32-bit intercon
nect scheme eliminates the host com
puter from the data-acquisition or 
image-processing loop (Fig. 3). This 
lets time-critical data bypass the bot
tleneck in the host bus (ELECTRONIC 

DESIGN, Dec.19, 1991, p. 24). Data ac
quired from an I/O board can be 
transferred at a rate of 25 MHz to 
other boards for immediate process
ing and analysis through DT-Con
nect II. Up to five I /O, processor, or 
memory boards can be tied togeth
er. D 
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CaC Computers and Communications 

Low-power DRAMs 

The Low-down on 
Memo!'! Power 

Memory devices 
are as varied as 
the applications 
they are designed 
for, but in this age of miniaturization and 
mobility they have one thing in common: 
power consumption must be rockbottom. 
Capacity, speed, price or package choice may 

be your highest priority, 
.i Standard DRAM but you'll be glad to know 

2000 
µA 1- - - - - - that DRAM memories 

from NEC operate on an 
absolute minimum r-ower 
sur-pJy..: 

300 µA 

100 µA 

30 µA 

Low-power DRAM 

Self-refresh DRAM 

Silicon File 

Based on a 0. 7 µm, stacked 
capacitor process, NEC's 
4 Megabit DRAMs 
offer high access speeds 

and convenient configurations for a wide 
range of desktop and portable applications. 
Competitively priced standard DRAMs have 

For fast answers, call us at: 
UIA Tel , 1·800-632-3531 fax, 1-800-729-9288. Ge1many M 0211-650302. fat 0211-6503490. 

Nell rl I TeL 040-445-845. fax 040-444-580. >weden M 08-753-6020. fax, 08-755-3506. 
T"'"<e Tel 1-3067-5800. fax, 1-3946-3663. >pain M 1-504-2787. fax, 1-504-2860. Italy M 02-6709108. 
fax , 02-66981329 UK lei 0908-691133. fax , 0908-670290. lfel id M 01-6794200. fax, 01-6794081. 
Haog K1 "i lei 755-9008. fax, 796-2404 1w1 n M 02-719-2377. fax, 02-719-5951. Koieo lei, 02-551-0450. 
Fax 02-551 -0451 l1nq1p " leL 253-8311 . fa. 250-3583. Al,,, ia lei , 03-8878012. fax , 03-8878014. 
fop. Tel 03-3454-1111 fax 03-3798-6059 

the high capacity 
required by 
stationary 
systems, while 

low-power DRAMs with· a 300 µA data reten
tion current are ideal for laptops and other 
equipment frequently on the move. NEC's 
Silicon File, only needs a 30 µA refresh cur
rent, and is designed to do duty as a solid-state 
disk in mainframes, workstations and PCs. 
Data retention by way of a 3 V battery gives 
this memory static RAM quality. Another 
device with extremely low power consump
tion is the self-refresh DRAM with a byte and 
word structure and optional parity. Intended 
for new low-power designs, such as notebook 
and palm PCs, it requires a mere 100 µA 
standby current. Compatible as to function, 
speed and pin assignment, all these DRAMs 
can also be configured as SIMM modules 
or memory cards. 

NEC 
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Our new MCM designs have already taken off. 

Now you can blaze new trails 
in multichip module design. 
Introducing new FINESSE™ 
MCM/CAD software. 

In initial applications, from 

aerospace to high-speed computing, 

FINESSE MCM's process-driven 

An 
HD! 
process 
using 

design features and powerful database 

delivered the proven accuracy and 

flexibility needed for evolving 

MCMdesign. 

Here are just a few of the features 

that make FINESSE your best choice 

for MCM, thin-film, chip-on-board, 

HDI, and surface mount technology. 

• Extensive design rule files let you 

design to your process parameters. 

• Powerful, 32-bit database is 

scalable or variable, with sub-micron 

feature resolution. 

• Complex via structures let you 

specify staircase, stacked or staggered 

FINESSE. via patterns. 

Finesse is a trademark of Harris Corporation . Sun is a trademark of Sun Microsystems, Inc. 
© 1991, Scient ific Calculations, a division of Harris Corporation , 7796 Victor-Mendo.1 Road, P.O. Box H , Fishers, NY 14453. 

CIRCLE 180 FOR U.S. RESPONSE 
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• CAM outputs are specially designed 

to produce glass masks or drive adap

tive lithography. 

What's more, FINESSE MCM 

operates on high-performance work

stations from SUN Microsystems. 

Just one more way we're "bringing 

the best together." 
For complete information about 

new FINESSE MCM, write or call 

today: 1-800-4-HARRIS, Ext. 4470. 

In Canada, call 1-800-344-2444. 

And see how fast we can get your 

MCM design off the ground. 

mHARRIS/SC 
BRINGING'IHE BESITOGEiliER 



COVER FEATURE 

MEMORY CONTROLLER TRIMS Bus-TRANSFER 
DELAYS AND BOOSTS CACHE EFFICIENCY 

BY MANIPULATING WIDE MEMORY WORDS. 

ACCELERATE DRAM ACCESSES 
WITH CONTROLLER MODULE 

DAVE BURSKY 

s the latest high-perfor
mance 32- and 64-bit micro
processor systems boost 
their clock rates to 30 MHz 
and beyond, on-chip first
level caches become a ne

cessity to ensure that the processor receives 
a constant flow of data and instructions. The 
cache also acts as a buffer between the slow
er second-level cache or slow DRAM main 
memory and the host processor. Although 
the cache solves bus bottlenecks to the host 
processor, it creates another bottleneck be
tween the cache and the main memory. 

One way to reduce that bottleneck is by us
ing a second-level cache. But that just pushes 
the bottleneck out one level. Other alterna
tives include the widening of the memory bus 
that connects the DRAM to the processor's 
first-level cache, or employing faster main 
memory. Currently, most system manufac
turers opt for the wider buses to move more 
data every cycle. 

At the DRAM-to-cache-controller inter
face, the bus is typically 128-bits wide, while 
64-bit-wide buses are used between the cache 
controller and the cache. At the same time, 
larger second-level caches are being de
signed in-128 kbytes to 1 Mbyte is not un
common. However, to tie the cache into the 
wide buses, designers must typically develop 
custom cache and memory controllers. 

Because time-to-market and cost for high
performance systems have become key con
siderations, engineers at Cypress Semicon
ductor predesigned the memory controller, 
which comes in a multipackage module that 
handles several functions. These include 
word slicing and reassembly, DRAM system 
refresh with scrubbing, error detection and 

E L E C T R 0 N I 

correction, and uniprocessor or multiproces
sor system bus interfacing. There will be two 
versions of the 400-pin 7.8-in.2 controller
one for 32- or 64-bit processor buses (the 
CYM7232) and one for 64-bit CPU buses (the 
CYM7264). The 7232 performs error detec
tion and correction on 32-bit words; the 7264 
does 64-bit error correction and detection. 

By using the wide main-memory words, the 
controller can match the peak burst-transfer 

C D E S I G Nm 
FEBRUARY 6, 1992 



DRAM ACCELERATOR MODULE 

rate of the data from the DRAM ar
ray to that of the second-level cache. 
That's because it will supply words 
to the CPU at the maximum rate the 
CPU's internal cache can absorb the 
data. Furthermore, it allows rela
tively inexpensive DRAMs to be 
used-memory subsystems with 80-
ns access times can be employed 
rather than expensive 50-ns DRAMs. 
Module applications range from 
high-performance workstations and 
multiprocessor compute servers, to 
massively parallel computing and 
video-graphics accelerators. 

On the host-processor side, the 
7232 provides a 32- or 64-bit-wide bus 
(plus parity bits for each byte and 
four parity bits for the address). On 
the DRAM side, there are seven 
check bits per 32-bit word. For the 
7264, there are eight check bits on 
the DRAM bus interface. Both mod
ules implement an extended version 
of the Spare Mbus specification. The 
extensions allow the premature ter
mination of burst transactions, and 
support various burst orders (se
quential and Intel-style bursts) for 
numerous byte-ordering schemes 
and different burst lengths. Sepa
rate address and data lines support 
non-multiplexed system buses. How
ever, the signals can be multiplexed 
for Mbus compatibility. 

The synchronous host interface 
can operate at processor-bus clock 
rates from 25 to 50 MHz. Because the 
controller can fetch a 128-bit-wide 
word from main memory, an entire 
cache line of four 64-bit words can be 
transferred in 240 ns (two wide-word 
reads from the DRAM array). An ad
dress space of 4 Mbytes to 1 Gbyte is 
supported by the module's 36-bit ad
dress bus. 

First-in/first-out buffers on the 
host-processor side of the data-path 
chip are eight 32-bit words deep. For 
a 64-bit-wide CPU bus, the FIFO 
buffers would be configured as 16-
levels-deep by 64-bits wide. The out
puts from the FIFO buffers are then 
reassembled, when necessary, into 
the 128-bit-wide words that are actu
ally written to the DRAMs. Each 
time the processor writes to the ex
ternal memory array, the FIFO buff
ers capture the data and tell the pro-

Ei) E 
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11. THREE CHIPS form the CYM7232 or 7264 DRAM accelerator and controller 
module from Cypress Semiconductor. Two of the three custom chips are identical, with each 
forming a 32·bit slice (7232 only; 64-bit paths in the 7264) of the data path. The third chip, a 
multiple-state-machine IC, controls the module's interfaces and word-transfer timing. 

cessor that the data is written (so 
that the CPU can go off to do another 
operation), while the actual write 
into main memory is done in a sort of 
background mode (typical posted
write operation). That improves the 
overall system responsiveness, be
cause the CPU is rarely left idle wait
ing for a write operation to finish. 

The FIFO buffers also support 
cache-line copyback and fill opera
tions, minimizing a system's bus ac
tivity because the data can be sent as 
a line burst at the maximum FIFO 
transfer rate- 20 ns / word for the 
50-MHz versions. Reads and writes 
to the memory can be inhibited for 
multiprocessor support. Further
more, inhibited reads can be turned 
into reflective reads, and inhibited 
writes may be turned into reads-for
ownership-operations ideal for 
multiprocessor support. 

Reflective reads begin when a sec
ondary cache in a multiprocessor 
system goes to main memory for a 
line fill. If the valid data is in another 
secondary cache rather than in the 
DRAM (stale data is in DRAM), the 

read from the DRAM must be inhib
ited by the secondary cache that 
owns the data. That secondary cache 
then supplies the data to the request
ing secondary cache and writes the 
valid data into the DRAM. 

Reads for ownership keep the sys
tem from stalling if requested data is 
not in a cache. The read-for-owner
ship operation does that by turning a 
write from a processor into a read by 
the cache to fill a cache line. When a 
CPU tries to write a byte into a line 
that turns out isn't in the cache (and 
doesn't know if the line is cacheable 
to start with), the cache must first 
read the line from DRAM and then 
write the data into the line. 

Thus, the write operation for the 
byte is started, but at the same time 
the cache checks for the line. If the 
line isn't found, the byte-write opera
tion is inhibited while the cache 
checks to see if the line is cacheable. 
If it is, the cache brings the line in 
and the byte is written into the line. 
If the line is not cacheable, the byte
write operation started at the begin
ning of the cycle continues and the 
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• 
Some people 
we're power 

obsessed with 
and do 

cheap 

And its all true. 

Okay, we admit it. We're 
hopeless perfectionists. Driven 
to produce the best boards at 
the best price. 

Take our new MVME187 and MVME167 single board 
computers, for instance. Best in performance at 38 MIPS* 
(RISC) and 26 MIPS*(CISC), respectively. Best in value at 
$105 (RISC) and $154 (CISC) per MIPS. 

Which comes out to just $3,995 per board. And 
which compares rather nicely with the $8,000 to $12,000 
you could pay for the competition's boards. Based on the 
88100 and 68040, Motorola's highest performance 

32-bit microprocessors, the 
MVME187 and MVME167 
employ VME D64 architecture. 
BoostingtheVMEbusband

width to a full 40MB/s. And both boards come with four 
32-bit timers, as well as SCSI and Ethernet connections. 

Naturally, since they're made by Motorola,,1.--
you can expect the best in quality. The ~~"1;11 
Malcolm Baldrige Award is a powerful rlAWanl 

testament to that fact. ,.-
So call 1-800-234-4VME for a free color brochure. And 

see why so many people are obsessed with Motorola products. 

®MOTOROLA 
Computer Group 

For a free color brochure, call 1-800-234-4VME. 

Motorola and the@ are registered tmdenlilrks of Motoro/a, lnc. © 1992 Motorola, Ille . All rights reserved. 'MJPS rating rosed 011 Dlirystone 1.1 test results w1tere 
1757 Dlirystones/s is J MJPS (VAX'" 111780). MlPS perfumrance is rosed 011 the Diab 2.36£ rompiler. 
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DRAM ACCELERATOR MODULE 

byte is written directly to the main 
memory as a write-through cycle. 

Single-byte and partial-word 
transfers are also permitted with the 
read-modify-write (RMW) DRAM 
cycle. The old word is accessed and 
combined with the new data under 
control of the address and size in
puts. A new set of error-detection 
and check bits is generated, and the 
modified word is written back into 
memory. In the 7232, a RMW cycle 
takes place for all writes less than 32 
bits. In the forthcoming 7264, a 
RMW cycle occurs for all writes less 
than 64 bits. 

The 7232 multichip mod· 

0.45 
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0.35 
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:_i 0.25 
0.2 

~ 
.i 0.15 

0.1 
0.05 

DRAM refresh-and ensure a close 
coupling to the various microproces· 
sor buses. Processor buses, such as 
the Spare, the Motorola 88110 and 
68040, the MIPS R4000, and the Intel 
i860 and i486, are all supported, 
along with their respective second
ary cache memories. 

To ensure proper system timing, 
the state machines on the control 
chip operate at high speed. Four of 
the state machines run at 100 MHz; 
eight others run at 50 MHz. Many 
programmable options exist on the 
controller chip to set up the DRAM 
refresh timing, the bus interface, the 

~ 80·ns DRAM without accelerator 

50-ns DRAM wtth accelerator 

simple case results in a range of bus 
utilization from about 45% with a 
0.90 cache hit rate to about 8% if the 
cache hit rate goes to 0.98. 

More efficient bus utilization (low· 
er utilization percentages) improves 
the ability of the bus to handle more 
processors before saturating-such 
as is needed in compute servers and 
symmetrical multiprocessor sys
tems. However, in multiprocessor 
systems, the memory bus tends to be 
the weakest link. By reducing bus 
utilization, additional CPUs can be 
added without negatively impacting 
the performance of CPUs already in 

the system. 
As faster 50-ns DRAMs 

are employed, the bus utili· 
zation improves by de· 
creasing to a range of 31% 
with a cache hit rate of 0.9 
down to about 6%, if the hit 
rate goes up to 0.98. By 
adding the accelerator to 
the DRAM subsystem, 80· 
ns DRAMs plus the 

ule subsystems consist of 
three 184-lead CMOS chips 
(Fig. 1). Two of the chips 
are identical, and each 
forms a 32-bit-wide slice of 
the 64-bit host-processor 
data path. In the forthcom
ing 7264, there will also be 
two identical data-path 
chips that are interleaved 
to handle alternate words. 
These chips perform only 

o+-~-+-~--<~~-+-~-+~~+-~-+-~__, 
CYM7232 would yield the 
same results as a system 0.9 0.92 0.94 0.96 0.98 

64-bit error detection and Cache hit rate based on very expensive 

2. IN A TYPICAL, simple RISC·based system that only uses 
correction. Together, the 
two data-path chips form 
the 128-bit-to-64-bit, or 128· 
bit-to-32-bit (7232 only) 
data funnel for reads from 
the main DRAM to the sys· 
tern bus. In the other direc· 
tion, the chips accept 32- or 
64-bit words and concate
nate them, check bus pari· 

an on-chip cache and external DRAM, bus utilization changes 
considerably as the cache hit rate increases. Four cases are shown 
in the graph: using 81}- and 51}-ns DRAMs with and without the 
accelerator module. Matching performance can be achieved using 
the accelerator with 81}-ns DRAMs or 51}-ns DRAMs without the 

50-ns DRAMs. Still higher· 
performance systems can 
be implemented by adding 
the accelerator to DRAM 
arrays that employ the 50· 
ns chips. Such a combina· 
tion starts with less than a 
25% bus utilization that 
has only a 0.9 cache hit rate 

accelerator. The smallest bus utilization percentage is achieved 
using 51}-ns DRAMs and the accelerator module. 

ty, and then feed a 128-bit-wide word 
to the DRAM array. A simple error
logging facility is available; errors 
will be logged by recording their syn
drome values in a FIFO buffer and 
their burst address (or scrubbed ad
dress) location in a register. Inter
rupts will be generated to the CPU 
whenever an error occurs. 

To perform those operations, the 
data-path chips include check-bit 
generators, error-detection-and-cor· 
rection logic, the scrubbing data 
path for the DRAM background re· 
fresh, and a pipelined and buffered 
data multiplexer-demultiplexer (Fig. 
1). The third chip in the trio contains 
multiple state machines that control 
all of the operations-including 

Ei) E 

bus timing, and other aspects of the 
system. The clock's rising edge is 
used by the synchronous host side of 
the interface. Every system transac
tion is split into an address or control 
phase and one or more data phases. 

When building high-performance 
systems, one goal is to minimize sys
tem bus utilization. That can be done 
by speeding up the transfer of data 
from the memory array to the pro· 
cessor or vice versa. Some system 
examples might better illustrate the 
performance impact of different· 
speed DRAMs and systems with and 
without the module. The simplest 
case could be a 50-MHz CPU with 
secondary cache and off-chip DRAM 
that accesses in 80 ns (Fig. 2). That 

and only about a 5% bus· 
usage level as the cache hit rate in· 
creases to 0.98.D 

PRICE AND AVAILABILITY 
The CYM7232 and CYM7264 DRAM accel· 
erator and control modules come as 400· 
lead pin-grid-array building blocks. They 
will be available in speed grades from 25 to 
50 MHz. Prices peak at $327 apiece in lots of 
100 for the 50-MHz versions. Samples will 
be available in the early second quarter. 
The 7264 is expected by midyear. 

Cypress Semiconductor Corp., 3901 N. 
First St., San Jose, CA 95134; John Mur· 
phy, (408) 432-7100. CIRCLE 511 
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Our DSP develor.ment tool kit hammers 
the competition on performance. 
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And at $49a it nails them on price. 
Granted, that's a pretty tough statement. But it wouldn't be made if it couldn't be backed up. 

Our EZ-KIT is a complete package, with everything you need to define, code, debug, evaluate and demon

strate your DSP design, yet it costs about half of what the nearest competitor demands for equivalent tools. 

Tu help get your design to market even faster, we've made the EZ-KIT the 

easiest kit to use. Its comprehensive Applications Textbook contains a full library 

of source code, while the algebraic assembly language lets you code your DSP 

algorithms just the way you would write them. Plus the kit includes a simulator 

for debugging, and an EZ-LABTM Evaluation Board that 

lets you test your code in real time at 12 .5 MIPS. 

Now, if all that's not enough to hammer the compe

Thc codc compatibility orthc Aosr-2100 tition, we also hit them on compatibility. The ADSP-2100 fixed-point OSP processors lets you 
easily migrate within the family, el'en as 

your designs get more complex. family is a complete line of code-compatible fixed-point 

DSP processors, so programs you develop with the EZ-KIT can be easily ported 

and used on your next design. 

The low cost and high performance of our EZ-KIT opens the possibility of 

using DSP to a whole new range of applications - even yours. For more informa

tion, or to charge a kit by phone, call us at (617) 461-3771. 

The EZ-KIT includes our 
EZ-LAB'" Evaluation Board 
with preprogrammed demos, 
and microphone and speaker 
jacks; software which in
cludes an assembler; a sim
ulator for the ADSP-2101 and 
ADSP-2105; a comprehensive 
DSP Lab Book; an Applica
tions handbook with sample 
source code; and a discount 
coupon for our 3-day System 
Programming and Develop
ment workshop. 

1111111111 ANALOG 
WDEVICES 

Analog Devices, One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Distribution, offi ces and appl ications support available worldwide. 

Authorized North American Distributors: Alliance Electronics 505-292-3360 • Allied Electronics 817-595-3500 • Anllum1 Electronil~i 408-453-1200 • Bell Industries 213-826-5778 
• Future Ell'Clronics 514-694-7710 • Hall-Mark ElPCtronics 214-343-5000 • Newark EIPCtronics 312-784-5100 • Pioneer Standard 216-587-3600 • Pioneer 71xhnologies Group 1-800-227-1693 
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SIEMENS 

Accurate timing at all frequencies 

The clock regenerators from 
Siemens are the ideal compo
nents for the development of 
innovative network solutions on 
an optical basis . 

They feature high quality, reliabil
ity and exceptional performance, 
they cover all standard frequen
cies, and are suitable for all 
optical data and communications 
networks currently being intro
duced worldwide, such as FDDI , 
SO NET and VBN. 

Individual technical highlights : 

• Smallest dimensions worldwide 
• Very low power consumption 
• Very high integration density 
•Very low jitter 

• 1 LSI semi-custom IC and a 
surface-wave filter for all timing 
recovery functions 

• High frequency stability 

The Siemens clock regenerators 
are particularly versatile in the 
implementation of new, customer
specific requirements . Individual 
solutions between 50 and 
300 MHz can be achieved rapidly 
and flexibly. 

Siemens offers a complete range 
of fiber optic components: 

• FDDI transceiver, 125 Mbaud 
•Transmitters and receivers up to 

280 Mbaud 
•Video modules for 850 nm and 

1300 nm 

• Clock regenerators and oscilla-
tors up to 300 MHz 

• Optical relays 
• Interface modules. 

Write to us if your interest has 
been awakened, we will be 
pleased to provide detailled infor
mation: 

Siemens AG 
lnfoservice EC/Z552 
Postfach 23 48, W-8510 FUrth 2 

Fiber optic 
components 
from Siemens. 
Quality for sure. 
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ELECTRONIC DESIGN REPORT 

SYSTEM-LEVEL SIMULATION 

Courtesy of Computervision 

SYSTEM SIMULATION 
STILL HOLDS 

PROMISE 
t's the dream of both EDA 
vendors and users to one day 
eliminate prototypes and 
completely automate system 
design. As the EDA industry 
slowly inches toward that 
goal, system-level simulation 
is increasingly thrust into the 
spotlight. System-level simu

lation can range fl,'.om modeling an 
entire multiboard system at the be
havioral level to simulating every el
ement in that system before any pro
totype is ever built. And though 
many design teams are practicing 
some degree of system simulation 
within that range, no design teams 
are creating products without build
ing prototypes. 

System-level simulation-simu
lating an entire system at a high lev-
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LISA MALINIAK 

MOST DESIGNERS 
PROFIT FROM 
SOME ELEMENT 
OF SYSTEM 
SIMULATION, 
B u TFEw 
PRACTICE IT 
IN PURE FORM. 
el to verify that the architecture is 
correct-is typically done when a 
brand new system is being designed 
and lots of thought must be given to 
architectural issues. Very high-level 
simulation is possible with products 
like SES/workbench from Scientific 
and Engineering Software Inc., Aus
tin, Texas. With SES/workbench, 
engineers can model hardware- and 
software-based systems at a high 
level, and simulate the complete sys
tem including the application soft
ware. Users can address design 
trade-off issues early on, before any 
architectural commitments are 
made. "The cost of making a bad de
cision is very steep," comments 
Doug Neuse, vice president of simu
lation software products for the com
pany. "Our product helps answer 
strategic questions about what a 
product is going to be, not just it's 
implementation." 

The practice of simulating a sys
tem at the low level to ensure it 
meets the specifications is driven by 
ASIC design and the need to get the 
ASICs working on a board. Most de
signs tend to be incremental, ex
plains Steve Cap low, director of mar
ket development for Cadence Design 
Systems Inc., Lowell, Mass., so large 
amounts of simulation aren't usually 
necessary. 

Although most of today's engi
neers would like to simulate any
thing and everything in a system, 
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most simulate only where they think 
a problem will occur (Fig. 1). Sys
tems consist of hardware, software, 
and firmware that may contain ana
log and digital components, ASICs, 
standard devices, programmable de
vices, memory devices, and peripher
als. In addition, systems may have 
high-speed backplanes and compli
cated interfaces to the outside world 
that could in themselves be other 
systems. Engineers also need to sim
ulate components like transducers, 
actuators, and sensors with their cir
cuits, all in one environment (see 
"Expanding simulation to meet to
tal system needs, "p. 56). 

In many situations, a thorough 
system simulation entails modeling 
non-electrical effects. For instance, a 
communications engineer may want 
to model his entire system, including 
such mechanical components as an
tennas and fiber-optic cables. One 
useful simulator in that type of appli
cation is the Saber simulator from 
Analogy Inc. , Beaverton, Ore. The 
Saber simulator can model compo
nents in many different disciplines, 
not just electrical, and have them 
simulated in one environment. 

The benefits of system simulation 
are numerous. For instance, by us
ing simulation, managers can com
pare the performance and function
ality of systems designed by differ
ent design teams and vendors. Simu
lation also reveals chip behavior that 
surfaces only when the chip is in
stalled in its working environment. 
In addition, simulation can attempt 
to model the behavior of a stand
alone chip by itself and on a board, 
the behavior of that board in a back
plane, and that backplane's behavior 
in a system of boards and back
planes. One of the biggest benefits, 
says David Smith, vice president of 
engineering at Analogy, is that simu
lation not only helps engineers build 
a more correct design, but also helps 
them to better understand the de
sign's boundaries and limits. In oth
er words, simulation will indicate 
both when a product will and will not 
work. 

With today's complex designs, 
verifying a design with simulation 
before costly prototyping is nearly 

mE 
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Analog 
simulation 

System 
simulation 

Functions that would be used more often with improved tools 

44.4% 

essential. General
ly speaking, a 25k
to 30k-gate array 
can cost between 
$25,000 and 
$30,000, depending 
on the geometry 
and technology. A 
ci rcuit board that 
contains several of 
these custom chips 
can become pricey. 
At that point, it's 
critical that the 
chips be verified 
within the target 
system before the 
designer commits 
to any silicon. 

_l'"-"'""'"'-""'""'"'~ 

Logic 
simulation 

Design 
documentation 

Schematic 
capture 

Tesl·program 
generation 

Faull 
simulation 

Pc·board layout 
and routing 

IC 
verilication 

IC 
layout 

Ill 1991 

0 1989 

Also, most sys
tem designs are 
partitioned into 
several blocks and 
assigned to differ
ent design teams. 
Continually check
ing the interfaces 
between and within 
these blocks is criti
cal. Very often, de
sign teams create 
blocks that func
tion perfectly as 
standalones, but 
malfunction when 
plugged together. 

0% 20% 40% 60% 80% 100% 
' This category not measured in 1989 study. 

A different way 
to assess what sim
ulation can do for 
engineers, points 
out Kuhoo Goyal, 

1
1. RESULTS FROM a 1991 design-automation survey 
commissioned by Electronic Design show that users continually 
want to simulate more, but feel that they need better tools to do 
it. Almost half of those questioned wanted to perform system· 
level simulation, up from 33. 7% in 1989. 

digital marketing manager for Da
zix, Sunnyvale, Calif. , is to look at 
what prototyping won't let engi
neers do today. For instance, there's 
no room for any form of "what-if" 
analysis with a prototype. Conse
quently, manufacturing variations 
can't be accounted for. Critical mar
gins, such as voltage, power, timing, 
and thermal tolerances, can't be var
ied with prototypes. Although it's a 
good practice to get a prototype 
working in the lab, the engineers ver
ifying a design with that prototype 
can't determine how close it came to 
failing. Nuances like that can't be 
uncovered with prototyping because 
the engineer is analyzing an already 
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"manufactured" device or devices. 
In other words, there's no way to 
cover any type of manufacturing 
variation unless it's related to the 
particular device that's being used 
for the prototype. 

David Hardman, product planning 
manager for Logic Automation Inc., 
Beaverton, Ore., also feels that pro
totypes fail in many areas where sim
ulation succeeds. For example, engi
neers can't get to the internal work
ings of buried chips with prototypes. 
There's less observability, which 
means it's difficult to perform differ
ent types of analysis. 

Although the benefits of simula
tion can be immeasurable, problems 
G N 
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There is a far side to the world of oscilloscopes, a place filled with all sorts of biz.arre characters. Like those 

who swear you need digital, for the sole reason that digital is all they wish to sell. Then there's the gang 

that wants to push nothing but analog. Luckily, there's also a place called Tektronix. Where they manufacture a complete line of analog 

and digital scopes. Making them uniquely qualified to provide you with a more honest assessment 

of your needs. With anyone else, you could be hearing only half the story. For complete information 
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on the full line of Tektronix analog and digital oscilloscopes, get in touch with a Tek representative today. TAlK TD TIK/1·800·42&·2200 

Tektronix 
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can abound for engineers trying to 
implement system-level simulation 
(see "Simulation solves only part 
of the design-verification prob
lem, "p. 58). The electronics industry 
faces a very big hurdle to full system 
simulation-the lack of simulation 
models for every device in the sys
tem. Ping Chao, co-founder of PiE 
Design Systems Inc., Sunnyvale, 
Calif., explains that there's a spec
trum of options open to engineers, 
each with a different level of speed 
and flexibility. Such options include 
hardware modelers like those from 
Logic Modeling Systems Inc., Milpi
tas, Calif., and software models from 
third-party sources like Logic Auto
mation Inc. The company carries 
over 13,000 software models, includ
ing their new Simubus model that 
simulates a VME bus, enabling engi
neers to verify if a board or boards 
meet VME specification. 

Even though EDA vendors have 
provided users with many options, 
often they fall short. Kevin O'Leary, 
electronic CAE product manager for 
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Computervision, Bedford, Mass., 
contends that the customers he has 
talked to can't get more than 75% of 
all the models they need. He adds 
that many times they can do other 
things to get around that, such as in
house modeling service. 

However, engineers end up pay
ing for these model options in terms 
of money, accuracy, and time. For in
stance, Kuhoo Goyal of Dazix points 
out that although hardware model
ers have come a long way in perfor
mance, they're usually still the slow
est segment of a system-level simu
lation. Also, because third-party 
modeling services provide behavior
al models, fault simulations are limit
ed to the I/O ports of devices, leav
ing the internal states unknown. Ac
cording to Goyal, the model solution 
boils down to engineers "making up 
in time what they lose in accuracy." 

For true system-level simulation 
to become a common-practice reali
ty, silicon vendors must shoulder 
more responsibility in supplying 
models of their standard parts. Ter-

ry Strickland, test and simulation 
product marketing manager for 
Compass Design Automation, San 
Jose, Calif., explains that there are 
varying levels of model support 
among silicon vendors at the mo
ment. ASIC vendors, he goes on to 
say, must begin offering hardware
description-language (HDL) models 
because that's the direction in which 
most engineers are headed. 

Logic Automation's David Hard
man points out that getting the mod
els is only the beginning. Timing 
problems can arise when mixing 
models from different sources, cre
ating yet another kink for engineers 
to iron out. And as systems run at 
higher clock rates and timing mar
gins narrow, this kinks grows more 
ominous. Open Verilog International 
chairman Bruce Bourbon adds that 
because more of the simulation is be
ing done at higher levels of abstrac
tion, the interoperability of models 
described in different HDLs is also 
important. 

With simulators like AdvanSIM 

EXPANDING SIMULATION TO MEET TOTAL SYSTEM NEEDS 

W
hen electronic engi
neers conceive of sys
tem-level simulation, 
they most likely think 

of chips and pc boards. The fact is, 
however, that other portions of a 
system, like mechanical parts, can 
affect the way the electronics 
function. That's why Computervi
sion, Bedford, Mass., is leverag
ing their strength in mechanical 
design tools to help electronic en
gineers address non-electronic 
problems. 

The company's definition of 
system simulation extends well 
beyond the board level. It includes 
the backplane, enclosure, cabling, 
and so on. Kevin O'Leary, electri
cal CAE and framework product 
manager for the company, ex
plains that Computervision is 
looking to standards and third 
parties to help with the lower-end 
ASIC simulation while they focus 
on the higher-end system prob
lems. In addition, the company 
has a framework they believe can 

tie everything together in one 
user-friendly environment. 
Frameworks are useful because 
they make data accessible to all of 
the tools and they supervise de
sign flow. 

Computervision is helping engi
neers tackle such problems as the 
dynamics of the heat generated 
from multiple boards in a box. 
Their tools look at the problem 
mechanically, finding electronic 
problems that ignite from the 
physical side. For example, in the 
automotive industry, there's of
ten interaction between the en
gine electronics. Components like 
spark plugs, however, aren't con
ducive to having pc boards any
where nearby because of several 
factors, including noise and 
stress. Therefore, the Compu
tervision system defines restric
tions (where the board can and 
can't go) from the mechanical end. 

Engineers must start looking 
toward larger-scale system simu
lation because even if their boards 

work when tested, they may not 
work when they're installed in, 
for example, an automobile. A so
phisticated car or truck may have 
up to 25 pc boards in it, all wired 
together with lots of interaction 
going on through the wires. The 
system engineer must verify that 
the wires are connected correctly, 
or none of the boards may func
tion properly. 

Computervision approaches 
this problem with a combination 
of its own wire-harness tool, the 
Analogy Saber simulator for ana
log portions and Racal-Redac's 
Cadat simulator for the digital 
portions, all tied together under a 
framework. The wire harness is 
the collection of wires that con
nects all of the boards and switch
es to the control system. Because 
an automobile prototype may 
take several months to build, and 
even then a wiring problem is 
hard to locate, this type of system
level simulation is critical for 
time-to-market success. 
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from Dazix, users can write their 
own simulation models in languages 
like C and VHDL, providing yet an
other angle for the user in terms of 
model resources. A key question is 
one of accommodation: Does the sim
ulator to be used for system simula
tion accommodate any type of model, 
defined at any level of abstraction, 
without performance or accuracy 
degradation? 

Whether an engineer writes his or 
her own models or buys them, ex
plains Analogy's David Smith, the 
models need to be "appropriate to 
the questions that need to be an
swered." For example, a behavioral 
model won't help the engineer who's 
looking to verify detailed timing. To 
be useful, models must use the right 
level of abstraction. Engineers who 
write their own models can guaran
tee that the models are appropriate. 
If an engineer needs a microproces
sor model, for example, he or she can 
build that model to suit his or her par
ticular application and cut out unnec
essary features. If the processor has 
four operating modes and only one is 
used in the application, there's no 
need to model all four. This type of 
tailored model saves the engineer 
much time. 

Simulation performance can also 
become a big headache for engineers 
doing system simulation (Fig. 2) Per
formance is affected by both a host 
computer's processing speed and the 
available memory. Another factor, 
according to J im Kenney, simulation 
product marketing manager for 
Mentor Graphics Corp., Wilsonville, 
Ore., is the amount of time a simula
tor takes to load in a design. This is 
especially true when an engineer is 
saving design changes often and 
must reload the data each time. 

Actually, the simulator's speed in 
relation to the time spent by the engi
neer can be a relatively small portion 
of the overall simulation-verification 
cycle. For example, time spent on 
creating good test vectors that exer
cise the circuit require lots of time 
from the user. Also, the iterative cy
cle of changing, recompiling, and re
simulating the circuit makes up a 
major component of the simulation 
cycle. 
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Equivalent real·time 
system cycles 

10,000 sec. 

1000 sec. 

100 sec. 

10 sec. 

1 sec. 

0.1 sec. 

Chip Chip 
set 

System 
hardware 

System hardware 
and software 

Computer·system integration stages 
Source: PiE Design Systems 

12. THIS GRAPH ILLUSTRATES why today's software-simulation approaches 
fall short when trying to verify a computer system. The simulator must perform almost 100 
seconds of equivalent real-time system cycles just to boot the operating system. 

Eliminating the system-simula
tion speed problem calls for software 
that allows for quick-turnaround 
"what-if" analysis. Basically, this 
implies the need for simulators that 
provide incremental compilation, 
and are tightly integrated with the 
design-entry and analysis environ
ment so that quick viewing, analysis, 
and tweaking of circuit and signal 
values are possible. Another way en
gineers can keep down long simula
tion times is to model everything at a 
high level except for the areas 
they're most worried about. Those 
problem areas should be modeled in 
detail. In addition, compiled-logic 
technology like that used in Mentor 
Graphics' QuickParts product can 
help create models that use less 
memory and execute faster. Effi
cient use of simulation cycles that 
run only the most important cycles 
can also save time. And finally, the 
proven method of hardware accel
eration is becoming a more frequent
ly used simulation option despite its 
high price tag. 

System simulation is often carried 
out at multiple levels. The level at 
which an engineer chooses to simu
late basically depends on what he or 
she is looking for in the design. To-

day's engineer can perform either 
some or all of the system simulation 
at a high level of abstraction using a 
language like VHDL. 

Historically, engineers have need
ed to perform "proof of concept" be
fore they've actually been able to do 
it, notes Kuhoo Goyal of Dazix. Prov
ing a concept involves levels of ab
straction that go beyond the behav
ioral levels. Therefore, the engineer 
can verify a concept before any kind 
of system definition is even accom
plished. Dazix, for instance, is one 
company that offers tools in this ar
chitectural realm. ForeSight, a rapid 
prototyping tool, verifies the system 
specification before any steps are 
taken to implement the specifica
tions. Engineers can perform design 
exploration and design alternatives. 
And, traversing down the design hi
erarchy is automated with ForeSight 
by converting the design specifica
tions into VHDL source code. 
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The behavioral level is often used 
to validate system specifications in 
the form of system blocks. Then, as 
these blocks are implemented, the 
engineer can verify a gate-level 
block's interaction with the other be
havioral blocks. Actually, the imple
mentation that the engineer decides 
Nm 
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SIMULATION SOLVES ONLY PART OF THE DESIGN-VERIFICATION PROBLEM 

Engineers often lose sight 
of the real requirements 
for solving a problem 
when the problem be

comes known by its solution. One 
example of this is using software 
simulation to solve system de
sign-verification problems. When 
simulation reaches the limits of it 
capabilities, there's still a great 
deal of system-verification work 
to be done before delivering final 
products to customers. There
fore, system designers must not 
depend solely on the capabilities 
of system simulation to verify de
signs. If that's the case, they'll 
pay a stiff penalty in time-to-mar
ket, which translates to lost prof
its and lower customer 
satisfaction. 

Design verification 
begins during design 
creation, and continues 
until the final product is 
shipped to customers. 

interactivity axis illustrates how 
easy it is to observe, change, and 
control the model during design 
verification. 

All simulation is mapped to the 
lower-left-front corner of the de
sign, and will slowly climb up the 
y axis toward higher speed and 
more system representation. 
Also, little movement will occur 
along the x axis toward the final 
product form. It's important to 
note that the y-axis scale isn't lin
ear. If it were linear, the simula
tion solution would be just a speci
fication on the model. Today's 
popular simulation tools can 
achieve speeds of a few cycles/s, 
yet most electronic systems oper-

Doesn't conform: .. Form factor .. 

Real time, 

right-front corner. There, design
ers would have the speed, com
pleteness, and form factor of the 
final product. They would also 
have the interactivity they need 
for an effective design-verifica
tion environment. 

ASIC emulation can move the 
engineer closer to this nirvana by 
providing a solution that's further 
up they axis than simulation. The 
spectrum of possibilities opened 
up by this technology can be re
ferred to as computer-aided proto
typing. Computer-aided prototyp
ing combines design translation 
and optimization software with 
reprogrammable hardware to cre
ate hardware prototypes of ASIC 

Conlorms: 
product size, 

low cost 

designs. Engineers still 

Prototyping 

have some level of inter
activity, but speed of 
operation is within one 
or two orders-of-magni
tude of real time. Entire 
systems can be modeled 
by emulating the ASICs In the late stages of the 

development cycle, de
sign verification be
comes the primary ob
jective and the primary 

whole sytslem ,_ __ ___,_ _ ___,r Ideal 

ASIC 
and c:~~r:teness emulation 

Low 
interactivity 

~activity 
High 

and implementing the 
rest of the system with 
off-the-shelf compo
nents. In addition, com
puter-aided prototyp-obstacle to time-to-mar-

ket goals. Although 
simulation is a valuable 
tool during design creation, it has 
serious limitations when used for 
verification. It doesn't have 
enough speed and capacity to han
dle applications that have soft
ware-intensive hardware or need 
long periods of real-time opera
tion during verification. 

The system verification prob
lem can be characterized by a 3D 
model (see the figure). The speed
and-completeness axis represents 
the speed of operation and the 
portion of the system that can be 
modeled by the verification solu
tion. Speed and completeness are 
key factors in determining how 
much real-time operation can be 
simulated in a reasonable period 
of time. The form-factor axis rep
resents how well the solution fits 
the form of the final product's 
size, cost, power, and so on. The 

DC, 
Jew gates interactivity 

ate in the MHz range. This repre
sents a spread of more than six or
ders-of-magnitude. 

Prototyping with ASIC proto
type chips occupies the top-right
rear corner where maximum con
formity, speed, and completeness 
are achieved, but where interacti
vity is at its most restrictive level. 
Debugging in silicon isn't tenable 
because engineers can't observe 
internal operations or make de
sign changes. In spite of this, 
most design teams don't debug to
day's systems until well after the 
first prototype is built and the 
complete system is integrated 
with all of its hardware and soft
ware. A possible drawback, 
though, is extended product-deliv
ery schedules. 

The nirvana of design-verifica
tion solutions occupies the top-

ing enables early sys
tem integration where 

the boards of the final product 
may be used as a test bed, and di
agnostics, operating system, and 
applications can be fully verified 
on the system hardware before 
ASICs are fabricated in silicon. 

System simulation combined 
with computer-aided prototyping 
gives designers a good way to ver
ify their products before any sili
con is created. Simulation is good 
for the early stages of design cre
ation when changes are major and 
frequent. Later on in the design 
cycle, however, computer-aided 
prototyping can help integrate 
the system in hardware while still 
maintaining interactivity. 

Contributed by Stephen Wal
ters, director of marketing for 
Quickturn Systems Inc., Moun
tain View, Calif 
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on can depend greatly on the behav
ior of the high-level description. In 
the final stage of verification, all of 
the blocks can be simulated together 
at the lowest level that time permits. 
David Smith of Analogy points out 
that "a lot of design is done at the 
high level, but design verification 
must be done at the low level." 

Designing and simulating at high
er levels is becoming more common 
as standards like VHDL are adopted 
and as synthesis tools gain the trust 
of engineers. Even without synthe
sis, system-level behavioral model
ing and simulation are useful for nu
merous reasons. For example, if 
done properly, the test vectors veri
fying the device's behavior at the 
high level can and should be used in 
the gate-level verification as stimu
lus and as expected outputs. 

Behavioral simulation, however, 
shields timing details from the engi
neer. Although behavioral simula
tion can have a concept of time, in 
theory it's mainly used to verify a 
system's behavior. For instance, be
havioral simulation may answer the 
question of whether the bits toggle 
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to the right values, instead of wheth
er the bits toggle to the right values 
at the right time. 

Compass Design's Terry Strick
land agrees with that, adding that 
"the behavioral level will never elimi
nate the need for gate-level simula
tion." That's because the detailed 
timing information contained in low
er-level ASIC models is critical for 
the standard timing analysis, which 
is key to system-level success. The 
required level of detail can come 
from a model of an ASIC that's had 
floor planning or has been placed and 
routed. Accurate timing analysis is 
needed because today's boards work 
at such high clock speeds. 

Logic simulation can pass over 
problems just like behavioral simula
tions. Because logic simulation 
doesn't delve down into the transis
tor level, engineers can't see prob
lems in the design caused by, say, 
ringing and noise. 

Timing simulation, in terms of 
worst-case timing or static timing, is 
typically used when some implemen
tation detail is defined. It's basically 
a post-synthesis process, used once 

the technologies and geometries of 
the parts are defined. However, tim
ing simulation can also be performed 
at the data-path levels, prior to syn
thesis, when timing is implied along 
with the design's behavior. Timing 
simulation is always warranted for 
those engineers designing at the 
structural level. Manufacturing 
variations, including timing, power, 
and voltages, can be thoroughly ex
plored by engineers with in-depth 
timing simulations. 

The number of system-simulation 
passes that must be done through
out the design cycle depends on both 
the design and the designer. Factors 
that influence the amount of simula
tion passes include: what the engi
neer is trying to validate; the amount 
of attention being paid to manufac
turing variations as they pertain to 
timing, temperatures, voltages, and 
so on; how much trust the engineer 
has in the results of a simulation run; 
and the amount of fault coverage 
that's satisfactory. The decision is 
really a trade-off, because engineers 
want to get the product to market 
quickly. But they also know that the 

PROGRAMMABLE INTERCONNECT ADVANCES SYSTEM VERIFICATION 

V
erifying today's complex 
systems can be a signifi
cant limitation in engi
neering productivity and 

time-to-market. Current tech
niques, such as simulation, have 
varying degrees of functionality, 
form factor, and flexibility in in
teraction. The challenge for the 
1990s is to develop new verifica
tion approaches that maximize all 
of these attributes. 

Software simulation-the use 
of software models and test vec
tors to verify design behavior un
der conditions specified by the en
gineer-is undeniably the most 
flexible electronic-design-auto
mation tool available to system 
designers for validating concepts. 
Despite this flexibility, though, 
simulation doesn't meet all the 
needs of today's engineers be
cause it's far removed from the 
physical design. 

A good step toward the ulti-

mate solution is a flexible , hard
ware-based tool. The tool should 
have unlimited observability and 
changeability during the develop
ment phase of a project, and is a 
form, fit, and function physical 
duplicate of the final product. 
This latter requirement enables 
the tool to perform at, or near, ac
tual performance; to be shipped to 
cust omers for evaluation; and 
even to be used as a final product 
in low-volume applications. 

Aptix Corp., San Jose, Calif., is 
following that path with a new 
programmable-hardware technol
ogy. The company recently an
nounced details of its proprietary 
interconnect architecture and 
field-programmable interconnect 
components (FPICs). The Aptix 
programmable-interconnect tech
nology enables user-configurable 
component-to-component inter
connection. It can interconnect 
several thousand universal con-

nections per system. 
Two field-programmable inter

connect components initially use 
programming elements based on 
SRAMs and nonvolatile, one-time
programmable memory technolo
gies. Both programming ele
ments are packaged in a propri
etary 1024-pin land-grid-array 
multilayer ceramic package. 

The reprogrammable SRAM
based FPIC is aimed at systems 
requiring dynamic in-system pro
gramming. It has over one million 
transistors, and is processed in 
0.8-µm CMOS technology. Pro
gramming is done using conven
tional memory-addressing tech
niques. The low-impedance, one
time-programmable interconnect 
version is optimized for higher 
speed as well as low cost. Pro
gramming and configuration 
software from the company uni
versally interconnects any combi
nation of pins. 
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more simulation iterations complet
ed indicates the more fault-free the 
design will probably be. 

Deciding on the correct number of 
system simulation passes actually 
ends up being a schedule-driven pro
cess, meaning that most engineers 
simulate as much as their develop
ment schedules will allow. A good 
rule of thumb is to perform some 
sort of simulation at every level of 
abstraction. After that, engineers 
should go through as many itera
tions as possible. In other words, ev
ery time a richer implementation de
tail is reached, the engineer should 
verify that the functionality matches 
the previous level of abstraction. 

Verifying a diverse system usual
ly involves various simulators, which 
poses a problem to both engineers 
and EDA vendors. EDA vendors 
have a tough job in hand: Making dis
parate simulators perform a perfect 
"handshake" isn't a simple task. For 
example, simulators have different 
logic-value systems. A simulator 
manager must map, on the fly, logic 
values from one simulator to anoth
er. There's also the question of how 
an analog simulator will represent a 
digital don't-care state. Moreover, 
each simulator that's used may have 
a different_ time wheel, and these 
must be synchronized. 

Other issues that cause problems 
are how the user partitions a system 
over several simulators, how activi
ties get scheduled between these 
simulators, and how the user debugs 
in a multi-simulation environment. 
"The compile environment is where 
the real problems are,'' notes Bill Fa
zakerly, chief technical officer of 
Ikos Systems Inc., Sunnyvale, Calif, 
"because simulator databases are 
not compatible." Vendors are trying 
to ease the problem with simulation 
backplanes, like those from Tera
dyne Inc., Santa Clara, Calif., and 
Mentor Graphics. The general indus
try consensus, though, is that much 
work still must be done in this field. 

Some engineers who employ more 
than one simulator for a system actu
ally use the simulators separately on 
different parts of the design. Then 
they try to get interaction between 
the simulators with the stimulus and 
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results, instead of having them inter
act during the actual simulation run. 
Simulator interaction is definitely a 
problem. It's the opinion of David 
Hardman of Logic Automation that 
as system simulation becomes more 
of a common practice, engineers will 
migrate to simulators that handle a 
wider range of models, reducing the 
need for simulators to interact. 

In fact, one key to success is to 
have very few simulators fully per
forming the system-level simula
tions. Digital simulators should be 
multilevel simulators that can simu
late anything from the switch level 
to high behavioral levels. Analog 

GOOD RULE OF 
THUMB IS TO 

PERFORM SOME SORT 
OF SIMULATION AT 
EVERY LEVEL OF 
ABSTRACTION. 

simulators should be able to handle 
anything from the transistor levels 
to analog behavioral languages. 
Some simulators can take both ana
log and digital inputs. For example, 
Dazix has a single-engine, mixed
mode simulator that works with ana
log components and digital behavior
al models. 

The Contee Microelectronics simu
lator can handle both analog and dig
ital portions of a design by modeling 
both portions with analog behavioral 
models. The analog behavioral rep
resentations of the digital compo
nents give more detailed time-do
main waveforms than does logic sim
ulation. In addition, the models are 
more than an order-of-magnitude 
faster than circuit simulation with 
comparable accuracy. 

System-level simulation can have 
a significant effect on the final 
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stages of a traditional design cycle 
(the prototype-debug stages) be
cause it moves some of the knowl
edge usually learned at the bread
boarding stage up into the design 
stage (see "Programmable inter
connect advances system verifica
tion," p. 59). This results in a better 
prototype than if it had been built 
without any simulation. And, em
ploying design-for-test (DFT) meth
odologies, fault simulations, and 
automatic-test-pattern-generation 
(ATPG) tools can help ensure 
smoother production runs. Another 
benefit is that simulation supplies 
engineers with test vectors for pro
totype stimulus, which eliminates a 
lengthy process in that verification 
stage. Without the simulation vec
tors, engineers are often stymied as 
to how to stimulate their prototype 
boards. 

Despite the benefits, true system
level simulation is rarely performed 
today. System design in the comput
er and telecommunications industry 
rely heavily on simulation because 
time-to-market is such a critical fac
tor for their success. Other indus
tries, however, require much less 
simulation to be competitive. 

Although the system-simulation 
process is riddled with problems, 
Terry Strickland of Compass Design 
Automation notes that "the people 
who need to do it have built their own 
systems with much pain and suffer
ing." There's lots of work involved 
with integrating software tools. 
Strickland explains that Compass 
Design's ASIC Navigator product 
simplifies this task somewhat by 
automatically generating the ASIC 
information needed by a system-lev
el tool. In general, however, there's 
simply no elegant way of tying ev
erything together. 

Old practices of trusting a proto
type in a lab versus trusting an auto
mation tool still prevail. There's also 
a lack of in-depth expertise in using 
existing automation tools for tasks 
as big as system-level simulation. 
Norm Kelly, vice president of engi
neering for Logic Modeling Systems 
Inc. , Milpitas, Calif., does indeed feel 
that culture and knowledge are two 
barriers blocking the road to system
G N 
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AMP is a trademark of AMP Incorporated 

Whether you're looking for .050" center MCA 
styles, dual-function ISA/EISA types, or .100" or 
.125" center versions, you can be sure you get the 
edge connector you need, when you need it. 

AMP Standard Edge Connectors come in all 
the right styles and sizes, with all the engineering 
advantages you'd expect from the people who 
established edge connectors as an industry 
standard. And the immediate availability and 
in-depth application support you need, from the 
largest supplier in the world. 

Whatever you're looking for in edge connectors, 
compare selection, value, and delivery with the 
industry standard-the AMP Standard Edge lines -
and come up a winner. For information on AMP 
Standard Edge II (.100" and .125"), Standard Edge 
.050, or Standard Edge EISA connectors, call our 
Product Information Center at 1-800-522-6752 
(fax 717-986-7575). In Canada call 416-475-6222. 
AMP Incorporated, Harrisburg, PA 17105-3608. 
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Low-cost, 
PC-Based SCSl-2 

Testers 

For all 
SCSI devices, 
with solutions 
for every testing 
situation - design 
through manufacturing to field service. 

1-TECH'S new SCSl-2 Fast Testers, the first of their 
kind in the marketplace, transfer data at 10 MBytes/ 
second. In addition, they feature: 

• SCSl-2 Command Queuing 
• SCSl-2 Message System Support 
• High-level Multi-threading Support 
• Initiator and Target Emulation 

We offer complete development systems, low-cost 
manufacturing platforms and portable turn-key 
systems, all available with integrated bus analysis. 

Ask us about SCSl-2 Solutions. We'll be happy to 
give you the details. For Information or prompt 
quotation call, write or FAX us. 

c 0 R P. 

6975 Washington Ave. So. • Suite 220 • Edina, MN 55439 
6121941-5905 •FAX 6121941-2386 
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level simulation. He states that "the 
majority of engineers don't know 
how to use simulation." These things 
make system-level simulation more 
of a theory than a reality. 

But this will turn around, not nec
essarily because of changed design 
practices, but because it will become 
impossible to design these complex 
systems in the future without sys
tem-level simulation. As users con
tinue to broaden their knowledge of 
automation tools, and as mandates 
from the military require designs be 
done using languages like VHDL, 
system-level simulations will be
come more common. 

In the future, design teams will in
clude the simulation of software in 
their system-level simulation. Few, 
if any, engineers can achieve that to
day. For example, a limited number 
of processor design teams perform 
low-level software (assembly or mi
crocode) simulation in the realm of 
system-level simulation. Those that 
do use software in system-level sim
ulation have performed such tasks 
as booting Unix. 

Design teams at Intergraph Corp., 
Huntsville, Ala., have simulated the 
Clipper, a CPU for the company's 
workstations, running limited 
amounts of software. Hardware ac
celeration is being used to execute 
Unix instructions, and in turn to boot 
Unix. However, most design teams 
today have separate hardware and 
software development groups that 
perform actual hardware and soft
ware integration at the breadboard 
levels, after every piece is developed. 

Simulating hardware running 
software is a high growth area for 
automation. EDA and CASE ven
dors need to provide more solid and 
integrated automated solutions. The 
abilities within VHDL, for example, 
that allow for text I/O, will let de
signers read ROM instructions from 
a file, emulating the behavior of the 
CPU processing actual microcode 
during "real" operations.D 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
530 
531 
532 



For connectors and help ... from custorn products 
to system design. This is AMP today! 
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Product Information by 
FAX-24 Hours a Day 
Need product specs? Drawings? Instruction 
sheets? Get all these and more, any time. 
Call our Product Information Center 
(1-800-522-6752) and choose the AMP FAX 
option at the voice prompt. All you need is a 
part or document number - the system will 
guide you from there, and fax the information 
you need in minutes! 

Backplanes and System 
Packaging 
AMP Packaging Systems offers state-of
the-art capabilities, with expertise in 
advanced, high-speed systems design. We 
build custom and semi-custom backplanes, 
card cages, and enclosure systems - with 
complete design, characterization, and 
fabrication as needed, to your specifications. 
Call 512-244-5100 for details! 
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Inch or Metric? 
Many of our most popular product families 
are available in both inch and hard metric 
sizes. If you're at all concerned with global 
marketing these days (and who isn't?), be 
sure to ask your AMP Sales Engineer for 
details. Or give us a call at 1-800-522-6752! 

AMP is a trademark of AMP Incorporated. 
EXCELL-PAK is a service mark of AMP Incorporated. 

EADS Connector Library 
Meet our exciting models! We have 
connector drawings and engineering 
data (AMPTIFF files), plus 2D footprint/ 
panel templates and 3D CAD models 
(AMPIGES files) on ISO 9660-compatible 
CD-ROMs. Our Electronic Application 
Design System is a real time-saver. 
Call 1-800-522-6752. If you use SPICE, 
call for licensing details: 
Dick Granitz, 717-986-7119. 

Application Tooling ... and 
Our Support Hotline 
The key to productivity? Connector and 
tooling designed together, to integrate into 
production. The key to continued productivity? 
Total support: installation and setup, training, 
and service. Your key to both? For AMP 
customers, the AMP Field Engineering 
Service Hotline , 1-800-722-1111. Help at 
your fingertips! 

Design Analysis 
High-speed logic requires a new approach to 
interconnect design, and AMP Interconnect 
Systems delivers it. We provide a total 
systems solution, including analysis of your 
design, complete interconnect simulation 
and board assembly, card cage design and fab
rication, power distribution/thermal analysis, 
and system fabrication. Fast time-to-market 
for fast silicon! Ben Bennett, 717-986-7824. 

THIS IS AMP TODAY. 

Precision Cable Assemblies 
Controlled-impedance cable and cable 
assemblies are required for today's high
speed hardware. We know how to engineer 
solutions to high-performance applications, 
and put that knowledge to work for you. 
Check our hybrid cables for applications like 
Smart House, and om· flat copper power bus 
assemblies, too! Jack O'Brien, 717-780-7349. 

EXCELL-PAK Program 
We're shipping in new package sizes and 
new styles - smaller lots, more unit pack
aging, anti-static materials, and ergonomic 
design. We've also eliminated the use of 
CFCs and loose fill, and we're putting stan
dard recycling codes - and bar code logos -
on all packaging. Ask for our brochure! 

A.C.E.S. 
Looking for value-added interconnect 
systems? AMP Cooperative Electronics 
Subcontractors (A.C.E.S.) are fully 
qualified to meet your needs. Trained 
partners offer high-tech assemblies, 
backplane systems, and more. They're part 
of a premiere network of local, regional, 
and national AMP distributors. For the 
distributor near you, call 1-800-522-6752. 
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High Speed, High Current 
Low Side MOSFET Drivers 

vcc 

~~ 8-
Drives a hex O - hex 3 size 
MOSFET; 400 pF to 3000 pF. 

vcc 

~~ 8-
Drives a hex O - hex 3 size 
MOSFET: 400 pF to 3000 pF. 

vcc 

~~ ~ 
Drives a hex O - hex 3 size 
MOSFET: 400 pF to 3000 pF. 

vcc 

~~ 8-
Drives a hex 4 • hex 5 size 
MOSFET; 6000 pF to 12000 pF. 

vcc 

~~ ~ 
Dnves a hex 6 • hex 7 size 
MOSFET ; 15000 pF10 16000 pF 

vcc 
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Onves a hex 0 · hex 3 size 
MOSFET: 400 pF to 3000 pF 

MIC4261718 (Original) a • 30 nS into 1000 pF MIC426 
• 4.5 V to 18 V supply 

1. 5 A peak output =a 6 n output Impedance MIC427 
Available in surface mount 
packages =a MIC428 

MIC14261718 (Low Cost) a • Low cost predriver MIC1426 

· • 38 nS in1o 1000 pF 
• 4.75 V to 16 V supply a • 1 .2 A peak output MIC1427 

• 8 n output impedance 
Available in surface mount =a packages 

MIC1428 

MIC4426/7/8 (Protected) a Latch-up protected 
MIC4426 

• 25 nS into 1000 pF 
• 4.5 V to 18 V supply a • 1.5 A peak output MIC4427 

• 7 n output impedance 
• Withstands 5 V negative swing 

@ • Available in surface mount and MIC4428 
high temperature packages 

MtC4423/4/5 (High Current) a Latch-up protected 
MIC4423 

25 nS into 1800 pF 
• 4.5 V to 18 V supply a • 3 A peak output MIC4424 

• 3.5 n output impedance 
• Withstands 5 V negative swing 

=§ • Available in surface mount MIC4425 
packages 

MIC4420/4429 (Singles) 

B • Latch-up protected M1C4420 
• 25 nS into 10,000 pF 
• 4.5 V to 18 V supply 
• 6 A peak output 

8-• 2.5 Q output impedance 
• Withstands 5 V negative swing MIC4429 

• Available in surface mount 
packages 

~
A.OORIVERS 

~ 
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MIC4465/6/7/819 (Quad) 

• Latch-up protec1ed 
• 25 nS into 470 pF 
• 4.5 V to 18 V supply 

t .2 A peak output 
• Available in surface 

mount packages 
• Five logic choices 

-B:: ... -1~ 
~ MIC4469 
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High Side, Protected 
MOSFET Drivers 

MIC5010 

Full Featured predriver 
• Optional speed up caps 
• 7 V to 32 V supply 
• Internal charge pump 
• 60 µS into 1 nF 
• Over current sensing 
• Fault flag output 
• Surface mount packages 
• Dynamic sensing threshold 

MIC5011 

• Minimum parts count 
• Optional speed up caps 
• 4. 75 V to 32 V supply 
• Internal charge pump 
• 60 µS into 1 nF 
• Surface mount packages 

MIC5012 

Dual predriver 
Provides high and low side 

• 4.75V10 32 V supply 
Internal charge pump 
60 µS into 1 nF 
Surface mount packages 

MIC5013 

• Over current sensing 
7 V to 32 V supply 
Fault flag output 
Internal charge pump 
60 µS into 1 nF 
Surface mount packages 
Dynamic sensing threshold 

Low Side Omer 
WtthCurrentSpnse 

Choose from the widest selection of MOSFET 
predrivers in the industry. Whether your specification 
requires ultrafast low side driving, overcurrent 
protected high side driving, or overcurrent protected 
low side driving of 1 Amp to 100 Amp MOSFETs, we 
can supply the right product from our family of CMOS 
drivers to reliably meet your needs. For details 
contact: Micrel Semiconductor, 560 Oak.mead Parkway, 
Sunnyvale, CA 94086. Or call (408) 245-2500. 

SEMICONDUCTOR 

The Intelligent Power Companytm 



SEMIC ON DUCTOR 
THE INTELLIGENT POWER COMPANY™ 

AUTHORIZED REPRESENTATIVES WORLDWIDE 

UNITED STATES 

ALABAMA 
Electronic Marketing Assoc. 
Tel: 205-880-8050 

ARIZONA 
Sun State Technical Sales 
Tel : 602-220-0595 

ARKANSAS 
Barry Sales 
Tel : 214-234-0255 

CALIFORNIA (Northern) 
W-J Electronic Sales 
Tel: 408-982-9222 

CALIFORNIA (Southern) 
D2 Sales Incorporated 
Tel: 619-481-9310 

CALIFORNIA (Southern) 
RTS Associates 
Tel : 714-730-9561 

CALIFORNIA (Southern) 
The LCS Company 
Tel : 619-868-5844 

COLORADO 
Component Sales Inc. 
Tel: 303-779-8060 

CONNECTICUT 
Dynamic Sales 
Tel : 203-693-6567 

DELAWARE 
Omega Electronic Sales 
Tel: 215-244-4000 

GEORGIA 
Electronic Marketing Assoc. 
Tel : 404-448-1215 

/DAHO 
SPS Electronics Inc. 
Tel: 503-697-7768 

ILLINO/S 
ESA Technical Marketing 
Tel: 708-544-0120 

IND/ANA 
Applied Data Management 
Tel: 317-257-8949 

/OWA 
J R Sales Engineering 
Tel : 319-393-2232 

KANSAS 
Midwest Technical Sales 
Tel: 913-888-5100 

LOUISIANA 
Barry Sales 
Tel : 214-234-0255 

MASSACHUSETTS 
Dynamic Sales 
Tel : 617-272-5676 

MARYLAND 
Boyle Associates 
Tel: 703-620-9558 

MICHIGAN 
Applied Data Management 
Tel : 313-741-8558 

MICHIGAN 
Applied Data Management 
Tel: 313-485-2974 

MINNESOTA 
George Russell Associates 
Tel: 612-854-1166 

AUTHORIZED DISTRIBUTORS WORLDWIDE 

Calder Electric Electronitef 
Grand Rapids, Ml Switzerland 
Tel: 616-698-7400 Tel : 011 -41 -37-410060 

Competitive Components Elcontrol S.p.A. 
Fullerton , CA Italy 
Tel : 714-871-8700 Tel : 011-39-51-86-10-79 

Connec Tek, Inc. High Technology Semi 
Carrollton, TX Tustin, CA 
Tel: 214-245-1266 Tel : 714-259-7733 

Connec Tek, Inc. /SC France 
Houston, TX France 
Tel : 713-956-9091 Tel: 011 -331 -45-064275 

Connec Tek, Inc. Integrated Electronics 
Austin, TX Finland 
Tel : 512-837-9892 Tel : 011-358-351 -3133 

Ditz Schweitzer Jan Devices Incorporated 
Denmark Reseda, CA 
Tel : 011 -45-42-459244 Tel : 818-708-1100 

To place orders or receive a copy of Micrel's 1991 Data Book 
please contact the sales locations listed below. For appl ication 
information please call Micrel Inc. at 408-245-2500. 

MISSISSIPPI OREGON WYOMING 
Electronic Marketing Assoc. SPS Electronics Inc. Component Sales, Inc. 
Tel : 205-880-8050 Tel : 503-697-7768 Tel: 303-779-8060 

MISSOURI PENNSYLVANIA EUROPE 
Midwest Technical Sales Omega Electronic Sales 
Tel : 314-298-8787 Tel: 215-244-4000 FRANCE 

NEW HAMPSHIRE SOUTH CAROLINA 
Rep France 

Dynamic Sales Electronic Marketing Assoc. 
Tel : 011-331-420-42925 

Tel: 617-272-5676 Tel : 803-233-4637 GERMANY 

NEW JERSEY TENNESSEE 
Adicom GmbH 

Comp Tech Sales Electronic Marketing Assoc. 
Tel : 011-49-089-723-7078 

Tel : 201 -288-7400 Tel : 404-448-1215 /SRA EL 

NEW MEXICO TEXAS 
l.E.S. Electronic Agencies 

Nelco Electronix Barry Sales 
Tel: 011-972-3-752-6333 

Tel : 505-293-1399 Tel : 214-234-0255 ITALY 

NEW YORK CITY UTAH 
Acsis s.r.I. 

Comp Tech Sales Component Sales, Inc. 
Tel : 011-39-2439-0832 

Tel: 201-288-7400 Tel : 801-561 -5688 UNITED KINGDOM 

NEW YORK (Upstate) VERMONT 
Mogul Electronics 

Smith Technical Sales Dynamic Sales 
Tel : 011-44-732-741841 

Tel : 716-924-8612 Tel : 802-476-4223 
ASIA 

NEBRASKA VIRGINIA 
JAPAN J R Sales Engineering Boyle Associates 

Tel: 319-393-2232 Tel: 703-620-9558 Kawasho Corporation 
Tel : 011 -813-35-78-5190 

NORTH CAROLINA WASHINGTON 
KOREA Electronic Marketing Assoc. SPS Electronics Inc. 

Tel : 919-847-8800 Tel: 206-794-0154 Acetronix 
Tel: 011-822-796-4561 

OHIO WASHINGTON D.C. 
SINGAPORE Crest Components Boyle Associates 

Tel : 216-543-9808 Tel : 703-620-9558 QuadRep Electronics (T) Ltd. 
Tel : 011-886-2-5522372 

OKLAHOMA WISCONSIN 
TAIWAN Barry Sales ESA Technical Marketing 

Tel : 214-234-0255 Tel : 708-544-0120 QuadRep Electronics (T) Ltd. 
Tel: 011-886-2-5522372 

Kawasho Corporation Nu Horizons Opto Plus + Incorporated 
Japan Rochester, NY Mission Viejo , CA 
Tel: 011 -813-35-78-5190 Tel : 716-248-5980 Tel : 714-380-8654 

Lagerkrantz Ke/tech Nu Horizons R&D Electronics 
Sweden Columbia, MD Australia 
Tel: 011-46-08-754-7400 Tel : 301-995-6330 Tel : 011 -61-03-808-8911 

Micro/ink S.A. Nu Horizons R·Theta 
Belgium Marlton , NJ Canada 
Tel : 011 -32-2-5218650 Tel : 609-596-1833 Tel: 416-890-0221 

Nu Horizons Nu Horizons Solid State Supplies 
Amityville , NY Ft. Lauderdale, FL United Kingdom 
Tel: 516-226-6000 Tel: 305-735-2555 Tel: 011-44-892-35366 

Nu Horizons Nu Horizons Taylor Electric 
Pine Brook, NJ Huntsville, AL Mequon, WI 
Tel : 201-882-8300 Tel: 205-722-9330 Tel: 414-241 -4321 

Nu Horizons Nu Horizons Unitronics S.A. 
Wakefield , MA Norcross, GA Spain 
Tel : 61 7-246-4442 Tel : 404-416-8666 Tel: 011-34-1 -542-5204 

Micrel Inc. 560 Oakmead Pkwy. Sunnyvale, CA 94086 Tel: 408-245-2500 FAX: 408-245-4175 
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100kffz DATA ACQUISITION 
DESIGNED FOR THE OEM 

"Our DT2812 data acquisition board 
for the PC is the most cost effective 
board of its kind on the market. " 

-Fred Molinari, President 

Complete feature set 
• 12-bit AID, D/A 
• 16 single ended or 8 differential analog inputs 
•Two analog outputs 
• 16 digital 1/0 lines 
•Counter/Timers 

High performance 
•OMA data transfer to 1 OOkHz 
•Interrupt driven acquisition frees PC bus 
•User selectable gain 
•Analog input range up to ±1 OV 
•Pacer clock automates multiple AID 
and D/A conversions 

High reliability 
•Shielded interconnect 
•Excellent DC stability 
•>70dB common mode rejection 

FREE software 
• Device driver and subroutine library 

Discounted OEM pricing auailable 
•Call today to become qualified 

Fast 5 day delivery 

Call for FREE Catalog 

(508) 481-3700 
In Canada, call (800) 268-0427 

EXCELLENT DC STABILITY 
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DT2812 Output Voltage Distribution 

THE LEADER IN DATA ACQUISITION ANO IMAGE PROCESSING 

DAR TRANSLATION" 
World Headquarters: Data Tran~ation, Inc., 100 Locke DrNe, Marlboro, MA Ol 752-ll92 USA, 15081481-3700, Fax 1508148Hl620, Tix 951646 
United Kingdom Headquarters: Data Translation ltd., The Mulberry Business Park, Wokingham, Berkshire RGll 2QJ, U.K., 17341 793838, Fax 17341 776670, Tix 94011914 
Germany Headquarters: Data Tran~ation GmbH, Im We1lerlen 10, 7120 Bietighe1mfl1ssmgen, Germany 7142-54025, Fax 7142-64042 
International Sales Offices: Australia 121 699-8300; Belgium 121466-8199; Brazil 111124(}0598; Canada 14161625-1907; China Ill 5137766 x 1222; Denmark 42 27451 l; Finland 101 3511800; France 11169077802; Greece Ill 361-4300; 
Hong Kong 151448963; India 1221231040; Israel 52-545685; Italy 12182470.l; Japan 131502·5550, 131 5379-1971; Korea 121718-9521; Malaysia 32486788; Netherlands 1701399-6360; New Zealand 191415-8362; Nmway 1215312 50; 
Poland 1221580701; Portugal Ill 7934834; Singapore 338-1300; South Africa 11218037680/93; Spain llJ 555-8112; Sweden 181 761 78 20; S"'tzerland Ill 7231410; Taiwan 1213039836 

Data Translation is a registered trademark of Data Translation, Inc. All other trademarks and registered trademarks are the property of their respective holders. 
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DESIGN APPLICATIONS 

CORRECTING POWER FACTOR AT THE INPUT To 
SWITCHERS CAN BE FAR MORE EFFECTIVE THAN 

FIGHTING To BOOST THEIR EFFICIENCY. 

SOLVE SWITCHER PROBLEMS 
WITH POWER-FACTOR 

CORRECTION 

PATRICK L. HUNTER 
Unipower Corp., 
2981 Gateway Dr., 
Pompano Beach, FL 33069; 
(305) 97 4-2442. 

+300 V de 

hen specifying power supplies, system engineers al
ways focus on the supplies' output end: voltages, cur
rents, regulation, filtering, and output protection. Lit
tle concern is given to the input end, except perhaps to 
meet electromagnetic-interference (EMI) standards. 
With higher-power, off-line switching power supplies 
in wide use, new questions have arisen concerning the 
input end and its effect on the ac-power line and other 
electronic systems in the local environment. This arti

cle explores the subject of power factor at the input to switching power 
supplies, the problems it causes, and solutions to those problems. 

Power factor is a well-known term in standard ac-circuit theory. It refers 
to the effect of a reactive load on an ac-power system. In a linear ac circuit 
with a purely resistive load, the ac current is in phase with the ac voltage, and 
the average power consumed by the load is the product of therms (root mean 
square) voltage and rms current. For a linear load combining resistance and 
reactance, the current lags the voltage for an inductive reactance and leads 
the voltage for a capacitive reactance. The product of rms voltage and rms 
current gives a quantity called "apparent power": 

Apparent power = PA= Erms X Irms (1) 

c 

Dc·dc 
converter 

This quantity, however, isn't the average or "real" 
power,consumed by the resistive part of the load. 

Real power is calculated as the average of the instan
taneous product of voltage and current taken point by 
point over a full period of the source waveform: 

1 T 
Real power ; PR ; T J (ex i) dt 

(2) 
0 

and for a linear circuit: 

PR= ErmsX IrmsX COS e = p AX cos e (3) 

11. AN OFF-LINE SWITCHING power supply's input 
circuit has a full-bridge rectifier and storage capacitor. The circuit 
is a voltage doubler for 120-V ac input. 

where e is the phase angle between the sinusoidal volt
age and current waveforms. 

Power factor is a measure of how close apparent 
power is to real power, defined by the ratio: 
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DESIGN APPLICATIONS 

POWER FACTOR AND 
SWITCHING POWER SUPPLIES 

TABLE 1: EXAMPLES OF MAXIMUM POWER AVAILABLE 
FROM STANDARD AC OUTLETS 

15-A circuit 

1 2 

VA available (UL) 1440 1440 
Efficiency of supply 75% 90% 
Efficiency of PFC 
Total efficiency 75% 90% 
Power factor 0.65 0.65 
Maximum load power 702W 842W 

Power factor = PF= PR = Real power 

PA Apparent power { 4) 

= cos 8 (for a linear load) 

If the load in an ac circuit is purely re
sistive, then apparent power and real 
power are identical, and power fac
tor is its maximum value of 1. 

A common problem that plagues 
ac-power systems is caused by a fac
tory operating electric mo-
tors. The inductive compo
nent of the motors causes 
the ac current to lag the 
voltage, resulting in a low 
power factor. Assuming 
the load elements are lin
ear, power factor can be 
corrected to near unity by 
connecting a bank of ca
pacitors across the ac-pow
er line at the factory. 

20-A circuit 

3 1 2 3 

1440 1920 1920 1920 
75% 75% 90% 75% 
97% 97% 
73% 75% 90% 73% 
0.95 0.65 0.65 0.95 

995W 936W 1123W 1327W 

The switch, or jumper wire, lets the 
power supply operate from either 
120- or 240-V ac nominal line voltage, 
with the circuit acting as a voltage 
doubler when operating from a 120-
V ac input. 

A switching power supply pre
sents a nonlinear load to the ac-pow
er line-one in which the input cur
rent isn't a sinusoid but rather a se
ries of pulses (Fig. 2) . The current 
pulse lasts for a small portion of each 
half-period of the voltage, is non-

/ 

symmetrical in shape, and may ei
ther slightly lead or lag the ac-input 
voltage depending on the impedance 
of the ac source. Also, the input-volt
age waveform may be significantly 
clipped near the peaks, depending on 
the amount of ac-source impedance 
that is present. 

The current pulse occurs because 
the filter capacitors remain charged 
to nearly the peak value of the ac
input voltage. During most of each 
half-period of input voltage, the rec
tifier diodes remain back-biased and 
no current flows . However, because 
the capacitors partly discharge dur
ing each half period, the input volt
age exceeds the capacitor voltage 
for a short time near the peak of the 
voltage waveform. 

As the input voltage goes higher 
than the capacitor voltage, current 
begins to flow into the capacitor. Af
ter the capacitor is charged to near 
the peak value of the voltage and the 

voltage begins to de
crease, the current falls 
back to zero. 

Once the input-current 
waveform is examined, it's 
easy to understand the 
power-factor problem. The 
current pulse has a high 
peak value and is extreme
ly distorted with respect to 
a sinusoidal waveform. It 
has high levels of harmon-

Switching power sup
plies present a problem to 
ac-power systems that's 
quite different from motor 
loads . Here, the term 
"switching power supply" 
means an off-line switcher 
with an input rectifier and 
filter capacitor connected 
directly to the ac-power 
line, without an interven-

12. THE INPUT CURRENT of a switching power supply is 
a non-symmetrical pulse that occurs near the peak of the ac 
voltage. This pulse can cause clipping of the voltage waveform. 

ic currents, and a funda
mental component that 
leads or lags the input volt
age depending on source 
impedance. 

ing transformer. 
The input circuit of a 

switching power supply 
with the commonly used 
full-wave bridge rectifier 
and voltage-doubler cir
cuit is shown (Fig. 1). This 
circuit produces an aver
age de-output voltage of 
about 300 V with a 120-Hz 
ripple-voltage component. 

Harmonic order 
(n) 

3 
5 
7 
9 
11 
13 

15 s n s 39 

2 
4 
6 

8 s n s 40 

Odd harmonics 

Even harmonics 
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Maximum current 
(Amps) 

2.30 
1.14 
0.77 
0.40 
0.33 
0.21 

0.15 x 15/n 

1.08 
0.43 
0.30 

0.23 X 8/n 

DESIGN 

These characteristics 
cause the rms-input cur
rent to be high and the re
sultant power factor to be 
low. Assuming the ac-in
put voltage is a pure sinu
soid (which is a good ap
proximation if the source 
impedance is low), a Fouri
er series expansion of 
Equation 2 gives the fol
lowing result: 

PF = .2!<:_ cos 0 = E RMS X I F cos 0 

I RMS ERMS X !RMS 

PR 

PA (5) 
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DESIGN APPLICATIONS 

POWER FACTOR AND 
SWITCHING POWER SUPPLIES 

where Ip is the rms value 
of the fundamental fre-
quency component of the 
input current, Irms is the 
rms value of the total in
put current, and 8 is the 
phase angle of displace
ment between the funda-
mental frequency compo
nent and the source volt

Efficiency = 'l = P 0•1/P;, 

Switching 
power supply pout- Load 

TJ PF = Volt.ampere efficiency 

The product of efficiency 
and power factor ('l')PF), 
called VA efficiency, is 
the figure of merit that 
determines input cur
rent. Maximizing a power 
supply's 'l')PF minimizes 
input current. 

age. Irms is the square 
root of the sum of the 
squares of the funda I 3. VOLT·AMPERE efficiency, 7JPF, is the figure of merit 

that determines the input current for a switching power supply. 

In the previously dis
cussed example of a 1000-
W power supply, the effi
ciency is 75% and power 
factor is 0.65. Therefore: 

mental plus all harmonic 
components of the input-current 
waveform. 

Equation 5 states the power factor 
in terms of a distortion factor, Ip/ 
Irms• and a phase-angle factor, cos 8. 
The phase angle is generally small, 
so the dominant factor in switching 
power supplies is waveform distor
tion. If the source voltage is a near
perfect sinusoid, then the following 
statement is true: 

Only the fundamental compo
nent of input current contributes 
to the real (average) input power; 
the other harmonic components 
merely increase the magnitude of 
rms-input current and lower the 
power factor. 

TYPICAL INPUT CURRENTS 
To appreciate actual values of cur

rent for a typical switching power 
supply, consider a supply that oper
ates from a 120-V ac source and de
livers 1000 W to its load. The efficien
cy of such a supply is typically 75% 
and the measured power factor 
about 0.65. The rms-input current is 
about 17 A and the peak input cur
rent about 46 A. 

Compare these current levels to 
those of an idealized power supply 
that doesn't distort the input current 
but has a purely resistive input with 
the same 75% efficiency. In this case, 
the power factor is 1.0, the sinusoidal 
input current is 11.1 A, and the peak 
input current is only 15.7 A. In the 
real-world example, rms-input cur
rent is 53% higher and peak-input 
current is 193% higher than the ideal. 

It should be noted here that in 
making power-factor measure
ments, the current must be mea
sured with a true-rms ammeter and 

mE 

the input power with an average
reading wattmetet. 

An important figure of merit for 
switching power supplies is "volt
ampere (VA) efficiency." To under
stand this term, it helps to look at a 
power-supply diagram (Fig. 3). From 
the figure: 

PF = PR PIN - PouT/'Tl 

PA E RMs X IRMS E RMs X I RMS (6) 

where 7J is the efficiency of the pow
er supply. Rearranging terms gives: 

Sinusoid 

Square wave 

PF= 0.9 

PF ::: 0.95 

1st and 3rd harmonics 
of square wave 

(7) 

VA efficiency 
0.75 x 0.65 = 0.4875 

and 

1000 
IRMs= = 17.lA 

0.4875 x 120 

PF = 
(8) 

(9) 

which is the value that is given in the 
example. 

WHY PFC Is NEEDED 
Safety-regulatory agencies, such 

as Underwriters Laboratories (UL), 
have safety limits on current levels 
for standard ac-service outlets. For 
standard 120-V ac, 15- and 20-A out
lets, the rated load must be main-

Pulse 

PF= 0.6 to 0.7 

Pulsed square wave 

PF = 0.9 to 0.95 

Trapezoidal 

I 4. MANY INPUT-CURRENT waveshapes yield a relatively high power factor, but 
the shape must be close to a sinusoid to also attain low harmonic currents. 
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DESIGN APPLICATIONS 

POWER FACTOR AND 
SWITCHING POWER SUPPLIES 

tained at 80% or less of the 
source rated current. This 
means maximum currents 
of 12 and 16 A, respectively, 
and maximum apparent 
power (Erms X Irms) of 1440 
and 1920 VA, respectively. 

In the example of the 
1000-W power supply in 

TABLE 3: PASSIVE 
POWER-FACTOR CORRECTION 

Advantages Disadvantages 

• Simple and rugged • Large size and weight 

• High MTBF • High PF difficult 

• Low EMI • Frequency-dependent 

• Load-dependent 

• Narrow line-voltage range 

The International Elec
trotechnical Commission 
(IEC) has adopted standard 
IEC 555-2, which limits har
monic currents for equip
ment that operates on 220-
or 240-V ac nominal line volt
ages. This standard is 
scheduled to become effec-

Equation 9, the input cur-
rent was 17.1 A, giving an 

• Dual-voltage ranges are difficult to implement tive in Europe in 1992. Simi
lar regulations may soon 
follow in the U.S., Canada, 
and other parts of the world. 
It's certain that emphasis on 
reducing harmonic currents 
will be a wave of the future. 

apparent power of 2052 VA. 
This exceeds the UL stan
dard for both 15- and 20-A
service outlets. 

Equation 7 can be used to 

• May have large, circulating currents 

TABLE 4: ACTIVE HIGH-FREQUENCY 
POWER-FACTOR CORRECTION 

Advantages Disadvantages 

• High PF (0.97 to 0.99) • Complex circuitry 
Under IEC 555-2, a solve the maximum power 

output of a switching power 
supply operating within UL 
limits from standard 15- or 
20-A circuits. Assuming 75% 
efficiency and 0.65 power 
factor, the power available 
is 702 and 936 W, respective
ly. 

• Very low harmonic distortion • Double power conversion 
switching power supply 
with PFC would have to 
meet Class A limits on har
monic content, for which the 

• Wide line-voltage range 
(90 to 264 V ac) 

• Wide frequency range 

• Reduced MTBF 

• Higher cost 

• Highest EMI third harmonic must be less 
• Regulated high-voltage bus • May require synchronization 

of converters than 2.3 A (Table 2). A pow
er supply without PFC 
that's within special wave
shape requirements falls 
into Class D, which has a 

• Small magnetics 
• Lower efficiency 

To increase the output 
power from standard ac out

• Holdup time constant with 
input-voltage change 

lets, it's necessary to correct the 
power factor in a switching power 
supply. This substantially reduces 
peak and rms-input current, which 
makes it possible to achieve a much 
higher output power. Power-factor 
correction (PFC) is a much more ef
fective approach than trying to boost 
efficiency. Component limitations 
make efficiencies of more than 75% 
impractical. On the other hand, 
boosting power factor to 0.95 and 
higher is a fairly simple task, result
ing in 995 and 1327 W of output pow
er, respectively, from 15- and 20-A 
outlets. 

The various efficiencies 
and power factors of switch
ing power supplies produce 
diverse results in terms of 

electronic equipment. For one , 
equipment fuses and circuit break
ers must be increased in size. Costly 
EMI filters must have higher cur
rent ratings. The distorted input-cur
rent waveform, which may cause in
terference with other equipment, 
may have to be further filtered to re
duce harmonic frequencies. If the 
equipment is operated from an unin
terruptible power supply (UPS) or 
standby generator, the size and cost 
of these items will increase. And fi-
nally, the input currents can cause 
problems in three-phase power sys
tems. 

TABLE 5: ACTIVE LOW-FREQUENCY 
POWER-FACTOR CORRECTION 

Advantages Disadvantages 

limit on the third harmonic of 1.08 A. 
These limits seriously curtail the 
amount of power that a switching 
power supply can deliver without 
PFC. 

THREE-PHASE PROBLEMS 
Switching power supplies with un

corrected power factor can cause dif
ficult problems in three-phase power 
systems. For example, in a four-wire 
wye-connected system, loads 
throughout a building are connected 
from each phase to the neutral line. 
Under ideal conditions with each 
phase's load current sinusoidal, in 

phase, and equal, the cur
rents in the neutral line can
cel to give zero current. 
Even with a different load 

the amount of power that 
can be drawn from standard • High efficiency • Holdup time changes with line voltage 

on each phase there is par
tial cancellation of the neu
tral line currents. outlets (Table J). When a • Simple circuitry 

PFC circuit is added, its effi- • High MTBF 

ciency must also be consid- • High PF (0.96-0.98) 

ered as part of the total pow- • Low EMI 

er-SU pply efficiency. • Low harmonic distortion 

The low power factor • Wide frequency range 

caused by high rms-input • Lowest cost 

currents in switching power • Moderate input-voltage 
supplies gives rise to a num- range(90to132Vac 

• De bus not regulated 

• Larger and heavier than HF method If, however, switching 
power supplies are on each 
phase, the distorted non-si
nusoidal input currents 
don't cancel each other, but 
rather combine into a larger 
current. The third-harmonic 

ber of serious problems in 1--_or_1s_o_to_264_V_ac_) ______________ __, 

currents generated in each 
phase load combine directly 
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POWER FACTOR AND 
SWITCHING POWER SUPPLIES 

in-phase in the neutral 
wire. Uncorrected switch
ing power supplies, there
fore, have very high third
harmonic currents. 

c 
Switching 

power supply 

the switching power sup
ply. By coordinating the in
put-current waveshaping 

Load with rectification and ener
gy storage, the highest 
performance is achieved at 
the lowest cost. 

The result can be large 
currents in the neutral line 
that far exceed currents in 
the phase lines and there
fore surpass the current 
rating in the neutral wire. 

15. A PASSIVE power-factor-correction circuit can be a simple 
LC filter when the correction must be performed external to the 
power supply. 

Three of the most-used 
techniques for PFC are 
passive correction, active 
high-frequency correc

Because the neutral line has no cir
cuit protection, there may be over
heating that can cause damage to the 
wire. 

In such cases, circuit breakers or 
other protection devices on the phase 
lines fail to protect the wiring, some
times setting off fires. PFC is a solu
tion to this nasty problem in three
phase systems. 

PFC METHODS 
PFC in a switching power supply is 

accomplished by reshaping the dis
torted input-current waveform to ap
proximate a sinusoidal current that's 
in-phase with the input voltage. The 
important question remains, though, 
of how good the reshaping must be 
to achieve a power factor of, say, 0.95 
or higher. 

Some indication of what must be 
done is shown in several potential 
current-waveform shapes with cor
responding typical power factors 
(Fig. 4). High power factors can be 
achieved by current waveforms that 
aren't very sinusoidal in shape. But 

Current 

undesirable harmonic currents is an
other factor to consider, and some of 
these waveforms are high in har
monic content. 

There are several effective tech
niques for achieving a good input
current waveform with low distor
tion. Because the supply's output is 
smooth de, the PFC circuit must 
store a minimum amount of energy 
to correct for instantaneous differ
ences between input and output pow
er functions. 

The minimum amount of stored 
energy will depend upon the input
current waveform, the line frequen
cy, and the load power, and will be 
independent of the intermediate 
switching frequencies that control 
the current waveform and process 
the power throughout. 

PFC can be designed as a separate 
box between the ac-power source 
and the power supply or as an inte
gral part of the input rectification 
and filtering process. The energy 
storage needed for PFC already ex
ists in the high-voltage capacitor of 

+400V de 

+ 

c 
De-de 

converter 

sense Multiplier _-e--< 

Sine circu it Error 
input inpu 

16. THE ACTIVE HIGH-FREQUENCY power-factor-correction circuit forces 
the input current to be sinusoidal. It also regulates the voltage going to the de-de-converter 
part of the power supply. Power factors from 0.97 to 0.99 are achieved. 
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tion, and active low-frequency cor
rection. These techniques are dis
cussed in detail later on. Only single
phase-input power supplies are con
sidered in this article. 

As power levels move up to the 
multi-kilowatt range, three-phase 
systems become important, and PFC 
unique to these sysLems must be 
used. Those techniques, though, 
aren't discussed in this article. 

P ASSIVE PFC 
Passive PFC techniques shape the 

input-current wave by using a pas
sive input filter consisting of induc
tors and capacitors. This method is 
effective as a front-end box, where 
the system already has an uncorrect
ed power supply, and the engineer 
must implement PFC without chang
ing the power supply (Fig. 5). 

Because it operates at line fre
quencies of 50 or 60 Hz, the passive 
filter requires relatively large induc
tors and capacitors to reduce the low
frequency harmonic currents. To 
produce power factors of 0.90 or 
greater, sophisticated filters are 
needed to properly smooth and at
tenuate harmonics. 

Generally, such filters use reso
nant-pass or -trap circuits sensitive 
to both frequency and load. It's diffi
cult to achieve power factors of 0.95 
or higher with passive filters. Anoth
er problem is very large currents 
that may circulate in the filter. 

Nevertheless, the passive filter 
can be an effective PFC solution in 
cases where line frequency, line volt
age, and load are relatively constant. 
The advantages and disadvantages 
are summarized (Table 3). 

As discussed, active PFC is a bet
ter solution when compared with the 
passive method. The circuit is an in
tegral part of the power-supply's 
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POWER FACTOR AND 
SWITCHING POWER SUPPLIES 

L= 

Switch 

Ramp generator 
and pulse.width ---++-< 

zero· crossing 
detector 

modulator 

Synch 
input 

Error 
input 

+300 V de 

De-de 
converter 

1
7. THE ACTIVE LOW-FREQUENCY power-factor·correction circuit uses a 
switched inductor to produce a pseudo-sinusoidal input current with low harmonic currents. 
A pulse-width modulator controls the operation of the MOSFET switch. Power factors 
between 0.96 and 0.98 are realized. 

front-end, performs much better, 
and is significant ly smaller and 
lighter. Active high-frequency (HF) 
correction circuits typically operate 
at switching frequencies of20 kHz to 
100 kHz, far higher than the line fre
quency, to permit a large reduction 
in the size and cost of fi lter elements. 
HF-circuit functions include switch 
control of input-current flow, filter
ing of the HF switching, feedback 
sensing of the source current for 
waveform control, and feedback con
trol of voltage. Buck, boost, and 
buck-boost topologies can be used, 
but the boost circuit appears to be 
the most popular. 

The HF-boost-converter circuit is 
shown in simplified form (Fig. 6). 
The rectified sinusoidal input volt
age goes to a multiplier circuit, pro
viding a current reference to the 
multiplier and a feed-forward signal 
proportional to the rms value of the 
line voltage. The boost converter's 

A relay line designed to be 



DESIGN APPLICATIONS 

POWER FACTOR AND 
SWITCHING POWER SUPPLIES 

filtered de-output voltage is com
pared to a reference voltage EREF 

and amplified. 
The error signal is applied to the 

input of the multiplier. The multipli
er's output follows the shape of the 
input voltage, with an average value 
inversely proportional to therms val
ue of the ac-input voltage. This sig
nal is compared to the current-sense 
signal in the pulse-width-modulator 
drive circuit to shape the current 
waveform from the source and main
tain a constant output of about 400 V 
de. 

/ 

Actual 
current pulse 

,,. ',Ideal current 
/ \ 

/ \ 

(a) 

\ 
\ 

\ 
/ 

/ 
/ 

Switch 

Pseudo-sinusoid 

(b) 

This PFC circuit can be implement
ed using available ICs. The power 
supply, however, must process the 
total power twice-first through the 
HF-boost converter and then 
through the HF de-de converter. This 
serial power processing adds to com
plexity, reduces efficiency and mean 
time between failure (MTBF), and in
creases both size and cost. But the 

18. BOTH THE UNCORRECTED input current to a switching power supply (a) 
and the pseudo-sinusoidal input current produced by active LF power-factor correction (b) 
are illustrated. 

technique achieves a power factor of 
0.97 to 0.99 with very low harmonic 
distortion, produces a regulated 400-
V de bus, and provides operation 

solid state of the art. 

over a wide input-voltage range of 90 
to 264 Vac. 

A summary of the advantages and 
disadvantages of the active-HF 

That's~ "Customerizing~' 
AT&T now offers one of the industry's most mode operation!). And our low (3 to 7 mW) 
complete portfolios of high-voltage, < 1 amp input drive gives you the flexibility to meet 
solid-state relays (SSRs). your design needs. 

State of the art in variety State of the art in reliability 
Our new LH1500 line includes Current limiting protects against 
normally open (1 Form A). unwanted transients. Built-in break-
Normally closed (1 Form B). And before-make reduces component 
combinations (1 Form NB, C; count. Advanced silicon technology 
2 Form A; Dual Form A; Dual adds ruggedness by reducing number 
Form B). All offer logic-level of internal wire bonds. All designed 
Input Control, and come in 6 or 8 '"-"-~==mao.-~~~"""""" by AT&T Bell Laboratories to meet 
pin DIPs, through-hole or surface-mountable. UL., CS.A and B.AB.T standards. 
That's what we mean by "Customerizing:' To sample an AT&T SSR or to place an order, 

State of the art in performance call your AT&T local distributor. For more 
Our LHlSOO SSRs offer 3750V Input/Output information, just call AT&T at 
isolation. Built-in current limiting. And on- 1800 372-2447, ext. 628. In Canada: 
resistances as low as 3 ohms (lower in DC 1800 553-2448, ext. 628. 

- AT&T 
CIRCLE 151 FOR U.S. RESPONSE 

CIRCLE 152 FOR RESPONSE OUTSIDE THE U.S. 

Microelectronics 



• 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 
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DESIGN APPLICATIONS 

POWER FACTOR AND 
SWITCHING POWER SUPPLIES 

method is displayed (Table 4). 
Active low-frequency (LF) PFC 

circuits operate at a switching fre
quency of twice the line frequency, 
100 or 120 Hz, and in synch with it. 
This method uses an active switch, a 
LF inductor, and a control circuit to 
perform PFC. 

One way to implement active-LF 
correction is through a patented 
technique used by Unipower Corp. 
(Fig. 7). This circuit was chosen be
cause of its simplicity and because 
it provides the best overall perfor
mance with minimum impact on 
size, efficiency, reliability, EMI, 
and cost. 

The MOSFET-switch circuit is 
driven into conduction at the zero 
crossing of the ac-source voltage, 
and current builds up in the inductor, 
L, from the ac source. At a controlled 
time after the zero crossing (typical
ly 1 to 2 ms), the switch is turned off 
and the source current through L 
transfers to the output rectifier and 
filter circuit. The MOSFET switch is 
driven by a pulse-width-modulation 
(PWM) circuit that compares an er
ror-feedback signal to a ramp signal 
that is synchronized by a zero-cross
ing signal. 

The reference for the error ampli
fier is proportional to the rms value 
of the ac-line voltage, and the output 
voltage (about 300 V de) is load-regu
lated by adjusting the conduction 
time of the MOSFET switch. The in
put-current waveform is enhanced 
by maintaining an optimum relation
ship between the magnitude of the 
ac-input voltage and the de-output 
voltage. 

The result is a pseudo-sinusoi
dal current waveform which gives 
a high power factor of 0.96 to 0.98 
with low harmonic currents (Fig. 
8). 

Power factor at rated load is rela
tively constant over line voltage 
ranges of 90 to 132 V ac or 180 to 264 
V ac. These input ranges can be 
made switch-selectable, or autorang
ing techniques can be used to provide 
automatic switching. 

This method is highly efficient, 
with lower total losses than the HF 
method. Its low component count 
also results in high MTBF. A summa-

ry of the advantages and disadvan
tages of the active LF method is giv
en (Table 5). 

OTHER CONSIDERATIONS 
While PFC certainly solves a diffi

cult problem at the input end of a 
switching power supply, the systems 
engineer must also consider a few 
other items: PFC moderately in
creases the size and weight of the 
power supply, increases its cost by 
some 10 to 20%, and results in a 
slightly lower total efficiency be
cause of losses in the PFC circuit. 
There's also a slightly lower MTBF 
caused by additional circuit complex
ity and components. 

Moreover, in the case of three-phase 
power systems, a simple implementa
tion of active PFC that maintains the 
current balance between phases is dif
ficult to achieve. These obstacles are 
minor ones, however, when consider
ing that in most applications, PFC 
solves a major problem associated 
with the ac-power source. 

PFC will be used in switching power 
supplies more frequently in the future 
as equipment users and manufactur
ers better understand its benefits. 
Most interest today appears in the 
1000-to-2000-W power range, because 
that's where benefits in using stan
dard ac-power outlets are greatest. 
With the IEC 555-2 standard on the 
verge of being implemented in Europe 
for 220- and 240-V ac circuits, PFC 
takes on increasing importance. Un
doubtedly, U.S. and Canadian regula
tions on harmonic line currents will be 
put in place. There will also be future 
interest in PFC at lower power levels 
as the negative effects of multiple 
smaller power supplies on ac-power 
lines is felt. 0 

Patrick£. Hunter, afounderofUn
ipower, is vice president and tech
nical director. He holds BS and MS 
degrees in electrical engineering 
from Ohio State University, Co
lumbus. 
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Introducing 
the New Generation 

A 
New 
Classic 
We designed our new 
12-bit CMOS A/D 
converter with you in 
mind .. . by adding several 
innovative features to 
the standard ADC574 
pinout. ADS574 and 
ADS77 4 drop into most 
applications without any 
system modifications, use 
minimal power, and 
operate from a single 
+5V supply. Complete 
with on-chip sample/ 
hold, clock, reference , 
µP interface, three-state 
outputs, and internal 
scaling resistors , ADS574 
and ADS77 4 set a new 
standard for your design. 

574 A/D 

A New 
Standard in 
Savings 
Replace your old 
standard with our new 
classic and 
save ... design 

ADC574 input ranges, 
ADS574 and ADS774 use 
only one-fourth the 
power of that old 
standard. On-chip 
sampling combined with 
our new skinny-DIP 
package (0.3" wide) or 
SOIC gives you a lot 
more board space. And , 
our pricing sets a new 
standard-starting at 
$14.15* 

FREQUENCY SPECTRUM (±10V, 2kHz Input) 

time, power, 
board space -20 t-+----+---+-- =:~;!.1• 

and money. i -40 '--'----~-
Designed to 
operate from 1 -so 

SNR · 73.1 .. 

a single l -so 

power supply 
while still 
supporting 
all of the 

-100 

-120 

0 10 

Frequency (kHz) 

ADS574 

15 20 

Innovative 
Features 
• Throughput time 

(acquire & convert) 
25µs max ........ ADS574 
8.5µs max ....... ADS774 

• Power consumption 
lOOmW max ... ADS574 
120mW max ... ADS774 

• Single +5V supply 

• Guaranteed AC, DC 
performance 

• Industry standard 
input ranges 

• Industry standard 
digital interface 

• Compact 0.3" or 0.6" 
wide 28-pin plastic or 
ceramic DIP, 28-pin 
SOIC , die 

• From $14.15* 

Try it 
We're so convinced that 
our new parts are the 
next industry standard
we ' 11 give you the first 
one free! Just call 
1-800-548-6132 for 
samples and detailed 
data sheets or contact 
your local Burr-Brown 
sales office for assistance. 

Burr-Brown Corp. 
P.O. Box 11400 
Tucson , AZ 85734 

· U.S. OEM p ric es. in lOOs. 

BURR-BROWN® 
I II I 
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TOAT-R512 
ZFAT-R512 
Accuracy 

(dB) (+/-dB) 

0.5 0.12 
1.0 0.2 
1.5 0.32 
2.0 0.2 
2.5 0.32 
3.0 0.4 
3.5 0.52 

PRECISION 
TTL- CONTROLLED 

ATTENUATORS 
upto35dB 

10 to 1000MHz 

FROM $5995 
Finally ... precision attenuation accurate over 1 O to 1 OOOMHz and 

-55°C to +100°C. Standard and custom models are available in the 
TOAT(pin)- and ZFAT(SMA)-series, each with 3 discrete attenuators 
switchable to provide 7 discrete and accurate attenuation levels. 

The 50-ohm components perform with 6µ sec switching speed and 
can handle power levels typically to + 1 OdBm. Rugged hermetically
sealed T0-8 units and SMA connector versions can withstand the 
strenuous shock, vibration, and temperature stresses of MIL require
ments. TOAT pin models are priced at only $59.95 (1-9 qty); ZFAT 
SMA versions are $89.95 (1-9 qty). 

TOAT-124 TOAT-3610 
ZFAT-124 ZFAT-3610 
Accuracy Accuracy 
(dB) (+/-dB) (dB) (+/-dB) 
1.0 0.2 3.0 0.3 
2.0 0.2 6.0 0.3 
3.0 0.4 9.0 0.6 
4.0 0.3 10.0 0.3 
5.0 0.5 130 0.6 
6.0 0.5 16.0 0.6 
7.0 0.7 19.0 0.9 

TOAT-51020 
ZFAT-51020 
Accuracy 
(dB) (+/-dB) 

5.0 0.3 
10.0 0.3 
15.0 0.6 
20.0 0.4 
25.0 0.7 
30.0 0.7 
35.0 1.0 

Take advantage of this striking price / performance breakthrough 
to stimulate new applications as you implement present designs and 
plan future systems. All units are available for immediate delivery, with 
a one-yr. guarantee, and three-sigma unit-to-unit repeatability. 

Price$ (1-9 qty) TOAT $59.95/ZFAT $89.95 
bold faced values are individual elements in the units 

finding new ways ... 
setting higher standards 

t:l Mini-Circuitsw·=~~"~u~.$~0-
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661Telexes: 6852844 or 620156 
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521 
CABLE TESTER 
IS EXPANDABLE 

NOOR SINGH KHALSA 
EG&G Inc., P.O. Box 809, 

Los Alamos, NM 87544; (505) 667-0213. 

C
ables can have almost any 
number of conductors. It is 
handy, therefore, to have a 
cable tester that can be 

readily expanded as necessary. Be
cause of the 32-bit shift register at its 
heart, the basic tester can handle up 
to 32 conductors (see the figure). 
However, the Data-out line of the 
UCN 5833A shift register allows ad
ditional UCN 5833As to be cascaded, 
so the tester can be expanded in 32-
conductor increments. 

The tester operates by propagat
ing a single pulse through the shift 
register, turning on the LEDs in a 
LED array one at a time. One end of 
the cable under test is connected to 
the shift register outputs and their 
associated LEDs. The other end of 
the cable is connected to a second 
LED array. The LEDs at the shift 
register end of the cable light up to 
indicate which conductor is being en
ergized. The LEDs at the other end 
turn on when there is continuity. 

The pulse can be propagated 
through the shift register manually 
or automatically. In the manual 
mode, a 555 timer IC is set up as a 
monostable multivibrator, which 
clocks the shift register once for ev
ery push of the Single-step button. 

When the Mode switch is set to 
Auto, the 555 operates as an astable 
multivibrator. It clocks pulses 
through the register at a rate deter-

THE SHIFT REGISTER at the 
heart of this cable tester has open
collector outputs that can drive LEDs. 
The 32-bit unit also has a Data-out line 
through which additional registers can be 
cascaded, so the tester can be expanded 
to handle very large cables. 

IDEAS FOR DESIGN 

+5 v ~ Shift register ~ +5 v 
~ V00 Clk t-

40
-+-<-

2 39 Expansion 
.--------+----< Data in Data out t--t-+--

..---+-----"-13 Pwr Gnd 0 ~ .b 4 EN 37 
;:>t5V +5V 0 

= '----'-! Strobe 032 r.:.... 
.-----------"-15 o o ~ 6 1 31 35 

330 330 

r---------i 02 030 

.---------4
7 o o ~ ...., '7 
8 3 29 33 {- -> 

.----------"-! 0 4 0 2e t-- ')- Cable under test ~ 
r--------1

9 0 0 ~ (25conductors) 
10 

5 
UCN 5833A 

27 
31 

11 Os 02s SQ P1 ·25 P1 .25 
....------'"""' 0 7 025 t-29-~t-------<J-" <>------<> 0--

.------1~2 08 024 P1-24 • • 
,__ ___ 1_.3 o o t-28_+-+- p1.23 
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9 23 
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0 11 0 21 

0 0 25 
---1-<7 12 20 r------t-r-
r---'--' o o t-24_+-+-

18 13 19 23 
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[ Logic GNDn 23 additional 
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• • 

• • 

• • 

• 23 additional 
LED indicators 

• • 

9+5V • +5VO 
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~¥ • 

'-----------------+--+-P1·3 
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Manual---J'> T ~ R Gnd~ 9 CTS750·101·R·4.7K 
Mode j _,,"---ro-J 1 k 7 . - 1 

Auto L_ ; J Dis · LM555 l..,.._~-r-1,......,..._~,....,.... 
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------,14 
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3 74HC74 6 
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mined by the setting of the 100-k.O. 
Shift Rate pot. 

The two remaining controls are a 
Reset push button and a Start 
switch. While it is held down, the Re
set control puts a 0.01-µF capacitor 
in series with the 15-µF timing capac
itor. That speeds up the 555 timer, 
causing it to clock the pulse through 

IDEAS FOR DESIGN 

the shift register quickly, clearing it 
so that it is ready for another cycle. 

The Start push button sets flip
flop No. 1, which inserts a pulse into 
the shift register. When the pulse ap
pears at the Q2 output of the 5833A, 
flip-flop No. 1 is reset and flip-flop 
No. 2 is set, which makes the tester 
ignore any additional start com-

CIRCLE 

522 MULTIPLEX 
TEMPERATURE DATA 

M. RAILESHA 
World Friends, Design Group, 53 Sadras East, Kalpakkam 603102, 

Tamilnadu, India; (4117)-508. 

Designed to acquire and 
transmit multiple tempera
ture signals over a single 
communication line , this 

simple circuit (Fig. 1) is built around 
two analog multiplexers, a few sup
porting components, and 15 AD590F 
solid-state temperature sensors. The 
circuit takes the current outputs of 
the sensors, converts them into pulse 
widths, and combines them into one 
pulse train (Fig. 2). Each pulse in the 
train corresponds to a specific sen
sor. A fixed resistor on the first chan
nel (Channel 0) produces a very nar-

1k 
Ch. 0 

13 4051 
-= Channel 2 14 Xo 

15 X1 

·~~f { 
Ch.4 12 X2 
Ch.6 ' x 

1 3 
To other Ch. 8 x. 

even sensors Ch.10 5 x 
2 5 

Ch.12 Xs 
Ch.14 4 x, 

6 Inhibit 
11 A 
10 B 
g c IC2 

row synchronization pulse, which 

mands until the test cycle is over
when the first pulse has propagated 
to the last shift register output. 

Although the LEDs in the figure 
are shown as individual units, the 
tester built by the author actually 
used 10-element LED bar graphs 
(Hewlett-Packard HDSP4820s) for 
convenience.D 

perature-dependent current outputs 
are converted into voltage signals by 
the charge-collecting 0.1-µF capaci
tor at the (joined) outputs of the mul
tiplexers. Over the course of each os
cillator period, one of the odd-num
bered sensing elements dumps 
charge onto the capacitor, and one of 

x .. , ... 
1 

3.5V 

Oscillator 
output 

identifies the start of the tempera
ture information sequence. 74HCT393 

The sensors for the even-num
bered channels are driven by a -5-V 
supply and connected to analog mul
tiplexer IC2• The odd-channel sen
sors, driven by a +9-V supply, go to 
IC3. Thus, the lower-voltage pulse 
widths in the circuit's output corre
spond to the even-numbered sen
sors, and the higher-voltage pulse 
widths are associated with the odd
numbered sensors. 

Essentially an oscillator, the cir
cuit is controlled by the Oscillator 
Enable input at pin 2 of IC1A- When 
that input goes high, the pulse train 
begins, starting with the short low
level pulse associated with the fixed 
1-kn resistor on pin 13 of IC2• Theos
cillator continues to operate as long 
as the Enable signal is kept high. 

The AD590Fs have a sensitivity of 
1 µA per degrees Kelvin. Their tem

l!D E 

1/4 74HCT132 6 Oo 
9 5 Oc 

CLR 
10 4 IC4 

3 
Oe 

A QA 
1/4 74HCT132 

9 c 
10 B 

IC3 

11 A 
6 Inhibit 

Ch.15 4 x, 
+9V Ch.13 

2 
Xs 

5 
To other Ch.11 

1 
X5 

odd sensors Ch. 9 
12 

x. 
Ch. 7 

15 Xa 
Ch. 5 

14 X2 
AD590F Ch. 3 X1 

13 
Xo 

x 
4051 

11. THE EVEN-NUMBERED channels in this multiplexed temperature-sensing 
circuit are connected to IC2, where they form the lower half of the output pulse train (see 
figure 2). The odd-numbered channels, connected to IC3, make up the other half. 
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MILITARY TRIMMERS from the Techno Division 
include broad MIL qualification to RT24 . 26. 27; 
RTR24; RJ24 , 26 and RJR24 . 26. Techno RJ24 
and RJR24 trimmers offer you 25 turns for precision 
adjusting , while the RJ26 and RJR26 offer 22 turns. 
They have zero backlash and offer a monolithic clutch. 
In addition. Tech no offers )f' and%" multiturn 
trimmers with a TCR of± 50 PPM/°C for precision 
applications. All Established Reliability trimmers meet 
the requirements of MIL-STD-202. Method 208. 
Contact lechno Division, Dale Electronics. Inc .. 
7803 Lemona Avenue. Van Nuys, California 
91405-11 39 Phone (818) 781-1642. 

Dale® Can. 
Add trimmers to the list of ways 

Dale® can help keep your project 
under budget and on-time. We offer 
immediate interchangeability with 
models you 're using now Cermet, 
wirewound . Military, industrial , 
commercial. Square, round , 
rectangular Surface mount and 
through-hole. Discover how Dale 
trimmers can end your search for 
multiple suppliers More than ever 
we're your 1-stop source for resistive 
components - always ready to match 
your delivery schedule from factory 
or distributor stock. Call today 

COMMERCIAL TRIMMERS include Surface 
mount Thick film chips (.2W) plus .197" (.2W) and 
1/4" (.25W) square cermet styles. Through-hole 
cermet styles include .276" (.5W) round. 1/4" 
(.25W). 9/32" (.5W). and 3/8" (.5W) square cermet. 
Rectangular: 3/4" (.75W) w1rewound . 
For more 1nformat1on contact: Dale Electronics, Inc., 
1155 West 23rd Street. Tempe, Arizona 85282-1883. 
Phone (602) 967-7874. 

A COMPANY OF 
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IDEAS FOR DESIGN 

Counter 00 01 02 03 04 05 06 07 08/00 

PW1 PW3 PW5 PW7 PW9 PW11 PW13 PW15 

Oscillator 
output 

-1HHHHHHH~ 

-lHHHHHHHHf-
Pwo PW2 PW4 PW& PW8 PW10 PW12 PW14 PWO 

Oscillator 
enable 

12. THE OUTPUT PULSE TRAIN consists of 16 consecutive pulse widths, 15 
being proportional to the temperature of an individual sensor. The exception is the first 
pulse, designated PWO, which is distinguished by its narrowness. It serves as the 
synchronizing pulse to indicate the start of the train. 

the even-numbered elements re
moves charge from it. The width of 
each pulse, therefore, is proportional 
to the temperature of its associated 
sensor element. Because the oscilla
tor frequency is determined by the 
input threshold voltages of the 

74HCT132 quad NAND gate (IC1), 

it's essential that the power supply 
voltage for those components be 
well regulated. 

The Zener diode provides overvolt
age protection by clamping input pin 
1 on IC1A to 3.5 V.D 

CIRCLE 

523 MONITOR ACROSS 
ISOLATION BARRIERS 

JAMES HENDEN 
Continuum, Inc., 3150 Central Expy., Santa Clara, CA 95051; 

tel.: (408) 727-3240; fax: (408) 727-3550. 

This simple yet effective cir
cuit is designed to monitor 
switch closures or changes 
in a variable resistance 

across a galvanic isolation barrier 
(see the.figure). It exhibits a high de
gree of noise immunity and requires 
very little power. 

Even more significantly, at least 
for some applications, it has no com
ponents on the monitored side of the 
isolation barrier except, of course, 
for the switch or pot. Therefore, if 
the signal under observation comes 
from a difficult environment-a 
high temperature, for example-the 
circuit could reasonably be expected 
to present fewer problems than one 

C1 
220 pf 

1/2 4584 

R1 

10 k 

I 

1/2 4584 

an ac voltage divider isolated by the 
transformer. It loads down the sig
nal at the junction of R2 and the 
transformer despite the lack of a 
common ground. The lower the value 
of R4, the lower that voltage. There
fore, the output voltage, V 0, varies 
directly, though not quite linearly, 
with the monitored resistance (the 
component values in the diagram 
were chosen empirically to provide a 
roughly linear response for values of 
R4 between about 400 n and 2 kn.) 

The 4584 CMOS inverter, IC1A, 

works with R1 and C1 to provide the 
ac drive signal, which is then buff
ered by ICrn. Capacitor C2 removes 
the de component before passing the 
drive on to R2 and the transformer. 
The output diode, capacitor C3, and 
resistor R3 serve to rectify and filter 
the voltage at the junction of R2 and 
the transformer. The resulting out
put, V 0, is a de voltage level in the 
range of approximately 0 to 1 V. 

Variations on the basic circuit pro
vide an economical means for trans
mitting different types of non-preci
sion signals across isolation barri
ers. The tiny pulse transformer used 
in the circuit is sufficient to transfer 
a few dozen milliwatts of power 
across the barrier-enough to drive 
such components as a small light
emitting-diode display, an audible in
dicator, or a meter.D 

Pulse Engineering 
PE-2227X 

0.5 mH, 1:1 

requiring active components or pow
er on the monitored side. 

Basically, the monitored resis
tance, R4, combines with R2 to form I NO ACTIVE COMPONENTS are required on the far side of the isolation barrier 

with this monitor circuit. The monitored resistance, R4, loads down the voltage at the output 
end of R2 despite the interposed transformer. 

mE LECTRONIC DESIGN 
FEBRUARY 6, 1992 



OUR SALES ARE UP! 
REASON NO. 1 : 

The largest line of 
enclosures in the 
industry . . . meeting 
any need. 

REASON NO. 2: 

Local inventory 
and support 
means fast 
service and 
delivery from 
our nationwide 
network of 
the finest 
distributors. 

There Must Be Reasons. 

These are only a few of the hundreds of reasons to buy Bud. Call , FAX 
or write today for a complete catalog and the names of your local 
Bud Distributors. 

Bud East, Inc. Bud West, Inc. 

REASON N0.3: 

Our Distributor 
Network is second 

to none. 

REASON N0.4: 

Bud VALUE eliminates 
waste. Don't down

grade your product 
with cheap substitutes. 

REASON NO.S: 

When you go with the 
best, you are the best. 

4605 East 355th Street 
P.O. Box 431 
Willoughby, Ohio 44094 
(216) 946-3200 

7733 West Olive Avenue 
P.O. Box 1029 

FAX: 216-951-4015 
Bud Industries, Inc. 

Peoria, Arizona 85345-0350 
(602) 979-0300 
FAX: 602-878-5371 
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Our Lossy 
Transmission 

Lines Have 
the Edge! 

Faster Simulation and Greater Accuracy 

That's our lossy transmission line edge. We've extended 
PSpice 's intrinsic T device to model lossy transmission lines 
using the distributed approach rather than the traditional 
lumped approach. What you get is a smoother approximation 
of the line 's behavior in significantly less time. Here 's why. 

The Distributed Model Advantage 

Our lossy line behavior is computed using impulse responses 
instead of the commonly used ladder structures associated 
with lumped models. Using this technique, lossy lines can be 
easily specified in terms of their electrical length and the 
resistance, inductance, capacitance, and conductance 
distributed along the entire length of the line. 

Elimination of Spurious Oscillations 

Modeling lossy lines as continuous lines eliminates the 
frequency artifacts observed in lines modeled as a finite set of 
lumped segments. With the lumped model, oscillations are 
produced at points where abrupt changes occur in the signal 

Comparison of the ideal and lossy transmission line models 

traveling along the line segments. Using the distributed 
model, these oscillations vanish. 

Optimized Simulation Performance 

For any given circuit, simulation time using the distributed 
model can be several times faster than the simulation time 
using the lumped model. With the lumped model approach, 
the number of segments required for accurate results can 
become large. Hence, the simulation time can become very 
long. The continuous lines produced by the distributed 
model avoid the performance overhead created by multiple 
line segments. 

Get the PSpice Lossy Line Edge 

That way, you can efficiently model the loss and dispersion 
in your non-ideal lossy transmission lines. Discover for 
yourself why PSpice continues to hold the industry edge 
in mixed analog and digital circuit simulation. For more 
information on PSpice and the Design Center, call 
MicroSim Corporation toll free at (800) 245-3022 or 
FAX at (714) 455-0554. 

MicroSim Corporation 
The Standard for Circuit Design 

20 Fairbanks• Irvine, CA 92718 

THE MAKERS OF PSPICE 

PSpice is a regis1ered trademark of MicroSim Corporation 
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ELECTRONIC 
DESIGN 

MARKET FACTS 
m ultimedia is creating excitement in the IC and systems 

markets. In its broadest sense, multimedia means im
parting data through a combination of display imaging 
and sound from a single, integrated source. Training, 

education, teleconferencing, and public information kiosks are but a 
handful of areas where multimedia is expected to flourish. Besides mi
croprocessors, some multimedia boards/systems contain digital sig
nal processors. By 1995, DSP-based image compression chips will be 
found in most PCs and workstations, either as part of multimedia 
circuits or for compact image storage and transmission. Computer 
systems customized for audio-visual activity will have DSP circuitry 
for programmed or interactive image and sound manipulation. 

The compound annual growth rate for multimedia DSP chips
mostly ASICs-including video/audio compression, will amount to 
99% between 1990 and 1995, according to Will Strauss, of Forward Con
cepts, a Tempe, Ariz~ market researcher. That means $40 million worth 
of IC shipments this year will skyrocket to nearly $260 million in 1995. 
Strauss tempers his prediction by saying that the fast-moving multi
media area outdates projections quickly. 

ithout a leader, there can be no skunkwork.s. In every 
case I know of, personal leadership was absolutely 
critical to success. For instance, the name Kelly John
son and Lockheed's skunk works are inseparable. 

The Manhattan project was an extraordinarily effective skunk 
works. History has judged dozens of scientists on the team as genius
es. At the top, following every detail to a degree his colleagues found 
mind-boggling, was a leader: Robert Oppenheimer. NASA put a man 
on the moon in nine years, thanks to a small core team-Wernhervon 
Braun, George Muller, and George Lowe. Yet can you associate any 
names with NASA's recent debacles? Name for me, if you can, the 
central individual responsible for the Hubble telescope? 

The conventional wisdom is that leaders are much too scarce to 
"waste" on isolated and risky endeavors such as a skunk works. Yet 
skunk works and closed loop teams don't consume leaders, they pro
duce them. We have myriads of managers but few leaders. As both 
Peter Drucker and Warren Bennis say, "Management is doing 
things right; leadership is doing the right things." Many large 
companies are hacking through the jungles their founders discov
ered, measuring progress, and toiling onward. 
Some foreign leaders moved their companies 
from tractors to electronics, from ball bear
ings to semiconductors, and from cigarettes to 
software. Managing well doesn't help much if 
you are in the wrong jungle. 

Unfortunately, our concept of leadership has become superficial. 
Stephen R. Covey reports that, until recently, U. S. literature on 
leadership focused on the "character ethic." A person's character 
was deemed fundamental to leadership ability. With the proper 
foundation, things like integrity, humility, fidelity, temperance, 
courage, justice, industry, perseverance, modesty, and the Golden 
Rule, one might, after years of work, develop leadership ability. 

Today America has embraced the "personality ethic," and our 
leadership literature reflects this (e. g. Donald Trump's book). The 
basic thrust now is quick-fix influence techniques, charisma, power 
strategies, communication skills, and positive attitudes. These meth
ods will not work for a skunk works, and many say that the major 
problem with our industry and political system is that we can no 
longer trust our leaders. 

Running a skunk works is a stewardship, another almost forgot
ten concept. A stewardship is a job with a trust. The steward be

comes his or her own boss, governed by a conscience con
taining a commitment to agreed-upon desired results. 
Think how much better our lot might be with seasoned, 

trustworthy, results-oriented leaders run
ning our industry and our nation. 
john D. Trudel: The Trudel Group, 
52001 Columbia River Hwy., ScaP
poose, OR 97056; (503) 690-3300, fax 
(503) 543-6361. 
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OFFERS YOU 
C A N' T R E F U S E 

m non-line job-listing service cov
ers 39 job categories, including 
engineering, with most positions 
in the $30,000 to $60,000 salary 

range. EMPPLEX II can be searched on pro
fessional category or salary range. Jobs are 
added weekly, and the database is regularly 
maintained. Step-by-step instructions are 
given to access the listings. The service's 
phone number is (412) 824-4343. Contact Unit
ed States Information Network Corp~ Suite 
900, 400 Penn Center Blvd~ Pittsburgh PA 
15235; (412) 824-2400; fax (412) 824-8112. 

CIRCLE451 

A 
free demo of McCAD electronic 
design tools for the Mac is avail
able from VAMP Inc. The soft
ware comes with either stand-

alone, work-group, or front-end capabilities. 
Contact the company at 6753 Selma Ave~ Los 
Angeles, CA 90028; (213) 466-5533; fax 466-
8564. CIRCLE 452 

F 
utureNet software for schematic 
design has continous zoom and 
undo/redo commands and supports 
EDIF. It works in DOS and Sun-

based networked environments. For a free 
demo disk, contact Data 1/0, P. 0. Box 97046, 
Redmond, WA 98073-9746. CIRCLE 453 

D 
trawberry Tree's Work Bench 
data-acquisition and control soft
ware needs no programming or 
user training. Obtain a free demo 

of the software by contacting Strawberry 
Tree, 160 South Wolfe Rd~ Sunnyvale, CA 
94086; ( 408) 736-1041; fax 736-1041. 

CIRCLE454 

A 
ctel Corp. is offering its Action 
Logic System free in its universi
ty program for designing and 
programming the company's ACT 

1 family of devices. Included in the package 
are ACT 1 macro libraries, place-and-route 
software, and a timing analyzer. The package 
is available on a 386 PC with Viewlogic and 
OrCAD libraries; the Apollo workstation us
ing Mentor Graphics libraries; and Sun work
stations with either Valid or Viewlogic li
braries. The company is also supplying at no 
cost ten of its A1010A-PL68C 1200-gate de
vices with each system shipment Actel will 
also supply additional devices to any univer
sity using Actel within a VLSI design course. 
Further information is available by contact
ing the company at 955 East Arque Ave~ Sun
nyvale, CA 94086; (408) 739-1010; fax 739-
1540. CIRCLE 455 

l!Il] E 

QmCKLOOK 
QUICK NEWS: EDUCATION 

D 
nterest in techniques for digital signal processing is growing as programmable VLSI 
devices and low-cost array processors have proliferated. A course from Learning 
Group International instructs designers in applying DSP techniques, using fast Fou
rier transform (FFT) algorithms, designing filters for real-time applications, and im

plementing filters in hardware and software. Participants receive Fortran source listings as 
part of the course material. With these programs, users can specify design parameters and pro
duce complete, computer-designed digital filters. Courses will be held in various U. S. cities 
from February through July. For pricing and other information, contact Learning Group 
lnternationa~ 1805 Library S~ Reston, VA 22090-9919; (800) 421-8166, (703) 709-9019, East 
Coast, fax (703) 709-6405; (310) 417-8888, West Coast, fax (310) 410-1320. CIRCLE 456 

A 
conference and exposition on CASE (computer-aided software engineering) has 
management/technical seminars on such topics as object-oriented analysis and de
sign and comparison of CASE tools. CASE World will be held in Santa Clara, Calif. 
Feb. 18-20. Further information is available from Digital Consulting Inc., 204 

Andover S~ Andover, MA 01810; phone (508) 470-3880; fax 470-0526. CIRCLE 457 

... Persuecaves 11 Ti•e-11-larket 
BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
Cupertino, Caltt.; (408) 446-4458; fax (408) 253-6085 

D 
et's focus on the interactive properties of measuring TTM 
and BEAR (break-even after release). 
Measurement of TTM provides an overall indication of how well an organization 
can: 

• Select product development alternatives from a large supply of potential opportunities. 
• Effectively define products so that they can be cross-functionally and concurrently devel
oped with minimal complication and delay. 
• Swiftly plan the execution phase of the product-development effort so that full staff can be 
applied to get the job done in time to meet market requirements. 
• Break out of the cerebral definition phase and actually do cross-function~ concurrent 
product development 
• For all its positive attributes, TTM and its measurement provide little information about 
how well a product will perform in the marketplace. Because of this limitation, it is 
necessary to add another dimension-measurement of break-even after release (BEAR). 

Measuring BEAR makes visible how well a product development organization can: 

• Create a product that is performance and cost competitive. 
• Market the product to generate customer demand. 
• Manufacture the product to respond to market demand. 
•Convince a customer to spend money on the product 
• Distribute the product to satisfy customer expectations. 

Should TTM be increased (more development time and money) to trim BEAR (more 
performance and less cost)? World-class product developers determine the answer in the 
definition phase as they control remaining TTM and BEAR. Balancing TTM and BEAR 
within the definition phase means that this issue is confronted and resolved about half way 
through the TTM interval This is when to make trade-off decisions between product cost, 
product performance, development cost, and development time. The goal is not to statically 
balance TTM and BEAR- it's impossible. The elements need to be properly distributed so 
that the scale can be kept in balance. Doing the initial effort right makes the execution 
phase and the revenue phase snap into place. 

Ron Kmetovicz will lead a Time-to-Market seminar entitled "Speeding New 
Ideas to the Marketplace" at Santa Clara University on March 19. Contact Elmer 
Luthman, center director, at (408) 554-4521;/ax (408) 554-4571. 
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P-CAD Master Designer, 
the shortest distance from 

PCB design concept to reality. 

Master Designer'" 5.0 is the shortest 
distance from PCB design concept to 
reality. And the fastest, most productive 
and reliable way to get your designs to 
market using an IBM® or compatible PC. 

And now Master Designer 5.0 has 
been enhanced with more than 100 new 
features, requested by PCB master design 
engineers like you. 
New features, more productivity. 

Master Designer 5.0 shortens the 
entire design cycle with new features like 
extended memory for 4-times larger 
designs. Automatic real-time on-line 
design rule checking. User configurable 

menus. And automatic periodic file save 
with user-definable time increments. 
First with 20,000 PCB designers. 

You can rely on Master Designer 
5.0 for the quality and dependability 
that has made it the choice of more 
than 20,000 PCB designers worldwide. 

Master Designer 5.0 gives you the 
interactive support of Master Layout™ 
to handle surface mount, analog, and 
digital technology. The flexibility of 
Master SchematicT; fully automated 
optional Rip-n-Route, and our optional 
Master Placer'":' Not to mention the plus 
of a consistent menu-driven interface. 

With Master Designer 5.0, you 're 
backed by CADAM, the world's leading 
CAD/CAM/CAE software supplier, and 

the international network of expert 
P-CAD® Value Added Resellers. 
Your finished designs are a lot 
closer than you think and so is 
your free P-CAD Demo Disk. 

Here's how to get all the details 
on Master Designer 5.0, and shorten 
the distance between your next great 
concept and reality. Just call CADAM 
toll-free today and 
we'll send your 
free Master 
Designer 5.0 
Demo Disk 
absolutely free. 

1-800-255-5710 

,~ 
~~ 

CRDRffi 
AN IBM COMPANY 

World Class PCB CAD Productivity 

IBM is a registered trademark of lntemational Busines.s Machines Corp. P-CAD is a registered trademark and Master Designer, Master Layout, Master Schematic, and Master Placer are trademark.I of CADAM INC. 
CADAM INC, 1935 N. Buena Vista St. , Burbank, CA 91504. ©1992 CADAM INC. 
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Oki's Advanced ASIC Tools 
Reduce Your Risk. 

As an ASIC designer for high
performance systems, you 
know the sinking feeling of 
working for weeks on a high-
density design--only to have 
it crash. You know the risks 
involved in designing with 
tools that offer no assur
ances-Will path delays meet 
spec? Will routed signals 
violate tinting? Will power 
problems cause unexpected 
voltage drops? 

Coupled with our 0.8µm 
leading-edge sea-of-gate 
technology and our high-level 
support-such as Verilog, 
Synopsys, and IKOS-these 
Oki software tools not only 

optimize ASIC pe1fonnance 
but also optimize design time. 

So go ahead and take the 
plunge. Call 1-800-0KI-6388, 
Dept. 050, for Oki's ASIC 
capabilities brochure. See how 

risk-free ASIC design can be. 
Oki's advanced tools 

provide the lift you need to 
dive comfo1tably into the 
highest levels of ASIC design: 

Oki ASIC Design Tool Support for 0.8µ,m, 1.0µm, and 1.2µ,m 

Timing-driven layout -
enables control of critical net 
and path delays, better ensur
ing a design-to-silicon match. 

Clock tree structures -
automatically route logic 
signals where you want them 
and when you want them, 
optimizing clock distribution. 

Power calculator - locates 
and corrects power distribu
tion and dissipation problems, 
increasing overall system 
reliability. 

Vendor Plafform Operating System/Rev Description 

Cadence Sun/SPARC Sun OS 4.1.1 Simulation 
Solbourne Veri log 1.5C Fault grading 

Design verification 

!KOS 4.0 up Simulation 
Fault grading 

Mentor HP/Apollo DNIX 5.03, Sun OS 4.1.1 Capture 
Graphics DNx Series Digital application 6.1 Simulation 

Digital application 6.3 Design check 
HP9000 Digital application 8.0 (in qualification) 
Sun/SPARC Parade Layout 
Solbourne Clock Structures 

Synopsys Sun/SPARC Sun OS 4.1.1 Design synthesis 
Interface to Mentor, Valid, Viewlogic Test synthesis 

Valid Sun/SPARC Sun OS 4.1.1 Design capture 
Sun-3 GED, ValidSIM, Simulation 

RapidSIM Design check 
DECstation 3100 UL TRIX, ValidSIM, GED 
IBM RS6000 GED, ValidSIM, RapidSIM 

Viewlogic Sun/SPARC Sun OS 4.1.1 Design capture 
Workview 4.0 Simulation 

PC386 DOS 3.3. Workview 4.0 

TRANSFORMING TECHNOLOGY INTO CUSTOMER SOLUTIONS 

Product and company names are trademarks and registered trademarks ol their respective companies. 



WHEN YOU PLUNGE INTO ASIC DESIGN, 
YOU WANT SUPPORT TOOLS THAT WORK. 

785 North Mary Avenue 
Sunnyvale, CA 94086-2909 
1-800-0Kl-6388, Dept. 050 



TIIE SILICON VAi .I .EY 
NE1WORKING CONFERENCE 

APRIL 27. 29, 1992 I 

The Santa Clara Convention Center 
Santa Clara, California 

ADD 
THESE TO 

YOUR 
CALENDAR 

The 
Silicon 
Vallex 

Personal 
Computer 

Design Conference 
focuses on P!oviding 

solutions to key PC Work
station, and Peripheraf design 

and integration issues. Unlike 
other computer shows that are aimed 

at distributors and value-added resellers, 
SVPC is aimed at designers and strategic 

planners who are evaluating or designing ihe 
next-generation desktop and pqrtable computer 

systems. !he conference will provide eight halt-day 
tutorials and over 1 00 technical paper presentations 

covering key design and implementation issues for desktop 
and portable systems. Presentations will cover: 

Keynote Speaker: Eric Benhamou, C.E.O. 3Com Corp. 
The Silicon Valley Networking Conference is the only 
networkin.9 conference that fOcuses on the DESIGN 
of networlC related hardware and software. The 
conference venue consists of six half-day 
tutorials and more than 70 technical paper 
presentations. Topics will include: 

Distributed Processing, Sonet, 
HiPPlf FDDI, lnternetworking, 
Wire ess LANs, Network 
Management, Network 
Diagnostics, Frame 
Relay, X-Windows, 
Token Ring 
Ethernet 

Pen-Based System Desig_n, Portable System Design, 
Motherboard Design, Memory Card Interfacing and Control, 

Graphics and Video Subsystem Design, Display Technology, 
Multimedia Hardware Design, Mass-Storage Subsystem Design, 

Peripheral Design, Expansion-Bus Interfaces (AT, EISA, MCA, SBus, 
Turbochannel, others), Memory- and Cache-Subsystem Architectures, 

Data Communications (fux and modem design, network adapter design, 
and wireless LAN implementation), lntearating-in Graphical User Interfaces, 

BIOS and Operating System Implementation ....... and many other topics 
ISDN KEYNOTE PRESENTATIONS: 

Dr. Gordon Moore, Chairman of the Board and one of the founders of Intel Corp. 
Roger Ross, President, ROSS Technology, a subsidiary of Cypress Semiconductor Corp. 

SILICON VAT .I .EY PERSONAL 
COMPUTER DESIGN CONFERENCE 

I AUGUST 10·12, 1992 I 
The Santa Clara Convention Center, Santa Clara, California 

rrtiese Conferences are a creation of Sys'Iecn 'l(esearcli. S'IJ.J{C is co-sponsored 6y 3Com Corporation. 
'Efectronic 'Design and 'Efectronics Magazines are co-sponsors of 6otn S'IJ.J{C and S'VPC. 

---------------------ADVANCE REGISTRATION APPLICATION 
(for applications postmarked by 3/ 6/92 for SYNC, 6/26/92 for SVPC) 

Tutorials only (one day registration) ................................ . 
Papers only (two-day registration) .. . .. . ... .. . . .. . .. ...... .. ...... . . 
Full conference (three-day registration) ..... ........... .. ............ . 
Exhibits only pass ...... .. . ... .... . ... .. .. . . .. ....... .. ........ . 
Extra proceedings (add $15/domestic mail; $35/intnl airmail) ............ . 

Note: Registration fees for either conference include coffee break refreshments, 
lunch, and one set of tutorial notes anq/or conference proceedings 

SYNC SVPC 
$250 $295 
$350 $395 
$450 $495 
$ 25 $ 25 
$ 85 $100 

TOTAL ENCLOSED $ 

$ 
$ 
$ 
$ 
$ 

TOTAL 

Name ____________________ Title _____________ _ 

Company _______________________ .Mail Stop ______ _ 

Address. _______________ City __________ .State __ Zip __ _ 

Telephone FAX Email __________ _ 

MAIL this completed form with payment (in U.S. Dollars) to: SysTech Research, 
1248 Olive Branch Ln, San Jose, CA 95120; (408) 997-8265 (fax or phone) 
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Get your technology news where the rest 
of the world does ... first! 

Electronic Design: 
Leader of the pack since 1952 

Electronic Design is the industry's 
most-often quoted electronics 
publication. There's a good reason 
for this: Electronic Design is always 
the first to report on and describe 
new technologies as they occur. 
We're proud of this reputation. 

Lots of engineering publications talk 
about new products, new issues, and 
new technology. New items are the 
essence of news reporting. 

But when you read about new 
technology or new implementations 
of technology in an electronics 
magazine - any electronics magazine 
- it's likely that the story was first 
discussed in Electronic Design. 

Why do leading manufacturers 
select Electronic Design as the 
vehicle for their significant product 
introductions? Because they know 
that Electronic Design is the ideal 
environment for their important 
debuts. Each issue contains the 
latest information on tools and 
techniques to help shorten the 
design cycle, helping our readers to 
incorporate the latest products and 
technology into .their designs. 

Proven leadership in circulation 
and editorial makes Electronic 
Design the source of critical design 

information for 165,000 global 
readers. And we're first with the 
information you need in your job. 

After all, why should you wait and 
read about it somewhere else 
tomorrow? 

YES! 
I want my 

technology news as 
it happens. 

r----------Y'ES!i;;~~Y~~b;i;~g;,~;~~~hhij,j;.;-~----------, 

Please begin my subscription to Electronic Design immediately. 

1 year, 24 issues for $85.00. 

Name:-------------------
Address:-------------------
City : ---------- State: _____ Zip: __ _ 

For subscriptions to Canada, add $75.00; foreign subscriptions, add $145. 

Send to: Penton Publishing, P.O. Box 95759 

~------~:"!~~~~~~~~~~~~.:!~~~~~~~----------------~ 



QUICKLOOK 
ON THE JOB 

A 
s layoffs continue, finding a job is an increasing concern 
among engineers. The IEEE-USA' s third edition of its 
two-volume employment guide is free to IEEE members 
who are unemployed, but not students. The first volume, 

An Employment Guide for Enginem; and Scientists, is a practi
cal manual for job hunters, including how to get started on a job 
search, strategies on coping with job loss, writing letters and resumes, 
establishing a personal network, preparing for interviews, and evalu
ating compensation packages. Salary information, drawn from the 
IEEE' s annual salary survey, is included. The second volume lists by 
state hundreds of companies that employ engineers. Guides are sold 
through the IEEE Service Center at $14.95 (members) and $19.95 non
members by calling (800) 678-4333 and requesting IEEE catalog no. 
UH0186-7. For the free guide, written requests that include IEEE 
membership number should be mailed to IEEE-USA, 1828 L Street 
NW, Suite 1202, Washington, DC 20036. 

QUICK NEWS 

E!I 
ith an eye on data security, the federal government's 
standards body is working on guidelines to ensure the 
privacy of unclassified information in federal comput
er systems. The goal of a Digital Signature Standard 

(DSS) being developed by the National Institute of Standards and 
Technology (NIST) is to verify data integrity and the sender's identi
ty. NIST is seeking comments from the public and federal, state, and 
local government users. Written comments, due Feb. 28, 1992, should 
be sent to the Director, Computer Systems Laboratory, Attn: Proposed 
FIPS for DS, Bl54 Technology Bldg., NIST, Gaithersburg, MD 20899. 
Contact Miles Smid at (301) 975-2938. 

QUICK REVIEWS 

l!J 
igital Video in the PC Environment, second edition, by 
Arch C. Luther is a guide to implementing digital interac
tive video on personal computers. As Luther points out, 
DVI makes possible the first systems that truly merge 

personal computers and television. 
Among the skills needed to work with audio/video/computer sys

tems are audio-, video-, and computer engineering, along with ability 
in graphics, script writing, creative writing, publishing, program
ming, and audio/video production and post production. Few readers, of 
course, have expertise in all these areas. Luther assumes only that 
readers have an electronics background and interest in the subject. 
Consequently, Luther gives an overview of these areas and shows how 
the various technologies come together in creating interactive sys
tems and applications. 

Besides covering the i750, Intel's DVI chip set, Digital Video dis
cusses fundamentals in analog video, digital video, digital audio, opti
cal storage, and, of course, programming. The book also deals with 
interfacing the i750 chip set and video compression technology. Al
though programming a digital-based system is crucial to making a 
DVI system perform, many developers of audio/video/computer appli
cations aren't programmers. As a result, Luther separates the soft
ware discussions so that nonprogrammers may skip them. And new C 
language software examples, written in accordance with Intel's revi
sion of DVI software architecture, are available on two disks for 
$24.95 in 3.5- or 5.25-in. format (Digital Video Software Offer, P.O. Box 
6069, Alexandria, VA 33206-6069). 

Luther, one of the developers of DVI technology, participated in de
veloping the NTSC color TV standard, broadcast video recorders, and 
consumer VCRs. He holds 32 U. S. patents. With a list price of $29.95, 
the book is published by Intertext Publications, McGraw-Hill Book Co., 
New York, N. Y., 1991(ISBN0-07-039179-3). 

WHICH SOFTWARE DEVELOPMENT TOOLS DO YOU USE FOR C 

Compilers 
and cross compilers 

Assemblers and 
linkers 

Debuggers 

Circuit 
simulating models 

Software 
performance 

analyzers 

Front-end CASE 
tools 

Other software 
development tools 

0 
* Category not measured in 1989 survey 

20 40 60 

Source: a survey of Electronic Design readers conducted by the Adams Co., Palo Alto, Calif. (415) 325-9822 . Readers gave more than one anewerto qu8'llon. 
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PEASE 
PORRIDGE 

WHAT' s ALL THIS 
DEAD CAR STUFF, 
ANYHOW? 

E 
very year, in January, I 
compile a list of all the Dead 
Cars I've seen along the 
highways over the last cal

endar year. If you want to see a copy, 
send an SASE and I'll mail it. This year 
will be the 22nd annual list, going back 
to when I lived in Massachusetts in 
1969. It lists every car according to 
their manufacturer, and sometimes by 
type. 

For example, I try to keep the GMC 
cars separate from the Fords or the 
Chryslers, but I can't possibly segre
gate the Chevys from the Buicks - for 
all I know, they have the same engine 

BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
IN 1961 AND IS 
STAFF 
SCIE TIST AT 
NATIONAL 
SEMICO DUCT
OR CORP., 
SANTA CLARA, 
CALIF. 

anyhow. 
I do separate the 

Volkswagens from 
the Saabs, which 
was my original in
tention. Back in 
1969, I was trying 
to show some of my 
buddies that the 
Saabs of that era 
were less reliable 
than VWs, even 
though the Saab 
engines had "only7 
moving parts." I 
found that there 
werelotsofdeador 
abandoned Volk
swagens along the 
roads, but there 
were also quite a 
few dead Saabs. It 
seemed that there 
were more Saabs 

than one would expect from the num
ber of Saabs on the road. Over the 
years, I kept on listing all of the cars I 
saw, dead or abandoned, foreign or do
mestic. 

Now, what's the significance of 

these lists? Do they prove that one car 
is more reliable than another? No, not 
really, because even though you could 
tell how many cars are registered in 
any state, that doesn't tell you the 
number being driven. But I have had 
a lot of fun keeping notes on the Dead 
Cars. And my friends find it amusing 
to look at these lists. 

Just the other day, I was writing 
down the data for one dead Mercedes 
Benz and one abandoned Ford with a 
flat tire. My passenger asked, "You 
mean, every time you see an aban
doned car, you write down a note?" I 
replied, "Sure ... doesn't every
body? ... " 

In the last five years, I began to keep 
a list of the cars I saw with no brake 
lights. I carry an envelope that I can 
holduptowarnadriver, "YOU HAVE 
NO BRAKE LIGHTS". I really don't 
like to see cars driving around with no 
brake lights. 

It's all too easy for them to collect an 
innocent car on their rear when they 
hit their brakes and the following 
driver can't make this out all that well. 
So an accident can happen, and in my 
neighborhood, insurance rates go up 
even though many ofus have had no ac
cidents at all. 

On the other side of the placard it 
says "YOU HA VE ONLY ONE 
BRAKE LIGHT". After one brake 
light burns out, what happens next? 
The other one burns out, and the car is 
left with none. So I like to warn these 
guys to get their brake lights fixed. In 
1990, I notified 69 cars that they had no 
brake lights, and 144 cars that they had 
only one brake light. 

There were about six guys with no 
brake lights that got away- some
times they turn off in traffic before I 
can catch up with them, or sometimes 

a light changes against me. I hate to let 
a car with no brake lights get away. 
Still, I think I'm doing something use
ful, even though my wife sometimes 
gripes that I beep my horn too much 
just to tell a guy he has only one brake 
light. 

But think about this: A guy has only 
a right brake light. He starts to signal 
for a right turn. Then he hits his 
brakes. In many cars, the brake light 
and the blinkers are connected to the 
same bulb, so when he hits the brakes, 
no change occurs. In some cases, one 
brake light burned out is as bad as no 
brake lights at all. 

What do I do about brake lights? On 
each of my four cars, I've rigged extra 
brake lights up high so that they're re
ally noticeable to the drivers behind 
me. If 1or2 bulbs burn out, I still have 
a couple left. Best of all, I can look in 
my mirror and see if the extra bulbs 
light up when I hit the brakes, so I can 
tell if the brakes' pressure-switch is 
working. Now, with a broad pen and a 
blank envelope, or a piece of paper 
taped to an envelope, you, too, will be 
able to warn drivers: "YOU HA VE 
NO BRAKE LIGHTS" and "YOU 
HAVE ONLY ONE BRAKE 
LIGHT". 

Just what kind of car do you drive, 
Pease, to get good reliability? Ah, 
yes, I driveacarwithexactlytheright 
amount of modern electronic, com
puterized equipment- a 1968 VW 

. Beetle (my wife drives a newer car, a 
1969 Beetle). 

Now, as an engineer, I suppose I 
should say good things about all of the 
fancy electronic fuel injection and 
spark computers and diagnostic com
puters and Lambda sensors. But I get 
31 mpg and the car goes just as fast as 
I want, and that's good enough for me. 
The bottom line is that I prefer a car 
that has proven itself by running reli
ably for 244,000 miles. In fact, until a 
couple months ago, it was still running 
on the original engine, and the origi
nal crank and pistons and cylinders 
(though it's true I had replaced the 
cylinder heads). 

Sometimes I do connect a Heathkit 
electronic ignition system to minimize 
wear and tear on the breaker points. 
But right now it's on the blink, so I just 
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• Audio Transformers ranging in size 
from W' x W' to W' x 1:i-l's". 20 Hz 
to 250 KHz. Up to 3 watts . 

• Pulse Transformers .05µSEC 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. 

• 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 

PEASE 
PORRIDGE 

went back to the old conventional (Ket
tering) ignition system, points and coil 
and distributor and "condenser". I set 
my own timing and I adjust my own 
valves. That's one good thing about 
old, simple cars - if something does go 
wrong (which is rarely) you can fix it 
yourself. 

Do you ever count your own car, 
Pease, when it's dead? Yes, but that's 
not very often. One time my coil 
burned out. One time my distributor 
got loose and lifted out of its spigot, 
and it took me a full hour to figure out 
that when the engine turned, there 
had to be a reason why the distribu
tor and its rotor did not. Another time 
a fuel hose fell off, but I fixed that and 
got going quickly, so I only counted it 
as 112. 

There are several cases where I 
count a car as 1/2. Forexample,ifaguy 
with a Volvo is talking to a guy with a 
Datsun, and they both have their 
hoods up, I may count 1/2 Datsun, 1/2 
Volvo, 1 Helper. I count people who 
are obviously helping out as a Helper, 
not as a Dead Car. If I'm not sure it's 
a Rabbit on the other side of the road 
on a rainy night, I may count 112 Rab
bit and 1/2 Modern Boxy Car (1/2 
Mod box). If I can't even tell if it was 
probably foreign or U.S.-made, it gets 
scored as "1 car". 

Do I think that electronic systems 
are going to improve the reliability of 
vehicles? Well, maybe. I recall the 
story of one of the first trucks that had 
an anti-lock brake system. They were 
driving innocently down the road 
when a nearby driver keyed the 
transmitter on his CB radio and the 
truck immediately locked up all its 
brakes. It turned out somebody had 
decided it would hurt the reliability to 
add bypass capacitors across all of the 
sensors and the inputs of the sensor 
amplifiers. 

That's what you learn from MIL
HDBK-217 ... remember? So when the 
transmitter went on, all of the ampli-

Maybe a new sedan can travel down 
the road emitting even less smog and 
emissions than my VW, so long as its 
computer is working right. But in 10 
years, what happens when you can't 
get parts for the computerized sys
tems? My car will still be running just 
fine. I think I'll stand pat. 

After all, I have all of the tools and 
techniques I need to keep old VW s 
running forever. Forever? Well, there 
are old VW s around here that are over 
35 years old, and ifl can keep my good 
new beetles running 35 more years, 
they may outlive me. You would not 
want to bet that I can't keep them run
ning. Meanwhile, if I see another VW 
broken down along the road, I stop 
and see if I can help. 

Sometimes I have a tool or a gallon 
of gas, or the spare part they're in 
need of - a fan belt, or some points, or 
a clamp for a fuel hose. So I try to help 
solve their problem. Ifwe can't figure 
out what's wrong, I leave them a 
SASE so they can write to me and ex
plain what was the problem once they 
find out. 

For example, one guy sent me a let
ter stating that the 1969 bus he had 
just bought was merely out of gas. The 
gas gauge was broken, but the previ
ous owner, of course, had not warned 
him about that. 

So, when I see a dead, abandoned, 
or broken-down car along the free
way, I score it. I categorize and count 
it. Now, ifaguyisjustchanginga tire, 
or pouring in a spare gallon of gas, I 
list that problem, but I don't count the 
car as dead or abandoned. In 1990, I 
saw 24 people that ran out of gas, 139 
with a flat tire, 211 pulled over by a 
cop, and 16 with a broken drive shaft 
(remember, none of my cars has a 
drive shaft). I counted 293.5 GMC 
cars, 146 VWs, and one Citroen. What 
are the corresponding totals for 1991? 
I'll let you know as soon as I have them 
all added up. 

fiers went berserk. Oh, the amplifiers All for now. I Comments invited! 
were perfectly "reliable," but the sys- RAP I Robert A. Pease I Engineer 
tern had not been engineered prop-
erly. It was a miracle that nobody was Address: 
behind the truck when it locked up all Mail Stop C2500A 
its brakes. National Semiconductor 

Are the new electronic systems bet- P. 0. Box 58090 
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Searching for embedded solutions? 
Let us shed a little SPARClite . 

We're blazing a trail for designers of embedded 
control systems. And now the unparalleled 
performance, innovation, simplicity and cost 
efficiency of RISC technology are finally in sight. 

Introducing SPARC!ite'." A complete family of 
RISC processors from the Advanced Products 
Division of Fujitsu Microelectronics. Designed 
from the ground up for high-performance 
embedded applications. 

Our first SPARClite family member, the 

• 
OJ 

40 M!Ps peak and 37 MIPs sustained performance. 
Software compatible with the industry-standard 

SPARC~ architecture, our MB86930 provides the on
chip cache memory needed to meet the demands 
of performance-critical real-time routines. As 
well as a unique cache-locking mechanism and 
many other on-chip peripheral functions. 

What's more, Fujitsu's SPARClite program is 
complemented by a full range of multi-platform 

support tools from the leading names in 
development systems. To help you get MB86930 processor, provides a new gen

eration of solutions that can easily be 
designed into your embedded applications 
- for much greater performance at very 
competitive prices. Operating at clock 
speeds up to 40 MHz - and providing 

FUJITSU 
to market more quickly than ever before. 

So why keep searching in the dark? 
Call us at 1-800-523-0034. And turn on 
SPARC!ite for the best in embedded 

Delivering the Creative Advantage. solutions. 

FUJITSU MICROELECTRONICS, INC., Advanced Products Division. 77 Rio Robles, San Jose, CA 95134-1807. Ph: 408-456-1161 Fax: 408-94~9293 . 

FUJITSU MICROELECTRONICS ASIA PTE LTD. (Head Office, Singapore): Ph: 65-336-1600 Fax: 65-336-1609. HONG KONG SALES OFC: Ph: 852-72~0393 Fax: 852-721-6555. 
TAJ PEI SALES OFC: Ph: 886-2-757-6548 Fax: 886-2-757-6571. JAPAN SALES OFC: Ph: 81-~3216-3211 Fax: 81-~3216-9771. KML CORP. (Rep., Korea): Ph: 82·2·588-2011 Fax: 82·2·588-2017. 

PACIFIC MICROELECTRONICS, PTY. LTD., (Rep., Australia): Ph: 61-2-481-0065 Fax: 61-2-484-4460. 
FUJITSU MIKROELEKTRONIK GmbH (Dreieich-Buchschlag, Germany): Ph: 0610~6900 Fax: 0610~690122. 

SPARClite is a trademark of SPARC International, exclusively licensed to r\Jjitsu Microelectronics, Inc. SPARC is a registered trademark of SPARC International , Inc. 
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THIS YEAR'S HARVEST HAS 
YIELDED SOME COLORFUL RESULTS 

LIKE THE NEW SPECIRUM SERIES, 
THE MODULAR DESIGN THAT OFFERS 

AN ARRAY OF STANDARD FEATURES INCLUDING PFC. 

Astec introduces a new high power product of unmatched versatility and value. Its compact footprint 
and standard PFC front-end make the Spectrum Series compliant with IEC 555-2 while bringing 
significant space savings to countless designs. With up to 12 outputs plus a full range of output 
currents and voltages, Spectrum will accommodate any configuration of power between 500 and 2000 
watts. 

Many features, considered options in the industry, are standard in the Spectrum Series, including 
current share, remote sense, voltage adjustment, margining, power fail and level A EMI filtering - all at 
no additional cost. 

Standard modules are stocked for fast delivery. To reap the many benefits from Astec's new 
Spectrum Series, call the toll free number below. 

ASTEC STANDARD POWER 
Division of Astec America, Inc. 
401 Jones Rd. 

ASTEC 
Oceanside, CA 92054-1216 
Telephone: 619-757-1880 
Facsimile: 619-439-4243 

CIRCLE 88 FOR U.S. RESPONSE 

1-800-233-9973 
For Literature or Information 
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PRODUCT INNOVATION 

A SEXTET OF ELECTROMAGNETIC-INTERFERENCE 
TESTERS SPORTS A PRICE/PERFORMANCE 

RATIO AND MODULARITY To SUIT ANY BUDGET. 

SOPHISTICATED INSTRUMENTS 
TAKE ON EMI TESTING 

instruments from Rohde & Schwarz with analog readouts covers 
the frequency range of 9 kHz to 30 MHz. The series ESHS includes 
the ESHSlO (front), ESHS20 (center), and ESHS30 (rear). The-10 
unit employs a <Hine LCD, whereas the -20 and -30 use CRT 
displays. The -20 and -30 units also include a 3.5-in. floppyilisk 
drive, while the -30 unit also has a tracking generator for 2-port 
measurements, as well as an IF analyzer for assessing interference 
visually. Another series with three models, the ESVS, covers the 
frequency range of 20 MHz to 1 GHz. 

E L E C T R 0 N 

JOHN GOSCH 

hen the 12 countries of the Euro
pean Community become a single 
market in 1993, West Europe will 
be a region where people, goods, 
and capital can move freely across 
national borders. It will also be a 

region with common, mutually recognized standards in 
all EC countries. One standard will apply to electromag
netic compatibility (EMC)-the ability of equipment or a 
device to function satisfactorily in its electromagnetic 
environment without introducing intolerable interfer
ence to anything in that environment. Consequently, if 
companies want to continue doing business in Europe's 
upcoming barriers-free market-with 345 million con
sumers, it will be the world's biggest-designers must 
make certain their equipment meets the new EMC stan
dards, which will be effective sometime in the mid-1990s. 

In light of this, Germany's Rohde & Schwarz has a new 
family of EMC testing instruments that sport what the 
company claims are "performance firsts. " The ESHS/ 
ESVS family combines dedicated commercial EMI test
ing capability with an exceptional price/ performance ra
tio, setting new standards for EMI test receivers. 

Until now, test engineers often used simple spectrum 
analyzers or manually tuned test receivers to determine 
the EMI profile of the equipment under test, and to as
certain that the interference did not exceed prescribed 
limits. But these types of instruments have their techni
cal shortcomings, such as intermodulation problems at 
the receiver front end, which may lead to unpleasant sur
prises during final testing of the finished product. 

This is where the new tester family comes in: Perform
ing EMI measurements up to 1 GHz, the ESHS/ESVS 
testers deliver precise results in a matter of seconds and 
put out legally binding test protocols (see "The impor
tance of EM! testing, "p. 96). Thanks to built-in micro
processors and sophisticated firmware, they sport auto
matic measuring capabilities, besides being manually op
erable. The testers handle measurements according to 
C D E S I G Nl1E) 
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SOPHISTICATED 
EMI TESTERS 

THE IMPORTANCE Of EMI TESTING 

H
istorically, EMC testing 
was considered a luxury 
because it required spe
cialized equipment with 

high price tags. Though some 
might question the need for rigid 
EMC testing, there's a growing 
awareness of its importance. Im
munity to electromagnetic inter
ference is now considered a key 
characteristic of product quality. 
A number of sensational mishaps, 
such as airplane crashes, uncon
trolled robot movements, and 
snags on automated production 
lines, were attributed to electro-

such standards as the U.S.'s ANSI 
C63.2, Germany's DIN / VDE 0876, 
and Japan's VCC. 

The new EMI tester family is 
available in two different series, 
each with three models. The 
ESHSlO, 20, and 30 series cover the 
frequency range of 9 kHz to 30 MHz 
(see the figure). The ESVSlO, 20, and 
30 series cover 20 MHz to 1 GHz. The 
two series differ mainly in configu
ration, operating features, and price. 

Such modularity should especially 
suit the small budget-conscious com
pany, as it allows for equipment ex
pansion at a later date by adding 
models in the upper- or lower-fre
quency ranges, says Wolf E. 
Schreyer, Rohde & Schwarz's prod
uct marketing manager for EMI tes
ters. Modularity also offers the ad
vantage of using different models 
for different tasks at different loca
tions. For example, while one tester 
measures interference voltage in a 
shielded room, the other checks field 
strength on the outside. 

magnetic emissions from nearby 
equipment. Such events have 
highlighted the need for EMC 
testing. 

Given the increasing sensitivity 
of the ever shrinking and faster 
I Cs used today, even the slightest 
influence from electromagnetic 
waves must be ruled out. This is 
best accomplished by planning 
and designing EMC into the 
equipment at an early phase of its 
development. Measures to solve 
compatibility problems after the 
equipment is built are compro
mises, at best, and costly, as well. 

Even the least-expensive models, 
the ESHSlO and ESVSlO, are tough 
to beat by competitive test set-ups, 
Schreyer asserts. Used with a cou
pling network and a plotter, they 
automatically put out detailed test 
reports showing whether the EMI 
limits that the different standards 
prescribe for the equipment under 
test are exceeded or not. 

The two -10 models are the basis 
for the new tester family. Operated 
manually or automatically (with or 
without an IEC/IEEE-bus control
ler), they're used for routine EMI 
measurements, such as interference 
voltage, current and power checks, 
as well as field-strength determina
tions. In addition to external batter
ies, they can be powered from inter
nal batteries, suiting them for mo
bile applications or for measure
ments under difficult grounding 
conditions. The -20 and -30 models, 
which boast enhanced operating and 
measuring capabilities, can be used 
for measurements on all kinds of 

ROHDE & SCHWARZ'S SERIES 
ESHS/ESVS EMI TESTERS 

equipment, from 
small electric 
tools to big com
puting systems. 

Feature 

RF analysis 
3.5-in. floppy disk 
CRT display 
Tracking generator 
IF analysis 
Battery installable 
Battery operation 
Analog readout 
Digital display 
Calibration generator 

Model 10 

x 
x 
x 
x 
x 

Model20 

x 
x 
x 
x 

x 
x 
x 
x 

Model30 

x 
x 
x 
x 
x 

x 
x 
x 
x 

Common for 
all models are 
controls, LCDs, 
and an analog 
pointer-type in
dicator familiar 
to any instru
ment operator. 
Frequencies are 
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set in coarse, medium, and fine steps 
with a rotary control, or entered into 
the instrument via a keyboard. A 4-
line LCD on the -10 models is for the 
man/machine dialogue, and two oth
er LCDs for showing the selected 
settings and test results. The dis
plays are easy to read both in bright 
light and (thanks to backlighting) 
shielded rooms. 

While the controls and the indica
tor are used in manual operation, in
put keys call up the menus for auto
matic operation. The keys enter the 
start and stop frequencies, step sizes 
in the frequency scans, limit lines, 
transducer factors, printer and plot
ter configuration, and complex test 
routines. 

The results are shown either by 
the analog indicator, or digitally on 
the appropriate LCD with 0.1-dB res
olution and in the correct units-for 
example, in dBµV, dBµV/m, dBµA, 
or dBm. A built-in loudspeaker al
lows audible evaluation of interfer
ence, and a special mode helps to de
tect weak continuous-wave signals. 

Of note is the analog indicator, 
which not only shows measured re
sults in dB, but also serves as a trend 
indicator. Only with an analog indi
cation is it possible to determine 
whether a measurement is being 
made near the noise floor or at the 
top end of the dynamic range , 
Schreyer explains. 

The two -20 models (ESHS20 and 
ESVS20) have a CRT screen instead 
of the -10 models' 4-line LCD. The 
vector-graphics screen dis play 
shows the interference spectrum 
and limit lines and, on an alphanu
meric basis, serves the man/ ma
chine dialogue. In addition, the -20 
models integrate a 3.5-in. floppy-disk 
drive that records the measured re
sults. It also stores the measuring 
routines or loads them into the tes
ter. The two -30 models (ESHS30 and 
ESVS30) are similar to the -20 models 
except that they have a tracking gen
erator for 2-port measurements, and 
an IF analyzer for assessing the in
terference visually (see the table). 

Europe's upcoming EMC stan
dards reflect a radical change in how 
interference is assessed. The exist
ing national norms, such as Germa
G N 



SOPHISTICATED 
EMI TESTERS 

ny's VDE standards, define two 
classes of interference, narrowband, 
and broadband, and have different 
limits for each. But as electronics 
equipment proliferates, the equip
ment itself is growing as the main 
source of interference, and it be
comes more difficult to distinguish 
between narrowband and broadband 
interference generated by an outside 
source, or by the equipment itself. So 
the present distinction (narrowband 
and broadband interference) will be 
abandoned when the new EMC stan
dards are in force. 

New standards will specify only 
average values and quasi-peak limits 
for interference. This means that 
both pulse and sinewave interfer
ence must be averaged or weighted. 
For this, the ESHS and ESVS testers 
use group-delay IF filters. 

The new testers feature a number 
of innovations that clearly set them 
apart from competitive test set-ups. 
Among them are the parallel use of 
several measuring detectors, built-in 
intelligence in the form of firmware, 
the use of flash EPROMs for storing 
the firmware, fast frequency syn
thesis, and the output of a detailed 
test report. 

In the patented parallel measuring 
scheme, the detectors for the peak, 
average, and quasi-peak display op
erate simultaneously. The weighted 
results are present after the first fre
quency scan and can then be further 
processed by the built-in intelligence 
or an external controller. Parallel 
use of detectors considerably cuts 
the measuring time and thus overall 
testing costs. 

Rohde & Schwarz's engineers put 
much effort into developing the firm
ware, the built-in intelligence which 
specifies the tester's basic perfor
mance data. Even without controller 
support and with no extra software, 
the firmware allows fast measure
ments to be made with the average
and peak-value detectors. Using the 
limit lines, it also fixes the critical 
frequencies and, in the case of inter
ference-voltage tests, permits re
peat measurements at thei:te fre
quencies to be performed with aver
age- and/ or quasi-peak detectors. 

The firmware is stored in flash 

EPROMs and, with the aid of a PC, 
can be loaded from a floppy disk via 
the serial interface in 5 minutes. 
Therefore, the firmware can be mod
ified easily, without opening the tes
ter and replacing the EPROMs. This 
makes it much easier and faster to 
upgrade programs-even via inter
national data transmission lines-or 
to correct and update them in case of 
errors. 

For fast results, the testers use 
frequency synthesis with short set
tling times. At a frequency resolu
tion of 10 Hz and 100 Hz for the 
ESHS and ESVS series, respective
ly, the synthesizers allow frequency 
jumps of any step length within 10 or 
30 ms. At a 1-ms measuring time, it 
takes only 20 seconds to completely 
scan the 9-kHz-to-30-MHz frequency 
range and obtain results with the 
ESHS testers. 

Given the importance of EMI mea
surements these days, the test re
port, or measuring protocol, should 
constitute a legally binding docu
ment. Consequently, in addition to 
the measured values, the protocol 
contains such information as desig
nation and operating mode of the 
equipment under test, the specifica
tions used, the tester settings, the 
test date, and the name of the test 
engineer. Test date and settings are 
recorded automatically; other perti
nent test information is entered man
ually. 

PRICE AND AVAILABILITY 
Prices for testers marketed in the US. 
range from $20,830 for the ESHSlO (the 
simplest model) to $41,000/or the ESVS30 
(the most sophisticated model). Accesso
ries (prices are not included in the figures 
above) encompass coupling networks, 
such as artificial mains, current clamps, 
and power clamps, and measuring anten
nas for the higher frequencies. 

In the US., Rohde & Schwarz, 4425 Ni
cole Dr., Lanham, MD 20706. Contact: 
Scott Elkins, (301) 459-0800. Rest of world: 
Rohde & Schwarz GmbH, Dept. lEV, P.O. 
Box 8014 69, D-8000 Munich 80, Germany. 
Phone: (0049)-89-41290 (ask for lEV de
partment). 
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11. THE DSC-216 SCSI BUS ANALYZER fits into 
a compact attache-style case. The display is an 80-character-by-
24-line electroluminescent panel. 

PORTABLE ANALYZER 
AUTOMATES SCSI TESTING 

WITH 16-BIT-WIDE CAPABILITY AND 2 0-NS T IME 
STAMPING, THIS AN AL YZER HAND LES THE FAS TEST 

AND WIDEST SCSI BUSES. 

JOHN NOVELLINO 

utomated measurements 
are becoming the norm rath
er than the exception these 
days. High-level automation 
has arrived for designers 

and integrators of SCSI bus peripherals in 
the form a SCSI bus analyzer that makes 
more measurements at faster speeds than 
previously available instruments. 

The DSC-216 SCSI bus analyzer performs 
command profiling, histogram analysis, and 

llllJ E L E C T R 0 N 

data-transfer rate calculations. The instru
ment features time stamping with 20-ns reso
lution so it can capture all phase, handshake, 
and timing information for transactions at 
the full 10-MHz rate specified by SCSI-2 Fast. 
The DSC-216 also handles 16-bit wide transac
tions, making it possible to track data at the 
20-Mbyte/s asynchronous or synchronous 
rate of SCSI-2 Fast and Wide specifications. 
An LED display covers the eight control lines 
as well as the 16 data lines, allowing users to 
monitor real-time activity at a glance. A SCSI 
reset key simplifies resetting of the bus. 

All this capability fits into a highly portable 
15-by-11-by-6-in. attache-case style package 
IC D ESIGN 
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AUTOMATED SCSI ANALYZER 

maximum burst 
SCSI phase Command prolile 

Disconnect 

Final message 

Status 

Data l/D 

Command 
ID message 

protocol 
Selection 

Arbitration 

10 15 20 25 30 
Percent of total command time 

1
2. THE ANALYZER'S COMMAND profiling 
capability helps users identify SCSI command overhead during 
bus utilization. The report shows the time spent on each phase 
of a SCSI command. 

rate is calculated 
over a limited num
ber of bytes within 
a block. This figure 
does not include 
overhead and is the 
maximum rate the 
device can support 
under ideal condi
tions. The analyzer 
also measures the 
sustained rate, 
which is the aver
age speed per byte 
over multiple con
secutive blocks
for example, 100 
blocks of 512 bytes 

(Fig. 1). The unit's display is an 80-
character-by-24-line electro!Umines
cent panel. With the panel-mounted 
keyboard, users can select most 
functions with one keystroke. An
other unique feature of the DSC-216 
is the ability to trigger in or out to 
external instruments-such as oscil
loscopes or logic analyzers-via two 
front-panel ENC connectors. An RS-
232 port, an expansion port, and a 
printer port are included. 

Users can connect virtually any 
SCSI system to the DSC-216. The 
front panel has connectors for Cen
tronics-type 50-pin SCSI cables and 
68-pin high-density SCSI cables. An 
optional interconnect adapter offers 
seven other types of high- and low
density connectors , including the 
DB-25 Apple device. All are intercon
nected, so designers or integrators 
can use them simultaneously. 

Among the new reports supplied 
by the analyzer is the command pro
file. This function is particularly use
ful in comparing SCSI devices and 
the efficiency of SCSI chips. The re
port indicates the time spent on each 
phase of a SCSI command, with the 
results displayed numerically or in 
graphical form (Fig. 2). This report 
quickly tells users which peripherals 
are taking the longest time to re
spond and eliminates the need to sift 
through the trace data and calculate 
the time spent on each phase. 

Three types of data-transfer rates 
are calculated by the DSC-216. The 

each . This is the 
maximum rate at which the device 
pair can communicate indefinitely. 
Finally, the average throughput is 
the transfer rate over a large num
ber of small random transfers, which 
includes overhead. This figure is a 
realistic estimate of hardware's 
speed in an application program. 

A powerful triggering system also 
eases the bus-analysis task. Users 
can select from 14 trigger conditions, 
including SCSI reset, select/ rese
lect, select/reselect time out, status, 
command and status, parity error, 
and message. The conditions can 
also be used in combination. Besides 
starting a trace, the trigger can also 
stop a trace. 

The DSC-216 has a deep trace 
memory-32k events in a circular 
buffer. A 128k-event memory is also 
available. Because the trace is event
driven, the analyzer captures 10-
MHz data transfers and multisecond 
disconnects equally well.D 

PRICE AND AVAILABILITY 
The Model DSC-216 portable SCSI bus an
alyzer costs $8550 with the 32k-event m em
ory and $9950 with the 128k-event m emo
ry. The optional interconnect board is 
$360. Delivery is 30 days after receipt of an 
order. 
Ancot Corp., 115 Constitution Dr., Menlo 
Park, CA 94025; (415) 322-5322. CIRCLE 514 

How VALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
544 

545 
546 

If you stop for gas at Wally Bonfield's 
service station, be prepared to fill up on 
a few good stories. One of his favorites is 
how he built his retirement nestegg
with U.S. Savings Bonds, the Great 
American Investment. "Bonds have al
ways been there for me;· he says proudly. 
Become the next Great American 
Investor. Call us to find out more. 

U.S. SAVINGS BONDS 

THE GREAT AMERICAN INVESTMENT 

1-800-US-BONDS 
A public service of this publication 
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PRODUCT INNOVATION 

BIDIRECTIONAL SINGLE-BANK 
FIFOS TRIM SYSTEM COSTS 

DAVE BURSKY 

erving as data buffers in a wide range of applications, first-in/first-out 
memories have appeared in a wide variety of densities and architec
tures to suit many uses. Bidirectional data buffers are extremely popu
lar for storage and data-communication systems applications. Howev
er, to make a bidirectional FIFO buffer, a system designer must either 
connect two unidirectional FIFO chips in back-to-back fashion, or the 

FIFO chip designer must integrate two banks of storage on the substrate, almost 
doubling the chip area. Either approach increases system cost and might reduce 
the economic viability of the approach. 

To keep the chip more cost effective, designers at Integrated Device Technology 
came up with an asynchronous sharing scheme that allows a single internal memo
ry bank to serve both directions. That keeps the chip size to within a reasonable per
centage of a unidirectional FIFO memory, and also keeps down cost. The compa
ny's new family of three devices differ only in storage density. The IDT7271, 7272, 
and 7273, are organized as 512-, 1024-, or 2048, 9-bit words, respectively. 

The FIFO buffers can be accessed in just 25 ns. Although they are bidirectional, 
the control scheme allows data to flow in only one direction at a time. This limita
tion will probably not impact over 90% of the system designs, according to Mike 
Shamshirian, IDT's FIFO product manager. Most applications, he says, only re
quire thatdata transfers be done in one direction ata time-disk-drive data buffers 
for example either accept data from the host system or hold data being read from 
the disk. Only in the highest-performance applications will simultaneous data 

.-----------------------------~ transfers be re

9 bits 

Memory array 
512 by 9 
1k by 9 
2k by 9 

9 bits 

quired, and for 
those needs 
dual-bank FI
FOs can meet 
the transfer re
quirements. 

Data portB Con trolling 

Reset 
Read A 
Write A Control 

Direction --- and 
~ reset logic 
Read B 
WriteB 

Diagnostic ---t __ .J 

Pass·through 

r----i-----• Almostfullllag 

Flag logic ~----+Almost Empty flag 
Full flag 

Empty flag 

data-flow direc
tion is a direction 
pin, which sets 
the flow from 
Port A to Port B 
or vice versa. 
When that pin 
switches states, 
it changes the di
rection of the 
110 buffers, re

'----------------------- - -----' sets t he Read 

I 
REQUIRING A SINGLE bank of memory, Integrated Device 
Technology's bidirectional FIFO chip uses a Direction pin to control the 
direction of data flow between Ports A and B. A memory bypass feature lets 
critical data skirt the memory array and the delay it imposes, thereby 
allowing time-critical data to immediately reach the opposite port. 

II!lll E L E C T R 0 N I C D E S I G N 
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and Write pointers, sets flags to 
their proper states, and disables the 
opposite direction's control signals. 
Port A, however, is predefined as the 
priority default port and can be used 
to control all accesses. Because data 
flows in one direction at a time, the 
port pins can be shared, thus keeping 
the package pin count to just 32 pins 
for either the DIP, plastic leaded 
chip carrier, or small-outline J-lead-
ed cases. 

As noted, the chip area of the sin
gle-bank bidirectional FIFO is al
most 50% smaller than the dual-bank 
bidirectional FIFO. The smaller chip 
area lets the single-bank memory fit 
into smaller packages, such as the 
SOJ, which could not handle a larger
size chip. The smaller packages, in 
turn, lets the memory occupy less pc
board area so designers can reduce 
system size. 

A bypass capability is built into the 
FIFO array. This feature allows crit
ical data to bypass the delay imposed 
by going through the on-chip memo
ry array, and flow directly from one 
port to the other (see the figure). The 
memory also includes several flags, 
similar to flags on other FIFOs: 
There are fixed Full and Empty, as 
well as fixed Almost Full and Almost 
Empty. The almost flags have fixed 

·offsets of eight bytes, which gives 
the system time to respond as sys
tem conditions change. 

A Chip Reset signal allows the sys
tem to reset the contents of all point
ers and flags, but leaves the contents 
of the memory unchanged. Conse
quently, certain operations can be 
set up as repeat loops, especially if 
the loop length doesn't extend to the 
full depth of the register. The memo
ries also include a dedicated diagnos
tic pin that invokes a test mode that 
allows data written into one port to 
be read back by the same port. That 
permits the system to test the memo
ry cells, and to ensure that data writ
ten into the chip is unchanged when 
read out. If a change occurs, memory 
cells may be defective and a diagnos
tic routine can notify the host system 
of a service need.O 

PRICE AND AVAILABILITY 
Samples of the single-bank bidirectional 
FIFOs will be available later this month 

SINGLE-BANK 
FIFO MEMORY 

for DIP and PLCC form, and next month 
for SOJ packages. In lots of 1000, the larg
est member of the family, the 2k-by-9 
IDT7273L25, sells for $39. 90 apiece (plastic 
DIP version). Prices for the smaller 1 k-by-
9 and 512-by-9 devices are $30. 70 and $25. 60 
each, respectively, also in lots of 1000 and 
plastic DIPs. 

CA 95052-8015; Mike Shamshirian, (408) 
944-2082. CIRCLE 512 

Integrated Device Technology Inc., 3236 
Scott Blvd., P.O. Box 58015, Santa Clara, 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
547 
548 
549 

Put Our List 
On Your List 
Our list can 
help you do the 
other things 
you have on 
your list. Such 
as buy a 
car . .. estimate 
social security 
. .. start the 
diet. . . check 
out investments. 

Our list is the 
Consumer Information 
Catalog. It 's free and lists more than 200 free and 
low-cost government booklets on employment, 
health , safety, nutrition , housing , Federal benefits, 
and lots of ways you can save money. 

So to shorten your list, send for the free 
Consumer Information Catalog. It's the thing to do. 

Just send us your name and address. Write: 

Consumer Information Center 
Department LL 
Pueblo, Colorado 81009 

A public service of this publication 
and the Consumer Information Center 
of the U.S. General Services Administration 
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WHERE TODAY'S CHALLENGES MEET 
TOMORROW'S SOLUTIONS 

8 ring your PCB design and layout problems to 

the only conference and exhibition dedicated 

solely to the design of printed circuit boards. 

Increasing density, higher circuit speeds, 

smaller packages, finer lines and spaces, and new 

technologies are just a few of the problems slated 

for solutions at the PCB Design Conference, 

. · · ,· ~;,,, . . March 30-April 1, 1991 at the 
\\ \\ ,. ., . 

: 5 "- ol'I-'\\\ . Fairmont Hotel in Sanjose. 

:. ~\\\\\\\\, ....,. ; More than 50 workshops, 

~c..aorS:;:~r<'. · lectures and tutorials will pro-
. "'oi#'~ 'd . 1 1 . d . --.. .......... .--· · v1 e practlca so ut10ns an m-

novative techniques, presented by leading board 

design practitioners and authorities. And you'll 

see the latest EDA tools and technologies, ex

hibited by major CAE/CAD vendors throughout 

the three-day conference. 

Sponsored by Printed Circuit 

sign Conference is the only forum 

of its kind to focus 100% on your needs. In just 

three days, you'll improve your PCB design skills, 

increase your productivity, and get practical solu

tions to specific design and layout problems that 

you face every day. 

Sponsored by: 

Printed Circuit Design M agaz ine 

Produced by: 

Miller Fi·eeman Inc. 

P.O. Box 7843 

San Francisco, CA 941 20- 7843 March 30-April I, 1992 

Phone (41 5) 905-23 54 Fairmont Hotel 

FAX (415) 905-2220 San Jose, California 

,-----------------, 
I MY SIGHTS ARE SET ON SOLUTIONS . I 
I Please send me free details on the first annual I 
I PCB Design Conference, March 30-April 1, 1992, I 
I at the Fairmont Hotel in San Jose, California. I 
I I I am interested in: [] Attending [] Exhibiting 

I Name ______________ _ 

I I Title ______________ _ 

: Company _____________ _ 

I Address _____________ _ 

I I City/State/Zip ___________ _ 

I Phone FAX ____ _ 
I 
I MAIL OR FAX TO: PCB DESIGN CONFERENCE, Miller 
I Freeman Inc., P.O. Box 7843, San Francisco, Ca 94120-7843; 
L FAX (41~ 905-222~i:.:l~usie Chapm:_at (415) 905-235~ _J 

PCB ED 
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NEW PRODUCTS 
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VGA CHIP UPS COLORS, SPEEDS GRAPHICS 
WITH LocAL Bus INTERFACE DAvEBuRsKY 

T
he OTI-087 graphics control
ler outperforms other VGA 
chips. It addresses up to 2 
Mbytes of memory and im

plements a direct processor inter
face that bypasses the traditional 
AT-bus interface for VGA control
lers. The Oak Technology circuit can 
provide 24-bit color (16.8 million col-
ors) with a resolution of 640 by 480 
pixels or deliver high-resolution 
1024-by-768 non-interlaced, or 1280-
by-1024 interlaced images, both with 
256 colors. 

System bus 

SD(7:0) 

SD(15:8) 

SA(19:0) 

Analog monitor 
(analog RGB) 

24·bil direct color 
palette DAC 

3 5 
0 

~ "" ~ = = 
~ ~ 
~ ~ PCLK 

Blankn 

Horizontal and 

An on-chip write-cache supports 
high-speed transfers over the local 
processor bus at maximum bus 
speed while a read-cache provides 
zero-wait-state bit-block-transfer op
erations for fast image movement on 
the screen. The local-bus interface 
also implements XT or AT bus con
trol signals if the designer opts not to 
use the local-bus interface. Howev
er, by tying directly into the proces
sor's system bus, the OTI-087 Ultra-

Video clock vertical synchronization 1-----' 

Color control chip can transfer im-
age data at CPU bus speeds of 33 
MHz (80386 or 486 CPUs). That 
moves data into the video memory at 
speeds three to four times faster 
than by using the XT or AT expan-

Video and memory 
clock source (OTl·68) 

CSE LO 

CSEL1 

CSEL2 

CSEL3 

MCLK 

sion buses, which are usually limited support in the form of a 64-by-64 by 2-
to below 10 MHz. bits / pixel writable memory allows 

The chip's video memory interface the user to download a custom cur
allows 8, 16, or 32-bit wide data paths sor image and change it depending 
to the display memory as well as the on the application or system user's 
use of the fast page mode in stan- mood. A 16-bit graphics latch per
dard DRAMs. Video clock rates of up mits true 16-bit operations in the pla
to 80 MHz can be driven by the con- nar modes and special 256-color pat
troller, and that allows CRT refresh tern and fill modes improve the 
rates of over 70 Hz (meet or exceed drawing speed of complex images. 
the Video Equipment Standards As- In most VGA systems some con
sociation refresh standard) are sup- figuration data must be provided to 
ported by the controller. the video BIOS firmware. The OTI-

On-chip foreground/background 087 can tie into a small serial, electri
color expansion registers also help cally erasable memory that provides 
improve the speed of text output, es- non-volatile storage of software-al
pecially when the chip employs the terable configuration settings. 
packed-pixel operating mode. The Since the local bus interface is not 
registers allow eight consecutive a universal standard, Oak has 
bytes to be expanded from one byte worked with a number of chip-set 
that contains the foreground and suppliers to ensure that several PC 
background bits. Hardware cursor motherboard chip sets would be fully 

ELECTRONIC DESIG 
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Display memory 

functional with the VGA chip while 
minimizing the amount of glue logic 
needed to tie in the 087 controller. 
Some of the motherboard chip-set 
suppliers include OPTi Inc., Santa 
Clara, Calif., Elite Microelectronics 
Inc., San Jose, Calif. , and VLSI Tech
nology Inc., Tempe, Ariz. Oak has 
also developed true-color driver soft
ware as well as high-resolution driv
ers and a video BIOS. Software driv
ers are available for many popular 
application packages. An evaluation 
board is scheduled to be available 
this month. Housed in a 160-lead 
plastic quad-sided flat package, the 
controller will sell for $31 apiece in 
thousands. Samples are available 
now. 

Oak Technology Inc. , 139 Kifer 
Court, Sunnyvale, CA 94086; Brian 
Davis, (408) 737-0888. CIRCLE 458 
N IIl'EJ 



NEW PRODUCTS 
COMMUNICATIONS 

lOBASE-T ETHERNET LAN CHIP INTEGRATES 
KEY CONTROL FEATURES MILT LEONARD 

The MB86965 EtherCoupler 
from Fujitsu Microelectron
ics integrates a controller, 
lOBase-T transceiver, encod

er I decoder, bus-interface logic, and 
filters on a single chip. Because the 
IC is highly integrated, an add-in 
LAN adapter card for twisted-pair 
networks can be built with as few as 
five I Cs. Even fewer components are 
needed if the adapter is built on a 
PC's motherboard. No jumpers are 
required to interface a host mother
board or plug-in card to the ISA bus 
used in personal computers. Exter
nal L-C filters are not required since 
the 86965 includes pulse shapers and 
filters. 

The device's feature set simplifies 
data manipulation and reduces soft
ware overhead. By interfacing the 
EtherCoupler to a serial EEPROM 
for node address and option storage, 
the host board becomes software
configurable. The chip and its driver 
can automatically reprogram its own 
base address if there is a conflict 
with another installed board. 

An on-chip, two-bank transmit 

buffer allows a single command to 
move several data packets of any 
size to the network. Data packets 
can access the local buffer memory 
from the host and from the network 
media at the same time with no inter
action. The controller also updates 
all receive and transmit pointers 
automatically, and supports high 
data security and retention with a 
full-duplex architecture. Unlike oth
er controllers with shared FIFOs 
and CRC logic, the EtherCoupler's 
transmit and receive functions have 
separate logic and data paths to al
low concurrent data transmission 
and reception. 

Bus interfaces to the IBM PC/ XT I 
AT, ISA, and IBM compatibles in
clude line drivers and receivers for 
both shielded and unshielded twist
ed-pair cables. A standard IEEE 
802.3 AUI (auxiliary unit interface) 
is also included for interfacing to 
other transmission media such as 
10Base5 and 10Base2 coaxial net
works , to Fujitsu's MBL8392A ex
ternal transceiver, and others. The 
EtherCoupler automatically selects 

CHIPSET IMPLEMENTS ALL-DIGITAL 
PHONE AND ANSWERING MACHINE 

I ntended to displace mechanical 
tape drives in telephone-answer
ing machines, a chip set for inte

grated all-digital phones and answer
ing machines from DSP Group stores 
both outgoing and incoming messages 
in dynamic RAM. The D6055A chipset 
is based on the company's proprietary 
Digital SpeakerPhone speech-process
ing algorithms running on the TMS320 
digital-signal processor (DSP) from 
Texas Instruments Inc. 

Besides the TMS320 DSP chip (64-pin 
PQFP), the chipset consists of an ASIC 
(80-pin PQFP), an analog I/O interface 
(16-pin DIP), and from 1 to 16 Mbits of 
audio RAM (ARAM). The combined 
chips and speech-processing algo
rithms eliminate the problems that are 
associated with common speaker
phone operation-in particular, one-

way communication, blocking, and 
word cut-off, to afford comfortable 
communications that can simulate reg
ular two-way conversion. 

Under control of a host microcon
troller, the DSP provides voice-activat
ed switching (VOX) functions, receive 
and transmit dual-tone, multiple-fre
quency signaling, line monitoring, 
speech compression, error coding, echo 
cancellation, and command decoding. 
The ASIC controls and refreshes the 
ARAM, and provides interfaces to the 
host processor, the analog I/O inter
face chip, and to external static RAM 
which stores calculation coefficients 
and phone numbers. The analog I/O in
terface performs A-D and D-A conver
sion, converts 14-bit linear code to 8-bit 
µ-Law PCM code, and interfaces to the 
analog front-end of the speakerphone. 
Computer-controlled digital storage al-

the active media. 
The chip is also software-compati

ble with Fujitsu's NICE MB86960 
Ethernet LAN device and is support
ed on all popular PC network operat
ing systems with the use of the com
pany's node drivers. The driver set 
includes support for Novell's 
NetWare 286 IPX and 386 ODI, 
3Com's 3+ Open, Microsoft's LAN 
Manager, Banyan's VINES, TCP/IP 
on DOS, Windows, OS/2 and UNIX, 
N etbios, and Network File System. 

Packaged in a 160-pin plastic quad 
flat package, the controller is made 
with mixed-mode CMOS technology 
and operates from 5 V. Samples of 
the EtherCoupler are available now, 
along with evaluation boards and 
sample hardware designs. Produc
tion quantities will be available in the 
second quarter of this year. Prices 
begin at $30.60 and $24.45 each in 
quantities of 1000 and 10,000, respec
tively. 

Fujitsu Microelectronics Inc., 77 
Rio Robles Ave., San Jose, CA 
95134-1807; Betsy Taub, (408) 456-
1160. CIRCLE 481 

lows for advanced features such as 
multiple mailboxes and message for
warding, enabling a speakerphone to 
perform as a personal voice-mail sys
tem. 

The D6055A provides all the level de
tectors, attenuators, and switching 
control that are necessary for proper 
speakerphone operation. Detection 
sensitivity, path attenuation, and 
switching speed can be controlled by 
the host. Gain distribution between the 
transmit and receive paths is optimized 
to the inputs from the VOX level detec
tors. 

These circuits control the transmit 
and receive paths to provide the half
duplex operation required in a speaker
phone. Total loop-gain attenuation is 
programmable in 4-dB increments 
from 12 to 40 dB. Pricing for the 
D6055A chipset ranges from $18 to $25 
each in high volume. 

DSP Group Inc., 4050 Moorpark 
Ave., San Jose, CA 9511 7; (408) 985-
0722 11{/;&lll:tj 
• MILT LEONARD 
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Control any 
IEEE-488 (HP-18, GP-18) 
device with our cards, cables, / 
and software for the PC/AT/386, 
EISA, MicroChannel, and Nu8us. 

PC ENCLOSURE STANDS UP 
TO HARSH ENVIRONMENTS 
The A-bus is a toughened enclosure 
that offers a rugged and safe housing 
for industrial PCs. High-integrity 
shielding techniques, such as seam
welded construction, help deliver a sys
tem housing that can meet the most 
stringent electromagnetic compatibil
ity standards. The enclosure is a 4U
high, 19-in. rack that comes ready to 
use with an integral backplane, power 
supply, and cooling fans. Different con
figurations are available, including six 
or twelve slots. The enclosure can be 
fitted with full RFI gasketing and high
attenuation cutoff air filters to supply 
immunity from noise and unwanted 
emissions. Some accessories are avail
able, including a front-panel with a two
digit diagnostic display that links di
rectly to the CPU card. This simplifies 
fault finding and maintenance. 

Arcom Control Systems Ltd., Units 8-
10 Clifton Rd., Cambridge, England 
CBI 4WH; (0223) 411 200. lahfHlft.iil 

COLD-FORMED PGA 
SOCKET SAVES COST 
A line of precision cold-formed PGA 
sockets offer consistent performance 
and a cost-saving potential of up to 30% 
compared with screw-machined sock
ets . The Series MD sockets can be used 
interchangeably with screw-machined 
sockets and incorporate the company's 
Omni-Tact seamless beryllium copper, 
low-insertion-force, four-tine contacts 
to get a high-reliability contact system. 
Five of the most popular grid sizes 
from 11by11to11by17 are available, 
as well as eight of the higher volume 

NEW PRODUCTS 

range from $0.010 to $0.018 per line in 
large lots. Delivery is from two to four 
weeks. 

Mark Eyeletlnc., 63 Wakelee Rd., Wol
cott, CT 06716; (203) 756-8847. 

IBl;&lf/,U 

SURF ACE-MOUNT 
MCM IS TWO·F ACED 
Higher levels of functionality in one 
package are now possible with a stan
dard surface-moun table multichip
module (MCM) package. The package 

You get fast hardware and 
software support for all the 
popular languages. A software 
library and time saving utilities 
are included that make instrument 
control easier than ever before. 
Ask about our no risk guarantee. 

features dual-sided mounting capabili
ty for semiconductor die. The MCM fea
tures high-density, thick-film wiring 
technology that permits up to three 
conductor layers on each side of the ce
ramic substrate. Almost any type of IC 
may be mounted in the package . 
Housed in a 168-pin plastic quad flat 
pack, the MCM offers a lead pitch of 0.8 
mm and measures 1.5 by 1.5 in. Power 
dissipation is up to 3 W with still air at 
70°C. Samples are available in eight 
weeks with volume quantities in 12 to 
16 weeks. NRE charges typically range 
from $5000 to $15,000. 

Fujitsu Microelectronics Inc., IC Divi
sion, 3545 N. First St., San Jose, CA 
95134-1804; (800) 642-7616. litt@lll.fl 

footprints, with pin counts covering 68 USE THERMAL-TRANSFER 
to 168 positions. Electrical characteris-
tics include a 10-m.O. bulk contact resis- PRINTER IN-HOUSE 

able for OEMs requiring in-house, on
demand label printing. The system's 
Bradyprinter THT model 203 thermal
transfer printer produces clear identifi
cation for boards, wires, flat-ribbon ca
bles, rating plates, and other general
use applications. The company's Ther
matab labels accept high-density 
printing of bar codes, graphics, and 
text, and withstand chemicals, sol
vents, extreme temperatures, and re
peated handling. Call for pricing and 
delivery information. 

W. H. Brady Co., Industrial Products 
Div., P. 0. Box 2131, Milwaukee, WI 
53201; (800) 537-8791. lithtallt:fil 

FINE-PITCH SOLDERING 
COMES TO ITS SENSES 
A soldering system designed for fine
pitch surface-mounted work is avail
able with a 0.010-in. stainless-steel sol
dering tip that heats up in less than 1 
second. The MicroSol 9001 system's 
tool has a thermocouple at the tip that 
senses the temperature and controls 
the applied heat. The tip temperature, 
digitally displayed, is continuously ad
justable from 400 to 800°F. A panel 
switch selects among touch-control, 
continuous, or idle operating modes. 
Pricing for the main unit starts at $625, 
and individual tips start at $24.50. Call 
for delivery information. 

Analytic Technology, 15233 N. E. 90th 
St., Redmond, WA 98052; (800) 428-
2808. ta!;Wtm 

Free: 
Informative 
catalog 800-234-4232 
Applications help (617) 273-1818 

(~ 
Capital Equipment Corp. 
Burlington, MA. 01803 

tance, 3-A contact rating, and 2-pF con- A thermal-transfer printing system CIRCLE 94 FOR U.S. RESPONSE 
tact-to-contact capacitance. Prices and a full line of label materials is avail- CIRCLE 95 FOR RESPONSE OUTSIDE THE U.S. 
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NEW PRODUCTS 

WINDOWS TOOIS SIMPLIFY 
TEST DEVELOPMENT 

W ith its many 110 commands, 
HP Instrument Basic for 
Windows is the only Win

dows-based language designed specifi
cally for measurement applications. 
The language combines an extensive 
command set with built-in tools for en
gineering graphics and user interfaces. 
The language can control both HP-IB 
(IEEE-488) and RS-232C instruments. 

A companion product, HP-IB for 
Windows and DOS, supplies software 
utilities and interface hardware for in
strument-control applications. The util
ities complement many Windows and 
DOS programming languages, giving 
the user flexibility in test development. 

A third product, HP ITG (Interactive 
Test Generator) II, provides an interac
tive graphical environment that speeds 
development of programs to control in
struments, make measurements, and 
analyze and display data. The package 
includes a library of instrument drivers 
for 220 HP instruments. It also offers a 
menu-based driver-writing tool so us
ers can quickly write drivers for other 

DSP OPTION BOOSTS WAVE 
ANALYZER PERFORMANCE 

A high-speed digital signal processor 
(DSP) option for the Model 6100 wave
form analyzer increases the instru
ment's performance by a factor of 
more than 300. The Model 683 is a user
installable board that employs a 25-
MFLOP, 32-bit floating-point DSP that 
is slaved directly to the Model 6100. 
Data is exchanged by fast direct memo
ry access and simultaneous register 
transfers. The board can process time
or frequency-domain records as large 
as 32-kpoints in real time. The Model 
683 works with any of the analyzer's 
more than 50 mathematical operations. 
It computes and displays an 8-kpoint 
FFT in milliseconds, and a computa-

instruments. HP ITG II supports In
strument Basic for Windows, Micro
soft C, QuickC, and QuickBasic. 

Instrument Basic for Windows (HP 
E2200A) costs $395. HP-IB for Win
dows and DOS (HP 82335B), which in
cludes software utilities, documenta
tion, and an HP-IB interface card, costs 
$525. HP ITG II (HP E2020B) goes for 
$1495. 

Hewlett-Packard Co. Measurement 
Systems Operation, P. 0. Box 301, 
Loveland, CO; (800) 452-4844. 

tilf;@/ff,$1 
• JOHN NOVELLINO 

tion-intensive 16K-by-16K cross-corre
lation analysis within 1 sec. The Model 
683 costs $2995 and is available from 
stock. 

Analogic Corp., 8 Centennial Dr., Pea
body, MA 01961; (508) 977-3000. 
taV@llf,t,j 

CARD SIMULTANEOUSLY 
SAMPLES 4 CHANNELS 
The PC-414A analog input board is suit
ed for applications that need multiple 
analog channels sampled simulta
neously. The board has four simulta
neous sample-and-hold amplifiers mul
tiplexed into a 1.5-MHz, 12-bit analog
to-digital converter. The unit runs in 
IBM PC/ AT, PS-30, EISA, and compat
ible computers. In 4-channel mode each 
channel can be sampled at 250 kHz. Sin
gle-channel sampling can extend to 1.5 
MHz. Total harmonic distortion is -72 
dB. Optional software includes a win
dowed setup-and-go program and a 
source code library. PC-414A prices 
start at $1850 for single-unit quantities. 
OEM discounts are available. Delivery 
is from stock to 4 weeks. 

Datel Inc., 11 Cabot Blvd., Mansfield, 
MA 02048; (508) 339-3000. lilV&llZ,fl 

LOGIC ANALYZER 
GETS FAST 
CAPTURE SYSTEM 

Anew capture system, called 
Paladin, adds 200-MHz syn
chronous data capture and ca

pability for 1-GHz synchronous timing 
analysis to the ML4400 logic analyzer. 
The system can be added to an existing 
ML4400 without degrading any other 
features. 

Paladin's three operating modes of
fer the user flexibility. The basic mode 
provides 100 channels at 100 MHz or 50 

channels at 200 MHz, both synchro
nously and asynchronously. This mode 
includes eight clock inputs with full 
Boolean, master-slave, or double-edge 
clocking. In the split mode Paladin of
fers 80 channels of 100-MHz synchro
nous data collection along with 20 asyn
chronous channels. In the high-speed 
mode the system supplies 10 asynchro
nous channels at 1 GHz and 20 asyn
chronous channels at 500 MHz. Multi
ple modules can be connected together. 

Users can connect high-speed, coaxi
al, tip-compensated probes to the tar
get system in several ways. Special 
probe connectors, which include the 
compensation elements, support hook 
connection, as well as one- or two-wire 
and socket connection. Channel-to
channel skew is less than 1 ns at 1 GHz. 
Each module comes with five active-el
ement logic pods, each accommodating 
20 data probes and two clocks. An avail
able adapter allows the use of all micro
processor support packages for the 
ML4400 line. Paladin includes both 
classical and transitional clocks as well 
as a 24-bit time stamp. 

Paladin, including 100 probes, costs 
$13,950. Base price for a complete ana
lyzer system starts at $17,945. 

American Arium 14281 Chambers 
Rd., Tustin, CA 92680; (714) 731-
2138. IHhlHll/,t:I 
• JOHN NOVELLINO 
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NEW PRODUCTS 

SURFACE-MOUNTED CRYSTALS 
AND OSCILLATORS REACH 300 MHZ 

A family of four surface-mount
ed crystals and oscillators 
have output frequencies from 

625 kHz to 300 MHz. The devices have 
applications in telephone and radio 
communication products and in high
speed ECL and GaAs logic circuits. 

Three of the family are fundamental 
quartz resonators, two of which, the 
HC-49 and TT-SMD lines, are produced 
from ultra-small AT-strip crystals. 
These devices are available from 3 to 50 
MHz. The HC-49 comes in a metal SMD 
can and the TT-SMD comes in a plastic 
SMD package. The third quartz resona
tor, the HC-45, is made using the larg
er-but-higher-performance AT-cut 
crystal. Frequencies range from 
3.579545 MHz (for TV color burst) to 
300 MHz (for high-speed logic). 

The HC-45 resonator is made by tak
ing the AT-cut crystal form, extracting 
its ninth harmonic, and packaging it in 
what would typically be a through-hole 
metal can. The leads are cut and formed 
for surface mounting, and a clip is ap
plied that permits mounting the device 
and soldering it flat on a pc board. 

The fourth part, model C0-99100, is a 
complete, integrated SMD clock-oscil-

LED LIGHT BARS 
OFFER HIGH BRIGHTNESS 

Super brightness, long life, and low 
power consumption are featured in a 
line of LED light-bar modules. Various 
combinations of shape, size, and color 
are available to suit many display appli
cations. Brightness levels up to 42 
med / unit are attainable. Package 
styles include square, rectangular, 
round, SIPs, and DIPs. Colors include 
red, orange, yellow, green, and pure 
green. Call for pricing and delivery. 

II Stanley Co. Inc., 2661 Gates Ave., Ir
vine, CA 92714; (800) 533-5231. 

l lf/;&lf lltl 

lator circuit with an internal AT-cut 
crystal. The unit operates from 625 kHz 
to 24 MHz and is mounted in a 28-pin 
PLCC. It delivers a square-wave out
put with TTL fanout of 10, or 50 pF of 
high-speed CMOS loading. 

Pricing in lots of 1000 is $0.70 for the 
HC-49, $0.90 for the TT-SMD, $0.75 to 
$0.95 for the HC-45, and $2.50 for the 
C0-99100. All are available from stock 
to 12 weeks. 

Raltron Electronics Corp., 2315 
N. W. 107th Ave., Miami, FL 33182; 
(305) 593-6033. tal;Mlf.'l:I 
• DAVID MALIN/AK 

MINI POWER SWITCHLOCKS 
FIT 12-MM PANEL HOLES 
A space-saving miniature power 
switchlock that fits 12-mm-diameter 
panel holes addresses the need for a 
small, good-looking key-operated 

switch. The YM Series switchlock of
fers 0.110-in. quick-connect terminals 
or wire-lead terminations. Switch func
tion is single-pole, single-throw on-off. 
Silver-plated contacts are rated for 4 A 
at 125 V ac or 28 V de. Prices start at 
$5.71 in lots of 1000. Delivery is in six 
weeks. 

C&K Components Inc., 15 Riverdale 
Ave., Newton, MA 02158-1082,· (617) 
964-6400. ta!;l&lltll 
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SMD RESISTORS HA VE 
HIGH STABILITY 
Available in values as low as 1 n, preci
sion thick-film resistors in the new 
RC12 range from Philips Components 
feature excellent high-frequency per
formance, high stability and small case 
size. Their 1% tolerance, low tempera
ture coefficient and availability in val
ues of up to 1 Mn suit them for use in a 
wide range of analog circuit applica
tions where precision and surface
mount miniaturization need to be com
bined-for example, in hand-portable 
communication equipment and high
frequency test and measuring instru
ments. 

RC12 resistors are housed in an in
dustry-standard 0805 package measur
ing 2.0 by 1.25 by 0.6 mm, and are avail
able with temperature coefficients of 
50 parts per million/ ° C or 100 ppm/ ° C 
for values above 10 n. Their low tem
perature coefficient, combined with 
good temperature tracking, allow them 
to maintain their precision in equip
ment that is subject to wide tempera
ture variations. The RC12H type of re
sistors cover the resistance range from 
1 n to 1 Mn, while the RC12G types 
range in value from 100 n to 1 Mn. 

The RC12 resistors sell for around 
$1.10 per 100 devices in high-volume 
quantities . Delivery time is about six 
weeks after receipt of order. 

Philips Components, Discrete Prod
ucts Div., 2001 West Blue Heron B lvd., 
R iviera Beach, FL 33404-5099,· (407) 
881-3257 (Miriam Coleman). 

taf;@ttttl 

PALMTOP LCD DISPLAY 
IS CGA·COMPATIBLE 
A 640-by-200-dot, CGA-compatible 
LCD module is available for the fast
growing palmtop-computer market. 
The TCM-A9108 display features a met
al bezel for ruggedness, measures just 
215.0 mm wide by 99.0 mm tall by 6.3 
mm deep, and weighs only 190 g. Dot 
pitch is 0.27 mm by 0.36 mm, which 
lends the display to alphanumeric char
acters as well as special characters, 
graphs, patterns, and charts. The dis
play incorporates formulated-twisted
nematic, liquid-crystal technology and 
a 1/ 200 duty ratio for high contrast and 
fast response time. Average power 
consumption is 130 mW. Samples , 
available now, cost $240. Call for deliv
ery and OEM pricing. 

Epson America Inc., OEM Div., 20770 
Madrona Ave., Torrance, CA 90503; 
(310) 787-6300. taU&llW 
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QUIET CERAMIC CAPS 
HA VE BEST ESR IN CLASS 
A line of chip capacitors has the indus
try's best equivalent series resistance 
(ESR) in its price class, its manufactur
er says. The MCH Series capacitors' 
NPO/COG "A" dielectrics are fabricat
ed with pure palladium electrodes and 
fired at higher temperatures than 
those of competing ceramic chips. Also, 
the chips are made in Class 10 clean
room conditions with highly accurate 
electrode alignment. The chips come in 
0805 and 1206 sizes with a capacitance 
range of 0.5 to 2700 pF for NPO dielec
trics, and 680 pF to 0.22 µF for X7R di
electrics. Prices range from $15.80 to 
$45.10 in lots of 1000. Delivery is from 
stock to 10 weeks. 

Rohm Corp., 3034 Owen Dr., A ntioch, 
TN 37013; (615) 641-2020. W@lfljl 

SURF ACE· MOUNT LEDS 
HA VE HIGH BRIGHTNESS 
A line of right-angle, surface-mounted 
LEDs features high brightness, wide-

NEW PRODUCTS 

angle visibility, and high-profile lenses 
for through-panel applications. The 
units come in T-1 and T-1-3/4 sizes in 
red-green bicolor style and in five indi
vidual colors (red, green, amber, yel
low, and blue). High-efficiency, low
current (2-mA) models are offered as 
are models with built-in resistors for 5-
or 12-V operation. All LEDs are com
patible with infrared and vapor-phase 
soldering, and have standoffs for easy 
cleaning. Pricing starts at $0.78 in lots 
of 1000. Small quantities are delivered 
from stock. 

Industrial Devices Inc., 260 Railroad 
Ave., Hackensack, NJ07601;(201)489-
8989. litl@lft61 

MINIATURE PHOTODETECTOR 
POWER SUPPLIES 

For 
Photomultiplier Tubes & Photodiodes 

Short Circuit & Reverse Polarity Protected 

Mounts On Printed Circuit Boards 

Input & Output Floating 

Small & Lightweight 

Excellent Stability 

Low Ripple 

Fe«anti Venus 
399 SMITH STREET, FARMINGDALE, N.Y. 11735 

(516) 293-41 00 •TWX: 510-224-6492 •FAX: 51 6-752-7976 

CIRCLE 100 FOR U.S. RESPONSE 
CIRCLE 101 FOR RESPONSE OUTSIDE THE U.S. 

SMD PULSE TRANSFORMER 
HANDLES 2500 V/µS 
A family of low-profile pulse trans
formers occupies just 0.65 by 0.85 in., 
stands only 0.2 in. tall, and is suitable 
for either surface- or through-hole 
mounting. Thanks to a proprietary 

winding geometry and a high flux-den
sity core, the transformers support 
2500 VI µs voltage changes while deliv
ering rise times of under 100 ns. Appli
cations are in dc-ac inverters, ac-power 
controllers, pulse-width modulators, 
and high-frequency power transforma
tion. Typical pricing is in the $25 range 
for OEM lots . Delivery is from stock to 
60 days. 

Controlex Corp., 16005 Sherman Way, 
Van N uys, CA 91406,- (818) 780-
88 77. litl;&lltJ.t 

BICOLOR INDICATOR 
SHUNS RED FOR YELLOW 

Not everyone needs a bicolor indicator 
in red and green-some applications 
call for "waiting" and "active" indica
tion rather than go/ no go. That's the 
need addressed by the Series 550-3605 
three-leaded yellow-green indicator. 
The single right-angle, 5-mm package 
eliminates multiple lamp requirements 
and simplifies drive circuitry. One pos
sible application might be a LAN-con
troller card that uses the indicator to 
signal that a channel is either available 
or in use. The LEDs are packaged in a 
black housing for optimal contrast ra
tio and increased visibility. Pricing is 
$0.97 in lots of 1000. Delivery is from 
stock to eight weeks. 

Dialight Corp., Dept. C550-36, 1913 At
lantic Ave., Manasquan, NJ 08736,
(908) 223-9400 . . lil/;/dlfUI 
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NEW PRODUCTS 
COMPUTER BOARDS 

TRANSPUTER-BASED SYSTEMS 
GET EXPANDED 1/0 FUNCTIONS 

W ith the introduction of the 
Transputer Imaging Pro
cessing (TIP) 110 architec

ture, users can combine unlimited sca
lability of a Transputer-based system 
with 100-Mbyte/s data distribution 
over each TIP broadcast bus. Multiple 
independent broadcast subsystems can 
be integrated into one system to in
crease the total 110 bandwidth re
quired for any application. While the 
name denotes image processing, the 
TIP 110 architecture is suitable for any 
application requiring the increased 
bandwidth. 

The TIP bus transmits data simulta
neously, in parallel, to multiple Tran
sputer nodes using the broadcast func
tion. It can also function in a gathering 
mode for applications where distribut
ed data must be accessed in total for 
display or subsequent processing. Us
ing 4S TS05 nodes and a TIP interface, 
100-MFLOPS, 750-MIPS performance 
can be achieved. The balance between 
II 0 and processing capabilities enables 
TIP-based systems to perform real
time processing and fast Fourier trans-

forms over data channels. 
The TIP-based series of boards now 

includes the TIP-VPU /TS TS05 proces
sor board, the TIP-MFG monochrome 
frame grabber, and the TIP-CGD color 
graphics display board. The TIP-VPU/ 
TS (1 Mbyte DRAM) sells for $4600, the 
TIP-MFG costs $5200, and the TIP
CGD is priced at $5SOO. Systems de
signed with the TIP technology start at 
$6950. 

Parsytec Inc., Bldg. 9, Unit 60161, 
245 W. Roosevelt Rd., West Chica
go, IL 60185. 111/;/HlfM 
• RICHARDNASS 

68030-BASED VMEBUS 1/0 BOARD 
HAS 18 RS-232 PORTS 

Designed around a 6SEC030 mi
croprocessor, the HK6S/ VSIO 
VME serial interface board 

from Heurikon furnishes users with lS 
RS-232110 ports. They are all based on 

Zilog's ZS5C30 serial 110 controller. 
Featuring a software controllable bit
rate generator, the ZS5C30 supports 
asynchronous transfer rates up to 56 
kbits/ sand synchronous transfer rates 
up to 1 Mbit/s. 

Sixteen of the II 0 ports are accessed 
through the board's VMEbus P2 con
nector. They support sixteen asynchro-

nous ports with four lines each or ten 
synchronous ports, each with six lines. 
The remaining two ports are accessed 
through the front panel and can be op
erated in either an asynchronous or 
synchronous mode. 

The HK6S/VSIO can hold up to 4 
Mbytes of DRAM and up to 2 Mbytes of 
EPROM. It can operate either as a 
slave or a master on the VMEbus. It 
supplies a full VMEbus interface, in
cluding 32-bit addresses and data, sev
en bus interrupts, and system-level 
control functions. Plug-over module 
connectors are supplied to support cus
tom serial I/O interfaces such as RS-
422, RS-4S5, or V.35, or front-panel I/ O. 
The board also features a user-pro
grammable seven-segment display 
that can indicate the status of the sys
tem, board or CPU. With 1 Mbyte of 
RAM, the HK6S/VSIO sells for $2195 
and is available now. 

Heurikon Corp. , 8000 Excelsior Dr., 
Madison, WI 53717; (608) 831-
0900. Gl;@llftl 
• RICHARD NASS 

CLASSI FI EDS 
EMPLOYMENT OPPORTUNITIES 

SENIOR ELECTRONIC DESIGN ENGINEER 

Design, develop, and modify electronic instru· 
ments using analog transducers and micropro
cessor controls to measure gas airflow, tem
perature , humidity , and pressure using 
principles of fluid mechanics. Will design and 
develop low power circuits to be embedded 
into such instrumentation by using precision 
operational amplifiers, switching power sup
plies, and embedded microprocessors . Will 
develop digital signal processing schemes for 
spectrum analysis. Will develop procedures 
leading to radio and electromagnetic fre
quency compliance. Will write assembly, cali
bration and inspection procedures. Requires 
Master of Science degree in Electrical Engi
neering. Also requires two years experience in 
the job to be performed or two years experi
ence as a Research Assistant. If experience is 
in related field , entire experience must include 
design, development, and modification of com
plex electronic circuits using microprocessors 
to develop electronic instrumentation used to 
measure air flow and air temperature. Hours: 
8:15am-4:45pm. 40 hours per week at $17.89 
per hour salary. Must have proof of legal au
thority to work permanently in the U.S. Please 
send resume to : Illinois Department of Em
ployment Security, 401 S. State St.--3 South, 
Chicago , IL 60605 , ATTN : Bessie M. King , 
Ref. #V-IL 4126-H, No Calls, 2 copies of your 
resume required, An Employer Paid Ad. 

BUSINESS SERVICES 

HARDWARE AND SOFTWARE 
DEVELOPMENT SERVICES 

· We specialize in developing microprocessor/FPGA based 
prOOucts/systems and embedded software development. 

· Custom Windows Y3.0 and networking software development. 

· Can help with part of or handle the entire project. 

· Full Microprocessor Development Systems, 121CE, CAD/CAM, 
and PCB layout system. 

· Development for LAN, Multibus, VME, PC, MCA. and STD. 

l cT Applied Computer Techniques, Inc. 
Tel. (~7) 851.-2525 Incorporated 1978 

TECHNICAL WITTS, INC. 
Switchmode Power Supply Design 

Software Engineering - Windows, C, C+ + 
6319 W. Villa Theresa Drive 

Glendale, AZ 85308 
Voice: (602)439-1833 
FAX: (602)547-1123 

FAX YOUR ORDER! 
To Advertise in 

Penton Classifieds, 

FAX: (216) 696·1267 

E L E CTRONIC D E S I G N m:J 
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DIRECT CONNECTION 

IEEE 488.2 
Hardware for IBM PC/AT, 

Micro Channel, Sun, 
Macintosr1, DEC, 

and NeXT. 

Software for DOS, 
UNIX, Vtv1S, menu-driven 

IEEE 488 extenders, analyzers, 
converters, analog 1/0, and digital 110. 

Call for your free IEEE catalog 

lOtech 
IOtech, Inc. • 25971 Cannon Road 

Cleveland, Ohio 44146 • (216) 439-4091 
10 TECH CIRCLE 417 

MIXED·MODE 
CIRCUIT SIMULATION 

ENTER THE FUTURE OF ANALOG DESIGN! 
Upgrade to the power and speed of 

topSPICEplus 
True Analog/Digital/Behavioral 
Mixed -Mode Circuit Simulator for PC 

•Complete SPICE analog simulator with extended syntax. 
• Fully integrated event-driven logic simulator. 

• Analog Behavioral modeling using arbitrary equations, 
Laplace transforms and look-up tables. •Analog and 

digital model libraries. • Grophics post-processor. 
•Compatible with most SPICE CAE products. 

Cati or write for 

ll.ili.t4Ni.I] ~~~~f f~g6t~k 
P.O. Box 10358 Fax (818) 340-6316 
Canoga Park, CA 91309, (818) 594-0363 

PENZAR DEVELOPMENT CIRCLE 408 

DREAM METER 

CJ mA 

" I I ' 

FRONT BACK 

80% SMALLER MOVEMENT, 
66 % FEWER PARTS. 

Core magnet design • Dramatically reduced 
total volume • Taul band suspension 

• Accuracy lo ± l.5% of full scale 
• Four sizes • AC and DC versions 

• Standards conformance 
• Custom Marking Services 

seJco PRODUCTS CO. 
7580 Stage Road, Buena Park, CA 90621 

(213) 921-0681 • (800) 229-2332 
FAX (714) 739-1507 

$ELCO PRODUCTS CIRCLE 400 

lol:tl ~ol11li1111' for I'( -hawd 
lndu,lrial \1110111.11iun ancl ( untrol 

Industrial PC Solutions 
20-page, solution oriented reference guide detailing a 
complete line of PC-based industrial automation and 
control products: industrial PCs, 486/386/286 CPU 
Cards, RAM/ROM disks, rack mount keyboards and 
monitor enclosures. All of the latest technology at 
budget-conscious prices. Call for FREE reference guide 
(408) 293-6786. 

American Advantech 
ADVANTECH CIRCLE 404 

6BHC11 
PC-based emulator for 68HC11 

• PC plug-in or AS-232 box 

See EEM 91 /92 
Pages D 1300- f 303 

• Pull-down menus with full w1n:iow support, combined with 
command-Onven User Interface. 

• Up to 16 MHz real 11me emulation 
• No 1ntrus10ns to lhe 68HC11's resources. 
• 64 bit wide 16K deep trace All functlOOs usable without 

disturbing emulation. Time stamping. Two level tngger. 
• Symbolic and C Source Level Debuggmg, including m-hne 

assembler and disassembler 
• Suppons A. D. E, F, G, J, Kand L parts 

CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo video 

n DH au s1 E. Campbell A""""" Call 408-378-2912 
Campbell, CA 95006 Nohau's 24-hoor 
FAX {408) 378-7869 information center to 

CORPORATION (408) 866-1820 "'""' inlo .a r FAX 

NOHAU CORP. CIRCLE 407 

Instant Microcontroller 

+ 
Instant C 

Instant New Product 
Use our Little GiantN and Tiny GiantT" miniature 
microprocessor-based computers to instantly com
puterize your product. Our miniature controllers 
feature built-in power supplies, digital 1/0, serial 1/0 
(RS232 I RS485), AID converters (to 20 bits), 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, and 
more! Designed to be easily integrated with your 
hardware and software. Priced from $159. Core 
modules as low as $59. Low cost, interactive Dy
namic cn.i makes serious software development 
easy. 

Z-World Engineering 
1724 Prcasso Ave .. Davis. CA 95616 USA 

Tel : (916) 757-3737 Fax (916) 753-5141 
Automatic Fax : (916) 753-0618 

(Call from your fax , request catalog #18) 

Z-WORLD ENGINEERING CIRCLE 406 

ADS 

• Schematic Entry • SPICE Simulation 
• Model Libraries ·Waveform Graphics 
lntusoft has it all at an Affordable Price! 
INTEGRATED, EASY TO USE SIMULATION ENVIRONMENT, FEATURltK>: 

A powerful SPICE (lsSercE) simulator performing AC, DC, 
Transient, Noise, Fourier, Distortion, Sensitivity, Monte Carlo, 
and Temperature analyses. Extensive model libraries , 
Schematic entry, and Waveform processing. Starting at $95 for 
lsSPICE, complete systems are available for $815. 

y~~,~~:e~:::~d G P.O. Box 710 San Pedro, 

Information Kit! intiiSotf CA 90733-0710 
Tel. 213-833-0710 Fax 213-833-9658 

INTUSOFT CIRCLE 414 

New! 

DASP100A 
DATA ACQUISITION & SIGNAL PROCESSING 
* 100 MILLION SAMPLES PER SECOND 
* 256k SIGNAL MEMORY (EXPAND TO 8 MB) 
* 10 MIPS DSP (320C25) 
* EXTENSIVE HARDWARE & SOFTWARE SUPPORT 
* 3 DAT A ACQUISITION MODES 
* EXTERNAL CLOCK & TRIGGER 

ALSO ASK ABOUT OUR DASP25! 

s~ 
SIGNATEC 

357 N. Sheridan SL #119 
CORONA, CA 91720 
(714) 734-3001 
FAX: (714) 734-4356 

CIRCLE 405 

"All of the C language routines you need to write 
an impressive scientific graphing program of 
your own. Highly Recommended." 

Linear. log, polar plots 
3-D curves & surfaces 

- Shaded contour plols 
Smith and 3-D bar Charts 

- PC Magazine 
OulpulTek 4105, HPGU2, 
color PoslScnpt, PIC, GEM 
TIGA, DGIS, 8514, VGA 
Source code for full control 

,,. '286-extenderversion Licensed for personal use 

Scientific Endeavors 
508 North Kentucky St ., Kingston , TN 37763 

615 376-4146 FAX: 615 376-1571 

SCIENTIFIC ENDEAVORS CIRCLE 410 



DIRECT CONNECTION 

Tap a reliable source 
of DSP-based imaging 

solutions with the 
DSP32C Imaging Board 

• 25 Mflop AT&T DSP32C. 
• PC/ AT plug-in board. 
• On-board frame grabber (Brooktree). 
• 256K Bytes VRAM and up to 

640K x 32 SRAM. 
• Library of imaging routines. 

SPECTrUM 

Putting DSP to work 

Spectrum Signal Proccssmg, Inc. 1-800-663-8986 (Wcsrcrn US) 
1-800-323-1842 (Eastern US) or 604-438-7266 (Canada ). 

SPECTRUM SIGNAL PROCESSING CIRCLE 402 

f"lll§ 
L11 111 _j 

For FREE evaluation software 
and product specs, 

call 800 488-0680 
Tango, the leader in 
PC-based tools for: 

• Schematic entry 
• PCB layout and 

autorouting 
• PLO design 
• Simulation , timing 

verification and thermal 
reliability 

ACCEL Technologies, Inc. 
6825 Flanders Drive 
San Diego, CA 92121-2986 
Service 619 554-1000 
Fax 619 554-1019 

ACCEL TECHNOLOGY CIRCLE 412 

RELIABILITY 
PREDICTION 
SOFTWARE 

ARE YOUR PRODUCTS RELIABLE? 

The RelCalc 2 Software Package predicts the reliability of your 
system using the part stress procedure of MIL-HDBK-217E, and 
runs on the IBM PC and full compatibles. Say goodbye to 
tedious, time consuming, and error prone manual methods! 
RelCalc 2 is very easy to use, and features menu windows, 
library functions, global editing for what-if? trials, and clear 
report formats. Try our Demo Package for $25. 

T-CUBED SYSTEMS, 31220 La Baya Drive# 110, Westlake 
Village, CA 91362. (818) 991 -0057 • FAX: (818) 991 -1281 

T-CUBED SYSTEMS CIRCLE 415 

FREE! 
120 

Page 
Catalog 

"Optics 
for 

Industry" 

ROLYN OPTICS supplies all types of "Off-the
Shelf" optical components. Lenses, prisms, mir
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro
totype or production quantities. Write or call for 
our free 120 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO. , 
706 Arrowgrand Circle, Covina, CA 91722, 
(818) 915-5707 & (818) 915-5717. TELEX: 67-
0380. FAX: (818) 915-1379. 

ROYLN OPTICS 

WE'RE BENDING THE RULES 
FOR CIRCUIT DESIGNERS 

CIRCLE 401 

BEND/FLEX™, the bendable circuit board material 
that's flexible enough to bend into any multi-plane 
shape. Eliminates stiffener boards, flexible hardboard 
connectors, and may reduce the cost of two · and 
three ·plane interconnection systems by as much as 
30%! 

ROGERS CORP. 
COMPOSITE MATERIALS DIVISION 
One Technology Drive, Rogers, CT 06263 
ROGERS CORP. CIRCLE 409 

Interactive/Real-Time 

Analog Circuit Simulation 
• AC , OC . Transient , Fourier. Temperature , MonteCarlo 
and / or Worst-Case Analysis • Interactive or batch modes 
• Full nonl inear simulation • ·On-line real time graphics 
• Mult iple plots • 2 to 50 times faster than SPICE 
•Component optimization sweeping • New 424 pg . manuaJ 

All the Features, Twice the Speed 
at Half the Cost 

Call for FREE DEMO! 

Y_b 
Tatum Labs, Inc. 

P.O. Box 1263, Ann Arbor, Ml 48106-1263 
313-663-8810 

TATUM LABS. INC. CIRCLE 411 

ADS 

• Program' EfJE l'rom), Fla)h Eproms, ZPK:•m s, Intel Micros, MemOI) Cards. 
• Sta nd· \lone Mode fur EE/E Proms and Memory Card Duplication I Verify 
• 1\ll 24 2K 3~ prn I I H 'rom' to 81\IHits (upgradc:ihlc to 32 \l l'gahi1 s) 

M1cro~:K74 L A.·2. , \, ·4.-8.-9.-5 t.-C51,-C5 IF NB.-52.-53,-~5.-C521.-C'i4 l,9761. 
• Accept\ JcJic:.11cJ module': Memol') Ca rd l'rogrammini; J\l odule (Scikn/ 

Epson)· $145, Erw.cr{l'imcr Module - SSO, Gang i\ lodule (4 'od.et\)- Sl..\5. 
S1multancnu'I) Uuplicat<.•<; up to 5 devices in ~land.alone mm.le (w11h Gang). 

• Can be opcrate<l wnh any compucer containing an RS-232 serial port . 
• User fr iend I~ \l cnn-Orh en lnl erface Pr~r;i m_ for 18\1 -l'C or compatible 
• Full I )<'a r \\ a rr:int). Cu~tomer ~up1>0rt via voice line, fax or dl."dica tl'd HUS. 

INTELLIGENT ROM EMULATO R $445 
• Emulate\ 2716 chrough 275 12 L Proms with a ~in~k umt. Access_ t ime I 20ns. 

: 5~~1;1 f~~,11~)1}1 ~~,f~~1;7r~:.1 ~o~~~'r~~~111~ !:,i71: ~~u1~~~ ~-~;d(~~:;~)1:~,~~; ~(J~~~tc 
Dis 11l :1 )(mcnH11)).T~ 11e(ofEl'rnm), Edit(mc11wry). l'ill(mcmory),Cal tulat or. 

• ~:f~~~1::~:;;,;:~~~nlft~t:;:::<o~~~:~f~"/df:e~1;15~~·~~~:~t.0{~~~~~1~~i~~-1ure) . 
• Fa\t da la load ing \ia 11arallel 11rinter por t (64k l.J) ll'S in ltss tha n 10 ~ec). 
• Cl•sc:nl:1hl•• 1111to11 unit ,. l nclude\ target. cable with Trigger/Ile-ct I l:ih dip' 
• CMOS RA .\! chip' v.1th rcctrnrgc;1hlc N1Cad hauery h;ickup 

\I (" / \ IS \ / \\IF'. Allpn"ce.1 Wl' U.S. /i111111/\ 

'B&C1MICROiygj£M811NC. 
750 N. PASTORIA AVE ., SUNNYVALE, CA 94086 USA 

Tel : (408) 730-5511 Fax: (408) 730-5521 

B&C MICROSYSTEMS CIRCLE 413 

~ 
GLORE 

'W 

PRECISION 
JACK SCREWS 

Globe's precision 
jack screws are 
available from 
stock in either 
American or 
Metric standards. 

Finishes in
clude color 
chromate 
(Type 2). 

Globe will 
also fabricate a 

jack screw to your 
specifications. 

Call , write or fax to receive Globe's 
NEW, FREE comprehensive 240-page 
catalog on jack screws and our com· 
plete line of electronic hardware. 

GLOBE ELECTRONIC HARDWARE 
34-24 56TH STREET • WOODSIDE, NY 11377 
(800) 221-1505 • NEW YORK (718) 457-0303 
FAX: (71 8) 457-7493 

GLOBE ELECTRONIC CIRCLE 403 

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 
EMULATION TECHNOLOGY CIRCLE 416 
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SPDT switc es with built-in driver 
ABSORPTIVE or REFLECTIVE de to 5GHz 

Truly incredible ... superfast 3nsec GaAs SPOT reflective or absorptive 
swi tches with built-in driver, available in pc plug-in or SMA connector models, 
from 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' latest innovative integrated components? 

Check the outstanding performance of these units ... high isolation, 
excel lent return loss (even in the "off" state for absorptive models) and 3-sigma 
guaranteed unit-to-unit repeatabi lity for insertion loss. These rugged devices 
operate over a -55° to +100°C span. Plug-in models are 
housed in a tiny plastic case and are avai lable in tape
and-reel format (1500 units max, 24mm). All models 
are available for immediate delivery with a one-year 
guarantee. 

f1nd1ng new ways .. 
setting higher standards 

SPECIFICATIONS (typ) 

Frequency 
(MHz) 

Ins. Loss (dB) 
lsolatlon (dB) 
1 dB Comp. (dBm) 
RF Input (max dBm) 
VSWR "on" 
Video Bkthru 

(mV,p/p) 

Absorptive SPOT 
YSWA-2-50DR 

ZYSWA-2-50DR 

de- 500- 2000-
500 2000 5000 
1.1 1 .4 1.9 
42 31 20 
18 20 22.5 

20 
t .25 1.35 1.5 
30 30 30 

3 3 3 Sw. Spd. ( nsec) 
Price, $ YSWA-2-50DR (pin) 23.95 

ZYSWA-2-50DR (SMA) 69.95 (1-9 qty) 

Reflective SPOT 
YSW-2-50DR 

ZYSW-2-50DR 

de- 500- 2000-
500 2000 5000 
0.9 1.3 1.4 
50 40 28 
20 20 24 
22 22 26 
1.4 1.4 1.4 
30 30 30 

3 3 3 
YSW-2-50DR (pin) 19.95 

ZYSW-2-50DR (SMA) 59.95 

0 Mini-Circuits 
P.O. Box 350166, Brooklyn , New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 
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A REVOLUTIONARY ADVANCE IN 
SPARC MULTIPROCESSING. 
The industry's first integrated SPARC® 
multiprocessing solution - the CY7C605 
Multiprocessing Cache Controller / MMU. 

High-performance systems designers have 
migrated to RISC in a race for performance. 
Just as rapidly, there is a movement to 
multiprocessing, which represents the most 
cost-effective way to load more power into a 
single system. 

Multiprocessing RISC design is not 
simple. There are substantial technological 
challenges, particularly in the area of 
multi-level memory systems. 

Now we offer a breakthrough to help you 
implement multiprocessing systems rapidly. 

Cache coherency without stealing processor 
cycles - a leap in performance. 

Maintaining cache coherency is one of the 
biggest problems to solve in shared memory 
multiprocessing systems. 

This approach solves it 

Pin compatible with our CY7C604 Uniprocessing 
Cache Controller I MMU, this new device lets you 
cascade to build cache size to 256K 

SPARC multiprocessing is now enabled. Now you can design-in multiple high-performance SPARC 
chipsets. Our revolutionary Multiprocessing Cache Controller and Memory Management Unit 
(CMU-M P/CY7C605) provides memory management facilities and a unique cache architecture 
for higher performance. Our complete SPARC chipset solution shortens your time to market. 

It is the only VLSI solution that performs 
concurrent bus snooping and processor 
execution. 

Our unique dual cache tag directories 
provide for simultaneous bus snooping and 
processor access to cache. No other cache 
management unit provides dual tags on-chip. 

As a resul~ your system maintains cache 
coherency without stealing execution cycles 
from the microprocessor. 

You get multiprocessing with the most 
efficient cache coherency protocol available, 
allowing data to pass from CPU to CPU in a 
single clock cycle. That translates directly to 
higher performance systems. 

MBus compliant. 
MBus compliance means you have a 

SPARC-standard, plug-and-play route to 
even more powerful, higher revving systems. 

An integrated part of the industry's 
highest performance SPARC chipset. 

Our chipset approach simplifies the 
complexities of multiple CPUs working 
together in a shared memory system. 

This VLSI solution means you don't have 
to design and pay for boards full of logic to 
accomplish fast multiprocessing. 

It is all available now. 
For more information on the industry's 

most complete multiprocessing solution, 
please call for our literature package today. 

Multiprocessing 
Information 
Hotline: 
1-800-952-6300. * 
Ask for Dept. C3V. 

•(32) 2-652-0270 in Europe. © 1991 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134. Phone: I (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 
SPARC is a registered trademark of SPARC International, Inc. Products bearing the SPARC trademark are based on an architecture developed by Sun Microsystems, Inc. 
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